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Foreword


Train-ing
The objective of training is to learn, to improve and to get results. In sports training leads to more 
power, higher speed, better teamwork and …. The Champions Trophy. Railways will be able to win 
the trophy of a sustainable world. That is why I encourage you to read this manual.


Training requires endurance, discipline, appropriate tools and clear objectives. One can read, dis-
cuss and think about it, but most importantly is to start doing it. The comparison with the manual 
TRAINER for Railways is clear. It is an instruction manual which includes several examples from 
day-to-day hands-on experience. So why wait?


Railways are already very energy efficient and have very low emissions of greenhouse 
gases. For that reason railways are part of the solution to the challenge to beat global 
heating. Nevertheless, there is always room to improve and search additional energy re-
duction in railway operations. This manual will help you to seize those improvements.


The TRAINER programme presents a ‘win-win-win’ opportunity. The railway company wins 
through cost reductions, the customer wins through value for money and planet earth 
wins through lower emissions of greenhouse gases.


Bert Meerstadt
President NS/Dutch Railways



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/
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1 Introduction and readers guide


These are challenging times for the railway sector. We are facing problems like global warming 
and a world-wide economic crisis. Solutions may however lay in the railway sector. The sector has 
high potential to further improve their energy efficiency and to help slow down global warming. 
And furthermore from the cost savings to further increase their competitiveness with other modes 
of transport. Which is important because competing modes of transport are becoming more and 
more energy efficient as well. See for full description of the TRAINER project the TRAINER leaflet.


TRAINER (TRAining programmes to INcrease Energy efficiency by Railways) is one of the European 
projects that has been aiming at improving the energy efficiency of the European railways. The 
project ran from November 2006 until November 2009. 
Several European railway companies participated in TRAINER (www.iee-trainer.eu)
TRAINER  collaborated with the International Union of Railways UIC and another European project 
Railenergy (www.railenergy.org). 


This manual is one of the deliverables of the TRAINER project and compiles the experiences, 
know-how and knowledge of various European railway companies, trainers and experts. The ma-
nual does not provide ready for use training programmes. This would not be appropriate because 
cultural and company characteristics vary too much to be able to make only one fit. The manual 
however provides railway companies all the ingredients and menus to be able to ‘bake’ their own 
favourite training ‘cakes’. 



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/

http://www.uic.org/spip.php?rubrique1045

http://www.railenergy.org/
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The manual is aiming at the management of railway undertakings, station personnel, trainers, dis-
patchers and above all train drivers. The manual addresses numerous ways and tips for all target 
groups to improve energy efficiency, starting with selecting energy efficient rolling stock and pro-
perly deploying and maintaining stock. But the focus in this manual lies on energy efficient driving 
for train drivers, so called eco-driving (chapter 3). Of course the precondition always is that safety 
and punctuality prevail.


Improving the behaviour of professionals like train drivers can be quite challenging, for both ma-
nagement and trainers but also of course for the train drivers themselves. The professionalism and 
experiences of train drivers have to be respected and directly deployed for creating tempting and 
effective training programmes. Didactics and the tone of voice are delicate issues to be seriously 
dealt with (chapter 6). Involving train drivers and dispatchers is the way to minimise opposition.


The energy efficiency behaviour of train drivers can be approved by providing them with dedicated 
training courses. Their behaviour can also be improved by giving them proper tools (chapter 3 and 
6). Some tools, like the Gekko, are more or less auto didactical, showing the driver whether he is 
driving most economically or not. Other tools, like Routelint, provide the train driver with relevant 
information about the sections ahead, to be able to better anticipate. Combinations of training and 
tools always have added value and result in better performances.
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A railway company can choose to go for isolated training courses, which on the short-term directly 
can have a significant impact. To go beyond these short-term savings it is recommendable to make 
energy efficiency part of a bigger strategy, or a bigger framework. This is also attractive from the 
perspective of communication. These bigger strategies can e.g. be provided by Long Term Agree-
ments (LTAs) and Energy Management Systems (chapter 5). An LTA can be concluded between a 
railway undertaking, the government and an independent organisation to do the monitoring. In 
an LTA goals are set regarding the to be achieved energy efficiency performance. These kinds of 
mechanisms can be a major drive for energy efficiency improvements. Sometimes simpler me-
chanisms suffice like rebate on paid tax on energy consumption when achieving agreed energy 
efficiency performances.


The monitoring of energy efficiency performances is crucial (chapter 5.4). This goes for the proof 
and the evidence (it does work), the engagement of the target groups (my contribution matters) 
and the communication (look what we have achieved). The monitoring can/should be done on mul-
tiple levels. This manual shows you some possibilities how.


This manual is presented as a deepening of and addition to some of the subjects that are ad-
dressed in the “Process, Power, People” brochure of the International Union of Railways (UIC) 
(2008).



http://ltauptake.eu/

http://ltauptake.eu/

http://www.senternovem.nl/Energiezorg/english/index.asp
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The TRAINER manual comes along with an instruction film: 
Eco-driving for train drivers, nine useful energy efficiency tips. 


This engaging and informative film can directly be deployed for eco-driving training sessions for train 
drivers. 
The film consists of 2 parts: 
1. A general introduction dealing with the global challenges and opportunities of the railways and


2. A wide range of tips that can help train drivers to make their driving behaviour even more energy efficient. 


The film is available in multiple languages.


On Friday September 25th 2009 the TRAINER project has held its Final Conference in Tours (F). 
The conference was held in the framework of the Energy Efficiency Days and was organized in col-
laboration with the Railenergy project and UIC, which organised the 4th UIC Energy Conference.
See also the EED 2009 Programme and the report in the (short version) UIC-e-news. 
The presentations are available on http://www.energy-efficiency-days.org/menu/article/presenta-
tions-of-the-eed-2009
The Trainer Final Conference presentations are also linked in chapter 6.7 


Peter Wilbers
SenterNovem, agency of the Dutch Ministry of Economic Affairs


Coordinator TRAINER



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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2 Global and rail sector challenges 


Global warming
The international consensus is growing that the planet is facing irreversible climate change unless 
action is taken quickly. The EU has already formulated a clear response in the shape of an inte-
grated energy and climate change policy, a commitment to cut emissions of ‘greenhouse’ gases by 
at least 20 % by 2020, and a promise to take the lead in international negotiations to adopt even 
more ambitious targets. This will help to prevent the world’s temperatures rising by more than  
2 °C, the level which is increasingly thought by scientists to be the point of no return. To achieve 
this goal, we need to use energy resources more sustainably and take switching to more renewable 
forms of energy, capturing and storing carbon dioxide 
and reversing deforestation more seriously. This may in-
volve a change in our lifestyles, but need not jeopardise 
our standard of living, or those of future generations. 


The easiest way to increase the security of supply and 
help the climate is to reduce demand for energy. This 
means using energy more efficiently so that less is wast-
ed. This can be done through energy-saving technology 
or by changing our behaviour, or a combination of both. 
Above all, saving energy also makes economic sense: the 
EU’s target of using 20% less energy by 2020 than we 
would otherwise be doing will reduce spending on energy 
by €100 billion a year.
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This target may sound hard to achieve, but in practice there is great scope for using energy much 
more efficiently, sometimes with little effort. For example, energy labelling, minimum efficiency 
standards and voluntary agreements by manufacturers of household appliances have already re-
duced the energy consumption of an average new fridge or freezer by almost 50% since 1990. For 
several other appliances, such as washing machines and dishwashers, savings of over a quarter 
have been achieved. The international Energy Star programme provides guidance on the most 
energy-friendly office and computer equipment.


The objective of Workpackage  2.2 in the Railenergy project  is defining a standard process for 
specification and verification of energy consumption of rolling stock: See The Standard Service 
Profiles –Specification and Verification of Energy Consumption 


In March 2007, as part of a wide-ranging attempt to cut emissions, European heads of state agreed 
to set legally binding targets to reduce Europe-wide emissions of greenhouse gases by 20% of 
1990 levels by 2020. This target may be increased to 30% by 2020 if a new global climate change 
agreement is reached in Copenhagen in 2009. The European Commission has further stated that 
work must begin immediately on a longer-term target of a 50% cut in global emissions by 2050 
Producing 23% (2006) of all emissions, transport is the second largest source of man-made CO2 
in the EU-27 after energy production. Moreover, latest projections from the European Environment 
Agency (EEA) estimate that the sector’s emissions are set to increase by 25% between 1990 and 
2020. This is in contrast to emissions from industrial and energy sectors, which are falling.



http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.railenergy.org/
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CER press release: 8 May 2008


European rail sector to cut CO2 emissions by 30%
Yesterday, the CEOs of the European railway and rail infrastructure companies committed them-
selves to a cut in the specific CO2 emissions of trains of 30% over the period 1990 to 2020. This 
target will help to contribute towards the reduction in emissions from transport that is necessary 
in order to meet the EU’s target of a 20% cut in absolute greenhouse gas emissions over the same 
period. 
At the General Assembly of CER and UIC in Brussels, the companies decided to take this step which 
will underline the rail sector’s position as the most sustainable major mode of transport.
“In spite of the improvements of the other transport sectors, rail transport is already the least pol-
luting major mode of transport,” said Executive Director Johannes Ludewig.
“The external costs our sector is producing are only a fraction of those of the road sector. But we 
wish to do even better, and use every possibility to reduce our greenhouse gas emissions further.”
The ambitious cut of 30% by 2020 will be brought about by a range of methods, including tech-
nological innovation such as optimising the regeneration of braking energy, fleet modernisation, 
and operational procedures such as energy efficient driving (‘eco-driving’).


“There will be important investments from the companies required in order to achieve this goal,” 
Mr Ludewig said. “But when the possibility of internalising external costs – which is foreseen in the 
upcoming Euro vignette Directive revision – will become a political reality, this investment will pay 
off. In any case, the railways are convinced that creating a sustainable transport system is crucial 
not only for the future of the sector, but a question of responsibility to society.”
The decision came just one day after John Schellnhuber, one of the most distinguished climate re-
searchers in Europe, addressed a CER conference in Brussels in which he outlined recent research 
that underlines the urgency in tackling climate change.
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The EU Inventory Report of the European Environmental Agency, issued on 29 May 2009, 
shows that greenhouse gas emissions in the European Union fell by 1.2 % between 
2006 and 2007 and it is expected that the Kyoto target – to achieve an average 8 % 
reduction in relation to 1990 levels for the period 2008 – 2012 - will be reached. This 
is despite the fact that transport emissions have risen, for the most part in the road 
sector where emissions are up 5.3 %.


Train to Copenhagen
At the end of 2009 the new climate deal, the successor of the Kyoto Protocol, will be agreed upon 
during the United Nations Climate Change conference, entitled COP15, in Copenhagen, Denmark (7 
December – 18 December 2009). The outcome will be a new international protocol binding indus-indus-
trialised nations to more stringent mandatory CO2 reduction targets. The conference represents 
a unique opportunity to achieve an ambitious overall agreement involving all the countries of the 
world and addressing the major threat to our planet that is global warming. 


On a global scale, transport is responsible for 23% (2006) of carbon dioxide (CO2) emissions which 
cause global warming. The real challenge lies in the fact that while other sectors have managed to 
reduce their emissions, in the transport sector emissions have been consistently increasing. Curbing 
this increase and reducing transport emissions is one of the vital steps in combating global warming.
Despite all the technological advances transport is not yet developing in sustainable ways. The 
main reason is the enormous increase in demand for both passenger and freight services. Nowa-
days the road sector is responsible for over 80% of the sector’s energy consumption. 



http://www.traintocopenhagen.org/
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Emissions from the aviation sector are increasing rapidly and aviation has the second largest trans-
portation impact and accounts for more than 13% of total energy use of transport in Europe - on 
a higher altitude and thus representing more damage than indicated by the per cent figure.
Railways are crucial in reducing greenhouse gas emissions and developing sustainable trans-
port systems. They provide the most energy efficient performance both in passenger/km and  
tonne/km. 


A trip from Brussels to Copenhagen by plane or car produces over 3.5 times more emissi-
ons than by train. Look it up on www.ecopassenger.org. or http://www.routerank.com/en/ 
The aim is for the “next generation Kyoto protocol” to focus more on the rail sector’s contribution 
to the reduction of emissions in the transport sector.



http://www.ecopassenger.org/

http://www.routerank.com/en/
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3 Energy efficient driving and operation 


3.1. Energy efficient driving or eco-driving


Why eco-driving?
By implementing eco-driving, railway companies and all staff members involved can make a po-
sitive contribution to reversing climate change. At the same time, railway companies can reduce 
their operating expenses and their image as an environmentally friendly means of transport will 
be reinforced. 
A pleasant spin-off with regard to passenger trains is the increased comfort for passengers. In 
other words, eco-driving transforms train drivers into professionals, and railway companies into 
socially responsible businesses. 


What is eco-driving?
What does it mean exactly? Answering this may be harder than you would expect. 
First of all, safety and punctuality both remain a priority. Railway companies will always be as-
sessed based on these two aspects first. Economical trains that are unsafe or always late will give 
the company a bad image. TRAINER demonstrated that it is definitely possible to save energy in 
rail transport while taking into account the aspects of safety and punctuality. Eco-driving is about 
professional driving, smart planning of track use, saving energy on shunting trains and at stations, 
selecting the best possible rolling stock and much more. 
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Driving behaviour 
Eco-driving requires train drivers to be actively involved and display energy-saving driving beha-
viour. Of course, train drivers are already aware of the influence from their driving style on the 
overall energy consumption, but experience tells us that addressing this issue specifically will pro-
vide even better results. It is very important for drivers to understand when trains use (too much) 
energy, and more importantly: how to get to the destination with the least energy consumption 
possible.


Basic principles (when it comes to driving behaviour)
Arriving too early at the destination is the result of driving too fast and therefore requires too 
much energy or diesel. Braking too late will cause discomfort.Having to stop unnecessarily at a sig-
nal could be avoided by reducing traction sooner and therefore driving slower. This will prevent the 
driver from having to accelerate the train from a standstill position, which makes a big difference 
in the energy used. Knowing the coasting capacity of the train and the arrival time and the destina-
tion will make it possible for the driver to drive in an energy-saving manner. An unnecessary stop 
can sometimes lead to an additional energy consumption of about 8% for a certain ride/distance.


Accelerating
Accelerating requires energy or diesel to generate kinetic energy. It is important not to accelerate 
too quickly, as this uses a lot of (too much) energy. Do not drive at too high a speed. High speeds 
increase the amount of braking needed and use too much energy. Also ensure that traction is re-
duced in time to prevent the train to reach too high a speed. 







Energy efficient driving and operation 


16


Long-term driving at a constant speed will save energy. Furthermore, it is important to monitor the cli-
mate aboard passenger trains at all times. Too much heating or too much cooling uses too much energy. 


Coasting
This has already been discussed above. Most train drivers are well aware that they affect the 
consumption of energy by adapting their driving style. By addressing the need for further impro-
vement, their performance can be fine-tuned further. 


In the field of road transport, professional drivers have been taught for years to take advantage 
of the coasting capacity of their vehicle. The same applies to trains. More so, turning off traction 
power in time or decelerating creates a greater energy advantage as trains build up a lot of kinetic 
energy because of their mass. Knowing this, we need to teach train drivers when to turn off trac-
tion power. We can teach them based on their own experience but also by providing proper instruc-
tions following a sufficient number of practical tests in accordance with timetables and fixed tracks. 


The amount of kinetic energy generated during the acceleration process, is converted into friction 
and heat when mechanical-electrical brakes are used, and is therefore lost. There are exceptions 
to this, such as energy recuperation, but this is not always the case. It is much better to let the 
total mass coast along with the least amount of resistance, which will use up most of the energy 
put into the train. On some tracks, high-speed trains are able to coast for up to 55km after turning 
off traction power, without using energy and while maintaining a responsible driving style. It is 
better to avoid energy consumption than to recuperate; there will always be a loss of energy in 
the last case.
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Braking
Of course, stopping at stations or at a red light is unavoidable. Ensure that in addition to the above 
recommendations regarding coasting, a slow braking process is used. Slowly build up braking po-
wer. This is not only better in view of preventing wear and tear of brake elements, but also in view 
of increased passenger comfort. 


Schwungfahren
In hilly or mountainous areas, a lot of energy or diesel is required to drive the train to the top. 
During the descent, there is little need for traction due to gravity. However, it is useful to use some 
traction power during the descent to increase the train’s speed, which can then be used on (part 
of) the climb. By removing traction power right before the top is reached, the accumulated kinetic 
energy will ensure that the train can cover the last few hundred meters and to make the descent 
without the need to accelerate. A lot of energy can be saved by implementing this method. 


Other eco-driving topics 
Ensure that you have plenty of knowledge about the route. If needed, ask a more experienced 
colleague for more information.


The drivers’ driving behaviour is the most obvious and important factor in eco-driving, but it is 
certainly not the only one. Other issues are discussed elsewhere in this manual and below
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3.2. Energy efficient operation


Energy management for (parked) trains: an introduction
In the framework of Railenergy  Bryan Donnelly (ATOC) did some research on the energy con-
sumption in parked trains. He interviewed about 10 Train Operating Companies. See his EED 2009 
presentation for some practical measures taken by some of the TOC’s.


Preparation for Service 
Ensure the train is optimally heated or cooled for service based on the stabling location, the capa-
city of the HVAC system and the preparation applied to the train. E.g. ensuring heating is switched 
on just in time but also ensuring the vehicle interior has retained enough heat for sustained pas-
senger comfort on a cold morning. Avoid switching on the system too soon in order to save energy. 


Lighting levels 
Ensure the train is optimally illuminated for its particular use. E.g. auto turn off on reading lights 
after 20 minutes. 


Heat Loss in Use and Steady State
Keep doors and windows shut as much as possible, especially during cold winter months and on 
hot summer days. Ensure heat loss is reduced when in use. e.g. closing doors quickly and the ve-
hicle is adequately prepared for retaining heat. e.g. are gangways suitably sealed. 


Load shedding
Have your fleet(s) of trains features to shed auxiliary loads when not in use. E.g. switching off 
ERTMS when train is parked.  
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Shunting
Trains are put into service according to the timetables and are placed on tracks in the shunting 
yard at fixed times. 
When positioning a train in the shunting yard, it is important to avoid unnecessary shunting move-
ments if the train will need to do another service at a later interval. This requires careful planning 
and harmonisation with other timetables of other railway companies (cargo/passengers). Unneces-
sary shunting movements use a lot of energy that could be avoided. 


Do not switch to parking position in extremely cold or hot weather conditions (< 5°C or > 25°C). 
Always use the parking position under normal weather conditions. Ensure that all fluids are always 
topped up so that the train is able to drive off immediately. Diesel train motors must be started 
in time.  


Daily maintenance
Daily maintenance consists of minor technical repairs and cleaning activities. When a train is taken 
out of service, it is important to immediately carry out any minor repairs to avoid the unnecessary 
use of heating, air-conditioning or lighting. After these operations have been carried out, the main 
switch can be turned off, which saves a lot of energy. 
For diesel trains: do not fill the tank right up to the edge and avoid fuel spills. 


Train Life Cycle
Can you incorporate energy efficiency measures into the life cycle of the vehicle. 
E.g. improving insulation during overhauls.
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In addition to Eco-driving there are 2 major independent developments in the field of energy  
efficient driving which save also significantly energy, respectively CO2 reduction, namely:
• Gekko1, a unique Driver Advice System developed by the Danish Railways DSB.


• Routelint a dynamic traffic management tool, developed by the Dutch Infrastructure manager ProRail, 


Dutch Railways and Railion. 


DSB Annual report 2008
GEKKO1 (click here for demo film):


When train drivers think in terms of “green driving” they not only think in terms of signals showing 
“green”, they also consider how to drive the train so that it consumes the minimum amount of 
electricity or diesel. This is an important issue if trains are to maintain their leading position as an 
environmental-friendly form of transport. “The EU has set out threshold values for how much CO2 
cars may emit in the future. Therefore, trains will not automatically continue to be superior to cars 
in terms of the environment. We have to put in an extra effort to preserve the train’s environmental 
advantages,” says Peter Buchwald, Chief Consultant, DS B, who has been the driving force behind 
the development team that has created the new “Gekko” system – Guide to Energy Efficient Driving 
and Timetable Optimisation. Benefiting the environment, train drivers and customers, “Gekko” has 
been tested by drivers who have submitted ideas and feedback to the developers.


1 DSB changed the name GEKKO recently in GREENSPEED



http://www.routelint.nl/
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Saving 8,000 tons CO2


The aim is that, in full operation, “Gekko” will generate savings of at least 5 per cent of the energy con-


sumption of trains. This will safeguard the environment from around 8,000 tons CO2 per annum and reduce 


DSB’s electricity and diesel costs by a multi-million kroner figure annually. The way to reduce energy con-


sumption is through smooth and steady driving. “Experienced drivers, of course, already follow a driving 


strategy,” explains Peter Buchwald. “At the same time, however, drivers do whatever they can to arrive at 


the next station on time. In order to catch up with delays they are sometimes forced to accelerate – only to 


have to brake at a red signal further down the line. In extreme cases, acceleration and braking can result 


in extra energy consumption of up to 45 per cent.”


In such situations “Gekko” assists drivers by indicating the most appropriate speed to ensure that the train 


reaches the next station punctually and in the most energy efficient way.


Train drivers’ GPS


The “Gekko” system is based on current data for infrastructure, timetables and temporary speed restric-


tions. When a driver keys in his train number, the system will recognise the weight of the train, its length 


and acceleration capacity. The system’s GPS function can monitor the train’s current position on the line 


second by second. This data is used to calculate the optimum speed. The system is very simple to use. A 


small screen in the driver’s cab displays a green arrow which indicates the recommended speed while a red 


arrow shows the train’s actual speed. All the driver has to do is to impose the red arrow on to the green one.
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Many side benefits


The environment, customers and train drivers will all benefit from Gekko. For train passengers, a smooth 


ride at an even speed is far more comfortable than when the train runs at varying speeds. Moreover, test 


runs indicate that the new system also has a beneficial effect on punctuality as Gekko helps drivers to keep 


to the timetable because the system automatically prioritises punctuality above environmental-friendly driv-


ing. Throughout, drivers will be kept informed of the speed needed to arrive punctually at the next station – 


which will result in less stress for the driver. Gekko has already attracted interest from outside Denmark and 


has been tested on the French high-speed TGV s as well as in freight trains and ordinary trains in France. 


DS B is currently working with the Swiss SBB and the French SNCF concerning the further development of 


the system’s potential. 


See for more information about GEKKO
• The GEKKO demo


• The GEKKO brochure


• Presentation GEKKO from Peter Buchwald (DSB) on the Railenergy Day on the EED2009







Energy efficient driving and operation 


23


ROUTELINT
Across Europe, train operating companies are developing and implementing energy-


efficient driving programmes, like TRAINER. There is a new insight that further im-


provements are only possible if there is improved co-operation between railinframan-


agers and train operators


The worldview of train dispatchers and train drivers is slowly changing. RouteLint 


treats them as professional staff, with strong expertise. ICT solutions supply them 


with information which enables them to make decisions themselves with regard to 


punctuality and energy-efficient driving. This is a innovative change compared to ear-


lier projects, which put the ICT-solutions central.


A prerequisite to more energy improvements is to develop ways to “make” energy-


efficient paths which do not compromise capacity in bottlenecks.


The other is that improved co-operation between train drivers and train dispatchers is necessary. The cur-


rent way of communication using either signals or telephones is not enough for the needs of heavily traf-


ficked networks. Real-time information systems to the drivers (like RouteLint) are key to giving drivers more 


situation awareness and enabling them to make better informed decisions.


RouteLint started as a project (named “The Master of the Rail”) to improve the co-operation between train 


dispatchers and drivers. Out of many discussion, simulations and a field trial came RouteLint, which gives 


real-time information from the dispatcher system to the drivers.


Energy improvements of 5% are predicted and will be validated during the research in 2009. Many scientific 


papers have been written about this, including in the Eisenbahn Ingenieur (June 2007). These are benefits 


due to the better co-operation between dispatchers and drivers.
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In 2007 ProRail, together with NS Dutch Railways, Railion and other Dutch train operators, agreed to imple-


ment RouteLint on the first corridor. In 2010 this may become a national roll-out, as the energy benefits 


are proved.


After 2009, there will be further improvements of RouteLint with integration of GPS-information to give bet-


ter path-adherence information and speed information of surrounding trains.


The insights is now that RouteLint can also enhance capacity at bottlenecks giving further benefits by making 


possible new time-tables, less or no expensive capacity upgrades.
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4 Inventory of good practices


4.1 Inventory
One of the activities under the TRAINER project was inventorying successful (practical) results in 
the field of energy saving at railway companies. The report Inventory of Good Practice was drawn 
up for this purpose. 
The inventory is based on several sources and on the expertise of railway companies. The most 
important source documents were:
• The "Event" project UIC 2003 (see www.railway-energy.org)


• The report Tracks for saving Energy (NS Reizigers) NS-2005 


•  The "EnergieSparend Fahren“ programme, Deutsche Bahn AG 2005.


•  The Dutch practice and good experience with Long Term Agreements (LTAs) on energy efficiency im-


provement and the recently developed Energy Management System (EMS), SenterNovem 2007 which 


was adapted for, and published in July 2009 as the new EN-16001.


Apart from a description of best practice examples of Eco-driving the inventory also includes in-
formation about technology-driven energy saving possibilities, organisational measures or systems 
like the EMS and the Dutch political administrative instrument Long Term Agreements.
The report includes a “Best Practice” inventory regarding energy saving measures in the railway 
sector. Key of the TRAINER project is the promotion of energy efficient driving (Eco-driving by 
railway companies and their staff).
  
The main target groups are:
1.  Train drivers (diesel + electric) for passenger and freight transport


2.  Railway station staff (responsible for accurate departure of trains and parking modus) 


3.  Railway company management



http://www.railway-energy.org/tfee/index.php

http://www.deutschebahn.com/site/bahn/de/unternehmen/verantwortung/umwelt/klimaschutz/energiesparendes__fahren/energiesparendes__fahren.html

http://www.senternovem.nl/LTA/index.asp

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp

http://www.senternovem.nl/LTA/index.asp

http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=279689
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4.2 Demo(nstration) tours
Two demo tours were organised throughout the duration of the TRAINER project. These tours 
were aimed at sharing knowledge and practical experiences among partners, finding inspiration for 
energy saving measures and building a personal professional network. In addition to the TRAINER 
project partners, the demo tours were attended by other railway professionals who were intere-
sted in the project. Both demo tours offered a varied and interesting programme, with a lot of 
informative presentations and practical demonstrations. 


4.2.1 First demo tour in Holland and Germany
NS (Nederlandse Spoorwegen) 
After a warm welcome in the Dutch Railway museum on Wednesday night the participants were 
welcomed at the main office of the Dutch Railways in Utrecht on Thursday  25 October 2007. 


Programme
1.  Welcome, context and agenda by Mr P. Wilbers


2.  LTAs and Corporate Social Responsibility by Mr A. Veenman, CEO NS Dutch Railways


3.  The Dutch training approach by Mr J. Hoogakker


4.  The Gekko: the Danish autodidactic approach by Mrs. R. Naeraa


5.  Introduction of Routelint by Mr. M. van der Borght


6.  Introduction of Matrics by Mr J. Van Luipen


7.  Introduction of UZI, by Mr F. Veldhuizen



http://www.spoorwegmuseum.nl/nl/hetmuseum/collectie.htm
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Later that afternoon the participants were discussing whether, why, what  and how you can train 
the train driver.


Theses and Discussion 
Regarding the place of TRAINER (=training drivers, management and station personnel) in the 
triangle Behaviour, Organisation and Technology, chairman Mads Bergdorff started the discussion 
advancing the 8 statements and theses in order to try to get some conclusions out of the first day. 
It was quite difficult to stick to the statements, that is why we leave the statements just what they 
are and conclude this with some remarks of the discussion.


Statements/theses
1.  Without dynamic traffic management it is useless to train energy-efficient driving 


2.  Energy-saving is beneficial for power supply infrastructure costs


3.  Energy-efficiency should be linked to climate change and air quality issues


4.  Lack of standardisation of energy-efficiency is an obstacle for energy-efficiency improvements


5.  The time is ripe to establish a European LTA


6.  Railway companies are insufficiently exploiting their green elements to (potential) clients and govern-


ments


7.  The human factor is the most important factor (more than technical ones) to achieve energy-efficiency 


improvements 


8.  Energy-efficiency measures at single trains can never significantly contribute to energy-efficiency im-


provements in the railway sector
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Remarks and interesting points of view.
• You always have to train the train driver. The question is to what detail. At least you should train the 


basic principles:  they should be well aware what they are doing and they need at least a simple tool 


(Gekko or any Driver advice system) and feedback. Someone put forward that it was also useful to 


train them in predictional driving, so that a driver can anticipate and even save more energy. The dri-


ver has to do it. 


Training a single train driver is OK for the moment but there will come a day that you have to upgrade 


this to training in driving in a dynamic system.


• Because of the operating of more Train Operating Companies (TOC’s) on the railway system it is neces-


sary that the infrastructure manager gives a comfortable time slot to each of the TOC’s. Besides that it 


is necessary that all the trains are monitored (and evaluated) so that is easy to see how much energy 


any TOC is using/saving. 


• What to train, which situations do you have to train?? 


Trainer is only providing a backbone with different techniques and tools; every TOC can make his own 


choice/blend out of it. Work package 2 is already the first start and with the content of WP4 there is 


more to choose. WP2 Inventory of good practice is as good as ready and WP4 will be ready in Febru-


ary next year.


• Assess the risks you are creating when you start EED. The departure of a train is the most risky part 


and at the same time the part where you can save most energy.


• Monitoring and evaluating of EED is also important and strategic with regard to your  competitor on 


the road.
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DB (Deutsche Bahn)
The demo tour continued in Fulda (Germany) with a vi-
sit to the simulation centre of Deutsche Bahn. The visit 
started with two presentations. In her presentation, 
Julia Halbach convin-cingly demonstrated that the main 
points of improvement are coasting, avoiding peak 
speeds and turning off traction power in time during 
“Schwungfahren”. The performance of train drivers is 
positively affected by providing personal feedback re-
garding energy consumption and by introducing the 
element of competition. 


Martin Müller presented a case study about the useful-
ness of simulators. Since 2005, DB has distributed 55 
simulators among eight training centres across Germa-
ny. Each year, all train drivers complete an assessment 
using the simulator, and if successful, the train driver is granted another license for one year. If 
the test was not successful, the train driver will be informed and will be signed up for an improve-
ment programme. These simulators are also used for energy efficient driving, operational training, 
human factors training, conversion training and training for driving under low adhesion conditions.
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4.2.2 Second demo tour in Slovenia, Austria and Slovakia
The second demo tour took place in three different countries and was all about sharing experiences in 
the field of energy saving programmes, training programmes and results among the various participants. 
Particular attention was paid to the famous triangle organisation, technique and behaviour. The main pre-
sentations and links are listed below.


Host: Slovenian Railways SZ, 
Wednesday, 11 March 2008 Location Ljubljana


1.  Introduction to TRAINER and the demo tour: 


Mr. Peter Wilbers, coordinator EU project TRAINER


2.  Foreword SZ: Mr. Branko Omerzu, Deputy CEO of the Slovenian Railways


3.  EE freight moving: Mr. Igor Hribar, Director, Freight traffic, Slovenian Railways (SZ)


4.  Monitoring and evaluation: Benefits and risks of solid monitoring and evaluation of 


railway energy efficiency projects by Mr. Gregor Hribar of Genera Lynx


5.  Combined approach pays off: EED practice at the Slovenian Railways 


Mr. Bojan Dremlj of SZ


6.  Best Practice on EED at the SBB (Switzerland) Mr. Markus Halder of SBB


Theory programme EED for train drivers of SBB,


Identify potential energy efficiency traction at the SBB


7.  Energy efficient driving at the SZ by Mr. Bojan Dremelj


Mr. Igor Hribar, director Freight Traffic SZ (Slovenian Railways) addresses the Trainer audience.
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During the train journey to the Austrian border (Ljubljana-Maribor)  the Slovenian train dri-
ver was practising energy efficient driving. He managed to drive the most energy effi-
cient trip in that period. The train concerned, marked with a different color, was best... 
12 % under the average consumption!!! Red line shows average consumption. 
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Host: Österreichische Bundes Bahn ÖBB, 
Thursday, 12 March 2008 Location Vienna


1.  Sustainability and climate protection within the ÖBB, by Mr. Herbert Minarik of ÖBB


2.  “klima:aktiv mobil” - the Austrian climate initiative, by Mr. Willy Raimund of AEA


3.  Energy saving driving style for train drivers, by Mr. Michael Pfeffer of ÖBB


Host: Slovak Railways ZSSK Cargo, 
Friday, 13 March 2008 Location: Bratislava


1. Monitoring of Energy The metering system of ZSSK CARGO “ the view of the operator”


by Mr. Branislav Krigovský of ZSSK CARGO


2.  Energy Metering “the view of an Infrastructure Manager” 


by Mr. Miroslav Pavlovič of ŽSR


3.  Kicking Energy Management with Management Systems or Guerilla Action within TOCs by Mr. Heinrich Strößenreuther, 


director BSL Management Consultants of the Lloyd’s Register Group, Compentence Centre Rail and CO2 Strategies


4.  Optimalization for freight and express trains 


by Mr. Aleš Lieskovský of AŽD Praha


5.  MIRER: Speed Regulation System of the ZSSK CARGO 


by Mr. Peter Cervenka of ZSSK CARGO 


6.  Education of the train drivers at freight operator ZSSK CARGO 


by Mrs. Gabriela Smerigová of ZSSK CARGO
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4.3 Conclusions 
The following conclusions can be drawn from the two demo tours:


1) Training programmes
Regarding training programmes for train drivers different approaches are possible. These are ran-
ging from deploying auto didactical devices like the GEKKO to highly intensive 1-to-1 training at 
the job. In between all kind of variations are possible like theoretical and virtual training program-
mes. Also the tone of voice of the training contents varies depending on the national and cultural 
context and also depending on the (sub) target group: train drivers of passenger trains need to 
be differently addressed than train drivers of freight trains. In addition the contents and tips for 
energy-efficient driving differ related to the geographical conditions. E.g. in hilly terrains the emp-
hasis is on using braking energy through recuperation and Schwungfahren.


2) Monitoring and supporting systems
The approaches to monitoring and supporting systems differ as well. Some railway companies de-
ploy intense training programmes without investing into measuring systems. The difficulty then is 
keeping the train drivers and management engaged if they don’t get proper feedback on their per-
formances. Other railway companies invest a lot in measuring devices without deploying intense 
training programmes. The thoughts behind this are that measuring and feedback themselves have 
an energy-efficiency impact and what you can’t monitor, you can’t manage. The questions howe-
ver are what might be the best balance and how far you should go in achieving optimal accuracy. 
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Is it sufficient to do a few solid measurements and to calculate on the basis of estimations or best 
guesses the energy-efficiency improvement, or should one try to measure as much as possible, still 
facing some inaccuracies. Opinions differ on what has the highest impact and cost-effectiveness.
Db is measuring nearly everything. They exactly know which driver used how much electricity on 
what trip and under which weather conditions.


3) Embedding frameworks
It is supportive to embed energy-efficiency measures in some kind of framework. This might be 
Corporate social Responsibility (CSR), ‘green entrepreneurship’, Long Term Agreements, Energy 
Management Systems (EN-16001) or ISO 14001. This framework provides the management a drive 
to engage energy-efficiency activities and to exploit the communicational benefits. It is also bene-
ficial to (further) engage train drivers to contribute. Sometimes more pragmatic issues like finan-
cial benefits can be a national drive to initiate energy-efficiency improving measures. Besides the 
direct cost reductions from saving energy and/or fuel, financial benefits can come from getting 
granted a tax exemption or reduction when implementing these kind of measures. Additionally a 
possible international drive is coming into sight: There might be possibilities for an overarching 
European LTA. The in 2008 jointly published statement on CO2 emission reductions from the CER 
might be building a foundation and acceptance for such a European LTA.
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4) Networking and collaborations
It is important to establish a ‘community of know-how/knowledge’ regarding energy-efficiency 
measures in the railway sector. A lot of railway companies are reinventing the wheel concerning 
training programmes. TRAINER and in particular the demo tours contribute to making the know-
ledge, know-how and experiences generally available, e.g. through networking, collaborations and 
producing the universal manual. Vital in getting the messages across is the collaboration with 
Railenergy, the UIC, the CER, the TRAINER consortium partners and the demo tour partners. Very 
supportive and to be highly appreciated is the current open mindedness and willingness of railway 
companies to cooperate and to exchange know-how and experiences.


5) Virtual support1


There is a lot of interest for a supportive training tool like the virtual trainer. A first, pre-
production version has been demonstrated at the demo tour II. It might be used ei-
ther autonomously or as an additional support in a more extended training programme. The 
benefits of, experiences with and best ways of deployment of the virtual trainer will be eva-
luated in TRAINER. It was obvious however that the demonstrated version of the virtu-
al trainer still needed a lot of improvements before it might be properly deployed at all 


1 After the Demotours it appeared to be too difficult to produce a Virtual Trainer that was appealing 


enough for the train drivers, apart from the software difficulties to be expected. Decided was to switch 


to the production of a film in which the essential tips and tricks for train drivers in different settings were 


shown. See Chapter 7 for the links where to find the film in your own language.
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6) Infrastructure managers versus operators.
 It is important to try to narrow the current gap between railway operators and infrastructure ma-
nagers to achieve optimal energy-efficiency results. Train drivers can be trained to improve their 
energy-efficiency performance but they are largely dependent of the dispatchers. The dispatchers 
set the boundaries for the energy-efficiency improvements that can maximally be achieved. The 
train driver’s energy-efficiency performance can be swallowed up partly or completely when ha-
ving to brake and wait for a red signal. Unnecessary stop can lead to an extra energy consumption 
of 5 – 10% for that particular trip. Systems like Routelint can contribute to see ahead and to an-
ticipate. But it is obvious that optimal energy-efficiency improvements can only be achieved when 
the communication and exchange of views and knowledge is going to be improved. Mutual training 
programmes might considerably contribute
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5  The framework for implementing energy saving 
    and energy efficient driving


5.1 Long Term Agreements (LTAs)
At the beginning of the nineties the Dutch Ministry of Economic Affairs made the first agreements 
with the business community about improvement of the energy efficiency. This led to covenants 
with the energy intensive sectors (LTA1). A few years later commercial service providers, the edu-
cational sector, health care providers and a number of agricultural sectors also joined in.
 
This first generation of long-term agreements for the industrial sectors ran until the year 2000. 
A few LTA1 covenants that were entered into at a later date run on even longer. The project is a 
success: energy efficiency improves by 22.3% in ten years. Industry and the government decided 
to make further agreements. That led to new covenants (LTA2 and the Covenant Benchmarking 
Energy Efficiency) with a term that runs until 2012.


LTA2 
The energy intensive companies with an energy consumption greater than 0.5 PJ per year signed 
the Covenant Benchmarking Energy Efficiency, which aimed at matching the world top in terms 
of energy efficiency. The medium-sized and small industrial companies continued their efforts in 
LTA2. A condition for participation in LTA2 was that the energy consumption in the sector was at 
least 1 PJ per year. In addition, the participating companies must be jointly responsible for 80% of 
the energy consumption in their sector. Most LTA1 covenants have now expired. 
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The LTA-programme’s ongoing goal is to improve energy efficiency on a structural basis. This is 
why the LTA-programme uses energy management as a framework. 
The programme focuses on improving energy efficiency of:
• The main production processes, 


• Utilities, logistics and 


• Buildings


Within the framework there are several instruments to support the industry:


Measurement lists
For every sector SenterNovem has developed a specific list of energy efficiency measurements. 
The list is drawn up in close consultation with the sector and specialized energy consultants.


User groups
User groups are a support instrument in which different companies from a sector are brought 
together in order to improve the energy efficiency of a preselected subject, like compressed air. 
The aim is to share and exchange information on the subject and to work together towards energy 
efficient solutions. An experienced energy consultant supports the group.


Knowledge networks
The LTA-programme supports knowledge transfer by supporting Knowledge networks. 
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Software support tools
The LTA-programme has developed several software support tools:
• Return on Investment (ROI)-decision making. 


• Improving low pressure steam systems efficiency for the food industry. 


• Improving lighting efficiency. 


• Decision making for energy efficient cooling/freezing equipment for supermarkets. 


• Decision making for energy efficient buildings. 


• Decision making for waste heat usage for the foundry industry. 


Go to this link to learn more about the SenterNovem poster and the LTA concept. 
There is also a detailed evaluation of the LTA instrument.


LTAs in international perspective.
The success of LTAs did not go unnoticed outside of the Netherlands. The fact that businesses and 
institutions are voluntarily cooperating with one another and with the authorities on such a large 
scale has been praised internationally.  In 1997 the Dutch initiative of LTAs was adopted by the  EU 
in the framework of further promoting the “Intelligent Energy–Europe” project.
SenterNovem published a report on behalf of the EU member states titled “Transferring the Dutch 
success of voluntary agreements with industry to other countries”.
LTA2 (2001-2012) was based on the same instrument but also introduced the mandatory imple-
mentation of the Energy Management System (EMS). The EMS concept is explained further below. 
In the meantime, LTA3 (2008-2020) already has been elaborated in the Netherlands and started 
recently in 2008.



http://ec.europa.eu/energy/intelligent/index_en.html
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LTA Uptake: The EU-project to disseminate the 
LTA-instrument:
The LTA Uptake project, started in October 2007. 


The project’s main goals are to: 
• develop a toolkit to help sector associations and go-


vernments draw up voluntary long-term agreements 


(LTAs) on energy efficiency 


• gain mutual benefits: 


 - to save energy costs 


 - produce less environmental legislation 


 - reduce the administrative burden for the sector 


 - improve the environmental image of the sector 


 - achieve national environmental targets   


Railway companies that can rely on (pro-active) aut-
horities that are willing to take action, can get started 
based on this toolkit.



http://www.ltauptake.eu/index.asp?id_lang=en

http://ltauptake.eu/

http://ltauptake.eu/lta_phase_flash.asp?id_phase=0
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5.2 Energy Management Systems


Drawing up a plan based on the PDCA method will ensure that all aspects of the project are ad-
dressed at the right time and that all parties involved remain focused on the results. 
Project BESS is based on the PDCA method, which is represented as a dartboard in this case. Also 
refer to the information poster. Furthermore, there is the Handbook for SMEs, which was introdu-
ced in November 2008 in the framework of the Bess project.


With regard to improvement projects, TRAINER always advises railway companies to opt for a pro-
ject-based approach. This applies to subprojects as well as to overall improvement projects in the 
field of energy saving. A good method for structurally establishing an improvement programme is 
implementing the Plan-Do-Check-Act (PDCA) cycle method developed by Dr. W. Edwards Deming. 
This method can basically be followed by implemen-
ting the step-by-step plan below. The more exten-
sive version of the method could be used as well and 
is available for download via this link. The following 
steps are to be completed when drafting and imple-
menting a management system.



http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.bess-project.info/

http://deming.org/

http://www.bess-project.info/
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PLAN: Orientation
Create awareness among employees and among directors and management.
• Baseline measurement, based on ISO 14001 if possible. 


• Establish operational objectives for the project itself and within the framework of environmental care.


• Draft a plan of approach for the rest of the project.


• Prepare the organisation through communication and budgeting.


DO: Establish and implement
• Establish the basis for the environmental management system.


• Develop procedures, work instructions and forms.


• Implement an environmental management system.


CHECK: Assess
• Conduct internal audits, for instance by performing management reviews based on ISO 19011.


ACT: Improve
• Develop improvement projects based on experiences and on social and/or technical developments.
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5.3 Energy Management at the Railway in practice 


Energy management is about more than changing someone’s driving style (eco-drive). It starts 
with selecting energy efficient rolling stock and properly deploying and maintaining stock. 


The International Union of Railways (UIC) published a brochure 
in 2008 titled “Process, Power, People” which is addressed to the 
management of railway companies and which contains numerous 
tips on energy saving. 


They also produced a poster with a drawing of the people and 
issues concerned on one side and brief statements and relevant 
tips on the other side. In this chapter, we will offer a number of 
practical recommendations in the field of energy efficiency. Se-
veral links have been included to other sources with more detailed 
information.


Energy Efficiency for
Railway Managers


Process,
Power,
People
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Part of the UIC poster Process, Power, People.
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Professionalism of staff should include energy awareness
Around the world there are several millions of people working in the rail industry. In Europe alone there are 


nearly 1.7 million railwaymen and women (and that is before numbers from Russia, which of course partly 


includes Asia, are added to the total). This is a powerful army to have fighting for energy efficiency. Without 


the support of these personnel, at all levels from chief executives to shunters, from rolling stock engineers 


to signalling technicians, an energy campaign will not deliver a successful result. 


Hearts and Minds
A successful energy programme needs both the understanding, and the sympathy of staff. Just preaching 


at people will not be enough; boring them with scientific facts will also be unsuccessful. Effective energy 


training will guarantee a long-term benefit and ensure energy efficiency is not just a ‘nine-day wonder’. 


The PPP booklet describes the approach at 3 levels namely:
1 The management process
2 The technical development
3 The training and motivation of personnel.


The training should show people how they can affect energy consumption. 
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A good training programme will:
• Explain why energy is important – financially and environmentally


• Explain how energy is used


• Explain how it can be controlled 


• Give staff the support to put the training into practice


• Provide feedback on progress already made


This last point means that training on its own is not enough. It will only have value if the other 
system parts are put into practice; the planning, target setting, the measuring, the record keeping 
and the feedback processes. 


Staff will need reassurance that energy management is not just a new form of management control 
or enforcing discipline. There are in fact many positive features for staff in an effective energy 
programme :


• The company becomes more efficient without taking anything from pay packets or cutting employment 


opportunities


• There is fresh opportunity for them to demonstrate their professional skills – the positive reaction of 


train crew in many networks to eco-driving programmes shows how staff will respond


• The business will grow by exploiting rail’s environmental and economic position against competing 


transport modes
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A last point to stress on this topic of motivation, is that teamwork is an important part of a suc-
cessful energy programme. Understanding other people’s jobs and points of view must be an im-
portant part of the training. Drivers and signallers, for example, need to have an improved under-
standing of how they can work together to keep traffic moving – helping energy and punctuality.


Experts are agreed that energy efficient driving is one of the biggest single opportunities for en-
ergy saving in rail. The exact size of the prize in any particular railway company may vary due to 
differences in traffic pattern, signalling systems or type of rolling stock; however it is invariably as 
great as that from any purely technical initiative.


Studies from a variety of networks around Europe show significant variations in usage of fuel or 
electricity when an identical train is run over the same route section.
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The following graph from Norway is very typical of the results of such studies


For five trains over the same route – four of them being the same service (train 127) on different days – the cumulative 


electricity consumption was plotted over a distance of 136.6 kilometres. This showed, not only differences in the grand to-


tal, but also in the usage pattern through the route. If all of the trips could be made at the same energy consumption rate 


as the ‘best’ trip, then significant energy savings would be made.


Togsett 73-04   Oslo til Halden, mai 2006
 kjøretid 1h 45min (43- 49) ,  distanse 136,6 km 
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There are some important conclusions from the various studies done around the world on this subject.
• 10% saving is realistic target for benefits averaged across all traffic types


• Freight traffic, and high powered diesel traction will benefit particularly from eco-driving. Savings up 


to 20% are reported


• Eco-driving does not contradict good timekeeping – in fact it can help by keeping trains in their plan-


ned pathways


• On busier route sections, overall traffic management is as important as the driving technique of indivi-


dual train drivers (so involve signallers and train planners in the programme)


• Eco-driving will assist safety by encouraging a more thoughtful driving style


For maximum effect eco-driving must be integrated with other aspects of an energy management 
programme. In particular:
• Measurement systems


• Communication and feedback to staff


• Effective train planning


are absolutely essential. And of course, eco-driving training must be linked with the other elements 
of train driver education – it is not a separate issue. Remember that eco-driving is a ‘human-fac-
tors’ issue and is based around actual driving skills. Unlike some technical improvements it is not 
a ‘one-time fix’. It requires continuous management effort to maintain staff interest and discipline. 







5  The framework for implementing energy saving and energy efficient driving 


51


5.4. Monitoring and evaluation


What is Monitoring and Evaluation?
Monitoring and Evaluation (M&E) is a strong management tool for development and implementa-
tion of the energy efficiency process.  
M&E involves several activities. It includes but is not limited to metering of energy consumption, 
metering of influencing factors, collection of quantitative data e.g. personal engagement and 
proper reporting. The reporting cannot be overemphasized and it is one of the most important 
deciding factors for the success of the whole process. The reporting should be tailored to each 
target group requirements.
Clearly, one of the most important outcomes of the energy efficiency  
process is energy savings. However, also other benefits may be  
expected;  properly designed M&E covers them as well:  


· Energy savings 
· Environmental impacts
· Management and organisation improvement
· Behavioural change (driving, maintenance, cleaning)
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Energy savings measurements
There is no direct way of measuring energy savings since instruments cannot measure the absence 
of energy use. 
However, the savings can be calculated by comparing energy use before and after implementation 
of an energy efficiency measure (EEM). Simple subtraction of post-measures energy use from the 
pre-measures quantity will reflect not only EEM but also all other factors which can considerably 
impact on energy consumption of a railway company. Some of those most important factors are re-
alized traffic (passengers and cargo), delays due to traffic 
management and unexpected events, changes in timeta-
bles, changes in rolling stock and of course the weather. 
In order to assess the results of the EEM alone, the influ-
ence of these other factors must be removed. 


Basically, comparing post-measures energy consumption 
and adjusted baseline (energy consumption which would 
occur without any measures) determines the energy sa-
vings.  In order to get proper baseline influencing factors 
should be considered.  


Savings = (Baseline energy use projected to Post-retrofit conditions) - (Post-retrofit energy use or demand)
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In building and industry sector those methods have been used for several years. They are tho-
roughly described in several publications. The interested reader should search for “energy monito-
ring, validation, verification” or refer to ASHREA 14 Guidelines.  A new European standard EN 16001 
- among other things - also describes the development of an energy monitoring (metering) plan.
Although the principle is easy to comprehend it is not easy to implement in the railway sector. The 
biggest challenge is to determine and to properly consider most important influencing factors of  
energy consumption.


Uncertainty and Cost
The relationship between energy consumption and other factors can be determined through si-
mulation programmes and data analysis. However, each way brings uncertainty to the results.  
The need for certainty must be balanced with measurement and analysis costs, recognizing that 
absolute certainty is not achievable.  Each of these sources of error can be minimized to varying 
degrees by using more sophisticated measurement equipment, analysis methods, sample sizes, 
and assumptions.


Each time the main goal of the Energy efficiency process should be contemplated; it is not an energy 
measuring project; the measuring of the energy is just one of the important and very useful tools.
In addition, it is also generally true that more certain savings determinations follow the law of di-
minishing returns, where a further increase in certainty comes at  a progressively greater expense. 
The famous 80/20 rule may apply. 
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The cost of measuring savings needs to be kept in perspective, related to the savings being ea-
rned. Since traction consumes more energy of the train set than HVAC, more efforts should be 
put to properly measuring driving style and consumption than to very accurately measuring the 
temperature. On the other hand, usually the temperature is much cheaper to measure than driving 
style. Each measurement should be considered regarding the cost and the added value.
In most cases energy savings as a combination of several measures up to ten percent may be 
expected. Usually the impact of each measure doesn’t exceed few percents. That is why it very 
important that the accuracy of the metering system can adequately and reliably detect those 
changes.


Tools 
The energy efficiency process can only provide expected results if it is properly designed, with SMART 
goals. For the railway energy efficiency process, this means good knowledge of both energy consump-
tion and operations. Efficiency tells us how many passenger kilometres or gross ton kilometres (traffic) 
were done by a unit of energy. This can be improved either by doing more traffic with the same quantity 
of energy or using less energy for the same traffic. However, for a quality management of the process 
both consumption and operations data should be available in a proper form. 


Energy metering
To understand consumption you should measure it. Today, infrastructure managers are measuring 
the consumption on the supply side; only a few operators use energy meters on board.
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Metering of energy consumption on board is important for several reasons:
• Understanding consumption of a single train


• Understanding the impact of driving techniques on energy consumption


•  Providing feedback to the drivers and to the management, in real time and/or during the training 


It is not necessary to meter each and every vehicle to obtain those benefits. It is necessary to 
meter a statistically significant and representative sample of trains. Generally, 20% of the trains 
is a good estimation; the bigger the fleet, the lower the requested percentage. This percentage 
guarantees useful results and a very good return on investment. 


An on-board energy metering consists of voltage and current sensors and meters. If you don’t 
want to collect data manually, a communication device is necessary. It sends data from the meter 
to the server automatically. Last but not least you need a server which collects all the data. Since 
there is a lot of data each day, the server software should be able to analyse data so you can ac-
quire important information and KPI without digging into millions of data rows. As stated above, 
the software should be able to provide good reports for target groups. 
In addition to accuracy of the metering system, frequency of data collection is important. For lo-
cal and regional trains the measurement frequency should be lower than a measurement /minute. 
During the acceleration / deceleration period that frequency should be even higher to get a better 
understanding. Some energy meters used also for traction billing are now capable to record the 
consumption every 30 seconds. 
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Slovenian Railways managed to decrease specific consumption for 10% within one year.


Electric meters
The new standard EN 50463 defines electric energy meters for the billing process. However, it is 
only reasonable to use meters that fit to the standard also for energy efficiency projects although 
billing in your country might not be planned yet. 
A good estimation of the cost per vehicle in Europe (equipment, installation and other costs) is 
10.000€ for an electric vehicle. The exact price depends on the vehicle type, voltage and other 
parameters. 
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Diesel meters
Proper business information systems provide exact volumes of fuel consumption on a diesel fleet; 
usually it enables you to see total consumption per vehicle per month. The question remaining is 
when and how this fuel has been consumed. 
A diesel flow meter in combination with GPS can provide an answer. If we can control the total 
consumption we should know only the share of that total consumption spent in a certain time 
interval which is not necessarily the exact volume. This fact can reduce the costs for equipment.  
There are various types of flow meters on the market. Each has drawbacks and advantages: gene-
rally, it is more difficult to guarantee accuracy under 1% with diesel meters as with electric meters. 
Ma jor problems are high dynamics of flow rate (from min to max flow rate in less than a second) 
and gas bubbles dissolved in the fuel. 
In addition to accuracy also repeatability is important. It means that measurements will always 
be the same under similar conditions (although they may not be accurate). This is sufficient to ac-
curately split the total consumption into time intervals. 


On-board network information system
The consumption shown on the driver’s display in newer vehicles is always calculated on the basis 
of engine’s characteristics (e.g. pressure, duration of injection). Its accuracy can be as low as 10%, 
so it can only be an indication for the driver and not a KPI of any kind. 
However, especially other data available on the vehicle information network can be a good and 
precise source of information used for driving style analysis (revolution, speed, calculated con-
sumption…). 
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The price of a diesel flow metering system depends on the type of meter and the installation. It 
can be much less than €10.000 but it can easily go beyond several tens of thousands of Euros. 


+ -
Ultrasonic meters simple&fast installation, high repeatability low accuracy


Turbine meters simple design, low prices difficult installation, low accuracy, additional filter 
needed


Mass meters High accuracy difficult installation, high price


Location and Traffic information
The real energy consumption and operation’s data build the efficiency figure. In order to get a 
complete picture timetable information is necessary, both planned and actual. Basically, for driving 
strategy evaluation and monitoring, location and speed are necessary. Punctually has an impact 
on driving style and to properly evaluate drivers and traffic management train actual timetable 
should be known.
In addition, traffic management has a significant impact on consumption with its decisions about 
unexpected stops and train priorities. All those parameters have to be evaluated for each train. 
A good traffic management system (TMS) will be able to provide information not only about plan-
ned and actual timetables but also about position of the vehicle in a certain sector. If vehicles are 
already equipped with GPS all efforts should be done to use existing equipment on board and not 
to install additional GPS only for energy metering. This will increase reliability and decrease main-
tenance costs. A GPS device can provide much information. 
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Example of the influence of traffic management and driving strategy
The discussion about relation between traffic management and driving strategy is always a hot 
issue. Solvera Lynx analysed the relations between consumption, driving strategy and traffic ma-
nagement in cooperation with the Faculty of Mechanical Engineering, University of Ljubljana.  It 
was explored that coasting has a 5 to 35% share in total variance; it is purely drivers decision 
where and how much to coast (if the train is within the schedule). In addition, it was found the 
speed variation has 30% to 40% share in total variance. Necessity for speed changes is defined by 
speed limits and/or signals, which are set by traffic management. This is explained more in details 
in still unpublished paper available at the author (gregor.hribar@solvera-lynx.com).



mailto:gregor.hribar@solvera-lynx.com
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6 Developing training modules 
Approaches from theory to practice


6.1 Introduction didactics
“Learning is a process during which more or less permanent behavioural changes or potential be-
havioural changes occur under the influence of experiences.”
As an organisation, you must ensure that your trainers or mentors, who are in charge of training 
your train drivers, do not let this learning process depend on coincidences. Your trainers/mentors 
are continually working on creating teaching-learning situations to best accommodate the learn-
ing process of your engine drivers and other employees. In the annex “didactic skills”, we have 
included advice and reference points on how your trainers can utilise their (didactic) activities as 
effectively as possible during the learning process.


In addition to implementing the teaching methods mentioned in “didactic skills”, it is always wise 
to take up on the target group’s perception of their environment. This may mean that engine driv-
ers of freight trains require a different approach than engine drivers of passenger trains. 
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6.2 Tools for changing behaviour
In January 2009, VROM – the Dutch Ministry of Housing, Spatial Planning and the Environment – 
published a report titled “The art of changing behaviour of target groups”. This report addresses 
the topic of how to influence the behaviour of target groups. In many policy fields – including that 
of climate management and its ambitious objectives – both people and organisations are required 
to change their behaviour. 
• Chapter 3 discusses energy-saving behaviour and factors of influence. 


• Chapter 4 provides a more detailed overview of the various instruments and how they operate.


• Chapter 5 introduces the Instrument planner. This instrument planner offers advice about the instru-


ments that influence behaviour in the most effective way possible. The way the instrument planner 


operates is demonstrated based on an example. 


After decisions have been made regarding the main aspects, further decisions can be made on the 
intensity of training and on the method used to approach the train drivers. Please keep in mind 
that your train drivers already possess driving skills. You are not directly training them for driving 
skills but for a change in behaviour. 
Your aim is to make the engine driver see the importance of energy savings and reduced emis-
sions. All this requires a change in attitude. This will only be successful if the train drivers are 
correctly approached as professionals.



http://89.18.179.82/~pinkster/technicad.nl/instrumentplanner/
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6.3 Backbone, the link between theory and practice 
In the framework of TRAINER, NS Training developed a backbone learning 
concept for railways. 
The concept focuses on situational awareness and learning, but also on the 
psychological learning cycle based on Endsley’s model. This theory takes in-
ternal and external factors of influence into consideration. 
It also indicates the importance of a proper learning environment, the culture 
and the learning level. The document includes an overview of learning targets, 
tools and activities for engine drivers, railway station’s staff and management.
 
6.4 National approaches
The (developed) national training programmes vary greatly with regard to  
setup, detail and implementation. As these are written in their respective 
national languages, they have not been included in this manual. Instead, we 
refer to the Trainer partners for your request to send them to you. 
See chapter 7 (page 78).
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6.5. Exchanging national implementation experiences
One of the deliverables agreed upon was that the partners involved would share their knowledge 
and experience in regards to energy efficient driving with other national parties to disseminate 
and test the TRAINER output.
As there exists such great diversity among individual training programmes, it is impossible to make 
a true analysis. It is easier to simply list the experiences and recommendations for each country. 
You will find reports on national meetings and workshops as well as an overview of the greatest 
common denominator.


Implementation experiences summary2 


POSITIVE RESPONSES RAISED DURING THE TRAINING
• The interest in the environmental issues shouldn’t be neglected, limiting the information for Instruc-


tors/drivers to merely technical driving information. It is fruitful and motivating though to also stimu-


late the “cultural” aspect of energy efficient driving, by exposing them to data and figures about the 


possible reduction  of CO2 and pollutants related to the driving style. 


• It is very helpful for the communication towards drivers to give some clear and practical example of 


what their contribution for the energy saving can be. To tell a driver that with a good single brake he 


can save 40kWh is less convincing than telling him that with that energy it is possible to light a 40W 


lamp, 24 for hours, for about one and a half month. 


2 Summary of the presentation of Luigi Contestabile from Trenitalia for the Final Trainer Conference
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•  During the training session it is recommended not to overload the drivers with a lot of didactical ma-


terial, running the risk of establishing a “one way” communication. Better results can be obtained with 


a more open teaching approach based on discovering the experience and the personal skills of the 


drivers.  


•  Concentrate your efforts on those drivers that can save the most energy: 


 -  drivers that normally work on the most energy demanding trains (heavy cargo, double floor commu-


ters trains around big cities etc.)


 -  drivers that work in Regions with mountains, where the consumption is high in up hill driving and 


coasting is more practicable in down hill driving 


• A clear message from the Top Management about its commitment to the energy efficient driving can 


lead to immediate results in the energy savings. It is particularly important to keep the Management 


informed about the results of the training programmes in order to maintain its support over time 


• The cooperation between different departments of the same Company can also have a positive effect. 


The training scheme, its periodic revision, the evaluation of the results etc., should be part of the Qua-


lity Management System (ISO 9001) of the Company 
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PROBLEMS EMERGED DURING THE TRAINING 
• In general a certain scepticism about the possibility of putting into practice the energy efficient driving 


techniques has emerged, as if there was a wide gap between “theory” and “real operation”. This gap 


must be reduced by proposing drivers to analyse and debate real circulation circumstances. 


• Another thing that was perceived as in conflict with the efficient driving was its possible interference 


with the main priority that Railway companies have: punctuality. In this case it is important to make 


clear during the drivers training that the efficient driving techniques must be put into practise only 


when the train is running on or ahead of schedule. 


• The attitude of the Infrastructure Manager can be perceived as an obstacle by the drivers. Dispatchers 


are not used to thinking in terms of energy efficiency and they might not pay attention to the neces-


sity of optimising the average speed on the lines and, in particular, on the congested nodes around the 


big ci ties. Therefore it is important to involve, from the beginning, also the IM in the energy efficient 


driving strategy. 


• The organisation of training sessions is a cost for the company and requires an organisational effort. 


To save money and time it can be a solution to arrange the energy efficient driving training within the 


typical periodical training the drivers take for normative and technical innovation during the year.
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6.6  Tools supporting energy efficient driving 


This paragraph presents some tools and measures that can support energy efficient driving. 
Please bear in mind that these are just some examples. There are other tools available that may 
have an equivalent impact and performance.


6.6.1 TRAINER Film:  Eco-driving for train drivers
This film has been recorded in some European countries and shows some practical ways for EED as practised in 
these countries. It is published on DVD and on the internet in 3 “parts”:
• A general introduction about eco-driving and the underlying need,


• Nine tips for driving styles to save energy.


• The complete version. 


The film itself is also integrated in this manual and subsequently on the DVD-
version of this manual. The film is accessible via the links in Chapter 7.


Tips shown in the film as a best practice.
1 Accelerate and brake economically 
2 Avoid peaks in speed if possible
3 Use electrical brakes that regenerate energy 
4 Keep freight-trains running in timeslots just between passenger trains 
5 Keep a good balance in traction when the rails are slippery 
6 Do not accelerate too quickly with diesel locomotives 
7 Turn off traction of the second and third locomotive when the train is at speed 
8 Know your equipment and your route so you can avoid unnecessary braking or accelerating 
9 “Schwungfahren”: Turn traction off shortly before reaching the top of the hill



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html
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6.6.2 UZI method 


The Dutch Railways developed the so-called UZI method 
(universal, economical driving idea). A simple, small card 
tells train drivers which speed they can accelerate to on a 
specific route at different times expressed in minutes. Af-
ter reaching the final speed, traction power can be turned 
off immediately. 


The conductor’s role is very important. He is the one who 
enables the train driver to perform eco-driving.
As the UZI driving strategy makes use of the 5 - 7% 
slack applied in the Dutch timetable between two stops, 
two other factors are important when applying the UZI 
method in real life. 


1. The timetable must be designed in such a way that slack 


is distributed over the stops instead of concentrated at 


main stops. 


2. The conductor has to make sure that no time is lost during 


stops. Therefore, the conductor has to be alert that the 


train can leave every station “on the second” in order to 


give the driver the room to apply the UZI driving strategy
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6.6.3 Route lint 
The Route lint tool (see also in the Introduction chapter on page 6) sends information to the 
train driver’s PDA about any trains ahead or “obstructions” such as signals. The train driver 
can adapt his driving style accordingly. By coasting sooner for instance, to avoid unneces-
sary braking, driving as economically as possible  in this way.  
Energy Saving of 5 % is easily achieved.


6.6.4 Gekko
In Denmark, DSB (Danish Railway company) introduced the Gekko tool. (old presentation, 
new presentation) See also Chapter 3


This system has been integrated into the driver’s cabin and uses the following parameters:
• comparing the current GPS position against the timetable
• calculating and optimising energy efficient, strategic driving 
• pointing out the recommended speed 
• calculating and indicating the actual energy consumption
• preparing a logbook file to resolve problems and generate feedback.


Gekko can easily save 10-12 % without training the drivers any more than just following the 
green arrow
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6.6.5 Bombardier EBI Drive
Manufacturers of rolling stock are also developing energy-saving tools. One 
example is the Bombardier EBI Drive 50 system, assisting train drivers in opti-
mising their driving style to reduce energy consumption. EBI Drive 50 is based 
on calculations from track topography, time schedules and train characteris-
tics, in combination with knowledge about the train, the route from the actual 
position, and the real time. EBI Drive 50 helps 
saving up to 15% of traction energy. In addi-
tion, due to increased energy prices, there will 
be a greater return on investment.


6.6.6. Management tools
Bombardier also established an energy effi-
ciency programme for the management bodies 
of railway companies, entitled Energy Manage-
ment Control System. Bombardier’s end-to-
end concept provides an integrated approach 
of data logging and file transfer. Based on data analyses and reports, the 
system generates management information. Key performance details, such as 
fuel consumption, are collected from selected vehicles and compared against 
the “Golden Ride”, a phrase used for making a comparison against the most 
efficient train ride possible between two stations. See for information about 
ECO4, Bombardier’s  EED 2009 presentation.


EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption
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6.6.7 Solvera Lynx 


GemaLogic
Solvera Lynx developed the energy management software system GemaLogic for analysis of on-
board measured data. The basic module shows an overview in time period and time interval of 
consumed and returned energy, speed and position with longitude and latitude for each vehicle. 
The analysis module gives more detailed information for understanding the consumption. Together 
with the basic module, it shows the energy consump tion, coasting, departures, stops, arrivals and 
delays per train, per driver and per route/sectors. 


The drivers’ feedback is a special report for drivers that shows the energy consumption of a spe-
cific ride compared with the average ride per train and per driver. A tool to provide personnel with 
direct feedback on their efforts and achievements and as an added value increasing their expertise 
through training. GemaRate is a system for rating and ranging trains, drivers and other aspects of 
operations. GemaLogic executive is a special report for management. It provides a quick scan of 
the current operations. 


GemaLogic proved its added value with Slovenian Railways where over 90 locomotives were con-
nected to GemaLogic and significant energy savings were obtained. As part of the TRAINER pro-
ject GemaLogic is also used by the Dutch Railways.
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6.6.8 Tips from the Railion/DB Schenker booklet  
         on Energy Efficient Driving


These tips are based on personal and practical experiences and on responses from participants 
to various training sessions. 


Tip 1: saving > 20%.
Switch off a second and/or third locomotive prior to the trip if the weight of the train allows for it. 
Always do this with loose locomotives in multiple. 


Tip 2: saving > 13%. 
Accelerate slowly whenever possible. Surely the timetable allows for a small time margin. Do not 
let the train reach service speed at full capacity. If you are running on time, 70% of capacity will 
suffice, for instance.


Tip 3: saving >10%. 
If you do need to reach service speed as quickly as possible make use of bridges, hills and slopes 
in the landscape. As soon as you have reached service speed keep your train at the same speed 
while using a minimum capacity (approx. 30%). 


Tip 4: saving > 50%. 
You have multiple connections for a train at an emplacement or a location where works are carried 
out on the tracks. During long-term shunting operations, disconnect the second locomotive (and 
pos sibly a third).
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6.7 Final TRAINER Conference


On Friday September 25th 2009 the TRAINER project has held its Final TRAINER 
Conference in Tours (F). The conference was held in the framework of the Energy  
Efficiency Days and was organised in collaboration with the Railenergy project and 
UIC, which organized the 4th UIC Energy Conference. 
See also the EED 2009 Programme and the report in the (short version) UIC-e-news. 
The presentations are available on http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
 


See for the TRAINER presentations
Central presentations:
1.  Mr. Peter Wilbers (SenterNovem): TRAINER project
2.  Branislav Krigovsky (ZSSK Cargo): Training programme Best practice ZSSK Cargo
3.  Mr. Bojan Dremelj (SZ): EED practice at the Slovenian Railways
 


Workshop presentations:
Workshop 1. Ecodriving Training Programmes.
1.  Mr. Paul Offerman (VVCR): Didactical Approach
2.  Mr. Jan Hoogakker (NS R): TRAINER Implementation in the Netherlands
3.  Mr. Luigi Contestabile (Trenitalia): Implementation Experiences
 



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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The conclusions of the day


This will be published on the internet when they are available.
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7 Further information 


Organisation URL
UIC http://www.uic.org/
CER http://www.cer.be/ 
EIM http://www.eimrail.org
TRAINER http://www.iee-trainer.eu/
TRAINER Final Conference EED2009 
(Sept. 2009)


http://www.energy-efficiency-days.org/menu/article/
presentations-of-the-eed-2009


TRAINER links page Trainer links


European committee http://ec.europa.eu/index_en.htm
Intelligent Energy Europe http://ec.europa.eu/energy/intelligent



http://www.uic.org/

http://www.cer.be/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/index.php?option=com_content&task=view&id=40&Itemid=89

http://ec.europa.eu/index_en.htm

http://ec.europa.eu/energy/intelligent

http://www.eimrail.org/

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Some interesting links
1. http://www.2train.eu/ 
2. http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm
3. http://www.uic.org/spip.php?rubrique1045
4. http://www.railway-energy.org/tfee/index.php 
5. http://www.railway-mobility.org/ 


6. http://www.railenergy.org/ 
7. http://www.errac.org/reftexts.htm 
8. http://www.errac.org/links.htm 
9. http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direc


t=&Itemid=71&limit=5&limitstart=20 
10. http://ec.europa.eu/energy/intelligent/library/index_en.htm 


11. http://www.eimrail.org/bro.html
12. http://www.railway-technology.com/projects/
13. http://www.innotrack.org/
14. http://www.senternovem.nl/LTA/index.asp
15. http://www.iee-trainer.eu/



http://www.2train.eu/

http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm

http://www.uic.org/spip.php?rubrique1045

http://www.railway-energy.org/tfee/index.php

http://www.railway-mobility.org/

http://www.railenergy.org/

http://www.errac.org/reftexts.htm

http://www.errac.org/links.htm

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://ec.europa.eu/energy/intelligent/library/index_en.htm

http://www.eimrail.org/bro.html

http://www.railway-technology.com/projects/

http://www.innotrack.org/

http://www.senternovem.nl/LTA/index.asp

http://www.iee-trainer.eu/
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Participants TRAINER


Participant Contact E-mail Telephone URL


AgentschapNL NL P. Wilbers peter.wilbers@agentschapnl.nl +31622907912 http://www.agentschapnl.nl 


NS NL R. Luijt Ralph.Luijt@NS.nl +31633083183 http://www.ns.nl


Solvera Lynx SI G. Hribar gregor.hribar@solvera-lynx.com +38614012860 http://www.solvera-lynx.com


Slovenske Zeleznice SI B. Dremelj bojan.dremelj@slo-zeleznice.si +38641919309 http://www.slo-zeleznice.si


CRES GR G. Zoidis grzoidis@cres.gr +30697306455 http://www.cres.gr


ZSSK Cargo SL B. Krigovsky Krigovsky.Branislav@zscargo.sk +421220292128 http://www.zscargo.sk


VVCR Europe NL P. Hekkert p.hekkert@vvcr.nl +31616760626 http://www.vvcr.nl


ENEA IT E.Negenti negrenti@enea.it +393356282657 http://www.enea.it


TRENITALIA IT L. Contestabile l.contestabile@trenitalia.it +39644105765 http://www.trenitalia.com/trenitalia.html



mailto:peter.wilbers@agentschapnl.nl

http://www.agentschapnl.nl

mailto:Ralph.Luijt@NS.nl

http://www.ns.nl

mailto:gregor.hribar@solvera-lynx.com

http://www.solvera-lynx.com

mailto:bojan.dremelj@slo-zeleznice.si

http://www.slo-zeleznice.si

mailto:grzoidis@cres.gr

http://www.cres.gr

mailto:Krigovsky.Branislav@zscargo.sk

http://www.zscargo.sk

mailto:p.hekkert@vvcr.nl

http://www.vvcr.nl

mailto:negrenti@enea.it

http://www.enea.it

mailto:l.contestabile@trenitalia.it

http://www.trenitalia.com/trenitalia.html
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Links to the Eco-driving film


This film, developed by the partners of TRAINER, is an extra tool to help you improving energy- 
efficiency at railways. It can be part of your eco-driving training programmes. The instruction is di-
vided in two parts. One part is specifically for the decision makers of train agencies. The other part 
shows eco-driving instructions for train drivers. Both parts can be helpful for trainers as well. We de-
veloped this tool in 8 languages: Dutch, English, French, German, Greek, Italian, Slovak and Slovene.


English
introduction
tips


Dutch
introduction
tips


Slovene
introduction
tips


Slovak
introduction
tips


Italian
introduction
tips


Greek
introduction
tips


French
introduction
tips


German
introduction
tips



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part2.html
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Σημείωση


Το εγχειρίδιο αυτό αναπτύχθηκε στο πλαίσιο του προγράμματος Intelligent Energy Europe
Συντάκτες: Hub Cox/AgentschapNL, Patrick Hekkert/VVCR & Paul Offerman/VVCR Europe BV
Φωτογραφίες: Bojan Dremelj /SZ (Slovenske železnice, d.o.o.)
Σχεδιασμός: Technicad, Hengelo
Ουτρέχτη, Ολλανδία
Σεπτέμβριος 2009


Για περισσότερες πληροφορίες επικοινωνήστε με τον κ. Peter Wilbers, AgentschapNL, Ολλανδία συντονιστή του 
έργου TRAINER peter.wilbers@agentschapnl.nl η επισκεφθείτε την ιστοσελίδα του έργου  www.iee-trainer.eu 


Disclaimer


Την ευθύνη για το περιεχόμενο αυτής της έκδοσης φέρουν αποκλειστικά οι συγγραφείς. Η έκδοση αυτή δεν αντιπροσωπεύει τις απόψεις 


της Ευρωπαϊκής Κοινότητας.  Η Ευρωπαϊκή Κοινότητα δεν φέρει ευθύνη για οποιαδήποτε χρήση των πληροφοριών που περιέχονται 


σε αυτή την έκδοση. Οι εταίροι του έργου TRAINER δεν μπορούν να θεωρηθούν υπεύθυνοι για ατυχήματα, απώλειες ή βλάβες ως 


αποτέλεσμα λαθεμένης εφαρμογής των συμβουλών και πρακτικών που περιέχονται σε αυτό το εγχειρίδιο.



mailto:peter.wilbers@agentschapnl.nl

http://www.iee-trainer.eu/
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Πρόλογος


Ο στόχος της εκπαίδευσης είναι η μάθηση, η βελτίωση και η λήψη αποτελεσμάτων. Στον αθλητισμό 
η προπόνηση οδηγεί σε περισσότερη δύναμη, μεγαλύτερη ταχύτητα, καλύτερη ομαδική εργασία 
και .... το τρόπαιο του πρωταθλητή. Οι σιδηρόδρομοι είναι σε θέση να κερδίσουν το τρόπαιο ενός 
βιώσιμου κόσμου. Γι ‘αυτό σας παροτρύνω να διαβάσετε αυτό το εγχειρίδιο.


Η εκπαίδευση απαιτεί αντοχή, πειθαρχία, κατάλληλα εργαλεία και σαφείς στόχους. Κάποιος μπορεί 
να διαβάσει, να συζητήσουν και να σκεφτώ σχετικά, αλλά το πιο σημαντικό είναι να γίνει η αρχή. 
Η σκοπός του εγχειριδίου του TRAINER για τους σιδηροδρόμους είναι σαφής. Πρόκειται για ένα 
εγχειρίδιο οδηγιών το οποίο περιλαμβάνει πολλά παραδείγματα με βάση την εμπειρία των ειδικών. 
Γιατί λοιπόν να περιμένετε;


Οι σιδηρόδρομοι είναι ήδη πολύ ενεργειακά αποδοτικοί και έχουν πολύ χαμηλές εκπομπές 
αερίων του θερμοκηπίου. Για τον λόγο ότι οι σιδηρόδρομοι αποτελούν μέρος της λύσης 
ενάντια στην κλιματική αλλαγή. Παρόλα αυτά , υπάρχει πάντα περιθώριο για βελτίωση 
και αναζήτηση επιπλέον εξοικονόμησης ενέργειας στις σιδηροδρομικές μεταφορές. Το 
εγχειρίδιο αυτό θα σας βοηθήσει να ανακαλύψετε αυτές τις βελτιώσεις.


Το έργο TRAINER παρουσιάζει μια ευκαιρία επιτυχημένης και κερδοφόρας δράσης. Η 
σιδηροδρομική εταιρεία κερδίζει μέσω της μείωσης του κόστους, ο πελάτης κερδίζει με την 
ποιότητα υπηρεσιών και ο πλανήτη  κερδίζει τις χαμηλότερες εκπομπές αερίων του θερμοκηπίου.


Bert Meerstadt
Πρόεδρος NS / Ολλανδικοί Σιδηρόδρομοι



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/





Πίνακας Περιεχομένων 


3


Πίνακας Περιεχομένων


 Σημείωση   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1
 Πρόλογος   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2


1  Εισαγωγή και οδηγός για τον αναγνώστη   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5


2  Περιβαλλοντικές προκλήσεις στον σιδηροδρομικό τομέα   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9


3  Ενεργειακά αποδοτική οδήγηση και λειτουργία  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
3.1.  Ενεργειακά αποδοτική οδήγηση ή eco-driving .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  15
3.2.  Ενεργειακά αποδοτική λειτουργία .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  20


4  Κατάλογος βέλτιστων πρακτικών   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.1  Κατάλογος .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  29
4.2  Επιδεικτικές Περιηγήσεις. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.2.1  Πρώτη Περιήγηση στην Ολλανδία και τη Γερμανία . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.2.2  Δεύτερη Περιήγηση στη Σλοβενία, την Αυστρία και τη Σλοβακία  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35
4.3  Συμπεράσματα . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38


5   Το πλαίσιο για την εφαρμογή μέτρων εξοικονόμησης ενέργειας και 
 ενεργειακά αποδοτικής οδήγησης   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
5.1  Μακροχρόνιες Συμφωνίες (LTAs)   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42
5.2  Συστήματα Ενεργειακής Διαχείρισης . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .47
5.3  Διαχείριση Ενέργειας στους σιδηροδρόμους στην πράξη  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  49
5.4  Παρακολούθηση και αξιολόγηση . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56







Πίνακας Περιεχομένων 


4


6  Ανάπτυξη εκπαιδευτικών προγραμμάτων . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
6.1  Εισαγωγή στη παιδαγωγική . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
6.2  Εργαλεία για την αλλαγή της συμπεριφοράς  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  67
6.3  Σκελετός, η σχέση μεταξύ θεωρίας και πρακτικής  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  68
6.4  Εθνικές προσεγγίσεις . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
6.5  Η ανταλλαγή εμπειριών σε εθνικό επίπεδο .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  68
6.6  Εργαλεία υποστήριξης της ενεργειακά αποδοτικής οδήγησης . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
6.6.1  Βίντεο TRAINER: Οικολογική οδήγηση για τους οδηγούς τρένων  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  72
6.6.2  Μέθοδος UZI  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  73
6.6.3  Route lint  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .74
6.6.4  Gekko   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74
6.6.5  Bombardier EBI Drive   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
6.6.6. Εργαλεία διαχείρισης   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
6.6.7  Solvera Lynx   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
6.6.8 Συμβουλές από το φυλλάδιο οικονομικής οδήγησης της  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  78
6.7  Τελικό Συνέδριο TRAINER  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  79


7  Περισσότερες πληροφορίες . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
 Σύνδεσμοι για την ταινία Eco-driving. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84







1 Εισαγωγή και οδηγός για τον αναγνώστη 


5


1 Εισαγωγή και οδηγός για τον αναγνώστη


Στην εποχή μας οι σιδηρόδρομοι καλούνται να αντιμετωπίσουν πολλές προκλήσεις. Αντιμετωπίζουμε 
προβλήματα όπως η υπερθέρμανση του πλανήτη και η παγκόσμια οικονομική κρίση. Ο τομέας των 
σιδηροδρόμων μπορεί να δώσει λύσεις προς αυτήν την κατεύθυνση. Ο τομέας έχει μεγάλες δυνατότητες 
για περαιτέρω βελτίωση της ενεργειακή του αποδοτικότητας και να βοηθήσει στην επιβράδυνση της 
υπερθέρμανσης του πλανήτη. Επιπλέον, από την εξοικονόμηση κόστους μπορεί να επιτύχει περαιτέρω 
αύξηση της ανταγωνιστικότητας του σε σύγκριση με άλλα μέσα μεταφοράς. Το γεγονός αυτό είναι 
σημαντικό, διότι οι ανταγωνιστικοί τρόποι μεταφοράς γίνονται ολοένα και πιο ενεργειακά αποδοτικοί. 
Για πιο αναλυτική περιγραφή του έργου TRAINER ανατρέξτε του φυλλάδιο του έργου TRAINER


Το έργο TRAINER (TRAining programmes to INcrease Energy efficiency by Railways)  είναι ένα από 
τα ευρωπαϊκά προγράμματα που έχουν στόχο τη βελτίωση της ενεργειακής αποδοτικότητας  των 
ευρωπαϊκών σιδηροδρόμων. Το έργο διήρκεσε από το Νοέμβριο του 2006 μέχρι τον Νοέμβριο του 2009 
και αρκετές ευρωπαϊκές σιδηροδρομικές εταιρείες συμμετείχαν στο έργο TRAINER (www.iee-trainer.eu) 
Το έργο TRAINER συνεργάστηκε με τη Διεθνή Ένωση των Σιδηροδρόμων UIC και με το επίσης 
ευρωπαϊκό έργο Railenergy (www.railenergy.org). 


Αυτό το εγχειρίδιο είναι ένα από τα παραδοτέα του έργου  και συγκεντρώνει την εμπειρία, την 
τεχνογνωσία και γνώση των διαφόρων ευρωπαϊκών σιδηροδρομικών εταιρειών, των εκπαιδευτών και 
των εμπειρογνωμόνων. Το εγχειρίδιο  δεν παρέχει έτοιμες λύσεις για την εκτέλεση εκπαιδευτικών 
προγραμμάτων κατάρτισης. Αυτό δεν θα ήταν σκόπιμο, διότι τα πολιτισμικά και εταιρικά χαρακτηριστικά 
κάθε σιδηροδρόμου διαφέρουν πάρα πολύ ώστε να υπάρχει μοναδική πρόταση προς την κατεύθυνση. 
Παρόλα αυτά το εγχειρίδιο παρέχει στις σιδηροδρομικές εταιρείες όλα τα δεδομένα και συστατικά για 
να δημιουργήσουν τα δικά τους εκπαιδευτικά προγράμματα. 



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/

http://www.uic.org/spip.php?rubrique1045

http://www.railenergy.org/
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Το εγχειρίδιο στοχεύει στους  διαχειριστές των σιδηροδρομικών επιχειρήσεων 
και των σιδηροδρομικών υποδομών, του προσωπικού των σταθμών, εκπαιδευτές και πάνω απ’ όλα 
τους μηχανοδηγούς των τρένων. Το εγχειρίδιο περιέχει πολλές μεθόδους και συμβουλές για όλες τις 
ομάδες-στόχους που μπορούν να συμβάλλουν στη βελτίωση της ενεργειακής απόδοσης, αρχίζοντας 
με την επιλογή ενεργειακά αποδοτικού τροχαίου υλικού και κατάλληλη διαχείριση και συντήρηση του 
υλικού. Κυρίως όμως εστιάζει την προσοχή του στην εφαρμογή της ενεργειακά αποδοτικής οδήγησης 
(eco-driving) για τους οδηγούς τρένων (κεφάλαιο 3). Πρωταρχική προϋπόθεση για την εφαρμογή  της 
ενεργειακά αποδοτικής οδήγησης παραμένουν η ασφάλεια και η ακρίβεια των δρομολογίων.


Η βελτίωση της συμπεριφοράς των επαγγελματιών όπως οι μηχανοδηγοί των τρένων μπορεί να είναι 
αρκετά δύσκολη, τόσο για τους διαχειριστές όσο και για τους εκπαιδευτές, αλλά και φυσικά για τους ίδιους 
τους μηχανοδηγούς. Ο επαγγελματισμός και η εμπειρία των μηχανοδηγών πρέπει να γίνονται σεβαστοί 
και να χρησιμοποιούνται άμεσα για τη δημιουργία επιτυχημένων και αποτελεσματικών προγραμμάτων 
εκπαίδευσης. Ο τρόπος εκπαίδευσης και ο τόνος της φωνής είναι ευαίσθητα ζητήματα που πρέπει να 
αντιμετωπιστούν με σοβαρότητα (κεφάλαιο 6). Η συμμετοχή των μηχανοδηγών και των διαχειριστών των 
υποδομής είναι ο καλύτερος  τρόπος για την ελαχιστοποίηση της όποιας εναντίωσης.


Η ενεργειακά αποδοτική συμπεριφορά των μηχανοδηγών μπορούν να βελτιωθεί με την διοργάνωση 
ειδικών σεμιναρίων κατάρτισης. Η συμπεριφορά τους μπορεί επίσης να βελτιωθεί με την διάθεση 
κατάλληλων εργαλείων (κεφάλαιο 3 και 6). Ορισμένα εργαλεία, όπως το Gekko, είναι λιγότερο ή 
περισσότερο αυτοδιδακτικά δείχνοντας αν ο μηχανοδηγός οδηγεί οικονομικά ή όχι. Άλλα εργαλεία, 
όπως το Routelint, παρέχουν στο μηχανοδηγό της αμαξοστοιχίας τις σχετικές πληροφορίες για τους 
συρμούς που προηγούνται στις γραμμές ώστε να είναι σε θέση να προβλέψει καλύτερα. Συνδυασμοί 
της εκπαίδευσης και των εργαλείων πάντα έχουν προστιθέμενη αξία και  μπορούν να οδηγήσουν σε 
καλύτερες επιδόσεις τους μηχανοδηγούς. 
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Μια σιδηροδρομική εταιρεία μπορεί να επιλέξει μεμονωμένα εκπαιδευτικά σεμινάρια, τα οποία 
βραχυπρόθεσμα μπορεί άμεσα να έχουν σημαντικά αποτελέσματα. Για να επιτύχουν περαιτέρω 
αποτελέσματα από αυτά που μπορούν να επιτευχθούν βραχυπρόθεσμα συνίσταται να καταστεί η 
ενεργειακή αποδοτικότητα μέρος μιας ευρύτερης εταιρικής στρατηγικής ή ενός ολοκληρωμένου 
σχεδίου κατάρτισης. Αυτό είναι επίσης σημαντικό από την άποψη της εταιρικής εικόνας. Αυτά τα 
ευρύτερα σχέδια μπορεί π.χ. να παρέχονται από μακροχρόνιες συμφωνίες (Long Term Agreements 
(LTAs)) και συστήματα ενεργειακής διαχείρισης (Energy Management Systems) (κεφάλαιο 5). Μια 
LTA μπορεί να συναφθεί μεταξύ μιας σιδηροδρομικής εταιρίας, την κυβέρνηση και έναν ανεξάρτητο 
οργανισμό που θα κάνει για την παρακολούθηση. Ως βασικός στόχος μιας LTA τίθεται το ποσοστό 
του επιθυμητού οφέλους εξοικονόμησης ενέργειας σε συγκεκριμένο χρονικό διάστημα. Αυτά τα 
είδη των συμφωνιών μπορεί να αποτελέσουν ένα σημαντικό μέτρο για τη βελτίωση της ενεργειακής 
αποδοτικότητας. Μερικές φορές απλούστερες συμφωνίες περιλαμβάνουν έκπτωση στο φόρο που 
καταβάλλεται για την κατανάλωση ενέργειας όταν επιτυγχάνεται η προσυμφωνηθείσα  βελτίωση της 
ενεργειακής αποδοτικότητας σε μια εταιρεία σιδηροδρόμων. 


Η παρακολούθηση των επιδόσεων της ενεργειακής αποδοτικότητας είναι ζωτικής σημασίας (κεφάλαιο 
5.4). Αυτό είναι αναγκαίο ως απόδειξη ότι τα εκπαιδευτικά σεμινάρια έχουν αποτέλεσμα, για την 
συνεργασία των ομάδων-στόχων με την κατάδειξη το ότι η συνεισφορά τους είναι σημαντική καθώς 
επίσης και για λόγους δημοσιοποίησης με την παρουσίαση των συνολικών οφελών που έχουν επιτευχθεί. 
Η παρακολούθηση μπορεί και πρέπει να γίνει σε πολλαπλά επίπεδα. Το εγχειρίδιο αυτό σας παρέχει 
πληροφορίες για τους σχετικούς δυνατούς τρόπους.
 



http://ltauptake.eu/

http://ltauptake.eu/

http://www.senternovem.nl/Energiezorg/english/index.asp
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Το εγχειρίδιο αυτό παρουσιάζεται ως εμβάθυνση και προσθήκη ορισμένων θεμάτων που θίγονται στο 
φυλλάδιο  “Process, Power, People” της Διεθνούς Ένωσης Σιδηροδρόμων (UIC) (2008).
 
Το εγχειρίδιο του TRAINER συνοδεύεται από την εκπαιδευτική ταινία: 
«Οικολογική οδήγηση για τους οδηγούς τρένων, εννέα χρήσιμες συμβουλές για την ενεργειακή 
απόδοση». 


Αυτή η εκπαιδευτική και ενημερωτική ταινία μπορεί να χρησιμοποιηθεί αυτούσια για τα εκπαιδευτικά 
σεμινάρια οικολογικής οδήγησης.
 
Η ταινία αποτελείται από 2 μέρη:
1. Μια γενική εισαγωγή που ασχολείται με τις παγκόσμιες ενεργειακές προκλήσεις και το ρόλο των 


σιδηροδρόμων.


2. Ένα ευρύ φάσμα συμβουλών που μπορούν να βοηθήσουν τους μηχανοδηγούς να βελτιώσουν την 


οδήγησή τους με  κάνουν  πιο ενεργειακά αποδοτικό τρόπο.


 
Η ταινία είναι διαθέσιμη σε πολλές γλώσσες.
Peter Wilbers 


SenterNovem, Ενεργειακό κέντρο του Ολλανδικού Υπουργείου Οικονομικών 
Συντονιστής του έργου TRAINER
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2 Περιβαλλοντικές προκλήσεις στον σιδηροδρομικό 
τομέα 


Κλιματική Αλλαγή
Η κοινή διεθνής διαπίστωση  είναι ότι ο πλανήτης αντιμετωπίζει μια μη αναστρέψιμη αλλαγή του 
κλίματος εάν δεν ληφθούν άμεσα μέτρα. Η ΕΕ έχει ήδη διαμορφώσει ένα σαφές και ολοκληρωμένο 
σχέδιο πολιτικής για την ενέργεια και την κλιματική αλλαγή, δέσμευση για μείωση των εκπομπών 
των αερίων του «θερμοκηπίου»κατά τουλάχιστον 20% έως το 2020 και μια υπόσχεση να αναλάβει 
ηγετικό ρόλο στις διεθνείς διαπραγματεύσεις ώστε να υιοθετηθούν ακόμη πιο φιλόδοξοι στόχοι. 
Αυτό θα συμβάλει στην πρόληψη της αύξηση των θερμοκρασίας παγκοσμίως σε περισσότερο 
από 2°C, το επίπεδο που θεωρείται όλο και περισσότερο 
από τους επιστήμονες να είναι το μη αναστρέψιμο σημείο 
για την κλιματική αλλαγή. Για να επιτευχθεί αυτός ο 
στόχος, πρέπει να εκμεταλλευτούμε τους ενεργειακούς 
πόρους με βιώσιμο τρόπο και να στραφούμε περισσότερο 
στις ανανεώσιμες μορφές ενέργειας, τη δέσμευση και 
αποθήκευση διοξειδίου του άνθρακα και την αποφυγή της 
αποψίλωσης των δασών. Αυτό μπορεί απαιτεί μια αλλαγή 
του τρόπου ζωής μας, αλλά είναι απαραίτητη ώστε να  μη 
θέσει σε κίνδυνο το επίπεδο διαβίωσης μας ή αυτό των 
μελλοντικών γενεών. 


Ο ευκολότερος τρόπος για να αυξηθεί η ασφάλεια του 
ενεργειακού εφοδιασμού και να βελτιωθεί το κλίμα 
είναι να μειωθεί η ζήτηση για ενέργεια. Αυτό σημαίνει 
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περισσότερο αποδοτική χρήση ενέργειας ώστε να μην σπαταλάται άσκοπα. Αυτό μπορεί να γίνει 
μέσω της τεχνολογίας εξοικονόμησης ενέργειας ή από την αλλαγή της ενεργειακής μας συμπεριφοράς 
μας, ή και με συνδυασμό των δύο. Πάνω από όλα εξοικονόμηση ενέργειας έχει και σημαντικό 
οικονομικό αντίκτυπο: Ο στόχος της ΕΕ για 20% λιγότερη ενέργεια έως το 2020 υπολογίζεται ότι 
θα μειώσει τις δαπάνες για ενέργεια κατά 100 δισ. € ανα έτος.
 
Ο στόχος αυτός μπορεί να φαίνεται δύσκολο να επιτευχθεί, αλλά στην πράξη υπάρχουν μεγάλα 
περιθώρια για τη χρήση της ενέργειας πολύ πιο ορθολογικά, μερικές φορές με μικρή προσπάθεια. Για 
παράδειγμα, η ενεργειακή σήμανση, τα πρότυπα βέλτιστης ενεργειακής απόδοσης και εθελοντικές 
συμφωνίες με τους κατασκευαστές των οικιακών ηλεκτρικών συσκευών έχουν ήδη μειώσει την 
κατανάλωση ενέργειας ενός νέου ψυγείου ή καταψύκτη σχεδόν κατά 50% σε σχέση με το 1990. 
Για διάφορες άλλες συσκευές, όπως πλυντήρια ρούχων και πλυντήρια πιάτων, έχει επιτευχθεί 
εξοικονόμηση άνω του 25%. Επίσης το διεθνές πρόγραμμα «Energy Star» προωθεί πιο φιλικές προς 
το περιβάλλον μηχανές γραφείου και εξοπλισμό πληροφορικής.
 
Ο σκοπός του πακέτου εργασίας 2.2 του έργου Railenergy καθορίζει μια τυποποιημένη διαδικασία 
για τον προσδιορισμό και την επαλήθευση της κατανάλωσης ενέργειας του τροχαίου υλικού: Για 
περισσότερα δειτε The Standard Service Profiles –Specification and Verification of Energy Con-
sumption 


Τον Μάρτιο του 2007, ως μέρος μιας ευρείας προσπάθειας για τη μείωση των εκπομπών, οι Ευρωπαίοι 
αρχηγοί κρατών συμφώνησαν να θέσουν δεσμευτικούς στόχους για τη μείωση σε ευρωπαϊκό επίπεδο 
των εκπομπών των αερίων του θερμοκηπίου κατά 20% από τα επίπεδα του 1990 έως το 2020. Ο 



http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.railenergy.org/
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στόχος αυτός μπορεί να αυξηθεί σε 30% έως το 2020, αν υπάρξει μια νέα παγκόσμια συμφωνία 
για την κλιματική αλλαγή στην Κοπεγχάγη το 2009. Η Ευρωπαϊκή Επιτροπή δήλωσε επίσης ότι 
πρέπει να αρχίσουν άμεσα οι διεργασίες για έναν πιο μακροπρόθεσμο στόχο  μείωσης κατά 50% 
των παγκόσμιων εκπομπών έως το 2050. Με παραγωγή της τάξης 27% του συνόλου των εκπομπών, 
οι μεταφορές είναι η δεύτερη μεγαλύτερη πηγή ανθρωπογενών εκπομπών CO2 στην ΕΕ των 27 με 
πρώτο τον κλάδο την ηλεκτροπαραγωγής. Επιπλέον, οι τελευταίες προβλέψεις από την Ευρωπαϊκή 
Υπηρεσία Περιβάλλοντος (ΕΕΑ) εκτιμούν ότι οι εκπομπές του τομέα προβλέπεται να αυξηθούν κατά 
25% μεταξύ του 1990 και το 2020. Αυτό έρχεται σε αντίθεση με τις εκπομπές από τους τομείς της 
βιομηχανίας και της ενέργειας, όπου οι εκπομπές CO2 μειώνονται. 


Δελτίο τύπου CER: 8 Μαΐου 2008


Μείωση των εκπομπών CO2 κατά 30% στον Ευρωπαϊκό 
σιδηροδρομικό τομέα


Χθες, οι Διευθύνοντες Σύμβουλοι των ευρωπαϊκών σιδηροδρομικών εταιρειών και των σιδηροδρομικών 
υποδομών δεσμεύτηκαν για μείωση των ειδικών εκπομπών CO2 από τα τρένα κατά 30% για την 
περίοδο 1990 έως 2020. Ο στόχος αυτός θα βοηθήσει στη μείωση των εκπομπών από τις μεταφορές 
που είναι αναγκαία για να επιτευχθεί ο στόχος της ΕΕ για μείωση κατά 20% σε απόλυτες εκπομπές 
αερίων του θερμοκηπίου κατά την ίδια περίοδο.
 
Κατά τη Γενική Συνέλευση της CER και UIC στις Βρυξέλλες, οι εταιρείες αποφάσισαν να 
πραγματοποιήσουν αυτό το βήμα που θα υπογραμμίσει τη θέση των σιδηροδρόμων ως το πλέον 
σημαντικό αειφόρο τρόπο μαζικής μεταφοράς.
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“Παρά τις βελτιώσεις των άλλων τομέων των μεταφορών, οι σιδηροδρομικές μεταφορές είναι 
ήδη ο περισσότερο περιβαλλοντικά φιλικός τρόπος μαζικών μεταφορών», δήλωσε ο εκτελεστικός 
διευθυντής Johannes Ludewig.
 
«Το περιβαλλοντικό εξωτερικό κόστος του τομέα μας είναι πολύ μικρότερο από  αυτό του τομέα 
των οδικών μεταφορών. Όμως στοχεύουμε να πάμε ακόμη καλύτερα  και να αξιοποιήσουμε κάθε 
δυνατότητα περαιτέρω  μείωσης των εκπομπών των αερίων του θερμοκηπίου  “
 
Ο φιλόδοξος στόχος μείωσης κατά 30% έως το 2020 θα επέλθει με μια σειρά μεθόδων, 
συμπεριλαμβανομένης της τεχνολογικής καινοτομίας, όπως η βελτιστοποίηση της αναγεννητικής 
πέδησης, τον εκσυγχρονισμό του στόλου και επιχειρησιακές διαδικασίες, όπως η ενεργειακά 
αποδοτική οδήγηση (”eco-driving”). 


“Για την επίτευξη αυτού του στόχου θα πρέπει να υπάρξουν σημαντικές επενδύσεις από τις εταιρείες” 
είπε ο κ. Ludewig. “Αλλά όταν η δυνατότητα εσωτερίκευσης του εξωτερικού κόστους - η οποία 
προβλέπεται στην επερχόμενη αναθεώρηση της σχετικής κοινοτικής οδηγίας - γίνει μια πολιτική 
πραγματικότητα, αυτή η επένδυση θα είναι κερδοφόρα. Σε κάθε περίπτωση, οι σιδηρόδρομοι είναι 
πεπεισμένοι ότι η δημιουργία ενός συστήματος βιώσιμων μεταφορών είναι ζωτικής σημασίας όχι 
μόνο για το μέλλον του τομέα, αλλά ζήτημα ευθύνης για την κοινωνία. “ 
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Η έκθεση απογραφής του Ευρωπαϊκού Οργανισμού Περιβάλλοντος, που εκδόθηκε στις 29 Μαΐου 
2009, δείχνει ότι οι εκπομπές αερίων του θερμοκηπίου στην Ευρωπαϊκή Ένωση μειώθηκαν κατά 
1,2% μεταξύ του 2006 και του 2007 και αναμένεται ότι ο στόχος του Κιότο - μια μέση μείωση κατά 
8% σε σχέση με τα επίπεδα του 1990 για την περίοδο 2008 - 2012- θα επιτευχθεί. Αυτό συμβαίνει 
παρά το γεγονός ότι οι εκπομπές των μεταφορών έχουν αυξηθεί, λόγω κυρίως του τομέα των 
οδικών μεταφορών, όπου οι εκπομπές έχουν αυξηθεί κατά 5,3%.
 
Τρένο για Κοπενχάγη
 Στο τέλος του 2009, η νέα συμφωνία για το κλίμα ως συνέχεια του Πρωτοκόλλου του Κιότο, θα 
πρέπει να συμφωνηθεί κατά τη διάρκεια του Συνεδρίου των Ηνωμένων Εθνών για τη Κλιματική 
Μεταβολή, με τίτλο COP15, στην Κοπεγχάγη της Δανίας (7- 18 Δεκεμβρίου, 2009). Το αποτέλεσμα 
θα είναι ένα νέο διεθνές πρωτόκολλο που θα δεσμεύει τα βιομηχανοποιημένα κράτη να υιοθετήσουν 
αυστηρότερους υποχρεωτικούς στόχους για τη μείωση του CO2. Το συνέδριο αποτελεί μια μοναδική 
ευκαιρία για την επίτευξη μιας φιλόδοξης συνολικής συμφωνίας με όλες τις χώρες του κόσμου και 
που θα αναγνωρίζουν ως κύρια απειλή για τον πλανήτη μας την κλιματική αλλαγή. 


Σε παγκόσμια κλίμακα, οι μεταφορές ευθύνονται για το 27% των εκπομπών διοξειδίου του άνθρακα 
(CO2) που προκαλούν το φαινόμενο του θερμοκηπίου. Η πραγματική πρόκληση έγκειται στο γεγονός 
ότι, ενώ άλλοι τομείς έχουν καταφέρει να μειώσουν τις εκπομπές τους, οι ανάλογες εκπομπές του 
τομέα των μεταφορών αυξάνονται σταθερά. 



http://www.traintocopenhagen.org/
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Ο περιορισμός της αύξησης αυτής και η μείωση των εκπομπών των μεταφορών είναι ένα από τα 
ουσιώδη βήματα για την καταπολέμηση της υπερθέρμανσης του πλανήτη. 
Παρ ‘όλες τις τεχνολογικές προόδους ο τομέας των μεταφορών δεν αναπτύσσεται με βιώσιμο τρόπο. 
Ο κύριος λόγος είναι η τεράστια αύξηση της ζήτησης για μεταφορά επιβατών και εμπορευμάτων. 
Σήμερα ο τομέας των οδικών μεταφορών είναι υπεύθυνος για πάνω από το 80% της κατανάλωσης 
ενέργειας στις μεταφορές.
 
Οι εκπομπές στον τομέα των αεροπορικών μεταφορών  αυξάνουν με ταχείς ρυθμούς και οι 
αερομεταφορές έχουν την δεύτερη μεγαλύτερη επίπτωση στο κλίμα από τους τομείς μεταφοράς 
αντιπροσωπεύοντας περισσότερο από το 13% της συνολικής χρήσης ενέργειας των μεταφορών 
στην Ευρώπη. Επίσης οι εκπομπές αυτές εκλύονται σε μεγάλο υψόμετρο και έχουν πολύ μεγαλύτερες 
συνέπειες από αυτές που αντιπροσωπεύουν ως απλή κατανάλωση ενέργειας.
 
Οι σιδηρόδρομοι είναι σημαντικοί για τη μείωση των εκπομπών αερίων του θερμοκηπίου και τη 
βιώσιμη ανάπτυξη των μεταφορών. Προσφέρουν την υψηλότερη ενεργειακή αποδοτικότητα  τόσο 
σε επιβάτη / χιλιόμετρο όσο και τόνο / χιλιόμετρο.
 


Ένα ταξίδι από τις Βρυξέλλες στην Κοπεγχάγη με το αεροπλάνο ή το αυτοκίνητο παράγει πάνω από 
3,5 φορές περισσότερες εκπομπές από ότι με τρένο. Μπορείτε να το ελέγξετε εδώ:  
www.ecopassenger.org ή http://www.routerank.com/en/



http://www.ecopassenger.org/

http://www.routerank.com/en/
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3 Ενεργειακά αποδοτική οδήγηση και λειτουργία
 
3.1. Ενεργειακά αποδοτική οδήγηση ή eco-driving
 
Γιατί οικολογική οδήγηση; 
Με την εφαρμογή της οικολογικής οδήγησης, οι σιδηροδρομικές εταιρείες και όλα τα μέλη του 
προσωπικού που συμμετέχουν μπορούν να έχουν συμβολή στην αναστροφή της κλιματικής 
αλλαγής. Ταυτόχρονα, οι σιδηροδρομικές εταιρείες μπορούν να μειώσουν τα έξοδα λειτουργίας 
τους και να ενισχύσουν την εικόνα τους ως φιλικά προς το περιβάλλον τρόπο μεταφοράς.
Μια ευχάριστη συνέπεια όσον αφορά τις επιβατικές αμαξοστοιχίες είναι η αυξημένη άνεση για 
τους επιβάτες. Με άλλα λόγια, η οικολογική οδήγηση μετατρέπει τους μηχανοδηγούς σε οικολογικά 
ευαισθητοποιημένους επαγγελματίες και των σιδηροδρομικές εταιρείες σε κοινωνικά υπεύθυνες 
επιχειρήσεις.
 
Τι είναι η οικολογική οδήγηση;
Τι σημαίνει ακριβώς; Η απάντηση σε αυτό μπορεί να είναι πιο πολύπλοκη από ότι θα περιμένατε.
Πρώτα απ ‘όλα,  η ασφάλεια και η ακρίβεια των δρομολογίων εξακολουθεί να αποτελεί προτεραιότητα 
και θα εξακολουθήσει να είναι σε κάθε περίπτωση. Τρένα που θα οδηγούνται με οικονομικό τρόπο 
και δεν παρέχουν ασφάλεια ή είναι πάντα αργοπορημένα θα δημιουργήσουν μια άσχημη εικόνα  για 
την εταιρεία. Στο πλαίσιο του έργου TRAINER αποδείχθηκε ότι είναι σαφώς δυνατή η εξοικονόμηση 
ενέργειας στις σιδηροδρομικές μεταφορές, λαμβάνοντας παράλληλα υπόψη τις πτυχές της 
ασφάλειας και ακρίβειας. Η Οικολογική οδήγηση συνοπτικά είναι επαγγελματική οδήγηση, έξυπνος 
σχεδιασμός της χρήσης των σιδηροδρομικών γραμμών,  εξοικονόμηση ενέργειας σε σταθμευμένα 
τρένα  και σε σταθμούς, επιλογή του κατάλληλου τροχαίου υλικού και πολλά άλλα. 
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Οδηγική Συμπεριφορά 
Η οικολογική οδήγηση απαιτεί οι μηχανοδηγοί να συμμετέχουν ενεργά και να υιοθετήσουν μια πιο 
ενεργειακά αποδοτική οδήγηση. Φυσικά, ο μηχανοδηγοί συχνά γνωρίζουν για την επίδραση της 
οδήγησής τους στη συνολική κατανάλωση ενέργειας, αλλά η εμπειρία μας λέει ότι θέτοντας το 
θέμα αυτό στους μηχανοδηγούς έχουμε μεγαλύτερη ευαισθητοποίηση τους. Είναι πολύ σημαντικό 
για τους οδηγούς να καταλάβουν πότε τα τρένα καταναλώνουν υπερβολική ενέργεια και το πιο 
σημαντικό: πώς να φθάσουν στον προορισμό του δρομολογίου με τη λιγότερη δυνατή κατανάλωση 
ενέργειας.
 
Βασικές αρχές (για την οδηγική συμπεριφορά)
Η άφιξη πολύ νωρίς στον προορισμό είναι αποτέλεσμα της οδήγησης με μεγάλη ταχύτητα και ως εκ 
τούτου απαιτεί μεγάλη κατανάλωση ηλεκτρισμού ή πετρελαίου diesel. Η πέδηση του συρμού πολύ 
αργά θα προκαλέσει ενόχληση στους επιβάτες. Η στάση χωρίς λόγο σε ένα σήμα θα μπορούσε να 
αποφευχθεί με διακοπή της δύναμης έλξης νωρίτερα και ως εκ τούτου την πιο αργή οδήγηση. Αυτό 
θα εμποδίσει τον οδηγό από την υποχρέωση να επιταχύνει ξανά το τρένο από στάση, επιβαρύνοντας 
σημαντικά την κατανάλωση  ενέργειας. Γνωρίζοντας την ικανότητα της αμαξοστοιχίας να κυλά, τον 
χρόνο άφιξης και τον προορισμό δίνεται στον οδηγό η δυνατότητα να οδηγήσει οικονομικά. 


Επιτάχυνση 
Η επιτάχυνση απαιτεί ηλεκτρική ενέργεια ή κατανάλωση ντίζελ για την παραγωγή κινητικής 
ενέργειας. Είναι σημαντικό ο συρμός να μην επιταχύνει πάρα πολύ γρήγορα, καθώς αυτό απαιτεί 
υπερβολικά ποσά ενέργειας όπως και η  οδήγηση με πολύ υψηλή ταχύτητα. Οι υψηλές ταχύτητες 
αυξάνουν την 
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δύναμη πέδησης που απαιτείται για την  επιβράδυνση και συνεπώς οδηγούν σε σπατάλη ενέργειας. 
Αυτό επίσης εξασφαλίζει ότι η έλξη ελαττώνεται έγκαιρα  για να αποφευχθεί η ανάπτυξη  υπερβολικής 
ταχύτητας από την αμαξοστοιχία.
Η οδήγηση για μεγάλη διάρκεια με σταθερή ταχύτητα  εξοικονομεί ενέργεια. Επιπλέον, είναι 
σημαντικό να παρακολουθείται ο κλιματισμός των επιβατικών αμαξοστοιχιών ανά πάσα στιγμή 
καθώς η υπερβολική θέρμανση ή ψύξη οδηγούν σε υπερκατανάλωση ενέργειας.
 
Κύλιση
Αυτό έχει ήδη τεθεί στην παραπάνω παράγραφο. Οι περισσότεροι οδηγοί τρένων γνωρίζουν ήδη 
ότι επηρεάζουν την κατανάλωση ενέργειας ανάλογα με τον τρόπο οδήγησής τους. Με τα κατάλληλα 
μέτρα είναι δυνατό να υπάρξει περαιτέρω βελτίωση στις επιδόσεις τους.
 
Στον τομέα των οδικών μεταφορών, οι επαγγελματίες οδηγοί διδάσκονται εδώ και χρόνια να 
εκμεταλλεύονται την δυνατότητα του οχήματος να κυλά. Το ίδιο ισχύει και για τα τρένα και 
μάλιστα σε πολύ μεγαλύτερο βαθμό, καθώς η έγκαιρη απενεργοποίηση της δύναμης έλξης προκαλεί 
μεγαλύτερο ενεργειακό όφελος καθώς αναπτύσσουν μεγάλη κινητική ενέργεια, λόγω της μάζας 
τους. Γνωρίζοντας αυτό, πρέπει να διδάξουμε τους μηχανοδηγούς πότε να κλείνουν την έλξη 
στην αμαξοστοιχία. Μπορούμε να τους διδάξουμε με βάση τις εμπειρίες τους, αλλά και με την 
παροχή κατάλληλων οδηγιών και μετά από επαρκή αριθμό πρακτικών δοκιμών σε συνδυασμό με 
την τήρηση των χρονοδιαγράμματος των δρομολογίων.
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Το ποσό της κινητικής ενέργειας που παράγεται κατά τη διαδικασία της επιτάχυνσης, μετατρέπεται 
σε θερμότητα και τριβή όταν χρησιμοποιούνται τα ηλεκτρικά φρένα και ως εκ τούτου χάνεται. 
Υπάρχουν εξαιρέσεις σε αυτό, όπως η ανάκτηση ενέργειας από την πέδηση αλλά αυτό δεν συμβαίνει 
πάντα. Σε ορισμένες περιπτώσεις είναι πολύ καλύτερο να αφήσουμε την μάζα του τρένου να 
κυλήσει με το μικρότερο ποσό αντίστασης. Σε μερικές γραμμές, τα τρένα υψηλών  ταχυτήτων 
είναι σε θέση κυλήσουν μέχρι και 55 χιλιόμετρα μετά την απενεργοποίηση της έλξης, χωρίς να 
καταναλώνουν ενέργεια και διατηρώντας παράλληλα ένα υπεύθυνο τρόπο οδήγησης. Γενικά είναι 
καλύτερα να αποφεύγεται η κατανάλωση ενέργειας από το να ανακτάται καθώς πάντα θα υπάρχουν 
απώλειες ενέργειας κατά την ανάκτηση. 


Πέδηση
Φυσικά η στάση σε σταθμούς ή σε ένα κόκκινο σηματοδότη είναι αναπόφευκτη. Επιπρόσθετα, 
εκτός από τις παραπάνω συμβουλές σχετικά με την κύλιση θα πρέπει να εξασφαλίζεται μια ομαλή 
διαδικασία πέδησης. Η δύναμη πέδησης θα πρέπει να εφρμόζεται αργά και σταδιακά. Αυτό παρέχει 
πλεονέκτημα τόσο από την άποψη της πρόληψης φθοράς του συστήματος πέδησης όσο και αύξησης 
της άνεσης των επιβατών.
 
Κίνηση σε γραμμές με κλίση
Σε ορεινές περιοχές ή περιοχές με λόφους, απαιτούνται μεγάλα ποσά ενέργειας για να ανέβει το 
τρένο στην κορυφή. Κατά τη διάρκεια της καθόδου, υπάρχει ελάχιστη ανάγκη για έλξη λόγω της 
βαρύτητας. Ωστόσο, είναι σκόπιμο να χρησιμοποιείται (κατά περίπτωση) κάποια ελκτική ισχύς στη 
διάρκεια της καθόδου για να αυξηθεί η ταχύτητα της αμαξοστοιχίας, ώστε μπορεί στη συνέχεια 
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να χρησιμοποιηθεί για (μέρος) της ανόδου. Με την απομόνωση της έλξης λίγο πριν από την κορυφή, 
η συσσωρευμένη κινητική ενέργεια θα διασφαλίσει ότι το τρένο μπορεί να καλύψει τα τελευταία 
λίγα εκατοντάδες μέτρα μέχρι την αρχή της καθόδου χωρίς να υπάρχει ανάγκη  νέας επιτάχυνσης. 
Με την εφαρμογή αυτής της μεθόδου μπορεί να εξοικονομηθούν μεγάλες ποσότητες ενέργειας.


Άλλα θέματα οικονομικής οδήγησης
Όσες περισσότερες πληροφορίες και γνώση σχετικά με τη διαδρομή έχετε τόσο το καλύτερο. Αν 
χρειαστεί, ζητήστε από έναν πιο έμπειρο συνάδελφο περισσότερες πληροφορίες. 


Η συμπεριφορά των οδηγών είναι ο πιο προφανής και σημαντικός παράγοντας για την οικολογική 
οδήγηση, αλλά φυσικά δεν είναι ο μόνος. Άλλα ζητήματα θίγονται σε άλλες παραγράφους του 
εγχειριδίου.
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3.2. Ενεργειακά αποδοτική λειτουργία


Διαχείριση ενέργειας για (σταθμευμένα) τρένα: μια εισαγωγή
Στο πλαίσιο του έργου Railenergy o Bryan Donelly (ATOC) πραγματοποίησε μια έρευνα για την 
κατανάλωση ενέργειας σε σταθμευμένα τρένα μεταξύ 10 εταιρειών. Δείτε την παρουσίαση του στο 
EED 2009


Προετοιμασία δρομολογίου
Πρέπει να διασφαλίζεται ότι τα βαγόνια  της αμαξοστοιχίας θερμαίνονται ή ψύχονται καταλλήλως 
πριν την έναρξη του δρομολογίου με βάση το αν η αμαξοστοιχία είναι σταθμευμένη ή βρίσκεται 
στο στάδιο καθαρισμού Π.χ. η θέρμανση θα πρέπει να ενεργοποιείται μόνο για όσο χρόνο χρειάζεται 
εξασφαλίζοντας την θερμική άνεση των επιβατών σε ένα κρύο πρωινό. Αποφύγετε την ενεργοποίηση 
του συστήματος κλιματισμού πολύ νωρίς, προκειμένου να εξοικονομείτε ενέργεια.
 
Φωτισμός 
Η αμαξοστοιχία θα πρέπει να φωτίζεται καταλλήλως για κάθε συγκεκριμένη χρήση. Π.χ. αυτόματη 
απενεργοποίηση των φωτιστικών ανάγνωσης μετά από 20 λεπτά. 


Απώλειες θερμότητας κατά την λειτουργία 
Κρατήστε τις πόρτες και τα παράθυρα κλειστά όσο το δυνατόν περισσότερο, ειδικά κατά τη διάρκεια 
τις ημέρες του χειμώνα και τις ζεστές μέρες του καλοκαιριού. Φροντίστε οι απώλειες θερμότητας 
είναι οι ελάχιστες δυνατές κατά την διάρκεια του δρομολογίου π.χ. οι πόρτες θα πρέπει να κλείνουν 
γρήγορα και τα βαγόνια θα πρέπει να ανακτούν σύντομα την επιθυμητή θερμοκρασία π.χ. όταν οι 
πόρτες των διαδρόμων είναι κατάλληλα σφραγισμένες. 
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Μείωση φορτίων
Όταν οι αμαξοστοιχίες είναι σταθμευμένες θα πρέπει να απομονώνονται και να κλείνουν τα 
βοηθητικά συστήματα που δεν απαιτούνται και καταναλώνουν ηλεκτρική ενέργεια. 


Ελιγμοί 
Τα τρένα τίθονται σε λειτουργία σύμφωνα με τις ώρες δρομολογίων και να τοποθετούνται στις 
γραμμές σε συγκεκριμένες ώρες. 


Κατά την τοποθέτηση ενός τρένου στις γραμμές ελιγμών, είναι σημαντικό να αποφευχθεί 
η άσκοπη κίνηση εάν η αμαξοστοιχία θα πρέπει αργότερα να εκτελέσει άλλη υπηρεσία. Αυτό 
απαιτεί προσεκτικό σχεδιασμό και την εναρμόνιση με τα δρομολόγια των άλλων σιδηροδρομικών 
εταιρειών (επιβατικές/εμπορευματικές). Οι περιττοί ελιγμοί καταναλώνουν πολλή ενέργεια η οποία 
θα μπορούσε να εξοικονομηθεί.
 
Μην ενεργοποιείτε τη θέση στάθμευσης σε πολύ κρύες ή ζεστές καιρικές συνθήκες (<5 ° C ή> 25 
° C). Πάντα να χρησιμοποιείτε τη θέση στάθμευσης υπό κανονικές καιρικές συνθήκες. Βεβαιωθείτε 
ότι όλα τα υγρά είναι συμπληρωμένα πάντα έτσι ώστε η αμαξοστοιχία είναι σε θέση να εκκινήσει 
αμέσως. Οι Ντίζελ κινητήρες πρέπει να εκκινούν εγκαίρως. 


Καθημερινή συντήρηση
Η καθημερινή συντήρηση αποτελείται από μικρές τεχνικές επισκευές και υπηρεσίες καθαρισμού. 
Όταν η αμαξοστοιχία τεθεί εκτός υπηρεσίας, είναι σημαντικό να αμέσως να γίνουν οι σχετικές 
μικροεπισκευές ώστε να αποφευχθεί η άσκοπη χρήση των συστημάτων θέρμανσης, κλιματισμού 
και φωτισμού. Για τις ντίζελ αμαξοστοιχίες: μην πληρώνετε τη δεξαμενή μέχρι την κορυφή ώστε 
να αποφεύγετε τις διαρροές καυσίμω 
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Κύκλος ζωής του τρένου
Μπορείτε να ενσωματώσετε μέτρα ενεργειακής αποδοτικότητας στον κύκλο ζωής του οχήματος.Π.χ. 
βελτίωση της μόνωσης των βαγονιών.
 
Εκτός από την οικολογική οδήγηση υπάρχουν 2 σημαντικά εργαλεία για την καλή εφαρμογή της 
οικονομικής οδήγησης: 
• Gekko1, μια μοναδική βοηθητική συσκευή για τους οδηγούς  που αναπτύχθηκε από τους σιδηρόδρομους 


της Δανίας DSB.


• Routelint ένα δυναμικό εργαλείο διαχείρισης της κυκλοφορίας, που αναπτύχθηκε  στους Ολλανδικούς 


σιδηρόδρομους από τον διαχειριστή σιδηροδρομικής υποδομής ProRail, τους Ολλανδικούς 


Σιδηρόδρομους (NS) και την εταιρεία Railion. 



http://www.routelint.nl/
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Ετήσια Έκθεση  DSB 2008 
GEKKO1 : (κλικ για το επιδεικτικό βίντεο)
 
Όταν οι οδηγοί τρένων σκέφτονται σχετικά με την “πράσινη οδήγηση” δεν σκέφτονται μόνο  τα 
«πράσινα» σήματα, αλλά  σκέφτονται επίσης πώς να οδηγήσουν το τρένο, έτσι ώστε να καταναλώνει 
την ελάχιστη δυνατή ποσότητα ηλεκτρικής ενέργειας ή ντίζελ. Αυτό είναι ένα σημαντικό ζήτημα, 
εάν τα τρένα θέλουν να διατηρήσουν την ηγετική θέση τους ως τα πιο φιλικά προς το περιβάλλον 
μέσα μαζικής μεταφοράς. 


«Η ΕΕ έχει θέσει οριακές τιμές για το πόσο CO2 μπορούν να εκπέμπουν τα αυτοκίνητα στο μέλλον. 
Ως εκ τούτου, τα τρένα δεν θα συνεχίσουν αυτόματα να είναι καλύτερα από τα αυτοκίνητα από 
περιβαλλοντική άποψη. Πρέπει να πραγματοποιηθεί μια επιπλέον προσπάθεια για τη διατήρηση των 
περιβαλλοντικών πλεονεκτημάτων των τρένων” σημειώνει ο Peter Buchwald, Διευθύνων Σύμβουλος 
της DSΒ, ο οποίος υπήρξε επικεφαλής της ομάδας ανάπτυξης που δημιούργησε το νέο σύστημα 
“Gekko” - Οδηγός για την ενεργειακά αποδοτική  οδήγηση και Βελτιστοποίηση των δρομολογίων. 
Ωφελώντας το περιβάλλον, τους μηχανοδηγούς και τους επιβάτες, το “Gekko” έχει δοκιμαστεί από 
τους οδηγούς οι οποίοι έχουν υποβάλει ιδέες και πληροφορίες προς τους δημιουργούς. 


1 Η DSB πρόσφατα άλλαξε το όνομα του GEKKO σε GREENSPEED
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Εξοικονόμηση 8.000 τόνων CO2
Ο στόχος είναι- ότι σε πλήρη λειτουργία- το σύστημα «Gekko” θα επιφέρει εξοικονόμηση της 
τάξεως τουλάχιστον 5% της ενέργειας που καταναλώνουν τα τρένα. Αυτό θα προστατεύσει το 
περιβάλλον από περίπου 8.000 τόνων CO2 ετησίως και  θα μειώσει το κόστος ηλεκτρικής ενέργειας 
και πετρελαίου κατά πολλά εκατομμύρια ετησίως. Ο τρόπος για να μειωθεί η κατανάλωση ενέργειας 
είναι η ομαλή οδήγηση και η οδήγηση με σταθερή ταχύτητα. «Οι έμπειροι οδηγοί, φυσικά, 
ακολουθούν ήδη μια στρατηγική για την οδήγηση» εξηγεί ο Peter Buchwald. «Την ίδια στιγμή, 
όμως, οι οδηγοί κάνουν ότι μπορούν για να φθάσουν στον επόμενο σταθμό στην ώρα τους. Για 
αποφύγουν αυτές τις καθυστερήσεις αυτές είναι μερικές φορές να επιταχύνουν αλλά το μόνο που 
επιτυγχάνουν είναι να αναγκαστούν να φρενάρουν σε κάποιο κόκκινο σήμα παρακάτω. Σε ακραίες 
περιπτώσεις, η επιτάχυνση και η πέδηση μπορεί να οδηγήσει σε επιπλέον κατανάλωση ενέργειας 
έως και 45 %»
Σε τέτοιες καταστάσεις το “Gekko” βοηθά τους οδηγούς με την ένδειξη της κατάλληλης ταχύτητας 
ώστε να εξασφαλιστεί ότι η αμαξοστοιχία θα φτάσει στον επόμενο σταθμό εγκαίρως και με τον πιο 
ενεργειακά αποδοτικό τρόπο.
 
Το GPS των μηχανοδηγών 
Το σύστημα «Gekko” βασίζεται σε τρέχοντα δεδομένα για τις υποδομές, τους πίνακες δρομολογίων 
και τα όρια ταχύτητας. Όταν ένας οδηγός πληκτρολογήσει τον αριθμό αμαξοστοιχίας του, το σύστημα 
θα αναγνωρίσει το βάρος της αμαξοστοιχίας, το μήκος του και την δυνατότητα επιτάχυνσης του.
Η λειτουργία του συστήματος GPS μπορούν να παρέχει την τρέχουσα θέση του τρένου επί της 
γραμμής ανά κάθε δευτερόλεπτο. Τα δεδομένα αυτά χρησιμοποιούνται για τον υπολογισμό της 
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βέλτιστης ταχύτητας. Το σύστημα είναι πολύ απλό στη χρήση. Μια μικρή οθόνη στην καμπίνα του 
οδηγού εμφανίζει ένα πράσινο βέλος που δείχνει τη συνιστώμενη ταχύτητα ενώ ένα κόκκινο βέλος 
δείχνει την πραγματική ταχύτητα της αμαξοστοιχίας. Το μόνο που πρέπει να κάνει ο μηχανοδηγός 
είναι να συγχρονίσει το κόκκινο με το πράσινο βέλος. 


Πολλά παράπλευρα οφέλη
Το περιβάλλον, οι επιβάτες και οι μηχανοδηγοί ωφελούνται από το Gekko. Για τους επιβάτες 
της αμαξοστοιχίας, η ομαλή πορεία με μια σταθερή ταχύτητα είναι πολύ πιο άνετη από όταν 
η αμαξοστοιχία λειτουργεί σε διάφορες ταχύτητες. Επιπλέον, οι δοκιμές έχουν δείξει ότι το 
νέο σύστημα έχει επίσης θετικές επιπτώσεις στην τήρηση των χρόνων δρομολογίων, καθώς το 
Gekko βοηθά τους οδηγούς να τηρηθεί το χρονοδιάγραμμα, διότι το σύστημα αυτόματα δίνει 
προτεραιότητα στην ακρίβεια έναντι της οικονομικής οδήγησης. Καθ’ όλη τη διάρκεια, οι οδηγοί 
θα είναι ενημερωμένοι για την ταχύτητα που απαιτείται για να φτάσουν εγκαίρως στον επόμενο 
σταθμό - προκαλώντας έτσι λιγότερο άγχος στον οδηγό. Το σύστημα Gekko έχει ήδη προσελκύσει 
το ενδιαφέρον από χώρες εκτός της Δανίας και έχει δοκιμαστεί στις γαλλικές αμαξοστοιχίες υψηλής 
ταχύτητας (TGV), καθώς και στις εμπορευματικές αμαξοστοιχίες και συνήθη τρένα στη Γαλλία. Η  
DSΒ συνεργάζεται σήμερα με την ελβετική SBB και η γαλλική SNCF, σχετικά με την περαιτέρω 
ανάπτυξη των δυνατοτήτων του συστήματος.


Για περισσότερες πληροφορίες σχετικά με το GEKKO
• The GEKKO demo


• The GEKKO φυλλάδιο


• Παρουσίαση GEKKO από τον Peter Buchwald (DSB) στην Railenergy Day EED2009
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ROUTELINT 


Σε ολόκληρη την Ευρώπη, οι εταιρείες εκμετάλλευσης των 
σιδηροδρόμων σχεδιάζουν και υλοποιούν προγράμματα 
ενεργειακά αποδοτικής οδήγησης, όπως στο έργο TRAI-
NER. Υπάρχει μια νέα αντίληψη ότι οι περαιτέρω βελτιώσεις 
είναι δυνατές μόνο αν υπάρχει βελτίωση της συνεργασίας 
μεταξύ των διαχειριστών της σιδηροδρομικής υποδομής 
και των εταιρειών σιδηροδρόμων.
 
Η συμπεριφορά των διαχειριστών και των μηχανοδηγών 
αλλάζει σταδιακά. Το σύστημα RouteLint τους 
αντιμετωπίζει ως επαγγελματίες με μεγάλη εμπειρία. Τα 
σύγχρονα συστήματα πληροφόρησης και τηλεπικοινωνιών 
τους παρέχουν πληροφορίες που να τους επιτρέπουν να 
λαμβάνουν οι ίδιοι τις αποφάσεις όσον αφορά την ακρίβεια 
και την ενεργειακή απόδοση οδήγηση. 
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Απαραίτητη προϋπόθεση για περισσότερες βελτιώσεις σχετικά με την καταναλισκόμενη ενέργεια 
είναι να αναπτυχθούν τρόποι για την δημιουργία ενεργειακά αποδοτικών δρομολογίων που δεν θα 
προκαλούν συμφόρηση στο σιδηροδρομικό δίκτυο.


Το άλλο είναι ότι η βελτίωση της συνεργασίας μεταξύ των οδηγών τρένων και διαχειριστών είναι 
απαραίτητη. Ο σημερινός τρόπος επικοινωνίας χρησιμοποιώντας είτε με σήματα ή το τηλέφωνο 
δεν είναι επαρκής για τις ανάγκες ενός πολυσύχναστου δικτύου. Τα συστήματα πληροφοριών σε 
πραγματικό χρόνο για τους μηχανοδηγούς (όπως το RouteLint) είναι πολύτιμα στο να παρέχουν 
στον μηχανοδηγό περισσότερη επίγνωση της κίνησης και ώστε να μπορεί να λαμβάνει σωστότερες 
αποφάσεις. 


Το RouteLint ξεκίνησε ως ένα έργο (που ονομαζόταν «The Master of the Rail”) για τη βελτίωση 
της συνεργασίας μεταξύ των διαχειριστών των γραμμών και των μηχανοδηγών. Μετά από πολλές 
συζητήσεις, προσομοιώσεις και δοκιμές δημιουργήθηκε το RouteLint, το οποίο παρέχει σε 
πραγματικό χρόνο πληροφορίες στους οδηγούς για την κίνηση των γραμμών. Με την χρήση του 
συστήματος προβλέπεται βελτίωση της ενεργειακής αποδοτικότητας κατά 5%  κάτι που πρόκειται 
να επικυρωθεί κατά τη διάρκεια ερευνών μέσα στο 2009. Πολλές επιστημονικές εργασίες έχουν 
δημοσιευτεί γι ‘αυτό, συμπεριλαμβανομένης της  Eisenbahn Ingenieur (Ιούνιος 2007). 


These are benefits due to the better co-operation between dispatchers and drivers.
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In 2007 ProRail, together with NS Dutch Railways, Railion and other Dutch train operators, agreed to imple-


ment RouteLint on the first corridor. In 2010 this may become a national roll-out, as the energy benefits 


are proved.


After 2009, there will be further improvements of RouteLint with integration of GPS-information to give bet-


ter path-adherence information and speed information of surrounding trains.


The insights is now that RouteLint can also enhance capacity at bottlenecks giving further benefits by making 


possible new time-tables, less or no expensive capacity upgrades.
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4 Κατάλογος βέλτιστων πρακτικών 


4.1 Κατάλογος
Μία από τις δραστηριότητες του έργου TRAINER ήταν η συλλογή επιτυχημένων (πρακτικών) 
αποτελεσμάτων εξοικονόμησης ενέργειας σε σιδηροδρομικές εταιρείες. Για περισσότερα μπορείτε 
να συμβουλευτείτε την έκθεση Inventory of Good Practice. Η έκθεση αυτή βασίζεται σε διάφορες 
πηγές και την εμπειρία των σιδηροδρομικών εταιρειών. Οι πιο σημαντικές πηγές ήταν: 
• Το έργο «Event” της UIC 2003 (βλ. www.railway-energy.org) 


• Η έκθεση Tracks for saving Energy (NS Reizigers) NS-2005 


• Το πρόγραμμα EnergieSparend Fahren ,  Deutsche Bahn AG 2005. 


• Η ολλανδική  εμπειρία με τις μακροχρόνιες συμφωνίες (Long Term Agreements (LTAs) για τη βελτίωση 


της ενεργειακής αποδοτικότητας και η πρόσφατη έκθεση της SenterNovem  Energy Management Sys-


tem (EMS)  η οποία  δημοσιεύτηκε τον Ιούλιο του 2009 ως μέρος του προτύπου EN-16001. 


Εκτός από την περιγραφή των παραδειγμάτων βέλτιστης πρακτικής της οικολογικής οδήγησης, 
ο κατάλογος περιλαμβάνει επίσης τεχνολογικές πληροφορίες για τις δυνατότητες εξοικονόμησης 
ενέργειας, οργανωτικά μέτρα όπως οι LTAs και τα συστήματα ενεργειακής διαχείρισης (EMS). 
Η έκθεση περιλαμβάνει έναν κατάλογο βέλτιστων πρακτικών σχετικά με μέτρα εξοικονόμησης ενέργειας 
στον τομέα των σιδηροδρόμων. Βασικός στόχος του έργου TRAINER  είναι η προώθηση της ενεργειακά 
αποδοτικής οδήγησης (Ecodriving από τις σιδηροδρομικές επιχειρήσεις και το προσωπικό τους). 
 
Οι κύριες ομάδες-στόχοι είναι: 
• μηχανοδηγοί (ντίζελ + ηλεκτρικών τρένων)  επιβατικών και  εμπορευματικών συρμών


• Το προσωπικό των σιδηροδρομικών σταθμών (υπεύθυνοι για την ακρίβεια των δρομολογίων και 


στάθμευση-ελιγμούς) 


• Διαχειριστές της σιδηροδρομικής εταιρείας 



http://www.railway-energy.org/tfee/index.php

http://www.deutschebahn.com/site/bahn/de/unternehmen/verantwortung/umwelt/klimaschutz/energiesparendes__fahren/energiesparendes__fahren.html

http://www.senternovem.nl/LTA/index.asp

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp

http://www.senternovem.nl/LTA/index.asp

http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=279689

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp
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4.2 Επιδεικτικές Περιηγήσεις
Δύο επιδεικτικές περιηγήσεις διοργανώθηκαν κατά τη διάρκεια του έργου TRAINER. Αυτές οι  είχαν 
ως στόχο την ανταλλαγή γνώσεων και εμπειριών μεταξύ των εταίρων, την εξεύρεση και έμπνευση 
μέτρων εξοικονόμησης ενέργειας και την δημιουργία ενός δικτύου ανταλλαγής πληροφοριών. Εκτός 
από τους εταίρους του έργου TRAINER, στις περιηγήσεις συμμετείχαν και άλλοι επαγγελματίες 
των σιδηροδρόμων που ενδιαφέρθηκαν για τους στόχους του έργου. Και οι δύο περιηγήσεις 
αποτελούνταν από ένα ποικίλο και ενδιαφέρον πρόγραμμα, με πολλές ενημερωτικές παρουσιάσεις 
και πρακτικές επιδείξεις. 


4.2.1 Πρώτη Περιήγηση στην Ολλανδία και τη Γερμανία 
NS (Nederlandse Spoorwegen) 


Μετά από ένα θερμό καλωσόρισμα στο ολλανδικό μουσείο σιδηροδρόμων το βράδυ της Τετάρτης, 
την Πέμπτη 25 Οκτωβρίου 2007. οι συμμετέχοντες μετέβησαν στο κεντρικά γραφεία των ολλανδικών 
σιδηρόδρομων στην Ουτρέχτη


Πρόγραμμα 
1.  Welcome, context and agenda by Mr P. Wilbers


2.  LTAs and Corporate Social Responsibility by Mr A. Veenman, CEO NS Dutch Railways


3.  The Dutch training approach by Mr J. Hoogakker


4.  The Gekko: the Danish autodidactic approach by Mrs. R. Naeraa


5.  Introduction of Routelint by Mr. M. van der Borght


6.  Introduction of Matrics by Mr J. Van Luipen


7.  Introduction of UZI, by Mr F. Veldhuizen



http://www.spoorwegmuseum.nl/nl/hetmuseum/collectie.htm
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Αργότερα το ίδιο απόγευμα οι συμμετέχοντες συζήτησαν για το πως, το κατά πόσο μπορούν να 
εκπαιδεύσουν τους μηχανοδηγούς.


Συμπεράσματα/Δηλώσεις από τους συμμετέχοντες
1. Χωρίς δυναμική διαχείριση της κυκλοφορίας είναι ανώφελη η εκπαίδευση στην οικονομική οδήγηση. 


2. Η εξοικονόμηση ενέργειας είναι επωφελής για το κόστος τροφοδοσίας των υποδομών. 


3. Η ενεργειακή απόδοση θα πρέπει να συνδέεται με την κλιματική αλλαγή και την ατμοσφαιρική 


ρύπανση


4. Η έλλειψη τυποποίησης της ενεργειακής αποδοτικότητας αποτελεί εμπόδιο για την βελτίωσή της. 


5. Έχουν ωριμάσει οι συνθήκες για τη δημιουργία μιας ευρωπαϊκής μακροχρόνιας συμφωνίας (LTA)


6. Οι σιδηροδρομικές εταιρείες δεν εκμεταλλεύονται επαρκώς το «πράσινο» δυναμικό τους σε 


(ενδεχόμενους) πελάτες και κυβερνήσεις. 


7. Ο ανθρώπινος παράγοντας είναι ο πιο σημαντικός παράγοντας (περισσότερο από τους τεχνικούς 


παράγοντες) για την επίτευξη βελτίωσης της ενεργειακής απόδοσης 


8. Μέτρα ενεργειακής απόδοσης σε μεμονωμένα τρένα συμβάλλουν σημαντικά στην βελτίωση της 


ενεργειακής απόδοσης στον τομέα των σιδηροδρόμων 


Παρατηρήσεις και ενδιαφέρουσες απόψεις. 
• Οι μηχανοδηγοί των τρένων θα πρέπει να εκπαιδεύονται πάντα. Το ερώτημα είναι πόσο λεπτομερώς 


θα πρέπει να εκπαιδεύονται. Θα πρέπει τουλάχιστον να εκπαιδευτούν στις βασικές αρχές: θα πρέπει 


να γνωρίζουν καλά τι κάνουν και χρειάζονται ένα τουλάχιστον απλό εργαλείο (Gekko ή οποιοδήποτε 


σύστημα παροχής πληροφοριών) καθώς και ανταλλαγή πληροφοριών. Κάποιος σημείωσε ότι θα ήταν 
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επίσης χρήσιμο να τους εκπαιδεύουν σε ένα προνοητικό τρόπο οδήγησης, έτσι ώστε ένας οδηγός να 


μπορεί να προβλέπει τις συνθήκες των γραμμών και να εξοικονομεί ακόμη περισσότερη ενέργεια. Αυτό 


όμως δεν αφορά μόνο τον μηχανοδηγό. Η κατάρτιση ενός μηχανοδηγού είναι ικανοποιητική προς το 


παρόν, αλλά στο μέλλον θα χρειαστεί η εκπαίδευση αυτή να γίνεται εντός ενός δυναμικού συστήματος 


διαχείρισης. 


• Λόγω της λειτουργίας πολλών εταιρειών στο σιδηροδρομικό σύστημα, είναι απαραίτητο ο διαχειριστής 


υποδομής να παρέχει ένα κατάλληλο «παράθυρο» χρόνου σε κάθε εταιρεία. Παράλληλα είναι 


απαραίτητο όλα τα τρένα να παρακολουθούνται(και να αξιολογούνται), έτσι ώστε να είναι εύκολο να 


υπολογίζεται πόση ενέργεια καταναλώνει/εξοικονομεί κάθε εταιρεία σιδηροδρόμων. 
• Τι πρέπει να αφορά η εκπαίδευση και ποιές καταστάσεις; Το έργο TRAINER παρέχει μια ραχοκοκαλιά με 


διαφορετικές τεχνικές και εργαλεία. Κάθε εταιρεία μπορεί να κάνει την δική της επιλογή και συνδυασμό 


τεχνικών. Το δεύτερο πακέτο εργασίας του έργου ήταν η εκκίνηση και το περιεχόμενο του πακέτου 


εργασίας 4 έδωσε ακόμη περισσότερες επιλογές. 


• Θα πρέπει να εκτιμηθούν οι κίνδυνοι που προκύπτουν κατά την εκκίνηση της εκπαίδευσης στην 


ενεργειακά αποδοτική οδήγηση . Ο χρόνος αναχώρησης της αμαξοστοιχίας είναι ο πιο δύσκολος 


παράγοντας και την ίδια στιγμή ο παράγοντας με τον οποίο μπορείτε να εξοικονομήσετε το μεγαλύτερο 


ποσό ενέργειας. 


Η παρακολούθηση και την αξιολόγηση της ενεργειακά αποδοτικής οδήγησης είναι επίσης σημαντική 
και στρατηγικής σημασίας.
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DB (Deutsche Bahn) 


Η περιοδεία συνεχίστηκε στην πόλη Fulda (Γερμανία) με 
μια επίσκεψη στο κέντρο προσομοίωσης της Deutsche 
Bahn. Η επίσκεψη ξεκίνησε με δύο παρουσιάσεις. Στην 
παρουσίασή της, η Julia Halbach έδειξε ότι τα κύρια 
σημεία της βελτίωσης είναι η κύλιση της αμαξοστοιχίας, 
η αποφυγή αιχμών στην ταχύτητα και η μη χρήση της 
έλξης κατά την κίνηση σε περιοχές με σημαντικές 
κλίσεις της γραμμής. Οι επιδόσεις των μηχανοδηγών 
επηρεάζονται θετικά με την παροχή πληροφοριών για 
την ενεργειακή τους συμπεριφορά-οδήγηση καθώς 
επίσης με την καλλιέργεια του ανταγωνισμού σχετικά 
με τον πιο οικονομικό μηχανοδηγό. 


Ο Martin Müller παρουσίασε μια μελέτη για τη 
χρησιμότητα των προσομοιωτών. Από το 2005, η DB 
έχει προμηθευτεί 55 προσομοιωτές σε οκτώ κέντρα 
εκπαίδευσης σε όλη τη Γερμανία. Κάθε χρόνο, όλοι οι 
μηχανοδηγοί αξιολογούνται στον προσομοιωτή  και σε περίπτωση επιτυχίας  ο μηχανοδηγός διατηρεί 
την άδειά του για ένα χρόνο. Εάν η δοκιμή δεν είναι επιτυχής, ο μηχανοδηγός θα ενημερωθεί και 
θα ενταχθεί σε ένα πρόγραμμα επανεκπαίδευσης. Οι προσομοιωτές χρησιμοποιούνται επίσης για 
την οικονομική οδήγηση, περιοδική εκπαίδευση, εκπαίδευση σχετικά με ανθρώπινους παράγοντες, 
εκπαίδευση σε νέο τροχαίο υλικό και την προσομοίωση οδήγησης υπό συνθήκες χαμηλής πρόσφυσης 
των γραμμών. 
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4.2.2 Δεύτερη Περιήγηση στη Σλοβενία, την Αυστρία και τη Σλοβακία 
Η δεύτερη περιοδεία έλαβε χώρα σε τρεις διαφορετικές χώρες και σκοπό είχε την ανταλλαγή εμπειριών στον 
τομέα των προγραμμάτων εξοικονόμησης ενέργειας, τα προγράμματα εκπαίδευσης και τα αποτελέσματα 
μεταξύ των διαφόρων συμμετεχόντων. Οι κύριες παρουσιάσεις και σύνδεσμοι αναφέρονται παρακάτω. 


Οργανωτής: Slovenian Railways SZ, 
Τετάρτη, 11 Μαρτίου 2008, Λιουμπλιάνα 


1. Introduction to TRAINER and the demo tour:  Mr. Peter Wilbers, coordinator 


EU project TRAINER


2. Foreword SZ: Mr. Branko Omerzu, Deputy CEO of the Slovenian Railways


3. EE freight moving: Mr. Igor Hribar, Director, Freight traffic, Slovenian Railways


(SZ)


4. Monitoring and evaluation: Benefits and risks of solid monitoring and evaluation 


of  railway energy efficiency projects by Mr. Gregor Hribar of Genera Lynx


5. Combined approach pays off: EED practice at the Slovenian Railways  Mr. Bojan 


Dremlj of SZ


6. Best Practice on EED at the SBB (Switzerland) Mr. Markus Halder of SBB 


Theory programme EED for train drivers of SBB, 


Identify potential energy efficiency traction at the SBB


7. Energy efficient driving at the SZ by Mr. Bojan Dremelj


Ο κ. Igor Hribar, διευθυντής Εμπορευματικών Μεταφορών της SZ (Σλοβένικοι Σιδηρόδρομοι) απευθύνεται στους 


συμμετέχοντες σε συνάντηση του TRAINER. 
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Κατά τη διάρκεια του ταξιδιού της αμαξοστοιχίας προς τα αυστριακά σύνορα (Λιουμπλιάνα-
Μάριμπορ) ο Σλοβένος μηχανοδηγός εφάρμοσε την ενεργειακά αποδοτική οδήγηση και πέτυχε 
αξιοσημείωτη εξοικονόμηση ενέργειας. Το εν λόγω τρένο, που σημειώνεται με διαφορετικό χρώμα, 
ήταν το πιο οικονομικό με ...   12% μικρότερη μέση κατανάλωση! Η κόκκινη γραμμή δείχνει τη 
μέση κατανάλωση. 







4 Κατάλογος βέλτιστων πρακτικών 


37


Οργανωτής: Österreichische Bundes Bahn ÖBB, 
Πέμπτη, 12 Μαρτίου 2008, Βίεννη
1.  Sustainability and climate protection within the ÖBB, by Mr. Herbert Minarik of ÖBB


2.  “klima:aktiv mobil” - the Austrian climate initiative, by Mr. Willy Raimund of AEA


3.  Energy saving driving style for train drivers, by Mr. Michael Pfeffer of ÖBB


Οργανωτής: Slovak Railways ZSSK Cargo, 
Παρασκευή, 13 Μαρτίου 2008, Μπρατισλάβα
1. Monitoring of Energy The metering system of ZSSK CARGO “ the view of the operator” 


by Mr. Branislav Krigovský of ZSSK CARGO


2.  Energy Metering “the view of an Infrastructure Manager”  


by Mr. Miroslav Pavlovič of ŽSR


3.  Kicking Energy Management with Management Systems or Guerilla Action within TOCs 


by Mr. Heinrich Strößenreuther, director BSL Management Consultants of the Lloyd’s Register Group,  


Compentence Centre Rail and CO2 Strategies


4.  Optimalization for freight and express trains  


by Mr. Aleš Lieskovský of AŽD Praha


5.  MIRER: Speed Regulation System of the ZSSK CARGO  


by Mr. Peter Cervenka of ZSSK CARGO 


6.  Education of the train drivers at freight operator ZSSK CARGO  by Mrs. Gabriela Smerigová of ZSSK CARGO
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4.3 Συμπεράσματα 
Από τις παραπάνω δράσεις  μπορούν να εξαχθούν τα παρακάτω συμπεράσματα: 


1) Εκπαιδευτικά προγράμματα
Όσον αφορά τα προγράμματα κατάρτισης των οδηγών είναι πιθανό να υπάρχουν διαφορετικές 
προσεγγίσεις. Αυτές κυμαίνονται από την ανάπτυξη διδακτικών βοηθημάτων όπως το GEKKO μέχρι 
εκτεταμένη εκπαίδευση κατά την ώρα εργασίας. Στο μεταξύ, όλων των ειδών οι διαφοροποιήσεις 
είναι δυνατό να έχουν την μορφή θεωρητικής εκπαίδευσης και χρήσης προσομοιωτών. Επίσης, 
το ύφος του περιεχομένου της εκπαίδευσης ποικίλλει ανάλογα με το εθνικό και πολιτισμικό 
πλαίσιο καθώς επίσης και ανάλογα με την (υπο)ομάδα-στόχος: οι μηχανοδηγοί των επιβατικών 
αμαξοστοιχιών πρέπει να προσεγγιστούν διαφορετικά από τους οδηγούς των εμπορευματικών 
αμαξοστοιχιών. Επιπλέον, το περιεχόμενο και συμβουλές για την ενεργειακά αποδοτική οδήγηση 
διαφέρουν ανάλογα με τις γεωγραφικές συνθήκες. Π.χ. σε ορεινές περιοχές πρέπει να δίνεται 
έμφαση στη χρήση της κύλισης και της αναγεννητικής πέδησης. 


2) Συστήματα παρακολούθησης και υποστήριξης 
Οι προσεγγίσεις για τα συστήματα παρακολούθησης και την υποστήριξης των συστημάτων 
επίσης διαφέρουν. Ορισμένες σιδηροδρομικές επιχειρήσεις αναπτύσσουν εκτεταμένα εκπαιδευτικά 
προγράμματα  χωρίς να επενδύουν σε συστήματα μέτρησης της ενέργειας. Η δυσκολία στην 
περίπτωση αυτή είναι η διατήρηση του ενδιαφέροντος των μηχανοδηγών και την στήριξη της 
διοίκησης χωρίς την ύπαρξη δεδομένων. Άλλες σιδηροδρομικές εταιρείες επενδύουν σε μετρητικό 
εξοπλισμό χωρίς να αναπτύσσουν  εκτεταμένα εκπαιδευτικά προγράμματα Η σκέψη πίσω από 
αυτό είναι ότι η μέτρηση και επικοινωνία με τους μηχανοδηγούς έχει θετικές επιπτώσεις στην 
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ενεργειακή απόδοση καθώς και στην άποψη ότι «δεν μπορείς να διαχειριστείς κάτι που δεν μπορείς 
να μετρήσεις». Το ερώτημα όμως είναι αυτό ποία είναι η κατάλληλη ισορροπία μεταξύ αυτών 
των περιπτώσεων και πόση ακρίβεια απαιτείται. Αρκεί να γίνουν μερικές συνοπτικές μετρήσεις 
και ο υπολογισμός να γίνει με βάση εκτιμήσεις βελτίωσης της ενεργειακής απόδοσης ή πρέπει να 
προσπαθήσουμε όσο το δυνατό να καταγράφουμε δεδομένα; Οι γνώμες διίστανται σχετικά με το 
τι έχει τη μεγαλύτερη επίδραση και καλύτερη σχέση κόστους-αποτελεσματικότητας. 
Η εταιρεία Db μετρά σχεδόν τα πάντα. Στην εταιρεία αυτή γνωρίζουν ακριβώς ποιος οδηγός 
χρησιμοποίησε πόση ηλεκτρική ενέργεια σε μια διαδρομή και κάτω από ποιές καιρικές συνθήκες. 


3) Πλαίσιο ενσωμάτωσης
Είναι χρήσιμο τα μέτρα ενεργειακής απόδοσης να υπάγονται σε κάποιου είδους εταιρικού πλαισίου. 
Αυτό θα μπορούσε να είναι η Εταιρική Κοινωνική Ευθύνη,  η «πράσινη επιχειρηματικότητα», οι 
μακροχρόνιες συμφωνίες, τα συστήματα ενεργειακής διαχείρισης (EN-16001) ή το ISO 14001. Αυτό 
το πλαίσιο παρέχει στη διοίκηση ένα μέσο να εντάξει αυτές τις δραστηριότητες στη στρατηγική της 
εταιρείας  και να εκμεταλλευτεί τα επικοινωνιακά οφέλη. Μερικές φορές πιο ρεαλιστικά ζητήματα, 
όπως η μείωση του κόστους για την ενέργεια μπορεί να είναι το κίνητρο για την εφαρμογή μέτρων 
εξοικονόμησης ενέργειας. Εκτός από την άμεση μείωση του κόστους από την εξοικονόμηση 
ενέργειας και / ή καυσίμων, τα οικονομικά οφέλη μπορεί να προέρχονται από την απαλλαγή ή 
μείωση της φορολογίας λόγω της εφαρμογής παρόμοιων μέτρων. Επιπλέον, μια ενδεχόμενη διεθνή 
δράση έρχεται στο προσκήνιο: Ενδέχεται να αναπτυχθεί μια συνολική ευρωπαϊκή LTA. Το 2008 
δημοσιεύτηκε ανακοίνωση για μείωση των εκπομπών CO2 από την CER η οποία θα μπορούσε να 
αποτελέσει την βάση για μια τέτοια Ευρωπαϊκή LTA. 
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4) Δικτύωση και συνεργασίες 
Είναι σημαντικό να δημιουργηθεί μια «κοινότητα εμπειρογνωμόνων» σχετικά με μέτρα ενεργειακής 
απόδοσης στον τομέα των σιδηροδρόμων. Πολλές εταιρείες σιδηροδρόμων προσπαθούν να 
ξανανακαλύψουν τον τροχό με τα προγράμματα εκπαίδευσης. Το έργο ΤRAINER και ιδίως οι 
επιδεικτικές περιοδείες συμβάλλει στο να καταστεί η γνώση, τεχνογνωσία και η διεθνής εμπειρία  
διαθέσιμες, π.χ. μέσω της δικτύωσης, συνεργασιών όπως και η παραγωγή του παρόντος  εγχειριδίου. 
Ζωτικής σημασίας για την προώθηση των σκοπών του έργου ήταν η συνεργασία με το έργο Rai-
lenergy, την UIC, τη CER, τους εταίρους του έργου και τους συμμετέχοντες στις δυο επιδεικτικές 
περιοδείες. 


5) Υποστήριξη με εικονική πραγματικότητα1


Υπάρχει μεγάλο ενδιαφέρον για ένα υποστηρικτικό εργαλείο εκπαίδευσης όπως έναν εικονικό 
εκπαιδευτή. Μια πρώτη έκδοση του εν λόγω λογισμικού προβλήθηκε στην δεύτερη περιοδεία. 
Το πρόγραμμα αυτό θα μπορούσε να χρησιμοποιηθεί είτε αυτόνομα είτε υποστηρικτικά σε ένα 
εκτεταμένο πρόγραμμα εκπαίδευσης. Ήταν όμως προφανές ότι η συγκεκριμένη έκδοση του 
εικονικού εκπαιδευτή χρειάζεται ακόμη πολλές βελτιώσεις πριν χρησιμοποιηθεί.


1 Μετά την επίδειξη αποδείχθηκε πάρα πολύ δύσκολο να αναπτυχθεί ένας προσομοιωτής φιλικός για τους 


μηχανοδηγούς , εκτός από τις αναμενόμενες δυσκολίες στο λογισμικό. Αποφασίστηκε ο προσομοιωτής να 


αντικατασταθεί με μια εκπαιδευτική ταινία στην οποία εμφανίζονται οι βασικές συμβουλές και τεχνικές 


οικονομικής οδήγησης για τους οδηγούς τρένων σε διαφορετικά περιβάλλοντα. Βλέπε Κεφάλαιο 7 για τους 


συνδέσμους της ταινίας. 
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6) Διαχειριστές γραμμών εναντίον σιδηροδρομικών εταιρειών. 
Είναι σημαντικό να προσπαθήσουμε να μειωθεί το κενό που υπάρχει μεταξύ των επιχειρήσεων 
σιδηροδρόμων και των διαχειριστών της υποδομής ώστε να επιτευχθεί η βέλτιστη ενεργειακή 
αποδοτικότητα. Οι μηχανοδηγοί μπορούν να εκπαιδευθούν για να βελτιώσουν ενεργειακά την 
οδήγηση τους, αλλά είναι σε αυτό σε μεγάλο βαθμό εξαρτάται από τους διαχειριστές των γραμμών. 
Αυτοί καθορίζουν τα μέγιστα όρια για τη βελτίωσης της ενεργειακής απόδοσης. Η προσπάθεια του 
μηχανοδηγού μπορεί να “χαθεί”, εν μέρει ή πλήρως, όταν πρέπει να φρενάρει ή να περιμένει σε ένα 
κόκκινο σηματοδότη. Περιττές στάσεις μπορούν να προκαλέσουν επιπλέον κατανάλωση ενέργειας 
από 5 έως 10%. Συστήματα όπως το Routelint μπορούν να συμβάλλουν στο να γνωρίζουμε τι 
συμβαίνει στις γραμμές και να προβλέπουμε. Αλλά είναι προφανές ότι η βέλτιστη εξοικονόμηση 
ενέργειας μπορεί να επιτευχθεί μόνο όταν η επικοινωνία και η ανταλλαγή απόψεων και γνώσεων 
βελτιωθεί. Ορισμένα αμοιβαία προγράμματα εκπαίδευσης θα μπορούσαν να βοηθήσουν σημαντικά 
προς αυτή την κατεύθυνση. 
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5  Το πλαίσιο για την εφαρμογή μέτρων εξοικονόμησης ενέργειας 
και ενεργειακά αποδοτικής οδήγησης 


5.1 Μακροχρόνιες Συμφωνίες (LTAs) 
Στις αρχές της δεκαετίας του 1990 το Ολλανδικό Υπουργείο Οικονομικών Υποθέσεων πραγματοποίησε 
τις πρώτες συμφωνίες με την επιχειρηματική κοινότητα σχετικά με τη βελτίωση της ενεργειακής 
αποδοτικότητας. Αυτό οδήγησε σε συμφωνία με τους πιο ενεργοβόρους κλάδους της χώρας 
(LTA1). Λίγα χρόνια αργότερα ιδιωτικοί φορείς παροχής υπηρεσιών, ο τομέας της εκπαίδευσης, οι 
φορείς παροχής υγειονομικής περίθαλψης και μια σειρά από τομείς της γεωργίας εντάχθηκαν στην 
παραπάνω συμφωνία. 
Αυτή η πρώτη γενιά των μακροπρόθεσμων συμφωνιών για τους βιομηχανικούς τομείς διήρκεσε 
μέχρι το έτος 2000. Το έργο είχε επιτυχία: η ενεργειακή απόδοση βελτιώθηκε κατά 22,3% σε δέκα 
χρόνια. Η βιομηχανίες και η κυβέρνηση αποφάσισαν να προβούν σε περαιτέρω συμφωνίες. Αυτό 
οδήγησε σε νέες συμφωνίες (LTA2 και το Σύμφωνο συγκριτικής αξιολόγησης για την ενεργειακή 
απόδοση) που ισχύουν μέχρι το 2012. 


LTA2 
Οι ενεργοβόρες εταιρείες με κατανάλωση ενέργειας μεγαλύτερη από 0,5 PJ ετησίως υπέγραψαν 
το Σύμφωνο συγκριτικής αξιολόγησης για την ενεργειακή απόδοση, το οποίο προορίζεται ώστε 
να είναι παγκοσμίως το κορυφαίο σχέδιο όσον αφορά την ενεργειακή αποδοτικότητα. Οι μεσαίες 
και μικρές βιομηχανικές επιχειρήσεις συνέχισαν τις προσπάθειές τους στην LTA2. Προϋπόθεση 
για τη συμμετοχή στην LTA2 ήταν η κατανάλωση ενέργειας του τομέα να είναι τουλάχιστον 1 
PJ ανά έτος. Επιπλέον, οι συμμετέχουσες εταιρείες πρέπει να είναι από κοινού υπεύθυνοι για το 
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80% της κατανάλωσης ενέργειας στον τομέα τους. Πλέον οι περισσότερες συμφωνίες LTA1 έχουν 
λήξει. Στόχος των τρεχόντων προγραμμάτων LTA είναι η βελτίωση της ενεργειακής απόδοσης σε 
οργανωτική βάση. Για το λόγο τα σχετικά προγράμματα χρησιμοποιούν ως πλαίσιο τη διαχείριση 
της ενέργειας. Το πρόγραμμα επικεντρώνεται στη βελτίωση της ενεργειακής απόδοσης των: 
• The main production processes, 


• Utilities, logistics and 


• Buildings


Στην εφαρμογή των σχετικών προγραμμάτων υπάρχουν αρκετά μέσα για την υποστήριξη της 
βιομηχανίας: 


Κατάλογος μετρήσεων
Για κάθε τομέα η SenterNovem ανέπτυξε ένα ειδικό κατάλογο μετρήσεων ενεργειακής αποδοτικότητας. 
Ο κατάλογος καταρτίζεται σε στενή συνεργασία με τον εκάστοτε τομέα και εξειδικευμένους 
ενεργειακούς συμβούλους. 


Ομάδες χρηστών
Οι ομάδες χρηστών είναι ένα μέσο στήριξης στο οποίο διάφορες εταιρείες από έναν τομέα 
συγκεντρώνονται με σκοπό τη βελτίωση της ενεργειακής απόδοσης σε ένα προεπιλεγμένο θέμα, 
όπως π.χ για την χρήση πεπιεσμένου αέρα. Ο στόχος είναι να μοιράζονται και να ανταλλάσσουν 
πληροφορίες σχετικά με το θέμα και να εργαστούν από κοινού για την εξεύρεση ενεργειακά 
αποδοτικών λύσεων. Ένας έμπειρος ενεργειακός σύμβουλος υποστηρίζει την ομάδα. 
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Δίκτυα Εμπειρογνωμόνων
Το πρόγραμμα LTA υποστηρίζει τη μεταφορά γνώσεων μέσω της υποστήριξης δικτύων 
εμπειρογνωμόνων. 


Εργαλεία υποστήριξης λογισμικού 
Στο πλαίσιο των προγραμμάτων LTA έχουν αναπτυχθεί διάφορα  υποστηρικτικά λογισμικά: 
• Απόδοση Επένδυσης (ROI)-λήψη αποφάσεων. 


• Βελτίωση αποδοτικότητας συστημάτων ατμού χαμηλής πίεσης στη βιομηχανία τροφίμων. 


• Βελτίωση της αποδοτικότητας στο φωτισμό. 


• Λήψη αποφάσεων για την ενεργειακή απόδοση ψύξης / κατάψυξης για τα σούπερ μάρκετ. 


• Λήψη αποφάσεων για την ενεργειακή απόδοση των κτιρίων. 


• Λήψη αποφάσεων για τη χρήση απορριπτόμενης θερμότητας για τα χυτήρια μετάλλου. 


Επισκεφθείτε αυτό το συνδεσμο για να μάθετε περισσότερα σχετικά με την αφίσα της SenterNovem 
και την λειτουργία των LTAs. Υπάρχει επίσης μια λεπτομερής αξιολόγηση των LTAs
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Διεθνής προοπτική των LTAs 
Η επιτυχία των LTAs δεν πέρασε απαρατήρητη διεθνώς. Το γεγονός ότι οι επιχειρήσεις και τα θεσμικά 
όργανα συνεργάζονται εθελοντικά μεταξύ τους και με τις αρχές σε τόσο μεγάλη κλίμακα έχει 
αποσπάσει εγκωμιαστικά σχόλια διεθνώς. Το 1997, η ολλανδική πρωτοβουλία των LTAs εγκρίθηκε 
από την ΕΕ στο πλαίσιο της περαιτέρω προώθησης του προγράμματος “Intelligent Energy–Europe”. 
H SenterNovem δημοσίευσε μια έκθεση για λογαριασμό των κρατών μελών της ΕΕ με τίτλο 
«Μεταφορά της ολλανδικής επιτυχίας των εθελοντικών συμφωνιών με τη βιομηχανία σε άλλες 
χώρες». 


Η LTA2 (2001-2012) βασίστηκε στο ίδιο πλαίσιο αλλά εισήγαγε και την υποχρεωτική εφαρμογή 
του Συστήματος Διαχείρισης Ενέργειας (EMS) . Εν τω μεταξύ η LTA3 (2008-2020) που έχει ήδη 
εκπονηθεί στην Ολλανδία και ξεκίνησε μέσα στο 2008 



http://ec.europa.eu/energy/intelligent/index_en.html
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LTA Uptake: 
Το ευρωπαϊκό έργο για την διάδοση των 
μακροχρόνιων συμφωνιών:
Το έργο LTA Uptake, ξεκίνησε τον Οκτώβριο του 2007. 


Κύριοι στόχοι του έργου είναι: 
• να αναπτύξει ένα σύνολο εργαλείων για να βοηθήσει 


τους κλαδικούς συνδέσμους και τις κυβερνήσεις να 


καταρτίσουν εθελοντικές μακροχρόνιες συμφωνίες 


(LTAs) για την ενεργειακή αποδοτικότητα. 


• να αποκτήσουν αμοιβαία οφέλη: 


 - για την μείωση του κόστους ενέργειας 


 - για την ανάγκη περιορισμού της περιβαλλοντικής 


νομοθεσίας 


 - να μειώσει το διοικητικό βάρος του τομέα 


 - τη βελτίωση της περιβαλλοντικής εικόνας του τομέα 


 - την επίτευξη των εθνικών περιβαλλοντικών στόχων 


Οι σιδηροδρομικές εταιρείες  που είναι πρόθυμες να 
αναλάβουν δράση σε αυτό τον τομέα, μπορούν να 
ξεκινήσουν με βάση αυτό το πακέτο εργαλείων. 



http://www.ltauptake.eu/index.asp?id_lang=en

http://ltauptake.eu/

http://ltauptake.eu/lta_phase_flash.asp?id_phase=0
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5.2 Συστήματα Ενεργειακής Διαχείρισης


Η εκπόνηση ενός σχεδίου που βασίζεται στη μέθοδο PDCA (Plan-Do-Check-Act) θα διασφαλίσει ότι 
όλες οι πτυχές του έργου είναι προγραμματισμένες την κατάλληλη στιγμή και όλα τα εμπλεκόμενα 
μέρη παραμένουν επικεντρωμένα στα αποτελέσματα. Το έργο BESS βασίζεται στη μέθοδο PDCA, 
η οποία στην προκειμένη περίπτωση παρουσιάζεται ως ένας στόχος για βέλη όπως επίσης και στην 
πληροφοριακή αφίσα. Επιπλέον, υπάρχει εγχειρίδιο για τις μικρομεσαίες επιχειρήσεις, το οποίο 
δημιουργήθηκε το Νοέμβριο του 2008 στο πλαίσιο του έργου BESS.


Όσον αφορά τα σχέδια βελτίωσης, το έργο TRAINER συμβουλεύει πάντοτε τις σιδηροδρομικές 
επιχειρήσεις να επιλέξουν μια προσέγγιση που βασίζεται σε ένα ολοκληρωμένο έργο. Αυτό 
ισχύει επίσης για υποέργα, καθώς και για ολοκληρωμένα σχέδια προώθησης της εξοικονόμησης 
ενέργειας. Μια καλή μέθοδος για τη δημιουργία 
ενός προγράμματος βελτίωσης της ενεργειακής 
αποδοτικότητας είναι η υλοποίηση του σχεδίου Do-
Check-Act (PDCA), μέθοδος που αναπτύχθηκε από 
τον Dr. W. Edwards Deming. 
 
Η μέθοδος αυτή μπορεί ουσιαστικά να ακολουθηθεί με 
την εφαρμογή των παρακάτω βημάτων. Η περισσότερο 
αναλυτική εκδοχή της μεθόδου θα μπορούσε επίσης 
να χρησιμοποιηθεί και είναι διαθέσιμη σε αυτό το 
σύνδεσμο. Τα παρακάτω βήματα είναι απαραίτητα 
κατά την εκπόνηση και υλοποίηση ενός συστήματος 
διαχείρισης. 



http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.bess-project.info/

http://deming.org/

http://www.bess-project.info/
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PLAN: Προσανατολισμός 
Ευαισθητοποίηση των εργαζομένων, των διευθυντών και των διαχειριστών. 
• Μέτρηση αναφοράς, με βάση το πρότυπο ISO 14001, εάν είναι δυνατόν. 


• Καθιέρωση επιχειρησιακών στόχων για το ίδιο το έργο και στο πλαίσιο της προστασίας του


• περιβάλλοντος. Εκπόνηση σχεδίου προσέγγισης για το υπόλοιπο του έργου.


• Προετοιμασία της οργάνωση μέσω επικοινωνίας και  κατάρτισης προϋπολογισμού.


DO: Δημιουργία και εφαρμογή 
• Δημιουργία βάσης για το σύστημα περιβαλλοντικής διαχείρισης. 


• Ανάπτυξη διαδικασιών, οδηγιών εργασίας και προτύπων.


• Εφαρμογή συστήματος περιβαλλοντικής διαχείρισης. 


CHECK: Αξιολόγηση 
Διεξαγωγή εσωτερικών ελέγχων, για παράδειγμα με τη διενέργεια διαχειριστικών ελέγχων που 
βασίζονται στο πρότυπο ISO 19011. 


ACT: Βελτίωση 
Ανάπτυξη σχεδίων βελτίωσης με βάση τις εμπειρίες και τις κοινωνικές και / ή τεχνολογικές εξελίξεις. 
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5.3 Διαχείριση Ενέργειας στους σιδηροδρόμους στην πράξη 


Η διαχείριση της ενέργειας είναι κάτι περισσότερο από την αλλαγή τρόπου οδήγησης ενός 
μηχανοδηγού (Eco-Drivιng). Ξεκινά με την επιλογή ενεργειακά αποδοτικού τροχαίου υλικού και 
σωστή διαχείριση και συντήρηση του τροχαίου υλικού. 


Η Διεθνής Ένωση Σιδηροδρόμων (UIC) δημοσίευσε το 2008 
φυλλάδιο με τίτλο “Process, Power, People” το οποίο απευθύνεται 
προς τους διαχειριστές των σιδηροδρομικών εταιρειών και το 
οποίο περιέχει πολλές συμβουλές για την εξοικονόμηση ενέργειας. 
Επίσης παράχθηκε σχετική αφίσα 1, 2.  Σε αυτό το κεφάλαιο, 
θα παρουσιαστούν μια σειρά πρακτικών συστάσεων στον τομέα 
της ενεργειακής απόδοσης. Για τον σκοπό αυτό περιλαμβάνονται 
συνδέσεις σε άλλες πηγές, με πιο λεπτομερείς πληροφορίες. 


Energy Efficiency for
Railway Managers


Process,
Power,
People
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Μέρος της αφίσας της UIC Process, Power, People
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Ο επαγγελματισμός του προσωπικού θα πρέπει να περιλαμβάνει 
τη γνώση της χρήσης ενέργειας
Σε όλο τον κόσμο υπάρχουν αρκετά εκατομμύρια ανθρώπων που εργάζονται στον τομέα των 
σιδηροδρόμων. Μόνο στην Ευρώπη υπάρχουν περίπου 1,7 εκατομμύρια εργαζόμενων (και αυτό 
πριν προστεθεί ο αριθμός από τη Ρωσία, η οποία βεβαίως περιλαμβάνει εν μέρει την Ασία). Αυτός 
είναι ένα ισχυρός στρατός που μπορεί να αγωνιστεί  για την ενεργειακή αποδοτικότητα. Χωρίς την 
υποστήριξη του εν λόγω προσωπικού σε όλα τα επίπεδα, από τους διευθύνοντες σύμβουλους στους 
μηχανοδηγούς, από τους μηχανικούς του τροχαίου υλικού στους μηχανικούς  σηματοδότησης, 
μια εκστρατεία για την εξοικονόμηση ενέργειας δεν θα αποδώσει τα αναμενόμενα, δηλαδή ένα 
επιτυχημένο αποτέλεσμα. 


Καρδιά και  μυαλό 
Ένα επιτυχημένο ενεργειακό πρόγραμμα  απαιτεί τόσο την κατανόηση και τη συμμετοχή του 
προσωπικού. Απλά κηρύττοντας σε ανθρώπους με  απλή παράθεση επιστημονικών δεδομένων δεν 
θα είναι αρκετό αλλά και βαρετό. Η αποτελεσματική εκπαίδευση σε ενεργειακά θέματα εγγυάται 
ένα μακροπρόθεσμο όφελος και  εξασφαλίζει ότι η βελτίωση της ενεργειακή απόδοσης δεν είναι 
απλώς ένα παροδικό φαινόμενο. 


Το φυλλάδιο περιγράφει την προσέγγιση σε 3 επίπεδα και συγκεκριμένα: 
1. Διαδικασία διαχείρισης 


2. Τεχνική ανάπτυξη 


3. Εκπαίδευση και κίνητρα για το προσωπικό. 


Η εκπαίδευση θα πρέπει να επιδεικνύει στους ανθρώπους πώς μπορούν να επηρεάσουν την 
κατανάλωση ενέργειας. 
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Ένα καλό πρόγραμμα εκπαίδευσης θα: 
• Εξηγεί γιατί η ενέργεια είναι σημαντική - οικονομικά και περιβαλλοντικά 


• Εξηγεί πώς χρησιμοποιείται η ενέργεια 


• Εξηγεί πώς αυτή μπορεί να ελεγχθεί 


• Δίνει υποστήριξη στο προσωπικό για εφαρμόσουν την εκπαίδευση στην πράξη 


• Παρέχει δυναμική πληροφόρηση σχετικά με την πρόοδο που έχει ήδη σημειωθεί 


Αυτό το τελευταίο σημείο σημαίνει ότι η εκπαίδευση από μόνη της δεν είναι αρκετή. Θα έχει 
αξία μόνο και αν άλλοι παράγοντες εφαρμοστούν στην πράξη: Ο σχεδιασμός, ο καθορισμός 
στόχων, η μέτρηση δεδομένων και η καταγραφή τους καθώς και η διαδικασία επικοινωνίας με τους 
εκπαιδευόμενους. 


Το προσωπικό θα πρέπει να έχει τη διαβεβαίωση ότι η διαχείριση ενέργειας δεν είναι απλώς μια 
νέα μορφή ελέγχου της διαχείρισης ή επιβολής πειθαρχίας. Υπάρχουν πολλά θετικά στοιχεία για το 
προσωπικό σε ένα επιτυχημένο ενεργειακό πρόγραμμα: 


• Η εταιρεία γίνεται πιο αποδοτική χωρίς να μειώνεται κάποιο από τα πακέτα αμοιβών ή να χάνονται 


θέσεις εργασίας


• Υπάρχουν νέες ευκαιρίες για να αποδείξουν τις επαγγελματικές τους ικανότητες - η θετική αντίδραση 


του προσωπικού της αμαξοστοιχίας σχετικά με την εκπαίδευση στην οικολογική οδήγηση δείχνει πώς 


θα ανταποκριθεί το υπόλοιπο προσωπικό 


• Η επιχείρηση θα αναπτυχθεί με την αξιοποίηση του περιβαλλοντικών και  οικονομικών οφελών των 


σιδηροδρόμων έναντι των ανταγωνιστικών τρόπων μεταφοράς 
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Ένα τελευταίο σημείο που πρέπει  να τονιστεί σχετικά με το θέμα των κινήτρων, είναι ότι η 
ομαδική εργασία είναι ένας σημαντικός παράγοντας ενός ενεργειακού προγράμματος. Η κατανόηση 
της φύσης της εργασίας και η άποψη των συναδέλφων πρέπει να είναι μέρος της εκπαίδευσης. 
Οι μηχανοδηγοί και οι υπεύθυνοι για την σηματοδότηση, για παράδειγμα, θα πρέπει να έχουν μια 
αυξημένη κατανόηση για το πώς μπορούν να εργαστούν μαζί ώστε να διατηρήσουν την κίνηση των 
συρμών βοηθώντας παράλληλα την εξοικονόμηση ενέργειας και την ακρίβεια των δρομολογίων.  


Οι εμπειρογνώμονες συμφωνούν ότι η ενεργειακή αποδοτική οδήγηση είναι μία από τις μεγαλύτερες 
ευκαιρίες για την  εξοικονόμηση ενέργειας στις σιδηροδρομικές μεταφορές. Το ακριβές μέγεθος 
του ποσοστού εξοικονόμησης σε κάθε συγκεκριμένη σιδηροδρομική εταιρεία μπορεί να διαφέρει, 
λόγω διαφορών στην κυκλοφορία, τα συστήματα σηματοδότησης ή τον τύπο του τροχαίου υλικού. 


Μελέτες από μια ποικιλία σιδηροδρομικών δικτύων σε όλη την Ευρώπη παρουσιάζουν σημαντικές 
αποκλίσεις ως προς τη χρήση των καυσίμων ή ηλεκτρικής ενέργειας, όταν το ίδιο τρένο διανύει 
την ίδια διαδρομή. 







5  Το πλαίσιο για την εφαρμογή μέτρων εξοικονόμησης ενέργειας και ενεργειακά αποδοτικής οδήγησης  


54


Το ακόλουθο γράφημα από τη Νορβηγία είναι πολύ 


χαρακτηριστικό των αποτελεσμάτων των μελετών αυτών 


Για πέντε τρένα στην ίδια διαδρομή - τέσσερα από τις οποία εκτελούν ίδια υπηρεσία (αμαξοστοιχία 127) σε διαφορετικές 


ημέρες – παρουσιάζεται η συνολική κατανάλωση ηλεκτρικής ενέργειας για απόσταση 136,6 χιλιομέτρων. Αυτό έδειξε, 


όχι μόνο διαφορές στο γενικό σύνολο, αλλά και στην χρήση ενέργειας κατά μήκος της διαδρομής. Αν όλα τα δρομολόγια 


μπορούσαν να πραγματοποιηθούν με τον ίδιο βέλτιστο ρυθμό κατανάλωσης ενέργειας τότε θα προέκυπτε σημαντική 


εξοικονόμηση ενέργειας. 


Togsett 73-04   Oslo til Halden, mai 2006
 kjøretid 1h 45min (43- 49) ,  distanse 136,6 km 
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Υπάρχουν ορισμένα σημαντικά συμπεράσματα από τις διάφορες μελέτες που έγιναν σε όλο τον κόσμο 
για το θέμα αυτό. 
• 10% εξοικονόμηση κατά μέσο όρο είναι ρεαλιστικός στόχος για όλους τους τύπους τρένων


• Τα εμπορευματικά τρένα και γενικότερα οι συρμοί που κινούνται με ντίζελ μπορούν να επωφεληθούν 


ιδιαίτερα από την οικολογική οδήγηση. Έχουν αναφερθεί ποσοστά εξοικονόμησης μέχρι και 20%


• Η οικολογική οδήγηση δεν έρχεται σε αντίθεση με την ακρίβεια των δρομολογίων - στην πραγματικότητα 


μπορεί να βοηθήσει στην τήρηση των κατάλληλων χρόνων


• Σε τμήματα της γραμμής με αυξημένη κυκλοφορία, η συνολική διαχείριση της κυκλοφορίας είναι εξίσου σημαντική 


με την τεχνική της οδήγησης των μηχανοδηγών (με συμμετοχή τόσο των διαχειριστών στο πρόγραμμα) 


• Η οικολογική οδήγηση θα βοηθήσει την ασφάλεια με την ενθάρρυνση ενός πιο ήπιου τρόπου οδήγησης 


Για μέγιστα οφέλη το eco-driving, πρέπει να ενσωματωθεί και με άλλες πτυχές του προγράμματος 
διαχείρισης της ενέργειας. Ειδικότερα: 
• Συστήματα μέτρησης 


• Επικοινωνία και συμβουλές στο προσωπικό 


• Αποδοτικός σχεδιασμός δρομολογίων 


είναι απολύτως απαραίτητα. Και φυσικά, η εκπαίδευση στην οικολογική οδήγηση πρέπει να συνδέεται 
και με άλλα στοιχεία της εκπαίδευσης του μηχανοδηγού – δεν πρέπει να είναι ένα ξεχωριστό θέμα. Να 
θυμάστε ότι η οικολογική οδήγηση καθορίζεται από τον παράγοντα άνθρωπο και βασίζεται σε πραγματικές 
ικανότητες οδήγησης. Σε αντίθεση με ορισμένες τεχνικές βελτιώσεις δεν πρόκειται για κάτι το οποίο 
πρέπει να γίνει μόνο μια φορά . Απαιτεί συνεχή προσπάθεια από τους διαχειριστές ώστε να διατηρήθεί 
το ενδιαφέρον του προσωπικού και η ανάλογη πειθαρχία σε αυτό τον τρόπο οδήγησης. 
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5.4. Παρακολούθηση και αξιολόγηση 


Τι είναι η παρακολούθηση και την αξιολόγηση; 
Η Παρακολούθηση και Αξιολόγηση (Π&Α) είναι ένα ισχυρό εργαλείο διαχείρισης για την ανάπτυξη 
και την εφαρμογή της διαδικασίας βελτίωσης της ενεργειακής αποδοτικότητας. 
Η Π&Α περιλαμβάνει διάφορες δραστηριότητες. Περιλαμβάνει τη μέτρηση της κατανάλωσης 
ενέργειας, τη μέτρηση άλλων παραγόντων που επηρεάζουν, τη συλλογή  ποσοτικών δεδομένων π.χ. 
την προσωπική δέσμευση και την ορθή υποβολή εκθέσεων αναφοράς. Η αναφορά δεν απαιτείται 
να είναι υπερβολικά αναλυτική  και είναι ένας από τους πιο σημαντικούς παράγοντες αξιολόγησης 
για την επιτυχία της όλης διαδικασίας. Η αναφορά θα πρέπει να είναι προσαρμοσμένη στις ανάγκες 
κάθε ομάδας- στόχου. 
Είναι σαφές ότι ένα από τα πιο σημαντικά αποτελέσματα μιας τέτοιας διαδικασίας 
είναι η εξοικονόμηση ενέργειας. Ωστόσο, είναι δυνατό να 
προκύψουν και άλλα οφέλη. Σωστά σχεδιασμένα σχέδια Π&Α 
καλύπτουν:  


• την εξοικονόμηση ενέργειας 


• τις περιβαλλοντικές επιπτώσεις 


• την διαχείριση και βελτίωση της οργάνωσης 


• την αλλαγή της συμπεριφοράς (οδήγηση, συντήρηση, 


καθαρισμός) 
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Μετρήσεις της εξοικονόμησης ενέργειας 
Δεν υπάρχει άμεσος τρόπος για τη μέτρηση της εξοικονόμησης ενέργειας. Ωστόσο, η εξοικονόμηση μπορεί 
να υπολογιστεί με τη σύγκριση της χρήσης ενέργειας πριν και μετά την εφαρμογή ενός μέτρου ενεργειακής 
αποδοτικότητας. Η απλή αφαίρεση της χρήση ενέργειας πριν και μετά την εφαρμογή ενός μέτρου παρέχει το 
ενεργειακό όφελος του μέτρου αλλά και όλους τους άλλους παράγοντες που μπορούν να έχουν σημαντικό αντίκτυπο 
στην κατανάλωση ενέργειας μιας εταιρίας σιδηροδρόμων. Μερικοί από αυτούς τους σημαντικότερους παράγοντες 
είναι το πραγματοποιηθέν μεταφορικό έργο (επιβάτες και εμπορεύματα), οι καθυστερήσεις που οφείλονται στη 
διαχείριση της κυκλοφορίας και απρόβλεπτα γεγονότα, αλλαγές στα χρονοδιαγράμματα, οι αλλαγές στο τροχαίο 
υλικό και φυσικά στις καιρικές συνθήκες. 


Προκειμένου να αξιολογηθούν τα αποτελέσματα μόνο 
ενός μέτρου , η επίδραση αυτών των παραγόντων πρέπει 
να αφαιρούνται. 


Βασικά, συγκρίνοντας την κατανάλωση ενέργειας μετά 
την εφαρμογή του μέτρου και την κατανάλωση ενέργειας 
που θα προκύψει εάν δεν ληφθούν μέτρα, προσδιορίζουμε 
την εξοικονόμηση ενέργειας. Για να υπολογίσετε ορθά 
την εξοικονόμηση θα πρέπει να ληφθούν υπόψη και  οι 
παραπάνω παράγοντες που επηρεάζουν την αρχική τιμή 
ενέργειας. 


Εξοικονόμηση = (προβλεπόμενη ενέργεια για τις συνθήκες πριν την εφαρμογή των μέτρων ) - 
(χρήση ή ζήτηση ενέργειας μετά την εφαρμογή των μέτρων) 
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Στον τομέα των κτιρίων και στην βιομηχανία οι μέθοδοι αυτοί χρησιμοποιούνται εδώ και αρκετά 
χρόνια και περιγράφονται λεπτομερώς σε αρκετές εκθέσεις και δημοσιεύσεις. Οι ενδιαφερόμενοι θα 
πρέπει να αναζητήσουν τους όρους “energy monitoring,validation,verification” η να αναζητήσουν στις 
οδηγίες ASHRAE 14. Ένα νέο ευρωπαϊκό πρότυπο ΕΝ 16001-μεταξύ άλλων- περιγράφει την ανάπτυξη 
σχεδίων ενεργειακής καταγραφής και παρακολούθησης.


Αν και η αρχή είναι εύκολο να το κατανοηθεί, δεν είναι εύκολο να υλοποιηθεί στον τομέα των 
σιδηροδρόμων. Η μεγαλύτερη πρόκληση είναι να προσδιοριστούν και να εξεταστούν οι σημαντικότεροι 
παράγοντες που επηρεάζουν την κατανάλωση ενέργειας. 


Αβεβαιότητα και Κόστος 
Η σχέση μεταξύ της κατανάλωσης ενέργειας και άλλων παραγόντων μπορεί να προσδιοριστεί μέσω  
προγραμμάτων προσομοίωσης και ανάλυσης δεδομένων. Ωστόσο, κάθε τρόπος ενέχει την αβεβαιότητα 
σχετικά με τα αποτελέσματα. Η ανάγκη για βεβαιότητα των αποτελεσμάτων πρέπει να είναι 
ισορροπημένη με την μέτρηση και ανάλυση του κόστους, αναγνωρίζοντας ότι η απόλυτη βεβαιότητα 
δεν είναι εφικτή. Κάθε μία από αυτές τις πηγές σφάλματος μπορεί να ελαχιστοποιείται σε διαφορετικό 
βαθμό με τη χρήση πιο εξελιγμένου εξοπλισμού μέτρησης, τις μεθόδους ανάλυσης, τα μεγέθη του 
δείγματος και τις υποθέσεις. 


Κάθε φορά ο κύριος στόχος της διαδικασίας βελτίωσης ενεργειακής αποδοτικότητας θα πρέπει 
να εξετάζεται προσεκτικά καθώς η διαδικασία αυτή δεν είναι μια απλή μέτρηση της ενέργειας. Οι 
ενεργειακές μετρήσεις όμως είναι ένα μόνο από τα σημαντικά και πολύ χρήσιμα εργαλεία. 
Το κόστος της μέτρησης της εξοικονόμησης πρέπει να διατηρείται σε προοπτική σε σχέση με την 
προκύπτουσα εξοικονόμηση. Δεδομένου ότι η έλξη καταναλώνει περισσότερη ενέργεια από ότι τα 
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συστήματα εξαερισμού και κλιματισμού (HVAC) , περισσότερες προσπάθειες πρέπει να καταβληθούν για 
την σωστή μέτρηση της ενέργειας λόγω του τρόπου οδήγησης  από την εξαιρετικά ακριβή μέτρηση της 
θερμοκρασίας. Από την άλλη πλευρά, συνήθως η μέτρηση της θερμοκρασίας είναι πολύ οικονομικότερη 
από  την μέτρηση των χαρακτηριστικών του τρόπου οδήγησης. Η πραγματοποίηση κάθε μέτρησης θα 
πρέπει να γίνεται με γνώμονα το κόστος και την προστιθέμενη αξία που θα προκύψει. 
Στις περισσότερες περιπτώσεις η εξοικονόμηση ενέργειας έως 10% είναι εφικτή με την εφαρμογή 
ενός συνδυασμού διαφόρων μέτρων. Συνήθως οι επιπτώσεις κάθε μέτρου δεν υπερβαίνουν τις μερικές 
ποσοστιαίες μονάδες. Γι ‘αυτό είναι πολύ σημαντικό η ακρίβεια του συστήματος μέτρησης να μπορεί 
επαρκώς και αξιόπιστα να ανιχνεύει τις αλλαγές στα εν λόγω ποσοστά. 


Εργαλεία 
Η διαδικασία βελτίωσης της ενεργειακής αποδοτικότητας μπορεί να παράσχει τα αναμενόμενα 
αποτελέσματα, αν αυτό έχει σχεδιαστεί σωστά και με έξυπνους στόχους. Για τους σιδηροδρόμους, 
αυτό σημαίνει καλή γνώση τόσο της κατανάλωσης ενέργειας όσο και της λειτουργίας της εταιρείας. 
Η απόδοση μας πληροφορεί πόσα επιβατοχιλιόμετρα ή συνολικά τόνοχιλόμετρα  πραγματοποιήθηκαν 
με μια μονάδα ενέργειας. Αυτό μπορεί να βελτιωθεί είτε με περισσότερα δρομολόγια με την ίδια 
ποσότητα ενέργειας ή χρήση λιγότερης ενέργεια για τα ίδια δρομολόγια. Ωστόσο, για τη διαχείριση 
της ποιότητας της διαδικασίας τόσο της κατανάλωσης και της λειτουργίας, τα δεδομένα θα πρέπει να 
είναι διαθέσιμα σε κατάλληλη μορφή. 


Μέτρησης ενέργειας 
Για να διαχειριστείτε την κατανάλωση ενέργειας θα πρέπει να την μετράτε. Σήμερα, οι διαχειριστές της 
σιδηροδρομικής υποδομής μετρούν την κατανάλωσης της προσφερόμενης ενέργειας στο δίκτυο ενώ 
μόνο λίγες εταιρείες χρησιμοποιούν μετρητές ενέργειας επί της αμαξοστοιχίας. 
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Η μέτρηση της κατανάλωσης ενέργειας κάθε τρένου είναι σημαντική για πολλούς λόγους: 
• Ένδειξη της κατανάλωσης κάθε αμαξοστοιχίας 


• Ένδειξη των επιπτώσεων των τεχνικών οδήγησης στην κατανάλωση ενέργειας 


• Παροχή πληροφόρησης στην οδηγούς και τους διαχειριστές, σε πραγματικό χρόνο και / ή κατά τη 


διάρκεια της εκπαίδευσης 


Δεν είναι απαραίτητο να μετράται κάθε τρένο για να επιτευχθούν τα αναμενόμενα ενεργειακά 
οφέλη. Είναι απαραίτητο όμως να μετράται ένα στατιστικά σημαντικό και αντιπροσωπευτικό δείγμα 
των αμαξοστοιχιών. Γενικά, η μέτρηση του 20% των τρένων είναι μια καλή προσέγγιση. Όσο 
μεγαλύτερος είναι ο στόλος του τροχαίου υλικού τόσο μειώνεται και τα απαιτούμενο ποσοστό των 
τρένων που πρέπει να παρακολουθούνται. Το ποσοστό αυτό εγγυάται χρήσιμα αποτελέσματα και 
μια πολύ καλή απόδοση της επένδυσης. 


Ένα σύστημα μέτρησης της ηλεκτρικής ενέργειας στο τρένο αποτελείται από αισθητήρες τάσης και 
έντασης ρεύματος καθώς και μετρητές. Εάν δεν θέλετε τα δεδομένα να συλλέγονται χειροκίνητα, 
είναι απαραίτητη η χρήση μιας συσκευής επικοινωνίας η οποία στέλνει αυτόματα τα δεδομένα σε 
μια ηλεκτρονική βάση δεδομένων. Δεδομένου ότι θα υπάρχουν πολλά δεδομένα κάθε μέρα, το 
λογισμικό της βάσης δεδομένων (διακομιστή) πρέπει να είναι σε θέση να αναλύει τα δεδομένα 
ώστε να μπορείτε να λαμβάνεται σημαντικές πληροφορίες  χωρίς να ανατρέχετε σε εκατομμύρια 
σειρές δεδομένων. Όπως προαναφέρθηκε, το λογισμικό θα πρέπει να είναι σε θέση να παρέχει 
ορθές αναφορές για τις ομάδες-στόχους. 
Εκτός από την ακρίβεια του συστήματος μέτρησης, η συχνότητα συλλογής των στοιχείων είναι 
σημαντική. Για τα τοπικά και περιφερειακά τρένα η συχνότητα μέτρησης πρέπει να είναι μικρότερη 
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από μια μέτρηση κάθε λεπτό της ώρας. Κατά τη διάρκεια της επιτάχυνσης / περίοδο επιβράδυνσης 
η συχνότητα αυτή θα πρέπει να είναι ακόμη μεγαλύτερη για να εξαχθούν σωστά συμπεράσματα. 
Ορισμένοι σύγχρονοι μετρητές ενέργειας που χρησιμοποιούνται για την τιμολόγηση της ενέργειας 
είναι σε θέση να καταγράφουν την κατανάλωση κάθε 30 δευτερόλεπτα. 


Οι Σλοβένικοι σιδηρόδρομοι κατάφεραν να μειώσουν την ειδική κατανάλωση κατα 10% μέσα σε ένα 


χρόνο. 
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Μετρητές ηλεκτρικής ενέργειας 
Το νέο πρότυπο EN 50463 καθορίζει τα χαρακτηριστικά των μετρητών ηλεκτρικής ενέργειας 
για τη διαδικασία τιμολόγησης της ηλεκτρικής ενέργειας. Ωστόσο, είναι απολύτως λογικό να 
χρησιμοποιούνται μετρητές που να πληρούν το συγκεκριμένο πρότυπο και για προγράμματα 
ενεργειακής αποδοτικότητας χωρίς η τιμολόγηση του ρεύματος να ισχύει ακόμα σε κάποια χώρα.
 Μια καλή εκτίμηση του κόστους ανά τρένο στην Ευρώπη (εξοπλισμός, εγκατάσταση και άλλα 
έξοδα) είναι 10.000 € για ένα ηλεκτρικό τρένο. Η ακριβής τιμή εξαρτάται από τον τύπο του τρένου, 
την  τάση και άλλες παραμέτρους. 


Μετρητές Ντίζελ
Τα κατάλληλα συστήματα πληροφόρησης σε μια σιδηροδρομική επιχείρηση παρέχουν ακριβή 
όγκο της κατανάλωσης καυσίμου ντίζελ σε ένα στόλο. Συνήθως επιτρέπουν την καταγραφή της 
συνολικής κατανάλωσης ανά αμαξοστοιχία και ανά μήνα. Το ερώτημα είναι πότε και πώς αυτό το 
καύσιμο έχει καταναλωθεί. 
Ένας μετρητής ροής πετρελαίου σε συνδυασμό με μια συσκευή GPS μπορεί να δώσει απάντηση. 
Αν μπορούμε να ελέγξουμε τη συνολική κατανάλωση θα πρέπει να γνωρίζουμε μόνο το μερίδιο της 
συνολικής κατανάλωσης που δαπανάται σε ένα ορισμένο χρονικό διάστημα το οποίο δεν είναι κατ 
‘ανάγκη ο ακριβής όγκος καυσίμου. Αυτό μπορεί να μειώσει το κόστος για τον εξοπλισμό. 
Υπάρχουν διάφοροι τύποι μετρητών ντίζελ στην αγορά. Κάθε ένας έχει μειονεκτήματα και 
πλεονεκτήματα: γενικά, είναι πιο δύσκολο να εγγυηθεί η ακρίβεια κάτω του 1% με μετρητές ντίζελ 
σε σχέση με τους μετρητές ηλεκτρικής ενέργειας. Κύρια προβλήματα είναι υψηλή δυναμική της 
ταχύτητας ροής του καυσίμου (ο χρόνος από το ελάχιστο στο μέγιστο ρυθμό ροής είναι λιγότερο 
από ένα δευτερόλεπτο) και οι φυσαλίδες που υπάρχουν στο καύσιμο. 
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Εκτός από την ακρίβεια και η επαναληψιμότητα είναι σημαντική. Αυτό σημαίνει ότι οι μετρήσεις θα 
είναι πάντα η ίδιες υπό παρόμοιες συνθήκες λειτουργίας (αν και δεν είναι ακριβείς). Αυτό αρκεί για 
να διαχωριστεί  με ακρίβεια η συνολική κατανάλωση σε χρονικά διαστήματα. 


Δικτυακό σύστημα πληροφοριών 
Η κατανάλωση που εμφανίζεται στην οθόνη του οδηγού σε νεότερα τρένα υπολογίζεται πάντα με 
βάση των χαρακτηριστικών του κινητήρα (π.χ. πίεση, διάρκεια έγχυσης καυσίμου). Η ακρίβεια που 
παρέχει μπορεί να είναι πολύ χαμηλή έως και 10%, έτσι ώστε να δίνει μόνο μια ένδειξη στον οδηγό 
και σε καμία περίπτωση δεν αποτελεί ασφαλή δείκτη. 
Ωστόσο, άλλα διαθέσιμα στοιχεία σχετικά με την αμαξοστοιχία μπορούν να είναι μια καλή και 
ακριβή πηγή των πληροφοριών που χρησιμοποιούνται για την ανάλυση του τρόπου οδήγησης 
(αριθμός στροφών, ταχύτητα κ.α.). 


Η τιμή του συστήματος του μετρητή ντίζελ εξαρτάται από τον τύπο του μετρητή και την 
εγκατάσταση. Μπορεί να είναι πολύ μικρότερη από € 10.000, αλλά μπορεί εύκολα να υπερβεί τις  
αρκετές δεκάδες χιλιάδες ευρώ. 


+ -
Μετρητές 
υπέρηχων


Απλή και γρήγορη εγκατάσταση, υψηλή 
επαναληψιμότητα


Χαμηλή ακρίβεια


Μετρητές 
στροβίλου


Απλός σχεδιασμός, χαμηλό κόστος Δύσκολη εγκατάσταση, χαμηλή ακρίβεια, χρήση 
επιπρόσθετων φίλτρων


Μετρητές μάζας Υψηλή ακρίβεια Δύσκολη εγκατάσταση, υψηλό κόστος
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Εντοπισμός και πληροφορίες για την κίνηση
Η πραγματική κατανάλωση ενέργειας και τα δεδομένα λειτουργίας παρέχουν το ποσοστό της 
αποδοτικότητας. Βασικά, για την αξιολόγηση και παρακολούθηση του τρόπου οδήγησης, η θέση και  
η ταχύτητα της αμαξοστοιχίας είναι αναγκαίες. Η ακρίβεια των δρομολογίων επηρεάζει τον τρόπο 
το οδήγησης και να αξιολογηθούν σωστά οι μηχανοδηγοί θα πρέπει να είναι γνωστή σε αυτούς η 
διαχείριση της κυκλοφορίας και το πραγματικό πρόγραμμα των δρομολογίων.  
Επιπλέον, η διαχείριση της κυκλοφορίας έχει σημαντική επίπτωση στην κατανάλωση ενέργειας 
λόγω των αποφάσεων του μηχανοδηγού σχετικά με απροσδόκητες στάσεις και τις προτεραιότητες 
των τρένων στην γραμμή. Όλες αυτές οι παράμετροι που πρέπει να αξιολογούνται για κάθε 
αμαξοστοιχία. 


Ένα καλό σύστημα διαχείρισης της κυκλοφορίας (TMS) είναι σε θέση να παρέχει πληροφορίες όχι 
μόνο για τα προβλεπόμενα και υφιστάμενα δρομολόγια αλλά και για τη θέση του οχήματος σε ένα 
συγκεκριμένο τμήμα της γραμμής. Αν το τρένο έχει ήδη εξοπλισθεί με σύστημα GPS θα πρέπει να 
καταβληθούν προσπάθειες ώστε να χρησιμοποιηθεί ο υπάρχων εξοπλισμός και να μην εγκαθίσταται 
επιπλέον σύστημα GPS μόνο για την μέτρηση της κατανάλωσης ενέργειας. Αυτό θα αυξήσει την 
αξιοπιστία και θα μειώσει το κόστους συντήρησης. Μια συσκευή GPS μπορεί να προσφέρει πολλές 
πληροφορίες. 
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Παράδειγμα της επιρροής της διαχείρισης της κυκλοφορίας και του τρόπου οδήγησης
Η συζήτηση για την σχέση μεταξύ της διαχείρισης της κυκλοφορίας και οδήγησης με οικονομικό 
τρόπο είναι πάντα ένα δύσκολο θέμα. Η εταιρεία Solvera Lynx ανέλυσε την σχέση μεταξύ της 
κατανάλωσης, του τρόπου οδήγησης και τη διαχείριση της κυκλοφορίας, σε συνεργασία με το 
Τμήμα Μηχανολόγων Μηχανικών του Πανεπιστήμιου της Λιουμπλιάνα. Αποδείχθηκε ότι η κύλιση 
της αμαξοστοιχίας  έχει ένα μεταβλητό μερίδιο μεταξύ 5 με 35% σε ένα δρομολόγιο. Είναι καθαρά 
απόφαση του μηχανοδηγού πού και πόσο θα κυλήσει το τρένο χωρίς την χρήση της έλξης (εάν 
η αμαξοστοιχία είναι εντός του χρονοδιαγράμματος). Επιπλέον, διαπιστώθηκε η διακύμανση της 
ταχύτητας είναι από 30% έως 40%. Η ανάγκη για αλλαγές της ταχύτητας καθορίζεται από τα 
όρια ταχύτητας και / ή σηματοδότες, τα οποία καθορίζονται από τη διαχείριση της κυκλοφορίας. 
Αυτό εξηγείται με περισσότερες λεπτομέρειες στο ακόμη αδημοσίευτο άρθρο συγγραφέα  
(gregor.hribar@solvera-lynx.com). 



mailto:gregor.hribar@solvera-lynx.com
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6 Ανάπτυξη εκπαιδευτικών προγραμμάτων
Προσεγγίσεις από τη θεωρία στην πράξη 


6.1 Εισαγωγή στη παιδαγωγική 
«Η μάθηση είναι μια διαδικασία κατά την οποία πραγματοποιούνται περισσότερες ή λιγότερες 
μόνιμες αλλαγές στη συμπεριφορά ή εν δυνάμει αλλαγές συμπεριφοράς που συμβαίνουν κάτω από 
την επίδραση των εμπειριών.» 
Ως οργανισμός, θα πρέπει να εξασφαλίσετε ότι οι εκπαιδευτές ή οι σύμβουλοι, οι οποίοι είναι 
αρμόδιοι για την εκπαίδευση των μηχανοδηγών εργάζονται συστηματικά με σκοπό την επιτυχία 
της δράσης. Στο παράρτημα “διδακτικές δεξιότητες”, έχουμε συμπεριλάβει συμβουλές και σημεία 
αναφοράς για το πώς οι εκπαιδευτές σας μπορεί να εκμεταλλευτούν τις διδακτικές τους ικανότητες 
όσο το δυνατόν αποτελεσματικότερα κατά τη διάρκεια της εκπαίδευσης. 


Εκτός από την εφαρμογή των μεθόδων διδασκαλίας που αναφέρονται στο “διδακτικές δεξιότητες”, 
είναι πάντα χρήσιμο να λαμβάνονται υπόψη τα χαρακτηριστικά και το περιβάλλον εργασίας των 
μηχανοδηγών. Αυτό π.χ. μπορεί να σημαίνει ότι οι μηχανοδηγοί των εμπορευματικών τρένων 
μεταφορών απαιτούν διαφορετική προσέγγιση από τους οδηγούς των επιβατικών αμαξοστοιχιών. 
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6.2 Εργαλεία για την αλλαγή της συμπεριφοράς 
Τον Ιανουάριο του 2009, το ολλανδικό Υπουργείο Στέγασης, Χωροταξίας και Περιβάλλοντος                   
- δημοσίευσε μια έκθεση με τίτλο “The art of changing behaviour of target groups”. Η συγκεκριμένη 
έκθεση εξετάζει το θέμα του πώς μπορεί να επηρεαστεί η συμπεριφορά των ομάδων-στόχων. Σε 
πολλούς τομείς πολιτικής - συμπεριλαμβανομένης της  κλιματικής αλλαγής και τους φιλόδοξους 
στόχους που έχουν τεθεί - τόσο τα άτομα όσο και οι εταιρείες απαιτείται να αλλάξουν τη συμπεριφορά 
τους. 
• Κεφάλαιο 3 ασχολείται με την ενεργειακή συμπεριφορά και άλλους παράγοντες επιρροής. 


• Κεφάλαιο 4 παρέχει μια πιο αναλυτική επισκόπηση των διαφόρων μέσων και τον τρόπο λειτουργίας 


τους. 


• Κεφάλαιο 5 εισάγει το εργαλείο σχεδιασμού . Αυτό το εργαλείο σχεδιασμού παρέχει συμβουλές σχετικά 


με τα εργαλεία που επηρεάζουν όσο το δυνατό αποδοτικότερα την συμπεριφορά. Οι οδηγίες για την 


λειτουργία του εργαλείου σχεδιασμού παρουσιάζονται υπό την μορφή σχετικού παραδείγματος.


Μετά τις αποφάσεις που έχουν ληφθεί σχετικά με τα βασικά θέματα, μπορούν να ληφθούν περαιτέρω 
αποφάσεις σχετικά με την ένταση της εκπαίδευσης και για τη μέθοδο που χρησιμοποιείται για 
την προσέγγιση των μηχανοδηγών. Λάβετε υπόψη σας ότι οι μηχανοδηγοί σας ήδη διαθέτουν 
δεξιότητες μηχανοδήγησης. Δεν τους εκπαιδεύετε για την βελτίωση των δεξιοτήτων τους αλλά για 
την αλλαγή στην συμπεριφοράς τους κατά την οδήγηση. 
Στόχος σας είναι να δείξετε στον μηχανοδηγό τη σημασία της εξοικονόμησης ενέργειας και την 
μείωση των αέριων εκπομπών. Όλα αυτά απαιτούν αλλαγή στην συμπεριφορά και αυτό θα έχει 
επιτυχία μόνο εάν οι μηχανοδηγοί προσεγγιστούν ως επαγγελματίες. 



http://89.18.179.82/~pinkster/technicad.nl/instrumentplanner/
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6.3 Σκελετός, η σχέση μεταξύ θεωρίας και πρακτικής 
Στο πλαίσιο του έργου TRAINER, η εταιρεία NS ανέπτυξε ένα αρχικό σκελετό 
εκπαίδευσης  για τους σιδηροδρόμους. Η ιδέα επικεντρώνεται στην επίγνωση 
των καταστάσεων και την εκπαίδευση, αλλά και την ψυχολογική εκπαίδευση  
με βάση το μοντέλο του Endsley. Αυτή η θεωρία λαμβάνει υπόψη  εσωτερικούς 
και εξωτερικούς παράγοντες επιρροής. 
Αναφέρει επίσης τη σημασία που έχει ένα κατάλληλο περιβάλλον μάθησης, τον 
πολιτισμό και το επίπεδο μάθησης. Το έγγραφο περιλαμβάνει επισκόπηση των 
μαθησιακών στόχων, τα εργαλεία και τις δραστηριότητες των μηχανοδηγών, 
του προσωπικού των σιδηροδρομικών σταθμών και των διαχειριστών. 


6.4 Εθνικές προσεγγίσεις 
Τα (ανεπτυγμένα) εθνικά εκπαιδευτικά προγράμματα  διαφέρουν σημαντικά σε 
σχέση με τον σχεδιασμό, τις λεπτομέρειες και την εφαρμογή. Δεδομένου ότι 
αυτά είναι γραμμένα στις αντίστοιχες εθνικές γλώσσες , δεν έχουν περιληφθεί 
στο παρόν εγχειρίδιο. Αν θέλετε να τα αποκτήσετε μπορείτε να απευθυνθείτε 
στους εθνικούς  εταίρους του έργου TRAINER. 
Βλέπε κεφάλαιο 7. 
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6.5. Η ανταλλαγή εμπειριών σε εθνικό επίπεδο
Ένα από τα παραδοτέα που συμφωνήθηκε ήταν ότι οι εταίροι που συμμετέχουν θα μοιράζονται 
τις γνώσεις και την πείρα τους σε ότι αφορά την ενέργεια αποδοτική οδήγηση με τους υπόλοιπους 
εθνικούς εταίρους. Καθώς υπάρχει μεγάλη ποικιλία μεταξύ των επιμέρους προγραμμάτων 
εκπαίδευσης, είναι αδύνατο να γίνει μια πραγματική ανάλυση. Είναι πιο εύκολο να παρουσιαστούν 
απλώς οι εμπειριες και οι συμβουλες για κάθε χώρα. Στον σύνδεσμο αυτό θα βρείτε τις εθνικές 
εκθέσεις σχετικά με τις συναντήσεις για την ανταλλαγή εμπειριών. 


Περίληψη εθνικών εμπειριών2 


Θετικές αντιδράσεις κατά την εκπαίδευση
• Το ενδιαφέρον για τα περιβαλλοντικά θέματα δεν πρέπει να παραλείπεται, περιορίζοντας τις 


πληροφορίες απλώς σε τεχνικές πληροφορίες σχετικά με την οδήγηση. Είναι γόνιμο επίσης να 


προωθείται η οικονομική οδήγηση λαμβάνοντας υπόψη τα «πολιτισμικά» χαρακτηριστικά των 


εκπαιδευόμενων, εκθέτοντας τους τα δεδομένα και το δυναμικό μείωσης των εκπομπών CO2 και ρύπων 


που σχετίζονται με την εφαρμογή της οικονομικής οδήγησης. 


• Είναι πολύ χρήσιμο για την επικοινωνία προς τους οδηγούς να παρέχονται κάποια σαφή και πρακτικά 


παραδείγματα σχετικά με την συνεισφορά τους στην εξοικονόμηση ενέργειας. Το να πει κανείς σε ένα 


μηχανοδηγό  οδηγός οτι με μια κατάλληλη πέδηση μπορεί να εξοικονομήσει 40kWh είναι λιγότερο 


πειστικό από ότι να του πει ότι με την εν λόγω εξοικονόμηση είναι δυνατόν να λειτουργήσει ένας 


λαμπτήρας 40W, επί 24 ώρες, για περίπου ενάμιση μήνα . 


2  Περίληψη της παρουσίασης του Luigi Contestabile από την Trenitalia στο τελικό συνέδριο του TRAINER
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• Κατά τη διάρκεια της εκπαίδευσης δεν συνιστάται να επιβαρύνονται οι οδηγοί με υπερβολικό 


εκπαιδευτικό υλικό. Καλύτερα αποτελέσματα μπορούν να επιτευχθούν με μια πιο ανοιχτή προσέγγιση 


διδασκαλίας που βασίζεται στην ανακάλυψη των εμπειριών και τις προσωπικών ικανοτήτων των οδηγών. 


• Επικεντρώστε τις προσπάθειές σας σε εκείνους τους μηχανοδηγού που μπορούν να εξοικονομήσουν τα 


μεγαλύτερα ποσά ενέργειας: 


 - μηχανοδηγούς που συνήθως εργάζονται στα ενεργοβόρα τρένα (με βαρύ φορτίο, σε τρένα διπλού      


 - δαπέδου που κινούνται γύρω από μεγάλες πόλεις, κλπ.) 


• μηχανοδηγούς που εργάζονται σε περιοχές με βουνά, όπου η κατανάλωση είναι υψηλή κατά την άνοδο 


• και η κύλιση είναι πιο αποτελεσματική κατά την κάθοδο.


Ένα σαφές μήνυμα από τη διοίκηση της εταιρείας για τη δέσμευσή της για υιοθέτηση της ενεργειακά 
αποδοτικής οδήγησης μπορεί να οδηγήσει σε άμεσα αποτελέσματα εξοικονόμησης ενέργειας. Είναι 
ιδιαίτερα σημαντικό να διατηρείται η διοίκηση ενήμερη για τα αποτελέσματα των προγραμμάτων 
εκπαίδευσης, ώστε να συνεχίσει να τα υποστηρίζει με την πάροδο του χρόνου.
Η συνεργασία μεταξύ των διαφόρων τμημάτων της ίδιας εταιρίας μπορεί επίσης να έχει θετικό 
αποτέλεσμα. Το σύστημα εκπαίδευσης, η περιοδική αναβάθμιση του, η αξιολόγηση των 
αποτελεσμάτων κλπ.  θα πρέπει να είναι μέρος του συστήματος διασφάλισης ποιότητας (ISO 9001) 
της εταιρείας 
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Προβλήματα που προέκυψαν κατά την εκπαίδευση 


• Σε γενικές γραμμές υπήρξε κάποιος σκεπτικισμός σχετικά με την δυνατότητα να τεθεί σε εφαρμογή 


η οικονομική οδήγηση στην πράξη με το επιχείρημα του χάσματος μεταξύ θεωρίας και εφαρμογής σε 


πραγματική λειτουργία. Το πρόβλημα αυτό μπορεί να αντιμετωπιστεί προτείνοντας στους οδηγούς να 


αναλυθούν και να συζητηθούν οι πραγματικές συνθήκες κυκλοφορίας. 


• Ένα άλλο θέμα που θεωρήθηκε ότι έρχεται σε σύγκρουση με την οικονομική οδήγηση ήταν η κύρια 


προτεραιότητα που θέτουν οι σιδηροδρομικές εταιρείες: η ακρίβεια των δρομολογίων. Στην περίπτωση 


αυτή, είναι σημαντικό να καταστεί σαφές κατά τη διάρκεια της εκπαίδευσης των οδηγών ότι η τεχνική 


της οικονομικής οδήγησης πρέπει να εφαρμόζεται μόνο όταν η αμαξοστοιχία είναι στην ώρα της ή 


προπορεύεται του χρόνου δρομολογίων. 


• Η στάση του διαχειριστή της γραμμής μπορεί να θεωρηθεί ως εμπόδιο από τους οδηγούς. Οι 


διαχειριστές δεν έχουν συνηθίσει να λειτουργούν με την φιλοσοφία της ενεργειακά αποδοτικής 


οδήγησης και μπορεί να μην έχουν ως προτεραιότητα την βελτιστοποίηση της μέση ταχύτητα στις 


γραμμές και ειδικά σε πολυσύχναστους κόμβους γύρω από μεγάλες πόλεις . Ως εκ τούτου, είναι 


σημαντικό να συμμετέχουν και οι διαχειριστές των γραμμών στην στρατηγική οικονομικής οδήγησης. 


• Η οργάνωση των εκπαιδευτικών σεμιναρίων αποτελεί ένα κόστος για την εταιρεία και απαιτεί 


μια οργανωτική προσπάθεια. Για να εξοικονομήσετε χρόνο και χρήμα η καλύτερη λύση  είναι να 


ενσωματωθούν τα σεμινάρια στην ετήσια περιοδική κατάρτιση των οδηγών
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6.6 Εργαλεία υποστήριξης της ενεργειακά αποδοτικής οδήγησης 
Η παράγραφος αυτή παρουσιάζει ορισμένα εργαλεία και τα μέτρα που μπορούν να υποστηρίξουν 
την ενεργειακά αποδοτική οδήγηση. Λάβετε υπόψη σας ότι αυτά είναι μόνο μερικά παραδείγματα. 
Υπάρχουν και άλλα διαθέσιμα εργαλεία που μπορούν να έχει αντίστοιχο αντίκτυπο και αποτέλεσμα. 


6.6.1 Βίντεο TRAINER: Οικολογική οδήγηση για τους οδηγούς τρένων 
Αυτή η ταινία έχει γυριστεί σε ορισμένες ευρωπαϊκές χώρες και παρουσιάζει ορισμένους πρακτικούς τρόπους οικονομικής 
οδήγησης όπως εφαρμόζονται σε αυτές τις χώρες. Έχει εκδοθεί σε  DVD καθώς και στο διαδίκτυο σε 3 μέρη: 
• Μια γενική εισαγωγή για την οικολογική οδήγηση και την χρησιμότητά της, 


• Εννέα συμβουλές για οικολογική οδήγηση. 


• Σε πλήρης έκδοση. 


Η ίδια η ταινία έχει ενσωματωθεί επίσης σε αυτό το εγχειρίδιο και επομένως στην έκδοση 
DVD αυτού του εγχειριδίου. Η ταινία είναι διαθέσιμη μέσω των συνδέσμων στο κεφάλαιο 7. 


Συμβουλές που εμφανίζονται στην ταινία ως βέλτιστη πρακτική. 
1. Επιταχύνετε και φρενάρετε οικονομικά 


2. Αποφύγετε τις αιχμές στην ταχύτητα, αν είναι δυνατόν 


3. Χρησιμοποιήστε το ηλεκτρικό φρένο που ανακτά ενέργεια 


4. Δρομολογήστε τις εμπορευματικές αμαξοστοιχίες σε χρόνο μεταξύ των επιβατικών αμαξοστοιχιών 


5. Κρατήστε μια καλή ισορροπία στην έλξη όταν οι ράγες είναι ολισθηρές


6. Μην επιταχύνετε πάρα πολύ γρήγορα με τις μηχανές ντίζελ 


7. Απενεργοποιήστε την έλξη της δεύτερης και του τρίτης μηχανής, όταν η αμαξοστοιχία φτάσει στην  επιθυμητή ταχύτητα 


8. Γνωρίζετε τον εξοπλισμό σας και την διαδρομή σας ώστε να αποφεύγεται η περιττή πέδηση ή  επιτάχυνση 


9. «Schwungfahren»: Απενεργοποίηση της έλξης λίγο πριν φτάσετε στην κορυφή ενός λόφου 



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html
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6.6.2 Μέθοδος UZI 


Η ολλανδικοί σιδηρόδρομοι έχουν αναπτύξει τη λεγόμενη 
μέθοδο UZI. Μια απλή μικρή κάρτα συμβουλεύει τον 
μηχανοδηγό για την ταχύτητα που μπορεί να αναπτύξει την 
σε μια συγκεκριμένη διαδρομή σε χρόνο που εκφράζεται 
σε λεπτά. Μετά την επίτευξη της τελικής ταχύτητας, η 
ελκτική ισχύς μπορεί να απενεργοποιηθεί αμέσως. 


Δεδομένου ότι η στρατηγική της οδήγησης UZI κάνει 
χρήση του 5 - 7% χρονικού περιθωρίου επί του συνολικού 
χρόνου  που εφαρμόζεται στην Ολλανδία μεταξύ δύο 
στάσεων, ακόμη δύο άλλοι παράγοντες είναι σημαντικοί 
για την εφαρμογή της μεθόδου UZI στην πράξη. 


1. Ο πίνακας δρομολογίων πρέπει να είναι σχεδιασμένος 


κατά τέτοιο τρόπο ώστε το χρονικό αυτό περιθώριο να 


κατανέμεται σε όλες την στάσεις αντί να εξαντλείται σε 


συγκεκριμένες στάσεις. 


2. Ο υπεύθυνος σταθμάρχης  πρέπει να εξασφαλίζει ότι 


δεν θα χαθεί πολύτιμος χρόνος κατά τις στάσεις. Ως εκ 


τούτου, ο σταθμάρχης πρέπει να είναι σε εγρήγορση 


και να φροντίζει η αμαξοστοιχία να φεύγει στον ακριβή 


απαιτούμενο χρόνο προκειμένου να παρέχει στο 


μηχανοδηγό τη δυνατότητα να εφαρμόσει τη στρατηγική 


οδήγησης με τη μέθοδο UZI. 
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6.6.3 Route lint
Το εργαλείο Route lint (βλ. επίσης στο κεφάλαιο Εισαγωγή) στέλνει πληροφορίες σε μια 
συσκευή PDA που διαθέτει κάθε μηχανοδηγός σχετικά με τυχόν τρένα μπροστά ή «εμπόδια», 
όπως σηματοδότες. Ο μηχανοδηγός μπορεί να προσαρμόσει τον τρόπο οδήγησης αναλόγως. 
Για παράδειγμα με την εφαρμογή της κύλισης όσο το δυνατό συντομότερα για να αποφευχθεί 
η άσκοπη πέδηση, μπορούμε να οδηγήσουμε όσο το δυνατό οικονομικά.
Εξοικονόμησης ενέργειας της τάξης του 5% επιτυγχάνεται εύκολα. 


6.6.4 Gekko 
Στη Δανία, η εταιρεία DSB (Δανική εταιρεία σιδηροδρόμων) χρησιμοποιεί το εργαλείο Gekko. 
(παλαιά παρουσίαση, νέα παρουσίαση) Βλέπε επίσης κεφάλαιο 3 


Το σύστημα αυτό έχει ενσωματωθεί στην καμπίνα του οδηγού και να χρησιμοποιεί τις 
ακόλουθες παραμέτρους: 
• σύγκριση το τρέχοντος στίγματος GPS σε σχέση με το χρόνο δρομολογίου


• υπολογισμός και τη βελτιστοποίηση της ενεργειακής απόδοσης και στρατηγικών οδήγησης 


• επισήμανση της συνιστώμενη ταχύτητας 


• υπολογισμός και ένδειξη την πραγματική ενεργειακή κατανάλωση 


• προετοιμασία αρχείου για την επίλυση των προβλημάτων και ανάδραση πληροφοριών . 


Το σύστημα Gekko μπορεί εύκολα να εξοικονομήσει 10-12% ενέργεια χωρίς εκπαίδευση των 
μηχανοδηγών οι οποίοι απλά πρέπει να ακολουθούν το πράσινο βέλος της συσκευής. 
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6.6.5 Bombardier EBI Drive 
Οι κατασκευαστές του τροχαίου υλικού επίσης αναπτύσσουν εργαλεία που βοηθούν στην 
εξοικονόμηση ενέργειας. Ένα παράδειγμα είναι το σύστημα Bombardier EBI Drive 50  που 
βοηθά τους οδηγούς τρένων να βελτιστοποιήσουν τον τρόπο οδήγησης με σκοπό τη μείωση 
της κατανάλωσης ενέργειας. Το σύστημα EBI Drive 50 βασίζεται σε υπολογισμούς από την 
τοπογραφία της γραμμής, χρόνους δρομολογίων και τα χαρακτηριστικά της αμαξοστοιχίας, 
σε συνδυασμό με γνώση σχετικά με το τρένο, τη διαδρομή από την θέση του οδηγού και 
τον πραγματικό χρόνο. Το σύστημα EBI Drive 
50 βοηθά την εξοικονόμηση μέχρι και 15% της 
ενέργειας έλξης ενώ λόγω της αύξησης των 
τιμών της ενέργειας, θα υπάρξει μεγαλύτερη 
απόδοση της επένδυσης. 


6.6.6. Εργαλεία διαχείρισης 
Η εταιρεία Bombardier δημιούργησε επίσης ένα 
πρόγραμμα ενεργειακής απόδοσης για τους 
διαχειριστές των σιδηροδρομικών εταιρειών, 
με τίτλο Energy Management Control System. 
Το σύστημα αυτό παρέχει μια ολοκληρωμένη λύση για την αποθήκευση δεδομένων και 
μεταφορά αρχείων. Με βάση την ανάλυση των δεδομένων και τις εκθέσεις, το σύστημα 
παρέχει πληροφορίες για την διαχείριση του δικτύου. Τα βασικά δεδομένα που συλλέγονται, 
όπως  η κατανάλωση καυσίμου, από επιλεγμένα οχήματα  συγκρίνονται με μια πρότυπη 
διαδρομή και συγκεκριμένα την πιο ενεργειακά αποδοτική διαδρομή  μεταξύ δύο σταθμών. 
Για σχετικές πληροφορίες σχετικά δείτε την παρουσίαση ECO4, της Bombardier EED 2009


EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption
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6.6.7 Solvera Lynx 


GemaLogic 
Η εταιρεία Solvera Lynx ανέπτυξε το λογισμικό ενεργειακής διαχείρισης GemaLogic για την μέτρηση 
και ανάλυση δεδομένων της αμαξοστοιχίας. Η βασική λειτουργία παρουσιάζει μια περίληψη της 
ενέργειας που καταναλώνεται και ανακτάται σε τακτά χρονικά διαστήματα καθώς επίσης και την 
ταχύτητα και τη θέση του τρένου με γεωγραφικό μήκος και πλάτος. 


Η λειτουργία ανάλυσης παρέχει πιο λεπτομερείς πληροφορίες για την κατανόηση της κατανάλωσης. 
Παράλληλα με τη βασική λειτουργία, δείχνει την κατανάλωση ενέργειας, την κύλιση , τις 
αναχωρήσεις, τις στάσεις, τις αφίξεις και τις καθυστερήσεις ανά αμαξοστοιχία, ανά οδηγό και ανά 
διαδρομή/γραμμή. 


Το σύστημα GemaLogic απέδειξε την αξία του στους Σλοβένικους σιδηροδρόμους όπου πάνω από 90 
μηχανές που συνδέθηκαν με το σύστημα GemaLogic πέτυχαν σημαντική εξοικονόμηση ενέργειας. 
Ως μέρος του έργου TRAINER χρησιμοποιήθηκε επίσης στους Ολλανδικούς σιδηροδρόμους. 
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6.6.8 Συμβουλές από το φυλλάδιο οικονομικής οδήγησης της 
 Railion/DB Schenker  


Αυτές οι συμβουλές βασίζονται σε προσωπικές και πρακτικές εμπειρίες και επισημάνσεις από τους 
συμμετέχοντες σε διάφορα εκπαιδευτικά σεμινάρια. 


Συμβουλή 1: εξοικονόμηση> 20%. 
Να κλείνετε τη δεύτερη και / ή τρίτη μηχανή πριν από το ταξίδι, αν το βάρος της αμαξοστοιχίας 
το επιτρέπει. 


Συμβουλή 2: εξοικονόμηση> 13%. 
Επιταχύνετε αργά όποτε είναι δυνατόν. Σίγουρα το χρονοδιάγραμμα προβλέπει χρονικό περιθώριο 
για ένα μικρό διάστημα. Μην αφήνετε την αμαξοστοιχία φθάσει στην επιθυμητή ταχύτητα υπηρεσίας 
με πλήρη ισχύ. Εάν είσαστε εντός χρόνου, π.χ. το 70% της ισχύος είναι αρκετό. 


Συμβουλή 3: εξοικονόμηση> 10%. 
Αν χρειάζεται να επιτευχθεί η κατάλληλη ταχύτητα το συντομότερο δυνατόν εκμεταλλευτείτε τις 
κλισεις των γραμμών σε λόφους, κατηφόρες κλπ.. Από τη στιγμή που έχετε φτάσει την επιθυμητή 
ταχύτητα  διατηρήστε την ίδια ταχύτητα με χρήση της ελάχιστης ισχύος έλξης (περίπου 30%). 


Συμβουλή 4: εξοικονόμηση> 50%. 
Έχετε πολλές στάσεις με ένα τρένο σε μια περιοχή ή η τμήμα της γραμμής που εκτελόυνται έργα. 
Κατα την διάρκεια των ελιγμών αποσυνδέστε τη δεύτερη μηχανή (και πιθανώς και μια τρίτη). 
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6.7 Τελικό Συνέδριο TRAINER 


Την Παρασκευή 25 Σεπτεμβρίου 2009 πραγματοποιήθηκε το τελικό συνέδριο του έργου 
TRAINER στην Tours της Γαλλίας. Το συνέδριο πραγματοποιήθηκε στο πλαίσιο του 
συνεδρίου Energy Efficiency Days 2009 σε συνεργασία με το έργο Railenergy και την 
UIC. 
Βλ. επίσης το πρόγραμμα του EED 2009 και την έκθεση  UIC-e-news. 
Οι παρουσιάσεις είναι διαθέσιμες στην ιστοσελίδα 
http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009 
  


Παρουσιάσεις TRAINER 
Κεντρικές παρουσιάσεις: 
1. Mr. Peter Wilbers (SenterNovem): TRAINER project


2. Branislav Krigovsky (ZSSK Cargo): Training programme Best practice ZSSK Cargo


3. Mr. Bojan Dremelj (SZ): EED practice at the Slovenian Railways


Παράλληλες παρουσιάσεις: 
Workshop 1. Ecodriving Training Programmes.
1. Mr. Paul Offerman (VVCR): Didactical Approach


2. Mr. Jan Hoogakker (NS R): TRAINER Implementation in the Netherlands


3. Mr. Luigi Contestabile (Trenitalia): Implementation Experiences



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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The conclusions of the day


This will be published on the internet when they are available.
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7 Περισσότερες πληροφορίες 


Οργανισμός URL
UIC http://www.uic.org/
CER http://www.cer.be/ 
EIM http://www.eimrail.org
TRAINER http://www.iee-trainer.eu/
TRAINER Final Conference EED2009 
(Sept. 2009)


http://www.energy-efficiency-days.org/menu/article/
presentations-of-the-eed-2009


TRAINER links page Trainer links


European committee http://ec.europa.eu/index_en.htm
Intelligent Energy Europe http://ec.europa.eu/energy/intelligent



http://www.uic.org/

http://www.cer.be/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/index.php?option=com_content&task=view&id=40&Itemid=89

http://ec.europa.eu/index_en.htm

http://ec.europa.eu/energy/intelligent

http://www.eimrail.org/

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Μερικοί ενδιαφέροντες σύνδεσμοι
1. http://www.2train.eu/ 
2. http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm
3. http://www.uic.org/spip.php?rubrique1045
4. http://www.railway-energy.org/tfee/index.php 
5. http://www.railway-mobility.org/ 


6. http://www.railenergy.org/ 
7. http://www.errac.org/reftexts.htm 
8. http://www.errac.org/links.htm 
9. http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direc


t=&Itemid=71&limit=5&limitstart=20 
10. http://ec.europa.eu/energy/intelligent/library/index_en.htm 


11. http://www.eimrail.org/bro.html
12. http://www.railway-technology.com/projects/
13. http://www.innotrack.org/
14. http://www.senternovem.nl/LTA/index.asp
15. http://www.iee-trainer.eu/



http://www.2train.eu/

http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm

http://www.uic.org/spip.php?rubrique1045

http://www.railway-energy.org/tfee/index.php

http://www.railway-mobility.org/

http://www.railenergy.org/

http://www.errac.org/reftexts.htm

http://www.errac.org/links.htm

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://ec.europa.eu/energy/intelligent/library/index_en.htm

http://www.eimrail.org/bro.html

http://www.railway-technology.com/projects/

http://www.innotrack.org/

http://www.senternovem.nl/LTA/index.asp

http://www.iee-trainer.eu/
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Συμμετέχοντες στο έργο TRAINER


Participant Contact E-mail Telephone URL


AgentschapNL NL P. Wilbers peter.wilbers@agentschapnl.nl +31622907912 http://www.agentschapnl.nl 


NS NL R. Luijt Ralph.Luijt@NS.nl +31633083183 http://www.ns.nl


Solvera Lynx SI G. Hribar gregor.hribar@solvera-lynx.com +38614012860 http://www.solvera-lynx.com


Slovenske Zeleznice SI B. Dremelj bojan.dremelj@slo-zeleznice.si +38641919309 http://www.slo-zeleznice.si


CRES GR G. Zoidis grzoidis@cres.gr +30697306455 http://www.cres.gr


ZSSK Cargo SL B. Krigovsky Krigovsky.Branislav@zscargo.sk +421220292128 http://www.zscargo.sk


VVCR Europe NL P. Hekkert p.hekkert@vvcr.nl +31616760626 http://www.vvcr.nl


ENEA IT E.Negenti negrenti@enea.it +393356282657 http://www.enea.it


TRENITALIA IT L. Contestabile l.contestabile@trenitalia.it +39644105765 http://www.trenitalia.com/trenitalia.html



mailto:peter.wilbers@agentschapnl.nl

http://www.agentschapnl.nl

mailto:Ralph.Luijt@NS.nl

http://www.ns.nl

mailto:gregor.hribar@solvera-lynx.com

http://www.solvera-lynx.com

mailto:bojan.dremelj@slo-zeleznice.si

http://www.slo-zeleznice.si

mailto:grzoidis@cres.gr

http://www.cres.gr

mailto:Krigovsky.Branislav@zscargo.sk

http://www.zscargo.sk

mailto:p.hekkert@vvcr.nl

http://www.vvcr.nl

mailto:negrenti@enea.it

http://www.enea.it

mailto:l.contestabile@trenitalia.it

http://www.trenitalia.com/trenitalia.html
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Σύνδεσμοι για την ταινία Eco-driving


Η ταινία αυτή αναπτύχθηκε από τους εταίρους του έργου TRAINER ως ένα επιπλέον εργαλείο για την 
βελτίωση της ενεργειακής αποδοτικότητας στους σιδηροδρόμους και μπορεί να αποτελέσει μέρος των 
εκπαιδευτικών προγραμμάτων. Η ταινία χωρίζεται σε δυο μέρη. Το ένα μέρος απευθύνεται στους λήπτες 
αποφάσεων των εταιρειών και το δεύτερο μέρος στους μηχανοδηγούς των τρένων με συμβουλές 
οικονομικής οδήγησης. Και τα δυο μέρη είναι χρήσιμα και για τους εκπαιδευτές. Η ταινία είναι διαθέσιμη 
σε 8 γλώσσες: Ολλανδικά, Αγγλικά, Γαλλικά,  Γερμανικά, Ελληνικά, Ιταλικά, Σλοβάκικα και Σλοβένικα


English
introduction
tips


Dutch
introduction
tips


Slovene
introduction
tips


Slovak
introduction
tips


Italian
introduction
tips


Greek
introduction
tips


French
introduction
tips


German
introduction
tips



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part2.html
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Colophon
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Per ulteriore informazioni, si prega di contattare Mr. Peter Wilbers, coordinatore del progetto TRAINER 
e ‘senior programme manager’ at AgentschapNL The Netherlands peter.wilbers@agentschapnl.nl, oppure 
visitare il sito TRAINER a: www.iee-trainer.eu 


Disclaimer


La sola responsibilità per il contenuto di questa pubblicazione è degli autori. Tale pubblicazione non necessariamente riflette l’opinione 


della CE. La Commissione Europea non è responsabile per qualsivoglia utillizzo venga fatto delle informazioni quì contenute. Nè il Pro-


getto TRAINER nè alcuno dei suoi partner può esere ritenuto responsabile per qualsiasi incidente, perdita o danno derivanti da errata 


applicazione dei suggerimenti forniti  o delle pratiche mostrate in  questo manuale. 



mailto:peter.wilbers@agentschapnl.nl

http://www.iee-trainer.eu/





  


2


Premessa


Training
L’obiettivo dell’addestramento (training) è imparare, migliorare, ed ottenere risultati. Negli  sport 
il ‘training’ conduce ad una maggiore potenza, maggiore velocità, miglior gioco di squadra….ed in-
fine al Trofeo dei Campioni !. Le Ferrovie potranno vincere il trofeo di un mondo Sostenibile. Ecco 
perché vi incoraggio a leggere questo manuale.


Il Training richiede costanza, disciplina, appropriati strumenti e chiari  obiettivi. Noi possiamo leg-
gere, chiacchierare e riflettere su di esso, ma la cosa più importante è iniziare a farlo. Il paragone 
con il  manuale TRAINER  per le Ferrovie è chiaro. E’ un manuale di istruzioni che  include vari 
esempi da esperienze quotidiane e molto concrete. Quindi perché attendere ?


Le Ferrovie sono già molto  energeticamente efficienti e provocano in generale emissioni 
molto ridotte di gas serra. Per tale ragione le Ferrovie sono parte della soluzione alla sfida 
del riscaldamento globale. Cionondimeno c’è sempre spazio per il miglioramento e per la 
ricerca di ulteriori risparmi energetici nella operazione del Sistema Ferrovie. Questo ma-
nuale vi aiuterà a conoscere e valutare tali margini di miglioramento.


Il Progetto TRAINER presenta una opportunità ‘vinci-vinci-vinci’. La azienda ferroviaria 
vince nella riduzione dei costi, i clienti vincono con un aumentato ‘value for money’ ed il 
pianeta terra vince grazie alle ridotte emissioni di gas serra.


Bert Meerstadt
Presidente  NS/Ferrovie Olandesi



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/
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1	Introduzione	e	Guida	al	lettore


Siamo in un periodo di sfide per il settore ferroviario. Stiamo affrontando problemi come il riscal-
damento globale ed una crisi economica mondiale. Soluzioni possono in ogni caso essere suggerite 
proprio dal settore ferroviario. Tale settore ha un alto potenziale di migliorare ulteriormente la 
propria già elevata efficienza energetica e di aiutare a rallentare il riscaldamento globale. E quindi 
dai risparmi sui costi è possibile ulteriormente aumentare la competitività del settore rispetto agli 
altri modi di trasporto, un elemento rilevante poiché i modi di trasporto in competizione stanno di-
venendo sempre più energeticamente efficienti. Vedere per una completa descrizione del progetto 
TRAINER il TRAINER leaflet.


TRAINER (TRAining programmes to INcrease Energy efficiency by Railways) è uno dei progetti 
europei che ha puntato all’aumento dell’efficienza energetica delle ferrovie  Europee. Il Progetto è 
iniziato nel Novembre 2006 e si è concluso nel Novembre 2009. 
Diverse compagnie ferroviarie Europee hanno partecipato in TRAINER (www.iee-trainer.eu)
TRAINER ha collaborato con la Unione Internazionale delle Ferrovie  UIC  ed il progetto Europeo  
Railenergy (www.railenergy.org). 


Questo manuale è uno dei deliverables del Progetto TRAINER e raccoglie le esperienze, il know-
how e le conoscenze di varie compagnie ferroviarie Europee, di addestratori e di esperti. Il manu-
ale non fornisce programmi di training pronti per l’uso. Questo non sarebbe appropriato poichè le 
caratteristiche culturali e delle compagnie variano troppo per riuscire a predisporre una sola for-
mula buona per tutti. Il manuale comunque fornisce alle compagnie ferroviarie tutti gli ingredienti 
ed i menu per riuscire a cucinare i propri preferiti piatti di ‘training’. 



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/

http://www.uic.org/spip.php?rubrique1045

http://www.railenergy.org/
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Il manuale è rivolto principalmente ai conducenti dei treni, ma anche al personale di stazione, al 
management, agli addestratori ed ai ‘dispatcher’. Questo documento discute numerose modalità 
e regole per tutti tali ‘target groups’ per migliorare la efficienza energetica, cominciando  dalla 
selezione di una flotta veicolare ad alta efficienza ed includendo un appropriato utilizzo ed una 
adeguata manutenzione di tale patrimonio. Ma il focus di questo manuale è sulla guida energeti-
camente efficiente da parte dei conducenti di treni, la cosiddetta eco-guida (capitolo 3).  Natural-
mente la pre-condizione è che sicurezza e puntualità abbiano in ogni caso la priorità. 


Migliorare il comportamento di professionisti come i conducenti dei treni può essere molto com-
plesso, sia per  i managers che per gli stessi conducenti. La professionalità e l’esperienza dei 
conducenti di treni devono essere rispettate ed opportunamente utilizzate per creare programmi 
di addestramento attraenti ed efficaci. Sia la didattica che il tono della voce sono elementi delicati 
che vanno seriamente considerati. (capitolo 6).  Coinvolgere i conducenti ed i dispatcher è il modo 
di minimizzare  una possibile opposizione al processo.


Il comportamento energeticamente efficiente dei conducenti dei treni può essere migliorato for-
nendo loro dei dedicati corsi di addestramento.  Il loro comportamento può anche essere ottimiz-
zato dando loro degli strumenti appropriati (capitoli 3 e 6). Alcuni strumenti, come il Gekko, sono 
più o meno autodidattici, mostrando al conducente se sta guidando nella maniera più economica 
o meno. Altri strumenti, come  Routelint, forniscono al conducente  rilevante informazione sulle 
sezioni di percorso da attraversare, al fine di essere in condizioni di preparare al meglio la guida. 
Combinazioni di addestramento e di strumenti di supporto hanno sempre condotto ad un ‘valore 
aggiunto’ e migliori risultati in termini prestazionali.
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Una compagnia ferroviaria può scegliere di organizzare corsi di addestramento ‘isolati’, che nel 
breve termine possono avere un impatto significativo. Per andare ‘oltre’ tali risparmi nel breve 
termine è raccomandabile rendere l’efficienza energetica parte di una strategia più vasta e di un 
contesto più ampio. Ciò è anche attraente dalla prospettiva della comunicazione.
Tali strategie più estese possono ad esempio derivare dai cosiddetti Accordi di Lungo Termine 
(Long Term Agreements (LTAs)) e da Sistemi di Gestione dell’Energia  (Energy Management Sys-
tems – v. cap. 5). Un ‘LTA’ può essere concluso tra una impresa ferroviaria, il governo ed una or-
ganizzazione indipendente che effettui il monitoraggio. All’interno di una LTA,   vengono prefissati 
degli obiettivi riguardo le prestazioni di efficienza energetica da raggiungere. Questo tipo di mec-
canismo può essere una notevole spinta per ottenere una maggiore efficienza energetica. A volte 
dei meccanismi più semplici possono bastare come la deducibilità delle tasse pagate sul consumo 
di energia quando si raggiungano predeterminati livelli prestazionali di efficienza energetica.


Il monitoraggio delle prestazioni di efficienza energetica è cruciale (v. sezione 5.4). Questo va a 
cercare la prova e l’evidenza (“il funzionamento reale del meccanismo di efficienza”), il coinvolgi-
mento dei ‘target groups’ (“il nostro lavoro serve a qualcuno”) ed i livelli di comunicazione  (“guar-
date quello che abbiamo raggiunto !”). Tale monitoraggio deve essere effettuato su vari livelli. Il 
presente documento vi mostra alcune possibilità sul come fare.


Questo manuale viene presentato come un approfondimento ed una integrazione di alcuni dei temi 
che sono trattati nella brochure  “Process, Power, People”  prodotta dalla  International Union of 
Railways (UIC) nel 2008.



http://ltauptake.eu/

http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.senternovem.nl/Energiezorg/english/index.asp
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Il manuale universale TRAINER viene fornito insieme ad un film ‘istruttivo’: 
“Eco-driving for train drivers, nine useful energy efficiency tips” 


Questo breve film avvincente ed informativo può direttamente essere utilizzato nell’ambito di sessioni 
di addestramento per conducenti di treno.  Il film consiste di 2 parti: 
1. Una generale introduzione che tratta delle sfide globali e delle opportunità per i sistemi ferroviari, e 


2. Un ampio menu di raccomandazioni ( ‘tips’) che possono aiutare i conducenti di treni a rendere il loro stile 


di guida ancor più efficiente in termini energetici.  


Il film è disponibile in varie lingue.


Venerdì 25 Settembre 2009 il progetto TRAINER ha tenuto la sua Conferenza Finale in Tours  (F). 
Tale conferenza è stata organizzata nell’ambito degli  ‘Energy Efficiency Days’ della UIC ed è stata 
realizzata in collaborazione col progetto Railenergy. Si veda anche l’ EED 2009 Programme  ed 
il relativo  Report in the (short version) UIC-e-news. Le  presentazioni sono disponibili sul sito 
http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
Le presentazioni della  Trainer Final Conference sono anche raggiungibili attraverso la sezione 6.7 


Peter Wilbers
SenterNovem, agency of the Dutch Ministry of Economic Affairs


Coordinatore Progetto TRAINER



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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2	 Le	sfide	globali	e	per	il	settore	del	trasporto	
	 ferroviario


Riscaldamento	globale
Sta crescendo il consenso internazionale sull’irreversivibilità dei cambiamenti climatici in mancanza 
di un’azione immediata. L’UE ha già formulato una risposta chiara nella direzione di una politica 
integrata su energia e cambiamenti climatici, un impegno a tagliare le emissioni di gas serra del 
20% entro il 2020, e una promessa di assumere il comando nelle negoziazioni internazionali per 
adottare obiettivi ancora pià ambiziosi. Questo potrebbe aiutare a prevenire l’innalzamento ulte-
riore della temperatura del pianeta di 2 °C, indicato dagli scienziati come il punto di non ritorno. 
Per raggiungere questo scopo, è necessario un uso più 
sostenibile delle risorse energetiche verso un maggiore 
uso di fonti rinnovabili, la cattura e lo stoccaggio della 
CO2 e la lotta più seria alla deforestazione. Tutto questo 
potrebbe comportare un cambiamento nel nostro stile di 
vita, ma non deve mettere a rischio il nostro standard di 
vita ne’ quello delle generazioni future. 


Il modo più facile di aumentare la sicurezza degli ap-
proviggionamenti e contemporaneamente aiutare il clima 
è ridurre la domanda di energia. Questo significa usare 
l’energia in modo più efficiente per ridurne gli sprechi, 
e può essere realizzato adottando tecnologie energy-sa-
ving oppure cambiando il nostro comportamento o com-
binando le due azioni insieme. Soprattutto, risparmiare 
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energia ha senso anche dal punto di vista economico: l’obiettivo UE di usare il 20% in meno di 
energia al 2020 rispetto a quello che faremmo altrimenti ridurrà la spesa di energia di 100 miliardi 
di € all’anno. 
L’obiettivo può sembrare difficile da raggiungere, ma in pratica ci sono molte possibilità di usare 
l’energia in modo più efficiente, talvolta con poco sforzo. Per esempio, l’etichetta energetica, gli 
standard minimi di efficienza e gli accordi volontari dei produttori di elettrodomestici hanno già 
ridotto i consumi energetici dei nuovi frigoriferi e surgelatori in media di almeno il 50% rispetto al 
1990. Per molte altre applicazioni, come le lavatrici e lavastoviglie, è stato raggiunto un risparmio 
energetico di almeno il 25%. Il programma internazionale Energy Star fornisce la guida per gli uf-
fici, i computer e i dispositivi informatici  migliori dal punto di vista energetico.


L’obiettivo del Workpackage  2.2 nel progetto Railenergy è quello di definire un processo standard 
per la caratterizzazione e verifica dei consumi energetici del materiale rotabile. Si veda The 
Standard Service Profiles – Specification and Verification of Energy Consumption.


Nel Marzo 2007, come parte di un tentativo a largo raggio di abbattere le emissioni, i governi euro-
pei si sono accordati per porre dei target legalmente vincolanti per ridurre entro il 2020 le emissioni 
in Europa di gas serra del 20% rispetto ai levelli del 1990. Questo target potrebbe essere portato 
al 30% al 2020 se fosse raggiunto un nuovo accordo sui cambiamenti climatici a Copenhagen nel 
2009. La Commissione Europea ha inoltre deciso che questo impegno deve essere perseguito da 
subito in vista di un target a più lungo termine del taglio delle emissioni globali del 50% al 2050. 
Il settore dei trasporti, producendo il 23% (2006) di tutte le emissioni di gas serra, è la seconda 



http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.railenergy.org/
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sorgente maggiore di CO2 antropogenica nei Paesi dell’Europa a 27, dopo il settore della produ-
zione di energia elettrica. Inoltre, le ultime proiezioni dell’Agenzia Europea per l’Ambiente (EEA) 
stimano che le emissioni del settore stanno crescendo in modo da arrivare al 2020 ad un aumento 
del 25% rispetto al 1990, in netto contrasto con il settore industriale e di produzione dell’energia, 
le cui emissioni sono in diminuzione.


CER press release: 8 May 2008


Il	settore	del	trasporto	ferroviario	Europeo	e	la	riduzione	del	30%	
delle	emissioni	di	CO2


Ieri, gli amministratori delegati delle compagnie delle infrastrutture e dei trasporti ferroviari si 
sono impegnati a tagliare le emissioni specifiche dei treni del 30% nel periodo dal 1990 al 2020. 
Questo obiettivo aiuterà a contribuire alla riduzione delle emissioni dai trasporti, necessaria per 
raggiungere gli obiettivi europei del taglio del 20% sullo stesso periodo. All’assemblea generale 
di CER e di UIR in Bruxelles,  le compagnie hanno deciso di fare questo passo che connoterà  il 
trasporto ferroviario come la modalità di trasporto più sostenibile. “A dispetto dei miglioramenti 
perseguiti dalle altre modalità di trasporto, il trasporto ferroviario è già il meno inquinante”, ha 
dichiarato il Direttore Esecutivo Johannes Ludewig. “I costi esterni prodotti dal nostro settore sono 
solo una frazione rispetto a quelli del trasporto su gomma. Ma noi vogliamo fare ancora meglio, e 
usare ogni possibilità per ridurre ancora di più le nostre emissioni di gas serra”. L’obiettivo ambi-
zioso di riduzione del 30% al 2020 sarà raggiunto attraverso un insieme di metodologie, incluse le 
innovazioni tecnologiche quali l’ottimizzazione dell’energia recuperata in frenata, il rinnovamento 
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della flotta, e procedure operazionali come la guida efficiente dal punto di vista del risparmio 
energetico (”eco-driving”). “Ci saranno importanti investimenti delle compagnie ferroviarie per 
raggiungere l’obiettivo”, ha dichiarato Mr Ludewig. “Ma quando la possibilità di internalizzare i 
costi esterni – che è prevista nella revisione della direttiva Eurovignette in preparazione – diven-
terà una realtà politica, questo investimento sarà ripagato. In ogni caso, le compagnie ferroviarie 
sono convinte che creare un sistema di trasporto sostenibile non solo è cruciale per il futuro del 
settore, ma è una questione di responsabilità verso la società”. La decisione è arrivata proprio il 
giorno dopo che John Schellnhuber,, uno dei più accreditati climatologi europei, è intervenuto in 
una conferenza CER a Bruxelles in cui ha illustrato recenti ricerche che sottolineano l’urgenza di 
affrontare i cambiamenti climatici.


L’inventario delle emissioni dei Paesi Europei, pubblicato dalla EEA il 29 maggio 2009, mostra come 
le emissioni di gas serra nell’Unione Europea sono diminuite del 1.2% tra il 2006 e il 2007 e come 
ci si aspetti che l’obiettivo di Kyoto – riduzione media dell’8% rispetto ai livelli del 1990 nel periodo 
tra il 2008 e il 2010 – sia sostanzialmente raggiunto. Questo è possibile a dispetto del fatto che le 
emissioni del settore trasporti sono cresciute, per la maggior parte nel trasporto su strada le cui 
emissioni sono aumentate del 5.3%.


Il	treno	per	Copenhagen
All fine del 2009 il nuovo accordo sul clima, successore del Protocollo di Kyoto, sarà discusso 
durante la Conferenza delle Nazioni Unite sui Cambiamenti Climatici, indicata con la sigla COP15, 
in Copenhagen, Danimarca dal 7 al 18 Dicembre 2009. Il risultato sarà un nuovo protocollo inter-
nazionale che obbligherà le Nazioni industrializzate a rispettare target di riduzione della CO2 più  
 



http://www.traintocopenhagen.org/
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stringenti. La conferenza rappresenta un’opportunità unica per raggiungere un accordo generale 
ambizioso che coinvolga tutti i Paesi del mondo e che si occupi del pericolo maggiore del nostro 
Pianeta che è il riscaldamento globale.
Su scala globale, il settore dei trasporti è responsabile del 23% (2006) delle emissioni di biossido 
di carbonio (CO2) che è la causa del riscaldamento globale. La sfida vera risiede nel fatto che men-
tre altri settori si sono adoperati per ridurre le loro emissioni, nel settore dei trasporti le emissioni 
sono aumentate consistentemente. Contenere questo aumento e ridurre le emissioni dei trasporti 
è uno dei passi vitali per combattere il riscaldamento globale.
A dispetto dei progressi tecnologici del settore dei trasporti, questo non si sta ancora evolvendo in 
un modo sostenibile. La principale ragione è dovuta all’aumento enorme della domanda di trasporto 
sia di passeggeri che di merci. Ad oggi il trasporto su strada è responsabile di più dell’80% dei 
consumi energetici dell’intero settore dei trasporti.
Le emissioni del trasporto aereo sono cresciute rapidamente e questa modalità è diventata la se-
conda ad avere maggior impatto con più del 13% del totale dei consumi energetici in Europa – e 
ad altezze maggiori per cui il danno è maggiore rispetto all’indicatore della percentuale.
Il trasporto su ferro è cruciale per la riduzione delle emissioni di gas serra e per lo sviluppo di un 
sistema di trasporto sostenibile. E’ la modalità con le prestazioni energeticamente più efficienti sia 
in termini di passeggeri/km che di tonnellate/km.
Un viaggio da Bruxelles a Copenhagen in aereo o in automobile produce più di 3.5 volte le emissi-
oni del viaggio in treno. Lo si può verificare sui siti www.ecopassenger.org e http://www.routerank.
com/en/. Lo scopo è focalizzare di più per “la nuova generazione di protocollo di Kyoto” il contri-
buto del settore del trasporto ferroviario alla riduzione delle emissioni dell’intero settore trasporti.



http://www.ecopassenger.org/

http://www.routerank.com/en/

http://www.routerank.com/en/
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3	Operazione	e	guida	energeticamente	efficienti


3.1.	Guida	energeticamente	efficiente	o	eco-guida


Perchè	eco-guida?
Applicando l’eco-guida, le compagnie ferroviarie e tutti gli operatori coinvolti possono contribuire 
positivamente ad invertire il processo dei cambiamenti climatici. Allo stesso tempo, le compagnie 
ferroviarie possono ridurre le spese operazionali e rafforzare la loro immagine di modo di trasporto 
amico dell’ambiente.
Un altro risultato piacevole per i treni passeggeri è l’aumento del confort. In altre parole, l’eco-
driving trasforma i macchinisti dei treni in professionisti, e le compagnie ferroviarie in compagnie 
responsabili dal punto di vista sociale. 


Che	cos’è	l’eco-guida?
Che cosa significa esattamente? Rispondere è più difficile di quanto ci si può aspettare.
Prima di tutto, sicurezza e puntualità rimangono prioritarie. Le compagnie ferroviarie opereranno 
sempre con queste due priorità. Treni economici ma insicuri o sempre in ritardo darebbero alla 
compagnia un’immagine negativa. TRAINER ha dimostrato che è senz’altro possibile risparmiare 
energia nel trasporto ferroviario considerando comunque prioritari gli aspetti di sicurezza e pun-
tualità. L’eco-guida riguarda una guida professionale, una pianificazione intelligente dell’utilizzo 
dell’infrastruttura, risparmiando energia sui treni di smistamento  e nelle stazioni, selezionando i 
migliori materiali rotabili e anche di più.
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Stile	di	guida
L’eco-guida richiede dei macchinisti di treni che siano attivamente coinvolti e che dimostrino un 
comportamento di guida che risparmi energia. Certamente, i macchinisti sono già consapevoli del-
l’influenza del loro stile di guida sui consumi totali di energia, ma l’esperienza mostra che affronta-
re questo tema in modo specifico porterà a risultati migliori. E’ molto importante che i macchinisti 
capiscano quando i treni consumano (troppa) energia, e soprattutto come arrivare a destinazione 
con il minore consumo di energia possibile.


Principi	di	base	che	riguardano	lo	stile	di	guida
L’Arrivo troppo anticipato a destinazione è il risultato di una guida troppo veloce e per questo ri-
chiede troppa elettricità o gasolio. Frenare troppo tardi causa scomodità. Doversi fermare senza 
necessità ad un segnale può essere evitato riducendo la trazione prima e poi guidando lentamente. 
Questo permette al macchinista di non dover accelerare il treno da uno stato di sosta, cosa che 
fa una grande differenza nel consumo di energia. Conoscere la capacità di procedere per inerzia 
(coasting) del treno, l’orario di arrivo e la destinazione può permettere al macchinista di guidare in 
modo di risparmiare energia. Uno stop non necessario può a volte portare a consumi addizionali di 
energia di circa l’8% per una certa distanza da percorrere.


Accelerazioni
L’accelerazione richiede elettricità o gasolio per generare energia cinetica. E’ importante accele-
rare non troppo velocemente, perchè questo richiede molta  energia. Non si deve guidare ad una 
velocità troppo elevata. Alte velocità aumentano la necessità di frenare e usano troppa energia. Ci 
si deve anche assicurare che la trazione sia ridotta in tempo per prevenire che il treno raggiunga 
una velocità troppo elevata.
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Guidare a lungo a velocità costante fa risparmiare energia. Inoltre, è importante controllare spesso 
la temperatura a bordo dei treni passeggeri. Un riscaldamento e una refrigerazione troppo alti 
usano troppa energia.


Procedere	per	inerzia	(coasting)
Come è stato già detto precedentemente, la maggior parte dei macchinisti dei treni è consapevole 
di influire sul consumo di energia adattando il proprio stile di guida. Sottolineando la necessità di 
un miglioramento ulteriore, le loro prestazioni possono essere perfezionate.
Nel campo del trasporto su strada, gli autisti e autotrasportatori professionisti  sono stati istruiti 
per anni su come sfruttare la capacità di procedere per inerzia del loro veicolo. Lo stesso si applica 
ai treni. In più, disattivando l’accelerazione in tempo o decelerando si crea un ventaggio in termini 
energetici perchè il treno possiede molta energia cinetica dovuta alla sua notevole massa. Sapen-
do questo, si deve insegnare ai macchinisti quando smettere di accelerare. Si può insegnare loro 
basandosi sulla loro personale esperienza, ma anche elaborando istruzioni specifiche seguendo un 
numero sufficiente di test pratici in accordo con orari e percorsi prefissati.
L’energia cinetica accumulata durante il processo di accelerazione viene convertita per attrito in 
calore quando i freni elettro-meccanici vengono usati, e per questo viene persa. Ci sono delle ec-
cezioni, come il recupero di questa energia, ma non è sempre possibile. E’ molto meglio lasciare 
che tutta l’inerzia della massa del treno lo muova con la minima resistenza, usando così quasi tutta 
l’energia accumulata nel treno. Su alcune tratte, i treni ad alta velocità riescono a muoversi per 
inerzia fino a 55 km dopo aver tolto la potenza di trazione, senza usare altra energia e mantenendo 
uno stile di guida responsabile. E’ meglio evitare di consumare energia, piuttosto che recuperarla, 
ci sarà sempre una perdita di energia in quest’ultimo caso.
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Frenate
Ovviamente, le fermate nelle stazioni e ai semafori rossi sono inevitabili. Ci si deve assicurare, 
oltre alle raccomandazioni sopraddette riguardo al movimento per inerzia, che si faccia ricorso ad 
un processi di frenatura lenta. Frenare lentamente aumenta il potere di frenata. Non è solo meglio 
per prevenire l’usura degli elementi dei freni, ma anche per aumentare il confort dei passeggeri.


Schwungfahren
In regioni collinari o montuose, molta elettricità o gasolio sono richiesti per guidare il treno in sa-
lita. Durante la discesa, c’è bisogno di poca trazione grazie alla gravità. Nonostante questo, è utile 
usare un po’ di trazione durante le discese per aumentare la velocità del treno, che può poi essere 
usata per la salita (o per una sua parte). Lasciando l’ac’elerazione appena prima di raggiungere 
la cima della salita, l’energia cinetica accumulata assicurerà al treno di poter percorre le poche 
centinaia di metri rimasti e di affrontare la discesa senza bisogno di accelerare. Applicando questo 
metodo si può risparmiare molta energia.


Altri	argomenti	sull’eco-guida
Ci si deve assicurare di avere una conoscenza precisa del percorso. Se necessario, è bene chiedere 
maggiori informazioni a colleghi con più esperienza.


Il comportamento alla guida dei macchinisti è il fattore più importante e più ovvio della eco-guida, 
ma non è l’unico. Altre questioni sono discusse altrove in questo manuale e di seguito.
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3.2	Esercizio	energeticamente	efficiente


Gestione	energetica	dei	treni	(in	sosta)	:	introduzione
All’interno di Railenergy, Bryan Donnelly (ATOC) ha condotto alcuni approfondimenti sul consumo 
energetico dei treni in sosta, intervistando 10 Imprese Ferroviarie (IF). Per alcune misure adottate 
da alcune IF si veda la sua EED 2009 presentation.


Predisposizione	del	servizio
Assicurarsi che il treno sia termicamente condizionato al meglio, sulla base della stabling location, 
della capacità dell’impianto e dell’allestimento  del treno. Per esempio assicurarsi che il riscal-
damento venga acceso al momento giusto ma anche che l’interno delle carrozze abbia accumu-
lato abbastanza calore per il comfort dei passeggeri in una giornata fredda. Evitare di spegnere 
l’impianto troppo presto per risparmiare energia.


Livelli	di	illuminazione
Assicurarsi che il treno sia illuminato al meglio per il suo utilizzo. Per esempio auto-spegnimento 
delle luci di lettura dopo 20 minuti.
Perdite di calore in funzionamento e in sosta
Tenere chiuse porte e finestre per quanto possibile, specie nei freddi mesi invernali e nei giorni 
estivi più caldi. Assicurarsi che le perdite di calore siano ridotte al minimo durante l’esercizio chiu-
dendo rapidamente le porte e che la carrozza sia adeguatamente attrezzata per preservare calore, 
per esempio predisponendo disimpegni adeguatamente sigillati.
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Riduzione	del	carico
Equipaggiare le flotte con dispositivi per lo spegnimento dei dispositivi ausiliari quando non in uso. 
Per esempio spegnere l’ERTMS quando il treno è in sosta.


Scambi
I treni sono posti in esercizio secondo precise programmazioni temporali e posti sui binari di smis-
tamento a determinati orari.
Quando si posizionano i treni sui binari di smistamento è importante evitare movimentazioni non 
necessarie se il treno dovrà effettuare un altro servizio successivamente. Ciò richiede un’attenta 
pianificazione ed armonizzazione con la programmazione di altre imprese ferroviarie (passeggeri e 
merci). Movimentazioni non necessarie comportano un elevato dispendio energetico che potrebbe 
essere evitato.
Non mettere in posizionamento di sosta i treni in condizioni atmosferiche estreme (< 5° o > 25°). 
Usare i posizionamenti di sosta solo in condizioni atmosferiche normali . Assicurarsi che tutti i fluidi 
siano sempre a livello così che il treno possa partire velocemente. I motori dei treni diesel devono 
essere accesi per tempo.


Manutenzione	giornaliera
La manutenzione giornaliera consiste in piccole riparazioni e attività di pulizia. Quando un treno è 
fuori servizio è importante effettuare tutte le piccole riparazioni per evitare l’uso di riscaldamento, 
condizionamento o illuminazione non necessari. Dopo l’effettuazione di tali operazioni gli interrut-
tori principali devono essere spenti per un elevato risparmio energetico.
Per treni diesel: non riempire il serbatoio sino all’orlo ed evitare spargimenti di combustibile.
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Ciclo	di	vita	del	treno
Si possono utilizzare accorgimenti di risparmio energetico nel ciclo di vita del veicolo, per esempio 
migliorando l’isolamento durante le revisioni.
Oltre all’ecodriving esistono due importanti sviluppi nel campo della guida efficiente che possono 
far risparmiare energia e ridurre le emissioni di CO2 e cioè:
• GEKKO1, uno speciale sistema di suggerimenti per il conducente sviluppato dalle Ferrovie Danesi DSB


• Routelint, un dispositivo di gestione dinamica del traffico sviluppato dal gestore olandese dell’in-


frastruttura ProRail, Dutch Railways e Railion.


DSB	Annual	Report	2008
GEKKO1		(cliccare	qui	per	la	demo)
I conducenti dei treni ragionano in termini di “guida verde” non solo pensando al verde dei segnali 
ma anche a come guidare il treno per consumare il minimo di elettricità o di gasolio. Questa è una 
questione importante se il treno vuole mantenere la sua leadership fra le modalità di trasporto a 
minor impatto ambientale. “L’EU ha definito dei limiti per le emissioni di CO2 delle auto nel futuro, 
perciò non è detto che i treni sicuramente continueranno ad essere superiori alle auto in termini 
di salvaguardia ambientale. Dobbiamo fare degli sforzi aggiuntivi per mantenere il vantaggio am-
bientale del treno”, dice Peter Buchwald, Consulente Capo DSB, che è stato la forza trainante 
della squadra che ha sviluppato il sistema GEKKO (Guide to Energy Efficient Driving and Timetable 
Optimisation). Gekko è stato testato da conducenti che hanno fornito risposte e nuove idee agli 
sviluppatori.


1 DSB ha recentemente modificato il nome da GEKKO a GREENSPEED



http://www.routelint.nl/
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8,000	tonn	di	CO2	evitate
L’obiettivo è di realizzare un 5% di risparmio energetico a regime. Ciò preserverà l’ambiente da 
circa 8,000 tonn CO2 all’anno e ridurrà i costi del consumo elettrico e di gasolio di DSB di una cifra 
di diversi milioni di corone all’anno. Il modo di ridurre i consumi è una guida dolce e costante. “I 
conducenti più esperti, naturalmente, già perseguono una strategia di eco-driving” spiega Peter 
Buchhwald. “allo stesso tempo, però, i conducenti fanno ciò che possono per arrivare in orario alle 
fermate. A volte, per recuperare i ritardi, sono costretti ad accelerare, solo per poi dover frenare 
ad un segnale rosso sulla linea. In casi estremi, accelerazioni e frenate posso portare ad un con-
sumo energetico extra fino al 45%”.
In tale situazione, GEKKO coadiuva i conducenti indicando loro la velocità da tenere per assicurare 
che il treno raggiunga la stazione successiva puntualmente e nel modo più efficiente possibile.


GPS	per	conducenti	di	treni
Il sistema GEKKO è basato sui dati correnti relativi a infrastrutture, orari e limitazioni temporanea 
della velocità. Quando il conducente immette il numero del suo treno, il sistema riconosce il peso, 
la lunghezza e la capacità di accelerazione del treno. Il GPS del sistema monitora la posizione del 
treno sulla linea secondo per secondo. Tali dati sono utilizzati per definire la velocità ottimale. Il 
sistema è di uso molto semplice. Un piccolo schermo nella cabina del conducente mostra una frec-
cia verde che indica la velocità raccomandata mentre una freccia rossa indica la velocità effettiva. 
Tutto ciò che il conducente deve fare è di impostare .la freccia rossa sulla verde .
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Benefici	collaterali
Ambiente, clienti e conducenti beneficiano tutti di  GEKKO. Per i treni passeggeri, una guida dolce 
ad una velocità uniforme è molto più confortevole di un moto a velocità variabile. Inoltre, test 
indicano ha effetti benefici sulla puntualità poiché GEKKO aiuta il conducente a mantenere l’orario 
previsto visto che dà priorità alla puntualità rispetto all’eco-driving. Dall’inizio alla fine della corsa, 
i conducenti sono informati della velocità da tenere per rispettare l’orario, con conseguente meno 
stress per loro. GEKKO ha già attirato l’attenzione anche fuori della Danimarca ed è stato testato 
sul TGV e su treni merci e ordinari francesi. DSB sta attualmente lavorando con la svizzera SBB e 
la francese SNCF sullo sviluppo ulteriore del sistema.


Per	maggiori	informazioni	su	GEKKO	vedi:
• GEKKO demo


• GEKKO brochure


• Presentazione GEKKO di Peter Buchwald (DSB) al Railenergy Day – EED 2009.
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ROUTELINT
In Europa le compagnie ferroviarie stanno sviluppando ed implementando pro-
grammi di guida energeticamente efficiente, come  in TRAINER. Abbiamo una 
nuova comprensione del fatto che ulteriori miglioramenti sono possibili se si 
realizza una efficace cooperazione tra i managers delle infrastrutture e gli 
operatori dei treni. La visione generale dei dispatcher e conducenti sta len-
tamente cambiando. RouteLint li vuole vedere come staff professionale, con 
elevata esperienza. Soluzioni basate su ICT li riforniscono  di informazioni che 
permettono loro di prendere decisioni da soli per quanto riguarda la puntualità 
e la guida efficiente. Questo è un cambiamento innovativo rispetto a progetti 
precedenti, che mette le soluzioni ICT al centro della questione. Un prerequi-
sito per aumentare l’efficienza energetica è sviluppare modalità per costruire 
“percorsi” di efficienza energetica che non compromettano la capacità nei ‘colli-di-bottiglia’. Un 
altro punto focale è che la cooperazione migliorata tra conducenti di treno e dispatchers è neces-
saria. L’attuale via di comunicazione usando segnali o telefoni non è abbastanza per i bisogni di 
reti pesantemente trafficate. Sistemi di informazione in tempo reale per i conducenti (come ‘Rou-
teLint’) sono fondamentali per dare ai conducenti una maggiore consapevolezza sulla ‘situazione’ 
consentendo loro di prendere migliori ed informate decisioni.
RouteLint iniziò come progetto (di nome  “The Master of the Rail”) per migliorare la cooperazione 
tra dispatchers e drivers. Dopo tante discussioni, simulazioni ed un test in campo (‘field trial’) è 
arrivato RouteLint, che fornisce informazione ‘real-time’  dal sistema dei dispatchers ai conducenti.
Risparmi energetici del 5% sono stati previsti, e sono in fase di verifica durante le attività di ri-
cerca del 2009. 
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Molti paper scientifici sono stati scritti sul tema, compreso nel  Eisenbahn Ingenieur (June 2007). 
Si tratta dei benefici grazie alla miglior cooperazione tra dispatchers e drivers.


Nel 2007 ProRail, insieme a  NS Dutch Railways, Railion ed altri operatori ferroviari Olandesi, ac-
cettarono di implementare RouteLint  sul primo corridoio. Nel  2010 questo può diventare una 
soluzione nazionale, non appena i benefici energetici vengono provati.
Dopo il 2009, ci saranno ulteriori miglioramenti di RouteLint con la integrazione di informazione 
GPS per dare info più aderenti al percorso ed info sulla velocità dei treni circostanti.


Il quadro è che ora 
RouteLint può anche 
aumentare la capa-
cità nei ‘bottlenecks’ 
dando ulteriori bene-
fici rendendo possibi-
li nuovi orari ufficiali.
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4	Inventario	delle	buone	pratiche


4.1	Inventario	
Una delle attività nel progetto TRAINER è stato realizzare un inventario dei risultati di successo nel 
campo del risparmio energetico presso le compagnie ferroviarie. Il rapporto  “The report Inventory 
of Good Practice” è stato realizzato con questo scopo. 
L’inventario è basato su diverse fonti e sulla esperienza di varie compagnie ferroviarie.
Le più importanti fonti documentali sono state:
• L’ “Event” project UIC 2003 (v.  www.railway-energy.org)


• Il rapporto “Tracks for saving Energy” (NS Reizigers) NS-2005 


• Il Programma “EnergieSparend Fahren“ di  Deutsche Bahn AG 2005.


• L’esperienza olandese con i  Long Term Agreements (LTAs) sull’aumento dell’efficienza energetica ed il 


recente Energy Management System (EMS), SenterNovem 2007 che è stato pubblicato nel luglio 2009 


come il nuovo EN-16001.


A parte una descrizione di esempi di miglior pratica di Eco Guida, l’Inventario include informazione 
su  possibilità di risparmio enrgetico ‘technology-driven’, interventi organizzativi o sistemi come l’ 
EMS e lo strumento amministrativo olandese Long Term Agreements. Il rapporto include un inven-
tario di  “Best Practice” riguardante interventi di risparmio energetico nel settore delle ferrovie. 
Elemento chiave di  TRAINER è la promozione della guida energeticamente efficiente.
 
I principali ‘target groups’ sono:
1. conducenti  (treni diesel ed elettrici) per passeggeri e trasporto merci


2. personale delle stazioni (responsibile della partenza in orario dei treni e delle operazioni di parcheggio) 


3. management


 



http://www.railway-energy.org/tfee/index.php

http://www.deutschebahn.com/site/bahn/de/unternehmen/verantwortung/umwelt/klimaschutz/energiesparendes__fahren/energiesparendes__fahren.html

http://www.senternovem.nl/LTA/index.asp

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp

http://www.senternovem.nl/LTA/index.asp

http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=279689
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4.2	Giri	Dimostrativi
Due  demo tours sono stati organizzati durante il progetto TRAINER. Tali manifestazioni hanno 
mirato alla condivisione di conoscenze ed esperienze pratiche tra i partner, trovando ispirazione 
per interventi di risparmio energetico e costruendo una personale rete di professionisti. Oltre ai 
partner di TRAINER, I due ‘demo tours’ hanno visto la presenza di altri professionisti del mondo 
delle ferrovie interessati al progetto. Entrambi i giri hanno offerto un programma  variato ed inte-
ressante, con numerose presentazioni informative e dimostrazioni pratiche. 


4.2.1	Primo	Giro	Dimostrativo	in	Olanda	e	Germania
NS (Nederlandse Spoorwegen) 
Dopo un caldo benvenuto nel Dutch Railway museum il Mercoledì sera i partecipanti sono stati ac-
colti al quartier generale di  Dutch Railways in Utrecht il Giovedì  25 Ottobre 2007. 


Programma	di	lavoro
1. Welcome, context and agenda by Mr P. Wilbers


2. LTAs and Corporate Social Responsibility by Mr A. Veenman, CEO NS Dutch Railways


3. The Dutch training approach by Mr J. Hoogakker


4. The Gekko: the Danish autodidactic approach by Mrs. R. Naeraa


5. Introduction of Routelint by Mr. M. van der Borght


6. Introduction of Matrics by Mr J. Van Luipen


7. Introduction of UZI, by Mr F. Veldhuizen



http://www.spoorwegmuseum.nl/nl/hetmuseum/collectie.htm
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Più tardi nel pomeriggio i partecipanti hanno discusso sul perché e sul come addestrare i conducenti dei treni.


Tesi	e	discussioni
A riguardo del posizionamento di TRAINER (=addestramento dei conducenti, dei gestori e del personale di 
stazione) nel triangolo Comportamento, Organizzazione e Tecnologia, il presidente Mads Bergdorff ha dato 
inizio alla discussione avanzando 8 affermazioni e tesi in modo da tentare di arrivare a delle conclusioni fin dal 
primo giorno. Risulta alquanto difficile condensare tali dichiarazioni, che pertanto sono riportate integralmente 
insieme ad alcuni commenti conclusivi. 


Dichiarazioni/tesi
1.  Senza una gestione dinamica del traffico è inutile insegnare una guida energeticamente efficiente  


2.  Il risparmio energetico riduce i costi di alimentazione elettrica delle infrastrutture 


3.  Il risparmio energetico dovrebbe essere collegato con i cambiamenti climatici e con le problematiche di qualità dell’aria


4.  La mancanza di una standardizzazione dell’efficienza energetica è un ostacolo ai miglioramenti 


5.  Il tempo è maturo per definire una LTA a livelli Europeo


6.  Le compagnie ferroviarie stanno sfruttando in modo insufficiente le loro caratteristiche “verdi” sia nei confronti dei 


clienti (potenziali) che dei governi 


7.  Il fattore umano è quello più importante (più dei fattori tecnici) per conseguire dei miglioramenti sotto il profilo del-


l’efficienza energetica 


8.  Le misure di miglioramento dell’efficienza energetica applicate ai singoli treni non potranno mai contribuire in modo 


significativo al miglioramento dell’efficienza energetica del settore ferroviario  
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Commenti	e	punti	di	vista	interessanti
• Il conducente di un treno deve esser sempre addestrato. Il punto è fino a quale dettaglio. Dovrebbero 


essere insegnati almeno i principi base: essi dovrebbero essere ben consci di ciò che stanno facendo e 


necessitano almeno di uno strumento semplice (Gekko o qualsiasi altro sistema si supporto alla guida) 


e di un feedback. Alcuni hanno puntualizzato che sarebbe anche utile addestrarli nella guida predit-


tiva, in modo che un conducente possa anticipare le manovre e perfino risparmiare più energia. Il 


conducente deve farlo. Addestrare un singolo conducente di treno va bene per il momento, ma arriverà 


un giorno in cui l’addestramento dovrà essere migliorato in modo da insegnare la guida in un sistema 


dinamico.


• In relazione alla presenza di più Compagnie di Gestione dei Treni ((TOC’s), che operano sullo stessa 


rete ferroviaria, è necessario che il gestore delle strutture assegni delle traccie confortevoli a ciascuno 


di essi. Oltre a ciò, è necessario che tutti i treni siano monitorati (e valutati), in modo che sia semplice 


sapere quanta energia elettrica viene consumata/risparmiata da ciascuna Compagnia (TOC).           


• Che cosa insegnare, quali situazioni devono essere insegnate? L’addestratore fornisce solo le linee 


guida con tecniche e strumenti; ciascuna Compagnia (TOC) può fare le proprie scelte/calibrazioni 


in questo ambito. Il Work package 2 è già un primo inizio mentre nell’ambito dei contenuti del WP4 


esistono maggiori scelte. Il WP2 (Repertorio delle buone pratiche) è già bello che pronto e il WP4 sarà 


pronto nel Febbraio del prossimo anno.  


• Valuta i rischi che stai creando quando inizi l’EED. La partenza di un treno è la parte più rischiosa e 


allo stesso tempo la parte in cui puoi risparmiare più energia. 


• Il monitoraggio e la valutazione dell’EED sono anche importanti e strategiche nei confronti del vostro 


competitore sulla strada.
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DB	(Deutsche	Bahn)
Il demo tour è continuato in Fulda (Germania) con una 
visita al ‘Simulation Centre’ di Deutsche Bahn. La visita 
è iniziata con due presentazioni. Nella sua presentazi-
one, Julia Halbach ha dimostrato che I punti principali 
per il risparmio di energia son oil coasting (ruota libera) 
evitare picchi di velocità e spegnere la potenza di tra-
zione in tempo durante il “Schwungfahren”. 
La prestazione dei conducenti viene  positivamente im-
pattata fornendo un  feedback personale sui consumi 
energetici ed introducendo elementi di competizione. 


Martin Müller ha presentato un caso studio sulla uti-
lità dei simulatori. Sin dal 2005, DB ha  distribuito 55 
simulatori  tra otto centri di addestramento situati in 
Germania. 
Ogni anno tutti i conducenti eseguono una verifica 
usando il  simulatore, e se con successo, il conducente il driver riceve una nuova licenza per un 
nuovo anno. Se il test non ha  successo, il driver viene informato ed indirizzato ad un program-
ma di miglioramento. Tali simulatori sono anche usati per la guida energeticamente efficiente, 
l’addestramento all’esercizio, lo ‘human factors’ training, il ‘conversion training’ e l’addestramento 
per la guida sotto condizioni di bassa aderenza.
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4.2.2	Secondo	giro	dimostrativo	in	Slovenia,	Austria	e	Slovacchia
Il secondo giro dimostrativo ha avuto luogo in tre paesi diversi ed era centrato sullo scambio di esperienze 
fra i vari partecipanti nel campo dei programmi di risparmio energetico, dei programmi di addestramento 
e dei relativi risultati. La principali presentazioni e i riferimenti sono elencati qui di seguito.
 
Ospite:	Ferrovie	Slovene	(SZ),	
Mercoledì 11 Marzo 2008, località Ljubljana


1. Introduction to TRAINER and the demo tour: 


Mr. Peter Wilbers, coordinatore del progetto Europeo TRAINER


2. Foreword SZ: Mr. Branko Omerzu, Deputy CEO of the Slovenian Railways


3. EE freight moving: Mr. Igor Hribar, Director, Freight traffic, 


Slovenian Railways (SZ)


4. Monitoring and evaluation: Benefits and risks of solid monitoring and evaluation 


of  railway energy efficiency projects by Mr. Gregor Hribar of Genera Lynx


5. Combined approach pays off: EED practice at the Slovenian Railways  


Mr. Bojan Dremlj of SZ


6. Best Practice on EED at the SBB (Switzerland) Mr. Markus Halder of 


SBB Theory programme EED for train drivers of SBB, 


Identify potential energy efficiency traction at the SBB


7. Energy efficient driving at the SZ by Mr. Bojan Dremelj


Mr. Igor direttore del Freight Traffic SZ (Slovenian Railways) commiata la audience di Trainer.
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Durante il viaggio in treno verso la frontiera Austriaca (Ljubljana-Maribor) il conducente Sloveno 
del treno si esercitava in uno stile di guida energeticamente efficiente, facendo in modo di guidare 
in questa tratta con la massima efficienza energetica possibile. Il treno in questione, marcato con 
un colore differente, è stato il migliore con un consumo del 12% inferiore alla media!!!
La linea rossa mostra il consumo medio.
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Ospite:	Österreichische	Bundes	Bahn	ÖBB,	
Giovedì, 12 Marzo 2008, località Vienna


1.  Sustainability and climate protection within the ÖBB, by Mr. Herbert Minarik of ÖBB


2.  “klima:aktiv mobil” - the Austrian climate initiative, by Mr. Willy Raimund of AEA


3.  Energy saving driving style for train drivers, by Mr. Michael Pfeffer of ÖBB


Ospite:	Slovak	Railways	ZSSK	Cargo,	
Friday, 13 March 2008 Location: Bratislava


1. Monitoring of Energy The metering system of ZSSK CARGO “ the view of the operator” 


by Mr. Branislav Krigovský of ZSSK CARGO


2.  Energy Metering “the view of an Infrastructure Manager”  


by Mr. Miroslav Pavlovič of ŽSR


3.  Kicking Energy Management with Management Systems or Guerilla Action within TOCs 


by Mr. Heinrich Strößenreuther, director BSL Management Consultants of the Lloyd’s Register Group,  


Compentence Centre Rail and CO2 Strategies


4.  Optimalization for freight and express trains  


by Mr. Aleš Lieskovský of AŽD Praha


5.  MIRER: Speed Regulation System of the ZSSK CARGO  


by Mr. Peter Cervenka of ZSSK CARGO 


6.  Education of the train drivers at freight operator ZSSK CARGO  


by Mrs. Gabriela Smerigová of ZSSK CARGO
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4.3	Conclusioni	
Dai due giri dimostrativi è possibile trarre le seguenti conclusioni:


1)	Programmi	di	addestramento
A riguardo dei programmi di addestramento per i conducenti dei treni sono possibili più approcci 
diversi. Essi variano dall’impiego di strumenti didattici, quali il GEKKO, a programmi individuali 
molto intensivi di addestramento sul posto di lavoro.  
Tra questi due estremi si collocano tutte le possibili varianti, quali i programmi di addestramento 
teorici e virtuali. Anche il tono di voce con cui vengono dispensati i contenuti dell’addestramento 
varia in funzione del contesto nazionale e culturale e dipende anche dal (sotto) gruppo obiettivo: 
i conducenti dei treni passeggeri necessitano di essere istruiti in modo diverso dai conducenti dei 
treni merci.
Inoltre i contenuti ed i suggerimenti per una guida energeticamente efficiente differiscono in fun-
zione delle condizioni geografiche. Ad esempio, nei terreni collinosi l’enfasi è posta nel corretto 
dosaggio della spinta (schwungfahren) e nel recupero energetico in frenata.


2)	Sistemi	di	monitoraggio	e	supporto
Anche gli approcci ai sistemi di monitoraggio e supporto differiscono tra loro.
Alcune compagnie ferroviarie dispensano intensi programmi di addestramento senza investire nei 
sistemi di misurazione. In questo caso la difficoltà consiste nel mantenere i conducenti e la direzi-
one impegnati, senza che abbiano un giusto ritorno sulle loro prestazioni. 
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Altre compagnie ferroviarie al contrario investono molto nei sistemi di misurazione senza dispensa-
re programmi di addestramento intensivi. Pensano infatti che gli stessi sistemi di misurazione e 
“feedback” abbiano un impatto sull’efficienza energetica e che ciò che può esser monitorato può 
esser anche gestito. Le questioni tuttavia sono quale possa essere il miglior bilancio e quanto ci si 
possa spingere nel perseguire la massima accuratezza.   
E’ sufficiente effettuare solo poche misure ben fondate, per poi stimare su questa base i miglio-
ramenti nell’efficienza energetica con discreto margine di incertezza, oppure massimizzare le mi-
sure, fronteggiando comunque alcune incertezze. Le opinioni differiscono su cosa abbia il maggior 
impatto e il miglior risultato in termini di costi.       
Le ferrovie tedesche (Db) stanno misurando quasi tutto. Essi conoscono esattamente quanta ener-
gia elettrica viene consumata da ciascun conducente ed in quali condizioni meteorologiche. 


3)	Programmi	quadro	di	riferimento
E’ utile inserire le misure di miglioramento dell’efficienza energetica nell’ambito di un programma 
quadro di riferimento, quale il Corporate social Responsibility (CSR), il ‘green entrepreneurship’, i 
Long Term Agreements, l’Energy Management Systems (EN-16001) o anche l’ISO 14001. Questo 
programma quadro fornisce alla direzione le motivazioni per impegnarsi nelle attività di migliora-
mento dell’efficienza energetica e permette di sfruttarne i benefici nel campo della comunicazione. 
E’ anche utile per stimolare (ulteriormente) i conducenti dei treni a fornire il proprio contributo.
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Talvolta argomenti più pragmatici, quali i benefici finanziari, possono costituire uno stimolo di 
carattere nazionale per dar l’avvio ad interventi di miglioramento dell’efficienza energetica. Oltre 
alla riduzione dei costi diretti derivante dal risparmio di energia o di carburante, i benefici finan-
ziari possono derivare dall’ottenimento di esenzioni o riduzioni fiscali connesse con questo tipo di 
interventi.  
In aggiunta, è in vista un possibile stimolo internazionale: vi sono possibilità di sviluppo di un ac-
cordo quadro (LTA) a livello Europeo. La risoluzione congiunta sulle riduzioni di emissioni di CO2 
pubblicata dal CER nel 2008 potrebbe costituire una base di partenza e di accettazione per questa 
LTA a livello Europeo. 


4)	Sviluppo	dei	contatti	di	lavoro	e	delle	collaborazioni
Risulta importante stabilire una “comunità di know-how e conoscenze” nel campo delle misure di 
miglioramento dell’efficienza energetica nel settore ferroviario. A riguardo dei programmi di ad-
destramento parecchie compagnie ferroviarie stanno reinventando la ruota. 
TRAINER, ed in particolare i giri dimostrativi, contribuiscono a rendere fruibili a tutti le conoscen-
ze, il know-how e le singole esperienze, ad esempio, instaurando una rete di conoscenze, contatti 
di lavoro e collaborazioni, nonché producendo il manuale universale. 
Di vitale importanza a questo riguardo è la collaborazione con Railenergy, la UIC, con il CER, e con 
i partners del consorzio TRAINER e dei giri dimostrativi.
Va altamente apprezzata ed risulta molto utile l’attuale apertura mentale e volontà delle compag-
nie ferroviarie di cooperare e di scambiarsi il know-how e la esperienze.  
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5)	Supporti	virtuali1


Vi è un forte interesse per uno strumento di supporto all’addestramento quale può essere un ad-
destratore virtuale. Una prima versione prototipale dimostrativa è stata sperimentata nel corso del 
secondo giro dimostrativo. Può essere usata sia autonomamente che come supporto aggiuntivo di 
un programma di addestramento più esteso.  
I benefici, i risultati della sperimentazione ed il miglior modo di utilizzo di un addestratore virtuale 
saranno valutati nell’ambito di TRAINER.
E’ tuttavia ovvio che la versione dimostrativa di addestratore virtuale sperimentata necessita an-
cora di notevoli miglioramenti prima di poter diventare pienamente operativa.


1 Dopo i giri dimostrativi è chiara la difficoltà di produrre un Addestratore Virtuale sufficientemente appe-


tibile per i conducenti dei treni, anche al di là delle difficoltà connesse con il software che erano attese. 


La decisione è stata quella di passare alla produzione di un film nel quale vengano mostrati ai conducenti 


dei treni i suggerimenti e gli accorgimenti utili nelle differenti circostanze. Vedi Capitolo 7 per i collega-


menti, dove è possibile trovare il film nella propria lingua. 
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6)	Gestori	delle	infrastrutture	versus	operatori
Per massimizzare i miglioramenti nell’efficienza energetica è importante provare a colmare l’attuale 
divario tra gli operatori ferroviari e i gestori delle infrastrutture. 
I conducenti dei treni possono essere addestrati a migliorare le proprie prestazioni sotto il profilo 
dell’efficienza energetica, ma sono comunque largamente dipendenti dai gestori della rete.
I gestori della rete ferroviaria fissano infatti i limiti entro cui possono essere massimizzati i migli-
oramenti nell’efficienza energetica. I miglioramenti nell’efficienza energetica derivanti dalle pres-
tazioni dei conducenti dei treni possono essere parzialmente o interamente riassorbiti quando essi 
debbano frenare ed attendere a causa di un segnale rosso.  
Le fermate non necessarie possono provocare un extra consumo di energia del 5-10% in una par-
ticolare tratta.
Sistemi quali “Routelint” possono contribuire ad avere una visione a distanza e ad anticipare. Ma 
è ovvio che la massimizzazione dei miglioramenti nell’efficienza energetica si può raggiungere 
solo migliorando le comunicazioni, gli scambi di vista e le conoscenze. Dei mutui programmi di ad-
destramento potrebbero fornire un considerevole contribuito in questo senso.
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5		Il	quadro	di	riferimento	per	attuare	il	risparmio				
				energetico	e	la	guida	energeticamente	efficiente


5.1		Gli	accordi	a	lungo	termine	(LTAs)
All’inizio degli anni Novanta il Ministero olandese degli Affari economici fece i primi accordi con i 
rappresentanti degli industriali per il miglioramento dell’efficienza energetica. Ciò ha portato ad 
alleanze con i settori ad alta intensità energetica (LTA1). Pochi anni più tardi si sono aggiunti i 
fornitori di servizi commerciali, il settore educativo, operatori sanitari ed un certo numero di set-
tori agricoli.


La prima generazione di accordi a lungo termine per i settori industriali si è protratta fino al 2000. 
Altri accordi, che furono stipulati in data successiva, durarono anche più a lungo. Il progetto fu un 
successo: l’efficienza energetica migliorò del 22,3% in dieci anni. L’industria e il governo decisero 
di fare ulteriori accordi.
Questo condusse a nuove alleanze (LTA2 ed il patto Covenant Benchmarking Energy Efficiency) 
che si protrarrà fino al 2012.


LTA2
Le aziende ad alta intensità energetica e con un consumo superiore a 0,5 PJ all’anno firmarono 
il patto sull’efficienza energetica, che mirava al top mondiale in termini di efficienza. Le medie e 
piccole imprese industriali continuarono i loro sforzi in LTA2. Una condizione, per la partecipazione 
a LTA2, fu che il consumo di energia nel settore fosse almeno di 1 PJ all’anno. Inoltre, le imprese 
partecipanti dovevano essere responsabili per l’80% del consumo di energia nel loro settore. La 
maggior parte dei patti LTA1 adesso sono scaduti. 
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L’obiettivo del programma LTA in corso è quello di migliorare l’efficienza energetica su base strut-
turale. Questo è il motivo per il quale il programma LTA utilizza la gestione di energia come riferi-
mento. Il programma si concentra sul miglioramento dell’efficienza energetica di: 
• Principali processi di produzione 


• Servizi, logistica e 


• Edifici


Nel contesto vi sono diversi strumenti per sostenere l’industria:


Elenchi	di	misure
Per ogni settore SenterNovem ha sviluppato uno specifico elenco di misure di efficienza energe-
tica. L’elenco è redatto in stretta collaborazione con rappresentanti del settore energetico e con-
sulenti specializzati.


Gruppi	di	utenti
I gruppi di utenti sono uno strumento di supporto in cui le diverse imprese di un settore si riunis-
cono al fine di migliorare l’efficienza energetica di un soggetto preselezionato, come ad esempio 
l’aria compressa. L’obiettivo è quello di condividere e scambiare informazioni sul tema e di lavorare 
insieme per soluzioni di efficienza energetica. Un consulente esperto in energia aiuta il gruppo.


Reti	di	conoscenza
Il programma LTA supporta il trasferimento delle conoscenze, sostenendo reti di conoscenza.
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Strumenti	software	di	supporto
Il programma LTA ha sviluppato diversi strumenti di supporto software:
• Ritorno di investimenti (ROI) - sviluppo di decisioni


• Migliorare l’efficienza dei sistemi di bassa pressione di vapore per l’industria alimentare. 


• Migliorare l’efficienza luminosa. 


• Scelte ad alta efficienza energetica nell’attrezzatura del raffreddamento/congelamento per i supermercati. 


• Scelte per gli edifici ad alta efficienza energetica. 


• Scelte per l’utilizzo del calore di scarto per l’industria della fonderia.


Vai a questo link per saperne di più su il manifesto SenterNovem e il concetto di LTA.
Vi è anche una valutazione dettagliata dello strumento LTA.


LTA nel quadro internazionale.
Il successo della LTA non è passato inosservato al di fuori dei Paesi Bassi. Il fatto che le imprese e le 
istituzioni abbiano volontariamente collaborato tra loro e con le autorità su così vasta scala, è stato 
apprezzato a livello internazionale. Nel 1997 l’iniziativa olandese del LTA fu adottata dalla UE allo scopo 
di promuovere il progetto “Intelligent Energy–Europe”.
SenterNovem pubblicò un report a nome degli Stati membri dell’Unione europea dal titolo “Trasferire il 
successo olandese di accordi volontari con l’industria ad altri paesi”.
LTA2 (2001-2012) era basato sullo stesso strumento, ma introdusse anche l’obbligo di applicare il Sis-
tema di Gestione dell’Energia (Energy Management System o EMS). Il concetto di EMS è spiegato più 
avanti. Nel frattempo, LTA3 (2008-2020), è stato già elaborato nei Paesi Bassi ed è recentemente inizi-
ato nel 2008.



http://ec.europa.eu/energy/intelligent/index_en.html
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LTA	 Uptake:	 Il	 proge	 to	 EU	 per	 diffondere	 lo	
strumento	LTA:	
Il LTA Uptake project è iniziato nel mese di ottobre 
2007.


 Gli obiettivi principali del progetto sono i seguenti: 
• sviluppare un set di strumenti per aiutare le asso-


ciazioni del settore e i governi ad elaborare accordi 


volontari a lungo termine (LTA) in materia di efficienza 


energetica per ottenere benefici comuni: 


• Risparmiare sui costi energetici 


 - Produrre meno legislazione ambientale  


 - Ridurre gli oneri amministrativi per il settore 


 - Migliorare l’immagine ambientale del settore 


 - Conseguire obiettivi ambientali nazionali


Le compagnie ferroviarie, che possono contare su 
(pro-attive) autorità che sono disposte ad agire, pos-
sono iniziare sulla base di questo toolkit.



http://www.ltauptake.eu/index.asp?id_lang=en

http://ltauptake.eu/

http://ltauptake.eu/lta_phase_flash.asp?id_phase=0
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5.2		Sistema	di	Gestione	dell’Energia	


Elaborando un piano basato sul metodo PDCA farà in modo che tutti gli aspetti del progetto siano 
affrontati al momento giusto e che tutte le parti coinvolte rimangano concentrate sui risultati.
Il progetto BESS si basa sul metodo PDCA, che in questo caso è rappresentato come un bersaglio. 
Fa anche riferimento ad un information poster. C’è, inoltre, il manuale per SMEs che è stato intro-
dotto nel mese di Novembre 2008 nel contesto del progetto Bess.


Per quanto riguarda i progetti di miglioramento, TRAINER consiglia sempre alle imprese ferroviarie 
di optare per un approccio strutturato. Questo si applica a sotto progetti come a progetti di mi-
glioramento globale nel campo del risparmio energe-
tico. Un buon metodo che istituisce strutturalmente 
un programma di miglioramento è l’attuazione del 
ciclo Plan-Do-Check-Act (PDCA), metodo sviluppato 
dal Dr. W. Edwards Deming.
Questo metodo può sostanzialmente essere seguito 
mediante l’applicazione del piano step-by-step ripor-
tato di seguito. Anche la versione più estesa del me-
todo potrebbe essere utilizzata e questa è disponi-
bile scaricandola da questo link. I passi che seguono 
devono essere completati redigendo ed attuando un 
sistema di gestione.



http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.bess-project.info/

http://deming.org/

http://www.bess-project.info/
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PLAN:	Orientamento
Creare consapevolezza tra dipendenti, amministratori e dirigenti. 
Misurazioni essenziali, se possibile, basate su ISO 14001.
Stabilire obiettivi operativi per il progetto in sé e per la protezione dell’ambiente.
Progettare un piano di approccio per il resto del progetto. 
Preparare l’organizzazione attraverso comunicazione e bilancio preventivo.


DO:	Stabilire	ed	attuare
Creare le basi per il sistema di gestione ambientale. 
Sviluppare procedure e istruzioni di lavoro. 
Attuare un sistema di gestione ambientale.


CHECK:	Valutare
Eseguire verifiche interne, ad esempio, svolgendo revisioni di gestione basate su ISO 19011.


ACT:	Migliorare
Sviluppare progetti di miglioramento sulla base delle esperienze e degli sviluppi sociali e/o tecnici.
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5.3		La	gestione	dell’energia	nella	pratica	ferroviaria	


La gestione dell’energia è qualcosa di più che cambiare stile di 
guida di qualcuno (eco-drive). Inizia con la selezione del materiale 
rotabile ad alta efficienza energetica, con il corretto sviluppo e 
manutenzione dei materiali stessi.


L’Unione internazionale delle ferrovie (UIC) ha pubblicato un opus-
colo nel 2008 dal titolo “Process, Power, People” che è rivolto alla 
gestione delle imprese ferroviarie e che contiene numerosi con-
sigli su come risparmiare energia.


Hanno anche prodotto un manifesto con un disegno delle persone 
e tematiche relative da un lato e brevi informazioni e suggerimenti 
pertinenti sul lato opposto. In questo capitolo offriremo una serie 
di raccomandazioni pratiche nel campo dell’efficienza energetica. 
Sono anche stati inseriti diversi link ad altre fonti di informazioni 
più dettagliate.


Energy Efficiency for
Railway Managers


Process,
Power,
People
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Parte del manifesto UIC “Processo, Potenza, Persone”
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La	professionalità	del	personale	dovrebbe	includere	la	consapevolezza	sulle	tematiche	
energetiche
In tutto il mondo ci sono molti milioni di persone che lavorano nel settore ferroviario. Nella sola 
Europa ci sono circa 1,7 milioni di ferrovieri, fra uomini e donne (e questa cifra non comprende 
il numero dei ferrovieri russi, che ovviamente includono anche quelli asiatici, e che verranno in 
seguito aggiunti alla cifra suddetta). Questo è un esercito potente per poter combattere sul fronte 
dell’efficienza energetica. Senza il sostegno di queste persone, a tutti i livelli, dai dirigenti ai  devi-
atori, dagli ingegneri del materiale rotabile ai tecnici del segnalamento, una campagna sull’ energia 
non porterebbe ad un successo.


Cuori	e	menti
Un programma energetico di successo ha bisogno sia dell’intelligenza che della comprensione del 
personale. Fare prediche alla gente non basterà ed anche annoiandola con dettagli scientifici non 
avrà successo. Una formazione efficace sull’energia garantirà un beneficio a lungo termine e as-
sicurerà l’efficienza energetica quindi non sarà soltanto una “meraviglia di nove giorni”. 


Il	libretto	PPP	descrive	l’approccio	su	3	livelli	e	cioè:
1. Il processo di gestione 


2. Lo sviluppo tecnologico 


3. La formazione e la motivazione del personale.


La formazione dovrebbe mostrare alle persone come possono incidere sul consumo di energia.
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Un	buon	programma	di	formazione	saprà:
• Spiegare perché l’energia è importante - finanziariamente e per l’ambiente


• Spiegare come è usata l’energia


• Spiegare come può essere controllata


• Dare supporto al personale per mettere in pratica la formazione ricevuta


• Fornire un feedback sui progressi già compiuti


Questo ultimo punto significa che la formazione di per sé non è sufficiente. Avrà soltanto valore 
se le altre parti del sistema saranno messe in pratica; la pianificazione, la scelta degli obiettivi, la 
misura, la tenuta di registri e dei processi di feedback. 


Il personale avrà bisogno della rassicurazione che la gestione energetica non è solo una nuova 
forma di controllo di gestione che tende a far rispettare la disciplina. In un programma energetico 
efficace, ci sono infatti molte caratteristiche positive per lo staff:


• L’azienda diventa più efficiente senza prendere nulla dalla busta paga o dal taglio di posti di lavoro. 


• C’è nuova opportunità, per il personale, di dimostrare le proprie competenze professionali - la reazi-


one positiva degli equipaggi, in molte reti che hanno attuato programmi di eco-guida, ne dimostra 


l’efficacia.


• L’attività si svilupperà facendo valere la posizione ambientale ed economica delle ferrovie nei confronti 


dei modi di trasporto concorrenti
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Un ultimo punto da sottolineare su questo tema della motivazione è che il lavoro di squadra è una 
parte importante di un programma energetico di successo. La comprensione del lavoro e dei punti 
di vista di altre persone deve essere una parte importante della formazione. Macchinisti  e Dirigenti 
Movimento, per esempio, hanno bisogno di avere una comprensione migliore di come possano la-
vorare insieme per mantenere il traffico fluido – favorendo il risparmi energetico e la puntualità.


Gli esperti sono concordi che la guida ad alta efficienza energetica è una delle maggiori opportu-
nità  per il risparmio energetico nel settore ferroviario. L’esatta dimensione dell’azione  di qualun-
que particolare impresa ferroviaria può variare a causa delle differenze negli schemi di traffico, 
di sistemi di segnalazione o di tipo di materiale rotabile; è invariabilmente, comunque, importante 
quanto qualsiasi iniziativa puramente tecnica.


Studi da diverse di reti in tutta Europa mostrano variazioni significative nell’ uso del carburante 
o dell’energia elettrica quando un treno identico viene fatto viaggiare sulla stessa sezione di per-
corso.
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Il seguente grafico che viene dalla Norvegia è  tipico dei risultati di tali studi


Su cinque treni nella stessa tratta - quattro di loro fanno lo stesso servizio (treno 127) in giorni diversi - il consumo cumu-


lativo di elettricità è stato tracciato su una distanza di 136,6 chilometri. Questo ha dimostrato non solo le differenze nel 


totale generale ma anche nello schema di utilizzo sulla tratta in questione. Se tutte le corse potessero essere effettuate 


con lo stesso indice di consumo di elettricità, come il “miglior” viaggio, si potrebbe avere di conseguenza un considerevole 


risparmio energetico.


Togsett 73-04   Oslo til Halden, mai 2006
 kjøretid 1h 45min (43- 49) ,  distanse 136,6 km 
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Su questo argomento ci sono alcune importanti conclusioni scaturite dai vari studi svolti in tutto il 
mondo. 
• Il 10% del  risparmio è un obiettivo realistico per benefici medi in tutti i tipi di traffico 


• Il traffico merci e la trazione diesel ad alta potenza  beneficeranno particolarmente dall’eco-guida Per questi 


è segnalato un risparmio fino al 20%


• L’eco-guida non è in contrasto con la puntualità - infatti può contribuire a mantenere i treni nei loro percorsi 


previsti 


• Su sezioni di tratte più frequentate, la gestione del traffico complessivo è tanto importante quanto la tec-


nica di guida dei macchinisti  (così da coinvolgere nel programma Dirigenti Movimento e progettisti di treni)  


• L’eco-guida aiuterà la sicurezza incoraggiando uno stile di guida più riflessivo.


Per ottenere il massimo effetto l’eco-guida deve essere integrato con altri aspetti del programma di 
gestione dell’energia. In particolare:
• Sistemi di misura 


• Comunicazione e feedback al personale 


• Progettazione efficace del treno


Sono assolutamente essenziali. Naturalmente, la formazione dell’eco-guida deve essere collegata con 
gli altri elementi della formazione del macchinista - non è cioè una questione separata. Ricordate che 
l’eco-guida è una questione di “fattore umano” e si basa sulle reali abilità di guida. A differenza di alcuni 
miglioramenti tecnici l’eco-guida non è una cosa che si risolve con “un singolo intervento”. Richiede uno 
sforzo continuo di gestione per mantenere l’interesse e la disciplina del personale.
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5.4		Monitoraggio	e	valutazione


Cosa	sono	il	monitoraggio	e	la	valutazione?
Monitoraggio e Valutazione (M & E) sono un potente strumento di gestione per 
lo sviluppo e l’attuazione del processo di efficienza energetica.
M & E coinvolgono varie attività. Queste includono, ma non si limitano, alla 
misurazione del consumo di energia, alla raccolta di dati quantitativi su, ad 
esempio, di impegno personale e relativi report. La rendicontazione non può 
essere sopravvalutata  anche se è uno dei  fattori decisivi più importanti per il 
successo di tutto il processo. Essa dovrebbe essere adattata alle necessità di 
ogni obiettivo di gruppo.
Evidentemente uno dei risultati più importanti del processo di 
efficienza energetica è il risparmio di energia. Tuttavia 
ci possiamo aspettare anche altri risultati; M & E, se 
progettati adeguatamente,  includono anche:


• Risparmi energetici 


• Impatti ambientali 


• Miglioramento di gestione e di organizzazione 


• Cambiamento comportamentale (guida, manutenzione, pulizia)
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Misurazione		del	risparmio	energetico
Non c’è un modo diretto per misurare il risparmio energetico in quanto gli strumenti non possono misurare 
l’assenza dell’uso di energia.
Tuttavia il risparmio può essere calcolato confrontando l’uso di energia prima e dopo l’attuazione di una misura 
di efficienza energetica (EEM). E’ possibile determinare il valore di EEM, e anche di tutti gli altri fattori che pos-
sono avere un considerevole impatto sul consumo energetico di una compagnia ferroviaria, semplicemente per 
sottrazione delle misurazioni dell’energia effettuate prima e dopo il consumo dell’energia stessa. Alcuni di questi 
fattori più importanti sono dedotti dal traffico (passeggeri 
e merci), dai ritardi dovuti alla gestione del traffico stesso 
e da eventi inattesi, quali cambiamenti di orari, cambi di 
materiale rotabile e, naturalmente, dal  fattore tempo. 
Al fine di valutare i risultati di EEM da solo, deve essere 
rimossa l’influenza di questi altri fattori.


Sostanzialmente, confrontando il consumo di energia 
una volta attuate le misure citate con con un riferimento 
adeguato (il consumo di energia che avviene senza tali 
misure), si determina il risparmio energetico. Per tenere 
debitamente conto dei fattori di influenza bisogna consi-
derare:


Risparmio	=	(Uso	base	di	energia	proiettata	su	condizioni	di	Post-retrofit)	-	(Uso	o	domanda	di	energia	Post-retrofit)
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Nel settore dell’edilizia e dell’industria quei metodi sono stati utilizzati per diversi anni  e  sono 
accuratamente descritti in diverse pubblicazioni. Il lettore interessato dovrebbe cercare “il moni-
toraggio di energia, la validazione, la verifica” o fare riferimento alle 14 Linee guida ASHREA. Un 
nuovo standard europeo EN 16001 - tra le altre cose - descrive anche lo sviluppo di un  piano di 
monitoraggio energetico.
Sebbene il principio sia semplice da comprendere, non è facile da attuare nel settore ferroviario. 
La sfida più grande è determinare e considerare correttamente i fattori  più importanti che influ-
enzano il consumo di energia.


Incertezza	e	Costi
La relazione fra consumo di energia e altri fattori può essere determinata attraverso programmi di 
simulazione e analisi dei dati. Ad ogni modo, comunque, produce dati incerti. Il bisogno di dati certi 
deve essere controbilanciato con la misura  e con l’analisi dei costi, ammettendo, tuttavia, che non 
si può raggiungere l’assoluta certezza. Ciascuna di queste fonti di errore può essere minimizzata in 
vari modi con l’utilizzo di un’apparecchiatura più sofisticata per la misurazione, di metodi di analisi, 
di dimensioni del campione e di ipotesi. 


L’obiettivo principale del processo di efficienza energetica dovrebbe essere sempre tenuto a men-
te, non si tratta cioè di un progetto focalizzato sul misurare l’energia; la misurazione dell’energia 
non è altro che uno degli strumenti, sia pur tra più importanti e più utili. Inoltre, è anche vero 
che, generalmente, una maggiore accuratezza nelle misurazioni segue la legge dei  rendimenti 
decrescenti, nei quali un ulteriore incremento della certezza porta ad un costo progressivamente 
maggiore. Può essere utile, quindi, applicare la famosa regola 80/20.
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Il costo di valutazione del risparmio deve essere tenuto nella giusta prospettiva, in relazione ai 
risparmi che vogliamo ricavare. Siccome la trazione consuma più energia del convoglio che HVAC, 
devono essere sollecitati maggiori sforzi per misurare lo stile di guida e di consumo piuttosto che 
la misura accurata della temperatura. D’altra parte, di solito, la temperatura è molto più facile da 
misurare rispetto allo stile di guida. Ogni misurazione dovrebbe essere considerata in relazione al 
costo ed al valore aggiunto. 
Nella maggior parte dei casi il risparmio energetico può essere previsto, con una combinazione di 
diverse misure, fino al dieci per cento. Di solito l’impatto di ciascuna misura non supera che poche 
unità percentuali. Per questo è importante che la precisione del sistema di misurazione dei conta-
tori possa rilevare, in modo adeguato e affidabile, quei cambiamenti.


Strumenti
Il processo di efficienza energetica può fornire i risultati previsti,  se è correttamente progettato, 
con obiettivi SMART. Per il processo di efficienza energetica ferroviaria, questo significa una bu-
ona conoscenza dei consumi energetici e delle operazioni. L’efficienza ci dice quanti pass*km o 
tonn*km  sono stati fatti con un’unità di energia. Il risultato può essere migliorato sia  aumentando 
il traffico con la stessa quantità di energia sia utilizzando meno energia per lo stesso traffico. Tut-
tavia, per una gestione di qualità del processo, i dati riguardanti il consumo e le operazioni dovreb-
bero essere disponibili in una forma idonea.


Misurare	l’energia	col	contatore
Per capire il consumo, dovremmo misurarlo. Oggi i gestori delle infrastrutture lo stanno misurando 
dal lato dell’alimentazione: soltanto pochi operatori usano contatori a bordo treno.
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La misurazione del consumo di energia dal contatore a bordo è importante per diverse ragioni: 
• Per comprendere il consumo di un singolo treno 


• Per capire l’impatto delle tecniche di guida sul consumo di energia 


• Per fornire un feedback ai macchinisti e alla dirigenza in tempo reale e/o durante la marcia del convoglio.


Non è necessaria la misurazione di ogni singolo veicolo per ottenere tali benefici: è, però, neces-
sario misurare un campione statisticamente significativo e rappresentativo di treni. In generale il 
20% dei treni è una buona stima; più grande è il parco treni, più bassa è la percentuale richiesta. 
Questa percentuale garantisce risultati utili ed un ottimo ritorno sugli investimenti.


Misurare il consumo di energia a bordo implica l’uso di sensori di corrente e contatori. Se non si 
desidera raccogliere i dati manualmente, è necessario un dispositivo di comunicazione. Questo 
invia automaticamente i dati dal contatore al server. Ultimo, ma non meno importante, è avere 
un server che raccoglie tutti i dati: siccome ci saranno moltissimi dati ogni giorno, il software del 
server dovrebbe essere in grado di analizzarli in modo da poter acquisire  informazioni importanti 
e KPI senza rilevare i dati stessi  da milioni di righe. Come sopra affermato, il software dovrebbe 
essere in grado di fornire buoni resoconti per i target groups.
Oltre alla precisione del sistema di misurazione, è importante la frequenza di raccolta dei dati.  Per 
i treni locali e regionali la frequenza della misurazione dovrebbe essere inferiore ad una misurazi-
one/minuto. Per avere una comprensione migliore, è durante il periodo di accelerazione/decelera-
zione  che la frequenza dovrebbe essere perfino più alta. Alcuni contatori di energia utilizzati per 
la fatturazione della trazione sono in grado, adesso, di registrare il consumo ogni 30 secondi. 
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Le Ferrovie Slovene sono riuscite a diminuire il consumo specifico del 10% in un anno.  


Contatori	elettrici
La nuova norma  EN 50463  indica i contatori elettrici per il processo di fatturazione dell’energia. 
Tuttavia, è ragionevole pensare di usare contatori che si adattano alla norma  anche per i progetti 
di efficienza energetica, anche se non in tutti i paesi sono in atto effettive fatturazioni legate al 
consumo reale. 
Una buona stima del costo per veicolo in Europa (attrezzatura, installazione ed altri costi) è di  
€ 10.000. Il prezzo esatto dipende dal tipo di veicolo, dal voltaggio  e da altri parametri. 
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Contatori	diesel
Corretti sistemi di informazione in commercio offrono gli esatti volumi del consumo di carburante 
su un parco diesel; di solito ci permettono di vedere il consumo totale per veicolo al mese. La do-
manda che persiste è però quando e come questo carburante è stato consumato.
Un contatore di flusso diesel in combinazione con il GPS può offrire una risposta. Se potessimo 
controllare il consumo totale, dovremmo conoscere soltanto la quota del consumo totale speso in 
un certo intervallo di tempo che non è necessariamente l’esatto volume. Questo fatto può ridurre 
i costi per le attrezzature. Ci sono diversi tipi di contatori di flusso sul mercato. Ognuno ha sia 
vantaggi che svantaggi: generalmente è più difficile garantire l’esattezza sotto l’1% con contatori 
diesel che con contatori elettrici. I problemi maggiori sono le dinamiche della velocità del flusso 
(dalla portata minima a quella massima in meno di un secondo) e bolle di gas sciolte nel carbu-
rante. Oltre alla precisione anche la ripetibilità è importante: questo significa che le misurazioni 
debbano essere sempre le stesse in condizioni simili (sebbene potrebbero non essere accurate). E’ 
sufficiente, quindi, frazionare accuratamente il consumo totale in intervalli di tempo.


Una	rete	di	informazioni	a	bordo
Il consumo che viene mostrato sul display del macchinista nei veicoli più recenti è sempre calco-
lato sulla base delle caratteristiche del motore (p.e. la pressione e la durata di iniezione). La sua 
precisione può essere inferiore al 10%, cosicché può essere solo un’indicazione per il conducente 
e non un KPI di alcun tipo.
Tuttavia, gli altri dati disponibili sulla rete informativa del veicolo possono essere una fonte buona 
e precisa di informazioni da utilizzare per l’analisi dello stile di guida (traffico, velocità, consumo 
calcolato…).
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Il prezzo per un sistema di un contatori di flusso diesel dipende dal tipo di contatori e dall’installazione. 
Può essere molto meno di € 10.000 ma può facilmente superare diverse decine di migliaia di euro.
 


+ -
Contatori ad ultrasuoni semplice, facile installazione alta ripetibilità bassa precisione


Contatori a turbina design semplice installazione difficile, bassa precisione,  
necessita dell’aggiunta di un filtro


Contatori di massa High accuracy installazione difficile, prezzo alto


Localizzazione	e	informazioni	sul	traffico
Il consumo reale di energia e i dati di esercizio costruiscono il grafico dell’efficienza. Al fine di ot-
tenere una completa informazione sul grafico dell’orario, sono necessari sia quello pianificato che 
quello effettivo e sostanzialmente per il monitoraggio e la valutazione della strategia di guida sono 
necessarie posizione e velocità. L’orario dei treni in vigore dovrebbe essere sempre conosciuto per-
ché ha un impatto sullo stile di guida e sulla valutazione che i macchinisti fanno del traffico. In ag-
giunta, la gestione del traffico ha un impatto significativo sui consumi con le sue decisioni su fermate 
impreviste e priorità dei treni. Tutti questi parametri devono essere valutati per ogni treno. Un buon 
sistema di gestione del traffico (TMS), potrà fornire informazioni non soltanto su orari previsti ed 
effettivi, ma anche sulla posizione del veicolo in un determinato settore. Se i veicoli sono già dotati 
di GPS, tutti gli sforzi dovrebbero essere fatti per utilizzare le attrezzature esistenti a bordo e non 
per installare GPS supplementari solo per la misurazione di energia. Ciò incrementerà l’attendibilità 
e ridurrà i costi di manutenzione. Un dispositivo GPS è  in grado di fornire molte informazioni. 
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Esempio	di	influenza	sulla	gestione	del	traffico	e	sulla	strategia	di	guida
La discussione sulla relazione tra gestione del traffico e strategia di guida è sempre un tema caldo. 
Solvera Lynx ha analizzato le relazioni tra consumo, strategia di guida e gestione del traffico in 
collaborazione con la Facoltà di Ingegneria Meccanica all’Università di Lubiana. E’ stato riscontrato 
che la marcia fuori trazione da un contributo fra il 5 ed il 35% beneficio totale, ma è una decisi-
one esclusivamente dei macchinisti dove e quanto marciare fuori trazione (sempre che il treno stia 
rispettando la tabella di marcia).
Si è riscontrato, inoltre, che  la variazione di velocità incide dal 30% al 40% sulla quota di dif-
ferenza totale. La necessità dei cambi di velocità è definita dai limiti di velocità e/o  dai segnali 
che sono fissati dalla gestione del traffico. Questo è spiegato più dettagliatamente nel documento 
ancora inedito disponibile presso l’autore (gregor.hribar@solvera-lynx.com).



mailto:gregor.hribar@solvera-lynx.com
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6	Lo	sviluppo	dei	moduli	di	formazione	
Approcci dalla teoria alla pratica


6.1		Introduzione	alla	didattica
“L’apprendimento è un processo durante il quale avvengono cambiamenti comportamentali più o 
meno permanenti per via dell’influenza delle esperienze”. 
Come organizzazione, dobbiamo assicurarci che gli istruttori o i tutor, che sono responsabili della 
formazione dei vostri macchinisti, non lascino che questo processo di apprendimento dipenda da 
fatti occasionali. I vostri istruttori devono essere continuamente impegnati a creare situazioni di 
insegnamento-apprendimento per regolare meglio il processo di apprendimento dei macchinisti e 
degli altri dipendenti. Nell’allegato “capacità didattiche”, abbiamo incluso consigli e punti di rife-
rimento su come i vostri istruttori possano utilizzare le loro attività (didattiche) nel modo più ef-
ficace possibile, durante il processo di apprendimento.


In aggiunta all’effettuazione dei metodi di insegnamento riportati in “capacità didattiche”, è sem-
pre opportuno orientare la percezione dell’obiettivo del gruppo in relazione ad obiettivi specifici. 
Questo può significare che i macchinisti dei treni merci richiedano un approccio diverso da quelli 
dei treni passeggeri.
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6.2		Strumenti	per	modificare	i	comportamenti
Nel gennaio 2009, VROM - il ministero olandese dell’edilizia, della pianificazione territoriale e del-
l’ambiente - ha pubblicato un rapporto intitolato “The art of changing behaviour of target groups”. 
Tale rapporto affronta il tema  di come influenzare il comportamento dei gruppi target. In molti 
campi politici -  compreso quello della gestione del clima e dei suoi ambiziosi obiettivi - sia le per-
sone che le organizzazioni sono tenute a modificare il loro comportamento.
• Il capitolo 3 discute del comportamento in relazione al risparmio di energia. 


• Il capitolo 4 fornisce una panoramica più dettagliata dei vari strumenti e di come operano. 


• Il capitolo 5 introduce l’Instrument planner. Questi offre consigli su gli strumenti che influenzano il 


comportamento nel modo più efficace possibile. Il modo in cui questo Progettista  opera è dimostrato 


sulla base di un esempio.


Anche dopo che le decisioni sugli aspetti principali sono state prese, ulteriori decisoni possono 
essere prese sull’intensità della formazione da erogare e sul metodo utilizzato per l’approccio con 
i macchinisti. Non dovete sottovalutare, però, le capacità di guida già in possesso dei macchinisti. 
Non li state formando per guidare un treno, ma per introdurre un cambiamento comportamentale.
Il vostro scopo è quello di far si che il macchinista veda l’importanza del risparmio energetico e 
della riduzione delle emissioni. Tutto questo richiede un cambiamento di atteggiamento ed avrà 
successo solo se vi rivolgerete correttamente nei loro confronti, trattandoli per quello che sono: 
professionisti.



http://89.18.179.82/~pinkster/technicad.nl/instrumentplanner/
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6.3		Backbone,	il	legame	tra	teoria	e	pratica	
Nell’ambito di TRAINER, la struttura di formazione di NS ha messo a punto un 
backbone per strutturare la formazione in materia di guida energicamente ef-
ficiente nel settore ferroviario. 
Il documento si concentra sulla consapevolezza della situazione e dell’appren-
dimento, anche a livello psicologico, basato sul modello di Endsley. Questa 
teoria prende in considerazione fattori di influenza sia interni che esterni.
Essa indica anche l’importanza di un ambiente adeguato, della cultura e del 
livello dell’apprendimento stesso. Il documento comprende una panoramica 
degli obiettivi, degli strumenti e dell’attività dell’apprendimento per i macchi-
nisti, il personale di stazione ed il management.


6.4		Approcci	nazionali
I programmi (sviluppati) di formazione a livello nazionale variano enormemen-
te per quanto riguarda implementazione, sviluppo ed attuazione: non sono 
stati riportati in questo manuale dato che sono scritti nelle rispettive lingue 
nazionali. Per averne copia ci si può rivolgere direttamente ai membri del pro-
getto TRAINER. 
Vedere capitolo 7.
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6.5		Scambio	di	esperienze	maturate	a	livello	nazionale
Uno degli obiettivi concordati è stato che le parti coinvolte avrebbero condiviso la loro conoscenza 
ed esperienza sulla guida energicamente efficiente con gli altri attori nazionali. Questo per diffon-
dere e testare l’utilità di TRAINER. 
Siccome esiste una differenza talmente grande tra i singoli programmi di formazione, è impossibile 
fare un’analisi esaustiva. È più facile elencare semplicemente experiences and recommendations 
per ciascun paese. Troverete relazioni su incontri e corsi nazionali, nonché una panoramica del 
massimo comune denominatore individuato tra le varie esperienze.


Sintesi	della	realizzazione	delle	esperienze²	
 
RISPOSTE	POSITIVE	EMERSE	DURANTE	LA	FORMAZIONE
L’interesse per i problemi ambientali non dovrebbe essere sottovalutato, limitando la formazione a
• Istruttori/macchinisti solamente ad aspetti tecnici di guida. E’ produttivo e stimolante incentivare anche 


l’aspetto “culturale” della guida energicamente efficiente, parlando anche di dati e cifre sulla possibile 


riduzione di CO2 e degli inquinanti connessi allo stile di guida.


• E ‘molto utile, per la comunicazione nei confronti dei macchinisti, dare alcuni esempi chiari e concreti 


di quale possa essere il loro contributo per il risparmio energetico. Dire ad uno di loro che con una sola 


buona frenata può economizzare 40kWh, è meno convincente che dirgli che, con quella stessa energia 


è possibile accendere, 24 ore su 24, una lampada da 40W per circa un mese e mezzo. 


² Sintesi della presentazione di Luigi Contestabile di Trenitalia per la Conferenza Finale di Trainer
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• Durante la sessione di istruzione si consiglia di non sovraccaricare il maccnista con troppo materiale 


didattico, correndo il rischio di creare una comunicazione a senso unico. Risultati migliori si ottengono 


con un approccio all’insegnamento più aperto, basato sulla scoperta dell’esperienza e delle competenze 


personali dei macchinisti.


• Concentrate i vostri sforzi su quei macchinisti che possono risparmiare più energia:


 - conducenti che normalmente lavorano su treni che richiedono il massimo di energia  


(merci pesanti, treni pendolari a doppio piano attorno a grandi città, ecc.)


 - conducenti che lavorano in regioni con montagne, dove il consumo è elevato guidando in salita ed 


escludere la trazione è possibile quando si guida in discesa


• Un messaggio chiaro da parte dei dirigenti superiori, in merito al loro impegno per l’efficienza energeti-


ca nella guida, può portare a risultati immediati. E’ particolarmente importante tenerli sempre informati 


sui risultati dei programmi di formazione al fine di non perdere il loro sostegno nel corso del tempo.


• Anche la cooperazione, tra sezioni diverse della stessa società, può avere un effetto positivo. Lo sche-


ma di formazione, la sua revisione periodica, la valutazione dei risultati ecc., dovrebbero essere parte 


al Sistema di Gestione della Qualità  (ISO 9001) della società.
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PROBLEMI	EMERSI	DURANTE	LA	FORMAZIONE	
• In generale è emerso un certo scetticismo sulla possibilità di mettere in pratica le tecniche di effi-


cienza energetica nella guida, come se ci fosse un ampio divario tra “teoria” e “pratica”. Questo divario 


deve essere ridotto, proponendo ai macchinisti di analizzare e discutere condizioni reali di circolazione.


• Un’altra cosa, che è stata percepita come un conflitto con la guida efficiente, è stata la sua possibile 


interferenza con la priorità principale che le imprese ferroviarie hanno: la puntualità. In questo caso è 


importante chiarire durante la formazione dei macchinisti che le tecniche di guida efficiente devono es-


sere messe in pratica solo quando il treno sta  viaggiando in orario o è in anticipo.


• L’atteggiamento del gestore dell’infrastruttura può essere percepito dai macchinisti come un ostacolo. 


I funzionari non  sono abituati a pensare in termini di efficienza energetica e potrebbero non prestare 


attenzione alla necessità di  ottimizzare la velocità media sulle linee e, in particolare, sui nodi congesti-


onati attorno alle grandi città. Pertanto è importante coinvolgere, fin dall’inizio, anche il gestore dell’in-


frastruttura nella strategia per l’efficienza energetica di guida.


• La preparazione di sessioni di formazione è un costo per la società e richiede uno sforzo organizzativo. 


Per risparmiare tempo e denaro, una soluzione può essere quella di organizzare la formazione per la 


guida energicamente efficiente, all’interno della tipica formazione periodica durante la quale i macchi-


nisti apprendono le innovazioni normative e tecniche nel corso dell’anno.
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6.6		Strumenti	a	supporto	della	guida	energeticamente	efficiente


Questo paragrafo presenta alcuni strumenti e soluzioni che possono favorire una guida 
energicamente efficiente. Si prega di tenere presente che questi sono solo alcuni esempi: 
ci sono altri strumenti disponibili che possono avere impatto e prestazioni equivalenti.


6.6.1		Il	film	di	TRAINER:	Eco	-	guida	per	i	macchinisti
Questo film è stato girato in diversi paesi europei e mostra alcuni modi pratici per EED applicati in questi ambiti. 
E ‘pubblicato su DVD e su Internet in 3 “parti”: 
• Una introduzione generale sull’ Eco-guida. 


• Nove consigli utili per uno stile di guida del treno energicamente efficiente. 


• La versione completa.


Il film è inserito in questo manuale e in seguito lo sarà anche nella versione 
DVD dello stesso. Il film è anche accessibile tramite link nel capitolo 7.


Consigli	mostrati	nel	film	come	best	practice.
1. Accelerare e frenare economicamente 


2. Se possibile evitare picchi di velocità 


3. Usare i freni elettrici che rigenerano l’energia 


4. Far viaggiare treni merci in fasce orarie fra treni passeggeri 


5. Mantenere un buon equilibrio nella trazione, quando i binari sono sdrucciolevoli


6. Non accelerare troppo rapidamente con locomotive diesel 


7. Spegnere la trazione della seconda e terza locomotiva quando il treno è in velocità 


8. Conoscere il vostro equipaggiamento e il vostro percorso in modo da evitare frenate o accelerazioni inutili 


9. “Schwungfahren”: fare a meno della trazione poco prima di raggiungere la cima di una salita



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html
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6.6.2  Il metodo UZI
Le Ferrovie Olandesi hanno sviluppato il cosiddetto meto-
do UZI (un’idea universale di guida economica). Una pic-
cola e semplice scheda indica ai macchinisti fino a quale 
velocità, su di un percorso specifico, possono spingersi. 
Dopo aver raggiunto la tale velocità, la trazione può es-
sere disattivata.


Il ruolo del capotreno è molto importante. Egli è quello 
che permette al macchinista di eseguire l’eco-guida.
Siccome la strategia di guida UZI fa uso di una percentua-
le fra 5 e 7% di periodi morti applicati nell’orario olandese 
fra due fermate, altri due fattori sono importanti in sede 
di applicazione del metodo UZI nella pratica.


1. L’orario deve essere progettato in modo tale che i periodi 


morti siano distribuiti tra tutte le fermate, invece di con-


centrarsi nelle fermate principali. 


2. Il capotreno deve assicurarsi che non si perda tempo du-


rante le soste. Pertanto egli deve tenersi pronto affinché il 


treno possa lasciare ogni stazione “nel secondo” previsto 


in modo tale da rendere disponibile al macchinista il tempo 


necessario per applicare la strategia di guida UZI.
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6.6.3		Route	lint
Lo strumento Route lint (vedere anche l’Introduzione del capitolo a pag. 6) invia le informa-
zioni al PDA del macchinista circa qualsiasi treno presente nel tratto antistante o “ostacoli” 
come i segnali: il macchinista può adattare, di conseguenza, il suo stile di guida escludendo 
la trazione, ad esempio, per evitare inutili frenate e guidando, così, nel modo più economico 
possibile.
In questo modo è facile raggiungere un risparmio energetico del 5%.


6.6.4		Gekko
In Danimarca, la DSB (compagnia ferroviaria danese) ha introdotto il Gekko. (presentazione 
vecchia, presentazione nuova) Vedere anche il capitolo 3


Questo sistema è stato inserito in cabina di guida e usa i seguenti parametri:
• confronta la posizione GPS in corso con l’orario


• calcola ed ottimizza l’efficienza energetica e la strategia di guida evidenziando la velocit  


consigliata


• pointing out the recommended speed


• calcola e indica il consumo effettivo di energia


• prepara un file del libro di bordo per risolvere i problemi e consentire un feedback.


Gekko può facilmente risparmiare dal 10 al 12% di energia senza chiedere al macchinista
a fare niente di più che seguire una freccia verde.
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6.6.5		La	guida		EBI	di	Bombardier
Anche i costruttori di materiale rotabile stanno sviluppando strumenti di risparmio energetico. 
Un esempio è il Bombardier EBI Drive 50 system che assiste i macchinisti nell’ottimizzare il loro 
stile di guida, per ridurre il consumo di energia. EBI Drive 50 si basa su calcoli dedotti dalla to-
pografia della linea, dagli orari e dalle caratteristiche del treno in combinazione con la posizione 
effettiva ed in tempo reale del convoglio. EBI Drive 50 aiuta a risparmiare fino al 15% dell’ener-
gia di trazione. Inoltre, visto dell’aumento dei 
prezzi dell’energia, è ipotizzabile un ritorno 
anche maggiore sugli investimenti fatti.


6.6.6		Strumenti	di	gestione
Bombardier ha anche stabilito un programma 
di efficienza energetica, per gli organismi di 
gestione delle imprese ferroviarie, denominato 
Energy Management Control System (Sistema 
di Controllo per la Gestione dell’Energia). Il 
concetto di end-to-end di Bombardier fornisce 
un approccio basato sulla registrazione dei dati e sul trasferimento dei file. Sulla base di analisi 
e relazioni di dati, il sistema genera informazioni di gestione. Dettagli chiave della prestazione, 
come il consumo di carburante, sono raccolti da convogli selezionati e confrontati con la “Gol-
den Ride”, ovvero con il viaggio più efficiente possibile in treno tra due determinate stazioni. 
Vedere, per informazioni, la presentazione di ECO4, Bombardier EED 2009.


EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption
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6.6.7		GemaLogic	di	Solvera	Lynx


GemaLogic
Solvera Lynx ha sviluppato il sistema software GemaLogic per la gestione dell’energia e per l’analisi 
dei dati misurati a bordo treno.
Il modulo di base mostra una panoramica, in un intervallo di tempo, dell’energia consumata, con la 
velocità e la posizione, espressa in latitudine e longitudine, per ciascun veicolo. Il modulo di analisi 
fornisce informazioni più dettagliate per la comprensione del consumo e, insieme a quello di base, 
mostra il consumo energetico, la marcia a trazione esclusa, le partenze, le fermate, gli arrivi ed i 
ritardi per treno, per macchinista e per settori di percorso.
Il feedback dei macchinisti consiste in una relazione speciale per i conducenti che mostra il con-
sumo energetico di una tratta specifica rispetto al tragitto medio per treno e per macchinista. Uno 
strumento per fornire al personale, un feedback diretto sui loro sforzi e risultati che determina 
un valore aggiunto dato da nuove competenze apprese attraverso la formazione. GemaRate è un 
sistema per valutare e classificare treni, macchinisti ed altri aspetti delle operazioni. GemaLogic 
executive è una relazione speciale per il management che fornisce un rapido esame delle opera-
zioni in corso.


GemaLogic ha dimostrato il suo valore aggiunto con le Ferrovie Slovene dove oltre 90 locomotive 
sono collegate al sistema e con il quale sono stati ottenuti significativi risparmi energetici. Come 
parte del progetto TRAINER, GemaLogic è utilizzato anche dalle Ferrovie Olandesi.
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6.6.8	 Suggerimenti	dal	libretto	di	Railion/DB	Schenker
	 sulla	guida	energicamente	efficiente
 
Questi suggerimenti sono basati su esperienze pratiche e personali e sulle risposte dei partecipanti 
alle varie sessioni di formazione. 


Suggerimento	1:	risparmio	>	20%	
Spegnere un secondo e/o un terzo locomotore prima del viaggio se il peso del treno lo consente. 
Farlo sempre con più locomotive libere.


Suggerimento	2:	risparmio	>	13%	
Accelerare lentamente ogni qual volta sia possibile. Sicuramente l’orario consente un piccolo mar-
gine di tempo. Non lasciare che il treno raggiunga la velocità di servizio a piena capacità: se state 
viaggiando in orario, basterà il 70% della capacità.


Suggerimento	3:	risparmio	>	10%
Se avete bisogno di raggiungere la velocità di servizio il più rapidamente possibile, fare uso di 
ponti, colline e pendii del territorio. Non appena raggiungete la velocità voluta, tenere il treno alla 
medesima velocità usando la capacità minima (circa 30%).


Suggerimento	4:	risparmio	>	50%	
Disponete di connessioni multiple per un treno in una postazione o in un luogo dove si stanno svol-
gendo dei lavori sui binari. Durante lunghe operazioni di manovra, scollegare il secondo locomotore 
(e possibilmente anche il terzo).
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6.7		Conferenza	finale	di	TRAINER


Venerdì 25 settembre 2009 il progetto TRAINER ha tenuto la sua conferenza finale a Tours (F). La con-
ferenza si è svolta nell’ambito delle Giornate per l’Efficienza Energetica ed è stata organizzata in collabo-
razione con il progetto Railenergy e con l’UIC, che ha organizzato la 4° Conferenza sull’Energia. Vedere 
anche il Programma EED 2009 e la relazione (versione breve) nel notiziario UIC. Le presentazioni sono 
disponibili all’indirizzo http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009


Per	le	presentazioni	di	TRAINER	vedere
Presentazioni nella sessione plenaria:
1. Mr. Peter Wilbers (SenterNovem):  Progetto TRAINER


2. Branislav Krigovsky (ZSSK Cargo): Best practice del Programma di Formazione ZSSK Cargo


3. Mr. Bojan Dremelj (SZ): EED presso le Ferrovie Slovene


Presentazioni	durante	il	workshop:
Sessione 1. Programmi di Formazione all’Eco-Guida.
1. Mr. Paul Offerman (VVCR): Approccio Didattico


2. Mr. Jan Hoogakker (NS R): Attuazione di TRAINER nei Paesi Bassi


3. Mr. Luigi Contestabile (Trenitalia): Esperienze di Attuazione



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Le	conclusioni	della	giornata


Questo sarà pubblicato su internet quando sarà disponibile.
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7	Ulteriori	Informazioni	


Organizzazione URL
UIC http://www.uic.org/
CER http://www.cer.be/ 
EIM http://www.eimrail.org
TRAINER http://www.iee-trainer.eu/
TRAINER Conferenza Finale EED 
2009 (Settembre 2009)


http://www.energy-efficiency-days.org/menu/article/
presentations-of-the-eed-2009


Pagine di collegamento TRAINER Trainer links


Comitato Europeo http://ec.europa.eu/index_en.htm
Energia Intelligente in Europa http://ec.europa.eu/energy/intelligent



http://www.uic.org/

http://www.cer.be/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/index.php?option=com_content&task=view&id=40&Itemid=89

http://ec.europa.eu/index_en.htm

http://ec.europa.eu/energy/intelligent

http://www.eimrail.org/

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Alcuni	link	interessanti
1. http://www.2train.eu/ 
2. http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm
3. http://www.uic.org/spip.php?rubrique1045
4. http://www.railway-energy.org/tfee/index.php 
5. http://www.railway-mobility.org/ 


6. http://www.railenergy.org/ 
7. http://www.errac.org/reftexts.htm 
8. http://www.errac.org/links.htm 
9. http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direc


t=&Itemid=71&limit=5&limitstart=20 
10. http://ec.europa.eu/energy/intelligent/library/index_en.htm 


11. http://www.eimrail.org/bro.html
12. http://www.railway-technology.com/projects/
13. http://www.innotrack.org/
14. http://www.senternovem.nl/LTA/index.asp
15. http://www.iee-trainer.eu/



http://www.2train.eu/

http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm

http://www.uic.org/spip.php?rubrique1045

http://www.railway-energy.org/tfee/index.php

http://www.railway-mobility.org/

http://www.railenergy.org/

http://www.errac.org/reftexts.htm

http://www.errac.org/links.htm

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://ec.europa.eu/energy/intelligent/library/index_en.htm

http://www.eimrail.org/bro.html

http://www.railway-technology.com/projects/

http://www.innotrack.org/

http://www.senternovem.nl/LTA/index.asp

http://www.iee-trainer.eu/
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Partecipanti	a	TRAINER


Partecipante Contatto E-mail Telefono URL


AgentschapNL NL P. Wilbers peter.wilbers@agentschapnl.nl +31622907912 http://www.agentschapnl.nl 


NS NL R. Luijt Ralph.Luijt@NS.nl +31633083183 http://www.ns.nl


Solvera Lynx SI G. Hribar gregor.hribar@solvera-lynx.com +38614012860 http://www.solvera-lynx.com


Slovenske Zeleznice SI B. Dremelj bojan.dremelj@slo-zeleznice.si +38641919309 http://www.slo-zeleznice.si


CRES GR G. Zoidis grzoidis@cres.gr +30697306455 http://www.cres.gr


ZSSK Cargo SL B. Krigovsky Krigovsky.Branislav@zscargo.sk +421220292128 http://www.zscargo.sk


VVCR Europe NL P. Hekkert p.hekkert@vvcr.nl +31616760626 http://www.vvcr.nl


ENEA IT E.Negenti negrenti@enea.it +393356282657 http://www.enea.it


TRENITALIA IT L. Contestabile l.contestabile@trenitalia.it +39644105765 http://www.trenitalia.com/trenitalia.html



mailto:peter.wilbers@agentschapnl.nl

http://www.agentschapnl.nl

mailto:Ralph.Luijt@NS.nl

http://www.ns.nl

mailto:gregor.hribar@solvera-lynx.com

http://www.solvera-lynx.com

mailto:bojan.dremelj@slo-zeleznice.si

http://www.slo-zeleznice.si

mailto:grzoidis@cres.gr

http://www.cres.gr

mailto:Krigovsky.Branislav@zscargo.sk

http://www.zscargo.sk

mailto:p.hekkert@vvcr.nl

http://www.vvcr.nl

mailto:negrenti@enea.it

http://www.enea.it

mailto:l.contestabile@trenitalia.it

http://www.trenitalia.com/trenitalia.html
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Collegamenti	al	film	sull’Eco-Guida


Questo film, sviluppato dai partecipanti a TRAINER, è uno strumento in più per aiutarvi a migliorare 
l’efficienza energetica nelle ferrovie e può costituire una parte del vostri programmi di formazione 
per eco-guida. L’istruzione è divisa in due parti. Una, più generica, è indirizzata a management e 
decisori politici, l’altra mostra in dettaglio le istruzioni di eco-guida per i macchinisti. Entrambe pos-
sono anche essere utili per gli istruttori. Abbiamo sviluppato questo strumento in 8 lingue: olandese, 
inglese, francese, tedesco, greco, italiano, slovacco e sloveno.


Inglese
introduzione
consigli


Olandese
introduzione
consigli


Sloveno
introduzione
consigli


Slovacco
introduzione
consigli


Italiano
introduzione
consigli


Greco
introduzione
consigli


Francese
introduzione
consigli


Tedesco
introduzione
consigli



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part2.html
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trainingsprogramma energiezuinig rijden (EZR) en 
een energiezuinig spoor in het algemeen.







  


1


Colofon


Deze handleiding is opgesteld in het kader van het TRAINER-project, 
vallend onder het EU Intelligent Energy Europe Programme 
Samengesteld door: Hub Cox/AgentschapNL (voorheen SenterNovem), Patrick Hekkert/VVCR Europe BV en 
 Paul Offerman/VVCR Europe BV 
Foto’s: Bojan Dremelj /SZ (Slovenske Železnice, d.o.o.) 
Ontwerp: Technicad, Hengelo 
Utrecht, September 2009 


Voor meer informatie gelieve contact op te nemen met Dhr. Peter Wilbers, TRAINER coördinator en senior pro-
gramma adviseur bij AgentschapNL (voorheen SenterNovem) peter.wilbers@agentschapnl.nl of een bezoek aan 
de TRAINER Website : www.iee-trainer.eu 


Disclaimer


De verantwoordelijkheid van de inhoud van deze publicatie ligt bij de opstellers. Deze publicatie geeft niet de mening van Europese 


Gemeenschap weer. De Europese Commissie is niet verantwoordelijk voor welk gebruik van de inhoud dan ook. 


Noch kan TRAINER of een van haar partners aansprakelijk gesteld worden voor enig ongeluk, verlies of schade als gevolg van verkeerd 


toegepaste adviezen of praktijken die in de handleiding getoond zijn.



mailto:peter.wilbers@agentschapnl.nl

http://www.iee-trainer.eu/
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Voorwoord


Train-ing 
Het doel van training is te leren, te verbeteren en om resultaten te krijgen. In de sportwereld leidt 
training tot meer kracht, een hogere snelheid, beter teamwork en.... De Champions Trophy. Spoor-
wegen zijn in staat de trofee van een duurzame wereld te winnen. Dat is waarom ik u aan moedig 
deze handleiding te lezen. 


Opleiding vereist uithoudingsvermogen, discipline, geschikte instrumenten en duidelijke doelstel-
lingen. U kunt erover lezen, bespreken en erover nadenken, maar het belangrijkste is om te begin-
nen met doen. De vergelijking met de TRAINER handleiding voor energiezuinige spoorwegen is 
duidelijk. Het is een handleiding met voorbeelden uit de dagelijkse praktijk. Dus waarom wachten? 
De spoorwegen zijn al erg energie-efficiënt en hebben een zeer lage uitstoot van broei-
kasgassen. Om die reden maken spoorwegen deel uit van de oplossing voor de wereldwij-
de opwarming. Toch is er altijd ruimte voor verbetering en verdere vermindering van het 
energiegebruik in de bedrijfsvoering van de spoorwegen. Deze handleiding zal u helpen 
om die verbeteringen te kunnen verzilveren. 


Het TRAINER-programma presenteert een ‘win-win-win’ mogelijkheid. De spoorwegmaat-
schappij wint door kostenverlagingen, de klant krijgt een betere prijs-kwaliteitverhouding 
en de Aarde wint door een lagere uitstoot van broeikasgassen. 


Bert Meerstadt 
President-directeur NS / Nederlandse Spoorwegen 



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/





Inhoudsopgave 


3


Inhoudsopgave


 Colofon  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1
 Voorwoord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2


1  Inleiding en leeswijzer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .5


2  Uitdagingen  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9


3  Energiezuinig rijden en werken   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.1  Energiezuinig rijden   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
3.2  Energie-efficiënte bedrijfsvoering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19


4  Inventarisatie van ”best practices”  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 26
4.1  Inventarisatie  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  26
4.2  Demo(nstratie) tours   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.2.1  Eerste demo tour in Nederland en Duitsland NS (Nederlandse Spoorwegen) . . . . . . . . . . . . . . . . . . . 27
4.2.2 Tweede demo tour in Slovenië, Oostenrijk en Slowakije . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.3  Conclusies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35


5  Het kader voor de uitvoering van energiebesparing en energiezuinig rijden  .  .  .  .  .  .  . 39
5.1  MeerJarenAfspraken (MJA)   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.2  EnergieZorgSysteem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43
5.3  EnergieManagement bij Spoorwegen in de praktijk   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
5.4  Monitoring en evaluatie  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  52







Inhoudsopgave 


4


6  Ontwikkeling van trainingmodules  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 61
6.1  Inleiding didactiek   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61
6.2  Instrumenten voor het veranderen van gedrag   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
6.3  Backbone, de link tussen theorie en praktijk  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  63
6.4  Nationale benaderingen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
6.5.  Uitwisselen van nationale implementatie ervaringen  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  64
6.6  Middelen die energiezuinig rijden ondersteunen  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  67
6.6.1  TRAINER film: ‘Eco-driving for traindrivers’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
6.6.2  De UZI methode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
6.6.3  RouteLint   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
6.6.4  Gekko   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
6.6.5  Bombardier EBI Drive   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
6.6.6.  Management instrumenten  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .71
6.6.7  Solvera Lynx   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
6 6.8  Tips van DB Schenker uit het boekje ‘Het nieuwe rijden: een noodzaak’ . . . . . . . . . . . . . . . . . . . . . . . . .74
6.7  Eindconferentie TRAINER Project .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  75


7  Aanvullende informatie   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
 Links naar de Eco-driving film .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  80







1 Inleiding en leeswijzer 


5


1 Inleiding en leeswijzer 


Dit zijn uitdagende tijden voor de spoorwegsector. We worden geconfronteerd met problemen 
zoals opwarming van de aarde en een wereldwijde economische crisis. De spoorsector kan echter 
bijdragen aan de oplossing van het klimaatprobleem. De sector heeft een groot potentieel tot 
verdere verbetering van de energie-efficiëntie en daarmee tot vertraging van de opwarming van 
de aarde. 
En bovendien zullen de kostenbesparingen helpen de concurrentiepositie met andere vervoers-
vormen te verbeteren. Dat is belangrijk omdat concurrerende vervoersmodaliteiten ook steeds 
energie-efficiënter worden. See for full description of the TRAINER project the TRAINER leaflet.


TRAINER is een van de Europese projecten die zijn gericht op verbetering van de energie-efficiën-
tie van de Europese spoorwegen. Het project liep van november 2006 tot november 2009. 
Er hebben verschillende Europese spoorwegmaatschappijen deelgenomen aan TRAINER (www.iee-
trainer.eu). Verder werkt TRAINER samen met de Internationale Unie van Spoorwegen UIC en een 
ander Europees project Railenergy (www.railenergy.org). 


Deze handleiding is een van de producten van het TRAINER-project en stelt de ervaringen, know-
how en kennis van diverse Europese spoorwegmaatschappijen, trainers en deskundigen ter be-
schikking aan anderen. De handleiding voorziet niet in kant en klare opleidingprogramma’s. Dit zou 
geen rekening houden met verschillen in cultuur en bedrijfskenmerken tussen en binnen landen. 
De handleiding biedt echter spoorwegmaatschappijen alle ingrediënten om hun eigen favoriete 
training ‘taart’ te kunnen bakken. 



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://www.iee-trainer.eu/

http://www.uic.org/spip.php?rubrique1045

http://www.railenergy.org/

http://www.iee-trainer.eu/
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De handleiding is bedoeld voor het management van spoorwegbedrijven, personeel dat op en 
rond de trein en stations werkt, opleiders, verkeersleiders en treindienstleiders en bovenal voor 
machinisten. De handleiding biedt veel tips om de energie-efficiëntie bij de bedrijfsvoering te 
verbeteren. Van het aankopen van energiezuinig materieel tot het inzetten en energie-efficiënt 
onderhouden van treinen. Maar de focus ligt toch vooral op het energiezuinig rijden, het ‘nieuwe 
rijden’ (hoofdstuk 3) voor machinisten. Uiteraard staan bij alle adviezen veiligheid en punctualiteit 
niet ter discussie. 


Het gedrag van professionals als machinisten verbeteren kan een uitdaging zijn. Zowel voor het 
management en de opleiders als voor de machinisten zelf. De professionaliteit en ervaring van 
machinisten verdient respect en kan ook direct ingezet worden om uitdagende opleidingprogram-
ma’s te maken. Didactiek en ‘toon’ zijn gevoelige issues (hoofdstuk 6). De professionals direct bij 
de ontwikkeling betrekken voorkomt weerstand. 


Energie efficiënt gedrag van machinisten kan worden verbeterd door het geven van toegesneden 
opleidingen en het aanbieden van de juiste instrumenten (hoofdstuk 3 en 6). Sommige instrumen-
ten zoals de (Deense) Gekko zijn vooral autodidactisch en laten zien of je op dat moment energie 
efficiënt rijdt. Andere instrumenten, als Routelint, voorzien de machinist van relevante informatie 
om zelf te kunnen anticiperen. De combinatie van training met instrumenten heeft toegevoegde 
waarde en leidt tot een betere performance. 
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Spoorwegondernemingen kunnen kiezen om te gaan voor op zichzelf staande trainingen die snel 
resultaat opleveren. Om verder te gaan dan deze korte termijnbesparingen is het aan de directie 
om energie-efficiëntie onderdeel te maken van een bredere strategie of breder kader. Dit is ook 
aantrekkelijk vanuit communicatief oogpunt. 
Zo’n bredere strategie kan bijvoorbeeld geboden worden door MeerJarenAfspraken (MJA) en Ener-
gie Management Systemen (hoofdstuk 5). Een MJA wordt gesloten tussen een spoorwegonderne-
ming en de overheid. Een onafhankelijke organisatie ondersteunt, coördineert en monitort de rea-
lisatie in de loop der jaren. In een MJA zijn doelen vastgesteld met betrekking tot de te berei ken 
energie-efficiëntie. Dergelijke instrumenten kunnen een belangrijke drive voor verbetering van de 
energie-efficiëntie zijn. Soms volstaat een eenvoudiger hulpmiddel als een korting op of restitutie 
van betaalde elektriciteitsbelasting bij het bereiken van afgesproken energie-efficiëntie of inspan-
ning hiervoor. 


De monitoring van de prestaties is van cruciaal belang (hoofdstuk 5.4). Monitoring als bewijs dat 
het werkt, om betrokken groepen te laten zien wat hun bijdrage is en in de communicatie zowel 
in- als extern. Deze bewaking wordt gedaan op meerdere niveaus. Deze handleiding toont u een 
aantal mogelijkheden hoe. 


Deze handleiding wordt gepresenteerd als een verdieping van en aanvulling op een aantal van de 
onderwerpen die worden aangepakt in de “Process, Power, People” een brochure van de UIC (In-
ternationale Unie van Spoorwegen) (2008). 



http://ltauptake.eu/

http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.senternovem.nl/Energiezorg/english/index.asp
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De TRAINER handleiding wordt samen geleverd met een instructiefilm: 
Energiezuinig rijden voor machinisten, negen nuttige tips over energiezuinig rijden. 
Deze boeiende en informatieve film kan direct worden ingezet voor trainingssessies van machinisten. 
De film bestaat uit 2 delen: 
1. Een algemene inleiding in verband met de mondiale uitdagingen en kansen van de spoorwegen en 


2. Een brede waaier van tips die machinisten kan helpen om hun rijgedrag nog energiezuiniger te maken. 


De film is beschikbaar in meerdere talen. 


Op vrijdag 25 september 2009 heeft het TRAINER project zijn eindconferentie gehouden in Tours(F). 
De conferentie werd gehouden in het kader van de Energy Efficiency Days 2009 en werd geor-
ganiseerd in samenwerking met het Railenergy-project, SNCF en UIC, die de vierde UIC Energie  
Conferentie organiseerden. Zie ook het EED 2009 programma en het verslag in het UIC-e-news 
(korte versie). De presentaties zijn beschikbaar op http://www.energy-efficiency-days.org/menu/
article/presentations-of-the-eed-2009.
De presentaties van de Trainer-Eindconferentie zijn ook via de links in hoofdstuk 6.7 in te zien.


Peter Wilbers 
AgentschapNL (voorheen SenterNovem), 
agentschap van het Nederlandse Ministerie van Economische Zaken 


Coördinator TRAINER 



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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2 Uitdagingen 


Het Broeikaseffect 
De internationale consensus groeit dat de planeet met onomkeerbare klimaatverandering geconfron-
teerd wordt, tenzij snel actie genomen wordt. De EU heeft al een duidelijk antwoord geformuleerd in 
de vorm van een geïntegreerd energie- en klimaatbeleid, een toezegging om de uitstoot van ‘broei-
kasgassen te verminderen’ met ten minste 20% in 2020, en een belofte om het voortouw te nemen 
in de internationale onderhandelingen om te komen tot nog meer ambitieuze doelstellingen. Dit zal 
helpen om te voorkomen dat de temperatuur wereldwijd stijgt met meer dan 2 °C, het niveau dat 
steeds meer door wetenschappers wordt gezien als het point of no return. Om dit doel te bereiken, 
moeten we energiebronnen meer duurzaam gebruiken en 
meer omschakelen naar hernieuwbare vormen van ener-
gie, het vastleggen en opslaan van kooldioxide en het 
omkeren van ontbossing serieuzer aanpakken. Dit kan 
ook een verandering van onze levensstijl inhouden, maar 
betekent niet onvermijdelijk het in gevaar brengen onze 
levensstandaard of die van toekomstige generaties. 
De eenvoudigste manier om de continuïteit van de ener-
gievoorziening te garanderen en het klimaat te ontzien 
is het verminderen van de vraag naar energie. Dit kan 
gebeuren door het inzetten van energiebesparende tech-
nologieën die de efficiëntie verhogen en verspilling ver-
kleinen, of door het veranderen van ons gedrag, of een 
combinatie van beide. Bovenal is energiebesparing 
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ook economische zinnig: de EU-doelstelling om het gebruik van energie met 20% te verminderen 
in 2020 zal de uitgaven voor energie met € 100 miljard per jaar doen verminderen. 
Deze doelstelling lijkt misschien moeilijk te bereiken, maar in de praktijk is er veel ruimte voor 
het efficiënter gebruik van energie, soms met weinig inspanning. Zo hebben de energielabels, 
minimale efficiëntienormen en vrijwillige afspraken door fabrikanten van huishou delijke apparaten 
het energieverbruik van een gemiddelde nieuwe koelkast of diepvriezer met bijna 50% verminderd 
sinds 1990. Voor verschillende andere apparaten, zoals wasmachines en vaatwassers zijn besparin-
gen van meer dan een kwart bereikt. Het internationale Energy Starprogramma biedt een leidraad 
voor de meest energievriendelijke kantoor-en computerapparatuur. 


De doelstelling van werkpakket WP2.2. in het Railenergie project is het definiëren van een stan-
daardprocedure voor de specificatie en verificatie van het energieverbruik van het rollend materi-
eel. Zie ook de standaard serviceprofielenspecificatie en verificatie van het energieverbruik.
In maart 2007 zijn de Europese staatshoofden, als onderdeel van een brede poging om de CO2-
uitstoot te verminderen, juridisch bindend, overeengekomen in heel Europa de uitstoot van broei-
kasgassen in 2020 met 20% te verminderen ten opzichte van 1990. Deze doelstelling had kunnen 
worden verhoogd tot 30% in 2020 als een nieuw wereldwijde klimaatakkoord zou worden bereikt 
in Kopenhagen in december 2009. De Europese Commissie heeft verder verklaard dat onmiddel-
lijk gestart moet worden met een langere termijn doelstelling van een 50% vermindering in 2050. 


De transportsector produceert 27% van alle emissies. Transport is daarmee - na de productie van 
energie(elektriciteit) - de op een na grootste bron van door de mens veroorzaakte CO2 emissie 



http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.railenergy.org/
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in de EU-27. Bovendien schat de nieuwste prognose van het Europees Milieuagentschap in dat de 
emissies van de sector uitkomt op een groei van 25% tussen 1990 en 2020. Dit in tegenstelling tot 
de emissies van industrie en de energiesector, die zullen dalen. 


CER persbericht: 8 mei 2008 


Europese spoorsector zal de CO2-uitstoot met 30% per kilometer 
verminderen 
Gisteren hebben de CEO’s van de Europese spoor- en railinfrastructuur bedrijven zichzelf een 
ver laging van de specifieke CO2-uitstoot van de treinen van 30% over de periode 1990 tot 2020 
opgelegd. Deze afspraak zal helpen bij de noodzakelijke vermindering van de emissie van de 
transportsector die nodig is om te voldoen aan de EU-doelstelling van een vermindering van 20% 
in absolute uitstoot van broeikasgassen over dezelfde periode. Op de Algemene Vergadering van 
CER en UIC in Brussel, hebben de bedrijven besloten om deze stap te nemen om de positie van de 
spoorwegen als de meest duurzame wijze van vervoer te onderstrepen. “Ondanks de verbeterin-
gen van de andere sectoren binnen de sector transport is en blijft, het vervoer per spoor de minst 
vervuilende manier van vervoer “, aldus directeur Johannes Ludewig. “De externe kosten van onze 
sector zijn slechts een fractie van die van het wegvervoer. We willen het echter nog beter doen, 
en gebruiken alle mogelijkheden om onze uitstoot van broeikasgassen verder te verminderen. “ 
De ambitieuze reductie van 30% in 2020 zal worden gerealiseerd door een reeks van maatrege-
len, met inbegrip van technologische innovatie, zoals de optimalisering van de regeneratie van 
remenergie, modernisering van de vloot, en operationele procedures zoals energiezuinig rijden 
(‘energiezuinig rijden’). 
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“Er zullen belangrijke investeringen van de bedrijven noodzakelijk zijn om dit doel te bereiken,” 
voorspelde Ludewig. “Maar wanneer de mogelijkheid van het internaliseren van externe kosten 
een politieke realiteit wordt - en dat is voorzien in de komende herziening van de Eurovignet richt-
lijn - dan zal deze investering zichzelf terug betalen. In ieder geval zijn de spoorwegen er van over-
tuigd dat het creëren van een duurzaam vervoersysteem van cruciaal belang is; niet alleen voor de 
toekomst van de sector, maar ook een kwestie van verantwoordelijkheid naar de samenleving. “ 
De beslissing kwam net een dag nadat John Schellnhuber, een van de meest vooraanstaande 
klimaatonderzoekers in Europa, een presentatie gaf op een CER-conferentie in Brussel waarin hij 
recent onderzoek onder de aandacht bracht dat de urgentie van de aanpak van klimaatverande ring 
nogmaals onderstreepte. 


Uit het “EU Inventory Report” van het Europees Milieuagentschap, (29 mei 2009), blijkt dat de 
uitstoot van broeikasgassen in de Europese Unie tussen 2006 en 2007 daalde met 1,2% en de 
verwachting is dat de Kyoto-doelstelling - een gemiddeld reductie van 8% ten opzichte van 1990 
tussen 2008 en 2012 - zal worden bereikt. Dit ondanks het feit dat de emissies van vervoer zijn 
gestegen, met 5,3%; voor het grootste deel in de sector wegtransport. 
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Trein naar Kopenhagen 
Aan het einde van 2009 zou de opvolger van het Kyoto-protocol worden overeengekomen tijdens 
de United Nations Climate Change conferentie, getiteld COP15, in Kopenhagen, Denemarken (7 De-
cember - 18 december 2009). Helaas is heb nog niet duidelijk hoe dit in 2010 alsnog tot stand moet 
komen. Het resultaat van Kopenhagen zou onder andere een nieuw internationaal protocol moeten 
zijn met stren gere verplichte CO2 emissiereductie doelstellingen voor vooral geïndustrialiseerde 
landen. De conferentie was een unieke kans om tot een ambitieuze algemene overeenkomst te 
komen over het aanpakken van de grootste bedreiging voor onze planeet, de mondiale opwarming, 
waarbij, voor het eerst, alle lan den van de wereld betrokken zijn. Wellicht dat in Mexico uiteindelijk 
de harde doelstellingen per land vastgelegd gaan worden.


Op een wereldwijde schaal, is het vervoer verantwoordelijk voor 27% van kooldioxide (CO2)- uit-
stoot die de opwarming van de aarde veroorzaakt. De echte uitdaging ligt in het feit dat terwijl 
andere sectoren erin geslaagd zijn hun emissies te laten dalen, de emissies van de vervoersector 
consequent toenemen. Terugdringen van deze verhoging en vermindering van emissies in de ver-
voerssector is een van de essentiële stappen in de strijd tegen opwarming van de aarde. 
Ondanks alle technologische vooruitgang is er binnen de sector vervoer nog steeds geen sprake 
van de ontwikkeling van duurzame modaliteiten. De belangrijkste reden hiervoor is de enorme 
toename van de vraag naar zowel passagiers- als vrachtvervoer. Het wegvervoer is op dit moment 
verantwoordelijk voor meer dan 80% van de energieconsumptie van de sector. 



http://www.traintocopenhagen.org/
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De uitstoot van de luchtvaartsector stijgt snel en is nu verantwoordelijk voor meer dan 13% van 
het totale energieverbruik van het vervoer in Europa. Dit effect is relatief groter omdat het plaats-
vindt in hogere, kwetsbaardere luchtlagen. 
Spoorwegen zijn van cruciaal belang bij het terugdringen van de uitstoot van broeikasgassen en 
de ontwikkeling van duurzame vervoersystemen. Zij bieden de hoogste energie-efficiënte per km, 
zowel per reizigers- als per tonkilometer. 


Een reis van Brussel naar Kopenhagen met het vliegtuig of de auto produceert meer dan 3,5 keer 
zoveel uitstoot dan met de trein.  Zoek het op op www.ecopassenger.org. of http://www.routerank.
com/en/ Een doel voor Kopenhagen/Mexico ofwel ‘het volgende generatie Kyoto protocol’ kan zijn 
om de rol van de railsector meer te richten op een vermindering van emissies in de vervoerssector. 



http://www.ecopassenger.org/

http://www.routerank.com/en/

http://www.routerank.com/en/
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3 Energiezuinig rijden en werken 


3.1. Energiezuinig rijden 


Waarom energiezuinig rijden? 
Door de implementatie van energiezuinig rijden kunnen vervoerders en alle betrokken mede-
werkers een positieve bijdrage leveren aan het terugdraaien van de klimaatverandering. Tege-
lijkertijd kunnen, spoorwegmaatschappijen hun operationele kosten verminderen en wordt het 
imago als een milieuvriendelijke vervoermodaliteit versterkt. 
Een prettige spin-off met betrekking tot de reizigerstreinen is het toenemende comfort voor de 
reizigers. 
In andere woorden: energiezuinig rijden transformeert machinisten en spoorwegmaatschappijen in 
maatschappelijk verantwoorde partners. 


Wat is energiezuinig rijden? 
Wat betekent het precies? Het beantwoorden van deze vraag kan moeilijker zijn dan je zou ver-
wachten. 
Allereerst blijven de veiligheid en punctualiteit een prioriteit.
Spoorwegmaatschappijen zullen altijd worden beoordeeld op deze twee aspecten. Zuinige treinen 
die onveilig of te laat zijn, bezorgen een bedrijf een slecht imago. 
TRAINER heeft echter aangetoond dat het zeker wel mogelijk is om energiezuinig te rijden en toch 
rekening te houden met veiligheid en stiptheid. 
“Energiezuinig rijden” gaat over vakmanschap, slimme planning van het gebruik van het spoor, 
energiebesparing tijdens het rangeren, parkeren en servicen van treinen, het aanschaffen van 
energiezuinig materieel etc. 
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Rijgedrag 
Natuurlijk zijn machinisten zich bewust van de invloed van hun rijstijl op de het totale energie-
verbruik van de trein, maar de ervaring leert dat extra aandacht, specifiek op dit onderwerp leidt 
tot nog betere resultaten. Het is zeer belangrijk voor de machinisten om te begrijpen onder welke 
omstandigheden en bij welk rijgedrag treinen (te) veel energie gebruiken, en nog belangrijker: hoe 
je naar je bestemming komt met het laagste energieverbruik.


Uitgangspunten (betreffend het rijgedrag) 
Te vroeg aankomen op de bestemming is het resultaat van te snel rijden en vraagt daarom ook 
veel elektriciteit of diesel. Te laat remmen zal leiden tot discomfort voor passagiers en conduc-
teurs. Onnodig stoppen bij een sein kan worden vermeden door de tractie eerder los te laten en 
dus langzamer te rijden. Dit voorkomt dat de machinist de trein weer moet laten optrekken vanuit 
stilstand. Het optrekken van de trein is namelijk het proces dat het meeste energie verbruikt. Al 
met al is vakmanschap bepalend voor energiezuinig rijden. Het kennen van het uitrolgedrag van 
de trein, de geografische kenmerken van het traject (wegbekendheid) en de aankomsttijd op de 
bestemming zal het mogelijk maken voor de machinist om zo energiezuinig mogelijk te rijden. 


Versnellen
Om te versnellen heb je elektriciteit of diesel nodig om kinetische energie op te wekken. Het is be-
langrijk om niet te snel te versnellen, omdat dit veel (teveel) energie vergt. Rijd nooit te snel. Hoe 
hoger de snelheid, hoe meer er geremd moet worden en hoe meer energie je verbruikt. Voorkom 
dat de trein te snel versnelt en te hard rijdt door de tractie op tijd te verminderen.
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Langere afstanden rijden met een constante snelheid bespaart energie. Verder is het belangrijk 
om het klimaat aan boord van passagierstreinen te allen tijde te controleren. Teveel verwarmen of 
koelen vergt teveel energie.


Uitrollen 
De meeste machinisten zijn zich ervan bewust dat ze invloed hebben op het verbruik van energie 
door aanpassing van hun rijstijl. Door ze te stimuleren hun rijstijl verder te verbeteren kunnen 
hun prestaties worden geoptimaliseerd. Op het gebied van wegvervoer, is beroepschauffeurs de 
afgelopen jaren geleerd te profiteren van de uitroleigenschappen van hun vrachtwagen. Hetzelfde 
geldt voor treinen. Het op tijd uitschakelen van de trein levert een groter energievoordeel op 
omdat treinen als gevolg van hun grote massa veel kinetische energie opbouwen. Dit wetende, 
moeten we machinisten leren wanneer de tractie uit te schakelen. We kunnen ze dit leren op basis 
van hun eigen ervaring, maar ook door het geven van goede training gebaseerd op praktijkvoor-
beelden op bestaand spoor met een bestaande dienstregeling. 
De hoeveelheid kinetische energie, die wordt opgebouwd bij het op snelheid brengen van een 
trein, komt vrij als wrijving en warmte, wanneer geremd wordt en is dus verloren. Recuperatie 
van remenergie is hier de uitzondering maar niet op alle treintypen beschikbaar. Het is veel beter 
de totale massa met een zo laag mogelijke weerstand, te laten rollen. Op sommige trajecten in 
Spanje kunnen hogesnelheidstreinen bij een snelheid van 3-400 km/uur honderden kilometers na 
het uitschakelen van de tractie doorrollen, zonder gebruik van energie en toch veilig en op tijd 
aankomen. Het is altijd beter om energieverbruik te voorkomen dan om te energie te recupereren. 
Er zal namelijk altijd energie verloren gaan bij het recupereren van remenergie. 
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Remmen 
Natuurlijk is stoppen op een station of voor een rood sein onvermijdelijk. Zorg ervoor dat je naast 
de aanbevelingen hierboven met betrekking tot het uitrollen ook langzaam remt. Het voorkomt niet 
het verbruik van energie, maar het is prettiger voor reizigers en collega’s en voorkomt slijtage van 
materieel en baan. 


Schwungfahren 
In de heuvelachtige en bergachtige gebieden, is veel elektriciteit of diesel nodig om de trein naar 
de top te rijden. Tijdens de afdaling is er weinig behoefte aan tractie als gevolg van de zwaar-
tekracht. Toch is het nuttig om de snelheid van de trein in de afdaling licht te verhogen. Het op-
gebouwde “vermogen” kan dan vervolgens gebruikt worden op (een deel van) de komende klim. 
Door het afschakelen van de tractie-energie vlak voor de top is bereikt, zal de geaccumuleerde 
kinetische energie er voor zorgen dat de trein de laatste paar honderd meter kan overbruggen en 
de afdaling kan inzetten zonder de noodzaak tot versnellen. Door deze methode te gebruiken kan 
veel energie bespaard worden. 


Andere energiezuinig rijden onderwerpen
Het rijgedrag van de machinist is de meest voor de hand liggende factor in het energiezuinig rij-
den, maar het is zeker niet de enige. Zorg bijvoorbeeld dat u over voldoende kennis beschikt over 
de route. Indien nodig, vraag dan een meer ervaren collega voor meer informatie. 
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3.2. Energie-efficiënte bedrijfsvoering 


Energiebeheer voor (stilstaande) treinen: een introductie
In het kader van Railenergy deed Bryan Donnelly (ATOC) onderzoek naar het energieverbruik van stil-
staande treinen. Hij interviewde ongeveer 10 spoorwegmaatschappijen. Zie zijn EED 2009-presentatie 
over een aantal praktische maatregelen, zoals die zijn genomen door de verschillende spoorbedrijven. 
Op de TRAINER-website staat verder ook nog het Engelstalige document Energy Consumption Ma-
nagement for Parked Trains, gemaakt door ATOC en HSBC. 


Gereedmaken 
Zorg ervoor dat de trein optimaal wordt verwarmd of gekoeld. Opstellocatie, de capaciteit van het kli-
maatsysteem en de noodzakelijke voorbereidingstijd voor het treintype spelen hierbij een rol. Zorg er 
bijv. voor dat de verwarming zodanig aangezet wordt dat een minimaal comfortniveau voor de vroeg-
ste reizigers bereikt wordt, maar schakel de verwarming ook niet te vroeg in. Dat bespaart energie. 


Verlichting 
Zorg ervoor dat de trein optimaal verlicht is voor het gebruik op dat moment. Laat bijv. leeslampjes 
uitschakelen na 20 minuten. 


Warmteverlies 
Houd deuren en ramen zoveel mogelijk dicht, vooral tijdens de koude wintermaanden en op warme 
zomerdagen. Zorg dat warmteverlies wordt verperkt wanneer de trein in dienst is. Sluit deuren snel, 
maar zorg er ook voor dat compartimenten en balkons door deuren van elkaar gescheiden zijn. 
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Afschakelen 
Koop, (her)ontwerp je treinen zodanig dat systemen die niet gebruikt worden snel, automatisch 
uitgeschakeld worden. 


Rangeren 
Treinen op een opstelterrein worden in gebruik genomen in een volgorde die door de dienstre-
geling bepaald wordt. Bij het plaatsen van een trein op het rangeerterrein is het belangrijk om 
onnodige verplaatsingen te voorkomen. Dit vereist een zorgvuldige planning en mogelijk afstem-
ming rangeerplannen van andere vervoerders (vracht / passagiers). Onnodige rangeerbewegingen 
gebruiken veel energie, die kan worden vermeden. 
Schakel niet naar de parkeerstand in extreem koude of warme weersomstandigheden (<5 ° C of 
>25°C). Gebruik altijd de voor het materieeltype voorgeschreven stand (bv. parkeerstand) onder 
normale weersomstandigheden. Kies er altijd voor om bij keuze de stand te kiezen waarbij het min-
ste energie gebruikt wordt tijdens overstand. Zorg ervoor dat alle vloeistoffen altijd zijn bijgevuld, 
zodat de trein in staat is om onmiddellijk ingezet te worden. Motoren van dieseltreinen moeten op 
tijd gestart worden. 


Dagelijks onderhoud 
Dagelijks onderhoud bestaat uit technische controles, kleine reparaties en schoonmaak werk-
zaamheden. Wanneer een trein buiten dienst genomen wordt, is het belangrijk om onmiddellijk dit 
dagelijks onderhoud uit te voeren om te voorkomen dat verwarming, airconditioning of verlichting 
onnodig gebruikt worden. Nadat deze handelingen zijn uitgevoerd kan de trein worden uitgescha-
keld, wat veel energie bespaart. Voor dieseltreinen: niet vullen van de tank tot aan de rand om het 
morsen van brandstof te voorkomen. 
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De levenscyclus van materieel 
Gedurende de levenscyclus van het materieel kunt u energie-efficiëntie maatregelen nemen: 
Bv. verbetering van de isolatie tijdens revisies. Als aanvulling op en ondersteuning van Energiezui-
nig rijden zijn er twee belangrijke instrumenten ontwikkeld dan wel in ontwikkeling, die helpen bij 
het besparen van energie en het verminderen van de CO2 uitstoot: 
• Gekko1, een uniek rij-adviessysteem, ontwikkeld door de Deense spoorwegmaatschappij DSB. 


• Routelint een dynamisch verkeersmanagementinstrument, ontwikkeld door de Nederlandse infrastruc-


tuurbeheerder ProRail, de Nederlandse Spoorwegen en Railion. 


DSB Jaarverslag 2008 
GEKKO1 (klik voor de demonstratiefilm): 
Als machinisten denken in termen van “groen rijden” denken zij niet alleen aan groene seinen, 
maar ook hoe de trein te rijden, zodat de minimale hoeveelheid elektriciteit of diesel gebruikt 
wordt. Dit is een belangrijke kwestie als het spoor zijn leidende positie wil behouden als de milieu-
vriendelijkste vorm van vervoer. “De EU heeft aangegeven drempelwaarden te zullen vast stellen 
voor de hoeveelheid CO2 die auto’s maximaal mogen uitstoten in de toekomst. Daarom zal de trein  
niet automatisch superieur blijven aan de auto op het gebied van milieubelasting. We moeten in-
zetten op een extra inspanning om de voordelen van de trein op milieugebied in de toekomst te 
behouden,“ zegt Peter Buchwald, Chief Consultant, DS B, die de drijvende kracht is achter het ont-
wikkelingsteam van het nieuwe “Gekko” systeem, een hulpmiddel voor energiezuinig rijden en het 
optimaliseren van de dienstregeling ten behoeve van het milieu, de machinisten en de reizigers, 
“Gekko” is getest door machinisten die ideeën hebben ingediend en feedback hebben 
geleverd aan de ontwikkelaars. 


1 DSB veranderde de naam GEKKO onlangs in GREENSPEED



http://www.routelint.nl/
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8.000 ton CO2 besparen 
Het is de bedoeling om met een 100 % invoering van de “Gekko” een energiebesparing van ten 
minste 5% te realiseren. Dit zal de belasting van het milieu met ongeveer 8.000 ton CO2 per jaar 
verminderen en het zal DSB’s elektriciteit- en dieselrekening met meerdere miljoenen kronen per 
jaar verlagen. De manier om het energiegebruik te verminderen is een vlotte en constante rijstijl. 
“Ervaren machinisten, volgen uiteraard al een rijstrategie”, legt Peter Buchwald uit. “Tegelijkertijd 
doen ze er alles aan om op tijd aan te komen op het volgende station. Om vertragingen in te halen 
worden ze soms gedwongen te versnellen - alleen om weer te moeten remmen voor een rood sein 
verderop op het traject. In extreme gevallen versnellen en dan weer remmen leidt tot een extra 
energieverbruik van 45%. “ 
In dergelijke situaties helpt “Gekko” machinisten door aan te geven wat de meest geschikte snel-
heid is om ervoor te zorgen dat de trein het volgende station stipt op tijd en energie efficiënt 
bereikt. 


Een GPS voor machinisten 
Het “Gekko” systeem is gebaseerd op de actuele infrastructuurdata, de dienstregeling en de tij-
delijke snelheidsbeperkingen. 
Wanneer een machinist zich identificeert door zijn treinnummer, zal het systeem het gewicht van 
de trein, de lengte en de versnelling kennen. De GPS-functie van het systeem controleert de hui-
dige positie van de trein op de lijn seconde voor seconde. Deze data worden gebruikt voor het 
berekenen van de optimale snelheid. 
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Het systeem is zeer eenvoudig te gebruiken. Een klein scherm in de cabine geeft met een groene 
pijl de aanbevolen snelheid aan, terwijl een rode pijl de werkelijke snelheid van de trein toont. De 
machinist hoeft er alleen maar voor te zorgen dat de groene en rode pijl elkaar gaan overlappen. 


Veel bijkomende voordelen 
Het milieu, klanten en machinisten zullen allemaal profiteren van Gekko. Voor de treinreizigers een 
soepele reis, met een constante snelheid die veel comfortabeler is dan een steeds remmende en 
optrekkende trein. Bovendien tonen praktijktests aan dat het nieuwe systeem ook een gunstig ef-
fect op de punctualiteit heeft, omdat het systeem automatisch punctualiteit een hogere prioriteit 
geeft dan milieuvriendelijk rijden. Gedurende de rit worden machinisten op de hoogte gehouden 
van de snelheid die nodig is om stipt op tijd aan te komen op het volgende station - wat zal resul-
teren in minder stress voor de machinist. Er is belangstelling voor Gekko van buiten Denemarken 
en Gekko is getest op high-speed TGV’s goederentreinen en gewone treinen in Frankrijk. DS B 
werkt momenteel samen met de Zwitserse SBB en de Franse SNCF met betrekking tot de verdere 
ontwikkeling van de mogelijkheden van het systeem. 


Kijk voor meer informatie over de Gekko bij 
• De GEKKO demo 


• De GEKKO brochure 


• De GEKKO-presentatie van Peter Buchwald (DSB)
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ROUTELINT 
In heel Europa ontwikkelen en implementeren vervoerders trainingsprogram-
ma’s die ondersteunen bij energiezuinig rijden, zoals TRAINER. Steeds meer 
komt men tot het inzicht dat verdere verbeteringen alleen maar mogelijk zijn 
wanneer vervoerders en railinframanagers samenwerken. 
Het wereldbeeld van de verkeersleiders en machinisten in Nederland is lang-
zaam aan het veranderen. RouteLint behandelt hen als professionals met veel 
expertise. ProRail en NS willen deze professionals ICT-oplossingen leveren met 
informatie die hen in staat stelt om zelf beslissingen te nemen met betrekking 
tot punctualiteit en energiezuinig rijden. Dit is een innovatieve verandering 
vergeleken met eerdere projecten, die ICT-oplossingen centraal stelden. 
Een vereiste voor meer energiewinst is een betere samenwerking tussen de 
machinisten en verkeersleiders. De huidige manier van communicatie met behulp van signalen of 
telefoons is niet genoeg op intensief bereden netwerken. Real-time informatiesystemen om ma-
chinisten meer inzicht in de actuele verkeerssituatie te geven (zoals RouteLint) zijn de sleutel om 
hen in staat te stellen beter afgewogen beslissingen te nemen. 


RouteLint begon als een project (genaamd “Het Spoor Meester”) om de samenwerking tussen 
verkeersleider en machinist te verbeteren. Vanuit de vele discussies, simulaties en een veldproef 
ontstond RouteLint, dat real-time informatie uit het verkeersleidingsysteem ter beschikking stelt 
aan de machinisten. 







3 Energiezuinig rijden en werken  


25


Er wordt een energie-efficiëntieverbetering van 5% voorspeld en dit zal worden gevalideerd tij-
dens de pilot in 2009 en begin 2010. Er zijn een aantal wetenschappelijke publicaties verschenen 
over dit onderwerp, onder andere in de “Eisenbahn Ingenieur” (juni 2007). De energiewinst wordt 
gezien als resultaat van een verbeterde samenwerking tussen machinist en verkeersleider. 
In 2007 is ProRail samen met NS (Nederlandse Spoorwegen), Railion/DB Schenker en de andere 
Nederlandse treinexploitanten, overeengekomen dat RouteLint op een eerste corridor zal worden 
ingevoerd en getest. In 2010 kan dit uitgroeien tot een nationale uitrol, zodra de energievoordelen 
zijn bewezen. 


Na 2009 wordt RouteLint verder verbeterd met 
de integratie van GPS-informatie. De gegevens 
m.b.t. de positie van de trein en de snelheid 
van de omliggende treinen neemt daardoor toe. 
De inzichten uit RouteLint leiden tot meer in-
zicht in capaciteitknelpunten en kunnen leiden 
tot een verbeterde dienstregeling en minder of 
minder dure infra-aanpassingen. 
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4 Inventarisatie van ”best practices” 


4.1 Inventarisatie 
Een van de activiteiten van het TRAINER-project is het inventariseren van succesvolle (praktische) 
voorbeelden van energiebesparing door spoorwegondernemingen. Het rapport “Inventory of good 
practices” is opgesteld voor dit doel. De inventarisatie is gebaseerd op verschillende bronnen en 
op de expertise van spoorwegmaatschappijen. 


De belangrijkste bronnen waren: 
• Het “Event data base”-project UIC 2003 (zie www.railway-energy.org) 


• Het SenterNovem/CE-rapport Tracks for saving energy (NS Reizigers) NS-2005 


• Het “EnergieSparend Fahren”-programma, Deutsche Bahn AG 2005. 


• De Nederlandse praktijk en goede ervaringen met MeerjarenAfspraken (MJA) voor energie-efficiën-


tie verbetering en het recent ontwikkelde EnergieZorg systeem (EZS) van SenterNovem (2007) dat in 


Europees verband is aangepast en gepubliceerd in juli 2009 als de nieuwe EN-16001. 


Naast een beschrijving van de ‘best practice’ voorbeelden van EnergieZuinig Rijden bevat de in-
ventarisatie ook informatie over technische energiebesparingen, organisatorische maatregelen of 
systemen als het EZS en het Nederlandse politieke convenant-instrument, (MJA). 
Sleutel van het TRAINER-project is de bevordering van energiezuinig rijden. 


De belangrijkste doelgroepen zijn: 
1. Machinisten (diesel + elektrisch) voor reizigers- en goederenvervoer 


2. Servicepersoneel (verantwoordelijk voor overstand, service, reiniging en tijdig vertrek van de treinen 


op een opstelterrein). 


3. Het management van spoorwegondernemingen 



http://www.railway-energy.org/tfee/index.php

http://www.deutschebahn.com/site/bahn/de/unternehmen/verantwortung/umwelt/klimaschutz/energiesparendes__fahren/energiesparendes__fahren.html

http://www.senternovem.nl/LTA/index.asp

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp

http://www.senternovem.nl/LTA/index.asp

http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=279689
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4.2 Demotours 
Tijdens het TRAINER-project werden twee demo reizen georganiseerd. Deze rondreizen waren 
gericht op het delen van kennis en praktische ervaringen tussen de partners, het vinden van in-
spiratie voor energie besparende maatregelen en het opbouwen van een persoonlijk professioneel 
netwerk. In aanvulling op de TRAINER projectpartners werden de demotours bijgewoond door 
andere professionals die geïnteresseerd waren in het project. Beide demotours boden een gevari-
eerd en interessant programma, met veel informa tieve presentaties en praktische demonstraties. 


4.2.1 Eerste demotour in Nederland en Duitsland NS (Nederlandse Spoorwegen) 
Na een warm welkom in het Nederlands Spoorwegmuseum op woensdagavond werden de deelne-
mers ver welkomd op het hoofdkantoor van de Nederlandse Spoorwegen in Utrecht op donderdag 
25 oktober 2007. 


Programma 
1. Welkom, context en de agenda van de heer P. Wilbers, coördinator TRAINER project. 


2. MJA en Maatschappelijk Verantwoord Ondernemen door de heer A. Veenman, CEO van NS Nederlandse 


Spoorwegen 


3. De Nederlandse aanpak van de opleiding door de heer J. Hoogakker 


4. Gekko: de Deense autodidactische benadering door mevrouw R. Naeraa 


5. Invoering van Routelint door de heer M. van der Borght 


6. Invoering van Matrics door de heer J. Van Luipen 


7. Introductie van UZI, door de heer F. Veldhuizen 



http://www.spoorwegmuseum.nl/nl/hetmuseum/collectie.htm
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Later die middag werd met de deelnemers gediscussieerd over mogelijkheden en onmogelijkheden 
van het verhogen van het vakmanschap door het trainen van de machinisten. 


Stellingen en discussie 
Over de plaats van TRAINER (= opleiding van machinisten, servicepersoneel en management) is in de 
driehoek Gedrag, Organisatie en Technologie. Voorzitter Mads Bergendorff startte de discussie aan 
de hand van onderstaande 8 uitspraken en stellingen om te proberen een aantal conclusies te trekken 
aan het einde van de eerste dag. 


Stellingen 
1. Zonder dynamisch verkeersmanagement is het zinloos om energiezuinig te rijden 


2. Energiebesparing is gunstig voor de kosten van de energie-infrastructuur 


3. Energie-efficiëntie moet worden gekoppeld aan thema’s als klimaatverandering en luchtkwaliteit 


4. Gebrek aan standaardisatie van energie-efficiëntie is een obstakel voor efficiëntie verbeteringen 


5. De tijd is rijp om een Europese MJA voor te stellen en af te sluiten 


6. Spoorwegmaatschappijen benutten onvoldoende hun groene imago richting potentiële reizigers en overheden 


7. De menselijke factor is de belangrijkste (meer dan technische factoren) om de energie-efficiëntie te be reiken 


8. Energie-efficiëntie op treinniveau kan nooit een significante bijdrage leveren aan de energie-efficiëntie-


verbeteringen in de spoorwegsector 


Het bleek heel moeilijk vast te houden aan de exacte uitspraken. We beperken ons tot een aantal 
opmerkingen uit de discussie.
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Opmerkingen en interessante gezichtspunten. 
• Je moet de machinist altijd trainen!. De vraag is tot welk detail. In ieder geval moet je de basisprin-


cipes meegeven: ze moeten goed weten wat ze doen en ze moeten minstens een eenvoudige tool 


(Gekko of een ander rijadvies systeem) en feedback aangeboden krijgen. Een machinist opleiden om 


energiezuinig te rijden op een individuele trein is prima maar er komt een moment dat dit moet wor-


den opgewaardeerd tot rijden in een dynamisch systeem. 


• Door de komst van steeds meer vervoerders op het net is het noodzakelijk dat de infrastructuurbe-


heerder een voldoende ruim tijdsblok geeft aan elke trein. Daarnaast is het noodzakelijk alle treinen 


te monitoren en evalueren zodat gemakkelijk te zien is hoeveel energie elke trein (en elke vervoer-


der) gebruikt en spaart. 


• Wat te trainen, welke situaties te trainen?  


TRAINER is slechts een gereedschapskist met verschillende technieken en instrumenten; elke ver-


voerder maakt daarbinnen zijn eigen keuze en mix.. Werkpakket 2, “the Inventory of Good Practices” 


is al de eerste start en met de inhoud van WP4 “Backbone”/Training Modules” is er meer te kiezen. 


• Beoordeel de risico’s wanneer u begint met energiezuinig rijden. Het vertrek van een trein is het 


meest risicovolle deel van de rit en op hetzelfde moment het gedeelte waar je de meeste energie 


kunt besparen. 


• Monitoring en evaluatie van energiezuinig rijden is ook belangrijk en strategisch met betrekking tot 


de concurrent op de weg. 
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DB (Deutsche Bahn) 
De demotour werd voortgezet in Fulda (Duitsland) met 
een bezoek aan het simulatorencentrum van DB. Het 
bezoek startte met twee presentaties. In haar presen-
tatie maakte Julia Halbach op overtuigende wijze de 
belangrijkste punten m.b.t. energiezuinig rijden helder: 
uitrollen, voorkomen van topsnelheid en Schwungfah-
ren. De prestatie van machinisten wordt positief beïn-
vloed door feedback m.b.t. energiezuinig rijden en het 
introduceren van competitie. 


Martin Müller presenteerde een case studie over het 
nut van simulatoren. Sinds 2005, heeft DB 55 simula-
toren verdeeld over 8 simulatorencentra in heel Duits-
land geïnstalleerd. Elke jaar doet elke machinist een 
test in één van de simulatoren. Een succesvolle test 
levert een licentie voor weer een jaar op. 
Een niet-succesvolle test leidt tot een verbeteringspro-
gramma. 
Deze simulatoren worden ook gebruikt voor energiezuinig rijden, training voor veiligheid en regel-
geving en het trainen van het rijden bij lage adhesie situaties (railcontact). 
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4.2.2 Tweede demotour in Slovenië, Oostenrijk en Slowakije 
De tweede demotour vond plaats in drie landen en was gericht op het delen van ervaringen op het gebied 
van energiebesparingprogramma’s, trainingprogramma’s en bereikte resultaten binnen de groep van voor-
namelijk goederenvervoerders. Er was veel aandacht voor de fameuze driehoek: organisatie, techniek en 
gedrag. Hieronder een overzicht van de belangrijkste presentaties. 


Gastheer: Sloveense Spoorwegen SZ 
Woensdag, 11 Maart 2008 Locatie Ljubljana 


1. Inleiding door Peter Wilbers, coördinator EU project TRAINER 


2. Voorwoord SZ: Dhr. Branko Omerzu, Vice CEO van de Sloveense Spoorwegen 


3. Energie-efficiëntie in het goederenvervoer: Dhr. Igor Hribar, Directeur Vrachtver-


voer, Sloveense Spoorwegen 


4. Monitoring en evaluatie: Voordelen en risico’s van monitoring en evaluatie van rail 


energie-efficiëntie projecten door Dhr. Gregor Hribar van Solvera Lynx. 


5. Een gecombineerde aanpak betaalt zich uit: Energiezuinig rijden; een praktijk ca sus 


van de Sloveense Spoorwegen door Dhr. Bojan Dremlj van SZ. 


6. Best Practices Energiezuinig Rijden bij SBB: Dhr. Markus Halder, SBB. 


7. Energiezuinig Rijden bij SZ: Dhr, Bojan Dremlj, SZ. 


 


Dhr. Igor Hribar, directeur Goederenvervoer SZ (Slovenian Railways) richt zich tot het Trainer Demotourgehoor.
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Gedurende de treinreis naar de Oostenrijkse grens (Ljubljana – Maribor) reed de Sloveense ma-
chinist volgens de principes van energiezuinig rijden. Het lukte hem om de meest energiezuinig rit 
uit die periode te rijden. Zijn energieverbruik lag 12% onder het gemiddelde. De rode lijn laat de 
gemiddelde consumptie zien. 
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Gastheer: Oostenrijkse spoorwegen (ÖBB) 
Donderdag, 12 Maart 2008 Wenen 


1. Duurzaamheid en klimaatbescherming bij de ÖBB, Dhr. Herbert Minarik van ÖBB 


2. “Klima:aktiv mobil” - het Oostenrijkse klimaatinitiatief, Dhr. Willy Raimund van AEA 


3. Energiezuinige rijstijl voor machinisten, Dhr. Michael Pfeffer van ÖBB 


Host: Slovak Railways ZSSK Cargo, 
Vrijdag, 13 Maart 2008 Bratislava 


1. Het monitoren van energie; het meetsysteem van ZSSK Cargo “de visie van de vervoerder”. 


door Dhr. Branislav Krigovsky ZSSK Cargo. 


2. Energie meten; “de visie van de infrastructuurbeheerder” 


door Dhr. Miroslav Pavlovic van ZSR 


3. “Guerilla actie door vervoerders” 


door dhr.Heinrich Strössenreuther van BSL Mgmt (Lloyd’s) 


4. Optimalisatie voor goederen en exprestreinen 


door dhr. Ales Lieskovsky van AZD Praag 


5. MIRER: snelheidsreguleringssysteem van ZSSK Cargo 


door dhr. Peter Cervanka van ZSSK Cargo 


6. Training van machinisten bij ZSSK Cargo 


door Mevr. Gabriela Smerigova van ZSSK Cargo. 
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4.3 Conclusies 
De volgende conclusies kunnen worden getrokken uit de twee demotours: 


1) Trainingprogramma’s 
Wat betreft opleidingen voor machinisten zijn verschillende benaderingen mogelijk. Ze variëren 
van de inzet van autodidactische hulpmiddelen als de GEKKO tot zeer intensieve 1-op-1 training op 
de baan. Daartussen allerlei variaties zoals theoretische en virtuele opleidingsprogramma’s. 
Ook de ‘toon’ van de opleiding varieert afhankelijk van de nationale en culturele context en is 
ook afhankelijk van de (sub) doelgroep: machinisten van passagierstreinen of machinisten van 
goederentreinen. Daarnaast verschillen inhoud en tips voor energiezuinig rijden als gevolg van de 
geografische omstandigheden. Bv. in heuvelachtige terreinen ligt de nadruk op het gebruik van 
remenergie via recuperatie en Schwungfahren. 


2) Monitoring en ondersteunende systemen 
De insteek met betrekking tot monitoring en ondersteunende systemen verschilt ook. Sommige 
vervoerders implementeren intensieve trainingprogramma’s zonder te investeren in meetsystemen. 
Het is dan de uitdaging om de betrokkenheid van de machinisten en het management te behouden. 
Andere vervoerders investeren veel in meetapparatuur zonder inzet van opleidingsprogramma’s. 
De gedachte hierachter is dat het meten en feedback geven zelf een energie-efficiëntie-effect 
heb ben. Een effect dat je niet kunt controleren en daarmee niet kunt managen. Waar ligt de ba-
lans? Hoe bereik je voldoende nauwkeurigheid en optimale energiebesparing? 
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Doe je een paar exacte metingen en extrapoleer je de totale verwachte energiebesparing of doe 
je heel veel minder nauwkeurige metingen die je terugkoppelt op je machinisten? Welke methode 
is het meest kosteneffectief? 
DB meet bijna alles. Ze weten precies welke machinist welke hoeveel elektriciteit gebruikt op welke 
reis en onder welke weersomstandigheden. 


3) Inbedden van het kader 
Het helpt wanneer energiebesparingsmaatregelen in een kader zijn ingebed. Dit kan Maatschappe-
lijk Verantwoord Ondernemen (MVO) zijn, ‘groen ondernemerschap’, Meer Jaren Afspraken, Ener-
gie Management Systemen (EN-16001) of ISO 14001. Dit kader biedt het management een drijfveer 
om deel te nemen aan het energiebesparingprogramma en het benutten van de communicatieve 
voordelen. Het helpt ook machinisten verder te betrekken. Pragmatische kwesties zoals financi-
ele voordelen kunnen een nationale drijfveer zijn om aan de gang te gaan met energiebesparing. 
Naast directe kostenbesparingen kunnen voordelen komen van het krijgen van een fiscale vrijstel-
ling of tariefsverlaging bij de uitvoering van deze maatregelen. 
Daarnaast komt mogelijk een internationale drijfveer in zicht: er zijn misschien mogelijkheden voor 
een overkoepelend Europese MeerJarenAfspraak. De in 2008 uitgegeven gezamenlijke verklaring 
over de CO2-emissiereducties van de CER zou het fundament kunnen zijn voor de acceptatie van 
een Europa brede MJA.
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4) Netwerken en Samenwerken 
Het is belangrijk om te komen tot een ”community” van kennis met betrek king tot energie-efficiën-
tie maatregelen in de spoorwegsector. Veel spoorwegmaatschappijen zijn anders opnieuw het wiel 
aan het uitvinden over opleidingsprogramma’s. TRAINER en in het bijzon der de demotours dragen 
bij aan het beschikbaar maken van de kennis, know-how en ervaringen van zoveel mogelijk Euro-
pese vervoerders, bijvoorbeeld via netwerken, samenwerkingsverbanden en productie van deze 
universele handleiding. Essentieel om de boodschap over het voetlicht te krijgen is de samenwer-
king met Railenergy, de UIC, de CER, de TRAINER consortium partners en de demo-tour partners. 
Zeer belangrijk en zeer gewaardeerd is de huidige ’open mind’ en de be reidheid van vervoerders 
samen te werken en ervaring en know-how uit te wisselen. 


5) Een virtueel hulpmiddel1 
Er is veel belangstelling voor een opleiding ondersteunend hulpmiddel als de virtuele trainer. Een 
eerste, pilotversie is gedemonstreerd bij de demo-tour II. Het ontwikkelingstraject is uiteindelijk 
stopgezet en vastgesteld is dat de wensen op het gebied van realiteitsgehalte niet pasten bij de be-
schikbare middelen. Een simulator voldoet wel aan deze wensen maar viel buiten de scope van het 
TRAINER project. Het beschikbaar komen van een slimme, eenvoudige, goedkope simulator die als 
trainingstool en als spel gebruikt kan worden, blijft een brede wens binnen de TRAINER werkgroep. 


1 Na de Demotours bleek het ook te moeilijk te zijn om een Virtual Trainer te ontwikkelen die aantrekkelijk 


genoeg was voor de treinmachinisten, afgezien van de te verwachten software problemen. Besloten werd 


om over te schakelen naar de productie van een film waarin de essentiële tips en trucs voor machinisten 


in verschillende situaties werden weergegeven. Zie hoofdstuk 7 voor de links waar de film in uw eigen 


taal te vinden is.
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6) Infrabeheerders versus vervoerders. 
Het is belangrijk om te proberen de huidige kloof tussen spoorwegonder nemingen en infrabeheer-
ders te overbruggen en gezamenlijk te werken aan optimale energie-efficiëntie. De machinist kan 
worden opgeleid om energiezuinig te rijden, maar ze zijn grotendeels afhankelijk van de trein-
dienstleiders. Deze bepaalt of de “maximale” energie-efficiëntie kan worden bereikt. Het resultaat 
van de machinist kan geheel of gedeeltelijk worden opgeslokt als hij moet remmen en wachten 
voor een rood sein. Onnodig stoppen kan leiden tot veel extra energieverbruik. Systemen zoals 
Routelint kunnen bijdragen om vooruit te zien en te anticiperen. 
Maar het is duidelijk dat de optimale energie-efficiëntie alleen kan worden bereikt als communi-
catie en uitwisseling van standpunten en kennis worden verbeterd. een “gezamenlijke opleiding” 
kan hieraan zeker bijdragen 
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5 Het kader voor de uitvoering van energiebesparing 
   en energiezuinig rijden 


5.1 MeerJarenAfspraken (MJA) 
Aan het begin van de jaren negentig sloot het Nederlandse Ministerie van Economische Zaken de 
eerste overeenkomsten over de verbetering van de energie-efficiëntie met het bedrijfsleven af. Dit 
heeft geleid tot convenanten met de energie-intensieve sectoren (MJA1). Een paar jaar later wer-
den ook convenanten afgesloten met commerciële dienstverleners, de educatieve sector, zorgver-
leners en een aantal agrarische sectoren. 


Deze eerste generatie MeerJarenAfspraken voor de industriële sectoren liep tot het jaar 2000. Een 
paar MJA1 convenanten die op een later tijdstip zijn aangegaan draaien zelfs tot 2010. De MJA-
NS-formule is een succes: de energie-efficiëntie verbeterde met 22,3% in tien jaar tijd. Industrie 
en de regering besloten tot nieuwe afspraken. Dat leidde tot nieuwe convenanten (MJA2 en het 
Convenant Benchmarking Energie-efficiëntie) met een looptijd tot 2012. 
De meeste MJA1-convenanten zijn inmiddels afgelopen. 


MJA2 
De energie-intensieve bedrijven met een energiegebruik van meer dan 0,5 PJ per jaar onderte-
kenden het Convenant Benchmarking Energie-efficiëntie, dat gericht is op het behalen van de 
wereldtop op het gebied van energie-efficiëntie. De middelgrote en kleine industriële bedrijven 
zetten hun inspanningen voort in de MJA2. Een voorwaarde voor deelname aan de MJA2 was dat 
het energie verbruik in de sector minimaal 1 PJ per jaar was. Bovendien moeten de deelnemende 
bedrijven gezamenlijk verantwoordelijk zijn voor 80% van de het energieverbruik in hun sector. 
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Het doel van het lopende MJA programma is het structureel verbeteren van de energie-efficiëntie. 
Dat is de reden waarom het MJA programma energiemanagement als kader gebruikt. Het pro-
gramma richt zich vooral op: 
• de belangrijkste productie processen 


• gas, water en licht 


• logistiek 


• gebouwen 


Binnen het kader staan verschillende instrumenten ter beschikking: 


Maatregelen overzicht 
Per sector heeft AgentschapNL (voorheen SenterNovem) een lijst met kansrijke maatregelen laten 
ontwikkelen; samen met de sector en gespecialiseerde energieconsultants. 


Gebruikersgroepen 
“Gebruikersgroepen” zijn een instrument om over ondernemingen heen, als sector gezamenlijk een 
onderwerp aan te pakken. Het doel is het delen en uitwisselen van informatie en vervolgens sa-
menwerken naar een meer energiezuinige oplossing. Een gebruikersgroep wordt onder steund door 
een gespecialiseerde consultant. De ontwikkeling van de opleidingsmodules binnen TRAINER was 
een voorbeeld van zo’n gebruikersgroep. Vrijwel alle grotere vervoerders zaten ge zamenlijk om 
tafel. DB Schenker, Syntus, Arriva, Hispeed, NedTrain met als voorzitter (en tevens WP4-project-
leider TRAINER) de NS. De groep werd ondersteund door NS Opleidingen. 
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Kennisnetwerken 
Het MJA programma ondersteunt de opbouw van sectorbrede kennisnetwerken. 


Software applicaties 
Het MJA-programma heeft verschillende software applicaties ontwikkeld: 
• Return on Investment (ROI)-besluitvorming. 


• Verbetering van de doelmatigheid van lage druk stoomsystemen voor de voedingsmiddelenindustrie. 


• Verbetering van de efficiëntie van verlichtingssystemen. 


• Een besluitvormingsinstrument voor energie-efficiënte koel/vriesinstallatie voor supermarkten. 


• Een besluitvormingsinstrument voor energie-efficiënte gebouwen. 


• Een besluitvormingsinstrument voor het gebruik van restwarmte voor de gieterijindustrie. 


Ga naar deze link om meer te leren over de SenterNovemposter en het MJA concept. 
Er is ook een evaluatie van het MJA-instrument beschikbaar. 


MJA in internationaal perspectief 
Het succes van MJA bleef niet onopgemerkt buiten Nederland. Het feit dat bedrijven en instellin-
gen op zo’n grote schaal vrijwillig samenwerken met elkaar en met de overheid is internationaal 
geprezen. In 1997 is het Nederlandse initiatief van de MJA goedgekeurd door de EU in het kader 
van de verdere bevordering van het “Intelligente energie voor Europa”-project. Door SenterNovem 
is een rapport gepubliceerd namens de EU-lidstaten getiteld “De overdracht van het Nederlandse 
succes van de convenanten met de industrie naar andere landen “. MJA2 (2001-2012) is gebaseerd 
op hetzelfde instrument, maar introduceerde ook de verplichte implementatie van een Energie 
Zorgsysteem (EZS). Het EZS-concept wordt in paragraaf 5.2 nader toegelicht. 



http://ec.europa.eu/energy/intelligent/index_en.html
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LTA-Uptake: Het EU-project voor de 
verspreiding van het MJA-instrument: 
Dit LTA-Uptake project is gestart in 2007. 


De belangrijkste doelen van het project zijn: 
• het ontwikkelen van een toolkit om sectoren en 


overheden te helpen bij het opstellen van vrijwillige 


overeenkomsten op lange termijn (MJA) voor energie-


efficiëntie 


• het benutten van de wederzijdse voordelen: 


 - het besparen van energiekosten 


 - het beperken van formele milieuwetgeving 


 - het verminderen van de administratieve lasten voor 


de sector 


 - het verbeteren van het milieu-imago van de sector 


 - het bereiken van de nationale milieudoelstellingen 


Spoorwegmaatschappijen die kunnen rekenen op de 
mede werking van een proactieve overheid en die be-
reid zijn om actie te ondernemen, kunnen aan de slag 
op basis van deze toolkit. 



http://www.ltauptake.eu/index.asp?id_lang=en

http://ltauptake.eu/

http://ltauptake.eu/lta_phase_flash.asp?id_phase=0
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5.2 EnergieZorgSysteem 
Een goede methode om structureel een verbetering te bewerkstelligen, is de invoering van het 
Plan-Do-Check-Act(PDCA). Dit is de zogenaamde Deming-cyclus methode, ontwikkeld door dr. W. 
Edwards Deming. Deze methode kan in principe gevolgd worden door de stap-voor-stap methode. 
De meer uitvoerige versie kan ook worden gebruikt en kan via deze link gedownload worden. De 
verschillende stappen dienen uitgevoerd te worden bij de opstelling en invoering van het manage-
ment systeem. 


Het opstellen van een plan op basis van de PDCA-methode zal ervoor zorgen, dat alle aspecten 
van het project op het goede moment aan bod komen en dat alle betrokken partijen gericht zullen 
blijven op de resultaten. Het BESS project is geba-
seerd op de PDCA-methode, die in dit geval wordt 
voorgesteld als een dartboard. Raadpleeg ook de in-
formatieposter. Verder is er het handboek voor het 
MKB, dat werd geïntroduceerd in november 2008, in 
het kader van het BESS-project.


Met betrekking tot de verbetering van projecten ad-
viseert TRAINER spoorwegmaatschappijen altijd te 
kiezen voor een aanpak, die gebaseerd is op een 
projectmatige aanpak. Dit geldt voor deelprojecten 
alsmede voor algemene verbeteringsprojecten op 
het gebied van energiebesparing. 



http://deming.org/

http://deming.org/

http://www.bess-project.info/

http://www.bess-project.info/

http://www.senternovem.nl/Energiezorg/english/index.asp
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PLAN: Oriëntatie 
Creëer bewustzijn en betrokkenheid bij medewerkers en management. 
• Metingen van het basisverbruik bij voorkeur gebaseerd op ISO 14001 
• Formuleer operationele doelen voor het project binnen de bedrijfskaders voor duurzaamheid 
• Maak een plan van aanpak voor de rest van het project 
• Bereid de organisatie voor door communicatie en budgettering 


DO: Voer in 
• Leg de basis voor het zorgsysteem (energie/milieu). 
• Ontwikkel procedures, werkinstructies en formulieren 
• Implementeer het Milieu/Energie Zorg Systeem 


CHECK: Controleer 
• Houd interne audits, bijv. door management reviews conform ISO 19011 


ACT: Reageer/Verbeter/Stuur bij
• Ontwikkel verbeterprojecten gebaseerd op ervaringen en sociale/technische ontwikkelingen 
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5.3 EnergieManagement bij Spoorwegen in de praktijk 


Energiemanagement is meer dan het veranderen van iemands stijl 
van rijden. 
Het begint bij het aankopen van energiezuinige treinen, de juiste 
wijze van inzet en onderhoud van die treinen. De In ternationale 
Unie van Spoorwegen (UIC) heeft in 2008 een boekje gepubli-
ceerd, getiteld “Process, Power, People” dat gericht is op het ma-
nagement van spoorwegondernemingen en dat talrijke tips bevat 
over energiebesparing. 


Ze produceerde ook een poster met een overzichtstekening van 
alle aandachtspunten aan de ene kant en korte verklaringen en 
relevante tips aan de andere kant. In dit hoofdstuk zullen we een 
aantal praktische aanbevelingen doen op het gebied van energie-
efficiëntie. Er staan ook diverse links naar andere bronnen met 
meer gedetail leerde informatie in. 


Energy Efficiency for
Railway Managers


Process,
Power,
People
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Part of the UIC poster Process, Power, People.
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Professionaliteit van de medewerkers moet ook energiebewustzijn inhouden.
Wereldwijd zijn er enkele miljoenen mensen werkzaam in de spoorwegsector. In Europa alleen 
al zijn dat er bijna 1,7 miljoen, spoorwegmannen en spoorwegvrouwen (en dat is nog exclusief 
Rusland). Dit is een machtig leger dat vecht aan de zijde van energie-efficiëntie. Zonder de on-
dersteuning van dit personeel, op alle niveaus, van president-directeuren tot rangeerders kan een 
campagne voor energie-efficiëntie nooit leiden tot succes. 


‘Hearts and Minds’ 
Een succesvolle energiecampagne moet daarnaast zowel het begrip als de sympathie van het 
personeel hebben. Alleen preken is niet genoeg; ze doodgooien met wetenschappelijke feiten 
evenmin. Effectieve training, gericht op energiebesparing is de enige garantie die verzekert dat 
energiebesparing meer is dan een ‘eendagsvlieg’. 


Het PPP boekje beschrijft de aanpak op 3 niveaus: 
1. Het management proces 


2. De technische ontwikkelingen 


3. De opleiding en motivatie van het personeel. 


Training moet mensen laten zien hoe zij effectief invloed kunnen uitoefenen op hun eigen ener-
gieverbruik. 
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Een goed trainingprogramma zal: 
• Uitleggen waarom energie belangrijk is - financieel en milieu 


• Uitleggen hoe energie wordt gebruikt 


• Uitleggen hoe het gebruik kan worden beheerst 


• De medewerkers ondersteunen bij het in praktijk brengen van het geleerde 


• Feedback geven over de geboekte vooruitgang 


Dit laatste punt betekent dat training op zichzelf niet genoeg is. Die zal alleen waarde hebben 
als de andere systeemonderdelen in de praktijk gebracht zijn, de planning, de doelstellingen, het 
meten, het bijhouden van en het feedback- en verbeteringsproces. 


Het personeel zal moeten worden gerustgesteld dat energiebeheer niet alleen een nieuwe vorm is 
van managementcontrole of handhaving van de discipline. De positieve effecten van het energie-
besparingprogramma zullen voor het personeel duidelijk gemaakt moeten worden: 


• Het bedrijf wordt efficiënter, zonder daarbij iets uit het loonzakje te halen of te snijden in de werkgele-


genheid. 


• Er is een nieuwe kans om het vakmanschap en de professionele vaardigheden aan te tonen – machinis-


ten bij veel vervoerders reageren positief op energiezuinig rijden programma’s. 


• De sector en het bedrijf zullen groeien door te profiteren van de voordelige positie van het spoor ten 


opzichte van andere transportvormen als het gaat om energieverbruik en daarmee samenhangende 


kosten. 
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Een laatste punt om te benadrukken als het gaat om motivatie, is dat teamwork een belangrijk 
onderdeel is van een succesvolle energiecampagne. Inzicht in en begrip voor het werk en de 
standpunten van collega’s moet een belangrijk deel zijn van de opleiding. Machinisten en verkeers-
leiders bijvoorbeeld, hebben behoefte aan een beter begrip hoe ze kunnen samenwerken om de 
treinenloop in beweging te houden – en daarmee: het helpen van punctualiteit en energieverbruik. 


Deskundigen zijn het erover eens dat energiezuinig rijden een van de grootste kansen is voor 
energiebe sparing op het spoor. De exacte omvang van de winst voor een bepaalde spoorweg-
maatschappij kan variëren als gevolg van verschillen in het dienstregelingpatroon, signalerings-
systemen en het type treinen, maar het is altijd tenminste zo groot als de winst door een puur 
technische initiatief. 


Studies voor een identieke trein op dezelfde route op verschillende netwerken in Europa tonen 
significante verschillen in gebruik van brand stof of elektriciteit. 
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De volgende grafiek uit Noorwegen is zeer typerend voor de resultaten van 


dergelijke studies 


Voor vijf treinen op dezelfde route - vier doen dezelfde dienst (trein 127) op verschillende dagen – is het cumu-


latieve elektriciteitsverbruik uitgezet over een afstand van 136,6 kilometer. Hieruit bleken niet alleen verschillen 


in het totaal, maar ook in het verbruikpatroon op de route. Als alle ritten konden worden gemaakt met hetzelfde 


energieverbruik als de ‘beste’ rit, dan zijn aanzienlijke energiebesparingen mogelijk. 


Togsett 73-04   Oslo til Halden, mai 2006
 kjøretid 1h 45min (43- 49) ,  distanse 136,6 km 
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Er zijn enkele belangrijke conclusies te trekken uit de verschillende studies die over de hele wereld 
gedaan zijn over dit onderwerp. 
• 10% besparing is een realistisch doel voor alle vormen van spoorvervoer 


• Vrachtverkeer en zware dieseltractie zullen met name profiteren van energiezuinig rijden. Besparingen 


tot 20% worden gemeld 


• Energiezuinig rijden is niet in tegenspraak met punctualiteit - in feite helpt het door treinen beter in 


hun geplande tijdpad te houden. 


• Op drukkere routes is goed verkeersmanagement net zo belangrijk als energiezuinig rijden. 


• Energiezuinig rijden zal de veiligheid helpen door het stimuleren van een meer doordachte rijstijl 


Voor een maximaal effect moet energiezuinig rijden worden geïntegreerd met andere aspecten van 
een energiebeheerprogramma. Absoluut noodzakelijk zijn in het bijzonder: 
• Meetsystemen 


• Communicatie en feedback aan het personeel 


• Effectieve trein planning 


En natuurlijk moet de training voor energiezuinig rijden een integraal onderdeel zijn van de machi-
nistenopleiding - het is een onderdeel van het vakmanschap. Vergeet niet dat energiezuinig rijden 
is gebaseerd op de werkelijke rijvaardigheid. In tegenstelling tot een aantal technische verbete-
ringen is het niet een ‘one-time fix’. De betrokkenheid van het personeel en de discipline in het 
proces vergen voortdurende aandacht. 
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5.4 Monitoring en evaluatie 


Wat is monitoring en evaluatie? 
Monitoring en evaluatie zijn een managementstool om de ontwikkeling en implementatie van het 
energiebesparingprogramma te bewaken. Het omvat een aantal activiteiten. Het meten van het 
energieverbruik, het meten van beïnvloedende factoren, de verzameling van kwantitatieve data 
m.b.t. medewerkerbetrokkenheid en goede terugkoppeling. Een goede terugkoppeling – toegesne-
den op elke groep binnen de organisatie – is van essentieel belang voor het slagen van het project. 
Het belangrijkste doel van het programma is natuurlijk “energiebesparing”, maar daarnaast omvat 
een goed ontworpen monitoring en evaluatieprogramma ook: 


• (Energiebesparingen, hierboven al genoemd) 


• Milieueffecten 


• Verbetering in management en organisatie 


• Gedragsverandering bij allen 
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Energiebesparingmetingen 
Er is geen directe manier van meten van energiebesparing, omdat instrumenten het niet gebruiken 
van energie niet kunnen meten. 
Nochtans kan de besparing worden berekend door vergelijking van het energieverbruik vóór en 
na de implementatie van een energiebesparende maatregel. Het simpele verschil bepalen van het 
energieverbruik van voor en na de maatregel geeft inzicht in de besparing, maar omvat ook het 
effect van alle factoren die van invloed zijn op het energieverbruik van een spoorwegmaatschappij. 
Zoals beladingsgraad (passagiers en vracht), vertragin-
gen als gevolg van onverwachte gebeurtenissen, veran-
deringen in de dienstregeling, veranderingen in rollend 
materieel en natuurlijk het weer. De invloed van deze 
laatste factoren moet zo mogelijk uit de cijfers worden 
geëlimineerd. 


In principe kan men het gemeten energieverbruik voor en 
na het nemen van maatregelen vergelijken en dan levert 
het verschil de energiebesparing op. Om de juiste “nullijn’ 
te verkrijgen is het van belang om de andere invloeds-
factoren (zoals weer, vertraging, beladingsgraad) ook te 
bekijken en te bepalen. 


Besparing = (Standaard referentiegebruik) - (Gebruik na de genomen maatregel) 
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In de bouw en industrie worden deze methoden al jaren gebruikt. Ze worden uitvoerig beschreven in ver-
schillende publicaties. De geïnteresseerde lezer moet zoeken naar “energie-monitoring, validatie, verificatie 
“of verwijzen naar ASHREA 14 Richtlijnen. Een nieuwe Europese norm EN 16001 beschrijft ook de ontwik-
keling van een energie-monitoring (meting) plan. Hoewel het principe eenvoudig te begrijpen is, is het niet 
eenvoudig te implementeren. 


Onzekerheid en kosten 
De relatie tussen energieverbruik en andere factoren kan worden bepaald door middel van simulatie pro-
gramma’s en data-analyse. Echter er blijft altijd onzekerheid over de resultaten. 
De behoefte aan zekerheid moet worden afgewogen tegen de kosten van de metingen en analyse, daarbij 
moet men dus onderkennen dat absolute zekerheid niet haalbaar is. 


Elke keer moet het doel van het energie-efficiëntie proces worden overwogen; het is geen project op zich-
zelf om energie te meten; het meten van de energie is slechts een van de belangrijke en zeer bruikbare 
gereedschappen. 
Daarnaast geldt in het algemeen ook dat een nauwkeuriger bepaling van het energieverbruik de wet van 
de afnemende meeropbrengst volgt: een verdere toename van zekerheid wordt enkel bereikt tegen steeds 
hogere kosten. De bekende 80/20 regel is ook hier van toepassing. 


De kosten van het meten van besparingen moet gerelateerd aan en afgezet worden tegen de mogelijke 
besparingen. Omdat tractie meer energie verbruikt dan verwarming, koeling en airconditioning van de trein, 
mogen meer inspanningen worden verricht om de rijstijl en het bijbehorende verbruik goed te meten dan 
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om zeer nauwkeurig de binnentemperatuur te meten. Aan de andere kant, is het meten van de 
temperatuur meestal veel goedkoper dan rijstijl. Elke meting moet worden beschouwd in relatie 
tot zijn kosten.
Meestal zal bij een pakket van verschillende maatregelen een besparing tot 10 % verwacht mogen 
worden. De impact van elke individuele maatregel is niet meer dan enkele procenten. Daarom is 
het zeer belangrijk dat het meetsysteem adequaat en betrouwbaar verschillen van slechts enkele 
procenten kan detecteren. 


Gereedschap 
Het proces van energiebesparing kan alleen tot de verwachte resultaten leiden als het goed is ont-
worpen, met SMART doelen. Voor het spoorwegsysteem betekent dit een goede kennis van zowel 
het energieverbruik als van het bedrijfsproces. De efficiëntie laat ons zien hoeveel reizigerskilo-
meters of brutotonkilometers werden afgelegd per eenheid gebruikte energie. Dit kan worden ver-
beterd door het rijden van meer kilometers met dezelfde hoeveelheid energie of het gebruik van 
minder energie voor dezelfde hoeveelheid vervoer. Echter, voor een kwalitatief voldoende beheer 
moeten zowel de verbruik- als procesgegevens in de juiste vorm beschikbaar zijn. 


Energie meting 
Om het verbruik te begrijpen moet je het meten. Het zijn de infrabeheerders die het energiever-
bruik meten aan de aanbodzijde, slechts een paar ondernemingen maken gebruik van een ener-
giemeter aan boord. 
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Meting van het energieverbruik aan boord is belangrijk om verschillende redenen: 
• Inzicht in het verbruik van de individuele trein 


• Inzicht in de effecten van diverse rijstijlen op het energieverbruik 


• Het geven van feedback aan de machinisten en aan het management in real-time of tijdens de training 


Het is niet nodig om in elk voertuig een meter te installeren. Wel moeten voldoende meters wor-
den ingebouwd om in een statistisch relevante steekproef te voorzien. Over het algemeen is 20% 
van de treinen een goede schatting, hoe groter de vloot, hoe lager het gevraagde percentage. Dit 
percentage garandeert bruikbare resultaten en een zeer goed rendement op de investering. 


Een ”aan boord” energiemeetsysteem bestaat uit spanning- en stroomsensoren en -meters. Als je 
de gegevens niet handmatig wilt verzamelen is een zender/interface noodzakelijk. Het stuurt de 
gegevens van de meter automatisch naar de server. Last but not least heb je een server nodig die 
alle gegevens verzamelt. Omdat er per dag veel gegevens worden ontvangen moet de server soft-
ware in staat zijn de gegevens te analyseren, zodat belangrijke informatie en kengetallen direct en 
zonder te graven in miljoenen gegevens beschikbaar komen. Bovendien moet de software in staat 
zijn om goede verslagen voor doelgroepen te genereren. 
Naast de nauwkeurigheid van het meetsysteem is de frequentie van dataverzameling belangrijk. 
Voor lokale en regionale treinen kan de meetfrequentie lager zijn dan een meting per minuut. 
Tijdens de versnelling / vertraging mag de frequentie wel hoger zijn om een goed inzicht te  
krijgen. Sommige energiemeters worden ook gebruikt voor facturering en zijn in staat om elke  
30 seconden te meten. 
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De Sloveense Spoorwegen (SZ) is het gelukt om binnen een jaar het energieverbruik per tonkm te laten 


dalen met 10%. 


Elektrische meters 
De nieuwe norm EN 50463 definieert elektrische energiemeters voor het facturatie proces. Het is 
echter alleen billijk om meters die aan de norm voldoen ook voor energie-efficiëntie projecten te 
gebruiken, ofschoon facturering in uw land misschien nog niet is gepland. 
Een goede schatting van de kosten per elektrisch voertuig (uitrusting, installatie- en andere kosten) 
is € 10.000. De exacte prijs is afhankelijk van het type voertuig, spanning en andere parameters. 
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Diesel-flowmeter 
Vaak bieden bedrijfsinformatiesystemen inzicht in het brandstofverbruik van een dieselvloot; 
meestal is het totale maandverbruik per voertuig per maand wel te zien. De vraag is echter wan-
neer en hoe deze brandstof is verbruikt. 
Een diesel-flowmeter in combinatie met GPS kan antwoord geven. Wanneer we de totale consump-
tie kennen hoeven we enkel nog het gebruik gedurende een bepaald interval vast te stellen. 
Er zijn verschillende soorten flowmeters op de markt. Elk heeft zijn voor- en nadelen: in het alge-
meen is het moeilijker om bij een dieselmeter een nauwkeurigheid van minder dan 1% te garan-
deren dan bij elektriciteitsmeters. Belangrijke problemen zijn de hoge dynamiek van het debiet 
(variaties in de hoeveelheid per seconde) en gasbellen in de brandstof. 
Naast de nauwkeurigheid is ook de herhaalbaarheid belangrijk. Het betekent dat de metingen al-
tijd hetzelfde zijn onder vergelijkbare omstandigheden (hoewel ze misschien niet de exact juiste 
hoeveelheid meten). Dit is voldoende om het verbruik per tijdsinterval vast te stellen. 


On-board netwerk informatie systeem 
Het verbruik op het scherm van de machinist in nieuwere voertuigen is altijd berekend op basis 
van de kenmerken van de motor (bijvoorbeeld druk, duur van de injectie). De nauwkeurigheid is 
maar 10%, dus het kan alleen een indicatie voor de machinist zijn en nooit een kengetal of norm. 
Er zijn echter ook andere data beschikbaar voor rijstijlanalyse (omwentelingen, snelheid, gevraag-
de tractie, berekend verbruik...). 
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De prijs van een diesel-flow meetsysteem hangt af van het type meter en de installatie. 
Het kan veel hoger dan maar ook veel lager dan € 10.000 uitpakken.


+ -
Ultrasoon meter eenvoudige en snelle installatie, hoge her-


haalbaarheid
lage nauwkeurigheid


Turbine meter eenvoudig ontwerp, lage prijzen moeilijke installatie, lage nauwkeurigheid,  
extra filter nodig


Massa meter hoge nauwkeurigheid moeilijke installatie, hoge prijs


Locatie en Verkeersinformatie 
Het werkelijke energiegebruik en de operationele gegevens van de rit vormen samen het efficiëntie 
plaatje. Om een compleet beeld te krijgen is zowel geplande als werkelijke dienstregelinginforma-
tie noodzakelijk. Daarnaast moet je locatie en snelheid kennen. Met deze verzameling data is het 
mogelijk zowel het rijgedrag van de machinist als de bijsturing van de treindienstverkeersleiding 
te beoordelen. 
Daarnaast geldt voor de bijsturing dat ongeplande stops en prioritering in treinvolgorde een grote 
bijdrage leveren aan het uiteindelijke energiegebruik. 
Een goed verkeersmanagementsysteem is in staat om informatie te verstrekken over de geplande 
en de werkelijke dienstregeling, maar ook over de positie van de trein in een bepaalde sector. Als 
treinen al zijn uitgerust met GPS moet al het mogelijke worden gedaan om de bestaande appara-
tuur te gebruiken en niet een extra GPS systeem te installeren alleen voor energiemeting.
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Voorbeeld van de invloed van verkeersmanagement en rijstijl 
De discussie over de relatie tussen de (treindienst)verkeersmanagement en rijstijl is altijd een hot 
issue. Solvera Lynx analyseerde de relatie tussen consumptie, rijstrategie en treindienstverkeers-
leiding in samenwerking met de faculteit Werktuigbouwkunde van de Universiteit van Ljubljana. 
Vastgesteld werd dat uitrollen een 5 tot 35% aandeel in de totale variantie heeft. Het is puur een 
besluit van de machinist waar en hoeveel hij uitrolt. Bovendien hebben snelheidsveranderingen 
30% tot 40% aandeel in de totale variantie. De noodzaak tot snelheidsveranderingen worden 
opgelegd door snelheidsbeperkingen en / of seinen, die zijn ingesteld door verkeersleiding. Dit 
is uitgelegd in een nog niet gepubliceerd artikel dat verkrijgbaar is bij de auteur (gregor.hribar@
solvera-lynx.com). 



mailto:gregor.hribar@solvera-lynx.com

mailto:gregor.hribar@solvera-lynx.com
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6 Ontwikkeling van trainingmodules 
Benaderingen van theorie naar praktijk 


6.1 Inleiding didactiek 
“Leren is een proces waarin min of meer permanente gedragsveranderingen of potentiële gedrags-
veranderingen optreden onder invloed van ervaringen.” 
Als organisatie moet u ervoor zorgen dat je trainers of mentoren die belast zijn met de opleiding 
van machinisten, het leerproces niet laten afhangen van toevalligheden. Uw trainers / mentoren 
zijn voortdurend bezig met het creëren van onderwijsleersituaties die het beste aansluiten bij het 
leerproces van de machinist en andere medewerkers. In de bijlage “didactische vaardigheden1”, 
hebben we advies en referentiepunten opgenomen hoe uw trainers zo effectief mogelijk gebruik 
kunnen maken van hun (didactische) activiteiten tijdens het leerproces. 


Naast het gebruiken van de methoden, zoals vermeld in “didactische vaardigheden1”, is het altijd 
verstandig uit te gaan van de perceptie van de doelgroep van hun omgeving. Dit kan betekenen 
dat het opleiden van machinisten van goederentreinen een andere aanpak vereist dan het opleiden 
van machinisten van passagierstreinen.


1 er zijn ook Nederlandse teksten beschikbaar bij AgentschapNL
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6.2 Instrumenten voor het veranderen van gedrag 
In januari 2009 heeft VROM - het Nederlandse Ministerie van Volkshuisvesting, Ruimtelijke Orde-
ning en Milieubeheer -- een rapport gepubliceerd met de titel “De kunst van het veranderen van 
gedrag van doelgroepen”. Op veel beleidsterreinen - met inbegrip van het beheer van het klimaat 
en de ambitieuze doelstellingen – worden zowel mensen als organisaties verzocht hun gedrag te 
veranderen. 
• Hoofdstuk 3 bespreekt energiebesparend gedrag en invloedsfactoren. 


• Hoofdstuk 4 geeft een meer gedetailleerd overzicht van de verschillende instrumenten en hoe ze wer-


ken. 


• Hoofdstuk 5 introduceert de ‘instrument planner’. De instrument planner biedt advies over de meest 


effectieve instrumenten voor gedragsverandering De werking van de ‘instrument planner’ wordt uitge-


legd aan de hand van een voorbeeld. 


Nadat de beslissingen zijn genomen over de belangrijkste aspecten, kunnen de intensiteit en de 
methode gericht op de machinisten worden vastgesteld. Onthoud dat uw machinisten al rijvaardig-
heid bezitten. U traint hen niet voor het rijden van een trein maar voor een verandering in gedrag. 
Uw doel is de machinist het belang te laten zien van energiebesparing en vermindering van CO2- 
uitstoot. Dit vereist een verandering in houding. Dit zal alleen succesvol zijn als de machinisten 
correct worden benaderd als de professionals die ze zijn. 



http://89.18.179.82/~pinkster/technicad.nl/instrumentplanner/
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6.3 Backbone, de link tussen theorie en praktijk 
In het kader van TRAINER heeft NS Opleidingen een backbone leerconcept 
ontwikkeld voor het opleiden van spoorwegpersoneel. 
Het concept richt zich op situationeel bewustzijn en leren, maar ook op de 
psychologische leercyclus gebaseerd op het model van Endsley’s. Deze theorie 
houdt rekening met interne en externe factoren van invloed op het leerproces. 
Het geeft ook het belang van een goede leeromgeving, de cultuur en het leer-
niveau. Het document bevat een overzicht van de leerdoelen, instrumenten en 
activiteiten voor machinisten, service personeel en management. 


6.4 Nationale benaderingen 
De (ontwikkelde) nationale opleidingsprogramma’s variëren sterk met betrek-
king tot filosofie, opbouw, detail en uitvoering. Aangezien deze zijn geschre-
ven in de nationale talen zijn ze niet opgenomen in deze handleiding. In plaats 
daarvan verwijzen we naar de TRAINER website. Het is ook mogelijk om een 
leerprogramma via een van de contactpersonen van TRAINER te verkrijgen. 
Zie bijlage 1. 
In dit hoofdstuk beperken we ons tot enkele verwijzingen naar nationale tips 
en tools hoofdstuk 7 (pagina 77) 
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6.5. Uitwisselen van nationale implementatie ervaringen 
Een van de overeengekomen resultaten was dat de betrokken partners hun kennis en ervaring met 
betrekking tot energiezuinig rijden zouden verspreiden en delen met andere nationale partijen. 
Omdat er zulke grote verschillen tussen individuele opleidingsprogramma’s bestaan, is het onmoge-
lijk een echte analyse te maken. Het is makkelijker om een lijst van de ervaringen en aanbevelingen 
voor elk land apart te maken. U vindt de verslagen over de nationale bijeenkomsten en workshops 
en een overzicht van de grootst gemene deler. 


Samenvatting van Implementatie ervaringen1 


Positieve reacties tijdens de opleiding. 
• Tijdens de opleiding moet het klimaatthema niet worden verwaarloosd. Stimuleer en motiveer de machi-


nisten en trainers ook met de ‘culturele’ aspecten van energiezuinig rijden naast de technische rijoplei-


ding. Laat cijfers zien over energiegebruik en CO2-uitstoot en de kwantitatieve mogelijkheden tot ver-


mindering vanuit het eigen gedrag. 


• Maak het klein en tastbaar. Vertel een machinist dat hij door tijdig af te schakelen evenveel energie kan 


besparen als een gezin in een maand gebruikt (maak Nederlandse voorbeelden). 


• Overlaad de machinisten niet met veel didactisch materiaal, je loopt het risico van een “one way” com-


municatie. Betere resultaten kunnen worden verkregen met een meer open benadering gebaseerd op het 


ontdekken van de eigen ervaring en de persoonlijke vaardigheden van de trainers en machinisten. 


1 Samenvatting van de presentatie van Luigi Contestabile van Trenitalia voor het Trainer Eindcongres.
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• Concentreer je inspanningen daar waar het meeste energie te besparen is: 


 - op machinisten die de zwaarste goederentreinen of dubbeldeks spitstreinen rijden. 


 - op machinisten die in bergachtig gebied rijden waar de consumptie bergop hoog is en bergaf door 


uitrollen veel energie te besparen is. 


• Een duidelijke boodschap van het topmanagement over haar belang bij energiezuinig rijden leidt tot 


onmiddellijke resultaten in de energiebesparing. Het is vooral belangrijk om het management te blijven 


informeren over de behaalde resultaten om die steun in de tijd te blijven houden 


• De samenwerking tussen de verschillende betrokken afdelingen van hetzelfde bedrijf heeft ook een 


positief effect. Het opleidingsprogramma, de periodieke herziening van de inhoud en de evaluatie van 


de resultaten, enz., moeten deel uitmaken van het Quality Management Systeem (ISO 9001) van de 


spoorwegmaatschappij. 
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Problemen die zijn ontstaan tijdens de training. 
• In het algemeen is er een zeker scepticisme over de mogelijkheid van het in praktijk brengen van 


energiezuinig rijden, alsof er een grote kloof gaapt tussen “theorie” en “echte praktijk”. Deze kloof 


moet worden verminderd door het gezamenlijk analyseren van rijden, rijomstandigheden en de moge-


lijkheden tot energiezuinig rijden. 


• Een ander ding dat werd gezien als in strijd met het efficiënt rijden was het mogelijke conflict met de 


belangrijkste prioriteit na veiligheid: punctualiteit. In dit geval is het belangrijk om tijdens de opleiding 


duidelijk te maken dat energiezuinig rijden alleen moet worden toegepast wanneer de trein op tijd is. 


• De houding van de infrabeheerder kan worden gezien als een belemmering. Verkeersleiders worden 


niet getraind om te denken in termen van energie-efficiëntie en ze besteden misschien niet de aan-


dacht die nodig is om de gemiddelde snelheid te optimaliseren en dan met name op en rond de drukke 


knooppunten rond de grote steden. Daarom is het belangrijk om de infrabeheerder direct bij het pro-


gramma energiezuinig rijden te betrekken. 


• Opleiden kost tijd en geld. Energiezuinig rijden is onderdeel van het vakmanschap van de machinist. 


Integreer daarom de opleiding in het standaard opleidingspakket, zowel voor de beginnende als de 


meer ervaren machinist. 
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6.6 Middelen die energiezuinig rijden ondersteunen 
In deze paragraaf passeren enkele al eerder genoemde hulpmiddelen de revue. 
Duidelijk moet zijn dat er nog andere hulpmiddelen zijn met mogelijk een vergelijkbaar resultaat. 


6.6.1 TRAINER film: ‘Eco-driving for traindrivers’ 
Deze film is opgenomen in verschillende Europese landen en laat een aantal praktische tips zien voor energiezuinig 
rijden in deze landen. De film is beschikbaar op dvd en op internet in drie delen: 
• een algemene inleiding over energiezuinig rijden en de noodzaak hiervoor 


• negen tips voor rijstijlen die energie besparen 


• de complete film 


De film zelf is ook geïntegreerd in deze handleiding en op de dvd versie van 
deze handleiding. De internetversie is toegankelijk via de links in hoofdstuk 7. 


De negen tips 
1. Gebruik de speling in de dienstregeling om de trein zoveel mogelijk te laten uitrollen 


2. Vermijd pieken in je snelheid 


3. Maak gebruik van de ED rem om de remenergie te recupereren. 


4. Houdt vrachttreinen in vaste blokken tussen passagierstreinen. 


5. Ben voorzichtig met je tractie wanneer de sporen glad zijn. 


6. Accelereer niet te snel met dieselmaterieel. 


7. Schakel de tractie van de tweede en derde locomotief uit wanneer je op snelheid bent. 


8. Ken je trein en je route zodat je onnodig remmen en optrekken kunt voorkomen. 


9. Schwungfahren’. Schakel je tractie uit vlak voordat je de top van de heuvel bereikt hebt. 



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html
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6.6.2 De UZI methode 
Freddy Velthuizen, machinist bij de Nederlandse Spoorwegen 
ontwikkelde de zogenaamde UZI-methode (universeel, zuinig 
rijden idee). Een eenvoudig zakkaartje vertelt machinisten vol-
gens een eenvoudige formule tot welke snelheid ze kunnen ver-
snellen. Bij het bereiken van die snelheid kan de tractie worden 
uitgeschakeld en komt het materieel juist op tijd tot stilstand 
op het volgende station. UZI maakt gebruik van de buffer in de 
dienstregeling. 


De rol van de conducteur is erg belangrijk. Door op tijd 
het vertreksignaal te geven maakt hij optimaal energie-
zuinig rijden mogelijk. 
De UZI methode maakt gebruik van de 5 tot 7% speling 
in de Nederlandse dienstregeling, er zijn twee factoren 
belangrijk bij de toepassing van de UZI methode:


1. De dienstregeling moet worden ontworpen op een zodanige 


wijze dat speling is verdeeld over de haltes in plaats van gecon-


centreerd op de knooppunthaltes. 


2. De conducteur is ervoor verantwoordelijk dat geen tijd wordt 


verloren tijdens halteringen. Door direct op dienstregelingtijd te 


vertrekken geeft hij de machinist optimaal gelegenheid energie-


zuinig te rijden. 
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6.6.3 RouteLint 
Het RouteLint instrument (zie ook de inleiding pagina 6) stuurt informatie over voorlopende 
treinen naar de PDA van de machinist (maximaal zeven blokken). Afwijkingen van de dienst-
regeling van die treinen worden gesignaleerd zodat de machinist anticiperend kan rijden. 
Met een langzame goederentrein voor zich kan de machinist van een Intercity door uitrollen 
energie besparen. Zonder deze informatie zou mogelijk extra energie zijn gebruikt in een 
‘stop-and-go’ rijstijl. 
Voor een individuele trein kan dit makkelijk 5% energie besparen. 


6.6.4 Gekko 
In Denemarken is door DSB (de Deense Spoorwegen) het Gekko instrument geïntroduceerd 
(oude presentatie, nieuwe presentatie) (zie ook hoofdstuk 3). 


Het systeem kan worden geïntegreerd in de cabine en werkt met de volgende parameters: 
• het vergelijkt de huidige GPS positie met de dienstregeling 


• het berekent en optimaliseert de meest energie efficiënte ritstrategie. 


• het geeft de aanbevolen snelheid weer. 


• het berekent en toont de energieconsumptie 


• het houdt een logboek bij ten behoeve van probleemoplossing en feedback. 


Gekko bespaart gemakkelijk 10-12% zonder dat de machinist daarvoor getraind hoeft te wor-
den anders dan dat hij de snelheid horend bij de groene pijl moet volgen. 
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6.6.5 Bombardier EBI Drive 
Fabrikanten van rollend materieel ontwikkelen ook energiebesparinghulpmid-
delen. Een voorbeeld is het Bombardier EBI Drive50-systeem. Het ondersteunt 
machinisten bij het optimaliseren van hun rijstijl om energie te besparen. EBI 
Drive50 is gebaseerd op berekeningen van baan, topografie, dienstregelingen 
en treinkenmerken. In combinatie met kennis over de trein, de af te leggen 
weg vanaf de actuele positie, en de actuele 
tijd claimt de EBI Drive50 15% te besparen op 
het verbruik van tractie-energie. Zodoende zal 
er- zeker gezien de huidige/toekomstige prij-
zen van energie - een korte(re) terugverdien-
tijd uitrollen.


De EBI Drive50 bestaat uit software, die in 
een trein geplaatst wordt en werkt als een 
communicatiepoort naar centrale werkstati-
ons aan de wal om de vereiste gegevens up-
to-date te houden De geplaatste sofware maakt gebruik van Bombardier tele-
maticaproducten of is ingebed in het controlesysteem in de Bombardier trein. 


EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption
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EBI Drive50 is geschikt voor nieuwe treinen maar kan ook achteraf worden ingebouwd in be-
staande voertuigen. De positie en stiptheid van de trein worden bepaald door de GPS. Verbeterde 
nauwkeurigheid en de continuïteit van de positie-informatie wordt mogelijk gemaakt, door dit te 
combineren met de gegevens die worden verkregen door middel van aanwezige sensoren van ver-
snellingsmeters, kilometertellers of radar. Het systeem berekent de snelheid en de tractieprofielen 
en de aanbevolen optimale snelheid en trekkracht wordt zo continu bijgewerkt naar de actuele 
positie en tijd en kan worden weergegeven in de cabine van de machinist. 


6.6.6 Management instrumenten 
Bombardier richt ook een energie-efficiëntie programma in voor het management van spoorweg-
maatschappijen, het Energie Management Control System. Dit Bombardier concept biedt een ge-
integreerde aanpak van gegevensvastlegging en -communicatie. Het systeem genereert manage-
mentinformatie. gebaseerd op data-analyses en rapporten, 
KPI’s, zoals brandstofverbruik, worden verzameld uit de trein en vergeleken met de “Gouden Rit”, 
een term gebruikt om een vergelijking te kunnen maken met de meest efficiënte treinrit tussen 
twee stations. Kijk voor meer informatie over ECO4, Bombardier’s EED 2009 presentatie.







6 Ontwikkeling van trainingmodules 


72


6.6.7 Solvera Lynx 


GemaLogic 
Solvera Lynx ontwikkelde de energiemanagement software GemaLogic voor de analyse van ‘on 
board’ gemeten gegevens. De basismodule geeft een overzicht van de verbruikte en gerecupe-
reerde energie, de snelheid en de geografische positie van elk voertuig. 
De analyse module geeft de meer gedetailleerde informatie om inzicht te krijgen in het verbruik. 
Samen met de basismodule, toont het energieverbruik, het uitrollen, vertrektijden, haltes, aan-
komst en vertragingen per trein, per machinist en per route. 


’Machinisten feedback’ is een speciaal verslag gericht op de machinist, dat het energieverbruik 
van een bepaalde rit laat zien vergeleken met de gemiddelde rit per trein en per machinist. Een 
instrument om personeel te voorzien van directe feedback over hun inspanningen en prestaties, 
met als een toegevoegde waarde dat het hun expertise verhoogt door het in te zetten als trai-
ningsinstrument. GemaRate is een systeem om treinen, machinisten en andere aspecten van de 
bedrijfsvoering te rangschikken. GemaLogic Executive is een speciaal rapport voor het manage-
ment. Het biedt een quick scan van de huidige activiteiten. 


GemaLogic heeft zijn toegevoegde waarde bewezen bij de Sloveense spoorwegen waar meer dan 90 
locomotieven werden aangesloten en aanzienlijke energiebesparingen werden bereikt. Als onderdeel 
van het TRAINER-project wordt GemaLogic ook gebruikt door de Nederlandse Spoorwegen. 
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6 6.8 Tips van DB Schenker uit het boekje ‘Het nieuwe rijden: een noodzaak’ 


Deze tips zijn gebaseerd op persoonlijke en praktische ervaringen van machinisten en de reacties 
van de deelnemers aan verschillende trainingen. 


Tip 1: het aantal actieve locs afstemmen op het gewicht van de trein, besparing > 20%. 
Zet een tweede en / of derde locomotief voor de rit uit als het gewicht van de trein dat toelaat. 
Doe dit dus ook altijd bij losse locs die multiple rijden. 


Tip 2: rustig optrekken, besparing > 13%. 
Trek zoveel mogelijk rustig op. Er zit heus wel tijdmarge in de dienstregeling. Laat de trein dus niet 
op vol vermogen op dienstregelingsnelheid komen. Wanneer u op tijd bent is bijvoorbeeld 70% van 
het vermogen al voldoende. 


Tip 3: gebruik maken van geografische mogelijkheden op het traject besparing > 10%. 
Als u wel zo snel mogelijk op dienstregelingsnelheid moet komen. Maak dan – als u eenmaal op 
dienstregelingsnelheid bent - gebruik van bruggen, hellingen en glooiingen in landschap om uw 
trein met laag vermogen (circa 30%) op snelheid te houden. 


Tip 4: energiezuinig rangeren, besparing > 50%. 
U hebt een trein op een emplacement of een plaats waar aan het spoor wordt gewerkt, multiple 
geschakeld, aangebracht. Schakel vervolgens bij langdurig rangeren de tweede loc (en eventueel 
de derde) uit.
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6.7 Eindconferentie TRAINER Project


Op vrijdag 25 september 2009 werd de TRAINER Eindconferentie gehouden in Tours(F). 
De conferentie werd gehouden in het kader van de Energy Efficiency Days 2009 en 
werd georganiseerd in samenwerking met het Railenergy-project, SNCF en de UIC, 
ingebed in het 4de ”UIC Energy Conference”.
Zie ook het EED 2009 programma en het verslag in het UIC-e-news (korte versie). De presentaties zijn 
beschikbaar op http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009.


TRAINER verzorgde de volgende presentaties:
Centraal.
1. De heer Peter Wilbers (SenterNovem): TRAINER project


2. De heer Branislav Krigovsky (ZSSK Cargo): Opleidingsprogramma Best practice ZSSK Cargo


3. De heer Bojan Dremelj (SZ): EED praktijk op de Sloveense Spoorwegen


Workshop presentaties:
1. De heer Paul Offerman (VVCR): Didactische aanpak


2. De heer Jan Hoogakker (NS R): TRAINER uitvoering in Nederland


3. De heer Luigi Contestabile (Trenitalia): Implementatie Ervaringen



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Conclusies van de workshop
• Voor gedragsverandering heb je een goed plan en een goede benadering nodig. Wat en hoe te trainen 


en wat zijn de doelen.


• Belangrijk is hoe je de machinisten/mensen aanspreekt. Richt je op hun goed vakmanschap.


• Ondanks dat men weet energiezuinig te rijden kunnen ze vaak toch nog 10-20 % zuiniger.


• Herhaling en terugkoppeling is belangrijk. Er zijn geen dwangmiddelen of lokkertjes in de cabine.


• Het commitment van de directie is cruciaal.


• Veiligheidsvoorschriften kunnen de installatie van een scherm of interface bemoeilijken of tegenhou-


den. Gekko is echter onlangs in Denemarken toegestaan.


• EZR is kosteneffectief en met de invoering kan morgen al begonnen worden.


• Maar het invoeren zelf is niet gemakkelijk en kan maanden duren.
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7 Aanvullende informatie 


Organisatie URL
UIC http://www.uic.org/
CER http://www.cer.be/ 
EIM http://www.eimrail.org
TRAINER http://www.iee-trainer.eu/
TRAINER Final Conference EED2009 
(Sept. 2009)


http://www.energy-efficiency-days.org/menu/article/
presentations-of-the-eed-2009


TRAINER links pagina Trainer links


European committee http://ec.europa.eu/index_en.htm
Intelligent Energy Europe http://ec.europa.eu/energy/intelligent



http://www.uic.org/

http://www.cer.be/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/index.php?option=com_content&task=view&id=40&Itemid=89

http://ec.europa.eu/index_en.htm

http://ec.europa.eu/energy/intelligent

http://www.eimrail.org/

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Interessante links
1. http://www.2train.eu/ 


2. http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm


3. http://www.uic.org/spip.php?rubrique1045


4. http://www.railway-energy.org/tfee/index.php 


5. http://www.railway-mobility.org/ 


6. http://www.railenergy.org/ 


7. http://www.errac.org/reftexts.htm 


8. http://www.errac.org/links.htm 


9. http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid


=71&limit=5&limitstart=20 


10. http://ec.europa.eu/energy/intelligent/library/index_en.htm 


11. http://www.eimrail.org/bro.html


12. http://www.railway-technology.com/projects/


13. http://www.innotrack.org/


14. 14. http://www.senternovem.nl/LTA/index.asp


15. http://www.iee-trainer.eu/



http://www.2train.eu/

http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm

http://www.uic.org/spip.php?rubrique1045

http://www.railway-energy.org/tfee/index.php

http://www.railway-mobility.org/

http://www.railenergy.org/

http://www.errac.org/reftexts.htm

http://www.errac.org/links.htm

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://ec.europa.eu/energy/intelligent/library/index_en.htm

http://www.eimrail.org/bro.html

http://www.railway-technology.com/projects/

http://www.innotrack.org/

http://www.senternovem.nl/LTA/index.asp

http://www.iee-trainer.eu/
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Deelnemers TRAINER


Deelnemer Contact E-mail Telefoon URL


AgentschapNL NL P. Wilbers peter.wilbers@agentschapnl.nl +31622907912 http://www.agentschapnl.nl 


NS NL R. Luijt Ralph.Luijt@NS.nl +31633083183 http://www.ns.nl


Solvera Lynx SI G. Hribar gregor.hribar@solvera-lynx.com +38614012860 http://www.solvera-lynx.com


Slovenske Zeleznice SI B. Dremelj bojan.dremelj@slo-zeleznice.si +38641919309 http://www.slo-zeleznice.si


CRES GR G. Zoidis grzoidis@cres.gr +30697306455 http://www.cres.gr


ZSSK Cargo SL B. Krigovsky Krigovsky.Branislav@zscargo.sk +421220292128 http://www.zscargo.sk


VVCR Europe NL P. Hekkert p.hekkert@vvcr.nl +31616760626 http://www.vvcr.nl


ENEA IT E.Negenti negrenti@enea.it +393356282657 http://www.enea.it


TRENITALIA IT L. Contestabile l.contestabile@trenitalia.it +39644105765 http://www.trenitalia.com/trenitalia.html



mailto:peter.wilbers@agentschapnl.nl

http://www.agentschapnl.nl

mailto:Ralph.Luijt@NS.nl

http://www.ns.nl

mailto:gregor.hribar@solvera-lynx.com

http://www.solvera-lynx.com

mailto:bojan.dremelj@slo-zeleznice.si

http://www.slo-zeleznice.si

mailto:grzoidis@cres.gr

http://www.cres.gr

mailto:Krigovsky.Branislav@zscargo.sk

http://www.zscargo.sk

mailto:p.hekkert@vvcr.nl

http://www.vvcr.nl

mailto:negrenti@enea.it

http://www.enea.it

mailto:l.contestabile@trenitalia.it

http://www.trenitalia.com/trenitalia.html
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Links naar de Eco-driving film


Deze film, ontwikkeld door de partners van TRAINER, is een extra hulpmiddel om u te helpen bij de 
verbetering van de energie-efficiëntie van de spoorwegen. Het kan onderdeel zijn van uw eco-dri-
ving/energiezuinig rijden opleidingsprogramma’s. De instructie is verdeeld in twee delen. Een deel is 
specifiek voor de beslissers van de spoorwegmaatschappijen. Het andere deel toont de eco-driving 
instructies voor machinisten. Beide onderdelen kunnen ook nuttig zijn voor trainers. We ontwikkel-
den deze tool in 8 talen: Nederlands, Engels, Frans, Duits, Grieks, Italiaans, Slowaaks en Sloveens.


Engels
introductie
tips


Nederlands
introductie
tips


Sloveens
introductie
tips


Slowaaks
introductie
tips


Italiaans
introductie
tips


Grieks
introductie
tips


Frans
introductie
tips


Duits
introductie
tips



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part2.html
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Kolofon


Ta priročnik je bil pripravljen v okviru programa Inteligentna energija za Evropo.
Urejanje: Hub Cox/AgentschapNL, Patrick Hekkert/VVCR Europe BV in Paul Offerman/VVCR Europe BV
Fotografije: Bojan Dremelj /SZ (Slovenske železnice d.o.o.)
Oblikovanje: Technicad, Hengelo
Utrecht, Nizozemska
September 2009


Za nadaljnje informacije se obrnite na g. Petra Wilbersa, koordinatorja in vodjo programa  
TRAINER pri AgentschapNL, Nizozemska peter.wilbers@agentschapnl.nl ali obiščite spletno stran  
TRAINER-ja: www.iee-trainer.eu  


Omejitev odgovornosti


Vsebina publikacije je izključno odgovornost avtorjev. Vsebina ne odraža nujno mnenja Evropske skupnosti. Evropska komisija ni odgo-


vorna za kakršno koli uporabo zgoraj navedenih informacij. 


Niti TRAINER niti katerikoli od njegovih pogodbenih partnerjev niso odgovorni za kakršnokoli škodo, izgubo ali poškodbe, ki bi nastale 


kot posledica nepravlne uporabe nasvetov oziroma navodil opisanih v tem priročniku.  



mailto:peter.wilbers@agentschapnl.nl

http://www.iee-trainer.eu/
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Uvodna beseda


Usposabljanje
Cilj usposabljanja je naučiti se, izboljšati se in doseči boljše rezultate.   Športni trening vodi do 
povečanja moči, hitrosti, uspešnejšega skupinskega dela in . . .  Pokala zmagovalcev. Železnice bodo 
imele možnost osvojiti pokal trajnostnega razvoja.  Zato vas pozivam, da preberete ta priročnik.


Usposabljanje zahteva vzdržljivost, disciplino, ustrezna orodja in jasne cilje. O tem lahko beremo, 
razpravljamo ini razmišljamo, najpomembneje pa je nekaj narediti. Primerjava s priročnikom TRAI-
NER za železnice je jasna. To je priročnik z navodili, ki vsebuje nekaj primerov praktičnega us-
posabljanja v vsakodnevni praksi. Torej, zakaj bi čakali?


Železnice so že sicer zelo energetsko učinkovite in povzročajo zelo nizke izpuste toplog-
rednih plinov. Iz tega razloga so železnice del rešitve problema globalnega segrevanja. 
Kljub temu še vedno obstaja prostor za izboljšavo in iskanje načinov za zmanjšanje porabe 
energije v železniškem transportu.   Ta priročnik vam bo pomagal pri izvajanju izboljšav.


Program TRAINER predstavlja ‘win-win-win’ (zmagaš-zmagam-zmagamo) priložnost. 
Železnice pridobijo z znižanjem stroškov, kupec pridobi, ker privarčuje in planet pridobi 
zaradi  zmanjšanja emisij toplogrednih plinov.


Bert Meerstadt
Predsednik uprave NŽ / Nizozemskih železnic



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/
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1 Predstavitev in napotki bralcu


To so težki časi za železniški sektor.  Soočamo se s problemi, kot sta globalno segrevanje in svet-
ovna gospodarska kriza. Rešitve pa se morda nahajajo prav v železniškem sektorju.  Omenjeni 
sektor ima velike možnosti za izboljšanje lastne energetske učinkovitosti in upočasnitev globalnega 
segrevanja. Obenem bo ta poseg prihranil dovolj stroškov za nadaljnje povečanje konkurenčnosti 
z uvedbo alternativnih načinov prevoza. Kar pa je pomembno tudi zato, ker konkurenčni načini 
prevoza obenem postajajo vedno bolj energetsko učinkoviti. Popoln opis projekta TRAINER boste 
našli v brošuri TRAINER.


TRAINER  (izpeljanka iz “TRAining programmes to Increase Energy efficiency by Railways” – pro-
gram za povečanje energetske učinkovitosti v železniškem prometu) je eden od Evropskih projek-
tov, katerega cilj je izboljšanje energetske učinkovitosti evropskega železniškega sistema. Izva-
janje projekta je potekalo od novembra 2006 do novembra 2009. 
Pri projektu TRAINER (www.iee-trainer.eu) je sodelovalo več evropskih železniških podjetij. 
TRAINER je sodeloval z Mednarodno železniško zvezo (UIC) in še z drugim evropskim projektom, 
Railenergy (www.railenergy.org). 


Ta priročnik je eden od rezultatov projekta TRAINER in združuje izkušnje, strokovno znanje in 
poznavanje različnih evropskih železniških podjetij. Priročnik ne nudi že pripravljenega programa 
usposabljanja. To ne bi bilo primerno, kajti program je potrebno prilagoditi glede na različna kul-
turna okolja in značilnosti podjetij. Priročnik pa železniškim podjetjem nudi vse potrebne sestavine 
in menije, da lahko pripravijo program usposabljanja po lastnem ‘’okusu’’.    



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/

http://www.uic.org/spip.php?rubrique1045

http://www.railenergy.org/
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Priročnik je namenjen vodilnim delavcem železniških družb, osebju na postajah, vodjem usposab-
ljanja in predvsem strojevodjem. Priročnik obravnava številne načine in nasvete za različne ciljne 
skupine, o tem, kako izboljšati energetsko učinkovitost, začenjši z izbiro energetsko učinkovitega 
železniškega voznega parka ter njegovo ustrezno namestitev in vzdrževanje. Vendar pa se priročnik 
osredotoča na strojevodje, ki se morajo navaditi novih praks za varčno vožnjo, tako imenovano 
eko-vožnjo (poglavje 3). Seveda pa ostajata varnost in pravočasnost temeljna predpogoja.


Izboljšanje vedenja strokovnjakov kot so strojevodje lahko predstavlja precejšen izziv tako za 
vodilno osebje  kakor tudi vodje usposabljanja, ter seveda tudi za same strojevodje. Strokovnost 
in izkušnje strojevodij je treba spoštovati in slednje neposredno vključiti v postopke priprave 
zanimivih in učinkovitih programov usposabljanja. Didaktika in ton glasu sta občutljivi vprašanji, 
kateri je potrebno obravnavati z vso resnostjo (poglavje 6). Z vključitvijo strojevodij in signalistov 
v strokovno usposabljanje bi se izognili morebitnemu nasprotovanju.


Izboljšanje energetske učinkovitosti na železnici zahteva strokovno usposabljanje strojevodij. Ra-
vnanje strojevodij se lahko nadalje izboljša z uporabo ustreznih orodij (poglavji 3 in 6).  Nekatera 
orodja, kot je Gekko, so bolj ali manj auto-didaktična in strojevodji pomagajo pri ekonomični 
vožnji. Druga orodja, kot je Routelint, prikazujejo položaj vlaka, obenem pa sprejemajo podatke 
o zasedenosti odsekov pred njim. Programi usposabljanja v kombinaciji z orodji nudijo dodatno 
vrednost in zagotavljajo izboljšano učinkovitost delovanja. 
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Železniško podjetje lahko izbere posamične programe usposabljanja, saj ima tudi kratkoročni pro-
gram usposabljanja  znaten učinek na energetsko učinkovitost.  Da bi presegli te kratkoročne 
prihranke je priporočljivo, da postane energetska učinkovitost del širše strategije oziroma okvira. 
To je privlačno tudi s komunikacijskega vidika.  Te širše strategije je možno zagotoviti z uporabo 
Dolgoročnih sporazumov (Sporazumi LTA) in Sistemov za upravljanje z energijo (poglavje 5). Spo-
razum LTA se lahko sklene med železniškim podjetjem, vlado in neodvisno organizacijo, ki bi izva-
jala monitoring. V sporazumu LTA so cilji postavljeni glede na učinkovitost delovanja, ki jo je treba 
doseči. Tovrstni mehanizmi so lahko glavno gonilo za izboljšanje energetske učinkovitosti. Včasih 
zadostujejo enostavnejši mehanizmi, kot je vračilo plačane trošarine na energijo, porabljeno pri  
izboljševanju energetske učinkovitosti.


Spremljanje in nadzor izvajanja programov energetske učinkovitosti je ključnega pomena (poglavje 
5.4). To velja za dokaze in posredne okoliščine (deluje), angažiranje ciljnih skupin (moj prispevek je 
pomemben) ter komuniciranje (poglejte, kaj  smo dosegli). Spremljanje in nadzor se lahko izvaja/je 
potrebno izvajati na več ravneh. Ta priročnik vam opisuje  nekaj možnosti, kako to storiti.


Ta priročnik služi kot osnova za poglobitev v nekatere predmete, ki so obravnavani v brošuri ‘’Po-
stopek, Moč, Ljudje’’, ki jo je izdala Mednarodna železniška zveza (UIC) (2008).



http://ltauptake.eu/

http://www.senternovem.nl/Energiezorg/english/index.asp
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TRAINER vsebuje navodila v filmskem prikazu: 
Eko-vožnja za strojevodje, devet koristnih nasvetov o energetski učinkovitosti. 


Ta zanimiv in informativni film se lahko uporablja neposredno za učenje strojevodij energetsko varčne 
vožnje. Film je sestavljen iz 2 delov: 
1. Splošna predstavitev, ki obravnava globalne izzive in priložnosti, ki jih imajo železnice ter


2. Vrsta nasvetov, ki bodo pomagali strojevodjem izboljšati energetsko učinkovitost pri vožnji vlakov.  


Film je na voljo v več jezikih.


Zaključna konferenca projekta TRAINER je potekala v Toursu (Francija),  v petek, 25. septembra 
2009. Konferenca, ki je potekala v okviru dnevov energetske učinkovitosti, je bila organizirana v 
sodelovanju s projektom Railenergy in Mednarodno železniško zvezo, ki je organizirala četrto UIC 
konferenco o energetski učinkovitosti. 
Poglejte tudi program EED 2009  in poročilo v (kratka verzija) UIC e-novicah. 
Predstavitve so na voljo na http://www.energy-efficiency-days.org/menu/article/presentations-of-
the-eed-2009
Predstavitve z zaključne konference projekta TRAINER so povezane tudi v poglavju 6.7 


Peter Wilbers
SenterNovem, Agencija nizozemskega Ministrstva za gospodarske zadeve 


TRAINER koordinator



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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2  Izzivi na globalni ravni in področju železniškega    
    prometa 


Globalno segrevanje
Mednarodno soglasje o tem, da se naš planet sooča z nepopravljivimi posledicami podnebnih spre-
memb, če ne bomo hitro ukrepali, je čedalje bolj razširjeno.  EU je že oblikovala jasen odgovor v 
obliki celovite politike na področju energije in podnebnih sprememb in se zavezala, da bo do leta 
2020 zmanjšala emisije toplogrednih plinov za najmanj 20 %, in obljubila, da bo imela vodilno vlogo 
pri mednarodnih pogajanjih za sprejetje še bolj ambicioznih ciljev. To bo pomagalo preprečiti dvig 
temperature na svetu za več kot 2°C, kar je raven, za katero so znanstveniki vse bolj prepričani, da 
pomeni točko, od koder ni vrnitve. Da bi dosegli ta cilj, moramo energijske vire uporabljati na bolj 
trajnosten način in se usmeriti v bolj obnovljive oblike energije, 
zajemanju in shranjevanju ogljikovega dioksida in resnejši zausta-
vitvi krčenja gozdov.  To lahko vključuje spremembo našega 
načina življenja, vendar ne bo nujno ogrozilo našega življenjskega 
standarda ali življenjskega standarda prihodnjih generacij.  


Najlažji način za povečanje varnosti oskrbe in za pomoč podnebju 
je zmanjšati povpraševanje po energiji.  To pomeni, da je treba 
energijo uporabljati učinkoviteje in zmanjšati njeno trošenje. To je 
mogoče storiti s pomočjo energetsko varčne tehnologije, s spre-
membo našega obnašanja ali kombinacijo obeh. Predvsem pa ima 
varčevanje z energijo tudi gospodarski smisel: cilj EU, da do leta 
2020 zmanjša porabo energije za 20 % v primerjavi s siceršnjo 
ravnijo, znižal stroške za energijo za 100 milijard evrov. 
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Ta cilj se morda zdi težko dosegljiv, vendar v praksi obstajajo številne možnosti za veliko bolj 
učinkovito uporabo energije, za kar je včasih potrebno le malo truda.  Na primer, energetske ozna-
ke, minimalni standardi učinkovitosti in prostovoljni dogovori proizvajalcev gospodinjskih aparatov 
so od leta 1990 že zmanjšali porabo energije povprečnega hladilnika ali zamrzovalnika za skoraj 
50 %. V primeru nekaterih drugih aparatov, kot so pralni ali pomivalni stroji, je bil dosežen za več 
kot četrtino višji prihranek. Mednarodni program „Energy Star“ (Energijska zvezda) usmerja pri 
izbiri energetsko najbolj prijazne pisarniške in računalniške opreme.


Cilj delovnega paketa 2.2 projekta Railenergy je opredelitev standardnega postopka za določanje 
in preverjanje porabe energije v voznemj parku: Poglejte Profili standardnih storitev – Določanje 
in  preverjanje porabe energije 


Marca 2007 se je EU obvezala, da bo znižala emisije toplogrednih plinov za 20% do leta 2020, v 
primerjavi z ravnjo iz leta 1990. Evropa si je za cilj zastavila, da bo do leta 2020 zmanjšala škodljive 
izpuste za 30 %, če bo leta 2009 v Københavnu dosežen nov svetovni sporazum o podnebnih 
spremembah. Evropska komisija je pozvala tudi k zmanjšanju svetovnih emisij za 50 % do leta 
2050 v primerjavi s stanjem iz leta 1990. Največji vir vseh emisij v EU-27 je proizvodnja električne 
energije. Drugi največji vir emisij CO2 je s približno 23% (2006) promet. Poleg tega novo poročilo 
Evropske agencije za okolje (EEA) ocenjuje, da se bodo emisije toplogrednih plinov iz prometa v 
obdobju  med 1990 in 2020 povišale za 25 %. To je v nasprotju z emisijami iz industrijskih in ener-
getskih podjetij, kjer je opazen  trend padanja.



http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.railenergy.org/





2 Izzivi na globalni ravni in področju železniškega prometa  


11


Sporočilo za javnost – Komisija za nadzor področja energetike (CER): 8. maj 2008


Evropski železniški sektor bo zmanjšal emisije CO2 za 30%
Včeraj so se direktorji evropskih železnic in podjetij odgovornih za vzdrževanje železniške in-
frastrukture zavezali, da bodo do leta 2020 svoje emisije zmanjšali  za 30% glede na leto 1990. 
Ta cilj bo  prispeval k celotnemu zmanjšanju emisij iz prometa, kar je potrebno za dosego cilja EU 
glede 20% zmanjšanja  absolutnih emisije toplogrednih plinov v istem obdobju. 
Na generalni skupščini Skupnosti evropskih železnic (CER) in Mednarodne železniške zveze (UIC) 
v Bruslju, so se podjetja odločila za korak, ki bi poudaril položaj železnice kot okolju najbolj  prij-
aznega in trajnostnega načina transporta.
‘’Kljub izboljšavam v drugih transportnih sektorjih, je železniški prevoz še vedno najmanj 
onesnažujoč način prevoza,’’ je dejal izvršni direktor Johannes Ludewig.
‘’Zunanji stroški, ki jih povzroča naš sektor so le del tistih, ki jih povzroča cestni sektor.  Vendar pa 
želimo narediti še več in čimbolj izkoristili možnosti za nadaljnje zmanjševanje emisij toplogrednih 
plinov.’’Ambiciozno zmanjšanje izpustov toplogrednih plinov za 30% do leta 2020 bo doseženo z 
uporabo različnih metod, vključno s tehnološkimi inovacijami, kot je sistem za regeneracijo za-
vorne energije, posodobitev  
flote in operativni postopki, med katere spada tudi energetsko učinkovita vožnja (‘eko-vožnja’).


‘’Za dosego tega cilja bodo potrebne velike naložbe gospodarskih družb’’, je dejal g. Ludwig. 
‘’Toda, ko bo možnost internalizacije zunanjih stroškov – kar predvideva prihajajoča revizija direk-
tive o  eurovinjeti – postala politična realnost, se bo ta naložba obrestovala. V vsakem primeru so 
železnice prepričane, da vzpostavitev trajnostnega prometnega sistema ni le ključnega pomena 
za prihodnost sektorja, temveč tudi družbeno odgovorno ravnanje.«
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Ta odločitev je bila sprejeta dan po tem, ko je profesor  John Schellnhuber, eden od najuglednejših 
evropskih raziskovalcev podnebja, v uvodu konference Skupnosti evropskih železnic (CER) v Bruslju 
predstavil najnovejše rezultate raziskav, ki poudarjajo nujnost takojšnjega  ukrepanja proti pod-
nebnim spremembam.
   
Poročilo Evropske agencije za okolje o popisu toplogrednih plinov z dne 29. maja 2009, kaže, da so se 
emisije v EU zmanjšal za 1.2 %  med letoma 2006 in 2007 in pričakovati je, da bo cilj Kjotskega spo-
razuma - med leti 2008 in 2012 zmanjšati emisije TGP za 8 % glede na raven iz leta 1990 – dosežen. 
To je kljub dejstvu, pa so se emisije cestnega tovornega prometa zvišale, in sicer za 5.3%. 


Vlak do Kopenhagna 
Ob koncu leta 2009  bodo na konferenci ZN o podnebnih spremembah ( COP15), v Kopenhagnu, na 
Danskem sklenili nov sporazum glede naslednika kjotskega protokola. Rezultat tega bo nov med-
narodni sporazum, s katerim naj bi  razvite države bile obvezane uvesti strožje cilje za zmanjšanje 
emisij CO2. Konferenca predstavlja edinstveno priložnost za dosego ambicioznega splošnega spo-
razuma, ki vključuje vse države sveta in obravnava resno grožnjo našemu planetu  - globalno se-
grevanje. 


Na svetovni ravni je promet odgovoren za 23% (2006) emisij ogljikovega dioksida (CO2), kar 
povzroča globalno segrevanje. Pravi izziv leži v dejstvu, da medtem, ko so drugi sektorji uspešno 
zmanjšali svoje lastne izpuste toplogrednih plinov, emisije v transportnem sektorju še naprej  
naraščajo. Obvladovanje tega naraščanja in zmanjšanje emisij v prometu je eden od ključnih 
ukrepov za boj proti globalnemu segrevanju.



http://www.traintocopenhagen.org/
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Kljub vsem tehnološkim napredkom, se promet še vedno ne razvija na trajnosten način. Glavni ra-
zlog je povečano povpraševanje po storitvah potniškega in tovornega prometa. Dandanes je sektor 
cestnega prometa odgovoren za več kot 80% celotne porabe energije. 
Emisije iz letalskega prometa hitro naraščajo in letalski promet ima največji vpliv, saj predstavlja 
več kot 13% celotne porabe energije v Evropi – na višji nadmorski višini, kar predstavlja večjo 
škodo, kot jo prikazujejo navedeni procenti. 
Železniški prevozi so ključnega pomena za zmanjševanje emisij toplogrednih plinov in razvoj tra-
jnostnih  prometnih sistemov. Železnice zagotavljajo najbolj energetsko učinkovite transportne 
rešitve, tako na potnika/km kakor tudi tono/km. 


Potovanje iz Bruslja v Kopenhagen z letalom ali avtomobilom proizvede 3.5-krat več emisij, kot če 
bi potovali z vlakom. To lahko preverite na www.ecopassenger.org ali http://www.routerank.com/
en/.  Glavni cilj ‘’naslednje generacije Kjotskega protokola’’ je posvetiti posebno pozornost razvoju 
železniškega sektorja ter možnosti za zmanjšanje emisij v prometu in zmanjšanje cestnega tovor-
nega prometa.



http://www.ecopassenger.org/

http://www.routerank.com/en/

http://www.routerank.com/en/
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3 Energetsko učinkovite vožnje in obratovanje 


3.1. Energetsko učinkovita vožnja oziroma eko-vožnja


Zakaj eko-vožnja ?
Z uvedbo načina eko-vožnje, bodo železniške družbe in vsi zaposleni pozitivno prispevali k dolgoročni 
zaustavitvi podnebnih sprememb. Istočasno bodo železniška podjetja zmanjšala lastne operativne 
stroške in njihova prepoznavnost kot okolju prijazen načina transporta se bo samo še dodatno 
okrepila. 
Prijeten ‘’spin-off’’ potniških vlakov je večja udobnost za potnike. Povedano z drugimi besedami: 
eko-vožnja preoblikuje strojevodje v strokovnjake in železniške družbe v družbeno odgovornega 
podjetja. 


Kaj je eko-vožnja ?
Kaj to točno pomeni ? Odgovoriti na to vprašanje je morda težje kot bi pričakovali. 
Najprej, varnost in pravočasnost  ostajata prednostni nalogi. Železniška podjetja bomo najprej 
ocenjevali na podlagi teh dveh vidikov. Ekonomični vlaki, ki so nezanesljivi oziroma vedno zamuja-
jo, bodo vplivali na slabo podobo podjetja. Program TRAINER je dokazal, da je tudi ob upoštevanju 
varnosti in pravočasnosti vsekakor možno privarčevati energijo. Eko-vožnja pomeni profesional-
no vožnjo, inteligentno načrtovanje uporabe tračnic, varčevanje z energijo na ranžirnih vlakih in 
postajah, izbiro najbolj primernega voznega parka in veliko več. 
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Način vožnje 
Eko-vožnja zahteva od strojevodij, da aktivno sodelujejo pri vožnji in pokažejo poznavanje varčnega 
načina vožnje.  Seveda se strojevodje že zavedajo, kako njihov način vožnje vpliva na porabo ener-
gije, vendar pa izkušnje kažejo, da velja to vprašanje obravnavati posebej, saj bo to zagotovilo še 
boljše rezultate.  Pomembno je, da vozniki razumejo, kdaj vlaki porabijo energijo (preveč energije) 
in kar je še pomembneje: kako prispeti na cilj z najmanjšo možno porabo energije.


Temeljna načela (ko gre za način vožnje)
Če vlak prispe na ciljno postajo prezgodaj, to pomeni, da je vozil prehitro in tako porabil preveč 
energije oziroma goriva. Prepozno zaviranje povzroča nelagodje. Nepotrebnemu ustavljanju na 
kontrolnih signalih se je možno izogniti s pravočasnim zmanjšanjem moči vleke, torej z zmanjšano 
hitrostjo. To bo vozniku preprečilo, da bi vlak pospešil iz mirujočega stanja, zaradi česar bi se 
raba energije še bolj povečala. Poznavanje lastnosti vlaka, ko je v prostem teku, ter čas prihoda in 
ciljno postajo bo vozniku zagotovilo energetsko varčen način vožnje. Nepotrebno ustavljanje lahko 
privede do približno 8% večje porabe energije na določenih relacijah/razdaljah.


Pospeševanje
Pospeševanje potrebuje energijo ali dizelsko gorivo, da ustvari kinetično energijo. Predvsem je po-
membno, da pospeševanje ni prehitro, ker slednje porabi preveč energije.  Ne vozite s preveliko hi-
trostjo. Visoke hitrosti zahtevajo še večjo zavorno silo, za kar se porabi preveč energije. Zagotoviti 
je potrebno postopno zmanjševaje natezne sile, kar prepreči, da bi vlak dosegel previsoko hitrost. 
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Enakomerna hitrost pri olgih vožnjah je pomembna zaradi varčevanja z energijo. Poleg tega je 
pomembno na potniških vlakih vzpostaviti stalno spremljanje kakovosti zraka in stopnje hrupa. 
Prekomerno ogrevanje ali hlajenje občutno poveča porabo električne energije. 


Vožnja v prostem teku
To smo obravnavali že zgoraj. Večina strojevodij se dobro zaveda, da s svojim načinom vožnje 
vplivajo na porabo energije. Če bomo naslovili potrebo po nadaljnjem izboljšanju, bomo izboljšali 
njihov način vožnje, ki ima pomembno vlogo pri omejevanju porabe goriva. 


Na področju prevozov v cestnem prometu voznike že nekaj let učijo kako izkoristiti vozne lastnosti vozila 
pri prostem teku motorja. Enako velja za vlake. Še bolj pomembno je to, da izključitev vlečne sile ozroma 
zmanjšanje hitrosti doseže nižjo porabo energije, saj vlaki s svojo maso proizvedejo veliko kinetične 
energije. Sedaj, ko to poznamo, moramo strojevodje naučiti kdaj je priporočljivo izklopiti vleko.  Učimo jih 
lahko na podlagi njihovih lastnih izkušenje, kakor tudi z uporabo ustreznih navodil in zadostnega števila 
učnih vaj  po programu praktičnega dela usposabljanja, ter na podlagi voznih redov in določenih prog. 


Količina kinetične energije, ki se proizvaja med pospeševanjem, se z uporabo mehanskih ali električnih 
zavor spremeni v trenje in toploto, ter se na ta način izgubi. Obstajajo tudi izjeme, kot je na primer 
rekuperacija energije, vendar pa se to ne zgodi v vsakem primeru. Najbolje je dovoliti, da se celotna 
masa premika v prostem teku, ko ima najmanj upora, kar pa porabi večino vložene energije.  Na nek-
aterih progah lahko hitri vlaki vozijo v postem teku z izključeno vlečno močjo s hitrostjo do 55 km; pri 
tem ne trošijo energije in obenem zagotavljajo odgovoren način vožnje. Bolje se je izogniti porabi ener-
gije kakor iskati možnost vračanja energije; v slednjem primeru bo vedno prišlo do izgube energije.
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Zaviranje
Seveda se ustavljanju na postajah ali ob rdečih lučeh ni mogoče izogniti. Zagotovite, da boste po-
leg zgoraj navedenih priporočil glede vožnje v postem teku, uporabili tudi  nadzorovano počasno  
zaviranje. Zavirajte postopoma. To bo zmanjšalo obrabo zavor in povečalo udobje potnikov. 


Schwungfahren
Vlaki, ki vozijo na območju hribovitih ali goratih predelov, potrebujejo veliko energije oziroma di-
zelskega goriva, da pripeljejo do vrha. Zaradi sile težnosti med spuščanjem navzdol ne potrebujejo 
veliko vlečne sile. Vendar pa je pri spustu koristno, da imamo na voljo nekaj vlečne sile, saj tako 
povečamo hitrost, ki jo vlak nato izkoristi pri naslednjem vzponu. S prekinitvijo vlečne sile tik pred 
prihodom na vrh, nakopičena kinetčna energija zagotovi, da se vlak lahko premika naprej še zad-
njih nekaj sto metrov in se nato spusti navzdol brez dodatnega pospeška. Z uporabo te metode je 
možno privarčevati veliko energije. 


Druge teme povezane z eko-vožnjo 
Poskrbite za to, da se z relacijo poti dobro seznanite. Glede nadaljnjih podatkov se po potrebi pos-
vetujte z bolj izkušenim kolegom.


Način vožnje je najbolj očiten in pomemben dejavnik pri eko-vožnji, vsekakor pa ni edini. Drugje v 
tem priročniku in spodaj so obravnavana tudi druga vprašanja
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3.2. Energetsko učinkovito obratovanje


Gospodarjenje z energijo za (parkirane) vlake: predstavitev
V okviru programa Railenergy je Bryan Donnelly (Združenje prevoznikov v železniškem prometu 
-ATOC) izvedel nekaj raziskav na področju porabe energije v parkiranih vlakih. Pogovarjal se je s 
približno desetimi železniškimi podjetji. Oglejte si njegovo predstavitev EED 2009, kjer boste našli 
nekaj praktičnih ukrepov, katere so izvedla nekatera železniška podjetja. 


Priprava na obratovanje 
Zagotoviti je treba, da je vlak optimalno ogrevan oziroma hlajen, na podlagi obratovanja na  strans-
kih vzdrževalnih tirih, zmogljivosti sistema HVAC ter celotne priprave vlaka. Npr., zagotoviti, da  je 
gretje  vklopljeno ob pravem času, da bo notranjost vlaka dovolj topla in udobna za potnika, ki na 
vlak stopi na mrzlo jutro. Sistema ne vklapljajte  prezgodaj, da boste privarčevali z energijo. 


Nivoji osvetljenosti 
Zagotovite, da je vlak optimalno osvetljen za določen namen. Npr. samodejni izklop luči za branje 
po 20 minutah. 


Izguba toplote med gretjem in ustaljeno stanje
Vrata in okna, ki niso v uporabi, naj bodo vedno zaprta, zlasti v hladnih zimskim mesecih in vročih 
poletnih dneh. Zagotovite, da bo čim manj toplotne izgube; npr. hitro zapiranje vrat in vozilo je 
ustrezno pripravljeno, da zadrži toploto; npr. prehodi so tesno zaprti. 


Razbremenitev
Naj bo vaša flota (ali flote) opremljena s sistemom, ki dovoljuje razbremenitev, ko vlak ne obratuje. 
Npr. izklopitev sistema ERTMS, ko je vlak ‘’parkiran’’.  
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Ranžiranje
Vsi vlaki vozijo po veljavnem voznem redu in ob določenem času so na ranžirni postaji vagoni raz-
porejeni glede na njihov cilj. 
Pri sestavljanju vlaka na ranžirni postaji je pomembno to, da ne opravimo nobenega nepotrebnega 
premikanja vlaka, ki bo v kasnejšem času vozil na drugi relaciji. To zahteva previdno načrtovanje in 
uskladitev voznih redov z voznimi redi drugih železniških prevoznikov (tovor/potniki). Nepotrebno 
premikanje in ranžiranje vlakov porabi veliko energije, čemur pa se je mogoče izogniti. 


V izjemno vročih in hladnih dneh ne preklapljajte v parkirno pozicijo (< 5°C ali > 25°C). Parkirno 
pozicijo uporabljajte samo v normalnih vremenskih razmerah. Preveriti je seveda potrebno še vse 
tekočine in jih po potrebi tudi doliti, da bo vlak lahko nemudoma odpeljal. Dizelske motorje je treba 
pravočasno zagnati.  


Dnevno vzdrževanje
Dnevno vzdrževanje zajema manjša tehnična popravila in čiščenje. Ko je vlak izločen iz prometa 
je pomembno, da se takoj izvedejo vsa manjša popravila, s čimer se bomo izognili nepotrebni po-
rabi energije za gretje, hlajenje in razsvetljavo. Po opravljenih popravilih se glavno stikalo lahko 
izključi, kar prihrani veliko energije. 
Dizelski vlaki: rezervoarja ne nalijte do vrha in izognite se polivanju goriva. 


Življenjske dobe vlakov
Ali lahko v življenjsko dobo vozila vključite ukrepe za izboljšavo energetske učinkovitosti? 
Npr. izboljšanje toplotne izolacije med obnavljanjem vlakov.
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Poleg varčne vožnje potekata še 2 neodvisni raziskavi na področju energetsko učinkovite vožnje, 
ki zagotavlja višji prihranek energije, z redukcijo emisije CO2, ki zajemata:
• Gekko1, edinstveni pripomoček strojevodji, ki so ga razvile Danske železnice (DSB).


• Routelint, dinamično orodje za upravljanje železniškega prometa, ki so ga razvili ProRail, upravljavec 


nizozemske železniške infrastrukture, Nizozemske železnice in Railion.    


 Letno poročilo DSB za leto 2008
GEKKO1 (kliknite tu za ogled demo filma):
Ko strojevodje razmišljajo o ‘’zeleni vožnji’’, ne razmišljajo le o ‘’zelenih lučeh’’, temveč tudi o 
tem, kako voziti vlak, da bo porabil najmanj energije oziroma dizelskega goriva. To je pomembno 
vprašanje, ki ga je potrebno nasloviti, če vlaki želijo ohraniti svoj vodilni položaj med okolju naj-
bolj prijaznimi prevoznimi sredstvi. ‘’EU je določila mejne vrednosti emisij CO2 motornih vozil. Tako 
vlaki ne bodo avtomatsko ostali okolju bolj prijazno prevozno sredstvo od avtomobilov.  Še pose-
bej smo se potrudili, da ohranimo okoljske prednosti železniškega prevoza,’’ pravi Peter Buchwald, 
glavni svetovalec družbe DSB, ki je gonilna sila razvoja ekipe, ki je ustvarila novi “Gekko” sistem 
– Vodnik za energetsko učinkovito vožnjo in optimizacijo voznih redov. “Gekko” koristi okolju, stro-
jevodjem in potnikom; preizkusili so ga številni vozniki, ki so svoja mnenja in zamisli posredovali 
razvijalcem orodja.


1 DSB je pred kratkim spremenil ime GEKKO  v GREENSPEED



http://www.routelint.nl/
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Prihranimo lahko 8,000 ton CO2
Naš cilj je, da bo “Gekko”, pri polnem delovanju, zmanjšal porabo goriva  za vsaj 5%. To bo 
zaščitilo okolje pred 8,000 tonami CO2 letno in DSB zmanjšalo letno porabo električne energije 
in dizelskega goriva za nekaj milijonov danskih kron. Gladka in stabilna vožnja bo pripomogla k 
zmanjšani porabi energije. ‘’Seveda pa izkušeni vozniki že sledijo neki ustaljeni strategiji vožnje’’, 
razlaga Peter Buchwald.   ‘’Istočasno pa vozniki naredijo vse kar je mogoče, da na naslednjo posta-
jo prispejo pravočasno.  Včasih morajo vozniki  pospešiti hitrost, da nadoknadijo zamudo – toliko, 
da morajo kaj kmalu zavirati pri rdeči luči. V ekstremnih primerih lahko pospeševanje in zaviranje 
lahko poveča porabo energije tudi do 45 odstotkov.’’
V takih primerih “Gekko” pomaga strojevodji tako, da mu predlaga s kakšno hitrostjo naj vozi, da 
bo poraba najmanjša in da bo vlak prispel na ciljno postajo po voznem redu. 


GPS za strojevodje
“Gekko” sistem temelji na obstoječih podatkih, ki se nanašajo na infrastrukturo, vozne rede in 
začasne omejitve hitrosti. Ko strojevodja vtipka številko vlaka, sistem prepozna težo vlaka, njegovo 
dolžino in zmogljivost pospeševanja. GPS funkcija omogoča spremljanje položaja vlaka na progi in 
podatke odčita vsako sekundo.  Ti podatki se uporabljajo za izračun optimalne hitrosti. Sistem je 
zelo preprost za uporabo. Na majhnem ekranu v kabini strojevodje se prikaže zelena puščica, ki 
prikazuje priporočeno hitrost, medtem ko rdeča puščica prikazuje dejansko hitrost vlaka. Vse kar 
mora strojevodja narediti, je prekriti zeleno puščico z rdečo.
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Številne stranske prednosti
Okolje, potniki in strojevodje bodo imeli koristi od orodja Gekko. Potniki bodo uživali v gladki in 
veliko bolj udobni vožnji tudi pri različnih hitrostih.  Poleg tega vsi preizkusi kažejo, da novi sistem 
ugodno vpliva na točnost. Gekko pomaga strojevodji, da se drži voznega reda, ker sistem samode-
jno daje prednost točnosti pred okolju prijazno vožnjo. Strojevodja bo ves čas obveščen o hitrosti, 
ki je potrebna za pravočasen prihod na ciljno postajo – kar bo manj stresno tudi za strojevodjo. 
Gekko je pritegnil veliko pozornosti tudi zunaj Danske. Preizkusili so ga na francoskih hitrih vlakih 
(TGV) kakor tudi tovornih in navadnih potniških vlakih.  DSB se je posvetil nadaljnjemu razvoju 
sistema skupaj s švicarsko SBB in francoskim SNCF.  


Za več informacij o pripomočku GEKKO si poglejte
• GEKKO demo


• Brošura GEKKO


• Presentation GEKKO from Peter Buchwald (DSB) on the Railenergy Day on the EED2009
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ROUTELINT
Železniška podjetja po vsej Evropi razvijajo in izvajajo programe energetsko 
učinkovite vožnje, med katere spada tudi program TRAINER. Odprla so se 
vrata v novo razumevanje,  da je nadaljnji razvoj možen samo takrat, ko je 
doseženo izboljšano sodelovanje med upravljavci železniških infrastruktur in 
železniškimi operaterji.
Globalni pogled na operaterje transportnih sistemov in strojevodje se spre-
minja. RouteLint jih obravnava kot strokovno osebje s trdnim strokovnim znan-
jem. IKT rešitve zagotavljajo podatke, na osnovi katerih lahko sami spreje-
majo odločitve glede točnosti in energetsko učinkovito vožnjo. V primerjavi s 
prejšnjimi projekti je to inovativna sprememba, ki je IKT rešitve postavila v 
center sistema.
Predpogoj za nadaljnje izboljšave energetske učinkovitosti je razviti  načine, kako ‘’ustvariti’’ ener-
getsko učinkovite poti, katerih zmogljivost ne  bo ogrožena  zaradi ozkih grl.
Drugi predpogoj pa je izboljšano sodelovanje med strojevodji in vlakovnimi dispečerji. Obstoječi 
način komuniciranja z uporabo signalov oziroma telefonov ne zadostuje potrebam močno obre-
menjenih omrežij. Sistemi za obveščanje voznikov realnem času namenjeni (kot je RouteLint) 
so ključnega pomena, saj voznike vnaprej seznanijo s situacijo in prispevajo k bolj premišljenim 
odločitvam.


RouteLint se je začel kot projekt (imenovan ‘’Gospodar železnice’’) za izboljšanje sodelovanja med 
vlakovnimi dispečerji in strojevodji. Iz vseh razprav, simulacij in poskusov na terenu se je rodil 
RouteLint, ki omogoča prenos informacij od dispečerkega centra do voznikov v realnem času.
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Predvideva se, da bo energetska učinkovitost izboljšana za 5%, kar bo potrdila raziskava izvedena 
leta 2009. O tem so  bili napisani številni znanstveni članki, vključno z  Eisenbahn Ingenieur (Junij 
2007). Za te ugodnosti in koristi gre zahvala boljšemu sodelovanja med  dispečerji in vozniki.


Leta 2007 je ProRail, v sodelovanju z Danskimi železnicami NS, Railion-om in drugimi danskimi 
železniškimi operaterji, sprejel odločitev za uporabo aplikacije RouteLint na prvem železniškem ko-
ridorju. V kolikor uporaba aplikacije dokaže izboljšano energetsko učinkovitost, bo leta 2010 njena 
uporaba uvedena na celotnem nacionalnem ozemlju.
Po letu 2009 bodo RouteLint nadalje izpopolnili z vključitvijo podatkov GPS, kar obeta boljše infor-
macije o zasedenosti odsekov in hitrosti drugih vlakov, ki se nahajajo v bližini.


Aplikacija ponuja nova 
spoznanja o tem, kako 
lahko RouteLint poveča 
efektivno zmogljivost 
ob zastojih, kar je do-
dana prednost, ki bo 
omogočila pripravo novih 
voznih redov ter izvedbo 
manjšega števila oziro-
ma cenejših  nadgradenj 
zmogljivosti sistema.
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4 Inventar dobrih praks


4.1 Inventar
Ena od dejavnosti v okviru projekta TRAINER je bilo popisovanje uspešnih (praktičnih) rezultatov 
na področju  nižanja porabe energije v železniškem prometu. Za te namene je bilo pripravljeno 
Poročilo z naslovom Inventar dobrih praks. 
Inventar temelji na številnih virih in strokovnem znanju o železniškem prometu. Med najpomembnjše 
izvorne dokumente spadajo:
• Projekt ‘’Dogodek’’ UIC 2003 (poglejte www.railway-energy.org)


• Poročilo Tracks for saving Energy (NS Reizigers) NS-2005 


•  “EnergieSparend Fahren“ programme, Deutsche Bahn AG 2005.


•  Nizozemska praksa in dobre izkušnje z uporabo Dolgoročnih sporazumov (sporazumi LTA) o energetski 


učinkovitosti in pred kratkim razvitim (EMS) Sistemom za upravljanje z energijo, SenterNovem 2007, ki 


je bil prilagojen in nato objavljen julija 2009 kot nov EN-16001.


Poleg opisa najboljših praks znotraj koncepta eko-vožnje,  inventar vključuje tudi informacije o 
tehnoloških metodah za varčevanje z energijo, organizacijskih ukrepih oziroma sistemih, kot sta 
EMS in nizozemski politični instrument, t.i. Dolgoročni sporazumi. Poročilo zajema popis ‘’Najboljših 
praks’’, ki se nanašajo na ukrepe za varčevanje z energijo v železniškem sektorju. Ključa naloga v 
okviru projekt TRAINER je promocija varčne vožnje (Eko-vožnja, kot priložnost za železniška pod-
jetja in njihove zaposlene).


Glavne ciljne skupine so:
1.  Strojevodje (dizel + električna lokomotiva) v potniškem in tovornem prometu.


2.  Osebje na železniških postajah (odgovorno za odpravljanje in gariranje vlakov). 


3.  Upravljanje železniškega podjetja



http://www.railway-energy.org/tfee/index.php

http://www.deutschebahn.com/site/bahn/de/unternehmen/verantwortung/umwelt/klimaschutz/energiesparendes__fahren/energiesparendes__fahren.html

http://www.senternovem.nl/LTA/index.asp

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp

http://www.senternovem.nl/LTA/index.asp

http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=279689
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4.2 Demo izleti
Ves čas trajanja projekta TRAINER sta potekala dva orgnizirana demo izleta.  Namen teh izletov je 
bila izmenjava znanj, izkušenj in praks med partnerji,  iskanje navdiha za ukrepe varčevanja ener-
gije in gradnja mreže lastnih stikov. Poleg TRAINER-jeih partnerjev, so se demo izletov udeležili 
tudi drugi železniški strokovnjaki, ki jih je proces  projekta zanimal. Oba demo izleta sta ponudila 
pester in zanimiv program s številnimi informativnimi predstavitvami in praktičnimi prikazi postop-
kov.  


4.2.1 Prvi demo izlet po Nizozemski in Nemčiji
NS (Nederlandse Spoorwegen) 
V sredo zvečer so udeleženci doživeli  toplo dobrodošlico v Muzeju Nizozemskih železnic, v četrtek, 
25. oktobra 2007 pa še  na sedežu podjetja v Utrechtu.   


Program
1. Pozdravna dobrodošlica, kontekst razprav in dnevni red, ki jih je predstavil  g. P. Wilbers


2. Dolgoročni sporazumi in Socialna odgovornost gospodarskih družb, ki jih je predstavil g. A. Veenman, 


Predsednik uprave Nizozemskih železnic NS


3. Nizozemski pristop pri usposabljanju, ki ga je predstavil g. J. Hoogakker


4. Gekko: Nizozemski samo-učni pristop, ki ga je predstavila ga. R. Naeraa


5. G. M. van der Borght predstavi Routelint 


6. G. J. Van Luipen predstavi podjetje Matrics 


7. G. F. Veldhuizen predstavi metodo UZI 



http://www.spoorwegmuseum.nl/nl/hetmuseum/collectie.htm
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Kasneje tisto popoldne so udeleženci razpravljali o tem, če, zakaj in kako lahko usposabljamo stro-
jevodje.


Teze in dogovarjanja 
Kar zadeva mesto TRAINER-ja (=usposabljanje voznikov, vodilnega osebja in prometnega osebja 
na železniških postajah) znotraj trikotnika Vedenje, Organizacija in Tehnologija, je predsednik 
Mads Bergdorff razpravo začel  s predstavitvijo 8 izjav in tez, v želji, da bi že prvi dan iz razprave 
potegnil nekaj zaključkov. Držati se izjav je bilo zelo težko, zato smo dovolili, da izjave ostanejo to, 
kar so in zaključili z nekaj pripombami iz razprave.


Izjave/teze
1.  Brez dinamičnega upravljanja prometa je nesmiselno učiti energetsko učinkovito vožnjo. 


2.  Varčevanje z energijo je koristno za kritje stroškov urejanja energetske infrastrukture


3.  Energetska učinkovitost bi morala biti povezana z vprašanji glede podnebnih sprememb in kakovosti 


zraka


4. Pomanjkanje standardizacije energetske rabe predstavlja oviro na poti do izboljšav energetske 


učinkovitosti


5.  Sedaj je pravi čas, da vzpostavimo evropski LTA


6.  Železniška podjetja premalo izkoriščajo svoje ‘zelene elemente’ (potencial)


7.  Človeški dejavnik je najpomembnejši dejavnik (bolj kot tehnični) za povečanje energetske učinkovitosti. 


8.  Ukrepi za izboljšanje energetske učinkovitosti, ki jih izvaja en sam vlak, ne morejo bistveno prispevati 


k izboljšanju energetske učinkovitosti v železniškem sektorju
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Pripombe in zanimiva stališča.
• Strojevodjo morate vedno usposabljati. Vprašanje je – do katere mere. Morate ga naučiti vsaj 


osnovnih načel:  morajo se dobro zavedati kaj počnejo in za to potrebujejo vsaj enostavno orodje 


(Gekko ali podoben pripomoček vozniku) in povratne informacije Nekdo je predlagal, da bi stroje-


vodjem koristilo, če bi jih naučili ‘napovedne vožnje’, saj bi slednji dobil informacije vnaprej in s 


tem povečal prihranek energije. Voznik mora to storiti sam. Usposabljanje enega voznika vlaka je 


trenutno v redu, vendar pa se bliža dan, ko bosta takšno usposabljanje in način vožnje nadgrajena 


v dinamičen sistem.


• Glede na to, da na sistemu obratuje več železniških podjetij, je pomembno, da upravljavec in-


frastrukture nameni ustrezen čas vsakemu od podjetij. Pomembno je tudi to, da se izvaja nadzor 


in spremljanje vseh vlakov (in ocenjevanje). Na ta način bo možno hitro ugotoviti koliko energije je 


vsako od podjetij porabilo/prihranilo. 


• Kaj učiti, kakšne okoliščine moramo upoštevati? Trener zagotovi le skelet z različnimi tehnikami in 


orodji; vsak TOC lahko izbira oziroma oblikuje učni program po lastni želji. Lahko začnete z delov-


nim paketom 2, vsebina paketa WP4 pa nudi več možnosti. Delovni paket 2 Inventar dobre prakse 


je praktično že na voljo, delovni paket 4 pa bo na voljo februarja naslednje leto.


• Ocenite tveganja s katerimi se boste srečali, ko boste začeli z uvajanjem energetsko učinkovite 


vožnje.   Odhod vlaka je najbolj tvegan del, obenem pa je to del, kjer lahko prihranite največ 


energije. 


• Spremljanje in ocenjevanje energetsko učinkovite vožnje je tudi strateško pomembno glede na 


vaše tekmece na cesti.
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DB (Deutsche Bahn)
Demo izlet se je nadaljeval v Fuldi (Nemčija), z obiskom 
simulatorja vožnje vlakov nemške Deutsche Bahn. Obisk 
se je začel z dvema predstavitvama. V svoji predsta-
vitvi je Julia Halbach  prepričljivo pokazala, da so gla-
vne točke izboljšanja energetske učinkovitosti vožnja v 
prostem teku, izogibanje najvišji hitrosti in izklop vleke 
med “Schwungfahren”. Podajanje povratnih informacij 
o porabi energije vnaša element tekmovalnosti, kar po-
zitivno vpliva na delovno uspešnost strojevodij.  


Martin Müller je predstavil študijo primera o uporab-
nosti simulatorja. Od leta 2005 je nemška DB namestila 
55 simulatorjev v osem centrov za usposabljanje po 
vsej Nemčiji. Vsako leto morajo vsi strojevodje opra-
viti test v simulatorju, in če je uspešen, strojevodja 
dobi dovoljenje za vožnjo za  nadaljnjih 12 mesecev.  
V kolikor preizkus ni bil uspešen, bo strojevodja o tem 
obveščen in prijavljen v program za izboljšanje. Ti simulatorji se uporabljajo tudi za učenje ener-
getsko učinkovite vožnje, operativno usposabljanje, usposabljanje človeških virov, konverzijsko 
usposabljanje in usposabljanje za vožnjo po površini z nizko oprijemljivostjo.
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4.2.2 Drugi demo izlet po Sloveniji, Avstriji in Slovaški
Drugi demo izlet je potekal v treh različnih državah in njegov namen je bil izmenjava izkušenj na področju 
programov za varčevanje z energijo, programov usposabljanja in rezultatov, ki so jih različni udeleženci 
dosegli. Posebna pozornost je bila namenjena znamenitemu ‘’trikotniku’’: organizaciji, tehniki in vedenju. 
Glavne predstavitve in povezave so navedene spodaj.


Gostitelj: Slovenske železnice SŽ, 
Sreda, 11. marca 2008 Lokacija Ljubljana


G. Igor Hribar, direktor poslovne enote tovorni promet na SŽ (Slovenske železnice) naslovi udeležence projekta TRAINER


1. Predstavitev programa TRAINER in demo izlet: g. Peter Wilbers, koordinator projekta TRAINER 


za EU


2. Uvodna beseda SŽ: g. Branko Omerzu, namestnik generalnega direktorja Slovenskih železnic. 


3. EE tovorni promet: g. Igor Hribar, direktor poslovne enote tovorni promet na Slovenskih 


železnicah (SŽ) 


4. Nadzor in presoja: Prednosti in nevarnosti nadzora trdnih delcev in vrednotenje projektov za 


izboljšanje energetske učinkovitosti na železnicah – predstavil g. Gregor Hribar iz podjetja Genera 


Lynx


5. Kombiniran pristop se obrestuje: Energetsko učinkovita vožnja pri Slovenskih  železnicah – 


predstavil g. Bojan Dremlj, SŽ


6. Najboljša praksa – Energetsko učinkovita vožnja pri SBB (Švica) G. Markus Halder, SBB   


Teoretičen program EED za strojevodje SBB, 


Prepoznavanje potencialno energetsko učinkovite vleke pri SBB


7.  Energetsko učinkovita vožnja pri SŽ – predstavil g. Bojan Dremelj
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Med vožnjo do avstrijske meje (Ljubljana –Maribor) se je slovenski strojevodja preizkusil v tehniki 
energetsko učinkovite vožnje. V tem obdobju mu je uspelo opraviti najbolj energetsko učinkovito 
vožnjo. Zadevni vlak, ki je bil označen z drugo barvo, je bil najboljši . . .12% pod povprečno po-
rabo!!! Rdeča črta prikazuje povprečno porabo. 
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Gostitelj: Österreichische Bundes Bahn ÖBB 
Četrtek, 12. marca 2008 Lokacija Dunaj


1.  Trajnostni razvoj in varstvo podnebja znotraj ÖBB – predstavil g. Herbert Minarik, ÖBB


2.  “klima:aktiv mobil” - 


3.  Energetsko učinkovita vožnja pri SŽ – predstavil g. Bojan Dremelj


Gostitelj: Slovaške železnice ZSSK Tovor, 
Petek, 13. marca 2008  Lokacija: Bratislava


1. Spremljanja rabe energije  Nadzorni  merilni sistem, ki ga uporablja ZSSK TOVOR ‘’stališče operaterja’’ – 


predstavil g. Branislav Krigovský,  ZSSK TOVOR


2.  Merjenje energije ‘’stališče upravljavca infrastrukture’’ – predstavil g. Miroslav Pavlovič, ŽSR


3.  Dograditi sistem za energetsko upravljanje s sistemi za upravljanje oziroma  ''ukrepati na gverliski način'' 


znotraj operaterjev v železniškem prometu - predstavil g. Heinrich Strößenreuther, direktor podjetja BSL 


Management Consultants pri  Lloyd’s Register Group, Compentence Centre Rail in CO2 Strategies


4.  Optimizacija za tovorne in hitre vlake  - predstavil g. Aleš Lieskovský, AŽD Praga


5.  MIRER:  Sistem za uravnavanje hitrosti, ki ga uporablja ZSSK TOVOR - predstavil g. Peter Cervenka,  


ZSSK TOVOR 


6.  Izobraževanje strojevodij pri operaterju železniškega tovornega prometa ZSSK CARGO – predstavila ga. 


Mrs. Gabriela Smerigová, ZSSK TOVOR
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4.3 Zaključki 
Iz obeh demo izletov lahko povlečemo sledeče zaključke:


1) Programi usposabljanja
Kar zadeva programe usposabljanja za strojevodje, so možni različni pristopi. To lahko pomeni 
uvajanje didaktičnih pripomočkov kot je GEKKO, ali intenzivno individualno praktično usposabljanje 
z delom. Vmes pa se lahko uporablja še vrsta drugih teoretičnih in virtualnih programov usposab-
ljanja.  Ton glasu, ki se uporablja v programu usposabljanja  varira glede na nacionalni in kulturni 
kontekst in tudi glede na (pod) ciljno skupino: strojevodje potniških vlakov potrebujejo drugačen 
pristop kot strojevodje tovornih vlakov. Poleg tega se vsebine in nasveti za energetsko učinkovito 
vožnjo razlikujejo glede na geografske pogoje. Npr. na hribovitih področjih je poudarek na uporabi 
energije zaviranja s pomočjo rekuperacije energije in Schwungfahren-om.


2) Sistemi za nadzor in podporo železniškemu prometu
Pristopi do sistemov za spremljanje in nadzor ter podporo so tudi zelo različni. Nekatera železniška 
podjetja uporabljajo intenzivne programe usposabljanja, brez naložbe v merilne sisteme.  Težava je 
v tem, da je težko zagotoviti sodelovanje strojevodij in vodstva, če ne dobivajo ustreznih povratnih 
informacij glede  izvajanja njihovih nalog. Druga železniška podjetja vlagajo veliko v merilne sis-
teme brez uvajanja intenzivnih programov usposabljanja. Miselnost, ki stoji za tem bi lahko strnili 
takole: merjenje in povratne informacije imajo energetsko učinkovit učinek in česar ni mogoče 
nadzorovati, ni mogoče upravljati. Vprašanja, ki ostajajo odprta pa so:  kaj bi bilo najboljše ra-
vnovesje in kako daleč bo treba iti za dosego optimalne natančnosti. 







4 Inventar dobrih praks 


35


Ali je dovolj izvesti nekaj meritev trdih delcev in na podlagi ocen oziroma ugibanj izračunati 
izboljšanje energetske učinkovitosti, ali pa bi le morali, kolikor mogoče, izvesti meritve in se sprij-
azniti z določeno mero nenatančnosti. Mnenja so različna tudi glede tega, kaj ima največji vpliv in 
stroškovno učinkovitost.
Db meri skoraj vse. Natančno vedo, kateri strojevodja je porabil določeno količino energije, na 
kateri relaciji in v kakšnih vremenskih razmerah.


3) Okvirji za pripravo
Pomembno je, da ukrepe za energetsko učinkovitost vstavimo v nekakšen okvir. To so lahko 
družbena odgovornost podjetij (CSR), ‘’zeleno podjetništvo’’, dolgoročni sporazumi, sistemi up-
ravljanja z energijo (EN-16001) oziroma ISO 14001.  Ta okvir zagotavlja vodstvu pogon za opra-
vljanje energetskih dejavnosti in izkoriščanje prednosti komunikacij. To koristi tudi strojevodjem, 
saj jih spodbuja k (nadaljnjemu) sodelovanju. Včasih lahko bolj pragmatična vprašanja, kot so npr. 
finančne koristi, predstavljajo nacionalni pogon, ki bo odločilen za sprožitev izvajanja ukrepov za 
izboljšanje energetske učinkovitosti.  Poleg neposrednega  znižanja stroškov za energijo in/ali go-
rivo, finančne koristi lahko izhajajo iz odobrene davčne oprostitve ali znižanja davčne osnove za 
izvajanje tovrstnih ukrepov.   Obstaja tudi možnost ‘’mednarodnega pogona’’: Obstajajo možnosti 
za vseobsegajoč evropski dolgoročni sporazum. Skupna izjava glede zmanjšanje emisij CO2, ki ga 
je leta 2008 objavila Skupnost evropskih železnic (CER) bo morda postavila temelje za sprejem 
evropskega LTA. 
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4) Mreženje in sodelovanje
Glede ukrepov za varčevanje z energijo v železniškem sektorju je pomembno vzpostaviti 'skupen 
know-how/strokovno znanje in izkušnje'. Kar zadeva programe usposabljanja, veliko železniških 
podjetij ‘’ponovno izumlja kolo’’.  TRAINER in še posebej demo izleti, prispevajo k temu, da so 
znanje in izkušnje splošno na voljo, t.j. s povezovanjem v mreže, sodelovanjem in pripravo univer-
zalnega priročnika. Sodelovanje z Railenergy, UIC, CER, partnerji konzorcija TRAINER-ja je abso-
lutnega pomena pri obveščanju in ozaveščanju.  Kar je zelo vzpodbudno in cenjeno sta trenutna 
odprtost in pripravljenost železniških podjetji za sodelovanje s strokovnjaki  in izmenjavo znanja 
in izkušenj. 


5) Virtualna podpora1


Izraženo je bilo veliko zanimanje za podporno orodje, kot je virtualni trener. Prva, pred-proizvodna 
različica je bila predstavljena na drugem demo izletu. Uporablja se bodisi samostojno ali kot dodat-
na podpora v bolj razširjenem programu usposabljanja. Prednosti virtualnega trenerja, izkušnje z 
njim ter najboljši način njegove uporabe bodo ovrednotene na osnovi uporabe TRAINER-ja. Vendar 
pa je bilo očitno, da bo predstavljena različica virtualnega trenerja potrebovala nekaj izboljšav, 
preden bomo aplikacijo lahko izvajali.


1 Po zaključenih demo izletih se je izkazalo, da bo, ne glede na pričakovane težave s programsko opremo, 


težko izdelati Virtualnega trenerja, ki bo dovolj zanimiv za strojevodje.  Odločili smo se izdelati demo 


verzijo filma, v katerem smo prikazali bistvene nasvete in trike, ki bi strojevodjem pomagale v različnih 


situacijah.  Poglejte Poglavje 7 za povezave,  na katerih boste našli film v vašem jeziku.
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6) Upravljavci infrastrukture vs. operaterji.
Pomembno je poskusiti zmanjšati trenutno vrzel med železniškimi operaterji in upravljavci in-
frastrukture, saj bo le tako mogoče doseči optimalne rezultate glede energetske učinkovitosti. 
Strojevodje lahko usposobimo za izboljšanje energetske učinkovitosti, vendar pa so v veliki meri 
odvisni od dispečerjev. Dispečerji določijo meje glede izboljšave energetske učinkovitosti, katere 
je mogoče doseči. Vsakršna prednost, ki jo strojevodja pridobi z varčno vožnjo lahko deloma ali v 
celoti izgine, če mora le-ta zavirati in čakati na  rdečo luč. Nepotrebno ustavljanje lahko privede do 
približno 5 – 10% večje porabe energije na določenih relacijah. Sistemi, kot je Routelint pripomore, 
da strojevodja vidi kaj se dogaja na odseku pred njim in je tako vnaprej seznanjen s stanjem na 
progi. Vendar pa je očitno, da bomo optimalno izboljšanje energetske učinkovitosti dosegli le 
takrat, ko bomo izboljšali tudi komunikacijo ter izmenjavo mnenj, znanja in izkušenj. K temu bodo 
prav gotovo  pripomogli skupni programi usposabljanja.







5 Okvir za izvajanje ukrepov varčevanja z energijo  in energetsko učinkovite vožnje 


38


5 Okvir za izvajanje ukrepov varčevanja z energijo 
   in energetsko učinkovite vožnje


5.1 Dolgoročni sporazumi (Sporazumi LTA)
Na začetku devetdesetih let je Nizozemsko ministrstvo za gospodarske zadeve podpisalo prve spo-
razume s poslovno skupnostjo za izboljšanje energetske učinkovitosti. To je privedlo do dogovorov 
z energetsko intenzivnimi sektorji (LTA1). Nekaj let kasneje so se jim pridružili še komercialni po-
nudniki storitev, vzgojno-izobraževalni sektor, izvajalci zdravstvenega varstva in številni kmetijski 
sektorji. 
Prva generacija dolgoročnih sporazumov za industrijske sektorje je trajala do leta 2000. Nekaj 
dolgoročnih dogovorov je bilo sklenjenih kasneje in so trajali dalj časa.  Projekt se je pokazal kot 
uspešen: v desetih letih se je energetska učinkovitost izboljšala za 22.3%. Industrija in vlada sta 
se odločila, da skleneta nadaljnje sporazume. To je vodilo k novim sporazumom (LT2 in Sporazum, 
ki temelji na primerjalni presoji energetske učinkovitosti), ki bodo veljavni do leta 2012. 


LTA2 
Energetsko intenzivna podjetja, katerih poraba energije presega 0.5 PJ letno, so podpisala Spora-
zum, ki temelji na primerjalni presoji energetske učinkovitosti, s ciljem 'povzpeti se na sam vrh'– 
energetske učinkovitosti. Srednje velika in majhna industrijska podjetja bodo nadaljevala s svojimi 
prizadevanji z LT2. Pogoj za sodelovanje v LT2 je, da je poraba energije v zadevnem sektorju vsaj 
1 PJ na leto. Poleg tega morajo biti sodelujoča podjetja skupaj odgovorna za 80% porabe energije 
v svojem sektorju. Večina sporazumov LTA1 je sedaj potekla. 
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Stalni cilj LTA programa je izboljšanje energetske učinkovitosti stavb. Zato LTA program uporablja 
energetsko upravljanje kot osnovni okvir. 
Program je namenjen izboljšanju energetske učinkovitosti:
• Osnovnih proizvodnih procesov, 


• Oskrbovalnih podjetij, logistike in 


• Stavb


Okvir zajema številne instrumente, ki nudijo podporo industriji:


Seznami meril
SenterNovem je za vsak sektor razvil poseben seznam meritev energetske učinkovitosti. Seznam 
je bil pripravljen v tesnem sodelovanju s sektorjem in energetskimi svetovalci.


Uporabniške skupine
Uporabniške skupine so instrument podpore, ki združuje različna podjetja iz sektorja z namenom 
izboljšanja energetske učinkovitosti vnaprej določenih predmetov, kot npr. stisnjenega zraka. Gla-
vni cilj je delitev in izmenjava informacij o zadevnem predmetu in skupno prizadevanje k iskanju 
energetsko učinkovitih rešitev. Skupino vodi izkušen energetski svetovalec.


Omrežja znanja
LTA program podpira prenos znanja s podpiranjem Omrežja znanja.
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Podpora za programsko opremo
LTA program je razvil različna programska orodja, ki nudijo podporo programski opremi. 
• Donosnost naložb (ROI) - odločanje 


• Izboljšanje učinkovitosti sistemov za pridobivanje pare z nizkim tlakom, ki se uporabljajo v prehram-


beni industriji.  


• Izboljšanje učinkovitosti razsvetljave. 


• Odločanje glede energetsko učinkovitih naprav za hlajenje/zamrzovanje, ki jih uporabljajo 


samopostrežbe. 


• Odločanje glede energetsko učinkovitih stavb. 


• Odločanje glede izrabe odpadne toplote v livarski industriji. 


Pojdite na to povezavo če želite izvedeti več o plakatu SenterNovem in konceptu LTA. 
Tam boste našli tudi podrobno oceno instrumenta LTA. 


Dolgoročni sporazumi v mednarodni perspektivi
Uspeh dolgoročnih sporazumov je bil opažen tudi zunaj meja Nizozemske. Dejstvo, da podjetja in 
institucije prostovoljno sodelujejo med seboj in z uradnimi organi v tako velikem obsegu, so pohva-
lili na mednarodni ravni. Leta 1997 je EU, v okviru nadaljnjega spodbujanja projekta  ‘’Inteligentna 
energija za Evropo’’, sprejela nizozemsko pobudo za sklenitev dolgoročnih sporazumov.
SenterNovem je v imenu držav članic EU objavil poročilo z naslovom ‘’Prenos nizozemskega uspeha 
prostovoljnih sporazumov z industrijo, v druge države’’. 
LTA2 (2001-2012) je temeljil na istem instrumentu, vendar je uvedel še obvezno uvajanje sistemov 
za upravljanje z energijo (EMS). Koncept EMS je podrobneje opisan spodaj. Medtem je bil na Nizo-
zemskem že pripravljen LTA3 (2008-2020) in njegovo izvajanje je začelo leta 2008.



http://ec.europa.eu/energy/intelligent/index_en.html

http://ec.europa.eu/energy/intelligent/index_en.html
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Vnos dolgoročnega sporazuma: 
EU projekt za širitev dolgoročnega sporazuma
Projekt vnosa dolgoročnega sporazuma se je pričel 
oktobra 2007. 


Glavni cilji projekta so: 
• razviti orodje, ki bo pomagalo združenjem v sektorju 


in vladam pripraviti prostovoljne dolgoročne spora-


zume (LTA) o energetski učinkovitosti. 


• zagotovitev vzajemnih koristi: 


 - varčevanje z energijo in zmanjševanje  


stroškov zanjo 


 - proizvesti manj okoljske zakonodaje 


 - zmanjšanje upravne obremenitve v sektorju 


 - izboljšanje okoljske podobe sektorja 


 - doseganje ciljev nacionalnega programa  


varstva okolja


Železniška podjetja se lahko zanašajo le na (pro-
aktivne) organe oblasti, ki so pripravljeni sodelovati; 
začnejo lahko s pomočjo tega razvojnega orodja.



http://www.ltauptake.eu/index.asp?id_lang=en

http://ltauptake.eu/

http://ltauptake.eu/lta_phase_flash.asp?id_phase=0
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5.2 Sistem celovitega energetskega upravljanja


Priprava načrta, ki temelji na metodi PDCA, bo zagotovila, da so vsi vidiki projekta naslovljeni ob 
pravem času in da ostanejo vse udeležene strani  osredotočene na rezultate.  
Projekt BESS  je osnovan na metodi PDCA, ki v tem primeru predstavlja ‘dartboard’. Upoštevajte 
tudi navodila na plakatu. Poleg tega obstaja tudi Priročnik za mala in srednja podjetja, ki je izšel 
novembra 2008 v okviru projekta Bess.


V zvezi s projekti za izboljšanje energetske učinkovitosti, TRAINER železniškim podjetjem vedno 
priporoča, da se odločijo za projektni pristop.   To velja za podprojekte kakor tudi za vse pro-
jekte za izboljšanje energetske učinkovitosti in za spodbujanje varčevanja z energijo. Dober način 
za gradbeno vzpostavitev programa za izboljšanje 
energetske učinkovitosti je uvedba PDCA (Plan-Do-
Check-Act) metode:  Načrtuj-Naredi-Preveri-Ukrepaj, 
ki jo je razvil Dr. W. Edwards Deming. 
Tej metodi se lahko sledi s pomočjo načrta ‘korak po 
koraku’, ki je prikazan spodaj. Lahko pa uporabite 
obsežnejšo različico metode,  ki jo prenesete preko 
te povezave. Za pripravo in uvedbo sistema upra-
vljanja z energijo upoštevajte naslednje korake.



http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.bess-project.info/

http://deming.org/

http://www.bess-project.info/
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NAČRTUJ: Usmeritev
Dvignite osveščenost med zaposlenimi in med direktorji in vodilnim osebjem.
Osnovne meritve, če je le mogoče, po standardu ISO 14001. 
Vzpostavi operativne cilje za sam projekt in znotraj okvira okoljskih ciljev.
Pripravi osnutek načrta za preostali del projekta.
Pripravi organizacijo s pomočjo komunikacije in pripravo proračuna.


NAREDI: Vzpostavi in izvedi
Vzpostavi temelje za sistem ravnanja z okoljem.
Razvij postopke, pripravi navodila za delo in obrazce.
Vzpostavi sistem ravnanja z okoljem.


PREVERI: Oceni
Izvedi notranje revizije, na primer z izvajanjem presoje upravljanja po zahtevah standarda ISO 
19011.


UKREPAJ: Izboljšaj
Razvij projekte izboljšav, ki temeljijo na izkušnjah ter socialnem in/ali tehničnem razvoju. 
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5.3 Gospodarjenje z energijo na železnicah v praksi 


Upravljanje z energijo pomeni več kot samo spremeniti način vožnje (eko-vožnja). Začne se z izbiro 
energetsko učinkovitega voznega parka ter njegovo pravilno postavitvijo in vzdrževanjem. 


Mednarodna železniška zveza (UIC) je leta 2008 izdala brošuro 
z naslovom “Process, Power, People” (''Postopek, Moč, Ljudje''), 
ki je namenjena vodilnemu osebju železniških podjetij in vsebuje 
številne  nasvete za varčevanje z energijo. 


Izdelali so tudi plakat, na katerem je na eni strani risba ljudi 
in vprašanj, na drugi pa kratke izjave in koristni nasveti. V tem 
poglavju ponujamo nekaj praktičnih priporočil s področja ener-
getske učinkovitosti. V druge vire je vključenih še nekaj povezav 
na podrobnejše informacije.


Energy Efficiency for
Railway Managers


Process,
Power,
People
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Del plakata UIC Postopek Moč, Ljudje.







5 Okvir za izvajanje ukrepov varčevanja z energijo  in energetsko učinkovite vožnje 


46


Profesionalen pristop osebja mora vključevati energetsko ozaveščenost
Po vsem svetu obstaja več milijonov ljudi, ki so zaposleni v železniškem sektorju. Samo v Evropi 
je v železniškem sektorju zaposlenih skoraj 1.7 milijona moških in žensk (to ne zajema zaposlenih 
v Rusiji, ki zajema tudi del Azije). To je močna vojska, ki se bori za energetsko učinkovitost. Brez 
podpore tega osebja, na vseh ravneh, od izvršilnega osebja do premikačev, od inženirjev v voznem 
parku to signalistov, kampanja za energetsko učinkovitost ne more uspeti. 


Srca in glave
Uspešen program energetske učinkovitosti potrebuje razumevanje in sočutje osebja. Sam pridiga 
ne bo zadostovala; dolgočasiti ljudi z znanstvenimi dejstvi ne bo prineslo uspeha. Učinkovito ener-
getsko usposabljanje bo zagotovilo dolgoročne koristi in energetsko učinkovitost; to ni le ‘’muha 
enodnevnica’’. 


Knjižica PPP opisuje pristop na treh ravneh, in sicer:
1. Postopek upravljanja


2. Tehnični razvoj


3. Usposabljanje in motivacija osebja.


Usposabljanje mora ljudem pokazati, kako lahko vplivajo na porabo enrgije. 
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Dober program usposabljanja bo:
• Razložil zakaj je energija pomembna – iz finančnega in okoljskega vidika


• Razložil kako se energija uporablja


• Razložil kako jo lahko nadzorujemo 


• Zaposlenim nudil podporo, da bodo sposobni prenesti svoje znanje v prakso


• Podajal povratne informacije o že doseženem napredku


Ta zadnja točka pomeni, da samo usposabljanje ni dovolj. Vrednost bo imelo le takrat, če bodo vsi 
ostali deli sistema uvedeni v praksi; načrtovanje, določanje ciljev, merjenje, vodenje evidence in 
povratne informacije. 


Zaposleni potrebujejo zagotovilo, da energetsko upravljanje ni le nova oblika nadzora vodstva ozi-
roma uveljavljanja discipline. Pravzaprav ustrezen program za izboljšanje energeske učinkovitosti 
zaposlenim ponuja kar nekaj pozitivnih lastnosti:


• Podjetje postane bolj učinkovito, brez da bi zaposlenim trgalo od plač oziroma bilo prisiljeno delavce 


odpuščati.


• Za zaposlene je to nova priložnost, da dokažejo svoje strokovne sposobnosti – pozitiven odziv 


železniških delavcev iz številnih omrežji na programe varčne vožnje bo pokazal, kako se bodo zaposleni 


odzvali.


• Poslovanje bo naraščalo s pomočjo okoljskega in ekonomskega položaja železnice, ki vse bolj poudar-


jajo svoje konkurenčne prednosti.
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Kot zadnjo točko na temo motivacije, je treba dodati, da je timsko pomemben del uspešnega 
programa za izboljšanje energetske učinkovitosti.  Razumevanje del, ki jih drugi ljudje opravljajo 
in upoštevanje njihovih mnenj je pomemben del usposabljanja. Vozniki in prometno osebje, na 
primer, morajo bolje razumeti, kako delati skupaj, da ne bo zastojev v prometu – in tako pomagati 
varčevati energijo in čas.


Strokovnjaki se strinjajo, da  energetsko učinkovita vožnja nudi edino največjo možnost  varčevanja 
energije v železniškem prometu. Natančna velikost nagrade v kateremkoli železniškem podjetju bo 
določena glede na razlike v prometu, signalne sisteme ali vrsto voznega parka; vsekakor pa bo tako 
velika, kot katerakoli nagrada za čisto tehnično pobudo.


Študije izvedene na različnih omrežjih po vseh Evropi kažejo občutne razlike pri uporabi goriva 
oziroma električne energije, identičnih vlakov, ki vozijo na isti relaciji.
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Naslednji graf iz Norveške prikazuje tipične rezultate takšne študije


Za pet vlakov na isti progi – štirje vozijo na isti relaciji (vlak 127) v različnih dneh – skupna poraba 


električne energije je bila grafično prikazana na razdalji 136.6 kilometrov. To ni prikazalo razlik le v skupni 


porabi, temveč tudi vzorec porabe na celotni relaciji.   Če bi za vse vožnje porabili enako količino energije 


in bi to označili kot ‘najboljšo’ vožnjo, potem bi to pomenilo tudi znaten prihranek z energijo.


Togsett 73-04   Oslo til Halden, mai 2006
 kjøretid 1h 45min (43- 49) ,  distanse 136,6 km 
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Iz vseh študij na to temo, ki so bile izvedene po vsem svetu, lahko potegnemo nekaj pomenljivih 
zaključkov.
• 10% prihranek predstavlja realističen cilj za povprečen prihranek na vseh vrstah vozil


• Eko-vožnja bo koristila zlasti tovornemu prometu in dizelski vleki. Poročajo o prihrankih v višini  


do 20%.


• Eko-vožnja ne nasprotuje točnosti – v resnici pomaga, saj vlake vodi po načrtovani poti.


• Na bolj zasedenih odsekih je celotno upravljanje prometa prav tako pomembno kot sam način vožnje 


(vključite prometno osebje in načrtovalce železnic v vaš program).


• S spodbujanjem bolj premišljenega načina vožnje bo eko-vožnja  pripomogla k večji varnosti.


Za največji učinek, je potrebno eko-vožnjo povezati z drugimi vidiki programa za upravljanje z 
energijo. Zlasti:
• Merilni sistemi


• Komunikacija in povratne informacije zaposlenim


• Učinkovito načrtovanje vlakov


so bistvenega pomena. Seveda mora biti učenje eko-vožnje povezano z ostalimi elementi usposab-
ljanja strojevodij - to ni ločeno vprašanje. Zapomnite si, da je eko-vožnja vprašanje ‘človeških 
dejavnikov’, ki temelji na dejanski spretnosti vožnje. Za razliko od nekaterih tehničnih izboljšav, to 
ni nekaj, kar popravimo samo enkrat. To zahteva nenehna prizadevanja s strani vodstva, kar bo 
ohranilo zainteresiranost zaposlenih.  
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5.4. Spremljanje in vrednotenje


Kaj je spremljanje in vrednotenje?
Spremljanje in vrednotenje je močno upravljalno orodje za razvoj in izvajanje postopkov za 
izboljšanje energetske učinkovitosti.  
Spremljanje in vrednotenje zajema več dejavnosti. Med te spadajo, vendar niso omejene na mer-
jenje porabe energije, merjenje vpliva dejavnikov, zbiranje kvantitativnih podatkov, npr., osebno 
angažiranje in pravilno poročanje.  Ne moremo dovolj poudariti pomena poročanja, ki je eden od 
ključnih dejavnikov uspeha celotnega postopka. Poročanje mora biti prilagojeno potrebam posa-
mezne ciljne skupine.
Jasno je, da je eden od ključnih rezultatov postopka energetske učinkovitosti 
prihranek energije. Seveda pa lahko pričakujemo še druge koristi; pokriva jih tudi 
ustrezno oblikovan M&E:


• Prihranki energije 


• Vplivi na okolje


• Izboljšanje upravljanja in organizacije


• Vedenjske spremembe (način vožnje, vzdrževanje, 


čiščenje)


 







5 Okvir za izvajanje ukrepov varčevanja z energijo  in energetsko učinkovite vožnje 


52


Merjenje varčevanja z energijo
Nimamo neposrednega načina za merjenje varčevanja z energijo, saj merilne naprave ne morejo 
meriti neuporabe energije. 
Vendar pa prihranke lahko izračunamo na podlagi primerjave porabe energije pred in po izvajanju 
ukrepa za učinkovito rabo energije (EEM). Odštevek količine porabljene energije po izvajanju ukrepa 
od količine pred izvajanjem ukrepa ne bo odražala samo EEM-a, ampak tudi vse ostale dejavnike, 
ki lahko bistveno vplivajo na porabo energije v železiškem podjetju. Nekateri od najpomembnejših 
dejavnikov so izveden promet (potniki in tovor), zamude 
zaradi upravljanja prometa ali nepričakovanih dogodkov, 
spremembe voznih redov, spremembe v voznih parkih in 
seveda, vreme. 
Da bi ocenili samo rezultate EEM-ja, je potrebno odstra-
niti vplive vseh ostalih dejavnikov. 


V bistvu, primerjava porabe energije po izvajanju ukrepov 
z usklajeno izhodiščno količino (poraba energije brez izv-
janja ukrepov), bo določila prihranek energije.   Da bi 
dobili ustrezno izhodiščno količino, moramo upoštevati 
vplivne dejavnike.  


Prihranki = (Izhodiščna količina energije prenesena v pogoje po naknadni 
vgradnji) – (Poraba energije po naknadni vgradnji ali na zahtevo)
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V gradbenem in industrijskem sektorju se navedene metode uporabljajo že nekaj let. Temeljito so 
opisane v številnih publikacijah. Zainteresirani bralec naj poišče ‘’spremljanje rabe energije, vred-
notenje, preverjane’’ oziroma pogleda Smernice ASHREA 14.  Novi evropski standard EN 16001 – 
med drugim – opisuje razvoj načrta za spremljanje (merjenje) rabe energije.
Čeprav načela ni težko razumeti, je  njegovo izvajanje v železniškem sektorju veliko težje. Največji 
izziv je določiti in ustrezno obravnavati najpomembnejše dejavnike, ki vplivajo na porabo energije. 


Negotovost in stroški
Razmerje med porabo energije in drugimi dejavniki je mogoče določiti s pomočjo simulacijskih 
programov in analize podatkov. Vendar pa vsak od navedenih prispeva k negotovosti rezultatov.  
Potreba po gotovosti mora biti uravnovešena z meritvami in analizo stroškov, obenem pa je treba 
priznati, da absolutne gotovosti ni mogoče doseči.    Vsakega od teh virov napak lahko v manjši ali 
večji meri zmanjšamo z uporabo bolj sodobnih merilnih naprav, analitskih metod, večjih vzorcev in 
predpostavk.


Vsakič je potrebno smotrno preučiti glavni cilj postopkov za izboljšanje energetske učinkovitosti; 
ne gre za projekt merjenja rabe energije; merjenje rabe energije je le eno od ključnih in zelo ko-
ristnih orodij.
Poleg tega na splošno velja, da bolj zanesljivo določanje prihrankov sledi zakonu o padajočih do-
nosih, kjer dodatno povečanje gotovosti zahteva postopoma večji strošek. 
Lahko uporabimo znamenito pravilo 80/20. 
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Osredotočiti se moramo na stroške merjenja prihrankov, ki se nanašajo na zaslužene prihranke. 
Ker vleka porabi več energije kot sistem HVAC, si moramo bolj prizadevati čim bolj natančno meriti 
način vožnje in rabo energije, in ne temperaturo. Po drugi strani je merjenje temperature običajno 
veliko cenejše kot merjenje načina vožnje.  Vsako meritev je treba upoštevati glede na stroške in 
dodano vrednost.
V večini primerov, v kombinaciji z drugimi ukrepi, lahko pričakujemo prihranek v višini do deset 
odstotkov. Ponavadi učinki vsakega ukrepa ne presegajo nekaj odstotkov. Zato je zelo pomembno, 
da s pomočjo natančnega merilnega sistema ustrezno in zanesljivo odkrijemo te spremembe.


Orodja 
Postopek izračuna energetske učinkovitosti lahko zagotovi pričakovane rezultate le, če je ustrezno 
zasnovan, s cilji SMART.  Za energetsko učinkovitost v železniškem prometu je potrebno dobro 
poznavanje tako porabe energije kot tudi poslovanja podjetja.   Učinkovitost nam pove, koliko 
potniških kilometrov oziroma bruto ton (promet) je naredila enota energije. To je mogoče izboljšati 
s povečano količino prometa in porabo enake količine energije ali z uporabo manjše količine ener-
gije pri enaki količini prometa. Vendar pa za vodenje kakovosti postopka potrebno imeti na voljo, 
v ustrezni obliki, vse podatke, ki se nanašajo na porabo energije in obratovanje podjetja, . 


Merjenje energije
Da boste porabo energije razumeli, jo morate izmeriti. Dandanes, upravljavci infrastrukture merijo 
porabo energije na nivoju dobave; le nekaj operaterjev uporablja merilne naprave v vozilu.
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Merjenje porabe energije na krovu je pomembno iz več razlogov:
• Razumeti porabo enega vlaka


• Razumeti učinek načina vožnje na porabo energije


•  Zagotavljati povratne informacije voznikom in vodilnemu osebju v realnem času in/ali med  


usposabljanjem. 


Meritev ni potrebno izvajati na vsakem vozilu, da bi pridobili te koristi. Potrebno je meriti statistično 
značilne in reprezentativne vzorce vlakov. Na splošno, 20% vlakov je dobra ocena; pri večjih flotah je 
zahtevan nižji odstotek. Naveden odstotek zagotavlja koristne rezultate in dobro donosnost naložbe. 


Naprava za merjenje rabe energije na krovu je sestavljena iz volt senzorja, enote za električni tok 
in števca. Če podatkov ne želite zbirati ročno, potrebujete komunikacijsko napravo. Ta avtomatično 
pošilja podatke od naprave za merjenje na strežnik. Nenazadnje potrebujete še strežnik za zbiranje 
podatkov. Ker je vsak dan veliko podatkov, bo strežniška oprema analizirala podatke, tako boste vi 
lahko pridobili pomembne informacije in ključne indikatorje delovanja (KPI) brez da morali brskati 
po milijonih podatkovnih vstic. Kot je navedeno zgoraj, bo programska oprema zagotovila vsem 
ciljnim skupinam ustrezna poročila. 
Poleg natančnosti merilnega sistema je zelo pomembna tudi pogostost zbiranja podatkov. Za lokal-
ne in regionalne vlake, mora biti pogostost meritev nižja od meritve/minuto. Med pospeševanjem/
zaviranjem bi meritve morali izvajati bolj pogosto, saj bi postopek bolje razumeli.  Nekateri števci, 
ki se uporabljajo za izračunavanje energije porabljene za vleko, lahko porabo energije beležijo 
vsakih 30 sekund. 
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Slovenskim železnicam je uspelo v dobrih dveh letih z različnimi ukrepi zmanjšati specifično porabo ener-


gije za 10%.


Električni merilni instrumenti
Novi standard EN 50463 opredeljuje števce, ki se uporabljajo za izračunavanje porabljene ener-
gije. Vendar pa je smiselno uporabiti števce, ki ustrezajo tudi standardom za projekte energetske 
učinkovitosti, čeprav izračunavanje porabljene energije v vaši državi morda še ni predvideno.  
Dobra ocena stroškov na vozilo v Evropi (oprema, namestitev in drugi stroški) je 10.000€ za vozilo na 
električni pogon. Natančna cena je odvisna od tipa vozila, električne napetosti in drugih parametrov. 
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Merjenje porabe dizelskega goriva
Ustrezni poslovno informacijski sistemi zagotavljajo natančne količine porabe goriva celotne flote; 
običajno vam sistem prikaže skupno mesečno porabo dizelskega goriva. Ostaja le vprašanje kdaj 
in kako je bilo to gorivo porabljeno. 
Merilnik pretoka dizelskega goriva, v kombinaciji z enoto GPS je morda pravi odgovor. Če lahko 
nadzorujemo celotno porabo, moramo poznati le delež celotne porabe v določenem časovnem ob-
dobju, ki pa morda ni natančna količina.  To dejstvo lahko zmanjša stroške vzdrževanja opreme.  
Na trgu je več vrst merilnikov pretoka. Vsak ima prednosti in slabosti: na splošno je s števci za 
dizel goriva težje zagotoviti natančnost pod 1%, kot z električnimi števci. Večji težavi sta visoka 
dinamika pretoka (od min do max pretoka v manj kot eni sekundi) in nastanek plinskih mehurčkov 
v gorivu. 
Poleg natančnosti je pomembna tudi ponovljivost. To pomeni, da bodo meritve pod podobnimi 
pogoji vedno enake (čeprav morda ne bodo točne). To zadostuje, da celotno porabo natančno raz-
delimo na časovne intervale. 


Mrežni informacijski sistem na krovu
Poraba goriva, ki se prikaže na voznikovem zaslonu, je pri novejših vozilih izračunana na podlagi 
tehničnih lastnosti motorja (npr. tlak, trajanje vbrizgavanja). Njegova natančnost je lahko le 10%, 
tako, da je služi vozniku le kot indikacija, nikakor pa ne kot neke vrste  ključni indikator delovanja. 
Vendar pa so ostali podatki, ki so na voljo na informacijski mreži vozila, dober in zanesljiv vir in-
formacij, katere uporabljamo pri analizi načina vožnje (obrati, hitrost, izračunana poraba...). 
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Cena merilca za pretok goriva je odvisna od vrste merilca in namestitve. Lahko je precej manj kot 
€10.000, vendar pa cena z lahkoto preseže več deset tisoč evrov.  


+ -
Ultrazvočni merilniki enostavna&hitra namestitev, visoka ponovljivost nizka natančnost


Turbinski merilci enostavna oblika, nizka cena težka namestitev, nizka natančnost, 
potrebuje dodaten filter


Merilniki mase Visoka natančnost težka namestitev, visoka cena


Lokacija in prometne informacije
Dejanska poraba energije in podatki o delovanju ustvarijo podobo učinkovitosti. Da bi dobili popol-
no sliko, potrebujemo podatke o voznem redu, tako načrtovanem, kot veljavnem. Za vrednotenje in 
spremljanje strategije vožnje, potrebujemo lokacijo in hitrost. Pravočasnost vpliva na način vožnje 
in da bi lahko vrednotili voznike in upravljanje prometa, moramo poznati dejanski vozni red.
Poleg tega upravljanje prometa občutno vpliva na porabo goriva, če pride do odločitev glede 
nepričakovanih postankov in prednostnih nalog. Navedene parametre je potrebno obravnavati po-
sebej za vsak vlak. 
Dober sistem za upravljanje prometa (TMS) bo zagotovil informacije o načrtovanih in dejanskih 
voznih redih in lokaciji vozila v določenem sektorju.  Če so vozila že opremljena z GPS napravo, je 
potrebno zagotoviti uporabo obstoječe opreme na krovu, ne da bi nameščali dodatno GPS napravo 
samo za merjenje energije. To bo povečalo zanesljivost in zmanjšalo stroške vzdrževanja. GPS 
naprava lahko zagotovi veliko podatkov. 
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Primer vplivov upravljanja prometa in strategije vožnje
Razprava o razmerju med upravljanjem prometa in strategijo vožnje je vedno vroče vprašanje. 
Podjetje Solvera Lynx je v sodelovanju s Fakulteto za strojništvo,  Univerze v Ljubljani izvedlo 
analizo razmerja med porabo, strategijo vožnje in upravljanjem prometa.   Ugotovljeno je bilo, da 
ima vožnja v prostem teku od 5 do 35% delež skupne variance; izključno voznik odloči o tem, kje 
in koliko bo vozil v prostem teku (če je vlak po voznem redu). Razen navedenega so ugotovili, da 
ima sprememba hitrosti od 30% to 40% delež skupne variance. Potreba po spreminjanju hitrosti 
je opredeljena z omejitvami hitrosti in/ali signali, katere določa upravljavec prometa. To je nadalje 
pojasnjeno v še neobjavljenem dokumentu pri avtorju: (gregor.hribar@solvera-lynx.com).



mailto:gregor.hribar@solvera-lynx.com
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6 Razvoj modulov za usposabljanje  
Pristopi od teorije do prakse


6.1 Predstavitveno orodje
‘’Učenje je proces, v katerem se pod vplivom izkušenj pojavjajo bolj ali manj trajne vedenjske 
spremembe oziroma morebitne spremembe.’’ 
Kot organizacija morate zagotoviti, da vaši predavatelji ali mentorji, ki so odgovorni za usposab-
ljanje vaših strojevodij, ne bodo dovolili, da bi ta učni proces bil odvisen od naključja.  Vaši pre-
davatelji/mentorji se nenehno trudijo, da bi ustvarili učne-poučevalne situacije, ki bodo najbolje 
ustrezale usposabljanju vaših strojevodij in drugih zaposlenih. V prilogi ''didaktična znanja'', smo 
zajeli svetovanje in referenčne točke o tem, kako lahko vaši predavatelji med učnim procesom  
uporabijo svoje (didaktične) aktivnosti na najbolj učinkovit način. 


Poleg metod poučevanja, navedenih v ''didaktična znanja'', vam svetujemo, da se osredotočite tudi 
na to, kako vaše ciljne skupine zaznavajo svoje okolje. To lahko pomeni, da  strojevodje tovornih 
vlakov zahtevajo drugačen pristop, kot strojevodje potniških vlakov. 







6 Razvoj modulov za usposabljanje 


61


6.2 Orodja, ki omogočajo spreminjanje vedenja
Januarja 2009 je VROM – Nizozemsko ministrstvo za stanovanjska vprašanja, prostorsko načrtovanje 
in okolje objavilo poročilo z naslovom ‘’Umetnost spreminjanja vzorcev vedenja  ciljnih skupin’’. To 
poročilo obravnava temo, kako vplivati na vedenje ciljnih skupin. Na številnih političnih področjih – 
vključno z upravljanjem okolja in njihovih ambicioznih ciljev - tako ljudje, kot organizacije, morajo 
spremeniti svoje vedenje. 
• Poglavje 3 obravnava vedenje pri uporabi energije in dejavnike vplivov. 


• Poglavje 4 podaja bolj podroben pregled različnih instrumentov in njihovega delovanja.


• Poglavje 5 predstavi Načrtovalca instrumenta Ta načrtovalec instrumentov ponuja nasvete o instrumen-


tih, ki vplivajo na vedenje na najbolj učinkovit način. Delovanje instrumenta je prikazano s primerom. 


Potem, ko so bile sprejete odločitve v zvezi z glavnimi vidiki, lahko naslovimo nadaljnje odločitve 
glede intenzivnosti usposabljanja in metod, uporabljenih za pristop k strojevodjem. Ne pozabite, 
da vaši strojevodje že imajo vozne sposobnosti. Vaših strojevodij ne učite voznih sposobnosti, 
temveč spremembe vedenja. 
Vaš cilj je, da se strojevodja zaveda pomena varčevanja z energijo in zmanjšanja emisij. To zahteva 
spremembo v odnosu do okolja. Vaš cilj bo uspel le, če k strojevodjem pristopite na profesionalen 
in strokoven način.



http://89.18.179.82/~pinkster/technicad.nl/instrumentplanner/
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6.3 Temelj delovanja, povezava med teorijo in prakso
V okviru programa TRAINER, je NS Training razvil temeljni učni koncept za 
železnice. 
Koncept se osredotoča na zavestno spremljanje okoliških razmer in učenje, 
kot tudi na psihološki učni cikel, ki sloni na Endsley-evem modelu. Ta teorija 
upošteva notranje in zunanje dejavnike vplivov. 
Prav tako kaže na pomen primernega učnega okolja, kulture in ravni učenja. 
Dokument vsebuje pregled učnih ciljev, orodij in aktivnosti namenjenih stroje-
vodjem, železniškemu osebju in vodilnim v podjetju.
 
6.4 Državni pristopi
(Dodelani) državni programi usposabljanja se močno razlikujejo glede na 
sestavo, podrobnosti in izvajanje. Napisani so v uradnih jezikih svojih držav, 
niso pa vključeni v tem priročniku. Namesto tega smo navedli podatke Trainer-
jevih partnerjev, na katere se lahko obrnete za nadaljnje informacije.  
Poglejte poglavje 7.
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6.5. Izmenjava izkušenj pri izvajanju programa na državni ravni
Eden od dogovorjenih končnih izsledkov je bil ta, da so sodelujoči partnerji delili svoje znanje in izkušnje 
glede energetsko učinkovite vožnje z drugimi nacionalnimi strankami, z namenom širjenja in preizkušanja 
uporabnosti TRAINER-ja.
Ker med posameznimi programi usposabljanja obstaja velike razlike, je nemogoče izvesti resnično anali-
zo. Mnogo lažje je preprosto navesti izkušnje in priporočila za vsako državo posebej. Našli boste poročila 
o nacionalnih srečanjih in delavnicah, kakor tudi pregled največjega skupnega imenovalca.


Povzetek2 izkušenj pri izvajanju2 


POZITIVNI ODZIVI UDELEŽENCEV MED USPOSABLJANJEM
• Zanimanja za okoljska vprašanja ne smemo zanemariti, ter omejevati informacije, namenjene predavatel-


jem/voznikom na informacije o zgolj tehnični vožnji. Pomembno je spodbujati ‘’kulturni’’ vidik energetsko 


učinkovite vožnje tako, da jih izpostavimo podatkom in številkam, ki se nanašajo na morebitno znižanje emisij 


CO2 in onesnaževalcev iz prometa. 


• To je zelo koristno za komunikacijo z vozniki saj podaja jasne in praktične primere, kako prispevati k 


zmanjšanju porabe energije.  Če povemo vozniku, da lahko z enim samim zaviranjem prihrani 40kWh, je manj 


prepričljivo kot če mu povemo, da lahko tolikšna količina energije omogoči delovanje 40W žarnice, 24 ur na 


dan, približno mesec in pol. 


2Povzetek predstavitve, ki jo je opravil g. Luigi Contestabile iz Trenitalia na zaključni konferenci projekta Trainer
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•  Med potekom usposabljanja je priporočljivo, da voznikov ne preobremenimo z veliko količino 


didaktičnega materiala, saj bomo tako vzpostavili  ‘’enostransko’’ komunikacijo. Boljše rezultate bomo 


dosegli z bolj odprtim učnim pristopom, ki temelji na odkrivanju izkušenj in osebnih sposobnosti vozni-


kov.  


•  Vaš trud usmerite na tiste voznike, ki bodo znali prihraniti največ energije:


 -  voznike, ki običajno delajo na energetsko najbolj zahtevnih vlakih (težki tovorni vlaki, dvonadstropni 


vlaki znotraj velikih mest itd.) 


 - vozniki, ki delajo v hribovitih regijah, kjer je poraba energije visoka in vožnja v prostem teku je 


možna le na poteh navzdol. 


• Jasno sporočilo najvišjega vodstva glede njihove zavezanosti k energetsko učinkoviti vožnji lahko prive-


de do takojšnjih rezultatov in prihranka pri energiji. Zlasti pomembno je upravo podjetja  obveščati o 


rezultatih programov usposabljanja, kar bo zagotovilo njeno trajno podporo. 


• Sodelovanje med različnimi oddelki znotraj podjetja ima lahko pozitiven učinek. Shema usposabljanja, 


občasna revizija, vrednotenje rezultatov itd., bi morali biti del sistema  vodenja kakovosti (ISO 9001) v 


podjetju. 
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TEŽAVE, KI SO SE POJAVILE MED USPOSABLJANJEM 
• Na splošno so se pojavili določeni dvomi glede možnosti izvajanja energetsko učinkovite vožnje v prak-


si. Mnenje je, da obstaja prevelika neskladnost med ‘’teorijo’’ in ‘’resnično nalogo’’.  To vrzel je treba 


zmanjšati tako, da voznikom predlagate, da analizirajo in razpravljajo o dejanskih okoliščinah. 


• Druga stvar, ki je delovala v nasprotju z zamislijo učinkovite vožnje, je bila možnost poseganja v pred-


nostno nalogo železniških podjetij: točnost. V tem primeru je med izvajanjem usposabljanja pomembno 


pojasniti, da se tehnike učinkovite vožnje začnejo uporabljati v praksi le takrat, ko je vlak pravočasen 


oziroma predčasen. 


• Vozniki razumejo odnos upravljavca infrastrukture kot oviro. Dispečerji niso navajeni razmišljati v smis-


lu energetske učinkovitosti in ne bodo pozorni na potrebo po optimizaciji povprečne hitrosti na progah, 


zlasti na preobremenjenih prometnih vozliščih okrog velikih mest.  Zato je pomembno upravljavce 


infrastrukture vključiti že na samem začetku izvajanja usposabljanja za varčno vožnjo. 


• Organizacija usposabljanja predstavlja za podjetje strošek, ki zahteva organizacijsko prizadevanje. Da 


bi prihranili denar in čas, si podjetja lahko pomagajo tako, da usposabljanje za energetsko učinkovito 


vožnjo organizirajo v okviru rednega usposabljanja voznikov.
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6.6 Orodja, ki podpirajo energetsko učinkovito vožnjo 
To poglavje predstavlja nekaj orodij in ukrepov, ki podpirajo energetsko učinkovito vožnjo. 
Prosimo, upoštevajte, da so to le nekateri primeri. Na voljo so druga orodja, 
ki so prav tako učinkovita.


6.6.1 Film TRAINER  Eko-vožnja za strojevodje
Film je bil posnet v nekaterih evropskih državah in prikazuje nekaj praktičnih načinov energetsko učinkovite vožnje, 
ki jih v zadevnih državah izvajajo.  Film je na voljo na DVD formatu in na internetu v 3 ‘’delih’’:
• Splošna predstavitev eko-vožnje in osnovnih potreb,


• Devet nasvetov glede načina vožnje za varčevanje z energijo.


• Kompletna verzija. 


Film je vključen v tem priročniku, na voljo pa je tudi DVD-različica tega 
priročnika. Film je dostopen preko povezav, ki so navedene v Poglavju 7.


Nasveti prikazani v filmu kot primeri najboljše prakse.
1. Pospešujte in zavirajte ekonomično 


2. Izogibajte se najvišji hitrosti, če je le mogoče


3. Uporabljajte električne zavore, ki proizvajajo energijo 


4. Tovorni vlaki naj vozijo v časovnih intervalih med potniškimi vlaki 


5. Ko so tračnice spolzke, poskusite obdržati ravnotežje vlečne sile 


6. Z dizelskimi lokomotivami ne pospešujte prehitro 


7. Izklopite vlečno silo druge in tretje lokomotive, ko vlak doseže visoko hitrost 


8. Seznanite se s svojo opremo in relacijo, da se izognete nepotrebnemu zaviranju ali pospeševanju 


9. ‘’Schwungfahren’’: Izklopite vlečno silo tik preden dospete na vrh klanca



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html
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6.6.2 Metoda UZI 
Nizozemske železnice so razvile tako imenovano meto-
do UZI (univerzalna, ekonomična zamisel vožnje). Maj-
hna kartica obvesti strojevodjo do katere hitrosti lahko 
pospeši na dani relaciji, ob kakšnem času, izraženem v 
minutah. Ko doseže končno hitrost, lahko vlečno silo ne-
mudoma izklopi.  


Vloga sprevodnika na vlaku je zelo pomembna. On je tisti, 
ki strojevodji omogoča izvajanje eko-vožnje.
Ker UZI strategija vožnje izkoristi 5 – 7% dodatnega časa, 
ki ga uporabljajo v nizozemskem voznem redu med dve-
ma postankoma, sta pri dejanski uporabi metode UZI po-
membna še dva dejavnika. 


1. Vozni red mora biti pripravljen tako, da se dodatni čas ne 


dodeli samo glavnim postajam, ampak se porazdeli med 


vse postaje.  


2. Sprevodnik mora zagotoviti, da med postanki ne pride do 


izgube časa. Zato mora biti sprevodnik zelo pozoren, da 


vlak lahko odpelje s postaje ob točnem času, kar stroje-


vodji omogoči izvajanje vožnje po metodi UZI.
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6.6.3 Route lint 
Orodje Route lint (poglejte tudi poglavje s predstavitvijo, na strani 6) posreduje strojevodji 
informacije  o vlakih pred njim ali morebitnih ‘’ovirah’’ kot so signali. Strojevodja lahko prila-
godi svoj način vožnje po želji. Npr. lahko preide v prosti tek bolj zgodaj, in se s tem izogne 
nepotrebnemu zaviranju. To je tudi najbolj ekonomičen način vožnje.  
Enostavno je doseči 5% prihranek energije.


6.6.4 Gekko
Gekko, edinstveni pripomoček strojevodji, ki so ga razvile Danske železnice (DSB). 
(stara predstavitev, nova predstavitev) Poglejte tudi Poglavje 3


Sistem je vgrajen v voznikovo kabino in uporablja naslednje parametre:
• primerja trenutni GPS položaj z voznim redom 


• izračun in optimizacija energetske učinkovitosti, strateška vožnja 


• opozorilo na priporočeno hitrost 


• izračun in prikaz dejanske porabe energije


• priprava dnevnika za pomoč pri odpravljanju težav in pridobivanje povratnih informacij.


Gekko lahko prihrani od 10 – 12% energije, pri čemer vozniki ne potrebujejo usposabljanja, 
dovolj je da sledijo zeleni puščici.
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6.6.5 Bombardier EBI Drive
Proizvajalci voznih parkov prav tako razvijajo energetsko učinkovita orodja. 
Eno tako orodje je Bombardier EBI Drive 50 system, ki pomaga strojevodjem 
pri optimizaciji načina vožnje za zmanjšanje porabe energije. EBI Drive 50 te-
melji na izračunih iz topografije tirov, voznih redov in značilnosti vlaka, v kom-
binaciji z znanjem o vlaku, relaciji od dejanskega položaja in realnega časa.  
EBI Drive 50 pomaga prihraniti do 15% ener-
gije potrebne za vleko vlaka. Poleg tega bo 
zaradi povišanih cen energije dosežena večja 
donosnost naložbe.


6.6.6. Upravljalska orodja
Bombardier je izdelal tudi program za 
izboljšanje energetske učinkovitosti, ki je na-
menjen vodilnim delavcem v železniških podje-
tjih, z nazivom Nadzorni sistem za upravljanje 
z energijo. Bombardier-jev koncept zagotavlja 
celovit pristop k beleženju podatkov in prenosu datotek. Temelji na analizi 
podatkov in poročilih in ustvarja podatke o upravljanju. Ključne podrobnosti 
o delovanju, kot je poraba goriva, so zbrane iz določenih vozil in primerjane 
z ‘’Zlato vožnjo‘’ ( ‘’Golden Ride’’); to je izraz, ki se uporablja za primerjavo 
najučinkoviteje možne vožnje med dvema postajama.  Za nadaljnje informacije 
si poglejte  ECO4, Bombardier’s  EED 2009 presentation.


EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption
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6.6.7 Solvera Lynx 


GemaLogic
Podjetje Solvera Lynx je razvilo programsko opremo za upravljanje z energijo z imenom GemaLogic. 
Uporablja se za analizo podatkov, pridobljenih na krovu.  Osnovni modul prikazuje pregled uporab-
ljene in vrnjene energije v danem časovnem obdobju in časovnem intervalu, hitrost in položaj, z 
geografsko dolžino in širino za vsako vozilo. Analizni modul posreduje bolj podrobne informacije za 
boljše razumevanje porabe energije. Skupaj z osnovnim modelom prikazuje porabo energije, vožnjo 
v prostem teku, odhode, postanke, prihode in zamude vlaka, za vsakega voznika in relacijo/sektor.  


Povratne informacije, ki ji poda voznik predstavljajo posebno poročilo za voznike;v njem je pri-
kazana poraba energije pri določeni vožnji, v primerjavi s povprečno vožnjo na vlak in na voz-
nika. Orodje, ki osebju zagotavlja neposredne povratne informacije glede njihovih prizadevanj in 
dosežkih, in kot dodana vrednost prispeva k njihovemu strokovnemu izpopolnjevanju. GemaRate 
je sistem, ki se uporablja za ocenjevanje in razvrščanje vlakov, voznikov in drugih vidikov poslo-
vanja. GemaLogic executive je poebno poročilo namenjeno upravljanju. Zagotavlja hiter pregled 
trenutnega poslovanja. 


GemaLogic je dokazal svojo dodano vrednost Slovenskim železnicam, kjer je bilo več kot 90 loko-
motiv povezano z GemaLogic sistemom. S tem so prihranile znatno količino energije.  GemaLogic 
v sklopu projekta TRAINER uporabljajo tudi Nizozemske železnice.
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6.6.8 Nasveti iz knjižice z naslovom Energetsko učinkovita vožnja, 
 ki jo je izdal Railon/DB Schenker 


Ti nasveti temeljijo na osebnih in praktičnih izkušnjah in odgovorih udeležencev v različnih progra-
mih usposabljanja. 


Nasvet 1: prihranek > 20%.
Če teža vlaka to dovoljuje, pred odhodom izklopite drugo in/ali tretjo lokomotivo. To storite, ko 
imate na voljo posamezne lokomotive. 


Nasvet 2: prihranek > 13%. 
Ko je to mogoče, pospešujte počasi. Vsekakor vozni red dovoljuje nekaj dodatnega časa. Ne dovo-
lite, da vlak s polno zmogljivostjo doseže najvišjo hitrost. Npr., če je vlak pravočasen, bo zadost-
ovala 70% zmogljivost.


Nasvet 3: prihranek > 10%. 
Če morate doseči delovno hitrost v najkrajšem času, uporabite mostove, hribe in strma pobočja. 
Takoj, ko dosežete delovno hitrost, vzdržujte isto hitrost, z najmanjšo zmogljivostjo (pribl. 30%). 


Nasvet 4: prihranek > 50%. 
Imate številne povezave za vlak na določenem mestu oziroma kraju, kjer potekajo dela na tirih. 
Med dolgotrajnim ranžiranjem vlakov, odklopite drugo lokomotivo (po potrebi tudi tretjo).







6 Razvoj modulov za usposabljanje 


73


6.7 Zaključna konferenca programa TRAINER
Zaključna konferenca projekta TRAINER je potekala v Toursu (Francija),  v pe-
tek, 25. septembra 2009. Konferenca, ki je potekala v okviru dnevov energetske 
učinkovitosti, je bila organizirana v sodelovanju s projektom Railenergy in Med-
narodno železniško zvezo, ki je organizirala četrto UIC konferenco o energetski 
učinkovitosti.  
Poglejte tudi program EED 2009  in poročilo v (kratka verzija) UIC e-novicah. 
Predstavitve so na voljo na http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
 


Za predstavitev programa TRAINER poglejte
Osrednje predstavitve:
1. Mr. Peter Wilbers (SenterNovem): Projekt TRAINER


2. Branislav Krigovsky (ZSSK Cargo): Program usposabljanja Najboljša praksa ZSSK Tovor


3. Mr. Bojan Dremelj (SZ): Usposabljanje za energetstko učinkovito vožnjo pri Slovenskih 


železnicah


 
Predstavitev delavnic:
Delavnica 1. Programi usposabljanja za eko-vožnjo.
1. G. Paul Offerman (VVCR): Didaktični pristop


2. G. Jan Hoogakker (NS R): Izvajanje programa TRAINER na Nizozemskem


3. G. Luigi Contestabile (Trenitalia): Izkušnje z izvajanjem


 



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Zaključki dneva


Ti bodo objavljeni na internetu takoj, ko bodo na voljo.
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7 Nadaljnje informacije  


Organizacija URL
UIC http://www.uic.org/
CER http://www.cer.be/ 
EIM http://www.eimrail.org
TRAINER http://www.iee-trainer.eu/
Zaključna konferenca programa 
TRAINER  EED2009 (Sept.2009)


http://www.energy-efficiency-days.org/menu/article/
presentations-of-the-eed-2009


TRAINER stran s povezavami Trainer links


Evropski odbor http://ec.europa.eu/index_en.htm
Inteligentna energija za Evropo http://ec.europa.eu/energy/intelligent



http://www.uic.org/

http://www.cer.be/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/index.php?option=com_content&task=view&id=40&Itemid=89

http://ec.europa.eu/index_en.htm

http://ec.europa.eu/energy/intelligent

http://www.eimrail.org/

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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Nekatere zanimive povezave
1. http://www.2train.eu/ 
2. http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm
3. http://www.uic.org/spip.php?rubrique1045
4. http://www.railway-energy.org/tfee/index.php 
5. http://www.railway-mobility.org/ 


6. http://www.railenergy.org/ 
7. http://www.errac.org/reftexts.htm 
8. http://www.errac.org/links.htm 
9. http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direc


t=&Itemid=71&limit=5&limitstart=20 
10. http://ec.europa.eu/energy/intelligent/library/index_en.htm 


11. http://www.eimrail.org/bro.html
12. http://www.railway-technology.com/projects/
13. http://www.innotrack.org/
14. http://www.senternovem.nl/LTA/index.asp
15. http://www.iee-trainer.eu/



http://www.2train.eu/

http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm

http://www.uic.org/spip.php?rubrique1045

http://www.railway-energy.org/tfee/index.php

http://www.railway-mobility.org/

http://www.railenergy.org/

http://www.errac.org/reftexts.htm

http://www.errac.org/links.htm

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://ec.europa.eu/energy/intelligent/library/index_en.htm

http://www.eimrail.org/bro.html

http://www.railway-technology.com/projects/

http://www.innotrack.org/

http://www.senternovem.nl/LTA/index.asp

http://www.iee-trainer.eu/
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Udeleženci v programu TRAINER


Udeleženec Kontakt E-naslov Telefon URL


AgentschapNL NL P. Wilbers peter.wilbers@agentschapnl.nl +31622907912 http://www.agentschapnl.nl 


NS NL R. Luijt Ralph.Luijt@NS.nl +31633083183 http://www.ns.nl


Solvera Lynx SI G. Hribar gregor.hribar@solvera-lynx.com +38614012860 http://www.solvera-lynx.com


Slovenske Zeleznice SI B. Dremelj bojan.dremelj@slo-zeleznice.si +38641919309 http://www.slo-zeleznice.si


CRES GR G. Zoidis grzoidis@cres.gr +30697306455 http://www.cres.gr


ZSSK Cargo SL B. Krigovsky Krigovsky.Branislav@zscargo.sk +421220292128 http://www.zscargo.sk


VVCR Europe NL P. Hekkert p.hekkert@vvcr.nl +31616760626 http://www.vvcr.nl


ENEA IT E.Negenti negrenti@enea.it +393356282657 http://www.enea.it


TRENITALIA IT L. Contestabile l.contestabile@trenitalia.it +39644105765 http://www.trenitalia.com/trenitalia.html



mailto:peter.wilbers@agentschapnl.nl

http://www.agentschapnl.nl

mailto:Ralph.Luijt@NS.nl

http://www.ns.nl

mailto:gregor.hribar@solvera-lynx.com

http://www.solvera-lynx.com

mailto:bojan.dremelj@slo-zeleznice.si

http://www.slo-zeleznice.si

mailto:grzoidis@cres.gr

http://www.cres.gr

mailto:Krigovsky.Branislav@zscargo.sk

http://www.zscargo.sk

mailto:p.hekkert@vvcr.nl

http://www.vvcr.nl

mailto:negrenti@enea.it

http://www.enea.it

mailto:l.contestabile@trenitalia.it

http://www.trenitalia.com/trenitalia.html
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Povezave na film Eko-vožnja


Ta film, ki so ga razvili TRAINER-jevi partnerji, je dodatno orodje, ki bo pripomoglo k izboljšanju 
energetske učinkovitosti v železniškem prometu. Lahko je del vašega programa za izobraževanje in 
usposabljanje za varčno vožnjo. Strokovno gradivo je razdeljeno na dva dela En del je namenjen no-
silcem odločanja pri agencijah za železniški promet. Drugi del vsebuje navodila za varčno vožnjo in 
je namenjen strojevodjem. Oba dela sta koristna tudi za mentorje. To orodje smo razvili v 8 jezikih: 
Nizozemščini, Angleščini, Francoščini, Grščini, Italijanščini, Slovaščini in Slovenščini.


Angleščina
predstavitev
nasveti


Nizozemščina
predstavitev
nasveti


Slovenščina
predstavitev
nasveti


Slovaščina
predstavitev
nasveti


Italijanščina
predstavitev
nasveti


Grščina
predstavitev
nasveti


Francoščina
predstavitev
nasveti


Nemščina
predstavitev
nasveti



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part2.html
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Úvod


Tréning
Cieľom tréningu je naučiť, zlepšiť a dosiahnuť požadované výsledky. V oblasti športu je cieľom tré-
ningu väčšia sila, vyššia rýchlosť, lepšia tímová spolupráca a ... získanie víťaznej trofeje. Železničná 
doprava bude schopná získať túto trofej v obnoviteľnom svete. To je dôvod, prečo Vám radím 
prečítať si tento materiál.


Tréning si vyžaduje trpezlivosť, disciplínu, vhodné nástroje a jasné ciele. Človek môže o ňom čítať, 
diskutovať a premýšľať, ale najdôležitejšie je s tréningom začať. Podoba s manuálom TRAINER pre 
železnice je zrejmá. Tento materiál je inštruktážnym manuálom, ktorý  obsahuje niekoľko príkladov 
každodenných skúseností. Tak prečo ešte čakať?


Železničná doprava je už v súčasnosti veľmi energeticky efektívna a dosahuje veľmi níz-
ke emisie skleníkových plynov. Z uvedeného dôvodu sú železnice súčasťou riešenia na 
znižovanie globálneho otepľovania. Napriek tomu, stále existuje priestor na zlepšenie 
a hľadanie dodatočného znižovania spotreby energie v železničnej prevádzke. Tento ma-
nuál Vám pomôže pochopiť tieto zlepšenia.


Projekt TRAINER predstavuje „win-win-win“ (zisk-zisk-zisk) príležitosť. Železničná 
spoločnosť získava prostredníctvom zníženia nákladov, zákazník získava prostredníctvom 
hodnoty peňazí a planéta Zem získava prostredníctvom nižších emisií skleníkových plynov.


Bert Meerstadt
President NS/Dutch Railways



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/
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1 Predstavenie a sprievodca čitateľa


Súčasnosť je pre oblasť železničnej dopravy náročným obdobím. Čelíme problémom ako je globál-
ne otepľovanie a svetová ekonomická kríza. Riešenia však môže ponúkať aj oblasť železničnej 
dopravy. Sektor má vysoký potenciál na ďalšie zvyšovanie energetickej efektívnosti a na pomoc 
pri znižovaní globálneho otepľovania. Zároveň z úspor dosiahnutých v oblasti nákladov je možné 
zvyšovať konkurencieschopnosť oproti ostatným druhom dopravy. Je to dôležité, nakoľko aj ostat-
né konkurenčné druhy dopravy sa stávajú viac energeticky efektívnymi. Pre získanie podrobnejších 
informácii o projekte TRAINER si pozrite TRAINER leaflet.


TRAINER (TRAining programmes to INcrease Energy efficiency by Railways) je jedným z európs-
kych projektov zameraných na zlepšenie energetickej efektívnosti európskych železníc. 
Projekt bol realizovaný od Novembra 2006 do Novembra 2009. 
Na realizácii projektu TRAINER (www.iee-trainer.eu) sa podieľalo viacero európskych železničných 
spoločností.
TRAINER zároveň spolupracoval s Medzinárodnou železničnou úniou UIC a ďalším európskym pro-
jektom Railenergy (www.railenergy.org). 


Tento manuál je jedným z výstupov projektu TRAINER a obsahuje skúsenosti, know-how a vedo-
mosti rôznych európskych železníc, školiteľov a expertov. Manuál neposkytuje tréningové progra-
my pripravené na použitie. Nakoľko kultúra a charakter jednotlivých spoločností sa navzájom veľmi 
líšia, nebolo by vhodné a ani možné spracovať jeden univerzálny manuál pre všetky spoločnosti. 
Manuál však poskytuje železničným spoločnostiam všetky ingrediencie a postupy potrebné na 
prípravu ich vlastných tréningových programov.



http://w3.disg.uniroma1.it/Trainer/

http://w3.disg.uniroma1.it/Trainer/

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/

http://www.uic.org/spip.php?rubrique1045

http://www.railenergy.org/
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Manuál sa zameriava na manažment železničných spoločností, staničný personál, školiacich za-
mestnancov, dispečerov a predovšetkým rušňovodičov. Manuál ponúka všetkým cieľovým skupinám 
množstvo spôsobov a tipov na zlepšenie energetickej efektívnosti, počnúc výberom energeticky 
efektívnych vozidiel, ich správnym rozmiestnením a údržbovými zariadeniami. Hlavná pozornosť 
manuálu je však sústredená na energeticky efektívny spôsob vedenia lokomotív rušňovodičmi, tiež 
nazývaný aj eco-driving (chapter 3). Samozrejme prvoradou je vždy bezpečnosť a presnosť.


Zlepšenie správania profesionálov ako sú rušňovodiči, môže byť dosť náročnou úlohou, rovnako 
pre manažment školiacich zamestnancov a samozrejme aj pre samotných rušňovodičov. Profes-
ionalizmus a skúsenosti rušňovodičov je potrebné rešpektovať a priamo zohľadniť pri vytváraní 
pútavých a efektívnych tréningových programov. Didaktika ako aj tón hlasu sú citlivou otázkou se-
riózneho jednania so školenými zamestnancami (chapter 6). Zapojenie rušňovodičov a dispečerov 
je zároveň spôsob ako čiastočne minimalizovať opozíciu. 


Energeticky efektívne správanie rušňovodičov môže byť zlepšené prostredníctvom špecializovaných 
tréningových kurzov. Ich správanie možno zároveň zlepšiť poskytnutím vhodných nástrojov (kapi-
toly 3 a 6). Niektoré z nástrojov, ako napríklad Gekko, sú viac alebo menej auto didaktické, pos-
kytujú rušňovodičovi informáciu o tom, či vedie vlak najekonomickejšie alebo nie. Ďalšie nástroje, 
ako Routelint, pomáhajú rušňovodičovi lepšie predvídať, na základe poskytnutých informácií o si-
tuácii v priestorových oddieloch pred ním. Kombinácia tréningu a nástrojov má vždy pridanú hod-
notu a lepšie výsledky v prevádzke.
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Železničné spoločnosti sa môžu rozhodnúť pre izolované tréningové kurzy, ktoré v krátkodobom 
časovom horizonte môžu mať podstatné dopady. Aby dosiahnuté úspory nemali len krátkodobé 
trvanie, odporúča sa zapracovať školenia zamerané na energetickú efektívnosť do väčšej straté-
gie alebo väčšieho systému. Je to atraktívne zároveň z hľadiska perspektívnej komunikácie. Tieto 
väčšie stratégie môžu byť súčasťou dlhodobých zmlúv (Long Term Agreements (LTAs) a systému 
energetického manažmentu (EMS - Energy Management Systems (kapitola 5). LTA môžu byť uzat-
vorené medzi železničnou spoločnosťou, vládou a nezávislou organizáciou, ktorá bude celý proces 
monitorovať. Ciele LTA sú stanovené so zameraním na dosiahnutie energeticky efektívnej prevádz-
ky. Takýto druh mechanizmov môže byť hlavným hnacím mechanizmom pre zlepšenie energetickej 
efektívnosti. Niekedy postačujú jednoduchšie mechanizmy, ako je napríklad poskytnutie daňových 
úľav pri platbách za spotrebovanú energiu v prípade, že spoločnosť dosiahne odsúhlasenú úroveň 
energetickej efektívnosti. 


Monitoring energetickej efektívnosti je rozhodujúci (kapitola 5.4.). Slúži na kontrolu a overovanie 
(že to funguje),  stretnutia s cieľovými skupinami (moja miera prínosu) a na komunikáciu (sledo-
vanie dosiahnutých výsledkov). Monitoring môže, mal by byť vykonávaný na viacerých úrovniach. 
Tento manuál poskytuje informácie o tom, ako to je možné vykonávať.


Tento manuál je prezentovaný ako podrobný a doplnkový k niektorým subjektom, ktoré sú spomí-
nané v brožúre UIC z roku 2008 pod názvom “Process, Power, People” .



http://ltauptake.eu/

http://www.senternovem.nl/Energiezorg/english/index.asp
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TRAINER manuál prichádza spoločne s inštruktážnym filmom: 
Eco-driving pre rušňovodičov, deväť užitočných rád pre energetickú efektívnosť (energy efficiency 
tips). 


Tento informatívny film môže byť využitý priamo počas eco-drivingových stretnutí s rušňovodičmi.
Film pozostáva z 2 častí:
1. Všeobecného predstavenia zaoberajúceho sa globálnymi výzvami a možnosťami železníc a


2. Väčšieho množstva tipov, ktoré môžu pomôcť rušňovodičom zmeniť správanie počas jazdy s cieľom 


dosiahnuť vyššiu energetickú efektívnosť.  


Film je spracovaný vo viacerých jazykoch.


Dňa 25. septembra 2009 sa vo francúzskom Tours konala záverečná konferencia projektu TRAINER. 
Konferencia sa uskutočnila v rámci Dní energetickej efektívnosti (Energy Efficiency Days) a bola 
oragnizovaná v spolupráci s projektom Railenergy a UIC, ktorá organizovala 4. konferenciu o energii.
Pozrite si tiež EED 2009 Programme a report in the (short version) UIC-e-news. 
Prezentácie je možné získať na adrese http://www.energy-efficiency-days.org/menu/article/pre-
sentations-of-the-eed-2009
Odkazy na prezentácie zo záverečnej konferencie TRAINER sú uvedené v kapitole 6.7 (chapter 6.7). 


Peter Wilbers
SenterNovem, agentúra Ministerstva hospodárstva Holandska (Dutch Ministry of Economic Affairs), 
Koordinátor projektu TRAINER



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009

http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
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2	Globálne	výzvy	a	výzvy	v	železničnej	doprave	


Globálne	otepľovanie
V súčasnosti narastá medzinárodná zhoda v tom, že planéta bude čeliť nezvratnej zmene klímy, 
pokiaľ urýchlene nebudú prijaté vhodné opatrenia. EÚ už sformulovala jasnú odpoveď v podobe in-
tegrovanej energetickej a klimatickej politiky, v záväzku znížiť emisie skleníkových plynov do roku 
2020 najmenej o 20% a v prísľube, že  prevezme vedenie pri medzinárodných rokovaniach za účelom 
prijatia ešte viac ambicióznych opatrení. Napomôže to  zabrániť nárastu svetovej teploty o viac 
než 2°C - úroveň, ktorá je z pohľadu vedcov bodom, odkiaľ niet návratu. Za účelom dosiahnutia 
tohto cieľa, potrebujeme využívať hospodárnejšie energetické zdroje a zároveň zvýšiť využívanie 
obnoviteľných foriem energie, zachytávať a skladovať 
oxid uhličitý a zabrániť zbytočnému odlesňovaniu. To 
môže zahrňovať zmenu nášho životného štýlu bez ohro-
zenia životného štandardu tejto a budúcich generácií.


Najľahšou cestou ako zvýšiť bezpečnosť dodávky 
a pomôcť klíme, je znížiť spotrebu energie. Znamená to 
využívať energiu efektívnejšie t.j. menej plytvať. Môže 
sa to uskutočňovať použitím úspornej technológie, zme-
nou správania alebo ich vzájomnou kombináciou. Úspory 
energie majú predovšetkým ekonomický význam: splne-
nie cieľa EÚ spotrebovať do roku 2020 o 20% menej 
energie, by znamenalo ročne úsporu nákladov na  ener-
giu  v hodnote 100 biliónov EUR.
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Tento cieľ sa môže zdať ťažko dosiahnuteľný, ale v skutočnosti existuje veľký priestor pre efektívnejšie 
využitie energie, niekedy aj pri vynaložení malého úsilia. Napríklad energetické označovanie, mi-
nimálne štandardy efektívnosti a dobrovoľné dohody výrobcov domácich spotrebičov zredukovali 
od roku 1990 spotrebu energie priemernej novej chladničky, mrazničky takmer o 50%. Pri iných 
spotrebičoch ako sú práčky a sušičky boli dosiahnuté úspory viac ako 25%. Medzinárodný Energy 
Star programe poskytuje sprievodcu pri nákupe najúspornejšej kancelárskej a výpočtovej techniky.


Ciele pracovného balíka 2.2 projektu Railenergy  definujú štandardný proces špecifikácie a veri-
fikácie spotreby energie na železničných vozidlách: Pozrite The Standard Service Profiles –Specifi-
cation and Verification of Energy Consumption 


V marci 2007, v rámci snahy znížiť emisie, lídri európskych štátov odsúhlasili stanovenie záväzných 
cieľov pre redukciu voľných emisií skleníkových plynov do roku 2020 o 20% v porovnaní s rokom 
1990. Tento cieľ môže vzrásť na 30% do roku 2020 v prípade, že v priebehu roku 2009 bude 
v Kodani uzatvorená nová zmluva o zmene globálnej klímy. Európska komisia zároveň vyhlásila, že 
okamžite sa musia začať práce na plnení cieľov zameraných na zníženie globálnych emisií o 50% do 
roku 2050. S produkciou 27% z celkových emisií, je doprava, po výrobe energie, druhým najväčším 
zdrojom človekom vyprodukovaného CO2 v 27 európskych krajinách. Navyše posledné projekty 
Európskej Agentúry pre životné prostredie  (EEA) predpokladajú nárast emisií v rámci sektora o 
25% v období rokov 1990 – 2020. Je to v kontraste s emisiami so sektoru priemyslu a energetiky, 
ktoré upadajú.



http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.energy-efficiency-days.org/IMG/pdf/05_M-Halder_SBB_Panel_1_Railenergy_Standard_profiles_RailenergyDay_23sept09.pdf

http://www.railenergy.org/
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Tlačová správa CER-u: 8. máj 2008


Európsky	sektor	železničnej	dopravy		zníži	emisie	
CO2	o	30%
Včera sa CEOs európskych železníc a správcov železničnej infraštruktúry dohodli na znížení 
špecifických emisií CO2 v železničnej doprave v období rokov 1990 až 2020 o 30%. Tento cieľ 
pomôže prispieť k redukcii emisií v doprave, čo je nevyhnutné pre splnenie cieľa EÚ znížiť o 20% 
emisie skleníkových plynov počas rovnakého obdobia.
Na valnom zhromaždení CER a UIC v Bruseli, sa spoločnosti rozhodli urobiť tento krok, ktorý 
podčiarkne pozíciu železničného sektora ako najudržateľnejšieho spôsobu dopravy.
„Aj napriek zlepšeniam v ostatných sektoroch dopravy, železničná doprava je stále najmenej 
znečisťujúcim druhom dopravy“, povedal výkonný riaditeľ Johannes Ludewig.
„Externé náklady, ktoré produkuje náš sektor, sú len zlomkom tých, ktoré produkuje cestná dopra-
va. Želáme si však zlepšenie a využitie každej možnosti na ďalšiu redukciu skleníkových plynov.“ 
Ambície ušetriť 30% energie do roku 2020 budú splnené prostredníctvom množstva metód, 
zahrňujúcich technologickú inováciu, ako je optimalizácia regenerácie energie pri brzdení, moder-
nizácia mobilných prostriedkov a prevádzkové procedúry, ako je napríklad energeticky efektívne 
vedenie vlakov (eco-driving).


„Pre dosiahnutie uvedeného cieľa budú podstatné investície zo strany spoločností.“ povedal ďalej 
pán Ludewig. „Ale keď sa možnosť internalizácie externých nákladov stane politickou realitou, tak 
ako sa s tým uvažuje v novom európskom nariadení,  tieto investície sa splatia. V každom prípade, 
železnice sú presvedčené, že vytvorenie udržateľného dopravného systému je rozhodujúce nielen 
pre budúcnosť sektoru, ale je tiež otázkou zodpovednosti voči spoločnosti.“
Rozhodnutie prišlo len jeden deň po tom, čo John Schellnhuber, jeden z najvýznamnejších výs-
kumníkov v oblasti klímy, predstavil na konferencii CER v Bruseli najnovší výskum, ktorý podčiarkol 
potrebu zaoberať sa zmenou klímy. 
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Súhrnná správa Európskej Enviromentálnej Agentúry, zo dňa 29. mája 2009, poukazuje na to, že 
emisie skleníkových plynov v Európskej únii poklesli o 1,2% v priebehu rokov 2006 a 2007 a pred-
pokladá sa, že Kjótsky cieľ, dosiahnuť priemerné zníženie o 8% v porovnaní s rokom 1990 v prie-
behu obdobia rokov 2008 – 2012, bude dosiahnutý. A to aj napriek skutočnosti, že emisie v doprave 
vzrástli prevažne v cestnej doprave, kde emisie narástli o 5,3%.


Vlak do Kodane
Koncom roku 2009, počas konferencie Spojených národov o zmenách klímy v dánskej Kodani (7. 
-18. december 2009), bude schválená nová zmluva o klíme COP15, ktorá bude nasledovníkom 
Kjótskeho protokolu. Výstupom bude nový medzinárodný protokol zaväzujúci priemyselne rozvinu-
té štáty k prísnejším cieľom v oblasti redukcie CO2. Konferencia reprezentuje jedinečnú príležitosť 
ako uzatvoriť zmluvu, ktorú podpíšu všetky krajiny sveta a ktorá bude riešiť hlavnú hrozbu pre 
našu planétu, ktorou je globálne otepľovanie.


V celkovom meradle je doprava zodpovedná za 27% emisií CO2 spôsobujúcich globálne otepľovanie. 
Skutočná výzva spočíva v skutočnosti, že zatiaľ čo ostatné sektory dokázali znížiť ich emisie, v sek-
tore dopravy emisie neustále narastajú. Obmedzenie tohto nárastu a redukcia emisií v doprave je 
jedným z nevyhnutných krokov v boji s globálnym otepľovaním. 
Napriek technologickým výhodám, sa doprava nerozvíja udržateľnými spôsobmi. Hlavnou príčinou 
je prudký nárast v osobnej i nákladnej doprave. V súčasnosti je sektor cestnej dopravy zodpovedný 
za viac ako 80% spotreby energie v sektore dopravy.



http://www.traintocopenhagen.org/
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Emisie v sektore leteckej dopravy prudko narastajú a letecká doprava má druhý najvyšší dopad 
a tvorí viac než 13% celkovej spotreby energie dopravy v Európe – vo veľkých výškach a teda 
reprezentuje väčšie poškodenie ako je uvedené v percentuálnych tabuľkách.
Železnice sú kľúčovým sektorom pri redukcii skleníkových plynov a rozvoji udržateľného doprav-
ného systému. Poskytujú energeticky najefektívnejšiu prevádzku tak v os/km ako aj v ton/km.


Počas cesty z Bruselu do Kodane lietadlom alebo autom, sa vyprodukuje 3,5-násobne viac emisií 
ako pri ceste vlakom. Môžete si to pozrieť na adrese www.ecopassenger.org. alebo http://www.
routerank.com/en/ Cieľom je, sa v nasledujúcej generácii Kjótskeho protokolu sústrediť viac na  
príspevok železničnej dopravy k redukcii emisií v sektore dopravy. 



http://www.ecopassenger.org/

http://www.routerank.com/en/

http://www.routerank.com/en/
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3	Energeticky	efektívna	jazda	a	prevádzka	


3.1.	Energeticky	efektívna	jazda	alebo	eco-driving


Prečo	eco-driving?
Implementáciou eco-drivingu, železničné spoločnosti a všetci zúčastnení zamestnanci môžu po-
zitívne prispieť k odvráteniu klimatických zmien. Zároveň, železničné spoločnosti môžu redukovať 
svoje prevádzkové náklady a posilniť ich obraz ako enviromentálne priateľského spôsobu dopravy.
Pozitívnym vedľajším produktom s ohľadom na osobné vlaky je zvýšenie komfortu cestujúcich. 
Inými slovami, eco-driving pretvára rušňovodičov na profesionálov a železničné spoločnosti na 
sociálne zodpovedné spoločnosti. 


Čo	je	eco-driving?
Čo to vlastne znamená? Zodpovedanie týchto otázok, môže byť zložitejšie než si predstavujete.
Predovšetkým, bezpečnosť a presnosť sú prioritné. Železničné spoločnosti budú vždy klásť hlavný 
dôraz predovšetkým na tieto dva aspekty. Ekonomické vlaky, ktoré však nie sú bezpečné a sú stále 
zmeškané, vytvoria zlý obraz spoločnosti. TRAINER ukázal, že je určite možné ušetriť energiu 
v železničnej doprave, pri zohľadnení aspektov bezpečnosti a presnosti. Eco-driving je o profe-
sionálnom vedení vlaku, pohotovom plánovaní využitia trate, úsporách energie pri posunujúcich 
vlakoch a o vlakoch stojacich v staniciach, voľbe najlepších mobilných prostriedkov atď.. 







3 Energeticky efektívna jazda a prevádzka 


15


Správanie	pri	vedení	vlaku	
Eco-driving vyžaduje aktívne zapájať rušňovodičov a zobrazovať  energeticky efektívny spôsob 
vedenia vlaku.  Samozrejme, rušňovodiči sú si vedomí vplyvu ich spôsobu jazdy na celkovú spo-
trebu energie. Skúsenosť však hovorí, že presné adresovanie tohto problému prináša ešte lepšie 
výsledky. Pre rušňovodičov je veľmi dôležité poznať, kedy vlak spotrebováva príliš veľa energie 
a oveľa  dôležitejšie je vedieť, ako prísť do stanovenej destinácie s najmenšou možnou spotrebou.


Základné	princípy	(keď	sa	hovorí	o	správaní	počas	jazdy)
Príchod vlaku do stanice príliš skoro je výsledkom príliš rýchlej jazdy, ktorá si vyžaduje príliš veľa 
elektriny alebo nafty. Neskoré brzdenie bude znižovať komfort jazdy. Potrebe zbytočného zastave-
nia pred návestidlom možno predísť skoršou redukciou trakcie a tým znížením rýchlosti. Zabráni to 
rušňovodičovi v akcelerácii vlaku po zastavení, čo má značný vplyv na spotrebu. Poznanie časovej 
rezervy vlaku, času príchodu do cieľovej destinácie umožní rušňovodičovi viesť vlak energeticky 
úsporným spôsobom. Nepotrebné zastavenie môže niekedy viesť k dodatočnej spotrebe energie 
na úrovni 8% počas jednej jazdy na danej trati.


Akcelerácia
Akcelerácia potrebuje na generovanie kinetickej energie elektrinu alebo naftu. Je dôležité 
neakcelerovať zbytočne rýchlo, nakoľko pri tomto spôsobe akcelerácie sa spotrebuje príliš veľa 
energie. Uvedenú stratégiu však nemožno vždy použiť vzhľadom na rozdielnu konštrukciu rušňov. 
Rovnako nie je vhodné viesť vlak príliš veľkou rýchlosťou, nakoľko vysoká rýchlosť predlžuje po-
trebu brzdenia, pri  ktorom sa zbytočne zvyšuje spotreba. Zároveň je potrebné používať kratšie 
trakciu, aby sa zabránilo dosiahnutiu vysokej rýchlosti.
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Úspory energie možno dosiahnuť aj dlhodobou jazdou stálou rýchlosťou. Navyše je dôležité neus-
tále monitorovať teplotu vo vlakoch osobnej dopravy, nakoľko príliš vysoká teplota alebo prílišné 
chladenie má za následok nárast spotreby energie.


Výbeh
O uvedenej problematike bolo pojednávané vyššie. Väčšina rušňovodičov si dobre uvedomuje 
skutočnosť, že úpravou štýlu jazdy môžu ovplyvniť spotrebu. Adresovaním potreby na ďalšie 
zlepšovanie, môže byť ich jazda vyladená.


V oblasti cestnej dopravy, boli profesionálni vodiči počas mnohých rokov školení z toho, ako využiť 
výhodu výbehovej kapacity ich vozidla. Rovnako to možno aplikovať aj v železničnej doprave. 
Navyše včasné vypnutie trakčnej sily alebo spomalenie vytvára väčšiu energetickú výhodu pretože 
vlak má vďaka svojej hmotnosti vysokú kinetickú energiu. Poznajúc túto skutočnosť, potrebujeme 
rušňovodičov naučiť, kedy je vhodné vypnúť trakčnú silu. Možno ich to učiť na základe ich skúse-
ností alebo poskytnutím správnych inštrukcií zohľadňujúcich  dostatočný počet praktických testov 
v súlade cestovným poriadkom a traťou.


Množstvo kinetickej energie generovanej počas procesu akcelerácie sa pri použití bŕzd premieňa 
na trenie a teplo, takže sa stráca. Existujú však aj výnimky, ako napríklad rekuperácia energie, 
ale nie je to vždy možné. Vždy je lepšie nechať celkovú masu valiť sa s minimálnym odporom, 
ktorá pritom využije väčšinu energie vynaloženej na pohyb vlaku. Na niektorých tratiach, sú vyso-
korýchlostné vlaky po vyradení trakčnej sily schopné, pri zodpovedajúcom štýle jazdy, pohybovať 
sa výbehom takmer 55 km bez použitia energie. Je lepšie zamedziť spotrebe ako rekuperovať, 
nakoľko pri rekuperácii budú vždy vznikať straty.







3 Energeticky efektívna jazda a prevádzka 


17


Brzdenie
Samozrejme zastavenie v staniciach prípadne pred návestidlom s červeným svetlom je nevyhnutné. 
Je potrebné zabezpečiť, aby proces brzdenia bol pomalý a používaný s odporúčaniami uvedenými 
vyššie v časti o výbehu. Brzdiacu silu je potrebné zvyšovať pomaly. Je to lepšie nielen z dôvodu 
ochrany súčastí podvozku a brzdovej výzbroje, ale tiež z pohľadu komfortu cestujúcich. 


Schwungfahren
V kopcovitých alebo hornatých oblastiach, je potrebné na dosiahnutie vrcholu veľké množstvo 
elektriny alebo nafty. Pri jazde po sklone, sú v dôsledku gravitácie malé nároky na energiu. Predsa 
je však vhodné využiť čiastočne trakciu pri jazde po sklone na zvýšenie rýchlosti vlaku, ktorá môže 
byť následne využitá pri jazde do stúpania. Pri vyradení trakčnej sily pre dosiahnutím vrcholu, 
naakumulovaná kinetická energia zabezpečí, že vlak môže posledných niekoľko sto metrov prejsť 
bez potreby akcelerácie. Implementáciou tejto metódy možno ušetriť veľké množstvo energie.


Ďalšie	eco-drivingové	témy	
Je nevyhnutné, aby sa rušňovodič uistil o tom, že má dostatok informácií o trati. V prípade potreby, 
môže skúsenejšieho kolegu požiadať o viac informácií.


Správanie rušňovodiča počas jazdy je samozrejmým a dôležitým faktorom eco-drivingu, ale určite 
nie je jediným. O ďalších otázkach sa pojednáva v nasledujúcich častiach tohto manuálu. 
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3.2.	Energeticky	efektívna	prevádzka


Energetický	manažment	(odstavených)	vlakov:	predstavenie
V rámci projektu Railenergy  Bryan Donnelly (ATOC) uskutočnil výskum zameraný na spotrebu 
energie odstavených vlakov. V rámci výskumu oslovil 10 železničných operátorov (TOC’s). Pre zís-
kanie informácii o zistených výsledkoch v niektorých TOC’s si pozrite jeho prezentáciu EED 2009 
presentation. 


Príprava	na	prevádzku	
V oblasti prípravy je potrebné zaistiť, aby vlakové súpravy boli pred prevádzkou optimálne vykúrené 
alebo vychladené na odstavných koľajach, vzhľadom na kapacitu HVAC sytému (heating, ventila-
tion, air conditioning system) a prípravu použitú pri jednotlivých vlakoch napr. kúrenie je zapínané 
v presne stanovenom čase, tak aby bolo zabezpečené, že teplota v interiéri dosiahne dostatočnú 
hodnotu pre zabezpečenie komfortu cestujúcich počas chladných rán. Pre dosiahnutie úspor je 
zároveň potrebné zamedziť príliš skorému zapnutiu vykurovania, klimatizácie.


Úroveň	osvetlenia	
Zabezpečenie dostatočného osvetlenia vlaku vzhľadom na jeho využitie napr. automatické vypnu-
tie čitateľských lámp po 20 minútach  v odstavených vlakoch.


Tepelné	straty	počas	prevádzky	a	odstavenia
Zatvorené  dvere a okná uzatvorené, hlavne počas chladných zimných mesiacov alebo počas 
horúcich letných dní, môžu rovnako prispieť k zníženiu tepelných strát. Zamedziť vzniku tepelných 
strát počas prevádzky možno napr. rýchlejším uzatváraním dverí a vhodnou úpravou vozňov napr. 
vhodné utesnenie chodieb a predstavkov.
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Náklady	spojené	s	vysielaním
V prípade, že vlaky sú vybavené zariadeniami vysielajúcimi informácie, je vhodné uvedené zariade-
nia vypínať počas doby odstavenia vlakov napr. vypnutím systému ERTMS počas doby odstavenia 
rušňa alebo vlakovej súpravy.


Posun
Vlaky sú z odstavných koľají presúvané k nástupištiam v stanovených časoch s ohľadom na cesto-
vný poriadok. Preto je pri odstavení vlakov na odstavné koľaje veľmi dôležité zamedziť nepláno-
vanému dodatočnému posunu odstavených vozidiel až do doby, pokiaľ nebudú opätovne zaradené 
do prevádzky. Vyžaduje si to starostlivé plánovanie a harmonizáciu s cestovným poriadkom os-
tatných spoločností (osobných, nákladných). Je potrebné  zamedziť dodatočnej spotrebe energie 
vzniknutej v dôsledku zbytočného posunu.
Počas odstavenia vozidiel sa neodporúča vypínať parkovací režim v prípade extrémne nepriazni-
vých klimatických podmienok (teploty nižšie ako 5°C a vyššie ako 25°C). Pri bežných teplotných 
podmienkach je potrebné vždy používať parkovací mód. Je potrebné zabezpečiť, aby všetky kvapa-
liny boli v stave, ktorý umožní okamžité použitie rušňa. Rušne s dieselovým motorom je potrebné 
štartovať v presne stanovenom čase.


Každodenná	údržba
Každodenná údržba pozostáva z menších technických opráv a čistenia. V prípade, že je vozidlo od-
stavované mimo prevádzku, je dôležité zabezpečiť okamžité vykonanie menších opráv, aby sa zabránilo 
prípadnému nepotrebnému použitiu kúrenia, klimatizácie alebo osvetlenia. Po vykonaní týchto drobných 
operácií, možno vypnúť hlavný vypínač, čím následne možno dosiahnuť čiastočné úspory. V prípade 
dieselových vozidiel je potrebné zabrániť tankovaniu až po hrdlo, aby sa zabránilo vytečeniu paliva.
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Životný	cyklus	vlaku
Počas životnosti vozidiel je zároveň možné vykonať opatrenie na zvýšenie energetickej efektívnos-
ti, ako je napríklad zlepšenie izolácie osobných vozňov v rámci vykonávaných generálnych opráv.
Okrem eco-drivingu možno spomenúť ďalšie 2 nezávislé technológie z oblasti energeticky efek-
tívneho vedenia vlaku, ktoré môžu podstatne prispieť k šetreniu energie, respektíve redukcii CO2:
• Gekko1 - unikátny systém pre rušňovodičov vyvinutý Dánskymi železnicami (DSB).


• Routelint - nástroj pre dynamický manažment dopravy, vyvinutý holandským manažérom infraštruktúry 


ProRail, Holandskými železnicami a spoločnosťou Railion. 


DSB	Výročná	správa	2008
GEKKO1 (click here for demo film):
Keď rušňovodiči premýšľajú  o spojení „ zelená jazda“, nepremýšľajú len o informácii označovanej 
„zeleným“ svetlom na návestidle, ale uvažujú vedení vlaku spôsobom, pri ktorom dosiahnú mi-
nimálnu spotrebu elektriny alebo nafty. Uvedená otázka je veľmi dôležitá v prípade, že železnica 
si má udržať svoje vedúce postavenie ako ekologicky priateľská forma dopravy. „ EÚ stanovila 
pre automobily hodnoty emisií CO2, ktoré smú autá v budúcnosti dosahovať. Uvedený dôvod ne-
znamená, že sa železnica bude automaticky snažiť o to, aby bola v otázke životného prostredia 
lepšia ako autá. Musíme vynaložiť osobitné úsilie, aby sme uchovali ekologickú výhodu železníc,“ 
povedal Peter Buchwald, hlavný konzultant DSB, ktorý spoločne s vývojovým tímom vyvinul úsilie 
na vytvorenie nového „Gekko“ systému (Guide to Energy Efficient Driving and Timetable Optimisa-
tion). Za účelom prínosov pre životné prostredie, rušňovodičov a zákazníkov, bolo Gekko testované 
rušňovodičmi, ktorí následne predniesli idey a spätnú väzbu vývojovému tímu.


1 DSB nedávno zmenili názov GEKKO na GREENSPEED



http://www.routelint.nl/
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Úspora	8,000	ton	CO2
Úlohou je, za plnej prevádzky, použitím systému „Gekko“ vygenerovať úspory na úrovni minimálne 
5% z celkovej spotreby trakčnej elektriny. Tým sa zníži zaťaženie životného prostredia približne 
o 8,000 ton CO2 ročne a zároveň sa redukujú náklady DSB za elektrickú trakčnú energiu a naf-
tu o milióny dánskych korún ročne. Cesta ako redukovať spotrebu energie znamená zabezpečiť 
hladkú a stabilnú jazdu vlakov. „Skúsení rušňovodiči, samozrejme, už používajú jazdnú stratégiu,“ 
objasňuje Peter Buchwald. „Zároveň však, rušňovodiči robia všetko pre to, aby do nasledujúcej 
stanice prišli načas. V prípade, že je ich vlak zmeškaný, sú nútení niekedy za účelom eliminácie 
meškania akcelerovať. Ďalším prípadom je, že musia zastaviť pred návesťou „STOJ“. V extrémnych 
prípadoch akcelerácia a brzdenie môže vyústiť do extra spotreby, ktorá dosahuje takmer 45%.“ 
V týchto situáciách „Gekko“ pomáha rušňovodičovi zobrazením najvhodnejšej rýchlosti, zabezpečiť 
presný príchod do nasledujúcej stanice, pri čo najefektívnejšej spotrebe.


Rušňovodičove	GPS
Systém „Gekko“ je založený na aktuálnych informáciách o infraštruktúre, cestovnom poriadku 
a dočasných traťových obmedzeniach. Ak rušňovodič zadá číslo vlaku, systém automaticky roz-
pozná hmotnosť vlaku, jeho dĺžku a kapacitu akcelerácie. Prostredníctvom GPS funkcie možno 
monitorovať aktuálnu polohu vlaku sekundu po sekunde. Tieto dáta následne slúžia pre kalkuláciu 
optimálnej rýchlosti. Systém sa používa veľmi jednoducho. Na malom dislepeji v kabíne rušňovodiča 
zobrazuje zelená šípka odporúčanú rýchlosť a červená šípka aktuálnu rýchlosť vlaku. Všetko čo 
rušňovodič musí urobiť je, snažiť sa prekryť červenou šípkou zelenú.
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Mnohé	výhody
Životné prostredie, zákazníci a rušňovodiči získajú výhody plynúce z použitia „Gekko“ systému. 
Pre cestujúcich to znamená hladkú cestu rýchlosťou, ktorá je viac pohodlná ako jazda vlaku 
rôznymi rýchlosťami. Testy zariadenia zároveň preukázali, že nový systém má rovnako prínosy 
v oblasti presnosti jazdy, nakoľko „Gekko“ pomáha rušňovodičom dodržiavať cestovný poriadok, 
pretože v systéme má presnosť vyššiu prioritu ako energeticky úsporná jazda. Počas celej jazdy, 
je rušňovodič informovaný o rýchlosti, potrebnej na presný príchod do nasledujúcej stanice – čo 
znamená menej stresu pre rušňovodiča. O Gekko už bol prejavený záujem aj spoza hraníc Dánska 
a zariadenie bolo testované vo Francúzsku na vysokorýchlostných súpravách TGV, rovnako aj na 
vlakoch nákladnej dopravy a bežných vlakoch. DSB v súčasnosti spolupracuje so švajčiarskymi SBB 
a francúzskymi SNCF na ďalšom vývoji potenciálu celého systému.


Viac	informácií	o	systéme	GEKKO	nájdete	na:
• The GEKKO demo


• The GEKKO brochure


• Presentation GEKKO from Peter Buchwald (DSB) on the Railenergy Day on the EED2009
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ROUTELINT
V Európe, operátori dopravy vyvíjajú a implementujú energeticky efektívne 
programy v oblasti vedenia vozidla, podobne ako TRAINER. Existuje nový ná-
zor, že ďalšie zlepšenia sú možné len pri zlepšení spolupráce medzi manažérom 
infraštruktúry a operátormi. Vo svete sa pomaly zároveň mení aj pohľad 
dispečerov a rušňovodičov na uvedenú problematiku. Routelint berie obidvoch 
ako profesionálnych zamestnancov s bohatými skúsenosťami. ICT riešenia im 
poskytujú informácie, ktoré im umožňujú prijímať rozhodnutia s ohľadom na 
presnosť a efektívnosť jazdy. Je to inovatívna zmena oproti projektom reali-
zovaným v minulosti, ktorá kladie  do popredia ICT riešenia. Predpokladom 
zlepšenia v oblasti energií je vytvorenie spôsobov, na vytváranie energeticky 
efektívnej cesty, ktoré nebudú ohrozovať kapacitu v úzkych miestach. Ďalším 
predpokladom je zlepšenie spolupráce medzi rušňovodičmi a dispečermi. V súčasnosti používaný 
spôsob komunikácie prostredníctvom návestí a telefónov už nie je dostatočný pre potreby husto 
zaplnených dopravných sietí. Systémy poskytujúce rušňovodičom informácie o reálnej situácii (ako 
je RouteLint) sú kľúčom, ktorý poskytne rušňovodičom viac informácií o situácii a umožní im 
prijímať správne rozhodnutia.
RouteLint začal ako projekt (nazývaný „Pán železnice“), ktorého cieľom bolo zlepšiť spoluprácu 
medzi vlakovými dispečermi a rušňovodičmi. Po mnohých diskusiách, simuláciách a posúdení prišiel 
RouteLint, ktorý poskytuje reálne informácie z dispečerského systému rušňovodičom.
Predpokladané úspory energie na úrovni 5% budú overené počas výskumu realizovaného v roku 
2009. O možných úsporách pojednávajú mnohé materiály vrátane Eisenbahn Ingenieur (June 2007). 
Prínosy vznikajú v dôsledku lepšej spolupráce medzi dispečermi a rušňovodičmi.
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V roku 2007 spoločnosť ProRail spoločne s Holandskými železnicami (NS), Railion-om a holands-
kými železničnými operátormi, odsúhlasili implementáciu RouteLintu na prvom koridore. Po overení 
energetických prínosov  sa RouteLint môže v roku 2010 stať národným systémom.
Po roku 2009 bude RouteLint opäť vylepšený prostredníctvom Integrovaných GPS informácií, vďaka 
čomu bude možné poskytnúť vernejšie informácie o polohe a rýchlosti okolitých vlakov.
Predpokladá sa, že RouteLint môže zároveň zlepšiť kapacitu úzkych miest v dôsledku poskytovania 
ďalších prínosov v oblasti prípravy cestovných poriadkov pomocou vôbec alebo len málo náklad-
ných aktualizácií.
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4 Zber dobrých skúseností


4.1 Inventory
Jednou z aktivít vykonaných v rámci realizácie projektu TRAINER bolo aj sústredenie a zber výsled-
kov o úspechoch v oblasti úspor energie jednotlivých železničných spoločností. Report Inventory of 
Good Practice bol vytvorený práve za týmto účelom. Súhrn je založený na niekoľkých zdrojoch a ex-
pertízach železničných spoločností. Najdôležitejšími zdrojmi informácií boli nasledujúce dokumenty:
• “Event” projekt bol realizovaný v rámci UIC v roku 2003 (Pozri www.railway-energy.org)


• Materiál Ťahače za úsporu energie Tracks for saving Energy (NS Reizigers) NS-2005 


• “EnergieSparend Fahren“ programme, program Deutsche Bahn AG z roku 2005.


• Holandské skúsenosti v oblasti dlhodobých zmlúv Long Term Agreements (LTAs) v oblasti zlepšenia 


energetickej efektívnosti a  systém energetického manažmentu Energy Management System (EMS), 


nedávno vytvorený holandskou spoločnosťou SenterNovem (2007), ktoré boli upravené a publikované 


ako nová EN 16001 v júli 2009.


Okrem popisu príkladov najlepších skúseností z oblasti Eco-drivingu, súhrnný materiál zároveň 
obsahuje aj informácie o technikách energeticky úspornej jazdy, organizačných opatreniach alebo 
o systémoch ako je EMS a nástroj holandskej administratívy Long Term Agreements.
Materiál obsahuje súhrn „najlepších skúseností“ vzhľadom na opatrenia zamerané na úsporu ener-
gie v železničnej doprave. Cieľom projektu TRAINER je podpora energeticky efektívnej jazdy (eco-
driving železničných spoločností a ich zamestnancov). 


Hlavnými cieľovými skupinami sú:
1. Rušňovodiči elektrických a dieselových lokomotív používaných v osobnej i nákladnej doprave.


2. Staniční zamestnanci, ktorí sú zodpovední za presný odchod vlakov a za odstavovanie vlakov po 


ukončení prevádzky.


3. Manažment železničných spoločností.



http://www.railway-energy.org/tfee/index.php

http://www.deutschebahn.com/site/bahn/de/unternehmen/verantwortung/umwelt/klimaschutz/energiesparendes__fahren/energiesparendes__fahren.html

http://www.senternovem.nl/LTA/index.asp

http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp

http://www.senternovem.nl/LTA/index.asp

http://www2.nen.nl/nen/servlet/dispatcher.Dispatcher?id=279689
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4.2	Demo(nštračné)	turné
V rámci projektu TRAINER sa uskutočnili dve demonštračné turné. Ich cieľom bola výmena vedo-
mostí a praktických skúseností medzi partnerskými spoločnosťami, nachádzanie nových inšpirácií 
pre opatrenia v oblasti úspor energie a vybudovanie odbornej profesionálnej siete. Okrem zástup-
cov partnerských spoločností participujúcich na realizácii projektu TRAINER, sa demonštračných 
turné zúčastnili aj odborníci z iných železničných spoločností, ktorí sa zaujímali o projekt. Obidve 
propagačné turné poskytli rôznorodý a zaujímavý program s množstvom informatívnych prezentá-
cií a praktických ukážok.


4.2.1	Prvé	demo	turné	v	Holandsku	a	Nemecku
Hostiteľ:	NS	(Nederlandse	Spoorwegen)	
Po úvodnom milom prijatí v Holandskom železničnom múzeu (Dutch Railway museum ), boli 
účastníci dňa 25. októbra 2007 prijatí v sídle Holandských železníc.


Program
1. Uvítanie predstavenie programu - P. Wilbers, SenterNovem


2. LTA a zodpovednosť voči spoločnosti - A. Veenman, CEO NS Holandské železnice


3. Holandský prístup k vzdelávaniu zamestnancov - J. Hoogakker, NS


4. The Gekko - dánsky audiodidaktický prístup - R. Naeraa, DSB


5. Routelint - M. van der Borght, NS


6. Matrics - J. Van Luipen


7. UZI - F. Veldhuizen, NS



http://www.spoorwegmuseum.nl/nl/hetmuseum/collectie.htm
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Neskôr v popoludňajších hodinách účastníci navzájom diskutovali o potrebe, dôvodoch, náplni a ob-
sahu tréningu rušňovodičov.


Témy	a	diskusia	
Vzhľadom na postavenie TRAINER-a (tréning rušňovodičov, manažmentu a staničného personálu) 
v trojuholníku tvorenom Správaním, Organizáciou a Technológiou, vedúci diskusie Mads Bergdorff 
začal diskusiu o 8 témach, s cieľom dospieť k istým záverom, ktoré vyplynuli z prvého dňa rokovania. 
Nakoľko bolo dosť komplikované držať sa stanovených tém, cieľ diskusie sa trochu pozmenil a disku-
tujúci sa snažili sformulovať základné poznámky vyplývajúce z diskusie. 


Témy
1. Bez dynamického manažmentu dopravy je zbytočné realizovať tréning energeticky efektívnej jazdy.


2. Úspory energie sú výhodné pre náklady za dodanie elektriny infraštruktúre.


3. Energetická efektívnosť by mala byť spájaná so zmenami klímy a otázkami kvality ovzdušia.


4. Nedostatky v oblasti štandardizácie energetickej efektívnosti sú prekážkou pri zlepšovaní energetickej 


efektívnosti.


5. Je vhodná doba na vytvorenie európskej LTA?


6. Železničné spoločnosti nedostatočne využívajú svoje ekologické možnosti vo vzťahu ku klientom a vládam.


7. Ľudský faktor je najdôležitejším faktorom (viac než faktor techniky) pri dosiahnutí zvýšenia energetickej 


efektívnosti.


8. Merania energetickej efektívnosti v jednotlivých vlakoch, nemôžu nikdy významne prispieť k zvýšeniu 


energetickej efektívnosti v sektore železničnej dopravy.
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Poznámky	a	zaujímavé		názory
• Rušňovodičov je potrebné trénovať (vzdelávať) neustále. Otázkou je, ako podrobne majú byť tré-


novaní. Minimálne by však mali byť školení zo základných princípov: mali by si byť vedomí čo robia 


a zároveň potrebujú minimálne jednoduché nástroje (Gekko alebo informačný systém rušňovodiča) 


a spätnú väzbu. Jeden z diskutujúcich navrhol, aby rušňovodiči boli trénovaní tak, aby dokázali 


predvídať situáciu a tak následne mohli šetriť energiu. Rušňovodič to však už musí robiť.


• Jednorazové školenie rušňovodiča je dobré len na chvíľu, ale je potrebné neustále aktualizovať tréning 


a meniť ho v dynamický systém.


• Nakoľko na železničných tratiach vykonávajú dopravu viacerí operátori, je nevyhnutné, aby manažér 


infraštruktúry poskytol vhodné časové intervaly jednotlivým operátorom. Okrem toho je nevyhnutné, 


aby všetky vlaky boli monitorované (a overované), čo jednoducho umožní spoznať koľko energie jed-


notliví operátori spotrebujú/ušetria.


• Čo je potrebné školiť? Ktoré situácie je potrebné precvičiť?


• Trainer len poskytuje základnú štruktúru s rôznymi technikami a nástrojmi, každý operátor sa môže sa-


mostatne rozhodnúť, čo využije. Pracovný balík 2 (WP2) je už prvým krokom a spoločne s WP4 ponúka 


viacej možností. WP2 - Zber dobrých skúseností je ukončený a WP4 bude hotový vo februári nasledujú-


ceho roku.


• Jednotlivé riziká je možné definovať až vtedy, keď sa začne s energeticky efektívnym vedením vlakov 


(EED). Odchod vlakov je jednou z najrizikovejších častí a a rovnako aj časťou, kde je možné ušetriť 


peniaze.


• Monitoring a overovanie EED je rovnako dôležitým a strategickým cieľom vzhľadom na konkurenciu 


cestnej dopravy.. 
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Hostiteľ:	DB	(Deutsche	Bahn)
Demotour pokračovala v nemeckej Fulde návštevou tré-
ningového centra Nemeckých železníc. Návšteva začala 
dvomi prezentáciami. Julia Halbach vo svojej prezen-
tácii (presentation,  ) presvedčivo demonštrovala, že 
hlavnými miestami na zlepšenie sú zastavovanie, vy-
varovanie sa jazdám maximálnou rýchlosťou a včasné 
vypnutie trakcie pred dosiahnutím vrcholu stúpa-
nia (Schwungfahren). Výkon rušňovodičov pozitívne 
ovplyvňuje poskytovanie osobnej spätnej väzby so za-
meraním na spotrebu energie a predstavenie základ-
ných prvkov súťaže.


Martin Müller predstavil prípadovú štúdiu (case study ) 
o prínosoch simulátorov. Od roku 2005 DB distribuova-
lo 55 simulátorov  do ôsmych tréningových centier po 
celom Nemecku. Každý rok, všetci rušňovodiči musia 
prejsť tréningom na silmulátore, nakoľko je to nevyhnutné pre obdržanie licencie na nasledujúci 
rok. V prípade, že rušňovodič neprejde testmi, rušňovodič o tejto skutočnosti bude informovaný 
a následne, bude zaradený do tréningového programu zameraného na odstránenie zistených nedo-
statkov. Tieto simulátory (simulators)  sa zároveň využívajú na precvičenie energeticky efektívneho 
vedenia vozidla, prevádzkový tréning, precvičenie zručností, dodatočný tréning a precvičenie jazdy 
za zlých adhéznych podmienok. 
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4.2.2	Druhé	demo	turné	v	Slovinsku,	Rakúsku	a	na	Slovensku
Druhé demo turné sa uskutočnilo v troch rôznych krajinách a bolo zamerané na šírenie skúseností v oblasti progra-
mov na úsporu energie, tréningových programov a výsledkov medzi rôznymi účastníkmi. Čiastočná pozornosť bola 
venovaná známej trojuholníkovej štruktúre, technike a správaniu. Hlavné prezentácie sú uvedené nižšie.


Hostiteľ:	Slovinské	železnice	SŽZ,	
11 March 2008, Ljubljana


1. Predstavenie projektu TRAINER a demo turné (Introduction to TRAINER and the demo tour) 


– P. Wilbers, SenterNovem


2. Privítanie (Foreword SZ) . B. Omerzu, Slovinské železnice (SŽ)


3. Energeticky efektívna nákladná doprava (EE freight moving) I. Hribar, Slovinské železnice 


(SŽ)


4. Monitoring a vyhodnocovanie (Monitoring and evaluation) – G. Hribar, Genera Lynx


5. Kombinovaný prístup k platbám (Combined approach pays off ) – B. Dremlj, Slovinské 


železnice (SŽ)


6. Najlepšie skúsenosti s EED na SBB (Best Practice on EED at the SBB) – M. Halder, SBB Te-


oretický program EED pre rušňovodičov SBB ( Theory programme EED for train drivers of), 


Identifikácia potenciálu energetickej efektívnosti trakcie na SBB (Identify potential energy 


efficiency traction at the SBB)


7. Energeticky efektívna jazda na SŽ (Energy efficient driving at the SZ) – B. Dremelj, SŽ


Pán Igor Hribar, riaditeľ nákladnej dopravy SŽ (Slovinských železníc) prednáša obecenstvu TRAINER-a.







4 Zber dobrých skúseností 


32


Počas cesty vlakom na hranice s Rakúskom (Ljubljana – Maribor), si slovinský rušňovodič precvičil 
energeticky efektívne vedenie vlaku. Podarilo sa mu zajazdiť energeticky najefektívnejšiu jazdu 
v danom období. Na nasledujúcom obrázku je odlišnou farbou znázornená spotreba sledovaného 
vlaku, ktorá bola najnižšou a ktorá bola približne o 12% nižšia ako priemerná spotreba vlaku 
(červená čiara) na sledovanom úseku. 
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Hostiteľ:	Rakúske	železnice	(ÖBB),	
12. marec 2008, Viedeň


1. Udržateľnosť a ochrana klímy na ŐBB (Sustainability and climate protection within the ÖBB) – H. Minarik, ÖBB


2. “klima:aktiv mobil” – W. Raimund, AEA


3. Energeticky úsporné vedenie vlaku pre rušňovodičov (Energy saving driving style for train drivers) – M. Pfeffer, ÖBB


Hostiteľ:	Železničná	spoločnosť	Cargo	Slovakia,	a.s.	(ZSSK	CARGO),	
13. marec 2008, Bratislava


1. Monitoring a systém merania energie ZSSK CARGO – pohľad operátora (Monitoring of Energy The metering system of 


ZSSK CARGO “ the view of the operator”) – B. Krigovský, ZSSK CARGO


2. Meranie spotreby energie – pohľad manažéra infraštruktúry (Energy Metering “the view of an Infrastructure Manager”) 


– M. Pavlovič, ŽSR


3. Vykonávanie energetického manažmentu prostredníctvom manažérskych systémov (Kicking Energy Management with 


Management Systems) – H. Strößenreuther, BSL


4. Optimalizácia jazdy nákladných a expresných vlakov (Optimalization for freight and express trains) –  A. Lieskovský, AŽD 


Praha


5. MIRER – Systém regulácie rýchlosti (MIRER: Speed Regulation System of the ZSSK CARGO) – P. Červenka, ZSSK CARGO 


6. Vzdelávanie rušňovodičov v ZSSK CARGO (Education of the train drivers at freight operator ZSSK CARGO) – G. Smerig-


ová, ZSSK CARGO
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4.3	Zhrnutie	
Nasledujúce závery boli spracované na základe obidvoch demo turné


1)	Tréningové	programy
V oblasti tréningových programov pre rušňovodičov je možné zvoliť rôzne prístupy, počínajúc auto-
didaktickými zariadeniami ako je Gekko a končiac vysoko intenzívnou formou tréningov 1:1 počas 
jazdy. Medzi jednotlivými možnosťami je možné zvoliť teoretickú alebo virtuálnu formu tréningov. 
Spôsob realizácie a obsah tréningov zohľadňuje národný a kultúrny kontext a zároveň závisí na 
cieľovej skupine, pre ktorú je určený: tréningy  rušňovodičov vlakov osobnej dopravy je nevyhnut-
né viesť iným spôsobom ako tréningy rušňovodičov nákladných vlakov. Navyše možné rady a tipy 
na energeticky efektívne vedenie vlaku sa líšia v závislosti na geografických podmienkach v jed-
notlivých krajinách, napr. napríklad v krajinách s hornatým rázom krajiny je vhodné klásť dôraz 
na využívanie elektrodynamickej brzdy, rekuperčnej brzdy prípadne vyradenie jazdného stupňa 
v správnom čase pred dosiahnutím najvyššieho bodu pri jazde do stúpania (Schwungfehren).


2)	Monitoring	a	podporné	systémy
Prístup k monitoringu a používaniu podporných systémov sa veľmi líši. Niektoré železničné 
spoločnosti realizujú tréningový program bez investovania do meracích systémov. V tomto prípade 
je zložité udržať dostatočnú pozornosť rušňovodičov a manažmentu bez poskytnutia spätnej väzby 
o ich výkonoch. Iné spoločnosti investujú veľké finančné prostriedky do meracieho systému bez 
toho, aby sa zaujímali o realizáciu tréningových programov. Myšlienky v pozadí toho sú, že meranie 
a spätná väzba majú spoločný dopad na energetickú efektívnosť, a že bez merania nie je možné 
riadiť spotrebu. Vznikajú však otázky o optimálnej rovnováhe a o tom, ako ďaleko je potrebné 
zájsť, aby mohla byť dosiahnutá optimálna presnosť. 
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Je vhodné urobiť niekoľko meraní a na základe odhadov vypočítať predpokladané zlepšenie ener-
getickej efektívnosti, prípadne sa ich snažiť čo najviac zmerať. Stále však budú existovať isté ne-
presnosti. Názory sa líšia aj na to, čo má najväčší dopad na efektívnosť nákladov. 
DB AG meria takmer všetko, vďaka čomu presne pozná, ktorá rušňovodič  spotreboval koľko ener-
gie počas danej jazdy a za akých poveternostných podmienok.


3)	Vytvorenie	štruktúry
Ako dobrá podpora slúži vytvorenie, prijatie opatrení na zvýšenie energetickej efektívnosti v rámci 
istého druhu systému.  Mohla by to byť sociálna zodpovednosť spoločnosti, ekologické podnikanie, 
dlhodobé zmluvy (LTA), systém energetického manažmentu (EN  -16001) alebo ISO 14001.  Systém 
umožňuje manažmentu spojiť aktivity v oblasti energetickej efektívnosti a využiť komunikačné 
výhody. Pre dosiahnutie ďalších prínosov je zároveň prospešné zapojenie rušňovodičov. Niekedy 
viac pragmatickým dôvodom ako finančné prínosy môže byť vedúca úloha pri iniciovaní prijatia op-
atrení na zvýšenie energetickej efektívnosti na národnej úrovni. Okrem priamej redukcie nákladov 
plynúcich z úspor energie a paliva, môžu vzniknúť finančné benefity v podobe  daňových úľav na 
základe implementácie týchto opatrení. Navyše do pozornosti sa dostáva aj možné medzinárodné 
pôsobenie, nakoľko existujú možnosti vytvorenia európskej LTA. Správa CER-u z roku 2008 o reduk-
cii emisií CO2 môže byť dobrým stavebným základom a možno ju považovať za tzv. európsku LTA.
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4)	Sieť	a	spolupráca
Je podstatné, s ohľadom na opatrenia v oblasti energetickej efektívnosti v železničnej doprave, 
vytvoriť tzv. „spoločenstvo know-how (vedomostí)“. Veľa spoločností sa vytvorením tréningových 
programov „snaží znovu objaviť koleso“. TRAINER a čiastočne aj realizované demotour prispeli 
k výmene vedomostí, know–how, všeobecne známych skúsenosti napr. vytvorením siete, spolu-
prácou a prípravou univerzálneho manuálu. Nevyhnutnou časťou pri vzájomnej výmene informácií 
je spolupráca s Railenergy, UIC, CER, spolupráca jednotlivých partnerov projektu TRAINER a part-
nerov zúčastnených na demo turné. Vysoko podpornou a vysoko cenenou je súčasná otvorenosť 
a dobrá vôľa železničných spoločností spolupracovať a vymieňať si vzájomne  know-how a skúse-
nosti.


5)	Virtuálna	podpora1


Existuje veľký záujem o odborný nástroj na školenie rušňovodičov akým je virtuálny tréningový 
program (Virtuálny Tréner). Prvá verzia virtuálnej aplikácie bola predstavená počas demotour II. 
Mohla by byť použitá nezávisle alebo ako podporný nástroj počas realizácie širšieho tréningového 
programu. Výhody, skúsenosti a najlepšie možnosti využitia Virtuálneho Trénera mali byť overené 
počas realizácie projektu TRAINER. Bolo však zrejmé, že predstavená verzia virtuálneho trénera 
ešte potrebuje mnohé vylepšenia pred samotným konečným rozšírením.


1 Po ukončení demotour sa ukázalo, že je príliš zložité vytvoriť Virtuálneho Trénera, ktorý by dostatočne apel-


oval na rušňovodičov vzhľadom na očakávanú softvérovú zložitosť. Pracovná skupina preto navrhla pripraviť 


film, v ktorom budú prezentované dôležité tipy a triky pre rušňovodičov, ktoré je možné využiť v rôznych pod-


mienkach. Pozrite si kapitolu 7, v ktorej je možné nájsť odkazy na film vo vašom vlastnom jazyku.
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6)	Manažéri	infraštruktúry	verzus	operátori.
Pre dosiahnutie optimálnych výsledkov v oblasti energetickej efektívnosti je nevyhnutné zmenšiť 
priepasť existujúcu medzi železničnými operátormi a manažérmi infraštruktúry. Rušňovodiči môžu 
byť trénovaní, aby zlepšili ich energetickú efektívnosť počas jazdy, ale stále budú veľmi závislí od 
dispečerov.  Dispečeri stanovujú hranice pre zlepšenie energetickej efektívnosti, ktoré môže byť 
maximálne dosiahnuté. Energeticky efektívna jazda rušňovodiča, môže byť čiastočne alebo úplne 
zmarená v prípade, že rušňovodič musí neplánovane zabrzdiť a čakať pred návestidlom s návesťou 
„Stoj“. Neplánované zastavenie môže viesť k nadmernej spotrebe energie v rozsahu 5 – 10 % na 
jednom traťovom úseku. Systémy, ako je RouteLint, môžu prispieť k poznaniu a predpokladaniu 
budúceho vývoja dopravnej situácie. Je však zrejmé, že optimálne zlepšenia energetickej efektív-
nosti môžu byť dosiahnuté len v prípade zlepšenia komunikácie a výmeny vedomostí. Môžu k tomu 
prispieť spoločné tréningové programy.
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5		Rámec	pre	implementáciu	energetických	úspor	
				a	energeticky	efektívnu	jazdu


5.1	Dlhodobé	zmluvy	(Long	Term	Agreements	-	LTA)
Začiatkom 90-tych rokov Holandské ministerstvo hospodárstva uzatvorilo s podnikateľskou komu-
nitou prvé zmluvy, ktoré boli zamerané na zlepšenie energetickej efektívnosti. Viedlo to  následne 
k zmluvám s energeticky najzaťaženejšími sektormi priemyslu (LTA1). O pár rokov neskôr, sa pridali 
poskytovatelia komerčných služieb, sektor vzdelávania, sektor zdravotnej starostlivosti a množstvo 
spoločností zo sektoru poľnohospodárstva.
Prvá generácia dlhodobých zmlúv pre priemyselný sektor bola realizovaná až do roku 2000. Niekoľko 
zmlúv LTA1, ktoré boli uzatvorené v neskoršom období, zostalo pritom i naďalej v platnosti. Projekt 
priniesol úspech: zlepšenie energetickej efektívnosti o 22,3% v priebehu desiatich rokov. Priemy-
selné spoločnosti a vláda sa rozhodli  vytvoriť a uzatvoriť nové zmluvy. Viedlo to k novým zmluvám 
(LTA2 a Zmluva o benchmarkingu energetickej efektívnosti) s termínom platnosti do roku 2012.


LTA2	
Energeticky veľmi zaťažené spoločnosti, s ročnou spotrebou energie väčšou ako 0,5 PJ, podpísali 
Zmluvu o benchmarkingu energetickej efektívnosti, ktorá sa usilovala o zhodu so svetovou špičkou 
v oblasti energetickej efektívnosti. Stredné a malé priemyselné spoločnosti pokračovali v ich úsilí 
prostredníctvom LTA2. Podmienkou účasti na LTA2 bola ročná spotreba energie na úrovni najmenej 
1 PJ. Navyše, zúčastnené spoločnosti museli byť spoločne zodpovedné za 80 % spotreby v danom 
sektore. V súčasnosti skončila platnosť väčšiny zmlúv LTA1.
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Cieľom pokračujúcich LTA je zlepšenie energetickej efektívnosti na štrukturálnom základe. To je 
dôvod, prečo programe LTA využíva energetický manažment ako systém.
Programe sa sústreďuje na zlepšenie energetickej efektívnosti:
• Hlavných výrobných procesov


• Služieb a logistiky


• Budov


V rámci systému existuje niekoľko nástrojov na podoru priemyslu:


Zoznam	opatrení
Pre každý sektor priemyslu spoločnosť SenterNowem spracovala špecifický zoznam opatrení ener-
getickej efektívnosti. Tento zoznam je navrhnutý v úzkej spolupráci s príslušným sektorom a kon-
zultantmi z oblasti energetiky.


Skupiny	užívateľov
Skupiny užívateľov sú podporným nástrojom, do ktorých sú spoločne zaradené rôzne spoločnosti 
daného sektoru za účelom zlepšia energetickej efektívnosti vo zvolenej oblasti, ako je napríklad 
stlačený vzduch. Cieľom je vzájomná výmena informácií za danú oblasť a spoločná práca na 
spoločných riešeniach. Skupina je zároveň podporovaná skúseným konzultantom z oblasti energií.


Sieť	vedomostí
Program LTA podporuje výmenu vedomostí pomocou vedomostných sietí.
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Podporné softvérové nástroje
V rámci programu LTA bolo vytvrených niekoľko podporných softvérových nástrojov:
• Návratnosť investície (ROI - Return of Investment) – prijímanie rozhodnutí.


• Zlepšenie nízkotlakových parných systémov v potravinárskom priemysle.


• Zlepšenie efektívnosti v oblasti osvetľovania.


• Rozhodovanie v oblasti energeticky efektívneho chladiaceho, mraziaceho zariadenia pre supermarkety.


• Rozhodovanie v oblasti energetickej efektívnosti budov.


• Rozhodovanie v oblasti plytvania použitého tepla v hutníckom priemysle.


Pre získanie podrobnejších informácií o spoločnosti SenterNovem a koncepte LTA použite nasledu-
júci odkaz: (this link), na ktorom zároveň  nájdete podrobné hodnotenie nástrojov LTA (evaluation).


Medzinárodná perspektíva LTA
Úspech LTA nezostal bez povšimnutia mimo územia Holandska. Skutočnosť, že spoločnosti 
a inštitúcie dobrovoľne navzájom spolupracujú v tak veľkom rozsahu, bola ocenená aj na med-
zinárodnej úrovni.  V roku 1997 holandská iniciatíva v oblasti LTA bola prijatá EÚ za základný rámec 
pre propagáciu projektu “Intelligent Energy–Europe” .
SenterNovem vydal správu (report) pre jednotlivé členské štáty EÚ s názvom „Presadzovanie ho-
landského úspechu s dobrovoľnými zmluvami v priemysle v iných krajinách“.
LTA2 (2001 – 2012) bola založená na rovnakých nástrojoch, ale zároveň predstavila povinnú im-
plementáciu  Systému energetického manažmentu (EMS). Koncept EMS je popísaný v ďalšej časti 
materiálu. Medzitým bola v Holandsku vypracovaná už tretia generácia LTA3 (2008 – 2020), s kto-
rej implementáciou sa začalo len nedávno v roku 2008. 



http://ec.europa.eu/energy/intelligent/index_en.html
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Pochopenie	LTA	(LTA	Uptake)	:	
Projekt	EÚ	na	rozšírenie	nástrojov	LTA:
Project  LTA Uptake project, začal v októbri 2007. 


Hlavnými cieľmi projektu: 
• Navrhnúť nástroj na pomoc sektorovým asociáciám 


a vládam vytvoriť dobrovoľné dlhodobé zmluvy (LTA) 


o energetickej efektívnosti.


• Získať spoločné prínosy:


 - úsporu nákladov za energiu,


 - vytvorenie menšieho množstva enviromentálnej 


legislatívy,


 - redukcia administratívnych nákladov v sektore,


 - zlepšenie enviromentálneho obrazu sektora,


 - dosiahnutie národných enviromentálnych cieľov. 


Železničné spoločnosti sa takto môžu spoľahnúť na  
(pro - aktívne) autority, ktoré začnú konať na základe 
vytvorených nástrojov toolkit.



http://www.ltauptake.eu/index.asp?id_lang=en

http://ltauptake.eu/

http://ltauptake.eu/lta_phase_flash.asp?id_phase=0
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5.2 Systém energetického manažmentu Energy Management Systems


Plán spracovaný na základe metódy PDCA (Plan-Do-Check-Act / Plánuj–Realizuj–Kontroluj-Konaj) 
zaistí, že všetky aspekty projektu budú zapracované v správnom čase, a že všetky zúčastnené 
strany sa sústredia na výsledky. Projekt BESS  je založený na metóde PDCA, ktorá je v tomto 
prípade prezentovaná ako terč. Viac informácií poskytuje aj informačný leták(information poster). 
Okrem toho, bola spracovaná príručka pre SME-malé spoločnosti (Handbook for SMEs), ktorá bola 
v rámci projektu  BESS predstavená v novembri 2008.


S ohľadom na zlepšenie projektov, TRAINER radí železničným spoločnostiam vždy zvoliť projek-
tovo založený prístup. Týka sa to rovnako podprojektov, ako aj celkovo projektov zameraných 
zlepšenie v oblasti úspor energie. Dobrou metódou 
pre štruktúrované vytvorenie programu zameraného 
na zlepšenie je implementácia PDCA cyklickej metó-
dy, ktorá bola vytvorená Dr. W. Edwards Deming. 
Táto metóda môže byť implementovaná v postu-
pných krokoch podľa plánu. Rovnako môže byť 
použitá širšia  podoba metódy, ktorú je možné získať 
prostredníctvom odkazu this link. Nasledujúce kroky 
budú ukončené po navrhnutí a implementácii systé-
mu manažmentu.



http://www.senternovem.nl/Energiezorg/english/index.asp

http://www.bess-project.info/

http://deming.org/

http://www.bess-project.info/
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PLÁNUJ:	Orientácia
Vytvorenie povedomia medzi zamestnancami, riaditeľmi a manažmentom.
• základné merania, založené na ISO 14001, ak je to možné,


• zadefinovanie prevádzkových cieľov v rámci projektu a v rámci enviromentálnej starostlivosti,


• návrh plánu prístupu pre zvyšnú časť projektu,


• príprava organizácie prostredníctvom komunikácie a rozpočtu.


REALIZUJ:	Vytvorenie	a	implementácia
• vytvorenie základov pre systém enviromentálneho manažmentu,


• vytvorenie procedúry, pracovných postupov a formy,


• implementácia systému eniromentálneho manažmentu.


KONTROLUJ:	Odhad
• vykonanie interných auditov, napríklad prostredníctvom posudku manažmentu v zmysle ISO 19011.


KONAJ:	Zlepšenie
• vytvorenie projektov zlepšenia, založených na skúsenostiach a na sociálnych a technických prostried-


koch.
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5.3	Energetický	manažment	v	železničnej	praxi	


Energetický manažment nie je len o zmene jazdných návykov (eco-driving). Začína sa výberom 
energeticky efektívnych vozidiel,  ich správnym rozmiestnením a údržbou.


Medzinárodná železničná únia (UIC) publikovala v roku 2008 
brožúru s názvom “Process, Power, People”, ktorá sa venuje 
manažmentu železničných spoločností, a ktorá obsahuje niekoľko 
tipov na úspory energie.


UIC vytvorila zároveň poster s ľuďmi a otázkami (people and is-
sues concerned) na jednej strane a stručnými inštrukciami (brief 
statements) na strane druhej. V tejto kapitole vám ponúkneme 
niekoľko praktických odporúčaní v oblasti energetickej efektívnos-
ti. Za účelom získania väčšieho množstva informácií, bolo k jed-
notlivým zdrojom doplnených niekoľko odkazov. 


Energy Efficiency for
Railway Managers


Process,
Power,
People
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Časť UIC posteru Process, Power, People.
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Profesionalizmus	by	mal	zahŕňať	aj		energetické	povedomie
Vo svete pracuje v sektore železničnej dopravy niekoľko miliónov ľudí. Len v samotnej Európe je 
to takmer 1,7 milióna železničiarov a železničiarok (tento údaj nezahŕňa čísla z Ruska, ktoré sa-
mozrejme čiastočne zahŕňajú aj Áziu). Táto silná armáda musí bojovať za energetickú efektívnosť. 
Bez podpory týchto ľudí (počnúc vedúcimi pracovníkmi, cez posunovačov, inžinierov v oblasti mo-
bilných prostriedkov až k technikom oznamovacej a zabezpečovacej techniky) energetická kampaň 
neprinesie úspechy.


Srdcia	a	myseľ
Úspešný energetický program potrebuje oboje, pochopenie a  sympatie zamestnancov. Len 
poučovanie zamestnancov nie je dostatočné. Rovnako tak neúspešné je aj poskytovanie nud-
ných vedeckých faktov. Efektívny energetický tréning bude garantovať dlhodobý prínos a zabezpečí 
energetickú efektívnosť a nie len „správu dňa“.


PPP	(“Process,	Power,	People”)	brožúra	opisuje	prístup	na	3	úrovniach:
1. Proces manažmentu


2. Technický rozvoj


3. Školenie a motivácia zamestnancov


Tréning by mal ľuďom ukázať ako môžu priamo oni ovplyvniť spotrebu energie. 
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Dobrý	tréningový	program	bude:
• Objasňovať prečo je energia dôležitá – z finančného a enviromentálneho hľadiska,


• Objasňovať ako je energia využívaná,


• Objasňovať spôsoby kontroly využívania energie,


• Poskytovať zamestnancom podporu pri aplikovaní školení do praxe,


• Poskytovať spätnú väzbu o progrese, ktorý bol dosiahnutý.


Posledný bod znamená, že tréning sám o sebe nepostačuje. Bude mať význam len v prípade, že 
aj ďalšie časti sú  zavedené do praxe; plánovanie, stanovovanie cieľov, meranie, uchovávanie záz-
namov, proces spätnej väzby.


Personál potrebuje uistenie, že energetický manažment nie je len novou formou manažérskej 
kontroly alebo vynucovaním disciplíny. Pre samotný personál v skutočnosti existuje v programe 
energetickej efektívnosti množstvo  pozitívnych čŕt:


• Spoločnosť sa stáva efektívnejšou bez prijímania nejakých finančných balíčkov alebo znižovania za-


mestnaneckých príležitostí.


• Pre zamestnancov  je vytvorená príležitosť na demonštráciu ich profesionálnych zručností – pozitívna 


reakcia vlakových čiat na eco-drivingové programy ukazuje, aký zodpovedný bude personál,


• Obchod bude rásť v dôsledku využívania enviromentálnej a ekonomickej pozície oproti konkurenčným 


druhom dopráv.


 



http://www.bess-project.info/
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Posledným bodom, ktorý je potrebné zdôrazniť pri téme motivácia je, že dôležitou časťou úspešného 
energetického programu je tímová spolupráca. Pochopenie práce iných ľudí a správny náhľad mu-
sia byť dôležitou časťou tréningu. Napríklad rušňovodiči a signalisti potrebujú pochopiť ako môžu 
navzájom udržať dopravu plynulú  - s ohľadom na energiu a presnosť.


Experti sa zhodli na názore, že energeticky efektívna jazda je jednou z najväčších príležitostí pre 
úspory energie v železničnej doprave. Presná veľkosť úspor vo finančnom vyjadrení v jednot-
livých železničných spoločnostiach sa môže navzájom líšiť vzhľadom na rozdielnu skladbu dopravy, 
zabezpečovacie zariadenia alebo typ mobilných prostriedkov. Tieto úspory však nikdy nie sú tak 
veľké, ako úspory plynúce zo zmien v oblasti techniky.


Významné zmeny v spotrebe paliva alebo elektriny počas viacerých jázd rovnakého vlaku na tom 
istom traťovom úseku dokazujú aj štúdie rôznych európskych spoločností.
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Nasledujúci graf z Nórska je veľmi typickým výsledkom týchto štúdií. 


Na grafe je znázornený kumulatívny priebeh spotreby piatich vlakov na jednom traťovom úseku, pričom 


v štyroch prípadoch sa jedná o rovnaký vlak v rôznych dňoch. Kumulatívna spotreba elektriny bola sledovaná 


na úseku dlhom 136,6 kilometra. Graf znázorňuje nielen rozdiely v celkovej spotrebe, ale aj použitie rôznej 


stratégie jazdy. V prípade, že by všetky jazdy vlaku mali rovnaký priebeh ako najlepšia jazda, vznikli by pod-


statné úspory energie.


Togsett 73-04   Oslo til Halden, mai 2006
 kjøretid 1h 45min (43- 49) ,  distanse 136,6 km 
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Z rôznych štúdií spracovaných vo svete vyplynuli dôležité závery.
• 10% úspory sú reálnym cieľom vo všetkých druhoch dopravy,


• Nákladná doprava a výkonná dieselová trakcia môžu čiastočne profitovať z eco-drivingu. Možné úspory 


predstavujú až 20%,


• Eco-driving neodporuje dobrému načasovaniu – v skutočnosti môže pomôcť tým, že udržuje vlaky v na-


plánovaných trasách.


• Na vyťaženejších traťových úsekoch, celkový manažment dopravy je rovnako dôležitý ako technika 


jazdy individuálnych rušňovodičov (takže je potrebné zapojiť dispečerov a plánovačov do programu),


• Eco-driving bude asistovať aj v oblasti bezpečnosti, povzbudením k viac premyslenému spôsobu jazdy.


Pre dosiahnutie maximálneho efektu musí byť eco-driving integrovaný s ostatnými aspektmi pro-
gramu energetického manažmentu, presnejšie s:
• meracími systémami,


• komunikáciou a spätnou väzbou od personálu,


• efektívnym plánovaním vlakov.


Uvedená integrácia je nevyhnutná. Samozrejme, tréning v oblasti eco-drivingu musí byť napojený 
na ostatné časti vzdelávania rušňovodičov – nie je samostatnou časťou. Je potrebné si zapamätať, 
že eco-driving sa týka ľudského faktora a je založený na aktuálnych zručnostiach pri vedení vlaku. 
Na rozdiel od technických zlepšení nie je presne nastavený. Vyžaduje si to teda pokračovať v úsilí 
manažmentu s cieľom udržať záujem zamestnancov a disciplínu.
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5.4.	Monitoring	a	overovanie


Čo	znamená	monitoring	a	overovanie?
Meranie a overovanie (M&E) je silným nástrojom manažmentu pre rozvoj a implementáciu procesu 
energetickej efektívnosti.
Zahŕňa viacero aktivít, ale nie je limitovaný meraním spotreby energie, meraním vplyvu jednot-
livých faktorov, zberom kvantitatívnych dát napr. personálnym obsadením a vhodnými reportmi. 
Reporty nemôžu byť nadhodnotené a sú jedným z najdôležitejších, rozhodujúcich faktorov pre 
úspech celého procesu. Reporty by mali byť prispôsobené priamo cieľovej skupine 
požiadaviek.
Jednoducho, jedným z najdôležitejších výstupov procesu 
energetickej efektívnosti sú úspory energie. Zároveň, možno 
očakávať aj ďalšie prínosy, správne navrhnutý obsah 
merania a overovania zahŕňa:


• úspory energie


• enviromentálne dopady,


• zlepšenie manažmentu a organizácie,


• zmenu správania (vedenie vlaku, údržba, čistenie).
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Meranie	úspor	energie
Neexistuje žiaden spôsob ako priamo zmerať úspory energie, nakoľko nástroje nemôžu merať nedostatky pri 
využívaní energie.
Avšak úspory môžu byť vypočítané porovnaním spotreby energie pre a po implementácii opatrení energetickej efek-
tívnosti. Jednoduché porovnanie spotreby po zavedení opatrení a spotreby pred ich zavedením nebude zobrazovať 
len opatrenia energetickej efektívnosti, ale aj faktory, ktoré môžu mať porovnateľný dopad na spotrebu energie 
železničnej spoločnosti. Takými to faktormi sú napríklad objem realizovanej dopravy (osobnej a nákladnej), meškania 
spôsobené manažmentom dopravy a nepredvídateľnými 
udalosťami, zmeny v cestovných poriadkoch, zmeny mo-
bilných prostriedkov a samozrejme počasie. 
Za účelom ocenenia výsledkov samotného manažmentu 
energetickej efektívnosti je potrebné odbúrať vplyv 
týchto faktorov.


V zásade porovnanie spotreby energie po prijatí opatrení 
a nastavený východiskový stav (spotreba energie, ktorá 
by bola dosiahnutá bez prijatia opatrení) určuje úspory 
energie.


Úspory	=	(Základná	spotreba	energie	stanovená	na	podmienky	pred	zavedením	opatrení)
	-	(spotreba	po	prijatí	opatrení)
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V stavebnom a strojárskom priemysle sa tieto metódy využívajú už niekoľko rokov a sú presne 
popísané v niekoľkých publikáciách. Čitateľ, ktorý sa o ne zaujíma, by sa pri ich hľadaní mal 
zamerať na „meranie spotreby, overovanie, kontrolu“ alebo pozrieť si smernicu ASHREA 14. Okrem 
iného nová európska norma EN 16001 tiež popisuje  vytvorenie plánu monitoringu (merania) ener-
gie. 
Hoci je jednoduché pochopiť princípy, nie je jednoduché ich implementovať v oblasti železničnej 
dopravy. Najväčšou výzvou je stanoviť a riadne zvážiť faktory, ktoré najviac ovplyvňujú spotrebu 
energie.


Neistota	a	náklady
Vzťah medzi spotrebou energie a ďalšími faktormi je určený prostredníctvom simulačných pro-
gramov a analýzy dát. Avšak, každý spôsob so sebou prináša isté pochybnosti o výsledkoch. Po-
treba istoty musí byť v rovnováhe s meraním a analýzou nákladov, berúc do úvahy skutočnosť, 
že absolútna istota je nedosiahnuteľná. Každý zo zdrojov chýb môže byť minimalizovaný použitím 
rôznych stupňov sofistikovaných meracích zariadení, metód analýzy, veľkostí vzoriek a prognóz.


Vždy by mal byť stanovený hlavný cieľ v procese energetickej efektívnosti, nie je to projekt mera-
nia spotreby. Meranie energie je len jeden z dôležitých a veľmi užitočných nástrojov. 
Navyše, je všeobecnou pravdou, že získanie väčšej istoty v oblasti úspor sa riadi pravidlom znižujúcej 
sa návratnosti, kedy ďalší nárast istoty prichádza s progresívne sa zvyšujúcimi výdavkami. 
Možno tu aplikovať známe pravidlo 80/20. 
 







5  Rámec pre implementáciu energetických úspor a energeticky efektívnu jazdu 


54


Náklady spojené s úsporami energie musia byť výhľadové, blízke dosiahnutým úsporám. Nakoľko 
na trakciu sa spotrebuje viac energie než na prevádzku HVAC (systém vykurovania a klimatizácie), 
viac úsilia by sa malo venovať spôsobu jazdy a spotrebe počas nej, než presnému meraniu teploty. 
Na druhej strane je zvyčajne lacnejšie merať teplotu ako spôsob jazdy. Každé meranie by malo byť 
posudzované vzhľadom na náklady a pridanú hodnotu.
V mnohých prípadoch kombináciou viacerých opatrení možno očakávať úspory až do 10 %. Zvyčajne 
dopad každého opatrenia neprekročí hranicu pár percent. To je dôvod, prečo presnosť meracieho 
systému môže adekvátne a spoľahlivo určiť odhaliť zmeny.


Nástroje	
Proces energetickej efektívnosti môže priniesť očakávané výsledky len v prípade, že je navrhnutý 
s jasnými cieľmi. Pre proces energetickej efektívnosti to znamená, dobre poznať rovnako spotrebu 
energie ako aj prevádzku. Efektívnosť prezradí, koľko osobokilometrov alebo hrtkm pripadá na 
spotrebovanú jednotku energie. Možno to dosiahnuť buď v dôsledku  zvýšenia objemu dopravy 
pri zachovaní spotreby alebo nižšou spotrebou pri zachovaní objemu dopravy. Avšak pre kvalitu 
manažmentu celého procesu, by mali byť údaje o spotrebe a aj o prevádzke dostupné v správnej 
forme.


Meranie	spotreby	energie
Aby bolo možné pochopiť spotrebu, je  ju potrebné najskôr začať merať. V súčasnosti manažéri 
infraštruktúry merajú spotrebu na strane dodávky, len málo operátorov využíva meranie spotreby 
vo vozidlách.
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Meranie spotreby vo vozidlách je dôležité z viacerých dôvodov:
• spoznanie spotreby jedného vlaku


• poznanie dopadu techniky jazdy na spotrebu energie


• poskytnutie spätnej väzby rušňovodičom a manažmentu, v reálnom čase a počas tréningu.


Nie je potrebné merať všetky vozidlá, aby sa získali tieto výhody. Je nevyhnutné merať štatisticky 
dôležitú a reprezentatívnu vzorku vlakov. Vo všeobecnosti, 20% vlakov je dostatočný počet pre 
dobré odhady; čím je väčší počet vozidiel, tým menšie percento sa vyžaduje. Uvedené percento 
garantuje užitočné výsledky  a veľmi dobrú návratnosť investícií.
 
Merací systém vo vozidlách pozostáva z napäťových a prúdových snímačov a elektromerov. V prípa-
de, že nie je vôľa zberať namerané údaje manuálne, je potrebné uvažovať aj s komunikačným 
zariadením, ktoré zasiela dáta z elektromera automaticky na server. V neposlednom rade je po-
trebný server, na ktorom sa ukladajú namerané dáta. Nakoľko každý deň sa uloží na serveri veľké 
množstvo dát, je potrebné zabezpečiť, aby softvér na serveri bol schopný analyzovať zozbierané 
dáta a následne poskytovať dôležité informácie a kľúčový indikátor prevádzky (KPI) bez potreby 
prácneho prechádzania jednotlivých údajov. Ako bolo uvedené vyššie, softvér by mal poskytovať 
jednotlivým cieľovým skupinám dobré reporty.
Okrem presnosti nameraných údajov, je veľmi dôležitá aj frekvencia zberu dát. Pre lokálne a regi-
onálne vlaky, by mala byť frekvencia zberu dát nižšia ako interval merania (minúta). Počas častej 
akcelerácie/znižovania rýchlosti, by mala byť frekvencia merania väčšia, aby sa získali presnejšie 
údaje potrebné pre ďalšiu analýzu. Niektoré z elektromerov, používaných pre účely fakturácie 
trakčnej elektriny, umožňujú meranie spotreby v 30-sekundových intervaloch.
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Slovinské železnice znížili v dôsledku zavedenia merania špecifickú spotrebu v priebehu roka o 10%.


Elektromery
Štandardy pre elektromery používané za účelom fakturácie stanovuje nová norma EN 50463. Elek-
tromery je možné využiť pre potreby projektov zameraných na oblasť energetickej efektívnosti, 
ale aj v prípade, že sa v danej krajine ešte neuvažuje s využívaním elektromerov pre potreby fak-
turácie. Približný odhad nákladov spojených s inštaláciou meracieho systému (prístroje, montáž 
a ostatné náklady) v podmienkach Európy predstavujú približne čiastku 10 000 € na jedno vozidlo. 
Presná suma však závisí od typu vozidla, napäťovej sústavy a ďalších parametrov.
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Merače	nafty
Vhodné informačné systémy poskytujú presné údaje o spotrebe paliva u dieselových rušňov. 
Zvyčajne umožňujú poznať celkovú spotrebu jedného vozidla za mesiac. Vzniká však otázka, kedy 
a akým spôsobom bolo uvedené množstvo paliva spotrebované.
Odpoveď na uvedenú otázku môžu poskytnúť prietokové merače v kombinácii s GPS. Ak možno 
kontrolovať celkovú spotrebu, potom by mal byť známy aj podiel celkovej spotreby  v určitom 
časovom intervale, ktorý však nemusí byť celkom presný. Táto skutočnosť môže znížiť nároky na 
náklady na zariadenie. Na trhu existujú rôzne typy meračov. Každý z nich má výhody aj nevýhody. 
Vo všeobecnosti je však ťažké garantovať presnosť pod 1%, ako je tomu u elektromerov. Hlavným 
problémom je vysoká dynamika prietokovej rýchlosti (zmena z minimálneho na maximálny prietok 
môže nastať za menej než sekundu) a vzduchové bubliny vznikajúce v palive.
Navyše okrem presnosti je veľmi dôležitá aj opakovateľnosť. Znamená to, že merania budú pri 
podobných podmienkach vždy rovnaké, aj keď nemusia byť celkom presné. Je to nevyhnutným 
predpokladom pre rozdelenie celkovej spotreby do časových intervalov.


Palubný	informačný	systém
Spotreba zobrazovaná na displeji v kabíne rušňovodiča v novších lokomotívach je vždy vypočítaná na 
základe charakteristiky motora (tlak, trvanie vstrekovania). Ich presnosť môže byť nižšia ako 10%, 
takže môžu slúžiť rušňovodičovi len pre informáciu a nie ako kľúčový indikátor prevádzky (KPI).
Avšak hlavne ďalšie dáta poskytované informačným systémom môžu byť dobrým a presným zdrojom 
informácií použiteľných pri analýzach spôsobu jazdy (otáčky, rýchlosť, vypočítaná spotreba ...).
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Cena meracieho systému nafty rovnako závisí od typu merača a spôsobu inštalácie. Môže byť 
oveľa nižšia ako 10 000 €, ale ľahko môže niekoľkonásobne prekročiť sumu spomínaných 10 000 €.


+ -
Ultrasonické 
merače


Jednoduchá a rýchla inštalácia, vysoká 
opakovateľnosť


Nízka presnosť


Turbínové merače Jednoduchý dizajn, nízka cena Zložitá inštalácia, nízka presnosť, potreba použiť 
prídavné filtre


Merače množstva Vysoká presnosť Zložitá inštalácia, vysoká cena


Umiestnenie	a	dopravné	informácie
Skutočná spotreba energie a prevádzkové údaje spoločne vytvárajú schému efektívnosti. Pre zís-
kanie kompletného obrazu sú zároveň nevyhnutné údaje o cestovnom poriadku, plánovanom aj 
skutočnom. Pre overenie stratégie jazdy a monitoring, sú v základe potrebné pozícia a rýchlosť. 
Presnosť plnenia cestovného poriadku má dopad aj na spôsob jazdy. Skutočný cestovný poriadok 
by mal byť známy aj pre potreby hodnotenia rušňovodičov a riadenia dopravy. Navyše, riadenie 
dopravy má, v dôsledku  rozhodnutí o neplánovaných zastaveniach a prioritách vlakov, výrazný 
dopad na spotrebu. Pri každom vlaku by mali byť preto posudzované všetky tieto parametre. 
Dobrý systém riadenia dopravy (TMS –Traffic Management System) bude môcť poskytnúť informá-
cie nielen o plánovanom a skutočnom grafikone, ale tiež o polohe vozidla na určitom traťovom 
úseku. V prípade, že GPS je už na vozidlách nainštalované, všetko úsilie by malo byť zamerané 
na využitie existujúceho zariadenia a nie na inštaláciu ďalšieho GPS, ktoré bude slúžiť len pre 
potreby merania. Zvýši to spoľahlivosť a zníži to náklady na údržbu. GPS rozhranie môže zároveň 
poskytnúť ďalšie informácie.
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Príklad	vplyvu	manažmentu	dopravy	a	spôsobu	jazdy
Vzťah riadenia dopravy a stratégie jazdy je vždy horúcou témou diskusií. Spoločnosť Solvera 
Lynx, spoločne so Strojníckou fakultou Univerzity v Ljubljane, analyzovala vzťah medzi spotre-
bou, spôsobom jazdy a riadením dopravy. Výsledky ukázali, že výbeh má 5 -35 %-ný podiel na 
rozdieloch v spotrebe. O tom, kde a ako dlho použiť výbeh, rozhoduje výhradne rušňovodič (v 
prípade, že vlak ide podľa cestovného poriadku). Navyše bolo zistené, že odchýlky v rýchlosti majú 
30 – 40 %-ný podiel na celkovej odchýlke. Potreba zmeny rýchlosti je definovaná rýchlostnými 
limitmi alebo signalizačnými zariadeniami, ktoré sú využívané pri riadení dopravy. Viac informácii 
o uskutočnenom výskume bude obsahovať zatiaľ nepublikovaný materiál, ktorý vlastní jeho autor 
(gregor.hribar@solvera-lynx.com).



mailto:gregor.hribar@solvera-lynx.com
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6	Vývoj	tréningových	modulov	
Priblíženie teórie k praxi 


6.1	Predstavenie	pomôcok
„Učenie je proces, počas ktorého pod vplyvom skúseností dochádza k viac alebo menej trvalým 
zmenám správania alebo potenciálnym zmenám správania.“
Každá spoločnosť musí zaistiť, aby jej školitelia a inštruktori, ktorí majú na starosti vzdelávanie 
rušňovodičov nedovolili, aby učebný proces bol závislý na náhode. Je potrebné, aby školitelia 
a inštruktori kontinuálne pracovali na vytváraní školiacich situácií, ktoré budú najlepšie prispôso-
bené procesu vzdelávania rušňovodičov a ostatných zamestnancov. V nasledujúcej časti didaktické 
zručnosti (“didactic skills”), sú zhrnuté rady a odporúčania, ktoré môžu školitelia efektívne využiť 
pre ich (didaktické) aktivity vo vzdelávacom procese.
Okrem implementácie výučbových metód uvedených v časti didaktické zručnosti (“didactic skills”), 
je vždy rozumné sústrediť sa na to, ako cieľová skupina vníma svoje okolie. Znamená to napríklad 
to, že je potrebné zvoliť iný prístup pri rušňovodičoch nákladných vlakov a iný pri rušňovodičoch 
osobných vlakov. 
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6.2	Nástroje	na	zmenu	správania
V januári 2009 Holandské ministerstvo výstavby, plánovania a životného prostredia (VROM) publik-
ovalo správu pod názvom „Umenie meniť správanie cieľových skupín“ (“The art of changing beha-
viour of target groups”). Témou tejto správy je, možnosť ovplyvnenia správania cieľových skupín. 
V mnohých oblastiach politiky zahrňujúcich manažment klímy a jeho ambiciózne ciele, sa požaduje 
zmena správania rovnako od ľudí ako aj organizácií.
• Kapitola 3 hovorí o správaní zameranom na úspory energie a vplývajúcich faktoroch,


• Kapitola 4 poskytuje detailnejší pohľad na rôzne nástroje a ich fungovanie,


• Kapitola 5 predstavuje Plánovač nástrojov (Instrument planner). Tento plánovač ponúka informácie 


o nástrojoch, ktoré ovplyvňujú správanie najefektívnejším spôsobom. Spôsob ako plánovač nástrojov 


funguje je predstavený na príkladoch.


Po tom, čo boli prijaté rozhodnutia ohľadom hlavných aspektov, ďalšie rozhodnutia sa môžu týkať 
intenzity tréningu a metód využívaných vo vzťahu k rušňovodičom. Je však potrebné zohľadniť aj 
skutočnosť, že rušňovodiči už nadobudli isté zručnosti vo vedení vlaku. Cieľom  nie je vzdelávať 
ich zo zručností pri vedení vlaku, ale zmeniť ich správanie.
Úlohou je presvedčiť rušňovodičov o dôležitosti úspor energie a redukcií emisií skleníkových plynov. 
Všetky tieto skutočnosti si vyžadujú zmenu prístupu. Úspechy môžu byť dosiahnuté len v prípade, 
že prístup rušňovodičov bude profesionálny. 



http://89.18.179.82/~pinkster/technicad.nl/instrumentplanner/
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6.3	Štruktúra,	prepojenie	teórie	a	praxe	
V rámci projektu TRAINER, NS Training vypracovalo štruktúru konceptu vz-
delávania na železniciach (backbone).
Koncept sa sústreďuje na situačné povedomie a vzdelávanie, ale zároveň aj na 
psychologický cyklus vzdelávania založený na Endsleyho modeli. Táto teória 
uvažuje s vnútornými a vonkajšími vplývajúcimi faktormi.
Zároveň poukazuje na dôležitosť vhodného prostredia pre vzdelávanie, kultúru 
a úroveň vzdelávania. Dokument obsahuje aj pohľad na ciele vzdelávania, 
nástroje a aktivity pre rušňovodičov, staničných zamestnancov a manažment.
 
6.4	Národný	prístup
Vývoj národných tréningových programov sa navzájom veľmi líši vzhľadom na 
nastavenie, detaily a implementáciu. Nakoľko jednotlivé tréningové programy 
boli napísané v úradných jazykoch partnerských spoločností, neboli tieto zap-
racované do tohto manuálu. Namiesto toho odporúčame navštíviť stránku pro-
jektu TRAINER. Tréningový program si možno zároveň vyžiadať od kontaktnej 
osoby uvedenej v kapitole 7.
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6.5.	Výmena	skúseností	z	národnej	implementácie
Jedným z výstupov odsúhlasených v rámci realizácie projektu bolo, že zúčastnení partneri sa pode-
lia o svoje vedomosti a skúsenosti v oblasti energetickej efektívnej jazdy s ďalšími organizáciami, 
s cieľom rozšíriť a otestovať výstupy projektu TRAINER.
Nakoľko existujú veľké rozdiely medzi jednotlivými tréningovými programami, nie je možné vykonať 
pravdivú analýzu. Je jednoduchšie uviesť zoznam skúseností a odporúčaní získaných v rámci každej 
krajiny (experiences and recommendations). Môžete v ňom nájsť správy z národných stretnutí 
a workshopov.


Sumár	skúseností	z	implementácie2	


POZITÍVNE	OHLASY	POČAS	TRÉNINGU
• Záujem o enviromentálne otázky by nemal byť zanedbaný tým, že inštruktorom a rušňovodičom sú 


poskytované len obmedzené informácie o jazde. Sú prínosom a motiváciou, avšak je potrebné zároveň 


stimulovať „kultúrny“ aspekt energeticky efektívnej jazdy tým, že sú poskytnuté dáta a údaje o možnej 


redukcii CO2 a ostatných emisií v dôsledku spôsobu jazdy.


• Pri komunikácii s rušňovodičmi je veľmi prospešné poskytnúť im jasné a praktické príklady, ako 


môžu prispieť k úsporám energie. Tvrdenie rušňovodičovi o tom, že vhodným použitím brzdy možno 


ušetriť 40kWh energie je menej presvedčivé než tvrdenie, že usporeným množstvom elektriny možno 


rozsvietiť 40W žiarovku na 24 hodín počas obdobia jeden a pol mesiaca.


2 Závery prezentácie pána Luigi Contestabile (Trenitalia) z Final Trainer Conference
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• Počas školení sa neodporúča zaťažovať rušňovodičov množstvom didaktického materiálu a zároveň 


riskantne viesť len jednostrannú komunikáciu. Lepšie výsledky možno dosiahnuť pomocou viac otvore-


ného prístupu založeného na objavovaní skúseností a osobných zručnostiach rušňovodičov.


• Pozornosť je potrebné venovať rušňovodičom, ktorí môžu ušetriť najviac energie:


 - rušňovodičom, ktorí bežne vedú energeticky najnáročnejšie vlaky,


 - rušňovodičom, ktorí pracujú v hornatých častiach, kde je spotreba vysoká počas jazdy do stúpania 


a kde je možné využívať výbeh počas jazdy po spáde.


• Jasný odkaz vrcholového manažmentu ohľadom jeho angažovania sa v oblasti energeticky efektív-


nej jazdy môže viesť k okamžitým výsledkom pri úsporách energie. Je čiastočne dôležité udržiavať 


Manažment informovaný o výsledkoch tréningových programov za účelom udržania jeho podpory,


• Pozitívny efekt môže mať aj spolupráca rôznych oddelení v rámci jednej spoločnosti. Tréningová sché-


ma, jej periodická revízia, overovanie výsledkov a pod., by mali byť súčasťou Systému manažmentu 


kvality (ISO 9001) v spoločnosti.
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PROBLÉMY	VYNORENÉ	POČAS	TRÉNINGU	
• Vo všeobecnosti bolo možné pozorovať istý pesimizmus ohľadom implementácie jednotlivých tech-


ník energeticky efektívnej jazdy do praktického života, akoby existovala veľká priepasť medzi teóriou 


a reálnou prevádzkou. Túto priepasť je potrebné zredukovať pomocou ponuky rušňovodičom podieľať 


sa na analýze a diskusii o reálnych pomeroch,


• Ďalším bodom, ktorý bol vnímaný ako konfliktný vo vzťahu k energeticky efektívnej jazde bola možnosť 


vzájomného prepojenia s hlavnou prioritou železničných spoločností – presnosťou. V tomto prípade je 


dôležité v rámci tréningu objasniť rušňovodičom, že jednotlivé techniky energeticky efektívnej jazdy je 


potrebné využívať len v prípade, že vlak ide podľa cestovného poriadku alebo s náskokom,


• Prístup manažéra infraštruktúry môže byť vnímaný ako prekážka pre rušňovodičov. Dispečeri nezvyknú 


premýšľať nad pojmami energetickej efektívnosti a nemusia venovať pozornosť potrebe optimalizácie 


priemernej rýchlosti na tratiach a čiastočne i v nadmerne zaťažených bodoch v okolí veľkých miest. 


Z uvedeného dôvodu je potrebné do projektu stratégie energeticky efektívnej jazdy od začiatku zapojiť 


aj manažéra infraštruktúry,


• Organizovanie školení je pre každú spoločnosť nákladom a vyžaduje si zároveň aj vynaloženie úsilia 


na ich organizáciu. Za účelom ušetrenia finančných prostriedkov a času, môže byť vhodným riešením 


organizovať školenia energeticky efektívnej jazdy v rámci plánovaných periodických školení o predpi-


soch a technických inováciách organizovaných v priebehu roka.
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6.6  Nástroje na podporu energeticky efektívnej jazdy 


Tento paragraf obsahuje niektoré z nástrojov, ktoré môžu podporiť energeticky efektívne vedenie vlaku. Je potreb-
né upozorniť, že sa jedná len o príklady. Existujú však ďalšie nástroje, ktoré môžu mať rovnaký dopad na účinok.


6.6.1 TRAINER Film:  Eco-driving pre rušňovodičov
Tento film bol pripravovaný vo viacerých európskych krajinách a predstavuje niektoré z praktických spôsobov ener-
geticky efektívneho vedenia vlaku, ktoré sa využívajú v daných krajinách. Verzia publikovaná na DVD a internete 
pozostáva z 3 „častí“:
• Všeobecného predstavenia eco-drivingu a základných potrieb,


• Deviatich tipov ako pri vedení vlaku ušetriť energiu,


• Úplnej verziu filmu


Tento manuál je zapracovaný do tohto manuálu distribuovaného na DVD. Film 
si je možné pozrieť prostredníctvom odkazu uvedeného v kapitole 7.


Tipy predstavené vo filme ako najlepšie skúsenosti.
1. Ekonomicky akcelerovať a brzdiť


2. Ak je to možné vyhýbať sa špičkovým (maximálnym) rýchlostiam


3. Využívať elektrickú brzdu umožňujúcu rekuperáciu energie


4. Pre dopravu nákladných vlakov vhodne využívať  časové intervaly medzi jazdou dvoch osobných vlakov


5. Udržiavať rovnovážnu trakčnú silu pri zhoršených adhéznych podmienkach


6. Pri dieselových lokomotívach neakcelerovať príliš rýchlo


7. Vypínať trakciu druhej a tretej lokomotívy, keď je rýchlosť vlaku dostatočná


8. Poznať lokomotívu, cestu a vyhýbať sa zbytočnému brzdeniu a akcelerácii


9. Vyraďovať jazdné stupne tesne pred dosiahnutím najvyššieho bodu stúpania 



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_complete.html
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6.6.2 UZI metóda 
Holandské železnice vyvinuli tzv. UZI metódu (univerzál-
na, ekonomická myšlienka vedenia vlaku - UZI method). 
Jednoduchá malá kartička napovie rušňovodičovi, na akú 
rýchlosť je možné akcelerovať na daných úsekoch trate 
v priebehu niekoľkých minút. Po dosiahnutí konečnej rý-
chlosti je možné okamžite vyradiť jazdný stupeň.


U osobných vlakov je pritom veľmi dôležitá úloha sprie-
vodcu. On je jediným, kto umožňuje rušňovodičovi použiť 
eco-driving. Nakoľko jazdná stratégia UZI využíva 5 – 7 
% rezervy vkladané do cestovného poriadku v Holandsku, 
pri jazde medzi dvomi stanicami, pre aplikáciu UZI metódy 
do reálneho života sú dôležité ďalšie dva faktory:


1. 1Grafikon vlakovej dopravy musí byť navrhnutý spôsobom, 


že časové rezervy sú rozdelené medzi zástavkami namiesto 


koncentrácie medzi hlavnými stanicami.


2. Sprievodca musí zaistiť, aby nedošlo k zbytočnej strate 


času na zastávkach. Sprievodca musí bdieť nad tým, že 


vlak musí odísť z každej stanice „na sekundu presne“, aby 


tak vytvoril rušňovodičovi priestor pre aplikáciu jazdnej 


stratégie UZI.
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6.6.3 Route lint 
Route lint tool (pozrite si tiež informácie uvedené v kapitole 3) zasiela na informačne za-
riadenie rušňovodiča (PDA) informácie o každom vlaku pred ním, alebo prípadnej poruche 
signalizačného zariadenia. Rušňovodič môže následne vhodne prispôsobiť spôsob jazdy vz-
niknutým podmienkam. Napríklad zaradením výbehu, môže zabrániť neplánovanému brzde-
niu a tak viesť vlak najviac ekonomicky možným spôsobom.
Týmto zariadením je jednoducho možné dosiahnuť 5%-né úspory energie.


6.6.4 Gekko
V Dánsku predstavili Dánske železnice zariadenie pod názvom Gekko tool. (old presentation, 
new presentation) pozrite si tiež kapitolu 3.


Tento systém bol umiestnený do kabíny rušňovodiča a využíva nasledujúce parametre:
• porovnávanie aktuálnej GPS pozície a cestovného poriadku,


• výpočet a optimalizáciu energetickej efektívnosti, strategické vedenie vlaku,


• zdôraznenie odporúčanej rýchlosti,


• výpočet a zobrazenie aktuálnej spotreby energie,


• prípravu výstupného súboru pre riešenie problémov a získavanie spätnej väzby.


Použitím zariadenia Gekko možno bez vykonania dodatočného tréningu rušňovodičov ušetriť 
10 – 12 % energie len prostredníctvom sledovania odporučenej rýchlosti zelenej ručičky.
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6.6.5	Bombardier	EBI	Drive
Výrobcovia železničných koľajových vozidiel  tiež vyvíjajú zriadenia na úsporu 
energie. Jedným z príkladov je systém spoločnosti Bombardier EBI Drive 50 
system, ktorý asistuje rušňovodičovi pri optimalizácii spôsobu jazdy s cieľom 
znížiť spotrebu energie. EBI Drive 50 je založený na kalkuláciách topografie 
trate, cestovných poriadkov a charakteristík vlaku, v kombinácii s vedomosťami 
o vlaku, trati, aktuálnej pozícii a skutočnom 
čase. EBI Drive 50 pomáha ušetriť približne 
15% trakčnej energie. Navyše v dôsledku 
narastajúcich cien energie sa skracuje doba 
návratnosti investície.


6.6.6.	Nástroje	manažmentu
Spoločnosť Bombardier tiež vytvorila pro-
gram energetickej efektívnosti pre oddelenia 
manažmentu železničných spoločností pod 
názvom Manažérsky systém kontroly energie 
(Energy Management Control System). Uzavretý koncept spoločnosti Bombar-
dier poskytuje integrovaný prístup k ukladaniu a prenosu dát. Na základe 
analýzy a reportov systém generuje manažérske informácie. Kľúčové detaily 
prevádzky, ako je spotreba paliva, sú zberané z vybraných vozidiel a porovná-
vané voči „Zlatej jazde“, čo vlastne znamená porovnávanie voči najefektívnejšej 
jazde vlaku medzi dvomi stanicami. Pozrite si aj ECO4, Bombardier’s EED 2009 
presentation.


EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption
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6.6.7	Solvera	Lynx	


GemaLogic
Spoločnosť Solvera Lynx vytvorila za účelom vykonávania analýz dát nameraných na vozidlách 
softvér energetického manažmentu GemaLogic. Základný modul poskytuje pohľad na časové údaje 
a časový interval spotrebovanej a rekuperovanej energie, rýchlosti a polohe na základe súradníc 
zemepisnej šírky a dĺžky pre každé vozidlo. Modul analýzy poskytuje detailnejšie informácie pre 
pochopenie spotreby. Spoločne so základným modulom zobrazuje spotrebu energie, výbeh, od-
chody, zastavenia, príchody a meškanie vzhľadom na vlak, rušňovodiča a traťový úsek.


Spätná väzba pre rušňovodiča je zvláštnym výstupom pre rušňovodičov, ktorý zobrazuje porovna-
nie spotreby energie počas jazdy s priemernou spotrebou vlaku a rušňovodiča. Nástroj poskytuje 
personálu priamo spätnú väzbu o ich úsilí a výsledkoch a ako pridaná hodnota  tu vystupuje nárast 
odborných vedomostí počas tréningu. GemaRate je systém pre hodnotenie a triedenie vlakov, 
rušňovodičov a ďalších aspektov prevádzky. GemaLogic executive je špeciálnym reportom pre 
manažment, ktorý poskytuje rýchly pohľad na aktuálnu prevádzku.


Systém GemaLogic ukázal svoju pridanú hodnotu počas spolupráce so Slovinskými železnicami, 
keď viac než 90 lokomotív bolo prepojených so systémom GemaLogic. Na základe spolupráce 
boli dosiahnuté podstatné  úspory energie. V rámci projektu TRAINER je systém GemaLogic tiež 
využívaný pre potreby Holandských železníc.
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6.6.8	 Tipy	z	materiálu	Railion/DB	Schenker	booklet	
	 o	energeticky	efektívnej	jazde


Tieto tipy sú založené na osobných a praktických skúsenostiach a poznatkoch získaných od 
účastníkov rôznych tréningových stretnutí.


Tip	1:	úspory	väčšie	ako	20%
Vypnúť počas jazdy prednostne druhú a/alebo tretiu lokomotívu v prípade, že to dovoľuje hmotnosť 
vlaku. 


Tip	2:	úspory	väšie	ako	13%
Vždy ak je to možné, využívať pomalú akceleráciu za podmienky,že to umožňuje malá rezerva 
v cestovnom poriadku. Nedovoliť lokomotíve dosiahnuť počas jazdy maximálnu možnú rýchlosť. 
V prípade, že vlak ide načas, postačuje ísť na úrovni 70% maximálnej možnej rýchlosti.


Tip	3:	úspory	väčšie	ako	10%
V prípade, že je potrebné dosiahnuť prevádzkovú rýchlosť v čo najkratšom čase, je vhodné využiť 
mosty, stúpania a klesania trate. Ako náhle je dosiahnutá prevádzková rýchlosť, odporúča sa 
udržiavať rovnomernú rýchlosť vlaku pri použití minimálnej kapacity trakčnej sily (cca 30%).


Tip	4:	úspory	väčšie	ako	50%
Existuje viacnásobné spojenie na vlaky v postavení alebo polohe, kde s vykonávajú práce na trati. 
Počas dlho trvajúceho posunu, je vypínať druhú a ak je to možné aj tretiu lokomotívu.
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6.7	Záverečná	konferencia	TRAINER


Dňa 25. septembra 2009 sa v Tours (Fr) v rámci realizácie projektu TRAINER konala 
záverečná konferencia TRAINER. Konferencia bola organizovaná ako súčasť Dní ener-
getickej efektívnosti, v spolupráci s projektom Railenergy a UIC, ktorá organizovala 4. 
UIC konferenciu o energii. 
Pozrite si program (EED 2009 Programme) a krátku správu uverejnenú v UIC news (re-
port in the (short version) UIC-e-news. Prezentácie z konferencie je možné získať na 
adrese: http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009
 


Odporúčame	Vám,	pozrieť	si	nasledujúce	prezentácie	projektu	TRAINER:
Hlavné prezentácie:
1. Mr. Peter Wilbers (SenterNovem): TRAINER project


2. Branislav Krigovsky (ZSSK Cargo): Training programme Best practice ZSSK CARGO


3. Mr. Bojan Dremelj (SZ): EED practice at the Slovenian Railways


 


Prezentácie	predstavené	počas	workshopu:
Workshop 1. Ecodriving Training Programmes.
1. Mr. Paul Offerman (VVCR): Didactical Approach


2. Mr. Jan Hoogakker (NS R): TRAINER Implementation in the Netherlands


3. Mr. Luigi Contestabile (Trenitalia): Implementation Experiences


 



http://www.energy-efficiency-days.org/menu/article/presentations-of-the-eed-2009





6 Vývoj tréningových modulov  


74


Zvery	z	rokovacieho	dňa


Budú zverejnené prostredníctvom internetu. 
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7	Ďalšie	informácie	


Organisation URL
UIC http://www.uic.org/
CER http://www.cer.be/ 
EIM http://www.eimrail.org
TRAINER http://www.iee-trainer.eu/
TRAINER Final Conference EED2009 
(Sept. 2009)


http://www.energy-efficiency-days.org/menu/article/
presentations-of-the-eed-2009


TRAINER links page Trainer links


European committee http://ec.europa.eu/index_en.htm
Intelligent Energy Europe http://ec.europa.eu/energy/intelligent



http://www.uic.org/

http://www.cer.be/

http://www.eimrail.org

http://www.iee-trainer.eu/

http://w3.disg.uniroma1.it/Trainer/index.php?option=com_content&task=view&id=40&Itemid=89

http://ec.europa.eu/index_en.htm

http://ec.europa.eu/energy/intelligent
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Niektoré	zaujímavé	odkazy
1. http://www.2train.eu/ 
2. http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm
3. http://www.uic.org/spip.php?rubrique1045
4. http://www.railway-energy.org/tfee/index.php 
5. http://www.railway-mobility.org/ 


6. http://www.railenergy.org/ 
7. http://www.errac.org/reftexts.htm 
8. http://www.errac.org/links.htm 
9. http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direc


t=&Itemid=71&limit=5&limitstart=20 
10. http://ec.europa.eu/energy/intelligent/library/index_en.htm 


11. http://www.eimrail.org/bro.html
12. http://www.railway-technology.com/projects/
13. http://www.innotrack.org/
14. http://www.senternovem.nl/LTA/index.asp
15. http://www.iee-trainer.eu/



http://www.2train.eu/

http://mct.sbb.ch/mct/en/konzern_engagement/konzern_umwelt.htm

http://www.uic.org/spip.php?rubrique1045

http://www.railway-energy.org/tfee/index.php

http://www.railway-mobility.org/

http://www.railenergy.org/

http://www.errac.org/reftexts.htm

http://www.errac.org/links.htm

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://www.cer.be/index.php?option=com_publications&task=category&id=58&order=&direct=&Itemid=71&limit=5&limitstart=20

http://ec.europa.eu/energy/intelligent/library/index_en.htm

http://www.eimrail.org/bro.html

http://www.railway-technology.com/projects/

http://www.innotrack.org/

http://www.senternovem.nl/LTA/index.asp

http://www.iee-trainer.eu/
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Účastníci projektu TRAINER


Účastník Kontakt E-mail Telefón URL


AgentschapNL NL P. Wilbers peter.wilbers@agentschapnl.nl +31622907912 http://www.agentschapnl.nl 


NS NL R. Luijt Ralph.Luijt@NS.nl +31633083183 http://www.ns.nl


Solvera Lynx SI G. Hribar gregor.hribar@solvera-lynx.com +38614012860 http://www.solvera-lynx.com


Slovenske Zeleznice SI B. Dremelj bojan.dremelj@slo-zeleznice.si +38641919309 http://www.slo-zeleznice.si


CRES GR G. Zoidis grzoidis@cres.gr +30697306455 http://www.cres.gr


ZSSK Cargo SL B. Krigovsky Krigovsky.Branislav@zscargo.sk +421220292128 http://www.zscargo.sk


VVCR Europe NL P. Hekkert p.hekkert@vvcr.nl +31616760626 http://www.vvcr.nl


ENEA IT E.Negenti negrenti@enea.it +393356282657 http://www.enea.it


TRENITALIA IT L. Contestabile l.contestabile@trenitalia.it +39644105765 http://www.trenitalia.com/trenitalia.html



mailto:peter.wilbers@agentschapnl.nl

http://www.agentschapnl.nl

mailto:Ralph.Luijt@NS.nl

http://www.ns.nl

mailto:gregor.hribar@solvera-lynx.com

http://www.solvera-lynx.com

mailto:bojan.dremelj@slo-zeleznice.si

http://www.slo-zeleznice.si

mailto:grzoidis@cres.gr

http://www.cres.gr

mailto:Krigovsky.Branislav@zscargo.sk

http://www.zscargo.sk

mailto:p.hekkert@vvcr.nl

http://www.vvcr.nl

mailto:negrenti@enea.it

http://www.enea.it

mailto:l.contestabile@trenitalia.it

http://www.trenitalia.com/trenitalia.html
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Odkazy	na	film	o	eco-drivingu


Tento film bol vytvorený partnermi projektu TRAINER ako samostatný nástroj, ktorý má  pomôcť pri 
zvyšovaní energetickej efektívnosti v železničnej doprave. Môže byť súčasťou vášho tréningového 
programu. Je rozdelený na dve časti. Prvá môže poslúžiť pre rozhodnutie železničných spoločností 
a druhá časť obsahuje inštrukcie pre rušňovodičov. Obidve časti však môžu rovnako použiť školitelia. 
Je vytvorený vo 8 jazykoch: holandskom, anglickom, francúzskom, nemeckom, gréckom, talianskom, 
slovenskom a slovinskom. 


Anglická	verzia
introduction
tips


Holandská	verzia
introduction
tips


Slovinská	verzia
introduction
tips


Slovenská	verzia
introduction
tips


Talianska	verzia
introduction
tips


Grécka	verzia
introduction
tips


Francúzska	verzia
introduction
tips


Nemecká	verzia
introduction
tips



http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_english_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_dutch_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slovenian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_slowak_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_italian_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_greek_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_french_version_part2.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part1.html

http://www.new-energy.tv/mobiliteit/ecodriving_german_version_part2.html
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Scope & Objectives


Gekko contributes to a better environment by continuously 
delivering the most efficient way of driving.


Gekko makes the 
drivers working day 
more manageable.
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Activities performed & Status


� DATA REQUIREMENTS: 


� Infrastructure 
� Track location, Altitude or gradient, Stations )


� Timetable
� All stations and passagepoints, Arrival/Departure, Expected Track


� Speed Limits
� Permanent limits, Temporary limits
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Data Requirement (continued)


� Train Characteristics
� Length and weight, Maximum Speed, Resistances, 


Acceleration/braking


� Position
� GPS receiver, Tachometer, ERTMS


� Track Usage
� Updated Track usage, Transmitted real-time
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Punctuality 


� GEKKO’s first priority is to keep the 
timetable. If the train is delayed 
GEKKO will guide the driver to run on 
schedule, of course by energy efficient 
means. The train will always arrive on 
time, when possible, with minimal 
energy consumption.
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Safety


� GEKKO handles all information required to do 
the mathematical calculations necessary to 
arrive on time, such as position, timetable and 
speed limitations. This means that the driver 
can be more focused on safety related 
aspects. 
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Energy Savings


� The most efficient way of driving is continuously 
calculated according to the current situation and 
presented to the driver as a speed recommendation. 
The driving strategy is customized to the individual 
operator based on current driving style, types of 
rolling stock and topography to achieve the highest 
level of energy savings
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3 Levels ..
Portable


� The system is limited to only the GEKKO unit and it has no 
connections to other systems. The system is 100% standalone, very 
easy to implement and requires no additional hardware. The data is 
manually delivered to the GEKKO unit as a simple file containing all 
relevant information


� Tablet PC, PDA or similar, Positioning by integrated GPS receiver
Manual entering of rolling stock specifications 
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3 Levels ..Dynamic


� The data is delivered over the air on request from the GEKKO unit. 
The server is connected to data source systems on land to provide easy 
and centrally managed data maintenance. Updates to data (e.g. 
timetable) can be automatically transmitted to the train to instantly reflect 
the changes


� Tablet PC, PDA, PC with touch screen or similar, 
Land-side server with integration to data sources. 
Positioning by integrated GPS receiver
Communication via integrated modem (GPRS/3G)
Manual entering/confirmation of rolling stock 
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3 Levels ..Intelligent


� The GEKKO unit is connected to existing systems on the train, which 
provide information about real-time data such as position, current track 
and signals as well as detailed information about train characteristics and 
actual status.
A data delivery system connected to an integrated network provides 
access to real-time data and a communication channel.


� Build in PC with touch screen or similar.
Land-side server with integration to data sources.
Integrated data delivery system connected to existing systems, GPS 
receiver and modem (3G/GPRS/GSM-R/WLAN)
Positioning by shared GPS receiver and tachometer and/or ERTMS 
balises
Can be integrated with ERTMS/ETCS
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Results achieved and  implementation


� Saving 15 % on Traction Energy


� A detailed report has been produced in DSB to determine the potential 
energy savings by introducing GEKKO in Denmark.


� By conducting a series of tests and analyzing the results, the report states 
that DSB will save up to 15% on the traction energy while improving 
punctuality. Based on these results DSB has decided to implement the 
system (level 3) in all rolling stock by 2011. 


� The efficiency of the speed algorithm is essential to a valuable result. 
Therefore the algorithm is continuously monitored and improved. The 
potential savings depend very much on the chosen  driving strategy and 
surroundings.
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Implementiation
� The left-hand side shows current 


information such as position, radio 
channel and track usage. The bar 
shows a red and green arrow which 
indicate the actual and recommended 
speed, it also contains a visual 
representation of current speed limits. 


� The middle section is a graphical view 
of the track locations. The view scrolls 
according to the current position and 
the visual part depends on the current 
speed.


� The right-hand side shows information 
about future events. In the top is a 
description of the next station showing 
arrival/departure time and track usage 
as well as an indication of the expected 
arrival time in case the train is delayed. 
The bottom shows relevant changes in 
near future events such  as speed limits 
and passage points.  
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Next Steps & Outlook


• The user interface is developed in 
close cooperation with the drivers 
to ensure ownership and guarantee 
wide acceptance.


• Tools for analysing and maintaining 
data are also continuously 
developed as demands and 
requests arise.


• GEKKO receives rescheduled 
timetables and adjusts the 
recommendations to reflect the 
changes. The decision for 
rescheduling will be made by the 
traffic manager using a decision 
support tool to optimize floating 
traffic.
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Status


�


Level 3 is currently being developed and is 
scheduled to be implemented in all trains in DSB 
by 2011. 


Greenspeed








– Bombardier’s new Formula
for Total Train Performance


Benoit Gachet


Tours


September 2009
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You must hand back this leasing object
without any damage !


You must hand back this leasing objectYou must hand back this leasing object
without any damage !without any damage !
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Tremendous Challenges for our Planet and People –
Bombardier provides answers


1) Intergovernmental Panel on Climate Change (2007)


2) If electricity is produced by zero-emission power plants


 Global
Warming


Most likely effect of the
man-made greenhouse
gas concentration1)


Usage of energy goes
up, availability of fossil
energy is decreasing


Continuous growth of
our cities - congestion
in urban areas


Low birth and death
rates lead to aging of
the population


Bombardier’s electric trains
produce zero CO2 and no
particle emissions 2)


Bombardier technologies
allow to reduce the energy
demand of a train by 50%


Bombardier products ensure
that megacities do not
collapse under road traffic


Bombardier offers attractive
designs and comfortable
interiors suitable for all ages


 Energy Cost
Increase


 Urbanization


 Demographic
Change
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The challenges of our world demand a new formula
for economic sustainability


 Saving Energy


 Improving Efficiency


 Achieving sound Economic value


 Protecting the Ecology
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: Bombardier’s new Formula for Total Train Performance


 Energy


 Efficiency


 Economy


 Ecology


The challenges of our world demand a new formula
for economic sustainability
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is a suite of solutions, services, products and technologies,
offering the best in class environmental performance


balances Energy, Efficiency, Economy, Ecology with
convincing and reliable solutions, services and products


offers our customers added value to their trains and services
and delivers on the promise of Total Train Performance


- the new Formula for Total Train Performance
from Bombardier Transportation


Welcome to the World of
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- a strong portfolio of technologies and solutions
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EnerGplan
Tool for Predicting and Optimizing the Energy Consumption


Features


 Simulating all energy flows of
whole systems


 For metros and people movers


 Enabling the optimization of
- drive performance
- train schedule
- power supply
- distribution system


 For complete fleets


 On multiple routes


 Includes energy storage
onboard and/or at wayside


Unique Benefits


 Approach for predicting and optimizing the energy consumption


 Max 20% energy saving


max 20%
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Energy Management Control System
Managing Energy Consumption of Locomotives and Trains


Features


 Managing energy consumption of all
consumers on-board a vehicle


 Energy Management - Energy Display
shows the driver actual & average energy
consumption compared to fleet average


 Energy Management - Energy Metering
allows billing and tracking the energy
consumption for operators (new norm!)


 Energy Management - Smart Stabling
reduces unnecessary auxiliary loads at
turnaround, inter-peak and overnight


Benefits


 Increases cost awareness of the driver


 Prepared for future European norm in energy metering


 Reduces energy consumption at standstill


Up to 10%
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EBI Drive 50
Driver Assistance System: Features


Features


 Most complete solution


 Intelligently combining
the goals


– Punctuality


– Energy savings


– Reduced wear


 Generating recommendations
to the driver for


– optimized speed


– optimized traction force


 Information constantly updated,
based on actual position, track
information, speed and time compared to time table


 Online Data Transfer to trains allows dynamic, energy minimizing management
of the fleet
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EBI Drive 50
Driver Assistance System: Layout and Benefits


Persistent track data
Train data
Timetable


Improved Punctuality


Minimal wear & tear


Online data transfer
Timetable changes
Track data changes
 Routing
 Temp speed restriction


Unique Benefits


 Minimize energy consumption for given time-table and various system
constraints


 Energy savings of up to 15%


Up to 15%
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Functionality


 Pantograph and Diesel engines inside


 Switchover between Diesel and electric and
among different electric systems any time, any place


 Innovative propulsion chain able to convert both
Diesel-generated and electric power efficiently


 Braking power is fed to auxiliaries or catenary


 No separate starter (ignition)


MITRAC Dual Power
Extend coverage on tracks without electrification


Customer Benefits


 40% lower energy costs *


 ca 80% less air pollution (CO2, NOx and particles)


 Average 20% shorter travel time thanks to seamless
change between diesel and electric tracks (no
transferring, no locos changed)


 Extended seamless coverage of outskirt regions


 Lower operating costs (Efficient fleet, no exchange of
locomotive / power cars, high flexibility)


 Less noise during train stops (Diesel engine off)


max 80 %


* Figures relate to network with 80% electrification with a locomotive, any motor type
Assumptions: Diesel: 1.1 € / l; electricity: 0.11 € / kWh


Outskirt Regions


Non-Electrified Lines


Downtown, Close Periphery


Electrified Lines, System 1


Electrified Lines, System 2


AGC


ALP-45DP
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AeroEfficient
Tool for Optimized Train Shaping


Features


 Energy used through aerodynamic
resistance: 35% at 200kph, 50% at 300kph


 Developed in cooperation with
Bombardier Aerospace


 Components interact with each other in
very complex manner


 Optimization of complete train configuration
results in an aerodynamic improvement.


 Bombardier has the most advanced system
knowledge to achieve the best results / time


Most advanced Benefits


 Minimizing aerodynamic resistance for a
complete train


 Energy savings of max. 12% to current
standard design


max 12%


4000
Iterations


Optimizer
Computes improved
Parameter setting


Mesh Generator
Generates mesh


for calculation


Solver
Calculates the relevant


physical variables
(e.g.cross- wind& drag)-


CADTool
Createsandconfigures


parameterized
geometry
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ThermoEfficient
Managing the Energy Consumption of HVAC Systems


Features


 Transferring the energy of the exhaust air into the air which is blown into the cabin


 One heat exchanger per HVAC


 Measuring the number of passengers and supplying the right amount of fresh air


Unique Benefits


 Improved quality of fresh air in train


 Up to 26% energy savings


Up to 26%
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FLEXX Tronic
The Intelligent and Active Bogie


Features


 FLEXX Tronic reduces mechanical complexity
by active, multi-functional elements to
automatically adapt to changing operation
conditions


– High speed


– Tight curves


– Different track parameters


 FLEXX Tronic is driven by integrated,


model-based controllers which


– stabilize the bogie at high speed and


– steer the wheelsets in curves


max 5%
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FLEXX Eco
The light weight Bogie


Features


 FLEXX Eco reduces direct and indirect energy
consumption by


– Significant reduction in bogie weight and
unsprung mass


– Minimizing aerodynamic drag


 FLEXX Eco reduces


– Cost of bogie maintenance


– Track wear and risk of rail damage


 FLEXX Eco is characterized by in-board bearing
design and light weight wheelsets


max 5%
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Features


 Design interfaces based on standard Regina motor


 Compatibility with existing systems, approximate same outer dimensions


 Experience from reliable and proven MITRAC induction motor


 Motor reliability / control / protection functionality confirmed


MITRAC Permanent Magnet Motor
Very High Power Density


max 2%


Benefits


 Max tractive force at 300 km/h 2.65 times than same size induction motor


 Increased vehicle performance and comfort at high speed


 Optimized energy efficiency, reduced volume and weight
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C.L.E.A.N. Diesel Power Pack
Reducing the Particle Emission and NOx Footprint


Features


 First in the market – already 34 units ordered


 Motor system certified Stage III-B, for minimum particle emissions


 Technology based on state-of-the-art automotive technology, adapted to railway
conditions


 The most environmentally-friendly Railway Diesel Motor of the World.


max 87%


Unique Benefits


 Max. 87% particle reduction


 Comply with legal requirements and ensure operation of diesel trains > 2012
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Features:


 Storing electrical energy on-board of LRV, Metro and DEMU


 Re-Use for - acceleration or


- autonomous operation


 First in the market – 4 years of customer experience


MITRAC Energy Saver
Recuperating Energy


max 30%


Benefits:


 Up to 30% energy savings for a train


 Reduce substations along newly built tracks


 Headway reduction through higher acceleration


 Environmentally friendly and reduced CO2 emissions – profit from payback
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MITRAC Energy Saver
Benefits from using MITRAC Energy Storage


 15 - 30% Energy saving


 30...50% Reduced Power from substations


– potential infrastructure savings – e.g. less substations


 Catenary free operation


 Sold to city of Heidelberg


L
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it  15 - 35% Energy saving


– similar Emission Savings – e.g. CO2


 20...70% additional power „Booster effect“


– 30% higher acceleration from 0 to 100 km/h


 Eliminate Diesel emission in stations


M
e
tr


o


 15 - 30% Energy saving


– less tunnel heating


 25...40% Reduced Power from substations


– potential infrastructure savings – e.g. less substations


 Rescue in tunnel


max 30%
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PRIMOVE
Catenary-Free Operation


Features


 Unique concept - driving with contact-less power supply, yet same performance


 Cables in the ground provide the necessary energy – only energized when needed


 Pick-up coils underneath vehicle turns magnetic field below into an electric current


 Providing the same performance characteristic as a normal power supply


 Easily be coupled with the Mitrac Energy Saver for full energy saving potentials


 Tested on a light rail vehicle at the Bombardier site in Bautzen


100%


Unique Benefits


 Invisible and contactless
power supply


 No wear of high voltage
pick-up components,
lowers service & maintenance
costs


 Reliable performance in all
weather and ground conditions
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THE CLIMATE IS RIGHT FOR TRAINS


The new Formula for Total Train Performance


from Bombardier Transportation


We have the Solutions








Peter Wilbers
SenterNovem


Agency of the Dutch Ministry of Economic Affairs


Coordinator


Energy Efficiency Days


Tours, France


Friday 25th September 2009
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Project (1)


• TRAINER
 TRAining programmes to


Increase Energy-efficiency by Railways


• EU project
 Intelligent Energy Europe


• Running period
 2nd Nov 2006-1st Nov 2009


• Collaboration
 FP6 Railenergy (www.railenergy.org)


 UIC


• www.iee-trainer.eu







Project (2)


Long Term Agreement (LTA)


Energy Management Systems (EMS)


Green entrepreneurship


•Behaviour (ecodriving)


•Technology (rolling stock and
infrastructure)


•Organisation


(planning and logistics)







Partners


• SenterNovem (coordinator) Netherlands
• Centre for Renewable Energy Sources


(CRES) Greece
• Ente per le Nuove Tecnologie l’Energia


e l’Ambiente (ENEA) Italy
• Solvera Lynx Slovenia
• VVCR Europe b.v. (VVCR) Netherlands


 Nederlandse Spoorwegen (NS)(3,000) Netherlands
 OSE Hellenic (600) Greece
 Slovenske Zeleznice (1,200) Slovenia
 Trenitalia (14,850) Italy
 Zeleznicná Spolocnost Cargo Slovakia


(ZSSK CARGO)(1,800) Slovakia


Total 21,450 train drivers







Components (1)


1. Inventory of good practices


2. Demonstration tours on site
 Oct 2007: NS + DB


 March 2008: ÖBB, Slovenske
Zeleznice + ZSSK Cargo


3. Development backbone
 Basis for national training


programmes


4. Development national training
programmes
 Netherlands, Slovenia,


Slovakia, Greece + Italy







Components (2)


5. Implementation national training
programmes
 5-25% savings


 Subsequent presentations


• Slovenske Zeleznice/
Mr Bojan Dremelj


• ZSSK Cargo/
Mr Branislav Krigovsky


 TRAINER workshop


6. Evaluation and exchange of
national experiences, knowledge
and know-how







Components (3)


7. ‘Universal’ manual
 Train drivers, station and


cleaning staff, management


 Energy efficient driving,
train operation and
maintenance


 DVD (including instruction
film)


 Internet


8. Instruction film
 Management + train drivers


 First performance at end of
presentation


 DVD


 Internet







Behaviour


• Challenge


• Training programmes
 Theory


 Practice: on track, simulator


• Supporting tools
 GEKKO


 Routelint


 Rail pocket (PDA)


 UZI card


• Combination has added value







Opposition


• Punctuality and safety


• ‘It’s all known and done’


• ‘Why should I care’


• Learner drivers vs. experienced drivers


• Train driver distraction


• ‘Them’
 Dispatchers, infrastructure managers


• The other ‘them’
 Trade unions


• Marginal energy saving potential


• Lack of support from managers


• Theory is not practice







Points of interest


• National, cultural and ‘company
cultural’ specifics


• Freight and passenger
 Partly differing approaches and topics


• Tone of voice
 Addressing the professional


• Deploying ‘comrades’, train-the-trainer
• Try out


 Check on acceptance and interests


• Environmental interest not to be
underestimated


• Varying training approaches
 Workshops, lectures, in cabin, on


simulator, etc.


• Internal and external communication







Monitoring


• Data from
 Trained train drivers: 21,450


 Other data partners


 Devices trains


 Good practices


 UIC data


 Hits and downloads instruction
film + universal manual


 Between 0.5 and 1.0 Mton CO2


emission reduction in 2012







Workshop


• Hereafter


• How to implement ecodriving in
your railway company?
 Didactics and points of interest/ Paul


Offerman, VVCR


 The why and how at NS/
Jan Hoogakker, NS


 The experiences of TRAINER railway
companies/ Luigi
Contestabile, Trenitalia







Contact details


Peter Wilbers
SenterNovem


T +31 30 239 35 01
F +31 30 231 64 91


E p.wilbers@senternovem.nl


www.ecodrive.org
www.treatise.eu.com


www.fleat-eu.org
www.senternovem.nl/lta


www.iee-trainer.eu


Enjoy the TRAINER film!
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Abstract


The paper analyses the implementation of the second multi-annual agreement for energy efficiency concluded in the Netherlands with


industrial sectors for the period 2002–2010. It aims to investigate whether the multi-annual agreement MJA2, as a voluntary instrument,


is sufficiently stimulating behavioral change at the target group level, and sustained transformation of production and management


patterns towards significant gains in energy efficiency. The analysis uses a Structure–Conduct–Performance analytical framework for


implementation processes in order to: (a) analyze the setting of implementation, actor roles, attitudes and interactions; (b) discuss


emerging obstacles and positive experiences with the implementation of the three core policy instruments envisaged: energy management


system, process efficiency measures, and ‘expansion themes’ measures. Based on this policy recommendations are formulated regarding


voluntary agreements in general, using the Structure–Conduct–Performance framework of implementation analysis, and regarding how


the implementation process of MJA2 in particular could be improved.


r 2006 Elsevier Ltd. All rights reserved.


Keywords: Energy efficiency; Implementation; Voluntary agreements

1. Introduction


This paper discusses the implementation of a voluntary
agreement instrument for energy-efficiency in the Nether-
lands for small and medium size industrial companies,
covering the period 2001–2010. This instrument is part of a
complex policy context interacting with instruments serving
environmental, climate, economic and energy policy goals.
The policy context is presented in Section 1.2, which is
followed by a short description of the policy design features
for this instrument. The overview of implementation
performance so far is made in Section 2. Further in order
to explain the policy outputs and outcomes observed,
Section 3 presents an analytical framework for policy
implementation analysis. This is based on the Structure–-
Conduct–Performance heuristic used for a long time in
industrial economics. Section 4 explains the timing and
extent of implementation for the policy output and the
policy outcomes analyzed, from the perspective of the
factors considered in the analytical framework. In this

e front matter r 2006 Elsevier Ltd. All rights reserved.
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section it is also explained how the implementation of
instrument has been unfolding so far, looking at the
obstacles and positive experiences with the implementation
of the measures envisaged. In its last part this section
suggests several policy recommendations to improve and
streamline the implementation processes for voluntary
agreements, using the Structure–Conduct–Performance fra-
mework of thinking. Section 5 concludes the paper and
offers some reflections on the added value of the voluntary
instrument for the policy context in which it operates.

1.1. Policy context


Energy efficiency has been for a long time on the
governmental policy agenda in the Netherlands. The
Ministry of Economic Affairs has been promoting it
because of the improvements generated in the competitive
position of Dutch companies. But lower energy bills come
with the advantage of less CO2 emissions. For this reason,
energy efficiency policy instruments are also coupled to the
climate policy under the competence of the Ministry of
Environmental Management.
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The Netherlands is often labeled a consensus society and
the label is not without basis. During the 1980s the
government sought and got better relations and more
interaction with sectors of industry on environmental
affairs. In the 1990s the implementation of the National
Environmental Policy Plan of 1989 was organized by the
Ministry of Environmental Management to a large extent
in ‘target group consultation rounds’ leading to sector wise
environmental negotiated agreements, called covenants
(Bressers and de Bruijn, 2005). The approach has worked
reasonably well and is very popular with business, due to
its flexibility.


When pressure on restricting energy consumption rose,
in the 1980s, industry representatives themselves suggested
the Ministry for Economic Affairs (responsible for energy
policy) to use a similar approach. Though the term
‘negotiated agreement’ might fit their conception in reality
better than the often-used label ‘voluntary agreement’, we
will use the latter term in this paper. In the Netherlands,
two multi-annual voluntary agreements for energy effi-
ciency (MJA) have been concluded so far with industrial
sectors, targeting mainly small and medium size compa-
nies: MJA1 and MJA2. The MJA1 was signed in 1989 and
expired in 2000 for most industrial branches, with the
exception of few for which it continues for several more
years. The MJA2 was concluded in December 2001 for a
period of 12 years.


The voluntary agreements have not been conceived as
stand-alone instruments. They are part of a larger and
quite complex policy context. In the Netherlands there is a
substantial interaction between the environmental, climate
and energy policy fields and instruments. It is not
uncommon that one instrument supports goals—quantified
or not—in more policy fields, while in the same time there
is interaction with other instruments that have some degree
of overlap with the goals of the respective instrument. This
is the case of MJA instruments as well. This policy-making
approach makes it difficult to measure the precise
contribution of a particular instrument towards the
achievement of some specific goals. Fig. 1 shows the
connection of the MJA with the policy context.


The voluntary agreement can be seen as a policy
instrument that:


(a) supports the implementation of the Dutch economic
policy aiming to improve the international competitiveness
of Dutch companies by lowering production costs;

environmental policy Dutch domestic climate policy


environmental Management Law MJA2 Benchmark CO2
covenant trade system


economic policy energy policy innovation policy
(competitiveness) (security of supply)


Fig. 1. The connection of MJA2 with the Dutch policy context.

(b) supports the implementation of Dutch energy policy
aiming to reduce energy consumption for security of supply
reasons;
(c) supports the Dutch environmental policy by being


directly connected to the implementation the Environ-
mental Management Law (Wet Milieubeheer—WM); this
direct regulation instrument contributes to the implemen-
tation of the Dutch climate policy to reduce CO2 emissions
for this particular target group of MJA—small- and
medium-size industrial companies (see below explanation).
Next to these policy areas, MJA supports indirectly also


the Dutch innovation policy by stimulating the voluntary
adoption of measures and technologies that go beyond the
‘business-as-usual’. MJA measures should stimulate learn-
ing and cooperation, and strategically develop and adopt
innovations that could not only produce additional energy
savings but also generate new markets for such innova-
tions, where Dutch companies have an early positioning
advantage; hence this supports also long-term economic
goals, indirectly.
Next to this broad policy picture, having in view the


international importance of national climate policies it is
interesting to make a short explanation on how MJA fits
also into the Dutch climate policy. The Netherlands has an
emission reduction target for CO2-equivalent of 6% by
2008-2012 under the Kyoto Protocol. The implementation
plan includes measures in the Netherlands, for 25 Mtonnes
CO2-equivalent, and international flexible mechanisms, for
25 Mtonnes CO2-equivalent. For the domestic measures
there are many diverse target groups, which are addressed
by different (combinations of) instruments. Dutch indus-
tries, including refineries have a contribution of 33% to
emissions but have to achieve together an emission
reduction of 11.2% of their emissions in the baseline
year—1990 under the Kyoto Protocol. Because of large
differences in the emissions caused by industrial sectors and
companies, different policy instrument have been viewed
by the Dutch government as addressing best the various
target groups within industries. Energy taxes were viewed
suitable to address households and very small commercial
consumers. But they are considered undesirable by
governmental actors for industries unless they are designed
and applied at European Union level.
A first target group is that of small- and medium-size


industrial companies. Placing such companies under an
emission trading system was viewed as inappropriate
because of high transaction costs assumed for relatively
small quota levels that such companies could trade.
Preference was given to using a combination of two policy
instruments, that have been actually already in place
serving goals in other related policy areas, but directly
relevant for greenhouse gas emissions as well.
The first is a direct regulation instrument—the Environ-


mental Management Law first passed in 1979. This is the
basis for issuing environmental permits to companies, and
must include energy-consumption reduction targets and a
set of compulsory measures in a special energy paragraph







ARTICLE IN PRESS
V. Dinica et al. / Energy Policy 35 (2007) 1196–12121198

of these permits. However the problem with this law is that
local governments, responsible for issuing environmental
permits were hardly implementing it. Poor implementation
resulted either in no measures being required under the
energy paragraph or just very small energy-efficiency
improvements being listed, often with poor monitoring
and enforcement. The implementation of the energy and
economic policy goals for this target group—receiving
increasing priority during the end of the 1980s—was
viewed as a chance to reinvigorate the implementation
process for the Environmental Management Law, directly
serving to energy efficiency. The MJA1 voluntary agree-
ment was designed aiming at energy-efficiency for reasons
of security of supply and international competitiveness of
Dutch companies. But this was designed so that its
implementation is linked to the implementation of the
energy paragraph under the Environmental Management
Law. Both in the energy paragraph for environmental
permits, and in the voluntary agreements MJA1 and MJA2
a series of energy-efficiency targets are included and a set of
compulsory measures to be implemented.


Given the track-record of poor implementation of the
environmental law, MJA places a ‘stick behind the door’.
In case a company fails to practically implement the
agreement, the competent minister may cancel the partici-
pation of that company in MJA2. In collaboration with the
local municipality, the ministry could then in principle
sharpen the measures included in the energy paragraph of
the environmental permit of the company.


By the time MJA2 was being negotiated, the domestic
climate policy was in a more advanced stage of design.
Then the opportunity was seen to consider this target
group also under the climate policy by means of the MJA2
and the environmental management law. MJA2 is char-
acterized by a more ambitious design whereby next to the
compulsory energy-efficiency measures, also series of
strategic measures were envisaged. They aim at additional
energy-efficiency improvements by means of organization-
ally or technologically innovative measures, known as
‘expansion theme measures’.


In this context, having in view the good track-record of
working with voluntary environmental agreements, the
application of a voluntary energy-efficiency agreement was
also viewed as a potentially useful instrument for this target
group, serving simultaneously the climate policy, environ-
mental, energy policy, economic policy and innovation
goals. Companies with energy bills above 50,000 h and
energy consumptions below 0.5 PJ are recommended to
join the MJA2. In 2004 there were around 600 companies,
which together had a share of around 12% of the Dutch
industrial energy consumption.


Another industrial target group for the climate policy—
with higher emissions of greenhouse gases is formed by
very energy-intensive industrial companies. For these, the
instrument of tradable emission quotas was viewed as most
appropriate. The instrument is already in place and applied
for 340 energy-intensive companies. But this target group

has also some minimum energy-efficiency obligations
under environmental permits, just like other industrial
companies. In addition, these companies may join a special
voluntary instrument—the Covenant Benchmarking con-
cluded in 1999. This addresses energy-intensive industries
such as paper and chemical industries but also energy
generation companies, and the aim is to support sub-
scribers by 2012 to become world-leaders in energy-
efficiency and innovation.


1.2. The main features of MJA2—aspects of policy design


The timeline of MJA2 is divided into three periods of 4
years—starting in 2001, 2004 and 2008—at the end of
which each company has to prepare an Energy Saving Plan
(ESP). The ESP sets, among others, the energy efficiency
improvement goal for the company, which added at
industrial branch level, gives the improvement goal for
the sector. Further, aggregated for all industries, this gives
the MJA2 goal for energy efficiency improvement. MJA2
holds no generic goal. Although it aims for 1.3% annual
improvement overall (baseline 1998), the specific goals for
the different sectors of industry are based on the
summation of the cost-effective measures of the companies
in that sector. While the policy goal is thus quantified
‘bottom-up’, the MJA2 text specifies three (sets of)
instruments that should be used to achieve the emerging
goal (Article 2):

�

 process efficiency measures: these are economically
acceptable technical measures with an investment
recovery period of maximum 5 years or an internal rate
of return of 15%; they are in the same time measures
that need to be included as compulsory in the energy-
paragraph of environmental permits to all companies,
based on the Environmental Management Law;


�

 systematic energy management at all locations of a


company;


�

 certain strategic measures grouped under the concept of


‘expansion themes’.


The expansion themes aim at energy efficiency beyond
the level of the individual company by looking at the
complete product chain from raw material to the waste
phase. This is a new element as compared to MJA1. The
policy belief underlying the MJA2 is that by means of such
measures energy-efficiency improvements could be realized
by the target group that are considerably higher than those
that may be achieved by means of the targets and measures
included as compulsory in the energy paragraph. In the
same time they aim to promote innovation in the Dutch
industries.
Target group members have the obligation to:
(a) elaborate and implement an ESP and
(b) elaborate an annual report regarding the implemen-


tation of the ESP—including a description of the Energy
Management System—to be sent to the permit giver
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(municipality), the Independent Expert (SenterNovem),
and the representatives of the industrial sector. Annual
reports are used to draw up the progress reports at the level
of industrial sectors and further at the level of the entire
target group, for the annual reporting to the Second
Chamber of the Parliament.


The ESP is a plan where the company lists all
economically acceptable technical measures by means of
which it will improve energy efficiency, and which measures
of the ‘expansion themes’ the company chooses to
implement. The measures adopted under the expansion
themes are voluntary measures expected to involve
technologies with a longer than 5 years investment recovery
time. These themes include sustainable products, optimiza-
tion of transport, heat exchange at industrial estates and
renewable energy.


Next to this, the MJA2 also includes the obligation of
participant companies to include in the ESP and put in
place an energy management system within two years from
adherence to the agreement. Consequently, two policy
outputs can be differentiated in the implementation process
that are under the responsibility of individual target group
members: the elaboration of ESP and the elaboration of
the annual company report. The policy outcome of the
implementation process consists of the practical applica-
tion of the three categories of technical measures contained
in the ESP of each company.


In case a company fails to practically implement the
energy efficiency and Energy Management measures, and
to prove sufficient efforts in the implementation of
technical measures considered under the ‘expansion
theme’, the competent minister may cancel the participa-
tion of that company in MJA2. In collaboration with the
local municipality, the ministry would then sharpen the
measures included in the energy paragraph of the environ-
mental permit of the company. Therefore, non-compliance
attracts the sanction of stricter direct regulations.


As regards the timing of implementation for policy
outputs, the MJAs envisages that:

�

 in 9 months after joining the MJA2, companies must
submit their draft ESP to the municipality (environ-
mental permit giver) and the independent expert.


�

 the independent expert must give its opinion within 6


weeks; delays must be announced in advance to both the
company and the municipality;


�

 the municipality must respond within 6 weeks to the


draft ESP, after receiving advice from the independent
expert;


�

 the company must send the final ESP to both


municipality and independent expert within 6 weeks;


�

 each industry branch organization has to elaborate


within 11 month after joining the MJA2 its Multi-
annual Plan with the energy efficiency goal per branch;
this has to be updated by 1 December 2004 for
the period 2005–2008, and by 1 December 2008 for the
period 2008–2012.

As for the timing of implementation for policy outcomes,
the MJAs envisages a deadline only for the Energy


Management System that companies have to technically
implement within two years of accession to MJA2.
Looking at policy design, one may differentiate several


policy outputs necessary in the implementation process.
However, we will focus in this paper only on one output—
ESP elaboration— for two reasons: the space limitations
that the paper has to observe, and the fact that most of the
other policy outputs are based on (elaborated with input
from) ESP (e.g. the industrial branch Multi-annual Plan,
the annual report to the Parliament).
The main focus of the paper is on the investigation of the


implementation processes and performances so far of the
multi-annual agreement MJA2, as voluntary instrument. Is
it sufficiently stimulating to initiate behavioral change at
the target group level, and sustain the transformation of
production and management patterns towards significant
gains in energy efficiency? Investigating implementation is
important in order to understand the value of this
instrument and its qualitative contribution to reaching a
series of relevant goals in economic, energy, environmental,
and climate change energy policy areas. Of special
importance is to underpin its role in the implementation
of Environmental Management Law (WM) and to reflect
on its potential for contributions to the large and complex
climate policy package. The question is what is the role of
MJA2 in the current constellation of instruments? This
question will be addressed in the last section of the paper
qualitatively, as it is based on implementation analysis
using a policy-science theoretical framework that involves
only non-quantifiable dependent and independent vari-
ables.
The paper will depart with an overview of implementa-


tion results so far. This will be discussed in terms of two
aspects of implementation performance: the timing and the
extent of policy implementation. Research into the timing
of implementation looks at whether the instruments
envisaged in the MJA2 have been implemented by the
deadlines required. When for some instruments no dead-
lines are specified, one needs to look at the progress in
implementation having in view the 4 year time horizon for
the practical application of all measures included in the
company ESPs. The analysis on the extent of implementa-
tion looks at how many instruments have been implemen-
ted and, to the degree possible, also how many technical
measures have been tackled in each instrument-category.


2. Policy performance


The empirical analysis presented in this paper has
been conducted in 2004. With only 3 years of MJA2
implementation, this is an early assessment of the processes
and progress of companies towards the goals of the
covenant. Early assessments have been typically encour-
aged by practitioners having in view their potential for
policy learning, early identification of obstacles and of
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Table 1


The performance of MJA2 implementation


Policy performance aspects Timing Extent


Policy output—ESP approval Frequent delays in many branches


(mainly municipalities’


unresponsiveness)


Satisfaction with the timely delivered ESPs (on policy


instruments’ treatment)


Policy outcome—practical implementation


technical measures ESP


Delays in many branches regarding:


� Energy Management;


� expansion themes (most


branches).


� Energy efficiency ¼ most implemented measures,


but not in all sectors.


� Energy Management implemented by a low


percentage of companies, often only for the


minimum level (C) required.


� Expansion themes: some branches implemented


very few measures; some measures not


implemented in most branches at all.


1A year later 27% of the relevant companies had implemented Energy
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possibilities of their removal. Our investigation has indeed
identified many areas in which the implementation process
needs streamlining. Table 1 summarizes the observations
regarding policy performance by 2004.


As regards the policy output, empirical research in-
dicated that the approval of company ESP plans by
municipalities takes place frequently with substantial
delays. The draft-ESPs are typically sent in time by
companies after consultations with the independent expert
SenterNovem. Consultations lead often to extensive revi-
sions of technical measures that cover all three instruments
of energy performance improvement: energy management,
economic energy efficiency and expansion theme measures.
The substantial degree of involvement of SenterNovem—
with high technical expertise—in ESP draft’ elaboration,
combined with the local knowledge of municipalities on
company particularities and context (whenever municipa-
lities cooperated towards the evaluation and approval of
ESPs), resulted in the satisfaction of actors with regard to
the extent of ESP implementation, i.e.regarding the scope
of measures included in each of the three categories of
instruments in ESP. But often municipalities do not
respond to the draft-ESPs sent by companies. There-
fore,the main problem with this policy output is the timing
of implementation. Explanations of the factors contribut-
ing to this are given in Section 4.1.


As concerns the policy outcome, data indicate that most
ESP technical measures that were practically implemented
belong to the first instrument-category—the group of
‘energy efficiency’ measures that have to be implemented
if cost-effective. There is significantly less activity in the
field of expansion theme measures, while especially smaller
companies find it difficult to live up to the specific
requirements regarding the Energy Management System.
In 2002, only 16 industrial sectors were already participants
to MJA2 for 2 years (deadline for reaching level C of
energy management) and of these:

Managemt at a satisfactory level, while three quarters of the companies


were within the reach of level C. The difference between the two groups is


an indication of the difficulty (smaller) firms have with living up to all the

�


specific requirements. See below.

only 15% of companies managed to reach the required
level C of energy management (Arentsen, 2004, p. 25);

�

 half of the remaining companies were assessed as able to
reach level C in short time.1


But although the situation regarding the practical
implementation of energy-efficiency measures is better at
MJA2 level, there are differences from one industrial sector
to another. In some sectors the potential for efficiency
improvements has already been explored and few options
are still technically feasible or economically desirable—
having in view the 5 year cost recovery provision. For such
sectors the ‘expansion theme’ measures hold more potential
but a series of difficulties are encountered in putting them
into practice.
As explained, the aim of the ‘expansion theme’ instrument


is to reduce fossil fuels’ consumption beyond the production
process, during the entire life cycle of the product, including
the generation of energy based on renewable resources. For
the implementation of this instrument, two groups of
measures were envisaged in MJA2:

�

 Low-Energy Product Development (EZP), which in-
cludes:
J Sustainable products
J Optimization of transport, logistics and chains


(cycles)
J Sustainable industrial estates


�

 The consumption (by purchase or self-generation of


renewable energy).


Successes were booked in several sectors, in the
development of sustainable products and some companies
started the purchase of renewable electricity. But the
implementation of the other measures encountered struc-
tural difficulties across sectors. Besides, many companies
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Implementation Structure Conduct of actors


Contextual factorsPolicy-related factors


Performance


Fig. 2. Theoretical framework for policy implementation analysis based


on the Structure–Conduct–Performance heuristic.


2The use of this heuristic is not intended to integrate insights from


industrial economic theory into policy implementation theory-building,


but rather as a metaphor. The Structure-Conduct-Performance framework


was developed by Valentina Dinica and is explained in more detail in the


paper ‘‘Investigating the implementation of EU instruments: a framework


for the comparison of national structures and processes’’ presented at the


2005 Conference of the European Consortium for Political Research in


Granada (Dinica, 2005). The framework was inspired by the Contextual


Interaction Theory developed by Hans Bressers, which is an actor-


centered theory of implementation looking at how the motivation,


resources and information of implementation actors shape the likelihood


of implementation and adequacy of policy outputs (Bressers, 2004).
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consider the government does not stimulate ‘expansion
theme’ measures to the extent they committed themselves
in MJA2 agreement, including as regards the financial
contribution commitment.


The overall policy outcome of MJA2 is seen as the
realized energy efficiency improvement—by means of
efficiency technologies/measures, Energy Management,
and measures under the ‘expansion themes’. An evaluation
study concluded that the overall target of 1.3% efficiency
improvement (as compared to the reference year 1998) was
achieved so far or almost reached. As explained before,
there is no generic goal in MJA2 for the different sectors.
Goal achievement for the different sectors can only be
measured if the improvements in energy efficiency are
compared with the estimates for that sector. That step was
not part of our research. Still, it is obvious that some
sectors have been more successful than others.


At a macro-analysis level, it could be stated that the
picture is mixed. Implementation of MJA2 certainly has led
to an improvement in energy efficiency, but most of the
improvements come from the process efficiency measures.
Energy management along the lines of the detailed
requirements is still in its early stages. The contribution
of the expansion themes to improvements in energy
efficiency so far has been very limited. An element that
needs to be taken into account when discussing the benefits
of MJA2 is the level of ambition. Although over the course
of years companies are required to realize substantial
improvements, the general view is that MJA2 is not that
ambitious. Compared with the sometimes far more radical
emission reductions that were put on the agenda during the
nineties, with reduction percentages of sometimes 70–90%,
the goals of MJA2 are rather modest and often have a
more direct link to financial gains as well.


For now we conclude that the policy strategy certainly
has not been a failure, but there are several drawbacks. To
explain the above results we need to analyze the
implementation processes in more detail. In order to do
so we will first explain the theoretical approach we use for
this purpose in the next section. Thereafter we will use this
approach to produce explanations for the observed results.


3. A theoretical framework for policy implementation


analysis


Sabatier (1999) considers that ‘‘A framework can
provide anything from a skeletal set of variables (or
variable sets) to something as extensive as a paradigm. It
need not specify the direction of relationships or identify
critical hypotheses, although it may do so.’’ As regards the
scope of the framework, for the study of implementation
processes, the position taken in this paper is that defended
by Schneider (1999, p. 2), who argues that ‘‘Implementa-
tion needs to be studied both as a dependent variable
and as an independent variable. We need to link implemen-
tation (as dependent variable) to the policy designs, poli-
tical processes, and prior implementation activities. (y)

[Implementation] means ‘adding to’ and ‘filling in the
details’ of a blueprint. It means ‘carrying out’ the actions
that are specified or expected’’. To study implementation
both as dependent and as independent variable, an actor-
oriented framework for analysis is proposed in this section,
based on the heuristic of Structure–Conduct–Performance
used for a long time in industrial economics.2 The basic idea
is that policy performance (outputs) may be understood, as
represented in Fig. 2, by looking at:

�

 the features of the implementation structure, understood
as the set of rules, resources and actors that organize the
actions and interaction processes, and


�

 the conduct of actors during the implementation


process, that is how actors behave and interact with
each other in the implementation processes.


But both implementation structure’ features and actors’
conduct may be influenced to various degrees by two
categories of variables:

�

 policy-related factors, such as policy design features,
aspects related to the content of policies and the type of
problems they address, as well as other aspects of the
policy processes—such as policy formulation, or experi-
ences with enforcement, or policy evaluation—that may
have an impact especially on the conduct of actors
during the implementation process; and


�

 contextual factors that may be divided in two groups:


J factors pertaining to the implementation of other
policies, or policy formulation processes in other
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Fig. 3. The elements for the analysis of implementation structures.
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sectors/regulatory fields; they may overlap creating
synergies or incompatibilities with the policy goals,
instruments, schemes or actor-interaction arrange-
ments as compared to the policy program under
study; these may be local, regional, national or EU/
international policies;


J other contextual factors: such as economic, social,
political; they may as well influence the way the
implementation structure is shaped and the how
actors behave during the implementation process;
next to these, it may be important to look at the
influence that other actors—not formally included in
the implementation process but active in the opera-
tion environment of implementing actors—may have
on how public agents and/or private actors behave
with regard to policy implementation.

Next to these influences, policy-related factors and
contextual factors may also influence policy performance
directly, as represented in Fig. 2.


Numerous theoretical and empirical studies actually
focused on the direct impacts of policy-related factors and/
or contextual factors on various implementation performance
aspects. But often the intermediary links remain poorly
explored. The indirect impacts—those that imply shaping the
implementation structure’ features, and the actors’ beliefs,
interests, perceptions and interdependencies as intermediary
variables—have been less systematically addressed.


Based on the SCP framework, it is proposed to analyze
the implementation structure in terms of: (1) dimensions,
which include: financial structure, actor-function struc-
tures, discretion structure, decision-making mechanisms,
techno-resource structure and information structures; (2)
governance configuration: single level (single organization
or multiple organizations) or multi-level governance; and
(3) the degree of complexity of the implementation
structure: unique, nested, or parallel (adjacent) ‘micro-
implementation structures’ for various policy instruments,
and/or goals, and/or target groups. Both the aspects of
governance configuration and the complexity of imple-
mentation structures can be discussed from the perspective
of the impacts they have in terms of the resources, rules and
actors involved in implementation (the ‘dimension’ of
implementation structures). Fig. 3 presents the framework
for the analysis of implementation structures.


As regards the conduct of actors during the implementa-
tion process and their interaction, the implementation
literature has used so far a variety of terms: motivation,
beliefs, attitude, perception, interests, goals, stimuli.


Most often terms are not clearly defined, so as concepts
and findings can be compared, and they are easily used
interchangeably. For this reason, a need was felt to look
into social psychology literature, which offers a good point
of departure for the conceptualization of actor conduct.
Drawing on this, it appears to be useful to differentiate
between two concepts pertaining to actors’ conduct:
‘motivation’ to act and ‘behavior’ (the later being here

considered as the synonym for conduct). In order to
underpin the conduct of implementing actors, the aspects
of goals (being pursued or faced with), attitudes regarding
required actions/tasks, and self-efficacy perceptions are
simultaneously important, and can be organized under the
concept of motivation.
In socio-psychology literature, the consequents of


behavior are still highly debated. What is though largely
accepted is that behavior cannot be directly inferred from
motivation (Gazzaniga and Heatherton, 2003). The struc-
ture of the situation in which the individual acts, the
(potential) behavior of other actors present in the opera-
tion environment, the expectations regarding how other
actors would evaluate his behavior, the material conditions
in the action environment—all influence the behavioral
choice of an actor. Therefore in the SCP framework it is
considered that the consequents of behavior are: actor’s
motivation, features of the implementation structure, and
the relevant actors present in the operation environment.
These ideas are represented in Fig. 4, for an example of
implementation activity where three actors interact, influ-
encing implementation performance.
As regards policy performance and indicators to


measure it, the observation O’Toole made in 1986 about
a lack of focus in the implementation research field is still
valid (O’Toole, 1986, p. 198). Many indicators have been
used and many others are conceivable. A framework type
of thinking should propose a typology of criteria. This
would allow studies to be more easily compared. An un-
transparent/poorly defined treatment of policy perfor-
mances also contributes to the unsatisfactory performance
of research studies themselves in terms of the quality of
policy recommendations made available to practitioners.
The Structure–Conduct–Performance framework pro-


poses to differentiate among four aspects of performance
that correspond to the way practitioners typically look at
policy results:

�

 the likelihood of implementation;


�

 the extent of implementation: how many goals of the


policy programs were achieved (or at least tackled); and/
or how many policy instruments and schemes were
implemented; and/or how many target groups were
already included in the process; and/or how many
implementation plans/strategies were adopted/imple-
mented when the policy programs require the elabora-
tion of such tools etc;
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Fig. 4. A conceptual model of actors’ conduct in the SCP framework.
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�

 the timing of implementation: often policies include
deadlines when certain actions/operations must be
fulfilled or must start to be fulfilled (e.g. access of
citizen to environmental information);


�

 the adequacy of implementation needs to be studied in


the sense of how the decisions made reflect the initial
policy intentions, as far as they are identifiable.


Depending on the policy analyzed, various aspects of
performance may be more or less interesting for empirical
research. Having in view the features and policy require-
ments of MJA2, and the space limitations for this article,
we consider useful to focus in this paper on the aspects of
timing and extent of policy implementation.


4. Explaining implementation performance for MJA2—an


early assessment


This section discusses the MJA2 implementation process
based on information collected from involved actors by
means of written questionnaires and three in-depth work-
shops. (de Bruijn et al., 2004). The information gathered
was projected in the Structure–Conduct–Performance
framework of analysis in order to highlight the role of
policy design as compared to contextual factors, emergent
implementation structures features, and actor conduct on
the policy performances observed so far.


4.1. Policy output—the timing of Energy Saving Plans’


approval


Two groups of factors were identified as generating
frequent delays in many industrial branches in ESP
approval by municipalities. A first group that affected
some non-compliant municipalities, could be pointed as
originating in some shortcomings in policy design, with
implications for the actor-functions and type of discretion
dimensions of the implementation structure. The former
facilitated the emergence of a negative motivation of
many municipalities and target group members regarding

implementation (the attitude aspect of motivation—see
Fig. 4). The latter enabled the negatively motivated
municipalities to adopt a non-complaint conduct during
implementation, hence to transform their behavioral
propensity into action. A second group of factors identi-
fied as causing delays in ESP approval for some
municipalities lie at the level of the information structure,
which directly affected this performance aspect of MJA2
implementation.
These relationships are represented in Fig. 5 and


explained below. It should be mentioned however that
there were municipalities that complied timely with this
policy output requirement. But among the large number of
those who did not comply, some pointed towards reasons
related to policy design, others towards reasons related to
the information basis available and still others to both
groups of factors.
In order to understand the consequences of short-


comings in policy design for negative motivation by
municipalities and non-compliant behavior it is necessary
to understand the actor-function structure that policy
design has put in place. In the analysis of actor-function
structures is useful to distinguish theoretically between:
(a) actors directly involved in making various kinds of


decisions or accomplishing tasks that can be seen for
example as steps towards/in an implementation strategy or
a more concrete implementation plan; examples here:
filling in the gaps of policy design (specifying policy
goals/instruments/schemes), giving various kinds of ap-
provals or permits;
(b) actors that are in one way or another behind the


actors involved in decision-making or accomplishing core
implementation tasks, through some sort of activities such
as: giving guidance or formal/informal advise, elaborating
proposals, functioning as a discussion platform, lobbying
(various sorts of stakeholders), acting as moderator in
policy negotiations, verifying information provided by
others, monitoring various aspects of implementation
(Bressers et al., 1994, p. 9);
(c) actors that are members of the target group, and
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Fig. 5. Explaining the late approval by municipalities of company-ESPs5. In Figs. 5–7 the sign (�) indicates either negative motivation or shortcomings/


obstacles at the level of the factor it accompanies.
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(d) actors that hold resources or have competences
relevant for implementation, but who are not included in
the process—by policy design intention or by lack of
awareness at the level of policy makers; these resources/
competences may be relevant only for target group actions
or only for public implementers’ action or for both.


The role of municipalities in the implementation process
is as follows. Based on the Environmental Management
Law, municipalities have the responsibility to prescribe
energy efficiency performances in the environmental
permits issued to companies in their area. The measures
to achieve this and the actions to monitor results are
elaborated in an ESP, which municipalities have the unique
competence to approve. Hence, while implementing the
Environmental Management Law, municipalities also
contribute to the implementation of MJA2, even when
they do not sign the agreement formally.


However, as a new element in the design of MJA2 is that
municipalities may also actively participate in the MJA2
and sign the agreement on a voluntary basis. This gives the
possibility to municipalities that have ambitious local
environmental and/or energy policies to conclude agree-
ments with more local companies to implement measures in
the framework of the ‘expansion themes’ policy instrument.
These measures would be then included in the ESP as
voluntary actions. Consequently, municipalities may take
two positions in the MJA implementation process:

�


3SenterNovem checks companies’ ESPs based on several criteria such as

municipalities that have voluntarily joined the MJA2
can be seen as actors type (a), since they have the unique
competence to approve ESP plans and give environ-
mental permits to companies, while being formally also
parties to the MJA2 agreement;

adequacy and completeness, as regards the inclusion of the ‘economic

�


measures’ identified in each sector, in each plan. It also checks if ESPs


corresponds to ALARA principle: ‘‘as low as reasonably achievable’’.


These need to be approved by municipalities who may add require


additional measures. Source: www.mja.novem.nl

municipalities that choose not to sign the MJA2 can be
seen as actors type (d), since they have a key role in
MJA2 implementation, but are not signatories to the
MJA2 agreement.

Further, based on policy design, the Independent
Expert, which was identified as the agency SenterNovem
of the Ministry of Economic Affairs, also plays an
important role in the ESP elaboration, as actor type (b).
SenterNovem fulfils the following tasks:


�

 support for companies for the elaboration of the ESPs;


�

 advice municipalities regarding the approval of ESPs3;


�

 design technical instruments useful for companies in the


practical implementation of ESPs;


�

 disseminate information (brochures, organization of


seminars/workshops); and


�

 assist any participant (public or private) to implement


MJA2 tasks and commitments.
Consequently, SenterNovem facilitates the achievement
of MJA2 policy outputs and policy outcomes, by means
of contributing to the information structure underlying
the actions of various actors.
Based on the Environmental Management Law, muni-
cipalities have the responsibility to prescribe energy
efficiency performances in the environmental permits
issued to companies in their area. The measures to
achieve this and the actions to monitor results are
elaborated in ESP. However, the actor interactions
giving raise to the prescription of these measures are
questioned in practice and to some extent unclear in the
policy design rules governing the action of municipa-
lities. This regards the role of the independent expert
SenterNovem in the process. Although designed as actor
type (b), SenterNovem is perceived as having de facto
competences of actor type (a)—having the ‘last word’
regarding which measures to be included in ESPs. This



http://www.mja.novem.nl
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potential/perceived partial overlap of competences with
municipalities is at the core of a negative attitude of
many municipalities towards ESP approval, as sug-
gested in Fig. 5.
For example, the information leaflet of SenterNovem
for MJA2 participants explains that the permit giver:


�

 approves the definitive ESP, for which it has to take into


account the advice of Novem; only in exceptional
situations is the permit giver expected to deviate from
this advice;


�

 revises the environmental permit from the perspective of


the measures included in the ESP, which may lead—only
exceptionally—to small changes in the environmental
permit;


�

 in the framework of its monitoring activities, it may


control the implementation in companies of measures
included in ESPs.


At the same time, in the joint information leaflet of the
Ministry of Economic Affairs (EZ) and the Ministry of
Agriculture, Nature Management and Fisheries (LNV) it is
mentioned that the MJA2 companies will develop ESP in
consultation with the municipalities and that the latter may
benefit of the advice of SenterNovem. In the two leaflets
there is a clear difference of nuance regarding the
importance of SenterNovem advice, which appears stron-
ger in the SenterNovem leaflet, while in the ministerial
leaflet the consultation with municipalities during ESP-
draft elaboration appears important as well. In practice the
consultation with municipalities starts often after the draft-
ESP was agreed upon through dialog between companies
and SenterNovem. This led to a negative motivation
towards ESP approval by many municipalities. They must
respond within 6 weeks to a draft-ESP and send reactions
to both the company and SenterNovem. The timeline to
respond to the final ESP version is also six weeks.
However, in practice many municipalities do not respond
to the draft-ESP.


Delays in ESP approval are in some cases also caused by
delays by companies in submitting the draft ESP. Regula-
tions entitle municipalities to insert additional requirements
based on an ‘‘integral consideration with regard to other
environmental aspects’’, which SenterNovem does not have
the competence to do. This may be further integrated with
other aspects such as water quality, in agreement with
the water permit giver. However, companies resist the full
in-depth revision of ESPs and the addition of measures by
municipalities, arguing that the same work is done twice
which keeps human resources unreasonably long occupied.
This also led to a negative motivation towards the
elaboration of the final ESP version, and the practical ESP
implementation by many companies.


Further, policy design facilitates the manifestation of the
negative motivation of municipalities into noncompliant
behavior, by not envisaging sanctions or alternative
provisions in case ESPs are not assessed/approved in time.
As stakeholders argued during MJA2 evaluation work-

shops, policy design should regulate that when the permit
giver fails to respond in time to a proposed ESP, the ESP
should be considered approved through administrative
silence when the deadline expires. Under the current
general regulatory framework the discretion enjoyed by
municipalities is large. No other actors—ministries or the
Association of Dutch Municipalities VNG—have the
competence to impose municipalities when and how to
carry out their tasks.
Therefore delays in ESP approval—as policy output—


can be explained, on the one hand, at the level of policy
design with regard to how the implementation structure’
aspects of actor functions and type of discretion were
regulated. The former lead to negative motivation by quite
numerous municipalities and companies, while the later
enabled the negative motivation of municipalities to be ‘put
in practice’ and be transposed in non-compliant conduct.
On the other hand, delays in ESP approval have to do in
some cases with the information available to municipali-
ties. Even some municipalities who are positively motivated
towards timely ESP approval, experienced information
shortages causing delays in their actions. It was argued that
many municipalities lack the expertise to fulfill the task of
ESP assessment in an integrated manner (hence beyond the
scope of SenterNovem advice) in the local context.


4.2. Policy outcome–practical implementation of Energy


Saving Plans


Two factors have been identified as causing delays and/
or incomplete practical implementation of ESP measures:
the non-compliant conduct of municipalities, and the
economic context in which companies operate. The
conduct of municipalities in the process of ESP approval
has been identified as having negative impacts on the
attitude of many target group companies regarding when
and how to proceed with the practical implementation of
ESP measures, especially those regarding the expansion
theme. Firstly, the way municipalities implement the policy
for environmental permits for companies that are not part
of the MJA2 is viewed as inadequate by many MJA2-
participants. Municipalities have the responsibility to
create a regulatory framework of requirements for non-
MJA2-companies that is equivalent comparable to the ESP
approval and reporting. But the way municipalities
respond to this task is seen as not sufficiently demanding,
having in view the efforts made by MJA2-companies. The
criticism is that the environmental permits of non-MJA2-
companies are dominated by commitments to research
what measures may be taken instead of concrete measures
for energy efficiency. Secondly, municipalities are blamed
in many cases to be too passive towards MJA2-companies.
As explained above long delays were registered in the
response of municipalities for the draft-ESPs of MJA2
companies. Both these aspects work negatively on the
motivation of many target group members to implement
some measures, especially the expansion theme measures
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Fig. 6. Common and specific factors explaining the late and incomplete practical implementation.
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which are in any case not applicable to non-MJA2-
companies—hence incomplete implementation. For other
companies, these are reasons not to implement measures
within the 4 year time horizon for which the ESP was
elaborated.


In addition, for some companies, negative motivation is
also related to the fact that the implementation of technical
measures is not promoting the achievement of ‘own goals’.
Some companies do not see the economic advantage—
improved market position or improved image for clients/
partners—by implementing some measures, especially
those under the ‘expansion theme’ which are more complex
and expensive. Companies need to be convinced that the
more expensive innovations saving energy have also a
market potential. Some companies are world leaders in
production or export and these aspects are crucial for their
choice of technical measures. These influences are traced
with continuous arrows in Fig. 6.


The following paragraphs expand on the practical
implementation for each of the three instruments envisaged
in MJA2: energy saving measures, energy management
system and expansion theme measures—and point out
several other factors contributing to the observed perfor-
mance that are specific for each instruments. The factors
that have affected only one of the three instruments in
implementation are shown with dashed arrows in Fig. 6.


4.2.1. Practical implementation of energy efficiency


measures


They are generally most extensively and timely imple-
mented of all three instruments but, still, some obstacles
have been reported in some sectors.


Firstly, EU regulations affect the way companies in some
sectors are able to implement key technical measures. For
example in the cooling and freezing industry a recent EU

regulation banned the use of certain freezing substances.
This implies that companies have to change by 2008 the
current technologies and machines, hence they cannot
invest in new more energy-efficient technologies using
substances that will be banned, because by 2008 that
investment would not have been recovered (taking into
account the condition of 5 year investment recovery time).
A second bottleneck is at the level of information


structure. Some sectors are more advanced in the range of
energy-efficiency measures applied, while others are lagging
behind still searching for solutions. The latter may learn
from the former, a process that may be facilitated through
more supportive action from actors group (b) having the
task to facilitate information-flows. Therefore in the case of
energy efficiency measures some contextual factors (im-
plementation of other policies) and information structure
related factors add to the picture of factors contributing to
late and/or incomplete practical implementation.


4.2.2. Practical implementation of the Energy Management


System


Companies consider that the manual issued to guide
them in choosing and implementing energy management
measures is too general on the one hand and too detailed
on the other. Some companies have difficulties in finding a
good match between the checklist of measures in the
manual and the company’s technologies and processes.
Others lack the expertise to understand the requirements
and find/implement technical measures, and need more
support from an organization such as SenterNovem. And
for the smaller companies it proves to be difficult to live up
to the detailed requirements, simply because of a misfit
with their business practices. Where the manual is built on
a rather bureaucratic perspective on companies, smaller
companies find it difficult to create a fit with their largely







ARTICLE IN PRESS
V. Dinica et al. / Energy Policy 35 (2007) 1196–1212 1207

informal (but maybe very effective!) way of doing business.
For some companies, timely and full practical implementa-
tion is also affected by a negative attitude with regard to
the policy instrument choice—that is the inclusion of the
energy management system and reporting in the MJA2, as
explained above. Consequently, the explanatory factors lie
at the level of the information structure put in place during
implementation (some inadequacies on certain content-
wise informational aspects), and policy design with regard
to the information structure (required detailed reporting
by all company types), with negative consequences for the
motivation of target groups. But also aspects of techno-
resource structure contribute to delays in practical im-
plementation. Company workers need to be educated to
pay attention to energy consumption and the machines
need to be endowed with consumption metering devices.


4.2.3. Practical implementation of expansion theme


measures


A series of factors were identified as causing delays in the
implementation of expansion theme measures, as well as
the limited number of measures applied by companies.
Firstly, interactions with other domestic/EU regulations
(see Fig. 2) affect the techno-resource infrastructure for
MJA2 implementation, and motivation of MJA2 compa-
nies in some industrial branches. For example, regulations
in the field of wastes—definition, applications—make the
recycling of products in some sectors (e.g. carpets) difficult.
Using certain wastes for certain secondary industrial
processes is legally considered as dumping instead of
recycling. Besides, the regulations governing activities in
the transport sector also form often an obstacle in the
cooperation among companies for ‘logistic and transport’
measures. These obstacles are crucial to overcome, as
companies facing such difficulties consider that ‘extension
themes’ hold at least half of the energy saving potential in
their sector.


Secondly, contextual factors of economic and technolo-
gical nature (see Fig. 2) influence target group motivation
regarding the timing and extent of measures’ implementa-
tion. Developments in—or expectations regarding—energy
prices on the national and international markets often
influence the technical choice of measures. As energy prices
increase, some technical measures that are currently
considered not economical or not sufficiently attractive
may become interesting options. This is the experience of
many companies that implemented MJA1. The same
argument holds for the innovation factor: the expectation
that technology will improve and new more efficient
measures and technologies will later become available
on the market. And more in general, strong economic
growth will spur innovation. Most of the improvements
that in MJA1 were realized during the last years when
there was strong economic growth. Economic growth not
only creates more room for investments but also leads
to more up-to-date technologies being developed and
implemented.

Thirdly, the availability of information also affects
practical implementation of expansion theme’ measures.
Companies indicated that the technical complexity of such
measures is high and this requires cooperation for knowl-
edge transfer across and within industrial sectors. In spite
of the efforts of SenterNovem to develop an adequate
information structure to facilitate company action, in 2004
many companies were still missing important information
regarding what expansion theme measures actually mean
and how they can be designed and implemented.
Fourthly implementation requires the cooperation and


support of various actors in the ‘own environment’ of
target group companies. In some cases they are clients of
companies, in others they are also companies in MJA2
target group (often involved in the same production chain),
and in still others there are companies located in the
physical proximity of target group companies (as in the
case of measures for sustainable industrial terrains). But
there are also cases when there are actors such as financing
agents, energy utilities and various hybrid/new types of
actors whose involvement affects the implementation
performance, while not being included in the implementa-
tion structure formally—hence actor type (d). For example,
some companies argue that without consumer’s education,
the substantial adoption of energy-efficient technologies/
products is unlikely. The current ‘throw-away mentality’
and the aggressive marketing of new products with
incremental functional improvements works against the
promotion of more sustainable technologies/products.
Further, for the implementation of certain measures such
as the use of waste heat in industrial terrains, efforts by
target group companies are not sufficient. The cooperation
with actors in ‘own physical environment’ is required as
well as the techno-economic availability of infrastructures
for heat delivery. New actors need to be set up, such as a
new type of utility, or a project broker, which have waste
heat delivery as core business. They need to be willing/able
to take the associated business risks—considered as high by
companies having in view the (seasonal and daily)
discontinuity of waste heat supply, and able to finance
the infrastructure, which may be very expensive. Because
they will not emerge spontaneously—governmental sup-
port is necessary to set them up and define their roles.
Although not envisaged as implementation actors in MJA2
design, the success of using waste heat depends on such
actors—group [d] actors—that need to be set up. This
points therefore to another policy design shortage.
Fifthly, the techno-resource infrastructure was signaled


as an obstacle for other types of expansion-theme measures
as well, such as sustainable products. When companies
have the entire production chain of a product in hands—
production of materials, construction, withdrawal of used
products—they are in a better position to design more
sustainable products, as they have all technical specifica-
tions in hands and a better overview of the entire product
chain. But for companies that make many types of
products for different types of applications and companies,







ARTICLE IN PRESS
V. Dinica et al. / Energy Policy 35 (2007) 1196–12121208

this is more difficult. Here comes also the question of
counting/attributing energy efficiency improvements: are
they calculated for the producers or for the users of more
energy-efficient products?


4.3. Factors positively contributing to MJA2


implementation


The above two sections explained obstacles for timely
and/or full-extent implementation of one MJA2 policy
output and policy outcomes. However, based on the SCP
framework of thinking a series of factors have been
identified as positively contributing to the policy perfor-
mance so far, as there have been also compliant
municipalities and companies that fulfilled their require-
ments up to the expectations. These factors may serve as
policy lessons for other countries or implementation
processes of comparable policy programs.


Firstly, there have been positive effects of the choice for
the decision-making mechanisms used at some implemen-
tation stages:

�

 for the proposal for the Multi-annual Plan of each
sector: ‘negotiated agreement’ among companies and
authorities regarding the sector;


�

 for the final version of each Multi-annual Plan, and the


quantified policy goal of MJA2 for energy efficiency
improvement: approval by ‘hierarchical decision’ by
competent ministry, but preceded by a proposal from
branch-organization, and by advice from and consulta-
tion with the independent expert SenterNovem.


The emphasis on negotiation and consultations for these
policy outputs, and the bottom-up formulation of the
quantified policy goal for energy efficiency contributed to
increase policy acceptance—and hence motivation among a
wide range of implementing actors.


Secondly, the governmental participation to the finan-
cing structure for some policy outputs also contributed to
positive motivation by many implementing actors. In the
MJA document, the government pledged to cover the costs
for the work of the independent expert SenterNovem and
the consultations of the sector representatives (the MJA2
Platform), and for the evaluation of MJA2 agreement. All
costs for the technical implementation of ESP measures
and provisions (policy outcome) are exclusively born by
individual companies. However a series of subsidy pro-
grams and services are available through SenterNovem, of
which companies that qualify to criteria may benefit. The
costs for the elaboration of ESPs (policy output) are jointly
incurred by the relevant ministry and the company
undertaking it.


Thirdly, the independent expert SenterNovem has played
a key role in the developing of a good information
structure. Although some aspects of its work were set
under criticism by some target group members, more
than two thirds of the interviewed implementing actors

described its informational support as positive while the
rest were neutral.
Fourthly, the implementation structure of MJA2 can be


described as relatively simple as there are basically the same
actors and institutional arrangements for the implementa-
tion of all three instruments while the policy program has
only one goal. Further, the implementation structure was
not broken down per type of target groups or technical
measures to be implemented, which would have compli-
cated actor interactions in the process. The problem related
to the approval of ESP explained in Section 4.1 should be
rather pointed to confusing messages regarding actors’
roles rather than a complex multi-actor structure. Hence
a relatively simple implementation structure has been a
positive aspect of the MJA2 policy program.
Based on the analysis made in this section of the factors


affecting the implementation and performance under
MJA2 so far, a series of policy lessons and recommenda-
tions emerge. These are discussed in Section 5, which
concludes this paper.


4.4. Reflection on main findings from a


Structure–Conduct–Performance perspective on


implementation


Empirical research suggested that the adoption and
sustained application of energy saving production techni-
ques and management practices is clearly stimulated by the
use of this policy strategy. This however does not preclude
that the implementation encounters a series of obstacles
originating in the design of the voluntary instrument,
several contextual factors and some aspects of the
implementation structure. They influenced in some
cases—directly or indirectly—the conduct of target group
members, while in other cases they affect directly policy
performance. In this section we concentrate on the
obstacles and possible ways to overcome them. Some
controversial policy design aspects affected the implemen-
tation of all three instruments of the voluntary agree-
ment—energy efficiency, energy management system, and
expansion themes.
Firstly, they have affected important features of the


implementation structure–‘actor functions’ (roles in imple-
mentation) and the type of discretion for permit givers. This
has had negative consequences for the conduct of munici-
palities leading to delays in the approval of ESP plans. And
this was further propagated as lowered incentive for
behavioral change at target group level: many companies
either slowed down their pace and started being late in ESP
elaboration or the adjustment of ESP-drafts, or proceeded
late with the practical application of the required measures
and/or applied only some of the measures.
Further, it appears that policy design has been so far


incomplete as regards the actors to be involved and the
institutional arrangements for the ‘expansion theme’
measures. The target group indicated that the government
needs either to be directly involved—or to facilitate the set
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up of specialized companies—to take on the business risks
associated with investments for expansion theme measures,
especially those that assume very long periods of investment
cost recovery and high investment risks. To implement
measures in the category ‘sustainable industrial estates’ and
‘optimization of transport, logistic and chains’ target group
members depend on the collaboration of other companies in
their business environment that have not been included as
possible signatories of the voluntary agreement, as well as
the involvement of some new hybrid actors that may play
the role of brokers between the various actors that need to
be involved in these innovative measures.


Next to these several contextual factors were also
identified: negative interaction with the implementation
of other policies–at EU and domestic level, and a series of
economic and technology development concerns of target
group members in some industrial branches. As a general
observation is that they did not affect the policy output
studied, but were important in affecting the policy
outcome. Some affected the motivation of target group
members to implement some measures, especially those in
the expansion theme instrument. Others affected the
capability of positively motivated companies to apply
measures, e.g. by placing constraints on the technological-
resource infrastructure that would have to support the
implementation of some expansion theme measures.


But implementation action is influenced not only by
policy design features and contextual factors. In the
implementation process the blank spaces left over by
policy design are being filled in through policy-making
activities defining further/in more detail who does what,
when, how, with what means and so on. This specifies the
remaining details for the implementation structure within
which the follow up activities have to unfold. Empirical
research indicated that the information structure aspect of
this that emerged during implementation has had direct
negative impacts on performance for both ESP approval
and practical implementation. A shortage of information
was experienced by both (some) permit givers and (some)
target group members. Positively motivated target group
members had difficulties in putting measures into practice
due to informational shortages. The main actors that have
been indicated as potentially relieving the informational
bottlenecks have been the Independent Expert SenterNo-
vem and the Association of Dutch Municipalities (VNG).


The following policy lessons could be formulated for
streamlining the implementation of voluntary agreements:

�

 Clarify the actor functions in the implementation
process through policy design or follow up implementa-
tion plans so that the actors perform de-facto functions
that have been clearly stated in the previously issued
documents guiding the implementation process. The
implementation of voluntary instruments relies heavily
on the positive motivation of implementing actors.
Overlap and vagueness around competences and re-
sponsibilities is a classical implementation problem, and

it can bring the implementation of voluntary instru-
ments to a standstill as they will de-motivate actors to
engage in the process. In the particular case of MJA2
recommendations emerging from empirical research are:
J to consider ESP plans proposed by companies as


approved after a six week period of administrative
silence from local municipalities, or


J to hold municipalities (in practice) accountable to the
competent ministry for the approvals given for ESPs.

�

 Design discretion structures that are adequate for the
actor-functions put in place, i.e. the roles and respon-
sibilities of each actor in the process. A voluntary
instrument counts on the voluntary participation by the
target group but the participation of public implement-
ing actors is typically taken for granted. The MJA2
places a ‘stick behind the door’ in case companies fail to
implement their MJA2 commitments. In case a com-
pany fails to practically implement the agreement, the
competent minister may cancel the participation of that
company in MJA2. In collaboration with the local
municipality, the ministry could then in principle
sharpen the measures included in the energy paragraph
of the environmental permit of the company. But in
practice there are no regulations bordering the discre-
tion of the permit givers—the municipalities. Actors
type (a) (see Section 1.3) should be submitted to a type
of discretion based on which they have internal sources
responsibility (as they are assumed to have better
knowledge of local contexts and company circumstances
to approve the permits) and strong accountability to a
higher public authority. John Burke (1990) proposed a
discretion typology, as reproduced (with adaptation) in
Table 2. He differentiates among four types of discre-
tion: formal-legal (strong accountability; external re-
sponsibility); professional (strong accountability;
internal responsibility); fragmented (weak accountabil-
ity; external responsibility); and personal-vision (weak
accountability; internal responsibility). In a voluntary
instrument, the type of discretion that an actor type [a]
should rather have is a ‘professional type of discretion’.
The Dutch municipalities appear to enjoy in the MJA2
implementation process a type IV of discretion labeled
by Burke as ‘personal political and moral views’.


�

 Map the main actors needed for implementation in the


policy design phase and formally invite all of them to
join the voluntary agreement. All actors whose compe-
tences and/or resources constitute preconditions for
implementation feasibility and success should be in-
volved formally in the policy program–even if this is a
voluntary instrument. Counting on the voluntary active
participation to the implementation of a voluntary
instrument may be too large a leap of faith, as this case
study suggested–with a lack of interest from participa-
tion from the municipalities that did not formally join
the MJA2 agreement. Table 2 about here.


�

 Ensure the information structure is apt to support all


types of implementing actors fulfill their roles and
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Table 2


A typology of implementers’ discretion developed by John Burke (1990, p. 137)


Accountability/responsibility External sources of responsibility (little


discretion)


Internal sources of responsibility (internal


norms for policy implementation)


Strong I. Formal–legal II. Professional


Weak III. Fragmented implementation IV. Personal political and moral views
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commitments. Both process-wise and content-wise
information need be made available timely and fully.
In the particular case of MJA2 the information structure
can be improved on the one hand through renewed
efforts of the Independent Expert SenterNovem, such as
a simplification of technical manuals for the Energy
Management System, more awareness raising and
technical information regarding options to implement
expansion theme measures, and helping local munici-
palities to improve their technical expertise to improve
their competences in assessing the energy efficiency,
measures proposed by companies. But on the other
hand target group members apparently also have a great
deal to learn from each other, which could happen
through new institutional arrangements facilitating their
informational exchange. This could also lead to the
identification of new measures that implemented jointly
may help more target group members comply with their
commitments. Through its position as a ‘spider in the
web’, SenterNovem could play the role of broker for
such interactions.


�

 Support the target group and create opportunities for


adaptive implementation when there are negative inter-
actions with the implementation of other policies—EU/
International or domestic.


5. Conclusions and final reflections


This paper investigated the implementation processes
and performances so far of a voluntary agreement for
energy-efficiency targeted at Dutch industrial small- and
medium-size companies—the MJA2. Such an investigation
was considered important in order to understand the value
of this instrument and its qualitative contribution to
reaching a series of relevant goals in economic, energy,
environmental, climate change, and energy policy areas.


The analysis suggests that MJA2 has a positive role in
the implementation of the Environmental Management
Law (WM), which had a poor track-record of implementa-
tion before the voluntary agreement on energy-efficiency
was introduced. Although local governments cause some
delays in the approval of the ESP of companies—which
contain process-efficiency measures that simultaneously
constitute the energy-paragraph of environmental permits,
it could be argued that the implementation of the energy
relevant provisions in the Environmental Management
Law has improved under MJA2. But our research
indicates, that in order to further improve implementation,

some aspects pertaining to the information structure,
actor-function structure and type of discretion of munici-
palities need to be changed to streamline the implementa-
tion process (see Section 4.1). The practical implementation
of this category of measures stumbles across insufficient
information on options available, and the implementation
of other policy instruments—specifically some EU regula-
tions. Consequently, MJA2 brings an added value for the
achievement of environmental policy goals, but a series of
institutional constraints need to be relieved, as suggested in
detail Section 4.
From the standpoint of the target group expenses for


compliance, it could be argued that MJA2 offers cost
advantages. A quantitative investigation of the precise
payback-time for the compulsory measures that have a
maximum pay-back time of 5 years has not be required so
far neither by the government nor by the industry. Given
the wide diversity of types of industrial sectors and
companies, and the specific circumstances of many
entrepreneurs, there are doubts regarding the usefulness
of such an overview. But even in the absence of
quantitative data there are clear advantages in implement-
ing such measures under the MJA2, as compared to other
policy instruments . The pay-back time for a company can
be seen as made up of two elements: (a) costs for the
technical/organizational solutions to improve efficiency,
and (b) transaction costs under the policy instrument. It
could be argued that costs for (a) are independent of the
policy instrument under which it is selected and imple-
mented because there are technology/organizational-
change/human-resource costs that need to be made to
physically achieve the targeted efficiency. From economic
theory standpoint, the company will adopt the cheapest
technology. But the crucial assumption here is that it
knows what is cheapest—the information availability
assumption. Therefore the question is: does the policy
instrument play a role in the level of costs (a)? Under
‘classical-design’ direct regulations (here MJA is linked to
the environmental law), tax instruments and trade systems,
the company is more likely to have to do the searching on
its own. Under the MJA2 model our observation is that
there is a large exchange of information among companies
and support from sector platforms. These interactions
are more likely to result in finding indeed the cheapest
most appropriate technology. Therefore, the costs for
the technological options themselves are positively
influenced under MJA2—but only indirectly. Companies
that responded to questionnaires declared themselves to
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significant extent satisfied with the informational exchange
and guidelines offered by the agency SenterNovem and by
the sector platform and information exchange systems. In
spite of some criticism on several aspects of the informa-
tion structure, the support obtained in searching for and
identifying the most appropriate technological answers for
each company is superior compared to the scenario of
individual action. As regards transaction costs, this can be
assumed to be again lower under MJA2 because the
searching costs are ‘subcontracted’ to the industrial sector
platform. Because of economies of scale, these costs are
lower under the arrangement organized for MJA2,
compared to other instrument types.


However, based on the research done so far, this
question cannot be answered quantitatively. As the main
focus of our study has been a macro-level analysis of
instrument implementation and how it fits in the policy
context and multiple goals envisaged, it would be useful
that further research complements this approach through
a company-level investigation of the costs for MJA2
compliance.


A further question regards whether MJA2 also con-
tributes to the energy and climate policy goals, by means of
the energy-savings realized and emissions avoided.
Although it has not been the objective of this paper to
quantify these contributions, it could be safely stated that
the contribution is small, at least in the short-medium term.


MJA2 is just one instrument in a large energy policy
package aiming at security of supply. The political priority
for improving the Dutch security of energy supply is by
means of: energy-efficiency improvements by all types of
energy consumers, renewable energy promotion, clean-coal
technologies and—the intensively debated nuclear energy
which is again on the government’s agenda of open
options. Although small- and medium-size companies
constitute just one group in the many energy consumer-
groups, a target of only 1.3% efficiency-improvement per
year is not really ambitious. Having in view that the
contribution of MJA2-companies in the total energy
consumption is 12%, there is still a large gap between the
efficiency improvement target level and the energy con-
sumption share. However, it can be argued that given the
inclusion of expansion-theme measures, MJA2 is slowly
but-surely preparing the target group for a future when
higher efficiency-improvements can be achieved annually.
Hence, strategically, the MJA2 contribution could be
important, which is a positive contribution of this
instrument also to innovation policy and—in the long
term—also economic policy for improved competitiveness
position.


A similar argument can be made regarding MJA2
contribution to the complex climate policy package. Again,
small- and medium-size companies are just one of the many
target groups and the priority is to cut emissions from
energy-intensive industries. The quantified contribution of
MJA2 to the Kyoto goal has not been assessed by any
stakeholder so far, and the government appears to have

little interest in doing so, in spite of some suggestions from
companies. This could be because the government expects
that more substantial emission reductions by this target
group will raise on the priority list at a latter time, and then
a quantified assessment will be useful. So far the improve-
ments generated in the implementation of the energy
paragraph of the environmental law are regarded with
optimism.
Until now MJA2 has stimulated a series of target group


members to implement changes in their energy consump-
tion and management patterns, which can be viewed
as a good beginning for future more ambitious energy
efficiency and climate goals for these companies. Based on
written questionnaires most companies considered the
voluntary agreement a valuable instrument and declared
themselves committed to continue working in its frame-
work. But a series of improvements are necessary both in
policy design and in the operational implementation
structures to enable a more widespread and sustained
behavioral change of the target group companies towards
energy saving.
Our analysis, therefore, points at the great importance of


the implementation process for the effectiveness of
covenants (and policy instruments in general). We have
pointed out in Section 4.4 some crucial aspects of the
design of the implementation process. Nevertheless, we
should not overlook the content of the MJA2 itself.
Evaluation studies of other covenants that we have
completed recently, point out that ambitious covenants
yield more results. Moreover, covenants need to be firmly
embedded in a context of firm policies. Although covenants
are often labeled as voluntary instruments, it is obvious
that sustained transformation of production and manage-
ment patterns towards significant energy efficiency will
need severe pressure. If the motivation for the target group
for going forward is strong enough, these problems will be
overcome. As explained earlier in this paper, MJA2 now
holds no generic goal but is build on the assessment of
what is feasible in specific sectors of industry.
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Introduction


• Energy expenses are significant part of company
expenses


• Reduction of energy expenses and improving energy
efficiency:


• Improving load profile


• Shaving power peaks (transmission costs)


• Improving driver’s practice to improve energy
efficiency (specific consumption)


• Improving energy efficiency over all


• Reducing CO2 emissions







Energy efficiency


• Energy for traction (~90%)


• Monitoring:


• power peaks at the converter stations to have
influence on time table (particularly on steep
grade lines)


• consumption of electricity and diesel fuel
onboard locomotives


• energy for heating/cooling the trains


• Other energy (~10%)


• Environmental Dept. and Infrastructure
management







Results


kWh/kBRTKM (Passenger & Cargo)
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Approach...


• Energy problems - everyone should be aware of


• Articles in internal magazine


• Intranet web pages


• Monitoring should be presented to drivers very carefully


• Trade Unions are very important...!!!


• Traffic administration should know about their influence on
energy consumption


• Infrastructure management


• propositions for improvements on tracks/catenary


• track maintenance


• Company management should be informed and supportive. Top
management should be connection point to the Government.







Lectures, discussions, meetings, trainings


• Drivers
• lectures, discussions


• trainings with drivers-instructors


• printed material


• Traffic management
• organized teaching lectures for


railway traffic technologists


• Infrastructure
• several meetings with heads of


different departments for
infrastructure improvements


• Top management
• Constant information for Board of


directors


• G4 meeting







Approach - drivers


• Lectures about the best practice during regular schooling
process


• Possibility for drivers to be able to check and compare
their consumption profile with the best one on intranet


• Practical training with driver-instructor


• New generations of drivers to be taught about energy
efficient driving. Knowledge acquired through EED/TRAINER
project will be used in manuals.







Publications


• We prepared additional printed
material - not only official
leaflet!


• Articles in internal magazine
(Nova Proga)


• All the publications and articles
are available on Intranet pages
of Traction Department


• Publications related to drivers
activities available on drivers
Union web page


• Pay attention on UIC
brochure...!!!







TRAINER - how to improve driver’s practise


• Three simple rules (punctuality
counts...!)


• Let it roll


• Avoid speed peaks


• Find right moment to switch
off traction


• Some other rules described in
TRAINER video







Energy efficient driving - different practice


This line results best practise







Results
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• Simulator


• Web access


• DMI - helpful for the driver


Future plans...







Attention!


Saving the energy is never ending
process!!!








Branislav Krigovský
Project manager
ZSSK CARGO


Best practices


- ZSSK CARGO Training Program


TRAINER Final
Conference


September 25th 2009







• Introduction


• Reasons for realization and its objectives


• Development and realization of training program


• Feedback


• Results, next steps


• Experiences







Introduction


• ZSSK CARGO - freight transport operator


• Its founder and 100% shareholder is the Slovak Republic


• Transported volume: 44,525 mil. tons


• Railway market share: cca 95%


• The mission - to provide reliable, safe, ecological and costs
friendly rail freight transport services focused on needs and
requests of our customers.


• Our vision - to be a dynamic, progressive and generally respected
transportation company with a stable transportation market share







Reasons for realization


• Possibility to manage a part of standard education by our own
staff


• Possibility of optimize consumption, costs


• Participation in TRAINER


Objectives


• Design and preparation the Training Program (TP) (target
groups, form, contents, realization plan)


• Preparation of the lectors for TP implementation


• Implementation of the Training Program


• Evaluation of the Training Program and feedback


• Upgrading of the Training Program







Development and realization of training program


Target groups:
• Train drivers of ZSSK CARGO
• Employees of Operations division


Form:
• Part of the standard education
• Training of drivers:


1. Theoretical part (2 hours)
2. Practical part – in a locomotive cabin


• Training of operational (management) employees - theoretical training
(2 hours)


Training personal:
• Training of drivers – instructors of the drivers
• Training of dispatchers – members of TRAINER team and employees


of energy dispatching centre







Realization of training programme


Training program for train drivers


• Number of trained drivers: 1.800


• Realization: July – December 2008


Contents:


• Outputs of the TRAINER project


• Internal guidelines concerning energy-efficiency driving


• Comparison of different driving strategies and their impact on
energy efficiency


• Discussion about possibility of implementation of energy
efficient driving







Realization of training programme


Training of operation division employees


• Number of trained people: 80
• Realization: November 2008


Contests:


• Outputs of TRAINER project
• Outputs of measuring consumption on the electric locomotives
• Possible instruments to improve efficiency:


 planning, time - tabling
 train formation
 cooperation with infrastructure manager


• Discussion about possibilities of implementation of measures into
practice







Feedback


• Questionnaires distributed to train drivers


• Number of questionnaires


• distributed: 1 300


• answered: 1 257


• Objectives – to get information about:


• knowledge and using of eco-driving instruments


• interest of the drivers to participate in project of energy
consumption measuring


• information about contents and quality of presentation


• inputs for improvement of the training







Feedback
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Results


• Most drivers showed satisfaction with received information


• Suggestion to input more data from the real operations


• Improvement of the equipment in some training rooms


Next steps


• Elaboration of new analyses, update of training program


• Finding new solutions to make training more attractive







Gathered experiences


• Special team to prepare, realize and evaluate training program


• Knowing the audience (right attitude, and style of training)


• Interesting and attractive presentation


• Pay attention to real operations


• Introduce possibilities of energy efficiency improvement


• Discussion about presented analyses


• Use of instructing video


• Evaluation and upgrade of the training program


• Long-term process


• Development of evaluation system of training implementation
into practice







Thank you for your attention


e-mail: krigovsky.branislav@zscargo.sk
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Mr. Paul Offerman







DidacticDidactic skillsskills


Didactics =


“education science”


or


“the art of teaching”


Paul Offerman







•Learning is a process during which more or less
permanent behavioural changes or potential behavioural
changes occur under the influence of experiences.


•Teaching-learning situation = the situation in which the
educational/mentoring activities take place.


•For example: do we use a train, a simulator, a
classroom, e-learning or combinations thereof during
training.


Components are:
- learning content
- learning activity
- didactic working methods


DidacticDidactic skillsskills







Seven didactic key questions


1. What do I want to achieve in this part (at this stage) of
the learning process of this/these student(s)?
- did I set proper goals and have they been verified by management?


2. At what point should I commence the learning process?
- is the train driver experienced or inexperienced?


3. Which learning content or subject should I offer to close
the gap between the objectives and the initial situation?
- have the train drivers been prepared on the subject of eco-driving?
- how much resistance should I expect?


DidacticDidactic skillsskills







Seven didactic key questions


4. Which learning activities do(es) the student(s) have to
complete to process the learning content and therefore
realise the objective(s)?
- do we need a demo drive with the train?
- can I give them material for self-study?


5. As an instructor/mentor, what can I do to influence the
learning process of students, or in other words: which
didactic working method should I use?
- which position should I take?
- am I the instructor, sounding board, inspector, or all of those?


DidacticDidactic skillsskills







Seven didactic key questions


6. Teaching/learning tools
- do I develop teaching/learning tools myself?
- can I use existing tools?
- which trains are suited for training purposes?


7. How do we verify that we have achieved what we wanted
and whether we achieved this in the best possible way?
- is there any equipment available to measure energy use?
- am I able to measure the actual use of fuel and power?
- if not, which data can I use to demonstrate the effect of


eco-driving?


DidacticDidactic skillsskills







DidacticDidactic analysis manalysis modelodel
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Establish training objectives first


1. This allows for proper preparations.


2. It creates clarity for all participants.


3. Evaluation and assessment can be thoroughly
preplanned and prepared and will be less random.


4. Training can take place in an efficient manner.


DidacticDidactic skillsskills







Clear training objectives


5. Stimulates proper build-up of the entire training course.


6. Defining objectives increases awareness.


7. Defining objectives can boost motivation.


8. The objectives’ feasibility becomes more apparent.


9. Clearly defined objectives provide material for final testing.


DidacticDidactic skillsskills







Types of objectives


Training objectives:
- Open objectives
- Closed objectives


Order of learning objectives:
- Cognitive area
- Skills area - affective area


DidacticDidactic skillsskills







Didactic working methods / learning activity


- Lecture format
- Discussion format
- Assignment format


DidacticDidactic skillsskills







Lesson implementation


- Learning plan
- Teacher manual or Training scenario
- Subject matter


DidacticDidactic skillsskills







Stages in the role as mentor/trainer


Motivator Demonstrator Mentor Corrector


Motivation stage Demo stage Mentor stage Correction stage


Student is listening Student is
watching


Autonomous
work


Mentor explains
“what’, “why”,
“how”


Mentor
demonstrates


Mentor coaches
student while
student is
working
autonomously


Mentor corrects
students while
student is
working
autonomously


Auditory Visual Motor Ratio/emotion


DidacticDidactic skillsskills







Teaching / learning tools


• Tool selection based on:
• Suitability
• Level of difficulty
• Cost/Budget
• Availability


DidacticDidactic skillsskills







BehaviourBehaviour


capablestand


know want


changing
behaviour


persevere do







ChangingChanging BehaviourBehaviour







ChangingChanging BehaviourBehaviour


Desired behaviour takes time and sustained attention







Dealing with OppositionDealing with Opposition


Never ignore opposition


• Use opposition


• Park opposition


• Isolate opposition


• Process opposition







Investment versus resultsInvestment versus results


Provide support to all actions


• Always develop a realistic plan first, including time and
cost planning.


• Involve the supervisor prior to action.


• Involve the target group from the beginning
(e.g. train drivers).







Thank you for your attention
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Introduction


Jan Hoogakker
Programme Manager
Energy Efficient Driving


NS Reizigers
Department of Rolling Stock
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Reduction possibilities traction energy NS


tractie vs facilitair


verdeling elektriciteitsgebruik


snelheid maken


constante snelheid


stoppen/station


verwarming


airco


hulpsystemen
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Energyconsumption NS


NSR 85% of € 115 mio


Poort, NedTrain, ProRail


accelerate


drive


Three most important proces parameters:


1. Occupancy rate (reduce scheduled
trains)


2. Energy Efficient Driving


3. Reduce unplanned stops


…and energy efficient trains







Expert estimates energy efficiency NS Reizigers


1. Increase occupancy rate 5-10%
2. Energy Efficient Driving 5%
3. Reduce unscheduled stops; RouteLint 2,5%
4. New and existing fleet 5%
5. Energy saving on parked trains 0 – 5%
6. Energy Infrastructure 0 – 5%
More or less 25% potential energysaving!
For a 2% per year target.


Management committement alone brings for 5%.







Top management committment


During the first half of 2009 we had:
- A workshop with the new CEO of NS
- A presentation with the Operations Management Team of NS


Reizigers
- Several workshops/meetings with second level management


(young executives) on sustainability


This resulted in:
- An energy efficiency target as strategic compancy target
- Acceptance of a proces/chain approach of Energy Efficiency
- A task force of managers of drivers, planning, traffic


management to speed up our energy saving activities


But most importantly it confirmed what we all know:
‘Bottom up brings you only so far. Without top down committement


any project in your organisation is definitely going to fail’.







Audit
In 2007 the Corporate Audit Departement of NS audited the
attitude of traindrivers towards energy efficient driving


conclusions:
- 91% tries to drive energy efficient
- 71% knows all possibilities for energy efficient driving
- 60% uses all these possiblities
- 70% say it is a very important part of the job
- 71% hardly ever talks with collegues/boss about energy


efficient driving
- 39% would like support/advice from an onboard computer


An expert group dit a test on a track between Amsterdam
and Rotterdam and drove 10 - 20% more energy efficient
than average.







Our approach
bottom up through a driver expert team


Energy Efficient Driving


‘awareness’ trains
communication computers
education MIS


‘long term sustainability’
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drivers
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Insights gained into ecodriving


• Ecodriving is a choice! (awareness, acceptance, action,
retaining)


• Training programme must cover both technical (‘tips and tricks
on ecodriving’ ‘mmi interface instruction) and behavioral change
aspects (change management).
� 30% of all trains arrive to early
� Myth: ecodriving and punctuality cannot be combined


• Ecodriving must be made attractive
• By continuous attention ecodriving must become part of the


craftsmanship of a train driver
• Providing feedback on (individual) ecodriving results is essential


for lasting results � metering







Learning concept: situational awareness


Safety rules


Situation
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Training programmes


Target groups


Train drivers
Operational


Management
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Developing Training Programmes


Energy Efficient
Driving and
Working


Learn session
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TRAINER training modules developed


Top management1st level mgmtSustainable
management


XXXEnergy efficient driving
of electric trains


XXEnergy efficient driving
of diesel trains


XXEnergy efficiency during
parking


XRoute knowledge
(module 14)


XDriving
(module 5)


XBreaking (module 12)


XEnergy efficient parking
en preparation


Group learningGroup learningIndividual
learning


Basic driver modulesEZR modules


Working within context
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Trainsimulator training







Energy efficient driving – the UZI method







Energy efficient driving – driver timetable







Wireless link Routelint information


Wifi Link at a modem and
external power from a cradle


Wireless by UMTS


Central computer
ProRail


Modem in the train







Working Routelint


Routesetting steps


Delay (minutes)


Information inherent
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other trains
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Routesetting
train


Trains in front route







RouteLint Game
supports EED







The effect of using Routelint (1)


Punctuality/Path adherence:
• Getting back on path, also when rescheduled
• Not getting too far ahead of their path (LOSING ENERGY!)


Energy savings:
• Using timetable margins to start coasting earlier
• Anticipating conflicts by coasting and waiting for


improvement of signal
• Quicker switch off and break-in the traction


Trust
• Even in the undisturbed situation RouteLint will give the


traindriver the certainty that he will encounter no other trains,
that he can switch his traction off and easily be on schedule







BEA Online
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Feedback for drivers
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Questions?








Implementation
experiences
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POSITIVE RESPONSES RAISED
DURING THE TRAINING


The interest in the environmental issues
shouldn’t be neglected, limiting the information
for Instructors/drivers to the most driving
technical information, but it is fruitful and
motivating also to stimulate the “cultural”
aspect of the energy efficient driving, by
exposing them data and figures about the CO2
and pollutants possible reduction related to the
driving style







POSITIVE RESPONSES RAISED
DURING THE TRAINING


It is very helpful for the communication
towards drivers to give some clear and
practical example of what their contribution
for the energy saving can be. To say to a
driver that with a good single brake he can
save 40kWh is less convincing that telling him
that with that energy it is possible to light a
40W lamp, 24 for hours, for about one and a
half month.







POSITIVE RESPONSES RAISED
DURING THE TRAINING


During the training session it is recommended
not to overload the drivers with a lot of
didactical material, running the risk of
establishing a “one way” communication. Better
results can be obtained with a more open
teaching approach based on letting emerge
the experience and the personal skills of the
drivers.







POSITIVE RESPONSES RAISED
DURING THE TRAINING


Concentrate efforts on those drivers that
can save more energy:


 drivers that normally work on the most
energy demanding trains (heavy cargo,
double floor commuters trains around big
cities etc.)


 drivers that work in Regions with mountains,
where the consumption is high in up hill
driving and coasting is more practicable in
down hill driving







POSITIVE RESPONSES RAISED
DURING THE TRAINING


A clear message from the Top Management
about its commitment to the energy efficient
driving can lead to immediate results in the
energy savings.


It is particularly important to keep the
Management informed about the results of
the training programmes on order to maintain
its support during time







POSITIVE RESPONSES RAISED
DURING THE TRAINING


Also the cooperation between different
department of the same Company can have
a positive effect. The training scheme, its
periodic revision, the evaluation of the results
etc., should be part of the Quality Management
System (ISO 9001) of the Company







PROBLEMS EMERGED DURING THE
TRAINING


In general it has emerged a certain
scepticism about the possibility of putting
into practice the energy efficient driving
techniques, as if there was a wide gap
between “theory” and “real operation”. This gap
must be reduced by proposing divers to
analyse and debate real circulation
circumstances.







PROBLEMS EMERGED DURING THE
TRAINING


Another thing that was perceived as in conflict
with the efficient driving was its possible
interference with the main priority that
Railway companies have: punctuality. In this
case it is important to make clear during the
drivers training that the efficient driving
techniques must be put into practise only when
the train is running on schedule or in advance







PROBLEMS EMERGED DURING THE
TRAINING


The attitude of the Infrastructure Manager
can be perceived as an obstacle by the
drivers. Dispatchers are not used to think in
terms of energy efficiency and they might not
pay attention to the necessity of optimising the
average speed on the lines and, in particular,
on the congested nodes around the big cities.
Therefore it is important to involve, from the
beginning, also the IM in the energy efficient
driving strategy.







PROBLEMS EMERGED DURING THE
TRAINING


The organization of training sessions is a
cost for the company and an organizational
effort. To save money and time it can be a
solution to arrange the energy efficient driving
training within the typical periodical training the
drivers follow for normative and technical
innovation during the year.








By Bryan Donnelly


ATOC


25/09/09
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Size of the Pie
 Parked train is a


 Stabled train or


 Waiting longer than 15 minutes at a station or


 Sat in sidings idling


 Trainer Project identified


 10% of Energy consumed is by parked trains


 50% of this could be saved







Process


Figure 1. Process – Management Principles for Energy Efficiency: applied to
parked trains. (Derived from Process Power People)


Some targets and objectives should be set for management of
parked trains


Some targets and objectives should be set for management of
parked trains


Roles and responsibilities should be definedRoles and responsibilities should be defined


Management should ensure staff are educated on the potential
benefits sought and why and that they are trained in the


techniques to deliver these savings


Management should ensure staff are educated on the potential
benefits sought and why and that they are trained in the


techniques to deliver these savings


KPIs should be set for the energy consumption of parked trains
and the sub systems that contribute to this consumption and


these should be monitored by management


KPIs should be set for the energy consumption of parked trains
and the sub systems that contribute to this consumption and


these should be monitored by management


These processes must then be embedded into the business
process of the operator


These processes must then be embedded into the business
process of the operator


Energy saving improvements can then be planned, performed
and reviewed using the KPIs mentioned above


Energy saving improvements can then be planned, performed
and reviewed using the KPIs mentioned above


High level policy should be set to manage parked trainsHigh level policy should be set to manage parked trains


UIC Document


Process,


Power,


People







Practical Measures







Better Insulation
 Most vehicles contain this
 Some more than others
 Some train operators citing different U


factors kW/m2K
 Can be implemented during overhaul
 Ensure good seals on windows and doors


Est. saving 20% of HVAC energy
consumption (parked or not)


Recommendation: UIC leaflet to specify U
value for trains


http://www.insulation-guide.com/save-with-insulation.html







LED Lighting
 3-13Watts LED vs 75-100Watts Bulb


 Last up to ten times longer


 Can be dimmed


 Reduce heating load for HVAC to deal with


Not cost efficient as a one off fleet fitment but


can be done ‘fit on fail’


http://www.earthtechproducts.com/energy-saving-led-light-bulbs.html







Window Films
 3M claim 35% of heat can be reflected


 UV protection up to 99%


 Could be supplied with anti scratch properties


 Pendolinos fitted in the UK


Not cost efficient as a one off fleet fitment but


can be supplied pre fitted to the Glass pain ‘fit on fail’


http://solutions.3m.com/wps/portal/3M/en_US/WF/3MWindowFilms/







Triple Glazing
 According to Thermotech insulates ~60% better


Not cost efficient as a one off fleet fitment but


Can ‘fit on fail’


http://www.thermotechfiberglass.com/WhyTripleGlazed.htm







Varying HVAC Settings annually
 Higher interior temperature in Summer


 Lower interior temperature in Winter


 No figures but logical saving and easy to do


 Theory is people wear more clothes in Winter


 and less in summer


No
Chance!







Passive







Closing Doors and Windows
 Windows and


Doors







Manually Isolating HVAC


 Savings based on type of HVAC equipment and
duration of standby







Engine shutdown
 Test Cycle F reveals engines


spend ~60% of their time
idling


 Possible to reduce by
switching off engines on
parked trains


 Savings based on engine type
and no of engines shut down







Active







Door Auto Close
Recommendation: UIC


leaflet to specify U value
for trains







Ancillary systems shutdown
 Can ancillary systems be shut down?


Recommendation: UIC leaflet to specify U value for
trains







Auto stabling mode
 Able to remotely switch on HVAC, Lighting, etc


 Could be automated based on timetable


 Reliability/Availability benefits from knowing
condition of train











Conclusions
 Energy Savings are possible


 At low cost and


 With additional benefits


 Some can be done now but


 Some are better done during overhaul or


 New train Procurement







Recommendations
 Operators to develop a high level policy using steps


outlined in Process, Power, People


 Techniques shown today should be considered using
this framework


 UIC to develop Insulation standards


 Clear instructions to staff on what equipment to
manually isolate, When and How


 CEN to standardise Auto close


 Rail Sector to consider an EN specifying Auto Stable
functionality into new trains
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1. Learning Programme TRAINER project  
 
1.1. Introduction 
 
In this document, the design has been developed for a TRAINER Learning 
Programme. The document will be presented to the partners of the Netherlands 
Railways participating in the TRAINER project for their feedback. 
Any modifications of and changes to the design can be implemented at a later 
stage.  
A sounding board group consisting of train drivers and managers from various 
transporters in the Netherlands provided the input for this design. All members 
have been active for some time within their own organisations in setting up 
energy-efficient programmes. 
 
1.2 TRAINER Learning Programme  
 
We have learned from past experience that, to initiate a successful energy-saving 
programme, a full 'Energiespaar' (Energy Saving) programme (WP2) has to be 
set up, which includes aspects such as technological development, assets 
(meters), management systems and remuneration systems.  
In a programme of this kind, there is an important role in terms of the change 
and development of employee behaviour and skills in order to be able to ensure 
the efficient management of energy within the rail industry.  
The TRAINER Learning Programme aims to develop and transfer knowledge, 
whereby communication (PR), feedback loops, encouragement and collaboration 
have a huge influence on the learning programme and the achievement of the 
EED objectives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this document, the Design of a TRAINER programme has been developed into 
a practical programme.  
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2 Learning concept: Situation awareness/learning 
 
In order to be able to develop a learning concept to encompass energy-efficient 
driving, it is useful to scope out the images/ideas experienced by train drivers on 
the railway. In addition, it is important to indicate the processes that influence or 
could influence energy-efficient working. 
 


• Being able to drive energy-efficiently is actually down to a choice made by 
the train driver. He bases his choice on the situation and the 
circumstances in which he finds himself at that moment while driving.In 
order to be able to make a choice, the train driver needs to have 
developed his knowledge and skills in a number of areas of knowledge.  


• There is a myth among the train drivers that energy-efficient driving and 
punctuality do not go hand in hand. 


• By constantly paying attention to this, EED will become part of the 
expertise.  


• A learning module for experienced train drivers has to target the 
application of various areas of knowledge (equipment, route knowledge 
and safety) and not only target one specific area of knowledge. 


• A train driver has to be open to new ideas and influences and want to see 
beyond his own train or company. 


• 30% of the trains in the Netherlands arrive too early and, therefore, drive 
too fast. 


• It is necessary to give feedback on the results of energy-efficient driving in 
order to meet the objectives 


• In addition, the context, interests of the organisation, play a significant 
role in the behaviour that is ultimately desired. 


• The management of an organisation has to support the awareness and 
inclusion of EED in realistic and challenging long-range plans.  


• EED has to be viewed as a collective assignment for the train driver and 
the organisation. A bonus remuneration system has been experienced to 
be a positive incentive. 


• In order to achieve EED throughout the various European rail carriers, the 
programme has to link in with the different corporate cultures: EED 
necessitates a change process. 


• However, with just minimum changes, a great result can still be achieved 
by taking advantage of the train driver's awareness.  


 
2.2 Train driver becomes "situation aware" 
 
Situation awareness is a psychological concept that has been used for some time 
in work sectors, including aviation, defence and the fire brigade.  
 
 
 
 
 
 
 
 
In summary, it amounts to a person analysing a certain situation, translating the 
information in his brain and then adjusting his actions so that he can adequately 
capitalise on that situation. 
 
In such a way, ‘Maintaining Route Knowledge' by the train driver has, until now, 
been seen as something statistical, that is to say; having ready detailed 
knowledge of a route. ‘Where are the signals, where are the bridges situated, 


Definition  
Situation awareness is the observance of elements in the environment within a 
certain time and space, then giving a meaning to that observation and projecting 
that meaning on future events.  
 
 







what are points of interest and hazardous points, etc.' However, it emerged from 
English research into learning routes (RSSB, 2005) that learning routes is not a 
statistical process but is in fact totally dynamic. While driving, the train driver 
combines his (infra)knowledge with the various environmental factors which could 
influence his driving performance at that time.  
A practical example: 
Close to a certain railway track is a Unilever factory. Train drivers who have 
driven that route for a longer period of time know that, at a certain time, should 
there be a rising mist or rain with wind from a certain direction, the greasy 
substances emitted by the factory settle on the railway.  
At that moment, the train driver will make a choice based on his experience and 
knowledge and he will adjust his driving performance accordingly. 
   
2.3 Psychological learning loop  
The cognitive (thought) process that forms the basis for this principle is founded 
on the psychological model of Endsley of the situation awareness and the 
dynamic decision model (a model that is used to analyse human error) and on the 
Wickens (1992) information-processing model. 
Together, these two models provide the following SA model: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Fig. 2 Cognitive thought and learning model 


Influence of individual and external factors  
Internal and external factors exert a large influence on that cognitive thought 
process. English researchers have extensively researched these factors for a train 
driver and have mapped these out (RSSB, 2005). Thereafter, the external and 
individual factors that influence the performance of the train driver were added to 
the situation awareness model (Biemans, 2006)  
This involved the following influential internal and external factors: 
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Figure 2: Overview of the influential internal and external factors.  
 
 
Past psychological research has shown that experts make decisions based on past 
experiences (Naturalistic Decision Making, Zsambo & Klein, 1997). This theory 
studies the decision behaviour of experts, who work individually or in groups, 
within environments with a lot of (and sometimes conflicting) information.  
The conclusion drawn from that research is that, in general, experts assess a 
situation and then evaluate whether they have experienced that situation before. 
Then, from their memory they select an action that they took at the time and 
which led to success for them (mental model).  
 
The theoretical model creates a good starting point for the design of ‘a learning 
programme’ but, in order to be developed, has first of all to be translated into 
practical terms. The fact is that the model says nothing about the intrinsic 
interpretation of the profession of the train driver.  
In order to be able to design a learning programme, it is therefore important to 
first of all scope out the current and future duties of a train driver and 
maintenance staff and how you should organise the "learning" so that, ultimately, 
the performance of the experts will be improved.  
 
2.4 The work of the train driver 
 
In the table below, shown diagrammatically with circles, is what the train driver 
has to know and do in order to be able to carry out his duties properly (result of 
task analysis) and how the knowledge fields are linked to one another. All actions 
and knowledge required by the train driver in order to be able to carry out his 
work properly can be divided into three fields/areas of knowledge: 


• Rules and regulations & Safety  
(established procedures, regulations, agreements and personal and 
system safety); 


• Route knowledge (signals, points, level crossings, overhead wires, 
hazardous points); 


• Driving & Braking  
(Equipment knowledge, braking and driving, timetable, actions); 


Outside stimulus 
Outside world 
Inside world 
Cab stimulus  


Adjusting the speed 
Departing 
Stopping 
Communication 


Braking 
Accelerating 
Easing on the brakes 
Easing/Stopping 
acceleration 


Operating Speech 
Communication 


Operating Silent 
Communication 
Operation of other 
equipment 


Other people 
Type of employment 
Layout of the workplace 


Suitability 
Concentration 
Attitude 
Driving experience 


Age 
Physical health 
Psychological status 
Stress 


Mental models / 
cognitive maps 
Recall of Knowledge 


Workload 
Gender 
Personality 
Experience of Route 


External 
Factors 


Action 


Individual 
Factors 


Decision 







 
All of those duties are carried out by the train driver in a certain working 
environment (context) that consists of: 


• The culture (written and unwritten rules) 
• Method of communication (internal and external)  
• Within the area of work, how collaboration is carried out (duties and 


competences, sequences, dependencies, who may do what in which 
situation, collaboration); 


 
Acting in a situation-aware manner can be deemed to be on the cutting face of 
these areas of knowledge 
 


 
     Fig.4 The SA learning model 


 
2.5 Learning levels 
 
When we translate this model to learning, three learning levels can be distinguished: 
 


1. Development of knowledge & skills:  
With this, learning specifically targets the development of (new) knowledge 
and skills in order to be able to carry out a specific task: learning to apply 
safety regulations, driving with the equipment and the development of route 
knowledge. Learning the route, as well as learning the infrastructure (points, 
etc.), engineering works, etc., also have to be targeted to ‘fixed predictable 
factors’ that influence or, under certain circumstances, could influence the 
driving performance.  
A train driver can drive a train excellently when he has mastered all areas of 
knowledge. However, this still doesn't yet make him a 'good driver’.  


 
2. Application of knowledge & skills: 


You only become a ‘really experienced' expert if you carry out your everyday 
duties well and you can anticipate the circumstances that will influence that 
work. Those are mainly factors that can arise unexpectedly. Diagrammatically, 
the situation awareness can be deemed to be on the cutting face of all of 
those areas. After all, you have to have all sorts of knowledge available to you 







at the same time and to carry out actions simultaneously in order to be able to 
respond and act properly.  


 
3. Finally, also distinguished within the expertise is the train driver, who also 


takes into account the context (culture, customer, method of communication, 
method of collaboration with third parties to which he is exposed). He is able 
to anticipate (organisation or social) changes by consciously adapting the way 
that he works or his behaviour 
Explanation. 
In a comparable situation, a goods-train driver will make different decisions to 
those made by a driver of a passenger train. At a set of points with a 
permitted track section speed of 60 km/h, the driver of the passenger train 
could, just for certainty, opt to drive through the points at a speed of 40 km/h.  
The goods-train driver, however, will not wish to lose speed (energy) and opts 
to go through the points at 50 or 60 km/h. 
Clear differences can also be seen between drivers of domestic and 
international transport (Master Plan of the Railway Research, 2005).  


 
 
 







3 From Concept to Design 
 
 
3.1 Target groups 
The learning programme to develop an energy-saving strategy at Railway 
Companies and to promote energy-efficient driving, will focus on the following 
target groups: 
 


• Train drivers (trainees and experienced) 
• Station personnel (shunters and cleaning personnel) 
• Operational Management 


Based on our knowledge within the area of learning and development, a fourth 
group has also be added to this, which is: 


• Supervisors (staff) (added as a result of the design). 
 
A training programme should be introduced for all of these target groups, central 
to which is energy-efficient driving and working. The aim is, in 2008, to start to 
train these groups (see the project objectives) 
 
 


 
 
 
The learning concept of situation learning has been developed for the largest and 
most important target group for the transporters - the train drivers. The concept 
can also be used for the other target groups. Other areas of knowledge are 
applicable to this. 
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3.2 Didactic Points of Departure in the Design of the Learning Programme 
 
The learning concept of situation learning can be translated in different ways 
according to the design of the training. 
Because training is given within different ways in the various transport 
companies, a decision was made to assume didactic principles that are used by 
the Netherlands Railways in the Netherlands. 
The products of the design, educational tools, would, however, be of good use to 
the various European users after some intrinsic adjustment within their own 
Training and Change programmes. 
    
The Netherlands Railways' learning vision has been developed in the document 
‘The Compass’. In summary, that vision amounts to the following:  


• The learner himself is responsible for his own learning process. For that 
reason, learning interventions have been chosen that encourage this and 
that actively put the learner to work. 


• The learning programme has, as much as possible, to link in with or to be 
integrated in the working process. 


• The learner has to be given feedback on his own learning process and the 
effect of his (behavioural) change.  


• Learning from and with colleagues 
• Expertise and passion are the underlying values. 
• Putting the EED programme into practice within an organisation has to be 


a bottom-up process and aimed at the process of collaboration within and 
between different groups. 


• Insight and a choice of ‘EED’ strategy is required so that the learning 
products are linked in a targeted way.  


• A training programme has to be able to deal with the technical and the 
behavioural aspects that are required to be able to achieve energy-
efficient driving. 


 
 
3.3. The design  
 
Taking everything into consideration, the following learning design should be 
followed in order to develop Energy-efficient Driving in the user groups. The 
design is divided into individual learning and collective learning.  
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.  
3.4. Independent learning and development of Knowledge and Skills  
 
The participants work with clear learning objectives and work through various 
learning modules (a learning module is a small compact learning unit) and are 
supported in this by a coach. The participant himself is responsible for his leaning 
and for asking for help should the learning content be unclear. First of all, the 
participant and his coach will, together, take a look at what the participant has to 
learn (choice of module and accompanying assignments), they will plan how he 
will learn this, determine what has to be arranged for this to happen and when he 
will learn this. They will talk regularly about how the training is going, whether 
the learning objectives have been achieved and how to progress further. 
Allowing a participant to control his learning process is encouraged in this way. 
The coaching is attuned to those individual needs. 
 
3.4.1. Learning aimed at practical experience 
The work situation is a powerful learning situation. The starting point of a module 
is to look for opportunities and chances of learning while carrying out work based 
on workplace assignments. In the workplace assignments, knowledge, skills and 
the duties to be carried out have to be brought together as far as possible.  
 
Example: Learning while co-driving 
As soon as the train driver has picked up knowledge and acquired (limited) skills, 
he will start to apply these in practice. Central to this is gaining experience and 
sharing knowledge. During this period, the participant will often drive with a 
coach. This (workplace) coach observes his colleague and provides him with 
feedback based on observation forms which record, in particular, the skills and 
accompanying behavioural criteria.  
The (workplace) coach is responsible for the coaching of the participant and has 
been trained for this task. The (workplace) coach gives tips and feedback to his 
colleague about what he has observed during the drive. 
 


 
When learning cannot take place during work, alternative forms of learning (self-
tuition assignments, simulation cases, etc.) are offered which can be used to 
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learn at the workplace when not actually working, or with the aid of a digital 
learning platform.  
 
3.4.2.Reflection and giving feedback  
Many employees who work for the railway are "doers", while, if they would reflect 
on what they have done, this would make their training more complete and the 
personal performance would improve.  
Reflection is also important to prevent an experienced train driver threatening to 
develop a poor mental model because he no longer looks at his work critically and 
thus assumes that everything he does is correct. Being able to reflect properly 
and evaluating this is an advantage and allows the train drivers to capitalise 
properly on (new) driving and route situations. The train drivers work through 
assignments that support them in this.  
 
3.4.3 A module 
Dependent on the target group and the learning objectives that are formulated, a 
number of learning modules (small compact learning units) have been developed. 
Every module will have a structure that can be recognised by the users, which 
has been developed in accordance with a template.  
The learning package is aimed at self-tuition (the user can work on the subject 
himself at any time and can apply workplace learning to everyday experiences). 
The following subjects could be part of a package: 
 


• Background information (theory/strategy/background information, for 
example methods of EED) 


• Module information (learning objectives) 
• workplace assignments (max. 2) and/or 
• Self-tuition assignments (max. 2) 


 
Such a learning module can be offered in a very simple way and be dealt with 
when traditional training methods (i.e. traditional lessons and instruction) are still 
used within an organisation. In that case, the teacher would deal with the 
learning material during a lesson 
 
 
 
 
3.5 Development of Knowledge and Skills together with colleagues within 
the context  
 
As an organisation, in order to be bring EED to the market and, internally within 
an organisation, it is important that employees can learn from one another by 
exchanging knowledge and experiences with one another. The conventional 
traditional learning gives way to active themed learning sessions. Certain subjects 
can be dealt with in the form of interactive (task-oriented) work meetings. 


Workshop: Zoom in on practical situations 
The set-up of the Workshop can be compared, in terms of the way it works, with 
the setup of the self-tuition module: the unravelling of practical situations. A 
group of approximately 6 - 8 people are put to work on: 
− Going through practical situations and analysing these; 
− Looking for or activating knowledge; 
− Exchanging experiences; 
− Profiting from one another's insights. 
 







To make the meetings varied, surprising and attractive, we have developed a 
plan from which the coach himself can choose the most appropriate forms of 
work.To give an idea about activated forms of learning and work: 
− Working out dilemmas  
− The Upper House (discussion and argumentation) 
− (Video) analysis of practical situations (safety, punctuality versus EED) 
 
It is not always possible to take employees away from their work for a session. In 
that case, offer an e-portal (or a simple website) outcome, to encourage the 
exchange of knowledge and experiences across the organisation (consider the 
types of learning, discussion platform, consultant, intervision) 
 
3.6 Coaching  
 
This way of teaching and learning requires different roles and skills from the 
coaches: i.e. being able to coach, motivate, initiate and facilitate work 
sessions/workshops. 
  
The management facilitates the subject of EED in the form of short workshops 
during normal discussion and monitors and presents the results. 
This concerns items such as Management objectives, Energy Management 
Systems, etc. 
 
In order to be able to achieve this other way of learning within the various 
organisations, there is much more to this than an independent learning 
programme.  
For that reason, a learning package (tool kit) has been developed specifically for 
(operational) management, mentors or coaches, to be able to coach independent 
learning and introduce and develop EED within their own organisation. 
 
The individual coaching material consists of: 


• Information sheets (theory/strategy/background information) 
• Observation form(s) and if applicable 
     adjusted forms of coaching and learning  
• Sheets that have been developed for workplace and self-tuition 


assignments 
• If necessary, processing assignments (to be used during workshops and 


learning sessions) as an addition to individual learning and ‘checking’ 
means. 


 
The group-targeted support material consists of: 


• Information sheets (theory/strategy/background information) 
• Direction sheets (guideline for workshop programme and type of work) 
• If necessary, processing assignments 
  


 
  
 







4 Overview of Learning Programme 
 
 
TRAINER Learning Programme  
 
Global layout of the TRAINER Learning Programme in the Netherlands 
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uting to the EU Energy Efficiency and Energy Services Direc-
tive. A follow up project to expand the number of participating 
SMEs of various sectors is currently being developed.


Introduction	
Since the mid nineties the industrial share of final energy con-
sumption has been stabilised around 30 %. The enlargement of 
the EU to countries where energy intensity of the industry is 
still high together with the shift towards SMEs presents chal-
lenges for further reducing energy consumption. Implement-
ing “traditional” technological solutions can decrease energy 
consumption, but successful implementation of energy effi-
ciency in SMEs however does require a mix of technological 
and non-technological approaches (reference 1, 1998). 


In all the energy management activities that are carried out 
by public or private organisations, either at the level of associa-
tions, municipal, regional or national level, the requirements 
for target setting, monitoring of performance and results are 
becoming increasingly important. The classic “If you can’t 
measure it – don’t do it” is a management saying with a lot of 
sense. Energy monitoring and benchmarking are in fact critical 
success factors to all other activities that are related to energy 
efficiency measures. It is well known that many companies are 
reluctant to focus on energy management or to invest in energy 
efficiency measures. In SMEs this is particularly true: the re-
sources that are made available for improving energy perform-
ance are limited, and unless one can show an acceptable return, 
there will always be a large number of alternative uses for these 
resources. In this respect in SMEs there are still many opportu-
nities for improvement and there are many good examples that 
prove that the right approach to enhance energy efficiency can 
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Abstract	
Many companies are reluctant to focus on energy management 
or to invest in energy efficiency measures. Nevertheless, there 
are many good examples proving that the right approach to im-
plementing energy efficiency can very well be combined with 
the business-priorities of most companies. SMEs in particular 
can benefit from a facilitated European approach because they 
normally have a lack of resources and time to invest in energy 
efficiency. In the EU supported pilot project BESS, 60 SMEs 
from 11 European countries of the food & drink industries 
successfully tested a package of interactive instruments which 
offers such a facilitated approach. A number of pilot companies 
show a profit increase of 3 up to 10 %. The package includes a 
user-friendly and web based E-learning scheme for implement-
ing energy management as well as a benchmarking module for 
company specific comparison of energy performance indica-
tors. Moreover, it has several practical and tested tools to sup-
port the cycle of continuous improvement of energy efficiency 
in the company such as checklists, sector specific measure lists, 
templates for auditing and energy conservation plans. An im-
portant feature and also a key trigger for companies is the pos-
sibility for SMEs to benchmark anonymously their energy situ-
ation against others of the same sector. SMEs can participate 
in a unique web based benchmarking system to interactively 
benchmark in a way which fully guarantees confidentiality and 
safety of company data. Furthermore, the available data can 
contribute to a bottom-up approach to support the objectives of 
(national) monitoring and targeting and thereby also contrib-
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very well be combined with the priorities of companies like cost 
effectiveness and product quality.


Today, although SMEs are responsible for a large part of the 
energy use in Europe, most information and tools relevant to 
realise energy-efficiency in SMEs, are scattered: there is no 
integrated approach towards an energy efficiency tool pack-
age especially tailored for the needs of SMEs. Fewer resources 
are needed when all relevant information and tools that have 
shown good practice are available for immediate use. If on top 
the benefits for the individual SME are directly visible then im-
plementation of energy management systems in SMEs and thus 
the allocation of resources to improve energy performance will 
be assured. 


Therefore the BESS project was started in January 2005 fo-
cussing especially on SMEs so they can benefit from a Euro-
pean facilitated approach and minimize the resources and time 
to look for these best practices which are relevant for their sec-
tor. Though the BESS project aims at all industrial sectors the 
food and drink industry was chosen for the pilot phase. This 
leading industrial sector with over € 600 billion of production 
and € 145 billion of added value consists almost of SMEs only. 
This sector has a very positive and pro-active attitude towards 
improving environmental issues and is well organised on the 
international level. The confederation of the food and drink 
industries in the EU (CIAA) has cooperated with the BESS 
project from the very beginning. 


An important trigger for companies to assess energy efficien-
cy improvement possibilities is the availability to compare their 
own energy efficiency with as many similar companies from 
the sector as possible. It is important however to overcome 
the barriers experienced in previous benchmarking schemes 
(reference 2, 2003). Flint et al. (reference 3, 2005) describe the 
positive experiences with programmes to improve energy man-
agement and with the Norwegian benchmarking scheme. This 
paper describes the recent activities and the results of the BESS 
project.


Goals,	activities	and	the	organisation	of	the	
project
The primary project objective was to further develop and pro-
mote the widespread application of benchmarking and energy 
management in order to improve energy efficiency in industrial 
SMEs, with particular focus on the food and drink industry. 
Participants from 11 countries including 7 old and 3 new EU 
member countries and Norway insure a broad base for the 
project and insure access to specific knowledge of energy man-
agement issues. 


A further objective is the development of a sustainable ap-
proach to the application of innovative solutions, thereby in-
suring the continued relevance of energy efficiency and energy 
management to SMEs. This, with a view to the improved com-
petitiveness of European industry on the world market, by way 
of reduced production costs, reduced energy intensity and a 
measurable contribution to Kyoto commitments.


To achieve the project objectives the project focused on the 
development of an interactive tool promoting a systematic and 
persistent approach to energy management and benchmarking 
(jointly with sector associations). 


The tool consists of an energy management implementation 
model and standards for adoption of energy management mea-
sures covering a selection of appropriate measures, implemen-
tation and day-to-day management, an E-learning scheme and 
a monitoring and benchmarking system for the food & drink 
industry.


The project was carried out by a European consortium of 
energy agencies/institutions in cooperation with national and 
international SMEs and sector associations and others. It con-
tained a pre-study to choose the best practices in energy man-
agement and benchmarking and the development the interre-
lated package of pilot tools. In 11 pilot countries the tools were 
tested in 60 SMEs including a comparative analysis of energy 
monitoring and anonymous benchmarking and a targeted dis-
semination of results with support from the food & drink as-
sociations. 


The consortium consists of partners from the Netherlands 
(SenterNovem), Norway (NEPAS and BEKK), Greece (CRES), 
Finland (Motiva), Slovenia (JSI), Bulgaria SOFENA), Ireland 
(SEI), Sweden STEM), Spain (IDEA), Lithuania (LEI) and Aus-
tria (AEA). In every participating country the consortium es-
tablished a National Pilot Co-ordination Group which consists 
of the national representative from the consortium, a national 
industrial association from the selected sector, representatives 
from the participating companies and a consultant (if needed). 
Each pilot is acting as data collection point and as testing en-
vironment. 


Description	of	the	tools	developed	in	the	project
Actual preparations for developing the tools started in the first 
half year of 2005. The work was based on the results of the 
pre-study. Reports were made on Energy management, Bench-
marking, E-learning and the concept of the interrelated pack-
age of instruments and can be downloaded from the project 
website. 


In 2006 the work regarding the elaboration of the package 
of tools and instruments for the pilot was concluded (see the 
chapter ”Overview of BESS tools”). 


The interrelation of the instruments is expressed in Figure 1. 
The development of the tools took more time than the original 
planning because of a too high ambition to facilitate the pi-
lot companies and to find an optimal coherence between the 
tools... 


The	enerGy	mAnAGemenT	(em)	supporTInG	Tools


how	to	implement	the	Bess	energy	management	Implementation	
model	(emIm)
The timing of implementing the BESS EMIM begins with the 
first (start-up) phase, consisting of preparation of business case, 
self-assessment and project implementation plan. It continues 
with energy policy definition and setting up the team and ap-
pointing the coordinator (energy manager). The energy audit is 
executed together with definition of legislative framework. 


Based on findings from previous phases, an action plan is 
prepared, defining roles and responsibilities. There are tools 
for energy accounting, measures lists and other tools, an ac-
tion plan is to be implemented in the next stage, together with 
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procedures for operation and maintenance (e.g. from measure 
lists). 


A set of indicators (e.g. specific energy consumption: SEC) 
and benchmarking has to be developed to monitor the process 
and performance. Finally, the energy management is checked 
through a set of questions in the Energy Management Check-
list. Based on regular review, modifications are to be explored 
and performed. 


In Table 1 the major actions within the energy management 
implementation model (EMIM) are listed. Each action is sub-
ordinated to one of the nine main energy management imple-
mentation steps. Though there is no fixed schedule the numbers 
1 to 9 describe a possible time sequence for implementing energy 
management for the first time.


First	it	is	important	to	create	a	common	understanding.	
Therefore a set of definitions for basic terms of energy man-
agement within BESS has been elaborated. The definitions of 
the terms are taken from several sources which are explicitly 
mentioned in the list like the BESS consortium itself, ISO and 
the EMS-Textile project (which is also supported by the IEE 
programme). 


The BESS Energy Management Specification offers the re-
quirements for an optimal Energy Management System which 


is based on the ISO 14001 on environmental management sys-
tems (Plan – Do – Check – Act). The explanatory notes and 
definitions are adopted from the Energy Management standard 
of the EMS-Textile project. Companies can decide which re-
quirements to include in their energy management system ac-
cording to their needs and characteristics. A company can use 
the BESS Energy Management self-assessment tool to evaluate 
the quality of its current energy management system by check-
ing the compliance with these requirements. The specification 
covers the chapters”: “Energy policy”, “Planning”, “Implemen-
tation and operation”, “Checking and corrective actions” and 
“Management involvement/review”. The requirements consist 
of items which are necessary to comply with when a company 
wishes to have a good quality energy management system and 
of some additional desirable requirements for a full (certifiable) 
quality energy management system. The BESS Specification is 
harmonized with the existing European national standards and 
specifications on energy management and will probably also fit 
in with the planned European CEN standard on energy man-
agement to be available in 2009 (reference 4, 2007). 


The BESS Linking List is a tool which shows how the BESS 
energy management (EM) specification matches with existing 
ISO (2000, 9001 and 14001) standards and the HACCP speci-
fication. 


E-learning system,


Inner Ring


Click-to-learn process


for learning general


features of energy


management and


methods of


implementing it. For less


experienced users to get


a better understanding of


an energy management


system.


BESS Specification


Appoints requirements


for optimal energy


management system


Self assessment tool is


available for checking


the compliance with


these requirements. A


company can start


with that checklist the


BESS implementation


process.


Handbook


Will offer a sequence


of implementation


actions


E-learning system,


Middle Ring


Access to all supportive


tools


Supportive tools and


instruments like


checklists, info sheets,


benchmarking scheme


and e-learning system


EMIM


This implementation


model shows the logic


of the implementation


process within the
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instruments which
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The actions are not in


a sequential order.


Figure 1. An overview of the package of BESS tools and instrument


PLAN PLAN DO DO CHECK ACT


START A. UNDERSTAND B. PLAN C. COMMIT D. IMPLEMENT E. EVALUATE F. REVIEW


Business Case


1


Energy Audit


4


Energy Action Plan


5


Energy


Coordinator


2


Implement Energy


Action Plan


6


Indicators


7


Revision


9


Pre-Self


assessment


1


Analysis tools


4


Roles &


responsibilities


1+5


Energy team


2


Operation and


maintenance


6


Monitoring &


targeting


7


Improve


9


EM


Implementation


Project Plan


1


Legislative &


Regulatory


Framework


4


Energy policy


3


Benchmarking


8


Definitions


Specifications


Full Energy


Management


Checklist


A–F represent the (yearly) cycle of continuous improvement after implementation.


Table	1.	summary	version	of	the	Bess	energy	management	Implementation	model	(emIm)
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The implementation of an EM system ensures that a com-
pany continually passes through the cycle of making energy 
policy, planning energy efficiency actions, implementing those 
and checking the results, on the basis of which new policy is 
made. The ambition to check and improve the quality level of 
the energy management system at regular intervals is an es-
sential part of the system itself.


Therefore a company is offered to use an excel based BESS 
Energy Management Checklist (see Figure 2) to evaluate the 
quality level of its own Energy Management system at any 
time. The 26 question checklist with 2 priority levels is based 
on an existing energy management checklist and is used by 
more than 1000 Small and Medium sized Enterprises in the 
Netherlands. A short 7 key question pre-self assessment checklist 
version is made for companies who want to have a quick view 
on the quality of their existing energy management system. By 
answering these questions a company can roughly find out to 
which extend it complies with the requirements laid down in 
the BESS EM Specification. The energy management checklist 
answers are also integrated in the BESS benchmarking scheme. 
The companies taking part in the scheme have – amongst oth-
ers – the benchmarking possibility to compare their own qual-
ity level with the quality level of other companies taking part 
in the scheme.


A company starting to implement energy management 
has several BESS “getting started” tools available. Filling out 
the business case and the pre-self assessment checklist are the 
first tasks, which result in an overview of essential basic com-
pany data and indicators and identification of other influences 
defining the company decisions. These can be used to present 
the top management the importance of energy management. 
To facilitate the company elaborating this business case, sector 
fact sheets are included in the tool.


The	company	is	then	appealed	to	elaborate	an	internal	manage-
ment	commitment	and	built	an	energy	team.	
A template of company commitment is used to facilitate getting 
company commitment to implement the energy policy which is 
essential for long term success. The highest level of the organi-
sation (for example, a board member or the managing direc-
tor), who’s signature on the company commitment will dem-
onstrate the importance of the programme. Support of highest 
level personnel will assist the managers who will be actively 
involved in implementing the strategy. The description of the 
roles and responsibilities and the template for organising an en-
ergy management team shows the first steps of how to organize 
the staff who will work on the energy management. The TRA 
matrix is a list of tasks, responsibilities and authority to clearly 
identify which individuals in the organisation are directly and 
indirectly involved with energy. The template deals amongst 
others with the key functions and selection of an energy coor-
dinator and the energy management implementation team. 


The introduction to an energy management implementation 
project plan aims at facilitating the documentation of the im-
plementation activities of a company which is in fact a separate 
project during the steps taken to implement the energy man-
agement system in the company. It documents the planning 
and the consequences of all activities mentioned in the Energy 
Management Implementation Model and thereby shows the 
way for a successful planning and running of the energy ma-
nagement implementation process.


After the stage of getting started one of the first key questions 
relevant for companies which want or have implemented an 
energy management system in their organisation is: What is the 
organisation’s position on energy management? In particular: 
what is the relationship between energy management and daily 
operations? A clear vision defined in an energy policy state-
ment signed by management supplies the proper framework 
for energy management. BESS provides an introduction to this 
aspect and an example of an (internal) energy management 
policy declaration of the company. One of the elements of the 


Company Supported by


Print:


Filled out by:


Seen by management:


Energy Management


Checklist


Number of "Priority 1" questions: 19


Number of "Priority 2" questions: 7


Number of "Optional": 14


If you want to enter another line in the


Comments field, type "Alt Return".


Results:


Energy aspect= everything that results in the


consumption of energy. Anything that has a


positive or negative effect on the energy


consumed by the operational activities is an


energy aspect. Think in this respect of


technology (e.g. equipment and starting up),


organization (such as work processes and


maintenance) and behaviour (e.g. compliance


with job instructions).


A Basic information Comments Explanation of the question


1 Are the energy consumption figures known and


available (e.g. in the ECP or from your monitoring


information)?


Yes Priority 1 You are expected to have access to a


summary (Energy Consumption Analysis)


of the processes, buildings and utilities


with energy consumption data, for


example per product line or per sub-


process.


This is a blank Energy Management


Checklist.


This is a blank Energy Management


Checklist.


Print
www.bess-project.info


Figure 2. First rows of the excel based BESS Energy Management Checklist
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energy management policy is that the organisation satisfies all 
relevant laws, regulations and other subscribed requirements. 
Therefore BESS provides an Explanatory note on Legislation 
and Regulations. 


Another	important	activity	of	the	energy	management	cycle	is	to	
execute/update	an	energy	audit.	
The energy audit description and the energy audit data collec-
tion sheet (see Figure 3) facilitate the company which starts 
with auditing activities. The description explains the work to 
be done, different types of audits and the expected results. The 
audit assesses the total energy consumption of the company, 
determines the specific energy consumptions in relation with 
appropriate parameters and identifies the energy conservation 
potential and the energy saving opportunities. It helps manage-
ment to realize the importance of energy, to detail the energy 
policy and to set performance objectives and targets.


Other tools to support the conduction of an energy audit 
have been developed like measure lists which can be separated 
into two distinct categories: horizontal measure lists and indu-
stry-specific measure lists (in the pilot lists for dairy industry, for 
bakeries and for meat processing; for an example see Figure 3). 


Horizontal measure lists refer to measures that can be ta-
ken in any industry, whilst industry-specific measure lists refer 
to measures that can be taken in specific industries. Measure 
lists can be a useful tool for a company that is investigating 
the energy saving options in conjunction with the results of an 
energy audit. They support decisions on implementing energy 
efficiency measures and on feasibility studies within the frame-
work of an energy action plan. Measure lists offer the company 
descriptions and impacts on energy consumption of potential 
measures that can be taken. Furthermore, some of these lists 
refer to the payback times of these investments (short-term, 
medium-term or long-term).


There is also a description of good housekeeping measures 
which require no or very low cost investments. Practice has 
shown that in many enterprises the amount of energy that can 
be saved by Good Housekeeping is in the range of 25 to 50 % of 
the total energy saving potential. The total energy saving poten-
tial would include more expensive measures and modifications 
of energy-infrastructure or production processes. Regarding 
measure lists the E-learning scheme also contains download 
links to additional measures on energy efficiency and other 
environmental measures: the so-called IPPC BREFs on “Food, 
Drink and Milk processes” and “Slaughterhouses and Animal 
By-products”. 


The	results	of	the	audit	and	the	analysis	of	energy	saving	options	
have	to	be	documented.	
The Energy Action Plan documents the commitment of the 
company to carry out current and future actions (for the dura-
tion of the plan e.g. the coming 4 or more years) for further 
steps to implement energy management and actions to be taken 
to increase energy efficiency of the company. The template (see 
Figure 4) includes also an 


Energy savings register and thereby an overview is created of 
the current status of the planning and the implementation of 
the actions (measures and feasibility studies) so far. The tem-
plate is an excel file with different tables including an introduc-
tion and an example table of content of an energy action plan.


.


BESS - Benchmarking and Energy management Schemes


Energy auditing


To identify energy saving opportunities in your business it is highly


recommended to conduct an energy audit. An energy audit quantifies trends


of current energy use and equivalent greenhouse gas emissions and related


costs, and makes recommendations for energy efficiency improvements. The


scope of an energy audit can vary a lot and can include an entire building or


plant, or energy use associated with a specific process. An energy audit


provides the baseline of your organisation’s current energy use.


The work undertaken during an audit may include:


• investigating the usage of all types of energy consumed and energy using


equipment within the building, complex or plant;


• identifying the energy usage of all major heating and cooling applications


and its percentage against total energy use;


• identifying cost-effective measures to improve the efficiency of energy


use;


Supported by


By Courtesy of the


EMS-Textile Project


ENERGY AUDIT DATA COLLECTION SHEETS
BESS - Benchmarking and Energy management Schemes in SMEs


www.bess-project.info


Measure List Dairy
Process-related Improvement Opportunities


Fluid Milk Processing


Process Area Operating.


Low Cost/No


Cost


Retrofit


Higher Cost


1. Raw Milk


Receiving and


Tanker Wash


(Raw Area)


1. Nozzle


maintenance for


CIP to ensure


minimal hot CIP


use


1. Infrared heating


for receiving bay.


2. Exterior Tanker


Wash with recycled


water from


Figure 3. Analysis tools: introduction on auditing, auditing excel sheets and measure lists
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After	 the	plAn	and	Do	parts	of	 the	“Deming	cycle”	follow	the	
Check	and	ACT	parts.	
Monitoring and Targeting (M&T) is an essential part of the 
company’s energy management system (the Check within the 
PDCA cycle). Besides regularly checking the actual level of 
implementation of the energy management information hand-
ling techniques can be used to manage the energy usage ef-
fectively within the company. BESS gives a description of these 
techniques of which benchmarking is an example facilitated 
by the project in particular. There are many similarities with 
other production and financial information systems and M&T 
should be developed in accordance with the organisation’s exi-
sting management systems.


An Energy management system in place needs regular re-
view to ensure the system is functioning properly and on a con-
tinuous basis. Possible improvements can be identified during 
these reviews with strong ambition to prepare a set of correc-
tive activities in next steps of energy management cycle. BESS 
provides information how these Review and Corrective Actions 
should be carried out. The Review should assess the results of 
any audits or surveys conducted since the last Management 
Review and the current status of any recommendations, the 
key factors that influence energy consumption, the adequacy 
of resources for the continued operation of energy manage-


ment, current and proposed regulatory compliance in relation 
to energy management etc. 


To ensure that recommendations are taken into account, 
the Management Review must be documented and the energy 
team must agree follow-up actions and designate persons res-
ponsible for implementing the actions.


BenChmArKInG
Energy benchmarking focuses on a comparative analysis of 
energy use per unit of physical production, otherwise known 
as energy intensity or specific energy consumption (SEC). 
This energy intensity can then be compared to the “best prac-
tice”. Examples of performance indicators for monitoring and 
benchmarking on different levels are indicated in the Table 2. 
In the pilot-phase of BESS-project the consortium focused on 
benchmarking at level 1.


The BESS pilot web-based benchmark application makes it 
possible to benchmark energy performance against other Eu-
ropean pilot companies within the same industry sector/ben-
chmark-class. The application is flexible regard establishment 
of new benchmark-classes and new indicators. The application 
has options for adjustment regard external factors like climate 
(heating), capacity utilization, production mix and boiler ef-
ficiency. 


Figure 4. Energy Action Plan


Level Indicator Unit


Level 1: Company Total energy consumption/ton produced kJ/ton


Total electricity consumption/ton produced kWh/ton


Quality level on Energy Management Checklist %


Level 2: Process/product Process related energy/quantity produced kJ/quantity


Non-product depending energy use/square meter heated kJ/m
2


Level 3: Equipment Electricity for compressed air applications/ton produced kWh/ton


Energy for steam production/ton steam produced kJ/ton


Table	2.	Different	levels	of	energy	benchmarking
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The web-application system within the BESS project builds 
upon the Norwegian benchmarking system. The system has 
strong links to the E-learning module, and the benchmarking 
data-input was one E-learning activity during the pilot phase. 
It is designed to enable yearly benchmarking of energy data in 
Europe based on national data gathered by national systems. 
The illustration (Figure 5) describes how pilot companies, na-
tional systems (for energy reporting) and the BESS web ap-
plication interact.


Pilot companies report energy data into national systems 


National systems quality assures registered data, and dis-
tributes it to BESS


Registered companies access BESS-application by their 
unique code and benchmark their own energy use with 
other companies


Non-registered users can anonymous use an ad-hoc bench-
mark module 


The access to the BESS benchmarking application has several 
provisions to ensure access to correct data and to safeguard 
confidentiality of the data provided by the pilot companies. The 
pilot companies got the benchmarking data collection sheet 
from their national administrators, in which necessary infor-
mation on energy and production figures is asked. The file also 
includes definitions and the classification of products.


The (pilot) company has to report its energy use once a year. 
For the pilot phase data from the last three years had to be re-
ported. The list of products that has to be reported is designed 
for each industry sector. As far as possible, the products are 
defined by use of international standards like the PRODCOM 
list, but some modifications have do be done. 


Via the E-learning scheme (dartboard in the project website) 
the users can get actual access to data entry sheets, additional 
information on adjustment factors and the actual web applica-
tion itself.


An important element in the benchmarking procedure is that 
the data submitted by the “registered” pilot companies are first 
validated and made anonymous by a unique code by the “na-
tional administrators” within the consortium before they are 


1.


2.


3.


4.


put by the international administrator (NEPAS) in the system. 
While BESS registered project (pilot) companies can retrieve 
on-line their individualized benchmark results automatically 
and in a confidential way other companies and interested par-
ties can take part in the BESS benchmarking as a temporary 
guest and look to the results of the benchmarking so far via the 
so called ad-hoc benchmarking module. 


The application has options for four different kinds of adjust-
ment; boiler efficiency, climate, production utilization and pro-
duction mix. The users of the international web benchmarking 
have the possibility to choose, whether or not to use adjustment 
factors. 


In order to be able to do these adjustments, some additional 
data has to be reported. These data are optional, the companies 
do not have to report them, but it would be of great interest 
if as many as possible could report also these data, since the 
benchmarking will gain a lot in quality by that. For the pilot 


Figure 5. Information flow within the BESS benchmarking system


Figure 6. Example of a BESS benchmark results (SEC of diary 


companies)
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companies a detailed description of the adjustment factors is 
available.


After the pilot companies have reported energy and produc-
tion data to their national administrators, the data have been 
imported to the international benchmarking solution. Now the 
pilot companies are able to compare themselves with other Eu-
ropean companies in the BESS benchmarking web site.


There are a number of different diagrams (see Figure 6) show-
ing the pilot company marked as green compared to the rest in 
the group marked in gray. This picture is an example of how it 
is presented on the web site (Specific energy consumption for all 
companies in the selected industry sector (one diagram for each 
year). On the right hand side there is a filter that sets different 
parameters to how each report is calculated. The filter is also 
present on each report and the parameter values selected by the 
user will be remembered when navigating to a new report. 


The filter contains 3 sets of parameters: Countries included 
in benchmark, Energy report unit, Adjustment factors. The web 
application is described in a document which can be accessed 
via the E-learning scheme by pilot companies and in a public 
version which can be downloaded from the BESS website. 


The first feed back from the pilot companies about the 
benchmarking modules is positive (user-friendly application 
with good presentation of the results).


The	projeCT	weBsITe	AnD	The	e-leArnInG	sCheme
The project multi lingual website (see figure 7) has been 
launched on www.bess-project.info. 


It contains general information about the project including 
downloads (e.g. project reports), news and “links” section, the 
E-learning scheme and a link to the interactive benchmark-
ing scheme. Consortium members and some stakeholders are 
facilitated by a consortium area, an interface to an E-learning 
scheme from which all tools are available to the pilot SMEs par-
ticipating in the project. This interface (see figure 8) which has 
been developed looks like a dartboard (based on the SenterN-
ovem interactive E-learning system for implementation of en-
ergy management for Dutch LTA companies). In the dartboard 
structure the BESS E-learning scheme contains the following 


features which are accessible via a multi-language navigation 
structure:


A flash animation as an explanatory introduction to the E-
learning/dartboard concept.


Informative text (“bull’s eye”) – a section containing general 
and some detailed information on energy management and 
its implementation. 


An easy-to-follow, step-by-step approach for learning about 
the general features of energy management and methods of 
implementing it (PLAN DO CHECK ACT buttons of the 
inner ring). The features and information contained in the 
informative text section are also available within this sec-
tion. This section is targeting towards the less experienced 
Internet user and on users that have little knowledge of en-
ergy management systems. It is structured along the lines of 
the EMIM.


Tools and other information (outer rings) – this section con-
tains interactive tools and other informative texts for those 
users that have decided on implementing energy manage-
ment systems and need additional tools and information 
(i.e. measure lists, information of energy audit procedures, 
case studies of successful schemes, checklists, best practic-
es, energy management model tailored for SMEs, links to 
benchmarking schemes).


Links to sites for additional information (outer rings) – this 
section contains links to other web sites that may contain 
additional information that may prove to be useful (i.e. EU 
directives, international, EU and national laws, internation-
al, EU and national financial support programmes.


The	pilot	results	and	the	follow	up	of	Bess
The most crucial phase of the project was the actual participa-
tion of a limited number of SMEs in each of the 11 countries of 
the consortium members to test and to benefit from the tools 
developed in the project in a pilot situation. Most pilot compa-
nies which participated in the pilot are from the sectors cho-


•


•


•


•


•


Figure 7 The BESS homepage
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sen for benchmarking i.e. bakeries, dairies and meat processing 
companies (see Figure 9). 


The pilot program plan contained several steps to be taken 
by the pilot SMEs to implement elements of the BESS “Energy 
Management Implementation Model”.


The national pilots had a certain freedom to deviate from the 
agreed sequence and to pay more or less time to the different 
steps taking the local circumstances into account though some 
steps were critical for the feed back on the tools. The pilot has 
been finished in the spring 2007 with:


energy management checks and benchmarking including 
2006 figures


the reporting/evaluation in order to adjust the tools and the 
publication of the handbook


national and international dissemination activities and the 
formulation of guidelines and recommendations 


More than 50 companies in the food and drink industry, their 
associations and national governments gave feedback on tools 
developed within the BESS project with some significant re-
sults.


The evaluated tools aimed to improve energy efficiency in 
SME companies by Benchmarking, Energy Management com-
bined with E-learning indeed proved to be effective. Use of the 
tools results in energy savings and potential for profit growth: 
an increase of the profit from 3 up to 10 % is feasible!  


The lessons learned during this pilot project are of benefit 
for future projects in which companies are involved for testing 
tools that are not part of their core business.


Where associations were involved they were very helpful, 
even essential in communication with the candidate compa-
nies. Some countries organised, together with the associations, 
large scale meetings for the SMEs. In other countries compa-
nies have been contacted direct without involvement of asso-
ciations. All methods worked well.


Personal contact between the initiator/facilitator of energy 
efficiency activities and the companies remains the backbone 
of a (pilot) project, which in principle relies on information 
supplied by computer and the Internet. Especially at the in-
troduction of the (BESS) tools, personal contact between the 
company, consultant and the National Pilot Coordinator is 


•


•


•


essential. These contacts, and the other activities, need to be 
well planned and while planning, the summer and Christmas 
periods should be taken into account. 


An important success factor for projects inside companies 
is commitment of the highest manager. Ideally during the first 
stage of the implementation, the energy representative and a 
higher manager should both be involved. 


Lack of time and insufficient human resources seem to be the 
toughest barriers for implementing energy management. Most 
of the pilot companies see external consultancy as a necessity 
for implementation. 


The consultants assisted the companies in understanding the 
concepts of energy management, performed energy audits and 
helped drawing up energy conservation plans.


Benchmarking is the main trigger for many companies 
to consider their energy management. We must exploit this 
knowledge in the reach out and the possible ex-BESS project by 
using this sequence: create awareness and interest via Bench-


Figure 8. The E-learning dartboard
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Figure 9. Breakdown of BESS pilot companies per country and per sector
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overview	of	Bess	tools


marking and then start implementing energy management by 
the Plan Do Check Act cycle via E-learning.


The pilot companies are predominantly positive about con-
tinuation of the benchmarking and E-learning scheme. The 
bottom-up approach to producing energy efficiency indi-
cators for such an important group of energy end-users, the 
benchmarking of energy performance in SMEs will be highly 
valuable to the industry itself in their efforts to improve their 
own processes. Moreover, the methodologies and tools that are 
embedded in the BESS Benchmarking scheme will also have a 
positive impact on in the work that is necessary to follow up 
and monitor the implementation progress of the energy effi-
ciency and energy services directive (EESD). The matching and 
comparison of the top-down energy analyses and forecasts with 
the bottom-up performance indicators will provide important 
corrections to future setting of energy efficiency targets in the 
industry sectors that are predominantly SMEs. It is in the inter-
est of both SMEs and authorities to have such targets as close 
to realism as possible and bottom-up benchmarking will be a 
contribution to this. 


Participating member states want to give the BESS project a 
follow up on a national or European level. Follow up activities 
to expand the number of participating SMEs of various sectors 
is currently being discussed with other interested parties. The 
co-operation and interlinking with existing other complemen-
tary initiatives and projects like Optypolygen, RECIPE and the 
European Energy Manager will create additional synergy and 
support. 


nr Tool


0 EMIM 16 Introduction to energy management implementation plan


1 Business Case (including sector fact sheets)


– Meat processing, Bakeries, Dairies


17 Energy Management Checklist


2 Self assessment checklist 18 Set of indicators with M&T (explanation)


3 Commitment – example of declaration of


management


19 Benchmarking scheme – preliminary version:


data collection template


4 Energy audit sample + description procedures 20 Benchmarking scheme - final version


5 Energy audit data collection sheet 21 Sector specific measures lists for new sectors


6 Horizontal measure list 22 E-learning system phase 1 (bulls eye + part middle ring)


7 Sector specific measure lists 23 E-learning system phase 2 (inner ring)


8 Links to existing national measure lists 24 E-learning system phase 3 (middle ring + outer ring)


9 Info sheet legislative & regulative framework 25 Energy management handbook draft


10 Template for elaborating action plan (ECP) 26 Energy management handbook final


11 TRA matrix: roles, responsibilities, authority 26 National programmes &international projects


12 Template for organising energy management


team (incl. energy coordinator)


28 Ready to hand guidelines for policy makers


13 Examples of energy policies 29 Set of definitions


14 Best practices and case studies 30 Specification (requirements + part definitions + linking lists)


15 Description of good housekeeping measures 31 Review and corrective Actions


references	
First reference, “Interdisciplinary Analysis of Successful 


Implementation of Energy Efficiency in the Industrial, 
Commercial and Service Sector (InterSEE)”. Final Report 
February 1998. 


Second reference, European Best Practice Initiative (EBPI). 
Final Report February 2003. EBPI is a follow-up of the 
project “Energy Benchmarking at the Company Level 
within Industry Voluntary Agreements”


Third reference, “Redefining energy efficiency Programs for 
the Industry based on monitoring results”, ECEEE June 
2005 (Flint, Helgerud and Mydske).


Fourth reference, CEN/CLC BT/TF 189 Project team Energy 
Management Systems started to work out an European 
standard on Energy Management in January 2007. The 
standard is planned to be published in 2009.
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BESS E-Learning Scheme


The BESS E-learning scheme offers access to information 
and tools on:


energy management, monitoring and benchmarking
proven cost effective measures (starting with the food 


and drink industry).
Energy management implementation following the Plan-Do-
Check-Act cycle provides a framework for the continuous 
improvement of the implementation process.


Visit www.bess-project.info and ...


The sole responsibility for the content of this poster lies with the authors. It does not necessarily reflect the opinion of the European Communities. The European 
Commission is not responsible for any use that may be made of the information contained therein.


International Benchmarking
The Internet 
application offers 
companies the 
possibility to 
bench-mark their 
energy efficiency 
data in comparison 
to others of the 
same industrial 
sector.


Benchmarking and Energy Management Schemes in SMEs


www.bess-project.info


follow a step-by-step implementation 
of energy management and 
benchmarking
see which tools have been developed 


by 12 consortium partners from 
11 European countries and are being 
tested in 60 pilot companies
evaluate your own energy 


management system with an 
easy-to-handle checklist
learn how to implement or improve 


energy management in your 
organisation by using several tools 
learn about international bench-


marking (e.g. in the food and drink 
industry)
study best practice cases of energy 


management implementation and 
energy efficiency measures
find out your energy efficiency poten-


tial by conducting an energy audit
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As the global leader in rail technology, 
Bombardier places environmental sustainability 
firmly at the top of the agenda. EBI* Drive 50 
forms part of Bombardier’s Eco4* product range.


Rail Control Solutions


EBI Drive 50
Driver assistance system


EcoActive Technologies


The Climate is Right for Trains
Our products and services combine energy conserving 
technology with optimal safety, reliability and cost efficiency, 
which add value for our customers whilst protecting the 
environment for future generations.


ECO4 – energy, efficiency, economy and ecology
Addressing the growing challenges among operators to 
reduce Energy consumption, improve Efficiency, protect 
the Ecology while making sense Economically, ECO4 is  
the concrete validation of Bombardier’s declaration  
The Climate is Right for Trains*. 







In today’s global environment, the need to conserve  
energy has never been greater. By reducing emissions, 
CO2 footprint and resource usage, quality of life can be 
improved, both for worldwide populations today and for 
future generations.


Rising fuel prices, Europe-wide legislation and increased 
pro-environmental public awareness are all factors 
contributing to a drive for greater efficiencies in 
transportation systems.


Bombardier is at the forefront of initiatives to ensure that  
rail transportation – already an ecologically leading mode  
of transport – can further improve its performance.


Driving style influences energy consumption
The energy consumption of a train depends on three 
primary criteria: The train’s physical properties, its timetable 
and the track data. Yet measurements have shown that 
even for the same train, with the same timetable, on the 
same track, there can be a huge variation in energy
consumption due to different styles adopted by drivers in 
running their trains.


Driver assistance – improving cost efficiency  
and punctuality
By introducing driver assistance systems, it is possible to 
make recommendations to the driver concerning velocity 


and acceleration, or deceleration, to minimise the energy 
needed to run a train according to its allotted timetable. 
The systems not only generate energy consumption
savings, but also ensure that trains arrive on time. 
Furthermore, smoother operation of a train will result in 
reduced wear on brakes, wheel-sets, engines and tracks.


EBI Drive 50 assists drivers in optimising their driving style 
with a view to conserving energy. Based on calculations 
from track topography, timetable and train properties, 
combined with the knowledge of the train’s route, actual 
position and the current time, EBI Drive 50 can save up to 
15% of the traction energy. Furthermore, due to increased 
energy prices, the return on investment is also greater.


EBI Drive 50 – driving the  
future of energy management


EBI Drive 50
Saving energy, costs and reducing wear


• Traction energy saving up to 15%


• Reduced energy costs


• Quick return on investment


• Consistently punctual trains


•  Reduced wear to: 


- Wheel sets 


- Engines 


- Brakes 


- Track


• Applicable to all types of engines







EBI Drive 50 consists of software operating onboard a 
train, a communication gateway to the wayside and central 
workstations to keep the required data up to date. The 
onboard software utilises Bombardier’s telematic units or is 
embedded into the Bombardier onboard Train Control
and Management System. EBI Drive 50 is suitable for new 
trains and can also be retrofitted to existing vehicles.


The position and punctuality of the train is determined by 
GPS. Enhanced accuracy and continuity of the positional 
information is made possible by combining this with onboard 
sensor data from accelerometers, odometers or radars. 
The system calculates speed and traction force profiles, 
and the recommendations on the optimised target velocity 
and traction force are continuously updated to the actual 
position and time and are displayed in the driver’s cab.


The EBI Drive 50 System
Following the recommendations from EBI Drive 50, the 
energy consumption of electrical locomotives, diesel 
engines or any form of hybrid traction vehicles can be 
minimised. Multi-traction systems or different schemes for 
distributing locomotives within a train can be taken into
account as part of its calculations.


Flexible to suit individual operators’ requirements
According to customer requirements, Bombardier can 
provide driver machine interfaces for driver assistance 
systems, that are tailored to enhance the driver’s 
awareness of specific information. For example, by 
focusing on the difference between recommended and 
actual traction force as well as on recommended versus 
actual velocity, drivers can easily learn to improve their 
driving style.


Energy management


Environmental conditions:


• Load


• Track conditions


HVAC


Recuperation


EBI Drive 50 
ModuleEBI Star 1000


GPS/Galileo/GLONASS
Position information


Onboard wayside link via
GSM SMS/GPRS GSM-R, WLAN, UMTS,...


Communication 
interfaces


External applications


External 
applications


Recuperation 
braking tasks


Driver’s display
(ERTMS/ETCS)


Persistent track data  
Train data


Actual time  
and position


INTERFLo 50


EBI Drive 50 – Systems scheme


EBI Screen 1200


Bombardier’s INTERFLO* 50 System, comprising EBI Star 1000, EBI Drive 50 and EBI Screen 1200 


Online:
• Timetable
• Track data
 - Temp. speed restriction
 - Routing
 - Signalling


Minimising 


energy 


consumption







Bombardier Transportation
Årstaängsvägen 29 
PO Box 425 05 
126 16 Stockholm, Sweden


Tel  +46 8 681 5000 
Fax  +46 8 681 5100


www.bombardier.com


EcoActive TechnologiesEBI Drive 50 driver assistance system


Proven technology from  
an industry market leader
Bombardier has been testing the principles of driver 
assistance algorithms from as early as December 1999.
Further trials of EBI Drive 50 in service took place in 
January 2000 with Swiss operator SBB on an ICN train  


on the route from Zurich to St Gallen. It was successfully 
proved that drivers adhere to timetables and use
significantly less energy if they are following the 
recommendations of EBI Drive 50.


Bombardier is currently developing its EBI Drive 50 
technology and is participating in two important 
European projects that address energy savings: 


RailEnergy is a European Union funded project 
running from 2006 to 2010, bringing together railway 
operators and suppliers to decrease the specific energy 
consumption of the railway transport system.


DemoOrt/DSM is funded by the German government 
and supervised by the independent German Aerospace 
Institute (DLR). Following the development of 
prototypes from 2004 – 2006, energy savings due to 
driving style assistance are being demonstrated and 
evaluated with production equipment. 


Using a PC-based train simulator, we can emulate 
actual scenarios and calculate the optimised energy
consumption of the simulated train. We also offer 
studies or demonstrations on actual train operation.


*Trademarks of Bombardier Inc. or its subsidiaries.
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Energy saving projects








Services


Environmental factors are a major consideration  
for rail operators and their stakeholders. A key  
cornerstone of corporate responsibility is 
demonstrating responsible use of energy. 


Added to this, operating margins have come under 
increasing pressure from the escalating price of energy in 
recent years, so optimising and reducing energy 
consumption is crucial to ensuring continued business 
growth and profitability.


Knowledge and Expertise to 
Boost Profitability
Bombardier’s Energy Management Control System is 
designed to integrate energy awareness, efficiency and 
carbon control into an operator’s business where it may be 
applied to both new and existing fleets. The system 


provides customers with an accurate and affordable fleet 
energy management solution, using data gathered from  
the trains and flexible and intuitive visualisation tools based 
on methods proven in the BOMBARDIER* ORBITA* 
system. The objective is to provide useful information to 
train the operator’s management team for them to 
proactively manage their energy spend.


Energy Management  
Control System


EcoActive Technologies







Intelligent Energy Management
The foundation of most best practice management 
systems is an ability to measure and analyse. Bombardier 
has taken this view with energy consumption and quickly 
realized that operators have often had to rely on 
rudimentary and often ineffectual methods of gauging 
energy usage.


Combining creative thinking with advanced technology and 
know-how, Bombardier’s clever metering system will be 


Drilling down on the summary data reveals further detailed graphical data. Bombardier’s ORBITA platform can be utilised to provide visual information  
from various data capture sources


Operators cost breakdown 
Research suggests that about 5% of the operational costs for a train 
operator are directly linked to energy. Reducing this cost quadrant 
instantly has a positive impact on a company’s profitability 


33%  
Operations


32% 
Infrastructure


17%  
Leasing


5% 
Energy


11% 
Maintenance


2% 
Cleaning


suitable for retrofit to existing vehicles, both diesel and 
electric. Combined with the power of Bombardier’s data 
collection and analytical tools, designed for reducing 
energy consumption, customers will be provided with easy-
to-understand consumption information and advice. The 
ability to overlay this data with, for example, driver input 
and route characteristics, will give the operator a much 
clearer view of how and when their vehicles consume 
energy. This process can take place at every stage of the 
journey, whether standing at the depot or en route.


Crucially, expert data analysis provides advice to guide the 
action steps necessary to conserve energy with immediate 
impact on reducing consumption.


Integrated Fleet Energy 
Management
Bombardier’s end-to-end concept ensures an integrated 
approach: from data logging and file transmission, via data 
analysis and report construction to management 
information provision. Key performance data, such as fuel 
usage, is collected from selected vehicles and compared to 
the “Golden Run”, a term used to describe the most 
efficient possible train run from station to station. The 


Bombardier’s Energy Management Control System 
aims to save energy and, at the same time, grant 
operators the peace of mind of knowing that their trains 
are ready and able for immediate service.







differences between the actual data and the “Golden Run” 
identify areas of potential energy savings.


The beauty of Bombardier’s Energy Control System is that 
it is modular in design and highly adaptable, in that it can 
be used for diesel or electric, Bombardier or legacy fleets.  
It also includes advanced mathematical methods that can 
estimate energy usage on trains not fitted with energy 
metering.


Committed to Sustainable 
Innovations
Expertise, creativity, market knowledge and vision are just 
some of the reasons why Bombardier is setting the industry 
pace in developing the most innovative and effective 
energy-saving solutions, tailor-made to operator needs. 
The Energy Management Control System has intelligence 
with a range of data including actual energy consumption, 
speed and position on the route. Examples of key areas 
where Bombardier’s knowledge and expertise can help to 
reduce energy consumption include smart stabling and 
driver style management. 


Smart stabling
A huge potential for operators to avoid wasting energy is 
when the train is stationary between duty periods. While 
switching the power off might seem the obvious solution, it 
is not always practicable, as this introduces an operational 
risk that the train may need further attention before being 
ready for traffic again. Also, power is needed to enable 
maintenance and cleaning activities and to ensure optimum 
passenger traveling conditions, example temperature and 
safety systems. The suggested approach works, for 
example, by dimming lights and regulating heating while 
the vehicles are stabled, keeping the vehicles in a “warm 
standby” mode until full power is needed for operation.


Driver style management
Bombardier participated in a joint study by ATOC (UK 
Association of Train Operating Companies) and National 
Express, which identifies that one of the largest variable 
factors in energy management is driving technique.


The study demonstrated that there is up to 11% difference 
in energy used between flat-out drivers (those who use full 
brake and throttle) and drivers who are sympathetic to 
conditions. Another study undertaken by a major European 
operator indicated that enough energy can be saved in just 
one journey of approximately 750 km to heat an average 
four-bedroom house for a year through more sensitive 
driver technique.
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*Trademarks of Bombardier Inc. or its subsidiaries.


Bombardier Transportation
Schöneberger Ufer 1
10785 Berlin, Germany


Tel +49 30 986 07 0
Fax +49 30 986 07 2000


www.bombardier.com


Energy Management Control System EcoActive Technologies


ECO4 – Energy, Efficiency, Economy and Ecology  
The Energy Management Control System forms 
part of Bombardier’s ECO4* environmentally 
friendly technologies. Addressing the growing 
challenges among operators to reduce Energy 
consumption, improve Efficiency, protect the 
Ecology while making sense Economically, ECO4 is 
the concrete validation of Bombardier’s  
declaration – The Climate is Right for Trains*.


Solutions for the Railways of 
Today and Tomorrow
Bombardier’s commitment to discovering new and better 
ways of saving energy means that we have a wide variety 
of inspirational ideas in the pipeline at any given time. Our 
strategy is one of continuous development with the aim of 
establishing solutions that have the most positive impact 
on energy efficiency, both now and in the future. We have a 
comprehensive range of ground-breaking new products 
and services coming to fruition in quick succession that 
can be applied to existing fleets. Equally, this knowledge 
and capability is also applied to new vehicles through our 
vehicle divisions.


Key benefits of Bombardier’s Energy Management 
Control System:
•	Remote	monitoring	and	metering	of	fleet	energy		 	
 consumption and operational data
•	Combining	energy	consumption	and	operational	 
 data into effective management information
•	Sophisticated	analytical	tools	for	comparative	fleet		 	
 analysis to guide








TRAining programmes to INcrease Energy-efficiency by Railways


Combined approach 
pays off


EED practice at the Slovenian Railways


Bojan Dremelj, Slovenske železnice


Ljubljana, March 12th 2008







Introduction


• Energy expenses are significant part of company 
expenses


• Reduction of energy expenses and improving energy 
efficiency:
• Improving load profile
• Reduction of power peaks (transmission costs)
• Improving driver’s practice to improve energy 


efficiency (specific consumption)
• Improving energy efficiency over all
• Getting support from the Government (LTA)







Energy efficiency


• Energy for traction - 90% of all energy
• Monitoring of power peaks at converter stations


• Influence on time table on steepest grade lines
• Monitoring of consumption of electricity and diesel 


fuel onboard
• Energy for heating/cooling the trains
• Remaining energy (10%) - improving control


• Environmental Dept. and Infrastructure 
management







Results







Approach...
• Energy problems - everyone should be aware of 


• Articles in internal magazines
• Intranet page


• Monitoring should be presented to the drivers by special 
manners. Unions are very important...!!!


• Traffic administration should know how to reduce energy 
consumption


• Infrastructure management
• improvement on tracks/catenary
• track maintenance


• Company management shoud know all these things and should 
give support and connection to Government...
• ...with good results on reducing specific consumption we 


can achieve significant reduction of emissions of CO2.







TRAINER - how to improve driver’s practise


• Analysis of monitored data 
• Confirmed experience on DB
• Confirmed discussions with 


technicians at professional 
train simulators


• Three simple rules (punctuality 
counts...!)
• Let it roll
• Avoid speed peaks
• Find right moment to switch 


off traction







Approach - drivers


• Lectures about the best practice during regular schooling 
process
• Possibility for drivers to be able to check and compare their 


consumption profile with the best one on intranet
• Practical training with driver-instructor
• New generations of drivers to be taught about energy efficient 


driving. Knowledge acquired through EED/TRAINER project will 
be used in manuals.







Energy efficient driving - different practice


This line results best practise







Monitoring


• Electricity consumption - in present 
we have a solution which we use 
daily


• Diesel locomotives - we are planning 
to put pilot device on to a locomotive. 
• System will (must) be compatible 


with existing system for monitoring 
electricity consumption.







• Simulator
• Web access
• DMI helpfull for driver


Future plans - wishes...








 
 
 
Didactic skills 
 
1 Introduction 
“Learning is a process during which more or less permanent behavioural changes or potential 
behavioural changes occur under the influence of experiences”. As an instructor/trainer/mentor whose 
task it is to train your students, you do not let the learning process depend on coincidences. You are 
continually creating teaching-learning situations to best accommodate the learning process of your 
students. In this chapter on “didactic skills” we will explore how you can manage your (didactic) 
activities during the learning process. To get the right picture, you first need to understand a few 
concepts. 
 
The phrase “didactic” has been mentioned several times. Its literal meaning is “educational”. 
“Didactics” is synonym to “education science” or in other words “the art of teaching”. 
In your position as an instructor or mentor, you are in fact dealing with the behaviour of others. You 
are trying to influence their behaviour in such a way as to make your students work in line with the 
principles of your organisation.  
 
“Teaching-learning situation” is the situation in which the educational/mentoring activities take place.  
They are comprised of the following components: 


• learning content; 
• learning activity; 
• didactic working methods. 


 
To function well didactically, you must have some knowledge about the teaching-learning situation in 
addition to good communication skills. 
We will discuss all three components more in detail, including the objective of didactic skills, which we 
will discuss first. 
 
2 Objective 
After studying this reader, the instructor/mentor knows how to function properly in teaching-learning 
situations by implementing the didactic principles. He/she will be able to teach train drivers an energy 
efficient driving style and also motivate the student/colleague in such as way that the driving behaviour 
is structurally adapted to conform to the predefined objectives.   
 
3 Seven didactic key questions 
When you are preparing an instruction, a counselling session, a lesson or any other teaching-learning 
situation, you might wonder: 
“Which topic will I discuss?” 
“Who will be my students today?” 
“What exactly will we be doing?”, etc. 
 
a. Write down all the questions you have or could have while preparing a teaching-learning situation. 
 
b. Answer all those questions in view of an actual instruction, counselling session, lesson or other 
teaching-learning situation recently provided by you.  
 
Consciously or unconsciously, instructors/mentors influence the learning process of their students. 
Through instructions, demos, assignments and discussions and by setting the right example, they can 
guide the behaviour of students in a certain direction. From that perspective, most instructors/mentors 
operate quite successfully.  
 
 
In addition, all instructors/mentors have developed their own way of training, counselling and 
instructing. No two instructors/mentors operate in the same way and most practical trainers use their 







 
own insight. The “model” which they (whether or not consciously) developed for themselves appears 
to be working, as most of their students complete the session or course successfully.  
 
In this reader on didactic skills, we want to present you with a different model in addition to your 
“model”. Because even though you might always achieve what you planned for, you might still ask 
yourself: is this really the most effective, efficient and appealing (motivating) teaching or counselling 
method? 
 
We want to help you address these sort of questions in a constructive manner by stimulating you and 
assisting you in asking these questions not only after the facts but also prior to the teaching or 
counselling session. By offering you a new model, we want to provide you with the right tools for 
preparing and implementing your teaching and training activities in a more methodical manner. This 
will help you become less dependent on how “things” take place coincidentally and it will help you 
justify your choices in the best possible way.  
 
When we are talking about didactics and the theory of education, then we are not merely looking at 
classroom teaching. It also includes one-on-one interaction with each student. It includes teaching 
methods and giving assignments. We also look at having students participate in the activities of certain 
departments for a short or long term period because it fits the training program of that particular 
student. In other words, we examine all possible learning situations organised by you for one or more 
of your students. What exactly you will organise (work placement, an instruction, a demo, an 
assignment, etc.) will depend on what you want to achieve, among other things. This is how we arrive 
at the first of seven key questions: 
 
1. What do I wish to achieve in this section (at this stage) of the learning process of this/these  
             student(s)?  
In other words, what are the objectives of the activities I need to prepare?  
If (for now) I only want the drivers to know the official instructions, then I can explain those or (if they 
are not too complicated) have them read. If I want the drivers to interact in a better way with their team 
colleagues, I will need to organise something entirely different. Essentially, I need to know exactly 
what I want to achieve in order to determine responsibly what needs to be done. (This “piece of 
wisdom” also applies to life in general.) 
 
In other words, my objectives indicate where I want my students to be. They are not there yet. Then, 
where are they? Are they close to achieving the objective or are they miles away? It is important to 
know, as it determines the amount and type of activities I need to organise to achieve my goal. This 
brings us to the second key question: How much prior knowledge, skills, interest, etc. does the student 
have? 
 
2. At which point should I commence the learning process? 
 
Also, what can I contribute to a good learning situation? And under which circumstances should the 
learning process take place? In brief: what is the initial situation? 
When we compare the objectives to the opposite side of a river, then we can look at the initial situation 
as this bank of the river, where we are at this moment. To reach the other side, we will need to build a 
bridge. This bridge represents the teaching-learning situations that we want to organise for our 
student(s). The length and the construction of the bridge not only depends on the distance between 
both sides, but also on the soil condition on both sides. Likewise, the content and form of the teaching-
learning situation that we need to organise depends on the careful construction of the objective and on 
every important aspect of the initial situation (i.e. not only on prior knowledge of students). Talking 
about content, we arrive at the third key question: 







 
 
 
3. What is the gap?   
The gap means the difference between the initial situation and the goal situation. Which learning 
content or material should I offer? The learning content may relate to the level of knowledge to be 
acquired by students. But skills can help shape the content of our teaching-learning situation as well: 
e.g. the proper way to lift parcels or manoeuvre a vehicle. The attitude or mentality of a student can 
shape our learning content as well (depending on the objective, of course). After determining the 
content we want to offer, we need to know how to present it. First of all, we need to ask ourselves 
what we want the student(s) to do. This is what the fourth key question is about: 
 
4. Which learning activities do(es) the student(s) have to complete to process the learning 
             content and therefore realise the objective(s)? 
There are numerous types of learning activities to choose from: completing assignments or projects, 
imitate the instructor/mentor, listening to an instruction, taking notes, act out a situation through role 
play, etc. Student activities (in addition to objectives and learning content) are largely determined by 
what we do ourselves as an instructor/mentor. This brings us to the fifth key question: 
 
5. As an instructor/mentor, what can I do to influence the learning process of students? 
Or formulated differently: which didactic working methods do I choose? Again, this is largely 
determined by the objectives, as well as all other key questions mentioned above. Didactic working 
methods are, among others: giving assignments, showing (an action), demonstrating (e.g. how 
something works), instructing, co-work on something with the student, initiate and lead a discussion, 
give lectures, ask questions, have individual meetings, group discussions, etc. In addition to all other 
key questions, the need for variety (to keep the attention and motivation of students) can determine 
one’s choice of (multiple) didactic working methods. This need may also lead to the selection of 
certain: 
 
6. Teaching tools 
These are all the tools that I can use to support my didactic working methods and the learning 
activities of the student(s). These tools include the old trusty blackboard but can also include the latest 
computer equipment. In addition, there are (whether or not further developed) models (e.g. on a motor, 
the human heart, etc.), video tapes, films, overhead projectors, flap-overs, etc. When we have 
answered all six key questions, we can start teaching. At least, that is when we assume everything will 
go according to plan. The question remains whether we should assume this, because no matter how 
well we have prepared ourselves, it still is a human task, which means it might not work out the way 
we expected it to. Therefore, there is one more question to be answered: 
 
7. How do we verify that we have achieved what we wanted and whether we achieve this in the 
best possible way? 
This is about preparing the evaluation, so that we can determine the actual value at the end of the 
teaching-learning situation. We can do this in a variety of ways, partly depending on the answers to 
the previous six questions. We could organise a test, we could judge and assess the projects 
completed by the student(s), we could also ask the student(s) directly whether the objectives have 
been achieved, etc. Of course, the evaluation procedure is only useful when we draw conclusions from 
the results, e.g. in view of “extra” activities for students who have not yet (fully) reached the goal, or in 
view of our own method for instruction, counselling, demonstrating, giving assignments, etc. 







 
 
 
4 Didactic analysis model 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This model indicates that the confrontation between the objectives and the initial situation strongly 
determines the choices we make for the following four components (together, they make up the 
teaching-learning situation). 
The evaluation process provides feedback in view of both the objective and the initial situation: the 
evaluation data will determine whether or not we have achieved the objectives and how they have 
been achieved. These data also allow us to conclude whether or not we assessed and monitored the 
initial situation adequately, and what the initial situation is for the next discussion or learning situation.  
 
4.1 Didactic working methods 
As previously mentioned, learning content can be presented in many different ways. For instance, 
through correspondence education, e-learning, simulator training or face-to-face education. Face-to-
face education requires great variety in the working methods used in order to keep the student 
interested and motivated. There is nothing worse than a teacher who does nothing but talk throughout 
an entire lesson. Though not exhaustive, we have listed a few possible working methods below for you 
to implement. 
 
4.2 Teaching 
The teaching method is very popular. The impersonal character of this working method is sometimes 
regarded as a drawback. A rather sweeping assumption is that attending classroom sessions is not 
strictly necessary for someone to master the material taught. By studying books and completing 
(interactive) exercises, the same results could be achieved without face-to-face education. The 
drawback of this teaching method is the risk of loss of concentration.  
A number of good teacher characteristics could help lift this drawback somewhat: 
Using an informal style without acting too 'popular'.  
Good facial expressions, intonation and use of your voice. This could be enhanced during specific 
training.  
Face towards the hearing of others. Eyes are an important secondary means of communication.  
Furthermore, the same rules apply as with written material:  
 
Situate the material in a broader framework (coherence).  
Structure and introduce the material to be studied. Make ample use of examples, illustrations, 
applications.  
And again, some rules about the teaching method itself:  
 
 
 


Initial situation Objectives 


Learning content  \  Learning activities  \  Didactic working methods 
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Teaching and learning tools 
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Insert a few moments for pause and thought formation by posing rhetorical questions. Do not answer 
the question straight away but allow for some time to pass. Try and make the students draw their own 
conclusions.  
No matter how hard the teacher or mentor tries to adhere to these rules, after some time there will 
always be a decrease in the level of attention being paid. Therefore, it is very important to start using a 
different working method from time to time. For instance, we can elicit questions to create interaction 
with the group. We can also ask questions in a quiz-like form and register the answers received. 
Finally, demos provide a welcome change from the teaching method, as the focus is then on watching 
instead of listening.  
 
4.3 Teaching-learning conversation 
Under this didactic working method, the teacher holds a structured discussion with the students, 
during which part of the learning content or a certain problem is clarified using a dialogue. The teacher 
will ask the students some questions and will distil insight and/or new questions from the answers 
received from the students. By posing targeted questions and by implementing the correct questioning 
technique, students will personally come up with new ideas, insights or correlations in the learning 
content, and with solutions to problems or implications of the material studied.  
 
The phrase ‘learning conversation’ has evolved and has become richer. Originally, ‘learning 
conversation’ referred to the joint, step-by-step discussions on problems with subject material under 
strict guidance from the teacher. The increased focus on independent learning led to the fact that 
recent publications also use the term ‘learning conversation’ to refer to the discussion of learning 
methods and/or problem-solving methods. 
 
The basic aspects of a teaching-learning conversation are the following:  
A teaching-learning conversation is no one-way street, and instead there is interaction between the 
teacher and the students and among the students themselves. A discussion is held (among the entire 
class) about a common theme or is aimed towards a common goal. Everyone is involved in the 
discussion and each person contributes in a constructive manner in the search for an answer or a 
solution. The learning conversation is led by a teacher who monitors time, organisation, progress 
during the discussion, etc.  
 
There are several stages during a learning conversation: 
 
4.3.1 Define the topic and activate prior knowledge 
In one of the following ways, the group decides which topic or which problem will be addressed:  
The teacher poses a few general questions to activate and demarcate the field of information to which 
the learning conversation relates.  
The teacher takes up on known subject material.  
The teacher takes up on a known fact (general knowledge) or asks the student to give his/her opinion 
or idea on the problem at hand.  
The defined problem can be visually supported by concrete material (e.g. theory, slide, video snippet, 
role play). 
During this stage, the teacher may also make some agreements on the orderly progress of the 
discussion.   







 
 
 
4.3.2 Explore the field of information  
The teacher divides the field of information into a number of sub-problems or logical steps beforehand, 
which he/she will then study with the students during the discussion.  
The teacher asks a number of targeted, specific questions for each step or each problem.  
The teacher continues on the students’ responses by:  
Confirming their response (and writing it on the blackboard);  
Explaining more in detail: the teacher asks for additional information or a justification from the same 
student.  
Focus: the teacher provides the group with a hint, to get the student on the right track.  
Relate: the teacher asks the student to relate his/her response to a different part of the learning 
content.  
Pass on: the teacher passes on the question or the answer to the other students.  
The progress of the discussion can be supported by creating a logical overview on the blackboard. 
 
4.3.3 Summarise 
The teacher will personally summarise the insights gained from the discussion or assigns this task to 
one of the students.  
 
5 Group discussion 
(Group) discussions are a type of discussion during which students tackle a specific topic. All students 
and the trainer can interact with each other.  The goal of a group discussion could be to exchange 
information, check opinions, resolve problems, or make joint decisions and agreements. The role of 
the mentor/teacher varies from leader to counsellor.  
 
As a leader, the teacher will determine the topic of discussion, the progress of the discussion and the 
intended result. As a counsellor, the teacher takes a back row position. The discussion is best 
prepared by defining a number of questions that need to be addressed during the session. A chairman 
is required for the discussion to run smoothly.   
Benefits and drawbacks of group discussions: 
 
Benefits 


• suitable for gaining awareness about personal values and standards and for altering 
motivation, emotions and attitude  


• students are motivated to join in because they see their opinions being valued and listened to  
• students learn how to refine their way of thinking and speaking  
• students are actively involved  
• they learn to listen, formulate things clearly and respect the opinion of others  


 
Drawbacks 


• this working method is difficult to implement in larger groups  
• the students must be capable of listening properly and letting others finish their sentence in 


order to create a positive learning effect 
• a bad group atmosphere will negatively affect the course and the results of the discussion  
• trainers voice their own opinion (too) often  
• the topic is easily deviated from  
• participants easily start talking on top of each other  


 
How to use this form of discussion? To participate actively in discussions, students must possess 
sufficient background knowledge. 
 







 
 
 
The discussion must then follow a certain procedure, i.e.: 
1. definition of a problem  
2. inventory of opinions  
3. discussing each other’s opinions  
4. any conclusions / summary  
 
Definition of a problem 


• define the objective of the discussion. Is it about forming an opinion, making a decision or 
resolving a problem? 


• indicate which procedure must be followed, so everyone knows what the course of the 
discussion will look like  


• briefly describe the topic or the theory that will be discussed and indicate why this topic will be 
discussed in group   


• raise the topic by posing a clear, unequivocally formulated, brief question to initiate the 
discussion (also refer to the article: ‘Sporen uitzetten’)  


• pause for a few questions after the initial question, or allow the students to briefly write down 
their opinion  


 
Inventory of opinions 


• inventorise all opinions first  
• invite the students to join in by looking the person who is talking in the eyes, listening carefully 


and nodding your head  
• guide the discussion in a non-verbal manner as much as possible by nodding to the next 


speaker or by using gestures 
• use brief verbal signals  
• gather all opinions, summarise briefly and formulate a new or follow-up question in relation to 


the most relevant or most popular opinion  
 
Discussing each other’s opinions  


• address the student with the most outspoken opinion, to which the other participants wanted 
to respond just before. Repeat his/her opinion and ask for an explanation  


• let the first person who wants to, respond  
• let the discussion run its course, and only intervene when:  
• participants keep interrupting each other  
• certain participants do not get a chance to voice their opinion  
• the topic is deviated from: summarise the relevant part and go back to the topic of discussion 


by repeating the initial question  
• the discussion has come to a dead end, summarise the main points and let other participants 


add points to the summary  
• activate the discussion by regularly posing a new question/the original question so that new 


opinions can be formulated  
• do not personally contribute (as chairman) to the content of the discussion  


 
Any conclusions, summary 
End the discussion with a general summary, which may consist of previous summaries regarding 
participation/ original questions. The participants must be able to agree with the summary presented. 
Do not force anyone to agree on the summaries. Try again or let one of the participants give it a try. 
Thank everyone for their contribution. Group discussions may take up a lot of time.  
 
6 Assignment 
The assignment method is a working method based on the principle of autonomous activity. The 
student must display the ability to process information, i.e.: implement what he/she has learned, 
through which he/she is able to solve problems, gather information, explain things to others, etc. 
Students will complete the assignments autonomously (individually or in small groups). 
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history
- initiatives to promote energy efficient


driving in 1988, 1993, 1995 and 2005.
- top down, mandatory, technology driven
- leaflets, ‘blue light’ – method, traction


switch off moments on drivers schedule
- no behavioral approach (‘awareness’)
- no metering and feed back
- no craftsmanship
- no continuity







audit
In 2007 the Corporate Audit Departement of NS audited
drivers on their attitude towards energy efficient driving


conclusions:
- 91% tries to drive energy efficient
- 71% knows all possibilities for energy efficient driving
- 60% uses all these possiblities
- 70% say it is a very important part of the job
- 71% hardly ever talks with collegues/boss about energy


efficient driving
- 39% would like support/advice from an onboard computer


The taskforce did a test on the track between Amsterdam 
and Rotterdam and drove 10 - 15% more energy efficient
than average.







introduction of our approach
Energy Efficient Driving


‘awareness’ trains
communication metering
training MIS 


continuity
craftsmanship


rolling stock 
managementrolling stock 


user interface 
management


drivers


NSO


< 2 years
> 2 years







TRAINER


D5 Training Programmes NSO presentation
D6 Virtual Trainer 1. shortlist of suppliers (from games and simulator industry)                      


2. final specification and tendering 15 nov 2007
D7 Training Programme no action at the moment, Dutch Light train is heavy rail.


Light Rail Senter Novem will clear this matter.


D8 Implementation 1. 30% bij june 2008 (Routelint, the dutch traffic management tool)
Reports/Results 2. time frame last 70% depends progress of the ecodriving programme and 


further steps Routelint


D15 Monitoring and 1. Using the Genera-Lynx meter in the Routelint pilot 
evaluating results 2. Using track specific energy consumption measurements by Prorail


3. Ecodriving pilot on VIRM trains using data from the diagnostics computer


WP - 4 Development of Training Programmes


WP 5 - Implementation of Training Programmes


WP 8 - Monitoring and Evaluation







WP 4 – input 


WP 2 – Greek
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NS Opleidingen (NSO)
Dutch Railways Training Department







Profile of NS Opleidingen (NSO)


• ± 140 employees


• Main focus is on
• Operations (train drivers, conductors, logistical staff, tickets & 


service)
• Rolling stock (mechanics)
• Management
• Innovation and E-learning


• Products e.g.
Design and development of training courses
Training
Coaching
Consultancy
Change management
E-learning programs







Contents


• Outline of the TRAINER-programme (WP4)
• Energy efficiency in the NS training programmes for 


all target groups
• Insights gained into energy efficient driving
• Further actions TRAINER (WP4)
• Questions







Outline of the TRAINER-programma (WP4)


Target groups


Train drivers Station staff 
shunting drivers & cleaning staff


Operational
Management


Student drivers Experienced drivers







Energy efficiency in the NS training programmes 
student train drivers (1)


Target groups


Train drivers Station staff Management


Student drivers (1)Student drivers (1) Experienced drivers


• Ecodriving is integrated in the NS basic driver training program (BLM) 
(2007)







BLM: a new basic training for train drivers (2007)


• Introduction of a new Railway Law (2006)
New requirements for mentor train drivers
New requirements for the practical period


• Adapt the learning program to the NS philosophy of learning, 
e.g.


The workplace is the most powerful learning environment
Employees take responsibility for their learning process
Craftsmanship and passion are underlying values







Energy efficiency in the basic training for train drivers 
(BLM)


Modules:
• Preparation for departure and parking (3)
• Driving trains II (5)
• Using the brakes (12)
• Route learning (14)


Learning activities:
• Self study assignments, e.g.


study information sheets on ecodriving
make a top x of energy efficient measures for driving and braking 
and during preparation and parking


• Discuss energy efficiency in classroom sessions (e.g. myth “ecodriving
lowers punctuality”). Learning facilitator stimulates a positive attitude 
towards working energy efficient.


• Practice ecodriving skills during on the job learning. Mentor driver gives 
feedback (written workplace assignment).







Energy efficiency in the basic training for train drivers 
(BLM)


• Ecodriving scenario’s for driving simulator (2008)


• Finetuning ecodriving in basic driver training (BLM) after 
completion of TRAINER-programme (2008)


• Integrating energy efficiency working in rolling stock learning 
modules (2008)







Energy efficiency in the NS training programmes 
experienced drivers (2)


Target groups


Train drivers Station staff Management


Student drivers
ExperiencedExperienced driversdrivers


(2)(2)







Insights gained into ecodriving


• Ecodriving is a choice! (awareness, acceptance, action, 
retaining)


• Training programme must cover both technical (‘tips and tricks 
on ecodriving’) and behavioral change aspects (change 
management).


30% of all trains arrive to early
Myth: ecodriving and punctuality cannot be combined


• Ecodriving must be made attractive
• By continuous attention ecodriving must become part of the 


craftsmanship of a train driver
• Providing feedback on (individual) ecodriving results is essential 


for lasting results metering
• Ecodriving places a driver in a dilemma between safety and on-


schedule performance







Learning concept: situational awareness


Safety rules


Situation 
Awareness


Drive & 
Brake


Route
knowledge


Context
Communication
Cooperation with







Learning concept: situational awareness


ObservationObservation interpretationinterpretation ProjectionProjection DecisionDecision ActionAction


External
factors


External
factors


Individual
Factors


Individual
Factors


SA


Control
feedback


Control
feedback







Energy efficiency in the training program for 
Experienced drivers (stage 1)
Use a mix of learning and training tools:


• Workshops facilitated by experts: exchange ecodriving
experiences, discuss energy efficiency, place the group in 
dilemma. Virtual training; develop ecodriving skills 


• Practice ecodriving skills on the job (checklist/self score 
checklist)


• Self study, e.g.
best practices and discussion platform on Driver site 
(intranet-internet) 
information sheets on ecodriving
job aids
Route knowledge based







Energy efficiency in the training program for 
Experienced drivers (stage 2)


Monitoring and embedding 


1. Re-instruction rolling-stock modules
• Train type specific
• Workplace assignments and practise


2. Monitor and improve ecodriving skills on the job. Operational 
manager (Vos) gives feedback (checklist).


3. Work meetings: presenting facts results energy efficiency, 
workshops 


4. Drivers deliver ideas at the intranet; programme of exchanges 
of experiences







Re-instructionRe-instruction


On the job learning
(checklists)


On the job learning
(checklists)
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Workshops at 
workmeetings
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Energy efficiency in the NS training programmes 
station staff (3)


Target groups


Train drivers Station staff (3)Station staff (3) Management


Student drivers Experienced drivers







Energy efficiency in the training program for Station 
staff


• Behavioral change: e.g. park trains in another mode. 


• Station staff (shunting drivers and cleaning staff) already have
the necessary knowledge and skills, but have to use these in a 
different way.


• Emphasis on awareness, acceptance and action 
communication, management support and feedback on results.


• Bottom up approach, encourage local initiatives.







Energy efficiency in the NS training programmes 
management (4)


Target groups


Train drivers Station staff Management (4)Management (4)


Student drivers Experienced drivers







Energy efficiency in the training program for 
Management


• Information sheets on energy efficiency made available on 
intranet (for operational managers).


• Share information on internet (TRAINER-site): best practices on 
promoting ecodriving, technological measures, organisation 
(planning and logistics) and LTA’s (for higher management)


• Management deliver information at Intranet site en TRAINER-
site (international) options: weblogs, forum







Further actions for WP4


• Gap analysis: what do we know and what don’t we know (in 
relation to minimal building blocks TRAINER WP2).


• Acquiring any missing knowledge, if necessary.
• Finishing training design, in line with the NS philosophy of 


learning.
• Developing/adjusting training programmes for experienced 


drivers and other TRAINER target groups. 
• Fine-tuning ecodriving in basic driver training (BLM).
• Developing implementation/learning program about RouteLint


(an new technology to save energy)


All in collaboration with a group of experts.







Questions


• Questions? 
• Remarks?


If you need further information on 
the NS energy efficient training programmes, please contact 
NSO at jan.hoogakker@ns.nl
the basic training for train drivers (BLM), please also contact
NSO at jan.hoogakker@ns.nl
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Key facts of SŽ-Cargo


SŽ-Cargo is the largest rail freight 
operator in Slovenia


SŽ-Cargo is the largest exporter of 
services in Slovenia


Positive business performance


Growth of transport volume and 
revenues


Increased productivity of resources


At a glanceAt a glance


TRAINER, Ljubljana 2008
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Key Strategic Elements of SŽ Cargo


TRAINER, Ljubljana 2008
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Growing performance in freight traffic 


Positioning on key markets in SE 
Europe


Development of an operative 
international sales network


Development of new block train 
services 


Expanding the network of 
partner rail freight carriers on key 
markets


Market development activitiesMarket development activities


TRAINER, Ljubljana 2008
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SŽ-Cargo is managing the traffic flows on two corridors


93% of the traffic volume 
handled by Slovenian 
railways has its origin or 
destination in other countries


50% of the traffic volume 
cross Slovenia as a transit 
traffic


Managing the transit traffic is 
of vital importance for further 
growth of rail freight traffic


International scope of SŽInternational scope of SŽ


TRAINER, Ljubljana 2008
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Growing importance of intermodal business


Intermodal business is the 
fastest growing business of 
SŽ


Share of the intermodal traffic 
(in tons) has increased from 


Average annual growth rates 
achieved (2007/2002)


Intermodal = GrowthIntermodal = Growth


9 % (1999)  to 19 % (2007)


Ro-La              9 % p.a.
Container         10 % p.a.


TRAINER, Ljubljana 2008
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Preferred geographic position supports the organization of 
effective train operations


TRAINER, Ljubljana 2008
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Reliable train services are the necessity for the success


8


Gateway SloveniaGateway Slovenia


Intermodal shuttle and block 
train services


Reliable, efficient and 
competitive service


Venturing with intermodal 
operators 


Connection of the regional hubs 
in Italy, Germany, Hungary, 
Serbia and Turkey


TRAINER, Ljubljana 2008
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The intermodal network of Slovenian Railways


TRAINER, Ljubljana 2008
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The SINGER Project Concept


EU Marco Polo 2004 Program


TRAINER, Ljubljana 2008
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Setting up is just a first step – how about optimizing?


Optimizing the networkOptimizing the network


Reorganization of train services 
between Munich and Ljubljana


Introducing shuttle train service 
between Koper and Ljubljana


Introducing new train service 
between Ljubljana and Istanbul


Investments in the CT Terminal 
in Ljubljana


TRAINER, Ljubljana 2008
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Central and Eastern Europe are key markets for port traffic


Regular train connections up to 35 
trains/day from Koper and 28 trains 
to Koper


25% of all trains ► intermodal
66% of all trains ► company trains
55% of all trains ► direct international


Share of rail traffic                 ► 60%
Share of rail container traffic ► 50%


Additional services in hinterland 
terminals in Slovenia (Ljubljana)


Market potential CEE ► 450.000 TEU


Port at a glancePort at a glance


TRAINER, Ljubljana 2008
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Increasing the reliability of train operations
Including the hinterland terminals in port traffic operation and expanding the network


New market destinations in CEE


TRAINER, Ljubljana 2008
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Thank you for your attention.


TRAINER, Ljubljana 2008








Sustainable Development
Best rail energy saving solutions for the future presented at the
Energy Efficiency Days 2009 conference.


From 23-26 September the Energy Efficiency Days 2009 in Tours, France took place
gathering more than 250 energy and railway experts from all over the world. The
participants shared information, good practices, expertise and new technologies on
how to improve the energy performance of the rail sector.
The conference was organised by the UIC, SNCF, the Railenergy project and the
TRAINER Consortia - under the high patronage of Mr Jean-Louis Borloo, French
Minister of State, Minister of Ecology, Sustainable Development and the Sea,
responsible for green technologies and climate negotiations. The Energy Efficiency
Days 2009 Conference provided the participants with an insight view of the latest
development of railway energy efficiency, international energy and climate change
trends, energy saving programs and case studies, metering and billing of energy;
energy management systems, decision support systems and Eco-Driving.


Jean-Pierre Loubinoux, UIC
Director General, on the UIC
booth at “EED 2009” Conference
in Tours on 24 September.


This unique conference
comprised the Railenergy
intermediate conference,
the 4th UIC Energy
Efficiency Conference
and the TRAINER final
conference.
In addition technical visits
provided practical hands
on experiences for the
participants. The first day
of the Energy Efficiency
Days 2009 was dedicated


to the EU-funded Railenergy project and opened by the deputy Mayor of Tours, Mr.
Gernot, and a key note speech by Pierre-Etienne Gautier, SNCF. The Railenergy
intermediate conference brought together rail manufacturers, operators and







infrastructure managers in order to discuss the project results achieved so far.
Railenergy represents a milestone in rail energy efficiency technologies
and management procedures of which the sector will in the future refer to before and
after Railenergy.
The second day of the conference was opened by Jean-Pierre Loubinoux, General
Director of UIC,who welcomed the participants by outlining the role of rail as a part of
the solution to reduce the growing CO2-emissions from the transport sector.
He explained how the rail sector is working to continuously improving its energy
advantage and is ready to take the responsibility as the backbone of sustainable
transport systems. Loubinoux’s welcome was followed by a keynote address from
Pierre-Franck Chevet, General Manager – Energy and Climate from the French
Ministry for Ecology, Energy, Sustainable Development, and Town and Country
Planning - Regional Development outlining the transport policies and measures in the
newly introduced French “Grenelle Environnement”.
The third and last day was dedicated to the second part of the 4th UIC Energy
Efficiency Conference and the final conference of the EU-funded TRAINER project.
The TRAINER project focused on energy efficient driving trainings and
procedures at five European railways.


Energy Efficiency Day No. 1 – Railenergy intermediate conference
During an intensive day the participants were taken through the different working
packages and components of this ground breaking research project on how rail will
continue to further improve its low carbon performance with the most efficient and
best measures and technologies.


From letf to right : Dominique Vastel (SNCF), Henning Schwarz (UIC),Jean-Pierre Loubinoux (UIC)
and Pierre-Franck Chevet (French Ministry for Ecology, Energy, Sustainable Dvpt).







Participants to the EED exhibition . Participants on the joint U.N. “Seal the Deal”
and UIC “Train to Copenhagen” stand.


The day was divided into sessions on Energy Efficiency Management, Innovative
Energy Efficiency Operation, Innovative Energy Efficiency Trackside, Energy Saving
Onboard and Innovative Traction systems. To point out highlights among all the
excellent presentations that took place during the day is difficult, but the first session
was mentioned by many of the participants as especially interesting in relation
to measuring performance and reporting on it. It was pointed out this is extremely
important for the communication around the performance and the energy saving
potential of the rail sector. Enno Wiebe, UIC and Helene Koepf, UNIFE, led the day
steadily and elegantly on behalf of the Railenergy consortium. The Railenergy
‘Inquisition’ at the end of the day made sure that the conference participants had
followed what at times was a truly technical programme, and challenged two
members of the audience to report on the highlights of the day and to give their
recommendations for the next steps. Uwe Henning from UNIFE summarised the day
with the three key words “economy, ecology and standards”, explaining that with all
the great work presented the sector is prepared for new standards where both the
ecology and economy would benefit strongly. As next steps Mr. Henning suggested
that all the cooperation involved in Railenergy should continue also after the project
and further on to include for example the European Rail Research Advisory Council
(ERRAC).
The other participant who was challenged by the Railenergy ‘Inquisition’, Ian
Papworth, was also impressed by the content of the Railenergy Intermediate
Conference mentioning especially the importance of the Knowledge bank for best
practise, expertise and experiencing sharing and as next steps he was especially
clear: “Implementation!’, and continued “the tools, technology and the expertise are
there – now get on with it!”


Energy Efficiency Day No. 2’ – 4th UIC Energy Efficiency Conference
The 4th UIC Energy Efficiency Conference was hosted by SNCF and took place on
the 24th and the 25th of September. The first day was divided into three main
sessions on “Energy policies and communication”, ”‘Metering, Management and
Human Factor” and “Technology and Procurement”.
Henning Schwarz, UIC, guided the participants excellently through both days and
started the 4th UIC Energy Efficiency Conference by introducing Jean-Pierre
Loubinoux, Director General of UIC, who gave the welcome speech, Pierre-Franck
Chevet, General Manager - Energy and Climate from the French Ministry for Ecology,







Energy, Sustainable Development, and Town and Country Planning - Regional
Development, who gave the key note address to the participants. This was followed
by the speech of Dominique Vastel, Energy Saving Program Manager of SNCF, who
made the welcome speech on behalf of the host.
The main themes of the first session were policies and communication, the global
climate change challenge and how to reduce the emissions from the transport sector.
The speakers included Bernard Jamet, UNEP who outlined that main emission
reductions can be achieved already by existing technologies with the three key words
“Avoid, Shift and Clean”. François Cuenot, IEA, presented the new IEA publication
“Transport Energy and CO2 – Moving towards Sustainability”.


Libor Lochman (CER).


Libor Lochman, emphasised that not only
policies are needed for society to benefit
for the emissions reduction potential, but
also economical measures as the market
is distorted in strong favour of road
transport. The external costs need to be
included in order to move towards a fair
level playing field for transport.


Raimondo Orsini, Sustainable
Development Foundation, presented the
UIC Energy & CO2-database, its latest


updates and the importance of getting the figures right for communication. The
session was chaired by Wim Oosterwijk, NS.


Ian Papworth. Panel of a EED session .


In the technical sessions of the afternoon, several case studies and examples of
good practice from different aspects of the rail sector were presented.
For the participants it was extremely encouraging and inspiring to share the level of
expertise, experience and knowledge of the speakers. The presentations
treated the main aspects of energy saving issues related to railways – from energy
metering and billing, implementation of energy saving programs, design and
procurement of energy efficient rolling stock.







Energy Efficiency Day No. 3 – 4th UIC Energy Efficiency Conference (part II)
and TRAINER final conference
The third day of the Energy Efficiency Days 2009 was dedicated to the final
conference of the TRAINER project and the follow-up of the 4th UIC Energy
Efficiency Conference. The opening of the day gave an overview of the EU-funded
TRAINER project and its main results. This was elaborated in presentations
of the Slovenian and the Slovakian Railways.


Branislav Krigovsky.


The participants were given a sneak
preview of the movie for training of train
drivers in energy efficient driving styles.
This movie is one of the main outputs
of the TRAINER project and was well
received by the audience. The movie is
available in eight different languages at
http://w3.disg.uniroma1.it/Trainer/ .


This session was followed by four
workshops on “Ecodriving Training Programmes”, “Traction Energy Metering and
Billing”, “Energy Efficient Non-Traction Operations” and “Energy Management for
existing rolling stock” built on the UIC energy saving brochure “People, power and
process”.
The Energy Efficiency Days 2009 Conference were concluded by Ian Papworth who
emphasised the global importance of all the good work presented during the Energy
Efficiency Days 2009 and reminded all participants to use this knowledge and
expertise in order to implement it into company practice.
He concluded with the sentence “Get on with it!” The Energy Efficiency Days 2009
took place during the United Nation’s Global Climate Week which called
for “unite efforts, whether individual or collective, calling for urgent action to combat
climate change”.
The long time systematic work from the rail sector to continuously improve its
sustainability performance has been recognised by the UN. UIC members are invited
to join the UN’s Climate Action Network.
UIC took this unique opportunity to launch the “Train to Copenhagen” campaign
officially together with UN and the “Seal the Deal” campaign. Participants of the
Energy Efficiency Days 2009 were given the possibility to sign up for the Seal the
Deal petition in order to encourage the world’s leaders to reach a global climate
agreement in Copenhagen in December.


All presentation will be made available on the conference website soon at www.energy-efficiency-
days.org.
For more information, please contact Henning Schwarz: schwarz@uic.org or Enno Wiebe:
wiebe@uic.org








eco-friendly mobility







ÖBB: Energy Efficiency Program
Increase the share of renewable energy (current share >83%)
Energy efficiency improvements:


+) for our trains, car and truck fleet (technical aspects, biofuels, hybrid, …)
+) energy efficiency program for our buildings, stations and workshops


Improvements of the awareness for energy efficiency issues:
+) special informations about energy efficiency (Management and co-


workers)
+) Ecodriving trainings
+) Energy efficient driving trainings for our train drivers


Our partners in energy efficiency issues (for example):
+) Austrian Ministry of environment
+) Austrian Energy Agency (AEA)







ÖBB – contact partner:


Herbert Minarik Leopold Cecil
Environmental and Sustainability Management Environmental and Sustainability Management
Head of Department Program manager for CO2, climate and energy


ÖBB-Holding AG ÖBB-Holding AG
A-1010 Vienna, Elisabethstraße 9 A-1010 Vienna, Elisabethstraße 9
Phone +43 1 93000 – 33873 Phone +43 1 93000 - 36124
Mobile    +43 664 6179418 Mobile +43 664 6171039
herbert.minarik@oebb.at leopold.cecil@oebb.at








Educational system of the train 
drivers at freight operator ZSSK 
CARGO


Smerigova Gabriela







Contents


• Recent educational system for train drivers
• Suggested educational system - focus on goals and priorities 


according to training project - TRAINER







Education Provider


• Education for train drivers is in ZSSK CARGO provided by the 
General Institute of Education and Psychology  ( UIVP) 


• UIVP is organizational unit of ŽSR (infrastructure manager
of Slovak Railways)


• UIVP is the only accredited centre in Slovakia, which is 
competent to provide specialised education for train drivers and
operational staff 


• Centre is accredited by the Ministry of Transport, Post and 
Telecommunication of the Slovak Republic







• Target groups


• Candidates for train drivers
• Experienced train drivers
• Trainers of train drivers


Recent educational system of train drivers







Basic criteria before entering the course


Before entering the course for train drivers, every candidate
has to fulfil criteria provided by law such as:


• General and Specific medical Requirements
• Examination of sensory functions
• Occupational psychological fitness
• Health and Safety Training


If candidate meets criteria mentioned above, he takes part in a 
training programme.







Training programme for the candidates


Training programme for the candidates consists of 
theoretical and practical training.


• Theoretical preparation max. 520 hours
• Practical training min.  720 hours







Theoretical preparation


• Electronic Engineering Basics       max. 88 hours 


• Preparation for Technical Examination 


= max. 240 hours


Passing Technical Examination


• Preparation for Transport Examination  - 280 hours
( Focused on transport  rules and regulations of infrastructure manager )


Passing Transport Examination







Practical training


• Practical training is done in a work place (knowledge of 
construction and maintenence of locomotive – max. 160 hours)


• Driving training under the supervision of experienced train 
driver  – min. 720 hours
Driving training takes place in a real traffic


Passing  a Final Examination of competences – under the supervision of 
the commission. Members of commission are certified employees of the 
Ministry of Transport, UIVP ( accredited centre ) and ZSSK CARGO. 
Passing final examination, candidate for train driver becomes a certified 
train driver







Education of experienced train drivers


• Education is held by periodical trainings
• Range 20 hours / year
• Frequency  4 / year


• Information about changes in transport regulations
• Promoting  new technology installed in locomotives
• Information reflecting operative's problems which may occur 


in operation ( seasonal operation of locomotive ( winter –
summer) , way to solve accidental affairs, solving of critical 
situations...)


• Discussion and solving specific problems of train drivers







Education for trainers of train drivers


• Education is held by periodical professional trainings 
• Range 20 hours + 2x extra training lasting 6 hours
• Frequency 4 / year


• Except for compulsory training for train drivers, trainers are 
regularly informed about:


Ways and methods of teaching adults
Changes in regulations and rules in traffic 
Implementing new technology and mechanism into operational 
practise
Health and safety information, prevention against traffic 
accidents, solving critical situations, preventing bodily harm







Suggested model of education for train drivers 
according to goals and priorities of TRAINER


According to planed legislative changes in railways sector in 
Slovakia, our company is planning :


• Revaluate range and content of training programmes 


• Define areas which will be taught by instructors from ZSSK 
CARGO ( internal rules and directives, operating and driving 
locomotive) and which areas fall under UIVP instructors


• Improve the energy- efficiency at railways through the 
ECODRIVING







The recent educational system for train drivers enlarge on 
1,5 – 2 hours lasting training, focused on efficient driving 


Goal:
• Increasing  energy-efficiency at railways


• Content of theoretical part of training
• explaining energy-efficiency of driving
• make a presentation of „Inventory of Best Practices“


• Content of practical part of training 
• driving with the virtual application from TRAINER
• analysing and providing feed back about the results of 


virtual driving 







At regular training for instructors, in January 2008, a pilot training 
was presented.


The scope of presentation was:


• Introducing  Project TARINER
• Presenting an internal guidelines concerning 


energy-efficiency driving 
• Presenting the results of  „The Inventory of Good Practices“
• Promoting of Energy Metering System







The presentation led into a discussion about influencing 
energy-efficiency by train driver and searching for  topics 
improving a pilot training programme.


Plans for near future:


• Regular testing driving on virtual training application
• Analyzing of virtual driving through the discussion
• Providing feed back
• Using social benefits to motivate the best drivers







Thank you for your attention!


Smerigova.Gabriela@zscargo.sk








emkamatik
Energiesparende Fahrweise


Schulungsunterlagen 2008 (Theorie)


Markus Meyer, Markus Lerjen, Stefan Menth  (emkamatik)


Walter Elmer, Anton Ackermann, Markus Halder (SBB)


emkamatik
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emkamatik Energiesparende Fahrweise: Warum?


1. Etwas
Physik


2. Schonung von
Ressourcen und
Material


3. Beitrag zum Umweltschutz
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emkamatikArten der Energie und ihre Umwandlung 


• Lageenergie
(potentielle Energie)


• Bewegungsenergie
(kinetische Energie)


1. Elektrische Energie


3. Thermische Energie
(Wärme)


Umwandlungsverluste
(Wärme)


Epot = m • g • ∆hEkin = 1/2 • m • ∆v2


2. Mechanische Energie


• Fahr- / Luft-
widerstand


• Mechanische
Bremsen
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emkamatik Energiefluss im Zug


2. Beschleunigung oder Bergfahrt:


• Leistung mittel bis gross
• Fahrwiderstand
• Umwandlung


elektrisch � kinetisch
• Antriebsverluste
• und Hilfsbetriebe


1. Stillstand:


• Leistung relativ klein
• für Hilfsbetriebe


Bewegungsenergie Fahrwiderstand Mech. Bremsen Antriebsverluste + Hilfsbetriebe
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emkamatik Energiefluss im Zug


4. Elektrische Bremsung:


• Leistung mittel bis gross
• Fahrwiderstand
• Umwandlung


kinetisch � elektrisch
• Antriebsverluste
• und Hilfsbetriebe


3. Fahrt mit konstanter Geschwindigkeit:


• Leistung relativ klein
• Fahrwiderstand
• Antriebsverluste
• und Hilfsbetriebe


Bewegungsenergie Fahrwiderstand Mech. Bremsen Antriebsverluste + Hilfsbetriebe
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emkamatik Energiefluss im Zug


5. Mechanische Bremsung:


• Leistung mittel bis gross
• Fahrwiderstand
• Umwandlung


mechanisch �Wärme
• Antriebsverluste
• und Hilfsbetriebe


Bewegungsenergie Fahrwiderstand Mech. Bremsen Antriebsverluste + Hilfsbetriebe


Mechanische Bremsung ist stärker,
da auf alle Achsen wirkend,


aber die Energie wird in Wärme umgewandelt.
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emkamatikWohin geht die zurückgespeiste Energie


Fahrleitungsnetz    (15 kV)


Hochspannungsnetz  (132 kV)


1. Andere Züge


2. Zurückregelung
Kraftwerke


Zurückgespeiste Energie wird immer genutzt,
solange das Netz Spannung hat.


Die Übertragungsverluste sind relativ klein.
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emkamatik Welchen Einfluss hat Blindleistung


• Blindleistung =


• Leistungsfaktor =


• Blindleistung erhöht die Verluste im Netz
• die Verlusterhöhung ist aber geringer als wenn


mechanisch gebremst würde
• betrifft z.B. Re 4/4 II, NPZ


Die Verwendung der elektrischen Bremsen
ist immer vorzuziehen,


selbst wenn der Leistungsfaktor schlecht ist.


pendelnde Leistung zwischen                                     
Kraftwerk und Fahrzeug
Verhältnis von
Wirkleistung zu Gesamtleistung
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emkamatik Leistungen im Zug


Bsp.: Re 460 + IC 2000 (8 Wagen)


Traktion
max. 6100 kW


Mech. Bremsen
ca. 15‘000 kW
bei 160 km/h


Fahrwiderstand
ca. 1500 kW
bei 160 km/h


Heizung, Lüftung,
Klima, ...


200 ... 400 kW


Hilfsbetriebe
50 ... 150 kW


Antriebsverluste
ca. 750 kW


bei Maximalleistung
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emkamatik Das ZV-Diagramm


Zugkraft Z


Bremskraft


Geschwin-
digkeit v


kN


Elektrische Bremse
(Rückspeisung)


Ziehen /
Beschleunigen max. Leistung


km/h







Training - Energy efficient driving style                                 © 2008 emkamatik GmbH 11


emkamatik Das Wirkungsgrad-Diagramm


Z


vElektrische Bremse
(Rückspeisung)


„je grüner desto besser“


x


x = Maximum (ca. 85 %)schlecht
bei kleiner
Geschwin-
digkeit


optimale Umwandlung
bei reduzierter Leistung


keine Rückspeisung
durch Luftbremse
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emkamatik Beispiel einer Zugfahrt


Daten:
• IC 2000 (Re 460 plus 8 Wagen)
• Strecke Oberglatt – Glattbrugg (flacher Abschnitt)
• vmax 125 km/h
• kein Beispiel eines konkreten Zuges
• Rechnung mit validierten Rechenmodellen


Zweck:
• Darstellung der Abhängigkeit Fahrzeit – Energie
• Einfluss der Bremsbedienung
• Einfluss von schlechter Adhäsion
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emkamatik Example of a train run


Altitude profile 


Tractive / braking
effort


Velocity


distance







Training - Energy efficient driving style                                 © 2008 emkamatik GmbH 14


emkamatik Energy balance of the train run


Oberglatt Glattbrugg


0 kWh 118 kWh


Counter on 0 Balance


R
e
g
e


n
e
ra


ti
o
n


Propulsion system
losses + auxiliaries


Running resistance
Mechanical
brakes


Kinetic energy
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emkamatik Different driving styles


118 kWh03:40


• Oberglatt – Glattbrugg
• IC 2000 (Re 460 + 8 coaches)


• Combined braking
• Pneumatic brake


Run OGL – GLB:
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emkamatik Different driving styles


76 kWh (– 35 %)03:49 (+ 0:09)


• Combined braking
• Pneum. braking v < 50 km/h


Run OGL – GLB:


• Oberglatt – Glattbrugg
• IC 2000 (Re 460 + 8 coaches)
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emkamatik Different driving styles


92 kWh (– 22 %)03:49 (+ 0:09)


• Bad weather conditions
• Reduced traction / el. braking


Run OGL – GLB:


• Oberglatt – Glattbrugg
• IC 2000 (Re 460 + 8 coaches)
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emkamatik Different driving styles


68 kWh (– 42 %)04:10 (+ 0:30)


• Electrical braking only


Run OGL – GLB:


• Oberglatt – Glattbrugg
• IC 2000 (Re 460 + 8 coaches)
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emkamatik Different driving styles


65 kWh (– 45 %)04:15 (+ 0:35)


• vmax, then coasting
• Electrical braking only


Run OGL – GLB:


• Oberglatt – Glattbrugg
• IC 2000 (Re 460 + 8 coaches)
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emkamatik Different driving styles


Comparison:


The savings of this single braking action are sufficient to:


• let burn a 40-W light bulb for 44 days
• supply a Swiss household for nearly 4 days with


electricity (at 4000 kWh/year)


• With electrical + pneumatical brake 118 kWh
• Pneumat. brake only at v < 40 km/h 76 kWh
• Savings 42 kWh
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emkamatik Simple Rules


Time is lost at low speed


Energy is lost at high speed


Priorities :
As long as the train runs on time:


1. Avoid pneumatical braking at v > 80 km/h;
if pneumatical braking is necessary, then preferred at
low speeds. 


2. Don’t run with full speed on short sections with 
increased speed limit (from v > 80 ... 100 km/h upwards)


3. Coasting depending on the elevation profile
(but: danger of losing time in hilly terrain)
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emkamatik Ende Theorieteil


Re 460 vor dem Unterwerk Rotkreuz


Fragen und Diskussion...


... und vielen Dank für die Aufmerksamkeit!








Energiesparendes Fahren schneller Züge und die 
Rolle der Leit- und Steuerungstechnik 


Dr.-Ing. Eberhard Jänsch 
 


DB Netz AG 


Theodor-Heuss-Allee 7 


D-60386 Frankfurt am Main 


Deutschland 


Tel: 00 49 69 265-31899 


Fax: 00 49 69 265-31884 


E-Mail: eberhard.jaensch@bahn.de 


 


 


 


 


 


 


 


Hochgeschwindigkeitsverkehr auf der Schiene gilt für manche Zeitgenossen als ausgespro-
chen unvernünftige „Raserei“, der man schon wegen seines immensen Energie-
Mehrverbrauchs Einhalt gebieten müsse.  


Die Einführung des ICE-Verkehrs (Juni 1991) wurde deshalb von diversen Studien zum E-
nergieverbrauch und seinen Umweltwirkungen begleitet, und es wurden Vergleiche mit dem 
Fernverkehr auf der Straße und den Binnenluftverkehr angestellt. Der Energieverbrauch 
wurde hier auf die gemeinsame Basis „Eingang Kraftwerk/Eingang Raffinerie“ gestellt. Die 
CO2 – Emission als charakteristischer Wert für die Umweltwirkungen klimarelevanter Gase 
ergab für den Bahnverkehr eine deutliche Vorteilhaftigkeit. 


Seitdem haben sich die Wettbewerber geringfügig verbessert. Die Bahn hat sich allerdings 
etwas verschlechtert, was hauptsächlich an der geringeren mittleren Besetzung der Züge 
liegt. Dem energetischen und umweltrelevanten Vorsprung des elektrisch betriebenen Hoch-
geschwindigkeits-Eisenbahnverkehrs konnte das jedoch keinen Abbruch tun; zu groß ist sein 
Vorsprung.  


Beim Bahnverkehr ist eine straffe Angebots- und  Betriebsplanung, die den Bedarf ohne 
Leerlauf abdeckt, eines der wichtigsten Mittel zur Minimierung des relativen Energieeinsat-
zes. Im Stundentakt mit einheitlichen Zugkonfigurationen betriebene Systeme haben dabei 
nicht allzu viel Spielraum. 


Der Bahnstrom wird in Deutschland derzeit zu etwa 90% aus Wärmekraftwerken bezogen. 
Vereinbarungsgemäß wird für die Energieeffizienz die Erzeugung aus Steinkohlen-
Kraftwerken als Maßstab herangezogen. Der Gesamtwirkungsgrad vom Eingang Kraftwerk 
bis zu den Rädern der Lokomotive wurde von der TU Berlin zu 29% ermittelt. Das entspricht 







ungefähr dem Wirkungsgrad eines dieselbetriebenen Fahrzeugs. Beim  CO2-Ausstoß erge-
ben sich durch das Kraftwerks-Mix der Bahnstromversorgung nicht unerhebliche Vorteile für 
elektrisch betriebene Bahnen. 


Was kann nun zusätzlich zu Reduktion des Energieverbrauchs im Schienen-Schnellverkehr 
getan werden? 


Neben der technischen Verbesserung der Umspannung und Stromwandlung ist es die An-
wendung der Energierückspeisung beim Bremsen. Bei den ICE-Zügen wird die elektrische 
Bremse als erste Betriebsbremse automatisch von der Anfahr- und Bremssteuerung (AFB) 
angesteuert.  Das Triebzugkonzept des ICE 3 bietet hier noch mehr Möglichkeiten als das 
ältere Triebkopfkonzept seiner Vorgänger. Im SPFV der DB AG beträgt die Rückspeisequote 
netzweit schon 8.5%.  


Eine weitere Option ist das energiewirtschaftliche Fahren. Die Schulung der Lokführer ist 
dazu ein wichtiger und notwendiger Schritt. Die DB Fernverkehr AG hat diese Tugend durch 
das Projekt „ES = EnergieSparen“ unlängst reaktiviert. Weitergehende Möglichkeiten erge-
ben sich durch die Unterstützung durch den Bordcomputer. Das Projekt „ESF = Energiespa-
rende Fahrweise“ hat schon vor 10 Jahren seine Sinnfälligkeit unter Beweis gestellt. Der 
Bordcomputer gibt über den Bildschirm des EBuLa-Gerätes (Elektronischer Buchfahrplan) 
dem Lokführer  eine aktuelle Empfehlung zum Abschalten des Fahrstroms. Diese wird aus 
der momentanen Zuglage und dem berechneten Fahrtverlauf auf der vorausliegenden Stre-
cke errechnet. Abschalten kann im Fall des ICE-Verkehrs zuweilen schon 50 km vor dem 
nächsten Halt erfolgen. Voraussetzung für dieses System sind neben den Fahrplandaten 
auch die Kenntnis der fahrdynamischen Daten des Zuges und der Strecke einschließlich der 
Steigungen und Gefälle, sowie des aktuellen Ortes, an dem er sich befindet, und der Ge-
schwindigkeit. Bei Triebzügen mit bekannten Eigenschaften werden für den Fahrwiderstand 
vorgefertigte Formeln benutzt. Bei lokbespannten Zügen mit unterschiedlichen Lasten und 
wechselnden aerodynamischen Widerständen  ist ein Verfahren in Vorbereitung, bei dem der 
Zug selber automatisch seinen Fahrwiderstand bestimmt. 


Die Energie-Einsparung mit ESF wurde in Feldversuchen mit dem ICE 1 zu 8% ermittelt. Sie 
ist allerdings von mehreren Faktoren abhängig. Voraussetzung ist zum Beispiel die Verfüg-
barkeit von im Fahrplan eingearbeiteten Fahrtzeitzuschlägen, denn ohne Reserven kann es 
kein energiesparendes Fahren geben. Auch Unpünktlichkeit des Zuges führt zum sofortigen 
Verlust eines etwaigen Einsparpotentials.  


Des Weiteren kann es aus den üblichen Unregelmäßigkeiten des Eisenbahnbetriebes zu 
Konflikten in Fahrstraßenknoten kommen. Dann wird ein Zug zu einem unvorhergesehenen 
Halt genötigt. Die Folge sind zusätzlicher Zeit- und Energiebedarf, besonders im Schienen-
schnellverkehr. Es kann schon helfen, wenn der Fahrstraßenausschluss rechtzeitig erkannt 
und behoben wird, so dass nicht bis zum Halt abgebremst werden muss.  


Der Bahnbetrieb wird bei der DB AG zunehmend direkt aus den elektronischen Betriebszent-
ralen (BZ) gesteuert, von denen es nur 7 im ganzen Netz gibt. Die Disponenten arbeiten 
weitgehend manuell. „DisKon“-Computer können bei der Konflikterkennung helfen, indem sie 







die möglichen Fahrstraßenkonflikte vorausberechnen. Der Disponent kann dann über Funk-
telefon dem Lokführer eine Fahrtempfehlung geben.  


Die DB AG arbeitet jetzt daran, diesen Vorgang zu automatisieren. Im Projekt „FreeFloat“ 
soll die automatisch über GSM-R einlaufende Meldung des Zuges  in einem Betriebsfüh-
rungsrechner für den Fahrstraßenknoten verarbeitet und ausgewertet werden. Mit den Fahr-
empfehlungen des Rechners soll der Zug  durch den Fahrstraßenknoten gelotst werden, 
ohne dass es zu einem Halt kommt. Das ist sozusagen eine computerisierte K- oder L-
Scheibe. Sie wird dem Zug über Funk übermittelt und dann vom Bordcomputer in eine ent-
sprechende Fahrweise umgesetzt. Die üblichen Unregelmäßigkeiten des Bahnbetriebs wer-
den akzeptiert und in den Regelungsmechanismus aufgenommen. Mit der Stetigkeit des 
Fahrtverlaufs wird als Nebeneffekt auch weitere Zugfahrt-Energie eingespart. 
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Energy-efficient driving


A change management programme of Deutsche Bahn’s 


Passenger Transport Division


Deutsche Bahn AG


DB Regio AG 


P.RBZ 3


Energy cost management


Fulda, 26th of October 2007 - EU project “TRAINER” -
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Climate impacts and energy costs were the driving forces 
for setting up a process focussing on energy-efficient driving


* Source: Deutsche Bahn AG, Rail Environment Centre, 2005; DB Energie 2005.


EUR 700 
million


Passenger


Transport 


Division,


DB AG


Share of annual energy costs 
in total costs


Deutsche Bahn as Germany’s biggest energy 
consumer is very strongly affected by the 


development of energy costs. 


2002 2020


Climate Protection Programme 2020


Commitment for 2020:


-15%


Target for 2020:


-25%


Contrary to trends in the transport sector,  Deutsche Bahn 
achieved its targets to reduce carbon dioxide emissions in 


2002 and continues its climate protection programme.


Reduction of CO2 emissions 
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Energy-efficient driving involves large numbers


Different levels of energy consumption


kWh


washing machine


hot shower


sauna (90 min.)


Annual consumption 


of private households 


or observed variability 


between train journeys 


(ICE Hamburg-Munich)


3,500


10


2


1


� All 14,000 drivers qualified (theory, training 
simulator and coaching trips)


� All 3,500 traction units equipped with 
electricity meters


� Data warehouse on traction energy 


consumption implemented (> 150 Gb) 


� 300 train drivers’ team leaders trained in 


analysing data and conducting feedback talks 


� EUR 32 million saved through energy-efficient 


driving from 2002 to 2005


� Energy-efficient driving coordinated by 
15 regional teams


Energy-efficient driving programme
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Safety and punctuality retain their priority even when energy-efficient 
driving patterns are used


Timetable recovery margins are the basis of energy-efficient driving patterns


km


Switch off traction current


km/h


km


Let it roll:


Once a train has reached maximum speed, it can 
coast for long sections without significantly losing 
speed.


km/h


km


km/h


Avoid top speed: 


Due to timetable recovery margins, trains often arrive 
on time without running at maximum speed.


Use valleys and hills: 


Switching off traction current before reaching the 
summit and coasting down hills reduces energy 
consumption.
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We aim at a sustained change in the driving patterns 
of our 14,000 drivers in the Passenger Transport Division


� Benchmarks (for lines or series)


� Monthly feedback talks 


(with 10 %  of train drivers)


� Coaching by trainers 


accompanying train drivers


� Social recognition of train drivers
� Foster esteem through events 


(e.g. competition between 
train drivers)


� Workshops with train drivers
� Train drivers’ working groups
� Team meetings
� Encourage experienced 


colleagues to work out tips for 
energy-efficient driving


Change in 
attitudes, 
values and
behaviour


Offer incentives


Promote involvement


Impart knowledge


Give feedback


Support tools


� Energy consumption display
� ESF EBuLa: Recommendation 


to switch off traction current 
� Organisational aids 


� Theoretical training
� Training on simulator
� Newspaper articles


� Information notices 
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Qualification on energy efficient driving starts with theoretical 
seminar and is practised on the job and on the simulator


Qualification on energy-efficient driving


Theory seminar Coaching on the job Training on simulator


� Methods: 


– Presentation


– Working groups


– Discussion


� Content:


– Importance of energy-


efficient driving 


– Achievements concerning 


energy-efficient driving


– Driver’s impact on energy 


consumption


� Coaching by experienced 


trainers accompanying train 


drivers


� Stabilisation of training 


effects by offering tips on 


energy-efficient driving 


� Training starts 6 weeks after 
theory seminar


� Simulator session 
accompanied with tips on 
energy-efficient driving and 
follow up simulator session 
to practice driving style


� Display of total energy 
consumption, average 
energy consumption and 
best in class


Impart 
Knowledge
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To achieve sustainable knowledge, a variety of media is used 
to inform train drivers on energy-efficient driving 


Journal on 
energy-efficient driving


Information notice Poster


Information on energy-efficient driving *


Impart 
Knowledge


* Examples from freight transport division Railion
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Challenging the train drivers on the simulator by competition 


� Training on the simulator at 
11 locations all over Germany


� All train drivers absolved the 
training under same 
conditions


Simulator Session


� The top twenty results of the 
sessions on the simulator are 
published monthly


Notice on Best in Class


� Train drivers with the best 
results fight for the title of the 
“Most energy-efficient driver 
on the simulator” and gain 
prices for their region


Final Competition


Incentive: Olympic Games on the simulator


Offer 
Incentives
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ESF EBuLa calculates a recommendation to switch off traction 
current so that trains still arrive at their destination on time


Electronic timetable with “ESF EBuLa” function and energy consumption display


Recommendation 


in 4 seconds 


(countdown 10-1)


Switch off 


traction current 


now!


ESF EBuLa symbols


Display of supplied 


and regenerated 


energy


Energy consumption 
display


Support tools
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Train drivers with very high or low energy consumption are identified 
for monthly feedback talks on their individual driving patterns


-12.1%159 
kWh


140 
kWh


NFTNN14:4314:281434711Mo


Series kWh
Ø


journeys


To 
…


kWh 
(driver)


From
…


Deviation
Ø


ArrivalDepart.Train 
no.


Day


“Top flop report” shows all journeys 
of one train number within a month


“Train number report” shows selected journeys 
of one train driver


A B C D E F G H ... L M N X Y Z


Average 966 kWh = 100%


- 8% 
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Give feedback
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Train drivers who have feedback talks or participate in energy-saving 
competitions achieve significantly lower energy consumption figures


Effect of feedback talks on energy consumption
(group monitored versus control group)
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Effect of participation in energy-saving 
competition on energy consumption
(group monitored versus control group)
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Source: HRevolution 2006 / Philipp Terlinde
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The transparency of energy consumption (electricity meters and EIS) 
allows energy-saving objectives to be integrated into the leadership process


Leadership 
tools for heads 
of operations at 


regional level
(EIS)


Monthly
monitoring
& quarterly 
BSC talks


(EIS)


Achievement
of  annual


energy-saving 
objectives


Determination
of future energy


saving potential


Energy-saving
objectives


for heads of 
operations at 
regional level 


(BSC)


Energy information system (EIS) Agreement of energy-saving objectives 
at Passenger Transport Division only


Train journeysTraction units


Data on journeys
and vehicles


(e.g. dispatching)


Master data 
(organisational


data, weather 


etc.)


“Formation 
of trains”


Attribution of 
energy consumption


Energy data
(traction 


current, diesel)
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Development of specific energy consumption (long-distance trains) in 2005 
(Passenger Transport)


The change management process is based on a monthly monitoring of 
traction energy consumption at regional level


Source: EIS 3.2 (timetable changeover effects excluded) 
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Targets 2005
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DB Regio AG 
(regional transport business unit  at Passenger Transport Division


savings during train journeys, reference year 2003)


Savings of energy consumption 2002/2003 to 2006


Energy-efficient driving: A change management programme of
Deutsche Bahn’s Passenger Transport Division


Source: P.RBZ 3 – Energy cost management (2006); measured savings due to energy-saving driving patterns - other savings effects are not taken into account


* Source: VUM 3


DB Fernverkehr AG 
(long-distance transport business unit  at Passenger Transport Division


savings during train journeys, reference year 2002)


2002 2006


- 5%


Traction current


Savings:


102.000 MWh


63.343 t CO2*


2003 2006


- 3%


Traction current


Savings:


96.625 MWh


60.694 t CO2*


2003 2006


- 3%


Diesel


Savings:


6,91 Mio. l


20.293 t CO2*
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Key factors:


� Increasing awareness of the importance of energy-
saving


� Convincing all stakeholders to take part in the process 
(employees, works councils, executives etc.) 


� Systematic qualification of all employees involved 
(train drivers, trainers, regional coordinators etc.)


� Grassroots activities showing a great esteem towards 
employees


� Using incentives to motivate train drivers (e.g. energy-
saving competitions)


� Institutionalising a learning process with individual 
feedback talks


� Focussing on a sustained process (e.g. energy 
consumption display)


Convincing 14,000 train drivers and their superiors as well as aiming at 
sustainability has proved to be successful








KAKO Z MANJ ENERGIJE PREPELJATI VEČ
Morda se sliši malce čudno, vendar praksa govori precej 
drugače. S premišljenim načinom vožnje se da zmanjšati 
porabo energije. To dokazuje praksa, kako do najboljše 
prakse priti pa je bolj zahtevna zgodba...


Kakšna je ta praksa in kje je dokazana, se najprej vprašamo. Odgovor ni tako zamotan. 
Vsi, ki vozijo avtomobile dobro vedo, da način vožnje vpliva na porabo. Za način vožnje se 
seveda lahko odločimo sami, lahko pa nam je deloma tudi vsiljen. Včasih smo, recimo, 
malce bolj dirkaško razpoloženi. Radi bolj ostro speljujemo in pozno in močneje zaviramo. 
Sami smo se odločili tako in sami moramo računati na večjo porabo. 


Seveda nam lahko tudi cel kup omejitev na poti diktira način vožnje. Kar naprej mo-
ramo zaustavljati, kar naprej ponovno speljevati. Prisiljeni smo v to, prisiljeni smo v višjo 
porabo goriva pa če se še tako trudimo, da bi bila naša vožnja tekoča in manj potratna. 


Rezultat načina vožnje se nam vsekakor pozna takrat, ko moramo na črpalko. Seveda 
takrat težko analiziramo, kje smo potrošili ali prihranili toliko goriva. Najbolje bi bilo, če bi 
to videli že med vožnjo. In res imajo dandanes skoraj vsi avtomobili računalnike s katerimi 
lahko spremljamo tudi med vožnjo kako se naš način vožnje odraža na porabo goriva. 
Vsekakor je to velik korak naprej in vsi strokovnjaki so si edini, da so te napravice dopri-
nesle k varčnejši vožnji na cestah. Končno lahko sami dosti lažje vplivamo na to po koliko 
prevoženih kilometrih bomo morali na črpalko. In če še nismo čisto prepričani v varčno 
vožnjo, češ kaj pa tistih par evrov sploh pomeni, pomislimo še na to koliko prevozimo v 
celem letu in tistih par evrov naraste v spoštovanja vredno vsoto denarja...


Z vožnjo vlakov ni popolnoma nič drugače. Strojevodja je večinoma odgovoren za 
način pospeševanja, zaviranja in dosežene hitrosti, prometni dispečerji, vlakovni odpravniki 
in vzdrevalci prog pa za število izrednih in brezpotrebnih zaustavitev in za prekinjanje te-
koče in enakomerne vožnje vlaka, ki potrati najmanj energije.
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Števci na SŽ 541


Ob nabavi novih električnih 
lokomotiv smo že ob dogo-
vorih o opremi zahtevali, da 
so opremljene s števci 
porabljene energije. Vse 
evropske železniške uprave 
nam pritrjujejo, da je bila to 
nadvse dobra odločitev, saj 
je vsem jasno, da je mer-
jenje porabe energije danes 
nujno potrebno, če hočemo 
le-to zmanjšati.


ENERGETSKO 
UČINKOVITA VOŽNJA


Če ne meriš, ne moreš 
vedeti
Predpogoj je, da imamo 
vozila opremljena s števci...
Stran 2


Ugodna gibanja porabe 
na SŽ
Na SŽ smo uspeli znižati 
specifično porabo...
Stran 3


TRAINER
Evropski program za izbol-
jšanje energetske učinkovi-
tosti na železnicah.
Stran 4


Kako to delajo drugi
Različni so pristopi k izbol-
jšanju energetske učinkovi-
tosti...
Stran 5







Če ne meriš, ne moreš vedeti...
To je dejstvo. Tudi na DB so s števci najprej opremili 


svoja vozila, šele potem so sploh lahko začeli z analizami 
vožnje in porabe. Seveda samo merjenje ni dovolj. Vsekakor 
je treba rezultate shranjevati, analizirati in predstaviti osebju 
vlečnih vozil. Na SŽ se podatki, podobno kot pri Nemcih, 
prenašajo po GSM omrežju in shranjujejo v posebnem 
strežniku. Od tam so, obogateni s podatki iz ISSŽP, na voljo 
uporabnikom za analize.


Na DB imajo že zdavnaj vsa vozila opremljena s števci, 
saj so to opremo celo uzakonili.  Kmalu so spoznali prednosti 
merjenja in možnosti vpliva na porabo z drugačno prakso 
vožnje. Za analize vožje imajo usposobljenih približno 300 
zaposlenih po vseh regijah.


Nordijske železniške uprave (Švedska in Norveška) bodo 
kmalu končale z opremljanjem svojih vlečnih vozil. Prav  tako 
Španija. Francija še išče najboljšo rešitev za državne že-
leznice, medtem ko morajo biti lokomotive vseh tretjih opera-
terjev že opremljene s števci. V večini ostalih evropskih že-
leznic tečejo pilotski projekti in iskanje prave opreme in 
opremljevalcev, kajti gre za opremo od katere vsi pričakujejo 
veliko. Zanimivo je, da tudi v Romuniji že obračunavajo 
porabo na podlagi števcev. Če podatke koristijo tudi za analize 
voženj, nam še ni znano.


Predvsem pa je najvažneje, da na tem področju sodelujeta 
Infrastruktura, ki v večini evropskih železniških uprav skrbi 
za nakup in obračun energije ter vlečne enote, oziroma last-
niki vozil, ki podatke o porabi potrebujejo.


Nemški potniški 
promet


Graf na levi prikazuje, kako so v letih od 2002 do 
2005 zmanjšali porabo v nemškem potniškem 
prometu. Temperature v teh letih so bile primerl-
jive. Njihov cilj je bil sicer še boljši, vendar  re-
zultatu vseeno ni kaj očitati. Prihranki so 
vsekakor zelo veliki in vzpodbudni. Vse to so 
dosegli s sistematičnim vzpodbujanjem osebja 
vlečnih vozil, s treningi nove prakse, ki so jo 
določili z analizami voženj. Strojevodje so 
vsekakor prisluhnili izzivu in na omenjeni način 
precej pripomogli, da je projekt “Energie Sparen” 
tako uspel.
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ENERGETSKO UČINKOVITA VOŽNJA


GEKKO
Danske železnice eksperimentirajo s tako imenovanim 
Gekkom. Sestavljata ga dlančnik in GPS sprejemnik, 
ki je z njim povezan. Zaenkrat se že med poskusi 
srečujejo z različnimi preprekami. Za primer - v nji-
hovi zakonodaji je zapisano, da strojevodja pripo-
močkov kot je ta sploh ne sme uporabljati med 
vožnjo. Zelo stroge zahteve imajo tudi na italijanskih 
železnicah. Pri nas to še preveč dobro vemo, saj smo 
morali spremeniti programsko opremo na Pendolinu 
tako, da se celo monitor ugasne pri hitrostih večjih od 
3 km/h. Da o dveh prikazovalnikih hitrosti (če lahko 
Gekka smatramo tudi tako) sploh ne govorimo. Več o 
ideji GEKKO pa v tekstu.







Ugodna gibanja porabe 
električne energije na SŽ


V primerjavi z letom 2006, na Slov-
enskih železnicah zmanjšujemo speci-
fično porabo električne energije za vleko 
vlakov. To pomeni, da bomo za vleko 
vlakov porabili približno enako elek-


trične energije kot leta 2006, čeprav se 
obseg dela povečuje.


Večji del zaslug gre seveda na račun 
modernejšega voznega parka, novih 
lokomotiv vrste SŽ 541 in elektromotor-


nih vlakov SŽ 312, ki pri zaviranju 
vračajo energijo nazaj v omrežje. Sedaj že 
lahko z gotovostjo rečemo, da elektromo-
tornik SŽ 312 vrne več kot 10% porabl-
jene električne energije. Bolj zavedni 
strojevodje opažajo, da na progi od Je-
senic do Ljubljane uspejo vrniti več kot 


porabijo!
Del tega ugodnega rezultata gre torej 


vsekakor pripisati osebju vlečnih vozil, ki 
s primernejšo vožnjo porabi manj ener-
gije. Ta delež bi radi predvsem s pomočjo 
programa TRAINER še povečali in se 
približali cilju, to je 10% zmanjšanje spe-
cifične porabe. 


Poleg tega so določene rezerve tudi v 
infrastrukturi, natančneje v vozni mreži. 
Že dalj časa so namreč že pripravljeni 
projekti povezave vozne mreže levega in 
desnega tira med Borovnico in Verdom. S 
tem bi na relativno enostaven način 
povečali presek žice in zmanjšali padec 
napetosti za vlake pri vzponu proti Verdu, 
posebej dobro pa bi se to odrazilo ob 
vračanju energije pri zaviranju. Vlaki na 
vzponu bodo lahko to energijo v večji 
meri izrabili pa tudi pri zaviranju bi na 
tak način večji delež zaviranja odpadel na 
elektrodinamično zavoro.
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Službe za varstvo okolja


Zanimivo, ampak v večini ev-
ropskih železniških uprav se z 
varčevanjem z energijo ukvar-
jajo službe za varstvo okolja. 
Pa ne le z opozorili, ampak 
čisto konkretno. Vodijo pro-
jekte, izdajajo strokovno litera-
turo, ob koncu leta naredijo 
okoljevarstvena poročila za ce-
lotno področje železniške 
uprave. 
Službe za varstvo okolja so 
praviloma tudi vez med že-
lezniško upravo in državno 
upravo. Kar nekaj primerov 
medsebojnega sodelovanja 
poznamo v Evropi, saj z 
zmanjševanjem porabe energije 
zmanjšujemo tudi emisije CO2.







TRAINER


Slovenske železnice aktivno sodelu-
jejo v programu TRAINER, katerega 
ideja je nastala ravno v Ljubljani, ukvarja 
pa se s povečanjem energetske učinkovi-
tosti v železniškem transportu. Program je 
bil zelo dobro sprejet in ocenjen v evrop-
ski komisiji.


TRAINER je izpeljanka iz “TRAin-
ing programmes to INcrease Energy-
efficiency by Railways”. Program je sofi-
nanciran s strani evropske komisije, nje-
gov poudarek pa je na tem kako izboljšati 
prakso vožnje vlaka, da bi izboljšali, ozi-
roma zmanjšali specifično porabo ener-
gije in s tem pozitivno vplivali tudi na 
okolje.


Cilji TRAINER-ja so:
- informirati vsaj pet železniških 


uprav in s tem 25.000 strojevodij na 
kakšen način izboljšati energetsko 
učinkovitost na železnici in izven nje
- pomagati železniškem sektorju 


zmanjšati emisije CO2 za milijon ton 
na leto


- vzpostaviti močno povezavo med 
evropskimi železniškimi upravami na 
področju izmenjave znanja in izkušenj 
v zvezvi z varčno rabo energije
- zagotoviti dolgoročne pogodbe 


med vladami in železniškimi podjetji 
v vsaj treh sodelujočih državah
- izboljšati pozicijo železnic na 


transportnem trgu napram cestnem 
prometu


Glavna konkurenca železniškim 
transporterjem prihaja običajno z dru-
gih področij transportnega sektorja - 
cestni prevoz. V tej tekmi si morajo 
železniške uprave pomagati s sode-
lovanjem, da se ne izgublja energija za 
odkrivanje “tople vode”. Tudi 
TRAINER podpira takšen način iz-
menjave znanja, predvsem z organiza-
cijo skupnih srečanj in kasneje tudi 
razširjanja znanj preko spleta. V okto-
bru 2007 je že potekalo takšno 
srečanje na Nizozemskem in v 
Nemčiji, kjer je bilo prikazano, kako 
se konkretno v posameznih upravah 
trudijo z energetsko učinkovitostjo. 
Naslednja takšna izmenjava izkušenj 
bo v Sloveniji in na Slovaškem spom-
ladi 2008.


Ena zanimivejših nalog je tudi 
pridobiti računalniško simulacijo za 
energetsko varčno vožnjo.


Partnerji TRAINER-ja


• NS (Nederlandse Spoorwegen), 
Nizozemska
• Slovenske železnice
• ZSSK Cargo, Slovaška
• TRENITALIA
• ENEA (Ente per le Nuove Tech-


nologie l’Energia e l’Ambiente) 
Italija
• Genera Lynx, Slovenija
• CRES (Centre for renewable en-


ergy Sources), Grčija
• VVCR (Verkeers Veiligheids Col-


lege Rijssen) Nizozemska


TRAINER je del programa Intelligent 
Energy Europe in je subvencioniran s 
strani evropske komisije. Prav tako je 
povezan s projektom Railenergy in z 
UIC. To so povezave, ki zagotavljajo 
udeležencem dostop do znanja in iz-
kušenj inovativnih železniških proiz-
vajalcev in UIC.
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Kaj je t.i. LTA (Long term agreement - dolgoročni sporazum)?
Evropske vlade so se obvezale, da bodo drastično zmanjšale emisije toplogrednih plinov. Železniške uprave jim lahko pri tem 
pomagajo. Nizozemske železnice, na primer, so sklenile dolgoročno partnerstvo z njihovo vlado, v katerem oboji pričakujejo 
koristi. NS so se obvezale varčevati z energijo in posledično zmanjšati emisije CO2 za 20%. Kot protiuslugo se je nizozemska 
vlada obvezala podpirati NS za dosego omenjenih ciljev. Dobili bodo povrnjene vse takse za energijo toliko časa, dokler bodo 
spoštovali pogoje sporazume. Program TRAINER bi rad v svojem programu zagotovil vsaj še tri takšne sporazume.







Danski GEKKO
GEKKO, ki smo ga omenili že v začetku sestavka, je pri-


pomoček strojevodji, ki mu predlaga s kakšno hitrostjo naj 
vozi. Kot je že prikazano je to dlančnik in GPS sprejemnik. 
Pred začetkom vožnje, se v dlančnik vpiše številko vlaka in 
dlančnik se po GSM poveže s strežnikom iz katerega dobi vse 
podatke o voznem redu ter o trenutnem stanju na progi - in-
formacijo o počasnih vožnjah. Med vožnjo sprejema podatke 
o lokaciji iz GPS sprejemnika in jo primerja z voznim redom. 
Algoritem programa upošteva omenjene podatke in predlaga 
strojevodji s kakšno hitrostjo naj vozi, da bo poraba 
najmanjša. Torej z najmanjšo mogočo hitrostjo, da bo vlak po 
voznem redu na ciljni postaji. Algoritem razvijajo, tako da bo 
v bodoče upošteval še več dejavnikov, ki lahko vplivajo na 
porabo energije, dlančnik pa bodo zamenjali z računalnikom - 
notesnikom.


Nizozemski RouteLint
RouteLint je izredno zanimiva in obenem zelo uporabna 


rešitev, ki jo razvijajo na NS. Vodja projekta Michel van der 
Borght en dan v tednu opravlja strojevodsko službo in je zelo 
predan zamisli, ki so jo imenovali RouteLint. RouteLint je 
aplikacija, ki enako kot zgoraj omenjeni GEKKO deluje na 
dlančniku, prav tako prikazuje položaj vlaka, obenem pa spre-
jema tudi podatke o zasedenosti odsekov pred njim. Stro-
jevodja tako natančno vidi kako so zasedeni odseki pred njim, 
celo kateri vlaki so to in njihovo morebitno zamudo. Prav tako 
vidi kaj se dogaja na odseku za njim. Na pogled zelo sofistici-
rano, ampak zelo uporabno za strojevodjo. Strojevodja tako 
vedno ve, če je zamujen ali predčasen in prilagaja svojo hi-
trost tako, da bo optimalno na ciljni postaji. Orodje je tako 
uporabno, da takoj pomislimo, kako moderna prihodnost v 
obliki ERTMS in ETCS sploh ni več tako moderna in uporabna. Strojevodji sicer prepušča veliko odločitev o načinu vožnje, 
komunikacija z dispečerskim centrom je pravzaprav avtomatizirana, sodelovanje med obema pa naravnost odlična. Prav tako na ta 
način obetajo boljše informacije potnikom o zvezah na cepnih postajah, saj vse vlake vidijo na zaslonu dlančnika. Zaenkrat Route-
lint preizkušajo na progi Rotterdam-Dordrecht, rezultati pa so nadvse vzpodbudni.


Generalni direktor NS predava o energetski učinkovitosti
Aad Veenman, generalni direktor NS in predsedujoči Združenja evropskih železnic in upravljavcev infrastrukture zelo predano 


predava o energetski učinkovitosti in načrtih za varstvo okolja, ki se jih lotevajo na Nizozemskem. Vedno poudarja, kako so vlaki 
okolju prijazno prevozno sredstvo in koliko boljši so od avtomobilov. Pri prenovi voznega parka, je energetska učinkovitost zelo 
visoko na spisku zahtev, važna jim je masa vlakov, število sedežev glede na skupno maso, o čemer smo že pisali. Prav tako se 
zavzema za energetsko učinkovito infrastrukturo, resno razmišljajo tudi o tem, kako navaditi potnike, da bi jutranjo in popoldansko 
“špico” znižali in obenem razširili... Vsekakor je Nizozemska zelo predana varovanju okolja.
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Strojevodje znajo varčno voziti...


Izredno zanimivo predstavitev na Nizozemskem je 
pripravil strojevodja Freddie Velthuizen. V svoji 18-
letni praksi se je ves čas ukvarjal z varčno vožnjo in 
prišel do zelo konkretnih zaključkov. Napravil je 
enostavni tabeli. V eni ima vozne čase med posa-
meznimi postajami in najvišje potrebne hitrosti za 
upoštevanje le-teh. V drugi tabeli so za te najvišje 
hitrosti ter določen čas, koliko pred prihodom v 
postajo lahko izključi vleko. Sistem je dal preveriti pri 
zunanjem presojevalcu (Lloyd), ki je potrdil 
prihranke energije do 20%. Seveda ravno nizozemsko 
progo težko primerjamo s hribovito v Sloveniji pa 
vseeno. Njegov prispevek k razumevanju varčne 
vožnje je neprecenljiv.







Nemška učinkovitost
Kot smo že omenili, so pri nemškem 


potniškem prometu najprej začeli izko-
riščati vgradnjo števcev v vozila in niso 
prav dosti komplicirali. Enostavno so 
začeli z analizami voženj in poudarjati 
kako pomembno je, da vozijo energetsko 
varčno.


Najprej so priredili teoretična pouče-
vanja v obliki prezentacij, delovnih sku-
pin in debat in v katerih so poudarjali:


- pomembnost varčne vožnje
- cilje kakšne lahko dosežejo
- vpliv strojevodje na porabo
Med praktične pristope so, zanimivo, 


uvrstili tudi sodelovanje z uspešnejšimi 
strojevodji, ki so bili pripravljeni pokazati 
in povedati na kakšen način vozijo, da 
porabijo manj energije od drugih. Poleg 
tega pa so uvedli še posebne treninge na 
lokomotivskih simulatorjih, katere že tako 
ali tako uporabljajo za učenje. Na teh 


tečajih s simulatorjem, so strojevodje do-
bili izpis, ki je pokazal diagram porabe 
energije, kar so kasneje analizirali. Po 
analizah so porabo energije vedno znova 
uspeli zmanjšati.


Na sličicah, spodaj levo, lahko 
vidimo katere so glavne tri točke, na 
katere so se osredotočili:
- Izkoristiti kinetično energijo kolikor se 


da. Pustiti vlak, da sam teče. “Let it 
roll...” rečejo;


- Izogibati se hitrostnim “špicam”. 
Enakomerna hitrost prinaša prihranke;


- Izkoristiti obliko terena. Tukaj gre spet 
za koriščenje kinetične energije vlaka 
in najbolj varčno je, da še pred vrhom 
klanca izklopimo vleko.


Seveda so vozni red in držanje 
voznih časov še vedno najbolj pomemben 
faktor.  Seveda se je dogodilo, da so 
nekateri fantje “varčevali malce preveč” 
in zato zamujeni pripeljali do končne 


postaje...


Popularizacija in 
informiranje
Veliko pozornost so pos-
vetili informiranju o samem 
varčevanju med vožnjo. V 
svojih internih glasilih so 
redno objavljali članke na 
temo, prikazovali najbolj 
uspešne strojevodje in ob-
javljali rezultate. Posa-
mezne analize so postavljali 
v vednost na oglasne panoje 
za osebje in pripravljali tudi 
plakate. 
Poleg tega so organizirali 
neke vrste tekmovanje - 
”Olimpijske igre na simula-
torjih”. Mesečno objavljajo 
najboljših dvajset strojevo-
dij, ki so opravljali simula-
cijo pri popolnoma enakih 
pogojih. Tekmovanje vse-
kakor vzpodbuja varče-
vanje.


Navažneje je, da so strojevodjem 
omogočili orodje v pomoč. Kot vemo, na 
nemških železnicah uporabljajo elektron-
ske vozne rede imenovane “EBuLa”. V te 
iste vozne rede so dodali še informacije o 
tem čez koliko sekund, oziroma kdaj, je 
priporočljivo izklopiti vleko. Poleg tega 
je na monitorju izpisana še poraba in ko-
ličina vrnjene energije.
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Lokomotivski simulatorji DB
Na področju nemških železnic 
imajo 11 šolskih centrov s simu-
latorji. Le-ti so zelo sofisticirani 
in so posebni za vsako vrsto 
lokomotive. Tehnik, ki sodeluje 
pri “vožnji” lahko nastavlja vse, 
od vremenskih pogojev, nenad-
nih situacij na progi pa tudi ti-
pične okvare stroja. Občutki v 
kabini so povsem realni, 
vključno s pospeški...







Ključni faktorji


Kateri so torej ključni faktorji, ki prinašajo uspeh:
- Vedno znova poudarjati, kako pomembno je varčevanje z energijo,
- Prepričati vse vpletene v delovnem procesu - vse zaposlene, upravo, posebej iz-


vršilno osebje,
- Sistematično poučevati osebje (strojevodje, prometnike, dispečerje, vzdrževalce 


infrastrukture...)
- Varčevanje z energijo mora postati vsakdanja zadeva, mora “priti v kri” kakor 


radi rečemo, vedeti pa moramo kaj dobrega nam to prinaša,
- Spodbujati in motivirati tudi na tekmovalen način (npr.: varčevalno tekmovanje),
- Institucionalizirati učni proces z možnostjo individualne povratne informacije,
- Vpeljati pripomočke (npr.: prikaz porabe na monitorju...).


Kakšni so torej naši cilji?
Naši cilji so seveda zmanjšati porabo energije in posledično tudi stroške po-


slovanja. Vse lepo in prav, vendar moramo imeti pred očmi tudi varstvo okolja. 
Vsi poznamo nalepke o energetsko varčnih napravah, s katero označujemo 
razred le-te. Ali lahko rečemo, da smo energetsko varčen prevoznik. Vsekakor! 
Avtomobili bi bili v primerjavi z vlakom precej nižje. Ampak naši cilji morajo 
biti še višji, še boljši. Porabiti še manj energije. V enem od prejšnjih biltenov na 
to temo smo lahko prebrali, da smo z zamenjavo voznega parka že naredili lep 
korak naprej. Energetsko varčna vozila bodo vsekakor prioriteta tudi vnaprej. In 
upamo, da bomo rezultate z boljšim načinom vožnje še dodatno izboljšali. Torej, 
precej smo že naredili, ampak...


Razmišljanje o boljšem okolju je na žalost še precej daleč od tistega, ki si ga 
želimo mi in se ponavadi konča že pri omembi morebitnih večjih stroškov. Pri 
nabavi energije, na primer, večina še vedno preferira le najnižjo ceno, od kod pa 
to energijo dobimo ne razmišlja nihče. Takšno zatiskanje oči je seveda zelo daleč 
od tistega gesla, da moramo pustiti dobro dediščino za prihodnost. Na koncu pa 
sploh ni nujno, da bi bila energija iz obnovljivih virov veliko dražja od tiste 
“umazane”. In jasno je, da več uporabnikov ko bo zahtevalo okolju prijazno en-
ergijo, več je bo in cenejša bo.


Pravzaprav se ves čas dotikamo le energije za vleko vlakov, področij ki se 
tičejo varovanja okolja na železnicah pa je veliko. Kakor je veliko število dejav-
nosti, ki se odvijajo na železnici. Torej, prostora za izboljšave je še ogromno...!
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Če upoštevamo dejstvo, da 
bomo pri vleki vlakov v zadn-
jem letu prihranili 4% elek-
trične energije, to pomeni, da 
bomo v tem letu v Sloveniji 
samo zaradi tega zmanjšali 
izpuste za več kot 5.000 ton 
CO2...!








Billing metering







Billing metering


year 2005 Liberalized energy market


arise of ENERGY unit


objectives:


1st stage – map input consumption of 44 traction supplies stations
2nd stage – equip Locomotives with metering systems
3rd stage – map the middle power consumption
4th stage – map the retail consumption







Billing metering


StriedavStriedaváá trakciatrakcia


JednosmernJednosmernáá trakciatrakcia


TM TM –– Starý Starý SmokovecSmokovec
TM TM –– VyVyššnnéé HHáágygy
TM TM –– VeVeľľký Slavkovký Slavkov
NS NS –– PPúúchovchov
TM TM –– TrenTrenččianska Teplianska Tepláá
TM TM –– SpiSpiššskskéé VlachyVlachy
TM TM –– MargecanyMargecany
TM TM –– KysakKysak
TM TM –– KoKoššiceice
TM TM –– RuskovRuskov
TM TM –– KuzmiceKuzmice
TM TM –– DobrDobráá
TM TM –– HaniskaHaniska
TM TM –– PrePreššovov
TM TM –– LoLožžíínn
TM TM –– LipanyLipany
TM TM –– SpiSpiššskskáá NovNováá VesVes
TM TM –– PopradPoprad
TM TM –– ŠŠtrbatrba
TM TM –– KrKrááľľova Lehotaova Lehota
TM TM –– RuRužžomberokomberok
TM TM –– DubnDubnáá SkalaSkala
TM TM –– KraKraľľovanyovany
TM TM –– Liptovský MikulLiptovský Mikulášáš
TM TM –– PPúúchovchov
TM TM –– ŽŽilinailina
TM TM –– BytBytččaa
TM TM –– KysuckKysuckéé NovNovéé MMěěstosto
TM TM –– ČČadcaadca
TM TM –– SkalitSkalitéé
NS NS –– HronskHronskáá DDúúbravabrava
NS NS –– NovNovéé Mesto nad  VMesto nad  Vááhomhom
NS NS –– KozKozáárovcerovce
NS NS –– BratislavaBratislava
NS NS –– ZohorZohor
NS NS –– TrnavaTrnava
NS NS –– JablonicaJablonica
NS NS –– GalantaGalanta
NS NS –– NovNovéé ZZáámkymky
NS NS –– ŠŠttúúrovorovo
TM TM –– BorBorššaa
TM TM –– VojanyVojany
TM TM –– PlavePlavečč
NS NS –– BansBanskkáá BystricaBystrica


LocomotivesLocomotives
Middle poMiddle power wer 
consumptionconsumption


Transformers Transformers 
providing Power providing Power 
over and under over and under 
100kVA100kVA


RRetail businessetail businessTraction supply Traction supply 
tationstations
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Data processingData processing


Communication channelCommunication channel


Obchodné Meranie


Trade Trade ––
Dispatcher centerDispatcher center


++
DatawarehouseDatawarehouse


PQPQMM


Power linePower line


RouterRouter


Sw
itch


Sw
itch


VPN
 G


PR
S


VPN
 G


PR
S


W
AN


W
AN


PQM PQM –– Power quality meterPower quality meter


SkalarSkalar


Acquisition deviceAcquisition device


MetersMeters
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Data processingData processing


Obchodné Meranie


Trade Trade ––
Dispatcher centerDispatcher center


++
DatawarehouseDatawarehouse


Power linePower line


VPN GPRSVPN GPRS


SkalarSkalar


Acquisition deviceAcquisition device


SkalarSkalar


Acquisition deviceAcquisition device


VPN GPRSVPN GPRS
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1. Skalar as acquisition device 
handles  the communication 
with meters 


2. Skalar creates 
datafile


Data


FTP1 
FTP2


3. Skalar sends datafiles 
through FTP to 


the EDW warehouse 
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--Automatic data acquisition,Automatic data acquisition, every month, day, 15 min., 3 min., 1min.


- Data processing, sums, statistical functions
- Visualization of the results
- Completeness check 
- Data validation
- Data substitution
- Check against the main and backup measuring
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How ?


1, 1, Acquire againAcquire again


2, 2, From historical dataFrom historical data


3, 3, Interpolation (linear)Interpolation (linear)
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System SELT open modular system for support trading with energy on 
liberalized market.


SELT Trade - trade activities, trade evidence and consideration 
SELT PRODUCT - product portfolio management
SELT STATISTIC - statistic data processing
SELT OPTIM - optimalization
SELT RISKMGMT - risk management
SELT MERDATA - acquire measured data
SELT ODCHYLKA - deviation cost accounting 
SELT PLAN - planning of consumption
SELT IERP - ERP system integration (SAP, BAAN, ORACLE,...) 
SELT EI - data export-import
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• evidencia informácií o obchodných partneroch
• evidencia informácií o obchodných transakciách


- priama väzba na obchodované produkty
- možnosť monitorovať stav jednotlivých kontraktov 


• podpora transakcii
• hodnotenie obchodov
• hodnotenie obchodných 


pozícií
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• podpora pásmových produktov
• optimalizácia pokrytia DDZ rôznymi produktmi
• tvorba scenárov a modelovanie 
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1. to meet legislative requirements
2.2. To reduce costsTo reduce costs


Assumes:
knowledge of consumption flow
knowledge of consumption quality (max deviation)


Requirements:


continues consumption information – online metering
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Dialog with  infrastructure managers behind Slovak boarder


find effective way of consumption control 
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Energy-saving driving style
ÖBB-Traction GmbH


Previous activities and results







Energiesparende Fahrweise 
ÖBB-Traktion M/T
Pfeffer, 31474, März 2008


1. Training of all train drivers in 2006


Altogether, approx. 4600 train drivers were trained based on general
documents (training film, div. further presentations and personal folders) 
at first only theoretical training


Main topics of the training:


- complete usage of the recuperation brake at electric rolling stocks
- rolling out of trains, also at speed restricted sections
- optimal utilisation of the running-time reserves
- individual use of the automatic driving control and breaking control
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2. Documentation of the information system
for the increase of motivation


To increase the motivation, since August 2006 the train drivers of the
„Taurus locomotive“ have the possibility to enter their energy consumption
at an infopoint


The Infopoint is an „ADV information platform. On terminals with an 
intranet access the train drivers can look up all changes regarding
regulations and they have the possibility to leave wishes and suggestions


For the first time now train drivers are able to compare each other
regarding their personal energy consumption
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3. Preparation and evaluation of a questionnaire to
the topic "energy-saving driving style“


To receive a feedback from the previous activities, the train drivers had to 
fill out a questionnaire with 5 questions. The rate of return was approx.
32%. 


The evaluation resulted that the training in 2006 has influenced a large 
part of the train driver´s behaviour (see next chart)


Another finding of the evaluation was that further measures for these
purposes are wished and that the communication between Dispo and 
dispatcher has to be improved. 
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16,4%


50,9%


26,5%


6,2%


The training in autumn 2006 has 
influenced my behaviour


Yes n. o.


Little


No
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1.752,3


1.803


62,3


7,9
8,2


22,6


50,3


1.700


1.720


1.740


1.760


1.780


1.800


1.820


1.840


1.860


1.880


Dez 05 -
Nov 06


gross tokm recuperat. weather operating driving Dez 06 -
Nov 07


GWh


Traction energy savings after training in 
autumn 2006


Energy savings:    62,3 GWh
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Contact data:


Michael Pfeffer
ÖBB-Traktion GmbH
Marketing/Energiemanagement
A-1150 Wien, Langauergasse 1


Tel.: +43/(0)1/93000-31474
Fax.: +43/(0)1/93000-8313690
Email: michael.pfeffer@tr.oebb.at
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The Danish Approach - GEKKO


Rikke Næraa
Environmental Department
Planning and Traffic
DSB
Danish State Railways
Phone: + 45 24 68 45 46 or +45 33 54 45 47


rikken@dsb.dk
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The Danish Approach


GEKKO


Guide to Energy Efficient 
Driving and timetable Optimising


Or in Danish:
Guide til Energieffektiv Kørsel og 
KøreplansOptimering
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DSB – Danish State Railways


ƒ Train operator - passengers, mainly in Denmark


ƒ 5.8 billions passenger km 2006 


ƒ The Minister of Transport is the shareholder, but 
DSB is controlled by own board


Consumption in 2006:
ƒ Diesel: 70 million litre (S:10 ppm)
ƒ Electricity: 250 GWh


ƒ Long-distance and regional trains 115 
GWh, 25 kV AC 50HZ  


ƒ Suburban trains
135 GWh, 1,5 kV DC
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DSB – Environment


ƒ DSB Environmental Strategy 2006 (originally 2003):


Reducing the environmental impact from air pollution from 
2004-2010 by 30 % per passenger km.


ƒ A Climate Saving Strategy is expected


ƒ Signed a Curve Breaker Agreement with The Danish 
Electricity Saving Trust: 


10% reduction in the electricity consumption per 
passenger km from 2006-2010


ƒ Participating in the EPA’s climate saving campaign “1 ton 
less”
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DSB and the environment - COE Søren Eriksen


In the weekly DSB magazine for employees, the COE Søren Eriksen has just promoted
train as an environmental mode of transport. And telling the employees that they are making a 


difference for the environment every day.  And announce that DSB with a green profile,  will be a 
frontrunner for the environment.


Cutting from this weeks magazine (Tuesday 23 October 2007) – DSB i dag
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Objectives of the project


ƒ Reduce the energy consumption by 5%,


ƒ Create a better working environment for the engine drivers,


ƒ Make the inexperienced engine driver experienced in a shorter time.


By:


ƒ Promoting the opportunity for the engine drivers to drive in an energy efficient way 
under the existing circumstances (e.g. the time table).


E.g. visual information to the engine driver; the actual energy efficient velocity, that will 
make the train run on schedule; and the energy consumption. 
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GEKKO Project Organisation


Project Group: 
Carsten Michael Olesen – Engine driver- drivers Union, representing ”Engine Drivers department”
Peter Buchwald, Technical Department.
Klaus Skafte Nielsen, Working environment. Health and Environment.
Erik Lindgren, Timetable planning, Planning and Traffic
Anna Levin Jensen, Environmental dep., Planning and Traffic
Rikke Næraa, Environmental dep., Planning and Traffic 


External software developers:
Sune Edinger, code1
Christian Hage, e-invent


Steering Committee: 
Environmental Steering Committee includes representative from most divisions in DSB. The chairman is 
the manager of the Department for Production including the Engine Drivers Department and the Technical 
Department.
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GEKKO version 1
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The user interface - A familiar feeling


ƒ The present test version of the mobile 
GEKKO unit.
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After pilot testing …


ƒ Transfer of software to the engine drivers digital backpack (laptop),


ƒ Adjusting and approval of user interface on laptop of the engine drivers guiding display.







Side 11
TRAINER DEMO-TOUR 25th of October 2007 - The Danish approach


Project Digital Backpack for engine drivers


DSB has the intention to equip all engine drivers in DSB regional and long distance trains 
with their own personal laptops


All engine drivers have to pass a test to obtain permission to use the laptop.


At the moment the laptop is rolled out to all engine drivers:


ƒ 900 of 1350 have so far passed the test and may now use the laptop,


ƒ Only 1 engine driver did not pass the test in the first try and will have to take a retake.


At the moment it is not allowed in DK to use a PDA or laptop during driving, in drivers 
carbine, for security reasons, 
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The GEKKO System in the train


The system in the train GPS unit and a 
PDA/PC with the GEKKO software
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Access from anywhere
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The GEKKO System
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GEKKO - basic data and algorithms


ƒ Time table – The Living Timetable,


ƒ Information on infrastructure,


ƒ Permanent speed restrictions,


ƒ Temporary speed restrictions and line obstructions,


ƒ Velocity algorithm, 


ƒ Energy algorithm.
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The GEKKO method


ƒ Compare current GPS position with time table


ƒ Calculate and optimize energy efficient driving strategy


ƒ Indicate recommended velocity


ƒ Calculate and indicate energy consumption


ƒ Create a log file for trouble shooting and feed back 







Side 17
TRAINER DEMO-TOUR 25th of October 2007 - The Danish approach


Analyser  - replay of trips


ƒ Tool for testing and trouble shooting,


ƒ Replay of trip based on:
ƒ Log file in GEKKO,
ƒ Time table for a given train and time of day,


ƒ The replay function imitates GPS-receiver and the trip is recreated in a testing 
environment, 


ƒ Possible to use it as a backbone of a feedback system for e.g. the time plans.
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GEKKO train trip replay function
Replay & analyse logged train trips
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GEKKO Train Trip Analyzer
Go steady & moderate -> get there on time with minimal energy consumption
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Energy algorithm


Energy algorithm has been developed


Not yet implemented and indicated in the PDA guiding display.
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Energy consumption – an example
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Challenge/ Obstacle


Step 1 : 


ƒ Not allowed to use a PDA or laptop during driving, in the drivers cabin, for security 
reasons, in Denmark – this has to be changed.


Step 2:
ƒ Getting permission: The engines drivers guiding display controlled by input from the 


GPS-receiver (position alternative to time).
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” Administrative Barrier”
(common used in GPS navigations-equipment for vehicles)


Warning


Do not try to encode or 
change data during 
driving. Inattentive 


driving could result in 
serious accidents. 


You yourself carry the 
full responsibility for the 


use of this feature
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Example of a physical “barrier”
(common used in GPS navigations-equipment for vehicles)


Safe driving :
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Present procedure during driving
Respecting the permanent speed restriction, the LA (temporary speed restriction and line 


obstructions) and the time table.


1. Find the correct time of arrival at the next station or point of passage


2. Estimate the distance covered and perhaps read the milestones (in DK we use 
kilometre)


3. Check up any restrictions or obstructions in the near future


4. Choose and perhaps adjust speed in accordance to the above mentioned, on 
condition that is not in conflict with ATC/external signals etc.


5. Repeat the loop ... (that is go to 1. again...)
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Expected outcome of the GEKKO project


The four legs of the GEKKO


ƒ Energy efficient driving 
ƒ Punctuality 
ƒ Feedback on the timetable 
ƒ Education (e.g. possible to replay the driving log and discuss it with the student)
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Preface 


This handbook has been developed within the BESS project (Benchmarking and Energy Management Schemes 
in SMEs) which is supported by the European Commission under the EU’s Intelligent Energy – Europe (IEE) 
Programme. 
 
The primary objective of the project is to promote widespread use of best practice energy management and 
benchmarking tools and to improve energy efficiency in industrial small and medium-sized enterprises (SMEs), 
with particular focus on the food and drink industry.  
 
The project website: www.bess-project.info offers an e-learning scheme which contains all information a 
company needs for implementing energy management. For information about the BESS energy management 
approach please click on the bulls eye on the e-learning dartboard on www.bess-project.info.  
 
The present handbook is a supportive tool within the BESS project which leads the SME in logical steps through 
the implementation process of energy management. Most tools which are available within the e-learning 
scheme are included in the handbook and references to the e-learning scheme are given consequently. It is 
recommended to download certain tools like the energy management checklist or the business case from the 
website as they contain automatically calculations and data interpretations.  
 
The handbook is still a draft version which will be updated by the project partners regarding the feed-back of 
the pilot SMEs. In the beginning of 2007 the final version of this handbook will be available and distributed.  
 
Basically the handbook can be used by industrial SMEs of all branches and sectors. It contains horizontal 
measure lists that are useful for all branches. Sector specific information is offered as a separate attached 
document. Within the BESS project sector specific information for bakeries, meat processing industries and 
dairies has been developed.  
 
The colours of different boxes and numberings in this handbook are related to the colours on the website 
www.bess-project.info. In the text documents to be downloaded are mentioned. The link where you can find 
these documents on the BESS website is added in quotation marks. This helps you working with the handbook 
and the e-learning scheme.  
 
 







BESS Energy Management Handbook  3 


Table of Contents 


 
1 Introduction 4 
1.1 What is energy management? .................................................................................. 5 
1.2 Why should I implement energy management?........................................................... 5 
1.3 What are the minimum requirements of BESS energy management?............................. 8 
1.4 Which requirements do I already fulfil? ...................................................................... 8 
1.5 Where do I start to implement energy management? .................................................. 9 
1.6 Where does energy management fit into my organisation?..........................................10 
1.7 The basic parts of BESS energy management ............................................................10 
1.8 How do I work with the handbook? ..........................................................................11 
2 Step-by-step guidance 12 
2.1 Getting started ......................................................................................................12 


2.1.1 Make a Business Case – recognise the need for energy management ...................13 
2.1.2 Check the level of your current energy management system...............................13 
2.1.3 Commit energy management into the organisation ............................................14 
2.1.4 Appoint the roles and responsibilities of energy management..............................16 
2.1.5 Prepare a project plan for energy management implementation ..........................17 


2.2 Form your energy team ..........................................................................................19 
2.2.1 Appoint an energy coordinator ........................................................................20 


2.3 Define your energy policy .......................................................................................21 
2.4 Understand the organisation’s energy matters – conduct an energy audit .....................24 


2.4.1 Get an overview of your past and present energy consumption ...........................25 
2.4.2 Make a survey on energy use and identify significant energy users ......................28 
2.4.3 Identify key factors that influence energy consumption ......................................29 
2.4.4 Identify energy-saving opportunities ................................................................29 
2.4.5 Set up a legal register ....................................................................................31 


2.5 Energy action plan .................................................................................................31 
2.5.1 Compile an action plan ...................................................................................32 
2.5.2 Set objectives and targets ..............................................................................34 
2.5.3 Allocate adequate resources............................................................................34 


2.6 Promote and implement energy efficiency measures ..................................................34 
2.6.1 Promote energy-efficient practices and awareness amongst employees ................34 
2.6.2 Train key personnel in energy efficient practices................................................35 
2.6.3 Establish an Energy Savings Register ...............................................................35 
2.6.4 Ensure energy efficient operation and regular maintenance.................................35 
2.6.5 Define your documentation system..................................................................35 


2.7 Check your energy performance ..............................................................................36 
2.7.1 Measuring period...........................................................................................36 
2.7.2 Production ....................................................................................................36 
2.7.3 Influencing factors .........................................................................................36 
2.7.4 Analysing data ..............................................................................................36 
2.7.5 Define indicators on energy performance..........................................................37 
2.7.6 Monitoring and targeting ................................................................................37 


2.8 Check your energy management system and energy efficiency....................................38 
2.8.1 Complete the energy management checklist .....................................................38 
2.8.2 Benchmark your specific energy consumption ...................................................39 


2.9 Achieve further efficiency improvements...................................................................41 
2.9.1 Revise the implementation process ..................................................................41 
2.9.2 Improve procedure and start again ..................................................................41 
2.9.3 Review and corrective actions .........................................................................42 


3 Supportive tools presented within the handbook 43 
3.1 Energy Management Specification............................................................................43 
3.2 Pre-self assessment checklist ..................................................................................47 
3.3 Energy management implementation model BESS .....................................................50 
3.4 Linking Lists ..........................................................................................................52 
3.5 Business case and fact sheets..................................................................................59 


3.5.1 Calculation I .................................................................................................59 
3.5.2 Calculation II ................................................................................................60 


3.6 Horizontal measure list ...........................................................................................61 
3.7 Energy Savings register I (Realised projects before 2006)...........................................69 
3.8 Energy savings register II (planned and unplanned actions) 2006-2010........................70 
3.9 Set of Definitions for the BESS project......................................................................71 
3.10 Abbreviations ........................................................................................................74 
3.11 Sources ................................................................................................................74 
3.12 Literature..............................................................................................................74 
3.13 Project Partner ......................................................................................................75 







BESS Energy Management Handbook  4 


1 Introduction 


This handbook facilitates the implementation of energy management in small and medium sized enterprises. It 
provides a logical step-by-step guidance of implementation actions and most effective ways to find out where 
energy and cost savings can be made. In combination with the e-learning scheme on www.bess-project.info 
this handbook answers following questions:  
 
 
 
 
 
 


 
 
In chapter 3.9 you find the set of definitions which explains all important terms. 
 
 


 
 


Why should I 
implement energy 


management? 


 
 


What are the minimum 
requirements of BESS 
energy management 


system? 


 
 


Which requirements 
do I already fulfil? 


 


 
 
 


Where do I start to 
implement energy 


management? 


 
 


Where does energy 
management fit into 


my organisation 
procedures? 
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1.1 What is energy management? 


Energy management is effectuating organisational, technical and behavioural actions in an economically-sound 
manner in order to minimise the consumption of energy, including energy for production, and to minimise the 
consumption of basic and added materials.  
 
Energy Management means structural attention for energy with the objective of continually reducing energy 
consumption and maintaining the achieved improvements. It ensures that a company or an organisation 
continually passes through the cycle of making policy, planning actions, implementing actions and checking 
results, on the basis of which new policy is made. This cycle makes continual improvement possible, as 
reflected in Deming’s Circle.  
 
The implementation of an energy management system is not an objective in itself. What matters are the results 
of the system: anchoring attention for energy in daily practice.  
Whether an energy management system works is dependent on the willingness of the (relevant) organisation to 
manage energy consumption and energy costs.  
 
The organisations of the BESS consortium ensure that companies that participate in BESS translate that 
willingness in their deeds whatever their main reasons are: controlling costs, environmental considerations, 
legal requirements, social agreements or image. 


1.2 Why should I implement energy management? 


There are several reasons for implementing energy management.  
 
One important reason why you should implement energy management is the improvement of your 
environmental performance. At least as important as this is the minimisation of costs! 
 
 


 
 


 
 
If you have an energy management system you map the energy flows 
at a certain point in time, identify the relevant energy aspects and 
subsequently take action. The analysis of the energy consumption 
must be performed regularly to keep insight up to date and to make 
new measures possible when changes occurred. 
 
Even if the measures work, you continue to pass through the circle. In 
order to at least maintain the current level, you must regularly check 
to ensure that everything is still functioning optimally and make any 
necessary modifications.  
 
 


 


Difference between ad hoc energy management and a continuous energy management process 


This graph shows the course of energy costs when energy saving actions are made occasionally, without regular 
control and improvement. [1] 
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In the graph below you can see that with continuous improvement, trainings and motivation the energy costs 
can successfully be decreased without rising again. [1] 
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When you implement energy management you: 
 


 know how much energy is used in your company for different areas (departments, production 
processes etc.), 


 notice immediately when the energy consumption for one area has changed considerably, so you can 
find out the reason and act properly, 


 have documented your energy system in a systematic and structured way. 
 
Furthermore, energy management has various additional positive effects: 
 


 Direct effects of energy management are e.g. lower energy costs, energy savings and an increase in 
profits.  


 


 Indirect effects include a better environmental situation, cost reductions for assurances and 
maintenance, better working conditions etc.  


Examples for direct effects of energy management 


 
 
 


 As a result of an energy audit a dairy equipped 
203 electrical motors with a total power of 
1216 kW with frequency converters. The price 
of a 5.5 kW frequency converter is 
approximately € 600. The estimated annual 
saving is € 90,000 (1,325 MWh), the 
investment costs being estimated to 
€ 311,000. The pay-back time is only 3.4 
years. 
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 A dairy installed a load management system and thus saves 14,000 Euro per year. 
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 The combustion air fan of the biggest dairy in Styria (Austria) was operated by an engine with a 
nominal capacity of 30 kW, which was run up by a star-delta starting. The fan caused an annual 
energy consumption of about 152,400 kWh. By installation of a frequency converter the speed was 
reduced and the actual air flow was adapted to the necessary airflow. This action results in energy cost 
savings of about 86 %. With investment costs of € 8,000 the payback period was 9 month. [2] 


 At an Austrian dairy, the biggest cottage-cheese-producer in Europe, the compressed air was supplied 
by three compressors, which were controlled by adjusted pressure levels. There was no superior 
controller and no use of waste heat. The heavy fluctuating workload and operating method of the 
compressors resulted in high consumption. The installation of highly efficient aggregates, installation of 
a superior control which optimises the ratio between full load, part load and idle speed of the 
compressors, the waste heat utilisation for heating the neighbouring hall and the reduction of the 
leakages cost € 50,000 and result in savings of € 24,975 per year. In two years the investment costs 
were amortised. [2] 


 The dairy "Namdalsmeieriet" has invested in a combined heat recovery and purification plant. The 
combustion air is preheated by the flue gases and the sulphur dioxide is used for neutralisation of 
alkaline waste water. 91% of the SO2 content in the flue gases is absorbed in the waste water. The 
energy costs are reduced by NOK 190,000 (1988) per year and the chemical costs by NOK 130,000 
(1987) per year. [3]  


Examples for indirect effects of energy management  


 As a result of energy management a dairy changed its chemical cleaning process. This decreased the 
water usage by 6%, the lye by 46% and the acid by 34%.  


 


 A food market invested in more efficient freezers which not only decreased its electricity costs by 26%, 
but also saved the total frozen food insurance. Because of the new system that uses several 
aggregates the insurance was not necessary anymore.  


 
 
Energy is a controllable resource. Using it efficiently helps to maximise profits by reducing energy costs. 
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1.3 What are the minimum requirements of BESS energy management? 


 


 
 
 


Within BESS a specification for an energy management system has been 
developed. This specification offers the requirements for an optimal energy 
management system which is based on the ISO 14001 standard on 
environmental management systems and follows the plan–do–check–act (PDCA) 
cycle. As already mentioned, PDCA means that you map the energy flows 
at a certain point in time, identify the relevant energy aspects and 
subsequently take action.  
 


 
 
The BESS energy management specification can be regarded as the basis of the definition of a mature 
energy management system. It covers following areas: 
 


 Energy policy 


 Planning 


 Implementation and operation 


 Checking and corrective actions 


 Management involvement 
 
You can find the BESS energy management specification in chapter 3.1. and in the part “Definitions and 
Specifications” on www.bess-project.info. 
 


1.4 Which requirements do I already fulfil? 


Most companies already use different parts of energy management in their organisations, e.g.:  
 


 The energy consumption is compared on a monthly or annual basis. 


 Good housekeeping measures are well known by all staff members. 


 When purchasing electrical equipment energy efficiency is a decision factor. 


 Etc.  
 
But often the gathered information is not used consequently for improving the company’s energy performance.  
 
 
To find out which parts of the BESS energy management you already fulfil the energy management 
checklist has been developed. You can download the checklist from the e-learning scheme (“Full Energy 
Management Checklist”) and use it to identify the main priorities for the implementation process.  
 
 
The energy management checklist evaluates the mandatory and optional elements of the energy management 
requirements. The results of the checklist indicate the extent to which energy management has been 
implemented in the company at this time. The checklist consists of 26 questions, to be verified by the 
organisation by checking off the measures that have been taken. 
 
 
For a first rough overview of the existing level of energy management in your company you can use the pre-
self assessment checklist (chapter 2.1.2, 3.2, “Getting Started”) which contains 7 key questions out of the 
energy management checklist. 
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1.5 Where do I start to implement energy management? 


As a result of the energy management checklist you know which parts of the BESS energy management system 
are still missing in your company.  
 
 
The BESS energy management implementation model (EMIM, chapter 3.3, “Energy Management Model”) 
contains all actions that are necessary for implementing energy management. EMIM covers: 
 


 most of the ISO 14001 oriented energy management requirements, 


 the BESS energy management specification and 


 practical implementation procedures, which can be used by the company to achieve targeted 
energy saving goals. 


 
 
 
In Figure 1 the major actions within the energy management implementation model (EMIM) are listed. Each 
action is subordinated to one of the nine main energy management implementation steps which are described 
in chapter 2. 
 
The numbers 1 to 9 describe the time sequence for implementing energy management for the first time.  
 
 
There is no fixed sequence of implementation actions. Figure 1 is only an example of a possible sequence. 
Depending on your company’s situation you will find the appropriate starting action.  
 
 
If you have already implemented energy management you start again with the understand phase, go on with 
the plan phase and so on. That means that you continue improving your energy management system within the 
plan-do-check-act cycle. 
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ACT
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Do


Do
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Energy Policy
3
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A – F represent the (yearly) cycle of continuous improvements after implementation 


 
 
 


Figure 1: Actions within energy management implementation model (EMIM)
regarding plan-do-check-act (PDCA) principles 
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1.6 Where does energy management fit into my organisation? 


When energy management is integrated into the daily practice of your organisation, you create an instrument 
with which energy efficiency can be continually improved. The integration of this instrument into daily practice 
will run the smoothest if the process is based on the BESS energy management specification and the energy 
management checklist. 
 
 
Most companies do already have to fulfil different standards like ISO 9001/2000 or ISO 14001 or for food and 
drink industries the HACCP. Therefore it makes sense to connect the energy management procedures to 
management procedures which already exist. The BESS linking list (chapter 3.4, “Definitions and 
Specifications”) shows the connections of energy management and the above mentioned standards. 
 
 
Take the list and see where you can add energy matters to the procedures of the standards you already have to 
fulfil. In this way you avoid double work and you can use procedures which are already well known. You 
find the linking list and the description how you use it successfully in chapter 3.4 of this handbook.  


1.7 The basic parts of BESS energy management 


Before you start with the step-by-step implementation process it is recommended to contemplate the basic 
parts of the BESS energy management, which are:  
 


 the energy management specification (chapter 3.1, “Definitions and Specifications) 


 the linking list (chapter 3.4, “Definitions and Specifications”) 


 the EMIM (chapter 3.3.“Energy Management Model) 


 the website with the e-learning scheme (www.bess-project.info)  
 
When looking at these basics you will gain a profound knowledge of the BESS energy management scheme. 
You will recognise parts of it which you have already implemented into your organisation or on which you have 
already thought, but never realised.  
 


Go ahead and contemplate the basics, then start with the implementation actions! 
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1.8 How do I work with the handbook? 


On the homepage of www.bess-project.info you can enter the introduction to the e-learning scheme when you 
click on the dartboard symbol on the left side.  
 
 


 


Figure 2: Dartboard on www.bess-project.info 


 
If you click on the bulls eye you will find a short introduction about reasons for implementing energy 
management, the energy management implementation model, the energy management specifications, the 
linking list and the energy management checklist. 
 
The inside ring displays the plan-do-check-act cycle. If you click on one of these links you’ll get information on 
all important aspects of the particular part. 
 
 
 
 







BESS Energy Management Handbook  12 


2 Step-by-step guidance 


In this chapter a possible sequence of the energy management implementation actions regarding the BESS 
energy management implementation model is presented. Where additional information on the BESS e-learning 
scheme is available, references to the website are given.  
 
 
To implement energy management according to the BESS energy management implementation model steps 


mentioned below are recommended. These steps are part of the actions within EMIM (Energy management 


implementation model) as shown in Figure 1 (p. 9). 


 
1. Getting started 


2. Form your energy team 


3. Define your energy policy 


4. Understand the organisations energy matters – conduct an energy audit 


5. Compile an Energy Action Plan 


6. Promote and implement energy efficiency measures 


7. Check your energy performance 


8. Check your energy management system and energy efficiency 


9. Achieve further efficiency improvements 


 


You can choose the order of these several tasks how you feel it as appropriate. This is only a recommendation. 
 


2.1 Getting started 


All supportive tools which are introduced on the following pages you can find in the part “Getting Started” of the 
e-learning scheme on www.bess-project.info. 
 
Start with your preliminary activities in order to understand your company’s energy situation and to recognise 
the needs for implementation of energy management into your company structure and culture. Filling out the 
business case (chapter 2.1.1, 3.5) is one of your first tasks. As a result of the business case you get an 
overview of essential basic company data and indicators to recognise if there is the need for energy 
management implementation or not.  
 
It is important to find out the starting level of energy management. Even if you do not have implemented an 
energy management system you may have already been using different parts of such a system. The pre-self 
assessment checklist (chapter 2.1.2,3.2) gives you the actual level of your energy management just by 
answering 7 questions. 
 
The results of the business case and the pre-self assessment checklist are convincing arguments to enforce the 
importance of energy management when presenting them to the top management. 
 
After elaborating the business case and the pre-self assessment checklist you should work out a commitment 
to the energy management which acts as a “go” to make the project implementation plan and signalises the 
support of top management. The description of commitment to energy management (chapter 2.1.3) gives you 
an idea how this document could look like. 
 
Furthermore the description of the roles and responsibilities (chapter 2.1.4) shows you the first steps how 
to organise the staff who will work on the energy management. Finally the introduction to an energy 
management implementation project plan and the energy management implementation model which 
are tailor made to your company’s situation and priorities, will show you how, how long and how much 
manpower is needed for successful planning and running of the energy management implementation process. 
For detailed information about the targets and the person in charge please go to chapter 2.1.5 and 3.3. 
 
Basically filling in these tools is the duty of the energy coordinator but he can also assign the job to a member 
of his energy implementation team. 
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2.1.1 Make a Business Case – recognise the need for energy management 


 
Filling in the business case (chapter 3.5, “Getting Started”) is one of your first tasks, which results are the 
overview of essential basic company data for the last three years and indicators and identification of other 
influences defining the company decisions. 
 
 
As already mentioned these results can be used to convince top management of the importance of energy 
management in your company.  
 
The business case is an excel sheet which contains automatic calculations and therefore has to be downloaded 
from the e-learning scheme (“Getting Started”). To get an overview of the required data you can find two 
calculation tables out of the business case in chapter 3.5. 
 
Necessary information for the business case are: 
 


 the total amount of energy consumed, divided into fuels and electricity 


 energy prices 


 CO2 emissions 


 production data 
 
Outcome of the business case:  
 


 specific energy consumption for the last three years 


 energy cost intensity 


 specific CO2 emission - direct and indirect 


2.1.2 Check the level of your current energy management system 


The next activity to be undertaken when implementing an energy management system within a company is to 
check the existing level of the energy management system in the company. The BESS energy management 
specification based on the ISO 14001 standard can be regarded as the basis of the definition of a mature 
energy management system.  
 
 
The energy management checklist evaluates the mandatory and optional elements of the energy management 
requirements. The results of the checklist indicate the extent to which energy management has been 
implemented in the company at this time. 
 
 
The checklist consists of 26 questions, to be verified by the organisation by checking off the measures that 
have been taken. The checklist can be downloaded from the e-learning scheme and can be used to identify the 
main priorities for the implementation process.  
 
Placing a check in the "check box" confirms that one or more of the elements in the energy management 
requirements is present in the organisation. An explanation is provided at the right side of each question. The 
first column at the right side explains the question and the second column at the right side explains when to 
check it off. The results are automatically displayed at the top of the first page of the energy management 
checklist and at the end of the checklist. 
 
The pre-self assessment checklist contains seven key questions out of the BESS energy management 
checklist which can be used by companies in the initial stage of implementing or improving their energy 
management system.  
 
 
The purpose of the pre-self assessment checklist is to identify the main priorities for a company regarding the 
implementation process. 
 
 
You can find the pre-self assessment checklist in the e-learning scheme (“Getting Started”) and in this 
handbook in chapter 3.2.  
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The seven key questions are:  


 
1. Has the organisation identified the primary energy aspects based on the energy 


consumption figures and are they kept up to date? 
2. Have tasks, responsibilities and authority been determined for all staff involved in 


energy management (e.g. energy aspects, energy consumption, objectives, 
corrective measures, etc.)? 


3. Are the primary energy consumers (energy aspects) regularly measured, 
registered, analysed and reported? 


4. Has a plan of approach been compiled for improving the energy performance in 
accordance with the policy and considering following matters ? 


5. Legal and other requirements 
6. The primary energy aspects 
7. The best techniques available (according to BESS list of measures, for example) 
8. The time schedule within which these are to be achieved 
9. Has it been documented (in writing or electronically) how energy management 


works and is a link made to the relevant instructions and procedures? 
10. In the event of non-conformance*, is the cause investigated and are corrective or 


preventative measures taken to prevent reoccurrence? 
11. Is the evaluation of the energy management system performed at least once each 


year by the management based on the following information? 
12. Energy performance based on monitoring information. 
13. The evaluation of conformance with legal and other requirements pertaining to 


energy 
 
* Non-conformance means that an objective will not be achieved as defined if you continue in the 
same manner. 


2.1.3 Commit energy management into the organisation 


 
For long term successful energy management a company commitment is essential. Someone at the highest 
level of the organisation (for example, a board member or the managing director), whose signature on the 
company commitment will demonstrate the importance of the programme, has to be found. Support of highest 
level personnel will assist the managers who will be actively involved in implementing the strategy. 
 
 
The commitment can be provided by assisting the senior management to clearly understand the level of energy 
management in the company. For this purpose the pre-self assessment checklist can be used. In second stage, 
the current situation should be presented to senior management with clear indication of trends of energy costs 
and energy issues. You must give specific emphasis to the presentation of the benefits that might be achieved. 
The benefits can be estimated based on figures from the business case and in a later stage by cross checking 
several other sources, e.g. horizontal and sector specific measure list, benchmarking data or many other case 
studies which describe the energy management achievements in large and small organisations. 
 


 
The “commitment” is more than a statement of support – it should establish 
accountability among managers involved in the implementation of the strategy, and 
should require regular reporting on progress. 
 
 


 
In addition to top-level commitment, staff from all levels of the organisation need to be encouraged to join the 
process of implementing energy management in the organisation.  
 
 
The next page displays an example of an company commitment (“Getting Started”). 
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Example 1: Company Commitment 


We are committed to: 
 


 purchasing energy at the most cost-effective price 
 purchasing a proportion of green energy (generated from renewable sources) 
 increasing energy efficiency in terms of energy consumed per unit of production (or per degree day for space 


heating) 
 reducing C02 emissions 
 investing in new technology where this meets investment criteria (including renewable energy sources) 
 considering life cycle energy costs when procuring new projects 
 purchasing energy-efficient plant and equipment (including office equipment) 
 reducing environmental emissions associated with travel (including employee travel to work, business travel and 


distribution of goods) 
 entering into a climate change agreement via our trade association 
 investing in energy-saving technologies that are eligible for enhanced capital allowances 


 
We will address energy efficiency in all areas of our business including: 
 


 Management issues 
- define roles and responsibilities for energy 
- educate and raise awareness among staff 
- encourage continual professional development (CPD) for technical staff involved in energy 
- establish clear reporting procedures 


 Procurement issues 
- procure equipment with low energy ratings 
- consider life-cycle energy costs for new projects and modifications to existing plant 
- establish technical guidelines for new projects and refurbishment 


 Financial issues 
- establish ownership of energy costs at departmental level 
- establish ownership for invoice verification 


 Technical issues 
- establish procedures for operation of plant and equipment. 


 
We will improve on past performance: 
 
Over the past 5/10 years: 


 our energy costs have increased/decreased by x% 
 our energy efficiency has increased/decreased by x% - our emissions of C02 have increased/decreased by x% 
 our consumption of fossil fuels has increased/decreased by x% 
 our consumption of renewable energy has increased/decreased by x% 
 our investment in clean, energy-efficient technologies has increased/decreased by x%. 


 
We are committed to reversing/reinforcing/accelerating this trend/these trends through a strategic action plan which will be 
reviewed for progress and updated each year. 
 
 
Chairman's signature: .................................. 
 
 
Date: ................................................... 
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2.1.4 Appoint the roles and responsibilities of energy management 


 
Roles and responsibilities of persons who will work on the energy management have to be appointed. As a 
supportive tool a TRA matrix (“Getting Started”) can be used. This is a list of tasks, responsibilities and 
authority to clearly identify individuals in the organisation who are directly and indirectly involved with energy. 
 
 
This insight is extremely important for a properly-functioning energy management system. The list shows at a 
single glance who does what and who bears responsibility. 
 
When compiling the TRA matrix, there is really only one question: Who is in a position to influence the energy 
consumption? Every individual in a position to influence energy consumption must be included in the TRA 
matrix. 
 


 
Ultimate responsibility for the effectiveness of energy management must be assigned to 
management members with sufficient authority and skills. The executive committee is the 
most logical candidate. They can allocate time, money and manpower, therewith 
establishing the necessary conditions. 
 
 


 
The employees on the work floor are very directly involved. In their daily tasks, they work with the machines 
and exercise the most direct influence on the energy consumption. 
 
Everyone involved in an energy aspect is to be included in this list. Not only because it shows who bears 
responsibility, but especially in order to create broad support. Participating in energy management with a clear 
task and responsibility creates motivation. 


Example 2: TRA Matrix 


Tasks, responsibilities and authorisation of the energy coordinator 


Task 
 


Responsible for Actions Authorisation 


Work plan Translating the plan of action 
into a yearly energy work plan 


Compile energy work plan each 
year, including time schedule 
Ensure that this plan is 
implemented 


Call for cooperation needed to 
achieve the yearly objectives 


Energy scans Organising energy scans in 
order to update the plan of 
action 


Contract external consultant, 
evaluate reports, incorporate 
recommendations into work plan 


Contract external parties in 
accordance with authorised 
budget and responsibilities 


Manual energy 
management 


Keeping the manual energy 
management up to date 


Modify (parts of) the manual in 
keeping with latest decisions and 
revised procedures 


 


Legislation and 
regulations, key 
figures and 
standards 


Keeping abreast of applicable 
legislation and regulations, and 
keeping key figures and 
standards up to date 


Follow sector publications, <name 
of sub sector> announcements 
and updating relevant matters. 
Keep individuals involved 
informed of 
developments/changes 


Consultation with relevant 
authorities (permit issuer, <name 
of sub sector> etc.) 


Data collection and 
Monitoring 


Reading energy meters and 
(directing the) compilation of 
the monitoring reports 


Register electricity, gas and water 
readings or direct this. Compile 
monitoring reports  


Direct meter readings. 
Request management 
cooperation in reports on results 
achieved 


Energy reporting Compiling annual energy report 
for management 


Compile annual energy report 
indicating progress and results 
from the work plan 


Distribute the annual energy 
report after management 
approval 


Internal and/or 
external audit 


Periodically performing 
qualitative audits of the energy 
management system 


Perform internal audits   


Communication Completeness and accuracy of 
internal and external 
communication 


Internal and external 
communication regarding energy 
management  


 


Energy contracts Making recommendations with 
reference to energy contracts 


Request quotes, evaluate quotes, 
advise management 


 


Document 
management Energy 
Management 


A complete, up-to-date energy 
management archive 


Compile and manage the (digital) 
energy management archive 


Updating, deleting, 
supplementing documents in the 
file 
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Tasks of other individuals in energy management systems:  
Position Task Responsible for Actions Authorisation 


Managing director Energy 
management 
programme 


Achieving objectives Evaluate policy statement Approve policy statement 


   Allocate resources for 
achieving the energy 
management programme 


Approve budget for energy 
management 


 Evaluation Monitoring and 
improving energy 
performance 


Periodically evaluate the 
energy management system 


 


     
 
Operations 
directors 


Energy 
management 
programme 


Managing and 
improving production 
energy performance 


Implement energy-
conserving measures 


Approve conservation 
measures for production 


   Implement necessary 
corrective measures 


 


 Training and 
awareness 


Good housekeeping Motivate personnel with 
reference to good 
housekeeping 


Inform personnel regarding 
training options 


   Discuss energy aspects 
during work or toolbox 
meetings 


 


     
Head of Purchasing Energy 


management 
programme 


Purchasing energy-
responsible materials 


Consider energy aspects in 
purchasing decisions 


Approve purchase of 
energy-responsible 
materials 


     
Head of Technical 
Services 


Energy 
management 
programme 


Implementing technical 
improvement 
measures 


Maintenance of production 
equipment 


 


   Implementation of technical 
changes to production 
equipment 


 


  Purchasing energy-
responsible equipment 


Consider energy aspects in 
purchasing decisions 


Approve purchase of 
energy-responsible 
machines 


     


2.1.5 Prepare a project plan for energy management implementation 


Finally as the last step of the “getting started actions” you should elaborate an energy management 
implementation project plan which will show you the way for a successful planning and running of the energy 
management implementation process.  
 
The BESS energy management implementation model (EMIM, chapter 3.3., “Energy Management Model) 
informs about the different aspects of implementing energy management. 
 
When implementing energy management for the first time or for improving energy management system 
substantially it is strongly advised to compile an own energy management implementation project plan which is 
tailor made to your company’s situation and priorities.  
 
You can elaborate the project plan after filling in the business case and the pre-self assessment checklist to 
give an indication of the quality of the current energy management system.  
 
The project plan should be tailor made to your company’s situation, and priorities. It will show you how to 
implement energy management, how long it takes and how much manpower is needed for successful planning 
and running of the energy management implementation process. 
 
 
The ultimate goal of the implementation project is that energy management is integrated in the organisation 
to such extent that the PDCA (plan-do-check-act) cycle for continuous improvement of the company’s energy 
situation is secured. 
 
 
To succeed in elaborating an energy management implementation project plan it is advisable to commission a 
specialised consultant who assists or elaborates such a plan. You should consider this as a serious option since 
consultants are independent, have a lot of experience in that field, have a broader view and know about the 
most modern techniques. 
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The energy management implementation project plan includes following topics: 


 The objective of the implementation project e.g. the desired quality level of the system 


 The activities required in order to achieve the objective 


 The actual outcome of such activities 
like an energy audit, the energy 
consumption analysis and the 
planning of energy efficiency 
measures and feasibility studies are 
not part of the implementation plan 
as such but are to be documented in 
a separate “energy action plan”.  


 The project organisation within the 
company including the personnel 
needed. 


 The necessary budget 


 The manner in which the quality and 
planning will be monitored 


 


The key elements which are part of the 
implementation of a good energy management system are: 


 an energy policy statement with clear objectives, 


 properly determined and assigned tasks and responsibilities, 


 sufficient resources available for maintaining the management system and 


 regular communication of progresses achieved in the energy management. 
 


Other important elements include: 


 monitoring to determine whether the energy consumption of the relevant operational units is in 
keeping with the expectations, 


 a system for corrective and preventative actions, 


 regularly performing (internal) energy management audits in order to verify the functioning of the 
energy management system and to ensure continual improvement. 


 
With the energy management checklist you have the possibility to check the quality of your energy 
management system in your organisation after you have finalised the energy management implementation 
project. 
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2.2 Form your energy team 


If you are the energy coordinator of a small or medium-sized organisation you should 
form an energy team after completing the getting started-actions. It supports related 
activities and acts as a link between the energy coordinator and other departments. The 
energy team consists of people who have a sound knowledge of individual processes and 
technologies. Their knowledge might be used to influence energy consumption in their 
departments and to contribute to the development and support of a company-wide 
strategy. As practice shows this is necessary because individual departments rarely co-


operate to increase efficiency. Secluded production processes and a cost accounting system following profit 
centres act as a barrier to a common strategy to increase the overall efficiency of the energy system. In smaller 
organisations you will already be familiar with the organisational structures and cooperate on an informal basis. 
 
To form the energy team the TRA matrix (chapter 2.1.4, “Energy Team”) and the template of organising 
an energy management team (“Energy Team”) is useful.  
 
The energy management implementation team should be retained after the implementation stage to coordinate 
and regularly assess the energy management system. The team may include: 
 


 a senior manager,  


 people who have shown an interest and whose assistance will be of benefit to the smooth introduction 
of the energy management system,  


 a representative from each key function or area so that all parts of the company are represented and 
participating,  


 the financial manager,  


 the production manager(s),  


 the quality and occupational health and safety managers and  


 communications or training staff.  
 
An implementation team should: 


 provide guidance and advice to the energy coordinator,  


 provide assistance in drafting an energy management policy and an action plan,  


 assist in the dissemination of information and programme progress reporting,  


 assist in the promotion of the energy management initiatives and  


 provide general support to the energy coordinator.  
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2.2.1 Appoint an energy coordinator 


 
Irrespective of a company's size, it is necessary to appoint an energy coordinator (energy manager), who 
will act as the responsible person, at least on a part time position, depending on the size of the company.  
 
The energy coordinator’s role is to manage both the company’s current energy needs and its future energy 
strategy in an environment where supply and price fluctuations can have a significant impact on business 
performance. 
 
 
The energy coordinator will be a multi-skilled individual with: 


 an in-depth understanding of the company as well as its internal and external environments, 


 good consultation, negotiation and liaison competency, 


 sound knowledge of production and site services, 


 solid general technical background and preferably engineering experience and 


 project management experience, especially in new systems implementation. 


Key Functions of an energy coordinator 


Managing energy consumption within a company requires a number of functions to be performed. These 
include: 


 developing policy and work plan, 


 monitoring and reporting energy consumption, performing energy scans and audits, dealing with 
energy contractual matters, 


 researching and identifying best practice energy management, 


 implementing programmes and policies to achieve energy savings, 


 knowledge on legislation and regulations, key figures and standards 


 securing the support of management and staff and 


 influencing new works policies, tender specifications and construction briefs. 


A Successful energy coordinator 


A successful energy coordinator should: 


 link energy into key management systems, e.g. ISO 14001, greenhouse reduction programmes, 
quality systems or occupational health and safety systems, 


 gain control over the way energy is used, ensure it is being purchased in the most economical way and 
promote good housekeeping and waste reduction, 


 measure and monitor energy performance, and compare it with previous years as well as internal and 
external benchmarks, 


 report energy performance simply and clearly to line managers and supervisors, report energy 
performance to senior management in a format that is integrated into other planning and business 
reporting processes, ensure investment requests are backed by data and a realistic business plan, take 
credit for achievements, 


 involve staff - seek their input and ideas and share the credit for achievements with those who have 
contributed to them. This will motivate, create enthusiasm and further achievement. 


 promote achievements to senior management and publicise success to staff to ensure ongoing support 
and enthusiasm for the energy management system. 


 
If the company does not appoint a specific person for these tasks, nobody will feel responsible and you run the 
risk that the required tasks will not be carried out. In addition, the role and competency of the energy 
coordinator must be communicated throughout the organisation. The energy coordinator must have the power 
to ask for support in areas in which he/she has no detailed know-how. 


 
One of the first tasks of the energy coordinator is to get an overview of the information 
and data which is already available in the organisation. Apart from written documents, 
there will be a lot of knowledge within the workforce. If appropriate, the energy 
coordinator should therefore identify people working in energy intensive areas and in 
areas which have an influence on energy consumption. Typically, these areas are the 


production, infrastructure and maintenance departments. Furthermore it would be helpful to set up a draft 
implementation project plan for the board. 
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Outsourcing energy management 


External consultants may perform some energy management functions. For example, technical consultants can 
undertake energy audits. Specialists may also be engaged to perform particular tasks, such as tracking and 
monitoring energy use. Energy performance contracting may also be useful to fast-track and provide external 
funding for energy projects. 


2.3 Define your energy policy 


Set up a short document in which you devote attention to structurally reduce the energy consumption.  
 
 
The energy policy statement (“Energy Policy”) is an official document with which the management explains 
the position energy management holds in the organisation.  
 
 
The statement indicates the general direction and describes in general terms where responsibilities lie. The 
energy policy statement forms the basis for all future effort and measures within the framework of energy 
management. The energy policy statement is formal by nature and must satisfy clear requirements. It contains 
a number of promises formulated as energy objectives that are to be translated into practical measures. 
However, the statement is not a formality.  
 
 
It is a powerful tool that can be used to assess whether the organisation is keeping its promises and whether 
the policy is truly directed towards achieving the agreed objectives.  
 
 
An energy policy statement must satisfy at least the following requirements: 


 The energy policy statement indicates that the organisation's energy policy is subscribed by the 
highest level of management. 


 The policy states that the organisation satisfies all relevant laws, regulations and other subscribed 
requirements. 


 The policy states that the organisation continually strives to improve and to prevent unnecessary 
energy consumption. 


 
What is the organisation’s position on energy management? That is one of the first key questions relevant for 
companies which want or have implemented an energy management system in their organisation. In particular: 
What is the relationship between energy management and daily operations? A clear vision defined in an energy 
policy statement signed by management supplies the proper framework for energy management.  
 
 
With the energy policy statement, you have a document that gives direction and ensures you management 
support.  
 
 
The difference between the commitment (chapter 2.1.3) and the energy policy is that the commitment 
indicates the targets of the company regarding energy management while the policy indicates how you are 
going to reach that targets in general. 
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Example 3: Energy policy I 


<Type here the name of your organisation> devotes attention to structurally reducing the energy consumption ensuing from 
its operations, based on: 


 the relevant legislation and regulations 
 agreements made with <Type here the project or organisation within the framework of which you have made 


relevant agreements> 
 the perspective of optimising operations. 


 
Realisation of the energy policy is achieved by <Type here the name of your organisation> through the implementation of a 
complete energy management system in which: 


 the energy consumption is systematically evaluated, 
 the energy flows are mapped and kept up to date, 
 energy-conserving measures are planned and implemented, 
 the results of the energy-conserving measures are periodically evaluated and 
 the activities planned to improve the energy efficiency are continually updated.  


 
In order to implement energy policy, an energy coordinator is appointed and an annual budget is made available. The premise 
is to apply the resources and time available as effectively as possible by means of a pragmatic approach. 
 
For achieving the energy policy, <Type here the name of your organisation> continually strives to: 


 satisfy the relevant legislation and regulations as well as agreements made within the framework of <Type here the 
project or organisation within the framework of which relevant agreements have been made> , 


 take fitting and effective measures in the areas of technology, organisation and behaviour. <If applicable, type here 
the regulations or the agreements that form the premise for these measures>, 


 measure, register and verify the various energy consumption figures, 
 actively involve staff in the implementation of the energy policy and 
 carefully evaluating energy-efficient alternatives at the proper times. 


 
Date…………………….. City……………………. 
The <Type here the name of your organisation in> executive committee 
Name:  
Position:  
Signature: 
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Example 4: Energy policy II [4] 


Part 1: Statement  
 
Declaration of commitment 
 
Company <<company name>> produces 
<<product description>> (company 
background information). As part of our 
environmental strategy, we are 
committed to responsible energy 
management and will practice energy 
efficiency throughout all our premises, 
plant and equipment, wherever it is cost-
effective. 
 
Policy 
 
Our policy is to control energy 
consumption to:  
• avoid unnecessary expenditure  
• improve cost-effectiveness, 


productivity and working conditions,  
• protect the environment and  
• prolong the useful life of fossil fuels. 
 
Objectives 
 
Our long-term objectives are to:  
• buy fuels at the most economic cost,  
• use fuels as efficiently as is possible,  
• reduce the amount of pollution, 


particularly greenhouse gas emissions, 
caused by our energy consumption, 
and  


• reduce, wherever possible, our 
dependence on fossil fuels through the 
use of renewable energy. 


 
Immediate aims 
 
To gain control over our energy 
consumption by reviewing and improving 
our purchasing and operating practices.  


Part 2: Responsibilities and 
processes  
 
Responsibilities 
 
• Nominate person responsible for 


tracking and monitoring energy 
consumption.  


• Nominate person responsible for 
expenditure.  


• Nominate person responsible for 
coordinating energy management 
activities.  


• Nominate members of the 
implementation committee and their 
roles.  


• Nominate person/committee 
responsible for formulating and 
implementing energy management 
policy.  


• State that the energy coordinator will 
be located in the section(s) most 
relevant and supportive to the 
current phase of energy 
management. 


 
Structure 
 
The energy coordinator will make a 
monthly report to the line manager on 
energy management activities and, 
through the line manager, will make a 
quarterly report to the Energy 
Management Committee. 
 
Lines of communication 
 
Formal communication on matters 
relating to the control of energy 
consumption by end users or budget 
holders will be directed through the 
energy coordinator who will, where 
appropriate, bring it to the attention of 
their line manager, other senior 
managers, and to the Energy 
Management Implementation 
Committee (include an organisational 
chart).  


Part 3: Energy management plan  
 
Resources 
 
The number of staff employed in 
energy management (indicate actions 
to be undertaken by designated 
personnel), their mix of skills, and the 
amount of investment (10% of our 
annual expenditure on energy) 
correspond with the demands of these 
activities. 
 
Review 
 
All energy management activities will 
be subject to periodic assessment and 
annual review in preparation for 
inclusion in the annual budget. 
 
Action plan 
 
During the coming year, the following 
energy management activities will be 
undertaken, in order of priority (list 
activities).  
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2.4 Understand the organisation’s energy matters – conduct an energy audit 


To identify energy saving opportunities in your business it is highly recommended to conduct an energy audit.  
 
 
An energy audit quantifies trends of current energy use, equivalent greenhouse gas emissions and related 
costs and recommends energy efficiency improvements.  
 
 
The scope of an energy audit can vary a lot and can include an entire building or plant, or energy use 
associated with a specific process. An energy audit provides the baseline of your organisation’s current energy 
use. 
 
The work undertaken during an audit may include: 


 investigating the usage of all types of energy consumed and energy using equipment within the 
building, complex or plant, 


 identifying the energy usage of all major heating and cooling applications and its percentage against 
total energy use, 


 identifying cost-effective measures to improve the efficiency of energy use, 


 estimating the potential energy savings, indicative budget costs and payback periods for each 
recommended action and  


 reviewing energy management strategies, including monitoring systems and evaluation process. 
 
 
 
An energy audit can be conducted by the energy coordinator who has been trained and 
has expertise in carrying out energy audits, or by hiring an energy auditing consultant. If 
you hire an energy consultant you reap the benefits that this person is independent, has 
a broader view and knows about the most modern techniques. 
 
 
 


 
 
The results of an energy audit need to be compiled into a clear and concise energy report. Some of the key 
elements include: 
 


 executive summary with recommendations in a priority order and estimates of their 
implementation costs and payback periods, 


 relevant plant and process data, 


 equipment data with measurements or estimates of the energy consumption for individual plant 
items, 


 actual energy consumption records, 


 energy use analysis in graphical form, 


 details of energy efficiency improvements, 


 comparison of actual consumption with analysis of estimated results from recommended actions 
and 


 recommendations to include energy management strategies such as monitoring systems and 
review process. 


 
 
To make an energy audit worthwhile, the recommendations from the audit report need to be incorporated into 
your energy management action plan. The types of initiatives that could come from an audit report include: 
 


 changes to operational procedures, 


 review of maintenance as it affects efficient use of energy, 


 modification or replacement of existing plant and/or equipment, 


 further in-depth studies of potential to reduce energy use of particular plant or processes and 


 a commitment to ongoing training and information dissemination to increase awareness among staff. 
 
As a supporting tool for an energy audit the “energy audit data collection sheet” can be used. This sheet 
can be downloaded from the BESS website at “Energy Audits”. In the following chapters filled in examples of 
the sheet are given.  
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2.4.1 Get an overview of your past and present energy consumption 


 


The data collection tool contains sheets for general, financial 
and consumption data. By filling in these sheets you get an 
overview of the energy consumption of the last 3 years in 
relation to financial and general company data. Structured 
data collection is fundamental to the energy audit. 


As a first step, only existing data sources should be used.  
 
 
Sources of existing information: 
 


 Invoices 


 Outputs from measuring devices 


 Test documents 


 Manuals 


 Other audit reports 
 
 
A considerable amount of energy information is readily available to an organisation, but it often requires 
collating and interpreting. 
 
By simply gathering appropriate information, a clearer picture of energy use and costs will begin to emerge. As 
already mentioned invoices provide the primary source of energy information. However, data may be available 
from other areas of the business, which if appropriate, should also be integrated. For example, cost data 
derived from invoices will in some cases be required by the accounting department.  
 
Having collected invoice data, you will need to fill in required data. This step will help to get a better overview 
of all areas involved. Calculations can be undertaken for areas where the power requirement and the operating 
hours are known. 
 
The following options exist: 


 To obtain an estimate for light consumption, count light bulbs and multiply the number by operating 
hours and wattage. 


 A rough estimate for engines and cooling equipment can be obtained by multiplying their power rating 
by operating hours. 


 


Example 5: Data collection sheet  


You can find these data collection sheets on www.bess-project.info in the part “Energy Audits”. 


Table to list general data 


To list general data of your company and the area around like the name, address, spaces, production times, 
number of employees etc. this list can be used. 
 


General Data


Company Name 
Industrial Sector
Range of Products 
Address Zip
Telephone Fax
Web Site


Site Characteristics 
Total Space (m²) Total Volume (m³)
Productive Space (m²) Productive Volume (m³)
Office Space (m²) Office Volume (m³)
Storage Space (m²) Sorage Volume (m3³)
Prod. Hours per Day Prod. Days per Week
Prod. Weeks per Year Prod. Days per Year
Prod. Weeks per Year Prod. Days per Year
Number of Employees Annual Sales 


Energy Contact Person
Position in Company 


Company Information


Remarks - Observations
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Table to list financial data 


This table sheds light on financial data. You list the company’s annual sales, fuel costs, electricity costs etc.  
 


Financial Data


Input Data 


No. Year 2004 2003 2002


1 Annual Sales (€)


2 Net Profits pre tax (€)


3 Cost of Products (€)


4 Electricity Cost (€)


5 Diesel Cost (€)


6 Gas Cost (€)


7 Other Fuel Cost (€)


8 Total Fuel Cost (€)


9 Total Energy Cost (€)


10 Total Production (ton)  


11 Electricity Cons. (kWh)


12 Diesel Cons. (kWh)


13 Gas Cons. (kWh)


14 Other Fuel Cons. (kWh)


15 Total Fuel Cons (kWh)


16 Total Energy Cons (kWh)  
 


Table to list Output data 


The benchmarks in this list are automatically calculated in the  excel sheet. They tell you about different ratios - 
e. g. between the total energy costs and the net profit or the total production. 
 


Output Data 


No Year 2004 2003 2002


17 T. En. Cost / Net Profit (9/2)


18 T. En. Cost / Cost Prod. (9/3)


19 Elec.Cost / T. En.Cost (4/9)


20 T. Fuel Cost / T. En.Cost (8/9)


21 Elec. Cons. / T.Prod. (4/10)


22 T. Fuel Cons. / T. Prod. (15/10)


23 T. En. Cons. / T. Prod. (16/10)  
 


Table to list consumption data 


If you fill in this table you can easily see the monthly energy consumption of a certain year and the ratio 
between the total energy consumption and the production 
 


Consumption Data I 
Energy Consumptions 2004 (kWh)


Month Electricity Diesel Gas Other Total Energy Production (ton) T. Ener. / Prod. 
Jan.


Feb.


Mar.


Apr.


May


Jun.


Jul.


Aug.


Sep.


Oct. 


Nov.


Dec. 


Total  
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Productive Equipment I 


No. Machine Type Nom. Power Constr. Year Oper. Hrs/Day


1


2


3


4


Remarks: 


Auxiliary Equipment  


No. Machine Type Nom. Power Cons. Year Hrs/Day Fuel - En.


1


2


3


4


Remarks: 


Table to list productive equipment 


 
 
 
You only have to list the type of the 
machines, their nominal power, 
construction year and how many 
hours per day the different 
machines operate. 
 
 
 


 


Table to list auxiliary equipment 


 
 
 
In this table you can fill in the 
machines of your auxiliary 
equipment. Data like the nominal 
power, the year of construction, 
running hours per day and the fuel 
or energy consumption are to fill in. 
 
 
 


 


Table to list building data 


The following table should be used to describe the building your company is accommodated in: the year of 
construction, different spaces, information about the building services, etc.  
 


Building Data


Year of Construction 


Total Space (m²) Total Volume (m³)


Number of Blocks Number of Floors


Heating Area (m²) Heating Vol. (m³)


Cooling Area (m²) Cooling Vol. (m³)
Insulation: 
Windows:  
Shadowing: 
Use of Renewables:   
Energy Conservation: 
Heating System: 
Control Systems: 
Cooling System: 
Control Systems: 
Lighting System: 
Control Systems: 
General Remarks: 


City
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2.4.2 Make a survey on energy use and identify significant energy users 


As a next step, the you will identify areas where no or little knowledge about the energy consumption is 
available. It will then be necessary to think about measuring the energy consumption of individual processes, 
plants or devices.  
 


The measurement should be as close to the energy consumer as possible. If it is 
necessary (e.g. due to high energy costs) to collect data regularly, an automatic system 
should be installed.  
 
The system analysis is only as good as the quality of the data used. Information based on 
the analysis of poor data will be meaningless. The accuracy of data as well as the 
consistency of data collection methods are of considerable importance. 


 
It does not make sense ensuring that a meter is 100% accurate, or that cost data are calculated to five decimal 
places, if the person responsible for collecting data reads the wrong meter or calculates costs from estimated 
invoices. 
 
 
It is highly important that follow-up calculations and the development of indicators are based on real data 
rather than on estimates.  
 
With the data collected to this point, the energy system should be visualised with an energy flow chart. This is 
a graphical representation of all relevant energy fluxes in the company. 
 
 
A simple flow chart can be designed to illustrate energy fluxes as shown in the Sankey diagram of a joinery 
energy system. This kind of illustration can be prepared using professional software or by hand.  
 
 
The goal is to identify the organisation’s energy flows and the associated quantities. The different flows must 
have the same physical units.  
 
 
The width of the flow depends on the energy consumption of the system or machine.  
 
 
 


 
 
 
 
The example shown on the left side 
only considers the electricity flow. If 
other energy sources are used, it is 
useful to prepare a second flow chart 
for heat, for instance. 
 
After the preparation of the simple 
energy flow chart, it is necessary to 
decide: 


 Which areas need more 
analysis? 


 Which machines and 
processes are responsible for 
most of the energy 
consumption and will 
therefore have to be analysed 
in detail? 


 
 
 
 
 
 
 
 
 


 


Figure 3: Example of an Energy Flow Chart – Sankey Diagram
[5] 
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2.4.3 Identify key factors that influence energy consumption 


After this energy consumption break down, specific energy consumptions should be determined and energy 
conservation opportunities identified via benchmarking, experience and knowledge of good practices. For these 
reasons energy audits are usually performed by qualified energy professionals.  
 
The energy audit data collection sheet of the BESS project can serve for a “preliminary audit”. It provides the 
baseline of specific energy consumptions and identifies the significant energy conservation opportunities. 
 
Since energy management is a continuous, multi-step process companies can start from the preliminary audit 
and then move to the system specific and comprehensive audits. 


2.4.4 Identify energy-saving opportunities 


Description of good housekeeping measures 


Good housekeeping (also GHK) is, as the words already indicate, taking good care of the resources of your 
company. In this particular case: energy.  
 
In principle good housekeeping measures are based on common sense, not on high-tech or large modifications. 
Therefore, almost by definition, good housekeeping options are easy to implement and free or cheap! Pay back 
times are extremely short and savings are instant.  
 
Practice has shown, that in many enterprises the amount of energy that can be saved by good housekeeping is 
in the range of 25 to 50% of the total energy saving potential. The total energy saving potential would include 
more expensive measures and modifications of energy-infrastructure or production processes.  
 
To see if good housekeeping measures are possible, you can ask yourself the following questions for each item 
that uses energy:  
 


 Do I have to use this device? 


 What can I do to make it use less energy? 


 Can I make it use a cheaper form of energy?  
 
It may be beneficial to ask the help of an expert to answer these questions.  
 
The results of good housekeeping are:  
 


 elimination of energy-users that are not needed  


 minimisation of energy losses  


 usually also improved operational procedures (also your production processes may benefit) 


 optimised production level (increased efficiency = less energy per product) and 


 savings on out-of-pocket costs for energy.  


Measure lists 


Measure lists (chapter 3.6) can be a useful tool for a company that is investigating the energy saving options in 
conjunction with the results of an energy audit. 
 
 
These lists support decisions on implementing energy efficiency measures and on feasibility studies within the 
framework of an energy action plan. Measure lists offer the company descriptions and impacts on energy 
consumption of potential measures that can be taken. Furthermore, these lists often refer to the payback 
times of these investments (short-term, medium-term or long-term). 
 
 
Measure lists can be separated into two distinct categories: horizontal measure lists and industry-specific 
measure lists. Horizontal measure lists (“Measure Lists”) refer to measures that can be taken in any industry, 
whilst branch-specific measure lists (also available at “Measure Lists”) refer to measures that can be taken in 
specific industrial branches. 
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Example 6: Abstract of the horizontal energy efficiency measure list 


BESS - Benchmarking and Energy management Schemes in SMEs  
Horizontal energy efficiency measure list  
PRODUCTION PROCESSES  
Thermal energy  
Heat generation  


Low-cost / short term opportunities  


Energy saving opportunity  Action to check  


1. Reduce excess combustion air to minimum  1. CO
2
/O


2 
measurement  


2. Maximise completeness of combustion  2. Soot/CO measurement  


3. Maintain boiler cleanliness (soot/scale)  3. Monitor for rise in flue gas temperature  


4. Repair (replace) boiler insulation  4. Periodic inspection of boiler insulation 
condition.  


5. Insulate feedwater tank – cover tank  5. Check possible feedwater temperature losses  


Higher cost / longer term opportunities  


Energy saving opportunity  Action to check  


1. For rapidly varying demand, convert one or 
more boilers to live accumulator (buffer tank). 


1. Monitor/evaluate demand change patterns.  


2. Alter controls to “High-Low-Off” or “modulating-
Low-Off”  


2. Monitor/evaluate demand change patterns.  


3. Install flash steam heat recovery  3. Consider in large capacity situations with high 
(continuous/frequent) blowdown.  


4. Improve combustion controls.  4a. Provide adequate heat input to meet demand.  
4b. Minimise fuel/pollution.  
4c. Protect personnel/equipment.  


 
 
 
 
The results of your audit and the analysis of energy saving options should be documented in the energy action 
plan. 
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2.4.5 Set up a legal register 


Find out the legislative & regulative framework that influences your company. What 
directives do you have to follow? What are the emission limits? etc.  
 
As energy consumption has high economic impacts, the EU parliament and national 
governments have created a legislative and regulative framework to facilitate a more 
efficient way of energy consumption. Following these requirements is an essential part of 
a well functioning (energy) management system. 


 
 
The best way to keep track of all requirements for a company is, to set up a legal register (“Legislative and 
Regulative Framework”) which contains all regulations the company must compliance with and check the state 
of compliance regularly. It is important that one person is in charge of updating the legal register regularly and 
that all persons who can influence the achievement of objectives are informed and aware of the requirements. 
It is also important to create a procedure for saving all files which belong to the legislative and regulative 
framework of the company. 
 
 


Example 7: Legal register 


Legal register of:     COMPANY XY 
Regularly updated by:     Mr / Ms XY 
 
Date of last update: 
Date of next update: 
Number Act / Regulation / 


Directive  
Short description of 
content 


Process / site affected 
by the regulation(s) 


Person in charge for 
meeting 
requirements 


1     
2     
3     
…     


2.5 Energy action plan 


There are always several ways to achieve goals and to realise improvements. The management will normally 
try to find the optimal solution for all demands.  
 
In practice, however, due to some reasons, individual solutions result in immature actions, which often do not 
have the support of the staff, like: 
 


 lack of money and time 


 little know-how about the energy system and  


 preconceived opinions 
 


Therefore it is necessary to establish a firm procedure which ensures the successful realisation of 
improvements. The following subsections focus on this procedure.  
 
Within the development of an energy programme it is, first of all, necessary to get an overview of possible 
areas of improvement.  
 
 
The energy team will collect all improvement possibilities and set up a system for a transparent and 
comprehensive procedure from the selection of actions to the implementation. This ensures that the best 
solution will be selected and that employees support the improvement activities. 
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2.5.1 Compile an action plan 


The essential and most important part of the energy management implementation model (EMIM) is the 
preparation of an action plan (“Energy Audits”), where companies (with or without help of consultants) set up 
an energy conservation measure list, listing it according to implementation costs into: no cost, low cost and 
high cost actions. The actions should be described in a simple way with clear aims, saving targets and 
definitions of roles and responsibilities for its execution.  
 
The action plan is part of the plan phase within the cycle for continuous improvement of energy efficiency. 
 
It documents: 


 the commitment of your company to carry out current and future actions (for the duration of the plan 
e.g the coming four or more years) for further steps to implement energy management and actions to 
be taken to increase energy efficiency of the company and 


 an overview of the current status of the planning and the implementation of the actions so far (the 
energy saving register part contains the achievements) 


 
The energy action plan contains the following items: 


 The commitment and ambitions related to the energy policy of your company  


 The energy (specific) consumption figures of your company in the reference year*  


 Relevant legal and regulatory obligations 


 A description of the energy situation (historical development of the energy consumption, an energy 
consumption analysis, the energy saving register, the actual quality of the energy management 
system) 


 Energy saving options and selection criteria for saving actions/ measures 


 Planned actions (per year for the duration of the plan) for savings and improving energy management 


 Planned (feasibility) studies (per year for the duration of the plan) for identified attractive future saving 
options and other relevant activities 


 Description how the (yearly) monitoring, targeting and benchmarking is carried out 
 
* The reference year is the year the first action plan was made or another appropriate fixed year of which the 
(specific) energy consumption figures are known. The reference year should preferably be representative for 
the current products and circumstances of the company. 







BESS Energy Management Handbook  33 


 


 


 


 


 


Example 8: Energy action plan 


FrontPage 
Title: Energy Action Plan period 20XX – 20XX 
Company name:  
Sector:  
 
Company Name  
Postal address Zip code Town 
Energy Coordinator Name 
Telephone, Fax and E-mail address 
 
Place, date, signature, name and function of the responsible person in the company 
(if applicable consultant involved) 
 
Executive summary 
Short description of the company, the commitment and ambitions within the plan period of XX years (level energy 
management system of company and the total planned energy savings and improvement of the energy efficiency index) 
 
Table of content 
0. Executive summary 
1. General data 
1.1 Background for the energy action plan and co-operation or obligations with/towards other parties 
1.2 Energy consumption of the company in the reference year  
1.3 Specific Energy Consumption figures of the reference year and the last years (e.g. 4 years) 
1.4 Relevant legal and other regulatory obligations 
 
2. Description of the energy aspects 
2.1 Overview of energy consumption per energy category and total (in GJ) 
2.1.1 Short description of the type of company – products and processes 
2.1.2 Overview of historical energy consumption figures and production per energy category & total (in GJ) 
2.1.3 Overview of energy consumption per energy category and process category (e.g. Sankey  diagrams) 
2.1.4 Overview of total primary energy consumption per process category 
2.1.5 Energy saving register part I (historical overview of energy saving measures per year over XX years) 
2.2 Actual level of implementation of the energy management system 
 
3. Energy efficiency possibilities 
3.1 Description of audits undertaken, methods, analysis, measure lists used and outcome 
3.2 Selection criteria like maximum pay back period, other policies, opportunities and restrictions  
3.3 Energy saving opportunities  
 
4. Planned Actions 
4.1 Starting points calculation assumptions 
4.2 Planned measures* (savings & energy management) and energy savings register II (for the plan period per year) 
4.2 Planned (feasibility) studies of saving options and other relevant activities (for the plan period per year) 
(4.3 Identified options which are not feasible) 
 
* planned measures are divided in: energy management and good housekeeping, energy saving projects in processes, energy 
 saving projects in utilities & buildings and strategic projects. Strategic projects are projects which are initiated within the 
 company for other reasons than energy saving but which have energy saving effects. 
 
5. Monitoring, targeting and benchmarking (description, method and budget allocation for the yearly  M&T/BM 
activities) 
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2.5.2 Set objectives and targets 


In the action plan, the management defines the objectives to be achieved within the framework of the BESS 
project. It is important for these objectives to be known within the organisation. The energy team has then to 
develop a written energy programme. The energy programme includes 5 points about the planned activities:  
 


 Quantitative goals 


 Detailed budget 


 Deadline for completion 


 Responsibilities 


 Description of the tasks 
 


 
Staff receive a clear overview about necessary activities in the area of energy efficiency. The information is 
needed to present a clear idea about actions and requirements to be fulfilled by the staff. The tasks to achieve 
the aim are clear and the improvement proposal will be translated into action.  


2.5.3 Allocate adequate resources 


 
Make sure that for all actions you plan to perform within the next time adequate 
resources (human, financial, technical) are available. 
 
 


2.6 Promote and implement energy efficiency measures 


2.6.1 Promote energy-efficient practices and awareness amongst employees 


All employees must take their responsibilities and perform the tasks in such a way that they optimally 
contribute to energy management. They must be continually aware of the importance of the part they play in 
energy management.  
 
The awareness, that the potential to save energy exists, clear job descriptions, unambiguous work instructions 
and supplementary training are vital to the success of energy management. But it needs more to successfully 
implement energy management. The individuals must be and remain motivated to make a contribution. 
 
 
For continual improvement of energy management, tasks must be properly performed. But it is at least as 
important to get people thinking, making suggestions and trying to achieve more than expected. The 
individual him/herself must be motivated for energy management. 
 


 
 


 
Give feedback regularly and celebrate success with your staff. Give them the credit 
they deserve. This will ensure that the eyes and ears in production will be attuned to 
identifying irregularities and non-conformance. 


 
You can generate and enhance people’s motivation by a forceful statement of the board’s involvement. And by 
clearly demonstrating your appreciation for results achieved and individual initiatives that result in more 
efficient energy consumption. 
 
A simple way to motivate staff is to hand out leaflets or posters, including information about easy ways to 
reduce the energy consumption. Easy steps like switching off lights when leaving a room, reducing room 
temperature instead of opening windows and switching off office equipment. 
 
Such an information campaign was undertaken in a large office building in Vienna. Before the campaign the 
total energy consumption was 9.8 Million kWh per year. Costs were € 819,040. 
 
As a result of the campaign the energy consumption decreased by 2.5 %, equivalent to 250,000 kWh and € 
20,894 in one year. 
 
Another important factor is green procurement. A goal of the analysis might be to identify areas for which 
purchase criteria for energy savings can be used. Higher initial investment in energy saving equipment 
can be quickly off-set against lower operating costs.  
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2.6.2 Train key personnel in energy efficient practices 


You have mapped out who is to do what. Now the time has come to determine whether the relevant people 
have the skills and know-how to perform their newly-assigned tasks. It would certainly be wise to talk with the 
head of personnel.  
 
Supplementary training can consist of vocational training courses that directly contribute to the efficient use of 
energy, such as energy-efficient driving for chauffeurs. But it can also consist of training programmes that have 
an indirect effect, such as training courses for communicative, social and organisational skills, or a project 
management course for the energy coordinator. 
 
 
With the proper training, you provide the right know-how and skills to properly perform the new task. It also 
makes the individual aware of changes in his daily tasks and the importance being placed on energy 
management. 
 


2.6.3 Establish an Energy Savings Register 


The energy saving register is a part of the energy action plan (chapter 2.5.1). In this energy savings register 
you list the year in which measures are in use, the savings in that particular years the contribution 
improvement and an explanation for the following four parts: energy management and good house keeping, 
energy saving projects in processes, energy saving projects in utilities and buildings and strategic projects so 
that you can see your progress in the past. 
 
To list the future energy savings another energy savings register can be used. 
 
You can find these two lists in chapter 3.7 and 3.8. 


2.6.4 Ensure energy efficient operation and regular maintenance 


Ensure the efficient design, purchase, operation and maintenance of significant energy users. 


2.6.5 Define your documentation system  


The most important elements involved in energy management must be verifiably organised and defined in 
written or electronic documents. These documents must be readily accessible. Therefore it is advisable to 
organise them systematically. 
 


What do the documents pertain to? 
Which part of the organisation? 
Which activities? 
For which positions are they intended and who needs to work with them?  
The documents must be clear and readily available at the location that they are used. If 


the energy consumption is recorded daily by the machine operator, s/he needs easy access to the right forms. 
 
The documents must be up to date and complete. Outdated work instructions do not contribute to energy 
management. It must be easy to keep the documents up to date in the documentation system. Outdated 
documents need to be removed. 
 
If your organisation already has a management system into which energy management is being incorporated, it 
is only logical to use the documentation system in the existing management system. 
 
A sound documentation system reflects the energy management system. It reflects how the various elements 
are related and how they are collectively intended to ensure that energy management functions as a coherent 
system. 
 
The documents define the measures taken, why they were taken, and which energy aspects they pertain to 
(technology, organisation, behaviour). They indicate how these measures are implemented in actual practice 
and the various activities involved. By continually documenting what, how and why, you will satisfy two 
important requirements for an energy management system: verifiability and understanding. 
 
Properly compiled work instructions, for example, to accompany a measure will sufficiently reflect that 
measure’s implementation. Simple, clear, current documents compiled coherently will make energy 
management manageable, and will give you the tools you need during the evaluation and monitoring to 
demonstrate that you have an energy management system. 
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2.7 Check your energy performance 


You have agreed to a number of measures in the action plan that will directly or indirectly result in more 
efficient energy consumption. Your organisation is prepared for energy management and the measures have 
been implemented in accordance with the energy plan.  
 


The question now is whether the measures have the desired effect. This cannot be 
determined by simply recording the meter readings. The data must be correctly analysed, 
and that requires more than just the meter readings. What kinds of data are needed? 
Data that will enable you to compare the energy consumption with a reference value and 
with which you can explain the improvement or deviation. Thus you must not simply start 
to collect data. What you need is a proper reference. The major influential factors must 


also be recorded: data regarding the machines (technology), regarding the organisation, and regarding the 
production (volumes, times). 


2.7.1 Measuring period 


When recording meter readings, the circumstances that have affected energy consumption must be taken into 
account. One obvious factor is the production quantity. Measuring only during “quiet” periods is useless. 
Correction of the data is also important. Peak loads should not affect insight into the actual energy 
consumption. Thus the measuring periods in which the data are collected must be carefully determined and 
defined. 


2.7.2 Production 


Record not only the meter readings for the various machines and the quantity of produced products. 
 
 
Also register which products were made, and when. This makes it possible during the analysis to make a 
comparison between the energy consumption as registered and the consumption to be expected based on the 
quantity and specific energy consumption of the product. 
 


2.7.3 Influencing factors 


Does the season significantly affect the extent of energy consumption? Record as much relevant climate data as 
possible so that you can calculate the extent the weather influences energy consumption. 


2.7.4 Analysing data 


Are the measures satisfactory and have they resulted in more efficient energy consumption within the 
organisation? Or do they need to be modified or supplemented? The measures taken must ultimately be 
expressed in concrete figures. Only then you can assess whether the results satisfy the objectives. 


 
 
Analysing data is a difficult task. General conclusions can often be drawn, but if you want 
detailed insight into the effects of each individual measure on energy consumption, 
statistics as a helpful tool can shed light on that topic. 
 
 


To make sure you are comparing similar data, you need not only the recorded measurement data but also the 
data you have collected regarding the measurements. The energy consumption as measured will often need to 
be corrected for significant changes, such as putting new machines or buildings into operation, malfunctions, or 
climate factors. Thus it is extremely important to have an accurate reference value with which a comparison 
can be made. For the BESS project, the reference value is the production and energy consumption for the year 
2004. Changes in energy efficiency are compared to this reference. 
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2.7.5 Define indicators on energy performance 


Energy performance indexes are most typically constructed in terms of the development of specific energy 
consumption by end-product over time. They allow companies and competent authorities to watch how their 
energy efficiency evolves over time and how they compare to other companies within the same sector. In this 
respect energy performance indexes are a variety of energy performance benchmarking. Both Ireland and the 
Netherlands have created energy performance indexes (EPI), while Norway has a web-based benchmarking 
scheme for SMEs that is based on comparing the Specific Energy Consumption (SEC) of the companies, (e.g. 
kWh/kg product). SECs are calculated according to the total energy use and total production of the site. 
 
In order to secure consistency as well as to facilitate the understanding of products etc, the standard 
classification lists with respect to country codes, sector codes, product codes, energy codes, climate correction 
factors, etc. should be used. However, these standards will have to be supplemented by a set of specific 
product correction factors due to energy circumstances in this project. 


2.7.6 Monitoring and targeting 


Monitoring and Targeting (M&T) is an essential part of the company’s energy management system (the Check 
within the PDCA cycle). Besides regularly checking the actual level of implementation of the energy 
management system  by using e.g. the BESS energy management checklist information handling techniques 
can be used to manage the energy usage effectively within the company. There are many similarities with other 
production and financial information systems and M&T should be developed in accordance with the 
organization’s existing management systems. It can be regarded as an extension of quality-led activities and 
can even be the starting point for more general improvement. Only by regularly measuring and comparing 
insight into the effectiveness of the measures taken can be gained and any non-conformance will be identified. 
 
Monitoring and targeting technique use regularly collected data on energy (or other sources) use, production, 
efficiencies etc. in a converted way of performance indicators. The M&T analysis of (energy) performance 
indicators allows the company to evaluate its energy performance against its energy targets, industry sector 
norm (see also chapter 2.8.2 benchmarking), against efficiency changes in time, and allows systematically 
check of compliance with relevant legal and other requirements. The data should be collected on a regular 
basis: 
 


a) periodically as part of the PDCA cycle e.g yearly to check the progress of and compliance with the 


energy action plan and to update the relevant (yearly) energy consumption figures, 


b) continuous attention for short term adjustments (shift, day, week, month). 
 
As we have described before different data sources en registration methods can be used (metering and other 
data from data information systems, spreadsheets etc.).  
 
Since the M&T addresses both past energy performance and sets up trends or expected energy performance, it 
is suitable to be used in combination with energy saving register to provide energy saving targets and to check 
if the targets have been achieved.  
 
There are four main elements of a successful M&T system: 


 Data collection: Most of the data needed for M&T are available from existing meter readings, energy 
bills and production-related data. 


 Analysis: Analysis transforms data into useful information on which action can be taken. M&T software 
is available, although standard PC spreadsheets are quite adequate for many applications. Different chart 
can be drawn, e.g. Energy use vs. production, Specific energy consumption vs. production, CUSUM graph 
etc. Best fit lines (targeting) are used to predict expected energy consumption and regular control 
(monitoring) discovers nonconformance of the process leading to action to improve the performance. 


 Reporting: Reporting ensures the right information reaches the individual with the ability and 
responsibility for action. Information needs to be timely, concise and delivered in a form that is 
appropriate an a d useful to the recipient. 


 
Monitoring & and targeting does not make sense if subsequently no action is taken: without action the data 
collection and analysis are a waste of effort! M&T needs to be geared to the management activities of the 
company so that action is taken and energy-saving results are achieved. Chapter 2.9 describes how further 
actions should be carried out within the periodically (e.g. yearly) cycle of continuous (energy efficiency)  
improvement.  
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In a textiles plant, the graph indicated that the measures taken did not have any effect. Until it was learned 
that in the relevant period an uncommonly large quantity of fabric was made with a thickness requiring more 
energy in the drying process 
 
 
M&T can be applied to single, or groups of processes or buildings, or entire factories. The initial choice will 
depend on available energy metering, but over time this will be refined by the increasing understanding of areas 
where energy can be better controlled. M&T techniques are not limited only to energy usage but are equally 
applicable to water consumption and production indicators such as scrap rates or yield. 
 


 
 
There are three important features on the chart: 


 Intercept (c) - The energy that would still be required even if production was reduced to zero (in this 
case it is 113.5 MWh/month). 


 Slope (m) - The amount of energy required to process each additional unit of production, leading to 
the process efficiency. 


 Scatter - The distribution of the data points away from the best fit line, indicating the variation in 
energy per unit production from one period to another. Large differences between scatter and best fit 
lead to the conclusion of poor process control. 


 
Once a basic level of management control has been achieved, further savings depend on extending M&T to 
other areas of the plant or company and increasing the level of sophistication. 


2.8 Check your energy management system and energy efficiency 


2.8.1 Complete the energy management checklist 


At the beginning of your energy management implementation procedure you filled in the pre self assessment 
checklist (2.1.2, 3.2) which includes seven questions. At this stage you have already a good overview about 
your energy situation. This is an appropriate time to complete the energy management checklist consisting of 
26 questions. It is recommended to fill in this list annually to see the improvement of the implementation. (“Full 
Energy Management Checklist”)  
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2.8.2 Benchmark your specific energy consumption  


Benchmarking 
 


By comparing the data with data collected earlier, you will gain insight into the extent to 
which the measures taken within your organisation have been successful. All important 
comparison values (benchmarks) are listed in the data collection sheet (chapter 2.4.1) 
and the business case (2.1.1, 3.5) you filled in at the beginning. After a number of 
analyses, it will become clear whether the organisation is consuming energy more 
efficiently. 


But how are you doing in comparison to other organisations in your sector? And on the international 
level?  


You may be making excellent progress, but others may be doing even better. Compare your data (e.g. energy 
use per unit of physical production otherwise known as energy intensity or specific energy consumption (SEC)) 
not only with earlier data from your own organisation, but also with data from other organisations in your 
sector, country and if possible even on the international level. Then you will know how your organisation is 
doing in comparison to similar organisations. 
 
Within the BESS project an international benchmarking system has been developed. The benchmarking tool has 
strong links to the e-learning module. 
 
 
Energy benchmarking is a tool which comprises the collection, analysis and reporting of data to provide an 
industrial company with a context for assessing its energy efficiency in comparison to others in the same 
sector. It provides data on how energy is currently used within a particular industrial sector, process or 
building type. 
 
 
Energy benchmarking has some features of energy monitoring because periodical benchmarking enables a 
company to follow its performance over time and, depending on the design of the benchmarking scheme (if also 
system specifications have been benchmarked), take informed corrective action. Energy benchmarking and 
monitoring allows your company to identify deficiencies and adopt better practices. 


Ad-hoc benchmarking and registered benchmarking for pilot companies 


On www.bess-project.info you can download benchmarking data collection sheets for your specific sector. These 
sheets are used by the pilot companies to collect the necessary data for the BESS benchmarking scheme. After 
the pilot phase there will be the possibility for interested companies to put these required data online into the 
system and benchmark their specific energy consumption with the specific energy consumption of the 
registered companies. 
 
The BESS pilot web-based benchmark application is flexible regarding establishment of new benchmark-classes 
and new indicators. It has options for adjustment regarding external factors like climate (heating and cooling), 
capacity utilisation, production mix and boiler efficiency.  
 
The web-application system is designed to enable yearly benchmarking of energy data in Europe based on 
national data gathered by national systems. The illustration below describes how pilot companies, national 
systems (for energy reporting) and the BESS web application interact. 
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1. Pilot companies reports energy data in to national systems.  
2. National systems quality assures registered data and distributes it to BESS. 
3. Pilot companies access BESS-application and benchmark their own energy use with other companies in 


the same industry (BESS registered companies) 
4. Non-registered users can use an ad-hoc benchmark module (this feature will be available for general 


public after the pilot phase in 2007) 
 
The access to the BESS benchmarking application has several provisions to ensure access to correct data and to 
safeguard confidentiality of the data to be provided by the pilot companies. 
 


 
 
Non-conformance  
The continuous measurements, audits and checks generate a flow of data. By registering and analysing these 
data, you can identify consumption fluctuations caused by specific circumstances from non-conformance. 
 
Non-conformance means that you will not achieve an objective as defined if you continue in the same manner. 
You respond to non-conformance with corrective or preventative measures. 


  







BESS Energy Management Handbook  41 


2.9 Achieve further efficiency improvements 


2.9.1 Revise the implementation process 


In the ACT phase, you implement measures so that objectives can be achieved as yet and so that the energy 
management system can be improved. A distinction is made between corrective, preventative and 
supplementary measures. 
 
Corrective measures are measures that are related to machine settings, control settings, or the location of 
measurement indicators. The measure as implemented is good but does not yet function for 100%. What is 
involved is fine tuning the measure. 
 
Preventative measures are intended to prevent non-conformance from occurring in the future. The measure as 
implemented is good, but the non-conformance is caused because the working instructions, targets, etc. have 
not yet been modified to fit the new situation. Or because there are no work instructions for the new situation, 
etc. 
 
Supplementary measures: 


 are taken when it is learned that the objectives cannot be achieved, 


 pertain to measures already implemented or to the system, 


 go beyond optimising the machine or modifying the work instructions.  
 
Some aspect may have been missed. You must once again make a study. Why is the measure or the system 
not working? You may need to consult with the management for these supplementary measures. 


2.9.2 Improve procedure and start again 


 
When modifying the measures (ACT), you once again apply the circle, but now in detail. You plan the 
improvements, implement them, check whether they have helped, and modify if necessary. Then you check 
whether this has helped, etc. 
 
 
Even when you are on schedule and the measures are working, you continue to pass through the circle. In 
order to at least maintain the current level, you must regularly check to ensure that everything is still 
functioning optimally and make any necessary modifications.  
 
But you will also need to assess new possibilities for improving your energy efficiency. Then you pass through 
the circle again. But now the premise is the new measure that has been added to the action plan. 
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2.9.3 Review and corrective actions 


 
Energy management system in place needs regular review to ensure the system is functioning properly and on 
a continuous basis. Possible improvements can be identified during these reviews with strong ambition to 
prepare set of corrective activities in next steps of energy management cycle. 
 
 
Since energy management system is a continuous process, each element must deliver the required 
performance in order for the whole process to be running smoothly. If one of the steps is not being 
implemented properly this can affect other elements and affect the performance of the whole programme. 
Therefore, the energy management review is vital for continuous improvement of the system. The outcome 
of the review is fed back into the whole process to ensure that improvements are made, the system is working 
effectively and continuous improvement achieved. 
 
It is essential to review the key elements of energy management regularly, at least on an annual basis, as an 
annual task or more likely on a rolling programme basis, either as internal or external energy management 
check. To carry out the energy management review you will need to plan your review, inform others, collect 
information, evaluate it and feedback the findings to ensure continuous improvement of your activities. The 
BESS energy management checklist (see chapter 3.2) is a useful tool to identify the quality level of your 
energy management and the shortcomings in it. 
 
Depending on the size of your organisation, the actual time to conduct the review could take anything from 
several days to more than a week. You will need to start planning the review well in advance in order to gather 
the background information and inform the necessary people. The review is considered completed when the 
findings have been reported, actions (including description of follow-up, outcome monitoring) identified and 
responsibilities assigned. This does not only relate to the improvement of the energy management system but 
also to the comparison between the outcome of the actual energy efficiency actions carried out and the plans 
and ambitions laid down in the Energy Action Plan. The outcome of energy performance check (see chapter 2.7) 
and in particular the monitoring & targeting exercise (chapter 2.7.6) is the basis for identifying the follow 
up. 
 
Top management must review energy management to ensure its continuing suitability, adequacy and 
effectiveness. The Management Review should address the possible need for changes to the energy 
management and identify areas where improvements can be made. Finally, management should document the 
review and make the necessary changes to the energy management with action items implemented, monitored 
and reported. 
 
The management review is one of the key elements in ensuring that top management is involved and 
committed to the management of energy in the organisation. The final responsibility rests with top 
management and the Review is a means of putting this into practice and closing the management loop on 
energy management. 
 
The management review addresses the suitability, adequacy and effectiveness of energy policy, objectives, 
targets and energy performance indicators and energy management overall.  
 
 
The Review should assess the results of any audits or surveys conducted since the last management review 
and the current status of any recommendations, the key factors that influence energy consumption, the 
adequacy of resources for the continued operation of energy management, current and proposed regulatory 
compliance in relation to energy management etc.  
 
 
To ensure that recommendations are taken into account, the Management Review must be documented 
and the energy team must agree follow-up actions and designate persons responsible for 
implementing the actions. This can be determined in a Review meeting which can be carried out in a matter 
of hours, however, the preparation for the meeting may begin weeks or even months before the meeting date.  
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3 Supportive tools presented within the handbook 


3.1 Energy Management Specification 


BESS Energy Management Specification 
(italic  requirements are desirable) 


Explanatory notes (adopted from the EIE EMS-Textile project) 


1 Energy policy 
 
1.1 Energy policy statement 
1.1.1 The organisation has specifically included energy as an important 
aspect of its (environmental) policy. 
The energy policy is appropriate to the environmental impact of the 
operations. 
1.1.2 The organisation has explicitly defined that legislation and 
regulations,  - and if applicable  - any LTA or the energy aspects of an 
environmental covenant will be complied with. 
1.1.3 The organisation has defined its commitment to continual 
improvement of the energy efficiency and prevention of unnecessary 
energy consumption. 
1.1.4 The energy policy has been communicated 
to all employees 
1.1.5 The energy policy is available to the public 


Top management of the organisation should establish and maintain the energy policy of the 
organisation. The energy policy expresses the organisation’s commitment to energy efficiency and 
respective continuous improvement. Top management ensures that the energy policy: 


 is appropriate to the nature, scale and energy consumption of the organisation’s activities, 
products and services 


 includes a commitment to continual improvement in energy performance and abatement 
of unnecessary energy consumption 


 includes a commitment to comply with the legislation and the regulations related with 
energy and with other requirements to which the organisation subscribes 


 provides the framework for setting and reviewing energy performance objectives and 
targets 


 is documented, implemented, maintained and communicated to members of the 
organisation   


 is available to the public 
 


2 Planning 
 
2.1 Energy aspects 
2.1.1 The organisation’s significant 
energy aspects have been identified 
and will be regularly updated. 
2.1.2 A clear relationship exists between 
the identified energy aspects and 
the energy objectives. 
 
 
 
 
 
2.2 Legal and other energy requirements 
2.2.1 Applicable legal and other requirements related to the processes, 
products and services of the organisation have been identified  -  and if  
applicable -  including Environmental Act and LTA/environmental 
covenants. 


1. Initial energy audit 
The organisation should make an initial energy audit in order to identify and prioritise its energy 
consumptions and efficiency goals. Accordingly focused more detailed analysis can follow.  Relevant 
action areas for improvement and energy efficiency opportunities should be identified. The initial 
energy audit results should be documented 


 the identification of areas or activities with significant consumptions 


 the determination of appropriate energy consumption indicators 


 the collection and analysis of energy consumption data 


 the determination of baseline energy consumptions 


 the identification of energy efficiency opportunities 


 the identification of legal and other requirements 


 The energy audit and its revisions should be documented.  
 
2. Legal and other requirements 
The organisation should systematically identify and comply with legal and other requirements to 
which the organisation subscribes and are applicable to the energy aspects of its activities, 
products or services. 
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2.3 Objectives and targets 
2.3.1 The organisation has formulated energy objectives for the medium 
long term (e.g. four years or the duration of a permit’s validation or of 
an LTA) and energy targets for the short term (less than or equal to one 
year). 
2.3.2 The organisation has taken the following into consideration in 
determining the targets: 


 legislative and other regulation 


 significant energy aspects 


 best practices 


 financial, business and other operational requirements 


 views of interested parties 
2.3.3 The objectives of the organisation are in line with the energy 
policy as formulated (including continual improvement). 
 
2.4 Programme 
2.4.1 The responsibilities regarding achievement of the energy 
objectives and energy targets have been determined. 
2.4.2 The organisation has compiled a list of activities with time 
schedule with which the energy objectives and energy targets can be 
achieved. 
2.4.3 Energy aspects are considered in important decisions, such as 
investments and product development. 
2.4.4 The progress of the activities is monitored. 
 


3. Energy performance targets 
The organisation should systematically set and revise appropriate energy performance targets for 
the processes and activities, which have significant energy consumption, conservation potential and 
are related with legal or other rules and requirements.  
The energy performance targets should be clearly defined and measurable. They should be 
documented and a time frame for their achievement should be set. Systematically energy 
management achievements should be monitored and benchmarked. 
The organisation should set and revise its energy performance targets systematically, according to: 
the energy consumption significance, the relevant legal aspects and the organisation’s current 
technological, operational and financial capacity. The energy performance targets should be 
appropriate for benchmarking and consistent with the energy policy.  
 
 
 
4. Action plan 
The organisation should establish and maintain an action plan for achieving its energy performance 
targets and the materialisation of the energy policy. The action plan should include: 


 actions for the achievement of the energy targets 


 the means and resources for each action  


 designation of responsibility for each action  


 determination of the time frame for each action  
The action plan should be documented.  
The action plan should be consistent with the organisation’s energy policy and its current technical, 
financial and operational capacity.   


3. Implementation and operation 
 
3.1 Structure and responsibility 
3.1.1 The tasks and responsibilities on various levels of the organisation 
have been determined in such a way 
that the objectives and targets in the area of energy can be achieved. A 
management representative has been 
assigned ultimate responsibility. 
3.1.2 Sufficient resources have been made available for the 
implementation and maintenance of the Energy 
Management System (e.g. competent personnel, technology and 
financial resources). 
 
 
 
 
 
 
 
 


 
 
1. Structure and responsibility  
Roles, responsibilities and authorities should be defined, documented and communicated in order 
to facilitate effective energy management. Top management should provide resources essential to 
the implementation and control of the energy management system. Resources include human 
resources, specialised skills, technology and financial resources. 
The organisation’s top management should appoint an Energy Coordinator who, irrespective of 
other responsibilities, shall have defined roles, responsibilities and authority for:  


 the continuous improvement of the organisation’s energy performance 


 the implementation of the energy management system 


 the monitoring, benchmarking and reporting of the energy performance  


 the staff involvement in the effort for energy performance improvement 


 The organisation should assign responsibilities according to function, level, education, 
experience, personality and capability, in order to achieve efficient implementation of the 
energy management system.    
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3.2 Training and awareness 
3.2.1 Training needs have been identified among the employees 
performing tasks that could cause significant energy impact. 
3.2.2 Relevant know-how and experience of individual employees has 
been identified. 
3.2.3 Attention is regularly devoted to the 
awareness of the employees 
 
 
 
 
3.3 Communication 
3.3.1 The progress achieved in the Energy Management programme is 
regularly communicated internally. 
3.3.2 The progress achieved in the energy policy and/or the Energy 
Management programme is regularly communicated externally if desired 
or required. 
 
 
 
3.4 Documentation energy management system 
3.4.1 The elements of the Energy Management System have been 
described, as have their relationship with other documentation. 
 
 
3.5 Control of documents 
3.5.1 The documentation control method 
has been described in procedures. 
3.5.2 All of the documents related to the management system are 
stored in an orderly and accessible manner. 
3.5.3 All of the documents related to the management system are 
periodically assessed, revised if necessary and approved by authorised 
employees. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


2. Awareness raising and capacity building   
The energy policy should be communicated to everyone in the organisation. Personnel should be 
informed and encouraged to contribute in energy performance improvement.  
The organisation should perform activities to inform its personnel about: 


 the importance of energy efficiency to the organisation  


 the organisation’s efforts towards energy efficiency 


 the consequences of their work activities in energy consumption  


 their roles and responsibilities in the effort towards energy efficiency  
The organisation should identify the key personnel affecting significantly its energy performance 


and its specific training requirements for efficient energy management. Appropriate training 
activities should be planned and conducted.  


3. Communication and motivation 
The organisation should implement practices that ensure efficient two-way internal communication, 
concerning the effort towards energy efficiency.  
The organisation should inform its members about energy efficiency and encourage them to 
contribute in it by: conserving energy, preventing unnecessary consumption, working efficiently 
and making recommendations and observations.    
The organisation should systematically support, encourage and motivate its members to contribute 
in energy efficiency.   
 
4. Energy management system documentation 
The organisation should establish and maintain information, in paper or electronic form, to 


 describe the core elements of the management system and their interaction 


 provide direction to the energy management system implementation and the related 
documentation 


 
5. Information control  
The organisation should implement practices that ensure that information affecting energy 
management is  


 available and easily accessible to members that perform activities essential to energy 
management  


 systematically updated, reviewed and revised as necessary by appropriate,  authorised 
members 


 obsolete information is removed accordingly 


 obsolete information preserved for legal and/or knowledge purposes is  appropriately 
identified 


 Information should be maintained in comprehensible, identifiable, dated and orderly 
manner and retained for appropriate time. Responsibilities should be appointed for the 
creation, modification and updating of the energy management information.  
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3.6 Operational control 
3.6.1 Documented insight exists into the energy consumption of the 
significant energy consumers, as well as into the mechanisms 
(organisation, behaviour and/or technology) with which these are 
managed. 
3.6.2 Significant energy aspects of purchased services and goods are 
evaluated. 
3.6.3 Third parties are instructed and informed (including suppliers and 
sub-contractors). 
 


6. Operational control  
Operational Control shall aim to the implementation of the energy policy and the achievement of 
the energy performance targets.  It should be one of the primary responsibilities of the Energy 
Coordinator.         
The organisation should identify the activities with significant impacts on energy performance, 
policy and targets. Current energy consumption and improvement potential should be assessed. 
Actions affecting significantly energy efficiency, including:  


 design and provision of products and services  


 design and implementation of processes and activities  


 selection and purchasing of facilities, equipment and materials 


 establishment of operation criteria for activities and processes 


 operation, control and maintenance of equipment 


 use, inspection and maintenance of facilities 


 design, modification and renovation of facilities  
should be examined and appropriate practices should be implemented.  


4 Checking and corrective actions 


 
4.1 Monitoring and measurement 
4.1.1 The energy consumption of relevant operating activities is 
regularly measured, registered, analysed and reported. 
The organisation has progress reports and evaluations available with 
reference to energy objectives and targets. 
4.1.3 Periodic evaluations are performed to determine whether 
requirements pertaining to energy in legislative 
and other regulations are satisfied. 
4.1.4 Measuring and registration equipment is regularly maintained and 
calibrated. 
 
4.2 Nonconformity, corrective and preventative 
actions 
4.2.1 Responsibility for identification and dealing with nonconformity and 
the actions to be taken in order to 
correct and prevent nonconformity in the energy consumption have 
been established. 
4.2.2 The implementation, correctness and effectiveness of the actions 
taken are regularly checked. 


 


 


1. Monitoring and measurement  


The organisation should systematically measure and monitor its energy consumption. Appropriate 
energy indicators should be periodically calculated, registered analysed and reported. The 
organisation should evaluate its energy performance according to its energy targets. Actions and 
practices should be amended for the achievement of energy targets whenever necessary.     
The organisation should systematically check the compliance with relevant legal and other 
requirements.  
 


2. Non-conformance response and prevention  


The organisation should implement practices to detect and investigate, non-conformances that 
affect significantly its energy efficiency and respond to them, in order to minimise their negative 
impacts.   The organisation should implement preventive practices in order to minimise the 
probability occurrence of non-conformances. Response and preventive action should be appropriate 
to the non-conformance encountered and commensurate with its impact on energy consumption. 
The organisation should review and revise, when necessary, its non-conformance detection, 
response and preventive practices, in particular, after their occurrence.  
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3.2 Pre-self assessment checklist (For the full BESS Energy Management checklist see www.bess-project.info)


Energy aspect = everything that results in the consumption of energy. Anything that has a positive or negative effect on the energy consumed by the operational 
activities is an energy aspect. Think in this respect of technology (e.g. equipment and starting up), organisation (such as work processes and maintenance) and 
behaviour (e.g. compliance with job instructions). 


A Basic information  Comments Explanation of the question Explanation answer if Yes 


      
1 Has the organisation identified 


the primary energy aspects 
based on the energy 
consumption figures (see 
definition above), and are they 
kept up to date? 


Yes   The energy aspects that determine 
consumption within the processes are 
expected to be mapped. Both the primary 
and the secondary (e.g. compressed air 
equipment (primary energy consumption) 
and the use of compressed air, which also 
affects the consumption (secondary energy 
consumption)). This overview needs to be 
kept up-to-date when changes of e.g. 
processes occur. 


Yes if a summary of the primary energy aspects is available 
that collectively represents three-quarters of the 
organisation's total energy consumption. 


B Implementation and operation    


2 Have tasks, responsibilities and 
authority been determined for 
all staff involved in energy 
management (e.g. energy 
aspects, energy consumption, 
objectives, corrective 
measures, etc.)? 


Yes   It is expected here that you have a list of 
employees with tasks, responsibilities and 
authority in the area of energy.  
For example: the employees, the 
coordinator, the heads of department and/or 
management, in so far as applicable. 


Yes if this is visibly documented, e.g. in a Task-
Responsibility-Authority matrix. 


3 The primary energy consumers 
(energy aspects) are regularly 
measured, registered, analysed 
and reported? 


Yes   Measurement data of the major energy 
aspects (largest users) is expected to be 
available in sufficient detail. Sub-
measurements are not always necessary, 
but are usually recommended, as is 
comparison of the data with key figures for 
the sector. Analysis provides insight into the 
progress being made and possible non-
conformance. 


Yes if measurement data are sufficiently specific to evidently 
contributed to management and improvement of the energy 
consumption, for example measures taken when non-
conformance is identified. 
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C Energy policy, planning and improvement 


4 Has a plan of approach been 
compiled for improving the 
energy performance, in 
accordance with the policy and 
considering following matters ? 


Yes   A document (e.g. an Energy Conservation 
Plan and/or detailed ECP results) is expected 
to be available. General requirements on the 
plan of approach are that it be Specific, 
Measurable, Achievable, Realistic and Timed 
(SMART). 


Yes if this document is 
available. 


  Legal and other 
requirements? 


  Any permit requirements, construction 
regulations and requirements, e.g. on the 
parent company, are expected to be taken 
into account. 


Yes if this is documented as 
being the case, e.g. in the 
ECP. 


  The primary energy 
aspects? 


  Energy objectives and tasks are expected to 
primarily focus on the (large) consumers, 
where the most improvement can be 
expected to be achieved. 


Yes if this is documented as 
being the case, e.g. in the 
ECP. 


 
  The best techniques 


available (according to 
BESS list of measures, 
for example)? 


  An organisation is expected to be aware 
of the best techniques available and to 
use these if possible. The organisation 
can keep up to date, for example, by 
actively participating in sector 
consultation with reference to energy. 


Yes if the organisation 
can demonstrate that it 
structurally follows 
developments and 
determines whether new 
techniques can be 
implemented. 


  The time schedule 
within which these are 
to be achieved? 


  The points in time when implementation 
of objectives and tasks start and are to 
be concluded is expected to be clear. 
General requirements on the objectives 
are that they be Specific, Measurable, 
Achievable, Realistic and Timed . 


Yes if this is documented 
as being the case, and a 
time schedule is present. 


D Documentation     


5 Has how energy management 
works been documented (in 
writing or electronically) and is 
a link made to the relevant 
instructions and procedures? 


Yes   The energy management system is 
expected to be defined in a set of 
formal documents that is accessible to 
users. These documents indicate who 
bears responsibility for the documents 
and how energy measurement data in 
particular is registered. The energy 
management documents may comprise 
a separate system or can be part of 
another management system (e.g. ISO 
9001 or 14001, or HACCP). 


Yes if a documented 
system of coherent 
documents exists for 
achieving the energy 
policy and objectives. 
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E Audits, measures and evaluation 


6 In the event of non-
conformance, is the cause 
investigated and are corrective 
or preventative measures 
taken to prevent reoccurrence? 


Yes   How non-conformance occurs is 
expected to be analysed (monitoring 
registered data). Based on these 
occurrences, corrective and structural 
measures are taken to prevent them 
from reoccurring. Matters that will go 
wrong in the future if preventative 
measures are not taken are 
anticipated. 


Yes this shown to be 
probable. 


7 Is the evaluation of the energy 
management system 
performed at least once each 
year by the management 
based on the following 
information? 


Yes   The entire package of energy 
management measures is expected to 
be discussed at least once each year 
in order to determine whether 
agreements are being satisfied and 
the desired results (policy) are being 
achieved. 


Yes this shown to be 
probable. 


  Energy performance 
based on monitoring 
information. 


  The energy consumption is expected 
to be analysed as a trend. 


Yes if this has been 
documented. 


  The evaluation of 
conformance with legal 
and other requirements 
pertaining to energy. 


  The organisation is expected to 
determine whether agreements and 
regulations have been satisfied in 
accordance with the policy statement. 


Yes if this has been 
documented. 
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3.3 Energy management implementation model BESS 


PDCA  PLAN PLAN DO DO CHECK ACT 


ACTION   START  A. UNDERSTAND B. PLAN C. COMMIT D. IMPLEMENT E. EVALUA F. REVIEW 
ACTIVITIES . BUSINESS CASE 


- Initial data 
- Energy profile 
- Outer influence 
Make a business case, 
recognize need for 
EM, check basic data 
and indicators and 
identify other 
influences defining 
the company 
decisions. 
 


. FIRST SELF-
ASSESSMENT 
- Key questions  
- Decision on 


energy 
management 


- Commitment 
Preparation of key 
questions based on 
results the level of 
company commitment 
and implementation 
of EM is defined. 
 
. ENERGY 
MANAGEMENT 
   
IMPLEMENTATION  
    PROJECT PLAN 
- Level  
- Organisation, 


personnel and 
budget 


- Implementation 
monitoring 


 
 
 


. ENERGY AUDIT 
- Different types 
- Energy audit 


description 
- Data collection 
- Energy 


consumption and 
trends 


- Investigate large 
users 


- Tracking energy 
use, costs, 
emissions 


- Investigate 
benchmarks 


Detailed description 
and procedures for 3 
types of  energy 
auditing, including 
data collection, trends 
and benchmark.. 
 
. TOOLS 
- Energy 


bookkeeping 
software 


- Horizontal 
measure list 


- Sectoral measure 
list 


- Links to existing 
national measure 
list 


Detailed description 
and attached tools on 
energy bookkeeping 
for data collection, 
measure list for 
horizontal and 
sectoral activities.. 
 


. ENERGY ACTION  
    PLAN  
- Energy saving 


activities: 
separate for no 
cost, low cost and 
high cost 
activities 


Action plan describes 
reasons and plans 
activities for energy 
saving activities and 
procedures. It divides 
them into different 
cost categories. It 
includes detailed 
measure list.  
 
. ROLES AND 
RESPONSIBILITIES 
- People  
- Resources 
- Timescale 
Describe roles of 
people in the 
company structure, 
define resources for 
planned activities and 
detail the timeframe 
for execution of the 
action plan.  
 


1. ENERGY  
   POLICY 
It includes objectives, 
goals, roles and 
responsibilities  
 
. ENERGY  
    COORDINATOR  
- Job description  
- Qualifications 
Describes 
appointment, role, job 
description and key 
qualifications for 
energy coordinator. 
 
. ENERGY TEAM 
- Job description  
- Qualifications 
Describes selection, 
structure, role, job 
description and key 
qualifications for 
energy team. 
 
 


. IMPLEMENT  
    ACTION  PLAN  
- Energy Savings 


Register  
- Awareness 


/Communication 
- Training 


/Education  
a) needs 
b) people 
c) learning tools 


Implementation 
describes simple 
execution with 
supporting materials 
like energy saving 
register (similar to 
measure list from 
action plan), 
describes ways to 
raise awareness and 
how to communicate 
on the topic both 
internal as external. 
Training and 
education needs must 
be prepared taken 
into account people 
and learning tools 
(including e-
learning).. 
 
 
 
 
 
 
 
 
 
 


. ENERGY  
    MANAGEMENT 
    CHECKLIST 
Questions to allow 
companies self asses 
their implementation 
level of energy 
management.. 
 
. INDICATORS 
- Company level 
- Energy users level  
- Compare over 


time 
Define indicators for 
energy performance 
on company (e.g. 
energy vs. 
production) and end-
user level (e.g. 
compressed air 
system). Allow 
comparison of 
indicators over time 
for evaluation. 
 
. BENCHMARKING 
- Compare against 


others 
Describe method of 
benchmarking – 
comparison against 
performance of other 
companies. 
 
 
 
 
 
 
 


. REVISION 
After implement-
tation the process 
should be reviewed 
and evaluated. 
 
2. IMPROVE 
Improve procedure, 
improve policy, 
improve execution, 
improve targets, 
improve goals, and 
start again. 
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. DEFINITIONS 
- Dictionary 
 
Definition of basic 
terms of EM for 
common 
understanding. 
 
 
 
. SPECIFICATION 
- Requirements 
- Linking lists 
List of requirements 
of an EM system 
which is in 
accordance with the 
existing ISO 
standards with a 
prioritization for SMEs 
and compatibility lists 
between the  
EM  requirements and 
relevant ISO and 
HACCP standards 


 


. LEGISLATIVE &  
    REGULATIVE  
    FRAMEWORK 
- Regulations 
- Other influence 


a) Green 
procurement 
b) Voluntary 
programmes 
c) Outsourcing 
d) Etc. 


Include legislative 
and regulative 
framework into 
company’s knowledge 
about energy and 
environment. Check 
different instruments 
for achieving goals. 


. OPERATION AND  
    MAINTENANCE 
- Internal energy 


organisation and 
procedures 


- Good 
housekeeping 


Description of 
different levels in 
company dealing with 
energy use, describe 
procedures for 
operation and 
maintenance etc. 
Propose good 
housekeeping 
measures. 


. MONITORING 
AND 


      TARGETING 
- Analysis of the 


indicators 
Describe M&T 
technique for 
indicators’ analysis for 
internal evaluation of 
energy performance 
over time with 
monitoring and 
targeting function for 
better planning of 
energy saving 
activities. 


Notes: - This EMIM is amongst others based on the EMAP approach developed by SEI, Ireland 
           -  During the pilot phase of the BESS project several tools and examples which are connected to the EMIM are available to selected pilot companies for testing. 
           -  The sole responsibility for the content of this publication lies with the authors. It does not represent the opinion of the Community.  
           -  The European Commission is not responsible for any use that may be made of the information contained therein. 
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3.4 Linking Lists 


Structure of the tables 


In the first column of the list (Reference Energy Management), the literal text from the Reference Energy Management is shown; this must serve as the foundation for your 
energy management system. A distinction has been made between the parts that are necessary for a minimum quality level of the system and the parts that are desirable 
for the system. The desirable elements are elective and are therefore listed in italics.  
Column two (Relevant paragraph ISO or HACCP) indicates which sections of ISO standard or HACCP food safety system deal with a similar requirement or is closest to the 
Reference. The result that you will achieve if you satisfy this ISO 14001 section is shown in parentheses.  
The third column (Modification recommendation ISO 14001) recommends how the ISO 14001 management system can be modified to satisfy the Reference Energy 
Management.  


Linking list for the ISO 14001 system 


BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
1 Energy policy  
 


4.2 Environmental policy 
This ISO 14001 section dictates that your 
organisation must define an environmental policy 
and the requirements it must meet.  


 


1.1 Energy policy statement 
 


4.2 Environmental policy 
 


 


1.1.1 The organisation has specifically included 
energy as an important part of its (energy) policy. The 
energy policy is in keeping with the energy aspects of 
the operations.  
 


4.2.a) Environmental policy (environmental policy)  
 


In this section, include energy management in the 
corporate policy. Indicate the relationship between 
operational activities and energy consumption.  
 


1.1.2 The organisation has explicitly defined how 
legislation and regulations, or  -if applicable - any LTA 
or the energy aspects of an energy covenant will be 
complied with.  
 


4.2.c) and d) Environmental policy (environmental 
policy)  
 


Include the statement listed in column three in the policy 
statement.  
 


1.1.3 The organisation has defined its commitment to 
continual improvement of the energy efficiency and 
prevention of unnecessary energy consumption.  
 


4.2.b) Environmental policy (environmental policy)  
 


Also include a statement with this content in the policy 
statement.  
 


1.1.4 The energy policy has been made known to all 
employees.  
 


4.2.e) Environmental policy (communication tool)  
 


Make sure personnel members are familiar with the 
organisation’s energy premises.  


1.1.5 The environmental policy is available to the 
public.  
 


4.2.f) Environmental policy (documented decision)  
 


Determine how and by whom the (energy) policy can be 
requested and register this.  
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BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
2 Planning  
 


3 Planning  
 


 


2.1 Energy aspects 
 


4.3.1 Environmental aspects  
This section of ISO 14001 states that your 
organisation must have a procedure for identifying 
environmental aspects and specifies the 
requirements this procedure must satisfy.  
 


 


2.1.1 Inventory has been taken of the organisation’s 
major energy aspects and the inventory is regularly 
updated.  


4.3.1 Environmental aspects (procedure and 
registration)  


Include the energy consumption in the application area of 
the aspects procedure.  
Make sure that the matters listed here are dealt with as 
energy aspects. 
Make sure that new activities, products and services are 
evaluated in terms of energy aspects in accordance with the 
procedure. 
 


2.1.2 A clear relationship exists between the 
inventoried energy aspects and the energy objectives.  


4.3.1 Environmental aspects (procedure and 
registration)  


The energy aspects described  -if applicable - within the LTA 
must be included in the environmental aspects register. 
See 2.3.2 of the BESS Energy Management Specification for 
more information. 


2.2 Legal and other requirements 4.3.2 Legal and other requirements 
This section of ISO 14001 states that your 
organisation must define and maintain a system for 
identifying requirements, including legislative and 
other regulations. 


 


2.2.1 Relevant legal and other requirements that 
pertain to the processes, products and services of the 
organisation have been identified (or  -if applicable - 
including Environmental Act and LTA/energy 
covenants).  


4.3.2 Legal and other requirements (procedure and 
registration) 


Include all relevant regulations in the register of regulations 
and legal and other requirements.  
In this, consider energy aspects as environmental aspects. 


2.3 Objectives and targets 
 


4.3.3 Objectives and targets 
This section of ISO 14001 describes how the 
organisation is to register and maintain objectives 
and targets.  
 


 


2.3.1 The organisation has formulated energy 
objectives for the medium-long term (e.g. four years 
or the duration of a permit’s validity or of a LTA) and 
energy targets for the short term (less than or equal to 
one year).  
 


4.3.3 Objectives and targets and 
4.3.4 Environmental programme: This specifies the 
requirements that your organisation's environmental 
programme must satisfy. (documented objectives) 
 


Compile energy objectives and the ensuing targets.  
The applicable periods can be included in the environmental 
programme.  
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BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
2.3.2 The organisation has taken the following into 
consideration in determining the objectives:  
• legislative and other regulations; 
• significant energy aspects; 
• the current state of technology; 
• financial, business and other operational 
requirements; 
• vision of interested third parties.  
 


4.3.3 Objectives and targets (traceable) 
 


Assess the objectives based on the aspects listed here and 
modify them where necessary.  
 


2.3.3 The objectives of the organisation are in keeping 
with the energy policy as formulated (including 
continual improvement).  
 


4.3.3 Objectives and targets (traceable) 
 


Make sure that the objectives are in keeping with the 
energy policy as formulated; also formulate improvement 
intentions in the objectives.  
 


2.4 Energy management programme 
 


4.3.4 Environmental programme 
This section of ISO 14001 describes the 
requirements that the environmental programme to 
be implemented and maintained by your 
organisation must satisfy.  
 


 


2.4.1 The responsibilities regarding achievement of the 
energy objectives and energy targets have been 
determined.  
 


4.3.4 Environmental programme (documented) 
 


Include the responsible employees in the objectives.  
 


2.4.2 The organisation has compiled a list of activities 
with time schedule with which the energy objectives 
and energy targets can be achieved. 
 


4.3.4 Environmental programme (documented) 
 


Compose a time schedule for achieving the objectives and 
targets (project planning).  
 


2.4.3 Energy aspects are considered in important 
decisions, such as investments and product 
development.  
 


4.3.4 Environmental programme (documented) 
 


Make sure that energy consumption is a criterion that is 
considered in investment proposals.  
 


2.4.4 The progress of the activities is monitored.  
 


4.5.1 Monitoring and measuring 
This section of ISO 14001 places requirements on 
the procedures for monitoring and measuring the 
primary characteristics of the activities that can have 
an important effect on the environment. (procedure)  
 


Include energy aspects in the monitoring of environmental 
performance.  
 


3 Implementation and operation  
 


4.4 Implementation and operation  
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BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
3.1 Structure and responsibilities 
 


4.4.1 Structure and responsibilities 
This section of ISO 14001 explains how your organisation 
must determine the division of tasks, responsibilities and 
authority to stimulate effective environmental 
management.  


 


3.1.1 The targets and responsibilities on various 
levels of the organisation have been determined in 
such a way that the objectives and targets in the 
area of energy can be achieved. A management 
representative has been assigned ultimate 
responsibility.  
 


4.4.1 Structure and responsibilities (documented) 
 


Make sure that the responsibility for energy aspects and 
energy management has been identified as part of the 
line responsibilities.  
Make sure that the responsibilities of the board member 
responsible for environmental management are 
expanded to include energy management.  
Define reporting responsibility in the procedures for 
internal communication or the monitoring reports.  


3.1.2 Sufficient resources have been made 
available for the implementation and maintenance 
of the energy management system (e.g. 
competent personnel, technical and financial 
resources).  


4.4.1 Structure and responsibilities (traceable) 
 


The resources must enable the employees to perform the 
tasks.  
 


3.2 Training and awareness 
 


4.4.2 Training, awareness and proficiency  
This section of ISO 14001 places requirements on 
personnel training.  


  


3.2.1 Inventory has been taken of the training 
needs of employees whose activities can have an 
important effect on energy consumption.  
 


4.4.2 Training, awareness and proficiency (documented) 
 


Determine whether specific tasks in the organisation 
require training and document this.  
More general knowledge can be communicated through 
internal consultation, intranet or newsletter. 


3.2.2 Inventory has been taken of the relevant 
know-how and experience of individual employees. 


4.4.2 Training, awareness and proficiency (registration) 
 


List employee qualifications in a summary or in the 
employee’s file.  


3.2.3 Attention is regularly devoted to the 
awareness of the employees.  


4.4.2 Training, awareness and proficiency (evidenced) 
 


Communicate the policy, its execution and the results of 
energy management via internal consultation, intranet or 
newsletter.  


3.3 Communication 
 


4.4.3 Communication 
This section of ISO 14001 states that the organisation 
must define and maintain procedures for internal and 
external communication. 


 


3.3.1 The progress achieved in the energy 
management programme is regularly 
communicated internally.  


4.4.3 Communication (documented) 
 


Communicate the execution and results of energy 
management via internal consultation, intranet or 
newsletter. Define a procedure for doing so.  


3.32 If desired or obligatory, the progress achieved 
in the energy policy and/or the energy 
management programme is regularly 
communicated externally.  


4.4.3 Communication (procedure and registration)  
 


Include communication about energy in procedures for 
external communication: subject, frequency and 
responsibilities.  
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BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
3.4 Documentation energy management system. 
 


4.4.4. Documentation of the environmental management 
system  This section of ISO 14001 describes how the 
organisation must maintain information about the 
management system and relevant documentation.  
 


 


3.4.1 The elements of the energy management 
system have been described, as have their 
relationship with other documentation.  
 


4.4.4. Documentation of the environmental management 
system (documented) 
 


In the documentation of the environmental management 
system, determine that energy management is part of 
environmental management and that this management 
system is also applied to the energy aspects.  
 


3.5 Document management 
 


4.4.5 Document management 
This section of ISO 14001 describes how your organisation 
must manage documents.  
 


 


3.5.1 The documentation management method 
has been described in procedures.  
 


4.4.5 Document management (procedure)  
 


Make sure that the (general) procedure also applies to 
energy.  
 


3.5.2 All of the documents related to the 
management system are stored in an orderly and 
accessible manner.  


4.4.5 Document management (evidenced to be in keeping 
with procedure)  
 


Make sure that the (general) procedure also applies to 
energy.  
 


3.5.2 All of the documents related to the 
management system are periodically assessed, 
revised if necessary and approved by authorised 
employees.  
 


4.4.5 Document management (evidenced to be in keeping 
with procedure)  
 


Make sure that the (general) procedure also applies to 
energy.  
 


3.6 Management of the activities 
 


4.4.6 Management of the activities 
This section of ISO 14001 places requirements on the 
management and execution of all activities that are related 
to important environmental aspects. 


 


3.6.1 Insight into the energy consumption of the 
major energy consumers exists and can be 
evidenced, as well as into the mechanisms 
(organisation, behaviour and/or technology) with 
which these are managed.  
 


4.4.6 Management of the activities, specifically 4.4.6 a and 
b (documented planning)  
 


Plan the activities with energy aspects in such a way that 
the policy, the law and -if applicable - the LTA are 
satisfied.  
Translate these requirements to the departments and 
responsibilities as part of executing the activities.  
 


3.6.2 Significant energy aspects of purchased 
services and goods are evaluated.  
 


4.4.6.c) Management of the activities (procedure and 
registration)  
 


Include stipulations regarding energy for purchased 
services and goods that involve important energy 
aspects.  


3.6.3 Third parties are instructed and informed 
(including suppliers and sub-contractors).  
 


4.4.6.c) Management of the activities (registration and 
evidenced)  
 


Determine who is responsible for instruction, information 
and including contractual requirements for these 
matters.  
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BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
4 Checking and corrective measures 
 


4.5 Checking and corrective measures 
 


 


4,1 Checking and measuring 
 


4.5.1 Monitoring and measuring 
 


 


4.1.1 The energy consumption of relevant 
operating activities is regularly measured, 
registered, analysed and reported.  
 


4.5.1 Monitoring and measuring (procedure and 
registration)  
 


Include energy aspects in the monitoring of 
environmental performance.  
Make sure that figures are related to sector data or other 
information.  
Define who is to perform this task. 


4.1.2 The organisation has access to progress 
reports and evaluations with reference to the 
energy objectives and targets.  
 


4.5.1 Monitoring and measuring (registration) 
 


Report in accordance with the monitoring or 
communication procedure regarding energy performance, 
including both management of the activities involved and 
the extent to which objectives are being met.  


4.1.3 Periodic evaluations are performed to 
determine whether requirements pertaining to 
energy in legislative and other regulations are 
satisfied.  


4.5.1 Monitoring and measuring (procedure and 
registration)  
 


Include the evaluation of energy aspects in the procedure 
for evaluating compliance with legal and other 
requirements as indicated in this section of ISO 14001.  
 


4.1.4 Measuring and registration equipment is 
regularly maintained and calibrated.  
 


4.5.1 Monitoring and measuring (procedure and 
registration)  
 


Determine the need and execution of maintenance and 
calibration of equipment involved in energy 
management, and register these.  


4.2 Non-conformance, corrective and preventive 
measures 
 


4.5.2 Non-conformance, corrective and preventive 
measures 
This section describes how your organisation is to define 
and maintain procedures, including for dealing with 
corrective and preventive measures. 


 


4.2.1 Responsibility for studying and dealing with 
non-conformance and the measures to be taken 
in order to correct and prevent non-conformance 
in the energy consumption have been 
determined.  


4.5.2 Non-conformance, corrective and preventive 
measures (procedure and registration) 
 


Make sure that the (general) procedure applies to energy 
aspects and to energy management.  
 


4.2.2 The implementation, correctness and 
effectiveness of the measures taken are regularly 
checked.  
 


4.5.2 Non-conformance, corrective and preventive 
measures (procedure and registration) 
 


Make sure that the (general) procedure applies to energy 
aspects and to energy management.  
 


4.3 Registrations 
 


4.5.3 Registration  This section regulates procedures for 
identifying, maintaining and deleting environmental 
registrations.  


 


4.3.1 Registrations of the energy management 
system are identified, described, stored and 
where necessary removed from a(n energy) 
register.  
 


4.5.3 Registration (procedure and registration)  
 


Make sure that the (general) procedure also applies to 
energy aspects.  
If necessary, compile an index of energy registrations.  
Define how long the registrations are to be saved.  
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BESS Energy Management Specification Relevant section ISO 14001 Modification recommendation ISO 14001 
4.3.2 The registrations are legible, identifiable 
and can be traced to the relevant activity, product 
or service. 
 


4.5.3 Registration (evidenced)  
 


Make sure that the (general) procedure also applies to 
energy aspects.  
 


4.4 Energy management audits 
 


4.5.4 Environmental management system audits  
This section of ISO 14001 regulates matters including the 
procedures for audits of the environmental management 
system.  
 


 


4.4.1 Regularly, but at least once each year, 
internal audits are performed with reference to 
the aspect energy as referred to in these 
specifications (may be part of another 
management system) in order to check the 
system’s functioning.  
 


4.5.4 Environmental management system audits 
(procedure, planning and registration)  
 


Make sure that the (general) procedure also applies to 
energy aspects. Determine in the procedures for 
environmental management audits that the energy 
reference must also be audited.  
Modify the audit programme so that the time involved is 
also based on the important energy aspects.  
 


4.4.2 The results of the audit are reported to the 
management.  
 


Environmental system audits (registration) 
 


Determine that reports to the management regarding the 
audit also discuss the energy aspects.  
 


5 Management involvement  
 


4.6 Assessment by the executive board  
This section of ISO 14001 places requirements on the 
manner in which the highest level of management is to 
regularly assess the environmental management system   
 


 


5.1 Evaluation 
 


4.6 Assessment by the executive board  
 


 


5.1.1 The energy management system or the 
energy aspect within another management 
system is evaluated periodically, but at least once 
each year, by the management in terms of its 
applicability, adequateness and effectiveness.  
 


4.6 Assessment by the executive board (registration, if 
applicable a procedure) 
 


Determine whether the energy and environmental 
management system is able to achieve the policy; adjust 
where necessary. Record the outcome.  
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3.5  Business case and fact sheets  


3.5.1 Calculation I 


Business Case


Energy Usage (per year)
Unit 


(MWh or 
MJ) 


2003
Boiler 


eff. 
(%)


2004
Boiler 


eff. 
(%)


2005
Boiler 


eff. 
(%)


Electricity (firm power)
Electricity used by el.boiler


Light fuel oil
Middle distillates


Heavy fuel oils
Natural gas


LPG (Propane, butane)
Coal


Bio energy
District heat etc.


Other energy
Total 0 0 0


Production (per year) Unit 2003 2004 2005
Normalization 


factor


Processed milk litre 0,000
Sweet milk products litre 0,209


Sour milk products litre 0,657
Cup products litre 0,966
Hard cheese kg 1,925


Brown cheese kg 3,663
Other cheeses kg 2,854


Casein kg 1,952
Dried products kg 3,812


Butter /butter oil kg 0,800
Preserves kg 0,787


Supplemental milk delivered litre 0,076
Juice litre 0,209


Capacity utilization %
Basic energy consumption MWh / MJ


Heating degree days HDD
Heating share %


Energy costs (per year) Unit 2003 2004 2005
Electricity costs EUR


Thermal energy costs EUR
Total Company Costs EUR


Company Profits EUR


Production mix (normalised production)


Specific energy consumption (per production mix)
MWh or 
MJ per 
Product 


mix
Average SEC per product mix (from Norwegian BM-System)
Minimum SEC per product mix (from Norwegian BM-System)  







BESS Energy Management Handbook  60 


3.5.2 Calculation II 


Business Case


Energy Usage (per year) MW h % of total EUR % of total
Energy Price 
(EUR/MW h)


Direct CO2 
emissions 
(tCO2)


Indirect 
CO2 
emissions 
(tCO2)


Total 
CO2 
emission
s (tCO2)


Fuels 1000 67% 40000 57% 40 190 190
Electricity 500 33% 30000 43% 60 0 250 250


Total 1500 100% 70000 100% 190 250 440


Energy costs (per year) EUR % of total costs


% of 
company 
profits


Energy Costs (Fuels+Electricity) 70000 3,5% 14,0%
Total Company Costs 2000000 100,0% 400,0%


Company Profits 500000 25,0% 100,0%


Production (per year) unit


Energy 
Intensity with 
relation to 


Combined 
Production 
Value


Production Product 1 200 1 200
Production Product 2 100 0,75 75


Total 275


Specific Energy Consumption (SEC) Data 2005 % of 2003 2004 % of 2003 2003 % of 2003
SEC (MW h/prod.unit ) 5,5 94% 5,7 98% 5,8 100%


Energy Costs Intensity (EUR/prod.unit) 254,5 94% 260 96% 270 100%
Specific CO2 emission - direct (tCO2/prod. Unit) 0,69
pecific CO2 emission - indirect (tCO2/prod. Unit) 0,91


Specific CO2 emission - total (tCO2/prod. Unit) 1,60


Typical Sectoral SEC


Targeted Company's SEC


Saving Data unit %
Potential Energy Savings 50 MW h 3,3%


Potential Costs Savings 2000 EUR 2,9%
Estimated Costs 6000 EUR


Payback 3 yrs


Energy Management Implementation
% of energy 
costs


% of total 
costs


% of 
company 
profits


Estimated Energy Management Costs 10000 EUR 14,3% 0,5% 2,0%
Estimated time for implementation 6 months
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3.6 Horizontal measure list 


PRODUCTION PROCESSES 
Thermal energy 
Heat generation 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


1. Reduce excess combustion air to minimum 1. CO2/O2 measurement 
2. Maximise completeness of combustion 2. Soot/CO measurement 
3. Maintain boiler cleanliness (soot/scale) 3. Monitor for rise in flue gas temperature 
4. Repair (replace) boiler insulation 4. Periodic inspection of boiler insulation condition. 
5. Insulate feedwater tank – cover tank 5. Check possible feedwater temperature losses 
6. Insulate condensate return lines 6. Check possible heat loss from condensate return lines. 
7. Optimise quality of make-up water and feedwater 7. Monitor quality of make-up water and feedwater: hardness, acidity, O2. 
8. Minimise blowdown 8a. Monitor concentration of dissolved solids in boiler water. 


8b. Improve blowdown controls 
9. Maintain nozzles, grates, fuel supply pressure/temperature at 
manufacturers’ specifications 


9a. Ensure specifications are available and in use. 
9b. Regular check and resetting/maintenance. 


10. Maximise combustion air temperature 10. Draw air from highest point in boilerhouse. 
11. Reduce steam pressure where it exceed system/process 
requirements. 


11. Check system/process needs; adjust controls. 


12. Use duct for intake of warmer combustion air 12. Install duct from combustion air intake to higher parts of room. 
13. Install an automated gas leakage detector. - 
14. Repair leaks in steam pipework. - 


Higher cost / longer term opportunities 
Energy Saving Opportunity Action to Check 


1. For rapidly varying demand, convert one or more boilers to live 
accumulator (buffer tank). 


1. Monitor/evaluate demand change patterns. 


2. Alter controls to “High-Low-Off” or “modulating-Low-Off” 2. Monitor/evaluate demand change patterns. 
3. Install flash steam heat recovery 3. Consider in large capacity situations with high (continuous/frequent) blowdown. 
4. Improve combustion controls. 4a. Provide adequate heat input to meet demand. 


4b. Minimise fuel/pollution. 
4c. Protect personnel/equipment. 


5. Waste heat recovery 5a. Economiser 
5b. Air heater (recuperator)? 


6. Install boiler blowdown heat recovery. 6. Consider in large capacity situations with high (continuous/frequent) blowdown. 
7. Use process integration  7. Couple process units that have significantly different heat requirements (i.e. low-pressure 


steam leaving a high-pressure steam consuming production process can be used for a process 
requiring low-pressure steam). 
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Heat Distribution 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


1. Repair/replace faulty insulation 1. Pipework insulation – especially around valves. 
2. Repair inefficient steam traps/drains. valve spindles etc. 2. Regular checks for leaks throughout the system. 
3. Insert valves to isolate “periodic-use” items in system. 3. Check system for periodic (e.g. seasonal, nightly) items (e.g. space heaters). 
4. Remove/isolate “dead-legs” and redundant Pipework 4. Check for dead-legs and redundant piping. 


Higher cost / longer term opportunities 
Energy Saving Opportunity Action to Check 


1. Replace steam traps/drains with more efficient designs. 1. Monitor efficiency of, and heat losses from existing traps. 
2. Replace or increase insulation 2. Check existing insulation; estimate heat losses in system. 
3. Maximise condensate returns. 3. Measure “discarded” heat from condensate. 
4. Redesign system to minimise pipe runs. - 
5. Generation pressure reduction. - 


Heat Utilisation a) process 


Energy Saving Opportunity Action to Check 
1. Plant insulation - 
2. Local burner efficiency - 
3. Maximise heat transfer rate - 
4. Improve controls (e.g. thermostats) - 
5. Consider alternative energy source - 
6. Ensure plant at high load factor - 
7. Eliminate uneconomic “hot standby” periods - 
8. Recycle waste heat to process - 
9. Recover heat, for use elsewhere - 
10. Train all staff to operate manual controls and to watch for energy 
saving opportunities. 


- 
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Heat Utilisation b) space heating 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


1. Use heat only when area is occupied - 
2. Set thermostats to minimum for comfort - 
3. Minimise loss of hot air - 
4. Clean and effective heaters - 
5. Maintain pipe insulation in unheated areas - 
6. Check condensate traps - 
7. Vent air from hot water systems - 
8. Time switches - 
9. Manual controls where appropriate - 


Higher cost / longer term opportunities 
Energy Saving Opportunity Action to Check 


1. Install more/more efficient thermostats - 
2. Use motorised valves to divide building into different zones - 
3. Air curtains - 
4. Change energy source - 
5. Change heating system – where: 
 Insulation        Ventilation          Use 
   Good                 High          Radiant Heat 
   Poor                  Low         Convective Heat 


 


6. Improve building insulation - 
 
Electrical Energy 


Motors 


Energy Saving Opportunity Action to Check 
1. Try to ensure that motor capacity is not more than 25% in excess of 
full load. 


- 


2. Install motor controllers (voltage, power factor and fixed speed 
controllers). 


- 


3. Build in “soft-start” facilities.  - 
4. Install variable speed drives - 
5. Install high efficiency motors - 
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Compressed Air 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


1. Switch off whenever possible. - 
2. Install low-cost solenoid valves on air supply lines to individual 
machines. Switch off compressed air supply as soon as machine is 
switched off. 


- 


3. Clean air intake filters regularly - 
4. Use lowest possible operating pressure. Reduce pressure locally if 
possible. 


- 


5. Use lowest air intake temperature possible. - 
6. Fit 2-speed motors. - 
7. Fix leaks - 
8. Check on correct pressure setting regularly. - 


Higher cost / longer term opportunities 
Energy Saving Opportunity Action to Check 


1. Fit a small (jockey) compressor to meet off-peak demand. - 
2. Duct air intake to ensure coolest possible. - 
3. Fit air flow and kWh meters to monitor power and air use. - 
4. Install modern controls on multi-compressor installations. - 
5. Fit a standard heat recovery unit. - 
6. Air pre-cooling. - 
7. If some users are using low pressure air (2.5 – 3 bar), install two 
separate systems. 


- 


8. Use frequency control for compressor. - 
9. Use an individual compressed air supply for special applications. - 
10. Replace pneumatic tools be electrical tools - 


Vacuum 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


1. Switch off whenever possible. - 
2. Regular maintenance is necessary to maintain pump efficiency and 
prevent breakdown, especially when the vacuum-space contains 
condensing vapours; 


- 


3. Fix leaks - 
Higher cost / longer term opportunities 


Energy Saving Opportunity Action to Check 
1. Fit a standard heat recovery unit. - 
2. Use a central vacuum system with several delivery points - 







BESS Energy Management Handbook  65 


Refrigeration 


Design measures 
Energy Saving Opportunity Action to Check 


1. Group refrigeration cells according to temperature. - 
2. Use an integrated plant layout – optimise use of evaporators or 
condensers (i.e. remove obstacles) 


- 


3. Limit energy losses through open doors - 
Low-cost / short term opportunities 


Energy Saving Opportunity Action to Check 
1. Switch off lights, fans, pumps. etc., when not required. - 
2. Repair damaged insulation/seals. - 
3. Check for refrigerant contamination. - 
4. Check for scaling on condenser and evaporator surfaces. - 
5. (Multi-compressor systems); set controls to activate minimum 
number of compressors. 


- 


6. Monitor timing and duration of defrost cycles. Defrost on demand 
rather than at fixed intervals. 


- 


7. Use load rescheduling (e.g. cool at night) where maximum-demand 
tariffs are in operation. 


- 


8. Minimise cooling space by installing removable plastic screens or 
panels or by filling cooling space with polystyrene foam blocks 


- 


9. Switch off evaporator fans when compressor is off - 
10. Regulate condenser pressure (and therefore temperature) - 
11. Delayed start-up of compressors. Initially, only start-up of 
ventilation. 


- 


12. Increase the evaporation temperature. - 
Higher cost / longer term opportunities 


Energy Saving Opportunity Action to Check 
1. Install kWh meters and instrumentation to monitor equipment and 
cold room. 


- 


2. Install an energy management system which analyses operation of 
the whole refrigeration system. 


- 


3. Use effective insulation and sealing. - 
4. Install efficient electronic expansion valves. Avoid “head pressure 
control” where possible. 


- 


6. Recovery of waste heat at the condenser - 
7. Automatic bleeding of refrigerant to remove any penetrated air - 
8. Install frequency control (i.e. VRF) on chiller compressor. - 
9. Install high efficiency or 2-rev electromotor on evaporation fan - 
10. Build a cooled front space for refrigeration units. - 
11. Use hot refrigerant gas from the compressor for the initial stages of 
the defrosting cycle.  


- 


12. Use excess heat from other production processes for the production 
of cooling using adsorption/absorption cooling. 


- 
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PRODUCTION BUILDINGS 


Lighting 


Energy Saving Opportunity Action to Check 
1. Use the most efficient lamps consistent with required illumination 
levels and colour rendering. 


- 


2. Use the light output from lamps efficiently. - 
3. Maintain lamps and fixtures clear of light-blocking dust and dirt. - 
4. Switch off lights where lighting is not needed. - 
5. Consider automatic control of lighting (time clocks and/or photo 
cells). 


- 


6. Make the best use of daylight. - 
7. Avoid the absorption of light by the surroundings (light-coloured 
wall, ceilings, and floors). 


- 


8. Replace lamps which have exceeded their rated life. - 
9. Use “switch-off” and “save-it” stickers as a tool of good 
housekeeping. 


- 


10. Consider new technologies in order to reduce installation cost, such 
as infrared switching. 


- 


11. Divide the lighting system of a large space into several independent 
lighting groups. 


- 


12. Use presence detection switches - 
13. Use a lighting system that is continuously variable (e.g. high-
frequency fluorescent lighting). 


- 


Building skin 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


- - 
Higher cost / longer term opportunities 


Energy Saving Opportunity Action to Check 
1.Thermal insulation of floor - 
2.Thermal insulation of walls - 
3.Thermal insulation of roof - 
4. Use of double-glazed or solar shading glass windows - 
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Central Heating 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


1. Use a weather dependent control to regulate the temperature of the 
boiler water in relation to the outside temperature. 


- 


2. Install an advanced timer for the boiler operation schedule. - 
3. Insulate pipework  - 
4. Insulate hot water storage tanks  


Higher cost / longer term opportunities 
Energy Saving Opportunity Action to Check 


1. Divide large interior spaces into smaller areas. - 
2. Use radiation heating in cases where large ventilation rates are 
required. 


- 


3. Use displacement ventilation in the case where the heated indoor 
areas are higher than 6 meters. 


- 


Ventilation system 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


- - 
Higher cost / longer term opportunities 


Energy Saving Opportunity Action to Check 
1. Heat recovery of exhaust air using a rotary wheel.  
2. Reduce the amount of ventilation air as much as possible by the 
installation of: 


 Timer switch; 


 Occupancy sensor; 


 Air quality; 


 Frequency control on the fan motor  


 


3. Prevent infiltration through door openings with: 


 Thermal insulation 


 Draught curtains 


 Air cushion 


 Automatic door 


 Slip door 


 Rubber seal between door and doorpost instead of brushes or 
no sealing. 
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Exhaust systems 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


- - 
Higher cost / longer term opportunities 


Energy Saving Opportunity Action to Check 
1. Use local exhaust ventilation systems. The purpose of a local exhaust system is to 
remove the contaminants (dust, fume, vapour etc.) at the source. 


- 


2. Some options for improving the efficiency of exhaust systems are:  


 Frequency control on the electromotor of the fan  


 Close exhaust points that are not in use.  


 Start up the exhaust system with all exhaust points closed.  


- 


Air-conditioning 


Low-cost / short term opportunities 
Energy Saving Opportunity Action to Check 


- - 
Higher cost / longer term opportunities 


Energy Saving Opportunity Action to Check 
1. Use thermal energy storage systems (i.e. ice banks) - 
2. Use shading devices for windows. - 
 







BESS Energy Management Handbook  69 


3.7  Energy Savings register I (Realised projects before 2006) 


Short overview of the realised projects over the last 11 years 


Important measures Year  savings contribution    Explanation 


from the period 1995-2005 measure   improvement    


   (description) 
in use 


 
GJ/year 


of the EEI 
(+%)   


Energy management and good house 
keeping: 


        


          
         


Energy saving projects in processes:         
         


          
         


Energy saving projects in utilities and 
buildings: 


        


         
         


Strategic projects:         
          
         


Total energy efficiency         
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3.8 Energy savings register II (planned and unplanned actions) 2006-2010 


Overview of actual executed actions and their contribution to the  Energy Efficiency Index-improvement 


electricity consumption in the 
reference year (kWh)
natural gas consumption in the 
reference year (m3)
Primary energy use in the 
referenceyear (GJ)


Energy saving measure 1 actual actual2 actual2 actual2 actual2 actual2 investment pay savings savings Energy Energy Avoided Remarks
(number and description) year savings savings savings savings savings needed back in kWh in m3  savings efficiency CO2


measure in 2006 in 2007 in 2008 in 2009 in 2010 staff & mat. period per year natural gas (Gj/yr) improvement emissions
in use yrs per year (% ) (ton/year)3)


(actual) (actual) (actual) (actual) (actual)


Energy  Management & good 
housekeeping


1)
2)
etc)
Energy saving projects in 
processes


Energy saving projects in 
utilities & buildings


Strategic projects


Total
energy efficiency


1)           If possible refer to energy saving measure lists used
2)      The actual savings are presented on a yearly basis only in 1 year or divided over 2 subsequent yaers when the actual date of in use is during the year


           N.B.  The standard formula only takes electricity and natuiral gas into account; for other energy sources  adjust the formula


3 )           Avoided CO2 emissions (ton/yr) = saved electricity (kWh/yr) * 0,000671 (ton CO2/kWh) + saved natural gas (m3/yr) 
          *0,00177 ton CO2/m3 + saved consumption of other energy sources  * adjustment factor 
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3.9 Set of Definitions for the BESS project 


 


(Energy) Action Plan 
It describes the measures, means, responsibilities and time frame, for the 
achievement of specific energy performance targets. [6] 


Benchmarking 
It is the comparative evaluation between the organisation and the relevant sector 
previous and current energy performance. [6]  


Best practice 
The application of the most appropriate and cost-effective energy efficiency 
technologies and management techniques. Refers to the techniques and 
technologies at the upper end of the performance range identified in a benchmark 


comparison. [7] 


Branch-based measure 
list 


A list of potentially relevant energy saving measures typical for the companies in a 
certain industrial branch; i.e. meat processing, bakery or dairies  [7]  


Continual Improvement 
It is the process of amending year by year the results of energy management, 
increasing efficiency, avoiding unnecessary consumptions. [6]  


Corrective action 
Action taken in order to eliminate the cause of an established deviation, or other 
undesired situation [8]  


Deviation 
Non-compliance with the requirement [8]  


E-learning 
Integration of information and communication technologies (ICT) in education and 
training systems. In BESS-project e-learning is used to help SMEs to adopt energy 
management system. E-learning system is a web-application with information and 
energy efficiency tools. [7, also known as online training, online education or online 
learning] 


Energy 
Energy in any form oil, gas, coal, other kinds of fuel and renewable energies 
consumed as electricity or heat to cover the needs of the organisation. [6]  


Energy aspect 
The part of organisation’s operations, products or services which affects the use of 
energy. [10]. Any technological (e.g. equipment and starting up), organisational 
(such as work processes and maintenance) and behavioural (e.g. compliance with 
job instructions) related matter that has a positive or negative effect on the energy 
consumed by the operational activities is an energy aspect. [7]  


Energy Audit 
The process of identification of the energy consumptions, of the conservation 
potential and of the appropriate efficiency practices [6]  


Energy audit model 
A public, standard and repeatable procedure for the performance of an energy audit 
service by specifying the scope, the thoroughness and the aim of the audit work [9]  


Energy Consumption 
The amount of energy used to cover specific needs of the organisation; i.e. lighting, 
heating, air-conditioning, mechanical equipment operation, process heat, etc. [6]  


Energy coordinator 
A person who is responsible for the energy performance of the company (known as 
an energy manager in bigger companies but for the SMEs term coordinator is 
considered better) [7]  
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Energy efficiency index 
(EEI) 


Typically constructed in terms of the development of specific energy consumption by 
end-product over time. Energy efficiency indexes allow companies and competent 
authorities to follow how their energy efficiency evolves over time and how they 
compare to other companies within the same sector. [7, see also EPI)  


Energy management 
Inciting organisational, technical and behavioural actions in a structurally and 
economically sound manner to minimise the consumption of energy, including 
energy for production and to minimise the consumption of basic and added 
materials. [7]  


Energy management 
checklist 


A checklist (tick box questionnaire) which can be used for energy management 
system audit to assess the quality of the energy management system. [7]  


Energy management 
System  


The part of the overall management system, which is dedicated to the continual 
energy performance improvement. [6]  


Energy management 
system audit 


The Energy Management system audit is one of the most important parts of an 
energy management system. The results of the audit reflect whether the system is 
functioning and where improvements can be made. During the Energy Management 
system audit, the Energy Management Checklist is used as an instrument to 
determine whether your energy management system functions as it should if you 
strive towards full compliance with the BESS Specification. Any non-conformance is 
identified, and possible improvements are noted and subsequently presented to 
management. [7]  


Energy management 
system specification 


Non-official ‘standard’ about energy management system [7]  


Energy management 
system standard 


Formal and official standard about energy management system [7]  


Energy performance 
The amount of energy consumed in relation with the obtained results. The lower the 
Specific Energy Consumption the higher the Energy Performance. [6]  


Energy performance 
benchmarking (EPB) 


The process of comparing own companies energy performance against similar 
companies to identify areas for improvement and try to learn of best practice. [7]  


Energy performance 
index (EPI) 


Annual change in specific energy consumption (SEC) related to a basis year 
normalised to 100%. [7]  


Energy policy 
The statement of the organisation’s commitment to continual energy performance 
improvement. Expression of the relative intentions and principles, which provide the 
framework for setting energy targets and for taking action. [6]  


Energy saving register 
The energy conservation measure list deriving from the Action plan is transformed 
into monitoring of energy saving activities implementation, with reference to 
timeframe, resources and results in an ENERGY SAVING REGISTER. [7]  


Energy team 
A group of persons from different levels of an organisation who are responsible for 
the energy performance of the company [7]  


Energy Target  
The measurable energy management result, which should be achieved in specific 
period of time. [6]  


Energy use 
The use of energy delivered to, or converted in, the operations of organisation [10]  


Good housekeeping 
Means no-cost and very low-cost energy saving activities/measures which are 
typically paid from the yearly budgets of the energy coordinators and do not require 
investments [7]  







BESS Energy Management Handbook  73 


Good housekeeping 
measure list 


A list of potentially relevant energy saving good housekeeping measures for a 
company to consider to be implemented. [7]  


Horizontal measure list 
A list of potentially relevant energy saving measures typical for all kind of companies 
in different industrial branches (i.e. motor driven systems, compressed air etc). [7]  


Linking list 
Specification how to connect the BESS energy management specification and the 
other management systems/standards i.e. ISO 9001/2000, 14001 and the HACCP 
food safety). [7]  


Measure list 
A list of potentially relevant energy saving measures to consider to be implemented 
in a site. There are measure lists for a) good house-keeping b) typical for certain 
industrial branch (i.e. meat processing) and c) horizontal (generic) measure lists 
(i.e. motor driven systems, compressed air etc). These measure lists are used when 
trying to identify energy saving measures relevant for the site (i.e. in energy audits) 
Also a term check-list could be used but to avoid misunderstandings the word check-
list if only in use with energy management checklist. [7]  


Monitoring 
The process of systematically tracking and analysing appropriate energy 
performance indicators over time. [6]  


Organisation  
A company, corporation, authority or institution, public or private that has its own 
functions and administration. [6]  


Plan-do-check-act 
approach 


Generic approach for continual improvement of processes.  


Procedure 
Described manner of implementing an activity or process [8]  


Prevention  
Planned actions aiming to the elimination of the causes of negative events. [6]  


Response 
Immediate actions aiming to the minimisation of the consequences of negative 
events. [6]  


Review 
Actions aiming to the assessment of energy management system’s sufficiency, 
appropriateness, quality, improvement potential and need for revision. [6]  


Self assessment 
An energy management system audit carried out by the organisation itself. This is 
an internal audit and carried out with the help of energy management checklist [7] 


Senior management 
Person or group of persons who, at the highest level, manage the organisation, or 
part thereof, for which the energy management system is defined. [10]  


Significant Energy 
Consumption  


It is the energy consumption that accounts for a high proportion of the total energy 
consumption of the organisation or presents considerable potential for energy 
conservation. [6]  


Small and Medium-Sized 
Enterprise (SME) 


An enterprise with the headcount of less than 250 persons. Furthermore the 
turnover must be less than 50 million euros or balance sheet total less than 43 
million euros. 


Specific Energy 
Consumption 


The amount of energy consumed per unit of appropriate reference, i.e. energy 
consumed per unit of product, mass or volume of product, per person, per building’s 
surface or volume (kWh/unit, kWh/ton, kWh/m3, kWh/person etc.) [6]  
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Annexes 


3.10 Abbreviations 


BESS Benchmarking and Energy Management Schemes in Small 
and Medium Sized Enterprises 


CPD Continual and Professional Development 
ECP Energy Conservation Plan 
EEI Energy Efficiency Index 
EM Energy Management 
Energy MAP Energy Management Action Programme 
EMAS European Eco-Management and Audit Scheme 
EMIM Energy Management Implementation Model 
EU European Union 
EPI Energy Performance Indexes 
GHK Good Housekeeping 
HACCP Hazard Analysis and Critical Control Points 
ISO International Organisation for Standardisation 
LTA Long Term Agreements 
M&T/BM Monitoring & Targeting/Benchmarking 
PDCA Plan-Do-Check-Act 
PM Project Management 
SEC Specific Energy Consumption 
SEI Sustainable Energy Ireland 
SMART Specific, Measurable, Achievable, Realistic and Timed 
SMEs Small and Medium Sized Enterprises 
TRA Tasks, Responsibilities and Authority 
VRF Virtual Routing and Forwarding 


3.11 Sources 


[1] Gold Standard - IS393 Energy Management System (SEI Sustainable Energy Ireland) 
[2] MCP 
[3] http://www.caddet.org/brochures/display.php?id=871] 
[4] “Developing an Energy Management System”, State Government of Victoria, Australia 
[5] EMAS Energy Efficiency Toolkit for Small and Medium sized Enterprises 
[6] EIE EMS-Textile project and ETSU GPG 148 Report 
[7] EIE BESS-project 
[8] SS-EN ISO 9000 Management system for quality - principles and terminology 
[9] SAVE, Audit I –project 
[10] Swedish standard 62 77 50 


3.12 Literature 


EMAS Energy Efficiency Toolkit for Small and Medium sized Enterprises 
(http://www.europa.eu.int/comm/environment/emas)  
Good Practice Guide 209 “Reducing energy costs in dairies” 
BESS e-learning scheme 
Handbuch für betriebliches Energiemanagement (Austrian Energy Agency, Austrian Energy Consumer’s Association) 
Energy management system specification with guidance for use (NOVEM) 
Structural attention for energy efficiency by energy management (NOVEM) 
Energy management checklist (NOVEM) 
Gold Standard - IS393 Energy Management System (SEI Sustainable Energy Ireland) 
http://www.caddet.org/brochures/display.php?id=871] 
EIE EMS-Textile project 
EIE BESS-project 
SS-EN ISO 9000 Management system for quality - principles and terminology 
SAVE, Audit I –project 
Swedish standard 62 77 50  
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2nd TRAINER demo tour


12 – 14 March 2008


Wednesday 12 March 2008







Contents


• SenterNovem
• Framework
• Objectives TRAINER project
• Training programmes
• Demonstration tours + objectives
• About today
• Contact details







SenterNovem


• Netherlands agency for sustainability and 
innovation


• Agency of the Ministry of Economic affairs
• Also programmes and projects on behalf of other 


Ministries and the European Commission
• Core business: Implementation of energy saving 


and CO2 reducing policies (technical + 
behavioural)


• 1,700 employees
• Offices in 4 cities







TRAINER


• TRAining programmes to INcrease Energy-efficiency 
by Railways
• Behaviour (ecodriving)
• Technology (rolling stock, infrastructure, supporting 


devices)
• Organisation (planning and logistics)


• Long Term Agreement (LTA)
• Energy Management Systems (EMS)


• Intelligent Energy Europe (IEE)
• Running period 3 years: November 2006-October 2009
• Collaboration with FP6 Railenergy + UIC
• www.iee-trainer.eu







Objectives


• At least 25,000 train drivers in 5 
EU-countries have been trained


• Annual 1 Mton CO2 emission 
avoidance (= about 1,06 TWh)


• Network of transnational
collaborations between railway 
operators


• TRAINER has contributed to the 
competitiveness of the rail 
sector


• 3 new LTAs have been prepared 
in 3 European countries


Slovakia
Romania
Belgium







Training programmes


• Train drivers
• Station and cleaning staff
• Management of railway 


companies


• Electric, diesel and Light rail
• Practical and theoretical


• Virtual Trainer
• Software tool
• Teasing, appealing
• Basic didactical elements


‘Universal manuals’







Demonstration tours (1)


• Objectives
• Information
• Inspiration, engagement
• Exchange of know-how
• Network building


• 1st round


• 24, 25 + 26 October 2007


• Along good practices:
NS, the Netherlands: Utrecht
DB, Germany: Frankfurt + 
Fulda


• Passenger transport







Demonstration tours (2)


• 2nd round


• 12, 13 + 14 March 2008


• Along good practices:
Slovenske Zeleznice, 
Slovenia: Ljubljana
ZSSK Cargo, Slovakia: 
Bratislava
OBB, Vienna: Austria


• Passenger transport + 
freight transport







About today


Technology


OrganisationBehaviour


LTA







Contact details


Peter Wilbers
SenterNovem


T +31 30 239 35 01
F +31 30 231 64 91


E p.wilbers@senternovem.nl


www.ecodrive.org
www.treatise.eu.com


www.hetnieuwerijden.nl
www.senternovem.nl
www.senternovem.nl/lta


www.iee-trainer.eu
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1. Introduction 
 
 
TRAINER aims at improving energy-efficiency by railways in at least 5 EU-countries, 
including Eastern-European countries: NL, SI, SK, IT, GR. Training programmes and 
facilities will be established to initiate and optimise energy-efficiency improving 
measures by railway operators. 
 
TRAINER will focus and build Good Practices on energy-efficient driving but will go 
beyond, addressing additional energy saving possibilities concerning technology 
(rolling stock and infrastructure) and organization as well as Long Term Agreements 
(LTAs) as means to accelerate and substantiate energy-efficiency improving measures 
in the railway sector.  Main elements in LTAs are Energy Management Systems 
(EMS).  
 
This report is the Inventory of Good Practices of the TRAINER project regarding 
energy-efficiency improvements in the railway sector.  The core energy efficiency 
strategy of the project is the promotion of energy efficient driving (ecodriving) for 
railway companies and their personnel. Therefore, the main target groups for 
addressing ecodriving and energy efficiency measures will be: 
 


1. Train drivers (diesel + electric) 
2. Personnel at stations (responsible for punctual train departure and parking 


mode) 
3. Railway company management 


     
Besides ecodriving good practices from successful projects and relevant reports for the 
above target groups, this inventory contains information about technology driven 
energy saving possibilities and Long Term Agreements (LTAs) for railway companies. 
 
The results of this inventory will be used as input and recommendations on the 
building blocks to be used for the training programmes in Working Package 4 of the 
project.  
 
This inventory is based on a bibliographical review from various sources and expertise 
from railway companies. The most integrated and appropriate reports and projects 
identified for the scope and characteristics of the TRAINER project and from which 
substantial amount of information was utilized, were: 


 
• The “EVENT” project UIC -2003  (see Annex & www.railway-energy.org) 
• The “EnergieSparen” project, Deutsche Bahn AG-2005 
• The  report “Energy saving options for NS Reizigers”, NS-2005 
• Various reports for EMS and LTAs, SenterNovem-2007 
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2.  Ecodriving for train drivers 
 
Train drivers are the main target group for the implementation of an energy efficient 
driving strategy (ecodriving) in railways. The shortest time driving strategy including 
maximum acceleration followed by driving at maximum speed and maximum braking 
before stops is very energy consuming. The application of energy efficient driving 
(ecodriving) as a driving strategy can save considerable amounts of energy at the cost 
of slightly increased running time. Ecodriving is a low cost measure with a very 
promising energy saving potential (5-10%). In addition, ecodriving can be applied in 
all passenger or freight trains regardless of diesel or electrical traction.     
  
The driving pattern, i.e. the speed over time diagram, has a considerable influence on 
the energy consumed by a train on a given trip. For given restrictions (time table, 
stops, speed restrictions on the way and installed traction power) a shortest time 
driving strategy can be determined, which is basically given by:  
 


• Full acceleration up to maximum speed given either by speed limit or by 
maximum traction power  


• Speed holding at maximum speed until train has to start braking. The phase of 
speed holding may be more complicated due to varying speed limits. In this 
case, the shortest time driving strategy implies full exploitation of speed limits 
using maximum acceleration and braking power.  


• Braking at the latest possible point in order to come to a stop when reaching the 
station 


 
This driving strategy is illustrated in Figure 1 for a hypothetical service between two 
stations. 
 


 
 


Figure 1: Shortest time driving strategy (hypothetical example)- Source: IZT 
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There are several possible ecodriving strategies for trains: 
 


• Reduced maximum speed: Train accelerates to a speed inferior to speed limit.  
• Optimized acceleration rate: Train accelerates to maximum speed using less 


acceleration power.  
• Coasting: Train shuts off traction as early as possible before station in order to 


reach station without braking. 
 
A simulation study made at the National Cheng Kung University in Taiwan compared 
the energy saving effect of different driving strategies (using the train characteristics of 
German ICE), namely: 
 
1.  Reduction of maximum speed, e.g. running the train with the maximum speed of 
280 Km/h instead of 300 Km/h;  
2.  Reduction of maximum acceleration rate, e.g. running the train with 90% of the 
maximum acceleration when it is in the state of acceleration;  
3.  Coasting, e.g. starting the train to the coasting state at the place 50% earlier than its 
original initial place of deceleration;  
4.  Saw-tooth coasting, e.g. running the train in the coasting state during a speed range 
between 300 km/h and 275 km/h  
 
Various stopping services of a main line service were considered. Among other the 
study yielded the following result: 
 
For the case of a train stopping at all stations, the effect of the acceleration reduction is 
smaller than that of reduced maximum speed: Strategy 1 leads to an energy 
consumption reduced by 11% for a running time increased by 3.9%. Strategy 2 (with 
80% acceleration rate) saves 4.7% energy for an increase of running time of 3,5 %. For 
a train stopping at all stations strategy 1 therefore has a better cost/benefit ratio. For an 
express train stopping only at three stops, coasting (strategy 3) is better than reduced 
maximum speed as far as cost-benefit ratio is concerned. 
 
Exploitation of time buffers  
 
Train timetables usually include a recovery time added to the minimal running time to 
allow for short delays. This recovery time is normally between 5 and 12% of the 
minimal running time. This time buffer allows to apply a driving strategy which saves 
energy in comparison with the shortest time driving strategy.  
 
Tests or calculations may reveal that timetable allows for cutting maximum speed on 
individual parts of a service. Especially in local networks where stopping frequency is 
high and punctuality in next station is easy to predict, drivers can be instructed to cut 
maximum speed by a certain amount provided they are on time. As far as concerns 
coasting, time buffers may also be used to instruct drivers where to cut off traction 
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provided they are running on time. This can be realized either by an extra timetable or 
by signs along the track or modern driving advice systems (DAS) that calculate (and 
continuously update) the optimum driving strategy much more exactly than any driver 
could. They are based on train positioning (GPS, Galileo or other), train, track and 
timetable data as well as algorithms to calculate driving recommendations. 
 


 
Figure 2: Energy efficient driving strategies- Source: IZT 


 
These strategies are illustrated in Figure 2 for a simple service (constant speed limit 
between station 1 and 2). Of course any combination of these strategies can be used as 
well. Each of these strategies increases running time. This does not pose any problem 
as long as time buffers provided by timetable are exploited. 
 
For a given timetable, ecodriving strategies can be realized in three ways: 
 


1. Theoretical and/or practical training of drivers on the track and with a 
simulator 


2. Use of special internal timetables indicating to the driver when to shut off 
traction or what maximum speed to use  


3. On board devices -Driving advice systems, energy meters (if applicable) 
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3. Ecodriving for station personnel 
 
The personnel of train stations is not directly involved with the energy consumed for 
train traction, however they play a major role in energy consumption of parked and 
standstill trains. Therefore, energy efficiency strategies have to be also addressed to 
the personnel responsible for managing and cleaning parked trains, especially during 
the night when energy demand for pre-heating and lighting is necessary.   


 


Control of comfort functions in parked trains     
  
Parked passenger trains are often heated and partly lighted all night. This consumes 
substantial amounts of energy. According to different sources, in countries of Central 
and Northern Europe energy consumption during standstill is up to 10% of the total 
energy demand for train operation. In Mediterranean countries, the share will be lower. 
It is a reasonable estimate to assume that this energy can be reduced by ~ 50% by an 
intelligent control system. So the saving potential is about 2 - 5 % per vehicle. Besides 
the installation of an automated controlled system, simple yet still effective solutions 
include timers and manual control. These measures are usually very cheap compared 
to the huge savings in energy costs. Their implementation often conflicts however with 
existing operation and organisation schemes. 
  
Under cold outside conditions, parked trains are heated and lighted partly or 
completely overnight for several reasons: 
 


• in order to guarantee optimum comfort when service starts next morning.  
• in order to ensure a comfortable working environment for cleaning personnel 


during the night  
• in order to avoid damage to equipment due to freezing 


 
Existing solutions to reduce this energy consumption include: 
 


• Manual control: Comfort functions are manually switched off after service and 
back on to “preheat” the coaches 1 or 2 hours before service starts.  


• Automatic control: Comfort functions during standstill are controlled 
automatically by an on-board timer or (in a more advanced version) by 
telematics (remote control).  


• Reduction of conversion losses: A special solution to this problem has been 
developed at DSB: A software tool allowing for the common energy supply of 
two trains via one pantograph.  
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The installation of an automatic control tool is rather cheap as long as rolling stock 
offers a convenient interface for such a system, e.g. a central control for the comfort 
functions.  
 
Technical details 
 
No general system specifications for an automatic control of overnight operation of 
comfort functions in trains can be given since on-board control of comfort functions is 
highly heterogeneous. Existing solutions mainly differ with respect to the following 
features: 
 


• Centralized control device for the entire train  
• Possibility to operate lighting and heating at one third or half intensity  
• Special programmes for anti-freezing or preheating operation 


 
 
Below there are two examples (one with practical measures and one technology 
driven) for the control of comfort functions in parked trains: 
 
 
A. Energy efficiency guidelines for parked trains in Dutch railways  
 
In order to avoid the excessive energy consumption of trains in parking mode, the 
Dutch railway company NS has adopted the following practical guidelines for NS 
personnel responsible for trains in stand-still mode:       
 
1. Preparation for passenger rolling stock 
 
General 


• Do not prepare stock too early 
• Keep doors and windows shut 
• Use centrally-controlled train lighting only when necessary 


During winter measures (depends on temperature) 
• Do not use parking mode, keep stock ready for use  


During summer measures (outside temperature 25° C or more) 
• Do not use parking mode, keep stock ready for use 


 
2. Exit passenger rolling stock from station to storage yard 
 
General 


• Always use parking mode of stock 
• Keep doors and windows shut 
• Use centrally-controlled train lighting only when necessary 


During winter measures (depends on temperature) 
• Do not use parking mode 
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• In case of cleaning: use cleaning mode  
• Any other case: keep stock ready for use, so that temperature is comfortable for 


customer 
 
During summer measures (outside temperature 25° C or more) 


• Do not use parking mode 
• In case of cleaning: use cleaning mode 
• Any other case: keep stock ready for use, pre-cooling is necessary for airco 


installation 
 
3. Cleaning mode passenger rolling stock 
 


• Use cleaning mode only during summer- and winter measures 
• Instruct cleaning personnel in using cleaning mode 
• After cleaning, always put stock in parking mode or keep stock ready for use 


(summer- and winter measures) 
• Keep doors and windows shut  instruct cleaning personnel 
• Use centrally-controlled train lighting only when necessary  instruct cleaning 


personnel 
 
 
B. PLC system at Swedish railways (SJ) 
 
An automatic control for overnight standstill is currently studied in Sweden. The so 
called PLC system (Programmable Logistic Control) will optimize the use of 
electricity so that heat and light is minimized during parking hours, but automatically 
switched back on well before service starts again. During service the temperature lies 
between 18 and 20° C. When service ends, coach temperature is lowered to 12° C, and 
raised again to service temperature one hour before service start. This is done fully 
automatically. In order to avoid failures everything is built in twice. 
  
The operator estimated a saving potential of 15.000 kWh per year and coach. Given 
the total consumption for coach heating of about 55.000 kWh per year and coach, the 
measure is expected to save between 20 and 30% of the energy consumed for heating. 
Since heating energy (including both during standstill and operation) makes up about 
20-30% of the total energy consumption of a train, the saving potential of the measure 
(with respect to the vehicle’s total energy consumption) is therefore between 4 and 9 
% per vehicle. This is realistic in Scandinavian countries but would be too optimistic 
for countries like Greece or Italy. 
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4. Ecodriving in railway management 
 
The active participation of railway managers in an energy efficiency strategy is crucial 
for the coordination and the successful implementation of a relevant scheme both in 
the short and long term. Ecodriving measures for drivers and station personnel are 
usually concrete and specified, however railway managers have to select and 
investigate a wide range of energy efficiency measures. These measures vary from 
simple and low-cost energy management tips to sophisticated energy management 
schemes with the use of special equipment on the trains and the railway network.  For 
the needs of the TRAINER project, some of the most easy-to-adopt and relatively 
applicable measures have been selected from the EVENT project of UIC. Most of 
these measures (e.g. reducing energy for comfort functions) could be easily 
implemented at a certain extend from railway companies with low investment and 
running cost during the framework of TRAINER project.  


4.1 Energetic optimization of timetable 
 
By fixing the average speed between stops, the timetable has a decisive influence on 
energy consumption. The design of the timetable underlies rigid requirements imposed 
by  


• Technology: installed power  
• Safety: speed limits  
• Service quality: fast transportation, short travelling time, punctuality  
• Capacity and mixed operation: no interference with other trains running on the 


same line. 
 
Within this rigid framework, some degrees of freedom remain which can be exploited 
to optimize the timetable for energy efficiency: 
 
The amount of buffer times foreseen by a given timetable is of crucial relevance for 
the realization of energy efficient driving strategies. Elasticity of average energy 
consumption with respect to buffer times is very high, i.e. slightly increased buffer 
times lead to strong reductions in energy consumption, especially if original buffer 
times were low (<5% with respect to shortest time driving strategy). Buffer times are 
also a key factor for punctuality and surveys demonstrate that most passengers give 
higher importance to punctuality than to minimum reductions in travel time. As a 
consequence, there is optimization potential for both energy efficiency and service 
quality.  
 
On many lines there exist low-speed sections that could be removed without major 
costs. This would not only reduce travel time but also reduce energy consumption 
since the deceleration and subsequent acceleration caused by speed limits on short 
parts of the line usually overcompensate the energetic effect of reduced air drag in 
speed limit sections.  
 


EIE-TRAINER/ WP2 Inventory of Good Practices 10







 


Average energy consumption can often be reduced by reassigning running times 
between intermediate stations while keeping the running time between main stations 
constant. This can either aim at the strategy of consciously delayed trains or at a 
homogeneous distribution of buffer times to the different parts of the line. Due to the 
non-linear dependence of energy efficiency potential on buffer times, a reassignment 
of the available time surplus will often have beneficial results. However, the effect of 
this measure is expected to be rather limited. 
 
 


4.2 Passenger information to reduce boarding time at stations      
  
The average boarding time at stations has a strong impact on overall punctuality which 
in return is relevant for the realization of energy efficient driving. Passenger 
information systems on platforms are expected to yield improvements in this field.  
There are several conceivable causes for delayed departure at a station: 
 


• “Internal” railway reasons  
• High passenger numbers leaving or entering the train  
• Passengers looking for the "right" car (according to their seat reservation) 


 
An investigation carried out by DSB showed that delayed boarding at stations is one of 
the key factors for train delays. Furthermore, DSB found out, that passengers looking 
for their coach, is one of the main causes for boarding delays. This problem can be 
effectively reduced by better platform information indicating the exact position of the 
individual cars (e.g. TRIT System at DSB in Denmark). If a reduced standing time at 
stations is achieved and the time savings are used for energy efficient driving 
strategies, there could be energy efficiency effects in the order of up to 5%.  
 


4.3 Reducing energy consumption for comfort functions  
 


Comfort functions during service  
 
Apart from energy needed for train motion, passenger trains consume energy for 
comfort functions. In Central and Northern European countries, this energy usually 
accounts for about one fifth of the total energy consumption of a train during service. 
Since air-conditioning (heating in winter and cooling in summer) accounts for the 
biggest share of comfort energy, the total demand for passenger comfort highly 
depends on the region (e.g. Italy vs. Norway) and season. Figure 4.1 shows the 
situation for very low (−20 °C) or very high (+40 °C) outside temperature. For 
temperatures in between the energy needed for heating or cooling is lower, being zero 
for approximately 12 °C. 
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Figure 4.1: Energy share for train comfort functions at −20 °C and +40 °C 


 
Air-conditioning has to replace heat lost in two ways:  
 


• heat transmission through walls, doors, windows and ceiling of car-body  
• heat lost by ventilation. About 20 m3 of fresh air are typically added to a 


passenger coach per seat and hour. For a coach with 80 seats, this means 1600 
m3 of air to be heated or cooled to room temperature every hour.  


 
These heat losses can be reduced by different approaches. Heat transmission can be 
minimised by coach insulation (which is to some extent possible by refit measures). 
Heat lost through ventilation can be reduced by a demand-controlled operation of the 
fresh air intake. In such a system ventilation is regulated according to actual 
occupation rather than number of seats. This can be realized by means of CO2-sensors.  
 
Other concepts aim at the heat source rather than the heat demand. Waste energy 
produced by under-floor traction equipment in MU stock can be used to heat passenger 
coaches. In many cases, the amount of thermal energy produced this way is sufficient 
to supply all the heating energy needed. The use of waste heat can be facilitated by 
heat exchangers. This is already realized in many DMUs but not yet in EMUs. Future 
concepts using the Organic Rankine Cycle (ORC) could even permit to produce 
electric power for comfort functions from waste heat. 
 
 
Modification of target temperature in passenger coaches    
  
The energy demand for coach climatisation is essentially determined by the target 
specifications for coach temperature and ventilation. In many cases these target values 
can be slightly modified without reducing customer satisfaction. In some cases 
(especially for extreme climatic conditions) passengers may even find less 
climatisation more comfortable. Such minor modifications can have a substantial 
energy saving effect and practically negligible costs. Extensive studies were carried 
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out in the Netherlands showing that both the temperature and the ventilation flow rate 
can be lowered without adversely affecting passenger comfort. There could be a 
particular potential for such measures in regions or times of the year with extreme 
climatic conditions. For example, on cold winter days most people will perceive 20 
degrees as too hot and inconvenient given their clothing. The opposite is true on hot 
summer days.  
  
Dutch NS conducted studies on the feasibility and saving potential of modifications 
made on target temperature and ventilation rate. A measure to implement the findings 
is on the way. Within the framework of the energy conservation at Dutch NS, studies 
were conducted on the feasibility and saving potential of modifications made on target 
temperature and ventilation rate. The criterion applied is that a minimum of 90 % of 
the passengers have to be satisfied with train comfort. It is estimated that the total 
energy demand of NS Reizigers could be reduced by 1-3% by the following very low 
cost measures: 
 
Reduce coach temperature  
• by 3-4 K for– 10°C outside temperature  
• by 0.5 K for 5°C outside temperature  
 
 
Excess ventilation      
  
Due to internal or external heat sources (passengers, lights, electrical equipment, 
sunshine through the windows) temperature inside coaches may rise beyond 20° C 
even for much lower outside temperatures. In this case the coach may be cooled by 
outside air through an excessive operation of ventilation. This saves energy for air-
conditioning.   
 
Without air-conditioning the inside temperature of passenger coaches would in many 
cases exceed outside temperature due to the following heat sources: human beings, 
lights and other electrical equipment, sunshine through the windows. 
 
For an outside temperature of 12° C and a coach with 80 persons (~ 7 kW) and sun 
shining through the windows (~ 2 kW), 20° C inside temperature are reached without 
any additional heating. 
 
If these heat sources cause overheating (> 20° C) of coach and outside temperature is 
still < 20° C, the coach may be cooled by outside air. For this purpose the air intake 
may even be increased to values beyond the necessary intake for ventilation. Such an 
excessive operation of ventilation may save energy air-conditioning. For comfort 
reasons there is however an upper limit for interior air flow and thus for maximum 
ventilation (UIC 553, EN 13129). 
 
Excessive ventilation is usually an option for outside temperatures between 10 and 22° 
C depending on sunshine and occupancy.  
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Excessive ventilation is currently being used in some trains at German DB AG and at 
Swiss SBB (double-decked IC2000). According to a rough estimate by a DB expert, 
cooling for interior heat sources amounts to about one third of energy for air-
conditioning. Conditions for excessive ventilation (occupancy, sunlight, outside 
temperature) are only given in a certain time portion (presumably < 50%) of operation.  
Excessive ventilation alone will in many cases not be sufficient to reach target 
temperature. Taking these limitations into account, excessive ventilation will save 
<2% of overall energy. 
 


4.4 Monitoring and documentation of energy consumption 
 
Measuring or calculating energy consumption does not save energy by itself. A better 
knowledge of energy consumption will provide however valuable data to identify 
potential for optimisation as far as regenerative braking, energy efficient driving or 
stopping patterns are concerned.  


 
Energy consumption can be measured most effectively by means of energy meters 
installed on trains. They allow for an exact monitoring not only of energy intake, but 
also of recovery rate (by regenerative braking). Energy meters are also an essential 
condition for energy billing, an issue gaining growing importance in liberalised 
railway markets. Only if private train operators have to pay for the energy actually 
consumed rather than a system average, they do have an incentive to use energy 
efficient stock or apply regenerative brakes. Instead of measuring the energy actually 
consumed in service, one can calculate the demand with modern simulation tools. The 
results may be collected in a database of traction consumption in order to provide 
relevant data for a number of purposes including timetable planning and determination 
of ideal train constellations. 
 


1. Energy meters (electric) .Energy metering is seen as an essential prerequisite 
for determining the influencing factors of energy consumption and 
monitoring the success of energy saving measures. 


2. Diesel flow meters 
3. Database of traction consumption 


 
Evaluation of individual sets of data shows that the energy consumption differs by up 
to 20% from one day to another. This underlines the importance of individual 
conditions for energy consumption. They are not taken into account by theoretical 
calculations and simulations presently used to determine energy consumption. 
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4.5 Optimization of train operation by control center    
  
In many countries existing infrastructure has reached its capacity limits. The 
consequences are frequent train conflicts caused by trains running out of their slots due 
to delays. These conflicts are especially abundant in bottlenecks of the infrastructure, 
such as junctions and lines with high traffic density. 
 
They usually lead to deceleration or stopping of one or several of the trains which in 
turn leads to new train conflicts. This domino effect leads to a propagation of delays in 
the network which reduces overall performance and service quality. Traffic fluidity is 
also a major issue for energy efficiency since any additional stop (and subsequent 
acceleration) along the way requires additional traction energy.  
 
One of the most promising ways to avoid train conflicts or reduce their negative 
effects is an electronic conflict management on the control center level. If at the train 
control center the exact position of all trains in the controlled area is known, train 
conflicts leading to signaled stops may be foreseen at an early stage. The speed regime 
of the involved trains may then be modified in order to avoid the conflict or reduce its 
effects (delays, energy consumption through stop-and-go driving). An example for 
such a situation is shown in a simplified manner in Fig. 4.2.  
 


 
Figure 4.2: Principle of conflict management by control center, Source: IZT 


 
 
Currently, if at all this conflict management is made manually at the hierarchy level of 
the signal boxes. A more systematic IT based optimization on a higher level (for a 
bigger area of the network) is not in place in today's infrastructure management.  
 
The operation of effective future train control systems is sketched in Figure 4.3. 
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Figure 4.3: Components of a train control for optimized traffic fluidity (simplified) 
Source: IZT 


 
 
As can be seen such a system required the following components: 
 


• GPS (or Galileo) on all trains  
• Up-link to transmit train position to control centre (to be realized by GSM-R or 


other communication channel).  
• An optimization software at the control centre to support complex decision 


making  
• Down-link to transmit driving recommendations from control centre to train (to 


be realized by GSM-R or other communication channel).  
• An on-board unit displaying these speed recommendations to the driver in a 


clear and simple way (should be integrated into DAS systems if existing). 
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5. Ecodriving training programmes  
  
 
Energy saving measures, such as energy efficient driving, are heavily depended on the 
collaboration and training of a train company personnel and especially train drivers. 
Training units on energy saving can be given in special dedicated seminars or included 
as a special focus of existing training programmes for personnel. Drivers are the main 
target group of energy efficiency training, but personnel at stations who is responsible 
for punctual train departure as well as personnel in charge of parking mode during 
stand-still have to be addressed by such a measure. Moreover, railway managers are 
those who will finally provide the guidelines to station personnel and adopt specific 
additional energy efficiency measures (see. Chapter 4), beyond the practical training 
for drivers.   
 
Training programmes for a successful ecodriving scheme in a railway company have 
to include: 
 
Training for drivers: 


• Theoretical and practical ecodriving training programmes with the use of 
driving simulators or driving advice systems if possible  


 
Training of station personnel and railway managers about energy efficiency measures 
such as: 


• time-efficient boarding at stations to gain buffer time  
• methods for efficient heating and lighting of parked trains 
• additional measures (e.g. timetable and control optimization etc.)  


  
Training programmes can have a positive effect on motivation of personnel by 
showing to personnel that their behaviour matters and that they play a major role in the 
success of new technologies and achievement of environmental goals. This is 
especially important in view of the growing degree of external train control and 
automation in many fields of train operation. 
    
Costs of training programs include direct costs of the programme and indirect costs 
through personnel being off duty while attending seminars. Costs of training can be 
reduced by including an energy efficiency training unit into existing training 
programmes instead of carrying out dedicated seminars for energy matters only. This 
will reduce the time that the personnel is off duty, but may also affect the overall 
effectiveness of the measure.  
     
Studies conducted at Deutsche Bahn AG reveal high effectiveness of programs aiming 
at raised awareness of drivers. Both overall energy consumption and recuperation rate 
show significant differences for an individual service before and after realizing a 
training program. However, the verification of the effectiveness of such a measure is 
often difficult since trained drivers will show a better performance if they are 
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accompanied for evaluation purposes than in normal work. Empirical data on the 
payback of training measures is not available. However, given the good experience at 
DB AG, it seems reasonable to assume that in most cases the costs of special training 
programmes pay off in less than one year. More practical information about drivers 
training in ecodriving under the “EnergieSparen” project in Germany can be found in 
paragraph 6.1   
 
 
Incentives for drivers 
  
  
For all those energy saving measures requiring an active co-operation of the drivers, 
incentive systems could increase their acceptance and effectiveness. Incentives can be 
monetary or non-monetary.   
  


• Monetary: railway operator gives a share of the cost savings to the driver.  
• Non-monetary: Driver is rewarded in a way other than monetary, e.g. by some 


company recognition (“driver of the month”…). 
  
Drivers incentives have a long tradition. In the era of steam locomotives, coal bonuses 
were given to drivers who used less than average amounts of coal. Nowadays, 
monetary incentives are discussed but meet wide-spread skepticism on the part of 
operators. Main obstacle lies in injustices (relevant factors that cannot be influenced by 
drivers) that are difficult to eliminate. A driver may lose his/her bonus due to: 
 
- Weather: strong headwinds, wet track etc.  
- Traffic situation: red lights etc.  
- Traction unit: vehicle may not be efficient 
 
Drivers can only be rewarded for energy savings if energy consumption is measured. 
In the case of diesel traction this is usually not a problem, but in electric traction 
metering equipment is required. Nevertheless, in case the installation of energy meters 
is not feasible, the evaluation of drivers can be realized with the regular use of training 
simulators from drivers.    
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6.  Energy efficient driving projects in railways 
 
     


6.1  Germany: the “EnergieSparen” Programme 
 
In 2002, a programme called “EnergieSparen” was initiated by Deutsche Bahn (DB) in 
Germany. The objective of the program was to save 10% energy compared to 2002 
through an extensive programme for energy efficient driving. “EnergieSparen” is 
considered as a very successful and complete project for energy efficient driving; 
therefore many of the elements of this programme could be very helpful for the 
training programmes of the TRAINER project.  
 


 
Figure 6.1: Action Plan of the “EnergieSparen” Programme,{Source DB,2005} 


 
The objective appeared realistic. Drivers showed large individual differences in how 
energy-efficient they drive. Many used as much as 20% more than the average, others 
as much as 20% less than average, indicating a considerable scope for improvement. 
Indeed, 2,400 trial journeys by DB showed a 10% difference between journeys with 
specially trained and not specially trained engine drivers with regard to energy 
consumption. 
  
How the energy savings were realised 
 
The German programme relied on most of the main technologies: energy efficient 
driving strategies, training programs, energy meters, a reference database for energy 
consumption and incentives for drivers (prizes). Put broadly, the programme objective 
was to be realized by applying the following driving styles for energy efficient driving: 
 
•  Coasting. 
•  Reduce maximum speed. 
•  Use valleys and hills (no priority to constant speed). 
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Figure 6.2: Energy efficient driving styles under the “EnergieSparen” programme,  


{Source DB, 2005} 
  
These changes in driving style are to be achieved mainly by: 
 


• Education. 
• Support tools (mainly energy meters). 
• Incentives (prizes awarded for best driver). 


 
The education element includes a comprehensive programme consisting of trainings 
complete with exams, feedback talks, and workshops. The following facts give an idea 
of the scale of the program: 
 


• All 14,000 DB drivers qualified in theory (4 hour training), training simulator 
(like airlines) and coaching trips (1 hour each). 


• All trains were equipped with a total of 3,500 electricity meters. 
• More than 1,100 EnergieSpar-trainings were realized. 
• 300 team leaders of the drivers were trained for use of data and ES-feedback 


talks. 
• Energy data warehouse (> 150 GB) implemented. 
• ES-cockpit measures developed. 


 
 
Another important measure for the implementation of energy efficient driving was the 
utilization of unused timetable recovery margins for DB trains (see figure 6.3).  
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Figure 6.3: Timetable recovery margins in relation to energy savings,  


{Source DB, 2005} 
 
Initial results 
 
The effects of the programme were estimated at various points and help give an 
indication of the total achievements. A 7% average improvement by drivers was 
measured after being given a short training (ES-feedback talks). While it is not certain 
that this effect will last, it shows that immediate results can be achieved with little 
effort. By 2004, energy consumption per km had declined by 5% (compared to 2002) 
on long-distance lines thanks to the programme. This is clearly below the 10% aimed 
for, but the last part of the training, the feedback talks, was only completed by May 
2004. Partial results from the later part of 2004 show a 7% reduction compared to 
2002 which could indicate that perhaps the 10% can still be achieved. However, we 
must wait for the final answer to see how much can be stably achieved in the long 
term. By now, a best estimate for the energy reduction achieved with the German 
programme on energy efficient driving seems to be 7%. 
 


 
Figure 6.4: Energy savings from EnergieSparen, {Source DB, 2005} 
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Expenditures and costs savings 
 
Project expenditures during the first two years of the program amounted to more than 
€ 20 million (Figure 1), with electricity meters being the largest expenditure. Further 
expenditures are required in the future to maintain the benefits and educate new 
drivers. 
 


 
Figure 6.5: Project expenditures for EnergieSparen in Germany Source: (DB, 2004). 
 
Assuming an energy saving of 7%, some € 32 million of energy costs have been 
avoided over two years from the beginning of the project in 2002. This saving is well 
in excess of the € 20 million of expenditures during the same period. 
 
DB has also implemented some smaller scale energy efficient driving projects in 
Germany: 
 
Contest Energy optimization of "Metropolitan" trains    
 
This pilot project was implemented from DB AG in Germany during 2000-2001.Parts 
of the personnel operating the Metropolitan trains running between Hamburg and 
Cologne were invited to participate in a contest for saving energy in regular service. 
The drivers' were informed about different saving measures (e.g. increased use of 
recuperation brakes) and the outcome of the measure was measured by means of on-
board energy meters. The contest showed a strong influence of driver behaviour on 
energy consumption as well as the effectiveness of measures to raise the awareness of 
personnel. 
 
Energiesparende Fahrweise (ESF), DB AG, Germany     
  
In co-operation with Hannover University, German DB AG developed a driving 
advice system called ESF (Energiesparende Fahrweise). The system gives coasting 
advices based on track and train data, timetable, position, time and operational 
situation. Continuous speed optimization could also be given by ESF but is presently 
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not active. An average saving potential over 5 % on German ICE has been confirmed 
by tests and calculations. A pilot on ICE 1 and 2 was realized in 2001. In the middle of 
2002, ESF is planned to start in all ICEs. Exact structure data of the entire network is 
needed in a reliable and convenient digital version in order to successfully run the new 
electronic timetable method (Elektronischer Buchfahrplan und La (EBuLa)) which is 
also required for ESF 
 
TEMA (Traktions-Energie Messung und Abrechnung)     
  
 In 2000 DB Energie tested the installation of energy meters in several trains as well as 
data transmission and evaluation in the TEMA project. The meters measure both 
energy intake and recuperation energy. At DB AG, energy metering is seen as an 
essential prerequisite for determining the influencing factors for energy consumption 
and monitoring the success of energy saving measures.  
 
Within the project different types of measuring devices tailored to individual vehicle 
series were installed and tested. The devices have a minimum accuracy of 1%. The 
system calculates and records 5 or 15 min consumption profiles. Remote reading via 
GSM is implemented. Energy meters have now been incorporated into the 
specifications of new stock. A roll-out into the DB fleet is currently realized.  DB AG 
has introduced exact energy billing based on energy metering since 2003. 
 
 


6.2 Energy-efficient driving in the Netherlands 
 
Energy efficient driving is not new in the Netherlands, though likely less developed 
than in Germany, as documented above. In the 1980’s NS carried out trials with 
energy efficient driving. In a 1988 leaflet it is explained that pilots involving twenty 
drivers established that energy savings of ten to twenty per cent were possible on 
intercity lines (NS, 1989). The leaflet went on to explain how the use of coasting, 
reduced maximum speed, and using valleys and hills could achieve such energy 
savings.  
 
In 1993 another leaflet appeared, and drivers operating a limited number of trajectories 
were provided with timetables including indications for energy efficient driving. 
 
In 1995 trials were conducted with “economy meters” (not the same as electricity 
meters), a driving advice system calculating for drivers the optimal moment for 
switching off traction before arriving at a station, while also measuring energy 
consumption. The intended target was a 5% reduction in energy consumption. In the 
trials, 33% of the trains being on time within a second of delay and therefore allowed 
to drive energy-efficiently indicated an energy saving of 6%. If punctuality were to 
increase, the gains would be even bigger. The investment costs of using the economy-
meter on a large scale were determined to be € 9.5 million, adding about € 300,000 
annually for operating costs. Assuming a saving of 6% on energy costs, this would 
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translate into a period of 8 years required to earn back the investment. It was estimated 
that this could be reduced to 5 years if energy efficient driving were allowed even 
when the train was slightly delayed. A punctuality greater than the 33% assumed 
would also improve the financial attractiveness (NS, 1997). The economy meters have 
not been applied more broadly since the trials ended in 1997. 
 
By 2005, all trains driving on intercity lines have timetables with instructions for 
energy efficient driving, and drivers on these lines receive brief instructions. Unlike in 
Germany, they do not receive simulator training, exams, coaching, or other feedback 
on their driving style. It has also not yet been evaluated to what extent drivers apply 
the instructions given in the timetable information. 
 
Overall, energy efficient driving is unexploited on all local lines. With local lines 
accounting for 47% of the 1.3 billion kWh of (NSR, 2005) electricity used in 2004 by 
the NSR trains there is considerable potential for energy-efficient driving. It is unclear 
how much of the potential is exploited on intercity lines, but the amount of training 
given is much less than in Germany. While this fact does not necessarily imply that the 
potential can be increased, it seems quite likely that a full training programme could 
increase energy saving achievements. There could be other factors that could influence 
the potential and may make the potential in Netherlands differ from that in Germany. 
Since the potential for energy efficient driving to a large extent depends on the size of 
the timetable buffer and the average punctuality, knowledge of differences in these 
factors would allow for an improved estimate. The Dutch railway network has much 
higher traffic intensity than the German network (Eurostat, 2005) which may constrain 
the punctuality. Unfortunately there is no comparable information on average 
punctuality for both countries. The Dutch timetable buffer of 7%, however, falls within 
the normal range and suggests that it is not unrealistic to achieve the same savings in 
the Netherlands as realized in Germany. 
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7. Long Term Agreements (LTAs) for energy efficiency in railways 
 
Long Term Agreements (LTAs) including an Energy Management System (EMS) are 
an important instrument to accelerate and substantiate energy-efficiency improving 
measures in the railway sector. A successful LTA scheme similar to the Dutch 
example between the railway company NS and the Dutch Ministry of Economic 
Affairs, can be a major step for embedding the improvement of energy efficiency in 
railway companies in the long term. Therefore, in the framework of the TRAINER 
project, the participating railway companies and national energy agencies have to seek 
the possibilities of establishing an LTA scheme for energy efficiency in railways with 
the central government or other relevant railway supervising bodies.   
 
The general concept of LTAs  as well as the specified LTA for the Dutch railways are 
explained in detail below from SenterNovem and NS reports:  
 


7.1 The LTA concept in the Netherlands 
 
Before the introduction of the LTA concept, competent authorities, usually municipal 
or provincial authorities, had the right to include provisions relating to energy 
efficiency in environmental licenses for companies. So energy efficiency was an issue 
at company level. Within the LTA concept the target setting for energy conservation is 
on sector level rather then at company level. This sector approach could be used since 
studies, as mentioned before, had shown the energy saving potential. The advantages 
for industry in this concept was maximum room for initiatives of the industry, 
possibilities for custom made solutions and a timeframe for implementation of the 
measures to improve energy efficiency that fits industry. So industry could take into 
account new developments, their liquidity position or any other financial issue that 
might effect the implementation of the measures to be taken. Participation to the LTA 
is on a voluntary base but with some obligations, this will be explained later. 
  
It is important to understand that the targets on energy saving was on energy efficiency 
rather then absolute energy consumption. Industry did not want to set targets on 
absolute energy consumption since this would limit their growth potential. Energy 
efficiency is defined as the energy consumption amount in year X divided by the 
specific energy consumption in the reference year 1989 and the production in year X. 
 
The concept received broad commitment from industry since Government had 
provided a well prepared insight in the energy saving potential of Industry. Through 
this broad commitment from industry the Government had confidence its targets could 
be reached.  
 
On the other hand industry had gained confidence that the Government would support 
their efforts over a longer period with specific sector stimulation programmes for 
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demonstration and market introduction of new energy technologies as well as fiscal 
schemes. 
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This graph shows the most important stakeholders within the LTA concept: 
 
On the one hand the Governmental organisations and on the other hand the Industry, 
either individual companies or the sector organisation representing the companies 
within a sector. SenterNovem acts independent agency within the LTA scheme. 
 
The LTA process 
 
When the concept of LTA was considered a realistic energy policy instrument the 
Ministry of Economic Affairs invited a number of sectors, based on their energy 
consumption, to discuss further implementation. Usually an industry sector was 
represented by its sector organisation. They also could arrange that the LTA was 
tailored, as much as possible, to the sector and discussed all specific items with the 
Government representatives. If the industrial sectors expressed their willingness 
regarding a LTA both parties confirmed their further cooperation through a Letter of 
Intent.  
 
The next step in the process was a more detailed sector study, leading to a detailed 
picture of energy consumption as well as the most promising options for energy 
savings within the sector. The research work was usually carried out by the sector’s 
research firm or external consultants financed by SenterNovem.  
 
The result of this study was the so called (technological) Long Term Energy Efficiency 
Plan of the sector. The plan describes the measures intended to implement way to 
achieve the energy saving target set, additional activities in the field of research and 
demonstration, as well as rules for monitoring and dissemination of knowledge within 
the sector. The sector plan contained only aggregated figures and no company specific 
data to avoid problems in the field of competition. 
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With the Long Term Energy Efficiency Plan the technical ingredients for the LTA 
were available and concluding the LTA has become more or less a procedural issue. 
To facilitate that procedure SenterNovem had made a draft format for a LTA text so all 
sectors would have a quite similar agreement with the Government. Nevertheless there 
was always room for specific issues for the sectors. Major elements of the LTA 
agreement are the considerations and target of both Government and Industry to 
improve energy efficiency, the companies involved of the specific sector, definitions, 
and the tasks of the companies, sector and Government, as well as rules about 
withdrawal and termination of the LTA. 
 
Experience has shown that it might easily take 2 years from first discussion on the 
concept to signing the LTA, depend on the commitment and cooperation from Industry 
and Government. 
 
The LTA in practice  
 
Participation to the LTA is on a voluntary base; however participation is not without 
obligations. In fact the Dutch LTA had a few obligations: 


• Energy Conservation Plan: This plan contains an energy consumption 
analysis of the company and the measures the company wants to take in 
order to achieve the improvement in energy efficiency. If necessary any 
pre-conditions to the measures can also be mentioned. Usually the plan 
looks at a 4 year period and is signed by the management. 


• Monitoring: Each company has to provide their data on energy 
consumption and the measures carried out to SenterNovem on a yearly 
base. To provide company and sector reports. 


• Energy Management System: Implementation of an Energy Management 
system, based on ISO standards, assures that focus on energy becomes 
integrated in the company’s management. For companies familiar with ISO 
9000 or 14000 the implementation is not complicated. 


 
Participating companies in the LTA were supported by various tools developed to 
simplify fulfilment of the obligations. Whatever support was provided it must be stated 
clearly that the participating companies remain responsible for the results in energy 
efficiency improvement.  
 
Another form of support provided to the companies consisted of subsidy schemes 
which were adapted to fit in the LTA and fiscal instruments like the Energy 
Investments Allowances (EIA) scheme. 
 
Industry has also very much appreciated the working groups established with the LTA 
scheme, in which companies from a sector discussed their problems and solutions on 
energy efficiency improvement. Through this exchange of knowledge, even given the 
fact that companies are sometimes competitors, a lot of work could be done more 
effectively.  
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In this respect the role of the sector organisations have shown to be very important in 
the Dutch LTA, since they can motivate their companies to join the LTA activities.   
 
Communication has also been a very important activity. Not only communication on 
progress and results within the sectors itself but also to the broader audience outside 
the LTA as well as the political level to justify the budget allocated to the LTA 
concept. Each year the Ministry of Economic Affairs sends a formal report to the 
Dutch Parliament.  
 
Energy Management System 
 
Energy Management Systems (EMS) is a basic element for the implementation of 
LTAs for energy efficiency. An Energy Management System is intended for 
companies and organizations which:  
 
• want insight into the energy consumption within the organization or company  


• want to monitor and reduce energy consumption  


• want to determine for themselves conformance with the requirements and make an 
official declaration in that respect  


• want to ensure conformance with the energy policy they themselves have 
determined  


• want to be able to demonstrate conformance to third parties  


 
An Energy Management System ensures that a company or organization devotes 
documented structural attention to Energy Management. The advantages are:  


• Effective and efficient management of energy consumption  


• Quantification of efforts and results  


• Satisfaction of certain requirements can be easily demonstrated  


 
Experience gained with Energy Management Systems from SenterNovem shows that 
the implementation not only maintains attention, but also renders an additional 3% in 
energy savings. Governments on all levels, organizations and businesses are now 
convinced that Energy Management is vital to achieving sustainable energy efficiency 
improvements. Formal agreements on Energy Management have also been established 
in the Long-Term Agreements on energy efficiency (LTA's). 
 
Energy Management System specifications 
 
In order to claim adequate Energy Management, an organisation must satisfy a number 
of requirements on: 
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• Energy Policy   
• Planning   
• Implementation and Operation   
• Checking and corrective actions   
• Management involvement                  
 
The requirements are based on the ISO 14001 standard for environmental management 
systems. In other words, Energy Management in accordance with the requirements in 
the Specification fits perfectly into environmental management systems in accordance 
with ISO 14001. 
 
The official standard for the description, specifications and implementation of an 
energy management system is expected to be finalised from The European Committee 
for Standardization (CEN). For the time being, CEN has issued the draft standard 
“Energy management systems- Requirements with guidance for use” which will be 
used to complement EN ISO 14001:2004.This International Standard is based on the 
methodology known as Plan-Do-Check-Act (PDCA). PDCA can be briefly described 
as follows:  


• Plan: establish the objectives and processes necessary to deliver results in 
accordance with the organization's energy policy. 


• Do: implement the processes. 
• Check: monitor and measure processes against energy policy, objectives, 


targets, legal and other requirements, and report the results. 
• Act: take actions to continually improve performance of the energy 


management system. 
 
For more information about energy management systems please visit: 
http://www.senternovem.nl/LTA/energy_efficiency/energy_management/index.asp  
http://bess-project.info  
http://www.cen.eu  
 
 
The LTA results 
 
In total 44 LTA’s were concluded in the period 1989-2000 by various sectors, amongst 
them 29 industrial sectors. The LTA’s included nearly 1250 companies with a total 
energy consumption of 547 PJ (1015 Joule). They represented nearly 90% of the 
industrial energy consumption in the Netherlands. The first LTA period ended in 2000, 
with an average energy efficiency improvement of 22, 3 % over all sectors, which 
equals an energy saving of 5 billion m3 of natural gas per year, as can be seen the 
following graph. 
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Besides these statistical results, other results were also obtained. The major one would 
probably that energy efficiency has become a management issue since it could save 
money additionally the cooperation between companies and exchange of knowledge 
on energy technologies was highly appreciated. 
 
The positive outcome has been reason for the Government and the Industry to continue 
their cooperation after 2000. However for energy intensive industrial companies a 
Benchmarking Covenant was established in order to be among the world leaders in 
terms of energy efficiency for processing installations by no later than 2012. For 
medium sized (and sometimes smaller) industrial businesses the LTA 2 covenant was 
established. In the LTA 2 the efforts to improve energy efficiency was enlarged to the 
whole product life cycle.  
 
 
The future of the LTA  
 
As might be clear to you the LTA concept has also been adapted through the years on 
national or international developments. Especially since the CO2 emission trading 
system has become effective the questions arose if participation in both is necessary. 
For the time being  the Ministry of Economic Affairs, has indicated that the LTA2 will 
continue next to the CO2 emission trading system and companies are free to choose if 
they continue to participate in LTA. The cooperation with other companies and the 
exchange of experiences within the LTA is seen as an important extra of the LTA over 
the trading system.  Regarding the implementation of the Energy Service Directive the 
impact to the LTA programme is still under consideration by the Ministry of Economic 
Affairs. 
 
Conclusions 
 
The LTA approach has shown to be a very successful concept for energy efficiency 
reduction in the Dutch industry. The base for this success lies in acknowledgement of 
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the need for energy efficiency improvement by Government and Industry as well as 
their willingness to cooperate. There is no one way solution throughout all the sectors 
within the LTA. Each sector has its own characteristics, either from size of the 
companies, from ownership of from economic situation. All these influenced the 
capacity of companies and thus their sector in fulfilling the targets. Given the outcome 
of the LTA 1 and the fact that many companies already participate in LTA 2 it is a 
proven that the LTA concept is effective.  


 
For more information about LTAs in the Netherlands please visit: 
http://www.senternovem.nl/LTA/index.asp  
http://www.senternovem.nl/LTA/participants/sectors/netherlans_railways.asp 
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7.2 The LTA scheme for Dutch Railways (NS) 
 
Leisure and commuter travel increase annually in the Netherlands. The Nederlandse 
Spoorwegen (NS, Netherlands Railways), accounts for a significant share of this 
mobility. On assignment from the government, NS provides for construction and 
maintenance of railways, capacity distribution on the network and safe control of train 
traffic. With almost 5 000 trains departing daily from 380 stations – travelling on more 
than 6 500 kilometers of rail track / 2 802 network length – the Netherlands has the 
most heavily travelled railway network in the world. A (provisional) performance 
contract with the government anticipates the growth of NS Reizigers (the railway’s 
passenger business unit) by 23% at peak hours in the 2000 to 2005 period. The other 
NS business units (except NS Vastgoed (the railway’s real estate business unit)) often 
follow the growth of NS Reizigers. NS Vastgoed also has major expansion plans. By 
2010, this business unit aims to double the number of office locations under 
management. 
 
In 1999, the Dutch Railways (NS) signed a Long Term Agreement on energy 
efficiency (LTA3) with the Dutch Ministry of Economic Affairs. According to the 
agreement NS must improve the energy efficiency by 11% from 1997 to 2010. 
SenterNovem is a partner in this covenant and supplies the NS with the required 
expertise and supports the formation of energy saving plans. The parties involved 
indicated that there is a need for knowledge on which new technologies can be used to 
save energy in the framework of the agreement. 
 
Under the framework of the LTA, NS publishes biennial energy saving plans related to 
the energy efficiency agreement (LTA) between NS and the Dutch government. These 
plans describe in detail what steps have been taken and will be taken to save energy. 
The table below shows a summary of current efforts from the most recent energy 
saving plan and gives some information on where the biggest gains come from. The 
latest efforts have included work on climate functions, but the greatest gains arise from 
replacing old materiel with newer materiel, particularly double-deck trains. 
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In 2005 the Nederlandse Spoorwegen (NS, Netherlands Railways) improved energy 
efficiency by 17% compared to the reference year 1997. With this, the NS has more 
than achieved its goal of 11% energy efficiency in 2010. The NS is also making 
excellent progress towards realizing its new ambition of a 20% improvement in energy 
efficiency. Compared to 2004, there is a gain of 4%. In 2005, various energy 
conservation measures were carried out, the most important of which (jointly 
responsible for some 85% of total energy savings) are: 
 


• using new double-deckers and modernizing sprinters; 
• lowering temperature and adjusting ventilation in Intercity trains and double-


deckers; 
• optimising the recouping of brake energy.   


 
Compared to 1997, in 2005 NS improved its use of sustainable energy sources by 
2.7%. The section of the company known as NS Reizigers began to integrate Energy-
Efficient-Driving in trains in early 2006, starting with adjusting the training and on-
the-job training provided to engine drivers. Parallel to this, NS Reizigers is taking part 
take part in TRAINER project. 
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8. Recommendations for training programmes in TRAINER project  
 
One of the main objectives of this inventory, is to set the building blocks for the 
training programmes which will be developed during WP4 of the TRAINER project. 
Following the good practices identified in this report, along with the respective project 
objectives and needs, the most important recommendations are presented below: 


 


8.1. Ecodriving training programmes for drivers 
 
In general, 


• In order to avoid dispunctuality, only bring ecodriving in practice when driving 
on schedule  


• Priority while (eco)driving: 
1. Safety 
2. Punctuality 
3. Energy Efficient Driving 


• Use the working knowledge of train drivers, station personnel and management  
to optimize the training programmes 


 
The training programmes for drivers have to include the following ecodriving 
measures and techniques : 
 


• Reduced maximum speed: Train accelerates to a speed inferior to speed limit.  
• Optimized acceleration rate: Train accelerates to maximum speed using less 


acceleration power.  
• Coasting: Train shuts off traction as early as possible before station in order to 


reach station without unnecessary breaking before reaching a station  
• Use distinguishing marks in the landscape like valleys and hills, bridges etc.  
• Exploitation of time buffers  
• Monitoring and documentation of drivers individual energy performance using 


the virtual trainer during training or energy meters/diesel flow meters in real 
railway operation (if applicable from railway company) 


 
The training programmes can be initially implemented as “train-the-trainer” seminars 
and afterwards as wider dedicated seminars for ecodriving or part of existing training 
seminars for train drivers. The training procedure could be diveded as follows: 
 


• Theoritical training with presentations and/or with ecodriving printed material  
• Practical training with short educational trips 
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• Virtual training with the TRAINER virtual application and with the railway 
company existing simulator (if applicable) 


 
 


8.2. Ecodriving training programmes for station peronnel 
 
The training of the railway company employees at train stations can include the 
following fields: 
 


• Reduction of energy consumption for comfort functions in parked trains 
• Auxiliary measures to assist drivers and managers in applying energy efficient 


driving i.e. in time efficient boarding of passengers at stations to gain buffer 
time 


 
These training programmes can be divided in: 


• Theoritical training with presentations and/or with ecodriving printed material  
• Practical training at the spot  
 


 


8.3. Ecodriving training programmes for railway management  
 
Railway managers have the supervision of the rolling stock and consequently they 
have to be trained in a wider range of measures about energy efficient driving and 
management: 
 


• Optimisation of  timetable and punctual departure to gain buffer time and assist 
drivers with ecodriving 


• Coordination of personnel for reducing energy consumption in parked stock 
• Better management of boarding in collaboration with station personnel 
• Reduction of energy use for comfort functions during service with the 


collaboration of drivers (e.g. modification of target temperature in coaches) 
• Raise awareness by giving train drivers, station personnel and management 


information on energy costs and energy consumption in both driving and 
maintenance process.  


• Monitoring and documentation of energy consumption (if applicable) 
• Optimisation of train operation by control center (if applicable)    


 
These training programmes can be divided in: 


• Theoritical training with presentations and/or with  printed material  
• Practical training at the spot  







ANNEX  
 
List of energy efficiency measures in railways per technology and energy saving 
potential (UIC, EVENT Project Database). For more information: www.railway-
energy.org 
 


Technology Overall potential Energy efficiency 
(%) 


Aerodynamics and friction 
Bogie fairings  very promising 5 - 10% 
Aerodynamic ordering of freight cars promising 5 - 10% 
Virtually coupled trains  promising  
Covers for open freight cars  promising > 10% 
Aerodynamic optimisation of pantographs interesting < 2% 
Streamlining of train sides and underfloor 
areas  interesting 2 - 5% 


Lubrication of wheels and tracks  interesting < 2% 
Streamlining of head and tail  not promising < 2% 
Space utilisation 
Double-decked stock  very promising > 10% 
Wide-body stock  very promising > 10% 
Multiple units (MUs) vs. loco-hauled trains  very promising 5 - 10% 
Elimination of dining car  not promising > 10% 
Energy efficient driving 
Energy efficient driving strategies  very promising 5 - 10% 
Energy efficient driving by low-tech measures very promising 5 - 10% 
Driving advice systems in suburban operation very promising > 10% 
Driving advice systems in main line operation very promising 5 - 10% 
Optimisation of train operation by control 
center  very promising 5 - 10% 


Energetic optimisation of timetable  promising not applicable 
Driving advice systems in freight operation  promising 2 - 5% 
Moving block  promising  
Passenger information to reduce boarding 
time at stations  promising 2 - 5% 


Systematic train delays  interesting  


Automatic train control  interesting strongly dependent on 
specific application 


Demixing of railway infrastructure  interesting not applicable 
Energy measurement and documentation 
Energy meters (electric)  very promising  
Database of traction consumption  promising not applicable 
Diesel flow meters  interesting not applicable 
Increase of load factor and flexible trains 
Modular train sets  promising > 10% 
Self-propelled freight cars  interesting not applicable 
Management and organization 
LCC-driven procurement  very promising not applicable 
Bonus/penalty rules  very promising not applicable 
Training programs to raise awareness of 
personnel  very promising not applicable 


Reference cycle for energy efficiency  promising not applicable 
Incentives for drivers  interesting  
Mass reduction 
Aluminium car-body  very promising 2 - 5% 
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Single-axle bogies  very promising 5 - 10% 
Mechatronic innovations for future running 
gear  very promising  


Fibre reinforced polymers  promising strongly dependent on 
specific application 


Sandwich structures  promising 2 - 5% 
Light coach interior equipment  promising 2 - 5% 
Articulated trains (Jakob-type bogies)  promising 2 - 5% 
Non-conventional trains(maglev etc) 
Magnetic levitation technology (maglev)  promising 5 - 10% 
Swissmetro  interesting  
Optimization of comfort functions 
Modification of target temperature in 
passenger coaches  very promising < 2% 


CO2-based demand control for coach 
ventilation  very promising 2 - 5% 


Control of comfort functions in parked trains  very promising 2 - 5% 
Coach insulation  promising 2 - 5% 
Heat exchangers to use waste heat in MUs  promising 5 - 10% 
Excess ventilation  promising < 2% 
Smart windows  interesting < 2% 
Improved operation control for air-
conditioning  interesting < 2% 


ORC technology to use waste heat in MUs  interesting 2 - 5% 
Coupling of parked trains for common energy 
supply  interesting < 2% 


Optimisation of traction technologies 
Medium-frequency transformer  very promising 2 - 5% 
HTSC transformer  very promising 5 - 10% 
IGBT  very promising 5 - 10% 
Switch-off of traction group  very promising 2 - 5% 
Ventilation control (in new stock)  very promising 2 - 5% 
Common Rail  very promising > 10% 
Re-engining of diesel stock (replacement of 
engine)  very promising > 10% 


Transversal flux motor  promising 5 - 10% 
Optimisation of traction software  promising 2 - 5% 
Wheel-mounted permanent magnet 
synchronous motor  promising 2 - 5% 


Ventilation control (retrofit)  promising 2 - 5% 
Future developments in diesel technology  promising 5 - 10% 
Regenerative braking and energy management 
Regenerative braking in 16,7 Hz, 15 kV 
systems  very promising 5 - 10% 


On-board use of braking energy in diesel-
electric stock  very promising 2 - 5% 


Double-layer capacitors (storage technology)  very promising > 10% 
Regenerative braking in DC systems  very promising 5 - 10% 
Regenerative braking in 50 Hz, 25 kV 
systems  very promising 5 - 10% 


Diesel-electric vehicles with energy storage  promising > 10% 
Inverter unit for DC substations  promising 2 - 5% 
On-board energy storage in DC systems  promising > 10% 
Stationary energy storage  promising 5 - 10% 
Fly-wheels (storage technology)  promising > 10% 
Regenerative braking in freight trains  interesting  
Revision of limit value for longitudinal forces 
in the train  interesting  
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		1. Introduction

		2.  Ecodriving for train drivers

		3. Ecodriving for station personnel

		Control of comfort functions in parked trains    



		4. Ecodriving in railway management

		4.1 Energetic optimization of timetable

		4.2 Passenger information to reduce boarding time at stations     

		4.3 Reducing energy consumption for comfort functions 

		4.4 Monitoring and documentation of energy consumption

		4.5 Optimization of train operation by control center   



		5. Ecodriving training programmes 

		6.  Energy efficient driving projects in railways

		6.1  Germany: the “EnergieSparen” Programme

		6.2 Energy-efficient driving in the Netherlands



		7. Long Term Agreements (LTAs) for energy efficiency in railways

		7.1 The LTA concept in the Netherlands

		7.2 The LTA scheme for Dutch Railways (NS)



		8. Recommendations for training programmes in TRAINER project 

		One of the main objectives of this inventory, is to set the building blocks for the training programmes which will be developed during WP4 of the TRAINER project. Following the good practices identified in this report, along with the respective project objectives and needs, the most important recommendations are presented below:

		8.1. Ecodriving training programmes for drivers



		In general,

		 In order to avoid dispunctuality, only bring ecodriving in practice when driving on schedule 

		The training programmes for drivers have to include the following ecodriving measures and techniques :

		 Exploitation of time buffers 

		 Monitoring and documentation of drivers individual energy performance using the virtual trainer during training or energy meters/diesel flow meters in real railway operation (if applicable from railway company)

		The training programmes can be initially implemented as “train-the-trainer” seminars and afterwards as wider dedicated seminars for ecodriving or part of existing training seminars for train drivers. The training procedure could be diveded as follows:

		 Theoritical training with presentations and/or with ecodriving printed material 

		 Practical training with short educational trips

		 Virtual training with the TRAINER virtual application and with the railway company existing simulator (if applicable)

		8.2. Ecodriving training programmes for station peronnel



		 Theoritical training with presentations and/or with ecodriving printed material 

		 Practical training at the spot 

		8.3. Ecodriving training programmes for railway management 



		 Theoritical training with presentations and/or with  printed material 

		 Practical training at the spot 

		ANNEX 

		List of energy efficiency measures in railways per technology and energy saving potential (UIC, EVENT Project Database). For more information: www.railway-energy.org
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The Dance of Change: ISO 14000 vs. guerilla action


The ISO 14000 approach 


Guerilla action as the innovation approach


Example: Project EnergieSparen/Deutsche Bahn AG


Lessons and Recommendations 


Agenda
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Utilities/Logistics


Transport suppliers, 
manufacturers & 
financial institutions


BSL Management Consultants is an international consultancy 
specialising in the public transport and rail sector


Public transport


(Heavy) Railways


Local authorities 
and governmental 
institutions


Established 1991 in Hamburg, Germany


Around 60 employees, consultants are qualified in business 
and economics, engineering, science, transport and town 
planning, and IT


Offices in Hamburg, Berlin and London 


Experience from more than 600 successfully 
completed projects around the world


Management Consultancy of the 
Lloyd's Register Group


Source: BSL Management Consultants
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BSL has carried out projects all around the world, with an 
enviable delivery record in Germany and continental Europe


1 2 3


Public Transport
Hamburg
Berlin 
Stuttgart
Frankfurt
Munich
Düsseldorf
Leipzig
Dresden
Saarbrücken
Cologne
Hanover
...


Rail
Deutsche Bahn AG
HLB
AKN
nordbahn
metronom
...


Public Transport
Vienna, Austria
Barcelona, Spain
Brussels, Belgium
Graz, Austria
Athens, Greece
Bratislava, Slovakia
Budapest, Hungary
Geneva, Switzerland
Linz, Austria
Luxembourg
Lyon, France
London, UK
...


Rail
SNCF, France
RENFE, Spain
Network Rail, UK
SNCB, Belgium
FS, Italy
JBV, Norway
NS Reizigers, NL
BDK, Denmark
SBB, Switzerland
ProRail, NL
ÖBB, Austria
...


Public Transport
Bangkok, Thailand 
Beijing, PR China
Hong Kong
Jakarta, Indonesia
Ahmedabad, India
Ankara, Turkey
Bursa, Turkey
Jerusalem, Israel
Shanghai, PR China 
Tehran, Iran
New York, USA
Sydney, Australia
Toronto, Canada
...


Rail
Amtrak, USA
JR, Japan
RailCorp, Australia
PT Kereta API, 
Indonesia
Jinan Railway 
Administration, 
PR China
MERVAL, Chile
CP, Canada
...


Industry
Siemens
Daimler
HSBC
RailOne
Vossloh
...


Source: BSL Management Consultants
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Deliverables


ISO 14000 
systems


Through organisational aspects
individuals get time and budget
to work on specific questions
= it will work!


That will deliver environmental
improvements as added value


Set up of a systematic approach
(review, targets, KPIs, measures, 
program, responsibilities)


External driver certification


ISO 14001 and EMAS are a Trojan Horse: 
once inside it will do its work


Saving
10%


Key Elements of Sustainability Management 


Source: BSL Management Consultants


Measures 
use chances and 


minimize risks


Economic 
performance


Social-
performance


Environ-
mental perfor-


mance


Monitoring
control results


Review
identify chances


and risks 


Improvement
aspect
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Guerilla organisations work with high risk, much more 
intrinsic motivation and with undocumented structures
Guerilla organisations


Involved people Assigned task


Leaders


Movements


Organisation


Core group


targets


people


Highly committed
individuals


Very tight communication


Highly skilled fulltime
"employed" staff


Very professional "project
management structures"


Group of activist


Medium skilled, high 
training involvement
required


Developing and deciding
strategy and tactical
actions


Visions & unwritten targets


Designing, testing and 
enhancing of concepts


Develop them for ready-
to-roll-out use


Undertake and implement
whatever and whenever is
required


Attacking the bigger group


Source: BSL Management Consultants
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The Dance of Change involves questions of motivation, 
business advantages and personal career questions


What are the driving forces? 


What are the motivations to 
take on challenges and 
risks?


What are the challenges for
the improvement steps?


The Dance of Change: key review questions


Source: BSL Management Consultants


Are there win-win situations? 


Who will be greedy for good 
results? 


How important is "to play the
line" vs. "to focus energy"?


How many supporters are
needed to serve the necessary
steps?


Is there a major sponsor?


Motivation and challenges Micro-political challenges
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The Dance of Change: ISO 14000 vs. guerilla action


The ISO 14000 approach 


Guerilla action as the innovation approach


Example: Project EnergieSparen/Deutsche Bahn AG
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There is an existing ISO 14000 – organisation at DB aiming
at sustainability improvements


Corporate environmental goals


Corporate environmental
management structures like


High-level steering committee


Support by corporate
environmental centre


Audits and yearly reviews


Corporate documentation


85% of all sites with
ISO 14000-EMS


Existing ISO 14000 organisation at DB


Source: Deutsche Bahn AG, 2007, Utrecht


Joachim Kettner, Railway Environment Centre


DB’s Sustainability Management is based on a circle of 
continuous improvement


-


communication


choice of basic
indicators and check 


of relevance


stakeholders
& public


Value


Key Elements of Sustainability Management 


Measures 
use chances and 


minimize risks


Economic 
performance


Social-
performance


Environ-
mental perfor-


mance


Monitoring
control results


Review
identify chances


and risks 
GRI
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Environmental goals are
designed in the corporate
environmental organisation


The integration into day-to-day
business is the responsibility of 
the business streams and 
regional departments


DB has a good practice in setting environmental goals


Environmental goals


Source: Deutsche Bahn AG, 2007, Utrecht


11Joachim Kettner, Railway Environment Centre, 27.02.2008


Overall concept Noise 
Remediation Programme 
Realisation of Noise 
Abatement Management


Environmental Programme Environmental Programme –– essential component of sustainabilityessential component of sustainability
It supports the ecological and economical goals of DB


environm. 
manage-


ment


efficiency of 
ressources


climate 
protection


noise 
control


air-borne 
emissions


disposal 
managem.


natur
conserv.


soil- and 
water 


protection
hygiene


Bisection in rail 
freight transport 


2003 to 2020


Installation of environmental 
management systems
Realisation of environmental 
audits


environmental 
management 


systems in 80% 
of the sites until 


2006
Climate Protection 
Programme 2020


Project Corporate 
Disposal Management


- 20% specific 
CO2- emissions 


2002 to 2020


- 10% disposal 
costs/total waste 


arisings
2001 to 2005/08


measure to reach the goal


strategic goal
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Guerilla action as a bottom-up innovation process 
loves commitment, communication and professionalism 
Iceberg of change/change challenges


Source: BSL Management Consultants


Convince 


about potentials,


about change security,


about systematical approach


Above the surface


Below the surface


Secure supporters for four years


Manage with high personal commitment


Aim: Change iniatives at all hierarchy levels


Communicate as professional project manager
about ecological aims and eceonomic benefit/impact


Be clear on the balance of ecology towards economy
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Sustainable effects require a high level of professionalism
both on result and political focus


Energy cost cutting measures
require different approaches


Technical measures: 
a results-focused approach
might be sufficient


Procedural measures: 
besides a focus on results
a political focus is essential 
for success


low high


Result orientation


h
ig


h
lo


w


P
o


li
ti


ca
l


o
ri


e
n


ta
ti


o
n Sustainable
effect


Small effect


Short-term
effect


No effect


Energy change challenge in corporations


Source: BSL Management Consultants
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Objective


-10%
energy


consumption1)


Example Deutsche Bahn: aiming for a sustainable change 
of the driving styles of 14000 drivers


Steps for sustained change management


Information notices
Benchmarks/standards
ES-feedback talks


Social recognition
Esteem through events
Bonuses/prizes


Bottom-up approaches (working 
groups, monthly feedback 
workshops, ES workshops etc.)


Attitudes/
values/


behaviour


Give 
feedback


Promote
cooperation


Offer
incentives


Impart 
knowledge


Install 
support tools


Training
Communication


Technical support – display for 
monitoring consumption (ESF)
Organisational support
Cooperation between train 
driver and traffic controller


1) > EUR 700 million energy cost in DB passenger transport


Source: 3. UIC-Energy-Efficiency-Conference 2007/DB AG







F:
\2


0
0
8
\V


or
tr


äg
e_


2
0
0
8
\V


4
1
6
6
_
H


S
\4


1
6
6
_
T
R
A
IN


E
R
_
E
n
er


g
y_


M
an


ag
em


en
t.


p
p
t


©
B
S
L 


M
an


a
g
em


en
t 


C
o
n
su


lt
an


ts
 G


m
b
H


 &
 C


o
. 


K
G


16


What you can not measure you will not manage …


Achievement
of annual


energy-
saving   
objectives Determination


of future energy
saving potential


Energy-
saving
objectives     
for heads of       
operations 
at regional 
level 
(BSC)


Energy information system
Management process involving 


300 team leaders of 14,000 train drivers


Train 
journeys


Traction 
units


Data on 
journeys


and vehicles
(e.g. dispatching)


Master data 
(organisational
data, weather 


etc.)


"Formation 
of trains"


Allocation of 
energy 


consumption


Energy data
(traction current, 


diesel)


Monthly
monitoring
& quarterly 
BSC talks


Management 
tools for heads 
of operations at 
regional level


Improving
drivers


Transparency of energy consumption/management process


Source: 3. UIC-Energy-Efficiency-Conference 2007/DB AG







F:
\2


0
0
8
\V


or
tr


äg
e_


2
0
0
8
\V


4
1
6
6
_
H


S
\4


1
6
6
_
T
R
A
IN


E
R
_
E
n
er


g
y_


M
an


ag
em


en
t.


p
p
t


©
B
S
L 


M
an


a
g
em


en
t 


C
o
n
su


lt
an


ts
 G


m
b
H


 &
 C


o
. 


K
G


17


Working within the hierarchy requires carefully designed 
approaches towards the different levels
Management hierarchy


Source: BSL Management Consultants


Professional project organisation
within business stream


High attention to the
leadership challenge


Personal training
in feedback skills


Upper
management


Middle Management


Operational Management


Monthly cost reports


Regional reports


Personal reports


Information Attention
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-14.1%


-2.8%
+ 3.1%


-6.5%


+ 5.9%


- 3.2%


…
…


…


-12.1%159 
kWh


140 
kWh


NFTNN14:4314:281434711Mo


Series kWh


Ø journeys


To 
…


kWh 
(driver)


From
…


Deviation


Ø


ArrivalDepart.Train 
no.


Day


The data-based feedback process: Helping train drivers to 
learn with "individual data analysis"


"Top flop report" 
shows all journeys of each 


individual train within a month


"Train number report" 
shows selected journeys 


of each individual train driver


A B C D E F G H ... L M N X Y Z


Average 966 kWh = 100%


- 8% 


+ 9% 


+ 7% 


700


750


800


850


900


950


1,000


1,050


[kWh]


- 12% 


Example: Suppling management tools for feedback processes


Source: 3. UIC-Energy-Efficiency-Conference 2007/DB AG
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Kicking energy management: saved more than
EUR 30 million


- 5%
decrease


January 2002 = 100/development [kWh/km]


2002 20042003


14,000 train drivers
included in the project: 
trained and coached


3,500 energy meters installed


Development of …


energy data base, 


retrieval tools, 


training software,


display and advice system,


carefully implemented change
approach


Energy cost saving of 
EUR 32 mill. €


Project results Deutsche Bahn AG


Source: 3. UIC-Energy-Efficiency-Conference 2007/DB AG
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The Dance of Change: ISO 14000 vs. guerilla action


The ISO 14000 approach 


Guerilla action as the innovation approach


Example: Project EnergieSparen/Deutsche Bahn AG


Lessons and Recommendations 


Agenda
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Use sound business advantages as the key argument 
and driving force for your energy cost cutting initiatives 


Business advantages


Better brand and image reputation 


Anticipation of future regulations
(carbon certificates due to required tough 
political CO2 targets)


Promotion of the top line = more quality 
for the customer/meeting their needs for 
sustainable transport


Reducing the bottom line = energy cost 
cuttings


Reducing uncertainty = anticipate further 
energy price increases/having powerful 
management tools


Enhancing the sustainability case for rail 
= ensuring public funding 


Sustainability
advantage


Carbon footprint 
advantage


Source: BSL Management Consultants
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Short (no) 
term effects


are just great


Recommendations


Focus on technical issues in isolation, forget the human factor 
within the political corporate landscape


Do not identify and do not convince the appropriate 
stakeholders


Forget the professional honour of the drivers – they are already 
paid for their work; only work on a top-down approach (they 
deserve it)


Neglect the idea of learning – assume that they don't want to 
change


Lose money on a broad qualification program on all levels


Make sure that the training starts before you have your 
measurement tools available


Rely only on environmental management systems, never set up 
a professional project organisation


Reject appropriate budgets, never ask your CEO for them


How to do it in the wrong way …
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Thank you for your attention


BSL Management Consultants GmbH & Co. KG
Barmbeker Straße 4a · D-22303 Hamburg


T +49 (0)40 30 96 18-300
F +49 (0)40 30 96 18-330


info@bsl-consulting.de · www.bsl-consulting.de


Heinrich Strößenreuther
Director








www.klimaaktivmobil.at


klima:aktiv mobil







www.klimaaktivmobil.at


klima:aktiv mobil…


…. is the Austrian initiative for climate protection, launched by the 
Federal Ministry of Agriculture and Forestry, Environment and 
Water Management


…..contributes to the Austrian national strategies on clean air, health
and sustainable use of resources


action programs: information, counselling and support in the field mobility 
management


mobility management programs are tailor-made for various target groups 
free expert consulting is available
financial support for investments in CO2 reduction measures


awareness raising and PR campaigns for the general public


support programs: offering financial support for mobility management 
measures







www.klimaaktivmobil.at


energy efficiency transport
mobility management buildings renewables


ecofacility


e5-municipalities


biogas


wohnmodern


klima:aktiv 
for municipalities


solarheat


Energy Efficiency
for private homes


bundescontracting


energiewood


klima:aktiv topics and programs


klima:aktiv
haus


heat from wood


heatpumps


energy efficient
companies


top products


energy efficient
appliances


education coordinationpartner coordinationd


mm for
companies
eco-driving


initiative


mm for leisure
and tourism


mm for schools


mm for municipal-
ities &regions


mm for property
developers


mm for
administrations


qm for biomass dis-
trict heating plants


photovoltaics
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action programs – information, counselling, support


klima:aktiv mobil


mm for
public administrations


mm for
companies


eco-driving
initiative mm for leisure and tourismmm for schools


mm for municipalities &regions mm for property developers


awareness raising campaigns


focus on eco-driving & public transport focus on cycling


environmental support scheme


klima:aktiv mobil support schemefederal environmental support
schemes for companies







www.klimaaktivmobil.at


klima:aktiv mobil
action and counselling programmes 


klima:aktiv mobil action programmes


klima:aktiv mobil awareness raising campaigns


klima:aktiv mobil support programmes
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Mobility Management for companies


supports companies in the
implementation of mobility management


adoption of fleets to alternative fuels and 
drives
avoiding car trips and replacing them by 
more sustainable modes (public transport, 
ride sharing, cycling and walking)
developing intelligent mobility solutions for 
commuting, business trips, motor vehicle 
pools and logistics


offers information and support for
subsidies of the ministry


More than 100.000 t CO2 already were saved
due to mm actions by 120 companies







www.klimaaktivmobil.at


Mobility Management for schools
information and on-site consultation for
increasing the share of eco-friendly transport 
modes to and from school


basic package:
educational materials
workshops- und seminars
visits by mobility experts
regular information


professional package:
personal process monitoring at schools by
mobility consultants over the period of one year


Professional package for schools is already
implemented in more than 55 schools
throughout Austria, som 50 schools will follow
2008/09
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Mobility Management for public administrations


supports public administrations and 
utilities in the implementation of 
measures in the field of


commuting
business trips
car fleets and / or
logistics


klima:aktiv mobil training courses


13 public administrations and utilites in 6 of 
the 9 Austrian “Länder“ have successfully
implemented mobility management
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Mobility Management for cities, 
municipalities and regions


Counselling for cities, municipalities and 
regions in the development and optimal 
implementation of:


promotion of bicycle and pedestrian transport 
public transport improvements
set-up of regional mobility centres
initiatives to strengthen local retailers and the 
regional (small-scale) economy 


public relation packages for regional 
mobility management


Cooperation with several Austrian “Länder“: 
30 municipal areas implement mobility
management. Three mobility centres have
been agreed upon and will be established.
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Mobility Management for leisure
trips and tourism


supports the development, implementation
and commercialisation of „gentle mobility“
for tourism associations and municipalities


climate friendly travelling and mobility on site
leisure and weekend transport 
special focus on big events


free counselling for
tourism associations and municipalities
leisure companies
event organisers


13 tourism agencies in tourist regions implement
mobility management and soft mobility packages.
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ECO-DRIVING-initiative


Aims at a CO2-reduction by the establishment of a fuel-saving 
and smart driving style


Programme contents: 
yearly ECO-DRIVING competitions und broad PR campaigns
integration in driving school education and exams
certification of ECO-DRIVING trainers and training opportunities
certified ECO-DRIVING training for trucks and buses


eco-driving training for 2.800 bus drivers
- 4.6% resp. 1,9 Mio l. diesel p.a.
A saving of 5.000 tons CO2/year


Best Practice – ÖBB Postbus (bus fleet
run by Austrian Federal Railways)
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klima:aktiv mobil
awareness raising campaigns


klima:aktiv mobil action programmes


klima:aktiv mobil awareness raising campaigns


klima:aktiv mobil support programmes
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„Abfahren aufs Radfahren“–
a cycling promotion campaign


key objectives:


pointing out the options for
increased bicycle use in 
everyday life
highlighting the multiple 


benefits for health and 
environment
raising the awareness for an 
eco-friendly mobility behaviour
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„Abfahren aufs Radfahren“
a cycling promotion campaign


public relations tools:


newspaper ads and articles
TV- und cinema commercials
bicycle activities and events
throughout Austria
bike2business – coordination of a 
countrywide bicycle competition
European Car-Free Day - events
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„Eco-driving pays off“ –
sustainable transport campaign


key aspects:


ECO-DRIVING
purchase of fuel-saving cars
public transport use
European Car-Free Day, 
September 22nd







www.klimaaktivmobil.at


„Eco-driving pays off“ –
sustainable transport campaign


public relations tools


broadcast and newspaper
campaign
cooperation with ÖBB Postbus
(bus fleet run by Austrian 
Federal Railways)
a countrywide eco-driving
competition with the
collaboration of 
celebrities/testimonials
European Car-free Day, 
September 22nd
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klima:aktiv mobil Förderprogramme


klima:aktiv mobil action programmes


klima:aktiv mobil awareness raising campaigns


klima:aktiv mobil support programmes
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Federal environmental support scheme –
„Umweltförderung im Inland“


support channel within the scheme „Umweltförderung im Inland 
(UFI)“ by the Austrian Federal Ministry of Agriculture and 
Forestry, Environment and Water Management (existing)


Mobility management in companies


klima:aktiv mobil support scheme (additional to the UFI support
channel, started 2007)
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contacts klima:aktiv mobil


klima:aktiv mobil management:


Austrian Energy Agency
klimaaktivmobil@energyagency.at / Willy RAIMUND, Andrea LEINDL
Tel: +43 1 586 15 24
www.klimaaktivmobil.at


Overall strategy:


Austrian Federal Ministry of Agriculture and Forestry, Environment and 
Water Management
Division V/5 – Transport, mobility, land management, noise
Head of Unit Robert THALER, Iris EHRNLEITNER
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Long Term Agreements in the Netherlands,  
a successful instrument in energy policy 


 
by Hub Cox 


SenterNovem, the Netherlands 
 
SenterNovem  
SenterNovem is the Dutch agency for Sustainable development and Innovation, and is an 
agency of the Dutch Ministry of Economic Affairs. We aim to achieve tangible results that 
have a positive effect on economy and society. We offer a wide spectrum of products and 
services for the Government in any public-private partnerships. From developing and 
disseminating knowledge, to monitoring and developing policy instruments and we also 
manage a variety of subsidy schemes. We can help to convert policy into reality.  
Historical background LTA  
In 1989 the focus on energy reduction since the energy crises was reinforced by the Energy 
Conservation act. This act required further reductions in energy consumption in various 
sectors of the Dutch society. Therefore a new approach was chosen. Before 1990 the Dutch 
energy policy was mainly based on direct regulation, but from 1990 on Government shifted 
its approach to stimulation of sectors in society so they could take their own responsibility. 
Cooperation became the magic word. In Dutch: POLDERMODEL. Before setting the new 
energy conservation act studies in various sectors had shown a substantial potential for energy 
saving. For industry the target to improve energy efficiency was 20 % by the year 2000. To 
achieve this, a new policy was needed, also to remove existing bottlenecks like lack of 
knowledge on energy saving measures as such and cost-effectiveness of these measures. 
Government and industry had to cooperate on a structural base. This structural approach was 
found in Long Term Agreements for the period 1989-2000. 
 
The LTA concept  
Before the introduction of the LTA concept, competent authorities, usually municipal or 
provincial authorities, had the right to include provisions relating to energy efficiency in 
environmental licenses for companies. So energy efficiency was an issue at company level. 
Within the LTA concept the target setting for energy conservation is on sector level rather 
then at company level. This sector approach could be used since studies, as mentioned before, 
had shown the energy saving potential. The advantages for Industry in this concept was 
maximum room for initiatives of the industry, possibilities for custom made solutions and a 
timeframe for implementation of the measures to improve energy efficiency that fits industry. 
So industry could take into account new developments, their liquidity position or any other 
financial issue that might effect the implementation of the measures to be taken. 
Participation to the LTA is on a voluntary base but with some obligations, this will be 
explained later. 
  
It is important to understand that the targets on energy saving was on energy efficiency rather 
then absolute energy consumption. Industry did not want to set targets on absolute energy 
consumption since this would limit their growth potential. Energy efficiency is defined as the 
energy consumption amount in year X divided by the specific energy consumption in the 
reference year 1989 and the production in year X. 
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The concept received broad commitment from industry since Government had provided a 
well prepared insight in the energy saving potential of Industry. Through this broad 
commitment from industry the Government had confidence its targets could be reached.  
On the other hand industry had gained confidence that the Government would support their 
efforts over a longer period with specific sector stimulation programmes for demonstration 
and market introduction of new energy technologies as well as fiscal schemes. 
 


Ministry of Economic 
Affairs


Ministry of Housing, 
Spatial Planning and 
environment


Ministry of 
Agriculture


Individual 
companies


Sector organisation


Government


Intermediary 
(SenterNovem)


Industry


Consultants


Sector research 
organisation


Competent 
authorities 


(local or provincial)
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Sector research 
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Competent 
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(local or provincial)
 


 
This graph shows the most important stakeholders within the LTA concept: 
On the one hand the Governmental organisations and on the other hand the Industry, either 
individual companies or the sector organisation representing the companies within a sector. 
SenterNovem acts independent agency within the LTA scheme. 
 
The LTA process 
When the concept of LTA was considered a realistic energy policy instrument the Ministry of 
Economic Affairs invited a number of sectors, based on their energy consumption, to discuss 
further implementation. Usually an industry sector was represented by its sector organisation. 
They also could arrange that the LTA was tailored, as much as possible, to the sector and 
discussed all specific items with the Government representatives. If the industrial sectors 
expressed their willingness regarding a LTA both parties confirmed their further cooperation 
through a Letter of Intent.  
 
The next step in the process was a more detailed sector study, leading to a detailed picture of 
energy consumption as well as the most promising options for energy savings within the 
sector. The research work was usually carried out by the sector’s research firm or external 
consultants financed by SenterNovem.  
 
The result of this study was the so called (technological) Long Term Energy Efficiency Plan 
of the sector. The plan describes the measures intended to implement way to achieve the 
energy saving target set, additional activities in the field of research and demonstration, as 
well as rules for monitoring and dissemination of knowledge within the sector. The sector 
plan contained only aggregated figures and no company specific data to avoid problems in the 
field of competition. 
 
With the Long Term Energy Efficiency Plan the technical ingredients for the LTA were 
available and concluding the LTA has become more or less a procedural issue. To facilitate 
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that procedure SenterNovem had made a draft format for a LTA text so all sectors would have 
a quite similar agreement with the Government. Nevertheless there was always room for 
specific issues for the sectors. Major elements of the LTA agreement are the considerations 
and target of both Government and Industry to improve energy efficiency, the companies 
involved of the specific sector, definitions, and the tasks of the companies, sector and 
Government, as well as rules about withdrawal and termination of the LTA. 
 
Experience has shown that it might easily take 2 years from first discussion on the concept to 
signing the LTA, depend on the commitment and cooperation from Industry and Government. 
 
The LTA in practice  
Participation to the LTA is on a voluntary base; however participation is not without 
obligations. In fact the Dutch LTA had a few obligations: 


• Energy Conservation Plan: This plan contains an energy consumption analysis of 
the company and the measures the company wants to take in order to achieve the 
improvement in energy efficiency. If necessary any pre-conditions to the measures 
can also be mentioned. Usually the plan looks at a 4 year period and is signed by 
the management. 


• Monitoring: Each company has to provide their data on energy consumption and 
the measures carried out to SenterNovem on a yearly base. To provide company 
and sector reports. 


• Energy Management System: Implementation of an Energy Management system, 
based on ISO standards, assures that focus on energy becomes integrated in the 
company’s management. For companies familiar with ISO 9000 or 14000 the 
implementation is not complicated. 


 
Participating companies in the LTA were supported by various tools developed to simplify 
fulfilment of the obligations. Whatever support was provided it must be stated clearly that the 
participating companies remain responsible for the results in energy efficiency improvement.  
Another form of support provided to the companies consisted of subsidy schemes which were 
adapted to fit in the LTA and fiscal instruments like the Energy Investments Allowances 
(EIA) scheme. 
 
Industry has also very much appreciated the working groups established with the LTA 
scheme, in which companies from a sector discussed their problems and solutions on energy 
efficiency improvement. Through this exchange of knowledge, even given the fact that 
companies are sometimes competitors, a lot of work could be done more effectively.  
In this respect the role of the sector organisations have shown to be very important in the 
Dutch LTA, since they can motivate their companies to join the LTA activities.   
 
Communication has also been a very important activity. Not only communication on progress 
and results within the sectors itself but also to the broader audience outside the LTA as well 
as the political level to justify the budget allocated to the LTA concept. Each year the 
Ministry of Economic Affairs sends a formal report to the Dutch Parliament.  
 
The LTA results  
In total 44 LTA’s were concluded in the period 1989-2000 by various sectors, amongst them 
29 industrial sectors. The LTA’s included nearly 1250 companies with a total energy 
consumption of 547 PJ (1015 Joule). They represented nearly 90% of the industrial energy 
consumption in the Netherlands. The first LTA period ended in 2000, with an average energy 
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efficiency improvement of 22, 3 % over all sectors, which equals an energy saving of 5 billion 
m3 of natural gas per year, as can be seen the following graph. 
 


 
 
Besides these statistical results, other results were also obtained. The major one would 
probably that energy efficiency has become a management issue since it could save money 
additionally the cooperation between companies and exchange of knowledge on energy 
technologies was highly appreciated. 
 
The positive outcome has been reason for the Government and the Industry to continue their 
cooperation after 2000. However for energy intensive industrial companies a Benchmarking 
Covenant was established in order to be among the world leaders in terms of energy 
efficiency for processing installations by no later than 2012. For medium sized (and 
sometimes smaller) industrial businesses the LTA 2 covenant was established. In the LTA 2 
the efforts to improve energy efficiency was enlarged to the whole product life cycle. I refer 
to our web-site (www.senternovem.nl/lta) for more details. 
 
The future of the LTA  
As might be clear to you the LTA concept has also been adapted through the years on national 
or international developments. Especially since the CO2 emission trading system has become 
effective the questions arose if participation in both is necessary. For the time being  the 
Ministry of Economic Affairs, has indicated that the LTA2 will continue next to the CO2 
emission trading system and companies are free to choose if they continue to participate in 
LTA. The cooperation with other companies and the exchange of experiences within the LTA 
is seen as an important extra of the LTA over the trading system.   
Regarding the implementation of the Energy Service Directive the impact to the LTA 
programme is still under consideration by the Ministry of Economic Affairs. 
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Conclusions 
The LTA approach has shown to be a very successful concept for energy efficiency reduction 
in the Dutch industry. The base for this success lies in acknowledgement of the need for 
energy efficiency improvement by Government and Industry as well as their willingness to 
cooperate. There is no one way solution throughout all the sectors within the LTA. Each 
sector has its own characteristics, either from size of the companies, from ownership of from 
economic situation. All these influenced the capacity of companies and thus their sector in 
fulfilling the targets. Given the outcome of the LTA 1 and the fact that many companies 
already participate in LTA 2 it is a proven that the LTA concept is effective.  
 
Can another European country and its Industry/services learn from this? The answer is clearly 
YES. 
Nevertheless it will not simply be a question of copy and paste. The specific circumstances in 
Industry and Government of a country have to be investigated and can lead to an adaptation of 
the Dutch LTA concept. As I have indicated in the beginning SenterNovem can help 
converting policy into reality. But we could never do it on our own. Only with the assistance 
of Government and Industry you will be able to establish a similar successful instrument as 
we did. If you intend to do so I wish all of you success. 
 
Hub Cox 
Programme officer 
LTA-Dutch Railways  
SenterNovem  
+31 30 2393 519 
H.Cox@SenterNovem.nl 
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Outline of the presentation


•
 


Introduction of SenterNovem
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Historical background of Long Term Agreements (LTA’s)


•
 


The LTA concept


•
 


The LTA process and instruments


•
 


The LTA results


•
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SenterNovem


•
 


Wide spectrum of products like developing policies,  
monitoring and managing subsidy schemes


•
 


Agency of the Dutch Ministry of Economic Affairs


•
 


We help to convert policy into reality either as programme 
manager, participant or programme adviser
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Historical background of the LTA


•
 


Beginning of the 90’s shift towards co-makership
 


between 
Government and Industry


•
 


1989 National Act on Energy Conservation  -> substantial 
reductions [start of the LTA programme]


•
 


Structural concept for co-operation = LTA
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The concept of the LTA


•
 


Energy efficiency: (energy consumption in year X ) / (specific 
energy consumption in the reference year* production in year 
X)


•
 


Participation on voluntary base, but with some obligations


•
 


Broad commitment from Industry and additional (financial) 
support by Government


•
 


LTA is generic approach with the advantage of :
 -


 
maximum room for initiatives of industry;


 -
 


possibility for custom made solutions (sector specific);
 -


 
time frame for implementation set by industry;
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Parties involved in the LTA 


Ministry of 
Economic Affairs


Ministry of Housing, 
Spatial Planning 
and environment


Ministry of 
Transport


Ministry of 
Agriculture


Individual 
companies


Sector organisation


Governmen
 t


Intermediary 
(SenterNovem


 )


Industry


Consultant
 s Sector research 


organisation


Competent 
authorities 


(local or provincial)


Ministry of 
Economic Affairs


Ministry of Housing, 
Spatial Planning 
and environment


Ministry of 
Transport


Ministry of 
Agriculture
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The LTA process
Energy Policy instrument


Sector selection


Willingness of Industry


Letter of Intent


Sector Inventory


LT Energy efficiency Plan


Long Term Agreement


Industry’s and Government’s further steps 
towards a LTA


Energy consumption and technologies


Measures, research, monitoring, knowledge 
transfer 
Considerations, parties, definitions and 
targets, tasks, consultation, withdrawal
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LTA in practice


•
 


Energy Conservation Plan:
 -


 
energy consumption analysis


 -
 


tenergy
 


measures to be taken, eventually any pre-conditions
 -


 
formal document signed by management


•
 


Monitoring:
-


 
yearly data collection on energy consumption and measures


 -
 


data used to provide sector and company’s reports


•
 


Energy Management System:
-


 
integrated part of management of the company


 -
 


continuous focus on energy cost reduction
 -


 
based on ISO standards
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LTA in practice


•
 


Implementation is facilitated by Governmental support:
 -


 
tools and expertise through SenterNovem 
- subsidy schemes


 -
 


fiscal instruments like “Energy Investment Allowances”


•
 


Obligatory elements of the LTA are starting point for activities
 on company and sector level (working groups)


•
 


Communication is important:
 -


 
for participants of the LTA


 -
 


for a broader audience
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LTA publications
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LTA results 1989-2000


•
 


44 sectors of which 29 industrial [1250 companies] 


•
 


Covering 90 % of the Industrial energy consumption (547Peta 
Joule)


•
 


22,3% average energy efficiency reduction
 [ nearly 5 billion m3 gas/year]
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LTA results 1989-2000 (2)
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From LTA 1-> LTA 2


•
 


Energy intensive companies-> Benchmarking covenant
 [ www.benchmarking-energie.nl]


•
 


LTA 2 for medium (and smaller) sized industrial businesses, with
 the introduction of “Expansion themes”


 
, see


 www. Senternovem.nl/lta
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Future of the LTA


•
 


CO2
 


emissions trading and LTA 2 will most probably go together 


•
 


Energy Service Directive implications are looked at for the LTA 
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Conclusions


•
 


LTA has shown to be a successful instrument


•
 


Implementation in other countries needs adaptation to energy 
policy and industrial structure


•
 


SenterNovem can assist, but major efforts have to be made by 
Government and industry
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Long-Term Agreements on Energy Efficiency


What is the Long-Term Agreement (LTA) concept?
A LTA is a voluntary agreement  lasting several years. On the one side, industry plans and carries 
out energy-saving policies. On the other side, government creates the right conditions – in terms 
of finance, organisation and regulation – for industry to achieve this. An independent organisation 
monitors the agreement.


Why export LTA know-how?
With more than 2% improvement in energy efficiency every year, the Dutch approach is recognised 
internationally as an effective policy.


How can the Dutch assist?
1: Create support
Share the Dutch experience of the LTA approach to bring government and industry together to 
make a committed partnership.
2: Establish rules and tools
Assist industry in developing energy efficiency targets, and government in establishing incentives. 
Procedural and organisational issues are worked out for the organisation to monitor the LTA. The 
LTA agreement is signed. 
3: Implement the agreement 
Provide practical information for industry and government to ensure they meet their side of the LTA. 
Assist the independent organisation in its tasks. 


Who takes part in a LTA?
The main government player is the Ministry that is responsible for energy policy in industry. 
Environment and Finance Ministries can also be involved. In industry, players range from individual
companies to branches of national boards and associations.


More information?
If you would like to know more, call +31 (0)30 239 35 33 or go to www.senternovem.nl/lta


In close collaboration with:








Vladimír Halaj , Peter Červenka:
MIRER- Regulation System of the
ZSSK Cargo Slovakia







Content


• Railway network in Slovakia and description of
traction systems


• Introduction of locomotives - series 131 and 125.8
• Potential of effective control of locomotive 131
• Potential of energy savings with regard to locomotives


series 125.8 
• Block scheme of MIRER (RDS) regulator
• Next steps







Railway network in Slovakia







Locomotive 2x131 pulling the freight train







Locomotive 2x125.8 in  depot







Locomotive 2x2x125.8 in freight operation







Description of
traction circuits
of locomotive
131







Main limitations in operation


• Line speed limit
• Maximum tractive effort 350 kN (for normal gauge)
• Adhesion coefficient
• Maximum one hour current of traction motors
• Maximum current of limiting resistors
• Longitudinal dynamics
• Braking distances
• Voltage in OHL







Power regulation of twin locomotive 131 045/046
weight of train 871 t, line section Žilina-Kraľovany







Regulator Mirer 8031-Position of the main controller of locomotives
131.045 (master- on parallel) and 131.046 (end section-on serial step)







Philosophy of regulation MIRER 


New state:
• In order to maintain of the required speed of 60 kph loco 131 045 was


adjusted on the economical parallel step and loco 131 046 on the
economical serial step of traction motor groups.


• For that speed loco 131 045 provided traction effort 54 kN and131 046 
provided 10 kN.


• Both sections were operated on the economical steps without any
losses in resistors.
Previous state:


• In the case of equal control , on the serial economical step, the speed
of train on this section of line would be 48 kph only.


• To maintain the speed of 60 kph the 26th parallel resistor step should
be adjusted with resistor value of 3,65 Ω for each TM group with
current of 160 A per each TM group.


• Total power losses in resistors would be 1602x 3.65 x 4 = 373.760 kW.  







Driver's desk of locomotive 131







Detail of the display of locomotive 131







Relative altitude and speed limits
of Maťovce – Haniska p.K. line
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Power losses in resistors of 4 x locomotive 125.8
line  Maťovce – Haniska pri Košiciach,  weight 4,184 t
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Power losses in resistors of 4 x locomotive 125.8
line  Haniska pri Košiciach – Maťovce, weight 1,995 t 
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Block scheme of MIRER/RDS regulation of locomotive 125.8







Detail view to 
display of
locomotive
125.8







Driver's console of locomotive 125.8 with MIRER/RDS display







Power losses in resistors of 4 x locomotive 125.8
Results


• Total average energy consumption for one pair of trains on line 
Maťovce – Haniska –Maťovce is 9,204 kWh


• Energy losses in resistors for one pair of trains are 2,568 kWh , i.e. 
27,9 % of total consumption


• Potential decrease of energy losses with MIRER/RDS approx 42,0 %, 
i.e. savings of 11,7 % of the total energy consumption


• Average number of trains: 7 pairs /24 hours
• Losses in resistors 2,568 x 7 =17,976 kWh/day
• Losses in resistors 17,976 x 365 = 6,561 MWh/year
• Price of DC energy: 4.2 SKK /kWh (approx. EUR 0.13/kWh)
• Total potential savings: 0.42 x 6,561=2,755 MWh
• Total potential savings:  2,755 MWh x 130 = EUR 358,231/year
• Average costs for installation of MIRER/RDS on 1 section: EUR 30,700
• Costs per fleet: 42 x 30,700 =EUR 1289,400
• Investment return time: 3.6 year







Next steps


• To extend the field shunting steps on serial arrangement of
TM groups.  


• To continue in installation of MIRER/RDS regulation onboard
locomotives 125.8


• To contiue with training of drivers and to check their results
concerning the energy meters installation.







Thank you for your attention
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Evaluation and Monitoring of Railway 
Energy Efficiency Projects


Energy Best Practice Day


12th March 2008, Ljubljana


Gregor HRIBAR, GENERA LYNX d.o.o.







Schedule
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Schedule


• Who were are and
what we do
in railway sector


• .
• .
• .
• .
• .
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What we do


• We
– identify energy savings potencial, 
– monitor and evaluate energy consumption


and energy savings


for electro and diesel fleet.
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Schedule


• .
• How it started
• .
• .
• .
• .
• .







To monitor
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Feedback
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Some benefits


• permanent analysis
• charge the locomotives 


in equal shares
• positive effect on 


maintenance 







TRAINER
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Schedule


• .
• . 
• Implementation of the monitoring systems
• .
• .
• .
• .
• .







Parts of the Monitoring system
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GPRS







Power 
substation


Power 
substation
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With w/out traction energy measurements
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Soft system framework


• The system should fit to 
the company: 
– Smaller the company, 


simpler the usage
– End-user-oriented 
– Outsourcing
– A process, not a project
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“Hard” system framework


• Data types:
– Train identification, 


properties
– Speed and location 
– Other data
– Energy data 


• Data have to be available in 
adequate time resolution
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Energy data management systems


• Energy data management 
(EDM) systems, developed 
for utilities and industry, 
are not adequate for railway 
energy efficiency analyses
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Schedule


• .
• .
• .
• Billing as an opportunity
• .
• .
• .
• .
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Billing : Energy Efficiency Monitoring


• A quite costly funnel for
invoices


• Supported by energy
management pays in one 
to four years


• Great opportunity for EE 
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Energy Efficiency Monitoring : Billing


• Useful for EE analyses
• Time resolution
• Consumption and 


production data
• Driver advice systems
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Schedule


• .
• .
• .
• .
• Evaluation of variables & Allocation of 


responsibility
• .
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Variables that influence on consumption







Variables that influence on consumption
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Variables that influence on consumption
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Performance Indicators


• Enable comparison 
and benchmarking


• Ultimate indicators 
of success


• Training, 
Organization, CEO 
commitment
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Allocation of responsibility


• Buildings: facility
manager


• Industry: energy
manager


• Roads: driver
• Railways: drivers / 


traffic control
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Schedule


• .
• .
• .
• .
• .
• Methodology
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Questions before and during the process


• What will be the
savings (kWh, €, 
CO2)?


• What are the savings
(kWh, €, CO2)?
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High risks of energy efficiency projects


• railway operators vary
• difficult to estimate 


potential savings
• need to allocate


responsibility







www.genera-lynx.com ℡ +386 1 24 25 766     � +386 1 24 25 767


Methodology mitigates risks


• A transparent and reliable 
methodology for
– estimating
– monitoring and verifying


• lack of such a methodology
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Good methodology


• reasonable and 
defensible


• providing credibility and 
certainty


• transparent and 
documented


• consistent
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Existing methodologies


• International Performance 
Measurement and Verification 
Protocol IPMVP


• ASHRAE Guidelines 14 
• Recommendations by


CEN/CLC BT JWG “Energy 
management” (2005-03-31)


• (EMS for railways)
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Adapting existing methodology


• Faster development, 
less pitfalls


• Lower transaction 
costs and speed up 
the implementation


• Use already-available 
energy data (billing!)
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IPMVP: Methodology steps


M&V Plan


Baseline - measure conditions


Measure post-retrofit conditions


Project post-retrofit energy


Baseline – projected use=savings


Report


Pre-retrofit
steps


Post-retrofit
steps
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Thanks for your attention!


Gregor Hribar
gregor.hribar@genera-lynx.com
+38 64 19 88 548 


• Visit, comment: www.railway-energy.eu


www.genera-lynx.com ℡ +386 1 24 25 766     � +386 1 24 25 767








Monitoring Of Energy (The metering 
system of ZSSK CARGO)







Contents


• ZSSK CARGO - Introduction


• Questions at beginning of the project - Why did we start 
measuring?


• Pilot project


• 2. phase of the project


• Next steps to become more effective
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ZSSK CARGO - Introduction


• ZSSK CARGO - found on January 1, 2005 by splitting a former 
passenger and freight traffic operator – Železničná spoločnosť, a.s. 


• Its founder and 100% shareholder is the Slovak Republic 


• The mission - to provide reliable, safe, ecological and costs 
friendly rail freight transport services focused on needs and 
requests of our customers. 


• Our vision - to be a dynamic, progressive and generally respected 
transportation company with a stable share at the transport market
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ZSSK CARGO - Introduction


• Number of employees: 10 813 (31.12.2007)
• Number of wagons: 15 319 (31.12.2007)
• Number of locomotives:


• Diesel: 466
• Electric     - AC 85


- DC 209
- AC/DC 23


• Annual turnover: 
• Volume of traffic: 49,154 mil. tons
• Railway market share: cca 95%
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Questions at the beginning of the project


• Why to start measuring energy consumption?


• What kind of data to measure?


• How often to measure data from locomotives?


• Which locomotives to equip with metering system?


• How many locomotives to equip?
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Why to start measuring energy 
consumption?


• New situation at the energy market - Liberalization 


• To get information about real consumption


• To prepare energy plan based on real data


• To optimalize purchase of electricity


• To influence our consumption


• To save costs for energy


• Energy billing
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What kind of data to measure?


• Energetic parameters
Consumption - kWh
Consumed power - kW


• Qualitative parameters:
Voltage, frequency


• AC (25 kV, 50Hz)
• DC (3 kV)


• Additional parameters:
Position
Speed


Bratislava, March 2008


How often to measure data?
• Voltage, current - 15 minutes intervals
• GPS position, speed – 1 minute intervals







Which series of locomotives to equip? 
How many locomotives to equip?
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131.019/020-2/0


183.016-5


210.007-1


125.821/822-9/7


110.033-8 363.141-3


240.017-4







1st phase – Pilot project - Plans


• 2006 -2007


• To install  metering system on 7 series of locomotives


• To verify possibility of realisation of suggested technical solution


• To build centre of energy data collection


• To establish a simple energy dispatching centre


• To examine a possibility of data transmission from locomotive to 
centre data collection
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Measuring system scheme
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Meter 


EM4T


GPS receiver


Voltage transducer


(Umin, Ustr, Umax)


Skalar


FTP server (Centre of data collection)


EDW 3000 (control of data, export)


LAN


Energy dispaching centre


Klient EDW 3000


15 min


10 min


1 min


VPN,G
RPS


15 min







Pilot project - analyse
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• Energy consumption analyse
Consumption per track section
Consumption per 1000 brutto tkm


• Comparing of consumption of locomotive  running on the 
same track section with the similar weight with regard to:


Speed restrictions
Unexpected stop
Style of driving – ecodriving


• Number of analysed trains: cca 300
• Analyse period: 3 months
• Source of data:


EDW – consumption, GPS, speed data
IRIS-N – information system belonging to infrastructure 
manager – weight, position (running)







Important detection – 15 minute measuring interval is too long
Reason: It is impossible to allocate consumption to a concrete track 
section
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Pilot project - analyse







Start
Finish
Metering 15 min
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Pilot project - analyse







Weight: 1334 tTrain No: 067531


Pilot project - analyse
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231879 kWh15:001879 kWh15:0083 km15:00


-1533 kWh14:51?14:5175 km14:51Šaľa
Finish


-111361 kWh14:451361 kWh14:4567 km14:45


-
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:1`:15`::


-0 kWh12:000 kWh12:000 km12:00Štúrovo
Start


Difference
%ConsumptionMetering 


1 minConsumptionMetering 
15 minDistanceTime


AfterBefore







Pilot project - analyse
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• Energy consumption analyse
Consumption per track section
Consumption per 1000 brutto tkm


• Comparing of consumption of locomotive  running on same track 
section with the similar weight with regard to:


Speed restrictions
Unexpected stop
Style of driving – ecodriving


• Number of trains: cca 300
• Analysed period: 3 months
• Used data:


EDW – consumption, GPS, speed data
IRIS-N – information system of infrastructure manager – weight, 
positon (running)







Pilot project - analyse
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Analyse of consumption on the individual track sections:
• Dividing of track sections based on infrastructure manager´s


regulations (SR70) 
Used for monitoring of operational performance, costs 
calculations
Some sections are too long


• Used of own criteria:
Division for shorter sections – with regard to SR 70 and 
grade of the track


• Criteria:
Consumption per kilometer of the track
Consumption per 1000 brutto tkm
For every locomotive







Energy consumption – DC locomotive 131.019/020 
(kWh/1000 brutto tkm) - East - West
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Pilot project - analyse







Pilot project - analyse
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Simple profile of the track: 


Spišská Nová Ves – Liptovský Mikuláš
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Energy consumption – DC locomotive 131.019/020 
(kWh/1000 brutto tkm) - West - East
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Pilot project - analyse







Pilot project - analyse


Bratislava, March 2008


Simple profile of the track: 


Spišská Nová Ves – Liptovský Mikuláš


West - East 
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Pilot project - analyse
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Comparing of consumption of locomotive  running on the 
same track section with the similar weight  with regard to:


Used data:
• Track section


• Track profile


• Locomotive


• Weight of train


• Number of axles


• Speed profile


• Energy consumption







2:272:22Time
104 km104 kmDistance


301394 kWh1979 kWhConsumption
80152Number of axles


736 t400Weight of train - netto
1316 t1323 tWeight of train - brutto


27.2.200814.1.2008Date


Difference %Train No: 2Train No: 1
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Pilot project - analyse
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Pilot project - analyse
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104 km104 kmDistance


301394 kWh1979 kWhConsumption
80152Number of axles


736 t400Weight of train - netto
1316 t1323 tWeight of train - brutto


27.2.200814.1.2008Date


Difference %Train No: 2Train No: 1
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Pilot project - analyse
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Pilot project - analyse
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Pilot project - analyse


Train No. 2
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Pilot project - analyse
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Pilot project - results


• Construction of energy data collection centre
• Construction of simple energy dispatching centre
• Examination of possibility of data transmission from locomotive to 


data collection centre
• Map application
• Positive statement of distributor to solution of trade measuring
• Approvement of metering system equipped locomotives by 


Regulation Office
• Generation of minimal archive of electricity data consumption
• Segmentation of track sections according to consumption
• Setting conditions for further continuation of the project


Bratislava, March 2008







2nd phase of the project


Bratislava, March 2008


Period: 2008 – 2009
Objectives:
• Establishment of a complex energy dispatching centre
• Equipment of 297 locomotives by measuring system
• Connection of information operational system (ZSSK CARGO) to 


information system of Energy dispatching centre
• Elaboration of the energy consumption plan for the next period
• Agreement between ZSSK CARGO and distributor on mutual data 


exchange and their acceptance
• Creation of a system for:


Forecasting and planning of electricity supply
Enclosing contracts on electricity purchase and distribution
Short-term contracts to minimize discrepancies
Billing of discrepancies
Electricity consumption optimization







Elaboration of Energy Consumption Plan (ECP)


Bratislava, March 2008


Why to prepare it?
• Information about consumption profile
• Input data for energy consumption planning in long and short 


term


Source data:
• EDW information system


1 minute data about consumption
1 minute data about GPS position
1 minute data about speed


• Track section data – ŽSR
• Planned Train Traffic Diagram (TTD) - ISP
• Real accomplishment of  TTD – ISP







Elaboration of Energy Consumption Plan (ECP)
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Analyse of planned TTD
• TTD prepared by  ŽSR
• TTD elaboration


In consecutive steps
Considering the operators demands
Considering infrastructure capacity
Considering long term restrictions – modernisation


• New TTD is similar to the last one TTD  (90 – 95%)
• New TTD is imported to the information systems few days 


prior to its validity 
• For purposes of elaboration of the next year Consumption plan –


late term
• Conclusion 


Check possibility of preparing a preliminary „TTD“ within 
ZSSK CARGO
Use of the actual TTD as a base brick to prepare Energy 
Consumption Plan for the following next period







Elaboration of Energy Consumption Plan (ECP)
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Analyse of real TTD
• Differences between the planned TTD and real performances


Reasons:
Stochastic character of freight transport


• ZSSK CARGO
Only small % of the trains running according to TTD – logistic 
trains
Technology of wagons gathering– mostly weight principle


• ŽSR
Restriction on the track, modernisation
Priority of passenger trains
Preference of carriers having ordered train path







Elaboration of Energy Consumption Plan (ECP)


• Infrastructure manager’s Information system
• Number of trains in the individual railway stations


Per day
Per week
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Number of trains at the individual railway stations







Elaboration of Energy Consumption Plan (ECP)


• Infrastructure manager’s Information system, ZSSK 
CARGO information system 


• Weight of trains on the track or at the station
Per day
Per week
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Load distribution
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ZSSK CARGO ways to improve energy
efficiency 


Bratislava, March 2008


1. Change of train positions in the planned TTD


• Block  trains
Running according to customers requirements – logistic 
trains, coal 


and iron ore trains
Running in regular intervals, 2-4 times per day


• Relation trains
Possibility of position change - in case of just 1 train 
In case of more trains per day – it would cause breaking of 
the period


• Handling and private-siding trains
According to customer’s requirements
Gathering of loaded wagons







ZSSK CARGO ways to improve energy 
efficiency


Bratislava, March 2008


2. Train formation technology adaptation
more trains formed upon time principle


3. Ordering of train path for fixed time


4. Negotiations with infrastructure manager on setting of green  
lines for settled trains on settled track sections


5. Increase of loco-driver’s skills efficiency







Thank you for your attention!


krigovsky.branislav@zscargo.sk
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CRV & AVV


System characteristics
Vehicle Central Computer - CRV
Automatic speed control - ARR
Automatic Train Operation – AVV
(Target braking control, Travelling time control)
On-track orientation, Cooperation with ETCS
Hardware solutions, Driver – Machine Interface
Safety aspects, Tradition and Continuity
References
Detailed discussion about results in energy 
optimization


Content of Lecture:
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System Characteristics


Modular control system for all kinds of vehicles
the only condition is electric control of propulsion and 
of train pneumatic brake


suitable for new vehicles and also for reconstructions
now in operation on vehicles


electric (with DC and AC drives)
dieselelectric
dieselhydraulic
dieselhydromechanic


used on almost 200 vehicles of 10 different classes
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Basic Scheme
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Proportional Traction - PT


Universal control signal (range -100% to +100%)
Respects the traction curve of given vehicle
Does not allow the unfulfillable request, prevents 
the wind-up effect


Enables multiply 
traction of 
vehicles of 
various types, 
outputs and 
tractions in one 
train. 







DemoTour II, Bratislava, 14.03.2008 6


Vehicle Central Computer - CRV


Ensures Automatic speed control (ARR), manual control 
and brake cooperation.


Optionally it can be extended by:
train bus node for multiply traction (Czech National 
train bus, WTB)
radio distant control
distant I/O control
Redundant control computer - NRV


It can cooperate with
Vehicle diagnostic computer - DPV
Self-standing controller for diesel-electric 
transmission control
Automatic train operation system - AVV
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Automatic Speed Control - ARR


Control of tractive force and dynamic brake
Control of pneumatic train brake
The reaching of new speed value is aperiodical
(no over- or underrun)
In case of driver’s manual intervention ARR stays 
in operation, but accepts the intervention
Speed is controlled in range from 2 km/h to Vmax
(at present, 200 km/h for ŠKODA 109E 
locomotive)
typical accuracy 
is better than
±1 km/h
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Automatic Speed Control


Extended functions: e.g. to check when end of the 
train passes the point with higher speed limit (train 
length is set by driver)
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Brake Cooperation (blending)


Automatic start of dynamic brake by activating of 
train pneumatic brake
Supplementation of dynamic brake by pneumatic 
brake (in high speed, if necessary), brake blending 
(in low speed)
Simultaneous 
braking by 
dynamic and 
pneumatic brake 
on 1 axle
Smooth exchange 
between both 
brakes
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Automatic Train Operation - AVV


Target braking control
Travelling time control / energy optimization
Based on on-board Route map and Time Table
Track orientation using information points
Cooperation with ETCS
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Target braking control - RCB


Ensures automatic target braking to:
track speed limits
signals with ”Stop” aspect or with speed-restrictive 
aspects
platforms of halts and stations (by train’s head, 
middle or tail)
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Target braking control


Basic function: to lead the train to speed restrictions and 
to achieve a new value not earlier, not later, and with 
acceleration just sunk to zero (no underrun)
Extended functions: e.g. to check the actual speed limits 
and not to allow driver to exceed them


Typical accuracy:
±1 m on railway
±0.1 m on subway (metro)


Arrows indicate 
the real stopping 
on door center of 


several trains
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Target braking control


-2 -1 0 1 2


A


B


Rheostatic brake Rheo. br. + external influence Pneumatic brakeThe statistics of 
stoppings of EMU 471 
– two trains, different 
stations:


A – dry rails, 
train Nr. 9355,
22. Mar. 2000


B – wet rails, 
train Nr. 9308,
28. Mar. 2000


(X-axis in meters) 
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Travelling time control - RJD


For energy-optimal course of train running, with just-
in-time arrival
typical accuracy of stopping: ±5 seconds
energy savings 10-30% (ERRI measuring)


Variant solutions for
often stopping trains (passenger trains, suburban 
trains, metro)
seldom stopping trains (fast trains, express trains, 
goods trains)
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Travelling time control / 
Energy optimization


Basic function: to lead the train to the nearest station just 
in time (if possible) and with lowest energy consumption, 
this is ensured by on-board computing of train equations 
and setting the coasting (power off) when it is actual 
Extended functions: e.g. to correct the estimated traffic 
situation according the actual one using radio data 
transmission


More 
informations in 
the second part 
of the lecture
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On-board Route map & Time table


Route map contains all static information about the 
line:


positions of track speed limit desks
positions of signals and switches
positions of platforms
positions of gradient changes


Time table contains all information about train 
schedule:


list of stations and halts in which the train stops
arrival and departure times
prescribed speed for individual line sections


30.985  BOD      Z=15Z
31.005  BOD      I=NSSN/JNNS/SSSJ


; stanice Hostejn
SHosSt:         STANICE  15,120,120,0


31.015  BOD      N=ZL
ZHLAVI   1,4


NSSN/NSJN/JJJS, SHosK1
NJJN/NJSN/JJJS, SHosK2
SNNS/SNNJ/JJJS, SHosK3
JNNJ/JNNS/JJJS, SHosK4


SHosK1: 31.265  BOD      N=KSL
31.310  BOD      R=100 ;/130
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On-track (on-network) orientation –
information points


Information point gives unique 
information about position of train 
on railway network and about 
direction of running (similar to 
balise ID).
Other static information are taken 
from route map (for any distance 
ahead the train).


During migration to 
ETCS, MIB-6 information 
points are used in the 
Czech republic.
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Cooperation with ETCS


AVV cooperates with ETCS:
using LRBG and LPBG for on-track orientation 
(instead of MIBs)
using its static speed profile (SSP), converting to 
dynamic speed profile (DSP) and its realisation
providing TIU functions for service braking


Cooperation with ETCS is tested on locomotive 
362.166 and EMU 471/971.007
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Man – machine interface


CRV & AVV minimizes the number of controllers 
necessary for control of vehicle:
6-positions “Master controller” for traction, dynamic 
and pneumatic brake control
Keyboard for required speed setting and signal 
aspects setting or specifying
Graphical display (with softkeys or touchscreen)


Driver’s desk on 
diesel railcar Dm12 for 
Finnish railways
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Safety aspects


In accordance with EN 50155 and others
For loco 109E, CRV&AVV is designed as SIL 1 device


I/O units with internal diagnostics
short circuit and load-off detection
switch break-through detection


Dual watch-dog signal
Relay disconnection of output signals


controlled by watch-dog


External addressation on I/O units
no possibility of wrong setting after unit change
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Tradition and Continuity


first works had started in 1960’s
experience of over 200 man × year
over 500 successfully operated analogue systems 
until 1990
problemless migration from analogue to digital 
technology
active cooperation 
with vehicle 
manufacturer 
during activating 
and “debugging” of 
control system 
(vehicles for ČSD, 
ČD, SŽDC, VR, DP-M, 
JHMD)


Author of this 
paper during test 
of multiply control 
of Dm12 railcar
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Operational Reliability


generic kernel is tested by over 12 years of 
everyday operation
active cooperation during design and development of 
vehicle
huge laboratory testing using 
physical model of vehicle (so 
called “rest of the world”)
„install and run“ – in few 
days ready for operation


“Rest of the world”
for control system


of loco 109E







DemoTour II, Bratislava, 14.03.2008 23


HW solution & References


Complex solutions
cover all functions related to control
diesel railcars and driving cars 843/943
(ČD)
diesel railcars Dm12 (VR)
diesel locos T47.0 (JHMD, reco) and 754 
(ČD)
loco 362.166 (reco of control system, 
cooperation with ETCS)


Integral subsystems
of host control system


EMU 471/971 (ČD)
electric locos 109E (ŠKODA for ČD)


Self-standing systems
on vehicle bus (CAN open, MVB)
metro cars 81-7171M (DP-M)
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Diesel Railcars and Driving Cars 843/943


31+11 installations, HW MSV Studénka
16-bit RISC processor Infineon 80C166 @40 MHz
automatic speed control ARR
brake cooperation, wheel slip protection
multiply traction using UIC cable
on-board diagnostic system DPV
(plus next 32 installations 
on intermediate coaches 043)
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Diesel Railcars Dm12 VR


16 installations, HW MSV elektronika
32-bit RISC processors Fujitsu 91F362 @48MHz
automatic speed control ARR
control of dieselhydraulic transmission, brake 
cooperation
interface to train protection system EBICAB
multiply traction control
on-board diagnostic with powerful help system


“Snowman” in 
Vienna testing 
center Arsenal: 


-40°C and
successful start!
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Diesel Locomotives T47.0 JHMD (CZ)


reconstruction of ČKD narrow gauge locos from 1953
3 installations, HW MSV elektronika
32-bit RISC processor Fujitsu 91F362 @48MHz
automatic speed control ARR
dieselelectric transmission 
control
multiply traction
integrated tachograph and 
driver’s vigilance check
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Diesel Locomotives 754


reconstruction of ČKD locomotives from 1975
3 installations (next in progress), HW MSV 
elektronika
32-bit RISC processor Fujitsu 91F362 @48MHz


automatic speed 
control ARR
dieselelectric
transmission control
multiply traction
integrated tachograph
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Electric Suburban Unit 471/971


35+35 installations, HW UniControls
32-bit CISC processor Motorola 68C360 @20MHz
automatic speed control ARR
target braking control
travelling time control / energy optimization (for often 
stopping trains)
brake cooperation with blending, wheel slip protection
one installation with cooperation with ETCS 
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Electric Locomotive 362.166 


reconstruction of control system of ŠKODA loco
1 pilot installation, HW MSV elektronika
32-bit RISC processor Fujitsu 91F362 @48MHz
automatic speed control ARR
target braking control
travelling time control / energy optimization
(for seldom stopping trains)
brake cooperation with 
blending
multiply traction control 
(prepared)
cooperation with ETCS
(ATO uses SSP and realizes 
Service Brake command)
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Electric Locomotives 380 (ŠKODA 109E)


2 installations in progress, HW MSV elektronika
32-bit RISC processor Fujitsu 91F362 @48MHz
automatic speed control ARR
target braking control
travelling time control / energy optimization (for 
seldom stopping trains)
brake cooperation with blending, wheel slip 
protection
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Metro Trainsets 81-7171 M


50 (+ next 6 this year) installations, HW UniControls
32-bit CISC processor Motorola 68C360 @20MHz
automatic speed control ARR
target braking control
travelling time control / energy optimization (for 
often stopping trains)
cooperation with ATP system SOP2-P, operational 
time headway 90 s
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Short break


Let’s have few seconds break before second 
part of lecture...
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Travelling time control / Energy 
optimization


3 possibilities how to enlarge 
travelling time:


A) using coasting
B) limiting of Vmax
C) decreasing of acceleration
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Energy optimization - results


Real measurings of energy consumption of often stopping 
train in Wh/t.km


Using coasting (case “A”
in previous snap) is the 
most efficient way for 
energy optimization


Loco 242.256, 
Train 300 t, 
Ls = 3770 m, 
Gradient = + 5‰
measured in 1989
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Energy optimization - results


Real measurings of energy 
consumption of often 
stopping train


Loco 163.034,
Train 7 x Bte,
Route Praha – Kolín 
(62 km)
measured in 1992
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Energy optimization - results


Typical course of running 
between two stops for 
driver (“strojvedouci”) and 
ATO (“optimalizator”) 
at the same running time.







DemoTour II, Bratislava, 14.03.2008 37


Energy optimization - results


Loco 380
Train 350 t
simulation 2007
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Energy optimization - results


Loco 380
Train 350 t
simulation 2007
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Driver’s Display


Real view (hardcopy) of 
driver’s display in ATO 
mode on loco 163.034
(1991)
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Driver’s Display


View of driver’s display in ATO mode on EMU 471
(test picture, 1998)


Picture also contains the 
tachograph elements
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Driver’s Display


Display on 
loco 362.166 
in ATO mode.
Snap was taken 
during tests, when 
the whole control 
system was 
switched to testing 
mode. It is very 
useful for testing, 
teaching the 
drivers, searching 
the failures etc.
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The End


Thank you for your attention.
Please if you have questions, don’t hesitate to 
ask now or send us your questions later.


Lieskovsky.Ales@azd.cz
Myslivec.Ivo@azd.cz


We also thank to all authors of used photos.
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Plan - Do - Check - Act
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A good method for structurally establishing an improvement program is implementing the Plan-Do-Check-Act (PDCA) cycle method developed by Dr. W. Edwards Deming. To the right, you can see the PDCA cycle in its most comprehensive form. 


The following stages can be distinguished:


P L A N plan (determine the desired output, the standard)


During the planning or negotiation stage, a plan is drawn up that includes the results you wish to achieve (reference value) and how you plan to do so. It also takes into account any frameworks imposed on the process as a precondition. Each result is clearly defined based on ‘smart’ objectives or standards. It also determines how the objectives will be measured via performance indicators (PI). 


· Are the objectives specific, measurable, acceptable, realistic and time-restricted? 


· Have the objectives been drawn up based on the interests of various stakeholders (shareholders, employees, clients, corporations) and has a balance been achieved? 


· Do you have adequate means available (money, training)? 


D O  implement (realise and register the output)


All executive activities of the process take place during the ‘Do’ stage. The approved plan from the previous stage will be the starting point. During the implementation of the plan, the predefined performance indicators are measured continually. For regular, operational processes, the activities during the ‘Do’ stage are generally divided among several subprocesses.


How to measure? (registering facts/measuring (gathering relevant information)) 


C H E C K  monitor (compare reality against standard)


The ‘Check’ or acceptance stage compares the actual results against the planned results ('gap'). The differences are assessed and the causes for these differences are examined. 


· Have the objectives been achieved (in accordance with preconditions such as timeframe, money, quality) 


· Are any points for improvement monitored (and will another check be carried out)? 


· Is the information complete, on time and reliable (aspect of administrative organisation) 


R E – A C T  adjust (evaluate and intervene)


The ‘Act’ stage is comprised of two stages; re–act and pro–act. If progress indicates that adjustments may be necessary, then these adjustments are made during the ‘Re–act’ stage. Management (as the owner of the process) will intervene and take measures to achieve the initially planned results as yet. 


· make a decision about intervening based on plan versus realisation 


· actual intervention c.q. adjustment 


P R O – A C T  design


The ‘Pro–act’ stage is a preparatory stage and is essentially about researching new potential result areas and designing potential intervention strategies that can be implemented by the management during the re–act or plan stages. The pro–act stage is only distinguished separately in complex operational processes. These activities are also referred to as the strategy, architecture or design function.
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A good method for structurally establishing an improvement program is implementing the 
Plan-Do-Check-Act (PDCA) cycle method developed by Dr. W. Edwards Deming. To the 
right, you can see the PDCA cycle in its most comprehensive form.  
The following stages can be distinguished: 
    
 
P L A N plan (determine the desired output, the standard) 
During the planning or negotiation stage, a plan is drawn up that includes the results you 
wish to achieve (reference value) and how you plan to do so. It also takes into account any 
frameworks imposed on the process as a precondition. Each result is clearly defined based 
on ‘smart’ objectives or standards. It also determines how the objectives will be measured via 
performance indicators (PI).  
 
• Are the objectives specific, measurable, acceptable, realistic and time-restricted?  
• Have the objectives been drawn up based on the interests of various stakeholders 


(shareholders, employees, clients, corporations) and has a balance been achieved?  
• Do you have adequate means available (money, training)?  
   
    
D O  implement (realise and register the output) 
All executive activities of the process take place during the ‘Do’ stage. The approved plan 
from the previous stage will be the starting point. During the implementation of the plan, the 
predefined performance indicators are measured continually. For regular, operational 
processes, the activities during the ‘Do’ stage are generally divided among several 
subprocesses. 
 



http://deming.org/





 
Plan - Do - Check - Act 


 
 


 
 
How to measure? (registering facts/measuring (gathering relevant information))  
   
C H E C K  monitor (compare reality against standard) 
The ‘Check’ or acceptance stage compares the actual results against the planned results 
('gap'). The differences are assessed and the causes for these differences are examined.  
 
• Have the objectives been achieved (in accordance with preconditions such as timeframe, 


money, quality)  
• Are any points for improvement monitored (and will another check be carried out)?  
• Is the information complete, on time and reliable (aspect of administrative organisation)  
   
    
R E – A C T  adjust (evaluate and intervene) 
The ‘Act’ stage is comprised of two stages; re–act and pro–act. If progress indicates that 
adjustments may be necessary, then these adjustments are made during the ‘Re–act’ stage. 
Management (as the owner of the process) will intervene and take measures to achieve the 
initially planned results as yet.  
 
• make a decision about intervening based on plan versus realisation  
• actual intervention c.q. adjustment  
   
 
P R O – A C T  design 
The ‘Pro–act’ stage is a preparatory stage and is essentially about researching new potential 
result areas and designing potential intervention strategies that can be implemented by the 
management during the re–act or plan stages. The pro–act stage is only distinguished 
separately in complex operational processes. These activities are also referred to as the 
strategy, architecture or design function. 
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Railenergy Conference 
September 23 rd, 2009, Tours  
 


1st Day of the Energy Efficiency Days 2009: 23 rd September Wednesday: 10h00 – 17h45 
 


09h00 – 10h00 Registration & 
Welcome Coffee 


Welcome to the EED 2009 and 
Introduction to Railenergy  
10h00 – 11h00 
 


Welcome to the Energy Efficiency Days 2009 (Jean GERMAIN, 
Mayor of Tours) 
 


Keynote Speech by Pierre-Etienne GAUTIER, SNCF  
 


European Railway Research and Railenergy (Bernhard VON 
WULLERSTORFF and Helene KÖPF, UNIFE) 
 


Moderators: Helene KÖPF (UNIFE) and Enno WIEBE (UIC) 
  


Panel 1 – Energy Efficiency 
Management 
11h00 – 12h00 


Railenergy Approach to System Modelling, Simulation and 
Evaluation (Mads BERGENDORFF, Macroplan) 
 


The Key Performance Indicators and the Decision Support Tool 
(Roland NOLTE, IZT) 
 


The Standard Operational Profiles – Specification and 
Verification of Energy Consumption (Markus Halder, SBB) 
 


Questions & Answers 


12h00 – 13h45  Networking Lunch + Poster Session 


Panel 2 – Innovative Energy 
Efficient Operation 
13h45 – 15h00 


Energy Efficient Train Operation – An Overview (Esbjörn 
ERIKSSON, Transrail) 
 


Energy Saving due to Optimized Traffic Flow Management 
(Markus Meyer, Emkamatik) 
 


The GEKKO system – the latest development (Peter 
BUCHWALD, DSB) 
 


Questions & Answers  
  


Panel 3 – Innovative Energy 
Efficient Trackside 
15h00 – 15h40 


Analysis on EE for Electric Traction Systems (Claudio 
SPALVIERI, Luca TRINCA, RFI)  
 


Focus on DC reversible Electric Substation (Daniel CORNIC, 
ALSTOM) 
 


Questions & Answers 
  


Panel 4 – Energy Saving On 
Board 
15h40 – 16h15 


Basic Storage components and the Re-use of waste heat 
(Christian LAUSZAT, Bombardier Transportation  
 


On Board Efficient Energy Management (Luigi ACCARDO, 
AnsaldoBreda) 
 


Questions & Answers  


16h15 – 17h00  Coffee Break + Discussions + Poster Session 


Panel 5 – Innovative Traction 
Systems 
17h00 – 17h45 
 


Medium - Frequency Traction Transformer (Jan WEIGEL, 
Siemens) 
 


Diesel hybrid system with PM-machines and energy storage 
(Christoph ADAM, Siemens) 
 


Superconducting Traction Transformer (Harald SCHMIDT, 
Siemens) 
 


Questions & Answers  
  


Summary 
17h45 – 18h00 


Summary of the Railenergy Conference 
End of the Railenergy Conference 


  


20h00 -  
 


Reception at the historic Town Hall of Tours  
Railenergy Official Dinner (Dress Code: Business Informal) 


The Railenergy Conference will be held in English without interpretation! 
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4th UIC Energy Efficiency Conference 
September 24 th - 26th 2009, Tours  
 
2nd Day of the Energy Efficiency Days 2009: 24 th September (Thursday): 10h00 – 18h30 


 


09h00 – 10h00 Registration & Welcome Coffee 


Welcome to the 4 th  UIC Energy 
Efficiency Conference 
10h00 – 10h40 
 


Welcome Speech (Jean-Pierre LOUBINOUX, General Director, 
UIC) 
 


Keynote Address from French Ministry for Ecology, Energy, 
Sustainable Development, and Town and Country Planning - 
Regional Development (Pierre-Franck CHEVET, General 
Manager - Energy and Climate) 
 


Welcome from the Host (Dominique VASTEL, SNCF) 
 


Moderator : Henning Schwarz (UIC) 
  


Session 1 – Energy Policies and 
Communication 
10h40 – 12h00 


Moderator: Wim Osterwijk (NS) 
Climate Change – The global challenge  
(Bernard Jamet, UNEP) 
 


Railways – what climate solutions can they offer?  
(Libor Lochman, CER) 
 


Global energy perspectives  
(François Cuenot, International Energy Agency) 
 


UIC Energy data: a solid base for eco-tools and communication 
(Raimondo Orsini, Sustainable Development Foundation) 


  


Session 2 – Panel Discussion 
Policies 
12h00 – 12h45 


Helping meet climate targets: how can rail fulfil its environmental 
potential?  
(UNEP, CER, SNCF, Sustainable Development Foundation, IEA) 


12h45 – 14h30 Lunch  


Session 3 - Metering, 
Management and Human Factor 
14h30 – 16h00 


Moderator: Ian Papworth 
Regulatory framework for energy metering and billing and 
implementation at Infrabel (Bart van der Spiegel, Infrabel) 
 


Energy Saving in Company Practice – Case Study 1 (Dominique 
Vastel, SNCF) 
 


Energy Saving in Company Practice – Case Study 2 (Markus 
Halder, SBB) 
 


The Human Factor of Ecodriving - The TRAINER Project (Peter 
Wilbers, SenterNovem) 


  


Session 4 – Panel discussion 
Metering 
16h00 – 16h30 


Implementation of metering systems: What is the real benefit? 
What are the challenges? 
(Infrabel, SNCF, SBB, Senternovem, Carlo Fasoli (CENELEC)) 


16h30 – 17h30 Coffee Break and Poster Presentation 


Session 5 - Technology and 
Procurement 
17h30 – 18h15 


ECO4 – Value Added Solutions for Energy Friendly Rail Products  
(Benoit Gachet, Bombardier)  
 


Procurement of Energy Efficient Rolling Stock – The ÖBB Railjet 
(Roman Schmid, ÖBB) 


  
Closing Session 
18h15 – 18h30 


Conclusion of the day (Ian Papworth) 


18h30 End of the first day of the 4 th UIC Energy Efficiency 
Conference  
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4th UIC Energy Efficiency Conference – Part II 
TRAINER Final Conference  
 
3rd Day of the Energy Efficiency Days 2009: 25 th September (Friday): 08h30 – 13h00 
 


08h00 – 08h30 Welcome Coffee 


Welcome  
08h30 – 08h40 
 


Welcome to the second day of the 4th UIC Energy Efficiency 
Conference (Henning Schwarz, UIC) 


  


Session 1 – TRAINER Final 
Conference  
08h40 – 09h45 


The TRAINER Project – Overview and Results 
(Peter Wilbers, Senternovem) 
 


• TRAINER Ecodriving Instruction Film (Senternovem) 
• Best Practice Training Programme 1  


(Bojan Dremelj, Slovenian Railways SZ) 
• Best Practice Training Programme 2  


(Branislav Krigovsky, Slowakian Railways ZSSK Cargo) 
  


Workshops  
(4th UIC Energy Efficiency 
Conference) 
09h45 – 11h30 


Introduction to the Workshops – Process, Power, People 
(Henning Schwarz, UIC) 


  


Workshop 1 
10h00 – 11h30 


Moderator: Peter Wilbers (Senternovem) 
Ecodriving Training Programmes: 
• Didactical Approach - Paul Offerman (VVCR) 
• Implementing training programmes - Jan Hoogakker (NS) 
• Overview experiences - Luigi Contestabile (Trenitalia) 


  


Workshop 2 
10h00 – 11h30 
 
Sponsored by: 


 


Moderator: Henning Schwarz (UIC) 
Traction Energy Metering and Billing 
• European Railway Energy Settlement System  - Dyre Martin 


Gulbrandsen (ERESS) 
• Metering technology for traction energy consumption - Patrice 


Huaulmé (Faiveley Transport) 
• Case Study Norwegian Railway – Jan Vetle Moen (NSB) 


  


Workshop 3 
10h00 – 11h30 


Moderator: Mads Bergendorff (Macroplan) 
Energy Efficient Non-Traction Operations  (Buildings, Stations, 
Processes) 
• Energy performance of railway facilities – Willy Bontinck 


(SNCB) 
• Energy saving for switches heating – Gerald Olde Monnikhof  


(ProRail) 
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Workshop 4 
10h00 – 11h30 


Moderator: Phil Hinde (Crossrail) 
Energy Management for existing rolling stock 
• Energy management for Parked Trains – Bryan Donnelly, 


ATOC 
• Energy Efficiency measures for the existing fleet - Christian 


Köbel (Bombardier) 


11h30 – 12h15 Coffee Break and networking 


Closing Session 
12h15 – 13h15 


Feedback from the Workshops (WS moderators) 
 


Conclusion of the Energy Efficiency Days 2009 (Ian Papworth) 


13h15 End of the Energy Efficiency Days 2009  


13h15 – 15h00 Lunch  


Technical Visits 
15h00 – 17h30 


Option A: SNCF Maintenance Workshop  
Option B: Faiveley Production Site 
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Excursion (optional) 
September 26 th 2009, Tours  
 
 
4th Day of the Energy Efficiency Days 2009: 26 th September (Saturday)  


 
 
Excursion to Loire Castles  
09h00 – 14h00 
 


Participants are warmly invited to join the Excursion to the  
 
Azay-le-Rideau Castle! 
 
Please note that the number of participants is limited!  
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RELEASE, RouteLint European Launch: Energy And System Enhancement 
Programme-part STEER, within Intelligent Energy Europe programma 
Jelle van Luipen 
March 10, 2008 


DRAFT 


 
Background 
RouteLint started as a project (named “The Master of the Rail”) to improve the co-operation between train 
dispatchers and drivers. Out of many discussion, simulations and a field trial came RouteLint, which gives 
real-time information from the dispatcher system to the drivers. 


Energy improvements of 5% are predicted and validated during the research. Many scientific papers have 
been written about this, including in the Eisenbahn Ingenieur (June 2007). These are benefits due to the 
better co-operation between dispatchers and drivers. 
In 2006 ProRail, together with NS Dutch Railways, Railion and other Dutch train operators, agreed 
implement RouteLint. In 2008 this will go live after which there will be a national roll-out. 
RouteLint. After 2008, there will be further improvements of RouteLint with integration of GPS-information 
to give better path-adherence information and speed information of surrounding trains. 
The insights is now that RouteLint can also enhance capacity at bottlenecks giving further benefits by 
making possible new time-tables, less or no expensive capacity upgrades.  
 
1. Objectives of RELEASE 
� To transfer the knowledge, experiences and insights from the RouteLint project to other European 


countries, for both train operators and inframanagers, thereby release RouteLint for European use 
� Develop ways for trainoperators and inframanagers to apply the knowledge of the RouteLint project to 


their specific situation, in order to save energy costs of operating trains (TOC) and saving energy from 
not having to build and maintain railinfrastructure (IM) 


� Helping find new uses, applications, benefits and savings by applying RouteLint, nationally and in a 
pan-European cross-border environment 


 
2. State of the art 
Across Europe, train operating companies are developing and implementing energy-efficient driving 
programmes, like TRAINER. There is a new insight that further improvements are only possible if there is 
improved co-operation between railinframanagers and train operators 
The worldview of train dispatchers and train drivers is slowly changing. RouteLint treats them as 
professional staff, with strong expertise. ICT solutions supply them with information which enables them to 
make decisions themselves with regard to punctuality and energy-efficient driving. This is a innovative 
change compared to earlier projects, which put the ICT-solutions central. 
A prerequisite to more energy improvements is to develop ways to “make” energy-efficient paths which do 
not compromise capacity in bottlenecks 
The other is that improved co-operation between train drivers and train dispatchers is necessary. The 
current way of communication using either signals or telephones is not enough for the needs of heavily 
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trafficked networks. Real-time information systems to the drivers (like RouteLint) are key to giving drivers 
more situation awareness and enabling them to make better informed decisions. 


 


3. Activities 
� Summarise the results of the RouteLint projects, by naming all relevant aspects of RouteLint to be 


developed 
� Together with TOCs and Ims, make every aspect of RouteLint country specific 
� Together  apply the relevant aspects and find ways to integrate them into a logical whole 
� Find ways to find commonality to ensure a pan-European standard for ICT-based co-operation 


between drivers and dispatchers 
� If possible, generalize the standards and start a lobby to integrate these into a new ERTMS standard 
� Develop these into a toolkit for applying RouteLint thinking for each participating country, possibly 


including a relevant simulator (i.e. TRAINER Virtual Trainer 2.0) 
 
4. What partners are required:  
� TOCs and IMs  from other European countries, both with speed-based and directional signaling 


systems 
� TOC’s and IM’s with immediate border with Netherlands, preferably Germany: for international 


passengers (NS Hispeed) and freight (Railion) 
� ICT partner with expertise in ICT, signaling, traffic management, i.e. Systransis (Zwitserland) 
� Rolling stock partner: verify and customize RouteLint solutions in the driving cabin 
 
5. What are the outcomes of the project 
- Toolkit for all participating TOC’s and IM’s to apply RouteLint principles to their own operations. If 


these are applied they could lead to: 
- Further improvements in energy-efficient driving of 5% 
- Less energy needed for building and maintaining for capacity improvements in railinfrastructure 
 
Next steps 
If, 


- you would like more information about RouteLint 
- you are interested in developing this project further 
- you are interested in participating in this project 
- you have other remarks, suggestions, etc 


Then please contact:: 
 
mr. Jelle van Luipen 
Programmamanager Innovation at ProRail 
T : +31-3-235 7342 
M : +31-6-51829024 
E : jelle.vanluipen@prorail.nl 
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Project TRAINER
RouteLint for energy efficient driving
Jelle van Luipen
October 25, 2007
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Contents


Role of ProRail in RouteLint
Why MATRICS
Applications for energy efficient driving
Experience it yourself: Upload to the MATRICS
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Very briefly: ProRail


“Dutch” Network Rail
Capacity management
Inframanagement
Traffic Management / Travel information
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The Master of the Rail


Started in 2003, to improve co-operation between 
dispatchers and drivers
Sees human as creative problemsolver, not as a 
nuisance
Using ICT: expands variety of people in the system
Many years of research and (organisation) development
Resulted in a trial in 2005
And implementation in 2008
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Why MATRICS?


Tool to “prove” idea of RouteLint to stakeholders
Tool to test ideas of drivers and dispatchers
Tool to communicatie RouteLint
Tool to further improve RouteLint
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Step 1: Bring them together
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Step 2: Do simulations
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Results of simulations
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Step 3: Experience in 
Real life
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Optimal energy efficient path


15% running time reserves
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Only 5% running time reserves


Optimal energy efficient path








25 October 2007


Michel van der Borght
Projectleader and driver


Routelint as tool
A step into the future







Routelint as tool for


Content


• Starting position of Routelint


• The Routelint in the cabine


• The effect of using RouteLint


• Animation 


• Questions
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Starting position of Routelint


• Driving is a matter of craftmanshift ( situational awareness) 


• Sees human as creative problemsolver


• Using ICT: expands variety of people in the system


• Many years of research and development


• Resulted in a trial in the trail Rotterdam-Dordrecht


• And implementation in June 2008
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Working Routelint


Routesetting steps


Trainnumber Delay


Delay (minutes)


Information inherent 
train


First train behind


Routesetting 
other trains


Leaving the planned
itinerary


Routesetting  
train


Trains in front route
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The effect of using Routelint (1)


Punctuality/Path adherence: 


• Getting back on path, also when rescheduled


• Not getting too far ahead of their path (LOSING 


ENERGY!)


Energy savings: 


• Using timetable margins to start coasting earlier 


• Anticipating conflicts by coasting and waiting for 


improvement of signal 


• Quicker switch off and break-in the traction
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The effect of using Routelint (2)


Other advantages:


• Better use of craftmanship driver, making decisions, 


• Better communication and cooperation with dispatcher 


(other types of phone calls)


• Better information for passengers about 


trainconnections


more job satisfaction







Routelint as tool for


Questions


Further information about the project or the product:


Please Contact:


Madeleine.Schellaars@ns.nl


Michel.vanderBorght@ns.nl
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The SBB Energy Saving Program
Best Practice on Energy Efficient Driving at SBB (Switzerland)


TRAINER Demo-Tour 08
Ljubljana, 12 March 2008


Markus Halder
SBB, Rail Environmental Center
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Global warming with increased public attention.
In Switzerland additional discussion about future energy
production capacities.


SBB is offering more and more traffic services.
More traction energy is needed.


Railways are offering climate friendly mobility.
Energy efficiency as crucial environmental advantage
compared to road, air, ...


The SBB energy saving program helps to keep or even 
enlarge the environmental advantage and to rise credibility when communicating it.


Systematic analyse of saving potentials show good cost/benefit-ratios of energy 
saving measures. The energy cost of SBB (around 260 Mio CHF=165 Mio. €/a) can 
be reduced effectively.


Motivation for the SBB Energy Saving Program:
Contribution to environment/climate protection plus economic benefits
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SBB energy consumption (GWh/a)
for traction and stationary processes


Final energy consumption SBB 2006 (GWh)


Traction


IPassenger Division (P) Freight Division (G)


Heating 50Hz-
electri-


city


Fuels  25
N


on-Traction


IM IMI
P
G


2298


252 193


52
(Die
sel)


1211
(Electricity: 1209, Diesel: 2) 170 888783


1827
(Electricity: 1705, Diesel: 122)


565 
(Electr.:496, Diesel:69)


P
G I


18 16


I: SBB-Infrastructure
IM: SBB-Real Estate
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Decided by the SBB board in December 2007


Official launch of the program in April 2008


Aim: until 2015 energy savings of 10 % compared to the consumption of 
2006 (savings: 230 GWh/a).


The SBB Energy Saving Program


Mit dem SBB-Energiesparprogramm anvisierte Energieeinsparungen GWh/a


0


50


100


150


200


250


2008 2009 2010 2011 2012 2013 2014 2015


G
W


h/
a


Betriebsführung
(flüssiger Betrieb)
Lokführer-
sensibilisierung
Traktion
Techn.Massnahmen
Stationärer Bereich


Energy savings foreseen due to the SBB energy saving program


optimised traffic flow


driver training


technical measures
on rolling stock
measures at 
buildings (stationary)
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Pillars of the SBB Energy Saving Program


SBB
Energy saving program


Project planning and -monitoring


Measures


Communication
• internal: motivating 


Employees


• extern:
SBB as environmental 
company,
“rail driving is 
environmentally 
friendly”


Stationary 
(buildings)


•energy optimisation of 
operation and projects


•energy efficiency 
standards for new 
buildings and 
modernisations


•Energy saving 
campaign for employees 


Traction Rolling 
Stock
• Technical Measures/ 
Optimisation of tractive
units and wagons


Traction  
Operation
• Energy efficient driving


• „traffic flow“: projects to 
rise capacity and 
punctuality in the 
network 


official launch: April 2008
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SBB Energy Saving Program
Strategy for on-board metering


10 %


consumption 
savings


5 %


projects for optimised 
traffic flow


technical measures on 
rolling stock


driver trainer/workshops 
demo CD, simulator 
lessons, ...


feedback to driver


additional motivation due to 
better transparency


need on-board 
metering


metering would 
be helpful for 
monitoring 
effects, see 
variety of 
drivers, ...


settlement 
standards


snap shots 
possible, 
lower 
accuracy 
required
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Monitoring system for traction energy consumption,
First ideas...


Server, 
Monitoring 
software


„older“ vehicles, e.g. 
NPZ


installed TEMA-Boxes, 
especially on cross-
border freight locos


„modern vehicles“


Re 460, ICN, Flirt, ...


Timetable/
Production data 
train-nr., weight, ...


Installing meter +
GPRS-transmission
- train-nr 
- speed
- consumption/recuperation


-train nr.,
- consumption/recuperation


using existing data


using on-board 
electronics, e.g. via 
Laptop-interface


for single, representative vehicles


-train-nr 
- speed
- consumption/recuperation
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Examples for technical measures on rolling stock


Improving efficiency in propulsion system: reducing losses in motors, transformers by
changing control software


Increase maximum power for electric brake


Support of suitable use of electrical and mechanical brake
– priority of electrical brake, mechanical break for support at low speed


Shut down of oil pumps for parked trains


Energy management for parked trains


Energy efficiency criteria in technical specification of new rolling stock: energy 
consumption for certain service profile have to be specified and will be validated by 
measurements  (according to methodology developed in WP 2.2 of EU-Railenergy
project)
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Pilot project at SBB GmbH (daughter company in Germany):
– Dec. 07: driver training for regional traffic on a specific route (Konstanz-Engen)
– Spring 08: evaluation of training lessons and effect on measured energy 


consumption


Comparable pilot project planned for SBB Cargo Germany for 2008


1-2 h lessons on energy efficient driving at driver instruction days
– Passenger Division: Jan – May 08
– Freight Division: April – End 08


– Content: Understanding of basic physics, effect of different driving styles on 
energy consumption at concrete examples in different regions


Next steps are to be decided: simulator lessons, feedback about consumption patterns 
to drivers, on-board display of consumption after single trip for driver, 
interactive computer program, ...


Examples for operational measures:
Energy efficient driving
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Slides from the driver instruction days 2008...


Examples for operational measures:
Energy efficient driving







© SBB • GS-BUC • Rail Envionmental Center • 12.03.2008 1111


„Optimised traffic flow“
Scenes from day-to-day railway operations


„I am sorry, I am unable to 


tell you if you are going to 


reach the train to Biel! 
Please listen to the 


loudspeaker 
announcement at the station“


“The RegioExpress to Konolfingen-
Langnau was unable to guarantee 
the connection. We a sorry for any 
inconvenience caused”


Another red signal! 
Now that I have just 


caught up 4 minutes of 
my 5-minute-delay. 
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Examples for operational measures in cooperation with traffic control:
Projects for optimised traffic flow (PIK-FARE)


Aim: optimising traffic flow especially at bottlenecks, avoid unplanned signal 
stops. Assure optimal train connections to customers.


Optimal time slot of each train in the network is to be calculated and displayed 
on drivers cabin. 


First pilot tests on one single 
track performed in 2007.


At the moment tests in region of Lucerne, 
including rescheduling of trains.
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too late:
+ 15 s


potential to save time
in this interval


well known symbols for
indicating driving
strategy


Required time saving
in this interval


next 8 minutes to come 
are displayed


Examples for operational measures in cooperation with traffic control:
Driving advice display used for the pilot test of PIK-FARE project
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„Optimised traffic flow“
The railway control loop concept
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„Optimised traffic flow“
One example at the Lucerne station


Situation: a train, 2 minutes delayed, heading to Lucerne station causes signal 
stops for other trains
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9:45:00


2517


3311


21933


668


2319


2415


3565


Train 3311 
is delayed by 2‘
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9:45:00


Scenario with
rescheduling


2517


2517


3311


21135


21135


21933


21933


2415


2415


2319


2319


3565


3565


668


668


+2‘


3311
+2‘


Scenario without
rescheduling
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9:47:30


Rescheduling: 
Train 2517 to be 2‘
earlier at bottleneck


2517


2517


3311


21135


21135


21933


21933


2415


2415


2319


2319


3565


3565


668


668


+2‘


3311
+2‘
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3311
+2‘


9:50:00


2517


2517


21135


21135


21933


21933


2415


2415


2319


2319


3565


3565


668


668


21136


21136


3311
+2‘
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3311
+2‘


9:53:00


2517


2517


21135


21135


21933


21933


2415


2415


3565


3565


668


668


21136


21136111


111


3311
+2‘
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3311
+2‘


9:54:00


2517


2517


21135


21135


21933


21933


2415


2415


3565


3565


668


668


21136


21136


111


111


3311
+2‘
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3311
+2‘


3311
+2‘


9:55:00


2517


2517


21135


21135


21933


21933


2518


2518


2415


2415


668


668


21136


21136


111


111
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3311
+2‘


3311
+2‘


9:56:00


2517


2517


21135


21135


21933


21933


2518


2518


2415


2415


668


668


21136


21136


111


111
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3311
+2‘


3311
+2‘


9:57:00


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


410


410


111


111


2517 is 2‘
earlier at bottleneck, 
result: Reordering:
2517 before 3311 
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3311
+2‘


3311
+2‘


9:57:15


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


2517 is 2‘
earlier at bottleneck, 
result: Reordering:
2517 before 3311
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3311
+2‘


3311
+2‘


9:57:30


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


2517 is 2‘
earlier at bottleneck, 
result: Reordering:
2517 before 3311
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3311
+2‘


3311
+2‘


9:57:45


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


2517 is 2‘
earlier at bottleneck, 
result: Reordering:
2517 before 3311







© SBB • GS-BUC • Rail Envionmental Center • 12.03.2008 283311
+2‘


9:58:00


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


3311
+2‘
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3311
+2‘


9:58:15


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


3311
+2‘


3320 Rerouting 1: 
HEIM-GTS: 


track 2 instead of 1
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3311
+2‘


9:58:30


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


3311
+2‘


3320 Rerouting 1: 
HEIM-GTS: 


track 2 instead of 1
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3311
+2‘


9:58:45


2517


2517


21135


21135


21933


21933


2518


2518


3320


3320


2415


2415


668


668


21136


21136


2410


2410


111


111


3311
+2‘


3320 Rerouting 1: 
HEIM-GTS: 


track 2 instead of 1
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3311
+2‘


3311
+2‘


9:59:00


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320


3320


3320 Rerouting 2: 
GTS-FMUE: 


track 3 instead of 2







© SBB • GS-BUC • Rail Envionmental Center • 12.03.2008 33


3311
+2‘


3311
+2‘


9:59:15


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


21135


21135


3320


3320


2517


3320 Rerouting 2: 
GTS-FMUE: 


track 3 instead of 2
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3311
+2‘


3311
+2‘


9:59:30


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320


3320


3320 Rerouting 2: 
GTS-FMUE: 


track 3 instead of 2


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311


3311 Rerouting: 
FMUE-GTS: 


track 2 instead
of 3


conflict stops: 1


conflict stops: 1
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3311
+2‘


3311
+2‘


9:59:45


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320


3320


3311 Rerouting: 
FMUE-GTS: 


track 2 instead
of 3


conflict stops: 1


conflict stops: 1


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311
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3311
+2‘


3311
+2‘


10:00:00


21938 Retiming: 
Departure Luzern


Bhf 1‘ later


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320
+1‘


3320
+1‘


21938


21938


3311 Rerouting: 
FMUE-GTS: 


track 2 instead
of 3


conflict stops: 1


conflict stops: 1


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311
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3311
+2‘


3311
+2‘


10:00:15


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320
+1‘


3320
+1‘


21938


21938


conflict stops: 1


conflict stops: 121938 Retiming: 
Departure Luzern


Bhf 1‘ later


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311
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3311
+2‘


3311
+2‘


10:00:30


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320
+1‘


3320
+1‘


21938


21938


conflict stops: 1


conflict stops: 121938 Retiming: 
Departure Luzern


Bhf 1‘ later


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311
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3311
+2‘


3311
+2‘


10:00:45


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


2517


21135


21135


3320
+1‘


3320
+1‘


21938


21938


conflict stops: 1


conflict stops: 1


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311


21938 Retiming: 
Departure Luzern


Bhf 1‘ later
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3311
+2‘


3311
+2‘


10:01:00


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


21135


21135


3320
+2‘


3320
+2‘


21938


21938
+1‘


2517


conflict stops: 2


conflict stops: 1


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311


21938 Retiming: 
Departure Luzern


Bhf 1‘ later


2517 conflict:
waiting for 3311 


in front
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3311
+2‘


3311
+2‘


10:01:15


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


21135


21135


3320
+2‘


3320
+2‘


21938


21938
+1‘


2517


conflict stops: 2


conflict stops: 1


3320 conflict:
waiting for
train 3311


3320 conflict:
waiting for
train 3311


2517 conflict:
waiting for 3311 


in front
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3311
+2‘


3311
+2‘


10:01:30


668


668


21136


21136


2518


2518


2410


2410


111


111


2517


21135


21135


3320
+2‘


3320
+2‘


21938


21938
+1‘


2517


conflict stops: 2


conflict stops: 1


2517 conflict:
waiting for 3311 


in front
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3311
+2‘


3311
+2‘


10:01:45


668


668


21136


21136


2518


2518


2410


2410


111


111


2517
21135


21135


3320
+2‘


3320
+2‘


21938
+1‘


2517
21938


conflict stops: 3


conflict stops: 1


2517 conflict:
waiting for 3311 


in front


21938 conflict:
waiting for 3311
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3311
+2‘


10:02:00


668


668


21136


21136


2518


2518


2410


2410


111


111


251721135


21135
3311
+2‘


3320


3320


+2‘


+2‘
2517


+1‘


21938
+1‘


21938
+1‘


conflict stops: 3


conflict stops: 1


2517 conflict:
waiting for 3311 


in front


21938 conflict:
waiting for 3311
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3311
+2‘


10:02:15


668


668


21136


21136


2518


2518


2410


2410


111


111


251721135


21135
3311
+2‘


3320


3320


+2‘


+2‘
2517


+1‘


21938
+1‘


21938
+1‘


conflict stops: 3


conflict stops: 1


2517 conflict:
waiting for 3311 


in front


21938 conflict:
waiting for 3311
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3311
+2‘


10:02:30


668


668


21136


21136


2518


2518


2410


2410


111


111


251721135


21135 3311
+2‘


3320


3320


+2‘


+2‘


2517
+1‘


21938
+1‘


21938
+1‘


21135 Rerouting: 
FMUE-GTS:


track 1 instead of 2


conflict stops: 3


conflict stops: 1


21938 conflict:
waiting for 3311


2517 conflict:
waiting for 3311 


in front


21938 Rerouting: 
GTS-FMUE:


track 2 instead of 3
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3311
+2‘


10:02:45


668


668


21136


21136


2518


2518


2410


2410


111


111


2517
21135


21135


3311
+2‘


3320


3320


+2‘


+2‘


2517
+1‘


21938
+1‘


21938
+1‘


conflict stops: 3


conflict stops: 1


2517 conflict:
waiting for 3311 


in front


21938 conflict:
waiting for 3311


21135 Rerouting: 
FMUE-GTS:


track 1 instead of 2


21938 Rerouting: 
GTS-FMUE:


track 2 instead of 3
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3320


3320


+2‘


+2‘


3311
+2‘


10:03:00


668


668


21136


21136


2518


2518


2410


2410


111


111


2517
21135


21135


3311
+2‘


2517
+2‘


21938
+2‘


21938
+1‘


conflict stops: 3


conflict stops: 121938 Rerouting: 
GTS-FMUE:


track 2 instead of 3


21135 Rerouting: 
FMUE-GTS:


track 1 instead of 2
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3320


3320


+2‘


+2‘


3311
+2‘


10:03:15


668


668


21136


21136


2518


2518


2410


2410


111


111


2517
21135


21135


3311
+2‘


2517
+2‘


21938
+2‘


21938
+1‘


conflict stops: 3


conflict stops: 121938 Rerouting: 
GTS-FMUE:


track 2 instead of 3


21135 Rerouting: 
FMUE-GTS:


track 1 instead of 2
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3320


3320


+2‘


+2‘


3311
+2‘


10:03:30


21136


21136


2518


2518


2410


2410


111


111


2517
21135


21135


3311
+2‘


2517
+2‘


21938
+2‘


21135 conflict:
waiting for 21938


to cross


21938
+1‘


conflict stops: 4


conflict stops: 121135 Rerouting: 
FMUE-GTS:


track 1 instead of 2
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3320


3320


+2‘


+2‘


3311
+2‘


10:03:45


21136


21136


2518


2518


2410


2410


111


111


2517
21135


21135


3311
+2‘


2517
+2‘


21938
+2‘


21938
+1‘


21135 Rerouting 2:
GTS-HEIM:


Gleis 1 statt 2


conflict stops: 4
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Without rescheduling:
6 unplanned signal stops due to conflicts with other trains
5 trains delayed
Sum of initiated delays is 600 seconds (some connections may be lost). 


With rescheduling by only relocating to other tracks:
still subsequent delays with 480 or 540 seconds, depending on starting time 
of rescheduling


With rescheduling (speeding up train 2517 to reach the bottleneck 2’ earlier 
together with 4 reroutings in Lucerne)
only 1 unplanned signal stop less re-accelerating less energy 


consumption
only 2 additional trains delayed
Sum of initiated delays is 180 seconds (all connections guaranteed).


“Optimal traffic flow”:
Result of the shown example in Lucerne with 2’ delayed train
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Summary:
SBB Energy Saving Program


Aim: until 2015 energy savings of 10 % compared to the consumption of 
2006 (savings: 230 GWh/a).


Biggest saving potential by optimised traffic flow in the dense network


Energy efficient driving has main focus on using electrical brake to 
recuperate energy


Technical measures on rolling stock have relevant contributions,
independent from driving behaviour!


Energy savings in buildings by optimisation of operation and projects 
supported by an energy saving campaign in the company.







© SBB • GS-BUC • Rail Envionmental Center • 12.03.2008 82


SBB Energy Saving Program as contribution 
to sustainable mobility


Less consumption of energy resources
Lower emission from electricity production 
+ less emission from break pads (avoiding 
mechanical braking)
Offering attractive energy efficient mobility  


Lower energy costs
More attractive for 
customers  (e.g. 
project for optimised 
traffic flow assures 
higher punctuality)


Improved motivation for 
employees due to better 
processes and image of 
the company
More capacity for 
sustainable mobility with 
optimised traffic flow


Ec
on


om
y
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Society
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Zusammenfassung 


Der 16.7-Hz-Bahnenergieverbrauch der Schweizerischen Bundesbahnen (SBB) wurde auf 
Sparmöglichkeiten untersucht. Zusammen mit Fachleuten der drei Divisionen Personenverkehr, 
Güterverkehr und Infrastruktur wurde der Istzustand besprochen und Vorschläge zur 
Verbrauchssenkung zur Diskussion gestellt. Anhand umfangreicher und detaillierter 
Simulationsrechnungen für einzelne Zugfahrten verschiedenster Zugarten und Fahrzeugtypen über 
reale Streckendaten der SBB konnte der Verbrauch hochgerechnet und mit den tatsächlichen Werten 
für das Gesamtnetz verglichen werden. Daraus kann das mögliche relative Einsparpotential 
beispielsweise durch energieoptimierte Fahrweise des Lokführers oder gezielte Zugsteuerung durch 
die Betriebsführung abgeschätzt werden. Es beträgt je zwischen 3 und 5 % des spezifischen 
Verbrauchs. Das Potential technischer Massnahmen an Triebfahrzeugen und Reisezugwagen, wenige 
Promille bis 3 % je Fahrzeugart, lässt sich ebenfalls aus den Modellrechnungen bestimmen und über 
den aktuellen Flotten- und Betriebsmix der SBB hochrechnen. Wichtig bei allen Massnahmen ist, dass 
die zu treffenden Massnahmen auf die Komplexität des äusserst dichten Bahnverkehrs im SBB-Netz 
Rücksicht nehmen und die Attraktivität der Bahn für die Kunden nicht verkleinern. 


Resumé 


Les possibilités d’une réduction de la consommation d’énergie électrique 16.7 Hz des Chemins de Fer 
Fédéraux Suisses (CFF) ont été examinées et discutées avec les experts des trois divisions Voya-
geurs, Fret et Infrastructure. La consommation totale des CFF a été approximée par des simulations 
numériques pour des trains et des lignes représentatives. Par une comparaison entre les résultats de 
ces simulations et la consommation mesurée pour le réseau total, il est possible de quantifier les 
réductions possibles, comme par exemple par une conduite optimale de la part des mécaniciens. Ce 
sont environ 3 à 5 % de la consommation spécifique que l’on pourrait économiser. De plus, les réduc-
tions par des mesures techniques – qui dépendent du type de véhicule - varient de quelques pour 
mille à 3 %. Cependant il est important que les mesures pour la réduction de la consommation 
d’énergie électrique soient compatibles avec le trafic extrêmement dense sur le réseau des CFF et ne 
réduisent pas l’attractivité des chemins de fer pour les passagers. 


Abstract 


Possibilities to reduce the consumption of 16.7-Hz traction energy of Swiss Federal Railways (SBB) 
have been investigated. Various proposals have been discussed together with experts of SBB’s Pas-
senger, Cargo and Infrastructure divisions. Based on numerical simulations for representative train 
runs, the total consumption of the SBB network could be calculated and compared with real values. 
The possible reduction e.g. by energy optimised driving could be derived from this comparison; it is 
between 3 and 5 % of the specific consumption both for the influence by train driver and by traffic con-
trol. Technical measures in traction units and passenger coaches lead to reductions of up to about 3 
%, depending on the vehicle type. It is important that all measures take into account the extremely 
dense traffic on SBB’s network and do not reduce the attractiveness for the customers. 
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1. Zielsetzung 


Die Schweizerischen Bundesbahnen (SBB) sind das Einzelunternehmen mit dem grössten Strom-
verbrauch in der Schweiz. Allein für die Traktion und Zugheizung werden rund 2000 GWh/Jahr an 
elektrischer Energie verbraucht. Selbst kleine prozentuale Verbrauchsreduktionen bei den SBB kön-
nen deshalb einen nennenswerten Beitrag an die Anstrengungen des Programms „Energie Schweiz“ 
leisten. Dabei geht es bei allen möglichen Einsparungen sowohl um einen direkten Beitrag zur Um-
welt- und Energiepolitik der Schweiz als auch um einen indirekten Beitrag dadurch, der Bahn trotz 
Leistungs- und Komfortsteigerungen ihren Vorsprung gegenüber dem Privatverkehr zu erhalten. Nicht 
zuletzt ergeben sich auch sehr effiziente Massnahmen zur Kostenreduktion bei den SBB. 


Im Rahmen des durchgeführten Projekts wurden die möglichen Einsparungen beim Verbrauch elektri-
scher Traktionsenergie der SBB systematisch ermittelt. Dabei wurden sowohl technische als auch 
betriebliche Massnahmen untersucht, in allen drei Divisionen Infrastruktur (I), Personenverkehr (P) 
und Güterverkehr (G) und den Schnittstellen zwischen diesen Divisionen. Dabei wurde denjenigen 
Massnahmen die grösste Priorität gegeben, welche gesamthaft die grössten Einsparungen bringen, 
sich leicht realisieren lassen und kurzfristig realisierbar sind. 


2. Methodik der Studie 


2.1. ARBEITSABLAUF 


Bei der Arbeit an der Studie sind wir wie folgt vorgegangen: 


• Spezifikation des Inhalts der Studie, Einteilung der möglichen Massnahmen in die verschiedenen 
hierarchischen Ebenen des Bahnbetriebs (Technik Fahrzeuge – Betrieb Fahrzeuge – Fahrweise – 
Zugsteuerung – Fahrplangestaltung – Energieversorgung), Kurzbeschreibung [2.1] 


• Grosse Anzahl von Gesprächen mit Fachleuten der SBB (Divisionen I, P und G) sowie der Fahr-
zeugindustrie (Bombardier, Stadler Rail), Diskussion der vorgeschlagenen Massnahmen; s. auch 
Personenverzeichnis unten. 


• Parallel dazu Erstellung bzw. Weiterentwicklung von Simulationsmodellen, welche in der Lage 
sind, Zugfahrten für konkrete Züge über konkrete Strecken der SBB realitätsnah abzubilden [1.7] 


• Untersuchung der Massnahmen mit Hilfe der Simulationsmodelle (wo sinnvoll), Diskussion von 
Zwischenergebnissen mit den Fachleuten, Ermittlung des Sparpotentials für die betreffenden 
Massnahmen 


• Einteilung der Ergebnisse in Massnahmen, die „auslösend“, „unterstützend“ oder „nicht realistisch“ 
sind (s. [1.1 – 1.6] und Zusammenfassung unten). 


2.2. PRIORITÄTEN 


Da das Feld möglicher Sparmassnahmen enorm gross ist, haben wir uns jederzeit von der Wirkung 
der einzelnen Massnahmen leiten lassen. Wichtig sind dabei: 


• Energie ist eine integrale Grösse. Dies bedeutet, dass nicht exotische Massnahmen oder illustrati-
ve Einzelfälle den grössten Erfolg versprechen, sondern solche, bei denen grosse Zugmassen, ho-
he Geschwindigkeiten und vor allem häufige Wiederholung von Bedeutung sind. So erhalten Rei-
sezüge und ihre geschickte Bremsung angesichts von zunehmend dichteren Taktintervallen, höhe-
ren Geschwindigkeiten und kürzeren Halteabständen eine höhere Priorität gegenüber Güterzügen, 
die aus tieferen Geschwindigkeiten ab und zu vor einem roten Signal halten müssen. 


• Das Sparpotential technischer Massnahmen ist viel präziser einzuschätzen und zuverlässiger zu 
erschliessen als dasjenige, das von menschlichen Handlungen abhängig ist. Letzteres ist immer 
auch von der Psychologie der Beteiligten abhängig. Deshalb wurden technische Massnahmen 
auch detaillierter untersucht, insbesondere dort wo es sich durch Softwareänderungen erschlies-
sen lässt. 


Entsprechend erhielten im Verlauf der Studie die technischen Massnahmen an Triebfahrzeugen sowie 
die Betrachtung der optimalen Fahrweise (vorwiegend von Reisezügen) ein hohes Gewicht, während 
andere mit schwierig zu ermittelnden Daten und begrenzter Reichweite (z.B. Massnahmen an Diesel-
lokomotiven) nicht weiter verfolgt wurden. 


2.3. RANDBEDINGUNGEN 


Als Randbedingungen für die Studie galten: 
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• Das Netz der SBB und die bestehenden Fahrzeuge sind gegeben, ebenso der grundsätzliche 
Fahrplan (Knotensystem, Umsteigebeziehungen etc.). 


• Die Attraktivität des Bahnsystems gegenüber dem Individualverkehr soll durch Energiesparmass-
nahmen nicht vermindert werden. So einfache Massnahmen wie kürzere Züge mit weniger Sitz- 
und mehr Stehplätzen (höhere Auslastung) oder Verzicht auf Klimatisierung scheiden damit aus 
naheliegenden Gründen aus. 


• Die Reihenfolge der Prioritäten bei der Zugführung (1. Sicherheit – 2. Pünktlichkeit – 3. Wirtschaft-
lichkeit) wird nicht geändert. Energiesparen durch unpünktlicheren Betrieb wäre eine Scheinlösung. 
Sie widerspricht entweder dem Ziel der hohen Attraktivität (z.B. durch verpasste Anschlüsse) oder 
verschiebt den Energieverbrauch nur von einem auf andere Züge. 


3. Zusammenfassung der Einzeldokumente 


Der Bericht zur Studie ist gegliedert in insgesamt acht Einzeldokumente. Das vorliegend Dokument 
enthält den zusammenfassenden Schlussbericht. In sieben weiteren Dokumenten sind folgend Ergeb-
nisse enthalten: 


[1.1] Technische Massnahmen auf Triebfahrzeugen. emkamatik-Dokument 07-0204, V2 vom 
13.12.2007 


Für jedes Streckentriebfahrzeug der SBB werden die möglichen technischen Massnahmen 
zur Reduktion des Energieverbrauchs genannt. Bei den realistischen Massnahmen wird eine 
Schätzung der erzielbaren Einsparungen und wenn möglich auch des Aufwands angegeben. 
Punkte, die unseres Wissens bei der Umsetzung beachtet werden müssen, sind ebenfalls ge-
nannt. 


[1.2] Betriebliche Massnahmen auf Triebfahrzeuge. emkamatik-Dokument 07-0205, V2 vom 
13.12.2007 


Für eine Reihe realistischer Betriebsfälle im heutigen SBB-Netz werden, aufgeteilt in Perso-
nenfern-, -regional- und Güterverkehr, die Simulationsresultate für den Energiebedarf darge-
stellt. Daraus könnten diverse betriebliche Massnahmen bewertet werden, wie Verzicht auf 
Doppeltraktionen, Leerfahrten, reduzierte Höchstgeschwindigkeit etc. Es ist jedoch unrealis-
tisch, dass im SBB-Netz solche Massnahmen nur zur Reduktion des Energieverbrauchs ge-
troffen werden. Durch das tonnenkilometerabhängige Trassenpreissystem ist ausreichend An-
reiz dafür vorhanden. Die dargestellten Simulationsfälle dienen im Rahmen der Studie jedoch 
auch als Referenz für die Untersuchung von einigen technischen Massnahmen auf Triebfahr-
zeugen sowie als Basis für die Abschätzung der Einsparmöglichkeiten durch energieoptimale 
Fahrweise. 


[1.3] Massnahmen auf Reisezugwagen. emkamatik-Dokument 07-0206, Version 2 vom 10.12.2007 


Die Absenkung der Innenraumtemperatur bei parkierten Reisezugwagen reduziert die Ver-
lustwärme und damit den Heizenergieaufwand markant. Im Gegensatz zu modernen Fahr-
zeugreihen der SBB (ICN, IC 2000, DTZ, Flirt, etc.) sind EW I und II, EW IV, IC Bt Steuerwa-
gen und EC-Wagen nicht mit Möglichkeiten zur Steuerung des Heizsparmodus ausgestattet. 
Thermische Simulationen zeigen ein erhebliches Einsparpotential, welches durch Nachrüs-
tung der Fahrzeuge genutzt werden sollte. Entsprechendes gilt für die Klimatisierung parkier-
ter Züge. 


[1.4] Fahrweise, Zugsteuerung, Fahrplangestaltung. emkamatik-Dokument 07-0207 vom 1.10. 
2007 


Neben den technischen und betrieblichen Massnahmen auf Fahrzeugen hängt der Energie-
verbrauch auch von der Fahrweise der einzelnen Züge ab. Es wird an Beispielen gezeigt, wie 
diese durch die Zugsteuerung der Betriebsleitzentralen und Fernsteuerzentren, durch die 
Fahrplangestaltung und durch die Umsetzung der Vorgaben durch den Lokomotivführer auf 
jedem einzelnen Zug beeinflusst werden kann. 


[1.5] Neubeschaffung von Triebfahrzeugen. emkamatik-Dokument 07-0208 vom 5.10.2007. Inter-
nes Papier, aufgrund laufender Beschaffungsvorhaben der SBB nicht veröffentlicht. 


Während der Arbeit an der Studie wurden Inputs in die Pflichtenhefte für neue Triebfahrzeuge 
gegeben (S-Bahn Zürich, elektrische Rangierlok, Zugkonzepte S-Bahn Lausanne und Dop-
pelstock-Fernverkehrszüge). Diese sind nochmals zusammengefasst, und ergänzt durch ei-
nen Ausblick auf das nach dem EU-Projekt „Railenergy“ künftig angestrebte Vorgehen. 


[1.6] Energieversorgung. emkamatik-Dokument 07-0209 vom 24.9.2007 Version 1 vom 13.12.2007 
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Die Erzeugung und Verteilung elektrischer Energie war kein zentrales Thema der Studie. 
Auch dort wird aber noch Sparpotential vermutet. Anhand einiger Beispiele wird aufgezeigt, 
durch welche Massnahmen Effekte in welcher Grössenordnung entstehen könnten. Im Ge-
gensatz zu den fahrzeugseitigen Massnahmen oder der Fahrweise kann daraus jedoch kein 
Gesamtpotential für das SBB-Netz abgeleitet werden. Die Beispiele dienen vielmehr der Sen-
sibilisierung und der Motivation, diese Themen künftig genauer anzusehen. 


[1.7] Beschreibung der Modelle und Rechentools. emkamatik-Dokument 07-0210, Version 1 vom 
13.12.2007 


Viele der in der Studie erarbeiteten Resultate stützen sich auf genaue Simulationen von Zug-
läufen mit Hilfe von Rechentools. Diese werden kurz beschrieben, um die Art der Erzeugung 
der betreffenden Ergebnisse verständlich zu machen, und auch im Hinblick auf ihre weitere 
Verwendung für künftige Studien oder als Unterstützung zur Umsetzung von Massnahmen. 


4. Hochrechnung auf die ganzen SBB 


Die Zusammenstellung der mit einiger Genauigkeit quantifizierbaren Einsparpotentiale aus allen Be-
reichen erlaubt eine grobe Hochrechnung auf den ganzen Traktionsenergiebedarf der SBB. Zur Erhal-
tung der Übersichtlichkeit sind nur die wirksamsten Massnahmen aufgeführt. Für detailliertere Anga-
ben wird auf die Einzeldokumente verwiesen. 


4.1. TECHNISCHE MASSNAHMEN AUF TRIEBFAHRZEUGEN 


Re 460, ICN, Flirt, 
Thurbo-GTW 


Optimierte Antriebsregelung (Zwischenkreisspannung und 
Motorfluss) 


7.7 GWh/Jahr 


Re 460 Bremsleistungserhöhung 1.0 GWh/Jahr 


Re 450, Re 460, 
NPZ 


Abschaltung Ölpumpen in Parkstellung 9.3 GWh/Jahr 


Ae 6/6 Bedarfsabhängige Ventilationssteuerung 3.0 GWh/Jahr 


Re 4/4 II, Re 6/6 Automatische Abschaltung Ventilation im Stillstand 2.5 GWh/Jahr 


Re 10/10 Digitaler Lastausgleich (Bremse) 2.0 GWh/Jahr 


Tabelle 1: Technische Massnahmen auf Triebfahrzeugen 


4.2. MASSNAHMEN AUF REISEZUGWAGEN 


EW IV, EC, IC Bt Heizsparbetrieb 4.8 GWh/Jahr 


Tabelle 2: Technische Massnahmen auf Reisezugwagen 


4.3. FAHRWEISE UND ZUGSTEUERUNG 


Die durch die Simulation für optimale Verhältnisse ermittelten Energieverbrauchswerte liegen dort, wo 
sowohl verlässliche Simulationsmodelle als auch statistisch relevante Messungen vorliegen, relativ 
nahe zusammen. Das Energiesparpotential für die Fahrweise und Zugsteuerung wird deshalb wie 
folgt eingeschätzt: 


• Fahrweise (energieoptimale Fahrweise durch den Lokführer im Rahmen der ihm zugestandenen 
zeitlichen Toleranzen): rund 3 bis 5 %. Dieses Potential kann durch Schulung kurz- bis mittelfristig 
erschlossen werden. 


• Betriebsführung (Orientierung der Lokführer über die aktuelle Betriebssituation und entsprechende 
Einschränkungen): etwa 1 bis 2 %. Dieses Potential kann vor allem mittelfristig erschlossen wer-
den, da dazu die entsprechenden Kommunikationsmittel flächendeckend verfügbar sein müssen. 


• Automatische Zugsteuerung (mit Hilfe von technischen Massnahmen, zur weitgehenden Verhinde-
rung von konfliktbedingten Geschwindigkeitseinschränkungen und Halten): etwa 2 bis 5 %. Dieses 
Potential kann nur langfristig erschlossen werden, da es umfassende neue Betriebsleitsysteme be-
dingt, die vor allem aus Kapazitätsgründen nötig werden. 
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4.4 FAHRPLANGESTALTUNG 


Netz, Fahrzeuge und Fahrplan der SBB sind gegeben. Es sind im besten Fall marginale Anpassungen 
im Hinblick auf eine Reduktion des Energieverbrauchs möglich, ohne die Gesamtattraktivität oder 
Leistungsfähigkeit des Systems zu schmälern. Wir weisen deshalb dafür kein Sparpotential aus. 


5. Wirtschaftliche Bewertung 


5.1. VORGEHEN 


Für die wirtschaftliche Bewertung von Energiesparmassnahmen ist der reduzierte Verbrauch bei ge-
gebenen Energiekosten im Vergleich zum Aufwand für die Umsetzung von Massnahmen massge-
bend. 


Für den Energiepreis werden, nach Rücksprache mit SBB Infrastruktur Energie (I-EN), 0.095 
CHF/kWh angesetzt. Dies entspricht dem gegenwärtigen, vom Bundesamt für Verkehr (BAV) bewillig-
ten Satz, den I-EN an die Transportunternehmen weiterverrechnet. Dieser Wert wird sich nach Ein-
schätzung von I-EN in den nächsten Jahren nicht markant ändern. Da alle untersuchten Massnah-
men, sofern sie nicht die Bewertung der Neubeschaffung von Triebfahrzeugen oder Wagen betreffen, 
eher kurzfristiger Art sind, lassen wir diesen Energiepreis somit konstant und verzichten auch auf eine 
Verzinsungsrechnung. Die Bewertung von Neubeschaffungen liegt ausserhalb des Fokus dieser Stu-
die. 


Eine genaue Kostenschätzung für die Umsetzung von Sparmassnahmen ist ohne die Einholung von 
Offerten beteiligter SBB-Stellen oder Firmen nicht möglich. Wo dies möglich ist, haben wir Werte grob 
geschätzt, aufgrund eigener Einschätzung oder nach Rücksprache mit Fachleuten der SBB oder In-
dustrie. 


5.2. ERGEBNISSE 


Für die verschiedenen Arten von Energiesparmassnahmen ergeben sich somit folgende, grob ge-
rechnete Amortisationszeiten: 


• Technische Massnahmen auf Fahrzeugen: 0.3 bis 1 Jahre (Software) bzw. 1 bis 3 Jahre (Umbau-
massnahmen bei Hilfsbetrieben für Parkstellung oder Ventilation während der Fahrt) 


• Jedes Prozent Traktionsenergie (also rund 20 GWh/Jahr), das eingespart werden kann, entspricht 
rund 1.9 Millionen CHF. Aufgeteilt auf etwa 4000 Lokführer steht somit für die Schulung eines Lok-
führers knapp 500 Franken zur Verfügung, um innerhalb eines Jahres ergebnisneutral zu sein. Ge-
spart werden im ersten Jahr vielleicht zwei Prozent, sodass etwa ein Tag pro Lokführer für die 
Schulung eingesetzt werden kann, wenn eine Amortisationszeit von einem Jahr angestrebt ist. 
Mehr als diese Grössenordnung lässt sich mit sinnvoller Genauigkeit nicht ermitteln. Wichtig ist je-
doch, dass die Einsparungen (bei geeigneter Schulung und Motivation) längerfristig anhalten, und 
die Schulungskosten mit der Zeit sinken. 


• Für technische Massnahmen seitens der Betriebsführung (z.B. zur Verhinderung von Signalhalten) 
kann alleine aufgrund der Energie keine Eigenwirtschaftlichkeit ausgewiesen werden. Separate 
Leitsysteme zur Senkung des Energieverbrauchs lassen sich aus der eingesparten Traktionsener-
gie kaum finanzieren. Hier ist umgekehrt vorzugehen: bei Betriebsleit- und Kommunikationssyste-
men, die ohnehin ergänzt oder geschaffen werden, ist dem Energieaspekt Beachtung zu schen-
ken, so dass sie diesem nicht zuwiderlaufen, sofern kein zwingender Zielkonflikt vorliegt. 


6. Empfehlungen 


Als Ergebnis dieser Studie empfehlen wir den SBB das folgende Vorgehen: 


Umsetzung technischer Massnahmen auf Triebfahrzeugen: 


• Die Optimierung der Reglerparameter (Zwischenkreisspannung, Motorfluss) auf den Re 460, zu-
sammen mit Bombardier Transportation 


• Die Optimierung der Reglerparameter (Zwischenkreisspannung, Motorfluss) auf den FLIRT und 
GTW, zusammen mit Stadler Rail und ABB 


• Die Optimierung des Motorflusses im unteren Geschwindigkeitsbereich beim ICN zusammen mit 
Bombardier Transportation 


• Kontaktaufnahme zu Bombardier Transportation, um die Möglichkeit von Reglerparamter-Opti-
mierungen auf den Re 482 und Re 484 abzuklären 
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• Die Realisierung einer geeigneten bedarfsabhängigen Ventilationssteuerung für die Ae 6/6 sowie 
Detailabklärungen zur Ventilatorabschaltung im Stillstand bei den Re 10/10 


• Die Abschaltung von nicht benötigten Ölpumpen in Parkstellung bei den NPZ, Re 450 und Re 460 
durch entsprechende hard- und softwareseitige Massnahmen 


• Die Unterstützung und Begleitung der Regleroptimierungen insbesondere durch eine präzise 
messtechnische Validierung um sicherzustellen, dass wirklich das Optimum erreicht wird 


• Die Bereitstellung von Energieverbrauchs-Information auf den Displays der moderneren Trieb-
fahrzeuge, so dass diese vom Lokführer zu seiner eigenen Motivation einfach abgerufen werden 
kann 


Betrieb der Triebfahrzeuge: 


• Die Optimierung der „Gefässgrössen“ und Reduktion von Leerläufen im Rahmen der ohnehin statt-
findenden Anstrengungen in diese Richtung 


Umsetzung technischer Massnahmen auf Reisezugwagen: 


• Heizsparmodus auf den Fahrzeugen EW IV, EC und IC Bt sowie Abklärung der Wirtschaftlichkeit 
für EW I und II 


Fahrweise durch den Lokführer: 


• Eine pünktliche und energieoptimale Fahrweise, insbesondere durch eine konsequente Bedienung 
der Bremsen 


• Aufbau eines Schulungsprogramms, das diese Fahrweise unterstützt, fahrzeugspezifische An-
weisungen dazu gibt und den Handlungsspielraum des Lokführers gegenüber demjenigen der Be-
triebsführung genau abgrenzt. Eine allfällige Schulung ist mit der Betriebsführung abzustimmen. 


Zugsteuerung und Fahrplangestaltung: 


• Unterstützung aller Kommunikations-Massnahmen, welche es erlauben, dass die Betriebsführung 
die Lokführer über die aktuelle Betriebssituation und insbesondere über ihren eigenen Zug orien-
tiert 


• Berücksichtigung des Energieaspekts bei den laufenden oder beantragten Projekten wie LEA 2, 
Co-produktion, PULS 90, Pünktliches Fahren im Kernnetz (PIK) etc. Diese Projekte stehen nicht im 
Widerspruch zu einem energieeffizienten Bahnbetrieb; es ist also lediglich wichtig, das dieser be-
gleitend zu diesen Projekten den entsprechenden Stellenwert einnimmt und entsprechender Hand-
lungsspielraum, sofern vorhanden, erkannt und sinnvoll genützt wird 


Neubeschaffung von Triebfahrzeugen: 


• Vorgehen wie bei der Ausschreibung für die neuen Doppelstock-S-Bahnzüge angewandt, künftig 
nach dem sich abzeichnenden Entwurf eines europäisch harmonisierten Vorgehens (EU-Projekt 
„Railenergy“) 


• Erkennen spezieller Zielkonflikte, z.B. beim Transformatorgewicht bei Triebzügen. Eine leicht er-
höhte Achslast sollte akzeptiert werden, sofern diese für Energiesparmassnahmen (z.B. grösserer 
Transformator mit deutlich weniger Verlusten) benötigt wird und das Fahrzeug gleichzeitig gleis-
schonende Drehgestelle aufweist. 


Energieerzeugung und Verteilung: 


• Genauere Analyse der Verhältnisse im Energieversorgungsnetz der SBB im Hinblick auf mögliche 
Optimierungen, unter Berücksichtigung von Studien der ÖBB, die vor einigen Jahren mit dem glei-
chen Ziel durchgeführt wurden. 
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Vlečna vozila
Vlečna vozila na Slovenskih železnicah
O lokomotivah in motornikih


Področje dejavnosti


Na Slovenskih železnicah se uporablja enosmerno napajanje za 
električno vleko, praktično enak sistem kot na italijanskih železnicah 
(3kV). Na mejah se srečujemo še z dvema različnima in sicer 15kV 
16,7Hz v Avstriji ter 25kV 50Hz na Hrvaškem ter na Madžarskem.


Imamo 3 Sekcije za vleko (Ljubljana, Maribor in Divača), ki imajo 
svoje delovne enote (Ljubljana, Novo mesto, Zidani Most, Jesenice, 
Maribor, Celje, Divača, Nova Gorica).


Osnovna naloga Poslovne enote vleka je zagotavljanje vozil in osebja za opravljanje železniškega 
prometa, izvajanje strokovno-tehničnih opravil v zvezi z vzdrževanjem vozil, pripravo elementov za 
izračun stroškov vleke, sodelovanje pri dogovorih s predstavniki tujih železniških uprav za obmejne 
storitve vleke ter opravljanje drugih del s tega področja.


Za izvajanje temeljne dejavnosti na Slovenskih železnicah, to je prevoz potnikov in blaga ter premik, 
se uporabljajo električne in dizelske lokomotive ter elektromotorne in dizelmotorne garniture.


Poslovna enota Vleka je organizacijsko struktuirana na nivoje Služb, Sekcij (...za vleko Ljubljana, 
Maribor in Divača) ter nivo Delovnih enot, ki so v sklopu posameznih sekcij (v Sekciji za vleko Ljubljana: 
DE Ljubljana, Zidani Most, Novo mesto ter Jesenice; v Sekciji za vleko Maribor: DE Maribor in Celje; v 
Sekciji za vleko Divača: DE Divača in Nova Gorica).


Vizija Poslovne enote vleka je uvrstitev med najboljše ponudnike vlečne dejavnosti v Evropi, 
predvsem s kakovostjo.
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Vleka vlakov


Vleka vlakov je od vseh 
železniških služb in 
dejavnosti verjetno najbolj 
zanimiva za širši krog ljudi, 
saj je “mogočnost” 
lokomotiv posebej 
pravlačna. Nenazadnje 
lokomotiva v sebi skriva 
ogromno moč in neke vrste 
tehnično mogočnost. Krotiti 
to moč, upravljati z njo in 
voziti dolge in težke 
vlakovne kompozicije pa 
vsekakor predstavlja 
posebne vrste izziv. 


V pričujoči knjižici 
predstavljamo nekaj 
poglavitnih dejstev o 
organiziranosti Službe za 
vleko, posebej pa 
predstavljamo naša vozna 
sredstva in njihove tehnične 
podatke.
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De��nitions


The definitions below prepare for a common understanding 
of constantly used terms during the course of the report. 
These definitions do not intend to be universally valid:


Initial training: Training of train driver in preparation  
 for passing the exam (other: education, apprenticeship)


Advanced training: Training for examined train  
 drivers (other: continuous training, further training,  
 ongoing training) 


Assessment: The process of measuring the perform 
 ance/competence


Examination: Assessment for the purpose of getting a  
 specific (driver) licence


Performance Check: Assessment for the purpose of  
 regular competence assurance (other: performance  
 monitoring/competence assessment)


•


•


•


•


•


Evaluation: Ascertain the overall quality of the training  
 (not the driver’s performance)


Training objective: The specific knowledge, skill, or  
 attitude that the trainees are to gain as a result of the  
 training activity


Training content: Describes what is done in the train 
 ing to reach the training objectives (other: topic)


Training model: Describes the circumstances of the  
 training including the specification about the training 
 schedule (e.g. non-recurring, monthly, once or twice  
 a year), the overall duration of one session, the circle  
 of addressees, the presence of an instructor, the neces- 
 sity of a briefing/debriefing etc.


Training method: Describes how and with the aid of  
 which means and technologies (classroom lesson, CBT/ 
 WBT, simulation, real vehicle) the training is conducted


•


•


•


•


•
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Training technology: Computer-based training methods  
 e.g. simulation, CBT/WBT, e-learning tools


Training tool: Add-on systems for training technologies


In combination with Simulator or Training:
Session: A whole training unit (may include brief- 


 ing, pre-test, train preparation, the actual drive,  
 and debriefing)


Drive: Driving in the simulator (there may be more  
 drives in one session)


Event: A specific operational or technical occurrence  
 in the course of a drive; there could be several  
 events in a single training drive (other: situation)


Scenario: the actual figuration of the drive e.g. the  
 sequence of events, the choice of the route, specific  
 train settings, the weather conditions etc.


CBT modules: Computer-based training modules
WBT modules: Web-based training modules


•


•


•


•


•


•


•
•
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1.1 The project 2TRAIN


The establishment of safe, competitive, and interoperable
railways in Europe requires particular attention to the 
qualification of train drivers. As Europe grows together and 
cross-border operations increase there is a strong need to 
harmonise and coordinate the training of train drivers con-
cerning general driving and operational abilities as well 
as particular crisis management competencies. In order to
strengthen a European harmonisation in rail traffic it is 
appropriate to advance common training technology as 
well as common training contents. Developments con-
cerning these two aspects are the scientific and tech-
nological objectives of 2TRAIN.
Individual European countries differ in national laws, 
engine technology, signalling systems, rule books, and 
general training structures – the report at hand gives an 
overview of this diversity concerning training concepts 
and technologies. As a consequence of the diversity, 


a complete harmonisation of training technology 
and training contents will be unachievable. Taking into 
account experiences made in the past, 2TRAIN aims 
at developing European best-practice guidelines for an 
efficient, safety enhancing, and cost-effective use of 
modern technologies for training and for the ongoing 
competence and performance assessment. 
Important benefits can be obtained by the use of  
computer-based systems and simulators in training.  
These computer-based technologies facilitate the estab-
lishment of common training efforts for train drivers in 
Europe. They also contribute to an enhancement of train-
ing efficiency by enabling interactive training of realistic 
situations. In contrast to training in real environment, the 
training session can variably be composed of different 
technical failures and abnormal operational situations of 
which many cannot be trained in reality. Furthermore, it 
is possible to replicate scenarios at any given time.
Starting point of 2TRAIN is the benchmarking of (1) training
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tools and technologies as well as (2) training contents and 
models already in use in different European countries.  
As a first step, the state of the art concerning training 
technology (e.g. simulator hardware, architecture, and soft-
ware) and drivers’ competencies and training contents 
was analysed by reviewing the relevant publications.  
The second step was the collection of data about train-
ing systems of European railway undertakings with a 
special focus on simulation and training contents related 
to driving under abnormal and degraded conditions as 
well as human factor contents. This step is the subject 
matter of the benchmarking report at hand.
Based on these benchmarking results, the requirements 
for future computer-based training concepts will be 
specified in the subsequent phase of 2TRAIN, taking into 
account the information derived from the questionnaires 
and from the discussions with the representatives of 
the interviewed companies. Concerning the technical  
developments of 2TRAIN, a universal simulator for all 


European countries is not realistic due to the current 
individual company standards in training technology 
and the investments made in the past on simulation 
technology. Instead, a common data simulation inter-
face will be developed within 2TRAIN to allow a stand-
ardised data recording and to provide the opportunity 
to implement simulator add-on systems. These add-ons 
will be a rule-based expert system, a virtual instructor, 
and an assessment database. The common data simula-
tion interface will also ensure that the system can be 
expanded to new technological developments. To spread 
the results of 2TRAIN to as many interested stake- 
holders as possible a user group was established. The user  
group consists of further train operating and railway related  
companies of different countries that are interested in parti- 
cipating in the project. Bringing in expertise in the bench-
marking process about existing procedures and research 
the user group helps to include the users’ needs in the 
process and to reach a wide dissemination of the results. 
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1.2 Objectives of the 
benchmarking report


This benchmarking report summarises training concepts, 
i.e. training methods, contents and training models, used 
in 18 European train operating companies. Not only 
national railway companies were included in the bench-
marking process but also companies operating within 
the area of urban and suburban traffic. The benchmark-
ing process mainly focuses on the usage of computer-
based training methods, especially training simulation. 
In the following chapters the characteristics of training 
systems and concepts of these 18 companies will be 
analysed and compared.
A major strategic objective of 2TRAIN is to increase 
safety and efficiency within the European railway sector.  
But in what other way should safety and quality of pro-
vided services be increased than by improving the actual 


training of the personnel involved in railway operation? 
A significant number of railway companies were addressed 
and agreed to provide information about their training 
tools and its usage. This benchmarking approach is ab- 
solutely necessary in the context of European research 
as the differences among individual companies are out- 
standing. The benchmarking process guarantees an 
exchange of experiences from companies operating in  
different geographical areas of Europe with different 
training concepts due to different traditions, national 
laws, or internal rules. During the benchmarking two  
different methods of data collection were used:  
(1) a screening questionnaire and (2) face-to-face inter-
views on the basis of a key question form. The structure 
of the questionnaires and interviews was focused on 
training schedules, topics, methods, and organisational 
issues. Additionally, the companies were asked for  
shortcomings and drawbacks of their training tools as 
well as for future improvements planned.
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The aim of the benchmarking report is to describe the 
current situation concerning computer-based training in  
different European companies and the settings under 
which computer-based training is applied. It is illustrated, 
how different types of companies (e.g. metro vs. railway) 
conduct the individual training and education by means 
of driving simulators or CBT/WBT modules. 
The results of the benchmarking also give evidence for 
the distribution of simulator training in different stages 
of training (initial, advanced and competence check) and  
for different training topics.
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2.1 Introduction


In the context of 2TRAIN, the term benchmarking means 
the comparison of current practices of training in the 
railway sector with best-practices and accepted standards.  
This includes an evaluation of the current status applied  
in the education and training of train drivers. The method  
of benchmarking has been chosen for 2TRAIN, because  
it is necessary to be aware of the current situation in the  
area of railway training and subsequently to compare  
this situation with the needs of the European stakeholders  
in this area. Furthermore, a comparison of existing 
standards and the current situation highlights the gaps 
that should be improved by the next steps in the  
course of 2TRAIN, i.e. the research activities and the 
technical development of simulator add-on tools. 
The benchmarking process consists of several phases of 
research: From obtaining information connected with 


technical and content-related standards of train driver 
training through sending a number of different question-
naires and carrying out face-to-face interviews focused 
on information about the training concepts of differ-
ent European railway companies, to the analysis of the 
gathered data.
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2.2 Description of 
benchmarking methods


The data for the comparison of the individual railway 
companies has been gathered by members of the project 
team using two subsequent steps: As a first step, a short 
questionnaire was developed and sent to railway under- 
takings in Europe. After the analysis of the results of  
this screening questionnaire, a sample of 18 railway com- 
panies was selected for detailed face-to-face interviews 
and the accordant key question forms were developed. 
The next step was to hold the interviews with representa-
tives of the selected companies. In particular, the results of 
these face-to-face interviews are outlined in this report.


Screening questionnaire


The screening questionnaire was mainly prepared with  
the idea of obtaining a basic overview of simulator types 
and CBT/WBT modules that are used in European railway 
companies and how these tools are implemented in the 
overall training concept. The questionnaire was divided 
into two sections: The first part asked for information 
about technological aspects of the simulation systems. 
The second was related to training contents realised in 
simulator and/or CBT/WBT modules. At this stage the 
effort was focused on obtaining information from as many 
train operating companies as possible. The screening 
questionnaire was sent to more than 75 companies 
(railway, metro and light rail operators) from more than 
20 European countries. 41 completed questionnaires 
were sent back. In the following, a summary of the main 
findings of the screening is given: 23 of the 41 companies 
are already using simulators for the training of train 
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drivers. Another three were in the process of purchasing 
simulator(s). The main topics for using a simulator were: 
(1) handling of irregularities in railway operation (e.g. 
malfunctions of technical equipment), (2) operation of 
train control systems (e.g. automatic train protection), 
and (3) driving under normal conditions (e.g. driving, 
braking and operational rules). CBT/WBT modules 
are mainly used for the acquisition of basic technical 
knowledge and for rolling stock training. Nearly all of the 
responding operators report that the training session at 
the simulator is supervised by an instructor (in contrast 
to an autonomous learning trainee).
A full replica cab without motion system, small driver desks 
without a cab, and software interfaces of the cab equip-
ment are most widespread (each approx. 25%). The type 
of the trainee’s desk has consequences for the architecture 
of the simulator system. Stand-alone application (one or 
more single simulators, not connected to each other by a  
network), local network, and distant network (several 


training centres interconnected by means of internet or 
intranet, e.g. for software update) are used by a third of 
the railway companies each. The most frequently used 
operating system is Windows, followed by Linux and SGI.
Real tracks with real surroundings are used by 18 com-
panies, generic tracks with generic surroundings by 13 
companies, and real tracks with generic surroundings 
by another ten companies. The total length of tracks 
per system varies enormously with a minimum length of 
35 km up to a maximum length of 1400 km.


Face-to-face interviews


A more detailed key question form (KQF) was prepared 
mainly with the objective of obtaining the most com- 
prehensive overview of (1) computer-based training 
technology including the users’ view and experiences, 
(2) the usage of these tools for the training of different 
training contents and a comparison with other (conven-
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tional) training methods, (3) specific training modules 
dealing with abnormal operational situations and human 
factor contents, and (4) the concept and organisation of 
training with a special focus on the competence assessment:


Description of training technology
This section of the KQF deals with technical specifications 
and standards of e-learning tools and simulation technol-
ogy. Additionally, the users’ view regarding the importance 
of different technical features, the level of fidelity reached 
by the existing systems and an overall evaluation regarding 
the day-to-day application is covered.


Usage of simulators and CBT/WBT modules
This section of the KQF asks for the reasons for purchasing 
simulators and whether over the course of recent years 
there has been a change of attitude towards the usage  
of simulators in the area of training of train drivers. 
Another important question is the extent of the usage 


of simulators during initial training, advanced training, 
and competence checks. The respondents report which 
topics are trained by using simulator exercises or CBT/WBT 
modules. These topics have been divided into two groups:
a) Basic topics


Driving under normal conditions (train preparation,  
 driving, braking, signal system, operational rules, etc.)


Basic technical knowledge (knowledge about tech- 
 nical systems and procedures: maintenance of engine,  
 construction, technique of brakes, etc.)


Irregularities during train operation (handling of  
 irregularities in railway operations and in technical  
 installations: driving backwards, running on sight,  
 malfunctions on the locomotive/train, etc.)


Shunting
Operation of train control systems (e.g. automatic  


 train protection, automatic train control)
Route knowledge
Rolling stock


•


•


•


•
•


•
•
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b) Speci��c topics
Decreased adhesive circumstances (slippery rails)
Emergency situations (handling of incidents/accidents:  


 e.g. fire in train, derailment, collision)
Energy-saving driving (green driving)
Customer-oriented behaviour (e.g. announcements  


 for customers)
Human factors training (human behaviour topics: e.g.  


 handling of multiple tasks, communication skills,  
 decision making)


Occupational safety (safety precautions)
Cross-border operations
Coupling/Uncoupling
Cooperative training (signaller and train driver are  


 trained together)


In the summary part of this KQF section, tables have 
to be filled with a percentage estimation reflecting the 
amount of current training in one topic that is done 


•
•


•
•


•


•
•
•
•


with different training methods. For the six topics (initial 
training, advanced training, competence check, rolling 
stock, route knowledge, ATC/ATP) the respondent has to 
estimate the used training method (classroom, CBT/WBT, 
simulation, real cab, other). Furthermore, the expert 
from the company’s training department should estimate 
(again as a percentage value) to what extent different 
types of simulators (software interface of cab equipment, 
small driver desk without cab, partial cab, full replica 
cab without motion system, full replica cab with motion 
system) are used for the training of these topics.


Training modules
The objective of this part was to collect detailed data 
about specific training modules whose contents are of 
central interest to the 2TRAIN project (abnormal/ir-
regular conditions, emergency situations, human factor).
Furthermore, the respondent should add information 
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concerning unique or forward looking modules of interest. 
For every described training module a separate template 
should be filled in.


Organisation of training
This section is focused on general and organisational  
aspects of the training system for train drivers. This concerns  
mainly information related to training on simulators.  
The questions focus on:


How is the actual training conducted? (centrally  
 or locally)


Who is responsible for the actual training? (internal  
 instructors, instructors from the training department  
 of the company, external company)


Who is responsible for the development of training  
 modules? (internal instructors, instructors from the  
 training department of the company, external  
 company)


Which regulations are important for the training  


•


•


•


•


 concept? (national legislation, company regulation)
Is there any assessment to assess trainees’ compe- 


 tence? (CBT knowledge test, assessment drive on  
 simulator)


Is there an assessment scheme for simulation trainings?  
 (after initial training, after a dangerous incident/ 
 accident, regular competence check)


Which information sources are used for performance  
 assessment at the simulator? (unstructured observa- 
 tion, structured observation using an assessment  
 sheet, objective simulator data)


Are the results of training stored?
Are there any external clients using free train- 


 ing capacity at the training department?
Was the procedure of simulator or CBT/WBT training  


 evaluated?
Are there any shortcomings and drawbacks concerning 


 technical aspects, learning contents, training organisa- 
 tion, or acceptance linked with the usage of simulators?


•


•


•


•
•


•


•
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The face-to-face interviews were carried out by members 
of the 2TRAIN project team. The interviews were held with 
the companies’ representatives responsible for the training 
of train drivers, i.e. the training manager, the trainers and 
the training developers. For preparation and in order to 
support the successful completion during the face-to-face 
interviews, the KQF was sent to the companies before-
hand with the objective to prepare the interviews by 
gathering the necessary data. The technical part of the 
KQF was additionally sent to the simulator manufac- 
turers for the provision of the technical details. The 
overall concept of the interview method was based on 
the flowchart shown in Figure 1. 
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Figure 1: Flowchart of the Benchmarking Process
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2.3 
Interviewed railway companies


The idea and concept of the whole benchmarking process 
 was to select companies with different main subjects of 
activity (railway companies, companies operating in urban 
transport or light rail). The list of the interviewed companies 
is given below:


Table 1: List of interviewed light rail and  
metro companies


Company logo Name Metro Tram Rail


MdM


SSB


TMB


VAG


Table 2: List of interviewed railway companies


Company logo Name Metro Tram Rail
CFL
S-Bahn Berlin
SWT


   
MAV


CD


FSR
NSB


Southern Railways


IE
RENFE
SNCB


DB


Trenitalia
SNCF
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As countries from western, northern, southern, and eastern  
parts of Europe are involved in the benchmarking process,  
the research sample represents the whole spectrum of
railway operators in today’s Europe. The 18 railway 
companies (14 railway operators and four metro and light 
rail operators) involved in the face-to-face interviews 
represent more than 600 000 employees, of which are 
approximately 78 000 train drivers (Table 3).
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Figure 2: Representation of companies according 
to individual EU countries
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Table 3: Information concerning the representativity of the interviewed companies


Company logo Name State Employees Train drivers Train drivers
 in training


Kilometres 
operated


CFL Luxemburg 3 100 320 0 275


CD Czech Republic 57 246 6 610 25 9 000


DB Germany 225 000 20 500 500 34 000


FSR United Kingdom 7 500 850 30 n/a


IE Ireland 4 800 500 61 1 700


   
MAV Hungary 40 000 3 500 0 7 000


MdM Spain 6 000 1 600 15 233


NSB Norway 2 800 684 60 4 000


RENFE Spain 15 000 5 000 92 n/a


S-Bahn Berlin Germany n/a 960 0 331
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Company logo Name State Employees Train drivers Train drivers
 in training


Kilometres 
operated


SNCB Belgium 15 000 3 891 290 3 544


SNCF France 170 000 15 000 900 30 000


Southern Railways United Kingdom n/a 850 60 650


SSB Germany n/a 900 43 130


SWT United Kingdom n/a 1 200 0 n/a


TMB Spain n/a 1 200 300 120


Trenitalia Italy 55 000 13 929 831 15 500


VAG Germany 1 800 310 40 40


Total 603 246 77 804 3 247 106 523


2. Benchmarking process | 2.3 Interviewed railway companies







3. Description of CBT/WBT systems


So
ur


ce
: D


B 
AG


/M
ich


al
ke


 







Chapter 3


3.1 General information 26
3.2 Technical speci��cation 27
3.3 Expectations and evaluation 30







��


3.1 General information


This section starts with general information about the 
training modules, continues with more technical details  
and ends with subjective questions displaying the users’ 
view. The usage of CBT/WBT modules is quite different  
from company to company and only ten out of 18 inter- 
viewed operators actually provide some kind of CBT/WBT  
application at all. Some undertakings use this method 
as a teaching reinforcement to support the instructor, 
others mainly utilise the e-learning tools as a self study 
method and others make use of the assessment capabili-
ties. Most CBT/WBT tools are developed by external 
companies and only a few within the training department  
of the railway undertaking.
The analysed CBT/WBT systems were delivered from 
1996 to 2007, 30% of them have been upgraded since 
the date of delivery. Improvements implemented in  
these upgrades are mainly related to network connections  


and the addition of new content. The development phase 
of a CBT/WBT application lasts from a month up to two 
years, resulting in an average development time of approx.  
nine months. General characteristics of the analysed  
CBT/WBT are illustrated in the following graphs. 
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3.2 Technical speci��cation


As is reflected in Figure 3, 3D graphics are only 
implemented in 40% of all CBT/WBT modules.


Figure 3: Different media types 
Sample: 10 companies


40


20


60


80


100


0


[%]


 2D Graphics Videofilms  Questions, 
     excercises


3D Graphics Photographs Sounds


3. Description of CBT/WBT systems | 3.2 Technical specification







��


All CBT/WBT systems run under MS Windows. Only one 
CBT was found that is able to run also under Linux.  
The next graph shows that seven companies run modules  
on a stand-alone PC, five companies run CBT/WBT 
modules on a PC that needs the connection to a central 
server and six of the analysed companies use computer-
based training that is accessible through a web browser, 
i.e. web-based training. Note that several modules can 
run in more than one environment. The connection 
to the central server is mainly used for the storage of 
results in a central database.
 


Figure 4: Running environment of CBT/WBT systems
(Sample: 10 companies)


Stand-alone PC Web based training


 PC+central server


40


20


60


80


0


[%]


3. Description of CBT/WBT systems | 3.2 Technical specification







�9


Concerning the structure of the network eight out of  
ten railway undertakings use a local network, six 
companies use the infrastructure of the intranet and 
only two companies allow a remote access. CBT/WBT 
applications are programmed in a great variety and by 
means of a combination of different software tools. 
Java and ToolBook are the most prominent ones in the 
benchmarking sample.


Figure 5: Programming language and authoring 
tools of CBT/WBT applications 
(Sample: 10 companies)
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Four companies use CBT/WBT modules without any 
capability of storing assessment data. The databases in  
usage are based on different database formats, e.g. 
Oracle, Access, MySQL, and BorlandInterbase. Often, the 
CBT/WBT systems follow no standard at all. Neverthe-
less, in some cases SCORM1 (Sharable Content Object 
Reference Model) and AICC2 (Aviation Industry Computer- 
Based Training Committee) are used.


1  SCORM is a collection of standards and specifications for 
web-based e-learning. Its development started in the Department 
of Defence of the USA Government, but nowadays some of its 
regulations are part of the IEEE standards.


2  This committee was developing guidelines for CBT mainly for 
the aviation industry, but later they evolved to other fields. Cur-
rently AICC still publishes these guides but has lost strength with 
the creation of SCORM.


3.3 Expectations and 
evaluation


Operators were asked about the importance of several 
aspects and features of the CBT/WBT modules. The in- 
struction was: “Please indicate the importance (or neces-
sity) of a variety of features expected in a CBT/WBT 
module. Please note that it is not necessary for these 
characteristics to be present in the analysed CBT/WBT.” 
The next table shows the average results. 


3. Description of CBT/WBT systems | 3.2 Technical specification







3�


Figure 6: Importance of several features of CBT/
WBT systems 
(Sample: 10 companies)
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Three items that might be difficult to understand were 
explained as follows:


Complete pedagogical route: The content of a course  
 should be general and therefore will teach about all  
 train or line systems (5) or should focus only on some  
 specific systems (1).


Degree of detail: The CBT/WBT learning content  
 about specific systems of the trains should be light  
 (1) or in depth (5).


Following compatibility standards:  
 The importance given to the following e-learning 
 standards like SCORM.


Possibility of different rolling stock types:  
 The advantage of using a CBT/WBT for training in  
 connection with several specific trains instead of  
 having several CBT/WBT.


The figure reveals that for operators, the ease of usage 
of the CBT/WBT system is the most important topic. This 


•


•


•


•


fact has an easy explanation; if a CBT/WBT is difficult  
to use it will not be used at all. Other highly rated 
topics are the presence of multimedia content and the 
presence of theoretical information. These two topics 
have such a high importance, because they are related 
to the main CBT/WBT objective: teaching. All companies 
believe that CBT/WBT must have theoretical information 
and this information should be as illustrative and compre-
hensible as possible.
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4.1 General information


The benchmarking results are based on the analysis of 
138 simulator systems operated by 17 different railway 
companies and developed by eight different manufac-
turers: Citef, Corys T.E.S.S., EADS, Indra, Krauss-Maffei 
Wegmann, Lander, OKTAL, and Sydac. A description  
of different types of simulators is given in Chapter 5.2. 
The benchmarking process comprised 138 simulator 
systems in total. Figure 7 and table 4 shows how these 
systems are divided into the five different types of 
simulators. The train operating companies may have 
further simulators in use than presented in this report. 
It was the choice of every company which system should 
be part of the enquiry. For example, SNCF laid the 
focus on its TGV high speed simulators. Therefore, only 
these systems have been included in the benchmarking 
besides the fact that SNCF also runs other systems. 


Figure 7: Simulator types
(Sample: 138 systems)
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Table 4: Number of analysed systems per simulator 
type and company


Type A Type B Type C Type D Type E
CFL - 10 - - 1
DB - - - - 16
FSR - - - 2 -
IE - - 1 - -
MAV - - 2 1 -
MdM 10 - - 2 -
NSB - - 5 - 1
Renfe - - 3 - -
S-Bahn - - - - 1
SNCB - - 31 - 2
SNCF - - 12 - 2
Southern - - 5 - -
SSB - - - - 1
SWT - - - 4 -
TMB 20 - - - -
Trenitalia - - - - 4
VAG - - 2 - -
Total 30 10 61 9 28


The first simulator systems were delivered in 1995, the 
most recent ones in 2007. Nearly 50% of the analysed 
simulators have already been updated. The improvements 
were very diverse, from setting up new projection systems 
to changing the whole train model. The time for devel-
oping a simulator (from specification to delivery) varies 
between six and 36 months with a peak at 24 months.
Actually, only one type of the analysed simulators has 
the capability for real simultaneous training, i.e. two or 
more trainees driving simultaneously in the same scenario  
on different simulation systems, meanwhile a traffic 
manager controls the traffic and the signalling of the line. 
In addition, an instructor is supervising the whole exercise. 
This simulation system is installed at Metro de Madrid.
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4.2 Technical speci��cation


Computer and communication system


All simulators run under different versions of MS Windows. 
In addition to MS Windows, some simulators use other 
operative systems for specific tasks (e.g. to generate the 
infrastructure). The usage of Linux is increasing year by 
year, maybe due to its open source and multitask possibil- 
ities. MS DOS simulators were only developed in the past. 
Furthermore, UNIX simulators were developed for running 
in expensive workstations, nowadays some of them are 
ported to Linux.


Figure 8: Simulators’ operative systems
(Sample: 17 companies)
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Approximately 90% of simulators are distributed  
applications, i.e. running on more than one computer. 
75% of simulators are implemented in a local network, 
nearly 25% run via intranet. Another 20% of the sys-
tems can be acceded through remote connections, but 
usually for administration, not for training purposes.


Figure 9: Simulators’ networks
(Sample: 17 companies)
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About 70% of all simulators use sockets directly and  
approx. 50% use high level object-oriented protocols,  
like CORBA or DCOM. Note that several simulators use 
more than one technology. Despite the fact that MS 
Windows is used in all simulators, only 20% use DCOM 
as communication protocol. Maybe due to established 
habits, the combination of object-oriented communication 
systems (CORBA and DCOM) has not yet taken a lead 
over sockets. Nearly all simulators are based on TCP/IP 
as communication protocol, only one uses UDP.


Figure 10: Simulators’ communication protocols
(Sample: 17 companies)
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Programming language


All simulators are programmed in C/C++ whereas a 
small percentage of them use other languages like inventor 
or php for specific purposes. Figure 11 shows the assess-
ment database format. There is not a unique standard-
ised format: About 35% of simulators use a manufacturer 
specific format. Other formats are MySQL, SQL Server 
and Borland Interbase. 
With regard to standards, none of the studied simulators 
follows any simulation standard (like DIS or HLA).


Figure 11: Simulator database format
(Sample: 17 companies)
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Trainee desk


As reflected in Figure 12, five different types of simulators 
are differentiated in the frame of the study: (A) software 
interface of cab equipment, (B) part-task trainer, (C) partial  
cab, (D) full replica cab without motion system, and (E) 
full replica cab with motion system. About 35% of the 
analysed systems are partial cab simulators, another 35% 
simulators are equipped with a full replica cab and motion 
system, and 17% are equipped with a full replica cab but 
without a motion system. Software interfaces are used in  
9% and part-task trainers due to the limited field of 
application in only 4% of the sample. Several companies 
have decided for a combination of simulators in terms of 
scalability as to cover the wide range of applications up to 
a full-mission simulator on the one hand, and to guarantee  
a high amount of simulator training by cost-effective 
partial-cab solutions.


Figure 12: Trainee desk configuration
(Sample: 17 companies)
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About 60% of the simulators have original controls; 45% 
of simulators have them as a replica close to the original.
In addition to physical controls, some simulators have 
other systems to show and manipulate secondary controls  
or actuators (e.g. for circuit breakers). 


Figure 13: Simulator controls
(Sample: 17 companies)


Original 
controls 


Some hardware 
replacement 


As part of a
screen, mouse 
or keyboard


Replica close 
to original 


20
 10


30
40


0


50
60
[ % ]


4. Description of simulation systems | 4.2 Technical specification







43


Visual system


The visual system characteristics of the analysed simulators  
are very diverse. In relation to the field of view, the next 
two graphs show both horizontal and vertical fields of view.  
In terms of visual resolution, 1280x1024 is present in more 
than 40% of the analysed simulators. This parameter  
does not seem to be influenced by the technical advances 
in the recent years. Each simulator has a different screen 
size. There are simulators that run with a common 19’’ screen,  
while others have a large projection screen (10m x 4m). 
Prepresentation systems are also different: In addition to  
PC screens, there are simulators with projection and  
retro-projection systems. About 80% of simulators have 
a 60 fps visualisation frequency; another 20% run with 
30/33 fps. Besides the fact that human eyes do not make 
out more than 24 fps, most manufacturers prefer to have  
a 60Hz visualisation frequency in order to reduce eye strain.  
A rear view is present in 42% of the studied simulators.


Figure 14: Horizontal field of view
(Sample: 12 companies) 
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Figure 15: Vertical field of view
(Sample: 10 companies) 
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Figure 16: Visual system resolution
(Sample: 17 companies)
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Sound system


As far as sound is present in the simulator, it reproduces 
communications, sounds of the trainee desk (like buzz-
ers, beeps or sound messages) and exterior train sounds 
(like rolling on different features or electro-magnetic 
brakes). Other sounds present on some simulators are 
internal train surroundings sounds (e.g. doors, com-
munication, pneumatic system or ventilation), exterior 
railway sounds (e.g. bells or station announcements) 
or exterior surrounding sounds (e.g. rain, wind).


Figure 17: Variety of modelled sounds
(Sample: 17 companies)
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The next graph shows the number of channels of the 
sound system. Originally, this question asked about cab 
sounds, but some companies have also included other 
sounds (for example communications or track sounds). 
This results in about 35% of the simulators having a 
specific configuration, for example 6 channels: left chan-
nel, right channel, track sounds, message speaker, radio 
speaker, radio microphone. Furthermore, other present 
configurations are mono, stereo, 2.2 and 5.1.


Figure 18: Number of sound channels
(Sample: 17 companies)
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Motion system


50% of the simulator sample has a motion system. 
Almost all of these systems are full cab motion system 
with five or six degrees of freedom (DOF). The only  
exception is a simulator that only has one DOF, i.e. the 
vertical vibration of the driver seat.


Figure 19: Motion system
(Sample: 9 companies)
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4.3 Simulation capabilities


Subsystems


This section informs about the capability of simulators 
to model different systems or subsystems. Figure 20 
shows that all simulators replicate the pantograph/over-
head line contact, deadman’s handle and the electrifi-
cation, traction and breaking systems.
Additionally, all of them have a realistic adhesion coeffi-
cient and traction/breaking curve. Aerodynamic forces 
inside tunnels are only modelled in 45% of the systems. 
Aerodynamic forces are very different among open-sky 
and tunnels, but are only modelled in underground train 
simulators, maybe due to the low presence of tunnels  
in other simulator scenarios. Most of the analysed simu- 
lators are focused on driving. Other less related  
elements, such as the passenger information system is 
only present in 60% of the simulators. 


4. Description of simulation systems | 4.3 Simulation capabilities







49


Figure 20: Modelled subsystems
(Sample: 17 companies)
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Rail traffic and signalling


In addition to the driven train, 95% of the simulators 
also represent other railway traffic. Figure 21 reveals how 
other trains are managed (Note: a simulator can have 
several modes to manage automatic trains). About 85% 
of the simulators manage other trains by an event-based 
system. This means that the instructor is able to deter- 
mine where and when trainees will encounter another  
train. With an automatic traffic system trains move with- 
out following any regulation, they do not stop at stations 
nor reduce speed at a level crossing. Finally, intelligent  
traffic means that the initial positions of these “intelligent” 
trains are stored in the configuration file such that when 
the exercise starts, these trains will start driving following 
all rules and regulations, just like in the “real” world.  
The sum of the three columns exceeds 100% as some 
simulators can configure trains in different ways. 


Figure 21: Management of other trains
(Sample: 17 companies)
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Road traffic and pedestrians


Only 50% of the examined systems simulate road traffic, 
some simulators reproduce road vehicles only in specific 
situations, e.g. level crossings. The next graph shows how 
many different cars can be modelled.


Figure 22: Number of modelled cars
(Sample: 16 companies)
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About 75% of the analysed simulators can model  
pedestrians and/or passengers. Figure 23 examines how 
many different characters can be simulated. The number 
of represented pedestrians or passengers is a para- 
meter directly related to technical and process limitations.  
For that reason, only 40% of the systems simulate more 
than 20 different pedestrians/passengers. About 70% of 
all simulators are able to represent boarding.


Figure 23: Number of different pedestrians and 
passengers
(Sample: 16 companies)
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Lines


Most lines of the studied simulator systems are represented  
as real lines, i.e. real tracks and real surroundings or 
generic lines (generic tracks and generic surroundings). 


Table 5: Simulated lines


Number of Lines Kilometres of track


Realistic lines 27 3 100


Geo-generic lines 10 1 650


Generic lines 24 1 700
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Settings 


The next graph shows the settings that can be changed 
during an exercise. All simulators are capable to change 
signalling (e.g. lights) and the track route, most of them 
can also change environmental conditions (e.g. weather, 
daytime).


Figure 24: Settings that can be configured
(Sample: 17 companies)
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Modelled elements


Figure 25 shows that all simulators are able to model 
buffer stops, overhead lines, lights, and signals as line 
related elements. Beacons and pantograph are present  
in 80% of them. In addition, Figure 26 displays the sur- 
rounding elements that are modelled in simulators. 
Finally, Figure 27 shows some special effects present in 
the simulators. 


Figure 25: Modelled line-related elements
(Sample: 17 companies)
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Figure 26: Modelled surrounding elements
(Sample: 17 companies)
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Figure 27: Modelled weather conditions
(Sample: 17 companies)
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4.4 Expectations and evaluation


The 18 companies were asked to rate the importance of 
some technical features to be expected from a training 
simulator on a six point scale (0 = “not important”, 5 
= “very important”). The most important features with  
average ratings above 4.5 are the realistic train behaviour  
and the possibility of changing settings during an exer-
cise. Average ratings above 4.0 are given for an objective  
assessment system, real cabin controls, realistic tracks 
and signalisation, realistic visualisation and sound, dif-
ferent driving and weather conditions. Average ratings  
above 3.0 are stated for the existence of a full replica 
cab, for the modelling of all subsystems (e.g. electrical, 
pneumatic), for the possibility of simulating different roll-
ing stock, and for compliance with compatibility standards.  
Average ratings below 3.0 are given for the existence of 
a motion system, the ability to connect different simulators  


for combined exercises, the existence of real surroundings  
as well as the represen-tation of road traffic, passengers 
and pedestrians. It has to be considered that the scoring 
on some of these items is greatly dispersed. For example, 
the motion system is of high importance for those opera- 
tors running a simulator with motion system but seems 
nearly unnecessary to other companies.
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Figure 28: Importance of several features of 
simulator systems 
(Sample: 18 companies)
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During the interviews, the operators were also asked to 
evaluate the existing training technology on a six point 
scale (0 = “simulator does not have the characteristic”, 
1 = “Not realistic”, 5 = “very close to reality”) with 
regard to how close the existing simulators are to reality. 
The representation of road traffic, pedestrians and pas-
sengers are the lower valuated items due to the difficulty 
of emulating human behaviour on the one hand, and 
the low importance that most operators place on these 
topics on the other. The mathematical train model, the 
signalisation system and the similarity between simulator 
and real train cabin (including movement system) are  
the best-rated items. The model of other trains apart from  
the ego-train, the ability to simulate failures, and the 
visual/sound system received medium-high marks.


Figure 29: Degree of fidelity of several features of 
simulator systems
(Sample: 17 companies)
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Finally, the day-to-day usage of the simulators should 
be rated (0 = “not available”, 5 = “maximal customer 
satisfaction”). It could be found that the operators give 
good marks for the improvement of training-learning 
capacity due to simulators and for the amount of infor- 
mation given to the instructor during the exercise. 
The less valued items are the quality of the final exercise 
report and the existing facilities to create new exercises.  
A recording system, the time needed to load the simula-
tor exercise and the general manageability and ease of 
use receive medium marks.
 


Figure 30: Evaluation of different aspects of simu-
lator systems 
(Sample: 17 companies)


Improvement of training-learning capacity due to simulator (0.98)
Information given to the instructor (1.12)


General manageability and ease of use (0.81)
Facility to create new training plans and exercises (1.16)


Required time for simulator loading (lower time is better) (1.12)
Recording and replaying system (1.06)


Final exercise report (1.18)
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5.1 Introduction


In the following section the benchmarking results related 
to different training concepts are presented (see Figure 31).  
After some general remarks concerning different types of 
simulators, several comparative tables show the extent of 
using simulators for a number of different training topics 
and in the main phases of training. Secondly, the results of 
a comparison of training methods and training topics are 
given. Finally, the organisational aspects of training in differ-
ent railway companies are analysed. 


Figure 31: Structure of the benchmarking results 
related to different training concepts
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5.2 Usage of simulators


Type of simulator


Five different types of simulators were differentiated in 
the frame of the benchmarking interviews: (A) software 
interface of cab equipment, (B) part-task trainer, (C) par-
tial cab, (D) full replica cab without motion system, and (E)  
full replica cab with motion system. In the following, 
these different types of simulation are shortly explained:


Software interface of cab equipment
A simulator using a software interface of cab equipment 
represents the real cab desk only on the computer screen. 
The trainee has to operate the train – i.e. the displayed 
handles, valves, buttons etc. – with standard computer 
components (keyboard, mouse). The display consists of  
a normal computer screen. This type of simulation is 
closely related to CBT/WBT and often runs on the same 


hardware. A simulator with a software interface of cab 
equipment is normally used for initial training and for the 
training of specific operational issues of train driving.


Figure 32: 
Example of a simulator with software interface of 
cab equipment at Metro de Madrid, Spain
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TMB use simulators of the type software interface of  
cab equipment for advanced training and refresher 
courses. MdM uses this type of simulation for initial 
and advanced training.


Part-task trainer
Part-task trainers normally do not represent a certain 
vehicle. They consist of a generic panel with only a few 
handles, levers or buttons that are close to the original 
device (see Figure 33). Part-task trainers are designed 
for learning specific tasks, e.g. how to handle an  
ATP/ATC/ATO system or to learn and to apply operational 
rules/signalling. In most of the cases more than one 
part-task trainer is installed within the same room. Some 
part-task trainers also combine CBT/WBT and low-level 
simulation within one device.


Figure 33: Example of a part-task trainer at CFL


The only part-task trainers included in the analysis have 
been purchased by CFL, but are currently not in use.
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Partial cab
Partial cab simulators represent a partial cab replica 
following a real vehicle. Normally, at least a part of the 
driver desk is modelled. Partial cab simulators are able 
to simulate the general vehicle logic including driving be- 
haviour and are often also equipped with a touchscreen 
computer that simulates equipment located at the rear  
of the original cab, in the engine compartment, or out- 
side along the train. This type of simulator does not have  
a closed cabin. Mostly, the visual presentation of the 
scenario is done by projection.
Partial cab is used by SNCB for initial training (80%), 
advanced training (15%) and for competence check (5%),  
further by VAG for initial training (65%) and advanced 
training (35%), by MAV for initial training (80%) and 
route knowledge (20%), by SNCF for initial training 
(35%), route knowledge (30%) and ATC/ATP (35%), and 
equally for initial training, advanced training and com- 
petence check by NSB and Southern. At the time of the  


benchmarking study IE has planned to purchase a 
partial cab simulator. This should be used for initial 
training (15%) and equally for advanced training and 
competence check (85% in total).


Figure 34: Example of a partial cab simulator


(Source: NSB)
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Full replica without  / with motion system
These simulators represent a cab replica according to a 
real world vehicle (see Figure 35). They are able to  
simulate the general vehicle logic including driving beha-
viour and are mostly also equipped with a touch-screen 
based computer that simulates equipment located in the 
engine compartment, or outside along the train. If the  
cab replica is installed on a motion system, the driver 
gets an accurate feeling of the train behaviour.


Figure 35: Example of full replica cab
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The training situation of being alone in a closed room  
is given, which helps the driver to get involved with the  
simulator exercise. The whole cab equipment is repro-
duced and it is possible to learn how to operate the 
vehicle and how to perform trouble-shooting in a very 
realistic way. The visual system consists of a projection 
of the tracks, surrounding, and scenery.
Full replica cab with motion system is used by DB for 
competence check, advanced training, initial training, 
and rolling stock training, by SNCB for initial training, 
advanced training, and competence check, and by NSB 
for initial training, competence check, and ATC/ATP 
training. SNCF uses the full replica cab for all training 
contents except for route knowledge, Trenitalia mainly 
for monitoring, and SSB for initial training, advanced 
training, and partially for staff recruitment. Table 5 gives 
an overview of the usage of a full cab replica with  
motion system for different training topics. Full replica 
cab without motion system is used by SWT for initial 


training (95%), for manager competence check (2.5%), 
and post incident training (2.5%), by MAV for initial 
training (60%), advanced training (20%) and rolling 
stock (20%). MdM uses the full replica cab equally for 
initial and advanced training.
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Table 6: Usage of a full replica cab with motion 
system for different training topics


Initial 
Training


Advanced 
Training


Competence 
check


Rolling 
stock


Route 
knowledge


ATC/ATP Other topic


DB ~10% 30-35% 50-55% ~5% 0% ~1% 0%


SNCB 75% 20% 5%3 0% 0% 0% 0%


NSB 85%4 0% 10% 0% 0% 5% 0%


SNCF 40% 15% 20% 10% 0% 15% 0%


Trenitalia 7% 3% 90%5 0% 0% 0% 0%


SSB ~50% ~40-45% 0% 0% 0% 0% ~5-10%6


3 Re-certification (simulator is not mandatory)
4 From September 2007 on
5 Monitoring, not competence check
6 Staff recruitment
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Comparison of simulator type 
and training topics


The purpose of this part of the questionnaire is to obtain 
information on the amount of training of certain topics  
which is carried out using a specific type of simulator. 
Therefore, the companies had to match percentages with 
topics (initial training, advanced training, competence 
check, rolling stock, route knowledge, ATC/ATP, and 
others) and types of simulators (software interface of cab 
equipment, small driver desk without cab, partial cab, full 
replica cab without motion system and full replica cab 
with motion system). The main content trained on the 
different types of simulators differs. Type A simulators are 
mainly used for advanced training. Type B simulators are 
not used by the interviewed companies. Type C, D and E 
simulators are mainly used for initial training. For the 
training of rolling stock only simulator type E is used, for 
route knowledge only simulator type C and D (see Table 7).


Table 7: Ratio of simulator type and training content


Type A Type B Type C Type D Type E


Initial training 21% 0% 47% 49% 44%


Advanced training 54% 0% 26% 20% 18%


Competence check 25% 0% 15% 26% 30%


Rolling stock 0% 0% 0% 0% 3%


Route knowledge 0% 0% 6% 5% 0%


ATC / ATP 0% 0% 5% 0% 4%


Other 0% 0% 1% 0% 1%
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Figure 36: Usage of simulation 
for different training topics
(Sample: 17 companies)


In average, simulators are mainly used for initial training, 
followed by advanced training and competence check. 
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Usage of simulator in 
main phases of training


One major objective of the benchmarking was the analysis 
of the usage of simulators for initial training, advanced 
training, and competence check. For the following analy-
sis the company CD has been left out due to a missing 
simulator. As far as MAV and IE are concerned, the given 
answers are estimations for the future use of the simulators 
as these companies are still in the process of purchasing.


Initial Training
Within the scope of initial training there are major  
differences among companies concerning the usage of 
simulators. The average number of hours per trainee 
spent on a simulator in terms of initial training is approxi- 
mately 30 hours. There are companies which use  
simulators during initial training significantly above  
average, for example 60 hours (IE) or even 160 hours 


per trainee (VAG). There are also three companies 
which do not use a simulator during initial training at 
all (FSR, S-Bahn Berlin, and TMB) (see Figure 37).
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Figure 37: Usage of simulators – initial training
(Sample: 17 companies)
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Advanced Training
Simulators are used for advanced training only to a 
limited extent. Because of the high number of drivers in 
many railway undertakings and the limited resour- 
ces of training hours in the simulator it is difficult to 
reach a higher number of hours. Renfe and TMB  
have the highest numbers of simulator hours in advanced  
training (8 hours per trainee and year). Advanced train-
ing in the simulator is not obligatory in all companies. 
This is because the capacity of training hours in the 
simulators often does not meet the requirements and 
not every train driver finishes an advanced training every 
year. Therefore, the number of hours per trainee is rela-
tively low in contrast to initial training (see Figure 38).


Competence check
Simulators are also used for competence check, i.e. for a 
performance assessment of the train driver by means of 
a simulator exercise. As it can be seen, most of the com- 
panies use the simulator for this training topic (Figure 39).  
FSR has the most frequent usage of the simulator for com- 
petence checks of their train drivers. In this context, it 
is necessary to notice that FSR has a special procedure 
concerning carrying out the regular competence checks: 
Half of the total number of drivers has to take part in 
the competence check for six hours every two years. 
Therefore, the figure states an amount of three hours  
per trainee per year.
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Figure 38: Usage of simulators – Advanced training
(Sample: 17 companies)
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Figure 39: Usage of simulators – Competence check
(Sample: 17 companies)
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5.3 
Comparison of training methods 
and speci��c training topics


Another comparison that is based on the information 
gathered by the face-to-face interviews with 18 European  
railway undertakings is the analysis of training methods 
used for the training of specific training topics. In the 
following section, six training topics are analysed: (1) 
training of emergency situations, (2) training of driving 
under normal conditions, (3) training of route knowl-
edge, (4) training of human factor issues, (5) energy 
saving driving, and (6) irregularities in train operations. 
These topics were chosen because 2TRAIN focuses on 
human factor contents as well as on the training of the 
correct behaviour in abnormal and critical situations that 
have the potential to be a threat to the safety of railway 


operation. The comparison is made in the following 
way: 100% means for example that all companies of the 
benchmarking interviews apply the training method  
for the given topic. 
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Training of emergency situations


The training of emergency situations practises the  
handling of incidents and accidents like fire in train, 
derailment, or collision. This training topic is mostly  
trained by traditional lectures in the classroom and by 
simulator exercises. Roughly half of the companies also 
use CBT/WBT modules for this training topic, whereas 
in only some companies the training takes place in the 
cabin of a real vehicle.


Figure 40: Methods for the training 
of emergency situations
(Sample: 18 companies)
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Training of driving under normal conditions


The training of driving under normal conditions involves 
train preparation, driving and braking, correct interpreta-
tion and handling of signals and operational rules, etc. 
This topic is mostly trained in classrooms, on simulators, 
and in the real cab. Only 20% of the interviewed com-
panies use CBT/WBT modules. The companies S-Bahn 
Berlin, IE, MdM and FSR use all the methods for the 
training of driving under normal conditions. 


Figure 41: Methods for the training of driving 
under normal conditions
(Sample: 18 companies)
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Training of route knowledge


All companies use the real vehicle for the training of 
route knowledge. This has two reasons: (1) nearly all 
companies have to follow state regulations or internal  
directives and (2) frequent changes in infrastructure make 
other forms of training inefficient. Nevertheless, some 
companies also use simulators for the training of route 
knowledge or carry out training in classrooms by using 
DVD or CD-ROM with recorded routes.


Figure 42: Methods for the training 
of route knowledge
(Sample: 18 companies)
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Training of human factors


Training of human factor issues includes the handling  
of situations with high workload and multiple tasks,  
decision making, and communication skills (e.g. an- 
nouncements for customers, driving in stations in ac-
cordance with customers’ behaviour). Training of human 
factors is done mainly on the simulator and in class-
rooms. Other methods (CBT/WBT modules or real cabin) 
are only used in a few companies.


Figure 43: Methods for the training 
of human factor issues
(Sample: 18 companies)
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Energy saving driving


The training of energy saving driving (other: energy effi-
cient driving, green driving) aims at reducing the energy  
consumption and – as a consequence – at saving money. 
This type of training is applied by approx. two-thirds  
of the interviewed companies. The most common method  
is training in classroom or – to a lesser extent – on 
simulators and in the real vehicle. CBT/WBT modules are 
used rather seldom for this type of training.


Figure 44: Methods for the training 
of energy saving driving
(Sample: 18 companies)
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Irregularities during train operations


This topic is trained mainly by classroom lessons and 
simulator exercises, followed by training on the real cab 
and the usage of CBT/WBT modules. Some companies 
provide all training methods: SSB, S-Bahn Berlin,  
Southern Railways, IE, and DB.


Figure 45: Methods for the training 
of irregularities during train operation
(Sample: 18 companies)
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Ratio of training content 
and training method


Companies which took part in the research were also 
compared in terms of using individual training methods 
(e.g. simulation, CBT/WBT, classroom, real cab) accord-
ing to different training topics (e.g. initial, advanced 
training or competence check). For example: As an aver-
age of all companies, 46% of the overall amount/time 
of initial training takes place in the real cab (Note: Only 
those companies are included in the analysis that could 
provide reliable data for this comparison). 
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Initial training
Simulation does not play an important role in initial 
training. In average, just 7% of training is covered by 
simulator exercises. Only two companies use simula- 
tion to a higher extent: SNCF7 (45%) and VAG (35%). 
Also CBT/WBT modules are used very rarely. Only CD, 
MdM and S-Bahn Berlin realise more than 10% of the 
overall training with this computer-based technology.


7  The figures of SNCF are valid for high-speed train drivers, i.e. 
for trainees who are already experienced drivers on “standard” 
trains.


Figure 46: Training methods used for initial training
(Sample: 17 companies)
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Advanced training
The distribution concerning the usage of simulation in 
advanced training shows another picture. In average, the 
simulators are used in 25% of the overall training. It is 
important to mention that six companies do not use simu-
lation for advanced training at all. The ratio of simulator 
training at VAG is 80%, at Renfe, SNCF and TMB 50%.


Figure 47: Training methods used  
for advanced training
(Sample: 15 companies)
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Competence check
The ratio of training methods used to check the com-
petence level of a train driver is very similar to the ratio 
that was found for advanced training. 
The companies use at least two different methods, DB, 
NSB and Trenitalia even a mixture of four methods. 
At Trenitalia the competence assessment is done as a 
continuous monitoring process including the analysis of 
the train data. MAV and Southern realise competence 
assessment mainly in the classroom (80% and 94%).


Figure 48: Training methods used  
for competence check
(Sample: 11 companies)
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Rolling stock
For the training on rolling stock most companies use  
a combination of training on the real cab and classroom  
lessons. Only at three undertakings specific CBT/WBT 
modules are available. Only SWT and VAG cover a signifi- 
cant portion of the overall training with simulation  
(both about 30%).


Figure 49: Training methods used  
for rolling stock training
(Sample: 12 companies)
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Route knowledge
As mentioned before, training on the real cab is the first 
choice for the acquisition of route knowledge. Five  
companies use only this method. The other training 
methods just play a supportive role.


Figure 50: Training methods used 
for training of route knowledge
(Sample: 14 companies)
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ATC/ATP
Eight companies provide information about the distribution  
of training methods and ATC/ATP training. As seen in 
Figure 29, nearly 50% of this training topic is acquired in 
classroom lessons. All companies use at least real cab 
or simulation as a second method. Only DB and SNCB 
use CBT/WBT modules for this topic.


Figure 51: Training methods used 
for ATC / ATP training 
(Sample: 8 companies)
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5.4 Organisation of training


The final part of the benchmarking questionnaire is a 
part devoted to the organisation of training and focuses 
on such questions as the distribution of training centres, 
different methods of competence assessment, different  
methods of storing training results, and many other 
processes which are related to the organisation of the 
training. This part is focused on both training methods: 
simulators as well as CBT/WBT modules. In many cases  
it can be found that the organisation of simulator training  
differs from the organisation of CBT/WBT training. The 
following chapters cover: (1) organisation of training, (2) 
development of training content, (3) competence as- 
sessment, and (4) feedback of the companies concerning 
their own training methods and training technologies.
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Localisation of the training centre


The interviewed railway companies reported interesting  
variations concerning the degree of centralisation of 
training. Whereas most companies use centralised sim- 
ulator training centres, CBT/WBT training is often de- 
centralised. Nevertheless, all Spanish companies taking  
part in this research (Renfe, TMB and MdM) are among 
the companies which have decentralised systems of sim- 
ulator training. They are also joined by two other com-
panies (DB and SNCB) (see Figure 52).
The interviewed railway companies report that simulator 
training is normally conducted by internal instructors or 
instructors from the company training department. It is 
unusual to charge a completely external company or to 
combine these approaches. 


Figure 52: Localisation of training centres
(Sample: 18 companies)
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Training development


Regarding the development of new training modules for 
simulator or CBT/WBT it is interesting to observe that  
for simulators, training development is mostly done by  
internal instructors, whereas CBT/WBT modules are 
often co-developed by all partners involved (internal  
instructors, instructors of the training department, ex-
ternal company) (Figure 53, Figure 54). None of the in-
terviewed companies commissions an external company 
with the development of simulator training modules.
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Figure 53: CBT/WBT training development
(Sample: 17 companies)
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Figure 54: Simulator training development
(Sample: 13 companies)
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Assessment


Another part of the interview is devoted to the method 
of competence and performance assessment used on 
simulators and CBT/WBT. The interviewed companies were  
asked if they use CBT/WBT knowledge tests or simulator 
exercises with specific events in order to assess the 
competence and performance of the trainees. The most 
frequent method of competence assessment is using a 
simulator. But CBT/WBT knowledge tests are also used. 
Almost all companies use some kind of computer based 
archives to store the data and results obtained in the 
course of training. Except for TMB and VAG which are 
considering the method of storage, all companies de-
cided to use a specific type of computer database which 
is able to store the data in the course or after complet-
ing the training. Another issue during the interviews was  
about the selling of free training capacity of the simu-
lator or CBT/WBT to external companies. Six out of 18 


companies (DB, SNCB, Renfe, NSB, SNCF, and S-Bahn 
Berlin) do sometimes sell free training capacity. 
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Improvements and shortcomings


The last part of the interviews was devoted to the  
shortcomings and failures which the companies would 
like to remove in the near future. Companies were  
asked for any evaluation studies conducted in the past.  
Such studies should clarify if the training is interest-
ing and motivating for the trainee and if the training 
achieves the expected results in terms of knowledge 
transfer, behavioural change, skills and competence 
development. Besides the fact that some companies 
have introduced a regular feedback instrument (paper-
pencil) asking for the trainees’ acceptance of the  
computer-based training sessions, no company evaluates 
the training effects in a systemic and standardised way.
Each company states certain insufficiencies regarding the 
operation, maintenance and development of simulator 
training. The answers can be divided into (1) technical and 
economical shortcomings, (2) shortcomings related to 


the assessment capabilities, (3) feedback given by the 
trainees, (4) feedback given by the labour unions, and 
(5) the intention of future improvements.
The given answers imply that it is difficult to maintain 
the simulator at the level of the real system (according to 
changes affecting the infrastructure or the rolling stock) 
as implementing changes in the simulation is often cost 
expensive and time consuming and can only be done  
by the manufacturer. The realisation of a generic driver’s 
cab and a generic infrastructure is suggested as a rea-
sonable solution to achieve a higher flexibility in terms  
of developing new exercises. Other comments respond 
to the quality of post-run analyses as there is not 
enough feedback and assessment data for the instructor. 
A simpler scoring report with an option of focusing on 
errors could be one solution. At some training simulators 
an automated objective assessment system is totally  
missing. As a consequence, the use of objective perform-
ance markers for the assessment procedure and a  
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connection of the assessment database with the company’s  
information system are proposed. Concerning the train-
ees’ feedback, some drivers ask for more sessions on the 
simulator and demand for an immediate re-training after 
an incorrect action. The fidelity of simulation should be 
as high as possible. Due to a missing full motion system, 
some existing drivers are not keen on simulators as the 
sensation of braking is limited. The feedback given by 
labour unions and staff councils is inconsistent. At some 
companies an agreement with the staff council has  
been settled not to use the simulator for the surveillance 
of train drivers. At other companies, unions do not  
allow the detailed performance check by using objective  
assessment data. Furthermore, simulator sessions can 
only be attributed as additional training and should never  
reduce the amount of conventional methods. Other 
companies quote that the acceptance and compliance 
are quite high. Good experience was made with the 
involvement of the labour unions from the beginning on 


as part of the simulator steering group. Asking for future 
improvements and planning some companies argue for 
an intensified use of simulation in the course of initial 
training, for training sessions focused on the distraction  
of drivers in critical phases, and for implementing cross-
border training on partial cab simulators. Other companies  
would like to increase the number of simulated engine 
types and realise a higher number of small desk simulators  
aiming at a whole fleet of simulators.


This is the list of the main shortcomings mentioned:
Difficulty in keeping the simulator up-to-date (e.g.  


 concerning the real line and its characteristics)
Missing database and insufficient assessment system
Relatively high costs per trainee
Expensiveness of purchasing a simulator with a high  


 number of realistic lines
Software problems and bugs
No possibility of replaying previous situations


•


•
•
•


•
•
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Relatively small number of training events that can  
 be simulated


Problems with motion system
Unsatisfying simulation of rain


Summary table


The following table summarises the main data about the 
simulator training systems and shows the main charac-
teristics of the training systems in each company: locali-
sation of the simulators, responsibility for the training 
development and for the training regulations, usage of 
the simulators for competence assessment and schedul-
ing of this assessment, storage of training results, usage 
of competence management systems, and evaluation of 
acceptance or learning effects.


•


•
•
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Table 8: Summary Table


Company Location 
of SIM


SIM exercise 
development


Regulation of 
training


Compe-
tence as-
sessment


Assessment schedule Storage 
of results


CMS8 Evaluation


CFL Central Training department not determined YES mandatory (after incident)
voluntary (2 hrs/year)


YES (Proto-
col sheet)


NO NO


DB Decentral Internal & Customers national + com-
pany


YES mandatory (1-2 hrs/year)
voluntary (after initial  
training, after incident)


YES (Proto-
col sheet)


NO Learning effects 
(2004)
Acceptance (2005)


FSR Central Internal mainly national YES mandatory (after initial train-
ing, regular)


YES (Proto-
col sheet)


NO NO


IE Central Internal mainly company YES mandatory (after initial train-
ing, after incident, regular 
(6.5 hrs/year))


YES (SIM 
database)


NO NO


MAV Central Training department national YES mandatory (after initial train-
ing, regular (0.5 hr/2 yrs))
voluntary (after incident)


YES (SAP 
authority 
tool, MELIS)


YES NO
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MdM Decentral Internal & External national (light 
rail) + company 
(metro)


NO - NO YES Acceptance 
(continuous)


NSB Central Training department national + com-
pany


YES mandatory (after initial train-
ing, regular (4 hrs/2 yrs))


YES (Proto-
col sheets)


NO Acceptance 
(annual feedback)


RENFE Decentral Internal & External national Not yet - YES (SIM 
Database)


NO Acceptance 
(continuous)


S-BAHN 
BERLIN


Central Internal national + com-
pany


YES mandatory (after initial train-
ing, after incident, regular 
(0.75 hr/5 yrs)


YES (Proto-
col sheets)


YES NO


SNCB Decentral Training department national + com-
pany


YES mandatory (after initial train-
ing (3hrs), voluntary (after 
incident, regular (1 hr/3 yrs)


YES (SIM 
database  + 
protocol 
sheet)


NO Acceptance (2004)


Company Location 
of SIM


SIM exercise 
development


Regulation of 
training


Compe-
tence as-
sessment


Assessment schedule Storage 
of results


CMS8 Evaluation
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SNCF (high 
speed)


Central Internal & Training 
department


company YES mandatory (after initial 
training), voluntary (after 
incident, regular)


YES (SIM 
database)


NO Acceptance and 
Learning (2007)


Southern Central Internal & Training 
department


national + com-
pany


NO - YES (SIM 
database)


NO Acceptance (2006)


SSB Central Internal & Chief 
operating manager


national + com-
pany


NO - NO NO NO


SWT Central Internal national + com-
pany


NO - YES (SIM) NO NO


TMB Decentral External & Internal national + com-
pany


NO - NO NO Acceptance 
(continuous)


Company Location 
of SIM


SIM exercise 
development


Regulation of 
training


Compe-
tence as-
sessment


Assessment schedule Storage 
of results


CMS8 Evaluation
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Trenitalia Central Internal national YES voluntary  
(regular (1 hr/year))


YES  
(Personnel 
book)


NO Acceptance  
(continuous)


VAG Central Internal & Chief  
operating manager


national + com-
pany


NO - being  
discussed


NO NO


8 Content management system


Company Location 
of SIM


SIM exercise 
development


Regulation of 
training


Compe-
tence as-
sessment


Assessment schedule Storage 
of results


CMS8 Evaluation
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6.1 Introduction


18 companies with almost 18 different approaches  
concerning the usage of simulators or CBT/WBT modules 
for training of train drivers took part in the benchmark-
ing process. Among these companies, one company does 
not possess a simulator but is seriously thinking of pur-
chasing one in the nearest future (CD), two companies 
are currently in the process of implementing simulators 
(MAV and IE), and 15 companies already have several 
years of experience in operating at least one simulator. 
CBT/WBT modules are used in 13 out of 18 companies.
In the following, individual companies state their reasons 
for implementing simulators into the training system, 
summarise the main purpose for using simulator exercises  
or CBT/WBT modules and add other interesting informa-
tion, e.g. plans for the future. Where available, pictures 
taken at the training centres illustrate the different solu-
tions of the different companies.
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6.2 Ceske drahy   


CD does not currently operate any type of simulator.  
Other e-learning tools are used to a limited extent (e.g. 
animated flow charts describing some functions and 
information about trains, traction, and technology).


Main reasons for purchasing the simulators
As it is planned to widen the national and international 
operations in the near future, it is necessary for CD to 
invest in simulator solutions and to build up a computer-
based training system. The main reason for purchasing 
the simulators is to enhance the training facilities. The 
training system of CD is based on classroom and real-
cab training. New simulators could allow more efficient 
training and also save financial resources.
The second reason is that without simulators CD looses 
their employees’ capacities because the training system 
is specifically based on real cab training. The training 


includes a two driver system (where one of them is an 
experienced driver – minimum 5 years experience).


Main application
As CD wants to achieve safer railway operation it is 
expected that the simulator will train drivers to deal with 
unexpected situations and emergency scenarios. There-
fore, it is important that the simulators should be able to  
assess the reactions of the trainees and to provide a de- 
tailed exercise report. The main application of CBT/WBT 
modules is to train drivers in the frame of initial training  
as there is a clear need to customise drivers to operate  
with all the rules included in national and company 
directives. CD expects to train these situations by means 
of CBT/WBT modules because the training simulator 
should be used for advanced training.
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Additional comments
At present, CD is trying to accomplish a new project 
which focuses on the production of a new simulator in 
cooperation with a Czech producer of locomotives and  
a Czech scientific centre. The main system to be construc- 
ted is derived from a new type of electric traction loco-
motive (No. 380). It is multi-system traction based on 
European driver’s desk. It is expected that this simulator 
will be used in the training of drivers in interoperability 
operation and drivers who operate on high speed trains. 
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6.3 Societe Nationale des 
Chemins de fer Luxembourgeois 


CFL has purchased a complete system that consists of 
one full mission simulator, ten part-task trainers and 
CBT modules. The system simulates the engine type 
CFL 3 000. This system was delivered by KMW in 2001. 
The last update was made in 2005. In the course of 
this update, 35 kilometres of generic tracks with French 
infrastructure equipment were added.


Main reasons for running the simulation system
In 1997, some serious accidents happened on the Luxem-
bourg network. The main causes for these accidents were 
mistakes made by the train drivers. Therefore, the education  
and advanced training should be optimised. This objective 
should also be reached by the use of driving simulators.


Main application
The simulator was intensively used for initial training in 
2003/2004. No train drivers have undergone training in 
the last two years and training is unlikely to take place 
in the next few years. The initial training comprises the 
education on the network of Luxembourg, Belgium,  
and France as drivers of CFL operate in France (Luxem-
bourg – Basel) as well as on some lines in Belgium.  
At the moment, there are no train drivers in service on 
the German network. There are lots of changes in the 
railway system including changes in regulations, rolling 
stock and training contents. Therefore, the PTT systems 
and the CBT/WBT modules are not up to date and have 
not been used for several months. Drivers from Belgium 
are going to come to Luxembourg in 2007 for the purpose  
of training on the Luxembourg network.
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Additional comments
There will be two operational departments at CFL.  
CFL (passenger trains) and CFL Cargo (freight trains).  
This separation will be realised step-by-step in the  
near future. A training centre will also be constructed.  
At this point it has not yet been decided which of  
these parties will run/own the simulator in the future. 
Today, CFL would prefer a system that is more flexible  
and a motion system would no longer be essential.


Figure 55: Simulation site at the CFL training centre 
in Luxembourg
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6.4 Deutsche Bahn 


In 1996 DB started to use simulators for train driver 
training. At present 17 full-mission simulators are in use, 
covering high speed/long distance, local and freight  
train rolling stock. The simulators are located at eleven 
training centres across Germany. The largest one at 
Fulda has five simulators and with two simulators the 
centre at Munich is the second largest. Each of the  
other nine centres is equipped with one simulator. An- 
other simulator is owned by DB Academy in Potsdam 
and is used exclusively for management training. The 
supply of the simulators‘ first series (12) was shared  
between EADS Germany (6) and Krauss-Maffei-Wegmann  
(6). The second series (5 simulators) was supplied by 
Krauss-Maffei-Wegmann, but EADS Germany did act as 
a subcontractor. In 2006 the first simulator (for ICE  
1/2, delivered in 1996) was upgraded with new hard- 
and LINUX based software.


Due to the usage of new PC-based CGI technology and 
the replacement of the former CRT by a D-ILA projector, 
the visual system in particular did receive a significant 
enhancement. DB also has CBT/WBT modules which are 
used for the training of knowledge of rolling stock and 
ATP/ATC systems, as well as CBT and WBT modules used 
for yearly advanced training. At present, DB has a total of 
19 CBT/WBT modules in use for driver training.


Main reasons for purchasing the simulators
After its privatisation DB did purchase a lot of new  
rolling stock and the drivers had to be trained to drive 
these trains and locomotives. So the main reason for 
purchasing the simulators in the 1990s was conversion 
(rolling stock) training but from the beginning the  
simulators were also designed to cover training for 
operational procedures, and so on. After a major ac-
cident happened in 2000, a significant change in the 
simulator usage followed in 2002.  
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From the year 2000 onwards every driver employed at 
DB has had to pass a 1-hour competence check at the 
simulator every year. 


Main application
With approximately 21 000 hours per year at present  
the competence checks are the main application of the 
simulators at Deutsche Bahn. Furthermore, during the 
initial training to become a train driver at DB the simula-
tor is used for four hours in two training modules.  
The first module includes initial training and is focused 
on driving under normal/abnormal operational condi-
tions. The second one is used as a preparation for the 
final exams. Additionally the simulators are still in use 
for conversion training (especially for the ICE trains), ad- 
vanced operational training, training for ATP/ATC 
systems and training for driving in low-adhesion condi-
tions. Between 2003 and 2005 a company wide training 
programme to reduce energy consumption took place. 


Part of this programme was also a 1-hour simulator  
ride. Finally, the simulators are also in use for human 
factors training, especially for coping with stress and for 
decision making.


Additional comments
DB has about 21 000 train drivers and 17 simulators. 
In the future no significant changes in the strategy of 
training on simulators are expected. Regarding techni- 
cal issues, over the next few years it is planned to equip 
all of the simulators with new hard- and software as has 
already been done with the ICE 1/2 simulator.
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Figure 56: Photos from DB simulator site
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6.5 First Scot Rail 


First Scot Rail (FSR) has two driving simulators, although 
FSR does not have any CBT/WBT modules. The simula-
tors were delivered by Sydac for the Class 170 DMU and 
Class 334 EMU. They are simulators for passenger trains 
and were delivered early in 2007.


Main reasons for purchasing the simulation systems
The main focus in using the simulators currently is 
competence assessment which everybody with a driving 
licence has to undergo (including driver standards man- 
agers, assessors and driving instructors). The simulators  
are located at Glasgow Central Station. The impact is 
that some drivers have to stay overnight in hotels in 
Glasgow for training. The competence assessment  
process currently works on a two yearly cycle. The busi- 
ness case was that the simulator is self-funding  
by saving the driver team manager’s time (as he is no  


longer involved in the process) and the train driver’s time  
which he would have spent one-to-one with his man-
ager. Other competencies now tested on the simulator 
would have involved him spending more time with  
drivers capturing the data. However, the driver manager 
remains responsible for managing the on-going compe-
tence of the drivers, supported by the simulator, but also 
using other methods of evidence gathering. The simula- 
tors are also used for drivers returning to work after sick 
leave. The feedback from the drivers is very positive. 
Feedback questionnaires go to the driver’s team manager.  
The trade unions are also supportive, probably due to 
the fact they were involved from the beginning of the 
project as a part of the steering group.
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Main application
The simulator runs on more than one computer on the 
local network and it is a full cab replica with original con- 
trol, keyboard and touch screens. The simulators do 
not have any motion system. There are two generic 
(geo-typical) tracks, each of 70 kilometres long. The 
competence check is being provided to 450 drivers, plus 
approximately 30 Managers for six hours per person 
each year. Post-qualified drivers attend simulator session 
three times over two years (18 hours) for competence 
checks and support.


Additional comments
FSR has 880 train drivers and 30 in preparation. There is 
currently no use of the simulators for either initial train-
ing or advanced training, although this is under review. 
A trial to explore the initial integration into basic driver 
training starts in September 2007. There are several as- 
pirations for other uses of the simulators (for research 


on hearing aids for drivers or research on motion seats). 
The FSR uses DVDs for route learning of the routes, 
which is available for use as “own time learning“. They 
also intend to use CBA/WBT in the future for competence  
assessment. This will start in autumn 2007.
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Figure 57: Photos from FSR simulator site
(Source: Sydac)
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6.6 Irish Rail 


Currently, IE (Iarnod Eireann) has no driving simulators  
in operation. However, this is still in development with the  
intention to procure. Many of the exact characteristics 
of the future driving simulator are unknown (other than 
that it will be focused on a passenger train). This will 
represent the first driving simulator in the company. It is 
planned to use the simulator in parallel with other train-
ing methodologies. IE is currently planning to introduce 
CBT/WBT modules, for example. There is an expectation 
that the simulators will be used over two days per trainee 
for both advanced training and competence check to-
gether, every two years – hence 6.5 hours per trainee per  
year allocated across each of those two categories.
Both the simulators and the computer-based training sys-
tem will be located in two specialised centres which are 
Inchicore (about 75% of training capacities) and Portlaoise  
(the rest of the training capacity).


Main reasons for purchasing the simulators
The main reason for purchasing the simulators is to  
improve the quality of the training outcome and its trans-
ferability back into the workplace. It is expected that  
the simulators will improve training effectiveness and ef- 
ficiency (duration). They are seen as being a key lever to 
improving the skills and abilities of train drivers. IE wants 
specifically to focus on train driver behaviour, in particular, 
competence in communications and decision making. The 
simulator will be used to observe actual behaviour during 
the emergency situations. It is expected that the simulator 
will help also with training of energy saving driving and 
other types of driving, such as low adhesion.


Main application
It is expected that the simulator will be used for all types  
of training (from initial to advanced training). There are  
a further two days advanced / competence check training, 
but the intention is that this will be a conventional 
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classroom-based event – a blended learning/competence 
management approach, complementary rather than alter-
native. In the case of preparation of drivers, it is proposed 
to use two simulators desks to train drivers in shunting. 
The system is focused on rules of shunting (which train will  
move first in a shunting context). The content of simula- 
tor training will be strong multilevel and it will include all  
of the most important abilities of training (real time 
simulator, question/answer, communication, co-operat-
ing with other staff). The Irish train operating company 
has about 550 train drivers, operating on around 2400 
kilometres of track (counting 10 kilometres of double line 
as 20 kilometres of track). IE will acquire around 360 kilo- 
metres of visual database with the simulator system 
(some electrified, some MACLS and some semaphore).
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6.7 MAV Magyar Allamvasutak 


MAV has about ten CBT/WBT modules in the SAP LSO 
management system and is in the process of purchasing 
a simulator. The simulator will be delivered in Septem- 
ber 2007 by CORYS T.E.S.S.


Main reasons for purchasing the simulation systems
MAV has wanted to buy a simulator for many years, the 
main reasons being: (1) to train emergency situations 
only possible with a simulator and (2) training with a sim- 
ulator is more effective than classroom training.  
A simulator was ordered when the financial conditions 
for purchase were achieved. The simulator will be used 
mostly in the field of initial training (80%) or route know- 
ledge (20%). Its location will be Budapest. The assess-
ment method should be combined with CBT/WBT tests. 


Main application
The simulator represents the route Budapest Kelenföld-
Györ. The simulator represents the real time simulations 
and enables communication with other drivers/trainees. 
The simulator runs on more than one computer in a local 
network. It also communicates with the SAP database. 
The simulator includes a full replica cab with a vibration 
seat and two mobile simulators with a simplified driver 
desk close to original. There is one realistic track with a  
length of 125 kilometres. The simulator will be used in  
initial training for 20 hours per trainee, in advanced train- 
ing for 1 hour per trainee/year and in a competence 
check for 0.5 hour per trainee over a period of two years.


Additional comments
MAV is a public railway transport company of Hungary. 
It currently operates only passenger trains, but provides 
train drivers to freight companies (MAV trains all railway 
personnel in Hungary).
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Figure 58: Photos from MAV simulator
(Source: Corys T.E.S.S)
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6.8 Metro de Madrid


The Metro de Madrid S.A. (MdM) has approximately 
6 000 employees including about 1 600 regular train 
drivers and on average about 15 new drivers and 15 
experienced drivers in training. The network that is oper-
ated by this company has an overall length of 310 km. 
For training, four simulators and two CBT/WBT modules 
are used. MdM is going to have three new simulators 
during 2007-2008. CBT/WBT modules were delivered by  
Grupo Garben in 1996 and are used for Metro (2000 
CAF and 5000 CAF). The last modification was in 2004. 
The main improvement was “Network connection”.  
The upgrade was developed by Atos Origin. Two simu-
lators (7000 Ansaldo Breda and 8000 CAF) were  
manufactured by INDRA and CITEF, delivered in December  
2002 and have been used only for Metro. The next three 
simulators Citadis, 3000 and 9000 were developed by the  
same company – CITEF. Model Citadis light rail (Alstom)  


is used for passenger trains while 9000 (Ansaldo Breda)  
and 3000 (CAF) models are used for Metro. All simula-
tors are without a motion system and all driving function- 
ality subsystems are simulated. Simulator and CBT/WBT 
training is distributed over the whole city of Madrid.


Main reasons for purchasing the simulators
Firstly, simulators can be used to teach a great number 
of trainees in a short time, even before real rolling stock 
is available. Secondly, learning in a simulator is safer 
than learning in the real train. There are also situations 
that can not be simulated in the real train.


Main application
In the frame of initial training the simulator is used  
for 35 hours per trainee, in the frame of advanced train-
ing for four hours per trainee and year (but not every 
driver attends the course of advanced training every year).
Simulation is used for almost every training topic (e.g. 
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basic technical knowledge, operation of train control 
system, route knowledge) as well as for specific topics 
(e.g. training emergency situations, customer oriented 
behaviour, human factors). Concerning performance as- 
sessment, the CBT/WBT can make an assessment but 
its results are not decisive. In the future, simulators will 
have similar assessment capabilities to the CBT/WBT.


Additional comments
In 2007 Metro Madrid has increased its network exten- 
sively and for that reason this company has a lot of  
drivers in training. External customers do not use simula-
tors/CBT due to its specific design. Sometimes a simula-
tor is used for training subcontractors. MdM is planning  
to widen the simulator training by creating smaller desk 
simulators and distributing them around the city of 
Madrid. They do not have plans to purchase any new 
simulators because nowadays all trains (excluding 6000 
series) have a simulator or a CBT module. 


But they want to connect the simulators to the company’s  
information system – SAP. The opinion of the labour 
unions and staff council is that usage of a simulator can  
only be seen as an additional task of the formation, class- 
rooms or practice should not be reduced.
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Figure 59: Photos from MdM simulator site


6. Training concepts in selected companies | 6.8 Metro de Madrid







��3


6.9 Norges Statsbaner


In 2002, NSB purchased five partial-cab simulators and 
one full-cab simulator from CORYS T.E.S.S. The systems 
were delivered in 2004. All six simulators represent the 
same rolling stock type, the EMU class 72. The full-cab 
simulator uses the same software as the desk-simulators, 
only an additional module to handle the motion system 
is added. The five desk-simulators are controlled by two 
instructors, working at one control stand for the five simu- 
lators. The full-cab simulator has its own instructor desk.


Main reasons for purchasing the simulation systems 
The usage of simulators is a very efficient way in which 
to implement a standardised advanced driver training. 
Additionally, the simulators were purchased for training  
the drivers to handle the Norwegian ATP-system 
(called “ATC”). 


Main application 
Every two years the NSB drivers come to the training 
centre to perform a 20-hour training programme. Part 
of these 20 hours is also a 4-hour session on the simula-
tor (partial-cab/desk-trainer), combining training and 
competence check. Broken down to a yearly calculation, 
this means two hours per year and driver. After two 
years all NSB drivers and conductors have passed the 
training and then a new training period starts with  
different content. The next time this will happen in Sep-
tember 2007 and then also some new training topics  
will be introduced (see below).
Therefore, at Drammen NSB operates a training centre 
with various facilities to train drivers and conductors. 
Beneath the six simulators there are also class-rooms 
and an outside training area, where e.g. to earth the 
catenary by using a real size model and some evacuation 
procedures in cases of emergency (during which an  
old EMU is used) is practised. During these three days 
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the train drivers have in total four hours on the simulator.  
The simulator runs are primarily for training, but in case 
the driver makes a significant failure this will be reco- 
gnised and some special training will be performed later. 
So the simulator runs are a combination of training 
and assessment. From September 2007 on the 20-hour 
advanced training programme, a human factors training 
will be added that deals with the distraction of the driver 
during an emergency situation.
Additionally, for technical rolling-stock training the simu-
lators (mainly the full-mission simulator) will be used 
in the future. Furthermore, it is planned to also use the 
simulators for training on environmental driving, but  
this project is still at a very early stage.


Additional comments 
The basic education to become a train driver in Norway 
is provided by the state as a vocational training at the 
“Norwegian Railway Academy”. NSB trains only drivers 


who have passed this vocational training and who joined 
the employment of NSB. In addition to this NSB-specific 
training some of the vocational training is also done on  
order by the “Norwegian Railway Academy”, because 
NSB does not have their own simulator.
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Figure 60: Photos from NSB simulator site
(Source: NSB)
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6.10 Red Nacional de los 
Ferrocarriles Espanoles 


RENFE has five CBT modules and three simulators. The 
CBT modules were manufactured by internal experts. 
The CBT was established in 2003 and includes training 
modules for passenger trains and high speed trains.


Main reasons for purchasing the simulation systems
The main reason for the development of CBT modules 
was the fact that CBTs are absolutely necessary for the  
training of regulations. One advantage is that the 
simulators simplify and shorten the overall training.  
The first simulator was designed for learning circulation; 
the newer approach is for driving. The training on the 
simulator is given to a group of drivers. The simulator is 
used for initial training (40 hours per trainee) as well 
as for advanced training (8 hours per trainee/year).


Main application
Some of the CBT modules run on only one computer  
using the internet browser. They are programmed in Java,  
Flash, etc. RENFE is currently finalising a new project 
called “Aulas tecnologicas”. It consists of ten classrooms 
(each one with several simulators) spread throughout 
Spain. The manufacturer of these new simulators is Lander.  
The simulators do not have motion systems.  
About 780 km of track are represented in the simulation.  
All of these simulators will be available in 2008 for freight 
and passenger trains (CIVIA and 252). These simula- 
tors run in real time on one computer but need to commu- 
nicate with a central server through intranet.
The simulator includes a partial cab and a small driver 
desk which is close to the original using the touch screens.  
The simulator has an assessment database. It also has 
160 km of realistic tracks and enables the use of 620 km 
of generic tracks (regional lines, mountains, high speed 
and high speed with RTMS/LZB).
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The training module for abnormal and emergency  
situations is called a “refresher course” – it is designed 
to remind (and teach) drivers about rules and regula- 
tions and how to solve incidents. It consists of eight 
hours training in the classroom and eight hours in the 
simulator. Assessment is not intended.


Additional comments
RENFE is a main rail operator in Spain. The number of 
regular train drivers is approximately 5 000. RENFE has 
92 train drivers in training. The general driving course 
to obtain a driving license consists of classroom training 
(530 hours), practice in depots (100 hours), practices 
in simulators (40 hours) and practice in real cab (480 
hours). There are also specific courses for rolling stock 
and route knowledge.


6. Training concepts in selected companies | 6.10 Red Nacional de los Ferrocarriles Espanoles







���


6.11 S-Bahn Berlin 


The S-Bahn Berlin is a modern railway carrying 1.4 Million 
passengers per day. They have 16 lines with a track net of 
331 kilometres and 1 000 trains of type BR 481 to manage 
the volume of traffic. In S-Bahn Berlin, there are four CBT 
modules from the same manufacturer (IAS – Soft for Train) 
with different type of access. These modules are made for 
passenger trains class BR481/BR480 and BR485. The date 
of delivery is 1997. In this company there is one simulator 
named “Fahrsimulator BR 481” delivered by KMW. The ur-
ban railway driver training simulator to train cab operators 
of the BR481 series (manufacturer: AdTranz) of S-Bahn 
Berlin GmbH is installed in the locations of S-Bahn Berlin 
GmbH, Berlin-Schöneweide and handed over in July, 1998.


Main reasons for purchasing the simulation systems
The main reasons for purchasing the simulators were to 
provide initial and advanced training of the train drivers 


independently of public traffic, low costs, possibility of 
group training and training of irregular conditions and 
emergency situations. The application/use of the simu-
lator changed over the years. Trainers recognised new ap- 
plication areas for the German Federal Police, psycholo-
gists of the railway undertaking – training for accidents 
and publicity.


Main application
The simulator represents a real time simulator and can 
be used for simultaneous and cooperative training with 
other roles. It consists of a full cab replica with original  
controls. It also has a six degrees of freedom motion system.  
There are three realistic tracks 120 kilometres long in the 
simulator. The simulator is in charge of advanced training 
for four hours per trainee and per year and a compe- 
tence check for 45 minutes per trainee within a period of  
five years. One example of a training module is a module  
for abnormal/irregular conditions. 


6. Training concepts in selected companies | 6.11 S-Bahn Berlin S-Bahn Berlin







��9


The content of this module consists of running on sight 
due to the problems with signalling devices. It consists 
of two hours of theory and three hours of practice in a 
group of two trainees. This module is trained in the 
simulator and at the end there is an assessment protocol.


Additional comments
The S-Bahn Berlin has been moving people every day in 
Berlin for over seventy five years now. S-Bahn Berlin 
employs 960 train drivers and there are no train drivers 
in preparation yet.


Figure 61: Photo from S-Bahn Berlin simulator site
(Source: KMW)
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6.12 Societe Nationale des 
Chemins de fer Belges 


The Societe Nationale des Chemins de fer Belges (SNCB) 
is the former state rail undertaking of Belgium. In 2007, 
SNCB employs about 3900 regular train drivers. 290 
train drivers are in preparation. The network that is 
operated by this company has an overall track length of 
about 3500 kilometres.


Main reasons for purchasing the simulation systems
In 1995, SNCB purchased two full mission simulators 
with motion systems. The systems were delivered by 
Corys T.E.S.S. The main reason for this purchase was  
to support the training of irregularities and emergency  
situations as part of the advanced training, i.e. how  
to react/operate under stressful conditions. This system, 
based on the engine type T27, is used for passenger 


and freight trains. In 1999, SNCB started a specification 
process for the development of a more cost-effective 
simulation solution in order to get a larger number of 
simulators. The initial idea was to substitute parts of 
the instructed classroom training for completely self-
instructed training on CBT, but this idea was rejected as 
not achievable. Instead, SNCB has realised a net of ten 
training centres, equipped with 30 cost-effective combi-
nations of driving simulators and CBT.
Apart from the visual system (by Oktal), all other parts 
are built and realised by SNCB experts. These simulators  
are based on the engine type MS096, which is used for 
passenger trains only. Nevertheless, for the purpose of 
training all simulators are used for both passenger and  
freight train drivers. An additional reason for putting these  
30 simulators into practice was an upcoming wave of 
retirement as a result of a highly unequal distribution  
of driver age. As a consequence, SNCB searched for a 
way to educate about 250 new train drivers every year.
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In 2005, the simulator manufacturer Oktal and SNCB 
completed an upgrade to guarantee the compatibility of 
the T27 system and the SIMPACT systems.


Main application
The two full scale simulators are situated in two  
operational centres; the 30 reduced scale simulators in  
another ten centres (three per centre). One further 
reduced scale simulator is only used for training develop-
ment and is therefore located at the development  
centre in Brussels. At this centre all exercises and train-
ing scenarios are developed and tested. After completion 
the exercises are distributed to the twelve training cen-
tres via an internal network. Every driver gets 20 hours 
of initial training in the SIMPACT simulator, another 
four hours in the T27. SIMPACT is also used for examina-
tion at the end of different phases of the initial training 
(i.e. Phase 2, 3 and 4). Every candidate spends about 
one hour per examination, which adds up to three hours 


in total. Every driver gets two hours of advanced training 
per year in the SIMPACT simulator, and one hour every 
three years on the T27.


Additional comments
In the near future SNCB plans to start cross-border  
operations training in the SIMPACT simulators. Oktal  
delivers the foreign infrastructure. There are concrete 
plans to increase the overall simulator training by in- 
creasing the number of SIMPACT simulators. It is in-
tended to equip these new simulators with some extra 
features to improve the field of application.
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Figure 62: Photos from SNCB simulator site
(Source: SNCB)
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6.13 Societe Nationale des 
Chemins de fer Francais


The company has five CBT modules and 96 simulators.  
For the purpose of the benchmarking process one of the  
96 simulators, called PALAS, was chosen and described. 
This simulator was delivered in 2006-2007 by CORYS T.E.S.S.  
for the high speed lines (TGV trains) LN1 (Paris–Lyon),  
LN2 (Paris-Tours), and LN6 (Paris/Charles de Gaulle/Marne 
la Vallée – Strasbourg/Bale/Metz/Nancy). 


Main reasons for purchasing the simulation systems
The main reason for purchasing the simulator was for 
training the drivers for the Eastern High Speed Train line. 
The training programme has been revised due to the 
purchase of simulators to decrease the global training 


time (from 27 to 23 days) and increase the practical 
training time (time devoted to training) for each student 
(from four to 40 hours). The main usage of the simula-
tor is nowadays the initial training with 40 hours per 
trainee. It is used for advanced training (three hours 
per trainee per year) and competence check (one hour 
per trainee) during the initial training. Evaluation of  
the simulator training takes the format of an unstruc-
tured interview or questionnaire.


Main application
The simulator represents real time simulations asking  
questions that must be answered by the trainee.  
It works on more than one computer in a local network. 
The simulation station includes two full cab replicas  
and twelve small driver desks. There are existing original 
controls, touch screens, mouse, etc. The full cabs have  
a 3-DOF motion system. There are three realistic mod-
elled tracks of about 1 000 kilometres.
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Here is an example of a training module for abnormal 
conditions and emergency situations: It is a part of the 
initial training consisting of 15 hours of theory and 15 
hours of practice. The number of present trainees is 6. 
After training there is a performance check and an  
oral examination. Part of a general training to high-
speed driving: normal situations (30 hours), abnormal 
and emergency situations (30 hours). This training is 
performed in a training centre; additional time is spent 
with drivers in a real cab after the described training.


Additional comments
SNCF is a French public railway transport company for 
passengers and freight. It employs 15 000 regular train 
drivers and there are 900 drivers in preparation.
Training objectives are fully defined by SNCF, references 
are written on a company level and instructors define 
the practical implementation of these references in the 
training modules. SNCF plans to extend the high-speed 


train simulators to other high speed lines in France. 
The replacement of existing high speed training simula-
tor (“TGV reseau”-type) from 1993 is also planned.
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Figure 63: Photos from SNCF simulator site
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6.14 Southern railway 


Southern owns five simulators in two training centres. 
Four simulators are located in Selhurst and another in 
Worthing. There are plans to move one of the simula-
tors currently in Selhurst to Worthing in the near future. 
The simulators were delivered in 2003 and had an up-
grade in 2004. The content of the upgrade was focused 
on increasing the possible routes simulated (used in 
Southern’s operation). The training system for train driv-
ers also includes training by CBT modules, although  
the modules are not owned by Southern. The modules 
are primarily used for the qualification of new drivers.


Main reasons for purchasing the simulators
When the simulators were developed, they were 
expected to be used for initial training for new drivers 
and introducing new models of rolling stock. However, 


now there is more use of the simulators for experienced 
drivers, which was not envisaged at the time they were 
purchased. In the future, Southern would like a more inter- 
active simulator, where the driver could interact with 
CBT (for example) as opposed to an instructor, to run a  
scenario. The trainee would be allowed to progress 
though a scenario, depending on their responses to the 
scenario, which would be monitored by the “intelligent” 
simulator. This would save the overhead cost of instruc-
tors, plus increase simulator accessibility.


Main application
Simulators are used for all modes of training. The initial 
training represents the greatest proportion of use, 
averaging about ten hours per trainee. After that, follow 
advanced training and competence check (two hours 
per trainee per year and one hour per trainee per year 
respectively). Training for experienced drivers is focused 
on decision making during incidents.
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The simulator is combined in training with other  
possible training methodologies (includes CBT, real cab, 
classroom etc.) to present a “blended learning”  
approach. One of the most important areas of simula-
tor use is the focus on human factors and low adhesion 
circumstances. Human Factors training involves train 
drivers being faced with complex scenarios, a number  
of scenarios simultaneously or driver distraction.  
For low adhesion training, a specific training day has been  
developed using both simulators and classroom-based 
theoretical input (for a new driver, with under one year 
of service). This will cover driving techniques (accel-
eration / braking), specific areas of low adhesion and 
Southern’s Professional Driving Policy.


Additional comments
There is also a simulator-based programme for “three year  
drivers” (i.e. drivers who have passed the three year  
probationary period), which emphasises all the conditions  


of good practice driving, so these drivers do not become 
complacent. As described above, Southern is planning 
to have a more interactive simulator, where the driver 
could interact with CBT (for example) as opposed to an 
instructor to run a scenario. Other plans include a review 
of simulator location or possibly buying an additional 
simulator, which will be based on a business case and 
the need to re-design the existing train driver course.
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6.15 South West Trains 


SWT (South West Trains Limited) is one of many transport 
companies in Great Britain which is specifically focused on  
passenger transport. In December 2002 SWT purchased 
four simulators manufactured by Krauss-Maffei Wegmann 
(KMW). The simulators are used for simulation of generic 
line for passenger trains, Class 450 Desiro units. These four 
simulators have been subject to upgrade on several occa-
sions. Once being for graphics and the others being for 
activation of wheel slip/wheel slide arrangements, to align 
with other SWT traction.


Main reasons for purchasing the simulators
The introduction of the Desiro, Class 450, required stock 
conversion training for 1 200 drivers – the simulators 
were purchased with this in mind, and were funded by 
the UK Strategic Rail Authority (no longer in existence 


as a UK industry body). This funding also included the 
full training facilities as well as the simulators. It was 
also recognised that the simulator could be used post 
conversion programme for “general driver” training,  
post incident training and assessment.


Main application
At present, the training on the simulator includes only 
basic driver training, driver manager assessment and  
post incident training as necessary, and allocates about 
21 hours per trainee on a basic driver course. In the  
near future, January 2008, it is planned to use the simu- 
lators as part of the train driver competence assess- 
ment process for all SWT drivers. Each driver will come  
to the training centre for a 4-hour session every four 
years. It is possible to use a simulator for all types of edu- 
cation within communication with the driver (this type 
of simulator can not ask questions and accept the an-
swers). Simulators are also used for competence check 
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for managers (not drivers), approximately two hours per 
manager. Simulators are used in basic training with a 
combination of classroom and simulation for events such 
as: driving under normal conditions, technical knowl-
edge (fault situation is training), dealing with irregular 
situations, e.g. single line working, emergency call  
procedure, including emergency communications. Because  
the simulators are used for training purposes only,  
there are no detailed assessment sheets and criteria 
for any scenario as yet.
The SWT simulator has one disadvantage: It is not easy 
to create a new section of track for a new scenario (in 
part this could be an issue of maintaining competence). 
A template structure for initial training simulator ses- 
sions does not exist – with the exception of one for low 
adhesion training. In general, a structured set of simula-
tor scenarios is not in place.


Additional comments
SWT has about 1200 drivers but has no new drivers 
currently in basic training at the training centre. With 
four simulators SWT would like to reach a level of more 
efficient training. In the future SWT hope to improve the 
use of the simulators in training and assessment. It is 
planned that the simulator will be used for all driver com-
petence checks from January 2008. Each driver will come 
to the training centre for a 4-hour stay every four years.
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Figure 64: Photos from SWT simulator systems
(Source: KMW)
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6.16 
Stuttgarter Straßenbahnen AG 


SSB operates the light railway system in Stuttgart, 
Germany. SSB also operates the tram and bus systems 
in Stuttgart. The system covers much of Stuttgart and 
also reaches the surrounding area. The SSB runs 130 kilo-
metres of light railway lines. In the city centre as well 
as in other densely built-up districts of the city, the light 
railway system runs underground. Outside the densely 
built up areas, the system runs on the surface, often 
along roads with level crossings, though on a separate 
right-of-way. SSB employs 650 regular train drivers  
(and another 250 drivers for maintenance and fire fight-
ing) and has approx. 40 train drivers in preparation.  
For the training of the drivers, SSB uses six CBT modules 
(for the training contents: basic knowledge about rail 
system, signalling, stress prevention, ATP, rolling stock, 


fare structure and management) and one full mission 
simulator with motion system and a full train replica (cab 
and first coach) delivered by Krauss-Maffei Wegmann. 
The simulator which represents two real lines (35 kilo-
metres) was purchased in 1997 with a last modification in 
2003 (PC-based visual system, new projectors, etc.).


Main reasons for purchasing the simulators
The main reason for purchasing the simulator was the  
training of train drivers in fault finding and related cor- 
rective measures as this topic can not be simulated in 
the real environment. Another reason was the aim to 
make the education more structured and systematic.  
As a consequence, the simulator training made the over-
all training of drivers more cost efficient.
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Main application
The simulator is used for the training of, for example, 
irregularities during train operation, operation of train 
control systems, rolling stock training (therefore elec-
tronic flow charts of some technical engine subsystems 
can be simulated), decreased adhesive circumstances, 
emergency situations, customer oriented behaviour and 
human factor training. In the context of human factor 
training the simulator is used for the reintegration of em- 
ployees with PTSD (Post traumatic stress disorder).  
Furthermore, the simulator is also used for staff recruit-
ment in the course of an assessment centre.
The overall amount of initial training is 50 days per  
trainee. During initial training the simulator is used for 
ten hours per trainee. Furthermore, it is used for ad-
vanced training (0.5 hours per trainee/year). In summary, 
the simulator is used 50% for initial training, 40-45% 
for advanced training and 5-10% for staff recruitment.
The results of the knowledge tests in CBT are stored in  


an information system which enables the chief operating  
manager to supervise the learning history of every em-
ployee. As far as the results of simulator drives are con- 
cerned only information about the fact that the trainee 
has made a drive is stored in the system.
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Figure 65: Photos from SSB simulator site
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Main application
TMB uses simulators after the initial training (28 hours  
of theory and 60 hours of practice) when drivers have  
to attend a specific course called “Incidence handling”.  
This course comprises eight hours of training in the  
depot and another eight hours in the simulator and is  
focused on emergency situations and driving under ab- 
normal and irregular conditions. The simulator is also used 
for experienced drivers who have to pass four hours of a 
refresher course on the simulator. This course also includes 
four hours in depot and it is focused on revision of specific 
train technical systems. Route knowledge is trained by 
using video screener and practices, not simulators.


Additional comments
TMB has future plans to widen the simulation and to  
use it for more engine types. Furthermore, it should be 
able to create new failures and events without the  
need of the company that has delivered the simulator.


6.17 Transports Metropolitans 
de Barcelona  


TMB is a company focused on city transport. At present, 
TMB uses a simulator (running on more than 20 PCs), 
which was built in 2007, is known as EVA (Simulator  
virtual de Averías) and was made by CITEF-SIC.  
It is based on one simulated line with ten stations and 
also includes ten kilometres of rails. It is used for two 
types of locomotives.


Main reasons for purchasing the simulators
The main reason for purchasing the simulator is that 
TMB needs to train drivers in failure finding and in 
advanced training, focused on situations which cannot 
be trained in routine service. 
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6.18 Trenitalia   


In 2002, Trenitalia purchased four full mission simulators. 
The systems were delivered by EADS. Every one of  
these four simulators replicates a single engine type. 
Two simulators are located at a training centre in 
Milano, the other two in Florence. Trenitalia has speci-
fied the simulators as realistic as possible including full 
cab replica with original controls, movement system and 
modelling of nearly all subsystems.


Main reasons for purchasing the simulation systems
The first reason is specific to Italy: In Italy most trains 
run with two drivers in the cabin. For reasons of efficien-
cy, it is planned to reduce the need for the second  
driver. As a consequence, the effort of a regular moni-
toring of the drivers’ competence by means of an ac- 
companied run will increase as the ratio supervisor/driver 
decreases from 1/2 to 1/1. Here, simulation could be  


an appropriate solution to partly substitute for monitoring  
in the real cab. Secondly, it can be mentioned that 
driving a simulator is a suitable method to achieve a 
computer-based objective assessment system in accord-
ance with the regulation process of the European driver 
licence. Thirdly, a new ATP/ATC system (SCMT/ETCS)  
is going to be implemented in the near future. The train- 
ing on this system (especially in the case of a break 
down) will widen the range of the simulator application.


Main application
At Trenitalia, the monitoring schedule of the drivers’ 
competence consists for the most part of mandatory ac-
companied drives in the real cab. Three annual drives  
are intended for the drivers of the freight and regional 
division, four drives for the long-haul drivers. One of 
these drives can be substituted by a drive on the simula-
tor. This competence monitoring is based on the CER 
competence model. In case of a lack of competence, the 
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specific gaps are documented in a personnel book  
(a kind of personnel dossier) by the supervisor/instructor. 
This leads to a qualification activity and additional oral 
revision to see if the competence gap could be closed. 
Next to these three methods (real cabin/simulator/oral 
check-up), Trenitalia also analyses the incident data of 
the real cab records. The simulator sessions are mostly 
realised with five trainees whereas every trainee drives 
once and the other four trainees observe and finally 
discuss the performance of their colleague. During a sim- 
ulation drive the ratio of instructor and performing train-
ee is always one-to-one.


Additional comments
Trenitalia has about 15 000 train drivers and four  
simulators. This means that regular simulator training for 
all train drivers is not feasible at present. In the long 
term, Trenitalia will make an effort to realise a simula-
tor fleet of about 15 systems in order to use this 


computer-based technology for a regular training/ 
monitoring for all train drivers. Trade unions do not allow 
a detailed performance check by using objective assess 
ment data. For that reason Trenitalia wants to involve 
trade unions into the simulator processes and training 
development in order to give them a better understand-
ing of the advantages of using a simulator.
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Figure 66: Photo from Trenitalia simulator site
(Source: Trenitalia)
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6.19 Verkehrs-Aktiengesellschaft 
Nürnberg   


The Nuremberg U-Bahn is Germany’s newest metro 
and is operated by VAG Nuremberg. The route network 
consists of approx. 40 kilometres and 40 stations.  
VAG Nuremberg employs 150 metro drivers (and another 
160 tram drivers). The two existing lines U1 and U2 
will be completed in the future by the new U3. This line 
will be Germany‘s first fully automated computer-driven 
metro line. Since U3 will travel on part of U2, both 
computer-driven and human-driven trains will run on the 
same tracks over this shared line.
VAG runs two simulators for the training of their train 
drivers. Both systems can be run with three interchange-
able driver desks and were delivered in 2004 by Corys 
T.E.S.S. The last update of the simulators was in 2007 


(new line U3, new engine type). The simulators are 
partial cab simulators without a motion system and  
with a replica of the controls close to the original.  
All three lines with an overall length of 40 km are simu-
lated. As signalling/control systems ATP is simulated  
as well as ATO. VAG uses no CBT/WBT modules for the 
training of train drivers.


Main reasons for purchasing the simulators
The main objective for using the simulator as a training 
tool is the training of abnormal and irregular opera-
tional situations. This is the case because the training of 
the correct handling of these situations is very difficult 
or even partly impossible in real traffic. 
Furthermore, using simulation as a training method has 
economic benefits: fewer instructors are needed, lesser 
traffic load on the lines as a consequence of fewer train- 
ing drives on the real track, and more cost effective 
training. Another advantage is the more comprehensive 
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training of all competence aspects that are relevant to 
the driver (e.g. communication) and an enhanced train-
ing efficiency (e.g. due to replay functionality).


Main application
The simulator is used for initial training (160 hours per 
trainee, i.e. 50% of the whole initial training) and for  
advanced training (four hours per trainee/year, i.e. 25% 
of the overall advanced training). Furthermore, the 
simulator is used for the recruitment of train drivers (as  
a part of an assessment centre). During the recruit- 
ment the simulator is used for the testing of basic com-
munication skills and safety orientation.
The simulator is mainly used for the training of driving  
under normal conditions, irregularities during train oper- 
ation, operation of train control systems, emergency 
situations, and customer oriented behaviour (e.g. com-
munication and information). Concerning the training 
of the correct handling of abnormal and emergency 


situations approximately 40 different training events  
can be realised by the simulator (e.g. running at sight,  
wrong direction, and person on the track and hand- 
ling of defective train). The training is done in a group  
of 3 trainees and lasts 30-40 minutes. 


Additional comments
Due to the new automated Metro System, in the near  
future (2008) the train driver’s job profile will alter. Former 
train drivers will have to give passenger information in  
the metro stations and trains and to perform routine activ- 
ities such as checking station installations. In the event  
of operational or technical problems, the train drivers have 
to be able to operate the train manually. For that reason 
they will undergo a weekly 2-hour-training in the simulator.  
At the beginning every train driver who works within  
the automated system will undergo 17 hours of simulator  
training. That is why new training objectives will be 
trained, i.e. how to behave if an automatic train breaks 
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down and a train driver has to reach and enter that train 
full of angry/upset passengers. There is no energy saving 
driving training because it is not that necessary as the 
whole infrastructure is equipped and realised for that pur- 
pose (elevation profile of the tracks/signals, where to 
turn off the engine in order to let the train just roll).


Figure 67: Photos from VAG simulator site
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One aim of the European rail research project 2TRAIN  
is to give best-practice guidelines for an efficient, safety 
enhancing, and cost-effective use of modern technolo-
gies for the training of train drivers as well as for the  
ongoing competence and performance assessment.  
In order to reach this aim the starting point of 2TRAIN 
was a benchmarking of (1) training tools and technolo-
gies as well as (2) training contents and models already 
in use in different European countries.
The report at hand tries to provide a comprehensive 
overview of the benchmarking results by comparing the 
existing training concepts and gaining some under 
standing of the training background in the individual 
interviewed companies (e.g. training organisation,  
regulations concerning the use of computer-based train- 
ing technology). The benchmarking process was done  
in a two-step approach. In a first step a screening ques-
tionnaire was sent to 75 companies from more than  
20 European countries. A smaller research sample of 18 


companies was then selected on the basis of the results 
of this first survey. The selection was based on different 
criteria, e.g. the size, type and location of the organisa-
tion and with respect to the experience in the area of 
simulator training. Among the 18 companies are those 
which do not yet possess simulation systems but are seri- 
ously thinking of purchasing one in the short-term 
future (CD), companies which are in the process of the 
implementation (MAV and IE) and companies which 
have many years of experience in operating at least one 
simulator. CBT/WBT modules are used in the majority  
of the interviewed companies except for SWT, TMB, 
SNCF, VAG and Trenitalia. 
The research sample is a suitable representation of all 
European railway companies as it represents more than 
600 000 employees of which are more than 77 000 train 
drivers from ten countries within the European Union 
plus Norway. Part of the research was also to include 
companies dealing with urban transport, i.e. metro or light 
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rail operators. The second step of the benchmarking 
process was composed of a structured interview held by 
the project partners with the selected railway compa-
nies. Therefore, a detailed structured questionnaire was 
sent to 18 selected companies in advance. This was  
followed by a personal meeting with the representatives 
of these companies with the objective of collecting as 
many information as possible and to minimise pos-
sible misunderstandings of the questions. At the same 
time there was an opportunity for a personal visit at the 
simulator training centres. About 40% of all simulator 
sessions are allocated for the initial training. Therefore, 
initial training is the main topic trained on simulators. 
Besides that, simulator training is an instrument for ad- 
vanced training (~30%) and competence check (~24%).  
An average number of hours spent on simulators by a 
train driver within the scope of initial training is  
approx. 30 hours. There are companies which use simu-
lators for initial training considerably above average, 


i.e. for example 35, 40, 60 or even 160 hours per trainee.
In terms of advanced training, simulators are mainly 
used for the training of emergency situations, driving 
under normal conditions, and the training of human 
factor issues. In all companies, classrooms and even the 
real cab of the train driver still play an important role  
for the training of situations which cannot be substituted 
by a simulator, e.g. the training of route knowledge.
The usage of simulator training in comparison to other 
training methods like classroom or real cab in concrete 
phases and for specific topics of training is very diverse. 
As a training method for initial training, simulators are 
only used in 7% of the overall training amount. Concern-
ing advanced training the companies cover in average 
25% of the complete training with simulation and 26% 
of all competence checks are realised by means of a simu- 
lator. As a consequence of these different training con-
cepts, operators have different technical requirements; 
for some companies a real cab replica simulator is  
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fundamental, whereas others prefer lower-scaled  
systems like partial cab replicas or even software interfaces 
or – quite often – a combination of different systems.  
The presence or absence of a motion system is also a 
consequence of the different training procedures.  
Some companies stated that a realistic movement system 
is essential to reach a high immersion level of experi- 
enced train drivers. Other companies argue that the higher 
level of reality is not worth the higher costs of these  
systems. As far as the organisation of training is con-
cerned, only very small differences among the compa-
nies appeared. The framework of training is generally 
defined by both internal guidelines and legal regula- 
tions which specify the range and content of the training.
All in all, the analysis highlights the important role of  
simulation for the training and assessment of train drivers.  
Nevertheless, the interviewed companies stated some 
shortcomings that hinder an optimal use of the existing 
training technology. The major point of criticism is the 


missing possibility to create new exercises and scenarios 
without the support of the manufacturer. The weak  
assessment capabilities of the simulators and in particu-
lar the quality of the simulator reports is another  
important drawback of the existing technology.
In order to achieve an optimal benefit from modern 
training tools it is recommended that the simulator train-
ing should be embedded into the overall competence 
management of the company. In addition, the simulator 
exercises should be tailored to the intended learning 
objectives. Furthermore, it is important that the train 
drivers become familiar with the new technology by 
using the training tools regularly in the course of initial 
training, advanced training, and competence check. 
Standardised scenarios and procedures for all training 
centres of a company lead to a transparent training  
and assessment. The usage of simulator data supports 
an objective and detailed assessment of the train drivers’  
performance. Simulator training is an effective method 
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within a blended learning environment that has the major  
objective to guarantee highly qualified railway personnel 
that is able to handle all kinds of operational situations 
in a safe and appropriate way.
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TRAINER
National exchange of experiences concerning the implementation of 


Training programmes.


TRENITALIA 
WORKSHOP. 13-03-2009 


1. Overall presentation of the training work carried out during the meeting Positive 
responses raised during the training: 


Berlincioni briefly summarizes the work carried out so far with the drivers and the managers 
and makes a short description of the main topics that were discussed during the meeting with 
the colleagues of the Divisions.  


The main positive response of the TRAINER project outlined by Berlincioni is that the 
Instructors have shown a good interest in the environmental issues. The fact that the train 
has a sort “environmental advantage” in comparison with cars and planes is perceived with a 
growing attention and as something to be proud of. Also the Managers have shown a good 
interests for the energy efficient driving. The recent publication of FS Group Sustainability 
Report and the preparation of an advertisement campaign based on the environmental topics 
have certainly convinced them to be more concentrated on the energy issues. 
 
As it regards problems encountered/faced with the drivers, Berlincioni reports that there has 
been a certain scepticism in the possibility of putting into practice the energy efficient driving 
without more technological support. The suggestion that often raised up from Instructors and 
drivers was about the installation of some kind of man machine interface in the train cabin to 
help or monitor the effect of the efficient driving.  
As it regards problems encountered/faced with the managers, Berlincioni says that the main 
concern was about the possible interference between the energy efficient driving and the two 
main priorities that Trenitalia has: safety and punctuality. Moreover, it raised some 
preoccupation the trade unions attitude towards possible incentives that could be introduced 
in relation with the savings linked to the efficient driving. 
 
Concerning possible adjustments and improvements for future training of the drivers, 
Contestabile reports that it will be progressively important to better focus both the training 
and the didactical material on the effective needs of the divisions, in relation with their 
business and their way of driving according with their specific mission (e.g. regional trains, 
long distance and High Speed trains). 
 
Referring to the possible adjustments and improvements for future training of the managers, 
Tardia points out that the possible inclusion of the railway sector within the emission trading 
market would need a better knowledge of the topic from our management, in particular as it 
regards the consumption of traction energy and, consequently, the possible effects of the 
efficient driving. 
 
2. Possible further cooperation with other Departments of the Company or other 
external groups.
 Tardia says that recently the UIC (International Union of Railways) is making a strong effort 
to collect all possible data about railway companies energy consumption and that the 
international interest is this issue is growing. Therefore the Environmental Department is 
deeply interested in following more the TRAINER project and gives its availability for training 
the drivers/Instructors on the environmental benefits of the energy savings.  
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Referring again to the emission trading issue, Tardia points out that it would be important to 
follow the strategy of certifying the energy savings from the efficient driving and that the 
Environmental Department will give its support for a wide analysis on the state of the art of 
the certification process of the traction energy consumption. 
 
Forte, from the Quality Department, says that it would be useful to include the energy issue 
among those that are taken into account in the Trenitalia Quality Management System. In 
this case though, they should be considered both the consumption for traction and for the 
workshop. He adds that the energy consumption related to the workshops could lead to 
important savings as well and that it should be taken into account the possibility of 
implementing a “TRAINER” also to train people from the workshops in using rationally the 
energy (starting from the heating and the use of the industrial lights). 
 
3.  New communication tools and strategy to better address information on energy 
efficient driving, within the company. 
Trimani, who worked in the past as Drivers Instructor, says that it is important to be constant 
and progressive in sending a message to the drivers. Before starting with a wider range of 
possible communication tools, it needs some time to let them to metabolise the first round of 
training. In his opinion Trenitalia should continue using the same kind of training (classroom 
and on the job contacts) for a while. 
Contestabile, who has recently collaborated at the filming of some energy efficient driving 
methods, adds that classroom and on the job contacts remain the two more efficient training, 
but new and more involving tools should be welcome. The new film about the “good driving 
habits” will be a first test. If the results will be satisfying it should be considered the idea of 
filming also the “bad driving habits”. Moreover this images should be shown not only in the 
classrooms but, with the right comments underneath, in all places where the driver spend 
some time (drivers waiting rooms in the station, hall of the drivers hotels, even at the bar of 
drivers workplaces), wherever there could be a chance to trigger a discussion (even a 
competition) that can lead to a better driving style. 
Berlincioni reminds also that the inclusion of some controlled parameters on the simulators 
(in Milan and Florence) concerning the efficient driving, remains a goal. But the changes of 
the simulators software are a relatively long term and costly objective; this time has to be 
used to get the drivers more familiar with the energy efficient driving and don’t surprise them 
too much when it will be part of the report related to their performance at the simulators.  
As it regards the Managers, Lombardi thinks that there aren’t wide spaces for further 
improvements. We should keep on informing the managers about the progress in the training 
and the evolution of the regulatory framework concerning the energy consumption, energy 
billing and emission trading. To do so, e-mail and meetings remain the right way of 
communicate. Trimani says he agrees with this, but adds that it could me more involving for 
the drivers if the managers could participate more often, in the flash, to the training sessions. 
In his opinion, also for the Instructors, this would be very motivating. 
 
4. New communication tools and strategy to better address information on energy 
efficient driving, outside the Company 
Tardia says that TRAINER will be, from now on, part of the information Trenitalia 
Environmental Department gives the FS Holding when publishing the Sustainability Report. 
Lorè points out that to be part of the Sustainability Report can’t be enough for promoting the 
TRAINER project outside the company. He says that there are other low cost initiative that 
could be made in the short term, like: - give space to the TRAINER project on the Trenitalia 
web pages,  - make some green promotion based on TRAINER to the customers of the 
freight division  (at least those customers that publish and environmental report and make 
some “green” advertisement,  
More in general, says Lorè, it needs to be defined a number of stakeholders, a way of 
developing a specific message for each of them, and dedicated event to address it, including 
conferences. 
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5 Conclusions
TRAINER raised good interest among drivers, Instructors and managers. All the suggestions 
and possible improvements that came from them are evidence that the project has some 
wide margins to grow and spread within the Company. The European trend, the developing 
framework regarding the energy market and the environmental communication are all things 
that can give TRAINER a further help. In the future it will be important to better coordinate the 
different department (traction, engineering, environment and quality and, of course, 
Infrastructure) that have an interest in the project and start collaborating from the very 
beginning, also in the production of the training materials. This collaboration, and the 
exchange of ideas and experience, will have to lead to more involving and communicative 
ways of doing the training, for both the drivers and the managers. Also a clear and structured 
plan, for both internal and external communication, is perceived as urgent. A wider interest in 
the project could certainly facilitate collecting funds and a stronger commitment, to proceed 
towards a real “habit” of driving efficiently.  


TRENITALIA MEETING 13-02-2009 
 
1 Short summery of the work carried out.
Berlincioni briefly summarizes the work carried out so far in training the drivers for the energy 
efficient driving. They have been hold 15 meetings with the Instructors from the three 
Division, for a total number of more than 200 Instructors involved. Given that every instructor 
meets all of his drivers (in the train cabin and in classroom) at least once every 6 months, by 
now most of the Trenitalia driver should have received a first round of training. Berlincioni 
thanks the Division and the members of the Training Offices for their collaboration and 
cooperation in the TRAINER Project. 


2 Positive responses raised during the training 
The first positive response outlined by the Bargiacchi, Alteri and Ghignoli is that the 
Instructors have shown a good, in some cases excellent, interest in the environmental 
issues. The fact that the train has a sort “environmental advantage” in comparison with cars 
and planes is perceived with a growing attention. This interest, judging form the first 
feedbacks we’re receiving, seams to be well transferred on the drivers. Moreover, while the 
training was going on over the last months.
Trenitalia came out with two actions that gave a strong hand to the TRAINER project:


• the publication of a new Sustainability Report (with a specific focus on the energy 
consumption)


• a communication strategy strongly based on the concept “train – environmental 
friendly way of transport” 


These two things gave a boost to the discussion during the training session and certainly 
gave TRAINER a wider commitment. Contestabile underlines that it is now important not to 
stop pushing and that the progress that have been reached must be monitored and 
continued. It is agreed that new sessions of energy efficient driving training will be considered 
in scheduling the next meetings with the Instructors, that the Division will organise just before 
next summer. 


3. Problems raised during the training and suggestions made by the trained people 
and training staff 
Together with the shown interest in the environmental issues there has been a certain 
scepticism in the possibility of putting into practice the energy efficient driving without more 
technological support. The suggestion that trained Instructors raised more frequently was 
about the installation of some kind of man machine interface in the train cabin to help or 
monitor the effect of the efficient driving. Some Instructors suggested to introduce a tool that 
could show the driver the situation in at least 3 section before him, some others would have 
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preferred notes on the train schedule to indicate speed and coasting starting points, while 
others would have liked to receive, via mail, the train registration (that we make with the DIS 
- Driver Information System) to compare every trip with a sort of “best performance driving 
profile” on a certain line. More in general, emphasize Lombardi, the main problem seems to 
be the feedback the driver needs to evaluate how efficient his driving efforts are. If he doesn’t 
get this kind of information, the risk is that he would progressively erase the efficient driving 
from his priorities. Regarding this problem, Berlincioni will verify the possibility of a wider use 
of the DIS data to enhance our feedback capacity. Moreover, another point that was often 
mentioned was about the possibility of introducing benefits and incentives related to the 
effective savings. Unfortunately at the moment it is not possible to build up such a system, 
reliable and precise as it would have to be. But the whole working group agrees that this is 
the direction we should start moving towards. 


4 Roundtables about the achieved results and possible solution for the raised 
problems. Theoretical training:  
The Cargo Division is not totally satisfied with the theoretical slides that were produced for 
the lessons. They say that the differences that there are between the Cargo and the 
Passenger business needs a more focused specifications. It is decided that the Cargo 
Training office members will be directly involved, before the taking place of the next training 
sessions on efficient driving, in the implementation of the didactical material. Practical 
training:  the drivers that were accompanied with an Instructor in the cabin in some cases felt 
the pressure of the energy efficient driving and didn’t concentrate on keeping the train on 
schedule. The Instructors, in all cases, pointed out the safety and punctuality come before 
energy efficiency. Virtual training:  even if the virtual trainer tool wasn’t eventually produced 
within the TRAINER project, there is a common idea that introducing some elements of 
efficient driving in the “big” simulators Trenitalia normally uses (in Milan and Florence) would 
be certainly helpful. The members of the Training Offices agree in introducing energy efficient 
driving among the parameters they will evaluate when testing the drivers at the simulators.    


5 Definition of new priorities in addressing the future training: 
Feedback from the trained people: 
OK the training, but need to introduce tools that allow monitoring and evaluation of the 
efficient driving.  Possibly introduce incentives related to the effective savings given by the 
energy efficient driving. 
Feedback from the training staff:
They found good feeling from the classrooms and attention for the environmental matters. 
Need to improve the didactical material and always keep an eye open on the fundamental 
aspect of safety and punctuality.  
Other possible priorities to make training more efficient:


• it could be more efficient to concentrate on those drivers that can save more energy:
o drivers that normally work on the most energy demanding trains (heavy cargo, 


double floor commuters trains around big cities etc.)
o drivers that work in Regions with mountains, where the consumption is high in 


up hill driving and coasting is more practicable in down hill driving. 


6 Conclusions 
The energy efficient driving training raised an interest among the Instructors certainly above 
the expectations. It seems to be spread an environmental awareness that it has probably 
been undervalued so far. Also other sectors of the Company (Communication, Sustainability 
etc.) have started being engaged with such an issue and it is reasonable to believe that this 
would give more strength to the TRAINER project. It is now important not to miss the contact 
and the attention that has been triggered towards Instructors and drivers. It is necessary to 
keep on talking about energy efficient driving also in the future training session of the 
Instructors and ask them to do the same with their drivers; always remembering that energy 
efficiency is a priority that comes after a safe and punctual trip.     
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NS


MEETING Expert Group on Energy Efficient Driving: May 11th 2009 
This group meets 5 times annually since autumn 2006. This report is an overview of relevant 
topics during the meetings of the expert group. 


1. Introduction 
 In this report the experience of NS is leading. The other companies participated in the 


Workshop, which is a separate report. 
 In the Netherlands 90-95% of total rail traffic is conducted by NS. The main Cargo 


player is Railion/DB Schenker. Next to NS and Railion a host of smaller Cargo and 
Passenger Companies (> 30) are active in the market. 


 The training modules have been developed by NSO, a specialized training company 
in cooperation with NS, Railion, HiSpeed Alliance, NedTrain, Syntus and Arriva.  


 Development and implementation of the modules has partly been a parallel process 
within NS. 


 NS is clearly forerunner of the passenger operators in implementing the EED training.
 A second NS responsibility was the development of a virtual training tool. A tool 


meant to stimulate, motivate and learn about energy efficient driving to train drivers 
throughout Europe. 


2. Summary
The development of training modules has been carried out under the umbrella of the NS 
Expert Group Energy Efficient Driving. A special team consisting of members of the expert 
group and representatives of various other operators developed training modules. The new 
modules were implemented by the RouteLint project which is closely linked to the expert 
group. Jan Hoogakker, NS representative within TRAINER was leading for the developing 
and monitoring of the implementation. 
 
3. TRAINER Activities:


1. Development and presentation of training approach, the TRAINER backbone, by 
NSO during 2007. First presentation during the demotour September 2007. 


2. Development of the virtual training tool together with Slovenske Zeleznice and ZS 
Cargo Slovakia and LogicaCMG during 2008.  (Abortion of this project in the second 
half of 2008). 


3. Development of training modules for inexperienced train drivers by NSO with a 
working group of different Dutch operators during 2008.


4. Development and implementation of a training module for experienced train drivers 
and ‘trainers’ by the expert group and the RouteLint project second half of 
2008/beginning of 2009.


5. Implementation through try outs of training modules for new drivers and their trainers 
(mentor drivers). Ongoing.


6. Development of training modules for (activities of) ‘station personnel’  i.e. partly 
drivers, cleaners and maintenance engineers.


7. Adoption of the UIC Proces, Power, People brochure as the primary management 
training tool.  


TRAINER results at his moment: 
 1500 of 3000 experienced train drivers have been trained in the UZI way of 


energy efficient driving.
 All new drivers and their mentors are trained in the UZI method of energy 


efficient driving.
 NedTrain, the NS maintenance company is able to train maintenance 


engineers and cleaning staff in energy efficient operations. 
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During the TRAINER project the EED expert group took the following supportive initiatives:
1. Development and issuing the UZI card; an instrument for train drivers fitting in their 


shirt pocket which simply explains the UZI method of Energy Efficient Driving.
2. Development and implement a simple electronic signalling system in the Railpocket 


(a driver pda including an electronic train schedule) when to switch of traction.
3. A positive business case for measurement and feedback of the EED results to train 


drivers has been made.
4. An investment proposal is going to be made to realise feedback to train drivers on 


1/3d of the NS fleet, starting fall of 2009.
5. An investment proposal is going to be made to build a EED module for the NS train 


simulators used in the training of new and experienced drivers. 
6. A pilot has been started at an NS rolling stock yard in Hoofddorp to minimise energy 


consumed during parking and day-to-day maintenance. 
7. An instrument has been developed for unschooled cleaning staff to be able to switch 


trains on and off for cleaning. 
 
4. Responses from training sessions 
From 1988 onwards NS has first periodically and later structurally been training drivers on 
EED. In an audit in 2006 90% of drivers declared using the principles of EED. Since then the 
UZI method has been introduced. Reception has been ok.   


 In Dordrecht an interview with drivers has been conducted. All of them answered 
positive on the question if they drove energy efficiently. On questions regarding the 
use and ease of use of UZI a little over 50% answered that they used UZI often and 
that they found it an easy method to use. 


 In Eindhoven only 15% used the UZI method after training; a more intensive use 
wasn’t possible according to drivers because tight schedules according to drivers. 


 In Venlo management confirmed that more then 50% used UZI. For management it 
was reason to intensify attention from drivers for UZI.


 In Rotterdam and The Hague comparable results were registered. 
 
The program for cleaning staff and maintenance engineers is not in the implementation stage 
yet. 


5. Roundtable on problems raised during training sessions 
With the training program for new drivers two problems became obvious:


1. What is the right moment to start the EED training?
2. What to do when the trainer isn’t trained in UZI? 


 
Problem 1.
There is permanent discussion between experienced people (mgmt, trainers, mentors) about 
the best moment to start EED training. Is a new driver able to absorb all new knowledge? He 
(or she) is so occupied with learning what a train is and what all handles and buttons mean 
that it is not wise to introduce EED training in an early stage. On the other hand the same 
experienced people state that you should immediately start the training on EED to underline 
the importance for the company of EED and to provide motivation and a theoretical 
knowledge. A mentor can than later decide what is the most appropriate moment to introduce 
practical training.   


Problem 2. 
Not all mentors are already trained in UZI. NS now tries to train mentor drivers one day 
during the introduction course of the new drivers. (Difficult because of shortages) 
 
With the training program for cleaning staff there is the problem that most of the cleaning 
staff is relatively unschooled and speaks poor Dutch. 
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This problem is solved by making a graphic tool. A plasticized card per train type of the steps 
to take to put trains in the cleaning mode and of again. 
With the training program for drivers/maintenance engineers in depots there is the problem of 
distances. Sometimes to switch of trains you have to walk to the other end of the train. 
Especially with drivers at the end of their shift this is a problem.  For this problem we do not 
yet have a solution. It might be part technical, part organizational. 
 
Repeatedly the possibilities of virtual training on the new simulators is suggested.  Coryss 
offered NS a EED module. The challenge is that for the coming period the simulators are to 
be used thematically on ‘safety and regulation’, not on energy efficiency. A solution might be 
not to use the entire EED module, but just the reports section. This means that although a 
driver is trained on a different subject, at the end of his training session he gets an EED 
report. Our expectation is that when this spreads that drivers will automatically drive energy 
efficient on the simulator. 


6. Changing priorities 
Not so much changing priorities as shifting priorities. 
‘Train the trainer’ is more and more the key to the successful re-implementation of EED. It is 
emphasized time and again.  
 
In depots it is stressed that successful behavioural training of cleaning staff is the key to the 
saving of heating, cooling and lighting energy consumption. 


7. Improved internal communication and cooperation with management 
On the 9th of March a workshop was organized by the new CEO of NS in which the 
TRAINER/EED coordinator Jan Hoogakker was able to stress the importance of Energy 
Efficient Driving for the realization of the CO2 reduction targets of NS. This was followed up 
by a presentation for the entire management of NS Reizigers Operations. On May 12th an 
important meeting of all people concerned with sustainability within NS with second tier 
management of NS is imminent. This group is going to write an advice to the CEO on 
sustainability including the energy topic. 
It is the expectation that EED will account for 25-30% of the entire NS goal for the coming 
years!  
The EED/TRAINER coordinator is trying to get the CEO as an ambassador for EED (he is a 
driver himself). He thinks that an active role as ambassador will at least mean a few 
percentage points more in the reduction of energy consumption.


NS WORKSHOP Energy Efficient Driving     7th of May 2009.
This workshop covers different topics than those suggested by Luigi Contestabile, work 
package leader of  WP 6. A few of the topics suggested are in the report of the NS internal 
expert group. 


1. Introduction 
In the Netherlands 90-95% of total rail traffic is conducted by NS. The main Cargo player is 
Rail ion/DB Schenker. Next to NS and Railion a host of smaller Cargo and Passenger 
Companies (> 30) are active in the market. The training modules have been developed by 
NSO, a specialized training company,  in cooperation with NS, Railion, Hispeed Alliance, 
NedTrain, Syntus and Arriva.  
Development and implementation of the modules has in part been a parallel process within 
NS. NS is clearly the most advanced of the passenger operators in implementing the EED 
training. In this report the experience of NS is leading. The other companies participated in 
the Workshop, which is a separate report. A second part of the NS responsibility was the 
development of a virtual training tool. A tool meant to stimulate, motivate and learn about 
energy efficient driving to train drivers throughout Europe. 
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 2. TRAINER DVD
In general the workshop liked the movie and thought that most tips and tricks regarding EED 
were presented during the different blocks of the movie. Asked the question if this movie 
would motivate the train drivers to drive more energy efficiently the same point was raised as 
was raised during the preparation for the film. 
 
Some of the participants would liked to have a much more elaborated introduction on 
greenhouse gases and the effect it will have on the planet. One of the participants missed the 
direct link between EED and cost saving. He was convinced that drivers could be motivated 
by explaining to them the amount of money wasted by not driving energy efficiently. 
 
After a brief discussion the film was generally accepted as one of the instruments of 
communication which could appeal to a train driver. 
 
3. Dutch training modules
Due to the change of the project manager within NSO the contact with most participants in 
the working group was lost for some time. This resulted in: - a high NS content of the training 
modules - a few of the participants are not in possession of the draft modules 
 
The content of all training modules was discussed. The conclusion was that in the Dutch 
situation ‘coasting’ was a technique very appropriate for passenger traffic, but also useful for 
cargo transport.   In most instances this was possible for the other passenger companies as 
well as for NS. For Cargo operators all other techniques as mentioned in for example the film 
were as useful. 
 
What was missing was a table explaining the different techniques when driving:


• AC or DC
• Cargo electric and cargo diesel 
• Accelerate and constant speed
• Recuperation and (?)diesel traction demand  


NS will take the initiative to complete the training modules on these topics in cooperation with 
the TRAINER colleagues or DB Schenker who couldn’t be present this afternoon.  
 
What became very evident was that to successfully introduce EED the cooperation of 
conductors (passenger) and dispatchers (cargo and passenger) was very necessary.  
 
A big tip during the workshop was combining the track learning process directly with EED. So 
not only an intimate knowledge of the track is generated, but an energy efficient time 
schedule is generated in the process. 
 
A question was raised around cruise control. Because cruise control tries to keep a train at a 
constant speed it is not energy efficient. It isn’t making the same calls as an experienced 
driver. Another tip was to switch of the heating 30 min before arrival in the last station. 
 
4. Training experience by other companies 
With the cargo companies energy efficiency is primarily addressed as a cost issue. The 
different techniques are taught but from an economic point of view. 
Cross Rail from Belgium uses the ‘planet’ side of the motivation as well.  
 
The passenger operators are mostly single track companies. They know how to drive the 
track as energy efficient as possible and teach this to their drivers. When useful they are 
going to integrate the UZI method in their training. Often their buffer-time is much smaller 
than the average buffer-time in the NS time schedule which asks for (at least) an adapted 
UZI method.
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MEETING February 20th 2009. 


1. Introduction.
 Quick overview of TRAINER program by Bojan Dremelj. Program is quite well known 


by most of the participants.  
 Feedback from TRAINER meetings and about the progress by partners 


 
2. Overview of educational process.


 Educational program for the drivers by Bojan Dremelj.
 Discussion.


o Instructors want more material for instructions.
o Monitoring results should be accessible widely – directly by the instructors and 


possibly by the drivers
o Best drivers should be presented at the lectures and they should have the 


possibility to present their driving style
o Best practice to be separated by different areas:


Koper-Divača; Sežana – Divača – Ljubljana; (Dobova) - Ljubljana – Jesenice; 
Ljubljana – Maribor – (Dobova); Ljubljana – Metlika; Pragersko – (Čakovec) – 
Hodoš; other secondary lines 


o Instructors to monitor the drivers in order to discover and show the problems 
on the rails (material for education) 


o Instructors to collect the observations from drivers regarding traffic 
management (material for education) 


 
3. Monitoring the train.


• Overview the measuring system on board of the locomotives by Bojan Dremelj 
• Discussion (main points) 


o Metered data as input for analysis and further for education program 
o Issues on metering onboard 


 Missing data
 Communications problem on 541 series


o Software – automated analyzing
 New software package should be ready from April 2009 on
 Remarks on existing analysis and proposals for new SW 
 Access from the driver’s quarters
 Access from home computers if possible 


 
4 Driving practice  
Open discussion


 Instructors want to pay attention to the Traffic management system – dispatchers 
should be more focused on fluent driving.


 Communication between drivers and traffic management staff is still not as good as it 
could be.


 New driver’s education – manuals should contain a chapter about energy efficiency 
on railways. A very good example is the UIC booklet “Process, Power, People” 


 Conclusion: prepare an abstract based on UIC booklet for (new) drivers 


5. Miscellaneous
How to increase amount of regenerated energy


 Discussion about ÖBB practice where dynamic braking with more than 150kN is 
possible.
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 Conclusion – to make measurement of energy spent on breaking resistor during 
dynamic breaking within the end of June 2009. Results should be used for further 
steps on possible changes in traction production. 


  
SZ WORKSHOP March 13th 2009. 
  
1. Presentation of TRAINER program  


• Quick overview of TRAINER program by Bojan Dremelj. Some of the participants 
know the program quite well through the reports prepared for Company management. 


• TRAINER partners and Grant Agreement points were presented as well. 
 
2. Overview of processes already taken on SŽ and their results 


• Program, processes and results presented by Bojan Dremelj
• Discussion


o Results are encouraging – keep on good work!
o Environmental aspect – how to involve Ministry of RS for environment  


3. Energy consumption on SŽ  
• Overview of traction energy consumption on Slovenian Railways by Bojan Dremelj 
• Discussion.


o Electric energy for traction
 Driving practice discussion
 Heating/Cooling energy


o Diesel fuel for traction
 Monitoring issues for diesel fuel


o Other energy on SŽ – buildings
 To prepare analysis of so called “other energy” (about 10% of all 


consumption) 
o Monitoring the energy over all. Monitoring should be public – for all the 


employees (intranet, magazine). 
 
4. Possible improvements, ideas  
Open discussion.


 Is it possible to change rules for dynamic braking regarding braking force? 
o Some railways changed the rules for some train types. Allowed braking force 


for some trains has been increased from 150kN to 240kN.
o Measurements to be taken ASAP to find out how much energy is lost on 


braking resistor.
 Track-side energy storages.


o Discussing the costs per installed MW for various types of storages.
 Manuals for new drivers – to prepare a base to change the manuals with information 


about energy efficiency. 
 Discussion about last UIC booklet
 New approach for educational program – comic book. Very good results in Slorest – 


company for catering. 
 
5. Miscellaneous 
How to motivate the employees?


 Analysis should be presented on SŽ intranet. Traction dept. will take the obligation for 
this.


 Articles in SŽ internal magazine.  
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ZSSK CARGO


MEETING AND WORKSHOP 11. November 2009 
Exchange experiences concerning the implementation of training programmes 


1 TRAINER  and project of energy metering     


Branislav Krigovský introduced project TRAINER, it is main subjects and steps which have 
been done so far.  He briefly notified participants of the training programme for the train 
drivers and the training programme for the managers. 


Representatives of Operations division ZSSK CARGO were informed about distribution of 
1 300 questionaries during the training of the drivers. The main aim was to get feedback 
about  the  quality  of  held  training  programme and  the  possibility  of  eco-driving  in  ZSSK 
CARGO. 


Mr. Krigovský also gave information about the meeting with representatives of infrastructure 
manager  (ŽSR).  Main  goal  of  the  meeting  was  to  discuss  the  possibilities  of  better 
cooperation between infrastructure manager and rail operator to eliminate restrictions on the 
track. 
ZSSK CARGO presented analyses which showed negative impact of restrictions on broad-
gauge lines. Great amount of restrictions leads into increase of energy consumption of the 
heavy  trains.  The  representatives  of  the  infrastructure  manager  showed  interest  in  the 
analyses and their next usage in a process of education of station personal. 


Mr.  Radovan Mokoš introduced the project  of  measuring electricity  and the outcomes of 
analyses elaborated during realisation of the project. 


Following  the  outcomes  of  mentioned  analyses  Mr.  Branislav  Krigovský  introduced 
possibilities of  improving energy efficiency of ZSSK CARGO (planning, time-tabling,  train 
formation, cooperation with infrastructure manager).


2 Feedback on training from participants  ( traindrivers )
 


The positive response outlined from questionnaires distributed during training of drivers is 
that the majority of the train drivers (96%) knows and uses the possibilities of the eco-driving. 
Drivers showed an interest in project of the energy metering as well. 


For application of eco-driving in freight transport it is necessary to provide “green line” on the 
track  as  much  as  possible  to  reduce  unforced  stops.  It  is  the  substantial  condition  for 
application of the eco-driving. Every unplanned stop of the train means 5-10% extra energy 
consumption. 


It is necessary to start discussion with the Infrastructure manager about possibilities of the 
traffic optimalization on the critical track sections to minimize unplanned stops. 


Representatives  of  Operations  division  ZSSK  CARGO  pointed  out  that  it  is  difficult  to 
implement energy efficiency instruments with regard to strict process of time-table planning, 
special attributes of freight transport and possibilities of dispatchers to predict traffic situation.
 
3 Specification of bottlenecks of the training programme and suggestions for their 
elimination
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Trained staff (drivers): It is a big difference between theoretical knowledge used in training 
manual for train drivers and a real driving of locomotive in a real operation.
Especially due to number of restrictions on some tracks line (broad gauge) it is very hard to 
drive more effective.


It would be very useful to improve communication between train driver and station personal 
during driving on the track. 


Training staff (lectors of the drivers): It is urgent to obtain necessary technical equipment 
in classrooms to improve quality of training. Safety and punctuality are still primary priorities 
during driving.


4. Achieved results and potential solutions for raised bottlenecks


Theoretical training of the drivers:


Most of train drivers (78 %) showed satisfaction with the quality of the theoretical training. 
But on the other hand, they expected the analyses of heavier trains, pulled also by various 
type of  locomotive on more energy  demanding track  lines.  Nowadays,  working group is 
preparing new requested analyse document.


Majority of the drivers (36,6 %) found the given information interesting and useful for their 
work, but they pointed out big difference between theory and reality. They recommended pay 
more attention to aspects influencing energy consumption. 


Virtual training:  
In spite of the fact that the virtual trainer tool wasn’t produced within the TRAINER project 
and ZSSK CARGO does not own any simulator, it was impossible to manage this part of 
training.  


Practical training:  
Practical  training  in  cabin  of  locomotive  with  instructor  of  the  driver  substituted  initially 
planned virtual training. Main aims of training programme for drivers are improving of driving 
skills of drivers and safety.  


Implementation of instruments for increasing of energy efficiency


Because ZSSK CARGO has internal regulations about energy efficient driving it is necessary 
to  pay  attention  to  this  application  to  real  operation.  It  is  also  necessary  to  discuss 
possibilities of implementation of ecodriving instruments with infrastructure manager.
ZSSK  CARGO  must  implement  instruments  to  improve  cooperation  between  Energy 
department and Operations division in a field of planning and train formation.


5. Definition of new priorities


• Implement new analyses of real situations to training, pay attention to more aspects 
influencing the efficiency of driving.


• Pay attention to practicing of eco-driving during driving of locomotives under the 
supervision of lectors.


• Take practical steps to implement instruments of increasing energy efficiency inside of 
ZSSK CARGO.


• Improve cooperation between Energy department and Operations division.
• Continue in discussion with infrastructure manager about arrangement to increase 


energy efficiency of railways.
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6. Conclusions


• The energy efficient driving training raised an interest among drivers and instructors. 
Most of the drivers appreciate aspiration to safe energy.


• Trained staff  was a bit  pessimistic  that it  is  possible to get substantial  savings of 
energy.


• It is necessary to update training programme and to pay attention to real operation 
and to all aspects with influence on efficient driving of the train.


• Implementation of eco-driving in freight transport depends on fluent transport (green 
line)  and  elimination  of  unexpected  stops  between  stations  and  in  front  of  entry 
signal.


• Process of training and implementation of eco-driving is long term process and it is 
necessary to up date it continually. 


• ZSSK CARGO will continue in process of discussion with infrastructure manager and 
take  action  to  improve  cooperation  between  Energy  department  and  Operations 
division.


• During driving under supervision of instructors to pay attention to practice of eco-
driving.


Good designed motivation system can contribute to successful implementation eco-driving.
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Tips from the workfloor when you are starting training in your railway company.  


• “Train the trainer”.
• Provide interesting, appealing presentations (to the drivers). 
• Do not try to convince drivers that they are not driving in an economical, energy efficient way. 


Show that it is always possible to improve your driving style. 
• Railway regulations prevail always energy efficient driving 
• It is important to introduce more ways of energy efficient driving.
• Compare the differences between the driving style of two drivers, analyse this and start a 


discussion about the differences.
• It is necessary to discuss the features that have an impact on the energy consumption of trains. 


Where and how can you save energy.
• Get feedback from the drivers (and lectors/trainers) and improve your training programme based 


on this feedback.
• Theoretical training is not enough. You also need to conduct training on a locomotive or simulator.
• Integratie managers into the project.
• Discuss with infrastructure manager.
• Produce appealing motivation scheme to implement an energy efficient driving style.
• Energy efficiency requires cooperation from infrastructure managers and railway companies.







     OSE


MEETING AND WORKSHOP: 10-9-2008 
National meeting: Exchange experiences concerning the implementation of training 
programmes 


A “typical” national railway workshop was not applicable for Greece due to the fact that 
OSE is the only long distance train company in the country. Therefore all railway experts 
and managers are OSE own personnel. However CRES and OSE in their effort to enhance 
the  actions  undertaken  in  the  framework  of  the  TRAINER  project  added  the  project’s 
information in a wide open press conference from the Minister of Transport. 
The press conference was organized from the Ministry of Transport for the announcement 
of  the  “Eco-Driving  national  campaign”.  The  press  conference was covered from most 
national media. The campaign was launched to promote ecodriving to private cars however 
the Minister of  Transport  made an extended statement for the TRAINER project that is 
implemented  in  OSE.  This  was  a  very  stimulating  event  for  all  railway  experts  and  
managers related to the Greek railways. 


1 Short summary of the work carried out 
The training seminars for energy efficient driving in OSE have been included in the 
curriculum of the periodical seminars for train drivers. The seminars include theoretical 
training with presentations and printed material used from the instructors and posters for the 
train cockpits. The training of railway managers will be implemented mostly through the 
TRAINER website and public deliverables of the project. It is expected that all train drivers 
will participate in the seminars during 2009.  
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2 Positive responses raised during the training 
From the beginning of the actions in the framework of the TRAINER project Hellenic railways 
(OSE) have stated that they are highly concerned to implement energy saving measures. 
The new energy policy of the Greek Ministry of Transport, which is the supervising ministry 
for Greek Railways, is expected to support OSE to implement current and future actions 
oriented in energy savings and environmental protection.    
 
During the first training seminars train drivers found very interesting the concept of training in 
energy efficient driving and other energy efficiency measures. The training manual & 
presentation used for the seminars from the instructors were comprehensive and train drivers 
as stated from OSE training department. It was a common finding from most participants 
from the Greek Railways that most of the train drivers (especially the senior ones) were 
already aware of some energy efficient driving techniques, but not all.  
 
3 Problems raised during the training and suggestions made by the trained people and 
training staff 


a. Train drivers agree with the necessity of energy saving, however fuel or electricity savings 
are not their first priority. For many years, the Hellenic railways policy was focused in 
punctuality and safety which are still the major issues in their functional and marketing policy. 
Therefore train drivers appear sceptical in applying energy efficiency driving in practice 
unless they have some motivation and support from their managers in the long term. 


b. It was repeatedly remarked for OSE instructors that the delivery of the promised 
(TRAINER) virtual  trainer was delayed for the training seminars. OSE does not own a 
professional training simulator yet, therefore the virtual training software would be a very 
useful tool during the seminars and could  replace practical training. 


c. It is a common conclusion that monitoring of the driving performance of train drivers before 
and after the seminars will be very difficult to be determined. Most of OSE trains are diesel 
trains which are not equipped with fuel measuring devices in order to calculate the average 
fuel consumption.  
 
4 Roundtables about the achieved results and possible solution for the raised 
problems on:  


• Energy efficiency driving must be promoted from OSE board as a measure with 
higher priority in order to stimulate train drivers to apply this new way of driving in real 
conditions. For this reason it has been proposed to maximise the exploitation of time 
buffers of train routes and slightly increase the time of some train routes. This can be 
a simple and low cost measure to help train drivers to save energy. CRES has 
advised OSE that special care also must be given to introduce a reward (monetary or 
other) for drivers without raising difficulties in the other profession bonuses.  


• CRES is participating in the “Green Transport” Consultancy Committee of the Ministry 
of Transport and will try to stimulate the Ministry to provide to OSE some funds to 
purchase a modern train simulator. c. The installation of diesel fuel measuring 
equipment is not possible due to high costs and questionable accuracy. The idea of 
measuring consumption during fuel refills in parallel with driven kilometres would be 
very complicated and not accurate.  Therefore it has been agreed that the monitoring 
will be implemented only in some electric trains with energy meters which run on 
specific train routes. 
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5 Definition of new priorities in addressing the future training 
The training seminars have to be improved and repeated in parallel with the electrification of 
the Greek railway network. The monitoring and evaluation of the energy performance for 
each driver in modern electric trains will be easier and efficient.  The total length of the Greek 
network is still relatively short in kilometers compared to other European countries. This can 
be an advantage in standardizing an efficient driving pattern, at least on the main railway axle 
between Athens and Salonica, relatively easy. In other words OSE could develop a training 
manual with practical guidelines for energy efficient driving (indication when to shut off 
traction before a station, energy efficient speed in some parts etc.) all along the railway 
network. 
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People, Planet, Profit


• Focused on People, Customers and Society
• Focused on Environmental Protection
• Focused on Profit for Continuous Improvement


Fully Integrated in 
the Business!







Planet Friendly







Ambition NS 


In 2020 20% less CO2 compared to 1990 despite an
expected further growth in passenger traffic







Trains are Already ‘Environment Friendly’
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Energy Efficiency Priorities 1997-2010
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Environment More Important for Customers!
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The NS approach


TRAINER European demotour
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Jan Hoogakker
Program Manager Energy Efficient Driving


NS Reizigers
Department of Rolling Stock and 
Infrastructure Planning







presentation


• Energy Efficient Driving within NS
• History
• Audit
• Approach


• State of affairs TRAINER within NS
(WP 4, 5 en 8)







history
- initiatives to promote energy efficient 


driving in 1988, 1993, 1995 and 2005.
- top down, mandatory, technology driven
- leaflets, ‘blue light’ – method, traction 


switch off moments on drivers schedule
- no behavioral approach (‘awareness’)
- no metering and feed back
- no craftsmanship
- no continuity







audit
In 2007 the Corporate Audit Departement of NS audited 
drivers on their attitude towards energy efficient driving


conclusions:
- 91% tries to drive energy efficient
- 71% knows all possibilities for energy efficient driving
- 60% uses all these possiblities
- 70% say it is a very important part of the job
- 71% hardly ever talks with collegues/boss about energy 


efficient driving
- 39% would like support/advice from an onboard computer


The taskforce did a test on the track between Amsterdam 
and Rotterdam and drove 10 - 15% more energy efficient 
than average.







introduction of our approach
Energy Efficient Driving


‘awareness’ trains
communication metering
training MIS 


continuity
craftsmanship


rolling stock 
managementrolling stock 


user interface 
management


drivers


NSO


< 2 years
> 2 years







TRAINER


D5 Training Programmes NSO presentation
D6 Virtual Trainer 1. shortlist of suppliers (from games and simulator industry)                      


2. final specification and tendering 15 nov 2007
D7 Training Programme no action at the moment, Dutch Light train is heavy rail.


Light Rail Senter Novem will clear this matter.


D8 Implementation 1. 30% bij june 2008 (Routelint, the dutch traffic management tool)
Reports/Results 2. time frame last 70% depends progress of the ecodriving programme and 


further steps Routelint


D15 Monitoring and 1. Using the Genera-Lynx meter in the Routelint pilot 
evaluating results 2. Using track specific energy consumption measurements by Prorail


3. Ecodriving pilot on VIRM trains using data from the diagnostics computer


WP - 4 Development of Training Programmes


WP 5 - Implementation of Training Programmes


WP 8 - Monitoring and Evaluation







WP 4 – input 


WP 2 – Greek 
inventory of good 


practices


WP 4 – NSO 
building blocks 


for training


WP 4 – country 
specific training 


programmes


NSO presentation







NS Opleidingen (NSO)
Dutch Railways Training Department



Presenter

Presentation Notes

My main focus is on designing, developing and implementing training programmes for train drivers.

Furthermore, I am responsible for the train-the-trainer programmes for both newly hired and experienced trainers.







Profile of NS Opleidingen (NSO)


• ± 140 employees


• Main focus is on
• Operations (train drivers, conductors, logistical staff, tickets & 


service)
• Rolling stock (mechanics)
• Management
• Innovation and E-learning


• Products e.g.
Design and development of training courses
Training
Coaching
Consultancy
Change management
E-learning programs
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Presentation Notes

NSO has a broad field of activity. We work for all NS business units and departments. Our main focus is on:

Furthermore, our products cover the whole range of learning interventions, for instance







Contents


• Outline of the TRAINER-programme (WP4)
• Energy efficiency in the NS training programmes for 


all target groups
• Insights gained into energy efficient driving
• Further actions TRAINER (WP4)
• Questions
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Presentation Notes

I am doing this project together with my colleague Paul Balsters (see agenda)

 Please feel free to ask your questions during this presentation.







Outline of the TRAINER-programma (WP4)


Target groups


Train drivers Station staff 
shunting drivers & cleaning staff


Operational
Management


Student drivers Experienced drivers







Energy efficiency in the NS training programmes 
student train drivers (1)


Target groups


Train drivers Station staff Management


Student drivers (1)Student drivers (1) Experienced drivers


• Ecodriving is integrated in the NS basic driver training program (BLM) 
(2007)







BLM: a new basic training for train drivers (2007)


• Introduction of a new Railway Law (2006)
New requirements for mentor train drivers
New requirements for the practical period


• Adapt the learning program to the NS philosophy of learning, 
e.g.


The workplace is the most powerful learning environment
Employees take responsibility for their learning process
Craftsmanship and passion are underlying values
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Presentation Notes

This spring NSO launched a new basic training for train drivers, BLM
There were two major reasons to develop this new training:

Railway Law:
New requirements for mentor train drivers were introduced: at least two years of work experience as a train drivers. Didactically trained.  Be an excellent train driver (subject matter expert)
New legal requirements for the practical period

Responsibility for the learning process together with the mentor train driver. For instance: planning of when to start what module. What facilities are needed and what arrangements have to be made, reflecting on the learning process together, determine whether the pupil masters the skills of the module, decide on follow up actions. Mentor encourages the pupil train driver to find answers to his questions,  encourages discovery learning, instead of be a one-way instructor, students consumers of knowledge. We call this “ releasing the expert role”










Energy efficiency in the basic training for train drivers 
(BLM)


Modules:
• Preparation for departure and parking (3)
• Driving trains II (5)
• Using the brakes (12)
• Route learning (14)


Learning activities:
• Self study assignments, e.g.


study information sheets on ecodriving
make a top x of energy efficient measures for driving and braking 
and during preparation and parking


• Discuss energy efficiency in classroom sessions (e.g. myth “ecodriving 
lowers punctuality”). Learning facilitator stimulates a positive attitude 
towards working energy efficient.


• Practice ecodriving skills during on the job learning. Mentor driver gives 
feedback (written workplace assignment).







Energy efficiency in the basic training for train drivers 
(BLM)


• Ecodriving scenario’s for driving simulator (2008)


• Finetuning ecodriving in basic driver training (BLM) after 
completion of TRAINER-programme (2008)


• Integrating energy efficiency working in rolling stock learning 
modules (2008)



Presenter

Presentation Notes

Multi Functional Simulator voor EZR. Géén Full Scope simulator. Die is alleen voor calamiteiten.

Rolling stock modules: for instance
What type of brake is most energy efficient
In which mode the train can best be parked (do not use the cleaning mode unless necessary)







Energy efficiency in the NS training programmes 
experienced drivers (2)


Target groups


Train drivers Station staff Management


Student drivers
ExperiencedExperienced driversdrivers


(2)(2)
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Presentation Notes

Assignments for experienced drivers have been developed but are not yet in use. These assignments will be part of the TRAINER-program










Insights gained into ecodriving


• Ecodriving is a choice! (awareness, acceptance, action, 
retaining)


• Training programme must cover both technical (‘tips and tricks 
on ecodriving’) and behavioral change aspects (change 
management).


30% of all trains arrive to early
Myth: ecodriving and punctuality cannot be combined


• Ecodriving must be made attractive
• By continuous attention ecodriving must become part of the 


craftsmanship of a train driver
• Providing feedback on (individual) ecodriving results is essential 


for lasting results metering
• Ecodriving places a driver in a dilemma between safety and on- 


schedule performance
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Presentation Notes

Insights we gained so far are:

Research shows that 91% of the drivers questioned in a research about ecodriving tries to drive energy efficient. 71 % claims to know all the ways to drive more energy efficient. However, 30% arrives to early on stations. Therefore, finetuning of drivers’ habits is both possible and necessary. Of course, while recognizing the drivers’ craftmanship.

Ecodriving can be made attractive by:
Good PR, make ecodriving a hot issue, addressing drivers’ moral responsibility for sustainability. Also stress the individual benefits, like a more relaxed way of driving. And
Competition
Incentives
Management attention

Research shows that 71% of the drivers questioned never discuss ecodriving with their colleagues or manager Therefore, management attention is a critical factor for succes.
Research shows that 61% of the drivers questioned would not like to be given advice from a board computer about ecodriving. Therefore, management should explain the importance of feedback loops. The challenge is to bend resistance into approval.







Learning concept: situational awareness
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Situation 
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Context
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Learning concept: situational awareness
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Energy efficiency in the training program for 
Experienced drivers (stage 1)
Use a mix of learning and training tools:


• Workshops facilitated by experts: exchange ecodriving 
experiences, discuss energy efficiency, place the group in 
dilemma. Virtual training; develop ecodriving skills 


• Practice ecodriving skills on the job (checklist/self score 
checklist)


• Self study, e.g.
best practices and discussion platform on Driver site 
(intranet-internet) 
information sheets on ecodriving
job aids
Route knowledge based
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Presentation Notes

The UZI-method will be one of the items discussed in the workshops.

For the on the job learning we consider the use of ambassadors (experts at ecodriving) who join the driver and give feedback on their ecodriving skills. Besides, the driver can judge him/herself







Energy efficiency in the training program for 
Experienced drivers (stage 2)


Monitoring and embedding 


1. Re-instruction rolling-stock modules
• Train type specific
• Workplace assignments and practise


2. Monitor and improve ecodriving skills on the job. Operational 
manager (Vos) gives feedback (checklist).


3. Work meetings: presenting facts results energy efficiency, 
workshops 


4. Drivers deliver ideas at the intranet; programme of exchanges 
of experiences
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Energy efficiency in the NS training programmes 
station staff (3)


Target groups


Train drivers Station staff (3)Station staff (3) Management


Student drivers Experienced drivers







Energy efficiency in the training program for Station 
staff


• Behavioral change: e.g. park trains in another mode. 


• Station staff (shunting drivers and cleaning staff) already have 
the necessary knowledge and skills, but have to use these in a 
different way.


• Emphasis on awareness, acceptance and action 
communication, management support and feedback on results.


• Bottom up approach, encourage local initiatives.







Energy efficiency in the NS training programmes 
management (4)


Target groups


Train drivers Station staff Management (4)Management (4)


Student drivers Experienced drivers







Energy efficiency in the training program for 
Management


• Information sheets on energy efficiency made available on 
intranet (for operational managers).


• Share information on internet (TRAINER-site): best practices on 
promoting ecodriving, technological measures, organisation 
(planning and logistics) and LTA’s (for higher management)


• Management deliver information at Intranet site en TRAINER- 
site (international) options: weblogs, forum







Further actions for WP4


• Gap analysis: what do we know and what don’t we know (in 
relation to minimal building blocks TRAINER WP2).


• Acquiring any missing knowledge, if necessary.
• Finishing training design, in line with the NS philosophy of 


learning.
• Developing/adjusting training programmes for experienced 


drivers and other TRAINER target groups. 
• Fine-tuning ecodriving in basic driver training (BLM).
• Developing implementation/learning program about RouteLint 


(an new technology to save energy)


All in collaboration with a group of experts.



Presenter

Presentation Notes

Train operating companies (both passengers and freight)  

Input from a large amount of sources:
WP 2
WP 3
DB
Results taskforce EED
Other TOC + expert group
Expert meetings + interviews
Learning materials BLM
Etc.







Questions


• Questions? 
• Remarks?


If you need further information on 
the NS energy efficient training programmes, please contact 
NSO at jan.hoogakker@ns.nl
the basic training for train drivers (BLM), please also contact 
NSO at jan.hoogakker@ns.nl
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1. Introduction 


This brochure deals with the question of how behaviour of target groups can be 
influenced. 
In many policy fields - so also in the field of Climate policy with its ambitious 
Policy goals - it is necessary that people and organisations change their 
behaviour. 
Therefore the government implements policy instruments to stimulate groups 
of people (and organisations (housing associations, house-owners, schools) to 
change their behaviour. 
So covenants are being made with several industrial branches about using 
sustainable material. Information and subsidies are being used to stimulate 
owners and tenants of houses to conserve energy. 
 
This brochure describes a method1 to choose the most appropriate mix of 
instruments, if you want to change the behaviour of a target group in a specific 
direction.  
 
In section 2 two different points of departure are being discussed on 
influencing the behaviour of target groups, it ends with a short overview of the 
method, which is elaborated on in the next sections. Section 3 addresses the 
energy conservation behaviour and its factors. Section 4 describes more in 
detail the different instruments and their effect.  
In section 5 the instrument planner is presented. This instrument planner 
provides and advice on the instruments that most effectively influence the 
behaviour. By means of an example the operation of the instrument planner is 
demonstrated. 
 


                                                 
1 This method is based on the PhD study of Cees Egmond, PhD. .Egmond, Focus on 
Change, thesis, Maastricht University, 2006 
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2. Point of departure 


Instrument-oriented approach  
We notice that many program developers and communication experts, at 
energy agencies, NGOs or other organisations follow an instrument-oriented 
approach. This approach is depicted in the figure below. 
 
 
Figure 1 Program development under the instrument-oriented approach 
 


 
With this type of program development the behaviour to be influenced by the 
program and its instruments are considered to be a black box. Instruments, for 
instance information campaigns or subsidies, are developed and applied to 
influence the behaviour of a target group, hopefully leading to an effect.  
The choice of instrument(s) is often determined by habit, or by the 
competencies of the program organization. In this way an instrument-oriented 
approach is being followed. The instruments are the focus of the program. This 
is often the case for energy agencies receiving an assignment, from 
government, to develop a general awareness campaign, or a website with 
information on energy-efficient options.  
The advantage of this approach is that it often leads to very high quality 
instruments. But the big disadvantage is that you cannot explain why the 
instrument has caused the effect it has on the behaviour. It is also possible 
(and this happens often) that there is no effect on the behaviour of the target 
group at all, because the instrument was not the right instrument to influence 
this specific type of behaviour, or because it did not address the actual 
problems. To overcome these problems, we advocate using a change-oriented 
approach to develop programs or interventions.  
 
A change – oriented approach 
It can be done otherwise, but then we have to open the black box of the 
behaviour. 
Behavioural change occurs if people are motivated to perform the desired 
behaviour. But motivation alone is not enough: people have also to be able to 
perform the desired behaviour.  
People are motivated by the following factors: awareness, knowledge, social 
influence and attitude. These factors determine the motivation and lead to an 
intention to perform the desired behaviour. 
As said before, motivation is not enough. One has to be able to perform the 
desired behaviour. We call the factors that enable people to perform the 


behaviour of a 
target group 


instruments effect: 
outcome 


programme  
architecture
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desired behaviour the enabling factors. For example financial, technical 
resources and new skills. 
The motivating and enabling factors are important to set off the behavioural 
change, and to start the desired behaviour. But if we want to make the new 
behaviour permanent, than we have to reinforce this new behaviour. 
Reinforcement occurs by influence of peers, experts and authorities. 
 
And so behaviour is a function of the collective influence of these factors.  
From this we conclude that if we open the black box of behaviour we see the 
following (figure 2). 
 


Our assumption is that, in influencing behaviour, we do not aim at influencing 
the behaviour directly but we aim at the factors of the behaviour. Therefore we 
have to establish the factors of the specific behaviour we want to influence. But 
we also have to take the relevant context into consideration. Sometimes the 
change of context makes behavioural change unnecessary. 
For  example, if the government wants to promote energy efficient lamps (like 
CFLs), it can try to influence behaviour of end-users to buy and use those. But 
if the government decides to out-phase incandescent light bulbs, there is no 
need to influence the behaviour of end-users.  


If we have established the factors of a specific behaviour, we can subsequently 
find the instruments that match these factors. Because we know what the 
effect is of the specific instruments on the factors (see Section 4). We then 
have a set of instruments that is theoretically most appropriate to influence 
factors that will influence the behaviour.  
This set of instruments together form an intervention strategy.  
And this intervention strategy is well founded in a behavioural analysis. 
 
 


behaviour Factors: 
1. motivating 
2.enabling 
3.reinforcing 


effect 
instruments 


behaviour 


figure 2 


context
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The hange-oriented approach logically leads to a goal-oriented planning 
scheme. The logic is as follows: Start with the desired outcome and work 
backward to develop the intervention.  See figure 3 “Beginning at the end”. 


 


Beginning at the end means: 
First define the goal, and the behaviour which contributes to this goal, then 
establish the factors, and last but not least choose the instruments which 
match these factors. 
 
Step 1: Goal and behaviour 
Defining the goal, and determine the target group and diagnose the relevant 
changes in behaviour and environment to meet this goal. 
Step 2: Establish the behavioural factors 
Establishing the relevant factors of the behavioural and contextual change. 
This can be done by studying the target group and its context by means of 
focus groups or a survey with a questionnaire, analyzing the data and 
identifying the most important factors. 
Step 3: Choosing the matching instruments 
We know the so-called ’active ingredients’ of instruments — that is, their 
specific influence on the factors of behaviour. The active ingredients of the 
policy instruments should match with the factor influencing behaviour of the 
target group. The instrument planner provides us with such a set of 
instruments which match the factors we found in step 2. 
 
After choosing the instruments all the ingredients necessary to formulate an 
intervention strategy are available.  
In the next sections we discuss the theory about behaviour and factors and the  
instruments and their effect. 
 


instruments 


Factors: 
 
Motivating 
Enabling 
Reinforcing 


Behaviour 


Context 


Goal 
Effect/ 
Outcome 


Step 1: Define goal.  
Determine target group and 
behaviour that has to be changed 


Step 2: 
establish 
factors 


Step3: 
Choose 
instruments 


 


Figure 3: Beginning at the end 
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3. Behaviour and Change 


3.1 Introduction 


In this section the behaviour of target groups is discussed.  
There are two main types of behaviour: habitual behaviour and reasoned 
behaviour. Further the factors of behaviour are elaborated on. In this way step 
1 and step 2 of the planning model (figure3) are made concrete. 


3.2 Energy related behaviour 


Energy related behaviour in the first place consists of routines and repeated 
behaviour, i.e. switching on and off lights, washing, showering, and in the 
second place of small investments in energy conservation measures and the 
replacement purchases of appliances.  


3.3 Factors of energy related behaviour 


As we have seen in the previous section factors are factors which influence 
behaviour. Green en Kreuter 1describe three main groups of factors: 
motivating, enabling and reinforcing factors. 
Each of these group of factors has its specific influence on behaviour. 
 
The motivating factors lead to the intention to perform the behaviour. 
The enabling factors make it possible to begin the desired behaviour. 
The reinforcing factors have an behaviour lasting character. 
The factors are now being discussed more in detail. 


3.3.1 Motivating factors 
 
Motivating factors are especially internal antecedents to behaviour, belonging 
to the individual that motivate the behaviour. Examples are awareness and 
knowledge, social influence, attitude, perceived capabilities and intention. 
Motivating factors are found in the socio-psychological and cultural domain of 
organizations.  
 
Awareness and knowledge: Awareness and knowledge of a situation usually 
form the first step in the behavioural change process. Awareness we define a 
being aware of the desired behaviour. Knowledge as knowing about the 
background of the behaviour ( why-knowledge, and knowing about how the 
behaviour is performed (how-knowledge). 
 
Social Influence:  People are sensitive the good and the bad dimensions of the 
outlook on a specific behaviour.  This is often influenced by the norms and 
values of society, or  set by the conviction of perceived important persons. 
 
Attitude: An attitude is a form of evaluation directed toward an action or a 


                                                 
1 Green en Kreuter (1999), Health Promotion Planning (3ed), Mayfield, Mountain View ,California.  
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situation. The evaluative aspect is the core element of an attitude. 
Organizations express their attitudes in policy guide-lines, policy plans and 
action plans on certain issues. 
 
Perceived capability:  Perceived capability is an organization’s or individual’s 
perception of its own capacity implementing a new behaviour.  


3.3.2 Enabling factors 


Enabling factors are the external antecedents to behaviour, belonging to the 
context. They allow new behaviour to be realized. Enabling factors are 
conditions of the context and facilitate the performance or action of 
organizations. Enabling factors relate to resources, and new skills. Resources 
include external financial, technical and organizational and judicial resources. 
Examples are subsidies, engineering advises, and specific advisors. New skills 
may have to be acquired to realize the desired behaviour.  
 
3.3.3 Reinforcing factors 


Reinforcing factors are those consequences of an action which determine 
whether the individual receives feedback. Reinforcing factors determine 
whether one receives positive or negative feedback and support afterwards. 
They include: feedback of peers, advice and feedback by powerful and 
significant actors: experts and authorities (offering stimulating subsidies and 
enforcing obligations).The feedback can be given in several ways: through 
social benefits, recognition, status, positioning towards peers, advises and 
financial rewards. 
In het next section we discuss how these factors can be influenced with 
instruments. 
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4. Instruments and their effect on factors 


4.1 Introduction 


In this section we continue with the third step from the planning model of 
section 2 (figure 3 step 3): choosing instruments. First we discuss the four 
main types of instruments. Then we discuss more profound the effect of 
instruments on the factors: the so-called active ingredients of instruments. We 
describe these in the form of a table: the instrument table. This ‘instrument 
table’ forms the heart of the digital instrument planner attached to this 
brochure (see section 5).  
 


4.2 Types of instruments 


There are four main types of instruments:  
(1) Judicial;  
(2) Economic; 
(3) Communicative instruments; and 
(4) Structural provisions. The details of the instruments related are described 
below.  
 
1. Judicial instruments prescribe behaviour and set a norm. Legislation 
expresses a public value or a social interest, and therefore it imposes itself on 
the individual and the organization a as a norm. This causes the normative 
character of legislation. Following subcategories can be distinguished: Law and 
legislation, specific regulation en and covenants. 
 
2. Economic instruments are usually directed at influencing financial 
considerations in such a way that one will behave in an environmentally 
favourable way. It provides (1) advantages in the form of subsidies, (2) 
disadvantages in the form of levies, and (3) it makes environmental topics part 
of the economic traffic by giving environmental issues an economical value. 
The financing problem can be facilitated by supplying financial construction 
 
3.Communicative instrument transfer knowledge or provide examples for the 
purpose of persuasion, convincing or tempting. These instruments can also be 
used in combination with and to support other types of instruments. Creating 
social support and realizing disclosure are then the targets. Examples are 
stimulating communication and promotion documents, labels, demonstrations 
and benchmarks. The effect of a communicative instrument is larger if the 
message is tailored. 
 
4. Physical provisions are clearly influencing behaviour. On an individual level 
we call this last type of influencing behaviour: technical steering of behaviour . 
Structural provisions can have a compulsory character. On the level of a 
residential area we know the sun-oriented design and building of houses, and 
the provision of an energy infrastructure. On an individual level there are for 
example the roundabout and the speed ramp. Also many devices, such as 
thermostats and time switches exemplify structural provisions. Physical 
provisions have also a enabling character: the cruise-control and bottle banks. 
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4.3  Effect of instruments on factors 


Based on the above considerations, we analyzed the various instruments in 
terms of their influence on the motivaring , enabling and reinforcing factors.We 
present this in the form of an instrument table (Table 1), where the grey cells 
indicate the effect   of a specific instrument.  
 
Judicial instruments have their effect mainly on the organizational norm, and 
attitude. Furthermore, judicial instruments affect the factor feedback of the 
authorities. Covenants and agreements have a broader impact, and affect 
awareness, subjective norm and feedback of peer organizations.  
 
Economical instruments have little effect on awareness, but mainly affect the 
enabling factor financial resources. They also affects attitude because 
economical instruments positively influence decisions about investments.  
 
Communicative instruments have the broadest impact: they have effect on 
awareness, knowledge, attitude and self-efficacy, but not a big effect on 
organizational norm and subjective norm.  
Furthermore the communicative instruments have effect on a number of 
enabling factors: technical and organizational resources, and new skills. 
Benchmark and demonstration have clearly a reinforcing effect.  
 
Structural provisions have due to their compulsory and facilitating character  
have influence on awareness,  attitude , self-efficacy, and technical and 
organization. 
 
The instrument table (table 1) reports the active ingredients  in detail. The 
greys cells in the table present which instruments have an effect on the factors 
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Table 1: Instrument table: the active ingredients 
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Instruments:             
1.1 Laws and Regulations             
1.2 Specific Permits             
1.3 Covenants and agreements             
2.1 Subsidy             
2.2 Levy             
2.3 Financing constructions             
3.1 Knowledge transfer             
3.2 Modelling             
3.3 Stimulating communication             
3.4 Training             
3.5 Coaching             
3.6 Personal Advice             
3.7 Label             
3.8 Demonstration             
3.9 Benchmarks             
3.10 Feedback             
4.1 Structural provisions             
4.2 Technical steering of behaviour             


 
 
This information on the effect of the instruments provides the opportunity to 
choose our instruments in the most optimal way, as will be explained in section 
5 of the instrument planner. 
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5. The instrument planner  


5.1 Introduction 


We have the knowledge about the effect of instruments, the actors: the 
Instrument table (Table 1). If we know which factors have influence on the 
behaviour, then we know how theoretically we can influence the behaviour in 
the best way.  


5.2 Example 


We follow the example of the energy conservation behaviour of the target 
group households to show how the instrument planner operates. First we want 
to know what factors influence the energy conservation behaviour of housing 
associations and how big this influence is. The rate of influence we call the 
relative importances of the factor. This relative weight is the outcome of a 
literature review and focus group research we conducted among the target 
group households. Table 2 shows the factors and their relative importance: the 
higher the score, the larger the influence is of the factor on the behaviour. The 
score is of 0 to 3 (of no importance to big importance).  
 
Table 2:  Factor-table:  relative importance of the factors 
 


Categories Factors importance 
factors 
 


Awareness  1 
Knowledge 0 
Social Influence 2 
Attitude  3 


 
 
Motivating factors 


Perceived Capability 3 
Financial resources 0 
Technical resources 0 
Organisational resources 0 


Enabling factors 
  


New skills 1 
Feed back of peers 3 
Feedback of experts 0 


 
Reinforcing factors 
 Feedback of authorities 1 
The  higher the score the more important is the factor: score is of 0 to 3 (of no 
importance to big importance) 


 
 
 
The column ‘importance’ from table 2 expresses how large the influence is of a 
factor on the energy conservation behaviour of a household. Table 1 of the 
previous section (the instrument table) shows the influence of the various 
instruments on the factors. Combined these two tables provide a picture of the 
influence which instruments have on the behaviour.  


The matching matrix (table 3) combines the information from table 1 with table 
2. First, we took the values of the relative importance of the factors from table 
1 and put them in the row labelled ‘importance of factors’. Subsequently, we 
inserted these values in the grey cells of the table. In other words, each value 
shown in the main body of the table in Figure 5 is the relative importance of 
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the factor. By adding the row values corresponding to an instrument, we get a 
score in the column labelled ‘importance of instrument’ indicating the relative 
importance of the instrument in changing the energy conservation behaviour of 
Dutch households. The higher the score the more appropriate is the 
instrument. 


 
Table 3  Combination matrix: combination of the Factor table (table 2) and the 
Instrument table (table 1) 
 


Energy behaviour 


factors 


 


 
motivating 


enabling reinforcing 


 Im
p
o
rt


an
ec


 i
n
st


ru
m


en
ts


 


 A
w


ar
en


es
s 


 K
n
o
w


w
le


d
g
e 


 S
o
ci


al
 I


n
fl
u
en


ce
e 


 A
tt


it
u
d
e 


  
Pe


rc
ei


ve
d
 c


ap
ab


ili
ty


 


  
Fi


n
an


ci
ia


l 
re


ss
ou


rc
es


 


 T
ec


h
n
iic


al
 r


es
so


u
rc


es
 


 O
rg


an
is


at
io


n
al


 r
es


so
u
rc


es
 


 N
ew


 s
ki


lls
 


 F
ee


d
b
ak


 o
f 
p
ee


rs
 


 F
ee


d
b
ak


 o
f 
ex


p
er


ts
 


 F
ee


d
b
ac


k 
o
f 
au


th
o
ri
ti
ie


s 


Importance factors from  table 2  1 0 2 3 3 0 0 0 1 3 0 1 
1.1 Laws and Regulations 7 1  2 3        1 
1.2 Specific Permits 7 1  2 3        1 
1.3 Covenants and agreements 10 1  2 3        1 
2.1 Subsidy 5 1   3  0      1 
2.2 Levy 5 1   3  0      1 
2.3 Financing constructions 6    3 3   0   0  
3.1 Knowledge transfer 7 1 0  3 3 0 0      
3.2 Modelling 11   2 3 3     3   
3.3 Stimulating communication 8 1   3 3      0 1 
3.4 Training 4  0   3   0 1  0  
3.5 Coaching 8  0 2 3 3   0   0  
3.6 Personal Advise 8  0  3 3   0 1  0  
3.7 Label 7 1  2 3       0 1 
3.8 Demonstration 11 1 0  3 3  0  1 3 0  
3.9 Benchmarks 4 1         3 0  
3.10 Feedback 10 1  2 3 3  0   1 0  
4.1 Infrastructural provisions 8 1   3 3  0 0    1 
4.2Technical steering of behaviour 7 1   3 3  0 0     
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From table 3 we can read the instruments in order of importance: 
For energy conservation behaviour of households the factors of table 2 on page 
12. the instrument planner provided the following instruments (table 3): 
Energy behaviour: modelling (11), demonstration (11), agreements (10),  
feedback (10) en with 11 points stimulating communication, coaching and 
personal advice. 


5.3 Digital instrument planner 


How it operates 
 
In the previous section is explained how the instrument planner operates by 
means of an example. In this example we have used the result of an study 
which was performed on a target group. Unfortunately you do not, as a 
program developer or policy maker, always have the time and the resources to 
do research on your target group. Therefore this brochure is accompanied by a 
digital instrument planner.  
This planner guides you in a simple way through some questions about your 
target group’s behaviour and behavioural factors. Answering the 12 questions 
about the target group and the desired behaviour, makes an assessment about 
the importance of the behavioural factors. The instrument planner provides an 
advice about the most appropriate instruments, that theoretically influence the 
behaviour. So all ingredients are there to develop an effective intervention 
strategy.  
The instrument planner starts up on its own, and teaches its own way. The 
knowledge about the active ingredients of instruments is embedded in the 
instrument planner. 
  
Using the instrument planner 
 
The instrument planner is used at its best in the developmental phase of a 
program. In a focus group of members of the target group the desired 
behaviour could be assessed and by answering the questions on the factors the 
instrument planner provides a first provisional set of most appropriate 
instruments. 
But if the answers on the questions are ambiguous, then a more profound 
method of research is needed to acquire more and better insight in the actual 
importance of a factor. 
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Introduction


This document presents abstracts of all the tools available in the toolkit. It is designed to
assist planners and coordinators who prefer a rapid overview of the toolkit presented step-
by-step, throughout the various phases of LTA planning and implementation.
This overview can also be read as a separate document.


Readers can search for tools in different ways :


- a chronological search, specifying the various phases of an LTA project on a
timeline, and presenting tasks to be performed at each phase, with tools relating to
each phase;


- a synthesis table, providing an overview of tools at a single glance in a table format.
This provides a rapid overview of all tools and their contents, and may be used as
a table of contents for further inquiries. Just click on the tool # and you are
automatically directed to its abstract;


- Abstracts of tools are available: these abstracts link you directly to the relevant
tools, where you will find detailed information, if required.


- Interlinking of tools (with related content) is also included for each tool, which
provides another way to navigate through all the information.


There is no unique recipe for a successful LTA. Material proposed in the toolkit is
only a suggestion, mainly gained from existing experiences in EU Member States
that operate LTAs.


LTAs are not just based on various types, but each LTA presents specific
information depending on local situations and culture. Never forget that an LTA is a
contract between partners and, as such, it may contain any terms to which the
various partners agree. Therefore, we hope you will be inspired by our toolkit, and







that you will find it helpful, but do not hesitate to create your own unique form of
LTA !


LTA planning timeline: find relevant tools for each phase


The long-term agreement planning and implementation procedure has been defined along
a timeline in order to identify phases of development and the various tasks to be
performed at each step of the procedure. Tools are thus related to one (or more than one)
of the phases identified, and shows the need for tools in the different phases of the LTA
scheme lifespan.


The following phases have been identified :


Phase 0 : Preparation


Phase 1: Initiation of the process


Phase 2 : Negotiation of the agreement


Phase 3 : Implementation of the agreement


Phase 4 : Evaluation


Time-frame 12-18 months Time-frame 3…5…9… years


Development of financial incentives


Upkeep & developmentDevelopment of monitoring system


Visual image design


Timetable set Agreement signed Evaluation Go/no-go decision
for new LTA


MarketingGeneral marketing Marketing of new LTA


Information dissemination


Support to participating companies


Development and pilot projects New projects


New
LTA


4
Evaluation


3
Implementation


2
Negotiation


1
Initiation


0
Preparation


Go/no-go
decision


Phases are briefly described here and relevant tools are identified. For more information,
see Tool 1.1 – LTA planning and implementation timeframe.


Phase 0: Preparation
This early phase scans the possibilities of establishing a long-term agreement scheme in
the national framework. The key question in this phase is: are LTAs possible and what are
the benefits of establishing a scheme? At the end of this phase there should be a clear
decision: to go (or not to go) forward with establishing an agreement scheme.







Phase 1: Initiation


The initiation phase of the LTA design process includes the preliminary negotiations when
the impacts of the possible agreement scheme are evaluated and the roles and schedules
in the preparation process are discussed. The actual content of the agreement is not yet
under discussion during this phase.







Phase 2: Negotiation


The negotiation phase concentrates on the preparation of the agreement, its structure,
content and the fine-tuning needed when finalising the agreement documents. This phase
also includes more thorough cost-effectiveness and impact assessments. The actual LTA
preparation phase ends in the signing of the agreements.


This phase also includes other activities that are going on in parallel to the actual
agreement preparation – these include marketing of the LTA and the preparation of the
monitoring and reporting system.







Phase 3: Implementation


The implementation phase is the operational lifespan of the agreement. It begins when the
agreements have been signed and ends when the scheme is either terminated or modified
into the next generation of agreements.







Phase 4: Evaluation


The evaluation phase in the LTA lifespan begins at the half-way mark of the LTA lifespan,
when the first evaluation of the scheme is made. The phase ends when the decision is
taken to start a new generation of LTAs or to terminate the agreement scheme.







Table of tools : see all the tools at a single glance


PHASE 0 : PREPARATION


Tool
#


Title Purpose Potential user Phase when applicable


0.1 What is a Long-Term
Agreement (LTA)?


Describes main features
and key terminology


Anybody, those with
no previous
knowledge of LTAs


Phase 0 (preparation)
Phase 1 (initiation)


0.2 Overview of existing
LTAs


Brief introduction of LTAs
in various European
countries


Anybody, those with
no previous
knowledge of LTAs


Phase 0 (preparation)
Phase 1 (initiation)


0.3 List of links to existing
LTA websites in
Europe


Provides links to existing
LTA websites in Europe


Anybody, all parties
involved in LTA
preparation


All phases


0.4 Typical role of key
players


Introduces the tasks of
usual key players


Anybody, all parties
involved in LTA
preparation


Phase 0 (preparation)
Phase 1 (initiation)
Phase 2 (negotiation)


0.5 LTAs as a policy option Describes differences in
policy options and
introduces national policy
frameworks where LTAs
are used


All parties involved
in LTA preparation


Phase 0 (preparation)
Phase 1 (initiation)


0.6 Key questions before
establishing an LTA
scheme


Guides planners to
evaluate basic questions
and make adequate
choices from the very
beginning


All parties involved
in LTA preparation,
particularly the
authority


Phase 0 (preparation)


0.7 Toolkit overview Present tool : describes
the main phases and
tasks of LTA planning
and lifespan


All parties involved
in LTA preparation


Phase 0 (preparation)
Phase 1 (initiation)
Phase 2 (negotiation)


0.8 Create confidence
between partners


Tips and suggestions to
create confidence and
willingness to cooperate
between partners


All parties involved
in LTA preparation


All phases







PHASE 1 : INITIATION


Tool
#


Title Purpose Potential user Phase when applicable


1.1 LTA procedure timeline
and tasks


Introduces tasks for LTA
planning and
implementation process
and the LTA lifespan, so
that the required
resources and time are
not underestimated


Anybody, all parties
involved in LTA
planning


Phase 1 (initiation)
Phase 2 (negotiation)


1.2 Cost analysis Introduces main costs in
LTA planning and
implementation and gives
parties an idea of how to
estimate the cost-
effectiveness of the
scheme


Authority,
confederation of
industries, sector
associations


Phase 1 (initiation)
Phase 2 (negotiation)


1.3 EU legislation and
directives


To identyfy the relevance
of LTAs in relation with
European legislation and
directives


Authority,
confederation of
industries, sector
associations


Phase 1 (initiation) and
Phase 2 (negotiation)


1.4 Target-setting and
impact assessment
calculation examples


Gives an idea of how to
decide what kind of
results can be expected
and how to calculate the
impacts (on energy
efficiency, CO2,etc) of the
scheme


Authority,
confederation of
industries, sector
associations


Phase 0 (preparation)
Phase 1 (initiation)
Phase 2 (negotiation)







PHASE 2 : NEGOTIATION


Tool
#


Title Purpose Potential user Phase when applicable


2.1 List of terminology Helps the designers in
negotiations


All parties involved
in LTA preparation


Phase 1 (initiation)
Phase 2 (negotiation)


2.2 Agreement scheme
options


Shows the various
possibilities of running an
LTA, including pros and
cons


All parties involved
in LTA preparation


Phase 1 (initiation)
Phase 2 (negotiation)


2.3 Model table of contents
for an LTA


Gives an example of the
issues to be included in
the agreement document


Anybody, all parties
involved in LTA
preparation,
authority


Phase 2 (negotiation)


2.4 Checklist for the
agreement document
finalisation phase


Helps LTA planners
when finalising the
agreement document


All parties involved
in LTA planning, the
party in charge of
the agreement
document planning


Phase 2 (negotiation)


2.5 Minimum requirements
for reporting monitoring
data


Defines the minimum
level of the monitoring
system so that LTA
results can be shown in
progress reporting


Anybody, all parties
involved in LTA
planning, the party in
charge of the
monitoring and
reporting procedure
planning


All phases, especially
Phase 1 (initiation)
Phase 2 (negotiation)


2.6 Examples of
promotional material


Shows what kind of
promotional/marketing
material can be used


Anybody, all parties
involved in LTA
planning, those in
charge of the
planning of
promotional material


Phase 1 (initiation)
Phase 2 (negotiation)


2.7 Checklist for the visual
image design


Helps LTA planners to
take issues into account


All parties involved
in LTA preparation,
the party in charge
of the task


Phase 2 (negotiation)







PHASE 3 : IMPLEMENTATION


Tool
#


Title Purpose Potential user Phase when applicable


3.1 Example list of
supporting tools for
SMEs


Gives planners an idea of
what kind of tools are
available or can be
developed for
participating target
groups


Anybody, all parties
involved in LTA
planning, the party in
charge of the
participant support


Whenever,
Phase 2 (negotiation)


3.2 Practical questions Gives LTA planners an
idea on what kind of
practical/technical
questions will arise
during LTA
implementation


Anybody, all parties
involved in LTA
preparation, the
party in charge of
planning the
monitoring and
reporting procedures


Phase 2 (negotiation)
Phase 3
(implementation)


3.3 Examples of annual
reporting


Gives an idea of what
kind of annual reporting
is needed under the LTA


Anybody, all parties
involved in LTA
preparation, the
party in charge of
planning the
monitoring and
reporting procedures


Whenever, Phase 3
(implementation)


PHASE 4 : EVALUATION


Tool
#


Title Purpose Potential user Phase when applicable


4.1 Model table of contents
for evaluation report of
an LTA scheme


Gives an example of the
issues to be included in
the evaluation work


Anybody, all parties
involved in LTA
preparation, the
party planning or
doing the evaluation


Phase 3
(implementation)
Phase 4 (evaluation)


4.2 Experiences from
existing LTAs,
examples of evaluation
reports


Gives LTA administrators
an idea of what kind of
evaluation is needed
when modifying and
developing a new
generation of LTAs


Anybody, all parties
involved in LTA
preparation, the
party planning or
implementing the
evaluation


Phase 3
(implementation)
Phase 4 (evaluation)


4.3 Examples of evaluation
reports


Gives LTA administrators
an idea of what kind of
evaluation is needed
when modifying and
developing a new
generation of LTAs


Anybody, all parties
involved in LTA
preparation, the
party planning or
implementing the
evaluation


Phase 3
(implementation)
Phase 4 (evaluation)







Tools abstracts : discover a digest of the tools


TOOL 0.1: What is a Long-Term Agreement (LTA) ?


There is no unique definition of an LTA. There are many different forms that have been
used in various EC Member States: conventions between public authorities and
enterprises, with or without the involvement of representative associations; sometimes,
these are purely one-sided declarations by target groups or associations, without the
participation of public authorities...


Discover the various approaches, how they differ and what they have in common, i.e.:
voluntary conventions on a defined timeframe, involving commitments from participants.


Go back to table


Other relevant tools :


TOOL 0.2 : Overview of existing LTAs


TOOL 0.4 : Typical roles of key players


TOOL 0.5 : LTAs as a policy option


TOOL 1.1 : LTA planning and implementation timeline and tasks


TOOL 2.1. : List of terminology


TOOL 2.2 : Agreement scheme options


TOOL 2.6 : Examples of promotional material


TOOL 4.2 : Experiences from existing LTAs, evaluation reports


TOOL 4.3 : Examples of evaluation reports







TOOL 0.2: Overview of existing LTAs


This tool reviews and compares the characteristics of LTAs existing in Member States:
their main aims and features, sectors targeted, how LTAs are introduced (or not) into
national legislations, what are the motivations for enterprises to join an LTA, and what kind
of incentives may be brought forward to support the promotion of LTAs. The tool also
briefly compares the structure of the agreements (company-specific, agreement with
associations, etc.) and presents results.


Go back to table


Other relevant tools :


TOOL 0.3 : List of links to existing LTA websites in Europe


TOOL 1.3 : EU legislation and directives


TOOL 4.2 : Experiences from existing LTAs, evaluation reports


TOOL 4.3 : Examples of evaluation reports


TOOL 0.3: List of links to existing LTA websites in Europe


This tool includes a selection of websites that provide explanations and materials on the
existing LTAs in Europe. However, many are written in national languages.


Go back to table


Other relevant tools :


TOOL 0.2 : Overview of existing LTAs


TOOL 4.2 : Experiences from existing LTAs, evaluation reports







TOOL 0.4: Typical role of key players


Traditionally there are four types of players in an LTA: authorities, companies, but also
sector associations and possibly an independent energy agency or a consulting
independent operator. Authorities and companies are parties to the convention and make
commitments within the agreement.


The role of sector associations may be very different from one country to another: from
implementing the basic promotion of the agreement, up to being in charge of a large part
of the administrative burden for the companies, and sometimes collecting data and
organising the reporting.


The energy agency or independent agency acts as a link between partners, collecting
data, providing the methodological support and ensuring confidentiality of data.


In just a few pages, this tool briefly describes the tasks that can be dedicated to those key
players, thus allowing you to select the distribution of tasks most suitable for your country.


Go back to table


Other relevant tools :


TOOL 0.8 : Create confidence between partners


TOOL 2.2 : Agreement scheme options


TOOL 0.5: LTAs as a policy option


This tool describes the legal environment within which the LTA could take place. It reviews
the various regulations and financial incentives that may exist within national legislations,
then briefly discusses the motivations and advantages that companies (as well as
authorities) may find in joining/implementing an LTA. It also highlights key conditions for
successful LTAs.


Go back to table


Other relevant tools :


TOOL 0.6 : Key questions before establishing an LTA scheme


TOOL 0.7 : Toolkit overview







TOOL 0.6: Key questions before establishing an LTA scheme


This tool reviews a list of key questions to be answered before designing an LTA. It helps
to correctly define the aims of this policy choice.


Questions cover the group of enterprises that should be targeted, the way objectives
should be selected and stated, the kinds of incentives that should (or should not) be
proposed...


Obviously, Tool 0.6 is primarily designed for authorities, but it may also provide useful
information for other parties.


It is advisable to read Tool 0.5 before reading Tool 0.6.


Go back to table


Other relevant tools :


TOOL 0.5 : LTAs as a policy option


TOOL 2.1 : Key questions before establishing an LTA scheme


TOOL 2.4 : Checklist for the agreement document finalisation phase


TOOL 2.5 : Minimum requirements for reporting monitoring data


TOOL 3.1 : Example list of supporting tools for SMEs


TOOL 3.2 : Practical questions


TOOL 4.1 : Model table of contents for evaluation reports


TOOL 0.7: Toolkit overview


This tool is included here so that the list is complete, but it is the text you are currently
reading. This overview is also available from the green button next to the phase navigation
bar in the online toolkit.


(Former title of this tool was ”Guidebook for LTA Planning and implementation”, in the
stage of drafting the toolkit).


Other relevant tools :


All tools







TOOL 0.8: Create confidence between partners


Confidence between participants is crucial in the process of creating an LTA, especially
because the agreement covers data which may be considered confidential by companies.


The preparation of an LTA, as well as its implementation, brings together people from
industry and the administration, who are not accustomed to establishing a common
project, or who may even have had antagonistic relationships in the past.


There is no common rule for success. Therefore, the tool calls the attention of partners to
that particular aspect of an LTA preparation and uses examples to show how conditions
for initiating an LTA were met, and how confidence between partners was established.


Go back to table


Other relevant tools :


TOOL 0.4 : Typical roles of key players


TOOL 1.1: LTA planning and implementation timeframe


This tool covers the five phases identified in the development of LTAs as stated at the
beginning of the present tool: preparation, initiation, negotiation, implementation and
evaluation. For each phase, it establishes a step-by-step list of tasks, defining the tasks for
key actors, and sets the terms of the convention.


The tool is a useful checklist for LTA planners. It includes a very practical table listing
successive actions and identifying the workload that each action requires from authorities
and industrial partners alike.


Go back to table


Other relevant tools :


TOOL 0.7 : Toolkit overview


TOOL 1.2 : Cost analysis


TOOL 1.4 : Target setting and impact assessment calculation examples


TOOL 2.3 : Model table of contents for agreement document







TOOL 1.2: Cost analysis


This tool identifies the various costs incurred during the preparation and implementation of
an LTA, as well as the potential profits. The operation is performed for both the
Government and the industrial partners. Estimates of costs and profits are provided, based
on LTA experiences in various EC countries. However, data must be treated with caution,
because the situations encountered in Member States can differ considerably.


Go back to table


Other relevant tools :


TOOL 1.1 : LTA planning and implmentation timeline and tasks


TOOL 1.3: EU legislation and directives


This tool briefly describes the content and aim of basic EU legislative texts and directives
concerning energy efficiency and environmental protection. They constitute the legal
framework within which LTAs may be developed. Some of these texts refer explicitly to
LTAs as a policy option that could be applied in order to meet legal requirements.


Go back to table


Other relevant tools :


TOOL 0.3 : List of links to existing LTA websites in Europe


TOOL 0.5 : LTAs as a policy option


TOOL 0.6 : Key questions before establishing an LTA scheme


TOOL 1.4: Target setting and impact assessment calculation examples


TOOL 2.1: List of terminology


TOOL 2.2: Agreement scheme options


TOOL 2.5: Minimum requirements for reporting monitoring data







TOOL 1.4: Target-setting and impact assessment calculation examples


The definition of targets must be linked to the availability of data needed to measure
whether or not these targets are met. Targets should be SMART (Specific, Measurable,
Appropriate, Realistic and Timed).


The tool reviews what kind of targets may be defined and how progress towards targets
may be measured. Among other things, it covers the EC EMEEES monitoring methods,
the white certificates approach and the definition of benchmarks.


Go back to table


Other relevant tool :


TOOL 2.5: Minimum requirements for reporting monitoring data


TOOL 2.1: List of terminology


This tool includes a table showing basic definitions that should be clearly understood by all
partners before defining the terms of an agreement. Partners should refer to this list in
order to ensure a common comprehension of the terms contained in the contract.


Go back to table


Other relevant tools :


TOOL 0.1 : What is an LTA?


TOOL 0.6 : Key questions before establishing an LTA scheme


TOOL 3.2: Practical questions







TOOL 2.2: Agreement scheme options


There is no single method of establishing an LTA. They are generally framework
agreements made between authorities and sector associations. However, other schemes
may occur, depending on particular interests or conditions. This tool briefly describes
various options: framework, company-specific, cluster, generic or even freelance
agreements.


Go back to table


Other relevant tools :


TOOL 0.2 : Overview of existing LTAs


TOOL 1.3: EU legislation and directives


TOOL 2.3: Model table of contents for a long-term agreement


TOOL 2.3: Model table of contents for a long-term agreement


This tool is a very useful and practical tool for preparing the text of an agreement. It lists
the various articles of the convention and states each of the various items that should be
covered. Readers can use it as a basic template, but also as a checklist to ensure that
everything is included in the document.


Go back to table


Other relevant tools :


TOOL 2.1: List of terminology


TOOL 2.2: Agreement scheme options


TOOL 2.4: Checklist for the agreement document finalisation phase


TOOL 2.5: Minimum requirements for reporting monitoring data


TOOL 3.2: Practical questions







TOOL 2.4: Checklist for the agreement document finalisation phase


Let's assume that your agreement has been negotiated, the final text is approved and the
document is ready for signature. This tool includes a short checklist to verify that all
aspects are clear and agreed upon by all partners, to ensure a successful signing
ceremony.


Go back to table


Other relevant tool :


TOOL 2.2: Agreement scheme options


TOOL 2.5: Minimum requirements for reporting monitoring data


Reporting is an essential part of the LTA implementation. This tool guides planners in
evaluating the different levels of monitoring required, identifying needs, but also calling
attention to data already available or monitored within the framework of other obligations.
Use this tool to design monitoring and follow-up procedures, avoiding double counting, and
avoiding the need to reinvent the wheel.


Go back to table


Other relevant tools :


TOOL 1.3: EU legislation and directives


TOOL 2.5: Minimum requirements for reporting monitoring data


TOOL 3.2: Practical questions


TOOL 3.3: Examples of annual reporting







TOOL 2.6: Examples of promotional material


Promoting LTAs is important to attract new participants, inform authorities and society in
general and make the European Commission and the other Member States aware of the
policy taken in your country concerning energy-efficiency improvements.


This tool identifies a series of promotional materials (brochures, websites, ...) developed in
various EC countries. Most of them are in English.


Go back to table


Other relevant tools :


TOOL 0.1 : What is an LTA?


TOOL 2.5: Minimum requirements for reporting monitoring data


TOOL 0.3 : List of links to existing LTA websites in Europe


TOOL 2.7: Checklist for the visual image design


TOOL 2.7: Checklist for the visual image design


Image design is notably related to the promotion of LTAs. The image also helps in
creating a global community between all partners to the LTA.


This tool presents a few images used to promote LTAs and includes several
recommendations for the designer.


Go back to table


Other relevant tool :


TOOL 2.6: Examples of promotional material







TOOL 3.1: Example of supporting tools for SMEs


EU-LTA Uptake is not the only documentation effort concerning LTAs. This tool identifies
material developed mainly in the EC, which may help SMEs to gain a better understanding
of the issues covered by LTAs. They are classified in four categories: general information,
examples of formal documents, energy audits, and energy management .


Go back to table


Other relevant tool :


TOOL 0.3 : List of links to existing LTA websites in Europe


TOOL 3.2: Practical questions


Refer to this tool at any time during the LTA planning and implementation process. It
contains answers to a set of practical and technical questions that you are likely to face at
any time. It starts with a set of basic methodological rules and continues with some 30
questions covering basic monitoring procedures, follow-up indices, how to take into
account changes in product mix or pruduction equipment, plant closure or new partners
joining the agreement, energy exports from a site, or renewable energy production.


Go back to table


Other relevant tools :


TOOL 0.6 : Key questions before stablishing an LTA scheme


TOOL 2.1: List of terminology







TOOL 3.3: Examples of annual reporting


While Tool 2.5 includes basic requirements that reporting procedures should satisfy, this
tool enables you to go further and see how annual reports are designed at company and
sector levels in existing LTA agreements in European countries.


However, many websites referred to in this tool are only available in national languages.


Go back to table


Other relevant tool :


TOOL 2.5: Minimum requirements for reporting monitoring data


TOOL 4.1: Model table of contents for an evaluation report of an LTA scheme


The evaluation process is an important step. It provides useful information on successes
and failures, and usually includes a series of recommendations to improve the LTA
process or to initiate a second phase. Because it is implemented at mid-term, the
evaluation process may also help to identify potential problems or additional energy-saving
possibilities.


Tool 4.1 suggests topics to be covered by the evaluation: did the LTA cover a considerable
part of the energy consumption? are results satisactory? how did LTAs modify the national
energy policy framework? how is the process judged by the parties?...


This tool primarily refers to existing experiences and evaluation reports, which are
indicated in Tool 4.3. An analysis of those experiences is covered in Tool 4.2.


Go back to table


Other relevant tools :


TOOL 0.6 : Key questions before establishing an LTA scheme


TOOL 1.4 : Target-setting and impact assessment calculation examples


TOOL 4.2: Experiences from existing LTAs, based on evaluation reports







TOOL 4.3: Examples of evaluation reports







TOOL 4.2: Experiences from existing LTAs - based on evaluation reports


Tool 4.2. performs a useful synthesis of various evaluation experiences in several
European countries. It identifies the main common features, the success factors, as well
as obstacles and weaknesses. In a few pages, readers can discover the various
advantages that can be expected from LTAs and also become aware of problems and
possible ways to resolve them.


Go back to table


Other relevant tools :


TOOL 0.2 : Overview of existing LTAs


TOOL 0.3 : List of links to existing LTA websites in Europe


TOOL 4.3: Examples of evaluation reports


TOOL 4.3: Examples of evaluation reports


Tool 4.3 completes the evaluation process by providing several links to evaluation reports
in European countries, specifying the language in which those documents are available.
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Summary and conclusions 


In 1999, the Dutch Railways1 (NS) signed a Long Term Agreement on energy 
efficiency (LTA) with the Dutch Ministry of Economic Affairs. According to the 
agreement NS must improve the energy efficiency by 11% from 1997 to 2010. 
This study, commissioned by the Dutch energy authority SenterNovem, is meant 
as a support for the ongoing negotiations over the new energy efficiency 
agreement between NS and the authorities. Concretely, it is aimed to identify 
promising energy saving options that could be applied by the passenger division 
of the Dutch Railways, NSR. 
 
Drawing on experiences with energy saving technologies elsewhere in the world, 
the most promising options have been selected and evaluated on their merits for 
use with NSR. The UIC hosts a website on energy efficiency technologies for 
railways which has been used as a point of departure for identifying energy 
saving options applied internationally. Of the about hundred technologies 
described there, a set of promising technologies that could be applied at NSR 
has been selected, based on various criteria. 
 
This study reveals that while NSR already employs many of the promising energy 
saving technologies, numerous very promising opportunities with considerable 
untapped energy saving potentials remain.  
 
Broadly, the more promising options belong to the themes of mass reduction, 
energy efficient driving style, traction and braking, and climate functions. Of 
these, we have explored in depth options related to 1) mass reduction applied in 
the procurement process and 2) energy efficient driving style. For the other 
options, traction and braking, and climate functions, further research on potential 
and feasibility is recommended. 
 
Potentials for energy efficient driving style 
Changes in driving style can yield energy savings at relatively low cost, and can 
be achieved by methods such as shutting off traction well before arriving at a 
station. Drawing on German experiences, it is estimated that even under 
pessimistic assumptions, the initial investment costs of an extensive programme 
for energy efficient driving are likely to be earned back by energy savings in less 
than a year. The energy saving potential is likely to be on the order of 5-10%, 
though a lesser part of this may already have been achieved because existing 
(relatively limited) efforts at energy efficient driving on intercity lines within NSR, 
which have not been evaluated. The energy saving potentials are very dependent 
on the average punctuality of the trains and the available buffer times, 
information on which would allow more accurate estimates. 
 


                                                 
1  In Dutch: Nederlandse Spoorwegen. 
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It is recommended to commence a program for energy efficient driving alike to 
the German EnergieSparen. Such a programme is likely to be profitable even 
under pessimistic assumptions about energy savings.  
 
Potentials for mass reduction 
Setting a target for the energy consumption of new trains in the procurement 
process would leave maximum flexibility in achieving the target at the lowest 
price. However, this approach is currently not feasible because it lacks a uniform 
method for comparing energy consumption of different types of trains. Reference 
cycles for energy efficiency are being developed and may be a basis for setting 
energy efficiency targets in future procurements. It is recommended to consider 
this seriously in the future. 
 
For mass reduction it is already feasible to set a target in the procurement. The 
mass of a train has a considerable influence on the energy consumption. There 
are several unexploited promising opportunities that could be put to use to 
reduce mass, or mass per passenger, of (future) NSR trains, particularly 
aluminium car bodies, wide-body stock, articulated trains, and light interior 
equipment. The greatest barrier to wider implementation of several ambitious 
mass reduction options is incompatibilities with infrastructure rather than cost. For 
wide-body trains and Jakob-type bogies, there seem to be no major infrastructure 
obstacles, but a detailed assessment of potential problems is warranted. 
 
We have tried to identify what an ambitious target for mass reduction may be, 
and have selected the Copenhagen suburban train with a specific mass of 360 
kg/seat, representing state-of-the-art for lightweight trains. Compared with this 
benchmark, trains in the NSR park are at least a third heavier up to twice as 
heavy, showing considerable potential for improvement. If NSR sets a target for 
mass reduction in the procurement of new trains, the benchmark of 360 kg/seat 
would be an ambitious and realistic target for local trains. For intercity trains a 
slightly higher target seems feasible. If existing NSR trains would be replaced 
with trains of a mass similar to the benchmarks, roughly 15% energy could be 
saved. 
 
A bottom-up analysis assuming that a total of four promising mass reduction 
technologies are applied indicates room for 4% to 10% reduction in energy 
consumption for the double-deck trains. For the majority of the other trains an 
reduction in energy consumption of 14% to 20% is possible. These estimates are 
well in line with the possible energy reduction according to the benchmarks. 
Therefore, we conclude that an overall reduction in energy consumption by mass 
reduction measures of about 15% seems feasible. 
 
Overall opportunities for energy saving in the long term 
An idea of the long-term overall opportunities for energy saving can be given by 
comparing energy efficiencies within NSR. We estimate that if the least energy-
efficient trains were to be replaced by the most energy efficient currently used at 
NSR, energy consumption could be reduced by roughly a quarter. 
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1 Introduction 


1.1 Background of this study 


In 1999, the Dutch Railways2 (NS) signed a Long Term Agreement on energy 
efficiency (LTA3) with the Dutch Ministry of Economic Affairs. According to the 
agreement NS must improve the energy efficiency by 11% from 1997 to 2010. 
SenterNovem4 is a partner in this covenant and supplies the NS with the required 
expertise and supports the formation of energy saving plans. The parties involved 
indicated that there is a need for knowledge on which new technologies can be 
used to save energy in the framework of the agreement. To serve this purpose, 
SenterNovem has commissioned CE Delft for this study. 
 
This study focuses on options available to NS Reizigers (NSR), the passenger 
transport branch of NS.  


1.2 Purpose  


This study aims to answer the following questions: 
• What energy saving options for passenger transport have been identified 


elsewhere in Europe? 
• What are generally the most attractive energy saving options for NSR? 
• How attractive are these options in terms of energy saving potential and cost? 
• Broadly, how much energy can be saved at NSR? 
 
NSR is currently working on several energy saving measures. Some of the 
measures are being implemented now (e.g. IGBT), others have already been 
implemented (e.g. double-deck trains). This study, however, focuses on 
measures that are relatively new for NSR and does not pay much attention to 
energy saving measures that have been or are being implemented. Doing so, this 
study is complementary to existing activities within NSR on energy saving of 
trains. 


1.3 Approach 


As a point to start, an UIC commissioned research based on the EVENT project 
has been used for orientation (UIC, 2004). This research is further referred to as 
the UIC database and its results are available on www.railway-energy.org. In that 
project nearly 100 energy saving measures have been identified to save energy 
in rail transport. The 100 measures have been assessed with a first general set 
of criteria to conveniently get an overview of measures that could be potentially 
applied within NSR. 
 


                                                 
2  In Dutch: Nederlandse Spoorwegen. 
3  Known to the Dutch as MJA-NS. 
4  SenterNovem is the official Dutch energy agency. 
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The set of nearly 100 options is after our screening reduced to a much smaller 
set of options that at first sight appears very promising. This set of promising 
options is then assessed further for their potential specifically for NSR. 
 
Complementary to this approach also a rough estimation has been made of the 
overall potential for energy saving for NSR. 


1.4 Document overview 


In chapter 2 we select the energy saving technologies used elsewhere in the 
world that have proven to be most promising. To arrive at this list we use criteria 
such as UIC’s own overall evaluation, financial criteria, and applicability in the 
passenger transport sector. The list of promising technologies is then further 
reduced and two themes, energy efficient driving style and mass reduction, are 
selected for further study. 
 
In chapter 3 we explore energy efficient driving styles in depth. After outlining the 
principles of energy efficient driving, we describe the experiences from Germany, 
where an ambitious programme of energy efficient driving has been 
implemented. Then follows a status of efforts with energy efficient driving style in 
the Netherlands, and finally we will estimate the energy saving potential and the 
costs of a programme for energy efficient driving style in the Netherlands, 
drawing on the German experiences. We also estimate the profitability of such a 
programme under various assumptions about energy savings. 
 
In chapter 4 we explore options related to procurement and mass reduction with 
focus on the latter. Broad strategies for mass reduction are discussed as well as 
the relation between mass reduction and energy saving. Comparing NSR trains 
with a state-of-the-art train we estimate the potential for mass reduction at NSR 
along with an estimate of associated energy savings. Complementing this 
approach, we make a bottom-up estimate of energy saving potential assuming a 
certain number of promising technologies are applied to NSR trains. Finally, we 
provide insights into the investment costs of various options for mass reduction 
and possibilities for using targets for energy consumption on mass reduction in 
the process of procurement of new trains. 
 
In chapter 5 we offer a complementary top-down estimate of energy saving 
potential at NSR, but without assuming specific technologies. Using information 
on specific energy consumption of each train type used in NSR, we estimate an 
energy saving potential assuming for each train a specific energy consumption 
equal to the best in its class among trains in the NSR park. 
 
Chapters 6, 7, and 8 contain conclusions and recommendations, a literature list, 
and a list of persons interviewed over the course of the project. 
 
The Annexes contain supplementary information on the specific technology 
options. Annex A gives brief descriptions of the 28 most promising options. 
Annex B gives an overview of the options that were discarded at some point 
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during the selection process. Annexes C and D offer detailed information on the 
limited number of options we have selected for further study. In addition to 
general information on how the technologies work, there is information on 
economic issues, energy saving potential and environmental issues, as well as 
information on special requirements and barriers to implementation. Finally, 
Annex E shows photos and brief descriptions of the most common train types 
used at NSR. 
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2 Identification of the most promising energy-saving 
options 


2.1 Introduction 


In this chapter, we start from the UIC list of technologies for energy saving to 
provide a first overview of the technologies that have proven very useful in other 
countries. From this list, we gradually arrive at a selection of the for NSR most 
promising options. 


2.2 Identification of 28 promising energy-saving options applied elsewhere 


The UIC database on www.railway-energy.org provides a very useful overview of 
nearly a hundred technologies or options that have been used in the world for 
energy saving purposes. Most of these have been through a process where the 
merits of each option have been evaluated by independent experts. 
 
In Table 1, we list 28 technologies that have passed through the first screening of 
the total of 93 options listed on the UIC website. In selecting these 28, we have 
applied the following criteria for exclusion of the less interesting options: 
1 Technologies that have not been evaluated (3 options). 
2 Technologies that did not receive a 'promising' or 'very promising' rating. 
3 Options applicable only to freight transport. 
4 Options where it is known that the time period for broad application is more 


than 5 years. 
5 Other reasons such as technical incompatibility. 
 
Criterion 1 excludes a few options for which very little information is available. 
 
Criterion 2 excludes the options that did not receive a favourable overall 
evaluation score. The score for ‘overall potential’ (determined by UIC and related 
experts) takes into account benefits, energy efficiency potential throughout fleet, 
economic criteria, barriers, as well as various qualitative criteria. It is therefore 
highly useful for a first selection. However, it does not take into account what may 
be particularly relevant to NSR, which we will address later. 
 
Criterion 3 screens out all options that are only applicable to freight transport, as 
NSR only serves passengers. 
 
Criterion 4 excludes options which can not easily be realised on a reasonably 
large scale in less than five years. This may be important as the options that will 
eventually be selected should serve to achieve an objective for 2010, as agreed 
in the LTA between NSR and the Dutch authorities. 
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Criterion 5 discarded 7 options (mainly because they are technically not 
applicable) on a consensus among NSR, SenterNovem, and CE. These options 
are briefly described at the end of Annex B. 
 
The 25 options that passed all five criteria are listed in Table 1. Three options 
(biodiesel, heat pumps, and CO2 based ventilation) that did not pass the criteria 
above were added to the list for reconsideration upon suggestion by NSR. 
 
Included in this overview is whether the option is applicable to diesel or electric 
traction trains. If available, the time period for broad application and time required 
to earn back the investment costs is listed. Broad application is understood to be 
that approximately 10% of a fleet segment can be considered for application. It is 
indicated if options are suitable for retrofit in existing trains rather than only for 
procurement of new stock. It is also indicated whether the primary responsibility 
for the option lies with NS or the rail industry. Finally, a preliminary rough 
indication is given of the extent to which the option in question has already been 
applied within NSR (see section 2.3 for more information). 
 
Brief descriptions of these 28 options are given in Annex A. The other options 
from the UIC list, that failed to meet the criteria mentioned above, appear in 
Annex B. 
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Table 1 The 28 most promising energy saving options 
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Procurement        
 Mass reduction        
Aluminium Car-Body Very promising Both  I 0-1 year  0 
Double-decked stock Very promising Both  I   3 
Wide-body stock Very promising Both  I   1 
Articulated trains (Jakob-type 
bogies) 


Promising Both  I   0 


Modular train sets Promising Both  I  0-2 years 3 
Light coach interior equipment Promising Both R NS   0 
 Managerial options        
Bonus/penalty rules Very promising Both - NS/I   0 
LCC-driven procurement Very promising Both - NS   2 
Reference cycle for energy 
efficiency 


Promising Both - I/NS  0-2 years 0 


Energy efficient driving style        
Energy efficient driving by low-tech 
measures 


Very promising Both - NS 0-1 year  0 


Training programs to raise 
awareness of personnel 


Very promising Both - NS 0-1 year  1 


Energy efficient driving strategies Very promising Both - NS   1 
Energy meters (electric) Very promising Electric R NS   0 
Database of traction consumption Promising Both - NS  0 1 
Energetic optimisation of timetable Promising Both - NS  0-2 years 0 
Traction and braking        
IGBT Very promising Both R NS 0-1 year  2 
Regenerative braking in DC 
systems 


Very promising Electric R NS 0-1 year  2 


Stationary energy storage Promising Electric - NS   0 
Switch-off traction group Very promising Both R NS   0 
Optimisation of traction software Promising Electric R NS   0 
Climate functions        
Control of comfort functions in 
parked trains 


Very promising Both R NS 0-1 year  0 


Modification of target temperature in 
passenger coaches 


Very promising Both R NS 0-1 year  3 


Ventilation control (in new stock) Very promising Electric  I   3 
Ventilation control (retrofit) Promising Electric R NS   3 
Coach insulation Promising Both R NS   1 
CO2 based demand control for 
coach ventilation 


Very promising Both R NS  5-10 
years 


0 


Heat pumps for temperature control Not evaluated Both ? I/NS   0 
Fuel        
Biodiesel Not promising Diesel  NS  5-10 


years 
0 


Source: (UIC, 2004). Information on NSR specific issues from (NSR, 2005). 
Note: Brief descriptions of the projects listed can be found in annex A. More detailed information is 
available on UIC’s website for energy efficient technologies for railways: www.railway-energy.org. 
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2.3 Current energy saving projects within NSR 


In order to identify which options are most interesting to apply by NSR, it is 
important to identify the options that are already applied by NSR. If an option has 
been applied already to all trains its potential is obviously zero and there is no 
need to highlight it in a search for promising options for future energy savings. 
 
Under the framework of the LTA, NS publishes biennial energy saving plans5 
related to the energy efficiency agreement (LTA) between NS and the Dutch 
government. These plans describe in detail what steps have been taken and will 
be taken to save energy. Table 2 shows a summary of current efforts from the 
most recent energy saving plan and gives some information on where the biggest 
gains come from. The latest efforts have included work on climate functions, but 
the greatest gains arise from replacing old materiel with newer materiel, 
particularly double-deck trains. 
 
Through interviews with NS and information from the EBP, we have been able to 
give for each of the options in Table 1 a rough indication to the extent to which an 
option is already applied at NSR. This information has been taken as a starting 
point for selecting a small number of these 28 options to focus on, as described 
in the next section. 
 


Table 2 Energy saving options currently being implemented at NSR 


Option Trains Year being 
put to use 


Energy  
Saving 
million 
kWh/yr 


Time to earn 
back  


investment 
(years) 


Energy saving projects in progress 
(train 


    


Energy saving projects in fleet     
2a temperature and ventilation control ICM 2004 9,2 < ½ yr 
2b temperature and ventilation control DDM-1 2004 2,7 < ½ yr 
2c Optimised temperature  mat ’64 2005 2,4  
2d Increased voltage in IRM to 1,900 V IRM 2004 8,8 < 1 month 
     
Strategic projects     
3a New double-deck trains 378 cars VIRM 2002-2004   
3b New ICK cars 150 cars ICK 2002   
3c Modernizing SGM-III; IGBT-choppers SGM-III 2006   
3d Phasing out  ICM-0 21 cars  ICM-0 2004   
3e Phasing out Mat’64 V1-V3 74 cars Mat’64 2005   
Subtotal 3a – 3e:   117,21  
3c Modernising Intercity-cars  2000-2006   
− Temperature and ventilation control   4,0  
− Additional options, including air 


conditioning options 
  1,5  


     
Other     
4a Stimulate Energy efficient design in 
procurement, such as in UIC framework 


 2004-2006   


Source: (NSR, 2005). 


                                                 
5  Known in the Netherlands as EBP (EnergieBesparingsPlan). 
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2.4 Selecting the most interesting options for NSR 


2.4.1 Option overview 


From the set of 28 options, we have selected a limited number of options for a 
more detailed analysis in this study. The further selection is mainly aimed at 
measures with substantial potential for energy saving, measures which have not 
been yet widely applied at NSR, and finally measures where substantial 
information would be likely to be available for this project  
 
Through our NSR liaison a rough picture was established of the extent to which 
each option is already applied at NSR (last column of Table 1). Below we 
evaluate the options under each of the main categories in Table 1. 
 
Procurement 
This category contains three ‘promising’ and two ‘very promising’ (by UIC’s 
evaluation) options that are practically unexploited (Aluminium car body, 
articulated trains, lightweight interior equipment, bonus/penalty rules and 
reference cycle for energy efficiency). Furthermore, the procurement process 
offers a very convenient starting point, as it is often cheaper and more practical to 
apply new technologies while designing the train rather than in retrofit. ‘Mass 
reduction’ options furthermore offer particular promise for an approach less 
based on individual technologies and more on overall potential. We have chosen 
to explore further procurement options with a particular focus on mass reduction. 
 
Energy efficient driving style 
The whole category of ‘energy efficient driving’ has been only to a very small 
extent applied in NSR, and contains several ‘very promising’ options, two of 
which with very encouraging financial benefits: Energy efficient driving by low-
tech measures, and training programs for personnel. Moreover, we can draw on 
experiences from Germany, which has had an ambitious programme for energy 
efficient driving. We have chosen to explore further options for energy efficient 
driving. 
 
Traction and braking 
Under this category switch-off of traction group is the only ‘very promising’ option 
that is unexploited at NSR. Regenerative braking and IGBT are both very 
promising options, but have to some extent been applied yet. NSR furthermore 
expressed a preference for less technical options. For these reasons we do not 
further explore these options, while we stress that it is an area worthy of 
attention. 
 
Climate functions 
Two technologies, control of comfort functions in parked trains and CO2 based 
ventilation are unexploited and ‘very promising’, pointing to substantial energy 
saving potential here. However, many other options are already widely used and 
climate functions are already one of the big focus areas of NSR’s energy saving 
plans. For these reasons we do not further explore these options. 







 
 


4.878.1/ Tracks for saving energy 
  September 2005 
12  


Fuel  
The bio-diesel option did not pass the initial criteria for screening as it received 
the evaluation ‘not promising’. Nevertheless, this option has received 
considerable attention and interest in the Netherlands, and we now briefly 
explore the option’s merits. 
 
First of all, the potential impact of bio-diesel is limited to the small diesel fleet, 
which presently accounts of about 3% of the seating capacity of NSR. 
 
Secondly, it is not very meaningful to assess the energy consumption of an 
alternative fuel versus regular diesel. It would certainly need to include the 
production of bio diesel, taking into account the energy input needed to produce 
the rape and process it to obtain biodiesel. The environmental merits can only be 
judged by calculating and comparing the environmental impacts arising from use 
of each fuel alternative. 
 
According to the evaluation by UIC, a thorough environmental balance by the 
German IFEU institute revealed a specific CO2 advantage of RME (‘biodiesel’) 
over diesel between 30 and 80% per kilogram of fuel (depending on the energetic 
use of the by-products). Similar results were cited in a recent study by CE (CE, 
2005a). If the bio-diesel is exempted from excise duty it may be a cheaper 
alternative than diesel, though it remains an expensive option for reducing CO2 
emissions compared to many other measures to reduce CO2 emissions. 
Emissions of combustion pollutants showed a mixed picture with significantly 
lower emissions of most pollutants, but increased emissions of NOx. Finally, 
replacing the few remaining diesel trains with electric trains may produce greater 
environmental benefits than continuing their use with biodiesel. Other biofuels 
than biodiesel could be applied, such as pure plant oil. The environmental 
performance of pure plant oil is roughly comparable to biodiesel (see (CE, 2005b) 
for more information). 


2.4.2 Options selected for further study 


In agreement with the NSR liaison we defined the focus of the two selected 
topics as follows:  
 
Operational measures for energy-efficient driving  
CE will attempt to quantify the energy saving potential of energy efficient driving 
(‘driving style’ related measures) for NSR. Lessons will be drawn from Germany’s 
extensive experience with these options and costs and benefits of a comparable 
system at NSR will be estimated. 
 
Procurement (with focus on mass reduction) 
CE will investigate what requirements can be asked of the manufacturers during 
the procurement process. It will be investigated if it is possible to require a certain 
mass reduction or energy reduction rather than require the application of specific 
technologies. UIC’s draft leaflet for ECO-procurement (UIC, 2005) will be one 
source of information. 
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In the next two chapters, we explore these two subjects. For each, we start with 
some description of the options and proceed to estimate the energy saving 
potential for NSR and, when sufficient information is available, the economic 
attractiveness of the option. 
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3 Energy efficient driving style 


3.1 Introduction 


In this chapter, the first section explains how energy efficient driving works, and 
lists evaluated technologies or options for achieving this. The second section 
draws on the experiences in Germany, considered a model for energy-efficient 
driving. The third section outlines the state of energy efficient driving in the 
Netherlands. In the last section we estimate the energy saving potential for NSR, 
and use estimates of economic costs and benefits to calculate the time required 
to earn back the investments required for a programme of energy efficient driving 
similar to in Germany. 


3.2 Energy efficient driving – what and how 


Table 3 below outlines the options for energy efficient driving that have been 
evaluated on the railway-energy.org website. An estimated overall energy-saving 
potential for a typical fleet is included for each option. There is considerable 
overlap between several of the options, so a total potential cannot be calculated 
by adding the contribution from each one.  
 
Broadly, energy efficient driving can be realised by the following driving 
strategies: 
• Coasting: Train shuts off traction as early as possible before station in order 


to reach station without braking. 
• Reduced maximum speed: Train accelerates to a speed inferior to speed 


limit.  
• Reduced acceleration rate: Train accelerates to maximum speed using less 


acceleration power.  
 
Each of these comes at the cost of slightly increased travel times. However, 
trains always operate with time buffers (typically around 7%) to ensure 
punctuality even with slight delays. When trains are on time, this buffer can be 
used for energy efficient driving without compromising punctuality. 
 
Most of the options listed in the table below aim at increasing the scope and 
usefulness of the driving strategy sketched above. A detailed description of the 
most promising options is given in Annex A.  
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Table 3  Evaluated options for energy efficient driving 


 Priority Penetration in 
NS 


1=little 
2=developing 
3=extensive 


Potential reduction 
for whole fleet 


Options specifically for energy efficient 
driving 


   


Energy efficient driving strategies very promising 1 >5% 
Energy efficient driving by low-tech 
measures 


very promising 0 2-5% 


Energetic optimisation of timetable promising 0 1-2% 
Options with broader uses:    
Training programs to raise awareness of 
personnel 


very promising 1  


Energy meters (electric) very promising 0  
Database of traction consumption promising 1  


The potential for whole fleet refers to an estimated total potential for a reference fleet composed of 
65% passenger operation and 85% of all trains being electric. The NSR fleet is 100 % passenger 
and 97% electric. 
Source: (UIC, 2004).  


3.3 Experiences in Germany: the EnergieSparen Programme 


Programme origin 
In 2002, a programme called EnergieSparen was initiated by Deutsche Bahn 
(DB). The objective of the program was to save 10% energy compared to 2002 
through an extensive programme energy efficient driving  
 
The objective appeared realistic. Drivers show large individual differences in how 
energy-efficient they drive. Many use as much as 20% more than the average, 
others as much as 20% less than average, indicating a considerable scope for 
improvement. Indeed, 2,400 trial journeys by DB showed a 10% difference 
between journeys with specially trained and not specially trained engine drivers 
with regard to energy consumption.  
 
How the energy savings are to be realised  
The German programme relies on most of the main technologies listed in the 
table: energy efficient driving strategies, training programs, energy meters, a 
reference database for energy consumption, and incentives for drivers (prizes), 
the latter not passing our screening criteria based on UIC evaluations.  
 
Put broadly, the programme objective is to be realised by applying the following 
driving styles for energy efficient driving:  
• Coasting. 
• Reduce maximum speed. 
• Use valleys and hills (no priority to constant speed). 
 
These changes in driving style are to be achieved mainly by: 
• Education. 
• Support tools (mainly Energy meters). 
• Incentives (prizes awarded for best driver). 
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The education element includes a comprehensive programme consisting of 
trainings complete with exams, feedback talks, and workshops. The following 
facts give an idea of the scale of the program:  
• All 14,000 drivers qualified in theory (4 hour training), training simulator (like 


airlines) and coaching trips (1 hour each). 
• All trains were equipped with a total of 3,500 electricity meters6. 
• More than 1,100 EnergieSpar-trainings were realised. 
• 300 team leaders of the drivers were trained for use of data and ES-feedback 


talks. 
• Energy data warehouse (> 150 GB) implemented7. 
• ES-cockpit measures developed. 
 
Initial results 
The effects of the programme were estimated at various points and help give an 
indication of the total achievements. 
 
A 7% average improvement by drivers was measured after being given a short 
training (ES-feedback talks). While it is not certain that this effect will last, it 
shows that immediate results can be achieved with little effort. 
 
By 2004, energy consumption per km had declined by 5% (compared to 2002) on 
long-distance lines thanks to the programme. This is clearly below the 10% 
aimed for, but the last part of the training, the feedback talks, was only completed 
by May 2004. Partial results from the later part of 2004 show a 7% reduction 
compared to 2002 which could indicate that perhaps the 10% can still be 
achieved. However, we must wait for the final answer to see how much can be 
stably achieved in the long term. By now, a best estimate for the energy 
reduction achieved with the German programme on energy efficient driving 
seems to be 7%. 
 
Expenditures and costs savings 
Project expenditures during the first two years of the program amounted to more 
than € 20 million (Figure 1), with electricity meters being the largest expenditure. 
Further expenditures are required in the future to maintain the benefits and 
educate new drivers. 


                                                 
6  See technology option “Energy meters (electric)”. 
7  See technology option: “Database of traction consumption”. 
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Figure 1  Project expenditures for EnergieSparen in Germany 


 
Source: (DB, 2004). 
 
 
Assuming an energy saving of 7%, some € 32 million of energy costs have been 
avoided over two years from the beginning of the project in 2002. This saving is 
well in excess of the € 20 million of expenditures during the same period. 


3.4 Status of energy-efficient driving in the Netherlands 


Energy efficient driving is not new in the Netherlands, though likely less 
developed than in Germany, as documented above. In the 1980’s NS carried out 
trials with energy efficient driving. In a 1988 leaflet it is explained that pilots 
involving twenty drivers established that energy savings of ten to twenty per cent 
were possible on intercity lines (NS, 1989). The leaflet went on to explain how the 
use of coasting, reduced maximum speed, and using valleys and hills could 
achieve such energy savings. 
 
In 1993 another leaflet appeared, and drivers operating a limited number of 
trajectories were provided with timetables including indications for energy 
efficient driving. 
 
In 1995 trials were conducted with “economy meters” (not the same as electricity 
meters), a driving advice system calculating for drivers the optimal moment for 
switching off traction before arriving at a station8, while also measuring energy 
consumption. The intended target was a 5% reduction in energy consumption. In 
the trials, 33% of the trains being on time within a second of delay and therefore 
allowed to drive energy-efficiently indicated an energy saving of 6%. If punctuality 
were to increase, the gains would be even bigger. The investment costs of using 
the economy-meter on a large scale were determined to be € 9.5 million, adding 
about € 300,000 annually for operating costs. Assuming a saving of 6% on 


                                                 
8  This is in fact one of the technologies evaluated: Driving advice systems, which was discarded because of 


the long time required from broad application. See the overview of discarded options in the annex for more 
information. 
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energy costs, this would translate into a period of 8 years required to earn back 
the investment. It was estimated that this could be reduced to 5 years if energy 
efficient driving were allowed even when the train was slightly delayed. A 
punctuality greater than the 33% assumed would also improve the financial 
attractiveness (NS, 1997). The economy meters have not been applied more 
broadly since the trials ended in 1997. 
 
By 2005, all trains driving on intercity lines have timetables with instructions for 
energy efficient driving, and drivers on these lines receive brief instructions. 
Unlike in Germany, they do not receive simulator training, exams, coaching, or 
other feedback on their driving style. It has also not yet been evaluated to what 
extent drivers apply the instructions given in the timetable information.  
 
Overall, energy efficient driving is unexploited on all local lines. With local lines 
accounting for 47% of the 1.3 billion kWh of (NSR, 2005) electricity used in 2004 
by the NSR trains there is considerable potential for energy-efficient driving. It is 
unclear how much of the potential is exploited on intercity lines, but the amount of 
training given is much less than in Germany. While this fact does not necessarily 
imply that the potential can be increased, it seems quite likely that a full training 
programme could increase energy saving achievements. 
 
There could be other factors that could influence the potential and may make the 
potential in Netherlands differ from that in Germany. Since the potential for 
energy efficient driving to a large extent depends on the size of the timetable 
buffer and the average punctuality, knowledge of differences in these factors 
would allow for an improved estimate. The Dutch railway network has a much 
higher traffic intensity than the German network (Eurostat, 2005) which may 
constrain the punctuality. Unfortunately there is no comparable information on 
average punctuality for both countries. The Dutch timetable buffer of 7%, 
however, falls within the normal range and suggests that it is not unrealistic to 
achieve the same savings in the Netherlands as realised in Germany. 


3.5 Costs and potential of energy efficient driving in the Netherlands 


In this section, we try to estimate the costs and benefits of a broad programme 
for energy efficient driving in the Netherlands imitating the EnergieSparen project 
in Germany. 
 
The initial project expenditures of about € 20 million from EnergieSparen must be 
scaled to the Dutch situation. Fitting electricity meters universally in NSR trains 
would entail fitting all 765 motorized units and 115 locomotives of the NSR. In 
Germany 3,500 energy meters were fitted, so the costs of equipping the Dutch 
trains with energy meters are likely to be 880/3,500 = 25% of the German 
expenditures on energy meters. For a first estimate, we will assume that the 
costs of the other components of the program would also scale to 25%. 
Assuming initial investment costs of € 20 million for EnergieSparen (Figure 1), the 
costs for NSR would likely scale down to € 5 million. 
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Due to uncertainty over the achievements of current efforts at energy efficient 
driving on intercity lines, we use various assumptions of the remaining potential. 
To the extent that the intercity efforts have been successful it is assumed that the 
project costs would be reduced accordingly. The benefits we calculate in the 
same manner under a variety of optimistic and pessimistic assumptions for total 
energy savings due to the programme. This is the range of energy savings from 
the pessimistic to the more optimistic: 
 
Pessimistic: 3% total energy saving 
This could be the case if the potential on intercity lines has already been nearly 
fully realised and if special situations in the Netherlands would constrain energy 
savings potential on local lines to under the minimum 5% reported in the 
literature or the 5% initial savings from the German EnergieSparen. 
 
Optimistic: 10% total energy saving 
This would represent the upper range of the potentials and assuming that the 
potential on intercity lines in the Netherlands has been far from fully realised 
already. Even more optimistic potentials than this can be conceived - Dutch pilots 
showed that up to 20% improvement was possible, though this is probably only 
valid in particular cases. The results of the German programme so far indicate 
that 10% is a good estimation for an optimistic result. 
 
Table 4 shows estimates of the time required to earn back the initial investment 
of the energy saving programme under a variety of assumptions about the 
benefits of the program, and ignoring any running costs for which no information 
is presently available. Except for under the most pessimistic assumption, the 
investment is earned back in well under a year, indicating a very good 
investment. A full scale program for both local and intercity trains would require 
an average of less than 4.3% energy cost savings in order for the investment 
being earned back in more than 12 months. 
 


Table 4  Estimated potential energy cost savings from energy efficient driving in the Netherlands 


Total energy savings at 
NSR 


3% 5% 7% 10% 


Annual energy savings in 
million EUR * 


3.75 6.25 8.75 12.5  


Initial investment in 
million EUR 5.0 
Running costs ? 
time to earn back 
investments (months) 18 10 7 5 


*  Based on the assumed energy saving by an energy consumption of 1.25 billion kWh at a cost of 
€ 0.10/kWh.  
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It must be stressed that running operating costs are not included in this estimate, 
and will make the investment somewhat less attractive. These costs could 
include maintaining and repairing electricity meters, training new drivers and 
maybe re-training drivers after a number of years. In neither case is it likely that 
the annual maintenance costs will be more than a modest fraction of the initial 
expenditures, and consequently being an even more modest fraction of the 
annual savings it is unlikely to substantially alter the financial assessment. 
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4 Procurement & mass reduction 


4.1 Introduction 


The energy efficiency of a train is largely decided already at the design stage of a 
rail vehicle. While a number of energy saving technologies can be retrofitted, it 
makes more sense to apply them from the beginning in new trains. With most 
trains having an operational life of several decades, design issues are of 
considerable long-term importance.  
 
Table 5 shows an overview of the more promising options related to procurement 
and mass reduction, as selected from the UIC list of technologies. For each 
option, UIC’s overall evaluation of its potential is given and a quick overview is 
provided over the extent to which the option is already in use at NSR and the 
potential energy savings to be achieved. 
 
With a focus on mass reduction, we will not go into detail about the 
Bonus/penalty rules, LCC-driven procurement, and Reference cycle for energy 
efficiency. However, particularly the reference cycles for energy efficiency could 
be interesting, but it is worthwhile to wait until the currently running project aiming 
to define appropriate reference cycles has concluded, probably in 2007 
(DB, 2005). 
 
In the following sections we will first look at the relation between mass reduction 
and energy saving (section 4.2). Then we will discuss the several technological 
options for mass reduction and their costs (section 4.3). To get an idea of what 
can be reached by mass reduction we will do a benchmark with the best in class 
trains in section 4.4. Section 4.5 gives an overview of the energy saving potential 
of mass reduction within NSR and a discussion on costs. 
 
Detailed information on each specific technology option can be found in Annex D 
and A. 
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Table 5  Overview of mass-reduction and procurement options 


The potential for whole fleet refers to an estimated total potential for a reference fleet composed of 
65% passenger operation and 85% of all trains being electric. It only roughly applies for the NSR 
fleet which is 100% passenger and 97% electric. Adapted from (UIC, 2004). Additional information 
is available in Annex A and D. 


4.2 Effect of mass reduction and energy saving 


Weight reduction results in energy savings, but the extent is heavily dependent 
on the operation scheme. In operation schemes with frequent stops and a high 
share of energy consumption for acceleration (e.g. in local transport) a 10% 
reduction in mass may reduce energy consumption by as much as 6%, whereas 
in high-speed applications the same mass reduction will produce only 1-2% 
energy savings. Table 6 shows the relation between energy saving and mass 
reduction for a number of different situations. For this reason, not all weight 
reductions are equally beneficial. Also, equipment for regenerative braking and 
climate control functions may even add to total mass while nevertheless offering 
substantial overall energy savings. It is therefore essential that any mass-
reduction strategy pay explicit attention to overall energy reduction. 
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Mass reduction related 


Aluminium car-body  
very 
promising 


0-1 year 0 2 - 5% 1 - 2% 


Double-decked stock  
very 
promising 


 3 > 10% > 5% 


Wide-body stock  
very 
promising 


 2 > 10% 2 - 5% 


Articulated trains (Jakob-type bogies)  promising  0 2 - 5% 1 - 2% 
Modular train sets  promising  3 > 10% 2 - 5% 
Light coach interior equipment  promising  0 2 - 5% 1 - 2% 


Procurement process related 


Bonus/penalty rules  
very 
promising 


 0 N/A N/A 


LCC-driven procurement  
very 
promising 


 2 N/A N/A 


Reference cycle for energy efficiency  promising  0 N/A N/A 
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Table 6  Elasticities of energy consumption for mass reduction 


  Traction Brake energy recovery Elasticity with regard to 
train mass 


High speed train electric no 0.17 
    yes 0.12 
Intercity train electric no 0.19 
    yes 0.14 
  diesel - 0.19 
Regional train electric no 0.52 
    yes 0.44 
  diesel - 0.52 
Suburban train electric no 0.64 
    yes 0.57 
  diesel - 0.64 


An elasticity of 0.17 means that a mass reduction of 10% will result in 0.17 · 10 % = 1.7% energy 
saving. 
Source: www.railway-energy.org. 
 
 
Figure 2 shows the typical mass distribution in a train. Not one single part 
dominates, so a good strategy for mass reduction requires a broad approach. 
 


Figure 2  Mass distribution of a typical multiple unit (92 tonnes) 


 
Source: (UIC, 2003). 


4.3 Options for mass reduction and their costs 


All of the most promising technologies reduce running costs due to energy 
savings, so if there are any economic barriers they must exist in high initial 
investment costs, or in costs related to adapting infrastructure. It is not possible 
to give any costs for adaptations of the infrastructure, as these will be highly 
dependent on the specific circumstances. 
 
Below each of the technologies related to mass reduction is discussed in turn. 
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Wide-body trains:  
Table 7 shows the main costs related to wide-body designs. While the costs for 
an entire train is increased, the greater capacity offered by wide-body design 
reduces the seat-specific costs. For the same reasons, maintenance costs are 
also reduced, making wide-body trains a good investment. 
 


Table 7 Costs of wide-body train design 


 Initial investment Maintenance costs 
Entire train +7% +4% 
Per-seat -12% -14% 


For more information, see Annex D.3. 
 
 
However, the infrastructure must allow for the wide trains to pass, and lack of 
infrastructure compatibility is the main barrier to more widespread deployment of 
wide-body trains. However, even including costs of some adaptation of 
infrastructure, wide-body trains may still be financially attractive. This is not likely 
necessary. In the Netherlands, the maximum allowed width of trains is 3.6 m 
(Prorail, 2005) which is wide enough to accommodate wide-body stock of most 
specifications. If compatibility with foreign systems is an issue, this maximum 
width is reduced. Still, in 1990 DB, DSB and NS concluded that stock of a 
maximum width of 3.2 m at around 1.6 m above rail level and of normal width at 
platform and roof level could in principle be accommodated on these three 
systems. For comparison, the DDM double-decker is 3.14 m at its widest point, 
while the Mat ’64 is 2.8 m wide. 
 
Double-deck trains 
For Double-deck trains, seat specific investment costs are usually lower than for 
single-decked trains, but may be higher – a German ICE-4 double-deck design 
had 11% higher investment costs than a single-decked design. Nevertheless, the 
seat-specific running costs are reduced sufficiently that life cycle costs of double-
decked trains are usually better than for single-decked trains. As with wide-body 
stock, double-deck designs may face infrastructure problems, especially when 
passing through tunnels or under bridges. Again, such designs may still be 
financially attractive with some amount of infrastructure adaptation. 
 
Articulated trains 
The cost of a train design with Jacob-type bogies (see description in Annex D) is 
comparable to one with conventional bogies, but Jacob-type bogies in many 
situations require very long maintenance facilities that may significantly increase 
investment costs. In the Netherlands, this does not pose serious issues in most 
situations, as the workshops can accommodate trains up to 6 coaches long, 
sufficient for the majority of trains.  
 
Modular train sets 
Seat-specific investment costs are higher, but due to the better opportunities 
offered by modular train sets for adapting capacity to demand, the per-passenger 
investment costs are usually reduced. 
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Light Coach interior equipment 
Light Coach interior equipment generally requires a modest extra investment. 
With the reduced energy consumption the investment is usually earned back in a 
short amount of time, but strongly depends on the specific measures applied. 
 
For more information on the economics of these options, see Annex D. 


4.4 Benchmark on low weight trains 


It is not easy to indicate how much mass reduction is realistic or technically 
possible. However, identifying the best of the existing trains may serve as a 
benchmark against which NSR trains can be compared and may serve to 
indicate a potential for improvement. For this exercise it is important to consider 
that trains come in many varieties and serve a variety of purposes that may put 
constraints on the weight reduction that can be achieved, and energy reduction 
potential from a given mass reduction is even more constrained. In the analysis 
of possibilities for mass reduction, the EVENT project (UIC, 2003) offers two such 
benchmarks, one for high-speed trains at the one extreme, and one for local 
trains at the other extreme. 


 
For high-speed trains, a certain minimum mass is currently necessary for stability 
of the train and as the ‘luxury’ requirements are also higher they cannot achieve 
as low a mass per seat as normal speed trains. The state-of-the-art for mass 
reduction in high-speed trains is the Japanese Shinkansen with 537 kg/seat. The 
Shinkansen regularly operates at speeds as high as 300 km/h, much higher than 
the NSR intercity trains with a maximum service speed of 160 km/h. The only 
train in the Netherlands that can properly be compared to Shinkansen would be 
the high-speed Thalys train with a mass per seat of 1,021 kg/seat (Thalys, 2005). 
However, Thalys is not operated by NSR so there is little use of this benchmark 
in the NSR context, except maybe as an upper limit. 
 
For local trains with frequent stops the Copenhagen suburban trains (see Figure 
3) with 360 kg per seat is offered as a benchmark., but it can in principle serve as 
a benchmark for local and intercity trains alike. The low weight of the 
Copenhagen commuter train was the outcome of a very conscious decision that 
the train must be low weight. The operator of the trains, DSB, specified in the 
procurement process that the train should weight no more than 120,000 kg and 
with a seating capacity of approximately 350, corresponding to 342 kg/seat. 
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Figure 3 The Copenhagen lightweight suburban train 


The Copenhagen suburban train  


 


Photo: René Strandbygaard, DSB 


The Copenhagen suburban train 
 
Manufacturer: Alstom LHB & Siemens E  
Built year: 1996  
Traction: Electric 1500 V DC  
Maximum speed 120 km/h  
Width 3,52 m  
Height 4,30 m  
Car body Aluminium  
Mass 120,0 t  
Seat capacity  304 + 32 flip seats 


Source: www.dsb.dk  
 
 
Comparing the current mass per seat of the NSR train fleet can give an indication 
of the potential for mass reduction for NSR. Table 8 shows the mass per seat for 
typical Dutch trains. 
 


Table 8 Mass per seat for typical Dutch trains 


NSR local trains    
 Mass per seat Train description Share of total seat-


km in NSR 
Mat'64 489-583 kg The Mat'64 is from 


1964 and is the most 
commonly used local 
train. 


15% 


DD-AR 475-483 The typical double-deck 
regional train. 


15% 


NSR intercity trains    
ICM (‘koploper’) 682-720 kg The most commonly 


used train for long-
distance intercity lines 


19% 


VIRM 586 kg A double-deck train for 
long-distance intercity 
lines 


16% 


Source: (NSR, 2005). 
 
 
The old Mat’64 series is 36-62% heavier per seat than the Copenhagen 
suburban train, only slightly more than the relatively new DD-AR. Overall, there is 
plenty of room for mass reduction for local and regional trains. 
 
For intercity trains, the Shinkansen is not quite appropriate as a benchmark, as it 
is harder to achieve a certain low mass for a high-speed train than a comparably 
slow and less luxurious intercity train. A more appropriate benchmark would be 
lower than the Shinkansen, but higher than the Copenhagen suburban trains. 
However, it is clear that the typical Dutch intercity trains are significantly heaver 
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than any of the benchmarks, showing that also here is significant scope for 
improvement. 
 
Table 9 provides a detailed overview of where each option or technology related 
to mass reduction is applied in the NSR train fleet. For most train types, only one 
of the six available technologies has been applied. Five train types have two of 
these six technologies applied, but no train type has more than two applied. For 
comparison, the state-of-the-art Copenhagen commuter train (see Figure 3 and 
discussion in section 4.5) applies four of these six options. 
 
Combining Table 9 with the overview in Table 5 shows that there are many 
unexploited options for mass reduction at NSR, which together with the 
substantially higher mass per seat than state-of-the-art trains (see section 4.5) 
demonstrates that there is substantial scope for improvement. Particularly, 
aluminium car bodies and wide-body trains are almost not used. Aluminium car 
bodies are by now commonplace in modern trains and should not pose any 
difficulties introducing in new trains. Wide-body trains have, as the name implies, 
wide bodies that when fitted with an extra seat per row substantially lowers the 
mass per seat. However, this option may also impose some extra costs. The 
Danish railways that operate the wide-bodied trains in Copenhagen had to make 
a number of changes to the infrastructure to ensure compatibility. However, this 
allowed to make full use of the technology and resulted in significant energy 
savings.  
 
Double-deck trains are by now common at NSR, but still offer potential for energy 
savings. Modular train sets, on the other hand, is an option that is already applied 
on most train types and there is little further potential to be achieved. 
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Table 9 Status of promising mass reduction options applied at NSR 
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Reduction potential of option 2-5% >10% >10% 2-5% >10% 2-5% 
       
Intercity trains       
ICM     X  
ICR + 1800       
IRM  X   X  
VIRM  X   X  
Local trains       
DD-AR  X   X  
DDM1   X     
Mat'64     X  
SGM II     X  
SGM III     X  
SGMm (III)     X  
SM'90   X  X  
A32 ?   ? X X 
       
Benchmark       
Copenhagen Commuter train X  X X  X 


The table only includes the status for the generally most promising options for mass reductions and 
does not cover all conceivable options. ‘Mass reduction’ is here widely interpreted as mass 
reduction per seat or per passenger. Note that while several Dutch trains have ‘wide’ bodies, they 
do not have the extra seats required to meet the definition used here. The reduction potential of 
option is the single-vehicle energy reduction potential shown in Table 5. Each Dutch train in the 
table is briefly described in Annex E. 


4.5 Potential energy saving by mass reduction for NSR 


Total energy savings assuming a certain mass reduction 
The energy savings related to mass reduction can be calculated from the 
elasticities given in Table 6. For a ‘Mat ‘64’ train without brake energy recovery, a 
33% mass reduction (corresponding to a 50% higher mass for the ‘Mat ‘64’ 
versus the Copenhagen train) would result in 17 to 21% reduced energy 
consumption under a regional or suburban operation pattern. At the other 
extreme, a 40% mass reduction of the intercity VIRM train would result in a 
minimum of 6% energy reduction if brake energy recovery is used and assuming 
a typical intercity operation pattern. These savings are very sensitive to the 
operating pattern. If the VIRM operating pattern could instead be classified as 
‘regional’, as much as 20% energy savings could be realised. 
 
Assuming for simplicity total energy savings of 20% for local trains by applying 
state-of-the-art trains and 10% savings for intercity, roughly 15% energy savings 
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could be realised if the NSR fleet were to be modernised to reach the level of 
mass reduction achieved by state-of-the-art trains. 
 
Total energy savings assuming implementation of certain mass reduction options 
The potential energy saving of mass reduction can also be calculated in a 
different way. Using the information in Table 9, we can make a rough estimate of 
the energy saving potential from applying various promising mass reduction 
options. Leaving some room for flexibility, we shall assume that not all these 
promising technologies can be applied simultaneously. The benchmark train, for 
example, has four of the six technologies applied. We therefore conservatively 
assume that only two of the three high-potential (>10%) technologies are applied 
(including existing technologies), and that two of the three medium potential (2-
5%) are applied, again including existing technologies. To estimate the range of 
potential energy saving, we calculate the minimum of the range by adding the 
minimum values for the technologies to be applied. The maximum of the range is 
calculated by adding the maximum values for the technologies to be applied. For 
example, for the ‘Mat’64’ .the range would be from 14% (10%+2%+2%) to more 
than 20% (>10%+5%+5%). 
 
Broadly, we can say that for the double-deck trains, this leaves room for a 4-10% 
reduction in energy consumption, whereas for the majority of the other trains an 
energy consumption of a minimum of 14% to a maximum of over 20% is possible. 
As we have discussed in preceding sections, the costs of applying these 
technologies are likely favourable, provided that no major infrastructure 
adaptations are needed. 
 
Conclusion on potential mass reduction 
Using two approaches for estimating energy savings from an ambitious effort 
level we arrive at roughly similar results. With the first approach, we estimated a 
potential energy reduction of roughly 15% based on mass reduction. With the 
second approach we estimated energy savings of minimum 4% to over 20%, 
depending on train type. The assumed energy savings from the technologies in 
the latter case include not only energy savings from mass reduction, but also to a 
limited extent other energy savings not related to mass reduction from these 
technologies. Consequently, the first estimate should be increased a bit to be 
comparable to the second. Taking both approaches into account, a 15% energy 
saving seems feasible with an ambitious effort at energy saving from mass 
reduction. This requires replacement of existing fleet and is therefore a long-term 
option. 
 
Costs 
Obviously, a super lightweight train beating all weight records can be designed if 
price does not matter. As price does matter very much for train buyers, the more 
relevant question becomes what weight reductions can be achieved without the 
costs becoming prohibitive. For trains making it to the market we can assume 
that this condition has been met, hence the condition is assumed to have been 
met for the benchmark trains we use in the examples above. Unfortunately, 
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buyers do not readily reveal price information, what makes it difficult to provide 
any insights into cost issues of such mass reduction. 
 
A different approach to estimating the costs would be to examine what 
technologies are applied and combining this with information on costs for each of 
these technologies. Section 4.3 shows information on costs of some of the major 
technologies. For aluminium car bodies, the costs are low enough that they can 
be earned back in under a year. For double-deck trains and wide-body trains, the 
investment costs per seat are actually reduced compared to a normal train 
without these, assuming no major infrastructure changes are required. Articulated 
trains don’t impose extra investment costs unless maintenance infrastructure 
must be adapted. Lightweight equipment and modular trains may require some 
initial extra investment, but would usually be earned back due to running energy 
savings. It is clear that each of these technology options will not impose 
prohibitive costs on the train buyer, and may in fact even be cheaper. 
 
As in all cases energy savings will reduce running costs it is clear that these 
technologies are very sensible investments and that if there are any barriers, they 
are not economic. However, this assumes no major adaptations of infrastructure 
are needed to accommodate special designs. Particularly wide-body designs are 
prone to infrastructure incompatibilities. It may be possible to adapt infrastructure 
without the overall costs of the technology becoming prohibitive, or it may be 
possible to avoid these adaptations by only using the trains on lines where no 
incompatibilities exist. In any case, a thorough and case-specific assessment of 
barriers imposed by infrastructure should precede a decision to implement these 
technologies.  


4.6 Specifying energy consumption targets in procurement 


While there are inherent problems in setting specific targets for energy 
consumption in the procurement process, mass reduction offers more 
opportunities, first of all because the specific mass of a train is easy to measure 
and verify. However, there is a risk in optimising mass, as there are often trade-
offs, e.g. between mass reduction and energy use for comfort functions: a better 
isolation of the car body will increase weight and thus increase traction energy 
consumption.   
 
Rather than mandating use of specific technologies for trains being procured, 
setting energy consumption targets would leave a maximum of flexibility for the 
operator, theoretically allowing the operator to achieve a given reduction in 
energy consumption at the lowest total cost.  
Such possibilities exist for passenger cars, and illustrate how this could work. 
Automobile buyers can compare fuel consumption based on standardised driving 
cycles (e.g. New European Driving Cycle, NEDC) that includes urban, extra-
urban, and combined driving. 
 
For electric trains, there are no such standardised driving cycles defined. 
Moreover, a simple standard based on kWh/vehicle-km would only be helpful for 
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comparing designs with the same capacity of passengers or goods. Rather, a 
standard based on kWh/seat-km or kWh/tonne-km would be more promising, but 
difficulties remain. UIC is currently undertaking a feasibility study for the project: 
“Energy Consumption Standards for New Rolling Stock” (DB, 2005) that aims to 
define such driving cycles as described here. The project is scheduled to be 
completed in spring 2007. 
 
In the Draft UIC leaflet for ECO-procurement (UIC, 2005) a target specification is 
not suggested, but recommends instead that the tendering operator specifies an 
operating pattern for which each manufacturer must then calculate the traction 
energy consumption in kWh. This way the operator can compare energy 
consumption for the different designs. The operating pattern can either be one (or 
a set of several) specific route(s) or a standardised pattern (e.g. speeds, distance 
between stops, etc.) which approximate the future service pattern of the vehicle. 
With energy efficiency this way becoming more transparent, it becomes an issue 
of competition and may in this way improve the energy efficiency. 
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5 A top-down estimate of overall potential energy savings 
by NSR 


 
To give an idea of the overall potential for energy savings in the NSR we can 
calculate the overall energy consumption of the NSR trains assuming that all 
trains would be as energy-efficient as an appropriate energy-efficient benchmark 
train.  
 
Lacking a state-of-the-art benchmark, we set the benchmark to the best 
performing train in each of two classes: intercity trains and local trains. Table 10 
below shows the specific energy consumption of each train series used today at 
NSR, and shows the potential energy consumption assuming that 1) all intercity 
trains could be as energy-efficient as the VIRM double deck train and that 2) all 
local trains could be as energy efficient as the DDM1 double deck train. There 
are some difficulties with these assumptions, as not all trains in a class have the 
same operating pattern and may for this reason differ in energy consumption. 
Particularly, the SGM II trains have much more frequent stops than do other local 
trains which increases energy consumption. However, due to the low share of 
SGM II trains it has limited influence on the overall results. On the other hand, the 
DDM1 and VIRM trains do no represent international state-of-the-art of energy 
reduction, so in this sense it is a conservative estimate. Realising the full 
reduction in energy consumption for NSR assumes replacement of the whole 
fleet and in that sense it is a long-term estimate. A replacement of part of the fleet 
could on the average produce a 27% energy reduction, but depending strongly of 
whether old energy-inefficient trains are replaced or newer, more energy efficient 
vehicles are replaced. 
 
It should be stressed that the estimated potential energy reduction is very crude, 
and serves mainly to demonstrate that substantial energy reductions are 
possible. 
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Table 10 Actual and estimated potential energy consumption of Dutch trains 


 


Specific Energy 
consumption 
Wh/seat-km 


Total number of 
seat-km 


performed 
(billion) 


Total current 
energy 


consumption 
(million kWh) 


Potential energy 
consumption 
(million kWh) 


Local and 
regional trains 


    


DD-AR (loc 
1700)   30.9 2.58 80.0 44.3 
DD-AR (mDDM)  27.3 4.56 124.4 78.1 
DDM1 17.1 1.10 18.9 18.9 
Mat'64 38.1 7.19 274.1 123.3 
SGM II 116.0 0.24 27.7 4.1 
SGM III 35.6 1.47 52.2 25.2 
SGMm (III) 41.8 0.41 17.0 7.0 
SM'90 31.3 0.23 7.1 3.9 
A32 28.9 0.05 1.5 0.9 
Intercity trains         
ICM 27.6 9.03 248.9 202.9 
ICR + 1800 23.3 7.74 180.1 173.9 
IRM 25.1 4.87 122.2 109.4 
VIRM 22.5 7.26 163.1 163.1 
TOTAL   1,317.0 955.0 


The two shaded cells indicate the lowest energy consumption in each class of trains which were 
used for estimating the potential calculated in the last column. 
Source: (NSR, 2005). 
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6 Conclusions and recommendations 


6.1 Conclusions 


NSR has made efforts in every field of energy reduction. Experiences from 
elsewhere in Europe show numerous very promising opportunities for energy 
saving, some of these already employed at NSR to a considerable extent such as 
modular train sets and double-decked trains. Nevertheless, numerous 
opportunities with considerable untapped potential remain. The main areas are: 
procurement, energy efficient driving style, traction and braking, and climate 
functions, though the latter theme has already been the target of substantial 
efforts at NSR. 
 
An idea of the long-term overall opportunities for energy saving can be given by 
comparing energy efficiencies within NSR. If the least energy-efficient trains were 
to be replaced by the most energy efficient currently used at NSR, energy 
consumption could be reduced by roughly a quarter. 
 
Potentials for specific options were estimated for energy efficient driving and for 
mass reduction options, the latter being integrated in procurement process. 
 
Potentials for energy efficient driving style 
Changes in driving style can yield energy savings at little cost, and can be 
achieved by methods such as shutting off traction well before arriving at a station.  
In Germany, where an extensive programme for energy efficient driving was 
applied, a 5-7% energy saving was achieved. Drawing on the German 
experiences, it is estimated that even under pessimistic assumptions the initial 
investment costs of an extensive programme for energy efficient driving are likely 
to be earned back by energy savings in less than a year. Drawing on experiences 
from Germany and elsewhere, the energy saving potential is likely to be on the 
order of 5-10%, though a lesser part of this may already have been achieved. 
The uncertainty is because existing (relatively limited) efforts at energy efficient 
driving on intercity lines have not been evaluated. For local lines, however, there 
have not been any efforts. The energy saving potentials are very dependent on 
the average punctuality of the trains and the available buffer times 
 
Potentials for mass reduction 
In the procurement process, setting a target energy consumption of the desired 
train would leave maximum flexibility in achieving the target at the lowest price, 
but this approach is currently not feasible, but may be so in the near future. 
However, for mass reduction it is feasible to set such a target. 
 
The mass of a train has a considerable influence on the energy consumption. 
There are several unexploited promising opportunities that could be put to use to 
reduce mass, or mass per passenger, of (future) NSR trains, particularly 
aluminium car bodies, wide-body stock, articulated trains, and light interior 
equipment.  
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Using a bottom-up analysis assuming that a total of four promising mass 
reduction technologies are applied, this would leave room for a 4-10% reduction 
in energy consumption for the double-deck trains, whereas for the majority of the 
other trains an energy consumption of a minimum of 14% to a maximum of over 
20% is possible. Such ambitious energy savings could be realised in the 
procurement of new trains, but is not available through retrofitting existing trains. 
 
We have tried to identify what an ambitious target for mass reduction may be, 
and have selected the Copenhagen suburban train with a specific mass of 360 
kg/seat which represents state-of-the-art for lightweight trains. Compared with 
this benchmark, trains in the NSR park are at least a third heavier and up to twice 
as heavy (Table 9), showing considerable potential for improvement. If existing 
NSR trains were to be replaced with trains of a mass similar to the benchmark 
trains, roughly 15% energy could be saved this way. 
 
The combined energy saving effect of a programme of energy efficient driving 
and one for mass reduction may be slightly less than the sum of the two or 
roughly the sum of the two. A negative synergy may arise as energy savings from 
mass reduction slightly reduce the possible energy savings from energy efficient 
driving style. 


6.2 Recommendations 


Energy efficient driving 
It is recommended to commence a program for energy efficient driving alike to 
the German EnergieSparen. Such a programme is likely to be profitable even 
under pessimistic assumptions about energy savings. If a more accurate 
estimate of the potential is required, it is recommended to evaluate the results of 
the limited existing efforts with energy efficient driving styles at NSR. Obtaining 
comparable information on punctuality and time buffers In Germany and the 
Netherlands would allow a more accurate extrapolation of the German 
experiences to the Netherlands. 
 
Mass reduction and procurement 
The greatest barrier to wider implementation of several mass reduction options is 
incompatibilities with infrastructure. In the case of NSR there do not appear to be 
any major problems here, but a detailed assessment of these problems is 
warranted. 
 
It is feasible for NSR to set a target for mass reduction in the procurement of new 
trains. 360 kg/seat could be an ambitious target for local trains, and probably 
slightly higher for intercity trains. 
 
To avoid undesired interaction with other energy saving options that increase the 
mass of a train, such a target should be accompanied by requirements on the 
implementation of these types of options, like insulation and options on climate 
control. 
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Reference cycles for energy efficiency are being developed and may be a basis 
for setting energy efficiency targets in future procurements. It is recommended 
that this be seriously considered in the future. 
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A Descriptions of the 28 most promising options 


 
The information in this table is borrowed from (UIC, 2004). 
 
Option potential description 
Aluminium car-body  very 


promising 
Aluminium is substituting steel as a material for 
railway car bodies in many areas, especially high-
speed, main line and regional passenger transport. 
Most, but not all, modern vehicles have aluminium 
bodies. 


Control of comfort functions in 
parked trains  


very 
promising 


Parked passenger trains are often heated all night. 
This consumes substantial amounts of energy. A 
possible solution is the development and 
implementation of an intelligent control tool for 
parked trains. 


Energy efficient driving by low-
tech measures  


very 
promising 


A considerable part of the reduction potential 
offered by energy efficient driving may be exploited 
by non-technological or low-tech measures. 
Whereas a fleet-wide installation of sophisticated 
electronic advice systems meets considerable 
barriers, the measures discussed here may help to 
obtain a saving effect in short term. 


IGBT  very 
promising 


Insulated Gate Bipolar Transistors (IGBTs) are 
today's state-of-the-art power electronics for the 
traction system of electric (and diesel-electric) rail 
vehicles. They replace the previous inverter 
generation represented by GTO (gate turn-off 
thyristors). 


Modification of target temperature 
in passenger coaches  


very 
promising 


The target values for temperature and ventilation 
inside passenger coaches have a great influence 
on the energy demand for coach climatisation. In 
many cases these target values can be slightly 
modified without reducing customer satisfaction 
while at the same time reducing energy 
consumption. Often such a change in the operation 
of air-conditioning can even improve passenger 
comfort. 


Regenerative braking in DC 
systems  


very 
promising 


Electric stock may recuperate energy during 
braking by using traction motors as generators. In 
DC supply systems (1.5 and 3 kV) high recovery 
rates are only achievable under favourable 
conditions. 


Training programs to raise 
awareness of personnel  


very 
promising 


Several energy saving measures depend on the 
co-operation of personnel. This problem can be 
effectively addressed by training programmes. 


Bonus/penalty rules  very 
promising 


Procurement contracts often foresee penalty 
payments for the case that certain requirements 
(e.g. maximum maintenance costs) are not fulfilled 
by manufacturers. So-called bonus / penalty rules, 
i.e. additional agreements on bonus payments for 
the case of "over-performance", could improve the 
role of energy-relevant parameters such as 
efficiency of traction equipment or mass per seat in 
the design of railway vehicles. 


Double-decked stock  very 
promising 


Double-decked trains have 20-40% more seating 
capacity per train length leading to positive impacts 
on energy efficiency and cost effectiveness. 
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Option potential description 
Energy efficient driving strategies  very 


promising 
The shortest time driving strategy including 
maximum acceleration followed by driving at 
maximum speed and maximum braking before 
stops is very energy consuming. Various driving 
strategies exist that can save considerable 
amounts of energy at the cost of slightly increased 
running time. 


Energy meters (electric)  very 
promising 


On-board energy meters for electric stock provide 
consumption data which are more reliable than 
those generated by simulation. These data 
facilitate energy debiting and monitoring of energy 
saving measures. 


LCC-driven procurement  very 
promising 


Life cycle costs are the most complete cost 
indicator and at the same time favour energy 
efficient technologies. 


Switch-off of traction group  very 
promising 


Most rail vehicles have several driven axles with 
separate power transmission. It is often feasible to 
shut off some of these driven bogies during partial 
load and operate the remaining ones at high load. 
Due to the dependence of energy efficiency on 
operation load, such a measure increases overall 
energy efficiency. 


Ventilation control (in new stock)  very 
promising 


Traction equipment is cooled by ventilation to 
prevent over-heating. The energy needed for 
ventilation can be substantially reduced by 
demand-controlled operation, i.e. by controlling 
ventilation power (e.g. the speed of the mechanical 
fans) according to actual cooling demand of the 
motor (or other traction equipment). The 
technology is wide-spread but not a standard yet. 


Wide-body stock  very 
promising 


A 10 to 20% increase in car body width allows for 
the accommodation of another seat per row in 
passenger stock, achieving a 2 3-seating 
arrangement in 2nd class and a 2 2- arrangement 
in 1st class This has strong effects on both energy 
efficiency and life cycle costs.  


Optimisation of traction software  promising In modern electric stock, various components of 
the power train are regulated and operated by an 
on-board computer. In many cases the 
corresponding software offers considerable 
potential for optimisation from an energetic point of 
view. In these cases a software modification of 
existing stock is an interesting option. 


Light coach interior equipment  promising Interior components such as seats, wall panelling 
and windows offer considerable potential for weight 
reduction. Possible measures include both the 
procurement of new stock and the refurbishment of 
old cars. 


Articulated trains (Jakob-type 
bogies)  


promising Whereas conventional stock consists of individual 
carriages resting on two bogies each, articulated 
trains consist of a fixed composition of coaches 
with consecutive cars resting on shared bogies. 
This considerably reduces train weight per length. 


Ventilation control (retrofit)  promising Traction equipment is cooled by ventilation to 
prevent over-heating. The energy needed for 
ventilation can be substantially reduced by 
demand-controlled operation, i.e. by controlling 
ventilation power according to actual cooling 
demand of the motor (or other traction equipment). 
The technology can be integrated in old stock as a 
refitting measure in some cases. 
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Option potential description 
Stationary energy storage  promising Stationary energy storage devices can substantially 


enhance the recovery of braking energy in DC 
systems. The energy stored along the track or at 
substations can be used for traction purposes 
either by the same or by other trains. Apart from 
energy savings, stationary storage equalizes the 
variation of power demand and has thus a 
stabilising effect on catenary voltage. 


Coach insulation  promising Thermal insulation of coaches contributes to overall 
energy efficiency of passenger stock. Many 
measures can be carried out not only in new stock 
but also as a retrofit. 


Energetic optimisation of 
timetable  


promising Despite strong constraints put on timetable design, 
many timetables offer some degrees of freedom 
which can be used for improving energy efficiency 
of train operation. 


Modular train sets  promising The use of short train-sets which can be combined 
to trains of variable length raises occupancy and 
thus allows for a more cost and energy efficient 
train operation. 


Reference cycle for energy 
efficiency  


promising Most tenders by manufacturers of railway vehicles 
specify only efficiency at payload and idling but not 
for a real operation scheme. A standardised set of 
reference cycles for energy efficiency could help to 
make the issue more transparent between industry 
and railway operators. 


Database of traction consumption  promising A database containing traction energy data can 
provide reliable information needed for planning 
and decision making processes in railways. 


Biodiesel Not 
promising 


There are various substitutes for diesel fuel ranging 
from biodiesel (e.g. oil esters from rape seed) to 
"synthetic" fuels. The following evaluation refers to 
rape oil methyl-ester (RME). Biodiesel can be used 
on all diesel engines with slight or no modification. 
Blending with conventional diesel is possible 


CO2-based demand control for 
coach ventilation 


Very 
promising 


The ventilation of confined spaces can be 
controlled according to demand by using CO2-
concentration as an indicator for occupancy. This 
concept can be applied to railway passenger 
coaches and saves energy since less outside air 
has to be heated or cooled to inside temperature 


Heat pumps for temperature 
control 


Not 
evaluated 


Widely applied in buildings, heat pumps offer an 
energy-efficient way of providing heat. 
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B Discarded options 


 
The criterion on which the option fails is marked with shaded cells. All information 
in this table is borrowed from (UIC, 2004). 
 
Technology option 
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Driving advice systems in main line operation   very promising P 5-10 years
Driving advice systems in suburban operation   very promising P 5-10 years
Bogie fairings   very promising P 5-10 years
CO2-based demand control for coach ventilation   very promising P 5-10 years
Common Rail   very promising P 5-10 years
Double-layer capacitors (storage technology)   very promising P 5-10 years
HTSC transformer   very promising P >10 years 
Mechatronic innovations for future running gear   very promising P >10 years 
Medium-frequency transformer   very promising P >10 years 
Optimisation of train operation by control centre   very promising P 5-10 years
Single-axle bogies   very promising P 5-10 years
Transversal flux motor   promising   >10 years 
Fibre reinforced polymers   promising   5-10 years
Sandwich structures   promising   5-10 years
Aerodynamic ordering of freight cars   promising F   
Wheel-mounted permanent magnet synchronous motor  promising   5-10 years
Future developments in diesel technology   promising   >10 years 
Diesel-electric vehicles with energy storage   promising   >10 years 
Inverter unit for DC substations   promising   5-10 years
On-board energy storage in DC systems   promising   5-10 years
Fly-wheels (storage technology)   promising   5-10 years
Magnetic levitation technology (maglev)   promising   >10 years 
Heat exchangers to use waste heat in MUs   promising   5-10 years
Driving advice systems in freight operation   promising F   
Moving block   promising   >10 years 
Virtually coupled trains   promising   >10 years 
Covers for open freight cars   promising F   
Biodiesel   not promising P   
Elimination of dining car   not promising P   
Speed harmonisation   not promising P   
Fuel or oil additives for diesel traction   not promising     
Streamlining of head and tail   not promising P   
Radio-controlled double traction in freight trains   not promising F   
Superconducting Magnetic Energy Storage (storage 
technology)  


 
not promising     


Aerodynamic optimisation of pantographs   interesting P   
Streamlining of train sides and underfloor areas   interesting     
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Technology option 


E
va


lu
at


ed
 


O
ve


ra
ll 


P
ot


en
tia


l 


P
as


se
ng


er
/fr


ei
gh


t 


Ti
m


e 
pe


rio
d 


fo
r 


br
oa


d 
ap


pl
ic


at
io


n 


Loss reduction by optimised power intake   interesting     
Upgrading of engines   interesting     
Regenerative braking in freight trains   interesting F   
Revision of limit value for longitudinal forces in the train  interesting     
Batteries (storage technology)   interesting     
PEM fuel cell   interesting     
Natural gas   interesting     
Hydrogen engine   interesting     
Gas turbine   interesting     
Swissmetro   interesting     
Smart windows   interesting     
Improved operation control for air-conditioning   interesting     
ORC technology to use waste heat in MUs   interesting     
Coupling of parked trains for common energy supply   interesting     
Systematic train delays   interesting     
Automatic train control   interesting     
Demixing of railway infrastructure   interesting     
Self-propelled freight cars   interesting F   
Incentives for drivers   interesting     
Lubrication of wheels and tracks   interesting     
Diesel flow meters   interesting     
Hybrid locomotives        
Kinetic Energy Storage System (KESS)    P   
SOTRELE:Real Time Power and Energy Optimisation 
System  


   
P   


Options discarded on other criteria     
Multiple units (MUs) vs. loco-hauled trains   very promising P  


Regenerative braking in 50 Hz, 25 kV systems   very promising P 0-1 year 
Re-engining of diesel stock (replacement of engine)   very promising P 5+ years 
Regenerative braking in 16,7 Hz, 15 kV systems   very promising P 0-1 year 
On-board use of braking energy in diesel-electric stock   very promising P 0-1 year 
Passenger information to reduce boarding time at 
stations  


 promising P 
1-2 years 


Diesel-mechanic transmission   promising p  
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The following options passed the initial screening, but failed on other reasons. 
 
 Technology option Overall 


Potential  
description 


On-board use of braking 
energy in diesel-electric stock  


very 
promising 


Modern diesel-electric vehicles can be equipped with 
the capacity to use some of the energy recovered 
during braking for auxiliary and comfort functions. 


Regenerative braking in 16,7 
Hz, 15 kV systems  


very 
promising 


Electric stock may recuperate energy during braking by 
using traction motors as generators. 16,7 Hz, 15 kV 
supply systems offer good conditions for feeding back 
recovered energy. 


Re-engining of diesel stock 
(replacement of engine)  


very 
promising 


For old stock re-engining is a means to improve fuel 
economy and reduce exhaust emissions. With re-
engining the existing diesel engine is replaced by a new 
one with better economic and environmental 
performance. 


Regenerative braking in 50 
Hz, 25 kV systems  


very 
promising 


Electric stock may recuperate energy during braking by 
using traction motors as generators. 50 Hz, 25 kV 
supply systems offer medium conditions for feeding 
back recovered energy. 


Multiple units (MUs) vs. loco-
hauled trains  


very 
promising 


Multiple units (MUs) with distributed traction allow for a 
more efficient space utilisation than locomotive-hauled 
trains. This leads to a number of advantages including 
the improvement of energy efficiency. 


Diesel-mechanic transmission  promising Diesel-electric and diesel-hydromechanic transmissions 
are dominant in modern diesel stock. However 
technological progress in mechanical transmission has 
increased interest in diesel-mechanic stock in recent 
times. 


Passenger information to 
reduce boarding time at 
stations  


promising The average boarding time at stations has a strong 
impact on overall punctuality which in return is relevant 
for the realization of energy efficient driving. Passenger 
information systems on platforms are expected to yield 
improvements in this field. 
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C Full descriptions of selected technologies – energy 
efficient driving related 


 
All data in this annex is from the EVENT project © (UIC, 2004), is copyright of the 
International Union of Railways (UIC), and used with permission for this report. 


C.1 Energy efficient driving strategies 


The shortest time driving strategy including maximum acceleration followed by 
driving at maximum speed and maximum braking before stops is very energy 
consuming. Various driving strategies exist that can save considerable amounts 
of energy at the cost of slightly increased running time. 
 
Technology field: energy efficient driving. 


C.1.1 General information 


Description 
The driving pattern, i.e. the speed over time diagram, has a considerable 
influence on the energy consumed by a train on a given trip. For given 
restrictions (time table, stops, speed restrictions on the way and installed traction 
power) a shortest time driving strategy can be determined, which is basically 
given by: 
• Full acceleration up to maximum speed given either by speed limit or by 


maximum traction power. 
• Speed holding at maximum speed until train has to start braking. The phase 


of speed holding may be more complicated due to varying speed limits. In this 
case, the shortest time driving strategy implies full exploitation of speed limits 
using maximum acceleration and braking power.  


• Braking at the latest possible point in order to come to a stop when reaching 
the station. 


This driving strategy is illustrated in Figure 4 for a hypothetical service between 
two stations. 
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Figure 4 Shortest time driving strategy (hypothetical example) 


 
Source: IZT. 
 
 
Energy efficient driving strategies 
Time tables usually include a recovery time added to the minimal running time to 
allow for short delays. This recovery time is normally between 5 and 12% of the 
minimal running time. 
 
This time buffer allows to apply a driving strategy which saves energy in 
comparison with the shortest time driving strategy. There are several possible 
driving strategies: 
• Reduced maximum speed: Train accelerates to a speed inferior to speed 


limit.  
• Reduced acceleration rate: Train accelerates to maximum speed using less 


acceleration power.  
• Coasting: Train shuts off traction as early as possible before station in order 


to reach station without braking. 
These strategies are illustrated in Figure 5 for a simple service (constant speed 
limit between station 1 and 2). Of course any combination of these strategies can 
be used as well. 
 
Each of these strategies increases running time. This does not pose any problem 
as long as time buffers provided by timetable are exploited. 
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Figure 5 Shortest time driving strategy (hypothetical example) 


 
Source: IZT. 
 
 
Realisation of energy efficient driving strategies 
For a given timetable efficient driving strategies can be realised in two ways: 
• Instruction and training of drivers and/or use of special internal timetables 


indicating to the driver when to shut off traction or what maximum speed to 
use (cf. Energy efficient driving by low-tech measures).  


• Driving advice systems (cf. DAS for main line operation, DAS for suburban 
operation and DAS for freight operation). 


C.1.2 General criteria 


• Status of development: in use. 
(no details available). 


• Time horizon for broad application: now. 
(no details available). 


• Expected technological development: not applicable. 
(no details available). 


• Motivation. 
Energy saving. 


• Benefits (other than environmental): none. 
(no details available). 


• Barriers: medium. 
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Acceptance  
One of the main tasks of train drivers is punctuality. Therefore any measure 
that could compromise punctuality is met with scepticism. 


• Success factors. 
(no details available). 


• Applicability for railway segments: high. 
• Type of traction: electric – DC, electric – AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: not applicable. 
• Share of newly purchased stock: not applicable. 


(no details available). 
• Market potential (railways): not applicable. 


(no details available). 
• Example. 


(no details available). 


C.1.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: 5 – 10%. 
• Energy efficiency potential throughout fleet: > 5%. 


Actual energy efficiency potential primarily depends on time buffer (provided 
by timetable) and driving strategy chosen. 
A simulation study made at the National Cheng Kung University in Taiwan 
compared the energy saving effect of different driving strategies (using the 
train characteristics of German ICE), namely: 
− Reduction of maximum speed, e.g. running the train with the maximum 


speed of 280 Km/h instead of 300 Km/h. 
− Reduction of maximum acceleration rate, e.g. running the train with 90% 


of the maximum acceleration when it is in the state of acceleration. 
− Coasting, e.g. starting the train to the coasting state at the place 50% 


earlier than its original initial place of deceleration. 
− Saw-tooth coasting, e.g. running the train in the coasting state during a 


speed range between 300 km/h and 275 km/h. 
Various stopping services of a main line service were considered. Among 
other the study yielded the following result: 
− For the case of a train stopping at all stations, the effect of the 


acceleration reduction is smaller than that of reduced maximum speed: 
Strategy 1 leads to an energy consumption reduced by 11% for a running 
time increased by 3.9%. Strategy 2 (with 80% acceleration rate) saves 
4.7% energy for an increase of running time of 3.5%. For a train stopping 
at all stations strategy 1 therefore has a better cost/benefit ratio.  
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− For an express train stopping only at three stops, coasting (strategy 3) is 
better than reduced maximum speed as far as cost-benefit ratio is 
concerned. 


• Other environmental impacts: neutral. 
(no details available). 


C.1.4 Economic criteria 


• Vehicle – fix costs: strongly dependent on specific application. 
(no details available). 


• Vehicle – running costs: strongly dependent on specific application. 
(no details available). 


• Infrastructure – fix costs: strongly dependent on specific application. 
(no details available). 


• Infrastructure – running costs: strongly dependent on specific application. 
(no details available). 


• Scale effects: strongly dependent on specific application. 
(no details available). 


• Amortisation: strongly dependent on specific application. 
(no details available). 


C.1.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: short-term. 


The evaluation of different energy efficient driving strategies has a primarily 
theoretical character and shows the potential of such measures. Possible 
implementations of these strategies include advanced driving advice systems 
or training programmes for drivers. Some of them are very promising and can 
be realised in short or mid term perspective. 


C.2 Energy efficient driving by low-tech measures 


A considerable part of the reduction potential offered by energy efficient driving 
may be exploited by non-technological or low-tech measures. Whereas a fleet-
wide installation of sophisticated electronic advice systems meets considerable 
barriers, the measures discussed here may help to obtain a saving effect in short 
term. 
 
Technology field: Energy efficient driving. 
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C.2.1 General information 


Description 
A considerable part of the reduction potential offered by energy efficient driving 
may be exploited by non-technological or low-tech measures. Whereas a fleet-
wide installation of sophisticated electronic advice systems meets considerable 
and time-consuming barriers, the measures discussed here may help to obtain a 
saving effect in short term. 
 
Maximum speed reduction 
Tests or calculations may reveal that timetable allows for cutting maximum speed 
on individual parts of a service. Especially in local networks where stopping 
frequency is high and punctuality in next station is easy to predict, drivers can be 
instructed to cut maximum speed by a certain amount provided they are on time. 
 
Coasting 
Time buffers may also be used to instruct drivers where to cut off traction 
provided they are running on time. This can be realised either by an extra 
timetable or by signs along the track, etc. 


C.2.2 General criteria 


• Status of development: in use. 
(no details available). 


• Time horizon for broad application: now. 
(no details available). 


• Expected technological development: not applicable. 
(no details available). 


• Motivation. 
Energy saving in short-term perspectives. 


• Benefits (other than environmental): none. 
(no details available). 


• Barriers: low. 
Drivers will always give priority to their key task which is ensuring punctuality. 


• Success factors. 
In order to exploit the maximum potential for energy efficient driving without 
DAS, three factors are essential: 
− General speed and coasting recommendations: In order for drivers to be 


able to exploit the existing potential, they have to be given 
recommendations or guidelines what to do. This can include extra 
timetables for internal use of drivers telling them when to coast etc., signs 
along the way indicating optimum points of coasting (provided the train is 
ahead of time). 


− Training programmes: Drivers have to be familiarised with these 
measures and instructed how to use them. This requires dedicated 
training efforts.  


Incentives for drivers: Drivers have to be motivated to adhere to the 
recommendations given. Monetary incentives are confronted with high 
barriers. However, other incentives such as driving competitions for energy 
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efficient driving have proven effective at DB AG and may be a promising 
method to raise interest for such measures. 


• Applicability for railway segments: high. 
• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: > 20%. 
• Share of newly purchased stock: not applicable. 


(no details available). 
• Market potential (railways): not applicable. 


(no details available). 
• Example. 


Project "Save energy" (EnergieSparen) at DB passenger operation. 


C.2.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: 5 – 10%. 
• Energy efficiency potential throughout fleet: 2 – 5%. 


The energy efficiency potential to be expected from "low-tech" measures is 
difficult to assess. Several studies (e.g. Linder 2000, Sanftleben, …[et al.], 
2001) indicate that over half of the theoretical potential of energy efficient 
driving may be exploited by well-trained drivers. However, obviously many 
drivers already have the corresponding skills. So the potential to be exploited 
by additional efforts such as training programmes will not always be this big. 
Tests performed in Moscow suburban network showed that the most qualified 
drivers achieved energy savings of about 5-6% compared to the average. 


• Other environmental impacts: neutral. 
(no details available). 


C.2.4 Economic criteria 


• Vehicle – fix costs. 
Costs for training seminars depend on their duration and synergy effects with 
other training measures. 


• Vehicle – running costs: significant reduction. 
(no details available). 


• Infrastructure – fix costs: low. 
Costs for setting up special schedules and signs along the track indicating the 
optimum point for coasting as a help for drivers are low to medium. 


• Infrastructure – running costs: unchanged. 
(no details available). 


• Scale effects: none. 
(no details available). 


• Amortisation: < 1 year. 







 
 


4.878.1/ Tracks for saving energy 
  September 2005 
60  


Experiences at DB AG show that very good cost-benefit ratios can be 
achieved with short-term measures to promote energy efficient driving 
strategies.  


C.2.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: short-term. 


In view of the barriers impeding a fast diffusion of advanced driving advice 
systems, non-technological short term efforts to promote energy efficient 
driving are especially promising. Many measures including training 
programmes for drivers can be realized at good cost-benefit ratio and meet 
virtually no barriers. 


C.3 Energetic optimisation of timetable 


Despite strong constraints put on timetable design, many timetables offer some 
degrees of freedom which can be used for improving energy efficiency of train 
operation. 
 
Technology field: energy efficient driving. 


C.3.1 General information 


Description 
By fixing the average speed between stops, the timetable has a decisive 
influence on energy consumption. The design of the timetable underlies rigid 
requirements imposed by: 
1 Technology: installed power. 
2 Safety: speed limits. 
3 Service quality: fast transportation, short travelling time, punctuality. 
4 Capacity and mixed operation: no interference with other trains running on 


the same line. 
 
Within this rigid framework, some degrees of freedom remain which can be 
exploited to optimise the timetable for energy efficiency: 
• The amount of buffer times foreseen by a given timetable is of crucial 


relevance for the realization of energy efficient driving strategies. Elasticity of 
average energy consumption with respect to buffer times is very high, i.e. 
slightly increased buffer times lead to strong reductions in energy 
consumption, especially if original buffer times were low (<5% with respect to 
shortest time driving strategy). Buffer times are also a key factor for 
punctuality and surveys demonstrate that most passengers give higher 
importance to punctuality than to minimum reductions in travel time. As a 







4.878.1/Tracks for saving energy  
September 2005 


61
 


consequence, there is optimisation potential for both energy efficiency and 
service quality.  


• On many lines there exist low-speed sections that could be removed without 
major costs. This would not only reduce travel time but also reduce energy 
consumption since the deceleration and subsequent acceleration caused by 
speed limits on short parts of the line usually overcompensate the energetic 
effect of reduced air drag in speed limit sections.  


 
Average energy consumption can often be reduced by reassigning running times 
between intermediate stations while keeping the running time between main 
stations constant. This can either aim at the strategy of consciously delayed 
trains or at a homogeneous distribution of buffer times to the different parts of the 
line. Due to the non-linear dependence of energy efficiency potential on buffer 
times, a reassignment of the available time surplus will often have beneficial 
results. However, the effect of this measure is expected to be rather limited. 


C.3.2 General criteria 


• Status of development: in use. 
The integration of energy issues in the timetable design is not common in 
railways. 


• Time horizon for broad application: in < 2 years. 
(no details available). 


• Expected technological development: dynamic. 
Powerful optimisation algorithms and simulation programmes have to be 
developed to optimise a timetable under given restrictions. 


• Motivation. 
Energy saving. 


• Benefits (other than environmental): medium. 
Depending on the optimisation strategy win-win situations can occur: 
− Increased buffer times increase running time only slightly but may 


improve overall punctuality considerably.  
− The elimination of low-speed sections reduces running time. 


• Barriers: medium. 
Other priorities  
Timetable design is a highly complex task in which numerous restrictions and 
constraints have to be taken into account. Energy efficiency obviously has a 
low priority in this context. 


• Success factors. 
Focus communication of such measures on win-win situations to be achieved 
(cf. Benefits). 


• Applicability for railway segments: high. 
• Type of traction: electric – DC, electric – AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: not applicable. 
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• Share of newly purchased stock: not applicable. 
(no details available). 


• Market potential (railways): not applicable. 
(no details available). 


• Example. 
Timetable optimiser (TTO) as part of the Metromiser. 
For details cf. DAS in suburban operation. 


C.3.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: not applicable. 
• Energy efficiency potential throughout fleet: 1 – 2%. 


It is estimated that system-wide energy consumption may be reduced by at 
least 2% without any appreciable reductions in service quality. 


• Other environmental impacts: neutral. 
(no details available). 


C.3.4 Economic criteria 


• Vehicle – fix costs: none. 
(no details available). 


• Vehicle – running costs: significant reduction. 
(no details available). 


• Infrastructure – fix costs: low. 
Costs for calculations and simulations. 


• Infrastructure – running costs: unchanged. 
(no details available). 


• Scale effects: none. 
(no details available). 


• Amortisation: < 1 year. 
(no details available). 


C.3.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: promising. 
• Time horizon: short-term. 
An energetic optimisation of timetables is often feasible without increasing 
running time and can in some cases even improve service quality. Achievable 
energy efficiency gains are promising. The main barrier can be seen in the low 
priority of energetic optimisation in timetable design. A very good cost-benefit 
ratio of most measures clearly justifies a thorough assessment of hidden 
potential. 
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C.4 Training programs to raise awareness of personnel 


Several energy saving measures depend on the co-operation of personnel. This 
problem can be effectively addressed by training programmes. 
 
Technology field: Management and organisation. 


C.4.1 General information 


Description 
Several energy saving measures, including some of the most promising ones 
(e.g. regenerative brakes or driving advice systems), heavily depend on the 
collaboration of personnel.  
 
The two main strategies to address this problem are: 
• Incentives for drivers. 
• Training programs to raise awareness. 
 
The following will be concerned with training programs. 
 
Training units on energy saving can be given in special dedicated seminars or 
included as a special focus of existing training programmes for personnel. Drivers 
are the main target group of energy efficiency training, but personnel at stations 
who is responsible for punctual train departure as well as personnel in charge of 
parking mode during stand-still could also be addressed by such a measure.  
 
Energy efficiency strategies which strongly depend on the co-operation of 
personnel include: 
• Use of regenerative brakes. 
• Energy efficient driving style (both by drivers skill and supported by driving 


advise systems). 
• Time-efficient boarding at stations to gain buffer time. 
• Heating and lighting of parked trains. 


C.4.2 General criteria 


• Status of development: in use. 
DB AG and others have realised training measures to raise drivers' 
awareness for energy efficiency. 


• Time horizon for broad application: now. 
(no details available). 


• Expected technological development: not applicable. 
(no details available). 


• Motivation. 
Energy saving. 
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• Benefits (other than environmental): small. 
Motivation of drivers 
Training programmes can have a positive effect on motivation of personnel by 
showing to personnel that their behaviour matters and that they play a major 
role in the success of new technologies and achievement of environmental 
goals. This is especially important in view of the growing degree of external 
train control and automation in many fields of train operation. 


• Barriers: low. 
Costs 
Costs of training programs include direct costs of the programme and indirect 
costs through personnel being off duty while attending seminars. 
Acceptance 
Training seminars often meet scepticism due to doubts about the 
effectiveness of such a measure. 


• Success factors. 
Costs of training can be reduced by including an energy efficiency training 
unit into existing training programmes instead of carrying out dedicated 
programmes for energy matters only. This will reduce the time personnel is 
off duty, but may also affect the overall effectiveness of the measure. 


• Applicability for railway segments: high. 
• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: not applicable. 
• Share of newly purchased stock: not applicable. 


(no details available). 
• Market potential (railways): not applicable. 


(no details available). 
• Example. 


(no details available). 


C.4.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: not applicable. 
• Energy efficiency potential throughout fleet: (no data). 


Studies conducted at DB AG reveal high effectiveness of programs aiming at 
raised awareness of drivers. Both overall energy consumption and 
recuperation rate show significant differences for an individual service before 
and after realising a training program. However, the verification of the 
effectiveness of such a measure is often difficult since trained drivers will 
show a better performance if they are accompanied for evaluation purposes 
than in normal work. 


• Other environmental impacts: neutral. 
(no details available). 
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C.4.4 Economic criteria 


• Vehicle – fix costs: not applicable. 
Training programs are cost-intensive: 
− Direct costs of programme (instruction material, training personnel). 
− Personnel costs through the stoppage of personnel attending the seminar. 


• Vehicle – running costs: significant reduction. 
(no details available). 


• Infrastructure – fix costs: none. 
(no details available). 


• Infrastructure – running costs: unchanged. 
(no details available). 


• Scale effects: none. 
(no details available). 


• Amortisation: < 1 year. 
Empirical data on the payback of training measures is not available. However, 
given the good experience at DB AG, it seems reasonable to assume that in 
most cases the costs of special training programmes pay off in less than one 
year. 


C.4.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: short-term. 


Training programmes for raising awareness of personnel are an effective 
short-term measure to improve energy efficiency of railway operation. 
Experience at DB AG is promising and could help to overcome scepticism 
about the effectiveness of such a measure. 


C.5 Energy meters (electric) 


On-board energy meters for electric stock provide consumption data which are 
more reliable than those generated by simulation. These data facilitate energy 
debiting and monitoring of energy saving measures. 
 
Technology field: Energy measurement and documentation. 


C.5.1 General information 


Description 
Purpose 
The installation of energy meters in railway vehicles facilitates the exact 
measurements of energy consumption. This serves mainly two purposes: 
• Provide consumption data for an exact energy billing system. 
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• Provide consumption data for the identification and assessment of energy 
saving measures. 


 
Availability of energy consumption data 
In diesel traction the energy supply is on-board and therefore the energy 
consumed can be clearly attributed to one single vehicle (nevertheless an 
additional diesel flow meter can have an additional benefit). In contrast, in electric 
systems energy consumption is usually measured at the substations only which 
does not allow for an exact assignment to one single vehicle, since several 
vehicles may be in the same feeding section. 
 
As a consequence, energy billing is usually based on theoretical consumption 
values derived from train data or simulations of train runs. The accuracy of such a 
system is limited by various factors: 
• Simulation algorithms are based on models that make simplified assumptions 


on real conditions. This creates a small but non-negligible inaccuracy of the 
outcome.  


• Simulations or calculations do not take into account the specific external 
factors influencing the energy consumption of one particular train run, such as 
wind, track conditions, etc.  


• The same is true for internal factors influencing the train run, mainly the 
driver. The driving style has a significant impact on energy consumption 
through such factors as use of recuperation brakes, speed pattern and 
coasting. 


 
The values derived from direct measurements by means of an energy meter do 
not have these limitations. 
 
Liberalisation of railway markets 
As European railway markets are deregulated, the energy consumption of 
individual trains is no longer just an internal affair of the railway operator. In an 
effort to ensure the same conditions for all competitors, a clear and transparent 
billing mechanism has to be introduced. Naturally, an on-board measurement of 
energy consumption is not a prerequisite for billing but it does put it on a more 
accurate basis.  
 
Technical details 
There are no technical specifications for energy meters on a European or 
international level, although there do exist standardisation efforts. An on-board 
measurement of energy consumption and data recording as well as processing 
requires the following system components: 
• The energy meter: The energy measurement requires measurement 


transformers (voltage and current) as well as the meter itself. The whole 
measurement device usually has an accuracy of at least 2%. The 
measurement equipment must be protected against manipulation by 
unauthorised persons.  


• Data collection: Depending on the needs of the operator, the equipment will 
produce ¼ hour or 1 hour profiles, i.e. the on-board equipment calculates the 
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energy consumed in a period of 15 or 60 minutes by integrating the power 
intake over this period of time. Double registering allows for a separate 
collection of energy intake and recovered energy returned to the grid.  


• Data recording: A memory is needed to avoid data loss in case the regular 
read-out is not possible. Usually, 60 days of data storage will in most cases 
be sufficient.  


• Remote reading: A remote reading by GSM or GSM-R radio link improves the 
efficiency of the process.  


 
Display: There are controversial opinions on the question whether it is desirable 
to display the consumed power to the driver. While some argue that this could be 
an additional incentive to reduce energy consumption, others fear that the 
additional information could distract the driver from more relevant information. 


C.5.2 General criteria 


• Status of development: in use. 
(no details available). 


• Time horizon for broad application: in < 2 years. 
(no details available). 


• Expected technological development: dynamic. 
Technological potential for the measurement equipment itself is rather low. 
However, the read-out process and the data processing still offer potential for 
further optimisation and automation. 


• Motivation: 
− Obtain an accurate basis for billing. 
− Get more transparency on energy consumption in order to identify and 


assess energy saving measures. 
• Benefits (other than environmental): medium. 


Billing 
The whole energy debiting process can be put on a more costs-by-cause 
oriented basis. 
LCC guarantees 
The validity of LCC guarantees given by manufacturers can be confirmed or 
disproved by means of energy meters. 


• Barriers: medium. 
Acceptance 
If energy meters are not needed for billing purposes, operators tend to be 
reluctant to invest into equipment not offering any obvious added value. 
SNCF who operates in market not yet liberalised is sceptical about the 
benefits of on-board energy measurement. 
Technological 
Presently no standard exists.  
Retrofitting 
Old vehicles often require tailored solutions. 
Costs 
Investment and maintenance costs can be high if a combination with 
refurbishment measures is not possible or unrealistic. 
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Management & Organisation 
If energy meters are introduced only as a feature in new stock and no refitting 
is carried out, the fleet-wide roll-out may take several decades (~ 40 years). 
Experience from DB shows that great parts of the stock can be equipped with 
energy meters within two or three years, if old stock is refurbished. 


• Success factors. 
Standardisation and interoperability 
The different power supply systems may require corresponding 
interoperability efforts in some fields. A technological standardisation on a 
European level could accelerate technological development, create scale 
effects and improve planning reliability of manufacturers. Although a UIC 
standard is not a crucial prerequisite for introducing energy meters, common 
development efforts may be beneficial especially for small operators. 
However, a lengthy standardisation process could considerably delay the roll-
out of energy meters. 
Economic 
Equip all new purchased trains with energy meters and use the already 
equipped part of the fleet to supply databases for improved calculations. 
Management & Organisation 
Be able to show the benefits from using energy meters and do not mix billing 
and energy saving targets. Furthermore, it has to be clearly defined, which 
data (e.g. measurement time intervals, train position, load situation ...) are 
needed to generate data basis for different saving measures. 
Acceptance 
The challenge of data reliability and automatic processing of data has to be 
tackled. 


• Applicability for railway segments: high. 
• Type of traction: electric – DC, electric – AC. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
All electric vehicles can be equipped with energy meters. For diesel stock 
flow meters are an option. 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: < 5%. 
• Share of newly purchased stock: < 20%. 


There are some applications in several countries. DB AG is currently 
equipping major parts of their fleet with energy meters. 


• Market potential (railways): high. 
Given the low degree of diffusion of energy meters and a growing demand, 
the market potential is very high in mid and long term perspective. 


• Example. 
The TEMA project at DB AG (TEMA=Traktions-Energie Messung und 
Abrechnung) 
In 2000 DB Energie tested the installation of energy meters in several trains 
as well as data transmission and evaluation in the TEMA project. The meters 
measure both energy intake and recuperation energy. At DB AG, energy 
metering is seen as an essential prerequisite for determining the influencing 
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factors for energy consumption and monitoring the success of energy saving 
measures. 
Within the project different types of measuring devices tailored to individual 
vehicle series were installed and tested. The devices have a minimum 
accuracy of 2%. The system calculates and records 15 min consumption 
profiles. Remote reading via GSM is implemented. 
Following the projects, energy meters have now been incorporated into the 
specifications of new stock. A roll-out into the DB fleet is currently being 
realised. DB AG plans to introduce exact energy billing based on energy 
metering in 2003. Since energy meters are not a standard feature yet and 
competitors may continue operating stock not equipped with meters, billing 
based on metering is only offered as an option besides conventional billing. 


C.5.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: (no data). 
• Energy efficiency potential throughout fleet: (no data). 


Energy meters have two positive effects on energy efficiency which 
presumably are both substantial but difficult to quantify: 
Economic incentive 
If energy billing is based on calculations, there is no economic incentive for 
operators to save energy by recuperation or energy efficient driving. 
Consumption data collected in the TEMA project at DB AG show that the 
energy consumption on a given line differs by up to 20% from one day to 
another. This underlines the role of factors such as weather, track conditions, 
traffic situation or driving style for energy consumption. These conditions are 
not taken into account by simulations presently used. Often, the calculated 
energy consumption is not even accurate enough to provide an incentive for 
using energy efficient stock. These shortcomings of theoretical consumption 
data obviously don’t apply to on-board energy measurements. 
Monitoring of energy saving measures 
Measuring or calculating energy consumption in itself does not save energy. 
However a better knowledge of energy consumption will provide valuable 
data to identify potential for optimisation as far as regenerative braking, 
energy efficient driving or stopping patterns are concerned. Experience at DB 
AG shows that energy meters facilitate the monitoring and thus tend to 
improve the general acceptance of energy saving measures within the 
company. 


• Other environmental impacts: neutral. 
(no details available). 


C.5.4 Economic criteria 


• Vehicle – fix costs: low. 
Retrofitting of fleet 
Experience from the TEMA project at DB AG shows that retrofitting of old 
vehicles with energy meters causes costs of about 2.000 € per vehicle. 
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New vehicles 
In new stock the integration of an energy meter will be substantially cheaper if 
the feature is contained in the specifications and can be integrated into the 
vehicle design at an early stage. 


• Vehicle – running costs: (no data). 
Energy consumption  
Energy saving effects are to be expected but are rather indirect and will be 
difficult to attribute to the existence of energy meters. 


• Infrastructure - fix costs: unchanged. 
Infrastructure fix costs will be caused by required infrastructure (radio 
communication etc.) for remote reading and data processing. They will 
depend on the technological level of existing infrastructure, but will generally 
be moderate. 


• Infrastructure – running costs: unchanged. 
If remote reading is implemented and automated to a high degree and if an 
efficient data processing is in place, no major additional operation costs are 
created. 


• Scale effects: medium. 
(no details available). 


• Amortisation: (no data). 
(no details available). 


C.5.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: short-term. 


Energy meters provide accurate energy consumption data of train runs. This 
is a very promising means to create an economic incentive for operators to 
save energy. At the same time, monitoring of energy saving measures is 
considerably improved. Experience from DB AG demonstrates that a quick 
roll-out is both technically and economically feasible. 


C.6 Database of traction consumption 


A database containing traction energy data can provide reliable information 
needed for planning and decision making processes in railways. 
 
Technology field: Energy measurement and documentation. 
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C.6.1 General information 


Description 
Energetic optimisation of railway operation requires reliable and easily available 
energy consumption data. The most convenient instrument is a database of 
energy consumption figures. Such a database is fed by data obtained either 
through on-board energy measurements or simulation of train runs. 
 
A powerful database of consumption data has to take into account the 
dependence of energy consumption on a variety of parameters such as: 
1 Train data (efficiency of traction components, train mass, aerodynamics, train 


configuration, etc.). 
2 Train service (speed, distance between stops, timetable). 
3 Track data (topography, curvature, etc.). 
4 Influence of driving style. 
5 Influence of traffic situation (unscheduled stops, etc.). 
 
A database can then help to answer questions such as: 
• What is the energy consumption of one particular vehicle series compared to 


another one?  
• How much energy could be saved by using loco-hauled or MU stock on a 


particular service?  
• How much energy could be saved by applying constructive changes on a 


vehicle (aerodynamic shielding, demand-operated motor ventilation etc.)?  
• What is the energy saving potential of energy efficient driving for different 


timetable designs? 
A database for energy consumption figures can be fed by data obtained by 
extensive on-board measurements or through simulation. 
The following table gives advantages and drawbacks of the two approaches. 
 


Table 11 Pro’s and con’s of simulations versus on-board measurements 


 On-board measurements Simulation 
Advantages Very precise data for individual 


train run possible. 
Driving style of drivers can be 
assessed (energy efficient 
driving, use of recuperation 
brakes). 


1 Less equipment, 
personnel and time 
needed. 


2 Suited for forecasts. 


Drawbacks • Generalisation to other 
situations difficult. 


• Cost-intensive installation 
of metering equipment on 
vehicles. 


• Not suited for forecasts. 
• Additional costs for 


collection, transmission 
and processing of large 
data volumes. 


Table 1: Influence of several 
additional parameters and 
disturbances difficult to 
evaluate (traffic situation etc.). 
Table 2: Calculation of energy 
demand of real train runs very 
difficult. 


Source: (IZT, Meinlschmidt, Seibt, ...[et al.], 2001). 
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C.6.2 General criteria 


• Status of development: in use. 
(no details available). 


• Time horizon for broad application: now. 
(no details available). 


• Expected technological development: basically exploited. 
Simulation programmes offer minor optimisation potential by taking more 
parameters (track conditions, traffic situation etc) into account. 


• Motivation. 
Availability of reliable energy consumption data for billing and other purposes. 


• Benefits (other than environmental): medium. 
Availability of energy consumption data for billing purposes (as long as no 
energy meters are deployed). 


• Barriers: low. 
Costs for IT and personnel are moderate since a database is a central 
instrument for the entire company. 


• Success factors. 
(no details available). 


• Applicability for railway segments: high. 
• Type of traction: electric – DC, electric – AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: not applicable. 
• Share of newly purchased stock: not applicable. 


(no details available). 
• Market potential (railways): not applicable. 


(no details available). 
• Example. 


Database for traction energy consumption at DB AG 
At German DB, a database for traction energy demand of rolling stock has 
been developed. The content of the database is generated by simulations of 
train runs. The database is used to calculate impacts of alternative 
alignments, new vehicle conceptions or changed operation modes on the 
energy demand of all related trains in order to facilitate an environmental and 
economic assessment of such measures. 


C.6.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: not applicable. 
• Energy efficiency potential throughout fleet: (no data). 


A reliable database of the energy consumed by individual trains provides 
valuable information for decision making in vehicle, infrastructure and 
operation strategies. The effect on actual energy consumption is difficult to 
quantify. 
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• Other environmental impacts: neutral. 
(no details available). 


C.6.4 Economic criteria 


• Vehicle – fix costs: none. 
(no details available). 


• Vehicle – running costs: not applicable. 
(no details available). 


• Infrastructure – fix costs: low. 
Costs of IT for database are low since only one database is required for the 
entire company. 


• Infrastructure – running costs: unchanged. 
Operation costs of database are mainly for personnel and are low since only 
one database is required for the entire company. 


• Scale effects: not applicable. 
(no details available). 


• Amortisation: (no data). 
(no details available). 


C.6.5 Applications outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: promising. 
• Time horizon: short-term. 


The development of a reliable database for traction energy demand can 
provide valuable information for decision-making processes in railways. 
Barriers and costs are low. Consumption data generated by simulation should 
be seen as a powerful instrument to predict the effect of different measures. 
Empirical consumption data from on-board measurements can be used to 
verify and refine simulations. 
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D Full descriptions of selected technologies – 
procurement related 


D.1 Aluminium car-body  


In the last decade aluminium car bodies have replaced steel car bodies to a large 
extent. This has been a major step towards light and thus more energy efficient 
rail vehicles. 
 
Technology field: Mass reduction. 


D.1.1 General information 


Description 
Aluminium is substituting steel as a material for railway car bodies in many areas, 
especially high-speed, main line and regional passenger transport. Most, but not 
all, modern vehicles have aluminium bodies. 


D.1.2 General criteria 


• Status of development: in use. 
Standard technology. 


• Time horizon for broad application: now. 
(no details available). 


• Expected technological development: now. 
According to manufacturers, aluminium car body technology is essentially 
exploited. A further weight reduction of the car body structure based on 
aluminium technology is hardly possible. 


• Motivation. 
Weight saving. 


• Benefits (other than environmental): medium. 
Weight reduction 
Besides reduced energy consumption, weight reduction leads to: 
− Higher acceleration rates for given traction power which is especially 


relevant in high-speed trains. 
− Less axle load and thus reduced wear of bogies and rail. 


• Barriers: low. 
Maintenance and repairs  
Being the standard technology, aluminium car bodies meet no major barriers 
in regional and main line stock. In local service, there is still some demand for 
steel car bodies. Local trains have a comparably high rate of accidents (minor 
train crashes etc.) and steel car bodies are easier to repair. Therefore some 
operators of local networks stick to steel technology. 


• Success factors. 
(no details available). 


• Applicability for railway segments: high. 
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• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: > 20%. 
• Share of newly purchased stock: > 50%. 


(no details available). 
• Market potential (railways): high. 


There are still many rail vehicles with steel bodies in service. Therefore, there 
is still major potential for substitution. Since many manufacturers have 
invested in expensive equipment for producing of aluminium car bodies, no 
other technology is expected to conquer the market in the near future. In 
long-term fibre-reinforced polymers may become a serious competition for 
aluminium construction. 


• Example. 


D.1.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: 2 – 5%. 
• Energy efficiency potential throughout fleet: 1 – 2%. 


Compared to steel car bodies, aluminium coaches are substantially lighter. 
Some experts stress that part of the corresponding energy gain is lost by 
increased energy demand for comfort functions due to less efficient heat 
insulation properties of aluminium walls. Although no figures are available, it 
can be assumed that there is still a considerable energetic net advantage of 
aluminium over steel. 
The mass reduction effect of using aluminium instead of steel for car body 
construction can be estimated as follows: 
The car body accounts for about 20% of the total mass of a conventional MU. 
It is assumed that replacing steel by aluminium yields a maximum mass 
reduction potential of about 20-30% of the car body weight. The overall effect 
on vehicle mass is therefore around 5%. The corresponding overall effect on 
energy consumption is of about 1% in main line and about 3% in local and 
regional operation (cf. the following elasticity table). 
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  Traction Brake 
energy 


recovery 


Effect on train 
mass 


Elasticity with 
regard to train 


mass 


Effect on  
total energy 


consumption 
for traction 


High speed 
train 


electric no 
0,17 1 % 


    yes 0,12 1 % 
Intercity train electric no 0,19 1 % 
    yes 0,14 1 % 
  diesel - 0,19 1 % 
Regional train electric no 0,52 3 % 
    yes 0,44 2 % 
  diesel - 0,52 3 % 
Suburban train electric no 0,64 3 % 
    yes 0,57 3 % 
  diesel - 


5% 


0,64 3 % 
Range: 1 – 3 % 


 
 
• Other environmental impacts: ambivalent 


An LCA comparison of steel and aluminium cannot be given in a general 
manner. The overall impact of aluminium depends strongly on recycling rates 
and production processes. The production of aluminium from bauxite 
consumes large amounts of electricity and produces the so-called red mud 
composed of a solution of sodium aluminate and undissolved bauxite 
residues containing iron, silicon and titanium. The corresponding 
environmental impact can obviously be reduced by the use of electricity from 
renewable energy sources (which is the case for some of the aluminium 
produced in Scandinavia or by high recycling rates. It has to be stressed that 
given the long life and high utilisation rates of rail vehicles, the positive 
environmental impact during the use phase plays a much bigger role in the 
environmental assessment than in the automotive sector. 


D.1.4 Economic criteria 


• Vehicle – fix costs: low. 
(no details available). 


• Vehicle – running costs: significant reduction. 
(no details available). 


• Infrastructure – fix costs: none. 
(no details available). 


• Infrastructure – running costs: unchanged. 
(no details available). 


• Scale effects: low. 
Due to high costs for manufacturing machinery, scale effects in aluminium 
technology have been high in the past but are essentially exploited today. 


• Amortisation:< 1 year. 
(no details available). 
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D.1.5 Applications outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: short-term. 


Aluminium offers some substantial advantages over steel in car body 
technology due to lightweight properties. Today aluminium car bodies are 
state-of-the-art technology and will probably continue to be in mid-term since 
manufacturers are interested in amortisation of expensive production 
facilities. Aluminium technology is very promising for energy efficiency. 
However, no additional effort is required to facilitate technology diffusion. In 
long term perspective, aluminium car-bodies will face a growing competition 
from fibre-reinforced polymers. 


D.2 Double decked stock 


Double-decked trains have 20-40% more seating capacity per train length 
leading to positive impacts on energy efficiency and cost effectiveness. 
 
Technology field: Space utilisation. 


D.2.1 General information 


Principle 
Double-decked stock can accommodate 20-40% more seats per train length than 
single-decked stock. Double-decked train design is today a standard solution for 
many operation types including regional and suburban trains and more recently 
high-speed trains. Today, mature and well-experienced concepts for double-
decked vehicles exist for all classes of passenger operation. 
 
The height over rail is increased to 4,600-4,700 mm as opposed to less than 
4000 mm for conventional stock. The weight increase has to be minimised in 
order to limit axle load. Therefore double-decked train design is usually combined 
with strong efforts to reduce weight. For instance, the TGV Duplex has aluminium 
bodies in contrast to steel construction in single-decked TGVs. 
 
Examples 
In suburban and regional transport, double-decked trains have become a 
standard option in today's railways. The examples for double-decked main line or 
high-speed stock are more limited: 
• TGV Duplex. 
• Shinkansen E1.  
• IC 2000. 
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Infrastructural compatibility 
The infrastructure compatibility of double-decked stock is limited but generally 
higher than for wide-body stock. However, many tunnels pose serious problems. 


D.2.2 General criteria 


• Status of development: in use. 
• Time horizon for broad application: now. 
• Expected technological development: basically exploited. 


Double-decked stock is a mature vehicle concept. Some remaining minor 
challenges such as pressure tightness on high-speed lines with tunnels, can 
be solved in short or mid term. 


• Motivation. 
Capacity. 


• Benefits (other than environmental): medium. 
Compared to normal trains: 
Since platform lengths in stations are limited (300 m in regional and 400 m in 
main-line stations), double-decked stock is a means to increase the capacity 
of a line without increasing train frequency or investing into the construction of 
longer platforms. 
Compared to wide-body trains: 
Better compatibility with infrastructure. 


• Barriers: high. 
Passenger comfort 
Seating comfort on the seats adjacent to the walls is slightly reduced due to 
restricted space for legs on the lower deck. This is not problematic in regional 
or suburban transport where average trips are short. In high-speed trains 
comfort issues are more relevant and could be an obstacle for double-decked 
stock. However, existing double-decked high-speed trains in France, Japan 
and elsewhere are widely accepted by passengers. 
 
Ambulant catering 
The staircases pose a problem for a mobile bistro service and for the mobility 
of passengers in general. In the Swiss IC 2000, a stair-free upper deck has 
been realized for these reasons. 
 
Boarding times  
Due to the stairs the boarding times at stations are increased with double-
decked stock. This should be taken into account by operators in the timetable 
design. For the same reason, mixed operation of double-decked and single-
decked stock should be avoided as far as possible.  
 
Technological 
− Pressure-tightness: Double-decked high-speed trains must show a high 


degree of pressure-tightness. Especially when entering tunnels, pressure 
waves must not enter the passenger coaches to avoid danger of burst 
ear-drums. Pressure-tight high-speed stock is still a challenge for 
manufacturers. Therefore, DB double-deckers may not exceed 160 km/h. 







 
 


4.878.1/ Tracks for saving energy 
  September 2005 
80  


TGVs are not confronted with this problem since there are no tunnels in 
the TGV infrastructure.  


− Tilting is not possible for current double-decked stock 
 
Infrastructure 
One of the main obstacles for the introduction of double-decked stock is its 
incompatibility with parts of the infrastructure, especially tunnels. However, in 
many regional networks or in flat topography, double-decked stock can be 
used without any limitations. 


• Success factors. 
• Applicability for railway segments: high. 
• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
Double-decked solutions exist for all types of passenger trains. Main 
limitations to its applicability are: 
− Incompatibility with infrastructure (tunnels etc.). 
− Lines requiring tilting cannot be operated with double-deckers. 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: 5 - 20%. 
• Share of newly purchased stock: < 20%. 
• Market potential (railways): high. 
• Example. 


− TGV Duplex. 
− Shinkansen E1.  
− OC 2000. 


D.2.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: > 10%. 
• Energy efficiency potential throughout fleet:> 5%. 


In order to estimate the reduction of seat-specific energy consumption, single-
decked and double-decked versions of an otherwise identical train (e.g. equal 
length etc) are compared. 
 
Aerodynamic effect of higher car body 
The cross-section of the train is increased by ~20%. Since air resistance 
grows with cross-sectional area in a less than proportional way, it is safe to 
assume that air resistance grows in the order of 10% or less. 
 
Mass effect of higher car body 
Double-decked trains are heavier than single-decked trains. The mass 
increment per train length is of about 10% (e.g. 11% according to a design 
study by Reemtsema, …[et al.], 1997). 
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Comfort functions 
No data are available on the effect on the energy consumption of comfort 
functions in a double-decked train. For obvious reasons (less wall surface per 
seat, less interior space to be heated per seat, etc.), it is increased by less 
than the relative increase in seating capacity. 10% will be a safe upper limit 
here as well. 
 
Energy consumption of the entire train 
Since all components of energy consumption of a passenger train (mass, air 
drag and comfort energy) are increased by about 10% or less, the energy 
consumption will also increase by 10% or less. 
 
Seat-specific energy demand 
Since seating capacity is increased by about 20-45%, the 110% energy 
consumption have to be divided by 1.2 and 1.45 to get the range of seat-
specific energy demand relative to a conventional car design. The result is a 
reduction of seat-specific energy consumption by 8% - 24%.  
 
TGV Duplex 
French TGV Duplex can be seen as a benchmark: seating capacity has been 
increased by 45% as compared to a single-decked train of the same length 
(e.g. the TVG "Réseau"). SNCF claims that this comes at virtually no increase 
in energy demand which means that seat-specific energy consumption is 
reduced by over 30%. 
 
Fleet-wide potential 
Assuming that a more than half of the regional and local lines and some of 
the main lines could be operated with double-decked stock in long term, there 
is a fleet-wide saving potential of over 5%. 


• Other environmental impacts: neutral. 
(no details available). 


D.2.4 Economic criteria 


• Vehicle – fix costs: low. 
The seat-specific investment costs of double-decked stock are highly 
dependent on the individual features and design of the train. A 100% "ceteris 
paribus" comparison to single-decked stock is not possible. However, usually 
seat-specific costs will be lower than for conventional vehicles. In some cases 
this will not be true, e.g. (Reemtsema, Kurz, 1997) made the cost estimates 
on a future double-decked ICE 4 shown in Table 12. 
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Table 12 Initial investment figures for different versions of ICE 


 ICE 4 ICE 4 
wide-body 


ICE 4  
2-decked 


Investment  19.2 million EURO 
(100%) 


22.0 million EURO 
(115%) 


25.9 million EURO 
(135%) 


Seats  419 
(100%) 


513 
(122%) 


506 
(121%) 


Specific 
investment per 
seat 


45.900 EURO 
(100%) 


42.900 EURO 
(93%) 


51.100 EURO 
(111%) 


Source: (Reemtsema, Kurz 1997). 
 
 


Estimates by European Transport Consult confirm that costs are usually in 
favour of wide-body stock as opposed to double-decked stock. 


• Vehicle – running costs: significant reduction. 
The seat-specific operation costs are significantly reduced. 


• Infrastructure – fix costs: strongly dependent on specific application. 
If bottlenecks in the infrastructure have to be removed, costs can be high but 
heavily depend on the individual case. 


• Infrastructure – running costs: unchanged. 
(no details available). 


• Scale effects: low. 
(no details available). 


• Amortisation: strongly dependent on specific application. 


D.2.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: short-term. 


Double-decked train design is a very attractive option for a variety of 
application contexts. While double-decked trains have a higher compatibility 
with infrastructure than wide-body trains, life cycle costs per seta are often in 
favour of the latter option. Even so, LCC per seat of double-deckers are 
usually better than in single-decked trains. Energy efficiency effects are very 
promising. Technological barriers are low and infrastructure problems are 
usually limited to isolated points of the network. Especially in local and 
suburban operation, double-decked stock should be used wherever a wide-
body design is not feasible. Those operators not using double-decked high-
speed trains yet should develop design solutions meeting all comfort and 
operation requirements together with manufacturers. 
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D.3 Wide-body stock 


A 10 to 20% increase in car body width allows for the accommodation of another 
seat per row in passenger stock. This has strong effects on both energy 
efficiency and life cycle costs. 
 
Technology field: Space utilisation. 


D.3.1 General information 


Description 
Principle 
Conventional stock for long-distance and regional service has an exterior coach 
width of around 2900 mm. In an effort to increase floorspace per coach, trains 
have been developed that are considerably wider. For our purposes, we define a 
wide-body train as one allowing a 2 3-seating arrangement in 2nd class and a 2 
2- arrangement in 1st class. In main line service this usually requires a minimum 
width of about 3300 mm. The gain in floorspace is in the order of 10 to 20%. 
Considerations of the DB AG for a wide-coach version of the ICE 4 indicate an 
increase in seating capacity of 22% compared to the "normal" version (as 
opposed to slightly less for a double-decked version).  
 
Examples 
The following table lists some wide-body trains. 
 


Table 13 Wide-body trains  


Denmark S-bane trains 3.60 m 
Denmark IC/3 3.10 m 
Norway Sleeper coach 3.24 m 
Sweden Crusaris Regina 3.45 m 
Netherlands SM90 (wide body) 3.20 m 
Japan Shinkansen 3.38 – 3.40 m 


Source: (Andersson, …[et al.], 2001). 
 
 
• The Lirex developed by Alstom shows that at least for regional service 5-seat 


arrangements can be integrated in coaches which are only 3,042 mm wide.  
• An example of extremely wide coaches (3,600 mm) is the Copenhagen 


suburban train set produced by a Siemens/LHB consortium. Many German 
suburban trains have a width of about 3,200 mm.  


• In Japan there are also some 3.40 meter wide Shinkansen trains which are 
double-deckers. In some of their coaches there are 2 3 seats downstairs and 
3 3 seats upstairs. Such a seat arrangement of course gives a significant 
reduction of comfort. 


 
Infrastructural compatibility 
As opposed to isolated solutions (e.g. suburban networks), mainline service sets 
more rigorous conditions to stock width, especially if interoperability is 
demanded. However some conceptional and technological measures could raise 
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infrastructural compatibility of wide-body stock. Among them are reduced coach 
length (thus reducing the lateral swinging out in curves) and more high tech 
solutions such as a telematically controlled tilting away from infrastructural 
obstacles. 


D.3.2 General criteria 


• Status of development: in use. 
Various wide-body trains have been produced and are in service, such as the 
Copenhagen suburban trains (3,600 mm). 


• Time horizon for broad application: 2 – 5 years. 
(no details available). 


• Expected technological development: dynamic. 
Infrastructure compatibility 
On some of the tracks presently not allowing wide-body stock, infrastructural 
compatibility could be reached by various technological measures concerning 
the stock rather than the track: 
− By ensuring an increased stability of the coach body against lateral 


swaying in narrow parts of the track.  
− By an active suspension reducing the lateral spring travel and thus 


allowing a further 50 - 70 mm of car-body width within the same car-body 
dynamic envelope.  


− And by some further down the road concepts as e.g. by laterally 
displacing the coach body by 3 or 4 cm with respect to the running gear in 
order to avoid infrastructural obstacles or by tilting the coach body away 
from infrastructural obstacles. The implementation of such measures 
would require an advanced level of train control and seems unlikely in the 
foreseeable future. 


Further, it is highly desirable to develop standardised advanced methods for 
vehicle gauging, based on simulations, thus making it possible to fully utilise 
the available structural gauge. 
 
Comfort 
More research and development is needed to better understand the relations 
between used space, experienced space, ergonomic factors and passenger’s 
positive / negative feelings, as well as their willingness-to-pay. It is also 
desirable to develop trains with even higher comfort in the long term. It is then 
favourable to increase interior width to at least 3.3 m. In such a case it is 
important to introduce new wall designs with reduced thickness (and 
maintained strength). 


• Motivation. 
Capacity  
Capacity considerations are the main motivation for using wide-body stock: 
Capacity expressed as number of seats per hour is essentially proportional to 
the number of seats per train metre. This means that wide-body stock 
increases capacity by around 20%. 
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• Benefits (other than environmental): big. 
Compared to normal trains: 
− Capacity: Increased capacity of a line. Increased platform capacity.  
− Night train comfort: The wide body is a prerequisite to design a 


comfortable night compartment with two beds along the side-wall. 
Compared to double-decked trains: 
− Equipment: In wide-bodies most of the equipment can be accommodated 


in the available underfloor space of the passenger car, typically 30 – 35 
m3.  


− Tilting: lower centre of gravity, possible car-body tilt and higher curving 
speeds. 


− Catering: level floor within the train making it possible to arrange ambulant 
catering service. 


− Simplicity: simpler interior construction. 
• Barriers: high. 


Infrastructure 
The main obstacle for the introduction of wide-body stock lies in the 
infrastructure, which is not adapted to wide-body stock for historical reasons. 
For certain isolated networks (mainly suburban lines) and some regional and 
long distance lines wide-body stock could be introduced without major 
infrastructural changes. The demand for interoperability in intercity and high 
speed traffic limits the allowed stock width considerably. This can be 
exemplified by the ICE family: Whereas the ICE 1 and ICE 2 had a width 
slightly over 3,000 mm, the ICE 3 facing greater requirements of 
interoperability has been constructed to 2,900 mm only. 
From the view of manufacturers a great obstacle is given by the paradigm of 
many operators to accept only stock that can in principle be used throughout 
the network. This impedes insular solutions for regional networks allowing 
wide-body stock. 
 
Passenger acceptance of 2 3-arrangement 
A 2 3 seating solution may result in a certain reduction of passenger comfort. 
Especially the middle seat of the 3-seat-arrangement may be considered 
uncomfortable and not be readily accepted by passengers. However this 
effect is over-estimated as various surveys in Sweden showed. The 
passengers were asked for their preferences expressed as willingness-to-pay 
for more comfort. Even the most negative result was only slightly negative 
corresponding to 2% of ticket price for a 2 2- instead of a 2 3-arrangement. 


• Success factors 
Assessment of potential for insular solutions 
An unbiased assessment of the operability of wide-body stock on parts of the 
infrastructure will mostly reveal major potential in local and regional operation. 
If a small number of obstacles has to be removed, a cost-benefit analysis has 
to evaluate the profitability of such a transition.  
 
Critical revision of the paradigm of “regional interoperability” 
Many railway operators only purchase stock with a high degree of 
applicability throughout their infrastructure. For example, DB AG wants a 
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regional train used in Bavaria to be usable in other parts of the country as 
well. This obviously limits the potential for wide-body stock. A critical revision 
of this “regional interoperability” paradigm is needed to assess whether it is 
economically reasonable. 


• Applicability for railway segments: medium. 
• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines. 
Only passenger trains. 
High potential in isolated networks, such as suburban and some regional 
lines. 
On main lines, potential may be much greater than commonly assumed: 
In 1990 DB, DSB and NS concluded that stock of a max. width of 3,200 mm 
at around 1,600 mm above rail level and of normal width at platform and roof 
level could in principle be accommodated on these three systems. 
A Swedish study concluded that it would be possible to accommodate a car-
body width of 3.4 - 3.5 m at “elbow height”, within the present structural 
gauges in Sweden and Norway, likely also in Denmark. 
Studies by DB AG indicate that the main part of the ICE network with the 
exception of very few bottlenecks can be worked by trains 3.40 m wide. 
Concepts excluding narrow sections could be feasible in mid-term 
perspective on the major network axes. 
Research by Swedish KTH showed that wide-body trains can be used on 
many markets, not only high-speed, InterRegio, local and regional trains but 
also for day-and-night trains. To make night-trains profitable in the future it is 
necessary to design trains that can be used both in night-service and in day-
service. 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: < 5%. 
• Share of newly purchased stock: < 20%. 
• Market potential (railways): medium. 


(no details available). 
• Example. 


Copenhagen urban trains 
For the new S-trains needed for the Copenhagen suburban line, a Siemens / 
LHB consortium developed in close co-operation with DSB a train especially 
adapted to the local situation. The invitation to tender already contained a 
number of environmental requirements to be met by the manufacturer, among 
them a considerably reduced energy consumption. 
 
In order to increase seats per train length and reduce energy consumption 
per seat, the car-body was extended to the outer limits allowed by track 
profile and station platforms. A car-body width of 3.60 m proved feasible  
(0.58 m more than the old stock). This allowed three seats on both sides of 
the aisle (old: 2 on one side, 3 on the other) and 336 seats per train set (old: 
260 seats per train set) without changing train length. This along with a 
number of other measures (one-axle-bogies etc.) reduced weight per seat by 
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34% to 357 kg. Compared to previously used stock, energy consumption was 
reduced by 60% (!). 
 
According to DSB, acceptance of the new trains is high both on the part of 
DSB personnel and of passengers. 
 
Although a direct transferability of this particular train to other networks is 
doubtful, since the train was developed especially for the Copenhagen track 
profile and station platforms, the case can be seen as a positive example of 
how to implement a train solution in an isolated network that both optimally 
meets the requirements of the operator and energy efficiency. 


D.3.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: > 10%. 
• Energy efficiency potential throughout fleet:2 - 5%. 


In order to estimate the reduction of seat-specific energy consumption, 
conventional (2,950 mm) and wide-body (3,400 mm) versions of an otherwise 
identical train (e.g. equal length etc) are compared. These widths correspond 
to the conventional ICE 3 and to a wide-body ICE 3 based on a design study. 
 
Aerodynamic effect of wider car body 
The cross-section of the train is increased by ~15%. Since air resistance 
grows with cross-sectional area in a less than proportional way, it is safe to 
assume that air resistance grows in the order of 10% or less. 
 
Mass effect of wider car body 
The design study for a wide-body version ICE 3 yielded a mass increment of 
about 10% in comparison to conventional ICE 3 design. 
 
Comfort functions 
No data are available on the effect on the energy consumption of comfort 
functions in a wide-body train. For obvious reasons (less wall surface per 
seat, less interior space to be heated per seat etc), it is increased by less 
than the relative increase in seating capacity. 10% will be a safe upper limit 
here as well. 
 
Energy consumption of the entire train 
Since all components of energy consumption of a passenger train (mass, air 
drag and comfort energy) are increased by about 10% (or less), the energy 
consumption will also increase by 10% or less. 
 
Seat-specific energy demand 
Since seating capacity is increased by about 25%, the 110% energy 
consumption have to be divided by 1.25 to get the seat-specific energy 
demand relative to a conventional car design. The result is a reduction of 
seat-specific energy consumption by 12%. 
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Assuming that a maximum of half of the regional lines and some of the main 
lines could be operated with wide-body stock in long term, the applicability in 
most fleets will not exceed 25%, but could reach values of up to 40% in some 
fleets. Accordingly, this gives a maximum system-wide effect of 2 - 5%. 


• Other environmental impacts: neutral. 
(no details available). 


D.3.4 Economic criteria 


• Vehicle – fix costs: low. 
According to a study by European Transport Consult, costs are squarely in 
favour of wide-body stock as opposed to double-decked stock.  
The specific initial investment per seat is low compared to both normal and 
double-decked stock as can be seen by the following examples. 
German DB has compared several train concepts for the ICE 4. Table 14 
gives the relevant initial invest figures (Reemtsema, Kurz 1997). 
 


Table 14 Initial investment figures for different versions of ICE 


 ICE 4 ICE 4 
wide-body 


ICE 4  
2-decked 


Investment  19.2 million EURO 
(100%) 


22.0 million EURO 
(115%) 


25.9 million EURO 
(135%) 


Seats  419 
(100%) 


513 
(122%) 


506 
(121%) 


Specific investment 
per seat 


45.900 EURO 
(100%) 


42.900 EURO 
(93%) 


51.100 EURO 
(111%) 


Source: (Reemtsema, Kurz 1997). 
 
 
A Swedish study (Andersson, …[et al.], 2001) on wide-body stock yielded the 
initial investment figures shown in Table 15. 
 


Table 15 Initial investment figures for wide-body trains  


 Normal train Wide-body train 
Investment 100% 107% 
Seats 100% 121% 
Specific investment per seat 100% 88% 


 
 
Taking the average values from both studies, we get: 
− Train fix costs typically increase by around 10% compared to normal 


trains.  
− Specific fix costs per seat are reduced by around 10% compared to 


normal trains. 
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• Vehicle – running costs: significant reduction. 
Maintenance costs: an increase of 4% for entire train and a decrease of 14% 
per seat according to a Swedish study.  
Energy costs: per seat: 10-15% reduction. 


• Infrastructure – fix costs: medium. 
Transition costs of changes in infrastructure for wide-body stock heavily 
depend on the individual case. However, a detailed feasibility study for 
introducing a wide-body ICE on German DB network showed that savings are 
significantly higher than the cost of removing bottlenecks for wide-body trains 
in the network. 


• Infrastructure – running costs: unchanged. 
(no details available). 


• Scale effects: medium. 
Standardisation of components and larger series by using the same wide 
body modular train for different markets will likely cut off the price in the long 
run. 


• Amortisation: not applicable. 
Highly dependant on required infrastructure changes.  
Life-cycle costs (LCC) can be cut by up to 12 % per seat. 
German DB AG estimates that the cost savings due to the operation of wide-
body trains on the ICE network are so high that, even if the full costs of 
removing bottlenecks are charged to the programme, there will be cost 
savings in the mid term of 50 - 70 million Euro per year. 


D.3.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: very promising. 
• Time horizon: mid-term. 


Focusing on rolling stock only, wide-body stock is the most promising design 
option as far as space utilisation is concerned. Realisations and design 
studies of wide-body trains show strong seat-specific advantages with respect 
to energy efficiency as well as both investment and operation costs. The main 
barrier is clearly the incompatibility with many infrastructures. Even though 
wide-body design violates the existing UIC gauge and thus impedes 
interoperability of high-speed stock, wide-body trains can often be 
accommodated on parts of a network. This holds especially for regional and 
local operation where the potential for wide-body trains is high. 


D.4 Articulated trains (Jakob-type bogies) 


Whereas conventional stock consists of individual carriages resting on two 
bogies each, articulated trains consist of a fixed composition of coaches with 
consecutive cars resting on shared bogies. This considerably reduces train 
weight per length. 
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Technology field: Mass reduction. 


D.4.1 General information 


Description 
Whereas conventional stock consists of individual carriages resting on two 
bogies each, in articulated trains consecutive cars rest on one shared bogie 
connecting the two cars (LIREX and Copenhagen S-trains being an exception). 
In articulated trains, cars are usually about 25% shorter.  
Different realisations of articulated trains exist: 
1 Jakob-type bogies: Consecutive cars rest on a shared two-axle bogie.  
2 Single-axle bogies of the KERF type. 
3 Talgo trains: consecutive cars rest on a single axle running gear located 


between the two cars. 
 
Figure 1 gives an overview. 
The following evaluation refers to Jakob-type bogies being the most common 
running gear for articulated trains. However, many statements are true for 
articulated trains in general. 
 


Figure 6 Different realisations of articulated trains 


 
Source: IZT 


D.4.2 General criteria 


• Status of development: in use. 
Jakob-type bogies are successfully used in many railways. Examples are 
TGV, IC3, Talent and Desiro. 


• Time horizon for broad application: now. 
(no details available). 
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• Expected technological development: basically exploited. 
(no details available). 


• Motivation. 
Weight reduction. 


• Benefits (other than environmental): big. 
Train design and passenger comfort 
Due to less train length car-bodies of articulated trains can be 10-20 cm wider 
than those of conventional trains for the same track and tunnel profiles. This 
improves seating comfort in 2 2 second class seating and allows to extend 2 
2 seating (rather than 2 1 seating) to first class sections. Since car ends rest 
on joint bogies they do not sway out in curves. Due to this fact, interior car 
transitions can be designed to be wider than in conventional stock.  
 
Weight reduction 
Besides reduced energy consumption, weight reduction leads to higher 
acceleration rates for given traction power which is especially relevant in 
high-speed service. 


• Barriers: high. 
Infrastructure 
Since articulated trains form fixed car sets and cannot be easily decoupled 
into single cars, they put special requirements on the operator especially 
when it comes to maintenance and repairs. For most articulated trains very 
long maintenance workshops are needed (typically 150 m). This is one of the 
main reasons, why countries like Germany and Switzerland are reluctant to 
introduce main-line trains with Jakob-type bogies. However, depending on the 
existing infrastructure of the operator and the actual length of the train sets, 
the introduction does not always have to create major transition costs for the 
operator (cf. General criteria - Example). 
 
Flexibility of train composition 
In addition, the fixed train composition leads to less flexibility in train length. 
However, conventional MUs have the same restriction since traction 
components are distributed along the train-set and therefore the train cannot 
be decoupled into autonomous units. In both cases, the solution is to achieve 
flexibility by having short train sets that may be combined to form trains of 
variable length.  
 
Axle load 
Since the total weight is shared by less axles, articulated trains require 
additional lightweight efforts in order to keep axle-load below 16 tons. 


• Success factors. 
(no details available). 


• Applicability for railway segments: high. 
• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines. 
(no details available). 


• Grade of diffusion into railway markets. 
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• Diffusion into relevant segment of fleet: 5 - 20%. 
• Share of newly purchased stock: no data. 


(no details available). 
• Market potential (railways): medium. 


In general, articulated trains offer a number of advantages, especially low 
weight. However, many operators fear high transition costs, at least in main-
line fleet. Nevertheless, there is a considerable market for stock with Jakob-
type bogies. 


• Example. 
IC3 at DSB  
On a great part of their main line passenger service, DSB relies on the IC3, a 
diesel-mechanic train with Jakob-bogies. Before introducing the articulated 
train, it was checked if the workshops were prepared, especially as far as 
lifting of the whole train-set is concerned. Due to relatively short train-sets (59 
meters), the transition efforts were limited. 


D.4.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: 2 - 5%. 
• Energy efficiency potential throughout fleet: 1 - 2%. 


The main energy efficiency effect comes from reduced weight. General 
figures on the weight reduction effect through Jakob-type bogies are not 
available, but the following estimate illustrates the potential: 
1 In a conventional EMU, the mass of the bogies accounts for about one 


third of the total train weight.  
2 The introduction of Jakob-type bogies reduces the ratio of bogies to cars 


by 30-50% (depending on train length).  
3 On the other hand, the car length is reduced by about 25%.  
4 Therefore the number of bogies per train length is reduced by roughly 10-


30%.  
5 Assuming that Jakob-type bogies have roughly the same weight as 


conventional bogies, this means that the weight of bogies per train length 
is reduced by 10 - 30%.  


6 This means a mass reduction potential of about 3 - 10%, given that 
bogies account for about one third of the total train weight. 


The following elasticity table gives the effect on overall energy demand for 
different types of operation. 
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Table 16 Energy consumption reduction from articulated trains 


 Traction Brake 
energy 


recovery 


Effect on train 
mass 


Elasticity with 
regard to train 


mass 


Effect on  
total energy 


consumption 
for traction 


High speed train electric no 0,17 1 - 2 % 
  yes 0,12 0 - 1 % 
Intercity train electric no 0,19 1 - 2 % 
  yes 0,14 0 - 1 % 
 diesel - 0,19 1 - 2 % 
Regional train electric no 0,52 2 - 5 % 
  yes 0,44 1 - 4 % 
 diesel - 0,52 2 - 5 % 
Suburban train electric no 0,64 2 - 6 % 
  yes 0,57 2 - 6 % 
 diesel - 


3 - 10 % 


0,64 2 - 6 % 
Range: 0 - 6 % 


Source: IZT 
 
 


• Other environmental impacts: neutral. 


D.4.4 Economic criteria 


• Vehicle – fix costs: low. 
(no details available). 


• Vehicle – running costs: significant reduction. 
(no details available). 


• Infrastructure – fix costs: not applicable. 
Maintenance facilities 
Depending on the length of the fixed train-sets, maintenance facilities have to 
be extended. In high-speed transport articulated trains are typically 150 
meters long and require corresponding workshops for maintenance and 
repairs. 
The transition costs are lower for the shorter train-sets used in local and 
regional transport. The Danish IC3 train-sets with a length of 59 m show that 
even in main-line transport short units can be used (of course in this particular 
case this possibility is owed to the special IC3 design allowing to fold away 
the driver cabins in order to create regular car transitions for passengers). 


• Infrastructure – running costs: increased. 
If longer maintenance halls have to be built, the costs for running these 
facilities are slightly increased as well. 


• Scale effects: none. 
(no details available). 


• Amortisation: not applicable. 
This strongly depends on the additional workshop infrastructure needed. If 
virtually no additional infrastructure is needed, there are no major additional 
costs to be paid back. 
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D.4.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: promising. 
• Time horizon: mid-term. 


Articulated trains are considerably lighter than their conventional 
counterparts. They have been used successfully for decades in all classes of 
passenger service. Short units of articulated trains used in local and regional 
service usually meet no major barriers. Longer units needed in main line and 
high-speed service often require additional buildings for maintenance and 
repairs. The corresponding transition costs represent the main barrier for 
articulated trains. Those operators not prepared for fixed train-sets should 
first exploit the potential for shorter articulated trains in local and regional 
transport and reconsider vehicle strategy in long-term. 


D.5 Modular train sets 


The use of short train-sets which can be combined to trains of variable length 
raises occupancy and thus allows for a more cost and energy efficient train 
operation. 
 
Technology field: Increase of load factor and flexible trains. 


D.5.1 General information 


Description 
Since in MUs the traction components are distributed along the train, the cars of 
a given set cannot be decoupled. This tends to reduce flexibility of train length. 
On the other hand, short train-sets can be ordered in order to recover some of 
the modilarity in train formation typical for loco-hauled train operation.  
 
Need for trains with variable length 
Short train-sets offer two main benefits: 
• Capacity can be adapted to variable demand (e.g. rush-hour vs. late evening 


in suburban transport). 
• Trains can split up in two train-sets at a certain point of the route to serve two 


destinations. Passengers do not have to change trains and the operator 
saves costs. 


 
Realisations 
• Short MUs: MUs are ordered as short train-sets (e.g. two-car sets) and can 


then be combined to double or triple trains for times or routes with high 
demand. This concept is especially suited to local and suburban service 
where no passenger mobility along the whole train is needed.  


• MUs are ordered in different lengths. For example DB AG ordered the ICE T 
tilting trains in two lengths: 5-car and 7-car train-sets. Despite higher seat-
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specific investment costs, this can be interesting in main-line service where 
passenger mobility along the whole train is required.  


• IC3 type: A special case is the Danish IC3 concept (with its characteristic 
rubber frames at both ends of a train-set). The train sets are short (3-car 
units) but can be easily coupled to longer trains without limiting passenger 
mobility along the train. This is achieved by a special design allowing to fold 
away the driver cabins in order to create regular car transitions for 
passengers.  


 
ICE 2 type: The typical configuration of a German ICE 2 consists of two half 
trains each having a locomotive at one end and a small driving unit (without 
installed power) at the other end. This allows for a splitting up of the ICE 2 in two 
half trains in order to serve two routes having the first part of the trip in common 
(for example the Berlin-Cologne line). 


D.5.2 General criteria 


• Status of development: in use. 
(no details available). 


• Time horizon for broad application: now. 
There are increasing efforts in railways to flexibilise the MU concept. 


• Expected technological development: dynamic. 
Size and costs of traction equipment 
The development of cost efficient EMUs was made possible by a substantial 
reduction of the size of traction equipment allowing for a decentralised under-
floor lay-out. Advances in traction technology (e.g. medium-frequency 
transformers) could drive this trend even further. However, two short train-
sets are more expensive than one long train-set since two entire power trains 
are installed. This effect could be reduced if cheaper power electronics or 
transformers become available. 


• Motivation. 
Raised load factors and thus better utilisation of stock. 


• Benefits (other than environmental): medium. 
Cost efficiency of passenger operation. 


• Barriers: medium. 
Investment costs 
Increased seat-specific costs, cf. Economic criteria – vehicle fix costs. 
Coupling 
Adapting train length to actual demand increases the train formation costs 
due to coupling processes. 
Passenger mobility 
In main-line service, passenger mobility along the train plays an important 
role (e.g. to access dining-car etc.). If train is composed of several train-sets 
coupled together, this mobility is limited. 
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• Success factors. 
Passenger mobility along the train 
In main line service, passenger mobility plays an important role for service 
quality. A joint effort between railways and manufacturers could generate 
satisfying solutions involving coupled train-sets with passenger transitions 
between the sections. The Danish IC3 shows that such solutions are not 
altogether impossible. 


• Applicability for railway segments: high. 
• Type of traction: electric – DC, electric – AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines, freight. 
(no details available). 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: not applicable. 
• Share of newly purchased stock: not applicable. 


(no details available). 
• Market potential (railways): high. 


(no details available). 
• Example. 


(no details available). 


D.5.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: > 10%. 
• Energy efficiency potential throughout fleet:2 - 5%. 


The energy efficiency potential offered by flexible train-sets is difficult to 
assess in general terms. It depends on spatial and temporal demand variation 
and train design. 
 
Example 
The following (simplified) example may give an idea of the different 
influencing factors: 
On a given line presently operated with 4-car train-sets, 50% of the runs have 
an average occupancy of 80%, the other 50% only 30%. If 2-car train-sets are 
introduced instead, 50% of the runs will be realised with two 2-car train-sets 
coupled together, the rest with only one 2-car set. The energy consumed for 
all the runs will be referred to as 100%. 
A typical situation in suburban transport is assumed with the following 
components of energy consumption: 
− 30% air drag. 
− 50% acceleration. 
− 20% comfort functions. 
Energy balance for times with high occupancy: Using two coupled 2-car sets 
rather than one 4-car set slightly (< 10%) increases the mass due to more 
traction equipment. A 10% mass increase will increase energy consumption 
by about 5%.  
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Energy balance for the rest of the day: Using a 2-car rather than a 4-car set 
during hours of low-demand reduces energy demand due to 3 effects: 
− Energy demand for comfort functions is reduced by ~50% (=10% of the 


total consumption). 
− With one train set instead of two and 10% higher mass per car (cf. 


above), mass is reduced by ~45% (=22.5 % of total energy demand). 
− Due to reduced train length, air drag is reduced by ~30% (=9% of total 


energy demand). 
Aggregating these data, we get the following energy balance through the use 
of shorter units: 
− Runs during high-demand period consume 5% more energy.  
− Runs during low-demand period consume ~41.5 % less energy.  
− Assuming that 50% of the energy is consumed on 50% of the runs if the 


same train-sets are used for all runs, one gets a total energy savings of 
0.5 ? 41.5% - 0.5 ? 5% = 18%. 


 
Conclusion 
The above example simplifies the real situation. It shows however, that an 
energy saving potential of over 10% is realistic. 


• Other environmental impacts: positive. 
Flexible train-sets reduce the total rolling stock needed to supply a given 
passenger transport volume. This improves the overall resource efficiency of 
passenger operation. 


D.5.4 Economic criteria 


• Vehicle – fix costs: medium. 
The seat-specific costs are higher for shorter units since (almost) the same 
transformer and inverter equipment is needed as for a longer unit. The same 
is true for the drivers’ cabins. An additional cost effect can arise if trains-sets 
of different length are ordered, especially if the train design requires a tailored 
solution, as was the case for 5-coach and 7-coach MUs ordered for the ICE T 
tilting trains. However, the increase in seat-specific investment costs will in 
most cases be overcompensated by less need for seating capacity due to 
better adaptation of capacity to demand. 


• Vehicle – running costs: significant reduction. 
The running costs per passenger-km are substantially reduced due to: 
− Reduced energy consumption. 
− Reduced maintenance costs (less rolling stock required). 


• Infrastructure – fix costs: non. 
(no details available). 


• Infrastructure – running costs: increased. 
More coupling and decoupling processes are required for train formation. 


• Scale effects: low. 
(no details available). 


• Amortisation: strongly dependent on specific application. 
(no details available). 
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D.5.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: promising. 
• Time horizon: short-term. 


Short train-sets are an effective means to achieve a better occupancy in 
situations with strong variation of temporal or spatial demand. This reduces 
costs and improves energy efficiency (per passenger-km) considerably. 
Higher seat-specific investment is compensated by reduced seating capacity 
to be supplied. In local and regional service the use of short MUs to adapt 
train length to demand is already wide-spread. However, some operators fear 
higher complexity of train formation processes and additional planning efforts 
to ensure vehicle availability. In main line service, a major barrier lies in the 
reduced mobility of passengers along the train. A joint effort between railways 
and manufacturers could generate satisfying solutions for this problem. 


D.6 Light coach interior equipment 


Interior components such as seats, wall panelling and windows offer 
considerable potential for weight reduction. Possible measures include both the 
procurement of new stock and the refurbishment of old cars. 
 
Technology field: Mass reduction. 


D.6.1 General information 


Description 
The interior equipment of passenger coaches typically accounts for 10 to 20% of 
total coach weight. 
Due to the fact that interior parts (seats, interior panels etc.) are usually non-
structural components, there is big lightweight potential. 
 
Interior fittings  
In a modern saloon-type coach (German "Großraumwagen") of 25 m length, 
interior fittings (sides without windows and roof) have a surface of roughly  
150 m2. Typical conventional components have a surface weight of 6.5 kg/m2, 
yielding a total weight of roughly 1 ton per coach.  
New construction variants may substantially reduce this figure. Especially the 
sandwich option using prepregs with a foam or honeycomb core may reduce the 
mass of interior fittigs by some 35%.  
 
Seats 
Lighter seats are another effective means of weight reduction in coach interior 
equipment. The use lighter passenger seats formed part of the refit programme 
realized on several coaches at SBB. 
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D.6.2 General criteria 


• Status of development: in use. 
(no details available). 


• Time horizon for broad application: now. 
(no details available). 


• Expected technological development: dynamic. 
New developments will come mainly from new materials, especially fibre-
reinforced polymers and sandwich structures. 


• Motivation: 
− Weight reduction for reasons of vehicle dynamics. 
− Energy saving. 


• Benefits (other than environmental): medium: 
− Improvement of vehicle dynamics. 
− Lowering of centre of gravity. 
− Reduced axle load. 


• Barriers: low. 
If lightweight interior equipment combines mass reduction with high 
aesthetical value and passenger comfort, barriers are low. 


• Success factors. 
(no details available). 


• Applicability for railway segments: high. 
• Type of traction: electric - DC, electric - AC, diesel. 
• Type of transportation: passenger - main lines, passenger - high speed, 


passenger - regional lines, passenger - suburban lines. 
Weight reductions in interior equipment are not only an option for new stock 
but may be part of retrofit measures on existing stock. 


• Grade of diffusion into railway markets. 
• Diffusion into relevant segment of fleet: not applicable. 
• Share of newly purchased stock: not applicable. 


Weight reduction of interior equipment is a continuous process. Therefore a 
general grade of diffusion cannot be given. 


• Market potential (railways): high. 
(no details available). 


• Example. 
Copenhagen S-trains 
The joint development project of DSB and the Siemens/LHB consortium 
included a thorough assessment of the optimum solution for interior 
equipment combining lightweight with LCA targets. 
 
Refurbishment of coaches at SBB 
In a coach retrofit project at SBB, the total weight was reduced by 2.0 tons 
from 44.0 to 42.0 tons (~5%). This was achieved by lighter seats and by 
elimination of one toilet. 
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D.6.3 Environmental criteria 


• Impacts on energy efficiency. 
• Energy efficiency potential for single vehicle: 2 - 5%. 
• Energy efficiency potential throughout fleet: 1 - 2%. 


In the coach retrofit project at SBB, the total weight was reduced by 2.0 tons 
from 44.0 to 42.0 tons (~5%). This was achieved by lighter seats and by 
elimination of one toilet. Although for new coaches there will be less reduction 
potential, an average reduction potential between 2 and 5% seems realistic. 
The estimated effect on overall energy efficiency is given by the following 
elasticity table: 
 


Table 17 Energy consumption reduction from light coach equipment 


 Traction Brake energy 
recovery 


Effect on 
train mass 


Elasticity with 
regard to train 


mass 


Effect on  
total energy 


consumption 
for traction 


High speed 
train  


electric no 2-5% 0.17 0-1% 


  yes 2-5% 0.12 0-1% 
Intercity 
train  


electric no 2-5% 0.19 0-1% 


  yes 2-5% 0.14 0-1% 
 diesel - 2-5% 0.19 0-1% 
Regional 
train  


electric no 2-5% 0.52 1-3% 


  yes 2-5% 0.44 1-2% 
 diesel - 2-5% 0.52 1-3% 
Suburban 
train  


electric no 2-5% 0.64 1-3% 


  yes 2-5% 0.57 1-3% 
 diesel - 2-5% 0.64 1-3% 
    Range 0-3% 


 
 
• Other environmental impacts: neutral. 


D.6.4 Economic criteria 


• Vehicle – fix costs: low. 
Whereas high performance composite materials such as sandwich 
constructions used to be the exclusive domain of subsidized aerospace 
manufacturers, nowadays new materials and manufacturing processes (e.g. 
crushed-core construction for prepreg sandwiches) make them available at 
competitive prices for railway applications. 


• Vehicle – running costs: significant reduction. 
(no details available). 


• Infrastructure – fix costs: non. 
(no details available). 


• Infrastructure – running costs: unchanged. 
(no details available). 
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• Scale effects: no data. 
(no details available). 


• Amortisation: strongly dependent on specific application. 
Depends on measure, generally rather low. 


D.6.5 Application outside railway sector 


(this technology is railway specific) 
 
Overall rating 
• Overall potential: promising. 
• Time horizon: short-term. 


Lightweight efforts for interior equipment of railway cars are a promising 
measure to be realized in short or mid term. Their effect on energy efficiency 
is medium. Barriers are low especially if lightweight equipment is part of the 
design of new stock. Corresponding refurbishment projects are most 
successful if the replacement of interior equipment is part of a bundle of 
energy efficiency measures ensuring good cost-benefit ratio. 
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E Overview of Dutch train types 


 
ICM ‘koploper’ 


The ICM (InterCity Materieel) is used on long-distance trajectories and 
consists of three or four units. 


 
 


ICR 
The ICR (InterCity Rijtuig) intercity train is usually pulled by an electric 
locomotive. 
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VIRM and IRM 
The IRM (also DD-IRM) and the extended version VIRM are used as long-
distance intercity trains and consist of either four or six units. 


 
DD-AR 


The DD-AR (Dubbeldekker Agglo-Regio) is used as a local train. It is 
either pulled by a motor unit (picture) or an electric locomotive. 
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DDM1 
The DDM1 is the standard double-decker train that is used in the peak-
hours on local lines. 
 


 
Mat’64 


The Mat’64 is the standard local service train. As the name implies, it 
dates back to 1964. 
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SGM 
The SGM (Stadsgewestelijk Materieel), also called ‘Sprinter’ is in service 
on lines with very short distances between stops. It owes its name to its 
quick acceleration from 0-125 km/h in 75 seconds. 
The picture below shows the new SGM-III 


 
SM’90 


 
The SM’ 90 (Stoptreinmaterieel ’90), also known as the ‘Railhopper’ is a 
rather new type of local train. 
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A32 
The A32 is a new lightrail type local train, used on a trial.  
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Cooperation in the improvement of  
energy-efficiency on railways


Reducing the greenhouse effect, increasing security 


on railways and improving the competitive position 


of the rail sector are important topics for national 


governments and the European Union. Improving 


the energy-efficiency of the railways can make an 


important contribution to achieving these aims. 


The TRAINER project was launched for that pur-


pose.


TRAINER-programme


TRAINER stands for TRAining programmes to INcrease 


Energy-efficiency by Railways. The programme is 


funded by the European Commission and focuses on 


energy saving on European railways. The programme is 


implemented by a European consortium of rail compa-


nies and partners from the railway sector. 


 


Sharing knowledge and experience


The main competition for rail companies comes from 


other means of transport, such as road transport. 


European rail companies can help one another to meet 


this competition. By cooperating they don’t have to keep 


reinventing the wheel and can learn from each other’s 


initiatives. The TRAINER-programme supports this 


exchange of knowledge and experience with its ‘Energy-


efficiency Network’, by organising meetings and by 


disseminating information on its website.


Demonstration tour on passenger transport 


On 24, 25 and 26 October 2007 there is a 


demonstration tour of examples of good practices that 


have improved energy-efficiency on railways. 


The demonstration tour will show measures that Dutch 


Railways (NS Passengers) is preparing and that 


Deutsche Bahn (DB) has already taken and which have 


already generated substantial energy savings. The 


demonstration tour offers participants a varied and 


informative programme with an emphasis on practical 


issues. 


Demonstration tour on freight transport


In the spring of 2008 TRAINER will be organising a 


second demonstration tour in Slovakia and Slovenia 


specially devoted to freight transport. 


Agreements between government and rail  


company are in everyone’s advantage 


European governments have committed themselves to 


drastically reducing CO2-emissions. The rail companies 


can help to achieve this. Dutch Railways (NS) has 


concluded a long-term agreement (LTA) with the govern-


ment which will benefit both parties. NS has committed 


itself to saving energy and hence reducing CO2-


emissions by 20 percent. In return, the government will 


support NS in achieving its targets. NS will also be 


reimbursed for their energy tax so long as it meets the 


terms of the agreement. The TRAINER-programme 


wants to secure similar agreements in at least three 


other countries. The parties in the Netherlands (NS & 


SenterNovem) will show what needs to be done.







Training programmes 


The programme devises and implements custom-made 


training programmes for:


1. train drivers (diesel, electric and lightrail)


2. station and cleaning staff 


3. management of rail companies. 


The training programmes include both theory and 


practice:


- behaviour (ecodriving)


- technology (rolling stock and infrastructure)


- organisation (planning and logistics)


- long-term agreement (LTA)


The training for train drivers will be supported by a virtual 


training application.


Objectives


The objectives of the TRAINER-programme are:


to inform at least five rail companies and 25,000 


train drivers how they can improve energy-


efficiency on and around the railway 


to help the rail sector to reduce CO2-emissions 


by 1 Mton a year


to establish a strong network within which 


European rail companies can share their 


knowledge and experience of energy-efficiency 


programmes 


to secure a long-term agreement between the 


government and the rail company in at least 


three countries 


to contribute to improving the competitive 


position of the rail sector (in relation to road 


transport).


•


•


•


•


•


Implementing partners


TRAINER is carried out by a consortium of organisati-


ons from throughout Europe, each of them with its own 


expertise. Each partner is responsible for carrying out a 


specific range of activities. 


SenterNovem coordinates the programme.


Partners


NS (Nederlandse Spoorwegen), The Netherlands


GeneraLynx, Slovenia


SZ (Slovenske Zeleznice), Slovenia


CRES (Centre for Renewable Energy Sources), 


Greece


ZSSK CARGO (Zeleznicná Spolocnost Cargo 


Slovakia), Slovakia


VVCR (Verkeers Veiligheids College Rijssen), 


Netherlands


ENEA (Ente per le Nuove Tecnologie l’Energia e 


l’Ambiente), Italy


TRENITALIA, Italy


SenterNovem, The Netherlands


Cohesion and Collaboration 


The TRAINER-programme is part of the European 


Intelligent Energy Europe programme and is subsidised 


by the European Commission. The programme also 


collaborates intensively with the FP6 Railenergy  


(www.railenergy.org) project and the UIC. This gives 


participants in the programme access to the knowledge 


and experience of innovative rail companies and the 


UIC.


•


•


•


•


•


•


•


•


•


For more information about TRAINER visit www.iee-trainer.eu 
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Introduction
For many countries, energy efficiency (EE) is more than ever 
of strategic importance, offering an inexpensive route to in-
crease the security of energy supply, reduce CO2 emissions, 
and improve competitiveness. This is also reflected in recent 
publications of the European Commission, such as the Ener-
gy Efficiency Green Paper (Doing More with Less, 2005), the 
Directive on the performance of buildings, the Directive on 
end-use energy efficiency and energy services, the Eco-design 
Directive, and the Energy Efficiency Action Plan.


The European Commission (EC, 2006a, p.6) states that 20 % 
of total primary energy consumption in 2020 can be avoided 
by implementing new and existing policies and measures, 
and using today’s cost-effective energy efficient technologies. 
This potential implies a saving rate of 1.5 % per year on top 
of the 1.8 % per year of the ‘baseline’ developments1. The full 
potential of cost-effective energy savings in 2020 is estimated 
to range between 25–30 % depending on the end-use sector 
(see Table 1).


Table 1 shows that the second largest saving potential (in ab-
solute terms) can be found in industry, even though its poten-
tial expressed in percentage of the final consumption per sector 
ranks lowest. Note that these potentials can differ considerably 
per country. For instance, the IEA (IEA, 2004, p.1) states that 
energy intensity and energy consumption per unit of produc-
tion is much higher in economies in transition (EITs) than in 
the EU15, and the full potential for energy saving in EITs can 


1.  The EC (EC, 2006c, p.8) uses a baseline scenario that assumes no additional 
action is taken, resulting in energy savings of 1.8 % per year up until 2020 due to: 
autonomous improvements (0.85 %), the impact of previous measures (0.35 %) 
and structural changes (0.6 %).


Transferring the Dutch success of 
voluntary agreements with industry to 
other countries


Nicole van Beeck
SenterNovem
The Netherlands
n.van.beeck@senternovem.nl


Keywords
energy policy, industry, energy efficiency, voluntary agree-
ments, long term agreements, knowledge transfer


Abstract
Many countries in Europe, in particular the New Member 
States, struggle with the effective implementation of EU direc-
tives on energy, leaving a large part of the potential for energy 
efficiency untouched. Voluntary agreements between govern-
ment and industry appear to be an attractive alternative. The 
Dutch voluntary agreement scheme, called Long Term Agree-
ments (LTAs), has proven to be a flexible cost-effective instru-
ment that can complement the EU emission-trading scheme 
to better exploit the full energy efficiency potential in industry. 
Recently, several countries have expressed their interest in the 
Dutch approach. 


This paper addresses the transfer of the Dutch LTA approach 
to other countries, based on experiences in Bulgaria and Ro-
mania. In particular, the paper describes the key factors which 
determine the success of the LTAs and discusses an approach 
(including indicators) for successful transfer of Dutch LTA 
knowledge to a different economic, legal, and socio-cultural 
context.


A first project on LTA knowledge transfer in Bulgaria shows 
that the LTA concept can be transferred successfully to other 
countries, if the transfer process is divided into phases, and 
cultural aspects and key factors for success are taken into ac-
count.


7,057  Transferring the Dutch success of voluntary agreements with industry to other countries van Beeck, Nicole
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range up to 30-50 % of total final consumption. According to 
the EC (EC-DGTREN 2006, Annex 1), a substantial part of 
this potential can be exploited cost-effectively by simply imple-
menting existing EU directives more rigorously.


However, many countries struggle with an effective im-
plementation of the EU-Directives. The EE Action Plan (EC, 
2006a, p.9) notes that there are presently infringement proce-
dures open against 20 Member States for either non-notification 
or bad application of legislation related to energy efficiency. 


There is a wide range of policy instruments that can be used to 
improve energy efficiency (see, for example, IEA DSM (2005), 
EC (2006a), EC (2005), most of which are commonly applied in 
the majority of the EU member states. Probably the most obvi-
ous instrument is information dissemination, as information is 
a prerequisite to raise awareness and initiate change. However, 
disseminating information alone does not usually bring about 
substantial change, and effects of information campaigns tend 
to fade away as soon as the campaigns are ended (AER, 2006)). 
Nonetheless, information in the form of feedback appears to be 
essential in sustaining changes. Although the effects of educa-
tion and training usually last longer than public campaigns, 
they are limited to a much smaller scale due to their intensive 
and time-consuming character. Moving up from soft to more 
stringent policy instruments, financial incentives such as sub-
sidies and tax benefits have proven to be effective in seducing 
people to change. Free riders are, however, difficult to exclude. 
Regulation is the most stringent of policy instruments, and is 
relatively simple to introduce, but not always easy to enforce. In 
the last two decades, market-based instruments seem to be in 
favour, where governments determine goals and set up accom-
panying frameworks, and the market is left to sort out the most 
efficient way to work within the frameworks. The EU emission-
trading scheme (ETS) is one example of such an instrument. 
Although market based instruments are in theory very power-
ful and cost-effective, in practice they have undesirable side 
effects due to market failure. 


One effective instrument has not yet been mentioned: the 
voluntary agreements (VA). In the 1980s and 1990s, this instru-
ment was introduced in many countries, including Germany, 
Austria, Denmark, Italy, and the UK (SenterNovem, 2006a, 
p.10). And the success that the Netherlands has shown with 
its voluntary agreements with industry has certainly set an ex-
ample, as noted by the EC in their Green Paper on Energy Ef-
ficiency (EC, 2005, p.25). How can this success be explained? 
And do voluntary agreements in industry have an added value 
now that the EU-ETS is in place? 


Indeed, currently it seems as if governments rely only on the 
EU-ETS to achieve CO2 emission reductions and energy ef-
ficiency in industry, thereby ignoring other instruments. The 
European Commission also largely ignores industry in its re-
cent documents on energy efficiency, focusing instead on the 
transport sector and on buildings (EC, 2006a).


However, the ETS, by itself, does not necessarily result in 
cost-effective EE measures actually being taken (see Section 
‘LTAs and EU-ETS’). This could leave a substantial part of the 
potential for energy savings in industry untouched. Voluntary 
agreements can compensate for these shortcomings, and this 
paper describes how other countries can benefit from the suc-
cess of the Dutch VA approach.


The	basics	of	Dutch	voluntary	agreements	with	
industry


The	LTA	ConCepT	
Voluntary agreements can take different forms, but the most 
common ones are probably those between government and 
industry. The Dutch Voluntary Agreements (VA) between the 
national government and industry (and other sectors) are gen-
erally referred to as Long Term Agreements (LTAs). It is im-
portant to note that in the last 15 years, the Dutch LTAs have 
evolved considerably, involving more ministries and other sec-
tors2. In fact, the second generation LTA scheme (since 2001) 
has features that differ essentially from those of the first genera-
tion. For the sake of clarity, the basics of LTA explained here 
refer only to the first generation LTAs with the industrial sector. 
(This can be justified because industry is the target sector for 
knowledge transfer on LTA, and because the transfer mainly 
involves elements from the first generation, which is less com-
plex than the second one.)


The Dutch LTAs aim to improve the energy efficiency in the 
participating industrial sectors on the longer term. The LTAs 
are negotiated agreements, and to make the negotiation process 
more manageable, sector associations often represent the indi-
vidual companies during negotiations with the government. 


2.  At the start of lTAs, the national government was represented by the Ministry of 
Economic Affairs. Today; also the Ministry of Agriculture, Nature and food Quality, 
and the Ministry of Spatial Planning, Housing and the Environment are involved. 
The economic sectors involved include several industrial sectors, agricultural sec-
tors, and also the services sectors, see http://www.senternovem.nl/lTA/sectors/in-
dex.asp.


Full energy saving potential of EU-25 in 2020


Sector (Mtoe) (%)


Manufacturing Industry 95 25%


Residential (Households) 91 27%


Tertiary (Commercial Buildings) 63 30%


Transport 105 26%


Table	1.	estimates	for	the	full	potential	of	cost-effective	energy	savings	in	the	end-use	sectors	of	eU-25	in	2020	compared	to	2005.		


Source:	(eC,	2006a,	p.6).
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The LTAs are also legally binding, target-based3 agreements 
(SenterNovem, 2006a): participating companies commit them-
selves to obtain specified EE targets within predefined periods. 
The government, in return, commits to facilitate the compa-
nies with, for example information and incentives, and it com-
mits to avoid introducing more stringent regulation during the 
agreement period. The voluntary character of the agreements 
is reflected in the fact that no company can be forced to sign a 
contract to join an LTA, and is free to withdraw from it. 


The first agreement period (LTA1) started in 1989, and was 
partly a response to the problems associated with the enforce-
ment of the Environmental Management Act. The agreement 
period lasted 12 years, and was subdivided into three periods 
of 4 years. Before the start of each new 4-year period, the par-
ticipating companies prepare an Energy Conservation Plan 
(ECP). The ECP contains all the energy saving measures that 
the company is planning to take in the upcoming 4 years. The 
ECPs are approved by the municipalities4 and serve as a basis 
for issuing environmental permits. Besides the ECP, companies 
have to implement an energy management system, and they 
are required to deliver a progress report annually. If a company 
fails to comply with the requirements (ECP, annual reports, an 
energy management system or reaching targets), it can be ex-
cluded from the agreement. Even entire sectors face sanctions 
when in non-compliance: the agreements can be terminated 
if targets are not met. Excluded companies faced a credible 
threat of sanctions: They would loose the support in getting 
their environmental permits and in theory, the municipalities 
could set more stringent energy-related requirements (such as 
a fixed percentage of energy savings in 4 years) when issuing 
environmental permits. These requirements would then also 
be firmly enforced. 


As part of its commitment, the Dutch government commis-
sioned SenterNovem5 as independent intermediary. Besides 
mediating between government and industry, SenterNovem 
supports the companies in preparing their ECPs, it monitors 
the annual progress of LTA participants, and it helps munici-
palities in evaluating the ECPs. In addition, SenterNovem facil-
itates knowledge exchange through dissemination of best prac-
tices, exchange platforms and networks, and provides practical 
tools, such as a database on energy measures, or a quick-scan to 
determine the energy saving potential (SenterNovem, 2006c). 
SenterNovem also manages, for the Ministries, several financial 
support schemes that promote EE improvements.


As stated above, the primary objective of LTAs is improve-
ment of energy efficiency in industry6. Evaluations of the first 
generation LTAs have shown some remarkable results (Senter-
Novem, 2001, p.7). In total, the LTA1 period included 32 agree-
ments with industrial sectors covering 90 % of industrial ener-
gy consumption. The actual improvement in energy efficiency 
(22,3 %) exceeded the target of 20 % that was set at the start of 


3.  As opposed to implementation based agreements, which merely require that 
you make an effort.


4.  In some cases, the competent authorities are the Dutch provinces instead of 
the municipalities.


5.  At the start of lTA1, Novem (which only became SenterNovem in 2005) was 
not yet a government agency.


6.  The second generation lTAs (lTA2) started at the end of 2001 and now also 
includes renewable energy, as part of the so-called ’Expansion Themes’.


LTA1 in 19897. However, the LTAs resulted in more than just 
EE improvements; they also contributed to the following na-
tional policy goals (Dinica et. al., (2007, p.1197), SenterNovem 
(2006c)):


Improvement of the international competitiveness of Dutch 
companies by lowering the production costs and enhancing 
learning through networking,


Improvement of the security of energy supply by reducing 
the dependency on imported energy,


Reaching the Dutch targets for emission reductions result-
ing from Kyoto,


Effective implementation of the Environmental Manage-
ment Act,


Stimulating Dutch innovation through the voluntary adop-
tion of measures and technologies that go beyond the ‘busi-
ness-as-usual’. 


Note that the LTAs are part of a larger Dutch policy frame-
work, including regulation, subsidies and tax incentives, as well 
as information dissemination (see Section on “Policy instru-
ments complementing LTAs” below). This makes it difficult to 
attribute the exact contribution of LTAs to each of the above 
mentioned policy goals. 


After the success of LTA1, the second agreement period (sec-
ond generation LTAs, or LTA2) started in 2001 and will end in 
20128. There is no overall target set for the second generation 
LTAs, as each sector uses sector-specific targets. However, the 
aim is to reach an overall 1.3 % annual EE improvement (base-
line 1998). Results from 2005 show that LTA2 is also on track, 
with a 2,2 % improvement in EE for that year, corresponding 
to 3,4 Mton of CO2 (SenterNovem (2006b, p.4)). 


poLICy	InSTrUmenTS	CompLemenTIng	LTAS
As mentioned in the previous section, the LTAs are embedded 
in a larger framework containing a mix of policy instruments 
that serve as ‘carrots’ and ‘sticks’ to obtain EE improvements 
in industry, among other objectives. This mix reflects the full 
range of policy measures available, from information dissemi-
nation, to financial incentives, to regulation. Table 2 gives an 
overview of these policy instruments complementing LTAs.


Key	fACTorS	DeTermInIng	The	SUCCeSS	of	LTAS	In	The	
neTherLAnDS
The factors that explain the success of VA approaches in general 
have been described by Rezessy et. al. (2005), and Bertoldi et. 
al. (2003) among others. In this section, the focus is placed on 
the aspects that proved particularly successful for the Dutch 
LTA1 approach. The main stakeholders in the implementation 
process include the Ministry of Economic Affairs, branch asso-
ciations, individual industrial companies, municipalities, and 
SenterNovem as independent intermediary. The LTA imple-


7.  The target applies for 2000 in relation to the reference year 1989. It relates to 
energy consumption per physical unit of product and is independent of changes 
in production.


8.  lTA2 is for small and medium sized enterprises (SMEs), while the energy 
intensive industrial companies (energy consumption >0,5 PJ) can choose to join 
the Benchmarking Covenant, even though they are now generally eligible for the 
EU-ETS (SenterNovem, 2001). 


•


•


•


•


•
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Type Instrument Managed by Description


Information


dissemination &


process support


General Information


dissemination


SenterNovem Websites, brochures, guidelines, formats, checklist, etc. to


disseminate knowledge and examples of best practices of energy


efficiency improvements and energy management in industry.


Information exchange


platforms & networks


SenterNovem Different Knowledge Networks support knowledge transfer in specific


areas (e.g., advanced heat exchanger or process intensification).


Also, User Groups bring together different companies from a sector in


order to improve the energy efficiency of a preselected subject, like


compressed air. The aim is to share and exchange information on the


subject and to work together towards energy efficient solutions.


Database on energy


saving measures


SenterNovem For every participating sector there is a specific list of energy efficient


measures. The list is drawn up in close consultation with the sector


and energy specialists.


EPS - Energy


Potential Scan


SenterNovem Scan to make an inventory of a company’s energy consumption and


possible energy conservation actions, and to map areas in which the


energy management can be improved. Complementing scans are the


Energy Innovation Scan and the Life-cycle Energy System Scan.


Decision Support


Tools


SenterNovem Several general and specific decision-making support tools (software)


have been developed, such as tools for Return on Investment,


improving lighting efficiency, energy efficient cooling/freezing


equipment for supermarkets, and waste heat usage for the foundry


industry.


EPA - Energy


Performance Audits


Certified energy


consultants


Expert advice on the energy performance of a building, including a list


of measures to improve its performance.


SME Energy Centre Branch


associations


Specific advice, services, and products for members (SMEs and


branch associations) to improve the energy efficiency and use of


renewable energy in each of the participating sectors. Includes an


internet information portal.


Financial


incentives


EIA – Energy


Investment Allowance


and other fiscal


incentives


SenterNovem EIA is a tax allowance for investments in EE and RES that allows


entrepreneurs to reduce a certain % of an investment in eligible


equipment from the taxable profits in the year of investments. In


addition, there is a scheme for accelerated depreciation of specific


environmental investments (VAMIL), and a tax allowance for specific


environmental investments (MIA). All schemes give incentives to the


investors in environmentally friendly investments.


REB – Regulating


Energy Tax


VROM Tax since 1996, as part of a ‘greening’ of the tax system by placing a


tax on consumption of electricity and heat to promote the efficient use


of energy. The tax is budget-neutral, since the REB is compensated


by a lower tax on labour and capital.


SKB - Knowledge


Transfer Subsidy for


Branch Associations


SenterNovem Generic subsidy program until 2005 to improve the competitiveness of


SMEs, which could be used for EE improvements as well. Branch


associations are supported to disseminate knowledge on technology


innovations.


Green Investment


Funds


Major Dutch


Banks;


SenterNovem


Green funds aim to attract funding for ‘green’ projects at reduced


interest rates. Banks can offer loans below market interest rates while


still making the funds attractive to investors.


Regulation Wm - Environmental


Management Act


VROM;


Municipalities


Prescribes environmental permits (issued by municipalities and


provinces) for certain companies, including requirements for large


energy consumers to make energy conservation plans and to take


energy measures with a payback time of 5 years or less (since 1999).


VROM = Ministry of Housing, Spatial Planning, and Environment; EZ = Ministry of Economic Affairs


Table	2.	policy	instruments	complementing	LTAs.	Source:	Senternovem	(2006c,	2006d,	2006e),	energiecentrum	mKB	(2006),	Vrom	(2006).
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mentation process included the following –often recurring—
steps (Figure 1, based on SenterNovem (2006a) and Dinica et. 
al. (2007)):


Of course, following these steps is no guarantee for success, 
they are not even meant to be applied rigorously. They merely 
help to structure the implementation process. The real factors 
that determine the success of the Dutch LTA approach are often 
related to attitudes and interaction between the stakeholders. 


These key factors include first of all awareness concerning 
each of the stakeholders’ problems and viewpoints, as well as 
the willingness to cooperate towards a common goal. The vol-
untary character of LTAs requires a participatory approach, 
involving all relevant stakeholders, so that a broad support base 
exists for implementation of the LTA instrument. One impor-
tant group in the Netherlands consists of the (strong) sector 
associations, which often represent the individual companies 
during negotiations with the government to make the process 
more manageable. The participatory approach is also needed to 
create commitment from all parties. Obviously, the companies 
show commitment when taking energy saving measures, and 
they expect similar commitment from the government in the 
form of support and (financial) incentives. 


In addition, mutual trust is essential to get stakeholders to 
cooperate and succeed in negotiating realistic-but-ambitious 


EE targets for the industry that go beyond business-as-usual. 
This requires that parties must be able to discuss issues at a 
fairly equal level. Transparency in processes and procedures 
is equally important, while a long-term horizon to reach the 
goals ensures enough time for learning and change to take 
place (hence the name Long Term Agreements). 


During the agreement period, government should refrain 
from introducing new rules and regulations in order to reduce 
the regulatory uncertainty for the companies. The targets set 
by these companies need to be concrete and quantified, while 
measures and performance indicators need to be determined. 


If all this is negotiated and agreed upon, legally binding 
agreements can be signed as the explicit statement of the par-
ties’ commitment. Now, the actual operation of the LTAs be-
gins. Obviously, information is needed about EE potentials, 
possible measures and their cost-effectiveness, guidelines and 
formats for conservation plans, etc, etc. In the Netherlands, this 
is provided by the intermediary or facilitator SenterNovem. 


Besides information dissemination, SenterNovem also pro-
vides platforms for exchange of good practices, promotes the 
creation of networks and manages several financial schemes 
that aim to stimulate EE measures in industry. This way, the 
LTAs are embedded in a framework consisting of a mix of 
policy instruments that serve as carrots and sticks for EE im-


Process steps Description


Establish cooperation,
commitment & common


goals


Offer


Incentives


Negotiate


Conclude & implement


the agreements


Promote information


dissemination


Control action through


monitoring


Evaluate


results


Apply sanctions if


needed


Awareness needs to be raised, followed by the establishment of


cooperation between and commitment of stakeholders, while common goals


need to be defined, e.g. through a ‘declaration of intent’.


Incentives make the commitment of the government explicit and can be


used to stimulate companies and establish broad participation. Examples:


energy audits, technical assistance, help in R&D, subsidies and tax rebates.


Surveys and negotiations lead to agreement on concrete targets, measures


& indicators, incentives, and monitoring structures (e.g., independent


monitoring agency).


Signing of the agreements marks the start of real implementation.


Exchange of information and best practices enhances learning, and


supports transparency and multiplication of successful measures.


Regular monitoring (e.g., by means of an independent agency) is important


to determine compliance and progress of companies.


Regular evaluation of (intermediate) results of the overall LTA scheme,


including an assessment of its effectiveness, is important to keep


stakeholders motivated and enhance peer pressure.


Peer pressure and (the threat of) sanctions can be used to avoid non-
compliance with the agreed targets.


A


B


C


D


E


F


G


H


Figure 1. Steps of the LTA implementation process.


Contents Index Authors







7,057  VAN BEECk PANEl 7. MAkING INDUSTRIES MORE ENERGY EffICIENT


1432	 ECEEE 2007 SUMMER STUDY • SAVING ENERGY – JUST DO IT!


provement (see Table 2). SenterNovem also performs the task 
of the (initially) independent monitoring body, which collects 
the data of all participants, meanwhile ensuring that strategic 
information of companies (as far as it would affect their com-
petitiveness) is treated as strictly confidential, and gives feed-
back on the overall progress to keep up the motivation and 
encourage peer pressure. 


Finally, companies and associations face a real (threat of) 
sanctions in case of non-compliance, consisting of termination 
of the agreement. This would imply a loss of support in getting 
the environmental permit, a loss of autonomy in setting and 
reaching EE targets, and the real possibility of more stringent 
requirements in the permit. Also, if too many sectors are in 
non-compliance, the government would introduce more strin-
gent regulation. Note that no relative weight is attributed to the 
key factors mentioned here, and their importance may vary de-
pending on the sector or the implementation step concerned. 


An important lesson learnt from the experiences in the 
Netherlands is that the LTAs have contributed significantly to 
internalising EE thinking in the mindset of the companies, es-
pecially at the management level where, otherwise, this is often 
not the case. When asked for their motivation to participate 
in LTAs, the companies generally mentioned cost savings, im-
proved operations, peer pressure, and improved image. On the 
other hand, companies proved reluctant to finance external 
studies and advice unless the effect was immediately clear. Con-
cluding, we can say that LTA is a proven cost-effective and flex-
ible approach for setting and achieving ambitious EE targets. 


Of course, cultural aspects explain part of the Dutch success. 
For instance, the environmental awareness in the Netherlands 
is generally high compared to other countries, which might 
motivate companies to participate in LTA to improve their pub-
lic image. Also, the Netherlands has a tradition of cooperation 
related to environmental problems (e.g., with dikes), as well as 
a tradition of solving problems through negotiation. This has 
created a rather high level of mutual trust between partners. 
Finally, the “power distance” between groups in Dutch society 
is low, allowing industry to negotiate with the government at 
a nearly equal level. All this implies that experiences with the 


Dutch LTA approach cannot be transferred to other countries 
on a 1-to-1 basis; cultural aspects also need to be accounted 
for. Likely, this will affect the relative importance of the key 
factors mentioned above: in a particular context, some key fac-
tors will require more attention than others. A study on the 
national context is therefore a prerequisite in any project on 
LTA knowledge transfer.  


LTAS	AnD	eU-eTS
Does LTA or any other existing instrument to promote en-
ergy efficiency in industry become ineffective when the EU 
emissions trading scheme (EU-ETS) is in place? The ETS is 
a European-wide ‘cap-and-trade’ system introduced in 2005 
to reduce the CO2 emissions of energy intensive companies. 
Research on the interaction of ETS with other EU and national 
policies is limited (Haar and Haar, 2006). However, the use of 
this market-based instrument raises the question whether all 
other instruments used for CO2 reduction, including EE instru-
ments, are redundant (thereby making LTA knowledge transfer 
irrelevant). 


The INTERACT study (Interact, 2003) concludes that exist-
ing instruments indeed become ineffective, but only if the ETS 
operates without deficiencies or market failure, and this is not 
the case. Apart from the fact that the target of ETS is green-
house gas (GHG) reduction, not EE improvement, in practice 
the ETS shows several weaknesses. For instance, many Cen-
tral and Eastern European Countries can profit from ‘hot air’ 
without having to take abatement measures, and there is still 
no level playing field. In addition, Bertoldi and Rezessy (2006) 
remark that the ETS only gives an indirect incentive to save 
energy (through price increases of carbon intensive products). 
And due to inelastic purchase patterns, the effect on energy effi-
ciency of a possible price increase driven by the ETS is probably 
negligible. In addition, they claim that companies will not rec-
ognize EE as a business opportunity to improve competitive-
ness and comfort, nor will ETS take away the various barriers 
that hinder already cost-effective EE projects. Therefore, they 
conclude that EU-ETS alone cannot be relied upon to signifi-
cantly increase end-use energy efficiency and renewable energy 
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Figure 2. Key factors for success in the Dutch LTA approach related to the implementation steps during which they are particularly 


important. Note that the size of the ellipse is not an indication for the importance of the key factor relative to the others.
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deployment. Moreover, there is a threat that ETS might hamper 
information exchange and learning – and thus innovation9 and 
spillovers – due to the fact that knowledge becomes a com-
petitive advantage in trading. The development and diffusion 
of new breakthrough technologies is thought to be essential to 
realise substantial emission cuts (EurActiv, 2006), and would 
therefore justify additional instruments besides ETS. 


So, placing all bets on ETS might prove to be a risky one, and 
using additional instruments seems wise, even if this implies an 
increase of the costs of GHG reduction. Even the INTERACT 
study (2003, p.40) mentions that other policy instruments may 
be needed to overcome market failures associated with ETS. 
As one of the solutions, Bertoldi et. al. (2003) propose to use 
a combination of ETS and LTA to ensure EE improvement. In 
line with that, we argue that LTA is a cost-effective and flexible 
instrument to bring about real EE improvements, which can 
be used complementary to ETS. The two instruments might 
even enhance each other when revenues from selling CO2 
emission rights are reinvested in additional EE measures. In 
addition, LTA will enhance technology development and dif-
fusion, thereby overcoming some of the drawbacks of emis-
sion trading. If designed properly, the administrative burden 
associated with LTAs is modest, which is a strong argument 
to use LTA for those companies that are too ‘light’ for ETS. 
Finally, as already mentioned in section ‘The LTA Concept’, 
other policy objectives might also be a reason to use the LTA 
concept. The question which we turn to next is how the LTA 
approach, the knowledge and experience, can be transferred to 
other countries.


Transferring	Dutch	LTA	knowledge	to	other		
countries
In 2005, the Bulgarian Ministry of Economy and Trade re-
quested the Dutch Ministry of Economic Affairs for support 
on LTA. This request was soon followed by a similar request 
from the Romanian Ministry of Economy and Commerce. The 
approach for knowledge transfer described in this section is 
based on experiences so far in Bulgaria and Romania (ESDB, 
2006)10. A new LTA project is planned to start in 2007 in the 
Czech Republic, and possibly in Poland and Hungary as well. 
The transfer approach consists of three phases: 1) the intro-
duction phase; 2) the 3-track survey & negotiation phase; and 
3) the implementation phase.


phASe	1:	InTroDUCTIon	of	LTAS
Objective: create a support base for Long Term Agreements, as 
well as commitment among the stakeholders.


The knowledge transfer process starts with creating a sup-
port base and commitment among the relevant stakeholders, 
and for that, they first need to learn the basics of LTAs so that 
they know what the consequences of their decisions are. This 
requires a participatory approach during project implementa-
tion. Subsequently, Phase 1 provides an analysis of the use of 


9.  Bertoldi and Rezessy (2006) remark that market-based instruments stimulate 
innovations only when these bring extra rent to the obliged parties.


10. The approach used in Bulgaria and Romania has been developed using 
previous experiences from a similar EC project by SenterNovem in China, see 
http://www.va-china.com.


LTAs in the Netherlands and Europe as well as an analysis of 
the context in the target country. The outcomes of the analyses 
are presented and together with the feedback from the stake-
holders are compiled in a blueprint for a specific LTA scheme 
in the target country. This blueprint, in turn, is presented to 
the stakeholders for feedback, which results in the compilation 
of a final proposal for an LTA scheme in the target country. 
The final proposal describes the preconditions for a success-
ful introduction of LTAs in the target country. The report also 
includes a follow-up strategy tailored to the situation in the 
target country, and thus serves as the starting point of the sec-
ond phase.


The development of instruments is not addressed in the first 
phase. Rather, the support is mainly geared towards managing 
the learning process. At the end of Phase 1, all participants in 
the project will have gained insights in:


The structure and use of the LTA instrument


The added value of using LTAs in the target country


How LTAs can be introduced in the specific national con-
text


Finally, the commitment of the stakeholders for follow-up ac-
tivities can be made explicit through Letters of Intent. Bulgaria 
successfully completed this phase in July 2006 with the signing 
of Letters of Intent between the Minister of Economy and En-
ergy and 5 industrial branch associations. Romania is expected 
to finish this phase in the beginning of 2007.


phASe	2:	A	Three-TrACK	ApproACh	for	SUrVeyS		
&	negoTIATIonS
Objective: Resolving issues & concluding LTAs


The goal of the second phase in the process of LTA knowl-
edge transfer is to conclude (a select number of) actual Long 
Term Agreements (LTAs) on energy efficiency between gov-
ernment and industry. Before these LTAs can be concluded, 
however, several issues need to be resolved. These issues follow 
from the final country report of the first phase, and will likely 
require additional surveys, consultations and negotiations 
around three main tracks:


[Track A] Setting concrete targets for EE in participating 
industry


[Track B] Providing government incentives to support 
EE measures in industry


[Track C] Establishing an administrative body for facilita-
tion and monitoring 


Pilot projects with motivated companies are used to develop 
general guidelines, training, formats and proposals that form 
the basis for the negotiations of the final agreements. The sec-
ond phase for Bulgaria is planned to start in February 2007. The 
approach of the second phase as described above can only be 
applied if the first phase was completed successfully and com-
mitment of the participants is high. If this is not the case, alter-
native strategies need to be developed, such as a greater focus 
on companies deploying basic energy management that results 
in direct cost savings.


1.


2.


3.


•
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phASe	3:	ImpLemenTATIon
Objective: Monitoring real energy measures


In the third phase, the LTAs are actually executed: Once the 
LTAs are signed, companies have to start taking real energy 
measures and monitor their progress. Also, an administrative 
body for facilitation and monitoring has to be in operation. In 
this phase, additional support will likely be required for knowl-
edge transfer regarding monitoring capacity. Also, additional 
tools can be developed, and efforts can be made to conclude 
LTAs with other companies and sectors. Concrete activities 
have to be determined based on experiences from the second-
phase projects.


Indicators	for	success	in	transferring	LTA		
knowledge	
In 2006, a 6-month project started on LTA knowledge trans-
fer to Bulgaria, financed by the Dutch Ministry of Economic 
Affairs (ESDB, 2006). This project covered the first phase of 
the knowledge transfer approach discussed above. A similar 
project is currently ongoing in Romania. In the first phase, the 
efforts focus on creating a broad support base for Long Term 
Agreements, as well as commitment among the stakeholders. 
The added value of LTA in the target country is investigated, 
as well as the requirements for successful implementation. 
The support during the first phase is mainly geared towards 
providing general information and managing the learning 
process, so no details are filled in yet, nor are specific instru-
ments developed. Basically, Phase 1 corresponds with the step 
[A] ‘Establish Cooperation, Commitment & Common Goals’ 
of the implementation process in Figure 1. The importance of 
this phase cannot be stressed enough – it provides the founda-
tion on which the successes of all other steps will be built. So 
it is vital to spend enough time to cover this aspect. However, 
during the project, the Bulgarian industrial parties stressed that 
they expect the government to provide (financial) incentives as 
a token of their commitment. This implies that step [B] ‘Offer 
Incentives’ also needs to be addressed in Phase 1. 


In Bulgaria, the KISS-principle (Keep It Super Simple) 
proved to be very valuable, not in the least when providing in-
formation. The stakeholders need time to learn and articulate 


what they need in terms of information and support, which 
implies dosing the information, avoiding giving too much at 
once. This might be an ‘open door’ but the Dutch LTA approach 
has evolved over a considerable period of time, building each 
year on previous experiences, becoming more and more com-
plex. Somehow, it proves difficult for most experts to remember 
how simple the process began, and take that as a starting point. 
To allow for learning, the transfer process has recurrent steps, 
which also allows for getting feedback from the stakeholders 
before finalising studies, blueprints or proposals. Together with 
the participatory approach this creates mutual understand-
ing, with stakeholders beginning to view LTA as part of their 
own ideas (a commonly shared goal), which ensures commit-
ment. Also, the participants in Bulgaria expressed the need for 
a transparent process (to avoid situations in which partners 
that take part in the negotiations have a competitive advan-
tage as a result of insider knowledge). The sector associations 
proved useful in mobilising their members and signing letters 
of intent with the government to make commitments explicit. 
Also, there was a lot of (inconclusive) discussion on the struc-
ture for an administrative/ monitoring body.


The experiences in Bulgaria reveal that out of the 17 elements 
identified as the key factors to the Dutch LTA success (see Fig-
ure 2), the following factors appear to be the most decisive in 
Phase 1 of the transfer process: 1) Awareness; 2) Participatory 
approach; 3) Commitment; 4) Mutual trust; 5) Transparency; 
and 6) (Financial) incentives. Figure 3 shows a web diagram 
with (indicative) scores on the key indicators for successful 
implementation of Phase 1 of LTA in Bulgaria. A score moving 
towards the outer boundaries of the web indicates an improve-
ment on a particular indicator. The surface in the centre indi-
cates the scores before the start of the transfer process; the line 
indicates the scores after completion of Phase 1. 


Although it is rising, environmental awareness in Bulgaria 
is still rather low. The project has increased the awareness of 
project participants concerning the importance and benefits of 
EE, and the added value of LTA as an instrument to improve 
EE in their sectors.


All parties showed genuine commitment during the project 
to work towards the implementation of LTA. First of all, the 
Bulgarian Ministry of Economy and Energy, who originally 


Awareness


Participatory Approach


Commitment


Mutual Trust


Transparancy


(Financial) Incentives


Before After


Figure 3. Indicative scores on the key indicators for success at the end of Phase 1 of LTA knowledge transfer in Bulgaria. Scores near 


the outer boundaries of the web indicate a higher score (improvement) on a particular indicator.
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initiated the project, was open to discuss the possible use of 
the LTA instrument with the industrial sector, allowing for a 
participatory approach. The industrial parties, in turn, explic-
itly showed commitment by signing 5 Letters of Intent with the 
Ministry of Economy and Energy. 


The participatory approach was fairly new for Bulgaria, but 
all parties appear to support the approach, creating a mutual 
goal and establishing a basis of mutual trust. Note that estab-
lishing mutual trust is a slow process that needs to be ‘mas-
saged’ in following phases. It also requires that parties can dis-
cuss and negotiate issues at a fairly equal level. 


Transparency and financial incentives will be particularly 
important in the second phase, especially concerning the sur-
veys that provide input for the negotiations. However, empha-
sis was put on these indicators during discussions in Phase 1, 
stressing the importance of a careful consideration in the next 
phase.


Lessons	learned
LTA has proven to be a flexible cost-effective instrument in 
the Netherlands that can complement the EU-ETS to exploit 
the full EE potential in industry. Based on experience from 
the Phase 1 project on LTA knowledge transfer in Bulgaria 
we believe that the LTA concept can be transferred success-
fully to other countries, provided that the transfer process is 
divided into phases, cultural aspects are considered, as well as 
the key factors for success mentioned in this paper. Of course, 
the ultimate proof of success of knowledge transfer will lie in a 
measurable improvement of the energy efficiency in industry 
in the target country.


The approach used for transferring Dutch LTA knowledge 
appears to be off to a successful start in Bulgaria, resulting in 
Letters of Intent between the Ministry of Economy and En-
ergy and 5 sector associations at the end of Phase 1. The main 
indicators that contributed to this success include the aware-
ness that was created, the mutual trust and commitment that 
was established, and the participatory approach without which 
all of this would not have been possible. The flexibility of the 
approach – with recurrent steps – allows for learning to take 
place. Indeed, knowledge transfer consists largely of managing 
the learning process: dosing the information and allowing for 
feedback loops, in order to successfully transfer expertise on 
setting up Long Term Agreements that achieve real energy effi-
ciency improvements. In the second phase, particular attention 
should be paid to transparency of the process and (financial) 
incentives, also to further the mutual trust of the participants. 


As a final remark, the local consultancy that was employed 
to serve as liaison between the participants and the Dutch ex-
perts proved to be an essential aid in the transfer process. This 
consultancy conducted interviews as well as local studies on the 
context in Bulgaria. They proved very valuable in picking up 
the sensitivities and for ‘reading between the lines’. 
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Energy is set to dominate the transport agenda around the world in the coming
decades for two inescapable reasons:


� Energy costs have risen dramatically in recent years and may continue, for a variety of
reasons, to rise in the future


� The carbon emissions from energy use are a matter of increasing concern as the causes and
consequences of global warming become clearer


Even ‘renewable’ energy is not cheap, nor without environmental consequences; indeed the
setting of ‘renewable’ and ‘biofuel’ targets by the European Commission will add to the cost
pressure. As well as being the subject of concerns about greenhouse gases, fossil fuel use is
increasingly regulated in respect of pollutants such as sulphur and particulates, again adding
to the cost. Globalisation of the energy market, and the inter-linking of supply networks
means that everyone is affected. No one can say that these topics are not important to them
and their particular business.


Both the financial pressure, and the need to manage our carbon dioxide emissions, mean that
railway personnel must improve their understanding of the technology, the economics and the
opportunity of energy management to reinforce the position of rail as a cost effective and
environmentally friendly form of transport. This booklet sets out to raise awareness, and
provide some signposts for the way ahead.
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1.1 The Challenge


We may believe that the rail industry is relatively energy efficient, but we must not be
complacent – our competitors will improve and we cannot continue to ‘play the green card’
while doing nothing practical to improve our own position.


But to be positive, we believe there is scope to get even better. This publication, the associated
websites and other contacts will show railway operators where to start, to meet this
challenge. The work is in three parts:


� The management process 
� The technical development 
� The training and motivation of staff 


Hence our title Process, Power, People. We try to develop these three elements in a way that
relates to railways, and with information that will be helpful to railwaymen and women at all
levels – from senior managers to train drivers and station workers. 


Running an energy efficient railway is not a matter of chance or luck. It requires discipline,
commitment and continuous improvement. A leading sportsman once said, ’The more I
practice, the luckier I get’. This booklet is designed to help railway managers develop their
energy management skills and ‘get lucky’ for themselves and their company, by delivering a
successful energy management programme. 
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1.2 Some Facts and Figures


According to figures collected from the European members of UIC, in 2005 Europe’s railways
alone consumed 43 000 GWh of electrical energy and 2.5 million tonnes of diesel fuel.


The American Association of Railroads (AAR) report that in 2006 freight railroads in the USA
emitted 51.5 Teragrams of CO2 equivalent emissions. 


Fuel and electricity prices remain at historically high levels in real terms; for example, the
energy bill for main-line railways in the United Kingdom alone will exceed €500 million 
during 2008.
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This graph from Amsterdam based securities exchange Endex illustrates how
forward prices for electricity in Belgium and Holland are continuing to rise.
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Effective procurement arrangements can control the costs in the short term, but on a rising
tide of price, only greater energy efficiency will deliver long term success. 


Over the lifetime of a passenger train, energy consumed will represent up to a quarter of the
total life cycle cost, around the same amount as the capital spent on buying the train when
new.


Improved traffic loadings, and more productive use of rolling stock, has reduced energy use per
passenger and tonne kilometre over recent years; however improvements from technical
innovation have been slower. 


For example in UK energy per passenger kilometre on electric trains fell by 25% from 1995 to
2005, but per vehicle kilometre dropped only 6%. Fuel consumption per vehicle kilometre for
diesel trains actually worsened slightly over that period though increased traffic ensured
improvement per passenger kilometre. In future, however we will be expected to make
absolute and not just relative cuts in our carbon footprint, while still increasing the amount of
people and freight actually carried.


Rail is part of a wider transport industry that, as a whole, is responsible for a quarter of
Europe’s greenhouse gas emissions. Furthermore, transport has been the only sector in the
European economy that is increasing its CO2 output. Again, while we can encourage
governments to move to ‘greener’ and lower carbon energy supplies, our biggest contribution
can be to improve our energy efficiency and allow our savings to help cut the overall carbon
burden in all industrial sectors world wide. 


These numbers and trends, and the ways in which rail fits into the wider transport and
industrial scene, illustrate the size and the extent of the energy question. It is most certainly
an issue which is here to stay. We must make sure that rail becomes part of the solution, not
part of the problem.


Energy
management is
at the heart of
rail operations







8


1.3 Asking Questions


Before exploring this booklet it may be worth posing some simple questions for readers to ask
themselves, their bosses, their colleagues, and their staff. Here are a dozen simple points - how
easily they can be answered will show how much work needs to be done to make energy
management an integral part of running your railway business.


If all the answers are at your fingertips then you may not need to study this booklet!


However, if even a few of the questions leave you thinking, please read on…


1 How much does our railway company spend on energy each year?


2 What percentage is that of our total financial budget?


3 What are our projections and plans for the energy budget in the next few years?


4 How will we measure progress in energy efficiency?


5 How much energy or diesel fuel do we use to move a passenger, or a tonne of freight,
one kilometre?


6 How does that compare with other railway operators?


7 How does it vary between routes, traffic and types of rolling stock?


8 When did we last renegotiate our energy supply contracts?


9 Is energy efficiency included in the specification of new trains and new stations?


10 When did we last recalibrate our diesel fuel meters, and who reads the electricity meters
at each station?


11 Do we have a company policy on our ‘carbon footprint’ or use of ‘green’ energy – 
is it integrated with any wider environmental programme?


12 Who is ultimately responsible for energy spend in our company?


How much
energy do we
use to move a


passenger 
one km?







Energy is a resource like labour, capital or materials. It needs to be actively
managed with the same seriousness and professionalism as we apply to managing
these other aspects of our business. 


Before we try to answer the technical questions about energy use on the railways, we must
make sure we have a process for managing it. This process can be applied to the specialist
subject of energy used by the trains themselves, and to the more ordinary tasks of heating
and lighting stations, offices and depots.


The points made in this section two are based on the international standards now being
developed for best practice in energy management in any industry. Our mission is to apply
them to rail.


2.1 A Policy and a Plan


For a railway company to manage its energy use it must have a clearly stated Energy Policy,
and a plan to deliver that Policy. Aspects of the Policy should include:


� Avoiding wastage of energy
� Maximising the ‘productivity’ of the energy
� Procuring energy at an economic price
� Investing in energy efficient trains, stations and plant
� Using energy from renewable or sustainable sources
� Measuring and recording the use of energy


A successful Policy must include all significant aspects of energy use, and show: 


� Commitment from top management
� Clear and credible goals
� Consistency with other company objectives


Behind the Policy must be a detailed plan listing specific actions to take the company forward.
Without this the Policy will be just ‘hot air’ – and the company may be accused of ‘greenwash’
or just using energy efficiency as a public relations exercise.


The Policy must be reviewed regularly to make sure it remains relevant to the needs and
objectives of the company. This review can be an opportunity to renew the commitment and
enthusiasm to carry the policy into effect.
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2.2 Targets and Objectives


The plan must contain timescales, numerical targets and practical objectives (such as the
completion of individual projects). The targets must be based on the measurements we make
and the records we keep of energy use. This is discussed in detail in Section 2.5.


The first steps in setting the targets are:


� Baselining – knowing how much energy is being used today 


� Understanding where and how it is being used 


� Recognising the ‘drivers’ which determine the consumption. Is it the traffic level, the
technology, the operational skill of staff, or even just the weather? Which of these factors
could be better managed?


� Planning future production needs – in the case of a railway company; timetables, service
patterns, rolling stock schedules


A full Energy Audit of your company may be needed to actually get to the root of what really
happens and find true answers to these questions.


You must also understand what is possible and, if investment is required, affordable. 
A formalised approach to energy management should include a register of opportunities for
energy saving. These opportunities will include some of the technical and operational
possibilities described later in this booklet. The register will become the basis for agreeing
targets and setting priorities. You must also be aware of external or legal requirements that
will affect your plans, including taxation, carbon trading or ‘renewables’ obligations.


Overall company targets must then be broken into ‘bite sized chunks’ and given as objectives
to individual managers and their local staff teams. These must be:


� Achievable – and with realistic timescales
� Fair – don’t expect one department to do all the work!
� Measurable
� Backed up by practical support; this may be capital investment, training programmes or new 
measurement systems


If objectives are not realistic then staff will become discouraged and the whole programme
may do more harm than good.
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2.3 Roles and Responsibilities


It is easy to think that energy management is ‘someone else’s job’. This is a particular problem
on a railway where a lot of different people have an influence on the final energy bill. For
example in running a single train from City A to City B the following people might be involved:


� The engineers who make sure the technical aspects are working correctly and efficiently
(this includes the track and signals as well as the train itself)


� The driver at the controls


� The signaller or dispatcher who must give the train a clear run


� Station staff who ensure punctual departures


� The planning staff who write the train timetables


The Energy Policy and the supporting plan must spell out who is responsible for what, and
what particular targets they each have to achieve. At the top one Director should have
accountability for energy consumption – and the objectives of his colleagues and the other
managers and staff must support the target that has been set.


If there are particular projects or initiatives to improve energy efficiency then there should be
individual project managers with dates to meet, tasks to fulfil and results to be shared.


You may have someone in your company with the job title Energy Manager. Ideally this
person will be a qualified technical adviser working to support colleagues in line management
– do not expect one such individual to manage your company’s entire energy bill single-
handed.


And of course, all of the people given roles and responsibilities must also be given the
information to help them do their job, and the feedback to measure their progress – see the
section on page 13 on Measurement and Records.
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2.4 Competence and Communication


Once we have identified the people with roles and responsibilities for energy, the next step is
to ensure they are competent and well informed. To give a safe and reliable train service we
fully expect staff to be given the necessary training, to understand risks and problems, and to
have the skills to overcome them. We need to do the same for the staff who deal with energy.


Training must give the people involved an understanding of:


� The cost of energy
� The environmental problems caused by energy wastage
� How, in simple scientific terms, energy is used for different activities (see the ‘Where does
the Energy Go?’ Section on page 20)


� How their actions can improve matters – and how to do things differently


Staff can then be briefed on the overall Energy Policy and their responsibilities in delivering
the Policy. Training must be backed up by regular communication on the company policy 
on energy and how progress is being made against the targets and objectives. This
communication should be relevant to their particular department and if possible, their
particular local area or route. Devise a communication plan.


Remember in your plan to reach other stakeholders; customers, shareholders, governments,
transport authorities, who may all want assurance that you are running an energy efficient
railway. So involve your public relations and marketing departments, and include energy in
your corporate responsibility reports.


Sometimes a
little humour


may reinforce the
communication 


courtesy of SNCB
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2.5 Measurements and Records


This is the most important part of this whole booklet! Without measurement systems and
good record keeping no programme can be successful. You cannot work out where you are, set
targets or track progress. Measure in kilowatt-hours of electricity or litres of diesel fuel. Prices
fluctuate, so measuring by Crowns, Pounds or Euros will not tell the whole story!


To run trains on time we provide clocks and watches and collect punctuality statistics to check
that trains arrive on time. We must do the same for energy with our electricity meters and
fuel data. Your measurement arrangements should be formally described in your Energy Policy
and associated plans. Here are some important tips: 


Diesel Fuel for Locomotives and Railcars:


� Collect consumption by loco or car number to check for technical problems


� Ensure all fuel points used by your fleet send data – not just the home depot


� Calibrate your fuel meters as part of your quality control system


� Automate the collection if possible – manual collection is a source of error


� Modern diesels have engine data collected through the control system – cross check
between fuelling records and the on-board flow meters and computers.


Electric Traction Energy:


� Use on-train metering whenever possible (see Appendix 1) with automated collection and
data analysis


� Cross-check with lineside consumption measurements


� Modern units will have computerised traction control systems – cross check with this data


All traction data:


� Normalise by distance run, or for freight, tonne/km hauled


� Monitor energy used while not in traffic (i.e parked at terminus or depot)


� Adjust for seasonal factors


� Link the energy data to the people responsible (drivers, depot managers)


� Make data collection and data processing simple and easy for staff to do correctly


Deutsche Bahn
rolling stock has
pioneered 
on-board
metering, and
UIC is working
to ensure a
harmonised
system for
trains in
European
international
traffic
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Non-traction data (using existing information available in the company)


� Correlate energy performance with traffic management data (e.g. - punctuality data - delay
will affect drivers’ train handling strategy)


� Check energy use against weather data. (The principal factor will be ambient temperature,
but wind speed and direction may also affect traction consumption)


Stations and Depots:


� Ensure all locations are metered 
� Use remote read-out meters wherever possible, get others read regularly
� Insist your utility provider meets their legal responsibility to give you information with 
your bill


� Adjust energy data for heating/cooling according to weather (‘degree days’)


Reporting:


� Produce regular reports
� Show results against target
� Look for variations – high variance suggests poor control
� Identify best and worst in class examples, and look for possible reasons 
(but avoid simply making excuses or blaming individuals!) 


� Break down the data for local managers
� Track the effect of individual projects
� Submit high level reports to top management
� Provide localised feedback for individual managers and staff


General principles


By understanding where, and how, your energy is being used you will be able to target your
measurement efforts on the most important energy aspects, and then track the progress of
efforts to manage these items.


Wherever possible reconcile ‘top down’ estimates of energy use with the ‘bottom-up’ totals
from individual trains, buildings and equipment.  This may help track down areas of waste and
uncontrolled loss if the numbers don’t add up.


Tracking in this way for diesel fuel can also have an environmental benefit in detecting
leakage, or even in revealing loss due to theft.


Weather
conditions will
significantly
affect power
used for train


heating
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Automate and integrate the collection, data transmission and analysis process. ‘Paper and
pencil’ recording methods are open to error and manual sorting of data will be costly, and may
leave you overwhelmed with numbers and ‘unable to see the wood for the trees’.


Make sure that the energy reporting feeds through to headline company reports, and is used
in the regular review of the Energy Policy and the continuous improvement processes required
by an ISO quality management process.


Documentation


Linked to the discipline of record keeping is the question of overall document control for your
energy management systems. 


This of course requires the formal description of your measurement systems (who, what, how
often, etc.) but will also include proper documentation of maintenance procedures, power
distribution networks, HVAC system layouts, thermostat settings, nominal power outputs etc,
as well as the arrangements for care and calibration of your meters and recording equipment.
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2.6 Operational Control


Operational Control means managing your business so that it uses resources as efficiently as
possible to produce output – in our case a train service.


Good operational control also means that the same input of resources always achieves the
same amount of output. For example if a freight trip with a 1000 tonne train this week, uses
25% more fuel than the same working last week, then that may indicate poor Operational
Control. Questions need to be asked, and corrective action taken, so that the fuel burn for next
week’s trip is back at the original level.


There are simple statistical techniques and systems such as Statistical Process Control and the
Six Sigma programme to improve this aspect of management, but they all rely on the
information from the measurement systems described in the previous chapter.


All the staff involved in energy use have a part to play in good operational control:


� Maintenance Staff – ensuring locomotives and traction units are in efficient working order –
this includes heating and air conditioning as well as the main traction systems


� Train Drivers – we discuss eco-driving later, but an even level of fuel or electricity use is a
good sign of efficiency


� Schedulers – optimising timetables for reliable and energy efficient operation
� Signallers and Dispatchers – keeping trains rolling, avoiding extra stops and starts due to
route conflicts and congestion, makes a vital contribution


Good operational control will benefit all aspects of a business. Evidence shows that a punctual
railway is an energy efficient railway – there is no contradiction between saving energy and
timekeeping. It should also be a safer railway – fewer red lights encountered, and a steady
driving technique, means there will be fewer chances for a mistake to be made.
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2.7 Plan-Do-Review


Every management textbook has these three words - and with good reason!


When you write your energy policy, set your targets and detail your Plan, you have no
automatic guarantee of success. The ‘Do’ stage must be fulfilled with enthusiasm and
commitment and the results, from the measurement system checked and analysed. This is the
‘Review’ which sets the agenda for the next round of the programme. Ask yourself some tough
questions:


� Were the results in line with target?
� If not - why not?
� Were all the action plans in place?
� What went well - what not so well?
� How can we do better?
� Can success be maintained?


Make sure your Plan-Do-Review process looks at individual projects and initiatives, as well as
the overall company picture.


If your results were below target, do not despair; learn and do better. Energy management is
too important to give up!


If your results were good, do not be complacent. Follow the Japanese philosophy of kaizen -
continuous improvement. Many of your energy initiatives will be ‘people-based’, and while
technical fixes may be ‘fit and forget’, people will always need reminding not to slip back into
bad habits!
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2.8 ISO Certification


To give your energy management programme real ‘bite’ why not include it in your ISO9001
Quality Management or ISO14001 Environmental Management Accreditation? 


This will:


� Send a strong message to staff, management and the public that you take energy seriously
� Submit the programme to outside review and criticism – which may help you improve 
it further


� Enforce the keeping of good documentation – not just consumption records, but all relevant
material; e.g. maintenance manuals, work procedures, train operating handbooks and
training instructions


� Bring a discipline to auditing the figures, checking that the management arrangements are
in place, and making the review process work


� Force you to keep Policies, Plans and Projects up to date
� Encourage regular formal review of the effectiveness of your programme


As this booklet is written a new European Standard EN16001 on Energy Management is being
prepared. We have used many of the principles from that Euronorm in this publication. Further
documents on Energy Audits and other supporting topics are under consideration. Meantime
the International Standards Organisation is proposing a full international norm on the subject. 


Continuous Improvement is an underlying theme of this Standards based approach. This
should become a cornerstone of your own policy and programmes. Energy management is
coming out of the shadows to become a major feature of efficient industry. Railway managers
need to take part to position Rail as a leading transport mode for the 21st Century.


ISO
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2.9 BESS


There are already tools and support programmes available to help the less experienced to start
their energy management programmes with good methodology and understanding. 


As an example, the BESS programme (Benchmarking and Energy management Schemes 
in Small and Medium-Sized Enterprises) has a lot of information and ideas relevant to the 
Rail Industry.


It has been developed as part of the Intelligent Energy Programme sponsored by the European
Commission and is accessible on the web address www.bess-project.info


The picture below shows how the BESS material links into the plan-do-review cycle of good
energy management.
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This is not a detailed guide to the scientific details of railway engineering.
However it is vital to understand how and why the energy is used so that the best
technical and operational solutions can be chosen to keep energy bills under
control. 


This section gives a very simple introduction to the subject and points the way to some of the
energy management techniques on offer.


3.1 Where does the energy go?


The energy provided to the trains themselves is used in five main ways, plus one extra for
electric traction :


1 Accelerating the train up to speed


2 Overcoming resistance to movement


3 Climbing gradients


4 Powering the control systems


5 For passenger trains, lighting, heating, cooling and ventilating the carriages


6 For electric trains, transmitting the power through the supply network


For Item 1 the basic principles are those worked out by Sir Isaac Newton in the seventeenth
century! Newton’s calculations tells us that the two most important factors are:


� the weight (mass) of the train and 


� the speed 
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It is also vital to understand that this ‘kinetic energy’ increases with the speed squared. So
accelerating to twice the speed will consume four times the energy; reaching three times the
speed will need nine times as much.


This ‘squared law’ also applies to the aerodynamic resistance, the ‘drag’ to push the train
through the air. Thanks to the use of modern roller bearings to reduce friction in the motors
and wheels, this aerodynamic drag is now the main factor in Item 2, resistance to motion.


For different types of train there may therefore be different priorities. 


As an example, the graph below shows how the energy needed to complete a journey of 160
kilometres on level track varies with the frequency of station stops. With less starting and
stopping at stations, the total energy reduces, but the proportion taken by aerodynamic drag
changes as the average speed increases.
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For a high-speed train covering long distances between stops, accelerating the train up to
speed is less of a consideration than cutting the aerodynamic drag – hence the need for those
futuristic front ends on TGVs, ICEs and their sisters around the world.


Therefore train mass becomes less significant for total energy consumption for non-stop high
speed runs – although it needs to be controlled for other reasons such as reducing wear and
tear on the track.


Recent analysis made by the Fundación de los Ferrocariles Espaňoles and published by the rail
manufacturers’ association UNIFE is shown below.


For commuter trains with lower top speeds, starting energy is crucial – and energy recovery
from the brakes is a major opportunity. Lightweight design will also help, as described above.
For heavy freight trains high mass means the priority is to avoid unnecessary stops, to keep
rolling, and take only one ‘hit’ of kinetic energy per trip.


Understanding of these basic principles will also guide the development of good driving
technique – see Section 5.2. It will also encourage good traffic management and uniformity of
line speeds to avoid wasteful slowing, stopping and re-accelerating.


Good driving technique will also reduce the penalty of energy needed to climb gradients,
provided the train can coast steadily on the downgrade using the ‘potential energy’ stored up
by climbing the hill in the first place. Regenerative electric systems will also help recover
energy that would otherwise be lost when braking to control the speed on long downhill runs.


Powering the control systems (Item 4) should be the least of the energy loads, but there is still
a risk of waste. Number one risk is a poorly designed or maintained pneumatic system – air
leaks or an inefficient compressor can be expensive – and the losses may continue even while
the train is stationary.
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The crucial point about Item 5, power for heating, lighting and air conditioning, is that it is
used in large quantities even when the train is standing still – and without any fare paying
passengers on board! Typically it may be around 10% but if poorly controlled it can reach 25%
of the total for commuter trains with long layovers between rush hour services. Importantly it
may be a good target for ‘quick hits’ at the start of an energy programme. See Section 3.3 for
more ideas.


In answering this question, ‘where does it go?’ we must not forget the final item for electric
traction, the energy used in getting the energy from the power station to the train. Again the
laws of science determine what will happen. Power lost in a cable carrying energy is
proportional to the square of the current multiplied by the resistance of the cable. There are
also transformers, rectifiers and frequency converters none of which are 100% efficient. Losses
can be as low as 2% in a high voltage 50Hz AC system, but may be well into double figures on
other types of network.


For energy managers the technical solutions for this topic may be expensive and long term. In
the short term the system should be matched to the traffic. An overloaded electrical supply
will sustain higher energy losses per train operated, and may suffer from overheating and
equipment failure.


23


Electricity
distribution
must be
designed to
minimise losses







3.2 Load Factor – getting the most from the energy


A full train is the most efficient way of moving passengers or goods – but an empty one is an
environmental disaster!  There are no profits in transporting ‘fresh air’ around the countryside
and certainly no prizes for eco-awareness!


Key Points to develop in an energy management programme include:


� Measuring passenger load factor – use reservation data, ticket sales, and modern systems
such as load weighing and optical passenger count systems


� Normalising your energy consumption by tonne kilometres or passenger kilometres for
benchmarking and trend measurement


� Management of train lengths and timetables to match demand with supply
� Ensuring quick, reliable uncoupling systems for operational flexibility
� Reduction of empty train kilometres for fuelling, maintenance and servicing moves – these
can easily reach 5-10% of your fleet total if not well managed. Plan any new facilities at
locations optimised for traffic patterns. 


� Avoiding empty wagon movements whenever possible
� If empty train movements are unavoidable, timetabling them at reduced speed to save fuel


Calculating passenger load factor for urban operations with few seats and lots of standing
space may be difficult – how to define the capacity is a matter of debate, and energy used per
passenger kilometre may be the only practicable measure. 


However for longer distance commuting and inter-city traffic, where it can be assumed that
everyone should get a seat, it should be easier. For suburban and regional traffic without seat
reservations, and subject to ‘rush-hour’ tidal flows, an all-day average of 35% load factor is a
healthy target. In the inter-city and high speed sector leading operators report figures of 70%
and more. These figures should be measured across all services 24/7 over a complete network.
There is no value in just reporting the busiest trains on the busiest parts of the route!
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Managing train length – especially splitting and joining multiple unit trainsets – demands
efficient and reliable mechanical and control wire coupling systems.


Modern, basic but efficient, fuelling and servicing facilities, as shown on the right, can save
long and expensive trips for both freight and passenger units to traditional depot locations.
Freight operators recommend the ‘man in a van’ approach – mobile engineering teams to
carry out routine safety examination at traffic sites, to avoid costly visits to an engineering
workshop for simple checks.
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3.3 Heating and Lighting of Trains


We have already said that heating and air-conditioning (HVAC) and lighting consume large
quantities of power and present real opportunities for improvement in the passenger sector.
Layover of trains in depots and terminus stations is the most important topic to attack with a
range of technical and operational solutions.


Ideas to follow can include:


� Auto-shut down of diesel power units
� Load transfer so that on stationary trains, essential power is maintained from a single
power pack – rather than leaving all in use


� Automatic Set-back to lower thermostat settings if the train is parked
� Accessible controls for cleaning staff so they can switch lights on and off for their work
� Shut-off fresh air intakes when trains parked – and close windows
� Remote activation of heating ready for start of daily service
� Using auxiliary or ‘shore supplies’ so that main diesel engines or electrical transformers
don’t have to run continuously to support servicing or staff comfort requirements


Even in traffic there is scope for improvement :


� Make sure heating and cooling thermostats are working correctly – on modern trains use
the on-board computers to track performance and report problems


� Review thermostat settings – many trains in summer are overcooled – passengers actually
complain they feel cold, if lightly dressed for the temperatures outside!


� Check software controls of HVAC systems are set up for stable operation – avoid cycling
between heating and cooling modes (or operating both at once!)


� Review heating levels in secondary areas such as vestibules or luggage spaces
� Use CO2 measurement or load weighing technology to control fresh air intakes when
passengers are few


� Fit auto-close to doors to keep heat in (or out)
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3.4 Some Technical Opportunities


This is only a short introduction to the question of energy management on railways, not a
textbook of railway engineering, but we want to give some signposts to the technologies that
are being developed to improve energy efficiency. 


Here is a ‘taster’ of the technical solutions that may be considered:


Quick hits


� Low energy lighting
� Improved heating and ventilation (HVAC) control
� Engine management – shut down on idling, auxiliary load sharing 
� Supply Network management


Energy Recovery


� Regenerative Braking
� Supercapacitors
� Batteries
� Lineside storage


Measurement


� Full on-board metering (see Appendix 1)
� Using on-board juridical recorders (‘black boxes’) to compute energy used from 
power settings 


� ‘Virtual metering’ by analysing traction control computers
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Emerging technologies


� Hybrids (various permutations)
� CO2 control for HVAC systems 
� Heat pumps for train heating - equipment can be retrofitted to an existing passenger car
� Fuel cells for auxiliary loads and diesel engine pre-heat


Major modifications – new build opportunities


� Replacing diesel power units
� Replacing electric traction controls (IGBT vs GTO)
� Improved gearboxes and drive trains
� Lightweight construction - see the example below as to how equivalent designs of Japanese
commuter train car have been reduced in weight over successive generations
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3.5 Operational Solutions


Technical solutions are only part of the story. Evidence from around Europe suggests that the
savings from energy-conscious operation can be just as great as from technical fixes to the
rolling stock – and come more quickly and with less capital cost.


The three main areas of opportunity are:


Eco-driving 


� Driving to the timetable, instead of trying to beat it
� Understanding how to exploit gradients for acceleration and braking
� ‘Coasting’, backing off power when possible
� Avoiding ‘full throttle’ settings that take traction units (especially diesels) outside their most
efficient operating range


Active traffic management 


� Clearing signals to green in good time – using auto route setting
� Keeping heavy freights and high speed services rolling
� Warning drivers in advance that they are approaching a congested area and should 
reduce speed


Efficient timetabling


� Checking schedules are matched to the traction units being operated
� Avoiding junction conflicts that will require trains to make extra stops
� Ensuring changes to line speed or signalling are reflected in the timetable
� Maintaining an even speed profile – work with track engineers to eliminate ‘bottleneck’
local speed limits


Sections 5.2 and 5.3 on Eco-Driving and the Trainer Project give more information on driver
training. The challenge is to use technology to help these operational methods. In the long
term ERTMS-ETCS will optimise the whole system – but that will take some years to roll-out
across Europe. Meantime some solutions are ready today:


� Stand-alone driver advice systems –DSB Gekko system (Denmark)
� Advance warning of traffic conditions – NS RouteLint system (Netherlands)
� Real-time feedback from on-board meters – First Group FAR system (UK)
� Overall energy management integration – Solvera Lynx Gemalogic (Slovenia)
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3.6 The Railenergy Project


Railenergy is a 48-month project running from 2007-2010 which is supported by the FP6
programme of technical research within the European Union. The research partners include
universities, the railway supply industry and railway operating organisations. Railway
Operators are in fact represented by a small number of direct partners, but more widely
through the participation of the International Union of Railways - UIC. Likewise the supply
industry is represented in the project not just by key individual manufacturers, but also by
UNIFE, the Association of the European Rail Industry representing over nine hundred Suppliers
to the rail industry in Europe. (For more details go to www.unife.org) Unife are also acting as
project co-ordinators.


The overall objective of “Railenergy” is to cut the energy consumption in the railway system
thus contributing to the reduction of life cycle costs of railway operation and CO2 emissions.
The initial project target is to achieve a 6% reduction of the specific energy consumption of
the rail system by 2020.


This will be done by addressing the energy efficiency of the integrated railway system and to
investigate and validate solutions ranging from the introduction of innovative traction
technologies, components and layouts to the development of rolling stock, operation and
infrastructure management strategies. 
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The inter-relationship of railway sub-systems is highly complex, especially with regard to
assessment of their energy consumption. There is a need to know better which measures –
technical and operational – would be most beneficial. Therefore, a fully integrated approach is
the only way to identify and achieve true energy savings. The special feature of the Railenergy
Project is the holistic approach. No technical or operational measure is better than its global
contribution to the system efficiency. This underlines the strong cooperation needed between
the main stakeholders within the sector when planning, designing, procuring and operating
the railway system.


Within the project Railenergy partners are specifically committed to deliver: 


� Baseline performance figures, and reference scenarios against which the benefits of other
initiatives can be evaluated


� A system-based concept for modelling energy consumption in railway operations
� A standardised methodology to determine energy consumption by sub-systems and
components at the development and procurement stage


� A tool to integrate energy consumption into Life Cycle Cost analysis
� A formalised approach to railway energy efficiency management, and a decision support
tool to help make choices on energy management policy


� Strategic energy efficiency targets for rolling stock engineering, infrastructure and traffic
management


� An Energy Infrastructure Management Module to provide an Infrastructure Manager with a
diagnostic of their complete installation (main energy flows, and their distribution, power
peaks and mean, links with energy contract subscription, real time and statistics...)


� New energy efficiency-oriented railway technologies for trackside and on-board sub-
systems and equipment, validated in compliance with the new integrated approach


� Best practices for Railway Operators and Infrastructure Managers Strategies for incentives,
pricing, and policy making


These deliverables will clearly help operators and infrastructure managers to take the generic
steps recommended in the earlier parts of this booklet – to use standardised measurement
methods, to set realistic targets, and to evaluate the possibilities of new technical solutions. 


A longer term outcome is likely to be the evolution of formal standards (e.g.UIC, EN or ISO
norms) for measuring and describing the energy efficiency of components, of complete
locomotives and trainsets, and ultimately of whole networks.


To keep up-to-date with the progress of the project visit www.railenergy.org 


31


Railenergy
Project is
involving train
builders and UIC
members
throughout
Europe







3.7 Procuring New Trains – the Prosper Project


New trains represent a risk and an opportunity. 


� A risk, because they last a long time. A wrong decision today can mean energy efficiency
suffers for the next forty years!


� An opportunity, because it is much cheaper and easier to include energy efficient technology
in a new train, than to fit it to an old one


Train operators must make it clear to suppliers in the tendering process that energy efficiency
is a priority. In other transport sectors everyone understands that the next plane or bus has to
burn less fuel than the last one supplied. Including energy efficiency in your new train
specification will bring this culture to the rail industry.  


The UIC Prosper Project produced Leaflet 345 Environmental Specifications for New Rolling
Stock, which gives strong guidance on including all environmental topics in a new train
specification. The leaflet can be ordered from UIC by visiting www.uic.asso.fr. The Railenergy
project will develop standard duty cycles for new trains – this will help benchmark energy
performance of new rolling stock and equipment and Leaflet 345 will be updated accordingly.


Any new electric train should also be specified with state-of-the-art metering systems (see
Appendix 1) for both billing and management information purposes. For diesel trains
comprehensive fuel monitoring systems are available, and for all types of train there are great
opportunities to exploit the inherent ‘intelligence’ in the traction systems of modern software-
controlled rolling stock.
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Power for stations and depots must not be forgotten. For commuter railways with
many stations, some of them perhaps underground with lifts, escalators and
drainage systems as well as the more usual lighting and heating loads, it can reach
up to 20% of a railway company’s energy bill.


Managing this ‘domestic energy’ demand may be easier than the traction load. There are
sometimes ‘quick wins’ just from a ‘switch off’ campaign with staff. Stations and workshops
are like other industrial buildings – so it is possible to use ‘best practice’ from other
organisations. And there is much advice and support available from governments, from the
European Commission and from building services experts to get this type of energy use under
control. 


Organisations such as SenterNovem in Holland and The Carbon Trust in UK have been set up
by governments especially to advise on these matters.


4.1 Passenger Facilities and Depots


As we have said before, railway premises are actually quite similar to the buildings used by
other industries, and the expertise can be shared from those other sectors. Nevertheless, here
is a list of top tips that are especially relevant to railway yards and buildings.


Lighting


� Use low energy lighting – replace incandescent lamps and update fluorescent light fittings,
latest types are more efficient than those of a few years ago. LED lighting is developing fast
and may soon overtake fluorescent technology in terms of light output efficiency


� Fit timeclocks and photo-cells to ensure outdoor lighting is never on in daylight
� Fit movement detectors to staff rooms
� Switch-off/reduce lighting to station platforms which are not in use
� Maintenance Depots – reduce lighting when the trains are out working and there is no
activity inside the depot


� Inspection pits – lights only need to be on when a train is over the pit


Heating and cooling


� Check thermostat settings
� Maintain boilers and air conditioners; replace old, less efficient installations
� Reduce fresh air intake when buildings not in full use
� Improve building and pipework insulation
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Machinery and Equipment


� Switch escalators off, or fit variable speed control, to save energy when stations are 
less busy


� Depot services – switch off when not in use – check compressed air and steam systems 
for leaks


Manage Supplies and Tenancies


� Fit smart meters at main locations – a few large interchange and terminus stations may be
the largest part of the energy use – and act on the information 


� Manage and meter your tenants, shops, coffee bars etc.
� Make local managers responsible for reading their own gas and electricity meters and
controlling their own station consumption


� Check your tariff with your electricity supplier – you may be paying extra for system
capacity that you do not need


The principles we have discussed for traction energy, of understanding where the energy is
being used, and concentrating efforts first on the areas of high energy usage, apply just as
much to ‘domestic’ consumption as to the trains themselves.
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4.2 Other Infrastructure use


There are several other uses of energy on railways that must be managed and controlled.


A significant but unavoidable requirement is the signalling system. Even here it is important to
understand the key factors. Where supplies are integrated with traction supplies, ensure that
signalling loads are separately accounted for – and if possible sub-metered. LED signal lamp
technology is proving successful to guarantee a longer lamp life and may save energy. Modern
interlocking equipment, and the systems to ventilate the equipment rooms, will offer
opportunities for energy efficiency. 


In colder countries there are several other potentially costly uses:


� Heating of switches (points) 
� De-icing of conductor rails and catenary wires
� De-icing of platforms


Energy management solutions include: 


� Use of heat pumps
� Ground water/geothermal heat sources
� Ensuring accuracy of thermostats
� Limiting switching-on to risk periods (e.g. high humidity, for icing)


As well as this ‘operational support’ use of energy by the infrastructure departments, there are
other significant uses of energy – and generation of carbon emissions – by maintenance and
back-up activities. 


Some of the advice on managing diesel traction can be applied to track maintenance
machinery:


� Reduce idling times
� Use auxiliary sources, including fuel cell technology, for stand-by power and crew amenities
� Replace obsolete and inefficient machinery


Lastly all organisations must remember two areas that are often overlooked:


� Office premises away from the operational railway
� Road vehicle fleets


A comprehensive Energy Policy and management programme will cover all these energy
aspects.
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Around the world there are several millions of people working in the rail industry. In
Europe alone there are nearly 1.7 million railwaymen and women (and that is
before numbers from Russia, which of course partly includes Asia, are added to the
total). This is a powerful army to have fighting for energy efficiency. Without the
support of these personnel, at all levels from chief executives to shunters, from
rolling stock engineers to signalling technicians, an energy campaign will not
deliver a successful result.


5.1 Hearts and Minds


A successful energy programme needs both the understanding, and the sympathy of staff. Just
preaching at people will not be enough; boring them with scientific facts will also be
unsuccessful. Effective energy training will guarantee a long-term benefit and ensure energy
efficiency is not just a ‘nine-day wonder’.


A good training programme will:


� Explain why energy is important – financially and environmentally
� Explain how energy is used
� Explain how it can be controlled – and how staff action helps
� Give staff the support to put the training into practice
� Provide feedback on progress already made


This last point means that training on its own is not enough. It will only have value if the
other systems described in Section 2 are put into practice; the planning, target setting, the
measuring, the record keeping and the feedback processes.


Staff will need reassurance that energy management is not just a new form of management
control or enforcing discipline. There are in fact many positive features for staff in an effective
energy programme: 


� The company becomes more efficient without taking anything from pay packets or cutting
employment opportunities


� There is fresh opportunity for them to demonstrate their professional skills – the positive
reaction of traincrew in many networks to eco-driving programmes shows how staff will
respond


� The business will grow by exploiting rail’s environmental and economic position against
competing transport modes


� Trade Unions and Workers Councils can share in the development and implementation of
the programme
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5.2 Eco-Driving


Experts are agreed that energy efficient driving is one of the biggest single opportunities for
energy saving in rail. The exact size of the prize in any particular railway company may vary
due to differences in traffic pattern, signalling systems or type of rolling stock; however it is
invariably as great as that from any purely technical initiative.


Studies from a variety of networks around Europe show significant variations in usage of fuel
or electricity when an identical train is run over the same route section. The attached graph
from Norway is very typical of the results of such studies.


For five trains over the same route – four of them being the same unit (Train 127) on different
days – the cumulative electricity consumption was plotted over a distance of 136.6
kilometres. This showed, not only differences in the grand total, but also in the usage pattern
through the route. If all of the trips could be made at the same energy consumption rate as
the ‘best’ trip, then significant energy savings would be made.
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There are some important conclusions from the various studies done around the world on this
subject.


� 10% saving is a realistic target for benefits averaged across all traffic types
� Freight traffic, and high powered diesel traction will benefit particularly from eco-driving.
Savings up to 20% are reported


� Eco-driving does not contradict good timekeeping – in fact it can help by keeping trains in
their planned pathways


� On busier route sections, overall traffic management is as important as the driving
technique of individual train drivers (so involve signallers and train planners in the
programme)


� Eco-driving will assist safety by encouraging a more thoughtful driving style


For maximum effect eco-driving must be integrated with other aspects of an energy
management programme. In particular the following are absolutely essential:


� Measurement systems
� Communication and feedback to staff
� Effective train planning


And of course, eco-driving training must be linked with the other elements of train driver
education – it is not a separate issue. The ‘Trainer’ programme described in the next section is
promoting best practice in this area.


Remember that eco-driving is a ‘human-factors’ issue and is based around actual driving skills.
Unlike some technical improvements it is not a ‘one-time fix’. It requires continuous
management effort to maintain staff interest and discipline.


A last point to stress on this topic, is that teamwork is an important part of a successful
energy programme. Understanding other people’s jobs and points of view must be an
important part of the training. Drivers and signallers, for example, need to have an improved
understanding of how they can work together to keep traffic moving – helping energy and
punctuality.
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5.3 The Trainer Project


Trainer is a Europe wide programme for promoting energy efficiency among railway staff
through training and education. A main element, though not the only one, is training the
drivers of both freight and passenger trains in eco-driving technique. The project began in
November 2006 and will run until October 2009. 


Five European networks are directly involved including Slovenia and Italy, but the project aims
to take best-practice in eco-driver and energy-awareness training to a wider audience across
Europe in association with UIC – International Union of Railways. 


Outputs will include ‘model’ training packages, a simple driver simulation tool that can be
used on an ordinary PC, ‘Virtual Trainer’, and an Inventory of Good Practice.


The Inventory is complete and can be downloaded from the trainer website at 
www.iee-trainer.eu
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The United Nations, the European Commission and national governments are now
united in their response to the IPCC (International Panel on Climate Change)
advice that carbon dioxide emissions must be curbed to stop global warming
becoming an ever more serious environmental threat. 


In Europe, the European Commission has set ambitious targets for reducing greenhouse gas
output by 2020 and the G8 group of nations is contemplating a target of halving emissions by
2050. Overall, energy use accounts for 80% of all such emissions, and even railways and
nations that source their energy from low-carbon generation have a part to play – in a global
market, energy saved by one customer frees up ‘green’ supplies for others to use. 


This booklet concentrates on energy management since energy use is what individual railway
teams control; local managers and staff may not have influence on the source of their energy.
But everyone must understand that by using energy efficiently on their railway they are
helping the fight against carbon emissions overall.


6.1 Measuring the Footprint


Having a clear understanding of the ‘carbon footprint’ of your railway operations will become
increasingly important as regulation of carbon emissions becomes stronger, whether through
mandatory targets, fuel taxation or carbon trading. Public scrutiny and media pressure may
also increase.


Common definitions for CO2 output from traction energy use are elaborated by UIC in their
Leaflet UIC330 Railway Specific Environmental Indicators (see Appendix 2). Calculating a full
carbon footprint to include CO2 created in the whole supply chain of a particular industry can
be much more complex, and there are various international protocols that have been
developed. Fortunately for rail, because the assets have a relatively long life the carbon
footprint of construction may be smaller, averaged per unit of production than in some other
industries. However it is not trivial and this must be recognised when making claims on behalf
of the industry. The carbon footprint of stations and depots must, where appropriate, be
acknowledged as well as that of the trains themselves. We have seen that the energy use in
these places is not unimportant – therefore the CO2 effect must not be overlooked.


Because facts about carbon footprint are used in marketing campaigns, inter-modal
comparisons and politically in making ‘the case for rail’, it is important that statements about
carbon footprint are:


� Honest – claims about the source of energy must be true and accurate
� Comprehensive – simply listing best performing trains is not enough
� Transparent – assumptions behind the calculations must be clearly stated
� Verifiable – it must be possible for numbers to be independently checked
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In particular, claims to be using ‘green’ or renewable energy must be backed up by proof that
the supply chain is traceable. Because of the sensitivity, false, careless or misleading claims
may be open to costly legal challenge from competitors or environmental and consumer
organisations. By following the strong management processes recommended in this booklet,
and by obtaining certification of your Energy Management to ISO or EN standards you will be
in a strong position to produce truthful analysis of your carbon footprint, and to defend it
against competitors.


For electric train operators, what is achievable will depend heavily on the carbon mix of your
energy provider. This may be governed by national energy policies outside of the immediate
control of railway managers. Networks with a high nuclear or hydropower content in their
electrical supply will ‘score’ better in CO2 terms. Note, there may be considerable scope for
railways to develop on-site renewables using solar or wind power, especially when buildings or
infrastructure are renovated or replaced.


CER, The Community of European Railway and Infrastructure Companies, has publicly
committed to an overall average reduction of 30% in CO2 emissions per passenger and tonne
kilometre over the period of 1990-2020. Thanks to improving load factors, technical
innovation and changes in generating mix, the railways involved are on track to deliver this
commitment. However, positive and practical energy management programmes are needed to
ensure that the improvement is sustained. The graph below shows progress so far. (Source: UIC
energy/C02 database)
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6.2 International Targets and Long Term Agreements 


Railway administrations can contribute to the fight on carbon emissions and energy waste by
signing up to national, international and industry-wide programmes on energy management
and carbon reduction.


Initially these agreements are voluntary – but railway managers must be prepared for them to
become mandatory – and to be backed up by financial incentives and penalties through
carbon trading schemes and other controls. Adopting the practices outlined in this booklet
now will put railway managers in a stronger position to respond to possible formal regulation
in the future.


Particular examples include the accords entered into between the principal railroads in Canada
and their national government, which covers all aspects of emissions from their diesel fleets,
the Long Term Agreement between NS - Dutch Railways and their government and the CER
Commitment described in the last chapter.


As the United Nations encourages development of the successor to the Kyoto agreement we
must expect these targets and commitments to involve railways worldwide.
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In concluding we must reflect on the size of the problem and the size of the
opportunity. 


We must also remind ourselves of the steps outlined in this booklet.


Firstly the size of the problem:


Energy cost usually varies between 5 and 20% of a railway operator’s total operating
expenditure, depending on the nature of the organisation structure and the type of traffic.
However, as a proportion of those items which can be easily controlled, it may be much
higher. It is also an item for which prices are rising faster than for other operating costs.


It is therefore an area where action will be rewarded by a direct result on the financial health
of the railway company – it makes the difference between hitting financial targets or not.


As regards opportunity:


As with anything else, the opportunity for improvement depends on the starting point. Some
train operators will have already been managing efficiency. For those attacking the topic for
the first time the savings may be greater.


There is also the question of what is possible in the short to medium term, by ‘good
housekeeping’ and marginal improvement, as opposed to what is possible in the longer term.
Studies in the UK, and the Swiss (SBB) Energy Management Programme suggest that 10%
saving may be a good target for the initial efforts.


In the longer term we may be much more ambitious. Many have the vision of a completely
carbon neutral railway. Changing our primary energy sources will obviously be at the heart of
this, but introducing new technology and new control systems to our networks, and designing
all new trains for maximum energy productivity will be the contribution and responsibility of
individual railwaymen and women.


This brings us neatly back to the theme of this brochure, Process, Power, People.


To achieve the savings – short and long term will require:


� Process – a professional railway management approach to the challenge of radically
improving our stewardship of energy resources


� Power – understanding the science behind our energy use and applying the latest technical
solutions in the search for efficiency


� People – motivating all of our managers and staff to understand the problem, to support
our energy policies and to use their personal expertise as operators , planners and engineers
to actually make energy efficiency happen
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AAppppeennddiicceess


1 On-Board Metering for Electric Traction


On-train metering of electric traction is rapidly being adopted for two main reasons.


1 It allows direct billing of train operators on a ‘per locomotive’ basis so that they are only
billed for the electricity they actually consume. This ensures that operators are encouraged
to save energy, because they see the benefits reflected in their financial ‘bottom line’.
Charging for electricity on a per kilometre or ‘lump sum’ basis does not create this incentive.


2 Operators have the opportunity to study the way they are using energy in much greater
detail. The effectiveness of eco-driving programmes, and the success of technical changes
can be exactly studied. 


Typically, meter readings are broken into 5-minute, or even 1-minute segments and location
stamped with co-ordinates from a GPS satellite navigation or other position recording system.
There is the opportunity to integrate outputs from the meters with advice systems for drivers,
to encourage eco-driving.


To ensure a common approach to metering, a number of initiatives are under way. These will
help manufacturers to supply metering equipment to a common and cost-effective standard,
and ensure that differences in metering arrangements do not become a barrier to operation of
electric trains in international traffic. The principal activities are:


The UIC Billing Project


This project, due for finalisation in 2009, specifies data protocols and rules, and creates a
common framework for transfer of energy consumption data for billing purposes,
particularly for trains in international traffic operating on more than one infrastructure
network.


Technical Specifications for Interoperability (TSIs)


The European Rail Agency will include basic requirements for on-board meters in the TSIs
for conventional and high-speed traction units, ensuring common standards for metering
equipment, and its certification to a recognised standard and level of accuracy across
Europe. Drafts will be finalised in 2009 for formal publication in 2010.


Development of European Norm EN50463


This norm is being updated to cover all aspects of metering systems, to elaborate the basic
requirements in TSIs. It will fully cover the metering installation itself, plus related points
such as localisation and secure systems for remote data transfer from a train to a central
data collection point. Again, a draft version will be circulated as a prEN in 2009, prior to
formal publication in 2010.


These remarks are written from a European perspective, as regards standards, legal
requirements etc. but the arguments in favour of on-board metering are universal. 







2 Key Performance Indicators (KPIs)


Section 2.5 of this booklet describes the importance of measurements and record keeping. To
make comparisons for benchmarking purposes it is important that common definitions are
adopted for the more useful and immediate measurements.


These can be applied for an entire fleet, or a network but do not remove the need to take
individual measurements at a local or individual train level.


UIC has prepared the following indicators. These cover both energy use and resultant carbon
emissions. For more information and full details as to how they should be calculated, see UIC
Leaflet 330 Railway Specific Environmental Indicators.


Final energy consumption


This is defined as energy down the pantograph, or litres of fuel into the tank per passenger
kilometre or per tonne kilometre of freight.


Primary energy consumption


This is defined as the raw energy consumed per passenger or tonne kilometre, including
that which is lost in the energy production and distribution process. To compute this figure
requires a knowledge of the energy source and distribution arrangements. For electricity in
particular, this figure will vary from network to network.


Share of renewable energy


This may be a strategic goal for a railway company that wishes to affirm its ‘green
credentials’. It cannot usually be influenced by local railway staff! Again it requires a
knowledge of energy sources. Carbon offsets and carbon credits should not be claimed as a
form of renewable energy for the purpose of calculating this KPI. It is likely that as the
renewable energy question becomes internationally more important, more precise
definitions of what is ‘renewable’ will be produced by international bodies. This is
particularly important in determining the extent to which bio-fuel for example can be
classed as ‘renewable’.


Specific CO2 emission


This is defined as grams of CO2 produced per tonne or passenger kilometre. For electric
traction it will vary according to the national energy mix being supplied to particular
networks. For benchmarking purposes it is inappropriate to claim carbon offsets, or that the
operator has purchased ‘green’ or nuclear energy from the market, unless it can be proven
that the contract has leveraged the creation of additional carbon-free generating capacity –
or the renewable energy is generated ‘in-house’.
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Note that these are high level indicators that give a good comparison with other transport
modes. They will of course be improved by productive load factors as discussed in Section 3.2.
Engineers and traffic managers may choose to set themselves subsidiary targets of
energy/CO2 per seat kilometre, or per gross tonne hauled since these will not be influenced
by economic variations in passenger numbers or freight volumes loaded.


Initial results from the Railenergy project recommend that certain further KPIs are adopted as
a way of controlling overall efficiency. These will be developed in due course. Meanwhile
railways should consider interim arrangements to study the following particular factors:


� Infrastructure – efficiency of the electrical distribution network as managed by an
Infrastructure Manager. This is an important consideration in respect of the metric, Final
Energy Consumption, when comparing Direct Current (DC) and Alternating Current (AC)
systems. The primary energy KPI may appear to favour DC traction since the train itself
does not have to cover the losses in transformers or from the higher currents flowing in the
catenaries or conductor rails


� Energy consumed by parked trains – the energy consumed while the train is not in public
service


� Energy recovery – the percentage of braking energy recovered for reuse and which creates a
net saving in total energy consumed. (This may be achieved by returning electricity to the
catenary for use by other trains, by returning electricity to the catenary for return to the
national supply network, by storing power in on-board devices including capacitors,
batteries and other devices, or by reusing energy within the train itself on heating and
auxiliary systems)
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3 Links and Contacts 


This list is just an indication of the contacts available. Many leading train operators, including
the organisations contributing to this document, have relevant information on their home
websites. Note also the links given in the main document to the Trainer and Railenergy projects.


Association of American Railroads  www.aar.org


AAR is the representative organisation for the major railroads in Canada, USA and Mexico and
deals with technical, political and, increasingly, environmental issues.


CER – Community of European Railways  www.cer.be


CER is the political voice of the rail transport industry in Europe – its vision to make rail
transport the locomotive of a sustainable European economy. Publications and activities cover
environmental, energy and carbon issues.


European Environment Agency  www.eea.europa.eu


The agency’s remit is to provide sound, independent advice on the environment to policy
makers and the general public. Its activities include monitoring of greenhouse gas emissions in
Europe. 


Intelligent Energy Programme ec.europa.eu/energy/intelligent


This programme is maintained by the Directorate for Energy and Transport of the European
Commission.


International Energy Agency  www.iea.org


The IEA/AIE is an intergovernmental agency established by international treaty. The website
gives access to data on prices, production and consumption worldwide.


NTM – Nätverket för Transporter och Miljön  www.ntm.a.se


NTM – Network for Transport and Environment is a Swedish based association monitoring
transport and environmental issues particularly in the Nordic region. The website and many
publications are available in English.


UIC – International Union of Railways  www.uic.asso.fr


The UIC is the worldwide organisation of co-operation for railway companies with active
members from every continent, promoting technical development, harmonisation of
standards and exchange of information. The website hosts a general environment page
www.uic.asso.fr/environnement and UIC also maintains the site www.railway-energy.org with
data and research reports on energy issues.


UNIFE  www.unife.org


UNIFE is the Association of the European Rail Industry representing the interests of the rail
supply industry in Europe and to markets beyond. The website includes links and reports on
energy aspects of rail technology.
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The Challenge of
Energy Management


Energy is set to dominate the transport agenda around the world in
the coming decades for two inescapable reasons:


� Energy costs will continue to rise as demand outstrips the
development of new supplies


� The carbon footprint of energy used will be of increasing
concern as the causes and consequences of global warming
become clearer


Railway Managers must meet the challenge of delivering an
efficient, modern train service while learning to use energy more
efficiently.We need to keep rail’s green edge as an environmentally
friendly transport system.


This leaflet introduces the new UIC booklet Process, Power, People
which is a first guide to the subject of energy management for
railways. The booklet covers diesel fuel, electricity for traction and
the energy consumed in stations and depots.


But it is not just about technical solutions. It is also vital to have
management processes, operational programmes and enthusiastic
staff who can put the technology into practice.


We hope the poster on the other side of this leaflet will give you
some ideas!


The Process of Power
– how to Manage Energy


Energy efficiency should not be left to chance!


Energy needs a management process, just like any other aspect of
your railway business.


To manage energy successfully you will need to work through this
checklist. Do you have these items in your energy programme?


� An Energy Policy
Vision and Motivation


� An Energy Plan
Actions to deliver the Vision


� A Baseline and a Target
Defining the starting point – and the destination


� Measurement Systems
Measuring the consumption, and relating it to production


� Operational Control
Managing activities to get consistent results


� Feedback
Reporting, reviewing and improving the process


The Power itself
– where does the Energy go?


Making savings means understanding the basics!


Understand the driving factors of traction consumption:


� Top speed
Energy for acceleration increases with the speed squared


� Stopping patterns
More stops burn more energy to restart – and stopping at
signals is just as significant as stops at stations


� Train weight
Energy for acceleration is in direct proportion to weight


� Line Speeds and Gradients
Opportunities for energy recuperation and good driving
technique!


� Aerodynamic drag
The main factor for high speed operation


Heating and ventilating of the trains is also crucial – it may
account for 10-20% of the total on-train usage. Remember it
varies with weather and time of year.


For buildings and infrastructure, understand the ‘state of the art’
from other industries – railway buildings obey the same
principles as shops and hotels!


‘People Power’
– getting staff involved


Technical fixes are only half of the story!


Operational skills are a major input to successful energy plans.


Motivate staff by explaining the reasons behind the plan.


Even the technical solutions need staff commitment.


Make energy ‘visible’ by including it in job descriptions, budget
reports and staff briefs. Check these points:


� Roles and Responsibilities
Who is in charge of the energy budget?
Ensure energy targets fit with other company goals
Describe how everyone can support the goals


� Training and Competence
Train to motivate
Train for understanding
Train for skills


� Communication and Feedback
Brief the Plan
Share progress reports
Celebrate success!


Typically, at least half of your energy saving potential may come
from ‘people-based’ action; driving technique, traffic management
and simply switching off equipment not in use.


Technology for Traction


How technology can help!


� Measurement
On-board meters
Cab Interfaces for feed-back to Drivers


� Quick hits
Diesel Engine management – auto-shut down
and auxiliary load sharing
Optimising the Electrical Supply Network
Limiting Maximum Power Demand
‘Fine-tuning’ Traction Control software


� Major modifications – new build opportunities
Re-engining diesel traction units
Replacing electric traction controls (IGBT vs GTO)
Improved gearboxes and drive trains
Lightweight construction


� Energy Recovery and Hybrid Systems
Regenerative Braking
Dual Power Systems –Electric and Diesel
Supercapacitors - Batteries
Lineside storage


HeatingandVentilation(HVAC)


Amajoropportunityforenergysaving-onerailwaycompany
saved30%ofitsconsumptionbygettingthisundercontrol!


Commutertrainswithlongstandstillsareaparticularriskif
heatingorcoolingisleftswitchedonallday–HVACconsumption
whileparkedeasilybecomes20%oftotaltrainenergydemand.


�Technicalsolutions
Autoswitchingto‘Quiet’modeswithlowertargettemperatures
whentrainnotinpublictraffic
OptimisingHVACsoftware–stabilisecontrolstoavoidheating
andcoolingsystemsfightingeachother!
CO2meteringandothertechniquestoregulatefreshairintake
Heatpumps
Automaticdoor-closing–alsohelpspassengercomfort
LEDandotherenergy-efficientlightingtechnology


�Maintenance
Checkthermostatsettings
Cleanheatexchangers
Preventrefrigerantleakage


�OperatingArrangements
Reviewlightandheatneedsfortraincleaning
Agree‘turnoff’ruleswithtrainstaff,cleaners,shuntingpersonnel,
maintenanceengineers


StationsandDepots


Stationsandrailwaydepotsconformtothesameprinciplesas
otherbuildings–sousetechniquesandinformationappliedin
otherindustries.


�Lowenergylighting–replaceoldequipment


�Ensurelightingisoffindaylight!


�Switch-offareasnotinuse,e.g
Toilets/staffrooms
Platformswhennotneededforservice
Depotlightingwhentrainsareoutintraffic


�Shutdowncomputersandotherequipmentwhenpossible


�Otherusers–manage,meterandbilltenants,shops,
coffeebarsetc.


�Tariffs–makesuresupplyagreementsarecorrect
Checkmaximumdemand


�Fitsmartmetersatmainlocations-andactonthe
information!


�Makelocalstation/depotmanagersresponsibleformeter
readingandenergybudgeting


�HeatingandCooling
Checkthermostatsettings
Maintainboilers–replacetheoldandinefficient
Closedoorsandwindows


�Usetheadvicewidelyavailablefromgovernmentand
environmentalwebsitesonenergyefficiencyforbuildings


OperatingYourRailway


PlanandoperateyourtrainservicewithEnergyEfficiencyasabasic
consideration.Checkthesefourthemes:


�Trafficmanagement


�Timetabling


Asuccessfuloperationsstrategyincludesalltheseelements.


Itwillalsomultiplythepotentialsavingsfromtechnicalchanges.


Theremaybedifferentactorsandorganisationsthatneedto
co-operateforsuccess–butthatisnotareasonfordoingnothing!


Energymanagementgoeshand-in-handwithpunctualityand
smoothoperation.


Avoid:


�Trainsrunningaheadofschedule


�Trainswaitingtimeatstations


�Trainsrunningout-of-path


�Trainsblockingjunctions


RememberthatDrivingSimulatorsareapowerfulwaytoteach
eco-driving,andthenhelpyourtraindriverswithtargetspeed
advicesystems.Thesecanbehigh-techITsolutions,butevenjusta
sheetofpaperwithcomprehensiverouteandtimetabledetailswill
makeabigdifference!


Furtherinformationandcontacts


ThisleafletandtheProcess,Power,Peoplebookletcanonlysignpost
theroutetoefficientmanagementofrailwayenergy.


Theresponsibilitynowlieswithrailwaymanagerstoputinplacethe
discipline,organisationandeffectivemanagementprocessestoreally
improvefinancialresultsandenvironmentalimpact.


Herearesomeusefullinksandcontacts:


DriverTraining-‘Trainer’Project
www.iee-trainer.eu


Technology-‘Railenergy’Project
www.railenergy.org


GeneralPrinciplesandBuildingServices
-IntelligentEnergyEuropeProgrammeandBESSproject
www.managenergy.netandwww.bess-project.info


Railwaycontact-UIC(InternationalUnionofRailways)
www.uic.asso.fr


UICEnvironmentandSustainabilityPlatform
www.uic.asso.fr/environnement


ThefollowingpublicationsareavailablefromUIC:
BuyingEnergy-EfficientTrains–UICleaflet345
EnvironmentalPerformanceIndicators–UICleaflet330


ForfurtherinformationpleasecontactHenningSchwarz,
UICEnvironmentalAdvisor(schwarz@uic.asso.fr)


ThisleaflethasbeenproducedforUICbyATOCinassociation
withotherUICmembersandindustrypartners


�TrainComposition
(lengthandtype)


�Eco-driving


�Uneconomicstationstops


�Unnecessarysignalstops


�Unevenline-speedprofile


�Trainsrunningempty!


EnergyEfficiencyfor
RailwayManagers
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TRAining programmes to 
INcrease
Energy-efficiency by 
Railways


UZI, a tool for 
energy efficient driving


by
Freddie Velthuizen







Introduction


Freddie Velthuizen,
Traindriver in Dordrecht since 1989


- creator of the UZI tool
- more than 10 years of experience


using it as a tool
- ecodriving is a ‘way of life’







The UZI tool


A simple tool for ecodriving, 
saving a lot of energy while not
compromising punctuality
using the 7% standard buffer time in the schedule by
switching off traction energy and coasting to next station







UZI – the formula
short distance stops TIME long distance stops SPEED


2 min 80 km/hour 140 km/hour 8 min before arrival time
3 min 90 km/hour 130 km 7 min before arrival time
4 min 100 km/hour 120 km 6 min before arrival time
5 min 110 km/hour 110 km 5 min before arrival time
6 min 120 km/hour 100 km 4 min before arrival time
7 min 130 km/hour
8 min 140 km/hour


example example
Schiedam departure at 11.38 to Delft Zuid Haarlem departure at 08.37 to Amsterdam Sloterdijk
Delft arrival at 11.44 Amsterdam Sloterdijk arrival at 08.47


driving time: 6 min speed: 130 km/hour
single acceleration to 120 km/hour switch off 7 minutes before arrival time at 08.40


driving time single acceleration to speed switch off time







UZI – verification by Lloyd’s
short distance stops TIME long distance stops SPEED


example example
Schiedam departure at 11.38 to Delft Zuid no specific example
Delft arrival at 11.44 calculations


driving time: 6 min
single acceleration to 120 km/hour


distance speed calculated energy delta distance speed switch calculated energy delta
driving time use kWh off min. driving timeuse kWh


9 110 6.7 min 63.3 -18,1% 30 140 9 17.1 164.1 - 2,0%
9 120 6 min 77.3 30 140 8 16.6 167.5
9 130 5.6 min 93.3 + 20,7% 30 140 2 14.2 197.3 + 17,8%


distance speed calculated energy delta distance speed switch calculated energy delta
(calculation) driving time use kWh off min. driving timeuse kWh


3 100 2,5 min 49.8 30 130 8 17.1 152.2 - 9,1%
3 90 2,7 min 39.5 - 20,7% 30 120 8 18.2 138.9 - 17,1%
3 80 2,8 min 30.6 - 30,6% 30 110 8 19.6 127.5 - 23,9%







UZI – conclusions Lloyd’s
• On short distances energy savings up to 20% are 


possible when choosing the right speed
• On longer distances the savings can amount to 15% 
• Average savings between 12% and 17% are possible
• Because of UZI-like of driving due to earlier tries to 


implement ecodriving, savings are likely to be
between 6% and 8,5%







UZI – other advantages
• increased safety, less risk of driving through a red light
• increased comfort for the passenger by reduced braking 


and lower speed through station throats
• easier going for the conductor for the same reasons
• reduction of maintenance costs, brakes, engines and air 


compressors
• reduction of maintenance costs for infrastructure, rail and 


points
• reduced risk of slippage during autumn because of the 


lower speed and reduced braking







UZI and Routelint
The perfect combination!


For example:


It’s 17.45 and you’re travelling at 140 km/hour


Routelint tells you a train is going to cross. Routelint also tells
you the crossing point and time, in this case at 18.08


You do your UZI calculation and decide to switch off at exactly
18.00 hours.


140 km/hour 8 min before arrival time
130 km 7 min before arrival time
120 km 6 min before arrival time
110 km 5 min before arrival time
100 km 4 min before arrival time


speed switch off time
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Simulator Centres4.  


Operational Concept3.


Specifications2.


History1.


5.         Usage


- Yearly Assessment Run


- Benefits
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1. Driving Simulators – History


1991:
Roll-out of the ICE 1-Trains 


Due to the expansion of the ICE network fewer trains were 


left for practical Driver training


1992:
Study about the usage of simulators in driver training for the current ICE 


fleet, and for the future ICE (2/3/T) trains and locomotives 


(101/145/152)
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1. Driving Simulators – History


Results of the study


1994:


Order of 12 simulators


Increasing quality


• Repeatability of scenarios


• Simulating the real environment


• Training of dangerous situations


Lowering cost


• No damaged trains


• Reduction of  training length


• Usage of real trains reduced by   
2/3


1998:


Order of 5 simulators


+
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1. Driving Simulators – History


1996 - 2000:
12 simulators were delivered and implemented


10 Simulators for
classes 101 / 145 / 152


1 Simulator for
ICE 3 / T


1 Simulator for
ICE 1 / 2


2000 - 2005:


5 simulators were delivered and implemented


1 Simulator for


DMU class 612


1 Simulator for


DMU class 628


1 Simulator for 


classes 112 / 143


2 Simulators for EMU 


classes 423 - 426
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1. Driving Simulators – History


2003:
Conversion of two existing simulators


2 Simulators for passenger 
train - classes 101 / 145 / 152


2005:
One simulator transferred within Deutsche Bahn


1 Simulator for


DMU class 628


2 Simulators for freight 
train classes 185 / 189


DB Akademie
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2. Driving Simulators – Specifications


• Full Mission


• Motion system (electrical, no hydraulic system) with 6 degrees of
freedom


• Computer Generated Image-Technology


• Acceleration / Deceleration behaviour identical to real vehicles


• Logical behaviour identical to real vehicles


• All malfunctions, relevant for training, must be simulated


• Driving cab / control panel almost identical to the real vehicle


• Simulation of the panels located in the engine compartment on a
touch screen


• Instructor‘s work-desk outside of the cabin


• System must be useable for conversion and operational training:
All operational scenarios relevant for driver training must be 
simulated







8DB Training, Martin Müller, 25.04.2007


3. Driving Simulators – Operational Concept


• All simulators belong to and are operated by one division


• Two shift operation on 5 days per week


• All instructors belong to DB Training


• All instructors must own a valid license class III to drive trains on 
the German track network 


• All instructors must be certified examiners for train drivers
according to the EN 17024


• All processes for training development, training performance, 
assessment and examinations, simulator procurement, etc.
are certified according to ISO 9001
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3. Driving Simulators – Operational Concept


Initial training, advanced training and assessment of the driving staff


Training of identical standards and quality at all centres


Instructors’ competence Training content 


and assessment


Procedures


Training and competence checks, together with definite standards in 


case of loss of competence, are certified


Safety, economy and customer-orientation
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Berlin 2Hamburg2


Hagen2


Saarbrücken
2


Nuremberg


2


Leipzig 6


Munich
2 4


Magdeburg 2


Mainz2


Cologne
6


Fulda
1 3 4 5 7


Cl. 101/145/1522


1
Cl. 401/402 
(ICE1/2)


3 Cl. 403/406/411/415 
(ICE3/T)


4 Cl. 423-426


5 Cl. 112/114/143


6 Cl. 185/189


7 Cl. 612


8 Cl. 628 
(DB Akademie)


8Potsdam


4. Driving Simulators – Simulator Centres
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5. Driving Simulators – Usage


Untill 2002


Conversion training


Since 2002


Yearly Assessement runs = 21.500 hours / year


Additional Usage


- Environmental driving


- Operational training


- Human factors training


- Conversion training


- Training for driving at low adhesion 


conditions
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5. Driving Simulators – Usage


Creating the content of the yearly assessment run


• Experts from Deutsche Bahn’s transport divisions and from DB      


Training define different scenarios for the next year’s assessment runs 


• Scenarios for the next year are developed based on operational 


problems happened during the present year


• DB Training is performing the assessment runs on general order 


by the transport divisions


Success


Results sent weekly to the 


drivers’ depots


Failure


Supervisor will


be informed immediately
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Actions taken after the Assessment Run


Driving license further 


valid for another year


Competence faultless


Assessment run on the simulator


Loss of competence


detected


Driving license 


temporarily void


Adequate actions 


taken for rebuilding 


competence


Re-check


5. Driving Simulators – Usage
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5. Driving Simulators – Usage


Benefits of using simulators for assessments:


• Every scenario is possible


• Scenarios are identical at every simulator


• Actions are recorded


• The supervisor’s attention is focused on the driver only
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5. Driving Simulators – Usage


We are a provider for training, examination and assessment


We are not an authority


DB Training is detecting a 


driver’s failure during the 


assessment run


The supervisor at the 


driver’s transport division is 


responsible for the actions 


to be taken and for another 


competence check








Peter Wilbers
Senior Programme Manager


SenterNovem
1st TRAINER demo tour
24 – 26 October 2007


Wednesday 24 October 2007
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SenterNovem


• Netherlands agency for sustainability and 
innovation


• Agency of the Ministry of Economic affairs
• Also programmes and projects on behalf of other 


Ministries and the European Commission
• Core business: Implementation of energy saving 


and CO2 reducing policies (technical + 
behavioural)


• 1,500 employees
• Offices in 4 cities







TRAINER


• TRAining programmes to INcrease Energy-efficiency 
by Railways
• Behaviour (ecodriving)
• Technology (rolling stock, infrastructure, supporting 


devices)
• Organisation (planning and logistics)


• Long Term Agreement (LTA)
• Energy Management Systems (EMS)


• Intelligent Energy Europe (IEE)
• Running period 3 years: November 2006-October 2009
• Collaboration with FP6 Railenergy + UIC
• www.iee-trainer.eu







Objectives


• At least 25,000 train drivers in 5 
EU-countries have been trained


• Annual 1 Mton CO2 emission 
avoidance (= about 1,06 TWh)


• Network of transnational
collaborations between railway 
operators


• TRAINER has contributed to the 
competitiveness of the rail 
sector


• 3 new LTAs have been prepared 
in 3 European countries







Partners


• SenterNovem (coordination) Netherlands
• Nederlandse Spoorwegen (NS) Netherlands
• Genera Lynx Slovenia
• Slovenske Zeleznice (SZ) Slovenia
• Centre for Renewable Energy Sources


(CRES) Greece
• Zeleznicná Spolocnost Cargo Slovakia


(ZSSK CARGO) Slovakia
• Verkeers Veiligheids College Rijssen


(VVCR) Netherlands
• Ente per le Nuove Tecnologie l’Energia


e l’Ambiente (ENEA) Italy
• Trenitalia Italy







Training programmes


• Train drivers
• Station and cleaning staff
• Management of railway 


companies


• Electric, diesel and Light rail
• Practical and theoretical


• Virtual Trainer
• Software tool
• Teasing, appealing
• Basic didactical elements


‘Universal manuals’







Demonstration tours: 1st round


• 1st round
• 24, 25 + 26 October 2007


• Along good practices:
• NS, the Netherlands: Utrecht
• DB, Germany: Frankfurt + 


Fulda


• Passenger transport


• Objectives
• Information
• Inspiration, engagement
• Exchange of know-how
• Network building







Demonstration tours: 2nd round


• 2nd round


• March 2008


• Slovenske Zeleznice, 
Slovenia: Ljubljana


• ZSSK Cargo, Slovakia: 
Bratislava


• Freight transport


• 40 people







Programme Wednesday 24 October


Venue: Hotel Best Western 
15:00-15:30 Reception in Hotel Best Western 
15.48  TRAIN from Central Station to museum (platform 9b) 
Visit to the Dutch Railwaymuseum/ 
16.05 Reception in De Centrale in Utrecht 
 Guided tour (2 x in English) 
 Coffee Waiting room (First and second class)  
18:00 Meet and greet with beverages 
19:00 Dinner 
22:00 Back to the hotel by bus 
 







Programme Thursday 25 October (1)
NS Trefpunt, headquarters Dutch Railways


Programme:
• 08:45 – 09:00 Arrival at headquarters Dutch Railways
• 09:00 – 09:05 Welcome by the chairman Mr Mads Bergendorff
• 09:05 – 09:15 Welcome and context by Mr P. Wilbers
• 09:15 – 09:45 Presentation Long Term Agreements (LTA ) and 


Corporate Social Responsibility 
by Mr A. Veenman, CEO NS Dutch Railways


• 09:45 – 10:30 Guided tour along NS Trefpunt exhibition
• 10:30 – 10:45 Coffee break
• 10:45 – 11:45 The Dutch training approach 


by Mr J. Hoogakker and Mrs K. Daman, 
• 11:45 – 12:30 The Danish autodidactic approach 


by Mrs. Rikke Naeraa
• 12:30 – 13:00 Discussion on ‘ to train or not to train’
• 13:00 – 14:00 Joint buffet and networking







Programme Thursday 25 October (2)
• 14:00 – 14:20 Introduction of Routelint (including film) 


by M. van der Borght
• 14:20 – 14:40 Introduction of Matrics by Mr J. Van Luipen
• 14:40 – 15:00 Introduction of UZI, by Mr J. Hoogakker
• 15:00 – 15:15 Coffee break
• 15:15 – 16.30 Simulation game Matrics, lead by Mr J. Luipen


Train Driver, a Virtual Trainer, lead 
by Mr C. Van der Moolen


• 16:30 – 17:15 Discussion
• 17:15 – 17:30 Summary by the chairman and closure of the meeting
• 17:30 – 18:30 Beverages and networking
• 18:30 – 19:00 Transfer to Central Station Utrecht
• 19:00 Departure by ICE train to Frankfurt
• 22:34 Arrival at Frankfurt Hauptbahnhof and walk to hotel 


Continental
• 23:00 Welcome drink at hotel Continental







Programme Friday 26 October (1)







Programme Friday 26 October (2)







Programme Friday 26 October (3)







Programme Friday 26 October: Teams







Contact details


Peter Wilbers
SenterNovem


T +31 30 239 35 01
F +31 30 231 64 91


E p.wilbers@senternovem.nl


www.ecodrive.org
www.treatise.eu.com


www.hetnieuwerijden.nl
www.senternovem.nl
www.senternovem.nl/lta


www.iee-trainer.eu







Theses for tomorrow


1. Railway companies are insufficiently exploiting their green 
elements to (potential) clients and governments 


2. The human factor is the most important factor (more than 
technical ones) to achieve energy-efficiency improvements 


3. Energy-efficiency measures at single trains can never 
significantly contribute to energy-efficiency improvements 
in the railway sector


4. Without dynamic traffic management it is useless to train 
energy-efficient driving 


5. LTAs will not work due to their voluntary basis 
6. Preferably a European LTA should be established 
7. To be formulated on Wednesday 24 October
8. To be formulated on Wednesday 24 October








Energy Management in the Long-Term-Agreement 2 
Approach and progress


Wouter
 


Wienk
Long-Term Agreement 2 (LTA2)







Will Energy Management (EM) boost Energy Efficiency (EE)?


•
 


How do you get companies to implement Energy 
Management?


•
 


How do you know if the companies are making progress with 
the implementation of energy management?


•
 


Can you measure an energy-efficiency increase after 
implementation? Can companies that do have energy 
management outperform companies that don’t?







What do you need? 
LTA Staff: Competent people 


Control & Monitoring: ISO 9001:2000







LTA2 Energy-Efficiency
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SenterNovem is not a participant of the LTA2 agreement







LTA2: in brief
•


 
Time horizon: 2001 ‒


 
2012


•
 


Major goal: Continuously improvement energy 
efficiency
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LTA2 sequence
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Energy Management System 2001- 2004


•
 


Based on: ISO 14001 with energy as a compulsory topic.
•


 
No certification


•
 


Monitoring EM = Checklist 100 questions, 51 obligatory
Score:


181 -
 


200 points grade A
 


high level
102 ‒


 
180 points


 
grade B
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51 ‒
 


101 points
 


grade C
 


not satisfying
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50 points


 
grade D


 
not implemented


One imperfection leads automatically to grade D







Monitoring Energy management 2001 - 2004
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Monitoring Energy management 2001 – 2004 
Progress of Points
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Monitoring Energy management 2001 – 2004 
Progress of grade (A, B, C)
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Difficulties


•
 


Communication: Energy management is about attitude and it 
is abstract (perception: piles of paper). 


•
 


SME’s
 


in general don’t understand the ISO, EU, Ministry or 
Agency language.


•
 


(Initially) some do not see the advantage. Practical use?
•


 
A signature under an agreement is not always commitment.


•
 


Implementing Energy Management takes time…
 


everybody is 
busy. 


•
 


The amount of support differs for every company
•


 
Effect of support depends on competences of the 
environmental manager / contact person







But on the other side……


•
 


Once people work with it they get enthusiastic
•


 
There a significant improvements visible


•
 


They are cutting costs!
•


 
Companies who are consumer related are more into 
management systems and care for the environment.


•
 


What’s the other option?







Improvements 2005 


•
 


New method: “Internet methodology”
 website, electronic-forum, support consultant.


•
 


Checklist BasicCheck
After 2 years in LTA 19 compulsory elements, after 3 years 26; 
moreover,14 optional elements. 


•
 


Linking lists of Energy management with ISO14001, ISO9000 
and HACCP. 


•
 


Communication and mindset!
 Mindset on PDCA in policy and all support instruments



http://www.mijnenergiezorg.nl/

http://ejja.xs4all.nl/login/index.php
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Improved mindset
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Improvements 2005 


•
 


New method: “Internet methodology”
 website, electronic-forum, support consultant.


•
 


Checklist BasicCheck
After 2 years in LTA 19 compulsory elements, after 3 years 26; 
moreover,14 optional elements. 


•
 


Linking lists of Energy management with ISO14001, ISO9000 
and HACCP. 


•
 


Communication and mindset -
 


MJA Dartboard
 Mindset on PDCA in policy and all support instruments







Het MJA dartboard
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Does Energy Management boost Energy Efficiency?


•
 


How do you get companies to implement Energy 
Management?


•
 


How do you know if the companies are making progress with 
the implementation of energy management?


•
 


Are there significant differences?


•
 


Communicate in an understandable language, be practical, 
use visual media, give good examples, have a full PDCA 
instruments support set at the same level, use a good carrot!


•
 


Annual monitoring works fine.
•


 
|


 Yes, there are! We can measure it.


But
 


of course
 


you
 


can’t
 


win them
 


all …







Conclusions


LTA2 works!
•


 
Average Dutch EE improvement of 0,5 -1%


•
 


LTA2 efficiency improvement of 2%


“If you can’t measure it, you can’t manage it”


First results of improved Energy Management 
•


 
Less companies with grade D


•
 


Majority advances from grade D to B


Next four years we can measure the effects of EM
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