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Executive Summary  

Moving towards net zero emission affects the 

European rail sector . In December  2019, the 

European Commission presented the EU Green 

Deal. Since then, it  has been further substantiated 

by various compelling regulations and supporting 

funding programs. Against this background, the 

transport sector is bound to reduce emissions by 

90 percent until 2050. The total freight carried by 

rail shall, however, increase by 100 percent for the 

same period, as the ɈShift to Railɉ approach is 

essential for the EU to reach its goals. Indeed, t he 

rail sector is by far the most sustainable mode of 

land transport , represent ing less than 0.5  percent 

of total EU CO2 emissions, although  some rail 

operators  still have diesel-powered fleet s 

producing  a significant portion  of all their  

emissions. This is achieved  thanks to the fact 60% 

of the European main  lines  network is already 

electrified and 80% of the traffic is running on 

these lines .  

Ever-increasing rail demand, physical and 

economic limits to complete rail electrification, 

along with the rising competition over energy and 

resources, progressive taxation,  and imminent 

ban of fossil fuels  ɀ many  challenges are calling 

for coordinated efforts to strategically use 

available resources for a clean, competitive and 

efficient next -generation railway.  

An aligned  transition roadmap is essential  to 

strengthen the railways'  sector as part of the 

solution to decarboni se Europe . The Association 

of European Rail Rolling Stock Lessors (AERRL) 

commissioned this study to contribute to the 

overarching goal of  a climate -neu tral  European 

Union (EU). Aware of the magnitude and urgency 

of this unparalleled green transition, AERRL 

reiterates the need to count on  the rail sector for 

sustainable mobility and transport systems that 

can trigger a major  change for society at large. T he 

study specifically addresses the opportunities and 

challenges of phasing out of diesel -powered rolling 

stocks in the near future. It identifies promising 

alternatives meant  to stimulate discussion  and 

cooperation among all relevant stakeholders that  

lead to synchronised decisions and investment . 

The roadmap  captures crucial milestones and 

provides orientation on the path towards climate 

neutrality.  

Multidimensional  and systematic  analysis  is 

required . This study examin es the  EU regulatory 

framework and selected national strategies and 

provides  a preliminary evaluation of technology 

alternatives . The qualitative and quantitative 

research ɀ including extensive stakeholder 

consultations  and workshops with AERRL  

members ɀ produced  unique insights into  the  

technological maturity  as well as infrastructure 

and supply readiness .  

While electrification remains the most 

efficient solution from a holistic perspective, 

complementary solutions can help to 

accelerate decarbonisation. HVO is rated as an 

immediate candidate . It can reduce CO2 emissions 

by 85 to 90 percent  and is easy to im plement . 

Obstacles  due to higher taxation can and should 

be adjusted by future regulation . RNG and 

Ammonia ICE are considered short - to medium -

term options , though several operational 

challenges remain. Hydrogen has a high energy 

density (per kilogram ), but "green production " is 

still very limited and requires high expenditure . It 

is an option for applications where no other 

solution is  available (e.g. long non -electrified  

routes) and after substantial inf rastructure 

improvements are achieved . Though major 

problems  remain, battery technology is a solution 

for the rail sector . Especially Dual-Mode 

battery /electric trains combined with partial 

electrification for the longer term could become a 

game-changer.   

Shifting perspectives to be successful in 

shifting to rail. This study provides  clear 

recommendations for  the EU Commission. T o 

enable the sustainable transition of the rail sector , 

the different stakeholders need to come together  

in a Ɉfreight transport system for efficiencyɉ organised 

either by the Commission or an appointed actor in 

the field. The investments between rolling stocks 

and infrastructure need to be balanced. To achieve 

maximum  leverage for  industrial decarbonisation , 

the rail sector  should be , after pipelines,  the first 

choice for  green hydrogen  transport . With  such a 

position  in a new supply chain, the rail sector can 

increase its freight market share and provide safe 

and reliable low carbon -emission energy to todayɅs 

most emissive industries .



 

  

Disclaimer  

This study is based on a high -level legal review of key EU regulations and national  policies in selected 

EU member states  followed by stakeholder consultations. All activities have been coordinated and led 

by eolos GmbH, an independent consulting company for industrial sustainability in the railway sector.  

The views expressed in this study  are those of the authors and do no t necessarily reflect the official 

individual position of the AERRL members. 

Nothing in this publication constitutes legal advice from eolos GmbH. The regulations mentioned and 

analysed in this study are based on current European legislation and on proposa ls for European 

directives and regulations as drafted at the date of publication of this study. These proposals may have 

been amended and entered into force after the date of publication of this study.  
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1. Context  of  this Study  

The Association of European Rail Rolling Stock Lessors (AERRL) has launched this study  to identify and 

promote technologies to cut the climate impact of the existing diesel -powered rail fleets in the near 

future.  A transition from diesel must encom pass the technological readiness and application scenario  

as well as a proactive  approach to  include the European Union (EU) regulations prohibiting high -

emissive practices .  

The aim of th is study  is to  start  a conversation  that takes up  the EUɅs query about  the most effective 

policy levers for  a very low -carbon emission railway industry.  Proper and detailed calculation s with 

regard  to the environmental impact of each solution should be addressed in the next phase . 

 

Rail sector  positioning in  a Europe moving towards climate neutrality   

In Novemb er 2018, t he EU pledged to be the first climate -neutral continent by 2050 , in line with the 

global climate action under the Paris Agreement . To meet its  responsibility, the European Commission  

(EC) presented the EU Green Deal  in December 2019. This  set of directives  strives  to Ɉtransform the EU 

into a modern, resource -efficient and competitive economy, ensuring  no net emissions of greenhouse 

gases by 2050 and economic growth decoupled from resource use ɉ1.  

In its 2021-2027 budget of over  ɚ2.0 trillion, the EU allocates 30 percent  of its financial resources to 

fight ing climate change .2 As a result, a  complex ecosystem of compelling  regulations and supporting 

funding programs has been formed, which  industries must  follow, adapt to and align  their strategies  

with . 

The rail sector is already by far the most sustainable mode of land transport , representing less than 0.5 

percent  of the EU total CO 2 emissions 3. It is as such a key player  to speed up the  current 

decarboni sation efforts of  European industries . Still, additional efforts are needed  to deliver  the next 

generation  of railway, for passengers and freight , and accelerate  the  ɈShift  to Railɉ in Europe. 4  

Although diesel rail freight emits significantly less greenhouse gas (GHG) emissions per load 

transported than heavy goods road transport 5, about 50  percent  of the current fleet in Europe still 

operates on fossil diesel .6 This study therefore focuses on exploring alternatives to the existing diesel 

propulsion , particularly in view of the very large increase in rail freight volume  and the corresponding  

climat e impact expected between now and 2050.  Adding  to the  continuous  demands on networks  and 

services, the rail sector also faces unprecedented and oftentimes strict requirements  from legislators 

like the gradual prohibition  of fossil fuel s.  

 

1  European Union (n.d) , A European Green Deal. More : Regulatory Landscaping Overview & related Sources  
2  European Union. (n.d) ; https://climate.ec.europa.eu/eu -action/funding -climate -action/supporting -climate -action -

through -eu-budget_en  
3  European Environmental Agency (12/2019), Share of transport greenhouse gas emissions ; 

https://www.eea.europa.eu/data -and -maps/daviz/share -of -transport -ghg-emissions -2/#tab -googlechartid_chart_13    
4  UNIFE and CER Position Paper (06/2016), Rail as a key to decarbonizing transport ; https://www.unife.org/wp -

content/uploads/2021/03/RAIL -AS-A-KEY-TO-DECARBONISING-TRANSPORT.pdf 
5        Tank-to-wheel comparison : diesel rail freight 7.64 grams CO2e per tonne -kilometres  vs. heavy goods road freight 107 grams 

CO2e per tonne -kilometres ), see also: 

https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccn/2021/Met hodology%20for%20GHG%20Efficiency%2

0of%20Transport%20Modes.pdf   
6  Website European Union (01.07.2022) ; https://ec.europa.eu/eurostat/statistics -

explained/index.php?title=Transpo rt_equipment_statistics#Railway_transport_equipment:_more_electrical_energy.

2C_fewer_seats  

https://climate.ec.europa.eu/eu-action/funding-climate-action/supporting-climate-action-through-eu-budget_en
https://climate.ec.europa.eu/eu-action/funding-climate-action/supporting-climate-action-through-eu-budget_en
https://www.eea.europa.eu/data-and-maps/daviz/share-of-transport-ghg-emissions-2/#tab-googlechartid_chart_13
https://www.unife.org/wp-content/uploads/2021/03/RAIL-AS-A-KEY-TO-DECARBONISING-TRANSPORT.pdf
https://www.unife.org/wp-content/uploads/2021/03/RAIL-AS-A-KEY-TO-DECARBONISING-TRANSPORT.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccn/2021/Methodology%20for%20GHG%20Efficiency%20of%20Transport%20Modes.pdf
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/ccn/2021/Methodology%20for%20GHG%20Efficiency%20of%20Transport%20Modes.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Transport_equipment_statistics#Railway_transport_equipment:_more_electrical_energy.2C_fewer_seats
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Transport_equipment_statistics#Railway_transport_equipment:_more_electrical_energy.2C_fewer_seats
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Transport_equipment_statistics#Railway_transport_equipment:_more_electrical_energy.2C_fewer_seats


Study on alternatives to fossil diesel use in railways  | AERRL 7 

Railway transport shall  be further electrified according to the ECɅs ɈSustainable and Smart Mobility 

Strategyɉ, there will nevertheless  be a need for catenary -free operations (CFO) for  years to come .7 

Hence, stakeholders in the rail sector must explore  alternatives to diesel and  electrification that are  

readily available to be implemented in the fleet management in the coming decades.  

 

 

Figure 1: Distribution of greenhouse gas emissions (GHG), left to right: Europe8 , transport sector9  and DB Cargo10 

 

Scoping the rolling stock fleet s concerned by diesel swap  

In Europe, rail electrification remains the optimal solution, in particular for freight transport, and 

should be continuously  driven forward. However, considering the length of  implementation and the 

required physical, economic and strategic efforts to electrify the rail network, bridge solutions and 

technology alternatives can contribute to decarboni sing the rail sector  faster . 

This study estimates that more than 10.000 diesel -powered  locomotives with an average remaining life 

of more than 20 years operating  in Europe. 11 

 

Figure 2: Overview of the current applicability of traction systems and operational scenarios12 

 

 

7         60% of the European rail network is already electrified and 80% of traffic is running on these lines,  see European Union, 

(22.01.2018), Electrification of the transport system, Expert group report; https://op.europa.eu/en/publication -detail/ -

/publication/253937e1 -fff0 -11e7-b8f5 -01aa75ed71a1/language -en  
8  Statista (n.a.), Annual greenhouse gas emissions in the European Union (EU -27) from 1990 to 2020, by sector ; 

https://www.statista.com/statistics/1171183/ghg -emissions -sector -european -union -eu/   
9  European Environmental Agency (12/2019), Share of transport greenhouse gas emissions ; 

https://www.eea.europa.eu/data -and -maps/daviz/share -of -transport -ghg-emissions -2/#tab -googlechartid _chart_13     
10  DB Cargo (2022), Climate Protection and Energy  (Jörg Schneider) 
11       Retrieved from eolosɅ analysis locomotives of European railway operators (10.22) 
12       Own illustration  

https://op.europa.eu/en/publication-detail/-/publication/253937e1-fff0-11e7-b8f5-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/253937e1-fff0-11e7-b8f5-01aa75ed71a1/language-en
https://www.statista.com/statistics/1171183/ghg-emissions-sector-european-union-eu/
https://www.eea.europa.eu/data-and-maps/daviz/share-of-transport-ghg-emissions-2/#tab-googlechartid_chart_13
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Due to the desire and expectation to increase the total rail freight by 100 percent until 2050, the overall 

number of locomotives most probably will increase.  Hence, decision -makers must explore alternative 

options  as full electrification is not always possible.  

Amongst those, we have considered different dual -mode propulsion systems and the following 

illustration clarifies  them.  

 

Figure 3: Alternate dual-mode propulsion systems13 

 

Tighter  regulation s limit the use of fossil  fuel s and stimulate alternatives  

The analysis of new and revised EU regulations related to diesel fuel shows that the EU wants to 

drastically reduce the use of fossil fuels . The ɈSustainable and Smart Mobility Strategy ɉ sets out a 

roadmap with the  objective to cut  90 percent of the emissions from the transport sector by 2050 14. 

Beyond  the ambitions  related to carbon emissions  driven by the EU Green Deal, the European Climate 

Law15 or the ɈFit for 55ɉ package16, the regulations  currently worrying rail manufacturers and operators  

the most are recent revision s of the European Taxation Directive  and the Renewable Energy Directive . 

These regulations  are prompting changes around  fossil fuel practices in other transport ation  sectors as 

well and have led to initiatives like  ɈFuelEU Mari tim eɉ and  ɈRefuelEU Aviationɉ. 

At the same time , the EC also strives to develop alternatives to fossil fuels, especially for transport.  This 

is the main purpose of a proposa l to repeal the  existing  Alternative Fuels Infrastructure directive and 

replace it with a regulation  ensur ing an extensive coverage of alternative fuels infrastructure to 

(re)charge or (re)fuel vehicles  across the EU. The revision of the Trans-European Transport Network  

(TEN-T) points in the same direction : to provide the appropriate infrastructure basis to reduce GHG 

emissions , to facilitate an increase in the share of rail  and to foster  multimodality and interoperability 

between transport modes . 

Beyond these specific regulations, the EU Taxonomy Regulation 17, which entered into force in July 2020 , 

clearly  impact s the use of fossil fuels and the development of alternatives in the transport sector . With 

the EU Taxonomy Regulation and the EU Taxonomy Climate Delegated Act  18 adopted in June 2021, 

companies, investors , and policymakers can identif y economic  activities  substantially contributing to 

the green  transition  and  climate change adaptation and mitigation . Given its large share of very low-

 

13       Own illustration  
14  European Union. (n.d.) , Mobility Strategy . More: Regulatory Landscaping Overview & related Sources   
15  Presentation of the European Climate Law by the European Commission . More: Regulatory Landscaping Overview & 

related Sources  
16  European Parliament . Fit-for -55 package More: Regulatory Landscaping Overview & related So urces  
17  EU Taxonomy Regulation  More: Regulatory Landscaping Overview & related Sources  
18  EU Taxonomy Climate Delegated Act . More: Regulatory Landscaping Overview & related Sources  
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carbon  emissions  (zero tailpipe emission /  electric ) assets, the rail industry will  surely  benefit from the 

taxonomy roll -out . 

 

Addressing  the rising need and competition for energy and resources  

Beyond incentives  to  move away from  the unsustainable exploitation of  natural resources such as 

energy, metals, raw materials, and water , it is paramount  to find  solutions enabling E U industries to 

reduce their  dependency on international  supp ly chains. Disruptive crises like Covid-19 and  the Russian 

invasion in Ukraine 19 have clearly demonstrated  the possible negative impact s. Energy and resource 

efficient strategies  must therefore form an essential part of  future rail fleet management.  

With its REPowerEU Plan, the EC address es such risks by favouring  the efficiency of energy usage and 

storage .20 Similar approaches are outlined in the  ɈRoadmap to a Resource -Efficient Europeɉ from 2011, 

which  indicates the path to a low-carbon economy  based on the Circular Economy  principle. 21 

 

Positioning AEERL as a pragmatic implementer  

In th is context,  AERRL and its members want to position  themselves  as a pragmatic implementer of very 

low-emissive solution s for the future railway.  Through this study, t he association  wants  to examine the 

high -level regulatory landscape and highlight  existing  opportunities and barriers for diesel  alternatives .  

AERRLɅs ambition is to discuss the study  recommendations  with its peers. A balanced representation of 

the rail sector is necessary to identify blind spots and to approach them pragmatically thereafter .  

Therefore, AERRL is open to initiat e, organise  and implemen t projects together  with other stak eholders, 

partners,  and experts  across the sector.  The findings of this study  are summari sed in a  roadmap  (see 

ɈMoving forwardɉ) to trigger further discussions and enable the convergence of the different 

stakeholders.  

  

 

19  European Council of the European Union (n.d.) , ϥmpact of RussiaɅs invasion of Ukraine on the market: EU response 

https://www.consilium.europa.eu/en/policies/eu -response -ukraine -invasion/impact -of -russia -s-invasion -of -ukraine -on -

th e-markets -eu-response/  
20   European Commission (n.d.), REPower EU: affordable, secure and sustainable energy for Europe . More: Regulatory 

Landscaping Overview & related Sources 
21  European Commission  (n.d.), Resource Efficiency; https://ec.europa.eu/environment/resource_efficiency/index_en.htm  

https://www.consilium.europa.eu/en/policies/eu-response-ukraine-invasion/impact-of-russia-s-invasion-of-ukraine-on-the-markets-eu-response/
https://www.consilium.europa.eu/en/policies/eu-response-ukraine-invasion/impact-of-russia-s-invasion-of-ukraine-on-the-markets-eu-response/
https://www.consilium.europa.eu/en/policies/eu-response-ukraine-invasion/impact-of-russia-s-invasion-of-ukraine-on-the-markets-eu-response/
https://ec.europa.eu/environment/resource_efficiency/index_en.htm
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2. Methodolog ical  Approach  

Complex ity and scope of the green transition require  a multidimensional and  systematic  analysis. This 

study encompasses qualitative and quantitative aspects  necessary to  identify appropriate and realistic 

scenarios for action. To achieve this, AERRL commissioned eolos GmbH to develop a methodological 

approach , engage in theoretical research  and  reach  out  to AERRL members, partners and other experts 

working  on transport, sustainability  and /or  related issues.  Stakeholder consultations took place d uring 

four workshops with AERRL  and numerous topical interviews (see List of Participants ). 

The study focuse s on two general areas : 

 

1. Analysis of  the EU regulatory framework and four national strategies  

Given the importance of the EU regulatory framework in triggering significant change in the member 

states and major  industr ies, an extensive evaluation of  relevant  directives and regulations  was 

conducted (Ɉregulatory landscapingɉ). This also included  a non -exhaustive overview of related policies 

and EC communications.  On the national level, the  assessment mainly examined  national strategies 

around diesel swap s in France, Germany, Poland  and the United Kingdom.  All policies and regulations 

referred to can be found in Regulatory Landscaping Overview & Related Sources . 

 

2. Preliminary evaluation of bridge solutions a nd technology alternatives  with a potential to 

replace or supplement diesel -powered rolling stock s 

Five selected bridge solutions and technology alternatives were assessed in depth: biofuel 

hydrotreated vegetable oil (HVO); renewable natural gas (RNG); Amm onia internal combustion engine 

(ICE); hydrogen; and batteries.  The operational readiness was examined by combining the four aspects 

technology maturity; existing infrastructure; available supply; and current regulatory landscape.   

This focus was based on the applicability to different operation scenarios ( with reference to  Figure 2). 

Hydrogen ICE was not included because it can only be considered in retrofit use and has a much too low  

energy efficiency. Heavy  freight was also neglected being  a minor use case in Europe , but  it should  be 

addressed in  and for  countries like Australia,  Canada, or India . Similarly, e -fuel technology was discarded 

as it currently is still under development, requires a lot of energy and has low WTW efficiency.   

Though with varying levels of market readiness, there are many o ptions to phase out diesel-powered 

locomotives  and trains . For a systemic diesel  swap to be successful, the transition must be thoroughly 

planned . In that sense,  the following parameter s are equally important to understand the  specific 

conditions of AERRL members and other rolling stock operators  and stakeholders : size and age of the 

diesel fleet  and potential for upgrades ; stage of development of low -carbon technologies ; operational 

range requirements and forecast loads ; environmental footprint and  potential improvements . 

Beyond technology readiness and its  related environmental impacts,  the methodological framework  

also considers existing and planned infrastructure developments as well as supply availabilities. The 

maturity graphs developed and shared as illustrations do not aim at providing detailed and accurate 

data points, but rather a hol istic and integrated view . That way the gaps between technology, 

infrastructure and technology readiness  are visualised and can illustrate important learnings . 

Overall, the insights and recommendations blend theoretical research and quantitative analysis, 

stakeholder consultations and specific work environments in an integrated and systemic approach. The 

methodological framework  of this study is designed to be future -proof and can be easily adjusted as 

new regulations and technologies emerge.   
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3. Findings and Recommendations  

Examining and understanding every aspect of a certain bridge solution  or technology alternative is far 

from easy. The methodological approach underlying this study helped to grasp up -to -date information 

from many different knowledgeable sou rces and relate it to the current regulatory landscape. On this 

basis, the following integrated findings and recommendations present a comprehensive overview of 

every technology along with its possible importance for  a more sustainable  transport system.  Apart 

from  technological innovation leading to  low-emissive and more secure power supply for modern  rail 

transportation , it is equally  important to find new ways to use that power widely and more efficientl y 

by provid ing support to  operators and integrators  and pushing  the ɈShift to Railɉ approach forward .  

 

3.1. Treating Rail  separately from other Transportation Sectors  

Representing less than 0.5  percent of the EU's total CO 2 emissions , the railway  sector is a key 

component to speed up the decarbonisation efforts across European industries. In recent years, thanks 

to the efforts of major railway actors and the 2021 Year of Rail, unprecedented progress has been 

made towards effecting  ɈShift to Railɉ. 

Passenger s traffic  

Overall, ridership steadily increased prior to the COVID -19 pandemic thanks to the progressive upgrade 

and development of the infrastructure and procurement of new rolling stocks. I nitiatives  like the 

ɚ1/day transport card in Austria 22 have motivated more passengers to choos e rail transport. Though 

ridership has significantly decreased again during the pandemic, operators helped to  implement  social 

benefit programmes like  the ɚ9/month ticket in Germany 23 or the reduced ticket for commuters in 

Spain24. Although those new measures have proved to prompt passengers to make rail th eir mobility 

lifestyle , it raises question s regarding economic balance and sustainability.  

Freight transport  

Despite all the effort s deployed to ɈShift to Railɉ, it can be observed that the volume of rail freight 

transport has barely increased over the past 15 years. This contrasts with the overall increase in freight 

transport and logistic flows. A more detailed analysis suggests tha t a significant shift in the type  of 

freight carried has taken place: decreasing transport of fossil fuels, increasing transport of other goods 

(including automotive). TodayɅs rail freight represents a mere 17 percent  of the overall freight traffic in 

Europe, whereas  the objectives set by the EU Sustainable and Smart Mobility Strategy  aim at a 50 

percent  increase by 2030, and a 100 percent  increase by 2050.    

 

22  The Guardian, (2022) , ViennaɅs euro-a-day public transport model could waltz into Berlin ; 

https://www.theguardi an.com/world/2019/jul/09/vienna -euro -a-day-public -transport -berlin -365-annual -ticket   
23  DW, (2022), Deutsche Bahn hails 9 -euro public transport ticket ; https://www.dw.com/en/deutsche -bahn -hails -9-euro -

public -transport -ticket/a -62953716   
24  Website the Guardian, (01.09.22), Fr ee rail travel scheme begins in Spain to cut commutersɅ costs; 

https://www.theguardian.com/world/2022/sep/01/free -rail -travel -scheme -begins -in -spain -to -cut -commuters -costs  

https://www.theguardian.com/world/2019/jul/09/vienna-euro-a-day-public-transport-berlin-365-annual-ticket
https://www.dw.com/en/deutsche-bahn-hails-9-euro-public-transport-ticket/a-62953716
https://www.dw.com/en/deutsche-bahn-hails-9-euro-public-transport-ticket/a-62953716
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Figure 4: Evolution of rail freight traffic volumes in Europe 25 

 

 
This study corroborates that achieving this volume of ɈShift to Railɉ is the major lever to 

decarbonising Europe. However, an increasing freight traffic market share is linked to the overall and 

current railway system performance, which is hindered by the below mentioned main root -causes. 

Figure 5: European rail freight market ɀ competitive analysis and recommendations26 

 

25  ERFA Annual report 2021, page 7  
26  The European Rail Freight Market  Competitive A nalysis and Recommendations , Page 76; 

https://erfarail.eu/uploads/The%20European%20Rail%20Freight%20Marke t%20-

%20Competitive%20Analysis%20and%20Recommendations -1649762289.pdf  

https://erfarail.eu/uploads/The%20European%20Rail%20Freight%20Market%20-%20Competitive%20Analysis%20and%20Recommendations-1649762289.pdf
https://erfarail.eu/uploads/The%20European%20Rail%20Freight%20Market%20-%20Competitive%20Analysis%20and%20Recommendations-1649762289.pdf
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3.2. Starting with b asic Principles of Physics  to Short -List 

Alternatives  

First and foremost, two main physical  features must be considered while assessing alternative 

technologies:  

(1) the energy density of sources (see Figure below ),  

(2) and the efficiency of the overall WTW conversion (see Figure 7)27. 

 

 

 

 

Figure 6: Energy density per technology alternative.28 

 

27  Please note: To better reflect GHG -related impacts, all CO2 emissions and energy -efficiency conversions mentioned are 

referring to ɈWell-to -wheelɉ calculations, except if mentioned otherwise.  
28  Retrieved from the Royal Society, Policy Briefing, Ammonia: zero -carbon fertiliser, fuel and energy store  

https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf
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Figure 7: Well-to-wheel-efficiency per technology alternative compared to fossil diesel 29 

 

 
Considering the physical principles and the fact that energy is a limited resource, it can be 

preliminary conc luded that : 

1. battery  cannot be applied as a solution for stand -alone  heavy duty freight locomotives due to 

available integration space constraints versus its low energy density ; and that  

2. hydrogen  ICE shall not be enlisted as a potential solution due to too low energy conversion 

efficiency. However, Ammonia ICE is captured as one of the potential bridge solutions to 

enable retrofit and maintain the original service life of some rolling stocks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29  Retrieved from Interv iew with TU Graz  


























































