
 
 

 

 
 
 
 
 
 
 

 
 

  
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

  

 

 

Eco-efficient Transport 


Study 

Science and Technology 
Options Assessment 



 
 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

Eco-efficient Transport 

Eco-Efficient Transport 

Study 


IP/A/STOA/FWC/2008-096/LOT2/C1/SC1/SC9.
 

September 2013 


PE 513.520 

2 




 
 

 

 

 

 
 

     
                                                        
 

    
 

   
 

  
 

 
 

 
 

  
 

 
 

 

 

 

 

 
 

 

 
 

 

 
  

Science and Technology Options Assessment (STOA) 

The STOA project ‘Eco-efficient Transport’ was Commissioned by STOA and carried out by the 
Institute for Technology Assessment and Systems Analysis (ITAS), Karlsruhe Institute of Technology 
(KIT) as a member of ETAG. 

AUTHORS 

Jens Schippl, Project leader,  (Institute for Technology Assessment and Systems Analysis (ITAS), 
Karlsruhe Institute of Technology (KIT)) 

Markus Edelman 

Maike Puhe 

Max Reichenbach 

(Institute for Technology Assessment and Systems Analysis (ITAS), 
Karlsruhe Institute of Technology (KIT)) 
(Institute for Technology Assessment and Systems Analysis (ITAS), 
Karlsruhe Institute of Technology (KIT)) 
(Institute for Technology Assessment and Systems Analysis (ITAS), 
Karlsruhe Institute of Technology (KIT)) 

RESPONSIBLE ADMINISTRATOR 

Peter Ide-Kostic 
Science and Technology Options Assessment (STOA) 
Directorate G: Impact Assessment and European Added Value 
DG Internal Policies 
European Parliament 
Rue Wiertz 60 - RMD 00J016 
B-1047 Brussels 
E-mail: peter.ide-kostic@europarl.europa.eu 

LINGUISTIC VERSION: 

Original: EN 

ABOUT THE PUBLISHER 

To contact STOA or to subscribe to its newsletter please write to: STOA@ep.europa.eu 

This document is available on the Internet at: http://www.ep.europa.eu/stoa/ 

DISCLAIMER 

The opinions expressed in this document are the sole responsibility of the authors and do not 
necessarily represent the official position of the European Parliament. 

Reproduction and translation for non-commercial purposes are authorised, provided the source is 
acknowledged and the publisher is given prior notice and sent a copy. 

Manuscript completed in April 2013. 
Brussels, © European Union, 2013. 

ISBN 978-92-823-4759-1 
DOI 10.2861/34075 
CAT BA-02-13-330-EN-C 

3 


http://www.ep.europa.eu/stoa
mailto:STOA@ep.europa.eu
mailto:peter.ide-kostic@europarl.europa.eu


 

 

 
 
 
 
 
 
 

 

 
 
 

 
  

 
 
 

 

 
  

 

   

 

 

 
 

Eco-efficient Transport 

Abstract 

An affordable, efficient and clean transport system is a basic pillar for economic growth and the 
quality of life in European countries. However, transport is still accompanied by a broad range of 
negative impacts on human health and the environment. It is still using huge amounts of finite 
resources. Congestion is increasingly hampering the efficiency of the system. Transport volumes are 
expected to further grow in the future. So, a transition to a more eco-efficient transport system is 
needed to cope with recent challenges and anticipated future developments in the transport sector. 
Against this background, the STOA Project on “Eco-Efficient Transport” aimed at assessing to what 
extent different concepts and approaches can help to increase the eco-efficiency of the transport 
system. To allow the required systemic perspective, the assessment was supported by scenario 
building. The feasibility and desirability of the scenarios and their elements was the subject of a 
stakeholder consultation. 

This report is the final report (Deliverable 5) of the project. It summarises the previous phases of the 
project and draws conclusions on that basis. The previous reports, Deliverables 2, 2b, 3, and 4, are 
available online on the STOA homepage at: 

http://www.europarl.europa.eu/stoa/cms/home/publications/studies 

(Deliverable 1 is an internal document and not publicly available.) 
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Executive Summary 

Transport is a key factor for economic development and wealth in modern societies. But at the same 
time, there are several reasons why there is an urgent need for eco-efficiency in transport. The 
transport system is facing serious challenges; among the most striking ones are surely the impacts of 
transport greenhouse gas (GHG) emissions accelerating climate change, the impacts on human health 
and the environment, oil dependency, and congestion.1 The latter illustrates that the capacities of the 
transport networks are not able to deal with the growth in transport demand, at least not during peak 
hours. Regarding energy, almost 72% of the total oil product deliveries to the European Union (EU) 
are consumed by the transport sector, which is accordingly the largest consumer of oil products in the 
EU. Today, transport relies almost entirely on oil. Further challenges are emissions of noise and other 
pollutants. Particulate matter (PM) is an especially serious threat for human health. In addition, the 
production and disposal of transport-related products contribute to the ecological footprint of the 
transport system. 

GHG emissions in the transport sector continue to grow, while they are decreasing in other sectors. 
Continuously increasing growth rates in the transport sector are a substantial driver behind the 
increases in energy consumption and GHG emissions. Statistics show that in Europe – apart from the 
period of the economic downturn in 2008 and 2009 – both passenger and freight transport have shown 
constant growth rates over the past decades. Between 1995 and 2009, the gross domestic product 
(GDP) grew annually by 1.8%, while passenger transport grew at an average of 1.4% and freight 
transport by 1.2%. For the future, a continuation of growth in the freight sector is expected; an increase 
in transport volumes is also assumed for the passenger sector, but with lower growth rates than in the 
freight sector. The reference scenario used in this project assumes a growth rate of 0.6% between 2010 
and 2050 for the passenger sector and 1.8% for the freight sector. 

A transition to a more eco-efficient transport system is needed to cope with the challenges  and  
anticipated future developments in the transport sector. A wide range of technologies and concepts 
supporting eco-efficient transport are available and others are emerging, but are still at an early stage 
of development, with a low level of market penetration. However, there are different views on what 
desirable or feasible pathways to achieving an eco-efficient transformation of the transport sector 
could look like. Furthermore, given the complexity of the transport system, it is crucial to assess 
approaches towards eco-efficiency in a broader context: a systemic perspective is required. 

Against this background, the Science and Technology Options Assessment (STOA) Panel’s project 
“Eco-Efficient Transport Futures for Europe” aimed at highlighting and assessing the potentials of 
already established, emerging, and rather visionary technologies and concepts that could lead to a 
more eco-efficient transport system. In order to permit the required systemic perspective, the 
assessment was supported by scenario building. The feasibility and desirability of the scenarios and 
their elements was the subject of a stakeholder consultation. 

The project is organised according to the following structure: 

1 See, for example, STOA (2007), STOA (2008), STOA (2009). 



 

 

  

  

 

 

 

 

  

 

 
 

  
 

  

 

 

  

   

  
 

  
 

 
 

 
 

 
  

 
   

Eco-efficient Transport 

	 deliverable 1 encompasses a survey of the field and a conceptualisation of eco-efficiency in the 
transport sector, 

	 deliverable 2 provides an overview of technological and organisational innovations in the 
field, accompanied by some stakeholders’ statements on the pros and cons of these 
innovations, 

 deliverable 3 illustrates scenarios for eco-efficient transport futures that have been developed 
in this project, 

 deliverable 4 summarises the findings of the stakeholder consultation on the desirability and 
feasibility of the scenarios and their elements, 

 deliverable 5 is the final report that summarises the previous phases of the project and draws 
conclusions on this basis. 

Eco-efficient transport 

For this project it is assumed that eco-efficient transport encompasses all approaches that help to 
reduce the ecological footprint of transport-related activities. The point of reference should be the 
amount of resources needed to fulfil a specific purpose (work, social contacts, production or purchase 
of goods; economic growth, etc.). In the scenarios, however, the focus is on emissions of 
pollutants/CO2 as well as on energy consumption/intensity. Other aspects (for example, the toxicity 
of waste products or the environmental impacts of mining raw materials) are only mentioned briefly 
in the project. A broader, in-depth analysis including a life cycle assessment (LCA) of the various 
technologies that are relevant for eco-efficiency would have required a much more resource-
consuming project design. 

The way eco-efficiency is conceptualised above presents three basic strategies for achieving eco­
efficiency in the transport sector:  

	 Cleaner modes: The individual modes/vehicles can be made cleaner. This involves 
approaches such as using cleaner fuels and propulsion technologies, lightweight construction, 
efficient design of vehicles and also soot filters or catalytic converters. Eco-efficient driving (or 
corresponding training) also belongs to this category. 

	 Modal shift: The idea is a shift to more efficient modes. This includes, for example, a shift 
from road to rail or, in the urban passenger sector, a shift from motorised modes to cycling. 

	 Reduction of transport volumes: This can be done by substituting trips, for example, by tele­
working or video-conferencing. Additionally, this can be achieved by reducing the length of 
trips. The latter approach can be the result of land-use planning leading to a city of short 
distances (decentralised concentration).  

From a user perspective the first strategy means that users and goods continue to employ the same 
modes, whereas in the second strategy, different modes are employed; in the third strategy users and 
goods have different points of origin and destinations. 

Thus, there definitely is a broad range of available or emerging concepts and technologies that are 
relevant in the context of eco-efficiency. However, when looking at different studies, policy 
documents and statements of stakeholders, it becomes obvious that there are different views on the 
feasibility and desirability of these approaches. One important reason for this variety of opinions is 
surely that transport is a complex system with many mutual interdependencies between internal and 
external factors. This  leads to a high degree of  uncertainty regarding the potentials and the exact 
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Science and Technology Options Assessment (STOA) 

impacts of interventions in the system. Technologies and concepts need to be assessed in a broader 
context; thus, a systemic perspective is required. 

In this project a set of scenarios dealing with eco-efficient transport futures were developed for the 
purpose of better understanding reasons for and assumptions about different assessments regarding 
the feasibility and desirability of different pathways or policy measures. The scenarios were used to 
trigger the debate among stakeholders. Furthermore, the scenarios provide a systemic perspective. 
These scenarios consist of qualitative storylines that are combined with quantitative calculations (with 
the transport model ASTRA (ASsessment of TRAnsport Strategies)). 

It is not possible and it was not intended to deal with the whole range of potential future 
developments in a project like this. Therefore, the range of possible futures was limited by some 
general assumptions. Furthermore, the focus is on road, rail and waterborne transport (i.e., excluding 
aviation). The scenarios focus on three different basic strategies for achieving eco-efficiency: 

	 scenario I: making transport modes cleaner (while employing the same modes for 

users/goods), 


	 scenario II: changing the modal split (employing different modes for users/goods), 

	 scenario III: reducing growth rates in transport demand (different points of
 
origin/destinations for users/goods). 


REF – Reference scenario External “business-as-usual” scenario used in the project GHG-
TransPoRD; allows for easy comparison between the STOA 
scenarios and calculations made in other projects 

AFS – Advanced framework 
scenario 

Clearly optimistic, but not overly extreme, assumptions in relation 
to developments and technologies supporting eco-efficient 
transport; the other three scenarios are each implemented within 
the framework conditions of the AFS (i.e. AFS + Scenario XY). 

Scenario I – Cleaner modes Eco-efficiency of transport modes is pushed by extreme progress in 
technologies (e.g., energy supply, fuels and propulsion 
technologies, information and communication technologies (ICT)) 

Scenario II – Changing the 
modal split 

Eco-efficiency is pushed by a combination of push-and-pull 
measures aimed at inducing an extreme modal shift 

Scenario III – Reducing 
transport volumes 

Eco-efficiency is pushed by a reduction of transport volumes (oil 
price of € 300 per barrel as a trigger) 

“Full scenario” Combination of all scenarios: AFS + Sc I + Sc II + Sc III 

Table 1: Overview of the scenarios for 2050. 

All three scenarios are embedded in the same set of general assumptions. These general assumptions 
are compiled in a so-called “advanced framework scenario” (AFS). Since the STOA panel deals with 
science and technology options assessment, it was decided to apply a rather optimistic approach 
regarding technology. Therefore, all scenarios intentionally assume high – sometimes extremely high – 
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Eco-efficient Transport 

rates of innovation and a very high pace of technological change and diffusion of new technologies in 
society. Scenarios I, II and III are each added to the AFS (scenario I = AFS + cleaner mode; scenario II = 
AFS + modal shift; scenario III = AFS + reduced volumes). Additionally, a reference scenario (REF) 
following a business-as-usual approach was used. An overview of the scenarios is provided in Table 1. 

The results from the quantification of the scenarios can be summarised as follows: 

AFS: The overall result from this scenario is a significant reduction of CO2 emissions (tank-to-wheel 
(TTW), upstream emissions are not considered) even if the modal split, the composition of the car fleet 
and mobility patterns do not change too much compared to today. Cars remain the most important 
mode in the passenger sector. The reason is that conventional cars become much more efficient and, 
therefore, also much cheaper. Nevertheless, CO2 emissions are significantly reduced, as expected: 
down 50% until 2050 with respect to the reference case, which means a 38% reduction compared to 
1990 (the White Paper of the European Commission sets a target of 60% reduction). 

Scenario I: The results show the effects of the extreme technology development in the model 
simulations. In the year 2050 non-fossil-based fuels and propulsion systems dominate the car fleet. 
Other modes also become more efficient and, therefore, the CO2 emissions reduction is substantial: 
down 75% with respect to the REF. This scenario simulation would meet the White Paper target.  

Scenario II: Results of the modelling do not show changes in modal split that are as extreme as was 
expected. This is at least partly determined by the architecture of the model itself, which sets limits to 
the amount that can be shifted from the road to other modes. Therefore, the quantitative results of this 
scenario can be considered a conservative estimate of a mode-shift strategy. Nonetheless, a significant 
modal shift can be observed. A feebate scheme and high fuel duties eventually prove to be effective in 
supporting innovative vehicles, even without the additional technological investments assumed in 
scenario I. This scenario would also meet the White Paper target, as emissions are finally cut by 62% 
with respect to the level in the year 1990.  

Scenario III: In this scenario, the total emission reduction is 73% with respect to the REF and 66% 
compared to the year 1990. This is mainly achieved by reducing passenger kilometres and tonne 
kilometres. Neither modal split nor fleet composition changes drastically with respect to the AFS. The 
reduction in CO2 emissions is, to a large extent, achieved through the extreme reduction in transport-
related energy consumption (93 Mtoe/y compared to 178 Mtoe/y in the AFS and 320 Mtoe/y in the 
REF). 

“Full scenario”: As expected, this is the most effective scenario. The simulations result in almost 80% 
less emissions than in the REF case, and nearly three quarters of the CO2 tonnes are saved with respect 
to the year 1990. Also as expected, even this remarkable result is much less than the sum of the single 
scenarios, because some of the measures cancel one another out. 

All three scenarios are able to reach the White Paper targets on CO2 emissions but this is achieved in 
very different ways. Scenario I strongly relies on technologies. In scenario II cleaner technologies also 
play a significant role, but not as important a role as in scenario I; instead, modal shift is pushed 
strongly. Thus, in contrast to scenario I, changes that directly affect travel patterns are induced to a 
certain extent. Compared to the REF, other modes of transport have to be employed for goods and for 
passengers. Scenario II appears to be more flexible and “robust” compared to the first scenario, since 
there is greater variability in the choice of assumptions and measures. However, in both scenarios the 
reduction in CO2 emissions depends heavily on developments in the energy sector. The provision of 
“clean” energy is crucial for the overall eco-efficiency. 
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Scenario III is of a very different character: here many parameters are similar to the AFS, but the 
demand for transport is heavily reduced. There is not very much focus on technological progress apart 
from the general optimistic assumptions about technological developments in the AFS. The reduction 
in CO2 emissions is, to a large extent, achieved through the extreme reduction in transport-related 
energy consumption. Thus, the “success” of this scenario is not particularly dependent on 
developments in the energy sector. However, just reducing volumes would be a much too simplistic 
approach and not in line with the concept of eco-efficiency as it was applied in this project. Eco­
efficient approaches are understood as gaining access to a specific activity/purpose (working, 
shopping, recreation, etc.) with a smaller ecological footprint. Economic wealth and the general 
quality of life should explicitly not be reduced. Thus, the desirability and acceptability of the scenario 
can be questioned, since the impacts on economic wealth and quality of life are difficult to assess and 
might also be rather negative. The crucial question that is revealed by this scenario is the extent to 
which transport can be avoided without endangering other societal goals. Some of the measures in 
this scenario illustrate how this might become feasible. 

Stakeholder consultation 

The stakeholder consultation was carried out in two steps: 

	 a survey was conducted to collect opinions related to feasibility and desirability and 

	 a workshop was carried out, which used the results of the survey to focus and to trigger 
debate. 

The stakeholders invited were mainly organisations from the transport area based in Brussels, and the 
workshop was held in Brussels. For the survey, 14 theses on potential future developments in the 
transport sector were developed. The 14 theses can be allocated to the three scenarios. For each of the 
theses, questions related to feasibility and desirability were developed. 

Some of the interesting findings that originated with the stakeholder consultation were the emphasis 
on looking beyond the technological scope in order to move towards a more eco-efficient transport 
system in Europe. At the workshop the stakeholders were asked which scenarios they found most 
attractive and realistic. There was overall agreement on focusing on core elements in scenario II as the 
most robust scenario – in combination with mobility elements in scenario III. In the discussion, it was 
more or less taken for granted that the technical developments sketched in scenario I would be 
realised in the mid to long term; these technical approaches were understood as something that is 
needed anyway to cope with future challenges. However, the elements and approaches described in 
scenario II were also needed, according to the stakeholders. In addition, many stakeholders 
emphasised the need for a mobility management that tries to actively influence the number, length 
and distribution of trips. In other words: technologies were understood as a necessary, but not as a 
sufficient requirement for a transition to an eco-efficient transport system. Many saw mobility 
management based on information and communication technologies (ICT) as an opportunity to 
achieve more eco-efficient transport, as it could help in integrating different transport modes and 
making the use of these modes more effective. They felt that an eco-efficient development in transport 
required that the individual citizens change their transport behaviour. The stakeholders/respondents 
stressed that a massive investment in public transport was needed in order to achieve this 
development. The general message was that incentives are needed in order to change people’s 
transport behaviour. 

9 




 

 

 
 
 

  
  

  
 

 

 
 

 

 

 
 

 

 

 

  

 

 

 

 

  

 

  

  

  

 

 

  
 

 

                                          

Eco-efficient Transport 

It was said that the EU needed to focus more on the implementation of the EU strategies on eco­
efficient transport and on finding ways to encourage implementation at the member state level. At the 
workshop it was addressed that there is a gap between policy and reality. It was not only at the 
European level that uncoordinated institutional actions/responsibilities hinder a more eco-efficient 
transport; at the level of member states the lack of coordination between different operators of public 
transport has also led to a public transport system that is not easy to use, flexible, convenient, or 
accessible. This is supported by the results of the survey: uncoordinated action and a lack of political 
vision were mentioned quite often as obstructive factors. Further, there was agreement about a lack of 
coordinated/comparable data on transport at a European level, which hinders comparison, common 
debates and initiatives. This lack of data also dominates in regard to knowledge of consumer 
behaviour and preferences. It can be concluded that corresponding research is needed for the 
successful design of policy measures supporting eco-efficient transport.2 

As a supplement to the project, the survey was also filled out by 35 transport-related scientists. These 
results are, of course, not relevant to the stakeholder consultation (scientists are not stakeholders). 
However, it is a good point of reference for further discussion of the results of the project, and it helps 
in identifying and specifying crucial research questions. 

Based on the screening for innovative approaches potentially supporting eco-efficient transport (cf. 
deliverable 2), based on the scenarios (cf. deliverable 3) and based on the stakeholder consultation (cf. 
deliverable 4), a number of key areas have been identified by the project team. These key areas are 
regarded as crucial for a transition to a more eco-efficient transport system. The following key areas 
were selected: 

 Energy system 

 Cleaner cars 

 Cleaner trucks 

 Smart logistics 

 Automation 

 Integrated ticketing 

 Access instead of ownership 

 Shift to rail 

 Shift to short sea and inland shipping 

 Awareness of/making use of habit and attitude changes 

 Urban design 

 Mobility pricing 

Thus, it can be concluded that the stakeholders considered scenario II to be the most promising. The 
development of alternative fuels and propulsion technologies was considered to be desirable and also 
feasible. However, since this is not enough, the modal shift approach of scenario II is also important 
for robust strategies towards achieving more eco-efficient transport. There was also broad consensus 
that a shift to rail is desirable, but the feasibility was assessed as rather low by several participants. 
Furthermore, several stakeholders argued that other measures from scenario II were also needed, and 
there was a broad consensus that mobility management is crucial. However, there were definitely 
different opinions among stakeholders on how mobility management might look. One of the main 
controversies emerged regarding measures restricting car transport in urban areas. This was mainly 

2 see STOA (2012) as an example of such an approach 
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triggered by thesis 3, on zero-emission zones, as well as by thesis 6, which assumes a modal share of 
75% for non-car-based modes in urban areas in 2050. A majority welcomed these approaches but there 
were very critical voices as well, pointing out negative consequences for accessibility and for the 
economy. Controversial opinions related to desirability and impacts were also characteristic for thesis 
7, on the road-charging system. It can thus be concluded that there was a broad consensus on the need 
for mobility management, but there was no clear consensus on how it should be applied. 

A range of more general conclusions can be drawn for the scenarios and the stakeholder consultation: 

	 Basic research: there definitely is a need to push forward the development of technologies. For 
example, basic research is needed regarding the development of technologies for mobile 
energy storage as well as new options for generating biofuels. The commercialisation of 
alternative fuels and propulsion technologies was assessed as desirable in the stakeholder 
consultation.  

	 Regarding technologies, more attention should be paid to the development and application of 
ICT. There is huge potential to further improve eco-efficiency with the support of ICT. It is an 
extremely dynamic area. The potentials in this field are far from being fully tapped. ICT can 
be an enabler for new businesses and more flexible mobility patterns, but also for electric 
mobility. 

	 In order to assess eco-efficiency, systemic perspectives are needed. There is a need for LCA, in 
order to assess the full ecological footprint of individual technologies or approaches. But 
systemic perspectives that assess the relevance and impacts of approaches in a broader 
context are also needed. For example, an assessment of new energy carriers needs to also take 
into account their potential role in the energy system. The linkages between different 
technology fields need to be addressed. This could mean developing cross-cutting roadmaps 
that cover development in the energy, transport and ICT sectors. 

	 The scenarios and the stakeholder consultation illustrate that many developments are 
impeded because of uncoordinated political actions and a lack of political visions. It was 
underpinned that in many cases, it is non-technical factors that hamper the success of eco­
efficient transport. A striking example is the shift to rail, which was assessed by the 
stakeholders as highly desirable but hard to  realise. Harmonised standards and regulations 
are needed in various fields. 

	 One highly crucial issue for optimising transport in the long term is a better integration of 
land-use planning and transport planning. It was highlighted in the key area on “urban 
design” that this is particularly true for urban agglomerations. 

	 Furthermore, it was highlighted several times that there is a need to better understand the 
customers/users of the transport system. There was a broad consensus at the stakeholder 
consultation that the measures of the scenarios do not suffice. This means that, to a certain 
extent, behavioural changes will be needed to achieve sustainable transport. It was illustrated 
in one of the key areas that mobility patterns and related preferences and attitudes are not 
static but display dynamics. It is crucial to more effectively take these dynamics into account 
in scenarios on the future of European transport, but they also need to be more effectively 
taken into account as part of transport policy strategies. A basis for that could be provided by 
more research on the dynamics of users and customers’ transport-related perceptions and 
attitudes.  
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Last but not least, it should be emphasised that new and emerging technologies need to be taken into 
account: thus, foresight processes accompanied by technology assessment are needed in order to scan 
the development of new and emerging technologies and concepts, particularly when they have the 
potential to become relevant on a systemic level. There is definitely a need for further science and 
technology options assessment within the field of transport and beyond. 

12 




 
 

 

 

 

  

 

  

  

  

  

 

  

 

 

 

Science and Technology Options Assessment (STOA) 

Contents 

General information ............................................................................................................ 15
 

Acknowledgments ............................................................................................................... 15
 

1. Introduction................................................................................................................ 16
 

1.1. A need for governance and research ................................................................. 16 


1.2. Conceptualisation of eco-efficient transport ..................................................... 17 


1.3. Objectives and approaches .................................................................................. 19 


2. Technologies and concepts for eco-efficient transport ...................................... 21
 

3. Scenarios ..................................................................................................................... 23
 

3.1. Behind the scenarios: concepts, methods and the reference scenario ........... 24 


3.2. Advanced framework scenario - AFS ................................................................ 27 


3.3. Scenario I: Focus on making transport modes cleaner.................................... 29 


3.4. Scenario II: Focus on Modal Shift ....................................................................... 31 


3.5. Scenario III: Reducing growth rates in transport volumes ............................. 33 


3.6. Combination of scenarios I, II, and III: “Full scenario” ................................... 35 


3.7. Comparative discussion of the scenarios .......................................................... 36 


4. Stakeholder assessment of scenarios and their elements.................................. 42
 

4.1. Methodology ......................................................................................................... 42 


4.2. Results from the survey ....................................................................................... 47 


4.3. Results from the stakeholder workshop ............................................................ 51 


4.3.1. Scenario I: Making transport modes cleaner ............................................... 51 


4.3.2. Scenario II: Changing the modal split .......................................................... 52 


4.3.3. Scenario III: Reducing growth rates in transport demand........................ 55 


4.4. Summary and conclusions of stakeholder assessment ................................... 56 


4.5. Assessment of scientists ....................................................................................... 58 


5. Key areas ..................................................................................................................... 62
 

5.1. Energy system ....................................................................................................... 62 


5.2. Cleaner cars ............................................................................................................ 64 


5.3. Cleaner trucks ........................................................................................................ 67
 

5.4. Smart logistics ....................................................................................................... 70
 

5.5. Automation............................................................................................................ 72
 

5.6. Integrated ticketing ............................................................................................... 75 


5.7. Access instead of ownership ............................................................................... 77 


13 




 

 

 

 

  

 

 

 

 

 

 

 

  

Eco-efficient Transport 

5.8. Shift to rail.............................................................................................................. 80 


5.9. Shift to short sea and inland shipping ............................................................... 82 


5.10. Awareness of habit and attitude changes ......................................................... 87 


5.11. Urban design ......................................................................................................... 89
 

5.12. Mobility pricing..................................................................................................... 91 


6. Conclusions ................................................................................................................ 93
 

Previous Deliverables of the project ................................................................................ 99
 

References............................................................................................................................ 100
 

List of tables ........................................................................................................................ 111
 

List of figures ...................................................................................................................... 112
 

List of acronyms .................................................................................................................. 114
 

14 




 
 

 

 

 

 
 

  
 
 
 

  

 

   
 

 

   

 

  
 

 
   

 

 
  

 

  

Science and Technology Options Assessment (STOA) 

General information 

An affordable, efficient and clean transport system is a basic pillar for economic growth and the 
quality of life in European countries. However, transport is still accompanied by a broad range of 
negative impacts on human health and the environment. It is still using huge amounts of finite 
resource; congestion is increasingly hampering the efficiency of the system. Transport volumes are 
expected to further grow in future. So, a transition to a more eco-efficient transport system is needed 
to cope with recent challenges and anticipated future developments in the transport sector. Against 
this background, the STOA Project “Eco-Efficient Transport Futures for Europe” aimed at highlighting 
and assessing the potentials of already established, emerging, and rather visionary technologies and 
concepts that can lead to a more eco-efficient transport system. To allow the required systemic 
perspective, the assessment was supported by scenario building. The feasibility and desirability of the 
scenarios and their elements was the subject of a stakeholder consultation. 

This report is the final report (Deliverable 5) of the project. It summarises the previous phases of the 
project and draws conclusions on that basis. The previous reports, Deliverables 2, 2b, 3 and 4, area 
available online at the STOA homepage at: 

http://www.europarl.europa.eu/stoa/cms/home/publications/studies 

(Deliverable 1 is an internal document and not publicly available.) 
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Eco-efficient Transport 

1. Introduction 

1.1. A need for governance and research 
The transport sector faces a dilemma. On the one hand, it aims to ensure efficient, safe, and affordable 
mobility for people and goods and, thus, to enable freedom of movement and trade; on the other 
hand, it has to deal with negative externalities. Besides concerns about the sector’s dependence on oil, 
there are worries about the impact of transport on climate change and about problems related to 
traffic congestion, noise, pollution, and health hazards. These externalities incur high costs and they 
become increasingly subject of public debates and policy actions. The recently published White Paper 
on Transport also emphasises that greater efforts are needed: “A reduction of at least 60% of GHG by 
2050 with respect to 1990 is required from the transport sector, which is a significant and still-growing 
source of GHGs. By 2030, the goal for transport will be to reduce GHG emissions by around 20% from 
their 2008 level. Given the substantial increase in transport emissions over the past two decades, this 
would still put them 8% above the 1990 level.”3 This will require significant efforts related to all 
modes of transport. One of the key challenges outlined in the 2011 White Paper “is to break the 
transport system’s dependence on oil without sacrificing its efficiency and compromising mobility.”4 

At present, most vehicles on European roads still operate on the basis of internal combustion engines 
(ICE), mainly using gasoline or diesel oil. Almost 72% of the total oil product deliveries to the EU are 
consumed by the transport sector, which is accordingly the largest consumer of oil products in the EU. 
Today, transport relies almost entirely on oil; in 2006, almost 97% of the energy used in the EU-27 (i.e. 
including data from all present members of the EU, regardless of when they became members) for 
transport (including all modes) was based on petroleum products. Only 1.7% of the energy came from 
electricity, 1.5% from renewables and 0.2% from natural gas.5 The transport sector’s share of the final 
energy consumption was around one third (31.5%), gone up from 26.3% in 1990. The main  
contributors to this increase have been growing freight and passenger vehicle fleets and a strong rise 
in air transport. Road transport is the most energy-consuming mode of transport, while aviation 
shows the fastest growth rates. 82% of the total energy used in transport can be attributed to road 
transport.6 Passenger cars account for 55.9% and trucks for 39.4% of the total energy consumption in 
road transport.7 

GHG emissions in the transport sector continue to grow, while they are decreasing in other sectors. In 
2006, the transport sector in the EU-27 accounted for around 23% of carbon-dioxide (CO2) emissions 
and is thus the second largest emitter of CO2 (after the energy industry).8 The transport sector is the 
only sector that has not shown reductions in emissions. During the period from 1990 to 2006, it 
actually showed average annual growth rates of 1.5%9 and thus cancelled out the reductions of 
emissions in all other end-use sectors.10 

3 CEC (2011a), p. 3. 

4 CEC (2011a), p. 5. 

5 See Eurostat (2009). 

6 See Eurostat (2009). 

7 See CEC (2008). 

8 See Eurostat (2009). 

9 See Eurostat (2009). 

10 See CEC; DG Energy and Transport (2008). 

16 


http:sectors.10


 
 

 

 

 
 

 
  

 

 

 

 
 

 

 

 

  
 

 
 

   
 

 

 
 

                                          
 

 

 

Science and Technology Options Assessment (STOA) 

Continuously increasing growth rates in the transport sector are a substantial driver behind the 
increases in energy consumption and GHG emissions. According to the International Transport 
Forum (ITF), air transport, international maritime transport, and road freight transport are showing 
particularly substantial growth rates while passenger transport is increasingly showing saturation.11 

However, statistics show that in Europe — apart from the period of the economic downturn in 2008 
and 2009 — both passenger and freight transport have shown constant growth rates over the past 
decades. Between 1995 and 2009, the GDP grew annually by 1.8%, while passenger transport grew by 
an average of 1.4% and freight transport by 1.2%. In a document related to the 2011 White Paper on 
transport the Commission assumes: “Without policy change, total transport activity is expected to 
continue growing in line with economic activity. Freight transport activity is projected to increase, 
with respect to 2005, by around 40% in 2030 and by little over 80% by 2050”12. 

When looking at these recent and anticipated challenges of the transport system, it becomes obvious 
that more eco-efficiency is needed to cope with these challenges: There is a need to increase awareness 
for these challenges and for potential solutions, and there is a need for governance and research 
activities aiming at increasing eco-efficiency in the transport sector. Action is needed to attenuate 
transports impacts on the environment and on human health. 

Furthermore, increasing the eco-efficiency is often related to the commercialisation and market 
penetration of innovative technologies and concepts. There is a relation between eco-efficiency, 
innovations, and the global competitiveness of European economies.13 The relation between 
competitiveness and innovations is emphasised in the 2011 White Paper on transport and it is, of 
course, deeply embedded in the EU framework programme for research and innovation that is named 
“Horizon 2020”. 

1.2. Conceptualisation of eco-efficient transport 
Many concepts or technologies supporting eco-efficient transport can be found in literature. 
According to the World Business Council for Sustainable Development (WBCSD), which initially 
coined the term in 1992, eco-efficiency is primarily a business approach and a way that businesses can 
contribute to sustainable development. It can be achieved through the delivery of goods and services 
that satisfy human needs and bring quality of life, while at the same time reducing ecological impacts 
(such as waste and pollution). In other words, the WBCSD objective is to create more goods and 
services with less impact.14 Similarly, the European Environmental Agency (EEA) understands eco­
efficiency as “a concept and strategy enabling sufficient de-linking of the use of nature from economic 
activity, needed to meet human needs (welfare), to keep it within carrying capacities; and to allow 
equitable access to, and use of the environment, by current and future generations.”15 Even though 
both conceptions of eco-efficiency are quite similar, the WBCSD places a stronger focus on eco­
efficiency as a technical challenge, where solutions need to be found in technological and scientific 
innovations in order to gain competitive advantage. The EEA understands eco-efficiency as a 
necessary, though not sufficient, condition for achieving sustainability and more strongly emphasises 

11 See International Transport Forum (ITF) (2008). 

12 CEC (2011f), p. 12. 

13 See Beise & Rennings (2005). 

14 See WBCSD (2000). 

15 EEA (1999), p. 4. 
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that behavioural changes leading to absolute reductions in transport volumes are needed to achieve a 
sustainable transport system. However, both definitions are applying a rather broad perspective by 
using economic growth and the quality of life or welfare as a point of reference (which goes beyond 
the pure resources input per person kilometre / tonne kilometre). This broader conceptualisation will 
be used as a basis in this project. 

In this project, we assume that eco-efficient transport encompasses all approaches that help to reduce 
the ecological footprint of transport-related activities. Eco-efficient transport is understood in a 
broader sense  

	 By using economic growth and the quality of life (welfare) as a point of reference (one which 
goes beyond the pure resources input per person per kilometre / per metric ton per 
kilometre). 

	 By focussing not only on technologies but also on organisational measures and behavioural 
changes.  

In principle, three basic strategies can be applied to increase the eco-efficiency of the transport 
system:16 

	 Cleaner modes: The individual modes/vehicles can be made cleaner. This involves 
approaches such as cleaner fuels and propulsion technologies, lightweight construction, and 
also soot filters or catalytic converters. 

	 Modal shift: The idea is to shift trips to more efficient modes. This includes, for example, a 
shift from road to rail or, in the urban passenger sector, a shift from motorised modes to 
cycling. 

	 Reduced volumes: The reduction of trip lengths and the avoidance of trips fall into this 
category. This can be the consequence of a virtualisation of activities: Tele-working offers a 
prominent example. It can also be the result of land-use planning strategies that try to avoid 
extreme suburbanisation processes and instead promote the city of short distances 
(decentralised concentration). 

These strategies have different implications for user behaviour. The first strategy can be realised 
without any significant changes for the users. It is basically about substituting existing technologies by 
cleaner ones but in most cases the mode of transport as well as the origins and destinations remains 
unchanged. Of course, users have to buy and use cars with new technologies or they have to learn and 
get used to an eco-efficient style of driving. But all that does not necessarily change the modal spilt, 
number of trips, or transport volumes. 

The second and the third  group of measures definitely mean  a  change in mode,  in purpose, or in  
destination. This measures lead to a change in transport volumes and/or in modal shift. Many studies 
show that the first strategy does not suffice to achieve far-reaching eco-efficiency. For example, 
Skinner et al. (2010) illustrate that by applying technological measures only half of the CO2 reductions 
the EU aims to reduce can be achieved until 2050. Further reductions make changes in modal share 
and transport volumes inevitable. 

Moreover, the three strategies (cleaner technologies, modal shift, reduced volumes) do not only touch 
upon the modal choice and choice of destination of users but as well on users’ and stakeholders’ 
political support for or against certain planning strategies. For example, building infrastructures for 
public transport or achieving a city of short distances are long-term projects that need political, and 

16 See STOA (2008). 
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thus, public commitment. More generally spoken, users and stakeholders contribute to the formation 
of public opinion in elections and elsewhere which is often formative for activities on a political level: 
“Public acceptability drives political acceptability and it is only when there is sufficient public support 
for change that action will take place”17. 

So, to assess the potentials of technological and organisational approaches for increasing the eco­
efficiency of the transport system, a broader, systemic perspective is needed. The transport system as 
whole with its technologies, actors, institutions and customers needs to be taken into account for 
understanding barriers and success factors of different pathways towards eco-efficiency. 

1.3. Objectives and approaches 
Against this background, the STOA Project “Eco-Efficient Transport Futures for Europe” aimed at 
highlighting and assessing the potentials of already established, emerging, and rather visionary 
technologies and concepts that can lead to a more eco-efficient transport system. To allow the required 
systemic perspective, the assessment was supported by scenario building. The feasibility and 
desirability of the scenarios and their elements was the subject of a stakeholder consultation. 

The project was organised along the following structure: 

 Deliverable 1 encompasses a scoping of the field and a conceptualisation of eco-efficiency in 
the transport sector (see section 1.2 of the report at hand) 

 Deliverable 2 provides an overview on technological and organisational innovations in the 
field accompanied by some stakeholder statements on the pros and cons of these innovations 
(see section 2) 

 Deliverable 3 illustrates scenarios for eco-efficient transport futures that were developed in 
this project (see section 3) 

 Deliverable 4 summarises the findings of the stakeholder consultation on the desirability and 
feasibility of the scenarios and on their elements (see section 4) 

 Deliverable 5 is the final report that summarises the previous phases of the project and draws 
conclusions on that basis (see sections 5 and 6). 

In deliverable 1 of the project the concept for eco-efficiency is introduced. Deliverable 2 illustrates that 
a huge variety in technologies and concepts do exist that have the potential to contribute to eco­
efficiency. It is also indicated that an assessment of a specific approach’s ecological footprint can be 
difficult to perform. Actually, a LCA would have been needed for each single technology. As far as 
possible and useful LCA-related results were indicated in deliverable 2 (for example for battery 
electric vehicles (BEVs)). In the scenarios, however, the focus is on emissions of pollutants/CO2 as 
well as on energy consumption and on energy intensity. Other aspects (for example the toxicity of 
waste products or environmental impacts of the mining of raw materials) are only mentioned briefly. 
A broader in-depth analysis, including LCA, of the various technologies that are relevant for eco­
efficiency would have needed a much more resource consuming project design. 

The project shows that there is definitely a broad range of concepts and of technologies available or 
emerging that are relevant in the context of eco-efficiency. However, different assessments of the 
potential impacts of these approaches on eco-efficiency exist. When looking at different studies, policy 
documents and statements of stakeholders it becomes obvious that there are different views on the 
feasibility and desirability of these approaches. An important reason for this variety of opinions is that 

17 Banister (2008), p. 76. 
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transport is a complex system with many mutual interdependencies amongst factors in the system 
and external factors. This leads to a high degree of uncertainty regarding the potentials and the exact 
impacts of interventions in the system. Technologies and concepts need to be assessed in a broader 
context, thus, a systemic perspective is required.  

In this project, a set of scenarios on eco-efficient transport futures were developed with the purpose to 
better understand reasons and assumptions for the different assessments on the feasibility and 
desirability of different pathways or policy measures. The scenarios were used to trigger the debate 
with stakeholders. Furthermore, the scenarios provide a systemic perspective. These scenarios consist 
of qualitative storylines that are combined with quantitative calculation (with the transport model 
ASTRA). 

The stakeholder consultation was carried out in two steps: 

	 A survey was conducted to collect opinions related to feasibility and desirability 

	 A workshop was carried out. The results of the survey were used to focus and trigger the 
debate in the workshop. 

The invited stakeholders were mainly organisations based in Brussels in the transport area and the 
workshop was held in Brussels. For the survey, 14 theses on potential future developments in the 
transport sector were developed. The 14 theses can be allocated to the three scenarios. Each thesis was 
accompanied by questions regarding the feasibility and the desirability of this development. 

Based on the screening of innovative approaches that are potentially supporting eco-efficient transport 
(DEL 2), based on the scenario (DEL3) and based on the stakeholder consultation (DEL 4) a number of 
key areas were identified by the project team. These key-areas are regarded as being crucial for a 
transition to a more eco-efficient transport system. The key-areas are described in section 5. Further 
conclusions are drawn in section 6. 

20 




 
 

 

 

 

  

 
 

 
 

 

 

  
  

  
 

 
 

 
 

 
 

 
  

  

 

 

  

Science and Technology Options Assessment (STOA) 

2. Technologies and concepts for eco-efficient transport  

Deliverable 2 of the project provides an overview on technologies and concepts supporting eco­
efficiency in the transport sector. The content is briefly summarised here. 

Fuels and propulsion technologies are one of the most important approaches for eco-efficiency of the 
transport system. A broad range of rather different approaches exist. It becomes obvious that the eco­
efficiency of all the alternatives to oil-based fuels is strongly dependent on other developments in the 
energy sector. Biomass can be used in stationary as well as in mobile applications; the same is true for 
hydrogen, and, of course, also for electricity and natural gas. For electric engines the most open 
questions – in terms of eco-efficiency - are related to the production of electricity or hydrogen as well 
as to the integration of these production pathways into the energy system. Thus, the integrated 
perspective on the transport and the energy system is becoming highly relevant. 

It can be observed that more and more car manufacturers start the commercialisation of BEVs. Weak 
points compared to the conventional ICE are the low ranges, whereas the lower energy density is not 
expected to be improved too quickly. Furthermore, there are longer charging times, higher prices as 
well as open questions concerning reliability. This needs to be balanced by higher efficiency, lower 
energy cost per kilometre and, thus, by beneficial total cost of ownership. In terms of eco-efficiency, 
the whole life cycle needs to be considered. Assessments show, that the environmental impact of both 
BEV and ICE is dominated by the operation phase. Electric propulsion also plays  a role in many  
hybrid concepts.  

Cars with hydrogen and fuel cell (FC) technology use an electric engine for propulsion. Prototypes are 
tested in pilot projects, ranges around 400 km are possible, commercialisation seems to be close. 
However, the crucial issue is how the hydrogen is produced. The route via electrolyses allows for a 
high flexibility in terms of feedstock; for example wind power or photovoltaic can also be used. But 
this means that electricity is used to produce hydrogen and then, in the car, hydrogen is used to 
produce electricity again. This process is leading to considerable losses in usable energy. Some 
observers argue that BEVs could be used for shorter distances and hydrogen cars with FCs could be 
used for longer distances. Because of low energy density and low storage capacities both batteries and 
hydrogen are not suitable for trucking and aviation. For these modes, biofuels are an alternative. 
However, biomass as feedstock is critically discussed for several reasons, amongst them competition 
with food production and the direct or indirect land use changes (e.g. deforestation). Other options are 
gaseous fuels such as natural gas. Its main component, methane, could also be produced by 
alternative methods on the basis of renewable feedstock. Again it is crucial to consider the energy 
balance carefully. 

Further, there are different approaches for improving vehicles and infrastructures. In particular 
lightweight materials are getting increasingly important. Improved aerodynamics for trucks can bring 
significant benefits for eco-efficiency. Also for trains, approaches to improve eco-efficiency are 
discussed. In aviation, the so-called flying wing is discussed as completely new and more energy 
efficient design of aircrafts. Eco-efficiency in maritime shipping is subject of an extra deliverable (2b) 
of the project. 

The second highly important technological strand are the developments related to the progress of ICT 
in the transport system. Such applications are often subsumed under the title Intelligent 
Transportation System (ITS). Deliverable 2 highlights that ICT is playing an increasingly crucial role 
for the transport system, and many of these applications have the potential to improve the eco­
efficiency of the system. This can be done by reducing the need to travel (reducing volumes) or by 
increasing the competitiveness of more efficient modes or vehicles. ICT can improve the availability of 
information on public transport; it can facilitate the access to public transport with handy ticketing or 
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integrated ticketing; it enables advanced car-sharing or bike-sharing services; it can support a more 
efficient use of infrastructures; it can substitute travel by enabling tele-working or video conferencing. 
However, the overall effects of these approaches are difficult to assess since it is also possible that so-
called rebound effects occur: ICT-based applications might generate additional trips when capacities 
are enlarged or when travelling becomes easier and more enjoyable. 

In the freight sector, a great impact is expected from progress in ICT applications. ICT plays a major 
role for the continuous and immediate exchange of information, tracking and tracing of goods, in 
enabling new concepts for production and services, for performances on time aspects and in 
determining shipment sizes. It helps to increase the reliability of transport chains. Increasing the load 
factors is a crucial issue. The capacity of transportation systems can be made more efficient by an 
integrated use of ITS. As it is the case for passenger transport, ICT might increase the transport 
distances. Four key areas for ITS in freight transport can be subdivided: pre- and on-trip travel 
information, cargo and vehicles tracking and tracing, cooperative systems and advanced urban 
logistics. 

Deliverable 2 further illustrates that organisational innovations are strongly enabled by progress in the 
ICT sector. Organisational innovations have the potential to improve the efficiency of mobility 
patterns by making them cleaner (e.g. better load factors, more efficient usage of infrastructure), they 
help to shift loads (e.g. by making public transport and freight rail more attractive) and they can help 
to reduce volumes (e.g. tele-working; video-conferencing). Prominent examples are carsharing and 
bike sharing schemes. It can be assumed that both approaches would not have such significant growth 
rates in several European countries without sophisticated ICT applications that allow for easy 
booking, easy access and easy charging. It is interesting to observe that several car manufacturers 
recently started to test own approaches that are similar to carsharing. One reason for these surely is, 
that the younger generation, in particular in urban areas, seems to be less interested in ownership than 
the generation before.18 Again it is difficult to quantify the effects of car sharing or bike sharing on eco­
efficiency. In general, car sharing fleets have smaller cars than the average fleets in a country and the 
organisations themselves usually claim to use eco-efficient vehicles. Furthermore, car sharing is seen 
as a good concept for introducing alternative fuels and propulsion technologies into the market, since 
customers would be enabled to choose a specific car for a specific purpose. However, for these 
approaches it should not be overseen that they can also induce traffic or rebound effects. 

Organisational innovations offer interesting potentials for the air sector. Regarding passenger air 
transport, an important issue is a better organisation of traffic flows at airports. Furthermore, a rather 
efficient way of reducing energy consumption and emissions is to use slower aircraft configurations. 
In the freight sector, organisational approaches offer interesting potentials for reducing CO2­
emissions. Again, many of these measures are strongly linked to ICT applications as a kind of 
enabling technology. Another promising approach is the delivery of goods at night with relatively 
quiet electric engines. A different example is using a tram for goods transport as it is done by the 
freight tramcar in Dresden, Germany. 

These technological and organisational approaches are embedded into the scenarios described in 
section 3. 

18 See STOA 2012b 
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3. Scenarios 

There definitely is a high degree of uncertainty with regard to the potential future development in 
complex socio-technical systems such as the transport system.19 External factors such as oil prices or 
economic growth and also upcoming technical and organisational innovations can have far-reaching 
impacts on transport and transport related behaviour. Furthermore, societal preferences and attitudes 
also change over time. Recently, it can be observed that a growing group of younger adults in urban 
areas is losing interest in car transport.20 

Scenarios are a meaningful and often used tool to cope with this high degree of uncertainty. In 
particular in the transport sector, scenarios are used to assess future developments and potential 
impacts of policy.21 They help to analyse potential linkages between different factors in the system. 
Further, working with scenarios can help to obtain clarity on the plausibility and desirability of 
developments of different stakeholders’ perspectives. In this project the scenarios illustrate the 
potential impacts of the technical and organisational innovations described in DEL 2 of the project in 
combination with different policy strategies. Furthermore, the scenarios and their elements were used 
to trigger the debate with stakeholders (see section 4).  

The scenarios are described in this section. In doing so, in the section: 

	 The methodology for developing the scenarios will be explained 

	 General framework conditions will be explained 

	 Descriptions of the scenarios in form of storylines and quantifications with the ASTRA model 
will be provided 

	 Comparative discussions of the scenarios will be carried out 

A brief description of the ASTRA model is provided in the text box on the next page. 

19 See Schippl & Fleischer (2012); Geels, Kemp, Dudley & Lyons (2011). 


20 See STOA (2012b). 


21 See e.g. Schade & Krail (2012); Skinner et al. (2010); Petersen et al. (2009); STOA (2008). 
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Brief description of the ASTRA model 

ASTRA is the acronym for ‘ASsessment of TRAnsport Strategies’. The model was developed in the 
context of the 4th Framework Programme of the European Commission. In the subsequent framework 
programmes it has continuously been further developed and improved. It is already in use in several 
European projects.22 

The tool was designed with the objective to visualize the impact of long-term European transport 
policy strategies. It is able to take into account possible political, technical and socio-economic 
framework settings for the future and to draw conclusions on respective systemic effects (e.g. 
regarding transport, technology, economy, and environment) on a European scale. This allows for the 
elaboration of ‘strategic policy assessments’ with a long-term perspective for stakeholders23. 

The main advantage of ASTRA is the possibility to consider feedbacks in interacting systems (such as 
the economic and transport systems) on a wide scale (EU) and in a long-term horizon. In order to 
simulate ‘real world’ interactions, a system dynamics methodology was chosen.24 The model offers a 
solution to make different scenario assumptions, which also follow different socio-economic 
approaches, leading to coherent model results. The transport module, in particular, provides the 
possibility to take into account a set of framework changes such as new breakthrough technologies or 
new regulations. 

Possible technology or policy measures can be modelled by ASTRA in different ways: If measures 
“change directly some elements within the model domain”25, they can be modelled directly; if 
measures “change something outside the model domain”26, this is modelled indirectly by estimating 
effects on model parameters. For example, in the ‘real world’ the implementation of a technological 
innovation may require research and development (R&D) investments and may influence the costs of 
vehicles and lead to more efficient fuel consumption of these vehicles. In ASTRA, this would be 
modelled by changing fuel/energy consumption factors (and CO2 emission factors) of vehicles, by 
changing vehicle costs, and by considering the R&D investment costs27; the diffusion of the innovation 
would then be calculated endogenously by the model. 

Note: A more detailed description of the ASTRA model can be found in Deliverable 3 and at 
http://www.astra-model.eu/index.htm 

3.1. Behind the scenarios: concepts, methods and the reference scenario 
As mentioned above, over the last years, a broad range of scenarios on sustainable transport futures 
for Europe have been designed that provide an integrative perspective on potential developments in 
the transport sector. Other prospective activities (e.g. roadmaps, impact assessments) focus on 
segments or specific measures in the transport sector. They all illustrate that there are pathways for 
achieving targets such as a reduction in CO2 emissions or a reduced consumption of fossil fuels. Also 
the Commission’s 2011 White Paper sets clear targets and lists key activities on how to reach them. But 
these future-oriented activities also illustrate that there are different views on the feasibility and 
desirability of the various measures and pathways. An important reason for this variety of opinions 
surely is that transport is a complex system with many mutual interdependencies between internal 
and external factors. This leads to a high degree of uncertainty regarding the potentials and the exact 

22 See http://www.astra-model.eu/index.htm 

23 Fiorello et al., 2008, p.3f 

24 See Schade (2005). 

25 Fiorello & Krail, (2011), p. 5. 

26 Fiorello & Krail, (2011), p. 5. 

27 Fiorello & Krail, (2011), p. 7. 
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impacts of interventions in the system. Changes in the transport system are often triggered by 
technological progress, but there are different views on the potentials and impacts of certain 
technologies such as batteries, fuels cells, or the automation of car transport. Whether a measure or 
pathway is considered as being likely or desirable quite often depends on the assumptions used for 
the calculation of a scenario or an impact assessment. Thus, it is important to make these assumptions 
transparent and understandable. 

In this project, a set of scenarios on eco-efficient transport futures are developed with the purpose to 
better understand reasons for and assumptions regarding the different assessments referring to the 
feasibility and desirability of different pathways or policy measures. These draft scenarios consist of 
qualitative storylines that are combined with quantitative calculations (with the transport model 
ASTRA). 

Within the scenarios the following basic principles are applied: 

	 It is not possible and it was not intended to deal with the whole range of potential future 
developments in a project like this. Therefore, the scope of possible futures is limited by some 
general assumptions (see section 3.2). Further, the focus is on road, rail, and waterborne 
transport (aviation excluded). 

	 Eco-efficient transport is understood as getting access to a certain place related to an 
activity/purpose (working, shopping, recreation, etc.) with a smaller ecological footprint (see 
section 1). 

	 The three scenarios focus on three different basic strategies for achieving eco-efficiency: 

-	 Scenario I: Making transport modes cleaner (users/goods use the same modes ) 

-	 Scenario II: Changing the modal split (users/goods use different modes) 

-	 Scenario III: Reducing growth rates in transport demand (users/goods have different 
origins/destinations) 

Each of the three scenarios puts the main focus on one of these three strategies. 

All three scenarios are embedded in the same set of general assumptions. These general assumptions 
are summarised in a so-called “Advanced framework scenario” (AFS).28 This AFS is described in 
section 3.2.  

Table 2 provides an overview on the main settings of the scenarios. 

28 In previous deliverables of the project it was called “optimistic reference scenario” – the term “optimistic” was 
omitted because it appeared to have a too strong normative connotation. 
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Eco-efficient Transport 

Advanced Scenario I Scenario II Scenario III 
Framework 
scenario (AFS) 

Main focus on Technology Market Shift to more eco- Avoiding and 
optimistic 
approach  

penetration of 
cleaner 
technologies 

efficient modes reducing physical 
transport  

Main policy Green new deal R&D, regulations Financing of Fostering virtual 
orientation and incentives infrastructures mobility and eco­
towards efficient land-use 

planning 

Main Various  Fuels & Infrastructures  ICT 
technological propulsion + 
changes are vehicles / vessels 
related to 

Consequences for 
the users  

Not many 
changes in travel 

The same modes 
being used by 

A shift to other 
modes regarding 

Origins and/or 
destinations 

patterns  users and for 
goods -
unchanged travel 
patterns  

users and goods 
but origins and 
destinations 
basically 

changing, and in 
the passenger 
sector a shift from 
trips to virtual 

remaining the 
same 

mobility taking 
place 

Table 2: Overview on the main settings of the scenarios. 

For the quantitative modelling of the scenarios the transport model ASTRA29 was used. As a reference 
case for the scenarios, it turned out to be meaningful to make use of the reference scenario (REF) 
developed for the project “GHG TransPoRD”. In doing so, it is also possible to relate the STOA 
scenarios to an “external” reference scenario worked out on a much more resource intensive basis. 
This project, GHG TransPoRD, is focussed on the GHG-emissions of the transport sector. However, its 
main assumptions and results are also useful for the project on eco-efficient transport. 

A reference scenario usually is a sort of business as usual case where no striking or surprising changes 
to recent trends are  assumed. Generally, it takes  into account progress that is envisioned nowadays 
but it does not assume that visible trends are broken and that challenges will decrease significantly. In 
the transport sector, this usually means that steady growth in transport volumes is expected, mainly in 
the freight sector and to a lesser extent also regarding passenger transport. Continuous but only slow 
technological progress is expected. Also for the modal split no drastic changes are assumed. 
Consequently, the negative impacts of transport growth are only slightly decoupled from transport 
growth. Technological progress is not strong enough to offset the negative consequences of transport 
growth. These general settings for the reference case can be found in various scenarios in similar 

29 See Box at the beginning of chapter 3, deliverable 3 or http://www.astra-model.eu/index.htm 
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Science and Technology Options Assessment (STOA) 

magnitudes.30 In line with this, the reference case adopted from Schade & Krail shows the following 
characteristics:31 

	 The assumed growth rate for GDP is 1.7% 

	 There is a growth in the passenger sector of 0.6% yearly. This means demand is increasing 
from 6,680 billion passenger kilometres travelled in 2010 to 8,625 passenger kilometres in 2050 

	 In the freight sector the assumed yearly growth is 1.8% which leads to an increase from 3,699 
billion kilometres travelled in 2010 to 7,642 kilometres in 2050. 

	 Transport related energy consumption is growing from 268 million toe/km to 320 million 
toe/km (0.4% yearly). 

	 CO2 emission (tank-to wheel) are growing from 848 million tonnes/year to 1,047 million 
tonnes a year (0.5% yearly) 

More information on the reference case can be obtained from the GHG TransPoRD deliverable 4.1 that 
is available online (see http://www.ghg-transpord.eu/ghg-transpord/index.php). 

Regarding CO2, please note the drawback that CO2 emissions are calculated on a so-called tank-to­
wheel (TTW) basis – which is a common method for the calculation of CO2 emissions. The targets in 
the Commission’s White Paper on transport are also based on a TTW calculation. This methodology is 
more or less appropriate for conventionally fuelled cars since most of the CO2 is emitted by 
combustion in the engine. Regarding BEVs and also hydrogen, the situation is completely different: 
Most of the CO2 is emitted when producing the electricity or the hydrogen. Also biofuels can induce 
large amounts of GHG emissions upstream before the fuel reaches the tank. Accordingly, the positive 
results are only fully valid on a well-to-tank (WTT) basis if “clean” energy is used for the production 
of the fuels. However, it goes beyond the scope of this project to have in-depth analysis of the energy 
mix for different scenarios.32 In ASTRA, TTW CO2 emissions of biofuels, BEVs, and FC cars are 
assumed to be zero. In addition, the modelled figures do not cover the so called “embodied energy” 
CO2 emissions from the manufacture of vehicles and from the construction of roads and other 
components of transport infrastructure. 

3.2. Advanced framework scenario - AFS 
The three scenarios described in the following sections are all based on a set of “general” assumptions. 
They are the framework in which the scenarios are embedded. In other words: The measures defined 
specifically for the scenario I, scenario II, and scenario III are implemented on top of the measures 
defined for the AFS. 

Since the STOA panel deals with science and technology options assessment, it was decided to apply 
an approach that is rather optimistic about technology. Therefore, all scenarios, in principle, assume 
high – sometimes extremely high – rates of innovation and a very high pace of technological change 
and of diffusion of new technologies within society. It is assumed that by 2050 in all scenarios a strong 
progress in science and technology development will have been made. 

30 See Hill et al. (2012); Skinner et al. (2010); STOA (2008). 

31 See Schade & Krail (2012) 

32 See JRC (2011a) for further information on that. 
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Eco-efficient Transport 

A moderate growth in GDP is assumed as well as a clear decoupling of passenger growth rates from 
growth in GDP. For freight transport no visible decoupling is assumed. Consequent investments in 
R&D and in education lead to progress in various technological fields. “Green markets” become very 
important for the European economies. European economies are driven by a sort of “Green New 
Deal” which has become the overarching paradigm for economic activities. Clean technologies bear a 
key pillar for EU competitiveness (“lead markets” are developing in various fields, even if the concept 
might fail in some sectors where Europe’s progress does not unfold fast enough). Based on this 
increasingly important linkage between sustainability and competitiveness, it is possible to achieve far 
reaching societal acceptance for stringent standards and strong incentives for technological progress. 
Overall income growth with ongoing diversifications is part of the scene. The international 
diversification of labour continues to grow. A range of further policies are implemented all over 
Europe aiming at supporting the progress of eco-efficient technologies. Subsidies for renewable 
energies and related technologies (power lines and storage facilities) are important. 

Regarding demographics and lifestyles, higher shares of older people still active are assumed for the 
future. The number of small households continues to increase. Younger people in urban areas are 
more flexible in modal choices and open for intermodal transport chains. 

With regard to transport policies, a uniform toll system on highways and national roads across Europe 
is introduced in 2025, presumably earlier. A CO2 related extra toll for city access (“City Maut”) is 
implemented in every agglomeration larger than 10,000 inhabitants. High oil prices (200 $/b), the road 
charging schemes, and investments in the rail sector are expected to be in favour of a certain modal 
shift leading to a lower employment of cars and trucks. 

The European energy sector of 2050 is characterised by high oil prices (200 $/barrel) and by high 
shares in renewable energies. By 2050, a diversified network of fuelling stations has been established 
in all of the European countries. Conventional fuels as well as electric power, hydrogen and 
compressed natural gas (CNG) are available. Electric drives (fuelled by batteries and hydrogen) enter 
the passenger and the urban freight vehicle market. New types of vehicles have gained importance 
(higher shares in pedelecs, e-bikes, and two-seaters such as the Renault Twizy). Significant progress 
has been made regarding inexpensive light materials. These materials are highly competitive, 
widespread, and relevant for all of the modes (mainly for cars and bikes). Vehicles, trains, and vessels 
profit from that progress in the field of light weight materials. 

In the infrastructure sector, significant progress has also been made. The Trans-European Transport 
Networks (TEN-T) are pushed forwards. Investments in rivers have increased the competitiveness of 
short see shipping. Borderlines are no longer significant hurdles for rail freight. 

Important is particularly the progress and further spreading of ICT that is a crucial enabling 
technology for the increasing eco-efficiency in the transport sector. ICT has allowed approaches such 
as “Automated Platooning” on major highways. In urban areas, city logistics become increasingly 
widespread. In larger agglomerations, most goods are delivered at night with silent electric vehicles 
(EVs). 

Main results: 

The overall results expected from this scenario are a significant reduction of CO2 emissions even if the 
modal split, the composition of the car fleet, and the mobility patterns will not be changed too much 
(cf. Table 3).  
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Science and Technology Options Assessment (STOA) 

In the simulations, the car fleet is still dominated by gasoline (51%) and diesel fuelled vehicles (30%). 
But efficiency has strongly increased. In 2050 cars remain the most important mode in the passenger 
sector. Modal shares of cars increase with respect to the reference case despite of road charging and 
policies in favour of the rail. The reason for this  is that conventional cars have become much more  
efficient and, therefore, also much cheaper. The savings on the fuel consumption override the higher 
fuel prices and the additional tolls. Also the “slight” support of rail does not show effects since bus 
transport also benefits from more efficient engines (trains also become less consuming – see energy 
transport intensity –, but the impact of energy cost on passenger train fares is minor). 

Nevertheless, as expected, CO2 emissions (TTW upstream emissions are not considered) are reduced 
significantly: by 50% in the year 2050 with respect to the reference case. Compared to the transport 
emissions in the year 1990, this means a 38% reduction (the White Paper of the European Commission 
sets a target of a 60% reduction, so, this scenario would obtain good results but not good enough 
ones). 

Innovative cars enter the fleet in a limited fashion as expected in the scenario definition. It is 
noticeable that fuel duty revenues are more than halved due to lower consumptions, and toll revenues 
are incapable of offsetting this dramatic loss.  

 Passenger transport demand: 9.153 billion pkm; +6% compared to REF
 

 Modal share passenger: car 69%; bus 7%; train 7%; air 12%; slow 4% 


 Freight transport demand: 7.757 billion tonnes-km; +2% compared to REF 


 Modal share freight: road freight 57%; rail freight 17%; maritime 27% 


 Transport related energy consumption: 178 million toe/year; −45% compared to REF 


 CO2 transport emission tank to wheel: 520 million tonnes/year; −50% compared to REF;
 
−38% compared to the 1990 index 

	 Car fleet: gasoline 51%; diesel 30%; CNG 2%; LPG 1%; hybrid 7%; electric 1%; biofuels 3%; FC 
4% 

	 Car fuels consumption: 102 million toe/year; −41% compared to REF 

Table 3: Key data for the AFS (2050). 

3.3. Scenario I: Focus on making transport modes cleaner 
The main focus of this scenario is on making the different modes much cleaner. The process is  
accompanied by further progress in the field of energy systems. Political strategies focus on heavy 
public funding of R&D activities as well as on regulations pushing forward the market penetration of 
new technologies. This does not lead to significant changes in transport behaviour. Users do not 
switch to other modes; eco-efficiency is improved because the modes they are using are cleaner and 
require less resources. 

Policy measures take advantage of the broad societal and political acceptance for the implementation 
of stringent standards and strong incentives for technological progress. CO₂ taxes are implemented 
for all transport modes. The market penetration of most efficient technologies is pushed by subsidies. 
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Eco-efficient Transport 

There is a feebate scheme reducing the price of innovative vehicles and increasing the price of less 
efficient ones. Speed limits are established all over Europe, and only zero-emission vehicles (on a well-
to-wheel (WTW) basis) are allowed in European cities of more than 100,000 inhabitants. 

Extreme progress in mobile and stationary battery technology as well as in hydrogen applications 
builds the basis for the transformation of the energy system. Innovative cars and trucks gain 
considerable market shares. The car fleet runs on non-fossil fuels and propulsion systems; fossil fuels 
have been banned completely in the car sector after 2040. 

Further, there is a far-reaching electrification of vehicles in public transport (trolleys, taxis, railways, 
hydrogen busses). The share of rail electrification is above 80% in all EU countries. CNG, bio-methane, 
“wind-gas”, or hydrogen is used for heavy duty vehicles (HDVs). Vessels’ efficiency is increased and 
they use considerable amounts of liquefied natural gas (LNG). Further, there have been magnificent 
breakthroughs regarding ultra-light, robust, cheap, and recyclable materials that can be used for the 
construction of vehicles/vessels/trains. 

Small and light cars have become widespread in urban areas; they are the typical vehicles of retired 
people. The option of letting the car drive autonomously at lower speeds is widely used by this group 
and enables them to still drive at an older age. 

Main Results  

As part of this “cleaner modes” scenario a large amount of innovative cars in the fleet as well as 
cleaner trucks are expected. High fuel taxes should help to counterbalance the rebound effect on road 
transport demand. 

The results show the effects of the extreme technology development in the model simulations (cf. 
Table 4). In the year 2050 non-fossil based fuels and propulsion systems dominate the car fleet. It can 
be seen that the accelerating upsurge of electric cars crowd out biofuel cars and that there are three 
waves of electric propulsion systems: first hybrid, then BEVs, and finally FCs. In 2050 the dominating 
energy carriers for car fleets are hydrogen and electricity; in terms of propulsion more than 95% of the 
vehicles are driven by electric engines. 

Also, other modes become more efficient. The transport related energy consumption is 177 million 
toe/y compared to 320 mtoe/y in the REF. So, energy consumption is quite similar to the ASF. But 
because of the rather considerable market penetration of cleaner technologies the CO2 emissions are 
clearly lower than in the ASF. Based on increases in efficiency and phase-out of fossil fuels the CO2 

emissions reduction is substantial: minus 75% with respect to the REF, minus 68% compared to the 
year 1990. The latter figure means that this scenario simulation would meet the White Paper target. 

 Passenger transport demand: 9,272 billion pkm; +7% compared to REF
 

 Modal share passenger: car 64%; bus 5%; train 14%; air 12%; slow 4%
 

 Freight transport demand: 7,279 billion tonnes-km; −5% compared to REF
 

 Modal share freight: road freight 56%; rail freight 17%; maritime 28% 


 Transport related energy consumption: 117 million toe/year; −45% compared to REF 


 CO2 transport emission tank to wheel: 265 million tonnes /year; −75% compared to REF;
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Science and Technology Options Assessment (STOA) 

−68% compared to the 1990 index 

	 Car fleet: gasoline 2%; diesel 1%; CNG 0%; LPG 0%; hybrid 11%; electric 25%; biofuels 0%; FC 
61% 

	 Car fuels consumption: 112 million toe/year; −35% compared to REF 

Table 4: Key data for scenario I (2050). 

The demand in the passenger sector is 7% higher than in the REF and in the freight sector it is about 
5% lower. 

The rebound effect determined by the lower transport costs is attenuated, especially on the freight side 
and on the car demand side. Also, as expected, the loss on fuel tax revenues is lower than in the AFS 
(although it is still high: more than one third of the revenues of the reference case is lost). 

So, it can be concluded that on the basis of these extreme technology optimistic scenarios there is a 
chance to reach the CO2 targets. However, the achievements of CO2 emission is mainly enabled by 
substituting fossil fuels with a relatively high CO2 emission in the TTW part of the chain by energy 
carriers that do not cause too many emissions on a TTW basis. The emissions induced by the 
generation of these energy carriers (electricity, hydrogen or also biomass) are not part of the scenarios. 
Accordingly, a high degree in eco-efficiency can only be ensured if the generation of energy is getting 
much cleaner than it is now. In other words: the eco-efficiency of the transport sector becomes 
increasingly dependent on the eco-efficiency of the entire energy sector. 

The likeliness of achieving these extreme technological changes can be questioned. Many 
comparatively simple targets have not been achieved yet. For example the market penetration of EVs 
is still very low in spite of many programmes in different countries. For decades CNG is being 
discussed as a still fossil based but cleaner alternative; not much progress was made in this case as 
well; in particular the assumed progress regarding energy intensity in the trucking sector will be very 
difficult to achieve. At least on a short term alternative fuels and propulsion technologies are more 
expensive than the established ones and there is a need to extend the corresponding infrastructure 
which also comes along with additional costs. 

It is obvious that a fast and far reaching market penetration of new technologies needs political 
initiators. Push and pull measure are required. In particular, the pull measures often lack in public 
acceptance or stakeholder support. 

3.4. Scenario II: Focus on Modal Shift 
The main focus of this scenario is on achieving a modal shift towards more eco-efficient modes of 
transport. Public funding is concentrated on supporting the infrastructures needed for such a shift. 
The principle of “internalising external costs” is the basis for transport policies. Further, urban 
transport policies are strongly prioritising public transport, car-sharing schemes, cycling, and walking. 
Regulations to make the different modes cleaner are also used as a means to achieve eco-efficiency. 
Efficient fuels and propulsion technologies are also pushed in this scenario – but not as strong as in 
scenario I. Similar to scenario I, various rather stringent regulations are implemented. Efficiency and 
CO2 taxes are phased in for all modes. Fossil fuels are banned after 2040. A feebate scheme reducing 
the price of innovative vehicles and increasing the price of less efficient ones is introduced. Speed 
limits are implemented all over Europe. 
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Eco-efficient Transport 

An interoperable road charging system on the trans-European road network is implemented in all EU 
member states, taking account of the external costs of air pollution, noise pollution, and congestions. 
There are very high tolls for highways and national roads across Europe. The most striking 
characteristics of this scenario are the extremely high subsidies for investments in infrastructures for 
the implementation of intermodality. Investments in infrastructures for rail and water transport are 
high, Personal Rapid Transport and CargoCaps (see deliverable 2) have become widespread in urban 
areas. Public Private Partnerships are an important tool for such investments. 

Highly advanced and ubiquitous ICT makes public transport as well as intermodal freight much more 
attractive. Common technical, administrative, and legal standards are identical throughout the 
European rail network. This enables operators to seamlessly run trains across Europe. Many 
innovative approaches are implemented to improve public transport services and to overcome the 
“problem of the last mile”. For example, passengers who have booked a public transport ticket are 
picked up by a semi-autonomous driving system from their door and are carried to the next public 
transport station, and vice versa. An interoperable electronic ticketing application for public transport 
is available all over Europe. This enables users to use the same means of payment for different modes 
and services (including conventional public transport and, e.g., bike-sharing and car-sharing). Car-
sharing is widespread, highly attractive, and integrated in public transport tariff systems. 

Main Results  

In principle, in this scenario, the mode shift was intended to be “extreme”. However, the results of the 
modelling do not show such extreme changes in the modal split as previously expected (cf. Table 5). It 
must be noted that this is, at least partly, enforced by the fixed settings of the model itself. Several 
parameters present in the model have been calibrated on a situation where road transport had been 
dominant for years. 

Given these parameters, there are limits to the demand that can be shifted from road modes to other 
modes of transport (this applies especially to freight transport where on short distances roads are, 
basically, unrivaled). Therefore, the quantitative results of this scenario can reasonably be considered 
as a prudential estimation of the effects of the mode shift strategy. 

But still, a significant modal shift can be observed. The mode share of cars is reduced from 70% in 2010 
to 58% in 2050 and the share of trucks is reduced to 50% in the 2050s, whereas, in the ASF it is 
expected to be around 57% in 2050. So, according to the “modal shift” scenario, half of the tonnes-km 
are transported via roads, 20% via rail, and 30% of the transportation is maritime. 

 Passenger transport demand: 9,130 billion pkm; +6% compared to REF
 

 Modal share passenger: car 58%; bus 10%; train 15%; air 12%; slow 4%
 

 Freight transport demand: 7,808 billion tonnes-km; +2% compared to REF 


 Modal share freight: road freight 50%; rail freight 20%; maritime 30% 


 Transport related energy consumption: 152 million tons/year; −53% compared to REF 


 CO2 transport emission tank to wheel: 320 million tonnes/year; −69% compared to REF;
 
−62% compared to the 1990 index 

 Car fleet: gasoline 4%; diesel 2%; CNG 0%; LPG 0%; hybrid 28%; electric 20%; biofuels 6%; FC 
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40%
 

 Car fuels consumption: 80 million tonnes/year; −54% compared to REF 


Table 5: Key data for scenario II (2050). 

The feebate scheme and the high fuel duties eventually prove to be effective to support the innovative 
vehicles even without the additional technological investments assumed in scenario I. However, it can 
be noted that the share of innovative vehicles in this scenario is very high in the year 2050 but grows 
slower than in scenario I. For example, in the year 2030 the share of innovative vehicles is 27% 
compared to 52% in scenario I. According to the calculations in 2050 28% are hybrids (compared to 
11% in scenario I). 

The contribution of technology to energy and emission savings comes quite late in this scenario but 
looking at the reduction path it can be seen that this scenario is at least as effective as the cleaner 
modes scenario thanks to the modal shift. Only in the year 2050 this scenario comes up with a lower 
result. It should be considered that the contribution of innovative cars, here, is lower because it is 
applied to less vehicle kilometres travelled by car. In other words, moving the demand from the road 
to other modes reduces the overall effectiveness of technological change in the car fleet. However, 
overall energy consumed by transport is clearly lower in this scenario compared to scenario I even 
though freight volumes are slightly higher. 

This scenario would also meet the White Paper target as emissions are finally cut by 62% compared to 
the level in the year 1990. 

The scenario also shows considerable technological progress. Several measures are similar to scenario 
I, however, the push and pull for new technologies is not as strong as in the former one. This has to be 
balanced by a modal shift that is not as strong as it was expected but still considerably stronger than in 
the other scenarios. The energy consumption is even lower than in scenario I, whereas transport 
volumes are similar for passengers and slightly higher for freight transport. 

So, this scenario is not that greatly depending on technical progress as the first one. But still, modal 
shift alone would not have been able to reach such a high reduction in energy consumption and CO2 

emissions. Furthermore, the underlying assumptions about extending infrastructures require 
considerable investments – in addition to investments required for setting up an infrastructure for 
hydrogen and BEVs (in 2050, 40% of the cars are supposed to be FC cars).  

So, in this scenario, too, the provision of “clean energy” also on a WTT basis is crucial for the targets 
being met. So again, eco-efficiency in the transport sector is highly dependent on developments and 
policies in the energy sector. 

3.5. Scenario III: Reducing transport volumes 
In line with the European Commission’s statement in the 2011 White Paper that “curbing mobility is 
not an option”, this scenario is not about “curbing” mobility but about reducing the need to travel 
physically for fulfilling certain purposes, and about reducing distances. Daily activity patterns in 2050 
are not necessarily different in principle but a significant number of trips are substituted by virtual 
mobility and by the reduction of trip lengths for people and goods that have become a widely 
accepted paradigm for land-use planning. In this  way, a strong increase of eco-efficiency in the  
transport system is achieved. So, the idea is that purposes can in principle still be fulfilled as in the 
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Eco-efficient Transport 

reference case but the amount of resources needed for doing so is smaller because certain trips are 
avoided and for other purposes the trip length is reduced. 

Policies try to give incentives for any virtual substitution of trips and they give a high priority to land-
use planning aimed at reducing distances (City of short distances, decentralised concentration). Result 
of the latter is a shift from longer distance trips to shorter destinations. Also the share in long-distance 
holidays is much lower than it used to be decades ago. 

A key driver for these developments are the extremely high energy prices (oil around $300/b). 
Induced by this development, regional clusters of production and consumption are fostered by 
policies on different levels and receive strong support from the attitudes and preferences of the 
citizens. This goes hand in hand with an accelerated urbanisation. So, smart urban logistics are crucial 
in this scenario. Goods delivery at night with silent EVs is a standard that helps to optimise logistic 
concepts. Further, so-called Cargo Tubes (see Deliverable 2 of the project) become an important 
element for logistics in larger agglomerations. In general, the load factors of HDVs and light duty 
vehicles (LDV) are improved significantly. 

There is an extreme increase in “tele-x” (e.g. tele-working, tele-shopping, video conferencing, etc.) that 
significantly reduces transport demand (trip rates for all purposes). Tele-working has become 
standard, in particular for families with smaller children. 

Overall, there is a change in attitudes and lifestyles which can be described as being slower and more 
reflexive.33 This trend also manifests itself in passenger transport demands. Travelling safely and 
conveniently is important, using travel time is crucial. Cycling has become trendy all over Europe, and 
energy efficient technologies are popular. For example, small cars and e-bikes are widespread. Access 
instead of ownership is an overriding paradigm and, consequently, car-sharing is highly attractive 
and integrated in public transport tariff systems (similar to scenario II). Further, in this scenario, 
energy efficient technologies are popular. In particular, elderly people ask for small cars and e-bikes. 

Main results 

It should be noted that in deliverable 3 of this project, this scenario was actually split into two 
different ones: one scenario reducing volumes only in the passenger sector and one scenario reducing 
volumes only in the freight sector. For reasons of simplification only the combined version was used 
at later stages in the project. 

It is interesting to investigate the strong impact of a high oil price (300$/b) combined with overall 
social and economic re-arrangement towards more local habits, work, production, etc., accompanied 
by improvements in logistics. Without any additional policy measures, this mixture of oil-price, land-
use planning, improved logistics and virtualisation leads to a cut in passenger demand by 45% and to 
a cut in freight demand by nearly 60% compared to the REF- which indeed can be called “extreme” 
(cf. Table 6).  

In this scenario neither the modal split nor the fleet composition is drastically changed compared to 
the AFS although the market penetration of innovative vehicles is somewhat higher because of the 
high oil price which makes non-oil-based fuels more competitive. But still, diesel and gasoline are 
clearly dominating the car-fleet. So, according to the calculations made for this scenario, an oil price of 
300$/b is not enough to reach shares in alternative fuels and propulsion technologies of 30% or even 
more. With regard to the modal split, it is noticeable that in the freight sector road is becoming much 

33 See STOA (2008). 
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more competitive mainly at the expense of short sea shipping and inland shipping. In other words: the 
cut in freight volumes mostly affects the maritime sector. In the passenger sector aviation is losing 
shares clearly above average. 

 Passenger transport demand: 4,712 billion pkm; −45% compared to REF
 

 Modal share passenger: car 67%; bus 8%; train 12%; air 8%; slow 5%
 

 Freight transport demand: 3,118 billion tonnes-km; −59% compared to REF
 

 Modal share freight: road freight 69%; rail freight 18%; maritime 14% 


 Transport related energy consumption: 93 million toe/year; −71% compared to REF
 

 CO2 transport emission tank to wheel: 286 million tonnes/year; −73% compared to REF;
 
−66% compared to the 1990 index 

	 Car fleet: gasoline 45%; diesel 28%; CNG 2%; LPG 1%; hybrid 8%; electric 4%; biofuels 4%; FC 
7% 

	 Car fuels consumption: 42 million toe/year; −75% compared to REF 

Table 6: Key data for scenario III (2050). 

In this scenario, the total emissions reduction is 73% with respect to the reference case and 66% 
compared to the year 1990. In principle, the role of technological improvement is attenuated because 
of the lower demand both for passengers and for freight. 

Scenario III differs considerably from the other ones. Some elements seem to be hardly realistic such as 
to substitute huge amount of transport by virtualisation. The resulting travel demand in freight 
corresponds to levels of the late 80s, early 90s – it surely can be questioned whether this would be an 
attractive option for the European economies. However, the scenario illustrates that the measures 
implemented here can well have a significant impact in terms of eco-efficiency. And it should be kept 
in mind that about 40 years ago, in the 1970s, it was hardly envisioned that 40 years later people will 
grow up surrounded by virtual social networks and that most people will have small telephones with 
internet connections wherever they are. 

3.6. Combination of scenarios I, II, and III: “Full scenario” 
This scenario is a combination of the scenarios I, II, and III. It is called “Full scenario” since all 
measures dealt with in the other scenarios are implemented. 

Main results 

As expected, this is the most effective scenario when it comes to the reduction of CO2 emissions. The 
simulation results in almost 80% less emission than in the REF case and nearly three quarters of CO2 

tonnes are saved compared to the year 1990 (cf. Table 7). 
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Eco-efficient Transport 

Also as expected, even this remarkable result is considerably poorer than the sum of the single 
scenarios because some of the measures cancel out. In particular, like in the reduced mobility 
scenarios, the efficiency gains are applied to a lower traffic volume. 

 Passenger transport demand: 4,621 billion pkm; −46% compared to REF
 

 Modal share passenger: car 60%; bus 11%; train 14%; air 9%; slow 5%
 

 Freight transport demand: 2,901 billion tonnes-km; −62% compared to REF
 

 Modal share freight: road freight 64%; rail freight 21%; maritime 15% 


 Transport related energy consumption: 104 million toe/year; −67% compared to REF 


 CO2 transport emission tank to wheel: 219 million tonnes/year; −79% compared to REF;
 
−74% compared to the 1990 index 

	 Car fleet: gasoline 2%; diesel 1%; CNG 0%; LPG 0%; hybrid 13%; electric 23%; biofuels 1%; FC 
59% 

	 Car fuels consumption: 52 million toe/year; −70% compared to REF 

Table 7: Key data for the “Full scenario” (2050). 

In this scenario, also a further attenuating effect is present: when conventional ICE cars are highly 
improved but innovative cars are pushed in the fleet, most of the efficiency gains are lost because the 
two solutions cannot be fully realised at the same time: A person either drives a much more efficient 
conventional car or an electric car. Both solutions are effective in theory but just one provides its effect 
in practice. 

Still, this scenario reaches very good values and a high degree of eco-efficiency in the European 
transport sector. 

3.7. Comparative discussion of the scenarios 
To start with GHG emissions it can be stated that all three scenarios are able to reach the White Paper 
targets on CO2 emissions but this is achieved in very different ways. Scenario I strongly relies on 
technologies; in scenario II cleaner technologies are also playing a significant role but not as much as 
in scenario I; instead modal shift is pushed strongly. So, in contrast to scenario I changes that directly 
affect travel patterns are induced, to a certain extent goods and passenger have to use other modes of 
transport compared to the REF. This scenario appears to be more flexible and “robust” compared to 
the first one since there is higher variability in the choice of assumptions and measures. However, in 
both scenarios the reduction in CO2 emissions depends heavily on development in the energy sector. 
The provision of “clean” energy is crucial for the overall eco-efficiency. 

Of very different character is scenario III where many parameters are similar to the REF but demand is 
cut heavily. There is not too much focus on technological progress apart of the general optimistic 
assumptions on technological developments in the ASF. The reduction in CO2 emission is to a large 
extent achieved by the extreme reduction in transport related energy consumption (93 mtoe/y 
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Science and Technology Options Assessment (STOA) 

compared to 178 mtoe/y in the ASF and 320 mtoe/y in the REF). So, the achievement of CO2 

reduction comes closer to a WTW calculation. The “success” of this scenario is not that much 
dependent on developments in the energy sector. This reduction of transport volumes goes along with 
other benefits in terms of eco-efficiency: fewer raw materials are used, other emissions than CO2 are 
reduced as well and less waste is produced. However, just reducing volumes would be of a much too 
simplistic approach and not in line with the concept of eco-efficiency as it was applied for this project. 
Eco-efficient approaches are understood as getting access to a certain activity/purpose (working, 
shopping, recreation etc.) with a smaller ecological footprint. The general quality of life and the 
economic wealth should explicitly not be reduced. So, the desirability and acceptability of the scenario 
can be questioned.  

The crucial question that is revealed by this scenario is to what extent transport can be avoided 
without endangering other societal goals (e.g. quality of life, wealth, competitiveness). Some of the 
measures in this scenario illustrate how this might become feasible. Aspects of virtualisation still are 
comparatively new to society and it is open what future development in this area will bring. Fast 
changes and progress has proved to be not unlikely in this field. At the other side, there are broad 
experiences with the negative impacts of urban sprawl and there is far-reaching consensus on the 
need for more integrated transport and land-use planning to reduce distances travelled (which usually 
is going along with saving time and, thus, an increase in the quality of life). But in contrast to the high 
dynamics in the strongly market driven field of ICT and virtualisation, changing land-use structures 
needs time, strong and persistent political will and corresponding policy goals. Still, eco-efficient land-
use and transport planning brings significant benefits as regards different aspects and therefore 
should be treated with higher priority on the agendas on all political levels.  

The three scenarios illustrate that the different approaches can have strong impacts on the eco­
efficiency of the transport system. It is interesting to see, that also in the “Full scenario”, which 
combines all the measures from scenario I, scenario II and scenario III, the further reduction in energy 
consumption and emissions is not that extreme as it might have been expected. However, in terms of 
CO2 emissions this scenario clearly is the most successful one. 

The following charts (Figure 1 – Figure 5) provide an overview on the main results of the scenarios. 

Figure 2 shows the modal share for the passenger sector. In all scenarios cars are the dominating 
mode. Also in scenario II which is focussed on modal shift, cars are close to a 60% share. But the 
figures of the other scenarios are larger. 

As it has already been mentioned in the description of scenario I, the configuration of the model 
follows the Status Quo and, thus, it is rather difficult to reduce its competitiveness in the road sector. 
However, that matches the real world experiences which show that, for several reasons, larger scale 
shifts are difficult to be reached. The same line of arguments accounts for the figures on freight that 
are shown in Figure 3. 

Figure 4 shows that the AFS does not reach the 60% CO2 emission reduction target. The other 
scenarios meet the target in 2050. In the simulations, the “Full scenario” meets the targets already 
before the year 2040.  

Figure 5 shows the development of new fuels and propulsion technologies. The way the model is 
configured, very high figures are reached for hydrogen FC vehicles in scenario I, scenario II and in the 
“Full scenario”. In all these scenarios alternative fuels and propulsion technologies are strongly 
pushed. 

Table 8 provides an overview on the main parameters of the different scenarios. 
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Figure 1: The transport demand for the different scenarios is slightly higher than in the Reference 
in the AFS, scenario I and scenario II. Only in the scenario III a significant reduction in passenger 
volumes is achieved. 
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Figure 2: Modal share for the passenger sector (the category “slow” is used in ASTRA to summarize 
not motorized modes such as bicycles and pedestrians). 
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Figure 3: Modal share in freight transport. 
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Figure 4: Transport related CO2 emissions. 

Figure 5: Development of new fuels and propulsion technologies. 
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Modelled 
main figures 
in 2050 

REF 
TransPoRD 

AFS  Scenario 
I 

Scenario 
II 

Scenario 
III 

Scenario 
FULL 

Passenger 
demand 

8625 9153 9272 9130 4712 4621 

Passenger 
0% +6% +7% +6% -45% -46% 

Freight 
demand 7642 7757 7279 7808 3118 2901 

Freight 0% +2% -5% +2% -59% -62% 

modal share 
-passangers  

Car 64% 69% 64% 58% 67% 60% 
Bus 9% 7% 5% 10% 8% 11% 

Train 9% 7% 14% 15% 12% 14% 
Air 13% 12% 12% 12% 8% 9% 

Slow 5% 4% 4% 4% 5% 5% 

modal share 
freight in % 

Road freight 57% 57% 56% 50% 69% 64% 
Rail freight 16% 17% 17% 20% 18% 21% 
Maritime 27% 27% 28% 30% 14% 15% 
Transport 

related 
energy 

consumption 
(Million 
toe/year) 

320 178 177 152 93 104 

Energy 
consamption 
in 
comparsion 
to REF 
SCEANRIO 

Comparsion 
to REF 

SCENARIO 
(% 

difference) 

0% -45% -45% -53% -71% -67% 

CO2 

transport 
emission 
(Million 

tonnes/year 
Tank to 
wheel) 

1047 520 265 320 286 219 

CO2 

emission in 
comparsion 
to REF 
SCEANRIO 

Comparsion 
to REF 

SCENARIO 
(% 

difference) 

0% -50% -75% -69% -73% -79% 

Car fleet 
composition 

% 

Gasoline 51% 51% 2% 4% 45% 2% 
Diesel 47% 30% 1% 2% 28% 1% 
CNG 0% 2% 0% 0% 2% 0% 
LPG 1% 1% 0% 0% 1% 0% 

Hybrid 1% 7% 11% 28% 8% 13% 
Electric 0% 1% 25% 20% 4% 23% 
Biofuel 0% 3% 0% 6% 4% 1% 

FC 0% 4% 61% 40% 7% 59% 

Car fuels 
consumption 

(Million 
toe/year) 

Gasoline 84 47 6 9 16 4 
Diesel 80 34 6 8 14 3 
CNG 0 3 0 1 2 0 
LPG 2 1 0 0 1 0 

Biofuels 7 11 2 6 5 1 
Hydrogen 0 6 85 49 5 38 
Electricity 0 0 12 7 1 5 

Modelled 
main figures 
in 2050 

REF 
TransPoRD 

AFS  Scenario 
I 

Scenario 
II 

Scenario 
III 

Scenario 
FULL 

Table 8: Overview of the main parameters of the different scenarios. 
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4. Stakeholder assessment of scenarios and their elements 

In this section, the stakeholder consultation conducted in the project is described.34 The scenarios and 
their elements served as a basis for the consultation. The main task of this phase was to discuss the 
feasibility (drivers, barriers, financial presuppositions) and the desirability (expected impacts, pros 
and cons) of potential eco-efficient developments in the European transport sector. In doing so, the 
scenarios and their elements were used to trigger and structure the debate, to try to point at crucial 
issues, to approach questions and to discuss pathways in order to overcome barriers, and to identify 
differences in assessment and uncertainties as well as widely accepted solutions.  

This section entails: 

	 A description of the methodology applied (section 4.1) 

	 A summary of the results of the written consultation (survey) (section 4.2) 

	 A summary of the discussion in the workshop (section 4.3) 

	 Conclusions drawn from the stakeholder consultation (section 4.4) 

4.1. Methodology 
The stakeholder consultation was carried out in two steps: 

	 A survey was conducted to collect opinions related to the feasibility and desirability. 

	 A workshop was carried out. The results of the survey were used to focus and trigger the 
debate in the workshop. 

As mentioned in section 1, when it comes to the discussion of scenarios, it is not only necessary to look 
at the figures resulting from the scenarios; for understanding and assessing the scenarios it is even 
more crucial to look at the assumptions that go into the scenarios.35 Therefore, before the workshop, 
elements of the scenarios where assessed in a specifically designed online survey. 

Designing a survey always means to deal with a trade-off between the time that is needed to fill out 
the survey and the amount of details that can be gathered. If the survey is too long and detailed, 
interviewees might not be willing to fill it out. If it is too short and general, not so many insights can 
be gained from it. Against this background, the project team made a selection of 14 theses that were 
considered as being most relevant for the stakeholder consultation (see annex 4). These theses were 
selected on the basis of previous work carried out in deliverable 2 and deliverable 3 of the project. The 
selection was carried out by the project team supported by several external experts. As a point of 
orientation the following criteria were used for selection: 

	 The thesis needed to be allocated to one of the scenarios 

	 The thesis were discussed in several studies/documents because of having a potential to 
significantly improve the eco-efficiency of the transport system 

34 This section is strongly based on deliverable 4 of the project which was written by Gy Larsen, Marie Louise 
Jørgensen and Katrine Lindegaard Juul from The Danish Board of Technology. 

35 See Schippl (2013). 
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	 The thesis had to relate to emerging technologies / approaches or targets which have not 
been established yet 

	 A certain level of uncertainty regarding the feasibility (might be for technical, financial, 
political, or other reasons) of the thesis had to be observable 

	 Some controversy regarding the desirability (expected impacts might be perceived differently; 
side-effects or unintended impacts might be discussed controversially) of the thesis had to be 
observable. 

On the basis of these criteria, a long-list was developed and cut down to 14 theses in order to keep the 
questionnaire as short as possible (cf. the list of theses in Table 9). The 14 theses can be allocated to the 
three scenarios. Each thesis entailed questions related to the feasibility (“In which period would you 
expect this development to become true?”; “Which of the following factors could impede this 
development?”) and the desirability (“is this development desirable”; “reaching this development 
would have the following impacts”) (cf. the questionnaire in Figure 6). Several weeks before the 
workshop, the theses were sent to the participants of the workshop in form of an online survey. The 
main results of the survey are summarised in section 4.2. 
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Theses mainly 
relevant for 
scenario ... 

1. Half of the road based freight transport (tkm) in the EU will be carried out 
by alternative propulsion technology (e.g. by hydrogen, gas, or biofuels). 

2. More than half of the passenger cars  sold per year will be battery electric 
vehicles with driving ranges of 400–500 km. 

3. Only local zero emission (tank-to-wheel) passenger vehicles will be 
allowed in European cities of more than 100.000 inhabitants. 

4. In Europe, half of the passenger kilometres travelled by car will be made 
using full autonomous driving systems. This allows driving without 
human assistance as the car keeps the road and navigates on its own. 

5. An interoperable electronic ticketing application for public transport will 
be available all over Europe. This will enable users to use the same means 
of payment for different modes and services (including conventional public 
transport and e.g. bike-sharing, car-sharing). 

6. In Europe, public transport, cycling (including e-bikes) and walking will 
have a modal share of 75 % in urban areas of more than 100.000 
inhabitants. 

7. An interoperable road charging system on the trans-European road 
network will be implemented in all EU states, taking account of the 
external costs of air pollution, noise pollution and congestion. 

8. A sophisticated EU regulatory framework (e.g. loan guarantee schemes, 
risk facility funds, creation of additional revenue streams) will make 
infrastructure investments more attractive to the private sector. That way, 
private capital will bear half the EU infrastructure development costs. 

9. Common technical, administrative and legal standards will be identical in 
the European rail network. This will enable operators to seamlessly run 
trains across Europe. 

10. The freight transport volume (tkm) on inland waterways will increase by 
50 % (compared to 2012). 

11. In waterborne transport, operational improvements (e.g. speed reduction, 
autopilot upgrade) and new technologies (e.g. alternative propulsion 
systems, propeller design, auxiliary use of wind power) will lead to a 
reduction of greenhouse gas emissions by 50 % (compared to 2012).  

12. Widespread application of tele-x (tele-working, tele-shopping, video­
conferencing, etc.) will lead to a reduction of transport-related greenhouse 
gas emissions by 25 % (compared to 2012). 

13. A trend of regionalisation (driven by e.g. transport costs, societal values 
and related policies) will lead to a stronger spatial concentration of 
production and consumption of goods and services. 

14. Underground transport systems (urban freight tubes) will be implemented 
and used for more than half of the urban goods distribution in larger 
European agglomerations (> 500.000 inhabitants). 

I 

I 

I 

I 

II 

II (III) 

II 

II 

II 

II 

I 

III 

III 

II 

Table 9: Overview on the theses used in the stakeholder consultation. 
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Thesis XY: 


(Text of the thesis)
 

a) How would you assess your own expertise concerning this thesis?

〇   I do research and publish in this field 〇   I have only focal or generalized knowledge 
in this field

〇   I am working in this field / following the 〇   I have no knowledge in this field 
professional discourse 

b) In which period would you expect this development to become true? 

〇 2012-2015 〇 2021-2030 〇 Later than 2050 〇   I don’t know 

〇 2016-2020 〇 2031-2050 〇 Not realistic at all 

c) Which of the following factors could impede this development? (multiple answers possible)

〇 Financial barriers 

〇   Capacity limit of infrastructures

〇   Ongoing technical problems that need to be 
solved

〇 Lack of government-funded research and 
development 

〇 Lack of entrepreneurial vision

〇 Lack of political vision

〇 Lack of societal acceptance

〇 Uncoordinated institutional 
actions/responsibilities

〇   Differing interests of involved stakeholders 
(e.g. politicians, industry, NGOs)

〇 European and/or national 
legislation/regulation

〇   I don't know 

d) Is this development desirable?

〇 Very 〇 Undesirable 〇   Desirable 〇 Very 〇   I don't know 
undesirable desirable

e) Reaching this development would have the following impacts: (each row requires an answer) 

negative 
impact 

positive 
impact 

both 
positive 

and 
negative 
impact 

no 
impact 

I don’t 
know. 

Growth of European economies 

Labour and employment 

Accessibility of the transport system

Reduction of congestion levels

Modal shift towards more resource-efficient 
transport modes 

Reduction of transport volumes 

Improvement of human health

〇 〇 〇 〇 〇 

〇 〇 〇 〇 〇 

〇 〇 〇 〇 〇 

〇 〇 〇 〇 〇 

〇 〇 〇 〇 〇 

〇 〇 〇 〇 〇 

〇 〇 〇 〇 〇
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Biodiversity 〇 〇 〇 〇 〇 

Reduced use of fossil fuels (oil/gas) 〇 〇 〇 〇 〇 

Reduced use of other non-renewable 
resources 

〇 〇 〇 〇 〇 

Reduction of greenhouse gas emissions 〇 〇 〇 〇 〇 

other/comments: 

Figure 6: Questionnaire. 

As indicated above, the aims of the workshop were to receive feedback from the stakeholders on the 
theses and assumptions that are discussed in the context of eco-efficient transport, to gain a better 
understanding of the feasibility and desirability of measures/pathways towards eco-efficient 
transport, to discuss on pros and cons of different approaches  and to scan main controversies. The  
starting point of the workshop debate was to consider the scenarios and its three different basic 
strategies of advancing an eco-efficient development: technological improvements to make existing 
transport means cleaner, pushing modal shift, and reducing transport. 

The invited stakeholders were mainly organisations based in Brussels in the transport area and the 
workshop was held in Brussels. ITAS and DBT invited the relevant European stakeholders to 
participate in this workshop and to contribute to phase 4 of the project. A week before the workshop, 
the participants received a programme, a list of participants, and three short summaries of the 
scenarios that they were asked to read as part of their preparation for the workshop. 

Beforehand, the 21 stakeholders were divided into groups of five. The formation of groups was done 
on the basis of the stakeholders’ professional affiliations to ensure a good mix and combination of 
different positions on transport issues. Beside stakeholders, a staff member from ITAS or DBT was 
present at each table with the purpose of taking detailed notes of the group discussion. The staff 
members were not allowed to join the conversation. 

All participants had a computer at their disposal and were supplied with an individual log-in, so they 
could write comments in a shared blog. The web supporters at DBT developed a simple template that 
people with very limited computer skills could easily use. The purpose of the blog was to support the 
group discussions and to ensure that as many of the participants’ positions and reflections as possible 
were captured and documented. E.g. if a participant did not get the chance to develop a thought 
further, he/she could do that on the blog. The blog was interactive; it was internet-based and, 
therefore, the participants had the possibility to read comments at the very moment that other 
participants posted. This meant that the blog could also facilitate a discussion online. In this way, it 
was possible for the participants to express differences of opinion by posting a comment. The 
participants could post anonymously on the blog but their identity was known to DBT. It was not only 
during group discussions that the blog could be used. The participants would have the opportunity to 
post on the blog throughout the day and after the workshop as well; DBT kept the blog open for a 
week. The blog was not open to the public. The debate was documented anonymously. The workshop 
debates were summarised in section 4.3. 
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4.2. Results from the survey 
In this section, the results from the stakeholder survey are briefly summarised. More detailed 
information can be obtained from deliverable 4 of the project. 

Thesis 1: Half of the road based freight transport (tkm) in the EU will be carried out by alternative 
propulsion technology (e.g. by hydrogen, gas, or biofuels). (n=15) 

40% of the stakeholders believe that this development will come true between 2021 and 2030. Main 
factors impeding this are financial barriers, ongoing technical problems, uncoordinated institutional 
action, and differing interests of involved stakeholders (all 46.7%). Another response to this question 
is that the industry alone is not able to sustain alternative fuel vehicles and infrastructure but that it 
needs larger scale programmes financed by the EU and through local and national budgets. 80% of the 
respondents find this development desirable (46.7%) or very desirable (33.3%). In line with this 
relatively high level of desirability, most of the stakeholders estimate impacts rather positively. 86.7% 
believe that this development reduces the use of fossil fuels. Other positive impacts are seen in the 
improvement of human health and in the reduction of GHG emissions (both 73.3%), in the growth of 
European economies and in the development regarding labour and employment (both 60%), in 
biodiversity, in reduced use of non-renewable resources (both 53.3%), and in a modal shift towards 
more resource-efficient transport modes (46.7%). The majority does not see any impact on congestion 
levels. But an additional comment points out that impacts depend on the frame conditions, especially 
when it comes to the production of hydrogen gas or biofuels. Another respondent comments that 
Europe is a market leader in hydrogen and FC technology and that an acceleration of battery transport 
applications in European cities could make this technology even more competitive in global markets. 

Thesis 2: More than half of the passenger cars sold per year will be battery electric vehicles with 
driving ranges of 400–500 km. (n=15) 

60% of the respondents believe that this development will become true before 2050 (with 33.3% 
thinking that the time span 2031 – 2050 is most realistic). 13.3% estimate that it is not realistic at all. 
The mostly mentioned factor to impede this development is ongoing technical problems that need to 
be solved. But also financial barriers (53.3%) and capacity limits of infrastructures (47.7%) are 
mentioned relatively often. 73.3% find this development desirable (40%) or very desirable (33.3%). 
Only one respondent finds it undesirable. However, one respondent comments on this saying that 
passenger e-cars are only desirable if they are used differently compared to conventional cars and if 
power comes from renewable resources. Concerns about the way power is generated is subject of 
three further comments. This development is assessed rather positively by the stakeholders as well. 
73.3% state that it will have a positive impact on the reduction of fossil fuels. 66.7% believe in a 
positive outcome regarding the improvement of human health. 53.3% certify that this development 
will reduce  GHG emissions. More than half of the respondents (66.7%) state that it will have no  
impact on congestion levels. 

Thesis 3: Only local zero emission (tank-to-wheel) passenger vehicles will be allowed in European 
cities of more than 100.000 inhabitants. (n=14) 

More than half of the stakeholders believe that this development will become true before 2050. Only 
21.4% think that this will come true later than 2050 and none of the stakeholders think that this is not 
realistic at all. By half of the respondents ongoing technical problems, a lack of political vision, and 
societal acceptance are seen as factors to impede this development. Desirability levels are relatively 
high, 50% find the development desirable (35.7%) or very desirable (14.3%). Around 20% find it very 
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undesirable or undesirable. Positive effects are rated very high in almost all areas asked, mainly 
regarding the improvement of human health, the reduction of congestion levels, and the potentials for 
modal shift. Only impacts on the accessibility of the transport system are rated controversially: 28.6% 
believe that this development will have negative consequences while 21.4% think that impacts will be 
positive and another 28.6% believe that it will have both negative and positive consequences at the 
same time.   

Thesis 4: In Europe, half of the passenger kilometres travelled by car will be made using full 
autonomous driving systems. This allows driving without human assistance as the car keeps the 
road and navigates on its own. (n=14) 

One third of the stakeholders (28.6%) believe that this development will come true between 2031 and 
2050, another third (28.6%) believe this to happen after 2050. Ongoing technical problems and a lack of 
societal acceptance are seen most probably as impeding (by 57.1% each). Lack of government-funded 
R&D (35.7%) and capacity limits of infrastructures (28.6%) are also seen as hindering. 35.7% assess this 
development as desirable, 21.4% as undesirable, and 35.7% do not know. For the different impact 
categories, many respondents do not know an answer (between 42.9% and 57.1%). Those who express 
an opinion most apparently see a positive impact on congestion levels (50%) and on the improvement 
of human health (35.7%), a positive or ambivalent impact on the accessibility of the transport system 
(21.4% each), and a negative impact on the modal shift towards resource-efficient modes (21.4%). 

Thesis 5: An interoperable electronic ticketing application for public transport will be available all 
over Europe. This will enable users to use the same means of payment for different modes and 
services (including conventional public transport and e.g. bike-sharing, car-sharing). (n=14) 

Most of the stakeholders (64.3%) believe that this development will come true before 2030, another  
14.3% expect it to come true before 2050. Only one respondent does not find it realistic at all. By the 
majority (64.3%), uncoordinated institutional action is seen as a factor to impede a roll-out. But also a 
lack of political and entrepreneurial visions or ongoing technical problems is mentioned as a barrier 
for the development. There is a very high level of desirability, 78.6% find it very desirable (42.9%) or 
desirable (35.7%). No negative impacts are seen in the development of integrated ticketing, but many 
positive impacts. Among the mostly mentioned positive outcomes is the accessibility of the transport 
system (71.4%), the reduction of congestion levels (64.3%), and a modal shift towards more resource-
efficient transport modes (57.1%). 

Thesis 6: In Europe, public transport, cycling (including e-bikes) and walking will have a modal 
share of 75 % in urban areas of more than 100.000 inhabitants. (n=13) 

Around one third (30.8%) believe that this development will come true before 2030 but another 
quarter (23.1%) thinks that this is not realistic at all. One comment on this is that cycling and walking 
is only applicable for short distances and for healthy people and that it thus cannot replace private 
motorised transport. Another stakeholder comments that massive investments in public transport 
would be required to make this come true. Especially a lack of political vision and societal acceptance 
are seen by the majority of the stakeholders (both 61.5%) as factors that could impede the 
development. Desirability is seen controversially; more than half of the participants find this 
development desirable (30.8%) or very desirable (23.1%), but nearly 40% say it is undesirable or very 
undesirable. This development is also estimated to have preponderantly positive impacts. Among the 
mostly mentioned positive outcomes are: the reduction of congestion levels and a modal shift (both 
84.6%), the reduced use of fossil fuels and reduced GHG emissions (both 76.9%), and improvements 
for human health (69.2%). Only impacts on labour and employment are assessed controversially; one 
third (30.8%) believes that the development will have a negative impact, another third thinks it will 
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have a positive impact, and further 15.4% believe that it will have both positive and negative impacts 
on labour and employment.  

Thesis 7: An interoperable road charging system on the trans-European road network will be 
implemented in all EU states, taking account of the external costs of air pollution, noise pollution 
and congestion. (n=13) 

Most participants (69.3%) believe that this development will come true before 2050. By the majority, 
factors that could impede the development are seen in differing interests of involved stakeholders 
(69.2%) and in a lack of political vision (61.5%). Almost half of the respondents (46.2%) find this 
development desirable. None states to  find it very desirable. Most respondents answer not to know 
whether certain impacts are positive or negative. 38.5% state that it would have a positive impact on 
modal shift, on the improvement of human health, and on the reduction of fossil fuels and other non­
renewable resources. However, one respondent states that the thesis is not complete because it is not 
clear what there will be included in the charging system. 

Thesis 8: A sophisticated EU regulatory framework (e.g. loan guarantee schemes, risk facility 
funds, creation of additional revenue streams) will make infrastructure investments more attractive 
to the private sector. That way, private capital will bear half the EU infrastructure development 
costs. (n=13) 

Nearly one third of the participants believe that this development will be realised until 2030, another 
15% say it will come true between 2031 and 2050. However, nearly 40% use the category “I don’t 
know” which documents the high level of uncertainty in this field. Financial barriers were seen as the 
impeding factor by 61%; also a lack of political vision (46%) and uncoordinated institutional 
actions/responsibilities are mentioned frequently. It is striking that 53.8% do not know whether this 
development is desirable; only one person assesses it as being undesirable. Positive impacts are 
expected for the accessibility of the transport system (38.5%), for labour and employment (38.5%), and 
for the growth of the European economies (30.8%). However, in most cases the category  “I don’t  
know” is used most frequently which again underpins the high level of uncertainty related to this 
thesis.  

Thesis 9: Common technical, administrative and legal standards will be identical in the European 
rail network. This will enable operators to seamlessly run trains across Europe. (n=12) 

About one third expect this development to come true between 2021 and 2030 and 25% say it will be 
realised only after 2050; about one third says “I don’t know”. Lack of political visions, uncoordinated 
institutional actions/responsibilities and different interests of involved stakeholders are most 
frequently marked as impeding factors. About 75% consider the development as desirable or very 
desirable. A broad range of positive impacts are expected; most frequently, positive impacts on the 
growth of European economies, on labour and employment, on the accessibility of the transport 
system, and on a modal shift towards more resource efficient transport is marked. 

Thesis 10: The freight transport volume (tkm) on inland waterways will increase by 50 % 
(compared to 2012). (n=12) 

There was not much expertise in the group related to this thesis. 50% say that they do not know when 
this development will come true; one third consider this development as not being realistic at all. So, 
the feasibility of this thesis is assessed rather low. With regard to impeding factors, most frequently 
marked is the capacity limit of infrastructure. About 40% consider the development as desirable 
whereas, also in this case, 50% say “I don’t know”. Positive impacts are mainly related to a reduced 
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use of fossil fuels (41.7%) and a reduction of GHG emissions (41.7%). 16.2% see negative impacts on 
biodiversity. For all potential impacts, 50% or more use the category “I don’t know”. 

Thesis 11: In waterborne transport, operational improvements (e.g. speed reduction, autopilot 
upgrade) and new technologies (e.g. alternative propulsion systems, propeller design, auxiliary use 
of wind power) will lead to a reduction of greenhouse gas emissions by 50 % (compared to 2012). 
(n=12) 

Also for this thesis, there is a low level of expertise in the group. 58.3% of the participants mark “I 
don’t know” regarding the feasibility of the approach, 16.7% say it will be realised only after 2050. As 
far as impeding factors are concerned, financial barriers, ongoing technical problems, and European 
and/or national legislation/regulation, each is marked by one third of the participants. 41.7% assess 
the development as being very desirable, the same count says “I don’t know”. Positive impacts are 
mainly related to a reduced use of fossil fuels (41.7%) and a reduction of GHG emissions (33.3%). For 
all potential impacts 50% or more use the category “I don’t know”. 

Thesis 12: Widespread application of tele-x (tele-working, tele-shopping, video-conferencing, etc.) 
will lead to a reduction of transport-related greenhouse gas emissions by 25 % (compared to 2012). 
(n=12) 

25% expect this development to come true between 2016 and 2020 and another 25% say it will be 
realised before 2030. 66.7% mark a lack in societal acceptance as an impeding factor, 33.3% opt for 
different interests of involved stakeholders. 75% assess this thesis as desirable or very desirable, 16.7% 
mark “I don’t know”. A broad range of positive impacts are expected from this development. 75% see 
positive impacts on the reduction of congestion levels, on the accessibility of the transport system, on 
the improvement in human health, on the use of fossil fuels, and on GHG emissions. 58% expect 
positive impacts, 16.7% see negative impacts on labour and employment. 

Thesis 13: A trend of regionalisation (driven by e.g. transport costs, societal values and related 
policies) will lead to a stronger spatial concentration of production and consumption of goods and 
services. (n=12) 

Most of the stakeholders (41.7%) state to not know whether this development will come true at all, 
25% say it is not realistic at all. Half of the respondents say that uncoordinated institutional actions 
could impede the development of regionalisation. Also a lack of societal acceptance, differing interests 
of involved stakeholders, and European and/or national legislation are seen as impeding factors by a 
quarter of the respondents (41.7% each). One comment states that this development would restrict the 
benefits of the single market. To the question of desirability most participants (41.7%) answer to not 
know whether it is desirable or not. Another 41.7% find it desirable (16.7%) or very desirable (25%). 
This development is also assessed as rather positive, ‘negative impacts’ has no significant amount of 
marked answers. Positive outcomes are expected for the reduction of congestion levels and for a 
reduced use of fossil fuels as well as regarding GHG emissions (58.3% each). About one third (41.7%) 
also anticipate positive impacts for the growth of European economies, for labour and employment, 
for the accessibility of the transport system, and for the reduction of other non-renewable resources. 

Thesis 14: Underground transport systems (urban freight tubes) will be implemented and used for 
more than half of the urban goods distribution in larger European agglomerations (> 500.000 
inhabitants). (n=12) 

Half of the respondents state that this development is not realistic at all; another five stakeholders do 
not know whether this will come true or not. Especially capacity limits of the infrastructure are seen as 
a factor to impede underground transport systems. Asked for the desirability, half of the respondents 
state not to know, a quarter says it would be desirable. Similar are the replies to the questions on 
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impacts; most respondents answer to not know whether certain impacts would be positive or 
negative. Only the reduction of congestion levels is seen as  a positive impact by 41.7% of the  
stakeholders.  

4.3. Results from the stakeholder workshop 
Note: This section is mainly taken from deliverable 4 of the project which was written by Gy Larsen, 
Marie Louise Jørgensen and Katrine Lindegaard Juul from DBT. 

4.3.1. Scenario I: Making transport modes cleaner 

Scenario I focuses on making the different transport modes cleaner. This development would be 
pushed by public funding of R&D activities, regulations and taxes. The main technological changes 
are related to fuels, propulsion, and vehicles/vessels. The stakeholders did not expect technological 
elements to prompt eco-efficient transport in itself; they stressed the importance of the right 
infrastructure and of a modal shift to be fully implemented. 

In the questionnaire, the desirability of the development of alternative fuels and propulsion 
technologies was generally perceived as being high. But there were significant differences in the 
assessments of feasibility. This was the case for example when it came to whether half of the road 
based freight transport in the EU would be carried out using alternative propulsion technology. More 
than 50% believed it would be true/happen before 2030, while only a quarter of the stakeholders 
found the same to be true with passenger cars as EVs with driving ranges of 400 to 500km. 
Furthermore, only a little more than a fifth believed that in 2030 we would see regulations leading 
towards only local zero-emission passenger vehicles being allowed in cities with more than 100,000 
inhabitants.   

The stakeholders questioned the feasibility of achieving a smaller ecological footprint based on this 
scenario alone. They addressed that cleaner technologies could not stand alone. In some cases, the 
technologies were already mature but the question of implementation and about economy could be a 
serious hindrance. E.g., the proportion of electrification of rail networks differed substantially in the 
different member states, e.g. in some countries, close to 90 to 100% of the rail networks were already 
electrified while in other countries less than 20% were electrified. A need of large European 
investments in infrastructures in order to be able to use the more eco-efficient technology were 
identified – rail wise, but also road wise. Some also addressed that there were too many “islands” in 
the European rail system, and that stronger national providers rather than privatisation were needed 
to push the progress. Others underlined that there was too little competition to drive the development 
towards more attractive and efficient services. 

Some stakeholders argued that, e.g., alternative propulsion technologies such as hybrids only existed 
because of legislation; they were very costly and still needed technological improvements. Others 
addressed that as long as so many different technologies were still in a development phase, investors 
could hesitate and hold back deciding on big investments. 

The stakeholders’ assessment of scenario I underlined that it was necessary to improve the 
attractiveness of alternative propulsion technologies in order to achieve a faster (or larger) 
introduction into the market. This could be done by promoting the advantages and by providing 
incentives. Overall, this demanded a greater understanding of the market and of the consumers. An 
example from the workshop on the necessity to look beyond the technological scope were the 
discussions on how to reach half of the road based freight transport carried out using alternative 
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propulsion technology. Many of the participants in the workshop pointed to the fact that most 
alternative technologies were already rather developed or available and that it was the non-technical 
barriers that had to be observed. In the questionnaire, three factors beside the technological elements 
were stressed as factors that could impede the development. These were financial barriers, 
uncoordinated institutional actions/responsibilities, and differing interests of involved stakeholders 
(e.g. politicians, industry, non-governmental organisations (NGOs)). Each of these three factors had 
been pointed out by almost half of the respondents who underlined that the technical issues were only 
part of the obstacles for achieving half of the road based freight transport to be based on alternative 
propulsion. As one of the respondents replied, “Industry alone is not able to sustain alternative fuel 
vehicles and infrastructure roll out”. Leveraging of EU, national, and local budgets, and the 
development of financial schemes for larger scale programs were urgently needed. This viewpoint 
was largely supported at the workshop where several participants/stakeholders addressed the need 
for more focus on the non-technical barriers such as planning, implementation, and citizen and 
stakeholder demands. Furthermore, the high costs of alternative propulsion technologies were also 
mentioned. 

The following technological issues were part of the workshop debate: biofuels were not only an issue 
related to technology; the key issues were different effects, e.g. the problem of indirect land use 
change. FCs were enablers of electric propulsion but production still had to be improved (FC 
engineering was fairly fluent). At the moment, it was not a matter of technology but of market 
breakthrough. Main drivers could be either the availability of energy resources or the environment: 
hydrogen, seen as a fuel, ads no CO2 (if nothing was emitted during production). Long-term eco­
efficient solutions were considered to be related to electricity, but problems were related to the not yet 
existing perfect battery technology. 

It was stressed that, right at the time, hydrogen and gas were costly alternatives to gasoline and diesel 
– and that biofuels were linked to land use problems. Comments on the perspective of the thesis that 
in 2050, 50% of the road based freight transport in the EU should be carried out involving alternative 
propulsion technology were considered as unrealistic. But it could be interesting to work with specific 
potentials in combined solutions related to hydrocarbon fuels, gas, and biogas. 

4.3.2. Scenario II: Changing the modal split 

When it came to the question of having a modal share of public transport of 75% in urban areas of 
more than 100,000 inhabitants, several stakeholders/participants pointed out that this development 
would depend on public transport being more attractive, including more flexible and comfortable 
solutions that were not only able to transport people but also the things/what people carried with 
them e.g. bicycles, children, groceries, and baggage. There were some discussions on the potential of 
bicycles, as there was a large potential to be seen here if easier and safer options were offered. 

This scenario development required that the individual citizens changed their transport behaviour. 
The stakeholders/respondents stressed that a massive investment in public transport was needed in 
order to achieve this development. Some also addressed that private transport still would be 
necessary in the future as this provided a better mobility service than public transport. The general 
message was that incentives were needed in order to change people’s transport behaviour. 

Several also addressed a lack of political visions regarding more cycling/biking in urban areas. In the 
questionnaire some factors were recognised as barriers for this development: More than 60% pointed 
to “lack of political vision” and “lack of societal acceptance” as factors that could impede the 
development Additionally, more than 50% noted “uncoordinated institutional 
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actions/responsibilities” as a factor, and almost 50% also pointed to “differing interests of involved 
stakeholders (e.g. politicians, industry, NGOs)” and “capacity limit of infrastructures”. 

Some stakeholders pointed out that it was not just a question of technical solutions but also one of 
land-use and city planning – what kind of city do we want – and again, this was also a political issue – 
which development/infrastructure was desired in the specific city or region. 

In general, the participants/stakeholders saw scenario II as the most realistic and relevant one to 
achieve more eco-efficient transport. Scenario II focuses on achieving a modal shift towards more eco­
efficient modes of transport. This has to be pushed by public funding and by high subsidies for 
investments in infrastructures, for a highly advanced, convenient, and attractive public transport 
system, and for common technical, administrative, and legal standards for the European rail network. 
At the given time, it was possible to identify some change in the transport modes used, but the travel 
patterns were basically the same. 

Several stakeholders mentioned that there was a need for better infrastructures in order to achieve the 
modal shift in transport modes and that this could be achieved by providing public investment in 
infrastructures. They also stressed the requirement of European investment in infrastructures. Others 
pointed out that there was a need to explain more clearly what benefits could be achieved by investing 
in infrastructures such as in better cross-border transportation as especially cross-border rail systems 
needed improvements. One of the problems was a massive resistance and a lack of will. 

Some stakeholders addressed the fact that investing priorities regarding infrastructure differed very 
much in the different member states which could make it difficult to roll out connected infrastructures 
and common standards, e.g. some countries did not have an extensive motorway network yet, they 
prioritised the building of roads and motorways in preference to building rail 
networks/infrastructures to accommodate common European standards. The member states had 
different strategies when it came to transport in spite of existent EU strategies. The implementation 
took place at the national level, and here, national transport strategies would be prioritised over EU 
strategies. The EU needed to have more focus on the implementation of the EU strategies and on how 
to encourage implementation on the member state level. At the workshop, it was thematised that there 
was a gap between policy and reality – how would the EU put the strategy/plan/white paper into 
effect? As one of the stakeholders/participants put it, “after the political messages – actions should 
reflect the target mentioned in the political documents.” 

Some stakeholders questioned whether the modes described in the scenario were capable of handling 
the increasing number of people and goods to be transported. Would there be a margin to increase the 
capacity? Some stakeholders addressed the need to look at the mobility chain in its entirety. 

Several stakeholders also pointed at the costs occasioned by the different transport modes which 
influenced the usage substantially. In many cases it was more expensive to go by train than by car or 
by airplane. This had prompted less usage of train/rail transport even though, in many cases, it would 
have been more eco-efficient and comfortable/convenient. There were examples of rising costs for a 
transport mode if a modal shift had been promoted, e.g. the congestion charge in London. Rising oil 
prices might also have an effect but it was difficult to influence the prices directly. It was easier to 
directly influence taxation, which could have the same effect. Some addressed the need for 
internalisation of external costs, not just for motor vehicles but for all transport modes. 

Some stakeholders/participants objected the notion of “less clear transport modes”, arguing that 
transport was not an end product in itself but that this was more about moving people or goods in the 
most eco-efficient way. 
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Some stakeholders/participants were concerned that the scenario might have a negative impact on the 
overall economy. 

A debate was held regarding the fact that some capacity requirements were needed. Delivery of goods 
at night to avoid peak hours was not seen as a general option as this had many consequences and 
effects on working conditions (e.g., shopkeepers would have to work at night), and on noise in 
residential areas at night (none silent loading equipment could challenge this option); the whole 
supply chain could be affected. Furthermore, some areas had night driving bans which prevented 
delivery at night. 

By many, ICT based mobility management was seen as a possibility to achieve more eco-efficient 
transport; this makes it easy to connect different transport modes so that they can be used most 
effectively. 

In the questionnaire, many pointed out that “uncoordinated institutional actions/responsibilities” 
were a factor that could impede the realisation of more eco-efficient transport, e.g. regarding the thesis 
“interoperable electronic ticketing for public transport”, "common technical, administrative, and legal 
standards in the European rail networks”, “large shares of public transport, cycling, and walking in 
larger cities”, and “regionalisation and concentration of production and consumption” more than 50% 
of the respondents identified uncoordinated institutional actions/responsibilities as impeding factors 
for an eco-efficient development in transport. The stakeholders at the workshop saw two levels for 
this – an EU level and a member state level. It was not only at the European level that uncoordinated 
institutional actions/responsibilities hindered a more eco-efficient transport, also at member state 
level, lack of coordination between different operators of public transport lead to a public transport 
system that was not easy to use, not flexible, not convenient or assessable, and that resulted in not 
giving people the incentives to use public transport opposed to private transport. Others addressed 
the fact that there were too many authorities in charge of the different transport modes and for 
different geographical areas, also at the local level. This needed to be integrated better, too. Several 
stakeholders emphasised that the EU could play an important role by, e.g., providing a more systemic 
view or by stimulating overall systematic changes, e.g., for the purpose of securing an integrated 
railway system. The EU should, for example, provide common standards for European rail so that 
interoperability was achieved. From the systemic point of view, it should also be taken into 
consideration that transport could be a multimodal activity and that, therefore, interoperable ticketing 
was needed, especially in urban areas. Furthermore, the stakeholders demanded a stronger focus on 
the implementation. There were already some guidelines at a European level but they needed to be 
put into practice. 

There was an agreement stating that there was a lack of coordinated/comparable data on transport on 
a European level which hampered comparison, common debates, and initiatives. 

There were quite large discrepancies in the feasibility assessment of the different modes, e.g. in thesis 
6 (in Europe, public transport, cycling (including e-bikes) and walking would have a modal share of 
75% in urban areas of more than 100,000 inhabitants); 30.8% believed it would come true before 2030 
and 23.1% believed that it was not realistic at all. Within the same thesis, there was also a 
disagreement about whether the development was desirable; 53.9% believed that the development 
was desirable or very desirable but 38.5% believed that the development was undesirable or very 
undesirable. One stakeholder commented in the questionnaire “a massive investment in public 
transport would be required in order to make this possible”. 

The idea of an interoperable electronic ticketing application for public transport available all over 
Europe was considered desirable by the stakeholders. In the questionnaire, a total of 78.6% found this 

54 




 
 

 

 

 
  

 

 
 

  

 

 

 
 

  
 

 

 
  

 
   

 

   

  
  

  

 
 
 
 
 
 

  

 

  

Science and Technology Options Assessment (STOA) 

desirable or very desirable. The main factor to impede the development was “uncoordinated 
institutional actions/responsibilities” which 64.3% of the stakeholders identified as an impeding 
factor, 35.7% also pointed at “on-going technical problems that need to be solved” and at “lack of 
entrepreneurial vision”. 

In the questionnaire, 75% of the stakeholders found it desirable to have common identical technical, 
administrative, and legal standards in the European rail network. But the assessment of feasibility was 
not as clear. 33.3% believed it to become true before 2030, 33.3% believed it to become true later than 
2050 or not at all, and 33.3% did not know. The main obstacles for achieving this development was a 
lack of political visions, uncoordinated institutional actions/responsibilities, and differing interests of 
involved stakeholders (e.g. politicians, industry, NGOs); all three factors were pointed out by 58.3% of 
the respondents. 

4.3.3. Scenario III: Reducing transport demand 

Scenario III focuses on reducing the need to transport goods or people physically and to reduce the 
distances. This is achieved by having policies that give incentives for the virtual substitution of trips 
and by having policies that give high priority to land-use planning and to extremely high oil prices. 
The main technological changes are related to ICT. Travel patterns change and passenger trips are 
shifted towards virtual mobility. 

The stakeholders showed a lot of concern regarding the social aspects of this scenario, especially 
concerning the aspect of tele-working. Some questioned if this lead to less interaction among people, 
fearing that some people might be cut off from society. If society did not interact or people did not 
meet each other in everyday life the cohesion of the society or the society as a whole might be at 
risk/would stop existing. There would still be a need for face-to-face contact. In some cases it might be 
a cultural matter to learn not to meet face-to-face, in some countries, for example, it was more 
widespread to be able to work from home part of the time or having video conferences. Also webinars 
could substitute the need to be present at the same physical location in order to have meetings. This 
approach could have huge potential. However, not all psychical contact could be substituted. 

Trends were identified that worked against the outset of this scenario, trends due to globalisation, 
such as diversity of working models, more international cooperation, online shopping (buying 
goods/commodities from other countries), and long distance holidays. It has become easier to have 
contact and meetings and to do business with people far away because you could use online tools for 
this, but, at the same time, this has also expanded the global network of people which might increase 
the general need for long distances travels. Furthermore, the idea behind the European single market 
emphasised the free movement of goods, capital, services, and people across borders within the EU. 
This worked against the trend of more regionalisation in producing the goods closer to the consumer. 
If transport expenses rose, it would become more expensive for goods and people to travel long 
distances, which would favour the trend of regionalisation. But this required that products from other 
parts of the world were more expensive than locally produced products. It was about the costs but it 
was also about changing the mindset of people, e.g., having local holidays instead of long-distance 
holidays. But travel plans also depended on the prices; sometimes it was cheaper to travel long 
distance than short. The stakeholders addressed a need for a better understanding of people’s travel 
demands and user behaviours, not just as consumers but as citizens. We could profit from better 
understanding of the transport needs and behaviour in order to foster changes. New transportation 
modes should be “closer to the costumers” – and we should aim at being more mobile in a more 
effective way – planning with technology in mind. Technologies are parts of a more green way – 
mobility management should be the main framework. 
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When answering the questionnaire, there was no agreement among the stakeholders to whether the 
trend of regionalisation leading to stronger spatial concentration of production and consumption was 
a good thing (Thesis 13). 41.7% believed it was desirable or very desirable but another 41.7 % replied 
“don’t know” to the question of whether the development was desirable. 

Some stakeholders mentioned that the expected growth rates for personal and freight transport 
required that we focused on capacities to improve the attractiveness of other transport modes as well 
as of co-modality. At the moment, only few are able to shift from road based transport to other modes. 
Some suggested that we should also start to focus on how to use existing infrastructure efficiently. 
Maybe focus on delivering goods during off-peak  hours, e.g.  at night. Also in public transport,  
outbalancing the need for transport was a huge challenge so that the public transport was used more 
during off-peak hours. One stakeholder suggested that we started thinking about access instead of 
ownership. This might be relevant to get people using different transport modes and might also lead 
to more efficient transport. With car sharing, it was more relevant to plan personal transport needs, 
what might lead to lowered personal transport kilometres. But also to get people to using car sharing 
options they would need to be more accustomed to using different transport modes. Another 
stakeholder also addressed the option of sharing in the freight sector so that the same truck could be 
used for different cargos. Some suggested a “neutral” freight forwarder, but this might be a problem 
for competitive businesses. 

Some stakeholders were concerned that this scenario would reduce business and have a negative 
impact on the economy, but it might also lead to new business models at the same time. 

A combination of all scenarios was needed, so that all alternatives / all transport modes were made 
more attractive and efficient. 

Should a modal shift be forced in order to make it happen? Some stakeholders thought that there had 
already been too much “stick”, and we needed to focus more on “carrots” to stimulate an eco-efficient 
development. 

The concern for the social aspects of the scenarios was also seen in the questionnaire in thesis 12 
“Widespread application of tele-x (teleworking, tele-shopping, video-conferencing, etc.) will lead to a 
reduction of transport-related greenhouse gas emission by 25% (compared to 2012)”. Here, 66.7% of 
the respondents pointed to “lack of societal acceptance” as a factor that could impede the 
development. The factor that came as second was “differing interests of involved stakeholders” which 
33.3% pointed at. However, still 75% found the development desirable or very desirable. 

4.4. Summary and conclusions of stakeholder assessment 
One of the interesting findings from the stakeholder consultation was the emphasis on looking 
beyond the technological scope in order to move towards a more eco-efficient transport system in 
Europe. At the workshop, the stakeholders were asked which scenarios they found most attractive 
and realistic. There was an overall agreement on focusing on core elements in scenario II as the most 
robust scenario – in combination with mobility elements of scenario III. In the discussion, it was more 
or less taken for granted that the technical developments sketched in scenario I would be realised on 
the mid to long term; these technical approaches were framed as something that was needed anyway 
to cope with future challenges and that most of the stakeholder organisations had already been 
tackling. According to the stakeholders, elements and approaches described in scenario II were also 
needed. In addition, many stakeholders emphasized the need for mobility management that was 
actively trying to take influence onto the number, length, and distribution of trips. In other words: 
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technologies were understood as a necessary but not as a sufficient requirement for a transition to an 
eco-efficient transport system.  

Though, stakeholders found that scenario I could be an enabler for scenarios II and III – especially in 
times with a high need for growths impulses and for employment. Some of the stakeholders argued 
that in general there was too much focus on fuels and technologies when working towards more 
sustainable solutions in transport. Expecting too many changes from technological issues had its limits 
and was often costly; it was important to put efforts in improving systems, usability, management, 
and alternative mobility options rather than trust too much on developments in technologies itself to 
provide eco-efficient transport. Stakeholders pointed to the importance of addressing infrastructure 
challenges; they saw technology only as one part of eco-efficient transport; it was also about service, 
attractiveness, information, planning, cooperation, etc. 

According to many of the participants, better infrastructure is needed to achieve a modal shift in 
transport. This has to be pushed by public funding and subsidies for investments in infrastructures, 
for a highly advanced, convenient, and for attractive public transport and common technical, 
administrative, and legal standards for, e.g., the European rail network. 

ICT based mobility management was seen by many as a possibility to achieve more eco-efficient 
transport while it was able to help integrating different transport modes and make use of these modes 
more effectively. 

An eco-efficient development in transport also required that individual citizens changed their 
transport behaviour. The stakeholders stressed that a massive investment in public transport was 
needed in order to achieve this development. The general message was that incentives were necessary 
to change people’s transport behaviour. “We could profit from better understanding of transport 
needs and behaviour in order to foster changes” was one of the comments. New transportation modes 
should be “closer to the costumers” – and “we should aim at being more mobile in a more effective 
way – planning with technology in mind”. Technologies are part of a more green way – mobility 
management should be the main framework. 

The EU needs to have a stronger focus on the implementation of EU strategies on eco-efficient 
transport and on how to encourage implementation on the member state level. At the workshop, it 
was commented that there was a gap between policy and reality. It is not only at the European level 
that uncoordinated institutional actions and responsibilities hindered a more eco-efficient transport 
system; also at a member state level, lack of coordination between different operators of public 
transport lead to a public transport system that was not easy to use, not flexible, and not convenient or 
assessable. This is supported by the results of the survey: uncoordinated action and a lack of political 
visions were mentioned quite often as hampering factors. 

Further, there was an agreement on the lack of coordinated/comparable data regarding transport on a 
European level, which hindered comparison, common debates, and initiatives. This also affects the 
knowledge on consumer behaviour and preferences. It can be concluded that corresponding research 
is needed for the successful design of policy measures supporting eco-efficient transport.36 

Looking at the results of the survey, some striking observation should be mentioned related to the 
more general statements above. Indeed, the feasibility and desirability of alternative fuels for the 
freight sector and the progress in battery technologies was assessed rather positively. However, it was 
clearly emphasised that the development and the commercialisation of technologies needed to be 
accompanied by corresponding infrastructures. In general, it was the non-technical issues that were 

36 See STOA (2012b) as an example for such an approach. 
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seen as hampering factors, first of all the high costs of cleaner technologies and the high investments 
needed to implement the supporting infrastructures. Further, a better understanding of the consumers 
and the market was needed, according to the stakeholders. R&D strategies for alternative fuels and 
propulsion technologies would need to be embedded into a broader context. Among others, these 
fields of high desirability and feasibility will be looked at in more detail in section 5 (key areas). 
Another thesis that was rated with both high feasibility and desirability was integrated ticketing 
(thesis 5) which was also selected as a key area. A further key area is related to thesis 9 on harmonised 
standards for rail which was assessed as rather uncertain but highly desirable. 

To a lesser extent, a comparatively high desirability and feasibility can also be stated for thesis 12 (tele­
working, tele-shopping, etc). The main controversies emerged on measures restricting car transport in 
urban areas. This was mainly triggered by thesis 3 on zero-emission zones as well as by thesis 6 that 
assumes a modal share of 75% for non car-based modes in urban areas by 2050. A majority welcomed 
these approaches but there were clear critical voices as well pointing at negative consequences on the 
economy. Controversial opinions related to desirability and to impacts were also characteristic for 
thesis 7 regarding the road charging system. 

For some of the theses, a high level of uncertainty can be observed with regard to feasibility and 
desirability. First of all, thesis 4 on autonomous driving needs to be mentioned here since it really 
brings a new element into the transport system but the impacts and its relevance for eco-efficiency 
seems to be far from being clear. This thesis is also further developed in a corresponding key area. For 
the thesis related to waterborne transport there was not much expertise in the group. There were some 
positive assessments but many made use of the category “I don’t know”. The thesis of shift to water 
was selected as a key area since it plays an important role in scenario II. Uncertainty was also high for 
thesis 8 on infrastructure investments. Also for the thesis 12 on regionalisation a lot of uncertainty was 
visible regarding feasibility and desirability. But there were several positive assessments for both 
categories as well. The only thesis that by a clear majority was assessed as being rather unrealistic and 
uncertain in terms of desirability was the one on underground freight tubes in urban areas. 

4.5. Assessment of scientists 
The original intention of the survey was not to use it as a stand-alone tool, but for preparing the 
workshop. The idea was to find out the most striking issues and controversies in advance in order to 
structure the workshop in most efficient way. 

However, as an add-on to STOA project, which is focussed on stakeholder consultation, the 
questionnaire was also circulated among scientists37 in order to get an impression of their perspectives 
on the theses. 40 scientists answered the questionnaire, whereas not all of them filled out all questions. 

Results need to be treated carefully, since – in contrast to the stakeholder consultation – the scientists’ 
answers have not been discussed at the workshop. Transport is a highly complex system and the 
survey is simplifying highly complex cause-effect relations in the system. However, it still is 
interesting to see in which fields there is a high degree of consensus and where the most significant 
controversies are. 

The most important findings will be briefly mentioned in the following. 

37 146 scientists with expertise in all relevant fields of transport science were carefully selected and received a 
paper-based version of the questionnaire. 
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Thesis 1: Most scientists considered this thesis as being feasible, but only after 2020. Only 5% consider 
it as being not realistic at all. There was a broad range of impeding factors identified, more than 40% 
marked “financial barriers”, “lack of political vision”, “differing interests of involved stakeholders 
(e.g. politicians, industry, NGOs)”. About 80% assessed this development as being desirable or very 
desirable.  

The general response pattern is similar to the stakeholders’ pattern. 

Thesis 2: Almost 60% believe that this development will become true until 2050, 15% say after 2050 
only and 20% consider it as not being realistic at all. Most impeding factor are “ongoing technical 
problems” (62.5%) and “financial barriers” (50%). More than 80% assess this development as being 
desirable or very desirable; 12.5% say it is undesirable or even very undesirable. So, controversies can 
be observed in relation to both desirability and feasibility. 

The general response pattern is similar to the stakeholders’ pattern, but scientists are more sceptical 
than stakeholders with regard to feasibility. 

Thesis 3: Feasibility of this thesis is assessed rather sceptical. Only 15% say that this development will 
be realised before 2031; 27,5% say later than 2050 and 12.5% say “not realistic at all”. Most important 
impeding factors are a “lack of societal acceptance” (65%), “a lack of political vision” (60%) and 
“financial barriers” (50%). 75% assess the development as desirable or very desirable, 15% say is is not 
desirable. Positive impacts were seen in relation to reduction of GHG-emissions (90%), 
“improvements in human health” (87.5%), “reduced use of fossile fuels (87.5%) and “modal shift 
towards more resource-efficient modes of transport” (77.5%). Most important negative impacts were 
related to the “accessibility of the transport system” (22.5%) 

The general response pattern is similar to the stakeholders’ pattern, but scientists are more sceptical 
than stakeholders with regard to feasibility. 

Thesis 4: 40% believe that this development will become true between 2021 and 2030, 22.5% say after 
2030. 15% consider the thesis as being not realistic at all. Most important impeding factors are 
“ongoing technical problem that need to be solved” (55%) and a “lack of societal acceptance” (50%). 
22.5% say that they do not know whether this development is desirable or not, 17.5% say it is 
undesirable and 47.5% say it is desirable or very desirable.  

There is a relatively high uncertainty among scientists concerning desirability. 

Thesis 5: Half of the respondents say the development will be realized before 2030; 25% say between 
2030 and 2050, 17.5% say after 2050 or not realistic at all. 80% see uncoordinated political action as the 
main impeding factor. No expert says it is not desirable, 85% say it is desirable (7.5% each marked I 
don’t know or did not answer the question). It was the thesis with the highest degree in desirability. 
87.5% see positive impacts on the accessibility of the transport system 

Scientists are more sceptical about feasibility than stakeholders, but they assess the desirability higher 
than stakeholders. 

Thesis 6: The results for feasibility point at a controversy in this field. 50% say it will become true 
between 2021 and 2050. At the other hand, 30% assess the development as not being realistic at all. As 
main impeding factors a “lack of political vision” (75%) and a “lack of societal acceptance” (67.5%) are 
marked. 80% consider the development as desirable or very desirable. 92.5% each see positive impacts 
on reduction on congestion levels and reduction of GHG-emissions. 87.5% marked “reduced use of 
fossil fuels” as positive impact. 
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Eco-efficient Transport 

The general response pattern is similar to the stakeholders’ pattern, but scientists assess the thesis as 
more desirable and see more positive impacts. 

Thesis 7: 37.5% see this development to be realized between 2021 and 2030, 30% say between 2031 and 
2050. 82.5% consider the thesis as desirable. As most impeding factors “Lack of political vision” 
(67.5%), “uncoordinated institutional actions” (67.5%), “differing interests of involved stakeholders” 
(62.5%) and “European and/or national legislation/regulation” (65%) are mentioned. 

Scientists assess this thesis as far more desirable than stakeholders, and they expect much more 
positive impact. 

Thesis 8: There is a relative low degree of expertise in the group and the category “I don’t know” was 
used quite often. 25% see the development as being realised between 2021 and 2030. 17.5% marked 
“not realistic at all”. One third (32.5%) assess it as being undesirable or very undesirable, 27.5% say it 
is desirable or very desirable. 

The general response pattern is similar to the stakeholders’ pattern, but scientists assess the thesis as 
being less desirable. 

Thesis 9: 17.5% say it will be realized until 2020. No one says it is not realistic at all. 77.5% assess it as 
being desirable or very desirable. “Uncoordinated institutional actions” (77.5%), “differing interests of 
involved stakeholders” (70%) and “European and/or national legislation/regulation” (57.5%) are 
mentioned as the most important impeding factors. 72.5% see a positive impact on the modal shift 
towards more resource-efficient transport modes. 

Scientists are more optimistic about the feasibility of this thesis than stakeholders, and they see more 
positive impacts. 

Thesis 10: 35% do not know the feasibility of this thesis. The remaining believe it to be realized 
between 2012 and 2050 (37.5%) or to be not realistic at all (15%). “Capacity limits of infrastructures” 
(45%) and “differing interests of involved stakeholders” (42.5%) are seen as the most impeding factors. 
Still, 52.5% believe this development to be desirable or very desirable, but 30% do not know. 
Corresponding to the lack of knowledge about shipping issues, experts are as well uncertain about 
potential impacts (“I don’t know” between 27.5% and 42.5%). 

Scientists are more optimistic about the feasibility of this thesis than stakeholders. 

Thesis 11: The realization of this thesis is seen between 2031 and 2050 by 35% and later than 2050 by 
15%. Again, 30% do not know and exhibit the lack of knowledge about shipping. However, 60% assess 
the thesis as either desirable or very desirable and positive impacts on “reduced use of fossil fuels” 
(57.5%), “reduction of GHG emissions” (55%) and “improvement of human health” (42.5%) are 
expected. 

Scientists are slightly more optimistic about the feasibility of this thesis than stakeholders. 

Thesis 12: While 22.5% believe this thesis to be realized between 2016 and 2050, but 52.5% do not 
consider it realistic at all. “Lack of societal acceptance” (57.5%) is seen as the most impeding factor. 
Still, 67.5% consider the thesis as either desirable or very desirable, and positive impacts on “reduction 
of congestion levels” (65%), “reduction of transport volumes” (50%), “reduced use of fossil fuels” 
(50%) and “reduction of GHG emissions” (50%) are expected. 

The general response pattern is similar to the stakeholders’ pattern, but more than half of the scientists 
assess this thesis as not being realistic at all. 
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Thesis 13: 22.5% consider this thesis as not being realistic at all, 30% do not know. “Differing interests 
of involved stakeholders” (47.5%), “lack of political vision” (45%) and “lack of societal acceptance” 
(45%) are seen as the most important impeding factors. However, 52.5% see this thesis as being 
desirable or very desirable, and only 12.5% consider it undesirable or very desirable. Positive impacts 
on “reduction of transport volumes” (57.5%), “reduction of congestion levels” (52.5%), “reduced use 
of fossil fuels” (50%), “reduction of GHG emissions” (50%), “reduced use of other non-renewable 
resources” (47.5%) and “labor and employment” (45%) are expected. 

The general response pattern is similar to the stakeholders’ pattern. 

Thesis 14: This thesis is considered the most unrealistic one. 10% expect it to be realized until 2050, 
while 57.5% do not consider the thesis to be realistic at all. “Financial barriers” (67.5%) are seen as the 
most important impeding factor. 32.5% do not know if this development is desirable, 37.5% consider it 
desirable or very desirable, and 22.5% consider it undesirable or very undesirable. A positive impact 
on the “reduction of congestion levels” (55%) is expected. 

Scientists are less optimistic about the feasibility of this thesis than stakeholders. 
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5. Key areas 

Based on the previous results, twelve key areas were identified that seem to be of major relevance for 
eco-efficient transport. They are crucial for the realization of scenario II, which has been considered as 
the most promising sample of technologies and policy measures for reaching eco-efficiency in the 
transport sector. Thus, the selected key areas aim at significant contributions towards the achievement 
of the scenario II goals and characteristics. They either seem to have a huge potential for further 
innovations or they were being identified as extremely relevant during the workshop discussions. 

Table 10 lists the key areas that will be presented in section 5. 

5.1 Energy system p. 62 


5.2 Cleaner cars p. 64 


5.3 Cleaner trucks p. 67 


5.4 Smart logistics p. 70 


5.5 Automation p. 72 


5.6 Integrated ticketing p. 75 


5.7 Access instead of ownership p. 77 


5.8 Shift to rail p. 80 


5.9 Shift to short sea and inland shipping p. 82 


5.10 Awareness of habit and attitude changes p. 87
 

5.11 Urban design p. 89
 

5.12 Mobility pricing p. 91 


Table 10: Key areas. 

5.1. Energy system 
“The Energy Roadmap 2050 shows that decarbonisation is feasible. Whichever scenario is chosen, a number of 
"no regret" options emerge which can bring down emissions effectively and in an economically viable way.”38 

In all three scenarios and, as a consequence, also in the stakeholder consultation, non-fossil based fuels 
and propulsion technologies play a key role for increasing the eco-efficiency of the transport system. It 
is often emphasised that BEVs as well as vehicles powered by hydrogen offer local zero emissions. In a 
similar vein, it is argued that biofuels are a carbon-neutral approach since they only emit as much 
carbon as needed for their formation. However, with the envisioned substitution of fossil fuels by 
other energy carriers, issues of eco-efficiency are transferred from the TTW to the WTT part of an 
energy carrier’s life cycle: The generation of the energy carrier becomes the crucial step in terms of 
eco-efficiency. So, with a market penetration of hydrogen and FCs, BEVs, and biofuels as it is 
envisioned in particular in the scenarios II and III, the crucial technologies for eco-efficiency are 
available for the generation and processing of energy carriers. In the workshop, several stakeholders 
pointed at the need of taking into account the developments in the energy system. From this 
perspective, energy policy will become increasingly important for transport policy – and vice versa. 

38 CEC (2011e), p. 18. 
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On the one hand, this means LCA is needed to capture the full ecological footprint of the different 
energy carriers. On the other hand, also the relevance of the technological pathways for the 
functioning of the overall system can be a highly crucial factor for the overall eco-efficiency of the 
energy and transport system. A technology that allows the integration of fluctuating renewable 
energy sources (for example by transforming electric power into a storable energy carrier) offers 
benefits that go beyond what can be covered by an LCA approach. The flexibility of a pathway might 
well be a value on its own that can be highly relevant but difficult to measure in purely quantitative 
terms. 

The European Commission’s energy roadmap 205039 explores the challenges imposed by delivering 
the EU's decarbonisation objective. It underlines the high degree of uncertainty related to future 
developments in the energy system. Even in technology-optimistic approaches there usually is no 
“silver bullet”; all technology pathways have different pros and cons, in general depending on how 
other factors in the energy and transport system and beyond are developing. It is far from being clear 
which role batteries, hydrogen, or biofuels will play for which transport mode in the future. As it was 
illustrated in the different scenarios and also discussed in the stakeholder workshop, it is not unlikely 
that there will be a mix of all three respective strategies – at least for a certain period of time. The 
Commission’s alternative fuels strategy40 as well assumes a mixture of different fuels and propulsion 
systems over the next decades – a situation that is completely different from today where the transport 
sector is still mainly running on oil. However, the scenarios developed in this project – as well as other 
scenarios (see the key area on cleaner cars, section 5.2) - also show that the fuel mix can vary 
considerably depending on the underlying set of assumptions. This accounts in particular for the car 
sector. Rather different futures are possible. Therefore, it is important to have robust solutions in the 
portfolio that can principally make sense under different framework conditions. One of the main 
reasons for the stakeholders’ preference for scenario II was explicitly the robustness of this scenario. In 
contrast to scenario one it is more flexible in terms of available strategies. It needs to be further 
discussed to what extent such issues of flexibility can be better included into the evaluation of an 
approach’s eco-efficiency. 

A good example for the clean and flexible production of energy carriers for transport is the pathway 
offered by ‘windgas’. This approach is strongly linked to the integration of fluctuating renewable 
energy sources into the energy system. Many European countries aim at a higher share of renewable 
energy, for example Germany aims at increasing the share of renewable power generation from some 
20% today to 80% in 2050. Already today, this higher share leads to excess power when at the same 
time the wind is strongly blowing and the sun is shining. In such a situation, much more energy than 
actually needed is produced. This excess power is difficult to store. The idea of windgas is then to 
make use of this excess power by converting it into hydrogen or synthetic gas. Both products can be 
stored in the existing natural gas grid.41 

Technically, the concept uses wind power to produce hydrogen via electrolyse whereby an efficiency 
of more than 70% is reachable. Up to a certain amount the hydrogen can easily be stored in the natural 
gas network. It is also possible to use hydrogen for the production of natural gas. Besides hydrogen, 
the so-called process of methanisation needs additional CO2 that could be gained from fossil fuel  
burning power plants (carbon capture and usage (CCU)). The transformation process of wind power 

39 See CEC (2011e). 

40 See CEC (2013d). 

41 See http://www.research-in-germany.de/46100/2010-05-06-storing-green-electricity-as­
naturalgas,sourcePageId=8240.html 
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to natural gas is possible with an efficiency of above 60%.42 So, this process provides either hydrogen 
or renewable gas (methane) for a variety of applications. Both products can be employed in the 
transport sector. Of course, the electric power could also be used directly to charge BEVs. These kinds 
of approaches need to be fostered since they are highly relevant for the transformation of the energy 
system; furthermore they are highly flexible as far as the product delivered for the transport system is 
concerned: this can be electricity, hydrogen, or natural gas. It is this flexibility which makes such an 
approach as windgas attractive – also in the light of the fact that it is not clear yet which fuel-
propulsion technologies will be dominant in the future. 

5.2. Cleaner cars 
“[E]lectric cars are not the “silver bullet” solution that some people might be waiting for. That said, we are now 

at a point where electric propulsion is finally becoming a viable alternative: As oil gets more expensive, the 
alternatives become more attractive. And customer awareness for ‘green’ vehicles has never been higher than 

today.”43 

Car transport is responsible for a high degree of energy consumption and GHG emissions. As the 
scenarios illustrates well, it is not unlikely that also in 2050 a considerable amount of passenger 
transport will still be done by cars. Even in the modal shift scenario still more than half of the person 
kilometres are driven by car. In the cleaner modes scenario I, more than 60% of the total energy used 
in transport in 2050 is consumed by cars. Therefore, it is important to address this segment for the 
purpose of increasing eco-efficiency. It is essential to bring cleaner cars on the market. There are still 
potentials to further improve the efficiency of the ICE. The fleet composition itself can be shifted to 
more efficient cars – but would still be based on fossil feedstock. In scenario I, several measures are 
implemented to push the market penetration of non-fossil fuels. For example, there is a feebate 
scheme reducing the price for innovative vehicles and increasing it for less efficient ones. It is assumed 
that fossil fuels have been banned completely in the car sector after 2040. 

It is noticeable that the different assumptions applied in the three scenarios lead to rather different 
fuel mixes for 2050. In the scenarios with less strict regulations and incentives, gasoline and diesel are 
still dominating the fleet. In scenario I gasoline and diesel are no longer relevant in 2050, but also in 
this scenario the car fleet in 2050 is characterised by a mix of different fuel and propulsion systems.  
Figure 7 illustrates that other studies also show a mix of alternative fuels. 

42 See http://www.greenpeace-energy.de/engagement/unsere-gasqualitaet/die-technik.html 

43 Zetsche (2010), p. 7. 
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Figure 7: Car fleet consumption for 2050 in scenarios of different authors. Note: The diagram 
excludes gasoline and diesel cars. Sources: own chart, figures adapted from Skinner et al. (2010) 
and Pasaoglu et al. (2012). 

So, it is obvious that there is no “silver bullet” when it comes to a substitution of fossil fuels in the car 
sector. Several options are possible and all these options have their specific pros and cons. 44 

Biofuels, batteries as well as hydrogen have all experienced their ups and downs in political, public, 
and scientific debates, which underpins the high degree of uncertainty regarding the fuel and energy 
mix of the mid- to long-term future. A good example is hydrogen. About ten years ago, in his book on 
the “hydrogen economy”, Jeremy Rifkins framed hydrogen as the “next great economic revolution”.45 

One key element of his vision is that hydrogen will replace oil as the primary energy carrier. Even if 
one does not follow his far-reaching vision, the book clearly illustrates that the integration of 
hydrogen production into the energy system could become a crucial factor for its use in transport. 
Thus, the further development of hydrogen driven vehicles surely depends not only on technical 
progress (also in batteries) and the development of the automotive sector but also on the future design 
of the European energy system. 

Recently, the often apparent dichotomy between hydrogen and BEVs was replaced by the notion of 
coexistence in the rhetoric of many experts and stakeholders. A good example is offered by a recent 
announcement of the European Regions and Municipalities Partnership for Hydrogen and Fuel Cells 
(HyRaMP) that refers to “fuel cell electric vehicles”.46 Other experts share this (cf. Figure 8).47 

44 See also JRC (2011a&b); CEC (2013d) 


45 See Rifkins (2002) 


46 http://www.hy-ramp.eu/news/events-calendar/european-electric-vehicle-congress-26th-28th-october-2011
 

47 See Eberle & von Helmolt (2010).
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Figure 8 8: Applicatio n map for vaarious EV te echnologies. Source: Eberle and von Helmolt (20010). 

There arre two methhodological rreasons thatt contribute to the unceertainty in aassessing  whhat is the 
appropriiate fuel of tthe future: AA systemic peerspective ass well as LCAA are actuallly needed buut are not 
easily appplicable. Thhe need for a systemic peerspective waas already unnderlined in the previous section. 
In this cchapter an exxample for tthe relevancee of LCA appproaches is given for BEEVs: The prooduction, 
use, andd recycling oof metal prooducts used for batteriees and otherr componentts that couldd have a 
potentially harmful iimpact on thhe environmment. Unfortuunately, envirronmental immpact assesssments or 
LCA forr EVs are att an early  sttage. One sttudy from the Swiss Feederal Laborratories for MMaterials 
Science aand Technollogy (Empa)  has ventureed an attemppt and comppares a convventional gassoline car 
(Euro 5 standard, 5 .2 l/100 kmm) with an EEV (VW Gollf size, 200 kkm range, bbattery capaccity 0.114 
kWh/kgg) using four  different immpact assessmment methodds.48 As the aiim of this stuudy was to ddetermine 
the poteential contribbution of Li-ion batteriess to the overrall burden oof mobility, the modellinng in the 
pre-life and end-of--life stages was done inn such a wway that it rresulted in the highest possible 
environmmental burdeen for the baattery (e.g. alll burdens weere allocatedd to the first-llife use of th e vehicle, 
no recyccling or otherr uses were cconsidered). 

Empa’s aassessment sshows that thhe environmmental impacct of both BEVs and ICEss is dominateed by the 
operation phase (seee Figure 9). TThe environmmental burdeen of the ICEE is higher inn all four asseessments, 
and the sshare of the Li-ion batterry on the oveerall environnmental impaact of the BEVV is only bettween 7% 
(CED) annd 15% (EI999 H/A). 

It can bee concluded that there iss an urgent need to furtther developp and apply LCA appro aches for 
fuels andd propulsionn technologiees. However,r, in additionn to LCA an eeven broadeer approach iis needed 
to allow w a systemic perspective on the pros and cons off different fuuel-propulsioon combinat ions. The 
latter shoould at least be done in aa qualitative way, if no reeliable quantifications aree possible. 

48 See Nottter et al. (20100). 
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Sciencce and Technnology Optioons Assessment (STOA) 

Figure 99: Comparisoon of shares of total env vironmental impact of ann ICE car an nd a BEV. Thhe impact 
assessmm ds used werre: abiotic ddepletion ppotential (ADDP), non-reenewable cuumulated ent method 
energy ddemand (CEED), global wwarming pottential (GWWP) and Ecoinndicator 99 HH/A (EI99 HH/A). The 
share “RRoad” incluudes constrruction, maiintenance aand end-of-llife treatmeent (EOL); “Glider” 
includess chassis, carr body partss, wheels, innteriors, safeety devices, aacclimatisatiion devices)). Source: 
Notter e et al. (2010). 

In the trransport andd energy  sysstem, there iss a high deggree of compplexity preseent and, thuus, a high 
degree oof uncertaintyy regarding ffuture devel lopments. Taaking this intto account, itt must be emmphasised 
that yet different fueels and proppulsion technnologies shouuld be suppoorted. These findings suppport the 
Commisssion’s recenttly publishedd alternative e fuels strateggy that claimms: “There is nno single sollution for 
the futurre of mobilitty and all maain alternativve fuel optioons must be ppursued, witth focus on tthe needs 
of each ttransport moode”49. 

5.3. Cleaner ttrucks 
LNG is parrticularly suitted for long-diistance road frreight transpoort for which aalternatives too diesel are 

extremely llimited.”50 

Figures from the staatistical pockketbook 20122 illustrate tthat road freeight transpoort is responnsible for 
45.8% (11756 billion tkm) of thee total freighht performannce within tthe EU-27; rrail, on the contrary, 
accountss for 10.2% (390 billion tkm) of thee total freighht transport performanc ce.51 In the RREF road 
freight aaccounts for roughly 30%% of total trransport relaated CO2  emmissions; in tthe REF thiss share is 
projectedd to increasee up to aboout 36% in 22050 (see Deeliverbale 3 of the projeect). In the ooptimistic 
scenario  I with regard to technoology, truckss (road freighht) are, by faar, the most important eemitter of 
CO2. Theese figures iindicate thatt, beside carss, road freigght transporttation will bebe the main ssource of 
emissionns and energgy consumpttion in 2030 and 2050 allthough somme expected iimprovemennts in the 

49 CEC (20013d), p. 4. 

50 CEC (20013d), p.5. 

51 CEC (20012), p.36. 
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EEco-efficient Transport 

REF scennario for 20550 have beenn considered. The energyy intensity mmay be reducced by approoximately 
one thirdd but, at the  same time, it is likely thhat the demaand in freighht transport wwill heavily increase. 
As a coonclusion, e co-efficiencyy of the traansport sector strongly depends oon increasingg energy 
efficiency, use of cleeaner fuels, and on reduuctions in thhe energy  intensity of trrucks as well as on a 
modal shhift to cleaneer modes. Siince, it is lik kely that alsoo in 2050 a siignificant shhare of freighht will be 
carried oon trucks, thhis key area oon cleaner truucks will foccus on technology measuures to reducce energy 
and GHGG emissions.. 

To illust rate the themmatic field, ‘ttrucks’ (e.g. HHDVs) will bbe generaliseed due to sligght deviationns within 
the literaature, i.e., alll vehicles (> 7.5 t) whosee purpose it is to carry or move largee quantities oof freight 
or passeengers. Two approachess will be disscussed: to mmake vehiclles more effificient and/oor to use 
cleaner ffuel and proppulsion technnologies.  

The broaad range of truck-relatedd technologyy measures iindicated thaat there is a  serious pot ential for 
improveements. Disccussed meassures encom mpass: improovement of eengine efficiiency, aeroddynamics, 
hybridissation of vehhicles, tyres, and wheelss (in order tto reduce roolling resistaance), lightwweighting, 
transmisssion, as weell as drive line and drriving manaagement. Thhe CO2 reduuction potenntials are 
estimateed from 28% for lightweiight construcctions up to 39% for impproved diese el engines.52 FFigure 10 
illustratees the discusssed truck-r elated technnology pathwways and thheir GHG redduction poteentials in 
differentt truck segmeents. 

Figure 110: Potentiall new EU vvehicle GHGG reductionns regardingg all technollogies. Sourrce: Law, 
Jackson & Chan (20111), p. 5. 

The fieldd of aerodyynamics is aan interestinng approachh due to its estimated sshort-term rreduction 
potentials. An aeroddynamic desiign of trucks s (e.g. adaptaations of cabiin forms andd trailers) redduces the 
aerodynnamic drag annd may offerr CO2 savingg potentials from 2% up tto approximaately 10%, deepending 

52 See Akkkermans et al.. (2010); Schroten et al. (20122); Law, Jacks on & Chan (20011). 
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Sciencce and Technnology Optioons Assessment (STOA) 

on the trruck category and measuurements.53 AA recently laanced propossal of the Coommission wwill adapt 
the olderr Directive 96/53 and will allow for ddifferent meaasures on truucks – such a as on their weeight and 
dimensioons – in ordder to make them safer and more fuuel-efficient by using aeerodynamic ddevices.54 

Accordinng to Trans port & Envvironment, thhis proposall will be sliightly in linne with aeroodynamic 
measurees in the studdy of the fkaa Aachen, onn the one ha nd55; but on the other haand, it may be a first 
step towwards establishing the coontroversiallyy discussed cross-borderr mega truckks between EEuropean 
countries – with the argument off removing ccross-border barriers in tthe freight trransport secttor in this 
way.56 

The conntroversial d iscussions aabout mega-ttrucks indiccate that there are somee uncertaintiies about 
benefits and impactss of these upp to 25.25 meetres long veehicles. Whille proponentts expect to save fuel 
consumpption by inccreasing trannsport volummes (increassing load facctors) per trruck unit, oppponents 
argue thhat the exterrnal costs aree not well uunderstood.577 Negative immplications caused by nnecessary 
adaptati on and quiccker wear of infrastructture as well as by a poossible shift from rail annd water 
transporrt to road traansport, espeecially in thee container aand combineed freight traansport segmment, are 
considerred possible. 

Figure 111: Illustratioon of the cooverage of trransport moodes as well as of their range by allternative 
fuels. Soource: CEC ( 2013), p. 4. 

An impoortant discusssion is relateed to the usaage of alternaative fuels annd propulsioon technologgies in the 
freight ssector. EVs aand also hyddrogen driveen vehicles aare not expeccted to becomme an optioon for the 
long disttance sector (see Figure 111). Higher eenergy densitties are needed to carry hheavy loads oover long 
distance s. Hydrogenn might be an option ffor mediumm distances. For longer distances, LLNG and 
biofuels might be a mmore eco-effficient alternan ever, for all thhese optionss the WTW bbalance is ative. Howe 
of utmosst importancce. As far as biofuels are regarded, it is importan t where and how the feeedstock is 
produced and proceessed. Furtheer, it is impportant to coonsider if thee biomass mmight also bee needed 

53See Laww, Jackson & CChan (2011); T&&E (2013). 


54 See CECC (2013e). 


55 See fka (2011). 


56 See T&EE (2013) 


57 See Kieenzler & Doll ((2011). 
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elsewhere, for example, in aviation or for stationary application to produce flexible and/or base load 
compatible electric power (e.g. via biogas) and heat. Again, a systemic perspective is required. 

The lack of adequate infrastructure requirements is one of the common arguments of why alternative 
propulsion systems will not be accepted until these bottlenecks will have been resolved. This accounts 
for LNG and also for hydrogen. The commission alternative fuel strategy is addressing this issue 
(proposal COM (2013) 1758). 

As previously discussed in the STOA report (Del. 2, p. 23f.),  hydrogen offers a wide range of  
opportunities in transport applications (e.g. directly ICE-burned or for FC vehicles and EVs) as well as 
regarding storage opportunities for energy. It depends on a variety of criteria such as on the WTW 
fuel analysis, on the truck-end user perspective, the assumed service life time and, last but not least, 
on total pricing and business cases under which circumstances considerable losses of energy within 
the electrolysis route of hydrogen seem tolerable. This applies to all other alternative propulsion 
systems; similar methodological considerations are important for the assessment of the potentials of 
biofuels, LNG/CNG, batteries, and different hybrids, as well as of combinations of these.59 

More out-of-the-box and with a visionary character, but following the pathway of electrification of the 
transport system is the recently (again) discussed idea about an electrification of road freight by using 
the trolley-truck approach.60 Considerable disadvantages from the logistics entrepreneurship 
perspective such as losing some load factors due to technology requirements, or even advantages such 
as being quiet and clean, as well as incentives and positive labelling may play a significant role in 
overcoming barriers (e.g. higher investment costs). With regard to some recommendations, a variety 
of options are on the table. They range from load factor standardisation (e.g. fuel consumption per 
unit payload) to setting a basis in order to compare different HDV types, to operational measures and 
the usage of ICT61, up to technological pushes by supporting a behavioural change (e.g. for logistics 
entrepreneurs to think and act multi-modally) and by considering consistent policy measures (e.g. 
taxation and incentives).62 

5.4. Smart logistics 
“More cargo bikes delivering goods means less trucks in city centres and safer, liveable streets for people” 

Rob King, Outspoken Delivery63 

It was already indicated in the key-area before, that the scenarios conducted in this project clearly 
point at a need to improve the eco-efficiency also in the freight sector. The importance of approaches 
related to the design and to the propulsion systems of trucks were mentioned there. This chapter 
focusses on logistics as a complementary approach. Smart logistics is a concept that promises 

58 See CEC (2013b,c&d). 

59 See Akkermans et al. (2010); Schroten et al.(2012); Law, Jackson & Chan (2011); Schade & Krail (2012); Smokers 
et al. (2012); Hill et al. (2011). 

60 See SRU (2012). 

61 See Hill et al. (2011). 

62 See Schade & Krail (2012). 

63 Cited in Neslen (2012). 
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significant improvements in the eco-efficiency of freight transport. It includes specific technical 
innovations as well as organisational innovations and new business models. Von der Gracht and 
Darkow found (among others) the requirement for social responsibility, ecological awareness, 
globalisation, demand for convenience and flexibility, and the “digitisation of business” as major 
factors that will influence the logistics sector in the future.64 Smart logistics could play an important 
role in dealing with these challenges. 

The contribution to eco-efficiency in the transport sector through smart logistics can be made through 
the facilitation of optimal mode choices (favouring intermodal transport and modal shift, cf. scenario 
II ‘modal shift’) and through the reduction of the actual need for physical transport (by optimising 
routes etc., cf. scenario 3 ‘reduced volume growth’) 

Smart logistics is about intelligent use of ICT solutions and about using the most efficient technical 
means for freight transport in the most efficient way. In Berlin, DHL as one of the global players in the 
logistics market, tested the ‘smart truck’.65 This “intelligent transporter” uses radiofrequency 
identification (RFID) sensors onboard the vehicle and optimises its own route by satellite-based 
positioning data and additional real-time data on traffic flow etc. This enables the respective driver to 
deliver in the most effective way; the potential CO2 emission savings are estimated to be around 10– 
15 %.66 As another example, the ‘bring buddy’ goes even a step further: In this approach, private 
‘buddies’ partly take the role of logistics service providers.67 Linked via social media, persons can just 
take deliveries with them whenever the addressee is on their way or only a short detour away. People 
can earn small amounts of money for offering this service and at the same time enter into a new type 
of physical social networking. Approaches like this point to the so-called ‘internet of things’, where 
physical products find their own efficient way – like today’s bits and bytes on the internet.68 Schilk 
and Seemann similarly call this the ‘internet for the cargo’ and describe the manifold possible usages 
of ITS in this field (see Figure 12).69 All these innovations contribute to reducing the need for physical 
transport by optimising routes and by always choosing the optimal means of transport. 

The facilitation of optimal choices through smart technology can also allow for the use of locally 
emission-free EVs where they are most useful, e.g. electrically driven small delivery trucks in cities. 
Even cargo bicycles are considered to have a significant potential in most densely populated areas and 
are therefore promoted by the European Cycle Logistics Federation.70 Respective applications of EVs 
in fleets offer the additional advantage of limited operational areas, as limited vehicle ranges are less 
relevant than in private usage. EVs could contribute once more to improved eco-efficiency of freight 
transport. 

64 Von der Gracht and Darkow (2010), p. 57. 


65 See Deutsche Post AG (2011). 


66 Deutsche Post AG (2010: 91). 


67 See Weber (2011). 


68 Deutsche Post AG (2009: 56). 


69 See Schilk & Seemann (2012), p. 629. 


70 See European Cyclists‘ Federation (2012). 
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EEco-efficient Transport 

Figure 112: Internet ffor the cargoo using ITS for optimiz ing transporrt logistics fflows. Sourcce: Schilk 
and Seemmann (2012)), p. 629. 

Howeveer, the issue of night deliivery71 showws the need ffor an integrrated perspeective: Nightt delivery 
turns ouut to only  be a viable ooption whenn combined with quiet ((e.g. electricaally driven) delivery 
vehicles and there wwere concernns voiced duuring the stakkeholder woorkshop in pphase 4 regarrding the 
social coonsequences of the resppectively chaanging workking conditioons. Online shopping  iss another 
complexx case, wheree Wiese et all. have showwn that onlinne shopping can have poositive enviroonmental 
impacts – by reducinng transport efforts – in mmany cases, but in case oof short travevel distances and high 
shares off public tran sport, bicycles and walkiing may as wwell be countterproductivee.72 

As a sstarting poinnt for policy actions, the Alliannce for Eurropean Loggistics gives specific 
recommeendations onn how to “leverage the aavailable techhnology and to deploy innnovative technology 
solutionss”73 by policyy measures, also referrinng to the visi on of the ‘intternet of thinngs’. A CEC study on 
urban frreight transpport underppins as well the necessiity of “deveeloping and disseminatiing good 
practice””74, also urgging for effiicient deliveeries, low emission vehhicles, ITS, nnight deliveeries and 
intermoddal transfer facilities, aand other innfrastructuree. That could all help to implemeent smart 
logistics.. 

5.5. Automatiion 
“I tookk my hands offf the steering wwheel, lifted mmy foot off thee gas pedal, and waited to seee what wouldd happen.” 

Willl Knight75 

71 See Deuutsche Post AGG (2010), p. 1008. 

72 See Wieese et al. (20122). 

73 See Alliiance for Euroopean Logisticcs (2010), p. 9. 

74 See MDDS & CTL (20112). 

75 Knight (2013). 
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Figure 13: Illustration of autonomous driving technologies. Source: Elmer (2012). 

Automation is a trend that is visible in many different areas. Industrial robots are well established. 
Approaches such as ambient assisted living aim at integrating ICT based automation and even robots 
in our homes; in aviation automation has become part of the daily routines and unmanned air vehicles 
become widespread. Therefore, it is not astonishing that also in the car sector automation is getting 
commercialised in form of driver assistance systems. However, full autonomous driving is still not 
playing a significant role in scenarios and visions on the future of European transport, although full 
autonomous cars would surely change the transport system and its eco-efficiency. It is argued here 
that these issues should be rated as of higher priority on research agendas, including the relationship 
between automation and eco-efficiency. The survey carried out in this project revealed that among 
stakeholders a high degree of uncertainty can be found when it comes to an assessment of the 
feasibility and desirability of autonomous driving systems. Ongoing technical problems as well as a 
lack of societal acceptance are seen as most probably impeding the implementation of such systems. 

Automation in road transport is an approach that ranges from incremental introduction of specific 
and singular driver assistance systems to fully autonomous driverless cars. Potentials, challenges, and 
risks vary between these different kinds of applications and among the different levels of transport 
systems that range from single vehicles to whole transport networks. 

At the vehicle level, automation (as yet the ‘old’ technology of automatic transmission) can contribute 
to more fuel-efficient driving by having the car choose its optimum operation mode based on its own 
optimised rationale. More important, the introduction of systems that actively influence the driving 
behaviour (e.g. proximity radars linked to the braking system) can contribute to reducing the still 
significant numbers of fatalities in road traffic.76 When it comes to full autonomous driving, the 
integration of multi-sensor information is an important issue as the information from the necessary 

76 See Campbell et al. (2010),p. 4667. 
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multitude of different types of sensors may be inconsistent.77 The autonomous vehicle has to integrate 
this information to build the base for its own operational decisions. 

At the platooning level (e.g. small to medium numbers of vehicles / vehicle convoys involved in an 
actual traffic setting), the coordination of vehicles is crucial.  Approaches range from centralised 
decision-making (e.g. by a platoon-leading vehicle) to cooperative exchange of information between 
the various vehicles in a platoon, and even fully independent behaviour of the single vehicles is also 
an option.78 Additionally, the distribution of information across vehicles can ensure safety: vehicles 
that spread warnings are expected to improve the collective reaction to dangerous situations. Thus, 
neither the centralistic approach (implicating complex requirements for the leading vehicle) nor the 
fully independent vehicle (by giving away advantages of cooperative communication) seem to be 
optimal solutions.79 It is then about the actual implementation of vehicle to vehicle communication, 
coming down to technical questions of e.g. where on a vehicle to place necessary antennas.80 

Autonomous platooning has been included in the AFS scenario as a promising approach for more 
efficient road freight transport. 

At the transport system level, autonomously cooperating vehicles and driver assistance systems that 
rely on communication across vehicles (and on communication with infrastructure, e.g. traffic signs 
and traffic lights, and with data sources providing additional information, e.g. on weather conditions) 
can lead to a more efficient usage of infrastructures (cf. Figure 13). In densely populated areas, this can 
eventually help to reduce congestion. For achieving this, systems that control traffic flows on whole 
road networks or segments of these networks are developed. In the case of Baskar, Schutter and 
Hellendoorn, the system introduces – in contrast to the above mentioned platooning strategies – again 
some centralistic, “hierarchical traffic control architecture”81. These traffic control systems are 
“particularly challenging”82 because of the heterogeneity of data sources. Apart from technical issues 
(cf. antenna example above), challenges in automation also refer to human mannerism and habits. 
Saffarian, Happee and Winter simulated driving in fog where drivers felt more risky when loosing 
visibility of the car in front while the distance was still being controlled automatically.83 Automated 
driver assistance systems should therefore include such ‘irrational’ aspects to balance actual and 
subjective safety. 

More important, authors refer to an unpublished study of the American Federal Aviation 
Administration that showed that “overreliance on automation”84 and loss of routine can contribute to 
accidents caused by a failure of the automatic system. As long as automation only assists, this means 
that a careful balance with drivers’ capabilities is necessary. 

Security against misuse and manipulation of communication channels and autonomous vehicles is 
another issue of major relevance.85 It even comes to complex ethical and normative considerations 

77 See Li & Leung (2004). 

78 See Michaud et al.(2006). 

79 See Michaud et al (2006), p. 444. 

80 See Bergenhem, Hedin & Skarin (2012). 

81 Baskar, Schutter & Hellendoorn (2012), p. 838. 

82 Campell et al. (2010),p. 4669. 

83 See Saffarian, Happee & Winter (2012). 

84 Knight (2013). 

85 Cf. similar considerations for ad-hoc wireless communication networks in: Ben Othman & Mokdad (2010). 
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when it is e.g. reflected whom an autonomous car should hit and kill in the case of an inevitable fatal 
accident. It is in question, if and how the respective ‘rules’ of moral decision-making can be 
implemented in autonomous technical systems.86 In case of an actual accident, the issue further affects 
considerations about responsibility and accountability (the ‘driver’, the vehicle manufacturer, the 
vehicle as a new form of legal entity itself?). 

Finally, it is in question if and how increasing automation could lead to rebound effects and modal 
shifts that could again influence the transport system: Driving in autonomous cars that allow for 
working or leisure activities during the ride could make the road individual car mode again more 
attractive compared to the more eco-efficient modes of public transport, cycling and walking. This 
issue could be especially relevant as elderly and retired people are expected to be more active in the 
future.87 Supported by the future availability of autonomous cars or driver assistance systems that 
prolong the ability to drive, efforts towards the modal shift to generally more eco-efficient modes 
might be directly counteracted. 

The ambivalence of automation technologies apparently shows the need for an integrated perspective 
on potentials and risks regarding applications in the transport sector. Technology assessment can 
provide this integrated perspective. Technology assessment studies on the implications of automation 
in the transport sector would be seamlessly in line with the requirements of Horizon 2020 that shall 
ensure responsible research and innovation.88 

5.6. Integrated ticketing 
„Promoting a more wide-spread and universal use of integrated payment systems could also contribute to an 

improved travel experience for the passengers and therefore increasing public transport usage.” 
Informal Meetings of Ministers, Nicosia 16.–17.07.201289 

Having an intermodal mobility card usable in all urban areas in the EU was part of scenario II that 
entails a number of measures to lead to a modal shift of passenger transport towards public transport. 
One of the key barriers to use public transport for people that are unfamiliar with public transport 
usage is “a lack of information and motivation, and incorrect perceptions of the alternatives to the 
car”.90 The overall idea of integrated ticketing is to combine several modes of transport (e.g. tram, bus, 
car-, and bike-sharing) on a single ticket and thus facilitate access to public transport and offer tailor-
made services to their users. Ticketing practitioners agree that it offers a variety of benefits to end-
users that paper based tickets cannot offer. It is perceived to “be a lot more reliable, convenient, faster 
and easier to use”91, and that it delivers a much better overall product with greater flexibility within 
tariff structures.92 Though, it is not only a means of payment but a source of huge amounts of 
information on transport usage including mode choice, travel, and waiting times. This opens up new 

86 See Bendel (2013). 

87 See deliverable 2 of the project: STOA (2011a). 

88 See CEC (2011c) 

89 Retrieved from: http://www.cy2012.eu/index.php/en/file/b2KSi_qGBxf2nxXo9+AUZw 

90 Brög, Erl, Ker, Ryle, & Wall (2009), p. 281. 

91 AECOM (2011), p. 10. 

92 See AECOM (2011). 
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opportunnities in servvice provision and for a bbetter exploitation of the network’s ccapacity. On the other 
hand, it iincludes pottential risks ffor privacy annd data prottection. 

For manny years, puublic transport operatorrs have beeen trying to replace papaper-based tiickets by 
electroniic media annd many couuntries havee already or are about tto introducee integrated ticketing 
schemess.93 But schemmes have noot yet been iimplementedd on a widerr scale in Euurope. So farr existing 
schemess have remai ned relativelly small andd mutual accceptance is cuurrently not possible.94 HHowever, 
there seeems to be a  considerabl e potential ffor integrateed ticketing wwithin Euroope. Accordinng to the 
Flash Euurobarometerr on the futuure of transpoort, one in twwo EU citizens said they  would definnitely use 
public trransport moore frequentlly if a singlee ticket for their compleete journey covering alll possible 
modes oof transport was availabble (cf. Figurre 14). Especcially 15-24 yyear olds, stutudents, metropolitan 
residentss, and non-wworking resppondents weere more likkely to give this answer.. Interestinggly, about 
43% of c car drivers saaid they wouuld definitelyy use public ttransport moore frequentlly if a single ticket for 
all meanns existed.95 TThe survey cconducted dduring this pproject pointss into a simiilar directionn. Almost
80% of the stakehoolders foundd the idea oof an interooperable tickketing  systemm desirable or very 
desirablee. The mainn factor to iimpede the developmennt was seen in “uncoorrdinated ins titutional 
action” tthat almost 665% identifieed as a barrieer for the inttroduction. NNeverthelesss, 65% believve that an 
integrateed ticketing ssystem for Euurope will coome true beffore 2030.  

Figure 114: Would rrespondents consider u using publicc transport mmore frequeently if it wwould be 
possiblee to buy a sinngle ticket coovering all ppossible trannsport mode s? Source: C CEC (2011d). 

There arre different ggenerations oof ticketing: paper ticketts, magnetic stripe cards,, contactless ticketing 
(using RRFID or nearr-field commmunication (NNFC)), or mmobile ticketiing (using  shhort messagge service 
(SMS), mmobile barcoddes, or NFC)) – in some c ities or regioons they evenn co-exist.96 TToday, most ticketing 
applicatiions use smmart cards wwith RFID teechnology ffrom a varieety of supplliers. Moderrn multi­
applicatiion smart caards are abl e to incorpoorate differe nt fields of application (e.g. libraryy, leisure, 
financiall schemes) byy storing diffferent data inn separated ssecure elemeents. The mosost successfull schemes 
in Asia, such as the Octopus Caard in Hong Kong or EZ  Link in Sin gapore are ccharacterisedd by such 
special features. Addditionally, thhe front-end and back-offfice systems in use are ddifferent; eachh scheme 

93 See Strooh, Schneiderbbauer, Amlingg, & Kreft (20007). 

94 See Inteernational Asssociation of Puublic Transporrt (2007). 

95 See CECC (2011d). 

96 See Me zghani (2008). 
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has its own specific set-up.97 However, according to a consultation with an international panel of 
practitioners, the technology of the future will be driven by NFC-capable mobile phones.98 But also the 
other way round, ticketing is expected to be one of the main drivers to bring NFC technology forward, 
with public transport being a likely platform to do so. Since most contactless operating systems in 
public transport use RFID technology, the existing infrastructure is compatible with NFC standards in 
most cases (sometimes an upgrade for interoperability with NFC is needed). Other features, such as 
tickets to amusement parks, museums, events, theatres, etc., are also potential applications for multi 
application smartcards and NFC and could be embedded into the schemes.99 

The key benefit of interoperable ticketing for customers is that a number of operators work together 
and combine their products on a single card, ideally throughout different operating regions. In order 
to make a system interoperable, standardisation is an important term. A difficult undertaking, since 
the public transport market is “characterised by decentralised decision-making divided between 
public authorities and operators and the parcelling-up of a market that must cater for the needs of 
everyone, including people who do not have a bank account.”100 Furthermore, the market is 
characterised by a complex financing structure of various sources in which “the benefits of 
cooperation counterbalance the constraints of competition.”101 One of the main barriers for a large-
scale implementation is the difficulty in agreeing on standards that all stakeholders involved are 
satisfied with. Especially operators or countries that have already introduced an integrated ticketing 
scheme do not want to give up initial investments they have already undertaken. Additionally, it 
seems to be difficult for government bodies and transport operators to agree on how and what to 
fund.102 

The EU could help in providing the necessary strategic guidance. One of the most important actions is 
to encourage partnership between those involved in the implementation process. Besides public 
transport operators and authorities also financial service providers, mobile phone providers, 
standardisation bodies, and public transport users play a role in the implementation process. It seems 
that there is a need for organisational-, management-related, and governance-related changes to make 
integrated ticketing systems come true. Encouraging knowledge exchange and research into new 
technologies and, thus, the support of technological convergence could be managed by national or 
even European government bodies. 

5.7. Access instead of ownership 
“It is not a threat for the industry because the people who will be sharing cars tomorrow are not using them 

today,” 
Ayoul Grouvel, head of Peugeot EV projects, to EurActiv103 

97 See AECOM (2011). 

98 See AECOM (2011); Stroh et al. (2007). 

99 See VTT (2009). 

100 de Chanterac (2009), p. 24. 

101 de Chanterac (2009), p. 29. 

102 See austriatech et al. (2011). 

103 Retrieved from: http://www.euractiv.com/specialreport-electric-vehicles/driving-2030-news-514929 
(23.04.2013) 
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Eco-efficient Transport 

Shareconomy was this year’s keynote theme at the world’s largest business event for digital IT and 
telecommunications solutions, the CeBIT in Hannover, Germany. Sharing economy, or collaborative 
consumption is used to describe that a growing population seems to value access (e.g. to cars, 
software, or information) over ownership. The discussion about access instead of ownership is not 
new104 but modern information and telecommunication technologies brought it to a next level as they 
bring together demand and supply in an efficient way.105 The transport market is also affected. Car 
sharing and bike sharing have been established in an increasing number European agglomerations 
and regions. In May 2011, around 100 cities in 18 European countries have implemented bike-sharing 
schemes with almost 100.000 bikes and more than 7.200 stations. The largest schemes have been 
implemented in France, Spain, and Italy – countries that are not explicitly known as cycling 
friendly.106 Car-sharing growth has occurred in nearly all car-sharing countries, with the biggest 
growth rates in North America. North America has now replaced Europe in being the epicenter of car-
sharing activity (cf. Figure 15).107 Even though, car-sharing does not have particularly high shares yet 
there seems to be a huge potential in the market.108 Enormous dynamics are involved and related 
approaches are going on that accelerate the growth of the market. 

Traditional car rental companies like Sixt, Hertz, or Avis have entered the car-sharing market and 
likewise most of the biggest car manufacturers have taken up the topic and are trying out new 
mobility services. BMW, Daimler, VW, General Motors, Honda, Mitsubishi, Suzuki, Toyota, and 
Peugeot have all entered strategic partnerships or have set up car-sharing programs.109 Daimler was 
the first to set up a professional car-sharing scheme. The so called Car2Go is currently serving 18 cities 
in Europe and North America, being the fastest growing car-sharing company in the world.110 

Daimler’s Car2Go, BMW’s DriveNow, Hertz on Demand, CommunAuto and Autolìb, they all operate 
so called free floating (or point-to-point) car-sharing schemes, meaning that users can start and end at 
any point within a specified area, allowing one-way journeys. In October 2012 free floating car-sharing 
schemes are operated in seven countries worldwide.111 

104 See e.g. de Meza & Gould (1985); Truesdell (1992). 


105 See STOA (2011c). 


106 See Shaheen & Guzman (2011). 


107 See Shaheen & Cohen (2013). 


108 See Frost & Sullivan (2009) and Shaheen & Cohen (2013) for car-sharing trends and Shaheen & Guzman (2011) 

for bike sharing trends. 


109 See Shaheen (2011). 


110 See Daimler (2013). 


111 See Shaheen & Cohen (2012). 


78 
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Figure 1 5: Worldwidde Carsharinng Then and  Now. Sourcce: Shaheen & Cohen (20012). 

Since 20007, anotherr promising approach bbroadens thee car-sharinng market wworldwide. SSo called 
personall vehicle shaaring (or peer-to-peer shharing) is ann extremely new form oof car-sharinng where 
privatelyy owned carrs are offered to others for short-terrm access. Inn May 2012,, 33 personaal vehicle 
sharing operators exxisted worlddwide, with 220 of them bbeing locatedd in Europe e.112 Operatorrs do not 
offer thee vehicles buut make trannsactions ammong car owwners and reenters possibble by proviiding the 
organisaational resoources needded (e.g. oonline platfform, custoomer suppoort, insurannce, and 
technoloogy).113 A great hindrancce to this forrm of car-shharing is thee need of thee renter to ssomehow 
receive tthe key to tthe car. Carrzapp, a youung Germann start-up coompany, adddresses this issue by 
providinng a technology that ennables userss to locate subscribed ccars and oppen them wwith their 
Smartphhone. The keyy is then locaated in the gllove box.114 TThis “unattennded access mechanism”” can also 
be proviided by lockbboxes, key foobs, or smartt cards. Whi le traditional car-sharingg is usually located in 
high-dennsity urban areas, persoonal vehiclee sharing  haas the potenntial to exp pand to the suburbs. 
Howeveer, the worldwwide potentiial for personnal vehicle shharing is yet unclear.115 

But not oonly cars an d bikes can bbe shared, p parking spacees seem to bee suitable shharing object s as well. 
Shared pparking is a type of parkking manageement that ennables users of parking ffacilities to ooffer their 
space too others wheen currently not neededd. Since parkking facilities often folloow predictabble daily, 
weekly, and annual cycles, shareed parking aallows for moore efficient utilisation. LLiving in onee location 
and worrking somewwhere else often makes pparking spacee available thhat can thenn be offered tto others. 
The ideaa of young start-ups inn France, UKK, and Switzzerland is thhat offeringg privately oowned or 
blocked parking spaces that are ppublically avvailable (suchh as carportss or drivewaays) can help  to create 
a parkinng network aall around a city. The Paarku AG in Switzerland  for examplee offers its sservice in 
Zurich tto individualls or compannies that cann register onnline. Availaable parking spaces can either be 
found vvia a Smarttphone App or on the company’ss homepage. In one mmonth, the AApp was 
downloaaded 1.500 timmes; aroundd 10% of the uusers are alreeady using thhe service re egularly.116 

112 See Shhaheen, Mallerry, & Kingsleyy (2012). 

113 See Shhaheen et al. (22012). 

114 See Knnoblach (2013)). 

115 See Shhaheen et al. (22012). 

116 See Weeber (2013). 
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EEco-efficient Transport 

The rise of the shariing economyy is highly  relevant becaause it combbines several  advantages. Sharing 
instead of ownershiip increases efficiency  inn the car-shaaring markeet because it t has the potential to 
reduce lland consummption throuugh a substanntial reductiion of the nuumbers of vvehicles in thhe city.117 

Car-sharring could also be ann interestingg niche-marrket for altternative fuuels and prropulsion 
technoloogies since thhe idea is to choose the vehicle accoording to thee given circuumstances. EEVs could 
thus be used for innner-urban trrips and vehhicles with aa range extennder for lonnger trips. WWith bike-
sharing tthe key advaantage is thee availability of bikes; cyccling becomees a visible trtransport oppportunity 
and is eespecially  innteresting  foor the “last mile”. Usinng shared veehicles suppports a moree flexible 
handlingg of the transsport systemm and thus meeets the requuirements of the new genneration.118 

Public aauthorities caan support this broad rrange of priivate activities without hhigh investmments by 
supportiing or impllementing  (ddepending oon the poli tical level) regulations and incent ives that 
facilitatee the usage oof such approaches, e.gg. of special parking spaaces designatted to car-shharing or 
bike-shaaring vehiclees and/or bby the permmission of uusing bus laanes, by infoformation caampaigns 
addressiing the easy hhandling of ssharing vehiicles and the easy access tto them. 

5.8. Shift to raail 
“To achievve a well-func tioning Europpean rail sectoor Member Staates must commmit to investting in rail 

infrastructure, in line with the ccommitments  made in the nnegotiations on the Trans-EEuropean Netwworks and 
Conneccting Europe FFacilities.” 

Matthieu GGrosch, Mem ber of the Euuropean Parlliament119 

Figure 16: 2050 modal shaares in paassenger tr ansport in the scenanarios analyysed by 
Cuenot/FFulton/Staubb (2012, p. 1004). 

Shifting physical trannsport towarrds more resoource-efficieent modes of transport is,, of course, a t the core 
of scenarrio 2 ‘modall shift’. Whilee modal shifft at the locaal and regionnal level is mmostly about a shift to 
local pubblic transporrt (that can allso include r railways) andd to slow moodes (bicycle and walkingg), modal 

117 See Firrnkorn & Mülller (2011). 

118 See STTOA (2011c). 

119 Cited iin Spence (20113). 
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shift for medium and long-distance travel and transport aims at increasing the share of railway 
transport (and inland water transport (IWT) and short-sea shipping as well). 

Den Boer et al. assess the general potential of modal shift to rail but argue for the necessity of giving 
better estimates of the achievable scale of such a modal shift.120 While they refer to maximum 
achievable rail shares in freight transport of about 31–36%, the numbers for the passenger transport 
sector are not so clear. However, they report potential reductions in transport CO2 emissions of up to 
7% and up to 9% for freight and passenger transport, respectively.121 

Cuenot et al. as well see significant potentials for modal shift. For the passenger transport sector, 
Figure 16 highlights the specific importance of high speed rail, competing against road and air 
transport in a specific corridor of trip lengths (up to ca. 1000km, today dominated by air transport).122 

While such gains of the rail mode are generally favourable, it must be taken into account that gains 
through increased speed (corresponding to higher competitiveness) could outweigh the positive 
effects on absolute resource consumption through rebound effects.123 Generally, an improvement of 
infrastructures for long-distance travel could further an increasing interconnectivity of countries and 
regions, followed by increased demand.124 

A level-playing field between transport modes is crucial to achieve the modal shift towards the most 
eco-efficient modes. As today actual external costs are often not represented reasonably in road and 
air transport costs (e.g. road infrastructure costs), the rail sector suffers from competitive 
disadvantages for having already internalised most of these costs.125 Mobility pricing is one approach 
to overcome this imbalance through incorporating all relevant costs which then allows for optimal 
choices not only from a singular business economics perspective but, finally, from the social and 
environmental perspective as well – both for freight and passenger transport. 

For the freight sector, the European Rail Research Advisory Council (ERRAC) – beyond purely 
technical measures – stresses e.g. the importance of flexible local distribution, interoperable and 
reliable information systems for operators and clients, and faster and seamless train operation.126 

Similarly, ERRAC addresses the need for seamless, comfortable, and convenient passenger travel, 
making use of an extended high speed rail network, integrated ticketing (cf. section 5.6) and 
incorporation of rail transport issues in spatial planning.127 

Operators will have to further improve railway operation in the rail sector beyond the given state of 
eco-efficiency e.g. by targeting the “halving [of] the specific final energy consumption from train 
operations by 2050 compared to the base year 1990”128. Within the SHIFT2RAIL Joint Technology 
Initiative129 the European rail sector is working on the necessary technological contributions to further 

120 See Den Boer et al. (2011), p. 5. 

121 See Den Boer et al. (2011), p. 5-6. 

122 See Cuenot et al. (2012). 

123 See den Boer et al. (2011), p. 6. 

124 See Cuenot et al. (2012), p. 105. 

125 Other external costs (e.g. noise, air pollution) still lack internalisation in all transport modes. 

126 Olsson & Irwin (2012a), p. 3–4. 

127 Olsson & Irwin (2012b), p. 41-42. 

128 ERRAC (2011), p. 27. 

129 See http://www.unife.org/page.asp?pid=194 
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improve the railway systems. Some countries have already electrified their rail network completely 
while others still rely on diesel engines in significant parts of their networks. The electrification of 
these networks offers the potential to use ‘green’ electricity sources and is therefore an important goal. 
More important, all of the desired modal shift will not be possible without the general upgrade and 
extension of railway infrastructures: ERRAC targets a “50% increase of capacity from existing 
infrastructure”130. As this is publicly owned infrastructure in many cases, this requires political 
commitment and comprehensive and consistent public engagement regarding strategic and financial 
terms. On the EU level, this issue is addressed by the ‘Fourth Railway Package’ announcing a number 
of legislative measures and urging for a “strategic integrated approach”.131 

In phase 4 of the project, most stakeholders in the workshop considered a shift to rail as a very 
desirable measure with a wide range of positive impacts on the transport system and beyond. But the 
feasibility was assessed clearly less positive and it was partly discussed controversially. The 
stakeholders stressed the need for coordinated action: Depending on the status quo of transport 
infrastructures, in some countries with not so dense highway networks, policy still sets high priority 
on upgrading their road networks even if there were large financial contributions from the EU 
available for the upgrade of railway infrastructure. This shows that there is still a long way to go to 
actually shift the transport to rail. 

5.9. Shift to short sea and inland shipping 
Thesis 10: The freight transport volume (tkm) on inland waterways will increase by 50% (compared to 

2012) 

Thesis 11: In waterborne transport, operational improvements (e.g. speed reduction, autopilot upgrade) 
and new technologies (e.g. alternative propulsion systems, propeller design, auxiliary use of wind 

power) will lead to a reduction of greenhouse gas emissions by 50 % (compared to 2012). 

Figures from the statistical pocketbook 2012 help to get an impression of the performance of EU-27’s 
waterborne transport in 2010.132 For IWT, 147 billion tkm are assumed, for the maritime mode with 
1415 billion tkm. This relates to a modal split of approximately 3.8% for IWT133 and 36.9% for the 
maritime transport mode134 (related to the European freight sector). The total waterborne CO2 

emissions (% of total transport CO2 emissions, including international bunkers) in the EU-27 are 
assumed to be at 14.6% by 2009, out of which domestic navigation accounts for 10.7%.135 

One of the key challenges regarding the White Paper goals for 2050 is to shift long-distance freight 
transport to cleaner modes: “30% of road freight over 300 km should shift to other modes such as rail 
or waterborne transport by 2030, and more than 50% by 2050, facilitated by efficient and green freight 
corridors.”136 Also the STOA scenarios presented in this report underpin the important role of 
maritime shipping for the future eco-efficiency of European freight transport. Usually, it needs to be 
distinguished between maritime shipping and IWT, which is not done in the scenarios for reasons of 

130 ERRAC (2011), p. 33. 

131 CEC (2013a), p. 10. 

132 See CEC (2012), p. 36. 

133 The split for IWT in freight inland transport modes is estimated at 6.1%. 

134 These figures only apply to domestic and intra-EU-27 transport. 

135 See CEC (2012), p. 130f.; CEC (2011b). 

136 CEC 2011a. 
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simplification. However, there are some similarities between the challenges and the discussed 
solutions for both sectors (maritime and IWT) so this will be jointly discussed in the following. 
Nevertheless, some specifications for IWT will be mentioned as well. 

The results from the stakeholder consultation indicated that, on the one hand, the modal shift scenario 
II was assessed as the most realistic one and as the most relevant one for reaching an eco-efficient 
transport system. On the other hand, the survey and the discussions at the stakeholder workshop 
demonstrated well that there are gaps between the perceived desirability and the perceived feasibility 
of the measures in the scenarios. The stakeholder assessment of theses 10 and 11 (both related to 
waterborne transport) shows limited knowledge regarding waterborne transport. Still, 50% of the 
respondents believe that the capacity limits of the infrastructure could impede growth of freight 
volumes on inland waterways (thesis 10). However, these responses were not detailed enough, to 
determine whether this results in environmentally difficult projects (i.e. such as new canals in order to 
prevent congestion thus increasing capacities on waterways in general) or in an improved utilisation 
of existing waterway capacities. Due to the existing capacity for the river Rhine in the medium-term 
perspective, the latter was mentioned as one of the key arguments to support IWT. Without the 
intended IWT waterway improvements (e.g. modernization/adaptation of bridges, locks, fairway 
depths and new links), however, the IWT modal share is assumed to stagnate or decrease in the long 
term as compared to other modes.137 

One of the most promising pathways towards a modal shift is the establishment of interchanges 
between cleaner modes (ship/rail). A further development of the multi-modal infrastructure capacity 
would be to improve the hinterland connectivity from sea ports to inland ports and onwards to the 
respective destinations in order to provide logistics chains that are attractive to the customer as well as 
to increase freight capacities in general.138 Figure 17 illustrates the locations of the sea ports and 
corridors in the assumed core regions. 

137 See Platina & Naiades (2010), p. 53; 58; 66. 

138 See CE Delft et al. (2012). 
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EEco-efficient Transport 

Figure 117: Illustratioon of waterbborne freightt transport ggateways, whhich dependd on IWT waaterways. 
Source: PPlatina, Naiaades (eds.) (22010), p. 18. 

In spite of the high hheterogeneitty and comp plexity of reggarding the ddifferent gooods that are ddelivered 
by waterrborne transpportation (e. g. bulk vs. coontainer, pieece goods traansport), somme generalisaations are 
possible to illustratee the potentiials in and tthe barriers of identifyinng “key fieldds of action”” that are 
focussin g on the moodal shift.1399 In the shorrt and mediium term, ICCT applicatiions are a ppromising 
option foor closing  thhe aforementtioned gap bbetween dessirability andd feasibility. In combinattion with 
standarddisation, succh as efficieency standaards140, it could help monitor onngoing progress and 
developmments in thhe efforts too enhance GGHG savingss in combinnation with additional maritime 
observattions. Multi--modal ICT solutions thhat are ‘neuttral and safee’ in terms oof data and business 
security as well as in terms oof certainty of operationn, offer in tthe short annd medium term an 
opportunnity to increease freight ccapacities wwithin existinng infrastruc ture systemss. As an exaample for 
inland sshipping, thee River Inforrmation Servvices (RIS) mmay foster ““the interopeerability betwween the 
differentt modes of trransport andd their corressponding infformation systems and seervices”141. TThe RIS is 
embeddeed in the ‘Innternet for thhe cargo` conncept which aims at coveering the whhole logisticss chain in 
order to increase thee general carrgo flow (cf. key area smmart logisticss) of door-too-door servicces. Some 
Europeaan projects (llike e-maritimme and e-freeight) continnue work on these issuess in order too develop 
possible solutions.1422 

139 See CEE Delft et al. (22012); DST (20 13) and Madddox Consultingg (2012). 

140 The SEEEMP (Ship Ennergy Efficienncy Managemeent Plan), the EEEDI (Energy Efficiency Deesign Index) ass well as 
the EEOI (Energy Efficiiency Operati onal Indicatorr) could all be useful instrumments for the IInternational MMaritime 
Organisattion’s Marine Environment Protection Coommittee (MEEPC). 

141 Schilk & Seemann (22012), p. 630. 

142 Availaable at: http:///www.emarit ime.eu/defauult.aspx?articleeid=1095&projid=31; 
http://wwww.efreightpproject.eu/defaault.aspx?articcleID=1126 (acccess: 20/04/22013). 
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Figure 118: (left): Illuustration of identified ccross-border bottleneckss that will immpede a futture IWT 
networkk connectivitty. Source: PPlatina, Naiaades (eds.) (22010), p. 37. ((right): Illuststration of thhe Saône-
Rhine prroject (sourcce: Mialocq ((2012), preseentation of thhe project, held at the UNNECE workiing Party 
on the SStandardizattion of Techhnical and Saafety Requirrements in IInland Naviigation (41st session), 
20 - 22 Juune 2012 in GGeneva). 

In the mmedium and long term, iit is not clearr if these meeasures are ssufficient to cope with thhe future 
transporrt demand. A further option, in the long tterm, is to remove exxisting infraastructure 
bottleneccks.143 Figuree 18 presentss an overvieww of identifiied cross-borrder bottleneecks that mayy impede 
a future IWT networrk connectiviity. 

The Saôône-Moselle//Saône-Rhinee project (aa missing linnk) is menttioned as ann example ffor other 
infrastruucture projeccts. This project should help to balaance all moddes in a tri-mmodal way ((i.e. good 
synergiees of all moddes).144,145  Thhe project off constructinng a canal between Saônne-Mosel annd Saône-
Rhine (ccf. Figure 18)), will createe a waterwayy between thhe deepwateer ports (ZARRA) in the nnorth and 
the Medditerranean SSea. It will sstrengthen t the most-useed and well--established European wwaterway 
Rhine,1466 especially iin view of thhe parallel eestablishmennt of the north-south tranansversal raillway line 
(TEN-T PPriority Project 24). Syneergies betweeen different EEU projects aand tri-modaality seem feaasible.147 

But infrrastructure pprojects ofteen come allong with nnegative envvironmental impacts (eecological 
footprintt). This is ooften accomppanied by aa lack of soocial acceptance. A recenently much-ddiscussed 
examplee for the multti-complexityy of infrastruucture extenssion is the Ellbe dredgingg project in thhe Port of 

143 ‘Bottleenecks’ in IWTT are compose d of three elemments. A basicc bottleneck is  where the cururrent infrastruucture 
does not ssufficiently fuulfil minimum standards forr navigability (e.g. vessel di mensions of 880 m x 9.5 m). A 
strategic bbottleneck ful fils the basic rrequirements, but ought to bbe modernize d in order to rraise waterway 
network qquality and freight capacityy. Missing linkks (the third ellement) do nott exist at preseent, but play aan 
importannt role for the ffuture IWT neetwork. 

144 Cf. preesentation of the project, helld at the Workking Party on the Standardization of Techhnical and Safety 
Requiremments in Inlandd Navigation ((41st session), 20 - 22 June 20012 in Genevaa. Available at t: 
http://wwww.unece.orgg/fileadmin/DDAM/trans/ddoc/2012/sc3wp3/ECE-TRRANS-SC3-WPP3-2012-Pres022-e.pdf 
(access: 2 0/04/2013). 

145 See Miialocq & Chabban-Delmas (2012). 

146 See CEE Delft et al. (22012). 

147 See TEEN-T, Priority Project 24. Avvailable at: httpp://tentea.ec .europa.eu/enn/ten­
t_projectss/30_priority__projects/prioority_project_224/priority_prroject_24.htm,, and CODE 2424: http://www.code­
24.eu/(acccess: 26/04/22013). 
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Eco-efficient Transport 

Hamburg.148 The project is confronted with the challenge to mediate between different interest groups 
(i.e. ecological, economical, and social ones). Proponents argue that an extension of the Elbe is needed, 
not only for economical but also for ecological reasons since otherwise goods would be carried in a 
less eco-efficient manner on the road. Opponents argue that the consequences for the local eco­
systems were very negative. The importance of these issues as “key fields of action” was also reflected 
in the survey responses as “[…] lack of political visions, uncoordinated institutional actions/responsibilities, 
and differing interests of involved stakeholders (e.g. politicians, industry, NGOs) […]“ (see Del. 4). 

„Take 'greening the fleet' […]. Much of today’s road haulage uses cleaner and more modern engines than inland 
waterway transport. A lot of the fleet is also now quite old. In fact, it is no longer that green.“149 In a nutshell, 
Kallas points out what is assumed in several studies for maritime and inland shipping. In principle, 
waterborne transportation is a comparatively environmentally friendly way of freight transport, at 
least in terms of direct CO2 emissions and energy transport intensity. Nevertheless, the biggest 
challenge is the average age of the vessel fleet. Especially the relatively high contribution to nitrogen 
oxide (NOx), particulate matter (PM), and sulphur oxide (SOx) emissions is still a challenge.150 As 
discussed in the STOA interim report Del. 2b, a wide range of technology options is available to 
reduce emissions and to improve eco-efficient shipping. Ships (e.g. main engines) have a generally 
long lifetime that is assumed to be around 30 years.151 The high investments in combination with their 
long lifetime, i.e. their economical amortisation time, may be a factor that leads to investment barriers 
in new eco-efficient technologies (e.g. engines with new emission standards or other fuels, such as 
LNG) because this poses a business risks. But how can a ‘greening’ of the existing vessel structure in 
IWT be reached? At the same event where Kallas presented his keynote, Hans van der Werf also made 
a presentation152 proposing a modernising strategy that takes into account the size of the ship as well 
as the economic, ecological, and technological possibility of retrofitting. This approach may consider 
the more diversified entrepreneurial structure of IWT (e.g. the demographic structure of shippers and 
the lack of qualified staff). Retrofitting vessels is a technical approach to reduce NOx, PM, and SOx 

emissions, as proposed by den Boer. For example, Selective Catalytic Reduction (SCR) and Diesel 
Particle Filters (DPFs) may offer possible pathways, as discussed in the STOA interim report Del. 2b. 
In order to introduce an after-treatment technology as well as new innovation technologies into the 
existing vessel structures, den Boer suggests a variety of measures such as regulations (e.g. tighter EU 
emission standards, also for older vessels in IWT), economic instruments (e.g. incentives, 
taxation/funds), as well as initiatives and/or voluntary agreements.153 

LNG is also mentioned in the previous STOA report as a possible alternative propulsion system. The 
recently launched clean fuel strategy may be a further step to establish an innovation-friendly 
environment in order to offer the possibility to introduce alternative fuels and propulsion systems for 
IWT.154 In this context, the high uncertainties about price developments of all kinds of alternative fuels 
have to be mentioned, especially with regard to low sulphur fuels (LSFs) or liquefied petroleum gas 

148 See Spiegel international. Available at: http://www.spiegel.de/international/europe/dutch-study-dredging­
damaging-elbe-river-ecosystem-a-895853.html (access: 26/04/2013). 

149 See Kallas (2013). 

150 See EEA (2013); CE Delft et al. (2012) and den Boer (2011). 

151 See CE Delft et al. (2012); Maddox Consulting (2012). 

152 See Van der Werf (2013). Hans van der Werf is Secretary General of the Central Commission for the 
Navigation of the Rhine (CCNR). 

153 See den Boer (2011). 

154 See CEC (2013c); CEC (2013f), p. 4. 
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(LPG) and their possible impacts on operational costs (e.g. to pass the break-even point). Existing 
studies illustrate the high complexity in the modelling of these issues. As regards the competition 
between waterborne and road transportation, much attention should be paid to identifying possible 
negative modal shifts (rebound effects) and to prevent distortions of competition.155,156 Particularly in 
the case of new infrastructure projects, it is absolutely necessary to get a complete picture, i.e. 
knowledge of their direct as well as of their indirect environments, in order to investigate impacts (e.g. 
polluter-pays principle) with a long-term focus. Notwithstanding the possibility of a need for action 
regarding infrastructure (TEN-T initiative), the following recommendations concentrate on the most 
promising pathways in the context of eco-efficient transport. They are supporting fields of action in 
which the measurements should be understood as packages addressing technical, operational, and 
political actions: 

	 Supporting all measures to develop and introduce a secure, neutral, multimodal ICT 
transport network system (open interfaces) in order to increase load factors and 
multimodality (all modes); 

	 Forcing the introduction of technical innovations like alternative fuels and propulsion 
engines (e.g. LNG) via standardisation (e.g. EEDI – Green Ship Award) through smart-
incentive regulations (e.g. step-by-step modernisation of vessel fleets and retrofitting of older 
vessels with auxiliary techniques (after treatment techniques)); 

	 Resolving strategic infrastructure bottlenecks to increase multimodal freight flows (e.g. TEN­
T projects) and retrofitting (maintain, repair, and upgrade) infrastructure (e.g. bridges, locks, 
as well as tri-modality of ports/hubs with viable ICT and alternative fuel requirements) 

	 Accompanying and enhancing technical innovations by R&D to enable a better assessment of 
positive and negative impacts of action (as to prevent rebound effects) and to adapt smart 
regulations 

	 Bringing stakeholders together and closer to an eco-efficient logistics market (e.g. support 
education and qualification as well as communication from R&D) in all modes in order to 
create a broad range of acceptability for infrastructure projects.157 

5.10. Awareness of habit and attitude changes 
“For us in Karlsruhe the car is not that important anymore as it used to be, I think.” 

Participant of the German interview meeting that was conducted as part of the STOA project on 
urban transport (12.07.2011). 

User perceptions and attitudes are highly relevant if considering measures and approaches to eco­
efficient transport. During the workshop stakeholders argued that there is a need for a better 
understanding of people’s travel demands and user behaviour, not just as consumers but as citizens. It 
has been noticed that the industry could profit from a better understanding of the transport needs and 
behaviour in order to foster changes.  

155 Notteboom notes that this study was conducted from a purely economic perspective and further research 
should address its ecological impact in the overall emissions. Furthermore, he notes that if no backshift effect took 
place, the operational costs would be lower than calculated (cf. Notteboom 2011). 

156 See Lemper (2010); Notteboom (2011). 

157 See CE Delft et al. (2012), p. 155 ff., 169 ff. 
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Eco-efficient Transport 

In this project, two of the three scenarios explicitly consider user behaviour as a crucial element. To 
successfully foster modal split (scenario II) or to reduce trip length or volumes (scenario III) relies 
heavily on the users transport patterns and their willingness to and readiness for changing habits and 
routines. But also scenario I cannot be thought of without taking into consideration user preferences. 
E.g., when it comes to buying new cars that are cleaner or have even completely new propulsion 
technologies consumer decisions are also highly relevant. The consumers are the ones to accept or 
reject cleaner technologies, but other than decisions on the mode or trip length, these decisions are 
reflected more thorough and taken deliberatively. Daily transport behaviour is very much dominated 
by habits and routines. Habits and routines are behavioural patterns that, under ordinary 
circumstances, are repeated on a daily basis. They develop over longer periods of time and are usually 
carried out with very little conscious deliberation.158 Especially medium and long-term decisions 
(frequency, mode choice, times and speed) are often habitual. On the other hand, long-term decisions, 
such as vehicle ownership, the type of vehicle, or  the choice of residential location occur relatively 
rarely.159 

In transport research and related prospective analysis, the focus is often on the potentials and on the 
environmental performance of new technologies and infrastructures. There is no lack of ideas and 
visions of how sustainable urban transport futures could look like. These are often expressed in 
scenarios that illustrate the implementation of new technologies and organisational concepts in order 
to make transport cleaner, support a shift to more environmentally friendly modes of transport, or to 
contribute to a substitution of trips. Much can be found on the technical and economic presupposition 
and performance of such innovative approaches but, in general, less attention is put on the demand 
side, namely, on the attitudes and perceptions of the users or ‘consumers’ of the transport system. 
However, it is increasingly acknowledged that users matter.160 

And indeed, there is evidence that changes in transport related behaviour are happening, especially 
concerning long-term decisions. On the one hand, younger people in urban areas show a more 
pragmatic attitude towards cars and car ownership and they use the car significantly less compared to 
the same age group ten years ago. Car ownership and kilometres driven decrease in this age group in 
many industrialised countries161 On the other hand, the generation 60+ has a more active lifestyle than 
the generation before which is also expressed by an increase in private motorised transport usage.162 

Transport-related choices are more than rational economic decisions; decisions of where to go by 
which means of transport essentially depend on attitudes, perceptions, and on norms and values. 
Users matter for the success or failure of approaches towards sustainable urban transport systems. 
This is important to note since users are also consumers; and indeed, the stakeholders argued during 
the workshop that new transportation modes should be planned, developed, and implemented “closer 
to the costumers”. But transport users are also citizens that might vote for or against certain transport 
policies. In order to understand successful pathways to eco-efficient transport it is essential to take 
into account the dynamics in user behaviour as well as the users’ attitudes. Changes occur not only on 

158 See Jackson (2005). 

159 See Schlag & Schade (2007). 

160 See STOA (2012) for more literature. 

161 See e.g. STOA (2012); Vortisch et al. (2012); Kuhnimhof et al. (2012); Davis & Dutzik (2012); Institut für 
Mobilitätsforschung (ifmo) (2011); Frändberg & Vilhemson (2011); Sivak & Schoettle (2011); Fachhochschule der 
Wirtschaft – Center for Automotive (2010); tfactory (2008); Raimond & Milthorpe, (2010); Holz-Rau, Scheiner, 
Weber, & Klöpper (2010); infas and DLR (2010); Ruud & Nordbakke (2005). 

162 See e.g. Vortisch et al. (2012); Rosenblom (2001). 
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the supply side of the transport system, driven by new technologies, business models, and policy 
measures. There is evidence that also on the demand side flexibility and potential for changes is 
present, and further changes in user behaviour can also be expected in the future. 

5.11. Urban design 
“Better planning can help cities benefit from greater mobility as well as better air quality, reduced emissions, less 
noise and a healthier urban environment. Moving towards a sustainable and efficient transport system will help 

enhance mobility and at the same time reduce pollution and improve the quality of life for citizens.” 
Janez Potočnik, European Commissioner for the Environment (2012)163 

Scenario III of this project is about reducing the need for physical travel and about reducing distances, 
basically induced by a paradigm shift in land-use planning. During the workshop, stakeholders 
stressed that eco-efficient transport needs to consider what kind of cities Europeans want to live in – 
whether they are sprawled or compact and dense. European cities have traditionally been much more 
compact and dense compared to most cities in the US. However, today urban sprawl is also apparent 
in European cities, especially in southern, eastern, and central parts of the EU.164 The compactness and 
density of cities have major impacts on transportation systems and on the way people use these 
systems. Urban design can either reduce or increase the need or distance to travel. Implying that 
urban sprawl induces more transport, it can be assumed that changes in the built environment have a 
considerable effect on mobility patterns. 

In other words, urban forms and transport patterns are deeply intertwined. Different approaches of 
urban design and planning can assist in reducing travel demand. Key characteristics of sustainable 
urban structures are the distances from residential areas to city centres and to local facilities, mixing of 
land use, and the proximity to (public) transport networks. People who live and work in an urban 
environment with a suitable offer of public transport services within walking and cycling distance, 
tend to drive less than residents elsewhere (see Figure 19). 

Figure 19: Impacts on modal split in Portland, Oregon. Source: Ohland, G. and Poticha, S. (2006), 
cited in Litmann, T. (2009). 

163 Retrieved from: http://europa.eu/rapid/press-release_IP-12-966_en.htm?locale=FR 

164 See EEA (2006). 
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Eco-efficient Transport 

In European cities, especially transport between suburbs has increased. Distances between areas of 
low density are usually too long for walking or cycling and do not generate enough travel volumes to 
make public transport economically feasible. Suburbanisation has increased the use and necessity of 
private motorised transport.165 Urban planning must cater this development. A widely acknowledged 
planning strategy is “decentralised concentration”; the strategy aims at the improvement of existing 
infrastructures to suit the new framework conditions. It thus links the public demand for less dense 
living surroundings with the benefits of grouping together infrastructure and facilities.166 Urban 
planners are important stakeholders to reduce transport volumes. According to Banister it should be 
the intention to “design cities of such quality and at suitable scale that people would not need to have 
a car.”167 

Plannig for an accessible urban area is essential for realising sustainable transport as land use often 
determines travel behaviour for many years. Walkable streets and a good and convenient cycling 
infrastructure foster most directly access to most local destinations such as schools, work, transit 
stations, and to items for daily supply. Further, encouraging mixed land use that integrates 
residential, commercial, institutional, and recreational areas tends to reduce distances and thus to 
increase the relative efficiency of transport modes.168 

Increased regionalisation was a further aspect of this scenario meaning to produce goods closer to 
consumers. Many participants (42 %) answered not to know whether they found this development 
desirable or not, but five stakeholders found it desirabe or very desirable, compared to two who found 
it very undesirable or undesirable. The claim for a better integration of land-use and transport 
planning as well the related idea of decentralised concentration surely are not relally new appraoches. 
In many countries such approaches are discussed since decades.169 However, it should be underlined 
here that such approaches are unavoidable to achieve long-term efficiency of the entire transport 
sector. These approaches need strong long-term political support. This should support be easlily 
possible since they seem top be compatible with nearyl all poltical agendas. Furthermore, it can be 
observed that new ideas are emerging that can support a reduction in trip length. One measure to 
reach greater regionalisation is urban agriculture or urban  farming. The  idea behind it is to move  
agriculture from the urban fringes to the centres, to rooftop gardens, backyards and balconies. 
Another example is vertical farming, technologically sophisticated skyscrapers several stories high 
situated at the heart of city centres that generate their own power from waste and cleaned sewage 
water.170 

Of course, most policy measures are applicable at a regional level, but also the EU and national levels 
can promote sustainable urban designs. For example encouraging knowledge exchange and good 
practice guidance at all levels is something the EU is supporting and should further support. The EU 
could also promote sustainable urban designs through incentives, subsidies, taxes and funding 
programmes, e.g. by linking EU transport subsidies to sustainability guidelines to support integrated 
land-use planning at local levels or by offering assitance for new pilot projects.171 

165 See Pucher & Lefèvre (1996). 

166 See European Conference of Ministers of Transport (ECMT) (2002). 

167 Banister, D. (2008), p.74. 

168 See STOA (2012). 

169 See, for exmaple, Banister 2002 

170 See Despommier (n.a.). 

171 See CEC (2004) 
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5.12. Mobility pricing 
“What was amazing was nothing went wrong. […] The only real problem we had were the buses were all 

running so ahead of schedule they had to wait at the bus stop for a couple minutes.” 
Ken Livingstone, former mayor of London, 10 years after the successful introduction of London’s 

congestion charging system172 

In the workshop discussion among stakeholders it was mentioned several times that also mobility 
management was needed to achieve more eco-efficient transport. However, there were definitely 
different opinions among stakeholders on how mobility management should look like. For example, 
the main controversies emerged on measures restricting car transport in urban areas. One of the 
potentially most effective and maybe also most controversially discussed approaches were pricing 
schemes for controlling or “managing” transport flows. Therefore, this approach was selected as a key 
area.  

Fair and efficient mobility pricing can help to achieve the most “efficient” choices in transport 
behaviour. While different forms of road pricing are common by now (cf. e.g. the London congestion 
charging system introduced in 2003), mobility pricing approaches that cover all transport modes are 
more sophisticated and more ambitious. They can help to achieve modal shift to more efficient modes 
of transport (cf. scenario II) as well set conditions and incentives to decrease transport needs and to 
reduce trip lengths efficiently (cf. scenario III). 

In densely populated areas, mobility pricing can reduce congestion and thus lead to higher average 
speeds in road transport, resulting in reduced travel time.173 Road pricing can also contribute to 
improved air quality in cities and help to reduce casualties.174 

Figure 20: Stockholm: Congestion charge pricing list. Source: Castleman (2007). 

Directly reflecting the starting point of mobility pricing – that there is an imbalance between users’ 
costs of mobility and the social costs of mobility, including externalities – mobility pricing also implies 

172 Cited in Timms (2013). 


173 Beevers &Carslaw (2005a)
 

174 Atkinson et al. (2009); Beevers & Carslaw (2005b) and Li, Graham & Majumdar (2012) 
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that “optimal transport demand is below current demand”175 and its application will therefore 
consistently lead to reduced transport demand. 

This leads to difficulties and burdens in the actual application of mobility pricing schemes. Viegas 
pointed out that the rationale of social marginal cost pricing is difficult to explain to the public but he 
also expressed that the various – today easily available – electronic pricing technologies might help to 
overcome this problem, as the electronic systems can offer flexibility and transparency.176 The 
importance of acceptability of road and mobility pricing schemes has therefore been widely 
discussed.177 Vold points at the need to take unevenly distributed burdens into account and to 
consider parameters of acceptability when designing mobility pricing schemes as costs and benefits of 
such schemes are not evenly distributed among the affected people.178 Referring to the case of the road 
pricing trial in Stockholm in 2006 preceding the final introduction (cf. Figure 20), Hamilton shows the 
complexity of decision processes during the introduction of mobility pricing schemes including 
technical questions, system costs, social acceptability, and political processes intermingling.179 The 
question of revenue use, for example, can be crucial for the acceptance of a system as spending the 
revenues within the transport system (as opposed to revenues feeding general budgets) is likely to be 
more acceptable for the users.180 On the European level, the public consultation on “Charging of the 
use of road infrastructure” showed as well that there is indeed great support for the implementation 
of the ‘user pays’ and the ‘polluter pays’ principle.181 On the other hand, the consultation shows that 
there is less acceptance for congestion charging and transparent use of revenues or that even a 
respective consultation is strongly required. Yet, there remains a trade-off between an easy acceptance 
of mobility pricing schemes and their actual efficiency. This reflects the transport system’s challenges 
to be tackled by these mobility schemes. Additionally, policy packages that intelligently combine 
policy measures are needed. 

Despite all difficulties, the study of de Groot and Steg states that affected people do indeed value 
compensating effects (e.g. improved environmental quality, less noise) opposed to the financial 
burdens arising from mobility pricing, subsequently leading to a reduction of a perceived loss of life 
quality through mere costs.182 

When applied in a reasonable manner, mobility pricing can therefore play a significant role in 
achieving an eco-efficient transport sector, avoiding socially unacceptable side-effects and applying 
market-based mechanisms. This can be brought in line with the European Commission’s call for “full 
application of ‘user pays’ and ‘polluter pays’ principles”183. 

175 Proost & Van Dender (2008), p. 1220. 


176 Viegas (2001), p. 289. 


177 See Schade & Schlag (2003). 


178 See Vold (2006). 


179 See Hamilton (2011). 


180 Schuitema & Steg (2008), p. 221. 


181 See Skinner (2012) 


182 See Groot & Steg (2006), p. 468. 


183 CEC (2011a)
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6. Conclusions 

Transport is a complex system that is triggered by various kinds of demand, by different preferences 
and by different interests. A broad range of approaches towards more eco-efficiency was highlighted 
during this project. Here, eco-efficiency is understood as gaining access to a specific activity/purpose 
(working, shopping, recreation, etc.) with a smaller ecological footprint. General quality of life and 
economic wealth should explicitly not be reduced (see deliverable 1 of this project). 

Three scenarios have been utilised to illustrate that the different approaches can have strong impacts 
on the eco-efficiency of the transport system. All three scenarios would be able to reach the 2011 White 
Paper targets on CO2 emissions, but in very different ways. Scenario I relies strongly on technologies; 
in scenario II cleaner technologies also play a significant role, but even more important are the strong 
efforts towards modal shift. In contrast to scenario I, this scenario induces changes that directly affect 
travel patterns, meaning that – to a certain extent – goods and passengers would have to use different 
modes of transport than in the REF scenario. Scenario II appears to be more flexible and “robust” in 
comparison to the first one, since there is higher variability in the choice of assumptions and 
measures. However, in both scenarios the reduction of CO2 emissions depends heavily on 
developments in the energy sector. The provision of “clean” energy is crucial for the overall eco­
efficiency.  

Scenario III is of a completely different character; many parameters are similar to the REF (reference 
scenario), but the amount of physical transport is heavily reduced. There is not as much focus on 
technological progress – apart from the general optimistic assumptions on technological 
developments in the AFS. To a large extent, the reduction in CO2 emissions is achieved through an 
extreme reduction in transport-related energy consumption (93 Mtoe/y compared to 178 Mtoe/y in 
the AFS and 320 Mtoe/y in the REF). The achievement of CO2 reduction comes closer to a WTW 
calculation. The “success” of this scenario is not very dependent on developments in the energy 
sector. The reduction of transport volumes is accompanied by other benefits in terms of eco-efficiency: 
fewer raw materials are used, emissions other than CO2 are also reduced and less waste is produced. 
However, just reducing volumes would be a much too simplistic approach and not in line with the 
concept of eco-efficiency as applied in this project. It was stated in the stakeholder workshop that this 
scenario contradicted the idea of moving goods and people freely in a single European market. On the 
one hand, it was also argued that mobility management was needed to achieve more eco-efficient 
transport and that there was a need to think about the point of origin of consumer goods. The 
desirability and acceptability of the scenario were questioned, since the impacts on economic wealth 
and quality of life are likely to be negative. The crucial question that has been addressed by scenario 
III is the extent to which transport can be avoided without endangering other societal goals. Some of 
the measures in this scenario illustrate how this might become feasible. Aspects of virtualisation are 
still comparatively new to society and it is not yet clear what future developments in this area will 
hold for the transport sector. Fast changes and progress are not unlikely in this field. On the other 
hand, there is broad consensus regarding the need for more integrated transport and land-use 
planning to reduce the distances travelled (which is usually accompanied by saving time and thus an 
increase in the quality of life). But in contrast to the high dynamics in the strongly market-driven field 
of ICT and virtualisation, altering land-use structures requires time, a strong and persistent political 
will and corresponding policy goals. Still, eco-efficient land use and transport planning brings 
significant benefits regarding different aspects and should therefore be treated with higher priority on 
the agendas of all political levels. 
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There is often a strong focus on fuels and propulsion technologies when it comes to eco-efficient 
transport. The related but broader term “sustainable transport” is also frequently equated with more 
efficient and cleaner vehicle technologies. The findings from the scenarios and the stakeholder 
consultation underpin the importance of fuels and propulsion technologies. A shift to non-fossil fuels 
was mostly seen as a must for achieving more eco-efficient transport. However the findings from the 
project clearly point to two shortcomings linked with the focus on fuels and propulsion: 

Firstly, non-fossil fuels are not necessarily eco-efficient. Also for non-fossil fuels, it is crucial to take the 
whole life cycle of the fuel into account. BEVs and FC vehicles play a crucial role in achieving the CO2 

target in scenarios I and II. But it was discussed at the workshop and illustrated in key areas 1–3 that 
the eco-efficiency of an energy carrier strongly depends on its WTT balance. Hydrogen or electricity is 
only as clean as the energy used to produce it. The same is true of biofuels, which need to be treated 
rather cautiously, since the cultivation, processing and transport of biofuels can be significantly 
criticised in terms of eco-efficiency. The potential for “clean” biofuels is definitely limited and it is not 
necessary to use them in the car sector, where other alternatives are available. Furthermore, the 
example of electric mobility described in key area 2 shows that an LCA perspective is needed to 
properly assess the eco-efficiency of an approach. This is generally costly and time-consuming. 
However, such a systemic perspective is unavoidable in order to provide orientation for an eco­
efficient transport policy. The high relevance of the WTT balance underpins the fact that the fields of 
energy policy and transport policy are merging more and more. With hydrogen, FCs and also biofuels 
gaining in importance, energy policy is becoming increasingly essential for the eco-efficiency of the 
transport sector. 

Furthermore, it was discussed that infrastructures for new fuels and propulsions technologies are 
needed in order to foster the market penetration of these technologies. The European Commission and 
the European Parliament recently published the proposal for a “Directive on the Deployment of 
Alternative Fuels Infrastructure”.184 It is surely cost intensive to apply a broader strategy, taking into 
account potential developments in hydrogen, batteries and also in second- or third-generation 
biofuels. However, as was pointed out in key area 3, it seems to be reasonable to pursue only  
strategies that do not “lock out” any of these technologies. It has not yet been decided whether 
hydrogen, electricity stored in batteries or some variety of biofuel will be the fuel of the future. All 
have pros and cons and there might well be a coexistence of different approaches, which would mean 
a diversification of infrastructure. The major problems are the costs involved in such a strategy and 
the fact that they can hardly be fully privatised at present (since it is not yet clear what the fuel of the 
future will be). However, as the scenarios illustrate, a substitution of fossil fuels in the transport sector 
and, consequently, also in the energy sector is needed to enable a transition towards more eco-efficient 
transport.  

Secondly, too strong a fixation on fuels and propulsion technologies conceals the fact that most 
dynamics in the transport sector are actually triggered by technological developments in another field: 
ICT. In this field, changes have already been established, various new approaches are emerging and 
the potential for new developments supporting eco-efficiency is far from being fully tapped. 

Policies need to be much more oriented towards these ICT-related options; several of them were 
incorporated in the scenarios, discussed in the workshop and taken up in several key areas. Support 
for improved logistics and cross-linked passenger transport are even more necessary. Approaches are 
already visible, but there is the danger of building islands, isolated approaches that are not sufficiently 
interconnected and adapted to each other. Harmonised concepts and standards are needed to push 

184 CEC (2013d). 
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the progress of ICT in the transport sector. Related services are currently deployed on a fragmented 
basis in Europe. Some issues need to be addressed from a European perspective, in order to avoid the 
emergence of a patchwork of ITS applications and services and attain interoperability of services and 
systems, geographical continuity and standardisation. Pan-European applications should be 
facilitated, as well as secure, accurate and reliable real-time data and an adequate coverage of all 
modes of travel. The European Commission ITS action plan185 provides a good basis for such activities 
in this field. But it also highlights the need to create adequate – and more binding – framework 
conditions to accelerate and coordinate the deployment of ITS.186 

Furthermore, a broad range of bottom-up approaches are emerging, and new business models – such 
as car-sharing, free-floating or private-vehicle sharing, bike-sharing or dynamic ridership – are 
described in key area 7 to illustrate that these approaches are becoming increasingly widespread. Even 
though they do not yet have substantial modal split shares, they show continuous and stable growth 
rates. Additionally, it is a highly dynamic and innovative field, with new ideas emerging rapidly. 
Business models like these have the potential to increase eco-efficiency in the sense of scenario II, by 
offering an additional option for flexible intermodal transport chains. Approaches such as car-sharing 
are frequently discussed in terms of enablers for alternative propulsion technologies, since they enable 
users to choose a specific vehicle for a specific purpose. In doing so, business models like these also 
support the leading strategy of scenario I. 

Most of these approaches are based on private initiatives and private investments, not much public 
money is involved in this field. Policy strategies to foster such approaches can be both low cost and 
effective at the same time. There is no need for expensive infrastructures or for subsidies. Effective 
support can be given through: 

	 authorisation to enter congestion charging zones (as practised in London), 

	 reserving parking spaces in inner cities and near train stations, 

	 authorisation to drive in bus lanes, 

	 the public administration’s participation in such schemes, instead of running their own 
vehicle fleet, 

	 encouraging local companies to also take part in such schemes, instead of running their own 
vehicle fleets.  

Such measures are closely related to the field of mobility management, which was also raised as an 
important issue in the workshop discussion with stakeholders. The alternative would be to rely purely 
on cleaner technologies for achieving eco-efficient transport. Mobility management is about actively 
trying to influence the modal spilt or transport volumes, e.g., by carrying out information campaigns, 
organising services or coordinating the activities of different partners. Influencing the demand for 
private motorised transport is a key element in scenario II and scenario III. There was a broad 
consensus amongst the stakeholders that scenario II was the most meaningful one in terms of eco­
efficiency. The main argument for this was its greater flexibility, and thus robustness, since it is based 
on different strategies. Several stakeholders argued that elements of scenario III would also be needed 
to cope with future challenges. In this context, the term mobility management was usually mentioned 
in order to express the need for strategies focusing on the development of transport growth. However, 
there were definitely different opinions amongst stakeholders about what mobility management 

185 CEC (2008a). 

186 See also DLR & KIT (2010). 
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should look like. For example, the main controversies emerged in relation to measures restricting car 
transport in urban areas. This was mainly triggered by thesis 3, on zero-emission zones, as well as by 
thesis 6, which assumes a modal share of 75% for non-car-based modes in urban areas in 2050. The 
majority welcomed these approaches, but there were clear critical voices as well, pointing out negative 
consequences for the economy. Controversial opinions related to desirability and impacts were also 
characteristic for thesis 7, which deals with the road-charging system. It can thus be concluded that 
there was a broad consensus on the need for transport management, but there was no clear consensus 
on how it should be applied. 

Among the most desirable measures were those related to technological development and modal shift. 
The feasibility and desirability of alternative fuels for the freight sector and progress in battery 
technologies were assessed rather positively. Another thesis that was rated with both high feasibility 
and desirability was integrated ticketing (thesis 5). To a lesser extent, a relatively high desirability and 
feasibility can also be identified for thesis 12, involving tele-working, tele-shopping, etc. 

Thesis 9, on harmonised standards for rail, was assessed as rather uncertain but highly desirable. 
Difficulties related to shift are highlighted in two of the key areas. 

The recently published communication on the fourth railway package187 emphasises a strategic, 
integrated approach in the rail sector. The relevance of non-technical barriers is emphasised. A shift to 
rail was considered desirable or even very desirable by most of the stakeholders, but opinions on its 
feasibility differed considerably. When these findings are taken together with the support for scenario 
II, the importance of harmonisation in the rail sector becomes even clearer. It seems as if this high level 
of relevance for European transport policy is poorly reflected in the public and political debates of the 
European member states. There is no clear “paradigm” for modal shift to rail. It will require further 
research to analyse the reasons for this and to assess whether this can be changed. The shipping sector 
(maritime and inland) is even less prominent in public debates, since this mode is of only minor 
relevance for passenger transport in many countries. However, political agendas should also be 
targeted more towards tapping their respective potential. 

It can be concluded that rather different kinds of policy approaches emerge from the scenarios and 
from the stakeholder discussion: 

	 Basic research: There is definitely a need to push forward the development of technologies. 
For example, basic research is needed in relation to the development of technologies for 
mobile energy storage as well as new options for generating biofuels. The commercialisation 
of alternative fuels and propulsion technologies was assessed as desirable in the stakeholder 
consultation.  

	 As regards technologies, more attention should be paid to the development and application of 
ICT. There is a huge potential to further improve eco-efficiency with the help of ICT. It is an 
extremely dynamic area. The potential of this field is far from being fully tapped. ICT can be 
an enabler for new business models and more flexible mobility patterns, but also for electric 
mobility. 

	 Systemic perspectives are needed to assess eco-efficiency. There is a need for LCA, in order to 
assess the full ecological footprint of individual technologies or approaches. However, 
systemic perspectives that assess the relevance and impacts of approaches in a broader 
context are also of high relevance. For example, an assessment of new energy carriers needs to 

187 CEC (2013d) 
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take into account their potential role in the energy system as well. The linkages between 
different technology fields need to be addressed. This could mean developing cross-cutting 
roadmaps that cover developments in the energy, transport and ICT sectors. 

	 The scenarios and the stakeholder consultation illustrate that many developments are 
impeded by uncoordinated political actions and a lack of political vision. It was underpinned 
that non-technical factors are, in many cases, the reason for the hampering of eco-efficient 
transport’s success. A striking example is the shift to rail, which was assessed by the 
stakeholders as highly desirable but hard to  realise. Harmonised standards and regulations 
are needed in various fields. 

	 One highly crucial issue for optimising transport in the long term is a better integration of 
land-use planning and transport planning. It is highlighted in the key area on “urban design” 
that this is particularly true for urban agglomerations. 

	 Furthermore, it is highlighted several times that there is a need to better understand the 
consumers/users of the transport system. There was a broad consensus during the 
stakeholder consultation that the measures applied in scenario I are not enough. This means 
that, to a certain extent, behavioural changes will be needed in order to achieve sustainable 
transport. It is illustrated in one of the key areas that mobility patterns and related preferences 
and attitudes are not static, but show dynamics. It is crucial to take these dynamics more into 
account in scenarios on the future of European transport; however, they also need to be more 
fully taken into account in transport policy strategies. A basis for this would be offered by 
more research on the dynamics of users and customers’ transport-related perceptions and 
attitudes.  

Furthermore, in the STOA project on urban transport it was illustrated that more general societal 
paradigms are relevant for the political and societal acceptance of transport policies.188 The paradigm 
of sustainable transport is deeply embedded on a programmatic level within the transport sector. It is 
a central objective for many mobility plans and it has been accompanied by many promising 
approaches. Recently, global competitiveness has become a paradigm of increasing relevance – for the 
transport sector, as well. It will be crucial to increasingly highlight the relationship between eco­
efficiency and competitiveness to gain acceptance for eco-efficient policies in the future.  

Last but not least, it should be emphasised that new and emerging technologies need to be taken into 
account: this does not mean falling into a technology-fixated attitude, however, recent decades have 
proved that the emergence of unexpected developments have had a significant influence on transport 
and also on the energy sector. The development of the Internet and mobile phones are oft-quoted 
examples. The unexpected catastrophe in Fukushima triggered the phasing out of nuclear power and 
a new paradigm for designing the energy system in Germany. So-called “radical innovations” have 
proved to display considerable impact on society in general and on economic growth and quality of 
life in particular. However, radical innovations, in particular, are often not anticipated by society and 
decision makers. It is highlighted in the respective key area that autonomous driving-related 
developments might considerably change the transport system. But the stakeholder consultation 
reveals that there is still a high degree of uncertainty regarding the potential impacts of that approach. 
Thus, foresight processes accompanied by technology assessment are needed for scanning the 
development of new and emerging technologies and concepts, particularly when they have the 

188 See STOA (2012b). 
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potential to become relevant on a systemic level. There is definitely a need for further science and 
technology options assessment in the field of transport and beyond. 
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 Previous Deliverables of the project 

Deliverable 2: 
STOA (2011a): Eco-efficient transport. Deliverable 2: Interim report on potentials of technologies and 
concepts supporting eco-efficient transport. Brüssel: European Parliament/Science and Technology 
Options Assessment (STOA) 2011 (IP/A/STOA/FWC/2008-096/LOT2/C1/SC10) (ETAG - European 
Technology Assessment Group (STOA-ETAG)). Authors: Schippl, J.; Puhe, M.; Meyer, S.; Edelmann, 
M. (2011). 
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Assessment (STOA) 2011 (IP/A/STOA/FWC/2008-096/LOT2/C1/SC10) (ETAG - European 
Technology Assessment Group (STOA-ETAG)). Authors: Schippl, J.; Edelmann, M. (2011) 
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(STOA-ETAG)). Authors: Schippl, J.; Edelmann, M; Puhe, M; (2012) 

Deliverable 4: 
STOA (2013): Eco-efficient transport. Deliverable 4: Stakeholder Consultation. Brüssel: European 
Parliament/Science and Technology Options Assessment (STOA) 2011 (IP/A/STOA/FWC/2008­
096/LOT2/C1/SC10) (ETAG - European Technology Assessment Group (STOA-ETAG)). Authors: 
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Availability 

Deliverables 2, 2b, 3 and 4, area available online at the STOA homepage at: 
http://www.europarl.europa.eu/stoa/cms/home/publications/studies 

Deliverable 1 is an internal document and not publicly available. 
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