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Abstract 
 

This study highlights the economic aspects of sustainable mobility by analysing 
ten bundles of eco-innovations, i.e. policy instruments which positively enhance 
the environmental dimension of transport/mobility making the latter more 
sustainable. They comprise instruments of different types (e.g. regulatory, 
organisational) and across different modes and are described and analysed within 
an analytical framework which presents their economic as well as transport, 
environmental and market failure impact. With regard to the former qualitative 
evidence in principle points to an increasing awareness on the economic potential 
of these eco-innovations, while quantitative evidence, if available, privileges the 
perspective of the single user and the industry. Findings of the literature review 
are complemented by an online survey among practitioners, policy makers and 
experts.  
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EXECUTIVE SUMMARY 
 

Aim 

The main aim of this study is to describe, analyse and - where possible - provide a 
quantitative overview of the economic effects of a series of eco-innovations relevant with a 
view to sustainable mobility. Based on a sound methodological approach, empirical 
evidence and the results of existing studies, a list of ten such eco-innovations was proposed 
to the European Parliament. This list comprises an inter-modal variety of eco-innovations 
and covers both freight and passenger transport. Based on the findings of the study, 
recommendations and advice for policy makers are provided. 
 
Background 

The European Union (EU) is currently adjusting its policy framework. The Lisbon Agenda 
from the year 2000 has been superseded by the so-called Europe 2020 Strategy of 2010. 
This strategy follows a more balanced approach with the three dimensions of sustainability 
(economic, ecologic, social) featuring among the top three priorities: 
 

 Smart growth (economic, ecologic) 

 Sustainable growth (ecologic, economic) 

 Inclusive growth (social). 

 
Transport policy in the EU during the next decade will be shaped by the new Transport 
White Paper Roadmap to a Single European Transport Area – Towards a Competitive and 
Resource-efficient Transport System, which was published by the European Commission in 
March 2011. The White Paper describes a vision of the future sustainable transport system 
and important elements thereof, and includes a long list of 131 initiatives that should be 
implemented in the next decade(s). 
 
The most important target of the Transport White Paper is to decrease the greenhouse gas 
emissions (GHG) of transport by at least 60% until 2050 compared to 1990, while 
maintaining a competitive and resource-efficient transport system. By meeting this target, 
the transport sector would support the European objective of reducing the GHG emissions 
of the whole economy by 80 to 95% until 2050 compared to 1990. 
 
When the White Paper was published, the EU was still facing the ongoing impacts of the 
economic and financial crisis of 2008/2009. This makes it even more important to consider 
the economic effects of policies to promote sustainable mobility, since ideally such policies 
would also support the recovery from the economic crisis, even though, in the first 
instance, the crisis seems to be a consequence of structural failures in the economic and 
financial systems and not in the mobility/logistics sectors. 
 
Looking at the economic effects it has to be considered that economic analyses in the 
transport sector usually focuses on two approaches: (1) If new transport infrastructure or 
general policies like road charging are to be assessed, a cost-benefit analysis (CBA) is 
performed, which applies a transport network model and usually generates the highest 
impacts from a user perspective, i.e. time savings or cost changes due to charges or taxes 
paid by the transport users (individual user and industry). (2) In recent years an 
alternative approach has gained importance due to the growing need to assess the impacts 
of new transport technologies, deployed e.g. to reduce GHG emissions. This approach 
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focuses on the total cost of ownership (TCO) of owning and using a vehicle and usually 
estimates the balance between increased investment costs and decreased energy costs 
from a user perspective (e.g. due to more efficient technologies deployed to save energy). 
However, the user perspective may neglect significant indirect effects that are relevant for 
actors and levels other than the transport users, e.g. the macro-economy, the distribution 
of impacts across social groups or across regions, global competitiveness. 
 
When considering the economic aspects of eco-innovations in this study, therefore, it 
turned out that one focus of analysis is to challenge the basic assumption that the user 
perspective is the right and comprehensive basis for policy making concerning sustainable 
mobility. A second focus is to analyse whether an eco-innovation can help to relieve market 
failures and which of these failures can be addressed by a specific eco-innovation. 
 
Methodology 

The study builds on the concept of eco-innovations to select potential measures to promote 
sustainable mobility for analysis. Such eco-innovations should alleviate the environmental 
impacts of transport, but this is not necessarily their main purpose. Building on this 
understanding of eco-innovations, the following methodological steps were carried out as 
reflected in the different chapters: 

 First, in chapter 1 the policy background is briefly described and in chapter 2 
important terminology (e.g. sustainable mobility, eco-innovations) was clarified and 
a general overview of the causes of market failures that could be addressed by eco-
innovations provided. 

 Second, based on a compilation of transport analyses and transport policy studies, 
various eco-innovations are assessed and the ten most important eco-innovations 
are analysed in detail in chapter 3. This involved: 

 The elaboration of a common analytical framework comprising a description of 
the eco-innovations and of the impacts on transport, the environment, the 
addressed market failure, the economy and, if applicable, also the specific 
effects of a particular eco-innovation. 

 The assessment of the ten eco-innovations along the lines of the analytical 
framework. 

 Third, an online survey was conducted to confirm or reject the selection of the most 
important eco-innovations. The survey involved scientists as well as stakeholders of 
the transport sector, including transport users and policy makers. Highlights of the 
online survey are included in chapter 3, while complete results can be found in 
Annex III. 

Analysis and findings 

Table 1 lists the ten major eco-innovations analysed by the study numbered consecutively 
from M1 to M10. They include a mix of general, urban and long distance measures as well 
as all modes, including the non-motorised modes. Both passenger and freight transport are 
addressed and a variety of instruments has to be applied to implement the eco-innovations. 
 
These eco-innovations can either be implemented directly by an appropriate instrument, or 
indirectly by establishing framework conditions that foster the market uptake of a specific 
eco-innovation. In most cases a multiple instrument strategy will have to be applied 
consisting of instruments like taxes and charges, certificate systems, regulation and 
standardisation, information, labelling, marketing, fostering new technology, planning and 
infrastructure financing. 
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Table 1: 10 major eco-innovations to promote sustainable mobility 

No. Area Focus Mode Measure promoting sustainable mobility Instruments 

M1 P + F General Road CO2 efficiency standards for road 
vehicles (i.e. cars, light trucks, heavy 
trucks) & accompanying package 

Standards, 
tax&charge, 
information 

M2 P + F General All, 
road 

Internalisation of external cost by (road) 
user charges – re-engineering of transport 
taxation 

Tax&charge, 
certificates 

M3 P + F General All Carbon-neutral fuels: e-mobility for road 
vehicles (i.e. includes hybrids, pure battery 
electric vehicles, hydrogen fuel cell 
vehicles), biofuels/biomass/biogas in 
particular for air 

Technology, 
regulation 

M4 P + F General Road, 
rail 

Promoting driver training, logistics 
training & education and adjusted 
operation control systems 

Information 

M5 P Urban Road, 
PT, 
NMT 

New multi-modal, barrier-free urban 
mobility concepts creating the “fifth 
mode”, intermodal and interoperable e-
ticketing 

Standards, 
technology, 
marketing, 
planning 

M6 P Urban NMT Visionary planning of walking and 
cycling in visionary cities - pilot projects for 
carbon-free urban mobility 

Planning, 
information 

M7 P Long 
distance 

Rail High-speed rail backbone network 
including connection to regional networks 

Planning and 
financing, 
tax&charge 

M8 F Long 
distance 

All Cooperative logistics – optimisation of 
logistics in company networks 

Information, 
technology 

M9 F General Road, 
rail, 
ship 

Freight intermodality of ship-rail-road, 
barrier-free, web-based multimodal 
promotion, integrated trimodal transport 
chains and elimination of bottlenecks 

Planning, 
information, 
technology 

M10 F Long 
distance 

Ship Clean maritime shipping - operational and 
technical measures 

Regulation, 
technology 

P = passenger transport, F = freight transport, PT = public transport, NMT = non-motorised transport 
Source: own compilation 

 
The impacts on transport of eco-innovations can include avoided transport, shifted 
transport and improved transport. Avoided transport means either avoiding travelling 
completely, or reducing the distance of a trip by choosing a different destination. Shifted 
transport means choosing a more environmentally-friendly transport mode, and improved 
transport refers to measures improving transport efficiency, e.g. by increasing the load 
factor of a vehicle. In certain cases e.g. when cost impacts on TCO balance out, an eco-
innovation may not have any transport impact at all. 
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The environmental impacts of eco-innovations in transport fall under at least one of the 
seven following categories: climate impact of GHG emissions, air pollution, noise, energy 
and material resources demand (upstream and downstream impacts), accidents, impacts 
on nature and the landscape as well as urban separation. Usually, an eco-innovation will 
address more than one of these environmental impacts at the same time. 
 
The economic impacts of sustainable mobility can be analysed and measured from six 
different perspectives: user (individual user and industry), sectoral, macro-economy, 
societal, distributional, authority and government. Assessment methods differ for the 
different perspectives, as do their results. 
 
Stakeholders from the transport industry and consumer organisations tend to focus on user 
costs when discussing transport policies. The usual argument is that cost reductions are 
positive economically as they reduce production costs and increase competitiveness, or 
reduce transport expenditures leaving room for other forms of consumption. Looking at the 
other side of the coin and applying the same simple economics, the cost reductions will 
increase the demand for transport, which in turn will increase the negative environmental 
impacts of transport, and possibly, depending on the area, also may lead to greater 
infrastructure scarcity and thus congestion. Considering sustainability when making policy 
choices means deviating from a one-dimensional assessment objective (e.g. the traditional 
focus on reducing user costs) and taking further dimensions into account. 
 
A similar caveat holds for the welfare perspective which builds on conventional transport 
cost-benefit-analysis (CBA) and largely generates benefits from travel time savings. This 
approach also needs to consider the impacts on economic growth, distribution and 
government budgets as further economic aspects of sustainable mobility. This position has 
also been supported very recently by the International Transport Forum (ITF), which 
emphasised that “the appraisal techniques of transport investments need an overhaul, with 
more of an emphasis on growth and employment than in the usual techniques of cost-
benefit analysis and multi-criteria analysis” (ITF 2011b, p. 8). 
 
A few figures should illustrate the economic impacts of sustainable mobility from different 
perspectives. Taking the user perspective and estimates of CO2 abatement costs for three 
different measures reveals a broad range of outcomes: setting CO2 emission standards for 
new cars to 130 gCO2/km in 2012 results in an abatement benefit of 100 €/tCO2 for 
German car owners between 2008 and 2020. In contrast, the abatement cost for biofuels 
in 2020 would be in the range of 132 to 322 €/tCO2 saved. For maritime shipping, it is 
estimated that 28% of CO2 emissions here can be saved by slow steaming at an abatement 
cost of 0 €/tCO2. It must be emphasised that the exact figures are strongly influenced by 
several parameters like oil price assumptions, the chosen discount rate or the effects of 
technology learning. 
 
Findings related to the welfare perspective can be reported for the impacts of investments 
in walking and cycling measures, for which cost-benefit ratios between about 3 and 14 and, 
in outstanding cases, even up to 30 are estimated if the full impacts (e.g. improved health) 
are included. Taking the macro-economic perspective and looking again at setting CO2 
emission standards for cars in Germany, we find that GDP could be increased by EUR 30 
billion in 2020 while consumers would spend EUR 79 billion less on fossil fuels over 12 
years. A significant share of this saving, however, would be reduced fuel taxes, potentially 
leading to drastic consequences from the government’s revenue perspective. 
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Recommendations  

Our analysis of eco-innovations reveals that a multiple instrument strategy is required to 
foster sustainable mobility and to reap positive economic impacts. The three most 
important eco-innovations, according to both our own analysis and the online survey 
respondents are setting CO2 efficiency standards for road vehicles, internalising external 
costs and introducing carbon-neutral fuels to the transport sector. In the latter case, 
e-mobility is proposed for the road transport sector, while biofuels seem particularly 
relevant for air transport. These three eco-innovations share the common characteristic 
that they can be directly implemented by policy decisions, i.e. setting standards, defining 
tax levels or quotas for biofuel use, in particular for air transport, and the latter 
accompanied by dedicated R&D programmes. 
 
This policy bundle creates synergies between the individual policies and will reduce the 
local and global environmental impacts of European transport. It will drive forward 
technology progress in vehicles, engines and fuel technologies and will increase energy 
security, both of which in turn should improve the competitive position of Europe. 
 
A more radical, but also important, policy bundle consists of developing new urban mobility 
concepts – the “fifth mode” and the promotion of walking and cycling in visionary cities. 
Both focus on urban areas and address behavioural change. These eco-innovations also 
require the development of new technologies, for instance, small electrified urban vehicles, 
or unified and standardised integrated systems for information, reservation, usage and 
billing of the fifth mode. Here, the EU will have an important role to play concerning the 
standardisation of the integrated system, so that it can be used throughout Europe instead 
of ending up with a fragmented technical solution that differs from region to region. 
 
The list of major eco-innovations also contains a different type of eco-innovation whose 
implementation strongly depends on adapting processes within industry. Examples include 
eco-driving and operation control systems, cooperative logistics and trimodal freight inter-
modality. Direct policy implementation does not seem feasible for this type of eco-
innovation. Instead, policy-makers would be required to establish framework conditions 
enabling new forms of cooperation so that shippers and the transport industry could work 
together to overcome barriers and increase cooperation as opposed to competition and 
monopolisation. 
 
The economic aspects of sustainable mobility can be assessed from six different 
perspectives: user, sectoral, macro-economy, societal, distributional, authority and 
government. Assessment results may differ depending on the perspective taken. 
Assessments based on the user perspective usually dominate the discussions and decision-
making. One reason is a dearth of studies in the transport field taking the macro-economic 
and distributional perspectives in order to capture the complete picture of economic 
impacts. Examples of such studies can be found in the climate policy field, which underpin 
the concept of a Green New Deal. Similar studies on indirect effects and systemic impacts 
of innovations should be done in the transport policy field. 
 
In summary, the economic aspects of sustainable mobility are undoubtedly relevant for 
making policy choices. Assessing the indirect and long-term effects of transport eco-
innovations properly should reveal that, in most cases, long-term benefits outweigh 
potential short-term losses. Thus the role of policy-making is to get the incentives right in 
order to overcome the short-term losses, if these exist, in order to reap the longer term 
benefits. 
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1. INTRODUCTION 
 
This study on the economic aspects of sustainable mobility focuses on one dimension of 
sustainability – the economic one - without neglecting the other two dimensions 
(environmental and social). However, limiting the discussion of economic impacts of 
sustainable mobility to a dispute about the cost of implementing measures falls short of the 
actual economic aspects to be studied and understood. Further, important economic 
aspects include the macro-economic perspective (e.g. GDP, employment, trade and 
competitiveness), the societal and welfare perspective, the distribution of economic 
impacts, and the government perspective. Broadly, our understanding is in line with the 
classification defined by the Transport Research Knowledge Centre (TRKC) to elaborate on 
economic aspects of sustainable mobility, but we exclude the TRKC issues scenario analysis 
and infrastructure evaluation as topics (TRKC 2010). 
 
Developing transport policies to foster sustainable mobility must be integrated and fitted 
into the general policy framework of the European Union (EU). This framework is currently 
shifting from the overall objective of being the most competitive region in the world, as 
postulated by the Lisbon Strategy in 2000, towards the so-called EU 2020 strategy of 2010. 
This strategy is more balanced as it mentions sustainability and the social dimension 
explicitly amongst its three top priorities (European Commission 2010a): 
 

 Smart growth; 
 Sustainable growth; 
 Inclusive growth. 

 
In particular, the second priority is relevant for this study as in itself it integrates the three 
main themes of the study: to design a resource-efficient, green and competitive transport 
system as part of the overall economy. The proposal for the new financial framework for 
the implementation of the EU 2020 strategy foresees a budget of € 31.6 billion for 
transport infrastructure investment over the period 2014 to 2020. The money should be 
distributed via the newly established Connecting Europe Facility (€ 21.6 billion) and the 
Cohesion Fund (European Commission 2011d, 2011e). 
 
Looking at the seven flagship initiatives of the EU 2020 strategy, again one of them can be 
highlighted as being most relevant for our analyses, i.e. Resource-efficient Europe, as this 
initiative proposes decoupling economic growth from resource use and modernising the 
transport sector to support the shift of the EU economy towards a low carbon economy 
(European Commission 2010, p. 15). Thus a major aim of this study is to suggest 
promising eco-innovations that support such a modernisation and adaptation of the 
transport system to the needs of a low carbon economy. 
 
The update of the global European policy strategy for the next decade also had to consider 
the need to recover from the financial and economic crisis of the years 2008/2009. Also the 
links with transport policy can be observed, e.g. as part of the European Economic 
Recovery Plan, the Green Cars Initiative was established, which provides EU R&D funding to 
support the development of efficient cars and electro-mobility. 
 
In parallel to the EU 2020 strategy, the European Transport Policy (ETP) had to be revised, 
as the previous Transport White Paper dated 2001 (European Commission 2001a) had 
reached the end of its planning period, and because the ETP needed to be aligned with the 
adapted global policy framework of the EU 2020 strategy. Therefore, the European 
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Commission launched a stakeholder process on the Future of Sustainable Transport in 
2009, in which two strategic documents were prepared (European Commission 2009a, 
2009b). One of them states that "the goal of the ETP is to establish a sustainable transport 
system that meets society’s economic, social and environmental needs and is conducive to 
an inclusive society and a fully integrated and competitive Europe." (European Commission 
2009b, p. 8). 
 
In March 2011 the new Transport White Paper Roadmap to a Single European Transport 
Area – Towards a Competitive and Resource-efficient Transport System (European 
Commission 2011a) was published after two years of intensive analysis and debate. The 
White Paper differs from other strategic policy documents, insofar as it does not commence 
with setting own strategic objectives. Instead, it consists of one part describing a vision of 
the future sustainable transport system and important elements thereof, and of a long list 
of 131 initiatives that should be implemented in the next decade(s). 
 
As a very important element, the new Transport White Paper builds on the European 
objective of reducing greenhouse gas emissions (GHG) by -80 to -95% until 2050 
compared to 1990 (European Commission 2011b). Transport in the White Paper is expected 
to contribute to these GHG reductions by decreasing its GHG by at least -60% compared to 
1990, while maintaining a competitive and resource-efficient transport system. Additionally 
the White Paper defines ten goals as benchmark to verify the achievement of the -60% 
GHG emission reduction target. 
 
Against the described European policy framework, this study focuses on the economic 
aspects of eco-innovations promoting sustainable mobility that either fall within the 
narrower framework of classical transport policy and gradual improvements of transport 
technology, or fall into the group of innovations that would cause step changes or even 
system changes of transport technology and the transport system. 
 
The study is based on six consecutive steps: First, a methodological outline was provided to 
explain and clarify the understanding of the major terminology. Second, long lists of 
potential eco-innovations were prepared for passenger and freight transport and also an 
initial assessment for each measure was elaborated. Third, based on this initial assessment, 
a short list of the eleven most promising measures to foster sustainable mobility was 
suggested respecting the requirement to cover measures for all modes. This list was 
checked and compared against the 131 measures proposed by the new Transport White 
Paper, in order to reflect on gaps between the two and to guarantee a large overlap 
between the eco-innovations of this study and the measures of the White Paper. Fourth, for 
the short-listed eco-innovations a more detailed assessment concerning their transport, 
environmental and economic impacts was undertaken. The focus of this assessment was on 
the economic impacts and the question which market failures are addressed by the eco-
innovations. Fifth, a survey was conducted to confirm or contradict the suggested selection 
of most promising measures and to receive qualitative input on the impacts of the 
measures. Finally, the results of the previous steps were summarised and condensed into 
both the description of 10 short-listed measures and the policy recommendations. 
 
The main text of this study is thus divided into the explanation of terminology and 
understanding of the task of the study (Chapter 2), on the assessment of economic impacts 
of the ten short-listed measures along a standardised analytical framework (Chapter 3), 
and on drawing conclusions and policy recommendations for sustainable mobility (Chapter 
4 and 5). Moreover, other findings of the steps highlighted above are contained in three 
Annexes to this report: Annex I presents the long lists of potential eco-innovations, Annex 
II links the short list and the measures proposed by the new Transport White Paper and 
Annex III explains the findings of our online survey in more detail. 
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2. SUSTAINABLE MOBILITY AND ECONOMIC ASPECTS 
 

KEY FINDINGS 

 Sustainable mobility includes sustainable transport, but also opportunities and 
accessibility generated by the transport system. No single policy will lead to 
sustainable mobility, but only well-designed policy packages. Analysis of sustainable 
mobility should cover the ecological, economic and social dimensions. 

 Eco-innovations should have a positive effect on the environment, but 
environmental considerations need not to be the primary motivation for their 
introduction. 

 Targets of eco-innovations can be products, organisation methods, institutions or 
norms, which will be modified, re-designed, substituted or created by an eco-
innovation. Implementing eco-innovations makes it possible to address market-
failures in the transport sector. 

 Checking for market failures starts by testing the workability of the market, i.e. its 
ability to produce good results, as opposed to analysing its optimality. If its 
workability is disturbed, government action is necessary. 

 Causes of market failures can be: public goods and merit wants, external effects, 
natural monopolies, asymmetric information, missing coordination ability, high risk 
and long life of capital goods, and finally various types of government failures. 

 Timing eco-innovation impacts often plays a crucial role for decision-
making. Markets tend to decide on the base of a short time horizon and neglect the 
fact that achieving sustainable mobility is a long-term activity involving long-term 
environmental mechanisms (e.g. climate system, resource depletion) as well as 
long-term technological/structural change with potential high risks. 

 The economic aspects of sustainable mobility can be assessed from six 
different perspectives: user (individual user or industry), sectoral, macro-economy, 
societal, distributional, authority and government. Assessment results may differ 
between perspectives. 

 
 
The starting point of the study is to clarify four important terms that are relevant for the 
understanding of our analyses. These are: 
 

 Sustainable mobility; 

 Eco-innovation; 

 Market failure; 

 Economic aspects of sustainable mobility. 
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2.1. Sustainable mobility 
Transport (activity) constitutes a derived demand that is driven by the needs of society and 
the economy. Transport further causes impacts on the environment. Figure 1 provides a 
broad overview of the interaction of transport with these three dimensions of sustainability: 
society, economy and ecology/environment. Mobility on the other hand can be understood 
as being broader than transport, as, besides the transport activity, it includes the 
opportunities and the accessibility provided by the transport system.  
 
Figure 1:  Transport and the sustainability triangle 
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Source: Schade (2005) 
 
Many definitions of sustainable mobility exist. Most of them date back to the Brundtland 
Commission (1987) on Our Common Future that developed the most commonly used 
definition of sustainability as a "development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs." Needs includes 
the need to satisfy all three dimensions: society, economy and ecology/environment as 
listed above. 
 
The World Business Council for Sustainable Development (WBCSD) in its Sustainable 
Mobility Project (SMP) has developed a targeted definition: “Sustainable Mobility is the 
ability to meet the needs of society to move freely, gain access, communicate, trade, and 
establish relationships without sacrificing other essential human or ecological values, today 
or in the future” (WBCSD 2004). 
 
An early but very important project on sustainable mobility was the OECD project on 
Environmentally Sustainable Transport (EST), which defined sustainable transportation as 
the expression of sustainable development within the transportation sector, thus referring 
to the definition of the Brundtland Commission.  
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However, the OECD EST project further substantiated the definition of the environmental 
dimension of sustainable mobility as “Transportation that does not endanger public health 
or ecosystems and meets mobility needs consistent with (a) use of renewable resources at 
below their rates of regeneration and (b) use of non-renewable resources at below the 
rates of development of renewable substitutes” (OECD 1996). The OECD EST project then 
acknowledged that sustainable mobility is a synonym for sustainable transport used by the 
European Commission (OECD 1996). 
 
In that sense, we suggest to follow a broader definition, i.e. treating sustainable mobility as 
being broader than sustainable transport, as the latter only includes the transport activity 
and the related impacts, while the former additionally includes opportunity and accessibility 
generated by the transport system. 
 
Moreover, since policy targets are also subject to current headline events, our definition of 
sustainable mobility explicitly includes the targets of energy security, in response to the 
growing expectation of shortages of fossil fuels due to the widening gap between growing 
oil demand and stagnating oil supply, and of raw materials security (in particular raw 
earths) in response to the growing demand for such earths by e-mobility, renewable 
energies and ICT. 
 
A further relevant European funded research project was POSSUM (Policy scenarios for 
sustainable mobility), which understood sustainable mobility as “a subset of sustainable 
development. This deals with the question: how can a social and economic development be 
possible globally without destroying the ecological systems and depleting natural 
resources?”, again making reference to the understanding of the Brundtland Commission. 
 
POSSUM operationalised sustainable mobility via indicators for three dimensions: (1) 
environmental protection, (2) regional development, and (3) economic efficiency, and 
concluded that the environmental dimension is most dependent on changes to the 
transport system, while regional development and economic efficiency are, firstly, affected 
largely by developments outside the transport system, and, secondly, they would have 
more to do with how well a given transport system works, rather than how it is designed 
(Banister et al. 1997). At this point, we must disagree with the latter conclusion, as it 
would not be important to assess the economic aspects of sustainable mobility if the 
impacts of transport on the economic dimension were negligible. 
 
However, POSSUM generated another important finding, that we must “move beyond the 
expectation that individual policies will achieve sustainable mobility”. In other words, only 
well-designed policy packages will lead to sustainable mobility, which is also supported by 
other authors (e.g. Schade 2005). Although we analysed single measures or limited sets of 
measures to promote sustainable mobility in this study (see next Chapter), we should be 
aware that these are likely to be implemented as part of a policy package to achieve 
sustainable mobility. 
 

2.2. Eco-innovation 
Though eco-innovation commenced as a narrow concept covering innovations primarily 
developed to reduce adverse environmental impacts of a product or a process, the concept 
has been broadened. In fact, it developed into the opposite, so that eco-innovation could 
be any kind of innovation which also brings about some environmental improvement. Thus 
the OECD argues that “eco-innovation calls attention to the positive contribution that 
industry can make to sustainable development and a competitive economy” (OECD 2009). 
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A more detailed definition of eco-innovation is given by Arundel/Kemp (2009), who quote 
their project on Measuring Eco-Innovation (MEI) for the European Commission that defined 
eco-innovation as “the production, assimilation or exploitation of a product, production 
process, service or management or business method that is novel to the organisation 
(developing or adopting it) and which results, throughout its life cycle, in a reduction of 
environmental risk, pollution and other negative impacts of resources use (including energy 
use) compared to relevant alternatives”. It should be pointed out that this definition also 
does not require the innovation to be introduced primarily because of its mitigating effect 
on adverse environmental impacts. 
 
Eco-innovations can be distinguished by two dimensions: (1) their target of innovation, and 
(2) the mechanisms of innovation. Together, these dimensions provide the possibility space 
for eco-innovations. According to the OECD the most effective eco-innovations in terms of 
mitigating environmental impacts will be in the top-right area of Figure 2 as they involve 
systemic changes (OECD 2009, p 14). Target of innovation refers to the basic focus of an 
eco-innovation (e.g. a product or a process, or organisation methods like logistics), while 
mechanism of innovation relates to the method by which the change in the eco-innovation 
target takes place or is introduced. Modification and Re-design refer to improving an 
existing product/process/etc., the former by an incremental step and the latter by a 
significant change. Alternatives means to create a substitute for an existing product/etc., 
and Creation would generate a new product/etc. that did not exist before. Eco-innovations 
in this study have been selected from a broad list of transport related measures allowing 
for a wide scope of eco-innovations. Some authors argue that eco-innovations should be 
analysed on a systemic level, only, such that an eco-innovation would consist of more than 
just innovating e.g. a product. Instead, eco-innovations would consist of a bundle of 
complementary innovative products, organisation methods and/or institutional settings 
(Walz et al. 2011). This is reflected by our short list of major eco-innovations such that all 
eco-innovations include more than one measure affecting different targets of innovation. 
 
Figure 2:  Categorisation of eco-innovations 
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Source: Fraunhofer-ISI adapted from OECD (2009) 
 

2.3. Market failures 
The diffusion of eco-innovations depends on a properly functioning market and their full 
market penetration potential will thus not be achieved by market mechanisms as long as 
market failures exist. 
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2.3.1. The nature of market failures and typology 

In the ideal economic world assumed by the neo-classical welfare theory, every economic 
sector works under a regime of perfect competition in which individual agents take free 
decisions on supply and demand and the markets clear through the price mechanism. This 
presupposes that all agents have perfect foresight, decide in an economically rational 
manner, show convex preferences as consumers or convex technologies as producers and 
behave as price takers.1  
 
However, this ideal world of perfect competition does not exist in reality for many markets.  
 
Therefore, applied welfare theory has developed the concept of workable markets. This 
concept allows for deviations from the ideal world, e.g., the existence of oligopolies and 
other forms of imperfections (such as imperfect information), as long as the market results 
are satisfactory. In the case of oligopolies, for instance, it would be checked if the 
consumers are served at low prices and in high quantities.2  
 
Thus - contrasting neo-classical welfare theory - we don’t identify market failures by 
comparing the ideal (e.g. polypolistic competition) to the actual market structure (e.g. 
oligopolistic competition) but - in line with the applied welfare concept - rather look at the 
deviation of the actual from potential market results.  
 
Market failures are phenomena, which prevent free markets from producing efficient 
results. The first criterion for market failure set here follows the market philosophy of v. 
Hayek who postulated that one should evaluate the market performance on the base of 
actual achievements rather than the fulfilment of theoretical requirements for an optimal 
structure of supply and demand3. Therefore when checking for market failures the starting 
point is to test the workability of the market, i.e. its ability to produce good results. If this 
is disturbed a state action is necessary. 
 
The second criterion set up to identify market failures is dynamic efficiency. J. A. 
Schumpeter (1952) has done pioneer work in emphasising the crucial importance of 
innovations for the dynamic growth of the economy. Contrasting neo-classical economic 
theory, again, it is not necessary that the economy is always in equilibrium and grows 
along a stable path with equal growth rates for all macro indicators. Usually, dynamic 
economic evolution is characterised by business cycles and fluctuations, which in itself is 
not a market failure. On the contrary: according to Schumpeter, an economic system which 
works efficiently in the static sense at any time may be inferior to an economic system 
which is characterised by "creative distructions" eliminating old structures in a phase of 
economic depression and creating new structures in the phase of economic upturn. 
Structural change and innovation cycles are thus associated with an unstable economic 
development which as such is not a dynamic market failure.  

                                                 
1 These are some basic assumptions of the “neoclassical welfare theory”. Convex preferences imply, for 

instance, diminishing marginal utilities of consumption. Convex technologies imply decreasing returns to scale 
of production which is equivalent to increasing marginal costs. Price-taking behaviour means that the agents 
cannot influence the market price, which emerges from interactions among multiple suppliers and consumers 
(polypoly). In contrast to “neoclassical welfare theory”, the “applied welfare theory” is not based on rigorous 
and abstract theoretical assumptions but rather allows for imperfections on the production and consumption 
side. Trying to model the real world, the applied welfare theory consists of a wide variety of approaches. 

2 It is possible that oligopolistic suppliers can make use of economies of scale and apply more efficient 
technologies. As long as there is no collusive behaviour, the market result can be even better than under a 
regime of perfect competition with polypolistic suppliers. 

3  "...a much bigger gulf divides competition from no competition than perfect from imperfect competition" 
(Hayek 1948, p. 105). "... more serious than prices not corresponding to marginal costs is that prices are too 
high" (Hayek 1948, p. 105). 
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In this context, the check for dynamic market failures implies testing if the incentives of 
economic agents are set right to foster innovations into the desired direction. This check 
presupposes a clear definition of the societal goals such as the sustainability definition of 
the Brundtland Commission (1987), which is widely accepted in the sense that the triangle 
of economic, ecological and societal goals has to be balanced in a way that the needs of the 
present generation are met without compromising the ability of future generations to meet 
their own needs. The check on dynamic efficiency in this sense thus tests whether the 
adjustment of the economy over time may converge to a sustainable growth path. 
 
According to their causes the following typology of market failures can be established: 
 

 Public goods and merit wants; 

 External economies and diseconomies – external effects; 

 Natural monopolies; 

 Missing coordination ability, high risk and long life of capital goods; 

 Asymmetric information; 

 Government failures. 

 
In the presence of these phenomena private market mechanism will not produce the best 
results for society and dynamic efficiency is disturbed, in the sense that wrong incentives 
are generated so that the economy does not develop towards a sustainable path (see 
Stiglitz, 1990 and North, 1990, for a more comprehensive explanation of dynamic 
efficiency). It should be noted in this context that imperfections of market structures (e.g. 
existence of transaction costs) or of decision-making of agents (e.g. organisational risk 
aversion) is not a market failure in itself. But such phenomena can contribute substantially 
towards reinforcing the impacts of market failures listed above. 

2.3.2. Public goods and merit wants 

Public goods are characterised by the principles of non-exclusion and non-rivalry (Musgrave 
and Musgrave, 1976). This implies that no agent can exclude another agent from using the 
public good, so that it does not make sense to rival other agents, e.g. by bidding a higher 
price. In the terminology of Samuelson (1954; see Atkinson and Stiglitz 1980, pp. 487 for a 
brief description of the concept), public goods are completely external – once they are 
provided they are available for the whole collective of consumers - so that private agents 
have little incentives to produce and supply them at the quantities needed by society.4 
Usually the provision of public goods is paid from the public budget and organised under 
strict public control (e.g. national defence, general social security). It is also possible that 
public goods are produced by private agents under strict public regulation (e.g. 
improvement of water quality). 
 
Merit wants are goods and services for which the collective preferences are higher than the 
individual preferences, so that public subsidisation makes sense to extend the supply and 
demand according to the collective wants. Examples are cultural and health institutions like 
theatres, opera houses, public swimming pools, or sports arenas. 
 

                                                 
4 There is a link between public goods and external effects in this regard (see the following section). 
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2.3.3. External economies and diseconomies – External effects 

External effects5 have the following properties (see Rothengatter, 1999 and 2000): 
 

 They occur through unplanned interactions among agents; 

 They work outside the market, i.e. they have no market price; 

 They affect the dynamic efficiency of the economy negatively, i.e. they induce wrong 
incentive effects. 

 
The first property means that at least the party which is negatively affected has not 
planned this effect. In many cases, the affected party is even not aware of the causation 
and the working mechanism of the effect (e.g. concentration of ozone in the air is caused 
by many polluters and arises under certain climate conditions). The second property 
explains why the external effects may be market-distorting: the producer of external costs 
will not get a cost bill and the producer of external benefits will not be able to send an 
invoice to the benefiting parties.  
 
The third property implies that effects are only classified as “external” if they generate 
wrong dynamic incentives, so that the economic development deviates from a sustainable 
path. It is dynamically efficient, for instance, to reduce GHG emissions today, because 
future generations will suffer from worsening living conditions and higher resource costs 
following high GHG concentrations. This means that, in the case of climate change, the 
third property is fulfilled and GHG emissions can be identified as an externality, which calls 
for state action.  
 
But there are also effects which show the first two properties, but not the third one. Rosen 
(1985) mentions the importance of “implicit contracts” and “do-ut-des” phenomena6, which 
run outside the market, but are not detrimental to dynamic efficiency. This also holds for 
effects which are named “external benefits of transport” in parts of the literature, as, for 
instance, the improvement of accessibility by car use, the effect of modern logistics on the 
efficiency of spatially distributed manufacturing, or the effect of large airports on job 
creation. While Willeke (1991; 1992) classified such effects as external and suggested to 
trade them off against external costs, Rothengatter (1994) has argued that they do not 
fulfill the third property and in this sense there is no reason to compensate the producers. 
 
The following external effects of transport are usually distinguished (Infras/IWW, 2004): 
 

 Accidents: this external cost category includes all social costs of accidents, which are 
not recovered by insurance premiums/indemnities. In particular a part of human 
costs (health impacts, years of lives lost) have to be covered by society such as, for 
instance, lost production and cost of suffering and pain. 

 Noise: noise above a certain level causes health problems and associated costs of 
medical treatment and production loss. 

 Air pollution: pollutant emissions like sulphur dioxide, hydro-carbonates, nitrogen 
oxides or particulate matter cause considerable costs of lost production, reduced 
consumption utility, impacts on nature and human health/life. 

                                                 
5 The terms « external economies and diseconomies », « external costs and benefits », « externalities », 

external effects » denote the same phenomenon. 
6 The exchange of services on the base of mutual non-contracted agreements and expectations, also called the 

« invisible handshake», can save the transaction costs of explicit contracting and therefore increase dynamic 
efficiency. 
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 Climate change: climate change causes a number of impacts on nature as, for 
instance, melting of glaciers and ice caps, rise of sea levels or increased natural 
disaster events, which lead to high costs of abatement. 

 Nature and landscape: infrastructure and transport activities may cause impacts on 
biodiversity, separation effects and landscape (effects on tourism). 

 Urban separation effects: infrastructure and transport activities may cause negative 
effects through separating urban entities and ensembles. 

 Upstream and downstream processes: production of vehicles and construction of the 
infrastructure generate externalities as well as the need for proper disposal of old 
vehicles. Furthermore, the movement of vehicles needs the supply of energy, i.e. 
gasoline or diesel for cars and trucks. Production and distribution of energy causes 
externalities such as air pollution and climate change.  

 
If such external effects occur with low intensities, they cause disamenities and 
inconvenience. If their intensities are high, then substantial risks arise for human life, 
nature and cultural heritage. In the case of low intensities, the effects can be traded-off 
with monetary compensations. Existential risks to human health or life, however, cannot be 
compensated by monetary compensations. From this follows that, in the latter case, 
precautionary actions have to be taken, either to mitigate the risk or to protect the exposed 
population against the damages to be expected in the future.  
 

2.3.4. Natural monopolies 

If one producer is able to produce outputs at lower costs, compared with a set of multiple 
competitors, the resulting market situation is characterised as a natural monopoly. The 
production technology in this case is not convex, so that the monopolist can produce under 
returns to scale or to scope. Marginal and average costs of production are decreasing with 
increasing output – at least for a relevant production interval.  
 
Most network economies are natural monopolies, such as energy, communication, postal 
service, or transport networks. As the fixed costs of infrastructure provision are very high 
(for railways more than 80%, for motorways more than 65%)7, the variable costs decrease 
with the volume of activities so that large companies can produce at lower average costs 
compared to small and medium-sized enterprises. Indeed, once the infrastructure is 
provided, it is easy to serve an additional customer at low costs.  
 
As a monopoly position of a private profit-maximising firm will lead to high prices and poor 
market service, the network economies have a long tradition of public ownership or public 
regulation. This means that either a publicly owned enterprise supplies the services 
(situation before the deregulation policy) or a “quasi competitive” market with several 
suppliers is established by the state and the firms work under strict public regulation 
(situation after the deregulation policy). In most EU countries a regulatory authority has 
been established for every network economy, while Germany has established one 
regulatory authority for all network economies except for aviation (which is regulated by 
Eurocontrol). 
 

                                                 
7 For roughly estimated average figures, see for instance RAILCALC (2008, Del. 7), NTC (2010), 

Rommerskirchen et al. (2009) for more specified results. 
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Deregulation and privatisation of public network economies were started more than 30 
years ago in the USA (with the Airline Deregulation Act, 1978 and the Staggers Act for 
Deregulating the Railways, 1980). The EU common market policy placed great emphasis on 
the liberalisation of transport markets and was in particular successful with road freight and 
aviation. In both sectors, free intra-EU market conditions have been introduced on the 
supply side since the middle of the nineties. In the railway sector, the process started in 
1990 with Directive 1990/440 EC, but despite serious attempts of the Commission 
(Directives 2001/12-14 EC; Railway Packages; establishment of European Railway Agency 
in 2004), this sector is still lagging behind and does not show a satisfactorily competitive 
structure.8 Accordingly, substantial market failures because of an incomplete treatment of 
natural monopoly problems can still be identified in this sector due to missing 
interoperability, retarded market access, and lack of commercial behaviour on the part of 
companies. This was the motivation for the Commission’s RECAST of the First Railway 
Package (European Commission 2010d). 
 

2.3.5. Missing coordination ability, high risk and long life of capital goods 

There is still a controversial discussion on the questions to which extent transport 
infrastructure can be regarded a public good and is generating external benefits. The 
majority of authors prefers to define transport infrastructure as a “club good” (Buchanan, 
1965; Littlechild et al., 1977), because multiple user groups use the infrastructure in 
common. Providing this “club good” requires comprehensive planning and coordination as 
well as conducting complex legal processes (e.g. involving expropriation). This missing 
ability of the private market to provide a collectively desired level of infrastructure supply 
can indeed be regarded as a market failure, which has to be corrected by state activity. 
Infrastructure use can to a wide extent be organized according to market rules, because 
there is rivalry about scarce capacity such that the latter can be allocated according to 
willingness to pay, eventually under public regulation. 
 
Providing transport infrastructure networks requires long-term planning and coordination. 
Private agents are primarily interested in providing networks for users with high 
willingness/ability to pay, focus on short-/medium-term returns on investment and neglect 
long-term sustainability aspects. There are also few private incentives to optimally provide 
multi-modal networks with a focus on co-modality and inter-modality.  
 
Investment in network infrastructure usually leads to sunk costs, i.e. the invested capital 
cannot be used for other than the originally intended purposes (e.g.: a tunnel for railways). 
This implies a high risk for a private investor. A further aspect is the long life of 
infrastructure which can cover several decades (a transport tunnel can be used 
economically for more than 80 years). Private investors will be reluctant to invest money in 
such undertakings if they are not allowed to establish monopoly power and to gain 
supernormal profits in the case of success. Another characteristic of such investments is 
that the investor is not able to capture the whole benefits stemming from the investment. 
Infrastructure management companies are not able, for instance, to raise revenues from 
the increasing land values of the served areas. From this it follows that investments 
associated with the high risk and long life of capital goods are not sufficiently supplied by 
the private sector and represent a market failure (see Lambson, 1991; Baumol and Willig, 
1981). 

                                                 
8 See also New Transport White Paper on Roadmap to a Single European Transport Area (European Commission 

2011a, p. 36); Proposal for a directive of the European Parliament and of the Council establishing a single 
European railway area (Recast) (European Commission 2010d, p. 4).; PWC et al. (2007, pp. 104). 
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In the case of network infrastructures, a further problem emerges: international 
connections between national networks are in most cases not highly used by demand. This 
reduces the incentives of national companies and administrative bodies to invest in border-
crossing sections of international corridors. As a trans-national functioning of networks is 
however important for an integrated European economy, the EU has established the 
concept of trans-European networks for energy, communication and transport. The Trans-
European Transport Network (TEN-T) has been developed since 1996, first as a set of 
projects (“Essen Projects”), then, after the revision in 2004, as a set of corridors (30 TEN-T 
corridors) and presently, with the forthcoming revision 2011/2012, as a core network 
concept. Because of the arguments laid out above private agents are very likely to neglect 
the long-term strategic aspect of trans-national links and to be reluctant to invest money 
into long-term and uncertain infrastructure projects. Therefore, the development of 
transport infrastructure is an issue for European and country-based policy initiatives. In this 
context, it has to be kept in mind that the EU has no planning competence and can only 
foster the Trans-European network concept by co-financing and regulation of future 
network use. 
 

2.3.6. Asymmetric information 

Asymmetric information is given if one party is better informed than others when it comes 
to contracting and trading. This can reduce the efficiency of the market mechanism if the 
poorly informed party is not able to make rational decisions (the most cited example is the 
“market of lemons” described by G. Akerlof (1970)). Such types of asymmetric information 
can be observed in monopolistic markets when the monopolist incumbents try to exploit the 
willingness to pay of consumers. It also can occur on the upstream side of network 
economies when the infrastructure is managed by a monopolist (e.g. a former designated 
public railway company), which might discriminate competitors of its service companies 
through limiting network access or setting discriminatory access prices.  
 
But not every type of asymmetric or incomplete information can be associated with market 
failure. Risk and uncertainty are intrinsic features of many markets and the individuals 
have to find responses to cope with the problems arising. The growth of the market for 
information services, for instance, shows that information is a good, which can be treated 
economically like other market goods and services. As soon as there is a regulatory 
framework in place which leads to a fair treatment of risk and prevents the less informed 
party from an abuse of market power, asymmetric information will not necessarily lead to a 
market failure.9 
 
The formation of contractual principal-agent relationships gives another example of a 
market-conforming treatment of asymmetric information (see Sappington, 1991). A 
company can, for instance, delegate their logistic business to a logistics service provider. In 
this case the asymmetric distribution of information is an intrinsic element of the game 
(e.g. the agent knowing many more details of the service production process than the 

                                                 
9 The stock exchange is an example of good and possibly bad functioning of free market trading under 

asymmetric information and uncertainty. Trading stocks and futures usually functions well among parties with 
different information levels. However, the economic crisis of 2007-2009 gives an example of a poor functioning 
of stock exchange mechanisms – here for the case of CDO and CDS trading (collateralised debt obligations; 
credit default swaps). If there are no limits to speculation, then a reinforced herd behaviour of agents may end 
in a sudden crash. But this eventuality does not change the general view that asymmetric information can to a 
large degree be treated by market forces if the regulatory framework is set right. 
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principal)10. This means that asymmetric information may call for an appropriate market 
framework regulation, but not necessarily for market-correcting state interventions. 
 

2.3.7. Government failure 

Often the reality of decision-making deviates from theoretical principles of cost 
minimisation or utility maximisation. For instance, agents might follow routines instead of 
trying to find the best solutions. Leibenstein (1978) has called this phenomenon the “X-
inefficiency”. In the public sector X-inefficiency can occur if projects are highly complex and 
would require much expertise and management capability, which a politician or public 
administrator often does not possess. Downs (1957) has shown furthermore in his analysis 
of the political economy of public decision-making that the rational thinking of an individual 
policy-maker is not only different from private business rules, but also not intrinsically 
oriented to welfare maximisation. According to Downs, public decision-makers act as vote 
maximisers and are interested, in the first instance, in increasing their chances for re-
election. As the voters often react in a situation-driven way, the politician may also change 
her/his mind with respect to projects or political programmes within a short time. 
 
X-inefficiency and vote maximising behaviour of political decision-makers partly explain the 
existence of government failures, i.e. political decisions and settings, which may be 
detrimental to good market functioning. Government failures may be classified into: 
 

 Failures with state decision processes; 

 Incentive-incompatible taxation systems; 

 Counterproductive regulation; 

 Interventions at the wrong time, the wrong place and with wrong instruments. 

 
Failures with state decision processes 
In particular, the history of mega projects for transport infrastructure gives a number of 
examples for non-rational behaviour of public decision-makers. They tend to promote (or 
kill) a project already in an early stage as this may favour their position in the political 
network. This explains the attempts to manipulate data and calculations in the preparatory 
phase of such projects (see Flyvbjerg et al., 2003), which lead to massive cost overruns 
and over-estimations of benefits.11 Another example for the biased interest of public 
decision-makers is the preference for new infrastructure investments over rehabilitation, 
maintenance and repair of the existing network. For publicly financed transport 
infrastructure networks there are indications of a systematic gap between the financial 
needs for maintenance/rehabilitation and the actual funds allocated.12  
 
Incentive incompatible taxation systems 
Fuel consumption is taxed on a volume basis (€ per 1,000 l) and tax rates differ 
substantially between EU countries, although the minimum tax rates are fixed by Directive 

                                                 
10 An example of principle-agent relationships in the public sector is the transfer of motorway concessions by the 

state ("principal") to private concession companies ("agents"). 
11 Examples are: the « Big Dig » project in Boston for an underground interstate highway system (200% cost 

overrun), the Channel tunnel project linking France and the UK (80% cost overrun), the high speed railway link 
between Cologne and Frankfurt (100% cost overrun). See Flyvbjerg et al. (2003); Priemus et al. (2008). 

12 This has been stated by the Government’s Commission for the Financing of Transport Infrastructure in 
Germany (the so-called « Pällmann Commission»), 2000. Lack of yearly funding was estimated at 2 billion 
euros for road, 1.5 billion euros for rail and 0.25 billion euros for inland waterways. 
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2003/96 EC (359 €/1,000 l gasoline; 330 €/1,000 l diesel) (European Union 2003). This 
has induced two types of serious market failures within the EU.  
 
First of all, there is a wide gap between the tax rates of “high tax” countries like the UK, 
the Netherlands or Germany, and “low tax” countries like Spain, Poland or Luxembourg.13 
This has led to massive tax arbitrage movements14, as for instance trucks on long distance 
tours fill their tanks in “low tax” countries and logistic providers offer logistic hubs there, so 
that the exchange of cargo, resting time of drivers and filling the tanks at low cost can be 
combined in an (individually) efficient process. The routing of tours through “low tax” 
countries even may pay, if long detours are necessary, which increase energy consumption 
and CO2 emissions.  
 
The second type of failure is the tax preference given to diesel or conventionally produced 
gas to gasoline. Lower diesel prices have led – together with a lower consumption of diesel 
engines in terms of volume - to a dominance of diesel-fuelled road vehicles in some EU 
countries. In Germany, a share of 45.6% of newly licensed cars was equipped with diesel 
engines in the first quarter of 2011, if only cars from German manufacturers are counted, 
this share was even 51.1%. The Commission has tried to correct for this failure by 
proposing a revision of Directive 2003/96 EC and orienting the fuel tax rates to the energy 
content and the CO2 emissions (European Commission 2011g). The political reactions of 
countries like Germany, the Netherlands or the UK underline that it is most difficult to 
modify a historically grown taxation system, even if the base of taxation is non-rational 
from the present point of view. The change of diesel taxation (in the Netherlands and 
Germany by more than 50% if the tax rate on gasoline would be kept constant) would hit 
automobile producers, which have concentrated on developing diesel technology, and the 
road freight hauliers operating regionally. Therefore there are lobby initiatives against such 
a change with a view to preserve a system of fuel taxation which as such is incompatible 
with the goals of energy saving and emission reduction (see VDA, 2011). 
 
Counterproductive regulation 
Regulation systems are necessary to harmonise the European transport market. As soon as 
such systems are incomplete and do not include all competing agents in a fair manner, they 
can generate counterproductive effects. Three examples are given. The integration of 
aviation into the ETS, beginning in 2012 is regarded as a big step towards a fair 
participation of all transport modes to achieve climate policy goals. But only 15% of the 
emission allowances will have to be auctioned beginning in 2013. Therefore, aviation has an 
advantage over the rail industry, which will have to buy 100% of the allowances needed for 
their electricity consumption. 
 
The second example refers to the suggested charging system for railway noise. Highly 
complex bonus/malus rail track charging systems have been discussed with the European 
Commission to introduce a marginal costing scheme for railway noise (KCW et al. 2009). 
Looking at the nature of rail noise and its relationships to rail car or axle transitions (the 
noise curve has a logarithmic shape), it becomes clear that a marginal cost-based pricing 
scheme cannot solve the problem of substantial noise reduction alone and will have to be 
embedded in a regulatory environment. However, the latter is not being prepared.15  

                                                 
13 Diesel tax in the UK: 780 euro/1,000 l; in Luxemburg: 290 euro/1,000 l. 
14 The little communities Mertert and Wasserbillig close to Trier at the Luxembourg/German border 

(2,300 inhabitants) offer about one dozen gasoline stations. Alongside the Luxembourg/German border 
(135 km) there are 58 gasoline stations, i.e. one station per 2.3 km on average. 

15 Nevertheless the RECAST of the Commission for the First Railway Package (European Commission 2010d), 
Annex VIII, is focusing on the pricing side while the nature of the rail noise problem would require a strict 
noise regulation for all rail cars operating on the network (not only new cars, which are regulated according to 
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The third example is the difference in taxation of value-added tax (VAT) or energy tax for 
different modes. International air and sea transport are exempted from paying VAT, while 
international land modes, in particular rail, need to pay VAT. The European Commission 
therefore has put forward a proposal either to charge VAT in the same way for all modes or 
to exempt all modes from VAT. In both cases, fair market competition would be ensured 
better compared with the current regime of such transport (European Commission 2011h). 
A similar situation is prevailing for energy taxes, where kerosene is not taxed at all, while 
the energy consumed to propel road and rail transport is subject to energy taxes (Article 14 
Directive 2003/96 EC). 
 
Interventions at the wrong time, the wrong place and with wrong instruments 
It is a traditional argument of the monetarist Chicago school (Friedman 1971) that the 
state should refrain from intervening in markets because the interventions come too late, 
address the wrong sectors and use the wrong instruments. Although this argument is not 
shared in its generality there are a number of experiences which underline that policy-
makers were not very successfully avoiding such failures. Focusing on the transport sector, 
such examples can be found, in particular in the field of technology policy.  
 
Countries are normally interested in supporting sectors regarded as essential. In line with it 
the stimulus packages to overcome the economic crisis of 2008 included a massive 
subsidisation of car purchases in countries where the automotive industry is of high 
importance. According to a recent study by ITF (2011a), this, however, had little positive 
impact on CO2 savings and thus on the goal of sustainability. There is a risk that a similar 
strategy will be applied in the future with the planned subsidisation of electrical car 
propulsion. From a rational point of view, e-mobility can only be a climate-friendly solution 
if the electricity can be produced carbon free. This means that a complementary major 
challenge is the carbon-free production of electricity, while the promotion of e-cars or fuel-
cell powered cars might be a subsequent step to stimulate the market of e-mobility as soon 
as the major challenge is mastered. 
 

2.4. Economic aspects of sustainable mobility 

Economic aspects of sustainable mobility can be assessed from six different points of view 
that differ by the economic level (i.e. micro-economic or macro-economic) considered or by 
the aspect concerned (e.g. society, government or distributional issues). The following six 
aspects can be differentiated for the analysis: 
 

 User perspective i.e. the agent's total cost of use and ownership; 

 Meso-economic perspective, i.e. the changes of sectoral investment and 
consumption pattern; 

 Macro-economic perspective i.e. growth of GDP and employment; 

 Societal perspective i.e. macro-economic perspective plus external effects, CBA; 

 Distributional issues i.e. between person groups, between regions; 

 Authority / government perspective i.e. changes of state expenditure and revenues. 

 

                                                                                                                                                            
the TSI Noise (2005). The pricing instrument suggested can give incentives to accelerate the process of 
migration of new technology once the regulation is set right (see Clausen et al. 2011).  
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The user perspective is most often affected by cost increases in the short run, while in the 
long run cost savings may accrue. New sustainable technologies usually would increase 
investment cost, but, on the other hand, reduce running cost, though often there is 
uncertainty about the cost savings. For instance, more efficient cars cause energy savings, 
but the sum of cost savings gained strongly depends on oil prices in the future. 
 
When adopting the macro-economic perspective the situation changes significantly, as in 
macro-economic terms increased investments are not a cost, but an element of final 
demand driving economic growth. The question here is, if and to what degree the increase 
of investment in one sustainability technology crowds out other investment, and secondly, 
how much technical progress and productivity are affected by the different investments and 
the cost changes. Further issues may be relevant at the macro-economic level that are not 
decisive for the users, e.g. if fuel savings lead to a reduction of oil imports and thus to an 
improvement of the national trade balance. 
 
The societal perspective can be understood as being at the top of the macro-economic level 
as indicators like GDP and employment are relevant at this level as well. But further 
indicators also count at this level like the cost (or less often benefits) of external effects. A 
reduction of air pollution and GHG emissions, for instance, would reduce external cost and 
after being monetised could be included in a cost-benefit analysis assessing the welfare 
changes for society. 
 
Distributional issues can be assessed at all three levels previously mentioned. From the 
user perspective, the impact on the different agents (e.g. car owners, shippers) can be 
analysed and compared. From the macro-economic perspective, effects on different income 
groups or on unemployed persons could be relevant for a distributional analysis. And from 
the societal perspective, a relevant distributional question is who bears the cost of the 
external effects. Analyses of competitiveness of countries or world regions is a relevant 
task in assessments of eco-innovations (Walz et al. 2011). Such an analysis combines the 
macro-economic perspective (i.e. growth of GDP and employment) with the distributional 
perspective (i.e. which countries/regions benefit from a specific eco-innovation gaining 
market shares), to assess the dynamic efficiency of industrialised countries (e.g. 
robustness of the economy, stability of social international networks. 
 
The government perspective assesses the net sum of changes of revenues from taxes or 
charges and expenditures to implement policies, to foster technologies or to implement 
information/marketing campaigns. As the transport sector both generates a significant 
share of tax revenues while at the same time usually being one of the government areas 
with the highest investment budgets it should always be considered how sustainability 
considerations affect the government budgets. 
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3. PROMISING MEASURES FOR SUSTAINABLE MOBILITY 
 

KEY FINDINGS 

 Transport policy assessment user perspective risks looking only at the 
neglecting important secondary benefits that may appear on a macro-
perspective or a strategic level such as improved competitiveness, a better national 
trade balance or greater energy security. 

 Short-term and long-term benefits may have a different sign. Major eco-
innovations may cause disbenefits in the short term, but the long-term benefits 
often outweigh the cost. 

 The three most relevant eco-innovations for transport are: setting CO2 
emission standards for road vehicles, internalising transport externalities and 
carbon-neutral fuels. This finding was confirmed by our online survey. 

 Establishing the fifth mode, a new multi-modal seamless passenger transport 
alternative in urban areas involving new electric vehicles (small urban personal 
transporters), new business models (one-stop-shop), new usage models (sharing-
instead-of-owning) and a renaissance of walking and cycling in greener cities seems 
to be a key eco-innovation for an urbanising world. 

 Three major eco-innovations focus on freight transport: eco-driving and operation 
control systems, cooperative logistics and trimodal freight inter-modality. Their 
implementation strongly depends on adapting processes within industry. 
Shippers and the transport industry together should overcome barriers through 
increased cooperation as opposed to competition and monopolisation. 
Governments are required to establish frameworks to enable new forms of 
cooperation. 

 The economic impacts of the eco-innovations differ as shown using the 
example of the abatement cost of measures to reduce GHG emissions. Setting CO2 
emission limits for cars could mean an abatement benefit of 100 €/tCO2 for German 
car buyers until 2020, while measures for clean maritime shipping can result in an 
abatement cost or an abatement benefit i.e. figures range between -360 to 40 
€/tCO2. Biofuels always seem to cause an abatement cost, at least until 2020, as in 
the year 2020 their abatement cost range between 132 and 322 €/tCO2. 

 Highlights from the online survey include the confirmation that the perspective 
involved – whether user or macro-economic - can reveal the opposite impacts for 
the same eco-innovation. CO2 emission standards for road vehicles impose a cost 
from the user perspective according to the respondents, but represent a positive 
stimulus in the macro-economic perspective. Secondly, the respondents expected 
positive macro-economic impacts for all measures except one, the internalisation of 
externalities. 
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The following instruments can be suggested to mitigate market failures - in particular, to 
reduce externalities - and to foster sustainable mobility: 
 

 taxes and charges; 

 certificate systems like emissions trading; 

 regulation and standardisation; 

 information, labelling, marketing; 

 fostering new technology; and 

 planning and infrastructure financing. 

 
The initial four instruments are self-explanatory. Fostering new technologies could be to 
provide R&D support (e.g. to fund research projects or joint European initiatives like the 
Joint Technology Initiatives (JTI)), to support demonstration projects (e.g. as funded with 
the CIVITAS initiative for the urban level), to provide incentives for the market pull of new 
technologies (e.g. tax reductions for clean or efficient vehicles), or to pass regulation 
supporting technology introduction (e.g. defining standards). Planning and infrastructure 
financing concern both spatial planning i.e. the spatial assignment of areas for housing, 
industry, offices, transport, social, cultural and educational purposes, as well as planning of 
new or renovated transport infrastructure. To be considered for this study, the latter must 
generate environmental improvements. 
 
In what follows, a list of ten major eco-innovations to foster sustainable mobility is 
proposed. Some of these can be implemented with a single instrument (e.g. CO2 emission 
standards), while others require a whole policy bundle for realisation. In most cases, a mix 
of instruments is appropriate for promoting sustainable mobility and applying the most 
appropriate triggers to mitigate market failures. In general, the eco-innovations are 
focused at the European level. However, urban measures are also included, which should 
then be understood as urban eco-innovations foreseen for widespread implementation in 
urban areas across Europe.  
 
Promising measures to promote sustainable mobility in this study should either cause 
significantly positive environmental effects, as they should constitute eco-innovations and 
thus contribute to the environmental dimension of sustainable mobility, or significant 
economic effects and at least minor environmental improvements, thus contributing to the 
economic dimension of sustainable mobility. If neither of the two aspects applies, the 
measure would not have been selected for the short-list of the most important measures to 
promote sustainable mobility. 
 
A condition for the selection of eco-innovations was that the list of measures should cover 
all modes, to avoid including only measures affecting the road sector as a result of the 
over-proportional share of environmental impacts caused by road transport. Further, both 
passenger and freight transport should be covered. 
 
Given this framework, the project team developed three long lists of potential eco-
innovations: for passenger transport, for freight transport and for measures jointly 
affecting passenger and freight transport. These long lists are reported in Annex I. An initial 
assessment of the impact of the measures in these long lists was carried out. The 
assessment included transport, environmental and economic effects of a measure. Based 
on this initial assessment, eleven most promising measures were selected and a survey 
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was conducted to confirm or reject the selection and gain qualitative insights. Based on the 
survey results and in accordance with the terms of reference of this study the short list of 
ten most promising measures to promote sustainable mobility was developed. 
 
Further, it was assessed how far the short-listed measures correspond to the requirements 
of the New Transport White Paper “Roadmap to a Single European Transport Area” 
(European Commission 2011a). The White Paper defines 131 measures grouped into 40 
measure areas and 12 target areas. It resulted that our measures consider in full 6 out of 
the 12 target areas, while 4 are only partially considered and the other 2 were outside our 
scope. These two areas address questions of working conditions and of security. Broadly, 
these two areas can be linked with social aspects of transport and mobility, rather than 
with environmental and economic aspects, which explains why these areas are not 
considered in our long and short list of measures. Annex II presents a detailed matching of 
the correspondences between our short-listed measures and those proposed in the White 
Paper. 
 
Table 2 presents the suggested short list of promising and most important measures to 
foster sustainable mobility. 
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Table 2: Short list of promising measures for sustainable mobility 

No Area Focus Mode Measure promoting sustainable mobility Instruments 

M1 P + F General Road CO2 efficiency standards for road 
vehicles (i.e. cars, light trucks, heavy 
trucks) & accompanying package 

Standards, 
tax&charge, 
information 

M2 P + F General All, 
road 

Internalisation of external cost by (road) 
user charges – re-engineering of transport 
taxation 

Tax&charge, 
certificates 

M3 P + F General All Carbon-neutral fuels: e-mobility for road 
vehicles (i.e. includes hybrids, pure battery 
electric vehicles, hydrogen fuel cell 
vehicles), biofuels/biomass/biogas in 
particular for air 

Technology, 
regulation 

M4 P + F General Road, 
Rail 

Promoting driver training, logistics 
training & education and adjusted 
operation control systems 

Information 

M5 P Urban Road, 
PT, 
NMT 

New multi-modal, barrier-free urban 
mobility concepts creating the “fifth 
mode”, intermodal and interoperable e-
ticketing 

Standards, 
technology, 
marketing, 
planning 

M6 P Urban NMT Visionary planning of walking and 
cycling in visionary cities - pilot projects for 
carbon-free urban mobility 

Planning, 
information 

M7 P Long 
distance 

Rail High-speed rail backbone network 
including connection to regional networks 

Planning and 
financing, 
tax&charge 

M8 F Long 
distance 

All Cooperative logistics – optimisation of 
logistics in company networks 

Information, 
technology 

M9 F General Road, 
rail, 
ship 

Freight intermodality ship-rail-road 
barrier-free, web-based multimodal 
promotion, integrated trimodal transport 
chains and elimination of bottlenecks 

Planning, 
information, 
technology 

M10 F Long 
distance 

Ship Clean maritime shipping - operational and 
technological measures 

Regulation, 
technology 

P = passenger transport, F = freight transport, PT = public transport, NMT = non-motorised transport 
Source: own compilation 
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In order to confirm or reject the selection of most promising eco-innovations, Fraunhofer-
ISI conducted an online survey asking different groups of experts for their opinions and 
judgements about the originally eleven proposed measures. Between 21st April and 11th 
May 2011, 453 European experts from different Member States were invited by e-mail to 
fill in the questionnaire. More than two fifths of the invited persons were stakeholders in the 
transport sector (e.g. car manufacturers, component suppliers, transport operators and 
their industry associations), about one fifth each were scientists from universities and 
research organisations with a transport background, and stakeholders as transport users 
(e.g. shippers, large companies). The final fifth is composed of a mix of non-governmental 
organisations (NGO) and policy-makers from Member States, regional governments and the 
EU. 
 
Figure 3:  Participation in the online survey 
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Source: online survey, own compilation 

56 of the invited experts completed the 
questionnaire with an average response 
time of 36 minutes. As Figure 3 shows, half 
of these participants indicated that they are 
scientists and the second largest group are 
stakeholders in the transport sector. 
 
A further 77 persons opened the 
questionnaire, some of them filled in the 
questionnaire partially, but did not complete 
it. 
 
For the following analysis we concentrate on 
the 56 completed questionnaires that 
correspond to a response rate of 12.4%. 

 
In the main text we only provide a few of the responses related to the selection of 
measures and their economic impacts. Annex III presents the survey in more detail. Two 
questions directly address the confirmation or rejection of our proposed promising 
measures: 
 

 To provide a ranking of importance of the 11 proposed measures; 

 To indicate if one or more of the measures are not considered to be of major 
importance. 

 
Figure 4 presents the ranking of the ten most important measures to promote sustainable 
mobility according to the 56 survey respondents. Actually, it confirms our expectation that 
CO2 emission standards (M1), internalisation of external cost (M2) and carbon-neutral fuels 
(M3, numbering of measures as in Table 2) were the most important measures. More 
surprising are the following two ranks, which were given to the urban measures “fifth 
mode” (M5) and walking and cycling in visionary cities (M6). This seems to reflect the 
growing understanding that, in coming years, urban passenger mobility will be re-shaped 
drastically. 
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Figure 4:  Ranking of 10 most important measures by survey 
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Source: online survey, own compilation 
 
As far as rejecting measures as not being of major importance was concerned, the 
responses remained low with a maximum of 13%. This rejection level was achieved by the 
measure driver & logistics training (M4) and surprisingly, also for the measure ranked as 
most important i.e. CO2 emission standards (M1). The difference was that the latter was 
mostly rejected by scientists, while the former was rejected by stakeholders from the 
transport sector, which are both surprising results. 
 
In other words, at least 87% of participants agreed to our proposed measures. Thus we are 
confident in concluding that we selected the 10 most important measures to foster 
sustainable mobility. 
 
11 survey respondents suggested additional measures. Partially, these are actually covered 
by the more detailed descriptions of the measures provided in this study. Integrated land-
use planning was mentioned most often (4 times) followed by increased energy taxation (3 
times), travel demand management (2 times) and measures outside the transport sector 
i.e. adapting trade or production systems (2 times). Measures mentioned once include a 
ban on fossil fuels, speed limits and mandatory speed control systems, feebate systems for 
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cars, sustainability criteria for biofuels, including transport into the EU-ETS and promoting 
electric mobility. 
 
The next section describes the analytical framework employed in the impact analysis of the 
10 short-listed measures. The subsequent 10 sections (3.2 to 3.11) present how the 
analytical framework was applied to the specific analysis of the impacts of each measure. 
The focus of the analysis will be on the economic impacts. 
 

3.1. Analytical framework to analyse mobility eco-innovations 

The analytical framework used to analyse the impacts of the 10 measures consists of five 
elements: 
 

 Instrument(s) to implement the eco-innovation; 

 Transport impact(s) of eco-innovation; 

 Environment impact(s) of eco-innovation; 

 Market failure addressed by the eco-innovation; 

 Economic impacts caused by the eco-innovation. 

 
Table 3 presents the items categorising these five elements of the analytical framework. 
The six types of instruments to foster eco-innovations were introduced at the beginning of 
this chapter. The six types of market failure and seven categories of environmental impacts 
were explained in sections 2.3 and 2.3.3, respectively. The six different perspectives to 
analyse economic impacts of eco-innovations were introduced in section 2.4. 
 
Mobility eco-innovations will also cause transport impacts that can be divided into four 
categories: avoid, shift, improve or no impact. Avoid, shift and improve are the three 
categories also distinguished in the framework proposed by the European Environment 
Agency (EEA) to analyse reduction measures for emissions of transport (EEA, 2010, pp.23). 
Avoid means either to avoid transport, or to reduce the distance of a trip by a different 
choice of destination. Shift means to choose a more environmentally friendly transport 
mode, and improve refers to measures improving the transport efficiency e.g. by increasing 
the load factor of a vehicle. We add the category of eco-innovations causing no transport 
impact as they only improve the environmental impact, but without affecting transport, 
though such eco-innovations will be rare. One example is an efficiency improvement to a 
vehicle reducing the running cost because of less energy demand, but at the same time 
increasing the investment cost for the vehicle in such a way that the net effect on the total 
cost of ownership (TCO)16 remains zero. 
 
The following ten sections (3.2 to 3.11) follow the analytical framework outlined in Table 3 
assigning to each column of the framework a separate sub-section to explain the rationale 
for each measure. The first sub-section briefly describes the eco-innovation, the related 
instruments and refers to European initiatives, if any, or examples implemented elsewhere 
in Europe. This is followed by separate sub-sections on transport impact, on environmental 

                                                 
16 Total cost of ownership (TCO) refers to cost of one vehicle and is usually calculated on the base of cost per 

vehicle-kilometre-travelled. It includes the vehicle investment cost related to life-time mileage (e.g. including 
registration tax, if any), any type of variable cost (e.g. fuel, maintenance, repair) and any type of fixed cost 
(e.g. annual circulation tax, annual insurance premium). The latter are calculated on a per km base by relating 
the total annual cost to an average annual mileage of the vehicle. 
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impact, on market failure addressed and on economic impacts of the eco-innovation. The 
impact sub-sections give a short qualitative assessment of impacts, complemented by 
quantitative findings from the literature, if available. For some eco-innovations these sub-
sections are completed by a sub-section on the specifics of a measure or a sub-section on 
highlights of the online survey concerning the measure, if any have been observed. 
 
Table 3:   Analytical framework for mobility eco-innovations 

Instruments 
for mobility 

eco-innovation 

Transport 
impact 

Environment 
impact 

Market 
failure 

addressed 

Economic 
Impact 

Taxes and 
charges 

Improve 
transport 
efficiency 

GHG emissions, 
climate impact 

Public goods, 
merit wants 

User perspective 
(total cost of use 
and ownership) 

Certificate 
systems 

Modal shift Air pollution External 
effects 

Meso-economic 
perspective 
(investment pattern) 

Regulation and 
standardisation 

Reduce or 
avoid 
demand 

Noise Natural 
monopolies 

Macro-economic 
perspective (e.g. 
GDP, employment) 

Information, 
labelling, 
marketing 

No impacts Energy and 
material resources 
demand (upstream 
and downstream 
impacts) 

Missing 
coordination 
ability, high 
risk, long life 
of capital 
goods 

Societal perspective 
(welfare effects, 
CBA) 

Fostering new 
technology 

 Accidents Asymmetric 
information 

Distributional 
perspective 

Planning and 
infrastructure 
financing 

 Impacts on nature 
and landscape 

Government 
failures 

Authority / 
government 
perspective 

  Urban separation   
Source: own compilation 

3.2. CO2 efficiency standards for road vehicles 

This measure consists in CO2 emission limits for new road vehicles that are purchased at a 
certain point in time. As long as cars are solely propelled by fossil fuels, setting a CO2 
emission limit is equal to defining fuel efficiency standards. Limits can either be defined as 
a maximum emission value (as for air pollutants) or as an average of all new cars 
purchased in a specific region or sold by a specific manufacturer. The limits have to be 
tightened over time to take technical progress into consideration. 
 
During the mid 1990s, the European Commission developed a voluntary agreement on CO2 
emission limits of cars with the car manufacturers represented by the Association des 
Constructeurs Européens d'Automobiles (ACEA), Japan Automobile Manufacturers 
Association (JAMA) and Korea Automobile Manufacturers Association (KAMA). The voluntary 
agreement foresaw that, until 2008, the average CO2 emissions per driven km of the newly 
purchased cars of that year would be 140 gCO2/km. 
 
After close to ten years of the voluntary agreement, it was obvious that the trend in 
voluntary reductions was not going to meet the proposed CO2 emission target, so the 
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European Commission decided to develop a proposal for binding CO2 emission limits of cars 
(European Commission 2007a). The proposal kept the target of 140 gCO2/km in 2008/2009 
and introduced a new binding target of 120 gCO2/km by 2012 for the average of all new 
cars sold in Europe in 2012. This goal included additional measures like biofuels and the 
efficiency improvements of auxiliary equipment, so that the target to be achieved by 
improvements on the power train and by increased energy efficiency of engines would be 
130 gCO2/km. Finally, the target was specified in the EU Regulation 443/2009, but instead 
of setting the limit of 130 gCO2/km for the year 2012, this was shifted to three years later 
after strong stakeholder concerns were expressed. The target now has to be achieved by 
2015 (European Commission 2009d). A similar approach setting CO2 emission limits was 
developed for light duty vehicles by EU Regulation 510/2011 (European Commission 
2011c). 
 
As defined by this study this measure foresees implementing regulations for cars, light and 
heavy trucks and motor-bikes. The standards would be binding and would be strengthened 
towards 2030. For instance, for cars, the average of the new fleet could be 95 gCO2/km in 
2020 and 75 gCO2/km in 2030. It is assumed that accompanying measures like efficiency 
labelling and CO2-based taxation will provide sufficient incentives for consumers to buy 
efficient cars. Fostering alternative technologies propelled by non-fossil energy sources (see 
section 3.4) are also complementary to and supportive of this measure. 
 

3.2.1. Transport impact of CO2 emission limits 

CO2 emission limits improve the fuel efficiency of vehicles. Usually, vehicles affected by the 
regulation will become more expensive as they have to be equipped with additional 
technology to improve efficiency but, on the other hand, the fuel cost will be reduced. In 
other words, fixed (investment) cost increases while variable cost decreases. In particular, 
the latter effect seems to be relevant for car transport as it causes the so-called rebound 
effect, which is relevant for private car transport in particular where the individual transport 
choice is largely based on out-of-pocket cost, i.e. fuel cost, and not on the total cost of 
ownership (TCO). As the out-of-pocket cost decreases due to owning a more efficient 
vehicle, car transport becomes more attractive. In summary, the competitive position of car 
transport against other modes would be improved by CO2 emission limits, so that the 
transport performance by car (pkm) could even increase (rebound effect), if compensatory 
measures are not taken (e.g. Robert/Johnson 2006). 
 
In the case of business cars and trucks, the impact on TCO are decisive for the transport 
impact. As long as the level of the CO2 emission limits is moderate, it can also be expected 
that TCO is reduced so that road transport would increase (rebound effect). 
 

3.2.2. Environmental impact of CO2 emission limits 

Positive environmental impacts of CO2 emission limits concern the reduction of energy 
demand, in particular of fossil fuels, and of CO2 emissions. More energy-efficient cars may 
also be less noisy than others, because improved aerodynamics which usually reduce noise 
emissions could be one option to increase energy efficiency. On the other hand, in some 
cases a trade-off has to be considered where increased CO2 efficiency is counterproductive 
to reducing air pollutants. But in general, technological solutions can be found that improve 
CO2 efficiency without worsening other environmental impacts of road transport. 
What is also relevant to consider are the upstream emissions of resource extraction and of 
manufacturing of efficiency technologies that either could be more complex or could require 
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materials (e.g. high strength steel, aluminium) that cause an increase of the upstream 
energy demand or the upstream CO2 emissions. 
 

3.2.3. Market failure addressed by CO2 emission limits 

CO2 emission limits address two particular market failures: 
 

 The functioning of the earth's climate is a public good, which is endangered by the 
market failure that greenhouse gas emissions did not have a price tag in the past, 
and largely still do not have such a tag today, or only an inadequate one; 

 External effects of CO2 emissions of road vehicles are partially internalised by the 
CO2 emission limits.  

It should be clearly stated that with the current CO2 emission limits for cars and light duty 
vehicles, both market failures will still exist as the achieved reductions are insufficient to 
achieve the long-term targets, given that industrialised countries are expected to reduce 
their greenhouse gas emissions by -80% to -95% until 2050 to limit climate change to 
below 2 degrees Celsius. 
 

3.2.4. Economic impact of measure CO2 emission limits 

The economic impact of CO2 emission limits for road vehicles is usually analysed from the 
micro-, the meso- or the macro-economic point of view. A number of economic effects can 
be caused by such limits: 
 

 Additional investment by car manufacturers to develop and manufacture new 
efficiency technologies (micro- and meso-economic); 

 Increased price of vehicles equipped with better efficiency technology (micro-
economic user perspective); 

 Reduction of variable cost due to lower fuel consumption (user perspective); 

 Reduction of imports of fossil fuels for transport (macro-economic perspective); 

 Increased competitiveness of European manufacturers, in case export markets 
either impose similar limits or consumer preferences value efficiency higher due to 
growing awareness of fossil fuel scarcity and adverse climate impacts of transport. 
Thus first mover advantages can be gained (meso- and macro-economic 
perspective); 

 Impact on the government budget due to decreasing fuel tax revenues. 

 
From the micro-economic user perspective, the balance of increase of vehicle prices and 
the reduction of fuel expenditures are the main aspects to be analysed. Estimates of 
increased vehicle cost for manufacturers have been presented by several authors in the 
form of cost curves linking CO2 savings potentials to vehicle cost increases (e.g. TNO et al. 
2006, Borken-Kleefeld et al. 2009). Using these cost curves, Schade (2010) estimated in 
2008 that by introducing the 130 g CO2/km limit in 2012, over the 12 year period from 
2008 until 2020, the fuel cost savings for the German consumer would amount to € 79 
billion and 159 Mt CO2 would be saved. 
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Table 4:   Impact of CO2 emission limit of cars in Germany – User perspective 

 
 Unit 2008 2010 2015 2020 

2008-
2020 

Car purchase 
Increased 
investment 

billion 
€ 

2.0 3.5 3.6 3.0 45 

Fuel 
Fuel demand 
savings 

PJ 66 111 227 275 2,491 

 Fuel cost savings 
billion 
€ 

2.1 3.6 7.2 8.7 79 

CO2 CO2 savings Mt 4.3 7.1 14.4 17.4 159 
Source: Schade (2010) 

 
The net present value of these calculations for the German car buyers amounted to € 16 
billion (in €2000 prices) so that an abatement benefit (not cost) of this measure of 100 
€2000/tCO2 was estimated. Other authors confirmed the positive economic effect of the 
measure, e.g. McKinsey (2007) who looked at single technologies to achieve the CO2 
emission limits and found also that many of such measures brought about a net benefit. 
 
On the potential macro-economic effects, Schade et al. (2009) analysed the German 
Integrated Energy and Climate Package (IECP) of 2007. They formed a transport-related 
package out of seven measures. The numbers presented in the following paragraphs refer 
to the full package, of which the most relevant measure in terms of macro-economic effects 
until 2030 were the CO2 emission limits for cars. In the first three years, they estimated an 
additional investment impulse on the part of the German car industry of about € 8 billion, 
which were invested in R&D and adaptation of production plants and production processes.  
 
As Figure 5 shows, in the initial year 2008, out of three effects the investment impulse of 
the climate policy dominated. But already in 2010 second round effects increase investment 
in other sectors than the transport equipment industry. In the long term, the second round 
effect of fuel savings increasing the budget that consumers can spend for non-transport 
purposes increases strongly, and comprises the largest share of overall GDP growth caused 
by the package of seven measures in 2020 and 2030.17 
 
Associated with the package of seven measures are reductions of imports of fossil fuels in 
2030 that amount to € 15 billion saved. At least that part of savings that accrues to private 
households can be spent for other consumption purposes. The calculations used a very 
moderate fuel price development of achieving a crude oil price of 60 US-$/bbl in 2030 
(prices of year 2000). A further aspect to be considered in this scenario is that, if tax levels 
are not adapted, this measure will lead to a significant decline in fuel tax revenues thereby 
impacting on government budgets. Such positive findings of the impacts of climate policy in 
the transport field coincide with impact assessments of climate policy in general (e.g. Stern 
2007, Edenhofer/Stern 2009). 
 
It should be noted that there are other studies that expect negative economic impacts to 
result from setting CO2 emission limits for cars e.g. ZEW/B&D Forecast (2006). However, 
these studies usually analyse the changes of the total user cost only and neglect several of 

                                                 
17 It should be noted that these estimates did not include the economic crisis of 2008/2009. However, looking at 

the R&D expenditures of large German car manufacturers, they did not reduce their R&D spending despite the 
fact that their turnover was significantly reduced. Two major reasons for this can be expected: the R&D 
stimulus of the CO2 emission limits and of the just enfolding hype of electric mobility. For instance, Daimler 
lost one fifth of its turnover, but kept its R&D constant. 
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the positive indirect economic impacts, like the stimulation of additional investments or the 
higher attractiveness of more fuel-efficient cars. As the online survey reveals, the experts 
also expect the measure to exert a positive impact on macro-economic development (see 
section 3.2.6). 
 
Figure 5:  Macro-economic effects of transport measures of Meseberger IECP 
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Source: Schade et al. (2009) 
 
The available assessments of this measure largely focus on the user perspective, either by 
providing cost curves or abatement cost (micro- or meso-economic perspective). Only a 
few analyse the macro-economic perspective and the government perspective in a 
quantitative way. Societal and distributional perspectives seem to be largely neglected. A 
few authors point out that the user perspective alone is not sufficient for the full analysis of 
benefits of such transport policy measures, as the analysis of indirect effects (or co-
benefits) is missing (Skinner et al. 2010, Browne/Ryan 2010). 
 

3.2.5. Specifics of CO2 emission limits 

CO2 emission limits of road vehicles constitute one of the most promising measures to 
foster sustainable mobility and are an important element of the EU strategy for clean and 
efficient vehicles (European Commission 2010b). They enable reductions of a large amount 
of CO2 from transport, and when introduced with a sufficient, but not too long, lead time, 
they will also be beneficial for the users and the economy. The issue of the required lead 
time to develop new technologies and bring them to the market suggests that, for instance, 
at latest in 2015 the CO2 emission limits for 2020 are agreed and regulation put in place. 
 
Another issue debated is the basis for measurement to determine limit values for certain 
vehicles. The options are mainly (1) vehicle mass or (2) vehicle footprint (i.e. track width 
multiplied by wheel base). The advantage of the footprint is that efforts to reduce vehicle 
weight are accounted for in achieving the limit values, which is not the case for mass, as 
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with reductions of mass a specific vehicle can shift between vehicle classes and thus be 
subject to a lower CO2 limit. 
 
Setting CO2 emission limits represents a measure that can be usefully bundled into policy 
packages with measures that provide incentives to buy efficient vehicles, like CO2 labelling, 
CO2-based vehicle taxation or CO2-based urban or interurban charging schemes. 
 

3.2.6. Highlight of survey on CO2 emission limits 

The survey confirmed our expectations that this measure is very effective in improving the 
environmental impacts of transport, namely the climate change impact, i.e. it leaves 
transport demand rather unaffected, while it strongly improves the environmental situation 
with more than 80% of respondents expecting a medium or high impact on the 
environment (see Figure 6). 
 
Figure 6:  Transport little affected and strong environmental impact expected 

by survey respondents 
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Source: Fraunhofer-ISI, online survey 
 
Even more important is the highlight presented in Figure 7 as it confirms one of our main 
findings and contributions to the debate on eco-innovations to promote sustainable 
mobility. The left hand side of the figure shows that the large majority of experts expect 
that the measure will mean a cost increase for the actors in the transport sector. The right 
hand side shows that it is just the opposite for the macro-economic impact: with a 
consensus of 60 to 80%, the experts expect that the measure will foster economic 
development in terms of growth, employment or competitiveness. 
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Figure 7:  Diverging impacts on user level and macro-economic level 
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Source: Fraunhofer-ISI, online survey 

3.3. Internalisation of external costs by user charges  
– Re-engineering of transport taxation 

The internalisation of external costs has been on the EU agenda for three decades already. 
The objective of this measure is to charge transport activities for their economic and 
environmental costs (see section 2.3.3). Instruments to directly internalise external costs 
are taxes, charges and certificate trading systems. Indirectly, external costs can be 
internalised by regulation and standard-setting. In practice, pricing and regulation 
measures can be combined to achieve the desired market reaction with a minimum loss of 
market efficiency. 
 
The EC White Paper of 1998 laid down the principles of “fair and efficient charging” for the 
use of transport infrastructure. These principles follow the concept of social marginal cost 
pricing. The fundamentals of this concept were established by Pigou (1924) and foresee 
adding mark-ups for the marginal external costs to the (internal) marginal infrastructure 
costs. These mark-ups include marginal external costs of congestion, of the environment 
and of accidents. They correspond to the “Pigou taxes” which are discussed in the literature 
on taxation and welfare theory (e.g. Case/Fair 1992, pp. 444). The European Commission 
launched a series of studies to quantify external marginal costs of transport in order to 
prepare the base for “setting prices right”, according to the “user and polluter pays 
principle”18. The results of these studies were summarised in the Handbook on 
Internalisation of External Costs of Transport (Maibach et al. 2008).  
 
An alternative concept to the social marginal cost approach is the so-called “Baumol/Oates 
pricing” (Baumol and Oates, 1971;1988), which starts from defining “safe minimum” values 
for external effects and sets prices in such a way that the targets are met accordingly. 
 
Pigou pricing 
The Pigou tax philosophy suggests adding all external marginal costs of congestion, 
accidents and environment to the internal costs of transport (here: the marginal 
infrastructure costs). This approach is consistent with neo-classical welfare theory (see 
section 2.3.1), but it suffers from serious caveats when it comes to implementation 
(Rothengatter 2003). One of the problematical practical consequences is, and this is 
demonstrated clearly in the Handbook (Maibach et al. 2008), that external congestion costs 
dominate the picture. Other external cost components come out with low results in the 

                                                 
18 The user should pay for the infrastructure use and for the pollution of the environment. 
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marginal cost calculus (e.g.: noise, climate change)19 although they are regarded as 
critically in environmental science and policy-making. Therefore, the internalisation scheme 
foreseen in the framework of revision of the Eurovignette – Directive 2006/38 EC to charge 
heavy goods vehicles on motorways, as derived from the Handbook (Maibach et al. 2008), 
and finally including only noise and air pollution for external cost mark-ups20, will neither 
lead to substantial cost increases for the motorway users nor to major environmental 
impacts. The extended interval for the differentiation of charges according to congestion 
(175% according to the revised Directive) goes in the right direction, but has little impact 
as long as it is restricted to heavy goods vehicles, to which the Directive applies. Therefore, 
substantial extensions of the scheme will be necessary to make the Directive an effective 
instrument of environmental policy in transport. 
 
Baumol-Oates pricing 
The Baumol/Oates (1971, 1988) philosophy starts from setting targets rather than 
calculating social marginal costs. This approach clearly separates external costs, which can 
be traded-off against other economic advantages or disadvantages (such as congestion 
costs), from existential risks stemming from environmental resource depletion, as for 
instance climate change. As existential risks cannot be traded-off, it is necessary to define 
“safe minimum values” for the protection of natural resources and climate to manage these 
risks, also considering the living conditions of future generations. The prices which have to 
be set to prevent a violation of “safe minimum values” are called “Baumol/Oates prices”. 
 
In principle, a Baumol/Oates price can be set for every type of externality in such a way 
that no critical threshold is overrun after implementation of the pricing system. But this 
may be inefficient from the economic point of view, if implementation (“transaction”) costs 
are high21 and a combination of instruments, such as regulation, standardisation, voluntary 
agreements and taxation/charging might achieve the desired effects at much lower 
transaction costs and with better acceptance. In such a case, the pricing component might 
be integrated into a bundle of instruments (together with regulation, standards and 
labelling).  
 
The ETS (European Emission Trading Scheme) is consistent with the Baumol/Oates 
philosophy insofar as it starts with setting a target (see below) and implements a pricing 
scheme (here: emission trading) which aims to approximate the target. Presently, the 
scheme – which includes the energy sector, parts of industry22 and the aviation sector, 
beginning with 2012 in a relaxed form (only 15% of allowances of air transport will have to 
be auctioned) – is far from achieving the medium-term target (minus 20% CO2 until 2020, 
compared with 1990 levels). There are many reasons for this, e.g. because the volume of 
allowances distributed without auctioning is high and the options of saving allowances 
through joint investments or through the clean development mechanism (investing in CO2-

                                                 
19 Some examples for unit external cost values from the Handbook (cts/truckkm ; interurban ; daytime) are: 

congestion 35, noise 1.1, air pollution 8.5 (based on a mix of EURO II-EURO IV, EURO V not included), climate 
change 2.2. The cost per tonkm then would be increased - following the approach of the Commission with so-
called capped values and without congestion externalities - by about 2-3 cts or 1.5%, which is less than the 
fluctuations in diesel price (for a calculation table see IWW and NESTEAR, 2009, p 21). 

20 The recently adopted amendment of the Eurovignette Directive 2006/38 EC (amending Directive 1999/62 EC, 
“Eurovignette Directive”) foresees that member states can add mark-ups for noise and air pollution costs to 
the allocated infrastructure costs.. Congestion costs can be an argument for a high differentiation of charges 
(up to 175%), but this should not lead to an increase of the overall burden of HGV on motorways. 

21 Charging for rail noise gives a good example. If the reduction target of 10 dB(A) should be achieved by setting 
of Baumol/Oates pricing, the mark-ups to the rail track access charges would have to be set very high such 
that the competitiveness of railway freight transport would be at risk, see section 2.3.7. 

22 It covers presently power stations, combutions plants, oil refineries, iron and steel works as well as factories 
making cement, glass, lime, bricks, ceramics, pulp, paper and board. In 2012 the ETS scheme will be extended 
by the airline industry, petrochemicals, ammonia and aluminimum industry.  

 49



Policy Department B: Structural and Cohesion Policies 
____________________________________________________________________________________________ 

reducing technology in the developing countries) are widely used, and lead to low CO2 
prices (presently less than € 15 per tonne of CO2). If the CO2 target will be tightened 
periodically in the future, the emission-trading scheme can develop into an effective 
instrument to fight climate change. 
 

3.3.1. Transport impact of internalisation of externalities 

The impacts of internalisation of externalities on transport activities can be summarised by 
three main points23: 

 Avoidance of traffic: The number of km travelled by passenger and freight vehicles 
can be reduced without a major loss of mobility or freight transport efficiency. This 
may be implemented by shorter trips, improved occupancy or loading factors and 
adjusted vehicle size. 

 Shifting traffic: A part of transport activities can be performed by more 
environmentally friendly transport modes, e.g. from road to rail or inland 
waterways. The principle of co-modality, propagated by the EC, can be further 
interpreted in such a way that also within one mode (e.g. road transport) the 
activities are shifted to the alternatives with low external costs – e.g. through 
consolidation of consignments in freight transport. 

 Improvement of technology: Low emission vehicle technology, fuel quality, driver 
assistant systems or route guidance are examples for technological changes which 
are fostered by market demand for environmentally friendly technology stimulated 
by incentive compatible taxation and charging. 

 
As a result, congestion can be reduced, the use of the transportation system better 
balanced and the efficiency of operation in the networks increased.  
 

3.3.2. Environmental impacts of internalisation of externalities 

A large number of studies and research projects, partly undertaken in the context of the EU 
Framework Research Programmes or for NGOs24, underlines that monetary internalisation 
strategies (“setting prices right”) are essential parts of mitigation strategies. In particular, 
they can create the incentives for emission reduction in a market conforming way and help 
to achieve environmental target at low economic costs. 
 
The environmental impacts of taxes and charges for internalising external costs of transport 
depend on the design and the rates of taxation/charging instruments. These instruments 
are relevant in particular for GHG emissions and air pollution, i.e. for type of external costs 
which vary with the volume of traffic. 
 

3.3.3. Market failure addressed by internalisation of externalities 

Applying the polluter-pays principle – either by using the Pigou or the Baumol/Oates 
concept - the negative impacts of external costs will be perceived by the transport users or 
the suppliers of transport goods and services and thus considered in the relevant plans and 
actions. As a result, the magnitude of external costs can be decreased to a level at which 

                                                 
23 The „avoid“, „shift“, „improve“ triangle is mentioned in most publications on internalising external costs of 

transport. For a recent piece of literature see Rothengatter, Hayashi and Schade (2011). 
24 See for instance the EC projects UNITE, GRACE or HEATCO or the study of the Netherlands Environmental 

Assessment Agency and Stockholm Resilience Centre (2009). 
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the avoided damages through internalisation are in balance with the abatement or 
mitigation costs (see Blauwens et al. 2008; INFRAS/IWW 2004). In practice, the 
implementation of an internalisation policy is associated with substantial difficulties, 
because it implies a balanced approach with respect to the different types of externalities, 
the affected industries/ consumer groups and, in the case of global impacts, also of the 
countries worldwide. 
 

3.3.4. Economic impact of internalisation of externalities 

From a user's perspective, the internalisation of external costs may not be regarded as 
beneficial because the individual costs of transport will increase. But there is an increasing 
awareness on the part of consumers that short-term egoism is detrimental to overall 
sustainability and jeopardises the well-being of future generations. Such “empathetic” 
preferences are being more and more observed and underline that an increasing share of 
population does not understand economic progress as a pure increase of material 
consumption for the present generation rather than an improvement of future chances and 
reduction of future risks.  
 
In a short-term macro-perspective, the internalisation of external costs might reduce the 
volume of turnover of particular industries and reduce GDP. For example, the reduction of 
accident costs leads to less material damages and lower orders for repair shops in the same 
way as fewer injuries will reduce the volume of medical service. Generally speaking, the 
volume of “defensive” outlays, i.e. expenditures which are only taken to preserve the status 
of welfare through rehabilitation measures, is reduced when externalities are internalised. 
In the long run, the internalisation of external costs will foster technological change and 
improve the position of the industry of countries fostering this strategy. This is in particular 
the case if the externality problem exists worldwide, so that initiators and innovators will 
find a growing international market for new products and industrial processes. Presently, 
the market for energy and CO2-saving products gives a good example for such phenomena. 
Solar and wind energy are booming and big companies (GE, Siemens) are trying to develop 
core competence for future energy and climate technologies. 
 
While internalisation measures might entail a short-term sacrifice, the long-term future is 
likely to bring significant welfare benefits. Applying “Bentham’s principle” of summing up 
the discounted net benefits for all generations, the aggregate welfare effects of 
internalisation are positive, if the right dose of measures is applied. The Stern Review 
(Stern 2007) illustrates this situation numerically. According to this famous study on the 
economics of climate change, a euro invested today in mitigating climate change - partly 
stimulated by internalisation instruments - may save five euros of potential damages in the 
future if no mitigating action is taken. 
 
While much literature and project work has been done to study partial effects of 
internalisation on particular markets or stakeholders there are only a few comprehensive 
studies existing, which estimate the total welfare and macro-economic impacts under 
consideration of the dynamic feedbacks between the transport sector and the economic 
sectors. Examples are the IASON (2004) and TIPMAC (2004) projects for the European 
Commission which analysed the total impacts of internalisation via social marginal cost 
pricing (SMCP) for all transport modes assuming that the revenues are used partially for 
transport investments. The four different models ASTRA, CGEurope, E3ME and SASI were 
applied to assess the whole scope of impacts for sectors and regions over a long time 
horizon. The main finding was that carrying out a welfare analysis based on traditional 
partial analysis was misleading, as it did not consider the feedback mechanisms between 
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pricing, revenue recycling and investment in the transport sector and the induced benefits 
and costs in other industries. Only a few models were able to simulate the feedback cycles 
induced by the revenues (ASTRA and E3ME). The results of these models underline that 
designing a suitable refunding strategy, e.g. via reduction of direct taxes, could generate 
positive growth effects for the investment/SMCP-pricing package (Renes et al. 2004, 
Schade et al. 2003, Schade 2005, Köhler et al. 2008). For the urban level, Eliasson showed 
that introducing charges to internalise congestion in Stockholm generates a social surplus 
sufficient to fund investment and operating cost (Eliasson 2010, p. 468). 
 
Charging and taxation according to external costs can lead to undesired impacts for social 
equity. If lower income classes use old vehicle technology because they cannot afford the 
new expensive technology, they will suffer more from internalisation measures. Therefore it 
is important to construct policy packages by combining environmental charging and 
taxation with compensatory measures, as for instance improving public transport services 
or reducing vehicle taxation for small and fuel-efficient cars. 
 
There are a number of options and problems for the government to address. Some 
essentials are treated briefly in section 3.3.5 
 

3.3.5. Specifics of internalisation of externalities 

Environmental taxation/charging and public revenues 
In many countries, high fuel taxes have to be paid, in addition to vehicle and excise 
taxation. Therefore, lobby groups are arguing against raising additional taxes/charges to 
internalise externalities, in the sense that this is only a further instrument to raise taxes 
and squeeze out the financial capacity of car users. Therefore, internalising externalities 
through taxes and charges only has a chance to be accepted by the stakeholders if the 
existing taxes are reduced or abolished, for instance the vehicle taxation. Such a 
restructuring of the taxation/charging system will set the incentives right for a better use of 
scarce infrastructure capacity and environmental resources. 
 
However, a serious caveat has to be considered: If internalisation schemes work as desired 
from the environmental point of view, then the revenues from the related taxes/charges 
will decrease over time. The German vehicle taxation system gives a good example for this: 
It links the tax partially to the fuel consumption of a new car. As the car manufacturers 
were able to reduce fuel consumption of new cars drastically after the economic crisis, the 
yearly tax income is expected to fall from about € 9 billion in 2009 to about € 7.5 billion in 
2014. This implies that the internalisation oriented taxation/charging system has to be re-
adjusted periodically or other taxes have to be increased, which is not popular. 
 
Acceptability problems and resistance of stakeholders 
Although the long-term impacts of internalisation policies are likely to be positive, there are 
still barriers to implementation. Reasons are: 
 

 Resistance of the industry against structural changes (e.g.: resistance of the car 
manufacturers against changes in energy taxation); 

 Leakages of the applied instruments leading to international distortions (e.g.: 
carbon leakages); 

 Habits of consumers (e.g.: preference for high-powered cars); 
 Difficulty to construct consistent policy packages (e.g.: ETS and carbon taxes)25. 

                                                 
25 The European Commission's proposal for a Council Directive amending Directive 2003/96/EC gives a good 

example for this (European Commission 2011g). The Directive suggests imposing general carbon taxes which 
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Allocation of revenues 
While tax income intentionally goes to the public budget, there are two options for the 
revenues from charging. Either they are treated like taxes and transferred to the public 
budget or they flow back to the sector charged and are used for financing investments. In 
the latter case, a financing system can be constructed which is widely independent of the 
state budget. Fiscal policy will be interested in the first option, absorb the revenues and 
decide on the use of the overall budget, independent of the source of funds. But the 
acceptance of people for new charges or taxes will be much higher, if they would get a 
guarantee that the revenues will be used to develop the transport system. This would 
require some institutional changes, e.g. either parts of the revenues are ear-marked or an 
agency/company is established which gets some financial and eventually also management 
autonomy for the sector concerned. 
 
From this it follows that the internalisation of externalities through taxes and charges may 
be a very powerful and dynamically efficient strategy, but it presupposes developing an 
overall, consistent concept including other instruments (in particular: regulation) and 
solving the institutional problems involved. 
 

3.3.6. Highlight of survey on internalisation of externalities 

The generally surprising result of the online survey was that the responding experts 
expected significantly positive macro-economic impacts by all selected measures – with one 
exception: the internalisation of externalities. It seems that this measure is deemed to 
improve economic efficiency in allocating scarce environmental resources, but despite the 
efficiency gains it dampens economic growth (see right hand side of Figure 8), though the 
dampening effect is expected to remain at low to medium impact levels (left hand side). 
 
Figure 8:  Internalisation only measure with negative effects on macro-

economy according to survey respondents 
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Source: Fraunhofer-ISI, online survey 
 

                                                                                                                                                            
should be re-transferred to those sectors which are included in the ETS. This presupposes that both 
instruments, carbon taxation and ETS, are harmonised in terms of the price per ton of CO2, which can hardly 
be expected as the ETS values are the results of market trade and carbon tax rates have to be set in advance 
by the state. 
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3.4. Carbon neutral fuels – electricity, hydrogen, biofuels 

This measure includes the introduction and fostering of all kinds of fuels that reduce CO2 
emissions compared to liquid fossil fuels. An analysis of the GHG reduction potentials of any 
alternative fuel must build on a life cycle analysis including all kinds of upstream effects like 
production emissions in (bio-)refineries, extraction emissions, emission from fertilizers and 
indirect land use changes in the case of biofuels. 
 
Low carbon fuels or even carbon neutral fuels include compressed natural gas (CNG) or 
biogas, biodiesel, bioethanol, bio-kerosene (all four may come from different production 
pathways), hydrogen (low carbon pathways) and electricity (combined heat and power 
generated either with gas or renewables).26 
 
Given that the availability of biofuels is facing bio-physical limits or the use of electricity 
has to cope with limits of the batteries it seems reasonable to develop strategies of 
focussed use of alternative fuels in transport mode by mode. There are signs that it would 
be reasonable to assign biofuels in particular for the use in air transport, while for other 
modes, in particular car transport, many alternatives exist like CNG, hydrogen fuel cells or 
electricity from batteries.  
 
This measure supports the introduction of mode-specific sustainable low carbon and carbon 
neutral fuels by (1) R&D support, (2) quota system, and (3) incentives to use such fuels 
e.g. by energy taxation according to GHG emissions. As an example, the quota defined by 
the target of achieving 10% biofuels on energy consumption of transport by 2020 in EU27 
should be mentioned (European Commission 2008b, 2009c). 
 

3.4.1. Transport impact of carbon neutral fuels 

If carbon neutral fuels would have the same cost as the liquid fossil fuels (i.e. gasoline, 
(ship-)diesel, kerosene) their transport impact would be zero. In most cases the cost of 
such carbon neutral fuels is however likely to differ from their fossil counterparts. In such a 
scenario the introduction of carbon neutral fuels would change the energy cost of a mode 
as well as the relative cost of competing modes. Transport demand would then either be 
changed by the price elasticity of demand for the specific mode introducing a carbon 
neutral fuel, or by the cross-price elasticity between competing modes. In general, fuel cost 
changes will rather affect modal-shift than avoiding or improving transport. 
 
Transport impacts may also occur via cost changes of vehicles because the use of a specific 
carbon neutral fuel is likely to require an adaptation of engine and/or vehicle technology. 
These technologies could increase the vehicle cost but need not, e.g. engines fuelled by 
CNG are more costly as their gasoline equivalents, while biodiesel can usually be burned in 
conventional diesel engines and thus causes no mark-up on the vehicle price. Transport 
impacts of this effect will likely be very moderate and, if any, stimulate avoid and shift 
impacts. 
 
A further transport impact relates to carbon neutral fuels produced from biomass (i.e. 
biofuels and hydrogen) replacing fossil fuels. In this case additional large volumes of 
biomass will have to be transported from the “farms” or forests to the bio-refineries and on 

                                                 
26  An overview on the technical specifics and chemical properties of transport fuels is provided in Elvers (2008), 

though one should consider that developments in the field of alternative fuels have been very dynamic in 
recent years so that the scientific frontier is moving fast in this field. 
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the other hand flows of fossil fuels (i.e. crude oil or refined fuels) will decrease. Thus, 
impacts on bulk freight transport demand could become significant. 
 

3.4.2. Environmental impact of carbon neutral fuels 

The environmental impact of carbon neutral fuels can roughly be divided into three 
categories (1) burning or other conversion of fuel to generate operating power (formerly 
also tank-to-wheel), (2) extraction and production of energy carriers (formerly well-to-
tank), and (3) cultivation, land use changes and risks. 
 
Table 5 summarises the environmental impact of the different fuels with regard to these 
three categories. It is important to note that the table is not exhaustive as there might 
exist specific cases, which could contradict this general assessment. In the first category 
the effect is the most straightforward since the alternative fuels improve the environmental 
situation during operations, either by enabling a less polluting combustion process (CNG 
and biofuels/biogas), or by avoiding such pollutants completely (hydrogen used in fuel cells 
or electricity from the grid). In the second category the diversity of impacts is the highest. 
The most promising options would be hydrogen produced by electrolysis with renewable 
electricity and using renewable electricity directly from the grid. Other options can be 
positive as they save GHG (e.g. CNG compared with gasoline), or negative as they are less 
energy efficient than fossil fuel use (e.g. the fossil pathways to use hydrogen in fuel cells). 
In the third category effects associated with risks are listed. This includes the risks of land 
use changes associated with the use of biofuels that could lead to drastic increase of GHG 
emissions and strong impacts on biodiversity, the risks associated with CCS (i.e. save long-
term storage of CO2) and nuclear energy (i.e. risk of nuclear accidents and save long-term 
storage of nuclear waste). 
 
Table 5:  Summary of environmental impacts of carbon neutral / low carbon fuels 

Fuel 

Made from... 

“tank-to-
wheel” i.e. 
pollutants 

“well-to-
tank” i.e. 

mostly GHG 

Cultivation, 
land use, 

risk 
CNG Natural gas + +  

Crops and forestry + o - 

Residues + +  
Biofuels / 
biogas 

Waste + +  

Fossil pathways ++ -  

Biomass pathways ++ o - 

Electrolysis fossil ++ -  
Hydrogen 

Electrolysis renewable ++ +  

Fossil ++ o / -  

Fossil with CCS / nuclear ++ + - Electricity 

Renewables ++ ++  
Source: own elaboration based on World Watch Institute (2007), Bandivadekar et al. (2008), Ball/Wietschel 

(2009), Schade B. et al. (2011) 
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3.4.3. Market failure addressed by carbon neutral fuels 

Carbon neutral / alternative fuels address two market failures: first, they reduce certain 
external effects of transport, in particular as air pollution during the tank to wheel phase is 
reduced as well as that for most of the potential fuel options also the GHG emissions during 
the well to tank phase are lowered, in selected cases no GHG emissions occur at all. 
Second, by fostering the introduction of carbon neutral fuels e.g. through R&D subsidies, 
quotas or tax incentives the market failure of high risk and long life of capital goods, which 
hinders market forces to develop the market of carbon neutral fuels by themselves is 
addressed. 
 

3.4.4. Economic impact of carbon neutral fuels 

The economic impact of carbon neutral fuels can be divided into five aspects: 
 

 User cost changes of energy use in transport (micro-economic perspective); 

 Stimulus for investments into production of carbon neutral fuels and according 
technologies (meso- and macro-economic perspective); 

 Government tax revenues from transport (government perspective); 

 Reduction of dependency on fossil (crude based) fuels – increase of energy security 
(macro-economic perspective, distributional perspective between regions); 

 Willingness-to-pay and availability of alternative fuels for different transport uses 
(user perspective, meso-economic and societal perspective). 

 
Today, the introduction of carbon neutral fuels would increase the user cost of transport as 
their production cost are higher than for gasoline or diesel. However, this will change in the 
future, because of two major reasons. First, the price of crude oil will increase driven by 
pressures from the demand side (in particular oil demand from Asian economies) and by 
constraints from the supply side (IEA 2010). Second, technological progress and economies 
of scale when developing and introducing alternative fuels in the transport market will bring 
down the costs. Looking at the examples of biofuels in Table 6 it becomes clear that market 
success of these alternatives strongly depends on the interplay between alternatives, 
conventional fuels and sustainability considerations. The technical potential of biofuels i.e. 
without considering costs and sustainability limitations would be to replace 111 Mtoe of 
fossil fuels with biofuels in 2020 and 255 Mtoe in 2030 in the EU27 . Taking into account 
the cost of biofuel production and a moderate reference crude oil price of 80 €2005/bbl in 
2020 and 2030 the economic potential, which is the amount of biofuel that can be sold on a 
competitive market, would be 31 Mtoe in 2020 and 47 Mtoe in 2030. This would be within 
the range of what could be environmentally sustainable produced in the EU, e.g. 96 Mtoe in 
2020. It should be noted, that e.g. higher crude oil prices or CO2-based fuel taxation would 
change the numbers of the economic potential upwards. 
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Table 6:   Potentials of biofuels in EU27 [Mtoe] 

 
Replacing fuel 

type 

Technical 
potential 

Economic 
potential 

Environmentally 
compatible 

potential (EU25) 
  2020 2030 2020 2030 2020 2030 

Gasoline 25 45 15 18   

Diesel 38 71 7 12   
Biofuel / 
biogas 

Kerosene 46 138 9 22   

Biofuel Total 111 255 31 47 96 142 
Source: own elaboration based on GHG-TransPoRD D3 (2011), EEA (2007) 

 
An important aspect concerning the carbon neutral fuels is that for their introduction 
investments into R&D and into implementation of production plants or fuelling 
infrastructure is required. Such an investment appears on the one hand on the cost side of 
the transport users, but on the other hand appears as a growth stimulus on the final 
demand side of the macro-economy. Therefore, it is necessary to assess the net benefit for 
all these alternatives. 
 
Transport related tax revenues of governments are to a large extent generated by the 
taxation of fossil fuels, while for carbon neutral fuels lower taxes are applied. If carbon 
neutral fuels will replace fossil fuels for the maintenance of the tax level from transport to 
be able e.g. to continue to invest in transport infrastructure this implies that either the 
taxation levels of carbon neutral fuels have to be gradually increased or that alternative 
funding systems have to be introduced. In particular user charges seem to bear the 
potential to compensate the losses from the energy taxation of transport. 
 
An important aspect of the introduction of carbon neutral fuels is the reduction of fossil fuel 
dependency of the EU. Given that a large share of crude supply comes from politically 
instable areas this is a strong argument in favour of more energy security. Moreover, as it 
can be expected that the volatility of oil prices will increase when demand grows sharply 
and spare oil production capacity reduces in the next years, increased independency of 
crude oil also reduces the risk of such volatility. On the other hand, one should also not 
neglect that export of European goods to oil exporting countries flourishes with higher oil 
prices (Schade et al. 2008, pp. 31). 
 
The final aspect concerns the differences in willingness-to-pay for and availability of carbon 
neutral fuels of the different modes. Car and light duty truck seem to have the broadest 
availability of alternatives as they could be propelled with all mentioned “fuels”. Rail, which 
currently is using the highest share of electricity with its potential to become 100% 
renewable and carbon-neutral, also disposes of well established alternatives. For air, ship 
and heavy duty trucks the alternatives are limited. In particular, air transport seem to rely 
on jet biofuel to reduce its GHG emissions (Blakey et al. 2011, p. 2865; EGFTF 2011, p. 5). 
However, only to replace 50% of global jet fuel demand by biofuels would require 6% of 
global arable land (Rye et al. 2009). This demonstrates the scarcity of sustainable biofuels. 
However, technical progress, high oil prices and high CO2 prices could mitigate the problem 
of scarcity of biofuels/land for biofuels as then alternatives like biofuels produced from 
algae biomass become viable. Under conditions of CO2 prices above 112 €/t and oil prices 
above 200 $/bbl algal biofuel breaks even with fossil fuel and biofuel from rapeseed in 
terms of social cost (Kovacevic/Wesseler 2010, p. 5755). 
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From the micro-economic user cost perspective biofuels could be one of the most costly 
options as they are not associated with efficiency gains that compensate for increased cost 
of the new technologies (e.g. like the CO2 efficiency standards for road vehicles, see section 
3.2). Accordingly, the biofuel options can be found on the right hand side of abatement cost 
curves of transport indicating an increase of cost to the users (e.g. DfT 2009, p. 18; 
McKinsey 2007, p. 41) 
 
Taking the point of view of vehicle manufacturers the EU coalition study confirmed that 
total cost of ownership of all relevant propulsion technologies (i.e. internal combustion 
engines, battery vehicles, plug-in hybrids and hydrogen fuel cell vehicles) will converge 
around 2025 in Europe. Depending on taxation and support schemes this point of time 
could be shifted by a few years, only (McKinsey 2010). 
 

3.4.5. Specifics of carbon neutral fuels 

Two specifics of carbon neutral fuels should be highlighted. In the case of biofuels it will be 
of utmost importance to consider the competition between food and production of biomass 
to produce biofuels. Sustainable biofuels can neither compete with the use of crops as food 
nor with the use of land for food production. This must also include avoidance of indirect 
land use changes such as a shift of food production to yet natural areas due to the pressure 
of the higher willingness-to-pay for fuel in industrialised countries. A different story can be 
told comparing meat versus fuel production. Reducing meat consumption and converting 
(part) of the saved calories into biofuels seems environmentally sustainable, but could 
cause difficulties with the social acceptability in Europe. 
 
A second specific is the >80% penetration of renewables in the electricity markets which 
could be achieved in Europe by 2050. With regard to transport this would require to dispose 
of energy storage capacity for the fluctuating renewable electricity. Two technical options 
are currently under development in demonstration projects: one is to use the batteries of 
electric vehicles as electricity storage though this option seems to offer limited capacities 
only, and second the electricity could be used to generate hydrogen or synthetic natural 
gas, which could be stored (e.g. in tanks or in existing natural gas networks) and then be 
used to propel fuel cell vehicles or CNG vehicles. 
 

3.5. Promoting driver training, logistics training & education and 
adjusted operation control systems 

This measure consists of information campaigns to inform drivers on fuel consumption, 
provide training courses for eco-driving, as well as upgrade operation control systems 
accompanied by training of logistics personnel. It includes a number of different facets in 
road passenger, road freight and railway transport as there are different degrees of 
freedom for the drivers in the different modes. The largest share of the costs for these 
measures will have to be carried by the industry, which is likely to also benefit from energy 
cost savings and improved operational efficiency.  
 
For freight transport, it is important to consider the interactions between the decision-
making units managing and controlling the transport activities and the operating units, e.g. 
the drivers of vehicles. In the road transport business in particular, inefficient driving is 
partly due to poor management from insufficiently trained logistic personnel. 
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3.5.1. Transport impact of driver training and logistics control systems 

If drivers behave in a more energy-efficient way, they go at lower speeds and avoid 
unnecessary braking and acceleration. This helps to improve the traffic flow, reduces 
fluctuations and the risk of congestion and traffic accidents.  
 
Elvik et al. (2004) show conclusively that the injury accident rate for the four road 
categories increases with increasing speed. In this regard it has to be considered that the 
accident risk of trucking is a relevant aspect of road transport performance insofar as  
 

 trucks are disproportionally more involved in fatal accidents compared to the 
mileage travelled,27 

 accidents involving trucks lead to disproportionately long time losses for the affected 
road users and are one of the main causes of road congestion. 

 
Furthermore, slowing speeds down improves the reliability and predictability of transport 
movements. The argument of private car drivers that higher speeds would help to reduce 
congestion is wrong.28 The best capacity utilisation of a motor- or freeway is achieved if all 
vehicles move at speeds between 80 and 90 km/h. This is also the range of speed for which 
the probability of accidents to occur and the impact of accidents occurring is low on high 
capacity roads (motorways, freeways). A further effect is the reduced deterioration of the 
infrastructure, so that the intervals for maintenance or replacement investments can be 
extended. This leads to cost savings for the infrastructure manager and helps to reduce 
infrastructure charges.29 
 

3.5.2. Environmental impacts of driver training and logistics control system 

As pointed out in the Logistics Action Plan of the European Commission, the improvement 
of training and education for drivers and managers in freight transport and logistics is a 
relevant instrument for reducing energy consumption and GHG in the transport sector. The 
direct savings of fuel consumption and CO2 emissions resulting from eco-driving in freight 
and passenger transport can be estimated at about 5% or even higher (see section 3.5.4). 
Considering the indirect effects stemming from feedback mechanisms which are not 
observed by the individual drivers, this positive effect can double.30 In freight transport, a 
change of driver behaviour results from implementing alternative organisation principles, 
e.g. deceleration of transport combined with acceleration of the transshipment processes. If 
such principles are applied throughout the complete supply chain, then one can assume 
that there is a high multiplier for the directly perceived energy savings for transport 
activities. 
 
There are also indications for potentials of this measure in highly synchronised systems like 
railways. If there are sufficient buffer times included in the trip tables, then the locomotive 
drivers can choose lower top speeds and the same holds if a delay is announced for 
connecting trains at rail hubs. Yearly awards for locomotive eco-driving show that 

                                                 
27 This is also confirmed by US statistics: « One of nine traffic fatalities in 2008 resulted from a collision involving 

a large truck ». NHTSA. DOT HS 811 158, p. 1. 
28 This results from the fundamental equations of traffic flow, see for instance Kerner (2009). 
29  See NTC (2011a) for an analysis of cost drivers for road infrastructure maintenance and operation. 
30 Experts estimated the potential of fuel savings through driver training and support systems at the Scania 

Transport Conference 2011 to be even 10%. The difference between skilled and less skilled drivers could be up 
to 20% less fuel consumption. www.scania.com/media/calendar/2011. See also the VOLVO Sustainability 
Report 2009. www.volvogroup.com/global/en-gb. 
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intelligent driving actually helps to reduce energy consumption in a system which is to a 
wide extent centrally controlled.31 
 

3.5.3. Market failure addressed by driver training and logistics control system 

In principle actors only perceive the savings of resources which result from their individual 
behaviour. In many cases, even the perceived savings are undervalued, in particular with 
passenger car driving. Therefore, one can best treat such information failures by better 
information, organizing driver training, appropriate labeling and driver awards. As more 
and more logistic providers and haulage companies place emphasis on their quality 
reputation, it is possible to include the firms’ activities towards energy-saving through more 
efficient driving and operation into the ISO standard 14000. Such green labels can be 
successfully marketed as big logistic players (e.g. Kühne and Nagel; Schenker) are proving. 
 

3.5.4. Economic impact of driver training and logistics control system 

User perspectives 
Often car drivers and haulage companies are afraid of losing time when driving at lower 
speed and adjusting more deliberately and smoothly to the flow conditions. According to 
many experiments performed in urban and interurban traffic, the time savings of fast 
driving are low under normal traffic conditions32. The statistics on the quantitative potential 
of energy and cost savings are based on individual experiences rather than on large field 
studies. The main arguments in favour of eco-driving put forward by the truck 
manufacturing industry and training consultants look similar (e.g. FieldLogix 2011): 
 

 A reduction of fuel costs of up to 25%; 

 Lower vehicle maintenance costs and vehicle wear and tear; 

 A reduction of CO2 emissions by around 8%; 

 Improved company image; 

 Reduced insurance costs (lower accident rates); and  

 Reduction in driver stress and fatigue. 

 
Small haulage companies and owner-operators often feel under pressure from customers 
for just-in-time delivery. As they have little market power because of the over-supply of 
road transport capacity in the market, a change of attitudes also needs better information 
and education of the shippers' logistic personnel. 
 
Macro-economic perspective 
A better education of drivers and of logistics managers can lead to higher demand for 
speed/fuel consumption control devices. Together with de-speeding measures for 
passenger cars this measure can contribute towards stabilising traffic flows, reducing 
accident rates and reducing congestion levels on the roads. It is likely to save resources in 
terms of time and operation costs.  
 

                                                 
31 See the Press Release of First TransPennine Express from Feb. 12, 2010 on “Environmentally Friendly Train 

Drivers Win Award”. Reported reduction of Diesel consumption: 12%. 
32 Associations and journals regularly organise test cycles. See press releases of the DKV, for instance 2nd. ed. 

2008 (transl,): “Win without Top Speed” or Trucker Magazine, 12/2007 (transl.):”Saving 5% of Fuel is 
Possible”. 
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Societal macro-economic and external effects 
Better training of drivers and logistics managers can help to allocate the major part of 
responsibility for just-in-time processes to the logistics management. Under a regime of 
better logistics planning, considering de-speeding of transport and more buffer times in the 
supply chain, the drivers are relieved from time pressure and can concentrate more on 
safety and energy-saving issues to exploit the potential of eco-driving.  
 
Distributional issues 
Reducing undue pressure on drivers can – together with other measures – make the jobs in 
the logistics business more attractive, socially better accepted and better paid. This is the 
precondition for avoiding a shortage of qualified truck and bus drivers in the long run. 
 

3.5.5. Specifics of driver training and logistics control system 

It is a typical characteristic of this measure that its implementation does not require a 
major intervention of the state in the transport markets, other than better informing the 
market players, supported by education and training. Marketing campaigns, labeling and 
quality standards can be effective means to foster its diffusion. Rising energy prices will 
exercise a growing pressure on increasing energy efficiency by intelligent behavior, not only 
in passenger, but also in freight transport. 
 
But it has to be considered that this measure can hardly be introduced as a stand-alone 
activity. Its efficiency is much higher when embedded in a package of policy actions which 
motivate the industry to take own initiatives. 
 

3.6. New multi-modal, barrier-free urban mobility concepts 
creating the “fifth mode”, intermodal and interoperable e-
ticketing 

Pressure for climate mitigation, high oil prices and availability of new technologies will pave 
the way for new multi-modal urban mobility concepts. For environmental reasons, and 
often also for cost and capacity reasons, the challenge is to make multi-modal public 
transport the heart of the mobility concept in cities. The core of the new multi-modal urban 
mobility concepts is to combine public transport in urban areas with other modes of 
motorised and non-motorised transport and to construct the route from origin to 
destination in a seamless manner so that a “fifth mode” arises from the perspective of the 
customer. 
 
Major technologies required include: 
 

 Electric mobility enabling the construction of small, silent and highly energy efficient 
vehicles like city cars, personal transporters like segways or pedelecs. 

 Smartphone applications that enable customers to obtain advice on ideal multi-
modal chains, reservation of and access to vehicles and billing as a one-stop-shop. 

 Back-office computer systems that handle the data and the users' requests. 

Further, new business models for sharing bikes, cars and rides need to be developed and 
integrated into the multi-modal routing options for personal transport.  
 
This measure includes supporting demonstration projects of the new sharing systems, 
development of the back-office systems and setting European standards that guarantee 
interoperable front-end applications across cities in Europe. It assumes that municipalities 
support the new approaches as can already be seen in Paris, Seville, Berlin or Hamburg. 
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The Action Plan on Urban Mobility set up by the European Commission concludes that “The 
effective integration, interoperability and interconnection between different transport 
networks are key features of an efficient transport system.” and suggests to “...encourage 
citizens to... explore new forms of mobility, for example in the form of car-sharing, 
carpooling and bike-sharing.” (European Commission, 2009e, p. 10). The first time that the 
fifth mode appeared as a term in the EU policy scene was at the High Level Conference on 
the Future of Transport in 2009 (European Commission 2009f). It was also taken up by the 
IRU white paper on road transport (IRU 2009, p. 7). 
 
Despite the fact that policy took note of the emergence of a fifth mode, the scientific 
literature rather focuses on studies of one or a few single elements of the fifth mode e.g. 
car-sharing or public transport. The full concept is described in a few studies e.g. for 
Germany (Beutler 2004 coining the term urbanibility p. 15, Schade et al. 2011a) and a few 
providing a global overview (Little 2009, Frost & Sullivan 2010). However, in the case of 
the fifth mode, the industry seems to be faster than science and policy-making. A few 
transport operators and many car manufacturers are developing new mobility services, 
many in relation with the promotion of e-mobility. Just a few examples: Daimler offers 
car2go (car-sharing) and car2gether (ride-sharing). BMW has started DriveNow (car-
sharing) and BMW-i (premium mobility services). Peugeot introduced their MU concept 
(car-sharing and mobility services) (Daimler 2011, BMW 2011, Peugeot 2011). However, 
the most advanced approach seems to be the BeMobility concept introduced by the German 
rail operator DB AG in a field test in Berlin in 2011, in which public transport, car-sharing 
(including battery electric vehicles) and bike-sharing can be used and paid for with one 
card and having a contract only with one mobility service operator (Wolter et al. 2011). 
 
Despite market players promoting new mobility concepts, it seems that a certain policy-
intervention is needed to promote the fifth mode. The first is setting standards. The current 
trend is that car manufacturers and other major players “distribute” the cities amongst 
themselves, leading to a fragmented net of fifth modes in different cities. However, the 
concept will be most effective if the services are interoperable between cities in Europe. 
Indeed, policy should ensure that a fifth mode user of a mobility concept in one city can 
participate in other cities as well. An alternative to setting standards could be to set up a 
roaming concept, similar to that introduced for mobile phone communication in Europe. 
Second, planning support is required. In particular, bicycles and bike-sharing as the 
“weakest” part of the mobility concepts require space to park and drive, which needs to be 
considered in urban planning (see also next section 3.7). Further, at interchanges between 
modes, in particular linked with public transport stations, the easy exchange between 
modes should be organised and planned. 
 
The urban planning requirements for the “fifth mode” are particularly developed now in the 
emerging economies as there the planners have realised that the development of their 
mega-cities cannot be sustainable if the private car persists as the backbone of mobility in 
the future. By comparing different planning options Pan et al. (2011) have postulated the 
rule for building and designing the transport system for Chinese cities. Car-oriented 
development (COD) is ranked the lowest, a prestige-oriented city development (XOD) is 
second lowest, pure transit-oriented development (TOD) is a preferred option, while 
bicycle- (BOD) and pedestrian-oriented development (POD) have the highest rank. Pan et 
al. conclude “...during the process of urban spatial planning and transportation planning, 
the priority to the considerations shall be given in the following order: 
POD>BOD>TOD>XOD>COD” (Pan et al. 2011 p. 138). The Chinese planners thus conclude 
that green cities and a high quality of life can best be created by prioritising the first three 
planning options: walking (POD), cycling (BOD) and public transport (TOD). 
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3.6.1. Transport impact of new urban mobility concepts - “fifth mode” 

The fifth mode has not yet been fully implemented or run for a long period. Modelling 
studies are lacking as the full concept is visionary and involves significant trend breaks, 
which is difficult to model within commonly accepted models. In general, it can be expected 
that the fifth mode will increase transport efficiency, as the appropriate mode is likely to be 
chosen more often than today, i.e. if a person travels alone without luggage, then a bike, 
public transport or a small city vehicle would be more appropriate than using the private 5-
seater car. Thus, in principle the fifth mode addresses the improvement and shift aspects of 
transport impacts.  
 
When looking at car-sharing as an innovative element of the fifth mode, evaluations reveal 
that about one quarter of participants who owned one or more cars when joining the 
scheme have reduced the number of privately owned cars (Infras 2006, p. 25., similar 
Huwer 2004, p. 84, Shaheen/Cohen 2006, p. 4). One should, however, consider that 
joining the scheme usually was one out of a number of reasons to reduce the number of 
private cars. Reduced car-ownership in principle also addresses the avoidance aspect of 
transport impacts as the number of non-motorised trips, which usually have a shorter 
distance, is likely to increase. 
 
In a fifth mode concept, public transport and car-sharing are connected at the 
interchanges. Reservation by mobile phone and payment by credit card or monthly bills 
make the usage so convenient that they do not impose a barrier on intermodal transport. 
In circumstances where public transport and car-sharing are operated and optimised for 
such integrated use, surveys have shown that the acceptability of public transport and car-
sharing increases compared to the single use of one of the modes (Huwer 2004, p. 86). 
 

3.6.2. Environmental impacts of new urban mobility concepts - “fifth mode” 

The environmental impacts of the “fifth mode” are threefold: first of all, energy and GHG 
emissions are saved. Secondly private cars are only used for about 4% a day, on average, 
while the use factor for shared or rented cars is much higher, so that fewer cars will need 
to be produced, thus causing less upstream impacts. Furthermore, the shared cars are 
adjusted to urban travel needs, i.e. they are small and not highly motorised. As an 
example, the car2go car-sharing in Ulm, Germany, is based on a fleet of Smarts that have 
a 50% lower CO2 emission factor than the average fleet, and it is estimated that each user 
saves about 200 kg CO2 per year by using this car-sharing system, which is in a similar 
order of magnitude of other systems (Firnkorn/Müller 2011). Thirdly, car-sharing is also 
seen as a means to promote the introduction of new, low-carbon propulsion technology like 
electric mobility and hydrogen fuel cells (Kristion et al. 2010, Schade et al. 2011a). Hence, 
the fifth mode is complementary to the development of carbon-neutral fuels (see section 
3.3). Both measures together will significantly reduce noise and emissions of local air 
pollutants and in combination with the large-scale introduction of renewables (e.g. 59% 
renewable electricity share in 2030 forecast in Germany, Nitsch 2009, p. 38) will also 
reduce GHG emissions of urban transport (Schubert et al. 2011). 
 

3.6.3. Market failure addressed by new urban mobility concepts - “fifth mode” 

Fostering the fifth mode addresses several market failures. First, a functioning urban 
transport system providing accessibility for all at low levels of congestion, energy use and 
pollution can be seen as a public good that will not emerge through market forces alone. 
Second, the reduction of GHG emissions, noise and pollutants by the fifth mode will reduce 
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external effects of urban transport as well as lower energy demand, while smaller and less 
powerfully motorised vehicles will reduce adverse upstream effects. Third, in principle for 
each city economies of scale exist, since the fifth mode will function better the more 
stations (public transport, car- and bike-sharing), more vehicles (cars and bikes) and 
interchanges are offered. Thus the risk that a natural monopoly with one operator will 
develop for each city exists. Fourth, missing ability to coordinate either between modal 
operators or between different cities may hamper the development of the fifth mode. 
 
The potential natural monopolies and the lack of coordination between cities will require 
public regulation. In particular, a standardisation of the booking, ticketing and billing 
systems and possibly some kind of roaming approach have to be established by regulation, 
so that a one-stop-shop is created from the viewpoint of the customer, in his/her city and 
other cities in Europe. In this regard the European institutions have an important role to 
play.  
 

3.6.4. Economic impact of new urban mobility concepts - “fifth mode” 

The fifth mode offers several options to foster innovations and thus market development, in 
particular for new concepts of bikes or cars. In the case of cars, for instance, the fifth mode 
can create a push for new electric car mobility, which can start a new era of the automobile 
(GM 2010, Schade et al. 2011a). However, the expectations of the uptake of electric 
vehicles in car-sharing fleets as part of the fifth mode are diverse. Industry studies assume 
a share of 30% of battery electric vehicles in car-sharing fleets by 2016 (Frost&Sullivan 
2010, p. 44), while studies based on current car-sharing fleets, customer behaviour and 
pure economic rationale only expect about 3% electric vehicles to be incorporated in car-
sharing fleets by 2015 (Gutmann 2010, p. 104). 
 
An economic assessment of all impacts of the full implementation of the fifth mode does 
not exist yet. Assessment of economic impacts focuses on the user perspective or the 
meso-economic perspective of the transport industry and on single elements of the fifth 
mode, in particular car-sharing and bike-sharing. In this section we describe the economic 
impact of car-sharing, while economic impacts of bike-sharing are explained in section 
3.7.4. 
 
In general, from the user cost perspective, the cost of car-sharing will be lower compared 
to private car ownership, as fixed costs are distributed amongst car-sharing participants 
(Shaheen/Cohen 2006, Behrendt 2000, pp. 31, Petersen 2004). However, looking at 
detailed analyses including e.g. transaction costs, a break-even point of annual driven 
kilometres is estimated below which car-sharing is cheaper than owning a car. Annual 
break-even distances are estimated at 5,500 to 10,000 km (Behrendt 2000, p32). At the 
meso-economic level it is expected that the revenue generated by car-sharing schemes in 
Europe will reach € 2.5 billion by 2016, up from about € 400 million in 2010 (Frost & 
Sullivan 2010, p. 41). One study estimates market potentials by comparing business 
models of selling cars versus business models of selling mobility services, which in a wide 
sense could be seen as the fifth mode and concludes that until 2020 the market share of 
such mobility services business models will be about one fifth of the global mobility market 
(Little 2009, p. 69). This shows that fifth mode concepts will play an important economic 
role in the future. 
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3.7. Visionary walking and cycling - pilot projects for carbon free 
urban mobility 

The planning of carbon-free cities is a challenge for city planners and transport engineers, 
because a city depends also on a transport and mobility system serving the needs of its 
citizens efficiently. Experiments like Masdar city in Abu Dhabi are prototypes for the idea 
that a holistic and consistent planning of city structures and the necessary facilities for 
energy production and transport can generate unprecedented leapfrogs towards a carbon-
free urban life. Central districts can be planned in such a way that cycling and public 
transport (PT) are the backbone of passenger transportation and freight transport could be 
organised by automatic distribution systems underground or in tubes. In a visionary 
scenario PT for passenger transport would use a hierarchy of metro and people mover 
systems, and construct interfaces with walking and cycling. The central areas would be 
designed in such a way that the popular spots can be reached by walking and cycling. 
 
In existing urban areas in Europe, such visionary concepts are likely to be developed along 
more evolutionary lines, developing the visionary walking and cycling infrastructure in 
gradual steps. In cases in which large urban areas have to be renovated to enable high-
quality walking and cycling, or in which cycling was made popular by introducing bike-
sharing and cycling lanes can a step change in infrastructure and usage of cycling occur, 
like it did in Paris with the introduction of Velib (http://en.velib.paris.fr/) or in Seville with 
the introduction of Sevici (http://en.sevici.es/index.php). 
 
A necessary precondition for visionary walking and cycling is an integrated planning of land 
use, including settlement structure and production locations, housing and transportation 
systems, also taking into account planning for green and comfortable areas that invite 
citizens to walk or cycle for their daily transport activities. Pursuing such visions in Europe 
is feasible, for instance, when cities get a chance to fundamentally restructure central areas 
or develop sub-centres and when the “fifth mode” concepts (see section 3.6) release space 
priorly used for car transport and convert it into green space and paths for walking and 
cycling. 
 
This measure requires the support of municipalities and (supra-) national governments in 
order to plan and build attractive and safe walking and cycling infrastructures (Oja et al. 
1998, p.93, Pikora et al. 2003, p. 1700, Saelens et al. 2003, p. 83). Other flanking 
measures to improve the modal competitiveness of walking and cycling include regulation 
(e.g. speed limit of 30 km/h in urban areas and on major roads to reduce the speed 
differences between motorised and non-motorised modes) and charging for road transport, 
either by cordon tolls, km charge or increased parking fees. 
 
In recent years, bike-sharing has been introduced in many European cities (Midgley 2009, 
p. 30). Velib, the largest system in Europe as well as the system that kicked off public 
interest, is operated in Paris (OBIS 2011, p. 10). Globally, the largest systems are 
established in China, with the city of Hangzhou with 50,000 bikes at more than 2,000 
stations being the leading city (Press 2011). China, according to Pan et al. (2011), is 
rediscovering the bike as a major transport means in cities. Technical progress and the 
improved income situation of the population lead to a high share of electric bikes 
nowadays, a trend which is likely to also expand in other continents. 
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3.7.1. Transport impacts of walking and cycling in visionary cities 

Pucher et al. (2009) report on the share of cycling trips in US and European cities of 
different sizes. In large, multi-million inhabitant cities, maximum cycling shares of 10% of 
trips are reported. In cities between half a million and one million inhabitants shares of 
37% of trips by bike are already being reported. In smaller cities, cycling achieves shares 
of up to 40% of trips. They also point to the growth dynamics in most of the cities, with 
doubling or tripling cycling shares over 10 to 20 years reported for several cities (Pucher et 
al. 2009, pp. 117). In fact, they argue that the transport impact of full support for cycling 
by implementing an integrated package, what we would call a visionary implementation, 
would be much larger than the effect of the single measures (Pucher et al. 2009, pp. 122). 
 
Recent research reveals that, even in car-dependent societies like the USA, cycling can be 
promoted if an appropriate bundle of measures is introduced. Pucher et al. (2011) show 
that with a wide range of infrastructure, programs to promote cycling and traffic-calming 
measures, US cities like Portland have successfully in increased cycling levels up to 6-fold 
since 1990. 
 

3.7.2. Environmental impacts of walking and cycling in visionary cities 

An integrated land-use/energy/transportation approach promoting walking and cycling in 
visionary cities would mean a huge leap towards carbon-free transportation. Moreover if 
substituting trips otherwise undertaken by motorised means, cycling and walking not only 
bring down energy demand and GHG emissions but also reduce air pollution, noise, and, if 
well-planned, also accidents (OBIS 2011, p. 12; Mindell et al. 2011, p. 579; Ege/Krag n.d., 
p. 4). Also, the separation effects of transport infrastructure for walking and cycling are 
smaller or even negligible, compared to motorised modes at surface level. 
 
Increasing transport demand for cycling results in improvements both of health and of 
environmental impacts of transport, as cycling is a non-polluting and non-energy-using 
mode (Rissel 2003, Sælensminde 2004, Ege/Krag (n.d.)). The effect of improved health 
through physical activity from walking and/or cycling is reported in many studies (Oja et al. 
1998, p. S78; Heath et al. 2006, p.62; WHO 2008, p. 9; Oja et al. 2011, p. 496). 
 

3.7.3. Market failure addressed by walking and cycling in visionary cities 

First, low carbon transport options like walking and cycling have little chance of competing 
with conventional technology and organisation, because the damages caused by the use of 
the latter in terms of external effects of transport (i.e. climate impact, air pollution, noise, 
accidents, urban separation) are not paid for by the producers. Therefore, an integrated 
vision and strategy of city and transport development as required for visionary low-carbon 
cities is an intrinsic task for the public authorities. Second, such a vision and strategy 
require to implement the changes over a long time horizon as the infrastructure is a long-
live capital good, which is far beyond the pay-back period calculations of private industry. 
 
Third, an integrated vision and strategy are likely to be required to overcome the potential 
lack of coordination e.g. between urban planner, citizens and investors. 
 

3.7.4. Economic impact of walking and cycling in visionary cities 

According to Kuznets' theorem (1955) environmental awareness depends on the income 
situation of a country. The change of paradigms in the city development policy in China 
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(see Pan et al. 2011) underlines that the value of visionary cities (walking and cycling) - 
and the need for according public intervention - is increasingly understood with growing 
income and wealth of the population. The theorem also implies that due to the growing 
awareness environmental products and services become of more (market) relevance the 
more advanced economies are. Thus, the conclusion follows that correcting market failures 
stemming from uncoordinated land use, city development and transport planning - which 
prevent visionary walking and cycling - can eventually benefit the environmental-orientated 
industry of an advanced innovative country. 
 
Pilot city projects for carbon free districts are target-oriented. They leave the choice of 
technological options free and open up the competition for the best concepts. For instance, 
it depends on the city's situation and the flexibility of technological solutions whether 
bicycle, bike- and car-sharing, metros, hydrogen-driven BRT systems, trams, people mover 
systems or automatically guided e-cars on roads emerge as promising options. In general 
thus, the promotion of visionary cities leads to challenges for research and development 
and is linked to the design of new products and services so that market opportunities arise. 
 
From the user perspective, the cost of walking and cycling are below the cost of any other 
transport mode. This also holds if one participates in a bike-sharing scheme, in which the 
annual fee is e.g. between € 20 and 30 and in many schemes the first 30 minutes of each 
trip are free, so that most users do not have any additional variable cost. 
 
Besides health benefits, the bike-sharing systems give rise to further direct and indirect 
economic benefits. The OBIS project reports employment opportunities, avoidance of 
congestion and reduction of cost of car infrastructure (OBIS 2011, p. 12). 
 
A few studies provide indications for the societal perspective. Promotion of investments in 
walking and cycling can cause high cost-benefit ratios, considering the full impacts e.g. 
improvement of health. Sælensminde (2004, p. 600) reports such cost-benefit ratios to be 
between about 3 and 14. Cavill et al. in a review of 16 studies find cost-benefit ratios of up 
to 30, with a median value of 5.1 (Cavill et al. 2008, p. 295, 297). This is much greater 
than for any other transport investment. Litman reports the benefit of a trip shifting from 
motorised mode during urban peak time to a walking trip of 0.6 mile length to be $ 1.67 
and to a cycling trip of 2 miles length to be $ 5.56 (Litman 2010, p. 25). Promoting cycling 
may also lead to persons becoming motivated to be a cyclist. The Nordic Council of 
Ministers values such a case at € 900 per year as health benefits and at € 2,500 per year in 
the case of an employed person, due to reduced absence from work (Norden 2005, p. 77). 
 
Mindell reports that the distribution of benefits of motorised transport and non-motorised 
transport in urban areas is uneven. “The advantages of private transport accrue principally 
to the better-off; the disadvantages affect deprived people more” (Mindell 2011, p. 82). 
This leads additionally to the effect that children in deprived areas cycle less, because of 
lower safety levels, thus have lower physical activity levels and are less healthy. 
 

3.7.5. Highlight of survey on Walking and cycling in visionary cities 

Fostering walking and cycling in visionary cities revealed an interesting combination of 
answers in our online survey. It was the measure that was expected to have the greatest 
impact on transport as well as on the environment (see Figure 9 left hand side). On the 
other hand, it belonged to the measures with the most limited effects on industrial actors 
(see right hand side). 
 

 67



Policy Department B: Structural and Cohesion Policies 
____________________________________________________________________________________________ 

Figure 9:  Eco-innovation with strongest transport and environmental impact 
according to survey respondents 
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Source: Fraunhofer-ISI, online survey 
 

3.8. High-speed rail backbone network and connections to the 
regional networks 

The development of a high-speed rail (HSR) network in the EU started with the Paris-Lyon 
link in 1981. The length of EU HSR networks amounted to 6.200 km in 2009 (European 
Commission 2009g) The share of high-speed rail (HSR) patronage increased from 15.9% 
(2000) to 23.9% (2008) in the EU-27 and contributed significantly (+66.0%) to the 
(overall modest) growth of railway passenger transport (+10.4%) between 2000 and 2008. 
There is a growing insight that the shift of passenger traffic from road and short-distance 
air transport to the railways requires a further development of HSR services. This is 
reflected for instance in the French Grenelle Programme, which foresees a doubling of HSR 
infrastructure in France in the next decade, or in the Spanish PEIT infrastructure 
development plan, which intends to develop Spain to become the EU country with the 
largest HSR network and the highest HSR network density. It should also be mentioned 
that in the UK which was a late starter in providing HSR infrastructure (Channel Tunnel-
London St. Pancras, opened in November 2007), a further extension of the existing “HS1” 
infrastructure to the north (“HS2” to Birmingham/Manchester/Leeds) is under discussion.33  
 
Japan has the longest HSR tradition (since 1964) with the busiest HSR corridor of the world 
(Tokaido Shinkansen on Honshu island), including the link between Tokyo and Osaka (515 
km). The HSR system was extended in the last decades to less agglomerated areas on 
Kyushu and in the north of Honshu. Further extensions are planned. The most spectacular 
one is the planned MAGLEV link between Tokyo, Nagoya and Osaka through the hilly 
midlands. China already has the largest HSR network in the world and is extending this 
network rapidly to the 4x4 corridors grid (4 north-south and 4 east-west) of about 12,000 
km length until 2020. By this extension the long-distance passenger transport can be 
better bundled and over-loading of already congested air transport systems avoided. 
 

3.8.1. Transport impact of high-speed rail backbone network 

On medium and long distances, HSR is faster than the car and can attract car traffic, in 
particular car traffic with low seat occupancy, for instance, business and leisure travellers. 
Air traffic can be substantially diverted for distances up to 600 km, and in the case of very 

                                                 
33 There is different information about the probability of full implementation given the needed investment costs 

(altogether about £ 32 billion). 
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well served HSR corridors, such as for instance Seville-Madrid-Barcelona in Spain or 
Beijing-Shanghai in China, HSR is even competitive on distances beyond 1,000 km. The 
French experience shows that HSR is most competitive compared with aviation if travel 
time is not much longer than three hours. This holds, for instance, for connections like Paris 
– Marseille, Paris-London, Madrid-Seville or Madrid-Barcelona, where HSR has become the 
dominant market player, with modal split shares of more than 60% (without road traffic). 
Paris-Lyon or Paris-Brussels are even more successful in HSR relations, with market shares 
of about 90% (without road traffic). On the link Madrid-Barcelona, which was opened in 
2008, the modal share of rail increased from 14 % to 45 % (without road traffic; 
respectively from 9% to 37% with passenger cars and coaches) within one year (RENFE, 
2008). 
 
While France and Spain provide good examples for the potential of new and completely 
accomplished high quality HSR corridors, the HSR investments in other countries like Italy 
or Germany are more fragmented and lead to hybrid HSR /conventional railway lines – at 
least for a long period of time. The experiences in these countries show that the modal-
shift effects achieved are much more modest compared with the above mentioned cases, 
but they can nevertheless justify the investments undertaken. The recently opened link 
between Munich and Ingolstadt (171 km, max. speed of 300 km/h) led to an increase of 
rail pass.km in this corridor of about one third. The forecast for the corridor Paris-
Budapest/Bratislava (corridor P17 of the TEN-T), which will consist of a mix of HSR 
(categories I, II, III)34 shows the same effect (see IWW et al., 2001). In addition to the 
modal split effect, also the effects of induced traffic have to be considered, which consists 
in a change of destination choices of users as well as in changes of economic activities 
along the corridor (second-round economic impacts). IWW et al. (2001) estimated that 
such effects will lead to a further increase of pass.km of about 10% for the railway 
companies operating on the corridor P17 of the TEN-T. It further underlined the importance 
of linking the regional public transit networks to the HSR stations, in order to distribute the 
benefits to the regions around the HSR stations. From this, one can conclude that 
fragmented HSR networks can also achieve a considerable impact on traffic demand if new 
HSR investment is intelligently combined with an upgrading of existing tracks, as well as 
good integration in regional transit networks. 
 
If the HSR network in the EU can be extended to 22,000 km in 2020, the European 
Commission expects an increase of patronage up from 189 billion pass.km (1999) to 315 
billion pass.km (2020). If effective environmental policy actions were taken, as for instance 
the full internalisation of external costs, in the next decade, this could push the forecast 
figure up to 416 billion pass.km (see EU Commission, 2010c, p.16).  
 

3.8.2. Environmental impact of high-speed rail backbone network 

Two types of environmental impacts of HSR have to be considered. First, the modal split 
effects have to be taken into account, which are clearly positive. Intermodal comparisons of 
long-distance travel show a major environmental advantage of HSR compared to air - up to 
distances of 1,000 km by a factor of 2-4 (derived from figures of the Handbook, Maibach et 
al. 2008). On such rather short flight distances, the starting/landing cycles have a high 
average intensity of emissions of exhausts and CO2 so that the railways are comparatively 
more environmentally friendly. With a factor of 4-5 an even higher advantage can be 
estimated compared to car travel (derived from figures of the Handbook, Maibach et al. 

                                                 
34 I: 250 km/h and higher; II: between 200 and 250 km/h; III: optimal speed for HSR according to topographical 

conditions.  
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2008). This is due to the energy consumption advantages of mass transport and the fact 
that road travellers who are sensitive to HSR use cars with low occupancy rates, on 
average, so that the shift effect from road to HSR, including the equivalent environmental 
effect, can be high. 
 
The second type of impact to be considered is that HSR diverts conventional rail traffic to 
high speed. Conventional trains going at speeds up to 160 km/h have lower energy 
consumption per train.km compared to HSR.35 But this can be compensated by more seats 
per train and a better seat occupancy rate of HSR. While conventional intercity trains in 
France or Germany show an average occupancy rate of 30-40%, the TGV occupancy rate is 
about 70%, i.e. almost double that of the conventional intercity trains. In Germany, the 
occupancy rate of HSR is slightly below 50%, which is partly caused by the fixed operation 
schedules of Deutsche Bahn over the day while SNCF put trains out of service in off-peak 
hours.  
 
The European Commission (2010c) estimates that up to 22 million tons of CO2 can be 
saved per year in the EU, beginning with 2020 and 34 million tons per year beginning with 
2030, if the HSR network can be developed according to the assumptions taken. 
 

3.8.3. Market failures addressed by high-speed rail backbone network 

A market failure which HSR can help to address is the external cost which can be saved by 
shifting car and air traffic to the railway system. There are also a series of market failures 
linked to the implementation of the HSR which are likely to require public intervention. A 
first market failure of this type consists in the high sunk costs of the system and the long 
lifetime of its components which lead to a low propensity of private investors to invest in 
such undertakings. The payback periods for the capital invested are very long (see the 
example given in section 3.8.1). Secondly, a private investor will not be able to capture all 
benefits of the project (benefits for non-users, second-round/spin-off benefits). This 
includes the improved competitiveness of the railway industry in the international market. 
Investing in HSR improves at the same time the chances of the European railway industry 
to compete successfully in south-east Asia, Latin America or Russia. Also, companies 
operating HSR are not able to capture the secondary benefits stemming from changed land 
values and increased economic activities in the corridors served. 
 

3.8.4. Economic impact of high-speed rail backbone network 

User and provider perspective 
HSR systems offer substantial time savings to the users and help them to save resource 
costs. Furthermore, they improve the competitive position of railway companies and open 
new options for organisational innovations. The suppliers of rolling stock are competing on 
the world market and have competitive advantages if new technologies gain acceptance in 
Europe.  
 
Macro-economic perspective 
There is a permanent structural change of production and employment in the EU. In the 
globalisation process, the more labour-intensive production steps are moving off-shore, 
while more complex and capital-intensive production concentrates in the high-tech growth 

                                                 
35 Air resistance grows exponentially with speed (with the fourth power) so that energy consumption also goes up 

exponentially. 
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poles of the EU. In this process, the share of services is growing and even within the 
production sectors, more and more employed people perform production-related services to 
manage the global production supply chain. This requires improved education levels over 
time and can lead to higher income levels for well-educated employees.  
 
In countries like Germany there is a growing resistance of citizens and environmentalists 
against high speed mega projects. The German Federal Environmental Agency joins this 
scepticism and has launched a study which comes out with the proposition that HSR 
investments bring only marginal benefits and rail investment should focus on freight rail, 
only (KCW 2010). The most heavily attacked mega-project is the Stuttgart 21 project (new 
underground railway station with underground access links for interurban and regional 
transport) combined with the HSR Stuttgart-Ulm (on the TEN-T corridor P17). 
 
This contrasts the outcomes of a study of IWW et al. (2009) which supports the importance 
of this project for the economic development of the region and the state of Baden-
Württemberg. A particular argument is developed by analysing the structural change of 
industrial activity and employment. The top ten (high-tech) industrial sectors in the state of 
Baden-Württemberg showed a share of highly qualified employees (with an academic 
degree) of 23%, much higher than the average share for all industries, which was 14%. 
Top sectors were research and development (57%) and information/data services (43%). 
The study revealed also that the long-distance mobility requirements of the highly qualified 
employees are 55% higher than those of the lower qualification. From this the proposition 
follows that there is a strong correlation between technical progress/structural change, 
higher education levels and requirements for fast long-distance mobility. If these 
requirements can not be met by HSR the traffic demand will shift to air transport and in the 
case of bottlenecks the risk may grow that high-tech industries migrate to better served 
locations. 
 
Societal macro-economic and external effects 
Time savings lead to direct monetary benefits for business travel, but they are also relevant 
for leisure activities and holiday trips, because for those travel purposes the requirements 
of users are also growing with increasing income. In cost-benefit analysis, the benefits of 
time savings are quantified through the value of time.36  
 
The impacts of HSR may spread to regions outside the HSR corridors as soon as HSR is 
linked efficiently to the basic heavy rail and regional public transit network. For the section 
of TEN-T corridor P 17 (Paris-Bratislava), which touches the state of Baden-Württemberg, 
the above quoted study on Stuttgart 21 (IWW et al., 2009)37 results in an expected 
additional increase of gross value added (GVA) between € 440 and € 530 million per year 
(about 0.13% of regional GVA). The regional impacts stretch to regions of Bavaria and also 
to regions of the Lake of Constance area as soon as these regions are linked to HSR 
through two corridors with upgraded intercity rail (Friedrichshafen-Ulm; Singen-Stuttgart). 
 
Distributional issues 
In general, the HSR services are comparatively expensive and not very often used by low 
income groups. Nevertheless, those groups can profit from special tariffs which the railway 
companies are starting to offer for off-peak periods. Furthermore, they can benefit from the 
improved regional service which can be fostered through the “Mohring effect” (better 
                                                 
36 The principles of time evaluation are described, for instance, in the guide to cost-benefit analysis (TRT et al. 

2008). 
37 The improvements included an HSR link between Stuttgart and Ulm, improvement of regional and local public 

transit, the construction of a new underground main station and the use of gained land in the city centre. 

 71



Policy Department B: Structural and Cohesion Policies 
____________________________________________________________________________________________ 

service of HSR can lead to higher frequency of regional PT, which again can foster demand 
and cause a multiplier effect on the demand and service level). HSR will not directly 
stimulate the economic development of regions outside the agglomerations, i.e. between 
the stations. But as soon as these regions can be accessed by efficient regional PT, the 
benefits of HSR can be transported to regions of lower population density.  
 
Government perspective 
HSR implementation leads to very high infrastructure costs. Nevertheless, a comprehensive 
financial calculation may reveal that very expensive projects which cannot be financed by 
private investors can be financially viable for the state. In the case of the project Stuttgart-
Ulm, it has been estimated that if the project costs (about € 7 billion) would be financed 
through a loan at 3.5% real interest rate, then the payback period would be about 36 years 
(see Rothengatter, 2011). This is a very long time horizon for private investors, while from 
society’s point of view, the user generations would be free of further financial obligations 
after 36 years.  
 

3.8.5 Specifics of high-speed rail backbone network 

International integration of networks and services 
The provision of HSR lines on busy international corridors allows new services of rail-air co-
modality to be put in place. Short-distance feeder flights can be substituted by rail services 
for long-haul travel connections. The best example is the Thalys connection between 
Brussels Midi station and Paris Charles-de-Gaulle airport. The Air France reservation system 
assigns a “flight” number to the rail service, while air services have been suspended. Within 
France, the rail-air cooperation links 7 city centres to Charles-de-Gaulle airport. In 
Germany, Deutsche Bahn operated for some time dedicated Lufthansa Express trains 
between Cologne central station and Frankfurt airport and between Stuttgart central station 
and Frankfurt airport. These services have been suspended; Lufthansa passengers are now 
transported on regular ICE trains. High-speed rail services to and from airports are 
attractive for both air and rail operators. The main advantage for airlines is to save on 
airport slots, in particular during peak hours, and use them for long-distance flights. The 
number of intercontinental air hubs with railway stations for high-speed services is growing 
in Europe. 
 
Also, the Italian plans to open up access for private companies (NTV) to the HSR network 
deserve attention. This development was fostered by the railway packages which the 
European Commission has developed on the base of Directives 2001/12-14 that have 
opened up the passenger long-distance market since 2010. Another spin-off of this policy 
will be the ICE connections of Deutsche Bahn from Frankfurt and Amsterdam to London 
through the Channel Tunnel, starting in 2013, or from Frankfurt to Marseille (in cooperation 
with SNCF, starting in 2012 after the opening of the Burgundy HS corridor). 
 
Design speeds 
The design speeds for HSR is one of the most crucial problems of infrastructure planning 
since it needs to taken into account a series of different factors such as the demand 
pattern, energy consumption patterns, high costs for investment/maintenance, the 
occupancy rate, modal shift effects from air to rail and the integration with an efficient 
regional public transport network. Given that energy consumption is high at very high 
speeds, speeds beyond 300 km/h, for instance, only make sense if the demand on the OD 
relationship served is high enough and HSR can shift a considerable part of air traffic to 
rail. Indeed, HSR and MAGLEV-systems with very high speeds of 350 km/h and more are 
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only compatible with energy and climate goals if they are operated on highest demand 
corridors as, for instance, Beijing-Shanghai or Tokyo-Osaka.  
 
If on the other hand a dense network has to be served with medium demand on the single 
OD relationships, it is recommendable to apply a flexible HSR concept and refrain from 
utilising maximum speed. Flexible HSR concepts on mixed corridors within a speed range of 
230 – 250 km/h, as presented by Deutsche Bahn AG, supplied by Siemens and 
Bombardier, even give the possibility to save energy compared with the presently used 
conventional trains (which go up to 200 km/h). The savings per seat are about 30%, 
stemming from modern propulsion technology (using power carriages and not wasting 
space for locomotives) and a flexible train composition concept (from 5 to 14 carriages per 
train). 
 
Construction time, construction costs and public acceptance 
Major problems with HSR are the very long time needed for planning and construction, the 
cost of infrastructure provision and acceptance by the population. In developed countries 
the legal process for planning and approving an HSR project can be extremely long. It can 
take several decades in countries like Germany, while France and Spain have a different 
legal system and can realise HSR plans more efficiently. Long planning horizons lead to 
problems with cost calculation and financial management of a project. In several cases 
reported by Flyvbjerg et al. (2003), the project procurement and the financial management 
were poorly organised resulting in high cost overruns. Given the current situation of 
general government finances in Europe it is in principle very difficult to finance HSR 
projects from the public budget. Private finance of public-private partnerships can hardly be 
raised because of the long life and the low revenues in the first phase after project 
initiation. Therefore, new ways of finance are needed (e.g. as the European Commission is 
exploring integrating public guarantees into private loans). 
 

3.9. Cooperative logistics – optimisation of logistics in company 
networks 

Freight transport and logistics have become the third biggest economic sector in the EU. 
Expenditure in the European logistics market (EU15 plus Norway and Switzerland) totalled 
€ 730 billion in 2006 (see Klaus/Kille, 2007)38. This sector showed high growth in 2007-
2008 (+7 %) and – after a marked decline in 2008/2009 - is now on the way to bounce 
back to its previous development path which was characterised by growth rates far above 
those of the GDP. It is clear that trend changes in this sector will have a high impact on the 
economy. 
 
In the past the development of logistic concepts and processes have focused on optimising 
the supply chains for single companies, i.e. traditional logistics was one component of the 
company’s know-how and was characterised by competitive relationships. More recently, 
the rising costs of logistic processes, the possibilities of achieving returns to scale through 
improved bundling of consignments and the market performance of integrated logistic 
providers (3PL, 4PL)39 have fostered cooperative logistics as an organisation principle.40 
 

                                                 
 

39 3 PL: Third party logistics (contracting logistics out of the company to a logistics provider). 4 PL : Fourth party 
logistics (logistics provider does not own facilities).The quality of the services of 3PL and 4PL has improved 
since they have been better tailored to the shippers’ needs so that the market share of external providers is 
growing. 

40 See Barrat (2004) and Mason et al. (2007) for the different forms of collaboration which will not be discussed 
in detail here. 
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The development towards more cooperative logistic schemes began with large companies 
which tried to co-ordinate their logistic flows and integrate their suppliers into the network 
(see the example in section 3.9.1). This offers the chance to optimise “milk-runs”41 and 
organise main runs in such a way that scheduled tours can be planned with high loads in 
optimally-sized vehicles and perhaps even integrate the use of rail or ships. The next step 
of development aims at integrating medium-sized companies which may form logistic 
alliances or contract out their logistics to a 3PL or 4PL provider. From a theoretical point of 
view it is even conceivable that logistic platforms with open access could be established 
which guarantee a synchronised transport for containers, standardised pallets or boxes (see 
Logotakt, 2010; PalletFlow, 2011). 
 

3.9.1. Transport impact of cooperative logistics 

Cooperative logistics in form of e.g. better logistics bundling in corridors and extension of 
the catchment areas for milk-runs leads to increased and more regular shipments which 
enable dispatchers to plan their transports on a larger scale, more consistently and for 
longer periods of time. The results can be: 
 

 A reduction of “dead head runs” through more regular transports like truck-meets-
truck traffic, use of swap bodies or relay traffic.  

 Larger circuits of vehicles and driving personnel can be dispatched more efficiently. 

 Larger amounts of shipments facilitate more standardised round trips due to the 
overlapping pickup and delivery areas of each single forwarder, especially in densely 
populated cities and areas. 

 There is an increased opportunity for intermodal transport since this has higher 
thresholds regarding cost-covering volumes and distances. Examples include the 
transport of containers, swap bodies or trailers by train. If certain bundles of 
shipments do not have time constraints, the option of using inland waterways can 
even be taken into account. 

 
In addition, having a larger and above all more flexible network enables logistics companies 
to react to restrictions and bottlenecks in traffic networks more easily by rerouting or 
postponing transports Thus, the routing and time line of traffic flow along major transport 
axes can better be balanced.  
 
Quantitative estimations of transport impacts can be derived from observations and model 
computations. A cooperation of Webasto AG with their suppliers and the logistics provider 
Schenker AG has led to a reduction of 30 % of truck-km for supplying the Webasto plant in 
Portugal (see Nemoto and Rothengatter, 2011). The applied research in the context of the 
project Logotakt (2010), which involved several companies, logistic providers and the 
Karlsruhe Institute of Technology, arrives at the result that the savings potential of 
providing open logistic platforms and reorganising the associated freight transport 
movements in cooperative schemes is about 10-15 % of the total truck-km in Germany. 
The LOGMAN project (2011) of the European Commission, which is due to be completed in 
autumn 2011, also deals with this aspect and analyses the quantitative results of improved 
organisation.42 Although there are not many quantitative studies available in this field, it 

                                                 
41 “Milk-runs” are round tours to collect or deliver goods in the region around a logistic hub. 
42 The LOGMAN Logistics and Manufacturing project was launched by the European Commission in October 2009.. 

Cooperative logistics and collaborative logistics are used here as synonyms. Collaborative logistics is described 
in LOGMAN Deliverable 2 (LOGMAN 2010). 
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can be roughly estimated based on Logotakt, LOGMAN and other sources (Grothedde et al, 
2005) that truck-km savings in the order of 10 % are achievable in the EU through 
cooperative logistics under the prevailing economic conditions and the existing regulatory 
framework.  
 
One example of a promising practical concept for small and medium-sized companies is the 
Advanced Truck Load Firm (ATLF; described in LOGMAN, Del. 2, 2010). This concept offers 
regionally distributed branches centralised structures for dispatching and planning as well 
as a branded appearance for customers. Thus it enables logistics networks to have more 
equalised transport volumes, a wider range of customers and a higher turnover. 
Cooperative logistics can benefit from R&D activities concerning the standardisation of e-
freight which enables interoperable data handling between shippers and logistics 
companies. The activities of 3PL forwarders, for instance the UK-based Palletways, which 
has started to construct a Europe-wide network for integrated and cooperative unitised 
freight flow logistics, highlight that the above described research activities are already 
being implemented (see DVZ, 14.10.2010, p 9). 
 

3.9.2. Environmental impact of cooperative logistics 

A positive environmental impact of cooperative logistics is derived directly from the savings 
in transport operations. A reduction in the kilometers driven caused by minimising dead 
heads or improved capacity utilisation reduces the consumption of fuel and CO2 and other 
polluting emissions. Based on observed cases and research results, it can be estimated that 
cooperative logistics, under the present market conditions, could save about 10 % of truck-
km (see section 3.9.1) and 8 % of energy consumption/GHG emissions in the EU freight 
transport sector.43 This figure can rise if energy costs and driver wages increase in the 
future; this may be accompanied by road user charges to internalise external transport 
costs. As the presently available studies only address some of the issues, it is not possible 
to give reliable figures on the estimated contribution of cooperative logistics for scenarios 
concerning the future development of resource prices. 
 

3.9.3. Market failure addressed by cooperative logistics 

While cooperative logistics helps reducing GHG emissions and thus external costs, its 
implementation can be hindered by market failures, in particular by combined failure of 
natural monopoly, missing coordination ability and asymmetric information on a specific 
logistics market. 
 
This is linked to the unwillingness of companies to integrate their logistic schemes into a 
wider platform, because they are afraid of losing flexibility, autonomy and privacy. The 
cooperation of companies which previously operated independently implies fundamental 
changes regarding the tasks they have to fulfill, the delegation of tasks, the efforts involved 
in certain responsibilities and the distribution of profits. For this to succeed, it is essential 
that each partner is open to these changes and willing to restructure their business 
operations if needed. Examples of these challenges include: shifting dispatching 
responsibilities and tasks, sharing equipment and facilities, vehicles and even employees, 
permanently, network-wide communication between all partners, relocation of certain 
financial tasks and sharing customers. 
 

                                                 
43 Assuming a 10 % reduction of truck-km, of which 50 % is achieved by better capacity use of trucks and 50 % 

by a modal shift to railways. 
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3.9.4. Economic impact of cooperative logistics 

User perspective 
Two aspects have to be considered: First, from a business point of view, cooperative 
logistics increases the likelihood of achieving returns to scale through the shared use of 
costly facilities and efficient organisation/management. Big companies are likely to be the 
first to explore this potential (as both large shippers and large service providers). 
Increasing market pressure may then force small and medium-sized companies, which own 
only a few vehicles and employ a few drivers, to form alliances or to cooperate with 3PL or 
4PL providers. 
 
Second, collaboration implies relinquishing a certain degree of autonomy and flexibility. An 
individual firm has to evaluate the trade-off between the advantages and the possible risks. 
In some sectors like the wholesale and retail business, competing companies have 
developed completely different logistic concepts44so that it is unlikely that they would 
cooperate logistically. A questionnaire conducted by the German BME45 in 2009 showed 
that 45 % of the questioned companies have implemented logistic collaborations with 
partners of the same holding or group, 17 % with partners from their product sector and 
only 14 % with potential competitors. 
 
Macroeconomic perspectives 
Increased efficiency and resource savings might bring about lower value added production 
in the short term. But the logistics sector is growing at such a rate that these kinds of 
rationalisation effects are unlikely to reduce GDP and employment development. The push 
effects on technology progress are likely to be much more relevant, for instance: new 
technologies for cross-docking vehicles, new railway freight service technologies, for 
instance on the base of pallets (“pallet flow” trains, see the PALLETFLOW project (2010)) or 
new information devices and services, knowledge bases and the possibility to extend 3PL 
and 4PL to “cloud logistics”.46 
 
Societal macroeconomic and external effects 
Saving truck-km through more cooperative logistics (estimated to be in the order of 10 % 
of truck-km in the EU) also reduces external transport effects in terms of accidents, noise, 
air pollution and climate change. This would require structural changes in the logistics 
sector because small and medium sized logistics companies will have to establish common 
platforms to offer integrated services to their clients.  
 
Distributional issues 
Given that there will be more complex requirements with respect to synchronising transport 
movements, logistic personnel will also have to be more highly qualified. This includes not 
only upper and middle management levels but also the executive level and the drivers 
themselves. Increased qualifications and the greater responsibilities of individuals is likely 
to be reflected in higher salaries and better working conditions.  
 
 

                                                 
44 Sourcing, number of depots, their regional distribution, and the organisation of tours are completely different 

when looking at the big market players (see Friedrich 2011). 
45 German Federal Association of Material Management, Sourcing and Logistics. 
46 This concept is presently being discussed by the Scientific Advisory Committee of the German Logistics 

Society. It means that logistics service information components (e.g. software) can be downloaded from the 
internet and combined with physical facilities which are provided on open platforms and can be ordered on the 
internet. 
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Government perspectives 
The implementation of cooperative logistics requires state assistance with respect to legal 
support (in the case of establishing open platforms), competition regulation (alliances of 
the big players might conflict with the competition legacy) and perhaps the establishment 
of pilot platforms. In doing so the state can act as an enabler at low costs. 
 

3.10. Freight intermodality – tri-modal transport chains and the 
elimination of bottlenecks 
Since it will not be possible to increase road capacity to match the growth in demand, 
intermodality is an important aspect of the common transport policy. In addition, the better 
environmental performance of ship and rail strongly suggest that these transport modes 
should be integrated into the freight supply chains as much as possible. Also in order to 
better use the existing infrastructure the different transport modes should work. In order to 
do so, capacity bottlenecks will have to be removed by new infrastructure investments, 
which, in the first instance, concern the railways and inland waterway ports.  
 
Another important issue is the almost completely neglected use of combined tri-modal 
transport by SMEs. Often SMEs do not know about such options which comprise road, rail 
and (inland or short sea) waterway transport. One way to improve the knowledge about tri-
modal transport is the use of internet platforms. In other fields routing platforms already 
exist e.g. for rail or air passenger transport. An internet platform could offer enterprises 
direct door-to-door-routing considering the timetables of combined transport (road, rail, 
water) and the structure of relevant new connections. Besides the usual information on 
least-cost options, information could also be given on the alternative with the lowest 
environmental impact, together with the possibility to market this information (labelling, 
ISO 14000 quality achievement, GHG budgeting). 
 

3.10.1. Transport impact of freight intermodality 

In principle the development of tri-modal transport chains can result in a transport 
alternative to trucking for the main freight corridors. Tri-modal transport chains can 
contribute significantly to the objective formulated in the White Paper (2011) to shift freight 
transport from road to rail and IWW on distances greater than 300 km, so that 30 % (in 
2030) and 50 % (in 2050) of transport over these distances is conducted by 
environmentally-friendly modes. 
 
Substantial savings in terms of truck-km can be realised by consolidating freight flows and 
bundling high quality transport corridors (see Figure 10 for the distance related potentials). 
Furthermore, the hub function of important transport hubs is strengthened by consolidation 
measures. This presupposes that the relevant logistic requirements are met by offering 
efficient modal interchange facilities.47 
 
When measuring the impacts of freight intermodality it must be taken into account that 
quantitative impact analyses usually address bundles of measures and that intermodality 
goes together with infrastructure, regulation and pricing measures to improve the 
opportunities for rail and ship. In a study for CER, the IWW and NESTEAR (2009) ran 
scenarios which combined the internalisation of external costs and increased railway 

                                                 
47 Intermodality includes a number of facets which have been analysed in detail in projects launched by the 

European Commission such as: FREIGHTWISE, EURIDICE, SMART-CM+INTEGRITY, GOODROUTE, 
SMARTFREIGHT, SHORTSEA XML, CHINOS, KOMODA, FREIGHTVISIONS, LOGMAN. 
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productivity (including the improvement of modal interchange and intermodality)48. The 
result of this study was that internalisation measures will only have a major impact on 
modal split if they are accompanied by measures to improve railway productivity. As shown 
in Figure 10 for the non-bulk freight sector (wagon load and combined transport), railways 
gain market relevance from a transport distance of 300 km, can become the dominant 
market player from distances of more than 1000 km and can be a real alternative for the 
Europe-Asia corridor (e.g. the Trans-Siberian Railway)49. The modal share in long distances 
beyond 100 km for the total of bulk and non-bulk transport can change from 19 % (base 
scenario) to 30 % of the total ton-km (scenario upper limits and rail productivity). Although 
the analysed freight transport segments differ from the segments defined in the Transport 
White Paper of 2011 one can conclude that the figures mentioned in the White Paper (30% 
shift of ton.km from road to rail until 2030 and 50% until 2050) are not unrealistic. In 
corridors which are served by inland waterway shipping there is also the chance to push 
this modal shift even further in favour of environmentally more friendly transport modes. 
This applies for instance to the Rhine valley and also the Seine-Scheldt-corridor, which is 
being considered for a new major inland waterway investment. 
 
Figure 10:  Modal share of rail non-bulk freight in different GHG internalisation 
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3.10.2. Environmental impact of freight intermodality 

The study by IWW and NESTEAR (2009) arrives at estimated savings of about 12 million 
tons of CO2 per year in the EU in the best case scenario for 202050. According to EEA 
(2008), the projected transport emissions in the EU are 949 million tons in 2010. The 
minimum EU target is to achieve a level of 767 million tons/year in 2020, which means a 

                                                 
48 This study follows the NEW OPERA project for the European Commission, in which the potential of railways has 

been explored through detailed technology and market studies (NEW OPERA 2011). 
49 The analysed transport flows include intra-EU transport, and transport originating/terminating in the EU. 
50 The scenario upper limits and rail productivity combines assumptions for the internalisation of external costs 

(all external costs included at upper limits of the Handbook) and for the potential increase of rail productivity 
(assumptions taken from the NewOpera project for the Commission (2011)). 
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reduction of 182 million tons/year. The package of measures used in the study, including 
the modal shift from road to rail estimated in the scenario “Upper Limits/Rail Productivity” 
would thus contribute about 6.6 % to the EU reduction goal. 
 

3.10.3. Market failure addressed by freight intermodality 

Just like in the case of cooperative logistics (see 3.9.3) freight intermodality can help 
reducing external cost (GHG emissions), while at the same time also its implementation can 
be linked to market failures in the form of asymmetric information or coordination issues as 
shown by some of the problems which can arise for the individual shipper: 
 

 The complexity of the supply chain; 

 uncontrollability of processes at points of modal interchange; 

 unpunctuality of freight trains, in particular on international routes; 

 lack of information on the status of trains and the expected arrival time; 

 less flexibility compared with unimodal road transport; 

 higher costs, because pure road transport may be temporarily cheaper due to fierce 
competition on the road transport market.51 

 
For SMEs, for instance, it is not easy to get reliable information about all the possible 
transport alternatives. This market is characterised by high information asymmetries so 
that SMEs are often dependent on better informed players (shippers or big service 
providers), who use SMEs as sub-contractors. Finally, the development of tri-modal 
transport alternatives requires different transport operators to cooperate. The success of 
such ventures is threatened by the fact that individual players have to be willing to 
relinquish some of their decision autonomy which again is likely to depend on the factors 
mentioned in sections 3.9.3 and 3.10.1. 
 

3.10.4. Economic impact of freight intermodality 

User perspective 
As soon as tri-modal transport chains function reliably and can offer synchronised 
schedules of services, they can develop to be a high-quality alternative to uni-modal road 
transport in particular market segments which are rapidly developing (unitised and 
containerised transport). Supply chains with high logistic requirements such as the 
industrial exchange of intermediate products could integrate innovative, multi-modal 
transport services (e.g.: ITS-based services). Tri-modal concepts, furthermore, offer more 
options for temporary buffering and synchronising freight flows on the last miles to the 
customer. Nevertheless, tri-modal transport involves a number of players and their 
coordination and as such can be more costly than uni-modal transport, especially if small 
haulage companies are forced to offer prices below average costs because of stiff 
competition on the road haulage market.  
 
In this context it should be added that the shares of logistics costs in many sectors are 
comparatively low and that, furthermore, transport costs only make up one part of the total 

                                                 
51 IWW and NESTEAR (2009) have calculated the standard average costs for road transport for the year 2005. 

These were € 1.30 per truck-km (articulated 40 t truck). The lowest prices offered on the market were below 
€ 1.00 per truck-km. This indicates that capacity oversupply on the road freight market occasionally leads to 
ruinous competition.  
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logistics costs. Therefore supply chain management is often dominated by non-transport 
related components of the supply chain (see the Logman Project, 2011). 
 
The limited share of transport cost on product cost can be underlined by some figures, 
which relate to the EU and the year 200552: The transport intensity in the production sector 
(total transport costs including overhead services as a share of GVA) is only about 4 % on 
average, of which 60 % actually relate to the transport activity, so the average share of 
pure transport costs is about 2.5 % of the production sector’s GVA. For the manufacturing 
sectors of radio, television and communications or motor vehicles, trailers and semi-
trailers, the logistics intensity is even lower (between 2 and 3 %), while trade sectors show 
higher intensities (retail about 7.5 %; wholesale about 21 %).  
 
Transport costs, including those of tri-modal chains, are thus only one decision making 
factor among others for companies; especially in big companies, green logistics are playing 
an increasingly important role. Environmental quality certification under ISO 14000 and 
other image-related company strategies have become more important over the last few 
years. For instance, DB Schenker Rail offers zero-carbon trains, which is being used, for 
instance, by Audi AG and Daimler AG for their industrial rail-based supply chains. Deutsche 
Bahn AG therefore has recently signed a contract with RWE AG for clean electrical power 
for the years 2014 to 2030. 
 
Macroeconomic perspective 
The most relevant macroeconomic aspect is the fostering of innovative technology 
combined with new forms of organisation and accompanying information services. 
Intermodality is likely to develop worldwide and innovative concepts can find a global 
market. This includes the provision of physical infrastructure, in particular hubs with 
automatic processing and handling of containers. Other innovations concern the information 
flows which accompany physical transport movements. Cloud computing is likely to be 
increasingly exploited and combined with “cloud logistics”53 since more de-centralised 
decision-making and control of elements of supply chains are likely to become more 
important.  
 
This has to be evaluated against the background of the increasing volatility of production 
and trade worldwide. This implies that intermodal supply chains will have to adjust more 
flexibly and constructed in a more robust way in the future. It will be important to better 
integrate SMEs into logistics innovations using intermodality, in particular to improve 
access to information about alternative transport chains and tri-modal transport chains. 
This presupposes efficient internet platforms for exchanging freight information. 
 
Societal macroeconomic and external effects 
Facilities for the intermodal services have to be planned for the medium- and long-term 
futures and should particularly address the market segment with “high quality logistics” 
requirements. It follows from this that the jobs offered in this segment will require higher 
qualifications on the one hand while offering the benefit of lower fluctuations in the course 
of business cycles54. This can have an impact on the structure and spatial distribution of 
producing parts and sub-assemblies. A well functioning intermodal transport network could 

                                                 
52 See ProgTrans (2008), p 50. EU Commission Energy and Transport Facts and Figures (2010). Note that the 

EUROSTAT figures taken here include auxiliary transport services but not inventory holding. They refer to the 
year 2000. 

53 In analogy to the established concept of « cloud computing » the concept of « cloud logistics » includes the 
provision of IT infrastructures, knowledge bases and software through the internet and their combination with 
commonly accessible physical facilities such as hub infrastructure and inventories. 

54 The European Logistic Action Plan mentions this aspect explicitly (European Commission 2007b). 
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make Europe a more interesting location for producing high-tech products with high 
requirements concerning product quality and the reliability of delivery. 
 
Distributional issues 
The development of efficient freight hubs in the hinterland of major sea ports could 
generate secondary benefits in terms of manifold sector multipliers and regional location 
effects. This means that employment effects could spread from the main gateways to the 
hinterland and that logistic hubs could attract transport-related businesses which require 
high logistic quality.  
 
Government perspectives 
At present, the share of combined transport is still modest (about 16 % in Germany) and 
combined transport has to be supported by various public activities (Marco Polo programme 
of the EU, national programmes for freight distribution centres, direct subsidisation in 
Switzerland). According to some forecasts (see e.g. the projects DIOMIS 2010, NEW OPERA 
/ TIGER 2011), combined transport is expected to double within the next decade. This 
presupposes continued strong backing of this transport mode through government activities 
(infrastructure investments, internalisation of external costs). In the long run and under a 
regime of fair pricing of all internal and external costs, intermodal transport can be 
expected to be economically sustainable without flanking measures of the state.  
 

3.11. Clean maritime shipping – operational and technological 
measures 

Clean maritime shipping refers to an environmentally sound planning, organisation and 
realisation of transport by sea, focusing on technical and organisational innovations 
regarding ships and related processes (e.g. loading, unloading, routing). Major challenges 
for clean maritime shipping is the emission of green house gases (mainly carbon dioxide), 
sulphur dioxide and nitrogen oxides. Other challenges are ballast and bilge water, waste 
and waste water, as well as polluting coatings. 
 
Shipping operations consist of two elements: cruising-related activity and support activities. 
Cruising improvements include slow steaming, optimisation of routing, optimisation of trim 
and assessing the energy efficiency operational indicator (EEOI). Support activities deal 
with power supply in harbours and the handling of bilge water and waste. Measures include 
the promotion of EEOI, the support for new infrastructure of power supply and bilge water 
handling in harbours, if needed by regulation. 
 
New technologies for shipping focus on five components (see also IMO 2009, p. 44; 
Akkermans et al. 2010, Annex 4; Eide et al. 2011, p. 22): 
 

 Efficiency improvement of diesel engines; 

 Switch to alternative propulsion systems e.g. fuel cells, diesel-electric; 

 Addition of renewable propulsion, in particular wind e.g. sails, Flettner rotor; 

 Optimisation of propeller and rudder design; 

 Optimisation of hull shape and reduction of friction ship-water. 
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To foster these technologies, first support for R&D is provided, and second, new ships will 
have to comply with the regulations of the Energy Efficiency Design Index (EEDI), setting 
standards requiring substantial improvements in energy efficiency. 
 
A measure related to air pollution only taken by the IMO is to define sulphur emission 
controlled areas (SECA), respectively emission controlled Aaeas (ECA) which are special sea 
areas where only ships are accepted that fulfill strict emission limits of air pollutants. 
Related to this measure is setting limits to the sulphur content of shipping fuel. 
 

3.11.1. Transport impact of clean maritime shipping 

Clean maritime shipping improves the fuel efficiency of ships. Usually ships will become 
more expensive as they have to be equipped with additional technology to improve 
efficiency, but on the other hand, the fuel costs will be reduced. In other words, fixed 
(investment) costs increase while variable costs decrease. The transport impact in terms of 
modal shift would depend on the balance of these cost changes. It can be expected that a 
modal shift away from shipping is limited, as most often no alternatives exist e.g. for 
intercontinental transport of large volumes of goods. 
 
Operational measures, in particular slow steaming, will have transport impacts as it reduces 
speeds, and assuming that transport volumes remain unchanged will require that additional 
ships are put into service to maintain the transport capacity (Lindstad et al. 2011, p. 3462; 
UNCTAD 2010, p. 64). 
 

3.11.2. Environmental impact of clean maritime shipping 

Clean maritime shipping tackles three major environmental impacts: (fossil) energy 
demand, GHG emissions and air pollution. Efficiency measures usually improve all three 
environmental impacts, as they save energy, burning less fuel and thus leading to lower 
emissions of GHG and pollutants. Assessment of the GHG savings potential of shipping are 
reported in 3.11.4 below. 
 
Examples of new technologies and their impacts include improving the efficiency of diesel 
engines e.g. by direct fuel injection, optimising pumps and auxiliary systems, and 
automatic engine control which could reduce fuel consumption of a ship by 2%. Switching 
to diesel-electric propulsion could save another 3% of fuel of a ship. Alternative fuels could 
also be used for shipping. LNG (liquefied natural gas) could reduce carbon dioxide 
emissions by up to 20% compared with burning current heavy oil bunker fuels Possible 
options to reduce friction between ship and water are non-friction paint achieving energy 
savings up to 5% per ship. Wind energy using sails could save 10-35% fuel and using 
flettner rotors could save up to 30-50% energy per ship equipped with the technology 
(HypoVereinsbank 2009). 
 

3.11.3. Market failure addressed by clean maritime shipping 

Clean maritime shipping addresses the external effects of GHG emissions and air 
pollutants. Shipping contributed about 3% of global CO2 emissions in 2007 (IMO 2009, p. 
3), making it the world's sixth largest CO2 emitter endangering the public good of a 
functioning climate system. Comparing it with a country ranking, it would be between 
Japan and Germany. 
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Market failures can also play a role for the implementation of the measure. Ships have an 
average life time of 25+ years. Thus the market failure of the discrepancy between the long 
life of capital goods and short payback periods considered by industry also prevails in 
shipping. Thus some available efficiency-increasing technology may not be implemented as 
it increases upfront investment cost, while payback may take more than a decade. 
 

3.11.4. Economic impact of clean maritime shipping 

The user perspective concerning economic impacts of clean maritime shipping is similar to 
that for other measures (e.g. CO2 emission limits of roads, section 3.2): 
 

 Additional investment by ship-building companies to develop and apply new 
efficiency technology and alternative fuels; 

 Increase in price of ships equipped with such technologies leading to higher upfront 
investment cost of ship-owners; 

 Reduction of variable cost of ship operators due to lower fuel consumption. 

 
Impacts on user cost have been assessed in several recent studies. Eide et al. (2011) 
present one of the most comprehensive analyses for the CO2 mitigation of international 
shipping. In their baseline global shipping CO2 emissions increase from 990 Mt in 2010 to 
1533 Mt in 2030. With zero additional cost 33% of these emissions could be saved in 2030 
(503 Mt). Considering measures that have an abatement cost of 50 $/t CO2 increases the 
savings potentials to 44% (669 Mt) (Eide et al. 2011, p. 24). Lindstad et al. also looking at 
international shipping report that slow steaming may save 19% of CO2 gaining even an 
abatement benefit, and 28% of CO2 at zero abatement cost (Lindstad et al. 2011, p. 3462). 
The IMO comes up with lower estimates. At zero abatement cost and a fuel price of 500 
$/t, their central estimate of CO2 savings potentials amounts to 255 Mt CO2 (IMO 2009, p. 
200). These calculations are highly dependent on the fuel price and the discount rate. 
 
Looking at the societal perspective, a number of microeconomic studies can be identified 
that estimate a CBA ratio considering the user cost changes of shipping measures and the 
benefits in terms of savings of external effects. Wang and Corbett show that introducing a 
SECA at the US West Coast and limiting sulphur content in fuel has a cost-benefit ratio 
between 1.8 and 3.36, i.e. brings a net benefit of about $ 100 and 280 million annually 
(Wang and Corbett 2007, p. 577, 583). Kageson et al. estimate for measures regulating 
NOx in the Baltic Sea a cost-benefit ratio of about 5.5 to 6.1. Similar results are obtained 
for SO2 regulation. The net annual benefit in 2020 is estimated for NOx at about € 850 to 
1,050 million and for SO2 at about € 180 to 250 million (Kageson et al. 2008, p. 100). 
 
One study was identified which estimates both macro-economic effects and government 
effects. Establishing market-based instruments (MBI) for shipping would very slightly 
increase world GDP. In the case of a fund in which between 7.5 €/t fuel to 45 €/t fuel has 
to be paid to mitigate GHG from shipping, world GDP would increase by up to 0.01% until 
2020 and up to 0.02% until 2050. This would generate between € 2.6 and 14.3 billion 
revenues in 2020 and between € 14.4 and 82 in 2050. Out of these revenues € 1.7 to 10.5 
billion would be transferred to governments of least developed countries to finance climate 
adaptation (IMO 2010, Annex p. 26, 27). 
 
Transferring revenues from MBI for shipping to the least developed countries would lead to 
a significant increase of GDP of these countries (up to +2.4%) and thus would have a 
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positive distributional effect at a global level (Kageson 2011, p. 23). But in general, macro-
economic, distributional and governmental perspectives were rarely considered in studies of 
clean maritime shipping. 
 

3.12. Categorising the promising measures as eco-innovations 

The concept of eco-innovations was explained in section 2.2. This section will briefly explain 
how the selected most promising measures can be categorised as eco-innovations. Figure 
11 presents the overview of how the measures are located within the two-dimensional 
classification matrix. We can observe that the 10 measures are rather evenly distributed 
across the space. Three measures belong to eco-innovations that build on modifications of 
existing products, processes and organisational methods. Largely, these measures adapt 
existing logistics operations (M4, M8, M9). They may also include additional aspects, e.g. to 
improve a product (e.g. freight intermodality requires freight terminals to be upgraded). 
 
Three measures require a re-design, though of different targets of innovations. Inter-
nalisation needs re-design of existing charging and taxation systems to include all external 
costs, instead of partial inclusion only, which is an institutional setting. Clean maritime 
shipping consists of re-designing products (e.g. shape of hull and using wind energy by 
Flettner rotors) and of organisation (e.g. slow steaming), while creating a high-speed rail 
backbone network well-connected to regional networks affects the re-design of railway 
products and processes. 
 
On the level of creating alternatives, the eco-innovation of visionary walking and cycling 
requires the creation of an alternative (i.e. visionary cities and walking and cycling 
options), the change of norms and values, as well as of institutions, in a sense that urban 
and regional planning requires an alternative approach focused on non-motorised modes. 
Carbon-neutral fuels obviously present an alternative product to fossil fuels. 
 
At the final level where new eco-innovations are created we can identify two measures: 
first, the establishment of CO2 emission limits for new road vehicles, which again affects 
the institutional setting and the norms interpreted as standards. Despite the fact that the 
legislation is in place for cars, we count this as creation, because it is still lacking for trucks 
and two-wheelers. The long process of establishing this eco-innovation, dating back to the 
mid 1990s, and the voluntary agreement with car manufacturers shows that this measure 
had to be created from having no fuel efficiency and GHG limits to establishing them as 
binding legislation. Finally, creating the “Fifth mode” as a new mobility concept in urban 
passenger transport represents an eco-innovation targeting the development of new 
products (e.g. mobile solutions to reserve, use and pay for vehicles, new services of well-
connected vehicle sharing systems) and new organisational methods, bringing together a 
large number of transport service providers to serve the needs of one customer.  
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Figure 11:  Categorising the promising measures by type of eco-innovation 
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Source: own elaboration 
 
This categorisation of our 10 measures also fits to the expected environmental benefits of 
the categories of eco-innovations. Eco-innovations that generate higher environmental 
benefits are to be located on the right hand side in Figure 11. Our analysis and the results 
of the survey reveal that the four measures on right hand side (M1, M3, M5, M6) will 
provide the highest environmental benefits, in particular in addressing the problem of 
greenhouse gas emissions. 
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4. CONCLUSIONS 
 
We divide our conclusions on the economic aspects of sustainable mobility into four 
aspects: First the issue of how and at which level such economic aspects should be 
measured, second on how the ten major eco-innovations do address different types of 
market failures, third, on the explanation that the implementation of the measures and the 
removal of the market failures are supposed to stimulate innovation, and fourth on the 
quantitative findings on the economic impacts of sustainable mobility. 
 

4.1. Measuring economic effects of sustainable mobility 
Quantitative assessments of economic effects of sustainable mobility can be undertaken at 
different levels of analysis. We can identify the following six levels: 
 

 User cost changes; 

 Changes, most often increase of investments; 

 Growth effects on GDP and employment; 

 Welfare effects measured by a cost-benefit-analysis (CBA); 

 Distributional effects i.e. between groups of persons, between regions; 

 Government budget effects i.e. changes of state expenditure and revenues. 

 
The large majority of assessments focuses only on the changes in user cost and the effects 
on investments by industry. Recently, the changes in the government budget also gained in 
importance, e.g. when it comes to funding R&D support or to decreases in fuel tax 
revenues due to efficiency measures for road vehicles. On the other hand, quantification of 
impacts is lacking for the growth effects, the distributional effects and the welfare effects. 
The first and the third have been intensively studied for the analysis of infrastructure 
projects only (OECD/ECMT 2007, OECD/ITF 2008) and various national guidelines for 
assessing these effects for new infrastructures exist (UK: DfT 2005, Germany: BMVBS 
2003, Hungary: Monigl et al. 2004, US: Forkenbrock/Weisbrod 2001). 
 
However, the dominance of user cost studies causes a bias towards assigning negative 
impacts to measures that promote sustainable mobility. Three major reasons can be 
identified: 
 

 User cost changes may well be negative in the short run, whereas they can become 
positive in the long run. Too short time horizons do not allow the potentials for 
positive effects to be taken into account; 

 In micro-economic analyses or user cost analyses, additional investments appear 
with a negative sign, while in macro-economic analyses these would appear with a 
positive sign, of course, considering the net investment change; 

 The user cost perspective neglects also other potential indirect effects, like the 
reduction of fuel imports having a positive effect on the trade balance, the increased 
competitiveness because of improved technological characteristics, or productivity 
improvements, etc. 
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In general, it must be recommended at least to screen for those potential effects that may 
make a macro-economic analysis differ from the user perspective, and then to decide if an 
additional macro-economic analysis is needed to assess the economic aspects of an eco-
innovation to promote sustainable mobility. 
 
The very limited number of studies aiming at an economic impact assessment that goes 
beyond a simple user cost assessment of policies to foster sustainable mobility indicates 
that additional research is required to develop and improve the existing methodologies for 
transport impact assessment so that growth effects, productivity effects or distributional 
impacts can be analysed and estimated. 
 
Examples of such macro-economic analyses or strategic assessments can be observed in 
other policy fields. In particular, climate policy and the recent discussion about economic 
recovery have developed and provided such macro-economic analyses that either are 
published under the label of “Economics of Climate Change” or “Green New Deal” (Stern 
2007, Edenhofer/Stern 2009, p. 47; Schade et al. 2009, Barbier 2010). 
 

4.2. Promoting sustainable mobility by addressing market failures 

The 10 major eco-innovations to promote sustainable mobility (Table 2) address different 
market failures. Common to all eco-innovations is the objective to reduce or avoid 
external effects of mobility. Internalisation of external cost is the most prominent 
measure for doing so. Thus it has been a key word in the strategic policy documents from 
the beginning of the new millennium, e.g. the Gothenburg Sustainable Development 
Strategy (European Commission 2001b) and the Transport White Paper Time to Decide 
(European Commission 2001a). The strategy for internalisation has been refined by a 
specific communication on internalisation (European Commission 2008a) and is again an 
important element of the new Transport White Paper of 2011 (European Commission 
2011). However, this long history reveals that getting the prices right by internalising 
external effects is a difficult struggle within the Europe of 27 – with the consequence that 
also other internalisation measures such as regulation and standards should be developed 
and appropriately combined with internalisation/pricing strategies. 
 
Therefore, more recent policy strategies focus also on enabling structural change, including 
behavioural change of transport users, by implementing further eco-innovations 
complementary to internalisation e.g. by fostering the production of efficient vehicles, or 
providing alternative, less polluting fuels. Together with changing the relative cost between 
transport choices through internalisation, such an extension of sustainable transport 
options will better support the structural change towards sustainable mobility. 
 
The other 9 major eco-innovations address further market failures. Long life of capital 
goods and concerning some eco-innovations also the high risk of failure associated with 
investments into the eco-innovations is deemed to be relevant. This is likely to hold for 
carbon neutral fuels, high-speed rail backbone, clean maritime shipping and visionary 
planning of walking and cycling. In the latter case the inertia to change urban structures in 
order to favour non-motorised transport needs to be overcome by eco-innovation. The 
market failures stemming from long life of investment capital, high risk and long pay-back 
period of capital invested can be tackled by improved assessment methods, by providing 
support to R&D during early phase of development of the eco-innovation and by reducing 
the variance of possible development paths though better organisation and participation of 
stakeholder groups. 
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Public goods will play an important role with regard to the implementation of three of the 
eco-innovations. The functioning of the earth’s climate system and avoiding harmful climate 
change are targeted by setting CO2 efficiency standards for road vehicles and by clean 
maritime shipping. A well-functioning urban transport system constitutes a public good that 
can be fostered by implementing the Fifth Mode. 
 
Asymmetric information is observed for the freight transport markets, both between 
transport users, shippers and transport operators and between large, often multi-modal, 
transport operators and SMEs in the transport sector. Balancing the level of information 
and improving the system efficiency is fostered by the three freight-related eco-innovations 
eco-driving and operation control systems, cooperative logistics and trimodal freight 
intermodality. 
 
Finally, it should be pointed out that the implementation of the eco-innovation should be 
controlled in order to avoid new market failures. An example can be provided for the eco-
innovation of the fifth mode. There government/authorities are required to take action to 
avoid that regional natural monopolies emerge i.e. to guarantee through regulation that the 
fifth mode becomes interoperable between cities and countries in Europe. 
 

4.3. Impacts of market failure removal on innovation 

It is important to note that a reduction of market failures, in particular those related to 
external effects, provision of public goods and the long life of capital goods, will foster the 
search of entrepreneurs for new production processes and new products, which better meet 
the sustainability expectations of society. This will accelerate technical progress and the 
willingness of firms to realise substantial (more radical) innovations. Innovations, as such, 
create new production potentials and market demand, and, in this way, lead to more 
qualitative growth in the economy. Furthermore, sustainable products and technologies are 
also important for the emerging economies, as they are also threatened by air/water 
pollution and climate change. This implies that the industrialised countries can improve on 
their competitive situation in the world market by taking the lead in changing to innovative 
sustainable products and services. If the emerging economies assume the role of followers 
and partners with regard to these innovations, then the industrialised countries can 
stabilise their competitive position through focusing on high-tech and environmental 
products and services. Some authors argue that deploying such green innovations on a 
global level “is necessary to reduce carbon dependency and ecological scarcity not just 
because of environmental concerns but because this is the correct and only way to 
revitalize the economy on a truly sustainable basis” (Barbier 2010, p. 279). 
 
In this sense, a consistent policy aimed at reducing market failures contributes to fostering 
qualitative growth and stabilising employment – with increasing requirements for the 
education levels – in industrialised countries. “Qualitative” means in this context that 
economic growth is not bound to an increase in product quantities and resource 
consumption. Qualitative economic growth implies better functioning products and an 
increased level of service, which can be achieved by integrating more intelligence. State 
activity and the increased awareness of the population can achieve that the environmental 
friendliness of mobility products and services increasingly become an element of 
consumers' quality perception. This would guide the market forces in the direction of 
sustainable mobility, which should have much higher impacts than the pure effects of public 
pricing or regulations. 
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It should also be pointed out that in some areas of the selected eco-innovations the EU 
could risk that in case of delayed actions the transfer of the innovation starts to reverse its 
direction, i.e. that the innovation would first be introduced in a developing country (e.g. 
China) and then be transferred to Europe and other developed countries. Possible examples 
could be electric mobility or certain biofuel production pathways (Schade et al. 2011b, Walz 
et al. 2011). In other words, in the future it seems likely that the emerging economies 
would not only be in the role of followers of innovations, but even take the leading position 
for some innovations. It should also be noted that such a new state of global competition 
may enhance the stimulus for eco-innovations provided by the removal of market failures. 
 

4.4. Economic impacts of sustainable mobility 

The number of studies that could be identified as assessing economic impacts of 
sustainable mobility is limited, and largely focussing on the user perspective. Second, 
economic impact assessments often consider policy bundles that either include the same 
measures at different levels of ambition of implementation compared to our definition (e.g. 
different taxation levels) or the bundles were not consistent with the definition of this study 
so that transferability of results to this study is limited. For instance, the impact 
assessment of the New Transport White Paper of 2011 includes macro-economic analyses, 
and presents as their results only the four bundles of policy options and not single 
measures (European Commission 2011f). 
 
A few figures should illustrate the economic impacts of sustainable mobility from different 
perspectives. Taking the user perspective and estimates of CO2 abatement costs for three 
different measures reveals a broad range of outcomes: setting CO2 emission standards for 
new cars to 130 gCO2/km in 2012 results in an abatement benefit of 100 €/tCO2 for 
German car owners between 2008 and 2020. In contrast, the abatement cost for biofuels in 
2020 would be in the range of 132 to 322 €/tCO2 saved. For maritime shipping, it is 
estimated that 28% of CO2 emissions here can be saved by slow steaming at an abatement 
cost of 0 €/tCO2. It must be emphasised that the exact figures are strongly influenced by 
several parameters like oil price assumptions, the chosen discount rate or the effects of 
technology learning. 
 
Findings related to the welfare perspective can be reported for the impacts of investments 
in walking and cycling measures, for which cost-benefit ratios between about 3 and 14 and, 
in outstanding cases, even up to 30 are estimated if the full impacts (e.g. improved health) 
are included. 
 
Taking the macro-economic perspective and looking again at setting CO2 emission 
standards for cars in Germany as dominating measure of the German IECP’s transport 
package, we find that GDP could be increased by EUR 30 billion in 2020 while consumers 
would spend EUR 79 billion less on fossil fuels over 12 years. A significant share of this 
saving, however, would be reduced fuel taxes, potentially leading to drastic consequences 
from the government’s revenue perspective. For clean maritime shipping and the 
introduction of market-based instruments (MBI) for GHG mitigation of global shipping, 
studies were identified that reported an increase of world GDP by up to 0.01% until 2020 
and up to 0.02% until 2050. In particular, least developed countries could benefit from 
such a measure assuming a transfer of revenues of MBIs to them could increase their GDP 
by up to 2.4%. 
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5. POLICY RECOMMENDATIONS 

Our analysis of eco-innovations reveals that a multiple instrument strategy is required to 
foster sustainable mobility and to reap positive economic impacts. The three most 
important eco-innovations, according to both our own analysis and the online survey 
respondents are setting CO2 efficiency standards for road vehicles, internalising external 
costs and introducing carbon-neutral fuels to the transport sector. In the latter case, 
e-mobility is proposed for the road transport sector, while biofuels seem particularly 
relevant for air transport. These three eco-innovations share the common characteristic 
that they can be directly implemented by policy decisions, i.e. setting standards, defining 
tax levels or quotas for biofuel use, in particular for air transport, and the latter 
accompanied by dedicated R&D programmes. 
 
This policy bundle creates synergies between the individual policies and will reduce the 
local and global environmental impacts of European transport. It will drive forward 
technology progress in vehicles, engines and fuel technologies and will increase energy 
security, both of which in turn should improve the competitive position of Europe. 
 
A more radical, but also important, policy bundle consists of developing new urban mobility 
concepts – the “fifth mode” and the promotion of walking and cycling in visionary cities. 
Both focus on urban areas and address behavioural change. These eco-innovations also 
require the development of new technologies, for instance, small electrified urban vehicles, 
or unified and standardised integrated systems for information, reservation, usage and 
billing of the fifth mode. Here, the EU will have an important role to play concerning the 
standardisation of the integrated system, so that it can be used throughout Europe instead 
of ending up with a fragmented technical solution that differs from region to region. 
 
The list of major eco-innovations also contains a different type of eco-innovation whose 
implementation strongly depends on adapting processes within industry. Examples include 
eco-driving and operation control systems, cooperative logistics and trimodal freight inter-
modality. Direct policy implementation does not seem feasible for this type of eco-
innovation. Instead, policy-makers would be required to establish framework conditions 
enabling new forms of cooperation so that shippers and the transport industry could work 
together to overcome barriers and increase cooperation as opposed to competition and 
monopolisation. 
 
The economic aspects of sustainable mobility can be assessed from six different 
perspectives: user, sectoral, macro-economy, societal, distributional, authority and govern-
ment. Assessment results may differ depending on the perspective taken. Assessments 
based on the user perspective usually dominate the discussions and decision-making. One 
reason is a dearth of studies in the transport field taking the macro-economic and 
distributional perspectives in order to capture the complete picture of economic impacts. 
Examples of such studies can be found in the climate policy field, which underpin the 
concept of a Green New Deal. Similar studies on indirect effects and systemic impacts of 
innovations should be done in the transport policy field. 
 
The transport industry is a truly global industry. As innovative capacity of emerging 
economies evolve fast, it should not be taken for granted that transfer of innovations will 
always take the direction from developed to emerging economies. Analyses in the field of 
eco-innovations indicate that the direction may be reversed in the future. Stimulating eco-
innovations in the transport sector, thus, it should be assessed if and how these enable to 
keep a leading role for the EU as part of the global transport innovation system. 
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In summary, economic aspects of sustainable mobility are undoubtedly relevant for making 
policy choices. Assessing the indirect and long-term effects of transport eco-innovations 
properly should reveal that, in most cases, long-term benefits outweigh potential short-
term losses. Thus the role of policy-making is to get the incentives right in order to 
overcome the short-term losses, if these exist, in order to reap the longer term benefits. 
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1. LISTING OF MEASURES 
The following list presents the collected long list of eco-innovations relevant for both 
passenger and freight transport, dividing the measures into three groups: market-based 
general measures, cross-cutting technology and standards, general planning and regulation 
measures (Table 7). 
 
Table 7:   Eco-innovations – measures of general nature 

No Type of measure Eco-innovation - measure 

1 Market based instruments - 
pricing 

Internalisation of external costs 

2  Congestion charging on highways and motorways 

3 Technology and standards Carbon-neutral fuels / energy 

4  Further tightening of EU emission limits (CO2, NOx, 
PM, VOC) 

5  Noise emission and immission standards 

6  Standards for concentrations of air pollutants 

7 Planning and regulation Low emission zones 

8  Noise mapping and noise reduction plans 

9  Speed limits on roads 

10  Single European Sky 

Source: own elaboration 
 
 
The following Table 8 presents the long list of potential eco-innovations of passenger 
transport. It is divided into measures that are neither distance nor region specific, 
measures for long distance passenger transport and measures for urban transport. 
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Table 8:   Eco-innovations – measures of passenger transport 

No Type of measure Eco-innovation - measure 

1 General Measures (not distance class 
or region specific) 

Distance-based infrastructure charging of 
passenger vehicles 

2  Traffic management 

3  Engine fuel efficiency 

4  Hybrid and electric engines 

5  Eco-driving 

6  Car-sharing 

7  Infrastructure maintenance (rail) 

8  Intra-modal competition of rail services 

9  Further tightening of EU CO2 emission limits 

10  Bonus-malus pricing of new vehicles 

11  Re-engineering of motoring taxation 

12  Efficiency labelling (road) 

13  Hybrid engines for rail passenger transport: 
catenary and diesel 

14  Hybrid Vehicles for diesel and battery 
electric traction 

15  Engine downsizing 

16  Vehicle downsizing – shift to smaller 
segments 

17  High speed rail backbone (rail) 

18  CNG and biogas 

19  Public procurement of efficient vehicles 

20 Measures affecting long distance 
transport 

Rail-air co-modality 

 107



Policy Department B: Structural and Cohesion Policies 
____________________________________________________________________________________________ 

21  Emission trading (aviation) 

22  Ticket tax (aviation) 

23  Kerosene taxation (aviation) 

24  VAT on intra-EU international tickets 
(aviation) 

25  Long-distance coach services 

26  Biofuels in air transport 

27 Measures affecting urban transport Access and congestion charging in urban 
areas 

28  Promotion of non-motorised transport 

29  Urban mobility concepts 

30  Next generation bus systems 

31  The fifth mode - One-stop-shop for all 
urban transport modes 

Source: own elaboration 
 
 
The following Table 9 presents the long list of potential eco-innovations of freight transport. 
It is divided into operational measures, measures affecting the vehicles and measures 
related to fuels. 
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Table 9:   Eco-innovations – measures of freight transport 

No Type of measure Eco-innovation - measure 

1 Operational measures Multimodal promotion by web-based transport 
information 

2  Integrated trimodal transport chains 

3  Motorways of the Sea 

4  Slow steaming 

5  Clean maritime shipping – operational measures 

6  Integration of Inland-AIS and RIS into supply chain 
management 

7  Modular swap body 

8  New euro-pallets 

9  Pooling of transport amount in specific logistic 
streams 

10  Deceleration of dedicated transports 

11  Longer trains 

12  Urban freight logistic 

13  Cooperative logistics - truck load cooperation 

14  Next level of transport management support 

15  Driver training 

16  Speed limit of 80 km/h for trucks plus electronic 
speed limitation 

17  Truck navigation compatible to urban requirements 

18  Using telematics to control and support efficient 
manner of driving (green telematics) 

19  Aviation logistics and feeder operations 

20 Measures affecting/adapting 
the vehicles 

Innovations truck-trailer 

21  Longer and / or heavier HGV (modular system) 
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22  SuperCaps for rail 

23  Electro mobility for delivery transport of CEP 
services 

24  Electro mobility for delivery transport of inner city 
delivery 

25  Hybrid trucks for delivery transport 

26  Hybrid locomotives, catenary and diesel 

27  Local electricity storage 

28  Less noise for freight trains 

29  Clean maritime shipping – technological measures 

30 Masures affecting/adapting 
the fuels 

Alternative fuels: Liquefied Petroleum Gas (LPG) 
and Compressed Natural Gas (CNG) 

31  Alternative fuels: Biofuels like 100% ethanol 
(E100), 85% ethanol (E85) or rapeseed oil 

32  Alternative fuels: Hydrogen 

33  Supply decentral power plants 

Source: own elaboration 
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1. STRUCTURE OF THE WHITE PAPER MEASURES 
 
The new Transport White Paper “Roadmap to a Single European Transport Area – Towards 
a competitive and resource efficient transport system” (EC COM(2011) 144, Brussels) 
specifies in Annex I a list of initiatives foreseen to implement the roadmap outlined in the 
White Paper. In total the White Paper names 131 measures that are grouped into what we 
would like to call action areas, target areas and measure areas. In the following we first 
provide an overview on the structure of the White Paper, and second we place the eco-
innovations that we selected for our project in the frame of the initiatives of the White 
Paper. 
 
In numbers the White Paper defines as initiatives the following areas and measures: 
 

 Action areas : 4; 

 Target areas : 12; 

 Measure areas : 40; 

 Measures : 131. 

 
The 4 action areas include: 
 

1. An efficient and integrated mobility system; 

2. Innovating for the future : technology and behaviour; 

3. Modern infrastructure and smart funding; 

4. The external dimension. 

 
The 12 target areas include (leading numbers indicate the respective action area): 
 

1.1. A single European Transport Area 

1.2. Promoting quality jobs and working conditions 

1.3. Secure Transport 

1.4. Acting on transport safety: saving thousands of lives 

1.5. Service quality and reliability 

2.1. A European Transport Research and Innovation Policy 

2.2. Promoting more sustainable behaviour 

2.3. Integrated urban mobility 

3.1. Transport infrastructure: territorial cohesion and economic growth 

3.2. A coherent funding framework 

3.3. Getting prices right and avoiding distortions 

4.1 Transport in the World: The external dimension 
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The 40 measure areas cover (numbering corresponds to White Paper numbers): 
 

1. A true internal market for rail services 
2. Completion of the Single European Sky 
3. Capacity and quality of airports 
4. A maritime “Blue Belt” and market access to ports 
5. A suitable framework for inland navigation 
6. Road freight 
7. Multimodal transport of goods: e-Freight 
8. Social code for mobile road transport workers 
9. A Social Agenda for maritime transport 
10. A socially responsible aviation sector 
11. An evaluation of the EU approach to jobs and working conditions across modes 
12. Cargo security 
13. High levels of passenger security with minimum hassle 
14. Land transport security 
15. End-to-end' security 
16. Towards a ‘zero-vision’ on road safety 
17. A European strategy for civil aviation safety 
18. Safer shipping 
19. Rail safety 
20. Transport of dangerous goods 
21. Passengers' rights 
22. Seamless door-to-door mobility 
23. Mobility Continuity Plans 
24. A technology roadmap 
25. An innovation and deployment strategy 
26. A regulatory framework for innovative transport 
27. Travel information 
28. Vehicle labelling for CO2 emissions and fuel efficiency 
29. Carbon footprint calculators 
30. Eco-driving and Speed limits 
31. Urban Mobility Plans 
32. An EU framework for urban road user charging 
33. A strategy for near- 'zero-emissin urban logistics' 2030 
34. A core network of strategic European infrastructure - A European Mobility Network 
35. Multimodal freight corridors for sustainable transport networks 
36. Ex-ante project evaluation criteria 
37. A new funding framework for transport infrastructure 
38. Private sector engagement 
39. Smart pricing and taxation 
40. Transport in the World: The external dimension 
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2. CLASSIFYING OUR MEASURES IN THE FRAME OF THE 
WHITE PAPER 

 
This study on “Economic aspects of sustainable mobility” obviously focuses on economic 
aspects of eco-innovations in the transport sector that affect sustainable mobility. The 
prerequisite of a measure to be considered as an eco-innovation is that it brings about an 
improvement in the environmental impacts of transport e.g. less air pollution, less noise, 
reduced climate impact, etc. In summary, the focus of our analyses is on economic aspects 
and environmental improvements. 
 
The White Paper spans a broader view, such that naturally some areas of the White Paper 
are excluded from our analysis, or at least are considered with lower priority. Looking at 
the action areas, the core of our analyses concentrates on action area 2 and 3, i.e. on 
innovating for the future of technology and behaviour and on modern infrastructure and 
smart funding. 
 
This does not mean measures of the other areas are neglected. Going one level down to 
the target areas, we can observe that 6 out of the 12 target areas are in full considered by 
our measures, while 4 are only partially considered and other 2 are out of scope. This is 
shown in Table 7. 
 
Those out of scope concern the questions of working conditions and of security. Broadly 
these two areas can be linked with social aspects of transport and mobility, rather than 
with environmental and economic aspects, which explains that these areas are not 
considered in our long and short list of measures. 
 
Distinguishing if a target area is fully in focus of our study or only part of it, depends on 
three aspects: first, fully covered areas would affect both environment and economic 
aspects, and second the measures of an area correspond with our bundling of measures, 
and third our understanding of the eco-innovation corresponds with the intention of the 
target area in the White Paper. Of course, often the measures overlap and can actually not 
be delimitated and classified exactly. 
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Table 10: Target areas differentiated by level of inclusion in our study 

No Target area in focus of study F / P No Target area out of our focus 

1.1. A single European Transport 
Area 

F 1.2. Promoting quality jobs and working 
conditions 

1.4. Acting on transport safety: saving 
thousands of lives 

P 1.3. Secure Transport 

1.5. Service quality and reliability P   

2.1. A European Transport Research 
and Innovation Policy 

F   

2.2. Promoting more sustainable 
behaviour 

F   

2.3. Integrated urban mobility F   

3.1. Transport infrastructure: 
territorial cohesion and 
economic growth 

F   

3.2. A coherent funding framework P   

3.3. Getting prices right and 
avoiding distortions 

F   

4.1 Transport in the World: The 
external dimension 

P   

F = full consideration, P = partial consideration 
Source: own elaboration 

 
 
A more direct linkage can be elaborated between the 131 measures of the Transport White 
Paper and our short listed measures, as presented in Table 11. In the table the column 
“White Paper no. of measures” refers to the numbers of the 40 measure areas, while the 
characters refer to the bullet points of the White Paper Annex I, i.e. the 131 measures. The 
first bullet point is named “a”, the second “b”, and so on. 
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Table 11:  Short list of promising measures and linkage with White Paper 
measures 

No Mode Measure promoting sustainable mobility White Paper no. of 
measures 

1 Road CO2 efficiency standards for road vehicles (i.e. 
cars, light trucks, heavy trucks) & accompanying 

6c,24a,25e,26a,26c,27j,28a, 
28b,30a,33c,39a,40c 

2 All, 
road 

Internalisation of external cost by (road) user 
charges – re-engineering of transport taxation 

1c,6a,24e,24g,25b,25c,25d,25e
26a,26b,26i,32a,37a,37b,39a, 
39b,39c,39d,39g 

3 All Carbon neutral fuels: E-mobility for road vehicles 
(i.e. includes hybrids, pure battery electric vehicles, 
hydrogen fuel cell vehicles), 
biofuels/biomass/biogas in particular for air 

24d,25c,26a,26d,26e,26f,39a, 
40h 

4 Road, 
Rail 

Promoting driver training, logistics training & 
education and adjusted operation control 
systems 

6b,16c,24e,24f,25a,25c,26i,29a
30a,30b,33a,33b 

5 Road, 
PT, 
NMT 

New multi-modal, barrier-free urban mobility 
concepts creating the “fifth mode”, intermodal 
and interoperable e-ticketing 

21d,22a,22b,24a,24e,24f,24g, 
25a,25c,25d,26g,27a,31a,31d, 
32a,37a,39c 

6 NMT Visionary planning of walking and cycling in 
visionary cities – green mobility plans and pilot 
projects for carbon free urban mobility 16d,24e,24g,25d,27a,31a,31d 

7 Rail High-speed rail backbone network including 
connection to regional networks 1a,1d,24e,25a,34a,34c 

8 All Cooperative logistics (i.e. different companies 
jointly optimizing their logistics) 6a,24e,24f,25b,39b 

9 Road, 
rail, 
ship 

Freight intermodality ship-rail-road barrier-free, 
web-based multimodal promotion, integrated 
trimodal transport chains and elimination of 
bottlenecks 

1c,1d,5a,6a,7a,7b,20a,24a.24e,
24f,25a,26i,34a,35a,35b 

10 Ship Clean maritime shipping – operational and 
technological measures 

4a,4c,18b,18c,18d,24a,24e,25a
26a,27j,40a,40c,40h 

PT = public transport, NMT = non-motorised transport 
Source: own elaboration 
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1. PURPOSE AND APPROACH OF THE SURVEY 

As part of the study on Economic aspects of sustainable mobility an online survey was 
planned to confirm or neglect the findings of the project team, in particular concerning the 
selection of most promising eco-innovations to foster sustainable mobility. 
 
Fraunhofer ISI implemented and conducted an online survey asking different groups of 
experts for their opinions and judgements about the 11 proposed measures. Between April 
21st and May 11th 2011 453 European experts have been invited to fill the questionnaire. 
More than two fifth of invited experts have been stakeholders in the transport sector (e.g. 
car manufacturers, component suppliers, transport operators and their industry 
associations), about one fifth each were scientist from Universities and research 
organisations with transport background and stakeholders as transport users (e.g. 
shippers, large companies). The final fifth is composed of a mix of non-governmental 
organisations (NGO) and policy-makers from Member States, regional governments and the 
EU level. 
 
56 of the invited experts completed the questionnaire. Half of these participants indicated 
to be a scientist and the second largest group were stakeholders in the transport sector. 
Further 77 persons opened the questionnaire, some of them filling the questionnaire 
partially, but not indicating completion. In principle, the survey was implemented in a way 
that also such partially filled questionnaires could have been considered for analysis as it 
could have been distinguished between questions that have never been visited by an 
expert, those that have been visited but not responded to and those visited and partially 
responded to. However, for the following analysis we neglect the responses within partially 
filled questionnaires and concentrate on the 56 fully completed questionnaires that 
correspond to a response rate of 12.4%. 
 
The experts had the option to omit to reply to measures for which they deemed themselves 
not to be an expert (e.g. a pure rail expert would not respond to the measures focussing 
only on air transport). This option was also followed by some experts, which means that on 
a measure-by-measure base less than 56 answers were collected. The advantage was that 
we expected to receive only responses from persons with high quality expertise in relation 
to the questioned measures. 
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2. RESULTS OF THE 10 SHORT-LISTED MEASURES  
Following the requirement of the study to propose 10 major eco-innovations and taking the 
results of the online survey one measure was eliminated (the former M4 Single European 
Sky and Aviation Logistics) such that the following ten major eco-innovations as shown in 
Table 2 were selected for the detailed analysis. The numbering M1 to M10 of the table is 
also used to present the survey results in the following pages. 
 
Table 12:  Short-list of promising measures for sustainable mobility 

No Area Focus Mode Measure promoting sustainable mobility Instruments 

M1 P + F General Road CO2 efficiency standards for road 
vehicles (i.e. cars, light trucks, heavy 
trucks) & accompanying 

Standards, 
tax&charge, 
information 

M2 P + F General All, 
road 

Internalisation of external cost by (road) 
user charges – re-engineering of transport 
taxation 

Tax&charge, 
certificates 

M3 P + F General All Carbon neutral fuels: E-mobility for road 
vehicles (i.e. includes hybrids, pure battery 
electric vehicles, hydrogen fuel cell 
vehicles), biofuels/biomass/biogas in 
particular for air 

Technology, 
regulation 

M4 P + F General Road, 
Rail 

Promoting driver training, logistics 
training & education and adjusted 
operation control systems 

Information 

M5 P Urban Road, 
PT, 
NMT 

New multi-modal, barrier-free urban 
mobility concepts creating the “fifth 
mode”, intermodal and interoperable e-
ticketing 

Standards, 
technology, 
marketing, 
planning 

M6 P Urban NMT Visionary planning of walking and 
cycling in visionary cities - pilot projects for 
carbon free urban mobility 

Planning, 
information 

M7 P Long 
distance 

Rail High-speed rail backbone network 
including connection to regional networks 

Planning and 
financing, 
tax&charge 

M8 F Long 
distance 

All Cooperative logistics –optimisation of 
logistics in company networks 

Information, 
technology 

M9 F General Road, 
rail, 
ship 

Freight intermodality ship-rail-road 
barrier-free, web-based multimodal 
promotion, integrated trimodal transport 
chains and elimination of bottlenecks 

Planning, 
information, 
technology 

M10 F Long 
distance 

Ship Clean maritime shipping - operational and 
technological measures 

Regulation, 
technology 

P = passenger transport, F = freight transport, PT = public transport, NMT = non-motorised transport 
Source: own elaboration 
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3. PROCESS OF THE ONLINE SURVEY 
The participants to the survey have been receiving an invitation and two or three reminders 
to fill the questionnaire. The first invitation was sent out on April 21st 2011 as shown below: 
 
 
Dear Sir or Madam, 
 
We would like to invite you to participate in a survey targeting the topic "Economic aspects 
of sustainable mobility". 
 
The European Union (EU) has developed a new policy strategy for the next decade, called 
Europe 2020, under the headline of smart, sustainable and inclusive growth. In line with 
this overall strategy, a new transport policy White Paper was published in March 2011 
providing a roadmap towards a Single European Transport Area. 
 
In our project on "Economic aspects of sustainable mobility" major eco-innovations to 
implement sustainable mobility have been identified, taking into account the initiatives 
listed in the White Paper and considering the requirement to include measures for all 
modes of transport. With this survey your valuable opinion is required, in order to assess 
the impacts of the eleven measures on transport, environment and the economy. The 
economic impacts constitute the focus of the survey. 
 
We would kindly invite you to take part in this important survey that is initiated by a 
project on behalf of the European Parliament Committee on Transport and Tourism (TRAN). 
 
Completing the questionnaire will take about 45 minutes of your time. 
You can interrupt the online-survey at any time and return to it later, using the enclosed 
personalized link. The survey is open until 
 
    May 7th 2011. 
 
Your link to the survey: https://www.../CODE 
 
The data from completed questionnaires will be treated with the strictest confidentiality and 
used exclusively for this project. In return for your help, we would be glad to inform you 
about the results of the survey. 
 
In case of questions or comments, please feel free to contact us under 
w.schade@isi.fraunhofer.de resp. +49 721 / 6809 353. 
We will collect the requests and reply on May 2nd. 
 
Thank you very much for your fruitful contributions! 
 
With best regards 
 
Dr. Wolfgang Schade  -  Project coordinator         Felix Tettenborn  -  Survey coordinator 
 
Fraunhofer Institute for Systems and Innovation Research (ISI) Breslauer Str. 48, 76139 
Karlsruhe, Germany 
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The first reminder with an extension of the deadline by four days was sent out on May 3rd. 
The extension was required as due to the Easter holiday period in several organisation the 
responsible experts, have not been in their offices over a longer period. 
 
Dear Sir or Madam: 
 
We would like to remind you to participate in our survey targeting the topic "Economic 
aspects of sustainable mobility". 
 
As several participants asked for an extended deadline, the survey will now be open until: 
 
    May 11th 2011. 
 
Your link to the survey: https://www...../CODE 
 
To bring you back into the picture of the survey: 
 
The European Union (EU) has developed a new policy strategy for the next decade, called 
Europe 2020, under the headline of smart, sustainable and inclusive growth. In line with 
this overall strategy, a new transport policy White Paper was published in March 2011 
providing a roadmap towards a Single European Transport Area. 
 
In our project on "Economic aspects of sustainable mobility" major eco-innovations to 
implement sustainable mobility have been identified, taking into account the initiatives 
listed in the White Paper and considering the requirement to include measures for all 
modes of transport. With this survey your valuable opinion is required, in order to assess 
the impacts of the eleven eco-innovations on transport, environment and the economy. The 
economic impacts constitute the focus of the survey. 
 
We would kindly remind you to take part in this important survey that is initiated by a 
project on behalf of the European Parliament Committee on Transport and Tourism (TRAN). 
 
Completing the questionnaire will take about 45 minutes of your time. 
You can interrupt the online-survey at any time and return to it later, using the enclosed 
personalized link. You may decide also to answer only those questions referring to 
measures related to your specific expertise e.g. freight, shipping, rail, etc. 
 
The data from completed questionnaires will be treated with the strictest confidentiality and 
used exclusively for this project. In return for your help, we would be glad to inform you 
about the results of the survey. 
 
In case of questions or comments, please feel free to contact us under 
w.schade@isi.fraunhofer.de resp. +49 721 / 6809 353. 
 
Thank you very much for your fruitful contributions! 
 
With best regards 
 
Dr. Wolfgang Schade - Project coordinator, Felix Tettenborn - Survey coordinator 
 
Fraunhofer Institute for Systems and Innovation Research (ISI), Breslauer Str. 48, 76139 
Karlsruhe, Germany 
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As it turned out that several experts had filled the questionnaire completely, but did not 
close their personal access to the survey, which would indicate the full completion to us, a 
separate reminder was sent to those, who opened the survey, but possibly involuntarily did 
not complete it by clicking the deactivation link: 
 
Dear Colleagues, 
 
we very well appreciate that you took some time to fill our online survey on the Economic 
Aspects of Sustainable Mobility. 
 
You did fill some measures and did not complete the survey by filling the last page and 
closing / deactivating your personnel link. 
 
To make sure that you left empty the questions for some measures by purpose, we would 
kindly ask you to complete the 2 questions on the last page (i.e. your profession and your 
place of residence related to your affiliation) and close the survey by deactivating your 
personnel link. 
 
To do so you can simply flip through the survey by always selecting "next" and "next 
measure" until you reach the "Last page". 
 
P.S: Your link to get back to the survey: https://www..../CODE 
 
Thank you very much for your very kind help! 
 
With best regards 
 
Dr. Wolfgang Schade - Project coordinator 
 
Fraunhofer Institute for Systems and Innovation Research (ISI), Breslauer Str. 48, 76139 
Karlsruhe, Germany 
 
 
 
The second and final reminder to fill the questionnaire was sent out three days before 
closing of the survey. The content was the same as in the first reminder. 
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4. SUMMARY OF RESULTS OF THE ONLINE SURVEY 
The following pages present the summary of answers for the questions that are related to 
the impacts of the eleven measures. The presentation is structured in a way such that on 
one page the responses across all measures to the same questions is presented. 
 
The following questions have been asked, where in several cases two questions have been 
linked, e.g. first asking for the size of the impact of a measure (i.e. negligible, low , 
medium, high), and second if the impact would be positive or negative (i.e. causes cost or 
benefits for different affected groups): 
 

1. How do you judge the following impacts of this measure? 
 A: The impact of this measure on transport demand is: 
 B: The impact of this measure to reduce adverse environment impacts is: 
 

2. How do you rank the economic impacts on actors within the transport sector 
in terms of higher NET cost or NET benefits?  
 A: Vehicle prices 
 B: R&D efforts and investment of vehicle producers 
 C: R&D efforts and investment of component suppliers 
 D: Investments of operators (other than vehicles) 
 E: Total cost of ownership (i.e. overall cost per km) 
 

3. Which actors (i.e. transport modes) will be affected by economic impacts of the 
measure in terms of NET cost or NET benefits? 
 A: Road 
 B: Rail 
 C: Inland waterways 
 D: Maritime 
 E: Air 
 

4. How do you rank the following indirect economic impacts i.e. those occurring 
outside the transport sector (e.g. in terms of NET cost or NET benefits)? The 
economic impact of this measure on the individual users: 
 A: Car users 
 B: Users of passenger services 
 C: Users of freight services 
 

5. How do you rank the following indirect economic impacts i.e. those occurring 
outside the transport sector (e.g. in terms of NET cost or NET benefits)? The 
macro-economic impacts of this measure are: 
 A: Economic growth 
 B: Employment 
 C: Trade/ competitiveness 
 

6. How do you rank the following indirect economic impacts i.e. those occurring 
outside the transport sector (e.g. in terms of NET cost or NET benefits)? The 
governmental impacts of this measure are: 
 A: Fiscal effect 
 B: Administrative burden 
 C: Subsidies 
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7. How do you rank that the measure eliminates or reduces the following 
market failures: 
 A: Public goods (non-exclusion and non-rivalness e.g. may cause overuse of 

public good) 
 B: Merit wants (collective preferences higher than individual preferences) 
 C: External effects (negative or positive externality) 
 D: Natural monopolies (e.g. emerge in case of economies of scale or scope) 
 E: High risk (e.g. high sunk cost cause barriers for R&D, innovation and 

investment) 
 F: Long life of capital goods (e.g. planning horizons longer than market 

planning) 
 

8. In your opinion what is the time frame in which this measure could be 
implemented? 
 A: Now 
 B: 2015 
 C: 2020 
 D: 2025 
 E: Beyond 
 

9. Obviously the measures will interact, if implemented in parallel. For which 
measures would you most likely expect a synergetic (i.e. positive) 
interaction on the other measures? Please, indicate maximum three interactions 
per measure. 
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Question: 
How do you judge the following impacts of this measure? 
Division into two parts: 
A: The impact of this measure on transport demand is: 
B: The impact of this measure to reduce adverse environment impacts is: 
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Question: 
How do you rank the economic impacts on actors within the transport sector in terms of 
higher NET cost or NET benefits?  
A: Vehicle prices 
B: R&D efforts and investment of vehicle producers 
C: R&D efforts and investment of component suppliers 
D: Investments of operators (other than vehicles) 
E: Total cost of ownership (i.e. overall cost per km) 
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Question: 
How do you rank the economic impacts on actors within the transport sector in terms of 
higher NET cost or NET benefits?  
A: Vehicle prices 
B: R&D efforts and investment of vehicle producers 
C: R&D efforts and investment of component suppliers 
D: Investments of operators (other than vehicles) 
E: Total cost of ownership (i.e. overall cost per km) 
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Question: 
Which actors (i.e. transport modes) will be affected by economic impacts of the measure 
in terms of NET cost or NET benefits? 
A: Road 
B: Rail 
C: Inland waterways 
D: Maritime 
E: Air 
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____________________________________________________________________________________________ 

Question: 
Which actors (i.e. transport modes) will be affected by economic impacts of the measure in 
terms of NET cost or NET benefits? 
A: Road 
B: Rail 
C: Inland waterways 
D: Maritime 
E: Air 
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Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

33

30

33

36

45

 M1 M2 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

36

36

36

36

38

 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

33

30

29

29

37

 M3 M4 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

16

18

19

24

29

 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

18

16

16

23

25

 M5 M6 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

12

11

12

20

24

 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

18

12

13

22

18

 M7 M8 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

14

14

14

15

15

 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

14

15

17

17

16

 M9 M10 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

A: Road B: Rail C: Inland 
waterways

D: Maritime E: Air

Cost or benefit ‐ the net effect on modes

cost 

benefit

answers:

A:

A:

A:

A:

A:

11

17

13

10

11

 
 

 129



Policy Department B: Structural and Cohesion Policies 
____________________________________________________________________________________________ 

Question: 
 rank the following indirect economic impactsHow do you  i.e. those occurring outside the 

 

ssenger services 

transport sector (e.g. in terms of NET cost or NET benefits)? 
The economic impact of this measure on the individual users:
A: Car users 
B: Users of pa
C: Users of freight services 
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Question: 
How do you rank the following indirect economic impacts i.e. those occurring outside the 
transport sector (e.g. in terms of NET cost or NET benefits)? 
The economic impact of this measure on the individual users: 
A: Car users 
B: Users of passenger services 
C: Users of freight services 
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Question: 
How do you rank the following indirect economic impacts i.e. those occurring outside the 
transport sector (e.g. in terms of NET cost or NET benefits)? 
The macro-economic impacts of this measure are: 
A: Economic growth 
B: Employment 
C: Trade/ competitiveness 
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Question: 
How do you rank the following indirect economic impacts i.e. those occurring outside the 
transport sector (e.g. in terms of NET cost or NET benefits)? 
The macro-economic impacts of this measure are: 
A: Economic growth 
B: Employment 
C: Trade/ competitiveness 
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Question: 
How do you rank the following indirect economic impacts i.e. those occurring outside the 
transport sector (e.g. in terms of NET cost or NET benefits)? 
The governmental impacts of this measure are: 
A: Fiscal effect 
B: Administrative burden 
C: Subsidies 
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Question: 
How do you rank the following indirect economic impacts i.e. those occurring outside the 
transport sector (e.g. in terms of NET cost or NET benefits)? 
The governmental impacts of this measure are: 
A: Fiscal effect 
B: Administrative burden 
C: Subsidies 
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Question: 
How do you rank that the measure eliminates or reduces the following market failures: 
A: Public goods (non-exclusion and non-rivalness e.g. may cause overuse of public good) 
B: Merit wants (collective preferences higher than individual preferences) 
C: External effects (negative or positive externality) 
D: Natural monopolies (e.g. emerge in case of economies of scale or scope) 
E: High risk (e.g. high sunk cost cause barriers for R&D, innovation and investment) 
F: Long life of capital goods (e.g. planning horizons longer than market planning) 
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Question: 
In your opinion what is the time frame in which this measure could be implemented? 
A: Now 
B: 2015 
C: 2020 
D: 2025 
E: Beyond 
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Question: 
Obviously the measures will interact, if implemented in parallel. For which measures would 
you most likely expect a synergetic (i.e. positive) interaction on the other measures? 
Please, indicate maximum three interactions per measure. 
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Related to the previous set of responses is the result presented in Figure 1. For each of the 
56 completed questionnaires this question was filled. As each person was asked to rank at 
maximum three interactions at maximum 168 positive interactions could have been 
marked. With 152 positive synergetic interactions the Internalisation of external cost (M2) 
reveals by far the highest compatibility with other measures. As seen in the previous set of 
responses it seems to be synergetic with all other measures with a slight better impact 
effect on CO2 emission standards road (M1) and Carbon neutral fuels (M3). All other 
measures clearly reveal some “favourites” with which it seems that they should be 
combined to enfold synergetic positive effects. This is obvious for the measures Urban 
mobility concepts – fifth mode (M5) and Walking and cycling in visionary cities (M6). 
 
 
Figure 12:  Compatibility with other measures 
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