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Abstract 

The report offers an overview on relevant technologies and concepts that have the 
potential to support an eco-efficient transport system, and it provides an overview of 
important trends and challenges in the passenger and freight transport sector. As 
such the findings are used for the design of the scenarios conducted in phase 3. 
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Executive Summary 
A transition to a more eco-efficient transport system is needed to cope with recent challenges and the 
anticipated future developments in the transport sector. The project on eco-efficient transport will look 
at technologies and concepts supporting eco-efficient transport. Not only will it take the technical and 
organisational innovations themselves into account, but also the demand side of transport 
innovations. The idea of the project is to conduct technology assessment supported by a consultation 
of citizens and experts/stakeholders with scenario building as an integrative element. In phase one, an 
overview regarding the main issues of the projects was given. Conceptualisations of eco-efficiency 
were discussed and related literature was screened. It was decided that the project should refer to a 
broader conceptualisation of eco-efficiency: It is assumed that eco-efficient transport encompasses all 
approaches that help to reduce the ecological footprint of transport-related activities. In principle, 
point of reference should be the amount of resources needed for fulfilling a certain purpose (work, 
social contracts / produce or buy a good; economic growth). 

The report at hand aims at discussing technologies and concepts that have the potential to support the 
eco-efficiency of the transport system. It will be used for the design of the scenarios in phase 3, which 
will then be discussed with different groups in phase 4. The final report will be compiled in phase 5. 

The introduction (chapter 1) highlights that the rather different technologies and concepts supporting 
eco-efficiency can be allocated to the following three strategies 

	 Making transport modes cleaner (e.g. cleaner fuels and propulsion technologies, lightweight 
construction)  

	 Modal shift towards more efficient transport modes (e.g. making public transport or freight 
rail more attractive) 

	 Reduction of transport volumes: avoiding journeys or reducing the length of journey (e.g. tele
working, land-use planning) 

In chapter 2, an overview on important trends and challenges is given. The chapter starts by 
highlighting the key-dilemma of having the aim to ensure efficient, safe and affordable mobility for 
people and goods and thus to enable freedom of movement and trade and, on the other hand, the 
transport system has to deal with negative externalities such as the impact of transport on climate 
change, problems of congestion, noise, pollution and health hazards. Those externalities incur high 
costs and are increasingly the subject of public concern and policy actions. Furthermore, the strong oil 
dependency of the transport system is mentioned, which is also an important issue of the 
Commissions 2011 White Paper on Transport. In 2006, almost all of the energy used in the EU-27 was 
based on petroleum products. One of the main challenges are the high growth rates in the transport 
sector. Transport is the only sector, in which GHG emission continues to grow significantly. 

In the passenger sector, road transport accounts for around 84% of the total transport performance . 
About 98% of the trips belong to the category “short distances” and do not exceed more than 100 km; 
the remaining 2,5% of trips account for 53% of all pkm. Passenger transport demand will be affected 
by several “external” effects in future, amongst them: ageing of EU population, international 
migration, urbanisation and urban sprawl, increasing energy prices, increasing usage of information 
and communication technologies (ICT) as well as lifestyle changes. Furthermore, the development of 
GDP will surely continue to have influence on transport growth. Regarding the freight sector, trucks 
and rail transport together accounted for 27% of the total energy consumed in 2006, about 90% of that 
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Eco-efficient transport 

can be dedicated to trucks. Fuel efficiency gains were realised in the last years, which might be due to 
commercial drivers being more sensitive to fuel costs. Several developments are influencing the 
freight sector, amongst them: globalisation and liberalisation of markets, just-in-time procurement, 
internet-based electronic business, ICT led to improvements in travel time and reliability, terror and 
piracy  as well as environmental concerns. Data from different EU countries show that load factors  
could be improved. Another challenge of the freight transport sector is to improve its logistic 
performance in order to increase the market share of rail and maritime freight transport. 

Chapter 3 is focussing on fuels and propulsion technologies, which are one of the most important 
approaches for eco-efficiency of the transport system. A broad range of rather different approaches 
exist. It becomes obvious that the eco-efficiency of all the alternatives to oil-based fuels is strongly 
dependent on other developments in the energy sector. Biomass can be used in stationary as well as in 
mobile applications; the same is true for hydrogen, and, of course, also for electricity and natural gas. 
For electric engines the most open questions – in terms of eco-efficiency - are related to the production 
of electricity or hydrogen as well as to the integration of these production pathways into the energy 
system. Thus, the integrated perspective on the transport and the energy system is becoming highly 
relevant.  

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

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

In chapter 4 the focus is put on the different modes, on different approaches for improving vehicles 
and infrastructures. In particular lightweight materials are getting increasingly important. 
Approaches to improve eco-efficiency for trains are mentioned. In aviation, the so-called flying wing 
is discussed as completely new and more energy efficient design of aircrafts. 

The second highly important technological strand, the development related to the progress of ICT in 
the transport system, are subject of chapter 5. Such applications are often subsumed under the title 
Intelligent Transportation System (ITS). The chapter highlights that ICT is playing an increasingly 
crucial role for the transport system, and many of these applications have the potential to improve the 
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eco-efficiency of the system. This can be done by reducing the need to travel (reducing volumes) or by 
increasing the competitiveness of more efficient modes or vehicles. ICT can improve the availability of 
information on public transport; it can facilitate the access to public transport with handy ticketing or 
integrated ticketing; it enables advanced car-sharing or bike-sharing services; it can support a more 
efficient use of infrastructures; it can substitute travel by enabling tele-working or video conferencing. 
However, the overall effects of these approaches are difficult to assess since it is also possible that so-
called rebound effects occur: ICT-based applications might generate additional trips when capacities 
are enlarged or when travelling becomes easier and more enjoyable. 

In the freight sector, a great impact is expected from progress in ICT applications. ICT plays a major 
role for the continuous and immediate exchange of information, tracking and tracing of goods, in 
enabling new concepts for production and services, for performances on time aspects and in 
determining shipment sizes. It helps to increase the reliability of transport chains. Increasing the load 
factors is a crucial issue. The capacity of transportation systems can be made more efficient by an 
integrated use of ITS. As it is the case for passenger transport, ICT might increase the transport 
distances. In chapter 5 four key areas for ITS in freight transport are subdivided: pre- and on-trip 
travel information, cargo and vehicles tracking and tracing, cooperative systems and advanced urban 
logistics. 

Chapter 6 illustrates that organisational innovations are strongly enabled by progress in the ICT 
sector. Organizational innovations have the potential to improve the efficiency of mobility patterns by 
making them cleaner (e.g. better load factors, more efficient usage of infrastructure), they help to shift 
loads (e.g. by making public transport and freight rail more attractive) and they can help to reduce 
volumes (e.g. tele-working; video-conferencing). Prominent examples are carsharing and bike sharing 
schemes. It can be assumed that both approaches would not have such significant growth rates in 
several European countries without sophisticated ICT applications that allow for easy booking, easy 
access and easy charging. It is interesting to observe that several car manufacturers recently started to 
test own approaches that are similar to carsharing. One reason for these surely is that the younger 
generation, in particular in urban areas, seems to be less interested in ownership than the generation 
before. Again it is difficult to quantify the effects of car sharing or bike sharing on eco-efficiency. In 
general, car sharing fleets have smaller cars than the average fleets in a country and the organisations 
themselves usually claim to use eco-efficient vehicles. Furthermore, car sharing is seen as a good 
concept for introducing alternative fuels and propulsion technologies into the market, since customers 
would be enabled to choose a specific car for a specific purpose. However, for these approaches it 
should not be overseen that they can also induce traffic or rebound effects. 

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

Finally, in chapter 7 some concluding remarks are made. It is obvious, that the transport system is not 
static but underlies changes under several aspects. There are external pressures such as oil prices and 
climate change. There are societal trends that influence demand patters. And there is a broad range of 
organisational and technical innovations for improving the eco-efficiency of the transport system be 
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making trips cleaner, by supporting the shift to more eco-efficient means of transport and by reducing 
transport volumes. It was mentioned several times in this report that the effect of these measures is 
rather difficult to quantify. Getting a better understanding of these potentials with the help of 
scenarios will be subject of the next phase of the project.  
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General information 

A transition to a more eco-efficient transport system is needed to cope with recent challenges and 
anticipated future developments in the transport sector. In the passenger as well as in the freight 
sector, a wide range of technologies, concepts, and business models supporting eco-efficient transport 
are available or emerging. The project on eco-efficient transport will look at established, emerging and 
more visionary technologies and concepts supporting eco-efficient transport. It will not only take the 
innovations themselves into account, but also the issue of the demand for transport innovations. The 
basic idea behind the project is to conduct technology assessment complemented by consultations 
with the general public as well as experts and stakeholders; scenario building is used as an integrative 
element. The consultations and assessments will consider the technical and organizational design of 
eco-efficient transport systems as well as the attitudes and preferences of their users. 

This interim report is Deliverable 2a of the project. It offers an overview of the approaches of the most 
promising technologies and concepts for eco-efficient transport in Europe (excluding maritime 
shipping, which is the subject of Deliverable 2b). Qualitative and quantitative assessments of the 
potential of these technologies and concepts are presented. The overview is based on work done in 
other STOA projects as well as on literature reviews. Additionally, the web sites of relevant 
stakeholders were consulted to learn about their views regarding the potential of different 
technologies and concepts. This report serves as a basis for the scenarios that will be developed in 
phase 3 of the project. 

Acknowledgments 
A number of people have contributed to this interim report. First of all, we would like to thank Mrs. 
Siliva-Adriana Ticau (MEP, Member of the STOA Panel and of the Committee on Transport and 
Tourism) and Mr. Malcolm Harbour (MEP, 2nd Vice-Chairman of the STOA Panel) very much for 
their valuable contributions to the project. Furthermore, we wish to thank the ETAG coordination 
team (Leo Hennen and Michael Rader) as well as the staff of the STOA administration for their tireless 
support of this project. 
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1. Introduction 

This is an interim report of the Science and Technology Options Assessment (STOA) project on eco
efficient transport. Its aim is to give an overview of the main developments relevant to the eco
efficiency of the transport system. It discusses relevant technological and organizational innovations 
with regard to their potential contributions to the eco-efficiency of the transport system 

As was mentioned in the scoping report (DEL 1 of the project), different definitions and framings of 
“eco-efficiency” can be found. In this project, we assume that eco-efficient transport encompasses all 
approaches that help to reduce the ecological footprint of transport-related activities. Eco-efficient 
transport is understood in a broader sense  

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

	 by focusing not only on technologies but also on organizational measures and behavioral 
changes.  

In principle, three basic strategies can be applied to increase the eco-efficiency of the transport system 
(see STOA 2008): 

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

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

	 Reduce volumes: the reduction of trip lengths and the avoidance of trips fall into this 
category. This can be the consequence of a virtualization of activities: tele-working offers a 
prominent example. It can also be the result of land-use planning strategies that try to avoid 
extreme suburbanization processes and instead promote the City of Short Distances 
(decentralized concentration). 

These strategies will play a role in the scenarios in phase 3 of the project. In the present report, 
technological and organizational innovations supporting these strategies are discussed. In chapter 2, 
an overview of important trends and challenges is given. Chapter 3 focuses on fuels and propulsion 
technologies, which are two of the most important approaches to the eco-efficiency of the transport 
system. In chapter 4, attention is focused on different approaches for improving the vehicles and 
infrastructures of the different modes. A second highly important technological strand, the 
developments related to the progress of Information and Communication Technologies (ICT) in the 
transport system, are the subject of chapter 5. Chapter 6 illustrates the fact that organizational 
innovation is strongly facilitated by progress in the ICT sector. At the same time, it is becoming 
increasingly relevant for the transport sector. Finally, Chapter 7 offers some concluding remarks. 
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2. Trends and challenges 

The transport sector is faced with a dilemma. On the one hand, it aims to ensure efficient, safe and 
affordable mobility for people and goods and thus to enable freedom of movement and trade; on the 
other hand, it has to deal with negative externalities. Besides concerns about the sector’s dependence 
on oil, there are worries about the impact of transport on climate change and problems related to 
traffic congestion, noise, pollution and health hazards. These externalities incur high costs high costs 
and are increasingly the subject of public concern and of policy actions. The recently published White 
Paper on Transport also emphasizes that greater efforts are needed: “a reduction of at least 60% of 
GHG [greenhouse gas] by 2050 with respect to 1990 is required from the transport sector, which is a 
significant and still-growing source of GHGs. By 2030, the goal for transport will be to reduce GHG 
emissions by around 20% from their 2008 level. Given the substantial increase in transport emissions 
over the past two decades, this would still put them 8% above the 1990 level.”1 This will require 
significant efforts related to all modes of transport. One of the key challenges outlined in the 2011 
White Paper “is to break the transport system’s dependence on oil without sacrificing its efficiency 
and compromising mobility.”2 

Almost 72% of the total oil product deliveries to the EU are consumed by the transport sector, which is 
accordingly the largest consumer of oil products in the EU. Today, transport relies almost entirely on 
oil; in 2006, almost 97% of the energy used in the EU-27 (i.e. including data from all present members 
of the EU, regardless of when they became members) for transport (including all modes) was based on 
petroleum products. Only 1.7% of the energy came from electricity, 1.5% from renewables and 0.2% 
from natural gas (see Figure 2.1).3 Transport’s share of the final energy consumption was around one 
third (31.5%), up from 26.3% in 1990. The main contributors to this increase have been growing goods 
and passenger fleets and a strong rise in air transport. Road transport is the most energy-consuming 
mode of transport, while aviation shows the fastest growth rates. 82% of the total energy used in 
transport can be attributed to road transport and another 14% to air transport.4 Passenger cars account 
for 55.9% and trucks for 39.4% of the total energy consumption in road transport.5 

GHG emissions in the transport sector continue to grow, while they are decreasing in other sectors. In 
2006, the transport sector in the EU-27 accounted for around 23% of carbon-dioxide (CO2) emissions 
and is thus the second largest emitter of CO2 (after the energy industry).6 The transport sector is the 
only sector that has not shown reductions in emissions; during the period from 1990 to 2006, it 
actually showed average annual growth rates of 1.5%7 and thus cancelled out the reductions of 
emissions in all other end-use sectors.8 

1 CEC (2011a),p. 3. 

2 CEC (2011a),p. 5. 

3 See Eurostat (2009). 

4 See Eurostat (2009). 

5 See CEC (2008). 

6 See CEC (2009). 

7 See Eurostat (2009). 

8 See CEC (2008). 
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Figure 22.1: Energy coonsumption in transportt by fuel typpe in the EU--27, 2006 

Source: EEurostat (20009). 

The vastt majority off Europe’s tr ansport GHGG emissions  can be attributed to roaad transport,, aviation 
and naviigation (see FFigure 2.2). AAccording too the Internattional Transpport Forum ((ITF 2008), thhe freight 
transporrt sector is esstimated to ccontribute a third of the CO2 emissioons of the w world transpoort sector. 
The Eurropean Envirronment Aggency (EEA) estimates thhat recent inncreases in ininternationall aviation 
will conttinue and thuus render it aan ever greatter contributtor to the trannsport sectorr’s GHG emiissions.9 

Figure 22.2: CO2 emisssions from ttransport in the EU-27 bby mode sharres 

Source: EEuropean Coommission (22011b). 

Continuously increaasing growthh rates in thhe transportt sector are a substantiaal driver beehind the 
increasess in energyy consumpttion and GGHG emissioons. Accordding to the ITF, air ttransport, 
internatiional maritimme transporrt and road  freight trannsport are sshowing parrticularly  suubstantial 
growth rrates, while ppassenger traansport is incncreasingly shhowing saturration.10 Howwever, statisttics show 
that in EEurope — ap art from the period of th he economic ddownturn inn 2008 and 20009 — both ppassenger 
and freigght transporrt have showwn constant growth ratees over the past decadees. Between 1995 and 

9 See EEAA (2009). 

10 See Inteernational Traansport Forumm (ITF) (2008). 
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2009, the gross domestic product (GDP) grew annually by 1.8%, while passenger transport grew an 
average of 1.4% and freight transport 1,2%. 

At present, most vehicles on European roads still operate on the basis of internal combustion engines 
(ICE), mainly using gasoline or diesel oil. The European Commission has set itself the goal to “halve 
the use of ‘conventionally-fuelled’ cars by 2030”.11 Natural gas, in forms such as liquefied petroleum 
gas (LPG), compressed natural gas (CNG) or biogas, offers a possible fossil-fuel substitute for 
petroleum. Compared to other countries (e.g. Argentina, Brazil, India, Iran, Pakistan), natural gas does 
not play a significant role in the transport fuel mix of the EU, although it very probably possesses 
great potential, especially for heavy-duty vehicles.12 Biofuels are another fuel type that is relevant for 
freight and passenger transport. Biofuels derive from biomass feedstock. Due to concerns about effects 
on food prices, recent growth rates (the global biofuels supply increased by 37% in 2006) are not 
expected to continue.13 In 2006, biofuels’ share of the total energy used in road transport in Europe 
was 2%. However, primarily as a result of the EU Biofuels Directive 2003/30/EC, biofuels are 
becoming more widespread in Europe; however, this development is still on a small scale. In 2008, EU 
leaders reached an agreement on a new renewable energy directive. This requires all member states to 
reach the mandatory target of a 10% share of biofuels in transport gasoline and diesel consumption by 
2020. Hydrogen could represent another relevant substitute for conventionally fuelled cars. In general, 
if hydrogen is processed using renewable energies it has almost no emissions on a life-cycle basis. 
Hydrogen can be used in combination with fuel cells or in slightly modified Otto engines. Fuel cell  
vehicles would make zero tailpipe emissions possible, as they only emit water.14 A few years ago, 
many observers considered the combination of hydrogen and fuel cell technology a highly promising 
future alternative to conventional ICE technology. Since then, as a result of progress in battery 
technology, many observers assess the potential of battery electric vehicles (BEV) much more 
optimistically. Nonetheless, the limited range of electric vehicles’ batteries renders them relevant only 
for short-distance transport in the near future. 

2.1. Passenger transport 
In 2009, a total of 6.503 billion passenger-kilometers (pkm) were undertaken by Europeans with all 
motorized means of transport; this corresponds to an average of 13,063 km per person. Road transport 
plays a dominant role in passenger transport: Around 84% of the total transport performance is to be 
attributed to road transport (see Figure 2.3). Low-cost airlines have constantly grown in importance 
for the passenger transport sector. Between 1995 and 2009, annual growth rates for intra-EU air 
transport were at 3%. However, this sector was particularly affected by the economic crisis; in 2009, 
total performance of air transport was 7% lower than in 2008.15 Due to fuel efficiency improvements in 
the passenger transport sector, specific CO2 emissions from road transport have decreased since 1995. 

11 CEC (2011a),p. 9. 

12 See IEA (2010a). 

13 See IEA (2009a). 

14 See Nylund et al. (2008). 

15 See CEC (2011b). 
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Howeveer, increases in transport volumes haave outstrippped those immprovementss. There is thherefore a 
strong nneed for furthher developmment toward a more eco-eefficient trannsport sector.. 

Figure 22.3: Modal spplit in passennger transpoort in the EUU-27 in 2009 

Source: BBased on datta from the EEuropean Co mmission (22011b).  

About 988% of trips bbelong to thee category “sshort-distancce” and do not exceed momore than 1000 km. The 
remaininng 2.5% of trrips account for 53% of alll pkm and tthus also neeed to be take en into accouunt in this 
project.166 Several exteernal factors  will affect thhe passengerr transport demand in fuuture:17 

	 The European poopulation is projected too become oldder in almost all regions iin Europe, and this is 
likelly to increasee the numberr of medium-- and long-ddistance trips by car and aair and shortt-distance 
tripss by public trransport. 

	 Euroope is expectted to becomme one of thee primary destinations of  internationaal migration,, and this 
is likkely to resuult in more sshort-distancce trips by ccar and pubblic transportt, since miggrants are 
expeected to live iin urban aggglomerationss and their suurrounding aareas. 

	 Urbaanization, annd thus urbaan sprawl, iss projected to increase. NNot only priivate househholds, but 
also investors (ee.g. peripherral retail cennters) tend too move outside downtowwn areas, annd this is 
likelly to increasee short- and mmedium-disttance trips byy car and puublic transporrt. 

	 Enerrgy prices ar e expected too increase inn the future. SSince countriies with highher fuel pricees tend to 
havee lower per ccapita passe nger travel, it is likely thhat people wwill increasinngly shift froom car to 
alterrnative modees of transpoort for short-ddistance tripss. 

	 Trannsport activitty generally correlates cclosely with economic deevelopment,  despite the fact that 
passsenger transpport volumess grow moree slowly thann the econommy. Howeverr, GDP growwth might 
still lead to highher demand ffor long-distaance transpoort (leisure) aand increasedd short-distaance trips 
by caar due to higgher rates of car ownershhip in the neww member sttates. 

16 See Ses sa et al. (2010)). 


17 See Ses sa et al. (2010)), STOA (2010) and Petersenn et al. (2009).
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Eco-efficientt transport 

	 Increeased use annd developmment of inforrmation and communication technoloogies (ICT) mmay lead 
to mmore (short- aand long-disstance) trans sport due to the new oppportunities thhat new techhnologies 
offerr. On the othher hand, ICTT can substituute transportt or facilitatee modal shift t to public traansport. 

	 Lifesstyle changees, such as a greater cooncern for eenvironmenttal issues, coould affect transport 
behaavior and leaad to lower car-ownershhip rates. Thhis could lea d to a higheer demand for public 
transsport and a rreduction in long-distancce trips, althoough this is ccertainly not easy to preddict. 

2.2. Freight traansport 
In 2009,, a total of 3.632 billionn (metric) t ton-kilometerrs (tkm) weere producedd in the EUU-27, not 
includinng transport activities bettween the EUU and the reest of the woorld. Road trransport acc ounts for 
47% of tthe total perfformance, foollowed by inntra-EU marritime transpport, which aaccounts for 37% (see 
Figure 2.4). 

Figure 22.4: Modal spplit in goods transport inn the EU-27 iin 2009 

Source: BBased on datta from the EEuropean Co mmission (22011b).  

Since thee first White  Paper on thhe Completioon of the Inteernal Markett in 1985, maany barriers tto freight 
transporrt have been removed. The simplificaation of bordder controls and the creaation of a freee market 
have ledd to a conti nuous increase in freighht transportt. Until 20077, i.e. beforee the econommic crisis 
curtailedd the demannd for goods,, freight trannsport consisstently grew slightly fastter than the economy 
(2.7% beetween 1995 and 2007, ccompared too a GDP groowth of 2.5%%)18, with rooad and air transport 
showingg the largest increases. FFreight transpport is estimmated to grow at a rate ssimilar to thhat of the 
GDP (2.11%) for the pperiod from 22000 to 2020.119 

Accordinng to the Intternational EEnergy Agenncy (IEA 20009b), truck annd rail transsport accounnted for a 
combineed 27% of thhe total energgy consumedd in 2006. AAbout 90% off this can bee attributed tto trucks. 
Numeroous improvemments in enggine and nonn-engine techhnology havee led to signnificant fuel eefficiency 

18 See CECC (2009). 

19 See CECC (2010). 
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Science and Technology Options Assessment (STOA) 

gains in recent years. This is most likely due to the fact that commercial drivers are usually more 
sensitive to fuel costs and other operating costs than private persons are. This led the EU to assume 
that most practicable options for fuel consumption reductions have already been implemented. 
However, the European Commission now considers there to be room for further improvement.20 

Besides the high level of cost-awareness among commercial drivers, external factors determine the 
performance of the freight sector and have led to far-reaching changes in logistics chains:21 

	 The globalization and liberalization of markets have led to more long-distance transport of goods, 
especially from the so-called emerging markets outside the EU-27; within the European Union, the 
eastern countries are expected to have the largest increase in freight transport. 

	 Just-in-time procurement practices have led to more frequent deliveries that are smaller and 
increasingly transported via air. 

	 The development of internet-based electronic businesses (e.g. e-commerce) has led to an 
increasing share of individuals who conduct transactions in virtual space. This might reduce the 
need for movement (e.g. music downloads), but might also increase the proportion of smaller 
goods that need to be delivered. 

	 The development of ICT has led to savings in terms of reliability and travel time. 

	 Events and developments such as 9/11, the war on terrorism and piracy represent potential 
hindrances to the flow of goods. 

	 Concerns about the environment and energy are increasingly gaining importance for shippers as 
well as for consumers. 

These changes have affected transport logistics chains in recent years and have led to several 
challenges in the freight transport sector. One pressing challenge facing the freight transport sector is 
the need to increase its load factors. Load factors are an essential component of efficient vehicle 
utilization, and a better exploitation can lead to significant efficiency gains. No comparable and 
current data are available for the EU-27, but the data from various member states indicates that load 
factors are still insufficient. In 2000, occupancy rates in freight transport varied from 47% in Denmark 
to 63% in the UK, not including empty trips. On average, around 30% of total truck vehicle-kilometers 
in 2000 were empty runs, though there are large country-specific differences.22 Even though high load 
factors increase the total weight of a vehicle, increased load factors are still preferable in terms of 
increasing overall efficiency. According to the EEA (2000), a fully loaded truck (with about 40 metric 
tons) uses around one eighth of the fuel per tkm used by a light delivery truck carrying 200 kg. 

Another challenge facing the freight transport sector is the need to improve its logistic performance in 
order to increase the market share of rail and maritime freight transport. According to Giannopoulos 
(2004), the demand for intermodal freight services has leveled out at about 5-7% of total tonnage. In 
the long run, rail freight and maritime freight transport are expected to gain in importance, since 
increases in external trade will tend to be concentrated among fewer centers, which will thus increase 

20 See IEA (2010b). 

21 See Sessa et al. (2010), Crainic et al. (2009) and Banister et al. (2004). 

22 See EEA (2000). 
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Eco-efficient transport 

the likeliness of reliance on rail and maritime transport.23 Technology-led solutions, in particular ICT, 
are playing an important role in enabling modal shift in the freight transport sector, but organizational 
innovations are also very important.  

23 See Sessa et al. (2010). 
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Science and Technology Options Assessment (STOA) 

3. Fuels and propulsion technologies 

Research into alternatives to oil-based ICEs has a long history, which has featured many controversies. 
There is a broad range of rather diverse approaches that could contribute to eco-efficiency under 
various aspects. The most relevant approaches have been the subject of different STOA projects. In the 
following, a brief overview is given. The main focus is to be on the controversies related to technical 
feasibility as well as to the assessment of impacts on eco-efficiency. The different assessments of 
stakeholders and experts will be explicitly addressed. 

It will become obvious that energy consumption in the transport sector cannot be discussed in an 
isolated manner. The transport system and the energy system are merging. All alternatives to oil-
based fuels are strongly dependent on other developments in the energy sector. Biomass can be used 
in stationary as well as in mobile applications; the same is true of hydrogen and, of course, also of  
electricity and natural gas. For hydrogen and electricity, most of the questions open to debate are not 
related to technologies for using them in cars; the most important controversies are related to the 
production of hydrogen and electricity as well as to the integration of these production pathways into 
the energy system. Thus, an integrated perspective on transport and the energy system is becoming 
highly relevant. 

3.1. Battery Electric Vehicles and hybrids 
Technology options  

Electricity can be used as a “fuel” to directly power an electric engine. It is not only the energy carrier 
that is replaced in this system; the fuel tank also makes way for a battery, and the energy 
transformation is carried out in an electric rather than in a combustion engine. Present battery 
technologies are not able to provide the same energy densities as conventional fuels; this means that 
pure electric vehicles are currently unable to provide the same performance characteristics in terms of 
range and speed.24 One main reason for  this is the much  lower energy density of current batteries. 
Compared to the conventional liquid fuels (diesel and gasoline), with an energy density of around 12 
kWh/kg, today’s batteries have — at the very best — an energy density of 200Wh/kg.25 Even if the 
combustion engine can only use a fraction of the energy contained in fuel for propulsion, one 
kilogram of fuel still contains twenty times more energy  usable for propulsion than modern Li-ion  
batteries.26 This relatively low energy density is not expected to improve very quickly; experts assume 
an increase rate in storage capacity of around 5% per year.27 

These technical conditions lead to a series of performance and usability characteristics such as shorter 
range, lower maximum speed and longer time frames for charging batteries as compared to average 
ICE cars. 

24 See Kaiser et al. (2011). 


25 See Kaiser et al. (2011). 


26 See Heymann et al., (2011) and Kaiser et al. (2011). 


27 See Service (2011).
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Eco-efficient transport 

Additionally, the high cost and weight of the battery are further obstacles to a fast market penetration 
by electric vehicles.28 As an attempt to deal with this situation, further concepts with different levels of 
hybridization exist (see Figure 3.1); these range from electrified assistance functions, such as automatic 
engine start-stop and regenerative braking, to various levels of hybrid electric propulsion and even to 
pure electric driving, which is realized in the battery electric vehicle (BEV).29 

Figure 3.1: Overview of different hybrid types and their functionalities 

Hybrid Main Function Engine 
Stop/Start 

Regenerative 
Braking 

Motor 
Assistance 

Electric Drive 

Hybrid System Type 

Conventional Possible Minimal No No 

Micro 14V Yes Minimal Minimal No 

Mild ~42V 

(e.g.: BMW Active 
Hybrid 7) 

Yes Modest Modest No 

Medium ~144V Yes Yes Yes Modest 

Full >200V 

(e.g.: Toyota Prius, 
BMW Active Hybrid 
X6) 

Yes Yes Yes Yes 

Source: replica from Karden et al. (2007). 

All of the hybrid types mentioned here are primarily designed to assist gasoline engine operation.30 

The Plug-in-Hybrid (PHEV) concept is similar to that of the Full-Hybrid, but goes one step further and 
generally has a stronger electric drive train and a larger sized battery, which is not only recharged by 
on-board processes like recuperation, but can also receive an external input of electricity through 
power outlets.31 The Range Extender Electric Vehicle (REEV) is a related option that swaps the 
responsibilities of combustion and electric engine; here the electric engine is solely responsible for 
propulsion and the combustion engine is used to convert fuel into electrical energy for the battery 
while in operation. This concept reduces the range limitation and the need for a large-sized battery. 
The Opel Ampera is a well-known current example of this technology . 

28 Offer et al. (2010) name the example of 150 kg battery weight for lithium ion cells to provide a range of 200 km. 

29 See Karden et al. (2007). 

30 See Kaiser et al. (2011). 

31 See Heymann et al. (2011). 
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Science and Technology Options Assessment (STOA) 

Challenges and controversies 

One central controversy relates to the environmental benefits of BEVs (see below). The question as to 
whether battery technology will make progress in terms of cost, range, loading time and reliability is 
also critically discussed. The question has been raised: At what point will electric mobility become 
competitive? Do lower ranges and longer loading times fit in with most of the travel patterns of 
European citizens or not? Will customers get used to the specific characteristics of BEVs or do BEVs 
need to provide the same performance as conventional vehicles? 

Another serious challenge is the availability of raw materials, in particular raw earth and lithium. 
Materials that contribute to lightweight construction are also crucial. 

Assessment of impacts  

For BEVs and all of the different hybrid types, the question of the source of their energy is a key factor 
in estimating their GHG emission potential. Because — in electric driving mode — the tailpipe 
emissions of CO2 and other greenhouse gases are zero, the comparison of electric against conventional 
cars has to consider emission from well to wheel (WTW). A study by Thiel et al. (2010) looks at the 
WTW CO2 emissions of conventional cars, PHEVs and BEVs for the years 2010, 2020 and 2030.32 The 
result is that even in 2010 (see Figure 3.2), the PHEV and BEV have lower CO2 emissions than the 
other vehicles; the BEV has the lowest emissions and maintains this position in 2020 and 2030 (see 
Figure 3.3). 

Figure 3.2: Comparison of WTW CO2 emissions for 2010 

Source: Thiel et al. (2010). 

Figure 3.3: WTW CO2 comparison for 2020 and 2030 

32 For the details and assumptions on future energy mix, see Thiel et al. (2010). 
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Eco-efficient transport 

Source: Thiel et al. (2010). 

The authors also highlight the great variety of CO2 emissions between European countries when it 
comes to energy production. For example, a BEV in 2010 would have 60 g of CO2 emissions based on 
the EU-27 average energy mix; however, this could drop to 8 g in one country with an already high 
share of renewable energy sources and increase to up to 203 g CO2 emissions in another one.33 Of 
course, these figures depend on the type and weight of the car. 

This dependency on the energy production site is, on the one hand, an opportunity for major 
improvements; on the other hand, it illustrates that the electrification of engines alone is not sufficient 
for reducing the CO2 emissions of the motorized individual transport sector. 

In addition to the pure production of the electricity, the integration of the electric vehicles into the grid 
is something that ought to be looked at. Here, the electric vehicle can have two main functions. The 
first is its role as a user of electricity, with the amount and timing of its charging being managed to 
help the electric utility industry to integrate fluctuating energy sources better into the grid. Electric 
vehicles could also serve the function of storing electric energy at times when much energy is 
available and feeding electricity back into the grid at times when the electricity demand is high. This 
concept of the interaction between the vehicle and the electric grid is called vehicle-to-grid (V2G). In 
order to fulfill these V2G functions, a vehicle must have a power connection to the electric grid, a 
control device allowing the grid operator to access the battery and a device for tracking the energy 
flow on board the vehicle.34 

Further issues that should be mentioned in the context of eco-efficiency and electric vehicles are the 
production, use and recycling of the metal products used for the battery and other components that 
could have a potentially harmful impact on the environment. Unfortunately, environmental impact 
assessments or life cycle assessments (LCA) for electric vehicles are at an early stage. One study from 
the Swiss Federal Laboratories for Materials Science and Technology (Empa) has ventured an attempt 
and compares a conventional gasoline car (Euro 5 standard, 5.2 l/100 km) with an electric vehicle (VW 
Golf size,  200 km range, battery capacity  0.114  kWh/kg) using four different impact assessment  
methods.35 Because the aim of this study was to determine the potential contribution of Li-ion 

33 Thiel et al. (2010). 

34 Tomic and Kempton (2007). 

35 Notter et al. (2010). 
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Sciience and Techhnology Optioons Assessme nt (STOA) 

batteriess to the overaall burden off mobility, thhe modeling in the pre-liffe and end-off-life stages wwas done
 

in such a way that iit resulted inn the highesst possible ennvironmentaal burden fo or the batteryy (e.g. all 


burdens were allocatted to the firsst-life use of the vehicle, no recyclingg or other usees were cons idered). 


Figure 33.4: Comparisson of sharess of total envvironmental iimpact of an ICE car and d a BEV. The impact
 
assessmeent methods used were: aabiotic depleetion potenti al (ADP), noonrenewable cumulated eenergy
 

demand  (CED), globbal warming potential (GWWP) and Ecooindicator 999 H/A (EI99 H/A). 

The sharre “Road” in cludes construction, mai intenance an d end-of-life treatment (EEOL); “Glideer” 

includess chassis, car body parts, wheels, interriors, safety devices, acclimatization ddevices).
 

Source: NNotter et al. (2010). 

Empa’s aassessment sshows that thhe environmmental impacct of both BEVs and ICEss is dominateed by the 
operatioon phase (seee Figure3.44). The envvironmental burden of the ICE iss higher in all four 
assessmeents, and thee share of thhe Li-ion batttery on the overall environmental iimpact of thhe BEV is 
only betwween 7% (CEED) and 15%% (EI99 H/A)). 

Prospectts/tendenciees 

The currrent trend ammong electricc cars is not oonly to wait ffor further battery improovements andd to hope 
for cost reductions, bbut also to f ind niches foor electric caars: where thheir capabilitties in terms of range 
are alreaady sufficiennt, or wheree other attribbutes such aas low noise level or zerro tailpipe eemissions 
make thhem attractivve. One of tthese sectorss is the deliivery servicee sector, andd the Deutscche Post, 
togetherr with industtry and reseaarch partnerss, just annouunced the devvelopment oof a future ellectric car 
speciallyy designed foor their postaal and parcell delivery.36 

Anotherr tendency  seems to be to look intoo smaller annd compacterr forms for shorter disttances, as 
demonsttrated by conncepts like thhe VW Nils aand Audi’s “UUrban Conceept” (see Figgure 3.5). 

36 Deutschhe Post and sttreetscooter (2011). 
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Eco-efficient transport 

Figure 3.5: Electric concept cars address short-trip and commuter passenger needs: the one-seater 
“Nils” by VW and the two-seater “Urban Concept” by Audi. 

Source: ©VW Source:©Audi 

Selected stakeholder statements 

The following list of quotations illustrates the variety of opinions and perspectives related to the use 
of BEVs in the transport sector: 

ACEA (2010) – European vehicle makers welcome policy coordination around e-mobility:  “EU vehicle 
manufacturers are world-wide technology leaders in fuel efficiency and safety and they are determined to retain 
that position. The industry is transforming its product portfolio to include a broad range of electrically 
chargeable cars, trucks and buses, including plug-in hybrid, extended range electric (including fuel cells) and 
battery electric vehicles.” 

Zetsche (2010) – The Future of Electric Cars. The Automotive Industry Perspective. Speech:“… And electric 
cars are not the “silver bullet” solution that some people might be waiting for. That said, we are now at a point 
where electric propulsion is finally becoming a viable alternative: As oil gets more expensive, the alternatives 
become more attractive. And customer awareness for ‘green’ vehicles has never been higher than today. “ 

Kendall (2008) – Plugged In - Summary Report, p.6: “Grid-connected vehicles – enabling all or part of every 
journey to be powered by electricity taken from the grid – are a ready-to-use solution to such challenges based on 
existing infrastructure and current technology. Battery electric vehicles (BEVs) and plug-in hybrid electric 
vehicles (PHEVs) can dramatically reduce the oil dependency of automotive transport in an efficient and 
sustainable manner.” 

T&E (2011) – Are electrics really more climate-friendly than other cars?: “… The study by the Ricardo 
automotive consultancy shows that electric and hybrid cars generate more carbon emissions in their 
manufacture than traditional cars, but when total lifetime emissions are taken into account they have fewer 
overall carbon emissions. For example, 46% of a battery electric vehicle’s lifetime emissions are caused in the 
factory before it has driven a single kilometre, but it will only generate around 18 tonnes of CO2 during its life, 
compared with around 24 tonnes for the average petrol/diesel car.” 

LowCVP (2010) – Position “Electric and plug-in hybrid vehicles can make an important contribution to 
reducing road transport GHG-emissions - but will require significant initial incentives to encourage their 
adoption.” 
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Science and Technology Options Assessment (STOA) 

3.2. Hydrogen and fuel cells 
Until only a few years ago, many experts considered a combination of hydrogen and fuel cells to be 
the most promising option for the future of car-based transport37. In the meantime, BEVs are seen as a 
favorite by many observers and have become an  important issue in public debate and research 
funding activities. It is still uncertain whether or not this situation will change again; thus, it is not yet 
clear which of the two will be dominant in the future — hydrogen, batteries or a combination of both.  

Technology options  

Hydrogen can be burned directly in an ICE or it can be used in a fuel cell to generate electric power, 
which is then used in an electric engine. Because of its low efficiency and the problems involved in 
storing the needed amounts of hydrogen on board, direct burning is not considered an interesting 
option by most experts. In the meantime, the use of hydrogen in a fuel cell has become feasible. In 
field trials over the last decade, hydrogen was usually stored on board in gaseous form at 300 or 700 
bar. Some experiments with liquefied H2 were done to reduce the volume. However, the need to cool 
hydrogen  down to -253 °C in order to keep it  liquefied made this route less attractive. Another 
promising option seems to be provided by the metal hydrides, which offer an interesting hydrogen-
storage capacity: They absorb the hydrogen molecules like a sponge. 

Daimler just started a field trial with 200 B-Class vehicles featuring fuel cells and gaseous hydrogen 
storage. Ranges are supposed to be around 400 km, reloading is to take only a few minutes. It has been 
announced that the vehicles are to be made commercially available in 2015. The main obstacles to a 
fast market penetration seem to be a lack of infrastructure as well as the price for the vehicle, which 
needs to be competitive with hybrid vehicles. 

Apart from the production costs and some technical difficulties, the central question — in particular in 
terms of eco-efficiency — is how the hydrogen is produced. Hydrogen does not lead to any tail-pipe 
emissions at the vehicle itself. However, the production of hydrogen can lead to impacts in terms of 
eco-efficiency.38 

Different routes for the generation of H2 exist. One important route is the production of electricity via 
electrolysis. The hydrogen produced is as clean as the power mix that is used for the process. If 
photovoltaic or wind power is used, the production is fairly clean. If the power generation is based on 
fossil fuels, such as coal, natural gas or oil, considerable CO2 emissions will result.39 An inexpensive 
and mature method of producing hydrogen is the steam reforming of natural gas. Large-scale 
production is feasible. If applied in combination with Carbon Capture and Storage (CCS; which has so 
far only been used in pilots), natural gas could become a relatively clean route for producing 
hydrogen. If a larger amount of hydrogen proves to be needed in the near future, it its likely that the 
natural gas route will play an important role (but without CCS, since this is not expected to become 
applicable before 2020-2540). 

37 See Bakker et al. (2011). 

38 Water vapor does not have negative effects on eco-efficiency in road transport. However, if used in aviation 
(which would be linked with various technical and security challenges), it is assumed that water vapor could 
contribute significantly to global warming (see Sausen et al. 2005). 

39 See STOA (2007). 

40 See Rösch et al. (2009). 
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Another option — also for the middle-long term — could be the use of biogas as a feedstock. The 
additional conversion steps would lead to a worsening of the energy and GHG balance. Additionally, 
coal could be used, which is attractive if local feedstock is available (European coal). However, the 
overall efficiency of this route is not good when compared to the direct use of coal in the production of 
energy and heat. JRC et al. stipulate that for hydrogen as a transportation fuel virtually all GHG 
emissions occur during the production process, making it particularly attractive for CCS.41 On the 
other hand, CCS would further reduce the overall efficiency. Furthermore, the production of 
hydrogen via electrolysis powered by nuclear energy is being discussed as an option. This could be 
done in a relatively clean and efficient way in off-peak hours at night.  

Mainly Proton Exchange Membrane Fuel Cells are used in the transport sector. They offer an adequate 
operating temperature, a high power density and a solid electrolyte. An alternative could be the Direct 
Methanol Fuel Cell (DMFC). The potential advantage is that it allows the direct use of methanol 
instead of hydrogen as a fuel. For an assessment, the production routes of hydrogen and methanol 
and their strategic fit within the energy system would have to be compared carefully. For the 
transport sector, the performance of the DMFC would have to be further improved. 

Challenges and controversies 

The main controversies relate to the energy balance of hydrogen — and are thus strongly related to 
the eco-efficiency of this technological approach. For the electrolysis route, the conversion of electric 
energy into chemical energy (H2) and then again into electrical energy leads to considerable losses.42 

Therefore it is argued that it makes more sense to use electricity (or natural gas) directly in the car. On 
the other hand, a crucial challenge for fluctuating renewable energies such as photovoltaic and wind 
power is that the electric energy can hardly be stored. Power is only available if the sun is shining or 
the wind is blowing. The use of hydrogen, even if the conversion leads to losses, could balance 
mismatches between energy demand and energy supply by offering a way of storing electric power. 
Furthermore, it is questioned whether or not the large-scale production of hydrogen from wind and 
sun can be made commercially available. A crucial benefit of hydrogen is the high flexibility in usable 
feedstock (which is true for electricity as well). The controversy about the nuclear power route is 
related to the risks of nuclear power, including the unsolved problems related to radioactive waste. 

Furthermore, hydrogen already offers much longer ranges and shorter loading times than BEVs.  

Another issue in the discussion about hydrogen is the need for building a new infrastructure for 
transport and storage, which is technically feasible but would require considerable investments. 
Different concepts are conceivable, for example a more centralized generation close to the energy 
sources or a decentralized generation closer to the consumers.  

Regarding transport modes, hydrogen and fuel cells are mainly discussed for the road sector, 
particularly for cars. For trucking, it could be an alternative, but the required storage capacities make 
it scarcely competitive with conventional fuels. Similar arguments apply to the air sector. In addition, 
the tough safety standards on aviation could be a barrier to the implementation of hydrogen. 

Assessment of impacts 

41 See JRC et al. (2007), p. 6. 

42 See, for example, Bossel (2006). 
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Science and Technology Options Assessment (STOA) 

As mentioned above, the eco-efficiency of hydrogen and fuel cells in the transport sector mainly 
depends on the production process of the hydrogen. In the short term, natural gas is the only viable 
and the cheapest source of large-scale hydrogen production. WTW GHG emissions savings can only 
be achieved if hydrogen is used in fuel cell vehicles, albeit at high costs.43 The Joint Research Centre 
(JRC) further points out that electrolysis using EU-mix electricity results in higher GHG emissions 
than producing hydrogen directly from natural gas, whereas hydrogen from non-fossil sources 
(biomass, wind, nuclear) offers low overall GHG emissions (ibid.). A study by a German organization 
with positive attitudes towards hydrogen illustrated that the energy demand of the EU-25 transport 
sector could be covered by hydrogen produced from renewable power.44 

The Daimler hydrogen- and fuel-cell-powered Daimler B-Class, which is announced for 
commercialization in 2015, will use an amount of hydrogen that is comparable to 3.3 liters of 
diesel/100 km.45 Akkermans et al. estimate that, for the year 2050, the relative CO2 reduction potential 
for hydrogen from coal and gas is around 40% (or 57% if CCS is applied), and that of hydrogen 
produced from water electrolysis is around 65%.46 

Prospects/tendencies 

About ten years ago, in his book on the “hydrogen economy”, Jeremy Rifkins framed hydrogen as the 
“next great economic revolution”.47 One key element of his vision is that hydrogen will replace oil as 
the primary energy carrier. Even if one does not follow his far-reaching vision, the book clearly 
illustrates that the integration of H2 production into the energy system could become a crucial factor 
for its use in transport. Thus, the further development of hydrogen surely depends not only on 
technical progress (also in batteries) and the development of the automotive sector, but also on the 
future design of the European energy system.  

Figure 3.6 Application map for various electric vehicle technologies  

43 JRC et al. (2006), p. 6. 


44 See DWV (2006), p. 25. 


45http://www.berlin.de/special/auto-und-motor/fahrberichte/mercedesbenz/1042147-55101-4b260e97.html
 
(2009) 


46 See Akkermans et al. (2011). 


47 See Rifkins (2002) 
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Eco-efficientt transport 

Source: aadopted fromm Eberle andd von Helmoolt (2010). 

Recentlyy, the often aapparent dicchotomy betwween hydrogen and battery electric was replaceed by the 
notion of coexistencee in the rhetooric of many experts and stakeholders. A good exxample is offered by a 
recent annnouncemennt of the Euroopean Regionns and Municipalities Paartnership foor Hydrogen and Fuel 
Cells (HyyRaMP), whhich refers to “fuel cell el lectric vehiclees”.48 Other eexperts sharee this view.499 

Selectedd stakeholdeer statementss 

The folloowing list off quotations illustrates thhe variety off opinions annd perspectivves related to the use 
of hydroogen and fuel cells in the transport secctor: 

Headlinee: Fuel Cells and Hydroggen Joint Unddertaking weelcomes a facct-based ana alysis on a poortfolio of 
power-trrains for Eurrope. 

“The studdy which pressents a portfollio of power-trrains - batteryy electric vehicles (BEV), p plug-in hybridds and fuel 
cell electrric vehicles (FFCEV) - highlights the commplementary nnature of thesee technologies,s, with each prroviding a 
solution ffor different ennvironments aand driving b behaviours. 

Althoughh internal commbustion enginnes still have tthe potential tto reduce emisssions by a furrther 30%, onnly electric 
drive carrs can dramattically reduce CO2 and immprove local eemissions. FCCEVs appear tto be the loweest-carbon 
solution ffor long distaance driving aand family-sizze cars. With more than 5000 fuel cell caars of all sizess covering 
more thann 15 million kkilometres andd 90,000 refueellings over thhe past few yeaars, car manuffacturers havee signalled 
their readdiness to movee into large-sccale productionn of FCEVs. 

Since a fufull portfolio oof power-trainns is required d to meet the nneeds of cons umers, the ennvironment annd several 
refuellingg infrastructures to ensure the long-termm sustainability of personal mobility in Euurope, are neeeded.“ 

(FCH JUU 2010 – FCH JU welcomes a fact-based aanalysis on a pportfolio of power-trains forr Europe) 

Headlinee: Expandingg and strengtthening the ccarbon accouunting of rennewables in trtransport. 

48 http:///www.hy-rammp.eu/news/eevents-calendaar/european-eelectric-vehicl e-congress-26 6th-28th-octob er-2011 

49 See Ebeerle & von Hellmolt (2010), FFigure 3.6. 
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Science and Technology Options Assessment (STOA) 

“Based on current data, it is likely that the most cost-effective hydrogen production method will remain Steam 
Methane Reforming (SMR) from natural gas until at least 2020. Therefore using methane from renewable 
feedstocks to displace some of this natural gas could be a likely pathway to introduce renewables in hydrogen 
production.” 

“… Until 2020 it is also unlikely that the penetration rate of renewable electricity production on the grid will 
make it cost- and energy-efficient to use hydrogen electrolysis as an energy buffer for intermittent power 
generation.”  

(T&E 2011 – Expanding and strengthening the carbon accounting of renewables in transport) 

Headline: Cars should plug-in to a new future. 

“Oil companies continue to promote a vision of an automotive future based around hydrogen and fuel 
cells. […] However, based on the information available to us today, the hydrogen pathway makes 
little sense either energetically or economically. Assuming that in the future all of our energy services 
will be derived from sustainable renewable sources, the hydrogen / fuel cell solution suffers bi
directional efficiency losses as hydrogen must first be manufactured from electricity and then 
recombined to create electricity within the fuel cell. As a carrier of sustainable renewable energy, 
electricity can be three times more efficient than hydrogen. Furthermore, an entirely new parallel 
infrastructure will need to be developed before hydrogen powered vehicles can make any impression 
on the automotive market.” 

(Kendall 2008 – Plugged In - Summary Report, p. 7) 

Headline: Positions. 

“Renewable hydrogen, used in combination with fuel-cells offers a promising long-term solution for 
low carbon transport and should be supported within a portfolio of promising solutions.” 

(LowCVP 2010 – Positions) 

3.3. Biofuels 
Technology options  

The term biofuels encompasses a broad range of rather different technologies, which all have in 
common that they use biomass as a basis for the production of fuels (see STOA 2007). Diesel as well as 
gasoline can be produced from biomass. In Europe, blends are usually used; examples include E10 
(10% bioethanol, 90% conventional gasoline) or B5 (5% biodiesel). Current vehicles are already E10 
(for the model years 2005 and upwards) and B7 compatible. Compatibility with higher biofuel blends 
has yet to be proven. However, so-called flexible fuel vehicles for higher blends have been 
commercialized. For example, E85 is widespread not only in Brazil, where sugar cane can be used as 
feedstock, but is also available in Sweden and the USA. One of the most striking advantages of 
biofuels is that existing infrastructures can be used, even if some adjustments may be necessary. 
Biofuels can be used in conventional ICEs; thus, the established vehicle concepts do not have to be 
changed. 
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Eco-efficient transport 

An important distinction is made in relation to the feedstock and processing: First generation biofuels, 
mainly biodiesel and bioethanol, are already established, at least in some national markets. They have 
in common that only certain parts of the plants, generally the fruit, are used for their production. A 
typical example is biodiesel produced from rapeseed or from palm oil. Bioethanol uses different 
feedstocks, such as corn or sugar cane. 

Second generation biofuels make use of more parts of the plants than only the fruits. They are still the 
object of extensive research and development efforts. These fuels are produced by synthesis, in most 
cases from synthesis gas, which is then treated in a so-called “biomass-to-liquid” process (BTL). One 
decisive benefit of these routes is the ability to define the properties of the fuels by setting the 
synthesis parameters. In this way, engine and fuel can be very well adjusted to each other. This results 
in increased efficiency and reduced emissions, which explains engine developers’ great interest in 
these “synfuels” or “designer fuels”. 

Challenges and controversies 

There are several serious controversies: Firstly, the large-scale application of second generation fuels 
needs to be established, and it is not clear how much time and money will need to be invested. For 
example, further technological progress is needed to make use of lingo-cellulose as a feedstock. It is  
also still not fully clear that liquid fuels are the most promising path; the production of biomethane 
might be another option. 

The most important controversies, however, are related to the ecological footprint of biofuels and to 
the competition with food production and natural conversion. 

Some recently published statements highlight the controversy (for example, Neslen 2011)50 

surrounding biofuels’ potential to significantly reduce GHG and, thus, to support reaching the target 
of 10 % of transport fuels being produced from renewable sources by 2020. There are disagreements 
between scientists, the European Commission and some stakeholders. Recently, several NGOs, such 
as Oxfam and the Transport and Environment European Environmental Bureau, wrote a letter to the 
President of the European Commission, José Manuel Barroso.51 The letter quotes five studies. The 
authors fear that the mass production of biofuels may have a significant impact on Indirect Land Use 
Change (ILUC). Furthermore, land-use conflicts between food and fuel crops may lead to social  
tensions in affected areas. In addition, scientists argue that the method used to identify CO2 emissions 
may be inaccurate.  

Assessment of impacts  

Biofuels are seen as an alternative to oil-based fuels. They are supported by politicians because of their 
environmental benefits, primarily the reduction in GHG emissions. The energy efficiency itself is not 
necessarily improved. The cultivation of feedstock leads to changes in land use and can have far-
reaching effects, which are relevant in terms of eco-efficiency. The environmental benefits are debated 
particularly controversially in cases where forest is turned into arable land. Biodiversity might be 
reduced, which is problematic in areas where biodiversity is already weak. The use of fertilizer also 

50 Neslen (2011): Brussels slammed for bad science on biofuels, EU in fresh row over biofuels 'green' claims and 
Top scientists condemn EU land use values for biofuels. 

51 EEB 2011 – Letter European Commission, ILUC biofuels. 
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Science and Technology Options Assessment (STOA) 

induces N2O emissions, which contribute to the greenhouse effect. The magnitude of this contribution 
is not yet fully known.52 

Because of the challenges mentioned above, it is hard to identify reliable assessment criteria for 
biofuels’ contribution to eco-efficiency. For example, the TransPoRD Study concludes that it is not 
possible to determine the theoretical GHG abatement potential of biofuels.53 The authors argue that 
biofuels compete for resources at various levels; these include competition with food and fodder for 
the available land area, but also with natural conversion. The latter is crucial for the general eco
efficiency of the transport sector. “The land area that can eventually be used for biofuel feedstock 
production hence depends on further trends in food and changes in the diet, assumptions on the 
stringency of future and current nature protection rules, farming practices (and related yields), and 
eventually on the price paid for the biofuel feedstock compared to other commodities” .54 

The question as to whether the available European biomass should be used in transport or in 
stationary energy production, as a base-load-compatible energy carrier, can only be answered by 
applying an integrative view of the energy and transport systems. This would go beyond the scope of 
this report. However, it can be argued that because the GHG emissions in the transport sector are 
growing more than those in other sectors, all options should be taken into account when it comes to 
increasing eco-efficiency in the transport sector. Some symptomatic figures can be found in the 
literature:  

	 The JEC Biofuels Programme has investigated the potential of biofuels and other alternative 
energy sources to achieve the 10% renewable energy target for the EU transport sector by 
2020, as mandated by the Renewable Energy Directive55.56 With the help of scenarios, the 
authors show that this target can be reached. However, they  also show that none of the  
scenarios in question achieve the minimum 6% GHG reduction target mandated in the Fuel 
Quality Directive.57 

	 An IEA (2010; quoted in Schade et al. 2011) review on the global bioenergy potential 
concludes that 10% of the global forestry and agricultural residues would be sufficient to 
produce some 4.2–6.0% of the current global transport demand for second generation fuels. 

	 According to an estimate by UNEP (2010; quoted in Schade et al. 2011), 118-508 Mha of arable 
land would be required to provide 10% of the global transport fuels in the form of biofuels by 
2030. This would correspond to 8-36% of current world cropland. 

	 McKinsey (2009) calculates that globally, by 2030, 380 Mt CO2 could be avoided at relatively 
low costs through a 25% blend of biofuels in the gasoline supply of road transport as well as 
an increase in biodiesel.  

Prospects/tendencies 

52 See Crutzen et al. (2008). 

53 See Akkermans et al. (2011). 

54 See Akkermans et al. (2011), p. 26. 

55 RED: EU Renewable Energy Directive (Dir 2009/28/EC) of 23 April 2009. 

56 See JRC et al. (2011). 

57 FQD: EU Fuel Quality Directive (Dir 2009/30/EC) of 23 April 2009. 
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Eco-efficient transport 

Much remains unclear regarding the prospects of biofuels in the transport sector. It seems clear that 
biomass will be an important energy carrier in the future; however, it remains uncertain whether the 
potential of biomass will be used in transport, for power generation or rather for material use. 
Biomass may be needed for the production of power since it offers a carbon-neutral approach for 
producing base load, and it could be combined with CCS. Technological progress can be expected and 
will probably increase the flexibility of biomass’s use in various forms. This might be needed in the 
future if stronger environmental standards are applied to the production of biofuels. 

One approach that is considered promising is the bio-refinery. The idea is that different products can 
be produced from a variety of feedstock.58 Ideally, one complex facility would thus be able to produce 
not only different kinds of fuels in addition to heat and electricity, but also materials or food.59 

It is likely that the growing world population and the rising standard of living in emerging countries 
will increase the need for arable land and lead to strong competition between the production of 
biofuels and the production of food. An important route to circumvent the competition for arable land 
could be the production of biofuels on the basis of algae. Algae can be cultivated in specific reactors.60 

These are very flexible in terms of location and could be installed on wasteland that is not suitable for 
agriculture. This technological strand offers a promising perspective in terms of eco-efficiency, but is 
far from being mature. For algae, but also for other feedstock, it is conceivable (and critically 
discussed) that the plants could be biotechnically optimized for the production of biomass. 
Furthermore, there is the concept of an artificial photosynthesis, which could offer completely new 
options. However, this approach is still in a state of basic research. 

Selected stakeholder statements 

The following list of quotations illustrates the variety of opinions and perspectives related to the use 
of biomass in the transport sector: 

The Spokesman for Transport and Environment, Nusa Urbanici noticed that: "If you really want 
sustainable biofuels, you should look to move bioenergy crops away from prime agricultural land into unused 
degraded land that is not so fertile …"61 

ACEA 2008 – biofuel statement: “Biofuels are foreseen to be a necessary part of the EU’s renewable energy 
strategy that is presently being debated in Brussels as a means to reduce CO2 emissions and ease concerns on 
security of supply.” 

Robbie Blake, the biofuels spokesman for Friends of the Earth told EurActiv: "All of the scientific reports 
are showing that the carbon benefits of biofuels as well as bioenergy are increasingly doubtful. It seems to me 
that these eminent groups of scientists can't be ignored so easily and we should take note of what they are 
saying, particularly in its uncensored form."62 

58 E.g. straw, wood, sugar, crops etc.; see Jörissen et al. (2010). 


59 See Schade et al. (2011), p. 245. 


60 See Rösch et al. (2009). 


61 Neslen 2011 – EU in fresh row over biofuels' green' claims. 


62 Ibid. 
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Science and Technology Options Assessment (STOA) 

EBB 2011 – Why use biodiesel: “As such, an increased use of biodiesel in Europe represents an important step 
for the European Union to meet its emission reduction target as agreed under the Kyoto agreement. Additionally 
reducing pollutant emissions alleviates various human health problems.” 

The debate about E10 in Germany 

The ongoing controversy about biofuels and ILCU has involved scientists, the European Commission 
and several other stakeholders. It focuses on different aspects. For example, there is a heated debate 
about end-user reactions during and after the introduction of E10 in Germany last spring. 

The German government attempted to implement the EU Biofuel Directive (10 percent of EU-wide 
fuels produced by renewable energy sources by 2020) by law. It ruled that oil companies should offer 
E10—blended with 10% bioethanol — at a lower price than conventional fuel (98 octane). For several 
years, there has been a standard blend containing 5 percent bioethanol. The lower price is intended to 
encourage German consumers to accept the new fuel. In practice, this goal has not been achieved, 
and E10 has become a kind of shelfware. 

Obviously, the fear that E10 fuel could damage the engines of cars overrode the economic advantage 
for end users. It is argued that the failed introduction of E10 fuel derived from a divergence of 
interests. In this case, car manufacturers, the petroleum industry and German policy makers were 
blamed for not cooperating closely enough. Instead of improving public relations, e.g. by a 
cooperative press campaign, participants published contradictory positions. It became difficult for 
the pubic to understand the advantages and disadvantages of the E10 fuel. This lack in transparency 
was increased by a controversy that questioned the environmental benefit of E10. The E10 
controversy has proven the importance of controversial public discourses being underpinned by 
scientific evidence. This process should include all significant stakeholders before any measure is 
taken. 

3.4. Methanol 
Technology options  

Methanol is the simplest alcohol; it is a light, flammable and toxic liquid. It is one of the safest fuels, 
because it is much less flammable than gasoline. A  disadvantage is the fact that methanol is toxic.  
Another problem is its corrosivity to some metals. Methanol is playing an important role in the 
chemical industry. The largest use of methanol by far is in making other chemicals. About 40% of 
methanol is converted to formaldehyde. There is profound experience in handling and storing of 
methanol.  

Methanol is discussed and tested as a transport fuel for longer times, since it offers a range of 
advantages compared to conventional fuels. It can be produced from a wide range of feedstock. 
Typical routes are the production via CNG or from biomass. Other options are imaginable, such as the 
generation of methanol from hydrogen and carbon dioxide, with a relative unfavourable overall  
energy balance, but with the advantage of producing a clean fuel and, at the same time, enabling a 
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Eco-efficient transport 

sort of C02-recylcing. Olah is a prominent supporter of this idea of a carbon-cycle based on methanol.63 

The different conversion steps go at the expense of the energy balance. But of these pathways argue 
that surplus energy for example for wind power in off-peak hours could be used. In Iceland, Carbon 
Recycling International is building a plant utilizing CO2 flue gas and electricity from a geothermal 
power plant to make renewable methanol for vehicles and trucks on the island nation.64 

The burning of methanol in conventional engines only requires small modifications. It can be used in 
blends together wit conventional gasoline or in its pure form. Extensive field trials were made in 
California the 1980’ies and 1990’ies, but were than abandoned because of several reasons, amongst 
them the low prices of conventional fuels. Methanol can as well be used in fuel cells. The option to use 
a Direct Methanol Fuels cell (DMFC) was mentioned in the hydrogen chapter. A different concept is 
using methanol for on-board energy storage only. An on-board reformer is then producing hydrogen 
for the methanol. The hydrogen is used in a Proton Exchange Membrane Fuel Cells (PEMFC). 

Further, there is the option to use methanol via Dimethyl ether (DME). It is the simplest of all ethers. 
Its heating characteristics are similar to those of natural gas. Currently, DME is produced mainly from 
natural gas-derived methanol. DME can also be manufactured from methanol derived from coal or 
biomass; the production is similar to that of methanol and can be based on a broad variety of 
pathways. DME can be liquefied by low pressure and then used in diesel engines. Storage and 
distribution would be quite similar to that of LPG. As a fuel for compressed ignition engines it has 
very attractive characteristics such as clean burning and producing virtually no particulates. “DME 
can be produced from natural gas or biomass with better energy and GHG results than other GTL or 
BTL fuels. DME being the sole product, the yield of fuel for use for Diesel engines is high.”65 

Controversies  

Controversies are related to the safety in usage and to the toxicity of Methanol. If methanol is 
generated from biomass, controversies similar to those described in the biomass pathways emerge. 
The hydrogen/CO2 pathways is critically discussed in terms of energy balance and economic 
feasibility.  

Assessments of impacts  

It is difficult to assess the exact potentials of the Methanol routes in quantitative terms. GHG 
emissions strongly depend on the feedstock, the energy balance can differ considerably. 

Prospects  

It was mentioned in the section on hydrogen that, in 2003, Jeremy Rifkin envisioned the hydrogen age 
in his book on the hydrogen economy. In a similar way, in 2006, George Olah argued for methanol in 
his book called “Beyond Oil and Gas: The Methanol Economy”. As for other alternative e to fossil 
fuels, the future role of methanol strongly depends on developments in the energy system. Methanol 
is extremely flexible in terms of feedstock, but so are hydrogen, electricity or methane. The striking 
advantage is that is allows for energy storage in liquid form. It offers an easily manageable form of 

63 See Olah (2010). 

64 http://www.methanol.org/Energy/Resources/Alternative-Fuel/Methanol-Flexible-Fuel-Vehicles.aspx 

65 JRC (2011), p. 7. 
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storage with relatively high energy density per volume and per weight. Key questions are whether 
there will be a need to store large amounts of energy in form of Methanol and whether there will be 
strong demand for liquid fuels in the future? 

3.5. CNG and LPG 
Technology options  

The central difference between Natural Gas and Liquefied Petroleum Gas (LPG) is that Natural Gas 
can be found in nature or gained through the production of biogas or bio-methane whereas LPG is an 
artificial by-product from refining processes or can be extracted from natural gas.66 LPG, also called 
Autogas, is a mixture of butane, propane and low amounts of other gases and commonly fuels Otto 
ICEs. It is important to note that LPG, propane and butane are “automatically” generated during the 
extraction of natural gas and the processing of methane. So, there is some flexibility in terms of 
feedstock. 

Natural gas is a gaseous fossil fuel consisting primarily of methane (CH4). It nearly needs no 
processing for the use in automobiles which is a decisive advantage in terms of feasibility. Since the 
energy density of natural gas is low compared to diesel, the fuel has to be stored in compressed form 
as so called Compressed Natural Gas (CNG) or liquefied (LNG) at a very low temperature of -161°C. 
Accordingly, LNG offers a higher energy density than CNG, but CNG is much easier to handle. CNG 
can be transported in pipelines over long distances; the transport of LNG in specialised “reefer” 
vessels becomes more and more common but is comparatively costly. In terms of security the storage 
of both CNG and LPG is not dangerous. 

Autogas can be compressed to a liquid at very low pressures too. In this form it is used in 
conventional spark-ignition engines with only small alterations.  

The advantages of Natural Gas as a fuel are the comparatively clean burning process and the low 
carbon content which allows for significant reductions of particulate matters, NOx and CO 
emissions.67 

Natural Gas vehicles were introduced in the mid 1930s in Italy and the technology was spreading 
from there to other countries, especially Argentina, Brazil and Pakistan. The technology is not only 
used by passenger vehicles but also for trucks and urban busses.68 

Controversies  

There is a lack in CNG filling stations in most European countries.69 Together with the limited range 
of pure CNG cars, this can be a hurdle for commercialisation. However, bivalent cars are also on the 
market. They usually have a small gasoline tank that can be used by moving a switcher when the gas 
tank is empty. 

66 Kumar et al. (2011). 

67 See STOA (2007). 

68 See Yeh (2007). 

69 Currently around 3000 NGV stations and over 33000 LPG refueling stations in the EU Palmer et al., (2010) 
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Both, CNG and LPG are fossil fuels, as long as they are not produced from biomass. Some observers 
see Natural Gas as the next dominant fossil fuel on a global scale. On the other hand, it is argued that 
Natural Gas and also LPG are imported to a large extent in the EU from politically sensitive regions 
which significantly reduce their potential contribution to Europe’s mid-term energy security. If you 
consider the phasing out of coal (and nuclear power in some countries), the overall demand for 
Natural Gas is expected to grow strongly and it`s use for transport has to compete with its application 
for the generation of electricity and heating. 

Assessments of impacts  

The use of Natural Gas along with other alternative fuels is one strategy to tackle air quality issues 
and GHG emissions. Regarding the potential of Natural Gas to reduce GHG emissions a study from 
Arteconi et al. in 2010found for heavy-duty vehicles in Europe (EU15) that LNG-TER had a 10% GHG 
emission reduction potential from Well to Wheel (WTW) compared to diesel fuel.70 

Figure 3.1: Total life-cycle emissions in kg CO2eq/kmtruck divided by well-to tank and tank-to-
wheel components Arteconi et al., (2010). 

They took two production pathways for LNG into consideration, a decentralized option where LNG is 
produced directly at the service station (small-scale liquefaction = SSL) and the LNG-TER option, 
where the liquefied natural gas is purchased from the regasification terminal. In all three cases (see 
Figure 3.1) most GHG emissions were produced in the combustion phase, the lower tailpipe emissions 
of the LNG-SSL were compensated by higher emissions during the production phase though due to 
lower efficiency.71 

Another report from JRC concludes for CNG: “Today, the WTW emissions for CNG lie between 
gasoline and diesel, approaching diesel in the best case.72 Beyond 2010, greater efficiency gains are 
predicted for CNG vehicles, especially with hybridisation. WTW GHG emissions become lower than 

70 See Arteconi et al. (2010). 

71 See Arteconi et al. (2010). 

72 See JRC (2011), p. 6. 
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those of diesel. WRW energy use remains higher than for gasoline except for hybrids for which it 
becomes lower than diesel.” The report further emphasises, that the origin of natural gas and the 
supply pathway are critical to the overall WTW energy and GHG balance. An assumption for the 
calculation is that the gas is transported over an average distance of 4.000 km. On this basis, Krail and 
Schade calculate a reduction of 54 Mt of CO2 in 2050 by replacing conventional with CNG cars.73 

The JRC report points out that LPG provides a small WTW GHG emissions saving compared to 
gasoline and diesel (ibid).74 

Prospects:  

The JRC estimates that infrastructure and market barriers (e.g. cost, acceptance) are likely to be the 
main factors constraining the development of CNG.75 

Other aspects seen as important are governmental support (e.g. tax  shelters) and in general the higher 
vehicle costs ).76 

Selected stakeholder statements 

“The paradigm shift from liquid to gaseous fuels will create enormous new business opportunities—initially 
mainly for methane-powered vehicles, but eventually also for hydrogen fuel cell vehicles” Peter Boisen, former 
Volvo executive and chairman of ENGV Europe; quoted in ENGV 2006.77 

A current report from the European Expert Group on Future Transport Fuels EU sees no single fuel as 
the solution for the future mobility but a mix of several different complementary fuels.78 

“Alternative fuel options for substituting oil as energy source for propulsion in transport are:  

 Electricity/hydrogen, and biofuels (liquids) as the main options 

 Synthetic fuels as a technology bridge from fossil to biomass based fuels 

 Methane (natural gas and biomethane) as complementary fuels , in compressed gaseous form 
or in liquefied form as LNG 

 LPG as supplement, up to possibly 10%, possibly also bio-LPG in future“ 

Vice President Siim Kallas sees a great potential to increase the fuel share of LPG in Europe also due to 
an expected increased production rate of natural gas worldwide:79 

“This supply situation could allow an increase of the current fuel share of LPG in Europe, from about 3% to 
10% by 2020. With around 7 million cars in greater Europe running on LPG this is a vast increase from this 
already significant number. Estimates of the total number could be as high as 30 million vehicles.” 

73 Krail & Schrade (2011), p. 283. 


74 See JRC (2011), p. 6. 


75 See JRC (2011),p. 6.
 

76 See Palmer et al. (2010). 


77 See ENGV (2006). 


78 See European Expert Group on Future Transport Fuels (2011) 


79 See Autogas Network (2011). 
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4. Vehicles and infrastructures  

In the previous chapter, the most important fuel and propulsion technologies that are discussed in the 
context of eco-efficiency were introduced. The main controversies and different views on their 
potential were highlighted. This chapter offers a brief overview of approaches more strongly related 
to vehicles and infrastructures across the different modes of the transport sector; the mode of maritime 
shipping is not dealt with because it is the subject of an extra report. This overview has been 
completed as part of the interim report. It is intended to serve as a basis for the process of scenario 
building in the next phase of the project. Some elements will be further developed later in the project. 

4.1. Road transport 
The road sector accounts for a huge portion of the environmental effects of the transport sector. About 
93% of CO2 emissions result from road transport. Both the car fleet and trucks for freight transport are 
discussed intensively in terms of potential technical improvements that could reduce these 
environmental effects. 

For the passenger sector, a wide range of approaches has been discussed for the reduction of energy 
consumption and GHG emissions. An overview is given in Krail and Schade (2011; see Figure 4.1).80 

Figure 4.1 Technical C02 emission saving potentials for 2020 and 2050 

Measure Saving Potential in 2020 Saving Potential in 2050 

 Relative Absolute 

(in Mt) 

Relative  Absolute 
(in Mt) 

Injection Technology 10% 92 24% 211 

Electrical System – Energy Supply 10% 89 20% 178 

Heat/Cooling Management 10% 89 14% 122 

Lightweight Construction  8% 72 17% 152 

Engine Control System 7% 65 12% 112 

Hybrid Vehicles (new registered 
conventional vehicles with mild hybrids 
until 2020 and with full hybrids or plug-in 
hybrids until 2050) 

7% 61 18% 159 

80 See Krail & Schade (2011) 
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Aerodynamics/Resistance 7% 60 9% 83 

CNG/LPG 6% 54 8% 75 

Battery Electric Vehicles (market penetration 
of 19.3 Million in 2020 and 100% in 2050 is 
assumed) 

6% 54 77% 689 

Electric System – Energy Demand 5% 47 7% 64 

Drive and Transmission  3% 29 6% 50 

Source: Krail and Schade 2011. 

The table illustrates that, in addition to the measures related to fuels and propulsion technologies, 
other measures can contribute significantly to the eco-efficiency in road transport. Many of these 
approaches could be implemented immediately. On this basis, Krail and Schade point out that a 
significant reduction of CO2 emissions could be achieved without a strong proliferation of alternative 
fuel cars.81 

Thus, quantifications are possible for certain impacts, but have to deal with a high degree of 
uncertainty. For example, a category such as the utilization of different lightweight materials 
subsumes very different materials, such as carbon fibers, aluminum and plastic elements. A detailed 
analysis of eco-efficiency would need to look at the entire life cycle of these materials. This is a 
scientific challenge; because of limited resources, it cannot be carried out in the STOA project on eco
efficient transport.  

Recently, new versions of vehicles have emerged in the passenger sector. First of all, there are e-bikes, 
which have become extremely widespread in China and, more recently, in Europe as well. The same is 
true of electric scooters. In terms of eco-efficiency, it will be interesting to observe whether these e-
bikes and e-scooters tend to replace old vehicles or support a shift from other modes of transport. 
Aside from this, the environmental friendliness of BEVs depends primarily on how their power is 
produced. 

For the freight sector, one of the most discussed approaches is the introduction of the so-called Giga-
Liners or Mega-Trucks, which are longer (25.25 m long/up to 44 t of load) than conventional trucks 
(18.75 m/40t; EU regulation), and thus able to carry a greater load. Supporters of the idea expect 
reductions in energy consumption per tkm and a reduction in trips. Nevertheless, the concept is 
debated controversially, since it is not clear to what extent they are suited to the existing 
infrastructure; they might damage the roads, for example. Furthermore, there is discussion that they 
will make the rail sector less competitive, which would lead to additional goods being transported on 
the roads. In several European countries, the concept is being tested in pilot projects, which will also 
show how car drivers interact with the Giga-Liners. Sweden and Finland are already exceptions to the 
rule and are permitted to use trucks that are up to 25.25 m long and weigh up to 60 t. 

81 Krail & Schade (2011). 
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In urban areas, goods delivery could be an interesting opportunity for phasing in alternative modes of 
transport. The routes are often similar each day, so that drivers know what distance they have to 
travel; thus, BEVs’ limited range becomes irrelevant. In addition, the loading of the battery can take 
place during the night. 

Regarding infrastructures, several approaches have been discussed, including: 

	 Improving the degree of capacity utilization of infrastructure by dynamic pricing (high prices 
in peak hours, low prices in off-peak hours: this could include lower prices for low-emission 
cars). 

	 Promoting higher occupancy levels in cars (which are around 1.5 persons per car; see Figure 
4.2) by the introduction of high occupancy lanes. For example, the city of Leeds introduced a 
High Occupancy Vehicle (HOV) or ‘2 Plus’ Lane in 1999 that is available to buses, coaches and 
other vehicles carrying two or more people as well as to motorcycles and pedal cycles. The 
scheme has reduced inbound journey times for buses and other high-occupancy vehicles by 
four minutes during the morning peak, and it has also increased bus patronage and average 
car occupancy.82 

	 Promoting the delivery of goods at night by electric vehicles. 

	 New infrastructures, such as extra freight tunnels in urban areas, would be a new element in 
the transport system. 

Figure 4.2: Car occupancy rates in selected European countries 

Source: EEA.83 

82 http://www.leeds.gov.uk/files/Internet2007/2011/40/12%20transport.pdf 

83 http://www.eea.europa.eu/data-and-maps/indicators/occupancy-rates-of-passenger-vehicles/occupancy
rates-of-passenger-vehicles-1 
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4.2. Railways 
The final report of the Seventh Framework Programme (FP7) report “Toska” identifies several 
technology options for passenger as well as for freight transport.  

 Low aerodynamic drag: 

 Low train mass 

 Energy recovery  

 Space efficiency (passenger) and heavy trains (freight) 

 Eco-driving (driving advice) 

 Energy efficiency (train equipment and supply systems)  

In the case of a combination of the six measures, the authors assume an average reduction in GHG 
emissions of around 45-50% for the passenger sector and around 40-45% for the freight sector (in both 
cases with constant load factors and the same GHG context of electricity as in 2009) 

The train sector is of particular interest in the context of the transport system’s eco-efficiency. A shift 
of shares in passengers and goods to trains could be seen as a means to increase the overall efficiency 
of the transport system. Hence, in many projections of a more sustainable transport system, the rail 
sector is to take goods, commuters and other shorter and longer distance travelers from the roads and, 
with the help of competitive high-speed networks, also take passengers from the air sector. This 
would require major investments in infrastructure. So, apart from systemic disadvantages (for 
example, no direct door-to-door transport), the limits set by the infrastructure represent a major 
problem for growth in the rail sector. The hinterland areas of large harbors, such as Rotterdam and 
Hamburg, where goods arrive that need to be carried on to various destinations throughout Europe, 
are subject to a growing bottleneck. 

In the train sector, the further development of the infrastructure is of the utmost importance for the 
competitiveness of the mode. This entails: 

 closing gaps in the network, 

 extending the network (separate tracks for passengers and goods), 

 technologies supporting intermodality.  

Examples are given in the STOA project on long-distance transport. The great importance of 
improvements in gross border freight transport has also been dealt with in that project. 

As Figure 4.3 illustrates, the train occupancy rates in European countries vary considerably. It must be 
considered that the rates shown in the graph do not indicate to what extent the trains are full in peak 
hours. However, the figure illustrates that there are unused capacities in many countries.  

Figure 4.3: Train occupancy rates in selected European countries 
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Source: EEA, see figure 4.2. 

4.3. Aviation 
Regarding alternative fuels, neither hydrogen nor batteries seem to meet the requirements of the air 
sector for energy storage in terms of volume and weight. It has been said that using hydrogen for 
fueling jets would require a complete redesign of aircraft.84 In addition, the corresponding 
infrastructure would need to be built; on the other hand, the relatively centralized demand patterns 
could be an advantage compared to the road sector. It ought to be possible to build an infrastructure 
for the production and storage of hydrogen at airports. Another option is offered by fuel-cell-based 
auxiliary power units, which can be used for delivering on-board electricity. But for propulsion, the 
only feasible alternative to fossil fuels so far seems to be biokerosene. Different feedstock has been 
discussed, including algae, and first trials with blends have been undertaken. However, a significant 
share of the global jet fuel being based on biomass as feedstock seems to be a long way off. In the 
aviation sector, the introduction of cleaner or more efficient propulsion technologies is generally 
hampered by the long lifetimes of airplanes (up to 40 years); however, a switch to a certain blend of 
biokerosene could — theoretically — take place rather quickly. 

The STOA project on long-distance transport discussed the fact that the impact of water vapor 
emissions on global warming is not yet really understood. However, it seems likely that water vapor 
contributes a very high share of the GHG balance of airplanes. Based on a publication by Sausen, the 
Intergovernmental Panel on Climate Change (IPCC) report considers the impact of water vapor, and 
to some extent NOx as well, to be probably even greater than the impact of CO2 emissions.85 If these 
results are not to be rejected, it would mean that changing to biomass or hydrogen would not have too 

84 See IEA (2008). 

85 See Sausen (2005). 
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strong of an effect in terms of global warming. Both alternatives to kerosene, i.e. hydrogen and  
biokerosene, also emit considerable amounts of water vapor. While the water vapor emissions of 
biokerosene are expected to be similar to those of conventional kerosene, there is discussion that the 
water vapor emissions of hydrogen are more than twice as high. Thus, there are quite a lot of 
limitations to the improvement of the GHG-balance through using cleaner and/or more efficient fuels 
and propulsion technologies in the air sector. 

In another vein, it has been argued that the construction of more radical aircraft configurations, such 
as the so-called flying wing, have a great potential to increase efficiency.86 A flying wing is a tailless 
fixed-wing aircraft with most of the crew, payload and equipment housed inside the main wing 
structure. Flying wings are supposed to significantly reduce energy consumption per pkm/tkm. 
However, the technology is far from being mature, and airplanes are used for periods of over 40 years. 
It would thus take a long time before the concept of the flying wing could become effective in terms of 
eco-efficiency.  

4.4. Shipping: 
Shipping is the subject of an extra report of this project (Deliverable 2b). 

86 See Akerman(2005). 
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5. Intelligent Transportation Systems (ITS) 

ITS means “applying Information and Communication Technologies (ICT) to transport. These 
applications are developed for different transport modes and for interaction between them (including 
interchange hubs).”87 ICT plays a significant role in improving and supporting transport and may also 
play a major role for sustainable development. Advanced logistics as well as improved traffic 
management and information systems can be used to:88 

	 make public transport more efficient; 

	 substitute digital information flows for physical travel; 

	 optimize travel patterns and improve driving styles; 

	 increase the flexibility and quality of systems; 

	 enable the collection of user charges; 

	 optimize the energy use of travel modes; 

	 optimize logistics chains; 

	 improve traffic flows; 

	 promote co-modality or modal shift to less polluting modes of transport; 

	 reduce road fatalities; 

	 exploit new technologies (such as Radio-Frequency Identification [RFID], Smart Tags or 
advanced ICT platforms). 

With all of these possible contributions in mind, ICT definitely has great potential to support 
sustainable development and eco-efficiency in transport. However, several authors emphasize that it 
could also hold the risk of becoming counterproductive to environmental sustainability. It is 
reasonably assumed that it might generate new transport demand (as traveling becomes easier and 
more enjoyable) and also increased urban sprawl (as it becomes unnecessary to live in proximity to 
office or shopping facilities).89 According to Hilty et al., ICT applications have to be implemented in a 
way that takes into account the interactions between the developments of ICT and their impacts on 
socio-economic systems.90 

The idea of ITS is not new. Such applications, especially in transport telematics, started being 
developed in the 1990s. The novelty of today’s developments is the vision to set up a globally 
integrated framework that aims to realize synergies between previously isolated systems (such as 
vehicles and infrastructure).91 ITS development has long been hardware driven and has thus enabled 
the introduction of sophisticated technologies that allow extensive data-collection and transmission. 
However, according to Crainic et al. , it is not yet possible to transform this data into useful 

87 See CEC (2008). 


88 See Huschebeck et a.l (2009) as well as WWF (2006). 


89 See, for example, Black et al. (2006); Banister et al. (2004); Hilty et al. (2004). 


90 See Hilty et al. (2006). 


91 See Crainic et al. (2009). 
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information and to properly exploit it.92 They conclude that one reason is that the “software 
component of ITS, models, decision-support systems and so on has been dramatically lagging behind 
that of its hardware component.”93 Indeed, nearly all transport modes today incorporate applied 
hardware-driven ICT solutions. Highly important technical systems for transport are:94 

	 Global System for Mobile Communications (GSM) and other relevant technologies for mobile 
communications and positioning; 

	 broadband communications; 

	 internet services for handheld devices; 

	 General Packet Radio Services (GPRS); 

	 RFID and Near Field Communication (NFC); 

	 global positioning satellite technologies. 

This list of technologies is definitely not exhaustive, but it gives an idea of the importance of 
computers, satellites and sensors. Some member states of the EU already make extensive use of these 
applications, though deployments remain fragmented and uncoordinated throughout the EU and 
beyond.95 To the present day, considerable inefficiencies exist. Therefore, an “Action Plan for the 
Deployment of Intelligent Transport Systems in Europe” has been set up by the European 
Commission in order to integrate the many, but still separate, ICT applications in transport.96 

5.1. ITS applications for freight transport 
Freight transport is an area where ITS is sure to have a great impact that is relevant for the transport 
system as a whole. ICT plays a major role in the continuous and immediate exchange of information, 
in the tracking and tracing of goods, in the enabling of new concepts for production and services, in 
performance related to time aspects and in the determination of shipment sizes.97 Though, as is the  
case for passenger transport, ICT might increase transport distances. As outlined in the 2011 White 
Paper on Transport, it is the EU’s task to optimize the multimodal logistics chains of freight transport, 
to increase the share of resource-efficient transport modes and to find ways to consolidate large 
volumes for transfers over longer distances.98 The appropriate response to this task is often to make 
the capacity of transportation systems more efficient through an integrated use of ITS. 

In order to increase the quality of information about relevant transport conditions, advanced ICT can 
provide viable efficiency-improving solutions. And indeed, freight transport today is increasingly 
characterized by constantly increasing “intelligence” and ubiquitous data availability:99 

92 See Crainic et al (2009). 

93 Crainic et al (2009), 542. 

94 See STOA (2010). 

95 See European Parliament and the Council (2010). 

96 See CEC (2008). 

97 See Banister et al. (2004). 

98 See CEC (2011a). 

99 See Huschebeck et al. (2009). 
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	 Cargo is increasingly networking with other cargo, with infrastructure elements along the way 
and with mobile devices in order to handle transport in an optimal way (bi-directional 
communication without a human interface). 

	 Cargo is increasingly equipped with tags that provide all necessary information across all 
transport modes (i.e. RFID and Smart Tags). 

	 Interfaces for shipment processes are widely standardized. 

	 Dynamic data sources and real-time information are widely accessible. 

The main driver for the implementation of ITS in freight transport was identified during the 
freightvision project (funded by the European Commission) in its use as an instrument to increase 
efficiencies (including cost efficiency, efficiency of use and energy efficiency), to reduce accidents and 
congestion and to increase the reliability of transport chains.100 In order to categorize the different ITS 
applications for freight transport, four key areas can be subdivided: 

Figure 5.1: Key areas for ITS applications in the freight sector 

Key area Aim	 Key applications 

1.	 Pre- and on-trip travel  Improve logistics chains  Dynamic route planning 
information 

	 Exchange information and 
data flows 

	 Organize freight movements 

2.	 Cargo and vehicle tracking  Control and regulate the  Radio frequency 
and tracing	 status of goods, loading identification (RFID) 

units and vehicles 
 Online freight exchanges 

 Optimize the performance of (OFE) 
ports and terminals 

	 European Electronic Toll 
Service (EETS) 

3. 	 Cooperative systems  Optimize the performance of  Automated platooning 
vehicles 

4.	 Advanced urban logistics  Bundle unorganized  Urban distribution centers 
deliveries 

	 Optimize organization of 
last-mile 

The purpose of the following section is to give an overview of the most relevant freight ITS 
applications for eco-efficient transport; it is organized according to the key areas mentioned above. 
Certainly, more applications exist (or are currently under development) than those that can be 

100 See Böhmann, et al. (2009). 
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illustrated in the context of this project. This list is therefore intended to serve as an overview of 
approaches that are seen as promising for the reduction of the ecological footprint of activities related 
to freight transport. 

 Pre- and on-trip travel information 

Pre- and on-trip information informs the driver via internet — either before or during a trip — about 
relevant travel conditions, such as congestion, weather conditions or real-time traffic flow. It allows 
drivers to choose a different route or to cope with a foreseeable situation en route, and it enables 
forwarding agents to select a different mode of transport. In doing so, pre- and on-trip travel 
information might lead to less fuel consumption, fewer kilometers traveled and possibly to time 
savings. The impact of pre- and on-trip travel information depends on the diffusion of the technology, 
the number of times the data is accessed by the users and on how the information actually influences 
travel behavior.101 However, accurate road data for EU-wide applications is not yet available because 
rules for the collection of road and traffic data are lacking or incompatible in the different member 
states.102 

Dynamic route planning 

The principle objective of dynamic route planning is to find the best possible route for each delivery 
job. So far, satellite-based navigation systems have fulfilled the requirements of this objective by 
providing distance-related route planning. Today, much more information is available and can be 
considered, including information on traffic and weather conditions. In this way, the system can 
ideally react to sudden changes of supply, for instance if new or canceled deliveries or pick-ups need 
to be integrated into the route. The benefits of dynamic route planning are that it can reduce the 
distances to be covered while, at the same time, reducing the amount of time required to complete a 
tour. Furthermore, it might minimize the vehicles that need to be used.103 A good example is the 
“SmartTruck” project that is described in DEL 2 of the STOA project on urban transport. In March 
2009, DHL (a division of Deutsche Post AG) launched a three-month pilot project in Berlin, Germany, 
to reduce transport capacity per kilometer and simultaneously to increase the capacity load of trucks, 
as well as to enable rapid and reliable delivery of parcels.104 For the first time, advanced technology 
was combined with dynamic route planning. The “SmartTruck” uses RFID tags and readers to 
permanently screen the loading condition of the truck and to check whether the right parcels are on 
board.  

 Cargo and vehicle tracking and tracing 

Cargo and vehicle tracking is the ability to trace goods from origin to destination. It is linked to 
information transfer by using technologies such as RFID. 

RFID 

101 See Böhmann, et al. (2009). 


102 See CEC (2011b). 


103 See: http://www.dhl-discoverlogistics.com/cms/en/course/technologies/ reinforcement/route.jsp 


104 See Deutsche Post AG (2010). 
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RFID devices are low-cost tags that store and provide information or data about products and thus 
assist in the tracking of goods and vehicles. As such, they have much the same function as that 
presently served by barcodes. They are, however, far superior to barcodes, because they can also 
process data or communicate with other RFID tags and are simultaneously compatible with existing 
contactless infrastructures. RFID systems involve a reader that can use radio waves to wirelessly read 
and write data, in real-time, to an RFID tag. Real-time indication of processes and flow of goods is 
fundamental for freight transport and provides a basis for process improvement (see DEL 2 of the 
STOA project on Urban Transport). 

E-freight 

This approach is taken up in the integrated European project on e-freight, which is focused on the 
vision of paperless freight transport processes: Here, an electronic flow of information is linked to the 
physical flow of goods.105 Important elements are: 

	 a paperless cargo supply chain covering all transport modes and linked to the physical flow of 
goods; 

	 the replacement of a set of documents by electronic data in the process of shipping air cargo from 
origin to destination; this necessitates a set of standards and business processes (a “European 
Single Transport Document” for the carriage of goods with all legislative support); 

	 the need for electronic communication between forwarder, airline and ground handler at origin 
and destination; 

	 the benefits of reduced costs (because handling and processing are easier), reduced time, reduced 
paper volumes, increased visibility (tracking the status of freight), the development of “intelligent 
cargo” (goods that are self-, context- and location-aware and connected to a wide range of 
information services); 

	 the challenges of getting the entire supply chain to work together and of data-security; 

	 IATA’s vision of achieving 100% e-freight in all feasible trade lanes by the end of 2015 (currently 
at 10%). 

European Electronic Toll Service (EETS) 

The EETS incorporates: 

	 a system that functions throughout the EU, so that truckers can circulate without being concerned 
about different charging and payment systems or the need to install different equipment; 

	 online freight exchange; 

	 exchange terminals that aim to connect available loads to available trucks in order to prevent 
empty return journeys. 

 Cooperative systems 

105 http://www.efreightproject.eu/default.aspx?articleID=18776&heading=Background 
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Cooperaative systemss are based oon the real-tiime transfer of information from vehhicle to vehiccle (V2V), 
vehicle tto infrastruccture (V2I) oor infrastructture to infraastructure (I22I); they thuus enable veehicles or 
infrastruuctures to commmunicate wwith each othher. In this wway, vehicless can functionn as sensors to report 
traffic, rooad and weaather conditioons.106 

Automateed platooningg 

Automatted platooniing (see Figuure 5.2) is aa technologyy that enablees a number r of vehicles to drive 
under prrecise autommatic control aat close spac cing (1m). It tthus falls witthin the rangge of applicattions that 
belong tto cooperativve systems, sspecifically thhe category of V2V. Auttomated plattooning meaans that a 
number of vehicles travel togetther; they  arre electroniccally connectted. A lead vehicle is controlled 
manuallyy by a traineed driver an d followed bby a numberr of vehicles that are con ntrolled electrronically. 
The leadd vehicle givves commandds to steer, bbrake or acceelerate and tthe followingng vehicles wwithin the 
platoon are driven wwithout the iintervention of a driver. By driving iin platoons, vvehicles cann travel at 
high dennsities and wwith reducedd aerodynammic drag; theey might thuus reduce fuuel consumpption and 
environmmental emisssions as well as relieve coongestion.107 

Figure 5 5.2: Automateed platooninng 

Source: BBergenhem eet al. (2010). 

 Advanceed urban loggistics 

Urban distribution cennters 

The funddamental ideea behind a city distribu ution center iis to not conssider every ddelivery, commpany or 
vehicle iin isolation, bbut to undersstand them ccollectively aas an integratted logistics system, whi ch can be 
optimizeed through coordinationn and consoolidation. A city distribbution centerr is a facilitty where 
shipmennts are consoolidated prioor to distribuution and theen preloadedd to city freiighters for allocation. 
Urban ddistribution c enters are orrganized to ppermit bundling and a beetter organizzation of trafffic flows. 
It is connceivable thaat goods could be deliverred from othher destinatiions, stored for a while and then 
distributted in off-peeak hours. This might include gooods deliveryy at night, aas envisioneed in the 
Commisssion’s Whitee Paper on Trransport.108 

106 See CEEC (2011b). 

107 See Be rgenhem et all. (2010) as we ll as Böhmannn, et al. (2009).. 

108 CEC (22011). 
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In order to consider the transport system as a whole, it is necessary to consider not only technological 
improvements, but also the potential that a specific technology or organizational improvement has to 
facilitate modal shift or to reduce transport volumes (see figure 5.3)  

Figure 5.3: Technologies and strategies for improved eco-efficiency 

Increase efficiency Modal shift Reduce transport 
volumes 

Dynamic route 
planning 

RFID 

Automated platooning 

E-freight 

Electronic road tolling 

Urban distribution 
centers 

5.2. ITS for passenger transport 
DEL 2 of the STOA project on Urban Transport described the broad range of ICT technologies that 
could potentially contribute to a more sustainable transport system. In the passenger sector, a better 
organization and management of the transport system is also expected to lead to improved traffic 
flows, less congestion and more efficiency through the use of less energy-consuming modes of 
transport.109 

In road transport, many of the applications for the freight sector, which were described in the 
previous section, would bring benefits for the passenger sector as well. Providing a better supply of 
information to both the commercial and the private user of transport services is a central aspect of 
ICT. Through user-friendly interfaces and better information about travel options, possible delays and 
congested networks, ICT applications help to better plan and execute a trip in an effective and 
comfortable way. Offering personalized information may help to reduce waiting times, encourage 

109 See CEC (2001); CEC (2006); Hummels (2006); STOA (2010). 
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multimoodality, reduuce travel timme and deve elop more addvanced applications for r reservation services. 
At the ssame time, ddata can bee used for e establishing ppolicies thatt influence tthe way transport is 
organizeed.110 

As in thee freight secttor, pre- andd on-trip infoormation cann inform car drivers abouut optimal rooutes and 
thus hellp to reducce fuel consumption. Thhere is certtainly signifiicant potenttial to imprrove eco
efficiency, but potenntial reboundd effects needd to be considdered as welll. Pre- and oon-trip informmation as 
well as ddynamic rouute planning can supportt an improveed use of the infrastructuure, which mmight lead 
to increaased capacitties. Many eexamples ill lustrate that increasing capacities caan attract additional 
traffic (seee Banister 22000). 

V2V commmunicationn is one apprroach to geneerating on-trrip informatiion. As descrribed in DELL 2 of the 
STOA pproject on Urrban Transpport (STOA 22010), intelliigent cooperrative systemms enable veehicles to 
communnicate wirelessly with onne another (VV2V) or with a roadside iinfrastructur re (V2I). It is expected 
that the gathered real-time dataa can be usedd to improv e traffic mannagement annd road safeety.111 For 
examplee, it would bee possible to send warninngs about ennvironmentall hazards (e.gg. aquaplaninng on the 
asphalt) as well as tr affic and roaad conditionss (e.g. congesstion, accidents or constrruction sites); it might 
even be ppossible to bbook a parkinng lot in advaance. 

Figure 5 5.4: Internet aaccess in Ge rmany – youuths aged 12-25 years (inn %) 

Source: 116. Shell Jugeendstudie (2 010). 

The growwing rates oof internet access are cerrtainly an immportant isssue. Figure 55.4 illustrate s that, in 
Germanyy, more thann 95% of youung people hhave access to the Internnet. This meaans that, in pprinciple, 
travel innformation iis available online for ppeople in th is group. A s Figure 5.55 shows, thee average 
internet penetration in Europe iis significanttly lower. HHowever, furtther growth is to be exppected — 
also in tthe case of mmobile access via smart phone. The latter comess close to thhe vision of transport 
informattion being aavailable alll the time and everywwhere. This is particulaarly relevantt for the 
competittiveness of ppublic trans port, since sstudies havee indicated aa close relattionship betwween the 
availabillity of informmation and thhe use of pubblic transpor t.112 

110 STOA (2010); see alsso Giannopoulos (2004). 

111 See Luuo et al. (2004) . 

112 See Bröög (2009). 
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Figure 5.5: European Union – internet penetration 

This need for information on public transport is not only related to timetables and connections, but 
also to convenient information about fare structures, as was found, for example, in a citizens 
consultation conducted during the STOA project on Urban Transport. In these interview meetings (see 
STOA 2011, DEL 4), young people in different European cities were asked about their transport-
related views and perspectives. The fact that the fare structure of the public transport system in their 
own city is not easy to understand was an important issue for the young citizens, particularly in the 
German group.  

As is pointed out in DEL 2 of the STOA project on Urban Transport, particularly young and random 
users consider the use of technology to be a standard of quality and experience innovation as a value 
in itself.113 A first and important step was the availability of real-time information on time schedules, 
as well as individualized online route planning. A further development was making it possible to 
print online tickets, which made purchasing tickets easy, flexible and more individual. Since then, 
information on time schedules has become continuously available via mobile phones, and mobile 
ticketing solutions have been implemented in many places. Mobile ticketing is a system where 
customers can obtain, buy and validate tickets from any location and at any time, using their own 
mobile phone. However, the fact that customers still needed reliable knowledge of valid fare systems 
in order to actually choose the right ticket was an unsolved disadvantage that mobile ticketing had to 
overcome. In other words, mobile ticketing did not provide the greatest possible support for ticket 
selection. New, upcoming solutions for location-based ticketing do indeed offer the possibility of 
buying a ticket via mobile phone, even without knowledge of valid fare systems. However, e-ticketing 
is actually not a new phenomenon at all; for the airline industry, it has been standard practice for a 
couple of years. Still, it is interesting to exploit the full potential of the approach by transferring it to 
other modes in the passenger sector. 

Another important point is virtual mobility: this occurs when a substitution of trips is supported by 
ICT. Well-known examples are tele-working and video conferences. However, additional trips might 
also be induced in these cases, if the time gained from not traveling to work is used for other trips or if 

113 See Maertins et al. (2008). 
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video coonferences inncreasingly ppermit work in global neetworks thatt have face-too-face meetings from 
time to ttime. 

Additionnally, ICT is an importannt enabler foor innovativee business mmodels such aas car sharinng or bike 
sharing ((see chapter 6). 

It is diffficult, if nott impossiblee, to quantiffy the impa cts of ICT aapplications on eco-efficciency in 
passengeer transportt. Nevertheleess, rather ssimple calcuulations cann be done inn order to illustrate 
potential effects of siingle measurres. A good example is ooffered by tele-working: If a person ttravels 50 
km to work by car, thhis means a ttotal distanc e of 100 km ffor commutiing. If the carr emits 140 gg CO2 per 
km, this means that each workdaay causes 14 kg of CO2. AAccordinglyy, each day off tele-workinng would 
save 14 kkg of CO2. Iff, in one yearr, tele-workinng were subsstituted for 550 days of co ommuting, thhis would 
result inn 700 kg of CCO2 savingss; if 100,000 people werre to do exacctly this, thee result wouuld be an 
annual ssavings of abbout 70,000 mmetric tons. TThus, the efffect could bee significant. However, itt is of the 
utmost iimportance tto consider rebound effeccts and side effects. It is possible thaat tele-workeers would 
engage iin other travvel activities during the time saved by not traveeling to worrk. Furthermmore, tele
workingg would reduuce transportt volumes onn roads, but many exammples illustratte that free ccapacities 
may attrract addition al traffic (neww trips or triips caused byy a shift formm public trannsport to roadd). 

Similar qquantificatio ns were donne by the Woorld Wide Found for Natuure (WWF; ssee Figure 5.66). In this 
case, as wwell, it is immportant to n ote that reboound effects might have significant immpacts on thhe overall 
balance. 

Figure 5 5.6: Emissionns reductionss by tele-commmuting (onnly direct emmissions conssidered) 

Source: WWWF (2008) . 

Finally, tthere is the aargument that a far-reachhing implemmentation of ITS will leadd to improveements in 
the air sector (see STOA 20088, long-distaance transpoort). An immprovement in terms oof energy 
consumpption and GHHG emissionns could be aachieved throough better mmanagementt and organiization — 
mainly aat the airporrts. The conccept “one sinngle Europe an sky” aimms to contribuute to improovements 
related tto managemment and orrganizationall issues. The Internationnal Civil Avviation Organization 
(ICAO 22007, 110) suupports the argument t that more diirect routinggs and the uuse of moree efficient 
conditionns, such as optimum aaltitude and speed, havve a huge potential to ccontribute to energy 
savings. Shortening rroutes can, inndeed, reducce CO2 emis sions significcantly. 
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6. Organizational innovations and concepts 

Over the decades, a broad range of more or less organizational approaches have emerged that are 
relevant for the eco-efficiency of the transport system. The clean-shift-reduce scheme can also be 
applied for these approaches: Organizational innovations have the potential to improve the efficiency 
of mobility patterns by making them cleaner (e.g. better load factors, more efficient usage of 
infrastructure), helping to shift loads (e.g. by making public transport and freight rail more attractive) 
and helping to reduce volumes (e.g. tele-working; video conferencing). However, it is also true in the 
case of these approaches that it should not be overseen that they can induce traffic or rebound effects. 
Since most of these approaches have already been introduced in previous STOA projects, they are 
only mentioned very briefly in the following. 

Some of these approaches were already mentioned in the chapter on ICT in this report. The different 
approaches are summarized here in an extra chapter to underline that improving eco-efficiency in 
transport is not only related to technologies, but also to issues of the organization and co-coordination 
of transport flows as well as to innovative business models. ICT is an important enabling technology 
for innovative concepts or business models that help to improve the eco-efficiency of transport. A 
good example is bike sharing: the system now used is in its third and fourth generation. In the course 
of this development, booking and identification via mobile phone have come to often play a decisive 
role for making the system attractive to the user. A well-known example of a successful bike sharing 
system is “Vélib”, in Paris, with 20,600 bikes at 1,500 docking stations. 

As described in STOA DEL 2 of the Urban Transport project, fourth generation bikes are under 
development. Anticipated improvements over the third generation include more flexible docking 
stations, the use of smartcards (which can be used for other modes of transport as well, such as car 
sharing and public transport) and innovations in bicycle redistribution. Technological advances 
include GPS tracking, touch-screen kiosks and the use of electric bikes (pedelecs):  

Innovations in redistributing bikes: Experience has shown that some stations have high demand and low 
supply, or vice versa. This means that staff needs to redistribute bicycles several times per day. This is 
time consuming, expensive and produces unnecessary emissions. Innovative programs will create 
stations that either encourage users to pick up or to drop off a bike using incentives such as free time, 
credit or even cash. 

Ease of installation: So-called “technical platforms” are being installed: these include the bike-sharing 
station’s base and house the wires for its bike docks and pay station. Consequently, no asphalt or 
paving needs to be removed, and no subterranean installation of the structure and wires is necessary. 

Powering Stations: Underground wiring to the nearest electrical source provides power to the stations. 
This renders the relocation of stations almost impossible due to cost. Solar panels remove this need. 

Tracking: GPS will allow a better tracking of the bikes while facilitating data collection and the 
recovery of stolen bikes. 

Use of pedelecs: In light of an aging society and also in areas with a challenging topography, the use of 
pedelecs is an interesting option. A bike-sharing fleet does not need to be composed entirely of 
pedelecs; rather, a percentage could be sufficient for such purposes. 

Fig 6.1: Sophisticated bike-sharing and car-sharing systems are enabled by ICT 
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Along similar lines, it can be assumed that car sharing would not have such significant growth rates in 
Germany and Switzerland without sophisticated ICT applications that allow for easy booking, easy 
access and easy charging. Furthermore, car sharing is interesting as an organizational innovation 
under several aspects. Whereas the system was originally implemented by small organizations, global 
players have since entered the market. Carmakers such as Daimler and BMW are testing out new 
business models. There are at least two reasons for this tendency: 

	 First, consumer preferences seem to be changing. Young people, particularly those in urban areas, 
are losing interest in owning cars.114 Carmakers are thinking about new strategies to reach this 
group. 

	 Secondly, because of the predicted rise in oil prices and increasing environmental concerns, there 
is a growing interest in electric mobility as an alternative to oil. Because of the high price of 
batteries as well as relatively low ranges and long loading times, the established system of buying 
and owning  cars might no longer be  appropriate.  It is conceivable that BEVs call for specific  
business models (e.g. car sharing, the leasing of batteries); there might be a need to change the 
way in which car-based mobility is practiced115 

Car Sharing is getting increasingly widespread in Europe (see figure 6.2). It is a model of car rental 
where people generally rent cars for short periods of time, often by the hour, as an alternative to the 
privately owned car. The car is no longer the property of a single owner, but is owned by an 
organization that manages the fleet. Clients choose and book a vehicle in advance for a specific period 
of time; after using it, they bring it back to the initial parking lot. The fleet manager is responsible for 
the service organization, for maintenance (including tax and insurance), repair and fuel costs. In 
return, customers pay the fleet manager for the allocated service, mostly by time and mileage. 
Twenty-five percent of car-sharing users are from the business sector and use car sharing for business 
trips.116 More information is available in DEL 2 of the STOA project on Urban Transport. 

Once again, it is difficult to quantify the effects of car sharing or bike sharing on eco-efficiency. It 
depends on several factors, such as patterns of use, the specific behavior of users (are they substituting 
cycling trips, car trips or public transport trips) and the car sharing fleet. In general, car-sharing fleets 
have smaller cars than the average fleets in a country, and the organizations claim to use energy-
efficient vehicles. Furthermore, car sharing is seen as a good concept for introducing alternative fuels 
and propulsion technologies into the market, since customers would be enabled to choose specific cars 

114 STOA 2011. 

115 See Schippl (2010). 

116 See www.carsharing.de 
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for speccific purposees. Thus, poositive effectts can be exxpected but are hard toto quantify. A study 
conducteed in Switzeerland concluudes that carr sharing redduces the nuumber of carrs in an areaa, making 
less spacce for parkinng necessaryy.117 Since useers have to ppay for the kkilometers, tthey use the cars in a 
more careful way  and try to reeduce. The sstudy furtherr calculates that, in Swiitzerland, car-sharing 
users hellped to save 4.8 million l iters of fuel iin 2005.  

Figure 66.2: Car-shariing customerrs in Europeean countriess in 2009 (redd) and 2011 ((red + greenn) 

Source: LLoose (2011) . 

It is obvvious that thee progress inn ICT is quiite often of aan enabling ccharacter forr such organnizational 
approachhes. Organizzational meaasures also suupport the eeco-efficiencyy of other mmodes of trannsport. In 
the case of passengeer air transpport, a betterr organizatioon of traffic fflows at airpports is an immportant 
issue. AAdditionally, in the air ssector, a rathher efficientt way of redducing energgy consumpption and 
emissionns is to use sllower aircrafft configurattions. This wwould mean fflying at lowwer speeds. AAccording 
to Akermman (2005, 1125), this couuld involve an advancedd turboprop aircraft cruiuising at 640--700 kph. 
The overrall potentiall is not easy to assess beccause of NO x and water vapor, but t the reductionn of GHG 
emissionns would proobably be siggnificantly mmore than 25%%. 

In the ffreight sectoor, organizaational apprroaches offeer interesting potentialss for reduc ing CO2 
emissionns. Again, mmany of the se measuress are stronggly linked too ICT appliccations as aa kind of 
enablingg technologyy. There is mmuch discusssion about making thee rail sector more attracctive and 
shifting loads from roads to raiil (see STOAA 2008, long--distance traansport). In tthe STOA pproject on 

117 See Haaefele et al. (20006). 
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Urban Transport, measures such as city logistics are described.118 Another promising approach is the 
delivery of goods at night, with relatively quiet electric engines. This could make better use of the 
existing infrastructure and, if accompanied by corresponding policies, could also support the market 
penetration of environmentally friendly fuels and propulsion technologies. One disadvantage would 
be that more people have to work at night. Additionally, the measure might again induce rebound 
effects. 

Figure 6.3: Cargo tram in Dresden, Germany 

Source: Rail for the Valley (2010). 

Another example is using trams for goods transport, as is done with the freight tramcar in Dresden, 
Germany.119 The CarGoTram project involves a cooperation between the DVB (local cargo enterprise), 
Volkswagen (VW) and the local authorities (see Figure 6.3). The main key to the viability of the project 
is the length of the tram (60 m) and the capacity of three trucks (maximum load 60 t with a load space 
of 214 m3). The CarGoTram runs six days per week and sixteen hours per day.120 It is used only for 
point-to-point transportation and is not readily transferable to different destinations. However, in 
recent years, different approaches have been developed by the DVB to adapt the idea of the 
CarGoTram to other branches. An adaption to hospital logistics, roadwork’s supply and disposal, 
theater logistics, extensive retail and the circular economy (waste transport) are conceivable in 
Dresden.121 So far, several cities have picked up the idea and have either introduced a cargo tram 
(Zurich, Amsterdam) or have undertaken a research project on it (Vienna). 

118 See STOA (2010). 


119 See also STOA (2010). 


120 See Dresdner Verkehrsbetriebe AG (n.s.). 


121 Oehlmann 2007. 
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7. Conclusive Remarks  

The report at hand gives an overview on crucial developments related to the eco-efficiency of the 
transport system. The main focus is on the potentials of technological and organisational innovations 
for supporting a transition to a more eco-efficient transport system. 

The report illustrates the broad range of different options that exist to improve the eco-efficiency of 
the transport system. It is clear, that an improvement can only take place if something is changing in 
the present transport system. In principle, this is possible by making technologies cleaner, by reducing 
the number or the length of trips or by inducing a modal shift to more sustainable modes. 

Figure 7.1: General approaches for improving the eco-efficiency of the transport system 

Focus on Mobility patterns 
-Modal shift 
-Reducing number/length of Trips 

Focus on Technologies 
Cleaner, vehicles, fuels, and 
Propulsion technologies  Co-Evolution 

Figure 7.2: Main focus of different measures  

Cleaner Modes  Modal Shift Reduce 
number/length of trips 

Fuels and Propulsion 

Technologies 

X 

Improved Vehicles X 

Improved 
Infrastructures  

X X X 

ICT / ITS X X 

Organisational 
innovations  

X X 

Figure 7.1 is illustrating these approaches. It is obvious, that the approaches focusing on the left side of 
the graph are able to improve eco-efficiency without changing the travel behaviour significantly. 
Typical examples are biofuels, CNG or lightweight construction. For other examples such as battery 
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electric vehicles, the situation is more complicated, because the short ranges might also induce 
changes in travel behaviour (e.g. other modes or vehicles for longer distances). However, to a certain 
extent travel patterns and technologies develop together as a sort of co-evolution. Modern mobility 
patterns are enabled by modern technologies; and at the same time they induce a demand that foster 
the development of further innovations. 

The approaches focussing on the right side mean a change in travel behaviour. A different modeor a 
different destination is chosen or a trip is substituted by a virtual activity. Acceptance surely plays a 
greater role on the right side. For many approaches subsumed under the strategies two and three 
human routines are playing a much more important role, in particular when it comes to the passenger 
sector. Good examples are handy ticketing or integrated ticketing which should help to attract new 
customers for public.  

For these approaches ICT as well as organisational innovations are of utmost importance (see also 
Figure 7.2). It is illustrated in this report that ICT is penetrating all areas of the transport sector, it is 
getting indispensable for information, organisation and management of the system. Citizens are 
getting used to these technologies and new priorities seem to emerge. For example, for many younger 
people it is more important to have access to the internet than having access to a private car. 

Thus, it is obvious, that the transport system is not static but underlies changes under several aspects. 
There are external pressures such as oil prices and climate change. There are societal trends that 
influence demand patters. And there is a broad range of organisational and technical innovations for 
improving the eco-efficiency of the transport system by making trips cleaner, by supporting the shift 
to more eco-efficient means of transport and by reducing transport volumes. 

It can be assumed that the transport system in 20 or 30 years will be different form today, but it is 
difficult to tell what exactly will differ. It was mentioned several times in this report that it is generally 
not easy to quantify the effects of the described technologies and concepts. There are several reasons 
for these difficulties. The transport system is not at all a closed system. It was illustrated in this report 
that the ecological footprint of all alternative oil-based propulsion system is strongly depended on 
different factors and settings in the energy system. Battery electric vehicles can only be low-emission 
in the operating phase, if the power is generated on a low-emission basis, by wind or photovoltaic. A 
huge number of factors and options need to be considered and compared for a proper assessment. 
Furthermore developments and progress in the field of information and communication technologies 
are getting increasingly important for the transport sector. Uncertainty related to behaviour is another 
source for the difficulties in assessing effects, mainly in the categories two and three. Several times in 
this report it is mentioned that measures that are supposed to be beneficial might as well induce 
rebound effectsFor example tele-working has the effect that people use the time gained for other 
activities that need transport. Another example is improving load factors of lorries, which might 
reduce the number of trips. But that way, the road is getting more inviting and additional traffic might 
be attracted. 

However, a few studies give orientation about the pros and cons of the different fuel and propulsion 
strategies .122 Several studies illustrate that a significant improvement of the eco-efficiency of the 
transport system, needs a combination of all three strategies shown in figure 7.1 and 7.2.123 It will be 
subject of the next project-phase to get a better understanding of the potentials of the different 

122 See JRC et al. (2011). 

123 See e.g. Hickman &Banister (2007); Skinner et al. (2011). 
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technologies and concepts due to the use of scenarios. Many of the approaches discussed in this report 
will be an element of the scenarios. They will be discussed in phase 4 of the project with different 
societal groups, e.g. policy makers, industrial representative and citizens, to get a better understating 
of acceptance of the measures, and thus, on the demand side of innovations. What is crucial for 
beneficial measures to become effective in terms of  eco-efficiency is that they are implemented and 
used, thus, they need to be accepted by users and decision makers. 
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