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Executive Summary

In recent years GHG emissions from the transport sector in Europe have continued to rise whilst the
GHG emissions from other sectors have stabilised or begun to fall. Unless action is taken, transport
GHG emissions alone will exceed an 80% reduction target for all sectors or make up the vast majority
of a 60% reduction target. This illustrates the scale of the challenge facing the transport sector given
that it is unlikely that GHG emissions from other sectors will be eliminated entirely. In this context the
overarching aim of the project is to provide guidance and evidence on the broader policy framework
for controlling greenhouse gas (GHG) emissions from the transport sector.

The main objective of the report is to focus on reviewing potential radical future transport technologies.
The report covers road vehicles, land-based non road modes, aviation, maritime and inland waterway
vessels and radical concepts and technologies for replacing travel. The paper also discusses the
possible implications of these various concepts for transport GHG emissions, providing a high-level
summary of the evidence based on existing studies. A draft version of paper was presented to
stakeholders at the Final Conference in March 2010 and revised in light of discussion at the meeting
and the comments and further evidence that were received subsequently.

In the following sections technologies and concepts are summarised according to the following
categories:

1. The potential impact of the technology on greenhouse gases. Each technology is quantified as
having one of the following causes:

bb b | Alarge negative impact on GHG levels*
bb A medium negative impact on GHG levels*

b A small negative impact on GHG levels*

+ A small positive impact on GHG levels**
++ A medium positive impact on GHG levels**

+++ A large positive impact on GHG levels**

*j.e. an increase in GHG emissions
** j.e. a decrease in GHG emissions

2. The potential scale of uptake in the short, medium and long term for each technology based
on the four stages outlined below:

Stage 1 | Proof of concept / feasibility study

Stage 2 | Prototype and pre-product testing

Stage 3 | Significant design scale-up and production
Stage 4 | Mainstream commercial availability

3. The potential for each technology to reach widespread deployment. This potential is
categorised as either low, medium or high based on the following definitions:

Low There is not much chance of this technology reaching widespread deployment.

The technology is likely to be niche or deployed in limited situations.
. This technology will reach a medium level of deployment. The technology is likely
Medium : . X

to be used for particular transport needs but not as a widespread solution.

Wi This technology is likely to experience widespread deployment. The technology is

igh . : ; ; . L

likely to be an important part of future travel in extensive transportation situations.

Road Transport

A summary assessment of the road transport technologies and concepts is provided in Table 1, with
an overview of the main findings and conclusions as follows:

e There were more options that might be introduced and significantly contribute to overall GHG
emissions reductions by 2050 than in other modes;

e Electric trolley bus/trolley trucks appear to offer the most likely near-term savings potential, but are
likely to be limited to relatively niche cases;
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e In-road electric charging infrastructure may be an important enabler of wider take-up of electric
vehicles, but is likely to be expensive and difficult to implement and there are concerns over
efficiency losses relative to stand-alone battery recharging;

e Intelligent roads and road trains appear to offer potential for significant long-term efficiency
benefits, but it is uncertain whether they could be deployable to a significant extent by 2050.

e Compressed air is yet to be proven in its benefit in terms of GHG over alternatives and it is unclear
whether there is a significant space for DME alongside the alternative options.

o DMF may yet prove to be a more attractive biofuel substitute for petrol compared to ethanol, but
this is still uncertain and GHG benefits will be similarly linked to a sustainable supply of biomass.

Table 1: Summary of road transport technologies
Concept Potential Impact Potential stage of development Potential for
on GHG Current 2020 2050 Beyond 2050 widespread

emissions /2030 (near-term) deployment

Electric trolley buses ++ [ 4 4 4 ' 4 Medium

Electric trolley trucks ++ 2 4 4 4 Medium

In-road electric vehicle ;

charging infrastructures N 2 s 4 4 Medium

Self-drive vehicles + 1 3 4 4 Medium

Dual mode transit ++ 1 2 3 4 Low

Intelligent roads + 2 3 4 4 Medium

Road trains + 2 3 4 4 High

Vehicle Mass Transit

System (VMTS) * 2 s 4 4 Low

Compressed air b or +

vehicles (uncertain) 2 4 4 4 Low

Other alternative fuels

(DME, DMF) + 2 4 4 4 Low

Land-based non-road transport

A summary assessment of the land-based non-road transport technologies and concepts is provided
in Table 2, with an overview of the main findings and conclusions as follows:

e Maglev appears to be the only technology that offers significant savings and will be deployable at
an early stage. However, it is unlikely to be able to make a significant contribution to overall
savings (in part because of incompatibility with existing rail infrastructure).

e Personal rapid transport systems may offer reasonable niche GHG savings in the medium to long
term, but it seems unlikely they could be deployable in significantly broad scale to make a large
impact on total GHG.

e Other alternatives, such as underground Maglev, hybrid tricycles and hoverboards appear unlikely
to be able to significantly contribute to GHG emissions reductions even in the long-term.

Table 2: Summary of land-based non-road transport technologies
Potential Impact Potential stage of development Potential for
Concept on GHG Current 2020 2050  Beyond 2050 widespread
emissions /2030 (near-term) deployment
Maglev +++ 3 4 4 4 Medium
Underground + 1 3 4 4 Low

Maglev Systems

Personal Rapid

Transit (PRT) * 2 3 4 4 Medium
Hybrid tricycle + 3 4 4 4 Low
Hoverboards b 2 3 4 4 Low

Vi
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Aviation

A summary assessment of the aviation technologies and concepts is provided in Table 3, with an
overview of the main findings and conclusions as follows:

e Many of the radical technologies and concepts identified seemed unlikely to be deployable in
sufficient time/degree to make a significant contribution to reducing GHG emissions from aviation.

e Hybrid airships, blended-wing-body (BWB) and wing-in-ground (WIG) airframe concepts could all
potentially lead to significant GHG savings in the medium to long-term. However, the WIG
concept could actually increase emissions where such aircraft replaced shipping rather than air
services (e.g. for rapid freight transportation).

e Of the alternative fuel options identified, only biofuels offer the potential for significant savings in
the 2050 timeline.

e Inthe very long term (likely beyond 2050) the flying car, space travel and personal jet-
pack/helicopter concepts could lead to increases in GHG emissions, but seem likely to be limited
to niche applications (at least initially).

Table 3: Summary of aviation technologies
Concept Potential Impact Potential stage of development Potential for
on GHG Current | 2020 2050 | Beyond 2050 widespread
emissions /2030 (near-term) deployment
Flying cars b b 1 2 3 4 Low
Hybrid Airships ++ 2 3 4 4 Medium
Wing-In-Ground + + (vs air) or .
b @s ship) 1 2 3 4 Medium
Blended Wing Body +++ 2 3 4 4 High
Joined wing + 1 2 3 4 Medium
Oblique flying wing b 1 2 3 4 Medium
Space travel b b b 1 2 3 4 Low
Personal Jetpacks &
Rocket Helicopters b b 1 2 3 4 Low
Biofuels for aviation ++ 3 4 4 High
Gas-to-Liquid (GTL)
fuel for aviation b 3 4 4 4 Low
Other alterr)atllve + 1 1 2 3 Low
fuels for aviation

Maritime and Inland Shipping

A summary assessment of the marine and inland shipping technologies and concepts is provided in
Table 4, with an overview of the main findings and conclusions as follows:

e Concepts for waterborne transport were limited to mainly wind-based concepts, most of which are

likely to be deployable in the medium-term (or potentially near-term) and could offer significant
GHG savings.

e Solar power is only likely to provide a significant contribution to GHG reduction in niche
applications or for auxiliary power in larger vessels in the long term.

Table 4: Summary of marine and inland waterways technologies

Concept Potential Potential stage of development Potential for

Impacton GHG  Current | 2020 2050  Beyond 2050 widespread
emissions /2030 (near-term) deployment

Flettner rotors ++ 1 2 3 4 Medium

Windmill ships 2 3 4 4 Low

Solar power ships + 2 2 3 4 Low

Wlnq Assisted 4 2 3 4 4 High

Towing

Vi
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Travel replacement

A summary assessment of the travel replacement technologies and concepts is provided in Table 5,

with an overview of the main findings and conclusions as follows:

e Holographic presence and virtual tourism may offer significant benefits in the long term, but their
widespread deployment is dependent on difficult to predict significant development and cost
reduction of holographic or virtual reality technology coupled with a change in attitudes to such
alternatives.

e Teleportation does not seem likely even in the very long term, but would likely require massive
amounts of energy in relation to other forms of transport if it were possible.

Table 5: Summary of travel replacement technologies
Concept Potential Impact Potential stage of development Potential for
on GHG Current | 2020 2050 | Beyond 2050 widespread

emissions /2030 (near-term) deployment

Holographic ++ 1 2 3 4 Medium

presence

Virtual tourism ++ 1 3 3 4 Low

Teleportation bb b 1 1 1 1 Low

viii



EU Transport GHG: Routes to 2050? Review of potential radical future transport technologies
Contract ENV.C.3/SER/2008/0053 and concepts. AEA/ED45405/Task 9 Report VI

1 Introduction

1.1 Topic of this paper

This paper is one of a series of papers on GHG reduction options for transport drafted under the EU
Transport GHG: Routes to 20507 project. These papers review the options i technical and non-
technicali t hat could contribute to reducing transp
period from 2020 to 2050. This paper focuses on reviewing potential radical future transport
technologies. It will review radical concepts and technologies for road vehicles, land-based non road
modes, aviation, maritime and inland waterway vessels and radical concepts and technologies for
replacing travel. This paper will discuss the possible implications of these various concepts for
transport GHG emissions. The papers aim to provide a high-level summary of the evidence based on
existing studies.

This has been updated following its presentation at the Final Stakeholder Conference in March 2010
on the basis of the discussion at the meeting and the comments and further evidence received.

prtos

1.2 The contribution of transport to GHG emissions

TheEU-276s greenhouse gas (GHG) emissions from transpor
to continue to do so. The rate of growt hundefminer ansport

the EUb8s efforts tteom G emissipnorddection tiargeks jif nolactiongs taken to
reduce these emissions. This is illustrated in Figure 1 (provided by the EEA), which shows the
potential reductions that would be required by the EU if economy-wide emissions reductions targets
for 2050 of either 60% or 80% (compared to 1990 levels) were agreed and if GHG emissions from
transport continued to increase at their recent rate of growth. The figure is simplistic in that it assumes
linear reductions and increases. However it shows that unless action is taken, by 2050 transport GHG
emissions alone would exceed an 80% reduction target for all sectors or make up the vast majority of
a 60% reduction target. This illustrates the scale of the challenge facing the transport sector given that
it is unlikely that GHG emissions from other sectors will be eliminated entirely.

Figure 1: EU overall emissions trajectories against transport emissions (indexed)l
120% -~
§ 100% EU-27 all sectors
S
1
S 809
o 80%
)
0
c
o 60%
(]
R
£
Q' 40% EU-27 transport BAU
o) projections - SULTAN
© I 60% to 80%
N~ - ==
g 20% —
w EU-27 transport 80% to 95%
O% T T T T T 1

1990 2000 2010 2020 2030 2040 2050

! EC DG Energy (2010) and SULTAN lllustrative Scenarios Tool. Projections based on data from the SULTAN lllustrative Scenarios Tool (BAU-a
scenario) and historic data from DG Energy (2010) EU energy and transport in figures Statistical Pocketbook 2010 Luxembourg, Publications
Office of the European Union, 2010.
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The extent of the recent growth in transport emissions is reinforced by Figure 2, which presents a
sectoral split of trends in CO, emissions over recent years. Whilst the CO, emissions from other

sectors have levelled out or O&emEssiinehavenisensteadidyecr eas e,

since 1990. It should be noted that whilst Figure 2 is presented in terms of CO, emissions, very similar
trends are evident for GHG emissions (in terms of CO, equivalent) since CO, emissions represent

emi ssions,

98% of transpoions.6s GHG emi ss
Figure 2: Carbon dioxide emissions by sector EU-27 (indexed)2
— . . )
1990=1 CO2 Emissions* by Sector: EU-27
1.40 1.40
1.30 1.30
1.20 1.20
1.10 1.10
1.00 1.00
0.90 0.90
0.80 0.80
070 T T T T T T T T T T T T T T T T T 070
o — N [s2] < L (=] N~ [ce) (2] o — N [s2] < L (] N~
d o O 9O o o O o 6o O O o o O o O o o
()] (] ()] ] )] (] (] (] )] )] o o o o o o o o
— - — - — - — — — — N N N N N N N N
Energy Industies - Industry **** —®— Residential
—®— Commercial / Institutional —+—— Other***** Total
—O— Transport **
Notes:
i) The figures include international bunker fuels (where relevant), but exclude land use, land use change and forestry.
i)  The figures for transport include bunker fuels (international traffic departing from the EU), pipeline activities and
ground activities in airports and ports
i) AOtherodo emissions include solvent use, fugitive
The vast majority of Euissions ar@pmoduced ayregtanspoét,@as GHG e m

illustrated in Figure 3, while international shipping and international aviation are other significant
contributors.

Recent trends in CO, emissions from transport are also expected to continue, as can be seen from
Table 6 below. Between 2000 and 2050, the JRC (2008) estimates that GHG emissions from domestic
transport in the EU-27 will increase by 24%, during which time emissions from road transport are
projected to increase by 19% and those from domestic aviation by 45%. It is important to note that
these projections do not include emissions from international aviation and maritime transport, which
are also expected to increase due to the growth in world trade and tourism.

2 Graph based on figures in DG Energy (2010) EU energy and transport in figures Statistical Pocketbook 2010 Luxembourg, Publications Office of
the European Union, 2010. Available online at: http://ec.europa.eu/energy/publications/statistics/statistics_en.htm
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Figure 3: Greenhouse gases emissions by transport mode (EU-27; 2007)3

Navigation Railways ** oner
(domestic) 0.7% 0.7%
1.7%

International
Aviation
10.7%

Civil Aviation
(domestic)
1.7%

International

Road
Transportation
70.9%

Note: The figures include international bunker fuels for aviation and navigation (domestic and international)
*** Railways data excludes indirect emissions from electricity consumption

Table 6: CO, emissions projection for 2050 by end-users in the EU-27, in Millions tonnes of Carbon*
End user Category 1990 2000 2010 2020 2030 2050
Road transport 695 25 905 080 1002 1018
Rail 29 29 27 27 21 20
Domestic Aviation 86 134 179 206 237 244
Inland navigation 21 16 16 17 17 17
Total 810 088 1110 1213 1260 1299

Figures from the EEA (2008), illustrate the recent growth in GHG emissions from international
aviation, as they estimate that these increased in the EU by 90% (60 Mt CO,e) between 1990 and
2005; international aviation emissions will thus become an ever more significant contributor to
transportds GHG emissions i f curlPCGCrasedtimatedtiadthec ont i nue.
total impact of aviation on climate change is currently at least twice as high as that from CO, emissions
alone, notably due to air cr af,)tasdiwater rapasritiein s o f
condensation trails. However, it should be noted that there is significant scientific uncertainty with

regard to these estimates, and research is ongoing in this area.

nitroge

3 Graph based on figures in DG Energy (2010): EU energy and transport in figures Statistical Pocketbook 2010 Luxembourg, Publications Office of
the European Union, 2010. Available online at: http://ec.europa.eu/energy/publications/statistics/statistics_en.htm

* Taken from JRC (2008) Backcasting approach for sustainable mobility Luxembourg, EUR 23387/ISSN 1018-5593, Office for Official Publications
of the European Communities.
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Figure 4: Final transport energy consumption by liquid fuels in EU-27 (2007), ktoe®
m Motor Spirit

H Gas Diesel Oi

Biogasoline
0.0%
m Biodiesel
Other liquid
biofuels
The principal source of transportds GHG emissions is

(motor spirit), which is mainly used in road transport (e.g. in passenger cars and some light

commercial vehicles in some countries), and diesel, which is used by other modes (e.g. heavy duty

road vehicles, some railways, inland waterways and maritime vessels) in various forms, are the most

common fuels in the transport sector (see Figure 4). Additionally, liquid petroleum (B:)as (LPG) supplies

around 2% of the fuels for the European passenger car fuel market (AEGPL, 2009”), while the main

source of energy for railways in Europe is electricity, neither of which are included in Figure 4. While,

alternative fuels are anticipated to play a larger role in providingt he transport sectords el
future, currently they only contribute 1.1% of the se

1.3 Background to project and its objectives

The context of the EU Transport GHG: Routesto 2050i s t he Co mmitensadbjectivé®r | ong

tackling climate change, which entails limiting global warming to 2°C and includes the definition of a
strategic target for 2050. The Commissionbs President
the transport sector in this respect be noting thatthen e xt Commi ssi on fAneeds to mai
momentum towards a low carbon economy, and in particular towards decarbonising our electricity

supply and t he ' Thera ars\armusrecenteaity meadures that are aimed at

controlling emissions from the transport sector, but these measures are not part of a broad strategy or

overarching goal. Hence, the key objective of this project is to provide guidance and evidence on the

broader policy framework for controlling GHG emissions from the transport sector. Hence, the

projectds objectives are defined as to:

- Begin to consider the long-term transport policy framework in context of need to reduce
greenhouse gas (GHG) emissions economy-wide.
- Deal with medium- to longer-term (post 2020; to 2050), i.e. moving beyond recent focus on short-
term policy measures.
- Il dentify what we know about reducing transportos GH
- ldentify by when we need to take action and what this action should be.

Given the timescales being considered, the project will take a qualitative and, where possible, a
quantitative approach. The project has three Parts, as follows:

e Part I (6Review of the available informationd) h a s
reduce transportodos GH@resentrd ia a senen aof Papersh(l to b), amdas in

5 Graph based on figures in DG Energy (2010), page 220

% European LPG Association (2009) Autogas in Europe, The Sustainable Alternative: An LPG Industry Roadmap, AEGPL, Brussels. See
http://www.aegpl.eu/content/default.asp?PagelD=78&DoclD=994

" http://ec.europa.eu/commission_barroso/president/pdf/press 20090903 EN.pdf
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the process of developing four policy papers (Papers 6 to 9) that outline the evidence for these
instruments to stimulate the application and up take of the options.

e Part 1 (61l n depntdataissre sefmeht ameworck for policy mal
work of Part | together to develop along-t er m policy framework for reduc
emissions.

e Part [ (60ngoing tasks6) covers the stabkmhol der

papers on subjects not covered elsewhere in the project.

As noted under Part lll, stakeholder engagement is an important element of the project. The following
meetings were held:

0 A large stakeholder meeting was held in March 2009 at which the project was introduced to
stakeholders.
0 A series of stakeholder meetings (or Technical Focus Groups) on the technical and non-

technical options for reducing transportds GHG em
0 A series of Technical Focus Groups on the policy instruments that could be used to stimulate
the application of the options for reducing tran

September/October 2009.
o Two additional large stakeholder meetings at which the findings of the project were discussed.

As part of the project a number of papers have been produced, all of which can be found on the
projectds website, as can all of the presentations fr

1.4 Background and purpose of the paper

This paper fAReview wrfe ptotaemaparlt rtaedd crad | dquites and cor
under the Part [ of the project, Task 9 AAd hoc p
Commission with ad hoc written support/briefings and concise analytical/discussion papers on issues

related to the projectébés core work.

New technologies and concept options have been identified in other Papers under this project, though
these have focused on the more mainstream areas. The purpose of this paper is to look at the many
out-of-the-box or concepts, or technologies that are being developed but are not yet near market, or
not being widely applied as yet. This review includes technologies and concepts across all of the
modes of transport, as well as those that might replace transport.

1.5 Structure of the paper

Following this introduction this paper is structured according to the following further 8 chapters, plus
references:

2. Radical concepts and technologies for road vehicles

Radical concepts and technologies for land-based non-road modes

Radical concepts and technologies for aviation

Radical concepts and technologies for maritime and inland waterway vessels
Radical concepts and technologies for replacing travel

Discussion of the possible implications of the for transport GHG emissions
Summary of Key Findings and Conclusions

References
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Each of the main chapters from 2 to 6 provides brief summaries of individual concepts or concept
areas, with an overview and assessment of the following (depending on the availability of supporting
information):

e Potential impact on GHG emissions;

e Potential for further development of wider application;

e Barriers to further development of wider application.
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2 Radical concepts and technologies for road
vehicles

This section summarises the radical concepts and technologies identified that are relevant for road
vehicles, and include:

1) Electric trolley-buses and electric trolley-trucks;
2) In-Road electric vehicle charging infrastructures;
3) Self-drive vehicles;
4) Dual mode transit;
a) Personal dual-mode transit;
b) Mass dual-mode transit;
5) Intelligent roads;
6) Road trains;
7) Vehicle Mass Transit System (VMTS);
8) Alternative fuels
a) Dimethyl-Ether (DME);
b) 2,5-dimethylfuran (DMF);
¢) Compressed air vehicles.

It is worth noting that those technologies that that lead to use of electricity will have a GHG impact
dependent on the GHG intensity for the elctricity sector. Since the costs of reducing GHG emissions
from the electricity generation are lower than for many other sectors, it is anticipated that this sector
will decabonise more rapidly than others. Information from EURELECTRIC suggests that European
electricity generation has the potential to be almost completely decarbonised by 2050. Therefore
technologies using this energy carrier will also benefit from this improvement.

2.1 Electric trolley-buses and electric trolley-trucks

Concept: Electric trolley vehicles

Developer: Electric Tbus Group

Energy source: Overhead electricity
Development stage: Technology developed in the

early 1990s.There are currently around
40,000 trolleybuses in service throughout the world.

Trolleybuses promote clean and quiet urban transport by drawing their power from overhead electric
wires networks. Two spring-loaded poles are mounted to the top of the vehicle to complete the circuit
and supply power. Trolleybuses offer the potential to replace bus services on busy urban routes and
companies such as Electric Tbus group, have proposed trolleybus routes for cities such as London.
More radically, the concept has the potential to be applied to freight transport, establishing a trolley-
truck network for cargo transportation.

The initial trolleybus concept dates back to the 1880s, however it was not until 1901 thatt he wor | d o6 s
first passenger-carrying trolleybus (operated in Bielathal, Germany) was built by Max Schiemann. The

first cities to have trolleybus networks were Leeds and Bradford, UK in 1911, both of which are no

longer in use.
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Electric Thus Group estimates that there are 400,000 trolleybuses in service through the world. This
includes trolleybus networks in Iar%e European cities, such as Athens, Bucharest, Budapest, Lyon,
Milan, Minsk, Moscow and Naples®. Trolley-trucks are not currently used as a means of transportation
but in the future could be used on popular freight transportation routes as an alternative to traditional
heavy-goods vehicles.

Potential impact on GHG emissions

Trolleybuses rely on a central supply of electricity from power stations through overhead wires,
therefore offering several key environmental benefits over a large number of internal combustion
engines.

Trolleybuses offer the ability to control emissions (CO, NOx, SOx, HCs or particulates) more readily.
Monitoring emissions from large fixed plants operating under stable conditions is easier than
controlling the emissions from small mobile plants operating under continually varying conditions. In
addition, by utilising the national grid, there is a reduced need to build new energy infrastructures and
the advantage of being able to use energy resources that are otherwise impractical or impossible in
vehicles, such as wind and water power. In Canadian cities Calgary and Vancouver, light rail and
trolleybus networks are run off wind power and hydroelectricity respectively through the national grid
systems.

Figure 5 shows the average environmental costs of different transit vehicle modes. Trolleybuses
running of the UK grid offer environmental and global warming due to CO, costs of below 1 pence per
km of operation. By powering trolleybuses on renewable energy through the same system, the
environmental costs of operating trolleybus network have the potential to be reduced to zero. Freight
transportation vehicles travel further distances in more polluting vehicles, therefore offering a transport
sector which this technology could be expanded into in the future to achieve greater GHG emission
savings.

Figure 5: The cost of trolleybus operation compared with other transport modes
Calculations—Total Calculable® Average Environmental Costs (from Available
Data) for Transit Vehicle Modes
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Electrlc Tbus Group (2010) Available at: http://www.tbus.org.uk/home.htm
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Potential for further development of wider application

Trolleybuses offer an alternative to cars and other internal combustion engine vehicles which are a
major source of particulate pollution in the street level atmosphere. Carbon dioxide and other
greenhouse gases that traditional road vehicles produce would be reduced as a result of a shift to
trolleybus travel.

The electric motors of a trolleybus allow it to climb steep hills more easily than diesel engines. As they
draw power from a central plant, trolleybus can be overloaded for several minutes without damaging
the vehicle. This advantage over diesel engines has prompted trolleybuses to be used in steep US
cities, such as San Francisco and Seattle. Trolleybus and trolley-truck technology can also generate
electricity through regenerative breaking.

The potential for trolleybuses to become a more prominent transport mode of the future has been
analysed by Gilbert and Perl (2008)lo who have analysed and proposed modal share for trolleybuses
by 2025. They propose that in the US, 500 billion tonne-kilometres could be moved by trolley-trucks,
drawing power from overhead wires along existing highways without the need for tracks. This mode of
travel would use less energy than battery trucks because there would be no energy losses due to
charging and recharging. A similar estimation is given for China to be able to use trolley-trucks by
2025.

Barriers to further development of wider application

Although trolleybus overhead wiring and traction can last for many years, the initial cost of
infrastructure is a potential barrier. However, the cost per mile is an order of magnitude less than for
an equivalent light rail or tram™. The financial barrier may however be overshadowed by the social
barrier of a changing city landscape and an aesthetic objection to overhead wiring. A commitment to
high quality provision as necessary for congestion reduction and allowance for high capacity vehicles
are additional barriers to a trolley-bus or trolley-truck network.

When overhead wiring is not available (due to a breakage or disaster), trolleybus networks have in the
past experienced severe delays due to long rerouting along alternative overhead cables. This would
be a major concern for a trolley-truck network of the future which might not be able to promise the
delivery of cargo. Trolleybuses also cannot easily overtake due to the restriction of being on a wire
network. These issues have been addressed in more recent hybrid systems, through an emergency
off-wire power alternative or even greater range-extended capability with larger electrical storage.

2.2 In-Road electric vehicle charging infrastructures

Concept: In-road vehicle charging

Developer: Ingenieurgesellschaft Auto und Verkehr (IAV),
DARPA and Korea Advanced Institute of Science Technology

Energy source: Electricity via electromagnetic fields
Development stage: Being developed. Patent in the US

f o Armature induction charging of moving electric vehicle
batteri eso i ndaqutisaccessiul pilotssthenea r

and environmental costs, in relation to Public Service Vehicles. Used as the basis for East London Transit
odoerational cost calculations by the Electric Tbus Group (2001). Available from: www.tbus.org.uk/calculations.doc
° Gilbert, R. and A Perl (2008) Transport Revolutions i 2025: Moving People and Freight Without Oil. Earthscan
2008. Available at: http://richardgilbert.ca/transportrevolutions/index.htm

11 In the UK, the typical cost for overhead line infrastructure for a trolleybus is around £1 million per km versus
£20-30 million per km for an equivalent trams system according to information from:
http://www.transportpolicy.org.uk/PublicTransport/AdvancedBuses/AdvancedBuses.htm#Trolleybus
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In-road vehicle charging technology charges electric vehicles through a process of electromagnetic
induction. An electromagnetic field extended along a driving lane and a level controlled armature
mounted on the underside of the body, allows the vehicle to straddle and traverse over a magnetic
field, thus charging an on-board battery. A bar-coding and scanner system would allow vehicles to be
appropriately charged for their recharging time. However, a prototype model to test the robustness of
such a charging system in adverse weather conditions or if the vehicle becomes dirty needs to be
thoroughly tested.

The in-road charging concept has been used and developed by a variety of institutions and
companies. The US DARPA (Defense Advanced Research Projects Agency) funded the PATH
program®? creating an in-road vehicle charging prototype in Berkeley, California which moves buses
along set tracks. Researchers at the Korean Advanced Institute Of Science Technology*® have been
able to achieve 80% efficiency with a 1 cm gap between the power strip and the vehicle charger.

The Germany company Ingenieurgesellschaft Auto und Verkehr (IAV“) have developed the
technology further and specialise in future vehicle generations™. IAV have looked at using the
technology on motorways, carrying out a successful pilot scheme to test the technology. IAV has
achieved 90% efficient transmission for electric vehicle charging from roads using recessed electrical
conductors that generate a magnetic field; activated only when the sensor detects that an electric car
is over the induction field™.

Potential impact on GHG emissions
The energy lost through inductive transmission is relatively low, at about 10%, mainly due to the

technologyés sensitivity to the di s Othenresearchezsst we e n

have reached 70-80% efficiency when the gap between the vehicle and the road is widened’. An
active suspension and opto-electronic measurement techniques could be used to ensure the optimum
distance is automatically controlled and the least amount of energy lost as a result. However, even
so, the drawback of such systems may be their relative energy inefficiency compared to direct
charging points which could potentially reduce the net benefits of electric vehicles. This could be the
case at least in the shorter term until sufficient quantities of (affordable) renewable/ essentially carbon-
neutral electricity is available.

Potential for further development of wider application

Electric vehicle charging has the advantage over other technology option that it is discreet and can be
incorporated into vehicles and roads without aesthetic compromise. In addition, in-road charging
would make vehicle batteries cheaper and lighter (potentially counter-acting to an extent the reduction
in net efficiency due to the higher energy losses from in-road charging systems).

Induction charging is also insensitive to weather conditions, and is free of mechanical wear. The
vehicleds inductive pickup mechanism is not vi
continue to enjoy the styling freedom to which they are accustomed.

Barriers to further development of wider application
Electrical machines for use in light rail applications (streetcar, tram) or electrical appliances are proven
and well developed, but could and should undergo extensive optimisation for use in the automobile.

Putting power strips underground is a costly infrastructure change but has been argued to be cheaper
than building charging stations in big cities where real estate prices are exorbitantly high. Researchers

2 pefense Advanced Research Projects Agency (DARPA) (2009) Available at: http://www.darpa.mil/

Bl hl wan, M ( 2 0 ehe-Go HestocrCara ' EBEx plenr Busimessvieek.Online. Korea: September 29,
2009. Available at: http://www.businessweek.com/globalbiz/content/sep2009/gb20090929 734418.htm

7\ (Ingenieurgesellschaft Auto und Verkehr) (2009) Available at: http://www.iav.com/en/index.php

51av (2009) Power from the street: Vision non-contact power supply of electric cars. Available at:
http://www.iav.com/de/index.php?we_objectiD=15760&pid=227

1% Christensen, B (2009) In-Road Electric Vehicle Charger. Published by Technovelgy.com. Available at:
http://www.technovelgy.com/ct/Science-Fiction-News.asp?NewsNum=2591

YI'hl wan, M ( 2 0 ehe-Go HestocrCaaa ' sE x @ re BusimessweeloQnline. Korea: September 29,
2009. Available at: http://www.businessweek.com/globalbiz/content/sep2009/gb20090929 734418.htm
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at KAIST have estimated that Korea would need to place underground charging strips beneath 30% of
its roads to make the system work across the country. Charging whilst travelling and when in traffic
jams means that smaller roads would not need charging facilities.

The University of California-Lawrence Berkeley National Lab developed similar research into this type
of in-road charging around 20 years ago but the technology has not had a commercial take-out. With
the rising price of oil, the technology potentially offers an alternative to fossil fuel reliance. However,
the technology is still being researched and has not been tested on a significant scale with electric
vehicles.

2.3 Self-drive vehicles

Concept: Autonomous or driverless vehicles

Developer: Stanford University, European Commission
EUREKA, DARPA (US)

Energy source: Electric vehicles

Development stage: Technology has been developed
since 1980s. Ability to drive and navigate vehicle well
tested but algorithms for advanced obstacle navigation
still taking place.

Research into driverless technology began in 1977 but it was not until the 1908s that research into the
field took off. The EUREKA Prometheus Project18 was the largest R&D project ever in the field of
driverless cars running from 1987 to 1995. In today's money it received more than 1 billion dollars of
funding from the European Commission, and defined the state of the art of autonomous vehicles.
Numerous universities and car manufacturers participated in this Pan-European project.

The DARPA Grand Challenge held in 2004 and 2005 is a prize competition for driverless cars.
Sponsored by the Defense Advanced Research Projects Agency (DARPA)19 of the US Department of
Defense, the event was the first long distance race for driverless vehicles. In 2007, DARPA held an
urban challenge, increasing the difficulty of the event by requiring vehicles to obey traffic rules and
navigate obstacles.

As well as the EUREKA and DARPA projects, driverless passenger car programs include the
i2getthered p a?% (s1sing theeFROG+rahgation tecisnology) from the Netherlands and
the ARGO research project from Italy*".

Potential impact on GHG emissions

Developing technology to allow vehicles to drive themselves has potential positive environmental
impacts due to improved overall efficiencies. Driverless technology means that cars on motorways can
be pooled together (more in Section 2.6), therefore reducing the environmental impact of several
vehicles. The concept is that by slowly decreasing the tasks for humans, vehicles will drive more
intelligently, making decisions based on the most efficient options. It is important to note that the fuel
type used for driverless vehicles has a key impact on the greenhouse gas savings associated with this
technology. Petrol and diesel vehicles have the greatest greenhouse gas saving potential from self-
drive technologies as they are the most effected by driving techniques. Smoother and more efficient

8 EUREKA Prometheus Project (2009) PROgraMme for a European Traffic of Highest Efficiency and

Unprecedented Safety,1987-1995. Available at: http://www.eurekanetwork.org/

YHardy, 1 (2009) ACutting traffic with driverless carsbo.
http://news.bbc.co.uk/1/hi/programmes/click_online/8236921.stm

9 Sustainable Mobility Solutions (2007) Available at: http://www.2getthere.eu/

2 Broggi, A (1996-2001) ARGO Project. University of Parma. Available at:

http://www.argo.ce.unipr.it/ARGO/english/
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