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Executive Summary

In recent years GHG emissions from the transport sector in Europe have continued to increase whist 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 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 project has collated the relevant evi denTtThese
options include the use of new, lower carbon technologies across all modes i cars, trains, ships and
planes. The main objective of this Task 9 Report IV is to examine the conditions, which will affect the
uptake of these technologies. This includes timescales for vehicle lifetimes and for the introduction of new
infrastructure. Barriers and opportunities for new technologies are also considered.

The paper suggests the following outcomes:

e Action needs to be taken now if full emission reduction from aviation, rail and shipping is to be
achieved by 2050. This is a result of the long lifetimes for these modes, as well as the time required to
design and build new technologies. Full use must therefore be made of retrofitting opportunities for
these modes.

or

e For alll modes, O6bunexpected davingsaneed o de fullhunderdstood and ifi ¢ e

possible reduced. This could include new technologies resulting in shorter lifetimes for vehicles or
vehicle components.

¢ Infrastructure for new fuels and to facilitate modal shift will also take time to implement. Land use
planning will be a key consideration here.

e The study identified a number of barriers and opportunities to the implementation of new technologies
including social and attitudinal and regulatory.

e Case studies suggest that the take up of new technologies has previously been achieved.
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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-
technicalit hat could contribute to reducing transpjportés C
period from 2020 to 2050. This paper focuses on the limitations to reducing GHG emissions from the
transport sector as a result of time lags arising from:

A Vehicle lifetimes;

A Technological deployment; and

A Infrastructure construction times.

Quantitative outcomes, where possible are identified, and will be used in the modelling of different
emission reduction scenarios. Barriers and opportunities for new technologies are also considered. .
The paper aims to provide a high-level summary of the evidence based on existing.

1.2 The contribution of transport to GHG emissions

The EU-2 7 6 s greenhouse gas ( GHG) awenbeensincreasimg ahd arxen t r an s |
projected to continue to do so. The rate of growth o
under mine the EUbs ef f oterhn GHG emissinme reductign datgetiftno action | ong

is 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 ~
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Source: European Environment Agency

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

! Graph supplied by Peder Jensen, EEA
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sectors have | evelled out or ha,emissiors gaverisen eteadilg c r e a s 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 98% of transportds GHG emissions.

Figure 2: Carbon dioxide emissions by sector EU-27 (indexed)?

CO2 Emissions * by Sector, EU-27

1990=1
1,40 1,40
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1,20 A 1,20
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—— Transport

Total —*— - Services, etc.

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) A0Otherodo emissions include solvent use, fugitive emissions, wa

The wvast majority of European transportés GHG emiss
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 1 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 TREN (2008) EU energy and transport in figures 2007-2008: Statistical Pocketbook Luxembourg, Office for
Official Publications of the European Communities.
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Figure 3:
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Greenhouse gases emissions by transport mode (EU-27; 2005)°
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Navigation
(domestic)
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Civil aviation
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Road
71%

Other
1%
International
aviation
10%

International
navigation
13%

Note: The figures include international bunker fuels for aviation and navigation (domestic and international)

Table 1: 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 25 905 980 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 810 988 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

e mi

SSi

ons i f current trends

total impact of aviation on climate change is currently at least twice as high as that from CO,

emissions alone, notabl v due

to ai

rcraftso

their 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.

% Graph based on figures in EEA (2008) Climate for a transport change i TERM 2007: Indicators tracking transport and environment in the
European Union EEA Report 1/2008, Luxembourg, Office for Official Publications of the European Communities.
* 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 (2005), ktoe®

O Motor spirit

B Gas diesel oil

O Other liquid biofuels
O Biodiesel

M Biogasoline

The principal source of transportodés 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 gas (LPG) supplies

around 2% of the fuels for the European passenger car fuel market (AEGPL, 20096), 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 htearger r
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: Routes to 2050i s t he Co mmiterm obctidedor | on g
tackling climate change, which entails limiting global warming to 2°C and includes the definition of a
strategic target for 2050. The Commi ssionébés President
the transport sector in this respect be nothe ng t hat
momentum towards a low carbon economy, and in particular towards decarbonising our electricity

supply and t he "tTheenaep\aniots resemtcpolicyr ndeasures 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

proj ect 0 saredbfines astta: v e s

- 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.

® Graph based on figures in DG TREN (2008), page 206

6 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&DocID=994

7 http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf
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Given the timescales being considered, the project will take a qualitative and, where possible, a
guantitative approach. The project has three Parts, as follows:

e Part I (6Review of the available informationd) ha:
reduce transportés GHG emissions, whilted,awléssn presen
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 11 (6l n depth assessment akdngderathovol oé€s fbraim
work of Part | together to develop alongt er m policy framework for reduc
emissions.

e Part |11 (60ngoing tasksd) covers the stakehol der

papers on subjects not covered elsewhere in the project.

As noted under Part I, 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 transportédés GHG en
o 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 f

1.4 Background and purpose of the paper

This paper AAn overview of the facttorisn tthtaeg tlri am g p oret
has been drafted under the Part | Ilhdretefmain dbjectivpisoj ect ,
to provide the Commission with ad hoc written support/briefings and concise analytical/discussion

papers on issues relatedtot he pr oj ect déds core wor k.

New technology options have been identified in other Papers under this project. The purpose of this
paper is to look at the conditions affecting the uptake of these technologies. This includes a review of

the lifetime of vehicles, and the time taken to develop new technologies. Barriers and opportunities
have also been considered, and case studies provided.

1.5 Structure of the paper

The structure of the paper is as follows:

e Section 2 covers a review of the average lifetime of vehicles, the turnover of the fleet and the
development of infrastructure.

e Section 3 examines barriers and opportunities for the uptake of new technologies.
e Section 4 consists of case studies which explore and consider the above themes.

e Section 5 is the conclusion, summarising key themes as they relate to deployment and impact
on greenhouse gas emission reduction.
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2 Review of evidence of turnover of the fleet
and development of infrastructure

2.1 Introduction

This section considers key issues as they relate to:

Average lifetimes of current vehicles and retrofitting possibilities
Evolution of vehicle lifetimes

Time required for vehicle model planning and design

Time required for development of infrastructure

GHG emission reduction T issues to consider and potential implications

An understanding and quantification of these issues is essential to determine how new technologies
could be deployed by mode, therefore helping us to understand the plausibility of different options on
a 2050 timescale.

2.2 Average and maximum vehicle lifetime

This section first considers the current average and maximum vehicle lifetime of different modes,
including cars, light commercial vehicles (LCVs), Heavy Goods Vehicles (HGVs,) rail, inland
waterway vessels, ships and aircraft.

In the majority of cases, vehicles are scrapped at the end of their lifetime, but in some (such as in the
aviation industry), they cease to be used in the EU and are exported for use in other countries.

In determining these lifetimes it should be noted that peer reviewed, up to date literature, on vehicle

lifetimes was relatively limited. This section therefore draws conclusions based on two sources types:

e The literature available; and

e Assumptions used in established forecasting models such as the UK MARKAL energy model,
TIMES and TREMOVE

The outcomes of this analysis are shown in Table 2. An explanation of the sources used is provided
in Annex 1 for each of the transport modes.

Table 2: Average vehicle lifetime by different mode

Mode Average and maximum vehicle lifetimes (years)
Cars (Gasoline) 12° potentially up to ~ 20
Cars (Diesel) 12 - 15° potentially up to ~ 20°
LCVs 10 ~ potentially up to~ 20™
HGVs 7 ~ potentially up to ~ 25"
Railway engines and carriages 35"

Inland water vessels No information available

Ships 28"

Airplanes 30"

Buses 12" potentially up to ~ 15

8 MARKAL suggests 12. TREMOVE base case suggests that in 2010 98% would be 20 years and under 82% 12 years and under.

° Source: IEA, Passenger light duty vehicles i Marginal abatement costs in WEO2009.
http://www.iea.org/weo/docs/weo2009/PLDV_Methodology & Sensitivity.pdf

' MARKAL suggests 10. TREMOVE base case suggests that for light duty vehicles in 2010 90% of vehicles would be 20 years and under, 54%
would be 10 years and under.

" MARKAL suggests 7 for HGV. TREMOVE base case suggests that in 2010 98% of heavy duty trucks would be 25 years and under. Around
40 to 45% would be 7 years and under. Note that the figures are for different types of heavy vehicles.

12 5ee Annex and note TREMOVE base case suggests that 90% of passenger trains are under 35 years old and 91% of freight trains.

'3 The lifespan of ships varies depending on the size, material and function of the vessel. Most ocean-going cargo ships have a life expectancy
of between 20 and 30 yrs. A sailboat made of plywood or fiberglass can last between 30 and 40 years. Solid wooden ships can last much longer
than this but require regular maintenance. Steel-hulled yachts that are carefully maintained can have a lifespan of over 100 yrs. See Annex.

4 See Annex also note http://www.airfleets.net/ageflotte/fleet-age.htm suggests that airlines fleets used in Europe would have a much lower
average age.

6
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Itis clear that larger modes 1 ships, planes and trains - have longer lifetimes than road vehicles.

It should also be noted that average numbers hide a wide variation and are UK focussed.
TREMOVE numbers, while illustrating maximum rather than average lifetimes help illustrate the
potential range.

2.3 Retrofitting possibilities

Retrofitting possibilities could help reduce the intensity of GHG emissions during the lifetime of the
vehicle. Possible retrofit options and the GHG emission reduction associated with them are shown in
Table 3. Given the long lifetimes of ships, planes and rail these retrofitting measures could make an
important contribution to GHG emission reduction.

Table 3: GHG Emission Retrofit Options
Mode Retrofitting options
Ships ™ Hull retrofitting e.g. adding %rids or optimizing the flow of

tranverse thrusters openings™' could save 1 to 5% and are
broadly applicable. Reduction of friction resistance using
modern hull coating could save up to 6%"®

Propeller and propulsion system upgrades e.g. application
of special tip shapes to the propeller can lead™® to a
maximum fuel saving of 4% on ship level.

Main engine i savings of ~ 2% could be achieved

Aviation For a very limited number of aircraft, there is a possibility of
fitting modern, quiet, fuel efficient engines®

APUbds could be rep’l aced with
Aerodynamics can be improved using winglets, wingtip
devices, riblets and the application of surface coatings to
reduce skin friction drag. Winglets can offer savings of 4%
to 6%. Riblets could offer savings of 2%.

Aeroplane interiors can be reconfigured, lighter seats can be
used

Rail Trains can be retrofitted with LED lighting to reduce their
energy consumption. Reductions in energy use associated
with air conditioning. It is suggested that a 4% saving in
electricity from heating and cooling could be achieved®.

Inland waterway Diesel Oxidation Catalysts (DOCs)*" can be installed on
inland waterway vessels.

2.4 Evolution of vehicle lifetimes

In terms of likely evolution of vehicle lifetimes and the average age of the vehicle there are a number
of issues to consider. These include:

1 Transport Travel Research (2008) Report for Passenger Transport Executive Group - Scenarios and Opportunities for Reducing GHG /
Pollutants from Bus Fleets in PTEs / SPT. TREMOVE basecase for 2010 suggests that 86% of vehicles would be 12 years and under and that
97% of vehicles would be 15 years and under

1% IMO (2009) prepared by Marintek, Norway, CE Delft, the Netherlands, Dalian Maritime University, China, Deutsches Zentrum fiir Luft- und
Raumfahrt e. V. (DLR), Germany, DNV, Nor way, Energy and En\iiFarplayment al Resear
Research, Sweden, Manchester Metropolitan University, UK, Mokpo National Maritime University (MNMU), Korea

, National Maritime Research Institute (NMRI), Japan, Ocean Policy Research Foundation (OPRF), Japan

" Hazeldine, Pridmore, van Essen and Hulskotte (2009) Technical Options to reduce GHG for non-

Road Transport Modes. Paper produced as part of contract ENV.C.3/SER/2008/0053 between European Commission

Directorate-General Environment and AEA Technology plc; see website www.eutransportghg2050.eu

8 Wartsila (2008) Boosting energy efficiency, Energy Efficiency Catalogue, September 2008.

19 Massachusetts Institute of Technology (2008) Evaluating Potential Measures to Reduce Aviation Fuel Consumption and Carbon Emissions
http://web.mit.edu/airlines/industry outreach/board meeting_presentation_files/meeting-nov-
2008/Bonnefoy%20Aviation%20Fuel%20and%20Emissions.pdf

% Christian Peckam, Interfleet Technology (2007) Improving the Efficiency of Traction Energy Use. Rail Safety and Standards Board.

2 http://www.dieselprogress.com/prod_detail.asp?pick=2342&from=P
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e The lifetime of new technologies

e The speed at which technologies penetrate the market; and

e The impact of changed patterns of vehicle ownership

e The impact of policy measures

These issues are considered in turn below.

2.4.1 The lifetime of new technologies

The lifetime of new technologies may differ from that of current vehicles. For example, for electric
vehicles there is the potential for the driving performance to diminish over the lifetime of the vehicle
quite significantly. A brand new plug-in vehicle that has a 60 mile range may only travel 40 miles by
the defi ned FHiwhctes shdw dégiadee performanke as they age, but the symptoms of
age for an electric car may be more pronounced and take some time for customers to accept than
other modes. This is likely to present issues for the success of the technology 1 if lifetime is in
unacceptable, it is unlikely that the technology will be successful. However, this issue with reduced
lifetime for electric vehicles can be partially addressed through the leasing of batteries rather than
owning them, ensuring that the performance of electric vehicles is not degraded as quickly as they
might have otherwise. Consequently, if electric vehicles have a significant market share in the future,
there could be an impact on the lifetime of fleets.

Reductions in the lifetime of new technologies for planes, rail and shipping is likely to be less of an
issue given the high costs associated with these modes mean that a key consideration is the lifetime
of the vehicle assets.

2.4.2 The speed at which new technologies penetrate the market

Vehicle lifetimes can be influenced by the development of new transport technologies. The speed at
which these technologies penetrate the market is therefore a factor in determining the likely evolution
of vehicle and fleet timescales. Penetration also strongly depends on the of
value of the product.

Estimates based on the share of vehicles complying with the various legislation classes suggest that
it takes at least 10 years for a new technology to penetrate the vehicle fleet in the EU, but that this
penetration is slightly quicker for diesel than for petrol cars. The European Environment Agency
(EEA) has used the share of passenger cars fitted with catalytic converters as a proxy-indicator for
the penetration of new technology into the market. For passenger cars, it has taken more than 10
years to reach a 72% penetration of this new technology (EEA, 200922). However, it should be noted
that the use of catalytic converters was required through the introduction of stringent vehicle
emissions legislation (a mandatory measure) and therefore cannot necessarily be indicative of
technology penetration as a voluntary measure.

In terms of others modes, the proportion of trucks, buses, coaches and aircrafts that comply with the
latest and most stringent emission standards is lower than for cars, although trucks often have
shorter lifetimes.

For aviation, rail and shipping, a key consideration is the lifetime of vehicle assets. Operators or
vehicle owners (if they are not one and the same) are keen to generate as much return on their
investment in the vehicles as possible. Therefore, unless there is a very strong business case for
replacing the vehicles or retrofitting new technologies they are likely to continue operating their
existing fleet. With lifetimes of planes, trains and ships are at around 30 years, the time taken for
technologies to fully penetrate the market will be significant. However it is worth noting the relatively
young age of aircraft which operate within Europe which suggests that for certain operators turnover

# EEA (2009) Proportion of the vehicle fleet meeting certain emission standards. European Environment Agency.
http://themes.eea.europa.eu/IMS/ISpecs/ISpecification20080704103528/IAssessment1225463928210/view_content
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may be higher than one would be expect™. This may be due to alternative ownership patterns such
as leasing.

2.4.3 Changed patterns of vehicle ownership

Since 1990, the average age of passenger cars in the EU has increased. This trend is partly
explained by the fact that households purchase new cars but retain the previous, older cars (there
has been an increase in the number of cars per household). This may also extend the lifetime of
older vehicles as they are not being used as extensively as they might have been in a single car
household.

One further aspect to consider is that vehicles that drive many kilometres may not last as long as
vehicles which drive less km.

Limited informat i on coul d be found on the export of
increase in these patterns of use could have important implications in terms of GHG emissions.

2.4.4 Impact of policy measures

There are policy measures that can impact on the lifetime of vehicles and their evolutionary course.
The adoption of import bans on certain vehicles, financial incentives and car scrappage schemes can
decrease the average age of vehicles. In the 1990s, several EU Member States introduced
scrappage schemes to improve the environmental performance of their car fleet including Greece,
Denmark, Spain, France, Ireland, Italy and Portugal23. Slovenia introduced a ban on second-hand
vehicles without a catalytic converter and on cars older than three year524. Other policy measures
that reduce the attractiveness of high GHG emitting vehicles could bring forward scrappage times.

However, results suggest that scrappage schemes will only have net benefits if future vehicles have
emission rates that are substantially better and if at the same time, the environmental impact of
vehicle construction and dismantling processes is reduced®. For example, if CO, emissions per km
for a new car decrease by 1.5% per year, and manufacturing is responsible for 15% of lifecycle
emissions, then scrapping a car when it is 10 years old is probably just about neutral in GHG terms.
Any shorter cycle and it would increase GHG. As use emissions decrease, manufacturing emissions
will be accountable for a greater overall share and scrappage schemes would be even less
advantageous. Recent research by IPTS® also suggests that the introduction of scrappage schemes
is not clear cut in terms of GHG emission reduction. It suggests that timing of scrappage schemes is
important in terms of GHG emission savings. From the research it could be implied that a key time
would be when emission savings from new technologies are at a maximum.

Currently (August, 2009) thirteen EU countries have put a fleet renewal programme in place, which
includes market incentives and car scrapping schemes. The drive behind the schemes is to soften
the impact of the recession and as well as reducing emissions.

There are other mechanisms to facilitate change®. These include:
e Changing the structure of annual vehicle taxation.
e Enhancement of inspection and maintenance programmes can render the operation of older
cars more costly and will therefore encourage their scrappage or replacement

2.5 Time required for vehicle model planning and
design

The time required for vehicle model planning and design are considered in the following sections.

% ECMT, 1999, Conclusions and recommendations on scrappage schemes and their role in improving the environmental performance of the car
fleet, CEMT/CM(99)26/FINAL, European Conference of Ministers for Transport, June 1999.

2 http://star.eea.eu.int
% Joint Research Centre Institute for Prospective Technologies Studies. Feebate and Scrappage Policy Instruments
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The time taken for design of vehicles is typically between four and seven years.

Hybrid Vehicle Technology

The concept of hybrid vehicle technology has only really become a competitive option for Japan, US
and European markets within the last decade. However, the journey of the hybrid technology
process is much longer, with the production of the Lohner Porsche car in 1901 cited by some as the
first hybrid vehicle. Created by Jacob Lohner & Co, the drivetrain of the Lohner Porsche could switch
between a gas and electric drivetrain®®. It was not however until the late 1980s that research into the
potential for hybrid vehicle technologies began to accelerate, partly as a result of the development of
the regenerative braking system. As the core design concept in most electric vehicles, this
automotive hybrid technology revitalised the potential for hybrid vehicles in the early 1990s, leading
to the development of the Honda | nsight and
passenger cars.

Globally, the most widely bought hybrid car is the Toyota Prius, hailed by the US Environmental
Protection Agency as the most fuel efficiency car on the US market in 20097 Challenged with
designing an environmentally friendly, fuel efficient car in 1994, Toyota spent 3 years designing and
developing the Prius before the first one was sold in Japan in December 1997. One of the main
obstacles in developing a market ready hybrid was ensuring the life of the battery was 7 to 10 years,
thus guaranteeing competitiveness with the non-hybrid alternatives. After 4 years of being tested on
the market in Japan, the Toyota Prius was sold in the US and European markets in 2001, 7 years
after it first started being designed. Since 2001, changes have been made to the model to improve
both its environmental and fuel efficiency which (alongside rising fuel prices) has significantly
increased the demand for the vehicle.

Plug-in hybrid electric vehicles (PHEVs) have become more widespread in the 2000s, allowing
drivers to drive solely by recharging their vehicle from the electrical power grid. Giving drivers the
option to travel short distances without the need for conventional fuel through this technology was
first seen in 2003 when the Renault Kangoo was released in France but is still in its infancy.

2.5.2 Aviation

The IPCC® suggest the following timescales for development and production of aircrafts:

0] Technology  development  preliminary/final | 5 to 10 years
design through aircraft certification testing

(ii) Successful production run 15 to 20 years

(iii) Aircraft lifetime 25 to 35 years

(iv) Total time span (i) through (iii) to retirement of | 45 to 65 years
aircraft series

More incremental improvements are also made within individual aircraft model designs over their
production lifetime i most significantly in the engines used to power the aircraft.

Concorde

Supersonic airline research in Europe began in 1956 and resulted in the British and French
Governments signing an international treaty for the joint design, development and manufacture of a
supersonic airliner six years later. The first prototype was rolled out at Toulouse in 1967, but it was

% http://www.hybrid-vehicle.org/hybrid-vehicle-porsche.html
UsS EPA (2209 M&shandieast Fuel Efficient Vehicles". United States Environmental Protection Agency and United States Department
of Energy. Accessed on 3 September 2009. http://www.fueleconomy.gov/feg/best/bestworstNF.shtml.
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not until 1972 that British Airways (then BOAC) ordered five Concordes for its fleet. Concorde made
its last commercial flight from New York to London on 24" October 2003.

In 1962 the total bill for the development of Concorde was expected to be between £150 million and
£170 million. In December, 1974, the cost to Britain and France of developing Concorde up to the
point at which it will enter airline service was then estimated to be £974 million. The three main
factors responsible for this sixfold increase are inflation, currency devaluation and design changes®.

Some have argued that t he Coegacyois iathe epperence gameadend
design and manufacture which has since become the basis of the Airbus consortium.

Airbus A380

Market demand for the Airbus A380 was first researched in 1991. Five years later, Airbus developed
the o6Large iAdmacrtbdét f®cuwus sresearch and fundin
Despite the A3XX model being commercially launched in 2000, it was not until 2007 that the Airbus
A380-800 was delivered to its first customer, Singapore Airlines. Over this seven year period,
components manufacturing started in 2001 with the first engine delivered in 2004. In order to
transport the huge components parts to Toulouse in France, surface transport links from France,
Germany, Spain and the UK were used in contrast to normal transportation of components by air.
After the development of the first engine in 2004 and the subsequent maiden flight in 2005, it took
another 2 years for the A380 to be ready for delivery due to certification processes and delays. The
delays were partly due to overall configuration management problems of the 530 km (330 miles) of
wiring in each aircraft®®.

With aviation vehicles, occupancy is an important condition for assessing the environmental impact of
a journey. When full, the fuel consumption of Airbus A380 is around 3 litres/100km/passenger which
is more efficient than many passenger cars (depending again on occupancy of the vehicle). Boeing
have calculated that the 787 will deliver fuel consumption of approximately 2.4
litres/100km/passenger, assuming average modal load factors, further improving consumption.

2.5.3 Shipping
Shipping development and construction timescales vary greatly depending on the size and function

of the vessel. A literature search revealed limited information on timescales, however, it could be
assumed given the complexity and size of the vessels they would be similar to those for aviation.

254 Ralil

An analysis of case studies suggests that timescales of around ten years for design and construction
are realistic. However, relatively limited information was available.

TGV

The TGV0O01 is a high-speed railway train built in France, it was commissioned in 1969 to begin
testing in 1972. Tests officially concluded in June 1978, though while operational the train never saw
commercial use, though it was integral to the design of other TGVs.

In November 2009, Hitachi announced plans to manufacture railway carriages to be used on
British tracks. The trains will replace existing high-speed models and are expected to be completed
by 2018. I.e. the construction is anticipated to be up to ten years. In total, Hitachi plans to build
1,400 hybrid carriages which will be run on lithium-ion batteries and will have diesel engines.

In the UK a fleet of eight Gatwick Express trains cost £50 million and took three years to design.

% http://www.concordesst.com/history/eh5.html#n

2 Kingsley-Jones, Max (18 July 2006). "The race to rewire the Airbus A380". Flight International.
http://www.flightglobal.com/Articles/2006/07/18/Navigation/252/207894/Farnborough+first+news+The+race+to+rewire+the+Airbus.html.
Retrieved 15" September 2009.
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2.6 Time required for changes in infrastructure

2.6.1 Introduction

Estimating the length of time required to secure all of the elements required with major infrastructure
works such as funding, the tender process, design, planning approval and the construction phase is
difficult. The following sections explore the timescale for a number of key infrastructure changes.
These relate to infrastructure changes which would help facilitate modal shift i high speed rail, light
rail, cycling as well as those required for new transport technologies for example hydrogen fuel
infrastructure.

2.6.2 High speed railways

A number of examples are provided below which suggest that from start to finish the development of
high speed infrastructure can typically take 11 to 15 years, but often much more.

e The UK government is currently exploring the potential to develop a high speed rail network
across the UK. While no timeframe for
estimated timeframe for delivering completion is 12 years (2015-2027).

e Taiwan recently built a single 215-mile high-speed passenger route for $15 billion. This
service commenced in 2007, but plans were formally approved back in 1993. ]This is based
on completely new infrastructure rather than changes in infrastructure.

e Inthe 1970s, SNCF (French National Railway) began the TGV high speed train programme
with the intention of creating the world's fastest railway network. It came to fruition in 1981,
when the first TGV service, from Paris to Lyon, was inaugurated.

e Railways in Italy are one of the most important infrastructure in the country, with c.
19,394 kilometres (12,051 mi) of track. Italy opened what is often regarded as Europe's first
high-speed rail route, the Direttissima, which from 1978 connected Rome with Florence
(254 km/158 mi); the major works were completed in the early 1990s.

e There is a high speed rail connection currently under construction to link Bologna and
Florence. Construction on this line started in 996 and it is due to open in October 2009,
amounting to a 13 year construction time.

e Construction on the Channel Tunnel, connecting France and Great Britain by rail under the
English Channel, began in 1988 and opened in 1994.

2.6.3 Lightralil

Timelines for large-scale rapid transit systems from inception to service launch and show the amount
of time city structures take to adapt are shown in Table 4. The length of time from inception to launch
varies from 7 to 9 years.

Table 4: Rapid transit systems development
Initial Permission Service Cost
proposals | granted commenced
Manchester Metrolink 1984 1988 1992 £42.5m (1989)
Tyne & Wear Metro 1971 1973 1980 unknown
Dockland Light Railway | 1980 1984 1987 £77m (phase 1)
(London)
Amsterdam Metro 1968 unknown 1977 unknown
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2.6.4 Cycling infrastructure

Timescales for the introduction of cycling infrastructure vary depending on the type and extent of
measure, and can often be linked to the provision of road infrastructure.

e The Copenhagen Cycle Track Priority Plan 2006-2016: the realisation of this plan
includes an addition 65 kilometres of cycle tracks.

e Exeterd slas a UK cycling town) infrastructure priorities for 2008 to 2011 include
extending cycle routes to communities outside the city, the creation of secure parking
facilities, continuing links to schools and employment areas plus a number of public
transport interchanges.

e Bristol (as the UK cycle city) includes over 50 infrastructure related schemes over the
time period 2008 to 2011.

2.6.5 Hydrogen fuel infrastructure

Developing a hydrogen fuel infrastructure for transport is essential for the uptake of this technology.
Structures to enable the delivery of fuel from the point of production or delivery with the point of
demand pose challenges in terms of time and cost. In developing a full hydrogen economy in the
future, production methods could be either centralised or distributed.

In a centralised system, energy generation and use need are separated for vehicular transport where
large-scale, centralized facilities with improved efficiency produce fuels. In a distributed structure,
small regional plants or even local filling stations could generate hydrogen using energy provided
through the electrical distribution grid. The production efficiency of a centralised system needs to be
compared with the benefits of shorter distribution distance in a decentralised structure. These options
need to be considered in the design and construction of hydrogen infrastructures.

Traditional natural gas pipelines have to either be coated on the inside or replaced to be able to carry
hydrogen fuel and avoid the hydrogen embrittlement of steel. Over 700 miles of hydrogen pipelines
have been built in the US. According to GM, 70% of the U.S. population lives near a hydrogen-
generating facility but has little public access to that hydrogen3°.

In 2003, California Governor set out a plan for a hydrogen infrastructure for 2010. This vision was to
build a "hydrogen highway" composed of 150 to 200 fuelling stations spaced every 20 miles along
California's major highways. Currently, only 24 hydrogen fuelling stations are operating in California,
most of them near Los Angeles.

2.7 GHG emission reductions T issues to consider

This section considers a range of issues associated with the potential GHG emission reductions that
could be gained through the use of new technologies. In terms of the impact of these changes on
GHG emissions, issues include:

e Patterns of vehicle ownership and use;

e GHG emissions associated with vehicle manufacture

2.7.1 Patterns of vehicle ownership and use

In terms of GHG impact one aspect is that new cars, which are typically more efficient, are likely to
be driven greater distances than older cars. New cars do more of the mileage, but because they are
more fuel efficient the GHG impacts are lower than with older vehicles. Data from TREMOVE

% Gross Britta K, Sutherland lan J, Mooiweer Henk (December 2007). "Hydrogen fueling infrastructure assessment" (PDF). General Motors
Research & Development Center. http://www.h2andyou.org/pdf/10Things.pdf. Retrieved 2008-09-19.
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suggests that O6younger vehiclesd may be used
vehicles and 38% of vehicle kilometres™'.

Figure 2.1 shows the number of passenger cars per 1,000 inhabitants in the EU-27, USA and Japan
between 1990 and 2006. There has been a steady increase within the EU-27 Member States, rising
to 466 passenger cars pr 1,000 inhabitants. Between 1990 and 2005, the number of cars per
inhabitant in the EU-27 grew at an average of 1.9% per year, higher than both Japan (1.6%) and the
USA (0.4%).

Figure 2.1: Number of passenger cars per 1,000 inhabitants - EU-27, USA and Japan, 1990 to 2006
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Car ownership per 1,000 inhabitants in the EU-27 has steadily increased since 1990 (1.9% annual
average). However, this growth is not typical across all Member States, and differs quite
considerably. 15 of the 27 Member States displayed motorisation rates below the EU average, and of
these 15, more than half were new Member States, whose stock grew considerably between 1990
and 2006. Some of the highest rates could be found in Germany (565), Italy (597), France (504) and

mor e.

the UK (471), which had the largest stocks and together accounted for 62% ofthe EU-2 76 s t ot al

of cars in 2006. Furthermore, there has also been an increase in the number of households, which
may also change car driving and ownership patterns.

Different types of ownership also need to be considered for example 50 % of new passenger cars
sold in the EU are company cars. In terms of penetration of new technologies this should be taken
into consideration.

The use of car clubs and car sharing could also play a role in changing travel behaviour. Car clubs
are effectively short-term (for example one to two hours) car hire schemes. Cars are typically
distributed throughout cities and can be booked at short notice though the internet or over the phone.
Car mileage can reduce substantially with reductions of between 28%° (Ryden & Morin 2005). and
72%> ((Mulheiun & Reinhardt 1999).

* TREMOVE http://www.tremove.org/documentation/index.htm

%2 Ryden, C. & Morin, E. 2005, Mobility Services for Urban Sustainability Environmental Assessment Report, WP6, European Mobility Services
for Urban Sustainability, Trivector Traffic AB, Stockholm.

% Mulheiun, P. & Reinhardt, E. 1999, "Car-sharing i the Key to Combined Mobility", World

Transport Policy & Practice, vol. 5, no. 3.
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2.7.2 GHG emissions associated with vehicle manufacture

Vehicle replacement has the potential drawback of increasing the amounts of energy and materials
used for vehicle construction, dismantling and recycling34. For private vehicles emissions are
currently as follows™:

e Production (production, logistics and energy) is approximately 10%

e Vehicle use (CO, from distance driven and after market functions) is around 85% and

e Recycling (CO, from managing end of life vehicles) is approximately 5%

In the future the use of new vehicle technologies and fuels will change this contribution. A study by

Ecolane® illustrates (Figure 2.2)that a p as s e n geeissionsdg/kd)svaryCgeatly during its
vehicle manufacture, operation and fuel production processes according to the type of fuel used.

Figure 2.2: CO; emissions for different fuel production for different stages of the life cycle
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The Argonne model*” calculated energy usage and GHG emissions for the entire fuel & vehicle life
cycle, which includes the vehicle cycle, the fuel cycle, and the vehicle operation stages and thus
providing a comprehensive view of energy use and emissions.

Results for energy use (Figure 2.3) show that per-mile total, fossil and petroleum energy use for light-
weight vehicles (HEVs and FCVs types) is significantly lower than that for conventional internal
combustion engine vehicles (ICEV), and that vehicle operation energy usage account for more than
65% of total energy usage during the entire fuel & vehicle life cycle.

34

http://themes.eea.europa.eu/Sectors_and_activities/transport/indicators/TERM33%2C2003.09/TERM2003 33 EEA31 Average age of vehicle
fleetfinal.pdf

% SMMT (2009) Reference

% Ecolane (2006) Life Cycle Assessment Of Vehicle Fuels and Technologies. Report for the London Borough of Camden

%" The Argonne model Argonne National Laboratory, Energy Systems Division (2006). Development and Applications of GREET 2.7 8 The

Transportation Vehicle-Cycle Model. Argonne, lllinois, 124 pages.
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Figure 2.3 Energy for different vehicle types
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As for GHG emissions, shows that for conventional internal combustion engine vehicles, CO,
emissions during the vehicle operation phase account for over 70% of the total fuel and vehicle life
cycle emissions, while for hydrogen-fuelled vehicles there are no CO, emissions during the vehicle
operation phase.

Figure 2.4 CO; emissions for different vehicle types

AEA used SimaPro Life Cycle Analysis software to provide information on the CO, emissions
associated with the manufacture of planes and ships, reflecting that there was limited literature
available on lifecycle analysis for these modes. SimaPro suggested that:

Manufacture of planes is around 4% of GHG emissions

Manufacture of ships is around 2% of GHG emissions

This would reflect the longer lifespan and greater use of these modes.
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