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Executive Summary

In the field of transport and GHG emissions, many other reports have tried to model or develop
scenarioswithr espect t o how t r an sighdetefdbsanddl Bdueethintsthei o n s
future. These studies include the identification of the options that might have to be taken up, and

policy instruments that might have to be introduced, in order to achieve this reduction.

The aim of this report is to provide an overview of the main long term scenario studies on the EU
transport sector (up to 2030/2050) which include GHG emissions. By summarising and comparing the
scenarios developed before some context is provided to this project in general and the illustrative
scenarios produced in particular.

In this paper more than twenty scenario studies relating energy use and CO2 emissions and transport
in the more distant future were reviewed. The studies differed greatly in approach, methodology and
objective. Even when the studies were broadly similar, there remained a large number of degrees of
freedom in presentation and aggregation of the data. This dissimilarity made a direct comparison of
the visions described in the studies difficult. In some cases it was possible to convert the presented
information to a common format enabling quanitative comparison.

The studies show that if no action is taken on top of current agreed policy (usually referred to as the
business as usual or BAU scenario) the total global GHG emissions for all sectors are expected to
increase by 150 - 200% compared to 1990 levels. Also most scenarios which assume additional
measures and policies to be implemented (reduction or vision scenarios) expect an increase in the
overall global GHG emissions compared to 1990 levels. Only a minority of the scenarios show a
decrease of global GHG emissions compared to 1990 levels and only one scenario approaches 80%
reduction.

Global transport emission trends in the vision scenarios show reductions of the same order of
magnitude as the total of all sectors. This is in disagreement with statement in most of the studies that
transport reductions will lag behind. A possible cause for this discrepancy is that many of the back-
casting studies assume common reduction targets for all sectors and therefore automatically arrive at
common reductions without taking into account optimisation of costs. An alternative explanation might
be that in the long run the cost effectiveness of GHG reduction in various sectors converge.

The overall emissions in the EU in BAU scenarios are expected to increase less than the global
emissions and more or less stabilise. The total EU emissions in the vision scenarios are expected to
decrease to a greater extent than worldwide emissions but not all vision scenarios achieve a decrease
of emissions compared to 1990 levels. Studies achieving a EU wide reduction of 80% compared to
1990 levels are rare. A general consensus is that Europe will be a forerunner in emission reduction.
Transport emissions in the EU are expected to increase less in the BAU scenarios than the world
average while reduction scenarios are expected to reduce more than the world average. In the
reduction scenarios. Similar to the global emissions, also for the EU most studies assume that
transport will have its fair share in these reductions.

Besides the emission trends as such, various studies also present data on transport demand trends, a
key driver for GHG emission growth. It was also possible to compare the trends in carbon intensity
various studies assumed.

Transport demand is universally expected to increase. The median increase for modes except
aviations is around 200%. Aviation is assumed to increase by far more (up to 400%). Some scenarios
incorporate demand reduction policies but even then overall demand is expected to increase. Demand
reduction instruments tend to be expected (and required) to curb growth, not reduce overall demand.

More than half of the vision scenarios assume that the carbon intensity improvements due to
technological innovation will outrun demand increase, leading to an overall decrease in emissions
relative to the current level. Road transport is expected to continue to dominate in both passenger and
freight transport. However most studies exclude international/intercontinental shipping and aviation,
two large sources of CO, emissions. This omission leads a bias in the reduction potential estimations.
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Technical options are expected to have a major share in emission reductions. Three quarters of all
studies envisage a leading role for technology in reducing emissions. It should be noted that this may
be related to the fact that for these options more data is available than for non-technical options. Most
technological options concern road transport and in passenger transportation most innovations are
expected. An autonomous improvement of about 20% is expected. The total reduction potentials in the
reduction scenarios are generally less than 50%.

Of all technical options biofuels are the most popular, especially in freight transport and aviation. This
is mostly due to the lack of other (innovative) solutions in these transport segments. More than half of
the studies disregard (or ignore) the current issues regarding the sustainability of biofuels and
question of where the fuel comes from and how much is available.

Of the non technical optionsmodal shift (or HfAgreater intermodalitybo
have the highest potential but not more than several percent. Most studies assume that both
passenger and freight transport will remain mostly an automotive affair.

With respect to policy, all studies agree that to achieve a significant reduction, international
cooperation is paramount. Scenarios incorporating global cooperation score best in reduction potential
and global cooperation is seen as the obvious course of action. Policy as a means to stimulate
innovation and technical development is seen as a necessity for reaching reduction targets. Fuel
efficiency targets or CO, emission targets can help the industry to reach its full potential but these
instruments should be technologically neutral. Emission trading systems or CO, taxes can be
beneficial if applied fairly and in a way not to restrict economic development.

Finally, most studies emphasize that immediate action is required to achieve the more ambitious
reductions. Ifwedon ot A a significard necuctions may be not realized or the reduction cost may
increase dramatically.
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1 Introduction
1.1 Topic of this report

This report is one of the reports drafted under the EU Transport GHG: Routes to 20507 It focuses on
transport projections and scenarios to 2050.

This report has been presented in draft form to a Technical Focus Group meeting (at which
stakeholders were present) in February 2010 after which it has been updated on the basis of the
discussion at the meeting and the comments and further evidence that has been received, as far as
possible within time constraints.

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 growth of transpor:
the EUb6s efforts tterm @GHGemisspo ieductionitaagkets if no actiog 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)1
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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 |l evelled out or h ayemissioesdave risencteadily c r e as 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.

! Graph supplied by Peder Jensen, EEA
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Figure 2 Carbon dioxide emissions by sector EU-27 (indexed)2
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Notes:

i)  The figures include international bunker fuels (where relevant), but exclude land use, land use change and forestry
ii)  The figures for transport include bunker fuels (international traffic departing from the EU), pipeline activities and
ground activities in airports and ports
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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 Greenhouse gases emissions by transport mode (EU-27; 2005)3
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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 1990 2000 2010 2020 2030 2050
Catergory

Road transport 695 825 905 980 1,002 1,018
Rail 29 29 27 27 21 20
Domestic 86 134 179 206 237 244
Aviation

Inland navigation 21 16 16 17 17 17
Total 810 988 1,110 1,213 1,260 1,299

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 if current trends continue
total impact of aviation on climate change is currently at least twice as high as that from CO, emissions

alone, notabl y due t o aircraft g)dandewatersvapow rinstheio f ni tr
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.

3 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.

4 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), ktoe5
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The principal source of transportds GHG ethgjipst®li ons i s
(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 larger role in providing thetr ans por t sectorb6s ene
future, currently theyonlycont r i but e 1. 1 %iqudffueltudee sect or ds |

1.3 Background to project and its objectives

The context of the EU Transport GHG: Routes to 2050i s t he Co mmi-terma obgectidedor | 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 ssionds President
the transport sector in this respect be noting that the next Co mmi s si on fineeds to mai
momentum towards a low carbon economy, and in particular towards decarbonising our electricity
supply and the "t Theren &re warots recentc polecy measures 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 controling 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 transportoés GH
- ldentify by when we need to take action and what this action should be.

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

® 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

7 http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf

4
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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 informationo) h a s
reduce transportdés GHG e tedia a $eoen of Papersh(l to b), amdaissin pr es en
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 (6ln depth a@a$sdsamemwtor &and ocr @atlii@ery makingd
work of Part | together to develop along-t er m policy framework for reduc
emissions.

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

papers on subjects not covered elsewhere in the project.

As noted under Part Ill, stakeholder engagement is an important element of the project. The following

meetings were held:

e A large stakeholder meeting was held in March 2009 at which the project was introduced to
stakeholders.

e A series of stakeholder meetings (or Technical Focus Groups) on the technical and non-technical

options for reducing transportés GHG emissions. The
e A series of Technical Focus Groups on the policy instruments that could be used to stimulate the
application of t he options for reducing transpor

September/October 2009.
e 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

Within this project hiigph 0l evelf ufiiulrleu s@GHG tri evdeu cstci eonnasr
European level are developed. Many other reports have tried to model or develop scenarios with

respect to how transportds GHG emissions might be red
of the options that might have to be taken up, and policy instruments that might have to be introduced,

in order to achieve this reduction.

The aim of this report is to provide an overview of the main long term scenario studies on the EU
transport sector (up to 2030/2050) which include GHG emissions. By summarising and comparing the
scenarios developed before some context is provided to this project in general and the illustrative
scenarios produced in particular.

1.5 Approach

Many scenario studies exist in the field of transport and GHG emissions. Different types of scenarios
have been developed, which differ significantly with respect to their geographical scope, the coverage
of economic sectors and within the transport sector the coverage of transport modes. In addition
various methodologies are applied for making projections.

In this study, first a selection has been made of available scenarios, based on a set of criteria. In
parallel a fact sheet template has been developed for gathering the main results from the scenarios.
This approach has been chosen to compare the main assumptions and results of the various scenario
studies in a structured way. Based on the fact sheets, this report has been developed.

151 Selection of scenarios

In this report, we do not pretend to cover all possible scenarios, though we aimed at gathering the
most relevant ones. Since there were a large number of different studies available, but finite budget it
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was necessary to limit the review to a selection of the most relevant to this project. In order to develop

a focused list of studies we built a long list of relevant studies for consideration and then selected the

studies according to the following criteria. Studies were selected that

e concern itself with the future sustainability of energy use, emissions or energy supply;

e project further than 2020;

e take into account transportation;

e have a geographic scale larger than just one country (we later augmented this and added three
national studies for comparison)

A number of additions to a first draft selection were suggested by stakeholders and the resulting list
was sent around to check for any obvious omissions. The full list can be found in chapter 4.

1.5.2 Development and analysis of fact sheets

After the selection of studies, factsheets were developed that summarised the principal information
relevant to this project. The intention was to make a factsheet containing directly comparable
information on each study. However, this proved to be impractical due to the great dissimilarity of the
presented information. It was therefore decided to make each factsheet into a miniature summary
containing all the relevant data as presented in the study.

We then used the factsheets to aggregate the information from the studies in order to make the results
of the analysis more comparable. This aggregated set was analysed and the results are presented in
this report. The fact sheets can be found in Annexes B to W.

1.6 Structure of the paper

The report is structured as follows. The next chapter gives an overview of the studies that were
analysed and lists their basic characteristics (such as outlook year, geographic scope and projection
method).

Chapter 3 analyses the global and European emissions for the transport sector and the total
emissions for all sectors. It covers what the scenarios expect in the case of business as usual (BAU)
and in the case special effort is put into reducing CO, emissions. Henceforth we will call the latter the
VISION scenarios.

The reduction potentials of specific transport modes and sectors are discussed in chapter 4. Both
technical and non-technical options from the studies are included, as are policy instruments to
facilitate their use.

Finally in chapter 5 the conclusions from the other chapters are reviewed and put into context. In the
appendix a list of studies used for each graph or table in this rapport can be found. Also included are
the factsheet-summaries of all the studies.
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2 Overview of studies
2.1 Introduction

In this chapter the studies that have been analyzed are listed and characterized:

e List of studies (section 2.2).

e What types of projections have been used (section 2.3).

e What overall assumptions (e.g. main demographical assumptions) were assumed in the various
studies (section 2.4).

2.2 List and scope of selected studies

The table below lists the studies that have been included in the analysis.

Table 2 List of studies

projec
tion projection
Nr. | Study Scope | sectors year method
1 | Pathways to 2050. Global | All 2050 Backcasting from concentration
WBCSD, 2005 sectors
2 | Climate Change 2007: | Global Not 2100 Forecasting
Synthesis Report. IPCC, transport
2007 specific
3 | Back casting approach EU Transport | 2050 Extrapolation of trends to 2050, and
for sustainable mobility. backcasting to determine measures
EC,2008
4 | European Climate Global/ | All 2050 Global emissions: Back casting
Change Policy Beyond EU sectors from concentration, Transport
2012. WEC, 2009 emissions: Extrapolation of trends
5 | Foresight for Transport; EU Transport | Not Extrapolation of trends in drivers,
A Foresight Exercise to clear forecasting on influence of non-
Help Forward Thinking transport factors and policies on
in Transport and mobility and transport.

Sectoral Integration.
ICCR et al., 2004

6 | Long-Range Transport France | Transport | 2050 Forecasting on the basis of

Plan i Horizon 2050. socioeconomic criteria
CGPC, 2006

7 | Roads toward a low Global Passenge | 2030 Baseline defined by extrapolation of
carbon future: Reducing r vehicles trends; influence of measures set
CO, emissions from against baseline.

passenger vehicles in
the global road
transportation system.
McKinsey & Company ,

2009
8 | Shell Energy Scenarios | Global Not 2050 Extrapolation and/or forecasting of
to 2050. Shell, 2008 transport trends

9 | Transport technologies Global Transport | 2050 Forecasting
and Policy Scenarios to
2050. WEC, 2007

10 | A sustainable energy EU All 2050 Back casting
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system in 2050: promise sectors
or possibility? ECN,2007
11 | Strategic Rail Research | EU Rail 2020 Not listed
Agenda 2020.
ERRAC,2007
12 | World Energy Global All 2050 Forecasting with economic model
Technology Outlook 1
WETO H2. EC, 2007
13 | Getting into the Right EU All 2050 back casting
Lane for 2050. PBL,
2009
14 | TRANSvisions Task 2 | EU Transport | 2030- Forecasting with model including
AQuantitatiwv 2050 socio-economic and logistic models
Mobility scenarios
toward a post-carbon
societyodo MCR
15|AVery Long T Global All; focus | 2100 back casting
Energy-Environmental transport
Model. VLEEM
Consortium, 2005
16 | Blueprint Germany, a German | All 2030- combination of back casting and
strategy for a climate y sectors 2050 forecasting
safe 2050. WWF, 2009
17 | International passenger | Global Passenge | 2050 Forecasting with economic model
transport and climate r cars
change: A sector
analysis in car demand
and associated CO,
emissions from 2000 to
2050. Meyer et al., 2007
18 | Energy Technology Global All 2050 Back casting from concentration
Perspectives. IEA, 2008 sectors
19 | Green4Sure. CE, 2007 Netherl | All 2030 Back casting from reduction target
ands sectors
20 | World Energy Outlook global & | Transport | 2030 Extrapolation of trends for
2009. OECDI/IEA, 2009 | regional reference scenario. Reduction
scenario: back casting from
concentration.
21 | Road Transport EU Road 2030- Analysis of other studies: no
Scenario 2030+ Transport | 2050 specific method used
ERTRAC, 2009 and also
aviation &
shipping
22 | RECIPE, 2009 Global All 2050- Back casting from concentration
1EU sectors 2100
2.3 Types of projections

Three types of projections were seen in the studies
Back casting from a reduction target
Forecasting by modeling (economic) development

Forecasting by projecting current trends
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The most common projection method in the reduction scenarios was back casting. The target used
differed between studies. Some reduction scenarios were created using the Forecasting by modeling
approach. These tend to project less far into the future. For the BAU scenarios both the forecasting
methods were used, sometimes together.

2.4 Overall assumptions of the selected studies

The analysis of the scenarios in this report is focused on the CO, reduction in transport (see next
chapters). In analysing the various studies, also the general assumptions and trends of the various
scenarios were compared. From this we conclude that there seems to be consensus about the
following:

e The population of the earth will be around 9 billion by 2050.

Most people will be living in urban environments.

The population in the EU and VS will consist of a higher fraction of older people.

The GDP will rise and be decoupled from energy consumption and emissions.

influence.
e The oil price will rise (but the amount is unclear. The range is $ 30 to $ 200 per barrel.

With respect to the other sectors, most studies assume a great deal of power generation can be done
without emitting CO,. Biofuels and Coal with CCS are important technologies. Nuclear energy plays a
smaller role but most studies assume that it will grow (i.e. be necessary). Among the sectors Power
generation is the most important sector in reducing emissions. On the one hand this is due to the fact
that in this sector the most cost efficient reduction methods are thought to exist as well as the
possibility of capturing emissions with CCS. On the other hand the demand for electricity is likely to
increase with the further electrification of transport.

There willbeas hi f t in GDP distribution with more focus

(O



Review of projections and scenarios for transport in 2050 EU Transport GHG: Routes to 2050?

AEA/ED45405/Task 9 Report V Contract ENV.C.3/SER/2008/0053

3 Comparison of trends in total CO,
emissions

3.1 Introduction

In this chapter we compare the various scenarios with respect to the total CO, emissions. We
distinguish the trends in CO, emissions of the whole economy (section 3.2) and the same trend for the
transport sector (section 3.3). Finally, in section 3.4, we draw the main conclusions.

3.2 Emissions for all sectors

3.21 Methodology

The studies presenting data on global emissions do so in very different formats. To enable comparison
the results have been aggregated and unified. This was not possible for all studies, it should therefore
be noted that in the graphs only studies are included for which the presented information could be
converted to a comparable format with reasonable certainty.

The data was converted to present the CO, emissions relative to 1990 levels. This entailed the
following conversion methods:

e From Gt CO, to Gt Carbon or visa versa.

e From absolute emissions to relative emissions.

e From relative emissions to a different base year.

Conversion 1 was done based on the molecular weight (CO, = 44, Carbon = 12). In some cases the
data was reported as weight CO, while in fact the unit was weight Carbon or visa versa. Due to the
large difference in values it was in some cases possible to correct these obvious errors where needed.

The second and third conversions were based on data from the study at hand if these were available.
If not then general figures for the historical emissions were used.

The demand comparison in paragraph 3.3.3 was made using general demand statements from the
studies and comparing them with transport emissions. There were few data sources so the
comparison combines results from multiple categories (for instance total transport, road transport and
aviation).

3.2.2 Global emissions
Global emissions from the scenarios are presented in Figure 5. The BAU emissions and the vision
scenarios are not always from the same study. They are mixed to give an overall impression of the

increase or decrease of emissions.

This graph shows that the BAU global emission trends of the various scenarios differ significantly,
ranging from 170% to 420% in 2050 compared to the 1990 level.

The vision scenarios show in most cases lower increase of CO, emissions, but in many cases not

below 1990 the level. Please note that studies that only present data on energy use, but not on CO,
emissions could not be included here.
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Figure 5 Global CO; emissions relative to 1990 levels for all sectors
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3.2.3 European emissions

Review of projections and scenarios for transport in 2050
AEA/EDA45405/Task 9 Report V

Also for Europe, some of the studies present the CO, emission trends for the whole economy. Of the
studies included in the analysis, only studies Shell (2008) and EC (2007) presented absolute
European emissions for all sectors.

Figure 6 European CO; emissions relative to 1990 levels for all sectors
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Studies included: Shell, 2008; EC, 2007

The BAU for total CO, emissions in Europe do not show the strong increase as we saw for the global
trends, but are more or less stable until 2050.

In the vision scenarios, the total CO, emissions in Europe decrease in all cases, but as for the global
trends not to the long term targets.
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The projected CO, reduction in Europe is low compared to the BAU scenario, but relatively high
compared to the global reductions. This corresponds with a common opinion within the reviewed
studies (EC, 2007; WEC, 2009; CGPC, 2006; ECN, 2007; PBL, 2009; RECIPE, 2009) that Europe will
play a leading role in emission reduction. Study Shell (2008) is an exception. This study expects the
Afcurrent policy of supporting investment in the U.S.
change.

The most ambitious reduction in the studies is 60% compared to 1990 levels. This is not in agreement
with the current expectation that 80-95% reduction is required by 2050.

3.3 Emissions of the transport sector

Transport is the only sector where the current trend is that emissions increase. This is partly explained
by its continual increase in demand and the fact that reducing emissions is eligibly hard or more
expensive in transport.

Studies presenting data on more sectors than just transport generally agree with this proposition. The
power sector is commonly referred to as the sector where the largest reductions are possible
(WBCSD, 2005; ECN, 2007; EC, 2007; IEA, 2008; OECDI/IEA, 2009). There are also scenarios that
propose that transport can and will realise an equal share in reductions (for instance Shell, 2008; PBL,
20009).

In studies that assume a large share of electric or hydrogen driven cars these two opinions are linked

(for instance Shell, 2008). If the power generation sector also provides the power used in the transport
sector the advances in power generation propagate into transport emission reductions.

3.3.1 Global transport emissions

Global transport emission projections differ in approach from more regional emission prognosis
because they incorporate the expected increase in car ownership in countries such as China and India
and the changes in the more developed mobility markets of the EU and northern America.

There are sectors in the world where vehicle fleets are thought to increase 13 fold (Vleem Consortium,
2005) whilst other sectors might see a stabilisation or even reduction of vehicles.

The following figure shows the worldwide transport emissions in the BAU and reduction scenarios
(again only for the studies in which these data are included).

12



EU Transport GHG: Routes to 2050? Review of projections and scenarios for transport in 2050

Contract ENV.C.3/SER/2008/0053 AEA/EDA45405/Task 9 Report V
Figure 7 Global transport emissions compared to 1990 levels
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When comparing this figure with Figure 5 there is no great difference in reduction ambition or
expectation. The global average of transport emissions is expected to progress in a similar way as the
average of the emissions of all sectors. This is in disagreement with the proposition that transport will
lag behind in emission reduction.

One reason for the discrepancy is that a large part of the studies reviewed assumed evenly distributed
emission reduction targets combined with the back casting method. Studies that used (cost) modelling
and optimisation methods tend to agree with the general assumption that reduction in transport is
more difficult or costly to achieve and will therefore lag behind.

3.3.2 European transport emissions

In Europe and the US, society is already highly reliant on automotive transport. Although there have
been improvements in vehicle efficiency (with particular recent focus on cars), transport emissions are
currently still growing, as increase in demand outstrips the rate of fleet efficiency improvements. The
projections for the future are shown in Figure 8 for a number of studies. As an additional reference for
the BAU case the TREMOVE (EC,2010) data have been added.
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Figure 8 European transport CO, emissions relative to 1990
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Transport emissions in Europe are expected to increase less in the BAU scenarios than the world
average and reduction scenarios are expected to reduce more than the world average. This seems to
assume a leading role of Europe in (transport) emission reduction.

Reductions in the transport sector are also in the same order of magnitude as reductions for all
sectors in the EU for the reduction scenarios. Notably only one study assumes 80% reduction
compared to 1990 levels (PBL, 2009).

3.3.3

Transport demand

The general opinion is that transport demand will increase. At the same time volume reductions are
presented as an option for reducing emissions. A number of studies provide information on transport

demand. This is summarised in the two tables below:

Table 3 Demand increases per transport segment in the BAU scenario

Transport| Outlook | Demand
segment year increase
aviation 2050 455%
freight 2020 120%
freight 2030 143%
freight 2050 255%
Passenger| 2020 112%
Passenger| 2030 135%
passenger| 2050 200%

Studies included: EC,2008; PBL, 2009; MCRIT, 2009
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Table 4 Demand increases per transport segment in the VISION scenarios

Transport| Outlook | Demand
segment year increase
aviation 2050 3009
aviation 2050 1909
aviation 2050 3209
freight 2020 1039
freight 2020 1439
freight 2030 1439
freight 2050 1709
freight 2050 1509
Passenger 2020 1109
Passenger 2020 1349
Passenger 2030 1359
Passenger 2050 1509
Passenger 2050 1609
Passenger 2050 2209

Studies included: WBCSD, 2005; EC,2008; CGPC, 2006; MCRIT, 2009

An increase of demand does not automatically mean an increase of emission. To explore the general
consensus on this matter it is useful to first look at the relation between transport demand and
transport emissions. A small number of scenarios provided data on both. Figure 9 shows the relation.
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Figure 9 Relation between transport demand and emissions
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The transport emission axis states CO, emissions relative to 1990 levels and the transport demand
axis provides relative demand information, however the base year of these demand values is unclear
as most studies are not as accurate in presenting their demand projections as they are in presenting
emissions.

The yellow line represents the coupling between demand and emission. It mirrors the case where

there is no technological improvement. Most BAU scenarios follow the yellow line. The vision

scenarios all lie to the left of the line and above 100%. This means that technology improves (driving

efficiency) and demand increases. In all scenarios demand increaseseventhough fidemand r educt
is included as a non-technical option (i.e. projected increases in transport demand outweigh measures

to mitigate/reduce the demand).

The visions scenarios where technology improves more than demand increases and emissions drop
(compared to 1990 levels) slightly outnumber the scenarios with the opposite and thus resulting in an
overal l i ncr eassgemigdonst ransportoés CO

3.4 Conclusions

With respect to global emissions we can conclude that:

e BAU emissions are expected to increase by at least 150% compared to 1990. Increases of more
than 200% seem likely

e There is no clear separation between BAU and reduction scenario emissions. The highest
reduction scenario emissions predict emissions that are similar to the lowest (most optimistic) BAU
results. This is a result of both the different choices in BAU scenarios (some assume unrestricted
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growth while others assume continuation of the trend towards emission reduction policy) and the
difference in ambition level of the vision scenarios between studies.

e Very few studies report decreases in emissions compared to 1990 levels. Only one scenario
approaches 80%.

Global transport emissions show reductions in the same order of magnitude as global emissions for all
sectors (in both BAU and reduction scenarios). This is in contradiction with the more qualitative
general assumption that the transport sector will lag behind in reduction because reductions are more
difficult or expensive in transport and it is likely that reductions will be achieved first where they are
more cost-effective.

For the EU transport emissions, the following can be concluded:

e BAU scenarios indicate an increase around 150%.

e Not all vision scenarios show a reduction compared to 1990 levels.

e Transport emissions in Europe are expected to increase less in the BAU scenarios than the world
average and reduction scenarios are expected to achieve more than the world average.

e Reductions in the transport sector are also in the same order of magnitude as reductions for all
sectors in the EU for the reduction scenarios. This is possibly the result the fact that many of the
reviewed studies use the back casting method with equal reduction targets for all sectors. Cost-
optimised studies of the whole energy system show different results.

e Only one study assumes 80% reduction compared to 1990 levels

e Europe is expected to be a forerunner in emission reduction

General conclusions about demand and emissions are:

e Transport demand is projected to increase by up to 200% in total and possibly more (upto a factor
4) for aviation®

e If no actions are taken then there will be little decoupling between demand and emissions

e More than half of the vision scenarios assume that technology improves faster than demand
increases, resulting a net emission decrease.

® This is in agreement with (AEA, 2009) which projects that emissions increase by a factor of around 3
for shipping and 4 for aviation. fi
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4 Trends in transport carbon intensity and
CO, reduction potentials

4.1 Introduction

In this chapter we compare the various scenarios with respect to the CO, reduction potentials of
specific reduction options and policies.

The reduction potential is most often used to represent an allocation of the overall reduction to certain
policies or technologies. For technology options it is mainly used to provide insight into the importance
of development of a certain technology and of the necessity of early investment. Attribution of
emission reductions to policy measures is more difficult and harder to define. Few studies attempt it.

For technological options two sets of information are stated. Reduction potential (as defined above)
and application volume (for exampl e: Aiin 2050
This volume by itself provides no information on the emission reduction but does give insight into the
effort required to reach the reduction potential.

The largest part of the studies only mentions which technologies or policies are important or will be
required without attributing the emission reduction to specific measures. This can provide information
on the Apopul arityo graphsbgotvweoattesnptomuhntify this indicator.p ar a

4.2 Trends in carbon intensity for passenger, freight
and aviation

Most scenarios show an improvement of the carbon intensity (gram of CO, per tonne-km or
passenger-km). In some cases it was possible to calculate the changes in the carbon intensity for a
transport category based on reductions and demand predictions. We managed to distinguish:

e Passenger transport

e Freight

e Aviation

Most EU studies include only aviation within the EU and not international aviation. International
shipping and aviation are often neglected or excluded in global studies as well. This causes a focus on
road modes in most studies.

The following figures show the carbon intensity expected by autonomous development (BAU) and the

carbon intensity in the vision scenarios. They reflect the total reduction potential per passenger-km or
tonne-km.
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Figure 10 Autonomous development by 2030-2050
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Figure 11  Visions on reduction for 2030 - 2050
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4.3 Methodology

For each of the studies we scored the potential reduction for technical options, non technical options
and policy instruments. The way in which the information on these matters was presented differed
greatly between studies. Although we scored as disaggregated as possible we were unable to make
meaningful comparisons directly.

Some data was convertible to emissions (per unit of demand such as tonne km) relative to 1990
levels. We distinguished three segments of the transport sector: Aviation, freight and passenger
transport. Aviation mostly consists of passenger flights and some studies reporting passenger
transport might also include aviation.

Freight and passenger transport often consist mainly of road transport with very little consideration for
rail and shipping. Again is was not always clear whether the latter two were included.

Other studies provided reduction potential per unit of demand but without reference or share. These

are presented in Figure 12. The emission data was converted in the same format and presented
alongside it.

19



Review of projections and scenarios for transport in 2050 EU Transport GHG: Routes to 2050?
AEA/ED45405/Task 9 Report V Contract ENV.C.3/SER/2008/0053

Only a fraction of the studies provided information that was comparable and converted in these

figures. To give some insight in the options taken into account by the bulk of the studies we scored the
fipopul arityodo of the technical options. Wis @ major e r an
contributor to reduction we incremented its score. The results are presented in paragraph 4.4.3.

For the non technical options and policy instrument such a comparison could not be made. The
options and their share and potential are described qualitatively.

4.4 Technical options

44.1 Reduction potential

Occasionally a scenario allocates its total reduction to reduction options itself. These results have
been categorised into:

e Passenger potential

e Freight potential

e Total Technical potential

The next figure shows the reduction potential for these categories.

Figure 12  Technical reduction potential in transport
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Studies included:
WBCSD, 2005; EC,2008; WEC, 2009; CGPC, 2006; McKinsey & Company , 2009; MCRIT, 2009; VLEEM Consortium, 2005;
WWEF, 2009; Meyer et al., 2007; IEA, 2008; CE, 2007; ERTRAC, 2009

Please note that the percentages in the axis are not identical to most percentages in this study. These
are not emissions relative to 1990 levels but reduction potentials (ie. Passenger transport will become
20% more energy/emission efficient)

The studies that provide data on aviation (WBCSD, 2005 and CGPC, 2006) show a reduction potential
between 70% and 80%. These reductions are expected to be achieved using biofuels and high
efficiency aeroplane technology. Even with these very large reductions overall emissions from aviation
are expected to increase due to the explosive growth of demand.

Reduction potentials for passenger and freight show a similar bandwidth (between 20% and 75%) with
technical options ranging from hybridisation/electrification and improvements to the internal
combustion engine to use of low carbon fuels such as hydrogen and biofuels. Most studies agree that
reductions are cheaper and easier to realise in passenger transport than in freight, but the figure does
not show any difference between these segments upto 2050. The datapoints for 2100 do show a
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difference between freight and passenger transport. It is also noteworthy that these very long term
projections are not much more ambitious than some of the 2050 or even the higer 2020 potentials.

The large range can be partially explained by differences in presentation of the data. Some studies
incorporate emission savings due to biofuels into the technical potential, others only regard technical
changes to the vehicles. Some studies may even combine technical and non-technical options (like
modal shift) to an overall reduction potential. It is not always clear which options are included and
which are not nor to what extend they are applied.

4.4.2 Application volume

The volume of a technology is a good indicator of how integrated into society it is and how well
developed it needs to be to make this viable. Sadly too little data was available in a compatible format
to give insight into a complete set of technologies. What can be concluded is that there is little
agreement between studies. The following figure shows the spread of application volume between
three passenger car technologies.

Figure 13 Fleet penetration of car technologies
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Studies included: WBCSD, 2005; McKinsey & Company , 2009; ECN,2007; EC, 2007; ERTRAC, 2009

Hybridisation can in some cases be included within technical improvements of the internal combustion
engine and within other cases in electrification (e.g. plug in hybrids).

There is a lively debate between hydrogen fuelled cars and electric vehicles (EVs). There are twice as
many scenarios that rely on electrification as the low carbon solution of the future (McKinsey, &
Company, 2009; Shell, 2008; OECD/IEA, 2009; ERTRAC, 2009) then there are scenarios that
envision hydrogen to become dominant (WBCSD, 2005; ECN, 2008). Most studies expect both to
make their contributions (EC, 2008; EC, 2007; PBL, 2009; Vleem Consortium, 2005; WWF, 2009;
RECIPE, 2009). There are scenarios that specifically say that no breakthrough in EV technology will
occur (ECN, 2007). In the most recent analysis by IEA the hydrogen only scenario has been
abandoned, mainly due to the failure of hydrogen technology to live up to expectations and the greatly
increased development in electric vehicles during the last few years.

4.4.3 Relative importance of options

While not many scenarios give compatible data on the potential of the technological solutions they
prescribe many give qualitative indications of which technology will be paramount and which will not
be. In an attempt to quantify the myriad of qualitative arguments the following graphs were generated.
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We scored how often a technical measure was mentioned as having a significant share in the overall
solution. We then categorised the measures as follows:

Technology solutions
Fuel efficiency
o Improved ICE
Weight reduction
Aerodynamics improvements
Energy efficient air-conditioning etc
Hybridisation
e Low carbon fuels

o Hydrogen

o Biofuels
o Gaseous fuels
o electrification
o
M

0o
0o
0o
0o

Coal liquefaction
obility management (its)
e Soft Measures

o0 Vehicle maintenance

o Driver support/coaching

o Infra/information

o Logistics/business model
Where the bold categories presented totals of the other categories. Figure 14 and Figure 15 show the
results in percentage of studies that mention the measures.

Figure 14 Popularity of general technical measures
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Figure 15

Popularity of specific measures
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4.4.4 Qualitative observations

Many of the studies focus their discussions about technical options on road transport (EC, 2008;
WEC, 2009; McKinsey & Company, 2009; EC, 2007; WWF, 2009; Meyer et al., 2007; OECD/IEA,
2009; ERTRAC, 2009). Some of these distinguish the results for other modes (for instance EC (2008)
and WWF (2009)), but not all. Studies with a more detailed distinction (PBL, 2009; Vleem Consortium,
2005; IEA, 2008) tend to describe the most innovative options for passenger road transport. This is
also valid for studies with less quantitative descriptions of potential. The reductions in passenger road
transport are most often attributed to innovation while the reductions in freight are more often due to
the use of biofuels (bio-diesel) in conventional vehicles.

The production of biofuels is often not discussed. Many studies imply that the biofuels used are
sustainable biofuels, but production methods or competition with food and biodiversity are often not
mentioned. The studies that have performed optimisations and modelling of more than just the
transport sector and discuss availability of recourses tend to be more careful in deploying biofuels and
also tend to provide more details on sustainable agriculture.

Not all studies report whether tailpipe emissions are used in the projections and calculations of
reduction potential or whether the emissions from the production chain are also attributed to the
vehicle (well to wheel). Studies that cover more sectors than just transportation also generally either
use well to wheel emissions for transport or at least report what happens with the production
emissions of the fuels. Not all studies dealing with only the transport sector are equally clear. Most
state or imply that production emissions are included. We have assumed that if not stated otherwise
well to wheel emissions were presented.

Possibilities for innovation in freight are universally expected to be less than for passenger transport.

Technical options for non-road modes are rare and only ERRAC (2007) describes them in a detalil
level comparable to that of passenger road transport.
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The general opinion seems to be that there is more room for improvement (ie. reduction) in the
passenger segment than in freight. This opinion is not in agreement with the quantitative analysis in
paragraph 4.4.1. Again this might be a result of the back casting method combined with equal
reduction targets.

Reduction for rail and shipping (excepting modal shift) seems to be expected to be lower than from
road (EC, 2008; ERRAC, 2007; IEA, 2008; OECD/IEA, 2009; ERTRAC, 2009). Only 13 expects
reductions for non road modes to be at par with road transport. Technical improvements (like high
speed rail and improved comfort for passenger transport and improved intermodality for freight) are
expected to cause modal shift from road or aviation. The emission reductions from this move are
sometimes added to the road reductions. Data on the scale of these reductions is limited. PBL, 2009
reports that modal shift and demand reduction together contribute 15% of the overall reduction. Modal
shift potential in freight is generally limited (in the order of several percent of the overall reduction).
Modal shift in passenger transport can range from increased use of public transport (also in the order
of a few percent) and shift to self propelled modes (1,5%).

Shift from aviation to high speed rail is reported to have a greater effect by two studies (WWF, 2009
and IEA,2008). In the latter 25% of all air travel under 750km is shifted to high speed rail. This is
assumed to be 5% of all air travel. In total about 3% of the baseline emissions can be saved by model
shift towards high speed rail.

445 Conclusions

Based on the analysis in the previous paragraphs the following conclusions can be stated:

e Both passenger and freight are expected to show an autonomous improvement of 20% (reduce
carbon intensities to 80% of 1990 levels)).
The majority of reduction potentials stated in the scenario studies are less that 50%.
Qualitatively most studies agree that passenger transport is expected to be able to reduce its
emissions more than freight transport. The quantitative analysis in this report shows equal
potential.

e There is little agreement on the future application volume of technologies.

e Three quarters of all studies assume a leading role for technology in achieving emission
reductions.

e Most technical options that are modelled or reported in detail concern the road modes and most
innovations are expected in passenger road transport

e Most studies assume a significant share in the CO, reductions for biofuels sustainable and non-
food-competitive biofuels

4.5 Non-technical options

Not all available options depend exclusively on technology. The studies that provide more detailed and
comparable data on reduction potentials are more focussed on technology (EC, 2008; EC, 2007; IEA,
2008; OECD/IEA, 2009). In these studies the non technical options are generally less developed than
the technical options or completely omitted. The studies that do go into non-technical options provide
less quantitative details. As a result, reduction potentials for non-technical options are rarely presented
in quantitative comparable form. The non technical options are often described qualitatively along with
the policy instruments with which they are to be achieved.

In general we can distinguish six non-technical options that are often mentioned:
Improvement of spatial planning.

Improved logistics.

Change in travel behaviour.

Fuel efficient driving.

Modal shift.

Demand reductions.
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Some of these options are closely linked and may overlap. For example improvements of spatial
planning can be a requirement of improvements in logistics or cause a change in travel behaviour and
model shift. | n f act the option fichange in travel beh
of Modal shift, Demand reductions and (less frequently) Fuel efficient driving.

A common assumption (for instance EC, 2008; ERTRAC, 2009) is that in the future a greater portion
of the popul ati on wupltd80% bfvhe poputation af the worlda stueyaEBRSRAC
(2009)) and closer to urban centres of activity. This in turn is assumed to improve logistics in freight
transport and cause modal shift (EC, 2008; WBCSD, 2005; CGPC, 2006; Vleem Consortium, 2005) to
public transport and self propelled modes (more cycling and walking) in passenger transport.

Fuel efficient driving is mentioned qualitatively by (EC, 2008; McKinsey & Company, 2009) and is
expected to have only a small impact (1-2,5% reduction). Other studies include fuel efficient driving in
the increase in efficiency of the internal combustion engine.

Modal shift is commonly discussed separately for passenger and freight transport. For freight
transport, rail and shipping are popular options but almost all studies agree that road transport will
continue to dominate. Greater intermodality in freight transport is also described as an improvement in
logistics (PBL, 2009; OECDI/IEA, 2009; ERTRAC, 2009). Study Vieem Consortium (2005)
distinguishes modal shift (road share of freight transport) for each of the world regions and observes
that there are great differences in the share between regions (33-96%).

For passenger transport a shift to public transport and self propelled modes is often expected (EC,
2008; WBCSD, 2005; CGPC, 2006; PBL, 2009; Vleem Consortium, 2005) but the majority of studies
ignore public transport and assume short range transportation to remain an automotive affair. Modal
shift from aviation to High speed rail is most commonly described in the European studies, while
demand for air travel is expected to increase by all (except WWF, 2009)

On the whole transport demand is expected to increase as is evident from Figure 9. Demand reduction
as a method of reducing emissions, especially in passenger transport is not uncommon (PBL, 2009;
MCRIT, 2009; WWF, 2009; RECIPE, 2009). In WWF, 2009 the cause of the reduction is the aging
population of Germany. Others envision a more policy driven reduction. The scale of the reduction is
not often presented. PBL, 2009 is an exception. In the vision scenario modal shift and volume
reduction together are assumed to be responsible for 15% of the overall reduction. A more general
opinion is that demand reduction policies do not reduce demand in the absolute but curb growth.

4.6 Policy instruments

Three different types of policy information are presented in the studies:

e Specific policies (support production of 4 million hydrogen fuelled cars by 2020)
e General policies (stimulate the introduction of low carbon technologies

e Advice on how to make policies (instigate technology neutral stimulation policies)

There were few studies that provided specific policies, the general policies and advising statements
were more common and often used in conjunction.

The single most commonly stated general policy was that of international cooperation. Almost all
studies assumed it as a necessity for significant reductions. In studies with more than one reduction
scenario the vision with strong international cooperation uniformly showed the greatest reduction. No
study provides clear advice on how this international cooperation is to be obtained.

Support (in the form of investments or subsidies) for research and development and the stimulation of
the introduction of low carbon technologies that are not initially cost effective are the next two popular
general policies. These are mentioned by about half the studies and often together. Many studies
advice that these stimulations should be technology neutral (among others WEC, 2007; ECN, 2007;
ERTRAC, 2009; RECIPE, 2009) to allow the market to choose the most appropriate technology.
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An other popular approach for stimulating technology is the formulation of fuel consumption standards
or CO, emissions standards for vehicles (EC, 2008; WEC, 2007; WWF, 2009; IEA, 2008; CE, 2007;
OECDI/IEA, 2009; ERTRAC, 2009; RECIPE, 2009). The general consensus is that these regulations
should be stable in the long term so that private investors can anticipate and the market can choose
the Awinningo t ecBGNp20@W gBA, 200G8,RECIPENZ20@9R n c e

As a general policy many studies advocate some form of additional internisation of the cost of
emissions with a (global) emission trading system (WEC, 2009; Shell, 2008; MCRIT, 2009;
OECDI/IEA, 2009; RECIPE, 2009) or CO, tax (WWF, 2009; IEA, 2008; OECDI/IEA, 2009; RECIPE,
2009). These systems can help achieve reduction goals and assure that reductions take place in the
most cost efficient way. But they should be fair and not economically restrictive.

Three studies contain scenarios with demand reduction policies (PBL, 2009; MCRIT, 2009; RECIPE,
2009) but the overall demand is expected to increase regardless.

Finally, many studies stress the need for swift action if the more ambitious reductions are to be
achieved (WBCSD, 2005; WEC, 2009; ECN, 2007; PBL, 2009; MCRIT, 2009; WWF, 2009; IEA, 2008;
OECDI/IEA, 2009; RECIPE, 2009). All studies convey some sense of urgency, but this may be a
property of scenario studies in general.

46.1 Conclusions

From the previous paragraph the following aggregation of common themes in the analysed studies

can be made:

e To achieve a significant reduction international cooperation is paramount. Scenarios incorporating
global cooperation score best in reduction potential and global cooperation is seen as the obvious
course of action.

e Immediate action is required to achieve the more ambitious reductions. fwe dondét respond

we might not realize a significant reduction or the reduction will cost a lot more to achieve

e Stimulation of research and support for developing technologies can force breakthroughs that are
necessary for reaching reduction targets

e Fuel efficiency or CO, emission targets can help the industry to reach its full potential but these
instruments should be technologically neutral

e Emission trading systems or CO, taxes can be beneficial if applied fairly and in a way not to
restrict economic development

e Transport demand will increase regardless of demand reduction policies.

26



EU Transport GHG: Routes to 2050? Review of projections and scenarios for transport in 2050
Contract ENV.C.3/SER/2008/0053 AEA/ED45405/Task 9 Report V

5 Conclusions

5.1 Expectations

What can be expected to be the result of an overview such as this? In the best case there is a good
deal of agreement between studies and the results can be combined into one big study that presents a
vision of the future and the measures to be undertaken to achieve that future.

Another possible outcome is a playing field where there is some agreement but strong disagreement
on a few topics. This can give further insight into the nature of the argument and force an outcome or
facilitate further research.

Or the results can be as diverse as the assessed studies numerous. In this case very little can be
concluded about the future, but more can be said about the difficulty of fore (back) casting and the
diversity of viewpoints of the issues at hand.

The assessment in this paper seems to place itself somewhere between the latter two possibilities. In
the next paragraphs we will attempt to draw conclusions on the aggregated results from the assessed
studies.

5.2 Conclusions on the trends and reduction potentials

If no action is taken the total global emissions for all sectors are expected to increase by at least 150%
compared to 1990 levels. Increases of 200% or more seem likely. Even if we do act, only a few
reduction scenarios achieve a decrease in emissions compared to 1990 levels and only one scenario
approaches 80% reduction. Global transport emissions show reductions of the same order of
magnitude as the total of all sectors.

For the EU the reductions of the transport sector are also in the same order of magnitude as the
reductions in total emissions. And although the BAU emissions in the EU are expected to increase
less than the global emissions and the emissions in the vision scenarios are expected to decrease
more than worldwide emissions, not all vision scenarios achieve a decrease of emissions compared to
1990 levels. Only one scenario achieves 80% reduction (and that is a back casting studyg). On the
whole Europe is expected to be a forerunner in emission reduction.

Transport demand is expected to increase by up to 200% and more for aviation (up to 400%). If no
action is taken there will be little decoupling between demand and emissions. More than half of the
vision scenarios assume that technological carbon intensity improvements will outrun demand
increase, leading to an overall decrease in emissions relative to the current level. Some scenarios
incorporate demand reduction policies but even then overall demand is expected to increase. Road
transport is expected to continue to dominate in both passenger and freight transport. However most
studies exclude international/intercontinental shipping and aviation, two large sources of CO,
emissions. This omission leads a bias in the reduction potential estimations.

Technical options are expected to have a major share in emission reductions. Three quarters of all
studies envisage a leading role for technology in reducing emissions (though in some cases
stimulated by policy). Most technological options concern road transport and in passenger
transportation most innovations are expected. An autonomous improvement of about 20% is
expected. The total reduction potentials in the reduction scenarios are generally less than 50% . Of all
technical options biofuels are the most popular, especially in freight transport and aviation. This is
mostly due to the lack of other (innovative) solutions in these transport segments.

° PBL, 2009

27



Review of projections and scenarios for transport in 2050 EU Transport GHG: Routes to 2050?
AEA/ED45405/Task 9 Report V Contract ENV.C.3/SER/2008/0053

Of the non technical opti ons madsdnantost scanarfos expeated tofi gr eat e
have the highest potential but not more that several percent. Most studies assume that both
passenger and freight transport will remain mostly an automotive affair.

With respect to policy, all studies agree that to achieve a significant reduction, international
cooperation is paramount. Scenarios incorporating global cooperation score best in reduction potential
and global cooperation is seen as the obvious course of action. Policy as a means to stimulate
innovation and technical development is seen as a necessity for reaching reduction targets. Fuel
efficiency targets or CO, emission targets can help the industry to reach its full potential but these
instruments should be technologically neutral. Emission trading systems or CO, taxes can be
beneficial if applied fairly and in a way not to restrict economic development.

Some demand reduction policies are mentioned but demand is expected to increase regardless. Most

studies emphasize that immediate action is required to achieve the more ambitious reductions. If not,
significant reductions may be not realized or the reduction cost will increase dramatically.
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A Studies Included in the Figures

A.1 Figure 5 Global CO, emissions relative to 1990 levels for all sectors

WBCSD, 2005
IPCC, 2007
WEC, 2009
Shell, 2008

IEA, 2008
OECD/IEA, 2009
RECIPE, 2009

A.2 Figure6 European CO, emissions relative to 1990 levels for all sectors

Shell, 2008
EC, 2007

A.3 Figure 7 Global transport emissions compared to 1990 levels

WBCSD, 2005
ECN,2007

Meyer et al., 2007
IEA, 2008

IEA, 2008

A.4

EC,2008
CGPC, 2006
EC, 2007
PBL, 2009
MCRIT, 2009
EC,2010

A.5 Figure 9 Relation between transport demand and emissions

WBCSD, 2005
EC,2008
CGPC, 2006
PBL, 2009
MCRIT, 2009

A.6 Figure 10 Autonomous development by 2030-2050

WBCSD, 2005
EC,2008
CGPC, 2006
PBL, 2009
MCRIT, 2009
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A.7 Figure 11 Visions on reduction for 2030 - 2050

WBCSD, 2005
EC,2008
CGPC, 2006
PBL, 2009

A.8 Figure 12 Technical reduction potential in transport

WBCSD, 2005

EC,2008

WEC, 2009

CGPC, 2006

McKinsey & Company , 2009
MCRIT, 2009

VLEEM Consortium, 2005
WWF, 2009
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IEA, 2008

CE, 2007
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A.9 Figure 13 Fleet penetration of car technologies

WBCSD, 2005

McKinsey & Company , 2009
ECN,2007

EC, 2007

ERTRAC, 2009

A.10 Figure 14Popularity of general technical measures

ALL

A.11 Figure 15Popularity of specific measures

ALL

A.12 Table 3 Demand increases per transport segment in the BAU scenario

EC,2008
PBL, 2009
MCRIT, 2009

A.13 Table 4 Demand increases per transport segment in the VISION scenarios

WBCSD, 2005
EC,2008
CGPC, 2006
MCRIT, 2009
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B Strategic Rail Research Agenda 2020

ERRAC,2007
Strategic Rail Research Agenda 2020
Brussels : European Rail Research Advisory Council (ERRAC), 2007

B.1 Scenario Summary

The background of the research is to improve the railways in all respects for the benefit of its citizens
and wider society. The analysis shapes a vision for the future of railways, taking into account a long-
term framework for the 2020 horizon. The priority areas suggested are technological advances
(Intelligent mobility) energy and environment, personal security, infrastructure development, strategy
and economics.

B.2 Context

The context behind the preparation of the Strategic Rail Agenda is that the environmental benefits of
rail in a European transport environment driven by carbon trading will raise political expectations that
rail shall take a much increased share of passenger and freight transportation than at present. Hence,
the European railways must be prepared for eventualities such as global warming and the need to
assume a greater role in the transportation of people and goods, and have developed strategies for
dealing with these issues on a continental scale.

B.3 Scope

The analysis provides the indication of priority research areas to 2020, without the indication of
scenarios or quantitative evaluations of the potential gains in terms of carbon emissions.

The priority areas are the following:

e Enhanced environmental advantages of the rail mode: Reducing emissions, including
electromagnetic emissions. Adapting noise attenuation techniques to differing networks ahead
of emerging standards.

Improved performance of rolling stock: Developing new and advanced vehicles concepts
using innovative materials and production processes and benefiting from economies of scale

e Improved performance of infrastructure: Developing innovative solutions to significantly reduce
the life cycle costs of high value infrastructure assets.

Enhanced competitiveness: Increasing the performance of products, improving production
processes and reducing life cycle costs with the aim to improve the economic attractiveness of
the rail transport mode.

Exploring IT technologies to develop sufficiently high-quality services and implementing
overall intelligent mobility concepts

The analysis is carried out by the European Rail Research Advisory Council (ERRAC), an advisory

body to the EU Commission representing Member States and all stakeholders in the sector ranging
from operators to infrastructure managers.

B.4 Wider assumptions

The assumption behind the Agenda is that the overall transport demand would grow by 40 per cent for
passengers and 70 per cent for freight by 2020 compared with 2000.

Projected Modal Split 2020 (per cent, EU 25):
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