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1 Introduction

1.1 Topic of this paper

This paper analyses existing scenarios with time horizons of 2050 and beyond as a starting
point for the analyses on specific developments in the transport sector. The paper starts
from the scenarios of the latest IPCC assessment report as developed in the IPCC Special
Report on Emission Scenarios and links these to the transport scenarios as developed by in
the latest IEA Energy Technology Perspectives report.

The paper derives the emission reductions that are needed in the transport sector against
the background of the developments in other sectors and source categories. The paper
clearly shows that additional measures are needed above those assumed in the respective
scenarios, to meet the ambitious targets of overall 80% reductions of greenhouse gas
emissions, relative to 1990, that are foreseen for 2050.

1.2 The contribution of transport to GHG emissions

TheEU-276s greenhouse gas (GHG) emissions from t
projected to continue to do so. The rate of growth of tr ansport 6s GHG emi ssi
potenti al to under mi ne t he E&mmn6&HGeemitsom redsictiano me e
targets if no action 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
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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,

! Graph supplied by Peder Jensen, EEA
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emissions fromothers ect or s have |l evelled out or have be
emissions have risen steadily 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,emi ssi ons represent 98% of transpo

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

CO2 Emissions * by Sector, EU-27
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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

iii) iothero emissions include ssdandagricultiese, fugitive emissions,

The vast majority of European transportos GHG
as illustrated in Figure 3, while international shipping and international aviation are other
significant contributors.

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)

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.

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 695 825 905 980 1002 1018
Rail 29 29 27 27 21 20
Domestic Aviation 860 134 179 206 237 244
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
the IPCC has estimated that the total impact of aviation on climate change is currently at
least twice as high as that from CO,e mi ssi ons al one, notably
nitrogen oxides (NO,) and water vapour in 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®
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The principal sour ce of transportds GHG emi s
Currently, petrol (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, 2009°), while the main source of energy for railways in
Europe is electricity, neither of which are included in Figure 4. While, alternative fuels are
anticipated to play a | arger role in providir
currently they only contribute 1.1% of the sec

1.3 Background to project and its objectives

The context of the EU Transport GHG: Routes to 2050 i s t he Commi-termi on o6 s
objective for tackling climate change, which entails limiting global warming to 2°C and

includes the definition of a strategic target for 205 0 . The Commi ssionds Pr e
recently underlined the importance of the transport sector in this respect be noting that the

next Commi ssion fineeds to maintain the momentu
particular towards decarbonisingourel ectri city supply &fdhkkrearbe tr
various recent policy 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 controlling GHG emissions from
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.

®> 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

" http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf
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- Deal with medium- to longer-term (post 2020; to 2050), i.e. moving beyond recent focus

on short-term policy measures.
- Ildentify what we know about reduciweglorott anspol
- Identify by when we need to take action and what this action should be.

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

e Partl (6Review of the available informationd)
options to reduce transportés GHG emissions
(1 to 5), and is in 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 (6l n depth assessment and creation
bringing the work of Part | together to develop a long-term policy framework for reducing
transportds GHG emi ssions.

e Part 11 (60Ongoing tasksbo) covers the stakel
additional 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:

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

nonte c hni cal options for reducing transportod
July 2009.

0 A series of Technical Focus Groups on the policy instruments that could be used to
stimulate the application of the options

These were held in 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 projectobsalwlebsfi ttehe apr eae@ant ati ons from the

1.4 Background and purpose of the paper

Since 1990, the transpor demssonsworiddide havaimcteased di o X
by 36%. In 2005, transport accounted for 23% of global energy-related CO, emissions, up

from 21% in 1990. On a well-to-wheel basis (i.e. including emissions from feedstock and fuel
producti on and di stribution t o vehicl es) tra
account for close to 27% of total emissions?®.

The transport sector 6 s projected emissions overtake th
across the whole EU economy (assuming that the EU sets a GHG reduction target of at least

60% compared to 1990) within the timescale of this project. By sector, GHG emissions from

transport are proving to be the most probl emati c.
already proving to be challenging for many Member States in meeting their GHG reduction

targets under the 1997 Kyoto Protocol®.

Looking further ahead, as EU leaders have taken the unilateral decision to commit to a new
target of 20% GHG reduction compared to 1990 by 2020, and have pledged to increase this

8 IEA (2008), Energy Technology Perspectives - Scenarios & Strategies to 2050.
o http://themes.eea.europa.eu/Sectors_and_activities/transport/indicators/ TERM02,2006.12
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to 30% if other countries follow suit, then the pressure on the transport sector to reduce its
GHG emissions is going to increase. In the longer-term, emission reductions of at least 60%
by 2050 have been proposed (e.g. by the IPCC™). To date GHG emissions have been

reduced in other sectors of the economy and,

GHG emissions, there will come a time when emissions from transport will have to be
addressed in a more comprehensive manner. The required reductions depend in part on
what is possible within the transport sector at different abatement cost levels and in part on
what other sectors can contribute to meeting the overall targets.

However, the possible GHG reductions in the non-transport sectors that will be needed to
comply with the overall reduction target are dependent on the success of the revised EU
Emissions Trading Scheme (ETS), the implementation of the Renewable Energy Packages
and energy efficiency measures, etc'’. Or put another way: the potential emission reductions
in the transport sector will have an impact on the need for ETS, renewables and energy
efficiency to deliver more or less than expected. In other words, we are talking here about a

Areservoiro of necessary emission reductions

share, all other sectors need to deliver more or can jointly deliver less.

This paper is a deliverable under Task 2 of the EU Transport GHG: Routes to 2050? project.
It was presented at the first stakeholder event on 27 March 2009 in Brussels and was
subsequently subject to minor amendments. It aims to quantify, as far as is possible, these
interrelated sectoral emission reduction targets in the context of potential EU economy-wide
GHG reduction targets for 2050. At this stage, it is fundamental to understand the broader
context in which transport GHG emissions will have to be reduced.

Furthermore t he aim is t o identify transportoés,

contributions to these emission reductions by identifying what is happening, and what might
happen, in terms of GHG emissions reductions in these economic sectors. Moreover, it is
important to identify what the introduction of long-term reduction targets might mean for
transport in reference to the recent and possibly continuing reduction in emissions from other
sectors. The role that transport should play in this context will also be investigated.

As already mentioned, fossil fuels are the main source of CO, emissions. Therefore, it is
expected that future CO, emission levels will depend primarily on the total fossil energy
consumption and the structure of energy supply, with some additional possibilities to limit
CO, emissions by Carbon Capture and Storage (CCS) at large point sources.

I n order to meet the taskds objectives a
exercise is based on investigation of the IPCC energy scenarios and the IEA ETP BLUE
scenarios while linking the storylines of both scenario approaches. The results are compared
with the potential EU 2050 economy-wide emission reduction targets. This is a top-down
approach which quantifies the available amount of transportation within future existing
energy in relation to the long term CO, targets and expected developments in other sectors.

The paper helps to understand the broader context in which transport GHG emissions will
have to be reduced and gives an overview of available transport related scenarios. First, the
paper analyses and describes the two main energy scenario approaches which were
presented by IEA ETP and IPCC SRES. In comparing the philosophies underlying these
scenarios, we were able to quantify the energy use and GHG emissions for the EU-27.
These results were then compared to the trends in transportation growth and CO, emissions
from transport growth. This information helped in the assessment of whether additional effort
is needed to meet potential EU 2050 targets.

1o http://www.ipcc.ch/pdf/assessment-report/ard/wg2/ar4-wg2-chapterl2.pdf
1t is worth noting that the Renewables Directive contains a 10% target for renewables for transport for 2020.
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2 Brief review of the IPCC SRES scenarios

2.1 Introduction & storylines description

The IPCC developed a set of emissions scenarios which are described in its Special Report
on Emission Scenarios (SRES)*?. These scenarios cover a wide range of developments of
the main driving forces of future emissions, from demographic to technological and
economic developments that might influence GHG sources and sinks. The approach
involved the devel opment of a s et acb basefl onuar
different storyline, comprising 40 SRES scenarios subdivided into seven scenario groups.
Within each of the families a so-called marker scenario is defined as a typical representative
of this scenario family. For each storyline, one modelling group was given principal
responsibility, and the gquantification pr
scenarioo for that storyline.

None of the scenarios in the set includes any future policies that explicitly address additional
climate change initiatives, GHG emissions are directly affected by non-climate change
policies designed for a wide range of other purpose®. This makes these scenarios in
principle fit for purpose to study different policy options for transport against a background of
general developments. Each scenario however implicitly assumes autonomous technology
developments that might include transport options.

Each storyline assumes a distinctly different direction for future developments, such that the
four storylines differ in increasingly irreversible ways. Together they describe divergent
futures that encompass a significant portion of the underlying uncertainties in the main
driving forces.

e The Al storyline and scenario family describes a future world of very rapid economic
growth, low population growth, and the rapid introduction of new and more efficient
technologies. The Al scenario family develops into four groups that describe alternative
directions of technological change in the energy system. A1B-AIM is the marker scenario.

e The A2 storyline and scenario family describes a very heterogeneous world with high
population growth. The underlying theme is self-reliance and preservation of local
identities. Economic development is primarily regionally oriented and per capita
economic growth and technological changes are more fragmented and slower than in
other storylines. A2-ASF is the marker scenario.

e The B1 storyline and scenario family describes a convergent world with the same low
population growth as in the Al storyline, but with rapid changes in economic structures
toward a service and information economy, with reductions in material intensity, and the
introduction of clean and resource-efficient technologies. The emphasis is on global
solutions to economic, social, and environmental sustainability, including improved equity,
but without additional climate initiatives. B1-IMAGE is the marker scenario.

e The B2 storyline and scenario family describes a world in which the emphasis is on local
solutions to economic, social, and environmental sustainability. It is a world with
moderate population growth, intermediate levels of economic development, and less
rapid and more diverse technological change than in the B1 and Al storylines. While the
scenario is also oriented toward environmental protection and social equity, it focuses on
local and regional levels. B2-MESSAGE is the marker scenario.

2 \pcc (2000), IPCC Special Report on Emissions Scenarios
(http://lwww.ipcc.ch/ipccreports/sres/emission/010.htm)
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Table 2 Overview of SRES scenarios quantification™

Family Al A2 Bl B2
Scenario AlC AlG A1B ALT A2 B1 B2
Group
Scenario characteristics:

Population . .
growth low low low low high low medium
GDP growth very high  very high very high  very high medium high medium
Energy use very high  very high  very high high high low medium
Land- use low- low- low low medium/high high medium
changes medium medium
Resource high high medium  medium low low medium
availability
Pace and
direction of rapid rapid rapid rapid slow medium medium
technological
change : non- . efficiengy & "dynamics

; coal oil & gas  balanced : regional dematerializ p
favouring fossils ation as usual

Source: IPCC (2000), IPCC Special Report on Emissions Scenarios (Table 4-2)

2.2

Structure of energy use

illustrates global primary energy structure, shares (%) of oil and gas, coal, and non-fossil

(zero-carbon) energy sources over time and future changes in SRES scenarios.

Each

corner of the triangle corresponds to a hypothetical situation in which all primary energy is
supplied by a single source i oil/gas on the top, coal to the left, and non-fossil sources
(renewables and nuclear) to the right. Constant market shares of these energies are denoted
by their respective isoshare lines. For 1990 to 2100, alternative trajectories show the
changes in the energy systems structures across SRES scenarios. They are grouped by
shaded areas for the scenario families A1, A2, B1, and B2 with respective markers shown as

lines.
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Figure 5 Global primary energy structure®
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Source: IPCC (2000), IPCC Special Report on Emissions Scenarios (Figure 6-3)

Historically, the primary energy structure has evolved clockwise according to the two "grand
transitions" that are shown by the two segments of the "thick black" curve. From 1850 to
1920 the first transition can be characterized as the substitution of traditional (non-fossil)
energy sources by coal. The share of coal increased from 20% to about 70%, while the
share of non-fossils declined from 80% to about 20%. The second transition, from 1920 to
1990, can be characterized as the replacement of coal by oil and gas (while the share of
non-fossils remained essentially constant). The share of oil and gas increased to about 50%
and the share of coal declined to about 30%

The SRES scenarios cover a wide range of energy structures that reflects advances in
knowledge on the uncertainty ranges of future fossil resource availability and technological
change. Scenarios B1, B2, AL1T, and to some extent A1B follow a trend toward increasing
shares of zero-carbon options in the long term. A1G more or less follows an oil-gas isoshare
line that perpetuates the current dominance of oil and gas in the global energy balance far
into the 21st century. Scenarios in group AL1C indicate a near doubling of coal's share in
primary energy use. Also of interest is the trajectory of the A2 marker scenario, which returns
in its energy structure by 2100 (over 50% coal share) to the situation that prevailed almost
200 years before (i.e., around 1900). However, even with similar fuel shares, the
technologies, end-use fuels, and applications projected in the A2 scenario are radically
different from those of the past.

An interesting observation (considering the SRES multi-model approach) is that the changes
in structure of final energy are similar in the four marker scenarios of the SRES scenario
families, even though these are derived from four different modelling approaches and
describe very different futures in terms of demographic, socio-economic, and energy
development (see Figure 6).
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% 12

Figure 6 World final energy (%) by form of delivery

* Direct use of solids, direct use of liquids, and delivery of grids (gas, district heat, electricity, and
hydrogen) for the four SRES marker scenarios. Overlapping shaded areas indicate variation across
the four marker scenarios. Liquids include oil products, methanol, and ethanol. Solids include coal and
biomass.

The trend is toward energy reaching the consumer in more flexible, more convenient, and
cleaner forms. This reflects that people with higher incomes are willing to pay more for more
convenient energy forms (e.g., even if coal were cheaper than gas, everybody would rather
heat with gas than coal). Therefore, the final energy mix is characterized by growing
importance and dominance of grid-dependent fuels, such as electricity, district heat, and gas.
Consistent with the storylines and the higher income levels of A1 and B1, this change in final
energy structure is faster in these scenario families than in the other two scenario families.
The structural shift is slowest in scenario A2, with scenario B2 taking an intermediate
position. These scenario differences mainly reflect differences in per capita income levels.

2.3 Primary and final energy use by fuel

For the purpose of this paper, primary energy use in the EU 27 for the four SRES marker
scenarios was derived from energy scenario data for the combined OECD90 and REF
regions in the SRES report™®. We assume homogenous per capita energy consumption over
the whole of the Annex 1 parties'®. The EU 27 population is 492 million or 41% of the Annex
1 population™*®. These figures are used in the subsequent analysis to re-estimate the
numbers for Annex 1 countries for the estimates for the EU-27 countries. Table 3 presents
recalculated final and primary energy use in 2050 for the EU-27 countries.

3 For the purpose of this paper it was calculated that in 2005 all countries, which were included in OECD90 and
REF but not in Annex |, were responsible for 1.3% of the world final energy use. It means that error introduced
with the assumption that OECD90+REF= ~Annex | for estimating the share of EU-27 is considered to be
acceptable. Please see Appendix | for the world region definition and Appendix Il for the final and primary energy
use.

* This means that every citizen of every country included in Annex | consumes the same amount of energy.

!5 National submissions to UNFCCC for the 25 EU Annex | parties (excludes Malta and Cyprus)

% 1EA Energy database (http://www.iea.org/Textbase/stats/index.asp)
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