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Executive Summary

Overview

Energy consumption for transport is dominated today by the demand for oil to produce petrol,
diesel, gas oil, marine fuels, and kerosene for road, rail, marine and air transport. There is also a
small but growing demand for biofuels, natural gas plays a minor role as a transport fuel, and
electricity is used for rail transport. In 2006, oil accounted for over 96% of final energy
consumption for transport in the EU. This makes transport, and hence the wider economy of
Europe, very dependent on the availability of oil and petroleum products. Therefore, energy
security for the transport sector is often equated with oil security. However, in the future, it is
likely that the use of alternative fuels and energy carriers will become more widespread in the
transport sector as means of reducing the climate change impacts of transport. Additionally, it is
possible that a range of demand reduction measures could be implemented to reduce GHG
emissions from the transport sector. The implementation of options for reducing transport sector
GHG emissions may also have impacts on energy security, and hence there is a need to
understand, and where possible, quantify the impacts of such measures on energy security.

To what extent iIs the current transport en

The extent to which the current energy supply for
analysed by examining the three key dimensions of sufficiency, affordability, and sustainability.

Based on current figures, Europe imports much more oil than it produces and imports are rising

year-on-year. However, this import dependency has not (so far) led to physical unavailability 1

sufficient oil is available on the international market, although there have been localised incidents

where there have been short term disruptions. Growing demand in non-OECD countries coupled

with political instability in some oil-producing countries may lead to supply problems in the future.
Affordability is a key aspect of energy security, and the Organisation of Petroleum Exporting

Countries (OPEC) has a strong influence on oil prices. This concentration of supply within a

trading structure is sometimes referredtoas fimar ket power 60, and this is &
when discussing energy security issues.

Factors that contribute to improving energy security
There are five main ways of improving energy security:

Making greater use of indigenous supplies of energy

Indigenous supplies of oil are limited and declining in Europe. There is some limited scope to
recover more oil via the use of advanced technologies, but it is unlikely that there will be major
new discoveries of oil in Europe in the future. Significant increases in indigenous supply can
therefore only be achieved by moving to alternative fuels or energy carriers.

Increasing diversity of supply

Diversity of supply encompasses diversity of fuels used for transport, diversity of suppliers of
those fuels and diversity of supply routes. Alternative fuels such as electricity, natural gas,
biofuels, hydrogen and coal-to-liquid (CTL) fuels can reduce reliance on oil supplies, although it is
likely that a majority of vehicles will be petrol or diesel fuelled for many years to come.

Establishing long-term supply arrangements

Long-term supply arrangements are a favoured option to ensure security of natural gas supply;
however such arrangements are less relevant for oil, which is traded on the international markets
and imported to Europe by ship as well as by pipeline.
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Increasing strategic reserves

Since 1968, EU Member States have been required to
petroleum as a Strategic Petroleum Reserve (SPR). This SPR must be kept within the EU but

not necessarily within the Member State. These reserves are intended to provide a buffer against

short term cuts in supply to the country and may also be used in the event of a fault or industrial

action at a refinery.

Reducing demand

Simply reducing the demand for transport fuels will improve energy security i the less oil to be
imported the lower the vulnerability to supply constraints or increased oil prices. This can be
achieved by improving the efficiency by which fuel is used to provide transport, by encouraging
modal shift, improving vehicle efficiencies, introducing measures such as driver training or lower
speed limits, and optimising freight logistics.

Quantifying the energy security benefits of GHG abatement options for the
transport sector

Whilst research has already been carried out to analyse the GHG benefits associated with
different emissions abatement options for the transport sector, the effects that such options are
likely to have on energy security have not been fully quantified to date. Initial work in this area
has been carried out by the International Energy Agency (IEA), but this analysis does not allow
for all aspects of energy security to be taken into account. Further work has been commissioned
by the European Commission in this area, but again, the findings from this analysis do not take
into account all aspects of energy security.

Existing approaches to quantifying energy security benefits

In 2009, the European Commission DG Environment commissioned a study from the consultancy

Ecofys entitled fAAnalysis of I mpacts of Climate Ch
of this research, a comprehensive review of existing indicators for quantifying energy security was

carried out. Drawing from this recent review, it is clear that there are two types of indicator that

can be used for quantifying energy security impacts/benefits, as follows:

e Vulnerability-based indicators
e QOutcome-based indicators

As set out in the Ecofys paper, vulnerability-based indicators can be used to quantify the

fipotenti al ri sk and/ or magnitude of energy securit
outcome-based indicators faim to measure the actual ou
real-world impacts. Ecofys found that the majority of energy security indicators are vulnerability-

based indicators. The key findings from this study were as follows:

e The vast majority of energy security indicators focus on quantifying vulnerability rather
than outcomes;

e Outcome-based indicators tend to make use of detailed, situation-specific modelling, and
as such are more limited in how widely they can be applied. Vulnerability-based
indicators can be more widely used.

e None of the current energy security indicators are able to provide a suitable measure of
all the causes of energy security, and attempts to do this reduce the transparency of the
indicator.

e For a number of the indicators, the linkage between the indicator and energy security is
not clear. Examples include net import dependence, which has been proposed as a
proxy indicator for physical unavailability impacts, and the general business environment,
which has been proposed as a proxy for investment in energy infrastructure.

The Ecofys study concluded that whilst ideally it would be preferable to develop outcome-based
indicators that can be used to assess the actual impacts of energy security on the real world,
such an approach would be too complex. With this in mind, Ecofys proceeded to develop a
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vulnerability-based approach for assessing energy security that draws on previous work carried
out by the IEA that led to the development of their energy security indices for price and volume
(ESlprice and ESIvolume)-

Whilst the approach developed by Ecofys is potentially useful in being able to quantify energy
security impacts, it is clear that there are a number of areas where the Ecofys approach is not
adequate for assessing transport sector abatement options. It would appear that biofuels have
been excluded from E c o fapadys$is of resource concentration/market power. Essentially, the
argument put forward is that because biofuels will not make up a significant share of transport
energy demand by 2020, the energy security impacts will be minimal. Where the IEA has
previously looked at the impacts of biofuels, it has done so purely from the perspective of the
impacts of biofuels uptake on fossil fuel use and the ESl g indicator. Given that the scope of
this new study looks beyond 2020 and towards 2050, there are obviously some limitations
associated with the Ecofys and IEA approaches, as there is the possibility for biofuels to play a
significant role in reducing transport sector GHG emissions. Additionally, the IEA looked at just
one biofuel feedstock chain (wheat-derived ethanol), but there are clearly many alternative chains
that would need to be analysed.

Proposed framework for quantifying the energy security impacts of climate policies in the
transport sector

Moving beyond the Ecofys study, there is a need for a more comprehensive approach that can
take into account the full range of parameters that play a role in determining energy security in
the transport sector. In particular, it is proposed that such an approach should include the
following parameters:

linkage between price of new energy source and oil price

proportion of vehicle fleet able to use new energy source

cost of new energy source compared to oil

surplus of supply capacity over demand

susceptibility of new energy source to disruptions (extreme events and inadequate
market structures)

e resource concentration for the supply of the new energy source

In order to be able to develop a full quantitative approach for assessing the energy security
impacts of possible GHG reduction policies for the transport sector, it would be necessary to have
access to quantitative data for all of the above parameters for each potential new energy source.
Only in this way could all the energy security impacts/benefits be fully evaluated. It was not
possible within the scope of this project to carry detailed analysis to identify quantitative data for
each of the key assessment parameters. Indeed, for many of the parameters, it may not be
possible to readily identify quantitative datasets, and at this point in time, data are not available
for all alternative energy sources to cover the full 2010-2050 timeframe.

Nonetheless, an initial framework has been developed using the above-listed parameters as the
basis for assessing energy security impacts and benefits. The framework is applied using a semi-
quantitative approach (multi-criteria analysis) to quantify the energy security benefits of transport
options. Using this approach, it is possible to calculate initial numerical energy security ratings for
each abatement option. The higher the percentage rating, the better the performance of the
option with respect to energy security. The results of the analysis are presented overleaf in Table
ES.1. It should be stressed that the assessment presented below is based on the current
situation with respect to fuel costs, vehicle capabilities, and the current methods used to produce
the fuels included in this analysis.

Vi
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Table ES.0.1 Results of the multi-criteria analysis

Transport Policy Option Total MCA score | MCA score as | Rank
(maximum 600) a percentage
Energy demand reduction 450 75% 1
Electricity 400 67% 2
Biofuel blends and fungible types 350 58% 3
Gasoline/diesel 300 50% 4
Pure non-fungible biofuel” 250 42% 5
LPG 213 35% 6
Natural gas 163 27% 7
Hydrogen (produced from natural gas) 163 27% 7

The analysis clearly shows that the optimal energy security benefit is obtained by approaches
that eliminate need for a certain amount of energy. Electricity and biofuel blends are identified as
the next best options for energy security in the transport sector due to their low resource
concentration and, for electricity, a low correlation with crude oil prices. The proportion of
vehicles able to use electricity is however very low but high for blended biofuels.

Natural gas and hydrogen produced using natural gas score low in the assessment due to high
resource concentration and susceptibility to extreme events. However, it must be noted that the
results and rank ordering would look very different if the analysis were to be carried out for future
years.

Further development of the approach

The research carried out in this study has developed a framework that can be used for
gquantitatively assessing the energy security impacts/benefits of different transport sector GHG
abatement options. However, due to a lack of data on selected parameters and for some
abatement options, it has not been possible to develop a fully quantitative assessment
methodology. Beyond this project, it is recommended that the assessment methodology could be
further developed to incorporate a more complete approach to quantifying the energy security
impacts of transport sector abatement options. In particular, it would be useful to carry out
detailed research to identify quantitative datasets for the various assessment criteria used to
characterise each of the abatement options. In some cases, approaches developed for other
studies could be used to identify the relevant quantitative datasets. For example, the previous
research carried out by IEA and Ecofys has been used to develop an approach for quantifying
resource concentration using the ESl;c. and ESl,qume indicators. Alternatively, the Energy
Security Market Concentration (ESMC) indicator, which is based on the Herfindahl-Hirschman
Index" could be used in this framework as an objective measure of resource concentration.
However, a significant amount of detailed quantitative analysis would be required in order to
develop such values for all relevant transport-sector abatement options, as previous research has
not examined some of the key abatement options (e.g. biofuels) in detail. Similarly, for other
assessment criteria, more detailed research is required to be able to assign full quantitative
values to these parameters, although it should be noted that objective data are likely to be
already available for some of the assessment criteria (e.g. fuel costs and the ability of the vehicle
fleet to use particular fuels).

For some fuel-switching abatement options, there are a variety of methods by which the
replacement fuel can be produced, each of which could have very different energy security
implications. For example, biofuels can be produced from a variety of different resource
feedstocks, whilst hydrogen can be produced from natural gas, fossil-based electricity, or
renewable electricity, amongst other production mechanisms. Similarly, electricity can be
produced from a number of different energy sources, each of which will have different levels of

! The Herfindahl-Hirschman Index is equal to the sum of the square of the individual market shares of all the participants in a particular
market.

Vi
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resource concentration, and consequently, different energy security impacts. Comprehensive
analysis of each of these different options would be required in order to fully understand the
energy security impacts of transport sector abatement options, particularly given the need to look
out to 2050.

In addition to developing robust, quantitative datasets for each of the assessment criteria, it may
also be useful to be able to weight each of the assessment criteria to reflect their respective
levels of importance. The development of suitable weighting factors would require discussions
with Commission officials and possibly further consultation with industry and NGO stakeholders,
in order to ensure that appropriate factors for each of the criteria are developed.

viii
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1 Introduction
1.1 Topic of this paper

This paper presents a methodology developed under the EU Transport GHG: Routes to 2050
project to quantify the energy security impacts of climate change abatement options in the
transport sector. The approach makes use of multi-criteria analysis and is demonstrated using
semi-quantitative scoring. Further work would be required to apply this methodology
comprehensively and using actual data.

The paper also includes background information introducing on energy security and how energy
security issues affect the transport sector in Europe. It describes the means by which the energy
security in the transport sector can be improved, and reviews a selection of methods that have
been developed in the past for analysing energy security impacts when assessing the impacts of
climate change abatement options in the transport sector.

1.2 The contribution of transport to GHG emissions

TheEU-276s greenhouse gas (GHG) emissions from trans
projectedt o continue to do so. The rate of growth of ¢t
to undermine the EUOGs e ftdrmo GHGEmission redecdon targeatstifeont i al |, I
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)
120% -
§ 100% EU-27 all sectors
=}
—
I
S 809
g 80%
\u
0
c
O 60%
[
8]
=
O 400 EU-27 transport BAU
o projections - SULTAN
O e m === 60% to 80%
N~ e ==
N 20% —_—
7 EU-27 transport 80% to 95%
00/0 T T T

1990 2000 2010 2020 2030 2040 2050

Source: EC DG Energy (2010) and SULTAN lllustrative Scenarios Tool?

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

sectoral split of trends in CO, emissions over recent years. Whilst the CO, emissions from other

sectors have levelled out or @&emEssiinehpavwenset o decreas
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 ssions represent 98% of transportds GHG emi ss

Figure 2: Carbon dioxide emissions by sector EU-27 (indexed)3
L " . )
1990=1 CO2 Emissions* by Sector: EU-27
1.40 1.40
1.30 - 1.30
1.20 - 1.20
1.10 - 1.10
1.00 - 1.00
0.90 - 0.90
0.80 - 0.80
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o i N (2] < o (] N~ [ee] (2] o i N [92] < o © N~
(2] ()] ()] ()] ()] ()] (2] ()] ()] ()] o o o o o o o o
(o] (o] (o] (o] (o] (o] (o] (o] (o] (o] o o o o o o o o
— — — — — — — — — i N N N N N N N N
Energy Industies - Industry **** —®— Residential
—@— Commercial/ Institutional ——+—— Other***** Total
—O— Transport **
Notes:
i)  The figures include international bunker fuels (where relevant), but exclude land use, land use change and
forestry.

i)  The figures for transport include bunker fuels (international traffic departing from the EU), pipeline activities and

ground activities in airports and ports
i) AOtherd emissions include solvent use, fugitive emissions,

The vast majority of European transportodés GHG emis
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 2 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.

3 Graph based on figures in DG Energy (2010) EU energy and transport in figures Statistical Pocketbook 2010 Luxembourg, Publications
Office of the European Union, 2010. Available online at: http://ec.europa.eu/energy/publications/statistics/statistics_en.htm
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Share by Mode in Total Transport Greenhouse Gas Emissions (GHG), including
International Bunkers: EU-27 (2007)

Figure 3:

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

International
Aviation
10.7%

Civil Aviation
(domestic)
1.7%
International

Road
Transportation
70.9%

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

Table 2: CO; emlssmns projection for 2050 by end-users in the EU-27, in Millions tonnes of

Carbon®

End user Category 1990 2000 2010 2020 2030 2050
Road transport 695 25 905 080 1002 1018
Rail 29 29 27 27 21 20
Domestic Aviation 86 134 179 206 237 244
Inland navigation 21 16 16 17 17 17
Total 810 988 1110 1213 1260 1299

Figures from the EEA (2009), illustrate the recent growth in GHG emissions from international
aviation, as they estimate that these increased in the EU by 90% (60 Mt CO,e) between 1990

and 2005; international aviation emissions will thus become an ever more significant contributor

to transportds

GHG

e mi

ons

f

current

trends

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

CO,emi ssions al

one

not abl

y

to

a iy and watelr t s 0

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

® Taken from JRC (2008) Backcasting approach for sustainable mobility Luxembourg, EUR 23387/ISSN 1018-5593, Office for Official

Publications of the European Communities.
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Figure 4: Final transport energy consumption by liquid fuels in EU-27 (2005), ktoe®
m Motor Spirit
m Gas Diesel Oi
Biogasoline
0.0%

H Biodiesel

Other liquid
biofuels

The principal sour ce o $isthercambsston of tossikfuel& B@rendlyni s si on
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 larger role in providing the
transport sector dsurernentglyy itnhayheorfluyg uoentrci bute 1. 1
fuel use.

1.3 Background to project and its objectives

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

for tackling climate change, which entails limiting global warming to 2°C and includes the

definition of a strategic target for 2050. The Com
the i mportance of the transport sector in this res
to maintain the momentum towards a low carbon economy, and in particular towards
decarbonising our electrici %‘_Vneresanep/@ribuyrecaamtnolicyhe trans
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 the transport sector. Hencasto: t he projectds ob

- 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 transportéos
- ldentify by when we need to take action and what this action should be.

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

e PatlI(6Review of the av g has eoltate@ theireleantrevidartce for ophions
to reduce transportds GHG emissions, which was pt1

N Graph based on figures in DG Energy (2010), page 220
" European LPG Association (2009) Autogas in Europe, The Sustainable Alternative: An LPG Industry Roadmap, AEGPL, Brussels. See
http://www.aegpl.eu/content/default.asp?PagelD=78&DoclD=994

8 http://ec.europa.eu/commission_barroso/president/pdf/press 20090903 EN.pdf
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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 Partll (61 n

bringing the work of Part | together to develop a long-term policy framework for reducing
transportds GHG emissions.

e Partlll 6Ongoi ng) covars the dtakeholder engagement and the development of
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:

Energy security and the transport sector
AEA/ED45405/Final

depth assessment and creati on)invdlvesf r ame w

0 A large stakeholder meeting was held in March 2009 at which the project was introduced
to stakeholders.
0 A series of stakeholder meetings (or Technical Focus Groups) on the technical and non-
technical options for reducing transportés GHG
0 A series of Technical Focus Groups on the policy instruments that could be used to
stimulate the appl i cation of the options for reducin
were held in September/October 2009.
0 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
1.4 Background and purpose of the paper
This paper forms part of a suite of papers covering wider issues related to abating greenhouse
gas emissions in the transport sector. Together the suite of papers forms Task 9 of the project.
A further suite of papers are being developed as part of Task 4, and these papers focus on
transport sector abatement options. Whilst this paper covers energy security in the transport
sector, there are linkages between this paper and a number of the Task 4 papers. The Task 4
papers cover the following topics:
e Technical options for road transport;
e Technical options for non-road transport;
¢ Non-technical options for road transport;
e Fiscal and other economic instruments for road transport (incl. ETS);
e Options related to modal shift and intelligent transport systems.
Using evidence from existing studies these Task 4 papers will assess each of these options
against a number of key criteria such as cost, carbon savings and barriers to implementation.
1.5 Structure of the paper
The remainder of this paper is structured as follows;
e Section 2 provides an overview of energy security in relation to the transport sector;
e Section 3 describes the current and likely future extent of energy security in the transport
sector;
e Section 4 reviews methods for integrating energy security issues into the assessment of
options for reducing transport sector greenhouse gas emissions;
e Section 5 presents a framework for quantifying the energy security impacts of GHG
abatement options for the transport sector
e Section6provides a summary of the studyés findings
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2 Overview of energy security in relation
to the transport sector

2.1 What do we mean by energy security?

There are many different definitions of energy security. All of these definitions include something
relating to the sufficient availability and reliability of energy supply, and most definitions stress
that the supply should be affordable. For example, in 1985 the International Energy Agency
defined energy security simply as:

AAn adequate supply of energy at reasonabl e cost

More recently, definitions have started to include a sustainability dimension too. In particular
there is a focus on climate change and other environmental impacts. This is because energy
supplies that come with high greenhouse gas emissions cannot be considered secure in the
longer term, given the need to move to a low carbon economy to avoid dangerous climate change
impacts. For example the European Commission (EC) Green Paper on security of energy supply
stated:

AEnergy supply security must be geared to
the uninterrupted physical availability at a price which is affordable, while respecting
environmental concernso.

Other definitions include social and political acceptability as added dimensions of energy security,
although it could be argued that these aspects are implicit in the sustainability dimension.

For the purposes of this paper we define energy security as being the availability of sufficient,
reliable, affordable and sustainable energy supplies.

2.2 What does this mean for transport?

This section provides a brief introduction to the link between energy security and transport.
Further details and discussion are provided in subsequent sections.

Energy consumption for transport is dominated today by the demand for oil to produce petrol,
diesel, gas oil, marine fuels, and kerosene for road, rail, marine and air transport. There is also a
small but growing demand for biofuels, natural gas plays a minor role as a transport fuel, and
electricity is used for rail transport. In 2006, oil accounted for over 96% of final energy
consumption for transport.

This makes transport, and hence the wider economy of Europe, very dependent on the
availability of oil and petroleum products. Therefore, energy security for the transport sector is
often equated with oil security.

In future, electricity is likely to take a growing share of energy for road transport in Europe;
biofuels are likely to play an important role in the road transport sector, and perhaps in the
aviation sector. In Europe, these trends are being driven by climate change concerns more than
by energy security concerns, although typically such measures are also positive for energy
security.

There are other potential future transport fuel options that could have negative impacts on the
environment but are attracting interest due to energy security concerns and energy price rises.
These include the production of transport fuels from coal (Coal to Liquids or CTL) and the

exploitation of non-conventional sources of oil such as oil shales. Hydrogen could also play a

ensur i
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role as an energy carrier in the transport sector, and significant research and development in this
area has been carried out in some countries (including the USA and Japan), primarily as a means
of addressing energy security concerns.

2.3 To what extent is the current transport energy
supply Anot secureo?

This section briefly considers the security of oil supply in the EU against the three dimensions of
sufficiency, affordability and sustainability. The extent of energy security is then addressed in
more detail in Section 3.

23.1 Sufficiency and resource concentration

Europe imports much more oil than it produces and imports are increasing year-on-year. In 2006,
EU27 oil imports were 545.6 Mtonnes, 82.6% of total oil consumption.g These imports are
sourced from a relatively small number of countries, indicating that there is a significant issue with
resource concentration; for example, it has been estimated that around 62% of global proven oil
reserves are in the Middle East, whilst the chart below shows that 33% of the oil imported into the
EU27 in 2006 came from Russia.

So far this import dependency has not led to physical unavailability i sufficient oil is available on

the international market, although there have been localised incidents (mainly political in nature)

where there have been short term disruptions. In future though there are concerns about

availability due to growing demand in non-OECD countries such as China coupled with political
instability in many of the oil producing countries. Figure 2.1shows the sources of imports to the

EU in 2007; of the main source countries only Norway can be considered very stable. However,
Norwaybs oi l reserves are decreasi ngablaforeexportut put
expected to decrease by 25% between 2010 and 2020".

Figure 2.1 Sources of oil imports to the EU27 in 2007 (%)

B Russia (34%
= Norway (15.5%)
u |ibya (10.2%)
B Saudi Arabia (7.2%
B Other Middle East (6.3%
¥ Iran (6.2%)
Kazahkhstan (3.4%
Nigeria (2.8%)
Other origin (14.3%)

Source: European Commission (2010)

Current rates of production are sufficient to meet demand but is there capacity to increase
production of oil to meet the expected increase in demand over the coming decades? This

° ol import data from EU Energy and Transport in Figures 2010
1% Norway Oil and Gas Report Q1 2010, http://www.officialwire.com/main.php?action=posted_news&rid=90428&catid=635
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depends on how much remaining oil there is in the ground and the capacity of oil companies to
increase the rate of extraction. There are concerns over both of these factors. World oil reserves
are notoriously difficult to establish and estimates of the global ultimate recoverable reserves
range from under 1,000 billion barrels to over 4,000 billion barrels''. Many believe that oil
production will peak in the next decade as discoveries of new oil fields decline and oil from
established fields becomes progressively more difficult and expensive to extract. There are also
doubts over the ability of the oil industry to invest sufficiently to boost production levels to meet
demand. The IEA has estimated that $4.3 trillion of investment would be needed between 2005
and 2030. It is thought likely that these difficulties in investing to boost production capacity are
more imminent than shortages due to a depletion of resources. Some commentators have noted
that the high oil prices experienced in 2007 and 2008 were due to limitations in production
capactyas Saudi Arabia, the worl dbés | arsgpeoductiorotd | produ:
help stabilise prices, implying that there was limited, or no spare capacity. Shortfalls in
production capacity are likely to lead to high levels of price volatility, with corresponding negative
economic impacts. Furthermore, high levels of oil price volatility may lead to an uncertain
investment climate for alternative renewable energy technologies.

Once the imported oil has reached the EU it has to be refined and then distributed for use.

There are concerns in the EU over future availability of domestic refinery capacity and its
potential impact on fuel prices. Compared to past decades, there is now at times a tight balance
between refinery capacity and the demand for certain refined products e.g. diesel/gasoil to meet
increased demand compared to petrol. In the near term the gasoline surplus is expected to
increase with imports of diesel from the CIS region increasing while new refinery capacity in
China, India and the Middle East is expected to deflate prices and reduce the incentive to invest
in more refineries in the EU (Purvin and Gertz inc., 2008).

Some investment in hydrocracking and residue conversion may take place to redress the supply
imbalance. To an extent, the use of biodiesel will reduce the need for refinery supply and
gasoil/diesel imports but a growing share of biogasoline blendstocks such as ethanol in the
European gasoline pool would further reduce the market for gasoline from refineries.

The balance between domestic refinery outputs and domestic consumption in the EU and a
selection of Member States is presented in the table below, showing that diesel was in short
supply in Spain and France and just under demand levels at the EU level in 2007. However the
picture is fast changing.

Table 2.1 Refinery output in 2007 as a % of inland market consumption

Petrgllleum Motor Kero-Jet | Gas/diesel | Residual

Products Spirit Fuels oil fuel oil Others
DE 118% 124% 52% 110% 267% 119%
ES 91% 138% 116% 67% 225% 78%
FR 103% 177% 78% 74% 400% 100%
IT 139% 174% 95% 131% 180% 112%
UK 112% 121% 56% 97% 534% 140%
E;J 119% 141% 81% 98% 289% 115%

Source: Eurostat (2010)

There are vulnerabilities at the refining, distribution and storage stages such as damage to
refineries, storage depots or pipelines due to accidents or terrorist attack. The explosion and fire
at the Buncefield oil depot in the UK in December 2005 was one such incident. The impacts of

™ Further information on oil reserve estimates is provided in the IPPR report Energy Security in the UK.

8



EU Transport GHG: Routes to 2050? Energy security and the transport sector
Contract ENV.C.3/SER/2008/0053 AEA/ED45405/Final

climate change may increase vulnerability to accidental damage in future, for example by
increasing storm surges at refineries and drying out the land through which pipelines run.

2.3.2 Affordability

Although imported oil has always been available to Europe, it has come at a price. Countries that

belong to the Organisation of Petroleum Exporting Countries (OPEC) produce just under half of

the worl ddéds crude oil and so OP EThisboacentrationot r ong
supply within a trading structure such as OPEC

As demand for oil has grown in recent years the surplus capacity (oil that is ready for market but
not extracted due to lack of demand) in OPEC countries has fallen. Historically, this surplus has
buffered oil prices from changes in demand for oil. Without it, oil prices are subject to much
greater uncertainty. Error! Reference source not found. shows how crude oil prices have

fluctuated over the last five years, reaching a peak weekly average price of about $137/bbl in July

2008 before dropping right back below $40/bbl at the end of last year and then increasing again.

Figure 2.2 World crude oil prices since January 2005 ($ per barrel)
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Because OPEC controls so much of the world supply of oil, it can operate as a cartel to limit
production and push up prices. Even rumours of this sort of action can trigger a price rise. This
all contributes to uncertainty and volatility in the oil markets.

As part of its 0 Wublidatbn, thelEA hgsypro@icet prajections for likely
future oil prices (IEA, 2008), and these are presented in Figure 2.3. As can be seen from the
chart, the IEA anticipates that oil prices are likely to remain high between now and 2030.
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Figure 2.3: Average IEA crude oil import price (historical and projected for the reference scenario)
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2.3.3 Sustainability

Oil is not a sustainable fuel. As discussed in Section 2.3.1, there are limited reserves of oil and
global oil production is likely to peak sometime in the next decade. Oil is also unsustainable in
the sense that directly burning petroleum products in vehicles produces carbon dioxide emissions
and there is no way of capturing and storing these emissions. Finally, emissions from petrol and
diesel fuelled vehicles are a major contributor to poor air quality in cities, particularly in developing
countries where vehicle emissions standards are less strict.

2.4 What factors contribute to improving energy
security?

There are five main ways of improving energy security:
e Making greater use of indigenous supplies

Increasing diversity of supply

Establishing long-term supply arrangements

Increasing strategic reserves

Reducing demand

Each of these is discussed briefly below in the context of energy for transport in the EU. Section
4 then describes in more detail some of the main transport policy options available to boost
energy security in Europe.

2.4.1 Indigenous supplies

Indigenous supplies of oil are limited and declining in Europe. This is reflected in the projected oil
production trend for OECD Europe shown in Figure 2.4. There is some scope to recover more oil
through technologies such as enhanced oil recovery (EOR) but it is unlikely there will be major
new discoveries of oil in Europe in future. Therefore the only way to increase indigenous supply
of transport fuels significantly is to move to alternative fuels such as electricity or biofuels.

10
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Figure 2.4: Qil production in OECD Europe
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Source: Figure reproduced from Energy Watch Group, (2007), Crude Oil: the Supply Outlook

A consequence of the fact that indigenous EU oil supplies are declining, but overall demand for
oil in the EU is still rising is that the EU now needs to import an increasing proportion of the oil
need to operate its economies, and that this trend towards more imports will continue in future
years. This has wider impacts on the EU economy as a whole, in that unless the supply of
indigenous transport fuels can be increased by diversifying into alternative fuels, an increasing
proportion of EU capital will flow to countries outside the EU trading bloc.

2.4.2 Diversity of supply

Diversity of supply encompasses diversity of fuels used for transport, diversity of suppliers of
those fuels and diversity of supply routes. Alternative fuels such as electricity, natural gas,
biofuels, hydrogen and coal-to-liquid (CTL) fuels can reduce reliance on oil supplies, although it is
likely that a majority of vehicles will be petrol or diesel fuelled for many years to come.
Furthermore, the ability to rapidly increase the supply of alternative energy sources (e.g. natural
gas, biofuels) may have the same effect as increasing strategic reserves - i.e. it may be possible
to stabilise global oil prices, by reducing the overall demand for crude oil products.

At the individual vehicle level, there is the option of introducing more flexibly fuelled vehicles
which, depending on their design, can use combinations of gaseous fuels, biofuels or liquid
petroleum based fuels.

As shown in Figure 2.1, the EU already imports oil from a range of different countries. This helps
to reduce reliance on a single source but reduced oil production in a single country can still have
a significant impact on oil price, and this is multiplied if OPEC countries act together. Diversity of
oil supply routes is less of an issue than for natural gas, which is almost exclusively imported
through pipelines. Options for increasing the diversity of supply are discussed in more detail in
Section 4 of this paper.

2.4.3 Long-term supply arrangements

Long-term supply arrangements are also a favoured option to ensure security of natural gas
supply. However, it should be noted that recent disruptions in natural gas supplies across Europe
due to a dispute between Russia and Ukraine highlighted the fact that long-term supply

11
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arrangements may not be enough to ensure energy security, and that diversification of suppliers
and supply routes are also important.

Long-term supply arrangements are less relevant for oil, which is traded on the international
markets and imported to Europe by ship as well as by pipeline.

2.4.4 Strategic reserves

Since 1968, EU Member States have been required to
petroleum as a Strategic Petroleum Reserve (SPR). This SPR must be kept within the EU but

not necessarily within the Member State. These reserves are intended to provide a buffer against

short term cuts in supply to the country and may also be used in the event of a fault or industrial

action at a refinery.

2.45 Demand reduction

Simply reducing the demand for transport fuels will improve energy security i the less oil to be
imported the lower the vulnerability to supply constraints or increased oil prices. This can be
achieved by improving the efficiency by which fuel is used to provide transport, by encouraging
modal shift, improving vehicle efficiencies, introducing measures such as driver training or lower
speed limits, and optimising freight logistics. It can also be achieved by reducing the demand for
energy services in transport through measures such as better urban planning and telecommuting.
Finally, the demand for oil can be reduced by introducing alternative fuels such as electricity,
biofuels or hydrogen. Methods for reducing the demand for transport fuels are discussed in more
detail in Section 4 of this paper.

12
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3 The extent of energy security in the
transport sector
3.1 Existing and projected demand for transport
fuels

According to baseline projections by the iTREN-2030 project, passenger transport demand in the
EU27 will grow by 26.3% (road), 19.4% (rail) and 36.0% (air) between 2005 and 2030, while the
National Technical University of Athens predicts an overall increase of 41% over this period, as
shown in Figure 3.1. The rate of growth in passenger transport is seen to slow in the second half
of this period, as car ownership saturates, but freight transport activity continues to grow steadily.

Figure 3.1: Projected growth in transport activity in Europe®
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Source: European Commission, (2008), European Energy and Transport: trends to 2030 i update 2007

Although the rate of increase in the demand for passenger transport is slowing in Europe, it is
growing rapidly in other parts of the world, notably China and India. The vehicle stock in China
increased almost seven-fold from 5.5 million vehicles in 1990 to almost 37 million vehicles in
2006. IEA projections suggest this could reach 230 million vehicles by 2030"° (see Figure 3.2
below).

12 European Energy and Transport, trends to 2030 i update 2007 (NTUA)
13 |EA World Energy Outlook 2008 i China and India Insights
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Figure 3.2: Development of light duty vehicle stock by region in the reference scenario
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As Figure 3.3 shows, the demand for energy for transport in the EU today is almost exclusively
met by petroleum products (oil) for road and air transport, with a small amount of electricity for rail
transport. Biofuel consumption is growing but still represented only about 2.6% of final energy
consumption in 2007 (European Commission, 2010). This reliance on oil is expected to continue
under a reference or business-as-usual scenario, with energy consumption reaching a plateau as
improvements in vehicle efficiencies counteract increases in the demand for transport.

Figure 3.3: Final energy consumption for transport in the EU, IEA reference scenario (Mtoe)
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The picture is similar globally, with oil continui
baseline scenario (see Figure 3.4). Note also that liquid transport fuels produced from coal (CTL)
and gas (GTL) are a feature in the baseline scenario in 2050.

However, globally the overall demand for energy for transport increases much more sharply
between 2005 and 2030 than it does in Europe. This is significant as it is the global demand for
oil that drives energy security concerns rather than increases in the demand in Europe.

This global demand is reduced under the ACT and BLUE scenarios, which represent increasing
levels of GHG reduction. The Blue scenario implies reducing global GHG emissions by at least
50% from current levels by 2050, which is the minimum recommended by the Intergovernmental
Panel on Climate Change (IPCC) to contain global warming to the relatively safe level of 2.0-
2.4°C average global temperature rise.
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Figure 3.4: Global energy use for transport by year and scenario
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There is also a significant shift to alternative transport fuels under these GHG constraint
scenarios. Fossil fuel changes from being the dominant fuel type in the baseline scenario to
accounting for less than half of the total fuel used in the BLUE scenario in 2050. Non-fossil
sources include ethanol in 2030 and a combination of hydrogen, electricity, biodiesel and
bioethanol in 2050. Both hydrogen and electricity are produced from low carbon sources under
this scenario: hydrogen predominantly from fossil sources with carbon capture and storage (CCS)
and electricity from nuclear energy, coal & gas with CCS and renewables.

3.2 Existing and projected supply of raw materials
for transport fuel production

3.2.1 Oil

Figure 3.5 shows the locations where oil is expected to be produced in 2030 and how that picture
has changed since 2001. This reflects the depletion of European and Asian oil fields and
suggests that the Middle East will strengthen its position as the major supplier of oil to global
markets. This is consistent with the location of proven oil reserves, as shown in Figure 3.6,
where again the Middl e MidlesHast ®RES courtries will elsonakeshes har e .
largest share in the expected 20% production increase between now and 2030. Production of
conventional oil in non-OPEC countries declines (see Figure 3.7).
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Figure 3.5: Projected sources of oil production
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Figure 3.6: Proven oil reserves in 2007, as share of total
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Figure 3.7: World oil production by region in the reference scenario
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