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1 Introduction 

1.1 Topic of this paper 

This paper covers of the topic of energy security in the context of the transport sector.  It 
describes what is meant by energy security, and how energy security issues affect the transport 
sector in Europe.  It also 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 for analysing 
energy security impacts when assessing the impacts of climate change abatement options in the 
transport sector. 
 
 

1.2 Background to project and its objectives 

The background of the project “EU Transport GHG: Routes to 2050?” is to serve the 
Commission’s long-term objective for tackling climate change, which entails limiting global 
warming to 2oC and includes the definition of a strategic target for 2050. As far as transport is 
concerned, there are various new 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 the transport sector. 
 
In order to fulfil this objective the project has been structured along 10 Tasks, which can be 
classified in three parts, according to their overall objectives: 

·  Part I (‘Review of the available information’ ) involves Tasks 1 to 4 aiming at collating 
the relevant data and providing the context for the project (e.g. potential emissions 
reductions that transport may have to deliver, transport trends and drivers) and an initial 
analysis of technical and non-technical options and policy measures for reducing GHG 
emissions from transport.   

·  Part II (‘In depth assessment and creation of framework for policy making’ ) involves 
Tasks 6 to 8, bringing the work of Part I together to develop a long-term policy framework 
for reducing transport’s GHG emissions. In particular, the following objectives have been 
identified: 

·  Part III (‘Ongoing tasks’ ) covers Tasks 5, 9 and 10. These tasks mainly concern with 
dissemination aspects, as the Task 5 (stakeholder engagement, aiming at providing 
insights into the feasibility of various GHG reduction measures) and Task 9, supporting 
the discussion with the development of papers. Task 10, project management, will 
support the effective realization of the work throughout the project lifetime. 

 
 

1.3 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: 

·  Technical options for road transport; 

·  Technical options for non-road transport; 

·  Non-technical options for road transport; 
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·  Fiscal and other economic instruments for road transport (incl. ETS); 

·  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.  
 
This document is a draft version of this paper for review by stakeholders attending the Technical 
Focus Group on 8th July 2009.  The final format of this document will be a standalone paper 
available on the project website and summarised in the final report. 
 

1.4 Structure of the paper   

The remainder of this paper is structured as follows; 
 

·  Section 2  provides an overview of energy security in relation to the transport sector; 

·  Section 3  describes the current and likely future extent of energy security in the transport 
sector; 

·  Section 4  discusses the means by which energy security in the transport sector can be 
increased; 

·  Section 5  reviews methods for integrating energy security issues into the assessment of 
options for reducing transport sector greenhouse gas emissions; 

·  Section 6  provides a summary of the study’s findings and conclusions. 
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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:  
 

“An adequate supply of energy at reasonable 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: 
 

“Energy supply security must be geared to ensuring the proper functioning of the economy, 
the uninterrupted physical availability at a price which is affordable, while respecting 
environmental concerns”. 

 
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 aviation 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 
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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 “not secure”? 

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.  

2.3.1 Sufficiency 

Europe imports much more oil than it produces and imports are increasing year-on-year.  In 2006, 
EU27 oil imports were 564.6 Mtonnes, 83% of total oil consumption. This represented an 
increase in annual imports of 49 Mtonnes (9%) since 2000.1   
 
So far this import dependency has not led to physical unavailability – sufficient oil is available on 
the international market, although there have been localised incidents 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 2.1 shows the sources of imports to the EU in 2006; of the main 
source countries only Norway can be considered very stable.   
 

Russia (33%)

Norway (16%)

Libya (9%)

Saudi Arabia (9%)

Iran (6%)

Other Middle East (6%)

Kazahkhstan (5%)

Nigeria (4%)

Other origin (12%)

 

Figure 2.1: Sources of oil imports to the EU27 in 2 006 (%) 

 
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 
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 barrels2.  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 

                                                      
1 Oil import data from EU Energy in Figures 2009 
2 Further information on oil reserve estimates is provided in the IPPR report Energy Security in the UK. 
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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 
capacity as Saudi Arabia, the world’s largest oil producer was not able to increase production to 
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 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 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 world’s crude oil and so OPEC has a strong influence on oil prices.  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.  
Figure 2.2 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 $40/bbl at 
the end of last year and then increasing again.    
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Figure 2.2: World crude oil prices since January 20 05 ($ per barrel) 

 
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 “World Energy Outlook” publication, the IEA has produced projections 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 (his torical and projected for the reference scenario)  

 
Source: IEA World Enegy Outlook, 2008, Copyright ©International Energy Agency 
 
 

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 some time 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: 
·  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.   
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Figure 2.4: Oil production in OECD Europe 3 

 
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 can use biofuels or petroleum 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 disruptons in natural gas supplies across Europe 
due to a dispute between Russia and Ukraine has highlighted the fact that long-term supply 
arrangements may not be enough to ensure energy security, and that diversification of suppliers 
and supply routes are also important.   
 

                                                      
3 Figure reproduced from Energy Watch Group report Crude Oil: the Supply Outlook, October 2007 
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Long-term supply arrangements 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 keep a minimum of 90 days’ supply of 
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.    

2.4.5 Demand reduction 

Simply reducing the demand for transport fuels will improve energy security – 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.   
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3 The extent of energy security 

3.1 Existing and projected use of 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 4 
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Source: European Commission ”European Energy and Transport: trends to 2030 – 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 20305 (see Figure 3.2 
below).   

Figure 3.2: Development of light duty vehicle stock  by region in the reference scenario 

 
Source: IEA World Energy Outlook 2008, Copyright © IEA 2008 
 

                                                      
4 European Energy and Transport, trends to 2030 – update 2007 (NTUA) 
5 IEA World Energy Outlook 2008 – China and India Insights 
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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 1.6% of final energy 
consumption in 2006.  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, I EA reference scenario (Mtoe) 6 
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The picture is similar globally, with oil continuing to dominate to 2030 and beyond under the IEA’s 
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-
2.4oC average global temperature rise.     

Figure 3.4:  Global energy use for transport by year and scenari o7 
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6 IEA World Energy Outlook 2008 
7 Reproduced from Energy Technology Perspectives: Scenarios & Strategies to 2050 © OECD/IEA, 2008, figure 15.2, p. 430 
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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 sources 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 Middle East has the lion’s share.  Middle East OPEC countries will also take the 
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).  
  

Figure 3.5: Projected sources of oil production 8 
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8 European Energy and Transport, trends to 2030 – update 2007 (NTUA) 
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Figure 3.6: Proven oil reserves in 2007, as share o f total 9 
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Figure 3.7: World oil production by region in the r eference scenario 

 
Source: IEA World Energy Outlook 2008, Copyright © IEA 2008 
 
 
As discussed in Section 2.3.1, there are considerable uncertainties over the extent of global oil 
reserves, with published figures for global ultimate recoverable reserves ranging from 1,000-
4,000 billion barrels.  This represents at least 40 years of supply at current levels of consumption 
but, as we have seen in Section 3.1, demand for oil for transport is set to grow in future.  There 
are two schools of thought on the uncertainties.  Some commentators believe the lower end of 
the range on the basis that oil companies may overestimate reserves because of the way OPEC 
awards quotas.  Others believe that reserves are underestimated because each decade brings 
new oilfield discoveries and new exploration and production technologies.  However, it is 
anticipated that there will be steep decline in production from existing oil fields between now and 
2030 (see Figure 3.8).  
 

                                                      
9 BP Statistical Review of World Energy, June 2009 
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Figure 3.8: World oil production by source in the r eference scenario 

 
Source: IEA World Energy Outlook 2008, Copyright © IEA 2008 
 
 

3.2.2 Electricity 

Electricity can be produced from a wide range of fuels including coal, gas, oil, nuclear energy, 
biomass and other renewable sources (hydro, wind, wave, solar etc.).  Europe’s current and 
projected future electricity mix is shown in Figure 3.9, which comes from NTUA modelling8.   

Figure 3.9: Gross Electricity Generation by Source – EU 27 

          
 
Gas reserves are limited in the same way as oil reserves and supply is also constrained by the 
ability to transport gas from producer to consumer, although this picture is changing as more gas 
is shipped in the form of liquefied natural gas (LNG).  Over half of the world’s gas reserves are 
located in just three countries: Russia, Iran and Qatar.  The IEA estimates that proven reserves at 
the end of 2005 were around 180 trillion cubic metres, or around 40 years of supply under the 
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IEA’s reference scenario10.   
 
Coal is more plentiful with proven reserves of 847 billion tonnes, equivalent to 144 years at the 
current production rate11.  Coal reserves are much more evenly distributed than oil and gas fields 
but China, India, the USA, Russia, India, Australia and South Africa between them account for 
over 80% of the reserves.   
 
Uranium resources for nuclear power generation are also well distributed and mainly in politically 
stable regions, with the largest resources in Canada (28%), Australia (23%) and Kazakhstan 
(10%).  A 2006 report by AEA for the UK Sustainable Development Commission concluded that 
known conventional resources coupled with estimated additional resources should be sufficient 
for at least 100 years of nuclear generation at predicted build rates.  However, it should be noted 
that globally there is currently no consensus view of the size of uranium resources. 
 
EU renewable energy resources12 vary from country-to-country with much of the hydro resource 
in the mountainous areas of Scandinavia and the Alpine countries, the greatest solar resources in 
Southern Europe, onshore wind resources in many countries and a concentration of offshore 
wind, wave and tidal resources in Northern Europe, particularly the UK.   
 

3.2.3 Biofuels 

Biofuels can be produced from crops such as rape seed, corn and sugar cane (first generation 
biofuels) or from agricultural or wood residues (second generation biofuels).  Currently the land 
area used globally for biofuels production is only about 14 Mha, compared to around 5,000 Gha 
for food production13.  However biofuels production is set to increase rapidly in the coming 
decade in response to policies introduced in Europe, the US and elsewhere.  This has triggered 
concerns about the extent to which biofuels production will compete with food production, 
particularly in the developing world.  There are also concerns that the availability of wood for fuel 
will be affected.   
 
The UK Government’s Gallagher review last year addressed the issue of sustainability of biofuels 
production and looked at the amount of agricultural land that would be required to meet current 
and proposed biofuels targets.  It concluded that biofuels could take up between 56-276 Mha of 
land globally by 2020, which represents 1-5% of total agricultural land area.  This comes at a time 
when there is growing demand for agricultural land to feed an increasing population, with some 
200-500 MHa of additional agricultural land required for food by 2020.  The range of values for 
land required for biofuels reflects a high degree of uncertainty in the types of biofuel, the extent to 
which co-products can be used crop yields.  The lower end of the range assumes second 
generation biofuels with co-production, while the top end assumes first generation biofuels with 
modest yields and no co-production.  There are also uncertainties over the area of cultivatable 
land and, in particular, the availability of marginal land which is not currently used for agriculture 
but could be used for biofuels production.  The Gallagher review concluded that biofuels should 
be produced from marginal land where possible to reduce impacts on food availability and prices. 
        

3.3 Are our transport energy supplies likely to 
become more or less secure? 

As previous sections have shown, the global demand for energy is increasing, both for transport 
and power generation.  This is driving up energy prices and raising concerns about the ability of 
supply to keep up with demand, particularly for oil and gas.  Petroleum fuels will continue to 
dominate in Europe in the short- to medium-term and this brings concerns about the availability 

                                                      
10 IEA data quoted in Energy Security in the UK: an IPPR fact file 
11 IEA World Energy Outlook 2008 
12 The term renewable energy resources refers to the potential in a given geographical area, rather than current installed production 
capacity. 
13  Agricultural Land Availability and Demand in 2020, CE Delft 
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and price of oil imports.  In the longer term, electricity and biofuels offer the potential to diversify 
supply but each has its own energy security issues.   

3.3.1 Oil 

Oil supply within the EU27 has peaked and is set to decline rapidly.  This means greater reliance 
on imports from the Middle East and elsewhere.  The growing economies of China and India will 
be competing for limited oil supply and it is uncertain whether suppliers will be able to step up 
investments sufficiently to meet demand (potentially leading to higher prices and higher levels of 
price volatility).  There are also incentives for suppliers to restrict or ration supply so that higher 
prices are maintained.  Political tensions in the Middle East and Eastern Europe are adding to 
concerns that there may not be sufficient supply to meet demand in future decades. 
 
The increased availability of unconventional oil from tar sands and heavy fuel oils may help to 
increase supply options but it comes at an environmental cost and there are significant 
investment costs associated with harvesting these types of resources.  However, if oil prices 
remain high in future years, such development may become economically viable, as long as the 
significant environmental concerns can be overcome.  Similarly the production of liquid fuels from 
coal or gas could help to meet any gap between supply and demand but there will be a large 
GHG penalty unless such technologies are combined with carbon capture and storage. 
 
Strategic reserves of oil kept by all EU countries should help to mitigate the threat of disruptions 
to transport fuel supply due to accidents, terrorist attacks or short-term cuts in imports.  In the 
longer term, climate change may lead to damage to pipeline and refining infrastructure.  

3.3.2 Electricity 

It is likely that the EU will move towards greater use of electric vehicles in future.  Introducing 
electricity into the mix for transport fuels provides diversity in that the electricity can be produced 
from a range of sources.  This is particularly true for plug-in hybrid vehicles that can use either 
electricity or petrol/diesel and so can continue to operate during a shortage of one or the other.  
 
Gas reserves are limited and are likely to be exhausted in a similar time-frame to oil reserves but 
the reserves of coal and uranium (for nuclear power) are much more extensive and better 
distributed geographically.  This means that there should be sufficient raw materials for electricity 
generation to meet demand in the medium to long term, although there is a potential conflict with 
GHG reduction measures if coal was to be used for power generation without capturing the 
resulting carbon dioxide.  Similarly there remain public acceptability issues with nuclear power. 
 
The EU Renewable Energy Directive is driving the introduction of more renewable electricity 
across Europe.  Most of this will be provided by intermittent sources such as wind and solar 
power.  This brings challenges in managing the electricity grid, since there is very little capacity 
for storing electricity and so other (fossil-based) power plants will need to fill the gap at times of 
high demand when the wind is not blowing and the sun is not shining.  These challenges would 
be heightened if there was a large and rapid uptake of electric or plug-in hybrid vehicles, although 
such vehicles could also be part of a demand management strategy. 
 
The electricity infrastructure is also inherently more vulnerable to accident or attack than the oil 
supply infrastructure.  This is partly because generation and transmission are centralised and 
partly because there is no buffering in the system akin to strategic reserves of oil.   
 

3.3.3 Biofuels 

One of the key benefits associated with biofuels is the diversity of supply available; biofuels can 
be produced from very many different resource feedstocks, and in future years, as second 
generation biofuel technologies become commercially available, the range of possible feedstocks 
is likely to increase.  Current feedstocks include palm, soy, oilseed rape, cereal crops, and 
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jatropha.  Second generation biofuel technologies will allow the use of crop residues and waste 
materials to be used to produce biofuels. 
 
However, whilst in theory there are many feedstock options available for producing biofuels, wider 
sustainability concerns may, in practice, limit the range of available choices, particularly for first 
generation fuels.  In particular, there are significant concerns with regard to land availability, direct 
land use change and indirect land use change that may place limits on the production of biofuels.  
As targets for the uptake of biofuels around the world increase in future years, there is likely to be 
increased competition for land to grow biofuels, and this will need to be weighed against the 
demand for land to grow food crops.  This issue is discussed in more detail in Section 4.5. 



EU Transport GHG: Routes to 2050? Energy security and the transport sector 
Contract ENV.C.3/SER/2008/0053 AEA/ED45405/Paper no 

 17 

4 Means of increasing energy security 

4.1 Overview 

There are a number of means by which the transport sector’s energy security could be increased.  
As described in the foregoing sections, energy security takes into account the availability of 
energy and the affordability of energy for the transport sector.  This section will primarily focus on 
examining options for improving the availability of energy for the transport sector, taking into 
account demand reduction, new technologies, and alternative fuels.  It should be noted that by 
improving the availability of energy, there can be corresponding improvements in energy 
affordability.  All of the options discussed in this section are particularly relevant in the context of 
greenhouse gas reduction policies, and in some cases there are undoubtedly synergies between 
the two objectives.   
 
The affordability of energy sources relates primarily to the price of crude oil, which is the 
dominant energy source for the transport sector.  However, the price of crude oil is very strongly 
related to production levels and the corresponding global demand for oil products.  As discussed 
in Section 2, production and supply levels tend to be quite strongly controlled by oil producing 
countries, and in particular by OPEC.  OPEC is a permanent international body that has a remit to 
plan and co-ordinate the petroleum policies of its members.  OPEC’s mission is “to co-ordinate 
and unify the petroleum policies of member countries and ensure the stabilization of oil markets in 
order to secure an efficient, economic and regular supply of petroleum to consumers, a steady 
income to producers and a fair return on capital to those investing in the petroleum industry."  
Given this remit, OPEC plays a very significant role in determining crude oil prices (with 
corresponding impacts on energy security) through its ability to control the supply of oil to global 
markets.  The ability to influence OPEC’s production decisions is very much a complex 
geopolitical issue, and in the context of greenhouse gas reduction policies for the transport 
sector, is outside the scope of this study.   
 
The following sections discuss options for improving the energy security of the transport sector, 
focussing on options for reducing energy consumption and alternative fuels and energy carriers 
that can be used to increase the diversity of energy supply in the transport sector. 
 
 

4.2 Reducing energy consumption in the transport 
sector 

A key method for improving energy security in the transport sector is to reduce the overall 
demand for energy by the sector.  There are three key ways in which this objective can be 
achieved, including: 
 

·  Improving the energy efficiency of individual transport modes; 
·  Modal shift away from transport modes with high energy consumption per passenger 

kilometre or per tonne kilometre; 
·  Reduction in the demand for transport. 

 
All of these options are discussed in detail in other papers that have been prepared as part of this 
study, and consequently a detailed description of these options is not repeated in this paper.  
However, in the following sections, a short overview of each option has been provided in order to 
provide some context for the discussion and analysis included in this paper. 
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4.2.1 Improving the energy efficiency of individual  transport modes 

Road transport 
Improving the energy efficiency of road transport can be achieved in a number of ways.  
Specifically, improvements can be made by: 
 

·  Applying new technologies to reduce energy consumption per kilometre travelled 
·  Selecting vehicles with lower specific energy consumption (i.e. smaller vehicles or with 

lower performance) 
·  Using operational techniques to reduce energy consumption per kilometre travelled. 

 
Applying new technologies to reduce energy consumpt ion per kilometre travelled 
Vehicle efficiency can be significantly improved through the application of advanced powertrain 
and non-powertrain technologies.  In recent years, a number of these technologies have started 
to appear on passenger cars in response to the ACEA/JAMA/KAMA voluntary agreement to 
reduce new car CO2 emissions, and more recently in response to the European Commission’s 
forthcoming regulations on new car CO2 emissions.  Technological options being pursued for 
passenger cars include advanced petrol and diesel engines with significant improvements in fuel 
consumption (e.g. Direct Injection Otto-cycle, variable valve technology, downsized engines etc), 
stop-start technology that cuts engine use when the vehicle is stationary, and various forms of 
hybrid-electric technologies (micro-hybrids, mild hybrids, and full hybrids).  Many of these 
technologies can also be applied to light commercial vehicles. 
   
In addition to powertrain technologies, energy efficiency can be improved through the application 
of non-powertrain technologies such as improved aerodynamics, weight reduction, low rolling 
resistance tyres, tyre pressure monitoring systems, and gearshift indicators.   
 
Improvements in CO2 emissions (which directly translate into equivalent improvements in energy 
consumption) for these different technologies are set out in the following two tables. 
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Table 4.1: Technical options forCO 2 reduction in petrol passenger cars. (reproduced fr om Smokers 
et al, 2008) 
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Table 4.2: Technical options forCO 2 reduction in diesel passenger cars. (reproduced fr om Smokers 
et al, 2008) 

 
 
 
By combining measures from the tables, improvements in energy efficiency of up to 50% could be 
achieved through the application of improved powertrain and non-powertrain technologies against 
a 2002 baseline vehicle.   
 
For heavy duty vehicles, the scope for efficiency improvements is likely to be smaller than for light 
duty vehicles as there has traditionally been a focus on maximising operational efficiency.  
However, there are a number of options that are likely to have an impact on the energy efficiency 
of heavy duty vehicles, including improved aerodynamics, weight reduction, and the use of longer 
vehicles capable of carrying bigger/heavier loads.  Hybrid-electric powertrain systems are 
currently being developed for heavy duty vehicles, but are unlikely to have as significant an 
impact on energy efficiency as such systems for light duty vehicles, except for urban applications 
such as goods distribution and buses.  
 
 
Selecting vehicles with lower specific energy consu mption 
In addition to specific technologies that can be used to reduce the energy consumption of 
vehicles, the choices that consumers and businesses make when purchasing a vehicle can play 
an important role in overall energy efficiency.  Firstly, it is important to note that, in general, 
smaller, less powerful vehicles consume less energy than larger vehicles fitted with powerful 
engines.  By encouraging consumers and businesses to purchase smaller, more efficient 
vehicles, significant reductions in energy consumption could be achieved.  Furthermore, 
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consumers often believe that all vehicles within a particular size category are very similar in terms 
of energy efficiency, but in practice this is not necessarily the case.  Across the EU a number of 
policies have already been introduced to encourage consumers to choose more efficient vehicles.  
In particular, for passenger cars, vehicle retailers are required to display information on CO2 
emissions and fuel consumption at the point of sale.  Furthermore, in selected Member States 
policy measures have already been introduced to encourage consumers and businesses to 
purchase more energy efficient vehicles.  For example, in the UK, since 2002, the company car 
tax system has been based on CO2 emissions performance.  Employees who choose company 
cars that emit high levels of CO2 are liable for increased tax bills, and hence there is a clear 
financial incentive for choosing more energy efficient vehicles. 
 
 
 
Rail 
Railway rolling stock are typically either powered by diesel locomotives / diesel multiple units or 
by electric locomotives / electric multiple units.  There are a number of methods that can be used 
to improve the energy consumption of railway rolling stock, and these are discussed in more 
detail in the associated paper entitled “Technical Options to reduce GHG for non-Road Transport 
Modes” which has been produced as part of this project.  The key technical options for improving 
energy efficiency include the following: 

·  Mass reduction.  Reducing the overall weight of railway rolling stock can lead to 
improvements in energy consumption.  Weight reduction can be carried out at the 
component level or, more fundamentally, at the system level.  The latter option would 
typically be used to optimise the design of new rolling stock, using an approach to 
optimise the whole train system’s weight characteristics.  Both component and system-
based approaches make use of light-weight materials, but the systems-based approach 
also examine alternative design methods that minimise weight (e.g. reducing the number 
of components in certain areas). 

 
·  Increased electrification of train services.  The proportion of rail services that are 

electrified varies significantly from Member State to Member State across the EU, with 
high percentages in (for example) Germany and France, and greater levels of diesel train 
use in countries such as the UK and a number of Eastern European countries.  The 
energy efficiency of electric train services tend to be significantly better than diesel train 
services, although the specific performance will depend on the power generation energy 
mix in each country.  Whilst electrification can provide improvements in energy efficiency, 
the costs associated with electrifying existing infrastructure (or developing new 
infrastructure) are very high. 

 
·  Regenerative braking.   This option is suitable for electric trains and diesel electric trains.  

Braking energy is captured and stored as electricity instead of being dissipated as heat, 
and can be used to provide additional power for the train, or can be fed back to the 
electricity distribution network for use by other trains. 

 
·  Reducing aerodynamic resistance.  Reductions in aerodynamic resistance lead to 

reductions in energy consumption as there is less resistance to motion.  Aerodynamic 
improvements have a greater impact on energy consumption at high speeds 
(aerodynamic drag increases with the square of vehicle speed), and hence this option is 
particularly appropriate for high speed trains.  Note that in some Member States, train 
design regulations place limits on the extent to which aerodynamic design characteristics 
can be used. 

 
·  Improved air conditioning.  Air conditioning accounts for up to 20% of the energy 

consumption of a modern train, and hence there are significant financial incentives 
associated with improving the energy consumption performance of these systems.  There 
are a number of operational measures that can be employed to reduce the energy used 
by these systems, as well as a number of train design improvements that would reduce 
the need for air conditioning. 
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Shipping 
Until recently, the shipping sector has not been the focus of significant attention with respect to 
improving the sector’s energy efficiency and reducing CO2 emissions.  However, recent research 
commissioned by the International Maritime Organization (IMO, 2009) has indicated that total 
global energy consumption and emissions from shipping are significant (the sector is responsible 
for around 2.7% of total global CO2 emissions) and are projected to grow significantly between 
now and 2050.  The IMO-commissioned research indicates that under business-as-usual growth 
trends, by 2050 total energy consumption from the shipping sector could be between two and two 
and half times greater than it was in 2007.   
 
Research carried out in 2008 by an AEA-led consortium on behalf of the UK Committee on 
Climate Change (AEA, 2008), and more recently further research commissioned by the IMO has 
set out a range of energy efficiency measures that could be applied to the shipping sector in order 
to reduce total energy consumption.  These measures include: 
 

·  speed optimisation 
·  route optimisation 
·  improvements to propeller and engine maintenance regimes 
·  engine energy recovery systems 
·  propeller energy recovery systems 
·  hull design optimisation 
·  hull coatings 

 
It is important to note that whilst operational measures can be relatively rapidly implemented, due 
to the slow rate of fleet turnover (ships have a typical lifetime of around 25 years), the rate at 
which technological measures for improving energy efficiency can be implemented is slow.   
 
The impacts of the affordability aspect of energy security on the shipping sector were very 
dramatically demonstrated in the summer of 2008 when oil prices peaked at close to US$150 per 
barrel.  The majority of ship operators altered the way in which they operated their vessels to 
minimise the economic impacts of the very high fuel prices.  In particular, ship operators started 
“slow-steaming” their vessels (reducing the speed of operation) in order to improve fuel efficiency 
and minimise any reductions in operating profits.  A number of operators with large fleets also 
reduced the total numbers of vessels that they had in operation at any one point in time. 
 
 
Aviation 
As with the shipping sector, there is a range of incremental technological and operational 
measures that can be applied to new and, in some cases to existing aircraft, and aircraft 
operations in order to improve energy efficiency in this sector.  Recent research carried out by the 
International Civil Aviation Organisation (ICAO, 2009) has summarised these measures into the 
following categories: 
 

·  Conventional airframe and engine design improvement s.  This category includes 
light-weight advanced alloy metals, composite materials, “smart structures” (these are 
structures which can change shape or react in response to the operational environment), 
nanotechnologies (for surface treatment), and new joining processes which allow weight 
reduction by enabling dissimilar components or materials to be combined. 

 
·  Aerodynamic improvements.  A range of technologies could be applied to new designs 

of aircraft to reduce viscous drag, including natural laminar flow wings and hybrid laminar 
flow control.  Further improvements can be made by reducing turbulent skin friction 
through the application of riblets (which act in a passive manner) or through the use of 
active flow control systems such as low-energy plasma actuators.  Viscous drag can also 
be reduced by optimising surface intersections on the aircraft body, minimising 
manufacturing-related surface irregularities, and optimising the design of air inlet and 
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exhaust apertures.  Further improvements in aerodynamic efficiency can be achieved by 
using novel design to reduce lift-dependent drag.  Lift-dependent drag is inversely 
proportional to overall aircraft wingspan, and hence in theory drag (and consequent fuel 
consumption) can be reduced by increasing the wingspan.  In practice, there are a 
number of reasons why it may not be desirable to increase overall the wingspan of 
commercial aircraft.  In particular, there may be operational constraints at airports that 
preclude this option.  Furthermore, increases in wingspan using conventional materials 
lead to increases in weight, which may negate the fuel efficiency benefits of reducing lift-
induced drag.  However, a number of options are currently being investigated/developed 
to overcome this problem, including the use of light weight composite materials in the 
primary wing structures, aeroelastic tailoring (i.e. the use of laminated composite 
materials to passively control wing twist by morphing the shape of the wing structure), the 
use of wing-tip devices such as winglets or raked wing tips, and variable camber control. 

 
·  Engine efficiency measures.  ICAO note that Improvements in engine efficiency can be 

categorised into three different groups: improvements in propulsive efficiency (decreasing 
fan pressure and increasing engine bypass ratio); improvements in thermal efficiency 
(increases in engine pressure ratio); and improvements in transmissive efficiency 
(improved component efficiencies). 

 
·  Operational measures.  In addition to the technological measures described above for 

improving the energy efficiency of the aviation sector, there is a range of operational 
improvements that could be implemented that could have a significant impact on energy 
consumption.  Many of these measures are based around improvements to air traffic 
management, some of which would reduce the amount of time that aircraft remain 
airborne.  Measures include: 

 
o flexible use of airspace 
o reductions in the minimum vertical separation between aircraft (this could allow 

up to six additional flight levels) 
o improved navigation systems (area navigation and performance navigation) that 

allow more efficient routes and flight trajectories 
o improved air traffic flow management to improve the organisation of traffic flows 
o improved airport terminal area design and management 

 
 

4.2.2 Modal shift and demand reduction 

Passenger transport 
Modal shift can play an important role in improving the energy efficiency of the transport sector as 
there are currently clear differences in the energy intensity of each travel mode, and there are 
projected to be significant differences in future years (see Figure 4.1).  It is clear from the figure 
that shifts from private car use to public transport (e.g. trains, buses, etc) could have a major 
impact on energy consumption and greenhouse gas emissions.  Furthermore, where possible, a 
shift to non-motorised modes (e.g. walking, cycling) would have even greater benefits on a per 
kilometre travelled basis, although such shifts would only be feasible for shorter journeys. 
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Figure 4.1: Average projected CO 2 emissions per passenger kilometre in 2030 for diff erent modes of 
passenger transport 
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Modal shift has been a key policy objective across the EU and within individual Member States 
for a number of years, and has been highlighted in a number of key European strategy and policy 
documents including the 2001 Sustainable Development strategy (European Commission, 2001) 
and the EU White Paper, “European Transport Policy 2010: Time to Decide”.  However, in 
practice, current trends and projections across the EU27 indicate that the total volume of journeys 
undertaken using private motorised transport (cars and motorcycles) is projected to increase 
significantly between now and 2030, with reductions in the volume of journeys undertaken by rail 
and bus.  It should be noted that the impacts on total energy consumption of increases in the total 
number of car journeys will be restricted to a certain extent by improvements in energy efficiency 
between now and 2030.  The projected increase in car journeys can be linked to a number of 
factors including: 
 

·  increasing car ownership levels in the newer Member States; 
·  structure of transport costs; 
·  patterns in spatial development (e.g. out of town developments that are harder to reach 

by public transport or by non-motorised travel modes). 
 
Each of these issues is discussed in more detail in the associated paper entitled “Modal split and 
decoupling options” that has been separately prepared as part of this project.  
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Figure 4.2: Projected volumes for passenger transpo rt across the EU 
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Freight transport 
In the freight sector, the relative energy/CO2 intensity of different modes for intra-EU transport 
indicates that road modes are the least energy efficient (in terms of energy consumption per 
tonne-km travelled), and consequently, a shift from road freight to rail or inland waterway could 
lead to significant reductions in energy consumption. 
 

Figure 4.3: Average projected CO 2 emissions per passenger kilometre in 2030 for diff erent modes of 
intra-EU freight transport 
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The majority of goods in the EU are transported by road transport, and future projections indicate 
that there is likely to be a decrease in the proportion of goods transported by rail and inland 
waterways, with further increases in the amount transported by road. 
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Figure 4.4: Projected volumes for freight transport  across the EU 
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The reasons behind the trends presented above are discussed in more detail in the associated 
paper on modal split prepared as a part of this project that referred to earlier.  However, in 
summary, some of the key issues previously identified by the European Environment Agency 
(EEA, 2006) that explain the current and projected future dominance of road transport in the 
freight sector are as follows: 
 

·  Road transport is able to be more competitive than rail due to the dismantling of trade; 
barriers and the greater liberalisation of the road freight market across the EU compared 
to rail and inland waterways; 

·  Road transport is more suitable for just-in-time deliveries as it has greater levels of 
flexibility than other modes; 

·  Road transport is fast and reliable – this is particularly important for perishable goods; 
·  Recent changes in spatial planning and infrastructure tend to favour road freight options. 

 
 
Summary 
This section has provided a very brief review of the relative energy consumption/CO2 emissions 
performance of different modes of passenger and freight transport, and has identified some of the 
current barriers to modal shift away from energy intensive modes of transport.  It is stressed that 
more detailed research and analysis on this topic is presented in the associated paper entitled 
“Modal split and decoupling options” that has been separately prepared as part of this project.  
Readers interested in more detailed analysis of these issues are recommended to examine that 
document.   
 
A number of key themes emerge with respect to encouraging modal shift.  In particular, modal 
shift away from energy intensive transport modes in heavily dependent on the following factors, 
and EU or Member State policies related to these factors: 
 

·  Spatial developments; 
·  Infrastructure developments to support road and non-road modes; 
·  Efficiency improvements and interconnectivity of intermodal networks (e.g. border 

crossings); 
·  Travel times of the various modes;  
·  Travel costs of the various modes; 
·  Development of the CO2 performance of the individual modes. 
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4.3 Liquefied petroleum gas and compressed natural 
gas 

Natural gas and liquefied petroleum gas (LPG) currently play a very minor role in powering 
vehicles in Europe.  Natural gas (which can be used either as Compressed Natural Gas – CNG, 
or Liquefied Natural Gas – LNG) is composed of methane, whilst LPG consists of a mixture of 
propane and butane. 
 
Both fuels have a number of advantages for use as a transport fuel, including the ability to reduce 
life-cycle emissions of greenhouse gases and the ability to reduce vehicle emissions of air quality 
pollutants.  However, it should be noted that the life-cycle GHG emissions benefits are greater for 
natural gas than for LPG, and that even for natural gas, life-cycle emissions benefits are heavily 
dependent on the source of the gas.   
 
CNG, LNG, and LPG can readily be used in the road transport sector, and in the majority of 
cases, these fuels are used in spark ignition engines.  However, it should be noted that diesel 
engines 9including heavy duty diesel engines) can be converted to run on a mixture of natural 
gas and diesel, with a natural gas content of up to 90%.   
 
For other modes of transport, there is currently limited experience in the use of natural gas and 
LPG, and in some cases these fuels do not have the necessary energy density in order to be a 
viable option.  In particular, CNG, LNG, and LPG are not viable options for the aviation sector.  
For the rail and shipping sectors, there is limited experience in using CNG and/or LNG as a fuel, 
and in particular, it is thought that there is significant scope for LNG to be used as a fuel for short 
sea shipping in the future.  LPG is unlikely to be suitable for rail and shipping applications due to 
energy density issues.   
 
With respect to energy security, it is important to note that LPG is produced either by refining 
crude oil or be extracting it from “wet” natural gas sources.  Hence, in terms of improving energy 
security, LPG sourced from natural gas is likely to be more suitable as the affordability and 
availability of oil-derived LPG will be linked to crude oil itself.  Using natural gas and natural gas-
derived LPG as transport fuels could help to improve the energy security of the transport sector, 
as such a shift would help to control demand for petroleum products and consequently could help 
to reduce the volatility of oil prices.  There are, however, a number of barriers that would need to 
be overcome to realise the potential of these fuels.  In particular, there is currently only very 
limited infrastructure across the EU for refuelling natural gas and LPG vehicles.  This is a major 
barrier, particularly for the road freight sector, where long distance journeys are the norm.  There 
is also a price premium associated with vehicles that can run on natural gas or LPG, and without 
adequate financial incentives (e.g. consistently lower fuel prices), it can be difficult to encourage 
consumers and businesses to switch to these types of fuels. 
 
One further point to note is that whilst increasing the amount of natural gas used in the transport 
sector has the potential to increase the energy security of the transport sector, there are likely to 
be negative impacts on the energy security of other sectors of the economy associated with such 
a shift.  In particular, natural gas is predominantly used for power generation and 
domestic/commercial heating.  In recent years, there have been significant energy security issues 
associated with the supply of natural gas, which has led to significant price volatility and in supply 
restrictions.   
 
It should be noted that a more detailed discussion of the technical issues associated with using 
natural gas as a transport fuel is provided in the associated paper produced for this study entitled 
“Alternative energy carriers and powertrains”.   
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Summary 
Natural gas and LPG could, theoretically, play a role in improving the energy security of the 
transport sector by helping to diversify the sources of energy used to provide transport services.  
However, it is important to note that LPG can be sourced from crude oil or from natural gas, and 
oil-derived LPG is unlikely to help improve the transport sector’s energy security.  There are a 
number of barriers which may restrict the extent to which natural gas can be taken up in the 
transport sector in the short-to medium term, and furthermore, increased use of natural gas in the 
transport sector may contribute to reducing the energy security of other sectors of the economy. 
 
 

4.4 Increased electrification of the transport sect or 

For most transport modes, at this point in time grid electricity only plays a very minor role in 
providing motive power for vehicles.  Indeed, for some modes, such as aviation and shipping, 
electricity generated at power stations does not provide any motive power.  The exception to this 
rule is the rail sector, where across Europe, a significant proportion of rail services are powered 
by electricity provided to trains either via overhead power lines or via electrified track.  With 
respect to energy security, electricity potentially has a very important role to play as it can be 
generated by a wide variety of means, using fossil fuels, bioenergy sources, nuclear fuels, or 
renewable energy sources.  In this section, the increasingly important role of electricity in the 
transport sector is discussed, with a particular focus on the road transport sector, as this is where 
the majority of future developments in this area are likely to occur. 
 

4.4.1 Electrification of the road transport sector 

Electric road vehicle technology is currently being developed globally by a wide variety of 
manufacturers in response to existing, proposed, and potential future legislation in various 
countries around the world.  Most developments are currently focussed on light duty vehicles, 
with two key technologies likely to play a major role in the near future, namely pure electric 
vehicles (EVs) and plug-in hybrid electric vehicles (PHEVs).  Pure electric vehicles are powered 
solely by electricity obtained from the electricity transmission network.  These types of vehicles 
are fitted with high capacity batteries that are charged by connecting the vehicles to the mains 
power supply.  These on-board batteries are then used to provide electrical energy to motors 
fitted to the vehicle, thereby providing motive power.  PHEVs are a hybrid solution that combines 
the key elements of a pure electric vehicle with elements of conventional petrol or diesel vehicles.  
As with EVs, PHEVs are equipped with on-board batteries that are used to provide energy to 
electric motors fitted to the vehicle.  A number of different types of PHEVs are currently being 
developed, ranging from plug-in electric vehicles with a small “limp home” range extender internal 
combustion engine that would allow the battery to be partially recharged on the move, to vehicles 
that are similar to current hybrid-electric vehicles (i.e. with its wheels driven by both an internal 
combustion engine and an electric motor), but with a larger battery to allow slightly longer 
distances to be travelled in pure electric mode. 
 
One of the main advantages associated with EV and PHEV technology is the potential to 
significantly reduce the usage of fossil fuels for meeting vehicle motive power requirements.  This 
can have benefits in terms of significant reductions in life-cycle (well-to-wheels) emissions of CO2.  
Importantly, these technologies can also lead to improvements in energy security (by diversifying 
the energy sources used in the transport sector). 
 
Many of the EVs and PHEVs currently being developed are being viewed as a key step in 
decarbonising the transport sector and reducing its reliance on fossil fuels.  A number of countries 
around the world have set ambitious targets for the future uptake of EVs and PHEVs, with the 
main objective being to support national and international policies for tackling climate change.  In 
support of these targets, some of these countries are providing financial support to stimulate both 
the development and market uptake of these types of vehicles.  It should be noted that whilst EVs 
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and PHEVs could contribute to reducing transport sector CO2 emissions in the short and medium 
term, the main emissions reduction benefits of these technologies in terms of emissions 
reductions will be experienced in the long term (beyond 2020), as by that point in time there are 
likely to be significant reductions in costs and improvements in performance that could facilitate 
mass market uptake.  Additionally, in order to maximise the emissions benefits associated with 
EVs and PHEVs, significant decarbonisation of the electricity generation sector will be required. 
 
Taking into account all of the above influencing factors, a broad range of vehicle manufacturers 
have now started to develop vehicles equipped with these technologies that will eventually be 
sold in a wide variety of different markets, including across the EU. 
 
To date, the main barriers to the wider uptake of EV and PHEV technology have included: 

·  Limited vehicle range, due to the current limitations of battery technology; 
·  High capital costs associated with vehicle batteries; 
·  Limited availability of recharging infrastructure. 

 
However, given the pressing need to reduce CO2 emissions from the transport sector, and the 
desire to ensure security of energy supply by broadening the range of energy sources used in the 
transport sector, many activities are currently underway to aid the commercialisation of PHEVs 
and EVs, including a number of current and planned demonstration programmes in a number of 
countries.  Importantly, the commercialisation of electric vehicle technology is being aided by 
recent and ongoing improvements in the batteries used to store the electrical energy required to 
power these types of vehicles.  Lithium ion battery technology offers significant improvements in 
energy density compared to previous types of batteries (e.g. lead acid, nickel metal hydride), 
meaning that forthcoming EVs and PHEVs will be able to travel further on a single charge than 
previous electric vehicles that have been brought to the market. 

4.4.2 Energy security issues 

Electric vehicles are significantly more energy efficient than conventional petrol and diesel 
vehicles, and consequently they provide a reduction in overall energy consumption compared to 
equivalent conventional vehicles, even if the electricity used is generated using the current grid 
energy mix.  The efficiency (percentage of energy input that is delivered as energy output) of 
petrol and diesel vehicles ranges from 18% to around 25%, whilst the overall efficiency of electric 
an vehicle is around 65%.  This much higher vehicle efficiency figure enables electric vehicles to 
overcome the much greater upstream energy losses that occur during electricity generation, 
compared to fossil fuel refinery processes.  However, the relative overall efficiency of EVs 
compared to conventional petrol and diesel vehicles is strongly dependent on the specific 
electricity generation energy mix used.  As decarbonisation of the electricity generation mix is 
already a major aim across the EU, EVs and PHEVs will in future realise further gains in energy 
efficiency as individual countries shift away from fossil-based power stations and move more 
towards renewable energy sources and/or nuclear power.     
 
In theory, the decarbonisation of the power sector coupled with increased uptake of EVs and 
PHEVs could improve energy security by diversifying the range of energy sources used to 
provide motive power to the road transport sector.  In particular, over the medium-to-long term, 
increased uptake of EVs and PHEVs will help reduce the transport sector’s very high levels of 
dependence on crude oil, whilst also helping to significantly reduce greenhouse gas emissions 
from this sector.  However, it is important to note that a rapid increase in the uptake of EVs and 
PHEVs in the near future is likely to be problematic as demand for electricity would increase 
significantly and many countries do not currently have adequate electricity supply infrastructure to 
cope with additional demand.  In particular, it is possible that there could be peaks in the demand 
for electricity to recharge vehicles coinciding with peaks in household demand for electricity, 
which could place very heavy burdens on the local distribution network, and in extreme cases, 
may cause problems with availability.   
 
A study carried out by Oak Ridge National Laboratory (Hadley and Tsvetkova, 2008) indicated 
that in the absence of any incentives to change behaviour, for most consumers the preferred time 
for recharging is likely to be as soon as they are within easy access of a plug.  In most cases, this 
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would be upon returning home from a journey (e.g. daily commuting journeys), and is likely to be 
during the early evening period, coinciding with peak domestic demand.  By contrast, for 
electricity supply companies, the optimum time for vehicle recharging would be during night-time 
when demand for electricity is low.  In many countries it is likely that there is sufficient overall 
electricity generation capacity to meet the demands of a future scenario where there is significant 
uptake of EVs and PHEVs, but it is clear that the daily demand profile may need to be managed 
through the use of time differentiated tariffs and/or through the use of smart metering or smart 
grids.  Research commissioned by the UK Government (Arup/Cenex, 2008) examined the impact 
of increased uptake of EVs and PHEVs on the UK electricity distribution network.  The study 
found that there is sufficient electricity generating capacity to handle the uptake of electric 
vehicles as long as the demand for recharging is managed by targeting charging activity towards 
off-peak periods.  A similar situation is likely to hold true for many other countries in the EU. 
 

4.4.3 Decarbonising electricity generation: the use  of renewable and 
system intermittency issues 

A further issue related to the uptake of electric vehicles is the likely future decarbonisation of 
electricity generation.  In the coming years, electricity grids in many European countries are likely 
to make increasing use of renewable energy sources, including wind power, solar, and marine 
tidal power.  However, many renewable energy sources are significantly more variable, or 
“intermittent” than conventional thermal power stations, and this potentially places additional 
reserve requirements on the electricity generating systems.   
 
The additional system requirements associated with intermittency are discussed below, drawing 
heavily on the findings of research carried out by the UK Energy Research Centre (UKERC, 
2006), and additional complementary research carried out by Gross et el (Gross et al, 2007).  
These studies indicate that a well-functioning electricity supply system is typically designed with 
built-in reserves to provide system balancing (to deal with short-term fluctuations in supply), as 
well as enough capacity to meet peak daily demand for electricity.  Furthermore, as any 
generating plant can fail and demand predictions can be incorrect, a so-called “system-margin” of 
maximum possible supply over peak demand is useful.  The issue for renewable sources such as 
wind power is that as there are greater levels of variability associated with this type of generating 
capacity, and so the additional capacity required to provide system balancing and system margin 
is greater than for conventional thermal power stations.  This has implications in terms of the 
costs associated with switching to renewable energy sources (additional costs will be incurred to 
provide the additional system balancing and system margin, and these costs increase as the 
penetration of renewables increases).  Potentially, these effects may have impacts on energy 
security if these factors are not carefully considered as part of capacity planning.   
 

4.4.4 Summary 

Increased electrification of the transport sector has a number of benefits, not least of which is the 
significant reduction in emissions of greenhouse gases possible by switching from internal 
combustion engines to electric traction.  From an energy security perspective, there are both 
benefits and disadvantages; in particular, electrification is likely to play a key role in diversifying 
the sources of energy used to support transport services, but there are a number of key issues 
that need to be taken into account, including the need to ensure that electricity demand is 
managed to avoid undue burdens on local distribution networks, and the need to take into 
account potential future intermittency issues associated with shifting to renewable electricity 
generation.   
 



EU Transport GHG: Routes to 2050? Energy security and the transport sector 
Contract ENV.C.3/SER/2008/0053 AEA/ED45405/Paper no 

 31 

4.5 Biofuels 

4.5.1 Overview 

The use of biofuels in the transport sector across the EU has primarily been driven by concerns 
around climate change.  By shifting to bio-energy sources, it is possible to obtain significant 
reductions in life-cycle greenhouse gas emissions, dependent on the resource feedstocks used to 
produce the biofuel.  A number of countries have adopted biofuels as a means of improving their 
energy security as indigenous biofuels production can allow countries to improve their energy 
security by reducing their dependence on imported oil.  However, the use of biofuels can result in 
complex trade-offs between a number of objectives including targets to reduce GHG emissions, 
energy security, food security, and land availability.  These issues are discussed further in this 
section. 
 

4.5.2 Types of biofuels 

First generation, or conventional biofuel processes are generally defined as those that convert 
food crops, such as esterification of vegetable oils to produce biodiesel, and fermentation of 
sugar-rich and cereal crops to produce bioethanol.  Advanced/second generation biofuel 
technologies are sometimes viewed as offering a more sustainable alternative to first generation 
biofuels.  Second generation or advanced biofuel processes are typically defined as those that 
convert ligno-cellulosic materials (e.g. woody or grassy biomass).  There are two principal 
technology routes for producing these second generation fuels – biological and thermochemical.  
More recently there has also been significant interest in biodiesel produced from hydroprocessing 
vegetable oils (HVO) and in non-food oil producing crops such as Jatropha that can be grown on 
land not suitable for food production.  Such HVO biodiesel fuels are sometimes considered to fall 
in between biofuel production that is generally thought of as first or second generation. 
 
Previous enthusiasm for first generation biofuels has been tempered by concerns around the 
relatively modest savings in greenhouse gas emissions that can be achieved by some first 
generation biofuels, and by wider sustainability concerns including food security issues, direct 
land use change issues (e.g. competition for agricultural land), and indirect land use  change 
(ILUC).  The linkages between these different aspects are complex and in many cases the links 
are not direct.  These issues are likely to mean that first generation biofuels are likely to be a 
temporary option until second generation fuels become available. 
 
The use of biofuels for different modes of transport has been discussed in detail in the separate 
paper on alternative energy carriers and powertrains for transport, and the detailed discussion in 
that paper is not replicated here.  However, it should be noted that the use of biofuels is being 
investigated for all modes of transport (road, rail, aviation, and shipping), with the majority of 
research, development, and deployment having occurred in the road transport sector. 
 

4.5.3 Energy security issues and interactions with other sectors 

As stated in the overview to this section, biofuels can contribute to improving energy security by 
reducing a country’s dependence on imported oil.  However, it should be noted that this is 
dependent on the potential for domestic production of biofuels.   The USA is probably the most 
significant example of a country that has adopted biofuels primarily as a means of improving its 
energy security.  This has led to the introduction of policy initiatives to stimulate the use of 
domestically grown corn as a resource feedstock to produce bioethanol.  In particular, since 
1978, Government subsidies have been available (originally introduced as part of the Energy 
Policy Act of 1978) to support the uptake of ethanol.  The current subsidy is US$0.51 per US 
gallon of fuel (US$0.13 per litre).  Research carried out by Wallace Tyner of Purdue University 
(Tyner, 2006) indicates that as crude oil prices have increased, there has been significant upward 
pressure on corn prices in the US.  Tyner indicates that between 2003 and 2006, investment in 
corn-derived bioethanol production was very profitable due to increasing demand as crude oil 
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prices increased.  This has had knock-on effects in other sectors of the economy – in particular, 
the agriculture sector, where corn is used as animal feed, and is also exported for other uses. 
 
More broadly, the introduction of targets for the uptake of biofuels (e.g. EU-wide targets), and the 
fact that current first-generation fuels are more expensive than transport fossil fuels, has meant 
that biofuels producers are generally most interested in using the cheapest biofuels feedstocks 
available.  Biofuel resources feedstocks can be treated much like other commodities in this 
respect and demand will vary according to feedstock price.  With respect to energy security, the 
key determinant for biofuels is land availability.  The UK Government commissioned an AEA-led 
study team to carry out detailed research on biofuels in 2008 (Renewable Fuels Agency, 2008) 
that examined the issue of land availability (amongst many other topics) in detail.  This research 
led to the following findings with respect to land availability: 
 

·  In order to meet a 7% GHG reduction target in the EU through the uptake of biofuels, by 
2020 additional land of between 167 Mha and 276 Mha would be required using only first 
generation biofuels.  The lower estimate takes into account benefits due to biofuel co-
products. 

 
·  If the targets were met using second generation biofuel technologies, the additional land 

required would be less, ranging from 122 Mha to 199 Mha.  The lower estimate takes into 
account benefits due to biofuel co-products. 

 
·  Additional land in the EU is restricted, and hence increasing the amount of biofuels used 

for transport is likely to lead to significant imports of resource feedstocks and biofuels.  
Within the EU, France, Germany, and Eastern European countries have the greatest 
potential to grow their own biofuel feedstocks. 

 
·  Outside of the EU, countries such as China and India have very limited agricultural land 

available for biofuels production, and consequently they are looking at land regeneration 
and the use of waste land and saline land.   

 
·  Land availability is highest in sub-Saharan Africa and South America.  Research carried 

out by CE Delft for the Gallagher Review indicates that 50% of the land available globally 
is located in just seven countries. 

 
Given the above findings, the Gallagher Review clearly indicated that in order to meet current and 
future targets for the use of biofuels, the EU will need to import a very significant proportion of the 
biofuels it needs.  Whilst the increased use of biofuels can help improve energy security by 
diversifying the types of energy carriers used to meet the transport sector’s energy demands, 
additional energy security concerns are introduced.  In particular, as penetration of biofuels 
increases, the EU may become more reliant on resource feedstocks and biofuels produced in 
countries outside of the EU.  Additionally, there are a number of wider impacts that need to be 
taken into account associated with the use of biofuels, including indirect land use change, net 
GHG emissions savings, and impacts on the wider economy (including complex interrelationships 
between demand for biofuels and food prices).   
 
There is the potential for second generation biofuel technologies to significantly reduce the 
amount of land required for biofuel production, as many of these technologies use crop residues 
or waste as a feedstock, which do not increase the overall demand for land.  However, none of 
these second generation technologies are currently commercially viable (many are still at the 
R&D or demonstration stage), and it is not anticipated that they will be available for a number of 
years.   
 

4.5.4 Summary 

Biofuels are already playing a role in helping to reduce greenhouse gas emissions from the 
transport sector and in some countries, they are already playing a role in improving energy 
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security.  However, in the last two years, a number of concerns have been raised with respect to 
the mass introduction of biofuels and their potential impacts on land use, food security, and net 
reductions in greenhouse gas emissions.  Recent research has shown that in order to meet 
biofuels targets, the EU would need to become a net importer of biofuels.  Hence, although 
biofuels can help to improve energy security by reducing reliance on crude oil products, a switch 
to biofuels could introduce other energy security concerns in the short-to-medium term, by 
increasing the EU’s reliance on a range of other countries and regions, such as South America 
and sub-Saharan Africa that have land available to grow feedstocks.  Longer term, a shift to 
second generation advanced biofuel technologies may minimise some of these issues, but such 
fuels are unlikely to be available until the middle of the next decade. 
   
 

4.6 Other alternative energy carriers for transport  

4.6.1 Overview 

In addition to near-term and medium-term technologies such as natural gas, electricity, and 
biofuels, there are a number of other energy carriers that are being considered as means for 
meeting the energy demand of the transport sector.  These technologies include hydrogen, coal-
to-liquid (CTL) transport fuels, and gas-to-liquid (GTL) fuels.  These technologies are reviewed 
further in this section, including discussion of the potential implications of each option with respect 
to energy security. 
 

4.6.2 Hydrogen 

Research on using hydrogen as an energy carrier for the transport sector has been ongoing for a 
number of years, with prototype, demonstration, and early production vehicles powered by 
hydrogen fuel cells and hydrogen internal combustion engines having been produced.  The 
majority of developments to date have been focused on light-duty road transport applications 
(mainly passenger cars), but research and development activities have also been carried out for 
railway applications and for marine applications.  Early research is also underway for the aviation 
sector.  It is important to note that hydrogen technology for all modes of transport is still a number 
of years away from being commercially available.  Most experts do not anticipate that there will 
be any significant uptake of hydrogen powered road vehicles before 2025. 
 
Hydrogen is described as an energy carrier as it does not occur naturally in its pure form.  Hence, 
hydrogen has to be produced from other naturally occurring resources such as water, methane 
(natural gas), biogas, or coal.  There are a number of production routes available for making 
hydrogen: 
 

·  Natural gas reforming 
·  Hydrolysis of water (e.g. using nuclear power or renewable electricity) 
·  Gasification of coal 
·  Other production methods including biological, thermal and photolytic processes 

 
From an energy security point of view, the large number of production options available is 
theoretically beneficial, but in practice there are a number of issues with the various production 
routes.  Natural gas reforming is currently the most cost effective hydrogen production route, but 
if this hydrogen is then used as a transport fuel, the reductions in GHG emissions compared to 
conventional petrol or diesel are minimal, and furthermore, current natural gas supplies are no 
more secure than oil supplies.  The European Commission’s “Energy and Transport – Trends to 
2030: 2007 update” (EC DG TREN, 2007) publication indicates that “there is a growing regional 
concentration of oil and gas production.  The share of CIS and Middle-East countries in global 
production of oil and gas reaches 52.5% in 2030, up from 40% in 2001”.  Given these projections, 
it is clear that using natural gas to produce hydrogen will not necessarily minimise energy security 
concerns in the transport sector.   
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Hydrolysis of water offers a variety of potential production routes by which hydrogen could be 
produced, with minimal emissions of greenhouse gases, and improvements in energy security.  In 
particular, excess heat and surplus electricity from nuclear power plants could be used as a 
means of producing hydrogen with minimal/no GHG emissions, and at high levels of efficiency.  
This process would be used as a means of improving the efficiency of baseload power generation 
(e.g. much of the hydrogen would be produced at night when demand for electricity is low), and 
consequently, a means of storing the hydrogen produced would be required. 
 
An alternative production method, which is being investigated in a number of countries, including 
the USA, is the gasification of coal to produce hydrogen.  Again, hydrogen would be produced as 
a by-product of an electricity generation process; in this case, integrated gasification combined 
cycle (IGCC) technology, which allows coal to be burned in power plants more efficiently and with 
lower emissions of air pollutants.  IGCC technology enables hydrogen to be produced because 
the gasification process converts the coal feedstock into syngas, which consists of hydrogen, 
carbon monoxide, methane and CO2.  Hydrogen can then be extracted from the syngas, and 
further processing can be carried out to remove impurities.  A key issue in this process is that 
hydrogen produced using coal gasification technology is not GHG emission-free.  In order to 
minimise CO2 emissions, the gasification plant would need to be fitted with Carbon Capture and 
Storage (CCS) technology.  As with the nuclear production process described above, hydrogen 
storage facilities would be required. 
 

4.6.3 Coal to Liquid (CTL) and Gas to Liquid (GTL) fuels 

Coal-to-liquid (CTL) fuels are being investigated by countries with significant coal reserves as a 
means of increasing their energy security.  In particular, both the USA and China, which both 
have very large reserves of coal, are carrying out R&D activities in this area.  South Africa is 
currently the only country with significant CTL production capabilities, and the Chinese company 
Shenhua has entered into an agreement with the South African CTL producer Sasol to carry out 
feasibility studies on the development of two large-scale CTL plants in China. 
 
Coal can be converted to a liquid fuel using a two-step process consisting of gasification followed 
by liquefaction.  The syngas produced during gasification, can be condensed into a liquid using 
the Fischer-Tropsch process, and the resultant liquid hydrocarbon mixture can then be further 
processed to produce petrol and diesel.  Alternatively, CTL fuels can be produced by direct 
liquefaction of coal, however the resultant fuels tend to be of poor quality with high levels of 
impurities.  One of the main issues with CTL fuels is that the life-cycle CO2 emissions associated 
with these types of fuels are approximately double the emissions of conventional fossil fuels.  
Hence, in order for this to be a viable option, CTL plants would need to be equipped with CCS 
technology.   
 
Gas-to-liquid (GTL) processes allow natural gas to be converted into liquid fuels that can be used 
for transport applications.  As discussed earlier in this paper, natural gas resources are limited, 
and so at first sight it may appear that GTL fuels would not be particularly beneficial in terms of 
improving energy security.  However, across the world there are significant reserves of so-called 
“stranded gas”.  Stranded gas effectively consists of reserves that are abandoned because there 
is not an economical means by which it can be transported for use (i.e. they are located too far 
away from the markets that would use them for it to be transported using pipelines or other 
transport methods).  Potentially, GTL technology could be used to convert this stranded gas into 
a liquid fuel which could then be used for transport applications.  As with CTL production 
processes, there are two main ways in which GTL products can be produced: (i) using an indirect 
two-step process via the conversion of natural gas to syngas followed by using the Fischer-
Tropsch process; and (ii) a direct liquefaction process that avoids the production of syngas, but 
that is difficult to control and to date, has not proved to be commercially viable.  As with CTL 
products, in order to avoid high levels of GHG emissions, CCS technology would need to be used 
in conjunction with GTL production processes in order to capture CO2 emissions.  Without the 
use of CCS technology, GTL fuels are likely to lead to significant additional GHG impacts 
compared to conventional liquid fossil fuels used in the transport sector. 
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4.6.4 Summary 

The future use of hydrogen, CTL and GTL fuels in the transport sector could play a role in 
improving energy security.  Hydrogen vehicle technology is not currently commercially viable and 
it is not though likely that vehicles equipped with hydrogen fuel cell technology or hydrogen 
internal combustion engine technology will go into production in the near future.  However, in the 
longer term, there could be a role for hydrogen as a zero-emissions transport energy carrier, but 
this is dependent on the means by which the hydrogen is produced.  Carbon-intensive production 
methods will require the use of CCS technology.  From an energy security perspective, hydrogen 
offers a number of benefits, not least of which is the fact that it can be produced using from a 
variety of natural resources (e.g. water, natural gas, coal).  However, reserves of natural gas are 
finite and in future years the bulk of natural gas is likely to be obtained from outside of the EU.  
Hence, switching from using crude oil products in the transport sector to hydrogen sourced from 
natural gas is unlikely to help improve energy security in the future.  It should be noted that novel 
hydrogen production processes are currently in development, and should any of these become 
economically viable, then hydrogen could potentially play a role in improving the transport 
sector’s energy security. 
 
Both CTL and GTL technology could also play a role in improving energy security in the transport 
sector but as with hydrogen, there is a need to ensure that a switch to these fuels does not lead 
to very significant increases in GHG emissions.  The use of CCS technology on CTL and GTL 
production plants will be essential if these fuels are to be used more widely.   
 
 
 
 
 
 
 
 
 
�
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5 Energy security and GHG reduction 
policies in transport 

5.1 Methods to integrate energy security issues int o 
the evaluation of options and policy instruments fo r 
GHG reduction in transport 

This section considers how previous studies have attempted to assess the impacts of GHG 
reduction policies on energy security, and vice versa, and how they have presented the results. It 
focuses on the approaches adopted by the IEA, the World Resources Institute (WRI) and ECN.  
These are by no means the only studies undertaken in this area but together they provide a good 
overview of the options and issues.   

5.1.1 IEA approach 

In 2007, the IEA published a paper entitled “Energy Security and Climate Policy: Assessing 
Interactions” (Lefevre, 2007), which reviewed the interactions between energy security and 
climate change mitigation policies.  Importantly, this paper proposed the use of simplified 
quantitative indicators that can be used as a means by which policy-makers can develop policies 
that achieve both energy security and climate change objectives in an efficient and effective 
manner.  The IEA research presented in this paper identified that energy security policies tended 
to focus on the root causes of energy security, and that these policies can be categorised into 
four main types, as follows: 
 

·  Energy system disruptions linked to extreme weather events or accidents; 
·  Short-term balancing of supply and demand in electricity markets 
·  Regulatory failures; 
·  Concentration of fossil resources. 

 
By categorising energy security policies in this manner, the interactions between each category 
and climate change mitigation policies can be qualitatively assessed.  The IEA identified that 
policies that address the concentration of fossil resources are likely to have the most significant 
implications for climate change mitigation policies and vice versa.  By contrast, policies that 
address energy system disruptions, and policies that address short-term grid balancing have 
almost no overlap/interaction with climate change policies.  Inbetween these extremes, it was 
found that regulatory failures may have some secondary interactions with climate change 
policies.  Taking these findings into account, the IEA approach to examining energy security and 
climate change interactions is based on focussing only on policies that address the concentration 
of fossil resources.   
 
The IEA approach then identifies indicators that can be used to quantify aspects of fossil resource 
concentration.  Rather than attempting to quantify welfare losses associated with this resource 
concentration, the approach used is to use two key indicators to quantify energy insecurity, 
namely price and the physical availability of energy.  In markets where price is allowed to adjust 
in response to changes in supply and demand, the IEA approach uses an energy security price 
indicator referred to as ESIprice.  This price component is based on how exposed the individual 
country/market is to individual fossil resources.  Countries with high exposure to high 
concentration fossil markets are deemed to have low energy security.   
 
For markets or countries where price is regulated and does not change in response to variations 
in supply and demand, it is necessary to use a physical unavailability indicator as a metric of 
energy security.  This indicator is referred to as ESIvolume, and is mainly useful for gas pipeline 
trading.  ESIvolume represents a country’s proportion of energy demand that is met by gas imports 
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transported by pipeline.  As this proportion increases, the less secure the country’s gas supply is.   
 
The approach developed by the IEA was tested by carrying out case study analysis on five 
different countries, covering the time period to 2020.  A range of climate change mitigation 
scenarios were analysed to examine their impacts on the indicators ESIprice and ESIvolume.  The 
IEA found that the use of these indicators enables the impacts of climate change mitigation 
measures on energy security in individual countries to be analysed in a quantitative manner.  
Importantly, the approach allows quantitative analysis to be carried out without directly monetising 
the impacts of energy insecurity. 
 
 

5.1.2 World Resources Institute approach 

The World Resources Institute (WRI) has developed a semi-quantitative approach for comparing 
the energy security and climate change impacts of different energy options14.  The approach uses 
a mixture of quantitative analysis and expert judgment to arrive at conclusions for the likely 
impacts of different policy options.  The WRI approach uses an easy-to-understand method for 
graphically representing both the climate and energy security impacts of different options in a 
single chart, allowing different options to be easily compared.    The chart below presents the 
climate and energy security impacts of selected energy options in the USA for the year 2025.   

Figure 5.1: WRI approach for comparing the energy s ecurity and climate change impacts of energy 
options 

 
                                                      
14 WRI, “A Snaphot of Selected U.S. Energy Options Today: Climate Change and Energy Security, Impacts and Tradeoffs in 2025” 
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In the above chart, the size of each bubble provides an indication of the amount of energy that 
the specific option could deliver (or offset) in 2025, over and above the business as usual 
scenario.  Each bubble represents the amount of primary coal or oil that would be offset by the 
specific measure.  Coal was used to represent power sector options and oil was used for 
transport sector options.  The estimates for the size of each bubble were made by combining 
quantitative data take from existing forecasts with a qualitative assessment carried out by WRI 
researchers. 
 
Within the chart, climate change impacts are presented along the y-axis, with beneficial options 
appearing above the x-axis and options with negative climate impacts appearing below the x-axis 
line.  The position of each bubble along the y-axis takes into account the impact that the option 
has on life-cycle greenhouse gas emissions, and hence it is possible to use quantitative data to 
assess the climate impacts of each option in a consistent manner.   
 
Energy security impacts are presented along the x-axis, with options that improve energy security 
appearing to the right of the y-axis line and options that reduce energy security appearing to the 
left of the y-axis.  WRI has not been able to take a quantitative approach to assessing the impacts 
of each option on energy security, and hence the placement of each bubble is based on 
qualitative assessment.  In order to carry out this qualitative assessment, an expanded definition 
of energy security was used.  WRI categorised the sub-elements that contribute to energy 
security as: 
 

·  Sufficiency 
·  Reliability 
·  Affordability 
·  Social acceptance; and  
·  Geopolitical factors 

 
For each of these elements, WRI carried out qualitative analysis to determine whether the 
impacts of each individual energy option would be positive or negative, and provided a rationale 
to explain their classification.  The outputs from this work were then used to place each bubble 
along the x-axis.  WRI makes clear that their approach to assessing energy security provide one 
set of answers, but that other analysis could come up with an alternative view for each option. 
 
 

5.1.3 ECN approach 

The Environmental Research Centre of the Netherlands (ECN) has addressed the linkage 
between energy security and climate change through what it calls the ESCAPE approach - 
Energy Security and ClimAte Policy Evaluation.  Their proposition is that linking climate change 
policy with security of energy supply may improve climate policy at both national and international 
level.   
 
ECN uses a semi-qualitative scoring approach to assess the security of energy supply (SOS) and 
GHG impacts of a given policy objective.  Table 5.1 shows a subset of their resulting assessment 
of policy options, focusing on those that relate most to transport.  The full table includes gas, coal, 
nuclear and renewable energy policy options and is available from the RIVM web site15.     
 
 
 
 
 
 
 
                                                      
15 http://www.rivm.nl/bibliotheek/rapporten/500036001.pdf  
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Table 5.1: ECN assessment of security of supply and  GHG impacts of policy options 

Fuel Target, policy or instrument SOS 
score 

GHG 
score 

Other criteria 

Oil  Set up or enlarge oil stocks +2 0  
 Solidarity agreements with neighbouring countries +2 0 Political relations 
 Monitor oil stock and supplies 0 0  
 Diversify sources of oil imports +4 0  
 Consumer-producer dialogues +3 0  
 Expand domestic recoverable oil reserves +2 -2 Vulnerable regions 
 Financial involvement in other regions +2 0 Economic 

feasibility 
 Build long distance pipelines +2 0  
 Diversify energy mix away from oil +4 -1/+2  
Biofuels Targets for biofuel use +1 +3  
 Mandatory targets for biofuel use +3 +3 Political support? 
 Realise significant biofuels share in transport +4 +3  
 R&D programmes, demonstration projects +1 +3  
 Incentives for domestic biofuel production/use +1 +3 WTO, land use 

 
The security of supply score appears to be somewhat subjective and is based on four criteria: 
diversification of energy sources in energy supply; diversification of imports; long-term political 
stability in regions of fuel origin; the resource base in regions of origin.  This gives scores ranging 
from -5 (highly negative impact) to +5 (highly positive impact.  The GHG scores are based on the 
CO2 emission factors of the respective fuels only, although other environmental impacts are being 
considered separately in ECN’s work.  For example replacing coal with oil attracts a score of +1 
while replacing coal with biomass is given +4. 
 
ECN has identified a number of options that reduce import dependency as well as GHG 
emissions, including renewable energy, biofuels and nuclear power.  It has also used the 
ESCAPE approach to propose ways in which energy security aspects could be integrated into 
sectoral approaches to a post-Kyoto climate agreement.  Further information is available from the 
RIVM report15 and a related ECN paper16.   
 

5.2 Summary 

The foregoing analysis has reviewed a selection of approaches that could be used for analysing 
the energy security impacts of greenhouse gas emissions abatement options in the transport 
sector.  It is stressed that this is not an exhaustive review, and that there are may be other 
assessment methods that have been developed by other researchers.  It is clear from the review 
carried out that both the WRI and ECN approaches use qualitative frameworks for assessing the 
impacts of options on energy security.  Hence, whilst these frameworks allow energy security to 
by analysed within frameworks that also examine the effectiveness of options in terms of 
greenhouse gas emissions abatement, to a large extent these approaches are subjective in 
nature.  This means that it is possible that different researchers may come up with alternative 
findings when assessing the same abatement options using these frameworks.  The IEA 
assessment framework adopts a more quantitative approach to assessing energy security 
impacts, and hence this could be a more robust method for analysing this issue.   It is 
recommended that further research should be carried out to identify or develop robust methods 
for integrating the analysis of energy security into the methods used for assessing options for 
reducing transport sector emissions of greenhouse gases.  
   
 
 

                                                      
16 ESCAPE: Energy Security & Climate Policy Evaluation, ECM-C-05-032 
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6 Summary and conclusions 
This paper has set out the key issues with respect to energy security and the transport sector; in 
particular it has provided a definition for energy security, it has described what the issue of energy 
security means for the transport sector, and it has discussed the current and potential future 
extent to which the transport sector’s energy supplies are secure.  Furthermore, it has reviewed 
the means available for increasing energy security in the transport sector and it has described 
three possible methods for integrating energy security issues into the impact assessment of 
climate change options for the transport sector.  The key findings from this study are as follows: 
 

·  Energy security has been defined as being the availability of sufficient, reliable, affordable 
and sustainable energy supplies; 

 
·  With respect to the transport sector, energy consumption is currently dominated by crude 

oil, which is used to produce a variety of transport fuels including petrol, diesel, gas oil, 
marine fuels and aviation kerosene.  With this in mind, energy security in the transport 
sector is often currently equated with “oil security”; 

 
·  In order to define how secure the current transport energy supply is, it is necessary to 

examine the sufficiency, affordability, and sustainability of these supplies.  With respect to 
sufficiency, Europe imports more oil that it produces and imports are growing year-on-
year.  Whilst this has not yet led to physical unavailability of transport fuels, there have 
been localised incidents that have led to short-term supply disruptions.  Whilst current 
rates of production are sufficient to meet demand there are concerns that there may not 
be enough capacity to increase the production of oil to meet the expected increase in 
demand over the coming decades; 

 
·  Demand for oil has increased significantly in recent years, and this has had an impact on 

the affordability of transport fuels, as surplus capacity in OPEC countries has fallen.  
Historically, the surplus production capacity acted as a buffer to restrict changes in oil 
prices as demand for oil varied.  Without this buffer, oil prices are subject to much greater 
uncertainty.  The latest IEA projections indicate that future oil prices are likely to remain 
high; 

 
·  Oil is not a sustainable fuel as there are limited reserves and global production is 

expected to reach a peak at some point between 2010 and 2020.  The direct combustion 
of oil products in vehicles also releases carbon dioxide emissions that contribute to 
climate change, and emissions of air pollutants are a major contributor to poor air quality; 

 
·  In general terms, energy security can be improved by making greater use of indigenous 

fuel supplies, by increasing the diversity of supplies, by establishing long-term supply 
arrangements, by increasing strategic reserves, and by reducing demand.  In the context 
of the transport sector, it is unlikely that the EU will be able to make greater use of 
indigenous oil supplies in future years as these supplies are already on a declining trend, 
and Member States are becoming more reliant on obtaining oil from outside the EU.   
There is significant scope to increase the diversity of energy supplies used in the 
transport sector, and some of these options are already being investigated and deployed.  
Long-term supply arrangements are less relevant in the transport sector than in other 
sectors, as oil is traded on international markets.  However, should there be a shift to 
alternative fuels, then such arrangements may become more important.  With respect to 
strategic reserves, EU Member States are already obliged to keep a minimum of 90 days’ 
supply of petroleum.  Demand reduction measures could play an important role in 
improving the transport sector’s energy security. 

 
·  The extent of future transport sector energy security in the EU is largely determined by 

projected future growth in demand for transport services (in the EU and elsewhere), and 
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global reserves of oil.  Whilst the rate of increase in demand for passenger transport is 
slowing in Europe, it is growing rapidly in other parts of the world, notably China and 
India.  It is the change in global demand for oil (rather than changes in demand in 
Europe) that primarily drive energy security concerns in the transport sector.  With 
respect to oil supplies, by 2030, the Middle East is expected to account for almost 50% of 
global production, rising from 30% in 2001.  European production is expected to account 
for less than 3% of oil production by 2030, declining from just under 10% in 2001.  This 
further shift away from indigenous European production with contribute to greater levels 
of energy insecurity.  There is considerable uncertainty over the extent of global oil 
reserves, with published figures ranging from 1,000 billion barrels to 4,000 billion barrels.  
This represents 40 years of supply at current levels of consumption, but it is important to 
stress that demand is anticipated to grow. 

 
·  Other energy sources and energy carriers that could be used to supply the transport 

sector have varying levels of available resources.  Electricity can be produced via a 
number of means, and is not constrained to an individual resource type.  Gas reserves 
are limited in the same way as oil reserves and supply is also constrained by the ability to 
transport gas from producer to consumer.  Coal is plentiful with proven reserves 
equivalent to 144 years of consumption at present rates.  Renewable energy resources 
vary from country to country depending on geography and meteorological conditions.  
Biofuels can be produced from a number of resource feedstocks but there are concerns 
over wider sustainability issues, including direct and indirect land use change. 

 
·  The key means of increasing energy security in the transport sector include reducing the 

transport sector’s demand for energy and increasing the diversity of energy supply.  
Reductions in energy consumption can be achieved through the use of improved 
technologies and design (e.g. advanced powertrains, weight reduction, improved 
aerodynamics, etc), and by encouraging modal shift away from energy intensive transport 
modes.   

 
·  A wide range of alternative fuels and energy carriers could be used to supply the 

transport sector with its energy requirements, and so contribute to improving the sector’s 
energy security.  Research, development, and deployment is already taking place in a 
wide range of areas.  The most promising alternatives include electric vehicles and 
advanced second generation biofuels.  However, there are significant barriers associated 
with both of these technologies, including costs, sustainability concerns (biofuels) and 
infrastructure issues (electric vehicles).  Natural gas could play a minor role in helping to 
improve the transport sector’s energy security, but additional demand for this fuel will 
place further stresses on other sectors of the economy that use natural gas.  Coal-to-
Liquid (CTL) and Gas-to-Liquid (GTL) fuels could also play a role in the supply of 
transport fuels in the future, but production methods would need to incorporate carbon 
capture and storage (CCS) technology to avoid significant increases in the amount of 
CO2 released to the atmosphere, compared to the production of conventional petroleum-
based fuels.  The use of hydrogen as an energy carrier for the transport sector potentially 
offers a number of energy security benefits, as it can be produced in a variety of ways.  
However, the most cost effective current production route is steam methane reforming, 
which relies on the use of natural gas.  Natural gas reserves are limited and this 
production method would lead to significant emissions of CO2, without the use of CCS 
technology.  In the future, novel production processes may mean that hydrogen becomes 
a viable option for improving the transport sector’s energy security. 

 
·  Energy security issues are not currently well integrated within the analysis techniques 

used to assess greenhouse gas emissions abatement options for the transport sector.  A 
number of previous studies have developed methods of assessing energy security issues 
in the context of climate change options, and a selection of these approaches have been 
reviewed.  In particular, approaches developed by the International Energy Agency, the 
World Resources Institute, and the Environmental Research Centre of the Netherlands 
(ECN) were examined.  Each of these approaches attempts to analyse energy security 
issues associated with specific energy options, taking into account specific sub-elements 
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that contribute to energy insecurity.  The approaches proposed by WRI and ECN use 
qualitative frameworks for assessing energy security impacts, and to a large extent these 
methods are subjective.  In theory, the use of these assessment methods by different 
researchers could provide alternative views on the energy security impacts of specific 
options.  The IEA approach uses a quantitative framework for assessing the impacts of 
options on energy security, and hence could be a more robust method for analysing this 
issue.  It is recommended that further research should be carried out to identify or 
develop robust methods for integrating the analysis of energy security into the methods 
used for assessing options for reducing transport sector emissions of greenhouse gases. 
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