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Introduction

This part of the study describes the process of producing, transporting, manufacturing and
distributing a number of fuels suitable for road transport powertrains. It covers all steps from
extracting, capturing or growing the primary energy carrier to refuelling the vehicles with the
finished fuel.

As an energy carrier, a fuel must originate from a form of primary energy which can be either
contained in a fossil feedstock (hydrocarbons of fissile material) or directly extracted from solar
energy (biomass or wind power). Generally a fuel can be produced from a number of different
primary energy sources. In this study, we have included all fuels and primary energy sources
that appear relevant within the timeframe considered (next decade) and we have considered the
issues and established comparisons from both points of view in order to assist the reader in
answering the questions:

e What are the alternative uses for a given resource and how can it best be used?

e What are the alternative pathways to produce a certain fuel and which of these hold the best

prospects?

Our primary focus has been to establish the energy and greenhouse gas (GHG) balance for
the different routes. The methodology we used is based on the description of individual
processes, which are discreet steps in a total pathway, and thereby easily allows the inclusion
of additional combinations, should they be regarded as relevant in the future.

We have not considered the energy or GHG emissions associated with construction or
decommissioning of plants and vehicles. There are two reasons for this. First the available data
is often sketchy and uncertain. Second the impact of these additional energy requirements on
the total pathway balance is generally small and within the range of uncertainty of the total
estimates. This may, however, not always be the case and this should be checked when looking
at a particular route in more details.

The scale at which a route might be developed is relevant to the selection of appropriate energy
data but also to the attention that should be given to a particular option. We have therefore
endeavoured to assess the future “availability” of the different fuels and associated
resources.

The best options from an energy or GHG point of view are only likely to raise interest if they can
be developed at a reasonable cost. Cost estimation is a difficult discipline and one must
endeavour to define clearly what is intended. In this case we have attempted to consider the
macro-economic costs to Europe of producing a certain fuel in a certain way at a certain
scale. This implies for example that the cost of internationally traded commodities (such as oil
products or natural gas) is equal to the expected international market price.

In any such study, many choices have to be made at every step. These cannot always be
based purely on scientific and technical arguments and inevitably carry an element of
judgement. While we do not pretend to have escaped this fact, we have endeavoured to make
our choices and decisions as transparent as possible. In particular this report details all primary
input data and underlying assumptions.

This study has been conducted in collaboration with LBST" through whom we have had access
to the comprehensive information database compiled by the TES consortium? and in the course
of the study carried out in 2001-2002 by General Motors [GM 2002]. With the agreement of
these two organisations we have used the information extensively. Our contribution has been to
extensively review and update the existing information and add a number of new processes and
a number of new pathways not hitherto considered.

L-B-Systemtechnik, Germany
Transport Energy Strategy Partnership.
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Scope, Methodology, Definitions, Structure

2.1

Pathways

A number of existing and potential road transport fuels have been identified, in association with
existing and/or future powertrains. Each fuel can be produced from a single or several
resources as the source of primary energy. The combination of steps necessary to turn a
resource into a fuel and bring that fuel to a vehicle is defined as a Well-to-Tank pathway
(WTT).

Each pathway is described in terms of the successive processes required to make the final fuel
available to the vehicles. A complete pathway is a combination and succession of processes,
many of which are common to several pathways. A process has a main input and a main
output, secondary inputs, by-products as well as factors for energy consumption and
greenhouse gas (GHG) emissions. Some pathways include closed loops that have to be solved
by iteration.

The main calculations have been carried by a software program developed by LBST? and which
combines a database for all input data and their references with an algorithm for the rigorous
calculation of the total energy and GHG associated with a given pathway, including feedback
loops.

Each pathway is described to a suitable level of detail including itemised contributions of the
different processes. In order to facilitate comparison between sometimes very different
pathways the results are also presented according to 5 generic stages:

Energy source |Pr0duction and Transformation Transportation to Processing in EU Conditioning and
conditioning at at source markets distribution
source

Production and conditioning at source includes all operations required to extract, capture or
cultivate the primary energy source. In most cases, the extracted or harvested energy carrier
requires some form of treatment or conditioning before it can be conveniently, economically and
safely transported.

Transformation at source is used for those cases where a major industrial process is carried
out at or near the production site of the primary energy (e.g. gas-to-liquids plant).

Transportation to EU is relevant to energy carriers which are produced outside the EU and
need to be transported over long distances.

Transformation in EU includes the processing and transformation that takes place near the
market place in order to produce a final fuel according to an agreed specification (e.g. olil
refineries or hydrogen reformers).

Conditioning and distribution relates to the final stages required to distribute the finished
fuels from the point of import or production to the individual refuelling points (e.g. road transport)
and available to the vehicle tank (e.g. compression in the case of natural gas).

The table below summarises the pathways considered in this study.

3 E® database by L-B-Systemtechnik, Germany
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Table 2.1 Fuels and resources
Fuel E‘ <
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Crude oil X
Coal XO | x® X X
Natural gas Piped X x® X X X X
Remote x® X XO [ x® X X X
LPG Remote® X X
Biomass  Sugar beet X i
Wheat X X
Wheat straw X
Sugar cane X
Rapeseed X
Sunflower X
Woody waste X X X X X
Farmed wood X X X X X X
Organic waste NG X
Black liquor X X X X X
Wind X
Nuclear X
Electricity X

@ with/without CO, capture and sequestration

@ Biogas

® Associated with natural gas production

2.2

2.3

Electricity is considered both as a fuel and as a resource. The hydrogen pathways involving
electrolysis are therefore the combination of one electricity production route and of the
electrolytic conversion. Although electric vehicles are not included in the current study, this
paves the way for their introduction in later revisions.

Time horizon

The notional time horizon for the study is the next decade 2010-2020. The technologies
considered are those that are expected to become commercially available in that time frame.
The same applies to supply/demand, availability and potential for substitution of conventional
fuels.

Incremental approach

The ultimate purpose of this study is to guide those who have to make a judgement on the
potential benefits of substituting conventional fuels by alternatives. At the 2010-2020 horizon,
this substitution is only plausible at a limited level, say between 5 and 15% at the maximum
depending on the option considered. The true impact of the change can only be properly
assessed by looking at the incremental sources of energy that will provide alternative fuels, and
the incremental savings that can be achieved by reducing supply of conventional fuels.

In order to estimate the implications of replacing conventional fossil transport fuels with a certain
alternative fuel (one at a time) in terms of energy use, GHG emissions and cost, we calculated
the difference between two realistic future scenarios: one in which the alternative fuel was
introduced or expanded and one “business as usual”’ reference scenario which assumed that
demand was met by the forecast mix of conventional fossil fuels in 2010-2020. The transport
demand (number of km driven) and all other factors remained the same in both scenarios. We
then derived metrics such as the conventional replacement cost per km or per tonne
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conventional fuel, the GHG savings per km or per tonne and (by combining these) the GHG
mitigation cost.

For conventional fuels, the question to consider is what savings can be realised by producing
less of these fuels rather than how much energy, GHG emissions and costs are involved in
absolute terms. The methodology for estimating these savings is also based on incremental
changes and is further discussed in section 3.1.

2.4 Methodology for accounting for by-products
Many processes produce not only the desired product but also other streams or “by-products”.
This is the case for biofuels from traditional crops such as bio-diesel from rapeseed. In line with
the philosophy described above we endeavoured to represent the “incremental” impact of these
by-products. This implies that the reference scenario must include either an existing process to
generate the same quantity of by-product as the alternative-fuel scenario, or another product
which the by-product would realistically replace.
This logic is reflected in the following methodology (Figure 2.1.4):
e All energy and emissions generated by the process are allocated to the main or desired
product of that process.
e The by-product generates an energy and emission credit equal to the energy and emissions
saved by not producing the material that the co-product is most likely to displace.
For example, in the production of bio-diesel from oil seeds, protein-rich material from e.g. oil seeds pressing are likely to
be used as animal fodder displacing soy meal.
We strongly favour this "substitution" method which attempts to model reality by tracking the
likely fate of by-products. Many other studies have used "allocation" methods whereby energy
and emissions from a process are arbitrarily allocated to the various products according to e.g.
mass, energy content, “exergy” content or monetary value. Although such allocation methods
have the attraction of being simpler to implement they have no logical or physical basis. It is
clear that any benefit from a by-product must depend on what the by-product substitutes: all
allocation methods take no account of this, and so are likely to give flawed results.
Figure 2.4 By-product credit methodology

Alternative scenario Reference scenario

Resource Crude oil Resource Resource
l Extraction ! !

I Process 1 H Process 1 l

Process 1 — By-product 1 Transport ; ;
| Refining : :
E I Process n H Process n |
v Distribution | !

Process n — By-product 2 & retail By-product1  By-product 2
l ! substitute substitute

Alternative Gaso?line

Fuel f
(in vehicle tank) Dlesel erI

In most cases, by-products can conceivably be used in a variety of ways and we have included
the more plausible ones. Different routes can have very different implications in terms of energy,
GHG or cost and it must be realised that economics rather than energy use or GHG balance,
are likely to dictate which routes are the most popular in real life.
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The following example shows how allocation methods can bear little relation to reality. The manufacture of
FAME (biodiesel) makes glycerine as a by-product. Amongst other options, the glycerine could be used
instead of synthetic (pharmaceutical) glycerine or as animal feed, instead of wheat grain. Making 1 MJ
synthetic glycerine requires about 18 MJ of fossil energy. Making 1 MJ of wheat takes about 0.13 MJ.
Clearly much more fossil carbon emissions will be saved in the first option than in the second. Yet the
“allocation” approaches based on energy or mass predict that the savings will be exactly the same!

Many processes have more than one energy product: for example, many wood and straw
processing pathways include a significant electricity export. The procedure above deals with
how to find the greenhouse gas and fossil energy savings for the process, but it does not
specify how much of the savings are due to making biofuels and how much is due to making
bioelectricity. If one attributes all the GHG/energy credits to the biofuel, one comes to the
conclusion that the smaller the fraction of biofuels produced compared to electricity, the better
the GHG balance.

That quantity of bio-electricity could have been produced by a free-standing bioelectricity
generator: its existence does not depend on the biofuels process. It is clear that to get a
balance which pertains only to the biofuel output, we need in some way to subtract the
bioelectricity part of the process. This is done by using a dedicated biomass-to-electricity
process in the reference scenario; then the difference between the alternative and reference
scenarios is only the production of biofuel. This is described in more detail in section 3.4.

Dealing with uncertainties

As already alluded upon in the introduction, the analysis of a certain process or pathway
requires choices to be made and figures to be adopted on the basis of criteria that, even if they
are logical and documented, always remain somewhat judgmental.

Whenever major contributions were at stake, we have endeavoured to create different pathways
to directly show the effect of a particular option or view (e.g. the origin of natural gas has a
strong influence on the total pathways through the transport contribution). This approach would,
however, be impractical to deal with all sources of variability.

Industry generally uses a range of processes which, at least historically, have not been selected
based solely on their energy efficiency but mainly on economic grounds. So established
production paths display a range of variability. As we are dealing with the future, we mainly
address new processes or improved existing ones, the future performance of which is
necessarily somewhat speculative. As a result, each step in a pathway carries a certain
variability range representing the combination of the range of performance of the future
installations and the uncertainty attached to the expected technical developments. On the basis
of the quality of the data available, the degree of development of the process and any other
relevant parameter, a judgement has been made as to the level of uncertainty attached to each
figure as well as the probability distribution within the range. We have used a Gaussian
distribution as default but also a so-called “double-triangle” for asymmetrical ranges and an
equal-probability or “square” distribution when there is reason to believe that all values in the
range are equally probable.

In order to combine all uncertainties in a pathway and arrive at a plausible range of variation for
the total pathway, we have used the traditional Monte Carlo approach. Subsequent calculations
have been carried out with the median figure.

Availability and costs: the bigger picture

A detailed well-to-wheels analysis of each pathway is essential but by no means sufficient to
capture the potential value and relevance of a particular route. Indeed issues of availability,
feasibility of certain processes, costs, acceptability by the general public on a large scale, all
play an important role to assess the practical potential of a certain route.
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The choices and assumptions that have to be made when defining the various elements of a
pathway are sensitive to the assumed scale at which that pathway might be developed. For
example the size of the plants and of the ships, the distance between producer and customer
are all affected to a degree. Where this is the case, we have given relevant indications and
justified our choices.

In this connection, the availability of the primary resources is obviously critical. Within the
timeframe of the study availability is not a major issue for fossil fuels, but the potential of primary
renewable resources certainly needs to be carefully considered. The issues to consider here
are either physical limitations, or those related to alternative use (e.g. use of arable land for food
versus energy crops), or achievability (e.g. number of wind turbines that might conceivably be
installed in a certain area). We have attempted to gather relevant information and to develop
informed views on these aspects but we recognise that the conclusions remain partially
judgmental.

In any study, the forecast of costs is always a particularly thorny problem. The first thing to
define is what is included and what is not. In this study, we have elected to consider only the
direct costs i.e. those related to investments in and operation of infrastructural equipments. We
therefore have not considered other possible sources of costs (or benefits) related to e.g.
employment opportunities, regional development and the like.

We have considered costs from the point of view of the EU as an economic entity ("macro-
economic" costs). For those resources that are also internationally traded commodities (such as
oil products, natural gas or wheat grain), the market price represents the minimum cost as it
corresponds to the amount either required to purchase that commodity or not realised by using
that resource elsewhere (for instance the cost of crude oil to the EU is not its production cost
but its price on the international market). Production at a higher cost within the EU is only likely
to occur if some form of subsidy is available. Since costs and not customer prices are
presented, subsidies and taxes are not included in the calculation. The figures represent the full
cost to the EU, regardless of how this is shared out. For other resources (e.g. wood) we have
estimated the production cost from the various processes involved.

When it comes to investment in plants and infrastructure, costs are critically dependent on
scale. This WTT report includes the cost figures for individual plants, refuelling stations and the
like. In the integrated WTW analysis, we have estimated the cost of all pathways on the basis of
a common scale scenario representing 5% substitution of conventional fuels (see WTW report).

Reference scenario for road fuels demand

In a number of cases, the estimation of energy requirement or cost of certain processes
depends on the scale considered. An underlying scenario is therefore required to arrive at
reasonable and consistent volume figures. A demand scenario for road transport is the starting
point.

European road fuel demand is characterised by a slow decrease in gasoline more than
compensated by an increase in diesel fuel. This is the combined result of the increasing shift to
diesel passenger cars (encouraged by the drive to reduce CO, emissions) and of the increasing
road haulage activities. In spite of the already achieved and expected further improvements in
efficiency, road haulage should be responsible for a continued increase in diesel fuel
consumption as it follows economic growth.

These trends are somewhat less marked when incorporating Eastern European countries where
gasoline demand is still expected to grow for some time.

We have used figures from an oil industry study as summarised in the table below.
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Table 2.7 EU-25 road fuels demand (Mt/a)
Year 1995 2000 2005 2010 2015 2020
Gasoline 129 124 111 98 93 92
Total road diesel 110 138 169 197 204 199
Total road fuels 239 262 281 295 297 291
Diesel to personal cars
% 28% 27% 32% 35% 33% 29%
Mt 31 37 54 69 68 57
Total road fuels to personal cars 160 161 165 167 161 149

Source: Wood McKenzie (unpublished Industry study)

These figures represent total demand for road transportation i.e. including what might be
supplied by alternative fuels. They can be used as guidance when judging the potential of
certain pathways for substitution of a portion of the road fuel market.

Compared to figures used in the previous version of this report, the new forecasts shows a
much larger decline of gasoline demand, partly compensated by a larger increase of the diesel
demand.

Other sources may somewhat deviate from these but this would not have a material effect on
the conclusions. Indeed the figures are used to provide orders of magnitude and to ensure
consistency between the various options.

2.8 Miscellaneous assumptions
A number of processes in the pathways make use of common assumptions listed below.
2.8.1 GHG coefficients
The CO, equivalence is applied to the non-CO, greenhouse gases according to the conversion
coefficients recommended by the third assessment report of the Inter-governmental Panel for
Climate Change [IPCC].
Table 2.8.1 IPCC factors
Greenhouse gas t CO,eq/t
CO;, 1
Methane (CH,) 23
Nitrous oxide (N,O) 296

2.8.2

2.8.3

Other GHGs are not emitted in significant quantities in any of the processes considered.

Energy content

All energy contents referred to are on LHV basis i.e. excluding the heat generated after the
combustion process by the condensation of water vapour.

Shipping

Many pathways include long-distance shipping of gases or liquids. In all such case we have
used published data for a type of ship consistent with the length of the envisaged trip and the
material being carried. Such ships normally return empty and the corresponding fuel
consumption has been taken into account through the so-called “Admiralty formula” according
to which the fuel consumption of a ship is proportional to the cubic root of the water
displacement.
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Presentation of results

Where to find what in this report?

The narrative part of this report is divided into three sections:

e In section 3 “From resource to fuel” we seek to answer the question “what fuel can be
made from a given resource?” We discuss the steps or processes necessary to transform a
resource into a number of final fuels, indicating the relevant assumptions and choices. This
section should be read together with WTT Appendix 1 which gives process by process input
data, and a stepwise description of all pathways.

e In section 4 “Final fuels” we consider the question “how can a given fuel be made?” We
compare the merits of the different routes from the points of view of energy and GHG
balance, for which detailed figures are found in WTT Appendix 2.

¢ In section 5 “Potential availability and costs” we consider the potential volumes that could
be produced via the different routes and present the methodology, figures and assumptions
used for cost estimates.

All references, including those relevant to the appendices are listed at the end of this document.

Units and conventions

All WTT figures are expressed relative to one MJ of finished fuel delivered into the vehicle fuel
tank (MJy).

The energy figures are presented as total primary energy expended (MJy), regardless of its
origin, to produce one MJ; of the finished fuel under study (LHV basis). The figures exclude the
heat content of the fuel itself (i.e. 1 MJ,/MJ; means that as much energy is required to produce
the fuel as is available to the final user) but include both fossil and renewable energy. As such
they describe the energy efficiency of the pathway. An exception to this was made for the
electricity pathways because electricity is used as an intermediate energy source rather than a
"road fuel" (see section 4.8). For fuels of renewable origin we have also evaluated the fossil
energy expended in the pathway (MJy), illustrating the fossil energy saving potential of that
pathway compared to conventional alternatives.

The figures shown in the main body of this report and in WTT Appendix 2 for the intermediate
steps of a pathway all relate to a MJ of the finished fuel produced by that pathway, not to the
output of the particular step. In WTT Appendix 1, which shows the detailed input data, the
figures shown relate to a MJ of the output of each individual process.

GHG figures represent the total grams of CO, equivalent (see also section 3.4) emitted in the
process of obtaining 1 MJ; of the finished fuel. For fuels of biomass origin, an additional credit is
allocated, equal to the amount of CO, generated by complete combustion of the fuel. In this way
the TTW CO, emissions do not need to take account of the origin of the fuel but only of its
composition.

References

A complete list of references used in the study is included at the end of this report. Those
essential to the flow of the discussion are cited in the main text, however the majority refer to
the text of WTT Appendix 1.
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From Resource to Fuel: production routes

3.1

In this chapter we describe the pathways processes necessary to convert a certain primary
resource into a final fuel. The stepwise description of the pathways together with the detailed
input data and further detailed comments and remarks on individual processes are given in
WTT Appendix 1.

Crude oil pathways
(See also WTT Appendix 1 section 1-3)
The pathways from crude oil to road fuels are straightforward, as illustrated in the following

figure. Note that naphtha has been included here as it is a potential fuel for on-board reformers
(see TTW or WTW report).

Figure 3-1 Conventional fuels pathways

Energy
source

Crude oil

3.1.1

3.1.2

Production and ) Transformation at N Transportation to Transformation near Conditioning and distribution Fuel Pathway
conditioning at source markets market — code

source

Production and Shipping Refining Mixed transport Gasoline COG1
conditioning to depot + Road, 150 km Diesel COoD1

Naphtha COHN

Crude oil production and conditioning at source

Crude oil is generally extracted under the natural pressure of the underground reservoir. In
some, mostly older fields, it may be necessary to boost the reservoir pressure by gas injection.
In most cases oil is associated with gases and needs to be stabilised before shipment. Water
separation is also sometimes required. The associated gases used to be commonly flared but
are now generally either conditioned and shipped separately (e.g. LPG) or re-injected into the
reservoirs.

Production conditions vary considerably between producing regions, fields and even between
individual wells and it is only meaningful to give typical or average energy consumption and
GHG emission figures for the range of crudes under consideration. We have used a value of
0.025 MJ/MJ (0.01-0.04) and 3.3 g CO,eq/MJ (2.8-3.9), representing the combined estimates of
a number of CONCAWE member companies.

The marginal crude available to Europe is likely to originate from the Middle East where
production energy tends to be at the low end of the range. From this point of view the use of the
above average figures can be considered as conservative.

Crude oil transportation to markets

Crude needs to be transported from the production areas to refineries in Europe. Crude oil is
mostly transported by sea. The type of ship used depends on the distance to be covered. The
bulk of the Arab Gulf crude is shipped in large ships (VLCC or even ULCC Very/Ultra Large
Crude Carrier) that can carry between 200 and 500 kt and travel via the Cape of Good Hope to
destinations in Western Europe and America or directly to the Far East. North Sea or African
crudes travel shorter distances for which smaller ships (100 kt typically) are used.

Pipelines are also extensively used from the production fields to a shipping terminal. Some
Middle Eastern crudes are piped to a Mediterranean port. The developing regions of the
Caspian basin will rely on one or several new pipelines to be built to the Black Sea. Crude from
central Russia is piped to the Black Sea as well as directly to eastern European refineries
through an extensive pipeline network.
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Although the majority of refineries tend to be at coastal locations, a number of them are inland.
Within Western Europe, there are several inland pipelines from the Mediterranean to North
Eastern France and Germany as well as from the Rotterdam area to Germany.

Here again, there is a wide diversity of practical situations. Considering mainly marginal crude
originating from the Middle East an energy figure of 1% (10 MJ/MJ) has been used,
corresponding to 0.8 g CO,eq/MJ assuming a ship fuelled by heavy fuel oil.

Crude oil refining

Traditionally, crude oil is transported as such and refined near the markets. The advent, from
the early 80’s, of large “export” refineries in the Middle East provided another model of refining
at source and long-haul product transportation. However, the number of such refineries remains
limited and so does their impact, specifically on Europe where the overwhelming majority of
finished products are produced by local refineries importing crude oil. Although Europe imports
some blending components and finished products, the bulk of the fuels sold in Europe is
manufactured in European refineries. This study therefore assumes that crude oil based fuels
are manufactured from crude oil in European refineries.

An oil refinery is a complex combination of process plants, the objective of which is to turn crude

oil into marketable products of the right quality and in the right quantities. This entails

e Physical separation of the crude components,

e Treating to remove such compounds as sulphur,

e Conversion of mainly heavy molecules into lighter ones to match the production slate to the
market demand.

European refineries consume about 6% of their own intake as processing energy. Some energy
is exchanged with the outside (e.g. electricity import/export, natural gas import). Although
European refineries are global importers of energy/fuels other than crude oil, the bulk of the
energy used by refineries comes from their crude oil intake. The refineries burn gas (mainly
generated in the refinery processes) as well as liquid and solid fuels.

Oil refineries produce a number of different products simultaneously from a single feedstock.
Whereas the total amount of energy (and other resources) used by refineries is well
documented, there is no simple, non-controversial way to allocate energy, emissions or cost to
a specific product. Distributing the resources used in refining amongst the various products
invariably involves the use of arbitrary allocation keys that can have a major influence on the
results. More to the point, such a simplistic allocation method ignores the complex interactions,
constraints, synergies within a refinery and also between the different refineries in a certain
region and is likely to lead to misleading conclusions. From an energy and GHG emissions point
of view, this is also likely to give an incomplete picture as it ignores overall changes in
energy/carbon content of feeds and products.

In order to estimate the savings from conventional fuels the question to consider was what
could be saved by using less of these rather than how much they cost in absolute terms. We
thus considered that, in the context of this study, the energy and GHG emissions associated
with production and use of conventional fuels should be representative of how the EU refineries
would have to adapt to a marginal reduction of demand. Such figures were obtained through
modelling of the EU-wide refining system (see Figure 3.1.3 and more details in WTT
Appendix 3).

Within the scope of substitution mentioned above and the timeframe considered, production
costs of alternative fuels could reasonably be taken as proportional to volumes. Infrastructure
costs, which are significant for fuels that are not fungible with conventional ones (e.g. gaseous
fuels), critically depend on the scale envisaged. In order to compare the various options on an
equal footing we developed, for the most significant fuel options, a production and distribution
cost scenario based on satisfying 5% of the future passenger car transport demand.
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From this analysis it appears that, in Europe, marginal diesel fuel is more energy-intensive than
marginal gasoline. In recent years Europe has seen an unprecedented growth in diesel fuel
demand while gasoline has been stagnating or even dropping. According to all forecasts, this
trend will continue in future years, driven by increased dieselisation of the personal car and the
growth of freight transport in line with GDP. At the same time, jet fuel demand also steadily
increases as air transport develops. The ratio of an ever increasing call for “middle distillates”
and a call for gasoline that is at best constant goes beyond the “natural” capabilities of a refining
system that was by and large designed with a focus on gasoline production. Reducing diesel
fuel demand therefore “de-constrains” the system whereas decreasing gasoline demand makes
the imbalance worse.

Similar calculations have been performed for marginal naphtha.

Figure 3.1.3: Impact of a marginal reduction of conventional gasoline demand

‘Business-as-usual” scenario Alternative scenario
Meeting 100% of future demand Marginal reduction of gasoline production
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Based on our results, we have adopted the following figures:

Gasoline Diesel fuel Naphtha
Energy | MJ/MJ 0.08 0.10 0.05
GHG g CO,eq/MJ 6.5 8.6 4.5

The calculations were carried out on the basis of a 2010 base case including all foreseen fuel
specifications including sulphur-free road fuels. Although the additional quality requirements will
result in a higher absolute level of energy consumption in the refineries in 2010 compared to the
current situation, the effect on the marginal value are of a second order of magnitude. The
above figures can therefore be considered as representative of the whole time period.

Note: In principle the same marginal analysis should apply to the other stages of the elaboration and
distribution of conventional fuels. However, these figures are small compared to those for refining
and it can reasonably be assumed that energy and GHG emissions associated with crude
production and transportation as well as product distribution are proportional to the volumes
concerned.

Gasoline and diesel fuel distribution

Finished products from the refinery are transported either by road tanker directly to a retail
station or, for the larger part, to a depot by pipeline, train or barge. For the calculation a mix of
the different transportation modes has been used according to the actual share of each mode in
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