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1 Intro duction

It is expected that alternative fuels will play a more and more prominent role in the

decade to come in view of the EU objectives of gradually substituting fossil fuels with
fuels of renewable origin, growth and jobs, competitiveness, transport dec arbonisation
and the diversification of the energy sources. However, there is currently a lack of
attractiveness of fuel alternatives  for consumers and businesses , and no clear market
signals with regards to the potential of the different new alternative f uels. For
instance, alternative fuel vehicles only represented 3.4% of the European car fleet in

2012 andt he use of alternative fuels in heavy duty vehicles and maritime and aviation

modes is negligible.

The Commission established in March 2010 a stakehol der Expert Group on Future
Transport Fuels (EG FTF), with the objective of providing advice to the Commission on

the development of political strategies and specific actions aiming to the substitution

of fossil oil as transport fuel in the long term, and d ecarbonising transport, while
allowing for economic growth.

The first report from the Group on the "Future transport Fuels", issued in January

2011, stated that alternative fuels are the ultimate solution to decarbonise transport,

by gradually substituting fossil energy sources. There is no single candidate for fuel
substitution. Fuel demand and greenhouse gas challenges will most likely require the

use of a mix of fuels, which can be produced from a large variety of primary energy

sources. There is broad a greement that all sustainable fuels will be needed to fully

meet the expected demand. Different modes of transport require different alternative
fuel options "

The second report from the Group on "Infrastructures for alternative fuels" issued in

December 2 011 stated that the current lack of an EU -wide alternative fuel
infrastructure prevents the market uptake for most alternative fuel s in transport
systems for certain fuel alternatives . Therefore an appropriate EU regulatory
framework and financial instrume nts are required to further support such alternative
fuels and give European citizen a choice for clean transport, in the same way as it has
been essential to bring renewable energy production to today's market share . With
this said it should however, be e mphasised that a number of the alternative fuels do

not require new and/or expensive infrastructure. The key need for introduction of

renewable fuels is long term stable legislation, which gives economic incentives to the

fuel production until they have re ached a point where they can compete with fossil
alternatives.

Both reports were the grounds of the "Clean Power for Transport package" adopted by

the European Commission on 24 January 2014, which is constituted by a
Communication laying out a comprehensiv e alternative fuels strategy for the long -
term substitution of oil as energy source for transport , and a proposal of Directive on
the deployment of alternative fuels infrastructures and a staff working document on an

LNG Action Plan for shipping.

The Direc tive 2014/94 /EU on the deployment of alternative fuels infrastructures was
adopted by the European Parliament and by the European Council on 22 October

2014. The Directive sets minimum requirements for the infrastructure build -up,
including common technica | specifications. It also foresees fuel labelling at refuelling

points and on vehicles, to ensure consumer information as regards the compatibility

between fuels and vehicles. Member States (MS) will have the obligation to develop

National Policy Framework s for the market development of alternative fuels
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infrastructure, and set their own targets and objectives, adapted to their national
context.

The present report, based on the contributions of the EG FTF, has the main objective
to provide an update of the latest developments in the field of alternative fuels and

the market uptake of alternative fuel transport systems and related infrastructure in

the EU. This information, among the other guidance documents elaborated by the
Commission, will be of good assis tance to MS to prepare their National Policy
Frameworks. The report also contains some recommendations to MS to facilitate the
achievement of the objectives of the Directive as well as to the Commission to pursue

a further market uptake of alternative fuel transport systems in the EU.

1.1 Aim of the report

The aim of the study is to gather information of the development of alternative fuels
for transport in the EU and to give a broad overview

The report encompasses the facts, the figures and the positions of the Expert Group

on Future Transport Fuels (EGFTF) on the measures (policy and research) to be taken
to ensure the proper development of alternative fuel s in the EU. It has been drafted by
COWI mainly on the basis of the results of the meetings of the Expert Group of future

transport fuels as well as on further information provided by the memb ers of the
Group.
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2 Current EU transport fuel supply and projections

EU transport was responsible for 32% of final energy consumption (352 Mtoe) in
2012 ' (Figure 2-1). Adding maritime bunker fuels, energy used in transport totalled
about 398 Mtoe 2.

Agriculture
2.3%

Industry
25.6%

Households
and services,
etc.
40.3%

Transport
31.8%

Figure 2-1: Final Energy Consumption, by sector (EU28)

When looking at total EU transport energy demand Figure 2-2), covering domestic,
intra -EU and intercontinental traffic, road transport is by far the largest energy
consumer (72.3% of the total). Aviation i s the second largest consumer with a share
of 12.4%, followed by international maritime transport (11.5%). Rail transport
accounts for 1.8% (60% of which is used for electric traction), and finally inland
navigation consumes only 1.1% 3

Biofuels Electricity Maritime Rail
3.7% 1.4% 11.5% 1.8%

Natural Other
gas L4% 0.9%
0.7%
Gasoline
Fuel oil 20.7% Inland
10.0% navigation
1.1%
Aviation
12.4%

Road
72.3%

49.8%

Figure 2-2: Share of transport energy demand by source and mode in 2012 (%)

In 2012, EU transport depended on oil products for about 94% of its energy needs
Figure 2-2). Europe imports around 86% of its crude oil and oil products from abroad,
with a bill up to EUR 1 billion per day.

! Final energy consumption covers energy use in industry, transport, residential and services, agriculture
and fishing. For transport, it includes energy use in road, rail, aviation (domestic and international),
domestic navigation (inland waterways and national maritime), pipeline transport and other. International

maritime (bunker fuels) is outside the scope of final energy consumption.
2 Source: Eurostat
3 Source: Eurostat
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Strong efforts would be required to drastically reduce the oil dependency and th e
greenhouse gas (GHG) emissions in the transport sector, in line with the goal S put
forward in the 2011 White Paper on Transport, i.e. a 20% reduction in the GHG

emissions by 20 30 relative to 2008 levels and a 60% reduction by 2050 relative to
1990 levels .

Transport dependence on oil not only needs to be reduced, but the energy sources
also need to be diversified . Almost all energy consumed in air and waterborne
transport was petroleum  -based in 2012. Road transport depended on oil products for

94% of its energy use and rail transport for about 40%. Air transport is most
dependent on oil, with the main alternative energy source being biomass. For road

and waterborne (maritime and inland waterways) applications some possible
alternatives exis t, such as, biom ass, other renewables and nuclear power (via
electricity and hydrogen production) and possibly for a transition period other fossil
resources (e.g. LNG and GTL).  * However, i n the long term , most fuels would need to
be of non-fossil origin in order to secur e a reduction in GHG emissions. For
international maritime shipping, LNG can play an important role as it is available in
considerable amounts This technology, however, needs to overcome  substantial
technical, distribution and financial barriers before a large -scale uptake is feasible
Other alternatives are marina gas oil (MGO) and methanol. For short sea shipping
there is also some potential in hybridisation and electrification. For road, many energy
sources could be used for different types of vehicles, including vehicles powered by
the most common internal combustion engines, by hybrid propulsion in a combination

of internal combustion engines and electric motors, fuel cells combined with an electric

motor, and battery supplied electric vehicles. For ra il, the main alternative energy
sources are electricity and biomass.

Under current trends and adopted policies by the end of 2013, oil is expected to stay
the main energy source for transport in the medium to long term, although declining
to some extent in future years (see Figure 2-3).

Oil products would still represent about 88% of the EU transport sector needs in 2030
and 84% in 2050, despite the fact that the deployment of alternative fuels

infrastructure supports substitution effects towards electricit y, hydrogen and natural
gas.

4 Some relevant liquid fuels blend -stocks currently used, although of fossil origin, are actually crude -oil
alternative. An example are fuel -ethers, which are manufactured out of methanol and butylene in turn

starting from field gas.
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Figure 2-3: Final energy use in transport under current trends and adopted policies. Source:

Source: Reference+ scenario, PRIMES -TREMOVE model, E3M -Lab (ICCS/NTUA) °

Electricit y use is expected to increase steadily as a result of further rail electrification

and the uptake of alternative powertrains in road transport. Driven by EU and national

policies as well as incentives schemes, electrically chargeable vehicles (battery elec tric
and plug -in hybrid electric vehicles) are expected to see a faster growth  beyond 2020
in particular in the segment of light duty vehicles ® Due to improvements in battery
costs, capacity and increased availability of recharging infrastructure, the lim ited
range of battery electric vehicles (BEV) is thus becoming less of a constraint to their
use already today and will continue to do so in the years to come . The deployment of
fast charging infrastructure would also facilitate long distance trips. The sh are of
electrically chargeable vehicles in the total stock of light duty vehicles would reach

about 4% by 2030 and 9% by 2050. 7 The uptake of hydrogen would be facilitated by

the increased availability of hydrogen refuelling infrastructure, but its use would
remain limited by 2050 in lack of policies adopted beyond the end of 2013 . Fuel cells
would represent slightly more than 1% of the light duty vehicle stock by 2050 8

Nevertheless, t echnologies like electronics, ICT and lithium batteries have evolved
faster than anticipated the last few years , and these promising trends will continue to
further change the vision on electromobility. According to Euroelectric, on a total cost

of ownership, BEVs and PHEVs can alread y be more attractive than their internal
combustion equivalent, including current subsidies, mainly due to cost savings on fuel

and lower maintenance costs.

The share of liquid and gaseous biofuels is expected to increase by 2020, driven by
the target of 1 0% renewables energy in transport, although trade barriers to, in
particular, cross border supply of biofuels should be monitored and eliminated in order

5 The projections unde  r current trends and adopted policies with a cut -off date end of 2013 (so  -called
Reference+ scenario) draw on the EU Reference scenario 2013, but include some additional policies adopted

at EU level by the end of 2013 (e.g. Clean Power for Transport Packag e). No additional policies are assumed
beyond the end of 2013 but the policies in place are implemented beyond this cut -off point. The so  -called
Reference+ scenario has been developed with the PRIMES -TREMOVE model by E3M -Lab (ICCS/NTUA). A
detailed descrip tion of the EU Reference scenario 2013 is available at:
http://ec.europa.eu/transport/media/publications/doc/trends -t0-2050 -update -2013.pdf

5 Light duty vehicles include passenger cars and light commercial vehicles.
" Source: Reference+ scenario, PRIMES -TREMOVE model, E3M -Lab (ICCS/NTUA).
8 Source: Reference+ scenario, PRIMES -TREMOVE model, E3M -Lab (ICCS/NTUA).
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for biofuels to reach their full market potential. In lack of other policies adopted
beyond the end of 2013, biofuels would maintain their share in the medium to long

term. However, w ith additional incentives  in place the share of biofuels may continue
to increase , resulting in  improved economics of biofuel supply. The proposals planned
under the Energy Un ion strategy may trigger such expansion of biofuels after 2020.
Natural gas (in the form of CNG and LNG) is increasingly used in road passenger,
freight and waterborne transport from 2020, facilitated by the availability of refuelling
infrastructure. Natur al gas (and biomethane) vehicles may become a n important
technology due to improved air quality and CO F performance , especially when
blended with biomethane,

The EU6s Climate and Energy Package, as wel | as
Roadmap could trigger further expansion of alternative fuels, including biofuels,

electricity, natural gas and other clean fuels as it supports further steps to decarbonise

transport and reduce the sectorbés dependence on

The use of oil is one of the main contributo rs to greenhouse gas (GHG) emissions.
Under current trends and adopted policies by the end of 2013, CO 2 emissions from
transport (excluding international maritime) would go down by about 8% between

2010 and 2050 mainly driven by fuel efficiency gains due t 0 CO2 standards for light
duty vehicles and increasing fossil fuel prices 9. Major decreases in carbon intensity of
energy use in transport are expected to be less pronounced in the medium to long

term , in lack of policies adopted beyond end of 2013

Figure 2-4 provides a comparison of the final energy use in transport under current
trends and adopted policies by the end of 2013 and under a scenario achieving 60%
GHG emissions reduction by 2050 in line with the ambitious goal put forward in the

2011 White P aper. To achieve large GHG emissions reductions, electricity, hydrogen
and biofuels would make significant inroads in final energy demand by 2050.

400 +

O Electricity &
hydrogen
350 A yeres
O Gas & bio-
methane
300 -
m Biofuels
250 A
mLPG
()
é 200 -
= Fuel oil
150 -
u Jet fuel
100 -+
@ Diesel
50 -
H Gasoline
O |
2010 2030 REF+ 2030 ALT 2050 REF+ 2050 ALT
Figure 2-4: Final energy use in land transport under curre nt trends and adopted policies and under

an alternative scenario achieving 60% GHG emissions reduction by 2050, EU28 10

9 Source: Reference+ scenario, PRIMES -TREMOVE model, E3M -Lab (ICCS/NTUA).

10 Note: REF+ stands for the Reference+ scenario, providing projections un der current trends and adopted
policies by the end of 2013 and ALT stands for an alternative scenario achieving a 60% GHG emissions

reduction by 2050, in line with the goal put forward in the 2011 White Paper. The projections have been

developed with the P RIMES-TREMOVE model by E3M -Lab (ICCS/NTUA).
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Another study , conducted for the European Climate Foundation 11, shows that large
deployment of clean fuels in transport could significantly shift spending from imported

fossil fuels towards the European manufacturing industry. In scenarios in which

Europe moves rapidly to a fleet of advanced hybrid, battery electric and fuel cell
vehic les, the fuel bill for the ¢ ar and van fleet is reduced by 58-83 billion EUR in 2030,
COF emissions are cut significantly - supporting established targets for 2030/2050

and air quality significantly improved.

If shipping emissions were to be reconciled w ith a 2 ° global warming target,
substantial reductions would also be needed in this sector. Such measures are
however best addressed at global level.

Reducing the oil dependence by diversifying into alternatives is a major challenge for

transport. However , d eveloping innovative and ever cleaner alternative fuels is also a
way to make Europe's economy more resource - efficient. It brings great achievements

in research and technological development to fruition in the market, with benefits for

both industry and society. Success remains nevertheless dependent on major
technological breakthroughs and customer acceptance. In this major shift of primary
energy sourcing it is also important to avoid the development of new energy
dependence , not the least to avoid new fossil based systems.

Achieving the 60% reduction in transport GHG emissions by 2050 is a very challenging

task that will require a gradual transformation of the entire transport system towards

greater integration between modes, innovation and deployment of alternative fuels,
and improved management of traffic flows through intelligent transport systems.

The smart use of alternative fuels in the transport sector can provide multiple benefits

in terms of security of supply, redu ction of GHG (and noxious) emissions , air pollution
and overall sustainability. The potential of a fuel candidate to make significant inroads
into the market depends on several elements like e.g. the availability of potential
feedstock and the complexity o f the production process, the compatibility with engine
technologies and distribution infrastructure , and the GHG savings potential. Invariably,

the introduction of alternative fuels is coupled with the development and
implementation of advanced, fuel -flex ible combustion modes that can better exploit

their properties.  However, as some of the related engine technologies are still at lower
technology readiness levels, this will require significant research efforts.

1 Ccambridge Econometrics (2013) Fuelling Europe's future. How auto innovation lead to EU jObS

http://www.camecon.com/Libraries/Downloadable_Files/Fuelling_Europe_s_Future
_How_auto_innovation_leads_to_EU_jobs. sflb.ashx
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3 Elements used to analyse the situations of the

different fuels

The evaluation is structured per fuel type, splitting analysis between fuel production

(Chapter 4) and the use of fuels in transport sectors (Chapter 5). Chapter 4 covers
greenhouse gas (GHG) emissions and energy efficiency. It further looks at the
different pathways for producing the fuels, the potential supply of these fuels and the

maturity of the development of these fuels to the transport sector. However, the
infrastructure needed to deliver the fuels to the vehicles or vessels is n ot included in
Chapter 4 as part of the production/supply side, but is included in Chapter 5.
Moreover, the production costs of the fuels are covered in Chapter 4. Chapter 5 is

also structured so that a section is dedicated to each different fuel, but foc us is on the
use of the fuels. Chapter 5 thus considers the maturity of the infrastructure and the

vehicles and vessels using the different fuels, the costs related to infrastructure and

vehicles, but does not consider e.g. total cost of ownership. The cur rent market status
and the future potential of the fuels in different transport markets are outlined.

Although not all analysis aspects are equally relevant or important for each fuel, most

of the analysis criteria are covered for all fuels. Moreover, the experiences with
different fuels and information about the evaluation criteria vary. This also applies to

data availability and reliability, which influence the possibility of presenting
alternatives and information. Hence, there are also variations in the information
presented for each fuel.

3.1 Elements for description of fuels
The different elements covered in Chapter 4 for each of the fuels are:

A DEFINITION AND OVERAL L DESCRIPTION . What characterizes the fuel? A short
general description of the fuel and it s uses in the transport sector is given. Details
on the use of the fuels are provided in Chapter 5.

A AVAILABILITY AND POTE  NTIAL PRODUCTION CAP  ACITY . An assessment of the annual
production capacity of the specific fuels and of the development trend in the s hort
(2020), medium (2030) and long term (2050) of the fuel is given. Different sources
for assessing this are available (e.g. World Energy Outlook), Information has been
collected from a variety of sources provided by the EGFTF, but in some cases there
are not usable sources found to cover all details.

A GHG Emissions . What are the expected GHG reductions? The assessments use the
JEC Wells -to-wheels report (JEC 2014b) and present the 2010 emission figures for
passenger cars . The study is aiming at being an objective reference study not
guided by sectorial interests but rather built on consensus contributing parties
characterised by more often than not diverging sectorial interests. Acknowledging
that the JEC (2014b) is not the only relevant source, this repo rt does not attempt to
judge or compare the different sources, but uses the JEC (2014b) as its main
reference, because it contains consistent and comparable figures across the board,
although, the study is not aimed at a use such as the current report. Mor eover, the
study is continuously working with the stakeholders and academia to update to
increase the validity of the results. The full range of impacts on human health,
climate and the environment should be ideally considered for any given fuel, that is
through Life -Cycle Assessment (LCA) studies. The JEC WTW methodology is not
directly comparable with a Atypical o LCA in that i
fuel production/distribution and vehicle use. Other aspects T such as the costs in
terms of ener gy and emissions involved in building the facilities and the vehicles, or
the end of life aspects are not considered. By setting system boundaries somewhat
narrower than a Atypical LCA, the JEC WTW met hodol
contributors to lifetime energy use and GHG emissions and allows technology and
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fuel -neutral comparative estimates. Necessarily though, whenever choices are made

an element of subjectivity is introduced. JEC WTW Version 4a does not provide

estimates of the ovetryad Iwhficloes tast ttoh es oscainmee t i me
impacts are the same across Europe, which is true for emissions acting on a global

scale, not entirely valid when considering energy supply , Where there can be

differences between Member States' energy production mix , and certainly not fit for

metrics dependent on local conditions and effects such as air and water pollution.

Other data sources obviously exist . Therefore the figures as far as their

consideration in this report is concerned are open to discussion by the experts.

The figures are shown as CO  Fequivalents and thus include other GHGs, 12 which
have been converted to CO  Femissions. JEC (2014b), shows the calculated emission
per km split on well to tank (WTT), tank to wheel (TTW) and total well to wheel

(WTW) . Although Chapter 4 only looks at the production of the fuels, and focus

should thus also only be on WTT emissions, we have chosen to include TTW and

WTW emissions to give the full picture and to ease the reading rather than having to
look for the differe  nt contributions from WTT and TTW in different places in the
report. The TTW emissions refer to a model passenger car, representing a typical
European compact size 5 -seater sedan . A number of powertrain options are
assessed also considering the specific fu el. According to JEC (2014b), the WTT
calculation can also be applied to other vehicle configurations, since it does not

relate to the configuration of the vehicle using the fuel. We have included more

details on the approach used in JEC (2014b) in Appendi X A.

A OTHER EMISSIONS . It has not been possible to elaborate on specific sources o f
pollutant emissions. For the same reason, noise emissions are not included in the
report. Emissions are typically tested as part of the approval procedure for new
vehicles before they enter the market (sticker emissions). However, the sticker
emission figures are not collected across vehicles and fuels in a consistent report.
Another option to find consistent emission figures is to use the COPERT emission
model. * COPERT does not provide general figures for specific fuels, but it can be
used to calculate average vehicle related (tail pipe) emissions from individual
countries with specific fleet compositions and fuel components. COPERT provides
figures limited to road transport

Hence, only few figures, based on single individual inputs, are presented for pollutants
emissions

A ENERGY CONSUMPTION . This consists of several elements in the chain from
production to final use in specific transport means. The total energy consumptio n
depends on the energy efficiency. Energy losses occur in different parts of the
conversion from input of primary energy to energy used by the vehicle while it is
moving. In the report, we present this as a total energy consumption (expressed in
MJ) measu red per km. The figures used come from JEC (2014b). In the appendix,
we provide a summary of the approach used in the calculations by JEC (2014b).
Figures are reported for both the WTT and the TTW as well as for the WTW total
energy consumption. Moreover, we present the WTW energy use related to
renewable energy sources to give an indication of the extent of this within each fuel
production pathway.  JEC (2014b) provides figures for the different intermediate
steps, but these are not reported here. Not all actors are however, considered in a
comparable manner. Energy consumption and therefore GHG emissions for
transporting refined oil  -derived fuels in and out of Europe are for instance not
included and these might be significant even though distance of origi n are important

12 E.g. Nitrous Oxide N20 and Methane as described in JEC (2014a) appendix 1.
13 http://www.emisia.com/copert/Methodology.html
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factors considered for CNG and LNG. Also the growing fraction of unconventional oil
in imported fuels is not quantified and might therefore underestimate the GHG
intensity of these fuels.

A MATURITY OF FUEL PROD ~ UCTION . This element considers at which point in the
innovation cycle a fuel technology is. This spans from early R&D to full market
maturity. A time horizon for the specific fuels from its readiness to enter the market
and to full market penetration is part of the assessment. Readiness of combustion
engines and after treatment technologies for alternative fuels. These technologies
have to be closely linked to different fuel types and as such contribute significantly
to the efficiency and emission issues.

A CosTs. The costs of production, distribution and other cost aspects of the fuel will
be assessed. Generally, costs are assessed without taxes and excise duties although
this may have an important impact on user prices. It is difficult to obtain
information about  production costs . Moreove r, it is difficult to find figures, which are
consistent across different fuels and thus can be allowed to be compared. JEC
(2014b) for example states t h a t cost éstimation for future vehicles and fuels is an
uncertain pandaoo# esingateshaven otbeenincluded in JEC WTW
Version 4a. However, broader information on costs would exist for mature
technologies, including  natural gas vehicles. Figures mainly do not include taxes or
other duties, but attempt to reflect the production costs only.

3.2 Elemen ts for fuels' transport infrastructure and transport markets

The elements covered for each of the fuels in Chapter 5 with respect to refuelling/re -
charging infrastructure and vehicles/vessels are:

A MATURITY OF VEHICLE / VESSELS AND INFRASTR  UCTURE TECHNOLOGY . An overview of

the market status of the technological development of vehicles /vessels and the
recent infrastructure development is presented. For some fuels, focus is more on
the fuel production (e.g. biofuels), which is thus covered in Chapter 4, and for other
fuels more focus is on the vehicles and/or infrastructure (e.g. electric vehicles).

A MARKET sizE . The current number of vehicles /vessels using the different fuels in the

Member States are presented. These are compiled from different sources supplied
by the EGFTF member organisations. Data on waterborne vessels and infrastructure
is partly dealt with in the maturity sections and in the market perspectives sections.
Figures per country are  generally not presented in the report.

A SUPPLY INFRASTRUCTURE . In order to get a fuel from production to end consumer,
infrastructure is needed. A status of the extension and diversification of the
infrastructure for the different fuels is given.

A COSTS OF INFRASTRUCTU ~ RE AND VEHICLES / VESSELS . The costs of refuelling
infr astructure and the vehicle productions cost aspects are described. Given the
specific global characteristics of vessel construction, European fleet developments
are not included in this report.

A MARKET ASPECTS . What market areas can be expected to develop i n relation to the

different fuels? Are there specific aspects for different fuels and how may the
markets develop in the 2020, 2030 and 2050 perspectives?
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4 Analysis of the Different Fuels
4.1 Electricity
4.1.1 Definition and overall description
Electricity is an energy carrier that can be converted domestically from a wide variety
of primary energy sources. A certain quantity of e lectricity can be produced from
renewable energy sources, offering a nearly well-to-wheel zero -emission pathway,
altho ugh this is not always the case; e.g. when a combination of renewable and non -
renewable sources are used. Electricity will continue to become increasingly low -

carbon as the power sector continues to reduce in carbon intensity.

The European electricity ind  ustry has made a strong commitment to achieving carbon
neutral electricity by 2050. In 2013, more than half of the total electricity generated in
Europe came from low -carbon facilities. Renewables generation continued to increase,
nuclear production remain  ed stable and fossil fuel fired generation fell sharply.

In addition, t he European power sector's carbon emissions are capped under the EU
Emissions Trading Scheme (EU ETS), which thus also covers the electricity used t o]
charge electric vehicles and the associated GHG emissions. Introducing EVs would
thus fall under the EU ETS cap, which means that the total GHG emissions of power

stations will not increase, even when more electricity is delivered for electric cars.

At present, electricity for transportation purposes is mainly used in the rail sector

(76% of the final energy use in transport) where 54% of the European railway lines

are electrified . There is a growing trend also in road transport (see Section 5.1) and

for other modes, such asa  ir and maritime, electricity can already be used for auxiliary
services in airports and ports (e.g. cold ironing), with positive impacts on local air

pollution. It should be noted that the production of pollutants may be in other areas

than those of usage  (for example, EV in towns and power stations in the countryside),
which therefore can lead to local pollution near these production sites. Electrification of
public transport urban buses is also expanding rapidly as cities value them for their

reduced loca | air pollution and noise levels. The full battery electrification of heavy -
duty vehicles and long haul bus and coach fleets is not likely to happen in the short

term, but such fleets may be partially electrified by the use of plug -in hybrid
technology and should be considered in a long -term strategy.

The development of the electromobility, understood as all forms of electric individual

and collective transport use, in the EU could provide significant advantages in terms of

security of energy supply (exte nding the domestic market for renewables), reduction

of greenhouse gas emissions , local air pollution, and dependence on imported oil
increases in energy efficiency. The outcome of course, is dependent on the actual
production pathways.

4.1.2 Availability and po tential (2020 -2030 -2050)

Electricity is becoming increasingly low carbon. The share of carbon free gross
electricity generation (i.e. nuclear and renewable energy forms) went up from 46% in

2000 to 52% in 2012. The European Commission (2013) has assessed t hat under
current trends and adopted policies, this share would reach about 58% by 2020, 66%

by 2030 and 73% by 2050. Eurelectric has stated that already in 2030, 80% of

14 European Commission (2014), EU transport in figures i Statistical Pocketbook 2014, available at:
http://ec.europa.eu/transport/facts -fundings/statistics/pocketbook -2014_en.htm

July 2015 - 16


http://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2014_en.htm

European
Commission

DG MOVE - Expert group on future transport fuels
State of the Art on Alternative Fuels Transport Systems

European electricity will be carbon free (from renewable and nuclear electricity
gener ation combined).

The European electricity generation mix is already changing significantly: it now
includes an increased share of decentralised and variable renewable energy sources.

Overall, more than 70% of the capacity installed in 2013 came from renewa bles
(mostly wind and solar)  15. In 201 3, about 2 7% of the electricity produced came from
renewable energy sources in the EU28. Significant energy storage or demand -side

measures will be needed to accommodate growing shares of renewable energy
sources that, due to their variability, could present challenges to balancing supply and
demand on the grid. Electric vehicles could bring a solution here as part of a smart
grid environment. Acting as decentralized electric storage, the charging of electric
vehicles ca n be regulated to coincide with the availability of renewable electricity
generation, leading to more efficient utilisation of generation capacity avoiding costly

add -on capacities. In the longer term with a sufficient high number of vehicles , the
batterie s of vehicles have the potential to be used to supply electricity back to the grid
during periods of | ow renewabl e el ectr iTheicdntyol gener at

mechanism for load management can be enabled by the grid, by the charging point, or
by the vehicle itself, while a communication system with the grid allows the charging
process to take actual grid capabilities into account (intelligent algorithms can be

distributed at all three levels) as well as customers preferences. The ability of electr ic

vehicles to be used in a smart, controlled way could therefore help minimise or
eventually avoid distribution grid reinforcements while facilitating the integration of

renewabl es and meeting customersdé mobility needs.

4.1.3 Emissions

Electric vehicles not o nly have zero -tailpipe emissions, but they can also make a
significant contribution to removing GHG emissions from transport even when
emissions from the power stations are taken into consideration. With the average
carbon intensity of the power sector, el ectric vehicles emit less GHG than their internal
combustion equivalents.

Supplying renewables and other low -carbon power to EVs clearly enforces their
environmental advantage.

The indirectly (calcul ated) ftail pi peoaetimélisesi onso o
perspective also. A BEV car sold today will have declining calculated tail pipe emission

during its lifetime 7 which is totally depending on the change in electricity production

in the given region or country relying on the decarbonisation pac e of the power sector.

Based on the estimated carbon intensity of the power sector according to the EU

reference scenario, by 2035 the average electric vehicle could deliver emissions of

about 28 g CO2/km 16. Gi ven t he European el ectritdorty sect
decarbonisation by 2050, coupled with an increasing deployment of RES, electric

vehicles have a potential to become nearly zero -carbon in terms of GHG emissions by

that time.

According to JEC (2014b), the 2010 EU28 power generation mix gives GHG WT T
emissions of 78 g CO FHkm for BEV. 17 The WTW emissions for BEVs are the same as
the WTT emissions. The GHG emissions for PHEV are 36 g CO Hkm related to the

BEURELECTRIC Power SAstcit®tri ¢ 20h%hsfiormation: Electricity indust
6 Estimated power sector carbon intensity of around 140 g CO2/kWh in 2035, European Commission Trends

to 2050

 The WTW figures are calculated using a WTT emission for low voltage distribut ion in the JEC calculations

are 540 gCO2eq/kWh (JEC, 2014a)
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power used. When TTW emissions are included, the total WTW GHG emissions are 111
g COHkm for PHEV (gasoline hybrid), and 105 g CO Hkm for PHEV (diesel hybrids).

The WTT and TTW figures are shown together with the WTW figures in Table 4 -1
Table 4-1: WTT, WTW and TTW GHG emissions (CO  Fequivalents) from BEV and PHEV vehicles
based on the EU28 electricity production mix in 2010. Source JEC (2014b) Appendix 1.
WTT® TTW WTW
g CORkm
BEV 78 0 78
PHEV (Gasoline) 36 75 111
PHEV (Diesel) 36 68 105
Conventional gasoline 29 156 185
Conventional diesel 25 120 145

* Sum of emissions from fuel and from electricity

The emissions will vary considerably depending on the way electricity is produced.
This is illustrated in JEC (2014b) for a number of different production paths. A
comparison of WTT emissions for different, selected production paths is shown in
Figure 4 -1 for BEV.
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Figure 4-1: Well -to -tank (WTT) GHG emissions using selected electricity pathways for 2010
Source: JEC (2014b) 8.

IEA EU mix 2010 data for OECD Europe is 331 g CO2/kWh (61% of JRC value).
Calculat ing the weighted average taking into account actual electric vehicle and
CO2/kWh emissions per country, the result is 224 g CO2/kWh (most full electric
vehicles are in Norway  and France, where large shares of electricity is produced from
nuclear sources and hydropower, which therefore reduce the vehicle weighted
average). This is 40% of the JRC value. 19 The country specific emissions depend on

8 Three distinct pathways for the production of CNG are currently considered in the study, According to
latest statistics, 55% of the gas is sourced from within EU boarders (34 indigenous production + 21%

Norway) giving total WT emissions of 69,3 g CO2 eq./ km. (Source: EUROGAS statistical report 2014).
¥ The figure will thus change as vehicle fleets composition on electric and other fuels are changing.
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the specific electricity productio n mix in these countries. Here we only present the
European averages as shown in JEC (2014b), but it should be noted that these figures
can be debated as also indicated here.

Electric vehicles can contribute to air quality improvement, especially in urban areas
since they produce neither NO  x emissions nor particles (PM) while running in electric

drive mode. PM affect more people than any other pollutants. Short -term effects of
particulate air pollution impair especially the respiratory tract, weaken the hea rt and
circulatory system and lead to increased mortality rates. The Directive 2008/50/EC on

ambient air quality and cleaner air for Europe, which defines, among other things,

emission limit values for NO Fand PM ;, contributes to the EU objective on clean air.

4.1.4 Energy efficiency

Well -to-wheel energy efficiency analysis also shows that electric vehicles are more

efficient than ICEs 20 over a broader range of primary energy sources. 21 The energy
consumption for PHEVs and BEVs are shown in Table 4 -2. The figures f or the TTW
energy consumption includes the energy consumed from the fuel (diesel and
electricity) and energy from electricity. The table moreover shows the share of non -
fossil (renewable) fuels consumed.

Table 4-2: Energy consumption for BEV and PHEV vehicles using the current EU28 2010 Energy
mix compared with conventional vehicles. Source JEC (2014b)
WTT TTW WTW WTW from
MJ /100 km MJ /100 km MJ /100 km non -fossil
fuels
MJ /100 km
BEV 118 52 170 132
PHEV 52 116 168 38
(Gasoline)
PHEV (Diesel) 52 107 159 38
Conventional 39 211 250 0
gasoline
Conventional 33 163 196 0
diesel

4.1.5 Maturity of the technology

Electric transportation is now rather developed with several vehicle producers
Introducing BEVs and PHEVs on the market. 22 The battery technology is also
continuously being improved, but there is still room for increasing the performance

and cost of batteries (see also Section 5.1).

Electricity production is becoming increasingly low-carbon, with a g rowing increase in
renewable energy sources, including wind power, solar power (thermal, photovoltaic

and concentrated), hydroelectric power, tidal power, geothermal energy, biomass ,
biogas, and the renewable part of waste. According to the European Commis sion
(2013), under current trends and adopted policies, the share of electricity generation

20 |nternal combustion engines

21 See JEC (2014b) WTW Version 4a

22 The aspects related to the vehicle techno logy are covered in Section Error! Reference source not
ound. .
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from renewable energy sources (RES -E indicator 23) would go up from 20% in 2010 to
about 35% by 2020, 43% by 2030 and 50% by 2050.

4.1.6 Production costs

The developments in the EU28 power sector have significant impacts on energy costs

and electricity prices, in particular in the short term. The power sector is replacing

much of its production capacity over the coming years leading to increasing
investments. Moreover, cos  ts of fuel inputs are also expected to increase significantly

in 2020 compared with 2010. Member States are also investing in their grid to obtain

higher supply security. These investments are fully consistent with the provisions of

the ENTSO -E TYNDP24 as w ell as the achievement of the RES 25 2020 target. Smaller
components of the cost increase are national taxes and ETS allowance expenditures.

Hence, the average electricity price over the period 2010 -20 is expected to increase
by 31% as shown in Table 4  -3.

Table 4-3: Evolution of cost components of electricity price in 2010 -20. Source: EU Reference
scenario 2013

G/ MWh Diff. 2010 -2020 % contribution
Fixed and capital costs 14.2 345
Variable and fuel costs 4.5 11.1
Tax on fuels and ETS payments 3.8 9.1
Transmission, distribution and 7.5 18.3
sales costs

Other costs (imports, recovery 8.4 20.6
for RES)

Excise and VAT taxes 2.6 6.4
Average price of electricity for 41.0

final demand sectors (after tax)

The composition on the different elements comprising the electricity price is shown in
Figure 4 -226. The figures are shown as averages across Europe. There are obviously
national differences in e.g. taxes and VAT. The main components are annual financial
rents and the fuel costs, but tax, VAT and the fixed costs also are main elements. The
downwards trend estimated in the E3M et al (2013) report is due to cost savings from
the large restructure investments in the electricity supply, a deceleration in the
increas e in the gas price, and lower technology costs.

2 Calculated according to the definitions of the Renewable Energy Directive (Directi ve 2009/28/EC).
24 European Network of Transmission System Operators for Electricity (ENTSO -E); Ten Year Network
Development Plan (TYNDP).

% Renewable Energy Sources

% European Commission (2013), EU energy, transport and GHG emissions i Trends to 2050: Refe rence
scenario 2013, available at: http://ec.europa.eul/transport/media/publications/doc/trends -t0-2050 -update -
2013.pdf
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Figure 4-2: Cost components of average electricity price. Source: I3M -Lab et al (2013)

4.2 Hydrogen

4.2.1 Definition and overall description

FCEVs?’ and hydrogen provide

an alternative

proposition in the transport sector.

Similar to electricity, hydrogen is an energy carrier that can be produced from a wide
variety of primary energy sources. Currently, hydrogen is predominantly produced by

steam reforming of methane, via
involving decarbonisation of a hydrocarbon
renewable or nuclear energy using electrolysis or biomethane reforming, via organic

feedstock and splitting of water (
offers zero or close -to zero -emission pathways from well to wheel.

a chemical transformation process generally
Hydrogen can also be produced from

here we wil ref er to fAthermal 0 hydroge

The technology for hydrogen production

in place. It still needs significant efforts to set up the necessary hy

station infrastructure.

energy sustainability.

is mature and cheap production pathways are

drogen refuelling

However, it does not require a change in user habits in terms of
mobility and refuelling, and it offers substantial benefits in terms of environmental and

The increase of intermittent renewab

in Europeos

power

27 Fuel Cell Electric Vehicles

le energy sources, such as solar and wind energy,
systems iis causing
and has led to calls for a greater use of energy storage amongst other measures.
Hydrogen is viewed as one of the key sol

utions for large scale and long

operat.i

-term energy
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storage. In order to fulfil this promise several technologies need to be further
developed. For example by conversion of electricity to hydrogen, which is already
possible via electrolysis.

Large scale storage o f hydrogen is feasible and has been commercially proven in at
least one case where hydrogen is stored in an underground salt formation. However,
integration with intermittent production of hydrogen has not yet been demonstrated,
whilst a suitable business case whereby the location of the storage is dictated by
wind/sun patterns and geological conditions has yet to be defined. To exploit the large
scale storage capacity of the Natural Gas (NG) grid, the first demonstrations of
blending hydrogen into the nat ural gas grid are starting right now. These are still

small scale and inject at a relatively low -pressure entry point.

4.2.2 Availability and potential (2020 -2030 -2050)

The potential for hydrogen as a fuel is significant. Hydrogen can be produced from a
variety of primary energy sources. The absolute dominating pathway for production of

hydrogen is steam reforming of hydrocarbons, first of all methane. Small amounts are
produced through electrolysis of water . Hydrogen is produced in large quantities for
industrial applications. The cost of production and energy efficiency can still be
improved. In addition, significant investments would be needed in the distribution
network for hydrogen, which has been identi fied as one of the key bottleneck towards
adoption of hydrogen as large scale transportation fuel. The availability of hydrocarbon
as such is not seen as a barrier against expansion of hydrogen as a future transport

fuel.

4.2.3 Emissions

GHG emissions depend on  the production pathway followed for the production of the
hydrogen. As stated above, hydrogen is currently predominantly produced by steam

reforming of methane. In this process, around 10 kg of CO F per kg of H2 is produced
(WTT), which corresponds to 62 g COF eq. per km. 28 However, when used in fuel cell
electric vehicles, only electricity, water and heat are produced. Thus, the CO F
emissions at the tail pipe (TTW) are zero and WTW emissions are equal to WTT
emissions.

Some of the variations in GHG emissions depending on the thermal production
pathway are shown in Table 4 -4. The EU mix refers both to the average extraction of
natural gas and the transport of the gas until the gas is used in the vehicle (WTT)

Table 4-4: GHG emissions (CO Fequivalents) for different thermal production pathways for
compressed hydrogen. Source: JEC (2014b).

Thermal gasification path WTT (g CO Feq. /km)
Natural gas, EU mix 62

Coal gasification, EU - mix 128
Wood gasification 9

In Table 4 -5 similar figures are shown for the electrolysis pathway, where electricity is
used in the hydrogen production process. Hence, the emission figures (both for
thermal and electrolysis) depend on how the energy used for this process is produced

%8 Using the EU -mix and calculated for 2020 in JEC (2014b). Only 2020 projections are shown in the report.
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Table 4-5: GHG emissions (CO Fequivalents) for different electrolysis production pathways for
compressed hydrogen. Source: JEC (2014b).

Electrolysis path WTT (g CO Feq. /km)
Electricity  EU mix 125
Coal gasification, EU - mix 68
Wood gasification 12
Wind 7

4.2.4  Energy efficiency

In Figure 4-3 (thermal) and Figure 4-4 (electrolysis) the energy consumption is shown
for different  hydrogen production paths. The 2020 projected thermal hydrogen
production from natural gas gives a WTW energy consumption of 107 MJ/100 km for
hydrogen fuelled passenger cars according to JEC (2014b); the WTT and TTW figures

are 53 and 54 MJ/100 km respect ively. The corresponding 2020 WTW projections for
conventional gasoline and diesel vehicles are 175 and 1 50 MJ/100 km respectively.
Hence, FCEVs are significantly more energy efficient than conventional vehicles.
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Figure 4-3: WTT and TTW energy consumption from different thermal hydrogen production
pathways; 2020+ estimates. Source: JEC (2014b) 2

2% JEC (2014b) does not provide energy consumption figures for natural gas in EU -mix. Hence, we have
shown the 4000 km pipeline transport alternative.
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Figure 4-4: WTT and TTW energy consumption from dif ferent hydrogen electrolysis production
pathways; 2020+ estimates. Source: JEC (2014b)

4.2,5 Maturity of technology

Europe is still considered a technology leader in certain FCH application -areas but

other regions (e.g. Japan and the US) are developing quickly as a result of public

intervention and support. Impressive technological progress has been made by

European companies, especially in the transport sector, also due to good support from

projects developed jointly under the European R&D framework programme. The public

and private sectors came together to form the first Fuel Cell and Hydrogen Joint

Undertaking ( FCH JU) in 2008 to promote coordination and collaboration across

Europebs FCH sector and accelerate the <coiiserci al i
ini tiative has been extended under Horizon 2020 as FCH 2 JU.

One of the perceived merits of hydrogen is again that in principle it can be produced
from virtually any primary energy source. Production pathways differ in terms of cost,
environmental performance , efficiency and technological maturity. Steam reforming of
natural gas is the most common method of hydrogen production today.

Hydrogen is already produced in significant quantities today mostly for industrial and
refinery purposes. Oil refineries, in pa rticular, are large hydrogen consumers for
hydrodesulphurisation of various streams such as gasoil and heavy oil conversion
processes. However, for the use of hydrogen in fuel cells the hydrogen has to be
purified to a high level, involving removal of impu rities that could impact fuel cell
performance. Hydrogen is stored in tanks under very high pressure (up to 700 bars).

While hydrogen has very high energy content per kilogram, it is very light in weight (a
low molecular weight) , even when highly compress  ed or liquefied. It therefore does
not have high energy content per litre of space required to store it.

Direct solar energy can also be used to produce hydrogen either by thermal splitting of
water or electrolysis through photovoltaic electricity. Also wind, can be used to
generate the power needed to produce hydrogen. The development of the thermal
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splitting process is in its infancy while photovoltaic electricity is not expected to be
viable at very large scale within a near horizon. 30

The Power to Gas concept has the possibility to convert hydrogen into synthetic
methane (CH4), via the reaction of the H2 produced with CO F, either as a waste
product from biogas plants or from the atmosphere. This Synthetic Natural Gas (SNG)
has the same chemical composit ion as natural gas and biomethane 3

Additionally, hydrogen can be blended with Natural Gas, up to 5% H2 can be allowed
in the gas grid and 2% in CNG as vehicle fuel.

4.2.6 Production cost of fuels

In the near to medium term fossil fuels (primarily natural gas) are likely to continue to
be the least expensive feedstocks for hydrogen production. Given that their conversion

still emits carbon into the atmosphere, transition to zero -emission mobility will require
moving to cleaner production pathways, which have the potential to virtually eliminate

LCA GHG emissions.

For example, production of hydrogen from renewable biomass is a promising mid -term
option with very low net carbon emissions. In the longer term, transition to hydrogen
from wind energy  should enable zer o-carbon mobility. While this technology is rapidly

improving, high cost of electrolysers and renewable electricity constitute key barriers
towards wider uptake. However, on the basis of significant benefits to coupling
hydrogen production with flexible st orage of off -peak renewable electricity whereas

the share of RES in European electricity grids will continue to increase, these barriers
have a good chance to be overcome in a not too distant future.

Different hydrogen production methods show a wide range of costs between EUR 1.9
and 10.3/kg H2. 3% %

4.3 Liquid Biofuels

This section deals with liquid biofuels with the following exception: Biomass to liquid
(BTL) and hydro treated vegetable oils (H VO), which are treated in Section 4.5
(Synthetic and paraffinic fu els) due to the fact that biomass is one of the pathways to
produce synthetic diesel. Biomethane is a gaseous biofuel, but it is treated in Section

4.4 (Natural gas) as it is to be used in natural gas vehicles.

4.3.1 Definition

Although there are different defi nitions for biofuels, this report uses the following
definitions:

ABi ofuel sé6 means |liquid or gaseous fuel for tr|
bi omasso from Directive 2009/ 28/ EC, point (I

30 JEC (2014b)

31 See also Section 4.5 for other synthetic approaches.

32 Corresponding to approximately 1.5 to 8.5 Eurocents per MJ. with an energy density of 120 MJ/kg H2.

Cost figures based on FCH JU (2012) Urban buses: alternative

powertrains for Europe. http://www.fch

ju.eu/sites/default/files/20121029%20Urban%20buses%2C%?20alternat ive%20powertrains%20for%20Euro
pe%?20 -%?20Final%20report.pdf

3 As a rule of thumb the kg/100 km figures can be compared to gallons/100 km
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AiBi ofuels can be produced fr om throughitedhmologiesringe o f f e
constant evolution and used directly or blended with conventional fossil fuels. They

include bioethanol, bio  -methanol 3 and higher bioalcohols, biodiesel (fatty -acid methyl

ester, FAME), pure vegetable oils, hydrotreated vegetable oi Is, dimethyl ether (DME),

and organic c¢dmporunfdGl.edan Power for Transport: A E
fuels strategyo, Article 2.4 named Biofuels (liquid
Moreover, the biofuels can be classified in various ways. The chosen classif ication for

this reports is:

FIRST GENERATION LIQU D BIOFUELS  refer to ethanol from e.g. sugar or starch rich
crops, biodiesel (FAME) from vegetable oils, and pure vegetable oil. The production of

these fuels is based on traditional chemistry such as ferm entation and esterification
and other well -established processes that in essence are quite mature.

SECOND GENERATION LIQ  UID BIOFUELS  encompass a broad range of biofuels produced
from feedstock that is not used as food or feed, e.g. lignocellulosic material s (like
short rotation forestry or coppice), the organic part of municipal solid and liquid waste,

forest and agricultural residues, which is for example the primary production source

for biomethane used in transport. They may also include bioethanol and b iodiesel
produced from conventional technologies but based on novel starch or energy crops

such as Jatropha. The hydro treatment of vegetable oils, animal fats or waste cooking

oils has also been gaining ground as a solution to the increasing pressure to f ind
alternatives for fossil fuels in transport. Production technologies are usually more

complex and expensive than for first generation biofuels, but second generation

biofuels are generally considered more sustainable, with the potential for greater GHG

emission savings compared to first generation biofuels I naturally depending on the
production pathways .

THIRD GENERATION LIQU ID BIOFUELS  generally include biofuel production routes,
which are at the earlier stages of research and development or are sign ificantly far
from commercialization (e.g. biofuels from algae, hydrogen from biomass, etc.) or

synthetic methane where first pilots exist.

Second and third generation biofuels produced from non -food feedstock (e.g. wastes,
agricultural & forestry residue S, energy crops, algae) are also referred to as advanced
biofuels as long as the raw materials are processed in the right manner.

4.3.2 Overall description

Liqguid and gaseous biofuels are expected to contribute significantly to the
achievement by 2020 of the ta rgets set in the Renewable Energy Directive (RED)
and the Fuel Quality Directive (FQD) 37 Liquid biofuels are currently the most
important type of alternative fuels, accounting for about 5% of the total fuels
consumed by road transport in the European Unio n. A large part of this is
through so -called drop -in fuels , where biofuels are blended with conventional

fuels (ethanol in gasoline and biodiesel blended with diesel).

36

34 Biomethane is thus also a biofuel, but is considered in the next subsection together with natural gas.

% Dedicated energy crops like miscanthus, switchgrass etc. could also be grown on marginal/degraded land.
However, this may often require intensive use of water/fertilisers. Sometimes also energy crops are grown

on agricultural land thus competing with food/ feed crops and possibly causing indirect land use change
(ILuc).

3¢ Directive 2009/28/EC, sets a binding target of 20% share of renewable energy in the EU and a 10% share
for renewable energy in the transport sector.

37 Directive 98/70/EC sets target by 20 20 for a 6% reduction in the GHG intensity of fuels used in road
transport and non  -road mobile machinery
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ILUC Indirect Land Use Change (ILUC) relates to the release of carbon emissions due
to th e use of existing cropland for biofuel production and the resulting displacement of
food (or other) production to previously uncultivated land.

The Commission adopted a proposal (ILUC Directive) for amending the Fuel Quality
Directive and the Renewable Energy Directive on 17 October 2012. The aim of the
proposed ILUC Directive was to foster the transition to advanced (low ILUC) biofuels

that bring substantial greenhouse gas (GHG) emissions savings while ensuring that
estimated ILUC emissions are reported. The proposals sought to do so while protecting

existing investments until 2020. In particular it aimed to:

A limit the contribution that convention al biofuels (with a risk of ILUC emissions)
make towards the overall renewable energy and the transport targets in the
Renewable Energy Directive (RED);

A improve the GHG performance of biofuel production processes by raising the GHG
saving threshold for new installations, subject to protecting installations already in
operation on 1 July 2014;

A encourage market penetration of advanced (low -ILUC) biofuels by allowing such
fuels to contribute more to the targets in the RED than conventional biofuels;

A improve th e reporting of GHG emissions by obliging Member States and fuel
suppliers to report the estimated ILUC emissions of biofuels.

The Council adopted its Common Position at First Reading on 10 December 2014,
including raising the cape to 7% for first generatio n biofuels. The Council encouraged
the transition to advanced biofuels, by inviting Member States to promote the
consumption of such biofuels and requiring them to set non -legally -binding national
sub -targets for advanced biofuels based on a reference valu e of 0.5 percentage points
of the 10 % target for renewable energy in transport.

The Environment Committee of the European Parliament adopted its 2nd reading

report prepared by Finnish MEP Nils Torvalds on the compromise text on the proposed

directive on 2 4th of February 2015. The EP position modifies the Council text on a
number of key issues of the reform. It demands a cap on first generation biofuels at

6%, its application to both directives (RED and FQD) and links the cap to subsidies. It

also demands the inclusion of ILUC factors in the FQD for accounting purposes post
2020 and in the RED for reporting. The binding target for 2 "d generation biofuels
suggested by the EP is set at 1.25%, but at the same time the EP also requested the
introduction of sust ainability criteria such as the respect of the principles of waste
hierarchy and cascading use. The text of the agreement was approved by the plenary
session of the European Parliament on 29 April in Strasbourg and then sent for final

adoption by the Counc il. Member states will have to enact the legislation by 2017

The main points of the agreement are:

A FIRST - GENERATION BIOFUELS . The compromise approved states that there will be a
limit of 7% on the contribution that first -generation biofuels (from cereal and other
starch rich crops, sugars and oil crops) and from other crops grown as main crops
primarily for energy purposes on agricultural land can make to renewable energy
targets in 2020. Current legislation requires EU member states to ensure that
renew able energy accounts for at least 10% of energy consumption in transport by
2020 with no restrictions on particular types of biofuel.

A SECOND AND THIRD GENE ~ RATION BIOFUELS . EU member states will have to set
national targets, not later than 18 months after t he Directive enters into force, for
advanced biofuels. The agreement sets reference value of 0.5% for the share of
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energy to be produced from advanced biofuels as a percentage of the energy
derived from renewable sources in all forms of transport by 2020.

may set a lower target on certain grounds, such as a limited potential for

Member states

production, technical or climatic constraints, or the existence of national policies
that already allocate commensurate funding to incentives for energy efficiency and
electric transport.

A DELETION OF MULTIPLE

COUNTING TOWARDS THE

OVERALL RED TARGET . The

extension of multiple counting of advanced biofuels to the overall RED target has

been deleted.

A REPORTING . Fuel suppliers will report the estimated level of emissions ¢
-use change (ILUC) to EU countries and the Commission. The
-related emissions.

indirect land

Commission will then report and publish data about these ILUC

aused by

Biofuels can be used in all modes of transport as blend in fuels. However, the aviation
secto r in particular seems to have no alternatives, but sustainable biofuels and some
synthetic fuels if it is going to meet industry carbon reduction targets for 2050 without

severely curtailing growth.

Liquid biofuels are currently used blended with conventio
percentages or form (e.g. ethanol or ETBE in E5, and E10, or in E85 for use in flexi

fuel vehicles

any blending, are used in road dedicated fleets.
Table 4-6.

biofuel blends in the EU are shown in

Table 4-6:

EU Member States initi

(2014a)

Blending
grade
E10

E85

B7

B20
B30

B100 /
Biodiesel
Advanced
biofuels for
aviation

EU Member State

France, Finland, Germany

Austria, Germany, France,
Sweden

Mainly whole of EU

B8 permitted in France since
beginning 2015, but actual
availability unknown
Germany

Poland
France Czech Republic

Germany

International

Brief description

Up to 10% v/v ethanol

Fuel Quality Directive) and
EN228:2012

Up to 85% v/v ethanol blending in

% A summary of

nal

fuels

in different

E85, FAME in B5 and B7 ). High biofuels blends or neat biofuels without

the use of different

-equivalent
blending in gasoline (Annex | of the

atives for biofuels blends and neat biofuels. Source: JEC

gasoline for so -called flexi -fuel vehicles

(FFV)

Up to 7% v/v FAME blending in diesel

fuel (Annex Il of the Fuel Quality

Directive) and EN590:2013

Plus 3% of renewable diesel

For captive fleets of dedicated vehicles

For captive fleets of dedicated vehicles

For specially adapted vehicles

Certified drop
existing aircrafts

-in biofuels for all

38 Another type of biofuel is biomethane, without blend limitation and fully interchangeable with natural gas.

It can be immediately used in existing CN

described together with natural gas in Section 4.4.

G and LNG vehicle and infrastructure technologies. Biomethane is
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Advanced biofuels serve niche segments of the market or pilot projects in aviation. As

far as aviation is concerned, three pathways are already certified and can be used for
commercial flights without any restriction: synthetic paraffins from Fischer -Tropsch
process (up to 50% v/v), from hydrotreatment of oils (up to 50% v/v) and from

selected biological process (Total / Amyr is process, up to 10% v/v).

Biofuels can be produced from a wide range of biomass feedstock. However, most of

today's biofuels are produced from agricultural crops like corn, sugar cane and
rapeseed. While less than 1% of global cropland " are used for pro ducing biofuels, the
relative importance of biofuels within certain global markets is significant. For

example, globally 16% of vegetable oils (rapeseed, soybean, palm and sunflower oil)

are used for biodiesel, 15% of maize (8% at the EU level % and some 2% of wheat )
are used for bioethanol. About 80% of the biofuels consumed in the EU are currently
produced domestically  “°, with the share of imports expected to grow towards 2020. 4
The EU ambitions for 2 " generation biofuels will need to be confronted with th e
increasing demand of biomass for bioenergy uses in other sectors. Bioenergy
consumption is expected to grow by 41% (according to the NREAPS) in the 2012 T
2020 period. This will lead to additional demand for the biomass including the

feedstock currently  considered for the production of advanced biofuels.

4.3.3 Availability and potential (2020 -2030 -2050)
The growth of biofuel consumption for use in transport in the European Union (EU -28)
has dwindled in the past few years and finally dropped by about 1 Mtoe (6. 8%)

bet ween 2012 and 2013, according to Eur Observo6ER,
Mtoe. Nevertheless, biofuel consumption, certified and thus eligible for inclusion in
European targets, increased slightly by 1.1% to 11.8 Mtoe.

Until 2012 blending mandat es, supply obligations and financial incentives for
alternative transport fuels facilitated rapid growth of the use of liquid biofuels in the

EU following the introduction of indicative targets for biofuels and other renewable
energy sources in the so  -call ed "Biofuel Directive" (2003/30/EC) and the introduction
of a legally binding 2020 target of 10% share of renewable energy sources in the
transport sector in the Renewable Energy Directive (2009/28/EC).

However, since the entry into force of the Renewable Energy Directive, investment in
biofuels , especially advanced biofuels, has dried up. In the case of ethanol, only two
new production facilities came to light.

In 2013 biofuels consumption in the EU declined due to a changing global biofuel
market and due to the ongoing negotiations (ILUC Directive “2) on the revision of the
EU sustainability scheme for biofuels as mentioned above . The practice of double
counting has also contributed to this decline. The entire biofuels' production and

supply chain has to be  focussed on sustainability for all supported biofuels (in order to
count towards the EU and national renewable energy targets, obligations and financial
incentives). The sustainability certification of biofuels is currently done at the national

level as w ell as through voluntary schemes, which have been approved by the

3% Source: CIC International Grain Council, www.igc.int

40 SWD(2014) 259 final, available at:

http://ec.e  uropa.eu/energy/renewables/bioenergy/doc/2014_biomass_state_of play_.pdf
http://www.eurobserv -er.org/downloads.asp

41 As outlined in e.g. OECD FAO (2012) Agricultural Outlook 2012.

42 COM(2012) 595 final
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European Commission (EC). So far, the EC has recognised 19 voluntary certification
schemes that apply directly in all EU28 Member States.

The development in the use of biofuels is influence d by several factors, where both the

RED and the FQD play important roles in securing that it is possible to use biofuels in
the transport sector and that biofuels are produced sustainably.
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Figure 4-5:  The trend in biofuel consumption for transport (ktoe) in EU28. Source:
Eurobserv'er (2014) . Note: 2013 figure is estimated

The share of transport biofuels consumption in the EU was 4.2% in 2012. “ The
consumption has grown steadily until 2012 as shown in Figure 4-5, but a small decline
was seen in 2013. Consumption of biofuels represented a share of about 2% of the

world's transport fuels in 2012, but ne w technologies (2nd and 3rd generation) offer a
considerable potential for growth in the coming years. Under Current Policies, biofuels

would represent about 3% in 2020, 3.8% in 2030 and 4.6% by 2040 (IEA, 2014). The

total potential for biofuels is estimat ed in IEA (2014) to be 18% of the world's
transport fuel by 2040 in the 2050 scenario.

An analysis presented in the Biomass Futures Atlas  estimates that at present there
are 314 Mtoe of potential bioenergy resource in Europe and that under the reference

scenario this could increase to 429 Mtoe in 2020, falling slightly to 411 Mtoe by 2030.
Advanced biofuels utilizing thermo chemical processes has a conversion efficiency of

50-60% depending on product, which means that production potential is between 175

and 250 Mtoe depending on scenario and production efficiency. To substitute EU
consumption of fossil fuels there is thus a potential of between 50% and 70% for
biofuels. Biomass resources set aside for other needs may alter the potential
considerably.  According to the assessment for all periods and scenarios the largest

43 Comparing the 14.608 million toe with the total EU energy consumption for transport of 351.1 million
reported by Eurostat.
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Consumption_of_ene rgy

4 Biomass Futures (2012) Atlas of EU biomass potentials. Deliverable 3.3: Spatially detailed and quantified
overview of EU biomass potential taking into account the main criteria determining biomass availability from
different sources.
http://www.biomassfutures.eu/public_docs/final_deliverables/WP3/D3.3%20%20Atlas%200f%20technical%
20 and%20econom ic%20biomass%?20potential.pdf
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potential appears within the agricultural residues class i.e. manure, straw and
cutting /pruning from permanent crops and in the forestry biomass segments. (e.g.
ERTRAC Working Group: Energy a  nd Environment, 2014).

Table 4-7: Production capacity of bio  -ethanol and FAME in the EU27. 2010 -2012. Source: JEC,
2014a
Bio-ethanol (EU27) 2010 2012
uction capacity installed 3.4 Mtoa 4.1 Mtoe
1.5 Mtoe 2.2 Mtoe
| Utilization | 43% 54%
Production capacity under 0.9 Mtoa 0.2 Mtoa

construction

Bio-diesel (EU27)
Production capacity installed 18.4 Mtoe in 2009 19.7 Mtoe 20.9 Mtoe
Actual production 6.9 Mtoe in 2009 7.6 Mtoe -
Utilization (2008 and 2011) 37%in 2008 39% -
Production capacity under - - -
construction

The JEC (2014a) reported the evolution of European production capacity and

utilizatio n rate if installed capacity for conventional biofuels between 2010 and 2012

as shown in Table 4-7, while the IEA (2014) has prepared projections of the demand

for ethanol and biodiesel in different regions of the world as shown in Table 4-8. JEC
(2014a) h as also prepared a projection of non -conventional biofuels *° until 2020, as
shown in Figure 4-6.

Global and EU development of non-conventional bio-fuels towards 2020
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Figure 4-6: Global and EU non -conventional biofuels outlook 2020. Source: JEC (2014a).

4 According to JEC (2014a) non  -conventional biofuels include e.g. HVO from vegetable oils, and FAME from
waste oil
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Table 4-8: Ethanol and biodiesel consumption in road transport by region in the New Policies
Scenario “® (Mboe/d). Source: IEA, 2014.

Ethanol Biodiesel Sh:{rﬂ‘;;';u:d_
2012 2040 2012 2040 2012 2040
OECD 0.6 1.6 0.3 0.8 0.9 2.4 1% 13%
Americas 0.5 14 00 03 06 17 4% 15%
United States 0.5 13 0.0 0.3 0.6 16 5% 17%
Europe 01 0.2 0.2 0.5 03 0.7 5% 14%:
Mon-OECD 0.2 17 0.1 0.4 0.4 21 2% 6%
E. Europe/Eurasia 0.0 0.0 0.0 0.0 0.0 0.0 0% 2%
Asia 0.0 08 0.0 01 0.1 10 1% 5%
China 0.0 05 0.0 0.0 0.0 05 1% 5%
India 0.0 0.3 0.0 0.0 0.0 0.3 0% 5%
Latin America 0.2 08 0.1 0.2 03 10 9% 22%
Brazil 2 07 0.1 0.1 0.3 0.8 17% 32%
World 0.8 3.3 0.4 1.2 1.3 4.5 I 8%
European Union 0.1 0.2 0.2 05 0.3 0.7 5% 16%

Figure 4 -7 illustrates the evolution pathways of biofuels for roads transport and the

competition with food, land use and biomass.

food land use” Biomass™
* Conversion/use of sugar, + Ethanol from sugar beets
starch and oil + Ethanol from wheat

P + HVO' from rape
2
2 * Conversion of cellulose + Biogas from corn straw
5 « Diesel from wood v
=
2
=
g * Conversion of cellulose on + Ethanol from straw
_§ basis of residuals via » Diesel from straw v v
2 algae/bacterialyeast + Diesel from residual wood
>
i}

.Green” electricity as basis + E-Gas

Replication of photosynthesis  + Ethanol v v v
with algae or bacteria

* HVO Hydrotreated Vegetable Oil
** agricultural land
*** biomass competition e.g. for heating

Figure 4-7: Competitive assessment of renewable energy . Source: Volkswagen AG

Based on an assessment of the availability of sustainable biomass (focusi ng on
residues and waste only), it is estimated that biofuels based on agricultural and

forestry residues and waste  *’ could contribute between 12 and 15% of energy for the
transport sector by 2030, representing overall GHG savings of around 8 to 11%. A

6 |EA (2014) World energy outlook, 2014

“Malins et al. (2014) fAWasted. Eur op e 0 sofadvancedbipfeets fromesour ce .

waste and residues
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majo r share of production would need to come from advanced biofuels derived from
wastes and residues, which should make up over 50% of the growth in biofuel supply
between now and 2030.

In addition to significant GHG emission reductions in the transport secto r, biofuels can
help ensure energy security and socioeconomic development in rural areas. Rural

energy security goals are completely separate from EU transport biofuel targets. Local

energy security would be fostered by local consumption of biofuels. To ac hieve this
target, strong and balanced policy efforts are required that create a stable investment
environment and allow commercialization of 2nd and 3rd generation biofuel
technologies “*® (IEA, 2013).

4.3.4 Emissions

JEC (2014b) has assessed the GHG emissions fo r biofuels produced from different bio
based feedstocks. Examples of the WTT, TTW and WTW GHG emissions for the
different blend biofuels (biodiesel and ethanol) are shown in Table 4 -9. JEC(2014b)
contains a number of additional pathways, that could not be presented here.

According to the JEC (2014b) figures most biofuels have significant GHG emission
reduction. The rate of reduction varies considerably from a 26% (from wheat for the

production of 1 st generation of bioethanol) to 81% (from waste for the production of

2nd generation bioethanol/biodiesel non land use), and there are specific paths with

higher GHG emissions as well. The larger effects are obtained when co -products are
used for energy purp oses. For further details on individual pathways, we refer to the

JEC (2014b) Appendix 1 as well as Section 3.4 of the main report.

Table 4-9: The range of WTT, WTW and TTW GHG emissions (CO Fequivalents) for  a selection
different biofuels for 2010. Source: JEC (2014b) Appendix 1

Alternative fuel WTT g CO F/km TTW g CO Rkm WTWgCO F
/km

Biodiesel (Neat fuel -101to -22 125 44 - 103

equivalent)

B7 14 - 19 120 137 - 140

Ethanol (Neat fuel -127to 30 146 19 - 176

equivalent)

E10 17 - 28 150 166 - 178

E20 61 28 148 154 - 176

E85 -82t0 29 143 61 - 171

Conventional gasoline 29 156 185

Conventional diesel 25 120 145

JEC (2014b) has the following additional comments regarding the GHG emissions from
biofuels that are also relevant to be included here:

A The fossil energy and GHG savings of conventionally produced biofuels such as
ethanol and biodiesel are critically dependent on manufacturing processes and the
use of co -products.

A The GHG balance is particularly uncertain because of the extreme variability of
nitrous oxide emissions from agriculture.

A When upgrading a vegetable oil to a road fuel, the transesterification and
hydrotreating routes are broadly equivalent in terms of GHG emissions.

“8 |EA (2013) World Energy outlook 2013
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A Current E10 and B7  market fuels deliver fossil energy savings of 3 -4% and GHG
savings of 2 -3% respectively.

There are also other sources looking at GHG emissions from biofuels as mentioned in

the introduction. We have not included a review of these sources in this report, si nce
these sources in most cases do not cover all other fuels consistently, as does the JEC

(2014b).

There is not a consolidated source for other pollutant emission s as there is for GHG
emissions. According to some sources, biodiesel (FAME) blends produce s lightly less
particulate matter (PM), carbon monoxide and hydrocarbon emissions than
conventional diesel , butcan increase NO y emissions and produce other pollutants such
as aldehydes. Bioethanol blends reduce significantly NOx emissions

4.3.5 Energy efficiency

JEC (2014b) has also considered the energy efficiency of the different biofuels. In

Table 4 -7, the range of energy consumed as WTW and TTW are shown for the groups

of biofuels. The biofuel pathways typically have higher WTT, TTW and WTW energy
consumption per 100 km than conventional fossil fuels. From the table, it is also clear
that the specific production path may have significant importance for the actual
energy efficiency. It must also be taken into account that replacing gasoline, for which

a signifi cant excess of production is present in Europe, leading to energy consumption

for exporting it to the US and other markets, is less interesting than diesel
replacement, for which there is a serious deficit of production, leading to energy
consumption fori mporting it.

Table 4-7: The range of WTT, WTW and TTW energy consumptions for different biofuels for 2010.
Source: JEC (2014b) Appendix 1

Alternative fuel WTT MJ /100 TTW MJ / WTW MJ/ WTW from non

km 100/km 100/km fossil fuels
MJ/100 km

Biodiesel (Neat 45 - 437 163 207 - 600 154 - 509

fuel equivalents)

B7 31 - 56 163 193 - 219 12 - 34

Ethanol (Neat fuel 187 i 427 204 391 - 630 316 - 595

equivalent)

E10 48 - 64 204 252 - 268 24 - 40

E20 58 - 91 201 261 - 284 52 - 85

E85 142 - 312 199 341 - 459 224 - 421

Conventional 39 211 250 0

gasoline

Conventional 33 163 196 0

diesel

4.3.6 Maturity of technology

Bi ofuels are already part of t B5 EIDO,/E&nangR/yand fuel sb6 s
the infrastructure for the supply of biofuels is in place. However, sustainability

concerns, in particular regarding possible ILUC effects, are the main barrier to the first

generation biofuels in getting political support.
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The progre ss is focused on the development of advanced biofuels which are considered
more sustainable as the feedstock and processes in use offer greater levels of GHG
reduction and do not compete with food crops for land use.

Some examples of these developments are

AThe Crescentino (ltaly) plant, which is the worl do
plant in the world, produces 75 million litres of cellulosic ethanol per year from
agricultural waste.

A The demonstration plant in Babilafuente (Salamanca, Spain) whic h uses W2B #°
technology developed by Abengoa to produce second generation biofuels from
municipal solid wastes (MSW) using a fermentation treatment and enzymatic
hydrolysis. The plant has a capacity to treat 25,000 tons of MSW, from which up to
1.5 million litres of bioethanol are produced for use as fuel.

A In Germany, Clariant started operation of Germany’s largest demonstration plant
with an annual capacity of up to 1,000 tons of ethanol in July 2012. Its key
technology is based on feedstock specific bioca talysts, which efficiently provide
access to the sugars contented in the straw, an integrated enzyme production,
simultaneous C5 and C6 fermentation and an energy -saving ethanol separation
method. Since January 2014 Clariant together with Haltermann and Me rcedes -Benz
run a fleet test of cellulosic E20 (Sunliquid® 20 fuel containing 20% ethanol coming
from straw). Initial results are very promising and demonstrate a 50% improvement
in particulate emissions while maintaining the same consumption.

A In October 2 014, Beta Renewables and BioChemtex announced an agreement with
Energochemica SE for the construction of a 55,000 metric ton commercial facility in

Strazske, Slovak Republic, to produce cellulosic ethanol from non -food biomass.
A In Finland, in December 2014 , the Ministry of Employment and Economy granted
U30m to Suomen Bioetanoli Oy to support devel opmen

cellulosic ethanol plant at Myllykoski

A In Denmark, in June 2014, DONG announced a new project which involves
commercial -scale produ ction of second generation ethanol from plant dry matter in
Holstebro. The plant will produce 64.4 Ml of ethanol.

A Solena Fuels in partnership with British Airways has committed to building the
worl doés first facility to conbkisexgectddthatd f i | | waste i
approximately 575,000 tonnes of post -recycled waste normally destined for landfill
or incineration will instead be converted into 120,000 tonnes of clean burning liquid
fuels using Solenads innovative iwaystagmadead t echnol
long -term commitment to purchase all 50,000 tonnes per annum of the jet fuel
produced at market competitive rates. * |n relation to this another interesting
application was the conversion of cruise vessel passenger waste into biomass at
port .

Moreover, a significant number of demonstration and pilot plants to produce advance
biofuels from biochemical and thermochemical technologies (including B TL processes)
are running or planned in Europe. Among thermochemical an d BTL processes, the
additio n of clean Hydrogen (e.g . Hydrogen produced from low carbon sources) at
different steps of the process (combustion, Fischer Tropsch) in the process could

increase dramatically the quantity of biofuels produced for a given quantity of

51

4 Waste to Biofuel

%0 http://www.solenafuels.com/index.php/greensky -london
5! Status of 2nd Generation Biofuels Demonstration Facilities in
June 2 010A REPORT TO IEABIOEN ERGY TASK 39
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biomass. A large demon stration project is carried out in France, leaded by CEA to
check technical and economically feasibility.

Engine technology: Current engine technologies can only accommodate a relatively

low biofuel content. Alternative fuels quite frequently feature other heating values,
lubrication and corrosion properties. In case of compression ignition engines, the fuel

can have a significant impact on the performance of the exhaust gas after -treatment
systems such as DPF and SCR. Spark ignition engines are affected by the knock

stability and volatility of particular fuels. Consequently, the introduction of alternative
fuels will require specific engine developments including adopted engine control
strategies based on new real or virtual sensors.

4.3.7 Production cost of fuel S

The production of biofuels involves economic activity and employment all along the

supply chain; in agriculture, logistics and at biofuels production facilities, but also in

sectors that supply to or support biofuels supply chains, and is generally more labour
intensive than fossil fuels. The production of advanced biofuels from waste materials

for all transport modes could generate EUR 15 billion revenues to the rural economy

and up to 300,000 new jobs by 2030 (LSB, 2014).

The IEA (2011) has estimated an average biomass (from waste) price of EUR 59 per
dry tonne. * Since biomass is a central input to most biofuel production, this figure is

very important. Naturally , there are variations depending on the type as well as the
production path. IRENA (2013) has assessed the production costs of different biofuels.

The world market price of biomass inputs for first generation biofuels assessed by
IRENA are shown in  Figure 4-8.% >
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Figure 4-8: Global prices for food -based biofuel feedstocks and crude oil, 2000 to 2012. Source:
IRENA (2013)

52 75$ converted using an exchange rate of 0.79 Euro/$ per 24 October 2014. It is suggested that the
figures should now be higher and in the range of 100 Euro per tonne.

53 The price range for feedstocks goes up to 1185 Euro per ton (1500 $ converted to Euro using
0.79Euro/$).

54 The assessment is mainly of relevance for the first generation biofuels, which currently is main used
biofuel. However, this is likely to change in the future.
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Using the inputs and calculations used by IRENA (2013) a summary of resulting

conventional and advanced biofuels productions costs are as shown in Figure 4-9. The
figure shows very l ow producti on costs for advanc
temperatur e: 2 Oi 21000USlitre. Bven8though costs are based on lower

biomass prices than can be sourced in Europe it gives a good indication what can be
within reach when the industry has matured and become a global industry.
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Figure 4-9: Summary of conventional and advanced biofuel production costs, 2012 and 2020.
Source: Estimated by IRENA (2013) for the US marke t
The importance of costs of biofuels have changed, where first generation biofuels are
very dependent on the price on the biomass, whereas for second and third generation
biofuels it is to a much larger extent the operating and capital costs that determi ne

the costs.

As an example from ethanol, the feedstock cost contribution is increasing as a
proportion of the total, as other operating expense (OPEX) factors improve more

quickly than ethanol yields per tonne feedstock. The IEA (2011) for example estima ted
that feedstock costs contributed 17% to the minimum ethanol selling price (MESP) in

2008. In 2016, it is further estimated that feedstock costs will comprise 34% of the

total MESP.
In the longer term, reduced feedstock cost volatility can be an advant age for
advanced biofuels that use lingo -cellulosic biomass sourced from energy crops, waste

55

and residues if the price is not constantly higher than conventional fuels. However,

1T EA (20119o0lidfgeyxc hRoadmap: Biofuels for Transporto. Referenced by
on cellulosic ethanol production.
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the prices on the input biomass products and hence also the production costs can vary
significantly even over short periods.

4.4 Natural Gas and biomethane

4.4.1 Definition and overall description

Natural gas and bio -methane are considered as a single fuel (CH4, methane). It can

be sourced from fossil natural gas and as bio -methane from ren ewables or feedstock
of non -biological (gasification) and biological (anaerobic digestion and gasification)

origin, such as energy crops, agricultural wastes and residues, animal manure organic
fraction of municipal waste, sewage sludge, . In addition to ga  sification of organic and
non -organic feedstocks, it can also be produced as synthetic gas via the methanisation

of hydrogen made from electrolysis of excise electricity (e -gas).

Natural gas and biomethane can be used in established combustion engines and

existing Compressed Natural Gas (CNG) and Liquefied Natural Gas (LNG) refuelling
infrastructure, with performances equivalent to gasoline or diesel units and cleaner

exhaust emissions. Natural gas and biomethane do not impose any problem to air

quality and gas engines are notably more qui et than those running on conventional
fuels. The technology is very mature and a range of EURO VI /6 cars, vans, buses and
trucks exists (see 0). European manufacturers started to offer CNG passenger cars in
the 1990°s. The engine technology has been constantly improved since offering a

comforta ble driving range of up to 500 -900 km on CNG (plus reserve petrol)
depending on vehicle configurations and well beyond 1.000 km total mileage, when

also considering the  petrol reserve tank . The technology is based on spark -ignition
mono -fuel or bi-fuel engines (using gas as main fuel and only switch ing to the petrol
reserve when the CNG has been used ) and can also be used in compression ignition
engines using diesel for ignition and gas as the main fuel ( dual fuel and high pressu re
direction injection  technology ).

Biomethane from organic matter offers an extension and gradually increasing
substitution for fossil natural gas. It can be mixed at any ratio with natural gas when

used in natural gas vehicles. Currently standardisation work is ongoing in the
European Committee for Standardisation (CEN TC 408 work programme). The work is
both considering biomethane for injection into the natural gas network and the quality
of both biomethane and natural gas at the filling station according to automotive fuel
specifications. The automotive standard must del iver a gas quality at the refilling
point that is suitable for use in current and future gas engine technologies.
Harmonisation work on the purity requirements of methane as a transportation fuel,

including on sulphur limits, is ongoing at industry level

Natural gas and biomethane could be also used in the form of Liquefied Natural Gas

(LNG) for fuelling combustion engines in buses and trucks, boats and ships, the

market mainly developed through dual fuel systems (engines burning together diesel

and methane ) and by now more and more LNG mono fuel systems with European type
approval (ECE Regulation 110) are being introduced to the market. LNG increases the
operability of commercial vehicles, as more energy can be stored on -board the
vehicle, but the engine te  chnology remains the same with CNG and LNG.

Natural gas and biomethane can be distributed through the existing natural gas
pipeline infrastructure as compressed natural gas (CNG) in Europe or can be delivered

using tanker ships in the form of LNG. Addition al infrastructure, however, would be
necessary to consolidate a basic EU filling stations network.
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The infrastructure needs for LNG and CNG are different. For CNG, the natural gas

needs to be compressed at 200 bar and dispensed from the current grid. For L NG, the
natural gas needs to be handled as a cryogenic liquid, and could be sourced from LNG

terminals or produced in liquefaction facilities. LNG and L -CNG stations able to supply
both LNG and CNG have to be fed with LNG via heavy duty transpo rt tank truc ks
equipped for handling cryogenic liquids

The use of natural gas together with biomethane as transport fuel comes with a

potential for reduction in carbon emissions. To achieve the full GHG emission reduction

potential, it is essential to gradually incre ase the share of biomethane as an additive

to natural gas, as the use of natural gas alone would imply limited TTW GHG emission
reductions compared with the use of e.g. diesel fuels but considerable savings
compared to gasoline. On the other hand, the use of biomethane will imply very low
GHG emissions if produced e.g. through gasification of biomass (comparable to
advanced biofuels)  or even negative GHG emissions when produced from feedstocks
which otherwise would emit methane during its decomposition proc ess such as
manure. . Carbon neutral mobility can be achieved when using bio - and synthetic
methane without sacrificing the advantages of a conventional vehicle today in terms of
comfortable operability and refuelling time.

4.4.2 Availability and potential (2020 -2030 -2050)

Natural gas has resources considerably exceeding those of crude oil, and there are

vast accessible global reserves of unconventional gas. In addition, it is estimated that

new drilling techniques could have increased the available resources, by up to a factor
three in recent years. 56 In 2013 the total gas consumption for the EU was 472 billion

m3 | while considering that over 300 billion m3 (55%) were sourced from within

European boarders (EUROGAS statistical report 2014), The global export capaci ty is
set to rise by a third, from 290 million tonnes per year (mtpa) at the end of 2013 to

nearly 400 mtpa by 2018. 57

The demand for gas as a transport fuel is set for rapid growth in Europe, while the

EU’s gas consumption has shown a tendency to fall fo r various reasons, including
increased production of renewable electricity, weakened competiveness versus coal,
improved thermal insulation of buildings leading to reduced energy demand for

heating, etc. The trend to use more gas in transport is set to exp and and furthermore
underpinned by the strong commitment of European vehicle manufacturers and a

broad and continuously growing product offer.

The European Agency of Energy Regulators (ACER) forecasting model shows that gas
consumption in the land transport sector is expected to play a significant role in the
next decade, provided that the appropriate conditions for market development exist
by 20 25. The potential of CNG in road transport could hence increase to 23.90 billion
m3 and LNG in road transport 34.5 billion m3, corresponding to 7.5% and 20% of the
final energy consumption in transport respectively.

% Based on information presented at US biogas conference.
57 http://www.economist.com/news/business/21645212 -promised -golden -age-gas-arrivingbut -consumers -
are -cashing -well - producers .
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CNG in road transport (Cars & LDVs) LNG in road transport (HDVs)
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Figure 4-10: Regulatory implications of new developments in the gas supply chain. Source: ACER
The level of total biomethane production foreseen for 2020 in the National Renewable
Energy Action Plans to be about 12 billion m3 (in natural gas e quivalents). 59
The production potential of EU biomethane supply is calculated using a model that has
been developed by the GreenGasGrids partners (EBA). The results are shown in Table

4-8.

Table 4-8: Maximal technical biomethane potential 2020 -2030. Source: EBA, 2014

Source Billion m3 %
Woody biomass 66 43.7 1 26.8
Herbaceous biomass 11 73171 45
Wet biomass residues 26 17.2 i 10.6
Energy crops 48 i 143 318 i 58.1
Total 151 i 246 100.0

The supply of biomethane for all purposes has been estimated by EBA and is shown in
Table 4-9. Nearly all of the biomethane produced in Europe is used for the production

of el ectricity and heat, which corresponds to an annual biomethane production of
approximately 1.3 billion m3. Only small quantities of biogas are upgraded to
biomethane and used as a vehicle fuel so far. Notably only 10 EU Member States
make use of the opportu nity to use biomethane in transport. A high share of
biomethane blends exist in Sweden, the Netherlands and Germany.

58

http://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/Publication/Regulatory%20Implications
%200f%20New%20Developments%20 in%20the%20Gas%20Supply%20Chain.pdf
% 1 m2 corresponds to 31.57 kwh
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In 2013, 0.1 billion m3 of biomethane 60 were consumed in transport in the EU, which

represent 3% of the CNG/LNG used in transport (2.5 million toe). In 2013, there were
282 upgrading plants in 13 European countries (including Switzerland).

Table 4-9 Biomethane supply forecast (according to GGG methodology). Source: EBA, 2013

Biomethane supply forecast

2012 2015 2020 2025 2030
Country Population TWh TWh TWh TWh TWh
Austria 8,477,000 0.08 0.23 0.89 1.55 2.14
Croatia 4,258,000 0.17 0.67 1.17 1.62
Germany 80,640,000 6.00 12.00 20.00 25.00 30.00
Italy 59,789,000 244 9.42 16.41 22.69
Hungary 9,894,000 0.02 1.03 3.08 7.18
Sweden 9,595,000 0.78 0.90 1.01 1.76 2.43
Netherlands 16,795,000 0.39 3.00 6.70 7.80 8.50
Slovakia 5,413,000 0.22 0.85 1.49 2.05
Spain 46,958,000 0.26 2.56 5.12 7.68
Poland 38,548,000 1.58 6.08 10.58 14.63
UK 64,231,000 3.50 13.50 23.50 32.50
France 63,820,000 1.00 10.00 20.00 30.00
Subtotal 408,418,000 7.25 25.32 72.71 117.44 161.42
Rest of Europe 90,000,000 5.57 16.00 25.84 35.51
Total 498,418,000 7.25 30.89 88.71 143.28 196.93

The consumption of natural gas (together with biomethane) as vehicle fuel is currently

at the level of around 3 billion m 3lyear (corresponding to 2.5 million toe). Partners
participating in the Intelligent Energy Europe Green Gas Grids project
(www.greengasgrids.eu ), including the Natural Gas Vehicle Association and the European
Biogas Association, expect that the share of natural gas/biomethane mixture s will
increase to 10 -15 billion m * by 2020 (reaching a 5% market share in the transport
sector) and 25 -30 billion m 2 by 2030 ®* (reaching a 10% market share in the transport
sector). The development of European biomethane production and trade might lead to
a 10% renewable share of CNG/LNG vehicle fuel consumption. Grid injection is in

practice in 11 European states (AT, CH, DE, DK, FI, FR, LU, NL, NO, SE, UK).

4.4.3 Emissions

The use of CNG as fuel will be a significant contributor to reducing GHG emissions if it
is blended with biomethane.

JEC concludes that WTW GHG emissions for CNG lie between gasoline and diesel, but
acknowledge that beyond 2020, greater engine efficiency gains are predicted meaning

WTW GHG emissions will approach those of diesel (JEC 2014b). It is evident that the
origin of the natural gas and the supply pathway are critical to the overall WTW

% source: EBA. Corresponding to 498 ktoe
61 Correspondingto 8.3 i 12.5 million toe and 20.8 i 25 million ton respectively
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energy and GHG balance. ° However, it has been argued that several scenarios

currently being considered by JEC do not necessarily reflect reality and ex isting
practices may be inconsistent when taking into account that different pathways have
been used for natural gas.

Biomethane based on manure implies negative WTW GHG emissions, whereas using

energy crops for biomethane production have a low carbon footprint due to their high
production yields, which can be of up to twice the yield per hectare compared to other

crops destined to produce liquid biofuels. Therefore, under right conditions
biomethane from energy crops can save 70% in emissions compared with
conventional diesel. Synthetic biomethane has nearly zero emissions. Manure has a

very low methanogenic potential, whereas biomethane injection requires high level of
production. Economy of scale will need to use energy crops to increase biogas

produc tion, because they are 6 to 8 folds more methanogenic. Besides it is usually
necessary to mix manure and crops which are complementary to produce biogas.

Summaries of the GHG WTT, WTW and TTW emissions from the JEC (2014b) report

for CNG and biomethane ar e given in Table 4 -10. The negative GHG emissions for
some biomethane paths are due to the de -gasification of e.g. manure, which is then
not emitting GHG when distributed as fertilizer on fields.

New technologies and emissions pathways to be taken into acc ount include CNG -
hybrids, first successful examples of CNG -hybrid buses in operation already exist in
Spain ® and Sweden .

While JEC considers the average TTW CO  F reduction potential for CNG passenger cars
to be around 18% compared with petrol engines (base d on 2010), today TTW
emissions exceeding 30% with state of the art natural gas engines are achievable. As

a reference the current Golf TGl has the same engine power in both petrol and CNG

mode (110hp) and the CO2 emissions of the TGI are 94g/km, while the y are 124g/km
driv en in petrol mode (32% higher). 65

Considering Euro VI CNG and LNG fuelled HDV s, the homologation data indicate s a
lower GHG emission of up to 10% (e.g. as reported by IVECO, Daimler, and Scania).

Table 4-10: The range of WTT, WTW and TTW GHG emissions for CNG and biomethane for 2010.
Source: JEC (2014b) Appendix 1

Alternative fuel WTT g CO F/km TTW g CO Rkm WTW g CO F/km

CNG, EU -Mix 30 132 163

Biomethane -290to -33 132 -158 to 99

Conventional 29 156 185

gasoline

Conventional diesel 25 120 145

%2 The JEC data are contested by other sources, in particular for n atural gas and biomethane. There are a

number of other studies pointing at skewnesses in the data as well as gas leaking, which the JEC is not

considering. However, this report is not trying to assess these differences.
63

http://ec.europa.eu/environment/gp p/pdfinews_alert/Issue39_Case_Study83_Madrid_alternative_vehicles.
pdf
& http://www.ngvglobal.com/van -hool -delivers -first -gas-hybrid -tram -bus-to-malmo -0321

& www.volkswagen.de
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The use of natural gas and biomethane has low pollutant emission levels (mainly
NOx), almost zero SOX emissions, and no particulate matter emissions close to zero.
The reduced noise is another advantage compared to diesel oil.

4.4.4 Energy efficiency

The overall GHG balance of gas for transport can be optimised by maximising the
conversion ef ficiency, by improving energy efficiency of the plant or by improving
engine energy efficiency, yet not fully exploited.

JEC (2014b) estimated the energy efficiency from CNG vehicles for 2010 and with

2020+ projection. The estimations reveal that greater energy efficiency for CNG
vehicles will be seen towards 2020. In fact, natural gas is the only alternative fuel able

to meet the efficiency of diesel engines when used in a spark ignition combustion
engines (efficiency gap of petrol and diesel engines appr ox. 15%). Manufacturers
increasingly focus on CNG and major technological steps can be seen in current and

next engines generations, improving energy efficiency and performance.

The 2010 estimated energy consumption by CNG and biomethane WTT, TTW and

WTW as well as the WTW share from non -fossil origin are shown in Table 4 -11. The
WTT figures here include energy consumed also to produce the crop (JEC 2014a).
Although the overall energy input for production of biogas and synthetic methane is

high, much of thi s energy is of renewable origin and so the GHG emissions are very

low as shown above, especially if biomass from waste is used for biogas.

Table 4-11:  The range of WTT, WTW and TTW energy consumptions for diff erent CNG and
biomethane for 2010. Source: JEC (2014b) Appendix 1 o
Alternative fuel WTT MJ TTW MJ/ WTW MJ / WTW from
/100 km 100/ km 100 /km non -fossil
fuels
MJ /100 km
CNG EU -Mix ¢ NG 38 232 271 1-8
supply
Biomethane 231 - 503 232 463 - 736 421 - 701
Conventional 39 211 250 0
gasoline
Conventional 33 163 196 0
diesel

The JEC study is as mentioned, referring to 2010 standards of vehicles. The energy

efficiency and performance of the latest powertrain technology in CNG CNG vehicles is
practically the same compared to those of petrol vehicles and even better in optimised

gas engines due to the higher compression ratio when running on gas exclusively,

without adaptation to be able to burn petrol in bi -fuel engines. Next Natur al Gas
engines have the potential to meet the efficiency of compression ignition engines. Gas

engines are very often special developments with different engine output compared

with petrol or diesel equivalents.

% Again the energy consumption figures especially for natural and biogas vehicles are contested. In the case
of e.g. LD bi -fuel vehicles, the CNG engine is just the same as the gasoline engine (same Otto cycle, same
efficiency); so also the energy consumption MUST be the same.

7 The EU -mix ref ers to the average energy consumed to deliver CNG
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4.45 Maturity of technology

Regarding biomethane, the main barriers to market penetration are the higher cost of
biomethane in comparison with natural gas, the delays in the adoption of the standard
being developed by CEN/TC408 for natural gas and biomethane for use in transport
and biomethane for injecti on in the natural gas grid.

New LNG production capacity now decided and under construction is small. The large
project in Australia is earmark ed for the Far East as is some smaller new capacities
from the Persian Gulf. Currently the EU is only using 20% of the existing capacity in

the existing terminals.

The construction of LNG terminals in the EU will be key for the diversification of

energy supply and for the adoption of natural gas as fuel for vehicles. Natural gas

from fossil sources and later increas ingly also from biomass, waste or from power -to-
gas technology has a relevant share. % Ppower-to-gas technology will allow unused
renewable electricity to be converted into synthetic natural gas and used in CNG

vehicles, and existing combustion technologies offer a tremendous flexibility for the
integration of renewable energy sources, even though at low energy efficiencies. For

this and other reasons, vehicle manufacturers focus on two major technology trends in

the future, natural gas and electric powertrai ns and a combination of both in the
future.

Notably, the European manufacturing industry is global leader in the development and

production of CNG and LNG vehicles and infrastructures. The entire technology,

including components, is Original Equipment Manu facturer (OEM) pr oducts orin -house
developments.

Maturity of NG engine technology is relatively high with particular research needs
regarding robust direct injection and ignition systems for homogeneous and stratified
combustion. In case of lean burn appr oaches specific developments will have to be
addressed to the DeNOx after  -treatment, the conversion of current modern diesel
engines into NG engines with minor hardware modification, gas quality sensors for
monitoring gas composition variations and compati bility of lubricants with gas engine
technology.

4.4.6 Production cost of fuels

Biomethane costs are estimated in IEA Bioenergy (2014) from which Figure 4-11 is
shown. The costs are shown for different elements and for different production
alternatives. The cos ts are compared with the expected price range for CNG in 2030.
According to the study, the total biomethane costs today are between 6 and 10 Euro

cent per kWh compared to an expected CNG price between 4 and 6 Euro cent per

kWh.

The main costs are relatedt o the production of biogas, but there are also costs related
to upgrading the biogas to biomethane. All the calculations indicate that biomethane
production costs will carry on to exceed the expected future CNG price, unless there
will be scale effectand  stronger incentives.

It has to be taken into account that natural gas and biomethane are measured and
sold in kilograms (kg) and not in litre like most fuels, the energy content in one
kilogram of natural gas is either equivalent to 1.3 litre of diesel, 1 .5 litre of petrol or
2.1 litre of LPG. Better comparability of fuel prices to the customer is therefore of

®®ERTRAC Roadmap fAEnergy Carriers for Powertrains,
http://www.ngvaeurope.eu/downloads/news/Roadmap_Energy_carriers_for_powertrains.pdf
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major importance, which is also being taken into account by Directive 94/EU/2014
aiming at a litre equivalent pricing model making it possible to co mpare the real
energy price of fuels whether in kWh, kg or litre.
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Figure 4-11: Averaged specific biomethane deployment costs acquired from literature broken
down into components: The vertical red line shows the reference European average natural gas price
of 2012 (Eurostat Database 2013) and the green shaded part gives a natural gas price range for 2030
(Sebi e t al. 2013)). The tick marks indicate the respective literature, feedstock and size of the
biomethane production. Source: IEA Bioenergy (2014) 69

The costs of natural gas and biomethane are linked to the fluctuations of the market.
Other costs to be consid ered are those related to infrastructures (pipelines, LNG
terminals).

Production costs for biomethane is relying on both the investments and operational
costs of the production plants.

Typical investment costs of network connection stations are a function of feed -in
capacity. Tot al capital expenditure (CAPg@uatlon (U/ year
and grid connection: 1, 720,000 for a capacity of 700 m3 STP/h. 0

Typical operational costs of network connection stations are a function of feed -in
capacity. Total operationalexpe ndi t ur e ( OPEX) (4Q0foyaecapacity.of 7D07 4 ,
m3 STP/h

This leads to total production costs of biomethane of 7 -9 Uc/ kWh for a plant wi
in capacity of 400 Nm3 /h and 6 -8U0c/ kWh for a production ploant wi't
Nm3 /h.

Both the production costs and fuel price of biomethane very much depends on the
subsidy and tax scheme in each country, there is no commonly used approach in
Europe so far. When also taking into account that biomethane is generally blended

% |EA Bioenergy (2014) Biomethane i status and factors affecting marke t development and trade. Edited by
Martin Junginger and David Baxter for IAE Bioenergy Task 37 and 40.
0 Source: W. Urban (2013) The Biogas Handbook: Biomethane injection into natural gas networks
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with n atural gas, the comparison with CNG will be difficult. However, it can be
estimated that the average premium for biomethane would range between 0 .10-0.20
Euro cents/kg at the pump.

Table 4-12: OPEX according t o plant operators Installation size in m3 i.N./h. Source: Adler et al.
(2014). Leitfaden Biogasaufbereitung und T einspeisung. 5. Vollstandig Uberarbeitete
Auflage. Fachagentur Nachwachsende Rohstoffe e.V. (FNR). P.108

http://mediathek.fnr.de/media/downloadable/files/samples/l/e/leitfaden_biogaseinspeisung -druck -
web.pdf
Operational
costs in 250 350 400 500 700 1400 2000 2800
a/ p. a.
Axiom - - 220.000 - 339.100 - - -
Carbotech - - 154.500 - 238.500 386.000 501.000 598.000
Greenlane - - 153.990 - 251.200 349.600 449.800 542.800
Haase 118.000 - - 182.300 246.900 421.800 543.900 663.000
Malmberg - 137.100 - - 227.700 393.800 486.400
MT - - - 246.700 333.700 607.500 824.800
Biomethane
4.5 Synthetic Fuels and Paraffinic Fuels

4.5.1 Definition and overall description

Many of the synthetic fuels could also have been included as a biofuel. For this report

a distinction between them is kept however. Synthetic fuels as described here are
classified as advanced biofuels or second generation biofuels when produced from
renewable energy sources such as biomass. Therefore Section 4.3 and Section 4.5
overlap on several aspects.

Synthetic fuels can be used as substitutes for diesel, gasoline and jet fuel assuming

the finished fu els meet the appropriate standards. The synthetic fuels can be produced

from different feedstock, converting biomass, gas, coal or plastic waste into liquid

fuels, methane and dimethyl ether (DME). Synthetic paraffinic diesel fuels, such as
hydrotreated ve getable oils (HVO), Fischer -Tropsch diesel (FT) etc., are fungible and
can be blended into fossil diesel fuel at very high blending ratios, or can be used in all

existing or future diesel vehicles. Therefore, these fuels can be distributed, stored and

used with the existing infrastructure. Synthetic fuels substituting gasoline, such as

methanol and other alcohols, can be blended with gasoline and can be technically used

with todayds vehicle technol MahanolWdroduted fmmncoal) adapt i on
is already widely used in China (M15, M30, M85) and allowed to up to 3% in EU
(EN228) ; however acceptance in automotive industries is variable. Pure methanol is

toxic, and special precautions need to be taken when used in its pure form . Methanol
can also be used for waterborne transport for inland as well as for short -sea shipping.
Synthetic and paraffinic fuels have the potential to reduce the use of oil sources in the

energy supply to transport ",

The main diesel standard in the EU is EN 590 2013 . Blends of up to around 30%
paraffinic fuels and diesel will meet density limits set in EN 590. Unblended (100%)
paraffinic fuel meets prEN 15940 and all EN 590 standard values except density. Using
paraffinic fuels in blending exceeding the density limit set in EN 590 may occasionally
require some calibration of the engine to ensure that regulated emission limits are

" As defined in Recital 10 of the CPT Directive
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met. Appropriate maintenance as recommended by vehicle manufacturer may be

required when switching to a different fuel. These characteristics allow seamle SS
compatibility and durability of engines, fuel systems, exhaust after -treatment device,
and engine oil.

4.5.2 Availability and potential (2020 -2030 -2050)

Gas to Liquid (GTL) and HVO are in an early commercial stage. If Europe developed a
strong demand for pa raffinic fuels, this demand pull might encourage investment in
additional production plants assuming the economics are attractive.

Production capacity globally is already around 5.7 million tonnes GTL fuels per year

and close to 3 million tonnes of HVO p er year (with the aim to increase capacity by
15% to 2.3 million tonnes per year by 2015). 2 Several new GTL plants have been
announced, many taking advantage of the shale gas boom in the USA among other
locations. However, this production mainly takes plac e outside Europe. The GTL plants
are in Qatar, Malaysia and the USA. There is one pilot plant in Europe, in the
Netherlands.

HVO of a similar paraffinic nature, can be produced by hydrotreating plant oils and
animal fats. Global HVO feedstocks are current ly the same as for FAME (biodiesel)
with its current production being 3 Mtly. A growing supply of algal oil, HVO could
constitute a significant share of transport fuels by 2030, with production in the order

of 25 Mtly, and in the order of 60 Mt/y by 2050.

Biomass to liquid (BTL) can be produced from a wide range of biomass feedstock by
applying the same advanced synthesis processes developed for GTL. The production of
BTL is at pilot plant level and a strong investment is needed to enable a shift to
commer cial scale.

DME can be produced in the same type of upstream processes as BTL but the
synthesis gas produced from the gasification process is instead converted to methanol
and then further to DME via dehydration.

Methanol is one of the most common chemicals globally with an annual capacity of
about 95 million metric tons (IHS Chemical). According to a new IHS global market

study, driven by Chinese demand growth, global methanol demand increased 23%
during the two -year period of 2010 to 2012, and ann ual demand for the product is
expected to increase by more than 9% per annum from 61 million metric tons (MMT)

in 2012,t0 a level of 146 MMT in 2022.

The large availability of cheap shale gas in the US has boosted the methanol industry

and resulted in a  large number of projects as can be seen in Figure 4-12. (Methanol
Institute). Production is expected to increase from 4 to over 17 million tons of

met hanol annually between 2015 and 2020.

2 As report ed by ASFE, EGFTF meeting May 2014; also http://www.synthetic -fuels.eu/parafinnic -
fuels/commercial -availability
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Average Annual Capacities (-000- Metric Tons)

LOCATION FEEDSTOCK 2014 2015 2016
Methanex Medicine Hat, Alta NG — - — 550 1,100 1,100 1,100
Geismar, LA NG - 1,000 1,000 1,000 1,000 1,000 1,000
Geismar, LA NG — - 500 1,000 1,000 1,000 1,000
Celanese Mitsui JV Clear Lake, TX NG — -- 1,300 1,300 1,300 1,300 1,300
OCI Beaumont Beaumont, TX NG — — — 1,750 1750 1,750 1,750
Pampa Fuels Pampa, TX NG 17 65 65 65 65 65 65
S. Louisiana Methanol Convent, LA NG — — — 930 1,860 1,860 1,860
Total 17 1,065 2865 6,595 8,075 8,075 8,075
Valero St. Charles, LA NG 1,600 1,600 1,600
Celanese Bishop, TX NG 1,300 1,300 1,300
Northwest Innovation Works Kalama, WA NG 1,800 1,800 1,800
Clatskanie, OR NG 1,800 1,800 1,800
Port of Tacoma, WA NG 1,800 1,800 1,800
Yuhuang Chemical St James Parish, LA NG 1,500 1,500 1,500
St James Parish, LA NG 1,500 1,500 1,500
Fund Connell USA Shoal Point, TX NG 7,200 7,200 7,200
Castleton Commodities International Efq”em‘"es Parish, NG 1,800 1,800 1,800
Total — - — 20,300 20,300 20,300
TOTAL - North America Projects 17 1,065 2865 6,595 28375 28,375 28,375
TOTAL - North America Capacity in 3,127 4,358 6,158 9,888 12,648 15,648 17,648
Supply/Demand Balances
Hypothetical Capacity 3,000 5,000

Figure 4-12:

45.3 Emissions

US based methanol projects. Source: Methanol Institute

The JEC (2014b) report has considered three sources and manufacturing processes in
relation to synthetic (diesel) fuels:

A
A
A

From coal (known as Coal
From woody biomass (known as Biomass

From natural gas (known as Gas

Moreover, also DME processes are considered.

-to-Liquids or GTL)
-to-Liquids or CTL)

-to-Liquids or BTL).

The GTL pathway has G HG emissions comparable to conventional diesel. The CTL
pathway has significantly higher GHG emissions than conventional
pathways, but this could be improved by CO
BTL fuels provide scope for GHG emissions

40 to 90% and BTL from 60 to 90%, compared with conventional oil
These results, however, assume 100% HVO or BTL which may not meet EN590 diesel
specification in all properties.

The use of methanol i

level than diesel.

fossil

fuel

F capturing in the plant. Only HVO and
reduction, with HVO offering reductions of

-derived fuels.

n a combustion engine will for some line of productions (e.qg.
GTL), result in GHG emissions at the same level as gasoline and at a slightly higher

methanol would permit even more

Table 4-13:

Source: JEC (2014b) Appendix 1

Alternative fuel

HVO

WTT g CO F/km

-111to -22

TTW g CORkm

116

WTW g CO F/km

51 94

8 JEC, 2014b, Appendix 2, Table 1.5. However, the figures are related to the Well to Tank emissions.
Emissions on Tank to Wheel are similar for

methanol and gasoline/diesel.

Furthermore, the use of blends of renewable methanol with
significant rates of GHG emission reduction.

73

The range of WTT, TTW and WTW GHG emissions for different synthetic fuels for 2010.
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GTL 22 - 38 116 138 i 154
CTL 65 - 211 116 181 i1 328
Wood (Syndiesel) -104to -111 116 571 12
DME (natural gas / 38/218/ -104 117 154 /334 /12
Coal / Wood)

Conventional 29 156 185
gasoline

Conventional diesel 25 120 145

Table 4-12 shows the range of 2010 WTT, WTW and TWT GHG emissions as reported
by JEC (2014b). Depending on the production path, there are quite large differences.

Paraffinic fuels also contribute to improving air quality. Paraffinic fuels have high

cetane levels and are practically free from aromatics and sulphur. The comparison of

emission levels of paraffinic fuels with conventional diesel from Euro standards I, I,
IV and EEV vehicles are shown in Figure 4-11.

The reduction levels are higher for heavy -duty vehicles generally across all emissions.
There are no comparisons for Euro VI vehicles.

Observed emission reductions using paraffinic fuels @ asre
compared to diesel

EHC ®CO NPM  ENOX

B0%

g

§

g

Observed reductions
F=3
#

g

g

10%

0%
Light duty Heavy duty Light duty Heavy duty Light duty Heavy duty Light duty Heavy duty
Euro 2 Euro 3 Euro 4 Euro 4 f EEV
Emission standard
Figure 4-13 Paraffi nic fuels, emission reductions. Source: ASFE, 2014

Looking at methanol, Wartsila " has presented some emission results concerning local

air pollutants measured from ship engines. According to the test results they have

obtained, an engine running on methan ol emits between 3 and 5 g/kWh NO x, less
than 1 g/kwh of CO and THC; the engine is also very low on particles. Sulphur

emission reduction are at almost zero levels. However, methanol -fuelled engines use a
pilot fuel, which is responsible for some pm emissi ons and some trace emissions of
sulphur . There is no similar information about emissions for other modes of transport

or other synthetic or paraffinic fuels.

7 Lennart Haraldson, Wartsila Use of methanol in internal combustion engines I a status review.
Presentation at the PROMSUS Conference, May 6 2014, Gothenburg, Sweden
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4.5.4 Energy efficiency

Paraffinic fuels, syn -diesel and DME are all notably more energy -intensive than
conventional diesel fuel according to JEC (2014b). The combined process of primary

energy conversion and FT synthesis is energy -intensive; in particular, more energy
intensive for coal and wood than for natural gas. Energy consumption for HVO is in the

ran ge of 188 -570 MJ/100 km, for syn  -diesel it is between 265 and 423 MJ/100 km,
and for DME the energy consumption is between 265 and 356 MJ/100 km. The
comparable figure for conventional gasoline is 250 MJ/100 km and for diesel it is 196

MJ/100 km. All the f  igures are WTW figures. The WTT energy consumption figures are
shown together with TTW and WTW figures in Table 4-14.

Table 4-14: WTT, TTW and WTW energy consumption figures for 2010. Source: JEC (2014b)

Alternative fuel WTT TTW WTW WTW from non -
MJ/100km MJ/ 100 km MJ/ 100 km fossil fuels
MJ /100 km
HVO 26 1 407 163 188 -570 167 i 504
GTL 103 - 115 163 265 T 277 1
CTL 157 - 171 163 319 i 333 5
BTL 148 -195 163 357 347
DME (natural 92 /163 /184 172 /172 /172 264 /334 | 356 2112346
gas/Coal/wood)

The Watrtsila tests for ship engines > show that the methanol engine presents the

same efficiency as a comparable engine running on diesel.

45,5 Maturity of technology

The European CEN specification for paraffinic fuels has now been upgraded from a
Techni cal Speci fication (tor§ CENtpEN 55940 p it EhBl&dstagee ci f i c a

inamulti -year process before a full AENO specificatio
reference specifications like CEN prEN 15940 for paraffinic fuels enables vehicle
manufacturers and regulators a more scientific and co nsistent way of referring to GTL,

HVO and BTL fuels, and sets a high standard for paraffinic fuels.

A technical standard for the drop -in jet fuel is also defined. This is ASTM D7566, a
general specification for semi synthetic jet fuel (fossil and biofuel). In 2009, FT
kerosene (up to 50% blend) was certified under this specification, followed by HVO

Kerosene in 2011 (called HEFA, certified up to 50% blend). A third pat hway (Direct
Sugar to Hydrocarbons, producing mainly farnesane) has been certified in late 2014
(up to 50% blend) and SIP in 2014.

Commercial HVYO and GT L plants exist both in the EU and in other world regions,
whereas BTL technology is still at a pilot stage.

Presently, the different fuels are at different maturity levels as illustrated by Figure
4-14. GTL and HVO from vegetables and waste fat are already today market ready,

whereas BTL and notably HVO from algae and microbes, and STL ® are expected to be
ready for the market in the longer term.

S See footnote 74
6 Solar to Liquid
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The GTL process is technically well established, although the economics has, in the

past, not been sufficiently favourable for large -scale development to occur. This has
been changing in recenty  ears with a combination of technological advances and more
favourable economics, and a number of large -scale plants have been built. All such
plants are located near a major gas field usually where the only alternatives for

bringing gas to market are LNG a nd methanol. In this situation, any captured CO 2
could be conveniently re  -injected into the gas field. (JEC, 2014b).

Coal gasification, CTL, is a well -understood process that can be coupled to FT
synthesis to deliver products very similar to GTL. There are a number of plants
running in China today, but very few plants in operation elsewhere. These schemes
are attracting a lot of interest especially in combination with CO 2 capture and storage.
(JEC, 2014b)

Figure 4-14: The maturity of different synthetic fuels. Source: ASFE, 2014

BTL path The wood gasification process is similar to the gasification process of

gas and coal although using biomass creates specific issues related to, among other

things, the minera | content of certain biomass feedstocks, problems of slagging, etc.,

each biomass feed creating different problems. Adaptation of the FT synthesis to

syngas of different origins revolves around purity, cleanliness and CO/H 2 ratio of the
gas.

Another challe nge is the scale at which such processes could be practically used.
Integrated gasification and FT plants are complex and expensive with any feedstock
and benefit greatly from economies of scale. Biomass, as a low energy density and
relatively dispersed fe  edstock, does not fit well within the traditional industrial model,
and novel ways have to be developed to find acceptable compromises.

The current search for alternative transport fuels has increased the level of interest for

the BTL route and a number of pilot and demonstration projects have been pursued
although no concrete route to a commercial scale project has been pioneered so far.
These will always be complex engineering projects, for which many practical problems
need to be resolved before they bec ome reliable and commercially viable. The major
challenges for achieving this should not be underestimated. The potential rewards
from these processes in terms of feed flexibility, quality of the products and very low

GHG emissions justify further research and development. (JEC, 2014b).
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