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Abstract

In Europe transport is responsible for a quarter of the greenhouse gas emissions, but

in countries like the USA and Brazil this is more than 30% and 40% respectively.
While in oth er sectors the emissions go down, transport emissions continue to
increase.

Alternative fuels have prominent advantages for reducing emissions of greenhouse
gases and pollutants. Furthermore they help alleviating the dependence on fossil fuel
consumption in the transport sector. However, the switch from current fuels to the
alternative fuels requires a fuel infrastructure change, since most of the alternative

fuels are not drop -in fuels (e.g. electricity, CNG, LNG, ethanol, hydrogen).

This study examines how alternative transport fuels and infrastructure, which are

expected to play a cruci al role in the transport

regions. It aims to contribute to the development and implementation of a European
transport strategy ef fectively promoting alternative modes of transportation and
safeguarding the EUb6s transport industryds |

The report contains concise case studies to illustrate the discussion with practical
examples and to further discuss implications for the EUG6s alternati
strategy.
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List of Abbreviations

AC Alternating Current, the electric current flow periodically reverses direction,
typically used in power transmission

ASTM American Society for Testing and Materials

bbl Barrel: 42 gallons or 159 litre, typically used volume as reference for oil
price

BEV Battery Electric Vehicle

CAAFI Commercial Aviation Alternative Fuels Initiative

CNG Compressed Natural Gas

CTL Coal-To-Liquid

DC Direct Current, electric current flows in constant direction, e.g. to charge
batteries

DOE United States Department of Energy

ECA Emission Control Area

ETS Emissions Trading Scheme

EU European Union

EV Electric Vehicle

FAME Fatty Acid Methyl Esters , biofuel produced from vegetable oils, animal fats
or waste cooking oils

FCEV Fuel Cell Electric Vehicle

GERD Gross domestic Expenditure on R&D

GTL Gas-To-Liquid

HDV Heavy Duty Vehicle

HRS Hydrogen Refuelling Station

HVO Hydrotreated Vegetable Oil

IATA International Air ~ Transport Association

ICAO International Civil Aviation Organisation

IEA International Energy Agency

IMO International Maritime Organization

LEV Low Emission Vehicle

LNG Liquefied Natural Gas

LPG Liquefied Petroleum Gas, also known as autogas

METI Japanese Ministry of Economy, Trade and Industry

PHEV Plug-in Hybrid Electric Vehicle

SSE Shore Side Electricity

us United States

usD United States Dollar

ZEV Zero Emission Vehicle
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Executive Su m mary

Transport is central to society, as mobility enables economic activity and improves the

quality of life of citizens. The demand for all forms of transport continues to increase .
However, the current practice has a significant environmental burden , especial ly
through emission s contributing to air pollution and climate change , and through the

exploration of oil and gas for fuels, frequently involving environmental damage.

Transport is responsible for 27% of the global energy use and 23 % of the global
greenhouse gas emissions. The fraction of renewable energy in transport is still low,

about 3 % of the road transport fuels are biofuels . In Europe transport is responsible

for a quarter o fthe greenhouse gas emissions, but in countries like the USA and Brazil
this is more than 30 % and 40% respectively . While in other sectors the emissions go
down, transport emissions continue to increase.

Alternative mobility solutions improve the security of fuel supply and at the same time

open routes for  improving sustainability. Alternative fuel s have prominent advantages
for reducing emissions of greenhouse gases and pollutants . Furthermore they help
alleviating the dependence on fossil fuel consumption in the transport sector.
However, the switch from current fuels to the alternative fuels requires a fuel
infrastructure change, since most of the alternative fuels are not drop -in fuels (e.g.
electricity, CNG, LNG, ethanol, hydrogen).

In 2010 5% of the global vehicle fleet of around 1 billion vehicles c ould use high
blends of alternative fuels (or electricity). In 2015 this was 8% of 1.2 billion vehicles.

The total number of alternative energy vehicles doubled from 50 million. The majority

are ethanol flex fuel and dedicated ethanol vehicles: 4% (this nu mber includes 4
million flexi fuel motorcycles which were introduced in Brazil since 2009), natural gas

vehicles: 2% (CNG and LNG) and vehicles that can run on LPG: 2%. The amount of

electric vehicles (PHEV and BEV) is 0.1% (1 million) at the end of 2015 a nd growing
rapidly . Since most vehicles also use conventional fuel , the alternative fuel use as a
percentage of total fuel consumption is lower for these vehicles. F  or instance less than
1% for natural gas. Ethanol and biodiesel blended with conventional fuels in low
blends increases the total alternative fuel use. Many countries have set targets for
alternative fuel use and electric vehicle development in recent years and have
employed a number of policies to achieve environmental objectives and improve

energy security

Many different alternative fuel solutions are being develop ed, with different focus
area s per country. The driver for the alternative fuel typically is job creation, energy
independence, the reduced tailpipe emissions and lower CO 2 emissions, or a
combination. For the USA energy independence is very important and for instance for

South Korea the local air quality is most important.

In Europe most alternative fuel (mainly biodiesel : about 75% ) is blended with

conventional fuels in low blen ds. The average share of renewable energy sources in
transport fuel consu  mption across the EU -28 was 5.4 % in 20 13, ranging from 16.7%
in Sweden to less than 1.0 % in Portugal, Spain and Estonia
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With the right focus the European industry can be very compet itive, providing global
leadership for alternative fuel use and standards, so as to promote economic growth

and employment in the EU. For most of the alternative fuels studied we see that
Europe is currently lagging behind. We believe that this study can d raw important
lessons from developments in major non -EU countries, for the EU market. We hope
that it will inspire both industry and governments to make new important steps

towards alternative mobility options.

Both policies and incentives that support alternative fuel vehicle uptake and
alternative fuel infrastructure development are needed to develop a mature market for
alternative fuels . Furthermore research and development (  R&D) support for required
improvements in enabling technologies like batteries is helpful. China, Japan and the

USA all have such program mes in place. Thisis not common in Europe . Europe has
th e lowest investments in R&D/GDP compared to these countries.

Alte rnative fuel market developments are the result of strongly differentiated
dynamics in the countries of study. While policy lessons and experience from foreign
markets can be inspiring the results are not entirely reproducible.

In Russia, Japan and  South Korea market entrance is difficult and requires very good
preparation. A good model is to look for technology partnerships ( example: with OEMs
in South Korea and Japan ) or to invest in local OEMs ( example: Daimler in Russia and
Renaultin Japan). In thisw ay Daimler has successfully invested in Kamaz and Renault

in Nissan. Market entrance in China, India, Brazil and the USA is generally easier ,
although attention should be paid to specific (more stringent) emission standards in
different national regulation S.

Costs of alternative fuel components

Most of the alternatives fuels require a higher upfront investment in vehicle
technology. For some biofuels though (e.g. ethanol) the additional investments on the
vehicle side are marginal, where the required fuels or fuel infrastructure are often

more expensive. For electric vehicles the major cost component is battery pack

production and development. Of which t he costs are going down rapidly. F uel cells are
more expensive and typically the fuel system for CNG, LNG, and LPG vehicles isin -
between the cost of the fuel system for biofuels and batteries.

Accounti_ng for complexity and dynamism

Alternative fuel and infrastructure development requires carefully crafted policy
packages. These packages need to account for and address the inherent complexity of

the alternative transport sector and set well -articulated strategic priorities, continued
and ambitious R&D program mes to ensure continued and str ategically guided
dynamism.

Technology & policy prioritisation

Differentiated technology positioning and prioritisation are important ingredients for

countries to achieve market and innovation leadership. The countries where
alternative fuels proved to b e successful typically concentrated on only a few options.

The EU does not have a strong position with the production of alternative fuels (LNG

imports, no synthetic production facilities, etc.) , but does have a strong position in the
production of renewab le electricity.
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R&D programmes

The development of alternative fuel markets and infrastruc ture must be considered in
both the short and long -term. Ambitious R&D strategies and programmes are needed
to ensure long -term prospects are supported. A good exampl e is Japan, where there
are both investments in R&D, in the development of infrastructure and incentives for

vehicle buyers. Public commitment to removing barriers for industry to engage in

R&D, and support through demonstration projects to ensure visibili ty of emerging
technologie s has proven to be effective in Japan, Brazil andthe USA .

Financial incentives

Evidence suggests that  direct financial support measures continue to be required to
accelerate the uptake of alternative fuels . Direct financial su pport should be aimed at
supporting options temporarily, until market readiness . Complementary policies are
required to phase out the financial incentives when technologies become (more) cost -
competitive.

Road transport

The road transport sector offers the largest challenge (measured by the amount of
energy that it uses) but also the most  options for alternative fuel and infrastructure
development are available . Integrated strategies are needed to ensure alternative

trans port technologies are leveraged adequately in the short -, medium - and long -
term. The potential and limitations of each alternative fuel must be carefully
considered on relevant timescales.

Waterborne transport

The shipping sector is a global sector that i s difficult to regulate ( the rules at sea are
developed in an international context and many countries need to accept new rules).
Still there is potential on a local level for alternative fuel (e.g. methanol and LNG)
support in short sea shipping and ferri es. The potential and limitations of each
alternative fuel must be carefully considere d.

Airborne transport

The air transport sector is expected to continue to rapid ly grow to 2050 . A significant
uptake of alternative fuels with a high greenhouse gas savi ng potential (e.g. bio jet
fuels) will be required to meet decarbonisation targets in the sector. Bio jet fuels are
seen as an important solution by IATA and several major airlines. Bio jet fuels are

expensive compared to current fossil jet fuels . The EU could continue to support the
development of biofuels in the aviation sector for increased investment s by industry in
the bio jet fuel value -chain.

Electricity
Electricity should be a high priority for the EU, as it offers significant potential in terms
of its climate change mitigation potential (especially with future emission factor for

average electricity) , opportunity for European industry, and strong coherence with
European mobility requirements and energy infrastructure. Urban environments

further o ffer fertile grounds for the design and implementation of consumer -oriented
and context -specific policy packages to promote electric mobility. Non -financial
incentives can be envisaged in the form of preferential parking measures, access to

priority lanes  or regulatory action to remove barriers to the development of electric

mobility infrastructure. Public demonstration programmes and public -private
infrastructure partnerships are also a likely effective way of driving electric mobility
forward in urban env  ironments.
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Hydrogen

Hydrogen is still regarded as a long -term option . The absence of a business case for
hydrogen vehicles and exploitation of fuelling infrastructure in the short term requires
strong financial commitment by public authorities and financial institutions

Partnerships between European and foreign manufacturers have been established in

recent years and should be supported. Further, R&D support policies and public
demonstration programmes should continue to be on the agenda to sup port
developments by the private sector.

Biofuels

Biofuels are high on  policy agendas worldwide and hold significant promise for road,
airborne and waterborne transportation . However, concerns about the environmental
performance have impacted the politi cal and public acceptance . Biofuels should
therefore be jointly approached by governments and industry especially to increase
sustainable feedstock  production.

Natural gas & bio -methane

Bio-methane production and use in the transport sector is high on th e agenda in some
European Countries  but notinthe other countries under study. Bio  -methane should be
jointly approached by governments and industry to strengthen production routes. EU
Member States need to align their policies in order to stimulate a tech nology neutral

use of bio -methane in transport.

LPG

LPG is losing momentum in the EU, USA and Japan, because , In comparison to electric
mobility, and even CNG, the environmental  benefits over conventional fuels are
limited. Consequently, governments reduc e the support. LPG is still promising in
developing markets in China, India and Russia . The EU industry could try to get a
position there, as long as the support for LPG exists or when bio -LPG becomes
available .
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1 Introduction

1.1 Context of the study

Transport is central to society, as mobility enables economic activity and improves the

quality of life of citizens. Demand for transport, in all forms, continuous to increase.

Al so, the EU6s transport industry plays a hmajor rc
trade, employment and innovation.

The EUO0s transport sector is confronted with three
imported  oil, increasing greenhouse gas emissions and increasing congestion.
Alternative fuel options offer promising solutions to tac kle the first two challenges and

for this reason the EU is developing a strategy to promote the development of
alternative transport modes. The 2011 White Paper on Transport (EC, 2011), outlining

a roadmap to a competitive and resource -efficient transport sector, and the ACIl ean
Power for Transport Packageo, released on 24 Januar
proposal establishing binding targets for alternative fuels infrastructure provision , are

important components of this strategy. Transport will also play an important role in

the EUbs efforts to combat cli mate change and ther

target by 2050 is envisaged for the EUb6s transport

In this context, continued research is needed to support ongoing developments with

alter native fuels and infrastructure. Monitoring and evaluation of international

markets, policy developments and standards is key in understanding the position,

threats and opportunities for the EUbs transport i
required for th e EU to implement a coherent and effective strategy.

1.2 Purpose of the study

This study examines how alternative transport fuels and infrastructure, which are
expected to play a cruci al role in the trwoddspor:'t s e
regions. | t aims to contribute to the development and implementation of a European
transport strategy effectively promoting alternative modes of transportation and

safeguarding the EUb6s transport industryds | eading |
More specifically, the study has three ¢ ore objectives:
1. To assess key alternative fuels and infrastructure developments in major non -EU

markets, and give context to these developments, with respect to markets,
standards and policies;
2. To provide policy recommendations to the EU, on how to promote the development

of alternative fuels and infrastructure, drawing lessons from the countries of study:
developments in major non -EU markets may pose risks for European
competitiveness, security of energy supply and for the achievement of greenhouse

gas emission reduction goals. Understanding these risks is pivotal to providing a
rigorous assessment of barriers for the EU industry and strategic policy
recommendations to the EU;

3. To assess opportuni ties and market entry barriers for the EU industry in the
examined foreign markets.

1 The proposal was adopted as Directive 2014/94/EU of the European Parliament and of the Council of 22 October 2014 on
the deployment of alternative fuels infrastructure, OJ L 307, p. 1 of 28 October 2014.
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I'n order to meet these objectives, the studyds sco

three dimensions:

A Geography . The focus is on six major non -EU markets: Brazil, China, J  apan,
Russia, South Korea and the USA. Additionally data for India was collected when
readily available;

A Technologies . We examine the following forms of alternative energy for transport:

electricity, hydrogen, biofuels, natural gas, liquefied petroleum gas , and synthetic
fuels ;
A Transport modes . The studybés principle focus i

waterborne transport is considered with less detail.

1.3 Structure of the report

For ease of reading, the main body of this report focuses on discussing key
dev elopments, barriers and impacts, illustrating these with practical case studies and
drawing conclusions and recommendations for the EU. It therefore addresses core
objectives 2 and 3 above. More extensive findings from data collection and analysis
are prov ided in the annexes to the report, which address core objective 1.

More specifically, the report structure reflects five key steps in the research process.
Information on these steps can be found in different sections as follows:

A Data collection, see Anne xes B, C and D. In order to develop the analysis on
alternative fuel developments outside the EU an extensive amount of data was

S

road tr &

collected. In Annex B we include data tables for a selection of data. References and

an extended bibliography can be found in A nnex C. Lastly, in Annex D, we provide
factsheets for the countries of study, which cover practical information focusing on
the policies and standards in the countries of study.

A Data analysis, see Annex A. Based on the data we have collected, Annex A
prese nts a review of market developments in the countries of study, as well as
specific insights into policies, standards, technological developments, costs and

public perception aspects of alternative transport. Most of the data wa s collected in

2014, and upda ted with the latest figures over 2014 where possible.

A Discussion of drivers, barriers developments and impacts, main body of the

report . We present a discussion based on data collection and analysis, which
includes an overview of the countries of study, insights into trends and forecasts for
the alternative transport sector, a review of key barriers and impacts of these

developments and key considerati ons pertaining to the mitigation potential from
alternative fuels.

A Case studies, main body of the report . Building on the literature review, data
collection and interviews, we then present concise case studies to illustrate the

discussion with practical ex ampl es and further di scus
alternative transportation strategy.
A Conclusions and recommendations, main body of the report . Lastly,

present a concise overview of key conclusions and recommendations drawing from
the data analysis, discussion and case studies.

S

we

i mplica
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2 Discussion: drivers, barriers, developments &
impacts

The transport sector is highly international and dynamic, and alternative fuels and
infrastructure are witnessing major developments worldwide. These developments
depend on a wide array of societal barriers and drivers, which, in turn, have significant

impacts on society. In the European context, alternative transport (modes,
powertrains and fuels) has the potential to tackle various challenges related to energy

security, greenhouse gas emissions and congestion. Socio -economic considerations,
for example related to employment and competitiveness , are also important. In this
section, building on the data collection and analysis presented in the annexes, we
discuss key eleme nts related to the development of alternative transport fuels and
infrastructure worldwide.

2.1 Relevance of the countries of study

Six countries outside of the EU, namely Brazil, China, Japan, Russia, South Korea and

the USA, were selected because of their im portance for EU exports and because of

the ir leadership in alternative fuel vehicles, fuel and infrastructure for the fuels under

study. Additionally, India was included in this study , because of its fast growing
transport sector and increasing challenges related to fuel security and polluting
emissions . The following table provides an overview of key features and the context of
alternative transport fuels in these countries.

Table 1: Overview of key features of the countries of stud

Importance of transport fuel use Driver for fuel choice

2012 (source: |EA statistics )

45% of energy related CO 2 emissions
stem from transport. The majority of
transport related CO 2 emissions (90%)
stem from road transport.

Brazil supports the use of alternative fuels because
of job creation, energy in dependence, the cleaner
exhaust gas and lower CO > emissions.

Because natural gas vehicles produce less harmful
emissions and help to change the fuel mix, their
development is supported by the government.

Because EVs do not emit harmful emissions their
development is supported by the government.

With discovery of large new gas reserves, the Indian
governm ent has started building supply Ire -fue lling
infrastructure for the growth of LPG / CNG vehicles.
Environment is a driver for , especially in congested
cities.

9% of energy related CO > emissions
stem from transport. The majority of
transport related CO 2 emissions (80 %)
stem from road transport.

11% of energy related CO > emissions
stem from transport. The majority of
transport related CO 2 emissions (93%)
stem from road transport.

18% of energy related CO 2 emissions
stem from transport. The majority of
transport related CO 2 emissions (90%)
stem from road transport.

There are three reasons behind the governmental
support for fuel cells: change energy mix, reduce
greenhouse gas emissions and industry support.

Autogas is stimulated since the 1970s because it is
abundantly available and cheap and is a co -product
of the production of fossil fuels (oil and gas).

Natural gas is stimulated recently as a transport fuel
in search for a new growth market.

Russia 14% of energy related CO > emissions
stem from transport. T he majority of
transport related CO > emissions (60%)
stem from road transport.

S. Korea 15% of energy related CO 2 emissions
/Py stem from transport. The majority of Improving the local air quality is the main driver for
Qs. . transport related CO 2 emissions (94%) supporting alternative fuels over diesel.
u stem from road transport.
USA 33% of energy related CO 2 emissions The main reason for the USA to support alternative
stem from transport. The majority of fuels is to decrease dependence on foreign oil. Since
transport related CO 2 emissions (85%) the discovery of shale gas, also the use of natural
stem from road transport. gas in cars is promoted.
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2.2 Key considerations, drivers and barriers for alternative

transportation
The development of alternative fuel markets depends on a wide array of factors. Here
we discuss key considerations, including the mitigation of negative externalities such

as greenhouse gas and harmful tailpipe emissions , technology, economy, public
perception and policy aspects of alternative transportation.

2.2.1 Emissions

The transport sector is estimated to account for 23 % of global anthropogenic (having

its origin in the influence of human activity ) greenhouse gas emissions (ICCT, 201 4b)

and 25% of the EUOs gr ee n.hDeecahaising dhis seetoniiss s iann s

i mportant aspect of the EUb&s strategy for the tral
account for the mitigation potential from different technologies.

Quantifying the emissions mitigation potential of alternative fuels typically requires

life - cycle analysis to account for emissions from production through to consumption.

As such, the mitigation potential depends on a wide array of parameters and research

continues to quantify the emissions mitigation potential of different alternative

transport technologies in different transport modes. The following figure provides a
representative estimate of relative life -cycle 1 or 6-toew hl e eil @reenhouse gas
emi ssions for a selection of alternative fuels, relative to diesel and gasoline. It shows

that all alternative fuels examined in this study hold greenhouse gas emission
reduction potential (without looking at Indirect Land Use Change: ILUC) relative to
diesel and gasoline (witht he exception of LPG for which greenhouse gas emissions are
estimated to be marginally higher than diesel).

120% 120%
ECOFYS
100% 100% === e
80% 80%
60% 60%
40% 40%
20% I I 20% I I
OOJ'.’D OD)"{D
W& > 3> e o X9 > 3 €] @ o
('_}-(\ < Q‘?e' ’o(\o (}\C') ’OQ \? 65\ < 25"‘6 ‘b(\D @ ’O(\ \(;
X S X Ny N S S &
< Nt ,é‘ < < O o &
o 0 ,(Q & X 4 ’<<\
E2) @° £ &°
— Diesel reference (100%) B Greenhousegas emissions == Gasoline reference (100%)
Figure 1: Well to Wheel greenhouse gas e missions for different fuel types for passenger cars
relative to die sel (left) and gasoline (right), using current average emission factors (source:
www.fuelswitch.nl compiled from many sources from 2002 -2011 )
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Electric vehicles offer mitigation potential due to thei r energy efficiency and

especially when their  energy is produced from low carbon sources. Electric mobility is

expected to play a major role in decarbonising the transport sector. For example, the

IEA estimates that three  -quarters of all vehicle sales by 2 050 would need to be

electric in order to meet the tr ans-platedemissorst or 6s 21
reduction needed to bridge its scenario in which the average global temperature

increase is limited to 2°C (IEA/EVI, 2013).  Electric vehicles conver t about 59% 1 62%

of the electrical energy from the grid to power at the wheels 0 conventional gasoline

vehicles only convert about 17% T 21% of the energy stored in gasoline to power at the

wheels 2.

Hydrogen is most sustainable when produced from renewable ele ctricity. The
technology benefits from higher energy efficiency compared to conventional internal
combustion engines . The energy efficiency of a fuel cell is generally between 40 7 60%.
Its mitigation potential is generally considered to be significant but depends on the
production of hydrogen fuel and other vehicle manufacturing considerations. In light of

its relative immaturity, this technology however only holds long -term potential.

The potential mitigation impact of biofuels  must be evaluated by comp  arison with
other energy systems using Life -Cycle Analysis methodologies (LCA). While the
renewable nature of biofuel feedstock implies potential greenhouse gas emission
savings, other aspects must be accounted for such as land -use changes . The climate
change mitigation potential can be optimised by setting strict requirements (cf. the
greenhouse gas emission reduction threshold required by the EU Renewable Energy
Directive) . In its recent technology roadmap (IEA, 2011), the IEA suggests savings of

the orde r of 20 -80% when displacing natural gas and diesel, and an even greater

range when displacing gasoline. In its ETP BLUE Map Scenario, which sets a target of

50% reduction in energy  -related CO 2 emissions by 2050 relative to 2005, the IEA
estimates that biof uels would account for 2.1 Gt of the total of 9 Gt emissions
reduction in the transport sector.

Natural gas offers some mitigation potential relative to traditional fuels such as
gasoline and diesel. For example, the IEA estimates an average reduction in CO2
emissions of 25% for light duty vehicles  for the displacement of gasoline by CNG (IEA,
2010). Nonetheless, to achieve ambitious decarbonisation of the transport sector, the

IEA notes that a commitment to sources such as bio -methane or bio -synthetic gas
would be required.

LPG, lastly, may offer some emission mitigation potential relative to gasoline and

diesel as it has a lower carbon content compared to gasoline. However, this is partly
offset by higher fuel consumption . An important factor in determin ing its mitigation
potential is the source of the LPG ; the well -to-wheel greenhouse gas emission
increases sharply with international transportation . Bio-LPG is expected to enter the
market only from the end of 2016 s

2 http://lwww.fueleconomy.gov/feg/evtech.shtml
¢ https://www.neste.com/en/neste -breaks -ground -worlds -first -bio -Ipg - facility -rotterdam
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2.2.2 Technological developments & standards

There are various road fuel technologies available with many different applications
(e.g. bus, passenger car, truck) in the short - medium - or long term. The large variety
of technologies at stake can however result in the fragmentation of the market. For

example, the emergence of new technologies on the market can result in the
development and adoption of a wide range of standards , which is a barrier for the
creation of economies of scale.

Important markets such as Japan, China and the USA have produced domestic
standards for electric charging (charging system and equipment), making it difficult to

produce vehicles which fulfil all the requirements of these standards. Japan and USA

for instance use the same standard for conductive charg ing, while in the EU and South
Korea international IEC standards apply. Currently there is one official EV AC charging
standard (type 2) and two official EV DC fast charging standards (CHAdeMO & SAE
combo charging  standard: CCS ). Additionally, Tesla has proprietary technology
regarding their superchargers and other standards exist in China and Europe.

Only Korea (CNG) and Japan (LNG) have used international standards for the use of

natural gas in transport, and have not introduce d barriers to foreign car
manufacturers. European countries support the development of international
standards within ISO for refuelling stations and LNG equipment.

Only for hydrogen refuelling there is a global standard (SAE J2601), which is also used
everywhere. Most other standa rds for hydrogen are also global, because they are all

ISO standards. Hydrogen is flammable and must be handled with care . Stringent
safety requirements, embedded in local/national legislation, are in place to ensure the
risks of incidents are minimised. A balance should be found between safety and the

additional costs that come with increased stringency of the safety requirements to
ensure that hydrogen becomes an affordable and safe alternative fuel option in the
future 4.

Obviously international standard s provide a level playing field for the introduction of
new technology. When industry in some counties develop s new technologies faster
than others they introduce local standards to speed up the introduction of the
technology, because it helps to get new t echnology accepted by markets. This can
hamper the introduction of other technology in that market.

2.2.3 Costs, competitiveness and economic considerations

The emergence and mainstreaming of alternative transport technologies in global
markets is evidently depend ent on cost, competitiveness and other economic
considerations.

Fossil fuel prices , for example, are an important benchmark for the uptake of
alternative energy, including alternative fuels, since the business case for alternatives
will be weaker when the fossil fuel prices are lower (Interview: Peter Harris, 2015).

For some biofuels though, higher fuel prices also have an effect on fertili ser and other
agricultural costs. Therefore, the business case for some biofuels (e.g. cane ethanol) is
less sensitive to the crude oil price developments. Mainly due to the current low oil

prices the number of hybrid vehicles sold in the USA in 2015 is only 2.2%, where 7%
was anticipated in 2008  °.

4 The Asahi Shimbun 2015 EDITORIAL: Promote hydrogen as a major energy source for Japan's future [available at:
http://ajw.asahi.com/article/views/editorial/AJ201501130050 ] (Accessed 05/06/2015)
5 http://time.com/money/3654905/toyota -prius -hybrids -sales -decline/
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Our analysis shows that further cost decline is expected for mo st alternative fuels  until
2030 . Hydrogen fuel, in particular, is expected to witness significant cost declines as
technology maturity progresses. Fossil -based natural gas and coal - and natural gas -
derived synthetic fuels are most cost -competitive with gas  oline. Sugarcane ethanol, a
relatively mature technology, is also cost -competitive, even with relatively low crude

oil prices. Electricity, in particular has significantly lower driving costs than gasoline

and for all energy sources. Biofuels, natural gas and synthetic fuels can also become
cost -competitive. Hydrogen, however, is only expected to become competitive when

the technology is mature in light of high fuel prices.

Most of the alternatives require a higher upfront investment in vehicle
technology. For some biofuels though (e.g. ethanol) the investments on the vehicle

side are marginal, where the required fuels or fuel infrastructure are often more
expensive. Still, for several reasons these investments are stimulated by
governments. Important drive rs are employment, air quality, security of supply or
provision of an outlet for otherwise unused fuels (e.g. natural gas or LPG). For electric

vehicles the major cost component is battery pack production and development , which
currently doubles the produc tion costs compared to conventional vehicles . The costs
are going down rapidly as well. While most European OEMs are dependent on battery
production from China, Tesla is taking another approach for producing batteries in the
USA, supported by Panasonic. Fu el cells are even more expensive and typically the

fuel system for CNG, LNG and LPG vehiclesisin -between biofuels and batteries.

Infrastructure costs for the fuels are normally translated in a certain part of the

price for the fuel supplied. Therefore a fAvery expensiveo refuelling
necessarily translate in a high energy price. For instance Tesla offers their kwWh via

Superchargers for free, knowing that 90% of the electricity will be supplied from home

chargers and their main business is to sell cars. On the other hand  FastNed (interview

Langezaal, 2015) wants to have a premium price at their fast chargers at the highway,

which is their main business model

It is regarded as typical that companies have to pay for upstream investments in
electric connection for EV charging (interview: Harris, 2015) or Shore Side Electricity
while for other fuelsand f  or consumers this is not the case.

The changing financial situation of countries has a clear impact on the uptake  of
alternative fuels. Fo r instance in Brazil where gasoline is a preferred fuel (via
government intervention) over ethanol in 2015, in order to battle the inflation. Russia

is seeing similar problems due to reduced income from lower value energy exports and

sanctions from the Wes .

2.2.4 Consumers and public perception

Transportation serves society at large, from industry to individual consumers. Being a

pivotal aspect of every -day life, transport is under severe scrutiny from the general

public and the development of alternative fuels is closely monitored. The positioning of
consumers and public perception considerations is therefore highly important to

consider understanding alternative fuels market developments. For example, the
introduction of E10 (10% ethanol in gasoline) in Germany in 2011 created confusion
on the German market, because consumers had concerns about damage to their
vehicles: a poor start, whereas the introduction of the same fuel blend in France was

much smoother. In 2014 the share of E10 now stands at 17% of gasolin e sales in
Germany, sti Il less than in France
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The main concern  for the public  with vehicles using gaseous fuels is safety. General

worries are relate  d to the safety and reliability of hydrogen , CNG and LPG as a fuel .
Safety concerns include the pressuri sed storage of hydrogen , CNG and LPG on -board
vehicles.

When there is a financial benefit for the consumers the public is more willing to adopt

the new technology. The public in the USA is willing to pay only slightly more per

gallon of fuel for biofuels i nst ead of gasoline. Support for advani
has remained relatively high. The cost of purchasing an electric car is the main barrier

to its acquisition in the USA. LNG and CNG fuels are relatively cheap. Natural gas in

China is both pe rceived as clean and cheap. Positive perception in Brazil regarding

biofuels is: good for the environment and good for the economy. In Japan most

consumers are in favour of EVs. In China the public is very receptive for electric

driving from the experience with electric bicycles: clean and fast.

2.2.5 Uptake and policy support

Alternative fuel markets are relatively new and small and compete against well -
established fossil -based technologies. In light of this and of the considerations
presented above, policy effo  rts are required to promote their continued development

and many countries are designing and implementing policies to promote alternative

transport technologies on regional, national or local markets.

The USA ha ve policies in place aimed at all the fuels under study. Besides incentives

market uptake policies are important. Brazil focusses on biofuels (mainly ethanol) and

natural gas, mainly via incentives and demand management. China has targeted

electric driving via their poWwhereas 8ath ldosea thtose d omi nant
biofuels, both via innovation support, incentives, market uptake and demand

management.

19 January 2016



Alternative fuels and infrastructure in seven non -EU markets

Table 2: Overview of key policies and incentive measures responsible for the large uptake of
alternative fuels

Country Importance policies | Important incentives
Brazil Proélcool programme: Ethanol price lower than
Proélcool programme: Gas stations gasolineds; Guaranteed re
obliged tcE)segljl ethanc;l producer; Financing to producers T increasing of
9 productionds capacity. Re
vehicles using hydrous ethanol
Government ourchase of EVs EV buyers gain subsidy, are not part of a
Traffic restricgons vehicle lottery and ha  ve no traffic restrictions
Vehicle lottery (limited sales of (lane use, licence plate based or other)
conventional vehicles) Incentives for EV buyers in some cities for
selected EVs
R&D program mess for lithium  -ion battery
and fuel cell development Incentives for f  uel cell vehicle buyers and HRS
Government purchase of Hydrogen infrastructure
Fuelled vehicles
Russia
Incentives for the development of CNG and LNG
Innovation support  for biofuel production refuelling infrastructure and pilots with natural
gas vehicles
South
Korea " Market uptake and demand Innovation support and incentives for natural
/f.\\‘ management : biodiesel blend mandat e, gas vehicles (subsidies and low priced natural
¥ promotion of natural gas for buses gas for public buses)
Energy Improvement and Extension Act of
2008: federal tax credit for PHEV buyers
Energy Independence and Security Act grlsizgi;ﬁhlsfhgilzzte;rgjicﬁ Er\e/k;ates for zero
of 2007: loans ~ for automobile
manufacturers to develop EVs State level incentives: tax reduction or
USA Next generation electric vehicle: exemptions and rebates for both  EVs and
rovic?ed funding for the roduct.ion of PHEVs, and the non -fiscal incentives included
P . 9 P free access to high  occupancy vehicle lanes
batteries and their components
. o . California has supported the production and
535;%;0\','3]@.25 pilot projects for sales of low emission vehicles (LEVs) or zero
emission vehicles (ZEVs) through imposing civil
penalties on the manufacturers for
non -compliance with the targets and credits for
others
Both policies and incentives that support alternative fuel vehicle uptake and
alternative fuel infrastructure development are needed to develop a mature market for

alternative fuels. Furthermore R&D support for required improvements in enabling

technologie s like batteries is helpful. China, Japan and the USA all have such

program mes in place . This is not typically done within Europe. One example where it

does take place is the German Federal Ministry of Education and Research ( BMBF)
sponsor ing the Lithium -ion Battery Alliance  (LIB2015) wi t h G160 mil I% on for

The market up take policies are typically introduced years before the vehicles reach the

market. This is different from the EU policies that support the sales of low CO 2 vehicle
sales as the main driver. In China the government was an important buyer of electric

buses and taxis in the early days of electric vehicle deployment in 2008.

& www.lib2015.de
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China does not reward manufacturers for the sales of EVs. The Japanese government
is cu rrently an important customer for fuel cell vehicles T

2.2.6  Research and innovation policies

Since the alternative fuel technologies need to be improved in order to be competitive

with the conventional technology that is already more than 100 years available a nd
continuously improved, governments often stimulate the development via R&D

program mes. China is very strong in R&D spending. In 2012, its gross domestic

expenditure on R&D (GERD) topped 0144 billion in
power parity, China's GERD reached 0259 ©billion, behind the
billion and the European Union's 0300 billion but
China's GERD as a percentage of gross domestic product (GERD/GDP) reached 1.98%;

it more than tripled since 1995, s urpassing the 28 EU Member States , which together

managed 1.96% 8. South Korea spends 4.36% of GDP on research and development

and Japan 3.35% °.

An important example is the US Department of Energy programme A EV Everywhere
Grand Chall engeo m place2t@day? for R&D, i | tlesting, modelling of EVs

across the country to improve performance of vehicle components. In the USA,

Commercial Aviation Alternative Fuels Initiative (CAAFI) is actively studying and

supporting the deployment of alternative jet -fuels for commercial flights. Furthermore
the US Environmental Protection Agency is actively developing new vehicle technology
in order to further improve the energy efficiency of road vehicles.

The Chinese government started several projects to be able to show fuel cell buses,

electric buses and hybrid vehicles (taxibés) at the
alternative fuelled vehicles were delivered. This is considered to be the start of

Chinese industry in this area . The Chinese electric car manufacturers SAIC and BYD

have further invested in R&D program mes for continuous improvements in EV

technology in China.

Petrobras in Brazil is currently carrying out and financing technical and co mmercial
feasibility studies for the production of advanced biofuels (from cellulose crops and
residues) . Local CNG program mes have been tested and analysed in Brazil to further
investigate national vehicle deployment. The Ministry of Mines and Energy is working
in partnership with other national institutions in Brazil to provide substantial
technological and financial support to R&D projects for production, transportation,

storage and distribution of hydrogen.

In Russia all fuels are in the development s tage and at the moment the policies are
aimed at innovation support. The first Russian EVs have been tested in regional pilot

program mes. Gazprom is currently investing in R&D on improvements in natural gas
refuelling and storage infrastructure, constructi ng filling stations and financing
demonstration projects of vehicle deployment in Russia.

7 60 percent of the first month 1,50 0 Mirai orders came from government offices and corporate fleets (opposed to the
target set by Toyota to sell 400 cars in 2015).

8 http://www.sciencemag.org/content/345/6200/1006.short

¢ http://www.universityworldnews.com/article.php?story=20141114112226407

21 January 2016


http://www.sciencemag.org/content/345/6200/1006.short
http://www.universityworldnews.com/article.php?story=20141114112226407

Alternative fuels and infrastructure in seven non -EU markets

2.3 Developments, trends and forecasts in different transport modes

The transport sector is highly dynamic and its complexity can result in rapid changes
making it diffi cult to accurately predict developments.

Various organisations have attempted to model or forecast the development of energy
use in the transport sector. The IEA, for example released the ETP 2010 BLUE Map

Scenario in 2010, setting a target for 50% reduc tion in energy -related emissions by
2050. To meet this target, the model proposed the fuel mix presented in  Figure 2.
Among the alternative fuel techn ologies examined in this st udy, the BLUE Map

Scenario awards the greatest share to biofuels, forecast to account for 27% of the
total estimated energy consumption for transportation by 2050, predominantly for

road transportation, but also for aviation and shipping.
Global Energy use in the transport sector in Use of biofuels in different transport modes
2050 (%) in 2050 (%)
m Electricity
mHydrogen
m Biofuels m Road passenger
CNG & LPG E Road freight

mGasoline m Aviation
mDiesel B Shipping
mJet Fuel
mHeavy Fuel oil

Figure 2: Global energy use in transportation (left) and use of biofuels in different modes (right)

according to the BLUE map energy Scenario (Source: IEA, 2010b)

Developing such forecasts requires the consideration o f a large number of economic,

demographic policy or technology variables. In its latest Global Transportation Energy

and Climate Roadmap, the ICCT examines the impact of transport policies on
greenhouse gas emissions and the models generated include foreca sts on vehicle
stocks. Figure 3 provides insights into expected developments in the countries of
study, including forecasts on different vehicle stocks to 2030 (ICCT, 2012). This
provide s valuable insights into the potential opportunities for the EU industry in the
countries of study.
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Figure 3: Expected developments in the countries of study, including forecasts on different
vehicle stocks to 2030 (Source: ICCT, 2012)

The examples presented above illustrate both the dynamic nature and complexity of
alternative transportation sector. In the following sub -sections we present some key
practical observations on major developments and trends in land -based, airborne and
waterborne transportation, building on data collection and analysis presented in the
annexes.

2.3.1 Land transport

Land transportation forms the principal focus of the study. Table 3 provides an
overview of alternative fuel markets in the countries of study based on key indicators

we have selected for each of the technologies under study. When a certain fuel is

more imp ortant over another typically the number of vehicles, fuelling stations and

fuel consumed are higher. Here we highlighted only one indicator per fuel type, in

order to highlight the dominant markets. Further insight into our data, by country and

technology are presented thereafter.
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Table 3: Key indicators for different alternative fuels in the countries of study (leading markets
are highl ighted from dark to light blue

Natural
Electricity ) . . Gas
(total ?gﬁ:ﬁgsp Bl(ct)(];L:aells Bl((t)gtjaells (natural LPG
number of ES (LPG

_. of fuelling biodiesel bioethanol . . -
Country Electric : ) . vehicles in consumption,
- stations consumption, consumption, . :
Vehicles circulation, Mtonne,

in service Mtonne Mtonne
sold, ' ! ! latest 2013)
2012) Ak 202 Az available,

thousands

EU 5.23 1,099
Brazil ~0 1 251 0

China 9,934 2 0.82 1.98 0.73

India -0 3 0.06 0.24 1,500 0.32

Japan 22,465 22 0.01 0.04 43 0.98

Russia ~0 0 0.00 0.00 90 2.85

S. Korea 12 0.33 0.01 36
USA 58 3.13 38.44 250 0.41

By country:

Especially Brazil, China, Russia and the USA are important export markets for EU
car/truck manufacturers. The EU automotive industry is strong in diesel technology
(Groupe ALPHA, 2007), but weak in electrified powertrains (e.g. pure electric, hybrid
and plug -in hybrid). Regarding natural gas Fiat is an important global player
(Frost&Sullivan, 2010).

Table 4: Overview of likely position of countries in the future regarding alternative fuels
What remains important
New developments
fuel /technolog

Brazil

Biofuels (mainly ethanol)
Natural gas for passenger
cars

Natural gas for trucks is getting attention and this market is
expected to develop.

Plan for 5 million electric vehicles in 2020 . Much of the
growth in Chinabés NGV fleet cou
(6% of the fleet in 2020 ). Total number of NGVs is expected

to be around 3.0  million by 2020

Electric vehicles
Natural gas for passenger
cars (CNG) and trucks (LNG)

LPG and natural gas . All Il's forecast to become the world
® public busses are required to market. Application of natural gas in locomotives is under
use CNG investigation.
Japan Hydrogen Refuelling Stations see a fivefold increase  in 2016
. . compared to 2014: 100 in total. Also hydrogen fuelled fuel

Electric and fuel  cell vehicles ) . - .
cell vehicles will be subsidi  sed. Japan will then have more
HRS than Europe.

Natural gas and biofuels  are new in the market. LPG use will
increase. Gazprom invests in natural gas refuelling

Russia infrastructure and provides incentives, expects by 2020 that
LPG 50% of public transport and municipal vehicles will be
powered by natural gas. Furthermore Gazprom expects
30% of long distance trucks to use LNG. Billions of euro
investments planned for the production of  biofuels.
S. Korea
Yo South Korea has the largest LPG incentives are reduced, taxis are not obliged to use LPG
. LPG market anymore.
N

Fuel cell vehicles are on the agenda, around 10,800 vehicles

are expected by 2025 in eight states that invest in the

USA vehicle and /or infrastructure technology. Electric vehicles

All except LPG costs will decrgase con3|der§\bly, making _ them competitive
on an economic level  against the conventional fuelled cars

around 2025. Alternative fuels  (other than electricity) in

cars in California is stimulated less, since in 2050 87% of

the ca rs on the road need to be full z ero Emission Vehicles.
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For Brazil, biofuels remain importan t and the market for natural gas vehicles is still
developing. The market for natural gas vehicles contains only passenger vehicles at

the moment. The government stimulated EVs but only in limited numbers, in Rio de
Janeiro only about ten electric vehicles were on the road in 2015 and t here are a
limited number  of hybrid vehicles (interview : Roberto Schaeffer, 2015). The high
import taxes also make it impossible for consumers to earn back the higher
investment.

In China both electric vehicles and natural g as vehicles are an important market, while

other fuels are on the agenda but only represent a small market. For the truck sector

LNG is an important fuel that is also cheaper to operate than diesel. The most

important Chinese truck manufacturers have LNG t rucks available. The LNG option is
relatively expensive, since in China still low budget trucks are available for the price of
022,000 to U25,000. MAN exp e c-coesttracksschbudgdt tru€ks, o m
with lower fuel cons umption and better relia  bility, which have a better return of
investment in the end. The additional price for alternative fuelled trucks therefore

becomes less.

In Russia LPG is currently more important than natural gas, while electricity and
hydrogen as a vehicle fuel are not o n the agenda (besides a few pilot projects).
Biofuels remain small in Russia ; however, Russia has recently taken up on the
construction of its first ethanol plant and a biodiesel pilot plant. Developments
regarding natural gas are promising.

In the USA th e market for LPG is decreasing, while the other alternative fuels show a
strong growth trend. For LPG vehicles the best case breakeven distance is 200 ,000 km
because of low federal and state taxes on all automotive fuels. Therefore, at present,

LPG is not competitive in the USA according to WLPGA (2014).

By technology:

In terms of numbers of vehicles sold, the USA, Japan and China were leading markets

in 2012 , 2013 and 2014  for electric vehicle s and the European Union represented the
bulk of the remaining electric vehicle sales. Especially electrified and alternative fuel
powertrains are showing a growth trend in the markets under study.

As of mid -2014 , 186 hydrogen fuelling stations were in se rvice worldwide, including
72 in Europe, 58 in the USA, 22 in Japan and 12 in South Korea 10 These stations
support a fleet of buses and passenger cars (mainly in pilot projects). There is a rather

slow growth of hydrogen stations in operation in recent yea rs. This might change with
the launch of the ¢ ommercially available fuel cell vehicle Mirai from Toyota. According

to (interview: Eelen, 2015), the hydrogen vehicles market will not necessarily compete

with electric vehicles, but most likely respond to a different purpose. Indeed , electric
vehicles currently still have range limitations , with the exception of Tesla, and
additional weight . Oppositely, hydrogen proved best in these categories. Thus Toyota

soon expects to transfer the hydrogen fuel cell techn ology to trucks and buses,
together with  passenger cars .

Biodiesel is brought to the market mainly via blending with conventional diesel. The
largest market is the EU by far and the USA and Brazil are next. Biodiesel does not
reduce the NO x emissions from  vehicles, which is more and more an area of attention
for cities.

10 http://www.netinform.net/H2/H2Stations/Default.aspx
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Ethanol consumption is strongly concentrated in the USA and Brazil. In Brazil via high
blends (E25 and E100) and in the USA mainly via low blends in regular gasoline (E10).

The EUb6s <consumption (also mainly via central

steadily i ncreased since the mid -2000s now represents 6.6% of global consumption.

Natural gas , either in the form of Compressed Natural Gas (CNG) or Liquefied
Natural Gas (LNG) is used in both road transport and waterborne transport,
accounting for less than 1% of fuel consumption for road transportation and less than

1% of total natural gas consumption. India and China have witnessed rapid growth in

recent years and I ndi a, in particul ar, is forecast

gas vehicle market (IEA, 201 0). Bio -methane is rarely used in the countries outside
EU under study.

LPG (Autogas) is currently the most adopted alternative fuel in road transport in

terms of number of vehicles. The LPG market is dominated , in terms of vehicles, by 5
countries, which  together account for almost half of global consumption: Turkey (4
million vehicles) , Russia (3 million) , Poland (2.8 million) , Korea (2.4 million) and ltaly
(2 million) 1*.

Synthetic drop -in fuels production remains still relatively small today (in China
currently 2.4% of the daily oil consumption of China  could be replaced by nationally
produced synthetic drop  -in fuels ). There is a strong growth trend however. Synthetic

fuel production is mostly concentrated in South Africa, Qatar, China and the USA. Gas -
to-Liquid and Coal -to-Liquid production is limited to a few plants in South Africa,
Malaysia and Qatar. Since synthetic fuels are mainly produced as drop -in fuels, there
is no particular attention for the EU OEMs (Original Equipment Manufacturers, i.e. the

car producers).

The 20 biggest truck engine manufacturers  produce 88% of the global truck engine
market (AW Megatrends, 2014) among which four from the EU ; Cummins, including
its Asian joint ventures, dominates global engine supply in medium and heavy tr ucks.
An important trend according to (AW Megatrends, 2014) is the adoption of natural gas

engines. Global natural gas engine production is expected to double as regions T
Europe, Asia and Eurasia 1 develop appropriate infrastructure. By 2020, the global

truck market will total 6.25 million units, compared with 3.7 million in 2009 according

to (AW Megatrends ,2014) . Chinabés truck production share

to 39% by 2020, because of a shift to larger but fewer trucks as labour cost and
congestion increases.

2.3.2  Shipping

Several policies now aim to reduce greenhouse gas emissions from shipping

by improving energy efficiency. By lack of support in the area of alternative

fuels from many stakeholders , the use of alternative fuels (e.g. methanol,

HVO, bio -methanol, and LNG) in shipping remains to be a niche activity for
ferries, short sea shipping and LNG cargo carriers that run their engines on boil - off
gas. Besides the lack of policy support also a split incentive and long life -cycle are not
favou rable for the introduction of new technologies. LNG is mainly used in Norway

(interview : Laffineur, 2015).  Currently (May 2015) about 60 vessels are using LNG as
fuel, with the early adopters being Norwegian car/passenger ferry and offshore
operators. Furt hermore there are 78 confirmed LNG fuelled new builds. 12

11 http://lwww.wlpga.org/wp -content/uploads/2015/09/autogas_incentive_policies_2014.pdf

2 DNV-GL and PwC for the European Commission (2015) Study on the completion of an EU framework on LNG -fuelled ships
and its relevant fuel provision infrastructure; LOT 1: Analysis and evaluation of identified gaps and of the remaining aspect s
for completing an EU  -wide fra mework for marine LNG distribution, bunkering and use
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One of the fuels that can be easily implemented, also in existing ships is methanol.

Stena Line already uses the fuel successfully. Methanol is at least in the same
development stage as LNG if you le ave out Norway an d LNG cargo carriers (interview:
Tanneberger, 2015).  Methanol has been recommended by the Community of European

Shipyards Associations and bio-methanol is foreseen to be the most energy -efficient
fuel pathway by 2050 . Methanol is particula rly promising for marine transportation in

light of its relatively simple storage requirements, both in tankers and on -board ships.
Some simple policy changes could further support biofuels in shipping. The
Renewable Energy Directive supports biofuels in a Il forms of transport, but
Member States did not include maritime shipping in their policies. Even an

opt -in would give fuel suppliers the possibility to bring cheaper biofuels to
the market. The quality  required for shipping is lower than for road or
aviation.

In the field of alternative fuels technology in shipping Europe could play a

large role , thou gh European countries are nowadays only minor ship building
countries. Japan had been the dominant ship building country from the 1960s through

to the end of 1990s but gradually lost its competitive advantage to the emerging

industry in South Korea which had the advantages of much cheaper wages, strong
government backing and a cheaper currency. South Korean production overtook
Japan's in 2003 and  Japanese market share has since fallen sharply. By the end of
2014 South Korea overtook China as the world's largest shipbuilding country with a

global market share of about 30%. The production of LNG cargo carriers is dominated

by Korean shipyards. Of th e 134 liquefied natural gas (LNG) tankers built worldwide
since 2009, 133 were built in Asia: 100 in South Korea, 20 in China and 13 in Japan 13,
The engine technology, however, is often supplied by European companies
like Wartsila , Rolls -Royce or MAN. Europ ean companies like Siemens and
Schneider -Electric are installing onshore power supply , another technology
under development

2.3.3 Aviation

In the USA and Brazil the use of biofuels in aviation is starting to take off. So
far, three production routes have been approved for the production of aviation biofuels
and another four are currently under scrutiny by ASTM . None of the other alternative

fuels have been found in serious quantities in aviation. Full electric planes are being
developed '* and planes using LNG as  a fuel are considered again %, these are however
not (yet) used by commercial airlines. Alternative fuel needs to comply with the ASTM
standards for jet fuel, in order to be used as a drop -in jet fuel.

The EU Renewable Energy Directive requires Member Sta tes to implement a certain
amount of biofuels in transport. Only the Netherlands has implemented the RED in a

way that more modalities than only road transport are included. Biofuels in aviation
account towards the national target via an opt -in. If more Me mber States than
only the Netherlands would have an opt -in or similar implementation of the

RED, there would be more support in the whole of Europe for biofuels in

aviation.

13 http://lwww.citigroup.com/transactionservices/nome/trade_svcs/docs/asian_shipbuilding.pdf
14 http://www.aircraft - certification.de/index.php/home.html
15 http:/lwww.eenews.net/stories/1059986357
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3 Case

studi es

alternative transportation strategy

and

The implications for the EU of alternative fuel developments worldwide are twofold.
First, the lessons learned from the successful policy behind the uptake of alternative

fuels could be translated to European Policy. Second, the

th e opportunities in order to strengthen their position in the global market.

abroad

EU industry could embrace

summary of the opportunities and barriers for EU industry in the countries of study is
presented below.

Table 5: Overview of opp

ortunities and barriers for EU i

ndust

to access foreign markets

A

Il mplications

Brazil

Opportunities

Vehicles need to be locally manufactured
because of high import taxes. Typically OEMs
from outside Brazil started local production in

Brazil and this could also be
OEMs from the EU
Brazilian market

interesting for
not yet present on the

| EEWIES

The governmental support for ethanol or

natural gas in favour of gasoline is unclear.
Other fuels and electric driving  are not
expected to be supported in the near term.

The large growth in LNG vehicles is an
opportunity for EU Industry. Several EU

EV incentives are restricted to a selection of
vehicles . Chevrolet Volt and Nissan Leaf, very
successful in USA and Europe did not get any
subsidy.

Electric vehicle charging infrastructure is

10

China manufactures are already involved in mono poli sed by the State Grid Corporation of
* LNG/CNG engines production and they offer a China (SGCC) or the China Southern Power
* good range of products. Grid (CSPG). SGCC is not only the manager,
Foreign automakers are  required to set up but also the supplier.
joint ventures with Chinese p artners to EU industry will not face major barriers for
produce and sell cars in the domestic market. entering the LNG truck market in China. The
only issue could b e related to any specific
emission standard rule which could be defined
at regional or even municipal level.
CNG vehicle fleet expected to grow due to
development of CNG refuelling infrastructure.
India E%gg?ﬁg'g;g;i:cal gg)vdel:;'%tfgggggn No‘big barriers exist. Since t . he vehicles in
manufacturers  (Renault, Mercedes -Benz ".]d'.a have _much s_malle_r engines compared to
® (cars, buses and trucks), BMW, Mini, Jaguar 5|m|_lar vehic ‘Ies in China, the USA and Europe,
I Land,Rover Audi VoIks;Nagen7 Sk ' oda. Fiat dedicated vehicles need to be developed for
) ’ ’ ' ’ T this market
Scania, Volvo Trucks)  already produce car s in
Indi a, using many locally produced
components.
Japan Ir)ves_tlng L n Japa_nese companies, “ke_ Renault Market entry is difficult because of a network
did with Nissan (initial transaction value: . S e
. about USD 3 billion) was successful  and opens of regulations, permissions, certifications and
doors for others. procedures.
All alternative fuels are in an early stage of
Russia development. The CNG and LNG market could Market entry is difficul ~ t because of limited
be the first to reach significant volume. OEMs acceptance of foreign ~ companies. There is a
from outside Russia invested in Russian tight control of the suppliers and import of
companies, like for example Daim lerin products and components.
Kamaz.
South .
Korea OEMs from outside S Kor_ea started Koreans buy Korean cars (only <1% are
technology partnerships with and even own S. . King it difficult to sell other
Y g Korean OEM s. This could al so be interesting imports) , making |
. brands.
W for OEMs from the EU.
Incgntlves for car _buyers are aimed at specific Automotive R&D program  me's target local
USA vehicle technologies and do not have manufacturers

restrictions on the manufacture or
EU Industry should rethink franchise
organisations, service, resale value, free
charging etc. like Tesla

igin.

The U.S. Navy has a leading (international)
position regarding algae fuels in shipping.
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Building on the earlier discussion, we evaluate ten case studies that cover the major
alternative fuel markets and modalities. From these, we elaborate potential policy
pathways for the EU, as well as risks and opportunities for the EU industry. The

concise case studies are split into two sub -sections accordingly.  More information on
policies, measures, standards, technological developments & costs are available in

Annex A.

3.1 Policy lessons from the foreign markets

CASE 1 - Electric vehicles in urban environments: some examples

Urban transportation is particularly suitable to electric mobility in light of relatively

short commutes and the advantages of zero -emissions technologies for urban air

guality. The O6EV City Casebook derview oEdevelognentsazn) , provi d
16 urban areas, including in the countries of study, and presents interesting insights

into policy options.

In China, Shanghai was one of the selected cities for piloting electric mobility policies.

The city doubled the financial subsidies provided by the national government (RMB

50,000 (u7,200) for hybrid electric vehicles and RM
vehicles) to about RMB 100,000 (0ul4,400) and provic
of charging infrastructure. The subs idies are large enough to provide a business case

for the buyers of these electric vehicles (mainly pure electric) . Professional driving

demonstrations and fixed electric bus routes have also been implemented to increase

the visibility of electric mobility in the city. With these policies, Shanghai increased the

number of vehicles from less than t wo thousand in 2011 to about 22,000 by mid -

2015. BMW has built a pilot charging network for its i8 and i3 electric vehicles in

Shanghai. The support to the develop ment of charging infrastructure is needed for

improving the capacity of local grids 16

In Japan, the Nagasaki prefecture established a consortium composed of industry,
academia and government to promote electric vehicles throughout Nagasaki and the

Goto | sl ands. Key goals were rsdoofcremeef dui @ed hgpt omot
mobility in tourism, create Nagasaki -originated global standards and a regional
business model. Efforts resulted in various successes, for example with over 35
thousand peopl e experiencing electric vehicle rentals from April 2010 to January 2012.

In Kanagawa, where many automobile and battery production companies are situated,

an EV Promotion Council was established, including government, the Kanagawa
prefecture and academia. A system of subsidies and tax breaks was put in place to
promote rapid growth in electric mobility, the national government providing a subsidy
covering half of the price difference between electric and traditional gasoline vehicles,

and the prefecture pro viding additional tax relief. Further, a public charging
infrastructure plan was developed to install 100 DC quick chargers.

In the USA, subsidies are provided at a national level for plug -in electric vehicles (up
to USD 7,500 on purchases) and the EV cit y Casebook presents several cases of cities
complementing this national policy at a municipal level with financial and no -financial
policies. In New York, the Long Island Power authority offers a complementary USD

500 rebate for the purchasers of electric vehicles, while municipal authorities are
taking steps toward the electrification of the municipal fleet. The complementary

rebate is helpful, but a small amount when compared to other subsidies or the
additional costs of the electric vehicles.

16 http://www.shanghaidaily.com/metro/public -services/New -policy -aims -to -help -owners -of-electric -cars/shdaily.shtml
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In Los Ang eles, e -bus routes were announced for the airport and the port purchased

25 heavy -duty all -electric trucks in 2009. In Portland, the EV Project realised its goal
to deploy thousand residential charging units by 2013. Lastly, in the Research Triangle

Region, North Carolina, the city of Raleigh adapted building and electrical codes
(municipal codes) to remove barriers for the development of plug -in electric vehicles.
Furthermore, the U.S. Department of Energy (DOE) is collaborating with its partners in

the pu blic and private sectors to research, develop, and deploy technologies that
enhance the performance of electric drive vehicles, including hybrid electric vehicles

(HEVS), plug -in hybrid electric vehicles (PHEVs), and all -electric vehicles (EVs) 7.

Policy pathways :

Urban environments offer fertile grounds for policy testing at local levels with highly

customer -oriented focus and the possibility of effectively involving public, private and

academic actors. Europe has a long history with complex urban infrast ructure, which is
an advantage for the development of successful policies and an advantage to EU
industry. The EV City Casebook in fact presents numerous European examples that
demonstrate Europeds |l eading position in tihis fiel
BrabantStad (five cities in the South of the Netherlands), Hamburg, Helsinki,

Northeast England, Rotterdam, Stockholm, etc.). These initiatives might however be

too scattered to form a congruent market, posing a risk to fall behind. In each of the
area s, because of governmental support different types of vehicles are targeted A
congruent market is needed to be able to produce EVs in large quantities and at
reasonable costs.

When considering electric mobility, it is important to examine a range of pol icy
options, as is further explained below. Financial incentives are often needed and
national policies can be combined with regional or municipal measures to boost local

markets. They can be provided through rebates, tax credits, exemptions to
registratio n fees, toll and parking discounts, etc. These measures can also be

effectively complemented by non -financial incentives , which may include
preferential parking measures, access to priority lanes or regulatory action to remove

barriers to the development o f electric mobility infrastructure. Public
demonstrations and examples , lastly, can also have impact of the visibility and
credibility of electric mobility. The provision of public charging spots, implementation

of public fleet strategies, piloting of publ ic transport program  mes, or support to local

community program  me s are amongst the options available to public authorities.

EU Industry opportunity

Electricity offers a strong growth potential in Europe and various European
manufacturers have released elec tric vehicles in recent years, which have penetrated
foreign markets  (e.g. BMW i3 and i8, Smart ED, Renault Fluence, Fiat 500e) . Effective
harmonisation at EU level is needed to ensure EU standards are influential in guiding

the adoption of standards suita ble to European manufacturers by the market.

Projected growth and R&D programmes

In the USA, like in most national markets, any forecast toward 2030 -2050 about the
EV deployment and costs depends on the diffusion of such standards, because of
economies of scale and network externalities. We have to consider that the price of

electric vehicles is related to the price of batteries. Relevant players in the market are

trying to lower such costs by extensively investing in bigger production lines, in order

to increase the efficiency of manufacturing procedures.

17 From the Alte rnative Fuel Data Center website, accessed on May 20, 2015, available at
http://www.afdc.energy.gov/fuels/electricity_research.html
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The U.S. Department of Energy (DOE) is collaborating with its partners in the public

and private sectors to research, develop, and deploy technologies that enhance the
performance of electric drive veh icles, including hybrid electric vehicles (HEVS), plug -
in hybrid electric vehicles (PHEVs), and all -electric vehicles (EVs). 8 Research and
Development activities are seeking some relevant solution regarding the cost, volume,

weight, performance and efficie ncy of the batteries. A particular focus is given to the
improvement of materials, since they are a key factor for achieving a technological
enhancement.

Furthermore, in March 2012, President Obama launched a ten years initiative (EV
Everywhere Challenge °), which aims at reducing electric vehicles prices, putting them

in line with conventional vehicles and making affordable products for the widespread
adoption. As confirmed by a market player the goals set by the EV Everywhere
Challenge are likely to be ac hieved in 10 years: vehicles costs will decrease
considerably, making such products competitive on an economic level against the
conventional ones. On the other hand, in terms of competition, the only doubt could

be related to the autonomy range and the av ailability of recharging stations.

Japan aims at electric vehicle sales having a market share of 50% in total vehicle

sales by 2020. This was presented in their fiNext -generation vehicle strategy 0 from
2010. Chi naBherf@y saving and energy automobile industr
talks about 5 million electric vehicles in 2020. Both countries depend on high

inves tments in R&D to reach the goals

18 From the Alternative Fuel Data Center website, accessed on May 20, 2015, available at
http://www.afdc.energy.gov/fuels/electricity_research.html

1% From the Office of Energy Efficiency and Renewable Energy (EERE) website, accesse d on 26/06/2015, available at:
http://fenergy.gov/eere/vehicles/ev -everywhere -grand -challenge -does-10-year -vision -plug -electric -vehicles
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CASE 2 i Fiscal incentive policies for electric vehicles
by the International Council of Clean Transportation (ICCT, 2014)
provides further insight into the impact of fiscal policy on the uptake of electric
vehicles. It evaluates market response to fiscal incentives in 2013, based on a

A recent study

synthesis of sales data,

representative models (Renault Zoe BEV and Volvo V60 P

The study includes

a summary of the taxation schemes, subsidies and market trend of EV

a review of policies in China, Japan and

fiscal taxation policy and subsidies, focusing on two

HEV).

the USA. Table 6 provides
s in these

countries. The study also reports several EU and other European cases (Austria,
Denmark, France, Germany, Netherlands, Sweden, UK & Norway), highlighting the
Dutch and Norwegian cases where subsidies respectively covering about 75% and

55% of the

vehicle base price

and 90% (mainly EVs).

In the Netherlands this overcompensation was abandoned
Dutch government did not expect the compensation to be so successful. Furthermore

, resulted in market growths of 1,900% (mainly PHEV

s)

from January 2015 . The

the compensation was influencing the market too much
subsidy was provided in 2013 for mainly PHEVs. Almost all of the Mitsubishi Outlander
PHEVs produced came to the Netherlands. Another aspect in the discussion was that
the P HEVs were not charge d as often as expected , and therefore their environmental
benefit was much smaller . The support has been scaled down to a promotion of only
EVs from 2017.
Table 6: Overview of 2013 vehicle taxation schemes, subs idies and EV market trend T (source:
adapted from ICCT, 2014i
E&ﬂﬂ. Taxation scheme EV subsidies EV market trend
VAT: 17%
One-time : Acquisition tax (10%); excise tax based , EV m?f"e‘ share of
. - ; . . Up to U0 7, | 11%in201 4,up
China on vehicle engine displacement and price.
) . . EVs more than 10
Annual : Vehicle and vessels fee based on engine .
; ; times from 201 3.
displacement and price. EVs are exempted.
VAT: 5%
One-time : Acquisition tax based on engine Up to about
displacement and vehicle price. EVs are exempted. U0 6,500 ba EV ma_rket share of
Japan ] . . . ! 0.7%in 201 4, up
Annual: Tonnage tax based on vehicle weight. EVs price difference .
- g 20% since 201 3.
are exempted; automobile tax based on engine for EVs.
displacement. EVs are exempted 50%.
Zeéj ec:alljlyt, up lt]o 5 EV market share of
based on batter ' | 1:5%in 201 4, up
VAT: 7.3% ( sales-weighted average of state taxes) capacity (fe dera)I/)' nearly 100% since
USA One-time : Registration fee around 33 EUR; gas - capacity (It ’ 2012 (4% market
MR . in California about
guzzler tax for very fuel  -inefficient vehicles . share and nearly
a 1,800 fo
. 120 % growth for
and 0 1,10 California alone)
PHEVs i
Effectiveness of ZEVs poalicies:
Alternative fuelled vehicle uptake is influenced mainly by financial incentive s and
available charging points or refuelling infrastructure (Ecofys , 2010).
Up to 2013 , the uptake of EVs in China was not as successful asin some of the other
countries. In  China, the fiscal incentives were limited to 10 vehicle types and therefore
hamp ering the market  uptake . The School of Economics and Management (Xingping
Zhang, 2014) for instance suggest ed AiChina to open its arms and w
model s to spur the desire of InReléihe BV market gharer c hase EV

increased more than 10

times .
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The success is probably partly the result of the elimination of the vehicle tax (10%) on
electric vehicles and the exemption of limitation of vehicle registrations for EVs in
Beijing °.

In Japan the main focus is on improving the technology through R&D program mes and

thereby reducing the cost of the vehicles.

Relevant stakeholders in the US A market suggested that the policies proposed by the
government have already proven useful to stimulate initial market growth and to
generate a positive impact, mostly for economic or small cars. Although these are
good policies bringing positive effects, it would be better not to count only on them for

the long term . A regulatory framework is needed which allows the widespread
deployment of such products in ever yday use.

Policy pathways

It can be concluded that fiscal incentive policies are an important factor

influencing recent electric vehicle markets, but that they are not the only

determining factor , pointing as an example to the UK, where relatively high f iscal
incentives did not result in expected market growth. It emerges that, while financial

support does appear effective, it is also important to understand the limitations and

pitfalls of such policies. Since electric vehicle performance (range, charging
requirements) is different from conventional vehicles other policy

mechanisms are needed to ensure sustained and effective growth of electric

vehicle markets

EU Industry opportunity

For the industry it is very difficult to produce vehicles that fall und er a favourable
regime in a few countries. EU industry would benefit more if the incentive program mes
would be harmonised more (especially in Europe) so the vehicle development can be
adjusted accordingly.

Projected growth

Subsidies have proven to be hig hly important and effective for electric vehicles, as
illustrated in the Netherlands and Norway, where spectacular uptake occurred as a
result of very favourable subsidy regimes, and where the markets, once developed
cannot yet exist in absence of such sub sidies . The growth in number of vehicles on the
road is therefore dependant on the targets that the governments set for themselves.

20 http://fortune.com/2015/02/19/chinas -electric -car-boom -should -tesla - motors -worry/

33 January 2016


http://fortune.com/2015/02/19/chinas-electric-car-boom-should-tesla-motors-worry/

Alternative fuels and infrastructure in seven non -EU markets

CASE 3 - Incentive policies for LPG

The past uptake of LPG provides insights into the impacts of fuel incentive policies on
market uptake. Gasoline vehicles can be converted to run on LPG, which typically
presents environmental advantages that are attractive to governments. Despite the
up -front costs of the conversion, consumers can benefit financially if LPG fuel prices
are | ower (often trough a favourable tax) than traditional fuel prices. The World LP Gas
Association has carried out a review of LPG incentive policies in key markets covering
approximately 84% of the global LPG market (WLPGA, 2012).

The WLPGA study highlights that providing a favourable fuel -tax regime relative to
gasoline and diesel is the most occurring measure making LPG attractive. Such regime
indeed directly affects the fuel cost savings of LPG relative to other fuels and impacts

the break -even point (exp ressed in distance travelled) at which conversion costs are
offset. Other financial incentives are also possible and have proven to be effective,

such as the provision of tax rebates or direct subsidies on conversion costs.

Similarly to the case of fisca | incentives for EVs, financial incentives are however not
the only important parameter determining LPG market growth and the study lists the
following considerations:

A The need for stable and strong policy commitment;

A Non -financial policies and measures, in particular targeting public awareness and
education (e.g.: on LPGsafety) andwy-éxeagpil ed policies with pub
mandates, conversion programmes;

A Restrictive policies on competing fuels such as diesel;
A Availability of refuelling infrastructure and conversion services.

Policy pathways

The case of LPG provides additional evidence on the importance of financial

incentives supporting the competitiveness of alternative fuels relative to
conventional road -tr ansport fuels . It also highlights the importance of other
factors and the inertia of policies, as shown in the continued dynamics of the Korean

market despite reduced fiscal support. Lastly, LPG provides a concrete example of the
importance of differentiat ing between different user/consumer groups. Commercial

and non -commercial vehicles typically have different mileage profiles, which is an
important determinant in implementing targeted and effective policies.

EU Industry opportunity

The LPG market remains  a market (similar in global natural gas vehicle fleet size ) that
is successful in a few countries: Korea, Turkey, Russia, Italy, Japan and Australia are
responsible for 60% of the volume that is consumed globally in transport. Therefore
the market is typi  cally a niche market for the conversion of existing vehicles to the use

of LPG in these countries, an opportunity for fuel system suppliers. In the EU Poland is
the largest LPG market with 2.6 million vehicles in 2015.

Projected growth

South Korea is the largest LPG market globally and was among the pioneers
promoting widespread use of LPG. Large tax incentives provided in the early 1990s
resulted in a demand surge driven by high -mileage vehicles such as taxis, as well as
by public buses. This policy was c omplemented by restrictive policies on diesel, driven
by environmental considerations. In recent years, however, the improved performance

of diesel and gasoline fuels ha s led to a progressive decrease of LPG fuel tax
incentives and to slower growth of the Korean LPG market.
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The South Korean LPG market nonetheless remains dynamic and accounted for 14%
of total road -transport fuel consumption in South Korea in 2013 2

The sales of LPG vehicles in South Korea are falling and cars that were introduced into

the market (between 1999 and 2002) are now phased out and not replaced by LPG
vehicles 2. The taxi market, responsible for 40% of total LPG consumption is
reconsidering the use of LPG (in 2013 , because of an obligation, 95% of the fleet was

using LPG). As of S eptember 2015, taxis will be allowed to use diesel cars that meet
Euro -6 standards.

21 www.auto -gas.net/korea
2 http:/lwww.wlpga.org/mediaroom/290/57/Strategies -for -growing -the -Autogas -market -in-Korea
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CASE 4 - The LNG strategy in China: a case study of developments for trucks

The recent Chinese economic growth has brought some major consequences and the
most important ~ among them is the  worsening of air pollution. In order to reduce this
phenomenon, during the last 15 years, the Chinese government enforced several
policies, the last of which was the 12 " Five Year Plan (2011), approved by the
National People's Congress ( NPC).

Among the different targets, this regulatory framework was also aimed at increasing

the LNG consumption of final users and at reducing carbon dioxide (CO 2) emissions.

For decreasing energy intensity, a binding target was set up to 16% less CO 2 per unit

of GDP by 2015. This policy has important consequences on the transportation sector,

which accounts for more than 40 percent of Chinads
president Hu Jintao promoted the development of vehicles, which generate lowe r

emissions compared to traditional vehicles.

In this regard, Natural Gas Vehicles (NGVs) were chosen as the best technological
solution for achieving these ambitious targets; in particular the heavy trucks and
transit buses with liquefied natural gas (L NG) engines became the trend of the

Chinese transportation industry in the recent past. Therefore, the natural gas is
expected to become the primary fuel for transportation in China in the next few years.

For the time being, the NGV adoption is mostly rela ted to the commercial and public
sectors. Since 2012, China is the most important LNG heavy vehicles market 23,

The Ministry of Environmental Protection (MEP) enforcement is related to the
compliance of new vehicle type approval and Conformity of Production (COP) testing.
The responsible authority for implementing the natural gas program me is the Vehicle
Emission Control Center, which is a part of the MEP.

Vehicle emission and control rules are defined by the Air Pollution Prevention and

Control Law, including compliance program mes. Manufactures cannot exceed the
emissions levels prescribed by the law for designing their motor vehicles and vessels;

only compliant products can be sold or imported in the Country 2. Since 1999 the
Chinese government has se t relevant targets for the deployment of cleaner vehicles;

four main policies were enforced: offering preferential gas price policies; developing
the infrastructures for refilling stations; defining the most important Chinese cities as
model zones (for exa mple Beijing, Shanghai, Tianjin, and Chongqing); accelerating
the research and development of new technologies.

China aims at increasing the final consumptions of natural gas in several sectors.

According to the countryoés nat isovahiaeld owpeistdpn , wollchi nads n
be 1.0 million in 2012, 1.5 million in 2015 and 3.0 million in 20 2025, The main

challenge to achieve such ambitious goals are: increasing gas supply; building and

improving the gas infrastructure; defining an effective framework to incentives the gas

market, from upstream, import infrastructure to midstream (pipelines and storage). At

local level, there are some examples of NGV subsidies or policy support.

2 From the Heavy Duty Manufacturers Association website, ac cessed on 05/06/2015, available at:

http://www.hdma.org/Main -Menu/HDMA -Publicati ons/Diesel -Download/January -14- 2014/Nearly -1-Million -CNGLNG-Trucks -
and - Buses - Will -Be- Sold - from -2012 -to-2019.html

2 From the Diesel Net website, accessed on 05/06/2015, available at: https://www .dieselnet.com/standards/cn/hd.php

% From Forbes website, Natural Gas Vehicles In China, accessed on 05/06/2015, available at:

http://www.forbes.com/sites/j ackperkowski/2012/04/13/natural -gas-vehicles -in-china/
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In February 2015, the Shenzhen Municipality published a scheme to subsidise the
purchase of medium -sized LNG vehicles 2¢: 20,000 RMB ( @,880) subsidy is given per
vehicle, for a maximum of 15,000 vehicles. Further to this, the Shanxi Province offers

financial support for NVGs and the Shandong Province offers state aids to NGVs

buye rs.

As a pilot program me, China LNG Group and Sinopec intend to select two highways 0
Ningbo Expressway (G60) (connecting Shanghai and Hangzhou T 151 km) and Pu -
Hangzhou Expressway (G15) (connecting Pudong and Hangzhou T 112 km) 2?7, for the

addition of LNG facilities to existing filling stations. Following successful
implementation of such stations, Sinopec will increase the number of LNG fuel stations
based on the demand and devel opment of the company?o:

China LNG Group is responsible for actively expanding the liquefied natural gas vehicle
market, providing its customers with funding for conversion of heavy -duty trucks and
establishing financial lease services for those customers wanting to purchase new LNG

heavy -duty trucks. China LNG Gro  up has expressed intent for direct investment in a
minimum 100,000 LNG  -fuelled trucks and indirect  -investment in 200,000 LNG  -fuelled
trucks by 2020 28, Global LNG handling producer Chart supports Petrochina (the main
supplier of LNG for trucks) with the supp ly of LNG Station Modules, storage tanks, and
vehicle tanks 2°.

In December 2014 9, the Asian Development Bank (ADB) granted a loan of USD 450
million for further spreading the use of natural gas in China. The investment is aimed

at building 600 Compressed N atural Gas (CNG) and 200 LNG stations throughout the
Country by 2018, with particular attention to the main transportation highways, which

link together the entire Chinese territory.

In 2013 the International Finance Corporation (IFC, part of the World Ba nk Group)
granted a funding of USD 150 million to finance a private company (ENN Energy
Holdings Limited) for constructing a fuelling network in China. Currently, ENN
manages more than 200 Natural Gas Vehicle refuelling stations in China s

The LNG trucks are locally produced, for instance by China Yuchai International

Limited, FAW Jiefang, Sinotruk (joint venture with Volvo), Auman Truck, SAIC -IVECO
Hongyan and others.  Volvo Group explained (interview: Klintbom, 2015) that the LNG

trucks in China are less efficient than conventional diesel, since they use Otto engines.

These engines are 20% cheaper than diesel engines, which helps to bring the initial

cost of the vehicle down. The LNG storage is bought on the international market and

the price for thatis s  imilar around the globe.

2 From Transport Commission of Shenzhen Municipality, accessed on 24/06/2015, available at:

http://www.sztb.gov.cn/jtzx/tzgg /201502/t20150215_49771.html

27 From the Heavy Duty Manufactures Association website, accessed on 05/06/2015, available at:

http://www.hdma.org/Main -Menu/HDMA -Publications/Diesel -Download -2013 -Archive/Diesel -Download -2013 -
Archive/December -1-2014/China -LNG-Sinopec -to -Develop -Small - Scale - LNG- Fueling - Stations -for -HD-Truck.html
28 http://www.ngvglobal.com/sinopec -china -Ing -agree -to-develop -hd-truck -Ing -fuel -market -1128

2% http://lwww.ngvglobal.com/blog/chart -industries -wins -40 -million -contract -to-supply -Ing -station -modules -to -petrochina -
0303#more -25866

30 From the Ship Banker website, accessed on 05/06/2015, available at: http://shipandbunker.com/news/apac/143595
asian -development -bank -announces -450m -loan -for -Ing -cng - fuel -infrastructure  -in-prc

31 From The Energy Collective website, accessed on 05/06/2015, available at: http://theenergycollective.com/coley
girouard/2227136/advanced -energy -now -fueling -stations -get-boost -low -priced -gas
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The Chinese standards for LNG engines are in line with the European ones; in this

regard, a European manufacturer should not face any relevant barriers for exporting

its products into the Chinese m arket. However, some issues could be found at regional
or municipal level when local specific emission requirement s are present. In some
cases cities or regions  implement a stricter standard before the national standard has

been released. Large metropolitan areas, including Beijing and Sh anghai, Guangzhou,
and some other cities have adopted more stringent regulations on an accelerated
schedule, ahead of the rest of the country.

Policy pathways for EU

Working both on the development of infrastructure and vehicles at the same

time would h  elp to develop the market . In the EU the development of LNG
infrastructure is supported, but governments do not take the lead in the realisation

the new infrastructure. The risk for the EU industry is that they might not able to keep

up with the pace in wh  ich LNG is developing in China, in terms of standard setting and
large volume/low cost production. There is a lot of LNG experience in the EU regarding

the deployment of LNG infrastructure/vehicle upgrades in e.g. Sweden, Czech
Republic, UK , Spain and the Netherlands, which could be promoted more.

EU Industry opportunity

At present we can assume that the EU industry will not face major barriers for
entering the LNG truck market in China. Several EU manufactures are already involved

in LNG/CNG engines production and they offer a good range of products. In terms of
technological level, no barriers were found for the Chinese market. The only issue
could be related to any specific emission standard rule which could be defined at
regional or even municipal level. In some cases requirements are not in line with the
European emission standards 32 (i.e. for instance an emission standard in between Euro
IV and Euro V). Since emissions standards can diverge unpredictably at local level,
there is no certainty for automotive investments which are supposed to be recovered
in the medium long term. Furthermore, emissions standards not aligned with the
European ones can discourage the market entry by new players: a vehicle compliant
with Euro V emission standard might be too expensive to compete in a local market
where the required emission standard is set in between Euro IV and Euro V.

From an infrastructure point of view, the Chinese companies are able to achieve better
economies of scale regarding the refuelling stati ons than the EU industry.

Projected growth and R&D programmes

In May 2014 there were already 1,800 LNG fuelling stations in China (compared to for
instance 93 in the USA) %3, Because Chinabés natur al gas pipelin
well developed in many areas, anal ysts project t hat much of
NGV fleet counts will be in LNG vehicles. By the end of 2015, 220,000 heavy trucks

and 40,000 buses in China are expected to run on LNG 34 Sanford Bernstein, has

projected that the number of LN G vehicles in China will grow tenfold between 2014

and 2020, to a total fleet of 800,000. This is about 6.5% of the total fleet of 12

million.

2 Direct interview  with Chinese automotive player, 18 Feb 2015

33 http://Ingvtoday.org/2014/05/27/special -report -chinas -burgeoning -ngv-market -draws -on-north -american -kno whow -and -
technology -made -in-china/

34 From Bloomberg New Energy Finance, accessed on 05/06/2015, available at:

http://www.bloomberg. com/news/articles/2014  -07 -04/choking -smog -puts -chinese -driver -in-natural -gas-fast -lane
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Until now, at least nine provinces or municipalities have launched plans for buying
NGVs or building refuelling infrastructure. On the other hand, Beijing is planning to
add more than 3,000 buses to its transit fleet in 2015. According to the International
Centre for Natural Gas Information 35 China will represent almost half of the world
market for the use of LNG trucks.

In general, the need for specific parts for assembling a n LNG engine makes the final
product more expensive; higher production volumes could considerably tackle this
barrier. It is extremely hard to estimate any further forecast about the vehicles prices

towards 2030 and 2050.

3 From the Bloomberg website, accessed on 05/06/2015, available at: http://www.bloomberg.com/news/articles/2014 -09-
28/Ing -trucks -to-boost -transport -market -share -by-2035 -cedigaz -says
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CASE 5 - Biofuel policies in Brazil: lessons learnt from global developments

In response to the 1973 oil crisis, Brazil wanted to reduce its dependence on foreign

fuels (more than 80% of the fossil fuel import was gasoline i mports). Because also
internationally the price for sugar was low, the government searched for another

outlet for sugar producers. They also looked for jobs (currently about 1 million in total

for the ethanol industry). Also CO 2 (since 1990) and local emis  sions became important
drivers to further stimulate ethanol use as a vehicle fuel.

The National Alcohol (Pré -Alcool) Program, launched in 1975, was a nationwide
program me financed by the government to phase out automobile fuels derived from
fossil fuels, in favour of ethanol produced from sugarcane.

By the late 1980s, there were more than four million cars and light trucks,
representing one third of the country's motor vehicle fleet, running on pure ethanol.

International sugar prices increased sharply a t the end of 1988 and the government
did not set the sugar export quotas. Consequently, production shifted heavily towards
sugar. This resulted in an ethanol supply shortage as the real oil price parity cost of

ethanol production was around USD 45 per barr el. As a result the consumers began
selling their vehicles or converting them back to gasoline. The introduction of flexi fuel
vehicles in 2003 restored confidence (Garth, 2009). Since 2007 millions of flexi fuel

vehicles were sold annually . Nearly 75% of the vehicle sales (88% of the passenger
car sales) from 2010 -2015 w ere flexi fuels, thereby changing the fleet into flexi fuel
rapidly 6. Mid-2015 the re were around 30 million vehicles in Brazil that could drive on

high blends of ethanol.

Although there  are no sustainability criteria for the production of ethanol in Brazil ,
there are environmental laws for the prevention of environmental degradation. Overall
ethanol production from sugarcane (the main source in Brazil) is regarded as relatively
good on sustainability criteria. Brazil is interested in setting up a bi -lateral agreement
with the EU regarding sustainability criteria for biofue Is production (Ecofys, 2014).

Policy pathways for EU

The Brazilian government p  rovided several financial drivers to support the uptake of
ethanol as a vehicle fuel, which provided both long term perspectives for the ethanol
producers (guaranteed purchases) as well as for the consumers (fixed financial
advantage over gasoline). This r esulted in a large market for ethanol (high blends)

and could inspire the EU to also make a clear decision and fully dedicate the policy

around a preferred fuel in order to achieve serious uptake. Since the EU normally
advocates technology neutrality this would require a paradigm shift.

Opportunities for EU industry

Vehicles need to be locally manufactured because of high import taxes. From around
150.000 of cars produced annually the initial investment can be earned back. Since
Brazil isa huge market, of around 4 million new vehicles sold annually many OEMs are
interested. Typically OEMs from outside Brazil follow this approach and this could also

be interesting for  all OEMs from the EU (FIAT and Volkswagen already have a large
market share)

36 http://w  ww.virapagina.com.br/anfavea2014/files/assets/common/downloads/publication.pdf
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Projected growth

In the period 2011  -2012 there was a peak for ethanol production in Brazil. The future

is now unclear (interview: Roberto Schaeffer, 2015) . The growth of the (already huge)
ethanol market is at this moment difficult to judge. The governm ent influences the
financial benefit for the consumers by controlling the gasoline prices at refinery & tax -
for ethanol . The price for gasoline at the pump was kept artificially low (in order to
fight inflation). In early 2015 ethanol lost competitiveness because the prices at the
pump were passing the tipping point . Most people are going back to gasoline, so now
Brazil has to import gasoline again.

Because of the blend obligation of ethanol in gasoline there still remains a big market
for ethanol. The g overnment is considering to bring the price of gasoline back to
international level . This would further stimulate the ethanol market, because ethanol
would be cheaper again per km compared to gasoline
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CASE 6 - Biofuel policies in USA: lessons learnt from global developments

The first fuel ethanol plant in the USA was built in Nebraska by the US Army in the

1940s. The ethanol was used as fuel by the Army and for regional blending but
essentially none was sold commercially until the late 1970s when blen ds containing up
to 10% ethanol came into increasing use as the government responded to the
agricultural lobby to subsidize fuel ethanol production using several different fiscal
measures.

Demand for ethanol fuel produced from corn (maize) was spurred by the banning of
MTBE as a gasoline octane enhancer in about 20 states by 2006 and a 2005 decision
refusing legal protection for MTBE producers opened a new market for ethanol fuel as

its primary substitute. Corn growers responded rapidly and by 2006 about 5 0% of the
gasoline used in the USA and more than 85% of Hawai
different proportions. The Biomass Crops Assistance Program currently provides

incentives in the agricultural sector for production of biofuels (until 2018).

In the USA still  many environmental schemes continue to be voluntary and are

therefore not safeguarding all biofuel crop production. The support system s for
biofuels that are available stimulate the application of better performing advanced
biofuels . The USA is interested in setting up a bi -lateral agreement with the EU

regarding sustainability criteria  for biofue Is production (Ecofys, 2014).

In the USA, Commercial Aviation Alternative Fuels Initiative (CAAFI) is actively
studying and supporting the deployment of alternative jet -fuels for commercial flights.
But the most important alternative fuel market is passenger cars.

The number of ethanol compatible road vehicles capable of using E10 (and even E15)
has grown rapidly. E15 is almost not offered t o the public, whereas E10, which is also
compatible with vehicle from before 2001 and boats and motorcycles are . Most cars on
the road today in the USA (E15 is an approved ethanol blend for model year vehicles

2001 and newer) can operate on blends up to E1 0.

There were 2,622 E85 refuelling stations (excluding private stations) and 17.4 million

flexible -fuel vehicles (FFVs), capable of using any combination of ethanol and gasoline

from O to 100%, in service by mid -2015 (more than double the amount of vehic les in
2008). Seventy -two flex -fuel vehicle models were offered in model year 2014. Flexi

fuel vehicles made up only 3 to 6 percent of the total U.S. light vehicle fleet of about

250 million vehicles in 2014, compared to 50 percent of the vehicles in Brazi I. E85 has
captured less than 1 percent of the U.S. gasoline fuel market, and the Energy
Information Administration estimates that in 2011, only 1 million of the approximately

10 million ethanol  -flex fuel vehicles in the U.S. actually used E85 s7,

The cost related to the E10 flexi fuel system are in the order of USD 100 per vehicle

compared to 100% gasoline, and USD 25 more for a E85 flexi fuel compared t oaEl0.
Conversion Kits for conversion from gasoline to E85 are avai lable from a few hundred
euros. The price of ethanol fuel at the pump fluctuates but is usually similar to the
price of gasoline. E85 is usually priced lower to compensate for the lower energy

content. For more info on costs see the last part of Annex A.

The only support for diesel fuel blends containing a minimum of 20% of biodiesel in
the USA was a federal tax credit until 2014 which supported fuelling equipment.

7 http://www.bioenergyconnection.org/article/flex -fuel -vehicles -united -states -why -are -we -lagging -behind -brazil
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Important drivers for reducing fuel consumption for California are greenhouse gas
emission reductions, reducing oil dependence, create local jobs. The path included
reduction of miles travelled, more efficient vehicles and doubling the use of biofuels in

2030 compared to 2015. California has had 10 percent ethanol in its gasoline since the
beginning of 2010. California Reformulate d Gasoline (CaRFG3) regulations do not
require the use of ethanol. However, ethanol is an oxygenate, and there is an oxygen
content requirement.

Diesel -powered vehicles only account for about 4 percent of California motor vehicles.
In 2014 there were about 50 biodiesel stations in California with some limited
availability for general public use 38,

Policy pathways for the EU

The US A government provided several financial drivers to support the uptake of

ethanol as a vehicle fuel, which provided both long term perspectives for the
ethanol producers (a series of mandates from federal, state and city governments)

as well as for the consumers (a number of fiscal incentives). This resulted in a
large market for ethanol (mainly via low blends ) and could inspire  the EU to also
make a clear decision and fully dedicate the policy around a preferred fuel in order to

achieve serious uptake. Since the EU normally advocates technology neutrality this
would require a paradigm shift

Opportunities for EU industry

Vehicl es sold in the US A need to be produced according to US specific safety and
emission standards. Toyota and Volkswagen (recently since 2011: US -spec
Volkswagen Passat) for example have production facilities for engines, and assembly

plants for vehicles avail  able in the USA. Typically OEMs from outside USA follow this
approach and this is therefore also a good solution for OEMs from the EU.

Projected growth

U.S. Congress passed the Energy Independence and Security Act (2007), which
mandates an increase in the use of biofuels, including ethanol, through the year 2022,
in a new Renewable Fuel Standard (RFS).

Biofuels in cars in California is less stimulated than some other options, since in 2050
87% of the cars  on the road need to be full Zero Emission Vehicles.

The major cost component is feedstock: 90% for biodiesel, 60 -80% for ethanol and
30-45% for advanced biofuels. Ethanol is already a mature and competitive market in

Brazil and the USA. Advanced biofuels are just sc aling up and are less dependent on
feedstock prices , which means that it is more likely that p roduction costs could fall to
competitive levels.

38 http://www.driveclean.ca.gov/Search_an d_Explore/Technologies_and_Fuel_Types/Biodiesel.php
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3.2 Industrial strategies & insights from foreign markets

CASE 7 - Tesla: breaking ground with electric vehicles a nd challenging

industry models

T e s | haé been successful in developing innovative electric cars and the ability to
attract investors. The idea from Tesla, which was different from other EV car
manufacturers in the US, was to develop an electric car  simil ar to fossil fuelled cars,
that could be used in  everyday life . This strategy copes with high vehicle price s (inline
with the premium segment of the automotive sector) during the inception phase

The Tesla Motors history in short:

A Tesla Motors was founde din 2003 3°. They wanted to produce electric vehicles using
AC Propulsion technology from the T -ZERO (in licence) in a high performance,
lightweight sports car. Tesla could buy all the parts they needed, without having to
engineer them  since all the big car  manufacturers outsourced almost everything
except internal combustion engines, final assembly and sale s & marketing . Tesla
would start with using a lotus chassis to build their first car, almost completely at
the lotus factory in the UK. In 2004 Elon Musk lent the company USD 7.5 million
and became chairman;

ABy November 2004 they buiodtdebadsiBefal ofus Else andi mul e o
they secured USD 13 million more in funding. The roadster was presented in 2006.
Because of a lot of chan ges compared to the L  otus cars, Tesla ended up being
involved in the production of the vehicle for a lot more components and sub -
assemblies than initially thought;

A By October 2008  Elon Musk invested USD 55 million in Tesla and got more involved
in running the company;

A The Roadster was shipped from 2008 until 2012, 2500 units were produced using
Lotus Gliders. The body panels come from French supplier Sotira. Brakes and
airbags were made by Siemens in Germany. The roadster used Lithium -ion batteries
(6831 ce lIs, 53kWh, 450kg), had a range of 400km on a single charge and was
relatively expensive at 0100, 000;

A In2 010 Tesla raised USD 100 million. Also Daimler bought a sizable stake in the
firm, and Toyota signed a deal with Tesla (worth a total of USD 50 million);

A On June 29, 2010, Tesla Motors launched its initial public offering on NASDAQ.
13,300,000 shares of common stock were issued to the public at a price of usD
17.00 per share. The IPO raised USD 226 million for the company. It was the first
America n car maker to go public since the Ford Motor Company had its IPO in
1956 49;

A Tesla manufactures the Model S at the Tesla Factory in Fremont, California.
Production in 2015 is about 1,000 vehicles per week. For the European market,
Tesla assembles and distri  butes from its European Distribution Centre in Tilburg, the
Netherlands. On April 8, 2015, Tesla introduced the Model S 70D as its new usD
75,000 entry -level car, with all  -wheel drive and an improved range of 240 miles
(385 km) from its 70 kWh battery. All models support supercharging. Global
cumulative sales passed 75,000 unit s in June 2015 . The Model S has double the
range of the Roadster at a lower price for the final customer ;

39 http://uk.businessinsider.com/tesla -the -origin -story -2014 -10?r=US
40 http://www.marketwatch.com/story/tesla -motors -revs -up-244 -million -ipo-2010 -06-28
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A For several reasons Tesla decided to sell and service their vehicles without franchise
dealerships. Tesla offers a high resale guarantee via Tesla financing 4 Tesla offer s
free electricity at their fast chargers (Superchargers );

A In early 2015 Tesla presented the Roadster 3.0 upgrade: new battery, new
aerodynamics, new tires and bea rings, which increases the driving range from 400
km to 640 km. The battery fits in the original battery space;

A In April 2015 Tesla presented the Powerwall, a modular home battery (available in 7
and 10kWh versions), that can also be installed as multiple batteries. The battery
can typically be installed in houses with solar panels where is stores surplus energy
for later use. The bigger battery called Powerpack, that can store 100kWh of
electricity, is available for industrial consumers, reaching a price p oint of USD
250/kwh. Both models are already sold out until mid -2016, at combined orders of
USD 800 million “?;

A From October 2015 the Tesla S vehicles produces since September 2014 (60,000
out of 90,000 produced) received a software update to introduce automated driving.
The main features are: auto steer, auto lane change and auto park 43

A As of November 3 December 2015, there are 557 Tesla Supercharger stations
operating globally , 239 of them are located in the USA , 15in Canada, 7 in
Australia 203 in Europe, and 93 in the Asia/Pacific region %4,

Public Enforcement in R&D

The Departm ent of Energy lent the company USD 465 million to help build the Model S
sedan “°. The U.S. government has invested into the auto and ne w energy industries to
foster R&D and innovation. In 2010, as part of the Advanced Technology Vehicle
Manufacturing program me, the DOE awarded Tesla Motor s with a milestone -based
loan (USD 465 million), requiring matching private capital obtained via publi c offering.
By interventions like this, the government almost acts like a venture capitalist, since it

makes new energy companies viable when private investment are not sufficient. In

2013 (nine years ahead of schedule), Tesla repaid the loan facility with interest.
Through this success case, the US A government is pushing competitors to accelerate

their effort and investments in new energy.

Relevant stakeholders in the US A market suggested that R&D incentives do not
represent a significant factor in terms of industrial strategies . They are useful to help
the technological development definitely , but with respect to the customers 0
perspective toward the EVSs, they are not so effective as the economic rebates or the
incentive policies ( High-occupancy vehicle (HOV) lane allowance, parking reservation
for charging ) for stimulating the uptake of new standard among the final consumers

Risks for EU industry

Tesl ads innovative thinking has gi ven it with l eadin
battery electric vehicles. Th is position has enabled the US A manufacturer to not only

commercialise electric vehicles, but also to pioneer infrastructure developments,

including outside of the US  A. This position poses a risk to European manufacturers and

industry with the future devel opment of electric mobility, outside, but also inside of

European borders.

41 http://www.teslamotors.com/de_AT/blog/tesla -improves -financing -product -best -resale -value -guarantee -and-lower -
monthly -

42 http://www.bloomberg.com/news/articles/2015 -05-08/tesla -s-battery -grabbed -800 -million -in-its -first -week#r=read
43 http://www.usatod  ay.com/story/tech/2015/10/14/teslas -new -software -helps -model -s-drive -itself/73942116/

4 http://www.teslamotors.com/supercharger

4 http://www.wired.com/2010/06/tesla -ipo -raises -226 - 1-million/
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EU Industry opportunity

At present, comparing the EU and US current status regarding the EVs technologies,

we can assume that the EU automakers will not incur in any major barrie r for entering
the US market. European manufactures are already selling their EVs products in US.
Furthermore Tesl abds st r at e dghatfuhding and ihdustrial partnerships

can be effective to support and accelerate the development of e -mobility. The
partnerships with a European car -manufacturer  (Lotus) , technology -provider and huge
funding offered an attractive opportunity to create a competitive position in this field.

This approach is not necessarily an opportunity for the established OEMs in Europe ,
but could be more appealing for the Googles and Apples of this world. EU OEMs could
try to build upon Tesl abds success and rethink franc
resale value, free charging etc.

Furthermore, a lot of work has still to be done in R&D for improving vehicles
performances and solve the main issue, which is the battery range. Relevant
investments in the field could allow the European automotive industry to enhance its
products and become a leading reference for technological innovation.

Projected growth

The Model X crossover will be available in late 2015 from USD 80,000. The low cost
Tesla 3 is set for reveal in March of 2016, with deliveries beginning in 2017; the Model

3 is projected to cost USD 35,000 and will have  a 320km range. For a  chieving the cost
goal for the batteries , Tesla enhance d the production efficiency, mainly by increasing

the volumes and by reducing the production costs;

In 2017 the Tesla Gigafactory (in cooperation with Panasonic) will be operational and
ready to produ ce the Model 3 batteries. After ramp up the factory should be able to
produce enough batteries for 500,000 Tesla vehicles annually.

50 GWh in annual battery production by 2020
Enough for 500,000 Tesla cars
Powered by renewable energy

Net zero energy factory

Figure 4: Artist impression of Tesla/Panasonic Gigafactory, Reno, Nevada
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Any forecast toward 2030 -2050 about the vehicles costs depends on economies of
scales and network externalities. We have to consider that the price of electrical

vehicles is re lated to the price of batteries . The average price of a new car in the USA

is just over USD 25,000 (not including light trucks) 46, The USD 10,000 premium for
the Tesla 3 can therefore be earned back from lower operating costs. For more info on

costs see the last part of Annex A.

46 http://cta.ornl.gov/vtmarketr eport/pdf/2014_vtmarketreport_full_doc.pdf
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CASE8 -Toyotads strategy with hydrogen technol ogy
Toyota announced the commercialisation of its firs t mass -produced hydrogen fuel -cell
vehicle, the Mirai, in late 2014, with commercialisation due to follow in Europe and the

USA later in 2015. In doing so, Toyota became the first manufacturer to launch a

hy drogen vehicle. Key milestones (largely based on press releases) in this industrial

venture include:

A Toyota started its R&D projects for alternative fuel vehicles back in the 90s, to
differentiate from competitors ;

A In December 2002 47, Toyota announcedthed el i very of the worl dobés firs
readydo fuel cell vehicle, offering 250 km range, f
in Japan. Produced at high costs, it was forecasted that it would be at least ten
years before mass -marketing of such vehicle could be possible;

A By October 2007 “8, Toyota announced range improvements enabling an improved

FCHYV to travel 560km between Osaka and Tokyo without refuelling and, in June

2008 “°, Toyota announced an 830km range for the advanced version of its hydrogen

fuelled vehic le (the Toyota FCHV -adv). Later that year, in September 2008 %0 the

firm announced the start of a | easing plan for Jap

A In November 2013 51, at the Tokyo motor show, Toyota unveiled the FCV (Fuel Cell

Vehicle) Concept, settob ecome t he wor | dpreduckd hydsogen mpevered
car, with a range of 500km and refuelled in as little as three minutes. Its expected

cost was announced to be below 10 million Yen (or about USD 108,000); %2

A InJune 2014 *° Toyota revealed the exterior de sign of its first fuel cell sedan, to go
on sale in Japan for approximately 7 million Yen (just over USD 73,000). Salesin
Japan began on 15 December 2014. In September 2015 the Mirai is introduced to
selected European markets (UK, Germany and Denmark) 54 Finally, staring from
October 201 555, the first 300 Mirai are delivered to USA customers.

Figure 5:Toyota's4 -door hydrogen fuel cell -powered Mirai. Credit: Toyota
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A The midsized Mirai will have a base price (without incentives) of USD 57,500
(u52,000) in the USA. Toyota said it is providing
for the initial buyers of the Mirai %6,

A In October 2015 Transport of London announced that they will be the first customer
in the UK for the Mirai. The initial 4 vehicles will be followed by eight others from
6greentomatocarsdéand I TM Power

A The fuel cell car is based on the Prius + chassis and suspension.

Additionally, many Prius hybrid components were used extensively in the
fuel cell powertrain, including the electric motor, power control and main
battery.

These milestones de mon s-termastrategicl comgnutimentdts hydrogem g

technology and the complexity of such an industrial program me. Toyotads first ve
were del i vered and then | eased to the Government of J
willingness to engage with public authorities in the process. Toyota also engaged in a

number of industrial partnerships, including:

A Partnerships in the USA to boost hydrogen in frastructure and facilitate
demonstrations, such as for the construction of the first hydrogen station fed
directly by pipeline and developed on Toyota grounds in partnership with Shell %8,

A The signature of an agreement among Japanese manufacturers and energ y
companies to popularise FCEV mobility and join forces to build a network of up to
100 refuelling stations in a selection of major urban areas (Fuel Cell Today, 2013);
and

A The announcement in January 2013 of a technology sharing partnership with BMW,
cove ring fuel cell system, hydrogen tank, electric motor and supporting battery
system ( Fuel Cell Today, 2013 ).

The major cost component is transportation of hydrogen (under high pressure or very

low temperatures) and platinum in fuel cells and water splitting cathodes. The costs in
storage and refuelling infrastructure are high. Hydrogen is only expected to become
competitive in a mature technology scenario in light of high fuel prices. For more info

on costs see the last part of Annex A.

The Japanes e government is providing subsidies up to 50% for the construction

of Hydrogen Refuelling Stations (HRS) (allocating 7.2 billion yen T approxi mately 055
million 7 in 2014), which currently total 42 across the country and will reach 100 by

the end of March 2016 %°. At the current technology level, the construction of hydrogen

stations is about five times more expensive than conventional gas stations (mainly

due to high safety requirements).

56 http://www.computerworld.com/article/2850882/flurry -of-hydrogen -fuel -cell-cars -challenge -all-electric -vehicles.html
57http://fleetworld.co.uk/news/2015/Oct/Transport -for -London -to -take -first - Toyota -Mirai - fuel -cell -electric -

vehicles/0434021998

58 https://www.pressroom.co m.au/press_release_detail.asp?clientiD=2&prID=4379&navSectionID =

®Shinka Y. (NEDO) 2014 Hydrogen and Fuel cel | utilization in Japan and NEI

technology [available at:
http://www.iphe.net/docs/Meetings/SC22/Workshop/5th%20H2iger%20Educational%20Rounds%20Presentations/2_Shink
a_NEDO_IPHE_1 -12-2014.pdf ] (Accessed 05/06/201  5)

Watanabe S. (NEDO) 2014 Hydrogen Infrastructure in Japan [available at:
http://www.hydrogen.energy.gov/pdfs/reviewl4/h2in_watanabe_2014_o.pdf ] (Accessed 05/06/2015)

Iw ata M. 2014 Construction of Japanese Hydrogen Refueling Station Begins [available at:
http://www.wsj.com/articles/construction -of-japanese -hyd rogen -refueling -station -begins -1409570814 ] (Accessed
05/06/2015)
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While the government subsidise s HRSs to support the popularisation of the hydrogen

technology, it also provides support to early adopters of the new cars (i.e. Toyota

Mi rai and, in the next future, Honda FCV Concept) w
per car (approximately 45% the sale cost of the vehicle ), whichis moret han triple the

incentive the government gave to purchasers of i.e. the electric i -MIEV car (950,000

yen -u6, 800) .

Additionally, the support from the government was that 60 percent of the first month
1,500 Mirai orders came from government offices and co rporate fleets (opposed to the
target set by Toyota to sell 400 cars in 2015).

Effectiveness of H » policies:

The Japanese government is supporting the H2 program me by a thorough and stable

policy framework, which aims at developing Hydrogen Refuelling Stations  (HRS)
starting from major <cities. The strategy foll ows a
aims to benefit from the highest demand of potential consumers, by concentrating

initial investments in those areas . In order for the technology to be tim ely aligned with

the automotive industry, the deployment of the refuelling infrastructure anticipates

the commercial sales of Hydrogen cars, with approximately 100 HRS concentrated in

Tokyo, Osaka, Nagoya and Fukuoka.

Public Enforcement in R&D

Performin g the extensive desk research and the stakeholder consultation, no evidence
was found in respect to the relationship between R&D incentive at governmental level

and any potential benefit  regarding the deployment of hydrogen as an alternative fuel

As prev iously mentioned, Toyota has been developing R&D programme in the field
since the 90s , following a precise and well -defined industrial strategy; Toyota
considered this standard as a possible solution for both the sustainability and the
energy supply issues  in Japan. Stakeholders  did not highlight  any other relevant public
enforcement in the field.

Risks for EU industry

Toyotads engagement wi t h hydr ogen technol ogy has
industrial position with this technology . In combination with the us e of a mass

produced (hybrid) electric vehicle platform, this position has enabled the Japanese

manufacturer to not only commercialise the first hydrogen fuelled vehicle, but also to

pioneer infrastructure developments, including outside of Japan. As a fir st mover,
Toyota also sets the standards. In this regard, the  strategies on hydrogen vehicles are
driven by the need of the first mover to consolidate its technology as a baseline and,

even more, to create a critical mass for the hydrogen transport market to have its
infrastructure developed.

This position poses a risk to European manufacturers and industry with the future
development of hydrogen mobility, outside, but also inside of European borders. For
European manufacturers it is both difficult to get access to advanced fuel cell
technology, but also to mass produced electric traction and batteries.

As reported by a relevant stakeholder in the market 80 what appears as the main
element differentiating the Japanese case from the smaller -scale H 2 projects in  Europe
is a centralised and committed source of investments in the long -run.

%0 Direct interview with Mr. Eelen performed on 25/06/2015
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EU Industry opportunity

Toyotads strategy has shown that i ndustri ad
support and accelerate the development of complex technologies such as
hydrogen -fuelled mobility. Partnerships with European manufacturers, technology -
sharing and joint development of refuelling infrastructure with industry and public

authorities offer a ttractive opportunities for EU industry to maintain a competitive

position in this field.

Toyota incentivises other manufacturers to invest in hydrogen, in particular at
international level. With this aim, approximately 6,000 patents are going to be shared
free of royalties from Toyota %162, including those related to fuel cell stacks, high -
pressure hydrogen tanks, software control systems and the industrial processes

involved in generating and supplying the H 2.

Further, to increase the reach of the hy drogen technology, Toyota agreed a
partnership with BMW, where technology exchanges were at focus. While the German
manufacturer shares its diesel technology with Toyota, they share their Hydrogen
technology with BMW. This leads to several components and p roduction activities from
the Mirai to be applied for BMW models. Similarly, Honda and General Motors are
collaborating on hydrogen fuel cell technology. However , it should be considered that
in light of the expansion strategy of Japanese manufacturers, th e EU industry may
benefit from the  mentioned partnerships and agreements, allowing e.g. Toyota and

Honda to enter the European market but at the same time sharing the potential
benefits from H 2 technology market development.

Projected growth

Our stakeholder consultation suggested that the hydrogen vehicles market will not
necessarily compete with electric vehicles, but most likely respond to a different

purpose. Indeed electric vehicles , with the exception of Tesla, still currently  suffer
from range limitations . Oppositely, hydrogen was considered best in these categories.
Thus, Toyota soon expects to transfer the hydrogen fuel cell technology to trucks and

buses, together with passenger cars

Toyota has set goals that are in line with the nich e market that hydrogen vehicles
are 83, Total sales are expected to top just 3,000 units by the end of 2017. By 2025,
there are predicted to be about 10,800 hydrogen vehicles in general across the
Northeast of the USA 4.

1 Ayre J. 2015 Toyota Making 5,600 Hydrogen Fuel Cell Patents Free To Use Clean Technica [available at:
http://cleantechnica.com/2015/01/08/toyota -making -5600 -hydrogen -fuel -cell-patents -free -use-industry -companies/ ]
(Accessed 05/06/2015)

52 Direct interview with  Mr. Eelen performed on 25/06/2015

63 Direct interview with Mr. Eelen performed on 25/06/2015

64 http://www.autoblog.com/2015/03/01/10000 -hydrogen -car-plan -us-northeast/
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CASE 9 i1 Shipping

Marine liquid fuel consumpti on represents close to 10% of the
supply and is dominated by low -quality and low -price residual fuel (heavy fuel oil T

HFO), often with a high sulphur content.

Emissions Control Areas (ECAs) are in force or expected in the future, mostly near
European, North American and Japanese shores. These impose strict requirements on

the shipping industry. These new regulatory regimes have brought alternative fuels to

the forefront as means for shipping companies to achieve complia nce in a cost -
efficient manner and could support biofuels as well. The LNG (as a shipping fuel)

largest market consists of LNG for short seas shipping in Norway (45 ships in 2015),

because of the stimulation of low NO x via the Norwegian NO  x fund. Currently , the most
used solution in ECAs is low -sulphur (fossil) fuel

A range of alternative fuels are however envisaged as part of the marine
transportationds future fuel mi x. An i mpiofueglant di st
which can be distributed thro ugh existing channels and non -drop -in fuels, which

require a completely new infrastructure.

Maritime shipping prefers d rop in fuels like (algae  -)HVO. The U.S. NAVY tested 76,000
litre of algae based biodiesel as a drop -in fuel on a decommissioned destro yer (fast
manoeuvrable long -endurance warship) in 2011 . Development of alternative fuels
closer to operations shortens and diversifies supply lines. It can also reduce
greenhouse gas emissions, and foster "good neighbour " cooperation among nations,
accord ing to the U.S. Department of Defence % The U.S. Navy plans for biofuels to
comprise up to 50 percent of the fuel used by deploying ships and aircraft throughout

the fleet in calendar year 2016.

An important step for methanol as a fuel was the conversion (EU funded 6Motorways
of t he)ofSleasStena -owned Germanica ferry to dual -fuel Wartsila engines. The

engines are fitted with new dual -fuel injection nozzles which are able to inject both

methanol and diesel fuel . Before the conversion it only used die sel. Each engine is

supplied by its own high  -pressure methanol pump with a working pressure of 600

bar8”. At the moment only one engine runs on methanol and the others will be

converted if the test is successful. Furthermore, methanol is developed in MethaS hip,

|l aunched by the projectés three key partners, t he
LIl oydds Register and the Ger man s h-Gepsbllachaft(F8G). FI ens bu
The project i s funded by t he Ger man government . |
published Rules and Regulations (interview Timothy Wilson, 2015) to facilitate the use

of methanol -as-a-fuel.

The fuel production costs shows that crude oil prices are an important factor affecting

the competitiveness of alternative transport fuels. It also shows that further cost
decline is expected for most alternative fuels. In a current technology scenario, fossil -
based natural gas and coal - and natural gas -derived synthetic fuels are most cost -
competitive with gasoline, however still more expensive than heavy fuel oil that is
commonly used in shipping. Because low quality fuels are acceptable in shipping,
cheaper biofuels could be introduced here, where nowadays usually biofuels for road

transport and aviation are stimulated. For more info on costs see the las t part of
Annex A.

8 http://cleantechnica.com/2011/11/29/u -s-navy -conducts -its -largest -algae -biofuel -test -ever/
5 http://www.navy.mil/submit/display.asp?story_id=82044
57 http://lwww.Ir.org/en/_images/213 -48700_LR_Horizons_January_2015_spreads.pdf
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Risks for EU industry

The U. S. Navyods engagement with algae technology

industrial position with this technology. This position has enabled the U.S. Navy to

not only perform large pilot projects, but also to pioneer infrastructure developments,
including outside of the USA. This position poses a risk to European manufacturers and
industry with the future development of algae -HVO, outside, but also inside of
European b orders.

Industry opportunity
The realisation of methanol powered ships (sponsored by the German government in

O0Met hasarfdithpBU 6 Mot or ways ofothéeéeh&8e&dena Ger manica:

million ) has shown that industrial partnerships can be effect ive to support and
accelerate the development of complex technologies such as alternative fuels
infrastructure and its use on -board ships. Partnerships with European manufacturers,
technology -sharing and joint development of refuelling infrastructure with industry
and public authorities offer attractive opportunities for EU industry to maintain a
competitive position in this field.

Projected growth
Alternative fuels such as biofuels and natural gas have limited development prospects
in the short and medium -term. They are now used in niche markets where the

application is supported by policy measures and/or commercial premiums. IEA -AMF
expects that fossil fuels will continue to be dominant (IEA -Advanced Motor Fuels
Implementing Agreement , 2013). The pr ospects for LNG and methanol are more
favourable, particularly in ECAs and for small ships and ferries. Methanol is particularly
promising for marine transportation in light of its relatively simple storage
requirements.  The infrastructure requirements and costs of ship construction or
retrofit limit its short - and medium -term potential for large cargo ships.
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CASE 10 1 Auviation

The global aviation sector is growing rapidly, with projected growth of 4.5% annually

up to 2050. Such growth could have tremendo us environmental impact if no action is
taken to mitigate emissions. In this context, in 2012, the Air Transport Action Group

(ATAG) presented various options available to meet ambitious dec arbonisation
objectives by 2020 . More information is available in Annex A on airborne transport.

As shown there , economic measures will play an important role in achieving carbon

neutral growth by 2020. The International Civil Aviation Organisation (ICAO) has
announced its ambition for the development of a market based mechanism (MBM) to
cap emissions at 2020 levels. In a study, which models the impacts of the adoption of

such an MBM to 2036, ICAO estimates a mitigation potential of 464 Mt CO 2 by 2036,
relative to the baseline scenario, of which 12 Mt would be in -sector (reduction of the
traffic demand), and 452 Mt would result from capping emissions at 2020 levels

(ICAO, 2013).

Technology -based measures will be required to enable efficiency gains. Further,
biofuels are expected to play a major role after 2030, despite t he fact that the use of
bio - jet -fuels in aviation faces many challenges (technical, sustainability, economic and
political challenges). To overcome these challenges, the development and approval of

bio-jet -fuel from different production routes is required. So far, three production

routes have been approved by the ASTM for the use of biofuels in aircrafts

A Fischer -Tropsch (FT) up to 50% blending maximum with fossil jet -fuel in 2009,
which uses woody biomass as feedstock and is m ainly used as an aviation fuel by
Solena, headquartered in the USA;

A Hydroprocessed Esters and Fatty Acids (HEFA ) up to 50% blending maximum with

fossil jet -fuel in 2011, which is important for Neste Oil who operate large production
facilities in Rotterdam , Singapore and Finland; and

A Farnesane up to 10% blending maximum with fossil jet -fuel in 2014. Farnesane is a
sugarcane biofuel, and therefore important for major sugar producer Brazil.

These production routes a  re pivotal to enabling scale -up in the avai lability of biofuels
for aviation. The up -take by the aviation industry further requires the participation of
aircraft manufacturers and airlines. Since 2008 when Virgin Atlantic became the first
commercial airliner to perform a test flight, many airlines have been performing test
flights or operating commercial flights using biofuels. As of June 2012, more than 18

airlines had performed over 1,500 commercial flights (IATA, 2013). These include
European airlines such as Air France and KLM, which were the fi rst airlines to perform
test flights with passengers on board in 2009, and Lufthansa, which was the first

airline to perform a series of commercial flights using biofuels in 2011.

Economically, biofuels still suffer from an important price -gap with conven tional jet
fuel (typically 2 -4 times the price of conventional fuels) and from an un -level playing
field with the road transportation sector: there are no mandatory targets in the

airborne sector for the use of biofuels. The combination of upward trending
conventional fuel prices and downward trending biofuel prices is expected to lead to

price -competitiveness in the medium term . Overall the diesel -like fuels required for
aviation remain more expensive than gasoline equivalents like ethanol from sugarcane

or corn. For more info on costs see the last part of Annex A.

54 January 2016



Alternative fuels and infrastructure in seven non -EU markets

Risks for EU industry

The development and ASTM certification of new production routes for bio jet

fuel could open new opportunities for European players . Current bio jet fuel
production in Eur ope takes place via the HEFA route and Europe is one of the leaders
in this field, whereas the US is leading on Fisher Tropsch and Brazil on the Farnesane

route. There is a risk for European stakeholders that HEFA produced bio jet fuel might

in the end not  be the most successful route and that non -European stakeholders have
established a competitive advantage. Furthermore, t he a dependence on bio jet fuel
production facilities outside the EU could also have implications in terms of energy
security and on th e continued dependence on imported fuels.

Industry opportunity

Efforts to decarbonise the aviation sector, expected to combine economic
mechanisms, technology -based solutions and biofuels represents a major opportunity
for the EU industry. The EU benefits from extensive experience with Market Based
Measures through the EU ETS, which includes the aviation sector since 2012.
Additionally, the Renewable Energy Directive requires that EU Member States ensure

the use of 10% renewable energy in transport in 2020. The Netherlands allows

biofuels delivered to aviation to also count towards the obligation for the fuel

suppliers, which is not the case in other Member States . Lastly, European aircraft

manufacturers, in particular Airbus, are leading global pla yers with the development of

new aircraft technologies. These considerations provide the EU industry with

essenti al assets t o pl ay a l eading rol e i n dri vi

decarbonisation, particularly with regard to the increased use of biofuels.

Projected growth

Projections to 2020 and 2050 vary significantly. I
Bi ofuel s FIight Pat h Initiativeo outlined t he air
conventional jet fuel with biofuels in 2020, 1% of all jet fuels. The 2012 r eport by the

IEA shows estimates ranging from a 10% to a 100% share by 2050 and concludes

that, assuming a growth of aviation fuel consumption to 368 to 575 Mtonne by 2050

and a 10% share for biofuels, biofuel consumption could be of the order of 36.8 to

57.5 Mtonne by 2050.
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4 Conclusions & recommendations

4.1 Key alternative fuel markets and context

We evaluated the context of seven alternative fuels in seven countries and compared
that to EU -28. The following table shows how each of these countries focusses on a
limited set of fuels. Strong growth of an option is often the result of high attention

(and dedicated policies) on a national level. Options that receive less attention show

no growth. It is furthermore remarkable that hardly any option shows a downwa rd
trend, except for LPG in Japan and the USA.

Table 7:Summary of alternative transport fuel developments in the countries of stud

Country Electricity Hydrogen Biodiesel Ethanol NETEL meﬁ:gn-e
Brazil * * * f A
China f A A A f A
India * A f
Japan f A
Russia L 2

South Korea

USA } * L * A
4 %

.
& <P

EU-28 A A
Natlional status International status Trend (shape)
go' (:]:g:] attention (size) L B strong/consistent growth
®: on the agenda .: leading market A growth trend

- minimal @ nedium market @ stable market or inconsistent trend
consideration ®: small market \ & decreasing market

The introduction and market uptake of a specific technology in the transport sector is

heavily dependent on policies and measures implemented by countries, or initiated by

private companies or (international) organisations. We found that the key policies a nd
measures are mostly focused on road transportation for all countries.

The USA and has the most policies in place aimed at all the fuels under study. Brazil

focusses on biofuels and natural gas. China has targeted electric driving via their

policies as t he domi nant Afuel o, wher eas South Korea <c¢h
innovation support, incentives, market uptake and demand management. In Russia,

all fuels are in the development stage at the moment.
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4.2 Risks, opportunities and policy options for the EU

Context - specificity

Alternative fuel market developments are the result of strongly differentiated

dynamics in the countries of study. It is clear that a large number of factors,
drivers and barriers must be considered and that each market displays unique
characteristics. In some cases, alternative fuel development policies are the result of

clear economic or geographical characteristics, as was the case with the development

of the bioethanol industry in Brazil that resulted from a long history of sugar ca ne
production connected to a new strong industrial potential. In other cases, however,

alternative fuel choices appear connected to more complex policy processes and
strategies that are not strictly context -dependent, as was the case with the
development o f South Koreads LPG market. Such observati
needs to develop a sound alternative transport strategy that fits its physical and

practical context while accounting for political drivers. While policy lessons and
experience from foreign markets can be inspiring, it is also important to

stress that the dynamics of those foreign markets are not the same as in the

European context and therefore, the results are not entirely reproducible.

Accounting for complexity, dynamism and competitiven ess
It is evident that alternative fuel and infrastructure development is complex,
dynamic and provides opportunities for a competitive advantage . Alternative

fuel development is  complex and generally relies on a broad portfolio of solutions,
implemented at different levels. There are a large number of technologies and
applications, each offering solutions as well as challenges. Transportation is important
to socio -economic structures and depending on a wide range of stakeholders from
consumers, to industry and to policy -makers. The case of hydrogen, and the industrial
saga (see Case study 8 in Chapter 3) that led to the release of the first commercial
passenger vehicle by Toyota, is illus trative of this complexity. Its development was

made possible by a combination of ambitious and long -term R&D program mes,
industrial commitment and public support, ultimately offering potential to disrupt
consumer markets. The road transport sector has als 0 proven to be highly dynamic ,

with many rapid developments having taken place in recent years. Electric mobility is

a particularly striking example in this respect, and the deployment of electric vehicles

has shown rapid acceleration within only a few yea rs. Tesla, and its model S and
roadster, is a high -profile front -runner of this dynamism, which not only promises to

disrupt the passenger vehicle market, but also poses risks to the EU industry
positioning through its leading role with vehicle but also in frastructure development
worldwide. Lastly, competitiveness is clearly a defining feature of the alternative

transport  sector. Competitiveness can be examined in terms of industrial
competitiveness between vehicle manufacturers, but also in terms of the co mpetition
between alternative (and traditional) technologies. Alternative transport technologies

and companies must indeed displace other technologies and compete within markets

to secure sustainable growth. The development of alternative transport require S
carefully crafted policy packages. These packages need to account for and

address the inherent complexity of the alternative transport sector and set

well -articulated strategic priorities, continued and ambitious R&D

program me s to ensure continued and st rategically guided dynamism
(management of simultaneous actions)
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Technology & policy prioritisation

Differentiated technology positioning and prioritisation are important

ingredients for countries to achieve market and innovation leadership . We
have s een that countries prefer certain fuels over others and focus helps to create a
big market. As an example, strong policy support to bioethanol and natural gas in
Brazil have enabled its leading position in these markets. While evidence shows
growth across most alternative technologies in the EU and a rather strong market
position with many technologies, it is clear that sustained growth with all technologies

will require considerable commitment and pose many challenges to the EU and its
industry. EU policy should be closely aligned with thoroughly supported
development patterns/trends for alternative fuels. Opportunities for EU

industry lie particularly in electricity and/or electricity derived fuels, as other

regions have established strong positions on oth er alternative fuels (e.g. the
EU is an importer of biofuels and LNG, limited synthetic fuel production

capacity is available in the EU, etc.).

R&D programmes

The development of alternative fuel markets and infrastructure must be

considered in both the sh ort and long -term . Some alternative transport
technologies are proven and cost competitive in many contexts. LPG, for example, can

offer various quick benefits pertaining to the use of available fossil energy ( the use of
otherwise flared propane gas in refineries ), improved air quality and some climate
change mitigation potential and can be deployed cost - effectively. Electric vehicles,
although still benefiting from subsidies in most countries, are also understood to have

(almost) reached cost -parity. Other  alternative transport technologies, however offer
more long -term potential. Hydrogen, for example, holds considerable climate change
mitigation potential but its widespread adoption across markets remains a distant

prospect that will require continued ind ustrial and political commitment. Hydraulic
hybrids (like the one Peugeot has been working on) have the potential to be produced

at low cost compared to ele ctric hybrids, as the m  aterial costs are lower than for
electric hybrids . Furthermore, European indu stry has a strong position in hydraulics.
Peugeot, who considered developing the technology further, have shelved the plan as
investments costs were deemed too high for the company to invest without additional
support . In the aviation sector, the developme nt, piloting and scale  -up of new bio -jet -
fuel production routes, which also holds important promise in terms of climate change
mitigation, has also proven to be a long and demanding R&D process. Ambitious
R&D strategies and programmes are needed to ensure long -term prospects
are supported. Public commitment to removing barriers for industry to

engage in R&D, and support through demonstration projects to ensure

visibility of emerging technologies has proven to be effective. Governments

might even act like a Afventure capitalist, see case study
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Financial incentives

Evidence suggests that financial incentives continue to be required . The
impact and need for financial incentives is indeed evident with different technologies.

For example, the deployment of LPG has not been possible without favourable tax
and/or subsidy regimes, to ensure amortisation of the conversion costs, and
abandonment of existing schemes now leads to stagnating and even decreasing
application. Subsidies have also proven to be highl y important and effective for
electric vehicles, as illustrated in the Netherlands and Norway, where spectacular

uptake occurred as a result of very favourable subsidy regimes, and where the
markets, once developed cannot yet exist in absence of such subsi dies (see case study
2). Financial incentives therefore pose risks in terms of the sustainability of

alternative transport technology growth models. Complementary policies are

required to phase out the financial incentives when technologies become

(more) ¢ ost - competitive.

Road transport

The road transport sector offers the largest challenge (measured by the
amount of energy that it uses) but also the most options for alternative fuel

and infrastructure development are available . Integrated strategies are
needed to ensure alternative transport technologies are leveraged

adequately in the short -, medium - and long -term . Natural gas and LPG offer
some advantages and short -term potential, but commitment to ambitious
decarbonisation of the transport sector will require a shift away from fossil fuels.

Therefore, these fuels should only be considered as transition fuels or used on a
resource availability basis (e.g.: using propane gas that would otherwise be flared).

Natural gas, in particular, could form part of a transition from fossil -based gas to
biogas or bio -synthetic -gas, which offer more climate change mitigation potential.

Electric mobility and electricity -based fuels such as hydrogen require extensive
infrastructure development. Their widespread adoption i s only likely in the medium - to

long -term, and performance improves once electricity and hydrogen are produced

from renewable sources. Collaboration among actors from different Member States

(and regions within) is needed to develop alternative fuel infras tructure (i.e. standards
are to be defined, concession agreements need to be aligned, etc.). The potential
and limitations of each alternative fuel must be carefully considered and

examined in terms of the displacement of less favourable options, and on

re levant timescales

Waterborne transport

The shipping sector is a global sector and difficult to regulate ( the rules at
sea are developed in an international context and many countries need to

accept the new rules ). Still there is potential on local level for alternative
fuel s support in short sea shipping and ferries  (e.g. natural gas in the form of
LNG and methanol). Because of the restrictions in Environmentally Controlled Areas

means industry has a real interest in engaging on this front. Lastly, variou S ports are
engaging in infrastructure development (shore side electricity, LNG terminals, etc.).
SSE development is still in an early stage and could be beneficial for reducing
greenhouse gas and harmful emissions, and for European electric infrastructure
industry (e.g. Siemens and ABB). The potential and limitations of each
alternative fuel must be carefully considered and examined in terms of the

displacement of less favourable options, and on relevant timescales
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Airborne transport

The air transport se ctor is expected to continue rapid growth to 2050 and

significant uptake of alternative fuels with a high greenhouse gas saving

potential (e.g. bio jet fuel ) will be required to meet decarbonisation targets in

the sector . In Europe, experience with the EU ETS and the inclusion of the aviation
sector since 2012, the EU Renewable Energy Directive and the engagement of
European airlines in testing biofuels mean that the EU industry is in a good position to

take a leading role. If more Member States, than only the Netherlands would have an
opt in or similar implementation of the RED, there would be more support in the whole

of Europe for biofuels in aviation. Continued growth in biofuel consumption in aviation

will however require the approval of new production routes and the scale -up of
production facilities. Bio jet fuels are seen as an important solution by IATA and

several major airlines. Bio jet fuels are expensive compared to current, fossil

jet fuels. The EU could continue to support the development of bio fuels in the
aviation sector for increased investments by industry in the bio jet fuel value -
chain.

Electricity
Electricity should be a high priority for the EU, as it offers significant

potential in terms of its climate change mitigation potential, opportunity for
European industry, and strong coherence with European mobility

requirements and energy infrastructure . Electricity offers a strong growth
potential in Europe and various European manufacturers have released electric
vehicles in recent years , which have penetrated foreign markets (e.g. BMW i3 and i8,
Smart ED, Renault Fluence, Fiat 500e) . International developments however pose
significant risks to the continued growth of European industry players. Tesla, firstly,

has demonstrated its ability to conquer the market and imposed itself as a high - profile
leader on both vehicle and infrastructure markets, even deploying its own charging
stations is Europe. Further, the emergence of fragmented standards in different
countries represents an important barrier to vehicle manufacturers and effective
harmonisation at EU level is needed to ensure EU standards are influential in guiding

the adoption of standards suitable to European manufacturers by the market. Urban
environments further offer fertile groun ds for the design and implementation

of consumer -oriented and context -specific, policy packages to promote
electric mobility. Non -financial incentives can be envisaged in the form of

preferential parking measures, access to priority lanes or regulatory act ion to
remove barriers to the development of electric mobility infrastructure. Public

demonstration programmes and public - private infrastructure partnerships

are also a likely effective way of driving mobility forward in urban

environments.
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Hydrogen
Hydro gen is still regarded as a long -term option, which hinders strong

financial commitment by public authorities in the short term, but that

requires commitment to removing barriers for industry in the area of

alternative fuel infrastructure . What appears to b e required is the reach of a
minimum infrastructural level to meet initial demand, which would then be supported

by the industry itself 8. Europe holds a favourable position with significant refuelling
infrastructure and public demonstration programmes. Jap an, and Toyota in particular,
however hold leadership with the commercialisation of passenger vehicles and with

the development of long -term industrial partnerships involving private and public
entities. This leading position poses both a risk to European manufacturers, which may
become dependent on foreign technology, as well as an opportunity for international
partnership and collaboration. Partnerships between European and foreign
manufacturers have been established in recent years and should be

supporte d. Further, R&D support policies and public demonstration
programmes should continue to be on the agenda to support developments

by the private sector.

Biofuels

Biofuels are high on policy agendas worldwide and hold significant promise

for road, airborne and waterborne transportation . However, concerns about
the environmental performance have impacted the political and public
acceptance. In all transport modes, the potential for biofuels is large. Biofuels sold in

the EU must comply with strict sustainability criteria. The increasing consumption of

biofuels may lead to a direct or indirect expansion of agriculture worldwide, with
potential ly negative impacts for biodiversity and carbon sinks. This can limit the
carbon benefit on the short term and therefore, policy makers have become hesitant
about biofuels.  Solutions exist to minimise such indirect impacts.

Biofuel producers have a leadi ng role in demonstrating the improving sustainability

and so consolidating the rationale for continued/increased biofuel use, demonstrating

that biofuels are a good option to phase out fossil fuels. The European road fuel
market especially consumes diesel. In the road transport sector, biodiesel poses some
problems for passenger vehicles, with respect to air pollution. Regulation and policies

limiting diesel -engine vehicles are expected, particularly for passenger vehicles in
urban areas. Biodiesel (and der ived fuels) however present significant potential for

road -freighting, aviation and maritime, and could still be shifted towards these sectors
in significant quantities. Biofuels should therefore be jointly approached by
governments and industry especially to increase sustainable feedstock
production

68 |keda T. 20 12 FCV/ Infrastructure Demonstration Program in Japan [available at:
http://www.theicct.org/sites/default/files/HySUT_Report_June5_2012_Revl.pdf ] (Accessed 05/06/20  15)
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Natural gas & bio _-methane

Bio - methane production and use in the transport sector is something that is

high on the agenda in some European Countries but notinthe  other countries
under study . Methane is promo ted to be used on the road and in the shipping sector,
although the benefit for emission reduction remains low. Bio -methane production and
use is stimulated, often via the natural gas grid. The direct use of bio -methane in
transport in the form of bio -LNG might be a cheaper route than production of bio
methane, injection in the gas grid and then to the transport sector. In order to

promote bio -LNG more this should either be stimulated or subsidies for producing bio

LNG should be similar to producing bio -met hane for the grid. Accelerating the
technology for the whole of Europe would be good for the industry in Europe which is

currently working on the required technology. Bio -methane should therefore be
jointly approached by governments and industry to the str engthening of
production routes and channelling to the most promising uses . Governments
need to align their policies in order to stimulate a technology neutral use of

bio -methane in transport.

LPG

LPG is losing momentum in the EU, USA , South Korea and Jap an, because ,in
comparison to other alternative fuels , the environmental benefits over
conventional fuels are limited and the technology is mature. Therefore
governments reduce the ir policy support. The fuel has environmental benefits
over diesel application, but without the availability of a switch to bio -LPG, this fuel is
mainly used to stimulate high -mileage users to choose for LPG instead of diesel,
thereby reducing the emissions of NO x and PM. If the incentives do not help to make

the vehicles cheaper to operate than diesel, the use is limited to only the users in

between the breakeven mileages with gasoline and diesel. Accelerating the technology

in countries where there is still a problem with harmful emissions from diesel vehicles

and enough LPG available this might provide a reasonable alternative. LPG is still
promising in developing markets in China, India and Russia and the EU

industry could try to get a position there, as long as the support for LPG

exists.
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Annex A:  Data collection and analysis

This Annex presents the findings from data collection, which was carried out to
support analytical elements of the study presented in the main body of the report. It
includes:

A An overview of the relevance and application of alternative fuels to road, airborne
and waterborne transport;

A Information on alternative fuel and infrastructure markets for the technologies of
study, with a focus on road transport;

A Insights into the application and development of markets for waterborne and
airborne transpor t; and

A Information on important policies, standards, costs, technology development and
public perception of alternative transportation.

Additional findings per country are presented in Annex D: Country factsheets.

Methodologically, the study is supported by two key components:
A A desk study to collect relevant and reliable data and information;

A Stakeholder consultation through phone interviews with experts and market players
to collect case studies and validate desk research.

The information presented in this annex, focusing on data collection, mostly includes
information from the desk study. We have collected data and information from a wide
range of sources including:
A High level reports from leading international organisations and institutions (IEA,
OECD, EU, etc.);
A Reports, websites and other resources from national governments and state
organisations (ministries, state departments, etc.);

A Data and information compiled by industry associations, standardisation bodies and
other key national and internatio nal organisations active in the transport sector;

A Other web -based resources including commercial databases, highly recognised
blogs, media releases, company websites, etc.

Country profiles

The study focuses on major markets, namely Brazil, China, Japan, Ru ssia, South
Korea and the USA. We have included information on India wherever possible. Below
and in Figure 6, we provide information on the geographic , demographic, economic

and energetic profiles of these countries:

A Brazil is the fifth largest country by land area and population;

AcChina is the worl ddés most populous country and third
I't is the worl dbés s ec satahd dorsumgreftdtal peirnaoyreremy ,
and largest consumer of electricity;

Alnda is the worldodés second most populous country but
rate (X%). It is the tenth largest economy but still suffers from a low level of
developmentand low GDP per capita;

A Japan is the tenth most populous country worldwide and is characterised by its high
urbanisation rate (>90%), Japan is a very large energy importer;

ARussia, the worldoés | argest country in by |l and area,
and second producer of natural gas;
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A South Korea is characterised by its high population density and high urbanisation
rate (>90%);

ATheUSA i s the worldés third most populous and fourth
I't is the worl ddéds numbamkenameagrsdmy hanadvor | dés wea
countries in terms of GDP per capita (#10). The US
gas producer and third oil producer. I't is the als
consumer.
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Figure 6: Country profiles: selection of demographic, economic and energy indicators for the

countries of study
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Overview of alternative transportation applications

The principal focus is road transport, which offers the most applications for alternative

transport fuels. We also consider airborne and waterborne transport. Table 8 below
provides an overview of the applicability of the technologies of study for these

transport modes.

Table 8: Summary of alternative fuels and their relevance to land, airborne and waterborne
transport

Segment Electricity Hydrogen Biofuels Natural gas Sy?ltjr;?stlc
Road
transport ® ® ® ® ® ®
o
(as an
alternative
Waterborne
transport power ® ® ® ®
source for
ships in
ports)
(as an
Airborne alternative
transport power for ® ®
planes at
airport
gates)
LEGEND : [ ] applicable; o limited applicability;

Road transportation: alternative fuel technologies & markets

This study focuses on the most promising and widespread technologies. In this section
we present insights into market developments for the following technologies:

A Electricity , focusing on two key applications for land transport: fully electric
Battery Electric Vehicles (BEV  s), and Plug -in Hybrid Electric Vehicles (PHEV s), which
combine electric and combustion engines and can be charged from t he grid;

A Hydrogen and its use in fuel cells , for providing electricity for electric motors in
Fuel Cell Electric Vehicles (FCEVS) ;

A Biofuels , including biodiesel, bioethanol and bio -jet -fuels, which are blended in
varying percentages with other liquid fuels and used in combustion engines;

A Natural gas , including Compressed Natural Gas (CNG), Liquefied Natural Gas
(LNG) and bio -methane, is most commonly used for medium and heavy duty trucks
and buses;

A Liquefied Petroleum Gas 6 which can be used by a wide range of purpose built or
modified fleet of vehicles;

A Synthetic fuels are drop -in fuels that can be produced via the production of
synthesis gas derived from coal, natural gas or biomass.

In this section, we focus mainly on road transport. Information on devel opments for
airborne and waterborne transport are provided in the sections hereafter .

% Also commonly referred to as propane, liquefied propane gas or autogas
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Electricity
Electric road vehicles have been in use for over 100 years yet electric vehicles have
remained marginal until recently. Since the mid -2000s, issues such as  volatile oil

prices, poor urban air quality and climate change, have led to renewed interest for
electric vehicles, the development and commercialisation of new models and rapid
growth, particularly since 2008.

Electricity can be used as an alternative po wer source for transportation in various
applications. In this study we focus on its application to passenger vehicles and
examine full electric Battery Electric Vehicles (BEV) and Plug -in Hybrid Vehicles
(PHEV), which combine electric and combustion engin es and can be plugged in.

Figure 7 provides a snapshot of electric vehicle sales in 201 4, as reported by the (IEA,
2015). In terms of numbers of vehicles sold, the USA ( 39.4 % of the global market),
China ( 18.2%) and Japan ( 13.5%) were leading markets. Approximately over 550
electric vehicles were sold in Korea in 201 4 (0. 2%) and European Union represented
the bulk of the remaining 2 8.7 % of the glob al market. BEVs have a bigger market
share in China, where these are equally important in Japan and the USA. Only in the
Netherlands and Sweden the PHEVs have a cquired a higher market share than BEVs.

Plug -in EV sales (thousands, 2014) % global (52%\1/4T)T13rk€l

140000
ECOFYS
H China

120000
H Japan

[ ]
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B RoW

80000

% global PHEV

60000 market (2014)

40000 A H China
H Japan

20000 A
EmUSA
HRoW

O 4
China Japan USA RowW
. Battery electric vehicles (BEV) . Plug-in hybrid electric  vehicles ( PEHV) . China . Japan . USA . RowW
Figure 7: Snapshot of batt ery electric vehicle sales in 201 4 (source: IEA, 201 5)

Figures on the total passenger car market share of electric vehicles in the yearly sales

are presented in  Figure 8. These contrast with absolute figures presented previously

and provide an indication on the 1 still limited - penetration of electric vehicles in
leading markets, with the exception of Norway and the Netherlands where electric

vehicles represented close to 6% of the passenger vehicle market in 2013. For 2014
the growth in the Netherlands was less, because of less favourable tax incentive for

plug -in electric vehicles. In Norway the sales further increased in 2014 to 14% of new
registrati ons. This figure also shows that many European markets are leaders with

respect to the relative sale of electric vehicles, for which the USA, China and Japan are
respectively relegated to the third, fourth and seventh positions in 2014 .
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Market share of electric passenger cars (% of new registrations)
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Figure 8: Market share (of new registrations) of electric passenger cars in leading electric
vehicles markets, 2012 & 2013 (source: MCT, 2014) , 2014 (source: ZSW, 2015) . Order based on

share in 2013

Lastly, Figure 9 provides a timeline showing the growth of BEVs and PHEVs markets in
the countries of study since 2004. It shows rapid growth in sales after 2008 for BEVs
and after 2010 for PHEVSs.

Figure 9: Yearly sales of BEVs (thousands, left) and PHEVs (thousands, right) in the period 2004 -
2013 (source: MarkLines database)

The numbers for Russia are either zero or not visible. In 2012 the first pilot with 8
electric v ehicles and 20 charging stations was started in Moscow with the support of
MOESK. The technology was delivered by Ensto, a Finnish based international
company %

70

http://www.ensto.com/download/21193_Ensto_to_Del iver_Charging_Stations_for_a_Major_Russian_EV_Charging_Pilot.pdf
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