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POLICY INSTRUMENTS ENCOURAGING INNOVATION
Biofuels for Transport: a Case Study
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1 INTRODUCTION

1.1 Focus on Biofuels

Biofuels for transport, represent an interesting conundrum in termsleain
technologies for a variety of reasons. As a consequence therbamnid drivers that
affect them are interesting and complex, requiring that policgsores associated
with biofuels be carefully considered in order to be effectivé avoid unintended
negative impacts. The profile of biofuels for transport has dyeaden due to their
ability to replace petrol and diesel as vehicle fuels. Tiiseased profile has been
driven by their potential to offer greenhouse gas savings, but alkoingiteasing
concerns over energy security.

Biofuels for transport are at once an existing, marketed amskedtiiechnology and an
emerging new set of technologies. Across Europe markets aeeyadifferent stages
of development, with different types of fuels and techniques beingtasgdate and
distribute biofuels. In addition the market for biofuels is normalfiitially at least,
policy driven by a number of different policy drivers. This makesafahallenging
debate as to how these technologies might best be taken forwang; different
mechanisms have been used thus for to encourage their developmentwatel a
variety of policy tools have been put in place. However, this broadrspeaf
knowledge, understanding and policy know-how is often not considered and
compared. This reports begins to bring together the factsxqetiences relating to
biofuels for transport within Europe. It then proposes policy toolsntgit be used
by the different tiers of government to encourage the developmehiscdector in a
sustainable way (see Chapter 8).

The development of biofuels currently depends on two powerful sectpisulture,
which produces the feedstock in many cases, and the downstreausiry, which
is the main buyer and distributor. In between these is a relatie@l industrial sector
acquiring the necessary feedstocks and producing the biofuel forbualisin or
blending. It is also affected by the automotive industry and the itapawehicles to
run on blended fuels (eg 5% biofuel blend) or on higher blend or even dedicated
biofuels vehicles. The demand for fuels is in turn influenced by ubbcurement
policies of local authorities (in particular in dedicate Beiet cities) and influenced
by fiscal policies and other instruments put in place by goversm@rtiere vehicles
are dual fuelled or dedicated to a particular biofuel, it adsmires the customer to
have access to biofuel infrastructure for refuelling. Theee therefore, a range of
stakeholder interconnections that make progressing biofuels developongpiicated
and hence underline the need for this research and policy analysiex{eme of
market development within Europe at present is set out in Chapteteitiipolicy
tools existing tools that are or could be used to develop the markieiofaels are
outlined in Chapter 5.

The variety in terms of biofuels means that there are diffeiechnology risks or
perceptions of risks within the sector. In addition the market is astemoving and
dynamic, with the range of fuels produced having different cost b@kescurrent
generation of biofuels (known as first generation biofuels) mainly istsn®f

bioethanol and biodiesel (from a variety of feedstocks), but therensch wider set
of fuels and sources potentially available. The development pescassl extent of
diversity within biofuels are set out in Chapter 2.
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The variety within the biofuels sector means that the costbemefits economically,
socially and environmentally differ dramatically. For exampleithgacts of farming
biofuels also leads to ranges of different impacts, depending orescamd farming
approaches, and the area where the crops are grown, so it is sibteptus arrive at
simple conclusions as regards environmental benefits or costs opragilction.
Again these complications underline the fact that the area ofetsofwhile already
studied over the years, needs further analysis to offer additiosightis to guide
policymakers on the way forward.

1.2 Selection of the Biofuels Case Study

It was required as part of Work Package 1 to select two cagestfor clean
technology clusters pertaining to the agriculture sector (in iaddib two other
studies each for the industry, energy and transport sectors).

Initially a long list of possible subject areas was developed,dimalj, for example,
organic farming, integrated crop management, irrigation farmmdgogher food crop-
related technology clusters as well as biofuels and other non-fphidagions. These
were then assessed and scored against a range of criteria includingthiedpll

Political rank This assessed whether each technology group would be a
priority issue for EU policy, with specific reference to ETARgainst
priorities of climate change, water supply and sanitation techndludystrial
processes, soil protection); what contribution it could make to clipwtey
including the ETS; potential contribution to water regulation, manur
management and plant and harvest residues, and contribution to cultural
landscape conservation. Clearly biofuels scored highly relative her ot
agricultural technologies in relation to climate change policy, aasl also
relevant to landscape and other farm-level attributes.

Environmental rank This investigated the scale of possible contribution to a
range of dimensions of environmental protection, including energy
conservation, control / abatement of greenhouse gas emissions, control /
abatement of air pollution, control / abatement of water pollutiorteatsnt

of raw material depletion, sustainable waste management, neusei
management of water bodies and soil protection. Again biofuelsdshiyiely

in relation to energy and greenhouse gas criteria, and also agamsiaterial
depletion and (in some application) waste management.

Economic rank This addressed the potential for a European lead market, high
market potential, cost effectiveness, costs (including opportunity
costs)/environmental benefits, low present or hindered dissemindiigim,
dissemination potential and participation of SME and (in the case of
agriculture) specifically subsistence farmers and croftacfu@s presented a
very specific market situation, with the Commission and some MeS8thées
already giving active policy encouragement to market developi@ests and
benefits are far from clear and vary considerably from one cgtigin or
technology to another, but this in itself merited further analysis.

Technical rank This addressed whether the technology cluster reflected
Leading edge technology, shaping the technological future, proviedidat
feasibility of technologies or components and strong traditional ipositf
European vendors. Most of the options for the agriculture sector ranked
relatively low against these criteria, but biofuels did offerdbmbination of
some established markets and technologies with the prospect of more
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advanced technologies that might supersede these in due timesstlbeoi
market development and technology diffusion was therefore an important one.
Social rank This criterion addresses creation of jobs, improvement of
employment conditions, health protection, consumer protection, availability
accessibility for different societal groups (aspects of soekclusion),
relevance for different age-groups (aspects of an ageing ygoaed
contribution to rural development. Biofuels are particularly relewdnthe
technologies selected, as they are claimed to offer additionalijais only
agriculture but also in processing units in rural areas.

Geographical rank This reflects the importance of the technology for the
majority of the 10 New Member States and for the majorithefpresent EU-

15 countries. Biofuels and associated technologies were found toelarntel

to most MSs, and had patrticular relevance to some of the hightulkagral
states of the EU-10, such as Poland, where biofuels could be anantputv
source of demand and opportunity to export to the EU-15.

Additional analysis covering other attributes particularly retéva the model criteria
(in particular with respect to barriers and drivers) was afsdertaken to help assess
which technology clusters might be of greatest interest foatiadysis. The results
were based on desk research and expert judgement by theamAgdepplemented in
particular for the evaluation of biofuels by work carried out bRE Desk-based
research was supplemented by expert judgement in scoring each item.

The full results are presented in the report of WP1. The an&lgsisWP1 suggested
that the study team should address biofuels for transport andfibieries as the
highest priorities. This study accordingly focuses on biofueldréarsport — notably
biodiesel and bioethanol (for the range of fuels and technologieShegeer 2). A
separate study has been undertaken on bio-refineries in parallel to this.

1.3 This Report’s Objective

The aim of this report is to present recommendations for policyumsnts to

encourage innovation in the field of biofuels for transport use, suppoytetieb
background for these recommendations. This document outlines the atatenof

play in the sector — what technologies there are, what the @icdne market is, what
policy goals there are, what policy instruments are currantlyse and what the
current barriers and drivers are in the market. The recommensidake on board
policymakers and industry stakeholders’ views for future policygdeand explore
critical opportunities and constraints on policy design, as described below.

The final recommendations are intended to be constructive and robuk filmilings
therefore reflected both our own research and the results of ewsrvand
questionnaires. To this was added the responses to questions arisingetba
subsequently explored in a sector workshop in Brussels in January 2Qfi& (W
Package 4). This in turn was followed by an international workshgpobey tools

for innovation at which the synthesised results of the differentstasiees (of which
this is one) were presented and agreed. This report is, therefomal draft reflecting
the outcomes of the sector workshop, and has been amended in liggdusisthns at
that workshop.

1.4 Background to the Report



This report has been drafted by the Institute for European Enviroaim@alicy
(IEEP), in the context of the DGResearch co funded policy atethtresearch project

- Policy pathways to promote the development and adoption of cleaner technologies
(acronym of POPA-CTDA) (see Box 1). This work has benefitechfmatching
funding by the UK’s environment ministry DEFRA, to whom we arateful. This

report brings together work over a two year period under POPA ihgildn
understanding gained from the following.

A literature search on biofuels, policy instruments and innovation
Interviews with biofuels producers and policy makers

A detailed questionnaire on the barriers and drivers for biofueletpomses
to which have been analysed using descriptive and statistical techniques.

Additional interviews and a literature search on policy instruments.
Workshop responses.



Box 1 - Overview of the POPA-CTDA project

The project ‘Policy pathways to promote the development and adoptiorafec]

technologies’ (acronym of POPA-CTDA) is a two year projelan(ary 2004 t

December 2005) led by TNO in the Netherlands, with IEEP aseateam Member.

Partners are from eight Member States. This project is thB®&eResearch project t
help support the implementation of the Environmental Technology Action
(ETAP). It is a policy orientated research project.

The overall aim of this project is to contribute to the design ofpcehensive and

L=

0]
Pla

integrated environmental and technology policies to promote pro-enviropment

innovative behaviours in firms across EU Member States. Althoughiénéfication
of drivers and barriers is of primary importance to the proute they have bee
soundly identified, strong emphasis has also been placed on policy dedlgis
report.

Project main goals

To identify and define the barriers to the development, diffusion andfudeaner
integrated technologies by households and businesses in the transpagt,
industrial and agricultural sectors. To identify the policies anchar@sms to be use
to encourage and facilitate more efficient development, adoptioussmaf cleane
technologies; to ensure “win-win” opportunities are grasped; and lp dreen
general technology.

The steps of the project

Work Package 1: Background studies on clean technologies in the e
industry, transport and agricultural sectors — defining the sfapday of clean
technologies, barriers, drivers and policy instruments. This wasdedeto help
define which technologies or technology clusters the analysis would look at.
Work Package 2: Case studies. Eight case studies of clean tepbadlwvo per
sector) were explored in depth through a questionnaire and intervibmised to
a model of innovation behaviour.

Work Package 3: Policy Instruments. This element developed policynmestt
recommendations to address the barriers and enhance the drivers identified
Work Package 4: Stakeholder/expert seminars. The aim of tbiaga was t¢
disseminate insights on the barriers and drivers for clean tegjie®land explore
which policy instrument recommendations are most likely to bectefée and
practical.

Work Package 5: A report on the findings and recommendations for f
instruments (revising WP3 report).

Work Package 6: An international workshop to disseminate the rdsuksy
stakeholders.

The eight case studies being undertaken in Work Package 2 were:
Agriculture: Biofuels (IEEP) and Biorefineries (ITA).
Transport: Clean Vehicle Technologies and Urban Chain Mobility (TNO)
Energy: End use of Energy in Buildings and Renewable Energyndkxdies
(UGOT)
Industrial: Industrial Fuel Cells (Frauenhofer Institute) and t&/lmon-GMO

n

ene
d

nergy,

D

policy

Biotechnology (IPTS)
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1.5 Structure of this report

Chapter 2 presents an overview of the range of biofuels availablelation to

feedstocks, processes, and final products. Chapter 3 sets out thencbbenefits of
biofuels, while Chapter 4 analyses the market for biofuels. Chapfeedents a
discussion on the current state of policies, policy instrument use ang palcesses.
This covers both EU policy and national ones. Chapter 6 summariséssitets

gained on barriers and drivers as identified in WP2. On the béshe barriers and
drivers and knowledge of existing instruments and the market, &hagixplores the
range of policy instrument options available to promote biofuels whdtable. A

number of these will not be practical, feasible or appropriate andrthlgsis will

therefore reduce the long list of options to a more practicat §bbr these too are
presented in Chapter 7. Chapter 8 then presents an assessmantshbitlist in

greater detail — noting what can be said as regards benefits,rwinddosers etc.
Chapter 9 presents the summary conclusions, recommendations arstepsxtAs

noted above, this report will be an input into the WP4 sector workshopsranided

version will be an input into the WP5 international conference.






2 BIOFUELS - THE FUELS, TECHNOLOGIES AND SOURCES : AN
OVERVIEW

The term ‘biofuels’, even when restricted to those availableofad transport, covers
a wide range of possible end products. Some of these can be nwadgthrore than

one process route, and most can be made from a range of possiblecteedss a

result misunderstandings and misleading generalisations can arigdéscussing

biofuels when the data and issues relating to one fuel, procedsiedngburce are
accidentally applied to another fuel or sources. It is importangftirerto be clear as
to what fuels we are addressing here, what conversion techrolagieassociated
with these and what the source fuels (feedstocks) are.

This section does not seek to present a full engineering andlyssEmply to present

the key technologies clearly as a basis for the furthdysisaThis is important, as

the costs, benefits of and potential for biofuels depends very much on the fuels proces
and feedstock in question.

2.1 The range of biofuel end products

There are a range if biofuels used in transport, with varyingede@f current uptake
and future potential. Most common at present are biodiesel, bioethano anesser
extent bio-ETBE . Box 2 presents a summary of the key fuels.

As noted above, this wide range of products can be derived froousdgedstocks
via a range of processes. Figure 1 below sets suhlified schema of these various
routes to biofuel production, and the descriptions that follow describe ds¢ m
common and/or most promising pathways in greater detail. Theswiptess
distinguish between those already available commercially frase that are likely to
become available in the coming years. These descriptions areddfowve those in
Fergussoret al (2002).

It should further be stressed that this is not the full range ofbpp@ssptions, but
focuses on those available as transport fuels — in practiceghdsgroducts that take

a liquid or gaseous form. For biomass in general, an alternativef &etd uses is
available in the form of space and water heating, processaheatr heat for power
generation. In these applications, dried biomass can be burned in lvogdelsl form
after relatively simple processing (see for Example Rogalmmission on
Environmental Pollution (2004) for a more extensive description of these pathways).



Box 2 Biofuel types

Biodiesel a methyl-ester produced from vegetable or animal oil, of ldipsdity - produced

from oily seeds such as rape seeds, sunflower seeds, etcliTeehinical terms for biodiese

include fatty acid methyl ester (FAME) or vegetable oil mgktester (VOME). The mos
common form of biodiesel in Europe is RME (rapeseed oil methplr)@estThis is a1®
generationprocess.

Bio dimethyl ether: dimethyl ether (DME) produced from biomass can be used in heavy
diesel engines with some modification. However these are thdpatkst to DME and ¢

separate refuelling infrastructure is needed, so DME is mosy likdde used in captive fleets.

This is a2™ generatiorprocess.

Bioethanol: ethanol produced currently mainly from crops containing sagatarch such as

sugar cane, sugar beet, maize, wheat,zemlt)ernative methods using biomass and/or
biodegradable fraction of waste are also expected . This carothecpd by boti* and 2
generationprocesses.

Biogas a fuel gas produced from biomass and/or from the biodegradabt®ir of waste

that can be purified to natural gas quality and used in adaptddigpiion engines. This is a

1% generationprocess.

Bio hydrogen: hydrogen produced from biomass, and/or from the biodegradablefradt
waste. This is 8™ generationprocess.

Bio methanol methanol produced from biomass. This is likely to B& generationprocess.

Bio-ETBE (ethyl-tertio-butyl-ether): ETBE produced by chemical reactions from
feedstock of bioethanol. This is used primarily as an additivepetrol to improve
performance. The percentage by volume of bio-ETBE that is calculateofasl s 47%.

wn ~

Lo

duty

the

Bio-MTBE (methyl-tertio-butyl-ether) : a fuel produced on the basis of bio methahol,

similar to the above. The percentage by volume of bio-MTBEishedlculated as biofuel |
36%.

Pure vegetable oil oil produced from oil plants through pressing, extraction or corbfmra

n

procedures, crude or refined but chemically unmodified. It can be used in some sudsble he

duty diesel engines, but otherwise is likely to cause damagee commonly used as
feedstock for VOME.

Synthetic biofuels synthetic hydrocarbons or mixtures of synthetic hydrocarbons viakiod
been produced from biomass. This &'A generatiorprocess.

Based orhttp://europa.eu.int/comm/research/energy/nn/nmepeivs/003/article 2275 en.htm

a



Figure 1 Schema of liquid and gaseous biofuel production pathways

Resources Conversion technology Fuel

Arable/Annual crops
| Oil seed rape

| Wheat
| Maize Pressing/Esterificaton [ ®| Bio-Diesel
Enzymatic transesterificatio
| Sugarbeet
| Potatoes Ethanol
Herbaceous perennials Hydrolysis/Fermentation

| Miscanthus Bio-Oil

| Switchgrass

| Reed canary grass

Pyrolysis FT-diesel

Woody perennials

| Short rotation coppice Methanol

| Pine/Spruce DME
Residues & wastes Gasification Hydrogen

| Forestry residues

| Straw

Digestion [ Bio-Methane

| Organic municipal waste

| Waste fats and oils |

Source: Hart et al (2003)
2.2 Liquid Biofuel Options Available Now

2.2.1 Biodiesel from oils

Biodiesel is also known as Vegetable Oil Methyl Ester (VMEJatty Acid Methyl

Ester (FAME), or, when made from rapeseed oil, Rape Methgr ERME). It is

manufactured through the esterification of vegetable oilsional fats, with the latter
coming from one of two principal sources: oil extracted fronds@e oil-rich nuts; or
recovered waste vegetable oils and animal fats. The lattergidy hdesirable in
environmental terms, as it produces a useful product from soméiiainig otherwise
a waste that is difficult to dispose of safely. However, piingsrequires impurities
to be treated or removed before esterification, and the t@dstieck available from
this source is likely to remain limited.

For Europe, rapeseed and sunflower are the principal potentialdelesiselsewhere,
soya and palm oil are options. Currently rapeseed is by famib& common
feedstock globally. Biodiesel can be used in pure form in diesehengiith some
minor engine modifications, or it can be blended with conventional diseke in

standard engines. All stages of the biodiesel production chain leeady
commercially available, and industries are well-establishedeweral European
countries (see Chapter 4).

2.2.2 Bioethanol from sugar and starch crops
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Ethanol is currently produced either by the fermentation of craogs ihi sugar, or
through a sequence of hydrolysis/fermentation steps for staags.cPrincipal
feedstocks for ethanol production in Europe are sugar beet and wheat@ther
possible sources elsewhere are corn (mainly in the US), saigar(imainly in Brazil)
and sweet sorghum.

Ethanol has been in common use in transport for about 30 years arounatlthasv
both neat ethanol and as a blending agent or oxygenate in pett6%oAy volume

ethanol blend in petrol contains about 97% of the energy of pure pgaitdihis is

compensated by increases in combustion efficiency leading tarsialumetric fuel

efficiency. If ethanol blends are increased above 20% by volume,glaerhi
compression ratio is needed to produce similar power to that of @ siam petrol
engine.

Alternatively, ethanol can be converted to the ether ETBE (Etleytialy Butyl
Ether) which is added as an oxygenate to petrol. ETBE is dedeaa a by-product of
the refining process in some oil refineries, but the amounts gederathis way are
limited relative to aggregate fuel demand levels.

The fermentation and distillation of sugars obtained from crops sushgar beet is
very well established, and is nearing its efficiency linligugh recent developments
may allow further improvements. Ethanol produced from starch asaatommercial
process already, but recent R&D has concentrated on improving thelysyslr
process to produce simple sugars and reduce the significany eeqrgrements of
the process.

2.3 Options Potentially Available by 2020

Again this section is based largely on a synthesis of Fergessb(2002). However,
a study team at CE Delft (Kampmanal, 2005) provides a useful update on the state
of play on emerging technologies.

2.3.1 Bioethanol from lignocellulosic materials

In the medium term, further improvements in hydrolysis offer the ilpibs of
manufacturing ethanol from a wide range of lignocellulosic (@dy) materials.
These might include straw; wood and wood residues; energy grasdesasuc
miscanthus; human and animal slurries; and the organic fractiorumitipal solid
waste. This is an important development as it offers the prospestycling a range
of waste products and low-value co-products, and of using a widee @nglant
feedstocks including high-yielding energy crops.

Ethanol production from lignocellulosic biomass is still at the dematnsh stage,

however. A key challenge will be ensuring that the cost of fuata@mercial

production is competitive, but there is some evidence to suggestotatoould be
significantly below those of current sugar and starch-based pescésg Woods and
Bauen, 2003).

2.3.2 Gasification products

As Figure 1 above illustrates, gasification provides an altematiute to conversion
of a wide range of biomass feedstocks, via a number of pogmibbesses, into
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various end products. These are not all described here. However, it Ba@itéssed
that gasification may in the medium term offer a more robustepsothan those
currently available (ie fermentation, hydrolysis and estatifin), offering greater
flexibility in the range of feedstocks and of products, and probably lads$ter

conversion efficiencies.

The Fischer-Tropsch Process

One appealing option is the Fischer-Tropsch (FT) process to consdreédyanaterial

to diesel, with additional outputs of kerosene, naphtha and some gaseous
hydrocarbons. A particular attraction of this process is thabitileerosene produced
could help address the intractable emissions problems of the awsatbtor, while
naphtha could be used as a chemical feedstock, and the gases &as lpgates to
generate electricity. FT-biodiesel is chemically simtla mineral diesel and can be
used as a direct mineral diesel substitute or blend.

FT process technology is already mature, having been used fortsneneo make
liquid fuels from coal, particularly in South Africa, and more relgeftom natural
gas. Biomass gasification technology is at the demonstratiaye,sts is the
integration of biomass gasification with the FT process. In Eurogiagée pilot plant
in Germany currently produces FT-biodiesel.

Dimethyl Ether

Dimethyl ether (DME) can be used as a clean and effideatt substitute fuel in
diesel engines, and is favoured for this reason by some heavyehgiyne

manufacturers. It has the advantage that all biomass gasfficatoducts can be
converted to DME in a dedicated plant, as opposed to the FT processstlits in a
range of fractions in the output, not all of which are equallyulisefcommercially

attractive.

DME, however, requires dedicated fuelling infrastructure and on-boarajgst plus
engine modifications, so is likely to be confined to captive flektgeavy vehicles, as
opposed to synthetic diesel that can be integrated into the foss@l dnfrastructure
and used widely. Also, the technology is as yet still at the danatinoa stage, and
seems unlikely to capture a major share of the market.

2.3.3 HTU diesel

Kampmanet al (2005) note the potential of an additional process of hydrothermal
upgrading (HTU). This uses hydrolysis and decomposition of a rangesstble wet
biomass feedstocks to create a ‘biocrude’ which in turn can bedurraoilers or
further refined into a diesel product through catalytic hydrodgenation. Very good
results are reported in terms of £€@ductions (possibly even negative O@here
waste materials are used), but the process is as yetragpéal and the quality of the
diesel that is produced remains unproven at this stage.

2.4 Prospects for bio-hydrogen

The ‘hydrogen economy’ is often discussed as the long-ternegitadlternative to
the continued use of fossil fuels (see for example IPPR, 2001). loathiext, use of
hydrogen as a road transport fuel offers a number of potentiattaitrs. Hydrogen
can be produced from a variety of different sources, notably renevesigieyy
resources including biomass. Eyeal (2002) further stress that a biomass route to
hydrogen is an attractive alternative, as there is littesgect that there will be
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sufficient renewable electricity available to be used fartedéysis of hydrogen in the
foreseeable future.

However, these prospective benefits must be set within the comtidve fundamental
and extensive changes that would be necessary to introduce gdryéanomy. For
its use to become widespread, a large hydrogen storage anoutistrinfrastructure,
capable of replacing the existing system based on fosdd, fumuld have to be
developed, for example. Prototype hydrogen fuel cell vehicles keadg in
operation, but large scale deployment is expected to be some davadesand on-
board storage of hydrogen remains problematic.

Thus as a road fuel in particular, hydrogen is not a mainstreaionofar the
immediate future, but it is important to stress that biomas#iagmion offers a
potentially very important pathway that could help to lead towdndslong term
goal.
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3 COSTS AND BENEFIT OF BIOFUELS: A SUMMARY

As for any issue, in order to identify the most effective dnadanced policy
instruments in relation to biofuels for transport it is vital tdyfuinderstand the
potential benefits and costs. The main arguments and key dgbeeaented here,
with a wider discussion on drivers and barriers presented lateisireport. It should
be noted, as discussed earlier in the report, the variety withitidifieels sector
means that individual benefits and costs apply variably depending eadistdek,

method of manufacture etc. Sections 3.1 and 3.2 introduce the key costissne#t
while sections 3.3 to 3.8 explore in more detail particular issues of consequence.

3.1 Costs of Biofuels

The fact that there is only a 1% penetration of use of biofoelsansport fuels at
present underlines that there clearly barriers to their uptakeseTdre explored in
depth in WP2 and a summary given in Chapter 6 of this report. It sheufwbted

again that costs can be in the form of social and environmental tsnpath issues

that act as a barrier often, as one might expect, being thesifle of the issues
outlined as benefits. In addition there are concerns about cdsitsfuéls in terms of

the monetary sense — that is, are the financial returns watimeestment, and how
do costs compare with those of the corresponding conventional fuelseo$te
associated with biofuels again vary with type.

Biofuels have historically been relatively expensive, around €0ebfidr biofuels,
compared with €0.2 to €0.25 per litre pre-tax cost for oil-based &1&ks$30/barrel.
The current high oil price reduces, but does not generally elimitragecost gap.
Feedstock prices may also change over time to reflect groviatglgdemand for
both fuel and food and changes in trade and trade policy, but thesdfiatdt do
predict.

Fulton (2004) argues that, of the conventional biofuels currentlyadiajl ethanol
from Brazilian sugar cane is by far the most competitive imgeof cost, with an
incremental cost relative to petrol of only 5-15 US cents per, liiving CQ savings

at US$25-50 per tonne, which compares favourably with many other adtem
options. Grain ethanol is considerably more expensive to produce -rhatestit at
between $200 and $500 per tonne of,@Datement, reflecting both the higher unit
costs and a significantly lower net g@duction per unit. Cost estimates from the
Concawe/JRC/Eucar study are of the same order of magnitude.

In the near term, he estimates that lignocellulosic ethanol cprdduce CQ
reductions at $200 per tonne, becoming cheaper than ethanol from most conventional
crops, and even eventually becoming competitive with petrol ‘if wordprices
remain in the US$30/barrel range’ — which seems a cautiousljidove at the time

of writing. In the medium term he argues that, owing in fmarhuch lower feedstock
costs, production either of ethanol from hydrolysis or synthetic falshe Fisher-
Tropsch process should fall below $100 per tonne of &@tement post-2010.

However, a wide range of costs is quoted in the literature, asd tlaey substantially
according to the economics and yield of the feedstock chosen, coseffiaighcy

ratings of the various stages in the transformation processhamuites available for
co-products (the latter is also a complicating factor, as theght be subject to
substantial changes when processes come into widespread ustaamngcurrently a
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valuable co-product might become an oversupplied waste stream). biaeoédow

presents the cost ranges reported in three recent studies ¢hdeemed to be
relatively authoritative and to reflect these ranges — Ec(#®03), the updated
Concawe/EUCARS/JRC study (2005/6), Sheffield Hallam (2003) andethdts of

the VIEWLS project (2006).

The Concawe/Eucar/JRC (2003) study illustrated a wide rangesis per tonne of
CO, abated relative to conventional fuel costs. This study has nowfldBenpdated
(Concawe 2005/6) and estimates improved in some areas. All the chioéurl
options show positive costs relative to oil at the lower cogfer@ssumed for oil (€25
per barrel) — less than half of that which prevails at the ¢ifneriting. However the
figures are much more favourable with oil at €50 per barrel, withessatond
generation options now appearing positively cost-effective agaonsentional fuels,
and hence saving G@t zero or negative cost.

Table 3.1 Range of Estimated Production Costs of Biofuels

Ecofys Concawe/Eucar/JR Sheffield Hallam VIEWLS
Fuel C
Cost in €/litre Cost in €/GJ Cost in GBEl/litre Cost in €/GJ
Ethanol 0.59-0.63 13.8-20.0 0.16-0.37 29-67
[25.7-27.4] [10.2-23.7] (best estimate 40)
ETBE 0.45-0.48 28-72
n/a (best estimate 45)
Biodiesel 0.49-0.95 16.4-18.5 0.44-0.47 9-26
[15.8-30.6] [20.9-22.3] (best estimate 17)
(best estimate
0.73[23.5))
Notes: Figures in square brackets translate estimates into €/GJ

Low end Hallam ethanol figure is for Brazil — not considered by Ecofys
Concawe/Eucar/JRC costs are 2005 data

For ethanol, the VIEWLS figures (and to a lesser extent Ecofygpear high in the
table above, while CONCAWE and Sheffield Hallam give quite goodesgent. For
biodiesel Ecofys and VIEWLS present a wider range, but alinasds centre on
values around 15-20€/GJ. Note that, as biofuel products are already gladally

and are likely to be more so, no studies suggest a strong supplyasdner

conversely that substantial additional economies of scale allald@aAs a result,
price is not expected to rise significantly with respect to demand, soghewve is a
flat line for each fuel. Prices would be expected to risdypartline with oil price,

partly as this pushes up production and transport costs, but also beichusleprices

have shown some tendency to track the price of oil. However the casirlwin

savings reduces as oil price rises.

Thus there remain cost barriers to biofuels, and these areitasgane cases once
various subsidies as well as direct costs are taken into aceduntsome options are
significantly closer to economic viability if high oil prices pst and new processes
come on stream.

3.2 Overview of Potential Benefits

Biofuels can lead to benefits in the following areas:

Agriculture: Biofuels can help to develop new markets for agricultural produce

that might otherwise be surplus to immediate requirement®dar purposes, and
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which can therefore help to maintain higher prices for thesemoafities.
However, this will depend upon the balance between domestic production and
imports from outside the EU. Also, there could be the long-tegncontention
between a range of land use demands if domestic biofuel productientaver
increase significantly.

Forestry: At least potentially, the biofuel industry could offer new markds®

for wood, including waste from other processes, brash and thinnings from
managed forests, etc. Using such materials for biofuel productight naiso
improve the economic case for improved management of some poorly managed or
unmanaged woodlands.

Energy Security: Biofuels can displace petroleum-based fuels that are cyrrentl
dominant in the transport sector and, in many countries, can provide atobome
rather than imported source of transport fuel.

Environment: Biofuels are generally more climate-friendly than petrolduets,
with lower emissions of COand sometimes other greenhouse gases. They can
therefore contribute to Geduction targets;

Fuel quality: Refiners and car manufacturers have become very interestieel in
benefits of ethanol or ETBE in order to boost fuel octane, espeuwibire other
potential octane enhancers, such as MTBE (methyl-tertio-btiighe are
discouraged or prohibited;

More sustainability in transportation: biofuels are derived from renewable
energy, which is likely to be more sustainable in the long term toatinued
reliance on fossil fuel sources.

Health: There are some emissions reductions possibilities associatediseitof
biofuels as fuel or fuel additive, and these can contribute to health benefits.

The extent of the benefits is not always clear cut, however,sante are very
dependent on the source of the biofuels and the technologies used. & lasoain
some cases difficult to maximise, monitor/prove and achieving l@meeat can in

turn prevent or limit achievements in relation to another. This migltipbf potential
benefits is potentially very important in policy analysis, askt@eefits claimed are

not always assured or undisputed, and do not always correspond to e¢he tru
motivations of policies to promote particular options.

It should be noted that the potential benefits for agriculture, enexyity and in
terms of CQ savings are generally those cited as justification for threldpment of
biofuels. These and other benefits are explored in greatel idetae sections that
follow.

3.3 Energy Security

Energy security has long been a preoccupation of many Europeas 8tat are
lacking in indigenous fossil fuel supplies. Even the UK, once descabedan island
of coal in a sea of oil and gas’ has now reached the peak of bkebnd gas
production from the North Sea, and is becoming a net importer of these fuels.

The Commission’s recent Green Paper on Energy Efficiency (QQ02()321)
highlights the issue of import-dependency, which is especially &ouigl. In turn,
the transport sector is around 99 per cent oil-dependent for its haeis &y far and
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away the main sectoral demand source for oil. The Paper antcipate90% of the
EU’s oil needs would be supplied by imports by 2030 on current trends.

An earlier Communication (COM(2002)) further highlighted concerns supplies
from potentially unstable regimes, or at least countries irsasaeh as the Middle
East which is characterised by political instability.

Reflecting these growing difficulties, security of supply iscantral pillar of
Community energy policy, and promotion of biofuels is seen as an importa
dimension of this. See for example COM(2000)769.

It is of course misleading to suppose that all biofuels will be pextiélom domestic
feedstocks. In a free market, biofuel feedstocks can be tradedarikeother
commodity, and it is likely that some at least will be imedrteither as raw
feedstocks or as processed fuels. As an example of this, Sweeadyalmports its
ethanol from Brazil, and palm oil from south east Asia may \wwellve more
competitively priced than locally-grow feedstocks for biodiesel.this context,
attempts to protect European growers from imports and to subsidigstioimofuel

production are likely to come under that same sort of scrutiny asdyses from the
WTO as other types of agricultural production in Europe. Thus biofudlsnat

automatically provide energy security in the sense of being ‘home grown’.

Even if imported, though, ethanol and biodiesel will likely come fronmoregother
than those producing petroleum (e.g. Latin America rather than ttdleviEast),
creating a much broader global diversification of supply souafegnergy for
transport. This too contributes to energy security. Given the very lbigh of

dependence of current transport systems on oil-based fuels (around&®@Pihe
emergence of biofuels as the main alternative currentlyadlajl this is a growing
consideration and an important attraction of the biofuel industry.

3.4 Environment - CO,

CO, emissions from transport continue to rise and biofuels are ofteharie part of
the solution to combating the climate impact of road transport. hcipke, burning
biofuels releases no more g@to the air than the biomass in question absorbed
when it was growing. Biofuels are not 100% LCeutral in practice, however, as
some greenhouse gases are typically emitted during the gravfirggops, the
production of biofuels, their transportation to the point of sale, etc.

With conventional road fuels and engine technologies, emissions hawvechist
been measured at the exhaust tailpipe of the vehicle. For carborle]idkis
measurement reflects the amount of fuel used (and hence carbtadgmimoving a
vehicle a given distance and is adequate for most purposes even thawghréhe
additional emissions, which result from the production of the futeatefinery, for
example.

For liquid biofuels, however, such an approach would be completely misleading
because they too emit carbon dioxide from the vehicle exhaustgmficint
guantities, but they offer benefits because this carbon was abstrdredthe
atmosphere as the source plants grew, rather than being refieasedinderground
storage - as is the case with fossil fuels. Hence, in ordesdess true carbon
emissions the requirement is to assess the emissions incumedlirstages of the
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life cycle of the fuel — moving from a ‘tank-to-wheels’ toweell-to-wheels’ (WTW)
analysis.

For a petroleum-based fuel this mainly involves adding in the emgssirom

refineries and transportation of the fuel to the filling station,fwuga biofuel it may
be much more complex, as described in Box 3 below. Note that wheeeishar
change in vehicle technology as well as fuel involved (eg inckimg to hydrogen
fuel cell technology), then a full WTW analysis is necesgarygive comparable
results. Liquid biofuels, however, are currently used in normal petchesel engines
and primarily as a blend with conventional fuel, and in this caseatbelation can be
simplified by ignoring the engine part of the equation. The resulien a ‘well-to-
tank’ (WTT) calculation, which can be used to compare the emissionsngeof

useful energy of any two fuels, which can be used interchangeably.

Box 3 Factors to be reflected in ‘well to tank’ assessment of biofuels

Fergussoret al (2004) summarised some of the key factors that may affedtifih
‘well to tank’ greenhouse gas implications of biofuels. These adedtbriefly
below. In most cases, these factors serve to reduce the greegjasubenefits of
biofuels from their theoretical maximum.

D

Changes in the storage of carbon in soil can result in net iesreaslecreases |n

greenhouse gas emissions for the cultivation of crops for transport biofuels. [This is

true for all crops in principle, but there are particular concetnesye demand for
biofuels might result in major changes of land use — eg from grazingdameltile
or coppice. However, due to the many uncertainties over the avaluadt net
carbon balances for particular crops, and the great varialikely between
different types of feedstocks, associated greenhouse gas enassiofien not
included in WTT or WTW assessments.
In contrast, other greenhouse gas emissions, particularly carbodederissions
from the manufacture of nitrogen fertiliser, may be significand are commonly
taken into account where relevant.

Process heat is also an important element in the manufactaestain biofuels
notably bioethanol. In cases such as this, it makes a greaifd#tierence to the
total greenhouse gas balance whether heat is from fossil soarce$ether a
renewable source (eg straw or wastes from the crop itself) can be used.
Additionally, the carbon in fossil fuels used as feedstocks in claémiocesse
may be released as carbon dioxide emissions as a result ofcahegactions
This is an important consideration for the production of nitrogenlisertifrom
natural gas, where carbon dioxide is a by-product of nitrogetidertproduction,
This is emitted in sufficient quantities to be recovered for sulesgcgale as an
industrial gas, but most of it is likely eventually to return to the atmosphere.
Similarly, nitrous oxide emissions from the application of nitrogemiliser to
cultivated land are an important source of total greenhouse gasoasissnd
need to be reflected in calculations.

U

Perhaps the most comprehensive study of the full WTW implicabbrasrange of

biofuels in terms of C®avoided was the joint study by Concawe, Eucar and the
Commission’'s JRC (Concawe/Eucar/JRC, 2003 and 2005/6). Its findings are

summarised in the Figure 2 below. The graph illustrates the widgtigarin costs
and benefits found for a range of biofuel processes, including thazessksl above.
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Note that these represent mid-point estimates; in most casasga of variation
would be expected on both axes.

This illustrates that ethanol from first generation proceasex) wheat or sugar beet
typically offer CQ benefits in the range of 20% to 40% reductions, with significant
variations according to the fuel source used for process heat. IMstieys tend to
perform better (in the 40% to 60% range). In contrast, second {enepaocesses
producing ethanol or synthetic biodiesel are far better in @@formance, probably
achieving 80 or 90% CfQreductions, and at costs competitive with the cheaper end of
the first generation fuels. Note, however, the current ethanol groddoom sugar
cane in Brazil can already achieved similar levels of &Quctions.

Note that the poor performance of ethanol in the original Coneawalereport (2003)
was not fully in line with findings of UK studies (eg Elsayetdal, 2003) One factor
in this was that the Concawe/Eucar/JRC had assumed that wheatvstuld always
be ploughed back in after harvesting — as has to be done in someffam®pe to
preserve the soil condition. In this case it is not available f@rgiurposes including
provision of process heat. In some other countries (including the Uk@Jso this is
not the case. Therefore further analysis was undertaken in thgaWCVP, 2004)
that clarified that better reductions were available accgrttira range of assumptions
used and with credits allocated for co products — although the maseiGent
processes were also the most expensive. This has subsequently besreddnf the
more recent Concawe/Eucar/JRC report (2005/6), which is muchalosedy in line
with the UK findings.

In summary, it has been assessed that most biofuels lead to ciaeda CQ
emissions, but this can vary between 20% and 90% of thg r€l@tive to the
equivalent conventional fuel. In general, ‘second generation’ biofwelgxpected to
perform significantly better in CQerms than those available now, although Brazilian
ethanol already stands out as a good performer. This isoa faejor that needs to be
reflected in policies, in order to move towards the more €Efiicient feedstocks,
processes and products.
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Figure 2 Graph from the Concawe/Eucar/JRC Study Highlighting the Differences
between CO2 Savings versus Cost from Different Biofuels
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[needs updating to 2005/6 — graph awaited]

3.5 Environment — Agriculture and Biodiversity

While many and competing claims are made as to the localitsemedisbenefits of
growing plants for biofuel use, this is an area that wheré&vela little research has
been undertaken, and where the outcomes would in any case vary aceathjing to
what crops were grown where, and how.

IEEP (2004) produced an assessment for the UK of some of the pdssiale
environmental impacts of a significant increase in biofuel produéiothe UK. On
the impacts of conventional agricultural crops, conclusions included the following:

A modest expansion in existing crops, particularly rape and wheatdwot
raise substantive new environmental issues.

If GM varieties were to be planted, however, this would generaje koale
opposition to biofuels more generally as well as the specific crops.
Industrial crops may add to the pressures already bearing ohmtited
farmland area, squeezing the scope for less intensive systeohsling
organic, and potentially affecting land availability for altewmatises such as
nature conservation.
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The principal agricultural crops in question (wheat, sugar andimape short
term), all have certain environmental costs. There are enviroahtmefits
from break crops in cereal rotations; a larger area of wheatdwbel
disadvantageous environmentally, given the relatively high level of Snput
used for the crop and its lack of habitat value.

A larger area of industrial crops on set-aside land would bepabstckwards

in terms of biodiversity.

An enlarged area of oilseed rape would have a variety of is\pdepending

on the crops it displaced. Winter sown oilseed rape in place of sjoing
rape crops would be undesirable for biodiversity but still prefetableinter
wheat. It was not expected that rape would take over any signiticaa of
grassland.

The ploughing of permanent grassland for arable cropping would begolegma
for biodiversity and landscape interests in many but not all locations
Ploughing of historic sites would always need to be avoided.

For more novel crops, particularly willow coppice, a number of diffiecenclusions
were drawn:

There are potential benefits from appropriately managed and sited new
planting, although extra incentives might be needed to make the mib&t of
environmental opportunities.

Protection of sensitive habitats and landscapes would be essedtthkaneed
for a rigorous EIA and strategic environmental assessment\focrgs on a
significant scale or on semi-natural habitats must be emphasised.

At present it is difficult to envisage serious environmental igpiiom SRC,
miscanthus and other novel crops given that the current area isaolsm
were to be expanded greatly, however, the cumulative effects refasiaog
numbers of plantations could be more significant.

Coppice could have biodiversity benefits if well managed. Landscapeseffe
would be positive in some locations but negative in others, dependitige on
precise siting.

One of the principal concerns about certain new crops, particulRG;, &
their heavy water demand and potential impact on aquatic systemgopic
needs further investigation.

Much less is known about the potential impact of miscanthus, for egampl
There is some anecdotal evidence and concern about the impact of a non-
native species, but more research is required.

Owing to the specificities of local conditions, it seems likélgttsome of these
conclusions would hold good across the EU, but others might not. Also, while a
moderate increase in land use for biofuels would be likely to haveaheuteven
positive environmental effects, these might well not hold good for lege scale
growing. This would result particularly if development amounted targe-scale
monoculture, or displaced less intensive farming methods or impingedtoralna
areas or areas of high natural value.

3.6 Fuel Quality

As noted above, bioethanol can be quite straightforwardly converted tim e
tertiary-butyl ether (ETBE), and this can be added into ordinarywlpes an
oxygenate and octane enhancer, typically in blends up to 15%. ddiceas the
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carbon benefit of the fuel, but it improves the combustion efficientye engine and
can hence lead to a significant reduction in other pollutantsalsiseasier to blend
with petrol than pure ethanol (ie it can be blended at refirergl,| which ethanol
often cannot), and hence eliminates some of the problems caub&htiyng ethanol
into petrol (increased volatility, absorption of water, etc). Theddtas been a serious
barrier to the acceptance of ethanol as a blending fuel by nefmenany countries;
although the importance of the technical barriers is sometimpstélds the resulting
lack of market acceptance is clear, and has been experiendeg UStas well as
Europe.

ETBE is particularly useful as the other commonly used oxygdnagthyl tertiary-
butyl ether or MTBE) has been found to cause serious and patgsbblems when
fuel from leaking tanks penetrates down into groundwater. For #$s®meMTBE is
now restricted or banned from use in a number of countries, including Denmark.

3.7 More Sustainability in Transportation

Following on from the arguments above relating to fuel security, it can readisene
that, in being so heavily dependent upon oil, the transport sectorémnityisupplied
by a clearly non-renewable resource. Thus any move towards biofaeld at least
begin the process of switching to renewable resources, which should theke
transport sector more sustainable for the long term in resource terms.

However, looking at the national or European dimensions, current develoareiats
very long way from delivering full sustainability. Fulton (2004) ergs figures
suggesting that large areas of EU or US cropland would be reqairedet even a
10% biofuel share in fuel supply — in the case of biodiesel, risiagaund 30% of all
available cropland. Eyret al (2002) reached similar conclusions for the UK.

The prospects of domestic self-sufficiency using lignocelluldsegdstocks is in
principle better, because the crops grown are more productive in téromsable
product per hectare per year, and also a more diverse range ofcarojpe used,
including many (eg willow coppice) that could be grown on land ndtlsiel for
arable production. Nonetheless, Eteal concluded that only with very optimistic
assumptions about future productivity and high vehicle efficiency woubdat be
possible for the UK to be self-sufficient in transport fuelsnd athers have doubted
that even this is the case (see for example, LowCVP). antereport for the
Netherlands (Kampmaaet al (2005)) confirms — perhaps not surprisingly — that the
Netherlands would never be able to produce more than a smabifratthe biomass
needed for a large scale industry, even with maximum use of waaterials,
although the situation is likely to be more favourable in countrids avhigher land
area per capita — most obviously some of the new Member States such as Poland.

3.8 Environment and Health

As regards other environmental impacts and notably those relategiltb impacts,
when it presented the proposal, the European Commission consideredttieatryn
the future use of biofuels would only result in a small reductionnyf & harmful
emissions to the air other than €@ CO, NOx, VOC and patrticles). Amongst other
things, this is due to the fact that the environmental regulatidmesgétemissions has
been and continues to be tightened.
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This is only reflected in the performance of new vehicles, sakést some years to
permeate the vehicle fleet. Also future progress depends of aoursbether and to
what extent the tightening does continue to take place.

Emissions reduction benefits of other pollutants are also claforedthanol itself
when used as a blending agent, but in this case the evidencededagban for C@
Testing of the use of a 10% ethanol blend in petrol cars for thgdyi§rnment, for
example, did find an improvement in particulate and carbon monoxide ensisbut
no change in NOx emissions and in some cases a sharp incredésgehydes. The
latter can be a concern. The Swedish ethanol buses do meet Bemosision levels,
but do not claim any major reductions in regulated pollutants below this level.
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4 THE MARKET FOR BIOFUELS

4.1 An Introduction to the EU Biofuels Market

The two major biofuels that are used for transport in Europe today
biodiesel, made from oilseeds, and bioethanol, made from sugarbg
wheat — or increasingly from sugar cane grown in Brazil. Bs&l| is the
most common of the two, and is normally blended with diesel, meany
bioethanol, in its pure form or after transformation into ETBE Jesded
with petrol (see Box 2 for more details). Other biofuels, derifveth
wastes and residues, account for only a small share of EarbpHaels
consumption for transport. Since biodiesel and bioethanol can be blg
with existing fuels, and consequently be used with traditional vef
technology and existing distribution infrastructure (Hellenic Repul
2004; EBB, 2008%), the increased use of these fuels is to a large e
determined by willingness to make use of them and their avaiahtli
should be noted that for second generation fuels, there are at p
technological barriers.

High level blends — or even 100% biofuels — are also possible. The
however, require some modifications to vehicles and have therefore
been used in dedicated fleets thus far. Flex-fuel vehicles thallew a
wider range of blending ratios are now becoming available, bustdre
relatively few in number. High-biofuel blends are thereforel il
relatively minor part of the total demand for biofuels in Europe.

4.2 Consumption of Biofuels in the EU

4.2.1 Driving the Market

Several Member States, such as Austria and France, have beenisgp
the development of biofuels since the 1970s — mainly driven by
opportunities for agricultural diversification and alternative sesirof
energy". The development of the European market for biofuels
however, been hugely influenced by the positive signals sent fyattneb
European institutions as a consequence of the adoption of Dire
2003/30 on biofuels and renewable fuels for transport. The Directive
Section 5.3.1 for full details) sets targets for the utilisatiorbiofuels
within the EU as a percentage of total transport fuels - 2% an@o5
objectives by the end of 2005 and 2010 respectively. The Directivg
prompted a policy response in Member States, and it is these (
measures that in practice terms are driving the biofuelkenaf Europe
(at different rates depending on the Member State) eg imothe df tax
exemptions, renewable fuel obligations and public procurement schq
Chapter 5 outlines full details of the pressures that have resultg
biofuels policy development, and the types of measures employe
Member States.

As outlined in above in 4.1, the market at present for biofuels iselintiy
willingness to use them and their availability. The policy raezs above
are designed to alter peoples level of willingness by: enfgrttiem to
utilise biofuels, in the form of an obligation; altering the econortuicy

Box 4 The Market in Germany

Biodiesel was introduced or
the German market in the earl
1990s, and since 1998 th
biodiesel market has seen

considerable growth thanks t
the EU legislation to promots
biofuels, investments in new
biodiesel production facilities
and a better cooperation witl
the vehicle industry (VDB.

Most market participants ard
SMEs and the cultivation of]
rape oil plants is generally
rather small scaled (Voegel)n

In Germany, 45 per cent of al
biodiesel is distributed to|
companies in the transpornt
sector, 40 per cent goes tp
mineral oil companies which
mix it with conventional diesel,
and the rest is distributed t
private users and to thg
agricultural sector (VDB.
There are about The indicative
target of 2 per cent by 200f
could be reached just with the
proportion of biodiesel,
however bioethanol
production, which began only
in 2003, is of increasing
relevance as a way to reach th
EU-goal of 5.75 per cent by
2010 (VDB ethand).

D D =<
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Biodiesel consumptioni 050
000 tonnes/1.69 per cent (d
energy consumption/1.76 pe
cent of consumption by
volume, in 2004
Production capacity af
biodiesel: 1.2 Million tonneg
(2004)

Bioethanol consumption:65
000 tonnes /0.07 % of ener
consumption/0.12 % q
consumption by volume, i
2004

ETBE consumptionestimated
at about 240 000 tonnes [
annum

Pure rape oil consumption:
estimated at about 5 000 tonngs
per annum

Biofuel consumption:1.9 per
cent by volume of total fuel
consumption/1.8 per cent |ir
terms of energy content, |
2004

Indicative target
2005:2 per cent
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Source: German Governmept:
Second National Report Q
The Implementation qa
Directive 2003/30/Ec Of 8 May|
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make biofuels a more favourable option, by way of tax exemptions
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subsidies for eg certain crop production; or demonstrating theiessfot

use ie leading by example via public procurement. There are othersdr

which influence willingness touched on earlier in the report. The cdt

costs to benefits relative to each other and other technologies is

fundamental. Biofuels are, for example, currently touted as

an

environmental technology due to their greenhouse gas saving potential,

although willingness to exploit this is hampered by uncertairdaies
variability in terms of the exact levels of saving. The cosbiofuel

production is at present higher than that of eg fossil fuel oil prayc
however, as the value of oil continues to rise due to limited andecns
over the security of supply this balance is expected to shikingpal
biofuels more economically viable.

In terms of availability, as Directive 2003/30’s targets are based dflih
utilisation of fuels not EU production, this is influenced by the lewé

biofuel production across the globe. Brazil for example is a m
producer of bioethanol from sugar cane. More controversially palnj
derived biodiesel is cheap to produce and some counties have inves
are considering production as a consequence of the anticipated gno
the EU market. Biofuel production within the EU has also bs
stimulated, this discussed in sections 4.4 and 4.5, although level df 3
and potential production varies dramatically between Member States.

4.2.2 The EU Market

Assessing the level of market penetration of biofuels acrosg&lthae

actual usage levels, is currently hampered by incomplete that
(according the EEA). An assessment made, based on availabferda&a
EU 25 in 2002 estimated that biofuels accounted for only 0.34 perce
all petrol and diesel sold for transport purpd$est should be noted thal
the percentage level varies considerably between Membes 8tate 0 to
0.8 percent in Germany. The share is estimated to have more thanddg
over the past eight yedrdut this is still a long way off the target leve)
for the end of 2005. It is anticipated that more reliable datauoeat

levels of consumption will be available shortly. Figure 3 bel
demonstrates the change in the percentage of biofuels utiliskd BU

between 1994 and 2002.

In terms of future biofuel consumption the level at which national bio
targets have been set by Member States, in response tauei2@d3/30,
give some indication of political ambition. Several Member State®

set 2 per cent or higher as their reference target for Dmre@005;
however, a majority of Member States assess that thegyodrikely to

reach this target. A large number of Member States have stedg
significantly lower targets for 2005, which have been rejectedhby
European Commission. This relates seven Member States: Derfrar
% target), Ireland (0.06 %), Finland (0.1 %), the UK (0.3 %), Hung
(0.4-0.6 %), Poland (0.5 %) and Greece (0.7 %). The reasons behind
lower targets vary and include obstacles such as limited produ
resources and limited public acceptance. For instance, the UKidg
commercial production of biofuels (European Commis$jcaand Finland
uses biofuels (particularly solid fuels) in other sectors tharspat, but
has a limited production of liquid biofuels as they are less eftesttive

than the alternatives. In Hungary and Estonia, biofuels are not us

-25 -

Box 5 The Market in Sweden

In Sweden, biofuels are a fully
competitive alternative to fossi
fuels and the number two afte]
oil in total energy
consumption. This may bg
explained by the introduction
of a relatively high carbon tax
on fossil fuels already in 1991
(Eriksson, 2005) in
combination with tax
exemptions on bioethanol, and
the further introduction of a|
number of different measureq.
The most common transport
biofuels are bioethanol, rap¢
methyl ester (RME) and biogas
In particular, the use of ethand|
has increased significantly over
the past few years and most ¢f
the ethanol (approx. 90 pe
cent) is used for blending ir
petrol. At the end of 2003,
about half of all 95-octang
petrol contained 5% ethanol
(Energiindikatorer 200%. The
use of pure or almost purg
ethanol is also increasing as th
number of vehicles run on
renewable fuels continues tp
grow; from 2003-2004 the
number of Flexible Fuel
Vehicles increased by 67 pe
cent or more than 5,000 cgr
(Swedish Government
20054). The number of filling
stations for environmental fuelg
is also expected to increase ar
the Swedish Government ha
proposed a new law that woul
require larger fuel retail outlets
to sell at least one type o
renewable motor fuel by 20094
(Swedish Government, 205
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Bioethanol consumptioh:64
energy volume, TWh (2004)
RME consumptio.09 energy
volume, TWh (2004)

Biogas consumption: 1.19
energy volume, TWh (2004)
Biofuel consumption:2.3 per
cent of total motor fuel
consumption in terms of energ
content (2004).
Indicative target
2005: 3 per cent

Decembe|

Source: Swedish Governmenf:
Report pursuant to Directiv
2003/30/EC of the Europealp
Parliament and of the Counc
of 8 May 2003, 2005.




transport at all (Hungary, 2004Estonia, 2004). Estonian car importers
do not believe that the market is ready for biofuels and feamihatd
fuels may also impose problems with the manufacturer guarantse
(Estonia, 2004").

Figure 3 —Graph show biofuel utilisation in Member States and the ELl

ca

for 1994 and 2002.

GermanyF |

France_

Czech Republic ‘

Spain |

Austria
Belgium

EU-25
% of biofuels in total transport fuels

W 1994 [] 2002

Source:
http://themes.eea.eu.int/IMS/ISpecs/ISpecificat@i??l 007132328/IAssessment1116510714126/view_cont

In terms of future biofuel consumption the level at which national bio
targets have been set by Member States, in response tauei2ed3/30,
give some indication of political ambition. Several Member State®
set 2 per cent or higher as their reference target for DOmre@005;
however, a majority of Member States assess that thegyadrikely to

Box 6 The Market in Spain

=

Spain is the European leader
ethanol production, most o
which is exported to other
European countries (APPA
Meanwhile, it is an importer of]
biodiesel. Consequently, the
share of biofuels of total
domestic fuel consumption ig
not expected to exceed 1 p¢g
cent in 2005 and it is only
estimated to reach above 17
per cent in 2010 (Spanis
Government, 2005. However,
according to a new nationa
plan, biofuels are expected tp
achieve a 6% share of th
transport fuels market by 2010Q.
This would for instance be
supported by the curren
potential production capacity
for both  biodiesel and
bioethanol, corresponding td
approximately a quarter of thg
production capacity needed tp
fulfil the 5.75 per cent 2010
objective. Consequently, Spai
is seen as a market with goo
potential for investments in
renewable energy technologiels
(Abengoa Bioenergy).

=

%

jon—1

reach this target. A large number of Member States have stedg
significantly lower targets for 2005, which have been rejectedhby
European Commission. This relates seven Member States: Derfrar
% target), Ireland (0.06 %), Finland (0.1 %), the UK (0.3 %), Hung
(0.4-0.6 %), Poland (0.5 %) and Greece (0.7 %). The reasons behind
lower targets vary and include obstacles such as limited produ
resources and limited public acceptance. For instance, the UKidhg
commercial production of biofuels (European Commis¥ipand Finland
uses biofuels (particularly solid fuels) in other sectors tharsp@t, but
has a limited production of liquid biofuels as they are less aeftsttive

than the alternatives. In Hungary and Estonia, biofuels are not us
transport at all (Hungary, 2094Estonia, 2004). Estonian car importers
do not believe that the market is ready for biofuels and feamihaad

fuels may also impose problems with the manufacturer guaraarse
(Estonia, 200%).

4.3 EU Production

In Europe, the first initiatives to develop biofuels were launched in the
1970s; however, large-scale production did not take off until the 4
1990s. Over the last five years, the European production of biofuels
been rapidly increasing and so has the number of production units. Iy
it has been estimated that there is now a production overcasci
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Biodiesel consumption66 000
tonnes = 0.32% of diesg
consumption in terms of energ
content

Biodiesel production: 5,819
tonnes in 2003, estimated
322.000 Tml/year in the end ¢
2005

Production capacity (0]
biodiesel: estimated at 322.0(
Tml/year in the end of 2005
Bioethanol
consumptiort52 000  tonneg
(2003) = 3.09% of petro
consumption in terms of energ
content

Bioethanol production:
estimated at 257.000 Tm/yedr
or 164.000tep in the end d
2005

Production capacity of
bioethanol:  estimated  af
415.000/year in the end d
2005

Share of biofuels in transport
approx. 0.8 per cent of volumg
(2003)

Indicative target 2005:2 per
cent
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Source: Spanish Governmerij:

Report From The  Sul
directorate-General Foy
Hydrocarbons

Concerning Article 4(1) Of]
Directive 2003/30/Ec Of 8 Ma
2003 On The Promotion O
The Use Of Biofuels, 2004. r




biofuels of almost 300,000 tonnes in the EU (EU 2004 production
capacity: 2,246,000 tonnes; actual production in 2004: 1,933,400 tonnes)
(EBB, 20058"). In addition numerous new production units are expected
over the next three years to meet the requirements of the Biofuel

Directive.

At present, biodiesel represents the largest share of liquid biofuel
production in the EU. In 2004, eleven of the 25 Member States produced
biodiesel, which accounted for around 80% of the total production of
approximately 2,5 million tonnes biofuels in 2004 - an increases of 35 per

cent as compared to the previous year (EurObservER,¥0{5ee
Figure 3). While this represents a high growth rate, biofuel prmut,
however, still far from being large enough to fully support the 2010tt

rae

set in Directive 2003/30 (see Section 5.3.1). As Figures 4 and 5atks
the preference for biodiesel or bioethanol production varies amorkglth
Member States. For instance, in Spain and Sweden bioethanol prod
is greater than the biodiesel sector.

Figure 4: Biodiesel Production in the European Union in 2004

Country Biodiesel (tonnes*)
Germany 1,035,000
France 348,000
Italy 320,000
Austria 57,000
Spain 13,000
Denmark** 70,000
United Kingdom 9,000
Sweden 14,000
Czech Republic** 60,000
Slovakia 15,000
Lithuania 5,000
Total 1,933,400

2004 production increased by 35% compared to 2003
*subject to a +/- 5% margin of error.
**subject to a +/- 10% margin of error.

Sourcehttp://www.ebb-eu.org/stats.php

Figure 5: Ethanol and ETBE production in the European Union in 2001

COUNTRY Ethanol (tonnes) ETBE (tonnes)
Spain 194,000 413,200
France 102,000 170,600

Sweden 52,000 0
Poland 35,840 (67,000 in 2003)
Germany 20,000 42,500
Bloethanollso_ld by the 87.200
Commission
TOTAL 491,040 626,300

* In the framework of common wine market management, the Eurc
Commission buys and sells on the European market wine al

transformed into bioethanol intended for automobile fuel.

q

Source: EurObserv'ER 2005

-27 -

Box 7 The Market in the
Czech Republic

Already in the early 1990s thg
Czech Ministry of Agriculture
launched a biofuels programmg
to promote the research
production and establishment
of RME on the domestic
market, including refundable
State grants. As a result, Czeq
producers offer a relatively
wide product range and froni
1997, a blend of diesel ang
RME containing 31% RME by
volume, has been introduced i
the domestic market. Thg
government has to a lessg
extent supported Bioethand
and its use has been limited to
some pilot projects.
Nevertheless it is expected that
bioethanol will be used morg
widely from 2007 in both high
and low blends, depending o
the number of vehicles adapte]
to the use of high blend
biofuels and the state of th¢
distribution network for
biofuels. The Czech Republig
suggests that in the long tern
there will be a need for
additional alternative fuels,
although these will require
fundamental changes to th
engine fuel systems (Czec
Republic 2004and 200%).
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RME production: 46 628
tonnes in 2004, 50,000 tonnes
expected in 2005.
RME production
100,000 tonnes
RME imports: approximately
27 600 tonnes of oilseed ra
in the marketing year (
2003/2004

Production of a diesel bler
(SMN 30): 145 000 tonnes in
2004, 156,000 tonnes expec
in 2005

Share of biodiesel of the tof
motor fuels market:0.8 per
cent of volume/1.19 of energy
content, in 2004.
Bioethanol productionnone
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The production of biofuels varies considerably between the EU Member

States. Germany leads the relatively large and well-develBpeapean

biodiesel production, followed by France and lItaly (see Figure 66)r Othe

major producers are Austria, Sweden (EBB, 200%nd the Czech

Republic; the latter has also a substantial additional productionityapac
Biodiesel's rapid development in Germany can be explained byaseve

factors, including: favourable legislation, low vegetable oil [grieaed a
high diesel price. As regards bioethanol, the largest producerpaie S

with a production of 180 000 tonnes in 2003, Poland, France and Sweden.
The sector's success in Spain can be explained by tax exemptions
ethanol. Other Member States that have introduced tax exemptions on
biofuels (as of March 2004) include Austria, France, Germany,, ltaly

Sweden and the United Kingdom (European Commi&4jensee Chapter
6 for more details.

Figure 6: Biodiesel Production in EU-15

EU-Z5

2000 -
-5
1500 -
a OGermany
mFrance
1000 mItaly
WOthers EL-25
500 m Total EU

D..
1998 2000 2002 2003 2004

Sourcehttp://www.ebb-eu.org/stats.php

4.4 EU Exports and Imports of Biofuels

The US and Brazil are the world leaders in ethanol production anc
important exporters to the EU; meanwhile, the EU is leading
development of the relatively smaller biodiesel sector. Fornostan the
US, there are only 200 petrol stations that offer biodieselompared to
1,800 only in Germany (Pahl, 2005. In 2003, over 18.3 million tonne
of bioethanol were produced worldwide, with Brazil accounting for
million tonnes (corresponding to over 20 times the level of Eurog
production). Brazil consumes a large share of its production interasl
all petrol contains around 25 per cent of bioethanol. In the US, an a
total of nearly 4.5 billion litres of ethanol is used as motor fmelinly by

blending with petrol (on average 10 per cent). This representstalmes
cent of the volume of motor fuels in USA (European CommisS§ion
World biodiesel production was significantly lower than bioethanol

stood at 1.6 million tonnes.

Box 8 The Market in
Denmark

The use of biofuels in Denmark
is marginal, mainly due to the
higher price of biofuels in
relation to traditional fuels. In
2003, Denmark set its biofuel
target to zero, arguing that th
use of biofuels in Denmark
today is not a cost effective
solution, and may also hav
some harmful effects on thg
environment relating to the
cultivation of crops.
Nevertheless, there is som
production of biofuels, most of
which is exported and there ar
concrete plans to establish
number of production units)
More recently, the Danish
Government has turneg
towards promoting the use o
biofuels for transport, as the
CO2 tax on such fuels wa:
removed with effect from 1
January 2005. Research effor
are also concentrated on th
development of more cos
efficient production methods

Access to biofuels imports is necessary to meet the incgedsemand in
Europe and is also particularly important as a move away fromni
dependency. (Extensive Biofuels imports would of course add a fu

which can use low-price
biomass and generate by-
products with commercial
value to the producers
(Denmark 2004 and 2005

Energistyrelseh).

Biofuels consumption
marginal

Indicative target 20050,0 per
cent

partial dependency on eg Brazilian exports, but this might be prdfey

-28 -

Source: Danish Government:
Statement on the
implementation of the EU
Biofuels Directive,
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Middle Eastern oil dependency.) For instance, Sweden, which has a
considerable ethanol consumption but a small production capacity imports
about 80% (in 2004) of the ethanol used in transport, mainly from Brazil,
but also from other parts of South America, France, Spain and lItaly.

There are also some intra European exports and imports, for example,
Denmark, which uses little biofuels, produces biodiesel mainly for expor
to Germany (Abengoa Bioenerdy; the UK imports RME from Italy and
Austria; and the Netherlands imports biodiesel from France (Europea
Commissioff). For instance, the Spanish producer Abengoa Bioenergia
exports bioethanol to Sweden and Germany and its strategy fomuises
entering into long-term supply agreements for 2004 and beyond, hoping
that this will initiate the development the necessary inmuasires and
present end-users with an opportunity to anticipate future access to
biofuels (Abengoa Bioenergy"). Notably, as a consequence of the
significance of imports from non-European countries, any fisapport

for European production of biofuels will need to take account of the
likelihood of stimulating imports rather than domestic production.
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4.5 Stakeholders in the Supply Chain

The production and distribution of biofuels, from the producer of the fedd&idbe end
user, involve a number of actors, eg farmers, refineries, anddraldee structure of the
distribution chain may vary considerably depending of the naturetofsaiavolved. The
figure below is an attempt to describe the distribution chain @uéls on a general level,
in order to give an overview of which type of actors may be pathefproduction and
distribution of biofuels. The figure thereby suggests who might bkieimfing, or
influenced by, the development of biofuels and biofuel policy.

Figure 7 — Simplified diagram of the biofuel supply chain

The production of feedstock, for instance crops or waste, takesipldoe EU Member
States or in non-EU countries, such as the US and Brazil. Internationaiiagdake place
at different stages of production, for instance after the productiéeedstock or once the
oil has been extracted from the feedstock. Sometimes, this invelvading company or a
reseller. There is also some trade between EU MembezsStat the case of domestic
distribution of the feedstock, the production plants for extraction of the either owned
by independent companies, or by the producers of the feedstock, fagnilkees. After the
extraction of the oil, the biofuel is normally sent to refinendsere the oil is blended with
traditional fuels. The refineries are sometimes part of the oil compéaiesl$o own petrol
stations for distribution of biofuels.

Alternatively, some fleet users have adapted their vehicles ¢oofus00 per cent biofuels
and take dedicated biofuel supplies from producers. Fleet userscagtiansport bus
companies, often also have their own refuelling facilities, whickive the fuel directly
from the refineries.
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5 THE CURRENT STATE OF POLICIES, POLICY INSTRUMENT USE AND
POLICY PROCESSES

Policy plays an important role in the development of many new temfiesl and policy
measures are seen as a way innovation can be driven in aodirectbenefit to society as
a whole in terms of maximising social, environmental and economiefite As outlined
in section 4 there is an emerging market within the EU foubisef— although the level of
output and use varies significantly between Member States. Theionadir the market
in terms of biofuels have, to a large extent been dictated bydliees adopted at an EU
level and by individual Member States. The following section outliriles: policies
currently in place which effect this market at both an EU anchive State level; provides
examples of the impact of such policy measures; outlines EUypalttatives currently
gaining momentum that may impact upon the biofuels market; and thendtibnal
experience in terms of impact upon European initiatives and exaofpleere policy has
impacted on the biofuels market across the globe.

5.1 Policy Pressures

As outlines in Chapter 2 there are different benefits that biofwelgapable of delivering.
The opportunities from biofuels are substantial, however, maximisingetiefits is can be
complex due to the different and at time conflicting justifmasi used within Europe for
their development. This confusion regarding political direction has, l®auncertainly
within the industry in some Member States as to the stabilithe biofuels markets and
meant that not all parties ie NGOs, agricultural lobbiesastcas supportive of biofuels as
they might otherwise have been. The three main strands of aloptiessurg”, in terms
establishing a biofuels market within Europe, are summarised below.

1. Agriculture

- Reason — Biofuels obviously provide an alternative for farmers toprnaghction
for food a feed, and as such provide a potentially new economic opppradit
an opportunity for agricultural diversification. This is seen as sasna potential
counter to the general trend in Europe of falling incomes within thieudtgral
sector. Maintaining environmentally sensitive farming is seempsrtant in many
areas due to the impact such management has on the landscapeaiatain the
historic rural landscape and cultural heritage in some areasntarof land is
necessary. It is also vital to rural economies and communities efitimated that
approx 40 percent of the EU’s are is covered by agricultural landitas of key
importance within the new Member States. SpecificallyGbenxmon Agricultural
Policy is influential in terms of driving the biofuels market, ueihcing the
domestic production of energy feedstocks.

Problems — means that biofuel production ie crop growth should be witiBU

in order to provide Europe’s farmers with the opportunity to diwersihis,

however, causes problems in terms of market protectionism andaitiberal trade
ie may result in the breach of WTO rules. An additional probletinatthe need to
produce biofuels within Europe can contradict with other priorities cealpe

greenhouse gas reduction. In addition there is a danger in termskioiglon the

production of one type of crop, contrasting with the need in terms of Edie
continue to innovate and fact second generation biofuels are likely toobe

efficient.

2. Climate Change
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Reason - The predominate source of energy within the EUl i®os8il fuels, which
contribute to greenhouse gas emissions. Transport consumption contribatBs gre
to such emissions and is a sector that politicians have yet to toogngs with in
terms of how emissions might be reduced and what alternative optighs le.
However, from a climate point of view it must be analysed wheitérpolicy
measures to promote biofuels can contribute significantly to the treduof
greenhouse gas emissions and whether this strategy is rdffidieis is a key
international driver, with concern rising and need to addressk#yssector's
emissions. As in section? there are in theory significant towveltheel env benefits
in terms of COZ2. Other suggested benefits are that the adoptionofoklbi
potentially opens up consumer acceptance for other different techewiogierms
of powering cars.
Problems — can be contradictory to other goals and not necessdhié/fare front
of the mind of producers at present in UK ie need to reduce welhéelvbalance
not necessarily considered when developing plant and at presemjun@meent to
do this in legislation, just an assumption that using biofuels will reduce emissions
3. Energy Security

- Reason - Europe is becoming increasingly dependent on importss fenetrgy
needs especially oil. Pressure to find alternative sources arpowrder to protect
the EU fuel market and reduce the impact of eg oil price wégsh are controlled
from outside the EU
Problems — means that in theory that biofuels should be sources ftbm the
EU, can contradict env considerations and also run into problems eetmotof
markets at WTO.

The contradiction between these drivers is illustrated in figbed@w. This shows the
estimated well to wheel carbon benefits from different typesthanol produced in
different ways and via different processes. It also takes mtsideration that other key
driver, economic viability ie cost per tonne of carbon saved.

Insert diagram from IEA paper.

As biofuels have entered the market there is pressure mouatisgdporting measures to
control the development of the market more effectively to ensuredisotontribute to
sustainable development and to ensure that innovation within the biofuets s
maintained. Key amongst these are:

Ensuring a consistent quality of biofuels

Ensuring that biofuels contribute to carbon savings in a measurable way

Ensuring that the production of biofuels does not inhibit other goals sutife as

protection of biodiversity

Ensuring the economic viability of biofuels

Ensuring continued innovation in the field to make sure the most effiaied

effective biofuels enter the market

It should also be noted that in the future the need to dispose of waamteeifficient and
environmentally less harmful manner may also drive new typediafiels to be
developed. This would require a different set of down stream polegsuanes to drive
development.

Discussion on the types of policy initiatives being considered to ssldi@me of these
issues are outlined in section ?
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5.2 Existing Policy Measures — a European Perspective

5.2.1 The Directive 2003/30 promotion of the use of biofuels or othemawable fuels
for transport

Directive 2003/30/EC, for the promotion and use of biofuels or renewalels for
transport (the biofuels Directive), intends to promote the use dwadnle fuels as
alternatives to diesel or petrol. The Directive requires Men$iates to ensure that a
‘minimum proportion’ of biofuels is put on the market and in order tohil® national
indicative targets should be set. A reference values for thadangeset at 2 per cent at the
end of 2005, rising to 5.75 per cent in 2010 — if Member States tar@fetsfiom these
reference values they must provide justification to the CommisBigels covered by the
Directive include: pure biofuels or at high concentration in naineit derivatives; biofuels
blended in mineral oil derivatives; and liquids derived from biofusigsh as ETBE.
Member States were required to transpose the Directive intmablaw by 31 December
2004.

In the past the EU’s production of oil has been increased, printu@yto the exploration
of the North Sea reserves, while use of oil has remainedvediasitatic — due to the phase
out of its use in the power sector cancelling out increased ugarisport. However, in the
future oil EU production is set to decline, while usage incrédseEhis creates a dilemma,
in terms of security of fuel supply — with increasing quargtitéfuel needed to be sourced
from outside the EU — and these trends are directly at odds witBlilsecommitment to
cut greenhouse gas (GHG) emissions under the Kyoto Protocol. Mieséacttors of
reducing GHG emissions and securing energy supply are usedify tjus EU’s biofuels
Directive.

The biofuels Directive was not adopted until 2003, however, of a longerinérative to
develop alternative fuels for transport. The need to develop measweesourage biofuels
for transport is outlined in the Commission’s Green Paper — towarBsi@pean Strategy
for the Security of Energy Suppl and requested by Member States at the 2001
Gothenburg Summit as part of the EU’s sustainable developmerdgstr&espite these
ongoing requests for action, when the proposals for the biofuels ii€tiwere first
released (at the end of 2001) they were met with surpriseamy mbservers due to the
relatively low priority which the transport Directorate-Gealeappeared to have been
placing upon them ie in the 2001 transport White Papand their input to the European
Climate Change Programme earlier the same™f&aConcerns regarding the proposals
were raised with some feeling that only a small interest gnadpbeen closely involved in
the development of the proposals. NGOs reacted with caution andydcemcerned about
the extent of the environmental benefits from biofuels.

From the proposal stage, in 2001, to the adoption of the biofuels Directi2€0B, the
content of the policy measure was significantly altered. Tienr@ission and the
Parliament supported a mandatory target for the market penetratimofwdls, while the
Council strongly opposed this, suggesting that targets be indicafiee.abruising round
of negotiations the European Parliament eventually acceptedotineciCs proposal. The
Parliament did, however, manage to get significant amendsdaigreehanges of particular
significance from an environmental perspective. Aspects ofntbritoring and review
process were substantially strengthened. The European Parlianeeat particularly
concerned regarding the environmental impacts of biofuels ie prevemtgatives and
enhancing positives resulting in the addition of significant classeh as Article 3
paragraph 4 of the Directive which states thatthe measures that they take, the Member
States should consider the overall climate and environmental balance \odrtbas types
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of biofuels and other renewable fuels and may give priority to the pronmuftitrose fuels
showing a very good cost-effective environmental balance, while alsg tako account
competitiveness and security of suply/.

The Biofuels Directive is also supported by Commission initiatsugch as th8ustainable
Energy Europe 2005-200&€ampaign, which among other things aims to promote
alternative transport fuels.

5.2.2 Other EU Policy Measures and Mechanisms

Alongside the Directive 2003/30, and green paper requests for attiothere are other
EU policy measures, which have a major impact upon the developmérd ofarket for

biofuels in Europe. These measures affect different elementseofinhovation and
adoption process affecting the level of funding for technological dewedat, ability to

produce and convert crops to fuels and ability to market fuels.

The CAP - The Common Agricultural Policy (CAP) provides supportafgniculture
and rule development. It has been a key driver in some Member $tateans of
providing support for energy crops. Under the CAP subsidies are péadners for the
growth of oilseed rape and sunflowers, which are used as a break trefween years of
cereal production. This has lead to an increase in the levelstotsyt production. These
rape can and is, in some Member States more than others, useé fmodluction of
biofuels. Set aside is a mechanism specifically designedttairesereal production in the
EU. Under this scheme farmers are paid to refrain from prodwereals on a proportion
of their land. Farmers are, however, allowed to grow energy crops aside land and can
then sell this on the open market while still receiving theirasele payment. Member
States such as France have made far greater use of thisgoré@ipromote the production
of biofuel feedstocks. Finally in the 2003 reform of the CAP, a claaseinserted to allow
agricultural support payments for energy crops on non set-aside landneélhisubsidy,
part of the CAP reform package currently being implemented, wouldderd45/hectare
to farmers up to an area of 1.5million hectares. Above this hgetdhe pot of money
would be divided by the number of hectares cropped. This means thality treere is no
fixed price for energy crops grown on non-set aside land.

In France, nearly 1.5 million hectares were left fallow in 1999 and 20% were used to
produce biofuelsxxix.

Existing funding — see response from Franz (when arrives) — Fuisdagey policy
tool aspect in order to promote innovation and the development of new techsolidgse
can be used to help develop the technologies themselves, to inmmedisetion facilities ie
build biofuels refineries

Fuel quality standards — Directive 98/70 specifies a rahfigbquality parameters for
both petrol and diesel for use as road fuels. Amongst others, & setsimum threshold of
5% by volume of ethanol in petrol (and 3% for methanol). As ethamesssenergy-dense
than petrol, this level is very significantly below the 5.75% tasgetout in the Biofuels
Directive which is defined in terms of energy content. Theeelirective 98/70 makes it
impossible for any Member State to meet the Biofuels Direstitargets (at least with
regard to petrol by the use of low ethanol blends alone, and would radqdit®nal use of
high-blend or neat ethanol fuels in flexible or dedicated-fuel lehid@he latter is a more
difficult and expensive route to take, and so the fuel quality rulesrdily act as a barrier
to uptake of bioethanol. The Directive is currently under review hadethanol limit is
being addressed in this process. At the time of writing, howeweretview is focusing on
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the use of metallic additives, as test results in this amegm@ving problematic. This
threatens some delay to the revision of the Directive, and henbécthimit may remain in
force for some time yet.

Waste policy — whole raft of waste measures which increasiimgitythe mechanisms
of disposing of waste in order to reduce greenhouse gas emissitasdfdl Directive,
minimise the production of waste and ensure that waste tha&nerajed is effectively
sorted and disposed of if possible reused in a way which provides a benefit for. society

5.3 National policies and instruments — overview and examples

As outlined in section ? different Member States are atdiffigrent stages in terms of the
development of a market for biofuels. Some Member States suchaaseFhave been
experimenting with such fuels for long periods. Others such as Ggrheve come into
the market more recently but embraced production and supply of sushTiere are still
Member States uncertain as to the benefits of biofuels asidbenmark, and others who
are uncertain as to what approach should be taken to them ie UK.

The following sections summarise the key policy instruments andseets across Europe
to encourage the uptake of biofuels. They encompass the differenéesiédiang place in
Member States and also highlight the differences in attitudeidfuels in different
countries.

5.3.1 Summary of Key Policy Instruments used in Europe

This section provides a summary of the key policy initiatives ongmingember States
providing illustrative examples. It should be noted that at presemiritn@ry emphasis in

terms of Member States policy is on soft legislative measm@&uding fiscal measures,
funding, awareness raising and procurement. The use of tax esespbupled with

targets is the favoured model. Other key developments are the adoptiomember 2005,

of a renewable transport fuels obligation by the UK, and the emergdna debate on
certification seen as a key tool to ensure that biofuels actiuadlyp to their billing as an

environmental friendly technology.

In terms of the emergence of biofuels within Europe some MembaggsStave a history of
being very pro, while others have been less enthused and even obsttactiver
development. Austria sees its self as one of the pioneers of biodliearope, they
opened their first industrial plant for biodiesel in the beginnindh@f1980’s. The Austrian
model was based around a relatively closed system, where lyfarat machinery ran on
pure biodiesel, farmers associations delivered rape seed to thapthused the biodiesel
in their machinery. Austria was strongly involved in setting up ituatandards for
biofuels. France has also been seen as a leader of developmehisfuats, while
Germany despite a relatively slow start, now is a signifipamducer of biofuels. Countries
who have been less supportive of their development include many of thdirgcaan
countries especially Denmark, and the Netherlands have been scepigakéfhicism has
been for a variety of reasons from feeling they do not have thialaleaiaw materials, and
concerns about importing, to wanting the use available resources fopotpeses ie CHP
or electricity generation.

Tax exemptions — favoured instrument at present include boxed exaofples
established schemes ie France and impact.
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Issue of different taxation regimes in different MemberteStameans that there are
different price incentives for the sale of biofuels in theedédht Member States. This can
lead to the situation experienced in Austria — while biodiesel productpacity is
considered to be sufficient to cover the demand (as required byirbetii®) there is,
however, a much lower consumption in Austria as the biodiesel is predtlyiegported
to other countries. The reason for this is that neighbouring courgri@srmany and Italy
offer higher tax exemptions than Austria. Hence, a higher margn be achieved by
exporting.

Box ? — Tax Exemptions in France

Box ? - Tax Exemption for Biofuels in Germagdy

In 2002 the German Parliament decided to exempt all biofuels frogatwine tax
The exemption is limited until the end of 2008 and a report bydkiergment on th¢
progress in the market introduction of biofuels and on price development cdidspm
crude oil and fuels is required every year to allow for adaptatfomscessary. Thg
coalition of parties and the opposition party CDU/CSU considered & @descisive
contribution to the goals of reducing greenhouse gas emissions rartepdrt sector,
of protecting natural resources, becoming less oil-dependent, anclahgancomes
and jobs in the agricultural sector. Overall they believe #maincreased use of
biofuels can contribute to sustainability. Only the liberal p&DyP rejected the law,
arguing that the promotion of biofuels is controversial from an envirotahpoint of
view, causes tax losses and leads to new long lasting subsidiasséethe
competitiveness of biofuels is not conceivable.

D

117

The political rational behind the increased promotion of biofuels isatteged
positive effect on climate policy but also on agriculture and teargg of energy
supplies. Biofuels are seen as a possible substitute to fossil fuel energy.

Issue that in Germany biofuels benefit from the tax exemptmn the mineral oil
tax, set aside payments, other agricultural subsidies.

Paper 2 ultimately argues that biofuels are not an economizalye option for
climate policy and that the price per tonne of CO2 equivalent is too high.

Issue — at present German bio-ethanol is not competitive compatrad itional fuels
or compared to imported bio-ethanol.

Figure ? — Demonstrated the level of biodiesel excise dutym@iens within different
Member States.

3 Tax Exemption for Biofuels in Germany: is bioetbhneally an option for climate policy? Jan Michael
Henke, Gernot Klepper, Norbort Schmitz a paper qreg for the international energy workshop orgahise
by the EMF, IEA and IIASA, Laxenburg Austria, 24-26ne 2003

-36 -



UK Department of Transport (Pence per Litfe)

Obligations for the Use of Biofuels - UK experience — examplea dfifferent

approach, look at PWC study

Box ? — Renewable Transport Fuel Obligation (RTFO) in the UK

The launch of the proposed scheme took place in November 2005, wit

h the

introduction of the full scheme envisaged for April 2008 in order to comply with a 5%

biofuel share by 2010. [update] The premise is to place adéfjghtion on transport
fuel suppliers to supply a specified proportion of fuel to customerseirtUK from
renewable sources. Suppliers will need to provide evidence of coneleitier
solely or as a combination of one of three mechanisms:

o Supply eligible fuel to reach the obligation for which they receive

Renewable Transport Fuel Certificates (RTFCs) at the ploattduty
is paid on the fuel; or

o By buying the required quantity of RTFCs to reach the obbgati

certificates are fully tradable on the market; or

o Paying a ‘buy-out-price’ rather than supply the fuel; this is a
predetermined monetary penalty for each unit below the obligation

level,
This flexible requirement creates the incentive for suppleeesxamine the most cos
effective route to reach the obligation. Existing biofuel suppliarsaheaply expan
the market segment, which in turn then drives down the cost to neanntilhe
result is that more suppliers can cost-effectively supply biefudlowing the
attainment of the final target.

Currently, fuels eligible for the scheme are bioethanol, bioETB&tidsel, and thg
bio component of a blend with fossil fuels. This list is expectedxpared as nev
fuels reach the market. The scheme is proposed to last for Ibigearder to give
industry confidence to invest. Alongside the obligation is the need velage a
certification for the full lifecycle environmental or carbon W#seof the fuel, to
ensure the incentive for minimising the total carbon emissions is pursued.

The development of renewable fuel obligations in order to meet ¢uerements of
Directive 2003/30/EC is also being pursued by the Commission, thrbagBidmass
Action Plan (COM (2005) 628 final). Firm proposals (and dates) mirttroduction

o

~—t
1

1%

=~

of obligations have been made by a number of other Membes Stath as Austri
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(2005), Czech Republic (2007), France (2005), Netherlands (2007) and Slovenia

(2006).

Public procurement schemes — Malta, use for fleets issue of sugpye get it

from — partnerships with firms?

Box ? — Box outlining scheme for biofuel buses in Stockholm

Allocation of funding

Box ? - GAVE Programme — Financing information sharing and netwrking in
the Netherlands

Gave stands foClimate Neutral Gaseous and Liquid Energy Carriefhis is a
Dutch government programme that is implemented_by on behalf of
three Ministries (Spatial Planning, Housing and the Environment; Econiifairs;

GAVE actively supports the government and relevant market panrtieir efforts
within the framework of the EU Biofuel Guideline. This guidelin@msito encourag
the introduction of biofuels in the transport sector and includes E-widicative

(1%}

The routes currently being taken need to be able to develop furtheuahtmiites
that allow a huge CO2 reduction to be achieved. The parties invaleddcept fully
informed of the latest developments and meet regularly to egehknowledge
through the knowledge platform ( , ), the network days and
other activities that are frequently organis&d.

Within the network there is a wider consensus that climate nigutsah key issue in
developing and promoting the use of biofu®fs.

and Transport, Public Works and Water Management).

targets for biofuels: 2% in 2005 and 5.75% in 2010. However, the GAVE programme
also continues to focus on the ‘climate neutrality’ of biofugels.

Accreditation and Certification — UK debate extensive on thi® adscerns in

Germany and Netherlands see section 5.4

Need to consider the broader sustainability of promotion of renewaéle especially

biofuels and the impacts growing global demand might have. Eectdie and th
Energy Act stress the importance of understanding and considdnngte and
environmental and sustainability implications in incentivising uptake.

Needed as

e UK
other

- GHG savings from biofuels varies depending on feedstock, method of
cultivation and the biofuel production process — especially for bioethanol.
These differences lead to uncertainty over the level of GHG reduction
being achieved. Also, need a mechanism to ensure that the benefits from

biofuels are maximised.
- Increased production for biofuels encourages expansion and

intensification of agriculture including increase in mono-cropping,
potential increase in use of fertilisers/pesticides, increase in tloé¢ lared
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being employed in agriculture production. All these things will impact on
water resources, biodiversity, soil quality, air quality and landscape
quality. Issue as well that badly managed agricultural development can
lead to the release of climate forcing gases by reducing naturaloses,st
impacts of fertilisers etc.

- Concerns over social impacts, issues re protection (health and safety) of

the labour force in other countries, issues associated with cash cropping re

equity.

- Practical perspective need for consistent quality to enable the market to

take off and ensure consumer and supplier confidence in the products
quality

Legally, studies suggest that because the emphasis in both tAetldiid EU Directive is
on the reduction of GHGs there is justification for potential fteation — however, needs
careful thought in terms of international trade rules.

Targets — level of target re biofuels Directive, impact ? are they nuag@a
Labelling of fuels

Public transport service subsidies — incentive system not linked yp 2stystem
for incentives for Bus Operators can pose a barrier and not wiserttus operators
to change

5.3.2 Member States Activity - implementing the biofuels Directive anddmely

This section outlines in detail how Member States themselvesdmwmented on their
implementation of the biofuels Directive to the Commission.

Member
State

Promotion of biofuels

Comments taken from Member State 2004 and 2005 reports on biofuels. Should be nadtes
Commission is currently commencing legal action against — Estonia, Finlaneec& Italy,
Luxembourg, the Netherlands, Portugal and Slovenia for failing to transpodeidfuels Directive
(2003/30). Letters of formal notice have also been sent to sevenMighdrer States in respect of th
target for biofuels blending being considered too low. This includes Denmeldnd, Finland, UK,
Hungary, Poland and Greece.

Austria

The biofuels Directive has been translated intaonat law in the form of the 1999 Fuels Ordinan
amended in 2004. Tax Exemption - In accordance Mititle 4 of the Mineral olsteuergesetz (mine
oil tax law) fuels from biogenic substances arengxefrom mineral oil tax. The blending of up to 2
biodiesel is also exempt while there is a tax rédodor blending at 5%. There is also a measunehv
requires persons subject to a substitution requrgne liable to tax for petrol and diesel in actzorce

(calculated on the basis of the total energy cdntéthe petrol and diesel placed on the markehe
transport sector each year by those subject tantheral oil tax. In October 2007 this increased.®%
and the 5.75% on 1 October 2008.

ce,
ral
%0

with article 2(1) and (2) of the fuels ordinance,stubstitute 2.5% biofuels or other renewablesfyel

Belgium

Transposed by the Royal Decree 4 March 2005. Atdarkl level there are plans to lower excise @
for diesel fuel incorporating at least 2.45% biagieand petrol containing at least 7% ethanol. isite
work has been competed by PWC in order to idetiiéymost appropriate policy measures for Belgi
There are various measures at a regional leveérimg of support for energy crops and grants
renewable fuel production installations and materi@here is also a planned labelling systems u
standard EN 14214.

Prior to the adoption of the Directive there wasaarn particularly in the Walloon administratioratt
liquid biofuels are not the best way to increas@leyment in agriculture, finance entrance of caathc
countries, reach energy independence or decreap€0Dhectare. In addition those responsible
taxation were concerned over loss of revenue if tivere to implement an exception, while thg
representing energy were concerned that mandadoggts (eventually rejected in favour of indicat

uty

um.
for
nder

for
se

targets) were unreachable for Belgititfi.
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Cyprus

Potential re biofuels has not been extensivelyatgad. However, a specific measure implementing
EU biofuels Directive is now in place (as of 24@3). A national programme designed to prom
biofuels is under development (expected at thea#r&05). Significantly reduced rates for road fiax

the
ote

flexible fuel vehicles are in place, with furthésdal measures being discussed within the natipnal

programme. Finally the government is consideririggigmported biofuels for its captive fleet intendi
to stimulate a biofuels market in Cyprus. Undeystem of capital grants for renewable energy sau
there are possibilities for funding biofuels andaswes to promote the production of biofuels be
undertaken by means of research programmes — & @frdr36.000 CYP has been given to suppo
study evaluating energy crop potential.

Czech
Republic

Decree No 229/2004 Coll. Lays down requirementseurttie biofuels Directive specifying whig
biofuels may be supplied to the Czech market, ohe$ and quality.

Denmark

It should be noted that in the past Denmark has beeptical about the merits of biofuels. Howetes,

CO2 tax on such fuels has been removed in ordgrdmote them in a cost effective manner. T

Danish government have also entered into an agmgemvigh the Petroleum industry to ensu
compliance with labelling and information provisson

Estonia

Estonia is currently facing infringement proceedingy the European Commission for failing
transpose the EU biofuels Directive although arhastbeen placed before Parliament to this effect.

Finland

Under the fuel tax Directive Finland has gratediphrelief from excise duty for biofuels intendéat
research and testing — there are two pilot projeatently underway looking at bioethanol.

Finland is currently facing infringement proceedingy the European Commission for failing
transpose the EU biofuels Directive

France

90% tax exemption for biodiesel and, 66% for biagil are in place.
As effective from the 1990s a 'Biofuel productiorogramme’, as a national financial programme air
to develop investments for biofuel production (thesand ethanol). Biofuel production progress
significantly from 1994 to 2000.

Germany

The addition of biofuel to petrol and diesel isulkged in accordance with the EU Directive under

Mineral oil duty act — which includes full exemptiof biofuels from excise duty until 2009. Undee th

national sustainability strategy the Federal Gor@amnt developed a long term strategy for the pramno
of alternative fuels stressing the developmentyottsetic biofuels as an important field of actidre
have also been several awareness raising campaigrgease public perception and also understgn
in the agricultural community. There is also a splesed agency for Renewable Fuels (FN
completing significant public relations work.. Actenology platform for BtL fuels (synthetic fuelsas
been set up to increase networking.

rce
ing
ta
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Greece

No action as yet although plans for taxation exéomgt are being examined — facing infringem
proceedings from the Commission

Hungary

Developed a national plan for the promotion of b&$ including the refunding of excise duty f
biofuels and tax allowances designed to facilitheeuse of biofuels. Have developed two pilot bésdi
plants, however, due to socio-economic conditioitgative failed (ie low rate of excise duty gratte
agricultural producers)

Ireland

Government funded research into biofuels. An amemdro the Finance Act allows relief from mine
oil tax for biofuels essential to a pilot projeBU funded projects taking place to push boundasfe
existing knowledge ie under LIFE, Interreg and Lerad\Iso significant payments for the production
energy crops with an Energy crop scheme beingdoted (linked to the CAP).

It should be noted that prior to the implementatafnthe biofuels Directive interest in Ireland wj
primarily focused on the generation of biofuelstfiravaste, especially waste oils, rather than agticail
Crops. xxxiii
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Italy

Facing infringement proceedings for failitgtranspose the biofuels Directive

Latvia

Law on Biofuels adopted implementing the provisiofishe biofuels Directive. This is supported by
reduced excise duty rate for biofuels blended \itbsil fuels has been put in place. In additio
programme of state funding for production of neagssjuantities of biomass

Lithuania

Law on biofuel, biofuels for transport and bio-dilas been adopted implementing the provisionsef
Directive. This is supported by two legal acts ba mandatory use of biofuel for transport — recu
mixing of bio-ethanol and biodiesel. There are gsavisions for the funding of the promotion of t

development of transport biofuel production in arteincrease agricultural opportunities. Thesesul

provide for the payment of farmers for grains ufsediofuels ie oilseed rape and cereal grains

Luxembourg

Facing infringement proceedings for failitgtranspose the biofuels Directive

Malta

Legal Notice 528 implements the provisions of thieeEtive in addition biodiesel is exempted frg
excise duty. In an attempt to lead by example abmimof government departments and agencies
started using biodiesel including the environmeepattment, agriculture department and the M

m
have
alta

environment and planning authority.
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Netherlands

The Netherlands has yet to implement measures uhdddirective. It has chosen to attempt to prom
biofuels via a system of financial stimulation tiéset the higher costs of biofuels at present, hawnés
still investigating the most appropriate way toiagh this to stimulate not only biofuel productidit
CO2 neutral biofuel production. It also highlighte possible need for an international certifigat]
scheme.

ote

Poland

A system of biofuel duty relief and exemptions bagen in place in relation to bio-ethanol and etest
bioethanol since 1993. This was extended in 200dldo include methyl esters of rapeseed. The 2
measure also reduced the threshold above whicsf nghs applicable from 4.5% to 2% blending.
addition there is also a programme of research wawking at the potential of biofuels and providi
potential producers with the technology necessarprfoduction

004
In

ng

Portugal

Portugal is currently facing infringement proceegirfor failure to transpose the Directive. Howey
measures have been developed, following extensimeuitation is was decided that biofuels would
exempt from excise duties up to a set quota setyexear. For 2005 this quota was set at 1% of
market in fuels for road transport purposes. Thenee also been a number of awareness raising e
held to publicise biofuels as part of this 18 Gafdaptive fleet operating in Lisbon) buses fueligda
10% biodiesel blend are being used in Lisbon.

The Lisbon biofuel buses emerged from the framevairk THERMIE project, carried out by seve
Portuguese and Spanish institutions between 19661888. Three buses and one urban solid w
collection vehicle from Evora Municipality (Soutli Bortugal) captive fleet tested the use of 30 gl
of SME mixed with diesel. The current Carris buseslled by biodiesel, are the continuation o
project initially supported by Carris, Lisbon Muipality and Petrogal (the Portuguese
refinery).xxxiii
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Slovakia

Measures to implement the Directive have been ltatsinto Slovak law, with tax exemptions existi
but focussing on the mixing of biodiesel into regksgl oil. These are supported by a natio
programme for the introduction of biofuels whicleludes the identification of interested comparikes,
guantification of national targets — that will beavily influences by the availability of biofuelsich
investment preparedness of interested companieglantification of a national budget needed toisea
the programme.

ng
nal

Slovenia

Facing infringement proceedings for failitgtranspose the biofuels Directive

Spain

Spain has implemented the biofuels Directive it&las set a special tax rate, until 31 DecembeR 2101
€0 per 1000 litres of biofuels, this applies exslaky to the volume to biofuels even when blended.

Sweden

Sweden has adopted an indicative target for biefaEB% as of 2005, however, an approach to taxg
has yet to be finalised. To support the target @mernment has adopted an Ordinance on |
authority purchases and leasing of environmentaiynd vehicles — vehicles fuelled either whollyirof
part by biogas or ethanol are considered to ber@mvientally sound (a target of 25% of the fleet
been set, to rise to 35% in 2006)

itio
pcal

nas

UK

Fuel duty differentials are currently the UK’s perg means of support for biofuels for transporhese
will continue until 2008. The government is alsaaemning the possibilities for hydrogenated fue
There is also direct support for the industry végional selective grants. There are also ong
discussions regarding the merits of an enhanceithtafiowance scheme. There has also been ext

S.
Ding
nsiv

projects have also been commissioned including wooking at the possibilities of an carbon
sustainability assurance for renewable road fuels.

consultation on the possibilities of a renewablnsport fuel obligation. Research and Develop%\ent

nd

5.4 Emerging Policy Initiatives in Europe

As outlined above, now that a market for biofuels is developing therether policy

considerations to be taken into account. In addition EU policy is currendstate of flux

with major changes taking place in terms of funding, emergingvation mechanisms
such as ETAP, the CAP especially regarding sugar, and edpestews of the biofuels
Directive. It is important that these existing changestaken into consideration when
identifying the best way forward for biofuels in terms of futy@icy initiatives and

developing the market further.

5.4.1 ETAP and innovation — technology platforms

Insert text on emerging issues that influence the development/uptake of the technology
Info from PtB on ETAP and OMC
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Increasingly supported as a way forward at an EU level to encourage informsdtaring
and development with out mandatory commitments — has been recommendéid gt xaxx
platform for communication with and between all the relevant stakeholdersler to co-
ordinate common formulation of required steps, to assure fast flow of infonraid to
learn from each other’s lessons. The GAVE programme (see box ?) naadas a model
of a advanced platform which seeks to accelerate the market, introdeceasites, and
push important considerations into the market ie climate neutrality. ItriAws‘research
competence centre’ was established, this proved useful to develop egpbsdlirther and
support industrial development. The REACT report considers the lattee step one ie
establishing the initial technology. Meanwhile the GAVE model represtage two ie
moulding development to ensure continued innovation and the most effectiveesutcom
emerge.

5.4.2 EU Funding

The current EU funding period will shortly come to an end, with fungingvisions
extending until the end of 2006. The Financial Perspective for 2007 t¢*20i3the EU’s
budget for this later period, is currently being negotiated between Mendtes.Stlthough
an agreement on the level of funds to be allocated is still gbinggh a protracted period
of negotiation, the Commission has release proposals for the sevesdincheframework
programme and other funding instruments including a Competitiveness and tionova
Framework Programme, Rural Development and Structural developmeds. fThese
potentially all provide for the funding for the development of biofadli®e it at different
points in the process.

-42 -



Table 5.2 - Outlining different funding mechanisms and potential for supporting biofuelspleent and innovation

Funding
Measure

Reference

Description of the Measure

Description of Application to biofuels and the stakeholders that
might benefit

Seventh Research
Framework
Programme (7RFP)

COM(2005)119 —
expanded on in
COM(2005)440

and others

The 7RFP, along with other EU funding measure@tended to progress Eurof
towards becoming a knowledgeable economy and sociéie programme’s
justification is that ‘research, technology, edigrat and innovation being
significant in creating jobs in a long term andtairmable manner....They are als
key to economic growth, competitiveness, healthaligu of life and the
environment’. There are four specific programme®ppsed under 7RFH
Cooperation, Ideas, People and Capacities. Thé&#RlFbe administered by DG
Research

The 7RFP specific programme for Cooperation is iten funding strand of interest regardi
biofuels. Centred around nine thematic areas, dhietufood, agriculture and biotechnology, ener
environment and transport, the Cooperation strasdahproposed budget of €44,432 million.
Food, agriculture and biotechnology — this strarmil be focused on bringing together scier
that addresses social and economic challengesdinglithe sustainable production and use|

including the strengthening of the knowledge basé developing advanced technologies
terrestrial ... biomass production for applicationseirergy and industry. It should be noted tl

production and use of biological resources.
Energy — The intention of this funding stream igremsform the current fossil fuel based ene

demonstration of improved conversion technologisthe sustainable production and sup
chains of solid, liquid and gaseous fuels from kism) in particular biofuels for transport’.
terms of biofuels the ‘emphasis should be on ngwesyof biofuels as well as on new producti
and distribution routes for existing biofuels’. Theed to deliver ‘source to user’ carbon benedit
also highlighted, with research focusing on enegfficiency, enhancing technology, integrati
' and use of feedstock.
Environment — Under environment biofuels are nacsfjrally mentioned, although there a
general comments made regarding environmental tdotiies ie those preventing or reduci
environmental risks, mitigating climate change.
Transport — The aim of the transport stream iseteetbp integrated ‘greener’, ‘smarter’ and sa
pan European transport systems. Although biofueds rt specifically mentioned, there is
reference to promoting the use of alternative fuels
Funding for biofuels appears to be available untR¥P. It will be important to ensure that work
joined up as it is relevant under so many differpritrities. Although detail is still at this stag
unclear, and exact projects will depend upon ¢adism the Commission, it appears that the emphas
on developing second generation biofuels, devetppire supply chain for existing biofuels a
making processes more efficient in terms of eneffigiency and CO2 emissions. In terms of biofu
one beneficial clause is that ‘special attentiol lné paid to priority scientific areas which curess
themes’.

]

Competitiveness and
Innovation
Framework

Programme (CIP)

COM(2005)121

The CIP is intended to bring together Communitygpeenmes critical to boostin
European productivity, innovation capacity and austble growth, whilst
simultaneously addressing complementary environahentoncerns. The
programme is designed to boost the EU’'s efforts téhms of increaseq
competitiveness under the Lisbon strategy. The raroghe will incorporate the
existing Intelligent energy — Europe programme.

There are three specific thematic programmes u@tRincluding the entrepreneurship and innovat|
programme and the intelligent energy-Europe program including energy in transport. At prese
 the proposal envisages a total of €4212.6 millamtifie CIP’s implementation. The CIP will focus

activities such as: financial instruments for SMEsinging together networks of stakeholders; p
projects, market replication and other measurauppart the take up of innovation; policy analys
development and coordination with participatingrdoies; information sharing and awareness raisi
There appear to opportunities under the CIP, afhahe exact extent will depend on the conten
calls issued annually by the Commission. The bisfuirective is specifically referenced in th
introductory text suggesting this area is considiémgortant under the measure.

EAFRD

The EAFRD proposal is designed to provide support rural developmen
contributing to achievement of the following goateproving the competitivenes|
of agriculture and forestry by means of support riestructuring; improving the

The current EAFRD text is relatively vague, howeveference is made to the importance of non-f
s crops and energy crops in terms of diversificatidrfarm incomes. The funds available for futy
biofuels development will vary between Member Stdi&pendent on their rural developme

environment and the countryside by means of sugpokand

programme priorities.
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management; and improving the quality of life irraluareas and encouraging
diversification of economic activity. Under the posal each Member State wou|d
submit a national strategy plan to the Commissiatiirong spending priorities
This would then be used to develop rural develogmesgrammes.
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5.4.3 CAP reform

Reform of the sugar regime
Imminent budget cuts — check with AG team changes to set asitlalso
double check re funding for energy crops.

For all intents and purposes, a portion of the land is “set asadéhé production of
biofuels, whose future therefore depends directly on the CAP. Aapge in the
fallow land area or the amount of compensatory aid will direafigct the farmer’s
judgment as to whether it is worthwhile to raise crops for non-food purposes xxix.

5.4.4 Integrated Product Policy (IPP)

IPP is an integral part of the EU’s sustainable developmernegyrdEU SDS); its
primary aim is to reduce the environmental impacts from produatsighout their
life-cycle. The premise for the EU IPP Communicatith published by Commission

in 2003, is that all products and services have an environmental imgeethen
during their production, use or disposal. In tandem sustained economid grodit
prosperity is significantly influenced by the production and usearfumts. IPP seeks

to achieve a balance between the need to provide products for consumpkion wi
environmental protection, resulting in a situation where environmenpbivements

and better product performance go hand in hand supporting long term
competitiveness. The Commission’s Communication on IPP focuses on théonee
ensure that environmental impacts throughout a products life-cycléudimg its use
phase - are addressed in an integrated way.

In terms of biofuel development there are some key issues fodeoason raised in
the IPP Communication. Firstly, to reiterate that the lifdecgnivironmental impacts
of a product are important, and as biofuels are being sold as a&onenental

technology it is important that environmental benefits throughoutifireyicle are

maximised and negative impacts mitigated. The charactsristif products
highlighted in the Communication are also of interest, and should ba tate

consideration when contemplating biofuels measures ie that productgaded

globally, products can be designed perfectly, but inappropriate useispabsal will

cause significant environmental impacts, products now involve a gnesiety of

actors throughout their life-cycle.

In order to implement the principles of IPP the Communication sugygesriety of
policy instruments and tools that might be utilised at differeagest in the
development of a product. The tools suggested are outlined in box ? abd teiken
into consideration when identifying potential policy measures apiptepfor the
development, adoption and promotion of biofuels.

Box ? Instruments and Tools Suggested as for use within thePP
Communication

The Communication notes that not all of the following tools are natldaitfor all
products, but that there are a broad variety already in use fem greducts which
might be considered.

Tools for creating the right economic and legal framework
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Taxes and Subsidiesgetting the prices right through internalising environmental
externalities into the price of a product. This provides an incefaiveontinuous
environmental improvement. Applying this type of regime can proveplanand
the EU has limited competencies re taxation regimes. More ofterpéresfrom
Taxes etc and positive subsidies, as for biofuels tax exempti@nsmare
commonly used as they do not require a fundamental shift in the taxation regime.
Voluntary Agreements andtandardisation— The issue of environmental
standards and voluntary agreements is increasingly being exploredeshct a
European level as an alternative to command and control measuresverdowe
such schemes, being voluntary in nature, require a significant ériien pushes
industry to comply ie the threat of more concrete measures, improaekiet
opportunities upon compliance.

Public Procurement Legislatior There are opportunities in terms of greerjing
public procurement scheme, which do not contravene measures on thagugigde
procurement generally. There is however, an issue with commugcttie
possibilities to public purchasers.

Promoting the Application of Life Cycl@hinking — see section on accreditation and
certification
Making Life-Cycle Information and Interpretation Tools
Environmental Management Systems
Product Design Obligations

Giving Consumers the Information to Decide
Greening Public Procurement — see below
Greener Corporate Purchasing
Environmental/Labelling

5.45 Green Procurement

Emerging key are in terms of sustainable production and consumptioneR@cabr
represents a major market for goods and also many governmentsingiyeasnt to
lead by example.

Green Procurement Handbook

IPP — possibility of linking into this, offers potential opportunitiesl &xamples of
practice which may be applied to biofuels eg. Environmental Declaration stuff
Stuff from MF — procurement of green vehicles

At the time of writing, DG Tren has for some months been devel@imay proposal

to stimulate public procurement of alternatively-fuelled vehict@sginally it was
envisaged that criteria for inclusion would be technology-derived,remdfore might

well include vehicles capable of running on high-blend biofuels. Howeeoriginal
proposal ran into a range of objections, including to the idea of developing
technology-driven rather than performance-related eligibilitiega. As a result the
idea has been significantly scaled back, and most recenbn&rappear to aim to
encourage only the take-up of ‘Enhanced Environmentally-Friendly’ yhelany
vehicles (EEVs) as defined under Directive. The latter definiloas not relate
directly to biofuels, so appears unlikely to stimulate the market for suctie®hi

5.4.6 Voluntary Agreements
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A key policy tool for the reduction in impacts of consumption, outlined witne PP
communication and other EU dossiers eg EU fifth Environmental Actiogr&mme,
are voluntary agreements. Such agreements represent an aketpatmposing a

regulatory measure on industry. Essentially, policy makers ia¢g@n agreed target

with stakeholders, this then has to be met by industry withpeeifeed time frame —
the scope and form of voluntary agreements can vary greatlyyhgvimx ? outlines
more detail on the types and criteria for success of such agmeem When the
proposal for a biofuels Directive was first envisaged many thotngtt such
agreements with industry ie the level of mixing or regarding thétywd fuel/GHG
savings would be a key measure used in order to achieve complidhdargetS™".
In reality the EU never instigated an industry wide agreemebiaduels and efforts
at a national level have been limited. Some stakeholders interviaviled course of
this work have supported the introduction of further fuel quality standasich
could be achieved via such agreements. In addition, UK organisationsuggested
a voluntary scheme, which could be used to take into consideration tliehbsoaial
and environmental impacts of expanding biofuel produ€tfn

Box ? Voluntary Agreements — types and enabling their success

Voluntary Agreements have been developed to meet environmental \cigdutith at
an European and national level, within the EU. The information outlined belthe
approach to voluntary agreements outlined by the Commission in its
Communication on the subjett™.
Benefits recognised by the European Commission
- a pro-active approach by industry;

- cost-effectiveness and tailor-made solutions; and

- faster achievement of environmental objectives.
Achieving these outcomes requires agreements to have well defiv@dnmenta
objectives, to be transparent to guarantee against “business 5§ tesuaclude

enforcement mechanisms such as fines or other penalties, aaswaghproaches to

avoid “free-riding”.

Agreements can be: own initiative ie industry takes an inigati an area where the

Commission has no intention to propose legislation; self regulatitigsies initiated
by industry/other actors normally in response to political debateeooing an issue
or the threat of future legislation, the Commission can add margtoeiquirements if
it effects an issue it is interested in; or co-regulatechaemally initiated by the
Commission, this is when a Directive is adopted outlining the aargets, timeframé
and monitoring regime for a scheme, industry however, is allowed tdededat
measures should be taken and how.

Incentives for industry to participate in such initiatives include:

- postponing new legislation or regulatory measures;

2002

- providing information, incentives, technical assistance and public

recognition

- removing tax or market barriers preventing cost effectiveness etc.

5.4.7 Certification of Environmental Impacts and Greenhouse Gas Savings—

In line with issues/thinking such as the EU initiative on Integré&educt Policy —
see box

Discussion on the need, why this concept is emerging. Highligitt there are
different reasons for people backing this. Issue re confirming GE@ng, and
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beyond this to make biofuels a truly eco-alternative ie biodiyeetc certification.
Issue re certification and combination with a voluntary agreement.

The incentive system for biofuels should support biofuels with theebegbnmental
impact to contribute most to the objectives, which are both diverképergy supply
and reduction of GHG emissions. Starting the market with fiesetion fuels is
necessary to get industry involved, and developing the second generatiotieid ttee
achieve the improved environmental performance xxxii. Examples iNgtieerlands

is a good illustration of how stakeholders can be involved and an apptuaich t
focuses on the environmental aspects is chosen. (Spain's experiews that
kicking off the market with first generation fuels will trigggindustry to develop
improved fuels.- check with MH stuff)

Box ? — What a potential certification system might look like re3Ghissions. Not¢
that the Imperial report recommends certification for GHGemidl and voluntary
agreement for other elemehts

D

Reasoning for GHG certification —

- Difficult of identify the success of policy measure in terms of climategdan
if there is no requirement to monitor carbon emissions etc

- May discredit biofuels if they don’t deliver a GHG saving

- Encouraging volume alone is an inefficient way of using biofuels if the goal
is to reduce GHG emissions

- Without certification there would be no incentive to produce lower carbon
intensity fuels just the cheapest fuels which are not necessarily tbi@mpa
otherwise

- No incentive to decrease carbon intensity over time ie building more
efficient production plant, developing more innovative processes

5.4.8 Standardisation of Fuel Quality

The differences in the potential fuel production processes and theaotmmg within

the biofuel for transport supply chain, mean that in order to the wmlead

commercialisation of biofuels to occur there needs to be somensysit ensured
quality in place. Several Member States have developed their oWty qui@ndards

for specific types of biofuel, normally the fuel most used/produnaionally. Table 1
outlines the standards developed by different Member States, thkdyare for and
the different elements to the standard. The first Member Statsvelop a biodiesel
standard was Austria whose ON C 1190 standard for RME was adot®€1. This

was followed by ON C1191, for FAME, in 1997.

Given this diversity of standards, in 1997 the European Commission gaardate

to CEN to develop standards and test methods concerning the minimquinemeents

of fatty acid methyl ester — used as biodiesel. In 1998 the work eaned, after
extensive discussions within two working groups (TC 19 on petroleum pspduct
lubricants and related products, and TC 307 on oilseeds, vegetable and animal fats and
oils an their by-products) a draft standard, pr EN 14214 for FAM&asutomotive

4 Feasibility Study on certification for a RenewaBl@nsport Fuel Obligation, June 2005, Prepared by
E4tech, ECCM and Imperial College London, A Bauteale
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fuel in diesel engines) was presented. National commentsthemereceived and a
final standard, EN 14214:2003 (Automotive fuels — Fatty acid methgtse@EAME)

for diesel engines — Requirements and test methods) was adopted in 2003. K
parameters considered include viscosity, carbon residue, stalmllipe value and
total contamination.

It should be noted that it has taken years to develop a standardtfonguef the

many permutations of biofuel. This needs to be taken into considenatterms of

the future market. It is vital that innovation within the biofueldustry be maintained
to lead to better, more efficient fuels. The slow pace aufradlitation may slow
turnaround in terms of new fuels and limit confidence in emerging biofuels.

It should be noted that there is also now work underway in relatiothgo
development of an European Standard for ethanol. CEN have brought together
stakeholders to discuss the options and intend to publish a standard redating
requirements and test methdd$

Table ? — Table outlining the different standards for biofuel qualdgpted by
Member State$

Member State Standard Fuel year
Reference Implemented
Austria ON C1191 FAME* 1997
CSN656507 100% RME
Czech Republic CSN 656508 Diesel fuel + 30% RME 1998
CSN 656509 Diesel fuel + 5% RME
France JORF 14.9.1997 VOME 1997
Germany E DIN 51606 FAME 1997
Italy UNI 109:2001 FAME as automotive diesel 2001
Sweden SS 15 54 36 VOME 1996

* Fatty Acid Methyl Esters

5.4.9 EU Biofuels Policy

Move and update

Review of Directive — scheduled under within the Directive requires .....
Biofuels Action Plan

Biofuels Communication — Expected February 2006

Discuss interactions and future development drivers ie DG amdrmAgri and Env all
involved to differing degrees.

The purpose of the biomass action plan is to propose and discuss measures to approach the stipulated
targets (12% share of renewable energy sources in energy consumption, 21% in electricity production,
and 5.75% of all fuels placed on the market to be biofuels, in accordance with the 2003 Directive on the
promotion of the use of biofuels). One of the priorities in the agriculture sector is to establish at
Community level higher admixtures of alternative fuels (e.g. biofuels) in fossil motor fuels™

Box ? — Expectations for the Biofuels Action Plan
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The introduction of mandatory biofuel targets should be regarded bgGhi¢ the
implementation lags behind schedule — would create a more stalidetnrdowever,
this needs to be based on an analysis of the reasons for a slogl igflementation
scheme in various countries.

5.5 Policies/action of other parties — the international dimension

Brazil, US instruments used and drivers. Impact on the EU policy process
WTO impact on agricultural protectionism

Favour policy options vary depending on your perspective and the world/eieare
taking ie IEA suggest new options especially cellulosic crop to ethanol should be
exploited to enable biofuels on a large scale to be adopted — due ffieemaes

with current crops and also the land area required/limited avéyaimiaking it hard

to hit targets of above 10% in OECD countries. Alternatively in aaleroduce high
quantities of biofuels in the short term it recommends the productiethahol from
sugar cane in the developing world eg Brazil and India benefit ffenerous sugar
cane yields per unit of land as well as low productions costs. In addition the method of
production via the pressing of sugar cane leaves leaving behind abuetaluse
which is typically used as process fuel in ethanol conversion ritdwerfossil fuels in

the EU or US. This results in a much lower net greenhouse gasi@mlevel when
compared to sugar beet/grains. IEA argues that countries such asaBdalzitia hold

the potential for relatively large biofuels production volumes s éstimated that if a
global market for biofuels emerged then such countries may ge tabprovide
substantial volumes of low-cost biofuels to OECD countries by 2010/2020.

Insert diagram of price per tonne of ethanol and the GHG reductionfidRt® 7.
Also include P13 figure 6 which outlines the are of land required anpletitentage
of crops required if using current technologies.

IEA comments that policies such as the targets under the biofirelstiie, while
they can provide certain types of benefits, do little to push formbeh bigger
benefits that could be attained through adopting advanced conversion tem®olog
and new types of feedstocks ie unlikely to push forward significaovation. Also,
current policies tend to be focused on domestic bioenergy productionashiérthe
world’s bioenergy and transport biofuels potential is to be explaitédlli it may be
desirable to think and act more internationally. According to therde&nt estimates
of biofuels potential range widely — although most studies egigr@ough technical
potential to displace at least half of all petroleum transpo20®0. These estimates,
however, are tend to be based on technical potential, as opposeetmtioenically
competitive potential — this is probably much lower. ie economic viability is an issue

In Brazil, the oil shocks of the 1970s triggered mass production ohadtlas an
alternative fuel. Starting in 1979, the government assured the automnolistry that
this alternative fuel would be available in all major urban cenfiieis guaranteed the
establishment of a dedicated vehicle market, even if ethanol Isanba blended
directly with gasoline. In the late 1980s and early ‘90s, the degliciude price and
the liberalization of sugar production made this last market mnacte. At the
same time, the government had to scale down its subsidies. @hs denew policy

5 |IEA/JEET Working Paper, Lew Fulton, Reducing oilnsomption in transport: Combining Three
Approaches, April 2004
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that no longer encouraged the production of dedicated vehicles running on ethanol.
For the last 15 years, this alcohol has been incorporated intosallirgea for sale
(content: about 24%). The Brazilian automobile fleet includes nearlymili®n
dedicated vehicles and about 16 million vehicles that burn a gasolimesketiand.

The amount of ethanol used in motor fuels totalled 9.5 million tons in @ABIth
corresponds to 40% of national gasoline consumption).

The second country to launch a major initiative to promote

ethanol is the United States. In 1978, President Carter introducddsthethanol
program: the Energy Tax Act, which provided tax incentives for the prioduat this
alcohol. To obtain an alternative motor fuel, ethanol was

usually blended with gasoline: E10 (2) and, more marginally, E85. In 2002, 73
industrial units produced nearly 6 million tons of ethanol for motor fppli@ations

XXIX

5.6 Policy Conclusions

Tax exemption is the key policy tool in use at present foptbenotion of biofuels
combined with government targets. These alone, however, presentialielaiunt
instrument and do not automatically lead to the achievement offdhng BU’s policy
aims in terms of agriculture, climate change or energyrggecThe production of
biofuels is still heavily subsidised within the EU with funding fesearch, subsidies
under the CAP and tax exemptions. Despite all this biofuels argustligordering on
competitive. The challenge is; is it possible to use policy ttmldevelop a more
functional, competitive market that also provides a greater contibtui the stated
policy drivers. It is also vital to consider what the wider ingtiiens of developing a
biofuels market might be. This applies to impacts such as thoseabrevelopment
and biodiversity, but also to the international dimension ie impactsi@hdountries
and the WTO process.
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6 EXISTING BARRIERS AND DRIVERS

6.1 Barriers and drivers for biofuels — Study statistical insights

This section summarises the results from the interviews andiauuestes in turn
according to the structure of the study typology.

In general, those interviewed for this case study expresseertain degree of
ambivalence about biofuels investment. The positives were larggiyatonal —

conditions that do not currently apply, but could if it were done correldtgatives

tended to be quite obvious, as they are already generally blocking furtherierpEns
biofuels. However, the challenge of mitigating greenhouse gas iensss the

transport sector tends to override some of the operational diffssulsiech that
biofuels become a necessary option. The main ingredient needed fessusc
stability and coherence, particularly with respect to governrpefity and price

supports, while the market is still just emerging.

6.1.1 Environmental risk

In our study two sets of questions distinguished the perceived envir@ainmpact
of current (i.e. fossil) fuels and biofuels.

While climate change is often noted as one of the main drivdrsddiofuels
development, positive impacts on climate through biofuels are infrequetety as
either an outcome or a motivation for any individual actor. Thegriglesee the
broader environmental and political reasoning behind biofuels, perhaps, bt don’
often cite climate change mitigation as a motivating faéborcompanies. In their
interviews, policymakers cite the recognition of transport eonssas a serious
challenge, and biofuels as a potential positive that demandsrfiegtigation — but
questions remain about how large the net positive environmental balance may be.

Some possible negative impacts of biofuels were also explreitfistered in some
cases, but a summary question clarified that the benefits of Eotusdvily
outweighed their possible impacts in the minds of most respondentyg 5 @f 49
respondents answered in the negative on this point. While biofuels ar¢ tnesolve
an environmental problem, several interviewees note the potential mpsolifey
create themselves that need management. Specifically, there are issuespect to:

Possible biodiversity impacts of large-scale energy crop farming

The loss of C@benefit due to fuel import from abroad

The potentially lower environmental standards for crops outside the EU
Possible incentives for genetically modified crops, more pessicidere
water use

O O 0O

It does not seem to be felt that these are inherent problemsthert saes for which
standards are necessary to ensure environmentally friendly emvepggy Much of the
concern had to do with what is viewed as the risk from imported fuletgh because
of the inefficiency of transport and the lack of assurance abougrthiconmental
standards in the country of origin. If standards are low elsewherenhois there the
potential for environmental damage, but the EU would see its dansegtply facing
competitive pressure from an inferior supply. This leads to sothiocanternational
standard setting, but while certification is seen as ‘esdent’s not clear how it
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would work. However, even if environmental standards of imported fuelspueld,
if imports gain a foothold in Europe then clearly this does litilgenerate energy
self-sufficiency. However, security of supply is also about dityecdi supply sources
and types, not simply whether imported or indigenous. In this sense, bitdndls
significant flexibility and hence a form of security.

In our results, fossil fuel negative impacts featured heavily, e¢eale making this a
strong perceived driver for uptake of the fuels.

6.1.2 Economic Risks

Results indicated that there is a quite moderate assessnthet @dsitive economic
benefits of biofuels development — on average the response fettdretuncertain’
and ‘minimal benefits’.

The disadvantages include financial, logistical and environmental aspects:

o Biofuels have been expensive for taxpayers, and expensive investorents
companies

o There may be other ways of reaching the climate change tjuatisare
potentially cheaper or easier

o The range of competing technologies increases uncertainty

o Emissions characteristics are hard to standardize

o Fuel supply is difficult to guarantee

What emerges is a picture of an activity with some realaiges: it is an expensive
and logistically complex activity where the benefits of thaan driver, emissions
mitigation, may be limited in the context of other options. Ulteha in looking at
cost-effective approaches to climate change, we may finditbfakels are not the best
option, which should be taken into consideration. However, with respect to
developing mitigations options within the transport sector, biofuelsineataactive —

not least through lack of significant alternatives on the fuel side.

Firms also perceive that there are high R&D costs required, tatiohgly, that
customers have only low willingness to pay for more expensive banalduels, so
these concerns and uncertainties appear to be significant amnideed this point
rated the lowest mean score of any response in the entire ssigyafying perhaps
the main perceived barrier in the biofuels market. There appéatse a feeling that
currently it is a risk to invest in biofuels, but for most acttvese is no risk imot
investing at the moment.

Respondents were most positive about the business opportunities of a reat ma
niche, and the potential for improving the competitiveness of the comipany
guestion. Agricultural producers and processors are likewise espaxtgain in
economic terms, so there is a driver here.

What is more often cited are the potential benefits to thetsteuof the agriculture
sector, including:

Alternative uses for land

New work opportunities in the agriculture sector
Flexible use of agricultural products

Supporting rural development

An alternative way of using waste streams
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Second are the implications for companies getting involved now:

o Creating a positive green image
o Getting a first mover advantage in a new industry

The green profile is particularly important to first movers whaymot see immediate
financial benefit. It ‘gives something for the company to talk about’.

6.1.3 Market pressure

While the economics of biofuels may be mixed or uncertain, responaienssightly
more optimistic about the underlying market pressures that wilk hzositive
repercussions for the industry. Companies in the sector are Sdeing in a fast-
moving sector where firms are able to follow developments in lkestblished
market.

Currently, engaging in biofuels development is a high-capitalatiperwith a small
market and uncertain government support. This discourages earkyeemga. Still,
there are upsides, but they are more speculative. Not promotinglsiofow may
make economic sense, but it may reduce the ability for the sgppin to take on
new technologies and scale up later when biofuels are cheapappty (or when
their carbon benefits are worth more).

6.1.4 Community pressure

The most positive scores regarding sources of pressure to developlsbioire

governmental bodies, independent experts and agricultural representRiesr

weaker pressure was seen to come from NGOs, the mass niediRegpondents
sense that local communities may be interested in biofuels, huathenot exerting
much influence in their favour.

Customers seem not to be a significant factor in pushing compgmidsvelop
biofuels — ie it is not a demand-led market — but respondents wafident that once
biofuels are on the broader market customers will be willbngse them. It was quite
clear from the results that the oil industrywat driving the market for biofuels.

6.1.5 Regulatory pressure

From the questionnaire responses, it is clear that national enviraraattiorities,
the European Commission and the Kyoto Protocol are regarded as stpofagary
drivers give the strongest positive push to biofuels. Other possibldatery
pressures (eg waste policy) were much less often cited.

6.1.6 Technological capability

Respondents are quite positive about the technological capacity geendaiofuels
development, giving positive scores in relation to R&D, development estthd
capabilities. There is also a reasonable degree of certhmityiofuels development
and adoption can be achieved in technical terms.

-54 -



Technology itself is not seen as a barrier — although somdogevent is possible,
this is not a far-future technology. However, the range of competingnspand their
divergence from the standards of current fuel supply cause theidifficulties. As
one interviewee noted, there is a low technical risk, but a highdial risk. Another
interviewee suggested that it may require large scale agreuihdustries to be
meshed with large scale petroleum industries to create the sthpgpty and deliver a
product at a profit.

6.1.7 Learning capacities

Respondents rated this a particularly difficult area — in @ddr integration of
diverse specialties to develop and adopt biofuels, for example. Thiarafgpebe an
important barrier to uptake, reflecting the range of activities and henuglexities in

the supply chain, from agriculture to marketing in a fossil-fuel dated selling
environment. Most did not appear to feel that they had the full expedquired to

deal with the whole supply chain in-house — which may link to the strong emphasis on
alliances and networks of collaboration as discussed below.

6.1.8 Strategic Alliances and networks

Although forming alliances with developers in other parts of tigply chain and
funders appears to be important, respondents felt that making aliaftbereputable
companies and funders is not easy.

However, while formal alliances appeared difficult to achiegspondents rate their
ability to collaborate in networks more highly. Links with rawaterials suppliers and
other firms in the same sector, and with universities and conse¢arali scored

highly in the survey.

6.1.9 Social pressure and norms

Support for biofuels is by no means unified: there are divisions evéimviiterest
groups, and government support, while there, is seen as uncertain.|e@hestc
backers of biofuels, unsurprisingly, are those who stand to benefdtigirdhe

farming lobby, agricultural community, commodity suppliers, and iapscenergy
suppliers. Still, biofuels development would be a risk for them, sa tiey are
promoting heavily is public support for their industry.

Certain crop producers and energy suppliers are most enthusestiseed producers
see major biodiesel possibilities, while sugar growers could seddesperate for a
new market’ as their food subsidies diminish and they are exposegobal
competition. Distillation plant owners are also major supporters.

Part of the difficulty with the industry identified by interviees is the basically dual
nature of the products: biodiesel and bioethanol. These require diffieperts,iwhich
can divide the producer community. By having to contend with interiziofr, the
fuel suppliers are perhaps projecting a less powerful message.

Another conflict has to do with the balance between agriculture agrd\ense of
agricultural products. While some in the sector view energy creps means of
diversifying, those reliant on certain products may not welcomedhgetition or
possible price increases for their raw materials. Howewées, dan be ameliorated
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when large food and agriculture companies engage in biofuels, so thatr¢heot as
concerned about price shifts because they are covering both angles.

The NGOs are also divided, despite their clear preference lifmate change
mitigation through use of renewable energy. The concern about theiglotapacts

of growing biofuels (biodiversity loss in large-scale production, hegkls of water
use, possible increase in pesticides, incentive for GM crops, etcl$ to concern
many activists, while another set focus more on the possibjeb@gfits. Even here,
however, questions about the £iéalance through production and transport have kept
enthusiasm somewhat muted. Still, given the less than unified voideisorsgues,
NGOs are probably not influencing the decision making of potentialdd®fusers
and producers in as great a degree as they might.

There are two industries at the centre of the transport settorhave remained
largely negative with respect to biofuels: the oil and car indisstAt the same time,
some within the industry are looking ahead and acting as leadessmay simply
reflect differing opportunities in countries where there is mdoelye made through
government support — for example, while Shell is not enthusiasteibK, they are
more involved in France, Germany, and definitely in Brazil, wileeee is a major
market.

The auto industry also tends to view biofuels as a technical nebuitd rather avoid.
The car industry essentially sees little benefit to theomfra shift in fuels.
Nevertheless, French automakers, notably PSA, seem more supportive.

The list of those resisting biofuels is not insignificant, antLiohes representatives of
competing fuel sources, like coal, natural gas and nuclear. Fade advocates,
meanwhile, are concerned about the emphasis on domestic production.

Government champions have included ministries of agriculture and enviromtnent
member state level, with the EC Directorates Generaheir@hment and Agriculture
playing important roles as well, notably through the biofuels tiMecand crop
support payment rules.

It is largely to the national government that differenkeskelders turn for signs of
support of biofuels: as noted above, even those seen as opponents now, like the oil
and car industries, are willing to make money from biofuels if there is thetapfgr

But given the cost of production, that money will only follow enactnoéipidlicy that

has financial implications — be it crop production support, feed-infsamif other
subsidies.

Clearly the main driver across Europe is the biofuels directisecited by many
interviewees. Nevertheless, it is viewed as weak becaissaat mandatory. Another
problem is that national transposition is not always done enthusilgstiaad a
ministry with less knowledge or interest may be put in chargehk as infrastructure
rather than environment or energy.

A range of other methods around Europe have shown varying successniotipg
biofuels. In France and Spain, general government planning and finaapjaort
have aided progress. In the UK , a 20p duty differential has yieldednooh
improvement after 3 years, although this may change in future. maagrthere is a
helpful policy in that biodiesel is not taxed in the same wayssilfdiesel, reversing
an earlier European-mandated policy of equal taxation of all fuels. Tax eapmfuir
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refiners may not be the best way forward as experience in ombenestates shows
the savings were not passed on to customers and demand went undffecteated
that a renewable fuel obligation may be a more effective means of inducinggsogr

Other barriers include:
o High investment costs in an uncertain market with too-low levelgobty

support

Car manufacturer standards on the acceptable levels of biodiesel

o Environmental legal standards on acceptable levels of organic stisstidnat

biofuels have trouble meeting

Vapour pressure limitations making bioethanol use more difficult

o The potential competition within the EU from, for example, cheagalgural
production in Poland, discourages action in other member states

o Fragmentation of interest groups, such as free traders vs. thomgifg
indigenous production, making any action a political risk for government

o Complexities of the supply chain, creating uncertainty in the méwka@tputs
and slow market development

(@)

(@)

In summary, the interviews and the questionnaire responses both irntieagame
influences for and against biofuels development. The oil industrgaslglidentified

as unenthusiastic in both cases. Regulation, by the EU and natiohaiitees, is

clearly an important driver. Also important is pressure by whaht be seen as
vested interests such as agricultural producers, and independent erpiigsissue.
The market may be maturing and there may be opportunitieske maney, but the
certainty on this point is not very strong — clearly there isegsiitme reliance on
government support.

6.1.10 Control over innovation

Biofuels production can be characterised as an immature activétynature market.
Manufacturers feel themselves engaged in a cottage industrys@ernige immensely
profitable, giant oil companies who dominate transport fuels. The amé@lmeans
they have little control over what happens to production and distributi@ak—off
standards means little confidence that products are uniform echic¢ally
acceptable, while high costs mean creating the best products,sting te ensure
uniformity, is prohibitively expensive. Distribution is not integratatbithe mature
fossil fuel distribution system in most cases, for a wide rarfigeasons. Clearly the
industry needs to mature and, very likely, either work with or frothiwithe mature
fossil fuel companies to achieve significant market share.

Even then, however, there will be extra demands. The supply chaimmecg and
broad expertise is needed to understand it — even beyond that of theupetrol
industries. Farmers will also need to get used to unconventianzd end growing
methods; different harvesting logistics requires good planning. Morergéy, the
whole supply chain needs integration.

Similarly, at the policy level, interviewees note that polickera need horizontal
expertise to support biomass. That is, there are links to environmradg, t
economics, taxes, etc so this is a very demanding area for a policy planning unit.

Both interviews and the questionnaire highlight that biofuels is egteai mature
market with a somewhat complex technology (or at least, neecetaghin complex
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ways). Market awareness is a valued skill, while allianoelscallaboration are both
necessary, and somewhat difficult. It could well be that, as notdaei interviews,
this is particularly because the dominant fossil fuel deligepply chain is as yet not
very accommodating to biofuels — clearly a collaboration with thestbigompanies
would be step change in the ease with which the process runs, wiverkamgy along
side them and without their resources is a challenge. As the suply iovolves
multiple actors and types of expertise, there is a wide rahiyj@owledge needed, and
integration of various actors.

Interestingly, the relative optimism on the state of technotoglability to develop it

do not seem to reflect the general emphasis on the need to desklbpsic ethanol

manufacture for best results. This may reflect that masgoredents are active in
current technology, and therefore have a different focus.

6.2 Barriers and drivers for biofuels — which are the important ones to
address?

The interviews and the questionnaire, as well as the manipulatidgheofmodel
developed as a result of the questionnaire, indicate from work packagecR
barriers and drivers my have the most influence on development of biofuels.

The main drivers for biofuels development at the moment are, mownglroad to
specific, the concern about global warming, which drives a regulgrocess to
support biofuels, and hence creates a market niche companies wighoit ebence,
there are elements of social pressure (global warming ogneegulatory pressure,
and market pressure. But they are all linked in a top-down mannerketnpagssure
rising up from below, from consumers demanding biofuels as such, yissuall.
Manufacturers are not in the business out of concern for global wgribuhrather to
exploit the market that concern creates, largely via anvenarg regulatory push,
and with the ‘green profiling’ media benefit as a secondargdaspAgricultural
producers and processors were identified as have the highest bentfésanalysis
of economic risks; interviews also indicated the value of biofieethe agricultural
sector independent of any environmental issues — it diversifies their options.

The primary barrier identified is the unwillingness of consumerpay more for
biofuels even if they are more environmentally friendly. This does mean
consumers have anything against biofuels other than the potentially pigbe —
indeed questionnaire respondents find that consumers will be happy to laeiopt t
when more are given the opportunity (presumably at competitive ptiwasgh). At
the same time, lacking the clear positive involvement of thendilgtry (it varies
from firm to firm, and country to country, but is on balance unenthusiasgans
biofuels don’t have the opportunity to synergize with their massiseurees and
integrated supply chain.

Technical aspects are not identified as barriers — indegubrgents seem fairly
confident on this front, with the exception of the ability to find finagcior more

innovative research and development. Biofuels is regarded as a retnelogy

where market penetration is the challenge now.

This discussion is further developed in the next chapter.
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7 OPTIONS FOR POLICIES AND INSTRUMENTS

7.1 An Introduction to the Policy Instruments for Biofuels

There are a huge variety of policy measures that can besdd@ptuse to encourage
innovation of technologies, their production and use. The tools of grestswill
depend upon the stage at which a technology sits within the innovation cycle.dt is als
vital to understand the economic, social and environmental contekiefte¢hnology

ie what is it designed to do, how will it impact on society #ieenvironment, what

Is its economic viability. Finally it is important to understahd boundaries of what

is a proportionate, acceptable and legally sound approach in terms of policy activity.

For biofuels, determining the best approach has been complicatadvasety of
factors. As illustrated by the earlier analysis, these include the faljpwi

The policy drivers, and indeed the policies, relative to the encouragehe
biofuels are developing rapidly. These include concerns over eliohange,
security of energy supply, and the reform of agriculture and agricultural trade
Partly as a result of the above, there are very different anehtgily
contradictory goals and pressures that have led to the developféms
existing set of policy instruments.

There are also the complications that, if biofuels are to be asean
environmental technology ie to achieve a perceived environmental benefit
policies need to be directional and a mechanism for monitoring whitider
goal is being achieved must be in place. As with all technolothiese are the
indirect impacts of increased biofuels production, both in terms dEthand
globally, which are proving divisive, but need to be taken more fully into
account.

New supply chains are required to direct significant quantitiésodfiels into

the market. The supply chains are difficult to develop.

The question of domestic production versus imports of fuels or feedssoaks i
particularly complex one, with the two approaches seen to be in ctiorpeti
and ideally requiring different policy priorities.

In a similar way, the dichotomy between first and second generation
technologies needs to be managed effectively, such that curreailgbde
sources are developed, but without creating lock-in that impedes new
technologies coming into the market. Also, new or additional incentviles
need to be applied when second-generation alternatives begin to come on
stream.

A range of vested interests are involved in the development ofelspfand
developments are motivated by different concerns in differamtgins. In
some countries, for example, support to the agriculture sector is\qang
while in others, security of energy supply or greenhouse gas iemiss
reductions may provide the primary motivations.

Finally, biofuels for transport represents a whole raft of tedyies currently
being marketed, being pioneered/tested and under development. Different
policy tools are needed to at these different stages to egeodmeectional
development towards the ultimate objective.

The diversity within the biofuels sector also means that theeehisad variety of
mechanisms that can be utilised to drive forward development, andcihatah be
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done (and should be) at different levels of government depending on whaitis
appropriate.

The above represents a huge number of decisions, value judgemeassassinents
that must be made in order to establish an effective and logialforward for

biofuels for transport over the coming decades. Figure 8 presgetseac typology
of the range of policy instruments available as an illustration.

Figure 8: Range of Instruments (not comprehensive: but idicative of the range
of options)

Choosing Instruments — what are the options?

T Awards / Recognition

Information-Based Tools —— Public Information / Education

— Life-Cycle Analysis

— Environmental Accounting / Reporting

— Eco-Audit / Management

— Product Labelling

— Right to Know

— Negotiated Environmental Agreements

— Regulatory reforms

—— Liability Rules

—— Public procurement rules

—— Pro-environmental subsidies

—— Subsidy Removal

—— Marketable Permits

r—— [Eco-Taxes / Tax reform

Direct Regulation (also known as —— Environmental Impact Assessment
‘command and control; | —— Trade Restrictions

—— Ambient, Emissions and Technical Standards

—— Licensing / Permitting

(Adapted from Long, B. OECD, 97) — (Purchase) Obligations or Bans

Incentive-Based Instruments

However, given the complexities outlined above, it is unlikely thasirggle
prescription or policy package will ever be realistic for alhilable situations, for
example across all biofuel pathways and all Member Staliestead, the sections
which follow bring together insights from various elements of theyarsal and
highlights some of the key distinctive features that have emerged.

7.2 Investigating Potential Policy Solutions for Biofuels

During this paper we have presented information on the current state of plaimgga
biofuels technology, the market and current policy making. Given thetsaset out
by for the EU by Directive 2003/30, we know that biofuels as asectet to expand
with the key specific policy pressures at present being the: teeeeduce greenhouse
gas emissions and the need for greater energy security within the EU.tiorathdire
are secondary drivers such as the wish to diversity agricuttave@lopment. This is
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all set in the context of an EU increasingly concerned abouiotin@etitiveness of its
economies and the need to generate growth and jobs in a sustaingblaswa
potential clean technology biofuels offers this possibility if depelent takes place
in a certain direction.

Figure 9: Schematic of Instruments and Technology Stages

In terms of assessing the policy instruments it is importateki® into consideration:
the policy instruments that have succeeded in the past; how the |amidscape is
changing at present, for example with increased attention &r lbegiulation and the
simplification of regulatory mechanisms; and the different quess and risks that
exist in terms of the development of the sector. A long list ofnpialeinstruments,
containing a wide variety of potential policy solutions, is presemédgure 10. This
takes as its starting point the list of generic instrumeetsoat the categories of
pressures and risks represented in the Montalvo model of innovation — which has been
the basis of all work under the POPA research study. Theggpodateare used as an
organising principle for the analysis, with detail as to how unsénts might be
utilised for the specificities of biofuels development and production. iBhi#rst
addressed from a theoretical perspective; however the fifttmeobf the table notes
specific examples and case studies identified in the restacfit into each of the
categories identified. The fourth column highlights at what le¥gJovernance this
might be taken forward; while the third column identifies key q@olinkages, ie
where complementary or synergistic effects can be identifiedelea different
instruments. The final column includes notes of specific aspeti®folels that will
affect the nature or extent of the possible application of eadlunmsnt with respect
to biofuels.
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Figure 10: Long List of Policy Instruments and their Potential Use foBiofuels

. Specific Application of . Level of Examples if Notes on o
Generic Instrument ; Linkages technology-specific
instrument Governance any
aspects
Category A Perceived Environmental Risk — risk beig addressed
Clarify risks | N/A Principal risk is
understand risks global warming —
better: science and not specific to the
research; technology.
Communicate risks| As above
information
campaigns. name
and shame
instruments
Increase the Campaigns to emphasise risk UK: Climate awareness @a
perception of risk$o | of global warming, and to link advertising major issue in itself
make responsesbiofuels as part of the solutign for ‘global | and not alwaysg
stronger. to this. diesel’ brand | understood; hence
difficult also to make
the link to a
technology that is
itself complex and
poorly understood.
Category B Perceived Economic Risk
Liability provisions Liability provisions relevant Apparently low risk
to use of GM crops may be of liability except
relevant, eg for use df with respect to use df
modified maize, rapeseed or GM crops. Liability
soya. for climate change or
biodiversity loss
probably too diffuse
to be relevant?
Liability notification | Pressure for carbop Again, generic
requirements in accounting in  company concerns over carbon
report and accounts | accounts. unlikely to be linked
specifically to one
technology such as
biofuels
Emissions  trading Include oil sector as buyersAccreditation Accreditation or|
(can be +ve or —ve or biofuel producers as sellerspr certification
depending orl in EU ETS or other trading certification particularly
whether  buy o1 regimes. schemes; important for
seller; grand fathered quotas or| biofuels because df
or auctioned) Allow trading as alternative to obligations major variations in
meeting company-level on fuel life cycle carbon
obligations/quotas, eg for fuelsuppliers. content and other
suppliers. environmental
performance criteria
according to cropg
source and
provenance, and
manufacturing
process as well as
the final product
itself.
Taxes and charges |[-Reduction in fuel duties Can link to Various Major  opportunity
inc tax differentials | related to biofuel type andother owing to very high
blend percentage. mechanisms. duty levels on roag
Link to fuels.
Reduced wuse or accegsccreditation UK: London
charges for bio-fuelled desirable. Congestion
vehicles. Charge???
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Subsidies and
allowances

Subsidy for crop productio
within CAP — use of set-asid
land

Subsidies and advance capi
allowances, etc, for buildin
and/or  operating
production plant.

funding.

biofuel

Regional or rural developmen

D

tal

—

Particularly

important for
establishing plan
with  high capital

costs — eg ethang
plant.

Biofuels perceived
as important new
economic
development
opportunity for rural

and peripheral areas.

Fines and penaltie
for non compliance

SN/A?
what??

Compliance  with

Category C Perceived Market Pressure

—

IPP Marketing of vehicles capablevehicle France? Manufacturers
of using flexible and/or hight standards; willingness to
percentage biofuel blends. | fuel warrant their cars fof
standards; use of biofuel blends
public above, say, 5% v/
procurement important in
reaching higher
biofuel penetration.
Public procurement Specification  of  biofuel Fleets and flee
blends for fleet refuelling. refuelling a
potentially important
Purchase of fleet vehiclegs Sweden? market developmen
capable of wusing flexible path for alternative
and/or high-percentage fuels.
biofuel blends.
Quotas National target percentages
established (eg under Biofuells
Directive)
Obligation may be placed on
fuel suppliers or distributors
to include specified
percentage biofuel blend.
Subsidies and See above
allowances
Access possibilities Mandate sale of biofuels grQuotas
(eg electricity feed in biofuel blends in designated

laws)

urban centres or air qualif
management areas).

areas (eg administrative areas,

EMAS and ISO

Encourage or manda
environmental manageme

systems as means to promg
best practice in  croj
management, biofug
production, fuel and fleg]

management, etc.

Could these
standards bé
particularly adapted
to biofuels?

Public reporting

to mg
practic

Require growers
agricultural  best
guidelines.

Increase pressure for fu
chain actors — especially fu
suppliers, to report again
targets eg those in Biofue

Directive.

refargets and
P NOrms.
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Permit requirement

and links to life
cycle/raw  materia
use

5 Establish  accreditation  t
identify good quality biofuelg
with high carbon reductior
values and potentially othg
environmental  performanc]
criteria.

0 Any
incentives or
n standards

D =

UK: options
examined but
not yet
implemented.

Accreditation or
certification
particularly
important for
biofuels because o
major variations in
life cycle carbon
content and othe
environmental
performance criteria

according to cropg
source and
provenance, an

manufacturing
process as well a

1

the final product
itself.
Category D Perceived Community Pressure
Labelling Labelling of biofuels and Accreditation
biofuel blends — in particular
with respect to ‘well to tank
net carbon
EMS (eg affect ???
municipal policies)
Information Informing farmers of the
campaigns and additional opportunities
surveys offered by biofuels and likely
future markets. Alsa
information and guidance tp
spread best practice.
Campaigns to inform
businesses — especially fleet
operators — of the benefits of
using biofuels and blends.
Category E Perceived Regulatory Pressure
Inffo campaigns tgq N/A? (see above
highlight cases o
response to non-
compliance
Fees and fines andGeneral legal and Standards;
court cases administrative  effort  tq any
improve enforcement of all mandatory
mandatory norms angdnorms
standards.
Quotas and purchaseSee above
requirements
Liability laws See above
Standards: Fuel quality  standards; Fuel standards are
emissions, ambientcurrently theserestrict the important to
quality, technology level of biofuels in blends| maintain fuel quality
etc Could mandate higher leve|s in blends, and henc
of blend, and/or set separdte protect consume
standards for high-biofusl confidence.
blends.
Mandating that classes of
vehicles be capable of using
flexible and/or higher-
percentage biofuel blends;
and/or set separate standards

for high-biofuel vehicles.

[¢)

Emissions trading

See above
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Category F Technological Capabilities

Subsides — grants
accelerated
depreciations etc

,See above

Research

hydrolysis, gasification.

Additional research into
advanced techniques eg

Basic techniques af
well-established, bu
further development
important to deliver
pathway to second
generation biofuels.

U

Address perceptiotf
of technology risk —
pilot projects

in various parts of fuel chai
to demonstrate feasibility t
conservative actors in field.

O 35

n Pilot projects to be supported

Development  and
demonstration
particularly
important as thes
are still seen in many
areas as ‘novel
technologies;  plus
supply chain is long
and complex, with
many conservative
actors.

D

Category G Organisational Learning

Information See above re agricultural best
campaign/workshops practice, demonstrating new

etc technologies, etc.

Voluntary Eg with fuel suppliers tg Targets
agreements support targets for biofuel

blending.

Open method o
coordination (OMC)

promote a single market in
biofuels in Europe, etc.

Member States to share apdargets,
promote best practice; totaxation and

other market
measures.

Category H Strategic Alliances

Technology Coordination of research and DG Research is

platforms development to focus op promoting R&D
advanced methods far specifically for
innovation. biofuels.

National green Specifically for biofuels??

foresight committees

Supply chain| See above Standards Particularly

requirements — link and norms; important for

to EMS, IPP etc

accreditation.

biofuels because dof
major variations in
life cycle carbon
content and other
environmental
performance criteria
according to cropg
source and
provenance, and
manufacturing
process as well as
the final product
itself. Also a long
and complex supply
chain makes agree
standards important.

o

Other

Promoting best practice i

designs of contracts in th
supply chain to reflect long-

chain.

n
cooperation eg through new
e

term needs to develop the

New experience and
practices needed t
facilitate new fuels
entering the supply
chain.

(@)
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Category | Networks of Collaboration

Technology platforms| See above

National green See above
foresight committees

OMC type activities | See above

Next, combining this list with insights gained in Work Pack&jethe sector
workshop, and our broader analysis of policy instruments for innovatigareF11
present additional details on a shortlist of the most relevant instruments.
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Figure 9 — Table Outlining a Proposed List of Potential Policy Solutions for Bfoels for Transport

Key A - Perceived Environmental Risk

B - Perceived Economic Risk

C - Perceived Market Pressure

D - Perceived Community Pressure
E - Perceived Regulatory Pressure
F - Technological Capabilities

G - Organisational Learning

H - Strategic Alliances

| - Networks of Collaboration

Innovation Specific Application of Relevant . , Conditions for Success Who Needs to Act
; . Policy Target Timescale
Categories instrument Fuels
A Campaigns to emphasise risk of | All Strengthening links to Medium Need a system whereby the savings can NGOs assuming
global warming, and to link environmental concerns, to long proved, public concern about the impacts| conditions for success are
biofuels as part of the solution to especially climate change biofuels is currently high. Needs to be met
this. addressed before an awareness campaig -  National government
undertaken Biofuels industry, but
likely to engender
confidence in message
B Taxes and charges — inc tax Issus of concern is that tax exemptions efc.  National Governments
differentials: promote a market but currently do not European Commission -
consider the nature of the products on that in terms of cross Member
a) Reduction in fuel duties related All Market Short to market. Has lead to lots of dis-information, State issues
to biofuel type and blend medium concerns about supporting an unregulateg
percentage. market etc Taxes etc, currently Member
Mainly 1% | Market Medium State specific and highly variable, not flat
b) Reduced use or access chargesgeneration across the EU. The level of such duties has
for bio-fuelled vehicles. to be correct
B,C,F a) Subsidy for crop production Mainly 1% | Feedstocks Short The CAP expected to come under European Commission and
within CAP — use of set-aside lan| generation Term increasing pressure due to conflicts with | Council
WTO rules, any additional/extensions of
b) Subsidies and advance capital| Mainly Supply chain/production subsidies may be problematic.
allowances, etc, for building and/¢ ethanol, All There is provision for funding potentially
operating biofuel production plant 2" under the new financial perspective for
generation| Supply chain/production biofuels, however, the extent of
c¢) Regional or rural development applicability is still uncertain
funding. All All
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C Public procurement: Public procurement could lead to the Local authorities, but
development of a bigger market but needs possibly Member State
a) Specification of biofuel blends | Biodiesel | Market Short some guarantees of the benefits that mightguidance on how to do this
for fleet refuelling. and result. Important to share ideas and practjcEuropean Commission — a
ethanol forum to share best practics
b) Purchase of fleet vehicles Market Short to and ideas on this and other
capable of using flexible and/or | Biodiesel medium issues would be of use
high-percentage biofuel blends. | and
ethanol
C E Quotas: Targets are in place, but the issue is how| Member States
these are achieved. What is the cost European Commission
a) National target percentages All All Now to efficiency of a obligation vs a tax, which i§ guidance??
established (eg under Biofuels medium most likely to lead to a positive outcome?
Directive) Which offers the greatest potential
b) Obligation may be placed on | All Market Short to
fuel suppliers or distributors to medium
include specified percentage
biofuel blend.
C,H Establish accreditation to identify| All All Short to This is vital in order for biofuels to be seenEuropean Commission
good quality biofuels with high medium as a clean technology. Must take into CEN
carbon reduction values and consideration international aspects and camNGOs
potentially other environmental not be used as a mechanism for protecting
performance criteria. the EU market.
Suggested that there should be certificatipn
for carbon and a voluntary agreement for
other social and environmental factors —
how might this work?
D Labelling of biofuels and biofuel | All Market Medium Important in terms of awareness raising 4 CEN?

blends — in particular with respect
to ‘well to tank’ net carbon

making sure that actions are carried
through, how can you ensure quality and
that labels reflect true levels?

European Commission
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Information campaigns and
surveys:

Need to identify what information is
necessary to provide to these individuals

European Commission — to
provide background

All Feedstocks Short to security in terms of continued investment| information
a) Informing farmers of the medium for farmers, quality of supply. These must Member States
additional opportunities offered by be in place in order for a legitimate Local Government
biofuels and likely future markets information campaign to be possible. Specialist support agencies
Also information and guidance to Should such a campaign also provide for agriculture eg FWAG in
spread best practice. All Supply chain/market Short to information on eg farming practices the UK
medium required to produce certain biofuels
b) Campaigns to inform business qualities
— especially fleet operators — of th
benefits of using biofuels and
blends.
Standards: Need industry to work together to result in CEN
mutually acceptable standards eg biofuels,Broad variety of Industry
a) Fuel quality standards; currentlyEthanol Market Short automotive and oil sectors. representatives
theserestrict the level of biofuels
in blends.
b) Could mandate higher levels of All Market Medium
blend, and/or set separate standards
for high-biofuel blends.
¢) Mandating that classes of Biodiesel | Market Medium
vehicles be capable of using and
flexible and/or higher-percentage| ethanol
biofuel blends; and/or set separate
standards for high-biofuel vehicles.
Additional research into advance( 2™ Supply chain Short to Need an understanding of the way forwar| European Research bodies
techniques eg hydrolysis, generation medium in terms of biofuels and certainty over the
gasification. role of the sector in the market place over
Pilot projects to be supported in | All Supply chain Shortto | time
various parts of fuel chain to medium
demonstrate feasibility to
conservative actors in field.
Information campaign/workshops At present there is a huge diversity of European Commission —
etc: practice across the EU in terms of biofuel| potentially taking a lead in
Mainly 1 | Feedstocks Short to both in policy making but also technology| terms of opening a dialogue
a) agricultural best practice generation medium use, research regimes and supply chain | on the issue and bringing
All Supply chain Short to solutions. Processes are regularly going ¢ together some
b) demonstrating new medium in parallel and there is no one place wher| understanding of the issues.

technologies, etc.

the whole breadth of stakeholders are

D
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G, Open method of coordination brought together to thrash out their
(OMC): understanding of biofuels for transport, how
Feedstocks and supply chain they might be taken forward and best
a) Member States to share and | All Medium practice within the sector.
promote best practice; Market term
b) promote a single market in All Eg
biofuels in Europe, etc. consistent
incentives;
Long term
F, H, I Technology platforms:
Coordination of research and 2" Supply chain Short to
development to focus on advance generation medium
methods for innovation.
H Promoting best practice in All Supply chain Short to Industry
cooperation eg through new medium

designs of contracts in the supply
chain to reflect long-term needs t

develop the chain.
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7.3 Insights from Work Package 2

The analysis of barriers and drivers from Work Package 2 was summarisegtar@aln addition,
this analysis and allowed some preliminary conclusions to be dravm the priorities for future
policy. These were as follows.

Driver: environmental benefits of biofuels are their main beneficial charaateristi
Barrier: some concerns about environmental disbenefits of biofuels
Driver: pressure by vested interests: agricultural producers and experts

Implications for policy:it will be important to ensure environmental characteristicbi@fuels
through measures such as permitting, regulatory standards, voluntagynagts, and guarantees of
origin. Once standards are guaranteed, publicity on positive aspididielp gain public buy-in; this
can be done through awareness campaigns; public-private-NGO gapselispensing information,
and labelling. This should expand the support base beyond those vested interests cureggty eng

Driver: Community and Member State regulatory pressure

Implications for policy:the evidence points to the effectiveness and need for regulatory
intervention in the short to medium term, but in the long term its use is predicted to bduestial
— thus policy measures should be measured

Barrier: Engaging in biofuels is seen as taking an economic riskirfosf there is little reason to
engage at the moment.

Barrier: Customers are unwilling to pay more for biofuels.

Driver: Those who are engaged see a solid niche market emergingjltagaic producers and
processors may see advantages.

Implications for policy:the financial attractiveness for firms will increasetlas market grows;
growing the market will mean reducing the difference in pbieeveen fossil fuels and biofuels. In
the short term this means measures such as tax breaks, @taWliglending levels for all fuels.
Development of the supply side so that it is less expensivealsdl be possible through research
support of new technical developments.

Barrier: lack of full-hearted engagement by the oil industry; would be usaf@liel delivery supply
chain, financial backing, etc.

Implications for policymandatory blending requirements entail engagement by the oil industry, if
only at the blending and retail sites. Integration into the @yps/ chain becomes more likely as the
financial attractiveness of the sector grows, so the measuresptove the market share will
probably have an effect here as well. Government research suppatfaaititating collaboration
through the supply chain and engage the oil industry as well.
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7.4 Expert Input from Workshop

In addition to the foregoing, the preliminary conclusions of this aisabsd of Work Package 2
were presented to an expert workshop in January 2006. The main concludioisswairkshop are
summarised below.

Market development

For new technologies, it was recognised that a range of poliwiesd be required, possibly
sequentially, in order to drive the process from research throughttvenmarkets. Building in part
on work by Foxoret al (2005), a possible sequence might include the following:

Early research = networking, technology platforms, research grantsagrdipmes
D&D = funding for demonstrator plants

Niche deployment = public procurement, capital grants

Early commercialisation steps = fiscal incentives or sector obligations

Full commercialisation = certification and quality standards

It was recognised that stimulating a viable market was sengal first step; and that it may not be
realistic or desirable to establish a certification systemsoon. Concerns over the WTO were
widely recognised in relation to certification, and a voluntary agugrdo certification was agreed to
be possibly could more realistic in the first instance. It g@&serally accepted that certification,
even at a global level, would become possible in due time, and issareatisable goal that a formal
labelling system. In the interim, previous experience with forestd fisheries suggests that a range
of alternative certification systems might emerge. Thisy m&ll be unavoidable, and is not
necessarily a bad thing even if not ideal.

It was noted that structural funds were a potentially impodantce of funding for demonstrator
plants - these had determined the establishment of biofuel productibiefam the former East
Germany, for example. Developing new plant is far more exgetizan the earlier research stage,
and therefore significant funding needs to be available. Howevéngiabsence of any certainty
over the best available technologies, it is risky to * pick winners’ for such funding.

Barriers and drivers

The need to better understand the barriers to technology developrasnteinforced - this is
important in order to understand why previous attempts to boost sptmifinologies have not
always succeeded. In the specific case of transport biofuel®llineing barriers and drivers were
highlighted.

Uncertainty over the environmental benefitas confirmed to be a barrier; but measures can
be taken to optimise the benefits available for first-germerdiofuels, and this will then be a
less important issue with second-generation.

Concerns over the sustainability of imported feedstaules a genuine concern in some
quarters; and it is necessary to defend against the possibility of unsbist@maorts whether

or not the danger is an imminent or real one, in order to protect thremmental reputation

of the fuels.

The diversity of options availableas also confirmed to be a barrier to effective interventions
to stimulate the technologies, as effort and funding can become too diffuse.
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Limited commitment by both oil and auto industrgealso an important barrier at present.
Ambivalence as to the best use of woody ciepalso a potential barrier. However, by
creating diverse sources of demand for feedstocks, this coull ddvantage in appropriate
circumstances.

Competing policy objectivasan also create uncertainty and may push market development in
different directions. It was noted that security of energy suigpigpidly rising up the list of
priorities, and as oil is one of the main sources of concern ése;auld tip the balance in
favour of liquid biofuels rather than thermal applications in stationary plant.

Uncertainty over future oil pricesalso makes decision-making over investment more
difficult, and it is impossible to get a clear consensus on theylikelire trajectory of oll
prices. Oil prices are not linked to agricultural commoditygsjalthough there are signs
that the prices of manufactured biofuels are beginning to track the oil price.

The technical limit of 5 per cent biofuel in blentlas noted to be a barrier even in countries
where current blending levels are significantly below this levalclear signal that higher
blending levels would be available beyond a certain date was impantahéveloping
certainty for market development.

The level of market puls now becoming a significant factor in determining markes,siz
domestic production, and import levels for first-generation biofuels.s Whii begin to
change the nature of the market significantly over the next few years.

Dynamics of technology development

It was agreed that a dynamic approach is required to foouspecific technologies at
different stages of development. Policy measures for the shattummeand long term all
needed to be identified and deployed.

Fiscal incentives were agreed to be an important enablardbgéneration biofuels; but this
is in danger of being a blunt instrument, and it is not yet clearthese can best be adapted
at a later date to allow second-generation biofuels to comegthrolock-in to first-
generation processes was seen as a serious issue for the future.

The role of local authorities and green public procurement moreajsneere emphasised
as being already an important factor in market developmenninrder of Member States,
eg Sweden, Netherlands.

It was also noted that there was a growing interest in impdsaigels obligations on fuel
suppliers as a supplement or an alternative to fuel duty discounts.

Persuading farmers to switch to long rotation energy crops haificaigt implications, not
only for farming practice itself, but also for contractual relationships, etc

It was stressed that a distinction must be maintained betweaamgdnnovation in biofuels,
as opposed to simply promoting biofuels irrespective of quality. Ntmesed instruments
will be needed if innovation is to be the primary objective.

7.5 Schematic of Combined Policy Packages

As noted above, no single prescription for a policy package foradilels options is attempted here.
However, the foregoing discussion highlights several key featngslimensions that are important
in framing a given policy package. These key features are as follows:
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Although the end products can be similar, first and second-generation Ibipigsent

different issues and different challenges in terms of policyerdtbre, particularly from the
‘technology push’ perspective, they require separate and diffeezh@guproaches to drive
innovation and deliver both environmental and economic benefits.

The complexities of the supply chain are a significant factut, differentiated policies are
likely to be needed in order to strengthen the various parts oh#ie, @and to stimulate best
practice.

Reflecting the model outlined above of the stages of technologyopevent, from research
and development through to market maturity, it is helpful to distinguisimge of different
instruments that can be applied at appropriate stages in theoplmesit of a given
technology or set of technologies.

Reflecting these features, the figures that follow presestihematic form a possible set of policy

packages for first and second-generation biofuels respectively. Toedene elements from all of
the foregoing, and reflect the specific de issue dimensions sketched above.
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Figure 12 — Schematic of Policy Package for First Generation Biofuels fordnsport
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Figure 13 — Schematic of Policy Package for Second Generation Biofuels for Teqort
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8 CONCLUSIONS AND RECOMMENDATIONS

In this analysis we have drawn on several models of innovationypaind inputs
from a number of different sources. The latter include in particular

The analytical framework of the Montalvo innovation model
Expert responses to interviews and questionnaires

Expert input in Work Package 4

The results of the literature review

All of these have given valuable insights, but equally, no one hasfbaad to be
either superior to or much more useful than the others. Equaligugh a number of
common themes have emerged and lent weight to the importance af spdaific
policy instruments and approaches, we have concluded that no singlépficesor
a definitive policy package is feasible. Instead, this concluditgosn summarises
some of the key policy insights that have emerged.

Overarching conclusions from the foregoing analysis include the following.
Options and pathways

Liquid biofuels for transport encompass in principle a very walege of
different fuels made from different feedstocks through a rangeamfesses.
This diversity of options can itself be a barrier to the developrogthese
technologies. In practice a rather more limited set of the m@shising
options can be identified, but nonetheless, these are sufficientlyseliver
require differentiation of policy approaches.

First-generation biofuels are not complex or demanding in technodoms;
market development is the more important requirement.

For second-generation biofuels, in contrast, there are still tengor
technological hurdles to be overcome. Developing markets for the iptyent
novel feedstocks that might be used is also likely to require suppotigh
public policy.

Barriers and drivers

A range of diverse barriers and drivers to the implementationoffidds technology
have been identified. It is important that these the be well undédrsalthough
equally it is likely to be necessary to focus on the most irmpbtarriers, and to
reinforce the key drivers.

Uncertainty over the environmental benefitas confirmed to be a barrier; but
measures can be taken to optimise the benefits available fegditeration
biofuels, and this will then be a less important issue with second-generation.
Concerns over the sustainability of imported feedstacksa genuine concern
in some quarters; and it is necessary to defend against thdilggssi
unsustainable imports whether or not the danger is an imminent onesan
order to protect the environmental reputation of the fuels.
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The diversity of options availableras also confirmed to be a barrier to
effective interventions to stimulate the technologies, as effortfaznding can
become too diffuse.

Limited commitment by both oil and auto industriesalso an important
barrier at present.

Ambivalence as to the best use of woody cliepalso a potential barrier.
However, by creating diverse sources of demand for feedstockspthia be
an advantage in appropriate circumstances.

Competing policy objectivesan also create uncertainty and may push market
development in different directions. It was noted that secufitgnergy
supply is rapidly rising up the list of priorities, and as oibme of the main
sources of concern here, this may tip the balance in favourwod Ibiofuels
rather than thermal applications in stationary plant.

Uncertainty over future oil pricesalso makes decision-making over
investment more difficult, and it is impossible to get a clesmsensus on the
likely future trajectory of oil prices. Oil prices are nwiked to agricultural
commodity prices, although there are signs that the prices oéfatured
biofuels are beginning to track the oil price.

The technical limit of 5 per cent biofuel in blendlas noted to be a barrier
even in countries where current blending levels are significdoglgw this
level - a clear signal that higher blending levels would be adailbeyond a
certain date was important in developing certainty for market development.
The level of market puls now becoming a significant factor in determining
market size, domestic production, and import levels for first-geperati
biofuels. This will begin to change the nature of the maskgtificantly over
time.

Distinctive Elements of the Policy Package for Biofuels

Fiscal incentives are an important enabler for first-generatmfudis in order

to help develop a self-sustaining market; but this is in dandeeing a blunt
instrument in terms of differentiating between the best and isegeod fuels
from the perspective of greenhouse gas emissions or broader sultginabi
criteria. Lock-in to first-generation processes, whereloypéas and producers
become dependent on current incentives indefinitely, is potentiabriaus
issue for the future.

The role of local authorities and other agencies using green public
procurement procedures to foster the user biofuels in captive iegready

an important factor in market development in a number of membes st
Sweden, Netherlands. It will be important to consider to what extésnt
approach can be adapted in future to encourage second-generation biofuels -
possibly in conjunction with a future certification system.

Owing to the uncertainties and complexities in relation to the @mwiental
benefits of biofuels, developing a system of certification wdl dssential.
However, it may not be realistic or desirable to establigtrigfication system

too soon if this would be in danger of stifing market developmant;
appropriate balance is needed. Concerns over the WTO were widely
recognised in relation to certification as a potential batdetrade, and a
voluntary approach to certification is likely to be more realistiche first
instance as a means of avoiding such problems. Even at a global leve
certification is likely to become possible in due time, and ioeemealisable
goal that a formal labelling system. In the interim, previoysegnce with
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forestry and fisheries suggests that a range of alterragitiécation systems
might emerge. This may well be unavoidable, and is not necesaabiiyl
thing even if not ideal.

Structural funds and other forms of capital grants and incentiedshaortant

to help with funding for demonstrator plants owing to high initial casid
other financial uncertainties (four example, over the futuredtayy of oil
prices).

Persuading farmers to switch to long-rotation energy crops hagicant
implications, as it is a major departure from most currentifeyrpractice.
Extensive advice and guidance is likely to be needed to help to transform
farming practice itself. In addition, however, further suppsrikely to be
needed, for four example in adjusting conventional contractual relagenshi
between farmers and those who they will supply.

Driving Innovation

Although examples of policies to help promote biofuel production are now quit
widespread, a distinction must be maintained between driving innovatmaofuels,
and simply promoting biofuels irrespective of quality. More focussttuments will

be needed if innovation is to be the objective, and they will need apfleed in a
more dynamic fashion to reflect future developments.

A dynamic approach is required to focus on specific technol@gidgferent
stages of development in order to drive forward innovation. Policgunes

for the short, medium and long term all need to be identified and deployed.
Although fiscal incentives are a key component of market developthemt,

do not in most cases differentiate in favour of the best qualitudmfand do

not therefore provided a strong driver for innovation and environmental
improvements. Furthermore, it is not yet clear how existinghtinges can best

be adapted at a later date to allow second-generation biofuels ® toom
market, and in due time to supersede the first-generation fuelwevdr, it is
essential that lock-in to first-generation fuels be avoided.

Actors and Actions

Reflecting the schematic diagrams presented at the endapfech7, the principal
actions and corresponding actors are as follows.

At EU level(generally implying initiating action by the Commission) a range
of short-term actions were identified in support of first-geti@mabiofuels.
These include an expanded forum for network development; clarithieg
application of future CAP subsidies as these relate to biofusdsiriag that
capital grants, including those under structural funds, are directeddwa
innovative and sustainable plant; addressingdiadacto5 per cent limit on
biofuel blends; and engaging in the developing requirements fificzeion.

For second-generation, ensuring the availability of grant fundinges®hrch
programmes for advanced conversion processes are priority. Subsgquentl
capital grants and further development of certification systems will lmeedee
At national levelfacilitating research is also important, as is awareressig
activity. Member States are likely to retain competencer oaional
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incentive measures, particularly fiscal incentives, but it bl desirable to
ensure that these are increasingly well-aligned to avoidrtisis of the
market. Owing to the specifics of different countries’ agtizal systems,
Member States will need to participate in identifying goodcfca and the
most sustainable use of land for the purposes of producing biofuel feedstocks.
At local levelpublic procurement schemes consistent with national and EU
frameworks were identified as the most important singleomctiocal
incentives, for example for establishing production plants, may also
supplement national and EU level funding.

For industry the first priority is to address the need for improved quatity i
terms of both carbon dioxide savings and general sustainafilig. could be
through participation in certification schemes and promotion of goatigea
initially at least on a voluntary basis. Increasing engagenwith the oll
supply industry will be needed in the longer term in order to maiustr
second-generation synthetic fuels.

Concluding Remarks

Biofuels technology represents a fast-moving field, reflectivegconfluence

of a range of factors — notably concern for climate change, tltktoesipport

rural communities while responding to the demands for refornmeiCAP,

and heightened awareness of energy security needs. One caoréhexgiect
numerous further developments over a relatively short period ofamnuet is
essential to ensure that policy initiatives reflect a nuaneead of the pros and
cons of a range of approaches. This report aims to contribute to that
understanding.

As with most environmental technology clusters, biofuels is not one
technology but rather can be broadly described as two generations of
technologies, each with a wide portfolio of technologies within — s ¢hse,
there are wide divergences in fuel feedstocks, conversion techeslbgpfuel

types and final applications. We can therefore expect to find glegm
interaction of policy instruments, reflecting specific markegpligations and

type of biofuel. This project has aimed to bring some claotgdme of the
dynamics of the biofuels market and the policy interfaced-iais hoped that

the insights will be useful to policy makers at European, national| bad
industry levels.

Finally, this report is one background report to the international Wwogk$o

be held on 31 May 2006, and together with the other seven technology reports
and the overarching synthesis, should allow a dynamic debate on innovation
and technologies. Comments on the ideas in this report will be welaooh

can be reflected in the final version.
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