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Executive Summary
Key messages
•

There are numerous technological pathways for the production of liquid
transportation fuels from biomass, presenting different levels of maturity with
regards to commercialisation.

•

Examples of research needs for the main advanced biofuels pathways are:
oo biochemical pathway: efficiently separating lignin, cellulose and
hemicellulose into valuable fractions;
oo thermochemical pathway: optimising the energy efficiency of the whole
process (e.g. pressurised gasification, cleaning synthesis gas under
severe process conditions);
oo biofuels from microalgae: developing energy-efficient microalgae
harvesting techniques.

•

Research on biorefineries with focus to energy production appears to be a very
important theme since in principal it favours cost efficiency through valorisation
of a full spectrum of marketable products. Reviewed projects have focused on
the various steps of conversion processes:
oo flexibility of processes with regard to feedstock;
oo uses for lignin;
oo engineering microbial strains for the conversion of C5 sugars into highvalue products;
oo diversifying the uses of C6 sugars;
oo diversifying the uses of vegetable oils;
oo valorisation of glycerine, the coproduct of biodiesel.

•

 &D on sustainability evaluation methodologies, tools and data should receive
R
particular attention to ensure that the related legislation, standards and
certification schemes are relevant and appropriately applied.

•

Better estimations of biomass availability are of the utmost importance because
of the rising competition for biomass resources.

•

 arge uncertainties in relation to legislation beyond 2020 are slowing down
L
investment in biofuels.

The aim of the present Thematic Research Summary (TRS) is to give
a structured, although not necessarily comprehensive, review of research activities carried out in Europe with regard to transportation
fuels derived from biomass. The ERKC offers two other TRSs that are
largely complementary to the Biofuels TRS, and may overlap with it
in their contents. Research related to the use of biomass for heat
and electricity production (torrefaction, pyrolysis, anaerobic digestion,
synthetic natural gas (bio-SNG), etc.) is covered by the Bioenergy
TRS. Research related to direct conversion of solar energy to hydrocarbons is treated in the Alternative Transportation Fuels TRS.
The present TRS contains information on projects that have been financed by the EU or by national funding programmes of the Member
States (MS). The emphasis is on the most recent 7th Framework Programme (FP7) projects (completed between 2010 and 2013) as well
as the NER300 and Intelligent Energy Europe (IEE) projects. A brief
summary of international activities is provided as well.
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An overview of the policy context is presented and the importance of
major existing programmes, such as the European Industrial Bioenergy Initiative (EIBI) and the European Energy Research Alliance
(EERA), supporting policy implementation is discussed.
The main research results of the projects reviewed are presented briefly for the following sub-themes:
• Lipid derived fuels;
• Biorefineries;
• Lignocellulosic feedstocks for biofuels and logistics;
• Biochemical conversion processes;
• Thermochemical conversion processes;
• Aquatic biomass and microorganisms;
• Powertrains, fuel quality and specifications;
• Market up-take support.
The analysis of these project results leads to recommendations with
regards to R&D challenges and research needs. This TRS shows that
there are numerous technological pathways to produce transportation fuels from biomass. It highlights the need for research in some
road-blocking conversion steps (e.g. efficiently separating lignocellulosic materials into high-value fractions; cleaning synthesis gas at high
temperatures and pressures; energy-efficient harvesting of microalgae) but, most importantly it shows the need to include the whole
supply chain in the sustainability analysis of biofuel pathways.
From this perspective, research on biorefineries with focus to energy
production appears to be a very important theme since in principal it
favours cost efficiency through valorisation of a full spectrum of marketable products. The projects on biorefineries reviewed here have
focused on various steps in the conversion processes:
• Flexibility of processes with regards to feedstock;
• Uses for lignin;
•E
 ngineering microbial strains for the conversion of C5 sugars into
high-value products;
• Diversifying the uses of C6 sugars;
• Diversifying the uses of vegetable oils;
• Valorisation of glycerine, the coproduct of biodiesel.
Upstream of biorefineries, logistics issues are the subject of future research. And on the downstream side, quality specifications for biofuels
present R&D challenges as well. The trend is towards the production
of perfect substitutes for fossil-derived fuels, so-called ‘drop-in fuels’
(containing only hydrocarbons), especially because of their potential
application in aviation.
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Biofuels research could also benefit from better estimates of biomass availability, taking into account the ambitious goals that some
countries have set and the rising competition from other sectors (e.g.
fine chemicals and polymers) for biomass resources.
R&D on sustainability evaluation methodologies, tools and data should
receive particular attention too, to ensure that the related legislation,
standards and certification schemes are relevant and appropriately
applied. The uncertainties associated to the models used for the evaluations and thus the results obtained regarding the GHG savings
should be better addressed and quantified as well.
There are, however, some challenges associated with the current
legislative context that need to be tackled. The SET-Plan has been
presented ‘to accelerate the development and deployment of cost-effective low-carbon technologies’ with measures beyond ‘business as
usual’. This means that the SET-Plan should stimulate investment in
these new technologies (EUR 54–57 billion by 2020, according to an
estimate from 2010) in addition to the regular European funding schemes (FP7, Horizon 2020, etc.). The additional estimated investment
in bioenergy, through the EIBI, should be around EUR 9 billion by
2020 but only small investments have been observed so far. One of
the reasons for this is that investment in R&D and demonstration projects depends on the policy and market situations, but these remain
highly uncertain. Since 2012 it has been unclear how the Renewable
Energy Directive (RED) will be amended (e.g. greenhouse gas emissions benefits, indirect land use change discussions), and no specific
policies for the transportation sector have been suggested so far for
the period after 2020.
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1 Introduction
This publication has been produced as part of the activities of the
ERKC (Energy Research Knowledge Centre), funded by the European
Commission to support its Information System of the Strategic Energy
Technology Plan (SETIS).
The ERKC collects, organises and analyses validated, referenced information on energy research programmes and projects, including results and analyses from across the EU and beyond. Access to energy
research knowledge is vastly improved through the ERKC, allowing it
to be exploited in a timely manner and used all over the EU, thus also
increasing the pace of further innovation. The ERKC therefore has a
key role in gathering and analysing data to monitor progress towards
the objectives of the European Strategic Energy Technology Plan (SETPlan). It also brings important added value to the monitoring data by
analysing trends in energy research at national and European levels
and deriving thematic analyses and policy recommendations from the
aggregated project results.
The approach to assess and disseminate energy research results used
by the ERKC team includes the following three levels of analysis:
•P
 roject analysis, providing information on research background, objectives, results and technical and policy implications
on a project-by-project basis;
•T
 hematic analysis, which pools research findings according to
a classification scheme structured by priority and research focus.
This analysis results in the production of a set of Thematic Research Summaries (TRS);
•P
 olicy analysis, which pools research findings on a specific
topic, with emphasis on the policy implications of results and
pathways to future research. This analysis results in the compilation of Policy Brochures (PB).
The Thematic Research Summaries are designed to provide an overview of innovative research results relevant to the themes which have
been identified as of particular interest to policymakers and researchers. The classification structure adopted by the ERKC team comprises 45 themes divided in 9 priority areas. Definitions of each theme
can be found on the ERKC portal at:
setis.ec.europa.eu/energy-research
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Table 1: ERKC priority areas and themes
 Priority area 1: Low-carbon heat and power suplly
Bioenergy / Geothermal / Ocean energy / Photovoltaics / Concetrated solar power / Wind
/ Hydropower / Advanced fossil fuel power generation / Fossil fuel with CCS / Nuclear
fission / Nuclear fusion / Cogeneration / Heating and cooling from renewable sources
 Priority area 2: Alternative fuels and energy sources for transport
Biofuels / Hydrogen and fuel cells / Other alternative transport fuels
 Priority area 3: Smart cities and communities
Smart electricity grids / Behavioural aspects - SCC / Small scale electricity storage /
Energy savings in buildings / ITS in energy / Smart district heating and cooling grids demand / Energy savings in appliances / Building energy system integration
 Priority area 4: Smart grids
Transnission / Distribution / Storage / Smart district heating and cooling grids - supply
 Priority area 5: Energy efficiency in industry
Process efficiency / Ancillary equipment
 Priority area 6: New knowledge and technologies
Basic research / Materials
 Priority area 7: Energy innovation and market uptake
Techno-economic assessment / Life-cycle assessment Cost-benefit analysis / (Market-)
decision support tools / Security-of-supply studies / Private investment assessment
 Priority area 8: Socio-economic analysis
Public acceptability / User participation / Behavioural aspects
 Priority area 9: Policy studies
Market uptake support / Modeling and scenarios / Enviromental impacts / International
cooperation

The purpose of the Thematic Research Summaries is to identify and
trace the development of technologies in the context of energy policy
and exploitation.
The TRS are intended for policy makers as well as any interested
reader from other stakeholders and from the academic and research
communities.
The present TRS deals with biofuels. Its aim is to provide a structured,
although not necessarily comprehensive, review of research activities
with regard to transportation fuels derived from biomass carried out
in Europe. It contains information on projects that have been financed
by the EU or by national programmes of the Member States (MS).
The emphasis is on projects in the 7th Framework Programme (FP7),
completed between 2010 and 2013, plus some current and new projects that contribute significantly to setting the path for current R&D
efforts. Only a few examples of national projects are examined, since
the European projects already provide significant information on the
evolution of research in biofuels.
The biofuels theme is part of the ERKC Priority Area 2: Alternative
fuels and energy sources for transport. The sub-themes treated in this
TRS are presented in Table 2

8

Table 2: Sub-themes included in this TRS

Sub-theme

Description

1

Lipid derived fuels

2

Biorefineries

3

Lignocellulosic feedstocks for biofuels and logistics

4

Biochemical conversion processes

5

Thermochemical conversion processes

6

Aquatic biomass and microorganisms

7

Powertrains, fuel quality and specifications

8

Market up-take support

The report is organised as follows. Chapter 2 introduces the scope of
this theme, describing the current stage of development and future
R&D challenges. Chapter 3 provides an overview of the relevant policy
priorities at both EU and national levels. Chapter 4 reports on the results from specific research projects. Chapter 5 provides an overview
of the most relevant international research programmes on biofuels.
Chapter 6 provides an updated picture of the state of the art and
the technology perspective described in the technology map of the
SET-Plan, based on the analysis of the research results carried out in
Chapter 4. Chapter 7 gives an overview of public funding for research
on biofuels based on the project budgets included in this TRS. Finally,
Chapter 8 draws conclusions and makes recommendations.
The research projects identified for each of the sub-themes are listed
in the table in Annex 2 of this TRS. Links to project websites (if available) are also included. In several cases these websites make project
documentation available to the public. This may include the project
final reports and selected deliverables, but this is not the general case.
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2 Scope of the theme
2.1 Overview
Biofuels are transport fuels derived from agriculture, forestry
and other organic feedstocks such as waste streams. First-generation biofuels are made from agricultural feedstocks – their
intermediaries are basically sugars and starches (from sugar
cane, sugar beets, corn, etc.) and vegetable oils (from soybeans, palm, rapeseed, etc.). There are also biofuels made from
waste and residues (such as recovered cooking oil and animal
fat), which are technologically comparable to first-generation
biofuels but differ in their sustainability characteristics (for instance, they have no implications for land use change). Biofuels
made from lignocellulosic materials (woody crops, agricultural
and forestry residues) are commonly called second-generation
biofuels. Biofuels from aquatic species (microalgae and other
microorganisms) are known as third-generation biofuels.
As there is no consensus on the nomenclature of these fuels, secondand third-generation biofuels are referred to as advanced biofuels in
this report. They should be introduced in the near future as complements or substitutes for conventional first-generation biofuels, which
are now produced at commercial scale. Advanced biofuels are currently at the R&D, pilot or demonstration phase. Among all the projects reviewed in this TRS, a clear preference in funding allocations is
observed for advanced biofuels projects. The few projects on conventional biofuels focus mainly on the optimisation of processes (energy
efficiency, conversion yields, use of by-products, etc.). Moreover, no
research projects in which the main theme is first-generation ethanol
were identified, so this does not appear as a sub-theme in this TRS.
The present TRS focuses on the research projects that have sufficient documentation on their results and give evidence of technological achievements in the field of biofuels. It covers research projects
related to different steps of the supply chains for conventional and
advanced biofuels, including feedstock production, conversion processes, and the use of biofuels in vehicles. The next sections of this
chapter will introduce the subjects treated in each sub-theme. The
total number of projects presented in the TRS is 73. It is important
to note that the ERKC offers two other TRSs that are largely complementary to the Biofuels TRS, and that there might be some overlap of
their contents. Research related to biomass use for heat and electricity
production (compactation, torrefaction, pyrolysis, anaerobic digestion,
synthetic natural gas (bio-SNG), etc.) is covered by the Bioenergy
TRS. Since the Biofuels TRS focuses on fuels used in the transportation sector, projects covering the use of biomethane in this sector
are included here, while projects covering the technological aspects
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of biomethane production are treated in the Bioenergy TRS. Research
related to direct conversion of solar energy to hydrocarbons is briefly mentioned here but is treated more thoroughly in the Alternative
Transportation Fuels TRS.

2.2 Scope of sub-themes
2.2.1 Lipid derived fuels

Projects in this sub-theme refer to any biofuel produced from vegetable- or animal-derived oils as well as waste oil (lipids, usually triglycerides): biodiesel and renewable diesel fuel (hydrotreated ‘vegetable’ oil – HVO). Biodiesel is produced by a chemical process called
esterification: the reaction of lipids with alcohol (usually methanol) to
produce fatty acid esters (usually fatty acid methyl esters – FAME).
The production of these conventional biofuels follows relatively simple
conversion routes and therefore no technological breakthroughs are
expected in this sub-theme. However, process optimisation and the
use of less traditional feedstocks like animal fats are the key subjects
of research projects.
This sub-theme also covers renewable diesel, a superior quality biodiesel. It is composed of paraffinic hydrocarbons and is therefore directly
compatible with existing powertrains, including aviation. Renewable
diesel is produced from the hydrotreatment of lipids (which may be
considered an intermediate technology between first and second generation biofuels).

2.2.2 Biorefineries

Biorefining is the sustainable processing of biomass into a spectrum
of marketable products (chemicals, fibres, polymers, food/feed, pulp
and paper, etc.) and energy. Biofuels may be produced in biorefineries
but they are not always the highest value product (materials and chemicals usually have higher added value than fuels). This sub-theme
therefore refers to projects where the main theme is not just the biofuel production technology (biochemical or thermochemical pathways
– see the sub-themes presented in sections 2.2.4 and 2.2.5) – but the
entire processing facility, with particular emphasis on the valorisation
of the biofuel coproducts.
One of the main examples is glycerine, a coproduct of biodiesel production, which has many applications in the food, pharmaceutical and
personal care industries, and also as a chemical intermediate. However, due to the rapid increase in biodiesel manufacture, glycerine production has exceeded market demand. Some of the projects in this
sub-theme aim to develop new routes for the use of glycerine, and
hence contribute to the overall sustainability of biodiesel production.

2.2.3 Lignocellulosic feedstocks for biofuels and logistics

Conventional biofuels have come up against sustainability issues,
mostly related to the use of agricultural commodities in their production. Indeed, the production of these biofuels creates additional
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demand for arable land and so could cause land use changes (both
direct and indirect) that would affect food prices.
As a consequence, biofuels produced from non-food crops and biomass
residues have received special attention in recent years. It is expected that such biofuels would yield greater savings in greenhouse gas
(GHG) emissions than those made from food crops. This sub-theme
includes projects on availability assessments for lignocellulosic feedstocks; identification of new applications and markets for lignocellulosic
feedstocks; and analysis of biomass structure for the optimisation of
biofuel conversion processes.
In the projects reviewed, special attention has been paid to those
concerned with the optimisation of biomass supply chains. There are
many barriers to the optimal use of lignocellulosic biomass (including
the scattered and bulky nature of biomass, high moisture content,
unsuitable harvesting equipment, and biomass deterioration during
storage and transport), which are addressed in the projects dedicated
to logistics.

2.2.4 Biochemical conversion processes

This sub-theme includes projects that focus on biochemical pathways
(i.e. those involving the use of microorganisms) for biofuel production. These are research or demonstration projects for the conversion of lignocellulosic feedstocks into ethanol. This conversion usually
involves a pretreatment stage – necessary to separate the cellulose
from hemicellulose and lignin; followed by enzymatic hydrolysis –
converting cellulose and hemicellulose into fermentable sugars; and
finally fermentation of accessible sugars into ethanol. The projects in
this sub-theme present results showing improvements in all the different conversion steps.

2.2.5 Thermochemical conversion processes

Projects in this sub-theme involve R&D and demonstration plants using
thermochemical technologies to produce biofuels. Biomass gasification
is central to these conversion processes. Pretreatment of the lignocellulosic biomass, mainly by dividing it up into different fractions, is
necessary so that it can be loaded into the gasifier. Projects where the
main theme is the thermochemical pretreatment, such as pyrolysis
and torrefaction, are not included in this TRS since they are detailed
in the Bioenergy TRS. In a gasifier, the biomass goes through a thermal treatment (partial oxidation) to create ‘syngas’ composed mainly
of hydrogen and carbon monoxide. This gas can be used to produce
hydrocarbons (a mix of naphtha, diesel, and kerosene) through a Fischer-Tropsch or similar synthesis, or other fuels such as DME (dimethyl ether). The catalysts used in these chemical reactions are highly
sensitive to impurities, so significant research effort is needed in the
syngas cleaning step of the thermochemical pathway.
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2.2.6 Aquatic biomass and microorganisms

This sub-theme focuses on projects concerning the use of aquatic
feedstocks to produce biofuels. Biodiesel and renewable diesel can be
produced from the oil extracted from microalgae (through transesterification and hydrotreatment respectively). Aquatic feedstocks are
being considered in the transportation fuels sector since they have a
higher theoretical productivity per hectare than conventional vegetable oil crops such as soybeans and palm oil. Microalgae can be cultivated in open ponds or photobioreactors (PBRs), though techniques
for harvesting, drying and oil extraction still require considerable research. Various pathways are being studied to reduce costs and energy consumption in the production process, including the use of power
plant flue gas as a CO2 source for growing algae, and wastewater as
a source of nutrients.
Macroalgae also offer possibilities for the production of fuels. Some
strains contain significant quantities of carbohydrates, which as sugars
can be used to produce ethanol and other fuels including biomethane.

2.2.7 Powertrains, fuel quality and specifications

Current engines are not completely adapted to use biofuels like ethanol
and biodiesel, whose properties differ from those of the hydrocarbonbased fossil fuels that are currently used. Issues that may be caused
by the use of biofuels include deposits and corrosion of fuel systems,
engine oil dilution or polymerisation, poor fuel stability in storage, and
problems in cold climates. This sub-theme includes projects that focus
on adapting engines to the characteristics of biofuels. Projects on biofuel specifications (e.g. incorporation threshold, physical properties,
and GHG emissions legislation) also fall into this sub-theme.

2.2.8 Market up-take support

This sub-theme concerns projects that aim to create favourable market
conditions for the production of biofuels. Activities within these projects involve knowledge sharing and international cooperation; shaping policy development and implementation; preparing the ground
for investments; building capacity and skills; and informing stakeholders and fostering commitment.
These projects are regarded as decision support tools since they provide techno-economic and environmental impact assessments, including the identification of bottlenecks, both technological and nontechnological in nature.
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3 Policy context
3.1 Overview
The current lack of competitiveness of biofuels compared to
conventional fossil fuels means that the use of biofuels in Europe is driven by policy. Without the blending mandates and
the measures implemented by the 2020 Climate and Energy
Package, biofuels would probably only have achieved niche
markets. The various Communications and Directives from
the European Commission giving incentives to use renewable
energy and mitigate climate change are of great importance for
the development of biofuels in Europe. This chapter presents a
synthesis of the policy context for the development of biofuels
in Europe. The relevant policy documents are summarised and
the initiatives contributing to biofuels development are listed.

3.2 Relevant policy documents
EU legislation takes the form of Directives that are binding upon all
EU Member States (MSs). Each MS must then adopt national laws that
carry out the provisions of the Directives. The main legal instruments
affecting biofuels in the EU are the Renewable Energy Directive (RED)
and the Fuel Quality Directive (FQD).
The RED (Directive 2009/28/EC) sets two targets to be achieved by
2020: (1) to increase the share of renewable energy in final energy
consumption to 20 %; and (2) to incorporate a mandatory 10 % of
energy from renewable sources in the transport sector. The latter target is expected to be met mainly by biofuels, since only a relatively
small contribution will come from electric vehicles using electricity
produced from renewable sources.
In adding up contributions towards this 10 % target, the RED states
that biofuels produced from wastes, residues, non-food cellulosic
material and lignocellulosic material will count double compared to
conventional biofuels. This can be seen as an incentive to produce biofuels that have a smaller footprint, including advanced biofuels – even
though dedicated energy crops such as Miscanthus and switchgrass
do occupy land. This Directive comes with some specific sustainability
criteria which are presented in Table 3.
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Table 3: Specific RED sustainability criteria

Criteria

Description

GHG
emissions
savings

A minimum life cycle GHG saving is set for all biofuels
and bioliquids compared to a fossil fuel reference. This
saving has been 35 % since 2009. For new biofuel
plants it will increase to 50 % in 2017 and 60 % from
2018 onward.

Biodiversity
protection

Biofuels and bioliquids shall not be made from raw
materials obtained from land with high biodiversity
value, namely land that had one of the following
statuses in or after January 2008: primary forest and
other wooded land; areas designated by law or by the
relevant competent authority for nature protection
purposes; highly biodiverse grassland.

Carbon stock
protection

Biofuels and bioliquids shall not be made from raw
material obtained from land with high carbon stock,
namely land that had one of the following statuses in
January 2008 and no longer has that status: wetlands;
continuously forested areas; land spanning more than
one hectare with trees higher than five metres and a
canopy cover of between 10 % and 30 %, or trees able
to reach those thresholds in situ.

Peatland
protection

Biofuels and bioliquids shall not be made from raw
material obtained from land that was peatland in
January 2008, unless evidence is provided that the
cultivation and harvesting of that raw material does not
involve drainage of previously undrained soil.

The main quantitative sustainability criteria from the RED, GHG emissions savings, are complemented by a Commission Decision (C(2010)
3751) laying down rules for calculating the life cycle GHG impact of
biofuels1. These life cycle emissions include the steps related to biomass cultivation, and so cover the difference between the carbon
stocks (both above and below ground) associated with the actual land
use, and the land use as it was before conversion to biomass cultivation for energy purposes.
However, some of the sustainability criteria in the RED might change in
an effort to better account for the impacts of indirect land use change
(ILUC). These changes might include a cap on the production of biofuels from food crops and other energy crops that take up land; new
GHG savings thresholds; and separate targets for the use of advanced
biofuels. Amendments to the RED were proposed on October 17, 2012
(COM(2012) 595). The uncertainty over how these amendments will
play out has slowed investment in biofuels R&D and demonstration
projects, which require stable market conditions and predictable future conditions.

1

 ommission Decision of June 2010 on guidelines for the calculation of land
C
carbon stocks for the purpose of Annex V to Directive 2009/28/EC.

15

B I O F U E L

The EC Communication Clean Power for Transport: A European alternative fuels strategy (COM(2013) 17), which builds on the Transport
White Paper (COM(2011) 144), also supports the sustainable production of advanced biofuels from lignocellulosic feedstocks, wastes,
algae and microorganisms. It recommends no further public support
after 2020 for first-generation biofuels produced from food crops. The
EC Communication A policy framework for climate and energy in the
period from 2020 to 2030 (COM(2014) 15) is in line with these statements, and will influence reviews of the relevant legislation for the
period after 2020. All of these documents mention the target of a 60
% GHG emissions reduction from the transport sector by 2050 compared to 1990, and a reduction of around 20 % by 2030 compared to
emissions in 2008. High oil prices, increased efficiency of passenger
cars and slower growth in mobility have recently contributed to a fall
in GHG emissions. This trend is expected to continue, but greater efforts (including the use of sustainable biofuels) will be needed to reach
the established targets after 2020 (COM(2014) 15).
The Fuel Quality Directive (Directive 2009/30/EC) has additional,
complementary requirements for life cycle GHG reductions (its calculations follow the same rules as the RED). It states that fuel suppliers
should gradually reduce the life cycle GHG emissions of their products
by 2020. It mandates this reduction to be at least 6 % by 2020, compared to the EU’s average level of life cycle GHG emissions in 2010.
The FQD also sets technical specifications for market fuels (petrol and
diesel). For petrol these include minimum octane number, maximum
sulphur and lead content; for diesel they include minimum cetane
number and maximum density. The rules also specify the maximum
amount of biofuels that may be blended into these fuels: 10 % by
volume for ethanol in petrol, and 7 % by volume for FAME in diesel.
The EU Emissions Trading System (ETS) (Directive 2003/87/EC) may
also affect the production of biofuels. By making the price of GHG
emissions an integral part of business operating costs in the EU, this
Directive has contributed to substantial emissions reductions in the
sectors concerned. In aviation, for instance, emissions from all flights
from, to and within the European Economic Area have been included
in the ETS (Directive 2008/101/EC) since 2012. Biofuels may play an
important role in reducing GHG emissions in aviation, though so far
they have only been used for test purposes. The European Advanced
Biofuels Flight Path initiative provides a roadmap with clear milestones
to achieve an annual production of two million tonnes of sustainably
produced biofuel for aviation by 2020 in Europe. This is, however, only
a voluntary commitment shared by its members2.

2
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 uropean Commission (EC), in close coordination with Airbus, leading European
E
airlines (Lufthansa, Air France/KLM and British Airways) and key European biofuel
producers (Choren Industries, Neste Oil, Biomass Technology Group and UOP).

Table 4: Non-exhaustive list of policy documents affecting biofuels in
Europe

Relevant policy documents
European Commission Communication COM(2014) 15 final – A policy
framework for climate and energy in the period from 2020 to 2030
European Commission Communication COM(2013) 17 final – Clean
power for transport: A European alternative fuels strategy
European Commission Communication COM(2011) 144 final – White
Paper: Roadmap to a Single European Transport Area – Towards a
competitive and resource efficient transport system
Directive 2009/30/EC of the European Parliament and of the Council of
23 April 2009 amending Directive 98/70/EC as regards the specification
of petrol, diesel and gas-oil and introducing a mechanism to monitor
and reduce greenhouse gas emissions and amending Council Directive
1999/32/EC as regards the specification of fuel used by inland waterway
vessels and repealing Directive 93/12/EEC
Directive 2009/28/EC of the European Parliament and of the Council
of 23 April 2009 on the promotion of the use of energy from renewable
sources
Directive 2008/101/EC of the European Parliament and of the Council
of 19 November 2008 amending Directive 2003/87/EC so as to include
aviation activities in the scheme for greenhouse gas emission allowance
trading within the Community (Text with EEA relevance)

3.3 Biofuel support initiatives
The SET-Plan launched in 2009 supports the European Industrial Bioenergy Initiative (EIBI) – one of the seven European Industrial Initiatives. The EIBI aims to prioritise and facilitate ‘first-of-a-kind’ demonstration of innovative bioenergy technologies in Europe. It focuses on
leveraging public-private partnership in order to better manage risks
and investments. The EIBI will support demonstration or reference
plants for value chains that are still not commercially available and
could be deployed at large scale. The EIBI covers four thermochemical
and three biochemical value chains (see Figure 1) (value chains 1 and
5–7 are directly associated with the transportation sector).
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Figure 1: Innovative bioenergy value chains supported by the EIBI

Source: European Biofuels Technology Platform

For example, to boost the EIBI’s demonstration activities, a consortium of six MS and Associated Countries – the UK, Germany, Denmark,
the Netherlands, Spain, Sweden and Switzerland – is implementing
ERANET Plus action plans entitled Bioenergy Sustaining the Future
(BESTF and BESTF2). These action plans will provide funding to collaborative bioenergy projects that demonstrate at least one innovative
step along the bioenergy value chain. The EC budget for ERANET Plus
activities involving bioenergy was EUR 15 million in 2012 (out of a
total budget of EUR 90 million) and EUR 10.3 million in 2013 (out of a
total budget of EUR 60 million).
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In parallel, the European Energy Research Alliance (EERA) was established to strengthen, expand and optimise EU energy research capabilities through international cooperation (sharing of national facilities
and the joint realisation of pan-European research programmes). The
joint programme on bioenergy, launched in 2010, was expected to
develop new technologies and improve the competitiveness of nextgeneration biofuels through four main sub- programmes related to
transportation biofuels (see Figure 2): Thermal Platform, Sugar Platform, Algae Platform and Sustainable Biomass. The fifth sub-programme relates to electricity and heat produced from biomass.
Figure 2: Biofuel-related research programmes from the EERA
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Source: European Energy Research Alliance

Next to that, an important source for financing future biofuels research
is the Horizon 2020 Work Programme 2014–2015 in the area of Secure,
Clean and Efficient Energy, which is a successor funding programme
that replaces the former Framework Programmes (FP7, etc.). There are
four different calls on ‘Sustainable biofuels and alternative fuels for the
European transport fuel mix’:
•L
 CE 11 – 2014/2015: Developing next-generation technologies
for biofuels and sustainable alternative fuels
• LCE 12 – 2014/2015: Demonstrating advanced biofuel technologies
• LCE 13 – 2016/2017: Partnering with Brazil on advanced biofuels
•L
 CE 14 – 2014/2015: Market up-take of existing and emerging
sustainable bioenergy.

19

B I O F U E L

Finally, NER300 is an instrument offering grants to installations of innovative renewable energy (categories eligible for support: biofuels, concentrating solar power, photovoltaics, geothermal, wind, ocean, hydropower), grid integration, and carbon capture and storage (CCS) projects.
The grants are obtained from selling up to 300 million carbon allowances
(the rights to emit one tonne of CO2) on the carbon market, profiting
from special mechanisms under the ETS. The eight bioenergy projects
funded under this programme by 2012 received EUR 629.3 million.
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4 Research findings
This chapter summarises the results of the projects reviewed for each
sub-theme.
Below are lists of projects sorted by sub-theme.
Table 5: Projects by sub-theme

Sub-theme 1: Lipid derived fuels
Project acronym Project title

Budget (EUR)

Programme

ECODIESEL

High efficiency biodiesel
plant with minimum GHG
emissions for improved
FAME production from
various raw materials

8 994 143

FP7

ENERFISH

Integrated renewable
energy solutions for
seafood processing
stations

4 831 732

FP7

ITAKA

Initiative towards
sustainable kerosene for
aviation

17 367 012

FP7

Budget (EUR)

Programme

Sub-theme 2: Biorefineries
Project acronym Project title
BIOCORE

Biocommodity refinery

20 522 739

FP7

EUROBIOREF

European multilevel
integrated biorefinery
design for sustainable
biomass processing

36 903 985

FP7

GLYFINERY

Sustainable and
integrated production of
liquid biofuels,
bioenergy and green
chemicals from glycerol
in biorefineries

4 973 221

FP7

PROPANERGY

Integrated bioconversion
of glycerine into valueadded products and
biogas at pilot plant scale

2 748 295

FP7

SUNLIBB

Sustainable liquid
biofuels from biomass
biorefining

4 605 086

FP7

SUPER
METHANOL

Reforming of crude
glycerine in supercritical
water to produce
methanol for re-use in
biodiesel plants

2 997 449

FP7
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SUPRABIO

Sustainable products
from economic
processing of biomass
in highly integrated
biorefineries

SUSTOIL

Developing advanced
biorefinery schemes
for integration into
existing oil production/
transesterification plants

17 460 611

FP7

1 178 873

FP7

Sub-theme 3: Lignocellulosic feedstocks for biofuels and logistics
Project acronym Project title
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Budget (EUR)

Programme

4F CROPS

Future crops for food,
feed, fiber and fuel

1 264 380

FP7

BEE

Biomass energy Europe

2 820 807

FP7

CEUBIOM

Classification of
European biomass
potential for bioenergy
using terrestrial and
earth observations

1 340 827

FP7

ENERGYPOPLAR Enhancing poplar traits
for energy applications

4 140 925

FP7

EUROPRUNING

Development and
implementation of a
new, and non-existent,
logistic chain on
biomass from pruning

4 602 360

FP7

INFRES

Innovative and effective
technology and logistics
for forest residual
biomass supply in the EU

4 355 273

FP7

LOGISTEC

Logistics for energy
crops' biomass

5 059 775

FP7

RENEWALL

Improving plant cell
walls for use as a
renewable industrial
feedstock

7 662 908

FP7

S2BIOM

Delivery of sustainable
supply of non-food
biomass to support
a resource-efficient
bioeconomy in Europe

5 161 511

FP7

Sub-theme 4: Biochemical conversion processes
Project acronym Project title

Budget (EUR)

Programme

4 389 841

FP7

BABETHANOL

New feedstock
and innovative
transformation process
for a more sustainable
development and
production of
lignocellulosic ethanol

BEST

BEST

28 430 150

NER300

BIOLYFE

Second generation
bioethanol process:
demonstration
scale for the step of
lignocellulosic hydrolysis
and fermentation

15 647 172

FP7

CEG Plant
Gosnowinowice

CEG Plant
Gosnowinowice

30 875 020

NER300

CANEBIOFUEL

Conversion of sugar
cane biomass into
ethanol

2 489 960

FP7

FIBREETOH

Bioethanol from paper
fibres separated from
solid waste, MSW

16 260 640

FP7

FUTUROL

FUTUROL

Private

GOMETHA

GOMETHA

Private

HYPE

High efficiency
consolidated bioprocess
technology for
lignocellulose ethanol

5 434 814

FP7

KACELLE

Demonstrating industrial
scale second generation
bioethanol production
- Kalundborg cellulosic
ethanol plant

16 164 959

FP7

LED

Lignocellulosic ethanol
demonstration

10 466 737

FP7

PROETHANOL
2G

Integration of biology
and engineering into an
economical and energyefficient 2G bioethanol
biorefinery

2 514 172

FP7

SUNLIQUID

SUNLIQUID

n.a.

Private
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Sub-theme 5: Thermochemical conversion processes
Project acronym Project title

Budget (EUR)

Programme

88 485 580

NER300

Ajos BTL

Ajos BTL

BioTfueL

BioTfueL

n.a.

Private

GAS BIOREF

Gasification of biofuels
and recovered fuels

14 927 023

FP7

GoBiGas Phase
2

GoBiGas Phase 2

58 797 170

NER300

GREENSYNGAS

Advanced cleaning
devices for production
of green syngas

4 089 167

FP7

OPTFUEL

Optimised fuels for
sustainable transport in
Europe

13 475 816

FP7

UPM Stracel
BTL

UPM Stracel BTL

169 960 000

NER300

Syndièse

Syndièse

n.a.

Private

Woodspirit

Woodspirit

199 000 000

NER300

Sub-theme 6: Aquatic biomass and microorganisms
Project acronym Project title
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Budget (EUR)

Programme

7 995 672

FP7

869 001

FP7

Biofuel from algae
technologies

10 435 912

FP7

BIOWALK 4
BIOFUELS

Biowaste and algae
knowledge for the
production of 2nd
generation biofuels

3 972 667

FP7

CYANO
FACTORY

Design, construction
and demonstration of
solar biofuel production
using novel (photo)
synthetic cell factories

3 914 852

FP7

DEMA

Direct ethanol from
microalgae

6 388 935

FP7

DIRECTFUEL

Direct biological
conversion of solar
energy to volatile
hydrocarbon fuels by
engineered cyanobacteria

4 977 781

FP7

ALL-GAS

Industrial scale
demonstration of
sustainable algae cultures
for biofuel production

AQUAFUELS

Algae and aquatic
biomass for a
sustainable production
of 2nd generation
biofuels

BIOFAT

ENALGAE

ENALGAE

n.a.

INTERREG
IVB North
West
Europe

FUEL4ME

Future European league
for microalgal energy

5 426 960

FP7

INTESUSAL

Demonstration
of integrated
and sustainable
enclosed raceway
and photobioreactor
microalgae cultivation
with biodiesel
production and
validation.

8 325 000

FP7

SUNBIOPATH

Towards a better
sunlight to biomass
conversion efficiency in
microalgae

4 366 984

FP7

Sub-theme 7: Powertrains, fuel quality and specifications
Project acronym Project title

Budget (EUR)

Programme

2NDVEGOIL

Demonstration of 2
generation vegetable
oil fuels in advanced
engines

3 478 704

FP7

BEAUTY

Bio-ethanol engine
for advanced urban
transport by light
commercial vehicle &
heavy duty (beauty)

6 145 634

FP7

BIOGRACE

Harmonised calculations
of bioenergy
greenhouse gas
emissions in Europe

1 187 289

FP7

BIOREMA

Reference materials for
biofuel specifications

626 883

FP7

BIOTEAM

Optimizing pathways
and market systems
for enhanced
competitiveness of
sustainable bioenergy

1 523 560

IEE

nd
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Sub-theme 8: Market up-take support
Project acronym Project title
AgriforEnergy 2 Promoting and securing
the production of
biomass from forestry
and agriculture without
harming the food
production
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Budget (EUR)

Programme

1 523 520

IEE

BIOFUELSTP

European biofuels
technology platform
secretariat

974 800

FP7

BIOMAP

Development of timeenabled mapping and
dissemination tool for
biofuels projects

765 430

FP7

BiomassPolicies

Strategic initiative
for resource efficient
biomass policies

2 032 636

IEE

BIOMASTER

Biomethane as an
alternative source for
transport and energy
renaissance

2 471 189

IEE

Bio-methane
regions

Promotion of biomethane and its market
development through
local and regional
partnerships

1 653 636

IEE

BIOREF-INTEG

Development of
advanced biorefinery
schemes to be
integrated into existing
industrial fuel producing
complexes

1 452 929

FP7

BIOTOP

Biofuels assessment on
technical opportunities
and research needs for
Latin America

1 285 316

FP7

CROPS 2
INDUSTRY

Non-food crops-toindustry schemes in
EU27

1 430 675

FP7

Cross Border
Bioenergy

Cross-border markets
for the European
bioenergy industry

865 690

IEE

GreenGasGrids

Boosting the European
market for biogas
production, upgrade and
feed-in into the natural
gas grid

1 998 129

IEE

Oileco

Fostering public-private
partnerships for the
local bioenergy market
value chains of used
cooking oils

938 037

IEE

Recoil

Promotion of used
cooking oil recycling for
sustainable biodiesel
production

1 519 796

IEE

STAR-COLIBRI

Strategic targets for
2020 – collaboration
initiative on biorefineries

2 410 457

FP7

SWEETHANOL

Sustainable ethanol for
EU

1 506 286

FP7

4.1 Lipid derived fuels
The main outcome of the ECODIESEL project is the construction of
a plant in Bilbao (Spain) to make 200 000 t/y of biodiesel, plus an
equal quantity of glycerine as a coproduct, from various vegetable
oils (rapeseed, soybean, palm and sunflower). The projects for lipidderived fuels are mainly concerned with GHG emissions reductions,
as specified by the RED, which are achieved by optimising the supply
chain and processes or by using alternative feedstocks. ENERFISH,
for example, focused on producing biodiesel from fish fat. ITAKA targeted the large-scale demonstration of camelina oil to produce fuel
that can be used for aviation, and also a possible alternative in the
form of used cooking oil. The project, which is still ongoing, plans to
test these new value chains, associated with drop-in hydroprocessed
esters and fatty acids, in more than 50 long-haul and 100 short-haul
flights.

4.2 Biorefineries
Research projects on biorefineries have focused on:
•T
 he extraction of high-quality intermediates from biomass (cellulose, pentose sugars and lignin). BIOCORE operated a pilot
plant which led to the optimisation of the organosolv biomass
pretreatment stage, and converted 90% of the biomass feedstock into high-value intermediates. In EUROBIOREF the BALI
process (solvent-free acid hydrolysis followed by enzymatic hydrolysis) was operated at pilot scale (50 kg of dry biomass /
hour) to convert three lignocellulosic feeds, yielding lignin and
hydrolysate as intermediates. This process is ready for up-scaling to commercial level.
•F
 lexibility of processes with regards to feedstock. Lignocellulosic materials have varying compositions and the ability to operate with different resources is important for all projects. EUROBIOREF demonstrated the production of five lignocellulosic crops
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(willow, giant reed, miscanthus, switchgrass, cardoon) and ten
oil crops (castor, crambe, cuphea, lesquerella, lunaria, jatropha,
safflower, as well as sunflower, camelina and rapeseed for comparison) in Poland, Greece and Madagascar. Moreover, within
EUROBIOREF, crop rotation strategies between food and nonfood crops have been developed and proven.
•U
 ses for lignin. Some biorefineries use lignin as a fuel to produce steam and process heat. However, since the extraction of
lignin is costly, some more ‘noble’ uses for it should be studied.
Examples are polyurethanes and wood adhesives in BIOCORE,
and surfactants, emulsifiers and antioxidants in SUPRABIO.
•E
 ngineering microbial strains for the conversion of pentose sugars (C5 sugars) into high-value products. Examples are xylitol in
BIOCORE, and succinic, maleic and fumaric acids in SUPRABIO.
•D
 iversifying the uses of cellulose sugars. In addition to the production of ethanol, other building blocks can be obtained (e.g. itaconic
acid in BIOCORE; butyric and propionic acid in SUPRABIO; butanol in EUROBIOREF).
•D
 iversifying the uses of vegetable oils. In addition to the production of biodiesel by esterification, these lipids can be used
to produce polymers and other chemicals, as demonstrated in
EUROBIOREF (polyamides and higher alcohols) and SUSTOIL.
Particularly in EUROBIOREF, most of the 27 patents filed within
this project were related vegetable oil conversions.
•V
 alorisation of glycerine, the coproduct of biodiesel production
(e.g. methanol in SUPER METHANOL; biogas, propanediol and
fertiliser in PROPANERGY; propanediol, butanol, ethanol and
biomethane in GLYFINERY).
•V
 alorisation of black liquor, the by-product from pulp & paper industries. In EUROBIOREF, research was conducted in the many
steps of a value chain based on the gasification of black liquor
for the production of heavy alcohols (ethylhexanol) / branched
paraffins to be blended in jet fuel. This fuel has been successfully
tested in jet engines within this project as well. The production of
hydrogen peroxide (H2O2) and of methanethiol (MeSH) from the
gasification tail gas and by-products have also been investigated.
•S
 ustainability evaluations of biorefineries. For example, EUROBIOREF provided literature reviews on the best practices for life
cycle assessment (LCA) with respect to biorefineries. An LCA tool
adapted for the evaluation of biorefineries was also developed.
BIOCORE sustainability assessments were very comprehensive,
and this project included:
o t he development of new assessment methods (life cycle environmental impact assessment – LC-EIA) that capture impacts at local level;
o t he development of a ‘green premium’ pricing model;
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od
 evelopment and use of social LCA (sLCA) and social impact
assessment (SIA);
o integrated sustainability assessments taking into account
competition for biomass and land.
•T
 echno-economic assessment. A logistics tool, providing the basis for assessing costs associated with feedstock sourcing and
transportation, was developed in EUROBIOREF. This project
also carried out techno-economic assessments of six scenarios
for biorefineries, enabling global integration and optimisation. In
BIOCORE, over 60 biorefinery products were assessed and the
economically viable end-products were identified.

4.3 Lignocellulosic feedstocks for
biofuels
One of the main objectives identified among the projects covered by
this sub-theme is the improvement of estimates for the potential of
non-food uses of biomass. BEE produced a handbook establishing a
common methodology for biomass assessments. 4F CROPS estimated the availability of land for food, feed, fibre and fuels in Europe by
2030. The scenarios analysed are very detailed, taking into account
factors such as climate specifics, soil types, the level of agricultural
inputs, and possibilities for crop rotation.
Besides these general projects, another subject treated under this
sub-theme is the genetic improvement of plants so that their characteristics are better adapted to biofuel production. For instance,
ENERGYPOPLAR focused on the enhancement of poplar traits and
RENEWALL worked to improve the cell wall digestibility of various
plants.
Finally, there are projects focusing on the logistics of biomass for energy production, including EUROPRUNING, INFRES and LOGISTEC.
Their results are integrated in the S2BIOM project; the subjects treated include the adaptation of machinery for different crop layouts, and
the storage and transportation of biomass.

4.4 Biochemical conversion processes
Various subjects were covered in the research and demonstration projects on the biochemical pathways that convert lignocellulosic biomass
into biofuel, including:
• BABETHANOL focused on innovation in the biomass pretreatment step by developing a process named combined extrusion
saccharification.
• HYPE focused on integrating the different steps for cellulosic
ethanol production: steam pretreatment, simultaneous saccharification and fermentation (SSF), and a novel distillation process
named mechanical vapour recompression.
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• I ntegration of first- and second-generation ethanol production:
the coproduct from sugar cane ethanol production, bagasse, is
used to produce lignocellulosic ethanol in CANEBIOFUEL.
•D
 esign, construction and operation of demonstration plants is the
objective of the following projects: BEST, BIOLYFE, FIBREETOH, KACELLE, LED, SUNLIQUID, GOMETHA, FUTUROL and
CEG Plant Goswinowice. The main concerns of these projects
are overall cost reductions due to improved energy efficiency,
reduced use of inputs, and improvements in the valorisation of
lignin and C5 sugars.

4.5 Thermochemical conversion
processes
Projects under this sub-theme mainly focused on demonstrating biomass gasification and conversion of syngas into fuels. One project
treated only one step of the whole process: GREENSYNGAS developed novel syngas cleaning unit operations (physical removal of tars,
catalytic reforming of tar contaminants, and oxidative thermal treatment).
The main results from the demonstration projects financed through
FP7 (OPTFUEL and GAS BIOREF) have led to better understanding of
the issues related to process scale-up, such as flexibility of the process
associated with the different biomass supplies, energy efficiency gains
from process integration, use of pressurised gasifiers, fuel upgrading
techniques, and use of BTL products in automotive and aircraft engines. Other ongoing demonstration projects receiving funds from the
NER300 program are: Ajos BTL, GoBiGas Phase 2 (bio-SNG), UPM
Stracel BTL, and WOODSPIRIT (methanol).

4.6 Aquatic biomass and
microorganisms
Biofuels produced from aquatic biomass are still at the R&D stage
despite some ongoing demonstration projects (INTESUSAL, FUEL4ME and BIOFAT). AQUAFUELS studied the technical, economic and
environmental feasibility of biofuels from microalgae. Researchers
defined a functional taxonomy for 72 species, determining which are
best adapted to the different potential final uses (biodiesel, ethanol,
biogas, etc.). SUNBIOPATH also looked at microalgae strains. These
projects’ results show how genetic engineering may improve the photosynthetic ability of microalgae (photoconversion efficiency and CO2
fixation), and consequently improve biomass yields.
ENALGAE (financed by the INTERREG IVB North West Europe programme) operates six microalgae pilot facilities to improve each
process step: growth, harvest, and bioenergy conversion. The same
project also established three macroalgae pilot facilities, which focus
on monitoring the best conditions for cultivation. Macroalgae is the
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subject of the FP7 project BIOWALK4BIOFUELS. This explored the
use of macroalgae to treat biowaste and other industrial effluents
containing the nitrogen and phosphate necessary for biomass growth.
The starch accumulated by the macroalgae can be used to produce
ethanol.
Some other ongoing projects focus on the direct conversion of solar
energy, CO2 and water into fuels (hydrocarbons and ethanol) using
engineered microorganisms: DIRECTFUEL, DEMA and CYANOFACTORY. These are detailed in the Alternative Transportation Fuels TRS.

4.7 Powertrains, fuel quality and
specifications
Projects under this sub-theme dealt with biofuels’ technical specifications and their potential impacts on powertrains. BEAUTY looked at
compression ignition engines and an innovative spark ignition engine
for both light commercial and heavy-duty use; the aim was to adapt
these engines for different ethanol blends so as to meet the upcoming
EURO 6 emissions limits. 2NDVEGOIL carried out a similar job with
respect to the use of pure vegetable oils in engines.
BIOREMA looked at new measurement standards (reference materials) for ethanol and biodiesel. This helps in the harmonisation of
biofuel technical specifications, which are needed to guarantee the
use of good-quality fuels in European vehicles. Another project dealing
with biofuel specifications is BIOGRACE. This project has provided a
harmonised life cycle GHG emission calculation tool for biofuels throughout the EU. BIOTEAM has also contributed to sustainability assessments of bio-energy pathways through a life cycle approach.

4.8 Market up-take support
Projects in this sub-theme all contributed to the overall competitiveness of biofuels in Europe. From the projects reviewed, the most
important results are:
•C
 oordinating the European Biofuels Technology Platform (EBTP)
to support and accelerate research in the application of various
biofuels technologies (BIOFUELSTP). The continuity of this project is assured by a new Concerted Support Action, Support for
Advanced Biofuels Stakeholders (EBTP-SABS), which started in
September 2013.
• Improving communication with the public by organising workshops with stakeholders (e.g. AGRIFORENERGY 2); linking different projects and initiatives (e.g. CORE-JetFuel); publishing
books and manuals (e.g. SWEETHANOL); and maintaining
websites (BIOMAP developed a detailed information and dissemination tool for biofuel technologies).
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•D
 eveloping roadmaps providing support for policy design in order to create favourable market conditions for different biofuel
technologies (biorefineries in BIOREF-INTEG and STAR-COLIBRI; feedstock supply in CROPS2INDUSTRY).
•D
eveloping policies for sustainable bioenergy value chains
contributing to European renewable energy incorporation targets
(BIOMASSPOLICIES).
• I dentifying opportunities for international collaboration (between
Europe and Latin America in BIOTOP, and between European
countries in CROSSBORDERBIOENERGY).
Various projects financed through the Intelligent Energy Europe (IEE)
Programme have contributed to the market up-take of specific biofuel value chains: used cooking oils (OILECO, RECOIL) and bio-methane for transportation (BIOMASTER, BIO-METHANE REGIONS,
GREENGASGRIDS).

4.9 KPI analysis
Key performance indicators (KPIs) represent a toolkit for monitoring
and reviewing the overall progress of the individual research, development and demonstration (RDD) projects reviewed in this TRS. KPIs are
used to plan RDD activities funded under the current and up-coming
research and development programmes, as well as other possible funding schemes. These indicators were defined by the EIBI (see section
3.3) alongside production targets for different products and sectors.
The KPIs are considered the EU reference for project performance
assessment. More specifically, projects supporting the implementation
of the EIBI will need to demonstrate the link between their objectives
and the KPIs of the EIBI to which they will contribute.
Note that the KPIs were defined after most of these FP7 projects started, so they are only moderately covered by the projects’ objectives.
The KPIs for biofuels in Europe are presented in Table 6 and the KPIs
represented in the different projects included in this TRS are summarised in Annex 3.
Table 6: Key performance indicators (KPIs) for biofuels in Europe

General KPIs for the EIBI:
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1.1

Number of final investment decisions (FIDs) per value chain
specified in the EIBI

1.2

Cumulative number of final investment decisions (FIDs) based on
technologies specified in the EIBI for all value chains

1.3

Gross installed output capacity of bioenergy plants based on the
EIBI value chains across Europe (MW)

1.4

Gross installed output capacity of plants based on the EIBI value
chains and supported by the EIBI projects by 2020 (MW)

1.5

Operational availability of demonstration/flagship plants during
agreed final period of the project (%)

Technology-specific value chain KPIs:
2.1

Plant at demonstration/flagship scale capable of achieving planned
output capacity during agreed final period of project

2.2

Plant at demonstration/flagship scale capable of product output
at planned cost

2.3

Greenhouse gas saving for each project compared with fossil fuel
reference (%)

2.4

Net efficiency (based on LHV) of conversion of biomass feedstock
from plant gate to commercially marketable bioenergy product (%)

2.5

Capital intensity of the project (M€/MW)

2.6

Cost per tonne of greenhouse gas saving (€/CO2-equivalent)

Resource-specific value chain KPIs:
3.1

Cost of biomass resource delivered at the bioenergy plant gate
(€/tonne)

3.2

Price of biomass resource at farm, forest, market gate (€/tonne)

3.3

Annual quantity of biomass consumption delivered at the plant
gate (tonne)

3.4

Net efficiency from biomass production to commercially marketable
bioenergy products

3.5

GHG emissions of value chain 7 (algae) ‘resource production to
plant gate’ (kg CO2-equivalent/MWh)

Health, safety and environment KPIs:
4.1

Number of deviations and license suspensions under prevailing
emissions regulations along the whole value chain

4.2

Number of accidents and near-accidents

Socio-economic KPIs:
5.1

Number of permanent jobs created by the demonstration/flagship
project
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5 International
developments
This chapter presents brief information on the main research projects
on biofuels outside Europe.
The International Energy Agency (IEA) operates several energy technology programmes facilitating cooperation among IEA member and
non-member countries. The largest R&D network Implementing Agreement is IEA Bioenergy; its ongoing tasks relevant to this TRS are:
• Task 33 – Thermal gasification of biomass;
• Task 37 – Energy from biogas;
• Task 38 – Climate change effects of biomass and bioenergy;
•T
 ask 39 – Commercialising conventional and advanced liquid
biofuels from biomass;
•T
 ask 40 – Sustainable international bioenergy trade: securing
supply and demand;
•T
 ask 42 – Biorefining – sustainable processing of biomass into a
spectrum of marketable biobased products and bioenergy;
• Task 43 – Biomass feedstocks for energy markets.
The IEA-Advanced Motor Fuels is a complementary Implementing
Agreement that focuses on powertrains, fuel quality and specifications.
Besides these international initiatives and the European projects
detailed in this TRS, recent developments in Brazil and the US (the
world’s largest biofuel producers) should be cited.
In the US, the sources of public financing for biofuel projects are mainly
the Department of Agriculture (USDA) and the Department of Energy
(DOE). Projects that have received grants cover numerous subjects,
including retrofitting existing corn starch ethanol plants;3 optimisation of the production and preprocessing of grasses (Napier grass,
energy cane, sugar cane, sweet sorghum);4 demonstration of the production of sugars and high-value lignin from paper mill byproducts;5
and development of protein supplements from algae as a coproduct of
algal biofuel production.6 The National Renewable Energy Laboratory
(NREL) conducts important research projects on biomass characte-

3
4
5
6
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 uad County Corn Cooperative (USD 4.25 million)
Q
University of Hawaii (USD 6.00 million)
Domtar Paper Company (USD 7.00 million)
Cellana (USD 5.52 million)

risation, biochemical and thermochemical conversion, biorefineries,
microalgal biofuels and biomass sustainability analysis. NREL was, in
fact, the leader of the DOE Aquatic Species Program (1979–1996),
which was a recognised pioneer in microalgae biofuel research.
In Brazil, most of the research is related to the production of ethanol
from sugarcane. Advanced biofuel research builds on the country’s
already successful experience with this first-generation ethanol, and
the integration of new technologies with existing production units is
favoured. The BIOEN programme (financed by the São Paulo research
Foundation – FAPESP), for example, integrates all the steps in the
supply chain for the production of biofuels from sugarcane and its residues, notably bagasse. One important part of the programme is dedicated to identifying new paths to genetically manipulate the metabolism of cultivated plants (better understanding of metabolic networks,
molecular processes of photosynthesis, mapping of genomes, etc.).
Finally, an indicator of the amount of biofuel-related research worldwide is the number and capacity of pilot and demonstration units for
advanced biofuels. Table 7 shows how these figures have increased
between 2008 and 2013, while
Figure 3 shows their locations. Although total capacity increased tenfold between 2008 and 2013, actual production remains much lower
than the total capacity. A similar analysis can be made from the projects’ geographic distribution – most of the advanced biofuel projects
are known to exist in Europe and in the US, but the Asia-Pacific region
alone represents almost half the world’s production capacity. This is
mainly due to China’s ambitious planned capacity (not actual production) for lignocellulosic ethanol.
Table 7: Second-generation biofuel pilot and demonstration plants
(existing and under construction)

Product

Capacity (Ml/y) Number of units
2008

2013

2008

2013

Cellulosic ethanol

193

1372

27

81

Diesel, kerosene (BTL, FT)

1.5

649

5

23

Biobutanol, biomethanol, bioDME

37

414

2

12

231.5

2435

34

116

Total

Source: Global Biofuels Center – adapted from IFP Energies Nouvelles 2014
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Figure 3: Geographic distribution of the production capacity of existing
and planned second-generation biofuels projects

Source: Global Biofuels Center – adapted from IFP Energies Nouvelles 2014
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6 Technology mapping
This TRS builds on a review of the EU’s most recent biofuel
research projects, funded essentially through FP7. These projects focus on the diverse pathways for the production of sustainable biomass-derived transportation fuels, which are important substitutes for fossil based fuels. A total of 73 projects
(51 financed under FP7) were examined to investigate the
state-of-the-art of biofuels research and to shed light on the
directions of future R&D challenges.

6.1 BIOMAP
Note that the BIOMAP project reviewed in this TRS under the subtheme Market up-take support summarises European research results
on bioenergy. BIOMAP7 (see Figure 4) is a tool initiated by the Commission to map the EC contracts supported under FP5, FP6 and FP7. It
also includes commercial plants (which may or may not have received
EC support) and other private initiatives, together with data on biofuel
standards, EC legislation, MS institutions, and information on various
stakeholders such as trade associations.
The following section of this report, which provides recommendations
for future research, is based on the research results summarised in
BIOMAP and briefly presented in this TRS.
Figure 4: Screenshot from the BIOMAP tool

Source: http://setis.ec.europa.eu/BIOMAP/#3044

7

Detailed information on the projects results may be consulted at:
http://setis.ec.europa.eu/BIOMAP/#3044
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6.2 R&D challenges for future
research
Analysis of the research results from the projects reviewed supports
the identification of R&D challenges among the different sub-themes
covered by this TRS.
For lipid-derived biofuels, research is necessary on the diversification of
resources. Supply chains for animal fat and used cooking oils should be
better explored. Moreover, for the conversion of lipids into biofuel, hydrotreatment (producing fuels directly compatible with existing powertrains) is privileged over conventional transesterification processes.
For lignocellulosic biomass, research needs fall mainly in two sectors:
• improving yield and properties: better understanding of the
metabolism, biochemistry and structure of plants; screening of
plant species, plant breeding and genetic engineering;
• improving cultivation methods: optimising resource use (fertilisers, pesticides, water use, soil management, etc.).
With regards to logistics, there is still a need to improve:
•h
arvesting technologies for crop residues, felling residues,
landscape management residues (woody biomass from parks,
gardens, bushes), etc.;
•b
 iomass compaction technologies: reducing the amount of energy needed to produce pellets, briquettes, etc.;
•d
 ecentralised pre-processing supply chains, for more efficient
biomass transportation.
For biochemical pathways, the development of processes using C5
sugars efficiently should be a subject of future research. Technological
developments are also expected in the lignocellulosic biomass pretreatment step:
•d
 eveloping routes where value can be extracted from all components of lignocellulosic feedstock (cellulose, hemicellulose and
lignin), and avoiding materials that inhibit the downstream process steps;
•d
 eveloping efficient extraction and separation methods for the
commercial exploitation of non-polymeric extractives.
These improvements in the pretreatment of lignocellulosic biomass
are not just of interest for lignocellulosic ethanol producers, since sugars are important building blocks for many chemical and polymer
applications.
With regard to thermochemical pathways, the pretreatment methods
of torrefaction and pyrolysis still need to be demonstrated commercially. It was also observed that most research relies on clean wood
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as a feedstock, and that more work is needed to increase raw material flexibility in gasification units. Research on more durable catalysts
should also be carried out. Overall process integration remains another field of investigation. For example, FT synthesis occurs at high
temperatures and pressures (approximately 250°C and 30 bar). It is
a challenge to perform the upstream steps (gasification and synthesis
gas cleaning) under the same conditions, so current processes must
include energy-wasting changes in temperature and pressure. Efficient hot gas cleaning processes would help here, but remain to be
demonstrated. Since thermochemical plants benefit from economies
of scale, researchers should explore all the ways to promote larger
plants, including biomass densification for transportation, and co-processing of biomass with refinery residues such as coke.
The production of biofuels from microalgae is a longer-term objective.
The main future research needs aimed at reducing energy inputs for
the conversion processes are:
• improved algal oil collection technologies (e.g. ‘milking algae’,
which allows continuous lipid production instead of the existing
one-time harvesting and processing techniques);
•o
 ptimisation of microalgae productivity through genetic engineering;
•d
 evelopment of offshore algae cultivation systems that could use
membranes as enclosures and be combined with offshore wind
turbines.
Cutting-edge technologies like the direct production of hydrocarbons
from microorganisms constitute important R&D challenges. The Alternative Transportation Fuels TRS gives more details.
For advanced biofuels, synergies with existing biofuel production facilities should be prioritised. Value chains building on current infrastructure might offer the best economic and industrial framework to
manage the risk of investment in new technologies.
The conversion processes present technical roadblocks in terms of
individual process steps, but the concept of biorefineries is moving
research towards a more integrated view of biofuel production processes. Most importantly, the valorisation of the whole plant and the
search for new uses of biofuel coproducts has gained a lot of interest.
More research offering an integrated view of biorefineries should be
conducted in the following subjects:
•D
 esigning new biorefinery value chain concepts and pursue the
development of flexible processes using all types of biomass and
all parts of the plant.
•D
 eveloping logistics for feedstocks including territorial planning
and stakeholder consultation (local populations and biomass
producers).
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•D
 eveloping and using early-stage modelling tools to estimate the
feasibility of these concepts. Future solutions will need process
integration including optimized energy efficiency, recycling and
waste management.
•S
tudying the possibility of integrating residues from the
food- and wood-processing value chains into new biorefinery
systems;Studying new applications for current bio-based products (diversification).
• Demonstration of the economic feasibility of biorefineries.
Finally, R&D on sustainability evaluation methodologies, tools and data
should receive particular attention to ensure that the related legislation, standards and certification schemes are relevant and appropriately applied: based on sound science, using practical tools with transparent and relevant data (EBTP, 2010). A better understanding of the
uncertainties associated with these sustainability assessment models
is also of the utmost importance.
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7 Capacities mapping
This chapter addresses data collected on European public R&D spending on biofuel projects. The budget analysis presented here is based
on FP7, IEE and NER300 projects.
The total budget for the projects reviewed in this TRS amounts to EUR
1 489 million, out of which the EU’s contribution is around 55 %. Most
of this contribution was for projects financed through the NER300 programme (first call: EUR 575.6 million), followed by FP7 (EUR 221.0
million) and IEE (EUR 12.9 million) – see Figure 5.
Figure 5: Distribution of EU contributions for biofuel projects for the
main programmes financing research and implementation of new
technologies

Figure 6 presents an overview of the distribution of the total budget
set aside for biofuel projects among the different research sub-themes defined in this TRS. It displays a predominance of research on
thermochemical conversion processes: 73.3 % of the total budget.
This sub-theme includes the projects with the highest budgets, since
these involve the construction of industrial plants, all of which were
financed through NER300. The grants for these high-budget projects
were: Woodspirit – EUR 199 million; UPM Stracel BTL – EUR 170 million; Ajos BTL – EUR 88.5 million; GoBiGas Phase 2 – EUR 58.8 million.
In the sub-theme on biochemical conversion processes, other NER300
projects received large EU grants: CEG Plant Goswinowice – EUR 30.9
million and BEST – EUR 28.4 million. Biorefineries projects financed
through FP7 also received grants of the same magnitude: BIOCORE
– EUR 13.9 million and EUROBIOREF – EUR 23.1 million. Auxiliary
research (the ‘Powertrains and fuel quality’ and ‘Market up-take support’ sub-themes) represent the smallest parts of the total budget for
biofuels research. The total budget and the EU contribution for all the
projects included in this TRS are presented in Annex 2.
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The second call of the NER300 programme has awarded 6 bioenergy
/ biofuels demonstration projects with EUR 308.0 million in July 2014.
These were not included in the capacities mapping analysis since they
have not started yet (entry into operation is scheduled between 2015
and 2018).
Figure 6: Distribution of the total EU grant budget among the subthemes examined in this TRS

Figure 7 shows the distribution of project budget in terms of the number of projects falling into each budget range. It shows that most of
the projects (46) have a total budget of between EUR 1 and 5 million.
Only seven projects received grants of more than EUR 19 million. All
of these involved the construction of demonstration sites.
Figure 7: Distribution of EU grant budgets by numbers of projects
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8 Conclusions and
recommendations
This TRS presents a review and analysis of the biofuel projects in
Europe that are supported, fully or partially, by public funds, as well as
an overview of relevant international activities. This contributes to a
better understanding of the state-of-the-art research being conducted
towards the manufacture of energy carriers based on biomass.
An overview of the policy context is presented, and the importance of
major existing programmes supporting policy implementation is discussed. The SET-Plan has been presented ‘to accelerate the development and deployment of cost-effective low-carbon technologies’ with
measures beyond ‘business as usual’. The different SET-Plan initiatives
should mobilise EUR 54-57 billion by 2020 (estimate from 20108) for
these new technologies, in addition to the regular European funding
schemes such as FP7 and Horizon 2020.
The EIBI should bring further investment to bioenergy, estimated at
around EUR 9 billion by 2020, but only a small part of this has appeared so far. One of the reasons for this is that investments in R&D and
demonstration projects depend on the policy and market situations,
which remain highly uncertain. Since 2012 it has been unclear how the
RED will be amended – see the ILUC discussion in section 3.2 – and
no specific policies on the transportation sector have been suggested
so far for the post-2020 period. With these unpredictable future conditions, it is quite difficult to mobilise any private investment for biofuel
technology development.
On the technical side, the main research results of the selected projects are briefly presented and discussed. They lead to recommendations on future R&D challenges and research needs. This TRS shows
that there are numerous technological pathways to produce liquid
transportation fuels from biomass. It highlights the need for research
in some road-blocking conversion steps for advanced biofuels production (e.g. efficiently separating lignocellulosic materials into high-value fractions; cleaning synthesis gas under severe process conditions;
energy-efficient microalgae harvesting). Synergies with existing biofuel production facilities should be prioritised. Value chains leveraging
current infrastructure might offer the best economic and industrial
framework to manage the risk of investment in new technologies.

8

 ET-Plan – Towards a low-carbon future:
S
http://ec.europa.eu/energy/publications/doc/2010_setplan_brochure.pdf
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From this perspective, research on biorefineries with focus to energy
production appears to be a very important theme since in principal it
favours cost efficiency through valorisation of a full spectrum of marketable products. The logistics issues upstream of biorefineries are
the subject of future research, while on the downstream side, quality
specifications for biofuels present R&D challenges too. The trend is
towards the production of perfect substitutes to fossil-derived fuels
– so-called ‘drop-in fuels’ – especially for aviation, where large-scale
deployment of biofuels is still a big challenge.
Research projects on biorefineries have focused on the various conversion steps:
•e
 xtraction of high-quality intermediates from biomass (cellulose,
pentose sugars and lignin);
• flexibility of processes with regards to feedstock;
• uses for lignin;
•e
 ngineering microbial strains to convert C5 sugars into high-value products;
• diversifying the uses of C6 sugars;
• diversifying the uses of vegetable oils;
• valorisation of glycerine, the coproduct of biodiesel.
Sustainability and techno-economic evaluations of biorefineries have
also received special attention, enabling global integration and optimisation of processes and the identification of viable end-products.
The projects reviewed show the importance of including the whole
supply chain in sustainability analyses of biofuel pathways. R&D on
sustainability evaluation methodologies, tools and data should receive
particular attention to ensure that the related legislation, standards
and certification schemes are relevant and appropriately applied. The
uncertainties associated with the models used for the evaluations and
thus the results obtained regarding the GHG savings should be better
addressed and quantified as well.
Moreover, biofuels research could benefit from better estimates of biomass availability, taking into account the ambitious goals that some
countries have set and the rising competition for biomass resources
from sectors such as fine chemicals and polymers.
In pursuing these R&D objectives, the EIBI will have a critical role in
giving clear signals to private actors by showing that promising but
risky technologies will be supported. Synergies between the energy
and other sectors using biomass are nevertheless important to address complementarities and cost reduction.
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Annexes
Annex 1: Acronyms and abbreviations
used in the TRS
General
DG

Directorate-General

DOE

US Department of Energy

EEA

European Economic Area

EC

European Commission

ERKC

Energy Research Knowledge Centre

EU

European Union

FID

Final investment decision

FP7

Seventh Framework Programme (EU R&D programmes)

GHG

Greenhouse gas

IEA

International Energy Agency

KPI

Key performance indicator

MS

Member State

NREL

US National Renewable Energy Laboratory

PB

Policy Brochure

R&D

Research and development

RDD

Research, development and demonstration

SETIS

Strategic Energy Technologies Information System

SET-Plan

European Strategic Energy Technology Plan

TRS

Thematic Research Summary

USDA

US Department of Agriculture

Technical and related to the theme
BESTF (2) Bioenergy Sustaining the Future
BTL

Biomass to liquids

C5

Pentose

C6

Hexose

CAP

Common Agricultural Policy

CCS

Carbon capture and storage

CO2

Carbon dioxide

DME

Dimethyl ether

EBTP

European Biofuels Technology Platform

EERA

European Energy Research Alliance
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EIBI

European Industrial Bioenergy Initiative

ETS

Emissions Trading System

FAME

Fatty acid methyl ester

FQD

Fuel Quality Directive

HVO

Hydrotreated vegetable oil

IEA

International Energy Agency

IEE

Intelligent Energy Europe

ILUC

Indirect land use change

kW

Kilowatt

LCA

Life cycle assessment

LHV

Lower heating value

MW

Megawatt

PBR

Photobioreactor

RED

Renewable Energy Directive

SNG

Synthetic natural gas

SSF

Simultaneous saccharification and fermentation

TRL

Technology Readiness Level

Annex 2: Complete list of projects
relevant to the theme
Sub-theme 1: Lipid derived fuels
Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

ECODIESEL

FP7

–

4 971 572
(8 994 143)

ENERFISH

FP7

www.enerfish.eu

2 944 794
(4 831 732)

ITAKA

FP7

www.itaka-project.eu

9 883 262
(17 367 012)

Sub-theme 2: Biorefineries
Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

BIOCORE

FP7

www.biocore-europe.org

13 920 237
(20 522 739)

EUROBIOREF

FP7

www.eurobioref.org/

23 073 794
(36 903 985)

GLYFINERY

FP7

www.glyfinery.net/

3 754 806
(4 973 221)

PROPANERGY

FP7

www.propanergy.eu

1 823 893
(2 748 295)

SUNLIBB

FP7

www.sunlibb.eu

3 415 396
(4 605 086)

SUPER
METHANOL

FP7

www.supermethanol.eu

2 093 414
(2 997 449)

SUPRABIO

FP7

www.suprabio.eu

SUSTOIL

FP7

www.sustoil.org

12 318 163
(17 460 611)
992 197
(1 178 873)

Sub-theme 3: Lignocellulosic feedstocks for biofuels and logistics
Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

4F CROPS

FP7

www.4fcrops.eu

994 382
(1 264 380)

BEE

FP7

www.bee-eu.info/

1 815 991
(2 820 807)

CEUBIOM

FP7

www.ceubiom.org/

1 340 827
(1 340 827)

ENERGYPOPLAR

FP7

www.energypoplar.eu

2 987 778
(4 140 925)

EUROPRUNING

FP7

www.europruning.eu

3 413 075
(4 602 360)

INFRES

FP7

www.infres.eu

3 085 051
(4 355 273)

LOGISTEC

FP7

www.logistecproject.eu

3 499 390
(5 059 775)

RENEWALL

FP7

www.york.ac.uk/org/cnap/
Renewall/

5 744 122
(7 662 908)

S2BIOM

FP7

www.s2biom.eu

3 999 629
(5 161 511)
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Sub-theme 4: Biochemical conversion processes
Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

BABETHANOL

FP7

babethanol.com

BEST

NER300

-

28 430 150
(28 430 150)

BIOLYFE

FP7

www.biolyfe.eu

8 599 461
(15 647 172)

CEG Plant
Goswinowice

NER300

-

30 900 000
(30 900 000)

CANEBIOFUEL

FP7

www.canebiofuel.com

FIBREETOH

FP7

-

3 169 673
(4 389 841)

1 661 980
(2 489 960)
8 649 972
(16 260 640)

FUTUROL

n.a.

www.projetfuturol.com

GOMETHA

n.a.

-

HYPE

FP7

-

KACELLE

FP7

www.kacelle.eu

9 099 063
(16 164 959)

LED

FP7

www.ledproject.eu

8 632 722
(10 466 737)

PROETHANOL2G

FP7

www.proethanol2g.org

SUNLIQUID

n.a.

www.clariant.com

3 662 944
(5 434 814)

980 000
(2 514 172)

Sub-theme 5: Thermochemical conversion processes

50

Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

Ajos BTL

NER300

-

BioTfueL

n.a.

www.ifpenergiesnouvelles.fr

GAS BIOREF

FP7

-

GoBiGas Phase 2

NER300

http://gobigas.goteborgenergi.se/
En/Start

58 797 170

GREENSYNGAS

FP7

www.eat.lth.se/greensyngas

2 718 461
(4 089 167)

OPTFUEL

FP7

www.optfuel.eu

Syndièse

n.a.

www.cea.fr

UPM Stracel BTL

NER300

-

170 000 000
(411 000 000)

Woodspirit

NER300

-

199 000 000
(500 000 000)

88 500 000
(88 500 000)
8 339 765
(14 927 023)

7 917 366
(13 475 816)

Sub-theme 6: Aquatic biomass and microorganisms
Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

ALL-GAS

FP7

www.all-gas.eu

AQUAFUELS

FP7

www.aquafuels.eu

BIOFAT

FP7

www.biofatproject.eu

BIOWALK4
BIOFUELS

FP7

www.biowalk4biofuels.eu

2 902 000
(3 972 667)

CYANOFACTORY

FP7

www.cyanofactory.eu

2 997 464
(3 914 852)

DEMA

FP7

-

4 948 464
(6 388 935)

DIRECTFUEL

FP7

www.directfuel.eu

3 729 519
(4 977 781)

ENALGAE

INTERREG
IVB NWE

www.enalgae.eu

FUEL4ME

FP7

fuel4me.eu

4 014 981
(5 426 960)

INTESUSAL

FP7

www.intesusal-algae.eu

5 000 000
(8 325 000)

SUNBIOPATH

FP7

www2.ulg.ac.be/genemic/
sunbiopath/index.html

2 998 182
(4 366 984)

5 043 580
(7 995 672)
747 152
(869 001)
7 351 074
(10 435 912)

7 300 000
(14 600 000)

Sub-theme 7: Powertrains, fuel quality and specifications
Budget (EUR)
EU contribution (Total)

Project acronym

Programme

Website

2NDVEGOIL

FP7

www.2ndvegoil.eu

2 178 356
(3 478 704)

BEAUTY

FP7

www.transport-research.info/
web/projects/project_details.
cfm?id=37570

2 970 000
(6 145 634)

BIOGRACE

IEE

biograce.net

890 466
(1 187 289)

BIOREMA

FP7

-

BIOTEAM

IEE

www.sustainable-biomass.eu/

626 883
(626 883)
1 142 670
(1 523 560)
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Sub-theme 8: Market up-take support
Programme

Website

AgriforEnergy 2

IEE

www.agriforenergy.com/content/
index.php

BIOFUELSTP

FP7

www.biofuelstp.eu

463 065
(974 800)

BIOMAP

FP7

eu-biomap.net

538 782
(765 430)

BiomassPolicies

IEE

www.biomasspolicies.eu

1 524 477
(2 032 636)

Biomaster

IEE

www.biomaster-project.eu

1 853 391
(2 471 189)

Bio-methane
regions

IEE

www.bio-methaneregions.eu

1 240 227
(1 653 636)

BIOREF-INTEG

FP7

www.bioref-integ.eu

995 082
(1 452 929)

BIOTOP

FP7

www.top-biofuel.org

986 562
(1 285 316)

CORE - JetFuel
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Budget (EUR)
EU contribution (Total)

Project acronym

1 142 640
(1 523 520)

www.core-jetfuel.eu
993 345
(1 430 675)

CROPS2
INDUSTRY

FP7

www.crops2industry.eu

Cross Border
Bioenergy

IEE

www.crossborderbioenergy.eu

GreenGasGrids

IEE

www.greengasgrids.eu

Oileco

IEE

www.oileco.eu

Recoil

IEE

www.recoilproject.eu

1 139 847
(1 519 796)

STAR-COLIBRI

FP7

www.star-colibri.eu

1 951 959
(2 410 457)

SWEETHANOL

FP7

www.sweethanol.eu

1 129 714
(1 506 286)

649 267
(865 690)
1 498 596
(1 998 129)
703 527
(938 037)

Annex 3: KPIs for the projects
assessed in this TRS
Key Performance Indicators (KPI)
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