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Executive summary

Biomass seemed a very promising resource for sub-
stituting fossil hydrocarbons as a renewable source of
energy and as a sustainable raw material for various
industrial sectors. However, during the first decade of
the 21st century, competition between the use of bio-
mass for food and feed on the one hand, and for ener-
gy and industrial applications on the other hand,
became a big issue. Dramatic food price rises in the
first half of 2008 were blamed to the use of arable land
for the production of first generation biofuels at the
expense of food and feed.

On purpose, the present report of the BACAS working
group does not focus on the food and feed issue, but
examines thoroughly the implications and limitations
of the use of non- food  (industrial ) biomass as a
source of chemicals, materials and energy. For its
analysis, the BACAS report started from the widely
accepted “5 F-cascade”, a list of priorities regarding
the use of biomass:

1. Food and feed
2. Fine and bulk chemicals and pharma
3. Fibre and biomaterials
4. Fuels and energy
5. Fertilisers and soil conditioners.

The authors have covered the impact of an increasing
use of industrial (or technical) biomass as a renew-

able resource for various industrial sectors and for
power generation. The use of biomass as a renewable
primary energy source will be of key importance for
achieving the 20/20/20 targets of the European Union,
i.e. use of at least 20% of renewables for energy pro-
duction, 20% less greenhouse gas emissions and
20% more efficient energy use by  the year  2020: bio-
mass is expected to provide 2/3 of the renewable
energy target by 2020.

The report starts with an overview of state-of-the-art
processes and technologies for converting industrial
biomass. Next, it focuses on the 5 F-cascade of appli-
cations of biomass and on the legislation affecting the
bio-based economy. Finally a number of recommen-
dations are formulated meant for government, indus-
try, research and development agencies.

The EU’s common agricultural policy (CAP) should
develop an integrated policy for the bio-based
 economy, including the removal of still existing trade
barriers, a scientifically substantiated policy with
regard to genetically modified crops and sustainability
criteria.

The public and private scientific communities are
urged to set up public-private partnerships in order to
support coordinated research programs, in particular
with regard to feedstock yields and biomass optimiza-
tion in view of maximizing the efficiency of processes
converting biomass into energy or industrial products.

5
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1. TOWARDS A BIOBASED ECONOMY

1.1. General introduction

In the last century the chemical industry was largely
based on – ánd tightly interwoven with – the fossil oil
 sector. Energy production is still largely dominated by
oil, coal and natural gas utilization. Only during the
last decennia the rising oil prices and the environ-
mental impact of many petrochemically based
processes have led to a critical rethinking of the
 currently widely applied fossil based chemical and
energy technologies. Worldwide more sustainable
technologies are now gradually introduced to produce
“renewable” energy and “bio-based” chemicals. This
mind-switch will channel the use of all available
resources towards more economically as well as
 environmentally sound production systems. The whole
fabric that interconnects petrochemistry with the
 conventional chemical syntheses processes is now
loosened up; it increasingly allows for the introduction
of biochemical syntheses alternatives, resulting in
more sustainable routes for the production of
 chemicals, materials and energy, based on industrial
biomass as a renewable resource.

The idea of sustainable development is not new; it has
been an issue especially since the Brundtland report
was published in 1987: “Our common future”
(Brundtland, 1987). In the mean time, tangible results
have already emerged from the Brundtland report, for
instance the international agreements such as the
Montreal and Kyoto protocols, and Agenda 21, which
further enshrined the concept of environmentally
 sustainable development. Although the energy supply
problem and climate change issues have recently
been most prominent in these actions, the concept of
sustainability has much more far reaching implica-
tions. Also the North-South contrast has been high-
lighted even more, ever since the thesis ‘development
versus sustainability’ was introduced. While for
 industrialised countries, it is relatively easy to
 advocate solidarity towards the future generation,
developing countries still struggle to meet the needs
for the current generation. Lack of technology transfer
between North and South and protectionist measures
by the North barely give the South the breathing
space – it needs to develop its own solutions for the
 environmental issues the world is facing these days.
Indeed, these issues are grounded in many political,
social and economical debates, leading up to different
visions on sustainability and its implementation.

In this context the European Commission (EC) and
EU-Member States have recently promoted the use of
non-food (technical or industrial) biomass, to tackle
three bottlenecks within the EU:

1. Finding an alternative to dwindling fossil energy
resources; 

2. Reducing our CO2 emissions to reduce the green-
house effect and to respect the Kyoto agreement; 

3. Upgrading agricultural surpluses and residues
(now called technical or industrial biomass) for non-
food applications i.e. chemicals, materials and bio -
energy.

In this respect context the integration of the chemical
sector with the agricultural sector will grow significant-
ly in the coming decades. At a global level, society is
changing already towards a 'biobased economy'. In a
biobased economy, biomass replaces (portion of) the
fossil resources, such as oil, coal and natural gas, for
the production of biochemicals, biomaterials and bio-
energy.

Industrial biomass is a valuable renewable and under-
estimated source of carbon for the chemical industry.
It can be used directly and indirectly for the production
of simple building blocks, which are essential platform
molecules for the chemical industry. In addition,
unique biomass components can be extracted by
chemical, physical, microbial or enzymatic treatments
and then used for applications in sectors such as food,
health and medicine, chemistry, materials and energy.
Biomass derived residues and wastes can also be val-
orised as energy source, fertilizer or soil conditioner
(OECD, 2010).

1.2. The “5 F cascade”

Especially the last decade has been dominated by a
rapid development and controversy of the first gener-
ation of biofuels. Indeed the feedstock here is the
same raw material – sugars, plant oils,... – as for food
production. Soon the first criticism arose and at the
top of the steep food price increase mid 2008, biofu-
els where the first, or almost the only one to blame.

In hindsight the public debate about the issue ‘food
versus fuel’ was not nor logical nor consistent (see
insert page 22, Food versus fuel). Whereas many con-
sumers were concerned by the so-called “food crisis”,
others perceived it as a chance for world-wide
progress. Also in terms of the “biomass: food versus
fuel” slogan, the consumer is not very consistent.
Agriculture has supplied biomass and crops, which
provide products for non-food applications since a
very long time, i.e. cotton or linen for clothing, wood for
building, paper and energy, rubber, botanicals as
pharma, etc... Even though these bio-products are
produced in huge quantities and compete far more
with food production than biofuels, the general public
is even today unaware of this.

In this respect, a now generally accepted priority list
as to the different applications of biomass has recent-
ly been defined, also called the 5 F-cascade:

6 
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1. Food & feed;
2. Fine & bulk chemicals & pharma
3. Fibre & biomaterials
4. Fuels & energy
5. Fertiliser & soil conditioners

Biofuels are thus only one - but highly ‘mediatised’ -
aspect of the developments towards a bio-based
economy, which is gradually picking up speed now.
The issues at stake are indeed very complex and
interwoven with science and technology, economics,
and society behaviour (Mc Donough & Braungart,
2002; Morris, 2006; Vos, 2007; De Wulf et al., 2010;
Soetaert and Vandamme, 2010.

An effort has been made here to produce a report,
covering the impact of gradually introducing industrial
(or technical) biomass as a renewable resource into
the broad chemical and energy sector. The authors
have aimed at an independent scientifically, techno-
logically and ethically sound approach.

2. CONVERSION TECHNOLOGIES AND
PROCESSES FOR INDUSTRIAL BIOMASS

2.1. General comments

Developing biomass into a sustainable, domestic
source of affordable biochemicals and biofuels will
require the flexibility to use a wide variety of (non-
food) biomass resources. International research is
focusing on new cost-efficient biomass conversion
processes. These feedstocks include a.o. agricultural
residues, energy crops, forest thinnings, and alterna-
tive plant-oil sources, such as Jatropha, or micro-
algae (Morris, 2006; Soetaert and Vandamme, 2006;
Spolaodre et al., 2006; Weiland et al., 2009).

Cellulosic biomass – the fibrous, non-edible part of
plants – is an abundant resource that can potentially
provide a renewable feedstock for many, next-genera-
tion, bio-derived products. The plant cell walls are
comprised of long chains of sugars (polymeric carbo-
hydrates such as cellulose, hemicellulose and lignin),
which can be converted to monomeric common sug-
ars such as glucose, xylose,... the ideal substrates for
chemical, physical and fermentation processes, lead-
ing to valuable biochemicals, biomaterials and biofu-
els.

Considerable research efforts have recently been
made to improve the “hydrolysis” of lignocellulosic
materials. Pretreatments of those materials to remove
lignin and hemicellulose can significantly enhance the
hydrolysis of the cellulose component. Also the devel-
opment of transgenic plants (e.g. poplar, willow,
maize,...) with lowered lignin content is a major step
forward. On the other hand lignin on its own could

become an important source for certain (poly)aromat-
ic chemicals.

Over the years, numerous research and development
efforts have been undertaken to develop and apply
different technologies for the conversion of industrial
biomass. So far there is no clear trend showing which
technology will be the most promising future option.
The three main conversion routes are:

– Chemical route: The most conventional (and
 traditional) way of conversion of biomass is by the
universally applied process of combustion (burn-
ing); chemical catalysis is another well-known
principle, with different processes in use or under
development;

– Thermo-chemical route: The first step in the
process here is the gasification of the biomass
feedstock under high temperature into synthesis
gas. This gas can then be transformed into
 different types of liquid or gaseous fuel, so-called
“synthetic fuels”, such as Biomass to Liquid (or
BtL-diesel), bio-SNG (Synthetic Natural Gas) or
into biochemicals;

– Bio-chemical route: This process is based on
enzymatic and microbial hydrolysis (“bio-cracking”)
of the biomass (lignocellulosic) material through a
variety of microbial actions or their enzymes that
hydrolyse the cellulosic matrix into sugars. In a
subsequent step of the process, these sugars can
be chemically transformed or fermented into bio-
alcohols (i.e. bio-ethanol, butanol, methanol,...) or
into a wide range of useful biochemicals (e.g. bio-
plastics, biodetergents, biovitamines,...).

The cost of ethanol production from lignocellulosic
materials is relatively high based on current technolo-
gies, and the main challenges are the low yield and
high cost of the current hydrolysis processes.

The main ways of processing biomass are shown in
figure 1 and 2.

2.2. Chemical conversion of industrial biomass

2.2.1. Combustion

Combustion or burning is the most common way of
converting solid biomass into energy. Wood and char-
coal are by far the most commonly used biomass-
based ‘bio-energy’ carriers.

The FAO estimates that still in 2010 approximately
60% of the world's total wood removals from forests
and trees outside forests are used for energy purpos-
es. In other words, energy is the main application of
woody biomass from forests and trees outside
forests. In developing countries, the everyday life
dependency on such biomass is high; it provides
about one-third of the total energy in these countries,

7
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and as much as 80% of energy need is derived from
woodfuels in some sub-regions of Africa (FAO, 2009).

In the developed countries the generated heat from
the combustion of biomass can be used depending on
the need for heating, electricity production, and steam
production for industry. It is well understood, relatively
straightforward, and commercially available, and can
be regarded as a proven technology.

Cogeneration, also known as combined heat and
power (CHP) generation, is the combined production
of electrical (or mechanical) and useful thermal ener-
gy from the same primary energy source, here bio-
mass. It encompasses a range of technologies, but
always includes an electricity generator and a heat
recovery system. The principle behind cogeneration is
simple. On average, conventional power generation, is

only 35% efficient, since up to 65% of the energy
potential is released as waste heat. More recent
 combined cycle generation can improve this to 50%,
excluding losses for the transmission and distribution
of electricity. Through the utilisation of the heat, the
efficiency of cogeneration plant can reach 90% or
more(Bellman et al., 2007).

2.2.2. Chemical catalysis

The production of most industrially important chemi-
cals involves catalysis, using inorganic catalysts (e.g.
acid hydrolysis, transesterification,... ) (Serrano-Ruiz,
2010). A few examples are given below. Similarly,
many biochemically significant processes are catal-
ysed, but here enzymes or microbial cells are the cat-
alysts (see 2.3).

8

Figure 2. — Schematic representation of the classic chemical conversion of biomass to liquid biofuels of the 1st

gene ration and of future pathways by thermo- or biochemical routes towards the 2nd generation biofuels

Figure 1. — Schematic representation of the classic chemical conversion of biomass and the newer routes of ther-
mo- or biochemical conversion (adapted from U.S. DOE)
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Acid hydrolysis

The ability to recover and use the major components
of lignocellulosic biomass (cellulose, hemicellulose
and lignin) is critical in developing economically viable
bioproducts and biorefineries. In order to be able to
valorise these fractions, acid hydrolysis is an impor-
tant pretreatment step to recover the (hemi)cellulosic
sugars and prepare the biomass for subsequent enzy-
matic or acid conversion. The ultimate goal is here to
identify promising technologies to reduce the sugar
production cost, in turn facilitating and reducing the
costs of the subsequent fermentation or chemical
transformations.

Many different acid hydrolysis or chemical transforma-
tion techniques have been studied; recently also the
use of ionic liquids has been documented with a near-
ly 90% yield of glucose from cellulose and 70-80%
yield of sugars from untreated corn stover. This simple
chemical process, which requires neither an edible
plant nor cellulase enzymes, could enable crude bio-
mass to be the sole source of carbon for a scalable
biorefinery.

Transesterification

Alkaline or basic catalysis is by far the most common-
ly used reaction type for the production of fatty acids
esters, e.g., fatty acid methyl esters (FAME),
 nowadays the most commonly produced biodiesel
from plant oils or animal fats.

In the transesterification of vegetable oils, a triglyc-
eride reacts with an alcohol (methanol, ethanol,…) in
the presence of a strong acid or base, producing a
mixture of fatty acids alkyl esters and glycerol. The
overall process is a sequence of three consecutive
and reversible reactions, in which di- and mono -
glycerides are formed as intermediates.

Acid catalysis offers the advantage of also esterifying
free fatty acids contained in the fats and oils and is

therefore especially suited for the transesterification of
highly acidic fatty materials.

Ammonia steam fibre explosion

Ammonia fibre explosion (AFEX) treatment of ligno-
cellulosic fibre materials as a pretreatment for the
ethanol production is very interesting. AFEX is a
 combination of a chemical and physical digestion of
the biomass in order to increase the fermentation
yields.

2.3. Thermochemical conversion

Thermochemical conversion processes use heat ànd
chemical treatments to convert biomass into liquid or
gaseous intermediates. The intermediates, such as
syngas and bio-oil, subsequently go through cus-
tomized processing to produce biopower or biofuels,
such as gasoline, diesel, and jet fuel (Figure 3).

Thermochemical processes enable production of any
type of advanced biofuels, including:

• Ethanol derived from cellulose, hemicellulose or
lignin; 

• Longer-carbon-chain alcohols (such as butanol); 
• Advanced hydrocarbon fuels that can be used as
direct substitutes for gasoline, diesel, and jet fuel. 

Thermochemical processes allow productive use of a
wide spectrum of biomass resources. The elevated
temperatures of thermochemical processes (300 to
1000°C) overcome the natural resistance of biomass
to chemical or enzymatic conversion, thus expanding
the range of feedstocks that can potentially be used in
bio-refineries.

Collaborative teams from industry and academia con-
duct innovative R&D to improve the efficiency and
cost-effectiveness of thermochemical conversion
technologies: it focuses on producing intermediates
via gasification, pyrolysis, and other chemical means

9

Figure 3. — Schematic representation of the thermochemical conversion processes of biomass (adapted from U.S.
DOE)
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from biomass and organic residues, and then con-
verting these intermediates into fuels, chemicals, or
power.

Common thermochemical approaches are gasifica-
tion and pyrolysis of biomass.

Gasification 

The gasification process uses heat and a limited
amount of oxygen to convert biomass into a synthesis
gas (syngas), which consists primarily of carbon
monoxide and hydrogen. Product-specific catalysts
are then used to turn the syngas into liquid fuels
(Figure 4).

The main challenges are here are: 

• Demonstrating reliable reactor operation 
• Developing improved catalysts for liquid fuel pro-
duction 

• Refining efficient gas cleaning technologies 

Pyrolysis/Liquefaction 

This process decomposes biomass by heating it in the
absence of oxygen to produce a bio-oil. Cleanup,

 conditioning, and stabilisation of the bio-oil are neces-
sary to convert it into a product suitable for delivery to
a petroleum refinery, where it can be further upgraded
to renewable diesel, gasoline, or jet fuel (Figure 5).
The main challenges here are:

– Increasing product yield 
– Cleaning and stabilising the bio-oils 
– Improving catalysts for upgrading bio-oils into

 finished fuels 

2.4. Biochemical conversion

Biochemical conversion entails breaking down or
“cracking” biomass by using enzymatic and/or micro-
bial action, to make the polymeric carbohydrates
available as (fermentable) sugars, which can then be
converted into biofuels and bioproducts using
microorganisms (bacteria, yeasts, fungi,...) and their
enzymes (Figure 6).

Among the key challenges for biochemical conversion
are the considerable difficulty and expense involved in
breaking down, or “bio-cracking”, the tough, complex
structures of the plant cell walls in cellulosic biomass. 
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Figure 4. — Thermochemical conversion route - gasification (adapted from U.S. DOE)

Figure 5. — Thermochemical conversion route – pyrolysis (adapted from U.S. DOE)
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Research is exploring now more efficient and cost-
effective ways to gain access to these useful sugars
for further processing. Current R&D focuses on high-
yield (non-food) biomass feedstocks. Another poten-
tial research pathway involves improving upon the fair-
ly recent development of new metabolic pathways and
more efficient enzymes, in tailor made microorgan-
isms that enable the efficient fermentation of sugars
into advanc ed biochemicals, including biofuels
(Vandamme, 2007; Soetaert and Vandamme, 2009;
2010).

To optimize the role of biochemical conversion within
this flexible production scenario, researchers are
developing technologies needed throughout the
process. A few examples:

• New enzymes for hydrolysis. A new generation of
enzymes and enzyme production technologies are
needed to cost-effectively hydrolyze the cellulose
and hemicellulose in biomass to free the sugars for
conversion. Programs are under way to identify the
most productive, naturally occurring or man-made
enzymes and to increase their efficiency. Research
objectives also include lowering the cost of the
enzyme unit operation in the sugar extraction
process (saccharification) (Vandamme et al., 2005;
2006).

• New microorganisms for fermentation.
Researchers use sophisticated metabolic engineer-
ing techniques to develop microorganisms that can
more effectively ferment, or convert the variety of
sugars derived from biomass. For example certain
microorganisms can coferment both the five-carbon
sugars (such as xylose from the hemicellulose) and
the more common six-carbon sugars (such as glu-
cose) in cellulosic biomass.

2.5. Towards the Biorefinery concept

The World’s population needs feedstocks that are
widely available, at relatively low cost in terms of eco-
nomics and carbon, that are renewable and that can
be grown and processed in a sustainable manner. It is
now indisputable that biomass can fulfil these require-
ments. The conversion of biomass into energy carriers
and into a wide range of useful chemicals and materi-
als – apart from the primary use for food and feed –
can be carried out in so-called multi-product biore-
fineries. A crucial step in developing this industry is to
establish integrated biorefineries capable of effi-
ciently converting a broad range of industrial biomass
feedstocks simultaneously into affordable biofuels,
biopower, and a wide range of biochemicals and bio-
materials (Figure 7) (Griffiths, 2001; Dale, 2003;
Gavrilescu and Chisti, 2005; Zhang, 2008).

Although the biofuel and associated co-products mar-
kets are not yet fully developed, first generation biore-
finery operations that focus on single products (such
as ethanol and biodiesel) are regarded as a starting
point in the development of sustainable biorefineries.
The most profitable of these are based on sugar cane.
Some of these ‘first generation’ plants are also subject
to changes in market conditions such as strongly fluc-
tuating commodity prices, as has recently been seen
with the price evolutions of wheat and corn. With an
increasing demand for alternative sources of energy
carriers, platform chemicals and bio-based materials,
‘first generation’ production systems may have a limit-
ed lifespan. It may be argued that advanced biore-
fineries will have a distinct advantage over conven-
tional refineries (based on mineral oil) and over first
generation ‘single product focus’ biorefineries, (for
example, based on recovered vegetable oil, animal fat
or rapeseed oil to produce biodiesel), in that a variety
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Figure 6. — A general scenario for biomass conversion
via biochemical processes (adapted from U.S. DOE)
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of raw materials may be utilised to produce a wide
range of added-value products.

Advanced or second generation biorefineries are now
being developed on the basis of sustainably-derived
biomass feedstocks, and cleaner thermochemical and
biological conversion technologies to efficiently
 produce a range of different energy carriers and
 marketable chemicals and co-products. To avoid the
criticism attributed to first generation biorefineries,
these new designs should aim to reduce the impacts
and maximise the benefits of social, economic, and
environmental factors on a lifecycle basis (De Wulf, et
al., 2010). These emerging advanced biorefineries
keep promise to provide a range of bioproducts to
supply our chemical and manufacturing industries in
the near future, as well as contributing partially to
energy needs in a more sustainable way.

Integrated biorefineries are similar to conventional
petrorefineries in that they produce a range of
 products in order to optimise use of the feedstock and
improve process economics. However, integrated
biorefineries employ new technologies and adapted
feedstocks, requiring significant technology develop-
ment, integration, and financial risk.

3. INDUSTRIAL BIOMASS RESOURCES FOR
INDUSTRIAL APPLICATIONS

3.1. General aspects

Biomass is the general term used to describe all non-
fossils biologically produced matter on Earth. The raw
material of biomass can be derived from plants, ani-
mals and microorganisms. Biomass can be defined as
“all organic material of microbial, vegetal or animal
 origin, which is produced in natural or managed
ecosystems (agriculture, aquaculture, forestry), all or
not industrially transformed”.

Industrial biomass sources are often divided into two
main categories: specific crops and wastes or

residues. Biomass wastes or residues refer to the
remaining biomass after harvesting and/or processing
a.o. for food/feed or for other use. The two categories
differ significantly in the economics of utilisation as
well as in biophysical terms.

Specific crops refer to plantations of trees, grasses,
oilseed crops and other crops that are optimised for
the production of bioenergy or biobased products. The
harvested biomass is used directly or serves as feed-
stock (e.g. sugar, starch, oils, willow and poplar) for
further processing. The principal challenges centre on
lowering biomass production costs and reducing the
risks for biomass growers (e.g. stable prices) and
biobased products producers (e.g. guaranteed bio-
mass supply). However, in order to develop a robust
biobased economy in Europe, it is and will continue to
be important to have access to renewable biomass
feedstock in sufficient quantity of good and guaran-
teed quality. The impact of improved agricultural prac-
tice and of plant molecular biotechnology will be cru-
cial in this respect.

Biomass residues include forest (e.g. wood, chips,...)
and agricultural residues (e.g. straw, grasses,
stoves,...), organic wastes, including animal wastes.
They normally offer the most widely available and
least-cost biomass resource options. The principal
challenge here is to develop or adapt reliable and
cost-effective logistics, handling methods and conver-
sion technologies.

However, there are concerns about resource availabili-
ty in Europe: both on the potential of biomass feedstock
to deliver sufficient raw material for all future applica-
tions (chemicals, biomaterials, bioenergy,…), as well
as on its long time price level. Agricultural and industri-
al developments are long term processes. Accordingly,
policies aiming at supporting these developments need
to be stable and consistent in the long term in order to
provide security for innovation an encouragement for
investments. This is particularly important in this
emerging field in order to build our economy on more
biobased and sustainable foundations.

12

Figure 7. — Integrated biorefinery concept (adapted from U.S. DOE)
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To ensure fact-based policies and sound business
development, it is crucial to have a reliable European
and global evaluation of the biomass and agricultural
development potential.

There is an (urgent) need both for up to date statistics
and a feasibility study on feedstock availability and
logistics in the EU, both from dedicated crop produc-
tion and from agricultural and industrial waste, includ-
ing market surveys on bio-based products. Political
initiatives such as reform of the Common Agricultural
Policy (CAP) after 2013 should be carried out with the
needs of the biobased-economy in mind, to increase
and ensure the supply of biomass. Several studies on
biomass availability and land use were already per-
formed recently due to the announcement of the
Commission of the Renewable Energy Directive.
However it is much more difficult to find studies on the
biomass needed for commodity production of chemi-
cal intermediates or other biobased products.

The Nova institute in Germany estimates that 500 mil-
lion ha of land are available world-wide (and this with-
out cutting down forest or using artificial irrigation) to
produce biomass in a sustainable way in response to
the growing food, chemicals, materials and energy
need. Meeting this challenge without hindering the
production of food for a fast growing world population
and without negatively impacting the environment and
biodiversity also requires optimising production per
hectare of land through increased crop productivity
(use of improved and transgenic plant varieties, soil
conditioners, fertilisers,...), land and water manage-
ment. This requires improved technologies and
research related to better agricultural system man-
agement but also involves better access to and use of
existing technologies.

Biomass including waste is by far the largest renew-
able energy source consumed in the EU-27 and is
consumed in all three sectors of power and heat
 generation, and transportion. In 2007, consumption of
biomass and waste grew by almost 10% taking it to a
total of 98,3 million toe (tonnes oil equivalent) and by
another 5% in 2008 to 102,3 million toe. It so repre-
sented 70% of the gross inland consumption of
renewable energy sources in the EU. In the total ener-
gy consumption in the EU, biomass and waste repre-
sented already 8% (Figure 8).

How much energy will be derived from biomass in the
future? This will depend on many factors: market
forces, economic incentives and speed of technological
change in the different renewable energy subsectors
will inter alia determine the energy mix necessary to
achieve the 20% target in 2020. The projected contri-
bution of biomass thus hinges heavily on assumptions. 

The European Environmental Agency (EEA) estimat-
ed EU primary energy requirement at 1.8 billion toe in
2020 and projected biomass to be able to contribute
with 13% or 236 million toe.

An almost identical projection is reproduced in the
Commission's “Impact Assessment of the Renewable
Energy Roadmap” where the higher scenario results
in a biomass potential of 230 million toe, the lower
being 195 million toe (Figure 9) (EC, 2006).

The FORRES 2020 study also has analysed two sce-
narios: The business as usual scenario anticipates
215 million toe, whereas the policy scenario
(assumed to maximise renewable energy) suggests a
much higher potential in 2020: 455 million toe
(Ragwitz et al., 2005).
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Figure 8. — EU 27 energy consumption in 2008, according to fuel source (× 1000 toe)
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Based on current knowledge, it is thus reasonable to
assume that biomass could account for two thirds of
the renewable energy target in 2020. For this to
become reality, biomass use has roughly to triple.
Those two studies, which give a sectoral breakdown,
allow to discern a similar two stage pattern:

– In the short to medium run, available but partly
unused biomass potential from waste, forestry,
and residues can readily be tapped into.

– In the longer run, they agree that most of the
 genuine growth in biomass potential will have to
come from "agriculture" (EEA study) or "agricul-
tural products" (Impact Assessment of the
Renewable Energy Roadmap).

3.2. 1st F: Food & feed

It goes without saying that biomass is to be used as a
first priority for food and feed supply. Indeed crop pro-
duction plays a key role in human and animal food
security. As a major user of the soil, agriculture
shapes the rural landscape. Half of the surface area of
the European Union (EU) is used for agricultural
 purposes, hence the importance of agriculture to the
EU’s natural environment. European agriculture is
increasingly prioritising the kind of high-quality,
 environmentally-friendly products demanded by the
consumer market.

In terms of the area that they occupy and their impor-
tance in human and animal food supply, cereals
(including rice) constitute the largest crop group in the
world. Also in the EU cereals are the most widely
 produced crop.

The Eurostat Pocket booklet “Agricultural statistics,
Main results 2008-2009” gives a good overview of the
most important figures on agriculture in the EU (EC,
2010).

Wheat, barley and grain maize are the cereals most
grown in the European Union in 2009. These crops
accounted for some 30% of the EU’s utilised agricul-
tural area in 2009 (Figure 10).

Nevertheless, cereal production has fluctuated con-
siderably over time. After a very high increase in 2004
(29% higher than 2003), cereal production fell sharply
between 2004 and 2007 (- 20%). In response to the
very high cereal prices in 2007, production in 2008
increased by 19% but dropped by 6% in 2009, still
good for about 296 million tonnes.

Wheat at 139 million tonnes, represents almost half of
all cereal production in 2009 (47%). It is also one of
the most widely distributed crops in the EU, on a total
area of 24,5 million hectares (Figure 11). Wheat is
 primarily used in human and animal food products, but
also for making processed products, such as starch
and bioethanol. 

Barley production totalled 62 million tonnes, account-
ing for 21% of all cereal production. Barley is the main
crop for brewing beer.

In 2009, 57.8 million tonnes of grain maize were pro-
duced in the EU (Figure 11). Grain maize is mainly
intended for animal feed but it is also used for indus-
trial products, such as starch, glue and biofuels.

Rye and Maslin production totalled approximately
10 million tonnes, or 3% of cereal production. Rice
accounted for 1% of production at around 3 million
tonnes.

In 2009, 20.1 million tonnes of rapeseed were
 produced in the EU, or almost the double of the
11.2 million tonnes in 2000. Rapeseed is used in the
manufacture of oil (mainly non-edible oil, such as
biodiesel, but also edible oil) and animal feed
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Figure 9. — Solid biomass potential in primary  energy
terms (million toe/year) (EC, 2006)

Figure 10. — Harvested production of cereals by type
of cereal, in million tonnes, EU-27, 2009
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 (rapeseed cake from the crushing of rapeseed grain).
The increase in rapeseed production is clearly due to
the high demand in recent years for renewable  energy,
such as biodiesel. Rapeseed is best suited for a
 temperate climate. Germany and France are the
regions with the highest production.

Sugar beet production grew steadily between 2003
(110 million tonnes) and 2005 (147 million tonnes),
subsequently decreasing by 23% in 2006. Since 2006,
production has been more stable, fluctuating around
the 100 million tonnes (110 million tonnes in 2009).
France and Germany are the greatest producers,
together accounting for 55% of the total EU27
 production. Surprisingly production dropped by more
than 98% in Latvia between 2003 and 2008 and in
2009 the production completely stopped. Also in
Ireland the production dropped by more than 95%.

Utilised Agricultural Area (UAA) represents 37% of
the whole EU-27 territorial area of 432,5 million ha. As
part of UAA, arable land represents almost one quarter,
25%, of the whole EU-27 territory. Denmark has the
highest share of arable land (57%). Land under perma-
nent crops represents less than 3% in the EU-27.

Permanent grassland represents 14% of EU-27 ter-
ritory. In Ireland and the United Kingdom 45% of the
land used is permanent grassland, mainly used for

animal grazing. It is therefore not surprising that in
these countries, various projects are initiated to deter-
mine whether grass can be used as a useful biomass
feedstock for bio-energy and in biorefinery projects. In
Flanders we have the project ‘Graskracht.be’, where
twelve partners: with the funding of EFRO they will
look into the possibility to use grass for the production
of biogas as energy source.

3.3. 2nd F: Fine & bulk chemicals and pharma

3.3.1. Industrial biomass conversion into chemicals
via industrial biotechnology

As worldwide demand for petroleum, so far our main
fossil-resource to produce not only energy, but also
chemicals and materials is steadily increasing, partic-
ularly to satisfy the fast growing economies of coun-
tries such as China and India, petroleum prices are
expected to rise further. Whereas this fossil resource
will certainly not become exhausted from one day to
another, it is clear that its price will follow a long-term
upward trend. Its scarcity and high price will not only
afflict the chemical industries and energy sectors
drastically all around the world, but it will impact on
society as a whole.

Consequently, concerns have arisen not only about our
future energy supply, but also about our increasing
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Figure 11. — Distribution of wheat production in % of
Member States in EU 27 in 2007

Figure 12. — Distribution of maize production in % of
Member States in EU 27 in 2007
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needs for fine and bulk chemicals. In the first place,
this has caused an ongoing search for renewable
energy sources that will in principle never run out,
such as hydraulic energy, solar energy, wind energy,
tidal energy, geothermal energy and also energy from
renewable raw materials such as biomass. Bioenergy,
the renewable energy released from biomass, is
indeed expected to contribute significantly in the mid
to long term. The same holds more than true for the
synthesis of fine and bulk chemicals, materials and
polymers, now also mainly based on fossil resources,
petroleum, gas and coal. Hence the chemical industry
will be confronted with the switch to biomass sooner
than anticipated and to introduce the concept of reuse
and resource technology (Mc Donough and
Braungart, 2002; Dale, 2003; De Wulf et al., 2010).

In contrast to these fossil resources, bulk agricultural
raw materials such as wheat, rice or corn have till a
few years ago been continuously low (and even
declining) in price because of increasing agricultural
yields, a tendency that has recently drastically
changed, especially with the “suspected” and “advo-
cated” competition between biomass for food use ver-
sus biomass for chemicals or biofuels use, becoming
a societal issue. However in reality, climate changes,
droughts, high oil prices and the switch to non-vege-
tarian diets in fast developing economies such as
China are actually the main underlying causes of the
increasing food prices. New developments such as
plant genetic engineering (Van Beilen, 2008) - specif-
ically of industrial or energy crops - and the production
of bioenergy and chemicals from agricultural waste
and agro-industrial residues can relieve these trends.
Agricultural crops such as corn, wheat, rice and other
cereals, sugar cane and beet, potato, tapioca, etc. are
already for decades processed in the starch and
sugar refineries into relatively pure carbohydrate feed-
stocks (starch, sugars,…), primary substrates for the
food industries, but also for most industrial fermenta-
tion processes and for some chemical processes
(Dahod, 1999; Kamm and Kamm, 2004). Especially
fermentation processes can convert those agro-feed-
stocks into a wide variety of valuable chemical prod-
ucts, including bulk and fine chemicals, pharmaceuti-
cals, and enzymes as well as biofuels such as
bioethanol, and organic solvents such as butanol  (An,
2005; Demain 2007; Kunz, 2008; Wall et al., 2008;
Soetaert and Vandamme, 2006; 2009; 2010).

Oilseeds such as soybean, rapeseed (canola) and oil-
palm (but also waste vegetal oils and animal fats) are
equally processed into oils that are subsequently con-
verted into food ingredients but now increasingly into
oleo-chemicals and biodiesel (Canakci and Sanli,
2008; Vasudevan and Briggs, 2008).
While these technologies are rather mature, agro-
industrial residues or waste streams such as straw,
bran, beet pulp, corn cobs, corn stover, oil cakes,

waste wood, … all rich in lignocellulosic materials, are
now either poorly valorised or left to decay on the land
(Zhang, 2008). These residues are now already effi-
ciently converted into biogas and used for heat, steam
or electricity generation (Weiland et al., 2009;
Soetaert and Vandamme, 2009). These waste materi-
als attract now increasingly attention as an abundant-
ly available and cheap renewable feedstock for chem-
icals, materials and biofuels production. Improved
physical, chemical and biotechnological treatments
must now quickly be developed to upgrade and val-
orise these agro-industrial side streams (Singh-Nigam
and Pandey, 2009).

As stated above, novel technology is needed. The
question is: Which technologies need to be developed
and which biochemicals will be of use in this context?
The US Department of Energy (DoE) and the
European Commission have confronted this issue by
ordering a study on sustainable production of chemi-
cals from renewable resources. These reports indicat-
ed several chemicals that can be biochemically pro-
duced and that can be economically viable, stipulating
the necessity for further research in industrial (or
white) biotechnology.

Table 1 gives an overview of some of these chemical
building blocks, divided in acids and alcohols and
amino acids  (An, 2005; Demain, 2007; Soetaert and
Vandamme, 2010).

3.3.2. Fermentation and biocatalysis as enabling
technologies

It is only now being fully realized by the chemical
industry that also microorganisms (bacteria, yeasts,
fungi and micro-algae) are an inexhaustible source of
a wide range of useful enzymes and chemical com-
pounds: indeed, an ever increasing number of fine
and bulk chemicals, solvents, food additives,
enzymes, agrochemicals and biopharmaceuticals is
now being produced based on microbial biotechnolo-
gy via industrial fermentation or biocatalysis process-
es (Gavrilescu and Chisti, 2005; Demain, 2007;
Vandamme, 2007). Often, there is no alternative route
for their synthesis but fermentation. Also bioconver-
sion reactions, based on the use of (immobilised)
microbial biocatalysts (cells or enzymes), yield useful
interesting regio- and enantioselective molecules
under mild reaction conditions, often starting from
racemic precursors (Vandamme et al., 2005; 2006;
Wohlgemuth, 2010). Furthermore, all these microbial
processes have a positive environmental impact.

These microbial products generally display desired
chirality, are biodegradable and practically all are pro-
duced, starting from renewable (agro)-substrates, till
now mainly starch and sugars. Indeed, these nutrient
substrates, which are the “workhorse” ingredients in
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industrial fermentation processes worldwide, are
mainly derived from agricultural crops, being
processed in the established sugar and starch
 refineries. Agricultural practice as well as this industri-
al processing leads to agro-industrial residues, which
should be considered now also as nutrient or resource
substrates, rather than as a waste!

The ultimate choice of feedstock source type for a
given fermentation process is a complex decision,
based on imperatives given by the microbial strain
involved, or on the nature of the end product and on
technical and economic considerations (Table 2). 

Some important factors in comparing the benefits
and/or disadvantages of using crude or refined
 carbohydrates or oils as carbon source in industrial

fermentations have been compiled by Stowell (Stowell
et al., 1987). The key point here is that micro-
 organisms can convert these abundantly available
and renewable nutrient sources into a vast range of
very complex biochemicals with often unsuspected
application potential (Demain, 2007; Vandamme,
2007). Submerged fermentation has been the main-
stay industrial biotechnology production process in
use, but as increasingly crude (solid) agro-industrial
residues will become available, solid state fermenta-
tion processes will experience a remarkable revival in
the near future (Robinson et al., 2001; Singh-Nigam
and Pandey, 2009).

When switching to agro-industrial residues or even
agro-waste streams, the bottleneck remains to release
the fermentable sugars, left in the lignocellulosic
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Table 1. — Overview of some important chemical building blocks that can be produced via biotechnological
processes. (F, E and C indicating the main current production process: fermentation enzymatic or chemical
process).

Type of chemical

Acids and alcohols Amino acids

Sugar Building
block

Method
of
production

Sugar Building
block

Method
of
production

Building
block

Method
of
production

C2 Ethanol
Acetic acid
Glyoxylic acid
Oxalic acid

F
C/F
C
C

C5 Itaconic acid
Glutamic acid

F
F

L-Alanine
L-Arginine
L-Aspartate
L-Glutamine
L-Glutamate
L-Histidine
L-Hydroxyproline
L-Isoleucine
L-Leucine
L-Lysine
L-Phenylalanine
L-Proline
L-Serine
L-Tryptophan
L-Threonine
L-Valine

F
F
F
E
F
F
E
F
F
F
F
F
F
F
F
F

C3 Lactic acid
3-hydroxypropionic
acid
Glycerol
1,2-propanediol
1,3-propanediol
Propionic acid
Acetone

F

C/F
C/E
C/F
C/F
C
C/F

C6 Citric acid
Aconic acid
C i s - c i s
muconic acid
Gluconic acid
Kojic acid
Adipic acid

F
F

F
C/F
F
C

C4 Fumaric acid
Succinic acid
Malic acid
Butyric acid
1-butanol
2,3-butanediol
1,4-butanediol
Acetoin
Aspartic acid
1,2,4-butanetriol

F
C/F
C/E
C/F
C/F
C
C
C/F
F
C
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matrix, the main component of these residues
(Zhang, 2008; Sarath et al., 2008; Vasudevan and
Briggs, 2008; Canakci and Sanli, 2008).

Special pre-treatments of these agro-industrial side
streams are a prerequisite: mechanical (thermo) phys-
ical, chemical and enzymatic pretreatments will be pri-
mordial in most cases, before microbial fermentation
technology or enzymatic upgrading (biocatalysis) can
start. An exception here is the use of solid state fer-
mentation technology, where crude lignocellulosics
are directly provided as a substrate for microbial pro-
ductions (Singh-Nigam and Pandey, 2009). The switch
to agro-industrial residues will also put even more
emphasis on pretreatment (upstream-processing) and
on downstream-processing costs in the overall eco-
nomics of such “second generation” fermentation
processes!

The production potential of a wide range of fine and
bulk chemicals, fuels, materials and fibres based on
these agro-industrial and biomass residues is enor-
mous. If these processes materialise in the near
future, it will relief drastically current societal tension
whether to use biomass and crops for food or for plat-
form chemicals and biofuels (Morris, 2006). This
potential is outlined in Figure 13.

Several groups of microbial products are known as
fine chemicals and biopharmaceuticals to be relevant
to the medical community. Examples are antibiotics
and antitumor agents, anti-virals, immune stimulating
and suppressive agents, cholesterol lowering drugs
and other enzyme inhibitors, as well as toxins and
siderophores, and many more.

Also, there are many “chemical” products of microbial
origin already produced on an industrial scale that
play an important role in the agricultural and food
industry. Examples are dyes and vitamins, polyunsat-
urated fatty acids (PUFAs) such as omega-3 and
omega 6-fatty acids, food flavours, L-amino acids and
organic acids such as acetic, citric and lactic acid, and
a range of biopesticides.

Rather unexpectedly, the polymer industry has recent-
ly created the biggest boost towards biochemical

 production. The fermentation products, lactate, 1,3-
propanediol, 1,4-butanediol, polyols, … are all
 primarily used in the production of biopolymers.

3.4. 3rd F: Fibres & biomaterials

3.4.1. Textiles and biobased fibres

The textile and clothing sector remains one of the key
manufacturing branches in a significant number of
countries of the European Union. The sector has an
annual turnover of more than 200 billion Euros and
employs some 2,5 million people in over
150 000 companies across the EU-27. The EU is the
world´s second biggest exporter of textiles and
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Table 2. — Economic and technical considerations in the selection of fermentation nutrient sources.

Availability
Cost per unit of nutrient
Transportation cost
Price stability
Pre-treatment costs
Stabilisation costs
Storage costs
Safety factors

Consistency of nutritional quality
Flexibility in application
Rheological properties
Surface tension factors
Product recovery impact
Process yield
Product concentration and type
Overall productivity

Lactic acid production may be called a success
story in fermentation technology. Classical chemi-
cal synthesis was based on lactonitrile derived from
acetaldehyde and hydrogen cyanide, but it results
in a racemic DL-lactic acid mixture, which is very
difficult to purify. Fermentative routes have over-
come this chemical problem.

The application fields are very versatile, ranging
from food industry, over textile and pharmaceuti-
cals to the chemical and polymer  industry.
Particularly in the polymer industry poly-lactic acid
(PLA) has shown to be promising, e.g. as a green
plastic.

Succinate as base chemical has first been pointed
out by Jain and coworkers in 1989, after which the
US Department of Energy marked it as one of the
top added value chemicals from renewable
resources (Jain et al., 1989).

Nowadays the succinic acid market is still quite
modest, about 15000 tonnes per year worldwide.
The market potential is estimated at 270000 tonnes
per year, due to the many applications in a wide
variety of economic sectors.

The existing succinic acid markets are the deter-
gent/surfactant market, the ion chelator market,
food market (e.g. acidulants, flavours or antimicro-
bials) and the pharmaceutical market.

BACAS (Biomass)febr:cawet-november-2003  15/02/11  08:02  Pagina 18



BACAS BELGIAN ACADEMY COUNCIL OF APPLIED SCIENCES

world´s third biggest exporter of clothing. Faced with
fierce global competition from low-wage countries, its
sustainability strongly depends on a new multi -
disciplinary approach based on innovative high  quality
products and flexible, environmentally-friendly produc-
tion systems. In addition, new initiatives to develop
new attractive end-use markets for textiles need to be
stimulated.

Industrial biotechnology has a major potential to drive
the textile sector into employing new possibilities of
selective enzymatic catalysis (as an alternative to
harsh chemical processing); new bio-based materials
can be expected to lead to the launch of textiles with
new functional properties (being an alternative source
of textile auxiliary agents, creating new functional
properties for technical, medical, wellness and other
smart textiles). Increased utilisation of natural renew-
able fibre sources and of artificial (bio-fermented)
fibrous polymers via biotechnological processing will
result in cleaner production processes. It is also an
instrument to arrive at new surface architecture of
hybridized fibrous matrices.

Since the oil price influences many textile industry
related factors (energy cost, textile fibre costs, the
dyes and chemicals used !) it is expected that the use
of sustainable technologies (industrial biotechnology
and other environmental friendly technologies) and of
bio-based materials will be beneficial for the sector.

A broad range of biorefinable fibres already exists e.g.
waste material from bast fibres (flax, hemp) as well as

emerging technical biomass, such as Spanish broom
(Spartium junceum), straw, wood and woodchips.
These co-products have potentially a high value as
new materials for composite reinforcement as new
qualities of construction and manufacturing materials,
as fibrous additives in building materials, etc.

Not only bio-fibres but also bio-resins, essential oils,
surface-active bio-substances, etc... can be extracted
from the biomass. These can be introduced as a new
source of functional finishing auxiliary agents (e.g. UV
absorbers, antimicrobials, health and body care).
Biotechnological processes such as controlled “bio
retting” can be part of tailor-made processing technol-
ogy to enhance utilisation of biomass in (rural) bio-
refineries.

This evolution can be compared to the utilisation of
locally available renewable sources in textile manufac-
turing which was one key element of European textile
industry genesis. This development could provide new
opportunities for fashion garments and technical tex-
tile applications. Direct use of extracted fibres as such
followed by special surface (bio)modification (elemen-
tarisation, resin adhesion improvement, fibre fineness,
cottonisation etc.) as well as the extrusion (co-extru-
sion) of natural fibres and extracted polymers offer
also great potential.

On the other hand, textile wastes could be studied as
one of the larger sources of feedstock for biorefineries
within a biofuel program; the synthetic part of textile
blend products can be recycled separately (with the
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Figure 13. — Sugar-lignin platform potential for value-added chemical production (http://bpe.epfl.ch)
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natural, cellulosic part being utilised as fermentation
feedstock).

3.4.2. Wood, pulp and paper

Wood counts for approximately 80% of the biomass
used for renewable energy. A clear potential to inten-
sify forest utilisation for energy exists in the EU as only
60-70% of the annual increment of EU forests is
 harvested. At present about half of the harvests are
eventually used for energy; by-products from higher
value processing have a significant share. Significant
expansion potentials locate in smaller private forest
holdings and are related to forest residues and
 complementary fellings, namely first thinnings.

The “Forest Statistics Eurostat Pocketbook, 2009”
gives a brief overview of the forest sector (EC, 2010).

There are two categories of roundwood: industrial
roundwood and fuelwood. The commodities included
in industrial roundwood are logs, pulpwood and other
industrial wood (the final use determines the
 commodity). Logs are used for the production of
sawnwood (including sleepers) and veneer sheets.
Pulpwood is wood in the rough used for the manufac-
ture of pulp, particle board and fibreboard. Other
industrial roundwood includes roundwood that will be
used e.g. for poles, piling, posts, fencing, pit props,
tanning, distillation or match blocks. Fuelwood is wood
in the rough (from trunks and branches of trees), to be
used as fuel for cooking, heating and power produc-
tion.

Since 1998, there has been a relatively steady rise in
the level of roundwood production in the EU-27, both
for coniferous (softwood) and non-coniferous
(broadleaved or hardwood) species. The 420,5 million
m3 of roundwood produced, of which 104.9 million m3

of sawnwood, within the EU in 2009 was about one
tenth less than the relative peak that was recorded in
2007. This peak was due to exceptional windthrow
caused by storms in many parts of Europe – notably
in Sweden and Germany – after which much more
wood had to be removed from forests than planned.
Among the Member States, Sweden was the largest
producer of roundwood, followed by France, Germany
and Finland. 

The production of paper and paperboard in the EU-27
was about 100 million tonnes in 2008, which was
2.4% down on the level of the previous year, bucking
the relatively steady upward trend in output during the
previous nine years. A little less than half of the EU’s
paper and paperboard production in 2008 came from
three Member States; Germany (22.9%), Finland
(13.6%) and Sweden (12.4%).

Residues and waste streams from wood, pulp and
paper processing can be turned into energy or
 converted into (bio)chemicals.

3.5. 4th F: Fuels & energy

3.5.1. From fossil energy to bio-energy

Energy sources and technology evolve over time - and
each influences the other. By overlooking the history
of energy and technology use, the future course of the
energy challenge can easier be understood. It shows
how energy sources and technologies have changed
over the last 150 years and how it enhanced the
development in the Northern Hemisphere (Figure 15).
Back in 1850, the fuel most widely used in the world
was still wood. 50 years later, as mining evolved, coal
became the primary source of energy in the North.
Access to energy enabled growth into an industrial
economy. Another 50 years later, as the streets began
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Figure 14. — Total wood production (%) in 2009 in EU-27
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to fill with buses, cars and trucks and airlines started
offering regular services, oil use had risen by 1950 to
place it ahead of all other fuels. By then, natural gas –
considered nearly worthless a generation earlier –
and hydroelectric power emerged as significant ener-
gy sources. The period between 1950 and 2000 saw

the introduction and growth of nuclear power, and the
first meaningful appearance of modern renewable
energies. Also it was realised that fossil oil production
was soon to reach its peak (see page 28, Peak Oil
theory). In the years ahead we will see more new
technologies opening up new energy sources, and
new end-use technologies will reshape demand pat-
terns. Yet such developments take decades to evolve
to the point of revolutionising the way we obtain and
use energy.

Energy is also what makes Europe and the world
economy tick. It is essential, then, for the European
Union to address the major energy challenges facing
us today, i.e. climate change, our increasing depen-
dence on imports, the strain on energy resources and
access for all users to affordable, secure energy. The
EU is putting in place an ambitious energy policy –
covering the full range of energy sources from fossil
fuels (oil, gas and coal) to nuclear energy and
 renewable energy sources (RES, i.e. solar, wind,
 biomass, geothermal, hydro-electric and tidal) – in a
bid to spark a new industrial revolution that will  deliver
a low-energy economy, whilst making the energy we
do consume more secure, competitive and sustain-
able.
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Figure 15. — The historic evolution of energy use
over the last 150 years (source ExxonMobile)

Peak oil theory

The Hubbert Peak, also known as Peak Oil, is the time to reach a peak in oil production - based on a
 mathematical model that was developed in 1956 by M. K. Hubbert, an American geophysicist employed by
Shell in Texas. The model shows how oil production in the U.S. could proceed. The Peak theory can also be
applied to global oil and other fossil fuels or even other resources like natural gas and coal (Hubbert, 1956).
During the extraction of oil or other minerals yield will have a specific lifecycle. The aggregate production rate
from an oil field over time usually grows exponentially until the rate peaks and then declines – sometimes
rapidly – until the field is depleted (Figure 16).

In 1956, Hubbert predicted that U.S. oil production in the late sixties and early seventies would peak before
declining. His logistic model described with reasonable accuracy the peak and decline of production from oil
wells.

Only after his predictions in the early 70s showed that he had been right, his theory was taken seriously.

In essence, the Peak Oil theory states that oil production will peak irrespective of the technological improve-
ments taking place. The question is when.  According to some, the peak was reached already in 2005, to
 others (OPEC) the peak will occur in the period 2020 to 2030; and still others assume that the Hubbert Peak
will take place in the first decades of the twenty-first century (Campbell 1998).

The Hubbert Peak can be considered to be the end of the first part of the oil era : cheap, abundant energy
availability and an ever-increasing economic growth. After the Hubbert Peak begins the second part of the oil
era: increasingly scarce and expensive energy. Modern society still depends on oil as a supplier, not only for
energy but also as raw material for numerous chemicals and products.

Opinions are divided about the future after the Peak Oil (Figure 17). According to some, the world economy
(and civilization) will collapse. Some think that it will cause especially for the Western civilizations major
changes, while the poorer countries – who still have relative low energy consumption – will suffer less pain.
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3.5.2. Biofuels as a test case

Biofuels are (transportion) fuels made from biomass.
The most important biofuels today are bioethanol
(made from sugar and cereal crops, used to replace
petrol) and biodiesel (made mainly from vegetable oils

and animal fats, used to replace diesel). Biofuels
accounted for about 3.4% of transport fuel consump-
tion in 2008 – up from 0.5% five years earlier. The mix
of biofuels in the total fuel consumption in the EU 27
is steadily increasing (Table 3).
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Others expect a soft landing, with a steady increase in more sustainable renewable energy, and a more
 energy-efficient way of life. Furthermore new technical developments will probably find new solutions.

Depending on the timing and the speed at which oil production begins to drop, more responsible use of
 energy and reduction in consumption can have a great impact at reasonable cost.

Technical developments as answer to the energy equation of the future could be: biofuels, increased use of
nuclear energy, fusion, and increased use of renewable energy resources such as biomass, wind, tidal, solar,
geothermical, hydrogen...

Figure 16. — A production curve of an oil well, as
originally suggested by M. Hubbert in 1956, now
known as the peak oil theory

Figure 17. — Peak oil depletion scenarios graph,
which depicts cumulative published depletion studies
by the ASPO* and other depletion analysts.
*The Association for the study of Peak Oil & Gas, www.peakoil.net

Food versus Fuel

As the first generation of biofuels (mainly bio-ethanol and biodiesel) is based on the same raw materials
 (sugars and plant oils, resp.) as for food production, the strong increase and fluctuations in food prices world-
wide in 2008 have been widely blamed (by the media) on the development of biofuels. It is an easy message
that anyone understands and that has caused consumers concern.

A comprehensive study on land use to meet future needs for biobased chemical intermediates (bio-energy
not included) shows for instance clearly some targets for policy and investment. Three scenarios were
 evaluated, in which low, medium and high (respectively 16%, 40% and 83%) percentages of conventional
(petro) chemicals would be replaced by biomass derived chemicals. In Europe this would mean that about
1 million (low) to 38.2 (high) million ha of arable land would be needed in 2050 if starch would be used as a
substrate. In the case of lignocellulosics, these land areas would drop to 0.4 to 15.6 million ha. In the assump-
tion that there would be a full substitution towards biochemicals, the starch scenario would need 126 million
ha and the lignocellulosics scenario would need 52 million ha. As a reference, the total agricultural area of the
EU-27 in 2005 is 192 million ha. Because about 15% of this total area is now set aside and agricultural yields
in Central and Eastern Europe are still low, about 77 million ha would be available by 2050, making only the
lignocellulosics scenario feasible in the long run.
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Biofuels are commonly categorized into different
 ‘generations’ according to their level of development
and the feedstocks they use, though there is no
 universally agreed definition (Figure 18) (Kunz, 2008;
(Pelkman et al., 2008; 2009).

1st generation biofuels are produced from (parts of)
agricultural crops with high energy density like oil
seeds or fruits. Mature and well developed technolo-
gies are used for the production of:

– bioethanol from sugar and starch crops;
• common feedstock: sugar cane, corn …

– biodiesel and renewable diesel from oil crops and
animal fats;

• common feedstock: rapeseed, palm oil, soy oil,
animal waste oil,….

– biomethane from the anaerobic digestion of wet
biomass (see 3.5.3)

2nd generation biofuels are based on new feed-
stocks, the overall ligno-cellulosic biomass (containing
lignin, cellulose and hemi-cellulose) to produce a
broad range of novel biofuels. These include:

– Bioethanol and biodiesel produced with conven-
tional technologies but based on novel sources of
starch, oil and sugar crops, mostly non food crops,
such as Jatropha or Miscanthus; 
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Based on the above comments, it is now becoming clear that the development of biofuels was not really the
main culprit for the observed increase in agricultural food prices, but rather a combination of several events:

1. The increasing world population, coupled with a remarkable increase in the overall standards of living, has
resulted in a strong increase in demand for food. Also the change in dietary habits has added substan-
tially more pressure on the world’s grain markets, as animal protein (meat) production demands five times
more grain crops than a vegetal diet. This “crops for feed” has impacted food prices far more than “food
for fuel”. 

2. Many of the so-called “grainbasket countries”, such as Australia, Ukraine, Russia,... have experienced a
few years ago (2007-2008) a series of poor grain harvests. These have consumed the world’s grain
reserves to low levels, paving the way for strong speculation, resulting in high prices of agricultural com-
modities. However, recent harvests reach record yields, such that this trend will turn.

3. The current agricultural practice is still strongly dependent of fossil energy inputs, so that the overall rise
in energy prices reflects also in increased costs of production for agricultural products.

The development of biofuels can have a range of positive and negative consequences. Whereas an increased
demand for biomass (for both food and fuels) can give rise to undesired effects, such as tropical deforesta-
tion for palm oil plantations in Indonesia, Malaysia,…, this increase in demand and resulting prices for
 agricultural commodities also supports rural development and permits farmers to reap a decent income. New
crops such as Jatropha plants that can grow on marginal land are now developed all over the world for
 producing inedible oil that can be converted into biodiesel. More importantly, second generation biofuels are
under development, that start from agricultural by-products such as straw, corn cobs, etc,  and waste  products
from the forest, agro -and food production chain. Also, use of certain microalgae, fixing CO2, as a source of
fuel-oil also looks promising, In this context, second generation biofuels no longer compete, but are
 complementary with food production (Soetaert and Vandamme, 2009; Carcoca, 2010).

Table 3. — Fuel consumption in EU-27

Sources: Biofuels Platform and European 2009 Annual Report.

Fuel Consumption in EU-27 in Million litres/year

Year
Fuel

2006 2007 2008 2009

Biodiesel 5507 6435 8733 10187

Diesel 218028 227252 230607 224727

Bio-ethanol 1608 1803 2855 3703

Gasoline 125735 122401 117400 108994
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– A range of conventional and novel biofuels (e.g.
ethanol, butanol, syndiesel) produced from ligno-
cellulosic materials (i.e. fibrous biomass such as
straw, wood, and grasses). These routes are
based on biochemical (ligno-cellulosic ethanol)
and thermochemical technologies such as
Biomass to Liquid (BtL) and bio-synthetic natural
gas (bio-SNG);

– In alternative categorisations, upgraded biogas,
hydro-treated vegetable oil or similar, are also
denoted as 2nd generation biofuels.

3rd generation biofuels (also called advanced biofu-
els) generally include biofuel production routes which
are at the earlier stages of research and development
or are significantly further away from commercialization
(e.g. biofuels from algae, hydrogen from biomass).

The goal for 2nd and 3rd generation technologies is to
produce sustainable, low cost biofuels from a broad
range of resources that do not compete with food pro-
duction and that have significantly lower greenhouse
gas emissions than 1st generation biofuels (Fargione
et al., 2008; Soetaert & Vandamme, 2009; Carioca,
2010; Li et al., 2010; Agrowal and Singh, 2010). 

3.5.3. Biomass conversion to biogas

Anaerobic digestion of the organic matter of biomass
to biogas (generally about 65% CH4 and 35% CO2) is
already a widely established technology. The conver-
sion has the major advantage that all biodegradable
molecules without exception, by means of a network
of biological conversions, are funnelled to become two
gases that distil as such from the wet matrix in which
they are formed. The major disadvantage of anaerobic
digestion is that it is a relatively slow process relying

on a very complex microbial community which is hard
to understand and as a consequence often hard to
monitor and control.

In Flanders, there are at present some 36 agro-indus-
trial digesters in operation. Their total capacity in 2010
is of the order of 1,64 million tonnes wet biomass
digested per year. Most agro-installations convert the
biogas to electricity and have a capacity of the order
of 0.5-1 MW(e). Yet, the number of larger installations
of 2 MW(e) and higher is increasing. In Flanders by
digesting agro-organics power is provided of the order
of some 61,7 MW(e) (Megawatt equivalent) to the
grid. In Wallonia there are 19 digester in operation for
a total capacity of 24,5 MW(e) (Meeus et al., 2010).
Besides the numerous agricultural reactors worldwide
(some 4000 in Germany alone), there are also some
4000 industrial anaerobic digesters worldwide, deal-
ing with agro-industrial wastes.

Due to the fact that methanogenic biocatalysis makes
use not only of prime carbohydrates, but of all reduc-
ing equivalents present in the incoming substrate, the
net recovery of energy by the biogas technology per
hectare outranks by far the other technologies
(Figure 19). Also in case one does not consider elec-
tricity as the end product, but fuel for transportion, bio-
gas outranks the other technologies. Moreover, during
the digestion only the energy captured and stored in
the form of reduced carbon is removed. Hence, all
nutrients (such as N, P, K,...) remain in the digestate
and closed loop agriculture can thus be installed
whereby the ecosystem services of the productive
agricultural soil can be maintained.

Within the biorefinery concept, full priority is given to
the recovery of high value chemicals and commodities
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1. Parts of each feedstock, e.g. crop residues, could also be used in other routes; 2. Each route also gives co-products; 3. Biomass upgrading
includes any one of the densification processes (pelletisation, pyrolysis, torrefaction, etc.); 4. AD = Anaerobic Digestion; 5. MSW = Municipal
Solid Waste.

Figure 18. — Schematic view of the wide variety of bioenergy routes (Source: Bauen et al., 2009)
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from renewable biomass (Figure 19). Each step in the
process, some side products of low value and also
some waste products can be formed. The latter,
together with the eventual final residues of the con-
sumer goods can be recovered in a green and clean
way by means of anaerobic digestion. It is assumed
that even in much optimized biorefineries a minimum
of some 20% of the overall flow will go to biomethani-
sation in order to guarantee a closed cycle process.

An industrial example where biogas can really make a
difference is given by the sugar cane refinery. Indeed,
at present in the sugarcane cropping and upgrading
industry, a major part of the plant biomass (the leaves)
are burnt on the field and another important part (the
bagasse) is hardly used or burnt in an extensive way.
At present, research is strongly focussing on expand-
ing the net energy recovery, which at this moment is
hardly 40% to a fully “Cradle to Cradle” system
(McDonough & Braungart, 2002; Carioca, 2010) by
incorporating the potentials of biomethanisation in the
overall process.

Alternatively, one can also use the anaerobic diges-
tion as a first step in the biorefinery concept.
Indeed, by digesting the biomass to methane, the lat-
ter can subsequently be used by conventional chemi-
cal processes to produce a variety of commodities
(Figure 19). Moreover and most interesting, there
have been recent advances in the purification of bio-
gas by means of selective membranes and in the cat-
alytic conversion at low temperatures of methane to

methanol which strongly corroborate this route of
biorefinery development.

Overall, the biomethanisation of biomass is steadily
growing in importance because it operates at
 numerous levels i.e. the treatment of waste streams,
the production of a valuable form of energy, being the
cornerstone of a sustainable energy oriented agricul-
ture and finally permitting to contribute to decrease
the carbon footprint. In case a very elegant process to
convert methane to methanol can come around, it is
quite evident that biomethanisation also and as no
other process will enter in the domain of harvesting
chemicals from biomass.

3.6. 5th F: Fertilisers & soil conditioners

Composting

Compost is composed of organic materials derived
from plant biomass and animal matter that has been
decomposed largely through aerobic decomposition.
The process of composting is simple and practiced
by individuals in their homes, farmers on their land,
and industrially by cities and factories.

Compost can be rich in nutrients. It is used in gardens,
landscaping, horticulture, and agriculture. The
 compost itself is beneficial for the land in many ways,
including as a soil conditioner, a fertiliser, addition of
vital humus or humic acids, and as a natural pesticide
for soil. In ecosystems, compost is useful for erosion
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Figure 19. — Biomethanisation scheme of biomass with the incorporation of the biorefinery concept of sugar cane
and the potential ‘energy’ yields in %
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control, land and stream reclamation, wetland
 construction, and as landfill cover.

Will compost decline in favour of anaerobic  digestion ?

The last decade anaerobic digestion has known a
rapid growth. The technique is mature and is more and
more cost effective, due to the production of biogas
and electricity. In this context competition with com-
post was increasing. 

Compost needs as input a good mix of organic waste,
were the wood fraction is needed for the aeration of
the aerobic composting. Anaerobic digestion works
more with the ‘wet fraction’. The digestate can be use
for aerobic composting.

In Flanders the non-profit organization Vlaco vzw pro-
motes the use of compost, but is also responsible for
the control on the quality of the compost produced in
Flanders. The organization is unique in its kind in
Europe!

In 2009 in Flanders almost 766 000 tonnes of organic
biological waste was used directly for composting.
Another 881 000 tonnes was used as input mix in
anaerobic digestion. This is a decrease of 58% in
comparison with 2008. Biothermal drying had an input
of 341 000 tonnes (Information supplied by VCM
(Vlaams Coördinatiecentrum Mestverwerking)).

Manure treatment

Manure contains a lot of valuable nutrients, although
not in a stable form. Excessive use of manure in the
past has led to nitrate and phosphate pollution of sur-
face- and groundwater. Manure treatment has shown
to be a very effective policy measure to cope with local
manure surpluses. Various techniques have been and
are still being developed for treatment of different
types of manure, in order to stabilise, concentrate or
remove the nutrients, i.e. mechanical separation, dry-
ing, composting, biological N removal, incineration
and liming. Techniques like drying, composting and
liming generate end-products where the nutrients are
stabilised, and which can be marketed as organic fer-
tilisers or soil conditioners. Pelletized, dried animal

manure can be used as organic fertiliser (with a
known N, P, K-ratio) while the ashes, which result from
manure incineration, can be used as a substitute for
primary phosphate rock in the fertiliser industry.
Recently, a lot of attention is given to the pyrolysis of
the dry residue, to produce biochar.

A generic trend is to recover energy from the manure
through anaerobic digestion. The treatment of the
digestate (which still contains all off the nutrients of
the input material) is still a bottleneck. The solid frac-
tion can be dried or directly applied as fertiliser.
Finding a feasible treatment with recycling of the nutri-
ents present in the liquid fraction as a replacement
form for conventional mineral is still a challenge. 

Mineral recuperation

Prices for mineral fertilisers (N, P and K) have gone up
considerably. To produce 1 kg of fertiliser nitrogen
requires roughly the equivalent of 2 L. fossil fuel ener-
gy. Recovery of these nutrients from raw animal
manure or after the digestion process for re-use as
green chemical fertilisers or as input streams for
chemical processes is thus an important challenge,
both from an economic and an ecological point of
view.

Different techniques have been and are being devel-
oped (i.e. ultra- and reverse osmosis filtration, evapo-
ration/condensation,...) in order to recuperate the
nutrients present in animal manure and digestates.
However, beside several technical bottlenecks, there
are major environmental and regulatory obstacles
needed to be tackled.

In Flanders, end-products of animal manure treatment
processes are still considered as animal manure, in
terms of the maximum amounts which may be applied
on arable land.  However, some processes generate
concentrated end-products, which might be compara-
ble to mineral fertilisers based on their high and rela-
tively constant nutrient concentration. Manure and
digestate processing end products thus might
decrease the need for importing expensive, mineral
fertilisers, but this would require them to be recog-
nized as a valuable substitute first.
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Biochar – improvement of soil structure

Biochar is found in soils around the world as a result of vegetation fires and historic soil management
 practices. Intensive study of biochar-rich dark earths in the Amazon (terra preta), has led to a wider
 appreciation of biochar’s unique properties as a soil enhancer. Biochar can be an important tool to increase
food security and cropland diversity in areas with severely depleted soils, scarce organic resources, and
 inadequate water and chemical fertiliser supplies.

But biochar can also be produced as the result of thermal conversion of biomass (carbonisation) by  pyrolysis,
torrefaction or hydrothermal conversion — processes that heat biomass in the absence (or under reduction)
of air (Figure 20).

In addition to creating a soil enhancer, sustainable biochar practices can produce oil and gas by-products that
can be used as fuel, providing clean, renewable energy. When the biochar is buried in the ground as a soil
enhancer, the system can become "carbon negative" (Lehmann et al., 2006).

Biochar and bioenergy co-production can help combat global climate change by displacing fossil fuel use and
by sequestering carbon in stable soil carbon pools. It may also reduce emissions of nitrous oxide.

The carbon in biochar resists degradation and can hold carbon in soils for hundreds to thousands of years. 

This simple, yet powerful, technology can be used to store 2.2 gigatons of carbon annually by 2050. It is one
of the few technologies that are relatively inexpensive, widely applicable, and quickly scalable.

It is expected that this practice will overcome the problems related to intensified use of crop residues and even
improve soil fertility to a level that surpasses that obtained through conventional agricultural practice. This
concept offers a solution to this problem by permitting the recovery of crop residues in conjunction with
 returning biochar back to the soil.

Biochar application to the soil is expected to be an enormous help in maintaining the soil fertility and
 agricultural productivity at a high level. 

Figure 20. — Biochar production diagram, courtesy of Lehmann (2006) (www.biochar-international.org)
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4. LEGISLATION AFFECTING THE
BIO-BASED ECONOMY

4.1. The Common Agricultural Policy (CAP)

4.1.1. Introduction

The Common Agricultural Policy is a system of
European Union agricultural subsidies and program -
mes, and represents almost half of the EU's budget.
The aim of the CAP is to provide farmers with a rea-
sonable standard of living, consumers with quality
food at fair prices and to preserve rural heritage. The
original CAP combined a direct subsidy payment for
crops and land which may be cultivated with price
support mechanisms, including guaranteed minimum
prices, import tariffs and quotas on certain goods from
outside the EU. Recent reforms reduced import con-
trols and transferred significantly subsidy to land stew-
ardship rather than specific crop production. The CAP
is the most important policy in Europe having an
impact on availability and price of feedstock also for
industrial (non-food) use.

4.1.2. The CAP and the cultivation of energy crops

The reform of 1992 made it possible to grow non-food
crops on set-aside land, without losing the set-aside
premium (around 300€/ha, depending on average
yields). However, the amount of oilseed grown for bio-
fuels on set-aside was limited by the Blair House
Agreement which restricted the maximum EU oilseed
area for food use to somewhat less than 5 million ha,
and the annual output of oil meal from oilseeds plant-
ed on set-aside land for industrial use to 1 million
tonnes of soybean meal equivalent. In the mid- 1990s,
most energy crops in Europe (mainly rapeseed) were
produced on set-aside land.

In the 1997-1999 period, this changed because of the
lower set-aside obligations in the EU (Figure 21). Total
non-food rapeseed production declined and part of it
had to be grown on basic non-supported land. From
1999 on, the set-aside obligation stabilised at a high-
er level (10%) up to 2007, and more set-aside land
was used for non-food rapeseed.

After the year 2000, the demand for biodiesel rose
very rapidly, especially in Germany, and it became
profitable to grow rapeseed on basic arable land (no
support) for biodiesel production. As of 2004, an ener-
gy crop support of 45€/ha was available in the EU15
for the production of energy crops on basic land (with
a maximum of 1.5 million ha). The system was extend-
ed to the new member-states in 2007, with an
increase of the maximum area to 2 million ha. Initially
the response for this premium from agriculture was
lower than expected, probably due to the fairly low
premium, and the red-tape needed to receive it. After
a few years the energy crop premium started to meet
with greater success. By 2007 the maximum area was
reached, and practically no energy crops were grown
without this support (Table 4).

In its recent “Health Check” of the CAP, the European
Commission abolished the energy crop premium and
the compulsory set-aside [EC DG AGRI, 2008]. In this
case no specific support for bioenergy production is
left in the first pillar of the CAP. It is assumed that bio-
mass production for energy will be stimulated by
strong demand due to the policy targets for biofuels.

Apart from the measures in the first pillar of the CAP,
which aim at increasing the supply of energy crops,
there is a variety of instruments in the second pillar,
the rural development policy, which addresses both
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Figure 21. — EU set-aside obligations (% of arable land)
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the supply and use of bioenergy. Examples are sup-
port for biogas production facilities, perennial energy
crops, processing of biomass towards energy, instal-
lations and infrastructure for renewable energy from
biomass.

4.1.3. The sugar regime

The EU sugar regime was introduced in 1968 as part
of the Common Agricultural Policy (CAP), covering the
production and marketing of beet and sugar cane
within EU member countries. The EU is by far the
largest sugar beet producer in the world, with annual
production at 17 million metric tonnes. Sugar
(=sucrose) is also a major feedstock for the production
of (bio)chemicals and enzymes via fermentation
processes. 

The regime is based on three key elements. Firstly, it
guarantees minimum prices to producers. Second,
high tariff barriers effectively kept foreign competitors
out of the EU marketplace. Thirdly, around 2/3 million
tonnes of surplus European sugar each year is dis-
posed of on world markets at heavily subsidised
prices. The guaranteed minimum price made EU
sugar three or four times more expensive than world
market prices.

The sugar regime may be the only area of the CAP
that remained unchanged since its inception, but in
2006 the EU decided to reduce the guaranteed price
of sugar by 36% over four years, starting in 2006.
According to the EU, this was the first serious reform

of sugar under the CAP for 40 years. Although the aim
was to drastically lower the minimum guaranteed
price for sugar in the period 2006-2010, in anticipation
of the envisaged free global market for sugar (2014),
this price cut is currently being applied only to sugar
used in the food industry, which accounts for the bulk
of EU sugar, but not for industrial sugar, which repre-
sents about 3% of the total.

The European sugar market is divided into quota
sugar and out-of-quota sugar, which includes industri-
al sugar. For quota sugar there is a minimum guaran-
teed price, but not for out-of-quota sugar: this can be
sold to the industry at freely negotiable prices, hence
lower than quota sugar. Obviously, for sugar produc-
ers the margins on quota sugar are more attractive.
The European sugar market is fully isolated from the
rest of the world because imports are subject to very
high duties. Due to the fact that there is insufficient
competition between suppliers and the industry is
effectively prevented from importing (raw) sugar from
outside Europe, there is a major and structural differ-
ence between the European and the world market
sugar prices.

4.2. Legislation related to biofuels

4.2.1. The European situation

Specific policies for the development of bio-based
products are more extensive for bioenergy (including
liquid biofuel use and solid biomass applications) than
for biochemicals or biomaterials. Worldwide, many
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Table 4. — EU arable land with energy crops, according to type of support (EC, DG AGRI, 2008)1

1This area compares to a total use of arable land of 109 million ha in the EU-27 [Eurostat].

Million ha 2003 2004 2005 2006 2007

Total non-food land use on set-aside area 0.9 0.5 0.9 1.0 1.0

– oilseeds 0.5 0.7 0.8 0.8

– of which rapeseed 0.4 0.7 0.8 0.8

– cereals 0.0 0.1 0.1 0.1

Total land use on land with crop premium 0.3 0.6 1.3 2.8

– oilseeds 0.2 0.4 0.9 2.0

– of which rapeseed 0.2 0.4 0.8 2.0

– cereals 0.0 0.1 0.2 0.3

Total land use on land without support 0.3 0.8 1.6 1.4 0.2

– oilseeds (rapeseed) 0.8 1.3 0.9 0.1

– cereals 0.3 0.4 0.0

Total 1.2 1.6 3.1 3.7 4.0 
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governments support their emerging biofuel industries
far more than other bio-based economy sectors via
subsidies, mandates, adjustments to fuel taxes and
incentives for the use of flexi-fuel vehicles.

The legislation and policy on bioenergy and biofuels is
determined both on an EU and Member State level,
with the instruments being closely interlinked. While
agricultural production is regulated on an EU-level (as
the Common Agricultural Policy is a common policy
under sole EU responsibility), in most other areas, the
EU provides the framework, leaving the decision on
concrete policy measures to the Member States. In
the past decade most focus was on biofuels policy
support. The two main relevant acts of European
 legislation to support market implementation of bio -
fuels are the Biofuels Directive 2003/30/EC and, more
recently, the Renewable Energy Directive (RED)
2009/28/EC which was adopted in April 2009, as part
of the Energy and Climate Change Package (CCP).
There are other relevant pieces  of legislation such as
the Energy Taxation Directive (2003/96/EC) and the
1998 Fuel Quality Directive amendments of 2003
(2003/17/EC) and 2009 (2009/30/EC).

In Europe, the first so-called biofuel (2003/30/EC)
directive aimed for a 2% share of renewables by the
end of 2005 and a 5.75% share by the end of 2010,
and a second directive (2003/96/EC) declared that
biofuels are exempt from tax on mineral oil products.
The Renewable Energy Directive of 2009 is calling for
a mandatory target of a 20% share of renewable ener-
gies in the EU's energy mix by 2020, and by the same
date each Member State must ensure that 10% of
total terrestrial transport such as road transport and
train fuel comes from ‘renewable energy’, defined to
include biofuels and biogas, as well as hydrogen and
electricity. In addition, to stimulate the use of the so-

called second generation biofuels, biofuels from
waste, residues, non food cellulosic material, and lig-
nocellulosic material will count twice towards achiev-
ing the renewable energy transport target. Biofuels
produced on degraded lands, believed to reduce pres-
sure on natural ecosystems, are also incentivised. The
overall 20% renewable energy target to be achieved
by 2020 will require a rapid deployment of solid bio-
mass applications for heat and electricity. Every
European Member State must implement the
Renewable Energy Directive in national legislation by
December 2010.

4.2.2. The situation in Belgium

The targets adopted in Belgium were: 2% in 2005,
2.75% in 2006, 3.5% in 2007, 4.25% in 2008, 5% in
2009 and 5.75% in 2010 (note that in 2003 the market
share was 0%). A Belgian legal frame has been imple-
mented from 2006 in order to favour yearly quotas of
380.000 m³ of biodiesel and 250.000 m³ of bioethanol
with tax reductions in blended form with fossil fuel
(biodiesel in 5% blend with diesel; ethanol in 7% blend
with gasoline). The quotas were distributed through a
call for tenders between 3 Belgian bioethanol plants
(BioWanze, Syral and Alco Bio Fuel) and 4 Belgian
biodiesel plants (Neochim, Proviron, Bioro and
Oleon). Belgian quotas will represent theoretically at
maximum 4.3% (in energy) of foreseen transportion
fuel consumption in Belgium for 2010.

In practise, the uptake of biofuels on the Belgian
 market did not go as well as intended (26% of target
was achieved in 2008). In July 2009, the Belgian
 government introduced a biofuel obligation requiring
fuel suppliers to achieve a minimum of 4% (in volume)
biofuel share in their total sales of diesel and
gasoline.
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4.3. Legislation related to other bio-based
 products

In contrast to biofuels, there is currently no European
policy framework to support bio-based products and
materials. As a result, these products suffer from a
lack of tax incentives or other supporting regulations.
Although the Ad-hoc Advisory Group for the Lead
Market Initiative for Bio-based Products has devel-
oped a series of recommendations to stimulate mar-
ket uptake and development, these measures still
have to be implemented. Other demand-driven poli-
cies focus on the sustainability agenda (including

green public procurement) and are often implemented
as a mix of public procurement procedures, legislation
and direct financial incentives.

4.4. Sustainability aspects

4.4.1. Introduction

Sustainability is not solely about greenhouse gas
emissions reductions or climate change, as it also
concerns waste reduction, minimising energy con-
sumption and efficient use of resources and technolo-
gies (Vos, 2007; De Wulf et al., 2010). In Europe it is
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1992 Common Agricultural Policy (CAP): bioenergy crops on set-aside

1997 White paper on renewable energies

2000 Green paper on energy supply security 

2001 Communication on alternative fuels for road transport 

2003 Biofuels Directive 2003/30/EC (indicative targets 2% by 2005, 5.75% by 2010)

Energy Taxation Directive 2003/96/EC (detaxation allowed, no overcompensation)

Revision of the Fuel Quality Directive 2003/17/EC (gasoline norm EN228)

Revision of diesel norm (EN590, max 5% biodiesel) & Biodiesel quality norm EN14214

CAP Reform: energy crop premium (45€/ha)

2005 Biomass Action Plan

2006 EU Biofuels Strategy

2007 Renewables Roadmap & Revision of the Biofuels Directive

Draft revision Fuel Quality Directive (up to 10% ethanol blending; transport fuel GHG reduc-
tion 1% per year between 2010 and 2020)

2008 Draft Renewable energy directive (binding target of 10% of renewable fuels in total
 gasoline/diesel sales by 2020, sustainability criteria for biofuels)

CAP health check: set aside reduced to 0% and energy crop premium abolished

2009 Renewable Energy Directive 2009/28/EC on the promotion of the use of energy from
renewable sources

Revision of the Fuel Quality Directive 2009/30/EC amending the Fuel Quality Directive and
introducing a mechanism to monitor and reduce greenhouse gas emissions

2010 Communication on the practical implementation of the EU biofuels and bioliquids sustain-
ability scheme and on counting rules for biofuels [OJ C160]  

Publication by members states of Renewable energy National Action Plan (implementation
of Directive 2009/30/EC) 
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an important driver for many of our policies, and sev-
eral of the demand-side policies include sustainability
aspects such as 'green' public procurement. An exam-
ple is the European Renewable Energy Directive, and
in particular the support for second generation bio -
fuels, and the introduction of specific sustainability
 criteria for the use of biomass. 

Because of the interdependencies between process-
es involved in growing, harvesting, manufacturing, dis-
tributing and disposing of a product, sustainability
requires a life cycle analysis encompassing the whole
value chain. This includes the production of biomass
(e.g. land use, consumption of water, energy, pesti-
cides and fertilisers), the processing of biomass, and
the production and use of the final products. Some
national and international efforts to develop more
comprehensive, systems-oriented sustainability
frameworks for bio-based products are currently
under development.

Addressing sustainability issues through all segments
of the value chain of bio-based products (from bio-
mass production to end-use) in a fair, evidence-based
regulatory framework, represents an enormous policy
challenge. Addressing these sustainability concerns is

a major challenge for biofuels and other bio-based
products, as the sector has to demonstrate that it pos-
sesses sustainability credentials in order to gain a
strong “license to operate” from governments and
consumers, especially if supporting policies have to
be developed.

4.4.2. Some considerations on sustainability with
regard to energy production

The sustainability of using biomass for chemicals and
fuels entails the consideration of various aspects:
sustainably should increase from the first to second
and third generation systems, but most information
now available relates to the first generation.

Biofuels and bio-energy play a substantial role in the
switch from a fossil energy based society, towards
renewable energy based. Important factors are the
abatement of greenhouse gas emissions and the
reduction of energy dependency. Part of the biomass
needs to be imported from outside the EU. Although
biomass has a ‘green’ image, an increasing concern
arises that a surge in the production of biofuels based
on current technologies - which mainly involve trans-
forming food and feed crops into fuels - could have
more negative implications for the environment than
positive ones. 
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Case study: sustainability of biofuels – major discussion points and challenges

Although these discussion points mainly focus on biofuels, these considerations can also be taken into
account in the discussion on biochemicals and biomaterials. 
• Energy balance 

There is controversy over the energy balance of biofuels production. The energy balance is the amount of
energy needed over the life-cycle to produce biofuels (input) versus the amount of energy produced
 (output). Some studies state that it takes more energy to make certain biofuels than is contained in
the biofuel itself.  The balance also varies largely according to the crops used and the transformation
process. 

• Climate change reduction potential 
In principle, biofuels are "carbon neutral": when they are used, no more carbon dioxide is released than
has been absorbed during the growth of the plants used to make these biofuels. Therefore replacing  fossil
fuels with biofuels for transport could help in the fight against climate change.
But other studies, including a May 2007 report by the United Nations Energy division, contest this
 conclusion, saying that the use of biofuels could actually increase greenhouse gas emissions as land
would be converted from forests, wetland and reserves for conservation to grow more corn or soya beans.
The report notes that with respect to reducing greenhouse-gas emissions, biofuels would be more
 appropriately used for combined heat and power production rather than for transport. 

• Land Use 
Using agricultural land to grow bio-energy crops would compete with the use of land for food and animal
feed production, driving up the prices of commodities like cereals. According to the European
Environmental Agency (EEA), reaching the initial 5.75% target of the biofuels directive would already
require biofuel crops to take over between 4% and 13% of the total agriculture area of the EU-25.
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4.4.3. Sustainability criteria on biofuels

In 2006, the Dutch government asked a national
group of experts (Cramer et al., 2007) to define prin-
ciples and criteria for the production and the process-
ing of biomass for energy, transport fuels and chemi-
cals. The Cramer principles and criteria are divided
in six themes:

1. greenhouse gas emissions balance,
2. competition with food, local energy supply, medi-

cine and construction materials,
3. biodiversity (no adverse effects on protected

areas or valuable ecosystems),
4. environment (management of waste, erosion,

water and emissions),
5. prosperity,
6. social well-being (social, human and property

rights).

In parallel or shortly thereafter the UK and German
governments have initiated similar activities in an
attempt to introduce more sustainable biomass on
their internal market. From April 2008, UK suppliers of
biofuels in the transport sector need to report the
product's sustainability. This Renewable Transport
Fuel Order (RTFO) includes the idea that future limits
or stricter requirements could be issued. The
Renewable Fuels Agency has been given the task to
arrange for accreditation and data assessment. In
Germany, a Biofuels Sustainability Ordinance has
been approved in the beginning of 2008, wherein bio-
fuels will only be credited to the EU-quota obligations
and are only eligible for tax reductions if the fulfilment
of the requirements of the Ordinance is proofed.

Meanwhile, on EU level, the Renewable Energy
Directive (RED) on the promotion of the use of
renewable energy sources was finally published in
June 2009. In response to concerns within society on
the EU transport biofuel targets, following sustainabil-
ity criteria should be met; otherwise biofuels or bio-
liquids will not be counted towards the targets of 10%
renewable energy in transport, as well as the overall
target of 20% renewable energy:

– Biofuels should achieve a minimum greenhouse
gas reduction of 35% compared to fossil fuels.
From 2017 this is scaled up to at least 50% in
2017 and 60% in new installations thereafter.
Emissions related to indirect land use change
(ILUC) was not included in this method, but the
Commission shall propose a report by end 2010
describing the impact of indirect land use change. 

– Biofuels shall not be made from raw material
obtained from land with high biodiversity value
(primary forest and other wooded land, nature
protection areas, vulnerable ecosystems, grass-
lands with high biodiversity), unless evidence is
provided that the production of that raw material
did not interfere with those nature protection pur-
poses;

– Biofuels and bio-liquids 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,
peat land.

– Agricultural raw materials cultivated in the
European Community and used for the production
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Nevertheless a July 2007 study by the Commission's DG Agriculture foresees that reaching the new 10%
target for biofuels in transport by 2020 would not "overly stretch the EU’s land availability", requiring a
 "relatively modest" 15% of arable land, which it claims could be largely covered by "set aside" land,
 previously reserved under the Common Agricultural Policy in order to limit excessive production by
 farmers.

• Environment and sustainability 
Energy crops generally require fertilisers and pesticides to grow. They also require water, which in some
regions is already scarce. What’s more, biodiversity loss – especially in developing countries seeking to
enter this growing market – is an important risk as forests and grasslands may be cleared to plant vast
quantities of crops needed to make significant contributions to fuel production.  
Calls for binding "sustainability criteria" to be introduced in laws promoting increased biofuel use therefore
are emerging from all sides.
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of biofuels and bioliquids shall be obtained in
accordance with the requirements and environ-
mental standards of good agricultural practice
under the common agricultural policy. Because of
WTO principles this criterion cannot be applied for
raw materials from outside the European Union. 

By the end of 2010 every European Member State
needs to implement a control system in its legislation
as to require economic operators to show that the
sustainability criteria set out in the RED have been ful-
filled. 

The Directive also mentions that the EC would pre-
pare a report on sustainability requirements for the
use of solid biomass and biogas in electricity,
heating and cooling. This report was presented in
March 2010. The EC choose not to put binding sus-
tainability criteria for these purposes, but makes rec-
ommendations on sustainability criteria to be used by
those Member States that wish to introduce a scheme
at national level, in order to avoid obstacles for the

functioning of the internal market for biomass. The
recommended criteria relate to: 

1. A general prohibition on the use of biomass from
land converted from forest, other high carbon
stock areas and highly biodiverse areas;

2. A common greenhouse gas calculation methodol-
ogy which could be used to ensure that minimum
greenhouse gas savings from biomass are at
least 35% (rising to 50% in 2017 and 60% in 2018
for new installations) compared to the EU's fossil
energy mix;

3. The differentiation of national support schemes in
favour of installations that achieve high energy
conversion efficiencies; and

4. Monitoring of the origin of biomass. 

It is also recommended not to apply sustainability cri-
teria to wastes, as these must already fulfil environ-
mental rules in accordance with waste legislation at
national and at European level.
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Case study – the effect of Indirect Land Use Change (ILUC)

An important discussion on the global GHG balance of biofuels is the inclusion of greenhouse gas emissions
related land use change, both direct (dLUC) and indirect (iLUC). Land conversion can cause large changes
in carbon content of the soil and the upper soil vegetation. Direct changes in land use are in principle covered
within the methodology of the European Commission, and are also largely avoided when following the land
use conditions of the RED. Emission related to indirect land use change is not covered in this methodology.
The principle of iLUC is as follows: when biofuels are grown on existing arable land, current demand for food
and animal feed may push these production activities into new areas such as forests or grasslands.
Conversion of forest or grassland to agricultural land can lead to very significant releases of carbon to the
atmosphere. When this indirect change is also allocated to biofuels, this can have an important effect on the
overall GHG balance, when compared to fossil fuels. We should however keep in mind that the methodology
for calculating iLUC emissions is still quite controversial. Mostly these calculations base their a reference on
a status-quo of other (unsustainable) policy, like a poor agricultural policy in developing countries,  lack of
 protection of valuable nature areas, inefficient use of food and feed products,  …  while in the mean time world
population and economies are growing. If real improvements in agricultural policy, and subsequent yield
increase in the developing world are taken into account, or a stricter protection of valuable natural areas and
rainforest (for all applications of biomass), this could significantly reduce these iLUC effects (Pelkmans et al.,
2010). 
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5. RECOMMENDATIONS

5.1. Develop an integrated policy for the biobased
economy

In order to develop a competitive bio-based economy,
broad approaches, such as creating and maintaining
markets for environmentally sustainable products,
funding basic and applied interdisciplinary research,
and access to sustainable feedstock at a competitive
price will be necessary.  In addition, these will need to
be combined with shorter term policies such as the
application of new breeding techniques and biotech-
nology for improving plant varieties, improving access
to technologies for use in a wider range of plants, fos-
tering public dialogue, and other incentives designed
to reward environmentally sustainable technologies. 

Within this bio-based economy it will be critical to
ensure that the feedstock is produced using good
management practices and according broadly sup-
ported sustainability criteria. To realise this, there is an
urgent need for a more integrated and strategic
approach, with supportive policies in the areas of cli-
mate change, energy security, renewable feedstock
supplies (agricultural policy), research and innovation,
the environment and trade. 

5.2. Recommendations related to feedstock avail-
ability

5.2.1. Introduction

In order to develop a robust bio-based economy in
Europe, it is and will continue to be important to have
access to renewable feedstock in sufficient quantity, of
good and guaranteed quality at competitive price. The
Academy wants to put forward a number of recom-
mendations, directed towards the government, the
political and the industrial world. It hopes that a num-
ber of recommendations can be translated into an
effective agricultural policy. Ideally, this can occur in a
concerted action by the government, the farmers
associations, the involved industrial sectors and
research institutions. The creation of a “PLATFORM
FOR INDUSTRIAL BIOMASS UTILISATION”, bring-
ing together all important stakeholders can make sure
that the government, the industry, the agriculture
 sector and the academic world cooperate towards a
common goal, as is specifically addressed below. 

To develop, integrate, and validate novel biomass
based technologies for commercial use, worldwide
governments are encouraged to work in partnership
with research bodies and industrial partners to help
launch biorefineries at various scales. Public (finan-
cial) support for large-scale, first-of-a-kind integrated
biorefineries can significantly reduce the financial risk

for these projects and thus speed the growth of the
biomass based industry

5.2.2. A new CAP (post 2013) for food and industrial
crops

Efficient agricultural policy is essential for guarantee-
ing equitable competition conditions within the EU.
Maintaining a single market for agricultural products
must remain the guiding principle for the future. It is
important to ensure that national flexibilities and
exemptions do not create distortion that would harm
the single market and the supply of raw materials to
the food and non-food industry.

Absolute coherence is needed across all policy areas
driving supply, including food safety, innovation and
new technologies, trade, development, the environ-
ment, animal welfare, consumer and public policies.
Impact assessments should be a mandatory require-
ment when legislation which could significantly impact
on food supply or feedstock availability for industrial
production, is amended or imposed. Horizontal policy
coherence should result in reduced raw material mar-
ket disruptions and should also contribute to a com-
petitive EU agriculture. 

To become a lead market for biobased products, one
necessary prerequisite is the assurance of a secure,
varying, sustainable and affordable supply of biomass
achieved without disruption to food supply. Until now,
the hope that biomass will show less cyclicality than
crude oil prices has not been realized. Furthermore, in
debates around biofuels, land use remains a contro-
versial issue. This will remain an issue notably with
regard to food production, where there are rising food
and feed demands driven by population growth and
increasing prosperity. In addition, the acceptance
problem of green biotechnology, especially in Europe,
could have an indirect impact on availability and/or
price of renewable feedstock in the long term.

For these reasons it will be essential that the new CAP
promotes sustainable and competitive agricultural
production, and that it ensures balanced access to
raw materials for the food and feed sectors, as well as
for industrial applications without disrupting food
 supply. Through the new CAP, we should maintain a
competitive supply that meets EU standards, notably
in the areas of safety and environment. The CAP
should also address situations of extreme price
 volatility, and act as a safety net ensuring security of
supply by preventing crisis situations and remedying
temporary market imbalances. 

In order to stimulate the development of local bio -
refineries and to support rural development, it is
important to develop and support a reliable upstream
supply chain able to mobilize a sufficient level of
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 feedstock for conversion. This must of course be
achieved without negative impacts on either food pro-
duction or land use. For this reason, it is also impor-
tant to invest in local and regional infrastructures and
logistical capabilities to allow all biomass, including
agricultural, forestry and waste-based raw material, to
be utilised.

5.2.3. Improve land productivity and land manage-
ment in a sustainable way

In order to develop and secure a supply for the
biobased economy, it is important considering mea-
sures to increase European agricultural production.
Meeting this challenge without hindering the produc-
tion of food for a fast growing world population and
without negatively impacting the environment and bio-
diversity also requires optimising production per
hectare of land through increased crop productivity
and land management. Sustainability (i.e. without
major agricultural land extension) of biomass supply
lies in increased productivity by developing:

– the crops themselves, for traditional crops but also
‘energy’ or ligno-cellulosic crops (use of best culti-
vars, good agricultural management techniques,
etc.). Biotechnology and modern genetic methods
for plant breeding could be a good tool to achieve
this.

– the cropping system (mobilise existing biomass)
and efficient land use, and infrastructure develop-
ment. 

– biorefining technologies to ‘make more out of the
biomass and development of biorefinery infra-
structure.

The newer EU Member States still have much lower
productivity than the EU-15. This is illustrated on the
following graph showing the yield of cereals (t/ha) over
the last 10 years (Figure 22). The EU in collaboration
with these Member States and with the support of the

structural funds must urgently develop policies to
enable the newer states to boost production and catch
up with their older EU neighbours. This will mean
ensuring access to modern and adapted production
technologies and investing in inputs and management
skills.

The growth of perennial crops could be further
encouraged and developed through the new CAP. This
could be achieved by developing a series of measures
to encourage farmers to increase the production of
perennial crops as was the case in the US via the
Biomass Crop Assistance Program (BCAP). Although
the cultivation of perennial crops is a long term policy,
from an industry perspective this could create the pos-
sibility to have access to feedstock the whole year
round rather than only in specific seasons.
Furthermore, from an environmental point of view, the
cultivation of perennial crops could stimulate diversifi-
cation of agriculture, lower the environmental impact
of agriculture, and optimise land use efficiency
(including using unutilised land more effectively).

5.2.4. Establish and optimise infrastructures and
logistical capabilities

The use of agro-food by-products and wastes should
be strongly encouraged. They are representing huge
amounts of biomass (several millions of tonnes each
year in the EU) already available and at low costs.
Using such matrices as feedstock for biobased prod-
ucts would bring a two-fold benefit: the sustainable
disposal of impacting wastes, and the generation of
added value bioproducts with remarkable improve-
ments of the sustainability of the agro-food industry.

Investments in developing and optimising infrastruc-
tures and logistics capacities are crucial to ensure that
all the biomass that can be mobilised in a sustainable
way (both from an environment and economic point of
view) is actually used. Most of these actions will be
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Figure 22. — Yield of cereals (t/ha) over the last 10 years
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supported and implemented at national and regional
level. Strong European goals and guidelines need to
be set in order to encourage the implementation at
national and regional level (e.g. renewable energy
directive and national biomass action plan). For new
Member States, structural funds are an important
 possible tool to improve infrastructure (roads and
 storage).

5.2.5. Remove trade barriers on agricultural products
and develop transition measures for industrial applica-
tions for the European industry 

Biobased raw materials for industrial use should be
readily available at competitive market prices, but the
security of supply and a competitive price (compared
to world market price levels) can only be achieved in
a sustainable way by removing some trade barriers on
agricultural products for industrial applications. By
industrial applications – is meant that the agricultural
product is transformed into another substance similar
to the use of crude oil as a feedstock for the production
of biobased products such as chemical substances,
materials or enzymes. Even if the European supply of
biobased raw materials is the preferred choice, having
access on a permanent basis of these feedstock from
other regions is a must to secure the supply.

Over the last 20 years, the “production refund” has
been the main CAP instrument designed to bridge the
gap between the high prices of EU raw materials and
the lower prices of the world market for sugar, cereals
and potatoes. During the 1990s, the production refund
gave support to the manufacturers of paper, board,
biochemicals, pharmaceuticals and other non-food
products. This enabled them to use sugar, starch
products and starch derivatives produced in the EU
(more than 4 million tonnes every year) to manufac-
ture their biobased products. But since the recent
sugar reform, the sugar production refund system has
been abolished. 

In the short term, and as a transition period, some
temporary measures could be developed. This would
allow biobased product producers to have access to
competitive raw materials (European-produced where
possible). During this transition period, possible alter-
native measures to the production refund have to be
found to ensure that the biobased industry has access
to competitive, sustainable, EU-produced raw materi-
al. If such measures cannot be put in place in the
given timeframe, as an alternative, the development of
specific programs under the second pillar (rural devel-
opment) and the setting of a flexible import duty
 system allowing imports of cereals when prices are
above a certain threshold price or the opening of a
TRQ (Tariff-Rate Quotas) could be envisaged.
However, both measures would only apply for the
 specific use of starch for biobased production. This

would avoid the current unacceptable distortion of
competition between sugar and starch for non-food
uses brought about by the setting of a duty-free import
quota for sugar. The impact of such measures would
first need to be carefully analysed before any action
could be taken.

5.3. Recommendations related to research and
innovation

5.3.1. More and better coordinated funding for inter-
disciplinary research and innovation

In order to make a fast shift towards developing more
innovative and sustainable bio-based products,
 integrated and sustainable production and processing
systems, the level of R&D funding in the bio-based
economy should be increased through multidiscipli-
nary research programmes at national and
European level. 

Furthermore, improved coordination and collabo-
ration between member state, regional and European
public programmes for research and innovation is the
only way to avoid overlap and fragmentation and to
keep track of the massive research programmes else-
where in the world. This should be done in conjunction
with improvements in the cooperation between the
 private and public sectors.

In order to better align academic knowledge to indus-
try needs, industry will need to develop an earlier
understanding of the application potential of new tech-
nologies provided by academia.  Similarly, academic
researchers will need a sharper focus on industry’s
needs and specifications. Therefore, building compe-
tence networks between industry and academia could
be key to overcoming the knowledge gap and compe-
tence hurdle that currently exists. In addition, better
interdisciplinary and collaborative research would also
lead to new business activities.

In order to facilitate innovation and encourage the
uptake of its results by the industrial partners involved,
such research programmes should cover the entire
value chain including plant engineering, crop har-
vesting and local processing, logistics, pre-treatment
in the biorefinery, industrial enzymes, fermentation
organisms, secondary manufacturing, compounding,
side- product valorisation and product recovery. It
should also extend to the supply side, incorporating
research to improve the yield and sustainability of new
feedstock, such as crops and trees, for raw materials
supply. 

5.3.2. Setting up Public-Private Partnerships and
innovation clusters 

There is an urgent need to mobilise sufficient
resources to support a coordinated research
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 programme by means of a Public-Private Partnerships
(PPP). This type of joint undertaking would achieve a
pooling of resources which would help in setting more
ambitious goals in terms of reducing the time-to-
 market and which would also help industry to adopt
long-term investment plans in the field of the bio-
based economy, taking into account the market
 perspective. Such PPPs should cover the entire value
chain (from feedstock to end-product), and should
also encourage the uptake of research results by
industry. Such public-private partnerships can also
optimise knowledge transfer and dissemination of
knowledge towards SME’s.

5.3.3. More specific research on feedstock optimisa-
tion and industrial biotechnology 

In its “Bioeconomy 2030” report, the OECD estimates
that approximately 75 percent of the future economic
contribution of biotechnology and significant environ-
mental benefits are likely to come from applications
derived from agricultural and industrial biotechnology
(OECD, 2010). However, these sectors currently
receive less than 20% of all research investments
made by the private and public sectors. Therefore
there is a pressing need to boost research in agricul-
tural and industrial biotechnologies by increasing
 public research investment and by encouraging
 private-public partnerships.

Secure a sustainable supply of feedstock for the bio-
based economy in Europe requires further research
into methods of improving feedstock yields and/or the
composition of biomass for optimal conversion effi-
ciency.  This research will involve both plant genomics
and new breeding programmes, and also research
into efficient crop rotation, land management and
land-use change issues. 

Future increases in feedstock supply will have to take
place despite the new challenges presented by cli-
mate change, reduced soil quality, and unpredictable
growing conditions. Therefore, instead of adapting the
environment to the needs of crops through the use of
precious natural resources such as water and energy,
we will need to start modifying crops to their environ-
ment. Increasing yield will require a number of differ-
ent approaches involving biotechnology, genetically
assisted breeding and crops developed by classical
cross breeding. 

But the EU and the member states needs to acknowl-
edge through the development of their policy the role
of science and technology in increasing yield per
hectare of farmed land whilst reducing the negative
impact of agriculture on the environment. This
includes adopting a rational and science based
approach to the use of genetically modified (GM)
crops. As the EU continues to make politically

 motivated decisions and use procedural delaying
 tactics to stall the widespread introduction of these
crops, yield gaps are further widening between the EU
and the more advanced agricultural economies.

5.4. A need for science based sustainability
 criteria

Sustainability criteria should aim to measurably
reduce the key impacts associated with feedstock pro-
duction, consumption and use (Vos, 2007; De Wulf et
al., 2010). While dependency on the feedstock
 variations will persist, it is likely that key aspects to
consider for the future will be biodiversity, soil protec-
tion, water conservation, carbon dioxide emissions
reductions, air quality and social sustainability.
Implementation of these measures will necessitate
the active participation of all stakeholders in the
 supply chain. For example:

– Industry, agriculture and related enterprises will
have to ensure that production and processing of
resources and materials is  performed using best
management practices.

– Governments will need to focus on wider sustain-
ability issues, such as managing demand, food
security, competition between various end-uses
and incentives. 

– International organisations should provide support
to producer countries to enable them in establish-
ing harmonised, robust frameworks for feedstock
production. 

5.5. Overview of the main recommendations
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RECOMMENDATIONS TOWARDS
THE AUTHORITIES

European authorities

– Develop an integrated policy for the bio-based
economy at EU level

– Include feedstock for industrial use in the new
CAP

– Integrate support for “logistics for biomass col-
lection” in the second pillar (rural development)
of the new CAP

– Develop programmes to increase land produc-
tivity (research programmes, regional develop-
ment, land management programmes, etc.)

– Remove trade barriers on agricultural material
for industrial use

– Adopt a rational and science based approach to
the use of genetically modified (GM) crops

– Develop a framework for science based
 sustainability criteria
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Federal and Regional authorities in Belgium

– Develop an integrated policy for the bio-based
economy at federal and regional level

– Set up a national/regional “Platform for
Industrial Biomass Utilisation”

– Support the integration of renewable feedstock
for industrial use in the new CAP

– Develop a national/regional programme to
increase land productivity in a sustainable way

– Set up programme to valorise agro-food by-
products and organic waste

– Develop multidisciplinary research programmes
– covering the entire value chain –  in the area
of the bio-based economy, by preference linked
to similar programmes in other member states
or regions in order to improve coordination and
collaboration

– Support research into methods of improving
feedstock yields and/or the composition of bio-
mass for optimal conversion efficiency. This
research should involve both plant genomics
and new breeding programmes, and also
research into efficient crop rotation, land
 management and land-use change issues.

– Adopt a rational and science based approach to
the use of GM crops

– Develop a framework for science based
 sustainability criteria

RECOMMENDATIONS TOWARDS THE
SCIENTIFIC COMMUNITY (public & private)

– Build competence networks between academia
and industry to overcome knowledge gap and
competence hurdle

– Set up public-private partnerships to support
coordinated research programmes

– Boost research in green chemistry and agricul-
tural and industrial biotechnology

– Develop research programmes into methods of
improving feedstock yields and/or the composi-
tion of biomass for optimal conversion efficien-
cy.  This research should involve both plant
genomics and new breeding programmes, and
also research into efficient crop rotation, land
management and land-use change issues.

RECOMMENDATIONS TOWARDS
THE INDUSTRY

– Set up public-private partnerships to support
coordinated research programmes

– Boost research in green chemistry, agricultural
and industrial biotechnology
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