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1 Background and objective

The BIOCORE project

The scope of the BIOCORE concept is to generate an advanced lignocellulosic biorefinery
that aims to provide a sustainable solution for the processing of non-food biomass feed-
stocks as agro residues (wheat and rice straws), short rotation coppice (SRC) wood and
hardwood. Using an innovative, patented organosolv technology, the objective of BIOCORE
is to overcome current hurdles linked to lignocellulosic biomass fractionation and to be able
to transform biomass components into valuable products. The organosolv fractionation
technology will be streamlined and integrated with tailored refinement processes, to provide
the three major biomass components (cellulose, lignin and hemicellulose) from the different
BIOCORE feedstocks. Obtained in forms optimal for further processing, these fractions will
be used as major building blocks for the synthesis of viable product portfolios.

Sustainability assessment within BIOCORE

In the last couple of years a controversial discussion on the net benefit of bioenergy and
biobased materials has been ongoing, showing that just because biomass is renewable the
replacement of fossil resources by biomass is not sustainable per se. It is a widely held belief
that biorefining can positively affect environmental and social aspects (van Dam et al. 2008),
e.g. by replacing non-renewable resources and by promoting rural development. However,
biorefineries can also have negative effects on environmental, social or economic sustaina-
bility. Potentially higher risks for biodiversity loss or higher acidification and eutrophication of
natural ecosystems have to be taken into account. The controversy surrounding the sup-
posed benefits of bioenergy has gained momentum as undesirable competition between food
and non-food uses has been added to the list of adverse side effects. Indeed, this particular
aspect of biorefining is likely to be accentuated in the decades to come, with greater de-
mands for both food and energy being expected. Most likely, agricultural land will be ex-
panded at the cost of (semi-)natural ecosystems, which will be converted into cropland.
Several studies have pointed out the negative effects of such direct and indirect land use
changes: biodiversity loss and greenhouse gas emissions among others.

Taking all of the above into consideration, it is obvious that in order to validate the benefits of
any given biorefinery concept and, ultimately, to provide a basis for the development of
incentive policies, it is essential to apply a strict and sufficiently overarching sustainability
assessment. In BIOCORE, this integrated assessment of sustainability is performed in work
package (WP) 7.

SWOT analysis and biomass competition

Task 7.5 consists of two elements: SWOT analysis and biomass competition.

The objective of the SWOT analysis (= analysis of strengths, weaknesses, opportunities and
threats) is to supplement the results of tasks 7.2 — 7.4 (environmental, economic and social
assessment) by catching up success and failure factors not covered in the other tasks and to
gain knowledge on stakeholder perceptions. The objective of SWOT analysis in BIOCORE is
not to sum up success and failure factors identified in tasks 7.2 — 7.4. This will be done in
task 7.6 (integrated assessment).
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The SWOT analysis will be supplemented by a thorough analysis on the competition be-
tween the biomass uses for food, biobased materials, and biofuels. This analysis is based on
a literature review and on the findings from WP1 case studies related to biomass availability
in Europe and India, and in the selected case regions.

Results for the biomass competition analysis are described in chapter 2. Methodology and
results of the SWOT analysis are described in chapter 3.
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2 Biomass competition

In chapter 2, the issues related to biomass competition and land use change will be dis-
cussed, based on available literature and findings from BIOCORE work package 1 studies.
Firstly, some European and global development trends and background to the discussion are
presented. Secondly, current and future land availability for producing biomass in Europe is
discussed. Thirdly, findings of recent studies related to biomass use and availability in
Europe are presented. Finally, the findings of the BIOCORE project on biomass availability
(in work package 1) are briefly summarised, and conclusions related to biomass competition
and potential biorefinery implementation are presented.

2.1 Introduction and background

European legislation is currently pushing strongly for bioenergy production. The EU Climate
and energy package includes the goals of reducing GHG emissions by 20%, compared to
levels of 1990, and increasing the use of renewables to 20% of total energy production.
Additionally, at least 10% of transport fuels used in each country should be renewable.

In the EU Energy scenarios for 2030, the projected increase in the use of renewable energy
sources (RES) is significant. In the Reference scenario it is assumed that the two binding
targets for 2020 on the 20% RES share in the gross final energy consumption, and on 20%
GHG reductions will be achieved (including the 10% RES share in transport). In the scenario,
the energy production from biomass and waste would be 154 971 ktoe in 2020 and 153 328
ktoe in 2030, compared to 97 801 ktoe in 2010. The share of biomass and waste accounts
for 65% of the renewable energy sources used in energy production in 2010, 59% in 2020
and 53% in 2030 (European Commission 2010).

Unless properly assessed and managed, the projected increase in bioenergy production may
have unintended environmental and social consequences. While biofuels can be regarded as
a means to enhance energy independency, reduce greenhouse gas emissions and create
new economic prosperity, their production might also have negative impacts on food security
and on the environment, due to intensive agricultural production, resource competition and
land use change (FAO 2010).

The spectre of biofuels menacing food supply is taken particularly seriously, especially
because the recent food crisis caused food prices to reach high levels that have been
maintained ever since. To a varying degree, bioenergy has been acknowledged as one of
the factors creating additional pressures to agriculture and food prices. The relationship
between bioenergy and food security is complex and it is difficult to determine whether the
impact of bioenergy interventions is a positive or a negative one (FAO 2010). According to
FAO (2010) bioenergy interventions may affect food security through two principal channels.
These include the competition for the same natural resources that are used for food produc-
tion, and the structure of the bioenergy interventions that can have an impact on agricultural
productivity and affect food security outcomes. Depending on the local contexts and policy
framework, the impacts can be either positive (e.g. new employment possibilities and im-
proved rural development) or negative (higher food prices increasing the vulnerability of net-
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food buyers). Another main area of concern has been the growing uncertainty concerning the
ability of biofuels to actually abate GHG emissions, due to impacts on land use and land use
change (FAO 2008; FAO 2010; UNEP 2009).

The so-called food, energy and environment trilemma relates to the challenges of reducing
GHG emissions, while responding to the needs of the growing population, by producing more
food, biobased materials and bioenergy (Tilman et al. 2009; Harvey & Pilgrim 2011). Land
use is a central issue in this debate, and the growing need to expand the agricultural area
poses high risks of increasing the carbon footprint of agriculture (Harvey & Pilgrim 2011).

The global population is expected to reach 9 billion people at the middle of this century, and
the increased wealth of the population in general means greater demand for processed food,
meat, dairy products and fish. These demands should be met sustainably, while ensuring the
availability of food for the poorest segments of the world population. Traditionally, the solu-
tion to food shortages has been bringing new land into agriculture and to exploit new fish
stocks (Godfray et al. 2010).

The global land area is 3.2 billion hectares, of which 1.6 billion ha (12%) is used for cultiva-
tion of agricultural crops. 3.7 billion ha (28%) is under forest and 4.6 billion ha (35%) is under
grasslands and woodland ecosystems. Over the last 50 years, the world agricultural produc-
tion has grown between 2.5 or 3 times while the cultivated area has grown by only 12%.
Thus most of the growth in production has been achieved due to growing yields and intensifi-
cation of production. However, more than 40% of the increase in food production came from
irrigated areas, which have doubled during the last 50 years. At the moment, 80% (1300
Mha) of the world’s cultivated area is rain fed, while the remaining 300 Mha are irrigated
areas. By 2050, land under irrigation is estimated to increase from 301 Mha in 2009 to 318
Mha (6%). At the moment, 70% of world’s water resources withdrawn from aquifers, streams
and lakes are used by agriculture (FAO 2011).

By 2050, the global demand for food is expected to grow by 70%, compared to 2009. Most of
the growth (more than four-fifths) is expected to come from increased productivity on already
cultivated land. The increase in food production would require the production of billions of
tons of extra cereal grain and an extra 200 million tons of livestock products, compared to
current production amounts. According to FAO’s (2011) estimations, doubling of current
production could be possible on current agricultural land by 2050. However, this would
require investments in agricultural practices, such as effective irrigation systems, and im-
proved yields.

Sustainable intensification is required, since although good quality spare land for agriculture
exists in theory (see Alexandratos & Bruinsma 2012), it is mostly located in places that are
either difficult or impossible to use for agricultural purposes, or occupied by important eco-
systems. Land use change is expected to take place especially in Sub-Saharan Africa and
Latin America, where there is still room for further expansion of agricultural areas. However,
this will most likely cause trade-offs between environmental values and intersectoral water
allocation. In addition, intensification of agriculture and water use may lead to problems with
land degradation and scarcity of water resources. This is due to the fact that many of the
world’s land and water resources in important food production zones are already under
stress. (FAO 2011)

When considering food security, one of the main challenges is that the available land and
water resources are unequally distributed between countries. Especially the availability of
good quality land for cultivating food crops is a problem in the certain areas of Sub-Saharan
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Africa, where most population growth is expected to take place, together with the highest
increases in food demand. Even though the doubling of the current agricultural production
could be achieved by 2050, 370 million people would still be at risk of being undernourished.
(FAO 2011)

Rockstrém et al. (2009a; 2009b) have suggested a framework of planetary boundaries that
are associated with the planet’s biophysical subsystems and processes. The boundaries
define a safe operating space for humanity, with respect to Earth’s carrying capacity. Among
the suggested nine planetary boundaries are climate change; rate of biodiversity loss (terres-
trial and marine); interference with the nitrogen and phosphorus cycles; stratospheric ozone
depletion; ocean acidification; global freshwater use; change in land use; chemical pollution;
and atmospheric aerosol loading. According to their analysis, the thresholds relating to
climate change, rate of biodiversity loss and the interference with the global nitrogen cycle
have already been transgressed. Additionally, the boundaries relating to freshwater use,
change in land use, ocean acidification and interference with the global phosphorous cycle
might be soon reached.

Regarding the change in land use, the suggested planetary boundary is the percentage of
global land cover converted to cropland. According to the estimations by Rockstrom et al.
(2009a; 2009b) the current percentage of global land cover converted to cropland is 11.7%,
while the proposed planetary boundary is 15%. The remaining 3.3% equals approximately
400 Mha, and it is suggested that this boundary would be achieved within the coming dec-
ades. In 2008, biofuel crop production covered about 36 Mha (2.3%) of global cropland.
Various estimates on the potentials of biofuel production present cropland requirements
between 53 Mha in 2030 and 1668 Mha in 2050. About 118 to 508 Mha would be required to
provide 10% of the global transport fuel demand with first generation biofuels in 2030. This
would equal 8% to 36% of current cropland, incl. permanent cultures (UNEP 2009). Thus the
suggested planetary boundary could be achieved or exceeded due to estimated land de-
mand for first generation biofuels only. Additional land demand related to food, fibre and
biobased materials would be added to this figure.

The above mentioned targets related to increasing demand for food and bioenergy, and the
need to reduce greenhouse gas emissions are challenging. Despite the EU’s aim to cut
energy consumption by 20% in 2020, the global energy demand is expected to grow. Global
use of bioethanol and biodiesel will nearly double from 2005 — 2007 to 2017, and most of the
increase will probably be due to biofuel use in the USA, the EU, Brazil and China (UNEP
2009). By year 2035, the world’s primary energy demand is projected to increase by 40%,
(1.3% per year) compared to 2009, and even higher increases in energy demand are possi-
ble (IEA 2011). At the global scale, the challenge to reduce greenhouse gas emissions, avoid
land use change and provide food, energy and reasonable livelihoods for the world popula-
tion seems to be enormous. In 2009, almost 2.7 billion people (40% of the world population)
relied on traditional use of biomass for cooking, and 1.3 billion people (20% of the popula-
tion) were living without access to electricity (IEA 2011).
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2.2 Land availability and land use in Europe

In the following section, results from different studies estimating the current and future land
availability in Europe are presented. The studies differ in their goal and scope, but altogether
provide an overview of the situation. In addition, the challenges and uncertainties related to
the estimations about the land availability are presented.

2.2.1 Land cover in Europe

Land is a critical resource for modern economies. Land is required to produce biomass for
food, feed, fibre and fuel. In addition, land is required for several socio-economic purposes,
such as construction, recreation and services. In Europe, the share of land used for produc-
tion purposes is one of the highest on the globe, although differences between countries can
be significant (EEA 2010). Land is also critical for protecting biodiversity and supporting
ecosystem services (such as provision of clean air and regulation of fresh water flows). Since
land is a finite resource, different activities compete for land.

The results of the Corine land cover analysis of 36 European countries in 2006 covered a
total area of 5.42 Mkm? (EEA 2010). The largest land cover types are forested land (35%),
arable land and permanent crops (25%) and pastures and mosaics (17%). The European
land cover according to different land cover types is presented in Table 1. Trends in land
cover change between years 2000 and 2006 are reported on the columns on the right. The
data is acquired from EEA (2010). Here, it should be noted that land cover describes the
vegetative cover on the Earth’s surface, while land use refers to the socio-economic interpre-
tation of what happens on that surface. As a consequence, the areas classified according to
land cover and land use may differ (e.g. forestry doesn’t take place in all forest areas). (For
more information, see e.g. Allen et al. 2013).

In the period 2000 — 2006, the main changes in the land cover types in Europe were related
to an increase (by 3.4%) in artificial areas. The slight increase in forest land was partly due to
forestation of former farmland. Forestation of farmland might have positive environmental
effects in the case where intensively managed agricultural areas become forests. However,
afforestation of farmland also contributes to the loss of pastures and other extensively
managed open spaces, which can lead to a loss of biodiversity and landscape features or
cultural values. It can be expected that the trend of changing farmland to forests will change
in the near future, due to incentives related to energy crops and higher prices of agricultural
products. In total, changes in land cover type affected an area of 68 353 km? (6.8 Mha),
which represents 1.3% of the total land stock area analysed (5.42 Mkm?).
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Table 1: Land cover in Europe 2006 and changes in land cover between 2000 and 2006
(Source: EEA 2010)

Land cover type Land area % of land  Net changein Net formation of
covered in 2006 coverin land cover land cover type
(km?) 2006 type between  between 2000 -

2000 - 2006 2006 (km?)

Artificial areas 192 786 4% +3.4% 6 258

Arable land and 1347 278 25% -0.2% -2 916

permanent crops

Pastures and 939 653 17% -0.3% -2 362

mosaics

Forested land 1930 622 35% +0.1% 1114

Semi-natural 409 202 8% -0.4% -1681

vegetation

Open spaces / 341 427 6% -0.2% -645

bare soils

Wetlands 119 533 2% -0.4% -434

Water bodies 143 671 3% +0.5% 667

Total 5424 171 100%

2.2.2 Estimating future land availability in Europe

In general, the land area available for biomass (bioenergy) production can be estimated by
subtracting the land needed for all current uses (i.e. food and feed production, urban areas,
set-aside land for nature conservation etc.) from the total land area. The product of this
subtraction is a land area that could theoretically become available for biomass or bioenergy
crops, without compromising food and feed production (de Wit & Faaij 2010). In reality, in
addition to theoretic availability, several other issues such as land fertility, climatic conditions
and suitability of different crops for different areas would need to be considered.

Agricultural productivity determines how much land is required to meet the food and feed
demand, and how much land can be mobilised for other purposes. Food demand is deter-
mined by population size and dietary habits (de Wit & Faaij 2010). Another determining factor
is the trade in agricultural products and the self-sufficiency ratio in Europe (Fischer et al.
2010b). Based on the study conducted by Sleen 2009 to the European Environment Agency,
Europe currently imports 25% of its biomass resource needs (EEA 2010). This means that
European consumer habits have implications for land use in other parts of the world. On the
other hand, Europe also exports both agricultural and forest products, which also has im-
pacts on land use. The land area reserved for the production of exported agricultural prod-
ucts is largely determined by global prices of the products, and thus might be affected in the
future by increased demand and higher prices of bioenergy crops (EEA 2006). (The ques-
tions related to land use impacts outside EU are further discussed in Chapter 2.4)
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When considering the potential area available for producing non-food biomass, an important
factor to consider is the level of low intensity farming and environmental management. Areas
dedicated to environmentally-oriented farming in Europe include the Natura 2000 areas and
High Nature Value farmlands, which are important for maintaining biological and landscape
diversity. Likewise, set-aside land and marginal grasslands can be important for protecting
biodiversity (EEA 2006). Regarding organic farming and other environmentally-oriented
farming methods, which are generally characterised by lower crop yields: these are expected
to further develop in Europe in the future.

In the studies discussed in the following chapters, it is assumed that crop yields and livestock
feed conversion efficiency will continue to increase, due to technological progress in agricul-
ture. In this respect, the most significant progress, and thus strongest increases, will occur in
Eastern Europe, where current average yields are lower than those in Western Europe.

2.2.3 Estimates of land availability for bioenergy

In the study conducted by the EEA in 2006, it was estimated that the amount of arable land
that could be used for dedicated bioenergy crop cultivation in Europe could reach 19.3 Mha
in year 2030. This amount represents 12% of the total utilised agricultural area (UAA) in
2030. In addition, up to 5.9 Mha could be released from grasslands and olive grove catego-
ries. However, in this area no intensive bioenergy cultivation will be possible, although
residues such as grassland cuttings could be used. The findings of the study are summa-
rised in Table 2.

Table 2:  Availability of arable land for bioenergy crop production in EU22 in 2010, 2020
and 2030 (Source: EEA 2006)

Available arable land for bioenergy
Year crop production in EU22 (EEA 2006)

2010 12.97 Mha
2020 16.17 Mha
2030 19.27 Mha

In the scenarios, it was assumed that no land area other than currently utilised agricultural
area would be transformed to UAA. In addition, it was assumed that in most countries, 30%
of the arable land would be dedicated to organic farming or environmentally-oriented farming,
and that extensively cultivated areas (grassland, olive groves) would be maintained and not
transformed to arable land. Another assumption was that 3% of the intensively cultivated
agricultural land would be changed to set-aside areas for ecological compensation purposes.
On the other hand, it is assumed that extra agricultural land will be available for bioenergy
production due to overall increased productivity (in other areas than the ones used for
environmentally-oriented farming). It was also assumed that market mechanisms would lead
to further increases in agricultural land availability due to low prices of agricultural products
(at the time that the study was conducted), freeing up land especially from producing agricul-
tural products for exports, but from other areas as well. A basic assumption was however,
that a certain area is required for food and fodder production, ignoring the direct competition
aspect between food and energy production.
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Based on the results of the EU-funded REFUEL-project, Fischer et al. (2010b) have estimat-
ed the area of agricultural land potentially available in EU27 and Ukraine for producing
biofuel, in 2030. The three scenarios included a base scenario, an environmentally oriented
scenario and an energy oriented scenario. The scenarios differ in their estimations on the
land area dedicated for organic farming and other environmentally oriented farming practic-
es, and on their assumptions related to environmental policy. The base scenario is based on
current environmental policies in which nature conservation is a high priority and major
changes in land use are not favoured due to environmental reasons. In the environment
oriented scenario it was assumed that a larger area of arable land is dedicated for organic
farming and that marginal farmland is preserved for extensive farming and for nature conser-
vation. In the energy oriented scenario, it was assumed that, due to changes in environmen-
tal policy and increased demand for biofuels, some surplus pasture land could be used for
growing herbaceous energy crops. Assumptions related to areas required for food and feed
production were quite stable in all the scenarios. The results of the study are summarised in
Table 3.

Table 3: Land availability for growing biofuel feedstocks (in Mha) in Europe in different
scenarios in year 2030 (Source: Fischer et al. 2010b)

Base scenario Environment Energy oriented scenario
oriented scenario

Food Biofuel Food Biofuel Food Biofuel Pasture land
& feedstock & feedstock & feedstock  for lignocellu-
feed feed feed losic feed-
prod. prod. prod. stock

EU15 + 727 8.1 75.0 2.7 727 8.1 8.1

Switzerland

& Norway?

EU122 21.2 224 21.4  19.7 21.2 224 6.9

Ukraine 10.3 22.6 105 218 10.3 226 3.9

Total 105.4 53.1 106.9 44.2 1054 53.1 19.1

According to the study, the current agricultural area in Europe consists of 164 Mha of culti-
vated land and 76 Mha of permanent grassland. The majority of the cultivated land (150
Mha) is arable land. Half of the arable land is found in the EU15, 29% in EU12 countries and
22% in Ukraine. Altogether 13 Mha include permanent crops that are mainly olive groves and
vineyards situated in Spain and Italy.

By year 2030, 44 — 53 Mha of cultivated land could become available for producing bioener-
gy feedstocks, without risking the food and feed security in Europe. The area is mainly freed

1 EU15 = Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg,
Netherlands, Portugal, Spain, Sweden, United Kingdom

2 EU12 = Bulgaria, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland,
Romania, Slovak Repbulic, Slovenia
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up from food and feed production due to expectations related to yield increases. However, it
is important to notice that most of this potential is located in Eastern Europe and Ukraine,
due to higher expectations in yield increases. Currently, the yields in the Eastern European
countries are much lower than the ones in EU15. In the EU15 countries (+ Switzerland and
Norway), the estimated potentially available land area is between 2.7 — 8.1 Mha. The area
available for cultivation is partly decreased by increase of built areas and areas dedicated for
nature conservation. For example, it is expected that in the environment oriented scenario,
3.6 Mha will be converted to build areas, and 4.3 Mha are dedicated for nature conservation
(compared to 2.7 available for bioenergy feedstock production). In the energy oriented
scenario, it is estimated that up to 19.1 Mha of pasture land could become available for
producing herbaceous lignocellulosic feedstock, but avoiding soil disturbance (e.g. plough-
ing).

A study made by Krasuska et al. (2010) as part of the EU-funded coordination and support
action 4F CROPS (Future Crops for Food, Feed, Fibre and Fuel) used a modelling approach
to estimate the potentially available land for bioenergy production in EU27 in years 2020 and
2030. A central aspect of the study was to estimate the area of fallow land that has been set
aside from food and feed production, either compulsorily or voluntarily. According to the
study, the current agricultural land in the EU is approximately 180 Mha, of which energy
crops covered approximately 2.5 Mha in 2005. Main energy crop for biodiesel production was
rapeseed, and starch and sugar crops are grown for bioethanol production. The results of the
study indicate that up to 13.2 Mha (7.25% of total EU27 utilisable agricultural land) was not
used for food or feed production over the period 2003 — 2007. One fifth of this land was used
to cultivate bioenergy crops, while 80% remained fallow. It was also estimated that by year
2020 the area of surplus arable land would increase to 20.5 Mha and to 26.3 Mha by 2030.
The increase is mainly due to improved efficiency of farming activities and yield improve-
ment. On the other hand, it has also been stated that the set-aside land can have potentially
high natural and biodiversity values, which might restrict the availability of this land for
bioenergy purposes.

The countries with largest available land resources in the 4F Crops study were Germany,
Spain, France, Poland, and Romania, and in the 2030 scenario also Bulgaria and Hungary.
In Spain, only fallow land would be available for non-food crops in the future, while in the
other countries additional land would be released from food and fodder production. Similarly
to the findings of Fischer et al. (2010b) more land comes available in the EU12 countries
than in the EU15 countries, due to higher yield growth rates. However, according to Krasus-
ka et al. (2010) Germany and France also offer potentially high amounts of surplus land from
cereal and other crops. In the study, the surplus land generated in the next 20 years will
come mainly from cereal cropping areas and, to a lesser extent, from oilseed cropping. The
contribution of root cropland and fodder and grazing arable areas would be minor.

In addition, Krasuska et al. (2010) consider the estimations presented by Fischer et al.
(2010b) related to future land availability in EU12 much higher than the ones presented in
other similar studies. This difference is due to different estimations related to current yields
and future yield improvements in EU15 and EU12. When comparing the results of Krasuska
et al. (2010) with the results of EEA (2006), the findings of EEA are 13 — 26% lower. This can
be at least partly explained by the fact that the study by EEA does not include Bulgaria and
Romania.
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Estimated land availability for growing bioenergy feedstocks in Europe by 2030 in the as-
sessed studies is summarised in Table 4. Note that the results of Fischer et al. (2010b) are
presented without Ukraine, to make comparison easier.

Table 4: Summary of estimated land availability for growing bioenergy feedstocks in
Europe by 2030 (Note! Figures from Fischer et al. are without Ukraine)

SUMMARY Estimated land availability for Additional land from
bioenergy crops by 2030 pastures etc.

EEA (2006), EU22 19.3 Mha 5.9 Mha

Fischer et al. (2010b) 30.5 Mha

Base scenario, EU27 +
Switzerland & Norway

Fischer et al. (2010b) 20.4 Mha
Environment scenario,

EU27+ Switzerland &

Norway

Fischer et al. (2010b) 30.5 Mha 15 Mha
Energy scenario, EU27 +
Switzerland & Norway

Krasuska et al. (2010), EU27 263Mha -

To sum up, the studies indicate that land will be freed up for bioenergy (or other) purposes in
future (assuming continuous growth in yields and agricultural productivity) but there are big
regional differences. In addition, all of the estimations include a lot of uncertainty, and for
example the market driven changes are usually not taken into account in the assessments.
The studies presented here assume that a certain amount of land is dedicated to food and
feed production in all scenarios. However, in reality, the development of agricultural area
might be affected by demand and prices paid for different raw materials, possibly making
more room for biofuel crops at the expense of food crops.

It should also be noted that when local characteristics are included in the assessment,
reduced numbers related to land availability are often presented, as compared to assess-
ments produced on a more general basis (Krasuska et al. 2010). The studies presented
earlier only consider the availability of land for bioenergy purposes, but do not consider the
land use for producing biomaterials or biochemicals, or the division of available land between
different end uses. Agricultural policy, environmental policy, agricultural productivity, market
prices, demand for different feedstocks and the willingness and ability of farmers to change
cropping systems all have an impact on the way land will be used in the future. Additionally,
the quality and suitability of the land for different feedstocks is an issue that requires further
studies and planning.

Future land availability for anything other than food and feed production is also greatly
influenced by the development of the dietary habits. A move towards more vegetarian based
diets would release significant amounts of agricultural land from food and feed production all
over Europe. The findings of the Finnish SALKKU project indicate that if all Europeans would
change to vegetarian diets, most European countries could use over half of their arable area
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for cultivating bioenergy crops. In the future, even more land could be released due to
technological development (Pahkala et al. 2012).

When considering future land availability for bioenergy crops, it is important to note that
according to a recent estimate of the Biomass Futures project, approximately 5.5 Mha of land
are used for growing energy crops in EU-27, and 82% of the land is used for cultivating oil
crops for biofuel production (Elbersen et al. 2012)3. Use of an additional 20 Mha (or more)
that could become available for growing bioenergy feedstocks would mean a quite massive
and rapid change in land use in Europe, in less than 20 years.

Based on the CORINE land cover analysis by EEA (2010) presented earlier, between 2006 —
2010 in Europe, the area of arable land and permanent crops was reduced by 0.29 Mha,
while the area of forested land increased by 0.11 Mha. Increase in forested land can in-
crease the availability of wood and forestry residues, but a decrease in the arable land
means less land will be available for food, feed, and bioenergy production. When considering
the global development trends discussed in chapter 2.1, the growing needs for food, feed
and fodder and biofuels will likely compete for the same land resources.

The estimations related to future land demand for bioenergy can vary depending on the
assumed feedstocks, yields, weather conditions, conversion technologies and conversion
efficiencies and sustainability criteria. A review conducted by Allen et al. (2013) as part of the
EU-funded Biomass Futures project states that there is no estimation available about the
current area of land used for wood-based bioenergy production. Since a lot of uncertainty is
related to making these types of estimations, making a comprehensive assessment of the
land requirements for bioenergy is challenging (Allen et al. 2013).

2.2.4 Estimates of land availability and land use for biomaterials and
biochemicals

While several studies have been made assessing the land availability and land use for
bioenergy purposes, not much information is available about the potential land use for
producing biomaterials or biochemicals. The amount of land required will depend on the
feedstock used, technology development and on the development of the markets for the
biobased chemicals, bioplastics and other biobased materials.

Currently, there is a lack of data related to the use of biomass for producing raw materials
both in Europe and globally (Raschka & Carus 2012). The figures related to the use of wood
have been assessed, but not much information can be found about the use of agricultural
biomass for products (ibid.). A compilation made by Nova-Institut (based on FAO 2011)
shows that the global, total use of harvested forestal and agricultural biomass was approxi-
mately 13 billion tonnes. Of the total amount, approximately 55% went to feed production,
15% to food production, 11% to wood material uses, 10% to wood energy uses, 3.3% to
renewable material uses, and 2.7% to other renewable energy uses. When only agricultural

3 According to Elbersen et al. (2012), the estimation was made based on a compilation of several
different sources. The estimation related to total area of biofuel crops in EU-27 is considerably
higher than the one presented by Krasuska et al. (2010). According to Krasuska et al. (2010), the
area of biofuel cropping covered approximately 2.5 Mha in EU-27 in 2005. Their estimation was
done based on statistics from EUROSTAT (2010) and AEBIOM (2007).
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products are considered, 7.4% of all production went to material uses, and 6.3% to energy
uses (Raschka & Carus 2012).

In 2008, the global production of renewable resources for material uses (1 616 440 thousand
tonnes) exceeded the use of renewable resources for energy uses (1 477 885 thousand
tonnes). In general, the majority of all material and energy production from renewable re-
sources consists of wood. When land use is considered, approximately 100.5 Mha were
used for producing renewable resources for materials and 54.8 Mha were used for producing
raw materials for energy purposes (Raschka & Carus 2012).

It has also been estimated that 92% of the cultivated land in the world is used for feed and
food production, 6% for industrial raw material production, 2% for producing biofuels, and
less than 0.1% for producing bioplastics (Carus & Piotrowski 2009). Currently, there are no
studies available estimating the future land availability or land use for biomaterials in Europe.
A balanced estimate about the resource needs for the different industrial sectors would be
required, considering also the implications for land use and land use change. In the following,
chapters, results of available studies and estimates related to future demand and potential
land use impacts related to biobased plastics and biobased chemicals are presented.

Dornburg et al. (2008) have estimated the future market potentials of biobased bulk chemi-
cals, produced by means of white biotechnology, in EU25 until year 2050. The study was
conducted as part of the EU-funded BREW-project (Medium and long-term opportunities and
risks of biotechnical production of bulk chemicals from renewable resources). In the analysis,
also the potential consequences related to land use were included. In the study, three
scenarios were made, assuming benign, moderate and disadvantageous conditions for
production of biobased chemicals. The studied biobased chemicals were PHA, PTT, PLA,
ethyl lactate, ethylene, succinic acid, adipic acid, acectic acid and n-butanol. According to the
study, the production of the selected bulk chemicals was 31 Mt in EU-25 in 2000, represent-
ing approximately 50% of the total production of all organic chemicals4. In the study, it was
assumed that the total production of all organic chemicals in EU25 in year 2000 was approx-
imately 70 Mt. Assuming different growth rates for the chemical markets in Europe, it was
estimated that the total production of all organic chemicals in 2050 would amount to 70, 150
and 300 Mt in the low, medium and high scenarios. The total production of the selected
chemicals was assumed to be 31, 65 and 136 Mt in the low, medium and high scenarios.
According to the scenario results, 5 Mt (low), 26 Mt (medium) or 113 Mt high) would be
biobased chemicals, representing a share of 15%, 40% and 83% of the total chemical
markets.

In the land use assessment, a basic assumption was that the fermentable sugar yields are
about 0.13 ha / t for sugars from starch and lignocellulosics. According to the scenario
results, the production of projected levels of biobased chemicals from fermentable sugar
made of starch would require 1.0 — 38.2 Mha of land in 2050. If lignocellulosics would be
used as a feedstock, the land requirements would be 0.4 — 15.6 Mha. In addition, an extreme
assumption, in which all of the selected organic chemicals would be substituted with bi-
obased white biotechnology chemicals, the land requirements in 2050 would be between 17

4 Current global bio-based chemical and polymer production (without biofuels) is estimated to be
around 50 million tonnes (IEA Bioenergy 2012), while the global petrochemical production of chem-
icals and polymers is estimated to be around 330 million tonnes.
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and 63 Mha for starch feedstock, and between 7 and 26 Mha for lignocellulosic feedstock. If
it would be further assumed that all organic chemicals (others than the one selected for the
study) would be biobased, the land requirements would reach up to 126 Mha for starch and
52 Mha for lignocellulosics in 2050.

While the estimations (by Dornburg et al. 2008) related to land use for biochemicals are
projected until year 2050, and the other presented studies related to land availability until
year 2030, just a simple comparison can be made, taking into account the uncertainty related
to both estimations. While the lower end of the land use scenarios of Dornburg et al. (2008)
might not sound problematic from land allocation point of view, the realisation of the higher
end of the scenarios would be problematic or even impossible from land use perspective,
considering that the available surplus agricultural land in EU27 was estimated to be around
26 Mha in 2030 (study by Krasuska et al. 2010). Of course, changes in production and
consumption habits from 2030 to 2050 are difficult to predict.

In addition to growing markets for biobased chemicals, it is expected that the markets for
bioplastics are growing rapidly in the future, and the future impacts for land use depend
strongly on the prices of the raw materials and on the feedstocks used for production.

For example, estimations presented by Shen et al. (2010) show big growth potentials for
biobased plastics markets. Based on their study, the global production of biobased plastics in
2007 was 0.36 Mt, but it was expected to reach 2.3 Mt by 2013, and 3.5 Mt in 2020. It was
also estimated that the purely technical substitution potential of biobased plastics (including
man-made fibres) replacing petrochemical plastics could reach 90% (240 Mt) of the total
plastics and fibres (based on 2007 demand) (Shen et al. 2010). However, this estimate does
not consider economic or sustainability criteria.

Recent figures presented by the European Bioplastics show that the global production
capacity of bioplastics in 2011 was 1 161 200 metric tonnes, of which 18.5% was located in
Europe. Majority of the bioplastics production capacity was located in Asia (34.6%) and
South America (32.8%). According to their estimates, the global production capacity of
bioplastics is expected to increase in the near future, reaching 5 778 500 tonnes in 2016.
Majority of the production capacity would be located in South America (45.1%) and Asia
(46.3%) (European Bioplastics 2013). Regarding land use, the estimate presented by the
bioplastics industry states that in 2011, production of bioplastics required approximately
300 000 ha globally, which would correspond 0.006% of the global agricultural area (5 billion
hectares). In 2016, the land area required for bioplastics production is estimated to increase
to 1.1 million hectares, equalling 0.022% of the global agricultural area.

2.2.5 Conclusions

The studies presented earlier in chapter 2.2.3 estimated that approximately 20 — 30 Mha (or
more) of former arable land could become available by 2030 in Europe for growing bioenergy
feedstocks. The estimations presented by Dornburg et al. (2008) showed that the potential
land use for biochemical production depends highly on the assumed production level and
feedstocks. According to their scenario projections, production of biobased chemicals from
fermentable sugar made of starch could require 1.0 — 38.2 Mha of land in 2050. In case
lignocellulosics would be used as raw material, the corresponding land requirements would
be 0.4 — 15.6 Mha. Although projections of Dornburg et al. (2008) reach until 2050, the
higher end of the estimations (using starch as feedstock) would require more arable land that
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is estimated to become available in Europe by 2030. Even if lignocellulosics would be used
as a feedstock, with a high market share and production of biobased chemicals, the land
requirements would use half or more of the land that is estimated to become available in
Europe by 2030. Rapid growth of bioplastics production could further increase the land
demand. However, it is important to notice that land and feedstock demand for biochemicals
and bioplastics is partly overlapping, since biochemicals are important raw materials for
bioplastics. In addition, most of the land demand for bioplastics would most likely occur
outside Europe, close to production sites that are mainly located in Asia and South America.
This might relieve the land use pressures in Europe, but lead to increasing competition for
land in other parts of the world.

Considering the estimated future growth potential in the markets of biobased chemicals and
bioplastics, together with the rising demands for food and bioenergy, high pressures related
to land use can be expected in future. The cascading use of biomass, meaning using bio-
mass to produce material first and then recovering the energy content of the resulting waste,
has been suggested as a solution to maximise the CO, mitigation potential of biomass
(UNEP 2009). This way, also the demand for land to produce biomass could be reduced.
While the material uses of biomass still exceed the energy uses, it has been estimated that
the energy uses of wood will exceed the material use in EU already in the near future (be-
tween 2015 — 2020) (Mantau et al. 2010). Active coordination activities would be required
between different industrial sectors, to be able to better utilise principles of cascading use of
biomass.

2.3 Biomass availability and use in Europe

In the following section, the results from latest European biomass assessments, focusing on
the feedstocks relevant for the BIOCORE biorefinery concept, mainly agro residues, forest
residues and energy crops, are discussed. In addition, issues affecting the demand and
competition between uses of biomass for different purposes will be discussed, based on
available information.

2.3.1 Estimated biomass resources

Several studies have estimated the current and future availability of biomass in Europe. Most
of the studies are focused on the availability of biomass for energy purposes and on the
ability of Europe to reach its goals in renewable energy and GHG savings. The results of the
studies differ in many ways and are not directly comparable. Different methodologies and
datasets are used, and typically, the results of the assessments are highly sensitive for the
scenario assumptions and criteria used. Also the terminology used in the studies varies,
making the comparison of the results very difficult. Additional challenges relate to the fact
that different types of feedstocks and geographical scopes are included in the assessments.

In addition, the biomass resource assessments differ on what type of potential is estimated.
In general, five different categories or types of biomass potentials can be distinguished:

1 Theoretical potential
1 Technical potential

1 Economic potential
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1 Implementation potential and
1 Sustainable implementation potential (Rettenmaier et al. 2010).

The EU-funded BEE-project analysed 55 European biomass resource assessment studies.
The results show that the variability in the results is high (see Table 5 and Table 6) due to
several reasons (Rettenmaier et al. 2010). Detailed analysis of the independent studies and
reasons behind the variability in the results can be found in the BEE project report (ibid.). The
interpretation of the results is not possible without careful consideration of the methodologies
and assumptions used in the studies, however, the summaries presented in Table 5 and
Table 6 illustrate the variability that exists in current studies. It also highlights the challenges
and uncertainties related to making such estimations.

Table 5:  Variability in the results estimating future bioenergy potential in EU27, calibrated
results based on several studies (Source: Rettenmaier et al. 2010)

(EJ /yr) 2000 - 2009 2010 - 2019 2020 - 2029 2030 - 2039
Min 2.1 3.0 4.0 7.6
Max 7.9 16.8 21.6 24.9

Table 6: Summary of bioenergy potentials at EU27 levels based on sector focused as-
sessment (Source: Rettenmaier et al. 2010)

(EJ /yr) 2000 2010 2020 2030
Energy crops 0.1-1.6 0.3-9.6 0.5-14.7 20-184
Forestry & 0.7-45 16-44 0.8-4.2 1.6-3.7
forestry residues

Agricultural 05-39 1.0-3.9 15-44 1.1-3.1
residues &

organic waste

Total 1.3-10.0 28.-17.9 2.8-23.3 4.8-25.2

The results from the EU-funded EUBIONET3 project indicate, that the current, total use of
primary biomass in EU27 in 2008 was 102.315 Mtoe, while the target for 2020 is 220 Mtoe.
In the project, the total potential of the biomass resources (for energy purposes) in 24 EU
countries & Norway was estimated to be 157 Mtoe. The estimated potential includes re-
sources that are potentially available for harvesting, so it does not represent the theoretical
maximum amount. The figure does not include municipal or industrial waste streams, such
as paper and board. The inclusion of waste streams could raise the total biomass potential to
175 Mtoe. This potential would be entirely needed to achieve the targets of biomass use in
2020 (220 Mtoe) (see Fig. 1). According to the findings of the EUBIONETS3, 48% of the
European biomass resources are currently used (Junginger et al. 2010). The findings of the
project related to biomass resources and use in EU24 + Norway are presented in Table 7.
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CURRENT USE IN EU-27 IN 2008 (102 315 ktoe) TARGET IN 2020

[ : (220 Mtoe)
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Derived heat

TARGET IN 14 000 ktoe

2020

Transport
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Biomass for
households and services Elja Alakangas Source: AEBIOM, RHC-ETP

35 583 ktoe

Biomass

32 000 ktoe

Biomass for
industry

30000 ktoe

Fig. 1: Use of biomass for energy purposes in EU27 in 2008 (Source: Alakangas et al.
2011)

Table 7. Summary of biomass resources and use in 2006 by different biomass type in
EU24 and Norway (Source: Alakangas et al. 2011, Junginger et al. 2010)

Biomass source Annual biomass Use in 2006 Use of resources
resources (Mtoe) (Mtoe) (%)
Forest residues 35 8 23
Firewood 29 22 77
Solid industrial wood residues
and by-products (incl. pellet 22 19 90
production and use)
Spent liquor 12 12 100
Used wood 9 4 50
Woody biomass total 106 66 62
Herbaceous & fruit biomass 38 6 15
Other biomass 13 5 35

Total 157 76 48
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Based on EUBIONETS3 results, the feedstock categories with greatest increase potential for
energy production are forest residues and herbaceous and fruit biomass. However, especial-
ly in the case of forest biomass, the availability and cost varies a lot between countries and
even within regions in a country (Junginger et al. 2010). The availability of forest residues is
also dependent on the demand and use for roundwood in the wood industry. In addition, it
should be noted that the actual implementation potential is dependent of the regional poten-
tial and regional biomass demand. While many European countries still have unexploited
resources of biomass, some countries will face shortages and need to rely on imports. The
biomass trade flows are currently uncharted, but increasing volumes of unrefined and refined
biomass are imported from outside EU. For example, the current use of wood pellets is about
20% higher than the production in EU, and in many countries, use of pellets exceeds produc-
tion (Junginger et al. 2010; Alakangas et al. 2011).

Table 8:  Estimated current and future availability of biomass resources in EU27 in different
scenarios (Source: Elbersen et al. 2012 / Biomass Futures project)

(Mtoe) Current 2020 ref. 2020 sust. 2030 ref. 2030 sust.
Wastes 42 36 36 33 33
Agricultural 89 106 106 106 106
residues

Rotational 9 17 0 20 0
crops

Perennial 0 58 52 49 37
crops

Landscape 9 15 11 12 11
care wood

Roundwood 57 56 56 56 56
production

Additional 41 38 35 39 36
harvestable

roundwood

Primary 20 41 19 42 19
forestry

residues

Secondary 14 15 15 17 17
forestry

residues

Tertiary 32 45 45 38 38
forestry

residues

Total 314 429 375 411 353

The recent findings of the Biomass Futures project predict that the total biomass availability
in EU27 would range between 375 and 429 Mtoe in 2020 and between 353 and 411 Mtoe in
2030, compared to 314 Mtoe in the current situation (Elbersen et al. 2012). The findings of
the biomass futures project are presented in Table 8. The lower end of the estimations is
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based on a scenario in which strict sustainability criteria is applied. One of the differences
between the sustainability and the reference scenario relates to the availability of biofuel
crops. In the sustainability scenario, biofuel cropping on existing agricultural land is not
realised and the perennial cropping potential is more limited. The biggest difference between
the scenarios comes from the estimations related to availability of forestry resources. In the
sustainability scenarios, the potential of primary and secondary forestry residues is expected
to stay almost on the current level in 2020 and 2030, due to environmental constraints.

The total potential of forestry residues (primary, secondary and tertiary) would range from 79
to 101 Mtoe in 2020 and 74 to 97 in 2030, compared to current level of 66 Mtoe5. The
potential from agricultural residues would be 106 Mtoe in 2020 and 2030, in both scenarios,
compared to current level of 89 Mtoe. The potential from perennial crops would be between
52 and 58 in 2020, and 37 — 49 in 2030. Although uncertain due to acceptability and availa-
bility of land, the biggest increase potential comes from the perennial energy crops providing
lignocellulosic biomass (Elbersen et al. 2012).

Also the findings of the Biomass Futures project indicate that imports from outside the EU
are required to meet the European bioenergy targets (Bottcher et al. 2012). The need for
imports poses a risk of land use change and deforestation outside EU, since increasing
biofuel exports to Europe trigger competition between biofuel production and grasslands
used for animal feeding. Based on the scenario estimations and on the estimations related to
development of bioenergy markets towards 2030, 70% of the European ethanol and 66% of
the biodiesel demand could be met by EU refined biofuels. Production of 2™ generation
cellulosic ethanol would remain marginal (31 PJ), compared to corn and wheat ethanol
production (Bottcher et al. 2012).

The results from EUBIONET3 and Biomass Futures project differ in many ways. The former
include the estimated biomass potential in EU24 and Norway, while the latter study includes
EU27. In addition, the estimated biomass categories are different. The EUBIONETS3 results
do not include roundwood, and there is also a big difference in the estimated potential on the
availability of agricultural residues. The estimated base year in EUBIONET3 was 2006, while
in Biomass Futures it was 2010. Also the assessment methods were different in the two
studies. The EUBIONET3 assessment was based on expert estimations in each country
(based on several data sources) while the Biomass Futures used a modeling based ap-
proach.

Concerning wood and forest residues, the EUWood project has developed an European
Wood Resource Balance approach, in which supply and demand of wood in EU is summa-
rised and projected until years 2020 and 2030. The supply side is based on estimated
potentials, and the demand side on the policy targets related to use of renewable energy in
the EU. The potential demand from the wood industry was based on the forecasting model
EFSOS, and the potential wood supply on the EFISCEN model (Mantau et al. 2010). Based
on the findings of the EUWood, in 2010 the total supply of all woody resources in EU27 was
about 994 Mm? (half a billion oven dry tonnes or 8 500 PJ). 70% of the total came from
forests and 30% from other sources. The total demand was approximately 825 Mm? of which

5 The Biomass Futures estimations related to wood resources are based on the results of the EU-
Wood project. The sustainability scenario was based on the medium mobilisation scenario that will
be discussed later in this chapter.
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57% were used for material purposes and 43% for energy purposes. The potential supply of
coniferous stemwood was about twice as much as that of non-coniferous stemwood. The
potential of forest residues was estimated to be 118 Mm?® (Mantau 2010).

The findings of the EUWood project indicate that if medium mobilisation scenario is applied,
the potential wood demand will overtake potential supply between 2015 and 2020, leading to
a wood deficit of 424 Mm?®, 316 Mm?® or 153 Mm?®, depending of the wood mobilisation sce-
nario applied (low, medium, high). The medium mobilisation scenario represents the maxi-
mum amount of biomass that can be extracted from the forests according to current forest
management guidelines. So if the targets of the energy policy are achieved, the demands for
energy wood will more than double by 2020. The energy demand would overtake material
demand sometimes between years 2015 and 2020. In the medium mobilisation scenario, the
sole demand for energy wood (750 Mm?®) would exceed the wood supply from forests (ca.
680 Mm®). Even if the high mobilisation scenario would be applied (using more intensive
forest management practices) it is unlikely that the renewable energy targets could be met
without additional imports from outside the EU (Mantau 2010).

The role of energy crops in future biomass assessments is still quite uncertain and it is very
much dependent of the availability of land areas dedicated for energy cropping, and on the
expected yields, which can vary very much according to region and crop (see e.g. Fischer et
al. 2010a). In the Biomass Futures assessments, it was estimated that land availability for
bioenergy cropping in EU27 in 2020 would be between 18.4 — 21.7 Mha, and 16.1 — 18.8
Mha in 2030 (sustainability and reference scenarios) (Elbersen et al. 2012). These estimates
do not include former agricultural land that was abandoned from agricultural use before year
2004. Compared to land availability assessments presented in chapter 2.2.2, the estimations
are quite close or somewhat lower than the results summarised in Table 4 that varied be-
tween 19.3 and 30.5 Mha. One reason for the lower estimations presented by the biomass
Futures project was, that the estimation included other criteria, such as GHG mitigation
potential, in the land availability assessment.

An assessment conducted by Leek (2010), as part of the EUWood project, estimated that to
fulfill the European wood demand for energy in 2030, and to compensate for the estimated
wood deficit, between 10.5 and 31.6 Mha of SRC crops would be required in the medium
mobilisation scenario. The estimation was based on two very different production rates: 4 odt
/ ha*a and 12 odt / ha*a. The estimated wood resource deficit in the medium mobilisation
scenario was 316 Mm?®. Considering that estimated future land availability for bioenergy
crops varied between approximately 18 and 30 Mha, fulfilling the expected wood demand
with SRC crops would require either a very large share or all of the available land for bioen-
ergy crops (with the given assumptions), not leaving much room for biomaterials or biochem-
icals. Another challenge is that the findings of WP1 (discussed in chapter 2.5) indicate that
currently, niche crops such as miscanthus, willow, poplar and reed canary grass occupy
approximately 96 000 ha in Europe. Although the area has grown quite rapidly in recent
years (from 68 500 ha in 2006), enormous growth would be required to reach 20 or 30 Mha
by 2020 or 2030.

2.3.2 Conclusions

To sum up, there is growth potential in the use of both, forest and agro residues, compared
to current use levels. However, according to the assessed studies, this potential seems to be
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insufficient for fulfilling the goals related to RES. The potential from energy crops, and
especially from lignocellulosic feedstocks and SRC crops, is very much dependent on how
land use patterns will develop in Europe. It has been estimated that 20 — 30 Mha (or even 20
Mha more, if Ukraine is included) could become available for biomass production purposes in
Europe. However, a lot of effort and rapid changes are required, to cover this area with
lignocellulosic feedstocks in 10 to 20 years. Additionally, also the demands for biomaterials
and biochemicals are expected to grow, and these industries compete for the same land and
biomass resources. Applied environmental and agricultural policies will also influence the
availability of residues and land.

Results from all the three studies indicate big differences in regional availability of biomass
resources. Currently, the competition, demand and price for biomass can, in many cases, be
defined locally, which can cause big varieties between local conditions and country or
Europe scale assessments (Alakangas et al. 2011; Kretschmer et al. 2012). Additionally, the
projects also conclude that imports within EU and from outside the EU would be required to
be able to fulfill the European bioenergy targets. This would require the development of
biomass trade markets (see Alakangas et al. 2011). In addition, the growing imports of
biomass might pose a risk of indirect land use change (ILUC) which has been discussed
especially in the context of biofuels. The questions related to direct and indirect land use
change are further discussed in chapter 2.4.

The biomass availability is also highly affected by what type of environmental policy or
sustainability criteria will be in use. In addition to environmental, economic and technical
potentials, there seem to be several social or socio-economic issues that can also restrict the
available biomass potential in different regions. These are difficult to include in wider scale
biomass assessments. These constraints are discussed in the following chapter 2.3.3 and in
the context of WP1 assessment results and case studies.

2.3.3 Potential constraints related to biomass availability

In addition to environmental and sustainability criteria, several economic, social and technical
constraints might hinder the mobilisation potential of the wood resources (Verkerk et al.
2010). These include e.g. the availability of skilled labour and machinery, the ownership
structure of forests and the cost of the supply of biomass. While harvesting more wood would
require trade-offs between the principles of forest management, also a significant increase in
labour workforce and machinery would be required. Thus, the investment costs for the
machinery might be one of the preventing factors, together with the availability of skilled work
force to use the machinery. In 2005, the procurement of the stemwood actually removed in
EU, would have required 43 000 workers, making an assumption that the work was carried
out with highly mechanised harvesting systems (as is the case currently in Finland, but not in
all parts of Europe). For extracting the amount of wood that was assumed in the EUWood
low, medium or high mobilisation scenario in 2030, an increase of 43%, 56% or 61% in the
number of workers, compared to figures of 2005, would be required. If other wood than
stemwood would be included, the labour needs in different mobilisation scenarios would be
73 000, 89 000 and 123 000 workers (Verkerk et al. 2010).

The results of a recent study by IIEP (Kretschmer et al. 2012) state that, when concerning
straw availability for biorefineries, one of the challenges is estimating the amount going to
different competing uses, that include animal bedding, soil improvement and mulch for use in
vegetable and mushroom production. The amounts used for different purposes change
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between the years, but there are also cases were significant straw surplus can be existing.
However, flexible arrangements are needed to secure the straw availability for a biorefinery.
While farmers might be interested to sell their straw for energy purposes or for a biorefinery,
several barriers for the development of the straw supply chain were identified. These include

1 Underdeveloped markets and lack of market information (especially lack of supply chains
for using straw for bioenergy purposes)

1 Competing existing uses of straw that have been developed over centuries. In many
places, farmers would need to be convinced that changing current practices would be
reasonable in the long term

1 Lack of guidance on optimal use of straw as soil improver and in associated farming
practices. Due to lack of information, it might be that an unnecessary level of straw is in-
corporated into the soil

1 Lack of infrastructure, such as lack of investment in appropriate on-farm machinery and
infrastructure for straw handling and bailing

T \Variability in the quantity and quality of straw supply between years and regions, due to
climatic conditions and fluctuating straw yields (Kretschmer et al. 2012).

Due to big local differences in biomass availability, functioning biomass markets might help
biorefineries in securing a stable feedstock supply, in case of big yearly changes in local
availability of feedstock. Currently, only a small amount of total biomass used in EU is traded
internationally, but this amount is expected to grow rapidly (Junginger et al. 2010). While the
trade of pellets is already well established, also wood chips, waste wood, fire wood and
agricultural residues are traded in Europe to some extent, but these trade flows are not yet
well monitored (ibid.). In a study conducted as part of the EUBIONET3 project, the biomass
traders working in Europe mentioned the following barriers that are currently limiting the
biomass trade:

1 Raw material scarcity (especially in the case of wood pellets)
9 Logistical issues (such as bad roads and lack of suitable infrastructure)

9 Clarity on biomass fuel quality (especially in the case of households using wood pellets
as fuel)

1 Uncertainty related to sustainability criteria (on the other hand, it was also mentioned as a
potential opportunity) (Junginger et al. 2010).

Although focusing on especially wood raw materials and pellets that are currently the most
traded forms of biomass, the findings of Junginger et al. (2010) have many similarities with
those of Kretschmer et al. (2012) regarding challenges of using straw. Together, the findings
of the two studies underline the importance of other issues than theoretical or sustainable
biomass potential, when estimating biomass availability in a region.

2.3.4 Current and planned biorefineries in Europe

Considering feedstock availability, one of the interesting issues is the occurrence of other
potential biorefinery sites in the area and region concerned. When mapping current and
future biorefinery implementations in Europe, the EU-funded projects BIOREFINERY
EUROVIEW and BIOPOL identified a total of 34 existing or planned biorefineries in Europe
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(Biorefinery Euroview & BIOPOL 2009). In addition, 45 biorefinery-related major R&D pro-
jects or pilot and demonstration projects were identified. Majority of the identified biorefinery
sites and pilot and demonstration projects were located in Western Europe, and about 75%
of the sites were located in the area including Northern France, Germany, Denmark, Bel-
gium, the Netherlands and the UK. There was a positive correlation between the existing and
planned biorefinery sites and the occurrence of the chemical industries, biofuel industries
and agroindustries in the starch and sugar sector, and with the availability of wheat and
sugar beet feedstocks.

Altogether 11 current and planned biorefineries using lignocellulosic feedstocks were identi-
fied, and the location of the sites correlated with the availability of wood and straw. In their
common report, the BIOREFINERY EUROVIEW and BIOPOL projects conclude that based
on feedstock availability; there would be large potential for expansion of this type of biorefin-
ery concepts.

The findings of the two projects also pointed out that none of the identified biorefinery sites
were situated in Eastern Europe, although the Eastern European countries have a high
potential for feedstock availability. An explanation for this could be that besides feedstock
availability, issues like good infrastructure and the presence of chemical industries are
perhaps issues that are required for the development of biorefinery plants. (For more infor-
mation, see the final public report (180609) and Joint deliverable report of the projects:
Biorefinery Euroview & BIOPOL 2009). This result is also logical when considering the
potential constraints for biomass market development and straw availability mentioned in the
previous chapter that underline the importance of good infrastructure for feedstock availabil-

ity.

2.4 Direct and indirect land use change

Changes in land use or land cover category can happen either between different land use
categories, such as from forest to agricultural land or as a change in the intensity of the land
use within the given category, such as agricultural intensification. Direct land use change
(DLUC) refers to a situation in which land cover and land use are changed from one category
to another. This can happen for example through the reforestation of former agricultural land
or through clearing a forest to agricultural land or urban area. Land use and land cover
change (LULCC) may lead to habitat destruction which causes damage to biodiversity.
Additionally, intensification of land use may cause damage to ecosystem services. One of
the most important environmental impacts relates to loss of carbon sinks due to soil disturb-
ance. (EEA 2010)

Terrestrial ecosystems store significant amounts of carbon. Approximately one third of
terrestrial carbon is sequestered by above-ground biomass and two thirds in soil where parts
of organic components are stored for decades or centuries. Thus LULCC may lead to signifi-
cant carbon dioxide emissions by disturbing soils and vegetation. The associated GHG
emissions are especially high in a case in which a former forest area is taken for agricultural
use. Additionally, LULCC may cause emissions of other GHG’s, such as methane and
nitrous oxide. (EEA 2010)

Indirect land use change (ILUC) has been discussed especially in the context of biofuels. In
the case of biofuels, indirect land use change refers to a situation in which increased demand
for biofuels leads to change from current agricultural crops to biofuel crops. The change from



24 IUS, VTT & IFEU

food or feed production to biofuel cropping in a certain area, might lead to further expansion
of agricultural area (or intensification) elsewhere. This might also be the case if food or feed
plants are cultivated for biofuel production purposes instead of traditional food and feed
purposes. Indirect land use change is a concern especially for first generation biofuels that
use food and feed crops as feedstock. In addition to associated GHG emissions, changes
from food to biofuel cropping may threaten food security, if good quality land is used for
biofuel production instead of food and feed production (see e.g. UNEP 2009).

Several studies have estimated the potential direct and indirect land use impacts related to
the RES directive and increasing demand for biofuels. Using the country specific National
Renewable Energy Action Plans (NREAP’s), Bowyer (2010) has calculated that in 2020 the
EU Member states would use 24.3 Mtoe of conventional biofuels made from mainly agricul-
tural feedstocks. A high share of the biofuels in question would be imported: 3.1 Mtoe bio-
ethanol (50% of estimated use) and 7.7 Mtoe biodiesel (41%). According to estimates
presented by Bowyer (2010), the potential indirect land use impacts (ILUC) from using
conventional biofuel feedstocks in 2020 could be between 4.1 and 6.9 Mha, compared to
situation in 2008. It was estimated that most of the ILUC impacts would occur outside the EU
Member States. The related GHG emissions were estimated to be between 44 and 73 million
tons of CO, eq. annually, leading to emissions of 876 — 1459 Mt CO;, in total (Bowyer 2010).

Another estimation presented by von Witzke & Noleppa (2010) considers European imports
and exports of agricultural products, and related impacts for agricultural land use. According
to their findings, Europe is currently a net importer of food, and as a consequence also a net
importer of virtual agricultural land. In 2007/2008 the estimated land exports from the EU
were 14.10 Mha, while the estimated land imports from outside the EU were 48.99 Mha,
leading to a net land trade of - 34.90 Mha. The estimated land areas include arable land only.
When different agricultural commodities were evaluated, only in the case of wheat and
coarse grains, the EU was a net exporter. In a scenario where the impacts of increasing
demand for biofuels are considered, it was estimated that achieving the EU’s biofuel target
would increase the imports of virtual land by little more than 3 Mha. This would be due to
increased demand for sunflower, soy beans, rapeseed and palm fruit for biodiesel produc-
tion, and increased demand for wheat, sugar and maize for bioethanol production. The
estimated increase in land demand (3 Mha), is somewhat lower to the figures presented by
Bowyer (2010) that estimated the land use impacts to be between 4.1 and 6.9 Mha. Howev-
er, both estimates consider impacts related to additional demand for biofuel feedstocks only.
Thus the demands related to food, fibre and other energetic purposes would be added to this
figure.

Here it should also be noted that the results of the studies are not comparable, as different
methodologies and starting points were used in both cases. The growth estimations present-
ed by von Witzke & Noleppa (2010) were calculated according to estimations presented by
Al-Riffai et al. (2010). In the biofuel scenario, it was estimated that the production of biodiesel
would increase by 10% and the production of bioethanol by 157% compared to 2008. Ac-
cording to the findings presented by Al-Riffai et al. (2010) due to the European biofuel
mandate, the area of global cropland would increase by 0.07 — 0.08%, with most of the
increase occurring in Brazil, where savannah/grassland would be areas mainly affected by
the introduction of the new cropland. Other affected areas would be the EU, the CIS region
(countries in the area of former Soviet Union), rest of the South America and Indonesia-
Malaysia. However, in these areas the land use effect would be more limited. (Al-Riffai et al.
2010.)
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It is important to remember that the estimates related to land use change impacts and
associated GHG emissions include a lot of uncertainty. However, together the assessed
studies indicate that the increasing demand for biofuels and biomass in Europe may lead to
significant land use impacts that occur mostly on areas outside Europe.

Besides first generation biofuels, the questions related to direct or indirect land use change
should be considered in the case of other biomass, since increased demand for biomass is
causing pressures for intensification of agricultural and forestry practices, and increasing the
demand for land (Allen et al. 2013; Kretschmer 2011). It has been argued that emissions
from potential direct and indirect land use change should be included when considering the
GHG savings potential of biofuels (Kloverpris & Mueller 2012; Bowyer 2010; Al-Riffai et al.
2010). This is due to estimated high GHG emissions caused by land use change. Increasing
need for imports of biomass (as discussed in chapter 2.3) highlight that many of the potential
impacts occur outside Europe where they are more difficult to evaluate and control. Although
it has been estimated that in Europe, there is currently unused agricultural land and more
land will be freed up in the future (see chapter 2.2.3), it should be considered that according
to estimates, Europeans already occupy more land for agricultural purposes than is available
globally per capita.

Bringezu et al. (2012) estimate that in 2007 Europeans required 0.31 ha per capita of
cropland worldwide for its overall consumption of agricultural goods. Thus the citizens of EU-
27 consume one-third more than the globally available cropland per capita of world popula-
tion (ibid). In general, high income countries use more land for cultivation than low-income
countries. Globally, approximately 2.3 ha of land are cultivated per head of the world’s
population. High-income countries cultivate 0.37 ha per capita, while low-income countries
use only 0.17 ha per capita, and middle-income countries 0.23 ha per capita. Estimated area
needed to feed one person is 0.22 ha. (FAO 2011)

2.5 Findings from BIOCORE work package 1

Chapters 2.1 — 2.3 discussed biomass availability on a general level in European scale,
based on available studies. In BIOCORE work package 1, a more detailed assessment of the
availability of BIOCORE feedstocks in Europe and India was carried out. In addition, five
regional case studies were conducted on areas with estimated high biomass potential. In the
following section, a summary of the results of BIOCORE work package 1 related to biomass
availability (straw, hardwood and energy crops) in Europe and India are shortly summarised
based on available deliverables (D1.1 and D1.3). Additionally, main conclusions from the five
case studies related to biomass availability, biomass competition and land use change are
summarised, based on D1.3. The results of the case studies show the difference between
regional and general level assessments, highlighting the significance of local conditions.

2.5.1 Agricultural residues in Europe

According to the findings of WP1 the annual quantity of harvestable straw for EU27, Ukraine
and Balkan countries is 215 Mt of dry matter. 50% of harvestable straw comes from wheat,
25% from barley and 25% from maize (grain). However, the supply of straw is focused in few
countries. Nine countries represent 80% of harvestable straw and three countries, namely
France, Germany and Ukraine represent 50% of harvestable straw (WP1 D1.1).
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The estimated straw potential was obtained by first estimating the average straw production
per year, and then deducting the competing uses for available straw (straw for bedding and
straw for energy). Next, a coefficient for sustainability for maintaining the soil carbon balance
(33%) was used, to acquire the amount of removable straw.

In Europe, identified plants using straw to produce energy use less than 2 Mt of straw, which
represents less than 1% of the annual quantity of harvestable straw. In EU27, Ukraine and
Balkan, 61 Mt (of dry matter) straw are used for bedding annually, mainly for cows (60%) and
horses (30%). 50% of the amount is used in France, United Kingdom and Germany.

Based on the estimations made by WP1, the potential of removable straw for biorefinery
feedstocks in EU27, Ukraine and Balkan countries is 33 Mt of dry matter without maize, and
47 Mt of dry matter with maize. 45% of this amount can be found from France, Ukraine and
Germany. The most interesting areas (high potentials of biomass removal and large area)
are located in the central part of Europe, mainly in France (centre and northern region)
Germany, Poland (northern region) and Hungary (WP1 D.1.1). The competing uses related
to use of straw as building material, in mushroom cultivation and as bedding or fodder for
other animals (pigs and poultry) were not considered in the estimates.

2.5.2 Hardwood in Europe

The main prerequisite for wood to be used as a BIOCORE feedstock is that the material is
free of bark. As such, different forms of woody feedstock are possible:

1 Wood chips: Either directly produced from whole stem wood or as a by-product from saw
mills

1 Wood pellets: Produced from saw mill residues, either from saw dust or from pelletisation
of further diminished wood chips or shavings (micro-chips).

When wood raw material is considered, the need for debarking limits the possibility to use
primary residue fractions with a diameter less than five centimetres. As most of the primary
residues fall below this size limit, primary forestry residues were not assessed more closely
in WP1. For secondary hardwood residues, there is already a competed market in Europe,
and wood chips and sawdust are used as feedstock e.g. in chemical pulp, wood composite,
and energy industries. Thus, the focus of WP1 was set mainly on the assessment of the
technical availability (i.e. surplus) of deciduous stem wood biomass in Europe, and to find
most promising regions in Europe.

Hardwood reserves form ca. 29% share of all the wood reserves in the European forests.
According to the results, Russian Federation, France, Germany, Italy, Poland, Romania, and
Turkey have the largest surplus hardwood reserves in Europe. This result, however, does not
reflect how densely the hardwood surplus is divided spatially. The density of surplus hard-
wood availability is high in Slovenia, Bosnia-Herzegovina, Luxembourg, Montenegro, Ger-
many, Hungary, Italy, Bulgaria, Slovakia, Estonia, Latvia, Croatia, France, Romania and
Poland.
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The Baltic countries, Italy, Germany, and many other regions in Central and Eastern Europe
(CEE) can be identified to have a potentially high hardwood surplusé. Many regions with
potentially high hardwood surplus can be identified, e.g. area from Eastern France to South-
West Germany, Northern and Central Italy, forests in the former Yugoslavian region and a
forested belt through Hungary, Slovakia, Ukraine, Romania, and Bulgaria. Many of these
identified areas are mountainous regions. A sloped terrain sets technical and economic
challenges for the collection of wood for industrial purposes. This delimits the potential for
hardwood supply in some regions in e.g. the Alps, Northern and Central Italy, the Carpathian
Mountains (Slovakia, Ukraine and Romania), and the Dinaric Alps (former Yugoslavian
region).

High proportion of broadleaved forest from total land area seems very potential for hardwood
supply but may indicate a location of a protected forest instead. Some large protected forest
areas that are unsuitable for wood supply are located in e.g. Central Italy, the Alps, and the
Carpathian Mountains in Slovakia and Ukraine, to name a few. No further assessment of
environmental and economic constraints was carried out in this context.

2.5.3 Dedicated biomass cultures

Several dedicated lignocellulosic biomass cultures are in principle suitable for the CIMV
biorefinery process. These niche crops are currently only grown on small areas or only in
specific regions and often not under commercial conditions. The biomass availability from
these niche crops is therefore merely a theoretical one and their potential to occupy larger
areas depends mainly on their capability to earn farmers a revenue at least in the range of
the best alternative land use. In 2008, the cultivation of niche crops occupied circa 96 000 ha
in EU and included the following crops: willow (29 000 ha), miscanthus (25 100 ha), reed
canary grass (19 500 ha), hemp (15 400 ha) and poplar (7 000 ha) (Based on D1.1, original
sources: AEBIOM 2008; EC 2009; nova 2010)’. The area has grown rapidly, from 68 500 ha
in 2006, with biggest growth in the cultivation area of miscanthus. Using the average esti-
mated yields and acreages, WP1 estimated the current total production of niche crops in
Europe. The figures differ somewhat to the estimations presented above for year 2008. The
estimations of WP1 are presented in Table 9.

Based on the multicriteria evaluation (including environmental and economic aspects) of
potential biorefinery niche crops, poplar, willow and miscanthus were estimated as most
potential feedstocks for the biorefinery. Thus it was decided that in further studies, the focus
would be on poplar (together with straw and hardwood) and miscanthus as additional feed-
stock in the BIOCORE case studies. A more detailed analysis of the best potential land uses
specifically for the case study regions will be carried out in task 1.3.

6 Note that this estimate considers only the potential wood resources and does not consider the
competing uses that are discussed further in the WP1 case studies

7 AEBIOM (2008): New dedicated energy crops from solid biofuels
EC (2009): Flax and hemp. Agri C5. Presentation made by the DC Agri
nova (2010): Cultivation areas of industrial hemp in Europe. Personal communication
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Table 9:  Estimated current total production of niche crops in Europe (Source: WP1 D1.1)

Crop Cultivation area Yields in tDM (ha*a) Total production
(ha) (tDM / a)

Poplar 5 000 8-10 40 000 — 50 000
Willow 25500 8-10 200 000 — 260 000
Miscanthus 15 000 8-12 121 000 — 180 000
Reed canary grass 12 000 4-7 50 000 — 85 000
Hemp 15 000 6-8 90 000 — 120 000
Total 72500 0 - 501 000 - 695 000

The assessment also showed that miscanthus and poplar, having higher temperature re-
quirements, are not suited for Scandinavian conditions, while willow is more or less suited for
almost all regions of Europe with slightly worse performance in Southern Europe and far
Northern Europe. Hemp can also be grown in a wide range of European regions but less so
in Southern Europe due to its high water demand. In general, hemp yields tend to increase
the farther north it is cultivated. Eastern Europe, especially Hungary and Romania, are also
well suited for hemp. Thus, the climatic conditions have an impact for potential suitability and
yield of the crops. While the current area under energy crop cultivation in Europe is quite
small, it is expected to grow in the future, mainly on land that has been set aside from
agricultural use for different reasons. In addition, promising results have been achieved from
growing energy crops on contaminated lands and former mining sites. Contaminated lands
that are not suitable for other purposes could provide an additional land area for growing
energy crops, and help in restoring those lands.

254 Rice and wheat straw in India

In India, rice-wheat cropping system occupies about 10 Mha in the Indo-Gangetic plains. It
has contributed to an impressive increase in per capita production in the irrigated areas.
Traditionally, wheat and rice straws have been removed from the fields for use as cattle feed
and for several other purposes such as livestock bedding, thatching material for houses, and
fuel. Recently, because of the advent of mechanised harvesting, farmers prefer to burn large
quantities of crop residues left in the field in situ as these interfere with tillage and seeding
operations for the next crop. Burning of residues is causing a serious reduction in the soill
organic content and causes heavy air pollution (particle emissions and GHGS).

Crop residues such as rice straw, bagasse etc. are currently not put to any significant eco-
nomic use and these could serve as an important resource base for bioethanol production.
Major rice-wheat growing states in India are Punjab, Haryana, Uttar Pradesh, Himachal
Pradesh, Bihar, and West Bengal. However, majority of the land under rice-wheat cropping
system are concentrated in Punjab, Haryana and western Uttar Pradesh. The major agricul-
tural products in the region comprise wheat, maize, rice, and bajra. Among all these rice and
wheat paramount the entire crop plantation in the Kharif-Rabi season. The prior knowledge
of high productivity, availability of large amount of crop residues and maximum utilisation of
land has qualified Punjab and Haryana as the target states for the assessment study.
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In general, it can be estimated that one tonne of paddy produced generates 1.1 to 1.3 Mt of
straw and 0.23 to 0.25 Mt of husk. Every one tonne of wheat produced generates 1.4 to 1.5
Mt of straw. Rice straw is currently used by farmers as fodder for cattle, burnt in the field,
used as fertiliser or for other uses such as thatching of roofs for cattle houses. Additional
straws are also sold as fodder or sourced to industrial uses. The actual surplus (stubble and
root) is mainly burnt in the field. Rice husks are either used for animal fodder or sold to
industry that uses it as a fuel for furnace.

Wheat straw is used mainly as fodder for cattle feed. Since, wheat straw alone is not suffi-
cient to meet the total demand, it is mixed with rice straw and Berseem (Trifolium alexan-
drinum) in different proportions in different seasons. In the states of Punjab and Haryana,
wheat straw is mainly used as cattle feed, and thus no wheat straw surplus exists. However,
the situation is not the same in the southern states of India.

Consumption patterns of rice and wheat residues in Punjab and Haryana based surveys and
interviews of farmers are presented in Table 10.

Table 10: Consumption patterns of straw and wheat residues in Punjab and Haryana, India
(Source: WP1 studies)

Crop State Self (%) Selling (%) Surplus (%)

Rice Punjab 20-30 15-20 50 - 65
Haryana 15-20 15-20 50 -60

Wheat Punjab 90 -95 0-5 0
Haryana 75 -85 15-25 0

Surplus of rice residue is currently burnt (32%) or used for mulching (33%).

Value chain exists at the village level for procurement and supply of biomass residues.
Aggregators purchase the wheat and rice straw from the villagers and retail or supply to
nearby dairy, paper and pulp industry. Wheat straw is retailed and supplied to dairy industry
because of its competitive value.

In the areas of Jalandhar, Amirtsar and other major Basmati producing districts, dairy indus-
try has been dependent on the rice straw in the lean season when wheat straw is not availa-
ble in dependence. However, in the district situated in the southern region of the state,
especially the Malwa region, rice straw is not preferred as cattle feed. The actual surplus
available with a farmer is dependent directly on land holding size and indirectly on the
number of cattle with the farmer.

Rice straw accounts for more than 60% of residue available as surplus that may be used for
bioethanol production. From the research and survey study conducted in 10 blocks of Punjab
and Haryana, Sangrur is the best case for surplus availability of rice straw biomass. The
Sangrur region accounts for maximum concentration of agro residue based paper mills with
an existing supply chain mechanism that could be useful for supplying the raw material to a
biorefinery. Also, geographical location of the district gives an advantage over others. In case
of Faridkot, the irrigation canal network makes it suitable for rice cultivation in large tracts of
land. Also the per capita land holding size fares above the state average land holding size.
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2.6 WP1 case studies

The section is compiled based on WP1 deliverable D1.3. The results from the mapping of the
potential lignocellulosic raw materials in Europe indicated that there are regions where
substantial amounts of wood or non-wood materials could be available for utilisation, alt-
hough various competing uses are also known or can be foreseen. On the basis of the
deeper analyses, five case study regions were determined.

The five case studies were selected based on estimated large surplus of potential raw
material for a biorefinery. The locations do not necessarily serve as examples of best possi-
ble locations. However, they should give examples of different situations in different envi-
ronments and make it possible to study potential obstacles in setting up and running a
biorefinery. In the case studies, the biomass availability was evaluated in two different
scenarios that describe a potential situation in the case regions in 2015 (current situation)
and 2025.The case studies with studied feedstocks and capacities are summarised in Table
11.

Table 11: Summary of the BIOCORE case studies in WP1

Property France Germany Hungary India 1 India 2
Location Centre Mid-West South-West  Sangur Faridkot
(Beauce)
Main Feed- Wheat / barley Hardwood Wheat / Rice Rice
stock straw barley / straw straw
maize
straw
Other Feed- Miscanthus Softwood SRC poplar Wheat Wheat
stock Hardwood straw straw
Capacity 150 150 150 150 & 500 150
(k tons of dry
matter)

2.6.1 Summary of the French case study

Area characteristics

The French case study was situated at the Beauce region that is located in the centre of
France, 100 km from Paris (southwest). It covers the departments of Loiret, Eure-et-Loir,
Essonne, and Yvelines. The total area of the target region is 0.9 Mha, of which 0.8 Mha
(80%) are farmland area, including 0.6 Mha of annual crops. Forests cover 0.02 Mha (2%),
and other land uses (fallow, urban area, river) cover 0.2 Mha (18%).

The utilised agricultural area (UAA) is around 710 000 ha. Main crops are: Soft wheat (50%),

rapeseed (15%), barley (15%) and maize (5%). Organic farming currently represents less
than 3% of the UAA (no straw exportation is expected on organic farming areas).
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Studied plant capacity

The planned biorefinery capacity for this case study is 150 000 t (dry feedstock). The
planned raw material is straw from cereals (wheat and barley). In the 2025 scenario, miscan-
thus is used as additional feedstock.

Feedstock availability in 2015

The estimated, total straw potential for the case study region in 2015 is 2.7 Mt (straw and
stubble yield per hectare: 6.2 tDM / ha). Estimated competing uses of straw include:

1 Needs for bedding 0.2 Mt (10% of the straw is exported to border regions)
T SOC maintenance 2.4 Mt (80% of total production: 100% stubble and 66% of straw)

1 Organic farming area (2%) where no straw can be harvested.

After deducting the competing uses, 0.43 Mt of wheat and barley straw are available in
this area for a proposed biorefinery.

Livestock in Beauce represents less than 1% of total national livestock; and there are mainly
poultry and pig herds that don’t need straw for bedding or feeding (fodder). Nevertheless a
share (10% in an average situation - and 20% in drought period to offset the low forage
production) of straw production is exported to the border breeding regions.

Straw burning is forbidden in France since 2005 (cross compliance). At the moment, no other
competing uses of straw (such as heating plants) are planned in the region. The potential of
available straw does not take into account social factors as the willingness of farmers to sell
their straw. Therefore, this potential is considered as a maximum.

Feedstock availability in 2025

Scenario assumptions for 2025:
1 Introduction of niche crops (Miscanthus) on 1000 ha of marginal land

T Reduction of soil tillage due to energy price and the improvement of no tillage or reduced
tillage practices in France

1 Reduction of pesticide pressure, following the national objective of -50% of pesticides
applications set by ECOPHYTO 2018

1 Increase of organic farming to 10% of UAA, following the national objective of converting
20% of the UAA in 2020 in organic farming

9 Increasing straw exportation for bedding to border regions from 10% to 20% taking into
account drought climatic year as a threshold (e.g. 2011)

1 Implementation of heating plant using straw (20 000 t of dry matter per year).

For the Beauce region in 2025, straw production represents 2.6 Mt. The introduction of
miscanthus will provide 0.015 Mt of new feedstock. After competing uses, 0.20 Mt of feed-
stock will be available for the proposed biorefinery.

Conclusions

In a short-term scenario of a biorefinery implementation (in 2015), there are few competitive
uses of the targeted feedstock like co-products of cereals production. 1.9 Mt of straw is
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produced and 0.45 Mt are available after competing uses. In this case, a 150 000 t capacity
plant would concern 33% of the available quantity which seems feasible. However, in the
long-term 2025 scenario, the plant would use around 80% of the available straw. This might
pose limitations for the 150 000 t biorefinery implementation.

The 2025 scenario highlights a specific impact on land use change: Implementation of 1 000
ha miscanthus on land that could also be used for wheat production. Additional indirect
impacts could also occur, since highly productive energy crops like miscanthus could in-
creasingly compete with food production, if prices are competitive. Giving straw a stable
economic value may lead to increase straw yield to the expense of grain production (using
high straw yield varies instead of yield grain yield ones). Additionally, the economic value of
straw may lead to increase in cereal areas and monoculture of these species. All the indirect
impacts resulting in decreasing local food production could lead to a consequential displacing
of the production to maintain food sovereignty.

All the hypotheses considered under this scenario are debatable but reflect more or less the
main trends of French agriculture. Moreover only “technical” hypotheses have been set here,
avoiding one of the major constraints: Farmers’ willingness to sell their straw under multi-
annual contracts.

(For a more detailed description of the case study, please see BIOCORE D1.3,1.4 & 1.5))

2.6.2 Summary of the German case study

Area characteristics

The case study region comprises four German federal states: North-Rhine-Westphalia (NW),
Hessen (HE), Rhineland-Palatinate (RP) and Saarland (SL). Among the 7.7 Mha of the target
region, agriculture and forest are the main land uses:

i Farmland area: 3.5 Mha (45%)

1 Forest: 2.6 Mha (35%)
1 Urban area: 1.5 Mha (20%)
1 Others (fallow, wetlands, moor): 0.2 Mha (2%).

The target area is characterised by high hardwood availability. The existence of highways,
i.e. transportation infrastructure, is an important determinant for the location of industries and
therefore also for the case study biorefinery. Other means of transport such as rivers and
railroads can also be used. Close to the hardwood rich regions, there is the densely populat-
ed urban area around Cologne and Dusseldorf. This area is known for its chemical industry
cluster.

The ownership structure of forests differs significantly between the states. The mobilisation of
wood especially from small, privately owned forests is a big problem, and the rate of utilisa-
tion of wood is much higher in publicly owned than in privately owned forests. Additionally, a
high share of hardwood (64%) is used for direct domestic wood heating in Germany.

Furthermore, saw mills in Germany mostly process softwood, not hardwood. The demand
and prices of softwood are therefore much more dependent on the economic development
than those of hardwood. According to different studies, the hardwood potential in Germany is
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growing. This is the case mainly because there is relatively little demand for hardwood from
the wood based panel industry, which prefers softwood, and also the wood pellet industry in
Germany is almost exclusively using softwood.

Studied plant capacity

The planned capacity for this case study is 150 000 t (dry feedstock). The planned raw
materials will be a mixture of 90% hardwood with a maximum of 10% softwood.

Feedstock availability in 2015

Softwood tree species are dominating in Germany (about 66% softwood and 34% hard-
wood). However, in the states of Western Germany, the share of hardwood tree species
exceeds that of softwood. The total feedstock potential consists of the potentially available
amount of debarkable wood from forests (i.e. wood with a diameter > 7 cm) in the case study
region, plus the amount of bark-free saw mill residues originating from outside of the region
but accumulated in sawmills within the region.

There are 2.6 Mha of forest in the target area, including:
1 1.4 Mha of mature timber of broadleaf

1 1.2 Mha of mature timber of resinous.

The mean annual increment (MAI) is close to 8 m® for broadleaf and 15 for resinous; and
currently, 31% of MAI on hardwood area is harvested (domestic fuel: 65%, particle boards:
12%, saw wood: 9%) and 65% of MAI on softwood area is harvested (saw wood: 56%,
particle boards: 16%, CHP: 12%, Pulp and viscose: 11%).

Currently 7.0 Mt of wood (dry matter of marketable wood) are collected and used mainly as
saw wood (39%) and domestic fuel (31%). Additional harvested wood for BRP supply
(150 000 tDM consisting of 135 000 tDM from broadleaf and 15 000 from resinous) repre-
sents a very small increase of the current total harvest of marketable wood: 2.2% for broad-
leaf forest area and 0.2% for resinous forest area. It is assumed that forest in the target area
can support this slight increase of the harvest. The regional forest reports indicate that in
Germany, apart from singular events such as storms, the forests could tolerate an increase
of use of about 2% (source: case study leader).

Feedstock availability in 2025

Scenario assumptions for 2025:

There will be 2.7 Mha of forest in the target area in 2025 (forest area increases by 4%
between 2010 and 2025), including:

T 1.5 Mha of mature timber of broadleaf

T 1.2 Mha of mature timber of resinous

The mean annual increment (MAI) is closed to 8 cubic meters for broadleaf and 14 for
resinous. 34% of MAI on hardwood area will be harvested (domestic fuel: 61%, particle
boards: 10%, biofuel: 8%, saw wood: 7%) and 75% of MAI on softwood area will be harvest-
ed (saw wood: 54%, particle boards: 14%, CHP: 12%, Pulp and viscose: 11%, domestic fuel
and biofuels: 9%).
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In 2025 7.7 Mt of wood (dry matter of marketable wood) will be collected mainly for saw
wood (36%) and domestic fuel (25%). Additional harvested wood to supply the biorefinery
supply (150 000 tDM: 135 000 tDM from broadleaf and 15 000 from resinous) represents a
very small increase of the current total harvest of marketable wood: 2.0% for broadleaf forest
area and 0.18% for resinous forest area.

Conclusions

The increasing trend of logging is important between 2015 and 2025 for softwood (10%) and
low for hardwood (3%). Whether in 2015 or 2025, the establishment of the biorefinery results
in the increased intensity of forest operations. This increase is 2% for hardwood and almost
zero for softwood (<0.3%). It is assumed that forest in the target area (2.6 Mha of forest) can
support this slight increase of the harvest: approximately 1/3 of the mean annual increment is
harvested in hardwood forest: 31% in 2015 and 34% in 2025. This increase is also small
because the case study area is very large and additional wood harvest is done on whole
forest area. In real situation, the additional harvest can be done on smaller area (depending
on forest owners agreement), and then the environmental pressure will be higher.

However, this small increase (due to the establishment of the plant) increases anthropogenic
pressure on the forest, and intensifies environmental impacts. In addition to the damage
associated with logging, the forest is affected by climate change (damages by insects, storm)
and air pollution (acidification and eutrophication).

In the case of hardwood, the dominating use is direct thermal use as split logs for domestic
heating. Private small-scale wood buyers who have acquired a license to source wood for
their domestic heating collect a large part of it. This practice is widespread in rural areas of
Germany and is supported by local governments. If larger quantities of hardwood were to be
mobilised for a biorefinery, this competing use needs to be taken into account. Interviews
with stakeholders have already indicated that there would be considerable resistance if these
privileges to purchase firewood were to be compromised.

Mainly due to the increasing demand for bioenergy, there is increasing competition for wood
in Germany. Already, about 48% of wood in Germany is used for energy. Estimations result
in a wood deficit in Germany of approx. 32 Mm® by 2020. Without taking into account 2G
biofuels, the deficit would be approx. 20 Mm?.

(For a more detailed description of the case study, please see BIOCORE D1.3, 1.4 & 1.5))

2.6.3 Summary of the Hungarian case study

Area characteristics

The results of the WP1 biomass resource assessment show, that in Hungary, areas contain-
ing the highest share of forest and arable land and additionally having relatively less competi-
tive users of the same feedstock can be found mainly in the middle or western part of the
country. The selected Hungarian case study area includes the counties of Baranya, Somogy,
Tolna and Zala.

The case study area represents more than 1.6 Mha divided mainly into arable land and forest
land: 1 Mha of UAA (of which 610 000 ha of annual crop) and 450 000 ha of hardwood forest
land, including 200 000 ha of protected area (mainly Natura 2000). Forestland (95% broad-
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leaf forest) represents 30% of case study area. The share of not protected forest land is
55%.

The UAA is divided into:

1 Annual crops: 610 000 ha (maize: 335 000 ha, wheat: 190 000 ha, barley: 53 000 ha,
others (rye, triticale, oat): 29 000 ha)

Perennial crops: 40 000 ha
Natural grasslands: 7 000 ha
Temporary grasslands: 95 000 ha

1
1
1
1 SRC: 3500 ha.

Studied plant capacity

The studied plant capacity was 150 000 t, consisting of the following feedstocks: straw (90
000 t, 60%), hardwood 30 000 t, 20%) and SRC poplar (30 000 t, 20%).

Feedstock availability in 2015

The estimated straw potential for the case study area in 2015 is 3.1 Mt including 2.1 Mt from
maize and 1.0 Mt from wheat. Competing uses for straw include needs for bedding, SOC
maintenance and straw need for power plant. After deducting the competing uses, 0.7 Mt of
straw are available in the area for the proposed biorefinery in the 2015 scenario.

The estimated gross hardwood harvest in the target counties is 2.1 Mm3 (or 0.8 Mt of dry
matter). Among the competitive uses, firewood represents 0.55 Mt of dry matter. In addition,
other uses for wood need to be considered. As a result, available hardwood potential varies
from 0 to 0.3 Mt in this area for a proposed biorefinery in the 2015 scenario. However, it is
assumed that only 0.075 Mt of hardwood are available for the biorefinery.

Niche crops like SRC poplar and miscanthus have some traditions in the country and in the
target region, too. There were altogether 7 000 — 8 000 ha poplar plantations in the country in
2010, and their area is expected to develop. Altogether 10 800 ha of plantations are planned
in the counties Baranya, Somogy and Tolna.

For the target area 3 500 ha of poplar plantations are considered. In future, this area will
increase by 60% (5 600 ha). The expected yield for poplar is 9 tDM / ha / year. In 2015, the
expected production of SRC is 31 500 t, of which competing uses take 12 500 tDM, leaving
19 000 tDM for the biorefinery.

Considering the previously defined mix of feedstock in 2015, the quantity of SRC is not
sufficient (19 000 tDM, instead of 30 000 tDM). Also the hardwood potential is uncertain.
Thus the amount of biomass from hardwood is reduced in 2015 and replaced by increasing
the amount of corn straw.

As a consequence in 2015 the mix of biomass will be:
1 Straw: 120 000 tDM (80%)

1 SRC: 15 000 tDM (10%)

1 Hardwood: 15 000 tDM (10%).
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Feedstock availability in 2025

Assumptions for the 2025 scenario:
The area of arable land decreases by 4%

Forest land is expected to increase by 11% (or 21% in case of BRP implementation)
Increasing of firewood fraction by 20%
SRC land increase by 50%

1
1
1
1
1 Needs for power plant increase by 30%
1

Straw needs for bedding increase by 5%.

In the case of a biorefinery implementation, the expected land use change impacts would be
increased by 10%, leading to arable land area decrease by 17%, forest area increase by
21% and SRC area increase by 60%. This would mean introduction of 1 400 ha of poplar
instead of wheat or maize, and introduction of 40 000 ha of forest instead of wheat or maize.

In estimating the straw potential, the draught effect was significant. On a very dry year, up to
26% of the yield of cereals and 43% of the yield of corn is lost. It was assumed that by 2025,
50% of this decrease is possible every year. It means that in case of cereals 87% of the
current yield is harvestable and in case of corn only 79%. For SOC maintenance, 66% of the
crop residue potential is used. In the 2025 scenario, the estimated total potential of straw
would be 0.48 Mt of dry matter. After competing uses, the available potential for a biorefinery
would be reduced to 0.24 Mt dry matter.

In the 2025 scenario, the forest area is expected to increase, and the available hardwood
potential for the biorefinery is expected to be 0.087 Mt. This is due to high demand for wood.
The prices will decide the actual distribution.

In 2025, the production of SRC rises to 50 500 tDM, and the competing uses stay on the
same level, leaving 38 000 tDM available for the biorefinery.

To sum up, the quantities of available feedstock are reduced by 60% between 2015 and
2025. In 2015, the main feedstock is corn stover. In 2025, the mix of biomass will be less
based on straw (affected by land use change and climate change causing drought periods)
and will be better distributed among the available sources of biomass:

91 Straw: 90 000 tDM (60%)

1 SRC: 30 000 tDM (20%)
1 Hardwood: 30 000 tDM (20%).

It is expected that land use change from arable land to forest and SRC plantations would
occur in any case by 2025. However, these trends are expected to be strengthened by the
biorefinery implementation. The total land use change effect would be 1 400 ha of annual
crops (wheat or maize) replaced by SRC, and 40 000 ha of arable land converted to forest,
leading to 10% reduction of grain production in the area.

Conclusions

The amount of biomass available is sufficient in 2015 and 2025 to supply the plant. However,
between 2015 and 2025 the amount of available biomass is reduced by 60% (straw potential
is divided by 3). The estimated reduction is mainly due to increased competition for biomass,
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impact of drought periods on the production of corn stover and arable land conversion into
forest.

The positive effects are related to changes in land use. The conversion of 10% of the agricul-
tural area into forest (and SRC), reduces the pressure on the environment in the case study
area (less use of fertilisers, pesticides, energy, new habitats for wildlife, reduction of GHG
emission). At the same time, grain production also decreases by 10% (with possible negative
effects on another territory).

(For a more detailed description of the case study, please see BIOCORE D1.3, 1.4 & 1.5))

2.6.4 Summary of the Indian case studies
2.6.4.1 Sangrur

Area characteristics

Sangrur is located in the South-East part of Punjab. Among the 500 000 ha of the target
region, agriculture is the major land use. The small forest area is protected forest. The case
study area consists of farmland area (440 000 ha, 90%), urban area (55 000 ha,10%),

and forest and fallow area (10 000 ha, 2%).

The farming system is based on rice-wheat cropping systems and it is characterised by high
productivity. Currently, only 10% of rice straw is harvested and used as bedding and fodder
for cattle and as raw material in pulp and paper mills. The rest of the rice straw is burnt in the
field. In the case of wheat straw, only 10% of the wheat straw is burnt after the crop is
harvested. A large part (40%) of wheat straw is commonly used as fodder (mechanical
harvesting).

Crops of rice and wheat are held in the same year. The region has (per year) 400 000 ha of
wheat and 370 000 ha of rice. Other crops represent less than 100 000 ha (maize). Altogeth-
er, the UAA in the area is 770 000 ha.

Studied plant capacity

Two capacities are planned for this case study: 150 000 t (dry feedstock) and 500 000 t (dry
feedstock).The lignocellulosic biomass feedstock considered for these cases includes rice
and wheat crop residues, particularly the straw and the stalks. Rice straw will cover % of the
feedstock and wheat straw Y .

Feedstock availability in 2015

For the region concerned, the straw potential represents 5.4 Mt. After competitive uses
(fodder, paper and pulp industry) and non-harvestable parts (stubble) are deducted, 2.5 Mt
are available in the target area (currently burnt): 1.9 Mt from rice straw and 0.6 from wheat
straw.

Feedstock availability in 2025

Scenario assumptions for 2025:
9 Area under cultivation of paddy and wheat would be constant
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1 Reduction of livestock number (10%)
1 Rice straw exportation to reduce the burning to 45% of the cropped area

1 Given no competition (no biorefinery) of rice straw, biomass based power plants would be
proposed and executed to utilise the residual rice straw by organisations looking for
cheap raw materials

1 50% of rice straw will be collected for biomass based power plants and other uses

1 70% of the fertiliser requirement would be met through conventional fertilisers and the
rest through biofertilisers

1 Water requirement to be decreased to 80% of normal through innovations in irrigation
practices in case of rice

T 10% of rice and wheat area under organic farming, changing the crop residue manage-
ment:

1 Wheat straw: 50% incorporated into ground and 50% used for cattle feed and mulching

T Rice straw: 70% incorporated into ground and 30% for biomass based power plants

Possible impacts of climate change on rice-wheat cropping system:
1 Grain yield would increase depending on new dwarf varieties being developed

1 Straw availability may be reduced depending on the development of dwarf varieties

1 Water demand: remains indifferent.

As a result, 2 Mt will be available in this area for a proposed biorefinery in 2025: 0.8 Mt from
rice straw and 0.4 from wheat straw. After competing uses, the amount will be reduced to 1.2
Mt. The available potentials were estimated without taking into account the impacts on soil
carbon balance. Without new economic opportunities (like biorefinery), this amount of straw
would be burnt.

Conclusions

Straw is characterised by low bulk density and low energy yield per weight basis. The logistic
of collection, transportation and storage is a major issue for using the rice straw and a net
type of supply chain would need to be built. Such supply chains already exist to cater the
wheat straw market, and could perhaps also be used for rice straw handling.

Collection and disposal of straw remain as a practical problem. It should be noted that all the
rice straw should be harvested during a period of up to 15 days (to allow wheat sowing in
good conditions). This requires very good logistics.

The main positive effect of biorefinery implantation is reduction of area under open field
burning (mainly rice crop areas):

1 In 2015 (150 kt): reduction by 10%

1 In 2025 (150 kt): reduction by 20%.

However, the economic valuation of straw tends to keep the system in place and thus
freezes the occupation of land, preventing the development towards a more sustainable
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system (change of rotation, introduction of leguminous crops, development of organic farm-
ing).

The rice-wheat system allows the production of two grains in the year. The targeted area,
being a rice-wheat cropping belt, has an abundance of available residues and especially rice
straw: 2.5 Mt of straw in 2015 (80% from rice fields), 1.2 Mt of straw in 2025 (75% from rice
fields). Thus, the establishment of a plant with a capacity of 150 000 t of straw (% rice straw,
% wheat straw) is not a problem in this area, where rice straw has no competitive use in
2015. Even if other uses were planned in 2025, there can still be enough resources to take
into account other potential constraints (technical, environmental and social).

However, the establishment of a BRP with a capacity of 500 000 t on the territory of 500 000
ha could cause problems in 2025. Given the trends described in the 2025 scenario, the
amount of straw available would be only 0.7 Mt, and the biorefinery would use nearly 40% of
the available straw.

In this case, there is less flexibility to take into account:

1 Technical constraints (straw availability may be reduced by introduction of dwarf varieties
to cope with climate change, farmers equipment for mechanical harvesting, ...)

T Logistic constraints (harvest 500 000 t or 150 000t in 20 days)

1 Social constraints (farmers' willingness to participate)

1 Environmental constraints (additional straw needs for soil organic matter issue — currently
only stubble and straw lost during harvesting (20%) are left on the soil, modification of
crop rotation for a better sustainability)

1 Economic constraints (farmers equipment for mechanical harvesting, additional competi-
tive uses).

As a conclusion, for this area, a capacity of 500 000 t seems to be a maximum for the near
future.

(For a more detailed description of the case study, please see BIOCORE D1.3, 1.4 & 1.5))

2.6.4.2 Case study 2: Faridkot

Area characteristics

Faridkot is located in the South-West part of Punjab. Among the 150 000 ha of the target
region, agriculture is the major land use. The small forest area is protected forest. The total
area consists of farmland area (mainly annual crops, 130 000 ha, 85%), urban area (17 000
ha, 11%) and forest (2 000 ha, 1%). The farming system is based on rice-wheat cropping
systems and it is characterised by high productivity. The region has (per year) 120 000 ha of
wheat and 95 000 ha of rice. Thus the total UAA is 215 000 ha.

Studied plant capacity

The capacity planned for this case study is 150 000 t (dry feedstock). The lignocellulosic
biomass feedstock considered for these cases includes rice and wheat crop residues,
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particularly the straw and the stalks. Rice straw will cover % of the feedstock and wheat
straw Ya .

Feedstock availability in 2015

The total straw potential for the region concerned is 1.5 Mt. After competitive uses (fodder,
paper and pulp industry) and non-harvestable parts (stubble) are deducted, 0.65 Mt are
available in the target area (currently burnt): 0.48 Mt from rice and 0.17 from wheat.

Feedstock availability in 2025

Scenario assumptions for 2025:
9 Area under cultivation of paddy and wheat would be constant

1 Reduction of livestock number by 25%
1 Rice straw exportation to reduce the burning to 50% of the cropped area
1

Given no competition (no biorefinery) of rice straw, biomass based power plants would be
proposed and executed to utilise the residual rice straw by organisations looking for
cheap raw materials

1 50% of rice straw will be collected for biomass based power plants and other uses

1 70% of the fertiliser requirement would be met through conventional fertilisers and the
rest through biofertilisers

1 Also water requirement to be decreased to 80% of normal through innovations in irriga-
tion practices in case of rice

1 10% of rice and wheat area under organic farming, causing changes in crop residue
management:

1 Wheat straw: 50% incorporated into ground and 50% used for cattle feed and mulching
T Rice straw: 70% incorporated into ground and 30% for biomass based power plants

1 Assuming 20% reducing in fuel consumption due to fuel efficient mechanisms and use of
green technology.

Possible impacts of climate change on RWS:
1 Grain yield would increase depending on new dwarf varieties being developed

1 Straw availability may be reduced depending on the development of dwarf varieties

 Water demand: remains indifferent.

According to the estimations made, 340 000 t of potential feedstock will be available in this
area for a proposed biorefinery in 2025: 205 t from rice straw (70%) and 135 t from wheat
straw.These potentials are estimated taking into account the soil carbon balance in a mini-
mum way. Without new economic opportunities (like biorefinery), these amounts of straw will
be burnt.

Conclusions

Thus the main positive effect of biorefinery implementation is the reduction of area under
open field burning (mainly rice crop areas):
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1 In 2015 (150 kt): reduction by 10%
1 In 2025 (150 kt): reduction by 20%.

The rice-wheat system allows the production of two grains in the year. The targeted area,
being a rice-wheat cropping belt, has an abundance of available residues and especially rice
straw: 0.46 Mt of straw in 2015 (80% from rice fields), and 0.34 Mt of straw in 2025 (75%
from rice fields). Thus, establishment of a plant with a capacity of 150 000 t of straw (% rice
straw, ¥ wheat straw) is not a problem of availability in this area in 2015, where rice straw
has no competitive use (90% of the straw is burnt).

However, the establishment of a biorefinery with a capacity of 150 000 t on the territory of
150 000 ha can cause problems in 2025. Indeed, given the trends described in the 2025
scenario, the amount of straw available would be only 0.34 Mt. In the scenario, the biorefin-
ery would use 45% of the available straw, leaving less flexibility to take into account potential
technical, economic, social and environmental constraints (see case 1). For this area, a
capacity of 150 000 t seems to be a maximum for the near future.

(For a more detailed description of the case study, please see BIOCORE D1.3,1.4 & 1.5))

2.7 Conclusions and discussion

Based on the BIOCORE work package 1 case studies, and on the reviewed literature, there
are currently unused biomass feedstocks available, both in Europe and in India. However,
there are also several potential uses for both forestry and agricultural residues. In case no
current or competing uses exist, the problem might be the lacking supply chain or implemen-
tation of new kind of working habits within the farms (BIOCORE DL1.3; Kretschmer et al.
2012). Additionally, based on recent biomass assessment studies, a large share of the
available (future) resources and land is situated in Eastern Europe, while most of the current
or planned biorefinery sites in Europe are located in Western Europe, close to good infra-
structure and existing chemical industry (Biorefinery Euroview & BIOPOL 2009). Thus there
might be geographic challenges in meeting with the potential supply and demand for bio-
mass.

It is difficult to estimate the actual harvestable potential for a biorefinery. This is partly due to
lack of data related to use and trade of biomass for different purposes (Alakangas et al.
2011; Raschka & Carus 2012; Kretschmer et al. 2012). The studies also highlight big differ-
ences in available biomass resources between European countries, and also regional
differences within countries (e.g. Junginger et al. 2010; Mantau et al. 2010; Fischer et al.
2010a, b). So while some countries have a lot of unused biomass potential, some countries
will need to rely on imports already on the near future (Junginger et al. 2010). The latest
biomass assessment studies suggest that imports from outside the EU would be required in
future, to be able to meet the European bioenergy targets (Junginger et al. 2010; Mantau et
al. 2010; Elbersen et al. 2012).

The implementation of sustainability criteria restricts the available potential (in some cases
remarkably), leading to growing need for biomass imports. However, this might lead to
shifting the negative impacts of biomass harvesting to areas outside the EU, unless the strict
sustainability criteria is developed and applied also for imported biomass (Béttcher et al.
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2012; Allen et al. 2013). If intensive harvesting methods would be used, the environmental
impacts of biomass use are expected to increase, leading to trade-offs between environmen-
tal values and biomass use (Mantau et al. 2010).

The BIOCORE WP1 case studies show that although the case study regions were selected
based on estimated high biomass potential, several practical issues and competing uses
restrict the actual harvestable potential. High theoretical biomass potential can be substan-
tially restricted by for example mountainous terrain, lack of infrastructure or potential supply
chain and land ownership structure (Biocore D1.1). When considering the questions related
to biomass competition, the specific feature in the case of assessed feedstocks is that the
raw material should be collected from rather close distant to the biorefinery. Thus also the
competition for the raw materials is determined (to a large extent) by local conditions. To-
gether, the findings of WP1 and reviewed literature highlight the importance of site and case
specific assessments, taking into account environmental, technological, economic and social
aspects, and using different research methods.

The socio-economic aspects that are difficult to include in the general level assessments
might be crucial for securing feedstock availability. This includes e.g. the willingness of
farmers to sell their straw, or forest owners to sell wood. In case of wheat straw, weather
conditions can greatly influence the amount of residues available, potentially causing big
annual differences. Mobilisation of currently unused straw and wood would also require a lot
of additional workforce and machinery (Verkerk et al. 2010; Kretschmer et al. 2012). Due to
seasonal nature of harvesting operations, this might mean seasonal workers, which might be
problematic from social point of view. These aspects might cause additional bottlenecks for
harvesting the biomass potential available.

Especially in the case of wood raw material and wood residues, the demand for energy wood
is growing fast, and it is expected to exceed material uses in the near future (Mantau et al.
2010). A wood deficit in Europe is expected before 2030 (ibid.). Increased use of wood is
expected to increase the environmental burden caused by forestry activities, although some
new sources, such as land care wood could provide new resources to some extent. From
resource efficiency and land use perspectives, the cascading use of biomass — producing
first biomaterials and then recovering the energy content — could be one way to decrease the
competition related to land use for food, feed, and material purposes. However, this is
challenging to fulfil if more and more wood goes directly to energy use.

In general, competition for biomass resources for different end uses is expected to grow in
the future. Mobilising new feedstock potential would require creating new supply chains as
well and changing attitudes of farmers and forest owners. Land use impacts are difficult to
avoid since lot of the future potential is expected to come from lignocellulosic crops that
currently occupy only a small area of land in Europe (less than 100 000 ha).

Currently, most uncertainty is related to the future biomass potential provided by energy
crops. The estimations provided by different studies differ remarkably, and there are several
social and socio-economic aspects that cause additional uncertainty. For example, the
change of cropping systems from annual to perennial systems requires a lot of new knowhow
and investments from the farmers’ side, potentially slowering remarkably the move towards
bioenergy cropping (Fischer et al. 2010b). The main findings related to biomass competition
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and biomass availability concerning the Biocore feedstocks in Europe and India are summa-
rised in Table 12 and Table 13.

Table 12: Summary of the main findings related to biomass availability and biomass com-
petition in Europe

Wood residues and
stem wood

Agro residues

SRC

- Unused wood resources
available, but much less
hardwood than soft wood
- Hardwood availability
focused on few areas

- Locally determined price
& competition between
different uses of wood

- Energy uses will likely
exceed material uses of
wood and a wood deficit
is expected in Europe

- Increasing competition

- Investments in harvest-
ing operations required to
mobilise more wood

Current situation
- Unused straw potential
available
- Most of the straw potential
focused on few countries
- Existing uses of straw as
energy, animal bedding, SOC
maintenance & muich for
mushroom & vegetable
cultivation
- Missing supply chain for
collecting, storing and selling
straw to biorefineries

Future availability
- Climate change & extreme
weather conditions  might
affect straw yields
- Energy uses of straw might
increase
- Expected increase in the
area of organic farming and
systems based on longer
crop rotations and soil cover
reduces straw availability

- Not much feedstock is current-
ly available

- Area under SRC cultivation in

Europe is less than 100 000 ha

- Ca. 20-30 Mha (or more) of
former agricultural land is
expected to become available
for energy crops by 2030 in
Europe, due to increasing
productivity

- Contaminated land & former
mining sites provide additional
possibilities for SRC cultivation
- Uncertainty in feedstock
availability in larger scale

Potential challenges and restricting factors

- For the CIMV process,
wood has to be bark free
- High competition for
wood raw material

- Willingness of forest
owners to sell wood

- Environmental impacts
from more intensive
forest management

- Farmers need to be con-
vinced about the advantages
of selling straw to biorefiner-
ies with a long term contract
(5 to 10 years)

- More information about
amount of straw needed for
SOC maintenance and for
soil micro-organisms feeding
is required

- Yearly changes in straw
availability due to weather
conditions

- Different crops are suitable for
different climatic conditions

- Rapid changes in land use
would be required to ensure
SRC availability

- Move to SRC cultivation
requires big changes in farming
practices & investments
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Table 13: Summary of the main findings related to biomass availability and biomass com-
petition in India

Rice and wheat straw

Current availability
- High availability of rice and wheat straw, but wheat straw with important alternative uses
is not available in surplus
- Existing uses of wheat straw as animal bedding and fodder for cattle
- Rice straw can be sold to the industry that uses it as a fuel for furnace
- Locally determined price & competition for straw
- Weak supply chain for collecting, storing and selling to biorefineries

Future availability
- Investments in harvesting operations required to mobilise more rice straw
- Additional machines and employees will be required to harvest large amounts of straw
- Climate change & extreme weather conditions might affect straw yields
- Energy uses of straw are likely to increase
- Expected increase in the area of organic farming reduces straw availability

Potential challenges and restricting factors
- High competition by paper industry in the region for wheat straw
- Time gap between harvesting of rice and sowing of wheat seldom leaves the farmers
with any other choice than to burn the resisues on field to be able to clear them overnight
- Farmers need to be convinced about the advantages of selling to biorefineries
- More information about amount of straw available for different alternative uses is
required
- Yearly changes in straw availability due to weather conditions

Currently, there is a lack of studies estimating the potential land use impacts from increasing
demand for biobased materials and biochemicals. Many studies consider the land availability
for producing bioenergy, but no studies estimating the joint land use demands from different
uses of biomass could be found. While the market shares of biobased plastics and biobased
chemicals are still quite small, both sectors have big growth potential in the future, indicating
also potential impacts for land use, likely competing for the same land resources with energy
crops. These impacts are however greatly dependent on the feedstocks used in the produc-
tion, and on the development of the conversion technologies.

The results of environmental impact assessment conducted for the BIOCORE WP1 case
studies (reported in detail in deliverable D1.3) indicate that the biomass availability is not a
problem in 2015, with the assessed feedstock mixes and plant capacities. There would still
be enough feedstock to prepare for additional constraints in the availability. However, by
2025 it is expected that the availability of the biomass resources for biorefineries in the
selected case areas is reduced remarkably due to increasing competition. This is due to
additional demands e.g. for energy uses, potential impacts from climate change, extreme
weather conditions and increase in the area of environmentally oriented farming. Although
the case studies include several assumptions and uncertainty is related to the results, the
findings are also similar with the studies assessed in chapter 2.3, assuming that imports
would be required to fulfii European bioenergy demands. The findings from WP1 case
studies are summarised in Table 14.
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Table 14: Summary of WP1 case study results
Property France Germany Hungary India 1 India 2
Location Centre Mid-West South-West Sangur Faridkot
(Beauce)
Case study 900 000 ha 7.7 Mha 1.6 Mha 500 000 150 000
area (ha) (farmland (farmland 3.5 (farmland ha ha
800 000 ha) Mha, forest 2.6  1Mha, forest (farmland  (farmland
Mha, urban 1.5 450 000 ha) 440 000 130 000
Mha) ha) ha)
Main feed- Wheat / barley Hardwood Wheat / Rice Rice
stock straw barley / straw straw
maize
straw
Other feed- Miscanthus Softwood SRC poplar Wheat Wheat
stock Hardwood straw straw
Plant capacity 150 150 150 150 & 500 150
(ktDM)
Feedstock 430 Additional 700 2 500 650
available for a harvests in the
biorefinery in region:
2015 (ktDM) +2.2% HW
+0.2% SW
A biorefinery 35% N.A. 21% 6% & 23%
would use % 25%
of the feed-
stock in 2015
Feedstock 200 Additional 240 1200 340
available for a harvests in the
biorefinery in region:
2025 (ktDM) 2.0% HW
+0.18% SW
A biorefinery 75% N.A. 62% 13% & 44%
would use % 42%
of the feed-
stock in 2025
Land use 1 000 ha of 1 400 ha of Not Not
change miscanthus poplar instead expected expected
impact instead of of wheat or
wheat maize &
40 000 ha of
forest instead
of wheat or

maize
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The results of the case studies show that within the selected case study regions, not more
than one biorefinery with the assumed capacity of 150 000 t (or 500 000 t in the case of
Sangur), could realistically be supplied with local raw material. In the 2025 scenarios, feed-
stock availability might be a limiting factor for the operations of a biorefinery, especially in the
French and Indian cases, in which straw is the main raw material. Compared to European
cases, the Indian case study regions are much smaller. In the German case study, the case
study area was very large and it was estimated that additional wood demand for a biorefinery
would not be a big problem. However, it should be noted that there is already high competi-
tion for wood raw material in Germany, which might have some implications also for the
biorefinery. Thus in all cases, the biggest challenge might be in the availability of local raw
material. If larger areas could be used for feedstock provision (or plant capacity reduced),
this might help even in the case of high competition and annual changes in the feedstock
availability.

Land use change is estimated to happen in the French and Hungarian case studies. This is
mainly because of energy crops are used to provide part of the feedstock. In the case of the
Indian case studies, it was estimated that giving rice straw an economic value might prevent
the land use change towards a more sustainable cropping systems, compared to current rice
and wheat system.

Change of land cover from arable land to perennial energy crops might have positive envi-
ronmental impacts due to reduced impacts from agriculture. Also the change of arable land
to forest might have positive environmental impacts locally. However, reduction in the
amount of arable land might also pose a threat to food security, in case good quality land is
used for energy cropping instead of food or feed production. In the worst case, this might
also cause indirect land use change impacts in other areas, within or outside EU.

On the other hand, many studies have suggested that in future, land should be freed up from
food and feed production due to improvements in productivity and that this land could then
be used for growing energy crops without additional impacts on food and feed security. Thus
the change in the use of arable land might not always be a threat for food security. Addition-
ally, it has also been suggested that current fallow land and even contaminated land sites or
former mining areas could be used for cultivating energy crops, and avoiding competition
with food and feed production. However, intensification of land use in general might cause
problems for biodiversity and maintenance of the ecosystem services, and these aspects
should also be carefully considered (see e.g. Allen et al. 2013). For securing sustainable
biomass supply, one of the challenges seems to be, how to coordinate and evaluate the
impacts of land use change in a trustworthy manner, to avoid negative impacts both locally
and globally. Another important question is how to effectively and sustainably mobilise the
currently available forest and agro residues that could be available for biorefining purposes.



IUS, VTT & IFEU a7

3 SWOT analysis

3.1 Introduction

3.1.1 Introduction to SWOT methodology

A SWOT analysis is a tool to assess the performance of any venture, whether it is a project,
a product or a company. It originates from business management and is a strategic planning
tool to identify and assess the Strengths (S), Weaknesses (W), Opportunities (O) and
Threats (T) of the system under study. Strengths and weaknesses are defined as internal
characteristics of the assessed system, while opportunities and threats are external factors,
determining the success or failure of the venture. The results of a SWOT analysis are gener-
ally summarised in a SWOT matrix.

The general structure of a SWOT matrix is shown in Fig. 2.

Success factors Failure factors
External Opportunities Threats

Fig. 2: Structure of a SWOT matrix

SWOT analysis is increasingly used to describe the advantages and disadvantages of
technologies and policies, including biorefinery concepts. An example of a SWOT analysis
regarding biorefineries in general is presented in Fig. 3 (IEA 2012).

In the BIOCORE project, SWOT analysis is used to describe the strengths, weaknesses,
opportunities and threats of the BIOCORE biorefining concepts.

To do this, a definition of what is internal and what is external to the assessed system is
needed. In the SWOT analyses for BIOCORE, internal and external factors were distin-
guished as follows:

1 Internal: all those aspects which relate to intrinsic and demonstrated properties of the
BIOCORE systems are defined as internal: e.g. general properties of the feedstocks, the
processing chains and the final products related to the standard production and pro-
cessing technologies and use

1 External: all those aspects, which relate to

9 Expected future developments in economy, society, technology etc. (e. g. of prices,
demand, feedstock availability, acceptance, subsidies, laws etc.)

9 Expected technological achievements (e.g. breeding success, increased fermentation
yields etc.)
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Fig. 3:

Strengths

Adding value to the use of blomass

Maximising blomass conversion efficiency minimising raw
material requirements

Production of a spectrum of blo-based products (food, feed,
materials, chemicals) and bloenergy (fuels, power and/or heat)

feeding entire bloeconomy

Strong knowledge Infrastructure avallable to tackle technical
and non-technical Issues

Blorefinery Is not new, It bullds on agriculture, food and
forestry Industries

Stronger focus on drop-in chemicals facllitating market
penetration

Opportunities

« Blorefineries can make a significant contribution to sustainable
development

« Challenging national and global policy goals, international focus
on sustainable use of biomass for the production of bioenergy

« International consensus on the fact that biomass availability Is
limited meaning that raw materials should be used as efficiently
as possible — I.e. development of multi-purpose biorefineries in a
framework of scarce raw materials and energy

« International development of a portfolio of biorefinery concepts,
including technical processes

= Strengthening of the economic position of various market
sectors (e.g. agriculture, forestry, chemical and energy)

+ Strong demand from brand owners for biobased chemicals

Weaknesses

Broad undefined and unclassified area

Involvement of stakeholders for different market sectors
(agriculture, forestry, energy, chemical) over full blomass
value chain necessary

Most promising blorefinery processes/concepts not clear
Most promising blomass value chains, Including
current/future market volumes/prices, not clear

Studying and concept development Instead of real market
Implementation

Varlability of quality and energy density of blomass

Threats

Economic change and volatility in fossil fuel prices

Fast Implementation of other renewable energy technologies
feeding the market requests

Bio-based products and bioenergy are assessed to a higher
standard than traditional products (no level playing field)
Availability and contractibility of raw materials (e.g.
climate change, policles, logistics)

(High) Investment capital for pilot and demo Initiatives
difficult to find, and undepreciated existing industrial
infrastructure

Changing governmental policies

Questioning of food/feed/fuels (indirect land use
competition) and sustainability of biomass production
Goals of end users often focused on single product

SWOT analysis on biorefineries in general (Source: IEA 2012)

3.1.2 Aim and procedure of SWOT analysis in BIOCORE

The aim of SWOT analysis in BIOCORE is to detect, and thus account for, success and
failure factors that are not fully covered by the other sustainability assessment tasks (on
environmental, economic and social performance). The function of the SWOT analysis within
BIOCORE was to make sure that no key factors for success or failure are omitted in the final
assessment. The aim of SWOT analysis in BIOCORE was not to sum up results from envi-
ronmental, social and economic assessments. These results are described separately in the
reports D7.4 (Final assessment of the economic, social/legal/political sustainability of the
BIOCORE biorefining system) and D7.5 (Final assessment of the environmental sustainabil-
ity of the BIOCORE biorefining system). The integration of the results from all different
assessments — social assessment, economic assessment, environmental assessment and
SWOT analysis — will be reported in D7.6 (Final report on the integrated assessment of the
BIOCORE biorefining system).

The SWOT analysis in BIOCORE was carried out in a four step approach:

(1) Internal SWOT analysis: Review of BIOCORE reports and literature, consultation of
consortium members and SAB

(2) External SWOT: Consultation of external stakeholders

(3) Workshop: Discussion of preliminary SWOT results with consortium members and
external stakeholders
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(4) Finalisation and conclusions.

The four steps of the SWOT analysis are described in the following.

3.1.2.1 Internal SWOT

IUS prepared the SWOT document, using preliminary SWOT arguments extracted from
available documents pertaining to BIOCORE reports, and using IUS expert knowledge.

The document was sent to the consortium members (18 addressees) and the BIOCORE
stakeholder advisory board (SAB, 17 addressees) in May 2012.

The document contained a total of 23 detailed SWOT matrices: The biomass provision
was differentiated by type of feedstock (hardwood, SRC, miscanthus, wheat straw, rice
straw) and continent (Europe, India). Though biomass provision highly depends on local
conditions (which are analysed in the case studies), only one SWOT analysis per feed-
stock and continent is carried out, instead of one for each case study region. This is due to
the fact that transferability is a central issue for the BIOCORE project.

The downstream value chains were analysed in separate SWOT matrices starting from
C5, C6 or lignin fraction of the organosolv process. Glucose, which is a central intermedi-
ate of many C6 value chains, was covered in a separate SWOT matrix to avoid redundant
data. The selection of downstream value chains was based on the screening economic
assessment (carried out by NTUA) and screening GHG balances (carried out by IFEU).

In total, 15 responses could be collected (that is a return rate of 43%). Based on the
responses, updates of the 23 SWOT matrices were compiled. The updated versions of the
SWOT matrices containing the feedback given by consortium members and SAB can be
found in the Annex of this document (chapter 4.1)

3.1.2.2 External SWOT

The external SWOT or external stakeholder consultation process is based on the results of
the internal SWOT. Persons representing the following stakeholder groups were contacted:

1 Biomass providers in Europe

1 Biomass providers in India

1 NGOs working for ecology or social aspects in Europe
1 NGOs working for ecology or social aspects in India

I Biomass uptaking industries in Europe

1

Biomass uptaking industries in India.

To lower the burden for the stakeholder representatives, the number of SWOT tables was
reduced to few overview tables. In total, ten SWOT matrices were defined, each summing up
different SWOT matrices from internal SWOT analysis and specified to the European or
Indian context. Table 15 gives an overview on stakeholder groups and the SWOT matrices
commented by these groups.
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Table 15: Overview on stakeholder groups and SWOT matrices sent to the respective

groups

Stakeholder group

SWOT matrices received

Biomass providers in Europe

9 Biomass provision in Europe

NGOs working for ecology or
social aspects in Europe

9 Biomass provision in Europe

9 Organosolv based biorefineries in Europe

Biomass uptaking industries in
Europe

9 Organosolv based biorefineries in Europe

9 Downstream processing and use of organosolv C5
stream

9 Downstream processing and use of organosolv C6
stream

1 Downstream processing and use of organosolv lignin
stream

Biomass providers in India

1 Biomass provision in India

NGOs working for ecology or
social aspects in India

1 Biomass provision in India

9 Organosolv based biorefineries in India

Biomass uptaking industries in

9 Organosolv based biorefineries in India

India i
9 Downstream processing and use of organosolv C5

stream

9 Downstream processing and use of organosolv C6
stream

1 Downstream processing and use of organosolv lignin
stream

In Europe, 26 persons were contacted, and 9 took their time to comment (return rate: 35%).
Three of those persons represent the biomass providers, four represent the processing
industries and two represent NGOs. Even though the stakeholders were contacted by phone
and email and reminded to supply their feedback, no more persons could be motivated to
contribute. In India, 12 persons were contacted, unfortunately only 2 replied.

The SWOT matrices were updated and summarised according to the feedback received from
the external stakeholders. A short version of the SWOT matrices were given to the workshop
participants as a hand-out and is listed in chapter 4.2 in the Annex.

The feedback received from the external stakeholders was summed up in deliverable D7.3
as interim results of SWOT analysis.

3.1.2.3 Workshop

To complete the SWOT analysis, a workshop involving external stakeholders was carried out
on 5th March 2013 in Brussels. The main objective of the international workshop was to
discuss preliminary results of the BIOCORE project with a range of experts representing
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various stakeholder interests. The workshop was organised jointly by BIOCORE task 7.4
(social, legal and policy assessment) and task 7.5 (SWOT analysis and biomass competi-
tion). 61 persons participated, thereof 6 external Indian stakeholders. The workshop com-
plemented the responses received in the preceding external stakeholder consultation pro-
cess (see chapter 3.1.2.2).

The core part of the workshop was a 3-hour time slot for group discussion. The participants
could choose between two parallel sessions which are described in the following:

Session A: biomass provision

The session started with a short presentation of BIOCORE results, with specific focus on the
following topics:

1 Land use and competition for biomass
1 Rural development and infrastructures
1 Policy and legislative issues.

Afterwards, the participants of the session split into two sub-groups: one for the European
perspective and one for the Indian perspective. After about 40 minutes of group discussion
about the three aforementioned topics, the participants came together to present their
conclusions.

In the afternoon, the session continued with the discussion of the SWOT matrices. Prelimi-
nary SWOT tables for biomass provision were presented and the participants were invited to
suggest changes based on their knowledge and experience and in the light of the morning’s
discussion. Afterwards, the different expressed viewpoints were weighted by the participants
in order to identify the most important success and failure factors. Finally, using the results of
the analysis, the participants were invited to suggest some recommendations, in particular to
policy-makers, but also to companies and researchers.

Session B: Biomass conversion and use

The session started with short presentations of BIOCORE results with special focus on the
following topics:

1 Market development

1 Infrastructures and skills

1 Policy and legislative issues.

Afterwards the three mentioned topics were discussed by the workshop participants.

In the afternoon, the session continued with the discussion of the SWOT matrices. A prelimi-
nary SWOT table was presented to the participants. The participants were invited to add
elements to the SWOT table and/or modify existing ones, based on their knowledge and
experience and the conclusions of the morning’s discussion. Afterwards, all of the discussion
elements were weighted by the participants to identify the most important success and failure
factors. Finally, participants were invited to provide recommendations, in particular to policy-
makers, but also to companies and researchers.

Minutes of the SWOT part of the workshop (afternoon part of the two sessions) can be found
in the Annex (chapter 4.3).
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3.1.2.4 Finalisation

Based on the outcomes of the workshop, the SWOT analysis was updated. New findings
from BIOCORE research progress were included. The results will be used as a basis for the
integrated assessment in task 7.6.

3.2 Results

The complete SWOT tables representing the results of the internal and external SWOT
analysis as well as workshop results are listed in the Annex (4.1 — 4.3). Only the most
relevant results of internal and external SWOT analysis and the workshop are summarised in
the following. The summary focuses on arguments relevant for the entire BIOCORE concept.
Success and failure factors for single process steps or products can be found in the Annex
only.

The summary of the final results is structured by topics. The origin of the arguments (consor-
tium members, external stakeholders or workshop) is indicated only were this add relevant
information for the interpretation of the results. In general feedback on biomass provision
was mostly given by external stakeholders and experts, while BIOCORE partners focussed
their contributions mostly on technical aspects.

It is important to stress that the success and failure factors mentioned in the following are not
the results of a profound quantitative assessment (as e.g. the LCA results) and may appear
guestionable in some aspects. Furthermore, some of the arguments were not consensus
amongst the stakeholders. However, for the most part, stakeholder and partner can be
considered very experienced people in their fields of work. Their views are precious indica-
tors of “hot topics” that have to be considered or further analysed by policy makers, compa-
nies or in future research projects.

The complete SWOT tables representing the results of the internal and external SWOT
analysis as well as workshop results are listed in the Annex (4.1 — 4.3).

3.2.1 Biomass provision in Europe

3.2.1.1 General aspects

A principal advantage of biorefining is to lower dependence on increasingly scarce fossil
carbon sources.

Another big advantage of biorefineries is considered to be the contribution to rural develop-
ment, in particular to increased job and income opportunities for farmers and the forestry
sector. But some expert doubt that biorefineries will create a large number of jobs and
assume that more likely only a smaller number of jobs for highly qualified employees and
some seasonal (and hence precarious) jobs in logistics will be created. Nevertheless, most
stakeholders agreed that in areas with surplus agricultural land or forest wood, biorefinings
could be a viable source of additional income for farmers and the forestry sector. On the
other hand, rising prices for straw and food caused by the rising demand for biomass may
limit biomass availability for traditional uses and hence negatively affect other users.

It is considered a big advantage of BIOCORE that this technology runs on non-food lignocel-
lulosic biomass. Compared to other biomass, the use of residual non-food biomass (straw,
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wood residues) is considered most advantageous, because no risks for direct land use
change are perceived. However, if the demand for biomass increases this will be a strong
incentive to cultivate dedicated crops for biorefining. Dedicated crops for biorefining (SRC)
are still not direct competing for food, but they compete with food production for land.

Consequently, the overall perceived problem associated with biorefining is that it will inevita-
bly provoke an increased demand for cultivated biomass, even if the technology is designed
to use residues, and hence put pressure on land resources. A good example of this trend is
the production of biogas in Germany. This technology was originally designed to use resi-
dues, in particular slurry. However, because of the implementation of a favourable incentives
regime, most plants currently operate using corn silage, causing marked impacts on land use
patterns in Germany, agricultural land rentals etc. Effects of large scale biorefining plants on
biomass production patterns highly depend on policies.

The limitation to debarked hardwood was perceived as being a big disadvantage, placing a
strong limit on resource availability. Softwood is considered suitable if it is pelletised, but
resins might negatively influence process efficiencies. Furthermore, pelletising is an energy
intensive and costly process. Forest residues — a more sustainable resource compared to
stem wood — are not suitable for BIOCORE systems because they cannot be debarked.

The import of biomass to compensate for insufficient regional biomass provision is consid-
ered a risk for sustainability from an environmental, social and economic point of view: Long
transport ranges cause higher environmental burdens. The sustainability of imported bio-
mass from developing countries is more difficult to certify and control when compared to
locally produced or extracted biomass. Environmental and social regulations in other regions
might be less strict compared to the EU legislation. Furthermore, imported biomass will not
allow Europe to acquire energy and resource independency.

The availability of sustainably supplied biomass is considered as most crucial for the success
of biorefineries. The biomass availability is assessed in detail in task 7.5.2. Results are
described in chapter 2.

Infrastructure is considered another important factor for the success of biorefineries: Even in
some European regions, infrastructure is considered insufficient, both in terms of roads
serving rural areas and in terms of harvesting techniques and storage facilities. Infrastructure
and market opportunities have to be built up in parallel. The small scale ownership structure
in the European agricultural and forestry sector is considered by some stakeholders to
impede biomass mobilisation for biorefining. But according the external stakeholders, the
negative effects of the small scale ownership structure could be compensated by efficient
logistic systems, knowledge transfer (to motivate participation) and the development of pre-
treatment technologies (densification, drying) to lower storage and transportation costs.

Table 16: Summary: Most important general SWOT arguments regarding biomass provi-
sion for BIOCORE

Success factors Failure factors
Internal Strengths Weaknesses
factors A Providing an alternative to the increas- | A Only debarked hardwood is suitable
_ ingly scarce fossil carbon sources A Softwood can be used as pellets only
A Contribution to rural development: Job | A Infrastructure not yet fully available
and income creation in rural areas A Scarcity of land in Europe, except for
(agriculture and forestry, logistics, pro- | eastern Europe
cessing) A Some created jobs are only seasonal
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Table 16 (continued): Summary: Most important general SWOT arguments regarding
biomass provision for BIOCORE

External
factors

3.2.1.2 Straw as feedstock

In general, straw is considered a particularly sustainable feedstock because straw is a
residue that is available without additional land use. Furthermore, it is comparable cheap
because it is a by-product of grain production often currently left on the field.

An important issue regarding straw extraction is the question of sustainable straw extraction
rates. Straw residues are a source of soil organic carbon. Soil organic matter is the basis for
soil fertility: It is needed to sustain the filter and buffer functions of the soil and stabilises the
soil structure; in particular it lowers the risk of erosion and nutrient losses. Some stakehold-
ers point out that the amount of straw that can sustainably be extracted from the soil is site-
specific and depend on local factors, including agricultural management practices, soil type
and local climate. Therefore, the fixing of arbitrary thresholds (e.g. 30%) is considered
insufficient. In the event that soil fertility was adversely affected by an unreasonably high
straw extraction rate, some stakeholders went as far as to consider that biomass produced in
this way would no longer be “renewable” in the strict sense, because it would equate to an
unsustainable production. It was underlined that soil degradation is a major issue in many
European regions. Therefore, if biorefining creates a rising market for straw, tighter regula-
tion would be required to guarantee sustainable farming practices (i.e. defining an appropri-
ate level of straw incorporation into the soil).

Straw is harvested during a period that corresponds to a high agricultural workload. This
means that additional personnel and machines will be needed to harvest large additional
amounts of straw. Consequently, the number of seasonal workers will increase, as will the
need for machines that are only operated over a short period of the year. This will lead to
higher cost and more complex operating conditions.
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From the processors point of view, the difficulty is the variability of straw availability. Straw
yields depend on grain production patterns and grain varieties seeded. The increasing risk of
extreme weather events increases the risks of harvest failures, in some cases leading also to
lower straw yields. Farmers will not be willing to make long term contracts for straw if they
don’t have a long term contract for the grains. This poses a risk at feedstock security for the
processing plant, making it more attractive for the processing companies to rely their produc-
tion on dedicated biomass crops.

Another difficulty is that straw is harvested only once a year. Large storages facilities are
needed to enable a year round processing.

Creating a new market for straw may lead to rising straw prices and may limit the straw
availability for traditional uses, in particular as bedding material. This can negatively affect
other biomass users.

Straw harvest per hectare could be increased by the use of long stem varieties.

Table 17: Summary: Most important SWOT arguments regarding straw provision

Success factors Failure factors

Internal
factors

External
factors

3.2.1.3 Forest wood as feedstock

Forest wood is considered a sustainable feedstock, at least if the wood comes from sustain-
able forestry practices and is not withdrawn from more sustainable uses. Forests in many
cases fulfil more ecosystem services compared to other types of land use. But little margins
for increase in wood supply in Europe are expected.

External stakeholders consider there is currently a lack of market opportunities for early
thinning wood and forest residues in many European countries. Biorefineries could create a
demand and hence support the forest industries. In some regions, paper mills and pellet
plants closing down and set biomass free for user uses.
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Creating a new market for wood could lead to a drain from traditional uses (direct use for
energy, direct material use). Such a shift in use patterns can have undesirable, indirect
effects. Even though centralised processing might have advantages regarding environmental
sustainability, rising wood prices would affect other users economically, e.g. households in
rural areas that use wood fires for heating. Many households, small scale forest owners and
villages give a high value to their local energy independence. The ownership structure in
many European regions (many small scale forest owners) put a hurdle on wood mobilisation
for centralised processing.

Many forests in Europe are certified for sustainable forestry practices (e.g.: FSC). If these
practices are not changed, impacts for the environmental sustainability are expected to be
low by most stakeholders. In particular, risks for soil fertility in case of higher wood extraction
rates are considered not relevant or not occurring in certified forests except for forests on
very poor soils. But, in case of an increase in wood demand, forest management could be
intensified and the certification could be omitted, leading to a higher risk for environmental
sustainability.

Direct material use of wood (i.e. for construction or furniture) is considered more sustainable
compared to the degrading biorefinery processes. A cascading use of wood including one or
several direct material use phases followed by a biorefining of secondary wood residues is
considered a recommendable option.

An increased demand for primary wood could motivate land use changes (e.g.: afforestation
of marginal lands). Such land use changes can lead to environmental and social advantages,
but also disadvantages are possible, e.g. in the case of afforestation of grasslands with high
ecological value.

A central problem is that stem wood, industrial wood and residue wood are not clearly
distinguished. Once stem wood is converted into pellets it is currently impossible to identify it
as stem wood. Therefore, it was considered that a certification of both wood origin and wood
type is needed.

Table 18: Summary: Most important SWOT arguments regarding forest wood provision

Success factors Failure factors

Internal
factors

External
factors
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3.2.1.4 Short rotation coppice (SRC) wood as feedstock

SRC is considered an interesting option to increase biomass availability, because SRC
plantations achieve high biomass yields combined with low environmental harms.

From a processors point of view, SRC wood is a very suitable resource because long term
contracts are possible, the product quality is high and harvest failures are much less likely
compared to straw.

SRC plantations should preferably be established in Europe (see above “general aspects”
regarding biomass import). SRC should be implanted preferably on marginal lands, or even
better on industrially-polluted waste lands, while the use of land areas that display high
ecosystem quality should be avoided. Establishing a SRC plantation on croplands needed for
food or feed production leads to indirect land use change effects and may have negative
environmental or social consequences. Further research is needed to permit the proper
exploitation of SRCs on marginal lands. Finally, it is important to note that stakeholders
express quite different opinions concerning the environmental merits or disadvantages of
SRC and the acceptance amongst farmers. SRC is considered to have environmental
advantages compared to most annual crops, but establishing an SRC can also have nega-
tive environmental impacts, in particular if established on land with high biodiversity.

From the farmers’ point of view, it has to be considered that SRC plantations are new crops
and little knowledge and experience is available. SRC plantations bind the farmer for many
years. Long term contracts are needed to make the decision for SRCs reasonable to farm-
ers. In particular in the first years, consulting from other farmers or public support is needed
in most cases.

Table 19: Summary: Most important SWOT arguments regarding SRC wood provision

Success factors Failure factors

Internal
factors

External
factors
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3.2.2 Biomass provision in India

BIOCORE feedstocks for the Indian context are rice straw and wheat straw. The sustainable
biomass potential is considered higher compared to Europe because there is a lot of rice
straw available that is currently not used but burnt on the fields. Import of biomass for Indian
biorefineries is considered unlikely.

Compared to other biomass, the use of residual biomass (i.e. straw) is considered advanta-
geous, because currently no risks for direct land use change are perceived. However, this
situation could negatively evolve if the demand for biomass is increased. Consequently, the
overall perceived problem associated with biorefining is, that it will inevitably provoke an
increased demand for cultivated biomass, even if the technology is designed to use residues.
This is because the technology will most likely run more efficiently on cultivated biomass.
Environmental, social and economic implications of an increased demand for biomass in
India could not be assessed in detail in this project. Positive and negative effects are possi-
ble.

Avoiding rice straw burning was identified as the single most important advantage of
BIOCORE biorefining in India. Rice straw burning is currently common practice in northern
Indian agriculture and leads to remarkable environmental and health hazard. Policies to stop
this practice felt in most cases. Establishing a market for rice straw would create income for
farmers and could motivate them to sell the straw instead of burning it. A risk of straw extrac-
tion could be a nutrient depletion in the soils.

Infrastructure and mechanisation is considered a very important factor for the success of
biorefineries in northern India: Infrastructure is considered insufficient, both in terms of roads
serving rural areas and in terms of harvesting and densification techniques and drying and
storage facilities. Most stakeholders consider public investment necessary to develop the
infrastructure. Public private partnership projects in cooperation with biorefining companies
are considered a recommendable option.

A technical problem for straw harvest in northern Indian agriculture is the short time span
between the grain harvest and the seeding of the next crop. For a quick and efficient straw
harvest, farm mechanisation is needed. Governmental support for farm mechanisation is
already available and can facilitate straw removal. Straw collection systems are already in
place in some cases and can be transferred to other places. In some cases moisture reduc-
tion is needed. This requires either further mechanisation (technical drying) or further limits
the available time span (solar on field drying).

The biggest potential advantage of biorefineries in India is considered to be the contribution
to rural development. Biorefineries will create an additional income opportunity for rice and
wheat farmers, create qualified jobs at the factory and create added value in rural areas by
the production of high value products.

Table 20: Summary: Most important SWOT arguments regarding BIOCORE biomass
provision in India

Success factors Failure factors
Internal Strengths Weaknesses
factors A High biomass potential A Infrastructure not yet fully available
A Residue biomass: No competition to A Short time span for straw harvest
food, no land needed for cultivation A Low level of mechanisation in Indian
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Table 20 (continued): Summary: Most important SWOT arguments regarding BIOCORE
biomass provision in India

External
factors

3.2.3 Biomass conversion and use

The most relevant advantage of BIOCORE biorefining is that it provides high value products
based on recent carbon sources and hence contributes to the development of an economy
independent of increasingly scarce fossil carbon resources. BIOCORE biorefineries convert
crude lignocellulosic biomass into a wide range of products by innovative biochemical
processing. The BIOCORE concept is one amongst a range of biorefining concepts currently
under development. Competitiveness to other biorefining approaches is therefore considered
an important issue. BIOCORE technologies appear promising, but their relative performanc-
es compared to alternative technologies cannot be fully appreciated at this stage. Many of
the BIOCORE technologies, in particular for downstream processes, are still immature.
Some are not yet operating at pilot scale. Therefore, no definitive conclusions can be drawn
concerning their performance relative to other processes. Nevertheless, the competitiveness
of BIOCORE is considered particular high because BIOCORE is working on high value
products which can achieve good prices. The flexibility of BIOCORE is considered already
high and this is considered an important success factor: Process adaptation is only needed
in case of a shift between grassy and woody biomass, not for a change between different
grassy or woody species respectively.

The following internal properties of BIOCORE systems are considered as most relevant
success or failure factors:

1 The high investment costs for biorefineries could turn out to be a show stopper. The price
of the final products will be decisive for the economic success of the products. In many
cases consumers will not pay a green premium.

1 Many process chains require a high energy demand for product separation, which is a
disadvantage from an economic and environmental point of view. But increase in perfor-
mance in the years to come by research and development is very likely, because tech-
nologies are still immature.
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The BIOCORE C5 stream contains a lot of impurities which limit the use options for this
stream. Technologies for purification are available but costly. Residues from fermentation
can be used as fertiliser but have to be sterilised, in particular if they contain GMOs.

The fall-back option “pulp” is probably not viable because of too low quality. (Further) test
runs with farmers could help to establish markets. This could be an option in particular for
India because there is a high demand for low price feedstock.

Some stakeholders question the scale of the biorefineries proposed by BIOCORE. They
recommend a more decentralised approach with biorefineries of smaller scale. They con-
sidered that in this way transport needs would be reduced, more jobs in local areas could
be created, and the risk of unsustainable biomass supply could be reduced. However, the
current majority view is that smaller production scales are considered uneconomic. Like-
wise, preliminary results indicate that the CIMV process may require a critical minimum
size to be viable. Overall, it is recommended to further analyse what is the most suitable
production scale.

External factors of high relevance are the following:

f

New technologies will require new skills. General skills are available with current engi-
neering degrees, but specialisation will be needed. It might become difficult to attract
skilled persons to remote areas.

The subsidies paid for different biomass uses — currently in most cases for the power
generation and fuel production — will remarkably affect biomass prices and biomass use.

Furthermore, legal aspects have to be carefully considered. Biobased products are
subject to different areas of legislation (waste, chemical industry, agriculture and forestry,
environment). These different areas of legislation are in some countries not well harmo-
nised. There are difficulties to achieve a consistent and efficient legislative system for bi-
omass. A consistent legal framework is a prerequisite for legal certainty, favours invest-
ment and lowers bureaucratic burdens.

Furthermore, there are already some cases of products labelled as biobased though they
were proven to contain a remarkable amount of fossil carbon. Hence legislation and certi-
fication systems are needed to avoid frauds in product chains achieving green premium
price.

Public acceptance is also considered an important issue. Critical response by NGOs and
environmental groups can hinder implementation of bio-plants; therefore efforts on public
relation are needed.

Table 21: Summary: Most important SWOT arguments regarding biomass processing and

use
Success factors Failure factors
Internal Strengths Weaknesses
factors A Contribution to economic develop- A High investment costs
_ ment: Jobs, income opportunities A High energy demand for processing
A Flexible technology: different types of A Immature technologies: No final conclu-
~ lignocellulosic biomass can be used _ sions on performance possible.
A Production of high value products A Fall-back use options have low market
potential compared to costs.
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Table 21 (continued): Summary: Most important SWOT arguments regarding biomass
processing and use

External
factors

3.2.4 Recommendations

In the following recommendations to policy makers, companies and farmers are provided.
The recommendations are based on the SWOT stakeholder consultation process, in particu-
lar on the discussions during the SWOT workshop but as well on IUS consultations with
BIOCORE partners and the expert knowledge of the authors.

3.2.4.1 Recommendations for policy makers

1 Set up suitable boundary conditions to guarantee sustainability: Lignocellulosic
biorefineries can show a high potential to contribute to rural development and resource
security, but only if boundary conditions are designed carefully. Policy measures in the
form of regulatory measures, subsidies, certification schemes etc. are required to shape
the development of biorefining as part of a “green economy”. In particular the following
points should be addressed:

9 Definition of target demands for biorefining should be in line with existing sustainable
biomass potentials.

9 Permission of factory construction for full industrial (large scale) plants should only be
given if sustainable biomass supply can be proven. This includes also the considera-
tion of social impacts caused by rising regional biomass prices.

1 A clear definition of minimum criteria for environmental and social sustainability and
strategies to control the compliance.

1 Development of a consistent legislative framework for new biomass use chains.



62

IUS, VTT & IFEU

)l

Set up biomass allocation plans: Biomass uses should be prioritised to avoid foiling
high priority policy targets as reducing hunger (“food first”) or conserving biodiversity.

Set up policies for biomaterials and harmonise with policies for bioenergy: Current-
ly, elaborate policy instruments for bioenergy productions are at hand, but little was done
to subsidise and regulate material biomass use.

Support participatory planning and policy development: A participatory planning
approach is considered crucial for a successful implementation. Participatory planning
will motivate farmers to contribute, increase acceptance amongst the rural population and
helps to identify any hurdles as early as possible and hence give all parties the chance to
react appropriately. Equally stakeholder consultation in policy development is considered
crucial for successful policies.

Establish certification bodies and legislations to avoid fake biobased products: To
do so, further research is needed on easy and cost effective methods for identification of
products made of fossil carbon sources.

Support flexible technologies: Policy makers should support in particular feedstock
flexible technologies, because these technologies can easier react on biomass shortag-
es.

Particular measures for Indian policy makers:

1 Support mechanisation of farms in India: The short time span available for straw
harvest combined with high work load and little mechanisation is one of the main driv-
ers for biomass burning. Mechanisation is hence a prerequisite for straw harvest as a
feedstock for biorefineries in India.

9 Consider investments in infrastructure in rural areas: In some Indian areas, rural
infrastructure is not sufficient for the successful establishment of large processing
plants in the countryside. Public investment in infrastructure — possibly also in public
private partnerships — could facilitate private investment. Further knowledge is needed
on efficient moisture content reduction and storage of large amounts of straw in India.
Public authorities could support research on these issues.

9 Stakeholder involvement in policy development: The Indian stakeholders felt that
India needs an integrated solution jointly developed by authorities, companies and
farmers.

Particular measures for European policy makers:

i Establishing common European forest policies: A common European forest policy
could facilitate harmonised and sustainable woody biomass use in Europe. Such a
common European forest policy could facilitate harmonised sustainability criteria as
well as a harmonised woody biomass allocation plan. If a common agricultural policy is
not possible, national legislation combined with voluntary certification could be further
developed to react on the new market opportunities.

1 Development of the common agricultural policies: Subsidies should be bound to
good agricultural practices, including also maximum straw extraction rates. Innovative
biomass use policies and the EU common agricultural policy should be developed con-
sistently.
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3.2.4.2 Recommendations for companies

)l

Careful selection of factory location: Before investing in a biorefinery, availability of a
sufficient amount of sustainably provided biomass on a long term basis has to be guaran-
teed.

Involve stakeholders in planning process and consider making farmers sharehold-
ers: A participatory planning approach is considered crucial for a successful implementa-
tion of a biorefining plant. Participatory planning will motivate farmers to contribute, in-
crease acceptance amongst the rural population and helps to identify any hurdles as ear-
ly as possible and hence give all parties the chance to react appropriately. Companies
could consider making biomass suppliers shareholders of the processing plant. This way
a stable biomass supply could be facilitated. Another option would be long term contracts
with farmers. But it has to be considered that most farmers would not be willing to sign a
long term contract for a by-product (straw) if they do not have a long term contract for the
main product (grain).

Take responsibility for sustainable biomass supply: Companies should set up
environmental and social sustainability criteria for biomass supply and control the compli-
ance. In particular, the companies should take care that a sustainable amount of straw
and forest residues is left on the fields (or in the forests respectively). Too high extraction
rates do not only harm the environment but can also lower the future biomass availability
by harming the life support functions of the soil.

Consider suitable production scales: Lower production scales (below the BIOCORE
scale of 150 000 t) lower the risk of unsustainable biomass extraction or costly long dis-
tance transports. However, the current majority view is that smaller production scales are
considered uneconomic. Overall, it is recommended to further analyse what is the most
suitable production scale. Distributed production could facilitate acceptance and approval
and lower risks for environmental and social sustainability. This includes also the consid-
eration of a two-step processing. The idea here is to define a primary process that can
operate at small scale, which forms platform intermediates that can then be transported
to a larger scale secondary processing facility. Such a configuration is likely to lower
transport costs and transport related sustainability impacts. Nevertheless, sustainability at
the transport level has to be weighted against reduced sustainability opportunities that
can be gained from process integration. According to the outcomes of LCA analysis, pro-
cess integration appear to be more relevant than short transport distances: The water
content of the C5 stream is very high, leading to high transport expenditures or high dry-
ing expenditures. The energy balance is likely to be better in an integrated system.

Focus on material use (instead of use for energy) and innovative products: Prod-
ucts that have better properties compared to their fossil equivalence will achieve higher
prices even though many customers are not willing to pay a green premium.

Focus on energy efficiency: Energy demand is a very important cost driver and an
environmental burden. The energy demand for biomass processing is high, in particular
with regard to biomass pre-treatment and product separation. The reduction of energy
demand per product unit should be a main focus of research.

Active market development: Most suitable products of a biorefinery might be chemicals
made of big intermediates. These products might be only functional equivalence products
and not chemical identical to their fossil based reference products. Therefore, a market
for these products has to be developed actively.
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3.2.4.3 Recommendations for farmers

)l

Consider long term effects of straw extraction: Extracting too high amounts of straw
may generate an increased income on the short run, but can lower soil fertility and hence
negatively affect yields and income on the long run. Sustainable extraction rates can be
defined in cooperation with local scientists and consulting agencies.

Careful planning is needed before shifting to perennial crops: Growing SRC can be
an interesting income opportunity, but it binds the farmer for years to the once taken de-
cision. Therefore, careful planning is needed. Long term market opportunities for the SRC
biomass should be available. It is very likely that the demand for biomass will increase in
the years to come.

Consider cooperative business models: Cooperative structures can facilitate
knowledge transfer, mechanisation, market access as well as storage and logistics of bi-
omass. Cooperative business models are therefore a chance for small scale farmers to
take advantage of economies of scale and gain attractive market access.

3.3 Conclusion and outlook

The SWOT analysis revealed some interesting ideas about success and failure factors for
BIOCORE biorefining that have to be considered for further policy development and research
and can help companies and farmers in decision making. BIOCORE lignocellulosic biorefin-
eries are generally well perceived and considered to show high potential to contribute to rural
development and resource security, but boundary conditions have to be designed carefully to
ensure sustainability.
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4 Annex

4.1 Synopsis of internal SWOT analysis

4.1.1 SWOT matrices — Biomass provision

4.1.1.1 Hardwood from forests (Europe)

Success factors Failure factors

Internal
factors
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Hardwood from forests (Europe) (continued)

External
factors
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4.1.1.2 SRC poplar (Europe)

Success factors Failure factors

Internal
factors

External
factors
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4.1.1.3 Miscanthus (Europe)

Success factors Failure factors

Internal
factors

External
factors

4.1.1.4 Wheat straw (Europe)

Success factors Failure factors

Internal
factors
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Wheat straw (Europe) (continued)

External
factors

4.1.1.5 Wheat straw (India)

Success factors Failure factors

Internal
factors

External
factors

4.1.1.6 Rice straw (India)

Success factors Failure factors

Internal
factors
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Rice straw (India) (continued)

External
factors

4.1.2 SWOT matrix — Organosolv (CIMV-process)

Success factors Failure factors

Internal
factors
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Organosolv (CIMV-process) (continued)

External
factors

4.1.3 SWOT matrices — C5

4.1.3.1 C5to difurfuryl diisocyanate

Success factors Failure factors

Internal
factors
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C5 to difurfuryl diisocyanate (continued)

External
factors

4.1.3.2 C5to bio-xylitol

Success factors Failure factors

Internal
factors

External
factors
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4.1.3.3 C5to hydrogel

Success factors Failure factors

Internal
factors

External
factors
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4.1.3.4 C5to 1,2,4-butanetriol trinitrate

Success factors Failure factors

Internal
factors

External
factors
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4.1.3.5 C5to animal feed

Success factors Failure factors

Internal
factors

External
factors

414 SWOT matrices — C6

4.1.4.1 C6to cellulose pulp

Success factors Failure factors

Internal
factors
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C6 to cellulose pulp (continued)

External
factors

4.1.4.2 C6toglucose

Success factors Failure factors

Internal
factors

External
factors

4.1.4.3 Glucoseto 2G bhio-PVC

Success factors Failure factors

Internal
factors
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Glucose to 2G bio-PVC (continued)

External
factors

4.1.4.4 Glucose to polyacrylate

Success factors Failure factors

Internal
factors

External
factors
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4.1.4.5 Glucose to polyester_1

Success factors Failure factors

Internal
factors

External
factors

4.1.4.6 Glucose to propane-2-ol

Success factors Failure factors

Internal
factors

External
factors
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4.1.47 Co6to PEF

Internal
factors

External
factors

Success factors

Failure factors
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4.1.4.8 Co6to PEIF

Success factors Failure factors

Internal
factors

External
factors

4.1.5 SWOT matrices —lignin

4.1.5.1 Lignin to lignin / castor oil-PU

Success factors Failure factors

Internal
factors
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Lignin to lignin / castor oil-PU (continued)

External
factors

4.1.5.2 Lignin to lignin based PF resin

Success factors Failure factors

Internal
factors
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Lignin to lignin based PF resin (continued)

External
factors
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4.1.5.3 Lignin to pyrolysis oil and biochar or carbon black

The pyrolysis process produces an oil and a char fraction. Further processing of pyrolysis oil
is not evaluated here. The char fraction can be sold as bio-char or upgraded to carbon black.
Further processing of carbon black is not covered.

Success factors Failure factors

Internal
factors

External
factors
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4.2 Synopsis of external SWOT analysis

4.2.1 SWOT analysis of biomass provision in Europe

Success factors Failure factors

Internal
factors
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External
factors
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4.2.2 SWOT analysis of biomass provision in northern India

Success factors Failure factors

Internal
factors

External
factors
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4.2.3 SWOT analysis of biomass conversion and use

- Success factors Failure factors

Internal
factors
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External
factors
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4.3 Results of the international workshop

4.3.1 Biomass provision

In the following the changes in the preliminary SWOT matrices made by the participants are
presented. Changes and additions made by the participants are written in blue. Deleted

arguments-are-written-strikethrough- Points given for argument weighing are added in red.

In chapter Erreur ! Source du renvoi introuvable. the strategies to overcome the most
relevant weaknesses and threats are reported.

4.3.1.1 Changes in SWOT arguments for northern India

Strengths

S1. Large agricultural sector that produces significant amounts afesidues

S2. Only about 20% of therice straw (all cereal straw) currently used for paper production
A likely high potential for biorefining and energetic use(low quality demand from Bio-
ref. and huge quantity wasted)3 Points)

S3. Reduction of air pollution caused by burning of rice straw in agricultural field¢reduced
air pollution) (3 Points)

S4. Employment opportunities for local community in the supply chain logistics of biomass
A opportunity

S5.  Alternate use of the residue which generate income for the farme#s opportunity

S6.  Does not lead to any direct serious implications of food security as what is being used is
the residue

S7. No major land use changes
S8. Smallholders could benefit throughco-operatives that organise provision of residues

opportunity
O1. Integration of small and marginal farmers into the supply chain system of biomass

02. Streamline the existing supply chain systenifrom wheat to rice)
03. Employment opportunities

O4. Promote use of machinery that reduces residue burning and makes it available asdee
stock for biorefineries and other alternative uses

O5.  Agriculture residues can generate revenue for farmerérom burning to usage, i.e. 0 to
some amount). Combined with O1(5 Points)

0O6.  Lots of opportunities for entrepreneurial activities (1 Point)

O7. T6 from Threats: Creating a market for straw could be an incentive to sustain the wheat
rice cropping system
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Weaknesses |

W1. Competitionwith pulp and paper industries, captive power producers?y threat

W2. Competition with use as animal feed, mulching and packaging in rural households (high
vulnerability of rural population!) A threat

W3. Rice and wheat are seasonal crops

W4.  Lack of large scale storage facilitiesr mechanised drying and compactionjor the straw
that could ensure its continuous availability to the biorefinery(currently lacking) (3
Points)

W5.  Fragmented supply chain2 Points)
. . " I | bility of technoloai

W7. Very low time gap for harvest

. =1ce avw-may-turh-odttopbe not suitablefo ome ) BlO0COREpathways
T2. Future government policies may prevent water intensive cropping (of rice) in the state of
Punjab
A Almost no chance
T3. Increase in prices caused by competition for feedstock from alternative usé$ Points)

T4 v-eHy—1OW R e-gap-obebAeerHalv/e O eaa OWWHRG-O1ARAE
farmers-to-burn-the-straw-to-clearthe fields A weakness, W7)

T5. Possible shortage in supply of agricultural labour in Punjab from other states due to fall
in seasonal migrationrate A can be overcome by mechanisation

T6. Creating a market for straw could be an incentive to sustain the wheaice cropping
system instead of shifting to a more sustainable and diverse crop rotatiqargument
questioned)

T7. Biomass procurement price vs. haresting technology costs might be to high
T8. Competition with pulp and paper industries, captive power producers (W1)

TO. Competition with use as animal feed, mulching and packaging in rural households (high
vulnerability of rural population!) (W2)
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4.3.1.2 Changes in SWOT arguments for Europe

Strengths

General aspects:
S1.  There is no direct competition to food and feedl Point)

S2. Infrastructure in many countriesand technologies for harves{contradictory with \W2)
are well established for both straw and wood

S3. Increased independancy of society from fossil resource$4 Points)

S4.  Renewable resourcesh not running out like fossil resourcesif managed sustainably
(4 Points)

S5.  Contribution to save fossil resources and mitigate climate chandenaking biofuels
cheaper) (1 Point)

S6.  Straw and wood is dry biomass which is easy to store

S7.  Would promote cascading use of biomag®2 Points)

S8. Employment opportunities to rural areas(6 Points)

Straw

S9. Income opportunity for farmers

S10. ResidueA no additional land useA indirect impacts can occur
Forest wood

S11. Income opportunity for forestry sector (1 Point)

S12. Market for early thinning wood with little diameter

S13. In some situations extracting forest residues can open forest canopy incentive for
sustainable forest management?
and increase the level of biodiversi in the forest

S14. In some situations extracting forest residues can reduce forest fire risk
Short rotation coppice (SRC)

S15. Income opportunity for farmers / forestry

S16. High biomass yields per hectare

General aspects
O1. Higher energy and resource sectity for EU (2 Points)

0O2. European bioenergy policy could increasingly shift towards lignocellulose because no
direct competition to food (1 Point)

03. Higher acceptance compared to first generation biorefineries (based on oil and starch
crops) (1 Point)
0O4. New programming period in CAP and other fund$2 Points)

Straw

Forest wood
O5. Incentives for sustainable forest managemenl Point)
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Short rotation coppice (SRC)

06. Environmental advantages of SRC plantations compared to other use options

0O7. SRC has high potential for pjtoremediation, could be established on marginal soils
08. SRC new crop: High optimisation potential by increased research

09. Former agricultural land will become available in Europe in future

Weaknesses

General aspects:
W1. Only hardwood and straw suitable, softwoodhs pellets only
W2. Infrastructure not yet fully available (see S2. roads & logistics)

W3.  Transport over large distances is expensivé only suitable for regions with high bo-
mass availability and few competitors for biomass usél Point)

W4.  Lack of regulatory framework for biomaterials
W5.  Technologies not yet mature
W6.  High investment costs

W7. Only economical at large scale which causes negative impacts related to e.g. logistics and
biomass availability (1 Point)

W8.  Small scale ownership structure in Europé3 Points)
Straw

W9. Risk for environmental sustainability if more than 30% of the straw is extracted3
Points)

W10. Sustainable extraction rate is side specific and not easy to defif@ipply chain not
established)

W11. Low densityA expensive logistics(1 Point)
W12. Harvest only once a yea(has to be stored year round)

W13. Seasonal workers and new machineries needed because harvest is in a time with high
agricultural work load

W14. Drain from conventional uses

W15. Lack of sustainability certification for nonforest feedstock at the moment
Forest wood

W16. Lack of sustainably available forest wood in many regions

W17. Risk for environmental sustainability if wood forest harvest rates are increased (reduced
soil fertility, lower biodiversity); extracting biomass from the forest can change forest
composition and light conditions, negatively affecting existing biodiversity5 Points)

W18. Demand for nature conservation causes use restrictions in forests, esp. for old beech
forests in Germany (that have been declared UNESCO World Heritage)rephrase

W19. Limitation of suitable woody biomass to hardwood stems with more than 5 cm diameter
reduce feedstock availability compared to other concepts

W20. Only hardwood suitable, but low hardwood potential in Europe
W21. Sustainable extraction rate is site specific and not simple to define

W22. High competition to direct energetic use and material use of wood (especial for pulp and
paper industries that would be competing for the same wood sources used by energy
generation)

W23. Wood has to be chipped into small particles, energy demanding
W24. Difficult to mobilise unmanaged forest resource question of cost?
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Short rotation coppice (SRC)

W25. Requires land for cultivation(1 Point)

W26. Competition for land (1 Point)

W27. Lack of sustainability certification for nonforest feedstock at the moment

General aspects

T1.
igher biomass prices(& prices of other renewables such as biofuelsffect other biomass
users(& private energy users)(3 Points)

T2.
ndirect effects on land use patterns: increased demand for cultivated biomass because of
higher efficiency (as happened itGermany with biogas plants, originally intended to run
on residues but now are mostly fed with corn silage}2 Points)

T3.
n case of biomass import: long transport and associated burdens, lower transparenar
garding sustainability issues

T4.
ncreasing demand fo biomass will drive up prices(4 Points)

Straw

T5.
4AT DPOAOGETI T 6 O AGOOAAO O1 OOOOAET AAT U rEECGE
ability criteria applied (2 Points)

T6.
traw and saw dust for animal bedding becomes more expensiv risk for animal wel-
fare

Forest wood

T7.

f high value wood (stem wood with diameter above 6 cm) is used: drain from other ma
be more sustainable pathwayg1 Point)

Short rotation coppice (SRC)
T8.

nfestation by new pests can cause heavy damages to SRC (new cultivars, monocultures)
TO.
isk of negative environmental and social impacts depending on location

T10. Displacement of other crops, in particular in case of high income opportunities direct
or indirect land use change effect§2 Points)

OA(
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4.3.1.3 Strategies to overcome most relevant weaknesses
The following most relevant weaknesses were identified:

1. Risk for environmental sustainability in case of too high straw extraction rates in agricul-
ture and forestry

2. Rising biomass prices and competition with other uses
3. Small scale ownership structure in Europe

The following first ideas to overcome these failure factors were mentioned:

Strategies to guarantee sustainable biomass extraction rates
T Agriculture:
1 Policy makers shall define targets/demand in line with existing sustainable potential
9 Subsidies bound to good agricultural practices (development of CAP
1 Information of policy makers on biomass use statistics and biomass market
1 Forestry:
1 More difficult because there is no common EU forestry policy

1 Solve problem by (national) legislation and voluntary certification

Strategies to handle the negative impacts of rising biomass prices
1 Support technologies that support flexibility of feedstocks
9 Prioritisation of raw material uses

1 Local rural development and biomass use plans

Strategies to handle unsuitable ownership structures

1 The goals should not be to change ownership structures, but to overcome the difficulties
associated with this structure, in particular higher costs for contracting and logistics

9 Develop densification technologies to make storage and transport of biomass cheaper
T Optimising and developing logistics

1 Information to farmers to motivate to participate
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4.3.2

Session on biomass conversion and use

4.3.2.1 Changes in SWOT matrices

In the following, the changes in the preliminary SWOT matrices made by the participants are
presented. Changes and additions made by the participants are written in blue. Deleted

arguments-are-written-strikethrough- Points given for argument weighing are added in red.

Strengths

General aspects

S1.

S2.
S3.
S4.
S5.
S6.

S7.

Increased energy and resource secusit(Energy of materials! If energy security through
biomass the main focus)3 Points)

Contribution to economic development: Jobsncome opportunities (2 Points)

Non-food biomass as feedstock3 Points)

Mitigating loss of top soil fertility due to in-situ burning of rice straw

Skilled technical employees available

Supportive policy framework (National Biofuel Policy recommends 10% blending with
bioethanol)

Use of biomass which islocally available resource will improve the economic conid
tions of farmers

Pre-treatment of biomass and Organosolv

S8.
S9.
S10.

S11.

S12.

Experience from running pilot plant

All biomass components are used, no major waste strear(is Points)

The processing conditions for reactions and separations are mild (low temperatures and
atmospheric pressure), thudeading to environmentally friendly operation and little
technical risks (explosion etc.)

It can be energy selsufficient by using wastes or part of the feedstock for energy pr
duction (Energy seltsufficiency requires running a large solid fuel boilerwhich can be
difficult from an operational point of view) (1 Point)

It can be proved after the massalance calculation of the process, taking into account
pilot plant data

Downstream processes and final products

S13.

S14.
S15.

Fall-back option for all three components ahand if high value process chains fails (pulp,
feed, direct use for energy)

(Fall-back option pulp is probably not viablez too low quality, market under strong pres-
sure)

(Undoubtedly a strength. But is it not pertinent to base economies on faback market in
case high values fail?)

Conventional processes can be adapted with reasonable effort

3 AP A OA Odelludde, Benkcélulose andlignin fractions allow more varied product
options z specific for fraction (1 Point)
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General aspects

O1.  Subsdies for biorefining might increase economic performancéProcess intensification
should in turn benefit to the biorefining sector and bring new economic marging CAPEX
and OPEX]1 Point)

02. Contribution to rural development by converting residues into hidp-value products and
providing jobs (8 Points)

03. India: Laws to encourage direct foreign investment that could be favourable for the
development of secondgeneration production (Increasing pressure on construction
products regarding resource efficiency)1 Point)

Pre-treatment of biomass and Organosolv

O4. Integration with large industrial complexes for holistic energy, material and logistics
integration (2 Points)

(Integration with chemical industry will only be possible where biomass is close enough
for low-cog delivery)

0O5.  Convert C5 fraction to C& carboxylate platform z via chain elongation

06. Legal opportunities offered by the EU Waste Framework Directivewaste A raw
material

Downstream processes and final products

O7. Technologies under developmensy increase inperformance in the years to come very

likely (Synthetic biotechnology / biology(?) can provide a huge range of products, both
drop-in or new) (5 Points)

08. 311 A AOOGOT I AOO 1T AU AA xEITE} ©Q OAADAROAT GOOAAT

scale of this premum is probablyvery small) (1 Point)

09. Large market for ethanol from C6 stream (biofuelEthanol as a backup plan: the ec
nomics of ethanol from biomass are poor if there are no highalue coproducts)
(Why C6 to fermentation products? These are largely bkimarkets where value is low.
Why not focus on using cellulose macromolecule where higher prices can be achieved?
markets willing!)

Weaknesses

General aspects

W1. Biorefining relies on immature technologies: No final conclusions on performance
possible (2 Paints)
(Technologies already proven at industrial scale for other applications for downstream
processing)
(Extraction and separation of lignin / cellulose/ hemicellulose may be not mature. Find
purification steps of molecules of interest by ion exchange|tfiation, chromatography is
mature.)

W2.  Flexibility in terms of -biomass portfolio, -operating rangez> safety and efficiency has to
be developed

W3.  Profitability of the whole concept is the major weakness

W4.  Legal framework not yet developed legal uncertainty (Legal framework is externalA
Threat) (2 Points)

Pre-treatment of biomass and Organosolv
W5.  Energy intensive pretreatment needed (milling, pulping)
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W6.

W7.

WS.

WO.

W10.

W11.

W12.
W13.

Material and energy efficiency still have to be improved to be environmental and ec
nomically efficient

Processhas to be adapted each time feedstock properties chan@&Points)
(BIOCORE does not confirm this! Grassy species = 1 process, Hardwoods = 1 process; the
process switches are feasible at industrial scale)

C5 fraction contains many and probably also varidb feedstockdependent impurities (1

Paint)

(It is a real problem the use of C5 fraction for bioplastic production. A very high ashreo

tent in this fraction requires the removal of inorganic impurities before C5 fraction po-

cessing)

(Indeed, C5 streamcoA ET O A 11 0 T £ EIi bOOEOEAO j AT 11 00N
process does already exist for such product)

Corrosive chemicals have to be used: Wear of equipment and safety rigkiemicals =

yes. But the problem is more that these chemicals ar®t greenz chemicals are used

everywhere)

Full scale plant will be expensivél Point)
(need for subsidies for establishing plantg or perhaps repayable loans?)

Costly solvents neededy recovery critical in keeping operating costs dowr{(1 Point)
(Membrane based processesin-site product recovery)

Stability of supply

Downstream processes and final products

W14.

W15.

W16.
W17.
W18.

W19.

W20.
W21.

W22.

Some process chains are not yet fully demonstrated Point)
(Infrastructure and technology not available for collection and bailing of rice straw. Large
area required for storage of lowdensity rice straw)

Mature technologies are not yet available

(Technologies already proven at industrial scale for other applications for downstream
processing)

(Some are! lon exchange, chromatography, filtration)

Not much subsidies for green chemical&ubsidies are externalp Threat) (1 Point)
Costly REACH registratiofREACH is externahy Threat)

Lower acceptance for norstandard products, which finctionally replace chemically
different conventional products. This may require a modification of further processing
steps on the customer sidé1 Point)

(Acceptance of products is externady Threat)

(Fundamentally, who will reap the benefits of biechemicals?-biomass supplier?-
biorefinery operator? zdownstream product developer who sells direct to consumer?)
(Two pathways: 1. Direct substitution of existing petroleum based produch
cost/performance is critical, A probable commodity. 2. Novel product usg unique bio-
mass propertiesA very difficult and slow process A expect to spend lots of money and
time) (1 Point)

High energy demand for product separation in many process chaii8 Points)

(Energy intensive processes present in biprocesses. Howeverenergy integration and
process to process integration is able to secure the feasible margins for sustainability of a
process. Studies have proved that.)

Use of GMOs for fermentatioy lowers acceptance

Markets for high-value products often saturated. Estalishment of market for new
products requires good marketing.(There is room in the market for more highvalue
POl AOBAOOS8 Q

Harmonised procedures are needed for the evaluation of biproducts
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W23. Safety issues: Relating to level of process integration, innovati@amd other featuresz
may be related to pretreatment issues as we(ll Point)

General aspects

T1. Better economic performance at large scales, but higher risk for unsustainable biomass
supply in big plants(2 Points)
(Scale, economic performance is ietnal A Weakness)

T2. Fast development of large scale biorefineries does not leave time to react on unpredicted
negative effects(Governance needed: lack of public support if widely shared ethicad-i
sues insufficiently addressed by rapid development of biobaskindustries)

T3. Subsidies for other biomass uses (bioenergy!) makes biorefining uneconon{it Point)

T4. India: Bureaucratic hurdles still exist for new projects despite government support
initiatives (Bureaucratic hurdles (not so much) as the political will!)

T5. Safety issues in the full value chain may require modification of regulatory framework

T6. First plant of a kind will not be optimal. 2nd, 3rd, etc. will be more efficient, leaving the
first plant non-competitive. Who will build then plant No. 1? Unless you arsure to build
the next. This is bad news for technology suppliers who are not going to be producer but
only licence technol. Better chances for producers who also develop technolodl Point)

T7. Make the complete biorefinery profitable and robust that means, it must have flexibility
to be profitable also when some products drop out. The market is very dynamic. And new
products need be developed continuously.

Pre-treatment of biomass and Organosolv

T8. Biomass has to be dried (maximum 15% water content can belerated) (1 Point)
(Biomass dryingA Weakness)

TO. Several competing lignocellulose processing schemes are currently being testéd
Points)
(Why are competitive technologies a threat? And prices of biomass will balance out in
market conditions)

T10. There will be more competition about lignocellulosic biomass once the processing to
chemicals is established3 Points)

j)oil 80 OEEO xEAO xA xA1 Og POI ARAOGOET ¢ iI-& AEAIE

ue than e.g. energy, thus compete well)
(This worries me z we need to really understand what can be mobsed and under what
conditions)
T11. Water scarcity because of the large quantities of water required for processing
(What about water recycling and reuse (WP5)? Also this is a weakness)
(Water integration may offer great opportunities for water reuse. Very promising tet-
nology for process optimisation)
(Water scarcity? Surely you can overcome this with appropriate water treatment?)

Downstream processes and final products
T12. Some process chains may turn out to be nahplementable economically(3 Points)

T13. Development stays at too low technology level, on obvious things (e.g. possibilities of
biotech conversions not understood)




IUS, VTT & IFEU 99

4.3.2.2 Most relevant success and failure factors and strategies to overcome most
relevant weaknesses and threats

The “biomass conversion” session focused on the discussion of the SWOT matrices (first
part). This is due to the fact that weaknesses and threats for biomass conversion are difficult
to evaluate from an outside perspective.

The following aspects were identified as most relevant success factors:

1 India: Laws encourage direct foreign investment that could be favourable for the devel-
opment of second-generation production

1 Increase in performance in the years to come by research and development is very likely,
because technologies are still immature

1 The technologies contribute to increased resource and energy security

1 The technologies use non-food biomass as a feedstock.

Regarding the failure factors, the following arguments were identified as most relevant.
T Many process chains require a high energy demand for product separation

1 Several competing lignocellulose biorefinery schemes are currently being tested

1 Some process chains may turn out to be not implementable economically

To overcome these weaknesses and threats

T Further research and development is needed.

1 The competitiveness of BIOCORE is considered high because BIOCORE is working on
high value products which can achieve good prices. Some participants also expressed a
positive view on competition, because the market will balance out the prices.

1 The flexibility of BIOCORE is considered already high. Process adaptation is only needed
in case of a shift between grassy and woody biomass, not for a change between different
grassy or woody species respectively.

i High energy demand; could be reduced by process integration. Therefore, process
integration should be a focus of further development.
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6  Acronyms and Abbreviations

1G/2G
ABE-process
bbl

BRP

BTX

CEE

CHP

CIMV

DLUC
DM
EJ

EU
EEA
FDCA
FSC
GHG
GMO
HMF
ILUC
LULCC
MAI
Mha
Mkm?
Mm?
Mt
NGO
odt
PEF
PEIF
PET

First generation / Second generation
Acetone-butanol-ethanol fermentation

Oil barrel (measuring unit)

Biorefinery project

Mixture of benzene, toluene, and the three xylene isomers
Central and Eastern Europe

Combined heat and power

Compagnie industrielle de la matiere végétale. A fresh company and
BIOCORE consortium member

Direct land use change

Dry matter

Exajoule 1 EJ = 10'® J (measuring unit)
European Union

European Environment Agency
2.5-Furandicarboxylic acid

Forest Stewardship Council
Greenhouse gas

Genetically modified organism
Hydroxymethylfurfural

Indirect land use change

Land use and land cover change

Mean annual increment

Million hectares (measuring unit)
Million square kilometres (measuring unit)
Million cubic metres (measuring unit)
Million tonnes (measuring unit)
Non-governmental organisation

Oven dry tonnes (measuring unit)
Poly(ethylene 2,5-furandicarboxylate)
Poly(ethylene 2,5-furandicarboxylate - ethylene itaconate) copolymer

Polyethylene terephthalate
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PF Phenol formaldehyde

PHA Polyhydroxyalkanoates

PJ Petajoule 1 PJ = 10™ J (measuring unit)

PLA Polylactic acid

PTT Polytrimethylene terephthalate

PU Polyurethane

PVC Polyvinyl chloride

REACH EU Regulation concerning the Registration, Evaluation, Authorisation
and Restriction of Chemicals (Regulation (EC) No 1907/2006)

RES Renewable energy sources

RWS Rice-wheat cropping system

SOC Soil organic carbon

SRC Short rotation coppice

toe Tonnes of oil equivalent (measuring unit)

UAA Utilised agricultural area

VCM Vinyl chloride monomer



