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ABSTRACT

Europe’s agricultural land (including Ukraine) comprise of 164 million hectares of culti-
vated land and 76 million hectares of permanent pasture. A “food first” paradigm was
applied in the estimations of land potentially available for the production of biofuel
feedstocks, without putting at risk food supply or nature conservation.

Three land conversion scenarios were formulated: (i) A base scenario, that reflects devel-

Published online m opments under current policy settings and respects current trends in nature conservation
and organic farming practices, by assuming moderate overall yield increases; (ii) an envi-
Keywords: ronment oriented scenario with higher emphasis on sustainable farming practices and
Biofuels maintenance of biodiversity; and (iii) an energy oriented scenario considering more
Land use scenarios substantial land use conversions including the use of pasture land.
Land resources By 2030 some 44-53 million hectares of cultivated land could be used for bioenergy feed-
Agriculture stock production. The energy oriented scenario includes an extra 19 million hectares
Crop residues pasture land for feedstocks for second-generation biofuel production chains. Available

land is foremost to be found in Eastern Europe, where substantial cultivated areas can be
freed up through sustainable gains in yield in the food and feed sector.

Agricultural residues of food and feed crops may provide an additional source for biofuel
production. When assuming that up to 50% of crop residues can be used without risks for
agricultural sustainability, we estimate that up to 246 Mt agricultural residues could be
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available for biofuel production, comparable to feedstock plantations of some 15-20

million hectares.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

After decades of overproduction in European agriculture and
subsequent measures to limit agricultural surplus production
and take farmland out of cultivation, the potential of renew-
able energy from biomass grown on agricultural land has
reversed the focus of debates towards scarcity of agricultural
land resources. Recently soaring agricultural commodity
prices have triggered controversial views about the use of
arable land for the production of biofuels as opposed to food
and feed.

The European Commission has put forward a proposal for
a Directive to achieve by 2020 a 20% share of renewable energy
and a biofuels’ usage target of 10% in transport [1]. A consid-
erable share of this renewable energy will have to be produced
domestically not only for reasons of improving energy secu-
rity within Europe, but also because of growing competition
for biofuel and feedstocks, as result of global trends of
lowering dependencies from fossil fuels.

Today some two-thirds of renewable energy in Europe is
derived from biomass [2]. It is expected that biomass will play
a vital role in providing future renewable feedstocks for the
different energy conversion routes, i.e., heat, electricity and
(advanced second-generation) biofuels.

Energy demand for transport, which is currently almost
entirely relying on fossil oil sources, will continue to experi-
ence high growth in the decades ahead. In the EU the trans-
port sector is responsible for around 21% of anthropogenic
greenhouse gas (GHG) emissions. In order to curb a fast
growing GHG emission profile, biofuels are considered a key
solution together with fuel saving vehicle technologies.

Full development of the biomass option requires a thor-
ough analysis of possible consequences of a major shift in
land use. While forests today provide the bulk of biomass
energy used for heat and electricity, a still small but growing
fraction of agricultural land is dedicated to the production of
biofuel feedstocks. In Europe this has mainly been rapeseed
for producing biodiesel.

Feedstocks for use in current first-generation biofuel
conversion technologies utilize conventional food and feed
crops for producing biofuels, namely oil crops for biodiesel as
well as starch and sugar crops for bioethanol. The second-
generation biofuel production technologies to utilize ligno-
cellulosics are not yet commercial. Besides agricultural and
forestry residues and wastes, dedicated energy crops grown
on agricultural land could play a key role in providing
substantial amounts of lignocellulosic feedstocks required for
both, the second-generation biofuel production chain as well
as heat and electricity production.

The environmental impacts of first-generation biofuels, in
particular net contributions to GHG savings are challenged [3].
In Europe land use efficiency of the presently dominating 1%

generation feedstocks is low compared to estimated poten-
tials for 274 generation feedstocks [4]. First-generation bio-
fuels may serve as a bridge to second-generation biofuels [5],
which still requires intensive research and development
efforts at all levels of the production chain including feed-
stocks, conversion technologies and distribution logistics. In
any case, it is likely that the claim on agricultural land for
bioenergy feedstocks will increase.

In the future food, feed and energy crops may compete for
agricultural land causing environmental and nature protec-
tion concerns. This paper aims to assess available land for
bioenergy production for different scenarios for the period
2000-30 and cover the EU27, Norway, Switzerland and
Ukraine.

Section 2 describes the scenario approach, methodologies
and data used in this study. Key is the assessment of future
land requirements for food and feed to satisfy projected
consumption levels. Section 3 formulates storylines and
specifies quantitative assumptions. Scenario-based estimates
by individual countries up to 2030 provide extents of culti-
vated land and grassland that could potentially be available
for production of energy feedstocks including biofuels. Crop
residues that may provide additional sources of bioenergy
feedstock have been estimated as well. Section 4 deals with
implications of the scenario outcomes on (i) land competition,
(ii) land use change, and (iii) biofuel potential that could be
derived from the available land. The final section presents
conclusions.

2. Scenario analysis - methodology and data
2.1. Driving variables and scenario approach

Competing land use requirements for Europe’s food and
livestock sector as well as land use conversion from agricul-
ture to other uses, in particular built-up and associated land
areas, will determine future availability of land for energy crop
production. Future domestic food and feed area requirements
are the result of developments in food demand (more specif-
ically population and dietary changes) combined with
changes in production intensity (crop yields and intensity in
livestock production) and trade in agricultural products.
Food demand in Europe is projected to remain relatively
stable in the coming decades. Technological progress in agri-
cultural production including increases in crop yields and
livestock feed conversion efficiency is expected to continue.
Because of distinctly different economic developments in the
past two decades, yields today in Eastern Europe (the CEEC)
are (at an average aggregate) only half of those in Western
Europe. Higher rates of increases are anticipated in CEEC, as
yields and feed conversion efficiencies are expected to
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converge with those projected for Western Europe by 2050.
Higher agricultural production intensities imply fewer areas
required for domestic food and feed production and thus more
area becoming potentially available for alternative crops.

While energy crops may create an economically attractive
alternative to growing crops for conventional food, feed and
other uses, we are primarily interested in assessing avail-
ability of agricultural land in excess of land required for pro-
jected food and feed uses. Agricultural land freed up by
efficiency improvements may be used for growing biofuel
feedstocks or production of other agricultural commodities
for increasing self-sufficiency rates. Historic data show that
principal trade patterns among European countries, and
between Europe and the rest of the world, did not change
significantly in the past two decades. Alternatively, the freed-
up land could be used for growing biomass for the heat and
power sector. Depending on future regulatory frameworks
and economic preferences/advantages these alternative uses
may compete with biofuel feedstocks.

A prime assumption for the scenarios is that Europe will
maintain its current (period 2000-02) level of self-sufficiency
for food and feed crops as well as for livestock products. In this
sense the scenarios determine the amount of land that could
become available without compromising food and feed
production (“food first” paradigm). The major drivers in the
scenarios are projected demographic changes and associated
food demand on the one hand and, on the other hand,
technological progress in the agricultural sector, for the most
part achieved by modest aggregate crop yield increases and
feeding efficiency gains in livestock production.

Increasing land use efficiency in food and feed production
is crucial for freeing up land for non-food crops and requires
an intensification of agricultural production systems. This
may be in conflict with management objectives for extensive
farmland categories that are associated with high agro-
diversity and natural habitat diversity. Depending on crop
choice and farm management agricultural intensification can
cause significant environmental pressures on soil and water
resources and biodiversity. The process of intensification,
especially the use of agro-chemical inputs (fertilizer, pesti-
cide), may counteract current environmental policies and
objectives. Techniques like precision farming, if applied
widely, may mitigate pollution from intensifying agriculture
that would otherwise jeopardize environmental objectives as
defined in the Water Framework [6] and Nitrate Directive [7].
The integration of new types of especially perennial ligno-
cellulosic crops in landscape planning including crops’
rotations may also help reducing the environmental impacts
of intensive production.

Extensive farming systems such as semi-natural grasslands
and environmentally oriented farming are important for
maintaining the biological and landscape diversity of farmland,
including Natura 2000 sites and High Nature Value farmland
[8,9]. Set-aside land or marginal grassland is of particular value
for biodiversity [10,11]. Therefore, future development in the
expansion of areas under organic farming or ‘environmentally
oriented’ farming needs to be considered as well.

Both arable land and permanent grassland are considered
as potential areas for energy feedstock production. Livestock
energy balances reveal for many European countries the

available pasture area is larger than the area required for
ruminant feed. The share of required pasture feed area in total
permanent pasture varies widely across European countries
depending on animal density, provision of feed crops and
pasture yields. “Surplus” grassland with no special environ-
mental or accessibility restrictions may be harvested for
selected biomass energy feedstocks. Whereas arable land can
be used for all types of biomass feedstock, grassland should
only be considered for producing herbaceous lignocellulosic
feedstocks (miscanthus, switch grass, reed canary grass)
under zero-tillage systems in order to respect environmental
and greenhouse gas concerns. Alternatively grassland cutting
for biomass has been proposed as an option to maintain
extensive grassland habitats rich in biodiversity [12].

Agricultural residues are readily available as by-products
from food and feed crop production and can contribute
significant amounts of feedstocks during the introduction
phase for e.g. second-generation biofuel production chains.
However, at the same time crop residues have alternative uses
such as animal feeding and bedding and could meet impor-
tant ecosystem services essential to maintenance of soil
fertility and erosion protection.

2.2. Land requirements for food and feed production

Estimating land requirements for domestic food and feed use
entails a full accounting of a country’s produced, processed
and traded agricultural products. In the context of an
EU-funded R&D project Modelling Opportunities and Limits for
Restructuring Europe Towards Sustainability (MOSUS) the
authors have created a comprehensive database: ‘“Agricul-
tural and forestry products trade balance database including
production volumes and land use - a country-specific data-
base from 1980 to 2002"’[13,14].

The database provides detailed accounts of produced and
traded agricultural and forestry products by individual coun-
tries. Agricultural products include crops, livestock and fish-
eries, primary as well as processed and derived products. The
commodity lists follow FAO’s supply utilization accounts and
include more than 200 items. Land areas associated with
agricultural products were estimated for domestic production,
imports and exports of individual commodities.

In the livestock sector, ruminants (cattle, sheep, goats and
horses) have been treated separately from other livestock
(mainly pigs and poultry). Ruminants rely on pastures, green
fodder as well as feed produced on cultivated land while other
livestock relies on the latter only. Attributing land associated
with the production of feed crops and by-products from
primary crops used in feeding (e.g. brans or soybean meal) was
done according to usability of feed sources for different
animal types and estimated in proportion to livestock energy
requirements. By comparing energy supply from reported
feed use and pastures with livestock energy requirements it
was possible to allocate feed use separately to ruminants and
monogastric livestock.

Aggregation of the land area associated with crops and
livestock production can simply be done by adding up.
Aggregation of quantities of very different commodity groups
requires weighted aggregation. International price weights of
the year 2000 were used (Geary—Khamis prices compiled by
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FAO [15]) for aggregation of physical quantities of production
and trade, i.e., the original units of production (in tonnes) were
converted to an equivalent amount in Geary-Khamis dollars
(GK$).

Physical amounts, land areas and derived coefficients were
estimated at detailed commodity level, which in turn were
aggregated to selected sub-sectors. For crops three categories
were distinguished: cereals; other crops; and fodder crops.
These comprise food and feed items for both primary and
processed commodities. Two categories of livestock products:
from respectively ruminant and other livestock were used;
commodities include meat, dairy products and eggs.

Fig. 1 provides a schematic overview of estimating the
required food and feed areas. Future food demand (or
domestic use) was derived as a function of population number
and per capita food consumption levels. It was converted to
domestic production levels using self-sufficiency ratios (SSR)
with separate treatment of crop and livestock products. SSR
have been calculated using production and trade data from
the national statistics of FAOSTAT [reference for FAOSTAT].

Livestock production is associated with land via feed
requirements of the livestock herd (livestock energy balances).
Requirements of ruminants, being feed from pastures and
from cultivated fodder and feed crops, have been considered
separately from monogastric animals. In contrast to ruminants
they feed solely on cultivated food and feed crops.

Aggregate livestock production intensity changes over
time due to structure changes (e.g., share of pigs versus
poultry) and technological progress, for example through
breeding for higher production per unit of feed. A technical
coefficient was used to measure livestock intensity (the ratio
of feed energy intake per unit of aggregate livestock
production).

Feed crop requirements and crops used for direct food
consumption add up to domestic crop use (CROPS Qty.
Dom.USE). Self-sufficiency ratios estimate the required

domestic crop production (CROPS Qty. Dom.PROD). Yields
determine cultivated land area requirements of domestically
produced food and feed crops.

Pasture area requirements were calculated by estimating
grassland production and comparing to ruminant feed
requirements (net of feed and fodder from cultivated land and
imports). “Surplus” pasture land may potentially become
available for producing biofuel feedstocks.

2.3. Crop residues for biofuel production

Factors that determine the amount of residues include crop
type and yields, the biomass ratio of crop residues to crop
main produce (RPR), and percentages of residues removed
from the field for potential use. Cultivars of higher yielding
varieties aim at a higher shares of the primary productivity to
be stored in the harvested parts. As a consequence the relative
amount of crop residues (RPR) is generally lower as compared
to lower yielding traditional cultivars. In case of cereals,
potatoes and sugar beet linear relationships are assumed
between the upper and lower bounds of RPR values relative to
the yield of the main produce. RPR estimates for individual
crops are derived from literature [16-18].

The maximum amount of crop residues that can be
removed from the field without significantly affecting soil
fertility is debated. Some consider crop residues as currently
unused waste material and make a strong case for its use for
biofuel production (e.g. [19]). Others perceive crop residues as
a valuable resource that provides irreplaceable environmental
services [20] and argue removal of crop residues would exac-
erbate risks of soil erosion by water and wind, deplete soil
organic matter, degrade soil quality, increase non-point
source pollution, decrease agronomic productivity, and
reduce crop yields per unit input of fertilizers and water [21].
The importance of retaining residues on fields depends largely
upon specific local conditions [22].

Population
number

Food consumption
food use / capita

| Vegetarian food |
I I

| Livestock products |
[ [

from from from from
Cereals Other crops Other LVST Ruminants
CROPS Qty. Dom.PROD Dom.PROD
Dom.USE Other LVST Ruminants
'
[ Livestock ENERGY balances
CROPS Qty. T
Dom.PROD FEED crops Feed from
i PASTURE
Crop YIELD requirements
CULTIVATED PASTURE

area requirements

area requirements

Fig. 1 - Flow chart for food and feed area requirements calculation procedures.
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In the present calculations the widely adopted assumption
that up to 50% of crop residues could be removed without
significant impacts on soil fertility or soil erosion (e.g. [23]) was
applied. For vegetables, roots and tubers a very limited use
factor of only 5% is assumed due to bulkiness and high water
content of residues.

Estimates of available crop residues are based on FAOSTAT
production data, which provide harvested quantities of indi-
vidual agricultural commodities in fresh weight by country and
year. Conversion factors of fresh weight to dry weight and the
respective RPR values were applied to derive quantities of crop
residues. Table 1 summarizes conversion factors for commod-
ities where RPR depends on yield. Remaining commodities are
assumed having constant RPR (see Appendix 5 in [24]).

2.4. Land resources

Table 2 summarizes Europe’s land resources of the countries
included in this study, namely EU27, Ukraine, Norway and
Switzerland. Henceforth we use the following acronyms for
selected subregions: (i) EU15; (ii) EU15" (EU15+ Norway,
Switzerland); (iii) EU12; (iv) EU27 (EU15+EU12); (v) EU27"
(EU27 + Norway, Switzerland); (vi) EU27" + Ukraine.

Total agricultural area includes 164 million hectares culti-
vated land and 76 million hectares permanent grassland.
Cultivated areas dominate agricultural land in Eastern Europe,
while the bigger part of permanent grassland is located in
Western Europe. The vast majority of cultivated land is arable
land amounting to 150 million hectares. Almost half of this is
found in the EU15, and respectively 29% and 22% in the EU12
and the Ukraine. The greater part of Europe’s 13 million
hectares with permanent crops are found in Spain and Italy,
mainly olive groves and vine yards.

To limit overproduction in the European Union, the EU’s
Common Agricultural Policy had introduced the set-aside
scheme, which has supported farmers for leaving their land
fallow. In 2000 the EU15 countries reported that 4.3 million
hectares of cultivated land were fallowed “with no economic
use”. The use of such areas for bioenergy crops is being
debated. In response to rising prices of agricultural
commodities, as of 2008 the compulsory set-aside has been

abolished. Farmers can continue to set land aside on a volun-
tary basis and apply to environmental schemes.

Estimated livestock energy balances (as described in
Section 2.2) reveal that some 40% of estimated permanent
grassland production is not required for raising Europe’s
ruminant livestock herds. Unless restrictions for reasons of
nature conservation apply such “surplus” pasture area may
potentially be considered for producing certain environmen-
tally benign lignocellulosic biofuel feedstocks.

3. Scenario results
3.1. Storylines and assumptions

Future food and feed area requirements in Europe critically
depend on future changes in production intensity (crop yields
and feeding efficiency) as well as trade in agricultural prod-
ucts. Continued increases in crops’ yields and livestock
production intensity will free land for energy feedstock
production. Environmental and nature conservation concerns
as well as consumer demand for organically grown food
products however may constrain intensification and limit
technical production potentials.

Land that may be freed up for alternative uses such as biofuel
production has been estimated for various scenarios repre-
senting conditions for satisfying projected food and feed
demand from domestic production while maintaining European
self-reliance for agricultural products at current aggregate levels.

The time frame is until 2030 and estimates are for the indi-
vidual countries of the EU27* + Ukraine. In the base period
2000-02 energy crop production in Europe was relatively small
and it can be assumed that all agricultural land except the set-
aside areas in the EU15 were then used for food and feed
production. Estimations include a “Land use-Base” scenario
and two alternative scenarios depicting different land use and
environmental policy preferences. Deviations from the ‘“Land
use-Base” scenario are realized by different assumptions on
land use conversion and area required for nature conservation:

(1) The Land use-Base scenario (LU-Base) describes ‘likely’ devel-
opments under current policy settings respecting current

Table 1 - Conversion factors used to estimate crop residues for selected major crops.

Water USE Lower yield Higher yield RPR at lower RPR at higher
content (%) factor (%) boundary (tha™?) boundary (tha™? yields yields
Wheat 15 50 1.50 9.00 1.75 0.70
Rice, paddy 15 50 2.50 7.00 2.00 1.00
Barley 15 50 1.00 7.00 2.50 0.90
Maize 15 50 1.50 9.00 2.00 1.00
Rye 15 50 1.00 6.00 2.50 1.50
Oats 15 50 1.00 6.00 2.50 1.50
Millet 15 50 0.40 2.50 4.00 2.00
Sorghum 15 50 1.00 6.00 4.00 1.25
Potatoes 65 5 7.50 45.00 1.00 0.50
Sugar beets 75 50 10.00 75.00 0.70 0.40
Soybeans 15 50 0.50 3.00 3.50 1.50
Sunflower seed 40 50 0.50 3.00 3.50 1.75
Rapeseed 40 50 1.00 3.50 3.50 2.00
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Table 2 - Land use in Europe (year 2000).

Million hectares Europe? Of which
EU15 EU12 Ukraine

Cultivated® 163.6 841 446 33.5
Of which: arable® 149.6 72.3 42.8 32.5
Permanent crops® 14.0 11.2 1.8 0.8

Pasture® 75.5 51.3  15.1 7.9
Of which: in feed use? 43.7 36.0 3.5 3.0
Other? 31.8 15.3 11.6 49

Forest and other 182.7 125.0 34.9 9.6
wooded land ©

Built-up and associated 28.6 22.6 6.0 n.a.
land ©

Otherf 62.6 29.3 5.3 9.4

Total land 513.0 312.2 105.9 60.4

a Europe here includes all countries of this study (EU27, Norway,
Switzerland, and Ukraine).

b Source: EUROSTAT.

¢ Source: FRA2000.

d Source: own estimates based on livestock energy balances [14].
e Source: own estimate based on [24].

f Source: calculated as remainder.

trends in nature conservation and ecological sustainable
farming practices, and assuming modest average yield
increases. Essentially it reflects trends in food consumption
patterns on the one hand and conservative estimates of
technological progressin food production on the other hand.

(2) The Land use-Environment scenario (LU-Env) assumes
a growing emphasis on sustainable farming practices and
biodiversity. This entails larger areas required for organic
farming and marginal farmland preserved for extensive
farming and nature conservation.

(3) The Land use-Energy scenario (LU-Ene) permits more drastic
land use conversions. It allows in addition to cultivated
land used for energy crop production, as defined in the
Base scenario, some surplus pasture land for growing
herbaceous energy crops. To avoid net carbon releases due
to soil disturbance by ploughing, specific zero-tillage crop
cultivation techniques are assumed for establishing these
energy grasses. In this scenario available surplus pasture
land, i.e. the areas not required for grazing animals, is
constrained by nature conservation concerns.

The following describes the principal assumptions under-
lying the three land availability scenarios. The scenarios
represent a refinement of the REFUEL scenarios described in
[24]. They better reflect regional differences in yield growth
potential (see below section on aggregate crop yields) and
more clearly differentiate important land use change and
management priorities (organic farming; grassland use;
nature conservation). Where not specified otherwise,
assumptions apply to all three scenarios.

3.1.1. Agricultural land loss due to urbanization

Agricultural land will continue to be converted to residential,
commercial, industrial, and infrastructure purposes including
both built-up land and associated vegetated areas (henceforth
termed BUILT+). Future BUILT+ area estimates depend on

economic development driving the demand for non-agricul-
tural land and land use policies [25]. Estimates of BUILT+ land
conversion were made to 2030 and applied to cultivated land
and permanent grassland at proportional rates.

3.1.2. Food demand

Historical trends of the EU27* + Ukraine food consumption
per capita were projected into the future for plant food and
livestock products from pigs and poultry. For consumption of
ruminant livestock products (meat and dairy products)
historical data indicate for most countries a modest decline in
per capita levels. In the scenarios some further decrease of per
capita consumption is projected for Western Europe whereas
current per capita levels were used for Eastern Europe.

3.1.3. Feeding efficiency in livestock production

As in the past, monogastric livestock production efficiency is
expected to further increase, i.e., feed requirements per unit
of livestock output are declining and changing in character
towards less grazed feed and more cultivated food and feed
crops. For the ruminant livestock sector historical data reveal
a decreasing intensity in production for the aggregate of
EU15" countries. Estimated feeding efficiency of ruminant
livestock has decreased slightly over recent years. The
observed trend however varies between individual countries.
The scenarios in this paper assume a modest increase in
livestock production intensity in the future.

3.1.4. Aggregate crop yields
The crop sector of a country is described in a comprehensive
and aggregate form. Aggregation of crop yields and production
is achieved through weighting with international Geary-
Khamis prices (GK$). Aggregate yield expressed in GK$ ha~?
captures changes of individual crop yields as well as changes
in composition of crops and intensity of arable land use. It
provides a robust and comprehensive measure of a country’s
change in agricultural land used for food and feed production,
which in turn is applied to project extents of land potentially
freed up for cultivation of biofuel feedstocks.

Table 3 presents the development of aggregate yields
expressed in GK$ha ' between 1985 and 2002. Currently,

Table 3 - Change in aggregate yields in Europe between
1985 and 2002.

1985-87 2000-02 Increase

(GK$ha % (GK$ha Y (% year ™)
EU15 1043 1157 0.7
Germany 1178 1347 0.8
France 1159 1261 0.5
Spain 652 891 2.0
Italy 1565 1617 0.2
Sweden 557 697 0.9
EU12 760 586 -17
Poland 894 667 -1.8
Hungary 803 693 -1.0
Bulgaria 684 491 -2.6
Romania 663 512 -13
Ukraine 485 (1990-92) 388 -2.2
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Fig. 2 - Aggregate crop yields for conventional agriculture observed in 2000-02 and assumptions for 2030.

aggregate yields in Western Europe are nearly twice as the
yields achieved in Eastern Europe. Note however, due to
diverse climatic and agro-environmental settings a wide
range of average yields occur in Western European countries,
namely from over 3000 GK$ ha! in the Netherlands (with its
specific pattern of high-value agricultural products) to less
than 700 GK$ ha~? in Nordic countries (for 2000-02). Eastern
Europe’s agricultural decline in output per hectare coincides
with economic restructuring.

For the scenario development, European countries were
grouped according to aggregate crop yields into five groups. In
the EU15" countries aggregate yields (represented as
GK$ha?') were at relatively similar levels except for the
Nordic countries (no, se, dk, fi) and the Iberian Peninsula (pt,
es). They attained significantly lower aggregate yields, due to
mainly specific biophysical constraints. Similarly, due to
significant different yield levels, the Baltic countries in EU12
were grouped separately.

Yield projections for the three groups of countries covering
EU15" were based on historical trends. Aggregate yields are
projected to increase by some 6-15% over the 30-year period to
2030. In the EU12 and Ukraine the historical yields were not
extrapolated. Instead it is assumed that the current existing
yield gap between EU15" and EU12 countries will gradually be
closed in the next decades. In the projections aggregate
average yields in EU12 and Ukraine are assumed to reach
about 80% of the level achieved in EU15" by 2030, from just
over 50% in the base period 2000-02 (Fig. 2).

3.1.5. Organic farming areas and yields

Extents of organic cultivated land were estimated from
EUROSTAT statistical data for the year 2005." Historical data
analysis reveals that countries reaching a 20% share for
organic farming area seem to have reached a ceiling. The LU-
Base scenario assumes a doubling of organic farming area in
2030. In accordance with historical levels, countries were
assigned a share of organic farming in the range of 5-10%. The
LU-Env scenario assumptions include a further increase of
these LU-Base shares by 5%, resulting in organic farming areas
ranging for individual countries between 10% and 15% by 2030
(Table 4).

! In some countries estimates were necessary because the data
often do not differentiate organic farming area on cultivated land
and permanent grassland.

Organic farming yields are typically between ten and thirty
percent lower than conventional farming [15]. Production
goals of organic farming focus on quality of produce rather
than on quantity. The scenarios assume conservative average
yields of organic farming, namely to remain constant at the
2005 level, which was set to 20% below 2005 yield levels of
conventional farming. Thus, assumptions made for organic
farming partly lead to some extensification and somewhat
reduced land availability for bioenergy.

3.1.6. Cultivated land reserved for nature conservation

Intensive agricultural production systems may cause severe
environmental pressures including loss of biodiversity and
soil and water pollution. The EU committed to halt biodiver-
sity loss by 2010, at its Sustainability Strategy Summit [26].
The Nitrates Directive [7] aims to reduce water pollution
caused or induced by nitrate from agricultural sources.

The LU-Env scenario represents the presently established
approach to preserving biodiversity and reducing water
pollution from agriculture. It anticipates some cultivated land
to be kept out of production and reserved for nature conser-
vation or for extensive farming. In the EU the set-aside
scheme, introduced in the late 1980s, was to curb over-
production in agriculture. Over the years a considerable share
of set-aside land has developed into important habitats for
wildlife and the value of set-aside land for biodiversity has
been demonstrated in several studies [27].

In the EU15 the year 2000 land in the category of “set-aside
with no economic use” was included in the areas with high
nature conservation value. In EU12 and Ukraine where the set-
aside scheme is not applying, marginal agricultural land is
assumed as being preserved for nature conservation. For
these countries cultivated land was defined as marginal on the
basis of its potential for the production of cereals (as defined
by the Agro-ecological zones assessment [4,28] for Europe). In
LU-Env a total of 3.1 million hectares of marginal cultivated
land in EU12 and Ukraine are assumed to be reserved for
nature conservation (Table 5), i.e., 4% of total cultivated land.

3.1.7. Pasture land use

The LU-Base scenario defines pasture areas required for
grazing ruminant livestock. In addition, some pasture land is
projected to be converted to built-up and associated areas.
The analysis shows that most European countries avail of
some “‘surplus” pasture land.
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Table 4 - Organic farming areas: observed in 2005 and scenario assumptions.

Thousand hectares Observed in 2005

Organic farming in 2030

Total cultivated

Of which: organic farming

LU-Base scenario

LU-Env scenario

Austria 1457 95
Belgium 784 10
Germany 11,874 392
Denmark 2270 103
Spain 18,375 276
Finland 2180 58
France 19,449 319
Greece 3840 289
Ireland 1104 13
Italy 11,079 893
Netherlands 940 15
Portugal 2692 125
Sweden 2663 88
United Kingdom 5782 158
Switzerland 434 28
Norway 855 35
Total 85,778 2897

6.5% 140 10% 210 15%
1.3% 36 5% 72 10%
3.3% 738 7% 1298 12%
4.5% 196 9% 304 14%
1.5% 902 5% 1804 10%
2.6% 110 5% 214 10%
1.6% 939 5% 1878 10%
7.5% 379 10% 568 15%
1.2% 54 5% 109 10%
8.1% 1066 10% 1600 15%
1.6% 46 5% 92 10%
4.7% 245 9% 376 14%
3.3% 165 7% 290 12%
2.7% 308 5% 590 10%
6.4% 43 10% 64 15%
4.1% 61 8% 98 13%
3.4% 5428 7% 9567 12%

In the Land use-Energy scenario (LU-Ene) “surplus’” pasture,
which is economically accessible and not reserved for nature
conservation, is considered available for growing herbaceous
lignocellulosic feedstocks for second-generation biofuel
production (or for heat or electricity production).

Economic accessibility has been accounted for through
slope and land use information in the Pan-European land
resources database [4]. For each country the extents of pro-
tected areas were inventoried. These include a) World
Conservation Monitoring Centre (WCMC) protected areas [29],
the Special Protection Areas (SPA) defined in the Birds Direc-
tive [30] and the Special Conservation Areas (SCA) established
according to the Habitat Directive [31] of the NATURA 2000
network [32]; and c) the ‘Natural grassland’ category in the
CORINE land use GIS database. A large share of these desig-
nated areas is grassland. In countries with limited designa-
tions of protected areas, such as Romania or Bulgaria,
a minimum of 30% of surplus pasture land is reserved for
nature conservation.

3.2 Land use scenario results

With the set of assumptions described above, future culti-
vated land area requirements for food and feed production
were estimated. The estimation accommodates losses of
cultivated land due to conversion to built-up and associated
land. In the LU-Env scenario in addition cultivated land with
high nature conservation value is preserved. Only the LU-Ene
scenario assumes that non-protected and accessible pasture
land is available for growing herbaceous lignocellulosic
feedstocks.

In the EU27" and Ukraine by 2030 some 44-72 million
hectares could be freed up for growing bioenergy feedstocks
(Table 6 and Fig. 3). Most of surplus land potentials are located
in the EU12 and Ukraine. In these countries more land is
becoming available than in the EU15" due to faster growth of
yields; the yield gap with respect to EU15 levels is projected to
be closed by 2050. In this case more than 40 million hectares of

agricultural land would be freed up, half of which is located in
the EU12 States and the other half in the Ukraine.

In EU15" land that can be freed up is much more restricted
for reasons of relatively moderate prospects for aggregate
yield growth in the conventional farming sector over the 30-
year period. The impact of the projected increase of organic
farming areas remains relatively small.

Country results for cultivated land in use in the LU-Base
scenario for 2030 are shown in Table 7. In the EU15 about 10%
of cultivated land is estimated to be freed up. In Eastern
Europe, for EU12 half of the cultivated land and in the Ukraine
two-thirds might be freed up by 2030. Of course, the

Table 5 - Cultivated land reserved for nature conservation

(LU-Env scenario).

EU15 Set-aside EU12 + Ukraine Marginal land

Thousand with Thousand (as defined by

hectares no economic  hectares AEZ analysis

use in 2005 [4,27])

EU15 4325 EU12 2441

Of which Of which
Austria 97 Cyprus 0
Belgium/ 20 Czech Republic 262
Luxembourg
Germany 799 Estonia 85
Denmark 181 Hungary 226
Spain 943 Lithuania 119
Finland 176 Latvia 162
France 1077 Malta 0
Greece 19 Poland 903
Ireland 15 Slovenia 6
Italy 216 Slovakia 45
Netherlands 14 Bulgaria 108
Portugal 50 Romania 520
Sweden 240
United 472 Ukraine 688
Kingdom
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Table 6 - Agricultural land potentially available for growing biofuel feedstocks in 2030.

Scenario LU-Env LU-Base LU-Ene

Million hectares Cultivated Cultivated Cultivated Pasture Total agriculture
EU15* 2.7 8.1 8.1 8.3 16.4

EU12 19.7 224 224 6.9 29.3
Ukraine 21.8 22.6 22.6 3.9 26.5

Total 44.2 53.1 53.1 19.1 72.2

designation of vast areas to energy feedstock production rai-
ses questions regarding scale of massive land use conversion,
especially for switching to lignocellulosic feedstocks.

The LU-Env scenario anticipates for the EU15 that year 2000
set-aside areas will be safeguarded for nature conservation. In
this scenario therefore only 2.7 million hectares are freed up
in EU15 for alternative uses. This is little considering that
a projected 3.5 million hectares of cultivated land will be lost
by conversion of cultivated land to built-up and associated
areas. In the EU12 and Ukraine some 3.1 million hectares
identified as marginal arable land are reserved for nature
conservation (Table 8).

Fig. 4 presents for the EU15 and EU12 the agricultural area
extents gradually being freed up until 2030. While in the LU-
Base and LU-Env scenarios only cultivated land is considered
for energy feedstock production, in the LU-Ene scenario in
addition part of the surplus grassland is assumed available for
the production of lignocellulosic bioenergy feedstocks.
Surplus cultivated land is identical in LU-Base and LU-Ene
scenarios; the difference lies in the use of the surplus pasture
land.

Table 9 summarizes country projected use of permanent
pasture areas by 2030 for the LU-Ene scenario. In EU15, from
total 52 million hectares permanent grassland by 2030 some
31 million hectares (58%) will be required for livestock. 12
million hectares are reserved for nature conservation and 1.8
million hectares are converted to built-up and associated
areas. The remaining 8 million hectares are potentially
available for growing herbaceous lignocellulosic energy crops.

In EU12, livestock feed supply is almost entirely relying on
crops. In the scenario assumptions feed composition is kept
constant up to 2030, some 2.8 million hectares, i.e. 18% of
a total of 15.1 million hectares pastures, are required for
livestock feeding. About 5 million hectares are considered as
protected natural grassland, leaving almost 6.9 million hect-
ares as potentially available for bioenergy feedstocks. In
Romania, Bulgaria or Ukraine designation of protected areas

8 @ Pasture Ukraine
0 70
[ 60 1 O Pasture ro+bg
.g 50 @ Pasture EU10
2 40 B Pasture EU15+
c 304 O Cultivated Ukraine
2 20 - @ Cultivated ro+bg
E 10 | | |O Cultivated EU10

0 ' e ' I | | = Cultivated EU15+

LU-Env LU-Base LU-Ene

Fig. 3 - Land potentially available in 2030 for growing
biofuel feedstocks.

has only started and the extents of future protected grassland
may therefore be underestimated.

In addition to Europe’s estimated 53 million hectares
cultivated land that may be freed up for growing bioenergy
feedstocks, the LU-Ene scenario adds an additional 19.1 million
hectares from freed-up pasture land, which for environmental
reasons is restricted to potentially producing herbaceous
lignocellulosic biofuel feedstocks (Table 10).

Table 7 — Cultivated land use by 2030 (LU-Base scenario).

Thousand Food & feed Biofuel Conversion to
hectares production  feedstocks BUILT+
(2000-30)
EU15 72,705 8030 3466
Of which
Austria 1221 180 64
Belgium/ 857 21 73
Luxembourg
Germany 9285 1909 826
Denmark 1873 289 126
Spain 16,813 1301 398
Finland 1637 439 116
France 16,136 1767 806
Greece 3576 213 65
Ireland 1153 0 21
Italy 9889 898 498
Netherlands 1005 14 22
Portugal 2413 215 77
Sweden 2292 217 197
United 4555 568 178
Kingdom
Switzerland 410 28 9
Norway 806 0 140
EU12 21,155 22,427 1098
Of which
Cyprus 153 0 9
Czech 1660 1547 112
Republic
Estonia 482 356 17
Hungary 2325 2259 117
Lithuania 1648 1314 42
Latvia 1091 758 25
Poland 7111 6896 422
Slovenia 175 15 11
Slovakia 753 773 49
Bulgaria 1569 2983 85
Romania 4177 5526 205
Ukraine 10,331 22,584 556
Total 10,5407 53,069 5270
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Table 8 - Gultivated land use by 2030 (LU-Env scenario).

Million Food Bioenergy Conversion Nature

hectares & to BUILT+ conservation
Feed

EU15" 75.0 2.7 3.6 4.3 (Set-aside)

EU12 21.4 19.7 1.1 2.4 (Marginal)

Ukraine 10.5 21.8 0.6 0.7 (Marginal)

Total 106.9 44.2 5.3 7.4

3.3. Agricultural residues potential from food and feed
sector

Agricultural residues depend on crop composition and level of
yields (see Section 2.3) and were estimated by country for the
period of 1985-2002. In the base period 2000-02 for the EU27
agricultural residues amount to a total of 457 Mt (in dry
matter), of which some 216 Mt could potentially be used as
bioenergy feedstock. This leaves 241 Mt of residues in the field
to satisfy ecosystem functions such as erosion control and soil
fertility maintenance. Total agricultural residues in
EU27" 4+ Ukraine potentially available for bioenergy feed-
stocks amount to 248 Mt dry matter, comparable to dedicated
lignocellulosic energy crop feedstock plantations of some 15-
20 million hectares of agricultural land (Table 11, first
column).

Domestic crop production projections as defined in indi-
vidual scenarios were used to determine future supply of
agricultural residues. Assumed yield increases of the main
produce, in turn leading to some decrease of the residue to
production ratio (RPR), will gradually negatively affect avail-
ability of agricultural residues. By 2030 a total of 182 Mt agri-
cultural residues are estimated to be potentially available for
bioenergy feedstock production in the EU27% + Ukraine.
Because crop production for food and feed is relatively
constant over time, decreases in agricultural residues
compared to the base period 2000-02 are primarily due to the
assumed decreases in RPR.

Agricultural residues are mainly used for heating and
biogas production. The lower heating value (LHV) varies for
most agricultural residues between 15 and 17 GJt ' dry
matter. Energy content in terms of biofuel equivalent depends
on technologies and processes used to convert agricultural
residues to biofuels; it is significantly lower than the LHV. In
this study it is assumed for agricultural residues to have

EU-15

2030 20z T —— (| U-Ene

2020 2020

2010 2010

0 5 10 15 20
million hectares

a similar biofuel equivalent as used for herbaceous lignocel-
lulosic feedstocks, i.e., 9.3 GJ t ! biomass dry weight (Fischer—
Tropsch conversion technology).

In 2000-02 agricultural residues of a total biofuel equiva-
lent of 1.43 EJ, 569 PJ and 292 PJ could be produced in the EU15,
EU12 and Ukraine, respectively. By 2030 this total potential for
EU27" 4 Ukraine of 2.3 EJ will have decreased to about 1.7 EJ
(LU-Base scenario).

Agricultural residues can potentially significantly
contribute to the feedstocks for biofuel production, particularly
in the transition period when 2°¢ generation technologies
become available. The EU15 LU-Base scenario for 1% generation
biofuel feedstocks produces an estimated potential of 1.5 EJ
from energy crops, while crop residues (for 2°¢ generation
conversion chains) would provide an estimated 1.2 EJ. In the
EU12 and Ukraine, in comparison to biofuel potentials from
agricultural land that could be freed up for biofuel feedstock
production, the contribution of agricultural residues to biofuel
production is relatively small (Table 11).

4. Discussion
4.1. Comparison with other studies

Estimates of land potentials for bioenergy feedstock produc-
tion range from 20 to 60 million hectares for the EU25 by 2020
or 2030 [12,33-35]. The lower end is from the European Envi-
ronment Agency (EEA), applies strict environmental
constraints with the aim of estimating the environmentally
compatible bioenergy potential from agriculture and calcu-
lates a potential of 20 million hectares by 2030 [12].

Land potentials for the EU27 presented in this paper vary
between 22 million hectares (LU-Env scenario) and 46 million
hectares (LU-Ene) in 2030. Relatively modest assumptions
regardingachievable food and feed crop yield increasesin EU15
(on average about 10% over a 30-year period) are a critical factor
for this outcome. Emphasis was given to sustainable agricul-
tural practices in order to comply with other environmental
targets. Yields might be improved more than is anticipated in
the scenarios through higher agronomic inputs, breeding and
introduction of genetically modified organisms. In such case
also more land could be freed up for energy production.

Overall land potentials of the LU-Env scenario compare well
with the EEA study [12] although the data used on regional
distribution of pasture land as well as the assumptions on use
of pastures differ. EEA estimates for the EU25 (EU27 excluding

EU-12

J O LU-Base

O LU-Env

10 20 30
million hectares

Fig. 4 - Agricultural land potentially freed up for growing biofuel feedstocks in EU15 and EU12 for different scenarios.
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Table 9 - Use of permanent pastures in 2030 in the LU-Ene scenario.

Thousand Permanent Of which by 2030
hectares pasture ) . - Y
in 2000-02 Conversion to Livestock Pasture for nature Lignocellulosic bioenergy
BUILT+ grazing conservation feedstocks
EU15 52,504 1835 30,700 11,831 8138
Of which
Austria 1917 84 1027 571 235
Belgium/ 574 44 488 12 29
Luxembourg
Germany 5048 347 2109 1296 1296
Denmark 358 20 195 72 72
Spain 9396 246 6654 2496 0
Finland 114 6 12 29 67
France 10,087 420 4966 1411 3291
Greece 4675 79 1741 1847 1008
Ireland 3333 56 3277 0 0
Italy 4353 192 1697 1732 732
Netherlands 902 19 807 38 38
Portugal 1284 26 799 186 274
Sweden 447 33 167 193 54
UK 10,017 264 6761 1949 1042
Switzerland 1039 22 779 128 111
Norway 158 25 112 9 12
EU12 15,067 372 2759 5014 6922
Of which
Czech Rep. 961 32 168 304 457
Estonia 131 3 42 44 44
Hungary 1051 26 164 345 517
Lithuania 492 7 133 106 247
Latvia 611 8 77 158 368
Poland 4076 119 782 1587 1587
Slovenia 308 17 130 91 70
Slovakia 865 27 184 362 293
Bulgaria 1616 30 180 525 882
Romania 4949 102 897 1493 2457
Ukraine 7924 132 2183 1683 3927
Total 76,692 2386 36,533 18,665 19,110

Bulgaria and Romania) that some 14 million hectares arable
land available for biofuel feedstock production are equally
distributed over Western and Eastern Europe and that about 6
million hectares pastures would be available for harvesting of
herbaceous feedstocks. This study estimates under strict
environmental targets for the LU-Env scenario that only about
3 million hectares arable land can be freed up in Western
Europe; it is assumed that the 4.5 million hectares of set-aside
land in the category “without economic use” remain reserved

for nature conservation. Similarly in Eastern Europe some
land has been excluded from intensive food production for
environmental reasons. Yet as much as 20 million hectares
could be freed up for bioenergy feedstock production due to
substantial potentials for yield improvements in food and feed
production. In Romania and Bulgaria alone the analysis
suggests that almost 8 million hectares could be freed up by
2030 without infringing on required food and feed
requirements.

Table 10 - Agricultural land use in 2030 in the LU-Ene scenario.

Million hectares Cultivated land

Pasture land

Food & feed Biofuel Livestock grazing Lignocellulosic Nature conservation
feedstocks biofuel feedstocks
EU15 72.7 8.1 30.7 8.1 11.8
EU12 21.2 224 2.8 6.9 5.0
Ukraine 10.3 22.6 2.2 3.9 1.7
EU27" and Ukraine 105.4 53.1 36.5 19.1 18.7
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Table 11 - Agricultural residues from food and feed production potentially available as biofuel feedstocks (LU-Base

scenario).

Agricultural residues (Mt D.M.)

Energy potential (P})®

Observed? LU-Base scenario Observed LU-Base scenario
2000-02 2020 2030 2000-02 2030
EU15 153.4 140.6 129.8 1427 1206
Of which
Germany 28.5 24.9 22.7 265 211
France 39.7 36.9 34.8 369 324
Spain 25.6 24.0 22.0 228 205
Italy 20.5 17.7 15.7 191 146
Great Britain 121 11.4 10.9 113 101
EU12 61.2 43.7 35.6 569 331
Of which
Poland 21.5 15.2 12.4 200 115
Hungary 9.4 7.1 5.9 88 56
Czech Rep. 5.4 4.4 3.3 51 31
Romania 12.9 9.5 7.7 120 72
Bulgaria 5.0 3.3 2.6 47 24
Ukraine 31.5 20.5 15.7 292 146
EU27" + Ukraine 247.9 206.3 182.5 2305 1697

a Observed: estimates based on FAOSTAT data of individual crops produced in a country.
b A conversion factor of 9.3 GJt 1 D.M. is used, which is based on an efficiency achievable in a 2°¢ generation production chain (Fischer—

Tropsch).

4.2. Land competition - food, feed and energy feedstocks

A general concern about the ongoing deployment of the bio-
energy sector is the potential impact on food security with
respect to competing demands for productive land. The anal-
ysis focused on Europe’s biophysical potential of cultivated
land with a food first paradigm and maintaining the current
level of self-sufficiency of food and feed crops and livestock
products. The estimates presented demonstrate that signifi-
cant agricultural land reserves can be freed up for bioenergy
production. A total of 53 million hectares of cultivated land and
about 19 million hectares of pastures could become available
by 2030 for bioenergy feedstocks without compromising
Europe’s food and feed sectors. These estimates include the
Ukraine, where about a third of this potential is located.

Linkages between food security and bioenergy production
are complex. Competition for resources may increase prices of
land and in factor markets and may alter production costs and
therefore the competitive position of food and feed
commodities produced in the EU. Depending on type of
feedstock and conversion technology, substantial amounts of
by-products may be produced. They may either substitute
imports of feed or compete with conventional domestic feed
sources. In such cases both the EU trade and domestic
markets would be affected.

It is well documented that real producer prices received by
farmers have been declining gradually by about 70 percent
throughout the last century. Besides a general downward
pressure on prices influencing also food commodity prices,
two main reasons caused this development: (i) rapid techno-
logical progress in agriculture, and (i) slow-down in
population growth and progressively saturating food demand
in developed and mid-income developing countries. It has

been argued that biofuel demand could change this paradigm
of the 20th century [36] and will put an end to “ever falling
prices”. Recent developments indicate strong price increases
of agricultural products used for both food consumption and
bioenergy production. Partly at least the soaring agricultural
prices have been caused by (too) rapidly increasing feedstock
demands of the bioenergy sector, especially the recent rapid
growth in maize based bioethanol production in the United
States. ‘Losers’ of this new land competition are (on a macro
level) especially some poor countries, which rely on both food
and energy imports.

4.3. Eastern Europe’s land potential and implications for
agricultural restructuring

This paper highlights the uneven regional distribution of
European land potentials with large potentials for bioenergy
feedstocks located in Eastern Europe. Ample scope for yield
improvements in the food and feed sector combined with
modest increases in domestic demand create opportunities
for relatively large extents of land to be freed up. This
underlines the importance of development and moderniza-
tion of the agricultural sector in the EU12 countries and
Ukraine. Realization of biofuel potentials will greatly depend
on local availability of competitive conversion technologies,
which are not readily available in Eastern Europe.

4.4. Pasture land use
Feedstocks for 2"¢ generation biofuels will permit a wider
spectrum of land to be considered. Notably grassland, which is
not workable for 1°* generation biofuels due to environmental
and greenhouse gas implications, could become a valuable
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resource for producing high-yielding lignocellulosic feed-
stocks under zero-tillage systems. Also some marginal areas
could be considered for this type of feedstock production
under low-input agricultural management systems. For
example, EEA’s estimates [12] include harvesting of pastures
for biomass energy production while preserving natural
habitats and maintaining structural diversity of extensively
used grasslands.

4.5. Land use conversions anticipated for 2" generation
biofuel feedstock production

First-generation biofuel feedstocks are well known to farmers
and only imply alternative use of conventional crops. They
can be integrated in rotations with food and feed crops and
support farmers’ flexibility to respond to market conditions.
Successful introduction and production of lignocellulosic
feedstocks will entail substantial changes in agricultural
management.

Lignocellulosic feedstocks include herbaceous perennials
that are annually harvested such as switchgrass, reed canary
grass and miscanthus with optimum rotation cycles of 10-20
years, and woody perennials such as poplar, willow and euca-
lypt which can be harvested every 3-5 years and have rotation
lengths between 20 and 30 years. Introduction of the above
lignocellulosic feedstocks implies a major land use change.
Once these lignocellulosic feedstocks have been established itis
economical and environmentally benign to produce for a full
rotation period (10-30 years depending on species).

Conversion of annual crop land into perennial lignocellu-
losic energy feedstock plantations needs therefore careful
considerations beyond agronomic and economic factors and
will involve modifying current regulations and spatial policies
both at the national level and in the Common Agricultural
Policy (CAP). A large-scale establishment of especially the
longer-rotation options would also lead to far reaching
changes in the traditional agricultural/cultural landscape.

4.6. Domestic potentials for a minimum 10% biofuel
obligation in EU27

The EU’s envisaged binding minimum target of 10% biofuel in
total transport fuel use by 2020 has raised the issue of domestic
supply potentials, which critically depend on a number of
production factors including land availability, selection of
feedstocks and respective energy potentials, technical conver-
sion pathways, and competition with the stationary sector
(biomass for heat and electricity generation). Depending on
scale and mode of domestic biofuel production important
socioeconomic issues arise such as size of production units,
transport logistics, and land use changes from cultivated land
for annual crops to its use for perennial feedstocks.

By applying land use scenarios to spatially detailed
potentials for biofuel feedstocks [4] Europe’s domestic biofuel
energy potentials have been estimated. Important criteria in
the estimation process include:

1) Time perspective: Short term (2010), mid-term (2020) or long-
term (2030) perspectives determine options of available

technologies both for biofuel conversion pathways as well
as spatial feedstock production potentials.

2) Land availability in Europe is increasing towards 2030 and
beyond. This paper describes three possible variants,
namely LU-Env, LU-Base, and LU-Ene scenarios, all three
applying a ‘food first’ paradigm.

3) Competition with stationary sector: Lignocellulosic feedstocks
required for 2°¢ generation biofuels are as well suitable for
conversion to heat and electricity. Developing these
options, parallel to 2"¢ generation biofuels, will create
a more diverse and increased demand for lignocellulosic
feedstocks. Competition for lignocellulosic feedstocks
between the stationary sector and the biofuel sector
enhances synergies between the two conversion routes and
helps to improve energy output per unit of biomass input.
From a farmer’s perspective diversification of markets
reduces risks and likely increases adoption rates of ligno-
cellulosic feedstock production in agriculture.

4) Biofuel feedstock mix: Several combinations of the above
factors create alternative options. Yet their implications for
land use conversion, land use efficiencies of energy feed-
stocks, technological conversion pathways and efficiencies,
and required logistics and scale of production differ
substantially. From a biofuel energy potential perspective it
is vitally important whether the 2°¢ generation production
chain develops to industrial scales and whether it becomes
economically competitive. Additional land could be
considered (e.g. ‘surplus’ pastures and possibly marginal
land) and a wider range of feedstocks, including crop resi-
dues, could be used.

Based on PRIMES energy demand scenarios, the require-
ments for a 10% biofuel obligation for the EU27 for 2020 are
between 1355P] (PRIMES Combined High Renewables and
Energy Efficiency Scenario) and 1460 P] (PRIMES Baseline
Scenario) [37,38]. Despite higher rates of increasing trans-
portation fuel consumption in the EU12, the main share of
consumption in 2030 is projected in the EU15 (85% of EU27).

If all potentially available cultivated land in EU27 were to
be used for biofuel production from oil crops only, achievable
biofuel potentials would amount to some 1.0 EJ by 2020 and
1.3 EJ by 2030 (LU-Base scenario). Average energy yields over all
suitable areas in EU27 in the order of 43 GJha~! would be
achievable.

If the best energy producing 1° generation energy crops (oil
crops, starch crops, and sugar crops) were grown in each
location, energy potentials would increase to 2.0 E] and 2.7 EJ
by respectively 2020 and 2030. If the biofuel processing resi-
dues commonly used as animal feed are instead used for
biogas production, the total biofuel output for these crops can
increase substantially.

When considering 2 generation lignocellulosic feed-
stocks to be grown on all areas available (LU-Ene scenario)
gross biofuel potentials increase to some 5.2E] (biofuel
equivalent) for the EU27 by 2030, i.e., about one third of the
total transport sector’s energy demand in the EU27. Note that
if 274 generation conversion technologies become available
the biofuel output per unit area will increase also for feed-
stocks such as rapeseed and cereals, since the recoverable
harvest residues can be used as biofuel feedstock.
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Agricultural residues derived from domestic food and feed
production would provide an additional source of feedstocks.
This study has estimated that a biofuel equivalent of about
1700 PJ (Table 11) could be available in EU27 (with 27¢ gener-
ation conversion pathways) in addition to leaving half of the
crop residues on the fields to maintain ecosystem functions.

The Directorate General for Agriculture and Rural Devel-
opment estimated the impacts of a 10% obligation for biofuels
in the EU27 by 2020 [39] assuming that 30% of biofuel
production would come from 27¢ generation biofuels while
20% would be imported. This resulted in using 17 million
hectares of cultivated land for domestic feedstock production,
of which 6.9 million hectares were used for 2°¢ generation
biofuel feedstocks. These area requirements are consistent
with and could be accommodated by 2030 in all three
scenarios presented in this paper.

5. Conclusions

Results highlight: (i) the importance of Eastern Europe, (ii) the
potentially large contribution from the Ukraine, and (iii)
substantial differences in the amount of potential biofuels
generated by respectively the 1t and 2™ generation biofuel
feedstock production chains. In the EU more than half of the
biofuel feedstock potential is found in the EU12.

Ukraine accounts for about a third of Europe’s land that
can be freed up. Anticipated strong yield increases in the LU-
Base scenario, combined with modest increases in domestic
demand provide a substantial biophysical potential in Ukraine
for producing biofuel feedstocks. Yet, projected yield
increases underlying this conclusion are not certain and may
be constrained by degrading social and demographic condi-
tions in rural areas, lack of capital for agricultural moderni-
zation and investments in biofuel conversion chains, and be
hampered by uncertain policy and economic conditions.

In the EU15 agricultural residues from food and feed
production and plantations of lignocellulosic feedstocks are
potentially important sources for biofuel production. Reali-
zation of the full potential, however, implies a successful and
widespread introduction of advanced 2°¢ generation tech-
nology chains.
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