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INTRODUCTION

the development of labour and land cost are hypothesized
to change, following the scenarios
Combining the seperate results obtained from the
three stpes, enables the construction of cost supply curves
for the assessed crops aggregated to five crops groups.
Ranges that stem from the scenarios applied are
presented around the curves. Furthermore the spatiality of
results allows for presentation in maps of Europe,
providing a clear overview of the cost and supply
potential distribution for more than 280 European
regions. This, among others, enables identification of
promising regions, based on cost and supply levels

This study is carried out as part of the REFUEL project.
The objective of this paper is to evaluate the cost-supply
potential of domestic European (EU-27 and Norway,
Switzerland and Ukraine) biomass resources, including;
dedicated bioenergy plants, agricultural residues and
forest residues. It does so for three projection estimates
with a rationale complying with current policies (i.e. the
Common Agricultural Policy) and possible future policy
transition paths, to reach (ambitious yet) realistic bio-fuel
targets.
Three steps can be distinguished in the methodology.
1) An assessment is made of the land required for
current and future land use for food and feed production.
Key driver for changes in the food related land claim is
the rise of productivity that can be established in the
future. Three scenarios are developed that project
development speeds of agricultural productivity and
livestock production into the future. Development speeds
are differentiated between the Western European
Countires (WEC) and the Central and Eastern European
Countries (CEEC)., From this exercise the surplus land
area potentially available for dedicated bioenergy crop
production is determined. 2) A parametrisation for 13
bioenergy crops is coupled with a Agro Ecological
Zoning (AEZ) database, providing information on soil
characteristics and climate data. From this spatially
explicit productivity data for the analysed crops are
obtained, see [6]. 3) A detailed bottom up economic
analysis is carried out, calculating the production cost for
the assessed bioenergy crops. The cost calculation is
based on data providing insight in capital and
miscellaneous costs, land costs, labour costs and fertilizer
costs. These data are gathered from an extensive
literature review. Analogue to productivity increases also
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METHODOLGY

Section 2 outlines the applied methodology. Firstly (2.1),
the potential of the available arable land and grassland in
Europe is assessed. Secondly, the productivity of 13
bioenergy crops - both annual crops and perennial crops are determined (2.2). Thirdly, the results of the scenario
analysis, (i.e. the area potentially available for bioenergy
plants) and the spatial AEZ bioenergy crop yield analysis
are coupled, all as described by Fischer et al.[6]. Section
2.3 describes the bottom-up economic analysis to
determine production costs of dedicated bioenergy crop
production.

Figure 1: Modeling structure includes three types of
variables, input variables (light grey), calculated results
(striped) and (input) variables that are subject to
scenarios.
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2.1 Land availability
Figure 1 provides an overview of the variables
included for projecting how much land could become
available for bioenergy production. The general approach
comprises an estimation of future land area requirements
for food and livestock sectors, the surplus being
potentially available for bioenergy production while yet
accounting for some agricultural land that will be
converted to built-up land for habitation and
infrastructure and land set aside for nature conservation
and expansion areas. The methodology applied is
described in proper detail in [6]. Key factors driving
projected changes in land area requirements include; food
demand (determined by population size and dietary
habits developments), Agricultural production intensity
(advances of crop yields and efficiency gains in livestock
production) and the net agricultural trade balance (selfsufficency ratio) between Europe and the rest of the
world.
Both cultivated land and pasture is potentially
considered for growing bio-fuel feedstocks, although
more restrictions apply to the latter. All crops considered
in the study, except grassy crops, require arable land for
production. If pastures, freed up by efficiency gains in
livestock and dairy production, are to be used for
production of these crops, large scale transitions, from
grassland to arable land, are required. Transition of
grassland to arable land requires some form of tillage,
e.g. ploughing. This causes initial GHG emissions
directly upon tillage and, moreover, grassland sequesters
more soil carbon than does arable land, an effect that is
limited by the transition and hence reduces overall
carbon sequestration [11]. The assessed time frame is
from the current situation towards 2030
An important assumption is that Europe will maintain
its current (period 2000-02) self-sufficiency level for
food, feed and livestock products. This thus entails that
food demand and technological progress that induce
productivity increases are key steering factors. Because
food and feed production, nature conservation and builtup areas are allocated to the available land first, the
resulting land surplus estimate can thus be interpreted as
the available land without compromising food and feed
Yield

production. The area reserved for nature conservation
areas complies for example, with the Pan European
Ecological Networks (PEEN) [1].
2.2 Historic and future development of agricultural
productivity
Average (European) productivity of food crop
production has shown a significant increase over the last
three decades. The average increase differs (sharply)
between the Western European Countries (WEC) and
Central and Eastern European Countries (CEEC). In the
WEC increasing fertilizer and pesticide use, more
efficient farm management and up scaling , have led to
significant yield increases, especially since the 1960s and
1970s. While in some world regions the drive for yield
increase is to provide a minimal availability of food, in
Europe yield increases have led to self-sufficiency [9], to
increased exports and even to overproduction in some
sectors (Lang et al. 2001).
Next to increasing productivity in food crop
production also the efficiency in livestock and dairy
production rose considerably. Advances in the food
conversion efficiency brought down the caloric input per
unit of output produced. A second trend that could be
observed was an increased share of landless production,
requiring a fraction of the land for livestock and dairy
production compared to grazing and pastoral systems.
This can seriously free up grasslands in Europe,
especially in the WEC.
Looking towards future developments in agriculture,
the global trend is that of increasing yield levels [5].
Drivers underlying these increases are diverse, ranging
from the increase of average farm sizes to pest and weed
control to the optimizing of fertilizer use. To explore the
bandwidth within which yield levels may develop, three
scenarios are developed, , see Figure 2.

Figure 2: Three scenarios for agricultural productivity
development in the Western European Countries (WEC)
and the Central and Eastern European Countries (CEEC).
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Because of distinct differences in observed development
rates in the agricultural output between 1961 and 2005,
between the WEC and CEEC, we differentiate between
these two regions in our scenario approach. For
assumptions and scenario development on livestock
productivity see [6].

These hypotheses show a likely result leading to
higher increases in agricultural productivity levels than
those seen in the WEC. In the relatively modest baseline
scenario we hence postulate that the productivity levels
of the CEEC, by 2030, will meet the current (2005) WEC
level.

Baseline scenario
The baseline scenario for the WEC assumes that the
historic trend, of observed yields, will continue into the
future. Yield development in the WEC has shown a
stable linear increase in time over the last 40 years for
most agricultural commodities. Wheat productivity in the
WEC has increased by around 76 kg ha-1 yr-1, from an
average of 2,6 tonne ha-1 yr-1 in 1961 to 5,7 tonne ha-1
yr-1 in 2005. Average increase in the CEEC was less with
an average of 38 kg ha-1 yr-1, from an average of 1,7
tonne ha-1 yr-1 to 3,8 tonne ha-1 yr-1. A clear trend
discontinuity is observed, however, between 1990 and
1992. By fitting the trends separately for the periods
1961 to 1990 and 1991 to 2004, we get a better fit and
obtain an increase of 84 kg ha-1 yr-1 for the former and 37
kg ha-1 yr-1 for the latter period.[5]. This illustrates two
things; 1) productivity increases in the CEEC can match
(and even exceed) those in the WEC, although coming
from a lower starting point and 2) currently (2005) there
exists a large gap between WEC and CEEC average food
and feed crop yields.
For the CEEC the baseline trend is estimated to
deviate upwards compared to the linear continuation of
the observed trend. The rationale to postulate this upward
trend is, essentially, twofold. Firstly, the illustrated trend
discontinuity for the CEEC is caused by the collapse of
large scale and fertilizer-input intensive agricultural
farming practices and the transition to market economies
in the early 1990s [12].This has induced a sharp fall in
yield levels, illustrated by low yields per hectare in the
post 1990 period. After this sharp decline the trend took
an upward trend again. Simple trend extrapolation (for
the 1961 – 2005 period) would thus seriously
underestimate the productivity growth potential that the
CEEC could attain.
Secondly, the accession of 12 CEEC to the EU will
very likely affect, amongst other things, the agricultural
sector and possibly rural development at large.
Agricultural output yield differs considerably between
differing farm structures. Farm structure here relates to
the legal entity and, more important in this context, farm
size [7]. The CEEC is characterised by a large share of
smaller sized farms as compared to those in the WEC.
The farm size distribution for the CEEC is 85% of farms
cultivating and agricultural area of less than 5 hectares,
13% cultivating between 5 and 20 hectares, 2%
cultivating 20 to 50 hectares; and only 1% exceeds 50
hectares. For the WEC these figures are 56% (<5), 23%
(5 – 20), 11% (20 - 50) and 10% (> 50) [3]. If these
figures are translated into actual hectares that are under
small, intermediate or large scale cultivation the contrast
between CEEC and WEC increases. Furthermore, in the
CEEC a relativly large share of the population is
employed in the agricultural sector. The economic
support provided via the Common Agricultural Policy
(CAP, e.g. Single Farm Payments (SFP)) and structural
funds, can induce reforms in the agricultural sector, i.e.
leading to increased input.

Low estimate scenario
The lower projection scenario for the WEC assumes an
increasing share of arable land under organic farming
management. From the early 1990s onwards an
increasing trend of arable land under organic farming
practice is apparent [3]. Future projections for a country
specific share of organic farming is based on linear
extrapolation of historic data [3]. A study by the FAO [4]
estimates that organic farming reduces average yields by
between 10% and 30% compared to conventional
(intensive) farming. In this study it is assumed that the
average organic farming yield ‘penalty’ is 20% compared
to the standard farming practice, taken in this study
Numerous studies emphasize the importance of
taking sustainability criteria into account in agricultural
production, e.g. the afore mentioned study by the EEA
[2] and others, e.g. Hole et al. (2005).
High estimate scenario
The high estimate scenario assumes higher yield growth
for food and feed prodcution compared to the baseline
scenario, driven by a larger share of land under intensive
farming management. Under fixed (food and feed)
demand conditions this entails that potentially land
becomes available for things other than food production,
e.g. nature conservation and (dedicated) bioenergy
production.
Increased agricultural productivity can be attained
using a multitude of measures, of which two main
categories can be distinguished; 1) measures that aim to
increase efficiency by better management and 2)
measures that intervene in the plant’s characteristics by
breeding optimization or genetic modifications. The first
category includes among other things, wide scale
adoption of fertilizer, pest control – e.g Integrated Pest
Management (IPM) and Integrated Plant Nutrient
Systems (IPNSs) –irrigation optimization by farmer
education [4]. Moreover, policy steering aimed at farm
size enlargement and crop specialization can be part of
these measures.
The second category includes the breeding of High
Yielding Varieties (HYVs) and the engineering of
Geneticaly Modified Organisms (GMOs). In particular
the use of GMOs is much disputed, mainly because of the
proliferation risk with indigenous and non-GMO crops.
The global increase of the application of GMOs in
agriculture, however, makes it likely that this option will
become more widespread in Europe as well. In 2006 land
worldwide under production with GMO crops breached
100 million hectares [8].
From whatever measure productivity gains originate,
the major advantage is that less land is required to meet
supply volumes [10]. The available surplus land can thus
be allocated to other activities, being; nature conservation
areas, recreational use, and bioenergy crop production.
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3

RESULTS

conditions) and the related crop specific production cost.
The cost-supply curves are constructed for 3 reference
years 2010, 2020 and 2030. The curves (the lines within
the grey areas) indicate the baseline scenario for both the
supply and the production cost estimates. The curves
indicate the raw feedstock potential produced on 36 Mha
(2010), 53 Mha (2020) and 66 Mha (2030) arable land
respectively and on 5 Mha (2010), 14 Mha (2020) and 24
Mha (2030) grass land (pasture and natural grassland)
only considered for lignocellulose (grassy and woody)
crops, indicated with a dashed line. Around the curves
the grey areas indicate the variation around the curves
based on the low and high scenario on arable land.
Furthermore there is a decrease visible in the production
cost for successive years, these stem from learning in the
agricultural production system, which induces production
cost decreases. The cost decrease is assessed for the
period 2005 to 2030.
First, note that the supply potentials, although, all
denoted in energy terms are not comparable to one
another in terms of possible (bio)fuel output. The same
goes for the possible production costs of biofuels. This
limits the power of the figure to provide insight in the
mutual cost supply potential of the biofuel that can
potentially be produced. On the other hand it provides
clear insight in cost supply levels for the whole spectrum
of (raw) feedstocks that are currently or will in the future
be used for biofuel production. In the conversion routes
from raw feedstock to the biofuel exist a lot of
uncertainties with respect to key, steering, parameters,
e.g. process efficiencies, installation cost and related to
this installation scales (and more importantly so,
installation cost reduction potentials in time, strongly
related to scale), optimal conversion routes. Please note
that different routes and a sensitivity analysis on the
above described steering parameters are covered in Work
package 4 of the REFUEL project, for which the results
of this study form the basis.

The biomass resources potential comprise three
categories; dedicated bioenergy crops, agricultural
residues and forest felling residues. The presented results
are calculated using the methodology made clear in
paragraph 2.
3.1 Dedicated bioenergy crop potential
Shown in Figure 3 are six cost-supply curve graphs, five
for each crop group considered and one summary figure
for 2030. The cost-supply potential for the dedicated
bioenergy crops is based on the available land, the crop

Figure 3: Cost-supply curves for the five assessed crop
groups, wood crops, grass crops, oil crops, starch crops
and sugar crops. Indicated is the annual supply potential
(in Exa Joule) of the whole crop produced on arable land
and additional grassland (dashed line).
specific agro-ecological attainable yield (under rain fed

Figure 4: spatial represnetation of the supply potential (%, land available for bioenergy prodcution as a share of total land
in the region) and the prodcution cost (€ GJ-1), depicted here for grassy crops

245

16th European Biomass Conference & Exhibition, 2-6 June 2008, Valencia, Spain

3.2 Spatial bioenergy crop production potential and
related cost
The potential for growing bioenergy crops follows
from the available land and the average site specific
yields. In Figure 4 the land availability is presented as a
share of the total land surface in a certain administrative
region. The map shows 300 NUTS2 regions with the
respective categorized percentage of land available for
bioenergy crop production. The percentage indicates the
share of the land as a part of the total land including
build up land, forest etcetera.
The dedicated bioenergy crop production potential is
presented here (Figure 4) as the share of arable land
available of the total land surface (this thus includes
build up, forest, nature conservation et cetera). Given the
applied methodology the indicator is steered by a regions
food demand and the available arable land. Both these
factors are in turn strongly influenced by the population
density in a region. Czech Republic, Hungary, Slovenia,
Slovakia have a higher production potential. At the top of
land availability lies the whole of Ukraine, large parts of
Romania and Bulgaria with shares of more than 31% of
the land available, depending on the region, for dedicated
bioenergy crop production.
The costs presented (Figure 4) are the production cost
(in € GJ-1) for woody crops for 2005. Production cost
differences for 2005 show the largest difference between
regions.

4

and 77 Mha pasture; overall share 38%), this explicitly
includes the non EU member state Ukraine.
Another clear result is the asymmetric spatial
distribution of production potential between the WEC
and the CEEC. Although large countries in the WEC,
such as France, Germany and Spain, present a
considerable production potential, countries such as
Poland, Bulgaria, Romania and Ukraine may be able to
use considerably higher shares of arable land for
bioenergy. Large WEC regions may produce bioenergy
on up to one fourth of their arable land, whereas CEEC
regions may accommodate shares of more than 50% of
the arable land, without compromising domestic food and
feed production. In particular Ukraine stands out in this
respect with a projected possible share of more than two
thirds of the arable land available. This result is mainly
caused by low agricultural efficiency (and thus large
potential to improve) and decreasing national food
demand due to a decreasing population.
Biomass production cost differ considerably between
first and second generation feedstocks, more specific,
unit production costs (€ GJ-1) for second generation
feedstocks (woody and grassy crops) are much lower than
first generation feedstocks. The greater part of the first
generation feedstock supply is available at production
costs of 5 € GJ-1 to 15 € GJ-1 compared to between 1,5 €
GJ-1 and 4,5 € GJ-1 for second generation feedstocks. Two
main aspects are responsible for the difference in
production cost levels. Firstly, second generation crop
yields are considerably higher than first generation crops.
Secondly,,the production system for woody and grassy
crops is relatively extensive, characterized by relative low
inputs into the production system, for e.g. labour,
machinery and fertilizers. Same as for the supply
potential, the bioenergy crop production cost
demonstrates a distinct spatial distribution. In fact the
CEEC show much lower production cost on average than
do the WEC. Decisive factors for this difference are land
rent costs and lower wages (labour costs) in the CEEC.

CONCLUSION

The aim of this paper, in the broader frame of the
REFUEL project, was to assess the economic potential of
(domestic) European biomass resources in relation to
different scenario assumptions.
Three biomass resource categories are assessed in this
analysis; dedicated bioenergy crops (subdivided into;
woody, grassy, starch, oil and sugar crops), forest wood
(and felling) residues and agricultural residues. Of these
categories dedicated bioenergy crop production has the
highest supply potential, however, strongly depending on
which energy crop is produced. Depending on the
scenario and type of crop, raw feedstock supply estimates
vary considerably, between 2,9 EJ yr-1 (oil crops only
produced on arable land) and 20,4 EJ yr-1 (grassy crops
following the high estimate projection, produced on both
arable land and pastures). Second generation feedstocks
(woody and grassy crops) outperform first generation
feedstocks (oil, starch and sugar crops) in terms of output
per unit of land. Development of this large potential of
lignocellulosic (woody or grassy) crops will, amongst
others, demand an increase in the agricultural and
livestock production.
This is in contrast to first
generation feedstocks which are already being produced
on a large scale, mostly for food and feed use.
Independent of the choice of feedstock is the result that
based on land requirements for food production and
nature conservation, the future availability of land for
non-food production in Europe can be large, even
following the modest development assumptions of the
low scenario (e.g. induced by increased organic food
production) for agricultural food production. The total
land available by 2030 for non-food production can
amount up to 90 Mha (on a total of 158 Mha arable land
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