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Preface
The objective of the Biomass Energy Europe (BEE) project is to improve the accuracy and
comparability of future biomass resource assessments for energy by reducing heterogeneity,
increasing harmonisation and exchanging knowledge. The assessment of both single biomass
categories and overall assessments including all biomass categories, both at the supra-national
level (e.g. at the EU level) and at the national and regional level, will be subject to that
harmonisation.
Keeping in mind this overall goal, the objective of the first work package within the working
sequence of the BEE project is to provide an in-depth insight into state-of-the-art biomass
resource assessments available. Work package 3, named “Status of Biomass Resource
Assessments”, covers two major pillars: (I) the assessment and analysis of the policy
background and the requirements of the users of the information from resource assessments
and (II) a comparative analysis of existing biomass resource assessments at a global,
European, national, and regional scale. The aim of the second pillar is to analyse the
heterogeneity of the results, methodologies and data sources used.
The objective of the first pillar is to understand the differences between the political
frameworks and to estimate the impact of these differences on the outcomes of different
resource assessments. The aim of the second pillar is to analyse a selection of existing
biomass resource assessments covering different biomass categories and different geographic
scales in order to document and identify the major differences and discrepancies in results and
approaches and to provide quantitative and qualitative information on the total biomass
resource potentials for energy in Europe.
This document (Deliverable 3.6) summarises the results of these two pillars. It contains
detailed analyses of selected studies within the second pillar and relevant results from the
Deliverable 3.5 (“Political framework and user requirements”) within the first pillar.

Heidelberg, November 2010
Nils Rettenmaier, Susanne Köppen and Achim Schorb
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1
1.1

Introduction
Work package structure

The Biomass Energy Europe (BEE) project aims at a harmonisation of biomass resource
assessments, focusing on the availability of biomass for energy in Europe and its
neighbouring regions. This harmonisation will improve the consistency, accuracy and
reliability of biomass resource assessments.
Within the working sequence of the BEE project, the work package, “Status of Biomass
Resource Assessments” (WP 3), covers two major pillars: (I) the assessment and analysis of
the policy background and the requirements of the users of the information from resource
assessments and (II) a comparative analysis of existing biomass resource assessments at the
global, European, national, and regional scale, with the aim of analysing the heterogeneity of
the results, methodologies and data sources used. The goal of this work package is to provide
an overview of biomass resource assessments with regard to their scope and results and to
develop a baseline including all definitions and information necessary for work in WP 4 and –
to a lesser extent – WP 5.
The above mentioned pillars comprise five out of seven tasks within WP 3: pillar I consists of
one task only (task 3.2), whereas pillar II is made up of four tasks (tasks 3.3 to 3.6). Task 3.1
and 3.7 frame these two pillars. The first one (task 3.1) provides the basis for the following
tasks by compiling all information, definitions, procedures and principles of work. The
ultimate task (task 3.7) finally summarises the results of the two pillars and concludes WP 3.
Figure 1 illustrates this internal work package structure.

Pillar I
Task 3.1: General baseline and principles of work
IFEU
Pillar II

Task 3.2:
Political framework and user
requirements
VTT

Task 3.3:
Forestry and
forestry
residues
EFI

Task 3.4:
Energy crops
on agric. &
marg. Land
EC-BREC

Task 3.5:
Agric.
residues and
organic waste
CRES

Task 3.6: Total biomass potentials for energy
Chalmers
Task 3.7: Synthesis and conclusions
IFEU
Figure 1 Structure of WP 3: the red frames mark the two main pillars of the work package
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The objective of the first pillar is to understand the differences between the political
frameworks and to estimate the impact of these differences on the outcomes of different
resource assessments. Moreover, it aims at understanding which requirements the users of
potential assessments have and how a harmonised guideline could meet these requirements.
The aim of the second pillar is to analyse a selection of existing biomass resource assessments
covering different biomass categories and different geographic scales in order to document
and identify the major differences and discrepancies in results and approaches and to provide
quantitative and qualitative information on the total biomass resource potentials for energy in
Europe.
This report (Deliverable 3.6) summarises the results of both pillars and comprises task 3.1 and
3.3 to 3.7. The results of the first pillar (task 3.2), the analysis of the “Political Framework
and User Requirements of Biomass Resource Assessments for Energy”, are compiled in a
separate Deliverable 3.5 (Vesterinen et al. 2010). Its main results and conclusions are
included in this document in order to give a comprehensive picture.

1.2

Contributing authors

All task partners within WP 3 have contributed parts to the different sections of this report.
Below, the responsible organisations and the responsible authors for the sections are listed.

Section

Responsible
organisation

Responsible author

1 Introduction

IFEU

N. Rettenmaier

2 Definitions concerning biomass for energy

IFEU

S. Köppen

3 Analysis of biomass resource assessments

IFEU

N. Rettenmaier, A. Schorb

3.2 Calibration of European studies to EU27
level

ALU

M. Dees

4 Forestry and forestry residues

EFI

V. Goltsev, M. Pekkanen

Finland (Illustration case)

Metla

V. Goltsev

Ukraine (Illustration case)

SEC Biomass

T. A. Zhelyezna

Germany

ALU

M. Dees, J. Röder

EC-BREC /
IPiEO

G. Kunikowski

Croatia (Illustration case)

FFZG

J. Domac, D. Kajba

6 Agricultural residues and organic waste

CRES

I. Eleftheriadis

SEC Biomass

T. A. Zhelyezna

7 Total biomass potential

Chalmers

G. Berndes, J. Toren,
S. Wirsenius

8 Summary and conclusions

IFEU

N. Rettenmaier

National level contributions:

5 Energy crops on agricultural and marginal
land
National level contributions:

National level contributions
Ukraine (Illustration case)
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2

Definitions concerning biomass for energy

This section contains a number of definitions: of biomass per se (section 2.1), biomass
categories and types of biomass (section 2.2), biomass potentials available for energy (section
2.3) as well as conversion factors for biomass (section 2.5).

2.1

Biomass

Numerous definitions exist for the term biomass; depending on their background they may
differ considerably, e.g. regarding the inclusion or exclusion of a specific material or product.
The general biomass definition found in several EC documents on biofuels or bioenergy is
taken as a basis for the BEE project. In the Directive ‘on the promotion of the use of energy
from renewable sources’ (2009/28/EC) biomass is defined as the ‘biodegradable fraction of
products, waste and residues from biological origin from agriculture (including vegetal and
animal substances), forestry and related industries including fisheries and aquaculture, as well
as the biodegradable fraction of industrial and municipal waste’. This general definition,
however, only includes biomass that actually enters the economic cycle, i.e. when it is used
either by agriculture, forestry and related industries or – in the case of industrial and
municipal waste – occurs due to economic activities.
A more scientific definition can be found in EEA’s glossary characterising biomass as ‘all
organic matter that derives from the photosynthetic conversion of solar energy’. However,
this definition might be too broad, especially when it comes to materials such as peat. Despite
having a biogenic origin it actually is a ‘fossil secondary product of rotting processes’ (fossil
energy carrier) and is therefore excluded from a strict biomass definition (Kaltschmitt et al.
2009). Unfortunately, peat is often referred to as a ‘renewable energy carrier’ (biomass) in
several peat-rich countries. For the BEE project, the most suitable definition of biomass is
probably presented in the so-called ‘Unified Bioenergy Terminology’ paper by FAO, which
aims at unifying and organising currently used terminology and definitions of wood fuels and
other biofuels (FAO 2004):
‘Biomass’ means material of biological origin excluding material embedded in geological
formations and transformed to fossil.

Note: Peat is not included in the definition of biomass above. As a consequence, biomass
resource assessments originating from peat-rich regions such as the Nordic and Baltic
countries; Russia, Canada or the United States, must be analysed with great care.

Status of biomass resource assessments – Version 3

16

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

2.2

Biomass categories and types of biomass

Biomass can be divided into several biomass categories. This subdivision can be based on
different parameters. In the forthcoming European Standard on solid biofuels (EN 14961-1),
the classification is based on the biofuel origin and source (CEN/TC-335/WG 2 2007). In this
standard, the main origin-based solid biofuel groups are (1) woody biomass, (2) herbaceous
biomass, (3) fruit biomass, and (4) biomass blends and mixtures.
This classification, however, does not indicate the origin of biomass in terms of economic
sectors such as agriculture, forestry (both including related industries) or waste management.
For the BEE project, a subdivision that includes this aspect is presented in the following
sections 2.2.1 to 2.2.3. The main categories are: (1) woody biomass from forestry, (2) woody
and herbaceous energy crops from agriculture, and (3) organic waste. Each of these biomass
categories comprises different types of biomass, the main ones being products (harvested
biomass) and residues (by-products from cultivation, harvesting and processing).
Note: Within the BEE project, the assignment of specific biomass fractions to single tasks
(Tasks 3.3 – 3.5) does not strictly follow the biomass categorisation presented here. In-stead,
three ‘practical’ scopes were defined: (1) forestry and forestry residues, (2) energy crops on
agricultural and marginal land, and (3) agricultural residues and organic waste. Residues
from agricultural energy crop production and their uses are regarded within the same task
as organic waste. For the allocation of the biomass categories to the sections of this report,
see Table 5.
2.2.1

Forestry and forestry residues

The biomass category ‘forestry and forestry residues’ is subdivided into woody biomass
(harvested products) and residues from forestry. Table 1 gives an overview of all
subcategories and included types of biomass.
Table 1 Woody biomass and residues from forestry and trees outside forests: Biomass
subcategories, origin and included types of biomass
Biomass subcategory
Woody biomass
From forestry

Origin

Forests and other wooded land incl.
tree plantations and short rotation
forests (SRF)
From trees outside Trees outside forests incl. orchards
and vineyards, public green spaces
forests (landscape)
and private residential gardens
Woody residues
Cultivation and harvesting / logging
Primary residues
activities in all of the above incl.
landscape management
Secondary residues

Type of biomass
Harvests from forests and other
wooded land incl. tree plantations
and SRF, excl. residues
Harvests from trees outside forests
incl. orchards and vineyards, excl.
residues

Cultivation and harvesting / logging
residues (twigs, branches, thinning
material), pruning from fruit trees
and grapevines etc.
Wood processing, e.g. industrial Wood processing by-products and
residues (sawdust, bark, black liquor,
production
etc.)

Status of biomass resource assessments – Version 3

17

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

Woody biomass from forestry includes all biomass from forests (or other wooded land), tree
plantations, and trees outside forests (TOF). All trees that are not part of a forest or plantation
but rather grow in an orchard, meadow, garden and park or alongside roads and waterways are
grouped under the general term ‘trees outside forests’.
Woody forestry residues include both primary residues, i.e. leftovers from cultivation and
harvesting / logging activities (twigs, branches, thinning material etc.) and secondary residues,
i.e. those resulting from all further industrial processing (sawdust, bark, black liquor etc.).
Tertiary residues, i.e. used wood (wood in household waste, end-of-life wood from industrial
and trade uses, waste paper, discarded furniture, demolition wood, etc.), are considered
organic waste and are included in the respective biomass category ‘organic waste’ (see section
2.2.3).
Note: In Nordic countries, even tree stumps are harvested for bioenergy purposes.
Therefore, they are part of the biomass potential. Leaf and needle litter impose similar
challenges.

2.2.2

Energy crops and agricultural residues

This biomass category is subdivided into energy crops on agricultural and on marginal land.
Table 2 gives an overview of all subcategories and included types of biomass.
Energy crops on agricultural and on marginal land can be either herbaceous crops (cereals, oil
seeds etc.) or woody crops (poplar or willow). The latter are mostly referred to as short
rotation coppice (SRC) plantations. In contrast to short rotation forestry (SRF) they are
classified as woody energy crops within the BEE project and therefore found under
agriculture (and not forestry) due to the fact that the land on which the SRC plantation is
established remains in agricultural use.
Following the FAO definition (FAOSTAT 2010), agricultural land is seen as the sum of
arable land, permanent crops and permanent meadows and pastures. Arable land in turn is the
sum of temporary crops, temporary meadows and pastures and fallow land. Marginal land (or
‘other land’ according to the FAO definition), however, is much more difficult to define: it
includes any other land not specifically listed under arable land and land under permanent
crops, permanent pastures, forests and woodland, built on areas, roads, barren lands etc.
Sometimes marginal land is also referred to as ‘unproductive’, ‘low productive’ or ‘degraded’
land, i.e. the terminology and the definitions lying behind them are rather vague.
Note: The term ‘marginal’ land is not clearly defined and sometimes also referred to as ‘unproductive’, ‘low productive’ or ‘degraded’ land. Therefore, great attention has to be paid
when analysing studies that include energy crops on land classified with these words.

Agricultural residues cover both primary residues, i.e. harvesting residues (straw etc.), and
secondary residues, i.e. food processing residues and animal excrements. Tertiary residues,
i.e. used agricultural materials and products thereof (e.g. food leftovers, flowers), are
considered organic waste and included in the respective biomass category (see section 2.2.3).
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Table 2 Energy crops and residues from agricultural and marginal land: Biomass
subcategories, origin and included types of biomass
Biomass subcategory
Origin
Woody and herbaceous energy crops
Arable and permanent
Grown on arable land
cropland incl. SRC
Permanent grassland
(meadows and pastures)
Other land (degraded
Grown on marginal land
lands, mine dumps...)
Woody and herbaceous agricultural residues
Agr. cultivation and
Primary residues
harvesting activities
Processing of agricultural
Secondary residues
products, e.g. for food
Grown on grassland

2.2.3

Type of biomass
Harvest from arable and permanent
cropland incl. annual energy crops and
SRC, excl. residues
Permanent or annual energy crops, excl.
residues
Permanent or annual energy crops, excl.
residues
Harvesting residues (straw, etc.)
Processing residues (e.g. pits from olive
pitting, shells/husks from seed/nut
shelling) as well as animal excrements

Organic waste

The biomass category ‘organics waste’ is made up of tertiary residues originating from
households, industry and waste disposal. Table 3 gives an overview these types of biomass.
Organic waste covers all organic food and non-food waste materials, including for example
all non-eaten and discarded food, but also woody and other non-food organic waste from
households (e.g. yard trimmings from private gardens) and industry (e.g. waste wood and
demolition wood). Landfill gas and sewage sludge / gas from sewage treatment plants are also
included.
Table 3 Organic waste (tertiary residues incl. woody and herbaceous biomass): Origin and
included types of biomass
Origin
Households
Industry

Households and
industry

Type of biomass
Biodegradable municipal waste, i.e. organic household waste incl. woody
fractions: food leftovers, waste paper, discarded furniture, etc.
Organic waste from industry (excluding forestry industry) and trade incl. woody
fractions: food waste, slaughter waste, used fats and oils, bulk transport
packaging, recovered demolition wood (excluding wood that goes to non-energy
uses)
Sewage sludge / gas and landfill gas
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2.3

Biomass potential for energy

The type of biomass potential is an important parameter in biomass resource assessments,
because it determines to a large extend the approach and methodology and thereby also the
data requirements. Four types of biomass potentials are commonly distinguished:





Theoretical potential
Technical potential
Economic potential
Implementation potential

Moreover, the concept of a fifth type of potential, ‘the sustainable implementation potential’,
is introduced in this section.
Theoretical potential
The theoretical potential is the overall maximum amount of terrestrial biomass that can be
considered theoretically available for bioenergy production within fundamental bio-physical
limits. The theoretical potential is usually expressed in joule primary energy, i.e. the energy
contained in the raw, unprocessed biomass. Primary energy is converted into secondary
energy, such as electricity and liquid and gaseous fuels. In the case of biomass from crops and
forests, the theoretical potential represents the maximum productivity under theoretically
optimal management taking into account limitations that result from soil, temperature, solar
radiation and rainfall. In the case of residues and waste, the theoretical potentials equal the
total amount that is produced.
Technical potential
The technical potential is the fraction of the theoretical potential that is available under the
regarded techno-structural framework conditions with the current technological possibilities
(such as harvesting techniques, infrastructure and accessibility, processing techniques). It also
takes into account spatial confinements due to other land uses (food, feed and fibre
production) as well as ecological (e.g. nature reserves) and possibly other non-technical
constraints. The technical potential is usually expressed in joule primary energy, but
sometimes also in secondary energy carriers.
Economic potential
The economic potential is the share of the technical potential that meets criteria of economic
profitability within the given framework conditions. The economic potential generally refers
to secondary bioenergy carriers, although sometimes also primary bioenergy is considered.
Implementation potential
The implementation potential is the fraction of the economic potential that can be
implemented within a certain time frame and under concrete socio-political framework
conditions, including economic, institutional and social constraints and policy incentives.
Studies that focus on the feasibility or the economic, environmental or social impacts of
bioenergy policies are also included in this type.
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Sustainable implementation potential
In theory, a fifth type of potential can be distinguished, which is the sustainable
implementation potential. It is not a potential on its own but rather the result of integrating
environmental, economic and social sustainability criteria in biomass resource assessments.
This means that sustainability criteria act like a filter on the theoretical, technical, economic
and implementation potentials leading in the end to a sustainable implementation potential.
Depending on the type of potential, sustainability criteria can be applied to different extents.
For example, for deriving the technical potential, mainly environmental constraints and
criteria are integrated that either limit the area available and/or the yield that can be achieved.
Applying economic constraints and criteria leads to the economic potential and for the
sustainable implementation potential, additional environmental, economic and social criteria
may be integrated (see Figure 2).
Technical
constraints &
environmental
constraints /
sustainability
criteria

Theoretical
potential

Socio-political
constraints /
environmental,
economic and
social
sustainability
criteria

Economic
constraints /
sustainability
criteria

Technical
potential

Economic
potential

Sustainable
implementation
potential

Figure 2 The integration of sustainability criteria in biomass potential assessments
There is a strong demand for the inclusion of sustainability aspects in bioenergy potential.
Especially after bioenergy in general and biofuels in particular have lost some of their good
reputation due to the food versus fuel debate and due to an increased awareness of land use
changes, both industry and politics strive for more sustainable practises. The concept of
sustainable biomass contains multiple environmental, economic and social aspects, though
integrating these aspects may be complex.
The classification in types of biomass potentials helps the reader to understand what
information is presented. For instance, some biomass types show high technical potential
while their economic potential is rather limited due to the high costs of extraction and
transport. Therefore it is recommended that the type of potential is mentioned explicitly in
every biomass resource assessment. In existing resource assessments, it is often difficult to
distinguish between theoretical and technical potential and between economic and
implementation potential. The technical and theoretical potential and the economic and
implementation potential form two pairs of potential types. However, even more important
than making this distinction between four types is the provision of insight into explicit
conditions and assumptions made in the assessment.
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2.4

The general approach

Biomass resource assessments generally use one of the following three main approaches: the
resource focused approach, the demand driven approach, or the integrated approach
(following (Berndes et al. 2003)). The general approach determines to a large extent the
methodology that is used and in turn, the methodology determines to a large extent the data
that are used.
The three approaches are shortly defined below. For more details, refer to (Smeets et al.
2010).
Resource focused approach
Resource focused assessments focus on the supply of biomass for bioenergy. They investigate
the bioenergy resource base and the competition between different uses of those resources.
Resource focused assessments typically estimate the theoretical or technical potential to
produce biomass for energy, thereby usually taking into account the demand for land for food
production and biomass needed for the production of food and materials. Sometimes also
environmental limitations or economic criteria are included. Resource focused studies use
statistical and spatially explicit methods to determine biomass potentials.
Demand driven approach
Demand driven assessments take into account the biomass energy demand side. The
competitiveness of biomass-based energy systems is compared to conventional fossil fuel
based energy systems, other renewable energy systems and/or nuclear options. Alternatively,
the production and use of biomass required to meet exogenous targets on bioenergy are
estimated. Demand driven studies typically focus on economic and implementation potentials
more than on the theoretical and technical potentials. However, some studies start with an
evaluation of the feasibility of the projected use of bioenergy, by reference to other studies or
by estimating the technical biomass potential. Demand driven studies use cost supply methods
and energy and/or economic modelling methods to determine biomass potentials.
Integrated approach
Integrated assessments use integrated assessment models (IAMs). IAMs are designed to
assess policy options for climate change. They include mathematical correlations between the
socio-economic drivers of economic activity and energy use. Energy output is associated with
emissions and other pressure on environmental factors that might again have feedback on
productivity and supply of energy. In that way, IAMs combine information from different
sectors (economic, energy, land use and climate) across various time and spatial scales. IAMs
are particularly useful for the purpose of addressing policy questions, mostly by means of
scenario analysis. These aspects are not all necessarily included in all IAM-biomass potential
assessments, but a clear difference with other approaches/methods is that the various aspects
and dimensions of bioenergy are included in an integrated manner, e.g. by combining results
from different models. IAMs are typically applied to aggregated world or continental regions
or countries, depending on the resolution of data.
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2.5

Conversion factors for biomass

Conversion factors are very important to convert the results of one biomass resource
assessment into the energy unit of another or to harmonise all results, e.g. by converting them
into GJ, which is the preferred unit when analysing biomass potentials for energy. Table 4
contains a number of conversion factors for common energy units such as GJ, MWh, tonnes
of coal equivalent (tce), tonnes of oil equivalent (toe) and barrel (bbl).
Table 4 Conversion factors for energy units
1 GJ
1 MWh
1 tce
1 toe
1 bbl
Wood,
oven dry
solid m3

GJ
1
3.6
29.31
41.87
5.694
8.714

MWh
0.278
1
8.148
11.64
1.583
2.421

tce
0.034
0.122
1
1.424
0.194
-

toe
0.024
0.086
0.703
1
0.137
0.208

bbl
0.176
0.632
5.155
7.299
1
-

tonne
0.672*

* - average for Ash, Aspen, Beech, Birch, Oak, Pine and Spruce. Source: (Ranta 2002), (EEA 2007a)

Conversion factor used additionally in the study on Germany: 1 ton absolutely dry wood =
5000 kWh (Beckmann 2006).
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3

Analysis of biomass resource assessments

3.1

Selection of studies

The selection of biomass resource assessments analysed in this report is based on the
following criteria:


Up-to-dateness of data used and results presented



Wide recognition of the authors by a scientific community



Innovative and unique approach



Potential impact of a study



Level of detail (to have studies of different levels)



Authors – not to analyse the same estimations published in different places



Comprehensiveness of potential assessments

The studies selection followed several steps. First, a top 10 list of studies has been compiled
based on suggestions by task partners. However, this list turned out to be rather subjective;
influenced by the partners’ specific backgrounds and perspectives. In order to capture relevant
studies in a more comprehensive way, some 150 studies have been chosen for analysis.
Starting point was the so-called short characterisations of the studies, i.e. each biomass
resource assessment was assessed by looking at a certain set of parameters. The
characterisations are compiled in a separate document (Rettenmaier et al. 2008). Depending
on the biomass category covered in the studies, a set of studies was allocated to each task
partner for an in-depth analysis.
During report updates, additional studies were included that had been published since the first
version. The second update leading to this report aimed at improving the comparison of
studies both in quantitative terms and in terms of an interpretation of the differences in the
results. It has been made sure that a selection of studies is analysed in all category sections in
order to enable a comparison of results in section 7. Furthermore, the selection of studies has
been adjusted to those assessed in the WP 4 report (Smeets et al. 2010) since it became
evident that only few studies had been analysed in both work packages.
The current set of studies cover different spatial levels: global, European, national, and
regional, whereby global studies are only regarded if they comprise results for Europe.
Furthermore, the studies are grouped into so-called ‘umbrella’ and ‘sectoral’ studies.
‘Umbrella’ study means that (almost) all biomass categories are covered and a total potential
is available, whereas a ‘sectoral’ study only contains results for one or two biomass
categories.
As indicated in section 2.2, the biomass categories in this report are not grouped according to
the definitions provided in that section but the various sections in this report follow a slightly
different division. This division is shown in Table 5.
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Table 5 Structure of sections and biomass categories in this report
Section 4 Forestry and
forestry residues

Section 5 Energy crops on
agricultural and marginal land

Section 6 Agricultural residues
and organic waste

Woody biomass from Woody and herbaceous crops grown
forests and trees outside on arable land, grassland, marginal
forests
land
Primary and secondary
woody residues

Primary and secondary woody
and
herbaceous
agricultural
residues
Organic waste

3.2

Calibration of European studies to EU27 level

European level studies differ considerably with respect to the coverage of countries and the
resource categories considered. This makes the analysis of the impact of differing
assumptions and methodologies on the results rather difficult. In order to facilitate such an
analysis, the quantitative results of selected European level studies have been calibrated to
EU27 level in order to enable a better picture of the quantitative findings of the most recent
biomass re-source studies. The calibration steps are described below. Please note that the
analysis of forestry potential assessments (section 4) does not follow the calibration method
described here but a slightly different method has been applied. This method is described in
section 4.3.2.2.
Step 1
In a first step, all major studies analysed for this report that were expected to provide a
necessary minimum geographical overlap of presented results where chosen. Out of all studies
with European focus, twelve studies have been selected for the calibration (see Table 6).
Several studies have been excluded: (Smeets et al. 2007) and (Hoogwijk et al. 2005) provide
results for three country groups in Europe that are not transferable to an EU27 coverage since
the differences in country coverage differ too much. (Van Dam et al. 2006) could not be taken
into consideration since it covers too few EU27 countries. Some studies show overlaps since
they are based on the same data base. Overlapping studies are indicated in Table 6.
Some of the twelve selected studies include all resource categories, some only a part of them.
The number of studies covering the different resource categories and the number of scenarios
included in the comparisons is shown in Table 6.
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Table 6 Selected European level studies for calibration to EU27 level
Study
ID
1
2
3
4
5
6
7
8
9
10
11
12

Scenarios per category

Study
Forestry
(Alakangas et al. 2007)
(Asikainen et al. 2008)
(De Wit et al. 2008) /
(De Wit and Faaij 2010)
(EEA 2006)
(EEA 2007a)
(EEA 2007b)
(Ericsson and Nilsson 2006)
(Fischer et al. 2007)
(Ganko et al. 2008) /
(RENEW 2008)
(Nielsen et al. 2007) /
(Krause and Oettel 2007)
(Siemons et al. 2004) /
(Panoutsou et al. 2009)
(Thrän et al. 2006)
Total number of Studies
Total number of Scenarios

1
1
1
1
3
2
2

Energy
crops

Agric.
Residues

3

1

1

1

1
2
3
2

Waste

Total
potentials

3
1

1

1

2

2

2

3
1

1

1

1

1

1
8
13

3
9
19

3
6
9

2
3
4

4
5
13

Step 2
As a next step the coverage of the selected studies was analysed. The coverage with countries
varies from a coverage of EU20 (seven countries missing) to EU27+3 (three additional
countries included), while none of the studies covers exactly all 27 EU countries (see Table
7). Since the quantitative contribution to biomass potentials of the countries Cyprus,
Luxemburg, Malta and Greece (with respect to forestry only) to EU27 totals is of very
moderate to negligible influence corrections were regarded not necessary while for all other
differences in country coverage corrections are regarded as relevant (see Table 7).
Considering this, nine studies require an adjustment while for three studies no adjustment is
required due to country coverage. The correction was done by reducing the reported country
values provided by the study itself (this is ideal in case of the necessary reductions due to
included non-EU countries) or by country estimates from other studies (details are provided in
Table 10). This approach was chosen since it can easily be applied to all biomass resource
categories.
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4&5

4&6

5

7

8

9

10

11

12

(Asikainen et al.
2008)

(De Wit et al. 2008)

Forestry in (EEA
2007a) & (EEA 2006)

Energy crops in (EEA
2006) & (EEA 2007b)

Waste in (EEA 2006)

(Ericsson and Nilsson
2006)

(Fischer et al. 2007)

(Thrän et al. 2006)

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

AT Austria
x
x
x
x
x
x
BE Belgium
x
x
x
x
x
x
BG Bulgaria
x
x
CY Cyprus
x
x
CZ Czech Rep.
x
x
x
x
x
x
DK Denmark
x
x
x
x
x
x
EE Estonia
x
x
x
x
x
x
FI Finland
x
x
x
x
x
x
FR France
x
x
x
x
x
x
DE Germany
x
x
x
x
x
x
EL Greece
x
x
x
x
x
HU Hungary
x
x
x
x
x
x
IE Ireland
x
x
x
x
x
x
IT Italy
x
x
x
x
x
x
LV Latvia
x
x
x
x
x
x
LT Lithuania
x
x
x
x
x
LU Luxemb.
x
x
x
MT Malta
x
x
NL Netherlands
x
x
x
x
x
x
PL Poland
x
x
x
x
x
x
PT Portugal
x
x
x
x
x
x
RO Romania
x
x
SK Slovakia
x
x
x
x
x
x
SI Slovenia
x
x
x
x
x
ES Spain
x
x
x
x
x
x
SE Sweden
x
x
x
x
x
x
UK Unit. King.
x
x
x
x
x
x
BY Belarus
UA Ukraine
x
NO Norway
x
CH Switzerland
x
TR Turkey
Coverage EU15 - EU27 EU 27 EU 25 - EU 25 - EU25
LU; + - CY, + UA, CY, EL, CY,
CZ, EE, MT
NO, LU, MT MT,
HU, LV,
CH
LU
PL, SK,
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x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

EU 27
- CY,
MT; +
BY,
UA

x
x
x
EU
27 +
UA,
NO,
CH

(Siemons et al. 2004)

3

(Nielsen et al. 2007)

2

Country

(Ganko et al. 2008)

1

(Alakangas et al.
2007)

Table 7 Coverage of countries per study

x
x
x

x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
EU 27 EU EU EU
- CY, 27+ 27 – 27+
MT; UA, CY, TR
+ CH NO, LU,
CH MT

27
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6

X
X
X

X
X

X
X

X
X
X

X
X

X

7
X

8

9

10

X
X
X

X

X

X
X
X
X
X

X
X
X
X
X
X

(Thrän et al. 2006)

5

(Siemons et al. 2004)

4

(Nielsen et al. 2007)

(EEA 2007b)

3

(Ganko et al. 2008)

(EEA 2007a)

2

(Fischer et al. 2007)

(EEA 2006)

1

(Ericsson and Nilsson 2006)

(De Wit et al. 2008)

Not specified
Stem wood
Primary forest resid.
Secondary forest resid.
From other wooded land
Other
Energy crops Not specified
Woody plants
Starchy crops
Sugar crops
Oil crops
Grass crops
Other
Agricultural
Not specified
residues
Woody crop residues
Starchy crop residues
Sugar crop residues
Oil crop residues
Other crop residues
Manure
Other
Food industry Not specified
residues
Crop processing residues
Food processing residues
Organic waste Not specified
Construct. & demol. wood
BMW
Combustible organic waste
Landfill gas
Sewage sludge, sewage gas
Other
Other
Trees outside forests
Landscape mgmt & conserv.
Other (1)

(Asikainen et al. 2008) (2)

Forestry &
forestry
residues (3)

(Alakangas et al. 2007)

Table 8 Detailed level categories covered per study

11

12

X
X
X

X
X
X

X

X
X

X
X
X

X
X

X

X

X

X

X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X

X

X
X

X

X

(1): Includes secondary residues & woody biomass from other sources
(2): Includes stumps
(3): Forestry by-products are all those biomass fuels that originate in the forests during forestry activities. They
include bark and wood chips made from tops and branches, as well as logs and chips made from thinnings. As
soon as these by products are subject to a manufacturing process (like briquetting or pelletising of saw dust and
wood shavings) we categorise them under Industrial products.
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Step 3
The next major difference is the coverage of biomass categories. The coverage of categories
for the twelve studies shows a divergence not only in studies addressing all biomass
categories but also for studies that focus e.g. on forestry only (Table 8). Furthermore it was
observed that certain categories e.g. secondary forestry residues are partly reported under
“forest biomass” and partly under “waste” or “industrial waste”. This made it necessary to
carefully adjust the totals to the hierarchy of resource categories used in this study.
To compensate for all differences of the coverage of biomass categories is not possible but
two further measures have been identified that increases the comparability:
-

To achieve an improved comparability, the comparison of forestry potentials was
subdivided in an analysis of “stemwood and primary forest resides” and “secondary
residues” plus a comparison of studies that cover all categories.

-

In many studies that cover total potentials, the potential from food industry residues
and organic waste is not included. To compensate for that, the potentials are added
from reference study averages that provided such estimates (details are provided in
Table 10).

Step 4
Furthermore, the utilisation of different factors to convert biomass into energy differs. While
some studies use effective heating values based on an assumed average moisture content,
other studies use a conversion assuming absolute dry matter. Since these conversion values
are material specific and in many sectors many different biomass types occur, e.g. within
agricultural residues, the possibilities to adjust that aspect are limited. Such a correction is
only possible for forestry since the variation within different wood types is low. Six out of the
ten studies that include forestry used a conversion based on absolute dry matter (still varying
from 18.0 to 18.6 MJ/kg), while four studies used values assuming a certain moisture content
(varying from 7.2 MJ/kg to about 10 MJ/kg). To compensate for that the estimates of studies
assuming absolute dry matter were corrected to a conversion rate of 10 MJ/t (details are
provided in Table 9). Given the current dominant use of wood, namely burning for heat
generation, the conversion was made in this direction since only a conversion based on a
realistic assumption on the average moisture content of wood at the time of utilisation for
energy generation can provide a realistic value of the energy potential of woody biomass.
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1
Low
heating
value
applied
[MJ/kg]

Approach

2

10
ca. 9
(average (recalculat
estimate
ed based
based on
on the
several
reported
factors
moisture
given in content of
"Table 1:
40%)
Net
calorific
value as
received in
(Alakangas
et al. 2007)
Effective heating

3

4

5

18.0

18.6

18.6

Dry wood effective
heating value
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6

7

8

8.6 FR,
9.6
7.2 SFR (applied
for
woody
energy
crops)

n.a.

(Thrän et al. 2006)

(Siemons et al. 2004)

(Nielsen et al. 2007)

(Ganko et al. 2008)

(Fischer et al. 2007)

(Ericsson and Nilsson 2006)

(EEA 2007b)

(EEA 2007a)

(EEA 2006)

(De Wit et al. 2008)

(Asikainen et al. 2008)

(Alakangas et al. 2007)

Table 9 Details on energy conversion per study for wood

9

10

11

12

8.0

18.0

18.0

18.5

Effective heating value

Dry wood effective
heating value
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Table 10 Details per calibration step
Step

Details per approach
(where Study IDs are used to refer to studies please refer to the ID list in Table 6)

2

Values used to adjust for Bulgaria & Romania are based on absolute results of (Thrän et al.
2006)’s current policy scenario, recalculated from Fig 32 in (Thrän et al. 2006) and from
tables in the Annex document of (Thrän et al. 2006).

2

Values used to adjust for the forestry potentials of Lithuania and Slovenia are based on
results reported in (EEA 2006). The calibration was done based on the relative share of the
country specific potentials.

3

For the adjustment of total studies that did not include waste the values from EEA 2006 and
(Thrän et al. 2006) have been used. The correction was based on absolute values using an
average from:



(EEA 2006) Environmentally-compatible potential
(Thrän et al. 2006) Current Policy Scenario, Thermochemical processing =
Environmental Scenario, Thermochemical processing
 (Thrän et al. 2006) Current Policy Scenario, Biochemical processing =
Environmental Scenario, Biochemical processing
The resulting averages values are reported below:
Food industry residues &
organic waste
Food industry residues

2000

2010

2020

495 PJ

711.2 PJ

718.2 PJ

27 PJ

32 PJ

32 PJ

For adjustments beyond 2020 the average values for 2020 have been used.
Food industry residues & organic waste values have been added at study 3, 7, 9.
Food industry residues have been added at study 11.
4

The calibration from a dry wood effective heating value to an effective heating value
required a reduction to 91.2% of the originally reported energy value and was applied to
study 3, 4, 10 and 11. The reduction is moderate compared to a direct comparison of the
heating values since the heating values are related to the weight including the moisture (wet
weight).

The effect of the calibration is exemplarily shown in the example of the comparison of energy
crops at EU level. While Table 11 shows the values before the calibration, Table 12 shows
them after calibration.
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Table 11 Energy crops total [EJ] – before calibration
Study

200009

10-19
7.4
1.6
9.6
2.0

(De Wit et
al. 2008)

203040-49
29
39
12.1 15.8
2.5
3.2
14.7 18.4
4.0
6.0

(EEA 2006)
(EEA
2007b)

1.8

(Ericsson
and Nilsson
2006)

3.3

1.8

5.6

1.8

7.2
8.9
5.6
13.5

(Fischer et
al. 2007)
(Ganko et al.
2008) /
(RENEW
2008)

(Thrän et al.
2006)

Base line estimate
Low estimate
High estimate
Environmentally-compatible
potential = EEA 2007b Scenario
high energy prices and high
yields
Scenario low energy prices and
high yields
15.4 Scenario 1-2a-3a (low bioenergy
harvests)
19.9 Scenario 1-2b-3b (high bioenergy
harvests)
baseline
low
high
SP, Scenario S1

1.4

4.79

1.4

2.4

SP, Scenario S2

1.6
0.1

1.6
0.3

2.0
4.1
6.1
1.6
0.5

0.1

0.6

1.8

0.1

0.3

0.6

0.1

0.6

1.4

1.2

3.4

7.6

1.2

3.4

7.6

0.7

1.1

2.5

Scenario: 10% arable land
Scenario: 20% arable land
Scenario: 30% arable land
Baseline scenario
Technology base case, no
sustainability premium
Technology base case, high
sustainability premium
Subsidised innovative
technologies, no sustainability
premium
Subsidised innovative
technologies, high sustainability
premium
Current Policy Scenario,
Thermochemical processing
Current Policy Scenario,
Biochemical processing
Environmental Scenario,
Thermochemical processing

0.8

1.3

3.3

(Nielsen et
al. 2007)

(Siemons et
al. 2004)

4.4

>2050 Scenario
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Table 12 Energy crops total [EJ] – after calibration
Source
(De Wit et al.
2008)

2000- 10- 2009
19 29
5.2 8.5
1.1 1.8
6.7 10.3
2. 4.2

1.4
1.4

30- 40- >50 Scenario
39 49
11.1
Base line estimate
2.2
Low estimate
12.9
High estimate
Environmentally-compatible potential =
6.3
EEA 2007b Scenario high energy prices and
high yields
3.4 4.6
Scenario low energy prices and high yields
5.6
15.4 Scenario 1-2a-3a (low bioenergy harvests)
7.2
19.9 Scenario 1-2b-3b (high bioenergy harvests)
6.2
baseline
3.9
low
9.5
high
4.8
SP, Scenario S1
2.4
SP, Scenario S2

1.6 1.6

2.0
4.1
6.1
1.6

Scenario: 10% arable land
Scenario: 20% arable land
Scenario: 30% arable land
Baseline scenario

0.1 0.3

0.6

Technology base case, no sustainability
premium

0.1 0.6

1.8

Technology base case, high sustainability
premium

0.1 0.3

0.6

Subsidised innovative technologies, no
sustainability premium

0.1 0.6

1.4

Subsidised innovative technologies, high
sustainability premium

1.2 3.4

7.6

1.2 3.4

7.6

0.7 1.0

2.6

Current Policy Scenario, Thermochemical
processing
Current Policy Scenario, Biochemical
processing
Environmental Scenario, Thermochemical
processing

0.8 1.3

3.3

(EEA 2006)
1.9
1.8
1.8

(EEA 2007b)
(Ericsson and
Nilsson 2006)
(Fischer et al.
2007)
(Ganko et al.
2008) / (RENEW
2008)
(Nielsen et al.
2007)

(Siemons et al.
2004)

(Thrän et al. 2006)

Environmental Scenario, Biochemical
processing

Figure 3 shows that especially in the period of 2010 to 2030 the variation is considerably
reduced. This illustrates how important calibration is if results are to be compared that show
great differences due to differing underlying methodologies and approaches.
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Energy crop potential, uncalibrated
[EJ/year]

Energy crop potential, calibrated [EJ/year]
25.0

25.0

20.0

20.0

15.0

15.0

10.0

10.0

5.0

5.0

0.0

0.0

20002009

20102019

20202029

20302039

20402049

>2050

20002009

20102019

20202029

20302039

20402049

>2050

de Wit et al. (2008), Baseline estimate

de Wit et al. (2008), Baseline estimate

de Wit et al. (2008), Low estimate

de Wit et al. (2008), Low estimate

de Wit et al. (2008), High estimate

de Wit et al. (2008), High estimate

EEA (2006), Environmentally compatible

EEA (2006), Environmentally compatible

EEA (2007b)

EEA (2007b)

Ericsson and Nilsson (2006), Low harvest

Ericsson and Nilsson (2006), Low harvest

Ericsson and Nilsson (2006), High harvest

Ericsson and Nilsson (2006), High harvest

Fischer et al. (2007), Baseline

Fischer et al. (2007), Baseline

Fischer et al. (2007), Low

Fischer et al. (2007), Low

Fischer et al. (2007), High

Fischer et al. (2007), High

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S2

Ganko et al. (2008), Scenario S2

Nielsen et al. (2007), 10% arable land

Nielsen et al. (2007), 10% arable land

Nielsen et al. (2007), 20% arable land

Nielsen et al. (2007), 20% arable land

Nielsen et al. (2007), 30% arable land

Nielsen et al. (2007), 30% arable land

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Technology base, No sust.

Siemons et al. (2004), Technology base, No sust.

Siemons et al. (2004), Technol. base, High sust.

Siemons et al. (2004), Technol. base, High sust.

Siemons et al. (2004), Subsid. innov., No sust.

Siemons et al. (2004), Subsid. innov., No sust.

Siemons et al. (2004), Subsid. innov., High sust.

Siemons et al. (2004), Subsid. innov., High sust.

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Biochem. Proc.

Thrän et al. (2006), E+, Biochem. Proc.

Figure 3 Energy crops total [PJ] – before calibration (left), after calibration (right)
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4

Forestry and forestry residues

4.1

Introduction

The aim of this section is to review biomass resource assessments with focus on woody
biomass, and analyse differences between reported potentials. Biomass taken into account
includes woody biomass from forestry as well as primary and secondary forestry residues (for
definitions, see section 2). This section reviews methods and compares results of the selected
studies to determine factors responsible for diverse results of the assessments. As a separate
sub-task, a comprehensive comparison of assessments of wood biomass potentials in
Germany, Finland and Ukraine was done.
4.1.1

Selection of studies

The following biomass resource assessments were selected and reviewed in this section:
1. (Alakangas et al. 2007) Biomass fuel trade in Europe.
2. (Asikainen et al. 2008) Forest Energy Potential in Europe (EU27).
3. (De Wit et al. 2008) Biomass Resources Potential and Related Costs.
4. (EEA 2006) How much bioenergy can Europe produce without harming the
environment?
5. (EEA 2007a) Environmentally compatible bio-energy potential from European forests.
6. (Ericsson and Nilsson 2006) Assessment of the potential biomass supply in Europe
using a resource-focused approach.
7. (Ganko et al. 2008) Biomass resources and potential assessment. Final report RENEW
project, WP 5.1. / (RENEW 2008) Renewable fuels for advanced powertrains - Final
report of the RENEW project.
8. (Gerasimov et al. 2006) Assessment of Energy Wood Resources in the Leningrad
Region.
9. (Hetsch et al. 2008) Wood resources availability and demands II - future wood flows
in the forest and energy sector.
10. (Kärkkäinen et al. 2008) Potential recovery of industrial wood and energy wood raw
material in different cutting and climate scenarios for Finland.
11. (Lakida et al. 1996) Estimation of Forest Phytomass for Selected Countries of the
Former European USSR.
12. (Lakida et al. 1997) Forest phytomass and carbon in European Russia.
13. (Lakida and Vasylyshyn 2006) The perspectives of Ukrainian forest biomass use for
bioenergy.
14. (Mabee and Saddler 2007) Forests and energy in OECD countries.
15. (Mantau et al. 2008) Wood resources availability and demands – Part I National and
regional wood resource balances 2005.
16. (Meuleman et al. 2005) EFFECT: EU forests for renewable energy to mitigate
climate.
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17. (Ranta 2002) Logging residues from regeneration fellings for biofuel production – a
GIS-based availability and supply cost analysis.
18. (Smeets et al. 2007) A bottom-up assessment and review of global bio-energy
potentials to 2050.
19. (Schuck et al. 2003) Compilation of a European forest map from Portugal to the Ural
Mountains based on earth observation data and forest statistics.
20. (Siemons et al. 2004) Bioenergy’s role in the EU energy market – A view of
developments until 2020.
21. (Thrän et al. 2006) Sustainable Strategies for Biomass Use in the European Context.
Studies with focus on Germany that provide estimates of the energy potential from woody
biomass from forests, non-forest land and recovered wood for the entire area of Germany
published since the year 2000 were also analysed. In addition two studies, each covering a
federal state (Bavaria and Baden-Württemberg), were selected to diversify the analysis. Ten
resource assessments with focus on Germany have been selected:
1. (Aretz et al. 2007) Biomassepotenziale in Deutschland - Übersicht maßgeblicher
Studienergebnisse und Gegenüberstellung der Ergebnisse.
2. (Beckmann 2006) Regionale Potenziale ausgewählter biogener Reststoffe.
3. (Dieter et al. 2001) Abschätzung des Rohholzpotenzials für die energetische Nutzung
in der Bundesrepulik Deutschland.
4. (FNR 2005) Bioenergie - Basisdaten Deutschland. Gülzow.
5. (Fritsche et al. 2004) Stoffstromanalyse zur nachhaltigen energetischen Nutzung von
Biomasse.
6. (Kaltschmitt et al. 2003) Energiegewinnung aus Biomasse.
7. (Kappler et al. 2008) Waldenergieholzaufkommen in Baden-Württemberg - TEIL 1.
8. (LWF 2006) Energieholzmarkt Bayern - Analyse der Holzpotenziale und der
Nachfragestruktur.
9. (Marutzky 2004) Biomassen auf Basis von Holz als Brennstoff in Österreich, der
Schweiz und Deutschland.
10. (Scheuermann et al. 2003) Monitoring zur Wirkung der Biomasseverordnung auf
Basis des Erneuerbare-Energien-Gesetzes (EEG).
The study by (Aretz et al. 2007) is a comparative study that estimates biomass potentials by
reviewing and evaluating the findings of several available different potential assessments. The
studies they used were (Dieter et al. 2001), (Leible et al. 2003), (Kaltschmitt et al. 2003),
(Scheuermann et al. 2003), (FNR 2005) (Fritsche et al. 2004) and (Marutzky 2004). All these
studies are also included as original studies in the review of studies presented here except for
(FNR 2005) and (Leible et al. 2003), because with respect to the resource woody biomass the
estimates of these two studies are mainly based on (Scheuermann et al. 2003) [(FNR 2005)]
and (Dieter et al. 2001) [(Leible et al. 2003)] that are already reviewed.
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In addition to the studies on the potentials, four studies with focus on Germany have been
selected with the aim to provide reference data on the actual use of wood for energy and on
the raw wood potential:
1. (Böhme et al. 2007) Erneuerbare Energien in Zahlen - Nationale und internationale
Entwicklung.
2. (Mantau et al. 2004) Holzrohstoffbilanz Deutschland - Bestandesaufnahme 2002.
3. (Mantau and Sörgel 2006a) Holzrohstoffbilanz Deutschland - Bestandesaufnahme
2004.
4. (BMELV 2008) Die zweite Bundeswaldinventur – BWI2: Das Wichtigste in Kürze.
Besides, the following two data sources have been used to extract further reference data on
the net forest growth and on the annual increment:


(UNFCCC 2006) National Inventory Report Germany for the German Greenhouse
Gas Inventory 1990 – 2004.
This study provides data on the carbon stock change in living biomass on forest land.
Although only the net forest growth value can be obtained from that source it is an
interesting reference value. The net change in biomass provides information on the net
change aspect of the physical biomass potential.



(BWI 2008) Online Database of the Federal Forest Inventory maintained by the
Bundesministerium für Verbraucherschutz, Ernährung und Landwirtschaft.
This database provides detailed information on the results of the Federal Forest
Inventory (BWI) in Germany. The value retrieved for comparison is the annual
increment of wood (standing volume) in the forest in Germany.

The following international studies with focus on European level that contain data on
Germany and Finland were selected for a quantitative comparative analysis with national and
international focus:
1. (Alakangas et al. 2007) Biomass fuel trade in Europe.
2. (Asikainen et al. 2008) Forest Energy Potential in Europe (EU27).
3. (Ericsson and Nilsson 2006) Assessment of the potential biomass supply in Europe
using a resource-focused approach.
4. (EEA 2007a) Environmentally compatible bio-energy potential from European forests.
5. (Mantau et al. 2008) Wood resources availability and demands - Part 1 National and
regional wood resource balances 2005.
6. (Hetsch et al. 2008) Wood resources availability and demands II - future wood flows
in the forest and energy sector.
7. (Thrän et al. 2006) Sustainable Strategies for biomass use in the European Context.
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Table 13, Table 14 and Table 15 show the type of potential, biomass types, geographical
coverage, time frames, approaches and the methods of the studies assessed in this report.
Table 13 presents the global sectoral and umbrella studies whereas Table 14 and Table 15
present the European level umbrella studies and sectoral studies, respectively. Table 16
presents the approaches, types of the biomass potential and geographic coverage of the
selected regional and national level studies in this report.
Table 13 General characteristics of selected global level sectoral and umbrella studies
Reference
(Mabee and
Saddler
2007)
(Smeets et
al. 2007)

Type of
potential
Not
defined

Biomass
type
F

Geographical
coverage
OECD, world

Technical

CFRW

11 world
regions

Time
frame
2004,
2010,
2017,
2050
2050

Approach

Method

Demanddriven

Statistical
analysis
(sectoral study)

Resourcefocused

Energyeconomics and
energy-system
model analysis
(umbrella study)

Table 14 General characteristics of selected European level umbrella studies
Type of
potential
(De Wit et al. Technical
2008)
(EEA 2006) Technical

Biomass Geographical
type
coverage
EU27 + UA,
CFR
NO, CH
EU25 - CY,
CFRW
MT, LU, GR

(Ericsson and Technical
Nilsson 2006)

CFR

EU27 + BY,
UA; - CY, MT

Short term
Resource(10-20y),
focused
medium term
(20-40y), long
term (>40)

(Ganko et al. Technical
2008) /
(RENEW
2008)
(Siemons et Technical,
al. 2004)
economic

CFR

EU27 - CY,
MT; +CH

2000-2004,
2020

Resourcefocused

Cost-supply
analysis

CFRW

EU27 - CY,
MT, LU

2000, 2010,
2020

Resourcefocused

CFRW

EU27 + TR

2000, 2010,
2020

Resourcefocused

Energyeconomics and
energy-system
model analysis
Energyeconomics and
energy-system
model analysis

Reference

(Thrän et al.
2006)

Technical,
economic
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Approach Method

2000, 2010,
2020, 2030
2010, 2020,
2030

Resourcefocused
Resourcefocused

Statistical
analysis
Statistical
analysis and
spatially
explicit analysis
Statistical
analysis
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Table 15 General characteristics of selected European level sectoral studies
Reference
(Alakangas et
al. 2007)

(Asikainen et
al. 2008)
(EEA 2007a)

(Mantau et al.
2008); (Hetsch
et al. 2008)
(Meuleman et
al. 2005)

Type of
potential
Technical

Biomass
type
F

Geographical
coverage
EU15 - LU; +
CZ, EE, HU,
LV, PL, SK

Time
frame
20012004,
2010,
2020
2005

Technical

F

EU27 - CY, MT

Technical

F

EU25 - CY, MT,
LU, GR

2005,
2010,
2020,
2030

Technical

F

EU/EFTA 29

Technical

F

EU15

2005,
2010,
2020
2002,
2010

Approach

Method

Resourcefocused

Statistical
analysis

Resourcefocused
Resourcefocused

Statistical
analysis
Statistical
analysis and
spatially
explicit
analysis
Cost-supply
analysis

Wood
resource
balance
Demanddriven

Review

Table 16 General characteristics of selected regional and national level
Type of
potential
Technical

Geographical
coverage
Germany

Time
frame
n.a.

Technical

Germany

20002005

Technical

Germany

2001

Technical

Germany

2005,
2006

(Fritsche et al.
2004)
(Gerasimov et
al. 2006)
(Kaltschmitt et
al. 2003)
(Kappler et al.
2008)

Technical

Germany

Technical

Leningrad region of
Russia
Germany

20002030
2004

Technical

Federal-state: Baden Württemberg

n.a.

(Kärkkäinen et
al. 2008)

Technical

Finland

2003 2053

Reference
(Aretz et al.
2007)
(Beckmann
2006)
(Dieter et al.
2001)
(FNR 2005)

Technical
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2000

Approach

Method

Resourcefocused
Resourcefocused

Review

Resourcefocused
Wood
resource
balance
Resourcefocused
Resourcefocused
Resourcefocused
Resourcefocused
Resourcefocused

Spatially
explicit
analysis
Cost-supply
analysis
Statistical
analysis
Cost-supply
analysis
Statistical
analysis
Statistical
analysis
Cost-supply
analysis
Integrated
assessment
model
analysis
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(Lakida et al.
1996)

Technical,
economic

Estonia, Latvia,
Lithuania, Belarus,
Ukraine, Moldova,
Georgia, Armenia and
Azerbaijan

1988

Resourcefocused

Integrated
assessment
model
analysis

(Lakida et al.
1997)

Technical,
economic

European part of
Russia

Resourcefocused

Integrated
assessment
model
analysis

(Lakida and
Vasylyshyn
2006)

Technical,
economic

Ukraine

1966,
1973,
1978,
1983,
1988,
1993
2004

Resourcefocused

(LWF 2006)

Technical

Federal state: Bavaria

2006

(Marutzky
2004)

Technical

Austria, Germany,
Switzerland

2004

Resourcefocused
Resourcefocused

Integrated
assessment
model
analysis
Review

(Ranta 2002)

Technical

Finland

2002

(Scheuermann
et al. 2003)

Technical

Germany

2003
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focused,
demanddriven
Resourcefocused

Review
Integrated
assessment
model
analysis
Integrated
assessment
model
analysis
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Table 17 describes the studies that were selected to provide reference data on current potential
and actual use of wood for energy in Germany.
Table 17 General characteristics of selected studies used as references for Germany
Reference

Type of reference
data

Geographical coverage

Time
frame

Approach

(Böhme et al. 2007)

Current use

2006

(Mantau et al. 2004)

Current use

National and
International
Germany

(Mantau and Sörgel
2006a)
(BMELV 2008)

Current use

Germany

2004

Raw wood
potential

Germany

2003-2042

Demanddriven
Resourcefocused
Resourcefocused
Resourcefocused

2002

Of all the selected studies, twenty-seven of the assessments were carried out using a resourcefocused approach and three were based on a demand-driven approach. A wood resource
balance was used in two assessments. (Ranta 2002) combined resource focused and demanddriven approaches to assess availability of logging residues in Finland.

Further characteristics of European level studies
As described in section 3.2, several European level studies have been selected for calibration.
These studies are further characterised in the following.
Among the selected European level studies, the type of potential defined by the authors is
different from the definition of BEE project guidelines. For example, in the (EEA 2006)
study, the potential defined by the authors is the environmentally compatible potential. The
BEE project defines this as “technical potential taking into account environmental
sustainability aspects”. Table 18 presents the author defined types of potential and the BEE
defined potentials with the additional constraints to the potentials.
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Table 18 Type of potential and constraints on the technical potential in European level
studies
Reference

Type of potential
defined by author

Constraints

Technical, economic
potential

Type of
potential
defined by BEE
Technical
potential

(Alakangas et al.
2007)
(Asikainen et al.
2008)

Technical, economic
potential

Technical
potential

Recovery rates

(De Wit et al. 2008)

Technical, economic
potential

Technical
potential

Implementation constraints

(EEA 2006)

Environmentally
compatible potential

Technical
potential

Environmental sustainability
aspects

(EEA 2007a)

Environmentally
compatible potential
No definition

Technical
potential
Technical
potential

Environmental sustainability
aspects
Implementation constraints

(Ganko et al. 2008)
/ (RENEW 2008)
(Mantau et al.
2008); (Hetsch et
al. 2008)
(Siemons et al.
2004)

Technical potential

Technical
potential
Technical
potential

Recovery rates, environmental
sustainability aspects

Technical, market
potential

Technical,
economic
potential

Environmental sustainability
aspects, recovery rates,
implementation constraints

(Thrän et al. 2006)

Technical, economic
potentials

(Meuleman et al.
2005)

Technical, economic
potentials

Technical,
economic
potential
Technical
potential

(Ericsson and
Nilsson 2006)

Technical potential

Implementation constraints

Among the selected European level studies, the majority use the statistical analysis as a basis
of the assessment of potentials. However, several of these studies use another supplementary
method in addition to the main method. The defined methods for selected European level
studies are presented in Table 19.
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Table 19 Main methods and supplementary methods in selected European level studies
Reference

Main method

Supplementary method

(Alakangas et al. 2007)

Statistical analysis

(Asikainen et al. 2008)

Statistical analysis

(De Wit et al. 2008)

Statistical analysis

Cost-supply analysis

(EEA 2006)

Statistical analysis

Spatially explicit analysis

(EEA 2007a)

Statistical analysis

Spatially explicit analysis

(Ericsson and Nilsson 2006)

Statistical analysis

(Ganko et al. 2008) / (RENEW
2008)
(Mantau et al. 2008); (Hetsch et
al. 2008)

Statistical analysis

(Siemons et al. 2004)

Statistical analysis

(Thrän et al. 2006)

Statistical analysis

Cost-supply analysis

Cost-supply analysis
Energy-economics and energy-system
model analysis

The compared set of studies in this report present potentials for many different biomass
categories. However, this section concentrates on the studies presenting the potentials of
stem-wood and both primary and secondary forestry residues. On the European level, key
studies on the potentials stemwood and primary forestry residues are assessed simultaneously
since they are both primary forest fuels i.e. wood biomass that has no other use than for
energy production. Secondary forest residues are handled separately because they are byproducts of industrial refining processes. Table 20 presents the types and categories covered
in the list of chosen studies.
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5

Stemwood
Primary forest residues
Secondary forest residues
Biomass from other wooded
land
Other

X
X
X

X
X

X
X

X
X
X

X
X

Trees outside forests
Landscape mgmt &
conservation
Other

7
X

(Thrän et al. 2006)

4

(Siemons et al. 2004)

(EEA 2007a)

3

(Ganko et al. 2008)

(EEA 2006)

2

(Ericsson and Nilsson 2006)

(De Wit et al. 2008)

1
Not specified

Other

4.1.2

(Asikainen et al. 2008)

Forestry &
forestry
residues

(Alakangas et al. 2007)

Table 20 Biomass categories and types covered in the studies

9

11

12

X
X
X

X
X
X

X
X
X

X

Terminology and units

Different terminology was used in the selected assessments and not always clear definitions
were given for the terms. Reviewing the studies and their results, the terminology of the
studies was used to provide uncorrupted descriptions of the methods. Table 21 shows the
terminology used in the assessments concerning wood biomass.
Table 21 Wood biomass terminology and used units of the studies
Study

Terms

Units

(Alakangas et al. 2007)

Forest residues, residential firewood, refined wood fuels,
industrial by-products and waste, wood residues

PJ, Mtoe

(Aretz et al. 2007)

Logging residues, small dimensioned wood, wood from
forests, woody residues from industry (in sawing, building,
wood, furniture, pulp and paper industry), scrap wood

PJ

(Asikainen 2008)

Logging residues from fellings, annual change rate of growing
stock and stumps.

m3

(Beckmann 2006)

Small dimensioned wood, logging residues

PJ

(Böhme et al. 2007)

No differentiation between wood/non-wood biomass

PJ, GWh
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(De Wit et al. 2008)

Logging residues, whole trees, additional supply provided by
growth of the forests

EJ

(Dieter et al. 2001)

Wood (>7cm) with bark; wood (<7cm) with bark, leafs and
needles

m3

(EEA 2006)

Wood processing residues, black liquor, demolition wood,
packaging waste wood

PJ

(EEA 2007a)

Felling residues, wood from complementary fellings

Mtoe

(Ericsson and Nilsson
2006)

Forest residues, forest industry by-products

EJ

(FNR 2005)

Logging residues, wood from SRF

TWh

(Ganko et al. 2008) /
(RENEW 2008)
(Gerasimov et al. 2006)

Logging residues, thinning wood, roots and stumps, wood
balance, wood industry by-products
Logging residues, non-industrial round wood, residues and byproducts from sawmilling

PJ

(Kärkkäinen et al.
2008)

Sawlogs, pulpwood, wastewood, roots, stumps, branches,
m3
foliage, stem and bark of wastewood

(Kappler et al. 2008)

Logging residues, small dimensioned wood, not used wood,
stemwood

m3

(Lakida et al. 1996),
(Lakida et al. 1997)

Alive organic matter (phytomass)

n.a.

(Lakida and Vasylyshyn
2006)

Harvested residuals, residuals wood processing industry, fire
wood, energy of growing stock (growing forest)

m3,
tonne, PJ

(LWF 2006)

Wood from forests, by-products of the sawing industry, scrap
wood, wood from landscape/river maintenance, wood from
SRF
Fuel wood, industrial round wood, wood from afforestation,
wood from industrial plantations, semi-natural residues, wood
from unavailable semi-natural and unavailable natural forests,
wood from semi-natural and natural forests, natural forest
residues
Wood for industrial use, miscellaneous logging, logging
residues, woody residues from industry, bark, scrap wood.
Woody material from landscape maintenance, wood from SRF

Million
tonnes

Wood for industrial use, miscellaneous logging, logging
residues, woody residues from industry, bark, scrap wood.
Woody material from landscape maintenance
Industrial wood, fuel wood, logging residues, bark, industrial
wood residues, recovered wood and refined wood fuels

m3, GWh

(Marutzky 2004)

Energy wood from forests (small dimensioned wood, not used
wood, stump wood, crown wood, periodically accumulated
residues), by-products of sawing industry and other woody
waste, bark, other woody residues, scrap wood

m3

(Meuleman et al. 2005)

Forest biomass, wood residues

n.a.

(Mabee and Saddler
2007)

(Mantau and Sörgel
2006a; Mantau and
Sörgel 2006b)
(Mantau et al. 2004)

(Mantau et al. 2008),
(Hetsch et al. 2008)
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(Ranta 2002)

Logging residues, forest residues, slash, smallwood, thinning
residues, wood chips

TWh, m3

(Scheuermann et al.
2003)

Logging residues, wood from thinnings, wood from landscape
maintenance, scrap wood within the waste industry, industrial
scrap wood outside the waste industry

PJ, TWh

(Schuck et al. 2003)

Proportion of forest area

%

(Siemons et al. 2004)

Forestry residues and other wood fuels, refined wood fuels

Mtoe

(Smeets et al. 2007)

Woody energy crops, forest growth, agricultural and forestry
residues and waste
Forest wood, fire wood, logging residues

EJ

(Thrän et al. 2006)

bdt

The compared wood biomass potentials were reported in the assessments using different
units: cubic meters (m3), Joules (J), Watts-hours (Wh), tons of oil equivalent (toe), cubic
meters of round wood equivalent, bone-dry tons (bdt). All these units were converted to J to
facilitate the analysis.

4.2

Methodology of wood biomass assessments

4.2.1

Approaches

There are three approaches that are used to quantify biomass resources and to make future
projections.
A resource-focused approach is applied in ‘assessments that focused on the total bioenergy
resource base and the competition between different uses of the resources (supply side)’.
In contrast, a demand-driven approach is applied by studies that analyse the competitiveness
of biomass-based electricity and biofuels, or estimate the amount of biomass required to meet
exogenous targets on climate-neutral energy supply (demand side) (Berndes et al. 2003).
A recently developed approach called “wood resource balance” (Mantau 2005) ‘is based on
available production and trade statistics and a consumption analysis that can be based on
available statistics and is strongly supplemented with field research’. This approach
‘facilitates assessing inter-sectoral trade flows and cascaded uses estimates demand for wood
and possible supply of wood simultaneously taking into account multiple use of wood’
(Mantau et al. 2008).
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4.2.2

Forest biomass assessments at global and European level

In the selected studies, several methods were applied to quantify and to project wood biomass
potentials. Most of the studies used an inventory method to assess current wood biomass
potentials. In this case, results of forest inventories done at different spatial levels or/and
statistical data were utilised as an input data set. Forestry inventory data used by the studies
were derived from direct measurements of trees at sample areas or applying different tools of
re-mote sensing. The used statistical data described e.g. energy generation depending on
sources, an assortment structure of wood removals from forests or production of the wood
industry.
Different expansion factors or biomass functions have been used to estimate amounts of
different types of wood (logging residues, stump or sawdust) if necessary information was not
available from forest inventories and statistical data.
(Asikainen 2008; Asikainen et al. 2008) estimated technical forest fuel potential for the EU27
and the procurement costs for the final felling residue chips using inventory and modelling
methods. Data reported for the growing stock, fellings and change rate in the FAO Global
Forest Resources Assessment 2005 report (FAO 2006) were used as input data set. Biomass
functions (Marklund 1988); (Eggers 2002), availability reduction factors and recovery rates
were applied to estimate technical forest fuel potential for the EU27. The procurement costs
of supply of residue chips were calculated for predefined procurement areas using the unit
cost calculation method and cost statistics.
Literature reviews were done in several studies, e.g. (Alakangas et al. 2007) and (Mabee and
Saddler 2007), to collect necessary data or to summarise information concerning current and
future wood biomass availability and to estimate fuel prices in the predefined region.
A modelling method was applied to analyse current resources or to project future availability
of wood biomass for energy use taking into account economic, technical and environmental
constraints. These constraints were incorporated in several assessments as certain independent
requirements, e.g. (EEA 2007a), or as a part of policy guidelines, e.g. (Thrän et al. 2006) and
(Meuleman et al. 2005).
In (EEA 2007a) wood biomass potentials were assessed using the EFISCEN model, digital
maps, and a set of environmental limitations, which included site fertility, soil erosion and
soil compaction. Felling areas that do not meet the requirements were excluded from the
estimation. Additional scenarios where wood biomass potential is affected by nitrogen
deposition, promotion of protected areas and conservation of dead wood were considered. In
order to select areas suitable for biomass extraction, the digital map of European forests
created by (Schuck et al. 2003) was overlaid with several spatial data layers representing
forest soils, elevation and areas of nitrogen deposition. After this operation, forests where
wood removal is limited due to the sustainability criteria – site fertility, steepness of slopes etc
were identified and excluded from the biomass potential. In contrast, a higher ratio of logging
residue extraction was assumed for forest areas affected by nitrogen deposition.
In the assessment done by (Thrän et al. 2006), policy guidelines were used to model future
biomass potentials. The current policy scenario is based on current policy that regulates
agriculture and development of renewable energy and takes into account existing barriers and
limitations. The Environmental+ (E+) scenario projects biomass potentials based on more
environmentally oriented use of land and policy guidelines promoting climate protection and
the use of renewable energy.
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On global scales there are no examples of combined modelling of economic and natural
processes, but at a national level it was done in the study by (Kärkkäinen et al. 2008) in which
the MELA model was used for interrelated simulation of forestry management activities,
natural processes and effects of climate changes on wood biomass growth (for a detailed
description, see section 4.2.3). Economic and natural processes are modelled separately in the
global assessments. In (EEA 2007a), forest wood potentials and processes of the European
wood market were modelled independently using the EFISCEN and the EFI-GTM models
respectively.
The studies by (Schuck et al. 2003) do not estimate biomass potentials, but they propose
interesting methods for the mapping of wood resources. The studies developed a calibration
method based on pixel-by-pixel ratio (Päivinen et al. 2001) to create digital maps of European
forests by combining data gathered through remote sensing and forest inventories. Output
forest maps produced by this method can be a good basis for the consequent assessments of
wood biomass potentials at a European scale. In this case, a deep and reliable analysis of
wood availability for energy use is possible, because various sustainability criteria and
environmental limitations as well as an impact of road network and locations of cutting areas
and power plants on wood supply can be taken into account.
As cited from the study by (Ganko et al. 2008): “The estimated potential represents lingocellulose solid biomass, which could be available for bioenergy needs without affecting food,
fodder and fibre production. The assessment has been performed in order to select most
promising regions for BtL fuel production in Europe. However, the demand for biomass and
competition between heat and electricity production within the bioenergy sector, as well as
transportation fuel production, were not investigated”. This means that the study concentrates
on the assessment of biofuels only, ignoring the effect of other competitive uses of biomass to
the energy potentials. It was noticed that the potentials given by this study were considerably
low, because of the reason mentioned in the quote above. Based on this, the study by (Ganko
et al. 2008) was left out in the comparison of the European level key studies.
4.2.3

Forest biomass assessments at national and regional level

The methods and approaches used for biomass assessments at national and regional levels do
not differ from those applied at global scales. Compared to the global assessments, the smaller
geographical focuses of the regional and national studies enable the use of more detailed data
and also, more factors affecting biomass potentials can be considered.
(Gerasimov et al. 2006), using mainly inventory and modelling methods, estimated potentials
of wood for energy use in the Leningrad region of Russia. Detailed data collected in logging
companies of the region made it possible to estimate wood biomass potentials taking into
account the distinctions between cut-to-length and tree-length logging methods – costs,
productivity and distribution of logging residues. Expansion factors derived from literature
and experts’ interviews were applied to the predefined volumes of annual cut and sawn wood
production to estimate amounts of non-industrial wood, logging residues and sawmill byproducts available for energy use. Different expansion factors were used for cut-to-length and
tree-length logging methods to reflect the impact of technological distinctions between the
methods on the availability of wood biomass for energy use. In this study, a supply cost
modelling method developed in Finland was modified to match Russian conditions and
accounting rules. Using the modified method, costs of wood chips supply from fellings,
central processing yards and saw mills were estimated separately for tree-length and cut-tolength logging methods.
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Inventory and modelling methods were used by (Kärkkäinen et al. 2008) to estimate recovery
of industrial wood and raw material for energy wood from cuttings in Finland for a period of
50 years taking into account the impact of climate change on biomass growth. The projections
of wood biomass potentials are based on the interaction of two cutting scenarios that simulate
maximal and sustainable wood removals with two climate scenarios reflecting current climate
conditions and a changing climate. The study utilises data from sample plots of the ninth
National Forest Inventory. The projections were made using a management-oriented largescale forestry model called the MELA system. The MELA consists of several sub-models and
Marklund’s biomass functions and simulates natural processes, management activities and
impacts of climate changes on biomass growth simultaneously. The Marklund’s functions
were used to estimate the dry mass of different tree components – stem wood, stem bark,
branches, foliage and needles, roots and stumps. The simulation covers a time period from
2003 to 2053 and it is driven by simulation instructions; a set of management activities, wood
prices and costs of forestry operations. In order to connect climate changes and biomass
growth, the MELA system utilises transfer functions that describe the biomass growth effect
of the changing annual mean temperature and CO2 atmospheric content.
(Ranta 2002) created a spatially scalable, flexible and updatable decision system that can
predict and analyse regional geographic variation in logging residues, feedstock costs and
supplies to analyse availability of logging residues in Finland, to increase their use as a fuel
and to find the best locations for power plants utilising logging residues. This study is only
one of the selected assessments, which combines not only inventory and modelling methods,
but also resource-focused and demand-driven approaches to create a spatially explicit model
with wide analytic abilities. The study is based on three data sets including volumes of
regeneration fellings in the country, information on locations of end-user facilities consuming
logging residues, cutting areas and data describing spatial distribution of logging residues and
road net-works. Procurement costs of logging residues were calculated using data from the
time studies of supply operations. The amount of logging residues was estimated at national,
regional and local levels using the data on the total volume of regeneration fellings done by
the companies in 2000 and expansion factors. Different stem to crown wood ratios were used
depending on tree species. The difference between volumes of crown biomass in the Northern
and Southern parts of Finland was taken into account. Stumps and roots were excluded from
the estimation. Time studies were conducted to measure productivities of logging residues
supply operations and to provide input data for the consequent calculations of procurement
costs. The cost calculations, the estimation of logging residues potentials and spatial
modelling and analysis tools were combined to create a decision system that is able to predict
and analyse regional geographic variation in logging residues, feedstock costs and supplies.
The system uses linear programming optimisation models or user-defined heuristic rules to
allocate resources between demand sites or to find optimal locations for power plants
according to availability of logging residues. An aggregation technique was applied to convert
a set of point data characterised by site-specific conditions (logging residue potential,
forwarding distance, etc.) to value surfaces by calculation of mathematical average for the
point data falling in a circle of the predefined radius. This operation enabled the transfer from
a local spatial resolution to regional and national one with acceptable loses of data variability.
Among the selected assessments there are two studies devoted to an estimation of forest wood
biomass in the selected countries of the former USSR and a study assessing wood biomass
potential of Ukrainian forests for energy use. The study by (Lakida et al. 1996) provides an
estimation of live forest wood biomass for the nine countries of the former USSR and (Lakida
et al. 1997) assessed biomass of growing forests for the European part of Russia. In these two
studies there are no direct estimations of wood biomass availability for energy use, but their
results can be easily converted into energy potentials using a system of conversion factors that
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was shown in the study by (Lakida and Vasylyshyn 2006). These studies are based on the
usage of statistically significant mathematical models of biomass growth retrieved from a
large mass of experimental data. The studies provided a good dynamic assessment of forest
biomass of the near past that allows building precise forecasts and scenarios. The assessments
are based on the resource-focused approach and applied a common modelling method. The
method of the studies will be described at the example of the study by (Lakida and
Vasylyshyn 2006) that estimates energy potential of wood biomass for Ukraine. The
assessment of biomass was done using inventory data of the State Forest Cadastre for a period
from 1988 to 2002 and by applying mathematical models derived from a generalisation of
field data. The models reflect processes of biomass accumulation by different tree species.
The study estimated live biomass of forests (growing forests), harvested wood designated for
burning, wood residues and rests (timber and branches left on harvested areas, residuals of
wood processing). Data of the State Forest Cadastre of Ukraine, statistical indicators of annual
production of forest residues and information from literature concerning energy content of
wood were used to assess availability of wood for energy use. The estimation was done by
calculating the amount of wood organic matter (absolutely dry matter) and converting the
derived value to energy units.
The selected wood biomass assessments utilise the same approaches and methods irrespective
of the spatial scale. However, precision of estimations and factors, whose influence on biomass potentials can be considered, differ depending on the spatial scale of the studies.
When assessing wood biomass at a global and European level, a simplification of data and
methods is necessary due to large scales. This simplification is the main distinction when
comparing the biomass assessments done for large scales to assessments for national and
regional levels.

4.3

Quantitative results

The reported potentials were grouped by the spatial scales of the studies. The following
sections show the reported biomass potentials in EJ/yr. Section 4.3.1 and section 4.3.2 present
biomass potentials estimated at global and European levels. Section 4.3.3 shows biomass
potentials assessed at national and regional level. Within these groups the wood biomass
potentials may vary strongly due to different geographical focuses, approaches and biomass
types covered by the assessments.
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Type of
potential

Not defined

Technical

Reference

(Mabee and Saddler
2007)

(Smeets et al. 2007)

11 world
regions
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potential)
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Forest biomass assessments at global level

Table 22 presents the wood biomass potentials reported on a global level. The results
presented in Table 22 differ in geographical scope.

Table 22 The wood biomass potentials reported for global level [EJ/yr]
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4.3.2

Forest biomass assessments at European level

4.3.2.1

All forest biomass assessments

Table 23 to Table 25 present the forest biomass potentials reported on a European level. The
results presented in the tables are uncalibrated and thus differing in terms of geographical
scope.

2.70
2.70

1.89
BAP
2020 b)

EU27 + UA,
NO, CH
(De Wit et al. Technical
2008)

2.70

EU27 - CY,
MT

EU25

(Asikainen et Technical
al. 2008)

BAP
2010

1.63

2.70

1.63
BAP
2020 a)

1.80

2000- 2010- 2020- 2030- 20402009 2019 2029 2039 2049

2.27
EU15 - LU; +
CZ, EE, HU,
LV, PL, SK
(Alakangas et
Technical
al. 2007)

Reference

Type of
potential

Geographical
coverage

Scenario

Time frame

>2050

Table 23 The stemwood and primary forestry residue potentials reported for different
geographical scales on European level [EJ/yr]
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EU/EFTA 29

(Hetsch et al. 2008),
Technical
(Mantau et al. 2008)

EU27 - CY,
MT

EU25 - CY,
LU, MT, GR

EU25 - CY,
MT, LU, GR

Geographical
coverage

EU27 + CH; CY, MT

Technical

Technical
(Sustainable)

Technical

Type of
potential

(Ganko et al. 2008) /
Technical
(RENEW 2008)

(Ericsson and
Nilsson 2006)

(EEA 2006)

(EEA 2007a)

Reference

1.78
1.70

Environmentally
enhanced forestry
Low biomass harvest

0.68

SP, S2

2.97
0.00

Supply of wood for
energy
Balance

Policy targets (current 2.97
use) on wood energy

0.68

SP, S1

-0.54

3.17

3.71

1.70

2.24

Max scenario

High biomass harvest

1.99

1.78

-3.38

3.89 3.48

6.01 4.69

0.77

0.79

1.73

2.05

1.83

1.64

2.20

1.70

2.31

2.07

1.84

1.63

2030- 20402039 2049

Time frame
2000- 2010- 20202009 2019 2029

Max - Protected area

Max - Protected area
and biodiversity

Scenario

2.20

1.70

>2050
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Table 23 (ctd.) The stemwood and primary forestry residue potentials reported for different
geographical scales on European level [EJ/yr]
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Type of
potential
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Technical

Technical,
economic

Reference

(Mabee and
Saddler 2007)
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(Thrän et al.
2006)
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EU15

EU9

3.05

3.05

Current Policy scenario,
biochemical processing

Environmental scenario,
biochemical processing

3.05

Current Policy scenario,
thermochemical processing

3.05

1.20

Voluntary policy scenario

Environmental scenario,
thermochemical processing

1.20

3.83

20002009

Business-as-usual scenario

High conversion efficiency
plus 10% growth in
production of liquid biofuels
compared to 2006

High conversion efficiency

Current trends

Geographic Scenario
al coverage

2.84

2.54

2.54

2.54

2.84
2.84

2.54

5.12

20202029

2.84

1.89

1.45

4.47
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Table 23 (ctd.) The stemwood and primary forestry residue potentials reported for different
geographical scales on European level [EJ/yr]
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(Siemons et al.
2004)

Reference

Economic

EU27 - CY,
LU, MT
0.47

0.47

Subsidised Innovative
Technologies, no
sustainability premium
Subsidised Innovative
Technologies, high
sustainability premium
0.71

0.54

0.69

Technology Base Case, high 0.47
sustainability premium

0.94

0.75

0.94

0.66

0.51

0.47

1.1

1.0

Technology Base Case, no
sustainability premium

20202029

2030- 20402039 2049

Time frame
20102019

0.9

EU27 - CY,
LU, MT

Technical

20002009
Baseline scenario

Geographic Scenario
al coverage

Type of
potential
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Table 23 (ctd.) The stemwood and primary forestry residue potentials reported for different
geographical scales on European level [EJ/yr]
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Status of biomass resource assessments – Version 3

(Alakangas et al.
2007)

(Thrän et al.
2006)

(Siemons et al.
2004)

(EEA 2006)

Technical,
economic

Economic

Technical

1.65

EU15 - LU;
+ CZ, EE,
HU, LV, PL,

1.55

1.65

1.75

1.39
1.05

Subsidised innovative technology with
the sub-scenario: High sustainability
premium

1.44

1.39

1.06

1.05

1.72

1.37

1.05

Technology base case with the subscenario: High sustainability premium
Subsidised innovative technology with
the sub-scenario: No sustainability
premium

1.27

1.04

1.05

Technology base case with the subscenario: No sustainability premium

EU27 + TR

EU27 - CY,
LU, MT

2.25

2.04

0.06

0.05
1.84

0.07

0.05

2000- 2010- 2020- 20302009 2019 2029 2039
1.38
1.17 1.21 1.30

Time frame

Baseline scenario

Technical
EU25 - CY, Environmentally enhanced forestry
(Sustainable LU, MT, GR
)
SP, S1
(Ganko et al.
EU27 + CH;
2008) / (RENEW Technical
- CY, MT
SP, S2
2008)

Reference
20402049
> 2050
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Table 24 The secondary forestry residue potentials reported for different geographical scales
on European level [EJ/yr]
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Status of biomass resource assessments – Version 3

0.73
0.73

SP, S2

EU27 + CH; - CY,
MT

(Ganko et al. 2008) /
Technical
(RENEW 2008)

SP, S1

2.70

EU27 + UA, NO, CH

0.83

0.86

2.70

1.89

BAP 2020 b)

2.70

1.8
1.63

3.92

2.70

2000- 2010- 2020- 2030- 20402009 2019 2029 2039 2049

Time frame

BAP 2020 a)

BAP 2010

Scenario

(De Wit et al. 2008) Technical

EU25

EU15 - LU; + CZ, EE,
HU, LV, PL, SK

Geographical
coverage

1.63

(Asikainen et al.
2008)

Technical

Technical

Type of
potential

EU27 - CY, MT

(Alakangas et al.
2007)

Reference
>2050
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Table 25 Total forestry potentials reported for different geographical scales on European
level [EJ/yr]
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Status of biomass resource assessments – Version 3

(Hetsch et al. 2008),
Technical
(Mantau et al. 2008)
EU/EFTA 29

EU27 - CY,
MT

EU25 - CY,
LU, MT, GR

Technical
(Sustainable)

(EEA 2006)

Technical

EU25 - CY,
MT, LU, GR

Technical

(EEA 2007a)

(Ericsson and
Nilsson 2006)

Geographical
coverage

Type of
potential

Reference

2.97
0.00

Balance

-0.54

3.17

3.71

Policy targets (current 2.97
use) on wood energy
Supply of wood for
energy

1.70

High biomass harvest

1.70

2.99

Environmentally
enhanced forestry
Low biomass harvest

2.24

Max scenario
1.17

1.99

1.78

-3.38

3.48

4.69

3.03

2.05

1.83

1.64

2.20

1.70

3.69

2.07

1.84

1.63

2030- 20402039 2049

Time frame
2000- 2010- 20202009 2019 2029

Max - Protected area

Max - Protected area
and biodiversity

Scenario

2.20

1.70

>2050
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Table 25 (ctd.) Total forestry potentials reported for different geographical scales on
European level [EJ/yr]
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Type of
potential

Technical,
economic

Technical

Technical,
economic

Reference

(Mabee and
Saddler 2007)

(Meuleman et
al. 2005)

(Thrän et al.
2006)

Status of biomass resource assessments – Version 3

EU27 + TR

EU15

EU9

4.49

4.49

Current Policy scenario,
biochemical processing

Environmental scenario,
biochemical processing

4.49

Current Policy scenario,
thermochemical processing

4.49

1.20

Voluntary policy scenario

Environmental scenario,
thermochemical processing

1.20

3.83

20002009

Business-as-usual scenario

High conversion efficiency
plus 10% growth in
production of liquid biofuels
compare to 2006

High conversion efficiency

Current trends

Geographic Scenario
al coverage

4.39

4.19

4.19

4.19

4.39
4.39

4.19

5.12

20202029

4.39

1.89

1.45

4.47

4.58

20102019

2030- 20402039 2049

Time frame
>2050
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Table 25 (ctd.) Total forestry potentials reported for different geographical scales on
European level [EJ/yr]
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1

Status of biomass resource assessments – Version 3

1.52

Subsidised Innovative
Technologies, high
sustainability premium

1.174.49

1.52

Subsidised Innovative
Technologies, no
sustainability premium

Min / max for
studies selected
for calibration

EU27 - CY,
LU, MT

0.734.49

Economic

1.554.39

1.554.39

2.10

1.60

2.06

Technology Base Case, high 1.52
sustainability premium

1.634.19

0.834.19

2.70

2.14

2.66

1.93

1.55

1.52

3.35

3.04

Technology Base Case, no
sustainability premium

20202029

1.633.69

1.633.69

2030- 20402039 2049

Time frame
20102019

2.74

EU27 - CY,
LU, MT

Technical

20002009
Baseline scenario

Geographic Scenario
al coverage

Type of
potential

Min / max for
selected studies 1

(Siemons et al.
2004)

Reference

1.8-2.4

1.8-2.4

>2050
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Table 25 (ctd.) Total forestry potentials reported for different geographical scales on
European level [EJ/yr]

For explanations on selection, see section 7.2.
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4.3.2.2

Calibration of selected studies to EU27 level

The geographical coverage of the studies in Table 23 to Table 25 varied between EU9 –
EU27; sometimes with Ukraine, Belarus and Turkey included as additional countries. Most of
the studies miss or have incomplete data for Greece, Malta and Luxemburg. Wood biomass
potential estimated by (Alakangas et al. 2007) lacked data for Greece, Italy, Luxemburg and
the Netherlands. For these countries it was not possible to distinguish an amount of wood
from the total biomass potential reported. To make the resource potentials comparable, the
results of selected biomass assessments on European scale were calibrated to a level of EU27.
For the calibration a slightly different method than that described in section 3.2 has been used.
The calibration was done with a simple procedure using the average resource potential per
unit of forest area to adjust from the forest area included in the original study to the complete
forest area in EU27. Data of forest areas available for wood supply were derived from the
latest MCPFE state of the forest report (MCPFE 2007). The quantitative results of seven key
studies measuring stemwood and primary forestry residue potentials and five key studies
reporting secondary forestry residue potentials were calibrated. The figures were adjusted by
calculating the average potential EJ/ha of the total forest area available for wood supply
included in the original geographical scope and then multiplied with the total forest area
available for wood supply of the EU27 countries.
The area corrections increase the uncertainties in the results as the average potentials from the
estimated countries could significantly differ from the European average potential. Table 23
and Table 24 include the potentials of stemwood / primary forestry residue and secondary
forestry residues whereas Table 25 shows total forestry potentials. Comparable calibrated
potentials are presented in Table 26 to Table 28 as well as in Figure 4 to Figure 6.
As mentioned, the calibration of the geographical coverage of the studies included in this
section was done using the average resource potential per unit of forest area to adjust the
forest area included in the original study to the complete forest area in EU27. However, it is
also necessary to compare these values with the calibration approach described in section 3.2.
Small differences in the potentials can be found between the two calibration methods.
However, the uncalibrated input data are the same for the both methods, so the interpretation
should not vary depending on the different calibration approaches.
(Siemons et al. 2004) present separate potentials for primary and secondary forest residues for
EU15 but an aggregate value of all forest residue potential in CEEC countries. Therefore, it
was necessary to derive separate values for different wood biomass compartments in order to
make a division of primary and secondary forest residue potential in the whole EU27.
Separate values for primary and secondary forest residue potential were given for EU15
countries for three reference time periods (2001-2010, 2011-2020, 2021-2030). The shares in
terms of percentage of primary and secondary forest residues of the total potential for the
mentioned periods in the EU15 countries were used as multipliers to calculate the separate
values for primary and secondary forest residues in the CEEC countries. This procedure
assumes that the relative share of produced primary and secondary forest residues is
approximately equal in all of the EU27 countries.
Table 26 and Figure 4 present stemwood and primary forestry residue potentials from seven
key studies calibrated to EU27 level; Table 27 and Figure 5 present the secondary forestry
residue potentials from five key studies calibrated to the EU27 level and Table 28 and Figure
6 show the total forestry potentials.

Status of biomass resource assessments – Version 3

61

Status of biomass resource assessments – Version 3

(EEA 2006)
Technical
(Sustainable)

EU27

EU27

Technical
(Sustainable)

(EEA 2007a)

EU27

Technical

(De Wit et al.
2008)

EU27

EU27

Technical

Technical

(Alakangas et al.
2007)

1.88

1.83

2.24

2.44

Max scenario
Environmentally
enhanced forestry

1.99

1.79

1.94
2.18

2.70

2.70

Max - Protected area

Max - Protected area
and biodiversity

2.70

2.00

BAP 2020 b)

1.91
1.73

1.63

2.47

2.45

2.26

2.01

1.78

2.70

2000- 2010- 2020- 20302009 2019 2029 2039

Time frame

BAP 2020 a)

BAP 2010

Geogra- Scenario
phical
coverage

(Asikainen et al.
2008)

Type of potential

Reference
20402049

> 2050
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Table 26 The calibrated stemwood and primary forestry residue potentials reported for EU27
level [EJ/yr]
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(Thrän et al.
2006)

(Siemons et al.
2004)

(Ericsson and
Nilsson 2006)

Reference

EU27

EU27

Technical,
economic

EU27

Technical

Economic

EU27

2.82

Environmental scenario,
biochemical processing

2.63

2.63

2.63

2.82

Current Policy scenario,
biochemical processing

2.82

2.63

2.82

Current Policy scenario,
thermochemical processing

Environmental scenario,
thermochemical processing

0.71

Subsidised innovative technology 0.47
with the sub-scenario: High
sustainability premium

0.69

0.47

Technology base case with the
sub-scenario: High sustainability
premium
0.54

0.51

0.47

Technology base case with the
sub-scenario: No sustainability
premium

Subsidised innovative technology 0.47
with the sub-scenario: No
sustainability premium

1.00

0.90

2.35

2.35

2.35

2.35

0.94

0.75

0.94

0.66

1.10

2.33

1.80

1.80
1.80

20302039

Time frame
2000- 2010- 20202009 2019 2029

Baseline scenario

High biomass harvest

Low biomass harvest

Geograp Scenario
hical
coverage

Technical

Type of
potential
20402049

2.33

1.80

> 2050
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Table 26 (ctd.) The calibrated stemwood and primary forestry residue potentials reported for
EU27 level [EJ/yr]
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Technical

Technical

(Thrän et al. 2006)

(Alakangas et al.
2007)

Economic

EU27

EU27

EU27

Technical

(Siemons et al. 2004)

EU27

Technical (Sust.)

(EEA 2006)

Time frame

1.8

1.33

Environmental scenario,
biochemical processing

1.33

Current Policy scenario,
biochemical processing

1.33

1.33

Current Policy scenario,
thermochemical processing

Environmental scenario,
thermochemical processing

1.05

Subsidised innovative technology,
High sustainability premium

1.05

Technology base case, High
sustainability premium
1.05

1.05

Technology base case, No
sustainability premium

Subsidised innovative technology,
No sustainability premium

1.84

Baseline scenario

1.44

1.44

1.44

1.44

1.39

1.06

1.53

1.53

1.53

1.53

1.75

1.39

1.72

1.17

0.96
1.37

2.25

2.04

2000- 2010- 2020- 2030- 2040 - > 2050
2009 2019 2029 2039 2049
Environmentally enhanced forestry 1.24 1.29 1.37 1.46

Geogra- Scenario
phical
coverage

Type of potential

Reference
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Table 27 The calibrated secondary forestry residue potentials reported for EU27 level [EJ/yr]
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EU27

EU27

Technical
Technical

Technical
(Sustainable)

(Asikainen et al. 2008)

(De Wit et al. 2008)

(EEA 2007a)

Status of biomass resource assessments – Version 3

EU27

EU27

Technical
(Sustainable)
Technical

(EEA 2006)

(Ericsson and Nilsson 2006)

EU27

EU27

Technical

(Alakangas et al. 2007)

1.24

High biomass harvest

Low biomass harvest

1.80

1.80

3.17

3.21

2.24

2.44

Max scenario
Environmentally
enhanced forestry

1.99

1.79

1.94
2.18

2.70

2.70

Max - Protected area

Max - Protected area and
biodiversity

2.70

2.00

BAP 2020 b)

1.91
1.73

1.63

4.27

2.33

1.80

3.91

2.26

2.01

1.78

2.70

2000- 2010- 2020- 20302009 2019 2029 2039

Time frame

BAP 2020 a)

BAP 2010

Geogra- Scenario
phical
coverage

Type of potential

Reference
20402049

2.33

1.80

> 2050
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Table 28 The calibrated total forestry potentials for EU27 level [EJ/yr]
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Min / max

(Thrän et al.
2006)

(Siemons et al.
2004)

Reference

Technical,
economic

Economic

Technical

Type of
potential

EU27

EU27

EU27

4.16

Environmental scenario,
biochemical processing

1.244.27

4.16

4.16

Current Policy scenario,
biochemical processing
Environmental scenario,
thermochemical processing

4.07

4.16

Current Policy scenario,
thermochemical processing

1.554.07

4.07

4.07

4.07

2.10

2.06

Subsidised innovative technology, 1.52
High sustainability premium

1.52

Technology base case, High
sustainability premium

1.55

1.60

1.52

Technology base case, No
sustainability premium

3.04

Subsidised innovative technology, 1.52
No sustainability premium

2.74

1.733.88

3.88

3.88

3.88

3.88

2.69

2.14

2.66

1.93

3.35

1.783.73

20302039

Time frame
2000- 2010- 20202009 2019 2029

Baseline scenario

Geograp Scenario
hical
coverage
20402049

1.802.33

> 2050
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Table 28 (ctd.) The calibrated total forestry potentials for EU27 level [EJ/yr]
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Stemwood and primary forestry
residues, calibrated [EJ/year]

Stemwood and primary forestry
residues, uncalibrated [EJ/year]
3.5

3.5

3.0

3.0

2.5

2.5

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.5
0.0

0.0
20002009

20102019

20202029

20302039

20402049

>2050

20002009

20102019

20202029

20302039

20402049

>2050

Alakangas et al. (2007)

Alakangas et al. (2007)

Alakangas et al. (2007), BAP 2010

Alakangas et al. (2007), BAP 2010

Alakangas et al. (2007), BAP 2020 a)

Alakangas et al. (2007), BAP 2020 a)

Alakangas et al. (2007), BAP 2020 b)

Alakangas et al. (2007), BAP 2020 b)

Asikainen et al. (2008)

Asikainen et al. (2008)

De Wit et al. (2008)

De Wit et al. (2008)

EEA (2006)

EEA (2006)

EEA (2007a), Max - Protected area and biodiversity

EEA (2007a), Max - Protected area and biodiversity

EEA (2007a), Max - Protected area

EEA (2007a), Max - Protected area

EEA (2007a), Max scenario

EEA (2007a), Max scenario

Ericsson and Nilsson (2006), Low biomass harvest

Ericsson and Nilsson (2006), Low biomass harvest

Ericsson and Nilsson (2006), High biomass harvest

Ericsson and Nilsson (2006), High biomass harvest

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Economic pot., Technology
base case, No sust.
Siemons et al. (2004), Economic pot., Technol. base
case, High sust.
Siemons et al. (2004), Economic pot., Subsid. innov.
techn., No sust.
Siemons et al. (2004), Economic potential, Subsid.
innov. techn., High sust.
Thrän et al. (2006), All scenarios

Siemons et al. (2004), Economic pot., Technology
base case, No sust.
Siemons et al. (2004), Economic pot., Technol. base
case, High sust.
Siemons et al. (2004), Economic pot., Subsid. innov.
techn., No sust.
Siemons et al. (2004), Economic potential, Subsid.
innov. techn., High sust.
Thrän et al. (2006), All scenarios

Figure 4 Stemwood and primary forestry residue potential uncalibrated (left) and calibrated
to EU27 level (right) [EJ/yr]
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Secondary forestry residues, uncalibrated
[EJ/year]

Secondary forestry residues, calibrated
[EJ/year]

2.5

2.5

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.5

0.0

0.0
20002009

20102019

20202029

20302039

20402049

>2050

20002009

20102019

20202029

20302039

20402049

>2050

Alakangas et al. (2007)

Alakangas et al. (2007)

EEA (2006), Environmentally enchanced
forestry

EEA (2006), Environmentally enchanced
forestry

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Economic pot.,
Technology base case, No sust.
Siemons et al. (2004), Economic pot.,
Technol. base case, High sust.

Siemons et al. (2004), Economic pot.,
Technology base case, No sust.
Siemons et al. (2004), Economic pot.,
Technol. base case, High sust.

Siemons et al. (2004), Economic pot.,
Subsid. innov. techn., No sust.

Siemons et al. (2004), Economic pot.,
Subsid. innov. techn., No sust.

Siemons et al. (2004), Economic potential,
Subsid. innov. techn., High sust.

Siemons et al. (2004), Economic potential,
Subsid. innov. techn., High sust.

Thrän et al. (2006), All scenarios

Thrän et al. (2006), All scenarios

Figure 5 Secondary forestry residue potentials uncalibrated (left) and calibrated to EU27
level (right) [EJ/yr]
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Total forestry potential, uncalibrated
[EJ/year]

Total forestry potential, calibrated
[EJ/year]

5.0

5.0

4.5

4.5

4.0

4.0

3.5

3.5

3.0

3.0

2.5

2.5

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.5

0.0
20002009

20102019

20202029

20302039

20402049

>2050

0.0
20002009

20102019

20202029

20302039

20402049

>2050

Alakangas et al. (2007)

Alakangas et al. (2007)

Alakangas et al. (2007), BAP 2010

Alakangas et al. (2007), BAP 2010

Alakangas et al. (2007), BAP 2020 a)

Alakangas et al. (2007), BAP 2020 a)

Alakangas et al. (2007), BAP 2020 b)

Alakangas et al. (2007), BAP 2020 b)

Asikainen et al. (2008)

Asikainen et al. (2008)

De Wit et al. (2008)

De Wit et al. (2008)

EEA (2006), Environmentally enchanced forestry

EEA (2007a), Max - Protected area and biodiversity

EEA (2007a), Max - Protected area and biodiversity

EEA (2007a), Max - Protected area

EEA (2007a), Max - Protected area

EEA (2007a), Max scenario

EEA (2007a), Max scenario

EEA (2006), Environmentally enchanced forestry

Ericsson and Nilsson (2006), Low biomass harvest

Ericsson and Nilsson (2006), Low biomass harvest

Ericsson and Nilsson (2006), High biomass harvest

Ericsson and Nilsson (2006), High biomass harvest

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Economic pot., Technology
base case, No sust.
Siemons et al. (2004), Economic pot., Technol. base
case, High sust.
Siemons et al. (2004), Economic pot., Subsid. innov.
techn., No sust.
Siemons et al. (2004), Economic potential, Subsid.
innov. techn., High sust.
Thrän et al. (2006), All scenarios

Siemons et al. (2004), Economic pot., Technology
base case, No sust.
Siemons et al. (2004), Economic pot., Technol. base
case, High sust.
Siemons et al. (2004), Economic pot., Subsid. innov.
techn., No sust.
Siemons et al. (2004), Economic potential, Subsid.
innov. techn., High sust.
Thrän et al. (2006), All scenarios

Figure 6 Total forestry potentials uncalibrated (left) and calibrated to EU27 level (right)
[EJ/yr]
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Figure 4 to Figure 7 show that the estimations of biomass potentials vary remarkably at the
European and national scales. For the EU27 level the potential was separated into two
different graphs between stemwood and the primary forestry residues (Figure 4) and
secondary forestry residues (Figure 5). Figure 7 shows the total potential. Interpretations
were made of the current biomass potentials for the years between 2001 and 2010 and of the
results of future potentials for the year 2011 and beyond.
The study by (Thrän et al. 2006) provides the largest estimate of the current biomass potential
in the EU27 – 2.82 EJ/yr. The lowest current potential, 0.47 EJ/yr is presented by (Siemons et
al. 2004) as the economic potential in the “technology base case”. Thus, the difference
between the smallest and largest estimate is substantial. Other studies lie between these
extremes: (De Wit et al. 2008) estimate a potential of 2.7 EJ/yr and (Alakangas et al. 2007)
2.47 EJ/yr for the years 2001 – 2005. For the same time period (Asikainen et al. 2008) and the
baseline scenario from (Siemons et al. 2004) give slightly lower values, 1.63 EJ/yr and 0.90
EJ/yr, respectively. The projections of future biomass potentials of stemwood and primary
forestry residues are also very different. (Ericsson and Nilsson 2006) provided estimations for
2050; 1.91 and 2.54 EJ/yr respectively, for the scenarios of short term low biomass harvest
and long term high biomass harvest potentials. (Thrän et al. 2006) estimate a decline in the
future potential between the years 2006 and 2020. According to (Thrän et al. 2006) the
potential is expected to decrease from 2.63 EJ to 2.35 EJ/yr during that period. Also (EEA
2007a) estimate decrease of future potential in all of the three assessed scenarios, but (EEA
2006) gives a prediction of increasing future potential of stemwood. The variation is between
the maximum level of 2.44 EJ and the minimum of 1.78 EJ/yr. (Siemons et al. 2004) present a
baseline scenario of technical implementation potential and nine additional scenarios of
economic implementation potential with various constraints related to technology and
subsidies. The assessed scenarios from (Siemons et al. 2004) expect a slight increase in the
potential of stemwood and forestry residues for the years between 2006 and 2020. In the case
of the scenario giving the minimum potential the increase would be from 0.51 to 0.66 EJ/yr
starting from the year 2001 up to 2020. In the baseline scenario, which gives the maximum
values the increase is from 1.00 EJ to 1.10 EJ/yr between the years 2001 and 2020. Based on
these observations it can be noted that the scattering of the future projections is a bit smaller
than of the current potentials.
The studied type of potential often varied more within the same study than between different
studies. Some technical potentials were estimated to be lower than e.g. in (EEA 2007a),
presenting the technical potential, which takes the environmental sustainability restrictions
into account.
In the studies covering the potentials of secondary forestry residues, the range of results was
considerably smaller than in the studies of primary forestry residues. (Siemons et al. 2004)
estimate the highest current potential; 1.84 EJ/yr as technical potential in the baseline
scenario. According to (Alakangas et al. 2007), the current potential of secondary forestry
residues is almost as high 1.80 EJ/yr. The smallest current potential of secondary forestry
residues is reported by (Siemons et al. 2004). The economic potential / technology base case
gives a current potential of 1.05 EJ/yr.
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For the future biomass potentials from secondary forestry residues, the baseline scenario from
(Siemons et al. 2004) presents the highest potential. The study expects the potential to increase to 2.25 EJ/yr by the year 2020. The remaining studies ((Thrän et al. 2006), (EEA
2006)) and the other scenario from (Siemons et al. 2004) seem to be on a somewhat different
line regarding the future potentials of secondary forest residues. (Thrän et al. 2006) predict a
steady increase from 1.44 EJ/yr to 1.53 EJ between the years 2006 and 2020. Also (EEA
2006) predicts a steady increase on a bit lower level from 1.29 EJ/yr to 1.46 EJ between the
years 2000 and 2030. According to (Siemons et al. 2004) the economic potential / technology
base case expects a slow increase of potential after stagnation from 1.37 EJ/yr to 1.72 EJ/yr
between 2006 and 2020.
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4.3.3
Forest biomass assessments at national and regional level

4.3.3.1
Finland (Illustration case)

Table 29 shows wood biomass potentials reported for Finland. The table also includes the
international studies which provided separate estimations for Finland.

Table 29 The wood biomass potentials reported for Finland [EJ/yr]

* - includes maximal estimations for by-products and residues of wood processing industry, wood waste
excluded
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Finnish wood biomass potential [EJ/year]
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Kärkkäinen et al. (2008), Current climate, max timber production
Kärkkäinen et al. (2008), Climate change, max timber production
Kärkkäinen et al. (2008), Current climate, equal timber production
Kärkkäinen et al. (2008), Climate change, equal timber production
Ranta (2002)
Alakangas et al. (2007) 2006 forest residue potential
Alakangas et al. (2007) 2006 wood biomass potential *
Asikainen et al. (2008)
EEA (2007a)
Thrän et al. (2006)

Figure 7 Wood biomass potentials estimated for Finland [EJ/yr]
* - includes maximal estimations for by-products and residues of wood processing industry, wood waste
excluded
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Figure 7 shows that at the national level there is also a large variation between the results of
biomass assessments. Only two assessments have the same estimations of the wood biomass
potential for Finland. (Asikainen et al. 2008) estimated the technical potential of wood
biomass at 0.207 EJ/yr. A very similar value, 0.210 EJ/yr, was obtained by (Thrän et al.
2006). However, this looks more like a coincidence, because the first estimation, in contrary
to the result of (Thrän et al. 2006), includes stump biomass that contributes almost 10% to the
estimated potential. The other studies provide estimations in a very wide range. The minimum
estimation is about seven times smaller than the maximum one; the same difference as in the
comparison of the biomass assessments at the European level. This means that variation of
biomass estimations does not depend on the dimension of spatial scale of the assessments.

4.3.3.2

Ukraine (Illustration case)

With respect to searching for assessments of wood biomass energy potential in the Ukraine, a
very limited number of sound studies in this field was available (Zibtsev 2008). Table 30
includes an estimation of energy potential of Ukrainian forests and for comparison, energy
wood potential of the Leningrad region of Russia is given.
Table 30 Wood biomass potentials reported for Ukraine and the Leningrad region of Russia
Reference
Scenario
Studies focusing on Ukraine
(Lakida and Vasylyshyn 2006)
2004 potential
Studies focusing on Leningrad region of Russia
(Gerasimov et al. 2006)
Actual
Allowable
Potential
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0.060
0.030
0.045
0.066
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0.159

0.370
0.512
0.299

0.149
0.149
0.226
0.510

Technical potential
2000-2005
Technical pot.
(logging residues
only!)
Techno-economic
potential
Technical potential
Potential of woody
biomass for
energetic use
Scenario 1
Scenario 2
Scenario 3
Technical potential

(Beckmann 2006)

(Marutzky 2004)

(Scheuermann et al.
2003)

(Dieter et al. 2001)
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4.3.3.3
Germany
Table 31 shows estimations of wood biomass potential for Germany. The table also includes
the international studies which provided separate estimations for Germany.

Table 31 The wood biomass potentials reported for Germany [EJ/yr]
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Scenario

0.181

Use of wood for energy 2004

Potential of all raw wood
(2003-2017)*

(Mantau and Sörgel
2006a)

(BMELV 2008)
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Table 31 (ctd.) The wood biomass potentials reported for Germany [EJ/yr]

* Expressed as standing volume (in bark).
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(Thrän et al. 2006)

(Mantau et al. 2008);
(Hetsch et al. 2008)

(EEA 2007a)

-0.226/-0.406

-0.037
0.410
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use
Techno-economic potential

0.356

-0.104/-0.217

-0.014
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0.435/ 0.502
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0.345
0.359

0.449

0.295

0.340
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0.320

0.320

0.148

0.240

2020-2029

0.240
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Time frame
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0.356
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(Asikainen et al. 2008)
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(Ericsson and Nilsson 2006) harvest
Long term potential: High biomass
harvest
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0.725

20002009

(Alakangas et al. 2007)

International studies including estimates for Germany:

Reference
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Table 31 (ctd.) The wood biomass potentials reported for Germany [EJ/yr]

** Supply is calculated applying the predicted relative share of wood used for energy at the demand side on the
predicted total wood supply. This figure is not provided by (Mantau et al. 2008).
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Table 31 (ctd.) The wood biomass potentials reported for Germany [EJ/yr]
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Figure 8 Wood biomass potentials and reference values for Germany [EJ/yr]
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Only part of the studies considers the source recovered wood. This component was not
included in the general quantitative comparison but compared separately in Table 32.
Table 32 Potentials of recovered wood in the national studies [PJ/yr]
Reference

Scenario

Studies with focus on Germany:
(Aretz et al. 2007)
Technical potential
(Marutzky 2004)
Physical potential for energetic use
(= 35% of all recovered wood; all recovered
wood: 138.6 PJ/yr)
(Scheuermann et al.
Technical potential
2003)
Reference values with focus on Germany:
(Mantau et al. 2004)
Current energetic use of recovered wood 2002
(Mantau and Sörgel Current energetic use of recovered wood 2004
2006a)

Recovered
wood in
PJ/yr
80.0
48.5

75.6

41.7
40.7

Figure 8 shows that at a national level there is also a large variation between the results of
biomass assessments. With respect to the technical potential, excluding recovered wood, the
findings of the studies with national focus range from 0.297 EJ/yr (Beckmann 2006) to
0.523 EJ/yr (Kaltschmitt et al. 2003). Merely (Marutzky 2004) explicitly considers ecological
restrictions and estimates the potential of wood biomass at 0.370 EJ/yr. In total, the difference
between the highest and the lowest assessment is 0.226 EJ/yr or in relative terms the highest
estimate is 1.76 times larger than the lowest. Thus the potentials are considerably higher than
the current use in Germany in 2004 with 0.181 EJ/yr (Mantau and Sörgel 2006a).
In the studies with international focus the difference between the lowest and the highest
estimate is considerably larger. The lowest value is provided by (EEA 2007a) for the
“protected area and biodiversity”-scenario with 0.146.8 EJ/yr (2010), 0.0959 EJ/yr (2020) and
0.0738 EJ/yr (2030). The highest estimate is given by (Alakangas et al. 2007) with
0.725 EJ/yr. The total range between the lowest and highest estimation is thus 0.651 EJ/yr.
Compared to the value for 2030 by (EEA 2007a) the potential of (Alakangas et al. 2007) is
9.82 times higher. If we restrict the comparison to estimates up to 2010, the highest estimate
is still 4.93 times larger compared to the lowest estimate. And it is remarkable that the range
covered by the international studies exceeds the national range at both ends, the highest
estimate is higher and the lowest estimate lower compared to the estimates from the studies
with national focus.
The potential from recovered wood is estimated between 0.0485 EJ/yr and 0.080 EJ/yr (Table
32).
Compared to the national estimates the estimated potentials for the federal states Bavaria
(LWF 2006) and Baden-Württemberg (Kappler et al. 2008) are within the range of estimates
at national level, when compared on a potential per forest area basis (Table 31).
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(Böhme et al. 2007) report 0.587 EJ/yr for the energetic use of all biomass categories in 2006.
The current use of wood biomass for energetic use is estimated for 2002 at 0.206 EJ/yr
(Mantau et al. 2004) and at 0.181 EJ/yr (Mantau and Sörgel 2006a). Although the studies use
different reference-years, they allow an assessment of the relative role of the resource wood
that comprises about 1/3 of all energetic used biomass categories in Germany (when using the
value for 2002: 35.1% and for 2004: 30.8% exactly).
The annual increment of all forest wood (standing volume) on forest land is predicted by
(BWI 2008) for the period of 2003 to 2042 to be within a range of 0.912 to 0.999 EJ/yr (9.6 10.4 m³/ha/yr). The highest technical potential estimate of a national study, that is provided by
(Kaltschmitt et al. 2003) thus represents a ratio of approximately 1/2 (exactly 54.8%) of the
annual increment, while the lowest estimated potential of a national study, provided by
(Beckmann 2006), represents a ratio of less than 1/3 (31.1%) of the annual increment.

4.4

Interpretation of results

On a European scale the selected studies provide estimations of wood biomass potentials that
vary substantially depending on different scenario assumptions. The estimations presented in
Table 23 and Table 24 refer to studies chosen to provide as complete as possible potentials in
terms of geographical coverage. The estimations of biomass potentials for Finland and
Germany are compared in Figure 7 and Figure 8.
After up-scaling all European results to EU27 level, the influence of different spatial focuses
at the European level was decreased and the following reasons are responsible for the
inequality of the reported potentials:


time frames



approaches



scenario assumptions and methods for quantification of biomass potentials



type of potential estimated



systematisation of biomass categories



data sets



terminology and units

4.4.1

Time frames

Time frames probably bear the smallest responsibility for variation in the reported potentials.
Reference years for estimations of current energy use of wood biomass or its current
potentials do not differ much from 2000 to 2005. Most of the studies did not extent
projections of wood biomass potentials for more than 20 years. Only four studies foresaw
beyond the year 2040. Common reference years for projections can be found in most of the
studies, they usually are 2010 and 2020.
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4.4.2

Approaches

As was stated before, a resource-focused approach (twenty-seven studies) or a demand-driven
approach (three studies) was applied in most of the selected biomass assessments. (Ranta
2002) combined both approaches in his study of availability of logging residues. Two studies
were based on a wood resource balance approach.
Wood resource balance owing to the interconnected accounting of supply and demand wood
flows is able to identify uncertainties and gaps in the statistic data and thereby shows volumes
of wood that are from the available data. The precision of this method strongly depends on the
conversion factors used to estimate round wood equivalents of the produced wood
commodities. These factors vary depending on wood processing technologies, quality of
wood, tree species, etc. (Thivolle-Cazat 2008).
The resource-focused approach and the demand-driven approach have their strong and weak
points. The use of a resource-focused approach for wood biomass assessment provides a clear
snapshot of wood resources available for energy generation. Different environmental
limitations can easily be incorporated into the assessment. However, it is difficult to take
proper ac-count of such factors as only methods of the resource-focused approach apply to the
development of energy conversion technologies or the competitive use of wood in future
projections of biomass potential.
When using a demand-driven approach, numerous factors like development of energy and
wood industries, land availability, and political and social aspects can be taken into account to
estimate future needs for wood biomass. In this case, the reliability of projections of wood
biomass resources required to satisfy energy needs strongly depend on conversion factors
used to translate demand into wood biomass amount.
4.4.3

Scenario assumptions and methods for quantification

Every study had an own set of scenario assumptions concerning future policy trends, intensity
of wood removal from forests, share of wood fuels in renewable energy sources, energy
consumption etc. In the resource-focused study by (Ericsson and Nilsson 2006) it was
assumed that national annual fellings will be constant in absolute terms at a level of 100% of
net annual increment in 2000. On the contrary, in the study by (Hetsch et al. 2008) future
intensity of wood removals from forests flexibly depends on future policy trends, needs of
wood-working industry and competition between energy and traditional use of wood.
Sustainability criteria, environmental and technical limitations decrease availability of wood
biomass for energy use compared to a theoretical potential. The theoretical potential was reported only by (Kärkkäinen et al. 2008), the other studies paid more or less attention to the
influence of the criteria and limitations on biomass availability. The more factors are taken
into account, the bigger is the difference between the theoretical potential and the estimated
potential. A wide set of environmental limitations and modelling of market demand for wood
was applied in (EEA 2007a) to estimate the technical potential with restrictions related to
environmentally compatible wood biomass production. Some studies, like (Asikainen et al.
2008) gave only recommendations on ecological aspects to be taken into account when actual
harvesting of wood for energy is performed.
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Various methods – literature reviews, an analysis of statistical and forest inventory data and
modelling – were applied in the studies to quantify wood biomass available for energy use.
Wood biomass potentials were estimated using the fixed assumption on future wood removals
like in the studies by (Ericsson and Nilsson 2006), (Mabee and Saddler 2007), (Meuleman et
al. 2005) or using expansion factors, like in the studies by (Asikainen et al. 2008) and
(Gerasimov et al. 2006). The future projections of biomass potentials given by (Alakangas et
al. 2007) were based on a literature review. (Kärkkäinen et al. 2008) utilised Marklund’s treelevel functions, that take into account the influence of tree size on biomass proportions. In
contrast, (Ranta 2002) used constant ratios that provide a feasible way to quantify an average
biomass stock, but does not take into account variation of diameter at breast height, tree
height ratios across the country and their impact on the biomass volumes. In the study by
(Asikainen et al. 2008) average proportions based on the work of Marklund were used. This
method provides accept-able volume evaluations for northern European countries but likely
leads to overestimation of canopy biomass in central Europe (Wirth et al. 2004).
Amounts of logging residues that can be recovered at cutting areas were estimated using extraction ratios. In (EEA 2007a) the volume of logging residues was estimated using extraction
ratios that varied depending on site-specific conditions from 60% to 12% of the total
aboveground biomass. (Meuleman et al. 2005) assumed that only 15% of all logging residues
can be recovered. (Ranta 2002) and (Gerasimov et al. 2006) used a 65% extraction ratio.
4.4.4

Type of potential estimated

The estimation of different types of potentials (technical, economic, current use, etc.) can also
cause differences in the final results of potential assessments. In the different studies, different
types of restrictions (of economic, ecologic or technical nature) were taken into account.
4.4.5

Systematisation of biomass categories

Different division of biomass into categories is one of the main factors that complicates
comparison of the assessments’ results and is partly responsible for large variation between
the results. Among the reviewed studies it is possible to distinguish two groups of
assessments. The first group of sectoral studies focuses only on wood biomass. The study by
(Asikainen et al. 2008) for example. While the second group of umbrella studies such as
(Thrän et al. 2006) and (Siemons et al. 2004) also consider other types of biomass besides
wood. Both sectoral and umbrella studies also differ in their inclusion of different types and
sources of wood biomass.
In most cases the sectoral studies assessing wood biomass only have more detail and a clearer
classification of wood biomass and its division in categories. (Asikainen et al. 2008) provides
a clear description of which categories of wood biomass were estimated and which expansion
factors were used. Umbrella studies, which assess different types of biomass like wood, agrobiomass and organic waste, often utilise more common categories, for example a category
forest wood biomass may not be divided into sub-categories like stem wood, logging residues,
etc. Therefore, it is not always visible from a particular study whether stump wood or bark
were included in the wood biomass or under which type of biomass (forest biomass or agrobiomass) short rotation coppice was counted.
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When the potentials of stemwood and primary forestry residues presented in the sectoral
studies and umbrella studies are compared, it is possible to make some interpretation about
the divergence of the results. It seems that the potentials presented in the sectoral studies are
falling in a much narrower range than the ones presented in the umbrella studies. By making
this observation we can assume that putting more emphasis on detailed assessment of a
certain category or type of biomass may increase the accuracy of estimation of the potential of
a single biomass compartment. However, the drawback of a limited assessment of a sectoral
study is the unavailability to visualise the variation of potentials between different biomass
compartments. It also lacks the possibility to interpret the interrelations between the different
sectors of biomass energy use. One must also note that the sample of the studies in this
assessment was relatively small. Hence, further assessment with a larger sample of studies
would be needed in order to see if a similar kind of trend is visible on a larger scale as well.
Among the studies estimating potentials for secondary forestry residues only one of them
(EEA 2006) is a sectoral study, whereas the others are umbrella studies. In this case the
sample of studies is too small to enable a comparison of the results of these two study types as
was done among the studies assessing the potentials of stemwood and primary forestry
residues.
4.4.6

Data sets

The studies use different sources of input data sets. International statistics, national forest
inventories, literature and questionnaires were used to obtain input data. These sources
provide data sets that were built according to certain rules, which are often very different.
Even data obtained from one source can be diverse. A good example is the national forest
inventories in which different values for the minimal countable diameter of trees are given in
national inventory rules of different countries (Asikainen et al. 2008). Therefore, some
uncertainties could be introduced into the assessments at the very beginning.
4.4.7

Terminology and units

Different terminology and quantitative units were used in the reviewed biomass assessments.
This complicates comparison and correct interpretation of the results. It was found that
sometimes the same terms were used to denote different types of wood biomass. For example,
(Alakangas et al. 2007) include stump wood into the term “forest residues”, but the same term
in the study by (Ericsson and Nilsson 2006) does not include stump biomass.

Status of biomass resource assessments – Version 3

84

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

4.5

Conclusions

The review showed that differences between the reported potentials were very large in some
cases. There are several reasons for deviations.
Different geographical focuses of the reviewed studies within the European region directly
affect the size of the reported biomass potentials and complicate comparison of the results.
More than half of the reviewed studies estimated wood biomass resources at a European level,
but spatial coverage of the studies differed from EU9 to EU27. Additionally, in some studies
Belarus, Ukraine, Norway, Turkey and Switzerland were covered.
The reported potentials were calibrated to a level of EU27 to correct the influence of different
spatial scales on the results of the assessments and to highlight the impact of used methods,
scenario assumptions and classification of biomass resources.
In the selected studies wood biomass potentials were estimated using three approaches: resource-focused, demand-driven and wood resources balance. These approaches are very
different from the methodological viewpoint. As it was shown, methodological basis of the
approaches dictates which assumptions, preconditions and future trends can be integrated into
biomass estimations. All the approaches have their own strong and weak points, abilities or
disabilities to take into account a certain parameter affects the results. Thereby, the choice of
an approach, to some degree, predetermines distinctions between results of assessments. More
factors can be considered by combining different approaches and as a result, the reliability of
biomass assessments can be improved.
Scenario assumptions have a strong influence on results of projections of wood biomass
potentials. In the studies that used the same approach, deviations can enter an assessment
process from the very beginning if different assumptions concerning intensity of wood
biomass extraction, future technological and policy development are made. Therefore, the
underlying scenario assumptions have to be explained clearly to facilitate use and a
comparison of results.
When wood biomass potentials are estimated at the European level, input data regarding stem
volumes are often not harmonised due to different statistic methods of the European countries
(Asikainen et al. 2008).
Realistic wood biomass potential assessments are not possible without considerations of
sustainability criteria. Development of sustainability criteria for biomass production is a
challenging task and comprehensive recommendations were prepared just recently ((Stupak
2007); (Vis et al. 2008)). In the reviewed studies selection of important sustainability criteria
was mainly subjective. Therefore, even if the same model was used in separate assessments,
results of these studies vary. For example, the EFISCEN model was used in (EEA 2007a) and
in the study by (Thrän et al. 2006) to project future development of forest resources, but these
studies applied different sustainability criteria to the results obtained from the EFISCEN
model.
The large number of types of biomass and the absence of a commonly accepted biomass
systematisation results in variable terminology and free division of biomass into categories
that makes the application of assessments’ results difficult in practice. The use of different
quantitative units further complicates the understanding of the assessments’ results.
The comparative analysis of the biomass assessments for Germany showed that estimations of
wood biomass potentials vary significantly. With respect to the technical potential, excluding
recovered wood, the findings of the studies with national focus range from 0.297 EJ/yr
(Beckmann 2006) to 0.523 EJ/yr (Kaltschmitt et al. 2003). Only (Marutzky 2004) explicitly
Status of biomass resource assessments – Version 3

85

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

considers ecological restrictions and estimates the potential of wood biomass at 0.370 EJ/yr.
In total the difference between the highest and the lowest assessment is 0.226 EJ/yr or in
relative terms the highest estimate is 1.76 times larger than the lowest.
For Germany it was observed that the range between the studies with an international focus is
greater than the difference between the national studies. In the studies with international focus
the difference between the lowest and the highest estimate is considerably larger. This may be
due to the fact that the international studies apply more simple approaches to several of the
different biomass categories due to a restriction on availability of data on an international
basis. And it is remarkable that the range covered by the international studies exceeds the
national range at both ends; the highest estimate is higher and the lowest estimate lower compared to the estimates from the studies with national focus.
The methods that were applied in the selected regional studies can be transferred to largescale biomass assessments with some modifications. The relatively small spatial coverage of
the regional studies enables processing and analysing of more detailed data than is currently
possible at a global level. Therefore, simplification and data aggregation techniques, i.e. the
ones demonstrated by (Ranta 2002), should be used to make the methods applicable at wider
scales. The methods developed in the considered regional studies open new perspectives for
global biomass assessments. Estimations of wood biomass potentials at EU level can be done
taking into account effects of climate change. Also, using modified methods of the regional
studies, it will be possible to create a European-wide availability map of wood biomass
resources.
There is a clear need for harmonisation of biomass assessments. The elaboration of widely
recognised sustainability criteria for biomass production will create a common basis for
estimations of environmental compatible biomass potentials. More efforts have to be put into
systematisation of biomass resources and standardisation of terminology to create a
transparent framework for biomass assessments.
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5

Energy crops on agricultural and marginal land

5.1

Introduction

This section aims at reviewing and describing biomass resource assessments with focus on
energy crops. All woody and herbaceous energy crops are taken into account that are
produced on arable land as well as on grassland and on marginal land (for definitions, see
section 2.2). Primary and secondary agricultural residues are not taken into account here but
are included in section 6. Besides studies at a global and European level, a comprehensive
comparison of assessments of wood biomass potentials in Croatia was done.
5.1.1

Selection of studies

The following biomass resources assessments are selected for analysis:
1. (De Wit et al. 2008) Biomass Resources Potential and Related costs.
2. (EEA 2006) How much energy can Europe produce without harming the
environment?
3. (EEA 2007b) Estimating the environmentally compatible bioenergy potential from
agriculture.
4. (Ericsson and Nilsson 2006) Assessment of the potential biomass supply in Europe
using a resource-focused approach.
5. (Fischer et al. 2007) Assessment of biomass potential for biofuel feedstock production
in Europe: Methodology and results.
6. (Ganko et al. 2008) Biomass resources and potential assessment. / (RENEW 2008)
Renewable fuels for advanced powertrains - Final report of the RENEW project.
7. (Hoogwijk et al. 2005) Potential of biomass energy out to 2100, for four IPCC SRES
land-use scenarios.
8. (Nielsen et al. 2007) Energy crop potentials for bioenergy in EU27.
9. (Siemons et al. 2004) Bio-energy's role in the EU Energy market, a view of
developments until 2020.
10. (Thrän et al. 2006) Sustainable Strategies for Biomass Use in the European Context.
11. (Van Dam et al. 2005) Biomass production potential in Central and Eastern Europe
under different scenarios.
Table 33 presents short characterisation of selected studies. The definition of biomass
potentials (theoretical, technical, economic, implementation, ecological and sustainable
potentials, respectively) are listed in section 2.
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The classification of approaches for wide scope of different studies has to be general.
(Berndes et al. 2003) propose the two main categories of general approach (see also section
2):
1. Demand-driven: assessment that analysed the competitiveness of biomass-based
electricity and biofuels, or estimated the amount of biomass required to meet
exogenous targets on climate-neutral energy supply (demand side).
2. Resource-focused: assessments that focused on the total bioenergy resource base and
the competition between different uses of the resources (supply side).
Table 33 General characteristics of selected studies
Geographical
coverage
EU27 + NO,
CH, UA
EU25 - CY,
MT, LU

Time
frame
2010, 2020,
2030
2010, 2020,
2030

Approach

Method

Resourcefocused
Demanddriven

Statistical
analysis
Statistical
analysis

Technical

EU27 + BY,
UA; - CY, MT

Resourcefocused

Statistical
analysis

(Fischer et al.
2007)

Technical

EU27 + NO,
CH, UA

Short term
(10-20y),
medium
term (2040y), long
term (>40)
2000-2002,
2030

Resourcefocused

(Ganko et al.
2008) /
(RENEW
2008)
(Hoogwijk et
al. 2005)

Technical

EU27 - CY,
MT; + CH

2000-2004,
2020

Resourcefocused

Spatially
explicit
analysis
Statistical
analysis

Technical

Global, 17
world regions

2050-2100

Resourcefocused

Technical

EU27 + UA, 2020
DemandNO, CH
driven
EU27 - CY,
2000, 2010, ResourceLU, MT
2020
focused

Study

Potential

(De Wit et al.
2008)
(EEA 2006),
(EEA 2007b)
(Ericsson and
Nilsson 2006)

Technical,
economic
Technical

(Nielsen et al.
2007)
(Siemons et
al. 2004)

Technical,
implementation

(Thrän et al.
2006)
(Van Dam et
al. 2006)

Technical,
economic
Technical,
economic

EU27 + TR
CEEC
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coupled with
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Further characteristics of European level studies
As described in section 3.2, several European studies have been selected for calibration in
order to minimise the influence of the geographical scope on the results. These studies are
further characterised in the following.
Table 34 gives an overview of which energy crop categories are assessed in the selected
European studies and Table 35 shows the main and supplementary methods that have been
applied.

X

X

(Thrän et al. 2006)

(Siemons et al. 2004)

X

(Nielsen et al. 2007)

X

(Ganko et al. 2008)

X

(Fischer et al. 2007)

(Ericsson and Nilsson 2006)

Not specified

(EEA 2007b)

Energy crops

(EEA 2006)

(De Wit et al. 2008)

Table 34 Biomass categories taken into account in the selected European studies

Woody plants X

X

X

Starchy crops

X

X

X

Sugar crops

X

X

X

Oil crops

X

X

X

Grass crops

X

X

Other
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Table 35 Main methods and supplementary methods in selected European studies
Study

Main method

Supplementary method

(De Wit et al. 2008)
(EEA 2006)

Statistical analysis
Integrated assessment
model analysis

Cost-supply analysis

(Fischer et al. 2007)
(Ganko et al. 2008) /
(RENEW 2008)
(Nielsen et al. 2007)
(Siemons et al. 2004)

Spatially explicit analysis
Statistical analysis

Cost-supply analysis

(Thrän et al. 2006)

Statistical analysis

Statistical analysis
Statistical analysis

Energy-economics and energy-system
model analysis
Energy-economics and energy-system
model analysis

In some of the selected studies, the type of potential defined by the authors differs from the
definition used within the BEE project (see section 2). Table 37 presents both definitions and
the additional constraints applied on the technical potential.
Table 36 Potential definitions according to the author and according to the BEE project
Study

Potential definition
Authors definition

BEE definition

(De Wit et al.
2008)

Technical-economical
potential

Technical potential

(EEA 2006)

Environmentally
compatible potential
Environmentally
compatible potential
No definition

Technical potential

(EEA 2007b)
(Ericsson and
Nilsson 2006)
(Fischer et al.
2007)
(Ganko et al.
2008) / (RENEW
2008)
(Siemons et al.
2004)
(Thrän et al.
2006)

Technical potential
Technical potential

Supply, feedstock
potential
Technical potential

Economic potential

Technical, market
potential

Technical,
implementation
potential
Technical, economic
potential

Technical, economic
potentials

Constraints to technical
potential

Technical potential
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5.1.2

Terminology and units

In the selected studies, different terminology has been used reflecting needs of particular
assessment. In detailed studies respective species are analysed quantitatively and
qualitatively, when respectively a total potential is estimated and/or natural conditions are
considered. In more general studies only the general term “energy crops” was used. In most
studies there is a common distinction between traditionally cultivated crops used for the first
generation biofuels and lingo-cellulose or woody crops for the second generation. Table 37
presents the terminologies used in the studies. There is neither a specification by name of the
particular species, nor any unique expression.
Table 37 Terminology and units in energy crops potential studies
Study

Terms

Units

(De Wit et al. 2008)

Bioenergy crops, categories: wood, grass, oil, starch
and sugar

EJ/yr, Mha

(EEA 2006),
(EEA 2007b)

“Conventional” bioenergy crops, oil crops, perennial
grasses, short rotation forests

toe, Mtoe,
toe/km2,

(Ericsson and Nilsson
2006)

Energy crops

EJ/yr, PJ/yr,
Mha, odt/ha/yr,
ha/capita

(Fischer et al. 2007)

Woody plants, herbaceous plants, oil crops, sugar crops,
starch crops, low available land, high available land

GJ/ha, million
ha, yield/S

(Ganko et al. 2008) /
(RENEW 2008)

Woody and herbaceous energy crops, lignocellulose
energy crops

PJ/yr GJ/ha/yr

(Hoogwijk et al. 2005)

Woody energy crops, abandoned agricultural land, low
productivity, rest land

EJ/yr

(Nielsen et al. 2007)

Energy farming, energy crops

Mtoe, PJ,
TS/ha,

(Siemons et al. 2004)

Lignocellulosic fuels – grasses and short rotation
coppices

Mtoe

(Thrän et al. 2006)

Energy crops potential, potential area

PJ/yr

(Van Dam et al. 2005)

Yield potential, energy crops

EJ, t DM,

The most common result in most of the analysed studies, besides energy, is land potentially
available for energy crops. Thus to make results comparable, different energy units are
converted to Joules. To make results more imaginable in terms of scale, estimated areas are
presented and expressed in hectares.
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5.2

Methodology

5.2.1

Energy crops assessments at global and European level

In Table 38, methodologies used in studies are shortly characterised.
The resource-focused approach dominates in the analysed studies, there are also studies
containing features of both categories; resource-focused and demand-driven. Most of
resource-focused studies contain at least a reference to existing policies or indicative targets
related to bioenergy. Demand driven studies are less present; there are three cases in the
selected list. The approach of two studies was classified as ‘modelling’. In this group there are
accounted assessments with complex and advanced methodologies, considering economical
mechanisms (demand and supply), also with application of external and independent models.
Table 38 Data sets and methods used in the reviewed studies
Study
(De Wit et al.
2008)

Main input data sets
AEZ spatially explicit data
on land availability and
land suitability

(EEA 2006)

(Ericsson and
Nilsson 2006)

Statistics of the Food and
Agricultural Organisation

(Fischer et al.
2007)

1x1 km Pan-European
natural resource database
(climate, topography, soil,
and land use)

(Ganko et al. 2008) Eurostat, FAOSTAT, maps:
European Soil, FAO agro/ (RENEW 2008)
climate maps
(Hoogwijk et al.
2005)
(Nielsen
2007)

et

al. Eurostat, Biofuels Progress
Report. Communication
from the Commission to the
Council and the European
Parliament

Methods
Bio-physical modelling of land required for food
and feed. Agro-Ecological-Zones modelling of
yields of energy and food crops. Bottom-up cost
analysis of bioenergy crops production costs
Demand-driven. The consumption of biomass is
increasing and it is important to assess how
much agricultural biomass is potentially
available without harming the environment and
without counteracting current and potential
future EU environmental policies and objectives
Resource-focused. Based on land use area,
growth and factors to conclude from yield to
technical potential; three different assumptions
for the three time frames plus two different
versions on harvests in forest residues and
energy crops (a-low, b-high)
Resource-focused. Based on land use area,
growth and factors to conclude from yield to
technical potential; three different assumptions
for the three time frames plus two different
versions on harvests in forest residues and
energy crops (a-low, b-high)
Resource-focused approach. Food and fibre
production cannot be affected. Only surplus land
available for energy crops.
Resource-focused. A top-down estimation of
regional biomass potentials from different land
categories
Demand-driven. Due to the climate changes and
constantly increasing emissions it is advised to
extend the area covered with energy crops to
produce more renewable energy.

Status of biomass resource assessments – Version 3

92

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

(Siemons
2004)

et

al. FAOSTAT, AFB-net VTT
Energy

(Thrän et al. 2006)

5.2.2

Policy evaluation models,
EU statistics (CAPSIM)

Modelling of demand, supply and technology
development function. Equilibrium of these
function determines the role of biomass as
source of renewable energy
Demand-driven. The future supply of biomass
and the future demand for biomass in EU28 are
examined in two scenarios: the current policy
(CP) scenario and the environmental+ scenario
(E+). CP models future supply and demand
based on current policy and barriers and also
takes into account future policy guidelines that
have not been yet implemented. E+ models
future supply and demand based on more
environmentally oriented use of land and the
promotion of the EU RED directive. 100% of
logging residues and unused wood growth is
assumed to be part of the technical potential of
raw wood. The technical potential of raw wood
from growth equals the difference between the
projected felling volume and projects timber
growth.

Energy crops assessments in Croatia

The following biomass resource assessments were reviewed:
1. (Kajba and Bogdan 2003) Experimental Short Rotation Crops in Croatia.
2. (Risovic et al. 2004) Bioenergy in Croatia: How to bridge the gap between resource
potential and implementation?
In addition, it is important to mention results achieved within the Croatian BIOEN
programme. The objective of the programme launched by the Government of Croatia was to
enhance use of bioenergy in Croatia by assessing biomass potential and suggesting further
activities like identification of pilot projects, development and implementation of new
technologies, industry inclusion and networking and information providing. The studies are
characterised in Table 39.
There are no studies on European and global level that comprised Croatia regarding energy
crops assessment.
Table 39 General characteristics of the selected studies
Time
frame

Not specified

Geographical
coverage
Croatia, national

Technical

Croatia, national

2010

Demand-driven

Theoretical
Additional technical

Croatia, national

2015

Resource-focused,
Demand-driven

Study

Type of potential

(Kajba and
Bogdan 2003).
(Risovic et al.
2004)
BIOEN
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Experimental Short Rotation Crops in Croatia
(Kajba and Bogdan 2003)
Biomass for energy purposes in Croatia could be produced by fast growing tree species such
as willows, poplars, alder, birch, black locust and others. This biomass production is known
as “short rotation crops” or “short rotation intensive cultures”. This paper showed that in
previous studies in Croatia, arborescent willow clones have shown the greatest potential for
biomass production in short rotations. Therefore, testing of arborescent willows continued
aiming at identification of clones with the greatest production potential particularly on so
called marginal sites i.e. abandoned agricultural soils and/or sites that are not suitable for
growing more valuable tree species. The white willow (Salix alba) clone test in Darda was
established in 1999 and another two tests with clones originating from different crossing
combinations of Chinese and white willow were established on Čazma locality in 2002 and
2004. In clone tests, two or three successive two-year rotations were studied and an increase
of biomass production per unit of surface was observed. Mean biomass production of all
studied clones at age 2/7 years was 9.3 t/ha. The highest biomass production was performed
by clones 'B44', 'V093' and 'V052' (17.5, 13.7 and 12.2 t/ha, respectively). Above mentioned
clones have shown specific adaptedness on tested conditions through survival and sprouting
ability. In two clone tests in Čazma, mean biomass production of all studied clones varies
from 10.1 to 13.8 t/ha at the first and second two-year rotation period and was significantly
higher than production gained at the same age in the clone test in Darda. Higher biomass
production could be partially explained by better site conditions. The highest biomass
production (in average from 12.4 to 19.8 t/ha) as well as the best adaptedness and phenotypic
stability on testing sites was shown by two clones ('V 374', 'V 461') originating from back
cross hybrid S. matsudana × (S. matsudana × S. alba) and by one S. alba clone ('V 95'). These
results indicate significant potential of Chinese willow for further breeding aimed at biomass
production in short rotations.
Bioenergy in Croatia: How to bridge the gap between resource potential and
implementation?
(Risovic et al. 2004)
With a forest cover of 48% of the land and a well-developed agricultural and wood industry,
biomass has a great potential as a source of renewable energy in Croatia. Total technical
(ready-to-use) energy potential of biomass for energy production was estimated at 33.8 PJ/a in
1995.
Energy crops are not cultivated at a relevant scale at the moment. Furthermore, it is highly
uncertain whether and when they will be cultivated. Research activities are aimed at
identifying the most suitable tree species for short-rotation plantations: existing and new
cross-bred species are planted and grown under varying circumstances, ranging from
optimised soil, aquatic and climatic conditions to more severe environments. Assessments of
the logistics and the economics of actual energy plantations in Croatia have been minimal,
consequently more work needs to be done before the potential of energy crops can
realistically be added to the existing amounts. However, an expert assessment of energy crops
potential primarily on marginal and agricultural land has been made within the BIOEN
programme. The theoretical energy potential has been estimated at 5.85 PJ in the year 2010.
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National energy programme BIOEN (1997-2001)
Data collected within this project is not in a digital database and is openly available at Energy
Institute Hrvoje Pozar in printed version only.
The methodology was based on aggregated data only and on values reported in literature for
specific indices. The data was collected by experts from various fields and institutions and
then put together by experts from Energy Institute (in terms of overall potential, future
potential, possibilities for biomass use, future activities…). The scale of methodology is on a
national level with some special considerations on specific regions (for example, forestry
biomass data were given in accordance with forestry regions).
In updated results, created and published in 2001, regional assessment of biomass was used.
For each region the most characteristic biomass potential was assessed.
Methodology uses existing past data – snapshots of a few years in the past. Snapshots were
not universally used for all biomass types, but depending on data availability.
Most data were given for two years: 1988 and 1995. The year 1988 is specific since in
agriculture it was the most productive year; in the period between 1990-1995 there was an
ongoing war in Croatia, which stopped many agricultural activities and which led to less land
use (due to occupation). Up to today, a significant amount of the land is still contaminated
with land-mines, which reduces land space available.
Future trends are predicted for a few years in the future, mostly until the year 2015.
The methodology used in the BIOEN program uses a few main potential categories for
assessing possibilities of bioenergy use. They were:


Theoretical potential: Overall biomass acquirable from different biomass categories.



Technical potential: Theoretical potential reduced by various factors like biological
minimum that needs to be left on the fields (agriculture residues), in the forests
(forests products) or biomass potential that can not be used because of diversification
of livestock fund, etc.



Additional theoretical potential: Theoretical potential that could be obtained if some
advanced techniques are being used. These include fast growing energy forests,
investment in degraded forests, using burnt sites or growing energy crops.



Realisable potential: usually shown as a percentage of theoretical available potential
(mostly between 20-30%).

Regarding energy crops potential assessment, there are only some expert estimations on
availability of agricultural areas and forest land for the establishment of energy crops
plantations. The main results can be summarised as follows:


Agricultural areas with moderately suitable soils – 468 420 ha



Agricultural areas with limited soil suitability – 463 597 ha



Forest area (lowland forest land) suitable for energy crops – app. 50 000 ha
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5.3

Quantitative results

5.3.1

Energy crops assessments at global level

Table 40 presents results reported in (Hoogwijk et al. 2005): the global level study with a
general approach. The results are given for ‘Western Europe’ and ‘Eastern Europe’. The
assessment is based on investigations at grid cell level 1 integrated with the simulation of food,
feed and timber demand and supply over time. The main framework of the analysis is
prepared with IMAGE model implementing four SRES scenarios presented in Table 41.

Table 40 Geographical potential of energy crops estimated in ‘global’ study for Europe in
[EJ/yr]
A1
Western
Europe
Eastern
Europe

(1)
(2)
(1)+(2)
(1)
(2)
(1)+(2)

2050
9
4
13
9
0
9

A2
2100
16
5
21
12
0
12

2050
10
4
14
8
0
8

B1
2100
11
4
15
10
0
10

2050
9
1
10
8
0
8

B2
2100
14
1
15
10
0
10

2050
15
1
16
9
0
9

2100
17
1
18
11
0
11

(1) abandoned agricultural land
(2) rest land

1

The cell size is 0,5° x 0,5°
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Table 41 Assumptions related to scenarios considered in (Hoogwijk et al. 2005)
Material / Economic
(A1)
Food trade:
Consumption of meat:
Technology development:
Average management factor
for food crops:
Fertilisation of food crops:
Crop intensity growth:
Population:
GDP:

(A2)

Maximal
High
High
2050: 0,82
2100: 0,89
Very high
High
2050: 8,7 billion
2100: 7,1 billion
2100:
529 trillion $95/yr

Food trade:
Consumption of meat:
Technology development:
Average management factor
for food crops:
Fertilisation of food crops:
Crop intensity growth:
Population:
GDP:

Globally oriented
(B2)

(B1)
Food trade:
Consumption of meat:
Technology development:
Average management factor
for food crops:
Fertilisation of food crops:
Crop intensity growth:
Population:
GDP:

Low
High
Low
2050: 0,78
2100: 0,86
High
Low
2050:11,3 billion
2100:15,1 billion
2100:
243 trillion $95/yr
Regionally oriented

High
Low
High
2050: 0,82
2100: 0,89

2050: 8,7 billion
2100: 7,1 billion
2100:
328 trillion $95/yr

Food trade:
Consumption of meat:
Technology development:
Average management factor
for food crops:
Fertilisation of food crops:
Crop intensity growth:
Population:
GDP:

Low
Low
Low
2050: 0,78
2100: 0,89

2050: 9,4 billion
2100: 10,4 billion
2100:
235 trillion $95/yr

Environment / Social

The authors using raster data (grid cells) cannot clearly distinguish potentials on a country
level. The results cannot be easily disaggregated (downscaled) without significant additional
calculations and resulting errors, thus results cannot be compared with other studies. The
amount of surplus land, namely abandoned agricultural and rest (other) land that is needed to
produce such potentials as shown in Table 40 is calculated for Western and Eastern Europe at
17-24 Mha in year 2050 and 21-33 Mha in year 2100.
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5.3.2

Energy crops assessments at European level

5.3.2.1

All energy crops assessments

Table 42 and Table 43 present results of the analysed studies. Energy crops potential
expressed only in energy units does not give a clear view. Land availability directly influences
the potential of energy crops.
In the study (Van Dam et al. 2006) the potential of energy crops was estimated at 2.03 EJ/yr
to 11.65 EJ/yr in 2030 according to respective scenario. The results differ significantly
depending on the assumption whether there traditional crops are cultivated or if there are
introduced lignocellulosic species.
According to (EEA 2006) the technical potential (environmentally compatible) of energy
crops was estimated at 5.96 EJ/yr in 2030 in a more favourable scenario (high energy prices
and high yields). In the low energy prices and high yield scenario the corresponding potential
amount at 4.39 EJ/yr. In both scenarios the calculated technical potential increases with a
value of 1.96 EJ/yr and 1.83 EJ/yr in 2010 for respective scenarios gradually increasing in
subsequent time frames.
The technical potential estimated in (Ericsson and Nilsson 2006) for the time period of 20102019 increases from 1.8 EJ/yr and reaches from 15.4 EJ/yr to 19.9 EJ/yr in a long term
perspective. The indicated potentials increase rapidly in time.
In (Ganko et al. 2008) the technical potential of energy crops starts from 1.43 EJ/yr in 2004
and reaches 2.39 EJ/yr and 4.79 EJ/yr in 2020 for the two considered scenarios.
(Fischer et al. 2007) calculate potential in the long term, using a set of assumptions framed
into two scenarios with three variants of farming intensity. The potential in the year 2030
starts from 5.6 EJ/yr (attainable for traditional crops for the 1st generation of biofuels, arable
land and low intensity) to 10.4 EJ/yr attainable for energy crops for the 2nd generation biofuels
(herbaceous and wood lignocellulosic) cultivated on arable land. In case of the 2nd generation
biofuels the potential may increase with 3.1 EJ/yr of crops cultivated in pastures land. In case
of traditional crops there is no conversion of pasture land.
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(Thrän et al. 2006) estimate technical and economical potentials of energy crops for two
scenarios: Current Policy (CP), Environmental+ (E+) with two variants: thermochemical
processing and biochemical processing. The calculated potential in CP starts from 1.15 EJ/yr
in 2000 and reaches 7.62 EJ/yr in 2020. The corresponding E+ potential starts from 0.67 EJ/yr
in E+ thermochemical and 0.75 EJ/yr in E+ biochemical to reach 2.53 EJ/yr and 3.28 EJ/yr
respectively in 2030.
The highest results given by (Siemons et al. 2004) amount to 1.8 EJ/yr in 2020 for the
technology base case with high sustainability premium, the lowest results amount to 0.52
EJ/yr for the same case but with no sustainability premium.
(De Wit et al. 2008) estimate technical and economical energy crops potential for three
scenarios and is equal to 3.2 EJ/yr for Low estimate scenario, 15.8 EJ/yr for Base line
scenario and 18.4 EJ/yr in High estimate scenario, but results also include Ukraine.
Land availability in all studies above correspond to the estimated potential expressed in
energy units. In some studies, especially (Ericsson and Nilsson 2006), there is an apparent
relationship between assumed yields in scenarios, namely the same acreage of land means
different potentials.
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Technical

EU27 + CH;
- CY, MT
SP, S2

SP, S1

(Ericsson and Nilsson
2006)

(Ganko et al. 2008) /
(RENEW 2008)

Scenario 1-2a-3a (low
EU27 - CY, bioenergy harvest)
Technical MT; + BY,
Scenario 2b-3b (high
UA
bioenergy harvest)

High energy prices and
high yields

Technical

Low energy prices and
high yields

(EEA 2007b)

EU25 - CY,
MT, LU

Technical EU25 - CY, EnvironmentallyMT, LU
compatible potential

(EEA 2006)

Depend on scenario and
crop (conventional and
cellulosic)

Techni- CEEC
cal,
economic

(Van Dam et al. 2006)

Scenario

Type of Geograpotential phical
coverage

Reference

1.43

1.43

1.8

1.8

1.96

1.83

1.96

2.39

4.79

4.01

3.28

4.01

7.2

5.6

5.96

4.39

5.96

2.03 11.65

19.9

15.4

2000- 2010- 2020- 2030- 2040- > 2050
2009 2019 2029 2039 2049

Time frame
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Table 42 The energy crop potentials on European level [EJ/yr]
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Technical EU27 + TR

(Thrän et al.
2006)

0.67
0.75

Environmental+ (E+); Biochemical
processing

1.31

1.05

3.28

2.53

7.62

3.36
1.15

Current Policy (CP); Biochemical
processing
Environmental+ (E+); Thermochemical
processing

7.62

3.36

13.5

Arable & Pasture land High; 2nd generation
1.15

10.4

Arable land High; 2nd generation

Current Policy (CP); Thermochemical
processing

6.9

Arable land High; 1st generation

5.6

Arable land Low; 1st generation
8.6

8.9

Arable land Baseline; 2nd generation

EU27 + NO,
Arable land Low; 2nd generation
CH, UA

Technical

5.9

2000- 2010- 2020- 2030- 2040 2009 2019 2029 2040 2049

Time frame

Arable land Baseline; 1st generation

Type of Geographic Scenario
potential al coverage

(Fischer et al.
2007)

Reference
> 2050
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Table 42 (ctd.) The energy crop potentials on European level [EJ/yr]
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(De Wit et al. 2008)

(Siemons et al. 2004)

Reference

1.6
9.6

EU27 + NO, CH,
Low estimate
UA
High estimate

0.56

0.11

Subsidised innovative
technology with the
sub-scenario: High
sustainability premium

7.4

0.25

0.11

Subsidised innovative
technology with the
sub-scenario: No
sustainability premium

Technical,
economic

0.56

0.11

Technology base case
with the sub-scenario:
High sustainability
premium

EU27 - CY, MT,
LU

0.25

0.11

Technology base case
with the sub-scenario:
No sustainability
premium

Economic

1.57

Base line estimate

Time frame

14.7

2.5

12.1

1.41

0.6

1.8

0.52

1.57

18.4

3.2

15.8

2000- 2010- 2020- 2030- 20402009 2019 2029 2040 2049
1.57

EU27 - CY, MT, Baseline scenario
LU

Technical

Scenario

Geographical
coverage

Type of
potential
>2050
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Table 42 (ctd.) The energy crop potentials on European level [EJ/yr]
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6.13
12.25
18.38

30% arable land, 10 t/ha
30% arable land, 20 t/ha
30% arable land, 30 t/ha

0.259.6

12.25

20% arable land, 30 t/ha

0.111.57

8.17

EU27+ UA, NO,
20% arable land, 20 t/ha
CH

Min / max for
studies selected
for calibration

4.08

20% arable land, 10 t/ha

0.5214.7

0.5214.7

6.13

10% arable land, 30 t/ha

0.259.6

4.08

10% arable land, 20 t/ha

3.218.4

3.218.4

15.419.9

15.419.9

2000- 2010- 2020- 2030- 2040- > 2050
2009 2019 2029 2040 2049

Time frame

2.04

Scenario

10% arable land, 10 t/ha

Geographical
coverage

0.111.57

Technical

Type of
potential

Min / max for
selected studies 1

(Nielsen et al.
2007)

Reference
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Table 42 (ctd.) The energy crop potentials on European level [EJ/yr]

For explanations on selection, see section 7.2.
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16
18

51
13
14

29

High estimate
EU25 - CY, MT,
LU
EU25 - CY, MT,
LU

Technical

Technical

Technical

Technical

(EEA 2006)

(EEA 2007b)

(Ericsson and Nilsson
2006)

(Fischer et al. 2007)

39

39

20

19

102

88

90

Pasture land High

24

6

83

63

66

68

Arable land Low

16

16

41

65

23

Arable land Baseline

Scenario 1-2b-3b (high
bioenergy harvest)

Scenario 1-2a-3a (low
bioenergy harvest)

EU27 + NO, CH, Arable land High
UA
Pasture land Baseline and
Low

EU27 + UA, BY;
- CY, MT

79

40

22

EU27 + NO, CH,
Low estimate
UA

Base line estimate

108

108

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2040 2049

Technical,
economic

Time frame

(De Wit et al. 2008)

Scenario

Geographical
coverage

Type of
potential

Reference
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Table 43 Land availability for energy crop production on European level [Mha]
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Min / max

CEEC

Technical,
economic

(Thrän et al. 2006)

Technical,
economic

EU27 + TR

Technical

(Nielsen et al. 2007)

(Van Dam et al. 2006)

EU27 + UA,
NO, CH

Technical

Time frame

4

Environmental+ (E+),
Biochemical processing

4-29

4

8

Current Policy (CP),
Biochemical processing
Environmental+ (E+),
Thermochemical processing

8

Current Policy (CP),
Thermochemical processing

22

6-51

6

6

22

Up to
44
11-79 6-102

14

14

46

46

34

30% arable land

11

18

24

23

11

11

2000- 2010- 2020- 2030- 20402009 2019 2029 2040 2049

20% arable land

10% arable land

SP, S2

SP, S1

Geographical Scenario
coverage

EU27 + CH, CY, MT

Type of
potential

(Ganko et al. 2008) /
(RENEW 2008)

Reference

108

>2050
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Table 43 (ctd.) Land availability for energy crop production on European level [Mha]

105

Status of biomass resource assessments – Version 3

EU27

EU27

(Ericsson and Nilsson
Technical
2006)

Technical

Technical

(Fischer et al. 2007)

(Ganko et al. 2008) /
(RENEW 2008)
EU27

EU27

Technical

(EEA 2007b)

EU27

Technical

(EEA 2006)

1.43

SP, S2

SP, S1

1.43

2.39

9.45

Arable land High

6.23

7.2

3.92

1.8

5.6

Arable land Low

Arable land
Baseline

Scenario 1-2b-3b
(high bioenergy
harvest)

4.76

3.45

1.9
1.8

6.27

4.22

2.04

Scenario 1-2a-3a
(low bioenergy
harvest)

12.88

16.72 10.3

High estimate

4.62

2.24

11.1

1.75

8.5

1.12

5.2

19.9

15.4

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

Time frame

Low estimate

Base line estimate

Geogra- Scenario
phical
coverage

Technical,
EU27
economic

Type of
potential

5.3.2.2

(De Wit et al. 2008)

Reference
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Calibration of selected studies to EU27 level

In order to minimise the influence of different geographical coverage on the results a
calibration process was implemented and consequently the results can be compared among
themselves. Details on this process can be found in section 3.2. Table 44 and Table 45 as well
as Figure 9 and Figure 10 present the calibrated results for energy crops and land availability.
Table 44 Calibrated energy crop potentials for EU27 level [EJ/yr]
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Min / max

(Thrän et al.
2006)

(Siemons et al.
2004)

(Nielsen et al.
2007)

Reference

Technical EU27

Economic EU27

Technical EU27

Technical EU27

0.64
1.04
0.64
0.97

0.27

Technology base case, High sustainability premium 0.27
Subsidised innovative technology, No sustainability 0.27
premium
0.27
1.15
1.15

Technology base case, No sustainability premium

Subsidised innovative technology, High
sustainability premium
Current Policy (CP); Thermochemical processing
Current Policy (CP); Biochemical processing

1.31

0.64- 1.0516.72 10.3

0.75
0.271.57

Environmental+ (E+); Biochemical processing

3.27

1.05

2.5

7.6

7.6

2.4

1.13

3.55

1.05

1.57

Environmental+ (E+); Thermochemical processing 0.67

3.36

3.36

1.57

1.57

6.13

30% arable land
Baseline scenario

4.08

2.04

2.2412.88

15.419.9

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

Time frame

20% arable land

10% arable land

Type of Geogra- Scenario
potential phical
coverage
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Table 44 (ctd.) Calibrated energy crop potentials for EU27 level [EJ/yr]
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EU27

Technical,
economic

Technical

Technical

Technical

Technical

(De Wit et al. 2008)

(EEA 2006)

(EEA 2007b)

(Ericsson and Nilsson
2006)

(Fischer et al. 2007)
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EU27

EU27

EU27

EU27

Geographical
coverage

Type of
potential

Reference

17
19

13
14

45
57

Arable land Low
Arable land High

39
43

16

39

21

20

71

63

59

Arable land Baseline

Scenario 1-2b-3b (high
bioenergy harvest)

16

53

32

17

44

43

High estimate

25
26

13
14

Scenario 1-2a-3a (low
bioenergy harvest)

Time frame
2000- 2010- 2020- 2030- 20402009 2019 2029 2039 2049

Low estimate

Base line estimate

Scenario

108

108

>2050
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Table 45 Calibrated land availability for energy crop production for EU27 level [Mha]

108

Status of biomass resource assessments – Version 3

EU27

EU27

Technical

Technical,
economic

(Nielsen et al. 2007)

(Thrän et al. 2006)

Min / max

EU27

22

6
6-32

4
4-17

Environmental+ (E+);
Biochemical processing

6

22

4

8

Current Policy (CP);
Biochemical processing
Environmental+ (E+);
Thermochemical processing

8

Current policy (CP);
Thermochemical processing

11-53 20-71

14

14

45

45

34

30% arable land

11

18

23

23

11

11

2000- 2010- 2020- 2030- 20402009 2019 2029 2039 2049

Time frame

20% arable land

10% arable land

SP, S2

SP, S1

Geographi Scenario
cal
coverage

Technical

Type of
potential

(Ganko et al. 2008) /
(RENEW 2008)

Reference

108

>2050
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Table 45 (ctd.) Calibrated land availability for energy crop production on EU27 level [Mha]
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Energy crop potential, uncalibrated
[EJ/year]

Energy crop potential, calibrated [EJ/year]
25.0

25.0

20.0

20.0

15.0

15.0

10.0

10.0

5.0

5.0

0.0

0.0
20002009

20102019

20202029

20302039

20402049

>2050

20002009

20102019

20202029

20302039

20402049

>2050

de Wit et al. (2008), Baseline estimate

de Wit et al. (2008), Baseline estimate

de Wit et al. (2008), Low estimate

de Wit et al. (2008), Low estimate

de Wit et al. (2008), High estimate

de Wit et al. (2008), High estimate

EEA (2006), Environmentally compatible

EEA (2006), Environmentally compatible

EEA (2007b)

EEA (2007b)

Ericsson and Nilsson (2006), Low harvest

Ericsson and Nilsson (2006), Low harvest

Ericsson and Nilsson (2006), High harvest

Ericsson and Nilsson (2006), High harvest

Fischer et al. (2007), Baseline

Fischer et al. (2007), Baseline

Fischer et al. (2007), Low

Fischer et al. (2007), Low

Fischer et al. (2007), High

Fischer et al. (2007), High

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S2

Ganko et al. (2008), Scenario S2

Nielsen et al. (2007), 10% arable land

Nielsen et al. (2007), 10% arable land

Nielsen et al. (2007), 20% arable land

Nielsen et al. (2007), 20% arable land

Nielsen et al. (2007), 30% arable land

Nielsen et al. (2007), 30% arable land

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Baseline scenario

Siemons et al. (2004), Technology base, No sust.

Siemons et al. (2004), Technology base, No sust.

Siemons et al. (2004), Technol. base, High sust.

Siemons et al. (2004), Technol. base, High sust.

Siemons et al. (2004), Subsid. innov., No sust.

Siemons et al. (2004), Subsid. innov., No sust.

Siemons et al. (2004), Subsid. innov., High sust.

Siemons et al. (2004), Subsid. innov., High sust.

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Biochem. Proc.

Thrän et al. (2006), E+, Biochem. Proc.

Figure 9 Energy crop potential uncalibrated (left) and calibrated to EU27 level (right)
[EJ/yr]
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Land availability, calibrated [Mha]

Land availability, uncalibrated [Mha]
120.0

120.0

100.0

100.0

80.0

80.0

60.0

60.0

40.0

40.0

20.0

20.0

0.0

0.0
20002009

20102019

20202029

20302039

20402049

>2050

20002009

20102019

20202029

20302039

20402049

>2050

de Wit et al. (2008), Baseline estimate

de Wit et al. (2008), Baseline estimate

de Wit et al. (2008), Low estimate

de Wit et al. (2008), Low estimate

de Wit et al. (2008), High estimate

de Wit et al. (2008), High estimate

EEA (2006), Environmentally compatible

EEA (2006), Environmentally compatible

EEA (2007b)

EEA (2007b)

Ericsson and Nilsson (2006), Low harvest

Ericsson and Nilsson (2006), Low harvest

Ericsson and Nilsson (2006), High harvest

Ericsson and Nilsson (2006), High harvest

Fischer et al. (2007), Baseline

Fischer et al. (2007), Baseline

Fischer et al. (2007), Low

Fischer et al. (2007), Low

Fischer et al. (2007), High

Fischer et al. (2007), High

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S2

Ganko et al. (2008), Scenario S2

Nielsen et al. (2007), 10% arable land

Nielsen et al. (2007), 10% arable land

Nielsen et al. (2007), 20% arable land

Nielsen et al. (2007), 20% arable land

Nielsen et al. (2007), 30% arable land

Nielsen et al. (2007), 30% arable land

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Biochem. Proc.

Thrän et al. (2006), E+, Biochem. Proc.

Figure 10 Land availability for energy crop production – uncalibrated (left) and calibrated to
EU27 level (right) [Mha]
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The potential estimated in (De Wit et al. 2008) has decreased as results from three countries
including Ukraine, were excluded. Although the results of calculations for the scenario “High
estimate” is one of the higher among the analysed studies. The land available for energy crops
in 2030 is estimated at 71 Mha which is equal to 12.88 EJ/yr. The “Low estimate” results are
also one of the higher among results from other studies.
Results from the (EEA 2006) assessment are slightly higher after calibration from EU25 to
EU27 coverage. (Ericsson and Nilsson 2006)’s estimations did not change the coverage but is
consistent with the calibrated estimations. The same goes for estimates of (Siemons et al.
2004) and (Nielsen et al. 2007).
The technical potential of energy crops estimated in (Ganko et al. 2008) has changed only
slightly.
Potentials calculated in (Fischer et al. 2007) similarly to (De Wit et al. 2008) have decreased
due to reducing coverage of Ukraine, Norway, and Switzerland.
(Thrän et al. 2006) estimates are almost unchanged.

5.3.3

Energy crops assessments at national and regional level

5.3.3.1

Croatia (Illustration case)

The analysed studies represent general assessment of energy crops potential for Croatia. Up to
2008, there were no regional or local assessments on energy crops in Croatia and analysed
studies presented here are the most reliable data source. In 2008, as a part of a FAO funded
project, a more detailed analysis of biomass (including energy crops) potential started but
those results were not available at the time of preparing this report.
All reports and studies were prepared by the same group of researchers, led by the Faculty of
Forestry from the University of Zagreb, so no major divergence of results can be reported. It
is important to mention that a part of the energy crops research activities was initiated by
Croatian participation in IEA Bioenergy, namely in Task 30 – Short-rotation bioenergy crops.
Through its global network of experts, results and reputation, IEA Bioenergy directly
influenced biomass research activities in Croatia by providing the decision-makers with
information, system studies and other types of ‘non-political’ results needed in national and
international decision-making processes. However, detailed and accurate studies on energy
crops potential are still missing, especially on local and regional level.
A very recent research project (which also started in 2008) finally introduced some more
sophisticated tools and methods that are easier to apply, e.g. spatial analysis. Models and tools
like GIS are also applied but again, no report was published at the time of preparing this
report.
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Key findings:






The energy crops potential in Croatia was not a subject of many research activities so
far – more efforts are needed in order to develop reliable and precise national potential
estimates and scenarios.
The only recorded systematic approach to biomass potential estimation was within the
BIOEN programme (1997-2001), however, energy crops was not focussed on but only
briefly mentioned.
Much more efforts were spent on selection of more productive clones and similar
activities than on estimation of energy crops potential in Croatia.
Most relevant research activities and projects are initiated and conducted by only one
institution – Faculty of Forestry University of Zagreb.
There was no estimation of future energy crops potential beyond 2015.

All studies (described here and beyond) agree that the energy potential of energy crops on
marginal and agricultural lands is significant and should be considered as an important future
source of energy in Croatia.
Table 46 Energy crops potentials estimated in the reviewed studies in PJ/yr
Study

Scenario

(Kajba and
Bogdan 2003)
(Risovic et al.
2004)
BIOEN

2000
-

Time frame
2005
-

2010
-

0

-

5,85

0

-

5,85

5.4

Interpretation of results

5.4.1

Time and spatial frames

In most of the analysed studies, energy crop potentials are considered up to the year 2030.
The original base year is linked with time of the publication as well as the reference data used
for calculations. In the study (Ericsson and Nilsson 2006) future potentials are estimated up to
the year 2050 (> 40 years). The time frames are undoubtedly related to a horizon of policies
(e.g. the EU climate and energy package are discussed and RES targets up to year 2030). In
all studies using the scenario approach it was common to calculate the potential for a
reference year (which is then defined for instance as “base case” (Ganko et al. 2008), (Fischer
et al. 2007)) and calculate future potentials for future scenarios describing possible
development paths. The discrepancy in results increases significantly with the time horizon of
analysis, which results from summing up inaccuracies of assumed parameters particularly for
a long-term perspective. Another reason is that energy crops are a relatively new alternative
and it is not possible to extrapolate proven trends for future years.
In analysed studies, geographical aggregation is an important factor. The global studies
distinguish European regions (e.g. west, east, north and south). The most common
aggregation in European studies is national aggregation. Some studies are performed on more
detailed level, e.g. NUTS-3 regions ((De Wit et al. 2008), (Fischer et al. 2007), (Ganko et al.
2008)). The geographical aggregation affects the accuracy of results.
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5.4.2

Approaches, assumptions and methods

In the selected studies the most often applied approach was the “Resource-focused” approach,
usually used to estimate technical potential. In order to assess technical potential, several
factors are assumed to be connected with technology, land use, farming intensity,
environment and ecological constraints.
The systematisation of estimated potentials is not a simple task, especially when taking into
account older studies 2. Authors define potentials according to their specific purposes linked
with the applied methodology.
Assumptions made to estimate available land for energy crops or energy potential which may
be obtained using this land are crucial. For example in the study (Fischer et al. 2007)
estimations for energy corps cultivated for the 2nd generation of biofuels (higher yields) give
results of around 50% higher for the same amount of available land when compared to energy
crops for the 1st generation biofuels. The estimations in the given sample refer to the year
2030 and estimated land available for energy crops is the same either for the 1st and 2nd
generation of biofuels. Thus, energy crop species and their attainable yields are crucial
parameters in the given study. The same conclusion is illustrated in the study of (De Wit et al.
2008). Estimated potentials depend on the scenario and cultivated crops in a given year. For
instance for the year 2030, authors estimate a range of 88 - 102 Mha in EU27 plus Norway,
Switzerland and Ukraine that may be available for energy crops in scenario ‘Low estimate’
and ‘High estimate’ respectively. The biomass potential for this range is calculated at 3.2 to
18.4 EJ/yr for the same year. Thus results show that whereas land availability differs by less
than 20%, the difference in energy potential is more than five times. In order to interpret the
results correctly a reader has to take into consideration energy crop mix, indicated by demand
and agro-climate constraints.
The next important assumption is farming productivity. Productivity tells how much energy
crops could produce on given land. The results are thus a function of several parameters like
soil quality, crop choice, yield, fertiliser inputs, etc. Depending on accuracy of studies,
productivity is analysed in different ways. Comparing results from the two European
‘sectoral’ studies, (Fischer et al. 2007) and (Nielsen et al. 2007) in which authors applied
several scenarios of additional variants with applied approaches, we see high variations
between either results from a separate study (due to assumptions) and between both of the
sectoral studies. Table 43 presents land 3 available for energy crops and potential. It is visible
that due to assumed productivity, the relationship between land availability and energy
potential is completely reversed (smaller amount of land would give higher potentials).
A simple schematic method, based on statistical data is used in (Ericsson and Nilsson 2006)
and (Nielsen et al. 2007). They use statistic data and aggregated parameters e.g. population
growth, agricultural land per person, yield without specific crops, and assumption without
detailed analysis. Table 42 also shows a huge range of results, from slightly above 2 EJ/yr to
over 18 EJ/yr, which is nine times as much. These results show sensitivity when changing a
share of agricultural land and yields for the final results.
In more advanced studies, some intermediate steps like agro-climate suitability analysis,
economical evaluations, etc. are also very important and valuable. Such indirect results were
common in dedicated projects like VIEWLS, REFUEL, RENEW and publications (De Wit et
2

In recent studies authors use definitions of theoretical, technical and economical potentials.

3

It shall be reminded that there Ukraine is included in (Fischer et al. 2007)
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al. 2008), (Ganko et al. 2008). In REFUEL or more complex studies like (EEA 2006) more
advance methodologies are applied (e.g. Agro Ecological Zones) or independent external
models e.g. CAPSIM and HEKTOR, IMAGE, AEZ, Aglink, Cosimo, World Sugar model
ALBIO (Agricultural Land use and BIOmass), GLUE-11: Global-Land-Use-and-Energy.
5.4.3

Scenario assumptions and models

Most of the analysed studies use scenarios. Scenarios give background information and
justification for assumptions that are necessary for forecasting and predicting future
situations. In most studies scenarios determine: farming intensity, ecological farming, future
food demand and diet, trends in future biomass trade, etc. Several studies use defined
scenarios for future development prepared by IPCC, The Special Report on Emissions
Scenarios (SRES) published by IPCC. It has to be underlined that the SRES was a ‘guideline’
or storyline used to define more specific assumptions for scenarios. In other studies, some
external projections are also common, e.g. future food demand, or demographical forecasts
taken from FAO publications.
It has to be noticed that only studies linked with European projects (samples are mentioned
above) were able to apply advanced methods on a large, pan-European scale. Some
publications are also directly linked with projects using results or only with the same
institutions and participating authors. On the contrary, relatively simple studies like (Ericsson
and Nilsson 2006) use easily available statistical data and are well known and recognisable.
On the other hand, those results are less precise the long-term. If we look at land available in
2030, according to (Ericsson and Nilsson 2006) there is 39 Mha available for energy crops.
These areas are estimated to produce 5.6 or 7.2 EJ energy in the year 2030. The estimated
amount of land is rather low compared to other results. If one looks at (EEA 2006), there is 19
Mha available for energy crops, which gives 5.96 EJ of potential energy. The energy potential
is comparable which means that productivity is the main factor in this sample. Of course
productivity consists of different elements like type of land, yield etc. The same relationship
is also clearly visible in other studies (Nielsen et al. 2007), (Fischer et al. 2007) and (Nielsen
et al. 2007).
5.4.4

Data sets

Most of the analysed studies were pan-European assessments, thus input data were typically
based on international statistics (e.g. EUROSTAT, FAO, IEA), technical reports, guidelines,
fore-casts or specific data sources, e.g. digital maps: land use data from EEA (CLC), soil
maps from JRC, etc.
5.4.5

Terminology and units

In the reviewed assessments, terminology and quantitative units were different. Quantitative
units were relatively easy to recalculate. In the reviewed studies, the term ‘energy crops’
included in most cases new cultivations and in some studies particular species or categories
were explained (e.g. oil crops, sugar crops, lingo-cellulose crops).
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5.5

Conclusions

The analysis of the selected studies has shown significant deviations in the estimated potential
of energy crops.
The in-depth analysis of the selected assessments allowed formulation of the following
conclusions:


In most of the analysed studies, energy crops potentials are considered up to the year
2030. The original base year is linked with the time of publication as well as reference
data used for calculations. In for example (Ericsson and Nilsson 2006), future
potentials are estimated up to year 2050 (> 40 years). The time frames are
undoubtedly related to a horizon of policies (e.g. the EU climate and energy package
are discussed and RES targets up to year 2030).



The geographical aggregation affects accuracy of results. The global studies
distinguish European regions (e.g. west, east, north and south). The most common
aggregation in European studies is national aggregation. However, some studies are
performed on more detailed e.g. NUTS-3 level.



Estimations of agricultural and marginal land available for energy crops indicate
different types of potentials and they shall be presented with explanations. The results
shall be interpreted in the context of the assumptions taken, which is fundamental for
proper understanding and interpretation. The energy crops yield is the most important
factor and directly determines the final results. This factor depends on several
parameters. The parameters shall also be considered in a scale context. Some
parameters, like population development, may be general for a country. Parameters
like energy crops yields are site specific and it should be noticed how precise they
were in analysis.



In the selected studies the approach the most often applied was “resource-focused”
which usually used to estimate the technical potential.



The most crucial assumptions are those used to estimate land availability for energy
crops as well as farming productivity. For example in the study (Fischer et al. 2007),
estimations for energy crops cultivated for 2nd generation biofuels (higher yields) give
results around 50% higher for the same amount of available land comparing to energy
crops for 1st generation biofuels. Productivity consist of several parameters like soil
quality, crop choice, yield, fertiliser inputs etc.



Cultivating energy crops, particularly lignocellulosic, is a relatively new option in
agriculture and assumptions are theoretical and very often based on literature. The
empirical experiences are limited to specific areas or species. The results are better
understood with their interpretations with reference to parameters.



When analysing results of energy crops potential, it is visible that relatively simple
studies based on statistics and rough assumptions give results comparable with the
final results of more advanced studies. Simpler approaches are useful only for general
estimations, rather for shorter time frames, because discrepancy is increasing with
time horizon.



In general, for so-called ‘global’ assessments the presentation of assumptions,
particularly quantitative factors, is as important as the results. Assuming that the
reader has a professional background or that the decisions supported by energy crop
assessments are important (e.g. when preparing strategic policies with long term
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consequences) giving only final results is not enough. In this context, using widely
agreed figures (e.g. from IPCC SRES) is useful.


When analysing more advanced approaches it becomes visible that not only final
results like figures expressed in energy units are important. Additional information
like the spatial distribution of energy crop potentials, productivity, suitability maps
and attainable yields may be also very interesting for other purposes.



Simple statistic methods, based on statistical data as (Ericsson and Nilsson 2006) and
(Nielsen et al. 2007) aggregate parameters, e.g. population growth, agricultural land
per person, yield without specific crops, and give a wide range of results particularly
in long time horizon, e.g. nine times difference in >50 years. Results from such studies
are consistent and comparable with those from more advanced methods, but
disaggregated results for respective countries may be different.



More advanced studies apply more complex estimations and some intermediate results
like agro-climate suitability analysis, economical evaluations etc. are also very
important e.g. analyses done in the projects VIEWLS, REFUEL, RENEW and
publications based on them (De Wit et al. 2008), (Ganko et al. 2008).

Croatia
Energy crop potentials are not estimated on a relevant scale at the moment, and more research
efforts will be needed before Croatia will have a precise estimate or reliable scenarios.
Research activities in the past were more focused on identifying the most suitable tree species
for short-rotation plantations, and on existing and new cross-bred species that can be planted
and grown under varying circumstances, etc.
Although the economic assessments of actual energy plantations in Croatia have been
minimal and consequently more work needs to be done before the potential of energy crops
can realistically be added to the existing bioenergy potential, all studies confirm significant
potential and an important role of energy crops on agricultural and marginal lands in the
future.
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6
6.1

Agricultural residues and organic waste
Introduction

The aim of this section is to provide an overview of biomass resource assessments for
agricultural residues and organic wastes, to compile and analyse information provided by
selected studies, to elaborate the total biomass potential for energy in Europe, produced from
the agricultural and waste sector, based on the output of studies, and to explain deviations
between results of studies.
In order to meet the objectives, studies focusing on different types and fractions of
agricultural biomass and organic wastes were analysed (for definitions, see section 2).
6.1.1

Selection of studies

In total, twenty-three studies, on a European scale and global scale with results for Europe
were selected for a detailed analysis. Additionally, another nine studies, focusing on potential
of agricultural residues and organic wastes at a regional and national scale, were selected for
further analysis. Table 47 to Table 50 present all selected studies and their basic
characteristics.
Most of these studies (twenty-one) are classified as “European”, presenting the biomass
potential of agricultural residues and waste in EU (EU27, EU25 or EU20) and in some cases
for other European countries as well. Only two studies present the global biomass potential,
distributed in global regions. The estimation of biomass potential for agricultural residues and
waste for Western Europe, Eastern Europe and other European regions is the result of this
geographical distribution. The years 2030 and 2020 are the reference years for most biomass
potential estimations (eleven for 2030 and nine for 2020). Only the two global studies
(Hoogwijk et al. 2005) and (Smeets et al. 2007) make projections of potential in the distant
future (2100 and 2050, respectively). Additionally, some of the previous studies make extra
estimations for 2010 ((EEA 2006), (EEA 2007b)) and previous years ((Edwards et al. 2005),
(Krause and Oettel 2007), (Nikolaou et al. 2003)).
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Table 47 General characteristics of selected European level umbrella studies

(De Wit et al.
2008)

Type of
potential
Technical,
economic

(De Wit and
Faaij 2010)

Technical,
economic

(EEA 2006)

Technical

(EEA 2007b)

Technical

(Ericsson and
Nilsson 2006)

Technical,
economic

Straw from
wheat, barley, rye
and oats, plus
maize residues

(Ganko et al.
2008) /
(RENEW
2008)
(Panoutsou et
al. 2009)

Technical

Crop residues

EU27 CY, MT;
+ CH

Technical,
economic

EU27 +
NO, CH,
UA

2000,
2010,
2020

Resourcefocused

Statistical
analysis

(Siemons et
al. 2004)

Technical,
implementat
ion

Crop residues,
livestock waste,
regulated & nonregulated waste,
cut grasses
Cereals straw,
maize stalks,
rapeseed stalks,
sunflower stems
& leaves, olive &
vineyard pruning,
wet manure, dry
manure, MSW,
demolition wood,
LFG

EU27 CY, LU,
MT

2000,
2010,
2020

Resourcefocused

Statistical
analysis

Reference

Biomass type
Agricultural
residues stems
from all residual
streams (e.g.
straw)
Agricultural
residues (Lignocellulosic,
herbaceous, oil,
sugar & starch
crops)
Agricultural
residues &
organic wastes
(bio-wastes)
Agricultural
biomass

Geogr.
coverage
EU27 +
NO, CH,
UA

Time
frame
2030

Approach

Method

Resourcefocused

Statistical
analysis &
bottom up
cost analysis

EU27 +
NO, CH,
UA

2030

Resourcefocused

Statistical
analysis &
economic
analysis

EU25

2010,
2020,
2030

Resourcefocused

Statistical
analysis

EU25 CY, MT,
LU
EU27 CY, MT;
+ BY, UA

2010,
2020,
2030
Short
term
(1020y),
mediu
m term
(2040y),
long
term
(>40)
2020

Resourcefocused

Statistical
analysis

Resourcefocused

Statistical
analysis &
scenario
assumptions

Resourcefocused

Statistical &
scenarios
analysis
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(Thrän et al.
2006)

Technical,
economic

(VIEWLS
2005)

Economic

Straw, other
agricultural
residues, pruning,
animal
excrements,
waste wood,
organic
municipal wastes,
commercial and
industrial wastes,
sewage sludge
Total biomass
(PAR, food
industry residues,
manure, sewage
sludge & organic
waste are
included)

EU27
+TR

2000,
2010,
2020

Resourcefocused

Statistical
analysis &
scenarios
development

CEEC

2030

Resourcefocused

Statistical &
spatial
analysis
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Table 48 General characteristics of selected European level sectoral studies
Reference
(Alakangas
et al. 2007)

Type of the
potential
Implementation

(Edwards
et al. 2005)

Technical,
economic

(Fischer et
al. 2007)
(Krause
and Oettel
2007)

Technical

(Nielsen et
al. 2007)
(Nikolaou
et al. 2003)
(Simon and
Wiegmann
2009)
(Van Dam
et al. 2006)

Technical

Technical
Technical

Sustainable

Technical,
economic

Geographical
coverage
EU15 - LU; +
CZ, EE, HU,
LV, PL, SK
EU27

Time
frame
2006

Approach

Method

Resourcefocused

Statistical
analysis

2005

Resourcefocused

Agricultural
residues
Agricultural
residues,
animal
manure &
solid waste,
landfills,
sewage
sludge
Animal
manure
Crop &
livestock
residues
Agricultural
residues

EU27 + NO,
CH, UA
EU25

2030

Resource
focused
Resourcefocused

Statistical &
spatial
analysis
Statistical
analysis
Statistical
analysis

EU27 + NO,
CH, UA
EU24 (EU15 +
ass. countries)

2030

Resourcefocused
Resource
focused

Statistical
analysis
Statistical
analysis

DE, PL, CZ,
HU

2030

Demanddriven

Scenarios
development

Agricultural
residues

CEEC

2030

Demanddriven

Scenarios
development

Biomass type
Agrobiomass, fruit
residues
Straw (wheat,
barley)

2005

2003

Table 49 General characteristics of selected global level umbrella studies with results for
Europe
Reference

(Hoogwijk
et al. 2005)

(Smeets et
al. 2007)

Type of
the
potential
Technical

Biomass
type

Geographical
coverage

Time
frame

Approach

Method

Agricultural
residues &
waste

Global (OECD
Europe, Eastern
Europe, FSU)

2100

Resourcefocused

Technical

Agricultural
residues &
waste

Global (Western
Europe, Easter
Europe, CIS &
Baltic States)

2050

Resource
focused

Bottom-up
assessment,
scenarios
development
Statistical
analysis &
model
development
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Table 50 General characteristics of selected national and regional level studies
Reference
(Bakos et
al. 2008)
(Fritsche et
al. 2004)

Type of the
potential
Technical
Technical

(Geletukha
et al. 2001)

Theoretical

(Geletukha
et al.
2008a)
(Geletukha
et al.
2008b)

Theoretical,
technical

(Kudria
2001)

Theoretical

(Reinhardt
et al. 2005)

Technical,
sustainable

(Nitsch et
al. 2004)
(Szarka et
al. 2007)

Technical,
sustainable
Theoretical,
technical

Theoretical

Biomass type
Agricultural
residues
Meat, bone meal,
animal fats,
industrial wastes,
LFG, sewage
gas, sewage
sludge, domestic
wastes,
household
wastes, SAR,
harvesting
residues, straw
Straw (cereals,
maize,
sunflower),
manure, LFG,
wood residues
Manure (cattle,
pig, hen)
LFG, sewage
gas, MSW, straw
(cereals), maize
residues,
sunflower
residues
Manure, residues
from sunflower,
pulse plants,
maize and
vegetables
Herbaceous,
wastes, industry
and households
wastes, biomass
from landscape
maintenance
Agricultural
residues
Straw (corn,
sunflower, rape),
manure (cattle,
pig, poultry)

Geographical
coverage
Region of
Crete
DE

Time
frame
2004,
2020
2000,
2010,
2020,
2030

Approach

Method

Resource
focused
Resource
focused

Energy
modelling
Scenarios
development

UA

2000

Resource
focused

Statistical
analysis

UA

2000

Resource
focused

Statistical
analysis

UA

2005

Resource
focused

Statistical
analysis

UA

2000

Resource
focused

Statistical
analysis

BadenWürttemberg
(Germany)

2010,
2020

Resource
focused

Bottom-up
modelling

DE

2010,
2050
2000,
2004

Resource
focused
Resource
focused

Scenarios
development
Statistical
analysis

Borsod county
(HU)
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Further characteristics of European level studies
As described in section 3.2, several European studies have been selected for calibration in
order to minimise the influence of the geographical scope on the results. These studies are
further characterised in the following.
Table 51 gives main and supplementary methods used on the studies assessed.
Table 51 Methods implemented in selected studies for the biomass potential assessment
Study
(Alakangas et al. 2007)

Main method
Statistical analysis

Supplementary method
Market prices inventory for solid
biofuels
Cost-supply analysis

(De Wit et al. 2008) / (De
Wit and Faaij 2010)

Statistical analysis

(EEA 2006)
(EEA 2007b)
(Ericsson and Nilsson 2006)
(Ganko et al. 2008) /
(RENEW 2008)
(Nielsen et al. 2007) /
(Krause and Oettel 2007)
(Siemons et al. 2004) /
(Panoutsou et al. 2009)
(Simon and Wiegmann 2009)

Statistical analysis
Statistical analysis
Statistical analysis
Statistical analysis (joined to
spatially explicit data)
Statistical analysis

Scenarios and model development
Scenarios and model development
Scenario assumptions
Cost-supply analysis

Statistical
Statistics

(Thrän et al. 2006)

Statistical

Energy-economics and energysystem model analysis
Scenarios development, HEKTOR
model
Energy-economics and energysystem model analysis

Environmental considerations,
energy and food demand

Raw data used in the implementation of selected studies were derived from statistics. So, the
statistical method for the biomass resource assessment was the basic method used in all
studies. Additionally, energy economics and energy system modelling ((Siemons et al. 2004)
and (Thrän et al. 2006)), cost-supply curves ((De Wit et al. 2008) and (Ganko et al. 2008))
and scenarios development ((EEA 2006) and (Ericsson and Nilsson 2006)) were used for a
more integrated projection of biomass future potential (Table 51).
In some studies, the potential definition applied by the authors differs from the definitions
established within the BEE project (see section 2.3). Both definitions are shown in Table 52.
The technical potential of agricultural residues and waste is estimated in all six studies. Costsupply curves were used in order to estimate the economic potential in studies of (De Wit et
al. 2008), (Siemons et al. 2004) and (Thrän et al. 2006). The estimation of environmentally
compatible potential of all biomass resources was the main objective of the study (EEA
2006). The future food and animal production, environmental issues, including sustainability,
as well as production and supply costs of residues and waste were the main constraints
affecting the future projections of biomass resource assessments (Table 52).
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Table 52 Type of potential in selected studies and identified constraints for the estimation of
technical potential
Study

Potential definition

Constraints to technical
potential

Authors definition

BEE definition

(Alakangas et al.
2007)

Technical-economical
potential

Implementation
potential

Market issues

(De Wit et al. 2008) /
(De Wit and Faaij
2010)

Technical-economical
potential

Technical potential

(EEA 2006)

Environmentally
compatible potential
Environmentally
compatible potential

Technical potential

Production of food
commodities
Production cost (cost-supply
curves)
Environmental
considerations
Environmental
considerations

(Ericsson and
Nilsson 2006)

No definition

Technical potential

(Fischer et al. 2007)

Supply, feedstock
potential

Economic potential

(Ganko et al. 2008) /
(RENEW 2008)

Technical potential

Technical potential

(Nielsen et al. 2007) / Technical potential
(Krause and Oettel
2007)

Technical potential

(Siemons et al. 2004)
/ (Panoutsou et al.
2009)
(Simon and
Wiegmann 2009)
(Thrän et al. 2006)

Sustainable potential

Technical,
implementation
potential
Sustainable potential

Technical, economic
potentials

Technical, economic
potential

(EEA 2007b)

Technical, market
potential

Technical potential

Yields of crop residues
Sustainability, regarding
balancing organic matter in
soil

Production of food
commodities
Use of residues in animal
rising
Future perspectives, energy
demand, food demand, feed
demand
Supply costs

Sustainable potential
Food and animal production

In a harmonised approach a further selection was implemented and results were divided in
three categories for agricultural residues (primary), food industry residues (secondary) and
organic waste, as well as one category including food industry residues and organic waste as a
whole (Table 53).
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Agricultural
residues

Food industry
residues

Organic waste
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x

x

(Thrän et al. 2006)

(Ericsson and Nilsson 2006)

x

(Ganko et al. 2008) / (RENEW
2008)
(Siemons et al. 2004)

(EEA 2006)

Not specified
Woody crop residues
Starchy crop residues
Sugar crop residues
Oil crop residues
Other crop residues
Manure
Other
Not specified
Crop processing residues
Food processing residues
Not specified
Construction & demolition wood
Biodegradable municipal waste
Combustible organic waste
Landfill gas
Sewage sludge and sewage gas
Other

(De Wit et al. 2008) / (De Wit
and Faaij 2010)

Table 53 Distribution of estimated biomass potential in specific fractions of agricultural
residues and waste

x
x
x
x

x
x
x
x
x
x
x

x
x
x
x
x
x

x

x
x

x
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6.1.2

Terminology and units

In the selected studies, different terminology has been used in order to describe the resources,
types and fractions of biomass that were analysed. To present a more detailed view of the
assessments for agricultural residues and organic waste, Table 54 shows the terminology used
in the selected studies.
Table 54 Terms and units used in the selected studies
Reference
(De Wit et al.
2008)
(De Wit and Faaij
2010)
(EEA 2006)
(EEA 2007b)
(Ericsson and
Nilsson 2006)
(Ganko et al. 2008)
/ (RENEW 2008)
(Panoutsou et al.
2009)
(Siemons et al.
2004)
(Thrän et al. 2006)

(VIEWLS 2005)

(Alakangas et al.
2007)

Terms
Agricultural residues - all residual streams

Units
EJ

Agricultural residues - Lignocellulosic, herbaceous, oil,
sugar & starch crops
Agricultural residues & organic wastes (bio-wastes)
Agricultural biomass in general
Straw from wheat, barley, rye and oats, plus maize
residues
Surplus of agricultural residues (cereal, oilseeds &
maize straw)
Crop residues, livestock waste, regulated & nonregulated waste, cut grasses
Cereals straw, maize stalks, rapeseed stalks, sunflower
stems & leaves, olive & vineyard pruning, wet manure,
dry manure, MSW, demolition wood, LFG
Straw, other agricultural residues, pruning, animal
excrements, waste wood, organic municipal wastes,
commercial and industrial wastes, sewage sludge
Agricultural biomass and organic waste (PAR, food
industry residues, manure, sewage sludge & organic
waste are included)
Agro-biomass, fruit trees residues

EJ

(Edwards et al.
2005)

Straw (wheat, barley)

(Fischer et al.
2007)
(Krause and Oettel
2007)

Agricultural residues
Agricultural residues, animal manure & solid waste,
landfills, sewage sludge

(Nielsen et al.
2007)

Animal manure

(Nikolaou et al.
2003)
(Simon and
Wiegmann 2009)
(Van Dam et al.
2006)

Crop & livestock residues

Mtoe
Mtoe
PJ (yields in t ha-1)
PJ/yr
Mtoe
ktoe/yr (supply cost
in €/GJ)
PJ/yr

EJ

PJ and Mtoe
Tonnes (theoretical),
PJ (technical), €
MWh-1 (economical)
Tonnes (dry matter)
and PJ
PJ and Mtoe
(manure in tonnes
and biogas in m3)
PJ and Mtoe
(manure in tonnes
and biogas in m3)
ktoe/yr (supply cost
in €/GJ)

Agricultural residues
Agricultural residues
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(Hoogwijk et al.
2005)
(Smeets et al.
2007)
(Bakos et al. 2008)
(Fritsche et al.
2004)
(Geletukha et al.
2001)
(Geletukha et al.
2008a)

(Geletukha et al.
2001; Geletukha et
al. 2008b)
(Kudria 2001)

Agricultural residues & organic waste

EJ/yr

Agricultural residues & organic waste

EJ/yr

Agricultural residues
Meat, bone meal, animal fats, industrial wastes, LFG,
sewage gas, sewage sludge, domestic wastes, household
wastes, SAR, harvesting residues, straw
Straw (cereals, maize, sunflower), manure, LFG, wood
residues
Manure (cattle, pig, hen)

GWh/yr
PJ

LFG, sewage gas, MSW, straw (cereals), maize residues,
sunflower residues
Manure, residues from sunflower, pulse plants, maize
and vegetables

(Nitsch et al. 2004)
(Reinhardt et al.
2005)

Agricultural residues
Solid agricultural residues: straw, animal waste
Biogas production: animal excrements, household waste,
industrial residues, landfills
(Szarka et al. 2007) Straw (corn, sunflower, rape), manure (cattle, pig,
poultry)
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Tonnes and Mtoe
Tonnes (manure),
m3/yr (biogas),
Mtce/yr (energy),
GWh/yr (power),
ТCal/yr (heat)
Mtoe

Tonnes (residues),
m3/yr (biogas),
Mtce/yr (energy),
GWh/yr (power),
ТCal/yr (heat)
PJ
PJ

1000 TJ (PJ)
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6.2

Methodology

The category of “Agricultural residues and organic waste” covers a wide range of biomass
types, fractions and origins of materials. Primary agricultural residues are the most important
type of biomasses derived from the agricultural sector and are included in all selected studies.
6.2.1

Residues and waste assessments at global and European level

Cereals straw is the most common residue of agricultural activities used for bioenergy
purposes and some studies focus only on straw ((De Wit and Faaij 2010), (Ericsson and
Nilsson 2006), (Edwards et al. 2005)). In some studies it is not easy to define specific types of
residues and waste and these are generally labelled as “agro-biomass” or “agricultural
residues” or “organic waste”. The potential of animal manure or animal waste is included in
six studies, but the type of manure is not always well defined. The potential of other types of
agricultural residues, e.g. pruning, are clearly estimated in four studies ((Siemons et al. 2004),
(Thrän et al. 2006), (Alakangas et al. 2007) and (Nikolaou et al. 2003)). Organic waste is
included in nine studies, but the type of waste (MSW, industrial or commercial waste, sewage
sludge) is defined in six of them ((Panoutsou et al. 2009), (Siemons et al. 2004), (Thrän et al.
2006), (VIEWLS 2005), (Krause and Oettel 2007)).
The resource-focused approach was used in most of the selected studies and only two used the
demand-driven approach ((Simon and Wiegmann 2009), (Van Dam et al. 2006)). Statistical
analysis is the most common method used in the selected studies to estimate the potential of
agricultural residues and waste in Europe. Cost analysis was used in order to estimate
economic potential of agricultural residues and waste ((De Wit et al. 2008), (De Wit and Faaij
2010), (Hoogwijk et al. 2005)). The development and analysis of scenarios were selected in
seven studies as methods to make projections on potential of residues and waste ((Ericsson
and Nilsson 2006), (Ganko et al. 2008), (Thrän et al. 2006), (Hoogwijk et al. 2005), (Simon
and Wiegmann 2009), (Van Dam et al. 2006)). For the same purpose the development of
models was used in one study only (Smeets et al. 2007). In some of selected studies results of
biomass assessments were joined with spatial data to create maps or to distribute the potential
of residues and waste as well as other biomass resources geographically, like (Ganko et al.
2008) (Figure 12). This approach does not count as spatial analysis of data and only two
studies used the functions of this analysis ((VIEWLS 2005), (Edwards et al. 2005)).
Regarding the type of potential, the technical potential was estimated in all selected studies
and the economic potential was assessed in six studies ((De Wit et al. 2008), (De Wit and
Faaij 2010), (Panoutsou et al. 2009), (VIEWLS 2005), (Edwards et al. 2005), (Van Dam et al.
2006)).
Regarding datasets, most of the authors used data from reliable databases, like FAODATABASE, Eurostat, books of statistics and national statistics, in order to make more accurate and
reliable estimations. Additionally, important information, selected by organisations or
institutes, was used in selected studies (IIASA, AFBnet, EurObserv'ER). Spatial data from
EEA’s Corine land cover and AEZ spatially explicit data and other resources like Eurostat’s
for NUTS regions give the possibility of spatial distribution of biomass potential produced by
agricultural residues and organic waste. Important data and information are exported by
several previous studies focusing on biomass resources, as well.
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6.2.2

Residues and waste assessments at national and regional level

The resource-focused approach, for the estimation of biomass potential of the agricultural
residues and organic wastes, was used at national level studies.
On the national level, two studies were selected for Germany and four for Ukraine
(illustration case of the project). Additionally, three studies focus on specific regions of
Europe (Region of Crete, Baden-Württemberg, Borsod County).
Regarding agricultural residues and wastes assessment at national level, two studies for
Germany were selected as more integrated, having projection under scenarios every ten years
from 2000 to 2030 and 2050. In the study of (Nitsch et al. 2004) biomass produced from
landscape maintenance activities is included (NEW ASPECT). The competition of land use
for agriculture, between bioenergy and food-feed crops is an important factor affecting the
results of biomass estimation in the study of (Fritsche et al. 2004). Additionally, all land
needed for other uses were taken into account.
Statistical analysis was the method used for the assessment of biomass potential in most of the
studies. Energy modelling (Bakos et al. 2008), bottom-up modelling (Reinhardt et al. 2005)
and scenarios development ((Fritsche et al. 2004), (Nitsch et al. 2004)) were also used in four
studies. All basic information about national and regional scale studies is presented in Table
50.

6.3

Quantitative results

6.3.1

Residue and waste assessments at global level

Regarding global scale studies with results for Europe, the technical potential of agricultural
residues and waste ranged from 10 to 32 EJ/yr under IPCC SRES land use scenarios analysed
by (Hoogwijk et al. 2005). Additionally, four exploitation systems were analysed in the
(Smeets et al. 2007) and the potential of residues and waste was estimated at 12 EJ/yr for
scenarios one and two, and at 14 EJ/yr for scenarios three and four, including the demand for
feed.
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6.3.2

Residue and waste assessments at European level

6.3.2.1
All residue and waste assessments
In the studies of (De Wit et al. 2008) and (De Wit and Faaij 2010) the potential of residues for
bioenergy was estimated at 3.9 EJ/yr for 2010. The annual increment of demand for land will
reduced thus potential to 3.1 EJ/yr in 2030.
According to (EEA 2006) assessment of the technical potential (environmentally compatible)
of agricultural biomass and waste was estimated at 1.8 EJ/yr with small deviations from 2010
to 2030. The contribution of black liquor will increase this potential to 4.3 EJ/yr in 2030. The
next study of (EEA 2007b) estimates a wide range of this potential at 2.0 to 6.0 EJ/yr for the
scenarios of high energy prices and high crops’ yields and at 1.8 to 4.4 EJ/yr for the scenario
of low energy prices.
The potential of agricultural residues were estimated in (Ericsson and Nilsson 2006) at
1.0 EJ/yr and only after 2050 will it be reduced at 0.7 EJ/yr.
In (Ganko et al. 2008) the potential of residues and waste “for advanced powertrains” was
estimated at 1.5 and 1.6 EJ/yr for 2020, due to different scenarios’ assessment, related to
minimal and maximal crop yields.
(Panoutsou et al. 2009) predict an increment of agricultural residues and waste for bioenergy
and ranges from 2.1 EJ/yr in 2002 to 2.5 EJ/yr in 2030 due to increment of demand for
bioenergy.
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EU27 + NO, CH, Sectors’ analysis
UA
2.06

2.27

Technical,
economic

(Panoutsou et al.
2009)

SP, S2: minimal negative
env. impact
1.83

Technical

1.83

EU27- CY, MT;
+ CH

(Ganko et al. 2008) /
(RENEW 2008)

SP, S1: maximal yields

1

Low and high biomass
harvests

2.51

1.48

1.57

1.72

EU27- CY, MT;
+ BY, UA

3.5

3.9

(Ericsson and Nilsson Technical
2006)

Bio-physical modelling of
land required for food and
feed

Time frame

1.1

1.76

3.1

0.7

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

1.8

Technical

(EEA 2006)

EU27 + NO,
CH, UA

Scenario

Environmentally compatible
scenario

Technical,
Economic

(De Wit et al. 2008) /
(De Wit and Faaij
2010)

Geographical
coverage

EU25

Type of
potential

Reference
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Economic

1.64

Current Potential (CP),
2.04
Thermochemical conversion
Current Potential (CP),
Biochemical conversion
EU27 + TR

2.11

0.11

Subsidised Innovative
Technologies, high
sustainability premium

1.64

Environmental+ (E+),
Biochemical conversion

1.57

1.99

Environmental+ (E+),
1.95
Thermochemical conversion

1.57

1.20

0.11

EU27 - CY, LU, Subsidised Innovative
MT
Technologies, no
sustainability premium
0.80

1.20

Technology Base Case, high 0.11
sustainability premium

1.64

1.97

1.64

2.09

1.79

1.20

1.75

1.02

0.76

0.11

Technology Base Case, no
sustainability premium

2.5

2.1

2.3

EU27 - CY, LU, Baseline
MT

20202029

20002009

2030- 20402039 2049

Time frame
20102019

Technical

Scenario

Geographical
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Type of
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EU27 + NO,
CH, UA
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Min / max for
studies selected for
calibration

Min / max all studies

Sustainable

DE, PL, CZ,
HU

Technical

(Nielsen et al. 2007)

EU25

(Simon and
Wiegmann 2009)

Technical

(Krause and Oettel
2007)

EU27 + NO,
CH, UA

EU24

Technical

(Fischer et al. 2007)

20102019

0.11-2.1 0.763.9

1.02-3.5 1.13.1

0.33.1

0.4

0.3

2.9

2030- 20402039 2049

3. Reduced exports
0.8-3.5

0.8

20202029

0.4

0.11-3.9 0.763.9

2.0

0.83

3.9

20002009

Time frame

2. Consistent sustainability

1.‘Reference’

Only manure

Only biogas production

Senarios “baseline”, “low”
& “high”

Geographica Scenario
l coverage

(Nikolaou et al. 2003) Technical

Type of
potential
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0.7

0.7

>2050
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Agricultural residues, all studies [EJ/yr]
6.0

5.0

4.0

3.0

2.0

1.0

0.0
2000-2009

2010-2019

2020-2029

2030-2039

2040-2049

>2050

de Wit et al. (2008), All scenarios
EEA (2006), Environmentally compatible
EEA (2007b), 1. High energy prices – high yields
EEA (2007b), 2. Low energy prices – high yields
Ericsson and Nilsson (2006), Low and high biomass harvests
Ganko et al. (2008), S1: maximal yields
Ganko et al. (2008), S2: minimal negative env. impact
Panoutsou et al. (2009)
Siemons et al. 2004, Baseline
Siemons et al. 2004, Technology Base Case, no sustainability premium
Siemons et al. 2004, Technology Base Case, high sustainability premium
Siemons et al. 2004, Subsidised Innovative Technologies, no sustainability premium
Siemons et al. 2004, Subsidised Innovative Technologies, high sustainability premium
Thrän et al. (2006), CP, Thermochem. Proc
Thrän et al. (2006), CP / E+, Biochem. Proc
Thrän et al. (2006), E+, Thermochem. Proc.
Fischer et al. (2007), Senarios “baseline”, “low” & “high”
Krause and Oettel (2007), Only for biogas production
Nielsen et al. (2007), Only for manure
Nikolaou et al. (2003)
Simon and Wiegmann (2009), 1.‘Reference’
Simon and Wiegmann (2009), 2. Consistent sustainability
Simon and Wiegmann (2009), 3. Reduced exports

Figure 11 Chart of biomass potential for agricultural residues in selected studies on
European level [EJ/yr]
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A significant increment of biomass potential, from 2010 to 2020, for all types of agricultural
residues and waste, was projected in (Siemons et al. 2004). The development of innovative
technologies in the future, based on the possibility of financial support (subsidies), as well as
sustainability issues, classified in three levels (no, low and high sustainability premium), will
reduce the biomass potential available for bioenergy due to higher exploitation cost, but it was
estimated that it will still increase from 2010 to 2020. Scenarios’ parameters affect the
potential of organic waste in the same way and according to the study it was estimated to be
reduced during next decades (Table 56). The study (Nikolaou et al. 2003) uses the same
approach, estimating the biomass potential at 2.0 EJ/yr and verifying the trends for this
increment.
Ecological and environmental aspects influence the approach of (Thrän et al. 2006) and the
biomass potential of all agricultural residues and waste does not has significant change from
2000 to 2020.

Figure 12 Regional specific potential of agricultural crop residues (straw) for scenario SP
(GJ per ha of total land) estimated in the framework of the RENEW project (Ganko et al.
2008).
The same method was used in (VIEWLS 2005) and (Van Dam et al. 2006) under the same
five scenarios in order to estimate the biomass for biofuels from all types of biomass
(agricultural residues, forest residues, energy crops, wastes) in CEEC. In this approach the
potential of agricultural residues and waste (3.6 EJ/yr) for the year 2002 was also conducted.
(Alakangas et al. 2007) presents the potential of agro-biomass (0.8 EJ/yr) in EU20 used for
bioenergy exploitation in 2002.
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A spatial analysis method was used by (Edwards et al. 2005) in order to distribute the
potential of straw for energy production in Europe (0.2 EJ/yr). The key point of this study was
the detection of a distance of 50 km for economically feasible transportation of raw material.
Three different scenarios (baseline, low and high) were developed by (Fischer et al. 2007), for
agricultural residues in general, but estimations result in almost the same potential of
2.9 EJ/yr in 2030.
The technical potential of biogas production was assessed by (Krause and Oettel 2007) and it
was estimated at 0.2 EJ/yr.
(Nielsen et al. 2007) estimates the technical potential for manure in EU27 at 0.8 EJ/yr for
2030.
The assessment of biomass potential from agricultural residues only in Germany, Poland,
Czech Republic and Hungary, under three different scenarios, does not point out significant
deviations. Its potential for bioenergy was estimated for 2030 at nearly 0.4 EJ/yr.
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MT

Technical

(Siemons et al.
2004)

EU27 + NO, CH, Sectors’ analysis
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economic

EU27 - CY, LU,
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Technologies, high
sustainability premium
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0.52
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Subsidised Innovative
Technologies, no
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0.52

0.44

0.36
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1.36
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Table 56 Biomass potential of organic wastes on European level and related parameters
[EJ/yr]
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Min / max

EU25

(Krause and Oettel Technical
2007)

Geographical
coverage

EU27 + TR

Type of
potential

(Thrän et al. 2006) Technical

Reference

0.31

0.31

0.31
0.2

Environmental+ (E+),
Biochemical conversion
Only for biogas production
0.2-0.85 0.311.36

0.68

Environmental+ (E+),
0.68
Thermochemical conversion

0.31

Current Potential (CP),
Biochemical conversion

20102019
0.68

20002009
Current Potential (CP),
0.68
Thermochemical conversion

Scenario

0.311.92

0.31

0.68

0.31

0.68

20202029

1.16

2030- 20402039 2049

Time frame
>2050
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Table 56 (ctd.) Biomass potential of organic wastes on European level and related
parameters [EJ/yr]
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Organic waste, all studies [EJ/yr]
6.0

5.0

4.0

3.0

2.0

1.0

0.0
2000-2009

2010-2019

2020-2029

2030-2039

2040-2049

>2050

EEA (2006), Environmentally compatible scenario
Panoutsou et al. (2009), Sectors’ analysis
Siemons et al. (2004), Baseline
Siemons et al. (2004), Technology Base Case, no sustainability premium
Siemons et al. (2004), Technology Base Case, high sustainability premium
Siemons et al. (2004), Subsidised Innovative Technologies, no sustainability premium
Siemons et al. (2004), Subsidised Innovative Technologies, high sustainability premium
Thrän et al. (2006), CP / E+, Thermochem. Proc
Thrän et al. (2006), CP / E+, Biochem. Proc
Krause and Oettel (2007), Only for biogas production

Figure 13 Chart of biomass potential for organic wastes in selected studies on European level
[EJ7yr]
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2007)

(Panoutsou et al.
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(Thrän et al. 2006) Technical EU27 + TR
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Table 57 shows the sum of agricultural residues and organic wastes for all studies that will be
summed up to a total potential in section 7.2. In that section also explanations on the selection
of the studies can be found.

Table 57 Aggregated biomass potential of agricultural residues and waste on European level
[EJ/yr]

140

Status of biomass resource assessments – Version 3

Min / max for
selected studies

(Siemons et al. 2004)

(Ganko et al. 2008) /
(RENEW 2008)

Reference

Economic

Technical

Technical

Type of
potential

EU27 - CY,
LU, MT

EU27 - CY,
LU, MT

EU27- CY,
MT; + CH

0.5

Subsidised Innovative
Technologies, high
sustainability premium

0.5-3.9

0.5

2.9

1.5-4.4

1.0-3.9

1.7

2.7

1.5

4.4

1.5

1.6

20202029
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2030- 20402039 2049

Time frame

1.8

1.2

1.8

Technology Base Case, high 0.5
sustainability premium
Subsidised Innovative
Technologies, no
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1.2

0.5

Technology Base Case, no
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3.6

20102019
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1.8
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Table 57 (ctd.) Aggregated biomass potential of agricultural residues and waste on European
level [EJ/yr]
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6.3.2.2
Calibration of selected studies to EU27 level
In order to avoid problems in the interpretation of results, because of deviations related to
geo-graphical coverage of studies, differences about biomass fractions of agricultural residues
and possible conflicts between results of studies using the same raw data sources, a further
selection was implemented and a new group of studies was created for review and analysis of
their results. For details on the calibration process, see section 3.2.
Table 58 presents the new group of studies about the agricultural residues and waste on
European level.
Table 58 Total studies and number of scenarios’ development, regarding agricultural
residues and organic waste after calibration of studies
Study
Studies
Scenarios
(De Wit et al. 2008) / (De Wit and Faaij 2010)
(EEA 2006)
(Ericsson and Nilsson 2006)
(Ganko et al. 2008) / (RENEW 2008)
(Siemons et al. 2004)
(Thrän et al. 2006)

Agricultural
residues
6
9
1
1
1
1 2
1
13

Organic
waste
2
4
1

1
12

Six studies were selected; all of them assess the biomass potential from agricultural residues
and two of them have estimations about the potential of organic waste, as well. Nine scenarios
regarding the agricultural residues were developed and another four for the projection of
future potential of wastes in Europe.
Table 59 and Figure 14 present the calibrated biomass potentials from primary agricultural
residues on European level from selected studies under different scenarios.
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(Siemons et al. 2004)

Economic

Technical

Technical

EU27 - CY,
LU, MT

EU27 - CY,
LU, MT

EU27 - CY,
MT; + CH

EU25

(Ganko et al. 2008) /
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(EEA 2006)

EU27 +
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UA

EU27 - CY,
MT; + BY,
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(De Wit et al. 2008)

Time frame

0.11

Subsidised Innovative
Technologies, high
sustainability premium

0.11

Technology Base Case, high
sustainability premium

0.11

0.11

Technology Base Case, no
sustainability premium

Subsidised Innovative
Technologies, no sustainability
premium

2.06

1.86

1.86

1.20

0.80

1.20

0.76

2.27

0.90

1.87

3.57

1.79

1.20

1.75
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2.44

1.53

1.60

1.78
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2.84
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estimate" = "High estimate"
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l coverage

(Ericsson and Nilsson Technical
2006)

Type of
potential
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0.60

>2050
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Table 59 Calibrated estimation and projections of biomass potential from agricultural
residues on EU27 level [EJ/yr]
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(Thrän et al. 2006)
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1.32
0.112.06

Environmental Scenario,
Biochemical processing

Current Policy Scenario,
Biochemical processing

Time frame

1.023.2

1.35

1.62

1.35

0.92.84

2000- 2010- 2020- 2030- 20402009 2019 2029 2039 2049
1.71 1.76
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Table 59 (ctd.) Calibrated estimation and projections of biomass potential from agricultural
residues on EU27 level [EJ/yr]
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In these selected studies, different approaches, methods and time projections were conducted
in order to estimate different type of biomass potential derived from different fractions of
agricultural residues and waste. Finally, a wide range of potentials were estimated.
Regarding agricultural residues, most of the studies estimate the biomass potential between
1.5 to 2 EJ/yr, with small changes in the future. (Ericsson and Nilsson 2006) estimate this
potential lower than 1 EJ/yr and (De Wit et al. 2008) higher than 3.5 EJ/yr with a trend of
reduction in the future. (Siemons et al. 2004) is the only study that estimates an increment of
potential of agricultural residues from 0.11 to 1.8 EJ/yr in 2020. Environmental
considerations causes the estimation of the biomass potential to be lower than 1.5 EJ/yr in
(Thrän et al. 2006). Table 59 presents a time distribution of these estimates, with emphasis on
technical potential.
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Agricultural residues, calibrated [EJ/yr]

Agricultural residues, uncalibrated [EJ/yr]

4.5

4.5

4.0

4.0

3.5

3.5

3.0

3.0

2.5

2.5

2.0

2.0

1.5

1.5

1.0

1.0

0.5

0.5
0.0

0.0
20002009

20102019

20202029

20302039

20402049

>2050

20002009

20102019

20202029

20302039

20402049

>2050

de Wit et al. (2008), All scenarios

de Wit et al. (2008), All scenarios

EEA (2006), Environmentally compatible

EEA (2006), Environmentally compatible

Ericsson and Nilsson (2006), All scenarios

Ericsson and Nilsson (2006), All scenarios

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S1

Ganko et al. (2008), Scenario S2

Ganko et al. (2008), Scenario S2

Siemons et al. (2004), Technical potential

Siemons et al. (2004), Technical potential

Siemons et al. (2004), Technology base, No sust.

Siemons et al. (2004), Technology base, No sust.

Siemons et al. (2004), Technol. base, High sust.

Siemons et al. (2004), Technol. base, High sust.

Siemons et al. (2004), Subsid. innov., No sust.

Siemons et al. (2004), Subsid. innov., No sust.

Siemons et al. (2004), Subsid. innov., High sust.

Siemons et al. (2004), Subsid. innov., High sust.

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), CP, Thermochem. Proc

Thrän et al. (2006), CP / E+, Biochem. Proc

Thrän et al. (2006), CP / E+, Biochem. Proc

Thrän et al. (2006), E+, Thermochem. Proc.

Thrän et al. (2006), E+, Thermochem. Proc.

Figure 14 Chart of biomass potential for agricultural residues studies on EU27 level –
uncalibrated (left) and calibrated (right) [EJ/yr]
Estimations included in Table 60 and Figure 15 present the calibrated potentials of organic
wastes available for bioenergy. EEA’s approach for the environmentally compatible potential
looks very optimistic compared to potential estimated in (Thrän et al. 2006), in which policy
scenarios, environmental constraints and conversion technologies are included.
Different scenarios implementation result in different potential estimations for biomass
derived from organic wastes. This is very clear in the study of (Thrän et al. 2006). (EEA
2006) predicts no changes in exploitation of organic waste for bioenergy purposes, while
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(Siemons et al. 2004) estimates high increment of its potential due to higher availability of
bioenergy.
In studies in which secondary agricultural residues and organic waste are included, results
show a small increment of potential in the future, but different approaches, conversion
technologies and scenarios affect the estimation of biomass potential. EEA estimates an
almost double potential of food industry residues and waste for the 2020’s than (Thrän et al.
2006).
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Min / max

(Thrän et al. 2006)

(Siemons et al. 2004)

Technical

(EEA 2006)

Technical

Economic

Technical

Type of
potential

Reference

EU27 + TR

0.23
0.231.36

0.19
0.190.85

0.51

0.23

Environmental+ (E+),
Biochemical processing

0.19

Current Policy (CP),
Biochemical processing

0.51

0.43

0.43

Current Policy (CP),
Thermochemical processing

0.60

Environmental+ (E+),
Thermochemical processing

0.36

0.57

0.36
Technology Base Case, high
EU27 - CY, sustainability premium
LU, MT
Subsidised Innovative Technol., 0.36
no sustain. premium
Subsidised Innovative
Technologies, high
sustainability premium

0.44

0.36

Technology Base Case, no
sustainability premium

0.44

1.36

1.14
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0.25
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0.52
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1.16
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Table 60 Calibrated estimation and projections of biomass potential from organic wastes on
EU27 level [EJ/yr]
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Organic wastes, calibrated [EJ/yr]

Organic wastes, uncalibrated [EJ/yr]
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EEA (2006), Environmentally compatible scenario

EEA (2006), Environmentally compatible scenario

Siemons et al. (2004), Baseline

Siemons et al. (2004), Baseline

Siemons et al. (2004), Technology Base Case, no
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Figure 15 Chart of biomass potential for organic wastes on EU27 level – uncalibrated (left)
and calibrated (right) [EJ/yr]
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6.3.3

Residues and waste assessments at national and regional level

6.3.3.1

Ukraine (Illustration case)

GENERAL DESCRIPTION OF UKRAINE’S AGRICULTURE AND ANIMAL HUSBANDRY
Agriculture
Agriculture and food are important sectors in Ukraine with growing opportunities on
international commodity markets driven by an increasing demand for food, feed and
renewable energy. At the same time, Ukraine’s dependency of fossil energy leads to the
search for new energy supply concepts. Therefore, decentralised energy production and
energy saving is at the top of the policy agenda.
Historically, agriculture has been one of the most developed sectors of Ukraine’s economy.
Ukraine owns 1/3 of the best black earth (chernozem) in the world and is the leader among
neighbouring countries with regard to high-quality fertile lands. Black earth occupies 54% of
the land with a layer of humus 40-50 cm and more.
Taking into account changes that took place in Ukraine’s agrarian sector last decade, one can
classify agricultural producers in the following way: agricultural enterprises (large-scale
agricultural producers) include state farms, joint-stock companies, cooperatives, agricultural
sections of industrial, transport and other enterprises and organisations; individual peasant
households (individual or family farms owning a piece of land); and private farmers working
on their own or leased land. It is convenient to consider agricultural enterprises to be largescale producers and all the others small-scale producers.
According to statistic data, most agricultural enterprises are situated in Odessa oblast,
Mykolayiv oblast and Dnipropetrovsk oblast. Of all the agricultural enterprises (58575),
54259 have agricultural lands of mainly 20.1-50.0 hectares area. The fleet of tractors,
combine harvesters and trucks belonging to agricultural enterprises has decreased somewhat
lately and amounts now to about 234,000 tractors, 50,000 harvesting combines and 160,000
trucks.
The total area of land belonging to agricultural enterprises and population is 38916.7 thousand
ha. Agricultural land comprises 37321.7 thousand ha including arable fields of 83.1%, hayfields 4.8%, pastures 9.1%. Areas under grain-crops have been stable lately, about 15.4-15.6
mill ha, excluding some decrease in 2003. Grain crops occupy the main part of the sown area
– 57.7%.
The biggest sown areas are located in Dnipropetrovsk oblast, Odesa oblast and Poltava oblast.
Correspondingly, the largest total yield of grain-crops falls on the same oblasts.
Ukraine occupies 3rd-4th place in the world ranking of sunflower producers after Argentina,
Russia and EU countries providing up to 7-12% of the global sunflower production. Sunflower seeds remain one of the most liquide and profitable products at the domestic market.
Its production volume fully satisfies local demand. The volume of sunflower seeds production
grows almost every year. According to the State Statistics Committee of Ukraine, sown area
for sunflower was 3964 thousand ha in 2006 with a total yield of sunflower seeds of 5324
thousand t. The average level of sunflower seeds yield has been about 1.1 t/ha lately (Table
61).
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Table 61 Main indices of growing sunflower and oil production in Ukraine
Year
Sown area for sunflower, 1000 ha

2001
2502

2002
2834

2003
4001

2004
3521

2005
3743

2006
3964

Total yield of sunflower seeds, 1000 t
Productivity of sunflower seeds, t/ha
Production of sunflower oil, 1000 t

2251
0,94
900

3271
1,2
1350

4254
1,12
1450

3050
0,89
1200

4706
1,28
1200

5324
1,36
1600

Oil production is closely connected with growing sunflower. The general tendency is an increasing volume of production. In 2006, 1.6 mill t. of oil were produced in Ukraine. In
January-February 2007, 364 thousand t. of sunflower were produced in Ukraine, which was
9.4% more than during the same period in 2006. Domestic consumption of sunflower oil is
estimated at 500-600 thousand t/yr in Ukraine. This means that 50-60% of production volume
is exported.
Straw and other agricultural residues are the main constituents of biomass potential for energy
production in Ukraine. The amount of straw from cereal crops (without maize) available for
energy production is about 4.6 Mtce/yr and from the stems and ears of maize 2.6 Mtce/yr.
Starting from crop capacity, Dnipropetrovsk, Odesa and Kharkiv oblasts have the largest
potential amount of straw while Vinnitsa, Lugansk and Ternopil oblasts have the largest
amount of actually harvested straw (Table 62).
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Table 62 Potential and harvest of straw by Ukraine’s oblasts
Oblasts
Auton. Rep. of Crimea
Vinnytsya
Volyn
Dnipropetrovsk
Donetsk
Zhytomyr
Zakarpattya
Zaporizhzhya
Ivano-Frankivsk
Kyiv
Kirovohrad
Luhansk
Lviv
Mykolayiv
Odesa
Poltava
Rivne
Sumy
Ternopil
Kharkiv
Kherson
Khmelnytskiy
Cherkasy
Chernivtsi
Chernihiv
Total

Potential harvest of
cereals straw, 1000 t

Actual harvest of
straw, 1000 t

Potential of unused
straw, 1000 t

994
1406.8
574.8
2035.7
1503.8
521
114.6
1527.1
216.1
1471.1
1679.6
1045.6
489.4
1265.6
1932.8
1643.3
483.2
847.6
804.7
1943.2
1280.9
927.3
1336.4
183.4
839.5
27067.5

102.2
764.6
149.2
120.7
120.0
172.5
14.9
102.2
42.9
191.4
218.4
898.0
176.0
231.6
116.9
215.0
79.3
129.0
537.2
132.2
153.5
145.0
198.0
31.0
254.3
5295.9

891.8
642.2
425.6
1915.0
1383.8
348.5
99.7
1424.9
173.2
1279.8
1461.2
147.6
313.5
1034.0
1816.0
1428.4
403.9
718.6
267.5
1811.0
1127.4
782.3
1138.4
152.4
585.3
21771.7

As usual, agricultural enterprises and farms have a quite big surplus of straw. Unused straw is
left on the fields and then burned. This surplus can be used in straw fired boilers for heat
production. Utilisation of straw for energy production may result in a reduced consumption of
expensive fossil fuels like natural gas and coal (which are widely used now in rural areas) and
therefore reduced emission of CO2.
Among present trends in Ukraine’s agriculture, first of all a stable rise in growing rape should
be mentioned. In 2008 more than one million hectares are used for raising rape. Taking into
account the availability of free lands in the country and keen interest of the Ukrainian
government in the biodiesel production issue, one can suppose that the area under rape may
in-crease to twice its size and even more. That means a larger amount of rape straw can be
used for energy production.
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Animal husbandry
According to data of Ukraine’s State Statistics Committee, there are 7833 cattle farms with
2.5 million heads of livestock, 7836 pig-breeding farms with 2.6 million heads of livestock
and 1215 poultry factories with 66.6 million heads of livestock in Ukraine (data of 2006).
Analysis of cattle and pig livestock dynamics in 1990-2006 (Figure 16) shows its
considerable drop as well as availability of a potential for its revival. As for poultry livestock,
there is a certain tendency for its rise. According to data of the State Statistics Committee,
livestock of poultry on stock-farms in 2005 was 2.5 times as large as in 2000 and continues to
rise.
According to the draft Complex Program for Support of Rural Areas Development for the
period until 2015, it is planned to increase meat production by 42% until 2010 and by 2.1
times until 2015; milk production by 17% until 2010 and by 46% until 2015; egg production
by 23% until 2010 and by 31% until 2015. That means corresponding rise in livestock of pigs,
cattle and poultry and therefore potential of biogas generation and energy use.
Even today, Ukraine’s animal husbandry has rather high potential of biogas production.
Theoretical potential comes to about 1.8×109 m3/yr, which is equivalent to 1.4 Mtce/yr
(Table 63). Technical potential of biogas takes into account accessibility of livestock wastes
and technical appropriateness of their anaerobic digestion. Based on certain accessibility
factors, technical potential of biogas production amounts to about 1.3×109 m3/yr (1.0 Mtce/yr)
that makes up 73% of theoretical potential.
Table 63 Theoretical and technical potential of biogas production from livestock waste in
Ukraine
Livestock
wastes

Total
amount of
waste
(1000 t)

Potential
of biogas
production
(109 m3/yr)

THEORETICAL POTENTIAL
Cattle
32 273
1.262
manure
Pig manure 6 269
0.252
Hen litter
3 161
0.303
Total
41 703
1.818
TECHNICAL POTENTIAL
Cattle
25 173
0.984
manure
Pig manure 3 887
0.156
Hen litter
1 897
0.182
Total
30 957
1.323

Energy
potential
(mln
tce/yr)

Potential of
power
generation
(GWh/yr)

Potential of
heat
production
(ТCal/yr)

Substitution
of natural
gas
(mln m3/yr)

0.991

2 945

3 166

854.0

0.181
0.218
1.389

537
647
4 129

577
695
4 438

155.8
187.5
1197.3

0.773

2 297

2469

666.1

0.112
0.131
1.015

333
388
3 019

358
417
3 244

96.6
112.5
875.2

If the Complex Program for Support of Rural Areas Development for the period until 2015 is
approved and realised successfully, one can expect rise in technical potential of biogas
production up to 1.79×109 m3/yr (1.3 Mtce/yr). If manure is used in mixture with other
organic residues of agriculture (silage, grass, food waste, etc.), the potential of biogas
production is even larger.

Status of biomass resource assessments – Version 3

153

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

Поголовье, тыс.гол.

25000
20000
15000
10000
5000
0
1990

1995

1999

2000

2001

2002

2003

2004

2005

2006

Год
КРС

Свиньи

Figure 16 Dynamics of cattle and pigs livestock for the period 1990-2006 in Ukraine

Strategy of bioenergy development in Ukraine
(Geletukha et al. 2001)
This paper gives a detailed description and results of an estimation of the following types of
biomass: straw of cereal crops, maize for grain, sunflower stems and husk, manure, wood
residues and Municipal Solid Waste (MSW). Table 64 summarises the results.
Table 64 Energy potential of biomass in Ukraine (data of 1990-2000)
Type of biomass

Energy potential, Mtoe

Energy potential,
106 GJ

Cereal crops / straw (excluding maize)

2.54

106.3

Maize for grain/ stems, ears

0.83

34.8

Sunflower / stems, husk

1.62

67.8

Manure / biogas

1.11

46.5

Wood residues

1.11

46.5

Landfill gas

0.21

8.8

TOTAL

7.42

310.7
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Atlas of energy potential of renewable and non-traditional energy sources in Ukraine
(Kudria 2001)
This work presents results of an evaluation of distribution of manure and biomass of
sunflower, pulse plants, maize and vegetables over Ukraine’s regions (oblasts). Results and
their spatial distribution are presented in the form of diagrams (Figure 17 and Figure 18).
Status and prospects of biogas energy use in Ukraine (2008)
(Geletukha et al. 2008a)
This paper gives an estimation of the theoretical and technical potential of cattle, pig and hen
manure in Ukraine from all animal farms and poultry factories and taking into account the
possibility to collect the manure. Results of the estimation are presented in Table 64, above.
Analysis of the present state and prospects for bioenergy development in Ukraine (2008)
(Geletukha et al. 2008b)
This paper updates the estimation performed in (Geletukha et al. 2001) and adds some new
types of biomass (landfill gas, sewage gas, briquettes from MSW, liquid fuels from biomass,
energy crops and peat). Results of the biomass potential estimation are presented in Table 65.
Table 65 Energy potential of biomass and peat in Ukraine
Types of biomass

Energy potential,
Mtoe/yr

Energy potential,
106 GJ

Straw of cereal crops

3.92

164.1

Stems, ears of maize for grain

1.68

70.3

Stems and husk of sunflower

1.61

67.4

Biogas from manure

0.49

20.5

Landfill gas

0.14

5.9

Sewage gas

0.07

2.9

Wood wastes

1.40

58.6

Briquettes from municipal solid waste

1.33

55.7

Liquid fuels (bio-diesel, bio-ethanol)

1.54

64.5

Energy crops (willow, poplar, miscanthus)

3.57

149.5

Peat

0.42

17.6

Total

16.17

677.0
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Figure 17 Potential of manure in Ukraine

1 – biomass of pulse plants, 2 - biomass of sunflower, 3 – biomass of maize, 4 – biomass of vegetables

Figure 18 Potential of agricultural residues in Ukraine
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6.3.3.2

Germany

Material flow analysis of sustainable biomass use for energy
(Fritsche et al. 2004)
The study focuses on all biomass resources available for bioenergy. In the following charts
only agricultural residues and organic waste are presented with three different scenarios. Data
were used from the year 2000 and other three year time projections of the technical potential
were developed. Additionally, competitive uses of land for food and feed production were
taken into account.
Scenario 'Referenz'
Meat & bone meal & animal fat

400

Waste from industry & waste

350

Landfill gas
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Figure 19 Chart of biomass potential for agricultural residues & waste in Germany, under
Scenario "Referenz"
Scenario 'Umwelt'
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Figure 20 Chart of biomass potential for agricultural residues & waste in Germany, under
Scenario "Umwelt"
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Scenario 'Biomasse'
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Figure 21 Chart of biomass potential for agricultural residues & waste in Germany, under
Scenario “Biomasse”
Ecologically optimised extension of renewable energy utilisation in Germany
(Nitsch et al. 2004)
Two different scenarios were developed (“Basic” and “Nature Conservation Plus”) in order to
project the technical and sustainable potential of residues and waste (forestry residues were
excluded in this assessment) in Germany in 2010 and 2050 (Figure 22 and Figure 23).

160
140
120

PJ

100
2010

80

2050

60
40
20
0
Primary agricultural
residues

Secondary
agricultural
residues

Tertiary residues
and waste
(households)

Tertiary residues
and waste (industry
& trade)

Figure 22 Chart of biomass potential for agricultural residues & waste in Germany, under
Scenario “Basic”
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Figure 23 Chart of biomass potential for agricultural residues & waste in Germany, under
Scenario “Nature Conservation Plus”

6.3.3.3

Sub-national level

For the regional level three studies were selected covering areas of Borsod County in
Hungary, of German Baden-Württemberg and the region of Crete in Greece.
Techno-economic assessment and strategic analysis of heat and power co-generation
(CHP) from biomass in Greece
(Bakos et al. 2008)
This study aimed at the estimation of the potential of CHP from agricultural residues in
Greece and particularly on the island of Crete. The overall approach was to face the use of
biomass modelling in order to determine biomass fuelled plant installations. The method was
based on the development of an energy-planning model to determine the strategic analysis of
the CHP introduction to an energy plan. In this resource-focused approach, the viable
investments are calculated based on the correlation between the plant capacity and available
bio-mass quantities. The technically available potential from agricultural residues was
estimated at 1.3 PJ and 1.84 PJ for electricity and heat, respectively.
All necessary data were provided by FAOSTAT, 1997-2001, National statistics and from
previous studies ((Voivontas et al. 2001), (Vamvuka and Tsoutsos 2002)).
The strong points of this study are the determination of a possible location for CHP
installations, which was based on a spatial analysis model and the development of energy
scenarios, and economic analysis. On the other hand, alternative uses of agricultural land (e.g.
for food production), and market issues on the solid and liquid biofuels production chain are
not included. A detailed analysis on biomass potential survey should be done in the future.
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The potential for sustainable biomass in the German state of Baden-Württemberg
(Reinhardt et al. 2005)
The target of this study was the estimation of technical bioenergy potentials for the BadenWürttemberg region in 2010 and 2020 and to analyse the related influence by various sustainability goals. The approach was based on bottom-up modelling of technical potentials
(scenario “Basic”), sustainable potentials (scenario “Nachhaltig”) and very sustainable
potentials (scenario “BUND”) taking into account different nature conservation requirements
and even organic farming. The bioenergy potential of energy crops is limited by nature
conservation requirements in this resource-focused study. Table 66 shows the technical and
sustainable potential of agricultural residues and organic waste in the region (time frame 2010
and 2020).
Table 66 Energy potential of primary, secondary and tertiary agricultural residues and
wastes in Baden-Württemberg [PJ]

Scenario
"Basic"
Scenario
"Nachhaltig"

Primary
agricultural
residues
2010
2020
5.0
5.0

Secondary
agricultural
residues
2010
2020
5.0
5.0

Tertiary residues
and waste
(households)
2010
2020
12.4
12.4

Tertiary residues
and waste (industry
& trade)
2010
2020
17.2
17.2

5.3

5.3

12.9

17.6

5.3

5.3

12.9

17.6

Agriculture and Forest origin biomass potential at regional scale
(Szarka et al. 2007)
The main objective of this study is the evaluation of the potential and feasibility of using biomass as a renewable energy source at regional level. The approach of this resource-focused
study is based on determination of local energy sources by geographical, geological, climate
and settlement structural relations. All data are provided by Eurostat, national statistics and
previous studies. The estimated theoretical potential of agricultural residues, consisting of
straw of corn ears, corn stalk, sunflower and rape, ranges from 172 to 5925 TJ, and the
technical potential from 72 to 1428 TJ. Additionally, the potential produced by cattle manure,
pig manure, poultry manure, was estimated at 103,401 t DOM/yr. In this regional approach,
different types of biomass from different origins are analysed. Many technological, socioeconomic and environmental factors were taken into account, but there is no clear estimation
of biomass potential from biomass origin and biomass production yields. Future availability
and supply of agricultural biomass and competitive uses of agricultural land should be
included in this analysis.
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6.4

Interpretation of results

Agricultural residues and organic waste represent a wide range of biomass types and
fractions, creating additional problems and deviation between biomass resource assessments.
The classification of this category in different classes depends on results presented in selected
studies.
6.4.1

Time frame

Most of the studies make projections for the years 2010, 2020 and 2030. Time is a factor with
influence on biomass potential estimations that is not easily evaluated. For these projections,
several parameters are taken into account, like land use change, future demand for food and
feed, energy prices, yields of crop species, biofuels demand, policy issues, sustainability
factors and market issues, but their contribution in potential estimates is not clear in all
selected studies. Several studies project an increment of agricultural residues for bioenergy
exploitation, but the studies (De Wit et al. 2008; De Wit and Faaij 2010) estimate a reduction
of residues due to modelling for food and feed and change of the sustainability factor in
agriculture. Environmentally compatible scenarios and high and low energy price scenarios,
developed by EEA estimate significant deviations on results between specific time frames and
between studies ((EEA 2006) and (EEA 2007b)). In the study (Panoutsou et al. 2009) cereals
productivity is expected to increase with 1% in the long term, as well as in the potential of
residues for bioenergy..
The projection of biomass potential for 2100, based on IPCC SRES scenarios, included in the
study (Hoogwijk et al. 2005), and the extensive geographical coverage (former Soviet Union
is included), could explain the high potential of agricultural residues estimated in this study.
The same approach could be made for the study (Smeets et al. 2007), as well.
6.4.2

Approaches and methods

Most of the selected studies are based on a resource-focused approach, giving a significant
reason for explanation of deviation with demand modelling assessment on agricultural
residues and waste. The (Simon and Wiegmann 2009) study covers only four central
European countries and its results are not comparable.
The use of land availability for crops production and the modelling of land availability for
food and feed ((Ericsson and Nilsson 2006), (De Wit et al. 2008)) in relation with other
studies using data from reliable databases, without further analysis creates conditions for
differences in estimations of biomass potential.
The development of different scenarios based on different factors results in biomass
estimations with reasonable deviation ((Ericsson and Nilsson 2006), (Ganko et al. 2008)).
Scenarios development and contribution of all types of biomass (forest residues, agricultural
residues, energy crops, waste) in estimation of potential for biofuels production, by (Van Dam
et al. 2006) and (VIEWLS 2005) results a very high potential of biomass, which is not
comparable.
Regarding studies focusing only on straw ((Ericsson and Nilsson 2006), (Edwards et al.
2005)), the development of spatial analysis (mainly based on the parameter of distance for
transportation) reduces the potential of straw available for bioenergy.
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The contribution of important parameters, affecting the availability of biomass from
bioenergy, in the study (Thrän et al. 2006), like supply and demand for biofuels, policy and
market issues, ecological and environmental aspects, leads a lower potential for agricultural
residues and waste in Europe.
6.4.3

Type of biomass

The type and fractions of agricultural residues seems to be a very important factor for
deviations between selected studies. In some studies, organic waste is not included and
studies on agricultural residues do not focus on the same type of residues.
In (Siemons et al. 2004), cereals’ straw (common wheat, durum wheat, barley straw), maize
stalks, rapeseed stalks, sunflower stems plus leaves, olive and vineyard pruning, organic
waste like wet manure (pig, cattle), dry manure (chicken), LFG and MSW, and demolition
wood are included.
In the study (Thrän et al. 2006), with a reference in EU28, straw, excrements, other harvest
and agricultural residues and pruning, waste wood, commercial and industrial waste, sewage
sludge and organic municipal waste are the resources that are analysed in this study.
(Krause and Oettel 2007) focus on animal manure and agricultural residues for biogas
production. In (Ericsson and Nilsson 2006) and (Edwards et al. 2005), only straw and maize
residues are analysed. The study of (De Wit et al. 2008) focuses on agricultural residues, in
general. The potential of straw from cereals and rapeseed was estimated in (Ganko et al.
2008).
Concerning the calibrated approach, the potential estimated by (De Wit et al. 2008) is much
higher, because all possible residual streams for agricultural residues are included in the
study, but the potential of biomass will be reduced in the future due to high demand for land
and the land use change. In this study, the land available for food crops is predicted to
decrease. On the other hand, the study of (Siemons et al. 2004) estimates a higher demand for
bioenergy in the future, which will lead to a better exploitation of residues. The study of
(Ericsson and Nilsson 2006) estimates a lower potential, because only straw is included in the
category of agricultural residues.
Deviations between potentials estimated by other studies are strongly related to different types
of biomass and implementation of scenarios. Regarding food industry and waste potential, a
more efficient exploitation of waste (Siemons et al. 2004), different conversion technologies
and scenarios implementation (Thrän et al. 2006) as well as other classification of raw
material (EEA) affects the biomass resource assessments and creates deviations between
estimations.
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6.5

Conclusions

The category of “Agricultural residues and organic waste” covers a wide range of plant
materials, residues of primary and secondary activities, fractions and origins of materials.
Most of selected studies are based on a resource-focused approach and use statistical methods
for the estimation of biomass potential.
Parameters like biomass supply and demand, policies, markets issues, competitive uses of
biomass, food and feed production, as well as ecological and environmental factors are
important for analysis and future projections.
Deviations among estimated potentials are explained by factors like “time frame”, “methods
and approaches” and “biomass type”.
Regarding cereals, the increment of the productivity factor will increase the potential of
residues available for bioenergy. On the other hand, land use change, sustainability factors
and environmental issues will reduce this potential. The estimation of potential in the very
long term gave results with significant deviation, compared to the results in the mid term.
The type of residues and waste included in studies should be clearly defined in order to review different approaches and explain deviations between results.
Sustainability is an important factor affecting the potential of residues and waste and it should
be always taken into account in analysis of studies.
After a calibration of studies, it is easier and clearer to point to some issues related to results.
Regarding agricultural residues, the biomass potential is expected to increase, due to increased demand for bioenergy and better exploitation of resources according to the projection
of (Siemons et al. 2004). All types and fractions of agricultural residues and organic waste
were included in the study (De Wit et al. 2008), which estimates a high potential of residues
and waste. Reductions of potential in future projections is explained by the competition for
land and increment of area of agricultural land that will be released for energy crops. In the
same direction, the study of (Ericsson and Nilsson 2006) predicts a decrement of agricultural
production in Europe due to agricultural policy and the support energy crops. Small
deviations between estimations and studies are explained by the development of different
scenarios and use of economic factors and models.
Four different approaches were implemented regarding organic waste without food industry
residues. The method used for conversion of biomass to energy creates a gap between
estimations in the study (Thrän et al. 2006). Thermochemical technologies produce almost
double energy when compared to the biochemical processing. (EEA 2006) estimates a stable
potential of waste in the future without significant changes. The important increment of
biomass potential that could be used for energy production (almost double) is explained by
the expected increased demand for bioenergy in Europe.
Deviation between (EEA 2006) and (Thrän et al. 2006), about food industry residues is
estimated at around 0.030 EJ/yr, which is quite low at European level. According to the study
(Thrän et al. 2006), the increment of food consumption will increase the potential of food
industry residues.
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7

Total biomass potential

The aim of this section is to review biomass resource assessments with focus on total
potentials, i.e. covering all biomass categories, and to analyse differences between reported
potentials. The first section reviews studies that themselves include all biomass categories in
their analyses of bioenergy potentials. The second section summarises the sector-focusing
bioenergy potentials in tasks 3.3-3.5 of the BEE project, i.e. those in sections 4 to 6 above.
The third section compares the potentials in sections 7.1 and 7.2.

7.1

Analysis of studies covering all biomass categories

7.1.1

Selected studies and their major characteristics

The studies selected for analysis of total potentials are shown in Table 67, which also gives
the spatial coverage and time frames of the studies as well as an overview of the
methodological characteristics. Further details on methodologies used can be found in Table
68. As evident from Table 67, most studies reported technical potentials. Another noteworthy
feature is that all but one study used a resource-focused approach, which means that focus is
on the total bioenergy resource base but taking into account the competition between different
uses of the resources. The studies by (Siemons et al. 2004) and (De Wit et al. 2008) used
methods very different from the other studies. (Siemons et al. 2004) estimated the bioenergy
potential as the equilibrium of demand and supply functions. (De Wit et al. 2008) used a three
step methodological approach: (i) an evaluation of ‘surplus’ land, (ii) a modelled productivity
and (iii) an economic assessment of thirteen typical bioenergy crops. In a strict sense, these
approaches do not fit into the standard categories of bioenergy potentials (e.g. technical,
economic, etc.), although it might be considered as an economic potential. Table 69 gives a
more detailed overview of the definitions put on the potentials in the studies, both by the
authors themselves and the characterisations made by the BEE project.
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Table 67 Method and spatial and temporal coverage of studies covering all biomass
categories.
Type of
Potential
Technical

Biomass
type
CFRW

Geographical
coverage
EU25 - CY, LU,
MT

Time
frame
2010,
2020,
2030

Approach

Method

Resource
focused

Technical

CFRW

EU27 - CY, MT;
+BY, UA

Resource
focused

Technical

CFRW

EU27 - CY, MT;
+ CH

10-20
yrs, 2040 yrs,
40+ yrs
2000,
2020

Combination
of statistical
and spatial
analysis
Statistical
analysis

Resource
focused

Statistical
analysis

Technical

CFRW

2030

Technical

CFRW

EU27 + NO, CH,
UA
EU27 + NO, CH,
UA

Resource
focused
Resource
focused

Statistical
analysis
Statistical
analysis

Technical
&
Economic

CFRW

EU27 - CY, LU,
MT

Equilibrium
of supply and
demand

(Smeets et
al. 2007)

Technical

CFRW

(Thrän et
al. 2006)

Technical

CFRW

11 World regions
incl. W. Europe
& E. Europe
EU27 + TR

Study
(EEA
2006)

(Ericsson
and
Nilsson
2006)
(Ganko et
al. 2008) /
(RENEW
2008)
(De Wit et
al. 2008)
(De Wit
and Faaij
2010)
(Siemons
et al.
2004)

2010,
2020,
2030
2000,
2010,
2020

2050

Resource
focused

Statistical
analysis
coupled with
supply and
demand
assessment
Bottom-up
model

2000,
2010,
2020

Resource
focused

Statistical
analysis

A number of studies selected for review in WP 3 have been excluded from analysis in this
section. Studies have been disqualified on two grounds; (i) not assessing all biomass
categories, like (Hoogwijk et al. 2005) and (Panoutsou et al. 2009) and (ii) limited
geographical coverage, like (Van Dam et al. 2006).
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Table 68 Main and supplementary methods used in studies covering all biomass categories
Study

Main method

Supplementary method

(EEA 2006)

Statistical analysis & Spatially
explicit analysis
Statistical analysis

Biophysical and economic model
analysis
Review

Statistical analysis

Cost-supply analysis

(Ericsson and Nilsson
2006)
(Ganko et al. 2008) /
(RENEW 2008)
(De Wit et al. 2008) /
(De Wit and Faaij
2010)
(Siemons et al. 2004)

Statistical analysis

Cost-supply analysis

Statistical analysis

(Smeets et al. 2007)
(Thrän et al. 2006)

Statistical analysis
Statistical analysis

Energy-economics and energysystem model analysis
Review
Energy-economics and energysystem model analysis
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Table 69 Potential definitions as defined by the authors and by the BEE project including
constraints for studies covering all biomass categories
Study

Potential definition
Authors definition

(EEA 2006)
(Ericsson and
Nilsson 2006)
(Ganko et al.
2008) / (RENEW
2008)

Environmentally
compatible potential
No definition
Technical potential

Constraints to technical potential
BEE
definition
Technical
potential
Technical
potential
Technical
potential

(De Wit et al.
2008) / (De Wit
and Faaij 2010)
(Siemons et al.
2004)

Technicaleconomical potential

Technical
potential

Technical, market
potential

Technical &
economic
potential

(Smeets et al.
2007)

Technical potential

Technical
potential

(Thrän et al.
2006)

Technical, economic
potentials

Technical

7.1.2

 Environmental sustainability
aspects
 Implementation constraints
 Recovery rates
 Environmental sustainability
aspects
 Implementation constraints
 Implementation constraints
 Recovery rates
 Environmental sustainability
aspects
Furthermore, economic & bioenergy
demand considerations modelled to
assess economic potential.
Scenario analysis for bioenergy on
surplus land only incl.:
 Technology development
 Environmental sustainability
aspects
Scenario analysis incl.:
 Environmental sustainability
aspects
 Agricultural policy consideration

Estimated potentials and possible reasons behind differences

Table 70 presents estimated total potentials over time at EU27 level in the selected studies. It
should be noted that the time frames are approximate – some of the reported data in the
selected studies refer to points of time that deviate somewhat from those stated in the table.
Table 70 gives a summary of the min.-max. values taking into account all scenarios in each of
the studies.
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23

10.71

4.6

Technical

Technical

(De Wit et al. 2008)

(De Wit et al. 2008) /
(De Wit and Faaij
2010)
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Maximum High-yielding
energy crops

EU27 + CH,
Baseline
NO, UA

Minimum Low-yielding
energy crops

Average

EU27 + CH, High-yielding energy crops
NO, UA

Low-yielding energy crops

17.9

8.51

4.6

EU27 - CY, Low biomass harvest
MZ; + BY,
High biomass harvest
UA

(Ericsson and Nilsson
Technical
2006)

7.9

EU25 - CY,
LU, MT

18.3
20.9

16.2

8.7

14.0

8.2

9.9

24.2

21.6

9

16.5

24.6

8.0

12.6

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

Technical

Time frame

(EEA 2006)

Scenario

Geographical
coverage

Type of
potential

Reference
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Table 70 Estimated total bioenergy potentials for Europe at different points of time and
scenarios in studies covering all biomass categories [EJ/yr]

Refers to “medium-term” time frame (20-40 years from time of estimate)
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(Siemons et al. 2004)

(Ganko et al. 2008) /
(RENEW 2008)

Reference

Economic

Technical

Technical

Type of
potential

4.4

2.1

Technology base case. High
EU27 - CY,
S-premium
MT, LT
3.1

4.5

2.1

Subsidised Innovative
2.1
Technology. High S-premium

Subsidised Innovative
Technology. No S-premium

3.0

2.1

Technology base case. No Spremium
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7.0
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7.1

4.0

9.2

8.2

7.2

Baseline

7.2
4.8

4.0

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

Time frame

4.0

S1

Scenario

S2

EU27 - CY,
MT; + CH

Geographical
coverage

D 3.6
Issue/Rev.: 1

FP7 GRANT AGREEMENT N˚: 213417

Table 70 (ctd.) Estimated total bioenergy potentials for Europe at different points of time and
scenarios in studies covering all biomass categories [EJ/yr]
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9.7

7.5

13.7

14.5

9.4

9.3

3-16.2 4-20.9 8.524.2

3-16.2 4-20.9 8.024.6

10.5

8.4

2.18.4

EU27 + TR

7.7

7.1

Min / max for studies
selected for
calibration

Technical

(Thrän et al. 2006)

8.1

17.9-23

17.9-59

592

System 4
7.8

492

Environmental+ (E+);
Thermochemical
processing
Environmental+ (E+);
Biochemical
processing
Current policy (CP);
Thermochemical
processing
Current policy (CP);
Thermochemical
processing

32

Eastern & Western System 2
Europe
System 3

2.18.4

Technical

(Smeets et al. 2007)

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

Time frame

18

Scenario

System 1

Geographical
coverage

Min / max for all
studies

Type of
potential

Reference
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Table 70 (ctd.) Estimated total bioenergy potentials for Europe at different points of time and
scenarios in studies covering all biomass categories [EJ/yr]

2

System 3 and 4 are considered to be very optimistic with regards to efficiency improvements in the food
production system and crop yield levels.

170

D 3.6
Issue/Rev.: 1
FP7 GRANT AGREEMENT N˚: 213417

EJ/yr
60

50

40

30

20

10

0
1995

2000

2005

2010

2015

2020

2025

2030

2035

2040

2045

2050

2055

Figure 24 Estimated total biomass energy potentials at European level in studies covering all
biomass categories. Red lines indicate technical potential, black lines indicate
implementation potential, dashed line represents range of System 4 in (Smeets et al. 2007).
Besides the great deviations in potentials at each point of time, it can also be noted that
overall deviations increase over time, as is clearly seen in Figure 24. The biomass category
mainly responsible for the increased deviations over time is dedicated energy crops, whose
upper-limit potential increases drastically in some of the studies. In contrast, the potentials for
residues from agriculture and forestry and organic waste, do not exhibit any clear trend over
time, and overall the deviations in potentials are smaller.
In general, the major reasons behind the disparities in estimated potentials are:





Ambiguous and inconsistent definitions of concepts of potentials
Lack of consistent and detailed data on (current) biomass production and land
productivity
Ambiguous and varying methods of estimating (future) biomass production and
availability
Ambiguous and varying assumptions on system-external factors that influence
potentials (such as land use and biomass production for food and fibre purposes).

However, there is a multitude of other factors that influence the disparities, for instance which
biomass categories are covered, see Table 71.
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(Thrän et al. 2006) is the most complete study, analysing the largest number of biomass
categories. The total biomass potential reported by (Thrän et al. 2006) is however lower than
that reported by (De Wit et al. 2008), which covers fewer categories. One of the reasons
behind this difference is that de (De Wit et al. 2008) includes higher yielding wood and grass
crops, whereas (Thrän et al. 2006) only covers conventional agricultural crops. The majority
of the difference between the two studies is however explained by different assumptions
regarding the availability of land for energy crop cultivation.
In case of very large disparities between assessments, the two latter aspects are those that
explain most of the differences. For instance, the study by (Smeets et al. 2007) estimated the
bioenergy potential for Europe at 18-59 EJ in the year 2050. For the higher estimates of this
interval, it was assumed that land use in Europe for food production is reduced by nearly 50%
when compared to today, and that this land would be available for production of dedicated
energy crops with very high yields, on average about 25-28 ton DM/ha/yr. The reduction in
land use for food was assumed to come from more land-efficient livestock production systems
and higher crop yields.
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Biomass Category
Forestry & forestry
residues

Energy crops

Agricultural residues

Food industry residues

Organic waste

Other

Detailed Biomass Category
Unspecified
Stemwood
Primary forest residues
Secondary forest residues
Other
Unspecified
Woody crops
Starchy crops
Sugar crops
Oil crops
Grass crops
Other
Unspecified
Woody crop residues
Starchy crop residues
Sugar crop residues
Oil crop residues
Manure
Other
Unspecified
Crop processing residues
Food processing residues
Other
Unspecified
Construction & demolition wood
Biodegradable municipal waste
Combustible organic waste
Landfill gas
Sewage sludge & gas
Other
Trees outside forests
Landscape management
Other
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(Thrän et al. 2006)

(Smeets et al. 2007)

(Siemons et al. 2004)

and Faaij 2010)

(Ganko et al. 2008)

(Ericsson and Nilsson 2006)

(EEA 2006)

Study

(De Wit et al. 2008) / (De Wit

Table 71 Detailed characterisation of included biomass categories
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X
X
X
X

X
X
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X
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X
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X
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X
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X
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X

X
X
X
X
X

X
X
X
X
X

X

X

X
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X
X
X
X
X
X
X

X
X
X
X
X

X
X

X
X
X
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X
X
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The study by (Wirsenius et al. 2004) can be taken as another illustration of the substantial
flexibility there is in land requirements for food. In a number of scenarios of the global food
and agriculture system in 2030, they examined to what extent increases in livestock and crop
productivity and changes in human diets may expand the bioenergy potential in terms of
availability of land for energy plantations as well as biomass residues (Figure 25 to Figure
27).
The “Reference” scenario is an approximate depiction in terms of biomass flows and land use,
of the FAO projections to 2030 of food consumption and crop and livestock production
(Bruinsma 2003).
In a scenario named “Increased livestock productivity” (IP), higher annual increases of
livestock productivity than in the FAO study were assumed. However, the assumed
productivity growth rates in this scenario are not much above the historical rates of the
productivity increases since 1960. The scenario “Ruminant meat substitution” (RS) is the
same as the IP scenario, plus a substitution of 20% of the beef, sheep and goat meat end-use
with pig and poultry meat. The scenario “More vegetarian food and less food wastage” (VE)
is the same as scenario RS, plus a somewhat increased efficiency in the end-use (i.e. less food
wasted) and a shift in the structure of diets towards more vegetable and less animal food.
Mha
500

Permanent grassland
Cropland (arable land)
400

182

109
300

108

84

73

200
310

273

245

100

238

225

Ruminant meat
substitution

More veg. food &
less food wastage

0

1997/99

Reference scenario Increased livestock
productivity

Figure 25 Land use for food in Europe (including entire Russia) under different scenarios of
agricultural productivity and human diets in 2030 (Wirsenius et al. 2004)

Overall, the assumptions in these scenarios are not very extreme in terms of deviations from
current trends, and may be considered plausible given that necessary policy measures are put
in place. Yet the impact on land and biomass use for food is considerable. In Europe,
agricultural land demand decreases already in the Reference scenario (Figure 25), due to
decreasing population (-8% from 1998 to 2030) and continuing raises in crop and livestock
productivity, but much more so in the other scenarios – in total the difference compared to
today would amount to some 200 million ha (including Russia).
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Crop residues
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More vegetable
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Crop residues potentially available
for energy

0

1992/94

Figure 26 Global production of residues in the food and agriculture system, and amounts
possibly available for energy purposes (column fields with numbers), under different
scenarios of agricultural productivity and human diets in 2030 (Wirsenius et al. 2004)
Also, the amount of food-system residues available for energy purposes varies substantially
between the scenarios (Figure 26). In the IP, RS and VE scenarios, the amount of residues
available for energy is larger than in the FAO projection. This is mainly due to a lower use of
crop residues as feed in those scenarios (Figure 27). The manure production is significantly
lower in the IP, RS and VE scenarios, but the amount potentially available for energy remains
rather constant due to a larger fraction of manure excretion occurring in animal confinements,
instead of on pastures.
EJ (HHV)/yr
40

1992/94
35
30

Reference scenario
(FAO projection)

25

Increased
productivity

20
15

Ruminant meat
substitution

10

More vegetable food
& less food wastage

5
0

Left in field (plus used for
mulching)

Used as animal feed

Used for bedding in animal
confinements

Potentially available for
energy

Figure 27 Global production and food-system-internal uses of crop residues) under different
scenarios of agricultural productivity and human diets in 2030 (Wirsenius et al. 2004)
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7.1.3

Calibration of selected studies to EU27 level

In order to facilitate a comparison of the potentials reported in the different studies the values
have been calibrated to compensate for differences in geographical coverage and biomass
categories analysed.
The adjustment for differences in geographical coverage is preformed in two steps (see also
section 3.2). The first entails excluding countries that are not part of EU27 from the potentials
reported in the analysed studies. This is done either by using country specific results
presented in the study or, as a second option, using results from another potentials estimate.
Some of the assessed studies do not cover the whole of EU27; the second step therefore
involves adding the biomass resources potentially available in those countries that are
missing. This is done by using country specific potentials reported in other studies.
Two of the biomass categories are often omitted in the assessed studies: food industry
residues and organic waste, see Table 71. The potential for these two categories combined has
been estimated between roughly 0.7 and 2 EJ/year in the EU25+ for the time period of 2020 2030 ((Siemons et al. 2004); (EEA 2006); (Thrän et al. 2006)). For the studies in which food
industry residues and organic waste are not accounted an average has been added to
compensate, based on the aforementioned studies. For full details on calibration, see section
3.2.
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EU27

EU27

EU27

Technical

(Ericsson and Nilsson
Technical
2006)

Technical

Technical

(EEA 2006)

(De Wit and Faaij
2010)

(Ganko et al. 2008) /
(RENEW 2008)
EU27

Geographical
coverage

Type of
potential

Reference

4.5

SP, S2

4.5

5.5

7.9

21.6

16.8

Maximum High-yielding
energy crops
SP, S1

18.9

14.6

Baseline

24.9

22.2

9.7

8.9

Minimum Low-yielding
energy crops

7.61

13.3

9.31
9.4

10.7

4.8

4.8

8.3

17.9

14.1

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049

Time frame

High biomass harvest

Low biomass harvest

Scenario
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Table 72 Calibrated estimated total bioenergy potentials for EU27 at different points of time
and scenarios in studies covering all biomass categories [EJ/yr]
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Min / max

(Thrän et al. 2006)

(Siemons et al. 2004)

Reference

EU27

EU27

Technical

EU27

Technical

Economic

Geographical
coverage

Type of
potential
Time frame

9.1
4.021.6

3.016.8
2.17.9

Current policy (CP);
Biochemical processing

7.3

7.4

Current policy (CP);
Thermochemical processing

6.7

13.3

9.3
7.1

Environmental+ (E+);
Biochemical processing

9.0

14.1

10.1

7.9

Environmental+ (E+);
Thermochemical processing

7.8

7.0

4.5

Subsidised Innovative
Technology. No S-premium
Subsidised Innovative
2.1
Technology. High S-premium

7.2

4.4
4.5

2.1

Technology base case. High
S-premium

4.0

3.0

3.1

2.1

Technology base case. No Spremium

9.3

8.3

2.1

7.2

7.624.9

14.117.9

2000- 2010- 2020- 2030- 2040- >2050
2009 2019 2029 2039 2049
Available

Scenario
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Table 72 (ctd.) Calibrated estimated total bioenergy potentials for EU27 at different points of
time and scenarios in studies covering all biomass categories [EJ/yr]

Refers to “medium-term” time frame (20-40 years from time of estimate)
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Table 72 presents the calibrated estimates for total potentials over time for EU27. It should be
noted that the time frames are approximate – some of the reported data in the selected studies
refer to points of time that deviate somewhat from those stated in the table. The differences
between the original estimates for total bioenergy potential presented in the studies (see Table
70) and the calibrated estimates are quite minor, especially when taking into account that the
calibration adds additional uncertainties. The only exception is the study by (Ericsson and
Nilsson 2006) which covers EU25 plus Belarus and Ukraine. The adjustment of geographical
coverage has a significant effect since Ukraine alone is estimated to have a long-term
bioenergy potential in the range of 3.8 - 4.9 EJ/yr.
Figure 28 gives a summary of the min-max values for both the original uncalibrated and the
calibrated estimates, taking into account all scenarios in each of the studies.
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Figure 28 Calibrated and uncalibrated estimated total biomass energy potentials for EU27 in
studies covering all biomass categories. Thick lines indicate technical potential and thin
black lines indicates implementation potential.
The range of the potentials estimates for the various time periods remains large despite the
calibration, and the two aspects adjusted for (geographical coverage and completeness when it
comes to assessed biomass categories) have a rather limited effect. The far more important
explanatory factors are, as discussed above; (i) ambiguous and varying methods of estimating
(future) biomass production and availability and (ii) ambiguous and varying assumptions on
system-external factors that influence potentials (such as land use and biomass production for
food and fibre purposes). However, the calibration once again highlights the need for a
harmonisation of methodologies for biomass resource estimates for energy.
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7.2

Synthesis of the sector-focusing assessments

This section provides a synthesis of the sector-focusing bioenergy assessments in tasks 3.33.5 of the BEE project, i.e. assessments that focus on separate biomass categories, as
described in sections 4 to 6 above.
Of the 39 studies analysed in the sector-focusing tasks a large number has been exempt from
further comparison. Most studies have been excluded for having a different geographical
scope; the assessment of total biomass potential is performed on European level only.
Furthermore, some of the studies analysed in sections 4 to 6 above do not contain any
potentials estimates per se, but rather introduce interesting concepts and ideas. Additionally,
studies have been excluded for focusing on feedstocks for secondary energy carries only or
for assessing only one specific biomass sub-category, i.e. cereal straw.
The following synthesis and comparison with studies covering all biomass categories in
section 7.2.3 are based on these 14 studies: (Alakangas et al. 2007), (Asikainen et al. 2008),
(De Wit et al. 2008), (De Wit and Faaij 2010), (EEA 2006), (EEA 2007a; EEA 2007b),
(Ericsson and Nilsson 2006), (Fischer et al. 2007), (Ganko et al. 2008), (Nielsen et al. 2007),
(Panoutsou et al. 2009), (Siemons et al. 2004), and (Thrän et al. 2006).

7.2.1

Spatial and temporal characteristics of sector-focusing assessments

Figure 29 gives an overview of the spatial coverage of the studies analysed in sections 4 to 6.
The table also contains information on how many of the selected studies included all biomass
categories in their analyses. In total, a little over 44% of the studies selected in tasks 3.3-3.5
cover all biomass categories. Interestingly, there is great variation in this respect between the
tasks. In task 3.3, 36% of the studies covered other biomass categories than woody biomass
from forestry, whereas in task 3.5 about 70% of the selected studies covered all biomass
categories. Noteworthy is also that tasks 3.3-3.5 selected almost entirely different studies: of
the 39 analysed studies in total, only four were analysed in all three tasks, and an additional
seven were analysed in two tasks. As described above, only 14 of the 39 studies in total are
considered in this synthesis.
Figure 29 gives a summary of the distribution in time of individual estimates at EU25+ level
in the selected studies. Since some of studies included more than one estimate, the total
number of estimates exceeded that of studies – in total there were 149 estimates in the 39
selected studies. As obvious from Figure 29, most of the estimates refer to points of time in
the near or mid future. Noteworthy is also that there are no large differences in this respect
between the different biomass categories – overall, the distribution of estimates over time is
more or less the same for each of the categories.
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Figure 29 Number of individual estimates at EU25+ level in the sector-focusing assessments
analysed in tasks 3.3-3.5.
Table 73 Spatial and biomass-type coverage in the sector-focusing assessments analysed in
tasks 3.3-3.5 (excl. German and Ukrainian studies).
A. Task 3.4:
Energy Crops

B. Task 3.3:
Forestry &
forestry residues

~EU25

9

13

C. Task 3.5:
Agricultural
residues &
organic waste
17

Studies covering
ALL biomass
categories

~EU15
National / regional
<EU15
Outside EU
Global

0
0

1
3

0
3

12 (A:6,
C:12)
0
2 (C:2)

0
2

3
2

0
2

0
3 (A:1, B:1, C:2)

B:7,

The rightmost column gives information on the number of selected studies that covered all biomass categories.
In parenthesis is stated how many of these that were included in each of tasks 3.3-3.5.

7.2.2

Synthesis of sector assessments into total potentials

Table 74 provides a summary of the reported biomass potentials at EU levels in the sectorfocusing assessments analysed in tasks 3.3-3.5, described in sections 4 to 6 above. Figure 30
gives an overview of the span in potentials reported for European level.
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Table 74 Summary of bioenergy potentials at EU27 levels in the sector-focusing assessments
analysed in tasks 3.3-3.5 [EJ/yr].

Europe
Energy Crops
Forestry & forestry residues
Agricultural residues &
organic waste
TOTAL

2000

2010

2020

2030

2040

0.1-1.6

0.3-9.6

0.5-14.7

2.0-18.4

0.7-4.5
0.5-3.9

1.6-4.4
1.0-3.9

0.8-4.2
1.5-4.4

1.6-3.7
1.1-3.1

1.3-10.0

2.8-17.9

2.8-23.3

4.8-25.2

>2050
15.419.9
1.7-2.2
0.7
17.822.8

Note that the geographical coverages and time frames are approximate: some of the reported data in the selected
studies refer to geographical coverages and points of time that deviate somewhat from those stated in the table.

EJ/yr
60

50

40

Energy crops
Forestry & forestry residues

30
Agricultural residues &
organic waste
20

Implementation potential

10

0
1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055

Figure 30 Summary of biomass energy potentials at European level in the sector-focusing
assessments analysed in tasks 3.3-3.5. Coloured lines indicate technical potential and thin
black lines indicate implementation potential

As expected, the range in estimated potentials is much greater for dedicated energy crops on
agricultural land than that for residues from forestry and agriculture systems and organic
waste. It is also noteworthy to mention that the span in potentials for dedicated crops
increases substantially over time. In contrast, for the potentials from residues in forestry and
agriculture there is no such clear trend over time. In particular for residues from forestry, the
average of the reported potentials is relatively constant over time.
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Although Table 74 includes numbers on the sum of the sector potentials, it is important to
realise that there are several limitations in merging sector-focusing potentials into a total
potential. Some of the principal restrictions and their importance are listed in Table 75.
Obviously, overlap between biomass categories and/or system boundaries are possible
sources of inaccuracy. This is particularly relevant when summarising numbers from
assessments of high disaggregation in terms of biomass categories and/or system levels.
However, at highly aggregated levels, such as the biomass categories structure in this work
package, the risk of overlap is minor.
Inconsistent and/or ambiguously defined geographical coverages and time scales may be
considerable sources of inaccuracy when summarising or comparing potentials from separate
assessments. In the case of this work package, inconsistent geographical coverages are
probably the greatest source of error of the two. The varying definitions of “EU”, and the adhoc inclusions of adjacent non-EU countries, are a particular restriction in the synthesis of
potentials for the EU.
Table 75 Limitations in merging sector-focusing bioenergy assessments into total potential
assessments, and their relative importance in WP 3
Issue

Relevance

Overlap between biomass categories and sector/system boundaries

Minor – Medium

Inconsistent and/or ambiguous time scales

Minor – Medium

Inconsistent and/or ambiguous geographical coverages

Medium

Inconsistent and/or ambiguous definitions of concepts of potentials

Medium – High

Inconsistent and/or ambiguous assumptions on development of key High
characteristics in food and wood fibre systems (e.g. production, land use)
Inconsistencies between biomass categories in near-time feasibility of High
accomplishing potentials

Biomass potential definitions are, in general, not as free from ambiguous influence on the
results as one might assume. For all commonly used definitions (see section 2.3) – except
perhaps the “theoretical” potential – a major shortcoming is that their meaning is far from
unequivocal. For instance, in case of the “technical” and “economic” potentials, their actual
values can vary substantially depending on the underlying assumptions. This means that
different assessments might arrive at higher values on the “economic” potentials than the
“technical” ones, which of course is inconsistent with the definitions. Hence, the definitions
as such do not convey precise information about the factors behind the potentials. Therefore,
they do not ensure consistency regarding the conditions underlying the potential, which limits
the possibilities to synthesise sector-focusing assessments.
Assumptions on the development of key characteristics on food and wood fibre systems have
a most substantial influence on biomass potentials, as has already been illustrated in section
7.1.2 above. This influence is particularly large for dedicated energy crops on agricultural
land.
The last point in Table 75 refers to the considerable differences there may be between
biomass categories; to what extent an estimated potential can be exploited, taking into account
the inertia that exists in realising the potentials. This inertia in expanding supply capacity and
exploiting the potentials varies between biomass categories, and depends on the presence of
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actors, markets, machinery, infrastructure, etc. If those aspects already are in place to a large
extent, potentials can of course be exploited faster.
The feasibility of accomplishing potentials also depends on sector-internal developments
within agriculture and forestry. The fast growth in Sweden of the use of forest residues for
energy purposes during the 90s (mainly as fuel in district heating boilers) can be taken as an
example. This fast growth was largely facilitated by the wide-spread introduction of cut-tolength mechanised harvesting in the late 80s, which economised the collection of harvest
residues. The development of this harvesting technology was driven by market forces within
the forest sector itself, but it had a direct influence on the economy of bioenergy usage and
enabled usage, without the need of additional machinery specialised for the bioenergy
purpose. Thus, a major reason behind the rapid growth of the use of forest residues for
bioenergy in Sweden in the 80s was that crucial machinery already existed as a consequence
of sector-internal developments.
7.2.3

Comparison of biomass-wide and sector-focusing assessments

This section briefly compares biomass assessments in the studies that include all biomass
categories (section 7.1) with the assessments in studies focusing on separate sectors and
biomass categories (section 7.2). A comparison of estimated total biomass potentials for
European level is given in Figure 31. Although comparisons are not possible for all years due
to missing data for the year 2050 (see Table 74), with the exception of one study, there is a
fairly good agreement between the two types of studies.
EJ/yr
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covering all
categories
Sum of sectorfocusing
assessments
Implementation
Potential
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Figure 31 Comparison of estimated total biomass energy potentials at European level in
assessments covering all biomass categories (section 7.1) and sector-focusing assessments
(section 7.2). Thick lines indicate technical potential, black lines indicate implementation
potential, dashed line represents range of System 4 in (Smeets et al. 2007).
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7.3

Conclusions

Most studies covering all biomass categories reported technical potentials. All but two studies
used a resource-focused approach for estimating potentials.
The deviations in estimated total potentials are substantial, with differences up to a factor of
five between the lower and upper ranges; in a few cases even more. These differences in
estimated potentials also tend to be larger the longer the time horizon. This is mainly due to
that the estimated upper-limit potential of dedicated energy crops is higher the longer the time
horizon.
The reasons for these large deviations on estimated potentials include various factors related
to methodology and data used, such as:





Ambiguous and inconsistent definitions of concepts of potentials
Lack of consistent and detailed data on (current) biomass production and land
productivity
Ambiguous and varying methods of estimating (future) biomass production and
availability
Ambiguous and varying assumptions on system-external factors that influence
potentials (such as land use and biomass production for food and fibre purposes).

In cases with very large disparities between assessments, it is mainly the latter of these
aspects (i.e. system-external factors) that explains the differences, since, for instance, land
requirements for food production heavily influences the availability (and costs) of land for
dedicated energy crops.
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8
8.1

Synthesis and conclusions
Political framework and user requirements

The objective of pillar I within WP 3 – coinciding with task 3.2 – was to understand the
differences regarding the political framework for biomass resource assessments and to
estimate the impact of these differences on the outcomes of different biomass resource
assessments. Moreover, the requirements that different users have on biomass potential
assessments have been analysed as a basis for the establishment of the handbook in WP 5.
The results of this analysis are presented in a separate report of which also an update has been
prepared (D 3.5, (Vesterinen et al. 2010)). The main findings of this report are summarised
here.
Political framework: Definitions of ‘biomass’ in legal documents
The first sub-task, the analysis of the political framework, started with a screening of various
definitions of the term ‘biomass’ in order to reveal the differences not only between countries
but also within a country. It could be shown that the definitions of biomass in legal documents
often have little in common with any scientific or technical definition of biomass. First of all,
the definition of biomass depends on the goal and scope of the respective legal document.
Secondly, the definition is influenced by the document’s background, i.e. which political issue
it addresses and which Directorate-General (DG) or national ministry it originates from.
Legislation on waste management, for example, has a long history both at EU and Member
State level. As the relevant documents cover among others organic waste (the biodegradable
fraction of industrial and municipal waste), terms relating to biomass are defined with a
‘waste management connotation’. Legislation on bioenergy is relatively new and the
respective legal documents have a background in agriculture and forestry as well as in energy
and transport. The most commonly used definition in this context states that ‘biomass means
the biodegradable fraction of products, waste and residues from biological origin from
agriculture (including vegetal and animal substances), forestry and related industries including
fisheries and aquaculture, as well as the biodegradable fraction of industrial and municipal
waste’ (Renewable Energy Directive, (2009/28/EC)). As a consequence, various definitions of
the term ‘biomass’ are used in parallel, which often differ at the borderline between biomass
residue and biomass waste. This might lead to conflicts in terms of competent jurisdiction but
also regarding biomass resource assessments.
In order to illustrate this situation, the example of the German Biomass Ordinance
(BiomasseV) is given: (Vesterinen et al. 2010) point out that the definition of biomass in this
legal document – in contrast to EU legislation – excludes specific substances such as paper,
cardboard and pasteboard as well as mixed municipal solid waste (MSW), although they are
biodegradable and originate from plants, animals and micro-organisms. The reason behind
this is that this ordinance was implemented in the context of the German Renewable Energy
Sources Act (EEG), an act that intends to promote the use of additional renewable energies by
fixed feed-in tariffs. It does not want to redirect recyclable waste substances (e.g. paper)
towards an energetic use, neither does it want to grant additional financial support to nonrecyclable waste substances, whose disposal is already paid for by citizens and industry (e.g.
fees for waste incineration or sewage treatment). From a scientific or technical point of view,
the above mentioned substances are of course considered biomass – even in Germany!
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Particularities like these bear certain risks regarding biomass resource assessments, especially
if these are based on bioenergy statistics. Looking at the German example, great attention has
to be paid to whether the analysed bioenergy statistics just refer to bioenergy production in
terms of the Renewable Energy Sources Act (EEG) or whether bioenergy from mixed MSW,
waste wood, paper, cardboard and pasteboard as well as sewage sludge, animal carcasses,
landfill gas or sewage gas is also included.
In addition to the difficulties resulting from the definition of biomass in legal documents, it
has to be pointed out that the above cited RED definition only includes biomass that actually
enters the economic cycle, i.e. when it is either used by agriculture, forestry and related
industries or – in the case of industrial and municipal waste – occurs due to economic
activities. From a scientific point of view, the probably most suitable definition states that
‘biomass means material of biological origin excluding material embedded in geological
formations and transformed to fossil’ (FAO 2004). Unfortunately, peat is often referred to as a
‘renewable energy carrier’ (biomass) in several countries. Despite a rather broad consensus
that peat is a ‘fossil secondary product of rotting processes’, i.e. a fossil fuel, it is considered a
‘slowly renewable biofuel’ in peat-rich regions such as the Nordic and Baltic countries and
Russia. Biomass resource assessments from these regions must therefore be analysed with
great care.

Conclusion:
In legal documents, various definitions of the term ‘biomass’ are used in parallel, which
often differ at the borderline between biomass residue and biomass waste. Most often, the
definitions only cover the share of biomass that actually enters the economic cycle, i.e. when
it is either used by agriculture, forestry and related industries or – in the case of industrial
and municipal waste – occurs due to economic activities. This does not match with a
scientific definition of biomass.

Political framework: Targets for bioenergy, biomass policies and support measures
Besides the screening of various definitions of the term ‘biomass’, the analysis of the political
framework also covered targets for bioenergy shares, biomass policies and various support
measures both at EU and national level.
Energy policy
In order to fulfil its commitments made under the Kyoto Protocol, the EU has enacted a
number of directives aiming at the combat of climate change and containing goals for
increasing the share of renewable energy. The most important one is the Renewable Energy
Directive (2009/28/EC) that is amending and subsequently repealing the former RES-E
Directive (2001/77/EC) and the former Biofuels Directive (2003/30/EC). Although the
Renewable Energy Directive sets an overall target for all renewable energy sources, biomass
is expected to play an important role not only in the electricity and heat sector, but especially
in the transport sector. This statement is mainly based on the high (10%) target in the
transport sector, to which (liquid) biofuels will most likely contribute the lion’s share as
electric vehicles are not expected to reach a significant market share by 2020. Having faced
severe criticism for negative side-effects of its biofuel policy in earlier years, the Commission
has included safety measures into the (new) Renewable Energy Directive, which pays special
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attention to the sustainability of biofuels and bioliquids production. According to the
directive, the raw materials have to be produced according to several sustainability criteria.
For instance, biomass should not be produced on biodiverse land or land with high carbon
stock.
All EU member states have implemented policies to support bioenergy. These include the
deployment of compensation schemes, tax deduction (in some cases specifically aimed at
biofuels), feed-in tariffs, tax incentives, energy tax exemption, bidding schemes, CO2 tax and
quota. However, precise targets on national level differ strongly and are hard to compare
because of differences in definitions and fuels either included or excluded (such as MSW and
peat). The same is true for the level of (financial) support provided throughout the various
programs and instruments.
Policies in other related sectors
Besides EU and national energy policies that directly concern renewable energy, policies in
other sectors have been analysed that might indirectly affect biomass potentials. The
following policies were found to be most influential: sustainability, environmental and
biodiversity policies support the establishment of an ecological network of special areas for
conservation and thus limit the area available for cultivation. Waste policy and especially the
Landfill Directive (1999/31/EC) affect the amount of waste available for energy production
and the Common Agricultural Policy (CAP) influences both the amount of land available for
non-food purposes and the economic profitability of dedicated (energy) crops.
Impacts of the political framework on biomass resource assessments
These targets, policies and support measures for biomass resources affect the results of
biomass resource assessments, i.e. the various types of potentials, in different ways.
The theoretical potential, which is the overall maximum amount of terrestrial biomass within
fundamental bio-physical limits, is not influenced at all by policy measures. Due to
insurmountable technical, environmental, structural and administrative barriers, however, the
theoretical potential can only be tapped into to a small degree. Because of this, the theoretical
potential has almost no practical relevance when assessing biomass potentials.
The technical potential is the theoretical potential limited by the demand of land for other
purposes (e.g. food, feed and fibre production but also conservation areas) and based on an
assumed level of technology. The technical potential is mainly influenced by technical
restrictions, but to varying extents also by insurmountable environmental and structural
restrictions such as a change in the biomass demand for other purposes (e.g. the demand for
material use of wood). Here, the political framework comes into play: first, policies have a
significant impact on land availability, either directly through agricultural (e.g. CAP),
environmental and related policies or indirectly through the inclusion of sustainability criteria
in the Renewable Energy Directive. Second, policies usually take into account or reflect
societal conventions such as to give priority to food/feed production over non-food biomass
production or to prefer material over energy use of biomass. Waste policies for example on
the one hand lead to a decrease in the waste potential since waste prevention, recycling,
recovery and reuse are to be given priority over the final disposal. On the other hand, the
Landfill Directive (1999/31/EC) reduces the amount of biodegradable waste being landfilled.
Nevertheless, the technical potential is less affected by the political framework than for
example the economic potential that is subject to more substantial variations.
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As soon as economic profitability comes into play, the economic potential is considerably
affected by the political framework. It is the share of the technical potential that meets criteria
of economic profitability within the given framework conditions. Financial instruments, for
example related to the implementation of the Biofuel Directive or included in the Common
Agricultural Policy, can significantly increase the economic viability of certain biomass types
or conversion technologies and thereby increase the (variable) economic potential. In
Germany for instance, there are strong financial incentives to produce biofuels and bioenergy
whereas no such incentives exist for biomaterial production.
The (sustainable) implementation potential is the fraction of the economic potential that can
be implemented within a certain time frame and under concrete socio-political framework
conditions, including institutional, (additional) environmental and social constraints as well as
policy incentives. Obviously, the political framework has a very significant impact on the
implementation potential and the results are heavily dependent on the rigour of the constraints
applied. Assumedly, it is the type of potential that policy makers probably are most interested
in. Thus, a conflict arises between high practical relevance and low comparability. The latter
is due to a multitude of constraints and assumptions that each author of a biomass resource
assessment applies individually.
As a consequence, results of biomass resource assessments are hardly comparable. This is
because policies greatly vary between the countries and because potential assessments are
often based on a huge range of differing scenarios concerning (future) policies, socioeconomic parameters and the state of the environment.

Conclusion:
The type of potential that policy makers are most interested in (i.e. the (sustainable)
implementation potential) is highly affected by the (changing) political framework and
scenario assumptions derived from the respective political framework. Apart from the
theoretical potential, which is rather irrelevant for political decisions, the technical potential
is least affected by the policy framework.

User requirements
The second sub-task, the analysis of user requirements, focused on the requirements of
different users of biomass resource assessments. In addition to policy makers, authorities at
local, national and EU level and industrial investors, there are also several other potential
users of biomass resource assessments, such as research organisations, NGOs, etc. Different
user groups – and even different single users – have different requirements on the
assessments, depending on the intended use of the results. Different requirements appear
regarding to e. g. biomass categories to be covered, time frame, geographical coverage, type
of potential, etc. The impact of user requirements on biomass resource assessments might be
substantial, e.g. if the user of a certain biomass resource assessment is at the same time its
initiator. This way, the user could determine the study design, for example the biomass
categories covered, the geographical coverage, the time frame, etc.
The goal of the analysis was to outline the range of different user requirements, to reveal
deficiencies in available potential assessments as well as to gather suggestions for
improvements from a user point of view. For achieving this goal, interviews have been carried
out. A first round of interviews was done by Elena Batkova (ALU) during the summer of
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2008. Despite the small number of interviews, some preliminary results could be achieved.
For example, the single users have different requirements regarding the units of the results,
being either energy (GJ, MWh, tonnes of coal equivalent, tonnes of oil equivalent, barrel),
mass (fresh weight, dry weight, oven-dry weight) or volume (e.g. solid cubic metre).
To achieve a better understanding of the user requirements, a larger set of interviews and
questionnaires has been carried out during the winter of 2008/2009. Questionnaires have been
sent out to 180 persons in several European countries. Different users of biomass potential
assessments have been covered such as research organisations, political authorities, NGOs
and private companies. 84 questionnaires have been answered.
As different as the users are, as different are the purposes of use and therefore the
requirements concerning approaches, types of potential as well as biomass categories. Mostly,
statistical analyses are used, followed by spatially explicit analyses. Concerning the type of
potential, technical and economic potentials are required most. A majority of the respondents
stated that the sustainable implementation potential will become increasingly important.
However, the lack of a common definition regarding this type of potential has been identified
as a problem. Woody biomass is by far the most popular among the categories, however, also
information on biodegradable waste is widely needed. As the pre-assessment has already
shown, preferred units for biomass potential assessments greatly differ depending on the
professional background of the respondents. The problem with different units (biomass
assessment vs. user needs) is that the conversion factors between the units are not commonly
agreed on and may be dependent on different biomass characteristics, such as moisture
content and density of the material. Sometimes, users of biomass resource assessments are
interested in biomass potentials in terms of standing biomass rather than in the biomass
potential for energy. Such studies have to be handled with great care, since conversion factors
might cause significant deviations when converting the results.
The lack of harmonised methodologies and transparency (in terms of available background
information) has been identified as the main deficiency in currently available biomass
potential assessments. Accordingly, suggestions for improvement mainly concerned
harmonisation: of methodologies, terms, biomass categories and units. Base data and
assumptions used for different assessments should be available in order to make the studies
comparable. The respondents also stressed the importance of up-to-date and high quality data.
Sustainability aspects such as environmental, social and economic concerns should be
included in biomass potential assessments.

Conclusion:
The results of the interviews clearly show that there is a need for harmonisation of
methodologies, of commonly accepted terms and definitions and clear guidelines. There is a
strong demand for good quality and comparable biomass potential assessments. Special
attention should be paid to statistical and spatially explicit methodologies as these are most
commonly used. The survey also showed the increasing awareness of sustainability aspects.
Therefore, clear approaches and guidelines should be developed to integrate sustainability in
biomass resource assessments.
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8.2

Analysis of biomass resource assessments

The objective of pillar II within WP 3, that comprises tasks 3.3 – 3.6, was to analyse a
selection of existing biomass resource assessments covering different biomass categories and
different geographic scales in order to document and identify the major differences and
discrepancies in results and approaches and to provide ranges of quantitative and qualitative
information on the total biomass resource potentials for energy in Europe.
8.2.1

Possible reasons for variation in the results

Reliable knowledge of the biomass potentials for energy in Europe is essential. Basic
information is needed for both policy and industry in order to achieve the challenging
European policy targets in the renewable energy sector. However, biomass resource
assessments for energy differ largely from each other – even for the same geographic entity
(Berndes et al. 2003), (Ericsson and Nilsson 2006).
In sections 4 to 7, a total of 55 biomass resource assessments were selected for analysis. The
chosen studies differ largely with regard to the biomass categories covered, the type of
potential and types of biomass considered, the time frame and the geographical coverage of
the analysis. Depending on the goal and intended application of the study, these factors are
defined in close collaboration with the author / executing institution and the initiator / funding
institution, i.e. they are externally influenced.
Biomass categories covered
The most fundamental difference between biomass resource assessments is related to the
question whether the studies cover (almost) all biomass categories and thus focus on the total
potential (so-called ‘umbrella studies’) or whether they are covering one (or a limited number
of) biomass category and thus focus on a sectoral potential.
In order to avoid variations of results, the biomass resource assessments analysed in WP 3
were grouped according to their coverage in terms of biomass categories. The studies
investigated in sections 4 to 6 mainly focus on sectoral potentials, whereas the studies
investigated in section 7 exclusively focus on the total potentials. Interestingly, most of the
studies analysed in the section on agricultural residues and organic waste (section 6) covered
all biomass categories, i.e. there are very few studies that only take into account agricultural
residues and/or organic waste. This could be a drawback when compared to the forest sector
(section 4) and energy crops sector (section 5), for which very detailed sector-specific
biomass resource assessments are available. Thus, there could be a bias regarding the level of
detail achieved for a certain biomass category depending on whether it is part of a study
focussing on the total potential or on a sectoral potential.
Type of potential
It is quite obvious, that the type of potential is one of the main reasons for the variation in the
results. Depending on whether the theoretical, technical, economic or (sustainable)
implementation potential is regarded, the results can vary considerably. Moreover, even if the
same type of potential is analysed in two studies, the results might different considerably as
various definitions for the same type of potential are used. These definitions are often (too)
vague and leave room for individual interpretations.
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Within WP 3, most of the analysed studies reported (some sort of) technical potentials. Thus,
under these circumstances, the type of potential is unlikely to be a major reason for the
variation in the results. Nevertheless, as different technical as well as insurmountable
environmental and structural constraints are applied in the studies, this vagueness might at
least be responsible for some of the variation in the results.
Types of biomass covered
In addition to differences in the biomass categories covered (i.e. forestry, energy crops, etc.),
variation can also originate from differences in the biomass types covered. Often, the biomass
types included are unspecified or at least poorly documented. If important biomass types are
omitted, the variations in the results would be substantial. Some authors opt for an exclusion
of certain biomass types, e.g. for environmental reasons. A good example of this are tree
stumps, which some authors consider an important source for biomass residues, whereas
others would argue that they should be left in the forests for various reasons.
Time frame
Time frame is generally a minor source of variation. Most authors indicate quite clearly which
point in time their assessment refers to. Nevertheless, time is an important factor in biomass
resource assessments, as the scenarios are giving results for future points in time, which can
be up to 100 years from now. Uncertainty significantly increases over time, however, the
result ranges are influenced to a different degree: the ranges for forestry and forestry residues
as well as for agricultural residues and organic waste do not show a clear trend over time. In
contrast, the range for energy crops substantially increases over time, which is mainly due to
assumptions on the development of key characteristics regarding the food system. Changes in
population, human diets as well as in the productivity of the agricultural system (especially
livestock system) have a tremendous impact on the amount of land available for non-food
purposes.
Geographical coverage
The analysis of biomass resource assessments showed that it is quite difficult to compare the
results of biomass resource assessments due to different geographical coverage. Countries
seem to be included to the author’s taste, presumably also depending on data availability. As
far as Europe is concerned, a great variety of coverages could be found, ranging from
EU15+6 to EU27+3. Results were hardly reported for established political boundaries such as
EU15, EU25 or EU27, but excluded certain Member States (often Cyprus, Luxemburg and
Malta) or even included non-EU countries (often Norway, Switzerland and Ukraine).
In order to eliminate the geographical coverage as a source of variation in the results, a
calibration was applied to a sub-set of the analysed studies. Interestingly, the calibration
hardly changes the result ranges, which can be explained by the selection procedure: the
geographical overlap between the selected studies was already quite good. If this was not the
case, the geographical coverage could well be a medium source of variation.
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In contrast to the above mentioned reasons for variations in the results, there are a number of
other factors which are mainly determined internally by the author / executing institution.
These internally influenced factors are approach, method, systematisation and terminology,
data sources, units and conversion factors as well as scenario assumptions and constraints.
Approach
As nearly all of the biomass resource assessments analysed in this report followed a so-called
resource-focused approach, it could not be verified whether the choice of approach has a
significant impact on the results. However, as the selection of approach indirectly determines
the options in terms of applicable methods (see below), the approach cannot be deleted from
the list of potential reasons for variation. The resource-focused approach, for example, only
offers the possibility to use statistical or spatially explicit methods. These in turn have certain
limitations which do affect the results of the biomass resource assessments.
Method
As already indicated above, the choice of method potentially is a major source of variation.
The in-depth analysis of methodologies in WP 4 has shown that the methods differ
substantially in terms of the level of detail as well as in terms of the consideration of
sustainability criteria and other constraints. However, it is not necessarily the case that more
advanced methods generally lead to better results. It could be shown that also simple
statistical methods – if properly applied – can give results that are comparable to those of
more advanced biomass resource assessments.
Systematisation and terminology
Different division of biomass into categories and types (i.e. systematisation) is one of the
main factors that complicates comparison of the assessments’ results and is partly responsible
for large variation between the results. In most cases the sectoral studies assessing only one
biomass category are more detailed and show a clearer systematisation of biomass types than
the umbrella studies. It can be concluded that putting more emphasis on a certain biomass
category or type of biomass most likely increases the accuracy of the results, because it
requires a more consistent systematisation. This could be observed in the forestry sector: the
potentials presented in the sectoral studies are falling in a much narrower range than the ones
presented in the umbrella studies.
Regarding terminology, it could be found that sometimes the same terms were used to denote
different types of wood biomass. For example, (Alakangas et al. 2007) consider tree stumps
as part of ‘forest residues’, whereas (Ericsson and Nilsson 2006) do not include tree stumps
under this term. Another frequently arising confusion is related to the terms ‘short rotation
forestry’ (SRF) and ‘short rotation coppice’ (SRC): whereas SRF is a forest management
technique implemented on forest land, SRC refers to woody energy crops cultivated on
agricultural land.
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Data sources
The choice of data sources is often subject to availability. The analysed studies use different
data sources such as statistics, GIS data, literature and questionnaires. These data sets were
compiled according to specific rules, which are most probably not harmonised. Even data
obtained from one source can be diverse. A good example is the national forest inventories in
which different values for the minimal countable diameter of trees are given in the inventory
rules of different countries (Asikainen et al. 2008). Therefore, some uncertainties could be
introduced into the assessments at the very beginning.
In order to tackle this issue and to eliminate variation due to data sets, a data sources
handbook is produced in WP 5 of the BEE project.
Units and conversion factors
The utilisation of factors to convert unit mass and/or unit volume into unit energy differs
between studies. This is especially relevant for the forestry sector, in which biomass potentials
are often given in cubic metres. While some studies use effective heating values based on an
assumed average moisture content, other studies use a conversion based on absolute dry
matter. Since these conversion factors are material specific and since many different biomass
types occur in most biomass categories (e.g. different types of agricultural residues), a huge
variety of conversion factors is used. This makes a comparison of results quite difficult.
Scenario assumptions and constraints
Scenario assumptions (e.g. regarding the demand for food, feed and fiber) and constraints
such as sustainability criteria are probably the most important single reason for variation in
the results of biomass resource assessments. These scenario assumptions are just as diverse as
the biomass resource assessments and are often poorly documented. Especially the
assumptions regarding the development of key characteristics of the food system like changes
in population, human diets as well as in the productivity of the agricultural system (especially
livestock system) have a tremendous impact on the amount of land available for dedicated
energy crops and thereby on the resulting bioenergy potential. Estimates for land availability
vary between 11 and 79 Mha and 6 and 102 Mha for 2020 and 2030, respectively. However,
not only the sheer cultivation area is responsible for the variation in the results, but also the
choice of energy crops and the related yields are decisive.
The possible reasons for the observed variation in the results differ substantially between
sections 4 to 7 and are summarised in Table 76.
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Table 76 Possible reasons for variation in the results of biomass resource assessments.
Importance of reason: minor (+), medium (++) and high (+++) based on sections 4 to 7
Forestry and
forestry
residues

Type of potential1
Types of biomass

Energy crops
on
agricultural
and marginal
land

Agricultural
residues and
organic
waste

++

Total
biomass
potentials
for
bioenergy
++

+++

+++

+ / ++

Time frame

+

+

+ / ++

Geographical coverage

++

Approach

++

++

Methods

++

++

Systematisation and terminology

+

Data sources

++

Units and conversion factors

++

Scenario assumptions and constraints

+++

++

+++

++

+++

1

Theoretically, the type of potential has a significant influence on the magnitude of potentials in all sectors, but
in this case it is unlikely as most of the analysed studies report (some sort of) technical potentials.

These discrepancies highlight the need for using standardised and consistent methodologies in
bioenergy assessments. A more in-depth analysis of methodologies is the subject of WP 4
within the BEE project.
Conclusion:
The studies assessed show a high diversity in terms of type of potential, types of biomass,
methods and scenario assumptions. Some of these factors are externally influenced, as they
are usually defined in close collaboration between the author / executing institution and the
initiator / funding institution, whereas others are chosen by the author only.
Different terminology and systematisation of categories as well as insufficient documentation
of approaches and scenario assumptions makes comparison of results quite difficult. Scenario
assumptions and constraints such as sustainability criteria are probably the most important
single reason for variation in the results of biomass resource assessments, especially in the
case of land availability for dedicated energy crops.
A harmonisation of definitions, approaches and methods is needed to increase accuracy and
comparability of results.
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8.2.2

Quantitative information on the total biomass potential for energy

Total biomass potential for energy in Europe with focus on EU27
The analysis of biomass resource assessments shows that the total biomass potential for
energy in 2020 is estimated at 4 - 21 EJ/yr and increases to 18 - 59 EJ/yr in 2050 (Table 77).
If only the studies selected for calibration are taken into account, i.e. studies with a
geographical coverage approximately matching the EU27, the estimates range from 4 - 21
EJ/yr and 18 - 23 EJ/yr in 2020 and 2050, respectively.
Table 77 Total biomass for energy potentials in Europe [EJ/yr]
20002009

20102019

20202029

20302039

Range of estimates for all
studies analysed in
section 7

2.1-8.4

3.0-16.2

4.0-20.9

8.0-24.6

17.9-59.0

Range of estimates for
studies selected for
calibration 1

2.1-8.4

3.0-16.2

4.0-20.9

8.5-24.2

17.9-23

1

20402049

>2050

Studies with a geographical coverage approximately matching the EU27

Elimination of reasons for variation: geographical coverage
Moreover, the analysis shows that the reported total potentials differ to a considerable degree
(see Table 70, page 168, and Figure 24, page 171). The difference between the lowest and the
highest estimate is three- to sixfold for total potential (Table 77).
This difference is mainly due to the large uncertainties connected to the (dedicated) energy
crops on agricultural and marginal land, as shown in Figure 29 (page 181). These
uncertainties can mainly be explained by ambiguous and varying methods of estimating
(future) biomass production and availability as well as ambiguous and varying assumptions
on system-external factors that influence potentials (such as land use and biomass production
for food and fibre purposes). In contrast to energy crops, the potentials for forest biomass as
well as agricultural residues and organic waste do not show a clear trend over time.
In order to eliminate the geographical coverage as a source of variation in the results, a
calibration was applied to a sub-set of the analysed studies (Table 72, Figure 28). The
calibration hardly changes the minimum – maximum ranges (see Table 78), with the
exception of energy crops. This can be explained by the fact that the geographical overlap
between the studies was already quite good and that the calibration did not strongly influence
the studies which reported the minima and maxima. Still, as shown in the sections 4 to 6,
calibration in some cases considerably reduced the variation between single studies.
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Table 78 Total biomass potentials for uncalibrated and calibrated studies [EJ/yr]

Uncalibrated results for
Europe (~ EU27)
Calibrated results for EU27

20002009
2.1-8.4

20102019
3.0-16.2

20202029
4.0-20.9

20302039
8.5-24.2

2.1-7.9

3.0-16.8

4.0-21.6

7.6-24.9

20402049

>2050
17.9-23
14.1-17.9

Contribution of biomass categories
The largest contribution to the total biomass potential for energy comes from dedicated
energy crops on agricultural and marginal land (Table 79). However, the range of results for
energy crops is considerably large. This variation is mainly due to scenario assumptions and
constraints such as sustainability criteria which influence land availability. As the
development of key characteristics of the food system like changes in population, human diets
as well as in the productivity of the agricultural system is highly uncertain, authors of biomass
resource assessments use a huge variety of scenario assumptions.
Table 79 Sum of sector-specific biomass potentials [EJ/yr]
Uncalibrated results
for Europe (~ EU27)
Energy Crops
Forestry & forestry residues
Agricultural residues &
organic waste
SUM (TOTAL)

20002009
0.1-1.6
0.7-4.5
0.5-3.9

20102019
0.3-9.6
1.6-4.4
1.0-3.9

20202029
0.5-14.7
0.8-4.2
1.5-4.4

20302039
2.0-18.4
1.6-3.7
1.1-3.1

1.3-10.0

2.8-17.9

2.8-23.3

4.8-25.2

20402049

>2050
15.4-19.9
1.7-2.2
0.7
17.8-22.8

Note that the geographical coverages and time frames are approximate: some of the reported data in the selected
studies refer to geographical coverages and points of time that deviate somewhat from those stated in the table.

Comparing the total biomass potentials in Table 78 to the sum of sector-specific biomass
potentials in Table 79, it can be shown that the range for the latter is sometimes even bigger
than the range for the total potential (see Figure 31, page 184). This is obviously due to an
overlap between biomass categories and/or system boundaries, particularly when highly
disaggregated data are summarised. Besides this, ambiguously defined geographical
coverages and inconsistent definitions of concepts of potentials were identified as further
major sources of inaccuracy. Although Table 79 includes numbers on the sum of the sectorspecific potentials, it is important to note that there are several limitations in merging sectorspecific potentials into a total potential, as pointed out in section 7.
Conclusions:
The largest contribution to the total biomass potential for energy comes from dedicated
energy crops on agricultural and marginal land. However, the range of results for energy
crops is considerably large, as the development of key characteristics of the food system is
highly uncertain.
It is not scientifically defendable to calculate the total biomass potential by summing up the
results of sector-specific biomass resource assessments.
Again, these findings emphasise the strong need to improve the accuracy and comparability of
future biomass resource assessments for energy.
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Biomass potential versus primary energy demand in Europe
In order to find out whether the biomass potential is large enough to meet the primary energy
demand in Europe, the total biomass potential for energy is contrasted to IEA’s projections for
the future total primary energy demand in EU27 in Figure 32. Three IEA scenarios are
depicted: current policies, new policies and ’450’. The latter aims at an atmospheric CO2
concentration of 450 ppm (IEA 2010).
90
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Figure 32 Total primary energy demand in EU27 according to three IEA scenarios (current
policies, new policies and 450, (IEA 2010)) versus total biomass potential for energy
according to BEE

Conclusion:
The estimates for the total biomass potential for energy in Europe are in the same order of
magnitude than IEA’s projections for the future total primary energy demand in EU27. It is
not possible to meet the entire demand with biomass only, but biomass could contribute a
remarkable share. The size of this share mainly depends on the amount of land available for
dedicated energy crops, which in turn is influenced by the development of key characteristics
of the food system like changes in population, human diets as well as in the productivity of
the agricultural system. The fact that the biomass potential is smaller than the energy demand
calls for a most efficient use of biomass and highlights that it is not an unlimited resource.
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