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Summary
Policy and decision makers in the EU have put energy policy objectives high on the agenda,
including the promotion of the use of biomass as an energy source. European Community
policy aims for a strong increase of renewable energy in the EU's overall energy mix (from
little over 10 % today to 20 % by 2020) and a considerable increase of the share of biofuels in
the transport sector with a target of 10 % of vehicle fuel by 2020.
To achieve this increase it is envisaged in the National Renewable Energy Action Plans
compiled by the 27 EU countries that the energy generated from biomass will nearly double
up to 2020. However the relative importance of biomass in the renewables sector is expected
to decrease slightly from about two thirds. Nevertheless biomass will continue to play a very
important role within the renewable sector.
Reliable knowledge of the biomass potentials for energy in Europe is therefore 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, assessments of the biomass
resource potential for energy for the same geographical entity differ largely from each other.
Political Framework
The political framework to support the targets put forth for bioenergy differs from country to
country, ranging from strong financial incentives to no measures at all – or even political
barriers. Policy measures, targets and choices have proven to be of vital importance for the
success of bioenergy sector development. It should be ensured, that bioenergy is considered
an integral part of energy, agriculture, forestry, waste and industrial policies. Such a holistic
approach to biomass is much needed, to avoid future conflicting developments and to
maximize the benefits of bioenergy deployment.
A recent trend has been to widen the scope and borderlines of a bioenergy system in
consideration in such a way that the sustainability issues can better be taken into account,
including indirect impacts like indirect land use changes. For example, the ambitious targets
for transport biofuels have been questioned due to the fear of impacts on food availability and
prices, as well as the loss of rainforests as consequences of increased demand and the ability
of the biofuel industry to pay for the biomass.
The Biomass Energy Europe project
The Biomass Energy Europe (BEE) project was initiated to harmonise methodologies for
biomass resource assessments for energy purposes in Europe and its neighbouring countries.
The harmonisation will improve consistency, accuracy and reliability of biomass assessments
for energy, which can serve the planning of a transition to renewable energy in the European
Union.
The major focus of the project has been on methodological and dataset harmonisations
fostered by ongoing research of a multidisciplinary team of project participants, and on the
opportunities of utilising both earth observation and terrestrial data for biomass assessments
and the integration of multiple data sources. The relevant sectors that have been investigated
are forestry, energy crops, residues from traditional agriculture and waste.
Executive Summary, Evaluation and Recommendations

4

D 7.1
Version 1

Status of Biomass Resource Assessments
A first step of the BEE project 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.
A total of 55 biomass resource assessments were selected for detailed quantitative analysis.
The chosen studies differ largely with regard to the type of potential and types of biomass
considered, the time frame and the geographical coverage of the analysis. Four types of
biomass potentials are commonly distinguished: (i) theoretical potential, (ii) technical
potential, (iii) economic potential and (iv) implementation potential. Moreover, the concept of
a fifth type of potential „the sustainable implementation potential‟ has been introduced.
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.
Figure I give an overview of the span in potentials reported at EU27 level for different
biomass categories. 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. These findings emphasise the strong need to improve the accuracy
and comparability of future biomass resource assessments for energy.
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Figure I Summary of biomass energy potentials at European level in the sector-focusing
potential assessments and the total potential assessments.
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The analysis has shown that different terminology and systematisation of categories as well as
insufficient documentation of approaches and scenario assumptions makes comparison of
results quite difficult. 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).
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. A harmonisation of
definitions, approaches and methods is needed to increase accuracy and comparability of
results.
A comparison of the potential estimates in the analysed studies with the targets for biomass in
the National Renewable Energy Action Plan has been made. The comparison shows that the
envisaged targets for biomass are close to the lower range of the technical potentials estimated
to be available domestically in EU27. Therefore both efficient use of energy from biomass
and implementation issues for domestic biomass are of utmost relevance. Moreover it shows
that both studies that assess the sustainable implementation potential of energy from biomass
at national and EU level and measures that support the realisation of that potential are of
highest importance.
The estimates for the total biomass potential for energy in Europe are in the same order of
magnitude as 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
substantial 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.
Methods for Biomass Resource Assessments
Existing biomass resource assessments use a broad variety of approaches, methodologies,
assumptions and datasets that lead to different estimates of future biomass potentials.
A database of circa 250 bioenergy potential assessments was compiled, out of which 28
studies were selected for detailed analysis. The 28 studies were chosen so that they, among
others, cover the variability found in the literature with respect to the type of biomass, the
type of bioenergy potential and the approach and methodology. Table A shows the
categorisation of the approaches and methodologies that are distinguished in this study. Each
approach and methodology has specific (dis)advantages, which are summarised in Table B.
In theory, an integrated assessment model would be best suited to include all different aspects
and facets of sustainability of biomass energy production, including all relevant feedback
mechanisms as well as synergies and trade-offs. Integrated assessment models thereby allow
for the use of multi-dimensional scenarios, whereby a large variety of assumptions on the
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different parameters (population growth, economic growth, food consumption, environmental
policies, trade patterns etc.) are consistent. Integrated assessment models combine bottom up
data on land use and productivity with energy models and agricultural economics models. As
such, integrated assessment models provide an appropriate framework to estimate the
potential of biomass energy, the impacts on agricultural markets and food security, green
house gas emissions and land use. An important handicap is the complexity of these models,
which makes these models relatively non-transparent, expensive to develop and user
unfriendly in operation.
Table A An overview of the combinations of approaches and methodologies that are used in
existing biomass energy assessments to investigate different types of biomass potentials.
General approach

Resource-focussed
Demand-driven
Integrated assessment
modelling

General methodology

Type of biomass potential
Theoreticaltechnical

Economicimplementation

Statistical analysis

Yes

No

Spatially explicit analysis

Yes

No

Cost-supply analysis

No

Yes

Energy-economics and energy-system model analysis

No

Yes

Integrated assessment model analysis

Yes

Yes

Table B The advantages and disadvantages of different methodologies used in existing
biomass resource assessments.
Methodology

Disadvantages

Statistical analysis

No economic mechanisms, no spatially Simple, transparent, cheap, data are easily available
explicit information, no integration, based on
crude assumptions, sometimes inaccurate

Spatially explicit
analysis

No economic mechanisms, no integration, Spatially explicit, transparent, based on data on land
complex tool
use and climate, soil characteristics

Cost-supply analysis

No economic mechanisms, no integration

Energy-economics
/energy-system model
analysis

No integration with other markets Economics mechanisms are included
(agricultural markets), not spatially explicit,
no integration, no validation based on
bottom-up data on land use and climate, soil
characteristics, untransparent
Complex, untransparent, expensive, results Integrated/consistent, spatially explicit
are difficult to interpret, model is user
unfriendly, level of details is limited

Integrated assessment
model analysis

Advantages

Cheap, transparent

Furthermore, the analysis also shows that sustainability aspects are inadequately taken into
account in existing biomass potential assessments. There is no study that includes all three
dimensions of sustainability (environmental, social, and economic) nor is there a study that
covers all relevant aspects of one dimension. Generally, environmental factors are
overrepresented whereas social and economic aspects are taken into account far less
frequently.
For climate change similar conclusions can be drawn. The impacts of land use changes are
(potentially) crucial due to the direct and indirect changes in above and below ground biomass
and soil organic matter. These are, however, uncertain. Ideally, these direct and indirect
changes in land use are assessed using models that included a land use component.
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Harmonization of Methodologies for Biomass Resource Assessments
The overall objective of the Biomass Energy Europe project has been to improve the accuracy
and comparability of future biomass resource assessments for energy by reducing
heterogeneity of terms and definitions, increasing harmonisation of data and calculations and
exchanging knowledge on methods and approaches.
In light of the overall objective a two volume handbook has been developed to promote
harmonisation in the development of biomass resource assessments. The first volume,
Harmonization of Biomass Resource Assessments Volume I: Best Practices and Methods
Handbook, provides best practice methods for determination of biomass resource potentials,
and gives guidance for transparent presentation of results by providing terms and definitions
needed for the execution and presentation of biomass resource assessments. The second
volume, Harmonization of Biomass Resource Assessments Volume II: Data Sources
Handbook, provides information on data sets that are needed to conduct a biomass resource
assessment with the methodologies described in Volume I.
The handbook serves multiple functions, it:
Can be used as a reference work on the use of terminology in the field of bioenergy
resource assessments.
Provides an overview of best practice methods in the range of relatively
straightforward resource-focussed biomass assessments to complex integrated
assessments.
Presents a detailed overview of sustainability themes, criteria and parameters that are
relevant for biomass resource assessments, and shows how they could be implemented
in future biomass resource assessments.
With the BEE Methods and Data Sources Handbook a first contribution towards a
harmonisation of methods, data and consequently on results is made. Still it is clear that in
many aspects further development is necessary, this with focus on integrating more accurate
empirical data, more constraints and technological developments. As soon as practitioners
start to use the BEE Methods Handbook, various detailed comments can be expected. It is
therefore encouraged that the users of the handbook provide their comments to enable, when
appropriate, adjustments in a next version.
Illustration of Methodologies for Biomass Resource Assessments
The BEE Methods Handbook summarises approaches and methods and harmonises
assumptions on biomass resource assessments based on existing studies. It does not propose
just a single method to fit all purposes but rather describes and documents various alternative
approaches and methods in a comparative way.
As part of the project some of the methodological recommendations for biomass resource
potential for energy are illustrated and validated in their applicability by implementing the
proposed methods to specific cases.
A total of five illustration cases are carried out at different geographic scales: (i) pan
European, (ii) Croatia, (iii) Finland, (iv) Ukraine and (v) FYR Macedonia. Each illustration
case assesses the potential for a set of biomass types in combinations with specific methods.
The main illustration case however is implemented at the European level and provides
estimates for individual EU27 and a few additional countries. All types of biomass for
Executive Summary, Evaluation and Recommendations
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bioenergy are analysed at this level and following the BEE Methods Handbook; basic and
advanced statistical, basic and advanced spatially explicit and integrated assessment methods
were used, involving a great variety of different data sources. This makes comparisons across
methods, potentials and biomass types possible.

For the averages from forestry biomass sources factors for the conversion of tonnes DM wood to PJ were
harmonised to a value of 15.48.

Figure II Summary of the EU illustration case results. Sums over all EU27 countries for the
different biomass types and sources separated by potential types. Values in PJ per year.
Figure II summarises the results of the European illustration case at the level of biomass types
and sources and the type of potential. The data were averaged over different assessment
methods if estimated by more than one.
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Table C Percentage share of the theoretical potential. Potentials were summed over EU27
countries and averaged over the different methods applied.
Biomass type
Forestry
Energy crops
Waste

Biomass sources
Fellings
Primary forestry residues
Woody energy crops

Technical
25%
36%
64%

Economic
21%
7%
2%
-

It is striking that for different biomass types the differences between potential levels vary.
When summing over all countries and averaging over all methods, some basic relationships
can be observed. Table C displays the percentage share of the theoretical potential for the
technical and economic potential for different biomass types and sources. The numbers have
to be interpreted with care as the estimates for the same level of potential differ significantly
between methods. For energy crops, in general, a reduction of one order of magnitude can be
expected when going from the theoretical to the technical potential. For forestry the reduction
is less severe. Potentials are reduced to about one third or fourth on average going from
theoretical to technical potential and halved again for the economic potential. However, for
fellings large variability due to alternative definition of potential types were observed. Here
the technical potential can be very close to the economic.
The illustration case results were validated by parties outside of the BEE consortium (e.g.
ministries and research institutes on national and EU level); parties which were selected based
on their expertise in evaluating biomass potentials.
Nearly without exception the feedback on the BEE Methods Handbook and the illustration
cases was positive. The reviewers of the European illustration positively recognized that the
cross-sectorial handling of the potentials (i.e. forestry, agriculture and energy crops) enables a
comparison between potentials. Moreover it was acknowledged that the demonstration of the
applicability of the methods in the European illustration case can be regarded as a step
forward towards more harmonized assessments. The general opinion amongst the nine
reviewers was that the handbook can be seen as a reference for future work on assessments of
biomass potentials.
Recommendations
With reference to the work and experiences of all analysis and assessments performed as part
of the Biomass Energy Europe project, general recommendations regarding future bioenergy
assessments and development of methodology and data are presented with a focus on the need
to achieve reliable and harmonised, i.e. comparable, potential assessments of the sustainable
implementation potential of biomass for energy utilisation both on national and EU level.
New bioenergy assessments at EU and national level
Given the high relevance of bioenergy for the European Community, there is a strong and
urgent need for new and comprehensive studies at the national and EU level that fully
address, in an integrated manner, the sustainable implementation potential. National level
studies would, at the same time, assist future updates of the National Renewable Energy
Action Plans. For both types of studies a solid description of methods, data sources and
recommendations exist within the BEE Methods and Data sources Handbook.
Executive Summary, Evaluation and Recommendations
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These urgently needed new studies at national and EU level should specifically consider:
All land use sectors and uses for biomass (i.e. energy, food, feed and material uses) in
an integrated manner, taking into account both global and local dynamics
All three pillars of sustainability should be covered: (i) environment, (ii) society and
(iii) economy.
Economic and implementation potentials
New and improved data as they become available
Due to their importance for climate mitigation and energy policy, both EU and national level
bioenergy assessments should be:
Regularly updated
Comparable amongst each other
Interlinked with each other (e.g. EU level studies could use results or interim results
from national level studies).
It is therefore recommended to establish permanent links between entities working on national
and EU level assessments in a dedicated network. The BEE Methods Handbook could serve
as a baseline for such a network and get the status of a reference work for biomass resource
assessment methods.
Recommendations for methodology development
From our analyses it is quite clear that integrated assessments are needed, especially when
striving to assess the sustainable implementation potential. Key advantages with integrated
assessments are that the multitude of interlinkages, correlations and parameters affecting the
biomass potential may be captured in a single modelling framework. Furthermore
sustainability criteria can be taken into consideration, including feedback mechanisms that
allow reproduction of the complexity of sustainability in a more realistic way.
Six important areas have been identified for the development of a methodology for estimating
bioenergy potential:
i.
ii.
iii.
iv.
v.
vi.

Integrated modelling of biomass potential and use;
Advanced integration of remote sensing and earth observation data;
Improved methodology for estimating net climate benefits of bioenergy;
Improved methodology for estimating the environmental effects of intensive and
large-scale bioenergy systems;
Increased understanding of the social acceptance of large-scale bioenergy systems;
Increased understanding of conflicts between different goals for bioenergy use.

Since climate change mitigation is a major justification for promoting bioenergy there is an
obvious need to accurately assess the net greenhouse gas mitigation benefits of bioenergy in
biomass resource assessments. Therefore there is need for further:
Development of standardised methods for calculating CO2 avoidance in biomass
resource assessments;
Development of a framework for verification of CO2 avoidance;
Development of methods and data to include direct land use change (dLUC), including
changes in soil carbon levels;
Development of methods and data to include also indirect land use change (iLUC)
both inside and outside the EU.
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Research is needed for greater understanding of the interlinkages between climate change,
land-use and land-use change, biodiversity and the consequences thereof for bioenergy
production.
In addition to methodology development in the field of integrated assessments and net
greenhouse gas mitigation benefits, there are a number of further recommendations from this
project that should be emphasized. These include the need to:
Develop methodologies which can be used to increase the understanding of conflicts
between different goals for biomass use, i.e. climate change mitigation, energy
security, rural development etc.
Asses to what extent large-scale bioenergy production will affect food security and
nutrition for poor people
Assess to what extent large-scale bioenergy systems will affect small-scale farmers
Assess to what degree an increased production of biomass for energy on agricultural
cropland is socially acceptable.
Assess to what degree an increased mobilization of forest biomass is socially
acceptable.
Recommendations for data development
There is a strong need for further development of data for biomass resource assessments, as
well as data on current biomass use, to facilitate the identification of biomass resources still
available for energy. Three levels of data development needs have been identified:
i.
ii.
iii.

Data assessing the current production and use of biomass and bioenergy;
Data needed to perform assessments of the current and future potential of biomass for
energy;
Data & data development pertaining to Earth Observation (EO) techniques.

Three overarching areas of data pertaining to biomass and bioenergy need to be augmented
and improved:
i.
ii.

iii.

Supply: including forestry, agriculture and organic waste and biomass processing
industries;
Demand: including the main demand sectors, i.e. heat and power generation (both
domestic and large scale), saw mills and the pulp and paper industry and biofuel
production;
Trade: including imports and exports of all kinds of biomass and biofuels.

In addition to these major recommendations, a large range of more specific recommendations
are presented in chapter 7 in this report and in the various reports of this project, especially in
the BEE Methods Handbook.
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1 Introduction
The Biomass Energy Europe (BEE) project was initiated to harmonise methodologies for
biomass resource assessments for energy purposes in Europe and its neighbouring countries.
The harmonisation will improve consistency, accuracy and reliability of biomass assessments
for energy, which can serve the planning of a transition to renewable energy in the European
Union.
The major focus of the project has been on methodological and dataset harmonisations
fostered by ongoing research of a multidisciplinary team of project participants, and on the
opportunities of utilising both earth observation and terrestrial data for biomass assessments
and the integration of multiple data sources. The relevant sectors that have been investigated
are forestry, energy crops, residues from traditional agriculture and waste.
The BEE project has been funded by the European Commission under the Framework
Programme 7 within the "Energy Thematic Area" and contributes to "Harmonisation of
biomass resource assessment" activities. The project has been carried out during 2008 - 2010.
This report serves as a summary of the achievements of the BEE project; which are
documented in more detail in the reports resulting from the single work packages. It further
adds two special analysis topics which analysis aspects not previously covered. Finally the
concluding section lists recommendations for future research and development.

1.1 Project Background and Challenges
Policy and decision makers in the EU have put energy policy objectives high on the agenda,
including the promotion of the use of biomass as an energy source. European Community
policy aims for a strong increase of renewable energy in the EU's overall energy mix (from
little over 10 % today to 20 % by 2020) and a considerable increase of the share of biofuels in
the transport sector with a target of 10 % of vehicle fuel by 2020 (EC 2009b; EUROSTAT
2010).
Reliable knowledge of the biomass potentials for energy in Europe is essential basic
information needed for both policy and industry to achieve the challenging European policy
targets in the renewable energy sector. However, assessments of the biomass resource
potential for energy for the same geographical entity differ largely from each other.
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).
In cases with very large disparities between assessments, our analysis shows that the two
latter aspects are those that explain most of the differences.
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1.2 Political Framework and User Requirements
In almost every country there already are some stated targets for increased production of
renewable energies. After the transition period of the Directive 2009/28/EC (i.e. by 5
December 2010), each Member State will have implemented the mandatory targets in their
national legislation. However, the political framework to support the targets differs from
country to country, ranging from strong financial incentives to no measures at all – or even
political barriers. Policy measures, targets and choices have proven to be of vital importance
for the success of bioenergy sector development. It should be ensured, that bioenergy is
considered an integral part of energy, agriculture, forestry, waste and industrial policies. Such
a holistic approach to biomass is much needed, to avoid future conflicting developments and
to maximize the benefits of bioenergy deployment.
Regarding the impact of the strategies, policies and support measures on biomass resource
assessments, it can be concluded that their impact is not considerable – as long as the
theoretical biomass potential is regarded. The technical biomass potential is the theoretical
biomass potential limited by the demand for land for other purposes (e.g. food, feed and fibre
production but also conservation areas) and based on assumed level of technology. However,
as soon as economic profitability, social criteria or environmental constraints come into play,
the resulting implementation potential is considerably affected by the political framework.
Financial instruments, for example, can significantly increase economic profitability of
certain biomass types or conversion technologies and thereby increase the (variable)
economic biomass potential. As a consequence, biomass resource assessments displaying
results for any other potential than the (constant) technical potential are hardly comparable.
This is because they are often based on a huge range of scenarios concerning (future) policies,
socio-economic parameters and the state of the environment.
During the latest few years, the tendency has been to introduce strategies and policies with
larger scope than previously, when most targets were set sector-wise giving a chance to
overlapping resource assessments and competition between alternative uses of the same
resources. The Biomass Action Plan, Renewable Energy Road Map and SET-Plan can be
mentioned as examples of recent papers in which different uses of biomass resources
(electricity, heating/cooling, transport) and their interaction have been taken into account. In
the future, the introduction of biorefineries may bring an additional aspect to be considered.
Another recent trend has been to widen the scope and borderlines of a bioenergy system in
consideration in such a way that the sustainability issues can better be taken into account,
including indirect impacts like indirect land use changes (iLUC). For example, the ambitious
targets for transport biofuels have been questioned due to the fear of impacts on food
availability and prices, as well as the loss of rainforests as consequences of increased demand
and the ability of the biofuel industry to pay for the biomass.
Reliable knowledge of the biomass potentials for energy in Europe is essential basic
information needed for both policy and industry to achieve the challenging European policy
targets in the renewable energy sector. In addition to policy makers and authorities at different
levels (local, national, EU, etc.) and industrial investors, there are other potential users of
biomass resource assessments, such as research organizations, 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 in terms of, for
example biomass categories to be covered, time frame, geographical coverage, type of
potential, etc.
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The results of the study on user requirements showed that the Biomass Energy Europe project
is definitely on the right track. The respondents have identified several aspects of biomass
assessments, which need more attention so that the assessments would be more useful and
reliable in the future. Respondents suggested, that the organizations preparing the assessment
should increasingly work together to find better ways to harmonize the methodology and data
sources used. This has been the main focus of the BEE project.
In order to really harmonize the biomass resource assessments, clear guidelines are needed.
Different assessments are comparable only if source data and methods are consistent. More
transparency is needed. It is essential to clearly describe the basic assumptions, limitations,
and methods used. Different users have different requirements and expectations for the
assessments. When it comes to the units used, updating frequency, geographical coverage and
level of detail, there are almost as many opinions as there are users. By providing sufficient
information on how the assessment has been compiled, it is easier for users to decide if the
assessments are appropriate for their needs. In order to provide more reliable, transparent
biomass resource assessments, new kinds of co-operation between organizations preparing the
assessments would help.
An in-depth analysis of the political framework and user requirements for biomass potentials
assessments for energy can be found in BEE (2010i).

1.3 Objective and Scope
The overall objective of the project has been 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
categories, both at the supranational level (e.g. at the EU level) and at the national and local
level, has been subject to that harmonisation. Relevant methodologies and data issues per
major estimation steps for each biomass category has been analysed for improvement and
harmonisation potential.
The work in the Biomass Energy Europe project has been structured into 7 work packages
(WPs). Two work packages were running from the beginning until the end of the project:
WP1 Project Management and WP2 Dissemination and Networking. Since dissemination, the
coordination of R&D and networking are closely linked they are managed within one work
package, and since these activities were of essential importance in this project, a separate
work package was devoted to this significant activity. Work packages 3 to 7 has focused on a
specific topic of thematic work and constitute a logical working sequence.
Within the working sequence of the BEE project, the first 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, regional, and national scale, with the aim of analysing the heterogeneity of
the results, methodologies and data sources used.
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In WP4 Analysis of Biomass Resource Assessments, the methodologies and datasets that
have been used in major studies identified in WP3 have been analysed in order to identify
common approaches as well as important differences.
In WP5 Harmonisation of Biomass Resource Assessments, elements of a harmonised
methodology have been identified based on common methodological discussions, together
with the identification and specification of data requirements.
In WP6 Illustration Cases, elements of the harmonised methodology have been applied in
resource assessments on a Pan-European scale with a focus on EU-27 accompanied with
single resource assessments at the national level to illustrate the feasibility of the developed
approach.
The last WP of the sequence is WP7 Integration, Evaluation and Recommendation, where
achievements have been synthesised, summarised and critically reviewed, and where
recommendations for future improvements have been identified and prioritised.
WPs 3, 4 and 5 was continued until the end of the project in order to periodically update the
analysis of the status, methods, available data sets of R&D achievements, and of the
harmonised approach and proposed harmonisation measures.

2 Status of Biomass Resource Assessments
Keeping in mind the ultimate aim of facilitating the rational use of bioenergy in Europe by
providing standardised approaches to biomass resource assessments, the objective of this
work package was to provide an in-depth insight into state-of-the-art biomass resource
assessments at the global, regional, and national scale, with the aim of analysing the
heterogeneity of the results, methodologies and data sources used. This first work package in
the working sequence of the BEE project did also provide a basis for the following packages
in establishing a general baseline and principles. For a comprehensive analysis of the status of
biomass resource assessments see BEE Status of Biomass Resource Assessments (2010j).

Biomass
Numerous definitions exist for the term biomass; according to the background from which
they originate, 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 – for
example in the Directive 2009/28/EC „on the promotion of the use of energy from renewable
energy sources‟ (EC 2009b) is taken as a basis for the BEE project. Here, 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 which is actually
entering 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 – occurring due to economic
activities.
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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‟ (i.e. a
fossil energy carrier) and is therefore excluded from a strict biomass definition (Kaltschmitt
and Hartmann 2009). Unfortunately, peat is often referred to as a „renewable energy carrier‟
(biomass) in several peat-rich countries. For the BEE project, the probably most suitable
definition of biomass is presented in the so-called „Unified Bioenergy Terminology‟ paper by
FAO which aims at unifying and organising currently used terminology and definition of
wood fuels and other biofuels (FAO 2004).
„Biomass‟ means material of biological origin excluding material embedded in geological
formations and transformed to fossil.

Biomass categories and types of biomass
Biomass can be divided into several biomass categories. This subdivision can be based on
different parameters.
For the BEE project, the following subdivision is used: (i) woody biomass from forestry, (ii)
woody and herbaceous energy crops from agriculture, and (iii) 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).
Forestry and forestry residues
This biomass category 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 Origin
Woody biomass
From forestry
Forests and other wooded land
incl. tree plantations and short
rotation forests (SRF)
From trees outside Trees outside forests incl.
forests (landscape)
orchards and vineyards, public
green spaces and private
residential gardens
Woody residues
Primary residues
Cultivation and harvesting /
logging activities in all of the
above
incl.
landscape
management
Secondary residues
Wood processing, e.g. industrial
production

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 by-products and
residues (sawdust, bark, black
liquor, etc.)

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
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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‟
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 plants (cereals, oil
seeds etc.) or woody plants (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.
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
Grown on arable land
Arable and
permanent cropland
incl. SRC
Grown on grassland
Permanent grassland
(meadows and
pastures)
Grown on marginal land
Other land (degraded
lands, mine dumps...)
Woody and herbaceous
agricultural residues
Primary residues
Agr. cultivation and
harvesting activities
Secondary residues
Processing of
agricultural products,
e.g. for food

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, bagasse,
husks, cobs etc.)
Processing residues (e.g. pits from
olive pitting, shells/husks from
seed/nut shelling and slaughter waste)
as well as animal excrements

Following the FAO definition (FAOSTAT 2010), agricultural land is seen as the sum of
arable land, permanent crops and permanent meadows & pastures. Arable land in turn is the
sum of temporary crops, temporary meadows & 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.
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Agricultural residues cover both primary residues, i.e. harvesting residues (straw, bagasse,
husks, cobs 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 „organic waste‟.
Organic waste
This biomass category is made up of the tertiary residues and is subdivided into organic waste
from households and from industry and trade. Table 3 gives an overview of all subcategories
and included 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). Sewage sludge from sewage treatment plants is also included as a further
type of recovered tertiary residue fraction.
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
Organic household waste incl. woody fractions, e.g. food leftovers,
waste paper, discarded furniture, incl. sewage sludge
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, sewage gas and landfill gas

Types of biomass potentials
Looking at the use of biomass for energy, it is very important to know which biomass
potentials we are actually talking about. Four types of biomass potentials are commonly
distinguished:
i.
ii.
iii.
iv.

Theoretical potential
Technical potential
Economic potential
Implementation potential.

They are meant as an orientation and therefore obviously may not cover all approaches found
in the numerous studies that has been analysed during this project, see Figure 1. Moreover,
the concept of a fifth type of potential „the sustainable implementation potential‟ has been
introduced.
Theoretical potential
The theoretical potential is the overall maximum amount of terrestrial biomass which 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
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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.

ECONOMIC POTENTIAL
Agricultural
policies

Food

TECHNIAL POTENTIAL

Land

Yield

(food and
wood
production)

(food and
wood
production)

THEORETICAL POTENTIAL

Water
Climate
Soil type
Management

Potential primary bioenergy
Population
Energy
Economy

Land

Yield

(bioenergy
production)

(bioenergy
production)

GPP / NPP

Biodiversity
Biodiversity
policies

Energy policy
Climate change policy

Conversion process
Potential secondary bioenergy

Wood
Other materials
Forestry policies
Biodiversity policies

(materials)

Other limitations;
social criteria,
environmental criteira,
institutional barriers,
etc.

GHG emissions and
climate change
IMPLEMENTATION
POTENTIAL

Figure 1 Illustration of the different biomass potentials
Technical potential
The technical potential is the fraction of the theoretical potential which 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 which 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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The classification in types of biomass potentials helps the reader to understand what
information is presented. For instance, some biomass types show high technical potentials
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 explicitly mentioned 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 in four types is the provision of insight into explicit conditions
and assumptions made in the assessment.
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 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 land use
competition and land use changes, both industry and politics strive for more sustainable
practises. The concept of sustainable biomass contains multiple environmental, economic and
social aspects, while integrating these aspects may be complex.
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Analysis of biomass resource assessments
Some 150 studies were selected for qualitative 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 assessment. The detailed
quantitative analysis is in turn based on a representative selection of 55 biomass resource
assessments at national, regional and European level. This report focuses on European level
assessments and the national level analysis can be found in BEE Status of Biomass Resource
Assessments (2010j).
Sectoral potentials
A total of 39 studies at regional and European level have been analysed in four tasks
covering; (i) forestry and forestry residues, (ii) energy crops on agricultural and marginal
land, (iii) agricultural residues and organic waste and (iv) total biomass potentials for energy.
Table 4 provides a summary of the reported biomass potentials at EU27 levels in the sectorfocusing assessments. Figure 3 gives an overview of the span in potentials reported at EU27
level. 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 considerable.
Table 4 Summary of bioenergy potentials at EU27 levels in the sector-focusing assessments
analyzed [EJ/yr].
EU27

2000

2010

2020

2030

2040

>2050

Energy crops

0.1-1.6

0.3-9.6

0.5-14.7

2.0-18.4

15.4-19.9

Forestry and forestry residues

0.7-4.5

1.6-4.4

0.8-4.2

1.6-3.7

1.7-2.2

Agricultural residues and organic
waste

0.5-3.9

1.0-3.9

1.5-4.4

1.1-3.1

0.7

TOTAL

1.3-10.0

2.8-17.9

2.8-23.3

4.8-25.2

17.8-22.8

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

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 noteworthy to also 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.
Although Table 4 includes numbers on the sum of the sector potentials, it is important to
realize 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 5.
Obviously, overlap between biomass categories and/or system boundaries are possible
sources of inaccuracy. This is particularly relevant when summarizing 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.
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Thick lines indicate technical potential and thin black lines indicate implementation potential.

Figure 3 Summary of biomass energy potentials at EU27 level in the sector-focusing
assessments analyzed.
Inconsistent and/or ambiguously defined geographical coverage and time scales may be
considerable sources of inaccuracy when summarizing or comparing potentials from separate
assessments. In the case of this work package, inconsistent geographical coverage is probably
the greatest source of error of the two. The varying definitions of “EU”, and the ad-hoc
inclusions of adjacent non-EU countries, are a particular restriction in the synthesis of
potentials for the EU.
Biomass potential definitions are, in general, not as free from ambiguous influence on the
results as one might assume. For all commonly used definitions – except perhaps the
“theoretical” potential – a major shortcoming is that their meaning is far from unequivocal.
For instance, in the cases of the “technical” and “economic” potentials, their actual values can
vary substantially depending on the underlying assumptions. This means that different
assessments might arrive to 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 synthesize sector-focusing assessments.
Assumptions on the development of key characteristics on food and wood fibre systems have
a most substantial influence on biomass potentials. This influence is particularly large for
dedicated energy crops on agricultural land.
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Table 5 Limitations in merging sector-focusing bioenergy assessments into total potential
assessments, and their relative importance for this analysis.
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 coverage

Medium

Inconsistent and/or ambiguous definitions of concepts of potentials

Medium – High

Inconsistent and/or ambiguous assumptions on development of key
characteristics in food and wood fibre systems (e.g. production, land use)

High

Inconsistencies between biomass categories in near-time feasibility of
accomplishing potentials

High

The last point in Table 5 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 there exist in realizing the potentials. This inertia in expanding supply capacity and
exploiting the potentials varies between biomass categories, and depends on the presence of
actors, markets, machinery, infrastructure, etc. If those things already are in place to a large
extent, potentials can of course be exploited faster.
Total potentials
The analysis of 81 European level 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. If only studies with a geographical coverage approximately matching the EU27 are
taken into account, the estimates range from 4 – 21 EJ/yr and 18 – 23 EJ/yr in 2020 and 2050,
respectively. Figure 4 gives a summary of the min-max values taking into account all
scenarios in all of the assessed studies.
Besides the great deviations in potentials at each point of time, it can also be noted that
deviations overall increases over time, as is clearly seen in Figure 4. The biomass category
mainly responsible for the increased deviation 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.
Moreover, the analysis shows that the reported total potentials differ to a considerable degree.
The difference between the lowest and the highest estimate is three- to sixfold for total
potential, see Figure 4. This difference is mainly due to the large uncertainties connected to
the (dedicated) energy crops on agricultural and marginal land.

1

The analysis includes one global level assessment which reports total biomass potentials for Europe
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Thick lines indicate technical potential, black lines indicate implementation potential, dashed line represents
range of System 3 & 4 in (Smeets et al. 2007).

Figure 4 Comparison of estimated total biomass energy potentials at European level in
assessments covering all biomass categories and sector-focusing assessments.
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. The calibration hardly changes the
minimum – maximum ranges, see Table 6, 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 for the sectoral potentials, calibration in some cases
considerably reduced the variation between single studies.
Table 6 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

The estimates for the total biomass potential for energy in Europe are in the same order of
magnitude as IEA‟s projections for the future total primary energy demand in EU27 (~70 – 75
EJ/yr), see Figure 5. It is not possible to meet the entire demand with biomass only, but
biomass could contribute a substantial share. 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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Figure 5 Total primary energy demand in EU27 according to three IEA scenarios (IEA 2010)
versus total biomass potential for energy according to BEE
Possible reasons for variation in the results
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
Type of potential
Types of biomass considered
Time frame
Geographical coverage.
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
Scenario assumptions and constraints.
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The analysis has shown that different terminology and systematisation of categories as well as
insufficient documentation of approaches and scenario assumptions makes comparison of
results quite difficult. 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).
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 cost) of land for
dedicated energy crops. A harmonisation of definitions, approaches and methods is needed to
increase accuracy and comparability of results.

3 Methods for Biomass Resource Assessments
Existing biomass resource assessments use a broad variety of approaches, methodologies,
assumptions and datasets that lead to different estimates of future biomass potentials. An
overview of approaches, methodologies and datasets used in existing biomass assessments has
been compiled and similarities and differences were evaluated, see BEE Methods & Data
Sources for Biomass Resource Assessments for Energy (2010h) for further details. In
addition, the synergies achieved when combining various approaches methodologies and
datasets have been identified, as well as remaining gaps in knowledge and data. The results
formed a basis for the development of the harmonised approach and harmonisation measures
that has been developed in later phases of the BEE project.
Table 7 An overview of the combinations of approaches and methodologies that are used in
existing biomass energy assessments to investigate different types of biomass potentials.
General approach

Resource-focussed
Demand-driven
Integrated assessment
modelling

General methodology

Type of biomass potential
Theoreticaltechnical

Economicimplementation

Statistical analysis

Yes

No

Spatially explicit analysis

Yes

No

Cost-supply analysis

No

a

Yes

Energy-economics and energy-system model analysis

No

Yesb

Yesc

Yes

Integrated assessment model analysis

a

Some demand-driven cost-supply analysis start with a statistical analysis or spatially explicit analysis of technical biomass energy
potentials, although this is not the key focus of these studies.
b
Some demand-driven energy-economics and energy-system model analysis use the results of cost-supply analysis.
c
IAMs typically focus on the economic and/or implementation potential, although IAMs are also used for the theoretical and/or technical
biomass energy potential

First, a database of circa 250 bioenergy potential assessments was compiled, out of which 28
studies were selected for detailed analysis. The 28 studies were chosen so that they, among
others, cover the variability found in the literature with respect to the type of biomass, the
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type of bioenergy potential and the approach and methodology. Table 7 shows the
categorisation of the approaches and methodologies that are distinguished in this study.
Three types of approaches can be distinguished:
i.

ii.

iii.

Resource-focussed assessments investigate the bioenergy resource base and the
competition between different uses of the resources, i.e. the focus is on the biomass
energy supply side.
Demand-driven assessments analyse the competitiveness of biomass-based energy
systems, in comparison to conventional fossil fuel based energy systems as well as
other renewable energy systems and nuclear energy, or estimate the production and
use of biomass required to meet exogenous targets on climate-neutral energy supply,
i.e. the focus is on the biomass energy demand side.
Integrated modelling assessments use integrated assessment models (IAMs), which are
designed to assess policy options for climate change. IAMs include mathematical
correlations between the socio-economic drivers of economic activity and energy use,
which leads to emissions and other pressures on the environment that lead to
environmental changes, which lead to physical impacts on ecosystems, which in turn
leads to socio-economic impacts and eventually return to cause changes in the socioeconomic drivers.

The following methodologies are identified:
Statistical analysis. The least complicated studies estimate the energy potential based
on assumptions concerning the yield per hectare, which is based on expert judgement,
field studies or a literate review, in combination with assumptions concerning the
fraction of land available for energy crops or the fraction of forest biomass available
for energy production, which accounts for the use of land and biomass for other
purposes and environmental or social barriers. Frequently, results from other studies
are utilised, but several other studies also use scenario analysis. The potential of
residues and waste is generally calculated based on projections of the production of
food and wood, multiplied by residue and waste generation coefficients and multiplied
by a factor that account for the fact that many residues and wastes cannot be collected
in practice. Some studies also assess the use of residues for other purposes.
Spatially explicit analysis. The most advanced resource-focussed assessments include
spatially explicit data on the availability of land and forests in combination with
calculations of the yields of energy crops and forests. The yield calculations are based
on data from crop growth models that use spatially explicit data on climate, soil type
and crop management. The availability of agricultural land for energy crop production
is estimated taking into account the use of land for the production of food and other
purposes. The scenario analysis it‟s based on takes into account agricultural policies,
technological development, population growth, income growth, and so forth. A type of
land that has received special attention in this research is degraded and marginal land,
since this type of land is partially or not suitable for conventional agriculture. Thus,
the use of these types of areas does not lead to competition with food. The same
approach is applied when estimating the potential of forestry and forestry residues,
agricultural residues and organic waste.
Cost-supply analysis. The cost-supply analysis begins with a bottom up analysis of the
potential, based on assumptions on the availability of land for energy crop production,
including crop yields, or assumptions on the availability of forestry and forestry
residues. The demand of land and biomass for other purposes and environmental and
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other (social, technical) limitations are included, ideally by scenario analysis. The
resulting bioenergy cost-supply curves are than combined with estimates of the costs
of other energy systems or policy alternatives, often with specific attention for policy
incentives (e.g. tax exemptions, carbon credits, and mandatory blending targets).
Each approach and methodology has specific (dis)advantages, which are summarised in Table
8. Statistical analyses only offer very limited possibilities to account for environmental or
social needs as they only can be included via a general reduction factor. This factor usually
refers to the average and thus cannot reflect specific local conditions. Static spatially explicit
analyses are more adequate to reflect a biomass potential that is adapted to local or regional
circumstances which makes it much easier to take into account environmental or social
aspects. Here, different layers containing relevant and local soil, water and climate
information can be combined. Crucial in these types of resource focussed assessments are the
scenarios to evaluate the impacts of changes in technology on crops yield and thereby on the
availability of surplus agricultural land for energy crop production. Static spatially explicit
analyses, as statistical analyses, do not offer any possibility to include feedback mechanisms,
trade-offs and synergies between the three sustainability dimensions. Furthermore, it is not
possible to adequately account for the economic dimension, which is especially important
when evaluating the feasibility of changes in technology and thus the availability of land for
energy crop production. Several studies use partial or complete equilibrium models to
estimate the contribution of biomass energy to the energy supply mix.
Table 8 The advantages and disadvantages of different methodologies used in existing
biomass resource assessments.
Methodology

Disadvantages

Statistical analysis

No economic mechanisms, no spatially Simple, transparent, cheap, data are easily available
explicit information, no integration, based on
crude assumptions, sometimes inaccurate

Spatially explicit
analysis

No economic mechanisms, no integration, Spatially explicit, transparent, based on data on land
complex tool
use and climate, soil characteristics

Cost-supply analysis

No economic mechanisms, no integration

Energy-economics
/energy-system model
analysis

No integration with other markets Economics mechanisms are included
(agricultural markets), not spatially explicit,
no integration, no validation based on
bottom-up data on land use and climate, soil
characteristics, untransparent
Complex, untransparent, expensive, results Integrated/consistent, spatially explicit
are difficult to interpret, model is user
unfriendly, level of details is limited

Integrated assessment
model analysis

Advantages

Cheap, transparent

The ideal energy model study has at least the following characteristics:
It takes the fundamentals of energy demand into account, e.g. population growth, GDP
development, and relates global energy demand to these factors in a way that deals
with the possibility of improving energy efficiency by technological and other
innovations.
It includes all energy-related sectors and applications of feedstock, e.g. power
generation, transport, heating (domestic as well as industrial) as well as feedstock
applications for materials.
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It encloses all options for supplying energy-related services, e. g. conventional and
advanced fossil options and all kinds of renewable options.
It fills in projected energy demand per sector by economic rules, e.g. by choosing
least-cost options at given (external) constraints. Such constrains can be specific
policies or explicit CO2 reduction targets, but other constraints will be inherent to the
energy system (e.g. no unlimited introduction of intermittent power generation
technologies without addressing costs for net balancing measures).
Costs of the different energy supply options are assessed with dynamic (e.g. biomass
applications) and interrelated cost-supply curves.
These curves also particularly take into account technological learning of innovative
options.
It contains extensive analysis of the sensitivity of the outcomes to different scenarios
or differences in the key assumptions on e.g. costs.
A key disadvantage of these types of studies is that the results are not validated with data
about the availability and productivity of land for energy crop production. Moreover, energy
models are especially suitable to investigate the costs and economic potential of biomass
energy in relation to other energy sources but these models do not allow estimates of the
impacts on food and fibre markets. However, to estimate impacts on food and fibre markets,
agricultural economics models can be used. The ideal agricultural economics model study
takes into account the effects on prices, production and markets of all other crops. The ideal
study compares the net-return of all possible crops which a farmer can grow. The competition
with other markets (food, feed) – determining the output prices of competing markets and
crops - is decisive for the economic feasibility of biofuels. The ideal study is able to deal with
the competing claims of food, feed and fuel on production factors in order to estimate a real
economic feasible production of biomass for fuel. Ideally the agricultural economics models
are linked with energy models and expanded with energy crops that are currently not
produced on a large scale and are usually not included.
In theory, an integrated assessment model would be best suited to include all different aspects
and facets of sustainability of biomass energy production, including all relevant feedback
mechanisms as well as synergies and trade-offs. IAMs thereby allow for the use of multidimensional scenarios, whereby a large variety of assumptions on the different parameters
(population growth, economic growth, food consumption, environmental policies, trade
patterns etc.) are consistent. IAMs combine bottom up data on land use and productivity with
energy models and agricultural economics models. As such, IAMs provide an appropriate
framework to estimate the potential of biomass energy, the impacts on agricultural markets
and food security, GHG emissions and land use. An important handicap is the complexity of
these models, which makes these models relatively non-transparent, expensive to develop and
user unfriendly in operation. Moreover, it has to be taken into account that with the
integration of separate models, uncertainties due to data gaps or insufficient modelling will be
transferred to the IAM.
Furthermore, there are general bottlenecks when evaluating the availability of biomass for
energy production and there is food versus bioenergy issues:
Integration of modelling efforts of the various arenas included in this assessment, in
particular macro-economic/market models that are interlinked with integrated
assessment tools and bottom-up analyses of agricultural, livestock and biomass
production systems.
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Improved understanding of marginal and degraded lands and potential biomass
production systems with their respective performance and impacts. None of the key
studies specifically investigated the biomass energy potential of crops grown on
degraded land. Yet, various datasets are potentially useful when evaluating the
potential of energy crops from degraded land. However, a crucial limiting factor and
therefore a key target for future research is the availability of reliable data about soil
degradation and the impact on crop yields.
Improved databases are required for soil quality and land-use functions & categories;
such basic data are an important prerequisite for more reliable model outcomes.
More detailed, preferably on the level of water basins, analysis of the impacts of
changed land use and vegetation patterns on water use. Such analyses should also
include improved understanding of ways to limit water use via improved (crop)
management or vegetation strategies.
Improve the understanding of how agricultural and forest management and efficiency
can be improved and via what strategies. This should be studies for a wide variety of
settings, covering subsistence farming systems in Africa up to the more intensive
farming systems in e.g. Eastern Europe.
Concrete case studies on the full range of impacts (ecological and socio-economic)
and performance (production levels, costs) of biomass production (and supply)
systems in concrete settings, in particular covering more difficult circumstances, such
as the use of degraded lands.
Furthermore, the results also show that sustainability aspects are inadequately taken into
account in existing biomass potential assessments. There is no study that includes all three
dimensions of sustainability (environmental, social, and economic) nor is there a study that
covers all relevant aspects of one dimension. Generally, environmental factors are
overrepresented whereas social and economic aspects are taken into account far less
frequently. Regarding the environmental dimension, biodiversity and climate aspects are
included more often than soil and water aspects.
Crucial environmental aspects that are insufficiently taken into account in existing studies are
the impacts on biodiversity and climate change.
An ideal study of biodiversity effects takes into account all relevant biodiversity aspects and
scales and should not only show local effects, such as irrigation, fertilizer and pesticide use,
former land-use and landscape structure, but also possible shifts and trade-offs to other
locations. Such studies ideally estimate the net impact of energy crop production on
biodiversity by summing up the impact on:
The change of land use, where the focus is on the short–term land-use dynamics, with
and without bioenergy. The cultivation of natural areas typically leads to significant
biodiversity loss. In the case of the cultivation of abandoned land, the effect in time
depends on the restoration time of biodiversity values. The values of cultivated land
depend on management practices and crop type.
The total net change in GHG emissions (and consequently climatic change), whereby
a comparison of climate change mitigation policies is needed for (1) with and without
bioenergy and (2) different applications of the same biomass. The net GHG emissions
of bioenergy systems depend largely on the technology, soil characteristics, climate,
and particularly on the direct and indirect changes in land use that are induced by
energy crop production.
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Other direct and indirect environmental impacts, whereby ideally a comparison is
needed of scenarios and climate change policies, with and without bioenergy.
Typically, most environmental impact assessment of biomass energy production and
use focus on the absolute impact and ignore climate change or evaluate the relative
impact compared to reference land use types. This approach probably leads to an
overestimation of the environmental impacts of bioenergy. This means that integral,
global impacts of bio-energy in a life cycle-approach, comparing the effects of
biofuels and fossil fuels over the whole production chain on greenhouse gas emissions,
land-use and biodiversity effects is required.
For climate change similar conclusions can be drawn. The impacts of land use changes are
(potentially) crucial due to the direct and indirect changes in above and below ground biomass
and soil organic matter. These are, however, uncertain. Ideally, these direct and indirect
changes in land use are assessed using agricultural economic models that included a land use
component. Furthermore, the net GHG emissions of bioenergy systems depend largely on the
technology, soil characteristics and climate. Technical learning, i.e. the increased efficiency of
production, is also an aspect that is often insufficiently taken into account. Other crucial
variables are the fertilizer induced emissions of nitrous oxide and the choice of methodology
used to account of co-products.
Another major point of discussion is the availability of water. Most studies focus on the water
use at a field/plot scale, e.g. by considering only rain fed crop production. However, these
effects cannot be extrapolated indiscriminately to higher scale, because „water losses‟
upstream are available for use downstream. When water use upstream increases, there may be
less water available downstream. To estimate water availability for energy crop production it
is best to carry out a scenario analysis at a water basin level. The availability of accurate,
spatially explicit data is, however, a key limiting factor.
Regarding the social dimension, many studies account for the competition of biomass and
land with food, which is always given priority. Although many studies assess economic
aspects, only a few calculate the impact of bioenergy production on crop and food prices by
integrating bioenergy production in the whole market system.
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4 Harmonisation
Assessments

of

Methodologies

for

Biomass

Resource

Existing biomass resource assessments use a broad variety of approaches, methodologies,
assumptions and datasets that lead to different estimates of future biomass potentials. The
overall objective of the Biomass Energy Europe (BEE) project has been to improve the
accuracy and comparability of future biomass resource assessments for energy by reducing
heterogeneity of terms and definitions, increasing harmonisation of data and calculations and
exchanging knowledge on methods and approaches.
In light of the overall objective a two volume handbook has been developed to promote
harmonisation in the development of biomass resource assessments. The first volume,
Harmonization of Biomass Resource Assessments Volume I: Best Practices and Methods
Handbook (BEE 2010c), provides best practice methods for determination of biomass
resource potentials, and gives guidance for transparent presentation of results by providing
terms and definitions needed for the execution and presentation of biomass resource
assessments. The second volume, Harmonization of Biomass Resource Assessments Volume
II: Data Sources Handbook (BEE 2010d), provides information on data sets that are needed to
conduct a biomass resource assessment with the methodologies described in Volume I. The
handbook focuses on methods that can be applied in national and European level biomass
resource assessments. If data source availability allows it, the methods can be used at a more
local level and outside Europe as well.
The handbook serves multiple functions, it:
Can be used as a reference work on the use of terminology in the field of bioenergy
resource assessments.
Provides an overview of best practice methods in the range of relatively
straightforward resource-focussed biomass assessments to complex integrated
assessments.
Presents a detailed overview of sustainability themes, criteria and parameters that are
relevant for biomass resource assessments and shows how they could be implemented
in future biomass resource assessments.
Methods are provided for four categories of biomass types: forest biomass, energy crops,
agricultural residues and organic waste. Furthermore, five types of methods are identified:
statistical methods, spatially explicit methods, cost-supply methods, energy-economics and
energy system model methods, and integrated assessments, see Table 9 for a detailed
overview. For each of the before-mentioned biomass types, the handbook shows how these
methods can be applied. Furthermore, the handbook provides a detailed overview of
sustainability aspects, that can be implemented in future biomass assessments.
Each method has its own merits and costs. The handbook seeks to provide guidance to policy
makers and companies that that need to specify their need for biomass resource assessments.
In parallel it serves scientists and consultants in providing detailed descriptions of methods
and a large selection of useful data sources for the performance of biomass resource
assessments.
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Table 9 Biomass categories and methods covered in the BEE Methods Handbook (2010c).
Biomass category
Forest & forest residues

Detailed biomass category
Stemwood
Primary forest residues
Stemwood & primary forest residues
Secondary forest residues

Energy crops

Agricultural residues

Primary agricultural residues

Secondary agricultural residues

Manure
Organic waste

Biodegradable municipal waste

Construction & demolition wood
Landfill gas

Sewage sludge & gas

Total resource
assessments

Method
Basic & advanced statistical
Basic & advanced statistical
Basic & advanced spatially explicit
Cost-supply
Basic & advanced statistical
Spatially explicit
Cost-supply
Basic statistical
Basic & advanced spatially explicit
Cost-supply
Basic & advanced statistical
Basic & advanced spatially explicit
Cost-supply
Basic & advanced statistical
Basic & advanced spatially explicit
Cost-supply
Statistical
Basic & advanced spatially explicit
Basic & advanced statistical
Basic & advanced spatially explicit
Cost-supply
Statistical
Statistical
Basic & advanced spatially explicit
Cost-supply
Statistical
Basic & advanced spatially explicit
Cost-supply
Statistical
Spatially explicit
Cost-supply
Demand driven energy &
economic modelling
Integrated assessment

With the BEE Methods and Data Sources Handbook a first contribution towards a
harmonisation of methods, data and consequently on results is made. Still it is clear that in
many aspects further development is necessary, this with focus on integrating more accurate
empirical data, more constraints and technological developments.
Since there clearly is no uniform methodology it is of high importance in biomass potential
assessments for energy to clearly document all methods and data used. Moreover it is of
special importance not only to characterise the type of potential that is assessed, but to
provide clear information on methodological choices and constraints, describe the scope of
the study and state which data sets that has been used etc. Only such clear documentation will
increase the comparability of future biomass assessments for energy.
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The overall objective of the BEE project was to improve the accuracy and comparability of
future biomass resource assessments for energy by reducing heterogeneity of terms and
definitions, increasing harmonisation of data and calculations and exchange knowledge on
methods and approaches. The BEE Method and Data Sources Handbooks summarises
approaches and methods and harmonises assumptions on biomass resource assessments based
on existing studies (BEE 2010c; BEE 2010d). It does not propose just a single method to fit
all purposes but rather describes and documents various alternative approaches and methods
in a comparative way.
As part of the project some of the methodological recommendations for biomass resource
potential for energy are illustrated and validated in their applicability by implementing the
proposed methods to specific cases. A total of five illustration cases are carried out at
different geographic scales: (i) pan European (individual EU27 plus a few non-EU countries),
(ii) Croatia, (iii) Finland, (iv) Ukraine and (v) FYR Macedonia.
Table 10 Coverage of illustration cases.
Geographical
coverage

Biomass types

Methodological focus

Europe
(EU27)

Forestry
Forestry
Energy crops
Energy crops
Agricultural residues
Waste
Forestry and energy crops

Croatia

Energy crops (willow)

Finland

Forestry

Resource-focussed statistical method
Resource-focussed spatially explicit method
Resource-focussed spatially explicit method
Resource-focussed statistical method
Resource-focussed statistical method
Resource-focussed statistical method
Integrated assessment methods
Basic resource-focussed spatially explicit
method
Advanced resource-focussed spatially explicit
method

Ukraine

Forestry
Agricultural residues
Waste
Forestry and energy crops

FYR
Macedonia

-

Resource-focussed statistical
Integrated assessment method
Descriptive

Each illustration case assesses the potential for a set of biomass types in combinations with
specific methods. Table 10 lists these combinations. The main illustration case is
implemented at the European level and provides estimates for individual EU27 and a few
additional countries. All types of biomass for bioenergy are analysed at this level. This case
study covers not only different biomass types at one time but also applies alternative
assessment methods. This makes comparisons across methods, potentials and biomass types
possible. Illustration cases at the national level are targeting specific biomass categories. For
Croatia there is a focus on willow as an energy crop. The focus of Finland is on advanced
spatially explicit methods for estimating biomass potentials from forestry and forestry
residues. Finally the case of Ukraine covers all biomass sources in a country under economic
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transition and with low actual use of biomass for energy. An example of a country which
lacks basic statistical information for carrying out biomass assessments is FYR Macedonia, a
BEE illustration case that highlights data needs and issues of data consistency.
These illustration cases provide not only information on European and national biomass
potentials, but also demonstrate how a biomass resource assessment using a harmonised
approach can be performed. Thus, regional differences in data availability and access, as well
as the latest methodological achievements are considered.

5.1 Pan-European Illustration Case
The BEE European illustration case implemented at the European level and provides
estimates of biomass potentials for bioenergy for individual EU-27 and a few additional
countries. All types of biomass for bioenergy are included in the assessment: forestry biomass
and forestry residues, energy crops, agricultural residues and organic waste. Moreover, this
case study applies alternative assessment methods. Following the BEE Methods Handbook
(BEE 2010c) basic and advanced statistical, basic and advanced spatially explicit and
integrated assessment methods were used, involving a great variety of different data sources.
This variety makes comparisons across methods, potentials and biomass types possible.
The European illustration case provides not only information on European and national
biomass potentials, but also demonstrates how a biomass resource assessment using
harmonised approaches can be performed. Thus, differences in data availability and access for
different methods, as well as the latest methodological achievements are considered.
Forestry - Resource-focussed statistical method
The scope of the assessment of the bioenergy potential from forestry by the resource focused
statistical method covers the FAO land use categories forest and other wooded land. For the
27 EU member states the theoretical and technical biomass potential from the use of
stemwood, primary forestry residues and secondary forestry residues from wood processing
industries was estimated. As the base years of the various statistical data bases used varies, the
estimates can be considered to assess the situation in the period 2005 – 2010. Table 11 gives
an overview of the results at EU level, while detailed results per country and for EU27 are
available in the BEE European Illustration Case of Biomass Assessment (2010b).
Table 11 Resource-focused statistical method, potential from forestry for EU27; including
fellings, primary and secondary forestry residues and trees outside forests.
Type of potential
Overall theoretical domestic potential from forests1
Theoretical potential from forests2
Technical potential from forests considering a
minimum of restrictions3
Technical potential from forests4

Energy potential,
PJ
7940
5230

Percent of theoretical
potential
100 %
66 %

3900

49 %

3270

41 %

1

Considering also wood used for material use assuming a cascade use of wood with a final utilisation for energy purposes.
2
Stemwood and primary forest residues
3
Including secondary forest residues (Demonstration option)
4
Including secondary forest residues

The application of the basic statistical method is a simple approach to assess the technical
potential at EU27 level. The data demand is rather limited and updates with new statistics are
easily implementable. It can serve as a reference to more complex approaches.
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Forestry - Resource-focussed spatially explicit method
This illustration case applies a resource-focussed, basic spatially explicit method to estimate
the bioenergy potential of stemwood and primary forest residues at the European level for the
average year 2005 (i.e. average over different base years of the input data). The method
utilizes a remote-sensing based map of forest area or, alternatively, net primary production
and integrates national forest inventory statistics, biomass expansion factors and maps on soil
properties, elevation and protected areas. It accounts for several sustainability-related criteria,
basic technical constraints and wood removals with industrial use. The resulting theoretical
and technical biomass potentials are presented in Table 12.
Table 12 Resource-focused spatially explicit method, potential from forestry for EU27 in
2005.
Biomass type
Stem wood
Primary forest residues

Theoretical potential, PJ
968
521

Technical potential, PJ
825
475

The illustration case shows the applicability of the spatially explicit method at large scale. The
results of the assessment are not the directions for an implementation of the assessed
potential, but a base for planning further assessments on more detailed (national/regional)
level.
Energy crops – resource-focused spatially explicit method
The BEE Methods Handbook lists various approaches and methods for estimating the present
and future potential of various types of biomass energy crops. The approaches and methods
that are evaluated by the handbook are in principle suitable for all types of energy crops.
The potential for energy crops was assessed using the spatially explicit method detailed in the
BEE Methods Handbook (2010c). For this illustration case the theoretical potential for
biomass production from perennial energy crops on arable lands, i.e. on the total agricultural
area used for crop production.
To estimate the theoretical biomass potential from energy, crop models simulating
biophysical processes can be applied to calculate crop yield and environmental externalities
associated with their cultivation. Biophysical crop yield models typically integrate a large
number of biophysical processes and allow assimilation of earth observation products for
global calibration of environmental impact assessments. Advanced integrated modelling can
subsequently be used to calculate actual yields corresponding to the economic level of
intensification. The study excludes grasslands that could potentially be used for the
production of energy crops but cannot be represented by the crop model chosen. The method
covers EU25 and results for a number of woody- and grass-crops are presented, namely
poplar, miscanthus and reed canary grass, see Table 13. The total cropland area is about 94
Mha.
Table 13 Potential of energy crops in EU27, spatially explicit method.
Biomass type
Energy crops

Poplar
12700

Theoretical potential, PJ
Miscanthus Reed canary grass
18400
8100

Technical potential, PJ
-

A spatially explicit assessment of energy crops has several advantages over more aggregated
methods. The more or less detailed geography of crop yields that can be derived from such
Executive Summary, Evaluation and Recommendations

41

D 7.1
Version 1

methods allows for a visual assessment of maps that display differences in yields and other
parameters between different geographical regions within and across national and
administrative borders. The illustration case has also shown that such an assessment is very
data intensive and can become very complex. However, the complexity of tools that address
biomass production accurately in a spatially explicit way cannot be avoided given the
complexity of plant growth in a diverse landscape. Therefore detailed geographically explicit
crop yield models are usually developed by whole research groups and over a longer period of
time.
Energy crops – resource-focused statistical method
The potential for dedicated energy crops was also assessed using a basic statistical method
provided by the BEE Methods Handbook (2010c). The main focus was on finding the
technical potential of these bioenergy sources, but also theoretical potentials were assessed.
The results of the assessment are affected by the selection of factors applied to guarantee food
security. Three different diet scenarios were applied. In case of vegetable diet the total
available area for energy crops in all EU member states is about 29.9 million ha. For mixed
diet and meat diet these values are 6.4 and 0.2 million ha, respectively. Assuming a mixture of
reed canary grass, miscanthus, rape seed and sunflower in shares that are currently observed,
these differences in area affect bioenergy potentials of energy crops on cropland significantly:
vegetable diet 3465 PJ, mixed diet 742 PJ and meat diet 22 PJ (see Table 14), all potentials
are for the year 2008.
Table 14 Potential of energy crops in EU27 for 2008, statistical method.
Biomass type
Energy crops

Theoretical potential, PJ
-

Technical potential, PJ
Vegetable diet
Mixed diet
Meat diet
3470
740
22

The illustration case chapter on bioenergy potential from energy crops reveals the challenges
of such estimates, even if only a basic statistical method is used. Many assumptions on
reduction factors are difficult to support with empirical data. The main difficulty relates to the
requirement that energy crops are supposed to be cultivated only on surplus land. To define
and quantify what really is surplus land is a challenge. However using the assessment method
that was applied here, approximate results can be achieved quite easily keeping in mind the
simplicity of the approach.
Agricultural residues and manure – resource-focused statistical method
Primary and secondary agricultural residues and manure were estimated for EU27 using the
basic statistic method, estimates reflect the potential in 2008. The theoretical and technical
potential of agricultural residue biomass was estimated; for manure however only the
theoretical potential was determined, see Table 15.
Table 15 Agricultural residues potential in EU27 for 2008.
Residue type
Primary agricultural residues
Secondary agricultural residues
Manure

Theoretical potential, PJ
2690
89
770

Technical potential, PJ
806
52
-

Assessment methods for both primary and secondary agricultural residues are relatively
simple and straightforward. The initial values can easily be obtained from statistical
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databases. These methods use correction factors by which the available amount of residues is
calculated using cultivation areas and yields of crops. These correction factors vary in the
literature, which is due to the fact that physical conditions in different countries and climate
zones vary. Sufficient attention has to be paid to the selection of these factors including a
thorough documentation.
Organic waste – resource-focused statistical method
Organic waste originates from the final use of biomass containing products. Important
examples are biodegradable municipal waste, demolition wood, and sewage sludge. In this
illustration the theoretical and technical potential of biodegradable municipal waste (BMW)
was estimated. For this illustration case the resource-focused basic statistic method was used.
Biodegradable municipal waste consists of mainly paper and paperboard and kitchen and
garden waste. For calculation of the theoretical potential, paper and paperboard is included.
For calculation of the technical potential however, paper and paperboard are excluded since a
large fraction of the paper and paperboard can be, and indeed is being recycled. BMW is
available and potentially usable wherever the population has access to municipal waste
services. However, the potential differs from one country to the other in relation to the waste
production and its organic content. In order to determine how the potential is distributed
between countries national level data has been used. For country level results see the BEE
European Illustration Case of Biomass Assessments (BEE 2010b), EU level results are
presented in Table 16.
Table 16 Organic waste potential in EU27 for 2008.
Waste type
Biodegradable municipal waste

Theoretical potential, PJ
1097

Technical potential, PJ
722

The illustration case on BMW shows that good and recent estimates of the organic content of
BMW are hard to find. The method presented in the BEE Methods Handbook shows how
with using present available data, the availability of biomass could be assessed. On the level
of member states, under the supervision of Eurostat, a harmonised method should be
developed to measure or estimate the amount of biodegradable municipal waste in Europe.
Integrated modelling
Integrated assessment models are suitable to study land use impacts on agricultural and
forestry markets and competition for land between forestry, food and non-food agriculture as
well as the net environmental impacts of bioenergy production on these land use options. This
section describes the application of an integrated assessment method to investigate the
technical biomass potentials and the competitive economic portions of the technical potentials
of biomass in the agriculture and forest sectors of the 27 European Member States, excluding
Cyprus and Malta. The integrated assessment model EUFASOM (European Forest and
Agricultural Optimisation Model, see Schneider et al. (2008)) have been used, producing
cost-supply curves for the period 2010 – 2030 at 10 year intervals.
The biomass types from the agricultural sector include biomass for energy production from
the traditional agricultural crops, i.e. wheat, sunflower, rape and sugar beet. Biomass from
non-food agriculture includes perennial grasses and short rotation woody crops for energy
production, i.e. willow, poplar, miscanthus and reed canary grass. In the forest sector, on the
other hand, distinct biomass types involve forest felling and forest residues.
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Given an incentive of 35 EUR/ton for biomass plantations the biomass potential in Europe
can reach up to more than 4300 PJ in 2020 and would increase to about 5000 PJ in 2030
under the free trade setting. Subsequently, the total biomass subsidy needed to achieve the
potential of 4300 PJ would amount to about 7200 million EUR in 2020.
Generally, results suggest that in the presence of economic incentives such as subsidies, the
competitive potentials of different bioenergy markets will increase despite constraint on the
conversion of land to biomass plantations. Gradual improvements in biomass subsidies
correspond to higher biomass production potential but may significantly affect the potentials
of other land use categories due to the substantial pressure on land brought about by the
amplified biomass activities. The inclusion of sustainability parameters in the assessment
which aimed to avoid negative environmental impacts of indirect land use change therefore
restrict the resulting potential through limiting the area of land available for bioenergy use.
Integrated modelling approaches are needed to tackle issues related to the development of
bioenergy production strategies in response to the European Union‟s renewable energy targets
and biodiversity protection initiatives as these objectives will involve significant impacts on
land use and land use management. These developments have raised questions regarding their
effects on agricultural and forestry products, markets and competition for land between
forestry, food and non-food agriculture and nature reserves.
Efficient policy regulation therefore requires cooperation on data and modelling across
national and regional borders. However, the quality of data inputs, the specified boundary
conditions, assumptions and the applied biomass or bioenergy policy conditions generally
affect the simulation results of economic potential values.
Synthesis of results
Given the fact that all illustration case results were produced on basis of the harmonised BEE
Method and Data Sources Handbook, comparison of results of the same biomass and potential
type across methods give insights into underlying uncertainties and remaining issues of
harmonisation.
Figure 6 summarises the results of the European illustration case at the level of biomass types
and sources and the type of potential. The data were averaged over different assessment
methods if estimated by more than one. The typical cascade of potentials as theoretically
expected, i.e. the stepwise shrinking potential with increasing number of constraints, is well
expressed in some biomass categories, e.g. primary forestry residues or stemwood. This
applies also for the energy crops.
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For the averages from forestry biomass sources factors for the conversion of tonnes DM wood to PJ were
harmonised to a value of 15.48.

Figure 6 Summary of the EU illustration case results. Sums over all EU27 countries for the
different biomass types and sources separated by potential types. Values in PJ per year.
It is striking that for different biomass types the differences between potential levels vary.
When summing over all countries and averaging over all methods, some basic relationships
can be observed. Table 17 displays the percentage share of the theoretical potential for the
technical and economic potential for different biomass types and sources. The numbers have
to be interpreted with care as the estimates for the same level of potential differ significantly
between methods (see Figure 6). For energy crops, in general, a reduction of one order of
magnitude can be expected when going from the theoretical to the technical potential. For
forestry the reduction is less severe. Potentials are reduced to about one third or fourth on
average going from theoretical to technical potential and halved again for the economic
potential. However, for fellings large variability due to alternative definition of potential types
were observed. Here the technical potential can be very close to the economic.
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Table 17 Percentage share of the theoretical potential. Potentials were summed over EU27
countries and averaged over the different methods applied.
Biomass type
Forestry
Energy crops
Waste

Biomass sources
Fellings
Primary forestry residues
Woody energy crops

Technical
25 %
36 %
64 %

Economic
21 %
7%
2%
-

The results of the European illustration case provide information on national and EU biomass
potentials for biomass from forestry, energy crops, agricultural residues and organic waste.
The results can support national policies and strategies for biomass utilisation e.g. for the
compilation of national biomass action plans. At an aggregated level they can also be used to
inform European policy and other stakeholders about biomass potentials and availability.
Furthermore, the illustration case will help the European research community to address
remaining questions and carry out more detailed assessments at national or international level.
For full details on the European illustration case see BEE European Illustration Case of
Biomass Assessments (2010b).

5.2 Illustration Case: Croatia
The main objective of the illustration case for Croatia was to estimate the theoretical and
technical potential of short rotation coppice (SRC) energy plantations on abandoned land or
on land where agricultural production is not profitable.
The methodology utilised for estimating the SRC potential within this illustration case was
based on the basic spatially explicit method, which is described in detail in the BEE Methods
Handbook (BEE 2010c). The main data source used for the assessment was the basic
pedological map of Croatia, which formed the basis for the estimations of soil suitability for
SRC plantation.
Based on the different types of soils, the current utilisation and their characteristics, the total
area suitable for the production of energy crops was estimated. This area was further reduced
based on the information available regarding the implementation of the EU Natura 2000
network in Croatia, to obtain the area potentially available for short rotation energy crops.
From this area information the theoretical potential of crop production was derived.
In order to attain the technical potential the available area for SRC was further reduced taking
into account that certain parts of the land are not suitable for the currently applied harvesting
techniques, for instance alluvial river banks and deposits, areas prone to flooding and areas
with a steep inclination.
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The theoretical potential for short rotation energy crops production in Croatia was estimated
to the following amounts:
Forest area suitable for energy crops – a total of 51 200 ha was estimated to be suitable
for SRC, producing in total 470 200 t DM/y or 8.7 PJ
Agricultural areas with moderately suitable soils and limited soil suitability – a total of
617 000 ha was estimated to be suitable for SRC, producing a total of 7 404 000 t
DM/y or 136.2 PJ
The technical potential for short rotation energy crops production in Croatia was estimated to
the following amounts:
Forest area suitable for energy crops – a total of 46 850 ha was estimated to be suitable
for SRC, producing in total 430 000 t DM/y or 7.9 PJ
Agricultural areas with moderately suitable soils and limited soil suitability – a total of
235 650 ha was estimated to be suitable for SRC, producing a total of 2 827 800 t
DM/y or 52.1 PJ
In spite of the considerable potential for short rotation energy crops production, currently a
very small amount of the available area is utilised in Croatia. The issues and problems to be
addressed in order to increase this production include a change in policy approach, especially
aimed at small landowners, introduction of incentives and subsidies, lack of knowledge and
experience in growing energy crops and generally a lack of cooperation between relevant
stakeholders.
For full details on the Croatian illustration case see the BEE Illustration Case for Croatia
(2010a).

5.3 Illustration Case: Finland
The illustration case for Finland differs from the other illustration cases with respect to
methodology. The illustration case made intensively use of information derived from National
Forest Inventories (NFI) and satellite images. The study aimed to provide estimates of
technical potential of forest chips for bioenergy by using a harmonised estimation method.
The sources of chips considered here were logging residues and stumps from final fellings.
The methods used for the Finnish illustration case combine spatially explicit biomass maps,
segmentation of Earth Observation (EO) data, polygons for protected areas, and forests
characteristics for each segment. The advanced spatially explicit method is describe in detail
in the BEE Methods Handbook (BEE 2010c).
The result of the illustration case provides estimates of technical potential for Central Finland
and two types of potentials were assessed: Business as Usual (BAU) and Maximum
Sustainable Cuttings (MAX). The applied harvesting level scenarios were as follows:
Business as Usual (BAU). The scenario is based on mean annual roundwood removals
in 2000–2009.
Maximum Sustainable Cuttings (MAX). The scenario is based on maximum
harvesting level that can be maintained sustainably during 2007–2016 in Central
Finland (MetINFO 2010).
The total bioenergy potentials from final fellings for the region of Central Finland were
estimated at 10.6 PJ/year for the BAU scenario and 12.8 PJ/year for the MAX scenario.
For full details on the Finnish illustration case see the BEE Illustration Case for Finland
(2010f).
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5.4 Illustration Case: Ukraine
Ukraine is, with an area of roughly 600 thousand km2, one of the largest countries in Europe,
and possesses ample opportunities for bioenergy. Four biomass categories have been assessed
in this illustration case: (1) forest biomass, (2) energy crops, (3) agricultural residues and (4)
waste. The assessments have been made using two different methods; the theoretical and
technical potential for forestry biomass, agricultural residues and organic waste have been
estimated using the resource focused statistical methods or modifications thereof. The
potentials have been estimated for every region, or oblast, for the year 2008. The economic
potential for energy crops and forest biomass has been assessed using the same integrated
assessment modelling approach as for the BEE European illustration case.
For full details on the Ukrainian illustration case see the BEE Illustration Case for Ukraine
(2010e).
Forestry and forestry residues – resource-focused statistical method
The basic statistical methods used for assessing theoretical and technical potential for
stemwood and primary and secondary forest residues are described in detail in the BEE
Methods Handbook (BEE 2010c). However, due to the nature of Ukrainian forestry statistics
the basic method for estimating stemwood had to be modified to a certain extent. The
potential for forest biomass in Ukraine for 2008 is presented in Table 18.
Table 18 Forest Biomass potential in Ukraine for 2008.
Biomass type
Stemwood
Primary forest residues
Secondary forest residues

Theoretical potential, PJ
263
29
20

Technical potential, PJ
50
23
17

Agricultural residues – resource-focused statistical method
Both primary (PAR) and secondary agricultural residues (SAR) were assessed, as well as the
potential for biogas production from manure. Starch and oil crop residues were considered in
the estimation of primary residues and residues form sugar beet, rice and sunflower
processing was the secondary residues accounted for. For PAR the advanced statistical
method was used, whereas the basic statistic methods were used to estimate the potential for
SAR and Manure, see the BEE Methods Handbook (BEE 2010c) for details. The potential for
agricultural residues in Ukraine for 2008 is presented in Table 19.
Table 19 Agricultural residues potential in Ukraine for 2008.
Residue type
Primary agricultural residues
Secondary agricultural residues
Manure

Theoretical potential, PJ
1136
33
91

Technical potential, PJ
415
18
68

Waste – resource-focused statistical method
For the Ukrainian illustration case two types of waste have been assessed; landfill gas and
sewage gas. For the estimation of the landfill gas potential the advanced resource focused
spatially explicit method was used, as described in the BEE Methods Handbook (BEE 2010c).
The potential for sewage gas was estimated using the basic spatially explicit method. The
potential for organic waste in Ukraine for 2008 is presented in Table 20.
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Table 20 Organic waste potential in Ukraine for 2008.
Waste type
Biodegradable municipal waste
Construction & demolition wood
Landfill gas
Sewage sludge & gas

Theoretical potential, PJ
23
6

Technical potential, PJ
14
4

Integrated modelling
The illustration case gives an overall picture of total bioenergy potential of Ukrainian
agriculture and forests. The theoretical biomass potential in Ukraine could reach up to more
than 14.7 TJ for which around 95 % comes from traditional food crops. The economic
potential estimated by the integrated assessment method reveals that in the case of stemwood
only 5 % of the theoretical potential would be used under competition and less than 1 % of the
energy crop potential for the year 2010. There is, however, a temporal dynamic in the
economic potential that is most pronounced in the stemwood potential numbers. The
integrated assessment suggests that the economic potential could be increased substantially if
subsidies would be introduced.
Exploitation of biomass resources for bioenergy production is a complex matter which
involves significant impacts on land use and land use management therefore integrated and
comprehensive scientific assessments are needed to ensure harmonization of biomass
resources and assure efficiency of biomass and bioenergy policies to address land scarcity and
land competition between traditional agriculture, forests, nature reserves, pastures, and
biomass plantations for energy production.

5.5 Illustration Case: FYR Macedonia
Forest biomass is an important source of energy for FYR Macedonia, and has accounted for
about 10 % of the total energy supply the last 20 years. Contrary to most EU countries the
bulk of the forest fellings, 80 %, is used for energy purposes, while the remainder is used in
industry. The share of illegal fellings is also large, accounting for as much as 35 % of the total
volume.
The objective of the illustration case was to estimate the theoretical and technical potential of
stemwood. Due to lack of reliable forest statistics for FYR Macedonia the basic resource
focused statistical method, which is described in detail in the BEE Methods Handbook (BEE
2010c), was used for the Macedonian illustration case. The basic statistical method allows
estimates considering minimum constraints and using results of forest inventories only, an
additional advantage of this method is that expert judgement can be used to fill gaps where
statistics are not available. However, the accuracy and the reliability of the assessment are
reduced because of this.
The Macedonian illustration case shows that even simple methods described in the BEE
Methods Handbook can only be applied when basic standardised data is available. The
national forest inventories of FYR Macedonia for example, are therefore not an appropriate
source for a realistic biomass assessment. The results of this illustration case demonstrate the
limits of harmonisation when basic standardised data are not recorded in a country.
For full details on the FYR Macedonian illustration case see the BEE Illustration Case for
FYR Macedonia (2010g).
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5.6 Validation of the Illustration Cases
The illustration case results were validated by parties outside of the BEE consortium (e.g.
ministries and research institutes on national and EU level); parties which were selected based
on their expertise in evaluating biomass potentials. The evaluators were provided with the
BEE Methods Handbook and illustration case reports. Their feedback was gathered with a
questionnaire that was divided into two sections: the first section included questions about the
methods and their description in the Methods Handbook. The second set of questions targeted
the illustration case results. Nine completed questionnaires were received, out of which seven
dealt with country specific illustration cases and two with the European case.
Nearly without exception the feedback on the BEE Methods Handbook and the illustration
case reports was positive. The majority of the respondents perceived the handbook as clear
and comprehensible and meeting the general requirements. The general opinion was that the
handbook can be seen as a reference for future work on assessments of biomass potentials.
However, there were also suggestions on how to develop the Handbook further. Some
respondents expressed a need for simple examples as to how to apply the handbook. While
others missed more explicit examples of energy conversion processes. This could be a
development target for a next version of the handbook.
Many respondents of the country specific illustration cases expressed that the presented
results and the accompanying documentation significantly improved the knowledge and
quality of biomass potentials compared to earlier assessments. They evaluated the structure of
assessment that they reviewed as clear and logical; the source data was adequately chosen and
documented. Several respondents mentioned that the whole assessment was more
comprehensive than earlier ones.
The feedback from the two reviewers of the European illustration cases was positive and no
significant flaws were discovered. It was for example positively recognized that the crosssectorial handling of the potentials (i.e. forestry, agriculture and energy crops) enables a
comparison between potentials. Moreover it was recognized that the provision of the
handbook and the demonstration of the applicability of the methods in the European
illustration case can be regarded as a step forward towards more harmonized assessments.
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6 Special analysis topics
6.1 Integration of EUWOOD and BEE findings on forestry energy
potentials
Introduction
Within the BEE project, several studies that attempted to quantify the woody biomass
potentials from European forests have been reviewed in BEE Status of biomass Resource
Assessments (2010j). The review showed that estimations of biomass potentials are quite
variable at the European level; the largest estimate of the current potential (i.e. potentials
estimated up to the year 2010) is 5 times the smallest current potential estimate. The majority
of this variation can be explained by differences in the coverage of the assessments regarding
their geographical scope, potential type (e.g. technical, economical and sustainable), method
(scenarios and constraints), dataset and conversion factor and biomass type. A common
feature of these studies is that these studies did not include social factors, which are
considered an important constraint to wood mobilisation (Straka et al. 1984; Amacher et al.
2003).
The latest and most complete estimate of the total woody biomass potential in EU27 has been
carried out within the EUwood study for the European Commission DG Energy (Mantau et
al. 2010b; Mantau et al. 2010a). In the project, all sources of wood as well as material and
energy uses in EU27 were considered. BEE partners EFI and METLA were involved in this
project and responsible for assessing the total biomass potentials from forests (Verkerk et al.
2010a; Verkerk et al. 2010b). The aim of their assessment was to estimate the total potential
of woody biomass for all uses from the forests of 27 EU member states, while using the most
recent National Forest Inventory (NFI) data and considering multiple constraints on the
supply of woody biomass.
This chapter provides a brief description of the approach applied in EUwood, as well as a
comparison with the results obtained within the BEE project.
Methods
The potentials are estimated with the large-scale European Forest Information SCENario
model (EFISCEN) (Sallnäs 1990; Schelhaas et al. 2007). The EFISCEN model was used to
iteratively assess the theoretical, long-term maximum stemwood harvest potential for the
period 2010-2030 in five-year intervals. This maximum potential was based on the average
volume of wood that could be harvested over 50 year periods, taking into account increment,
age-structure and stocking level. The maximum, average harvest level was re-estimated for
every five year interval for the following 50 years (i.e. 2010-2060, 2015-2065 etc.). The
projections were based on the most recent available national forest inventory data and include
estimated potentials from stemwood; branches and harvest losses (later „residues‟); stumps
and coarse roots (later „stumps‟); and woody biomass from early or energy thinnings in young
forests (later „other biomass‟).
The theoretical forest biomass potentials estimated by EFISCEN are higher than what can
actually be supplied from the forest, due to environmental, social, technical, and economic
constraints.
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A review of the major constraints was carried out based on literature, national biomass
harvesting guidelines and recommendations to overcome constraints on wood supply. After a
scoping process, the following constraints were included in the analysis:
Site productivity (limits biomass extraction on poor soils);
Soil and water protection (limits biomass extraction to prevent erosion, soil
compaction and water pollution);
Biodiversity protection (reduces biomass extraction to prevent loss of biodiversity);
Recovery rate (determines biomass extraction based on slope and machinery);
Soil bearing capacity (limits mechanised harvesting of biomass on certain soil types);
Ownership structure (reduces biomass extraction based on forest holding size of
privately owned forest area).
Although this list of constraints is not exhaustive, the other constraints could not be quantified
due to lack of data, particularly many social and economical constraints (e.g. procurement
costs).
All constraints were quantified for three mobilisation scenarios: high, medium and low. In the
high mobilisation scenario, there was a strong emphasis on the use of wood for producing
energy and for other uses, as well as an effective implementation of current recommendations
on wood mobilisation. The medium mobilisation scenario builds on the idea that
recommendations are not all fully implemented or do not have the desired effect. In the low
mobilisation scenario, environmental concerns regarding the use of wood to produce energy
leads to reduced mobilisation of biomass compared to the present situation. Based on these
mobilisation scenarios and according to existing guidelines and recommendations, general
assumptions were made on the extraction rates of biomass of different biomass types
(stemwood, residues, stumps and other biomass) from different harvesting activities (early
thinnings, commercial thinnings and final fellings) respectively. To avoid overlap of the
environmental and technical constraints, a spatially explicit approach was applied to quantify
the constraints.
The theoretical forest biomass potential estimated by EFISCEN was combined with the
reduction factor for environmental and technical constraints and for the constraint related to
forest holding size. This step resulted in the total biomass potential from European forests (i.e.
the woody biomass potential for material and energy use). Verkerk et al. (2010a; 2010b)
defined their (environmentally, technically and socially) constrained potential as a „real‟
potential. Following BEE terminology (BEE 2010c), the potential could be classified as a
technical potential, with environmental and social sustainability aspects.
In EUwood the total potential for material and energy use from forests was estimated,
whereas in BEE only the energy potential is considered. To allow the comparison with BEE,
the EUwood total potentials were converted to energy potentials by subtracting the wood
needed for material use. This was done by estimating the needed industrial roundwood, based
on a very simple regression model using the demand for sawnwood, veneer and plywood as
explanatory variables. The demand for these products was based on the IPCC A1 scenario as
presented by Mantau and Saal (2010). Finally, the energy potential was converted to energy
units by applying an average conversion factor of 7.2 GJ per m3 (assumption: 1 m3 = 2 MWh
= 7.2 GJ). However, it is acknowledged that the energy density is dependent on species, tree
compartment and moisture content, see Röser et al. (2008).
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To compare these studies at the EU level, the results from BEE Status of Biomass Resource
Assessments (2010j) were used. The study compared other biomass assessment and corrected
for differences in geographical scope by calculating the average potential (in EJ/ha) of the
total area included in the original geographical scope, then multiplied the result with the total
forest area available for wood supply of the 27 EU countries. The potentials estimated within
the BEE project for the European Illustration case studies (BEE 2010b) were also added.
As indicated above, economical constraints were not explicitly included in EUwood2.
However, procurement costs may pose restrictions to the biomass potential. To reliably
estimate procurement costs, spatially explicit data on supply (forests), demand (points of
utilisation) and infrastructure (transportation networks) would be needed regionally, covering
the entire EU. The potential effect of procurement costs on the potentials was tested by
estimating region-level cost-supply curves for logging residues from final fellings, assuming
chipping of residues at the roadside and further transportation of chips by truck. This was
demonstrated for the province North Karelia in Eastern Finland, based on the work by
Asikainen et al. (2008). The impact of procurement costs in different mobilisation scenarios
was studied in North Karelia by assuming the current size distribution of the heat and power
plants using forest chips and the potentials according to the three mobilisation scenarios in
2030. For details see Verkerk et al. (2010a; 2010b).

Potentials from forests (million m3 ob yr-1)
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Figure 7 EUwood biomass potentials for material and energy use from forests in EU-27 for
different mobilization scenarios in 2010 and 2030 (Verkerk et al. 2010a).

2

It should be noted that most environmental and technical constraints can also be considered economic
constraints, as the environmental and technical constraints assume certain, existing or likely, forest management
and harvesting technology. Some economic constraints are thus implicitly included, but to limited extent.
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Total forest potential
The realistic potential from European forests is estimated at 747 million m3 per year
(overbark) in 2010, which represents 58 % of the theoretical potential, see Figure 7. The
projections of future resource use suggest that the realisable biomass potential could range
from 625 to 898 million m3 per year (overbark) in 2030. These potentials represent the entire
potential that could be supplied by forests in the EU, regardless of whether it is used for
material or for energetic use.
Environmental considerations related to soil productivity appeared to be important when
considering the increased use of biomass from forests. Furthermore, the constraints related to
forest ownership appeared to have a relatively large impact, as they affect the availability of
all forest biomass types. However, it is acknowledged that the attitude of private forest
owners towards increased use of forest biomass is unclear and difficult to quantify.
Forest energy potential
Part of the potential presented in Figure 7 is needed as industrial roundwood for material use.
The forest energy potential (converted to energy units) is presented in Figure 8. The potential
is approximately 2.6 EJ in 2010 and ranges from 0.8 to 2.7 EJ in 2030. In the present
situation, stemwood represents the largest share in the potential from forests. This share
decreases when more wood is demanded and used as industrial roundwood. In 2030, the main
potential is in logging residues.
5.0

Forest energy potential (EJ yr-1)

4.5
4.0
3.5
3.0
2.5

2.0
1.5
1.0
0.5
0.0
Current (2010)
Stemwood

Medium (2030)
Residues

High (2030)
Stumps

Low (2030)

Early thinnings

Figure 8 Comparison of energy potentials from forests in EU-27 for different mobilisation
scenarios in 2010 and 2030 derived from EUwood results (Mantau and Saal 2010; Verkerk et
al. 2010a).
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Figure 9 Comparison of estimated forest energy potentials for 2010, 2020 and 2030 from
EUwood (Verkerk et al. 2010b) and BEE (2010j; 2010b), assuming a) an increasing amount
of wood allocated to material use based on the IPCC A1 scenario (Mantau and Saal 2010),
and b) a constant amount of wood allocated to material use.
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As shown in Figure 9, the energy potential derived from EUwood results is comparable to
other studies. The low and high mobilisation scenarios represent more or less the minimum
and maximum range reported by other studies. In general, the comparison suggests that the
potential for energy estimated within EUwood provide a range of the energy potential in
Europe: the potential would be at least 0.8 EJ and depending on policy decisions, the potential
could be up to 2.7 EJ in 2030.
Similar to EUwood, the results of EEA (2007) and Thrän et al. (2006) are based on
projections by EFISCEN. However, the studies differed in many aspects since different
constraints were applied. Furthermore, forest inventory data underlying these projections have
been updated in EUwood and sometimes show a higher increment compared to older
inventory data. Finally, the scenario assumptions are also different; the forest energy
potentials are generally calculated as the amount of wood available, excluding the amount
needed for material purposes. Differences in estimations regarding the amount of wood
needed for material use could cause differences in the energy potential. This is illustrated in
Figure 9b, where the wood biomass potential for energy use was calculated with the harvest
of roundwood remaining at 2010 levels. The results of this calculation show that the energy
potential would be 0.9 EJ higher if demand for wood did not change after 2010, compared to
the projections presented by Mantau and Saal (2010).
Impact of procurement costs
Region-level cost-supply curves for logging residues from final fellings were estimated for
the province North Karelia in Eastern Finland as an example to investigate the effect of
procurement costs on biomass availability. The biomass potentials that were estimated for this
region in the low, medium and high mobilisation scenarios in 2030 were 364,000; 725,000
and 844,000 m3 per year, respectively, see Figure 10. The results of these calculations showed
that if the ability to pay for logging residues (without stumpage price) dropped from e.g. 24 to
23 € per m3 of logging residues (-4 %), the potential that could economically be extracted
would drop by 28 %.
900,000
800,000

600,000

3

-1

Potential (m yr )

700,000
High
Medium

500,000
400,000

Low

300,000
200,000
100,000
0
21

22

23

24

25

26

-3

Procurement cost (€ m )

Figure 10 The impact of procurement costs on the potentials of logging residues from final
fellings for different mobilisation scenarios in 2030 for North Karelia (Verkerk et al. 2010a).
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In addition, information on the structure of the end use facilities was found to be very
important for the procurement costs and subsequently the potential that could be economically
realised (results not shown). The results of these calculations cannot be applied to all biomass
compartments in all European regions, but these results do indicate that procurement costs can
have a big impact on the biomass potential that could be economically available from forests.
Conclusions
The EUwood results represent the most comprehensive biomass resource potential assessment
completed to date, whereas several of the earlier biomass resource assessments left out some
biomass compartments and/or focused only on fewer factors influencing the biomass
availability. Comparisons with other studies suggest the mobilisation scenarios produce a
plausible range between high and low potential estimates. They also stress the importance of
mobilisation efforts in policy, society and practice. Future policy instruments will play a
decisive role in determining the achievable level of the potential. However, even more
important will be economical factors which so far are not adequately considered in forest
resource assessments.

6.2 Comparison of the National Renewable Energy Action Plans and the
potential estimates in WP3 and WP6 for EU27
Introduction
The National Renewable Energy Action Plans (NREAPs) specify national level targets within
the timeframe up to 2020 on the consumption of energy generated from renewables and
within the renewables also for energy generated from biomass as well as the envisaged supply
of biomass per biomass category for energy. Based on these national level data totals for EU
27 can be derived. These totals for EU 27 will be compared with the potential estimates for
EU 27 of the potential studies analysed in Work Package 3. The analysis will be
supplemented by national level comparisons. The objective of the comparison is, to see if the
specified targets are within the range of potentials identified by the studies and are, from the
view of the study results, in a principally achievable range.
The directive on the promotion of the use of energy from renewable sources, Directive
2009/28/EC (EC 2009b), establishes an overall binding target of a 20 % share of renewable
energy sources in energy consumption and a 10 % binding minimum target for renewable
sources in transport to be achieved by each Member State, as well as binding national targets
by 2020 in line with the overall EU target of 20 %. Based on this directive Member States
have to adopt and to notify a National Renewable Energy Action Plan (NREAP) to the
European Commission by 30 June 2010. The national action plans set out Member States'
targets and specifies adequate measures to be taken to achieve these targets, including
national policies to develop existing biomass resources and mobilise new biomass resources
for different uses. One objective of mandatory national targets is to provide certainty for
investors and to encourage continuous development of technologies which generate energy
from all types of renewable sources.
By 1st of November 2010 23 of the 27 Member States have provided such an action plan,
from four countries, Belgium, Estonia, Hungary and Poland, the delivery was by that date
still pending. As an alternative source for these four countries forecast plans are available that
already include preliminary figures for part of the data requested in the final plans (Table 22
in the appendix provides an overview of the issue dates of the reports that are subject of the
analysis presented here.)
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The information provided by the Member States has to comply with the definitions,
calculation rules and terminology laid down in Directive 2009/28/EC. Member States are
furthermore encouraged to use the definitions, calculation rules and terminology in
Regulation (EC) No 1099/2008 of the European Parliament and the Council (EC 2008). Due
to Article 4 of Directive 2009/28/EC, the use of a template for these Action Plans is
obligatory. This template is included in Regulation (EC) No 1099/2008 (EC 2009a). Within
this template 13 types of tables are defined for the presentation of the required information.
(An overview of the quantitative information to be provided in these 13 standard tables is
given in Table 23 in the Appendix).
Compilation of information from NREAP
The compilation of EU27 totals for the comparison was partly difficult, since in addition to
the plans that are not available yet several Member States did not include all requested
information. The completeness of data provided differs considerably both from topic to topic
and from country to country; furthermore part of the provided data is not usable without
clarification and increased the number of missing data. The topics final energy consumption
was most complete (the analysis was possible based on 23 complete or nearly complete data
sets) followed by the supply from forestry (the analysis was possible based on 19 complete or
nearly complete data sets), while supply from agriculture and fisheries and from waste was
regarded to be not complete enough for the compilation of EU27 totals (less than 11 (waste)
respectively 12 for agriculture) complete or nearly complete country data sets have been
available). Table 25 in the appendix provides an overview on the completeness per table.
In addition within the supply tables countries have been encouraged, if possible, to provide
information on subcategories. To give an example, within direct supply from forestry the
following subcategories are defined: (a) fellings (b) residues from fellings (tops, branches,
bark, stumps) (c) landscape management residues (woody biomass from parks, gardens, tree
rows, bushes) (d) other (if applies) and within indirect supply from forestry the subcategories
a) residues from sawmilling, woodworking, furniture industry (bark, sawdust) (b) by products
of the pulp and paper industry (black liquor, tall oil) (c) processed wood-fuel (d) post
consumer recycled wood (recycled wood for energy generation, household waste wood) (e)
other (if applies). Merely eight respectively ten countries provided such subcategory data on
direct respectively indirect supply from forestry for 2006 and only one country for 2015 and
2020. An analysis of these subcategories versus the potentials would be highly interesting but
is at the moment not possible on EU 27 level since too view country level data are available.
Thus the analysis and the comparisons are restricted to the following topics and data from the
NREAPs:
The role of renewables and biomass in the gross final energy consumption:
Gross final energy consumption (2005, estimates for 2020)
National overall share of energy from renewable sources in gross final consumption of
energy (2005, target for 2020)
Gross final energy consumption generated from biomass (2005, estimates for 2010,
2015, 2020)
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The role of biomass supply from forestry:
Total domestic biomass supply from forests (2006, estimated for 2015 and 2020)
Direct supply of wood biomass from forests and other wooded land for energy
generation (2006, estimated for 2015 and 2020)
Indirect supply of wood biomass for energy generation (2006, estimated for 2015 and
2020)
For the countries that have not yet provided a NREAP wherever possible figures from the
forecast documents to the NREAPs are used. The remaining few missing values are replaced
by estimates. Information on the current use and current consumption are taken from
corresponding Eurostat Energy Statistics (EUROSTAT 2010). For missing projective figures
the values have been estimated using the relative average increase per statistic of all those
countries that have provided values. The data tables documented in the appendix show for
which countries the data had to be estimated or replaced by Eurostat Energy Statistics. To
complement the comparison the following data on the recent development of the use of
biomass for energy provided by Eurostat are used:
Gross final energy consumption (2000, 2005, 2006, 2008)
Gross final energy consumption from renewables (2000, 2005, 2006, 2008)
Gross final energy consumption generated from biomass (2000, 2005, 2006, 2008)
The definitions used in the NREAPs and by Eurostat for renewables and for biomass are
equivalent (the category biomass used in the NREAPs corresponds to the category biomass
and waste (Code 5540) used by Eurostat), while forest and wood related statistics differ.
While the NREAPs provide information on “Biomass from forestry” Eurostat includes under
Wood & wood waste (Code 5541) as well wood from agriculture. Thus the values from
Eurostat are in the forestry sector not fully comparable, and it is recommended to increase the
comparability by adjusting for the wood from agriculture that includes also woody energy
crops on agricultural areas to support the comparability. In the appendix in Table 24 terms
and definitions used by Eurostat and the NREAPs are documented.
For the comparison with the results reported in potential studies the energy statistics provided
in the NREAPs that are provided in tonnes oil equivalent (toe) are converted to Joule (using
0.041868 PJ/ktoe). Data concerning biomass supply from forestry are provided in the
NREAPs both in cubic meter (or alternatively in other units) and in energy production (toe).
When relating the reported values provided for the net amount in tonnes or cubic meter to the
primary energy production in tonnes oil equivalent in the tables NREAP tables 7 and 7a the
ratio of energy to mass values differ considerably between the countries. E.g. in the values on
the net amount of biomass, direct supply from forests for energy generation for 2006 these
ratios had a range from 0.1 toe/m³ to more than 0.3 toe/m³, the average ratio was 0.230 toe/m³
(for countries where the ratio could be determined, considering the reported units).
Considering wood density variations this value would be expected not exceed 0.2 toe/m³
considerably (assuming for this value oven dry wood and a wood density of 0.45 t/m³). It is
thus recommended to harmonise the energy conversion while considering national level
conditions. The analysis in the following is based on the reported energy values, whereas
view country values are necessarily estimates only as explained above.
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NREAP EU 27 level data and comparison with the studies reviewed in WP3
To increase the share of renewables from 7.6 % to 20.1 % in the total energy consumption the
action plans foresee an increase of energy generated from biomass in the gross final energy
consumption by 94 % from 2.99 EJ in 2005 to 5.80 EJ in 2020, thus nearly the double
amount. The relative importance of biomass in the renewables sector is expected to decrease
from about two thirds (64.6 %) to 58.3 % (Table 21 documents the related data).
If Eurostat data from 2000 to 2008 are compared with the NREAPs data the following
observations can be made. Eurostat data on the current annual consumption of renewables and
biomass are higher compared to NREAPs and thus an analysis of the differences vs. Eurostat
data in the NREAPs is recommended. The planned trend towards a relative decrease of the
role of biomass is expected to start after 2010 and has in dead not yet started: according to
Eurostat statistics the relative role is still increasing, from 63.2 % in 2000 to 69.7 % in 2008
(see Figure 11, the Eurostat values are documented in Table 26 in the appendix).
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Figure 11 Share of renewables and biomass in gross final consumption
Due to the limitations by missing data on the supply side in the NREAPs the total potentials
assesses in the studies can merely be compared with the gross final energy consumption and
not with the total net or domestic supply. The gross final energy consumption is roughly
equivalent to the primary energy consumption and can thus be directly compared with the
potential estimates (see definitions in Table 24 the appendix). The comparison with the gross
final energy consumption shows that the planned expansion of biomass is increasing in the
same range as the potential estimates increase and is in the range of the lowest potential
estimates, while the majority of studies report higher potentials (see Figure 12). Thus from the
view of the range of the potentials reported the increase can be regarded as generally
achievable. Still, since all of the reported potentials shown in the figure are technical
potentials the realisation of the envisaged increase can be regarded a challenge.
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Table 21 National Renewable Energy Action Plan EU 27 totals, final energy consumption
from all renewable energy sources and from biomass, biomass supply from forestry
2005
(forestry
data
2006)
14501
60600

2010
target

2015
target

2020
target

Ratio
2020
to
2005
82 %
82 %

Gross final energy consumption [Mtoe]
1180
Gross final energy consumption [PJ]
49500
National overall share of energy from renewable sources in gross
7.6 %
20.1 %
final consumption of energy
Gross final energy consumption generated from renewables [Mtoe]
110
141
186
238
215 %
Gross final energy consumption generated from renewables [PJ]
4620
5910
7780
9950
215 %
Gross final energy consumption generated from biomass [Mtoe]
71
92
112
139
194 %
Gross final energy consumption generated from biomass [PJ]
2990
3840
4690
5800
194 %
Share of biomass within renewables
64.6 %
64.9%
60.3 %
58.3 %
82 %
Share of biomass within total energy consumption
4.9 %
11.6 %
82 %
Total domestic biomass supply from forestry [Mtoe]
63.6
79.8
90.6
Total domestic biomass supply from forestry [PJ]
2660
3340
3800
215 %
Forests biomass supply, share of gross final energy consumption
89.0 %
71.2 %
65.4 %
generated from biomass
Forests biomass supply, share of gross final energy consumption
57.6 %
42.9 %
38.1 %
generated from renewables
Figures provided are totals for EU 27 based on country values reported in the NREAPs; missing figures of single countries
have been complemented as described in section “Compilation of information from NREAP”.
1
recalculated from the energy consumption of renewables and the share of renewables. Eurostat reports 1825 Mtoe for 2005
(see Table 26 in the appendix).
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Figure 12 Comparison between the total potential of biomass analysed in potential studies
and the NREAP targets for the gross energy consumption from biomass
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The most important supply sector within biomass energy is the forestry sector. The relation of
the primary energy production from forestry to the gross energy consumption from biomass is
89.2 % in 2005 and expected to decrease to 65.4 %. Still, in absolute terms the contribution
from forestry is planned to be increased by more than 40 % from 2.66 EJ to 3.79 EJ and
within forestry the direct supply is planned to increase from 1.24 EJ to 2.12 EJ (See Table 21,
detailed data on the supply from forestry are documented in Table 27 and Table 28).
The primary energy supply target totals for EU27 from forestry are as well for direct as for
total supply located within the minimum and the maximum of the potential estimates (see
Figure 13 and Figure 14). Thus the envisaged targets can be regarded principally achievable
but ambitious. A comparison with the most recent and comprehensive study in the forestry
sector shows that the targeted amount of direct supply from forestry for 2020 is of the same
size as the medium mobilisation potential estimate provided by EU wood for 2020, smaller
than the estimate for the high mobilisation scenario and it exceeds the size of the low
mobilisation scenario. Considering that the potentials determined by EU wood are technical
potentials considering major environmental and implementation constraints but not
economical constraints the realisation of the potentials will strongly depend on
implementation and economical aspects.
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Figure 13 Direct biomass supply from forestry (excluding secondary residues)
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Figure 14 Total biomass supply from forestry (including secondary residues)
Conclusions
The comparisons show that the envisaged targets for biomass in total are ambitious but not
delimited by the technical potentials determined by the potential studies where as for forestry
some potential studies or scenarios provide lower estimates and the realisation of the targeted
potentials will thus be a challenge. The comparison is still preliminary due to the necessity to
estimate missing data for view countries. Still since only view data needed to be estimated the
general tendency of the comparison is regarded as valid already.
The comparison shows that both efficient use of energy from biomass and implementation
issues for domestic biomass are of highest relevance. Moreover it shows that both studies that
assess the sustainable implementation potential of energy from biomass at national and EU
level and measures that support the realisation of that potential are of highest importance.
The comparisons with potential estimates would benefit from an inclusion of the reporting of
subcategories both for 2005 and for the future targets.
It is furthermore recommended to better align Eurostat statistics in the forestry sector with the
NREAP definitions by introducing a separate category for wood from agriculture that
includes also woody energy crops on agricultural areas.
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7 Recommendations
The general recommendations regarding future bioenergy assessments and development of
methodology and data presented in this chapter are based on the work and experiences of all
analysis and assessments performed as part of the Biomass Energy Europe project. There is a
focus on the need to achieve reliable and harmonised (i.e. comparable) assessments of the
sustainable implementation potential of biomass for energy utilisation both on national and
EU level. In addition to these major recommendations, a large range of more specific
recommendations are presented in the various reports of this project, especially in the BEE
Methods Handbook (2010c), where recommendations are presented for each of the 40
detailed level methods described.

7.1 New bioenergy assessments at EU and national level
Bioenergy already makes up a substantial share of renewable energy use in the EU. In 2008
the share of bioenergy was about 70 % and according to the National Renewable Energy
Action Plans the absolute contribution shall be increased by 94 % from 2005 until 2020, see
chapter 6.2. Concrete and reliable information on the sustainable implementation potential of
biomass for energy is therefore of high importance, both at national and EU level.
One focus of the BEE project was the analysis of existing studies that provide potential
estimates at EU level. These studies mainly focus on technical potentials; merely one study
includes the determination of economic potentials but does not consider all biomass resource
categories nor important sustainability issues. A further important finding was that the results
of the 12 major studies with a focus on EU 27, that have been analysed, differ considerably
even with respect to the technical potentials, see chapter 2.
Given the high relevance of bioenergy for the European Community, there is a strong and
urgent need for new and comprehensive studies at the national and EU level that fully
address, in an integrated manner, the sustainable implementation potential. National level
studies would, at the same time, assist future updates of the National Renewable Energy
Action Plans. For both types of studies a solid description of methods, data sources and
recommendations exist within the BEE Methods Handbook (2010c).
Moreover, there is a need for biomass resource assessments which take into account the
sustainability criteria in Directive 2009/28/EC „on the promotion of the use of energy from
renewable energy sources‟ (EC 2009b) and the report „on sustainability requirements for the
use of solid and gaseous biomass sources in electricity, heating and cooling‟ (EC 2010) as
well as a number of other sustainability criteria.
These issues are at the core of the current discourse on the role of bioenergy in the global
energy supply, but are only treated in general terms in the BEE Methods Handbook and
further method development is urgently needed.
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These urgently needed new at EU and national level studies should specifically consider:
All land use sectors and uses for biomass (i.e. energy, food, feed and material uses) in
an integrated manner, taking into account both global and local dynamics.
All three pillars of sustainability should be covered: (i) environment, (ii) society and
(iii) economy.
o a list of sustainability criteria has been developed as part of this project, see the
BEE Methods Handbook (2010c).
Economic and implementation potentials
New and improved data as they become available.
For all types of potentials and studies a solid description of methods, data sources and
recommendations exists within the BEE Methods Handbook (2010c; 2010d).

7.2 Networks for bioenergy potential assessments and the future
development of the handbook
Due to their importance for climate mitigation and energy policy, both EU and national level
bioenergy assessments should be:
Regularly updated
Comparable amongst each other
Interlinked with each other (e.g. EU level studies could use results or interim results
from national level studies).
It is therefore recommended to establish permanent links between entities working on national
and EU level assessments in a dedicated network. This could lead up to a standardisation of
national level potential studies, e.g. in the context of updates of the national renewable energy
action plans. The BEE Methods Handbook could serve as a baseline for such a network and
get the status of a reference work for biomass resource assessment methods.
As soon as practitioners start to use the BEE Methods Handbook, various detailed
comments can be expected. It is recommended to collect and evaluate these comments
and where appropriate make adjustments in a next version of the handbook.
Some biomass categories are not included yet, mainly because they are generally not
covered in current biomass resource assessments, for instance: waste from the food
industry (covering slaughterhouse waste, used oils and fats, spills, etc.) and wood from
landscape management, or marine biomass. Although it takes more effort, it can be
very useful to include them and display this generally unknown potential that can be
of considerable size.
Furthermore, the need for further development of methods and improvement of data
sources has been identified throughout the 40 methods described in the BEE Methods
Handbook.
Thus, as soon as new methods are developed and improved data sources become available,
these need to be integrated in the BEE Methods Handbook to maintain the status of a
reference work for biomass resource assessment methods.
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7.3 General recommendations for future potential studies
For the users of bioenergy potential estimates a comprehensive and transparent documentation
of assumptions, methodologies, data sources and results which enables comparative
interpretation is needed. Bioenergy assessments should include:
Transparent documentation of methodologies, constraints, assumptions and data
sources.
Presentation of all types of potentials considered, i.e. theoretical, technical, economic
and implementation potential, clearly documenting included sustainability criteria.
Presentation of interim results when available, i.e. area used for biomass production,
potentials in cubic meters, tonnes and energy equivalents.
Presentation of results for sub-regions when available, to enable comparison of studies
with different geographical coverage.
Presentation of quantitative results in tables in addition to visualised results presented
in figures.
With respect to methods, assumptions and data sources future project have the opportunity to
refer to the BEE Methods Handbook, highlighting options chosen and possibly highlighting
differences. This will support the comparability of the studies

7.4 Recommendations for methodology development
Six important areas have been identified for the development of a methodology for estimating
bioenergy potential:
i.
ii.
iii.
iv.
v.
vi.

Integrated modelling of biomass potential and use;
Advanced integration of remote sensing and earth observation data;
Improved methodology for estimating net climate benefits of bioenergy;
Improved methodology for estimating the environmental effects of intensive and
large-scale bioenergy systems;
Increased understanding of the social acceptance of large-scale bioenergy systems;
Increased understanding of conflicts between different goals for bioenergy use.

Integrated modelling of biomass potential and use
Although existing studies still lack a full consideration of environmental and social aspects,
the methodologies to assess the technical potentials are essentially already well developed and
described in the BEE Methods Handbook. One of the major challenges is the assessment of
the economically realisable biomass potential. Economic aspects need to be analysed and
better integrated in biomass resource assessments in future research. Also, trade flow and
market aspects like the competition with material use as well as the consideration of
implementation issues in potential assessments require more investigation.
Indirect land use changes are much more difficult to model than direct land use changes. To
do so adequately, estimates have to be based on economy-wide models (e.g. general
equilibrium models) that take into account the supply and demand of agricultural
commodities, land use patterns, as well as land availability and quality (all at the global
scale), among many other factors.
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The multitude of interlinkages, correlations and parameters relevant to evaluating biomass
potentials for energy requires an integrated treatment. This goes especially for, and is
especially relevant to, estimating future trends in the use of land for food production, and the
use of residues, waste and forest biomass for food and materials. The same is also relevant to
the limitations due to water, soil and food security constraints as well as maintaining
biodiversity, whereby indirect land use and other indirect impacts are crucial.
From our analyses it is quite clear that integrated assessments are needed, especially when
striving to assess the sustainable implementation potential. Key advantages with integrated
assessments are that the multitude of interlinkages, correlations and parameters affecting the
biomass potential may be captured in a single modelling framework. Furthermore
sustainability criteria can be taken into consideration, including feedback mechanisms that
allow reproduction of the complexity of sustainability in a more realistic way.
However, many of the integrated assessment models used today were developed for other
purposes than biomass resource assessments (or for modelling iLUC): they were used to
simulate the economic impacts of political decisions at national, European or international
level. Because of this, they still need considerable advances in terms of:
depth of detail, e.g. number of commodities treated
transparency
accuracy:
o (positive) indirect effects of co-products originating from 1st generation biofuels
production have long been neglected
o detailed treatment of environmental effects; especially green house gas balances
need to be included
Advanced integration of remote sensing and earth observation data
Approaches and methodologies that locate and quantify biomass with high spatial resolution
are already utilized in existing studies. The methods are described in the BEE Methods
Handbook and are even more thoroughly analysed by the CEUBIOM consortium (CEUBIOM
2010). However, recent and future sensor technology developments and improved availability
of earth observation data necessitates:
Further development of methods for using earth observation data in bioenergy
potential assessments with focus on a high integration with in-situ monitoring systems.
Development of methods for the assessment of spatially explicit net annual increment
levels and yield levels using earth observation data.
o Approaches using net primary production (NPP) need further attention.
Further integration of economic and implementation issues in spatially explicit
estimates of bioenergy potential.
Method development for the integration of airborne remote sensing data, specifically
LIDAR data that offer the opportunity to identify and quantify biomass resources for
which currently data are missing, e.g. on the potential from trees and other woody
biomass outside forests.
A study that demonstrates the benefits of a remote sensing assisted approach to the
assessment of the bioenergy potential on all kinds of land use including forestry,
agricultural residues and energy crops at national and regional level.
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Improved methodology for estimating net climate benefits of bioenergy
Since climate change mitigation is a major justification for promoting bioenergy there is an
obvious need to accurately assess the net greenhouse gas mitigation benefits of bioenergy in
biomass resource assessments. Therefore there is need for further:
Development of standardised methods for calculating CO2 avoidance in biomass
resource assessments;
Development of a framework for verification of CO2 avoidance;
Development of methods and data to include direct land use change (dLUC), including
changes in soil carbon levels;
Development of methods and data to include also indirect land use change (iLUC)
both inside and outside the EU.
These methods can make use of activities going on under the Clean Development Mechanism
of UNFCCC and Good Practice Guidance provided by IPCC.
Improved methodology for assessing the environmental effects of intensive
and large-scale bioenergy systems
Research is needed for greater understanding of the interlinkages between climate
change, land-use and land-use change, biodiversity and the consequences thereof for
bioenergy production.
Improved understanding of marginal and degraded lands in respect to potential
biomass production systems with their respective performance and impacts.
Increase the understanding of the environmental effects of intensive forest biomass
utilisation options (e.g. stump harvesting, whole tree energy wood thinning on
different site conditions).
Assessments of the environmental effects of large scale and intensive biomass for
energy production on agricultural land.
Increase the understanding of the environmental effects of intensive utilisation of
agricultural residues.
Assessments of constraints on and effects of the use of natural resources, for instance
water, mineral fertilizers, etc.
Increased understanding of the social acceptance of large-scale bioenergy
systems
Assess to what degree an increased production of biomass for energy on agricultural
cropland is socially acceptable.
o Would society object large scale and intense production of biomass for energy
on agricultural land?
o What are critical thresholds of acceptance?
Assess to what degree an increased mobilization of forest biomass is socially
acceptable.
o Would society object to a high mobilization of the forest biomass potential?
o What are critical thresholds of acceptance?
Can the acceptance be influenced with appropriate information to the public?
Methodology to include these findings in biomass resource assessments
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Increased understanding of conflicts between different goals for bioenergy use
Develop methodologies which can be used to increase the understanding of conflicts
between different goals for biomass use, i.e. climate change mitigation, energy
security, rural development etc.
Asses to what extent large-scale bioenergy production will affect food security and
nutrition for poor people
Assess to what extent large-scale bioenergy systems will affect small-scale farmers
How to design economically viable sustainable biomass resource utilization chains?
How to develop policy instruments that would avoid unsustainable development (such
as direct burning of woody biomass that is suitable as well for material use) and
support cascade use of woody biomass with energy conversion at the end of the chain?

7.5 Recommendations for data development
There is a strong need for further development of data for biomass resource assessments, as
well as data on current biomass use, to facilitate the identification of biomass resources still
available for energy. Three levels of data development needs have been identified:
i.
ii.
iii.

data assessing the current production and use of biomass and bioenergy;
data needed to perform assessments of the current and future potential of biomass for
energy;
data & data development pertaining to Earth Observation (EO) techniques.

Three overarching areas of data pertaining to biomass and bioenergy need to be augmented
and improved:
i.
ii.

iii.

Supply: including forestry, agriculture and organic waste and biomass processing
industries;
Demand: including the main demand sectors, i.e. heat and power generation (both
domestic and large scale), saw mills and the pulp and paper industry and biofuel
production;
Trade: including imports and exports of all kinds of biomass and biofuels.

In addition, some recommendations can be made for forestry, energy crops, agricultural
residue, organic waste statistics and as well as for statistics pertaining to sustainability and
earth observation data. Detailed recommendations for the aforementioned biomass categories
can be found in the BEE Methods Handbook (2010c).
Forestry
The following is necessary for further data development:
Countries that do not yet have a continuous sample based national forest inventory are
encouraged to implement such inventory that provides a solid basis for potential
assessments.
Further harmonisation of national level definitions of stem wood and residues.
Natura 2000 areas cover considerable forest areas but harvesting and management
restrictions need to be identified.
Recovery rates and restrictions due to environmental constraints in forestry need to be
refined either via integration of a recovery rate and restrictions assessment in national
forest inventories or via dedicated studies.
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Data on removals and current use of stemwood and primary forest residues for energy
generation.
Energy crops
The following is necessary for further data development:
The extent of degraded and low productive soils; as a basis a commonly accepted
definition of these areas is needed.
The current use of degraded and marginal soils and the ownership of such lands, as
well as their role from a biodiversity point of view.
The dynamics and feasibility of changes in the efficiency of the agricultural
production system.
The efficiency and biomass turnover in the animal production system.
The use and carrying capacity of pastures in the animal productions system.
Inclusion of future plans on national level with respect to energy crop production
together with a characterisation of the envisage land resource and the current use in
NREAP or dedicated EUROSTAT data to enable impact modelling on both potential
estimates and planned area increase.
Current:
o land management intensities including tillage, fertilization, water, plant
protection, labour intensities by crop.
o crop rotation.
o land owner distribution.
o soil states.
o water uses and water needs in sectors other than agriculture.
Agricultural residues and organic waste
The following is necessary for further data development:
Product to residue ratios based on empirical data.
Spatial explicit data on: (i) quantities of straw that should remain on site due to
environmental limitations and (ii) spatial distribution of straw needed for uses other
than bioenergy.
Construction and demolition wood accounts for a significant energy potential that does
not cause any competition with other use options. In order to tap the full potential of
this waste category, more detailed and exact data collection should be aimed for at a
European level.
Data on the percentage of the population served by municipal waste services are
lacking in the recommended data source for some countries in, and that consequently
the method cannot be strictly applied for those countries.
Data on the organic content of municipal solid waste was not available for eight
countries of the EU27. In addition, for some countries the available data proved to be
rather old.
The location of High Nature Value (HNV) farmland and associated restrictions need
to be identified.
Natura2000 areas can yield considerable amounts of biomass, but sustainable
harvesting and management restrictions need to be identified before they can be
regarded as part of the sustainable biomass resources.
Executive Summary, Evaluation and Recommendations

70

D 7.1
Version 1

Availability and potentials of residues from food industry, landscape management and
marine biomass.
Sustainability
Major data gaps have been identified with regard to protected areas. It is for example
not possible to allocate Natura 2000 and other legally protected areas to agriculture
and grassland. Moreover, there are no statistical data on the management level allowed
in different zones – no management, extensive or intensive management.
Regarding wetlands and peatlands, there are only figures for areas under the Ramsar
Convention. Furthermore:
There are no statistical data on certified forest areas, on extensively managed areas as
well as on slope gradients.
Further data gaps concern the identification of „High Nature Value (HNV) farmland‟.
HNV farmland is estimated to make up 15-25 % of the utilized agricultural area in
EU-15 (EEA 2004). They comprise hot spots of biodiversity in rural areas and are
often characterized by extensive farming practices.
Also areas under agro-environmental support, certified forest areas, extensively
cultivated areas and areas under organic farming cannot be located in a spatially
explicit basis due to lack of data.
Earth observation data
The data made available via the increased capacity of satellite based earth observation for
environmental policies via the European GMES (Global monitoring for environment and
security) programme, national level programmes and from initiatives from outside Europe in
this sector are of high relevance. These programmes should be continued including both high
resolution optical and SAR data. A possible future space borne LIDAR system of high
resolution would strongly increase the capability to assess biomass quantitatively.
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Appendix
Data tables related to chapter 6.2.

Table 22 Status of submission of the National Renewable Energy Action Plans by 1st of
November 2010
Country
Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
United Kingdom

Issue date
30/06/2010
No report available yet
30/06/2010
unknown
07/2010
06/2010
No report available yet
30/06/2010
unknown
unknown
unknown
No report available yet
New version uploaded 12/10/2010
30/06/2010
unknown
unknown
07/2010
06/07/2010
unknown
No report available yet
unknown
2010
06/10/2010
07/2010
30/06/2010
30/06/2010
unknown

The plans are publicly available at a transparency platform
(http://ec.europa.eu/energy/renewables/transparency_platform/action_plan_en.htm).
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Table 23 Quantitative information provided within the National Renewable Energy Action
Plans
Table

Table title & brief description of the table content

1

Expected gross final energy consumption of [Member State] in heating and cooling, electricity
and transport up to 2020 taking into account the effects of energy efficiency and energy saving
measures 2010-2020 [ktoe]
National overall target for the share of energy from renewable sources in gross final
consumption of energy in 2005 and 2020
National 2020 target and estimated trajectory of energy from renewable sources in heating and
cooling, electricity and transport
Calculation table for the renewable energy contribution of each sector to final energy
consumption
Calculation table for the renewable energy in transport share
Overview of all policies and measures
Estimated share of renewable energy in the building sector
Biomass supply in 2006
Estimated biomass domestic supply in 2015 and 2020
Current agricultural land use for production of crops dedicated to energy in 2006
Estimated excess and/or deficit production of renewable energy compared to the indicative
trajectory which could be transferred to/from other Member States in [Member State]
Estimation of total contribution (installed capacity, gross electricity generation) expected from
each renewable energy technology in [Member State] to meet the binding 2020 targets and the
indicative interim trajectory for the shares of energy from renewable resources in electricity
2010-2014
Estimation of total contribution (installed capacity, gross electricity generation) expected from
each renewable energy technology in [Member State] to meet the binding 2020 targets and the
indicative interim trajectory for the shares of energy from renewable resources in electricity
2015-2020
Estimation of total contribution (final energy consumption) expected from each renewable
energy technology in [Member State] to meet the binding 2020 targets and the indicative interim
trajectory for the shares of energy from renewable resources in heating and cooling 2010-2020
Estimation of total contribution expected from each renewable energy technology in [Member
State] to meet the binding 2020 targets and the indicative interim trajectory for the shares of
energy from renewable resources in the transport sector 2010-2020
Estimated costs and benefits of the renewable energy policy support measures

2
3
4a
4b
5
6
7
7a
8
9
10a

10b

11

12

13
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Table 24 Definitions of corresponding terms in the National Renewable Energy Action Plans
and in Eurostat statistics
Source

Term

Definition

NREAP

Energy from
renewable
sources
Renewable
energies (Code
5500)

Energy from renewable non-fossil sources, namely wind, solar, aerothermal,
geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill gas, sewage
treatment plant gas and biogases.
Renewable energies cover hydro power, wind energy, solar energy, biomass and wastes
and geothermal energy, Renewable energies (Code 5500) are the sum of hydro power
(Code 5510), wind energy (Code 5520), solar energy (Code 5530), biomass & wastes
(Code 5540) and geothermal energy (Code 5550).
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.
Biomass and wastes cover organic, non-fossil material of biological origin, which may
be used for heat production or electricity generation. They comprise wood and wood
waste, biogas, municipal solid waste and biofuels. Renewable industrial waste should be
reported under the various categories mentioned. The non-renewable part of industrial
waste is not covered here, but under industrial wastes (Code 7100).
Gross final consumption of energy means the energy commodities delivered for energy
purposes to industry, transport, households, services including public services,
agriculture, forestry and fisheries, including the consumption of electricity and heat by
the energy branch for electricity and heat production and including losses of electricity
and heat in distribution and transmission.
Gross inland consumption represents the quantity of energy necessary to satisfy inland
consumption of the geographical entity under consideration.
Gross inland energy consumption covers:
• consumption by the energy sector itself;
• distribution and transformation losses;
• final energy consumption by end users;
• 'statistical differences' (not already captured in the figures on primary energy
consumption and final energy consumption).
Biomass from forestry should also include biomass from forest-based industries, Under
the category of biomass from forestry processed solid fuels, such as chips, pellets and
briquettes should be included in the corresponding subcategories of origin.
Please note that wood chips, briquettes and pellets can be either from direct supply or
from indirect supply from forestry, If information on pellets is included in the table, it
should specify whether the raw material comes from direct or indirect supply.
Wood & wood waste covers purpose-grown energy crops (poplar, willow, etc,), a
multitude of woody materials generated by industrial processes or provided directly by
forestry and agriculture (firewood, wood chips, bark, sawdust, shavings, chips, black
liquor, etc,) as well as wastes such as straw, rice husks, nut shells, poultry litter, crushed
grape dregs, etc,).
This term is not directly defined, but it is stated in the template table that the following
terms belong to this category: (a) fellings (b) residues from fellings (tops, branches,
bark, stumps) (c) landscape management residues (woody biomass from parks, gardens,
tree rows, bushes) (d) other (if applies).

Eurostat

NREAP

Biomass

Eurostat

Biomass &
wastes (Code
5540)

NREAP

Gross final
consumption of
energy

Eurostat

Gross inland
consumption
(Code 100900)

NREAP

Biomass from
forestry

Eurostat

Wood & wood
waste (Code
5541)

NREAP

Direct supply of
wood biomass
from forests and
other wooded
land for energy
generation
Indirect supply
of wood biomass
for energy
generation

NREAP

This term is not directly defined, but it is stated in the template table that the following
terms belong to this category: (a) residues from sawmilling, woodworking, furniture
industry (bark, sawdust) (b) by products of the pulp and paper industry (black liquor,
tall oil) (c) processed wood-fuel (d) post consumer recycled wood (recycled wood for
energy generation, household waste wood) (e) other (if applies).

Source of the definitions:
NREAP: EC (2008; 2009a)
Eurostat definitions are taken from RAMON, Eurostat's metadata server (http://ec.europa.eu/eurostat/ramon) &
from Eurostat glossary
(http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Category:Energy_glossary).
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Table 25 Completeness of reported values by reporting table of the NREAPs
NREAP Table

Subject

Data
provided

Data
useable

23

23

direct supply forestry

23

22

subcategories

8

8

indirect supply Forestry

23

22

subcategories

10

10

16

12

21

18

20

17

Biodegradable fraction of industrial waste

17

11

Sewage sludge

16

12

direct supply Forestry 2015

20

20

Table 2 National overall targets for the share of energy from renewable sources in gross final consumption of energy
in 2005 and 2020

Forestry

Table 7 Biomass supply in
Agricultural
2006

Agricultural crops and fishery products directly provided for
energy generation
Agricultural by-products/processed residues and fishery byproducts for energy generation
Biodegradable fraction of municipal solid waste including
biowaste and landfill gas

Waste

Forestry

Table 7a Biomass supply in
2015 and 2020

Agricultural

Waste

subcategories 2015

1

1

direct supply Forestry 2020

19

19

subcategories 2020

1

1

indirect supply Forestry 2015

19

19

subcategories 2015

1

1

indirect supply Forestry 2020

19

19

subcategories 2020

1

1

17

14

20

16

19

14

Biodegradable fraction of industrial waste

19

11

Sewage sludge

20

12

20

20

23

23

22

22

22

22

Agricultural crops and fishery products directly provided for
energy generation
Agricultural by-products/processed residues and fishery byproducts for energy generation
Biodegradable fraction of municipal solid waste including
biowaste and landfill gas

Table 8 Current agricultural land use for production of crops dedicated to energy in 2006
Table 10 “Estimation of total contribution (installed capacity, gross electricity generation) expected from each
renewable energy technology in [Member State] to meet the binding 2020 targets and the indicative interim trajectory
for the shares of energy from renewable resources in electricity
Table 11 “Estimation of total contribution (final energy consumption (Direct use and district heat as defined in Article
5(4) of Directive 2009/28/EC.)) expected from each renewable energy technology in [Member State] to meet the
binding 2020 targets and the indicative interim trajectory for the shares of energy from renewable resources in heating
and cooling 2010-2020
Table 12 “Estimation of total contribution expected from each renewable energy technology in [Member State] to
meet the binding 2020 targets and the indicative interim trajectory for the shares of energy from renewable resources
in the transport sector 2010-2020
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Table 26 EU 27 totals derived from the National Renewable Energy Action Plans & Eurostat
data on renewable energy, use of biomass within total energy consumption
Source

2000
Eurostat

2005
NREAP

2005
Eurostat

2006
Eurostat

2008
Eurostat

2010
NREAP
target

2015
NREAP
target

2020
NREAP
target

Gross final energy
1724
14471
1825
1826
1799
1193
consumption [Mtoe]
Gross final energy
72200
60580
76420
76440
75330
49540
consumption [PJ]
National overall share of
energy from renewable
5.7 %
7.6 %
6.6 %
7.1 %
8.4 %
20.1 %
sources in gross final
consumption of energy
Gross final energy
consumption generated
from biomass [biomass
62.1
71.3
82.3
89.0
105
91.7
112
139
& waste] (2005,
estimates for 2010, 2015,
2020) [Mtoe]
Gross final energy
consumption generated
from biomass [biomass
2600
2985
3446
3725
4406
3837
4688
5803
& waste] (2005,
estimates for 2010, 2015,
2020) [PJ]
Gross final energy
consumption generated
from renewables (2005,
98.2
110
121
129
151
141
186
238
estimates for 2010, 2015,
2020) [Mtoe]
Gross final energy
consumption generated
from renewable (2005,
4113
4621
5064
5407
6324
5912
7781
9945
estimates for 2010, 2015,
2020) [PJ]
Share of biomass within
63.2 %
64.6 %
68.1 %
68.9 %
69.7 %
64.9 %
60.3 %
57.1 %
renewables
Share of biomass within
3.6 %
4.9 %
4.5 %
4.8 %
5.8 %
11.6 %
total energy consumption
Explanations:
1
recalculated from the energy consumption of renewables and the share of renewables.
The gross final energy consumption was only provided in the NREAPs for 2020. The NREAP value for 2005 was calculated
from the reported energy consumption of renewables and the share of renewables.
To calculate the gross final energy consumption generated from renewable and from biomass, the tables 10, 11 and 12 of the
NREAP are used. From table 10 and 11 the rows for biomass, in table 12 of the rows bio ethanol, biodiesel and others were
summed up. In table 10 of the NREAP biomass and the renewable are expressed as [GWh]; this was multiplied with 0.08598
to change the unit to [ktoe].
Eurostat provides figures for biomass and renewables for 2005, so the figures of the NREAP could be completed for all
countries with missing values using Eurostat data. In order to obtain data for 2010, 2015 and 2020, each countries
contribution to the EU total of 2005 was calculated and it was assumed that the contribution does not change in the future.
Missing data on the share of renewables could be taken from the forecast documents for Estonia and Hungary, Poland and
Belgium.
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Table 27 Amount of domestic biomass resource from forestry 2006, 2015 and 2020

Country

Biomass from forestry (includes biomass from forest-based industries)
[1000 m³]
Direct supply of wood biomass
Indirect supply of wood
Total
from forests
biomass for energy generation
2006
2015
2020
2006
2015
2020
2006
2015
8500
10000
11000
7900
9500
10000
16400
19500
1513
2010
2358
1781
1986
2223
3295
3996
2167
2211
2819
2272
2586
2337
4439
4797
12
24
36
11
11
20
20
31

2020
Austria
21000
Belgium (1)
4582
Bulgaria
5156
Cyprus
31
Czech
7261
8595
9803
5775
11974
12197
13036
20569
22000
Republic
Denmark
3849
4335
4821
994
994
994
4844
5329
5815
Estonia (1)
1681
2232
2619
1978
2206
2469
3659
4438
5088
Finland (3)
8300
13161
15444
13275
13007
14559
21575
26168
30003
France
29030
30748
59778
36400
42520
34700
36850
71100
79370
Germany
29557
39447
15756
17139
18174
45313
57621
41694
58833
Greece (3)
2036
1288
1512
76
1273
1425
2112
2562
2937
Hungary (1)
2995
3977
4667
3525
3930
4400
6520
7908
9067
Ireland
23
512
807
1280
581
860
1303
1093
1667
Italy
4888
8888
22220
5754
7662
18425
10642
16550
40645
Latvia (2)
4211
5592
65628
4956
5526
6186
9167
11118
12748
Lithuania
1509
2327
2082
2315
1163
1041
3824
3490
3122
Luxembourg
25
27
44
250
32
41
275
59
85
Malta (3)
0
0
0
0
0
0
0
0
0
Netherlands
300
2933
442
528
3233
1428
2366
1870
2894
Poland (1)
12181
16177
18983
14337
15987
17895
26519
32163
36877
Portugal
10557
12839
12465
12557
11332
11274
23113
24171
23740
Romania
2500
3000
3500
3000
3500
4000
5500
6500
7500
Slovakia
1822
4040
6046
2500
4222
4433
4322
8261
10479
Slovenia
1318
1302
1338
908
897
922
2226
2199
2260
Spain
6043
7967
10478
6570
7045
7145
12614
15011
17622
Sweden
11377
13701
15152
39620
43458
44907
50997
57159
60058
United
2000
3000
3503
2123
3121
5364
4123
6121
8867
Kingdom
EU 27
155656
206712
242567
183209
204283
228667
338865
410996
471234
If countries reported a minimum and a maximum figure, these were averaged and are shown in the table in bold italic font
Estimated data are shown in italic font. Explanations: (1) No NREAP available. (2) No or not interpretable Data. (3) No or
not interpretable Data for 2015 and 2020 only.
Missing figures for 2006 are taken from Eurostat “wood and wood waste”. Missing projective figures the values have been
estimated using the relative average increase per statistic of all those countries that have provided values.
Bulgaria did not provide figures for direct and indirect supply; the provided total figure was divided using each year‟s ratio
between direct and indirect of all countries with complete data.
Italy did not report its indirect supply, so it was calculated by using each year‟s ratio of all countries with complete data.
Lithuania did not report its ”amount of domestic resource” for 2015 and 2020 in m³, but provided the corresponding energy
content. The values were thus estimated using Lithonia‟s energy conversion from 2006.
Slovenia did not report its indirect supply for 2015 and 2020; that was estimated using Slovenia‟s direct/indirect ratio of
2006.
If the supply was not reported in m³ the values reported in dry or wet tonnes were converted assuming in case of wet tonnes
a moisture content of 100 % and an average wood density of 0.45 t/m³
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Table 28 Primary energy production from domestic biomass from forestry 2006, 2015 and
2020 & for 2006 from the net amount
Biomass from forestry (includes biomass from forest-based industries)
Country

Austria
Belgium
(1)
Bulgaria
Cyprus
Czech
Republic
Denmark
Estonia (1)
Finland (3)
France
Germany
Greece (3)
Hungary
(1)
Ireland
Italy
Latvia (2)
Lithuania
Luxembourg
Malta (3)
Netherlands
Poland (1)
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
United
Kingdom

Direct supply of wood biomass from
forests
2006
2006
2015
2020
Net

[ktoe]
Indirect supply of wood biomass for
energy generation
2006
2006
2015
2020
Net

Total
2006
Net

2006

2015

2020

1682

1735

1978

2175

1338

1990

1610

1695

3020

3725

3588

3870

270

272

404

461

311

317

323

364

581

589

727

825

357

340

455

500

411

396

375

392

768

736

830

892

2

2

2

2

4

7

3

3

6

9

5

5

1014

975

1223

1405

644

561

1306

1311

1658

1536

2529

2716

708

1074

1457

1839

172

172

172

172

880

1246

1629

2011

300

302

448

512

345

352

359

404

645

654

807

916

1446

1446

5151

5885

5827

5827

4121

4641

7273

7273

9272

10526

6369

6256

8035

9481

4798

4773

5420

5748

11167

11029

13455

15229

6138

6162

8659

8192

3272

3630

3559

3774

9410

9792

12218

11966

702

702

1361

590

27

27

413

465

729

729

1774

1055

534

539

799

913

615

628

639

720

1149

1166

1438

1633

16

17

80

125

105

105

90

133

121

122

170

258

880

880

1600

4000

1014

1025

1316

3136

1894

1905

2916

7136

751

757

1123

1283

865

882

899

1012

1616

1640

2022

2295

296

282

456

408

454

446

228

204

750

728

684

612

4

6

24

40

43

17

25

67

47

23

49

107

0

0

0

0

0

0

0

0

0

0

0

0

52

52

236

390

595

410

140

169

647

462

376

559

2172

2191

3249

3713

2502

2552

2600

2928

4674

4743

5849

6640

1188

1188

1504

1460

1543

1543

1442

1434

2731

2731

2946

2894

600

600

720

840

720

600

840

960

1320

1200

1560

1800

196

183

434

650

323

270

545

572

519

453

979

1222

328

297

324

333

161

145

159

164

489

442

483

497

1200

1200

1582

2081

1600

1600

1679

1702

2800

2800

3261

3783

2045

2045

2463

2724

6085

6160

6665

6904

8130

8205

9128

9628

299

299

519

606

261

283

540

928

560

582

1059

1534

29548

29802

44286

50608

34034

34719

35468

40002

63582

64521

79754

90610

1237

1248

1854

2119

1425

1454

1485

1675

2662

2701

3339

3794

1.24
1.25
1.85
2.12
1.43
The explanations given for Table 27 also apply here.

1.45

1.49

1.68

2.66

2.7

3.34

3.79

EU
27
[ktoe]
EU 27 [PJ]
EU 27[EJ]

Primary energy values 2006: The primary energy production that corresponds to the domestic resource reported in m³ was
estimated using the ratio between the reported net amount [m³] and the corresponding reported primary energy production
in [ktoe] that is included in Net amount as reported in the NREAPs.
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Coordination:
FELIS - Department of Remote Sensing and Landscape Information Systems
University of Freiburg
Address: Tennenbacher Str. 4, D-79085 Freiburg, Germany;
Website: http://www.felis.uni-freiburg.de
Contact Persons:
Prof. Dr. Barbara Koch, E-Mail: barbara.koch@felis.uni-freiburg.de
PD Dr. Matthias Dees, E-Mail: matthias.dees@felis.uni-freiburg.de

Partners:

Web-Address:
http:// www.eu-bee.info
BEE project is funded by the European Commission under the Framework Programme 7
within the "Energy Thematic Area" and contributes to "Harmonisation of biomass resource
assessment" activities which focus on assessing and optimising the availability of biomass
resources.
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