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Executive Summary
This study aims to clarify possibilities and implications of woody bioenergy supply
for the natural environment and climate for the EU by 2020 and 2030.
For this, the amount of forest-derived and woody biomass is estimated that could
be sustainably supplied for energy uses without compromising material uses of
wood. Particular attention is given to biodiversity and GHG emissions implications
of woody bioenergy supply.
The role of sustainable woody bioenergy in the future EU energy system was then
analyzed for electricity, heat and transport fuels, taking into account the
potentials for energy efficiency, and non-bioenergy renewables.
Three scenarios were modeled to evaluate how sustainable woody bioenergy
could be used by 2020 and 2030:
• The reference scenario (REF) is based on the EC 2013 PRIMES reference.
Overall demand for material uses of wood will increase, and co-firing of
imported pellets becomes relevant. In REF, bioenergy from EU forest will
provide about 1700 PJ by 2030, and woody residues and SRC will contribute
with 1300 PJ while about 750 PJ of wood pellets would be imported to the EU.
Non-woody bioenergy would contribute about 600 PJ.
• Two contrasting scenarios - one for greenhouse-gas emission reduction (GHG),
and one for ambitious sustainability (SUS) assume more stringent energy
efficiency and higher renewable energy targets.
• The reduced GHG emissions scenario (GHG) considers C stock changes for
forest bioenergy, and implements cascading use of woody material. With that,
the use of EU forest products is reduced to 1100 PJ by 2030, and imports can
be reduced by 80 %. Domestic woody bioenergy from residues, wastes and
SRC would supply 3100 PJ by 2030, a doubling compared to the REF scenario.
Non-woody bioenergy use would also increase to 1200 PJ, mainly from straw,
and manure.
• The sustainable bioenergy scenario (SUS) assumes same demand as in the
other scenarios but reduces forest bioenergy use to avoid associated risks,
especially from imports. As in the GHG scenario, cascading use of woody
material is massively increased. The use of EU forest bioenergy will be only
about 350 PJ by 2030, and no woody bioenergy would be imported. The use
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of woody residues, wastes and SRC would increase to 2700 PJ, and non-woody
bioenergy would contribute about 3100 PJ.
The implementation of stringent energy efficiency measures in all scenarios
would significantly reduce the final energy demands for heat and transport while
electricity demand could remain almost constant.
For electricity generation, the share of woody bioenergy will remain at 5% in the
REF and GHG scenarios, while in the SUS scenario it will be less than 1 % by 2030.
The amount of woody bioenergy used for heat would be about 8% (REF) and 9%
(GHG+SUS) by 2030, but the source of the wood is very different in the scenarios.
For transport, the contribution of woody bioenergy in the REF scenario would
reach 2% by 2030, while in the GHG and SUS scenarios it will be 6% - 7%,
respectively. The GHG scenario would further reduce feedstocks imports by 60%
compared to the REF scenario by 2030, while the SUS scenario would phase-out
imports completely. Both the GHG and SUS scenarios would instead use woody
residues and straw for 2nd generation biofuels.
The different role of woody bioenergy in the scenarios is depicted in the following
figure for the respective EU energy demand sectors.

Source: IINAS calculations

The GHG emissions from bioenergy in the REF scenario would reach 59 to 116 Mt
CO2eq by 2030, depending on the time horizon of the forest C balance, and the
forest reference case assumed.
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In contrast, bioenergy GHG emissions by 2030 would be -40 to 8 Mt CO2eq in the
GHG scenario and -45 to -33 Mt CO2eq in the SUS scenario, respectively.
This includes a reduction of GHG emissions from displaced electricity and
construction materials due to cogeneration and cascading use of woody biomass
in new buildings in the EU.
The overall GHG balance must include emissions from fossil, nuclear and nonbioenergy renewables and was calculated using life-cycle data which also factor
in fossil fuel imports accordingly, as shown in the following figure.

Source:

IINAS calculations; GHG emissions from woody bioenergy are shown for the 20 year time horizon and
the pessimistic forest reference case (i.e. the worst-case)

This clearly indicates that biogenic GHG emissions from woody bioenergy are
rather small, compared to the emissions from the remaining fossil fuels.
The differences between the results for the 20-year time horizon and the ones for
the 100 year time horizon are also quite small, showing that the discussion of the
“carbon debt” associated with forest bioenergy becomes insignificant if
sustainable and low-C options for forest bioenergy are used, and the total
energy system is considered.
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The scenario results also show that with regard to policy,
• sustainable forest biomass potentials in the EU will be reduced by up to 30
% by 2030 if stringent sustainability requirements are considered;
• sustainable forest biomass potentials still suffice to meet woody material
demands if resource-efficient cascades are implemented, more paper
recycled and post-consumer wood be re-used;
• reducing energy demand by implementing stringent energy efficiency
targets is key;
• a sustainable scenario without bioenergy imports and using only about
25% of the EU forest bioenergy consumed in 2010 is possible as long as
woody and agricultural residues are mobilized;
• cascading biomass use for energy, improving biogenic waste collection and
recycling allow for significant net GHG reductions;
• if sustainable and low-C options for forest bioenergy are used, the “carbon
debt” discussion is not relevant.
Current EU and Member State energy and climate policies do not stimulate these
developments, though:
• Bioenergy, forest, and waste policies are fragmented and unaligned, and
incentive schemes mainly address bioenergy without considering the full
GHG emissions from bioenergy use.
• Bioenergy supply - especially from forests and for electricity/heat - is not
subject to any coherent sustainability regulation. Only few Member States
have started to develop respective policies, which might lead to
imbalances within the EU if no framework regulation is implemented.
• Imports of woody bioenergy is - with very few exceptions - unregulated as
well, but growing relevance of pellets for bioelectricity (co-firing) imply a
respective need for EU-level action to avoid internal market distortions.
Last but not least, sustainable woody bioenergy supply also requires regulating
biodiversity impacts for forests in a legally binding manner for both the EU, and
imports from abroad.
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1 Introduction and Overview
1.1 Scope and Overview
The Brussels-based NGOs Birdlife Europe, European Environment Bureau and
Transport & Environment commissioned the International Institute for
Sustainability Analysis and Strategy (IINAS) in cooperation with the European
Forest Institute (EFI) and Joanneum Research (JR) to carry out a brief study on
sustainable woody bioenergy in the EU-27.
The study aims to clarify implications of increasing forest bioenergy supply for the
natural environment and climate until 2020, and to estimate the amount of
forest-derived and woody biomass that could be sustainably supplied for energy
uses within the EU to 2030 (quantitatively) and 2050 (qualitatively). Given this
background the study:
• classified woody biomass resources (Section 2.1)
• identified woody bioenergy potentials in the EU which pose low biodiversity
risks (Section 3)
• determined the greenhouse-gas emission balances of woody bioenergy for
several time horizons and reference assumptions (Section 4)
• developed three scenarios for future woody bioenergy use in the EU for 2020
and 2030 (Section 5), and
• determined the GHG balances of these scenarios (Section 6) as well as
• implications for policy (Section 7).
Due to limitations in scope and available budgets, the study had to simplify the
modelling of the EU energy system:
• Issues of renewable fluctuating power (e.g. storage, transmission, and
system effects) for electricity were not explicitly considered
• No changes in the mix of non-bioenergy renewables (only minor adjustments
of total supply) and in the fossil fuel mix (e.g. to reduce GHG emissions) were
made.
• No changes in the demand for food/feed and respective ex- and imports
were considered, thus excluding possible changes in available land resources.
Cost changes and implied economic effects were also outside of the scope of the
analysis, although some respective data is available upon request.
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1.2 Introduction
Woody and especially forest biomass has a relevant role to play within the
Renewable Energy Directive (RED) 2020 target of a 20 % renewable energy share,
as well in the ongoing discussions about a 2030 energy and climate strategy, and
the longer-term 2050 perspective of a resource-efficient and sustainable
European energy system.
From 1990-2010, total solid bioenergy production has more than doubled
(Eurobserver 2012). In 2010, the EU used about 113 million tons of oil equivalent
(MtOE) of primary biomass of which 9.5 MtOE were imported and 4.2 MtOE were
exported (AEBIOM 2012).
In 2010, about half of all woody biomass was used for energy purposes (AEBIOM
2012). 50% of total woody bioenergy is used in the residential sector and 25%
each by the wood industry, and powerplants (UNECE-FAO 2012).
According to the National Renewable Energy Action Plans (NREAPs), domestic
supply of wood directly from forestry is expected to account for approx. 32 % of
the total heat and power generated with biomass by 2020 (IC et al. 2012).
Results of the EU Biomass Futures project show that projected EU woody
demands are considerably lower than sustainable EU bioenergy potentials for
2020 and 2030 (IC et al. 2012). Still, mobilization of wood will not depend just on
availability but on prices, and resource efficiency as well as possible biodiversity,
climate and social impacts. Trade-offs between these factors need to be assessed.
On the other hand, at present, there are various European policies under revision
that will have significant effect on medium-term biomass mobilization such as the
EU RED “iLUC” revision 1, the sustainability criteria for solid and gaseous biomass 2
and the future of the EU Emission Trading System (ETS).
In 2010, the total area of forest in the EU27 area was over 157 million hectares
(Mha) or almost 38% of land area (Forest Europe et al. 2011).
Of this, 133 Mha was estimated to be available for wood supply. The following
table describes the key facts of the European forests.

1

2

The EC proposal to revise the RED (EC 2012a), limiting the share of first generation biofuels from edible feedstocks in the
transport sector to 5% and promoting advanced biofuels, and later proposals from the European Parliament and the
Council found - as of late December 2013 - no majority.
The EC will publish a report on sustainability criteria for solid and gaseous biomass, applying the same approach as for
biofuels and bioliquids under the EU RED, but no binding legislation is expected (Volpi 2014).
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Table 1

Key Facts on European Forests
Central-

Central-

South-

South-

West

East

West

East

Unit

North

Forest area

Mha

69.3

36.9

22.5

30.8

29.9

157.2

Forest as % of total land

%

52.1

26.4

30.0

34.8

23.1

37.6

Forest per capita

ha

2.16

0.14

0.26

0.26

0.25

0.32

Mha

54.5

34.4

19.6

24.8

21.9

133.3

Growing stock per ha

m3/ha

117

227

237

81

140

154

Net annual increment per ha#

m3/ha

4.7

7.8

8.0

3.9

5.9

5.8

Fellings

Mm

180.5

172.4

93.2

29.3

16.9

469.3

Fellings as % of increment

%

71.1

65.0

66.1

37.4

46.9

64.9

152.7

150.5

80.7

33.0

36.1

412.8

Forest area available for wood
supply

Roundwood

3

removals

from

forest

Mm3

EU27

Forest undisturbed by man

%

5.8

0.3

1.7

0.4

5.5

3.1

Semi-natural forest

%

92.3

85.8

90.9

86.0

77.2

88.6

Plantations

%

1.9

13.8

7.4

13.6

17.3

8.2

%

1.6

10.7

3.7

7.3

1.4

5.2

%

6.6

10.4

3.5

23.3

5.5

10.6

%

2.3

26.2

12.3

6.0

0.8

10.1

%

11.9

17.6

25.0

41.6

9.8

19.8

%

70.7

62.3

26.9

72.5

16.6*

59.6

346

923

658

582

405

2560

Share of forest dominated by
introduced tree species
Share of forest area protected
for biodiversity
Share of forest area protected
for landscape
Share of forest area designated
for the protection of soil, water
and other ecosystem services
Share of forests in private
ownership*
Forest sector work force

1000
FTE

Source: Forest Europe et al. (2011); FTE = full time equivalent employes
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2 Sources and Potential of Woody Biomass
This study distinguishes between primary and secondary sources, as follows:
• Primary biomass sources
• Woody biomass from forests (residues, thinnings, stemwood)
• Woody biomass from landscape care, urban park management,
gardening
• Short-rotation coppice on agricultural land
• Secondary biomass sources
• Solid forest and wood industry by-products (sawmill residues, bark,
wood industry wastes)
• Liquid forest industry by-products (black liquor)
A description of these categories is given in Annex 1.

2.1 Woody Biomass Potentials with Low Biodiversity Risks
Bioenergy policies which result in high levels of mobilization may have adverse
effects on biodiversity (e.g. Verkerk et al. 2011a). The loss and degradation of the
forest types that are naturally most diverse as well as the low levels of decaying
wood in managed forests are the most relevant threats to forest biodiversity
(Hanski, Walsh 2004).
37 Mha of the European forest area is protected for conservation purposes by the
Natura 2000 network (EC, 2009; Forest Europe, 2011). The legal constraints on
forest management in these areas range from a total ban on management to no
limitations for sustainable management.
Protected areas play a critical role in conservation of biodiversity, maintaining
genetic resources, protecting important ecosystem functions and helping to
protect many fragile human communities and cultural landscapes (Dudley,
Phillips 2006).
Protected Areas of various levels cover about 11% of forest area in the EU27.
According to Forest Europe (2011), protected forests are classified in
(i)
(ii)
(iii)

Non active intervention (1%),
Minimum intervention (3%) and
Conservation through active management (7%).

In Northern Europe and in some Eastern European countries, restrictive
protection with no or minimal intervention dominates, whereas in Central and
Short Study on “Forest biomass for energy in the EU: current trends, carbon balance and sustainable potential”
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Southern European countries, active management in protected areas is
emphasized (Forest Europe 2011).
The uniform forest structure associated with commercial forest management is a
cause for concern when considering sustainability. The retention of some trees
beyond the normal harvest cycle has been used as an approach to counteract this.
It involves leaving some live and dead trees and small areas of intact forest in situ
at the time of harvest (Gustafsson et al. 2012). Deadwood in the form of both
standing dead trees and down wood and debris, is an essential structural
component for biodiversity in forest systems (Janowiak, Webster 2010) and it has
been acknowledged as a measure of habitat quality (EEA 2011).
Due to shorter cycles, deadwood volumes can range from 2 m3/ha to 10 m3/ha in
managed forests while in natural forest the amount of deadwood may reach more
than 200 m3/ha (EEA 2011). Forest Europe (2011) reports that the average volume
of deadwood, both standing and lying, in European Forests ranges from
approximately 8 m3/ha in Northern Europe to 15 m3/ha in South-East Europe.
Although retention levels can range more than forty fold, a minimum amount of
5-10 % in terms of the area or wood volume retained has been suggested
(Gustafsson et al. 2012).
Stricter environmental criteria
If more strict environmental criteria are applied, we can also evaluate how this
might impact on forest biomass potentials. A lower mobilisation rate in
comparison with the reference potential was examined which applied a stricter
set of environmental constraints (see Annex Report). Some significant differences
between this and the reference mobilisation included stricter constraints on
residue and stump removal from unproductive poor soils, slopes, shallow soils
and peatlands.
For the low mobilisation, application of fertilizer to limit detrimental effects of
removing logging residue on the soil was not permitted. Stump extraction was
also not permitted.
The main differences between the reference and low mobilisations include:
• soil productivity was not considered a constraining factor for crown
biomass removal after early thinning in the reference mobilisation as it was
assumed that fertiliser could be applied to replace lost nutrients
• soil productivity was not considered a constraining factor for residue
removal after final felling in the reference mobilisation as it was assumed
that fertiliser could be applied to replace lost nutrients
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A maximum of 67% of residue removal from thinning was allowed on poor
soils for the reference mobilisation but residue extraction was not allowed
for the low mobilisations.
67% of stumps after final felling were extracted on poor soils for reference
mobilisation, 0% for low.
The reference mobilisation allowed stump extraction from peatland areas
however in practice this only occurred in Fennoscandia where frozen
winters occur, as constraints on soil bearing capacity prevented this
extraction elsewhere.
67% of logging residues from thinning could be extracted from slopes up to
35% for the reference mobilisation, 0% for low.
67% of stumps from final felling could be extracted on slopes up to 35% for
high mobilisation, 0% for low.
Stump extraction did not occur in the low mobilisation.

Hanski and Walsh conclude that neither the current level of deadwood or
protected areas are enough to avoid adverse effects on biodiversity (extinction
debt 3) in Northern and Central Europe forests.
In order to reverse that situation, the amount of decaying wood at stand level
should be 50 m3/ha (or 20-30 m3/ha if this average is met in wider areas).
However, since this threshold is not achievable in managed forests they have
proposed increasing the network of protected areas of various forest types to at
least 10 percent of total forest area.

2.2 Methodology
For this study, we build on recent forest biomass resource assessments done for
the EUwood and EFSOS II studies (Mantau et al. 2010; UN-ECE/FAO 2011) which
used the large-scale European Forest Information SCENario model (EFISCEN)
(Sallnäs 1990; Schelhaas et al. 2007). These studies examined biomass resource
potentials under various development scenarios to 2020 and 2030. We evaluate
the biomass potentials which are in line with various sustainability criteria and

3 Extinction debt refers to the numbers of species that will disappear sooner or later under the current

environmental conditions
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focus in particular on the quantification of biomass potentials which still leave
room for more ambitious protection of biodiversity.
The realisable potential for forest biomass supply was estimated for the period
2010 to 2030 in three steps.
First, the maximum theoretical availability of forest biomass in Europe was
estimated using EFISCEN (see box). These projections were based on recent,
detailed National Forest Inventory (NFI) data on species and forest structure and
provided the theoretical biomass potentials from broadleaved and coniferous
tree species separately in the following assortment categories: stemwood;
logging residues (i.e. stem tops, branches and needles); stumps; early thinning
(thinning in very young stands; also referred to as pre-commercial thinning).
Second, multiple environmental and technical, constraints were defined that
reduced the amount of biomass that can be extracted from forests.
Third, the theoretical potential according to EFISCEN was combined with the
constraints to assess the realisable biomass potential from European forests
(Verkerk et al. 2011a).
EFISCEN is a large-scale forest scenario model that assesses the availability
of wood, and projects forest resource development on regional to European
scale (Nabuurs et al., 2007; Eggers et al., 2008). A detailed model description
is given by Schelhaas et al. (2007). In EFISCEN, the state of the forest is
described as an area distribution over age- and volume-classes in matrices,
based on forest inventory data on the forest area available for wood supply.
Transitions of area between matrix cells during simulation represent
different natural processes and are influenced by management regimes and
changes in forest area. Growth dynamics are simulated by shifting area
proportions between matrix cells. In each 5-year time step, the area in each
matrix cell moves up one age-class to simulate ageing. Part of the area of a
cell also moves to a higher volume-class, thereby simulating volume
increment. Growth dynamics are estimated by the model’s growth functions
whose coefficients are based on inventory data or yield tables.
To assess biomass in branches, coarse roots, fine roots and foliage, stemwood
volumes were converted to stem biomass by using basic wood density (dry weight
per green volume) and to whole-tree biomass using age- and species specific
biomass allocation functions. During thinning and final felling logging residues are
formed. These residues consist of stemwood harvest losses (e.g. stem tops), as
well as branches and foliage that are separated from the harvested trees. In
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addition to these logging residues, stumps and coarse roots are formed. In
EFISCEN, it is possible to define which share of the residues and stumps/coarse
roots are removed from the forest during thinning and final felling. Residues and
stumps/roots that are left in the forest will decay eventually. During harvest
operations more stemwood is felled than is removed from the forest. The
proportion of volume from thinning or final felling being removed from the forest
was calculated at country level, distinguishing between coniferous and
broadleaved species (UNECE/FAO 2000). The proportion that is not removed as
logs represents stemwood harvest losses and could be extracted as part of the
logging residues.

2.3 Forest Biomass Mobilization Potentials
In this study, we examine biomass potential in the context of EU 2020 policy
objectives. The reference potential we employ is the maximum realizable
potential under B2 emissions 4.
This realizable potential is obtained by applying various environmental and
technical constraints to a theoretical potential which is based on the average
volume of wood which could be harvested, taking into account annual growth
increment, age structure, stocking level and harvest losses (Mantau et al. 2010).
It assumes a strong focus on using more wood for bioenergy and that policy
recommendations have been successfully translated into measures that lead to
an increased mobilization of wood, including formation of more forest owner
associations and cooperatives which develop improved access of wood to the
markets. It is further assumed that increased mechanization is adopted across
Europe with existing technologies being shared between countries through
improved information exchange. To exploit this potential, biomass harvesting
guidelines would not be restrictive. The negative environmental effects of
intensified use of forest resources would be weighed against and considered less
important than negative effects of continued reliance on fossil fuels. Fertiliser
application is allowed to compensate for the loss of nutrients through forest

4

The mobilization potentials for 2020 and 2030 utilized the B2 socioeconomic scenario from the IPCC (Nakicenovic et al. 2000). The B2
storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social, and environmental
sustainability. In the B2 reference future, production and consumption growth rates slow down over the outlook period, with the exception
of sawn-wood consumption. This slowing down of consumption growth is most pronounced for paper products and wood pulp. This is
consistent with a future world characterised by heightened environmental concern, where, e.g., a higher demand for bioenergy drives up
the prices of inputs for the wood-based panels and pulp & paper industry, while at the same time the sawn-wood industry will mainly
benefit from this development through a growing demand for energy efficient and renewable construction.
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residue extraction. In this study we evaluate the effect of applying various
additional sustainability constraints to the reference forest biomass potential.
Figure 1

Forest Wood Mobilization Potential in this Study (left column) and
Comparison with Scenarios from Previous Studies (right column)

REFERENCE

• Maximum realizable potential
• Comparable with:
•
EU Wood High Mobilisation Scenario
•
EFSOS II Promoting Wood Energy Scenario
•
Biomass Futures Sustainability Scenario
(non-forest)

REFERENCE
with
Biodiversity
Constraints

• Effect of removing constraints on stump and
residue extraction from protected forest
• Effect of increasing area of strictly protected
forest
• Effect of increasing protected forest area plus
retained trees.

LOW - Strictest
Site Constraints

• Strictest environmental criteria applied
• Low wood mobilisation, comparable with:
•
EU Wood Low Mobilisation scenario
•
EFSOS II Priority to Biodiversity Scenario
•
Includes additional 5% retained trees

Source: EFI compilation

2.3.1 Constraints to Forest Biomass Potential
The theoretical forest biomass potentials estimated by EFISCEN are higher than
what can realistically be supplied from the forest due to various environmental,
social, technical, and economic constraints. The EUWood study identified
quantifiable constraints and applied them to the theoretical potential (see
Annex). The constraints considered in this study include site productivity, slope,
soil surface texture, depth, compaction risk, bearing capacity, retained trees and
protected forest. The constraints applied are described in further detail in the
Annex.
For each constraint, a raster layer was created in ArcMap, with a resolution of 1
km. Extraction rates were assigned to the constraints according to the tables
Short Study on “Forest biomass for energy in the EU: current trends, carbon balance and sustainable potential”
prepared for BLE, EEB and T&E
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above. On a cell-by-cell basis, all relevant layers were combined and the minimum
extraction rate was defined for each cell. This was done separately for thinning
residues, final felling residues and stumps. The resulting raster layers were then
combined with a forest map, also on a 1 km resolution. Using zonal statistics, with
an EU28 country layer or an EFISCEN region layer as zones, the weighted average
per zone was then calculated.
2.3.2 Assessment of Biodiversity Risks
To examine the effect of increasing the area of protected forest on biomass
potentials we used the previous resource assessments of EUWood and EFSOS-II
and carried out a more detailed examination and quantification of biodiversity
impacts. The sustainability constraints that were used to calculate the forest
biomass potentials with EFISCEN were adjusted in order to examine their effect.
This provides more information on how increasing the area of protected forests
impacts on the biomass potentials from European forests.
Protected Areas:
Where management in protected areas is allowed under conservation
designations, it is implemented as 'close-to-nature' or similar low-impact
management (EEA 2007), with no or very limited residue or stump extraction.
However, in fire prone areas, leaving residues in the forest could increase the
forest fire risk.
This study assumed that residues could only be harvested in protected areas that
have a high or very high fire risk.
Retained trees:
The effect of an increase of 5 % in retained trees was evaluated.
Stricter environmental criteria:
If more strict environmental criteria are applied, we can also evaluate how this
might impact on forest biomass potentials. A low mobilization rate by
comparison with the reference was examined which applied a stricter set of
environmental constraints (see Annex).

2.4 Results
2.4.1 Potential of European Forests for Wood Supply
Biomass potentials from forests were calculated for EU28 countries for 2010-2030
(Table 2) – note that this includes potential uses from both industry and
bioenergy. The largest contributor to available volumes is stemwood from
thinnings and final harvest, while pre-commercial thinnings (using
EUwood/EFSOS II assumptions) are rather low.
Short Study on “Forest biomass for energy in the EU: current trends, carbon balance and sustainable potential”
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Table 2

Reference Potential for Biomass from EU28 Forests 2010-2030

Mm3 overbark in
Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
UK
Grand Total
Source:
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2010

35.93
5.22
8.13
7.21
0.04
25.11
3.97
13.12
85.51
88.11
103.25
4.45
10.81
3.12
26.74
18.39
10.54
0.98
0
1.48
58.41
10.80
32.54
11.38
8.43
24.79
111.92
15.45
725.86

2020

43.01
5.97
9.87
8.34
0.04
29.96
4.59
14.57
111.89
101.69
128.26
5.41
12.90
4.42
29.19
20.23
12.26
1.10
0
1.74
68.94
12.36
36.73
12.52
9.41
30.52
142.98
17.28
876.20

2030

41.90
5.80
9.91
8.16
0.04
27.66
4.87
13.88
111.60
108.02
124.15
4.97
12.64
5.16
28.07
24.65
13.40
1.04
0
1.90
67.32
13.78
36.13
12.93
9.10
29.80
154.09
17.60
888.57

EFISCEN calculations; data in Mm3 overbark; note that no data was available for Malta. Croatian
figures derived from EU averages, Cyprus figures derived from average Greek values
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Figure 2 Forest Biomass Potentials 2010-2030 from Final Harvest, Thinning and
Pre-commercial (PC) Thinning
1000

Volumes in Mm3 overbark

900
800

Harvest Stump

700

Harvest Res

600

Harvest Stemwood

500

Thin Stump

400

Thin Res

300

Thin Stemwood

200

PC Thin Biomass

100

PC Thin Stemwood

0

2010

REF 2020

REF 2030

Source: EFISCEN calculations – EFI compilation; REF = reference potential; Res = residues; PC = pre-commercial

PJ

Figure 3

Non-Forest Woody Bioenergy Potentials 2020 and 2030
2000
1750
1500
1250
1000
750
500
250
0

2020
2030

Source: IC et al. (2012) - Sustainability Scenario of the Biomass Futures project

Bioenergy potentials from non-forest biomass (see Annex for definitions) were
also derived from data compiled in the Biomass Futures project (IC et al. 2012).
To allow for comparison with forest potentials, the data is presented in PJ. These
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assortments total 4057 PJ and 2231 PJ in 2020 and 2030, respectively. The drop
in potential especially for SRC up to 2030 is due to carbon mitigation requirements
becoming stricter in the sustainability scenario which considers GHG emissions
from indirect land use change (IC et al. 2012).
2.4.2 Effects of More Protected Forest Areas
To evaluate the effect of the constraint on residue extraction from protected
forest area, this constraint was removed from the model calculation, which
results in an increase of total volume available from 876 Mm3 to 918 Mm3 in 2020
(Figure 4), and a respective increase from 888 to 931 Mm3 in 2030.
Figure 4

Effect of Removing Constraints for Residue Extraction from
Protected Forests

1000

Volumes in Mm3 overbark

900
800

2010

700
600

REF 2020

500
400
300
200
100
0

REF 2020 without dedicated
constraints on stump and residue
removal in protected areas
REF 2030

REF 2030 without dedicated
constraints on stump and residue
removal in protected areas

Source: EFISCEN calculations – EFI compilation; REF = reference potential; PC = pre-commercial

The effect of an increase of 5% in strictly protected forests was also quantified
(Figure 5). This resulted in a decrease of 42 Mm3 in available volume (from 876
to 834 Mm3) in 2020 and 43 Mm3 (from 888 to 845 Mm3) in 2030.
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Figure 5 Effect of Increasing the Area of Strictly Protected Forests by 5% on
Forest Biomass Potentials in 2020
1000

Volumes in Mm3 overbark

900
800
700
600

2010

500

REF 2020

400

REF 2020 with additional 5% strict
forest protection

300
200
100

REF 2030
REF with additional 5% strict
forest protection 2030

0

Source: EFISCEN calculations – EFI compilation; REF = reference potential; PC = pre-commercial

2.4.3 Effects of Higher Tree Retention
It is difficult to evaluate the effect of forest biomass mobilization on standing
deadwood over the short time frame of this study as any policy objectives would
take much longer than twenty years to make an impact. However it was possible
to evaluate how an increase in retained trees would impact on the forest biomass
potentials.
Figure 6 shows that a 5% increase in retained trees in combination with a 5%
increase in strictly protected forest applied to the reference potential would
result in a decrease from 876 Mm3 to 792 Mm3 in available forest biomass by 2020
and from 888 Mm3 to 803 Mm3 in 2030.
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Effect of Additional 5% Strict Forest Protection plus 5% retained
Trees on Forest Biomass Potentials

Volumes in Mm3 overbark

1000
900

2010

800
700
600

REF 2020

500
400
200

REF 2020 with additional 5% strict
forest protection and 5%
retention trees

100

REF 2030

300

0
REF 2030 with additional 5% strict
forest protection and 5%
retention trees

Source: EFISCEN calculations - EFI compilation; REF = reference potential; PC = pre-commercial

2.4.4 Effect of stricter environmental criteria
Some significant differences between the stricter set of environmental
constraints and the reference mobilisation included stricter constraints on
residue removal from unproductive poor soils and a maximum of 70% residue
removal allowed on other soils.
For the low mobilisation which had the strictest environmental constraints,
application of fertilizer to limit detrimental effects of removing logging residue on
the soil was not permitted. Stump extraction was also not permitted.
These stricter environmental constraints had a significant effect on biomass
availability (Figure 7).
The low mobilisation would give potential volumes of 583 Mm3 or 33% less
available biomass compared with the reference mobilisation in 2020.
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Figure 7 Effect of Stricter Environmental Criteria on Availability of EU28 Forest
Biomass in 2020 and 2030
1000
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Volume (M m3)

800
700
600
500
400
300
200
100

REF 2020
REF 2030
Low 2020
Low 2030

0

Source: EFISCEN calculations – EFI compilation; REF = reference potential; PC = pre-commercial

The reference mobilisation allowed limited residue extraction from forests
located on peatland (see Annex Report Section 1). A 33% maximum extraction
rate of stumps and residues was applied for thinning and final felling. Stump and
residue extraction was not permitted from peatland forests for the Low
mobilisations. In the EU Wood Methods report (Mantau et al. 2010), a sensitivity
analysis was carried out which evaluated the effect of increased removal of
residues and stumps from forests on peatlands (from 0%-33%).
If the restrictions on residue extraction on peatlands were reduced for
environmental reasons (i.e. allow more extraction of residues), it was found in
many countries to be technically still difficult to extract biomass from these areas
due to the low soil bearing capacity.
Finland and Sweden were an exception to this, as harvesting on frozen soil is
possible in these countries. This means that other constraints are often the main
limiting factor and do not allow much more residues or stumps to be extracted.
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Potential Availability of Forest Biomass from Final Harvest, Thinnings and Pre-commercial (PC) Thinning for
Reference Mobilization, Additional Constraints, and Low Mobilization 2010- 2030

Volumes (Mm3 overbark)

PC Thin
stemwood

PC Thin
residues

Thin
stemwood

Thin
residues

Thin
stumps

Harvest
stemwood

Harvest
residues

Harvest
stumps

Total

REF 2010

9.4

2.1

223.8

16.5

0.0

388.1

76.5

9.4

725.8

REF 2020

11.0

4.7

218.7

55.7

35.3

402.7

84.0

64.1

876.2

REF 2020 without dedicated
constraints on stump and residue
removal in protected areas

11.0

5.7

218.7

65.7

41.5

402.7

98.1

75.2

918.7

REF 2020 + additional 5% strict
forest protection

10.4

4.5

207.8

52.9

35.3

382.6

79.8

60.9

834.1

REF 2020 + add. 5% strict forest
protection and 5% retention trees

9.9

4.2

196.9

50.1

35.3

362.4

75.6

57.7

792.1

REF 2030

10.4

4.4

223.6

57.9

36.3

404.9

85.4

65.6

888.6

REF 2030 without dedicated
constraints on stump and residue
removal in protected areas

10.4

5.3

223.6

68.2

42.5

404.9

99.5

76.8

931.2

REF 2030 + additional 5% strict
forest protection

9.9

4.1

212.5

55.1

36.3

384.6

81.2

62.4

846.0

REF 2030 + add. 5% strict forest
protection + 5% retention trees

9.4

3.9

201.3

52.2

36.3

364.4

76.9

59.1

803.3

LOW 2020

9.4

0.6

185.3

0.0

0.0

340.9

48.4

0.0

584.5

LOW 2030

8.9

0.5

189.2

0.0

0.0

342.7

48.8

0.0

590.1

Source: EFISCEN calculations – EFI compilation
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Forest Biomass Potential in Energy Equivalents from Final Harvest, Thinning and Pre-commercial (PC) Thinning
for Reference Mobilization, Additional Constraints, and Low Mobilization 2010-2030

REF 2010

PC Thin
stemwood
81.8

PC Thin
residues
18.3

Thin
stemwood
1947.1

Thin
residues
143.6

REF 2020

95.7

40.9

1902.7

REF 2020 without dedicated
constraints on stump and residue
removal in protected areas

95.7

49.6

REF 2020 + additional 5% strict
forest protection
REF 2020 + add. 5% strict forest
protection and 5% retention
trees

90.5

Energy (PJ)

REF 2030
REF 2030 without dedicated
constraints on stump and residue
removal in protected areas
REF 2030 + additional 5% strict
forest protection
REF 2030 + add. 5% strict forest
protection + 5% retention trees
LOW 2020 + 5% retention trees
LOW 2030 + 5% retention trees

0.0

Harvest
stemwood
3376.5

Harvest
residues
665.6

Harvest
stumps
81.8

484.6

307.1

3503.5

730.8

557.7

7623

1902.7

571.6

361.1

3503.5

853.5

654.2

7992

39.2

1807.9

460.2

307.1

3328.6

694.3

529.8

7258

86.1

36.5

1713.0

435.9

307.1

3152.9

657.7

502.0

6891

90.5

38.3

1945.3

503.7

315.8

3522.6

743.0

570.7

7730

90.5

46.1

1945.3

593.3

369.8

3522.6

865.7

668.2

8101

86.1

35.7

1848.8

479.4

315.8

3346.0

706.4

542.9

7361

81.8

33.9

1751.3

454.1

315.8

3170.3

669.0

514.2

6990

82

5

1612

0

0

2966

421

0

5086

77

4

1646

0

0

2981

425

0

5134

Thin stumps

Source: EFISCEN calculations; and conversion into energy by IINAS; energy content expressed as lower heating value of air-dry wood
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3 GHG Balances of Woody Bioenergy
In addition to the biodiversity risks, the direct and total greenhouse-gas (GHG)
emissions from bioenergy were analyzed. The emissions from bioenergy systems
can be separated into two components:
a) Life-cycle emissions: These are the emissions occurring due to biomass
combustion and upstream processes (e.g. fossil fuel for harvesting, transport,
processing) - see Section 3.1.1.
b) C stock change emissions: These are CO2 emissions from changes in the forest
carbon stock, e.g. extraction of forest thinnings for bioenergy, and C
absorption as the forest regrows. In the case of forest residues, a time series
of emissions occurs if the residues were left to decay.
To calculate the C-stock change emissions it is necessary to define a bioenergy
system (what happens to the carbon stocks when biomass for energy is extracted)
and a reference system (what happens to the carbon stocks when biomass is not
used for energy). It is important to realise that the reference system and its
associated reference emission series is counterfactual. It should represent the
most likely situation in absence of the bioenergy system. The selection of
reference system effects the net emissions and energy dramatically.
Table 5 list the assumed reference uses of biomass in the analysis. In some cases
where the choice of reference system is not clear, it is advisable to produce two
net emission and energy series which represent the systems that produce the
lowest and highest net emissions and energy. For example, for the analysis of precommercial thinning an optimistic and pessimistic model were created.
The C stock change emissions were calculated for 20 and 100 year time horizons5
to show the sensitivity of the results. Furthermore, optimistic and pessimistic
forest reference cases were used in the calculation for the same reason.

5

The time-horizon indicator is the sum of emissions over the specified number of years due to of an action today. By using
the time varying nature of the changes in carbon stocks is captured. However, the time-horizon is an indicator of emissions
and not the actual emissions in a given year from an action sometime previously.
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Summary of Reference Systems for various Biomass Types

Biomass Source

Reference System

Forest residues

Residues remain in the forest and decay naturally without
catastrophic disturbance

Stumps

Stumps remain in the forest and decay naturally without
catastrophic disturbance

Pre-commercial
thinning

Optimistic option: Thinnings remain in the forest and decay
naturally without catastrophic disturbance. The forest
grows in a similar manner with and without biomass use for
energy.
Pessimistic option: Pre-commercial thinning does not occur.
The unthinned forest has higher C stocks than the thinned
forest (i.e. parallel growth curves)

Commercial
Thinning

Thinning occurs in the same manner as in the bioenergy
system, but the biomass from thinning is used for a mixture
of purposes:
% Sawnwood
% Panels
% Paper
% Energy

Advanced
Harvests

0%
25%
22%
53%

The forest is harvested, but later than the “optimal” time. In
the bioenergy systems, the forest is harvested at the
“optimal time”. The delay, as compared to the bioenergy
system, allows for an increase in forest biomass, and
biomass at final harvest. The same proportion extracted
biomass is used directly for sawnwood, panels, paper and
energy in both the bioenergy and reference systems

Source: Consortium assumptions; for imported woody bioenergy (pellets), the same assumptions were applied
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3.1 Methodology for GHG Emission Calculation
3.1.1 Life-Cycle GHG Emissions
The life-cycle emissions were calculated with GEMIS6, assuming that these are
constant for all regions of Europe, but different over time (2010-2030) 7.
The fossil-fuel emissions (from coal, oil, natural gas) 8 and life-cycle GHG emissions
from nuclear and non-biomass renewables are also calculated with GEMIS for
2020 and 2030 as EU averages.
The life-cycle GHG emissions (e.g., from transportation, processing) per unit of
energy produced from woody biomass are 2 to 10 times smaller than the
emissions from the changes in forest carbon stocks over a short-time frame (20
years), depending on the type of biomass feedstock.
Table 6

Life-Cycle GHG Emission Factors for European Bioenergy Supply
Chains in 2020 and 2030

CO2eq in g/MJoutput
pellets-EU forest-products
pellets-EU wood-industry
pellets-EU SRC
pellets-US-import
wood-logs EU
BtL-black-iquor-EU
BtL-forest-residue-EU
BtL-SRC-EU
EtOH2G-forest-residues-EU
EtOH2G-SRC-EU

2020

6.4
3.9
11.5
16.2
0.0
0.3
37.2
49.4
7.6
18.4

2030

5.8
3.5
10.9
15.6
0.0
0.3
32.9
44.9
7.5
18.0

Source: GEMIS version 4.8 (IINAS 2013); note that the emission data exclude CO2 emissions from forest C stock
changes, and also assume no indirect land use changes (iLUC)

3.1.2 Emissions from C stock changes in Forests
The time-varying GHG emissions from C stock changes in forests were modeled
to reflect the growth rate of forests, decay rates of residues depend on forest

6

GEMIS (Global Emissions Model for integrated Systems) is a public-domain (i.e. freely available) life-cycle model and
database maintained by IINAS (see www.gemis.de).

7

This simplification is needed to reduce the data requirements. From earlier projects, bioenergy life-cycle data for most EU
Member States is available, but shows comparatively minor differences.

8

The oil and gas comparators for 2030 can be varied also to reflect synthetic crude oil (“Tar Sands”) and shale gas
(“fracking”). In the results presented here, the average oil and gas emissions were used which exclude these sources.
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type, climate (temperature and precipitation) and residue quality, and the time
horizon (20 vs. 100 years) as well as the forest reference case (counterfactual
situation without bioenergy extraction). A more detailed description of the
modelling assumptions and data background is given in the separate Annex
Report.

3.2 Emission Factors
There are two types of emission factors to consider; the emission factor from the
consumption of an amount of biomass in a single year, and the effective emission
factor of the continuous consumption of biomass. The latter is calculated by
summing the emissions from a specific year to the year of interest and dividing it
by the total biomass consumed over the same period, hence it is the time average
emission factor.
Figure 8a shows the emission factors excluding supply-chain emissions of the
presented models for Austrian forests and conditions. For example, the emission
factor for the use of residues decreases quickly with time. The effective emission
factor, however, is dependent on the amount of biomass consumed in specific
year.
For example, if the amount of bioenergy from residues is increasing the effective
emission factor will decrease less quickly than for the case of consumption in a
single year. This occurs because the effective emission factor includes both
biomass extracted for many years and extracted recently. Since more biomass is
extracted recently, it has a greater impact on the effective emission factor. Figure
8b shows the effective emission factors of the various biomass sources for a
specified biomass scenario.
Of the five models, only biomass from the two residues the advanced harvest
biomass have intensities that over time are below the intensities of fossil fuels
(coal = 88 g CO2/MJ, oil = 73 g CO2/MJ, and natural gas = 51 g CO2/MJ).
Typically the intensity should start somewhere near that of wood without
regrowth (94 g CO2/MJ). The advanced harvest model starts with a lower intensity
because there are wood products created. The commercial thinning model starts
with a higher intensity because material products are forsaken to create energy.
The amounts above and below the typical value are approximately the same.

Short Study on “Forest biomass for energy in the EU: current trends, carbon balance and sustainable potential”
prepared for BLE, EEB and T&E

IINAS, EFI, JR

23

Woody Bio EU

Figure 8 (a) GHG Emission Factors excluding Supply Chain Emissions for One-time
Biomass Use for Austrian Forest Conditions and (b) Effective GHG
Emission Factors for a Specific Supply Scenario (B2) for all EU28

a.

b.
Note:

Joanneum (2014) own elaboration; stumps and stemwood are purposely not considered in the B2 medium
mobilization scenario. Their effective emission factors are not shown.

When the models are applied to a biomass supply scenario (Figure 8b), the
emission factors are different than for the individual models because intensity of
the scenario is calculated as the sum of emissions to a specific year divided by the
sum of energy to the same year.
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Country
AT
BE
HR
CY
CR
DK
ES
FI
FR
DE
GR
HU
IE
IT
LV
LT
LU
MA
NL
PO
PT
RO
SK
SI
ES
SW
UK

Woody Bio EU

24

The effective greenhouse gas emission factors for a specific supply
scenario (B2 Medium) by country

P re c o mmT hin
S te mwo o d

109
111
108
0
109
110
108
111
109
109
0
109
115
108
139
110
115
0
109
110
110
109
110
109
108
110
110

P re c o mmT hin
B io ma s s

T hin
S te mwo o d

109
111
108
0
109
110
108
111
110
110
0
109
115
108
139
110
115
0
108
110
110
109
111
109
108
110
111

149
152
149
151
149
150
149
150
150
149
151
150
154
150
158
150
157
0
150
150
152
150
151
150
149
149
151

T hin
S tump

T hin
Res

150
153
150
152
150
152
150
151
151
150
152
151
156
151
160
151
158
0
151
151
153
151
151
151
150
150
151

H a rv e s t
S te mwo o d

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

89
109
101
102
90
100
90
99
101
95
104
105
108
108
49
105
59
0
100
98
103
108
105
105
90
89
102

H a rv e s t
Res

H a rv e s t
S tump

65
55
36
47
61
60
50
68
46
55
43
39
61
36
53
60
42
0
51
60
38
47
53
54
50
70
55

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Source: Joanneum Research calculations

Table 7 shows the effective emission factors by country for the different types of
biomass. The general trend is that warmer countries have faster decay rates and
hence lower emission factors from the use of residues. This was also suggested
by Repo et al. (2011).
There are slight variations in the effective emission factors of other biomass
sources too. For example, countries with longer rotation lengths have a lower
emission factors from the use of harvest stemwood than do countries with
shorter rotation period. This is because the typical current harvest delay is
assumed to be 1/3 of the rotation period.
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3.3 GHG Emission Factors for Using Forest Bioenergy
Based on the model calculations, the emission factors for woody bioenergy were
determined for two key assumptions of the reference forest system for precommercial thinnings and residues from commercial thinnings:
• In the optimistic forest reference case it is assumed that this biomass
would remain in the forest and decay, i.e. release CO2 over time.
• In the pessimistic forest reference case it is assumed that this biomass
would be taken out of the forest but used as feedstock for pulp & paper,
and other low-quality wood use, i.e. without immediate CO2 release.
Both cases were calculated for the 20 and 100 year time horizons. The
respective emission factors are given in the following table.
Table 8

Forest Bioenergy GHG Emission Factors for C Stock Changes

Emission factor
in g CO2/MJ
for
20 a optimistic
20 a pessimistic
100 a (both cases)

Pre-comm.
thinning
stemwood
3.6
118.0
0.2

Pre-comm.
thinning
residues
3.6
118.0
0

Thinning
stemwood
116.0
118.0
0.1

Thinning
residues
3.0
3.0
0

Harvest
residues
3.0
3.0
0

Source: Joanneum Research calculation; note that emissions do not include supply chains or the emissions saved
from the displaced fossil energy

Short Study on “Forest biomass for energy in the EU: current trends, carbon balance and sustainable potential”
prepared for BLE, EEB and T&E

IINAS, EFI, JR

26

Woody Bio EU

4 Scenarios for Woody Bioenergy in the EU
In order to estimate the future use of sustainable bioenergy in Europe, three
scenarios were modelled to determine how much bioenergy would be needed by
2020 and 2030 9 for the different end-uses (i.e. electricity, heat, and transport) as
well as the respective primary energy use, and GHG emissions.
The scenarios consist of the reference (REF), a “reduced GHG emissions” (GHG)
and a “sustainable bioenergy” (SUS) case.
The REF scenario is based on the most recent EC reference scenario (EC 2013),
while for the other two scenarios, the EUwood study (Mantau et al. 2010; Verkerk
et al. 2011b), results of the Biomass Futures project (IC et al. 2012), EFSOS II
(UNECE, FAO 2011) as well as Teske et al. (2012) and GP, EREC, GWEC (2012) were
considered (see details in Section 5 of the Annex report).
In the GHG and SUS scenarios, additional cascading use of wood was applied as a
simplified strategy10 to increase sustainable wood use in buildings. The respective
additional sawmill residues as well as improved recycling of woody material were
considered accordingly.

4.1 The Reference (REF) Scenario
The REF scenario was built using the 2013 PRIMES reference scenario (EC 2013)
for electricity and transport fuel demand and supply as well as end-energy and
primary energy supply mix. Due to a lack of access to the PRIMES data for heat,
the respective demand and supply were modeled using data from the reference
case of the EC 2050 roadmap (EC 2011).
The assumed contributions of non-biomass renewables to the final energy
demand is shown in the following figures.

9

Due to the lack of consistent projections for both the energy and agriculture/forest sector for 2050, only qualitative
perspectives could be derived for this timeframe.

10 See e.g. Keegan et al. (2013); Sikkema et al. (2013).
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Source:
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Renewable Electricity Generation in the EC REF scenario for the
EU27 from 2010-2030

IINAS calculation based on EC (2013)

REF assumes that electricity from non-biogenic renewables increases from 2010
to 2030 by a factor of 2.3 while electricity from bioenergy increases by a factor of
1.7, with a rising share from woody bioenergy (see Section 5.1).
In the REF heat sector, geothermal and solar energy will gain significant shares
until 2030, while biomass will increase only marginally (see Section 5.2). The nonbioenergy heat supply in REF is shown in the following figure.
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Figure 10

Source:
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Heat Supply in the EC REF Scenario for the EU27 from 2010-2030

IINAS calculation based on EC (2013). Note that electricity and district heat also come partially from
renewables.

In the transport sector, the EC 2013 REF scenario assumes that the RED target of
10% renewable transport fuels by 2020 is met (with double-counting), and that
the renewable transport share is increased slightly to 11% by 2030 (excluding
multipliers), but only with a slight increase of biofuels share, as the (renewable)
electricity share in transport increases far more.
The overall demand for biofuels in the REF scenario is assumed to nearly double
by 2020 (compared to 2010), while remaining on this level by 2030.
As regards wood resources, the REF scenario by 2030 requires approx. 3700 PJ of
woody bioenergy, mainly for electricity and heat (less than 10% for biofuels).
Of that, about 2400 PJ come from forests (30% of that from imports), and about
1300 PJ from woody residues, and SRC.
In particular, different types of feedstocks with different share over the time were
assumed to be used. This scenario assumes that for bioelectricity the feedstocks
used are wood chips and wood pellets from EU forest residues and EU woody
residues as well as imported wood pellets, all of them increasing their
contribution up to 2030. For bioheat, wood logs from EU forest residues (more
than halving their contribution up to 2030), wood pellets from woody residues
(increasing their contribution) and domestic SRC (small contribution) and
imported wood pellets (increasing their contribution). For biofuels for transport,
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it is mainly considered BtL from EU black liquor and BtL from imported forest
residues (by 2030).
In addition, the domestic non-energy use of woody materials will be approx. 5100
PJ by 2030 (energy equivalent, see Section 5.2 in the Annex Report).
Thus, the total woody biomass resource demand in the REF scenario by 2030 –
expressed in energy terms 11 - will be approx. 8800 PJ.
The high mobilization potential of EU woody biomass from forests - without any
sustainability constraints - is about 7700 PJ (see Table 5b) plus approx. 2500 EJ
of woody residues and SRC, i.e. a total of about 10000 PJ of woody biomass in
the EU by 2030 (excluding post-consumer wood).
The EU domestic wood potential alone could theoretically supply the total EC REF
demand for woody products by 2030 - but this would be significantly more costly
than imported wood. Therefore, the REF scenario assumed that about 750 PJ of
wood will be imported by 2030 which represents a drastic increase compared
2010 when woody bioenergy imports were in the order of 110 PJ.

4.2 The GHG Reduction (GHG) Scenario
In the GHG scenario, significantly improved energy efficiency measures were
assumed based on recent studies 12 to achieve a 30% reduction of final energy
demand by 2030 compared to the REF scenario, and a 22% reduction compared
to 2010. This leads to significantly reduced demands for electricity, heat and
transport fuels in all sectors.
These very ambitious targets to reduce final energy demand in all sectors are
achievable, as they are based on detailed potential studies on the EU level 13.
Next, the amount of renewables was increased using the mix given in the EC
reference case, and taking into account the non-biomass renewable supply data
given in Teske et al. (2012) to achieve renewable shares in final energy demand
(including renewable electricity and district heat) of 25% by 2020, and of 45% by
2030, respectively.
Next, the use of woody bioenergy was changed, reflecting the aim to reduce the
CO2 emissions associated with forest C stock changes (see Section 3).

11 Note that the non-energy wood demand expressed as an energy equivalent is based on the lower heating value of the
wood, even if the wood is not used for energy.
12 See ISI (2012a+b); OEKO (2011); Teske et al. (2012); GP, EREC, GWEC (2012)

13 See studies given in footnote 12.
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For this, the use of forest products for bioenergy from EU forests was reduced by
25% compared to the REF scenario by 2030, and the use of imported forest
products was reduced by nearly 80%. To balance this, the use of woody residues
(mainly from sawmills) and from SRC was increased drastically, as these
feedstocks have lower CO2 emissions.
In the electricity sector, the woody bioenergy contribution by 2030 is reduced by
12% compared to the REF scenario, and woody bioenergy from EU forests and
imports are decreased by about 14% and 62%, respectively.
In heat supply in 2030, EU forest products are reduced by 57% compared to REF,
and imported woody biomass is completely phased-out. In parallel, use of EU
woody residues and SRC increased accordingly.
In the transport sector, 1G biofuels - both domestic and imported - were nearly
replaced by 2030 through 2G biofuel from domestic lignocellulose (mainly straw
and black liquor) and all woody product imports are phased-out.
For bioelectricity the feedstocks used are wood chips and wood pellets from EU
forest residues (decreasing their share in comparison with 2010) and EU woody
residues (significantly increasing their contribution), wood chips from EU
landscape care wood (with a minor contribution) as well as imported wood pellets
(maintaining their contribution in levels comparable to those of 2010). For
bioheat: wood logs from EU forest residues (with a relevant decreasing of their
contribution), wood pellets from woody residues (significantly increasing their
contribution) and domestic SRC (with a low contribution) and imported wood
pellets (increasing their contribution). For biofuels for transport, it is mainly
considered BtL from EU black liquor and BtL from forest residues, both of them
significantly increasing up to 2030.
A key additional assumption of the GHG scenario is to mobilize sustainable
stemwood from EU forests for increased cascading use. For this, additional wood
use in 2.5% of new residential buildings in the EU by 2020 (increasing to 5% by
2030) was assumed which leads to a substitution of concrete and steel as
construction materials, and also increases the amount of sawmill residues.
The additional stemwood demand from this increase in material use of wood
represents 17 Mt of roundwood (about 34 Mm3) by 2020 which would increase
to 67 Mt (about 134 Mm3) by 2030, and would displace some 8 Mt of concrete
and 3 Mt of steel by 2020, and some 33 Mt of concrete and 13 Mt of steel by
2030, respectively.
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The additional roundwood demand represents an energy equivalent of approx.
310 PJ by 2020, and 1250 PJ by 2030, respectively.
The sustainable low-mobilization potential for stemwood from thinnings and
final harvest represents approx. 4500 PJ (see Table 5b). The wood demand for
material use represents about 5000 PJ (see Section 5.2 in the Annex Report), of
which about 1000 PJ are used for pulp & paper production, i.e. approx. 20% of
industrial wood use. It is assumed that increased cascading use of wood for paper
and packaging could achieve a 50% reduction of fresh fiber needs by 2030 and
20% of low-quality material wood use (for short-live building materials, and
furniture) could be re-used so that an equivalent of 500 PJ of woody material
previously used for fiber and some 500 PJ of low-quality wood uses can be
mobilized by 2030 with cascading technologies in the European wood-using
industries. Thus, a potential sustainable supply of 5500 PJ of domestic EU wood
products would be able to meet the (reduced) material demand of 4000 PJ,
leaving approx. 1500 PJ for bioenergy use. Furthermore, the additional wood for
building materials will provide some 100 PJ (by 2020) and 380 PJ (by 2030) of
sawmill residues which can be used for bioenergy.
Finally, post-consumer wood is assumed to be increasingly recycled for energy
which would provide some 1200 PJ by 2030.
The available domestic woody bioenergy potential in the GHG scenario is thus
about 1500 PJ from EU forests (approx. 170 Mm3), and about 3800 PJ from
residues, wastes and SRC, i.e. a total of 5300 PJ.
The woody bioenergy demand in the GHG scenario would reach about the same
level (5300 PJ by 2030) and would be supplied by the domestic potentials plus a
minor amount of imported wood pellets (around 160 PJ), i.e. the import demand
for woody bioenergy could be reduced by nearly 80% compared to REF.
In parallel, use of EU non-woody bioenergy would increase: about 630 PJ of straw
for biogas and biofuels and 550 PJ of manure for biogas would be mobilized by
2030, a nearly 3-fold increase compared to the REF scenario.

4.3 The Sustainability (SUS) Scenario
In the SUS scenario, the same demand levels for electricity, heat and transport
fuels as in the GHG scenario are assumed, but the use of woody bioenergy is
changed not only to reduce the CO2 emissions associated with forest C stock
changes (see Section 3), but also to reduce biodiversity risks associated with EU
bioenergy and respected imports - both for wood and (biofuel) crops.
For this, the use of forest products for bioenergy from EU forests was reduced by
74% compared to the REF scenario by 2030, and no imported forest products are
used. To balance this, the use of woody residues (mainly from sawmills) and from
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SRC was increased to about the same level as in the GHG scenario, and additional
EU non-woody bioenergy from agricultural residues and wastes was assumed to
be mobilized more than in the GHG scenario.
In the electricity sector, forest bioenergy by 2030 is nearly phased out (94%
reduction vs. REF) and use of woody residues and wastes more than halved. To
compensate for this reduction, non-woody bioenergy use increases about 3.6fold compared to REF.
In heat supply in 2030, EU forest products are again nearly phased out. In parallel,
use of EU woody residues and SRC increases accordingly.
In the transport sector, 1G biofuels - both domestic and imported - are fully
phased-out by 2030 through 2G biofuel from domestic lignocellulose (mainly
straw and black liquor) and no biofuel imports are assumed.
For bioelectricity the feedstocks used are wood chips and wood pellets from EU
forest residues (dramatically decreasing the total amount consumed from 2010
to 2030), EU woody residues (almost a constant total amount consumed from
2010 to 2030), wood chips from EU landscape care (significantly increasing from
2010 to 2030) and a decreasing amount of wood imported wood pellets (0 % in
2030). For bioheat, wood logs from EU forest residues (with a dramatic reduction
up to 2030), wood pellets from woody residues (increasing its share up to 2030)
and domestic SRC (increasing its share in comparison to 2010) and imported wood
pellets (0 in 2030). For biofuels for transport, it is considered an increasing
contribution of BtL from EU black liquor and BtL from domestic forest residues.
As in the GHG scenario, sustainable stemwood from EU forests is increased
through cascading use. For this, additional wood use in 2.5% of new residential
buildings in the EU by 2020 (increasing to 5% by 2030) was assumed which leads
to a substitution of concrete and steel as construction materials, and also
increases sawmill residues (same assumptions as in the GHG scenario).
The SUS scenario also shifts post-consumer organic wastes: incineration is phased
out, and biowastes used more efficiently in decentral cogeneration plants 14.
In summary, SUS reduces demand for EU forest products to 400 PJ (below 50
Mm3) which is 76% less than in REF, and uses about 3900 PJ of domestic woody

14 This requires a better ”back end“, i.e. improved selective collection of biomass wastes: the solid bio-waste components are
to be collected separately and chipped, while the organic (green) components are also collected separately and used for
biogas, and the digestate is then composted.
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residues and wastes plus a small amount (140 PJ) of SRC. In parallel, some 1500
PJ of domestic straw plus 1550 PJ of manure are used for bioenergy.

4.4 Summary of the Scenarios
The qualitative description of the scenarios is given in the following table.
Table 9

Scenario Description
Reference
Scenario (REF)

Climate Scenario
(GHG)

Storyline

“Unrestricted”
woody bioenergy
use

Reduce GHG emissions,
including those from
bioenergy

Wood material
demand

+ 4 % in 2020;
+ 10% in 2030

same as REF, but includes
more EU construction
wood (5% of new
buildings by 2020 and
10% by 2030 use wood)

Technologies

Co-firing of
imported pellets,
and 1st G biofuels
(also imports)
market driven
(increase)

Co-firing of (imported)
pellets, no 1st G biofuels
by 2030

Imports

Source:

Low biofuel imports,
reduces wood imports by
50% by 2030

Sustainability
Scenario (SUS)

Reduce GHG emissions,
avoid biodiversity risks
from imports and in
domestic forests
same as GHG, plus
intensified cascading of
woody materials for
energy; wood bioenergy
demand reduced by
more non-woody
bioenergy use
No co-firing by 2030, no
1st G biofuels by 2030,
more decentral
bioenergy use
No imports of wood and
biofuels by 2030

IINAS compilation

5 Scenario Results
The results of the scenario calculations are summarized in the following figures.
The respective tables are included in Section 5 of the Annex Report.
The summary begins with the sectoral end-use demands for electricity (Section
5.1), heat (Section 5.2) and transport fuels (Section 5.3), and the respective supply
from bioenergy, other renewables, and non-renewable energy carriers.
From the total final energy demand and supply (Section 5.4), the primary energy
demand is calculated (Section 5.5), as well as the respective GHG emissions from
bioenergy (Section 5.6) and those from overall primary energy (Section 5.7).
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5.1 Electricity Generation
Total electricity generation in 2010 was 3410 TWh, and would remain stable by
2020 and increase to 2650 TWh by 2030 in the REF scenario. In the GHG and SUS
scenarios it could be reduced by efficiency measures to 3290 TWh by 2020 and to
3320 TWh by 2030, respectively, as illustrated in Figure 11.
In 2020, the share of woody bioenergy will remain at 5 % in the REF and GHG
scenarios, while in SUS it will be 4 %. By 2030, the woody bioenergy share in REF
remains at 5% while in the GHG scenario it is reduced to 4.9% and in the SUS
scenario, only 0.8% of the electricity would come from woody bioenergy, but with
a growing contribution of non-woody bioenergy.
Figure 11

Electricity Generation in the EU27 from 2010-2030

Source: IINAS calculations; woody bioenergy includes forest and non-forest bioenergy; non-woody bioenergy
includes biogas and liquid biofuels

The most relevant difference between the REF, GHG and SUS scenarios is the
origin of woody bioenergy used for electricity:
In the REF scenario, imported woody bioenergy is increasingly used for electricity
generation, rising from about 100 PJ to 650 PJ in 2020, and is then reduced to 430
PJ in 2030. In the GHG scenario, imported wood pellets increase to only 230 PJ by
2020, and then are reduced to some 160 PJ in 2030.
In the SUS scenario, non-woody (domestic) bioenergy replaces a high share of the
imported wood pellets, and woody bioenergy mainly is sourced from EU wood
residues and wastes, not from forests. Also, SRC contribute to replacing pellet
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imports, but on a rather low level (approx. 140 PJ). By 2030, woody bioenergy
imports are completely phased-out.

5.2 Heat Production
The first difference between the REF and the GHG/SUS scenarios for heat are the
demand level: while in REF heat demand in 2020 increases by more than 10%
compared to 2010, and remains higher than in 2010 even in 2030 (9%), the GHG
and SUS scenarios assume far stricter demand-side efficiency measures which
lead, compared to 2010, to a very light increase of demand in 2020 (<1%) and a
net reduction of 9% by 2030, respectively.
The second difference is the more prominent use of non-bioenergy renewables
for heat in the GHG and SUS scenarios: solar and geothermal heat increase from
less than 150 PJ in 2010 to 1550 PJ by 2020 and 5000 PJ by 2030. The REF scenario
assumes 3500 PJ by 2030.
The other difference is again the source of wood for bioenergy: in the REF
scenario, EU forest products supply the major share, while residues and wastes
are about only 1/3 of total woody bioenergy. In the GHG and SUS scenarios, forest
products are reduced through increased sourcing of residues and wastes (see
Figure 12).
In the SUS scenario, EU forest product use is reduced by 94% compared to 2010
and replaced by domestic woody pellets from residues, wastes and SRC.
In all scenarios, direct wood heating relies on domestic sources, i.e. no imported
pellets are used.
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Final Energy Supply for Heat in the EU27 from 2010-2030

Source: IINAS calculations; here, forest products include all biomass extracted directly from forests (e.g.
roundwood, thinning and harvest residues); woody residues include secondary and tertiary residues and
wastes from wood industry, and post-consumer wood; SRC is short-rotation coppices; non-bio RES = nonbiogenic renewables

It should be noted that there is also “indirect” bioenergy included in the electricity
and cogenerated heat segments of the final heating supply (for detailed data see
Annex Report).

5.3 Transport Fuels
In transport, the final energy demand in the REF scenario will decrease from about
16 EJ in 2010 to 15 EJ by 2020 and remain there by 2030, as shown in Figure 13.
In the GHG and SUS scenarios, transport fuel demand can be reduced to 12 EJ by
2020 and 9 EJ by 2030, respectively. This is a consequence of the assumed massive
increase in efficiency of road transport, and modal shifts, and not connected to
biofuels.
In REF, the contribution of renewables (including electricity) will increase from 4.2
% in 2010 to 8.9 % by 2020 and 11% by 2030, not considering double-counting or
multipliers for electricity.
In REF, the contribution of biofuels and woody bioenergy in 2020 will reach 7.3%
and 0.4%, respectively, and in 2030 the shares will be 7.7% and 2.1%, respectively.
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In the GHG and SUS scenarios, biofuels and woody bioenergy will contribute in
2020 with 7.5% and 1.4% - 1.7%, respectively, and in 2030 with 8.4% and 6.7% 6.1%, respectively.
The bioethanol and biodiesel shares will be the same in all scenarios, but the role
of advanced conversion and the origin of the feedstocks are different:
In the REF scenario, 1G biofuels will still dominate in 2030, and imports will
contribute about 30% of total biofuels. In the GHG and SUS scenarios, all 1G
biofuels are phased-out by 2030 with the exception of a small share of sugarcane
EtOH from Brazil in the GHG scenario. For biodiesel, the key resources will be
black liquor and woody residues, while for bioethanol, domestic straw will
become the dominant source.
Figure 13

Final Energy Supply for Transport in the EU27 from 2010-2030

Source: IINAS calculations; here, forest products include all biomass extracted directly from forests (e.g.
roundwood, thinning and harvest residues); woody residues include secondary and tertiary residues
and wastes from wood industry, and post-consumer wood

5.4 Final Energy Demand
In the REF scenario, the final energy demand will decrease from about 51 EJ in
2010 to 48 EJ by 2020 and will reach 50 EJ again by 2030, with shares of all
renewables (including electricity and cogenerated heat from renewables)
increasing from 13% in 2010 to 20% by 2020 and 27% by 2030, respectively.
In the GHG and SUS scenarios, final energy demand will be reduced due to the
assumed massive investments in energy efficiency to 42.5 EJ in 2020 and 37 EJ in
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2030 (see Figure 14). The total renewable share will increase to 25% by 2020, and
to 48% by 2030, respectively.
The woody bioenergy shares in the REF scenario will decrease slightly from 8% in
2010 to 7% by 2020, and will remain there by 2030.
In the GHG and SUS scenarios, the shares will remain at the 2010 level (except in
GHG scenario in 2030 where it reaches 10%).
Figure 14

Source:

Final Energy Demand in the EU27 from 2010 to 2030

IINAS calculations; shores from electricity and cogenerated heat are included in the categories

5.5 Primary Energy Supply
Primary energy supply in the EU27 in 2010 was about 71 EJ, and will be reduced
in the REF scenario to about 69 EJ by 2020 and 67 EJ by 2030, respectively.
In the GHG and SUS scenarios, the primary energy supply will be reduced to 64 EJ
by 2020 and 45 EJ by 2030, respectively.
As depicted in Figure 15, primary energy supply in the GHG and SUS scenarios will
be reduced by nearly 40 % by 2030, compared to 2010, while the REF scenario
achieves only a 6% reduction.
Woody bioenergy contributed 7% in 2010, and could reach 7% (REF + SUS) to 8%
(GHG) by 2020 and 4% (REF), 10% (GHG) and 7% (SUS) by 2030.
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Figure 15

Primary Energy Supply in the EU27 from 2010-2030

Source:
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IINAS calculations

The total amount of primary woody bioenergy varies between the scenarios, as
reflected in Figure 16 and 17, but contributions of the various bioenergy sources,
and their use for electricity, heat and transport fuels shows even more significant
differences between the scenarios.
Figure 16

Source:

Primary Woody Bioenergy in the EU27 from 2010-2030 by source

IINAS calculations
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Primary Woody Bioenergy in the EU27 from 2010-2030 per Sector

Source: IINAS calculations

The use of woody biomass – including non-energy uses – and the respective
potentials are shown in the following table.
Table 10

Bioenergy Demand and Potentials in the EU27 from 2010-2030

Biomass, energy equiv. [PJ]
forest products, EU for non-energy
forest products, EU for bioenergy
total forest products, EU
share of potential (excl. imports)
woody residues/wastes EU, for energy
share of potential
SRC in EU, for bioenergy
share of potential
straw to biogas + biofuels
used share of straw potential
manure to biogas, for bioenergy
used share of manure potential

2010
4000
3204
7204
91%
1384
45%
14
3%
8
0%
108
6%

REF
4200
3387
7587
95%
2185
78%
34
4%
57
3%
216
11%

2020
GHG
3750
1554
5304
97%
3119
70%
68
4%
93
4%
260
13%

SUS
3500
1291
4791
94%
3049
68%
60
4%
421
20%
450
23%

REF
5100
1682
6782
89%
1276
64%
25
10%
217
11%
373
19%

2030
GHG
4000
1058
5058
82%
2960
82%
87
44%
633
32%
546
26%

SUS
4000
345
4345
71%
2539
70%
141
72%
1553
76%
1567
75%

Source: IINAS calculations
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This table clearly illustrates that the GHG and SUS scenarios can reduce both the
demand on EU forest products, and for imports. In parallel, the use of agricultural
residues and wastes will increase significantly above the REF levels.

5.6 GHG Emissions from Bioenergy
The GHG emissions from all bioenergy systems were calculated using GEMIS lifecycle emission factors, as given in the Annex Report (Table 17 in Section 4.5).
For bioenergy systems using forest biomass, also the CO2 emissions from forest C
stock changes were included which depend on time horizon (20 or 100 years), and
optimistic or pessimistic forest reference case (see Table 3 in Section 3.3).
The overall balance further takes into account GHG emission savings from substituting construction materials with wood (see Table 20 in Section 4.6 of the Annex
report) which is part of the GHG and SUS scenarios.
Note that these balances do not take into account the GHG emissions of fossil
energy systems - this will be considered in the next section.
The GHG and SUS scenarios do reduce the biogenic emissions compared to those
of the REF scenario, both for 2020 and 2030.
The most relevant reductions are for bio-electricity, and through the substitution
of non-renewable construction materials with wood.
In the SUS scenario, the substitution effect from woody construction materials
alone is nearly as large as the total biogenic GHG emissions so that this scenario
can nearly achieve full carbon neutrality, i.e. nearly zero net GHG emissions by
2030.
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GHG Emissions from Woody Bioenergy 2010 - 2030 (20 Year Time
Horizon)

a) pessimistic forest reference case

b) optimistic forest reference case

Source:

IINAS calculations using GEMIS life-cycle emissions and forest C stock change emission factors from
Joanneum Research
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The same pattern can be observed for the GHG emissions using a 100-year time
horizon (see Figure 19).
Figure 19

Source:

GHG Emissions from Woody Bioenergy 2010 - 2030 (100 Year Time
Horizon)

IINAS calculations using GEMIS life-cycle emissions and forest C stock change emission factors from
Joanneum Research; for the 100 year time horizon, the results are independent from the pessimistic
or optimistic reference scenario

In Figure 20, the GHG emissions from bioenergy are again shown for the totals
and the assumed time horizon and forest references cases.
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Source:
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GHG Emissions from Woody Bioenergy 2010 - 2030 Depending on
Time Horizons and Forest Reference Cases

IINAS calculations using GEMIS life-cycle emissions and forest C stock change emission factors from
Joanneum Research; for the 100 year time horizon, the results are independent from the pessimistic
or optimistic reference scenario

This clearly shows that the GHG and SUS scenarios do reduce the overall GHG
emissions from bioenergy compared to the REF scenario, whatever the time
horizon of the GHG accounting, and disregarding which forest reference case is
chosen.
For the optimistic forest reference and 20 year and 100 year time horizons, the
GHG and SUS scenarios achieve more than full carbon neutrality, i.e. net GHG
emission reductions by 2030.
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5.7 Overall GHG Emissions from Energy Supply and Use
To complete the GHG emission balance, the emissions from the non-biogenic
energy systems must be factored in. For this, the life-cycle GHG emissions for all
other energy systems were also taken from the GEMIS model: the fossil and
nuclear systems (see Annex Report Table 18 in Section 4.6) and the non-biorenewable electricity systems (Annex Report Table 19 in Section 4.6) also
contribute to the overall GHG emissions of the EU energy system.
The overall GHG emission balance of the total EU energy system is shown in the
following figures, again differentiating between the 20 and 100 year time horizons
for the forest bioenergy systems, and the optimistic and pessimistic forest
reference case.
Figure 21

Source:

Life-Cycle GHG Emissions from Energy Supply and Use in the EU27
from 2010-2030 with GHG Emissions from Forest Bioenergy for 20
Year Time Horizon and Optimistic Forest Reference Case

IINAS calculations; data include upstream life-cycle GHG emissions for all energy, and GHG emissions
from forest bioenergy using a 20 year time horizon and optimistic forest reference case

The overall GHG emission balance clearly indicates that the biogenic GHG
emissions are rather small, compared to the emissions from the remaining fossil
fuels. Also the GHG emissions from non-bio-renewables are very small.
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These results do not change if a pessimistic forest reference case is assumed for
the forest bioenergy, as shown in the following figure.
Figure 22

Source:

Life-Cycle GHG Emissions from Energy Supply and Use in the EU27
from 2010-2030 with GHG Emissions from Forest Bioenergy for 20
Year Time Horizon and Pessimistic Forest Reference Case

IINAS calculations; data include upstream life-cycle GHG emissions for all energy, and GHG emissions
from forest bioenergy using a 20 year time horizon and pessimistic forest reference case

The differences between the results for the 20-year time horizon and the ones for
the 100 year time horizon (see following figure) are also quite small - this shows
that the discussion of the “carbon debt” associated with forest bioenergy
becomes insignificant if sustainable and low-C options for forest bioenergy are
used.
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Figure 23

Source:
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Life-Cycle GHG Emissions from Energy Supply and Use in the EU27
from 2010-2030 with GHG Emissions from Forest Bioenergy for 100
Year Time Horizon

IINAS calculations; data include upstream life-cycle GHG emissions for all energy, and GHG emissions
from forest bioenergy using a 100 year time horizon (results are independent from forest reference
case)

For the 100 year time horizon, the net GHG emissions from woody bioenergy in
the GHG and SUS scenarios are less than zero due to the substitution effect from
cogeneration and use of woody construction material.
The remaining fossil fuels dominate the GHG emission balance, with still high
contributions from oil, while emissions from coal are reduced significantly, and
natural gas is in between.
It should be noted that for oil and gas, the GHG emission factors used here do not
reflect potential future contributions from “unconventional” sources such as tar
sands, or shale gas which have higher GHG emissions.
Furthermore, the GHG balances include emissions from outside of the EU
(“upstream” parts of imported energy life-cycles) so that the results cannot be
compared directly to the EU GHG emission reporting which is based on a
territorial concept.
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6 Conclusions and Policy Implications
The EU target of supplying 20% of its energy from renewable sources by 2020
implies to increase the domestic use of renewables significantly, and discussions
on the role of renewables for 2030 and beyond are taking place (EC 2014).
• Currently, woody biomass from forests and residues is the largest source
of renewables in Europe, and is expected to be used even more by 2020.
• For 2030, the role of woody biomass - and bioenergy in general - was
analysed with a special focus on potential environmental consequences.
Evaluating respective constraints such as biodiversity and GHG emissions
showed that these would impact on EU forest biomass potentials.
• Extending protected forests area in the EU and restricting biomass
extraction from existing forests would reduce forest potentials by 5% for
2020 and 2030. Applying strict environmental criteria will reduce biomass
potential by 30 % compared to the reference potential.
• Considering time-dependent carbon balances of forest bioenergy leads to
excluding high-quality roundwood from energy options to reduce GHG
emissions in the timeframe of this study.
• On the other hand, the EU potentials for secondary and tertiary wood
residues and wastes are high and could be mobilized through cascading use
policies without negative impacts on biodiversity, and with high net GHG
emissions reductions15.
• Bioenergy is currently also imported to the EU, and imports are expected
to increase due to rising demand and cost advantages in the REF scenario.
The GHG scenario could reduce imports by 50%, while the SUS scenario
would allow to phase-out imports not only of woody bioenergy but also of
biofuels and their feedstocks.
Fundamental to sustainable bioenergy use is to reduce demand by implementing
stringent energy efficiency targets by 2020 and 2030, respectively. Furthermore,
more environmentally-compatible non-biomass renewables such as geothermal,
solar and wind should be considered, as these options have high domestic
potentials and comparatively low overall cost.
Under these assumptions, the SUS scenario by 2030 uses only about 25% of the
forest bioenergy consumed in 2010, completely avoids imports of woody

15 This study also analyzed non-woody bioenergy residues and waste options such as straw and manure. For the straw
potentials, soil and carbon conservation was assumed as well based on IC et al. (2012).
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bioenergy and biofuels, and shifts towards domestic bioenergy residues and
wastes, mainly from wood industries and post-consumer wood, and agricultural
residues (straw, manure).
In parallel, a 60% net GHG emission reduction from the energy system (including
those from C stock changes in forests) could be achieved in the SUS scenario by
2030, compared to 2010, while the REF scenario would achieve only close to 20%
reduction, respectively.
A prerequisite for the GHG and SUS scenarios is to successfully introduce
cascading biomass use for energy, improving biogenic waste collection and
recycling, and to establish binding sustainability requirements for woody and
gaseous bioenergy, in parallel to tightening the existing requirements for biofuels.
The sustainable forest biomass potential will suffice to meet woody material
demands if resource-efficient cascades are implemented, more paper recycled
and post-consumer wood be re-used. Additional stemwood for construction
material for 5% of new residential buildings in the EU by 2030 would then be
available and would lead to significant GHG emission savings from substituting
conventional building materials.
Current EU and Member State energy and climate policies do not stimulate these
developments, though:
Bioenergy, forest, and waste policies are fragmented and unaligned, and
incentive schemes mainly address bioenergy without considering the full GHG
emissions from bioenergy use.
Bioenergy supply - especially from forests and for electricity/heat - is not subject
to any coherent sustainability regulation. Only a few Member States such as
Denmark, the Netherlands and the UK have started to develop respective policies,
which might lead to imbalances within the EU if no framework regulation is
implemented.
Imports of woody bioenergy is - with very few exceptions - unregulated as well,
but growing relevance of pellets for bioelectricity (co-firing) imply a respective
need for EU-level action to avoid internal market distortions.
Last but not least, sustainable woody bioenergy supply also requires regulating
biodiversity impacts for forests in a legally binding manner for both the EU, and
imports from abroad.
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