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Executive summary

electricity, and transport fuels and which fossil
fuels are replaced. Nevertheless, a rough estimate
indicates that the use of the entire potential
calculated in this study saves direct greenhouse
emissions in the range of 400 to more than 600

Mt CO, in 2030 (part of this are already realised
by today's bioenergy use). The avoided life-cycle
emissions will be lower as some emissions occur
during the production of biomass through e.g. the
production of fertilizers. A detailed analysis of the
avoided greenhouse gas emissions would be useful
in completing the environmental assessment of
different bioenergy production options.

The main factors driving the increase in bioenergy
potential are productivity increases and the
assumed liberalisation of the agricultural sector,
which results in additional area available for
dedicated bioenergy farming. Furthermore, with
an increase in carbon prices together with high
fossil fuel prices, bioenergy feedstock becomes
competitive over time compared with traditional
wood industries or food crops.

Nevertheless, this study made some value
judgments which limit the available potential,
including the assumption that bioenergy crops

should not be grown at the expense of food crops
for domestic food supply. Many of the strict
environmental assumptions also act to reduce

the available potential. Overall, the outcome of

this study can therefore be seen as a conservative
estimate of the technically available environmentally-
compatible bioenergy potential in Europe.

However, unless the correct incentives and
safeguards are in place to mobilise the potential
in an environmentally-friendly way, even a
significantly lower exploitation of the biomass
resource than projected could lead to increased
environmental pressures.

To ensure that bioenergy production develops in
an environmentally-compatible way and to further
explore co-benefits with nature conservation,
environmental guidelines need to become an
integral part of planning processes at the local,
national and European level. The national Biomass
Action Plans (as proposed in the recent EU Biomass
Action Plan) could be a first step in this direction.
Furthermore, wider involvement of European
society in stakeholder participation processes

(i.e. from policy makers, local governments, to
businesses, researchers, NGOs and consumers)

Figure 1

Environmentally-compatible primary bioenergy potential in the EU
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The agricultural potential comprises dedicated bioenergy crops plus cuttings from grassland and was calculated for EU-25

without Cyprus, Luxembourg and Malta. Agricultural residues, such as straw and manures, are included in the category
‘waste' (covering all EU-25 Member States). The forestry potential was calculated for EU-25 except Cyprus, Greece,
Luxembourg and Malta. It consists of residues from fellings and complementary fellings. The additional forestry potential
takes into account the reductions in the black liquor potential as a result of wood redirected from pulp and paper to energy
production. It strongly depends on the assumed carbon permit and oil price. The additional agricultural potential due to
higher prices paid for bioenergy was modeled only for Germany (DE), France (FR).
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Executive summary

could help to enable bioenergy production to

fulfil its 'green potential’. An appropriate policy
framework, combined with advice and guidance to
bioenergy planners, farmers and forest owners on
environmental considerations, needs to be in place
to steer bioenergy production in the right direction.

In the short-term, the largest potential for
bioenergy comes from the waste sector with
around 100 MtOE. This remains more or less
constant over the time horizon (96 MtOE in 2030)
due to environmental considerations, in particular
the assumed reduction of household waste
generation and the reduction in the black liquor
potential. In 2030, the impact of these environmental
considerations reduces the biowaste resource

by about 18 % compared to a business-as-usual
scenario.

The main biowaste streams contributing to this
potential are solid agricultural residues (e.g. straw),
wet manures, wood processing residues, the
biodegradable part of municipal solid waste and
black liquor from the pulp and paper industry. At
country level, Germany and France have by far the
largest potential for bioenergy from waste. Their
combined potential level accounts for about one-
third of the EU-25 total. Other countries with large
populations and land area also have significant
resources (such as the United Kingdom, Italy,
Poland). Sweden and Finland possess significant
resources due to the availability of black liquor from
the pulp and paper industry. This potential might,
however, decline over time, as a result of a decrease
in pulp and paper production. This might happen
if more wood is directed from pulp and paper to
energy production as a result of higher energy and
carbon permit prices.

In the long-term, bioenergy crops from agriculture
provide the largest potential. This development
will be driven by: additional productivity
increases; further liberalisation of agricultural
markets; and the introduction of high-yield
bioenergy crops. The environmentally-compatible
bioenergy potential from agriculture can reach up
to 142 MtOE by 2030, compared to 47 MtOE in 2010.
About 85 % of the potential is to be found in only
seven Member States (Spain, France, Germany, Italy,
the United Kingdom, Lithuania and Poland). This
potential is contingent upon assumptions regarding

the farmland area available for bioenergy crop
production and the yield of the assumed bioenergy
crops.

The area assumed to be available for bioenergy
production comprises the areas that are released
from food and fodder production (as a consequence
of a further reform of the common agricultural
policy and productivity increases) and set-aside
areas. In addition, as the energy value of bioenergy
crops is assumed to reach or exceed food commodity
prices towards 2030, some land area that is projected
to be used for producing export surplus might
become available for bioenergy production (%).

In order to prevent increased environmental
pressure from the agricultural sector due to more
intensive farming, this study assumed that there will
be a high share of environmentally-oriented farming
with lower crop yields. While increasing bioenergy
production might provide incentives to transform
extensively used grassland into arable land,
ploughing up these permanent grasslands would
lead to a loss of their high biodiversity value and a
release of soil carbon. Thus, the almost 6 million ha
of released permanent grassland (as well as parts of
the olive grove and 'dehesa’ area) were assumed to
be excluded from dedicated bioenergy production
in 2030. Overall, the available environmentally-
compatible arable land area will rise by 50 % over the
time period to reach 19 million ha in 2030.

Crops dedicated to bioenergy production differ
from conventional food and fodder crops as they

are optimised for their energy content rather than
for food production. Innovative bioenergy crops
(such as perennials) and cropping systems (such

as double cropping) can thus in some cases add

to crop diversity and combine a high yield with
lower environmental pressures, when compared to
intensive food farming systems. They are assumed
to be introduced rapidly only after 2010 in this
study in order to allow for a 'transition period'

from conventional farming systems. As the energy
yield from these crops is usually above that of
conventional bioenergy crops, they contribute to

the rising agricultural bioenergy potential beyond
2010. In addition, such a trend also benefits the
environment, as perennial bioenergy crops and short
rotation forestry generally have less impact on: soil
erosion and compaction, nutrient inputs into ground

() This was analysed for Germany and France, only. Nevertheless, it can be assumed that much of the competition effect for the
EU-25 is included by focusing on these two countries, as Germany and France are Member States which are projected combine a
very high export surplus for cereals with a large agricultural land area. Competition between the production of bioenergy and food

for domestic use was disregarded.

How much bioenergy can Europe produce without harming the environment?



Executive summary

and surface water, pesticide pollution, and water
abstraction.

The environmentally-compatible bioenergy
potential from forestry is estimated to be almost
constant at around 40 MtOE throughout the
period analysed. An additional potential of
more than 16 MtOE is released from competing
industries by 2030 as a result of increasing energy
and CO, permit prices. These will increase the
market value of energy wood over time. At the
same time, this effect reduces the black liquor
potential by 6 MtOE due to reduced production of
pulp and paper.

Without increasing prices paid for bioenergy, the
forestry bioenergy potential is determined by the
demand for stem wood. With stem wood demand
projected to increase over time, the amount of
residues will rise. At the same time, complementary
fellings will fall due to the increase in the harvest
needed to satisfy stem wood demand. Countries
with the highest potential for bioenergy from
forestry residues include Sweden and Finland, due
to the high proportion of forest area. The potential
in these countries increases even further if ash
recycling is assumed. A high potential for increased
fellings was found for central Europe, Italy, Spain,
France and the United Kingdom.

These figures take into account the important
environmental functions of forest residues and
deadwood, and therefore lie around 40 % below

the unconstrained maximum potential. If the effects
of fertilisation through ash recycling and nitrogen
deposition are taken into account, the potential rises
by around 3 MtOE.

While environmental considerations in most cases
restrict the technically available amount of biomass
from waste, agriculture and forestry, there can also
be co-benefits between biomass production and
nature conservation. This study indicates that an
increasing demand for bioenergy may create new
uses for currently uneconomic outputs of extensive
agriculture or forest residues. For example, using
grass cuttings could support the management of
species-rich grasslands, which otherwise would be at
the risk of being abandoned. Also, forest management
and the removal of residues could contribute to
reducing fire risk, especially in forests that are
currently unmanaged. This is particularly important
for southern Europe. New bioenergy cropping
systems and perennials might also add diversity and
require less pesticide or fertiliser input than in current
intensive agricultural systems. The introduction of a
wider range of crops and new technologies which use
cellulose from grass biomass or other feedstock can
further promote crop diversification.

How much bioenergy can Europe produce without harming the environment?
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Introduction

1 Introduction

The exploitation of renewable energy sources

can help the European Union meet many of its
environmental and energy policy goals, including
its obligation to reduce greenhouse gases under the
Kyoto Protocol (EC, 2002a), and bring down energy
import dependency (EC, 2000, 2005a). The European
Union has thus set ambitious 2010 indicative

targets for the share of renewable energy in both
total energy (EC, 1997) and electricity consumption
(EC, 2001). Moreover, discussions on targets beyond
2010 have already commenced. In addition, there is
a specific target for increasing the share of biofuels
in transport (EC, 2003a).

Currently, around 4 % (69 MtOE) of the EU's total
primary energy consumption is met from biomass.
This makes biomass by far the most important
renewable energy source, providing two thirds

of the total energy produced from renewables (3).
Nevertheless, compared to other renewable energy
sources, such as wind and solar power, biomass
production has increased at a much slower rate.
Achieving the EU's target of a 12 % share of
renewable energies in total energy consumption
by 2010 will require a substantial rise in the use of
biomass (EC, 2004).

Biomass includes a wide range of products and
by-products from forestry and agriculture as well
as municipal and industrial waste streams. It thus
includes: trees, arable crops, algae and other
plants, agricultural and forest residues, effluents,
sewage sludge, manure, industrial by-products
and the organic fraction of municipal solid waste.
After a conversion process, the biomass can

be used as a fuel to provide heat, electricity or
as transport fuel, depending on the conversion
technology and the type of primary biomass

(EC, 2005c).

In December 2005, the European Commission
published a Biomass Action Plan (EC, 2005b),
followed by a communication on an EU Strategy for
Biofuels (EC, 2006). The Biomass Action Plan aims
to increase biomass use to 150 MtOE (in primary
energy terms (%)) in 2010 or soon after. This level is
consistent with the various targets for renewable
energy and would lead to a reduction in greenhouse
gas emissions of around 210 million tonnes CO,,,
per year. The plan also sets out a coordinated
programme for Community action. These measures
include improving the supply and increase in the
demand for biomass; overcoming technical barriers;
and developing research.

In the longer term, a target of about a 20 % share of
renewables in total energy consumption in 2020 (4)
could require about 230-250 MtOE from primary
biomass potential. This number would depend

on: assumptions about the growth of total energy
consumption; increases in other renewable energy
sources; and the end-use of the biomass (EEA, 2005a;
Ragwitz et al., 2005).

Using biomass has many advantages over
conventional energy sources, as well as over other
renewable energies, e.g. often relatively low costs,
promotion of regional economic structures and
additional income for farmers. The Biomass Action
Plan estimates that an increase of biomass use

to around 150 MtOE in 2010 could lead to direct
employment for up to 250 000-300 000 people,
mostly in rural areas (EC, 2005b).

However, agricultural land use in the EU is already
intensive in most regions and increased production
of biomass could cause additional pressures on
agricultural and forestry biodiversity, and on soil
and water resources. The purpose of this report

is to contribute to the debate on the potential for
bioenergy in Europe by providing a comprehensive

(® This has been calculated based on Eurostat data. If an alternative approach to calculate the contribution of different energy
sources (the ‘substitution approach') was used, biomass and wastes would account for 44 % instead of 66 % of all renewable

energy in the EU-25 in 2003 (EC, 2005b).

(3) It has to be noted that the 150 MtOE indicated in the Biomass Action Plan comprise the energy content of solid, liquid, and
gaseous biofuels. This study accounts for the primary bioenergy potential of solid and gaseous fuels, and assumes that liquid fuels
will still have to be converted from bioenergy crops, which is associated with process losses.

(*) On 23 September 2005, the European Parliament called for a binding 20 % target for the share of renewables in total energy
consumption by 2020 (EP, 2005). It also noted that a share of 25 % could be provided by renewables in a more integrated
approach that simultaneously focused on improving energy efficiency. Recently, the European Council called for an Energy Policy
in Europe which looks into longer term targets for the share of renewables in total energy consumption of e.g. 15 % by 2015

(Council, 2006).

How much bioenergy can Europe produce without harming the environment?



Introduction

picture of an environmentally-compatible potential. It
develops a number of environmental assumptions,
which are used to model the potential for exploiting
biomass in an environmentally-compatible way. As
this assessment focuses on a consistent approach
for the whole of Europe, it has not been possible to
take account of local circumstances, pressures and
possible solutions. Thus, the assumptions and the
approach used in this study should be the object of
further debate and for complementary assessments
on a more regional and local scale.

The added value of this study is that it develops

a number of environmental assumptions for
bioenergy production, and, on the basis of this,
models the available bioenergy potential in a
consistent way for the sectors agriculture, forestry
and waste. As such, the results not only indicate
the environmental aspects that should be looked at
when increasing bioenergy production, they also
give an indication of how much bioenergy will be
available without harming the environment and
without counteracting current and potential future
EU environmental policies and objectives.

The report does not consider the policies and
measures necessary for this potential to be realised.

How much bioenergy can Europe produce without harming the environment?

Given the assumptions made, it needs to be
pointed out that a substantial use of biomass below
this potential is not necessarily environmentally-
compatible. Unless the correct incentives and
safeguards are in place, even a significantly lower
exploitation of the biomass resource could lead to
increased environmental pressures.

The report is structured as follows: General
assumptions on socio-economic developments
and the energy sector are presented in Chapter 2.
Chapter 3, 4 and 5 describe the environmental
criteria, the analytical approach and the
environmentally-compatible bioenergy potential for
agriculture, forestry and waste respectively. These
results are then brought together in Chapter 6 in
order to show how much bioenergy Europe can
produce without harming the environment.

A more detailed description of the approach, the
models and the results by Member States will be
made available in two technical reports focusing

on the forestry and the agricultural environmentally-
compatible bioenergy potential.

11
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Overall assumptions

2 Overall assumptions

Many different forms and flows of biomass can be
used as a source of bioenergy. These include waste
from existing activities, such as the biodegradable
fractions of household waste or residues from
agriculture and forestry, as well as the dedicated
cultivation of different types of crops. The potential
for bioenergy in the EU therefore strongly depends
on developments in various sectors. Developments
in wood demand, agricultural markets and in waste
production will all influence the potential bioenergy
resource, while at the same time trends in energy
and CO, prices will influence the future demand for
bioenergy.

The environmentally-compatible potential

of bioenergy is the quantity of primary biomass
that is technically available for energy generation
based on the assumption that no additional
pressures on biodiversity, soil and water resources
are exerted compared to a development without
increased bioenergy production. Furthermore,

the environmentally-compatible potential should
be in line with other current and potential future
environmental policies and objectives.

These future developments are uncertain, as is

their likely impact on the environment. This study
chooses a scenario approach that uses a common set
of general assumptions built on the EEA's work on
environmental outlooks (EEA, 2005d), which were
supplemented to take into account environmental
assumptions. The environmental assumptions were
designed to prevent increased bioenergy production
counteracting current or future environmental
policies. Furthermore, the increased use of bioenergy
should not place any additional pressures on soil
and water resources or biodiversity.

The results of this study indicate the overall
environmentally-compatible potential for bioenergy.
This is the amount of primary biomass available for
bioenergy production under the given assumptions
from a technical point of view. It does not include
the costs of or the logistics needed for the collection

of the biomass. These issues go beyond the scope of
this study. The current use of bioenergy is included
in the potential calculated to the extent that it is
environmentally-compatible.

The scenario assumptions can be divided into

an overall storyline describing socio-economic
developments and a set of environmental criteria.
The overall scenario assumptions are consistent
with the EEA outlook work (EEA, 2005d) that

was used to underpin the report on The European
Environment — State and Outlook 2005 (EEA, 2005b).
In these scenarios, the EU economy is assumed to

be characterised by further dematerialisation with
stronger growth occurring in high value added
industrial sectors and services. The following central
macro-economic and demographic assumptions
were used in the agriculture and waste sectors,
while similar assumptions were used for the forestry
sector (°):

« The population of the EU-25 is expected to
almost stabilise between 2000 and 2030, but the
number of households will increase significantly.

= The gross domestic product is expected to grow
at an average annual rate of 2.4 % between
2000 and 2030. These assumptions are slightly
optimistic, and entail challenging trade-offs
in light of achieving sustainable economic
development.

As this study adapts a scenario in which high
emphasis is put on environmental protection, it
assumes that future climate change policies will be
in place to reduce emissions in the long term beyond
that required by the Kyoto Protocol. In particular,

it is assumed that the EU would reach a reduction

of 40 % below the 1990 level by 2030, as developed
in the EEA Environmental Outlooks. Around half

of the emission reductions would be achieved

by domestic action, leading to a growing permit
price for CO,, e.g. 30 EUR/t in 2020 and 65 EUR/t

in 2030 (8). In addition, the introduction of green
certificates would stimulate the growth of renewable
energies ('LCEP-renewables expanded scenario’;
EEA, 2005a).

(®) The EEA outlook report does not include projection on stem wood demand. These were thus taken from other sources (see

Chapter 4), which compare well to the EEA assumptions.

(®) The concept of a carbon permit price is used as a tool to incorporate an additional relative value of bioenergy compared to fossil
fuels. This can also be met by other instruments than tradable carbon permits.

How much bioenergy can Europe produce without harming the environment?



Overall assumptions

This study assumes a relatively moderate
development of fossil fuel prices with an assumed

oil price of 35 EUR per barrel in 2030 (see Annex 1).
However, if the carbon permit price of 65 EUR/t CO,
in 2030 is included, oil would cost EUR 62 per barrel
in 2030. As the fossil fuel price assumptions do not
reflect recent price increases, the expected effects of
an oil price of EUR 50 per barrel in 2030 are provided
as additional information in some cases. This will
mostly affect the additional forest potential that can
be mobilised from competing industries. The effect
on the agricultural potential as calculated in this
study will be lower, as maintaining current European
food self-sufficiency level was set as a framework
condition. Thus, competition between food and
bioenergy production is assumed to be relevant

only for that part of agricultural production that
corresponds to projected food exports. Furthermore,
many bioenergy crops are competitive already at the
lower combined carbon and oil price (see Annex 3).

Specific assumptions on future developments in the
sectors agriculture, forestry and waste as well as

the environmental assumptions used in this study
are discussed in detail in the respective chapters.
These include: further reforms of the common
agricultural policy that will liberalise agricultural
markets; a reduced land-filling of waste; and a slight
increase in forestry wood demand in accordance
with the assumed demographic and macro-economic
development.

The study does not analyse the avoided
greenhouse gas emissions or air pollutant
emissions of biomass used in the competing
end-use sectors (electricity, heat and transport).
Nevertheless, the final pathways will strongly
influence the magnitude of the greenhouse gas and
air pollutant emissions over the whole 'life-cycle'.
Such analysis would be required to draw an overall
picture of an environmentally-optimal bioenergy
production and use chain.

Climate change is likely to have an impact

on the availability of bioenergy, but was not
assessed in this study. For central and northern
Europe, an extension of the growing season

in spring and autumn is expected, coupled

with higher temperatures during the growing
period (EEA, 2004). This appears to enhance the
productivity for both bioenergy crops and forests
in these regions. Many crops show an increase in
potential areas of production and production rate
in the medium term. But this may not continue
beyond the 2050s. In southern Europe, an increased
risk of drought could lead to productivity losses
and increase the risk of forest fires (Schroter et al.,
2005). It should also be noted that extreme weather
events can have an important impact on the supply
of primary biomass to the biomass conversion
plants. This could lead to economic losses in
particular in cases where the plant is dependent on
a limited variety of feedstock.

How much bioenergy can Europe produce without harming the environment?
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Agricultural bioenergy potential

3. Determine an environmentally-compatible
bioenergy crop mix in each environmental
zone (7) in the EU-25;

4. Calculate the bioenergy potential in each
Member State based on the future land
availability, the environmentally-compatible crop
mix, crop yields, and the net energy content of
different crops.

3.2 Environmental considerations

3.2.1 Potential environmental pressures of
bioenergy production

Current agricultural practices can have both a
negative and positive impact on the environment.
For this reason it is important that any move
towards more bioenergy production aims to support
positive development, while at the same time

not exacerbating existing pressures on farmland
biodiversity, and water and soil resources. Potential
additional pressures of bioenergy production may
occur as a result of:

1. Increased demands on agricultural sector
output (8), thus causing intensification of farm
management across the agricultural land area;

2. Incentives to transform extensively used
grassland, olive groves or dehesas, which are
released from fodder production, into arable
land for growing bioenergy crops;

3. Aninappropriate bioenergy crop mix,
which does not take account of the specific
environmental pressures of different crops in the
context of the main environmental problems in a
particular region.

The trends listed above would have an additional
negative impact with regard to the main
environmental problems of agriculture in the
different regions of Europe. The key linkages
between agriculture and environment in Europe
are described in the following sections and explain
the selection of the environmental criteria used in
this study to calculate the environmentally-compatible
bioenergy potential from agriculture.

Soil erosion in Europe is a particular problem in
the Mediterranean region, which is characterised
by long dry periods followed by heavy bursts of

rainfall falling on steep slopes with unstable soils
(EEA, 2005c). However, wind erosion can be a
problem in the flatter landscapes of northern and
central Europe with its intensive agriculture.

Soil compaction results from the use of heavy
machinery for activities such as ploughing,
spreading organic manure and harvesting. Soil
compaction has adverse effects on soil biodiversity
and soil structure. It may also lead to problems such
as water logging.

Leaching of nutrients, in particular nitrate and
phosphates from agricultural land to ground and
surface waters, can be a significant problem in
intensive farmland areas. Measures to prevent
leaching of nutrients and pesticides include
reducing inputs of manures and fertilisers, widening
crop rotations and better farm management.
Currently, agriculture is responsible for about 56 %
of the nitrate contamination found in surface waters
in the EU-15 (EEA, 2005c, p. 64).

Agricultural water use is a serious concern
especially in southern parts of Europe, where
water availability is low and varies from year to
year. Increases in irrigated land have contributed
to water scarcity, with the lowering of water tables
and water levels in rivers and lakes. Effects of
increased water abstraction include salinisation
and water contamination, loss of wetlands and the
disappearance of habitats through the creation of
dams and reservoirs and the drying-out of rivers.
In general, there has been a significant increase

in competition for water between agricultural
production, urban land uses, tourism and nature
conservation in drier regions of Europe over the last
couple of decades. The share of agriculture in total
water use stands at about 7 % and 50 % in northern
and southern EU-15 countries, respectively (EEA,
2005c¢, p. 49).

Continuing specialisation in farming over recent
decades and a simplification of cropping systems
have resulted in a loss of crop diversity. This was
also associated with a decrease in non-cropped
habitats, such as grassland, field boundaries and tree
lines. Consequently, landscape diversity has been
reduced substantially leading to a loss of diversity in
farmland habitats and associated farmland flora and
fauna (EEA, 2005c).

(") For the concept of environmental zones with similar geo-pedo-climatic characteristics see Section 3.2.2.
(8) This study is restricted to today's utilized agricultural area (UAA), thus assuming that no other land currently not in agriculture
production is transformed to UAA. This may underestimate the available area, in particular in some new Member States (see

Section 3.4.3).
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Farmland biodiversity is affected by a combination
of all the previously identified pressures. Indirect
pressures include soil erosion and compaction,
nutrient and pesticide leaching to groundwater

and surface water, and water abstraction. Direct
pressures include the loss of habitats and farm and
pest management practices. For example, as a result
of the intensification of agriculture, there has been a
substantial decline in the majority of farmland birds
between 1980 and 2002 (EEA, 2005c, p. 81).

However, it is not only the intensification of
agriculture that can have a severe impact on
farmland biodiversity. Given the close link between
species richness and extensive farming practices,
farm abandonment can lead to a loss of high
nature value (HNV) farmland and characteristic
agricultural landscapes (EEA/UNEP, 2004).

An increased diversification in crop type and the
introduction of structural elements can be beneficial
for biodiversity, particularly in intensive agricultural
systems. More diverse land cover creates a greater
number of habitats for species from different taxa.
Some bioenergy crops (in particular perennial
grasses and short rotation forestry) can add to
landscape and habitat diversity to a certain extent, as
these crops have different structural characteristics
than current annual crops.

Overall, the introduction of new bioenergy crops

as well as well-managed harvesting of bioenergy
from grassland can help sustain or even promote
biodiversity. Nevertheless, there is a risk that

a higher demand for bioenergy may actually
exacerbate pressures on biodiversity. This would be
the case if intensively farmed bioenergy crops would
replace extensive farming systems, or would lead to
a generally higher intensity of land use, and would
introduce highly specialised cropping systems (°).

3.2.2 How to avoid increased environmental
pressures?

A number of environmental criteria were applied
in this study to prevent the additional pressures
described above (19). The criteria are:

la. At least 30 % of the agricultural land in most
Member States is dedicated to 'environmentally-

oriented farming' in 2030 (defined as HNV
farmland or organic farming).

1b. 3 % of the currently intensively cultivated
agricultural land is set aside for establishing
ecological compensation areas in intensive
farming areas.

2. Extensively cultivated agricultural areas (e.g.
grassland or olive groves or 'dehesas'’) are
maintained.

3. Bioenergy crops with low environmental
pressures are used.

It should be noted that the first two criteria affect
the entire utilised agricultural area (UAA), thus both
food/fodder and bioenergy production. They are
introduced in order to prevent increasing bioenergy
production from affecting an environmentally-
favourable development of the agricultural sector.
The remaining criteria apply to the land which will
be released from food/fodder production (with a
certain overlap between criteria 1a and 2).

Changes in farming practices are important in
determining final environmental impacts, but could
only partially be considered within the scope of this
study. Other environmental criteria than those listed
above will be relevant in particular locations, but
such local considerations (including those relating
to the criteria above) could not be explored in this
study.

la. High share of environmentally-oriented farming
(EOF): Given the environmental importance of the EOF
area, the study assumes that the share of EOF will be

at least 30 % in all Member States in 2030 (except for
Belgium, the Netherlands, Luxembourg and Malta). EOF
includes both agricultural area under organic farming,
and high nature value (HNV) farmland.

Both HNV and organic farming have a high
biodiversity value. Research has shown that organic
farming generally provides benefits to landscape
and biodiversity, for example through a greater
range of wildlife habitats (Stolze et al., 2000;

Hole et al., 2005).

High nature value farmland comprises those areas
of Europe where agriculture is a major (usually
the dominant) land use and where agriculture
supports or is associated with a high species and

(® It should be noted however that the market pressure to use cost-competitive (intensive) farming approaches exists even if no
bioenergy production is considered, unless specific monetary support schemes (e.g. subsidies, premium product prices) are

assumed.

(19) These environmental criteria were formulated at an EEA expert meeting in March 2005 and build on previous studies (e.g.
Elbersen et al., 2005; Fritsche et al., 2004; Feehan and Petersen, 2003; Foster, 1997; Hope et al., 2003; and Reijnders, 2006).
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habitat diversity and/or the presence of species of
European conservation concern. Farming practices
of HNV farms are more extensive and also more
synchronised with natural processes and the natural
fluctuations which take place within these processes
from year to year (Andersen, 2003). Low yields are
therefore an inherent characteristic of most HNV
farming systems.

Setting a minimum level of 30 % for the amount of
EOF in most Member States by 2030 will provide

a safeguard against the loss of current extensive
farmland categories, and will prevent bioenergy
production counteracting a further introduction

of EOF in countries where extensive farmland is
currently below 30 %. A significant number of
Member States, including most of the countries in
the Mediterranean, but also Austria, Ireland, the
United Kingdom, Estonia, Latvia, Romania, Slovakia
and Slovenia are already reaching this level, or have
exceeded it (see Annex 2). Therefore, it is important
to preserve such extensive land use due to its
contribution to farmland biodiversity (11).

1b. Minimum level of set-aside as 'ecological
compensation area': At least 3 % of intensively used
farmland (12) is assumed to be set-aside by 2030 for
nature conservation purposes. This criterion helps to
re-create ecological compensation areas, which increase
the survival and/or re-establishment of certain farmland
species.

A number of studies have shown that creating
non-cropped habitats field margins and 'grassland
pockets' in arable regions can be effective measures
towards supporting bird biodiversity (Bruinderink
et al., 2003; Foppen et al., 2000; Opdam et al., 2003;
Vickery et al., 2004; Vos et al., 2001). It is important,
therefore, that such grassland pockets and other
habitat elements are established in intensive
farmland areas to form ecological compensation
areas at a landscape scale. Without measures to
exclude some land from agricultural production, it
is likely that an increase in bioenergy production
would act against the creation of such compensation
areas, as it is likely to increase the average pressure
on the entire agricultural sector (13).

2. Maintenance of extensive land use categories: As
extensive land use categories (e.g. permanent grassland,;
olive groves) are released from agriculture, they become
potentially available for biomass production. From an
environmental point of view, however, it is best not to
plough them up for planting biomass crops but rather to
maintain them under their original cover (although the
grass cuttings and woody residues can be harvested).
This criterion supports the target of a 30 % share of
environmentally-oriented farming (criterion 1a) but
specifies certain land use categories that need to be
included in the 30 % share.

Extensive land use categories, especially extensive
semi-natural grasslands, are important habitats

for a large number of species of both plants and
animals (Bignal and McCracken, 2000; Ostermann,
1998; Tucker and Evans, 1997). The importance

of these permanent grasslands is already clearly
acknowledged in the mid-term review of the

CAP, which aims to retain permanent grassland.
However, only in duly justified circumstances may
a Member State derogate from the obligation to
maintain land under permanent pasture, and then
only to the extent that the ratio between permanent
pasture and total agricultural area does not decrease
by more than 10 % relatively to the same ratio
calculated for the reference year (EC, 2003b). At

the same time, it is also clear that many of these
permanent grasslands are threatened by either

the intensification of agricultural activities or by
abandonment (EEA/UNEP, 2004; Ostermann, 1998).

An increased demand for biomass can affect these
extensive farmland areas negatively (e.g. in terms of
environment and farmland biodiversity) if they are
not explicitly protected (Elbersen et al., 2005). This

is due to possible shifts from existing food and feed
production to bioenergy production, particularly to
ligno-cellulosic crops on land that is sub-optimal for
arable cropping (14).

In addition to the biodiversity impacts, ploughing
permanent grassland would release soil carbon. This
could offset the potential carbon mitigation of using
biomass to replace fossil energy sources (Smith and
Conan, 2004; Vellinga et al., 2005) (15) (16). Given

(1Y) Today, approximately 15-25 % of the EU-15 countryside can be categorised as HNV farmland (EEA, 2005c and Annex 2).

(12) See Section 3.3.1.2 for details on the calculation of intensively used farmland.

(13) On the other hand, bioenergy production can also add to structural diversity if new energy crops are cultivated. Furthermore, an
occasional harvesting of ecological compensation areas for energy purposes would not counteract their environmental objective.

(%) This may change when prices paid for bioenergy crops are above the commodity prices, see Annex 3.

(*%) The joint European Commission JRC, Eucar, Concawe Well-to-Wheel study estimates that ploughing up permanent grassland could
negate the greenhouse gas benefits of biofuel use for 17 to 111 years (EUCAR, Concawe, JRC, 2006).

(1%) It could also release large amounts of nitrates (Crouzet, 2001).
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these existing threats, it is clear that ploughing-up
grassland for bioenergy production is undesirable
from an environmental standpoint.

On the other hand, the ongoing abandonment and/or
under-utilisation of grasslands and olive groves

is also undesirable, as it will lead to a loss of open
and diverse habitats. The continuation of extensive
grassland management, such as grazing and cutting,
is extremely important for the maintenance of

its biodiversity. For farmland birds, appropriate
grassland management provides more open types of
vegetation, thus providing suitable habitats for them
to winter and roost (Angelstamm, 1992; Séderstrém
and Part, 2000).

Mechanical removal of biomass may replace both
animal grazing and hay cutting on otherwise
abandoned grasslands. In this way, the current
habitat structure is (partly) maintained while
biomass is harvested for energy production. This
could thus cover at least some of the costs of
maintaining these areas (*%).

3. Bioenergy crops with low environmental impacts
are used: The types of bioenergy crops (both perennials
and annual crops) to be cultivated should minimise: soil
erosion and compaction, nutrients leaching into ground
and surface water, water abstraction, pesticide pollution
and fire risk. Ideally, they should also have a positive
impact on farmed landscapes and biodiversity.

Different bioenergy crops have different
environmental impacts. An environmentally-
compatible crop mix should aim to reduce the main
environmental pressures of the region, in which
bioenergy is produced (see Section 3.2.1).

Soil: The main farming practices that prevent soil
erosion are: maintaining year round soil coverage
(including both winter and autumn); no ploughing
and tillage on (steeper) slopes; creating wind-
brakes in the landscape by introducing different
height crops; maintaining/creating wind brakes as
part of field boundaries; and introducing practices
that prevent organic matter loss in the soil etc. The
increased cultivation of some potential bioenergy
crops, in particular sugar beet, provide little
protection against soil erosion. In contrast, some
other bioenergy crops may help to prevent soil
erosion by providing year-round soil coverage,
especially in the autumn and winter period.

Perennial biomass crops are particularly efficient
in soil coverage especially after one or two years of
growth.

Crops with high water content and thus a high
harvesting weight (such as potatoes and sugar beet)
are likely to contribute to soil compaction. On the
other hand, some bioenergy crops such as perennials
or double-cropping systems can be introduced in no
or reduced-tillage systems that minimise the use of
heavy machinery. The timing of crop harvesting can
also be important, e.g. winter harvest of miscanthus
could have significant impacts on soil erosion and
compaction.

Water: Some current bioenergy crops, such as
oilseed rape, require high pesticide and fertiliser
use, and are therefore likely to increase pollution
of ground and surface waters. However, other
crops, such as certain cereals, may help to reduce
the overall inputs to a cropping system if they are
exchanged for crops needing higher inputs and/or
their introduction leads to a wider crop rotation.
If perennial biomass crops are used then these
will have better overall nutrient efficiency than
conventional arable crops for biomass production.
However, irrespective of the type of crops grown,
changes in farming practices can be the most
significant factor for losses of nutrients and
pesticides. However, their exact impact is hard to
quantify and is outside the scope of this study.

The choice of biomass crops especially in arid areas
should aim for crops with low water demand,
which do not need irrigation. In this respect, some
perennial biomass crops perform better than

the conventional arable crops used for biomass
production.

Biological and landscape diversity: Careful
selection of biomass crop mixes can help to
enhance crop and landscape diversity, by
introducing biomass crops with different height
and establishment characteristics that create more
structural diversity (e.g. perennials and short
rotation forestry). Greater crop diversity will be
more easily achieved in regions where farming is
already very specialised such as the northern and
western parts of the EU.

Risk of fires is higher in dry parts of Europe
with low rainfall. The effect of any fire can be

(") In some cases, where the originally extensive farmland has already lost its biodiversity values because of intensification, it
could probably be used for planting of perennial biomass grasses as this would not create any additional pressure on farmland
biodiversity or water and soil resources. However, this has not been taken into account in this study as it was not possible to make

a realistic estimate of the share of the grasslands affected.
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aggravated by a lack of land management (i.e.

land abandonment) making the density of dry
inflammable biomass high and/or making the
accessibility of land to stop fires more problematic.
For biomass crop establishment in areas which have
high fire risks, it is important to choose crops with
low fire spreading characteristics.

3.3 Approach: methodology and
scenario development

The amount of bioenergy available is primarily
dependent on the available land area and the
yields of the cultivated bioenergy crops. These
have been modelled and calculated for 2010, 2020
and 2030, taking into account the environmental
criteria and assumptions surrounding the potential
development of the agricultural sector towards
market liberalisation.

3.3.1 Available agricultural land area

3.3.1.1 Assumptions

This study disregards the effect of competition
between bioenergy and food production for
domestic food supply. At current market prices, this
effect would be limited, but would become more
important with the assumed rise of the combined
carbon permit and energy prices. Disregarding
competition implies that the land available for

growing bioenergy crops will be largely determined
by the utilised agricultural area (UAA), including
set-aside, that can be released from food and fodder
production.

The released and set-aside areas were modelled
under the assumption of a further reform of the
common agricultural policy with total liberalisation
of the animal product markets (cattle, dairy, pigs and
poultry) by 2025, following the trend of past CAP
reforms and international trade negotiations. This
includes the abolition of the dairy quota system.

In addition, further increases in crop yields were
assumed to be realistic (EuroCare, 2004).

With the costs of producing agricultural products
being above world-market prices in most Member
States (in particular dairy and beef products), the
liberalisation will lead to a decrease in production
and thus a release of land. This could then be used
for dedicated bioenergy production. However, the
environmental criterion la puts some constraints
on productivity growth. More land is needed to
produce the same amount of food and fodder, and
thus less land is available for bioenergy production.
Furthermore, criterion 1b means that less arable land
will be available overall. As no transformation of
permanent grassland into arable land was assumed
to happen (criterion 2) there will be less arable land
available for dedicated bioenergy crop production
than without such a criterion (see Figure 3.1).

Figure 3.1 Influence of different drivers on land availability
UAA
Released
grassland
Yield increase and
CAP reform olive groves
Area needed for food Released
and fodder production land Released
arable
land
Suitable for
dedicated
bioenergy
\ production
Competition
effect
between
energy and
food markets
Note: Land that is currently used for bioenergy crop production is assumed to remain available for bioenergy production.
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As mentioned before, the approach disregards
competition between production of bioenergy

and food for domestic use. However, competition
was assumed on agricultural land that is used for
export production, as it is likely that increasing
fossil fuel and carbon permit prices will stimulate
bioenergy further at the expense of food and

feed production (18). The assumption of limiting
competition to these areas would ensure that a
growing bioenergy market does not negatively
affect the degree of European 'food self-sufficiency'.
Within the scope of this study, the analysis of the
competition effect was undertaken for Germany
and France only. Despite this restriction, the total
EU competition effect regarding the land used

to produce export products is reflected to a large
degree. This is due to the fact that Germany and
France are the only Member States which are
projected to combine a very high export surplus for
cereals with a large agricultural land area.

3.3.1.2 Models

The modelling of the released and set-aside land
area was based on the CAPSIM model (EuroCare,
2004). CAPSIM is a partial equilibrium model
designed to look at agricultural developments in

the EU Member States (e.g. cropping and livestock
patterns and animal products by country). The
model takes account of policy developments, such
as changes in the common agricultural policy. As the
model results are provided for individual Member
States the regional resolution of the agricultural part
of this study was limited to the Member State level.
The model covers the time horizon up to 2025; an
extrapolation of the model results to 2030 was done
as part of this study:.

The CAPSIM 'Animlib' scenario was used as a
starting point to determine how much land will be
needed for food and fodder production and thus

how much land will be released. This scenario
reflects a liberalisation of animal markets in
accordance with the assumption of further CAP
reform.

The environmental criteria were then applied to
convert the Animlib scenario into an environmentally-
compatible scenario. The 30 % target of
environmentally-oriented farming was implemented
by assuming that the present share of HNV
farmland remains stable until 2030, while the share
of organic farming increases to meet the combined
target. As the crop yields are lower for organic than
for conventional farming, reduced crop yields (taken
from Offermann, 2003) were applied to the share of
farmland falling under this definition. While it was
assumed that the future yield increases for organic
faming will be the same as for conventional farming,
no increases in yields are assumed for HNV
farmland. This is because HNV farming practices are
constrained by climatic and topographic factors.

Furthermore, a 3 % set-aside of intensive arable

land as compensation area was taken into account.
The intensive arable area was assumed to include
only the land use categories cereals, oilseeds and
other arable crops in 2010. For these categories a
rough estimation was made of the part that would
be grown very intensively, to which the 3 % rule was
applied. This share is assumed to be reached by 2010
and after that the total amount of land for ecological
compensation areas is assumed to remain constant.

The land available for bioenergy crop production
was then calculated by assuming a certain
conversion of (released) farmland to non-agricultural
purposes such as urban areas, infrastructure, and
recreation. This reduces the released land area by
between 0.5 % and 2 %, depending on the Member
State (19). On the other hand, land that is currently
used for bioenergy crop production and a part of

Table 3.1

Estimated share of intensive farmland in arable land use category in 2010

Member State

Estimated share of
intensive land use in
arable farmland

Belgium, Czech Republic, Denmark, Germany, the Netherlands, Finland, Sweden and the United Kingdom 70 %
Greece, Spain, France, Austria, Portugal, Ireland and Italy 50 %
Estonia, Hungary, Lithuania, Latvia, Poland, Slovenia and Slovakia 40 %

Note: Arable includes here cereals, oilseed and other arable crops. Cyprus, Luxembourg and Malta were not analysed.

(18) Towards 2030, the sum of the monetary ‘energy value' and CO, certificate prices will lead in many cases to similar or higher
revenues for bioenergy than for food and feed products under the given assumptions (see Annex 3).

(19) The future land requirement for non-agricultural uses has been estimated roughly at Member State level using a combination of
information on passed trends, population density and Gross Domestic Product. It was estimated to be 0.5 % for Estonia, Latvia,
Lithuania; 1 % for Hungary, Slovakia, Poland, Spain, Greece, Cyprus, Slovenia, Portugal, Czech Republic, Finland, Sweden,
Ireland, Austria; 1.5 % for France, Denmark, Luxembourg, Italy, Malta; and 2 % for Germany, the United Kingdom, Belgium and
the Netherlands.
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the projected set-aside areas are assumed to remain
available for bioenergy crop production.

Finally, the competition effect between bioenergy
and food production was taken into account in

a parallel approach, based on the bottom-up
HEKTOR model (Simon, 2005; Fritsche et al., 2004)
for Germany and France (2). This model determined
the amount of land needed to produce food and
fodder to fulfil domestic demands, respecting the
described environmental criteria. It was therefore
assumed that self-sufficiency rates of food supply
in the EU-25 should be ensured while direct and
indirect subsidised exports are gradually phased
out. The potential land availability for bioenergy
crop production is then calculated by subtracting
the future land requirements for food production
from the land requirements in 2000. This result was
then reduced by an amount equal to an estimate

of the land that would be needed to respect the

environmental criteria and for urbanisation and
other non-agricultural activities.

3.3.1.3 Results

The available arable land which can be used for
dedicated bioenergy production increases from

13 million ha in 2010 to 19.3 million ha in 2030.
This is equivalent to 8 % of the UAA in 2010 and
12 % in 2030. Additional land will also be released
in the grassland and olive grove categories, rising
from 1.7 million ha in 2010 to 5.9 Mio ha in 2030.

In line with the environmental assumptions, this
land should not be ploughed and can thus not be
used for intensive bioenergy production. However,
the cuttings from grassland can be used to produce
bioenergy (2).

Most of the available land is due to the release
of land from food and fodder production as a

Figure 3.2 Land available for biomass production for energy
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Note:

2030

i Available grassland and
olive groves

[] Additional available arable
land due to high energy
and carbon prices (only for
Germany and France)

[ Available arable land

No data for Cyprus, Luxembourg and Malta. The additional available land due to bioenergy prices being above the food

commodity prices was calculated for Germany and France with the HEKTOR model. For all other countries, the available land

area was calculated with the CAPSIM model.

(29) Within the scope of this study it was not possible to apply HEKTOR to the whole EU. Nevertheless, as France and Germany are
projected to be main export countries of agricultural products in the EU, it is likely to assume that much of the competition effect

was included by focusing on these two countries.

(3Y) The harvesting of wood from olive groves was not considered in this study.
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environmental zone of Europe in an environmentally-
compatible future.

Complementary to the environmental impacts

of different crops, assumptions on the speed of
implementation of new crops into the current
farming systems (e.g. a change from annual to
perennial crops) were considered. Furthermore, the
availability of conversion technologies was taken
into account as some of the current conversion
technologies for transport technologies rely on
starch and oil crops. This will change with advanced
(second generation) biofuels and also if heat and
electricity production technologies are considered,
as they can use virtually all bioenergy crops. These
factors mean that the sustainable crop mix per region
will change over time.

As a starting point, the main environmental
pressures: soil erosion, soil compaction, nutrient
inputs into ground and surface water, pesticide
pollution, water abstraction, increased fire risk

and farmland biodiversity were analysed for

each bioenergy crop. This approach is based

on a qualitative analysis of the main pressures
exerted on the environment by different crops,

as described in existing literature. It builds on an
ecological prioritisation study of energy crops for
German conditions applying a Delphi expert survey
(Reinhardt and Scheurlen, 2004), and was amended
by literature review and expert knowledge.

Table 3.3 provides an example for an assessment of
environmental pressures for a perennial crop; an
overview can be found in Annex 4.

The findings of this study indicate that perennial
energy crops (e.g. reed canary grass or short rotation
coppice) generally have lower environmental
pressures than most annual plants (EEA/JRC, 2006).
They can avoid erosion and need only little soil
treatment, thus reducing nutrient and pesticide
input. Due to expanded, deep roots, they reduce

soil compaction. Depending on the crop type, they
can also substantially reduce water abstraction
compared to annual food crops. Some perennials are
thus well suited for arid climates, but still require
some irrigation. A potentially increased fire risk
could be reduced if perennial grasses were harvested
before the main summer heat. Furthermore, it can be
assumed that most fires on agricultural land would
be tackled early on due to the economic value of

the crop and early detection of any fires. In general,
perennial crops can also add to landscape and crop
diversity. Nevertheless, impacts on the landscape
structure need to be taken into account.

Amongst conventional annual crops, cereals usually
have a better ‘'environmental performance’ than
rape seed. Sugar beet and potato have a relatively
high negative impact on the environment in most
zones as they add to soil erosion (no year-round
coverage), and have a high harvesting weight that
requires the use of heavy machinery and expedite
soil compaction. Nutrient input is generally high for
wheat, grain maize, potatoes, sugar beet and oilseed
rape, but varies strongly between countries (and
farming practices).

As bioenergy cropping is not limited to conventional
farming, specific annual cropping systems can

be introduced. Extensive multi-cropping systems
(i.e. a mixture of several plants, species and
varieties within the same field) could combine low
environmental pressures with high yields, as the
whole plants can be harvested several times a year
as green plants. Such multi- or double cropping
systems that combine several crops on the same
field require little fertiliser and pesticide input or
ploughing. They would reduce soil erosion due

to year-round coverage and aim at closed cycles

of nutrients by using fermentation residues.
Furthermore, they might add to structural diversity
in the fields. However, these cropping systems

are not suitable for southern Europe due to high

Table 3.3 Assessment of pressures per crop — Example: short rotation poplar and willow

Aspect Score Reason

Erosion A Permanent crop, hence good soil cover

Soil compaction A Deep rooting, permanent crop

Nutrient inputs into surface and groundwater A Signifcant nutrient demand but good uptake also; low fertilizer use;
permanent soil cover

Pesticide pollution of soils and water A In later stage very competitive, hence no pesticide use necessary; during
the frst years, weed competition has to be tackled

Water abstraction B High water demand, but no irrigation expected

Increased fre risk — Not suitable for arid conditions

Link to farmland biodiversity A/B No/low pesticide use; nesting habitat and provides winter shelter; but

can have negative impacts on open landscape structures

Note:

A means low risk; B means medium risk; C means high risk; — means that the criterion is not relevant.
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water requirements, and require more practical
investigation, including field trials in different
locations of Europe.

On the basis of this ‘environmental ranking of
bioenergy crops', an environmentally-compatible
bioenergy crop mix was determined for different
environmental zones in Europe. This comprises the
following steps (see Figure 3.3).

1. The environmentally-compatible bioenergy
crop mix was set into context with the
main environmental and socio-economic
characteristics of the different regions in Europe.
The characteristics incorporated are: climatic
suitability, current land use, current farming
systems and current environmental problems
Only in this way can the optimal mixes be placed
in their present and potential future context
enabling the assessment of their environmental
including their ecological impacts. For this
purpose, the concept of environmental zones
was used. It divides Europe into 13 zones with a
homogeneous pedo-geo-climatic character (%2).

2. Thisresults in a selection of a biomass crop mix
by environmental zone. This mix is not expected
to impose any additional pressure on farmland
biodiversity but rather lead to a relative decrease
in environmental pressures. Table 3.3 gives an
example for the priorisation of annual crops in
the Atlantic Central and Lusitanian Zone.

The crop mixes by zone were taken as the starting
point for analysing the environmentally-compatible
bioenergy potential by Member State. This implied
that each Member State was allocated to one
environmental zone except for France, Germany,
Spain, Sweden and the United Kingdom, which
were allocated to more than one zone.

Based on this allocation and the environmental crop
ranking by zone, a sustainable crop mix was identified
for every Member State. This is the mix of crops that
score well on both environmental ranking and energy
yield (2%). The inclusion of yields is a proxy value for
the economic efficiency of the biomass crops. In the
Atlantic Central zone, for example, the best options
are the double cropping systems and the giant

Table 3.4  Priorisation of annual crops in Atlantic Central and Lusitanian Zone
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Erosion A A A A A A/B | A (B) A B/C B C C C
Soil compaction A A A A/B | A/B A A A A A C C B
Nutrient inputs ground- and surface water A A A B B A B A A/B | B/C B B C
Pesticide pollution of soils and water A B A A A A B A B C B B C
Water abstraction A/B A A A A B B B B B B C B/C
Increased fre risk — — — C — — — — — — — — —
Link to farmland biodiversity B A/B B A A/B B B B/C | A/B B/C B B/C B/C
Diversity of crop types A A B A A B A C B A/B B A/B B/C

Note:

A means low risk; B means medium risk; C means high risk; — means that the criterion is not relevant for the specifc

zone or crop. Perennial energy crops are not included as they were assessed separately due to different impacts on the
environment and the landscape. The criteria 'link to farmland diversity' is based on the other environmental pressures and

does not cover interactions and infuences of the biotic and abiotic factors in detail. Mustard seeds are relevant for the
Lusitanian zone, only. The criterion 'erosion’ is 'A' for mustard seed in general, but 'B' if grown as row culture for oil use.

(?22) The environmental stratification of Europe divides the region in zones with a homogeneous pedo-geo-climate character. This
zonation is based on climate data; data on ocean influence, geographical position (northing) and altitude which have been
clustered statistically. The result are 84 strata which have again been summarised statistically into 13 major Environmental zones
(EnZ). For more information about the environmental zonation see Metzger et al. (2005) and Jongman et al. (2005).

(23) All yield figures are estimated from long term averages in FAO statistics or, if not available, from other published field research.
The assumptions about the future yield increases are differentiated by 'conventional’ oil crops, cereals (maize only) and 'dedicated’
bioenergy crops (such as whole plant use of common arable crops, short rotation coppice, and perennial energy grasses). For
dedicated bioenergy crops, the yield increase (1 %/a in 2000—-2010, 1.5 %/a from 2010-2020, and 2 %!/a between 2020-2030)
is expected to be higher than for traditional agricultural crops (1 %/a for oil seeds and 1.5 %/a for cereals throughout the entire
period), especially as the breeding potential of the crops for non-food purposes has only recently. started to be exploited. In
contrast, yield increase rates for common arable crops have already been slowing down since the 1980s in Europe and this is why
for these crops the increase in yields is assumed to be limited. It was assumed that genetically modified crops are not used.
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reed. In the Mediterranean, cereals, giant reed, and
sorghum would be preferable.

The present crop mix in each country is also taken
into consideration together with diversity in land
use. The latter implies that if two crops have a
similar ranking on environmental and economic
performance the crop that occurs less frequent

is preferred. In general, a variety of crops with
different height and establishment characteristics
creates higher structural diversity in the landscape,
and more environmental niches in area and time
for a large variety of species. On the other hand,
the present crop mix and the availability of farming
machinery influence the sustainable crop mix. For
example, instead of an abrupt change from annual
to perennial crops, it is more likely that this will
happen continuously over time (phase-in).

Assumptions about technological development are also
taken into account as they influence the demand for
specific bioenergy crops. Today, most agricultural
potential comes from oil or starch crops which are
converted into biofuels. In future it is expected that
there will be a shift from first-generation biofuels

(e.g. plant oil, biodiesel and bioethanol from

cereals or sugar beets) to second-generation biofuel
production by synthetic biofuels (BtL) and ethanol
from ligno-cellulosic crops (ethanol+). Furthermore,
a larger share of the agricultural bioenergy
potential would be used for heat and electricity
production. Advanced second-generation biofuel
and heat and power production technologies can
use various feedstocks, such as perennial grasses,
short-rotation forests and whole plants. The shift
from traditional ethanol to ligno-cellulosic ethanol+
does not require the establishment of complete new
conversion plants. This is why cereals become more
attractive than sugar crops as feedstock for future
biofuel production, in addition to the relatively

low environmental ranking and high costs of sugar
beets (4).

These steps can be illustrated for the case

of perennial crops. These crops are usually
characterised by high yields per hectare (and
thus a high economic efficiency) and relatively
low environmental pressures. They would thus
be favourable in many regions to some extent,
as long as changes to the landscape structure are

Figure 3.3 Overview of the working steps
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(?*) Sugar beets were considered not being part of a sustainable bioenergy crop mix. Including sugar beets into the crop mix would,
however, not change the bioenergy potential significantly. A sensitivity analysis indicates that the agricultural bioenergy potential
in 2010 might be around 3 % higher in the case with sugar beets compared to the environmentally-compatible case.
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respected. Nevertheless, current farming focuses

on annual crops. It can be expected that a change
from conventional farming of annual crops, which
allows yearly adjustments, towards perennials will
take some time. Perennial grasses and short rotation
forestry are thus assumed to be phased-in over time,
supported by the availability of second generation
biofuel conversion technologies after 2010.

In a final step, the environmentally-compatible primary
agricultural bioenergy potential was calculated on
the basis of the released land area, the sustainable
crop mixes, current yields and assumptions on
future yield increases. The conversion from the
biomass potential to an energy potential was
achieved using the lower heating value (net calorific
value) of the harvested dry biomass (%°). The result
is energy yields per hectare for each crop and each
Member State.

3.4 The environmentally-compatible
bioenergy potential from agriculture

3.4.1 Results and assessment

The assessment shows that around 47 MtOE

of bioenergy can be derived from the released
agricultural land area in 2010 without creating
additional environmental pressures. This could
increase to around 95 MtOE in 2020 and 144 MtOE
in 2030. The tripling of the potential is due to

= acombination of a steep increase in the available
land potential — triggered by the liberalisation
of the agricultural markets and productivity
increases;

= rising energy and CO, permit prices;
a general energy yield increase per hectare,
especially for innovative bioenergy crops.

Figure 3.4 Environmentally-compatible agricultural bioenergy potential

MtOE
160 -
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EU-22 EU-14 EU-22
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Il Short rotation forestry and perennial grasses
[ Crops for biogas

[ Crops for ligno-cellulosic ethanol

Note:

2020

R

EU-14

EU-22 EU-14

2030

[ Crops for ethanol

M Oil crops

No data available for Cyprus, Luxembourg and Malta. 'Oil crops' comprise rapeseed and sunfower. ‘Crops for ethanol' include

the potential of grains from maize, wheat, barley/triticale. 'Crops for ligno-cellulosic ethanol’' cover the energy value of the
whole plant (corn and straw) for wheat and barley/triticale. ‘Crops for biogas' are maize (whole plant), double cropping
systems, switch grass and the grass cuttings from permanent grassland. 'Short rotation forest and perennial grasses' include
poplar, willow, miscanthus, reed canary grass, giant reed and sweet sorghum, which may often be used in whole-plant
conversion systems like gasifcation, or biomass-to-liquid processes.

(2%) In the case of green biomass for fermentation (e.g. double cropping systems or whole maize plant) the lower heating value refers

directly to biogas.

How much bioenergy can Europe produce without harming the environment?



Agricultural bioenergy potential

The yield increase per hectare is mainly influenced
by the assumed introduction of advanced bioenergy
conversion technologies after 2010, which allow the
use of crops with high energy yields.

While in 2010, the potential in the EU-15 (without
Luxembourg) is only 40 % above the potential in the
10 new Member States (without Cyprus and Malta),
it will become almost twice the EU-10 potential by
2030. However, both total and transport energy
consumption in the EU-10 are much lower than in
the EU-15, and a substantial difference is expected
to remain despite converging trends (EEA, 2005a).
It is thus realistic to assume that some new Member
States will export parts of their biomass production
(either as biomass or fuel) to EU-15 Member States.

The crop mix is projected to change drastically over
time. While in 2010 some 40 % of the agricultural
bioenergy potential would be dedicated to bioenergy
crops for conventional biofuels production, this
would decrease rapidly after 2010. This is the result
of both the relatively low environmental ranking of
some oil and starch crops (compared to perennials
and dedicated bioenergy cropping systems) and
the relatively low yield of bioenergy production
that focuses on the oil and starch part of the crops
instead of the whole plant.

Over time, short rotation forests and perennial
energy grasses would increase substantially. These
crops combine a generally high energy yield with
relatively low environmental pressures. They

are phased-in substantially after 2010, reflecting

a transition period for the farm sector and the
availability of advanced biofuel conversion
technologies after 2010. This advanced conversion
can make use of a broader range of crops. Crops
used as feedstock for biogas installations (e.g. maize
or double cropping systems) will increase after 2020
as further technology development increases the
efficiency in biogas production (%6). As they require
sufficient water, they will be particularly important
in the countries of the Atlantic and Continental zone.

In this study, crop mixes were specified at

national level. No further assumptions were

made about where biomass crops will be grown
within a country. However, the overall underlying
assumption in this study was that most energy crop
production will be spread in a similar way over the

countries as arable agriculture is presently divided
over area. Most annual bioenergy crops will be part
of the cropping rotation of farms and will thus be
mixed with conventional food and feed crops. This
also implies that biomass crops will be grown on

a range of high and low productive lands and that
yields and income will also vary accordingly, as is
already the case with feed and food products.

The environmentally-compatible bioenergy potential
for selected Member States is presented in

Figure 3.5. About 85 % of the potential will be
produced in only seven Member States (Spain,
France, Germany, Italy, the United Kingdom;
Lithuania and Poland). Together with population
size and density, economic competitiveness of the
agricultural systems in each Member State are the
main factors determining land potential. Countries
with no or a small potential are typically those
with a high population density, a very competitive
agriculture sector, limited UAA and/or an overall
high pressure on land (such as Belgium and

the Netherlands). In these cases, the options for
agricultural land to become available for biomass
crop production are limited. In other countries, the
low potential is due to the fact that even though

a substantial amount of land is released, this is
permanent grassland, which — according to the
environmental criteria of this study — cannot be
transformed into intensive bioenergy potential. This
is the case for Ireland. Here, land is released in the
permanent grassland category and the grassland
cuttings deliver relatively little energy per hectare.

Member States with a large bioenergy potential are
those which release large amounts of land due to

the liberalisation of the agricultural markets. They
will also be the Member States where increased
competition leads to lower production quantities.
Exceptions will include Germany and France. In these
countries, a competitive food production for exports
outside the EU is assumed to be possible. The rise in
bioenergy production in Germany and France will
therefore mainly be the result of the increased carbon
permit and oil price that makes a shift to biomass
production more attractive on those areas that
otherwise are dedicated to export food production.

With regard to the crop mix there will be a tendency
towards low-pressure, high yield crops. These are
primarily drought resistance perennial biomass

(2%) 'Biogas crops' comprise cereals, oil crops, grass (cuttings), maize and perennial grasses. As the residues from biogas production
(fermentation) are returned to the field, the nitrogen content is used as fertilizer so that nutrient cycles are nearly closed, thus
avoiding fossil-fuel-based fertilizer. The fermentation process is assumed to become more efficient over time by technology
learning. In addition, biogas can be processed to natural-gas quality, and be fed into the gas pipeline system, which allows its

wide-spread use.
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Figure 3.5 Environmentally-compatible agricultural bioenergy potential for selected
EU Member States
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Note: Figures for France and Germany based on HEKTOR calculations, all other on CAPSIM.
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crops in the Mediterranean countries, especially

reed canary and switch grass. In northern European
countries, they cover both perennials and dedicated

annual multi-cropping systems (for biogas
production).

3.4.2 Synergies

A higher production of bioenergy could lead to
increasing environmental pressures, if no clear
environmental guidelines are applied. This would

particularly be the case if the currently extensive use

of high nature value farmland areas is intensified.
On the other hand, the present work indicates
that there is some potential for synergies between
increased bioenergy production and biodiversity
protection, or the conservation of soil and water

resources. This potential should be further explored

and actively pursued. In this study, the following

potential synergies have so far been identified:

The use of grassland cuttings for energy
purposes may be a good opportunity to
maintain the management of extensive farmland,
which is beneficial for biodiversity. In particular,
the harvesting of grass for bioenergy can provide
some economic benefit to the management of
species-rich grasslands, and thus prevent land
abandonment and loss of valuable open habitats
(see Section 3.2.2.). Cuttings from grassland
contribute some 6-7 % of the estimated overall
agricultural potential.

Bioenergy production can reduce environmental
pressure compared to intensive farmland
management, if the right crop mix and cropping
practice is selected. This can especially be the
case in intensively farmed areas, where the
introduction of a careful selection of bioenergy
crops might minimise some environmental
pressures, and could improve landscape
structure and land use diversity.

3.4.3 Sensitivities and robustness of approach

The calculation of the bioenergy agricultural
potential depends on a number of key scenario
assumptions including:

S~ wWNE

the share of environmentally-oriented farming
high fossil fuel and carbon permit prices

yield increases

the restriction of the approach to the current UAA
the low spatial resolution

the selection of crops.

The implementation of a minimum share
of environmentally-oriented farming has a

2)

3)

4)

significant influence on the land potential

for bioenergy, as it reduces productivity and
therefore total agricultural production. In 2020
the arable land area in the environmentally-
compatible scenario is about 80 % of the area that
would be available in a development without
an increased share of EOF and the ecological
compensation areas.

The scenario results indicate that most EU
Member States will release agricultural land

as a consequence of market liberalisation and
yield increases. Nevertheless, the effects of
market liberalisation may not lead to released
land in countries with a competitive agricultural
sector. For example, France and Germany show
high export rates for a selection of agricultural
products.

This study introduced competition between
bioenergy and food markets on those export
areas, following the assumption of rising CO,
permit and energy prices. As a result, the
surplus land can be used for bioenergy at the
expense of land used for exports of food/feed
crops. The impact of this assumed competition
increased the land availability for biomass crops
in France and Germany by 0.4 million ha in
2010, rising to almost 5 million ha in 2030. This
is equivalent to 4 and 41 MtOE of bioenergy in
2010 and 2030, respectively.

The competition effect is likely to be most
pronounced in Germany and France due to their
competitive agriculture and large land area. As
such, the restriction of the calculation to only
two Member States covers the effect for the
whole EU-25 to a large extent, but may still be a
slight underestimation. Moreover, if competition
between production of food for domestic use
and bioenergy had been assumed, the bioenergy
potential would have increased substantially.

Both the land potential and the bioenergy
potential depend on the assumed yield increase
per year. In this study, conventional arable crops
were assumed to have a yield increase of around
1 % per year and for dedicated energy crops the
yield increases varied between 1 % and 2.5 %
per year. Assuming a lower yield increase of

1 % for all crops would reduce the bioenergy
potential by 2 % in 2010, and by 13 % in 2030
(see Figure 3.6).

In many parts of the EU, especially the new
Member States and the Mediterranean, there
are significant areas of land no longer used for
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5)

6)

agriculture and therefore no longer incorporated
in agricultural statistics. This was not taken

into account in this study, as the analysis was
restricted to the UAA. However, particularly in
the new Member States the UAA in 2000 is likely
to have been smaller than the area of land that
can potentially be used for arable agriculture
(EC, 2002b). This implies that the land
availability for bioenergy production assessed

in this study may well be an underestimate.

An additional more detailed analysis should
examine the amount and nature of this fallow
land.

Assessments of the environmentally-compatible
Crop mixes or nature conservation aspects

need to take local circumstances into account.

In this study crop, however, crop mixes were
only specified at national level, and no further
assumptions were made about where bioenergy
crops will be grown within the Member State.

The sustainable crop mixes can only be
considered as indicative of appropriate mixes
for future bioenergy crops and cropping
systems. The underlying assessment considers
the environmental and — to some extent — the

economic performance of different crops via
energy yields. Social and rural considerations
have not been considered as they were beyond
the scope of this study.

For the southern European regions in particular,
further research is needed into the suitable
biomass crop mixes, as currently there seems to
be a limited number of suitable crops for arid
regions. In particular, arable biomass crops may
increase water abstraction. Even though some
perennial biomass crops may not be suited

for biomass production under the very arid
conditions or increase the risk of fires, they are
generally considered a better option in these
regions (EEA/JRC, 2006).

Further work is also required on alternative
farming practices and new crop mixes.

The double cropping practice is just one

new approach that needs more practical
investigation. Practical investigation should
include field trials in different locations all over
Europe using very different combinations of
crops. Alternative farming systems like
agro-forestry should be taken into account

as well.

Figure 3.6 Sensitivity of results to changes in key assumptions
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4 Bioenergy potential from forestry

4.1 Introduction

Despite its high population density roughly 30 % of
Europe's land area is covered by forests, and these
remain a key ecosystem for biodiversity. Natural
forests (i.e. those unaffected by humans) often
contain a diverse range of both tree and non-tree
species, but virtually all forests in Europe have
experienced more or less strong anthropogenic
influences throughout history. Nonetheless, all
forests, even monoculture plantations, are reservoirs
of biodiversity (EEA, 2005b).

Most forests are economically productive to some
extent. Nevertheless about 25 % of the forest area

is subject to management constraints to secure
ecosystem services such as nature conservation,
soil protection, water supply or recreation (MCPFE,
2003a).

In contrast to many other parts of the world,
forestry in Europe extracts timber at a rate slower
than or equal to the increment in growing stock.
Currently, average felling rates are around two-
thirds of the increment. The current level of fellings
has advantages for biodiversity as forests of all
sorts in Europe are growing older, thus restoring
underrepresented late succession stages. Bigger,
older trees host a number of species confined to
late forest successions and produce deadwood of
specific qualities for a number of organisms. In
many countries, forestry policies aim to increase
the amount of deadwood in the forests and the
Ministerial Conference on the Protection of Forests
in Europe has identified deadwood as an indicator
of forest biodiversity (MCPFE, 2003b).

Recently there has been a trend in several countries
towards collecting forest biomass residues

Forestry biomass in this study comprises
residues from harvest operations that are
normally left in the forest after stem wood
removal, such as stem top and stump, branches,
foliage, and roots. Additional sources of forestry
bioenergy potential are complementary fellings,
which describe the difference between the
maximum sustainable harvest level and the actual
harvest needed to satisfy round wood demand.

after harvest operations for the generation of
bioenergy. In addition, the gap between the level
of fellings and the increment in growing stock
provides an opportunity to use forestry biomass
that currently remains unexploited as a source of
renewable energy. This opportunity is identified
as '‘complementary fellings'. Harvest residues

and complementary fellings differ significantly in
economic terms. Whereas the value of the woody
biomass of harvest residues is low in general,
mobilising complementary fellings would imply
that the forest owner gets at least the current market
price for industrial wood. In this report we do not
consider biomass from short-rotation forestry as
part of forestry as this takes place in most cases
on agricultural land and is as such included in
Chapter 3.

This chapter considers the amount of forest residues
and complementary fellings which is available
when environmental guidelines are applied to the
increased use of forestry biomass. These guidelines
ensure that no additional environmental pressures
are created. Furthermore, the effect of high
bioenergy prices on competing industries is roughly
estimated. The approach taken was as follows:

1. Formulate a number of criteria to avoid excess
pressure on the environment.

2. Based on these environmental criteria, assess
the local site suitability for residue extraction
by producing a high resolution suitability map
based on spatial data (Figure 4.1) and adapt the
extraction rates to the environmental criteria.

3. Determine the regional forestry resource
potential from unused forest residues and
complementary fellings in the EU. This requires
that future wood demand is defined.

4. Combine the suitability classification scheme
with information on forest resource projections
to calculate environmentally-compatible residue
extraction potentials.

5. Incorporate the environmental criteria relating
to complementary fellings by reducing the
maximum sustainable harvest level and calculate
the environmentally-compatible potential from
complementary fellings.

6. Estimate the additional potential which could be
re-orientated from competing industries in the
case of increasing bioenergy prices.
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4.2 Environmental considerations

4.2.1 Potential environmental pressures of
bioenergy production

Forests, and in particular forest residues

and deadwood, have a number of important
environmental functions. These include: providing
a source of nutrients; regulating water flows; and
helping to prevent soil erosion. In addition, they
can create habitats. Biomass removal from forestry,
whether for timber production or energy use can
adversely impact on some of these functions. It is
important that any enhanced use of either forest
residues or complementary fellings for bioenergy
does not increase the existing environmental
pressures from forest resource utilisation.

However, as well as negative environmental
impacts, biomass removal can also bring positive
benefits including reduced fire risk and lower
nutrient leakage on eutrophicated sites. The study
did not take into account such potential additional
positive benefits and the environmentally-compatible
bioenergy potential from forestry might thus be
considered conservative.

Biodiversity: Forest is a key biodiversity repository
in Europe, providing a habitat for a large range

of plants, animals and fungi. In most European
countries, a significant share of the forest land is
currently used at a lower intensity than in previous
centuries. Also, in a medium time-perspective

the industrial forestry is developing favourably
from a biodiversity point of view (EEA, 2006a).

The principles of Sustainable Forest Management
(MCPFE, 2006) and a moderate utilisation in relation
to increment have created positive conditions for
biological diversity in many cases, and increased the
share of deadwood. Increased extraction of forest
residues and complementary fellings may result in
an intensification of use of forest resources, which
can compromise the nature conservation value of
such forests. Residue extraction also affects the
composition of flora and fauna through habitat
homogenisation and more intense soil disturbance.
However, there are also some man-made forests
that are not thinned due to a lack of market demand
and low prices. In such cases thinning for biomass
utilisation provides an opportunity to open very
dense coniferous forest plantations, and thereby
improve the habitat value of these forests for many
species.

A certain amount of deadwood per hectare is
increasingly recognised as an important factor in
the protection of biodiversity in forests (Humphrey

et al., 2004, Schuck et al., 2004). Of particular
importance is deadwood of a large diameter.
Although the removal of fine and small woody
debris also has an effect on biodiversity (Kruys and
Jonsson, 1999), there are many more species that
depend on large dead trees (Schuck et al., 2004).
Currently, the amount of deadwood, particularly
in commercial forests, is low in many European
countries. When extracting forest residues or
complementary fellings it is thus important to leave
behind a proportion of residues, deadwood and
old trees in order not to increase the pressure on
biodiversity.

Site fertility: Biomass removal from forests always
results in the export of nutrients. The various parts
of a tree contain different levels of nutrients. The
lowest nutrient concentration is generally in the
wood and the highest contents are in the foliage.
The nutritional impact of biomass extraction from
forests is therefore strongly influenced by the

rate of extraction and the degree to which foliage
and small branches are left on site. The natural
replenishment of nutrients from weathering and
atmospheric deposition varies between soil types
and region. Mineral nutrients are naturally achieved
through weathering and the availability is part of
the site productivity. It is usually assumed that there
are no problems associated with site productivity
when removing woody biomass from forests
managed with sustainable harvest levels. Utilising
forest harvest residues could be detrimental to site
productivity without compensatory fertilisation

on poor sites such as peatlands (Richardson et al.,
2002; Sverdrup and Rosen, 1998). Even on more
fertile soil types it is important to retain foliage on
the site. Therefore, it is beneficial to exclude small
branches and foliage from the biomass removals.

In the case of coniferous species this can be realised
by extracting dry residues, which allows needles
to drop before chipping. In the case of broadleaved
species harvesting should take place in the winter
months (Richardson et al., 2002).

Part of the European forest land is subject to
deposition of long-range transported nitrogen
(EEA, 2006a). The extraction of logging residues
can remove a significant amount of nitrogen
(Samuelsson, 2002). At regional level, nutrient
export with forest residues can thus have a positive
effect in certain ecosystems on forest land with a
high nitrogen load.

Soil erosion: The soil is one of the most fragile

components of forest ecosystems. Logging residues
decrease the direct exposure of the soil to rainwater,
sun or wind, and thereby reduce the risk of erosion.
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Modern logging technologies should take into
account measures to reduce the damage to forest
soils. Negative effects of use of heavy machines

can include soil compaction and higher levels of
erosion. When harvesting wood for biomass a much
larger proportion of the biomass is removed (in
comparison with conventional harvesting methods).
This inevitably means increased intervention and
transportation on the logging sites. Good practice
would require the tree roots to be left in the ground
and a proportion of branches to be used as 'mats’
on forwarder routes to protect the soil. This would
place a limit on the maximum rates for extraction of
biomass.

Water protection: Logging residues and deadwood
have a role to play in regulating the water flows
through the forest ecosystem and act as filters to
improve water quality. They do this by capturing
and storing significant amounts of water and
reducing water run-off on slopes. Harvesting for
biomass may significantly reduce the potential to
regulate water flows.

Forests in water protection areas are usually
managed at low intensity. This means that large-
scale removal of trees (clear-cuts) are avoided in
order to prevent an increase in risk of surface run-
off after heavy rainfall and release of nutrients into
the groundwater. Nutrient export associated with
intensive biomass utilisation could also intensify the
acidification of water bodies.

4.2.2 How to avoid increased environmental
pressures?

In order to avoid increased environmental pressure
from bioenergy production from forestry a number of
criteria were applied. The main criteria were (¢'):

1. No intensification of use on protected forest areas.

2. Foliage and roots are always left on site.

3. The extraction rate for residues from stem and
branches is limited according to the suitability of
the site.

For complementary fellings, where dedicated
harvesting for bioenergy was considered, additional
criteria comprise:

4. Areduction of the area available for wood supply
in each Member State by 5 % in order to allow for
an increase in protected areas.

5. Aset-aside of 5 % of wood volume as individual
and small groups of retention trees after
harvesting in order to increase the amount of
large diameter trees and deadwood.

1. No intensification of use should occur in protected
forest areas: A significant proportion of European
forest area is protected for conservation purposes,
either by national legislation or within the European
Community Natura 2000 network. Currently 11.7 %
of the European forests are protected (MCPFE,
2003). The legal constraints imposed by this
protection vary from a total ban on management

to no limitations for sustainable management. In

the latter case, it can be assumed that only low-
impact management is allowed. This is particularly
important in southern Europe where large areas of
forest are classified under Natura 2000.

2. Foliage and roots are left on site. Forest residues
supply the ecosystem with nutrients, reduce the risk
of soil erosion, regulate the water flows through the
forest ecosystem and improve water quality. This
occurs through the capture and storage of significant
amounts of water, and reduced water run-off

on slopes. A central assumption was that foliage
was left on site as it contains the highest nutrition
concentration. They account for approximately

20 % of all the aboveground residues biomass.
Furthermore, roots were assumed to be always

left on site in order to prevent soil erosion and
disturbance of the soil.

3. Site-specific residue extraction rate: The
extraction of residues was adapted to the
‘environmental suitability' of the site with regard
to the functions of residues in the forest ecosystem.
On sites with a higher risk of soil erosion — as
measured by a combination of soil steepness and
elevation — a reduced residue extraction rate is
appropriate to protect erosion.

As residues provide nutrients, their extraction
should be adapted to the soil fertility of the site.
Proxies for soil fertility are different soil types and
base saturation. The latter measures the degree

of acidity of the soil — a low base saturation
corresponds to acidic soils and low nutrient
availability. Ash recycling can to some extent
increase the suitability for residues extraction on
nutrient poor soils. This effect was analysed in a
sensitivity case (Section 4.4.3).

(?7) These environmental criteria were formulated at an EEA expert meeting in March 2005 and build on work by WWF Hungary and
Solagro on behalf of the EEA European Topic Centre on Biodiversity (see http://www.efi.fi/projects/eea_biodiversity/results/
constraints.html) and input from the EEA European Topic Centre on Air and Climate Change.

How much bioenergy can Europe produce without harming the environment?
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