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Estimating the environmentally compatible bioenergy potential from agriculture

Annex IV  �Environmental zones: 
production and characteristics
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Table IV-1	 Overview of characteristics by environmental zone

Characteristics
Alpine 
North Boreal Nemoral

Atlantic 
North

Alpine 
South

Conti-
nental

Atlantic 
Central Pannonian Lusitanian

Mediter-
ranean 

Mountains
Mediterra-

nean North
Mediterra-

nean South

Mean altitude (m) 572 216 127 190 1253 435 140 160 371 905 433 277

Mean slope 
(degrees) 5.0 1.0 0.4 2.0 7.8 2.1 0.7 0.9 2.6 4.6 2.4 2.3

Length growing 
season (days) 130 157 196 255 220 227 296 250 353 298 335 363

sum of active 
temperatures 
(+ 10 °C) 1 416 1 966 2 717 3 198 3 005 3 294 3 849 4 099 4 749 4 548 5 104 6 021

Mean annual 
precipitation (mm) 1 317 624 679 1356 1144 743 892 570 1118 794 734 529

% urban (1) 0.1 1.0 1.6 4.9 1.8 1.0 8.0 6.5 3.4 2.5 2.7 2.9

% forest (1) 39.5 59.9 28.9 13.8 49.8 33.0 15.7 15.3 27.8 41.0 17.5 10.0

% agricultural land 
use (1) 51.0 30.4 27.6 79.4 40.2 63.0 75.0 75.8 67.5 54.9 78.5 85.6

% arable of 
agricultural land 
use (1) 0.0 15.0 48.5 30.5 7.6 61.8 45.8 72.9 27.8 20.5 44.2 26.9

% rainfed of  
arable (1) 0.0 15.0 48.5 30.5 7.5 61.8 45.8 72.8 27.4 18.6 38.4 22.3

% Irrigated of 
arable (1) 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.3 1.9 5.8 4.6

% grassland of 
agricultural land 
use (1) 3.0 3.2 11.9 41.3 46.1 16.8 36.4 10.2 19.3 20.8 5.7 7.1

% HNV farmland 
of agricultural land 
use (1 + 2) 0.1 14.9 43.0 29.2 34.7 8.7 3.8 14.4 33.9 60.9 27.9 40.3

Most important 
intensity systems 
(% UAA) (3)

High input (3) 0 42

100 
(only 

based on 
Swedish 

FADN 
data!) 41 28 60 58  .. 43 26 18 8

Medium input (3) 0 45 0 31 60 39 33  .. 43 47 39 25

Low input (3) 0 6 0 28 12 1 9  .. 14 27 42 67

Most important land use systems (% UAA) (3):

Cropping  
cereals (3) 0 26 0 21 24 48 25 .. 20 21 36 11

Cropping fallow 
land (3) 0 14 0 1 6 0 2 .. 7 19 22 15

Cropping mixed 
crops (3) 0 7 0 5 6 11 10 .. 3 5 10 5

Cropping 
specialist crops (3) 0 0 0 2 2 0 5 .. 11 4 12 14

Grazing livestock 
forage crops (3) 0 21 23 9 19 16 11 .. 12 9 6 10

Grazing livestock 
permanent grass 
(3) 0 0 0 59 43 24 42 .. 19 34 10 43

Grazing livestock 
Temporary grass 
(3) 0 33 77 3 0 2 5 .. 28 9 4 0

Permanent Crops 
(3) 0 0 0 0 0 0 0 .. 0 0 1 1

Mixed cropping 
livestock (3) 0 0 0 0 0 0 0 .. 0 0 0 1

Most important environmental pressures (4):

Erosion Low Low Low Medium High Medium Medium Medium Medium High High High

Annex IV
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Characteristics
Alpine 
North Boreal Nemoral

Atlantic 
North

Alpine 
South

Conti-
nental

Atlantic 
Central Pannonian Lusitanian

Mediter-
ranean 

Mountains
Mediterra-

nean North
Mediterra-

nean South

Soil compaction Low Medium Medium Medium Low Medium High Low Medium Low Low Low

Eutrophication
Low Medium Medium

Medium/ 
High Medium Medium High Low Medium Low Low Low

Pesticide pollution Low Low Medium Medium Low Medium High Low Medium Low Medium Medium

Water abstraction Low Low Low Low Low Low Low Medium Medium High High High

Fire risk Low Low Low Low Medium Low Low Medium Medium High High High

Land 
abandonment High High Medium Medium High Medium Low High Medium High High High

Habitat 
fragmentation Low Low Low Low Medium Medium High Low Medium Low Medium Medium

(1)	 Corine land cover 2000.
(2)	 Corine land cover 2000. HNV map is selection of HNV land cover classes (selection from Erling. et al., 2003, and further 

adjustments from JRC).
(3)	 IRENA typology of Farming systems (indicator 13: Cropping and livestock patterns. Ind. 15 Intensification/Extensification; source 

data: FADN 2000. The farming types are only available for the EU-15. This means that for the zones that are partly or fully located 
in the new Member States the farming system information is only applicable to the farming systems in the EU-15 (e.g. Continental. 
Nemoral. Mediterranean Mountains and Alpine South) or is missing completely (e.g. Pannonian).

(4)	 Pressures from MIRABEL I project and additional expert knowledge.

Sources:	FAO: FAOSTAT average national yield 2000–2005.
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Annex V

Annex V  �Potential crops for bioenergy 
production specified per 
Environmental Zone

Table V-1	 Potential biomass crops per Environmental Zone

General 
description

Small 
summer 
farming 

area 
in the 
south

Summer 
farming in 
the south

Summer 
farming

                 

Double cropping No No Only 
along the 

coasts 
with lower 

yields 

Yes with 
lower yields

In  
valleys 

–yes

Only in 
wetlands/

moist  
areas 

Yes With 
irrigation

Yes Yes, in  
valleys and 
with lower 

yields –yes

Only with 
(intensive) 

irrigation 
–no

Only with 
(intensive) 

irrigation 
–no

Elements of crop 
mixes
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Common arable 
crops

                       

Wheat - Wheat Wheat Wheat Wheat+ Wheat Wheat Wheat Wheat Wheat Wheat  Wheat

Oil seed rape - Rape Rape Rape+ Rape+ Rape Rape+ Rape Rape+      

Sugarbeet - Sugarbeet Sugarbeet Sugarbeet Sugarbeet Sugarbeet Sugarbeet Sugarbeet Sugarbeet    

Barley - Barley Barley Barley+ Barley+ Barley Barley+ Barley Barley+ Barley Barley  

Sunflower -       Sunflower Sunflower Sunflower+ Sunflower Sunflower+ Sunflower Sunflower Sunflower

Potato - Potato Potato Potato Potato Potato Potato Potato Potato Potato Potato Potato

Maize -       Maize+ Maize Maize+ Maize Maize+ Maize Maize Maize

Sorghum bicolor -             Sorghum Sorghum+   Sorghum Sorghum

Triticale -   (Triticale) Triticale+ Triticale+ Triticale Triticale Triticale Triticale      

Rye - Rye Rye Rye+ Rye+ Rye Rye+ Rye Rye+ Rye Rye Rye

Oats - Oats Oats Oats+ Oats+ Oats Oats+ Oats Oats+ Oats Oats Oats

Clover/alfalfa -     Clover Clover Clover Clover Clover Clover Alfalfa Alfalfa  

 

'New' arable crops

Hemp -     Hemp+ Hemp+ Hemp Hemp+ Hemp Hemp+ Hemp

Mustard -     Mustard Mustard Mustard Mustard Mustard Mustard+

Linseed - Linseed Linseed Linseed+ Linseed+ Linseed Linseed+ Linseed+ Linseed+

Castor bean                  Castor Bean  Castor Bean 

Brassica carinata Brassica 
Carinata

Brassica 
Carinata

Brassica 
Carinata

Sugar cane Sugar Cane Sugar Cane

Prickly pear Prickly Pear Prickly Pear

Cynara cardunculus Cynara 
Cardunculus

Cynara 
Cardunculus

Cynara 
Cardunculus

Jerusalem 
artichocke

Jerusalem 
artichocke

Jerusalem 
artichocke

Jeruzalem 
artichocke

Perennial crops (ligno-cellulosic crops)    

Green grass - Grass Grass Grass Grass Grass Grass Grass Grass      

Giant reed -       Giant reed   Giant reed Giant reed Giant reed Giant reed

Miscanthus -     Miscanthus Miscanthus Miscanthus Miscanthus Miscanthus Miscanthus Miscanthus Miscanthus Miscanthus

Switchgrass       Switchgrass Switchgrass Switchgrass Switchgrass Switchgrass Switchgrass Switchgrass Switchgrass Switchgrass

Reed canary grass    Reed C.g. Reed C.g.  Reed C.g.   Reed C.g. Reed C.g. Reed C.g. No      

Cynara cardunculus                     Cynara 
cardunculus

 Cynara 
cardunculus

Short rotation coppice varieties (ligno-cellulosic crops)

Poplar/aspen       Src Poplar Src Poplar Src Poplar Src Poplar Src Poplar Src Poplar      

Willow   Src Willow Src Willow Src Willow Src Willow Src Willow Src Willow Src Willow Src Willow      

Sources:	FAO: FAOSTAT average national yield 2000–2005.
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Annex VI  �Environmental pressures per 
crop

Permanent 
grass

Reason Maize Reason

Erosion A Whole year coverage C Long period of uncovered soil, row crop

Soil 
compaction

A No or extensive machinery use 
(only for fertilisation and cutting)

C Poorly developed root system; late 
harvesting on wet soils and sometimes 
followed by sowing of winter crop

Nutrient 
inputs to 
ground and 
surface 
water

A In the semi-natural grasslands 
no N-application. In the improved 
N-application can range from 
low to medium; medium to 
good nitrogen fixation in grass; 
low leaching risk because of 
permanent coverage 

B/C N-application rates are generally high but 
also good N-fixation by crop. Especially in 
Central and southern Europe N-surpluses 
in maize are reported to be high. Leaching 
risk is high because of low soil coverage 
(row crop) 

Pesticide 
pollution of 
soils and 
water

A Not in extensive permanent 
grasslands, but limited use in the 
more intensive types

B C4 plant –poor competitive ability until the 
crop canopy has closed; subject to many 
diseases and pests

Water 
abstraction

A Adapted grass  
species/varieties available

B Medium water requirement and high water 
efficiency. In Mediterranean will require 
irrigation because typical summer crop 

Contribution 
to fire risk

B Medium risk in summer dry 
regions

(but depends on sward 
management)

A Harvested before dried up

Link to 
farmland 
biodiversity

A In older and/or extensive 
grasslands no chemical inputs 
which are very species rich (in 
floristic and faunistic terms)

More intensive and improved 
grassland types have lower 
floristic diversity, but may still be 
important habitats for farmland 
and wintering birds

B/C Generally negative impacts on quality of 
habitats. Most severe impact in southern 
regions because of irrigation requirement 
leading to water abstraction.

Provides some shelter opportunities for fauna 
in autumn 

Diversity of 
crop types

A High several grassland clover 
species in one field especially in 
older- semi-natural types 

C Very common crop in most parts of EU 
(except in North Europe)

Table VI-1	�Estimate of environmental pressures per crop, crop-by-crop analysis (crops listed 
without any order, comparison follows in annex VII) — Part A
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Double 
cropping*

Reason Hemp Reason

Erosion A Minimised tillage A/B Deep drilling

Soil compaction A Minimised tillage A Deep rooting

Nutrient inputs 

to ground and 

surface water

A Moderate demand; 

good fixation and leaching is limited 

through good soil coverage and limited 

tillage

A Low demand; 

good fixation and whole crop removal

Pesticide 

pollution of soils 

and water

B Some herbicide applications needed to 

limit ploughing/tillage

A Limited pesticide application

Water 

abstraction

B Normally a whole plant silage crop 

followed by maize with a high water 

requirement

B Needs deep soils with good water supply, but high WUE 

(high yields!). Not suited for mediterranean

Contribution to 

fire risk

- Harvested before dried up - -

Link to 

farmland 

biodiversity

B Direct impacts on habitat quality 

through medium pesticide and nitrogen 

applications. But more room for weeds. 

Maybe cut several times a year leading to 

direct wildlife disturbance

B Low input use so limited direct impacts on habitat 

quality. High water demand, but not a problem in 

temperate climate zones where it grows; attractive 

shelter crop. But highly competitive and therefore 

possible suppression of wild herbs

Diversity of 

crop types

A Medium high as mixed species and higher 

weed thresholds support biodiversity

A Currently not common

 
Linseed (oil)

Reason
Clover 
Alfalfa

Reason
Sugar 
beet

Reason

Erosion B Some risk, because of medium 
coverage. But  
winter linseed has better 
coverage

A Whole year covered C Root crop. Limited coverage row 
crop

Soil 
compaction

A Winter cover crop, large taproots, 
can alleviate the effects of soil 
compaction

A/B Machinery use should be 
extensive

C Heavy machinery and 
harvested mass lead to soil 
compaction

Nutrient 
inputs to 
ground and 
surface 
water

B Low- to medium N-demand, 
but N-application rates range 
strongly between countries. 
Since N-removal at yield is very 
low because of low yields the 
N-loss can be very high at high 
application rates 

B N losses after ploughing 
(leguminous crop) but less  
N-mineralisation than in 
permanent grassland

C Generally high N-application rates 
not compensated by high yields in 
combination with limited coverage 
(risk for erosion) also high risk for 
leaching

Pesticide 
pollution of 
soils and 
water

B Low competitive in growth rate, 
so herbicide application may be 
high

A Low herbicide application C Poor competitive ability 
at young stage 

Water 
abstraction

A Low water demand but also low 
WUE because of low yields

A High water requirement (needs 
moist soils as droughty rooting) 
and WUE is medium to low. Can 
be grown without irrigation in wet 
climates, but not very suited for 
Mediterranean climates

B/C Medium water requirement 
and high WUE. Not suited for 
Mediterranean unless irrigated 

Contribution 
to fire risk

- - A/B Some limited risk as dry in fire 
risk season

- -

Link to 
farmland 
biodiversity

B Low to medium pesticide and 
nitrogen applications leading to 
some direct negative impacts 
on habitat quality. But open 
crop structure with weeds, may 
provide fodder in autumn

A Low pesticide and nitrogen inputs 
so direct impacts on habitat 
quality are very limited; but is 
feed source (nectar) and can 
provide shelter

B/C Direct negative impacts on habitat 
quality through high pesticide 
and nitrogen applications.But 
can provide nesting habitat and 
shelter in autumn

Diversity of 
crop types

A High, as currently not common A Higher than arable  
Introduces more than one species

B Common in intensive 
areas. But not self tolerant

Alfalfa (irrigated) for southern Europe, too

* For details on Double Cropping, see Box 8.3.

Source: 	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 

Table VI-1	�Estimate of environmental pressures per crop, crop-by-crop analysis (crops listed 
without any order, comparison follows in annex VII) — Part B
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Oilseed 

rape
Reason

Sun- 
flower

Reason   Potatoes Reason

Erosion A Early sowing with high 
soil coverage

B/C Limited coverage but 
reduced tillage 
possible

  C Root crop and row crop

Soil 
compaction

A Intensive rooting A Well developed 
root system

  C Heavy machinery and 
harvested mass lead to 
soil compaction

Nutrient inputs 
to ground and 
surface water

C Generally high 
nitrogen applications 
rates and bad nitrogen 
recovery at yield 

A Limited nitrogen 
application and very 
good fixation by crop

  B/C Low demand and good 
fixation by the crop and 
high yields especially in 
North, west and central 
EU (not south). But 
relatively 
high leaching risks in 
the winter, intensive 
machinery use, erosion

Pesticide 
pollution of 
soils and water

C Various pests and 
diseases

B Different diseases; 
insects and snails 

  B Sensitive to diseases 
and pests. Combination 
of pesticide use 
required. But mechanical 
pest control possible

Water 
abstraction

B Medium to high water 
requirement and 
medium WUE. Success 
greatly influenced 
by water supply. 
Not suited for water 
stressed regions

B/C Medium to high water 
requirement and medium 
WUE. May grow without 
irrigation, even under 
dry circumstances 
but yield will be very 
minimal. Irrigation is 
often applied to this 
crop in Mediterranean 
as it increases yields 
significantly 

  A/B Medium water 
requirement and high 
WUE. In dry regions 
requires irrigation 

Contribution to 
fire risk

- - A Harvested before dried 
up

  - -

Link to 
farmland 
biodiversity

B/C Direct negative 
impacts on habitat 
quality through high 
pesticide and nitrogen 
applications. Some 
feed source (pollen). 
Crop to dense to 
provide shelter or 
room for weeds

A/B Medium pesticide use 
but low nitrogen input 
heaving some impacts 
on habitat quality. 
When not irrigated, no 
adverse effects on water 
abstraction otherwise 
adds to water stress. 
Feed source (pollen), 
space for weeds and 
potential winter stubble

B/C High pesticide use 
but medium nitrogen 
leaching risk. High 
erosion and soil 
compaction risk. 
Overall negative 
impacts on habitat 
quality, especially soil. 
When not irrigated, no 
adverse effects on water 
abstraction otherwise 
adds to water stress. 
Can provide autumn 
shelter

Diversity of 
crop types

A/B In some Member 
States very common, 
already leading to 
strong monotonisation 

A (B/C) Depends on region. Very 
common in Bulgaria, 
Romania, Spain and 
Portugal

  A/B In some Member States 
very common
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Other 
Cereals 
(barely, 

rye, oats, 
triticale)

Wheat Reason Sorghum Reason

Erosion A/B Covered soil, certainly 
in case of winter 
cereals, but spring 
cereals are more 
erodable

B Winter wheat is often 
planted late in autumn 
with limited soil cover

B Generally medium 
coverage. But also 
provides opportunity for 
summer cultivation in 
dry regions

Soil 
compaction

A Intensive rooting; 
harvest in dry weather

A/B Late sowing on wet soils 
leads to plough pans 
(most in Northwestern 
Europe). But also 
intensive rooting and 
harvest usually in dry 
winter (especially in 
Southern Europe)

A Deep rooting

Nutrient inputs 
to ground and 
surface water

B Low (rye, oats, 
triticale) to medium 
(barley) demands and 
medium fixation and 
low removal at yield

A/B Higher Nitrogen demand 
then other cereals but 
high fixation and higher 
yields. But high quality 
wheat needs extra 
Nitrogen application 
late in vegetation period 
when absorption is 
lower under dry weather 
conditions

B Medium nitrogen input 
required and medium 
absorption and yield. 
Basic NPK-dressing 
necessary

Pesticide 
pollution of 
soils and water

B Lower but normal 
pesticide application 
because of shorter 
growing period

B/C Intensive crop several 
(6–12) pesticide 
applications in winter 
wheat in Northern 
Europe, less in southern 
Europe

B/C Numerous diseases. not 
very competitive in the 
begin

Water 
abstraction

A/B Generally low water 
demand in Barley 
Oats, Rye, but higher 
in oats

B Highest water demand 
of all cereals

B Medium water 
requirement and 
medium WUE. Grown in 
areas too dry for maize. 
But for a high yield 
irrigation is required

Increased fire 
risk

A Harvested before dried 
up and crop does not 
coincide with summer 
heat

A - A Harvested before dried 
up and crop does not 
coincide with summer 
heat

Link to 
farmland 
biodiversity

B Low to medium 
pesticide and nitrogen 
applications leading to 
some direct negative 
impacts on habitat 
quality. But can 
have open structure; 
nesting habitat when 
spring crop and some 
more space for weeds

B/C Medium to high pesticide 
and nitrogen applications 
leading to direct negative 
impacts on habitat 
quality. Dense crop, 
limited nesting, shelter, 
no weeds

B Medium pesticide and 
nitrogen applications 
leading to direct 
negative impacts on 
habitat quality. But can 
be open crop and feed 
source

Diversity of 
crop types

B Depends on type of 
cereal but generally 
less common then 
wheat

C Most common A/B Not common except in 
a selection of southern 
regions
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Castor 
Bean

Reason
Cynara 

cardunculus
Reason

Brassica 
carinata

Reason

Erosion A/B Medium soil coverage A/B Medium soil coverage, 
but may be established 
without tillage

A Similar to rape, early 
sowing with high soil 
coverage

Soil 
compaction

A No heavy machinery 
and planting and 
harvest on dry soils

A Intensive rooting; 
harvest in dry winter

A Intensive rooting

Nutrient inputs 
to ground and 
surface water

? ? A Low Nitrogen input C Similar to oilseed rape; 
generally high nitrogen 
applications rates and 
bad nitrogen recovery 
at yield 

Pesticide 
pollution of 
soils and water

? ? A Very resistant 
against pests

? ?

Water 
abstraction

B Medium water 
consumption, WUE 
unknown

B Very low water demand B Medium to high water 
requirement and 
medium WUE. Less 
suited for water stressed 
regions 

Increased fire 
risk

A Not very dry C Dry in fire risk season. 
Burns well with oil inside

A Not dry in fire risk 
season

Link to 
farmland 
biodiversity

? B/C Low pesticide and 
nitrogen applications 
so no direct negative 
impacts on habitat 
quality. Also very limited 
water abstraction. Has 
open structure; provides 
nesting and shelter and 
space for weeds

B/C Direct negative 
impacts on habitat 
quality through high 
pesticide and nitrogen 
applications. Some feed 
source (pollen). Crop to 
dense to provide shelter 
or room for weeds

Diversity of 
crop types

A Not common at all A Not common at all A Not common at all

Prickly 
pear Reason Sugar cane Reason

Jerusalem 
artichoke

Erosion C Low coverage A Dense soil coverage A Dense soil coverage

Soil 
compaction

A No tillage required A Intensive rooting.Harvest 
on dry soil 

A Intensive rooting. 
Harvest on dry soil 

Nutrient inputs 
to ground and 
surface water

? ? B Medium to high Nitrogen 
input but high removal 
at yield

B Medium to high Nitrogen 
input but high removal 
at yield

Pesticide 
pollution of soils 
and water

? ? ? ? ? ?

Water 
abstraction

A Steppe crop (cactus) B/C High water requirement 
and high water 
efficiency. Only possible 
in Mediterranean and will 
require irrigation 

B/C High water requirement 
and medium to high 
WUE. In Mediterranean 
will require irrigation 

Increased fire 
risk

- - B Burns well when dry and 
dense

A Not high risk

Link to 
farmland 
biodiversity

? ? B/C High water demand, 
leading to high water 
abstraction. Dense crop 
leaves no room for 
shelter and weeds 

B/C High water demand, 
leading to high water 
abstraction. Provides 
room for shelter but 
quite dense. Feed when 
flowering (nectar) 

Diversity of 
crop types

A Not common at all A Not common at all A Not common at all
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Giant reed 
Arundo 
donax

Reason Miscanthus Reason
SRC 

eucalyptus
Reason

Erosion A Permanent crop A Permanent crop C Tree, but no 
undergrowth

Soil 
compaction

A Deep rooting; 
permanent crop

A Deep rooting; permanent 
crop

A Deep rooting; 
permanent crop

Nutrient inputs 
to ground and 
surface water

A/B Higher nutrient-
demand 
than Miscanthus

A  Low nutrient requirement B No high nitrogen input, 
grows wel even on very 
poor soils 

Pesticide 
pollution of 
soils and water

 A Very competitive A  Practical no pesticide 
need, only at 
establishment 

A Very competitive

Water 
abstraction

B/C Well-drained soils 
where abundant 
moisture is available. 
suspected of altering 
hydrological regimes & 
reducing groundwater 
availability by 
transpiring large 
amounts of water from 
semi-arid aquifers 

A Drought resistant (not as 
extreme as Switchgrass) 
and very efficient water 
use (C4), but because of 
deep roots ground water 
abstraction possible

C Very high water 
requirement, but also 
high WUE. Because 
of deep rooting does 
not require irrigation, 
but because of large 
water needs, negatively 
influences water regimes 
and reduces ground 
water& aquifers 

Increased fire 
risk

C Giant reed is highly 
flammable throughout 
most of the year 
and appears highly 
adapted to 'extreme' 
fire events

B Burns easily when dry, 
but dry in winter and not 
in summer when highest 
risk for fires

C Is highly flammable 
throughout most of the 
year and appears highly 
adapted to 'extreme' fire 
events. Burns very well 
with high oil content

Link to 
farmland 
biodiversity

A No or low pesticide 
and nitrogen 
applications so no 
direct negative 
impacts on habitat 
quality. Can be nesting 
habitat and provides 
winter shelter 

A No or low pesticide and 
nitrogen applications 
so no direct negative 
impacts on habitat 
quality; can provide 
winter shelter; birds 
nesting inside plants

C Very adverse effects 
on water abstraction. 
Presently already an 
important reason for 
increased water stress 
in many Mediterranean 
regions. Very 
competitive for other 
plants 

Diversity of 
crop types

A Currently not very 
common. 
Birds nesting inside 
plants

A Currently not very 
common 

C Currently very common 
in the south

SRC poplar, 
willow

Reason Reed Canary 
Grass 

Phalaris 
arundinacea

Reason Switchgrass 
Panicum 
virgatum

Reason

Erosion A Permanent crop A Permanent crop A Permanent crop

Soil 
compaction

A Deep rooting; 
permanent crop

A Deep rooting; permanent 
crop

A Deep rooting; 
permanent crop

Nutrient input 
to ground and 
surface water

A High nitrogen uptake A/B Higher nutrient-demand 
than miscanthus

A  Low nutrient 
requirement

Pesticide 
pollution of 
soils and water

A Very competitive A Very low input necessary A  Practical no pesticide 
need, only at 
establishment 

Water 
abstraction

B Unclear situation 
regarding requirement 
of water

A/B Needs moist fertile 
habitats; higher water 
demand

A Drought resistant and 
very efficient water use 
(C4), but because of 
deep roots ground water 
abstraction possible

Increased fire 
risk

- - - - B Burns easily when dry, 
but dry in winter and not 
in summer when highest 
risk for fires

Link to 
farmland 
biodiversity

A No or low pesticide 
and nitrogen 
applications so no 
direct negative 
impacts on habitat 
quality; nesting 
habitat and provides 
winter shelter; birds 
nesting inside plants

A No or low pesticide and 
nitrogen applications 
so no direct negative 
impacts on habitat 
quality; potential nesting 
habitat and provides 
winter shelter; birds 
nesting inside plants

A No or low pesticide and 
nitrogen applications 
so no direct negative 
impacts on habitat 
quality; can provide 
winter shelter; birds 
nesting inside plants

Diversity of 
crop types

A Currently not very 
common 

A Currently not very 
common 

A Currently not very 
common 

Sources:	FAO: FAOSTAT average national yield 2000–2005.
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Annex VII  �Ranking of different crops by 
environmental risk

Arable crops Perennials

Boreal and Nemoral  
Linseed 

(oil)

Other 
Cereals 
(oats, 
barley, 

rye, 
triticale)

Wheat Oilseed 
Rape

Sugar 
beet

Potatoes Permanent 
grass

Reed 
canary 
grass

SRC-
willow

Erosion B B B A C C A A A

Soil compaction A A B A C C A A A

Nutrient leaching to 
ground and surface 
water

B B B C C B/C A B A

Pesticide pollution of 
soils and water

B B B C C B/C A A A

Water abstraction A A B B A A/B A C B

Increased fire risk - - - - - - …

Link to farmland 
biodiversity

B B B/C B/C B C A A A

Diversity of crop 
types

A B C A/B B B A A A

Table VII-1	 Risk Matrix for Boreal and Nemoral Zone

Source:	 EFMA.

Source:	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005 (excel sheet 'description of plants'). 

This annex presents the ranking of different crops by environmental risk in each environmental zone. This is 
derived from an integration of plant demands and the importance of a given pressure for an environmental 
zone. Environmental zones clustered if crop mix and problems are the same. The letter A indicates low 
environmental risk, Band C stands for medium and high environmental risk respectively.
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Table VII-2	 Risk Matrix for Atlantic North

Arable crops Perennials

Atlantic 
North

Hemp Double 
cropping

Mustard 
seed

linseed Other 
cereals 
(Barley, 

rye, 
oats, 

triticale)

Wheat Oilseed 
rape

Potatoes Sugar 
beet

Permanent 
grass

Miscanthus Switchgrass Reed 
canary 
grass

SRC 
willow 

and 
poplar

Erosion A A A/B B B B A C C A A A A A

Soil A A A A A B A C C A A A A A

Nutrient 
leaching 
to ground 
and 
surface 
water

A A A/B B B B C B/C C A A A A/B A

Pesticide 
pollution 
of soils 
and water

A B A B B B C C C A A A A A

Water B B B A A B B A B A A A B B

Increased 
fire risk

- - - - - - - - - - - - - -

Link to 
farmland 

B B A B B B/C B/C C B A A A A A/B

Diversity 
of crop 
types

A A A A B C A/B B B A A A A A

Arable crops

Alpine South Hemp Double 
cropping

Mustard 
seed

Clover 
Alfalfa

Linseed Sun 
flower

Other 
cereals 
(Barley, 

rye, oats, 
triticale)

Oilseed 
rape

Wheat Potatoes Sugar 
beet

Maize

Erosion A A A/B A B B/C B A B C C C

Soil compaction A A A A/B A A A A B C C C

Nutrient leaching to 
ground and surface 
water

A A A/B

B

B A B C B B/C C C

Pesticide pollution of 
soils and water

A B A
A

B B B C B C C B

Water abstraction B B B A A B A B B A B B

Increased fire risk - - - A/B - - - - - - - ..

Link to farmland 
biodiversity 

B B A
A

B A B B/C B/C C B C

Diversity of crop types A A A A A A B B C B B C

Table VII-3	 Risk Matrix for Alpine South

Source:	 EFMA.

Source:	 EFMA.
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Perennials

Alpine South Permanent 

grass

Miscanthus Switchgrass SRC willow  

and poplar

Erosion A A A A

Soil compaction A A A A

Nutrient leaching to ground and surface water A A A A

Pesticide pollution of soils and water A A A A

Water abstraction A A A B

Increased fire risk C B B A

Link to farmland biodiversity A A A A/B

Diversity of crop types A B A B/C

Table VII-4	 Risk Matrix for Continental and Pannonian Zone

Arable crops

Continental/Pannonian Hemp Double 
cropping 
(not in 

Pannonian)

Mustard 
seed

Clover 
Alfalfa

Linseed Sun- 
flower

Sorghum 
(only in 

Pannonian)

Other 
cereals 
(Barley, 

rye, oats, 
triticale)

Oilseed 
rape

Wheat Potatoes Sugar 
beet

Maize

Erosion A A A/B A B B/C B B A B C C C

Soil compaction A A A A/B A A A A A B C C C

Nutrient leaching to 
ground and surface 
water

A A A/B

B

B A B B C B B/C C C

Pesticide pollution of 
soils and water

A B A
A

B B B B C B C C B

Water abstraction B B B A A B B A B B A B B

Increased fire risk - - - A/B - - - - - - - -

Perennials

Continental/Pannonian Perm. 

grass

Miscanthus Switchgrass Reed Canary 

grass

SRC willow and 

poplar

Erosion A A A A A

Soil compaction A A A A A

Nutrient leaching to ground and 
surface water

A A A B A

Pesticide pollution of soils and 
water

A A A A A

Water abstraction A A A B B

Increased fire risk B B B A A

Link to farmland biodiversity A A A A A/B

Diversity of crop types A B A A B/C

* Very common in Romania and Bulgaria.

Source:	 EFMA.

Sources:	FAO: FAOSTAT average national yield 2000–2005.

Sources:	FAO: FAOSTAT average national yield 2000–2005.
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Table VII-5	 Risk Matrix for Atlantic and Lusitanian Zone

Arable crops

Atlantic central/
Lusitanian

Hemp Double 
cropping

Mustard 
seed

Clover 
Alfalfa

Linseed Sun- 
flower

Sorghum 
(only in 

Lusithanian)

Other 
cereals 
(Barley, 

rye, oats, 
triticale)

Oilseed 
rape

Wheat Potatoes Sugar 
beet

Maize

Erosion A A A/B A B B/C B B A B C C C

Soil compaction A A A A/B A A A A A B C C C

Nutrient inputs into 
ground and surface 
water

A A A/B B B A B B C B B/C C C

Pesticide pollution of 
soils and water

A B A A B B B B C B C C B

Water abstraction B B B A A B B A B B B B C

Increased fire risk - - - A/B - - - - - - - -

Link to farmland 
biodiversity 

B B A A B A B B B/C B/C C B C

Diversity of crop 
types

A A A A A A A/C* B B C B B C

* Very common in Romania and Bulgaria.

Perennials

Atlantic central/Lusitanian Perm. 
grass

Miscanthus Switchgrass SRC willow and 
poplar

Giant reed (only 
in Lusitanian)

SRC Eucalypthus 
(only in 

Lusithanian) 

Erosion A A A A A C

Soil compaction A A A A A A

Nutrient leaching to ground and 
surface water

A A A A B A

Pesticide pollution of soils and 
water

A A A A A A

Water abstraction A A A B C C

Increased fire risk B B B A C C

Link to farmland biodiversity A A A A/B B C

Diversity of crop types A B A B/C A C

Table VII-6	 Risk Matrix for Mediterranean Mountains

Arable crops

Mediterranean 
Mountains

Clover 
alfalfa

Hemp Double 
cropping

Sun- 
flower

Other cereals 
(Barley, 

rye, oats, 
triticale)

Jerusalem 
Artichoke

Brassica 
carinata

Cynara 
Cardunculus

Wheat Potatoes Maize

Erosion A A A B/C B A A A/B B C C

Soil compaction A A A A A A A A B C C

Nutrient 
leaching to 
ground and 
surface water

B A A A B B C A B C C

Pesticide 
pollution of soils 
and water

A A B B B ? ? A B C B

Water 
abstraction

A B B B A B/C B B B B C

Increased fire 
risk

B A - A A A A C A A A

Link to farmland 
biodiversity 

A B B A B B/C B/C B/C B/C B C

Diversity of crop 
types

A A A A B A A A C B C

Sources:	FAO: FAOSTAT average national yield 2000–2005.

Sources:	FAO: FAOSTAT average national yield 2000–2005.

Source:	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 
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Perennials

Mediterranean mountains Perm. 

grass

Miscanthus Switchgrass SRC willow and 

poplar

Giant reed SRC 

Eucalypthus 

Erosion A A A A A C

Soil compaction A A A A A A

Nutrient leaching to ground and 
surface water

A A A A B A

Pesticide pollution of soils and 
water

A A A A A A

Water abstraction A A A B C C

Increased fire risk B B B A C C

Link to farmland biodiversity A A A A/B B C

Diversity of crop types A B A B/C A C

Table VII-7	 Risk Matrix for Mediterranean North

Arable crops

Mediterranean 
North

Clover 
alfalfa

Sun- 
flower

Other 
cereals 
(Barley, 

rye, oats, 
triticale)

Castor 
bean

Jerusalem 
Artichoke

Brassica 
carinata

Cynara 
Cardunculus

Prickly 
pear

Sorghum Wheat Sugar 
cane

Potatoes Maize

Erosion A C B A/B A A A/B C B B A C C

Soil compaction A A A A A A A A A B A C C

Nutrient 
leaching to 
ground and 
surface water

B A B ? B C A ? B B B C C

Pesticide 
pollution of soils 
and water

A B B ? ? ? A ? B B ? C B

Water 
abstraction

A B A A B/C B B A B B C B C

Increased fire 
risk

B A A A A A C - A B A A

Link to farmland 
biodiversity 

A A B ? B/C B/C B/C ? B B/C B/C B C

Diversity of 
crop types

A A B A A A A A A C A B C

Perennials

Mediterranean North Perm. 

grass

Miscanthus Switchgrass Cynara 

Cardunculus

Giant reed SRC Eucalypthus 

Erosion A A A A/B A C

Soil compaction A A A A A A

Nutrient leaching to ground 
and surface water

A A A A B A

Pesticide pollution of soils 
and water

A A A A A A

Water abstraction A A A B C C

Increased fire risk B B B C C C

Link to farmland biodiversity A A A B/C B C

Diversity of crop types A B A A A C

Source:	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 

Source:	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 

Source: 	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 
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Table VII-8	 Risk Matrix for Mediterranean South

Arable crops

Mediterranean 
South

Sun- 
flower

Other 
cereals 
(Barley, 

rye, oats, 
triticale)

Castor 
bean

Jerusalem 
Artichoke

Brassica 
carinata

Cynara 
Cardunculus

Prickly 
pear

Sorghum Wheat Sugar 
cane

Potatoes Maize

Erosion C B A/B A A A/B C B B A C C

Soil compaction A A A A A A A A B A C C

Nutrient 
leaching to 
ground and 
surface water

A B ? B C A ? B B B C C

Pesticide 
pollution of soils 
and water

B B ? ? ? A ? B B ? C B

Water 
abstraction

B A A B/C B B A B B C B C

Increased fire 
risk

A A A A A C - A B A A

Link to farmland 
biodiversity 

A B ? B/C B/C B/C ? B B/C B/C B C

Diversity of 
crop types

A B A A A A A A C A B C

Perennials

Mediterranean South Perm. 

grass

Miscanthus Switchgrass Cynara 

Cardunculus

Giant reed SRC 

Eucalypthus 

Erosion A A A A/B A C

Soil compaction A A A A A A

Nutrient leaching to ground 
and surface water

A A A A B A

Pesticide pollution of soils and 
water

A A A A A A

water abstraction A A A B C C

Increased fire risk B B B C C C

Link to farmland biodiversity A A A B/C B C

Diversity of crop types A B A A A C

Source:	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 

Source:	 EEA based on Wiegmann, K., Fritsche, U. & B. Elbersen: 'Environmentally compatible biomass potential from agriculture'. 
Consultancy report to the EEA, 2005. 
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Annex VIII  Nitrogen pressure per crop

Table VIII-1	 Estimated risk for nitrogen loss per crop type

Sweden and Finland

Minimum 
application

kg N/ha (1)

Maximum 
application 

kg N/ha (2)

Harvested 
kg N (per 
ton yield) 

(3)

Minimum 
yield (ton 

ha) (4)

Maximum 
yield (ton 

ha) (5)
N-loss min 

yield (6)
N-loss max 

yield (7)
Average  

N-loss (8)

Wheat 85 125 22 3.5 6 – 8 7 – 0.5

Barley 72 78 15 3 4 – 27 – 18 – 22.5

Rye 68 70 15 2.2 5.3 – 35 9.5 – 12.8

Oats 68 70 16 3 4 – 20 – 6 – 13.0

Potato 70 83 4 24 28 26 29 27.5

Sugar beet 100 120 2 32 48 – 36 – 24 – 30.0

Oilseed rape 80 110 30 1 2.5 – 50 – 35 – 42.5

Linseed 20 60 3 0.7 2 – 17.9 – 54 – 36.0

Table VIII-2	 Estimated risk for nitrogen loss per crop type

Luxembourg, Belgium, Germany, Netherlands and Denmark

Minimum 
application

kg N/ha (1)

Maximum 
application 

kg N/ha (2)

Harvested 
kg N (per 
ton yield) 

(3)

Minimum 
yield (ton 

ha) (4)

Maximum 
yield (ton 

ha) (5)

N-loss 
min yield 

(6)

N-loss 
max 

yield (7)
Average  

N-loss (8)

Wheat 148 190 22 7 8 6 – 14 – 4.0

Barley 78 150 15 5 6 – 3 – 60 – 31.5

Rye 80 120 15 4.5 5 – 12.5 – 45 – 28.8

Oats 80 120 15 4.2 5.2 – 17 – 42 – 29.5

Grain maize. incl. 
corn cob maize

70 150 14 6 9 14 – 24 -5.0

Potato 120 168 3.5 36 46 6 – 7 – 0.5

Sugar beet 100 145 1.8 55 64 – 1 – 29.8 – 15.4

Oilseed rape 100 180 30 3 4 – 10 – 60 – 35.0

Sunflower 20 70 28 2 2.5 36 0 18.0

Linseed 20 50 0.6 1.2 5.3 – 19.28 – 46.82 – 33.1

Source:	 EFMA.

(6) N-loss assuming minimum N-application (1) and yield (4); (6) = ((3)*(4)) – (1)
(7) N-loss assuming maximum N-application (2) and yield (5); (7) = ((3)*(5)) – (2)
(8) Average N-loss: (8) = ((6) + (7))/2

(6) N-loss assuming minimum N-application (1) and yield (4); (6) = ((3)*(4)) – (1)
(7) N-loss assuming maximum N-application (2) and yield (5); (7) = ((3)*(5)) – (2)
(8) Average N-loss: (8) = ((6) + (7))/2

Source:	 EFMA.
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Table VIII-3	 Estimated risk for nitrogen loss per crop type

  France, Spain, Italy, Greece and Portugal

 

Minimum 
application

kg N/ha (1)

Maximum 
application 

kg N/ha (2)

Harvested 
kg N (per 
ton yield) 

(3)

Minimum 
yield (ton 

ha) (4)

Maximum 
yield (ton 

ha) (5)
N-loss min 

yield (6)
N-loss max 

yield(7)
Average  

N-loss (8)

Wheat 70 164 22 1.4 7 – 39.2 – 10 – 24.6

Barley 75 120 15 1.2 6.5 -57 – 22.5 – 39.8

Rye 60 105 15 1 5 -45 – 30 – 37.5

Oats 60 105 15 1 4.8 -45 – 33 – 39.0

Grain maize. 
incl. corn cob 
maize

160 230 14 5.5 9 -83 – 104 – 93.5

Potato 100 200 3.5 15 42 – 47.5 – 53 – 50.3

Sugar beet 140 180 1.8 58 78 – 35.6 – 39.6 – 37.6

Oilseed rape 100 110 30 2.5 3.5 – 25 -5 – 15.0

Sunflower 14 50 28 1.4 2.5 25.2 20 22.6

Pulses 5 40 4 1.2 3 – 0.2 – 28 – 14.1

Source:	 EFMA.

Table VIII-4	 Estimated risk for nitrogen loss per crop type

  United Kingdom and Ireland  

 

Minimum 
application

kg N/ha (1)

Maximum 
application 

kg N/ha (2)

Harvested 
kg N (per 
ton yield) 

(3)

Minimum 
yield (ton 

ha) (4)

Maximum 
yield (ton 

ha) (5) N-loss min (6)
N-loss max 

(7)
Average  

N-loss (8)

Wheat 160 180 22 6 8 – 28 – 4 – 16.0

Barley 110 127 15 5.3 5.9 – 30.5 – 38.5 – 34.5

Rye 90 110 15 4.5 6.2 – 22.5 – 17 – 19.8

Oats 90 110 15 5.5 6.2 – 7.5 – 17 – 12.3

Potato 120 160 3.5 39 44 16.5 – 6 5.3

Sugar beet 100 180 1.8 47 57 – 15.4 – 77.4 – 46.4

Oilseed rape 150 190

30 2.8 3.4

– 66 – 88 – 77.0

Linseed 20 50 0.6 0.6 1.7 – 19.64 – 48.98 – 34.3

Sources:	FAO: FAOSTAT average national yield 2000–2005.

(6) N-loss assuming minimum N-application (1) and yield (4); (6) = ((3)*(4)) – (1)
(7) N-loss assuming maximum N-application (2) and yield (5); (7) = ((3)*(5)) – (2)
(8) Average N-loss: (8) = ((6) + (7))/2

(6) N-loss assuming minimum N-application (1) and yield (4); (6) = ((3)*(4)) – (1)
(7) N-loss assuming maximum N-application (2) and yield (5); (7) = ((3)*(5)) – (2)
(8) Average N-loss: (8) = ((6) + (7))/2
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Table VIII-5	 Estimated risk for nitrogen loss per crop type

  Austria  

 

Minimum 
application

kg N/ha (1)

Maximum 
application 

kg N/ha (2)

Harvested 
kg N (per 
ton yield) 

(3)

Minimum 
yield (ton 

ha) (4)

Maximum 
yield (ton 

ha) (5)
N-loss min 

(6)
N-loss max 

(7)
Average  

N-loss (8)

Wheat 105 105 22 4.3 5.9 – 10.4 24.8 7.2

Barley 95 95 15 3.8 5.2 – 38 – 17 – 27.5

Rye 60 60 15 3.3 4.7 – 10.5 10.5 0.0

Oats 60 60 15 3.6 4.6 – 6 9 1.5

Grain maize. incl. 
corn cob maize

110 110 14 8.4 9.9 7.6 28.6 18.1

Potato 105 105 3.5 26.5 31.6 – 12.25 5.6 – 3.3

Sugar beet 88 88 1.8 57 65 14.6 29 21.8

Oilseed rape 125 125 30 1.8 3.4 – 71 – 23 – 47.0

Sunflower 45 45 28 2.5 2.8 25 33.4 29.2

Linseed 2 2 0.6 0.7 1 – 1.58 – 1.4 – 1.5

Sources:	FAO: FAOSTAT average national yield 2000–2005.

(6) N-loss assuming minimum N-application (1) and yield (4); (6) = ((3)*(4)) – (1)
(7) N-loss assuming maximum N-application (2) and yield (5); (7) = ((3)*(5)) – (2)
(8) Average N-loss: (8) = ((6) + (7))/2
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Annex IX

Annex IX  HEKTOR Model 

Figure IX-1	 Detailed Flow chart for HEKTOR
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Table IX-1	Degree of self-sufficiency for the EU-25 assumed in the CAPSIM model

2001 2011 2020 2025

Cereals 108 % 105 % 107 % 109 %

Oilseeds and pulses 51 % 51 % 52 % 52 %

Other arable crops 98 % 99 % 99 % 99 %

Perennials 63 % 63 % 62 % 62 %

Fodder 100 % 100 % 100 % 100 %

Table IX-2	Increase of commodity prices relative to the year 2000 

  2010 2020 2020

Rapeseed oil 110 % 121 % 200 %

Round wood 115 % 132 % 152 %

Sugar 115 % 127 % 200 %

Wheat, maize 113 % 125 % 138 %
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Annex X

Annex X  �Crop mix for energy crops per 
Member State and time step

Table X-1	 Actual crop mix by Member State, the year 2000

2000 Oilseed  
rape

Sunflower 
seeds

Sugar
beet

Maize total Wheat total Barley, rye 
etc.

Other 
oilseeds

EU-15

AT 1.4 % 0.6 % 1.4 % 7.4 % 8.9 % 11.2 % 0.6 %

BE 0.3 % 0.0 % 6.2 % 14.8 % 13.8 % 5.3 % 1.0 %

DE 5.0 % 0.1 % 2.7 % 9.1 % 17.7 % 21.8 % 0.3 %

DK 2.4 % 0.0 % 2.2 % 2.9 % 22.7 % 34.0 % 0.0 %

ES 0.1 % 3.9 % 0.6 % 2.8 % 11.7 % 19.0 % 0.6 %

FI 2.4 % 0.0 % 1.2 % 0.0 % 5.9 % 38.5 % 0.1 %

FR 3.1 % 2.0 % 1.5 % 11.7 % 18.2 % 7.8 % 0.0 %

GR 0.0 % 0.3 % 0.9 % 4.4 % 17.7 % 3.5 % 7.6 %

IE 0.0 % 0.0 % 0.7 % 0.4 % 2.0 % 4.5 % 0.0 %

IT 0.2 % 1.8 % 1.7 % 10.0 % 17.0 % 3.8 % 0.0 %

NL 0.0 % 0.0 % 5.7 % 12.1 % 6.9 % 3.9 % 0.3 %

PT 0.0 % 1.3 % 0.2 % 8.4 % 7.0 % 4.6 % 0.0 %

SE 1.1 % 0.0 % 2.0 % 0.0 % 13.9 % 28.6 % 0.2 %

UK 2.5 % 0.0 % 1.2 % 0.8 % 12.8 % 8.7 % 0.3 %

EU-8

CZ 7.7 % 0.7 % 1.7 % 6.6 % 21.4 % 15.0 % 1.3 %

EE 3.6 % 0.0 % 0.0 % 0.1 % 7.8 % 27.0 % 0.0 %

HU 2.0 % 5.8 % 1.0 % 22.6 % 18.6 % 10.0 % 0.5 %

LT 1.9 % 0.0 % 0.9 % 0.5 % 12.0 % 20.1 % 0.2 %

LV 0.5 % 0.0 % 0.6 % 0.0 % 6.7 % 11.2 % 0.0 %

PL 2.8 % 0.0 % 2.0 % 2.6 % 16.1 % 36.9 % 0.1 %

SI 0.2 % 0.0 % 1.1 % 13.7 % 7.2 % 3.4 % 0.5 %

SK 4.6 % 2.8 % 1.4 % 10.6 % 18.1 % 11.6 % 0.3 %

Source:	 CAPSIM.
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Traditional arable crops Whole crops

MS Rape 
seeds

Sunflower 
seeds

Sugar 
beets

Maize 
corn

Wheat 
corn

Barley/
triticale 

corn

Maize 
whole 
plant

Triticale 
whole 
plant

Wheat 
whole 
plant

2-culture 
opt.

2-culture 
opt.

Sweet 
sorghum

AT 10 % 10 % 0 % 30 % 25 % 25 % 0 % 0 % 0 % 0 % 0 % 0 %

BE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

DE 10 % 0 % 0 % 10 % 20 % 15 % 0 % 0 % 0 % 20 % 10 % 0 %

DK 0 % 0 % 0 % 10 % 30 % 25 % 0 % 0 % 0 % 20 % 10 % 0 %

ES 0 % 10 % 0 % 10 % 30 % 20 % 0 % 0 % 0 % 0 % 0 % 15 %

FI 0 % 0 % 0 % 0 % 45 % 20 % 0 % 0 % 0 % 10 % 5 % 0 %

FR 0 % 5 % 0 % 15 % 40 % 10 % 0 % 0 % 0 % 10 % 5 % 0 %

GR 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

IE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

IT 0 % 5 % 0 % 15 % 20 % 15 % 0 % 0 % 0 % 0 % 10 % 10 %

NL 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

PT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

SE 0 % 0 % 0 % 0 % 30 % 25 % 0 % 0 % 0 % 10 % 5 % 0 %

UK 0 % 0 % 0 % 15 % 40 % 20 % 0 % 0 % 0 % 10 % 5 % 0 %

CZ 15 % 0 % 0 % 10 % 20 % 20 % 0 % 0 % 0 % 0 % 5 % 0 %

EE 0 % 0 % 0 % 0 % 35 % 40 % 0 % 0 % 0 % 0 % 5 % 0 %

HU 10 % 5 % 0 % 5 % 20 % 15 % 0 % 0 % 0 % 10 % 5 % 0 %

LT 0 % 0 % 0 % 0 % 30 % 30 % 0 % 0 % 0 % 10 % 5 % 0 %

LV 0 % 0 % 0 % 0 % 30 % 30 % 0 % 0 % 0 % 10 % 5 % 0 %

PL 15 % 0 % 0 % 10 % 15 % 15 % 0 % 0 % 0 % 15 % 5 % 0 %

SI 10 % 5 % 0 % 5 % 20 % 15 % 0 % 0 % 0 % 0 % 10 % 0 %

Perennials

MS SRC poplar SRC willow Miscanthus Reed canary 
grass

Giant reed Switchgrass

AT 0 % 0 % 0 % 0 % 0 % 0 %

BE 0 % 0 % 0 % 0 % 0 % 0 %

DE 0 % 5 % 5 % 0 % 5 % 0 %

DK 0 % 0 % 0 % 5 % 0 % 0 %

ES 0 % 0 % 0 % 0 % 15 % 0 %

FI 0 % 0 % 0 % 10 % 0 % 10 %

FR 0 % 0 % 5 % 10 % 0 % 0 %

GR 0 % 0 % 0 % 0 % 0 % 0 %

IE 0 % 0 % 0 % 0 % 0 % 0 %

IT 0 % 0 % 5 % 0 % 10 % 10 %

NL 0 % 0 % 0 % 0 % 0 % 0 %

PT 0 % 0 % 0 % 0 % 0 % 0 %

SE 5 % 5 % 0 % 10 % 0 % 10 %

UK 0 % 0 % 0 % 5 % 0 % 5 %

CZ 0 % 5 % 10 % 0 % 0 % 15 %

EE 5 % 5 % 5 % 5 % 0 % 0 %

HU 0 % 5 % 10 % 0 % 0 % 15 %

LT 5 % 5 % 5 % 10 % 0 % 0 %

LV 5 % 5 % 5 % 10 % 0 % 0 %

PL 5 % 5 % 0 % 0 % 0 % 15 %

SI 0 % 5 % 10 % 5 % 0 % 15 %
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Table X-3	 Crop mix for energy crops by Member State, the year 2020

Traditional arable crops Whole crops

MS Rape 
seeds

Sunflower 
seeds

Sugar 
beets

Maize 
corn

Wheat 
corn

Barley/
triticale 

corn

Maize 
whole 
plant

Triticale 
whole 
plant

Wheat 
whole 
plant

2-culture 
opt.

2-culture 
opt.

Sweet 
sorghum

AT 5 % 5 % 0 % 5 % 10 % 10 % 0 % 15 % 15 % 10 % 0 % 0 %

DE 5 % 0 % 0 % 0 % 5 % 5 % 0 % 5 % 10 % 25 % 10 % 0 %

ES 0 % 0 % 0 % 0 % 0 % 0 % 5 % 15 % 20 % 0 % 5 % 25 %

FI 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 20 % 15 % 10 % 0 %

FR 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 35 % 15 % 10 % 0 %

GR 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 15 % 0 % 0 % 5 %

IT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 20 % 0 % 5 % 25 %

SE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 20 % 10 % 15 % 0 %

UK 0 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 20 % 15 % 10 % 0 %

CZ 5 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 20 % 0 % 15 % 0 %

EE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 25 % 5 % 10 % 0 %

HU 5 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 20 % 0 % 15 % 0 %

LT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 25 % 15 % 10 % 0 %

LV 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 25 % 15 % 10 % 0 %

PL 5 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 10 % 20 % 10 % 0 %

SI 0 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 20 % 0 % 15 % 0 %

SK 0 % 0 % 0 % 0 % 0 % 0 % 0 % 20 % 20 % 0 % 10 % 0 %

Perennials

MS SRC poplar SRC willow Miscanthus Reed canary 
grass

Giant reed Switchgrass

AT 0 % 0 % 15 % 5 % 0 % 5 %

BE 0 % 0 % 0 % 0 % 0 % 0 %

DE 5 % 5 % 10 % 0 % 10 % 5 %

DK 0 % 0 % 0 % 0 % 0 % 0 %

ES 0 % 0 % 5 % 0 % 25 % 0 %

FI 5 % 5 % 5 % 15 % 0 % 15 %

FR 5 % 5 % 10 % 5 % 0 % 5 %

GR 0 % 0 % 20 % 0 % 25 % 25 %

IE 0 % 0 % 0 % 0 % 0 % 0 %

IT 0 % 0 % 5 % 0 % 20 % 10 %

NL 0 % 0 % 0 % 0 % 0 % 0 %

PT 0 % 0 % 0 % 0 % 0 % 0 %

SE 10 % 10 % 0 % 10 % 0 % 10 %

UK 5 % 5 % 0 % 15 % 0 % 15 %

CZ 0 % 10 % 15 % 0 % 0 % 20 %

EE 5 % 10 % 10 % 20 % 0 % 5 %

HU 5 % 10 % 10 % 0 % 0 % 20 %

LT 5 % 5 % 5 % 20 % 0 % 5 %

LV 5 % 5 % 5 % 20 % 0 % 5 %

PL 10 % 10 % 0 % 0 % 0 % 25 %

SI 5 % 10 % 10 % 0 % 0 % 25 %

SK 10 % 10 % 10 % 10 % 0 % 10 %

Source:	 own assumptions.
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Table X-4	 Crop mix for energy crops by Member State, the year 2030

Traditional arable crops Whole crops

MS Rape 
seeds

Sunflower 
seeds

Sugar 
beets

Maize 
corn

Wheat 
corn

Barley/
triticale 

corn

Maize 
whole 
plant

Triticale 
whole 
plant

Wheat 
whole 
plant

2-culture 
opt.

2-culture 
opt.

Sweet 
sorghum

AT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 20 % 20 % 5 % 0 %

BE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

DE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 5 % 25 % 5 % 0 %

DK 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 0 %

ES 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 10 % 0 % 10 % 30 %

FI 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 25 % 15 % 10 % 0 %

FR 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 20 % 20 % 0 % 0 %

GR 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 10 %

IE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

IT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 5 % 5 % 0 % 25 %

NL 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 20 % 0 %

PT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 15 % 0 %

SE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 10 % 15 % 20 % 0 %

UK 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 5 % 20 % 15 % 0 %

CZ 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 10 % 0 % 20 % 0 %

EE 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 20 % 10 % 15 % 0 %

HU 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 10 % 0 % 20 % 0 %

LT 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 20 % 10 % 15 % 0 %

LV 0 % 0 % 0 % 0 % 0 % 0 % 0 % 10 % 20 % 10 % 15 % 0 %

PL 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 5 % 20 % 10 % 0 %

SI 0 % 0 % 0 % 0 % 0 % 0 % 0 % 5 % 5 % 0 % 20 % 0 %

Perennials

MS SRC poplar SRC willow Miscanthus Reed canary 
grass

Giant reed Switchgrass

AT 0 % 0 % 25 % 10 % 0 % 10 %

BE 0 % 0 % 0 % 0 % 0 % 0 %

DE 10 % 15 % 10 % 0 % 15 % 10 %

DK 0 % 0 % 0 % 0 % 0 % 0 %

ES 0 % 0 % 10 % 0 % 30 % 0 %

FI 5 % 5 % 5 % 15 % 0 % 15 %

FR 5 % 5 % 10 % 10 % 0 % 10 %

GR 0 % 0 % 30 % 0 % 30 % 30 %

IE 0 % 0 % 0 % 0 % 0 % 0 %

IT 0 % 0 % 10 % 0 % 25 % 15 %

NL 0 % 0 % 0 % 0 % 0 % 0 %

PT 0 % 0 % 0 % 0 % 0 % 0 %

SE 15 % 15 % 0 % 10 % 0 % 10 %

UK 10 % 10 % 0 % 20 % 0 % 15 %

CZ 5 % 15 % 15 % 0 % 0 % 25 %

EE 10 % 10 % 10 % 5 % 0 % 10 %

HU 10 % 15 % 10 % 0 % 0 % 30 %

LT 10 % 10 % 10 % 5 % 0 % 10 %

LV 10 % 10 % 10 % 5 % 0 % 10 %

PL 15 % 15 % 0 % 0 % 0 % 30 %

SI 10 % 15 % 15 % 0 % 0 % 30 %

Source:	 own assumptions.
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Annex XI  �Regional approaches to finding 
optimal farming practices for 
energy cropping

Climate and altitude are important factors for the 
agronomic capacity of regions; this is why they have 
been used to divide Europe into 13 environmental 
zones (see Annex IV). When looking at the 
main characteristics of the environmental zones 
(see Annex IV, Table IV-1) it is clear that the 
pedo‑climatic characteristics differ strongly. The 
same applies for the environmental pressures these 
zones are confronted with. Optimal solutions for 
sustainable biomass cropping can only be found 
by taking account of regional conditions. Overall, 
the regional division of Europe used in this study 
is too rough to take account of all relevant regional 
characteristics. It should therefore only be taken as 
a first guideline for assessing sustainable biomass 
solutions in a local context.

Although there are very few studies that show field 
survey based effects of biomass crop production 
on environment and farmland biodiversity, there 
are many more studies that show the effects of 
arable cropping on environment and also farmland 
biodiversity. In the last decades increased food 
production in Europe has caused many negative 
impacts on the environment because of further 
intensification of land use (e.g. Buckwell & 
Armstrong-Brown, 2004; Wadsworth et al., 2003; 
Boatman et al., 1999; MAFF, 1998; Pretty, 1998; 
EPA, 1999; Campbell and Cooke, 1997). This 
increased food production went hand in hand with 
losses of very large areas of permanent grassland, 
dry steppe grasslands and wetlands, which were 
replaced by arable agriculture with a huge loss of 
biodiversity. Carey (2005) refers to serious declines 
in some species; declines associated with arable 
farmland in the late 20th century. Evidence is found 
in many studies based on national monitoring and 
long-term studies of birds, butterflies, beneficial 
invertebrates and annual arable flowers (Birdlife 
International, 2004; Vickery et al., 2004; Asher et al., 
2001; Baillie et al., 2001; Donald et al. 2001, 2002; 
Aebischer, 1991; Donald, 1998; Sotherton, 1998 etc.). 
All in all, it is clear that a decline in farmland 
biodiversity across Europe coincided with an 
increase in the intensity of agricultural production. 
Heath et al. (2000) showed for example that the 
decline in farmland-birds and the intensification of 
agriculture are correlated.

Alpine North, Boreal and Nemoral zone
EU countries with dominant agricultural land use 
in these zones are Sweden, Finland and all the 
Baltic States. It is evident from crop prioritisation 
that only a limited number of arable and perennial 
crops are suitable for biomass production for these 
zones. For arable crops, rape, sugarbeet and potato 
perform badly from an environmental perspective. 
Therefore, an increased demand for biomass should 
not lead to an increase of their cropping area. From 
an environmental perspective, different cereal types 
and linseed would be better, and perennial crops 
like reed canary grass and SRC willow would be 
the best. Since in these zones good arable cropping 
land is already relatively scarce and the growing 
season is short, arable biomass crops would compete 
strongly with feed and food crops, increasing the 
chances for intensification. Perennials would be 
the best option as these can be grown on the sub-
optimal soils, wasteland and/or abandoned lands, 
and will therefore not compete with food and feed 
production. Perennials like SRC willow may also 
be very suited to multifunctional applications. 
A relevant example are plantations that deliver 
ligno‑cellulose material for biogas and second 
generation bio-ethanol production (in the future) 
and are used for waste-water treatment at the same 
time. Such synergetic applications are already in 
place in Sweden, Poland, Denmark and Estonia and 
are described in more detail in next section (Box 8.3). 

Atlantic North
The main EU regions covering this zone are 
Denmark, Northern parts of Germany, Scotland, 
Northern England, Wales and Northern Ireland. 
It is a region where agricultural land use is still 
relatively important (almost 80 %) in terms of land 
use share. Of the agricultural land grassland is most 
the most dominant in this zone and arable land 
also takes around 1/3 of the UAA. In some regions, 
however, such as northern Germany and Denmark, 
arable is more dominant; these regions are also 
where the highest increase in biomass cropping 
can be expected. From crop prioritisation it became 
clear that the range of arable and perennial crops 
suitable for biomass production is not very large for 
this zone. Like in the other most northern bound 
zones, from the arable crops oil seed rape, sugarbeet 
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and potato perform badly from an environmental 
perspective. Thus, increased demand for biomass 
should not lead to an increase in their cropping area. 
However, the area grown with rape has already 
increased tremendously in this zone because of 
the biofuels demand. A better choice from an 
environmental perspective would be hemp, mustard 
seed, linseed and different cereal types, especially 
rye, oats, barley and triticale. Cereals are the best 
option in a compromise between economy (yield) 
and environment. The double cropping practice 
would also be an option in this zone, although yields 
would not be as high as in southern zones such as  
Atlantic Central and Continental. Perennial 
crops would be the best crop option from an 
environmental perspective and the types most 
suited for this zone would be permanent grass, 
miscanthus, switchgrass, reed canary grass and SRC 
willow and poplar.

Environmental risks in this zone are connected 
mostly to intensity of farming on the one hand 
and abandonment in extensive, often high nature 
value, farming areas on the other. The first creates 
problems with soil and water quality through 
eutrophication, pollution with pesticides and 
soil compaction while the latter causes changes 
in landscape and habitats often leading to loss of 
biodiversity. An additional demand for land for 
biomass crop production in this zone could therefore 
increase the pressure on land and could lead to a 
further intensification of land use in the already 
intensive arable production parts. However, it could 
also cause undesirable land use changes in the more 
extensive farmland areas often coinciding with 
HNV farmland. With the introduction of biomass 
crops in this zone measures should be taken to 
prevent further rotation tightening, monotonisation 
of the (arable) land use, higher input use and 
mechanisation. The introduction of innovative 
production systems, such as mulch systems, double 
cropping, multiple cropping and row and strip 
intercropping (see Box 8.3), could be sustainable 
options for biomass production in this zone. They 
could even provide opportunities for extensification 
in the more intensive arable parts. In the more 
remote and mountainous parts of this region, where 
HNV farming is still important, the introduction of 
perennials like SRC willow and poplar could be an 
option, but only if it does not lead to the ploughing 
of semi-natural grasslands or other valuable habitats 
(moors and heathlands). These SRC plantations 
may also be suited to multifunctional applications 
in which they deliver ligno-cellulose material for 
biogas and (in future) second generation bio-ethanol 
production, but at the same time are used for 
waste‑water treatment (see Box 8.3). The harvesting 

of grass from abandoned grazing land could also be 
an interesting biomass option with multifunctional 
purposes (see Box 8.2).

Alpine South
Main EU regions covering this zone include all 
Alpine parts of Austria, France and Italy and 
Slovenia, the higher Pyrenees on the border with 
France and Spain and the Carpathian mountain 
ranges of eastern Europe. Generally, agriculture in 
this zone is strongly constrained by topography 
(steep slopes and altitude) and climate (cold and 
long snow cover above 1000 meters). Only a small 
part of the land is agricultural (40 %) and arable land 
use enjoys a very small part of the UAA (8 %). This 
implies that there is practically no room for biomass 
cropping in this region and if introduced it would 
strongly compete with other agricultural and non-
agricultural land uses.

The choice of arable biomass crops suited for this 
region is quite wide, but the most environmentally 
sustainable arable crop options are hemp, mustard 
seed, clover/alfalfa, linseed, sunflower and cereal 
mixes. Cereals and sunflower and some rape are 
the best options in a compromise between economy 
(yield) and environment. The double cropping 
practice would also be an option in this zone. 
Perennial crops would be the best crop option from 
an environmental perspective and the types most 
suited for this zone would be permanent grass, 
miscanthus, switchgrass, and SRC willow and 
poplar.

Both intensification in the valleys and land 
abandonment in the mountains is a problem in this 
region. Large scale introduction of biomass cropping 
is not an option due to the very limited amount of 
arable land available. Significant bioenergy cropping 
could certainly add to the already high pressure on 
land in this zone. If biomass crops are introduced at 
small scale, this should be accompanied by measures 
that prevent an increase of environmental pressure 
through further intensification or the conversion of 
semi-natural grasslands to arable land, in particular 
on steep slopes. The introduction of innovative 
production systems such as mulch systems, double 
cropping, multiple cropping and row and strip 
intercropping (see Box 8.3) could also be sustainable 
options for biomass production in this zone. The 
harvesting of grass from abandoned grazing 
land could also be an interesting biomass option 
with multifunctional purposes (see Box 8.2), but 
large scale practices cannot be expected given the 
remote character of the region which causes overly 
high transport costs, making such applications 
economically difficult.
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Continental and Pannonian zone
These zones cover large parts of Europe, practically 
all new Member States, the southern most parts 
of Sweden and the Baltic States as well as two 
thirds of Germany. Agricultural land use is clearly 
dominated by arable activities and covers two 
thirds of total land use in the continental zone and 
more than 75 % of land in the Panonnian zone. In 
this zone there is a wide choice of suitable biomass 
crops. The most environmentally sustainable arable 
crops would be hemp, mustard seed, clover-alfalfa, 
linseed, sunflower, sorghum (only in Pannonian) 
and cereal mixes (except wheat). But again, in a 
compromise between economy and environment the 
best options would be sunflower, sorghum, cereal 
mixes and rape. The double cropping practice would 
also be an option in the continental zone, but not 
in the Pannonian where water is relatively scarce 
especially during long hot summers. Perennial 
crops would be the best crop option from an 
environmental perspective and the choice of crops 
is quite extensive, ranging from permanent grass, 
miscanthus, switchgrass, Reed Canary grass and 
SRC willow and poplar.

The opportunities for the widespread introduction 
of biomass cropping are quite good in this zone 
since there is plenty of relatively well suited arable 
land available. However, this is certainly not without 
the increasing risk of environmental problems and 
loss of farmland biodiversity. Agricultural land use 
varies very strongly in intensity. Both intensification 
and land abandonment is a problem in this region, 
especially where natural constraints are strongest 
in relation to topography (steep slopes and higher 
altitudes), soil quality (e.g. shallow, wet, peaty, 
alkaline soils) and/or climate (very arid zones 
e.g. semi-steppes or mountain ranges with long 
cold winters) and where farm structures are still 
dominated by small family holdings HNV farmland 
is dominant.

With the introduction of biomass crops in these 
zones, it will also be important to accompany 
introduce measures that prevent further rotation 
tightening, monotonisation of the (arable) land 
use, higher input use and mechanisation. The 
introduction of innovative production systems 
such as mulch systems, double cropping, multiple 
cropping and row and strip intercropping (see 
Box 8.3) could be sustainable options for biomass 
production in this zone. They could even provide 
opportunities for extensification in the more 
intensive arable parts, e.g. in Germany, Czech 
republic, Poland, Hungary. In the more remote, 
mountainous parts or wetlands of this region, where 
HNV farming is still important, the introduction 

of perennials like SRC willow and poplar and 
perennial biomass grasses could be an option, 
but only if this does not lead to the ploughing of 
semi‑natural grasslands or the draining of wetlands 
or other valuable habitats. Some SRC plantations 
may also be suited for multifunctional applications 
delivering ligno-cellulose material waste-water 
treatment (see Box 8.3). Since land abandonment 
is significant in these zones, opportunities for 
grassland cutting for biomass would certainly be an 
interesting option to investigate (see Box 8.2).

Atlantic Central and Lusitanian
Along with the Continental zone, these zones 
have the greatest potential for taking up Europe's 
biomass cropping needs. The most important 
regions covered by these zones are Ireland, central 
and southern England, the Netherlands, Belgium, 
the largest arable cropping areas of France, northern 
Spain and the northern half of Portugal. Agricultural 
land use is very important and covers around 70 % 
of the land use in both zones with arable land using 
almost 50 % of the UAA in the Atlantic part but 
less than 30 % in the Lusitanian part. The choice of 
most environmental biomass crops are the same as 
in the Continental and Pannonian zones, and this 
also applies to the mix that is the best compromise 
between economy and environment. The double 
cropping practice would also be an option in both 
zones. However, if water resources become scarce 
in the Lusitanian zone due to climate change, this 
could change. Perennial crops would be the best 
crop option from an environmental perspective 
and the best choice of crops would be permanent 
grass, miscanthus, switchgrass, SRC willow and 
poplar. Giant reed and SRC Eucalypthus would be 
possible but not advisable from an environmental 
perspective, as they would cause water abstraction 
problems in particular.

The opportunities for the widespead introduction 
of biomass cropping are good in this zone since 
there is plenty of relatively well suited arable land 
available. However, environmental problems in 
these zones are already large and especially relate 
to high intensity agricultural land use, causing 
problems with soil erosion and compaction, 
eutrophication, pesticide pollution and habitats 
fragmentation. Land abandonment is less of a 
problem, except in parts of the Lusitanian zone. The 
introduction of biomass crops may cause further 
intensification, but will also offer opportunities 
for extensification if accompanied with innovative 
biomass cropping systems, such as mulch systems, 
double cropping, multiple cropping and row and 
strip intercropping (see Box 8.3). Similar to the other 
zones, the introduction of biomass crops needs to 
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be accompanied by measures that prevent further 
rotation tightening, monotonisation of the (arable) 
land use, higher input use and mechanisation. In the 
more remote, mountainous parts of the Lusitanian 
zone, where HNV farming is still important, 
the introduction of perennials like SRC willow 
and poplar (with or without water treatment 
applications) and perennial biomass grasses could 
be an option, but only if this does not lead to loss 
of extensive land use categories and other valuable 
habitats. Opportunities for grassland cutting for 
biomass also need to be investigated in this zone 
(see Box 8.2).

Mediterranean mountains
This zone covers all non-alpine mountain areas 
of the Mediterranean. Natural constraints are 
strong in this zone in relation to topography (i.e. 
steep slopes and higher altitudes) and/or soil quality 
(e.g. shallow, wet and alkaline soils) and/or climate 
(e.g. short growing season in higher mountains but 
generally low precipitation). In spite of this more 
than 50 % of the land is still used for agriculture. 
However, less than 20 % of this UAA is arable. 
Similar to the Alpine zone, this zone is characterised 
by intensification in the areas least constrained 
by natural factors, while abandonment is a large 
problem in the rest of the zone. Consequently, 
there is not sufficient room in this zone for biomass 
cropping. If introduced, it would compete strongly 
with other agricultural and non-agricultural land 
uses.

The choice of arable biomass crops suited to this 
region is limited, but does allow for crops that could 
only be grown efficiently under irrigation in the rest 
of the Mediterranean. The most environmentally 
sustainable arable crop options are Clover-alfalfa, 
hemp, sunflower and cereal mixes. Cereals and 
sunflower are the best option in a compromise 
between economy (yield) and environment. 
Double cropping options are also possible in this 
zone. There are also some novel crops for the 
Mediterranean zones, which up to now have only 
been experimental, but might be a sustainable 
option in the near future, e.g. Jerusalem artichoke, 
Brassica carinata and Cynara cardunculus. The 
attractive characteristics of these crops are that they 
can provide relatively high biomass yields under 
arid circumstances. The perennials with the best 
environmental performance are permanent grass, 
miscanthus, switchgrass and SRC types of willow, 
poplar (in wetter conditions) and black locust and 
Iberian elm (in drier conditions) with or without 
water treatment applications.

Although intensification can cause environmental 
problems land abandonment poses a greater 
problem in this region. Large scale introduction 
of biomass cropping is not an option due to the 
limited amount of arable land available and the 
terrain. The terrain either does not lend itself to 
large scale biomass production and/or would make 
the transport of sufficient amounts of biomass to 
conversion installations financially unfeasible. If 
biomass crops are introduced in small quantities, 
it should be carried out in innovative production 
systems such as mulch systems, double cropping 
and multiple cropping (see Box 8.3 in Section 8.4). 
The harvesting of grass from abandoned grazing 
land could also be an interesting biomass option 
with multifunctional purposes (see Box 8.4 in 
Section 8.4). However, large scale practice cannot be 
expected, given the remote character of the region; 
high transport costs would make such applications 
economically unviable.

Mediterranean north and south
This region covers all central and southern regions 
of Spain, the rest of Italy and Greece, except for 
its mountainous regions. 80 % of the region's land 
is used for agriculture; of which almost 45 % is 
arable in the Mediterranean North and 27 % in the 
Mediterranean South. Environmental problems in 
these zones are extensive and include erosion, water 
abstraction, fire risk and land abandonment. Biomass 
options for this zone should not exacerbate these 
problems, but instead help to contain some of them. 
Therefore, biomass crop production should not lead 
to a further increase in agricultural water use.

The choice of present conventional arable crops for 
an environmentally sustainable biomass production 
is very limited and includes clover-alfalfa, sunflower 
and sorghum. The latter two give the best yields, 
yet add to the existing risk of adding to agricultural 
water demand in the region. Only with novel crops, 
giving relatively high biomass yields under arid 
conditions, can sustainable biomass crop production 
be realized in this zone. These types of crops, 
which could be castor bean, Jerusalem artichoke, 
Brassica carinata, Cynara cardunculus, and prickly 
pear, still need considerable research and field 
testing. A substantial amount of work would be 
needed to incorporate these crops into the present 
farming systems in these zones. The same applies 
to the perennial crops which include Miscanthus, 
Switchgrass and the novel crop cynara cardunculus 
as the most promising from an environmental 
perspective. Giant reed and SRC Eucalypthus would 
be possible but not advisable from an environmental 
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perspective, especially due to water abstraction 
problems. 

In addition to cropped biomass, it would also be 
useful to investigate the use of biomass residues 
from forests and abandoned shrub lands. The 
extraction of biomass in these types of land could be 
a significant help in preventing or reducing forest 
fires, which are a big problem in the Mediterranean. 
On the other hand, by-products have their problems 
especially in relation to quality, security of supply, 
regulations, inelastic markets and energy density 
(per ha) causing specific logistics problems. The 
best way forward for the Mediterranean seems to 

be to develop bioenergy chains using a combination 
of biomass sources (see JRC, 2006). Another niche 
for the Mediterranean might the introduction of 
cropping systems that combine perennial biomass 
crop production with erosion prevention, which is 
a major environmental issue in these zones. In the 
US, Switchgrass was especially developed for this 
purpose. In intensive arable agricultural regions of 
the Mediterranean, where monocultures dominate 
(e.g. cereals, cotton), the introduction of energy 
crops may help to increase crop diversity at regional 
level. Sustainable production system, which could 
be tested in such regions, include row or strip 
cropping and mulch systems.
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Annex XII  �Final results: potentials by 
Member State in MtOE

Table XII-1	 Potential by Member State, high energy prices and high yields

MtOE PJ

Year 2010 Year 2020 Year 2030 Year 2010 Year 2020 Year 2030

Country Total Total Total Total Total Total

AT 0.6 1.4 2.1 25.5 60.1 86.4

BE 0.1 0.1 0.1 4.4 3.8 3.0

DE 5.0 13.7 23.4 211.3 573.8 977.8

DK 0.4 0.1 0.1 15.7 2.5 3.0

ES 7.8 12.9 16.0 324.7 539.6 670.8

FI 1.9 1.8 1.3 78.4 75.4 54.0

FR 2.6 7.8 17.0 106.8 327.9 712.2

GR 0.0 1.7 2.2 0.0 71.4 91.0

IE 0.0 0.1 0.1 0.0 4.8 5.9

IT 4.1 8.9 15.2 170.4 371.9 636.5

NL 0.2 0.5 0.7 6.9 20.3 29.1

PT 0.7 0.8 0.8 30.0 35.3 34.0

SE 0.6 1.1 1.4 24.1 46.8 58.3

UK 3.4 8.8 14.7 141.6 369.8 616.5

EU-15 (EU-14) 27.2 59.8 95.0 1 139 2 503.4 3 978.5

CZ 0.8 1.3 1.6 32.0 54.5 68.8

EE 0.4 1.1 1.3 15.4 45.0 56.3

HU 1.2 2.2 3.1 51.1 92.0 130.5

LT 2.0 5.6 7.9 84.8 233.8 332.1

LV 0.4 1.0 1.5 16.4 42.9 64.6

PL 14.5 24.1 30.4 608.2 1 011.0 1271.4

SI 0.0 0.1 0.2 0.9 2.8 9.2

SK 0.2 0.6 1.2 9.2 24.4 49.4

EU-10 (EU-8) 19.5 36.0 47.3 817.9 1 506.4 1 982.5

EU-25 46.8 95.8 142.4 1 957.8 4 009.8 5 960.9



Estimating the environmentally compatible bioenergy potential from agriculture

Annex XII

134

Table XII-2	 Potential by Member State, low energy prices and high yields in PJ

MtOE PJ

Year 2010 Year 2020 Year 2030 Year 2010 Year 2020 Year 2030

Country Country Total Total Total Total Total

AT 0.6 1.4 2.1 25.5 60.1 86.4

BE 0.1 0.1 0.1 4.4 3.8 3.0

DE 1.8 1.0 1.3 76.4 42.6 56.1

DK 0.4 0.1 0.1 15.7 2.5 3.0

ES 7.8 12.9 16.0 324.7 539.6 670.8

FI 1.9 1.8 1.3 78.4 75.4 54.0

FR 2.7 3.0 1.6 112.9 126.0 65.7

GR 0.0 1.7 2.2 0.0 71.4 91.0

IE 0.0 0.1 0.1 0.0 4.8 5.9

IT 4.1 8.9 15.2 170.4 371.9 636.5

NL 0.2 0.5 0.7 6.9 20.3 29.1

PT 0.7 0.8 0.8 30.0 35.3 34.0

SE 0.6 1.1 1.4 24.1 46.8 58.3

UK 3.4 8.8 14.7 141.6 369.8 616.5

EU-15 (EU-14) 24.2 42.3 57.6 1 011.1 1 770.3 2 410.3

CZ 0.8 1.3 1.6 32.0 54.5 68.8

EE 0.4 1.1 1.3 15.4 45.0 56.3

HU 1.2 2.2 3.1 51.1 92.0 130.5

LT 2.0 5.6 7.9 84.8 233.8 332.1

LV 0.4 1.0 1.5 16.4 42.9 64.6

PL 14.5 24.1 30.4 608.2 1011.0 1271.4

SI 0.0 0.1 0.2 0.9 2.8 9.2

SK 0.2 0.6 1.2 9.2 24.4 49.4

EU-10 (EU-8) 19.5 36.0 47.3 817.9 1 506.4 1 982.5

EU-25 43.7 78.3 104.9 1 829.0 3 276.7 4 392.8
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