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The introduction of biofuel crops in agricultural landscapes will certainly lead to 

important but still poorly  evaluated changes in processes maintaining biodiversity in both 

space and time, which should  be addressed at the field and landscape scales [16-18]. 

Upscaling  from  plot  to  landscape  level  is  also  necessary  to  properly  address  the  other 

categories  of  environmental  impacts,  which  implies  and  upscaling  of  input  data  and/or 

upscaling modelled processes [19].  The 'cascade' of N flows and impacts in the landscapes 

provides a prime example of these challenges [20],  and is a source of indirect emissions of 

N2O (a potent greenhouse gas) for crops outside the cultivation field which came into sharp 

focus for biofuels lately [11]. 
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��������	AB�CDE

-���FA� !��)rivers and performance criteria for bioenergy value chains, from plot to global 

scales. Blue boxes = drivers; orange boxes = performance criteria.
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scales. Blue boxes = drivers; orange boxes = performance criteria.
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7���A � !�� ��E���� � ��� � ��ED�A� � C�A��� � ED � �F���A � �FE��" � �FE� � FA����A� � ��� � �A�����A��

����E�A�����E�����FE��

        
Biomass yields 
(t DM ha-1 yr-1)

CYa Biofuel yields 
(toe ha-1 yr-1)

        
Arable crops: Current mean yields     

EU-27 France Somme
toe 

t-1DM
EU-27 France

Somm
e

Winter wheat 4.2 6.1 7.3 0.22 0.9 1.3 1.6
Maize 5.7 7.4 7.9 0.23 1.3 1.7 1.8
Oilseed rape 2.7 2.9 3.3 0.36 1 1 1.2
Sugar beet 12.3 15.9 16 0.24 2.9 3.7 3.8
Crop residues: Estimated current mean 
yields

    

EU-27 France Somme
toe 

t-1DM
EU-27 France

Somm
e

Winter wheat 4.6 5.8 6.5 0.16 0.7 0.9 1
Maize 5.9 7.2 7.6 0.15 0.9 1.1 1.1
Oilseed rape 4.4 4.6 4.9 0.15 0.6 0.7 0.7
Conventional crops (whole plant): Total of conventional crops + crops residues

EU-27 France Somme EU-27 France
Somm

e
Winter wheat 8.8 11.8 13.8 1.6 2.2 2.6
Maize 11.6 14.7 15.5 2.2 2.8 2.9
Oilseed rape 7.1 7.5 8.2 1.6 1.7 1.9
Dedicated lignocelllulosic crops : Experi-
mental yields

    

France Somme France Somme
Literature

*
Regix* B&E

toe 
t-1DM

Literature* Regix* B&E

Willow SRC 9 (5-11) - -
0.16

1.5 (0.7-
1.8) - -

Poplar SRC 6 (2-10) -
- 0.15

0.9 (0.4-
1.5) -

-

Miscanthus E 29 (14-60) - 27 0.16
4.7 (2.3-

9.7)
- 4.3

Miscanthus L 15 (5-43)
15 (3-
23)

19 0.16
2.4 (0.8-

6.9)
2.4 (0.4-

3.7)
3.1

Switchgrass 
E 12 (1-22)

- 19 0.15 1.8 (0.2-
3.3)

- 2.9

Switchrass L
14 (5-
19)

16 0.15
2.2 (0.7-

3.0)
2.5

Fescue 9 (4-14)
11 (3-
23)

10 0.12
1.1 (0.5-

1.7)
1.3 (0.3-

2.8)
1.2

Alfalfa 11 (1-17) 14 (3- 12 0.09 1.0 (0.1- 1.2 (0.2- 1.0
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!(1,

!(1.

!(10

0*



16) 1.5) 1.4)

Triticale
13 (5-16)

13 (3-
19)

12 0.18
2.3 (0.9-

2.9)
2.3 (0.6-

3.3)
2.2

Fiber 
sorghum 26 (16-43)

14 (5-
23)

13 0.13
3.5 (2.1-

5.7)
1.9 (0.7-

3.1)
1.8

        
#�A�����H������;I

��'2�d��E��AF��E��C�A��

��>������	��������B���	�F���� ���d�A�F�C�	�F�A�� � H�A��A��AF� �E �&E�A��AFI�����$�d� ���A�

	�F�A���H3����FC��E�C�F��I�

��E�����C�A����DEF��E��A���E�����FE���H�F����C�A���I��FA�DFE����FE������A���C�A����HDEF��	A�

�AF�E��*999�*996I�DEF��F�*1�����C�FA��A��A���C�A����HDEF��	A��AF�E��*999�*996I�DEF�-F���A�

�����E��A�H����F��AA��C�A�����FA���������A��DFE��DFA�	�C�A�������!0G�����F��E��A���B��	����

	C�E�	A����ED�*9G��FC�����AF��E��A��I����E�����C�A����DEF��FE��FA����A���FA���������A��DFE��

�F��� � C�A��� � ��� � ��F�BK�F��� � F���E� � DFE� �FAD� � D*6E� � ��E���� � C�A��� � DEF � �A�����A��

lignocelllulosic �FE����FA����A��DFE��

��$��AF���FA����������AF���FA�FA��AB�������E�������E���ED�����������������A��HFAD�!*6�DEF�B���EB:�

FAD��!*6�����!(9�DEF��E���F: �FAD�(!�DEF��������	��:�FAD�!(!�DEF��B���	�F���: �FAD��(,�����!(*�

DEF�DA���A:�FAD�(,�DEF���D��D�:�FAD��(."�(1"�����(.�����!((�DEF��F������A:�FAD��(0"�!(,�����!(.�DEF�

D��AF��EF�	���

� ��A��;� � A;�AF��A���� ��A�BEF� �ED � �	A �-FA��	� FA�A�F�	 ��FE=A�� ��A��; � H!9 ����A� � �E���A� � ���

�EF�	AF�"��A��F��������E��	AF��-F���A"�CA�F��*991�*995:�FAD�*1I

���P���?&�C�A;�AF��A��������A�L��E�����P�����FE��A��M��E���A������	A��E��A��A��F��A��"�

CA�F��*991�*9!9�D*5E

��ED�A��C�A����BAFA�E�����A���C��������C������E�����C�A����C�����������H�E��A���E�����FE��I�

EF����	AEFA������HE�	AF�DAA���E���I��E��AF��E��C�A���H'2"��AA������A�A���FC����AF���I�
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7���A�*��>A���&"��"�@��E��A��F���E������&K'"��K'"�@K'�FA�E�����AF��EA�ED���ED�A���FE���A��

DEF��E��A���E�����FE��"��FE��FA����A�������A�����A������E�A����E�����FE���

�

Nutrient concentration
(g kg-1 DM)

Nutrient removal per toe of biofuel 
produced (kg toe-1)

 N P K N P K
Arable crops

Winter wheat 20.3 ± 2.6 2.7 4.6 ± 0.4 91 12 21
Maize 12.9 ± 1.0 2.9 ± 0.8 5.9 ± 3.4 47 11 22
Oilseed rape 31.8 ± 1.6 6.0 7.8 79 15 19
Sugar beet 7.9 ± 2.0 1.2  7.9  32 5 32
Crop residues

Winter wheat 6.0 ± 0.9 0.7 ± 0.3 13.5 ± 3.0 37 4 83
Maize 6.2 ± 1.2 1.0 ± 0.4 13.9 ± 5.3 42 7 96
Oilseed rape 6.3 ± 1.1 0.8  13.7  42 6 93
Dedicated lignocelllulosic crops

Willow SRC 4.8 ± 0.9 0.8 ± 0.3 2.1 ± 0.7 30 5 13
Poplar SRC 5.2 ± 1.4 0.8 ± 0.4 3.3 ± 0.7 34 5 22
Miscanthus E 5.3 ± 0.5 0.6 ± 0.2 7.3 ± 1.8 33 4 45
Miscanthus L 3.3 ± 0.9 0.4 ± 0.0 5.0 ± 1.2 21 2 31
Switchgrass E 6.9 ± 2.1 1.0 ± 0.1 7.5 ± 1.9 45 7 49
Switchgrass L 4.4 ± 1.4 0.7 ± 0.2 3.2 ± 1.6 29 4 21
Fescue 15.5 ± 3.7 2.4 ± 0.3 19.9 ± 3.4 129 20 165
Alfalfa 27.2 ± 2.5 2.6 ± 0.2 21.4 ± 3.6 311 29 245
Triticale 10.3 ± 1.2 2.0 8.8 ± 1.2 58 11 50
Fiber sorghum 9.2 ± 0.1 1.8  12.3  70 14 93
� � � � � � �

R���A��H�A���t�������F��AFFEFI�DEF����F�A����E��A��F���E���FA�DFE��FAD��."�*1"�*5"�(."�(0"�(1"�
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*9!*"��������F��AFFEF���FA���������A��B	A���	FAA�EF��EFA�FADAFA��A���FA���������A�DEF������A��
DAA���E���
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7���A�(��'�����D�����E��DF��ABEF��DEF���E����������C��E�A����@AC��E��������A�H$FI�	C�E�	A�A���!����DAB������A�����A��ED��	C�E�	A�A�:

*���E��������A�����A��ED��	C�E�	A�A�:�(�������A�����A���FE���	C�E�	A�A��HA�"�DEE��S�DAA��S�����FA���F�����I�

 Group SPATIAL ECONOMICS PLANT LU 

Hypotheses

Stakeholders/ 

farmers 

Behaviour

References

Group 1

« Undriven 

»

Group 1a    3  [99, 100, 162, 163, 164]

Group 1b X   3  [101, 102, 103, 165, 166,  167,  

168]

Group 1c X X    [169]
Group 2

« Driven »

Group 2a  X  1  [170, 171,  172] 

Group 2b X      [173]

Group 2c X X  (except 

one) ? 

 [174, 175,  176, 177]

Group 2d X X X 2  [61, 95, 178, ] 179, 180,  181]

Group 2e X X X   [182, 183] 

Group 

2f

X X X 2 X [105, 106,  184]
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7���A��!��>A�����E������E��E����E��������������A���E��AF��E��C�A������E�A�	��E��ED ��FE��

FA����A� � ��� � �A�����A� � ��EA�AF�C � �FE��� � -EF � �E��A���E��� � �FE��" � �E��AF��E� � C�A��� �BAFA�

E�����A��DFE� �FAD�!5.� �-EF��FE��FA����A�������A�����A����EA�AF�C��FE��"��E��AF��E��C�A����

BAFA���������A��DFE����AF��A����E������E��E����E��ED�A��	�DAA���E�������A;�A��A���FE�A���

ADD���A��C�DEF���E�E�������E��AF��E��ED�����E�A����E�A����E�A�	��E��D*5E��-EF��	A�A�AF�C��E��A���

ED���ED�A��"�BA���A���	A�DE��EB��������A���9�56��EA���!���E��A�A������9�0,��EA���!�A�	��E��D,E�

Biomass composition 

(g kg-1 DM)*
Conversion yield

�
Cellulose

Hemi-

cellulose
Starch

Ethanol 

(kg t-1 DM)
toe t-1 DM

Crop residues

Winter wheat 391 ± 23 286 ± 9 245 0.16
Maize 364 ± 12 248 ± 14 228 0.15
Oilseed rape 398 221 230 0.15
Dedicated  crops

Willow 437 245 253 0.16
Poplar 439 ± 8 199 ± 49 238 0.15
Miscanthus E 446 ± 28 232 ± 10 256 0.16
Miscanthus L 446 ± 28 232 ± 10 256 0.16
Switchgrass E 363 ± 18 276 ± 24 239 0.15
Switchgrass L 363 ± 18 276 ± 24 239 0.15
Fescue 273 ± 26 231 ± 39 175 0.11
Alfalfa 266 ± 26 101 ± 29 143 0.09
Triticale 223 145 290 276 0.18
Fiber 

sorghum

326 ± 19 227 ± 45
255 0.16
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!56� �������F��AFFEF���FA���������A��B	A���	FAA�EF��EFA�FADAFA��A���FA���������A�DEF������A��
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