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The work described in this report was carried out under 
contract as part of the DTI New and Renewable Energy 

Programme, which is managed by Future Energy 
Solutions.  The views and judgements expressed in this 
report are those of the contractor and do not necessarily 

reflect those of the DTI or Future Energy Solutions 
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� �����)�������)�9 �� ! ��� �� �� ,+������)� �"�! �� � ��� �)���)�� �� �<�&&� �&"���<� �! )�
� ����'��� 2�� �)��� �7������"��! % ���/�>�����% ���� ��7$�� ��% 7 ���� �<� #&��
)�% ���)�#$�/�/���� �� �2�'����<� �! )�� ��� �#�� �� �% ��� &����� �2$+��� ��7��<�� 7�
����� ��7$����")����� ��)�� �! �'��)����� ���� ��""���% � ��$����� ,��� �2��)�<�� �� ��
�����2����� ��
�22�� ��7���% &�% �� &���&��$�2�'�� 7�� <� $����2�)% #)�! �)�! �
�� �2�� 7+��( �)���� ��7$����"�! �'�&�"2�� �����! � ��� � )�#��� �! ������! ���<� �! )�
� ��"��! % ����� ����&�<�2��)�% ������ ��� ��#��2� ))�< �� ��)���� � )���2�! ��� ���
% )��% &��� ��7$�#$�� ��2� &�"����))�)+���� ���� ��� )��� �)�"��3�����6 � 2�� �)�� ��
 � �'�)��� 7�����$��7�� ))�� )�� � �7 �2��)�% ����� ��7$����"����#����� � )���2�! ��� ���
% )��% &��� ��7$�#$�� � � ���#���! �7�)���� +�

� ��9 �$���� �% ��)����)% � �� ���� ��"��� ��?��

• � �� ,� � )��� ������ ��#�)���&�2� ��)��� �� ��<��&! �����7��<�� 7��$��7�� ))@��

• � �� �7 �2��)�% ������ ��� ������ ��7�� ))��)�� ���� �! �� <�#� �9 �)�� ���� � � ���#���
! �7�)���� ��)�� �<���"����))@��

• � �� "��2� �$� ��� )���% �� �)� ��� � �� #��7� )� � ��� �� &$� �� �#�� A�  $! ��7�� � � � ! �
�6 $7�� @��

• � �� <��� ! �7�)�� ��A� ��� �� �� �� 7� � �� � % ����� �)A� �� � � #�� ���% �� �! � ��� � ��
7�� ))&� � ! ������  � � ����% �% ������"�7��<� @��

• �� �#�� �� ������ � )���2�! ����#��7� )�2� $�#��)�B % �)����! ��� ���� ��)��&@��

• � �� "����))� "��)�� �)� � � � �<� �""���% � ��$� ���� �� �2� ! �'��)����� ���� �<�� �% ��
� ��� ��! ����"&� � ��� �<����")+�

��� ))�� )�� � ��� ��7$����"��)�#��� 7��� '�)��7� ��! ��� ����2� � $A��<��C ��&� � ! �� � ! �
�% )���� ��� �"� ����% &� �A�#% ��� �)�"��3������� ��� ��� ��)��� �� ��"���� ��� &�<�� �� �� ��
 ,���� ��6 �+�

�� �)% 22� �$A�� ��"����))� � )�� ��"���� ��� &�������� ��� 7�� �)% )�� �� � #&���$�&�A�� )�
)% 22� ��)�! ��� �� ��)�2"&���&�<�! �� 7�� 2�#�&�<�*�7% ����A�< ����� ��#��7� )�
"&� � ���� �&% ! �)�� �#��&������
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��0 ����( ���	-���.�
��0 ����( ���	-���.�
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2.1. �'����'����'����'��� &&���2&&���2&&���2&&���2����

• ���"��'��� � ���$�7�� ))��� �� �� ,��)�� �"���� ��� &��� ��7$����"�������� '��)��� �
���#��7� )+�

2.2. �"��������#3����'�)�"��������#3����'�)�"��������#3����'�)�"��������#3����'�)����

• ��� � � ��'�� � �2�� �2% 2�$��&! ����1�:�2D
�1+ �
��+$���< �� A�< �� ���� '����! �

����&��������$��� �� ���22����� &�)�� &��<�% &! �7�� ��� ����1( 8 �+ + �
��+$��+�

• ����)�� #&�) �� ����&� ���� ) �"�#��<��� �� ��#��7� )�$��&! �� � ! �� �� � �'�)��� 7�
�$�&�+�

• ��� ��� ���2� � � �� � ��% 7 � )���� 7�� ��� � �� 7�� ))� ��� �)� "�))�#&�� ��� � � ��'�� � �
��� )�� � ��$��&! ����#��7� )�� ��% 7 �% ��� ��$�� �+�

• ���� ))�))�� ��2� ))�#� &� � ���� � ! ��� ��7$�#� &� � �������� ��< �&��"����))+�

• ����)��2� ���� ������ �2��)����� ���22����� &�7�� ))����#��7� )�"&� � �+�
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Trial Number K4 36 Plot No.

Trial Number K3 35 Plot No. N

Trial Number H4 A4 B4 C4

Plot Number 29 30 31 32

Trial Number D4 E4 F4 G4       I2

Plot Number 25 26 27 28 39

Trial Number G3 H3 A3 B3       J1

Plot Number 21 22 23 24 38

Trial Number C3 D3 E3 F3       I1

Plot Number 17 18 19 20 37

Trial Number F2 G2 H2 A2

Plot Number 13 14 15 16

Trial Number B2 C2 D2 E2 NOT TO SCALE

Plot Number 9 10 11 12

Trial Number E1 F1 G1 H1

Plot Number 5 6 7 8

Trial Number A1 B1 C1 D1

Plot Number 1 2 3 4

Trial Number K1 K2

Plot Number 33 34

3. ����� ��� �������� ��� �������� ��� �������� ��� �������

3.1. �#3����'�)��#3����'�)��#3����'�)��#3����'�)�����

� ��)�% �������� ��2� ����� &�% )�! ������ ��� � � ���#���! �7�)���� ��� '�)��7� ��! ��� �
� �)���6 "���2�� �)�<� )��$��7�� ))�7��<� ��� �� �� % 2#�������6 "���2�� �� &�"&��)+�
� ��7�� ))�<�% &! �#���% ��� ��� �� % 2#������! ������� �� ��7 �)�� � ! �� ��! ������� ��
���B % �� ���)+�*����&�)���<�% &! �#��� ""&��! ��� �� �����2����! �7�)�� ��+�� ��
�#3����'�)����� ��<��9 �% ��&�)�� 7�� �)�2� ����� &�<���?�

• ����)�� #&�) �< �� ��% ��"��! % ��)�� ��2�)��)% ��� #&�����! )���9 ������ � � ���#���
! �7�)���� +�

• ���! ����2�� ��< �� � ��7 ��� � ! ����B % �� �$�����% ��"��! % ��)�� �� �7 �)��! �$�
2� �����$��&! +�

• ��� � � ��'�� � � )�&��)% ������� �� � � ! � )% )�� �� � #&�� )$)��2� #$� � ""&$�� 7� � ��
! �7�)�� ����� ���� ��7�� ))�&� $�� )�� �#��������&�)���� � ! �)��&���� ! ����� ��+�

3.2. ��6 "���2�� ���6 "���2�� ���6 "���2�� ���6 "���2�� �� &�-�)�7�� &�-�)�7�� &�-�)�7�� &�-�)�7� ����

� ��&� $�% ������ ��"&��)�<� )�! �)�7� �! �#$������ ��� � �<�� �7% �! � � ������2�� ��
�� )���% ��������� ))&� � ! �� � ! ��� '���� 2�� �� &���)�� �� �E����F+���� �����#���/��/�� � �
� ��� �� ""��6 �2� ��&$�� � ���� ����� �)�C ��<� )�)��! �! �<�� �� ���� ���2�! �� ���
"���� � �� &��$�7�� ))�E� �&�% 2�"���� � �F�'� ����$��#��-� ���� ���� �����G)�( �&&A���% � �
� ��") ���+���� �( � $�/��4�� ���$�)�6 ���2/�"&��)�<�����)�� #&�) �! ��� �� �)�� ��� �
�� � �2�� )% ��� 7���2�6 ��2@��� �/��1�� �������2/�"&��)��� � �2�� )% ��� 7���2�6 �
��2�<����� ! ! �! ����� ������ &)+��� ��
! �'�)��� )�#��<��� �� ��"&��)�2�� )% ��! �
�+52+��*�7% ���/��&&% )��� ��)�� ��&� $�% �����
� ��"&��)+���

��'��� &��6 "���2�� �� &����� �2�� �)�<����
% � ! ���� 9 �� ��� �� ��"&��)A�<�� ��� � �
���� �2�� �� � '�� 7���% ��"&��)��� � ! �2&$�
! �)"��)�! �� 2�� 7)��� ��< �&��� ��� ��� �
��! �������� )% ���� � ��� � $�! ������� ��)�
� ��)�� 7����2�)��&�B % � &��$��� �"� ����% &� ��
<������ 9 �� ��� ���� ���% � �+�� ��'� ��� #&�)�
<����� )���&&�<)?��

• �<�� ��)�! % � &� )<� �! �  ��7 �)�
E5�22�� � ! ����22FA���

• *�% �� 2�<�� 7� ��7�2�)A� �% ���� 7� � ��
�<�A� ��% �A� )�6 � � � ! � ��7 �� <��9 �
�$�&�)A��

• �<�� )��)� ��� "&��)� ! �! ��� ��! � ���
�� � � �% ���� 7� �$�&�� E�6 ��"�� :�
<��9 FA��� � ��� ���% �� � �� � � ! ������� ��
)<� �! � ��7 �A��

• �<�� )��)� ��� "&��)� �% �� �� � � � ��% ��
<��9 ��$�&�A�< �� �! �! � � ��������'��
� � $�! �7�)�� ��A�

• � �������2/�"&��)��% ��� ��5�22A��<��� ""&��! �<�� �! �7�)�� ��A��� ��<�� �% �+��

Figure 2: Layout of the grass plots 
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�� �� �� &&�� � ! �)��&���2"��� �% ���<����� &)��2�� )% ��! �! � �&$+���
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� ������ �2�� �)��! �� �����! �#$��� � ��� ! �'�! % � &�"&���������� ���� ����% �&�� �! ��� �
�� #&���+�

�� #&���� #&���� #&���� #&������?��&������� �2�� �)?��&������� �2�� �)?��&������� �2�� �)?��&������� �2�� �)����

�&���
������� ���

���7 �����
% ��
E22F�

*��B % �� �$����

% ��E<��9 )F�

-�7�)�� ���
�""&��� ���� �

�� ���� 1� 	��

�� ���� 1� � �)�


� 5�� 1� � �)�

-� ���� /� � �)�

�� 5�� /� � �)�

*� ���� :� � �)�

�� ���� �� � �)�

�� 5�� �� � �)�

�� 5�� 1� � �)�

.� 5�� 1� 	��

,� 5�� 1� 	��

�

�&��)��A�.�� � ! �,�<����� ! ! �! ����� ���6 "���2�� ���� �� ��)���� ! �$�� �@�,�"&��)�<����
�� ���! % ��! ������  � � ���� ����� ! �� 7)����� ����"&��)A�� ���� &$�! ������� ���#��� 7�
� � ��,�"&��)�� ����% ��� ��5�22��� � ���� � � ����22+��� �����2/�"&��)�<����� ! ! �! �
������ ���2�� � ��� ��)2� &&�"&��)���� &&$�� ���� �)% ��� #&��)�C ���� �< �� ������&&����
��&�� #&��! � �� +���&��)���� � ! �.������'�! ��! �� ���� &����� �2�� �����
�� � ! �,+��� ��&� �7��
"&��)� � ! �� � ��6 ��� ��2�#��! ���� ��% � ! �� ��"���2������ � ��<� )��% ��"��������
2�<�� 7�� �����2/@�� �)�<� )�! �)�7� �! �����&�2�� � ���� � $��! 7���������� � ��2� $�
 � '�����% ���! A�! �)������ 7�� ��$��&! )+���

3.3. -�)���"���� ����� ��8 ��9-�)���"���� ����� ��8 ��9-�)���"���� ����� ��8 ��9-�)���"���� ����� ��8 ��9 ����

( �<�� 7�

�� � �"&���<� )� � �'�)��! �)�"� �� ��&$�� ��� ��! �)���! � ��7 ��)����� 7�% )�� 7�� �
�� $����2�<���<�� �� ���&&������ �#�6 +��� ��7�� ))�<� )�&�������<�&���� �� ��
���� )��� )�� � ����� � ! �� � �7 �<� ������� ��� ���� �&$��� ��� �� ��)"��� 7�< �� �� ��
7��% � ! �<� )�)��&&�<��A����� ������ � �� '$�! �<@����<� )�� �� ���&&����! �&� ������ �� ��
! � $�% )�� 7�� ��2�<���� � ! ���&&������ �#�6 +���

����� 7��

� ��7�� ))�<� )�"% ���� ���#&� �9 �#�� �&�� ��)A�<��7 �! �� � ! ��� )�&�! +������� )�&��� ��
7�� ))�� )�2% � �� ���� )�"�))�#&��<� )���2�'�! ����2�� ��#� 7�< �� �<� )�� �� �
)�� &�! �#$�)�2"&$��$�� 7�� �)��% ���9 � ����� �� ����"����� ��#� 7+��� ��#� 7�<� )�
&� #�&&�! �<�� �� ��"&����! �� ������ ���� �� % 2#��A�<��7 ��� � ! �! � ������ � �'�)�+���&&�
7�� ))�<� )�� �� �)����! ��� �� �) �! �� ���� �����G)�( �&&������ ��&�� )��:�<��9 )�#������
#��� 7�% )�! �� )��� )�&�! ����! )���9 +���
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�% �+��� �)�<� )�! �� ��% )�� 7�� �<� ����� 7��� � �<�� �� �)"��� �� ��� � �! ����� ���� ! ����
� ��)"�% ��� &&�<�� 7�����2����� ��% �� �����'��� 7�+���� �� �����)��$�� ��! �7�)�� ���<� )�
� ""&��! �� ��� ��� ��������&�����"����2H�� ������� � ��% �+��-�7�)�� ���� ""&��� ���� �<� )�
� &����! ������ ��/��1�)�� )�� +�����<� )�! ���! �! �� � ��� ��� 2�% � �����7�� ))��� 9 �� �����
� ��"&��)�) �% &! �#�����% �� �! �<�� �� �������)"�� ! �� 7�� 2�% � �����! �7�)�� ������
2�2���� �)�&��)% )�� �� �� 7�)$)��2+��� ��� '��� 7��"&���$��&! ����2�/��4�<� )�
�� &�% &� ��! ����#��1�+��9 7�"�����2HA�< �� ��B % � ��)����4/+��&����)����! �7�)�� ���
� �����! �7�)���� +������2"� ��)�� �� ��! �7�)�� ���&�'�&)�� ""&��! �#��<��� �/��4�� � ! �
/��1��)�) �<� ��� ��� #&��/+�

�� #&���� #&���� #&���� #&��////?�-�7�)�� ���&�'�&)�� ""&��! ����� ��"&��)��� �/��4�� � ! �/��1?�-�7�)�� ���&�'�&)�� ""&��! ����� ��"&��)��� �/��4�� � ! �/��1?�-�7�)�� ���&�'�&)�� ""&��! ����� ��"&��)��� �/��4�� � ! �/��1?�-�7�)�� ���&�'�&)�� ""&��! ����� ��"&��)��� �/��4�� � ! �/��1����
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�""&��! �"����&���
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� ��� ""&��� ���� ����� ��! �7�)�� ������� ��"&��)�<� )�)"&������� &&�<������ ""&��� ���� �
� ��% 7 �% ��� ��7��<�� 7�"����! A�� �)�"��'�! �)������ ��� '� �&� #�&��$����� % ����� �)�
< �� �� ��7�� ))��)�7��<�� 7��� )��)��I�� ��"����! �� ������� � ��% �++���� �&����)�<� )�
� ""&��! �����'��$�"&����� �<��9 ���E�6 �&% ! �� 7�"&��)��A�,�� � ! �.F@�� ����2� �� �� 7�//+��
&����)�<� )�)"&����� ���� ��� % 2#�������% �)�� �"&���<�% &! ������'��� ��% 7 �% ��� ��
$�� ���+�+�� ��"&��)��% ���'��$���7 ��<��9 )�<�% &! �#���% ����% ����2�)�! % ��� 7�� ��
7��<�� 7�)�� )�� A�� �������������'�� 7��� &$���% ��! �7�)�� ���� ""&��� ���� )����5+=�
&����)�"���"&��+���


 �2��� &��� � &$)�)�

�<��)��)����� �2��� &�� � � &$)�)�<������� ! % ���! A�� ������� ��� � �� � ! �����+��
� �)����� ! % ���! ��� �� ������� ��� � �&� #��� ���$��� �&% ! �! ?�� ��"����� �� 7�����! �$�
2� �����E-( F�<�� �� �� ��7�� ))�< �� �7�'�)�� ��-( �$��&! ������� � �"&��A�� � ! �� ��
� 2�% � �����-( �#��� 7���! ����� ��! �7�)����<�� �� �� �����! )���9 @�� � ! �� ��
"����� �� 7�������7� � ���! �$�2� �����E�-( F�< �� �7�'�)�� ��B % � � ���$����2� �����
� � �� � )�� ��"���� ��� &����"��! % ���#��7� )+���
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��� ))�"&���)� 2"&�)�<����� &)��)�� ��������������! ��� �&�! �� � � &$)�)��� �&% ! �� 7?�
>-( A�>�-( A�"�A����� &��� �#�� �E
FA����� &�� ����7�� �E	FA�� � ! ��� ���"� �� 2����)�� )�
� ""��"��� ��+��� �)����)�)�<����� &)���� ����! ��% ���� �� ��! �7�)�� ���� � ! �! �7�)����
���! )���9 +��*��2�� �)����)�)����<� )�"�))�#&������)�� #&�) �� ��B % � &��$����� ��
7�� ))�� )�� �! �7�)�������! )���9 �� ���� 7�� � $�� � � 7�)�! % ��� 7�� ���� )�&�� 7�"����))A�
<�� �"� ����% &� ��������� ������� ��
�� � ! �	���� ��� �+�����<� )�� &)��"�))�#&�����&��9 �
�&�)�&$�� ��� ���� "% �)�E! �7�)�� ��F�� � ! ��% �"% �)�E7�� ))F����� ��)��&A�&��9 �� 7��� �
"� ����% &� ��� ��� ��	�#� &� � ��+���

���&�"��

����)��2"���� � ��� � ��)��&)��� �7�� ))�"��! % ����� �2� �� �� �� �� �"�����5+5�:+5+���� �
� &9 � &�� ��)��&��� � �&�2���� ��� '� �&� #�&��$����� % ����� �)A�� � ! �� � �� ��! ���)��&��� � �
"��! % ���� � ��6 ��))������6 ������ )A�E� &% 2�� �% 2�� � ! �2� � 7� � �)�F�< �� �<�&&�#�� �
&�� ! ����� ���! % ����� ��� �� ��"&� � ��"��! % ����� +���

���&�)� 2"&�)�<������ 9 �� ����2�� ��"&��)�� ��� ��#�7�� � �� 7����� ��7��<�� 7�
)�� )�� ��� �/��4A�/��1A�� � ! �/��5+��� �)��<����� � � &$)�! �#$������� � ! �� � � ���"�
� � #��� �����)+���� #&��/�) �<)�� ��2�� � �)��&�"������� ��� ������)�)+���

�� #&���� #&���� #&���� #&��4444?��&���"��'� &% �)?��&���"��'� &% �)?��&���"��'� &% �)?��&���"��'� &% �)����

� �� �� ( �� � ��'��� 7��
"��
��2/��&��)�

( �� � ��'��� 7��"��
���2/��&��)�

/��4� 5+/� 	���
/��1� :+�� 5+4�
/��5� 5+5� 5+��

�� �/��4����<� )�! ���! �! �� � ��� ��)��&�<�% &! �� ���#��&�2�! �#��� % )��� ��"������ ��
! �7�)�� ����� � 7�)�#��<��� �"��=+5�I���E)����� #&���F�� � ! �2� $�� ���������� �)��� ��
"��&�'�&����� ��)��&+���

�)�) �<� ��� ��� #&��4�� ��)��&���)�)��� �/��1��� ! ��� ���� � ��� ��"������ ��)2� &&�
"&��)� � ! ���)�� A�� ��)2� &&�"&��)�<����� ���&�2�! �� ��� �)���2��#� )�! ��� �� ��
� ))% 2"���� �� � ���� ���� 7� �� �� ��! �7�)�� ���<�% &! ��� �)��� ��&�'�&����� ��"�+��� �
��� ��� )�A�� ��"��'� &% �)����� ��&� �7���"&��)�<����� ��� �&�<�&�'�&�)��� �)��"&��)�
<����&�2�! ��� ���! ������#��� 7�� �2�% "����� ���2"� �� #&��"��&�'�&����� ��)2� &&�
"&��)+���

�� �/��5�� ��"������ ��&� �7��"&��)��� ���� )�! �< �&��� ��)2� &&�"&��)�"��! ����� )�! @�
� �)���% &! � � '��#��� �! % ������ ����! % ����� ��� �� ��� 2�% � �����! �7�)�� ���� ""&��! �
���� ��"&��)��� �/��1���2"� ��! ����� � ���� �/��4A�"��'��% )&$��6 "&� �� �! +���� #&��/�
) �<)�� ��! �7�)�� ���� ""&��! ������ � �)������"&��)�����/��4�� � ! �/��1+������)��&�� ��
� � ��� ����<����! �� 2� ������! % ����� )��� �&����)����! �7�)�� ���� ""&��! ����2�/��4�
/��1A�< �� �2� $��6 "&� �� �� ��2�)������� ��� � � 7�)��� �"��&�'�&)+��
 �2��� &�
� � � &$)�)����� ��! �7�)�� ����)�) �<� ��� ��� #&����+��

                                                      

 

 
1 Hopkins, A (2000), Grass It’s Production and Utilization, Blackwell Science, Oxford. 
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3.4. ��)% &�)��)% &�)��)% &�)��)% &�)����

�� �� �� &&A���2"��� �% ���� � ! �� �7 ��

�� �� �� &&A���2"��� �% ���� � ! �&�7 ��� ���� &&���% ��� &���� ��#� 7��7��<� +���� �� �� &&�� � ! �
)��&���2"��� �% ���<����2�� )% ��! �� ���� �����G)�( �&&��� �/��1+��� ��)��&�
��2"��� �% ���<� )�2�� )% ��! �% )�� 7�� �)��&�� ��2�2����+��*�7% ���4�) �<)�� ��
� '��� 7��<��9 &$�)��&���2"��� �% ���� � ! �� ��� '��� 7��! �$�2� �����$��&! � � �'�)��! �
� ��% 7 �% ��� ��7��<�� 7�)�� )�� ����2�( � �� ��������#���/��1+����� ))�<�&&�2� 9 ��
&���&��7��<� �#�&�<�:�
�<�� ��"��2% 2�7��<� �� ��/��
/+��*��2�� ��2�! ! &�����
( � �� ��� <� �! )�� ��)��&���2"��� �% ���<� )�� #�'��:�
�#% ���� �&�! ������� � �/��
����
� #�'�+������)��&�� �����2�� �)�7�� " �� � ��! �$�2� �����$��&! ���)�)�<�� ��� ���� )�)��� �
��2"��� �% ��+���

*�7% ���*�7% ���*�7% ���*�7% ���4444?���� " ����! �$�2� �����$��&! �� � ! �)��&���2"��� �?���� " ����! �$�2� �����$��&! �� � ! �)��&���2"��� �?���� " ����! �$�2� �����$��&! �� � ! �)��&���2"��� �?���� " ����! �$�2� �����$��&! �� � ! �)��&���2"��� �% ��% ��% ��% ������

-% ��� 7�� �� � �'�)��"����! �E( � �� �/��1�I�����#���/��1F�� ������ &��� �� �� &&�� ��
�� �����G)�( �&&�<� )�:�:22+��� ��� '��� 7��� � � % � &��� �� �� &&������ ��") ���4��)�
:5522+$���A�< �� ��� ! ��� ��)�� � ��<� ����<� )�� ���� �&�2���� 7��� ������� �/��1+��

                                                      

 

 
2 Hopkins, A (2000), Grass It’s Production and Utilization, Blackwell Science, Oxford. 
3 Met Office, (2004), 1971-2000 averages, www.met-office.gov.uk/climate/uk/averages/19712000/sites/shawbury.html , Accessed 
22nd March 2004.  
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.% � �� 1�+5�
.% &$� =/+5�
�% 7% )�� �/5+5�
��"��2#�
��

���

����#��� �/:+5�

���� &� :�:�22�

� ����<����� ������ #&��! ������� ��)��� �� ���&�2� ������ ! ����� )����� �����)���<��
$�� �)����� ������ &)+�*�7% ���1?��� 7&� � ! �� � ! �8 � &�)��� �� �� &&A�/��4�� � ! �/��1����
*�7% ���:�) �<)�� ���� 7&� � ! �J�8 � &�)�2�� � ���2"��� �% ��A��� �� �� &&�� � ! �)% � ) �� ��
 �% �)�����/��4�� � ! �/��1@�� �)�� �&"�����&&% )��� ���� ��! ������� ����� �� ���&�2� ����
��� ! ����� )�#��<��� �� ���<��$�� �)+�E� ����7% ��)�% )�! � � '��� &&�<�! �����
��"�7�� " ��A���� )�� &�� � ! �% �#� � �������)�< ������&� ���� ) �")�� �����% � ! ����
�6 �)�+F1���

*�7% ���*�7% ���*�7% ���*�7% ���1111?��� 7&� � ! �� � ! �8 � &�)��� �� �� &&A�/��4�� � ! �/��1?��� 7&� � ! �� � ! �8 � &�)��� �� �� &&A�/��4�� � ! �/��1?��� 7&� � ! �� � ! �8 � &�)��� �� �� &&A�/��4�� � ! �/��1?��� 7&� � ! �� � ! �8 � &�)��� �� �� &&A�/��4�� � ! �/��1����

� ��&� �7�)���'�! �� ������! ������� ���#��<��� �� ���<��$�� �)��)�) �<� ��� �*�7% ���1?�
�� 7&� � ! �� � ! �8 � &�)��� �� �� &&A�/��4�� � ! �/��1�< �� ��� ! ��� ��)� �<�<���� ��
)% 22������/��1�<� )��� ���2"� ��)�� ����� ��)% 22������/��4+��

                                                      

 

 
4 The Met Office, (2004) England & Wales Mean Temperature, Rainfall and Sunshine, http://www.met-
office.gov.uk/climate/uk/seriesstatistics/ewtempt.txt, accessed 22nd February 2005 
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 � '����� ���#% ��! ����� ����! % ����� ��� �7�� ))�$��&! )�����/��1+��� �� �7 ���� ��
��2"��� �% ���� ��B % ��9 ���� ��&�� '�)��6 ��� ! �<�� �� � ��� ���� )���� �� ��� % 2#������
��&&��)�"��! % ��� 7�&�� '�)�� ��� ��� )������ ��5+������)� � �! ����"% ��� ���7% ����� �� ���������
� ��! ������� ��<�� � ������ ! ����� )� � ! ��� ��� � ����� ��$�� �G)�$��&! )@�� ��<�� � ���
�)�3% )���� ���� ������ � ��) �% &! �#����� )�! ���! �� &�� 7)�! ��)��&�"�A�� � ! �� % ����� ��
�� "% �)�� � ! ��% �"% �)+���

�

�

                                                      

 

 
5 Hopkins, A (2000), Grass It’s Production and Utilization, Blackwell Science, Oxford. 
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6 NIAB 2004, 2004/2005 Varieties of Grasses & Herbage Legumes Participants Handbook, NIAB 
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9 ANON (2000).  Fertiliser Recommendation for Agricultural and Horticultural Crops. Ministry of Agriculture Fisheries and Food, 
Reference Book 209. 7th Edition. London: The Stationery Office.  
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Photo 2: 1500 litre digester 

Photo 1: 0.3m3 digester 
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10 Weiland, P,  Rieger, C, and Ehrmann, T,2002, Evaluation of the Newest Biogas Plants in Germany with Respect to Renewable 
Energy Production, Greenhouse Gas Reduction and Nutrient Management, Federal Agricultural Research Centre (FAL), Germany. 
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Photo 3: 1.5m3 digester contents 
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Daily Methane Yield for Ryegrass
Cubic Metres of Methane per Tonne of Organic Dry Matter 

(September '03-November '03)
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Daily Methane Yield for Ryegrass
Cubic Metres of Methane per Tonne of Organic Dry Matter 

(March '04 - July '04) 
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Photo 4: Biogas Plant 
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Photo 5: Reception Tank 
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ON- FARM ANAEROBIC DIGESTER      Case      Case      Case
SIMPLE ECONOMIC ASSESSMENT      A1      A2      A3
Annual Energy Crop Production tonnes per year 6,367 6,367 6,367
Annual Slurry Production tonnes per year 0 0 0
Total Digester Feedstock tonnes per year 6,367 6,367 6,367
Biogas Yield from Energy Crop m3 per day 2,003 2,003 2,003
Biogas Yield from Slurry m3 per day 0 0 0
Total Biogas Yield m3 per day 2,003 2,003 2,003
Energy Value of Biogas kW (fuel) 438 438 438
Potential CHP Electricity Production kW (electrical) 145 145 145
Potential CHP Heat Production kW (heat) 228 228 228
Process Heat kW (heat) 32 32 32
CHP Availability % 95 95 95
Usage Factor for Surplus Heat % 0 0 66
Gross Electricity Production MW.hrs per year 1,203 1,203 1,203
Net Useful Heat Production MW.hrs per year 0 0 1,174
Oil Equivalence of Useful Heat litres per year 0 0 138,165
Value of Electricity £ per MW.hr 75 75 75
Value of Heat £ per MW.hr 20 20 20
Value of Gross Electricity Production £ per year 90,227 90,227 90,227
Value of Net Heat Production £ per year 0 0 23,488
Value of Energy Production £ per year 90,227 90,227 113,715
Area of Land Required for Energy Crops hectares 100 100 100
Cost of Production of Energy Crops £ per year 45,000 45,000 45,000
Cost of Land for Energy Crops £ per year 15,000 15,000 15,000
Percentage of Biofertiliser as Solid % 7 7 7
Production of Solid Biofertiliser tonnes per year 446 446 446
Production of Liquid Biofertiliser tonnes per year 5,921 5,921 5,921
Value of Solid Biofertiliser £ per tonne 0.00 5.00 5.00
Value of Solid Biofertiliser £ per year 0 2,228 2,228
Labour Costs £ per year 8,000 8,000 8,000
Operating & Maintenance Costs £ per year 12,000 12,000 12,000

Summary of Economics - £ per year
Income
Value of Electricity 90,227 90,227 90,227
Value of Heat 0 0 23,488
Value of Solid Biofertiliser 0 2,228 2,228
Total Income 90,227 92,455 115,943
Expenditure
Labour Costs 8,000 8,000 8,000
Maintenance & Operating Costs 12,000 12,000 12,000
Cost of Energy Crops 60,000 60,000 60,000
Total Expenditure 80,000 80,000 80,000
Income less Expenditure 10,227 12,455 35,943
Capital Costs
Capital Cost of Plant £ 500,000 500,000 500,000
Capital Grant % 0 0 0
Net Capital Cost of Plant £ 500,000 500,000 500,000
Interest Rate % 7.0 7.0 7.0
Capital Pay-Back Period years 15 15 15
Average Annual Finance Cost £ per year 50,833 50,833 50,833
Income less Expenditure less Finance -40,607 -38,378 -14,890 �
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ON- FARM ANAEROBIC DIGESTER      Case      Case      Case
SIMPLE ECONOMIC ASSESSMENT      B1      B2      B3
Annual Energy Crop Production tonnes per year 6,367 6,367 6,367
Annual Slurry Production tonnes per year 7,352 7,352 7,352
Total Digester Feedstock tonnes per year 13,719 13,719 13,719
Biogas Yield from Energy Crop m3 per day 2,003 2,003 2,003
Biogas Yield from Slurry m3 per day 274 274 274
Total Biogas Yield m3 per day 2,276 2,276 2,276
Energy Value of Biogas kW (fuel) 545 545 545
Potential CHP Electricity Production kW (electrical) 180 180 180
Potential CHP Heat Production kW (heat) 284 284 284
Process Heat kW (heat) 68 68 68
CHP Availability % 95 95 95
Usage Factor for Surplus Heat % 0 0 66
Gross Electricity Production MW.hrs per year 1,498 1,498 1,498
Net Useful Heat Production MW.hrs per year 0 0 1,298
Oil Equivalence of Useful Heat litres per year 0 0 152,733
Value of Electricity £ per MW.hr 75 75 75
Value of Heat £ per MW.hr 20 20 20
Value of Gross Electricity Production £ per year 112,338 112,338 112,338
Value of Net Heat Production £ per year 0 0 25,965
Value of Energy Production £ per year 112,338 112,338 138,302
Area of Land Required for Energy Crops hectares 100 100 100
Cost of Production of Energy Crops £ per year 45,000 45,000 45,000
Cost of Land for Energy Crops £ per year 15,000 15,000 15,000
Percentage of Biofertiliser as Solid % 5 5 5
Production of Solid Biofertiliser tonnes per year 680 680 680
Production of Liquid Biofertiliser tonnes per year 12,919 12,919 12,919
Value of Solid Biofertiliser £ per tonne 0.00 5.00 5.00
Value of Solid Biofertiliser £ per year 0 3,400 3,400
Labour Costs £ per year 8,000 8,000 8,000
Operating & Maintenance Costs £ per year 12,000 12,000 12,000

Summary of Economics - £ per year
Income
Value of Electricity 112,338 112,338 112,338
Value of Heat 0 0 25,965
Value of Solid Biofertiliser 0 3,400 3,400
Total Income 112,338 115,737 141,702
Expenditure
Labour Costs 8,000 8,000 8,000
Maintenance & Operating Costs 12,000 12,000 12,000
Cost of Energy Crops 60,000 60,000 60,000
Total Expenditure 80,000 80,000 80,000
Income less Expenditure 32,338 35,737 61,702
Capital Costs
Capital Cost of Plant £ 560,000 560,000 560,000
Capital Grant % 0 0 0
Net Capital Cost of Plant £ 560,000 560,000 560,000
Interest Rate % 7.0 7.0 7.0
Capital Pay-Back Period years 15 15 15
Average Annual Finance Cost £ per year 56,933 56,933 56,933
Income less Expenditure less Finance -24,596 -21,196 4,769

����
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12 Leach, G. (1976) Energy and Food Production, Guildford, IPC Science and Technology Press. 
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Ryegrass Energy Balance

operation number of energy labour operation number of energy labour
operations fuel used MJ/ha h/ha operations fuel used MJ/ha h/ha

year 1 year 2+
fuel l/ha number of years 4
plough 1 19.6 843 1.66
secondary cultivation 1 6.42 276 0.62
seed bed 1 3.93 169 0.5 number of
drill 1 3.93 169 0.5 operations
roll 1 1.3 56 0.33 per year

fuel
fertiliser application 1 1.99 86 0.62 forage harvester 4 81.6 3508.8 8
spray 0 0 0 0 transport silage 4 5.2 223.6 1.32
forage harvester 1 20.4 877 2 fertiliser application 4 7.96 342.28 2.48
transport silage 1 1.3 56 0.33

fuel total/year 94.76 4074.68 11.8
fuel total 58.87 2531 6.56 fuel total/ha 379.04 16298.72 47.2

chemicals (kg/ha) chemicals (kg/ha/yr) years
N 0 0 N 0 4 0
P2O5 0 0 P2O5 0 4 0
K2O 0 0 K2O 0 4 0

number of applications number of applications
sprays 0 0 sprays 0 0

chemical total 0 chemical total 0

labour MJ/ha h/ha labour MJ/ha h/ha
total labour energy 12.7 6.56 total labour energy 91.6 47.2

energy input (year1) 2.5 GJ/ha total energy input (years 2-5) 16.4 GJ/ha

Total crop energy input total 18.9 GJ/ha over 5 years

yield
1st year harvest 10.1 tDM/ha

year 2+ harvest yield 12.7 tDM/ha/yr
year 2+ total harvest yield 50.8 tDM/ha

yield total 60.9 t/ DMha

methane energy
ODM (89% of yield DM) 53.592 t/ha

 l CH4/kg ODM 342 18328464 l CH4
18328.464 m3 CH4

36 MJ/m3 659.824704 GJ / ha

Fuel energy output total 659.82 GJ / ha over 5 years
production energy (20%) 131.96

Total energy input (crop + production) 150.90 GJ/ha

balance 508.9 GJ/ha
101.8 GJ/ha/year
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13 Mortimer, Elsayed, and Horne, 2004, Energy and Greenhouse Gas Emissions for Bioethanol Production from Wheat 
Grain and Sugar Beet, Sheffield Hallam University. 
14 Mortimer, Cormack, Elsayed and Horne, 2003, Evaluation of the Comparative Energy, global Warming and Socio-
economic Costs and Benefits of Biodiesel, Sheffield Hallam University. 
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15 Weiland, P,  Rieger, C, and Ehrmann, T,2002, Evaluation of the Newest Biogas Plants in Germany with Respect to Renewable 
Energy Production, Greenhouse Gas Reduction and Nutrient Management, Federal Agricultural Research Centre (FAL), Germany. 
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