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/LVW�RI�DEDWHPHQW�VWUDWHJLHV�IRU�1�2��&+��DQG�&2��IRU�YDULRXV�ODQG�XVH�UHODWHG�DFWLYLWLHV�

$FWLYLW\ 3UDFWLFH $EDWHPHQW�VWUDWHJ\

*DV�VSHFLHV��1�2

&URS�SURGXFWLRQ )HUWLOL]HU�PDQDJHPHQW ��6RLO�WHVWLQJ�WR�HYDOXDWH�1�UHTXLUHPHQW
��6SOLW�DSSOLFDWLRQ�RI�IHUWLOL]HU�WR�PDWFK�1�LQSXW�ZLWK�SODQW�UHTXLUHPHQW

$GYDQFHG�IHUWLOL]HU
PDQDJHPHQW

��8VH�RI�FRQWUROOHG�UHOHDVH�IHUWLOL]HUV��QLWULILFDWLRQ�LQKLELWRUV
��)ROLDU�DSSOLFDWLRQ�LQ�FHUWDLQ�FURSV
��0RGLILFDWLRQ�RI�DSSOLFDWLRQ�PRGH��LQMHFWLRQ�RU�GHHS�SODFHPHQW�LQVWHDG�RI
EURDGFDVWLQJ�

0DQXUH�PDQDJHPHQW 0DQXUH�UH�XVH�LQ�FURS�SURGXFWLRQ��E\�FROOHFWLRQ��WUDQVSRUW�DQG�DSSOLFDWLRQ�RI
PDQXUH

&URS�PDQDJHPHQW ��&URS�VHOHFWLRQ�IRU�KLJK�1�HIILFLHQF\
��5HGXFH�FURS�UHVLGXH�EXUQLQJ�ZKHUH�SRVVLEOH�IRU�1�FRQVHUYDWLRQ

6RLO�0DQDJHPHQW ��,PSURYH�VRLO�DHUDWLRQ�E\�UHGXFLQJ�VRLO�FRPSDFWLRQ�DQG�VXUIDFH�VHDOLQJ

/DQG�XVH ��3ULFH�VXSSRUW
��6XEVLGLHV�IRU�VHW�DVLGH�RI�OHVV�SURGXFWLYH�ODQG

/LYHVWRFN
SURGXFWLRQ

)HHGLQJ ��'LHWDU\�PDQLSXODWLRQ�WR�DFKLHYH�ORZ�1�H[FUHWLRQ
��%UHHGLQJ�RI�1�HIILFLHQW�OLYHVWRFN

+XPDQ�ZDVWH
PDQDJHPHQW

6HZDJH�WUHDWPHQW 1�UHPRYDO�IURP�VHZDJH�E\�ZDWHU��WUHDWPHQW

*DV�VSHFLHV��&+�

&URS�SURGXFWLRQ 5LFH�JURZLQJ
-� 0RYH�WR�RWKHU�FXOWLYDUV�ZLWK�ORZHU�&+��HPLVVLRQV

-� :DWHU�PDQDJHPHQW

-� /HVV�RUJDQLF�DPHQGPHQWV��ULFH�VWUDZ�

-� 8VLQJ�GLIIHUHQW�IHUWLOL]HUV��H�J��DPPRQLXP�VXOSKDWH�LQVWHDG�RI�XUHD�

5HVLGXH�EXUQLQJ�DW
ILHOG�VFDOH

5HGXFHG�ILHOG�EXUQLQJ

/LYHVWRFN
SURGXFWLRQ

(QWHULF�IHUPHQWDWLRQ
-� ,QFUHDVHG�OHYHO�RI�IHHG�LQWDNH

-� ,PSURYHG�IHHG�FRQYHUVLRQ�HIILFLHQF\

-� 5HSODFHPHQW�URXJKDJH�ZLWK�FRQFHQWUDWHV

-� )HHG�DGGLWLYHV��OLNH�OLSLGV��WR�HQKDQFH�WKH�PROHFXODU�SHUFHQWDJH�RI
3URSLRQLF�DFLG

-� )HHG�TXDOLW\���FRPSRVLWLRQ��OHVV�ILEHUV�

-� 3URELRWLF�DGGLWLYHV���DGGLQJ�DQWLELRWLFV
(WF�

0DQXUH�PDQDJHPHQW
-� 3UHYHQWLRQ�RI�IHUPHQWDWLRQ�GXULQJ�VWDEOLQJ

-� $HURELF�WUHDWPHQW

-� $QDHURELF�GLJHVWLRQ�WR�ELRJDV

+XPDQ�ZDVWH
KDQGOLQJ

6HZDJH�WUHDWPHQW $HURELF�ZDVWHZDWHU�WUHDWPHQW��XSJUDGLQJ�RI�H[LVWLQJ�RYHUORDGHG�WUHDWPHQW
SODQWV��FROOHFWLRQ�RI�&+�

/DQGILOOLQJ &+���FROOHFWLRQ�DQG�XVH�LQ�HQHUJ\�UHFRYHU\
)ODULQJ

:DVWH�SURFHVVLQJ 5HGXFHG�ODQGILOOLQJ

-� YLD�FRPSRVWLQJ��DHUREH��RI�ZDVWH

-� YLD��SDSHU��UHF\FOLQJ

-� YLD�DQDHUREH�GLJHVWLRQ���IHUPHQWDWLRQ

-� ,QFLQHUDWLRQ�ZLWK�HQHUJ\�UHFRYHU\

-� 'LUHFW�FRPEXVWLRQ

/DUJH�VFDOH
ELRPDVV�EXUQLQJ�

6DYDQQD�JUDVVODQG
EXUQLQJ��GHIRUHVWDWLRQ

5HGXFHG�EXUQLQJ���EXUQLQJ�SUHYHQWLRQ�E\�H�J��H[WHQVLRQ

*DV�VSHFLHV��&2�

)RUHVWU\ )RUHVW�SODQWDWLRQ &DUERQ�SODQWDWLRQ

�����5HGXFWLRQ�RI�ODUJH�VFDOH�ELRPDVV�EXUQLQJ�ZDV�QRW�FRQVLGHUHG�LQ�WKH�SUHVHQW�VWXG\��EHFDXVH�PLWLJDWLRQ�RSWLRQV�ZRXOG�LQYROYH
H[WHUQDO�FRVWV�RQO\�ZKLFK�DUH�ERUQH�E\�JRYHUQPHQWV�



��������	�
���
������ ��(��K��	+�3�

�$$�	��2�� ���
�����������

7� ��
��#	!
�#�
�(	� �!�+	�� ���!
���
!�+	���*�
����
�	+��<���� !! 	�!��)%��#	!
�#�
�(	� �!��� �
��� �
(��,�����*	�������
%	!��#	������*,������ ��
% !���	/�#
�

���7� ��
��#	!
!
��
�
�������������%���	��
�
�	�

�� �		�����	��
�
�	��-	��#�� 
��.�#	!
!6�
	�*��#��#���
���+�	������ 
 >�����	/�#
�	��!��# + #� ���!
���


#	!
!�- ��� 
.6��#	�	� #�����
�#%� #���� +�
 ���-,�.6� �
���!
���
��
�� .$������	�����
�
�-!�#%��!���� 
 	������*	���#	!
!�����
	�����*�
����
�	�
 	�.
�� (��	��	�	�����
�
�-����
���
	�!��# + #���#% ���,�	��*� �� �(�+�# � 
 �!6����
�,���!	���*	���#	!
!.
�� ��
�
��	�9�����	����
��	��%�����
����
���
������9��$������
6���� 
 	��������	���	!
���
�� ��� ���
!
�� ���������	$�����
�
�-!�#%��!���	 ��������(,�	����!
��
���
���
�#	!
!.
�� �	� 
	� �(�#	!
!�+	�����!�� �(��� !! 	���*�
����
��% #%������
	�*�����+	�����*,������
����������

+�����
�� 8���%����#	!
!�-��( ���� �(�����#	�
��#
 �(�#	!
!6� �
���!
���� �(�#	�!
��#
 	������,!��
#�.�

���0	�2�� ��
��	���9
������#	!
!:
�� �	!
!�+	�� �������
�
 	��
%��"���-
	�!
 ����
���������!!������##��
�
 	�.
�� 7�	(����#	!
!�-����#	!
!�+	����
%	� 
 �!��!�����!��
�	+�!��# + #�"��!.
�� �	!
!�+	�����$�
 �(�
%����	(���
�� �	!
!�+	�����#�
 	��
�� � �(� �+	���
 	��-
	�!
 ����
����	����
	������� 
%���!��# + #� !!��.
�� �	!
!�+	���9
��! 	��!��� #��-
	�	���#	�����#$!� ���������!!.
�� �	!
!�+	���	� 
	� �(�#	��� ��#��-
	���
��� ���
%���++�#
�	+�"��!�	���� !! 	�!.
�� �	!
!�+	��#��
 + #�
 	��-#��
 + #�
 	��	+�
%����	��
�	+��<���*�
��.
�� 8���%����#	!
!�-��(���#	!
!6��
#�.
�� ����#
!�	�����$�
��� #�!�-+		�6�����6��
#�.��������$�
�� !
	�
 	�!�



��(��K��	+�3� ��������	�
���
������

�$$�	��2�5 ��%�����	��%��
��������
�

��	���������	
�	���
$��
�	�����	��������������	�����
������&
!(�)'�# #������	
������������	��'1(
��

:'�1; #7�7 #7#7 #7"7
1����	���������
���;�� ��%�����	��%��
�������# �!
$��
�	�����	��������" �'
�

��	���������	
1����	� � # " � # " � # "

� �1���������	������	�������<$�$��=��������	�
Z ������( 	�! 
5L 
��L 
�L 
5L 
��L ��L 
5L 
��L ��L

# �1���������	������	��������	��	������	����%��	�������������
Z ������( 	�! 44L 

�L 4�L 44L 

�L ��L 44L 

�L ��L

" �1���������	������	���������
$�
��	��<������=������
��=
Z ������( 	�! 44L 3�L ��L 44L 3�L ��L 44L 3�L ��L

* �1���������	������	��������	�����������
���	�9����
�	�����	
Z ������( 	�! 44L 
��L ��L 44L 
��L ��L 44L 
��L ��L

, �������	�������	�����

Z ������( 	�! ��L ��L 5�L ��L ��L K�L ��L ��L 3�L

��'��������� 9�"
� ��+�����������	��	���
���	��	�������������������	�


 ������ K�L ��L 5�L K�L ��L K�L K�L ��L 3�L
� ?'� K�L ��L 5�L K�L ��L K�L K�L ��L 3�L
4 ���
�������� #� K�L ��L ��L K�L ��L K�L K�L ��L 5�L
� '	�
%����� #� K�L ��L ��L K�L ��L K�L K�L ��L 5�L
� 0	�
%�����+� #� K�L ��L ��L K�L ��L K�L K�L ��L 5�L
� E�!
�����+� #� K�L ��L ��L K�L ��L K�L K�L ��L 5�L
5 "�!
�����+� #� K�L ��L ��L K�L ��L K�L K�L ��L 5�L
K '	�
%�����+� #� K�L ��L ��L K�L ��L K�L K�L ��L 5�L
3 8"�F�"��	�� K�L ��L 5�L K�L ��L K�L K�L ��L 3�L


� "�!
����"��	�� K�L ��L ��L K�L ��L K�L K�L ��L 5�L


 �	�����?''� K�L ��L ��L K�L ��L K�L K�L ��L 5�L

� � �����"�!
 K�L ��L ��L K�L ��L K�L K�L ��L 5�L

4 '	�
%��! � K�L ��L ��L K�L ��L K�L K�L ��L 5�L

� "�!
��! � K�L ��L ��L K�L ��L K�L K�L ��L 5�L

� '	�
%��!
��! � K�L ��L ��L K�L ��L K�L K�L ��L 5�L

� 8#��� � K�L ��L 5�L K�L ��L K�L K�L ��L 3�L

5 &���� K�L ��L 5�L K�L ��L K�L K�L ��L 3�L

& ��+�����������	��	���
����������
��9���
��
���	

 ������ K�L ��L ��L K�L ��L ��L K�L ��L K�L
� ?'� K�L ��L ��L K�L ��L ��L K�L ��L K�L
4 ���
�������� #� K�L ��L ��L K�L ��L ��L K�L ��L 5�L
� '	�
%����� #� K�L ��L ��L K�L ��L ��L K�L ��L 5�L
� 0	�
%�����+� #� K�L ��L ��L K�L ��L ��L K�L ��L 5�L
� E�!
�����+� #� K�L ��L ��L K�L ��L ��L K�L ��L 5�L
5 "�!
�����+� #� K�L ��L ��L K�L ��L ��L K�L ��L 5�L
K '	�
%�����+� #� K�L ��L ��L K�L ��L ��L K�L ��L 5�L
3 8"�F�"��	�� K�L ��L ��L K�L ��L ��L K�L ��L K�L


� "�!
����"��	�� K�L ��L ��L K�L ��L ��L K�L ��L 5�L


 �	�����?''� K�L ��L ��L K�L ��L ��L K�L ��L 5�L



��������	�
���
������ ��(��K5�	+�3�

:'�1; #7�7 #7#7 #7"7
1����	���������
���;�� ��%�����	��%��
�������# �!
$��
�	�����	��������" �'
�

��	���������	
1����	� � # " � # " � # "


� � �����"�!
 K�L ��L ��L K�L ��L ��L K�L ��L 5�L

4 '	�
%��! � K�L ��L ��L K�L ��L ��L K�L ��L 5�L

� "�!
��! � K�L ��L ��L K�L ��L ��L K�L ��L 5�L

� '	�
%��!
��! � K�L ��L ��L K�L ��L ��L K�L ��L 5�L

� 8#��� � K�L ��L ��L K�L ��L ��L K�L ��L K�L

5 &���� K�L ��L ��L K�L ��L ��L K�L ��L K�L

��'��������� 9�"
0 ��+�����������	��	���
��������������������	������	


 ������ 5�L ��L ��L 5�L ��L ��L 5�L ��L K�L
� ?'� 5�L ��L ��L 5�L ��L ��L 5�L ��L K�L
4 ���
�������� #� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L
� '	�
%����� #� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L
� 0	�
%�����+� #� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L
� E�!
�����+� #� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L
5 "�!
�����+� #� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L
K '	�
%�����+� #� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L
3 8"�F�"��	�� 5�L ��L ��L 5�L ��L ��L 5�L ��L K�L


� "�!
����"��	�� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L


 �	�����?''� 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L

� � �����"�!
 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L

4 '	�
%��! � 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L

� "�!
��! � 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L

� '	�
%��!
��! � 5�L ��L ��L 5�L ��L ��L 5�L ��L 5�L

� 8#��� � 5�L ��L ��L 5�L ��L ��L 5�L ��L K�L

5 &���� 5�L ��L ��L 5�L ��L ��L 5�L ��L K�L

� ��+���2������	��	���$�
���


 ������ K�L 
�L ��L K�L 
�L 4�L K�L ��L ��L
� ?'� K�L 
�L ��L K�L 
�L 4�L K�L ��L ��L
4 ���
�������� #� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L
� '	�
%����� #� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L
� 0	�
%�����+� #� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L
� E�!
�����+� #� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L
5 "�!
�����+� #� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L
K '	�
%�����+� #� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L
3 8"�F�"��	�� K�L 
�L ��L K�L 
�L 4�L K�L ��L ��L


� "�!
����"��	�� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L


 �	�����?''� K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L

� � �����"�!
 K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L

4 '	�
%��! � K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L

� "�!
��! � K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L

� '	�
%��!
��! � K�L 
�L 
�L K�L 
�L 
�L K�L ��L ��L

� 8#��� � K�L 
�L ��L K�L 
�L 4�L K�L ��L ��L

5 &���� K�L 
�L ��L K�L 
�L 4�L K�L ��L ��L

�7 �����������	������	�����%������������$�������
�	�

 ������ K�L 3�L 
�L K�L 3�L ��L K�L 3�L 4�L
� ?'� K�L 3�L 
�L K�L 3�L ��L K�L 3�L 4�L
4 ���
�������� #� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L
� '	�
%����� #� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L
� 0	�
%�����+� #� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L
� E�!
�����+� #� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L
5 "�!
�����+� #� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L



��(��KK�	+�3� ��������	�
���
������

:'�1; #7�7 #7#7 #7"7
1����	���������
���;�� ��%�����	��%��
�������# �!
$��
�	�����	��������" �'
�

��	���������	
1����	� � # " � # " � # "

K '	�
%�����+� #� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L
3 8"�F�"��	�� K�L 3�L 
�L K�L 3�L ��L K�L 3�L 4�L


� "�!
����"��	�� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L


 �	�����?''� K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L

� � �����"�!
 K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L

4 '	�
%��! � K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L

� "�!
��! � K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L

� '	�
%��!
��! � K�L 3�L �L K�L 3�L 
�L K�L 3�L 4�L

� 8#��� � K�L 3�L 
�L K�L 3�L ��L K�L 3�L 4�L

5 &���� K�L 3�L 
�L K�L 3�L ��L K�L 3�L 4�L

���)%�� ���9�!�( ����%����#���*����/�!
��� ��
%��!�����!%��
��	����
���'��������� 9�"



��������	�
���
������ ��(��K3�	+�3�

�$$�	��2�' �5���	����	�����%��!(�)'�# #������	

�� &DQDGD��&$1�

&DQDGD
�� 86$

6DLQW�3LHUUH�DQG�0LTXHORQ
8QLWHG�6WDWHV�RI�$PHULFD
8QLWHG�6WDWHV�0LQRU�2XWO\LQJ�,VODQGV

�� &HQWUDO�$PHULFD��&$0�
$QJXLOOD
$QWLJXD�DQG�%DUEXGD
$UXED
&RPPRQZHDOWK�RI�WKH�%DKDPDV
%DUEDGRV
%HOL]H
%HUPXGD
&D\PDQ�,VODQGV
5HSXEOLF�RI�&RVWD�5LFD
5HSXEOLF�RI�&XED
&RPPRQZHDOWK�RI�'RPLQLFD
'RPLQLFDQ�5HSXEOLF
5HSXEOLF�RI�(O�6DOYDGRU
*UHQDGD
*XDGHORXSH
5HSXEOLF�RI�*XDWHPDOD
5HSXEOLF�RI�+DLWL
5HSXEOLF�RI�+RQGXUDV
-DPDLFD
0DUWLQLTXH
8QLWHG�0H[LFDQ�6WDWHV
0RQWVHUUDW
1HWKHUODQGV�$QWLOOHV
5HSXEOLF�RI�1LFDUDJXD
5HSXEOLF�RI�3DQDPD
3XHUWR�5LFR
6DLQW�.LWWV�DQG�1HYLV
6DLQW�/XFLD
6DLQW�9LQFHQW�DQG�WKH�*UHQDGLQHV
5HSXEOLF�RI�7ULQLGDG�DQG�7REDJR
7XUNV�DQG�&DLFRV�,VODQGV
%ULWLVK�9LUJLQ�,VODQGV
9LUJLQ�,VODQGV�RI�WKH�8QLWHG�6WDWHV

�� 6RXWK�$PHULFD��6$0�
$UJHQWLQH�5HSXEOLF
5HSXEOLF�RI�%ROLYLD
%RXYHW�,VODQG
)HGHUDWLYH�5HSXEOLF�RI�%UD]LO
5HSXEOLF�RI�&KLOH
5HSXEOLF�RI�&RORPELD
5HSXEOLF�RI�(FXDGRU
)DONODQGV�,VODQGV��0DOYLQDV�
)UHQFK�*XLDQD
5HSXEOLF�RI�*X\DQD
5HSXEOLF�RI�3DUDJXD\
5HSXEOLF�RI�3HUX
6RXWK�*HRUJLD�DQG�WKH�6RXWK�6DQGZLFK�,VODQGV
5HSXEOLF�RI�6XULQDPH
(DVWHUQ�5HSXEOLF�RI�8UXJXD\
5HSXEOLF�RI�9HQH]XHOD

�� 1RUWKHUQ�$IULFD��1$)�
3HRSOH
V�'HPRFUDWLF�5HSXEOLF�RI�$OJHULD
$UDE�5HSXEOLF�RI�(J\SW
6RFLDOLVW�3HRSOH
V�/LE\DQ�$UDE�-DPDKLUL\D
.LQJGRP�RI�0RURFFR
5HSXEOLF�RI�7XQLVLD
:HVWHUQ�6DKDUD

�� :HVWHUQ�$IULFD��:$)�
5HSXEOLF�RI�%HQLQ
%XUNLQD�)DVR
5HSXEOLF�RI�&DPHURRQ
5HSXEOLF�RI�&DSH�9HUGH
&HQWUDO�$IULFDQ�5HSXEOLF
5HSXEOLF�RI�&KDG

5HSXEOLF�RI�WKH�&RQJR
7KH�'HPRFUDWLF�5HSXEOLF�RI�WKH�&RQJR
5HSXEOLF�RI�&{WH�G
,YRLUH
5HSXEOLF�RI�(TXDWRULDO�*XLQHD
*DERQHVH�5HSXEOLF
5HSXEOLF�RI�WKH�*DPELD
5HSXEOLF�RI�*KDQD
5HSXEOLF�RI�*XLQHD
5HSXEOLF�RI�*XLQHD�%LVVDX
5HSXEOLF�RI�/LEHULD
5HSXEOLF�RI�0DOL
,VODPLF�5HSXEOLF�RI�0DXULWDQLD
5HSXEOLF�RI�WKH�1LJHU
)HGHUDO�5HSXEOLF�RI�1LJHULD
6DLQW�+HOHQD
'HPRFUDWLF�5HSXEOLF�RI�6DR�7RPH�DQG�3ULQFLSH
5HSXEOLF�RI�6HQHJDO
5HSXEOLF�RI�6LHUUD�/HRQH
7RJROHVH�5HSXEOLF

�� (DVWHUQ�$IULFD��($)�
5HSXEOLF�RI�%XUXQGL
,VODPLF�)HGHUDO�5HSXEOLF�RI�WKH�&RPRURV
5HSXEOLF�RI�'MLERXWL
(ULWUHD
)HGHUDO�'HPRFUDWLF�5HSXEOLF�RI�(WKLRSLD
5HSXEOLF�RI�.HQ\D
5HSXEOLF�RI�0DGDJDVFDU
5HSXEOLF�RI�0DXULWLXV
0D\RWWH
5pXQLRQ
5ZDQGHVH�5HSXEOLF
5HSXEOLF�RI�6H\FKHOOHV
6RPDOL�'HPRFUDWLF�5HSXEOLF
5HSXEOLF�RI�WKH�6XGDQ
5HSXEOLF�RI�8JDQGD

�� 6RXWKHUQ�$IULFD��6$)�
5HSXEOLF�RI�$QJROD
5HSXEOLF�RI�%RWVZDQD
.LQJGRP�RI�/HVRWKR
5HSXEOLF�RI�0DODZL
5HSXEOLF�RI�0R]DPELTXH
5HSXEOLF�RI�1DPLELD
5HSXEOLF�RI�6RXWK�$IULFD
.LQJGRP�RI�6ZD]LODQG
8QLWHG�5HSXEOLF�RI�7DQ]DQLD
5HSXEOLF�RI�=DPELD
5HSXEOLF�RI�=LPEDEZH

�� 2(&'�(XURSH��:(8�
3ULQFLSDOLW\�RI�$QGRUUD
5HSXEOLF�RI�$XVWULD
.LQJGRP�RI�%HOJLXP
.LQJGRP�RI�'HQPDUN
)DURH�,VODQGV
5HSXEOLF�RI�)LQODQG
)UHQFK�5HSXEOLF
)HGHUDO�5HSXEOLF�RI�*HUPDQ\
*LEUDOWDU
+HOOHQLF�5HSXEOLF
+RO\�6HH��9DWLFDQ�&LW\�6WDWH�
5HSXEOLF�RI�,FHODQG
,UHODQG
,WDOLDQ�5HSXEOLF
3ULQFLSDOLW\�RI�/LHFKWHQVWHLQ
*UDQG�'XFK\�RI�/X[HPERXUJ
5HSXEOLF�RI�0DOWD
3ULQFLSDOLW\�RI�0RQDFR
.LQJGRP�RI�WKH�1HWKHUODQGV
.LQJGRP�RI�1RUZD\
3RUWXJXHVH�5HSXEOLF
5HSXEOLF�RI�6DQ�0DULQR
.LQJGRP�RI�6SDLQ



��(��3��	+�3� ��������	�
���
������

2(&'�(XURSH��FRQWLQXHG
6YDOEDUG�DQG�-DQ�0D\HQ
.LQJGRP�RI�6ZHGHQ
6ZLVV�&RQIHGHUDWLRQ
8QLWHG�.LQJGRP

�� (DVWHUQ�(XURSH��((8�
5HSXEOLF�RI�$OEDQLD
5HSXEOLF�RI�%RVQLD�DQG�+HU]HJRYLQD
5HSXEOLF�RI�%XOJDULD
5HSXEOLF�RI�&URDWLD
&]HFK�5HSXEOLF
5HSXEOLF�RI�+XQJDU\
7KH�IRUPHU�<XJRVODY�5HSXEOLF�RI�0DFHGRQLD
5HSXEOLF�RI�3RODQG
5RPDQLD
6ORYDN�5HSXEOLF
5HSXEOLF�RI�6ORYHQLD
)HGHUDO�5HSXEOLF�RI�<XJRVODYLD

�� )RUPHU�8665��)68�
5HSXEOLF�RI�$UPHQLD
$]HUEDLMDQL�5HSXEOLF
5HSXEOLF�RI�%HODUXV
5HSXEOLF�RI�(VWRQLD
*HRUJLD
5HSXEOLF�RI�.D]DNVWDQ
.\UJ\]�5HSXEOLF
5HSXEOLF�RI�/DWYLD
5HSXEOLF�RI�/LWKXDQLD
5HSXEOLF�RI�0ROGRYD
5XVVLDQ�)HGHUDWLRQ
5HSXEOLF�RI�7DMLNLVWDQ
7XUNPHQLVWDQ
8NUDLQH
5HSXEOLF�RI�8]EHNLVWDQ

�� 0LGGOH�(DVW��0($�
6WDWH�RI�%DKUDLQ
5HSXEOLF�RI�&\SUXV
,VODPLF�5HSXEOLF�RI�,UDQ
5HSXEOLF�RI�,UDT
6WDWH�RI�,VUDHO
+DVKHPLWH�.LQJGRP�RI�-RUGDQ
6WDWH�RI�.XZDLW
/HEDQHVH�5HSXEOLF
6XOWDQDWH�RI�2PDQ
6WDWH�RI�4DWDU
.LQJGRP�RI�6DXGL�$UDELD
6\ULDQ�$UDE�5HSXEOLF
5HSXEOLF�RI�7XUNH\
8QLWHG�$UDE�(PLUDWHV
5HSXEOLF�RI�<HPHQ

�� 6RXWK�$VLD��6$6�
,VODPLF�6WDWH�RI�$IJKDQLVWDQ
3HRSOH
V�5HSXEOLF�RI�%DQJODGHVK
.LQJGRP�RI�%KXWDQ
%ULWLVK�,QGLDQ�2FHDQ�7HUULWRU\
5HSXEOLF�RI�,QGLD
5HSXEOLF�RI�0DOGLYHV
.LQJGRP�RI�1HSDO
,VODPLF�5HSXEOLF�RI�3DNLVWDQ

6RXWK�$VLD��FRQWLQXHG
'HPRFUDWLF�6RFLDOLVW�5HSXEOLF�RI�6UL�/DQND

�� (DVW�$VLD��($6�
3HRSOH
V�5HSXEOLF�RI�&KLQD
+RQJ�.RQJ
'HPRFUDWLF�3HRSOH
V�5HSXEOLF�RI�.RUHD
5HSXEOLF�RI�.RUHD
0DFDX
0RQJROLD
7DLZDQ��3URYLQFH�RI�&KLQD

�� 6RXWKHDVW�$VLD��6($�
%UXQHL�'DUXVVDODP
.LQJGRP�RI�&DPERGLD
(DVW�7LPRU
5HSXEOLF�RI�,QGRQHVLD
/DR�3HRSOH
V�'HPRFUDWLF�5HSXEOLF
0DOD\VLD
8QLRQ�RI�0\DQPDU
5HSXEOLF�RI�WKH�3KLOLSSLQHV
5HSXEOLF�RI�6LQJDSRUH
.LQJGRP�RI�7KDLODQG
6RFLDOLVW�5HSXEOLF�RI�9LHW�1DP

�� 2FHDQLD��2&(�
$PHULFDQ�6DPRD
$XVWUDOLD
&KULVWPDV�,VODQG
&RFRV��.HHOLQJ��,VODQGV
&RRN�,VODQGV
5HSXEOLF�RI�)LML
)UHQFK�3RO\QHVLD
)UHQFK�6RXWKHUQ�7HUULWRULHV
*XDP
+HDUG�,VODQG�DQG�0F'RQDOG�,VODQGV
.LULEDWL
5HSXEOLF�RI�WKH�0DUVKDOO�,VODQGV
)HGHUDWHG�6WDWHV�RI�0LFURQHVLD
5HSXEOLF�RI�1DXUX
1HZ�&DOHGRQLD
1HZ�=HDODQG
1LXH
1RUIRON�,VODQG
&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV
5HSXEOLF�RI�3DODX
3DSXD�1HZ�*XLQHD
3LWFDLUQ
,QGHSHQGHQW�6WDWH�RI�:HVWHUQ�6DPRD
6RORPRQ�,VODQGV
7RNHODX
.LQJGRP�RI�7RQJD
7XYDOX
5HSXEOLF�RI�9DQXDWX
:DOOLV�DQG�)XWXQD

�� -DSDQ��-$3�
-DSDQ

�� *UHHQODQG
*UHHQODQG

�� $QWDUFWLFD
$QWDUFWLFD



��������	�
���
������ ��(��3
�	+�3�

(����	����
�


�� &��"((��!�-"��	������	�� !! 	�6�F���(� #��
���.
��� 1��1	!	����-"��	������	�� !! 	�6�F����!���#%.
4�� ��)���� � 	�-"��	������	�� !! 	�6�F����!���#%.
��� 7������

��-"��	������	�� !! 	�6�F����!���#%.
��� 7��D��+���-"��	������	�� !! 	�6�F����!���#%.
��� &����
�!�-�"��)�#%�	�	(,.
5�� )������%� ��-)�'F2�7�.
K�� ����	%� �(���-D"E.
3�� 7���� =� �-�"7".

��� F�����&�(���-"#	+,!.


�� ������������%�!��,��-?'2"7�.

��� ���F��%	
���-?'2"7�.

4�� F��F�,*��-����F.

��� ����	
�-����F.

��� 7���������-�"�������.

��� &�������-�"�������.

5�� ���� ����-�"��)�#%�	�	(,.

K�� ��1������<��������-)08.

3�� �����<���� $!�-"#	+,!.
���� E��1�
!�-�7�.
�
�� 0��1	���� 
�$ !�-0)?�.
���� F��1��(���-?'2"7�.
�4�� CS!#%���-D"E.
���� )��������!�-�7�.
���� C�����
>	!�-0)?�.
���� )����0(�,���-�"7".
�5�� '�������-?'2"7�.
�K�� 7����!!�-�7)'2&��.
�3�� '� 
%�-�"�������.
4��� '	� ��-�7)'2&��.
4
�� 7%��)��$��!�-)�'F2�7�.
4��� "����������������-E�(�� �(���?� ���! 
,���!���#%����
��.
44�� F��������(��	�
���-�"'21?C.
4��� &��E �� ��!2&�#	*!��-��8�.
4��� 7��D�(����-"��'�".
4��� <��7	�

45�� 0�F������"(�	��
4K�� ���C��(���(
43�� &��<	�$!
��
���� ������!
�
�� �����
>
���� ���C�����!
�4�� &���&��8� � ��
���� &��8����C	%� !
���� &��7�
��!
���� 8�&������������
�5�� ���'���




��(��3��	+�3� ��������	�
���
������

�K�� 1��E �� �(�
�3�� ���)�$����*��(
���� <��E�!
%	�$
�
25
 ����"�
���
5�2K� �+��� �(��0�2 
K42K5 ��
%	�!
KK�� F��[
�0��������!��7�*� $�
 �!����0��������!��� *� 	(��+ �
K3�� '����	���� #�
 �
3��� �����������	�
����( !
��
 ������
3
�� � *� 	
%��$�����
3�2
�� �����������	�
��*�%��������

�42
�� ��!������9��������


	Samenvatting
	Summary
	Introduction
	Background
	Purpose of the study
	General aspects of MAC curves
	Characteristics of the agricultural sector
	Outline of this report

	Scenario development for agriculture, land use and greenhouse gas emissions
	Description of relevant IMAGE 2.2 submodels
	Structure of IMAGE 2.2 model
	Agriculture, land use and land cover modelling
	Carbon cycle modelling
	Modelling of carbon sinks

	Calculation of land-use related greenhouse gas emissions
	General
	Land Use Emission Calculations in IMAGE 2.2.

	Scenario assumptions for land use and associated emissions
	GECS baseline scenario results for agriculture, land cover and associated emissions
	Crop production
	Livestock production
	Landfilling and sewage


	Emission abatement and costs in the IMAGE 2.2 framework
	Methodology
	General
	Specific cost-aspects of carbon plantations

	Emission abatement options
	Regional aspects

	MAC curves for abatement of CH4 emissions from landfills
	Abatement options
	General
	Options to reduce landfilling of organic waste
	Options to reduce methane generation from landfills

	Potential emission reduction
	Costs of ERMs
	Cost curves
	Cost curves for 2010
	Cost curves for 2030

	Comparison with other studies

	MAC curves for abatement of CH4 and N2O from wastewater
	Abatement options
	General
	Options to reduce emissions from wastewater

	Potential emission reduction
	Costs of ERMs

	Cost curves
	Comparison with other studies

	Emission abatement by carbon sequestration
	Potential carbon sequestration
	Costs of sequestration
	General
	Land costs
	Other costs

	MAC curves
	Revenues
	Comparison with other studies

	Additional work
	Concluding remarks
	Uncertainty in emission estimates
	Uncertainty in cost estimates and implementation
	The use of MAC curves

	References
	Appendix A. GECS work package 2.b.
	Appendix B. List of abatement strategies for N2O, CH4 and CO2 for various land-use related activities
	Appendix C. Cost categories
	Appendix D. Share in the sector, emission reduction and implementation degree for landfills for 17 IMAGE 2.2 regions for different ERMs 1
	Appendix E. Definition of the IMAGE 2.2 regions
	Mailing list

