


� 217(1 76

*F9:579 �



�-IAA5F M �

� 
�&=GH�C:�566F 9J=5H=CBG �

�
�. F5BG@5H=CB�C:�G9@97H98�K CF8G �

� 
�#BHFC8I7 H=CB 



� 

��57? ;FCIB8�5B8�C6>97H=J9 



� 
���=C;5G�D@5BHG�=B�G7CD9 
�

� 
���B J=FCBA9BH5@�CDDCFHIB=H=9G�5B8�DCGG=6@9�7<5@@9B;9G�C:�6=C;5G 
�

� 
���DDF C57<�5B8�A9 H<C8C@C;M 
�

� 
��. 95A�C :�7CBGI@H5BHG 
�

� 
��� � .�!F CID 
�

�
�. <9�6=C;5G�DFC79GG 
�

�
�. <9�(CF 8=7�6=C;5G�=B8IGHFM 
�

�
 
��=C;5G�5G�D5FH�C:�H<9�F9B9K 56@9�9B9F;M�GCIF79G�=B�H<9�(CF8=7�7CIBHF=9G 
�

�
���=C;5G�=B8IGHFM�=B��9BA5F? 
�

�
���=C;5G�=B8IGHFM�=B� =B@5B8�5B8�Q@5B8 ��

�
 ���=C;5G�=B8IGHFM�=B�H<9� 59FC9�#G@5B8G ��

�
���=C;5G�=B8IGHFM�=B�#79@5B8 ��

�
���=C;5G�=B8IGHFM�=B�(CFK 5M ��

�
 ���=C;5G�=B8IGHFM�=B�-K989B ��

� 
��F=9:�F9;I@5HCFM�CJ9FJ=9K � �

� 

�, 9;I@5HCFM�CJ9FJ=9K�: CF�� 9BA5F? � �

� 
��, 9;I@5HCFM�CJ9FJ=9K�: CF� =B@5B8 ��

� 
��, 9;I@5HCFM�CJ9FJ=9K�: CF� 59FC9�#G@5B8G ��

� 
��, 9;I@5HCFM�CJ9FJ=9K�: CF�#79@5B8 ��

� 
��, 9;I@5HCFM�CJ9FJ=9K�: CF�(CFK 5M ��

� 
��, 9;I@5HCFM�CJ9FJ=9K�: CF�-K 989B ��

� 
��, 9;I@5HCFM�CJ9FJ=9K�: CF�Q@5B8�#G@5B8G �


�
��B J=FCBA9BH5@�=AD57HG�:FCA�6=C	;5G�DFC8I7 H=CB ��

�
 
�*F C79GG�9:f=7=9B7M ��

�
���A=GG=CBG�HC�5=F�=B7@I8=B;�C8CF ��

�
��� CBH5A=B5H=CB�C:�GC=@�5B8�K5H9F ��

�
 ��(C=G9 ��

�
��0 5F=5H=CBG�=B�9BJ=FCBA9BH5@�=AD57HG ��

� 
�� � .�H97<B=EI9G � �

� 

�� � .�: CF�@C75H=CB�C:�6=C;5G�D@5BH � �

� 
��� � .�: CF�A5B5;9A9B H�GMGH9A ��

� 
��� � .�: CF�G9@97H=CB�C:�GI=H56@9�:998GHC7?�:CF�7C	8=;9GH=CB � �

�



� 
��� � .�: CF�F979=DH�C:�: 998GHC7? ��

� 
��� � .�HC�F98I7 9�7<5BB9@98�5=F�9A=GG=CBG ��

� 
��� � .�HC�F98I7 9�8=:: IG9�9A=GG=CBG�=BHC�5=F � �

� 
��� � .�: CF�f@5F=B;�IG98�:CF�G5:9HM�F95GCBG � �

� 
��� � .�: CF�:IFH<9F�DFC79GG=B;�C:�8=;9GH5H9 � �

� 
��� � .�: CF�EI5@=HM�C:�6=C;5G�:CF�9B9F;M�IH=@=N5H=CB �


� 

��� � .�: CF�ACB=HCF=B;��:�DFC79GG ��


� 
��A9F ;=B;�H97<B=EI9G � �

, 9:9F9B79G ��

�DD9B8=L�
 ��

�6CIH�H<=G�DI6@=75H=CB ��

�



�5 ( )$&(

. <9�(CF 8=7�� CIB7=@�C:�'=B=GH9FG�5B8�H<9��� .�!F CID�IB89F�H<9�1 CF?=B;�;FCID�CB

7=F7I@5F�97CBCAM�<5J9�F9EI9GH98�5�(CF8=7�9LD9FH�H95A�: FCA�(#,� -�� �-�5B8

05<5B9B��B J=FCBA9BH�) M��@98�6M�(#,� -�� �-��H C�7CB8I7 H�5�(CF8=7�� � .�DFC>97H�CB

GA5@@9F�6=C;5G�D@5BHG�=B�H<9�(CF8=7�7CIBHF=9G


. <9�D@5BHG�=B7@I898�=B�H<9�DFC>97H�<5J9�5�D9FA=HH98�HF95HA9BH�75D57=HM�@5F;9F�H<5B

���H CBB9G�C:�: 998GHC7?�D9F�85M�5B8�ID�HC�H<9�G=N9�K<9B�H<9�D@5BH�:5@@G�=BHC�H<9�G7CD9

C:�H<9�=B8IGHF=5@�9A=GG=CB�8=F97H=J9��#����� 
� �����/���K<=7<�=B�DF 57H=79�A95BG�ID�HC


���H CBB9G�C:�: 998GHC7?�D9F�85M


. <9�DFCJ=898�=B:CFA5H=CB�75B�69�IH=@=N98�5G�=BGD=F5H=CB�6M�CD9F5HCFG��9BJ=FCBA9BH5@

7CBGI@H5BHG�5B8�7CAD9H9BH�9BJ=FCBA9BH5@�5IH<CF=H=9G�=B�9BJ=FCBA9BH5@�D9FA=H�5B8

GID9FJ=G=CB�C:�H<9�=BGH5@@5H=CBG


. <9�DFC>97H�K5G�GH5FH98�=B�(CJ9A69F��� 
��5B8�f=B=G<98�=B��DF=@����� 


. <9�(CF 8=7�� � .�;F CID�<5G�A9A69F G�:FCA�

d . <9�(CF K 9;=5B��B J=FCBA9BH�� ;9B7 M

d  =BB=G<��BJ=FCBA9BH�#BGH=HIH9

d �B J=FCBA9BH�� ;9B7 M�C:�H<9� 5FC9�#G@5B8G

d �B J=FCBA9BH�� ;9B7 M�C:�#79@5B8

d �B J=FCBA9BH5@�5B8�"95@H<�*FCH97H=CB��;9B7 M�C:�H<9��@5B8�#G@5B8G

d . <9�� 5B=G<��BJ=FCBA9BH5@�*FCH97H=CB��;9B7 M

d -K 98=G<��BJ=FCBA9BH5@�*FCH97H=CB��;9B7 M

. <9�H95A�C :�7CBGI@H5BHG�=B7@I898�GH5: :�: FCA�(#,� -�� �-�=B�� 9BA5F?��(CF K 5M�5B8

-K 989B�5B8�: FCA�0 5<5B9B��B J=FCBA9BH�) M�=B� =B@5B8


. <9�H95A�C :�7CBGI@H5BHG�KCI@8�@=?9�HC�H<5B?�H<9��� .�;F CID�5B8�H<9�6=C;5G�G97HCF�K9

<5J9�699B�=B�7CBH57H�K=H<�:CF�;CC8�7CCD9F5H=CB�5B8�J5@I56@9�=BDIH


�



��� 800$5 <

. <9�(CF 8=7�� CIB7=@�C:�'=B=GH9FG�5B8�H<9��� .�!F CID�IB89F�H<9�1 CF?=B;�;FCID�CB

7=F7I@5F�97CBCAM�<5J9�F9EI9GH98�5�(CF8=7�9LD9FH�H95A�: FCA�(#,� -�� �-�5B8

05<5B9B��B J=FCBA9BH�) M��@98�6M�(#,� -�� �-��H C�7CB8I7 H�5�(CF8=7�� � .�DFC>97H�CB

GA5@@9F�6=C;5G�D@5BHG�=B�H<9�(CF8=7�7CIBHF=9G


��6=C;5G�D@5BH�=G�5�GIGH5=B56@9�GC@IH=CB�HF5BG:CFA=B;�CF;5B=7�F9G=8I9G��A5BIF9�: FCA

:5FA�5B=A5@G�5B8�K5GH9��=BHC�J5@I56@9�DFC8I7 HG��8=;9GH5H9�IH=@=N98�5G�:9FH=@=N9F�5B8

6=C;5G�IH=@=N98�5G�9@97HF=7=HM��<95H�CF�J9<=7@9�:I9@
��8J5BH5;9G�C:�6=C;5G�D@5BHG�=B7@I89

H<5H�@9GG�@957<=B;�C:�BIHF=9BHG�HC�K5H9F�9BJ=FCBA9BH�=G�C6G9FJ98�=B�GCA9�75G9G


�=C;5G�75B�69�GHCF98�69 :CF9�IG98�5B8�H<9F96M�7CAD@9A9BH�f@I7HI5H=B;�9B9F;M

GCIF79G�5G�K=B8�5B8�GC@5F�DCK9F�=B�H<9�9B9F;M�GMGH9A


"C K 9J9F��=:�5�6=C;5G�D@5BH�=G�BCH�K9@@�@C75H98��89G=;B98�5B8�CD9F5H98��=H�75B�<5J9

B9;5H=J9�=AD57HG�CB�9BJ=FCBA9BH�5B8�GIFFCIB8=B;�F9G=89B79


. <9�DFCJ=898�=B:CFA5H=CB�5=AG�HC�<9@D�=B�89G=;B��CD9F5H=CB�5B8�9BJ=FCBA9BH5@�D9FA=H

5B8�GID9FJ=G=CB�C:�6=C;5G�D@5BHG�H<5H�<5J9�DCG=H=J9�9BJ=FCBA9BH5@�9: :97HG�5B8

A=B=AIA�B9;5H=J 9�=AD57HG�CB�9BJ=FCBA9BH�5B8�@C75@�F9G=89B79


. <9�GD97=f=7�C6>97H=J9G�C:�H<9�DFC>97H�5F9�HC�

d � 9G7F=69�H<9�G=N9�5B8�7<5F57H9F=GH=7G�C:�H<9�=B8IGHFM�=B�H<9�(CF8=7�7CIBHF=9G

d � 9G7F=69�H<9�F9;I@5HCFM�:F5A9 K CF?

d � 9G7F=69�H<9�DCH9BH=5@�9BJ=FCBA9BH5@�=AD57H�:FCA�8=::9F9BH�HMD9G�C:�6=C;5G

D@5BHG�5B8�IH=@=N5H=CB�C:�H<9�8=;9GH5H9�5B8�9B9F;M�=B7@I8=B;�9A=GG=CBG�HC�5=F

5B8�C8CF��5B8�9A=GG=CBG�HC�GC=@��;FCIB8K 5H9F�5B8�GIF:579�K 5H9F


d *FCDCG9�5B8�89G7F=69�H97<B=EI9G��K<=7<�75B�69�7CBG=89F98�5G�� � .�� 69GH

5J5=@56@9H97<B=EI9G��IG98�CB�6=C;5G�D@5BHG�=B�H<9�(CF8=7�7CIBHF=9G

d � 9G7F=69�9A9F;=B;�� � .�H97<B=EI9G�69=B;�89J9@CD98�5B8�H<9=F�=AD57H�CB

9BJ=FCBA9BH


. <9�D@5BHG�=B7@I898�=B�H<9�DFC>97H�<5J9�5�D9FA=HH98�HF95HA9BH�75D57=HM�@5F;9F�H<5B

���H CBB9G�D9F�85M�5B8�ID�HC�H<9�G=N9�K<9B�H<9�D@5BH�:5@@G�=BHC�H<9�G7CD9�C:�H<9

=B8IGHF=5@�9A=GG=CB�8=F97H=J9��#����� 
� �����/���K<=7<�=B�DF 57H=79�A95BG�ID�HC�
��

HCBB9G�C:�: 998GHC7?�D9F�85M
�. <9F9:CF9��H<9�:C7IG�C:�H<9�GHI8M�=G�CB�GA5@@9F�G=N9�C:

6=C;5G�D@5BHG�<5B8@=B;�8=::9F9BH�HMD9G�C:�F9G=8I9G�5B8�K5GH9G�:FCA�5;F=7I@HIF9�

AIB=7=D5@=H=9G�5B8�=B8IGHF=9G


. <9�G97HCF�7CJ9FG�J9FM�8=::9F9BH�HMD9G�5B8�G=N9G�C:�=BGH5@@5H=CB�IG=B;�8=::9F9BH�HMD9G

C:�: 998GHC7?G�5B8�DFC8I7=B;�8=::9F9BH�HMD9G�C:�DFC8I7 HG
�.<9�H97<B=75@�5B8�97CBCA=7

:95G=6=@=HM��5G�K9@@�5G�H<9�9BJ=FCBA9BH5@�=AD57HG��C:�H<9G9�D@5BHG�J5F=9G�;F95H@M��69=B;

J9FM�AI7<�7 5G9	89D9B89BH
�#B�588=H=CB��H<9�@C75H=CB�C:�H<9�D@5BH�5B8�@C75@�7CB8=H=CBG

<5J9�=Bf@I9B798�H<9�9BJ=FCBA9BH5@�D9FA=HG


*F9G9BH98�� � .�7 5B8=85H9G�8=G7IGG98�=B�H<9�F9DCFH�5F9�

�



d � � .�
��& C75H=CB�C:�6=C;5G�D@5BH�H5?9B�=BHC�7CBG=89F5H=CB�5@F958M�=B�H<9

D@5BB=B;�GH5;9�C :�H<9�D@5BH�HC�A=H=;5H9�F=G?G��=AD57HG�5B8�BI=G5B79�HC�H<9

9BJ=FCBA9BH�5B8�D9CD@9

d � � .����'5B5;9A9B H�GMGH9A��=B7@I8=B;�GMGH9A5H=7�5B8�DFC57H=J9�5DDFC57<�=B

CD9F5H=CB��A5=BH9B5B79��DF9D5F98B9GG�HC�IB9LD97H98�G=HI5H=CBG

d � � .����- 9@97H=CB�C:�GI=H56@9�:998GHC7?�=B�7C	8=;9GH=CB�C:�8=::9F9BH�HMD9G�C:

F9G=8I9G�5B8�K5GH9G

d � � .����*F C798IF 9G�5B8�DFCJ=G=CBG�=B�F979=DH�C:�: 998GHC7?�H<5H�A=B=A=N9

K 5H9F��5=F�5B8�C8CF�9A=GG=CBG�5B8�F=G?G

d � � .����*F CD9F�<5B8@=B;�C:�7<5BB9@98�5=F�9A=GG=CBG

d � � .����*F CD9F�<5B8@=B;�C:�8=:: IG9�5=F�9A=GG=CBG

d � � .���� @5F=B;�:CF�G5:9HM�F95GCBG��69GH�DF57H=79G

d � � .����* CGG=6=@=H=9G�=B�:IFH<9F�DFC79GG=B;�5B8�EI5@=HM�C:�8=;9GH5H9

d � � .����+I5@=HM�C:�6=C;5G�:CF�9B9F;M�IH=@=N5H=CB

d � � .�
���� � .�: CF�ACB=HCF=B;�C:�DFC79GG

�A9F ;=B;�� � .�H97<B=EI9G�5F9�BCH�M9H�:I@@M�89J9@CD98�CF�=B�IG9�=B�H<9�=B8IGHFM�

5@H<CI;<�H<9M�A5M�69�F9@9J5BH�5G��� .�7 5B8=85H9G�=B�H<9�:IHIF 9
�. <9�@5GH�7<5DH9F

8=G7IGG9G�5F95G�C:�F9G95F7<�5B8�89J9@CDA9BH�=B�H<9�6=C;5G�G97HCF


�



	 ���,6 7�2)�$%%5( 9,$7,216

� � . �9GH�� J5=@56@9�.97<B=EI9G

�"* � CA6=B98�"95H�5B8�* CK 9F

� ) � � 5F6CB��=CL=89

�" � '9 H<5B9

" � - "M8FC;9B�-I@D<=89

(" � �AACB=5
� F99�: CFA�C:�5AACB=IA�B=HFC;9B

(" � � �AACB=IA
�#CB=7�: CFA�C:�5AACB=IA�B=HFC;9B

0 � 0C@5H=@9� 5HHM�� 7=8G

0- 0C@5H=@9�-C@=8G

�




��! 5$16/$7,21�2)�6(/(& 7('�: 25'6

#B�CF89F�HC�GIDDCFH�H<9�(CF8=7�F9589FG�C:�H<=G�F9DCFH�5B8�<9@D�6=C;5G�CD9F5HCFG�

5IH<CF=H=9G�5B8�CH<9FG�K=H<�=BH9F9GH�=B�6=C;5G�9L7<5B;=B;�9 LD9F=9B79G�57FCGG�H<9

(CF8=7�7CIBHF=9G��G9@97H98�K CF8G�89G7F=6=B;�D@5BH�HMD9G��:998GHC7?G�5B8�G9@97H98

K CF8G�:FCA�H<9�<958@=B9G�C:�H<=G�F9DCFH�H<5H�5F9�=ADCFH5BH�:CF�H<9�IB89FGH5B8=B;

5F9�HF5BG@5H98�69@CK 


�1*/,6+ � $1,6+

�<5BB9@98�5=F�9A=GG=CBG , \F : \FH9�@I:H9A=GG=CB9F

� C	8=;9GH=CB - 5AI8F U8B=B;

�=;9GH5H9 � : ;5GG9H�6=CA5GG9

 5FA�6=C;5G�D@5BH ! UF86=C;5G5B@V;

 998GHC7? , UA5H9F=5@9��FUJ5F9

 @5F=B; �f6F VB8=B;�=�:5??9@

$C=BH�6=C;5G�D@5BHG  V@@9G5B@V;

'5BIF 9 ! \8B=B;��;M@@9

- 9K 5;9�G@I8;9 -@5A�:F5�GD=@89J5B8GF9BGB=B;G5B@V;

�1*/,6+ � ,11,6+

�<5BB9@98�5=F�9A=GG=CBG %5B5JC=8IH�=@A5DTTGH[ H

� C	8=;9GH=CB 2<H9=G?TG=HH9@M

�=;9GH5H9 'T8TH MG>TTBB[G

 5FA�6=C;5G�D@5BH '55H=@5@5=HCG

 998GHC7? - M[ H9

 @5F=B; - C=<8IHIG

$C=BH�6=C;5G�D@5BHG 2<H9=G?TG=HH9@M@5=HC?G9H

'5BIF 9 &5BH5

- 9K 5;9�G@I8;9 $TH9J989BDI<8=GH5AC@=9H9

�



�1*/,6+ � $52( 6(

�<5BB9@98�5=F�9A=GG=CBG RH@SH�:FS�@9=Y=B;IA

� C	8=;9GH=CB - 5AF CH=B;���G5AGC8B=B;

�=;9GH5H9 - C8B5Y���FCH5Y�H\Y��@XJH\Y

 5FA�6=C;5G�D@5BH �=C;5GGJ9F?�S�;5FY=���;5GGJ9F?�S�;5FY=

 998GHC7? , SJ\F5��@XJFIBB=Y�H=@:5F

 @5F=B; �F 9BB=B;�5J�5J@CDG;5GG=

$C=BH�6=C;5G�D@5BHG �=C;5GGJ9F?�X�:9@5;

'5BIF 9 . \Y��A M?>5

- 9K 5;9�G@I8;9 -D=@@=J5HBG9J>5

�1*/,6+ �&(/$1',&

�<5BB9@98�5=F�9A=GG=CBG *IB?H@CGIB

� C	8=;9GH=CB - 5AA9@H=B;��6@5B85Y�B=YIF6FCH

�=;9GH5H9 '9@H5

 5FA�6=C;5G�D@5BH &X:;5G;9F Y5FGH[Y�: FS�6^@=

 998GHC7? � ^F5: ZYIF

 @5F=B; �F 9BBG@5�S�5:;5G@C;5

$C=BH�6=C;5G�D@5BHG - 5A9=B=B;5FGH[YJ 5F

'5BIF 9 'M?>5

- 9K 5;9�G@I8;9 -? Z@D

�1*/,6+ �25 : (*,$1

�<5BB9@98�5=F�9A=GG=CBG %5B5@=G9FH9�IHG@=DD�H=@�@I:H

� C	8=;9GH=CB - 5A	B986F MHB=B;��GI6GHF5H6@5B8=B;

�=;9GH5H9 �=CF9GH

 5FA�6=C;5G�D@5BH ! UF8G5B@9;;

 998GHC7? , UA5H9F=5@9��FUGHC: :

 @5F=B;  5?@=B;

$C=BH�6=C;5G�D@5BHG - 5A69<5B8@=B;G5B@9;;

'5BIF 9 "IG8MF;>\8G9@

- 9K 5;9�G@I8;9 � J@\DGG@5A

�



�1*/,6+  : (',6+

�<5BB9@98�5=F�9A=GG=CBG %5B5@=G9F589�@I:HIHG@TDD

� C	8=;9GH=CB - 5AF [ HB=B;

�=;9GH5H9 , [ HF9GH

 5FA�6=C;5G�D@5BH ! UF8G5B@T;;B=B;

 998GHC7? , UJ5F5

 @5F=B;  57?@=B;

$C=BH�6=C;5G�D@5BHG - 5A69<5B8@=B;G5B@T;;B=B;

'5BIF 9 ! [8G9@��GH5@@;[8G9@

- 9K 5;9�G@I8;9 � J@CDDGG@5A


�



� ���1752'8& 7,21

� ���� $&. *5281'�$1'�2%-(& 7,9(

. <9�(CF 8=7�� CIB7=@�C:�'=B=GH9FG�5B8�H<9��� .�!F CID�IB89F�H<9�1 CF?=B;�;FCID�CB

7=F7I@5F�97CBCAM�<5J9�F9EI9GH98�5�(CF8=7�9LD9FH�H95A�: FCA�(#,� -�� �-�5B8

05<5B9B��B J=FCBA9BH�) M��@98�6M�(#,� -�� �-��H C�7CB8I7 H�5�(CF8=7�� � .�DFC>97H�CB

GA5@@9F�6=C;5G�D@5BHG�=B�H<9�(CF8=7�7CIBHF=9G


� � .�=G�5B�566F9J=5H=CB�:CF69GH5J5=@56@9H97<B=EI9G�5B8�=G�HC�69�IB89FGHCC8�5G

9BJ=FCBA9BH5@@M�b69GHc��7CJ9F=B;�6CH<�bH97<BC@C;=9Gc�IG98�5B8�H<9�K5M�D@5BHG�5F9

89G=;B98��6I=@H��A5=BH5=B98�5B8�CD9F5H98
�b� J5=@56@9c�=G�HC�69�IB89FGHCC8�5G

H97<B=EI9G�5B8�H97<BC@C;=9G�89J9@CD98�HC�5�89;F99�K<9F9�H<9M�75B�69�IG98�=B�H<9

G97HCF�CB�97CBCA=75@@M�5B8�H97<B=75@@M�GCIB8�7CB8=H=CBG


. <9�GD97=f=7�C6>97H=J9G�C:�H<9�DFC>97H�5F9�HC�

d � 9G7F=69�H<9�G=N9�5B8�7<5F57H9F=GH=7G�C:�H<9�=B8IGHFM�=B�H<9�(CF8=7�7CIBHF=9G

d � 9G7F=69�H<9�F9;I@5HCFM�:F5A9 K CF?

d �GG9GG�H<9�DCH9BH=5@�9BJ=FCBA9BH5@�=AD57HG�:FCA�HF95HA9BH�C:�8=::9F9BH�HMD9G

C:�6=CA5GG��8FM��K 9H���IH=@=N5H=CB�C:�H<9�8=;9GH5H9�� 9
;
�5G�: 9FH=@=N9F��5B8

IH=@=N5H=CB�C:�H<9�DFC8I7 98�6=C;5G��9
;
�: CF�9@97HF=7=HM��<95H�CF�:I9@�

d � 9G7F=69��� .�GC@IH=CBG�F9;5F 8=B;�=89BH=f=98�?9M�9BJ=FCBA9BH5@�=AD57HG�5H

6=C;5G�D@5BHG

d �=: : IG9�5B8�7<5BB9@98�5=F�9A=GG=CBG��=B7@I8=B;�;F99B<CIG9�;5G�9A=GG=CBG

5B8�C8CF

d �A=GG=CBG�HC�K5H9F

d *FC79GG�9:f=7=9B7M

d ,=G?�C:�7CBH5A=B5H=CB�C:�GC=@��;FCIB8K 5H9F�5B8�GIF:579�K 5H9F

d +I5@=HM�C:�9B8�DFC8I7 HG��8=;9GH5H9�5B8�6=C;5G

d *FCDCG9�5B8�89G7F=69�H97<B=EI9G��K<=7<�75B�69�7CBG=89F98�5G�� � .�IG98�CB

6=C;5G�D@5BHG�=B�H<9�(CF8=7�7CIBHF=9G

d � 9G7F=69�9A9F;=B;�� � .�H97<B=EI9G�69=B;�89J9@CD98


. <9�DFCJ=898�=B:CFA5H=CB�75B�69�IH=@=N98�6 M�CD9F5HCFG��9BJ=FCBA9BH5@�7CBGI@H5BHG

5B8�7CAD9H9BH�9BJ=FCBA9BH5@�5IH<CF=H=9G�=B�89G=;B�5B8�9BJ=FCBA9BH5@�D9FA=H

GID9FJ=G=CB�C:�H<9�=BGH5@@5H=CBG


 C7IG�C:�H<9�DFC>97H�=G�CB�9BJ=FCBA9BH5@�=GGI9G
�"95@H<�5B8�G5:9HM�=GGI9G�F9@5H98�HC

6=C;5G�DFC79GG�=B7@I8=B;�G5:9HM�C:�;5G�9EI=DA9B H�5B8�<5B8@=B;�5B8�GHCF5;9�C :

<5N5F8CIG�7<9A=75@G�<5J9�BCH�699B�8=G7IGG98�=B�H<=G�F9DCFH








� �	 �,2*$6�3/$1 76�,1�6&23(

. <9�6=C;5G�D@5BHG�=B7@I898�=B�H<9�DFC>97H�<5J9�5�D9FA=HH98�HF95HA9BH�75D57=HM�@5F;9F

H<5B����H CBB9G�D9F�85M�5B8�ID�HC�H<9�G=N9�K<9B�H<9�D@5BH�:5@@G�=BHC�H<9�G7CD9�C:�H<9

=B8IGHF=5@�9A=GG=CB�8=F97H=J9��#����� 
� �����/���K<=7<�=B�DF 57H=79�A95BG�ID�HC�
��

HCBB9G�C:�: 998GHC7?�D9F�85M


�=C;5G�D@5BHG�HF95H=B;�6=C89;F5856@9�F9G=8I9G�5B8�K5GH9G��@=J9GHC7?�A5BIF 9�5B8

G@I8;9G�:FCA�5;F=7I@HIF9��AIB=7=D5@=H=9G�5B8�=B8IGHF=9G�5F9�=B7@I898
�&5B8f=@@�;5G

D@5BHG�5F9�BCH�=B7@I898�=B�H<9�G7CD9�C:�H<9�KCF?
�"C K 9J9F��GCA9�C:�H<9�6=C;5G�D@5BHG

=B�H<9�G7CD9�C:�K CF?�5@GC�IH=@=N9�@5B8f=@@�;5G�5G�CB9�6=C;5G�GHF95A


� �
��1 9,5210(1 7$/�23325781,7,( 6�$1'�32 66,%/(�&+$//(1*(6�2 )
%,2*$6

�=C;5G�=G�F9B9K 56@9�9B9F;M�5B8�=G�7CBG=89F98�5�;F 99B�GC@IH=CB�HF5BG:CFA=B;�CF;5B=7

F9G=8I9G�5B8�K5GH9�=BHC�J5@I56@9�DFC8I7 HG�5G�9@97HF=7=HM��<95H�CF�:I9@�5B8�CF;5B=7

:9FH=@=N9F
��=C;5G�75B�D@5M�5B�=ADCFH5BH�FC@9�=B�5;FC97C@C;=75@�GMA6=CG=G�=B�;5H<9F=B;

CF;5B=7�A5H9F=5@G�5B8�8=GHF=6IH=B;�:9FH=@=N9FG�5B8�9B9F;M


"C K 9J9F��=:�5�6=C;5G�D@5BH�=G�BCH�K9@@�@C75H98��89G=;B98�5B8�CD9F5H98��=H�75B�<5J9

B9;5H=J9�=AD57HG�CB�9BJ=FCBA9BH�5B8�GIFFCIB8=B;�F9G=89B79


. <9�C6>97H=J9�C:�H<9�DFC>97H�=G�HC�<9@D�5JC=8=B;�H<9G9�9BJ=FCBA9BH5@�DFC6@9AG�5B8

5@GC�<9@D�=ADFCJ=B;�97CBCAM�6M�5JC=8=B;�DFC6@9AG


. <9�6=C;5G�D@5BHG�7CJ9F98�C:�H<9�DFC>97H�5F9�J9FM�8=J9FG9��IG=B;�A5B M�HMD9G�C:

:998GHC7?G��;=J=B;�A5BM�HMD9G�C:�CIHDIHG�5B8�IG9G�C:�;5G
�. <=G�A95BG�H<5H

F9EI=F9A9B HG�GI=H56@9�:CF�CB9�D@5BH�=G�BCH�B979GG5F=@M�GI=H56@9�:CF�CH<9FG
���7 5G9�6M

75G9�5DDFC57<�=G�H<9F9:CF�C: H9B�B99898


� ����335 2$&+�$1'�0( 7+2'2/2*<

#B:CFA5H=CB�CB�6=C;5G�D@5BHG��IG98�H97<B=EI9G��5B8�9A=GG=CBG�K9F9�7C@@97H98�(CF 8=7	

K=89�:FCA�8C7IA9B HG�5B8�7CBH57HG��GIDD@9A9BH98�6 M�J=G=HG�HC�D@5BHG
�*@5BHG�C:

8=::9F9BH�HMD9G�5B8�G=N9G��IG=B;�8=::9F9BH�HMD9G�C:�: 998GHC7?G�5B8�<5J=B;�8=::9F9BH

K 5MG�HC�IH=@=N9�DFC8I7 HG�K9F9�7CBH57H98�5B8�J=G=H98�HC�9GH56@=G<�H<9�6FC589GH

DCGG=6@9�DFC>97H�7CJ9F5;9 
�(CF 8=7�=B8IGHF=5@�5GGC7=5H=CBG�K9F9�5@GC�7CBH57H98


#B�=89BH=:M=B;�H<9��� .�7 5B8=85H9G��5�@CB;@=GH�C:�H<9A�K5G�f=FGH�89J9@CD98
�.<9

G<CFH@=GH�C:�� � .�7 5B8=85H9G�K5G�H<9B�DF=CF=H=N98�: FCA�H<9�@CB;@=GH�577CF8=B;�HC�H<9

:C@@CK=B;�DF=CF=H=9G�

d � � .�588F 9GG=B;�H<9�=89BH=f=98�A5=B�9BJ=FCBA9BH5@�=B8=75HCFG

d � � .�5GG9GG98�HC�G=;B=f=75BH@M�F98I7 9�9A=GG=CB�5B8�=AD57HG

d � � .�K<=7<�5F9�97CBCA=75@@M�5B8�H97<B=75@@M�J=56@9�7CBG=89F=B;�7CGH�5B8

58J 5BH5;9G

d � � .�DF=A5F=@M�89J9@CD98�CF�CF=;=B5H=B;�=B�H<9�(CF8=7�7CIBHF=9G


�



� ���! ($0�2 )�&2168/7$176

. <9�: C@@CK=B;�7CBGI@H5BHG�:FCA�� 9BA5F?�� =B@5B8��-K989B�5B8�(CF K 5M�<5J9

7CBHF=6IH98�HC�H<9�F9DCFH�CF�HC�H<9�H97<B=75@�657?;FCIB8�

� CF9�H95A�

d �=F;=HH9�"C@A��<F=GH9BG9B��(#,� -�� �-��*F C>97H�'5B5;9F �

d �BB9�- 9H<�'58G9B��(#,� -�� �-

d �G5�- 5@A=B9B��05<5B9B��B J=FCBA9BH�) M

-IDDCF H�H95A�

d $C<B�- H9FB697?��(#,� -�� �-

d &=BBW5�.<IB69F;��(#,� -�� �-

d * U@��B8FW�35NN9F5�$C<5BG9B��(#,�-�� �-

d )@9�'\@@9F�$9BG9B��(#,�-�� �-

d &CHH9�1 99G;55F8��(#,� -�� �-

d ,==??5�%5BHCG55F=��05<5B9B��B J=FCBA9BH�) M

� �
�� � !��5 283

. <9�� � .�DFC>97H�<5G�699B�:C@@CK 98�5B8�7CAA9B H98�6 M�H<9�(CF8=7�� � .�!F CID
�. <9

A9A69F G�C:�H<9�� � .�!F CID�5F9�

d �BB9�%5H<F=B9��FB9G9B��.<9�(CF K 9;=5B��B J=FCBA9BH�� ;9B7 M

d %5>� CFG=IG�� =BB=G<��BJ=FCBA9BH�#BGH=HIH9

d &9B5�3=G?5GCB�5B8�#B;J5F8� >5@@GH9=B���BJ=FCBA9BH�� ;9B7 M�C:�H<9� 5FC9�#G@5B8G

d �=B5F�"5@@8CFGGCB���BJ=FCBA9BH�� ;9B7 M�C:�#79@5B8

d '=? 59@�-H>TFB:9@H���B J=FCBA9BH5@�5B8�"95@H<�*FCH97H=CB��;9B7 M�C:�H<9��@5B8

#G@5B8G

d '9 HH9�&IA6 M9�- \F9BG9B��� 5B=G<��BJ=FCBA9BH5@�*FCH97H=CB��;9B7 M

d �@=B�-=9IF=B��-K98=G<��BJ=FCBA9BH5@�*FCH97H=CB��;9B7 M


�



���!+(�%,2*$6�35 2&( 66

. <=G�7<5DH9F�;=J9G�5�6F=9:�=BHFC8I7 H=CB�HC�H<9�6=C;5G�DFC79GG
� CF�ACF9�H<CFCI;<

=BHFC8I7 H=CB��H<9�F9589F�A5M�B998�HC�7CBGI@H�98I75H=CB5@�6CC?G�CF�CH<9F�A5H9F=5@


. <9�=BHFC8I7 H=CB�=BH9B8G�HC�;=J9�5�65G=G�:CF�H<9�8=5@C;I9�69HK99B�5IH<CF=H=9G�

CD9F5HCFG�5B8�CH<9F�=BH9F9GH98�D5FH=9G


#B�5�6=C;5G�DFC79GG��CF;5B=7�A5HH9F�=G�6=C@C;=75@@M�7CBJ9FH98�=BHC�6=C;5G�5B8

8=;9GH5H9�IB89F�56G9B79�C:�CLM;9B
��=C;5G�7 5B�69�DFC8I7 98�: FCA�5@ACGH�5BM�CF;5B=7

A5H9F=5@��:CF�9L5AD@9�:FCA�6=CA5GG�5B8�K5GH9G�5B8�G@I8;9�:FCA�<CIG9<C@8G�

5;F=7I@HIF9�5B8�=B8IGHFM
��=C;5G�7CBH5=BG�A9H<5B9��75F6CB�8=CL=89�5B8�GA5@@9F

5ACIB HG�C:�CH<9F�;5G9G�5B8�=H�75B�69�IG98�: CF�9B9F;M�DIFDCG9G
�.<9�BIHF=9BH	F=7<

8=;9GH5H9�=G�H<9�89;5GG98�CF;5B=7�A5H9F=5@�5B8�75B�69�IG98�=B�@5B8�5DD@=75H=CBG�CF

:9FH=@=N9F�DFC8I7 H=CB
�-=B79�H<9�DFC79GG�C77IFG�IB89F�56G9B79�C:�CLM;9B�=H�=G�5@GC

F9:9FF98�HC�5G�5B59FC6=7�8=;9GH=CB
�.<9�DFC79GG�<5G�699B�?BCKB�: CF�ACF9�H<5B�����

M95FG�5G�5�K5M�HC�DFC8I7 9�9B9F;M
�#H�=G�5�B5HIF5@�DFC79GG��K<=7<�C77IFG�5@GC�=B�H<9

B5HIF9


� H�5�6=C;5G�D@5BH��H<9:998GHC7?A5H9F=5@�=G�C: H9B DF9HF95H98 DF=CF�HC�H<9�5B59FC6=7

8=;9GH=CB
� CF�CB@M�A5BIF9�HF95H=B;�D@5BHG�H<=G�=G�BCH�5@K5MG�H<9�75G9
�. <9

DF9HF95HA9BH�75B�=B7@I89�A=L=B;�C:�8=::9F9BH�HMD9G�C:�A5H 9F=5@G��7C	8=;9GH=CB��

<CAC;9B=N5H=CB��<M;=9B=N5H=CB�5B8�A=L=B;�CF�8=@IH=CB�HC�H<9�89G=F98�8FM�A5HH9F

7CBH9BH�C:�: 998GHC7?
��@H<CI;<�5@GC�H<9�6=C;5G�DFC79GG�=HG9@:�89GHFCMG�D5H<C;9BG�

89D9B8=B;�CB�H<9�:998GHC7?��9
;
�G@5I;<H9F<CIG9�K5GH9��< M;=9B=N5H=CB�CF

D5GH9IF=N5H=CB�69:CF9�CF�5:H9F�5B59FC6=7�8=;9GH=CB�A5M�69�F9EI=F98


� : H9F�5�DF9HF95HA9BH��H<9�=BDIH�A5H9F=5@�=G8=;9GH986M�A=7FCCF;5B=GAG�IB89F

5B59FC6=7�7CB8=H=CBG
�*FCH9=BG��<M8FC75F6CBG�5B8�@=D=8G�89;F589�=B�H<9�DFC79GG�=BHC

JC@5H=@9�:5HHM�57=8G�5B8�:IFH<9F�HC�A9 H<5B9���" � ����` � �����7 5F6CB�8=CL=89��� ) � �

��`�����5B8�C H<9F�;5G9G��<M8FC;9B��" � ���< M8FC;9B�GI@D<=89��"� -���5AACB=IA

7CADCIB8G��(" L ��9 H7
��=B�7CCD9F5H=CB�C:�8=::9F9BH�HMD9G�C:�5B59FC6=7�A=7FC	

CF;5B=GAG
��=C;5G�M=9@8�:FCA�8=::9F9BH�HMD9G�C:�K 5GH9G�J5F=9G�5�@CH
�'9 H<5B9�M=9@8

: FCA�A5BIF 9�75B�69�� ` ���A � �" � � H�K9H�K9=;<H��
��` ����A � �" � � H�0-��K<9B�H<9

M=9@8�:FCA�6=C	K 5GH9�75B�69�
��` 
���A � �" � � H�K9H�K9=;<H�����` ����A � �" � � H�0-�


. <9 8=;9GH5H9 7CBH5=BG�H<9�G5A9�BIHF=9BHG�5G�H<9�:998
�* 5FH�C:�H<9�B=HFC;9B�K=@@�69

A=B9F5@=N98��HF5BG:CFA98�=BHC�5AACB=IA��(" �
� �
�. <9�8=;9GH5H9�=G�BIHF=9BH	F=7<

6=CA5GG��K<=7<�G<5@@�69�GHCF98�5B8�GDF958�DFCD9F@M�5G�89G7F=698�=B�@5H9F�7<5DH9FG


� : H9F�H<9�6=C;5G�DFC79GG��H<9�JC@IA9�C:�H<9�8=;9GH5H9�=G�FCI;<@M�H<9�G5A9�CF�G@=;<H@M

F98I7 98�5G�H<5H�C:�H<9�:998GHC7?
��=;9GH5H9�75B�69�IH=@=N98�=B�@5B8�5DD@=75H=CBG�CF

: IFH<9F�DFC79GG98�=BHC�F97M7@98�:9FH=@=N9F�DFC8I7 HG


 =;IF9�
�;=J 9G�5�G7<9A5H=7�CJ9FJ=9K�C:�H<9�HMD=75@�6=C;5G�DFC79GG



�



� ,*85( �� - 7<9A5H=7�CJ9FJ=9K�C:�H<9�6=C;5G�DFC79GG
�.<9�G=N9�C:�H<9�=BDIHG�5B8

CIHDIHG�=B�H<9�7=F7@9G�HC�H<9�@9: H�5B8�F=;<H�8C9G�BCH�B979GG5F=@M�7CFF9GDCB8�K=H<�H<9

G=N9G�C:�H<9�F95@�5ACIBHG�=B�5�6=C;5G�D@5BH


. <9F9�5F9�8=::9F9BH�H97<BC@C;M�5@H9FB5H=J9G�5B8�DFC79GG�AC8=f=75H=CBG
�#B�5

HF58=H=CB5@K 9H�8=;9GH=CBDFC79GG�H<9�:998GHC7?�=G�A=L98�CF�8=@IH98�=BHC�8FM�A5HH9F

7CBH9BH�C:��` 
����K<9F 95G�=B8FM�8=;9GH=CBH<9�8FM�A5HH9F�7CBH9BH�75B�69�ID�HC


�` ����8F M�A5HH9F
�1 9H�8=;9GH=CB�=G�H<9�ACGH�7CAACB�D@5BH�HMD9��G=B79�=H�=G�5�J9FM

DFCJ9B�5B8�FC6IGH�7CBGHFI7 H=CB
��FM�CF�GC@=8�DFC79GG�8C9G�BCH�B979GG5F=@M�F9EI=F9

588=H=CB5@�@=EI=8�=B�H<9�:998��5B8�=G�69GH�GI=H98�: CF�GI7<�:998GHC7?G��K<=7<�<5J9�<=;<

GC@=8�7CBH9BH
�. <9F9�5F9�5@GC�CH<9F�D@5BH�HMD9G��GI7<�5GIDf@CK�5B59FC6=7�G@I8;9

6@5B?9HH97<BC@C;M��5@GC�F9:9FF98�HC�5G�/ � -��H 97<BC@C;M��K<=7<�=G�5�HMD9�C:�6=C;5G

DFC79GG�H<5H�=G�IG98�:CF�K5GH9K 5H9F�HF95HA9BH��BCH�:IFH<9F�8=G7IGG98�=B�H<=G�7CBH9LH


�=C;5G�DFC79GG�75B�CD9F5H9�5G�5 65H7< CF7CBH=BICIG@M
�� CBH=BICIG�CD9F5H=CB�=G�H<9

ACF9�7CAACB�CDH=CB


. <9 F9H9BH=CB�H=A9C:�H<9�6=C;5G�DFC79GG�A5M�J5FM�;F95H@M�89D9B8=B;�CB�H<9�DFC79GG

7CB8=H=CBG��:998GHC7?�A5H9F=5@G�5B8�89G=F98�9B8�DFC8I7 HG�:FCA���` ���85M G�ID�HC

��` � ��85M G
�! 9B9F5@@M��H<9�@CB;9F�H<9�F9H9BH=CB�H=A9�=G��H<9�@5F;9F�8=;9GHCF�=G�B99898�

K<=7<�K=@@�=B7F95G9�H<9�=BJ9GHA9BH�7CGH�C:�H<9�=BGH5@@5H=CB
�.CC�G<CFH�F9H9BH=CB�H=A9

A5M�DFC8I7 9�5B�9B8�DFC8I7 H�H<5H�=G�BCH�A5HIF9�5B8�=G�DCH9BH=5@@M�5�GCIF79�C:�C8CF

5B8�CH<9F�5=F�9A=GG=CBG�GI7<�5G�A9H<5B9


�=C;5G�DFC79GG9G�HMD=75@@M�CD9F5H9�9=H<9F�=BA9GCD<=@=7H9AD9F5HIF9G��5DDFCL=A5H9@M

���_���CF�=B H<9FACD<=@=7H9AD9F5HIF9G��5DDFCL=A5H9@M����_��
�'9GCD<=@=7�DFC79GG�=G

;9B9F5@@M�ACF9�GH56@9�5B8�F9EI=F9G�@9GG�9B9F;M�: CF�<95H=B;
��8J5BH5;9G�C:

H<9FACD<=@=7�7CB8=H=CBG�=B7@I89�IGI5@@M�:5GH9F�HF95HA9BH�H=A9�5B8�69HH9F�F98I7 H=CB

C:�D5H<C;9BG�=B�H<9�DFC79GG
�)B�H<9�CH<9F�<5B8��H<9�DFC79GG�=G�ACF9�G9BG=H=J9�HC

=B<=6=H=CB�C:�5AACB=5
��AACB=5�=G�5�89;F 585H=CB�DFC8I7 H�C:�DFCH9=BG�5B8�CH<9F

B=HFC;9B�7CBH5=B=B;�A5H9F=5@G�5B8�=B�<=;<�7CB79BHF5H=CBG�=H�=B<=6=HG�57H=J=HM�C:�H<9

A9 H<5B9�DFC8I7=B;�A=7FCCF;5B=GAG


. <9�8=;9GH=CB�DFC79GG�65G9G�CB�7CAD@9L�7CCD9F5H=CB�C:�8=::9F9BH�HMD9G�C:

A=7FCCF;5B=GAG
�(IA69F�C :�: 57HCFG�75B�5: :97H�H<9�DFC79GG�D9F:CFA5B79�5B8�G<5@@�69

ACB=HCF98�: CF�GI779GG:I@�D9F:CFA5B79
�, 5D=8�7<5B;9�=B�F5K�A5H 9F=5@G�CF�A=L�C:�F5K

A5H9F=5@G��H9AD9F5HIF9�CF�D"�5B8�@CB;	H9FA�577IAI@5H=CB�C:�=BH9FA98=5H9�DFC8I7 HG

C:�89;F 585H=CB�75B�<5J9�58J 9FG9�=AD57H�CB�H<9�DFC79GG
�#B�KCFGH�75G9��6=C;5G

DFC8I7 H=CB�=G�HCH5@@M�=B<=6=H98��K<=7<�A5M�=B7F95G9�577IAI@5H=CB�C:�=BH9FA98=5H9

DFC8I7 HG�C:�89;F 585H=CB�=B7@I8=B;�JC@5H=@9�:5HHM�57=8G��8FCD�C:�D"��: C5A=B;�CF�CH<9F

7CBG9EI9B79G�C:�DCH9BH=5@�F=G?�C:�GHCDD=B;�H<9�DFC79GG


. <9�6=C;5G�DFC79GG�B998G�7@CG9�ACB=HCF=B;��9GD97=5@@M�=B�H<9�GH5FH	ID ��5B8�=:


�



7CB8=H=CBG�CF�:998GHC7?�5F9�7<5B;98
 � C	8=;9GH=CB��K<9F9�8=::9F9BH�HMD9G�C:

:998GHC7?G�5F9�A=L98��A5M�=ADFCJ9�H<9�DFC79GG�D9F:CFA5B79�6M�CDH=A=N=B;�H<9

7CBH9BH�C:�9 
;
�B=HFC;9B�5B8�-I@D<IF�� 8=G7IGG98�:IFH<9F�=B�H<9�:C@@CK=B;�7<5DH9FG�



�




��!+(��25 ',&�%,2*$6�,1'8 675<


� ���,2*$6�$6�3$5 7�2)�7+(�5(1( : $%/(�(1(5 *<�6 285&( 6�,1�7+(��25 ',&
&28175,(6

#B�H<9�(CF8=7�7CIBHF=9G��F9B9K 56@9�9B9F;M�: FCA�K=B8�DCK 9F��<M8FCDCK 9F��;9C H<9FA5@

9B9F;M�5B8�6=CA5GG�D@5MG�5�G=;B=f=75BH�FC@9�=B�H<9�9B9F;M�DFC8I7 H=CB


. <9��/�=G�H<9�K CF@8�@9589F�=B�6=C;5G�9@97HF=7=HM�DFC8I7 H=CB�5G�K9@@�5G�:CF�H<9�IG9�5G�5

J9<=7@9�:I9@�CF�:CF�=B>97H=CB�=BHC�H<9�B5HIF5@�;5G�;F=8��- 75F@5H��5@@9A5B8��� 5<@�

�� 
� �
� =;IF9���G<CKG�H<9�BIA69F�C:�6=C;5G�D@5BHG�=B��IFCD95B�7CIBHF=9G


. <9�BIA69F�C :�6=C;5G�D@5BHG�D9F�75D=H5�=B�H<9�(CF8=7�7CIBHF=9G�=G�5�;CC8��IFCD95B

5J9F5;9 ��G99� =;IF9����5B8�H<9�BIA69F�C :�D@5BHG�=G�;FCK=B;
�#B�� 9BA5F?��H<9F9�5F9

ACF9�5;F=7I@HIF5@�D@5BHG�CJ9F�CH<9FG��K<9F95G�=B� =B@5B8�5B8�-K989B�6=C;5G�D@5BHG

HF95H=B;�G9K 5;9�G@I8;9�5B8�A=L98�: 998GHC7?�5F9�8CA=B5BH�=B�HF95HA9BH�JC@IA9G
�#B

(CF K 5M��6=C;5G�D@5BHG�HF95H=B;�G9K 5;9�G@I8;9�5F9�8CA=B5BH


N
um

be
r 

of
 b

io
ga

s 
pl

an
ts

 in
 D

E
 a

nd
 IT

DE IT
0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

11000

500

1500

2500

3500

4500

5500

6500

7500

8500

9500

10500

11500

N
um

ber of biogas plants in other E
uropean countries

FR UK CH CZ AT PL SE NL ES BE SK DK
NO FI

HU PT EL LV HR LT LU IE RS SL EE CY BG RO
0

100

200

300

400

500

600

700

800

900

� ,*85(�	� (IA69F�C :�6=C;5G�D@5BHG�=B��IFCD95B�7CIBHF=9G��5FF5B;98�=B�89G79B8=B;

CF89F���IF CD95B��=C;5G��GGC7=5H=CB����
� �



�



N
um

be
r 

of
 b

io
ga

s 
pl

an
ts

 p
er

 1
 M

io

Agriculture Sewage Landfill Other Unknown

DE CH CZ LU AT SK LV SE IT NO DK FI
BE NL EE LT FR IS CY UK SL

HR HU PL PT E EL ES RS BG RO

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

� ,*85(�
� (IA69F�C :�6=C;5G�D@5BHG��HCH5@�5B8�6M�:998GHC7?�HMD9��D9F�
�'=C�7 5D=H5�=B

�IF CD95B�7CIBHF=9G�=B���
���5FF 5B;98�=B�89G79B8=B;�CF89F���IF CD95B��=C;5G

�GGC7=5H=CB����
� �



�	��,2*$6�,1'8 675<�,1�� (10$5.

. <9�6=C;5G�=B8IGHFM�<5G�699B�;FCK=B;�=B�� 9BA5F?�H<9�D5GH�
��M95FG�5G�G99B�=B� =;IF9

� 
�- H5H9�GI6G=8=9G�<9@D98�H<9�;FCK H<��GC�H<9�6=C;5G�DFC8I7 H=CB�F957<98�ACF9�H<5B


�� ����. $�=B���
�


2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2000

4000

6000

8000

10000

12000

14000

16000

� ,*85(��� �=C;5G�DFC8I7 H=CB�=B�.$�=B�� 9BA5F?�: FCA�6CH<�@5F;9�5B8�GA5@@9F	G=N98

6=C;5G�D@5BHG��65G98�CB�9B9F;M�GH5H=GH=7�:CF���
���B9 K 9GH�M95F@M�GH5H=GH=7��: FCA�H<9

�B9F ;M�� ;9B7 M��B9F ;=GHMF9@G9B������� 



�



� 77CF8=B;�HC���B9F ;=GHMF9@G9B����
� ��H<9�� 5B=G<�6=C;5G�D@5BHG�A5=B@M�IG9�@=J9GHC7?

A5BIF 9�: FCA�: 5FA�5B=A5@G��G9K 5;9�G@I8;9�5B8�CF;5B=7�K 5GH9�5B8�F9G=8I9G�5G�=BDIH

A5H9F=5@
�'CF9�H<5B�����C :�H<9�=BDIH�6=CA5GG�=G�5B=A5@�A5BIF9�=B�H<CG9�C:�H<9

6=C;5G�D@5BHG�H<5H�5F9�D@5798�CB�:5FAG�CF�5F9�6I=@H�5G�>C=BH�6=C;5G�D@5BHG�F979=J=B;

6=CA5GG�:FCA�ACF 9�H<5B�CB9�:5FA
�. <9�>C=BH�6=C;5G�D@5BHG�5F9�A5F?98�K=H<�85F?

;F99B�=B� =;IF9���5B8�=G�H<9�HMD9�C:�6=C;5G�=BGH5@@5H=CB�K=H<�H<9�@5F;9GH�;FCK H<�:FCA


� ���H C���
�
��B9F ;M�7FCDG�5G�7CFB�5B8�699HG�75B�69�IG98�: CF�6=C;5G�6IH�5F9�BCH

F9;5F 898�HC�;=J9�5G�AI7<�58J 5BH5;9�: CF�H<9�7@=A5H9�5B8�H<9�GI6G=8=9G�5F9�H<9F9:CF9

@=A=H98


P
J

Joint biogas plants Farm biogas plants Landfill gas plants Industry biogas plants
Sewage treatment plants.

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

0

5

10

15

� ,*85(��� . MD9G�C:�6=C;5G�DFC8I7 H=CB�:57=@=H=9G�=B��9BA5F? 
� ��` �� 
�

��=C;5G6F5B7<9B���� �� �


. <9�� 5B=G<��BJ=FCBA9BH5@�*FCH97H=CB��;9B7 M���* ���F IBG�5�85H565G9�K<9F9�H<9

D9FA=H�5B8�=BGD97H=CB�5IH<CF=H=9G�f=@@�=B�=B:CFA5H=CB�56CIH�D9FA=HH98�: 57=@=H=9G�

=B7@I8=B;�5@GC�6=C;5G�D@5BHG�@=GH98�5G�@=GH�DC=BH�BIA69F�$�����=B�H<9�GH 5HIHCFM�CF89F

CB�D9FA=GG=CB���9?9B8H;\F 9@G9�CA�;C8?9B89@G9�5:�@=GH9J=F?GCA<98����%�BF�
�� ��5:�� �


� ��� 
� �
�. <9�D@5BHG�@=GH98�5G�b$����c�IG9�: 998GHC7?�5ACIBHG�C:����HC�
���HCBB9G�D9F

85M�5B8�H<IG�H<9M�5F9�K=H<=B�H<9�G7CD9�C:�H<=G�DFC>97H
�. <9�85H565G9�75B�69�5779GG98

6M�H<9�DI6@=7
���G95F7<�=B�H<9�85H565G9�K5G�A589�5B8�H<9�F9GI@H�=G�G<CKB�=B� =;IF9��


. <9F9�5F9�� ��6=C;5G�D@5BHG�K=H<=B�H<9�G7CD9�C:�H<=G�DFC>97H
�'CGH�6=C;5G�D@5BHG�5F9

G=HI5H98�=B�H<9�K9GH9FB�D5FH�C:�� 9BA5F?��K<9F95G�BC�D@5BHG�5F9�G=HI5H98�=B�H<9

BCFH<	95GH9FB�D5FH��B95F�H<9�75D=H5@�C:�� CD9B<5;9B��%\69B<5JB�
���G=B;@9�6=C;5G

D@5BH�=G�G=HI5H98�CB�H<9�95GH9FB�=G@5B8�C:��CFB<C@A


. <9��B9F ;M�� ;9B7 M�5@GC�<5G�5�@=GH�C:�6=C;5G�D@5BHG
�.<9�@=GH�K5G�ID85H98�=B�'5F 7<

�� 
� 
�):�H<9�� ��D@5BHG�K=H<�D9FA=HG�:FCA�H<9�@=GH�;9B9F5H98�6 M�H<9�85H565G9�C:�H<9

� 5B=G<��*� �����C :�H<9A�7 5B�69�=89BH=f=98�5G�:5FA�6=C;5G�D@5BHG�6M�A5?=B;�7FCGG

F9:9F9B79�HC�H<9�@=GH�:FCA�H<9��B9F;M�� ;9B7 M
�-=B79�H<9�@=GH�:FCA�H<9��B9F;M�� ;9B7 M�=G


�



: FCA���
� ��H<9�BIA69F�A5M�<5J 9�7<5B;98�G=B79�H<9B��6IH�=H�;=J9G�H<9�=ADF9GG=CB�H<5H

5DDFCL=A5H9@M�<5@:�C:�H<9�D@5BHG�5F9�: 5FA�6=C;5G�D@5BHG


� ,*85(�
� � 5B=G<�6=C;5G�D@5BHG�K=H<�9BJ=FCBA9BH5@�D9FA=H��IG=B;���` 
���H CBB9G�C:

:998GHC7?
�(IA69F G�=B�6@I9�7=F7@9G�=B8=75H9�7CB79BHF5H=CB�C:�6=C;5G�D@5BHG
�!F99B

7=F7@9G�=B8=75H9�G=B;@9�6=C;5G�D@5BHG


�9G=89G�H<9G9�D@5BHG��H<9��B9F;M�� ;9B7 M�5@GC�@=GHG��
�6=C;5G�D@5BHG�G=HI5H98�5H�K5GH9

K 5H9F�HF95HA9BH�D@5BHG�5B8����D@5BHG�5H�@5B8f=@@G



�
��,2*$6�,1'8 675<�,1�� ,1/$1'�$1'�>/$1'

'CGH�C:�H<9�6=C;5G�D@5BHG�5H�AIB=7=D5@�K5GH9K 5H9F�HF95HA9BH�D@5BHG�=B� =B@5B8�K9F9

7CBGHFI7 H98�=B�H<9�
���G
�'CGH�C :�AIB=7=D5@�K5GH9K 5H9F�G@I8;9�DFC8I7 98�=B� =B@5B8

=G�HF95H98�5H�6=C;5G�D@5BHG�9=H<9F�5H�AIB=7=D5@�K5GH9K 5H9F�HF95HA9BH�D@5BHG�CF�5H

79BHF5@=N98�6=C;5G�D@5BHG
�#B8IGHF=5@�D@5BHG�=B�:CC8�5B8�:CF9GH�=B8IGHFM�<5J9�CB@M�5

:9K�6=C;5G�D@5BHG


. <9�79BHF5@=N98�6=C;5G�D@5BH�C:�- HCFACGG9B�H5?9B�=BHC�CD9F5H=CB�=B�
����K 5G�H<9

f=FGH�6=C;5G�D@5BH�=B� =B@5B8�HC�HF95H�A=L98�: 998
��=C;5G�: FCA�H<9�- HCFACGG9B�D@5BH

<5G�699B�IG98�5G�J9<=7@9�:I9@�G=B79���
� 


. <9�79BHF5@=N98�6=C;5G�D@5BH�5H�09<A55�K 5G�H<9�B9LH�79BHF5@=N98�6=C;5G�D@5BH�=B

CD9F5H=CB�G=B79�����
�'CGH�C :�H<9�7IFF9BH@M�CD9F5H=B;�79BHF5@=N98�6=C;5G�D@5BHG�K9F9

DIH�=BHC�CD9F5H=CB�=B���
�G
�#B��� 
���! 5GIA�) M�HCC?�CJ9F�G9J9B�9L=GH=B;�6=C;5G

D@5BHG�=B� =B@5B8�5B8�f=J9�6=C;5G�D@5BHG�=B�-K989B�5B8�<5J 9�697CA9�H<9�G=;B=f=75BH

(CF8=7�CD9F5HCF�=B�H<9�G97HCF


. <9�f=FGH�:5FA�G75@9�6=C;5G�D@5BH�C:�%5@A5F=�=B�&5I? 55�<5G�CD9F5H98�G=B79�
� ��
�.<9

��



: 5FA�<5G�H<9�f=FGH�DI6@=7�:I9@=B;�DC=BH�G=B79���� � 
�. <9�: 5FA�G75@9�D@5BHG�7CADF=G9

5DDFCL
�CB9�H<=F8�C:�H<9�BIA69F�C :�5@@�6=C;5G�D@5BHG�=B� =B@5B8��6IH�H<9=F�6=C;5G

DFC8I7 H=CB�75D57=HM�=G�CB@M�5DDFCL
���


N
um

be
r 

of
 b

io
ga

s 
pl

an
t l

km

Municipal wastewater treatment plants Plants in industry Combined plants Farm scale plants

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

0

10

20

30

40

50

60

70

� ,*85(��� (IA69F�C :�D@5BHG�=B�CD9F5H=CB�=B� =B@5B8�5B8�Q@5B8�=B���
�

� 1=BEI=GH�,=??CB9B���0 5F<C���� 
� �


B
io

ga
s 

pr
od

uc
tio

n 
ca

pa
ci

ty
 1

00
0 

m
3

Municipal wastewater treatment plants Wastewater from plants in industry
Combined plants Farm scale plants

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

0

20000

40000

60000

80000

100000

120000

� ,*85(��� �=C;5G�DFC8I7 H=CB�75D57=HM�=B� =B@5B8�5B8�Q@5B8�=B���
��� 1=BEI=GH�,=??CB9B

��0 5F<C���� 
� �


�




� 77CF8=B;�HC�H<9�GH5H=GH=7G�=B:CFA5H=CB�:FCA���
� ��H<9F9�5F9�5DDFCL
�� 
�6=C;5G�D@5BHG

=B� =B@5B8�

d 
��D@5BHG�5H�AIB=7=D5@�K5GH9K 5H9F�HF95HA9BH�D@5BHG

d ��D@5BHG�=B�=B8IGHFM

d �
�: 5FA�6=C;5G�D@5BHG

d ���7 9BHF5@=N98�D@5BHG�HF95H=B;�A=L98�: 998GHC7?G

�DDFCL
�
��D@5BHG�C:�H<9G9�5F9�=B�H<9�G=N9�F5B;9�C :�
� ����` �� ���� HCBB9G�D9F�M95F�

d ��D@5BHG�5H�AIB=7=D5@�K5GH9K 5H9F�HF95HA9BH�D@5BHG

d ��D@5BHG�=B�=B8IGHFM��: CC8�A5BI: 57HIF=B;�D@5BH�C:��D9 H=H�)M>��-T?M@T�5B8

- HCF5��BGC�"9=BC@5� @IH=B;�'=@@

d ) H<9FG�HF95H�A=L98�: 998G

#B�Q@5B8��577CF8=B;�HC�H<9�GH5H=GH=7G�=B:CFA5H=CB�:FCA���
� ��H<9�6=C;5G�D@5BHG�C:�H<9

85=FM�Q@5B8GA9>9F=9H��$CA5@5��=B�CD9F5H=CB�G=B79���
� ��5B8�K 5GH9�K 5H9F�HF95HA9BH

D@5BH�C:�'5F=9<5AB��=B�CD9F5H=CB�G=B79�
� �� ��5F9�=B�H<9�G=N9�F5B;9�C :�
� ����` �� ����

HCBB9G�D9F�M95F
�#B�588=H=CB��H<9�:CC8�A5BI: 57HIF=B;�D@5BH�C:�)F?@5�� CB:97H=CB9FM��

-B57?G� =B@5B8��!C86M�<5G�5�6=C;5G�D@5BH��=B�CD9F5H=CB�G=B79�
��� �


�=C;5G�=G�IH=@=N98�5H�7CA6=B98�<95H�5B8�DCK 9F���"*��D@5B HG��=B�<95H�DFC8I7 H=CB�5B8

5G�J9<=7@9�:I9@
�#B���
� ��6=C;5G�K5G�IH=@=N98�����! 1<�5G�<95H ��
� ��! 1<�5G�9@97HF=7=HM

5B8����! 1<�5G�J 9<=7@9�:I9@
�#B���
� ��9B9F;M�DFC8I7 H=CB�K5G�� � ��.1<�=B� =B@5B8�5B8

Q@5B8��C:�K<=7<�F9B9K 56@9�9B9F;M�7CADF=G98�
���.1<
��=C;5G�9B9F ;M�� � 
��.1<��K 5G

� 
���C :�F9B9K 56@9�9B9F;M
�. <9F9�=G�5�@5F;9�DCH9BH=5@��9GD97=5@@M�=B�5;F=7I@HIF5@

6=CA5GG�HC�=B7F95G9�6=C;5G�9B9F;M�DFC8I7 H=CB�=B� =B@5B8�5B8�Q@5B8



� � �,2*$6�,1'8 675<�,1�7+(�� $52(��6/$1'6

. <9�f=FGH�6=C;5G�D@5BH�=B�H<9� 59FC9�#G@5B8G�=G�7IFF9BH@M�IB89F�7CBGHFI7 H=CB�B95F6M

. CFG<5JB��G99� =;IF9�� 
�. <9�6=C;5G�D@5BH�<5B8@9G�@=J9GHC7?�A5BIF 9�5B8�G9K 5;9

G@I8;9�:FCA�f=G<�DFC8I7 H=CB�CB�@5B8�5@CB;�K=H<�9BG=@98�8958�G5@ACB�:FCA�G5@ACB

DFC8I7 H=CB�5H�G95�5B8�CB�@5B8
�.<9�6=C;5G�D@5BH�=G�6I=@H�HC�<5B8@9�5DDFCL
�
�� ����

HCBB9G�C:�6=CA5GG�D9F�M95F�6IH�<5G�9BJ=FCBA9BH5@�D9FA=HG�HC�<5B8@9��������HCBB9G


. <9�6=C;5G�=G�IG98�=B�5�7CA6=B98�<95H�5B8�DCK 9F���"*��D@5B H��5B8�9@97HF=7=HM�5B8

<95H�5F9�GC@8�HC�H<9�@C75@�;F=8
�.<9�6=C;5G�5B8��"*�D@5B H�5F9�CKB98�5B8�CD9F5H98�6 M

*��� � \F?5��K<=7<�=G�5�GI6G=8=5FM�C:�*��� ��5?? 5: FCGH
�. <9�6=C;5G�D@5BH�K=@@�GH5FH�K=H<

@=J9GHC7?�A5BIF 9�=B�I@H=AC� 96FI5F M��� ���5B8�C H<9F�6=CA5GG�:FCA�$IB9��� �� 


��



� ,*85(���  \F?5��=C;5G�D@5BH�B95F6M�.ZFG<5JB�8IF=B;�7CBGHFI7 H=CB��"9=B=

�@@=B;G;55F8��-'$�� CBGI@H=B;��B;=B99FG��(CJ9A69F��� 
� �



����,2*$6�,1'8 675<�,1��&(/$1'

��B9 K�6=C;5G�5B8�7CADCGH=B;�D@5BH�:CF�H<9��5D=H5@��F95�C:�, 9M?>5J=?�K=@@�69

CD9F5H=B;�6M� 96FI5F M��� �� 
�. <9�D@5BH�=G�D5FH�C:�5�>C=BH�K5GH9�A5B5;9A9B H�DC@=7M

6M�H<9�AIB=7=D5@=H=9G�:CF����� ` �� �� 
�)B7 9�H<9�6=C;5G�5B8�7CADCGH=B;�D@5BH�=G

CD9F5H=CB5@��5@@�<CIG9<C@8�K5GH9�7C@@97H98�=B�-),* � �G�8CA5=B�K=@@�69�DFC79GG98�5H

H<9�D@5BH
�)F ;5B=7�A5HH9F�K=@@�69�IG98�:CF�6=C;5G�DFC8I7 H=CB�5B8�7CADCGH=B;��K<=@9

A9 H5@G�5B8�=BCF;5B=7�A5HH9F�K=@@�69�A97<5B=75@@M�GCFH98�: CF�F97M7@=B;


� 57<�M95F��H<9�D@5BH�K=@@�;9B9F5H9���A=@@=CB�(A� C:�A9 H<5B9�;5G��K<=7<�75B�69�IG98

5G�J9<=7@9�:I9@�5B8�
�` 
� �����HCBB9G�C :�GC=@�=ADFCJ9FG��K<=7<�5F9�IG9: I@�:CF�GC=@

7CBG9FJ5H=CB
�)B79�H<9�6=C;5G�5B8�7CADCGH=B;�D@5BH�=G�ID�5B8�FIBB=B;��CJ9F�����C :

H<9�<CIG9<C@8�K5GH9�;9B9F5H98�=B�H<9��5D=H5@��F95�K=@@�69�F9IG98
 � - ),* � ���� �� �

��



� ,*85(���� (9 K�6=C;5G�5B8�7CADCGH=B;�D@5BH� - ),* � ���� �� �



�
��,2*$6�,1'8 675<�,1��25 : $<

� 77CF8=B;�HC�H<9�(CFK 9;=5B�K5GH9�HF95HA9BH�5B8�F97M7@=B;�CF;5B=N5H=CB���J:5@@

(CF;9 ���H<9F9�5F9�
��� GCCB�
���(CF K 9;=5B�6=C;5G�D@5BHG�5F9�DFC8I7=B;�=B�9L79GG�C:���

HCB�D9F�85M�:CF�7CAA9F 7=5@�DIFDCG9G
��88=H=CB5@@M��H<9F9�5F9�G9J9F5@�AIB=7=D5@

CF;5B=N5H=CBG�DFC8I7=B;�6=C;5G�:CF�H<9=F�CKB�7CBGIADH=CB


C
ap

ac
ity

 (
G

W
h)

In operation Under construction Planned

Waste from companies Sewage sludge Food waste Unknown Manure from farm
animals

0

50

100

150

200

250

300

350

400

450

500

� ,*85(���� (CF K 9;=5B�6=C;5G�75D57=HM�D9F���
� � -IB8����
��


��



"CIG9<C@8G�5F9�GCIF79�G9D5F5H=B;�H<9=F�:CC8�K5GH9�=B�G9J9F5@�7CAAIB=H=9G�=B

(CF K 5M
�. <5H�A=;<H�69�5�F95GCB�K<M�:CC8�K5GH9��HC;9 H<9F�K=H<�G9K 5;9�G@I8;9��5F9

H<9�A5=B�:998GHC7?G�:CF�D@5BHG�=B�CD9F5H=CB��85F?�6@I9�7C@IABG��5G�G99B�=B�H<9� =;IF9






#B�(CFK 5M��H<9�HF5BGDCFH�=B�<95JM�J9<=7@9G�=G�G99B�5G�5B�=ADCFH5BH�A5F?9H�:CF�6=C;5G�

G=B79�H5B?G�K=H<�7CBH9BH�K9=;<G�@9GG�H<5B�65HH9F=9G�K=H<�7CAD5F56@9�9B9F;M�7CBH9BH


��DC H9BH=5@�ID7CA=B;�A5F? 9H�=G�A57<=B9G�5H�7CBGHFI7 H=CB�G=H9G��K<9F9�=H�75B�69

DF57H=75@�5B8�7CGH�9: :97H=J9�HC�89@=J9F�@=EI=f=98�6=C;5G��-IB8����
����6IH�H C85M�H<9

A5=B�A5F?9H�=G�6IG�f@99HG



� ���,2*$6�,1'8 675<�,1� : ('(1

. <9�HCH5@�IG9�C:�6=C;5G�=B�-K989B�K5G�5DD
��� ��.1<�� 
��* $��=B��� 
���K<=7<�K5G�5B

=B7F95G9�C:����D9F 79BH�7CAD5F98�K=H<��� 
� 
�):�H<=G��5DD
�� �
�.1<�� ��* $��K 5G

DFC8I7 98�=B�-K 989B�5B8�H<9�=ADCFH�C:�6=C;5G�=B��� 
��K 5G�5DD
�
���.1<�� ��* $��

A5=B@M�:FCA�� 9BA5F?


 =;IF9�
��G<CKG�H<9�5ACIB H�C:�6=C;5G�DFC8I7 98�=B�8=::9F9BH�D@5BH�HMD9G�=B�-K989B


G
W

h/
ye

ar

Co-digestion Sewage treatment plants Landfills Industrial plants Farm plants Gasification plants

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

100

300

500

700

900

1100

1300

1500

1700

1900

2100

� ,*85(��	� �=C;5G�DFC8I7 H=CB�D9F�HMD9�C:�D@5BH������`��� 
��=B�-K 989B

��B9F ;=A MB8=;<9H9B��B9F ;=;5G�- J9F=;9���� �� �


� 77CF8=B;�HC�H<9�-K98=G<�6=C;5G�5GGC7=5H=CB���B9F;=;5G�- J9F=;9�����-K 98=G<�6=C;5G

D@5BHG�<5B8@9�A5H9F=5@�=B�H<9�G=N9�F5B;9���` 
���H CB�D9F�85M
�. <9G9�D@5BHG�5F9�8=J=898

=BHC�:CIF�75H9;CF=9G��:5FA�: 57=@=HM�D@5BHG��A5=B@M�A5BIF9���=B8IGHFM��CB@M�CB9�D@5BH

<5B8@=B;�K5GH9�: FCA�GI;5F�699 HG���G9K 5;9�HF95HA9BH�D@5BHG�5B8�7C	8=;9GH=CB

�CF;5B=7�K 5GH9�: FCA�<CIG9<C@8G��=B8IGHF=9G��G@5I;<H9F<CIG9G��A5BIF9�9H7
�
�.<9�A5=B

75H9;CFM�7CBG=GHG�C:�H<9�G9K 5;9�HF95HA9BH�D@5BHG


��



Farm facility plant Industry Sewage treatment Codigestion

� ,*85(��
� . <9�: CIF�8=::9F9BH�75H9;CF=9G�C:�-K 98=G<�6=C;5G�D@5BHG�=B�H<9�G=N9�F5B;9�C :

��` 
���H CB�85M


. <9�-K 98=G<��* � ��(5HIF JUF8GJ9F?9H��7CJ9FG�5�85H565G9�C:�5FCIB8�����D@5B HG

GI6>97H�HC�5�D9FA=H
�1<9B�H<9�@=GH�:FCA��B9F ;=;5G�- J9F=;9�5B8�H<9�@=GH�:FCA

(5HIF JUF8GJ9F?9H�K9F9�GMB798����D@5BHG�F9A5=B�=B�H<9�G=N9�F5B;9�C :���` 
���H CB�D9F

85M��GI6>97H�HC�5�D9FA=H�577CF8=B;�HC�-K 98=G<�9BJ=FCBA9BH5@�@5K


��



� ���5,( )�5(*8/$7 25<�29(59,( :

� �� � (*8/$7 25<�29(59,( :�) 25�� (10$5.

. <9�� 5B=G<��BJ=FCBA9BH5@�*FCH97H=CB��;9B7 M�=GGI9G�9BJ=FCBA9BH5@�F9;I@5H=CB

F9@9J5BH�:CF�6=C;5G�D@5BHG
��=C;5G�D@5BHG�IG=B;�:998GHC7?�C:����HCBB9G�D9F�85M�CF

ACF9�G<5@@�<5J9�5B 9BJ=FCBA9BH5@�D9FA=H577CF8=B;�HC�H<9�� 5B=G<�GH5HIHCFM�CF89F�CB

* 9FA=H�C:�@=GH98�57H=J=H=9G���9?9B8H;\F 9@G9�CA�;C8?9B89@G9�5:�@=GH9J=F?GCA<98����%

BF�
�� ��5:�� �
� ��� 
� �
�. <9�GH5HIHCFM�CF89F�=AD@9A9BHG�G9J9F5@��/�8=F97H=J9G�GI7<�5G

H<9�#B8IGHF=5@�9A=GG=CBG�8=F97H=J9�5B8�H<9�8=F97H=J9�CB�H<9�7CBHFC@�C:�A5>CF�577=89BH

<5N5F8G�=BJC@J=B;�85B;9FCIG�GI6GH5B79G��H<9�b,=G?�8=F97H=J9c�
�. <9�GH5HIHCFM�CF89F

5@GC�7CBH5=BG�B5H=CB5@�FI@9G
��=C;5G�D@5BHG�K=H<�5�75D57=HM�:CF�F5K�A5H 9F=5@

:998GHC7?�69HK99B����5B8�
���H CBB9G�D9F�85M�5F9�@=GH98�5G�57H=J=HM�$�����=B�5BB9 L��

C:�H<9�GH5HIHCFM�CF89F�5B8�K=@@�<5J9�H<9�F9@9J5BH�AIB=7=D5@=HM�5G�D9FA=HH=B;

5IH<CF=HM
�#:��<CK 9J9F��H<9�D@5BH�=G�7CJ9F98�6 M�H<9�F=G?�F9;I@5H=CB�:CF�9L5AD@9�8I9�HC

GHCF5;9�C :�@5F;9F�5ACIB HG�C:�6=C;5G����9? 9B8H;\F 9@G9�CA�?CBHFC@�A98�F=G=?C9B�:CF

GH\FF9�I<9@8�A98�: 5F@=;9�GHC: :9F����%�BF�� ���5:����� ���� 
� ��H<9�GH5H9�75B�69�H<9

5IH<CF=HM


) H<9F�F9@9J5BH�@9;=G@5H=CB�5B8�;I=85B79�=B7@I89G�

d - H5HIHCFM�CF89F�CB�9BJ=FCBA9BH5@�=AD57H�5GG9GGA9BH�C:�D@5BG�5B8�DFC;F5AG

5B8�GD97=f=7�DFC>97HG���9?9B8H;\F 9@G9�5:�@CJ�CA�A=@>\JIF89F=B;�5:�D@5B9F�C;

DFC;F5AA9F�C;�5:�? CB?F9H9�DFC>9?H9F��0 0'����%�
����5:����
� ��� 
� �

=AD@9A9BHG�H<9��/��=F 97H=J9G�CB�=AD57H�5GG9GGA9BH�:FCA���� 
���� 

�5B8���
� 


��G7F99B=B;�:CF�=AD57H�5GG9GGA9BH�B998G�HC�69�8CB9�69:CF9�6I=@8=B;�5�B9K

6=C;5G�D@5BH


d ��GH5HIHCFM�CF89F�5B8�;I=85B7 9�: CF�7CAAIB=H=9G�CB�D@5BB=B;�=B�5F95G�K=H<

GD97=5@�=BH9F9GHG�:CF�8F=B?=B;�K5H9F�5�BIA69F�C :�=B8IGHF=9G�H<5H�5F9�G99B�5G

DCH9BH=5@@M�H<F95H9B=B;�5F9�@=GH98����%�BF�
� � ��5:��
�
� ��� 
��5B8�;I=85B7 9�<9F9

HC


d ��<5B86CC?�CB�9BJ=FCBA9BH�5B8�D@5BB=B;��'=@>\A=B=GH9F=9H������ ��;=J 9G

;I=89@=B9G�CBK<9F9�HC�D@579 6=C;5G�D@5BHG�5B8�F97CAA9B8G�H<9�8=GH5B79�HC

B95F9GH�B9=;<6CF�=B�7=HM�5F95


d - H5HIHCFM�CF89F�K=H<�GH5B85F8�F9EI=F9A9B HG�:CF�H<9�D9FA=HH=B;�C:�79FH5=B

57H=J=H=9G���9?9B8H;\F 9@G9�CA�GH5B85F8J=@?UF�=�;C8?9B89@G9�5:�@=GH9J=F?GCA<98


��%�BF 
�
�� ��5:�� �
� ��� 
� �
�- 97H=CB�
��89G7F=69G�H<9GH5B85F8�F9EI=F9A9B HG:CF

6=C;5G�D@5BHG��$���� ��F979=J=B;�F5K�A5H 9F=5@G�GI7<�5G�K5GH9�5B8�CF�A5BIF 9

: FCA�: 5FA�5B=A5@G
�.<9�GH5B85F8�F9EI=F9A9B HG�=B7@I89�F979DH=CB�5B8�GHCF5;9�C :

A5BIF 9�5B8�CH<9F�HMD9G�C:�6=CA5GG��7@95B=B;�C:�J 9<=7@9G�IG98�:CF�HF5BGDCFH�C:

6=CA5GG��<95H=B;�C:�6=CA5GG��5B59FC6=7�8=;9GH=CB��G9D5F5H=CB�C:�8=;9GH5H9�5B8

GHCF5;9�C :�H<9�G9D5F5H98�6=CA5GG9G�5B8�ID;F58=B;�5B8�GHCF5;9�C :�6=C;5G
�. <9

9BJ=FCBA9BH5@�=GGI9G�F9;I@5H98�=B7@I89�5=F�9A=GG=CBG��C8CF��<M8FC;9B�GI@f=89�

8IGH�5B8�5AACB=5���BC=G9�5B8�DC@@IH=CB�C:�GC=@�5B8�;FCIB8�K 5H9F�CF�GIF:579

K 5H9F
�. <9�D9FA=HH=B;�5IH<CF=HM�G<5@@�IG9�H<9�GH5B85F8�F9EI=F9A9B HG�5G�5�65G=G

:CF�H<9�D9FA=H�6IH�75B�G9H�CH<9F�F9EI=F9A9B HG�=:�H<9�F9EI=F9A9B H�=G�BCH�65@5B798

69HK99B�9BJ=FCBA9BH5@�9: :97H�5B8�97CBCA=7G�CF�=:�=HaG�BCH�F9@9J5BH


 IFH<9FACF9��;I=85B7 9G�CB�F=G?��5=F�9A=GG=CBG��C8CF�5B8�BC=G9�GIDDCFH�H<9�D9FA=HH=B;

� �



DFC79GG

, 9;5F 8=B;�=BDIH�C:�F5K�A5H 9F=5@�5B8�CIHDIH�C:�8=;9GH5H9��: C@@CK=B;�=G�F9@9J5BH�

d - H5HIHCFM�CF89F�CB�IG9�C:�K 5GH9�: CF�5;F=7I@HIF5@�DIFDCG9G���9?9B8H;\F 9@G9�CA

5BJ9B89@G9�5:�5:: 5@8�H=@�>CF86FI;G: CFAU@����%�BF�
�� 
�5:�� � ������ 
� ��G9HG��

@=A=HG�=B�=HG�5BB9L�:CF�K5GH9�=BDIH�HC�6=C;5G�D@5BHG�A5=B@M�IG=B;�A5BIF9�: FCA

:5FA�5B=A5@G
�.<9�@=A=HG�5F9�CB�<95JM�A9H5@G��&� -��* �"��(*�����"*�5B8�* ��� 


d . <9�5B=A5@�6M	DFC8I7 HG�F9;I@5H=CB��,� !/& � .#)(��� ���(C�
�� � ������C :�H<9

�IF CD95B�D5F@=5A9BH�5B8�C:�H<9�7CIB7=@��897=898��
�
� ����� ��=G�;9B9F5@�K=H<=B

H<9��/�5B8�GH 5H9G�H<9�H9FAG�:CF�DF9J9BH=CB�C:�GDF958�C:�8=G95G9G�K=H<=B�H<9

DFC79GG9G�C:�AC J=B;�A5H9F=5@G�C:�5B=A5@�CF=;=B�BCH�=BH9B898�: CF�<IA5B

7CBGIADH=CB
�#H�GH5H9G�H<5H�HF95HA9BH�=B�6=C;5G�D@5BHG�75B�69�GI=H56@9�:CF

G9J9F5@�C:�GI7<�DFC8I7 HG


d - H5HIHCFM�CF89F�CB�-IGH5=B56@9�DFC8I7 H=CB�C:�6=C;5G�:FCA�H<9��B9F;M�� ;9B7 M

��9? 9B8H;\F 9@G9�CA�6VF98M;H=;�DFC8I?H=CB�5:�6=C;5G����%�BF��� 
�5:����� ��

�� 
� ��GH5H9G�H<5H�GIGH5=B56@9�6=C;5G�DFC8I7 H=CB�A5=B@M�G<5@@�69�65G98�CB

F9G=8I5@�5B8�K5GH9�DFC8I7 HG
�#H�@=A=HG�H<9�D9F79BH5;9�C :�9B9F;M�7FCDG�=B�H<9�F5K

A5H9F=5@�IG98


d - H5HIHCFM�CF89F�CB�9BJ=FCBA9BH5@�F9;I@5H=CB�C:�5B=A5@�GHC7?�5B8�CB�GHCF5;9

5B8�IG9�C:�: 9FH=@=N9F���9? 9B8H;\F 9@G9�CA�A=@>\F9;I@9F=B;�5:�8MF9<C@8�C;�CA

CD69J5F=B;�C;�5BJ9B89@G9�5:�;\8B=B;����%�BF 
�� ���5:��� �� � ��� 
� �


� �	 � (*8/$7 25<�29(59,( :�) 25�� ,1/$1'

�B J=FCBA9BH5@�D9FA=HG�CB�6=C;5G�D@5BHG�5F9�65G98�CB�H<9�F9B9K 98��B J=FCBA9BH5@

*FCH97H=CB��7H���� � ��� 
� ��5B8�� 97F99��� 
����
� ��5A9B898������� 
��
�� 77CF8=B;�HC

H<9�� 97F99��H<9�, 9;=CB5@�-H5H9�� 8A=B=GHF5H=J9�� ;9B7=9G��� 0#��=B� =B@5B8�@=79BG9

6=C;5G�D@5BHG�K=H<�DFC8I7 H=CB�75D57=HM�C:��� �����HCBB9G�D9F�M95F�CF�ACF9


'IB=7=D5@=HM�=G�H<9�D9FA=HH=B;�5IH<CF=HM�:CF�GA5@@9F�=BGH5@@5H=CBG


): H9B��DFC:9GG=CB5@�<5B8@=B;�C:�K5GH9�HF=;;9FG�B998G�C:�9BJ=FCBA9BH5@�D9FA=H�C:

6=C;5G�D@5BH��K<9F95G�:CF�GA5@@9F�D@5BHG�75G9G�A5M�J5FM
��@GC��@5F;9�G75@9�5B=A5@

:5FA=B;�B998G�5B�9BJ=FCBA9BH5@�D9FA=H�5B8�=:�CB@M�6=CA5GG�K5GH9�C:�CKB�: 5FA�=G

HF95H98��H<9�D9FA=H�75B�69�=BH9;F5H98�=B�H<9�9BJ=FCBA9BH5@�D9FA=H�C:�H<9�:5FA


. <9�� 9BH9FG�:CF��7CBCA=7�� 9J9@CDA9BH��. F5BGDCFH�5B8�H<9��BJ=FCBA9BH���& 2

� 9BH9FG��GID9FJ=G9�58<9F9B79�HC�H<9�9BJ=FCBA9BH5@�5B8�K5H9F�D9FA=HG�;F5BH98�6 M

� 0#
�'IB=7=D5@=H=9G�GID9FJ=G9�H<9�9BJ=FCBA9BH5@�D9FA=HG�H<9M�;F5BH


. <9� =BB=G<�-5: 9HM�5B8��<9A=7 5@G��;9B7 M��. I? 9G��@=79BG9G�5B8�GID9FJ=G9G�H<9�G5:9HM

C:�DFC8I7 HG��G9FJ=79G�5B8�=B8IGHF=5@�57H=J=H=9G�=B� =B@5B8
�-9J9F5@�57HG�5B8�897F99G

F9;I@5H9�9
;
�G5: 9HM�C:�;5G�9EI=DA9B H�5B8�<5B8@=B;�5B8�GHCF5;9�C :�<5N5F8CIG

7<9A=75@G


. <9� =BB=G<�:CC8�G5:9HM�5IH<CF=HM�;F5BHG�5IH<CF=N5H=CB�:CF�6=C;5G�D@5BHG�:CF�H<9

:9FH=@=N9F�IG9�C:�8=;9GH5H9
� IFH<9FACF9��: 9FH=@=N9F�DFC8I7 HG�D@5798�=B�A5F?9HG�=B

 =B@5B8�AIGH�69�=B7@I898�9=H<9F�=B�H<9�B5H=CB5@�HMD9�89G=;B5H=CB�@=GH�C:�: 9FH=@=N9F

DFC8I7 HG�CF��=B�H<9�75G9�C:�� ��: 9FH=@=N9FG��=B�H<9�@=GH�C:�HMD9G�C:�� ��: 9FH=@=N9FG

89G=;B5H=CBG�GD97=f=98�=B��BB9L�#�HC�� ��, 9;I@5H=CB���� ����� �


(5H=CB5@� 9FH=@=N9F�AIGH�A99 H�H<9�F9EI=F9A9B HG�G9H�CIH�=B� =BB=G<� 9FH=@=N9F�� 7H����� �

���� ���K<=7<�9BGIF9G�H<5H�5@@�:9FH=@=N9F�DFC8I7 HG�D@5798�CB�H<9�A5F?9H�=B� =B@5B8�5F9

G5:9��C:�;CC8�EI5@=HM��5B8�GI=H56@9�:CF�D@5BH�DFC8I7 H=CB
�.<9�� 97F99�C:�H<9�'=B=GHFM�C:

��



� ;F=7I@HIF9�5B8� CF9GHFM�CB� 9FH=@=N9F�*FC8I7 HG������� 

��F 9;I@5H9G�H<9�F9EI=F9A9B HG

:CF�H<9�HMD9�89G=;B5H=CB�@=GH�5B8�H<9�F9EI=F9A9B HG�:CF�EI5@=HM��A5F?=B;��D57?5;=B;�

HF5BGDCFH��GHCF5;9 ��IG5;9�5B8�C H<9F�F9EI=F9A9B HG�5G�K9@@�5G�H<9�F5K�A5H 9F=5@G�IG98

=B�:9FH=@=N9F�DFC8I7 HG
�/G9�C:�G9K 5;9�G@I8;9�=B�5;F=7I@HIF9�=G�F9;I@5H98�6 M

! CJ9FBA9BH�� 97F99���� �
� � � 


#B�588=H=CB��G9J9F5@�@5KG��897F99G�5B8�GH5B85F8G�5F9�5DD@=756@9�:CF�7CBGHFI7 H=B;�5

6=C;5G�D@5BH�5G�K9@@�5G�:CF�F5K�A5H 9F=5@G�5B8�DFC8I7 HG��89D9B8=B;�CB�H<9�B5HIF9�C:

A5H9F=5@G�HF95H98��DFC8I7 98�5B8�D@5BH�CD9F5H=CBG


�B J=FCBA9BH5@�=AD57H�5GG9GGA9BH���#���=G�F9EI=F98�577CF8=B;�HC�H<9�&5K���� ��� 
�

5B8�� 97F99��� � ��� 
��: CF�D@5BHG�K=H<�DFC8I7 H=CB�75D57=HM�C:���� ����HCBB9G�D9F�M95F

CF�ACF9�5B8�H<9F9:CF9�;9B9F5@@M�BCH�5DD@=756@9�:CF�GA5@@9F�6=C;5G�D@5BHG


. <9�5B=A5@�6M	DFC8I7 HG�F9;I@5H=CB�=G�;9B9F5@�K=H<=B�H<9��/�5B8�GH5H9G�H<9�H9FAG�:CF

DF9J9BH=CB�C:�GDF958�C:�8=G95G9G�K=H<=B�H<9�DFC79GG9G�C:�AC J=B;�A5H9F=5@G�C:�5B=A5@

CF=;=B


� �
 � (*8/$7 25<�29(59,( :�) 25�� $52(��6/$1'6

. <9� 5FC9�#G@5B8G�<5J9�5B�=B89D9B89BH�DCG=H=CB�=B�H<9�%=B;8CA�C:�� 9BA5F?�5B8�5F9

BCH�A9A69F G�C:�H<9��/�CF���� 
�. <9� 5FC9�#G@5B8G�H<9F9:CF9�<5J9�H<9=F�CKB�@5KG�=B

ACGH�5F95G
�#B8IGHF=5@�D@5BHG�5F9�F9;I@5H98�=B�577CF85B79�K=H<��<5DH9F���C:�H<9

�B J=FCBA9BH5@�*FCH97H=CB��7H�C:�
���


� �� � (*8/$7 25<�29(59,( :�) 25��&(/$1'

� 7H�BC
�� �
� ���CB�< M;=9B=7�5B8�DC@@IH=CB�7CBHFC@�CIH@=B9G�H<9�9BJ=FCBA9BH5@

@9;=G@5H=CB�CB�=B8IGHF=5@�57H=J=H=9G�=B�#79@5B8
� CF�GA5@@�5B8�A98=IA�G=N9�6=C;5G�D@5BHG

H<9�AIB=7=D5@=HM�K=@@�69�H<9�D9FA=HH=B;�5IH<CF=HM
�&5F;9F�D@5BHG�C:�#���G=N9�K=@@�<5J9

H<9��BJ=FCBA9BH�� ;9B7 M�C:�#79@5B8�5G�D9FA=HH=B;�5IH<CF=HM


� �� � (*8/$7 25<�29(59,( :�) 25��25 : $<

(9 K�6=C;5G�D@5BHG�AIGH�5DD@M�:CF�5�D9FA=H�577CF8=B;�HC�H<9�*C@@IH=CB��CBHFC@��7H

�: CFIF9BGB=B;G@CJ9B��: FCA�H<9�� CIBHM�! CJ9FBCF�� M@?9GA5BB9B�


 CF�6=C;5G�DFC8I7 H=CB�:FCA�G9K 5;9�G@I8;9��H<9�6=C;5G�D@5BH�A5M�69�7CBG=89F98�5B

=BH9;F5H98�D5FH�C:�H<9�K5GH9�K 5H9F�HF95HA9BH�:57=@=HM��5B8�H<IG�=B7CFDCF5H98�=BHC�=HG

D9FA=HG


(9 K�6=C;5G�D@5BHG�A5M�69�5G?98�: CF�5�G7F99B=B;�577CF8=B;�HC�F9;I@5H=CB�CB

9BJ=FCBA9BH5@�=AD57H�5GG9GGA9BH�C:�D@5BG�5B8�DFC;F5AG�5B8�GD97=f=7�DFC>97HG

� CFG?F=:H�CA�?CBG9?J9BGIHF98B=B;9F�


. <9�(CF K 9;=5B�: 9FH=@=N9F�F9;I@5H=CB�� CFG?F=:H�CA�;>\8G9@J5F9F�AJ
�5J�CF;5B=G?

CDD<5J��G9HG�CIH�EI5@=HM�F9EI=F9A9B HG�:CF�:9FH=@=N9F�DFC8I7 HG�:FCA�CF;5B=7�F5K

A5H9F=5@G
�O�
��89f=B9G�bEI5@=HM�7@5GG9Gc�:CF�:9FH=@=N9FG��K=H<�H<9=F�5GGC7=5H98�@=A=HG�:CF

A9 H5@�7CBH9BH�5B8�O���G9HG�F9EI=F9A9B HG�:CF�IG9�C:�: 9FH=@=N9F�DFC8I7 HG�7CBH5=B=B;

G9K 5;9�G@I8;9


��



. <9�5B=A5@�6M	DFC8I7 HG�F9;I@5H=CB�C:��/�=G�=AD@9A9BH98�=B�B5H=CB5@�F9;I@5H=CB�=B

(CF K 5M
�#H�GH5H9G�H<9�H9FAG�:CF�DF9J9BH=CB�C:�GDF958�C:�8=G95G9G�K=H<=B�H<9

DFC79GG9G�C:�AC J=B;�A5H9F=5@G�C:�5B=A5@�CF=;=B


#:�H<9�6=C;5G�D@5BH�GHCF9G�@5F;9�5ACIB HG�C:�6=C;5G��H<9�F9;I@5H=CB�CB�7CBHFC@�C:

A5>CF577=89BH�<5N5F8G�=BJC@J=B;�85B;9FCIG�GI6GH5B79G�A5M�69�F9@9J5BH�� CFG?F=:H

CA�H=@H5?�: CF�U�:CF96M;;9�C;�69;F 9BG9�?CBG9?J9BG9B9�5J�GHCFI@M??9F�=�J=F?GCA<9H9F

89F�:5F@=;9�?>9A=?5@=9F�:CF9?CAA9F�� GHCFI@M??9:CFG?F=:H9B��


� �
 � (*8/$7 25<�29(59,( :�) 25� : ('(1

#B�-K 989B�H<9F9�5F9�8=::9F9BH�HMD9G�C:�F9EI=F9A9B HG��89D9B8=B;�CB�H<9�G=N9�5B8�HMD9

C:�D@5BH�5B8�H<=G�=G�F9;I@5H98�=B�5�GD97=f=7�CF8=B5B79�CB�9BJ=FCBA9BH5@@M�D9FA=H�

'=@>[DF[ JB=B;Gf[FCF8B=B;9B���� 
����
�
�- CA9�HMD9G�C:�D@5BHG�5F9�GI6>97H�HC�D9FA=HG

K<=7<�5F9�5DD@=98�:CF�5H�9=H<9F�CB9�C:�H<9�
��b'=@>[DF[ JB=B;G89@9;5H=CB9FB5c�=B

-K 989B�CF�5H�CB9�C:�H<9�f=J9�@5B8�5B8�9BJ=FCBA9BH5@�7CIFHG��89D9B8=B;�CB�H<9�G=N9

5B8�CF�H<9�9BJ=FCBA9BH5@�=AD57H�C:�H<9�D@5BH
�"C K 9J9F��BCB9�C:�H<9�D@5BHG�K=H<=B

H<=G�GHI8M�5F9�C:�H<9�G=N9�H<5H�B998G�5�D9FA=H�:FCA�H<9�7CIFH
�- CA9�C:�H<9�D@5BHG

K=H<=B�H<9�G=N9�F5B;9�C :���` 
���H CB�D9F�85M�8C�BCH�B998�5�D9FA=H��6IH�=BGH958�H<9M

AIGH�69�BCH=f=98�HC�H<9�GID9FJ=GCFM�5IH<CF=HM


 CF�6=C;5G�DFC8I7 H=CB�:FCA�G9K 5;9�G@I8;9��H<9�6=C;5G�D@5BH�A5M�69�7CBG=89F98�5G

5B�=BH9;F5H98�D5FH�C:�H<9�K5GH9�K 5H9F�HF95HA9BH�:57=@=HM�5B8�H<IG�=B7CFDCF5H98�=BHC

=HG�D9FA=HG


. <9�D@5BHG�K=H<�5�D9FA=H�B998�HC�F9DCFH�H<9=F�9BJ=FCBA9BH5@�=GGI9G�957<�M95F�HC�H<9

GID9FJ=GCFM�5IH<CF=HM��b. =@@GMBGAMB8=;<9H9Bc�
�. <9�F9DCFHG�5F9�=B�577CF85B79�K=H<

H<9�H9FAG�=B�H<9�D9FA=HG


) H<9F�F9EI=F98�@5KG�5B8�F9;I@5H=CBG�C:�=ADCFH5B79�=B7@I89�

d . <9�@5K�H<5H�G9FJ9G�H<9�KCF?9FG�F=;<H��b�F69 HGA=@>[@5;9B�- -�
�� ��

��c�
�. <=G

@5K�=G�;9B9F5@�5H�5@@�KCF?D@579G�=B�-K989B
���D@5B�:CF�H<9�KCF?=B;�9BJ=FCBA9BH

<5G�HC�69�A589�CIH 


d , 9;I@5H=CB�CB�9BJ=FCBA9BH5@�=AD57H�5GG9GGA9BH�C:�D@5BG�5B8�DFC;F5AG�5B8

GD97=f=7�DFC>97HG��b'=@>[698[AB=B;Gf[FCF8B=B;��� 
��� � � c�


d . <9�5B=A5@�6M	DFC8I7 HG�F9;I@5H=CB�=G�;9B9F5@�K=H<=B�H<9��/�5B8�GH5H9G�H<9�H9FAG

:CF�DF9J9BH=CB�C:�GDF958�C:�8=G95G9G�K=H<=B�H<9�DFC79GG9G�C:�AC J=B;�A5H9F=5@G�C:

5B=A5@�CF=;=B
�2CI�<5J 9�HC�<5B8�=B�5B�5DD@=75H=CB�HC�H<9�-K98=G<�5;F=7I@HIF5@

5;9B7 M��b$CF86FI?GJ9F?9Hc���89G7F=6=B;�H<9�DFC79GG�H<CFCI;<@M


d #B�H<9�G5A9�DFC79GG�C:�5DD@M=B;�HC�H<9�@C75@�AIB=7=D5@=HM�:CF�5B�5@@CK 5B79�C:

7CBGHFI7 H=CB��b6M;;@CJc���MCI�5@GC�<5J9�HC�<5B8�=B�5B�5DD@=75H=CB�7CB79FB=B;�H<9

<5B8@=B;�C:�f@5AA56@9�5B8�9LD@CG=J9�;CC8G�K=H<=B�H<9�6=C;5G�D@5BH
�. <=G

577CF8=B;�HC�H<9�@5K�C:�f@5AA56@9�5B8�9LD@CG=J9�;CC8G��b&5;���� 
��
�

��CA

6F5B8: 5F@=;5�C7<�9LD@CG=J5�J5FCFc�


d . <9�@5K�C:�DFCH97H=CB�5;5=BGH�577=89BHG��b&5;����� ��� � � ��CA�G?M88�AC H

C@M7?CFc��GH5H9G�H<5H�MCI�G<CI@8�<5J9�5�D@5B�:CF�9A9F;9B7=9G�K=H<=B�MCIF

7CAD5BM��K<=7<�=G�C:�<=;<�=ADCFH5B79�K=H<=B�6=;;9F�D@5BHG
�2CI�G<CI@8�5@GC�KCF?

K=H<�DF9J9BH5H=J9�57H=CBG


d #:�MCI�<5B8@9�@5F;9�5ACIB HG�C:�7<9A=75@G�K=H<=B�H<9�D@5BH�CF�=:�H<9�5ACIBH�C:

GHCF98�6=C;5G�=G�@5F;9 ��MCI�5F9�DFC656@M�7CB79FB98�6M�H<9�-9J9GC�F9;I@5H=CBG

��



GH5H=B;�H<5H�MCI�G<CI@8�DF9J9BH�5B8�@=A=H�H<9�=AD57H�C:�G9F=CIG�7<9A=75@

577=89BHG��b&5;�� 
� � ����
��CA�UH ;TF89F�f[F�5HH�f[F96M;;5�C7<�69;F TBG5

f[@>89FB5�5J�5@@J5F@=;5�?9A=?5@=9C@M7?CFc�


� �� � (*8/$7 25<�29(59,( :�) 25�>/$1'��6/$1'6

Q@5B8�<5G�=HG�CKB�DFCJ=B7=5@�@5KG�=B�5�BIA69F�C:�=ADCFH5BH�5F95G�65G98�CB�=HG

5IHCBCACIG�DCG=H=CB
�.<9�9BJ=FCBA9BH5@�@=79BG=B;�:CF�=B8IGHF=5@�D@5BHG�=G�CIH@=B98�=B

H<9�*FCJ=B7=5@�@5K�CB�9BJ=FCBA9BH5@�DFCH97H=CB��Q -������
�� ��TB8F58�Q -���
��
� �

5B8�897F99��Q -������
�� ��TB8F58�Q -���
��
� �
�. <9�D9FA=HH=B;�5IH<CF=HM�=G�H<9

9BJ=FCBA9BH5@�5B8�<95@H<�DFCH97H=CB�5;9B7M�C:�Q@5B8��Q'"'�


): H9B�DFC:9GG=CB5@�<5B8@=B;�C:�K5GH9�HF=;;9FG�B998G�C:�9BJ=FCBA9BH5@�D9FA=H�C:

6=C;5G�D@5BH��K<9F95G�:CF�GA5@@9F�D@5BHG�75G9G�A5M�J5FM
��@GC��@5F;9�G75@9�C:�5B=A5@

:5FA=B;�B998G�5B�9BJ=FCBA9BH5@�D9FA=H�5B8�=:�CB@M�5B=A5@�K5GH9�C:�CKB�: 5FA�=G

HF95H98��H<9�D9FA=H�75B�69�=BH9;F5H98�=B�H<9�9BJ=FCBA9BH5@�D9FA=H�C:�H<9�:5FA


1 5GH9�A5B5;9A9B H�=G�F9;I@5H98�=B�Q@5B8�6M�H<9�&5B8G?5DG@5;���� 
���� ��CA

H=@@TADB=B;�5J�F=?9HG�5J:5@@G@5;�5B8�&5B8G?5DGf[FCF8B=B;���� 
���� ��CA�5J :5@@


Q@5B8G�&5B8G?5DGF9;9F=B; �Q&,��@=79BG9G�5B8�GID9FJ=G9G�H<9�G5:9HM�C:�DFC8I7 HG�

G9FJ=79G�5B8�=B8IGHF=5@�57H=J=H=9G


�




����1 9,5210(1 7$/�,03$& 76�)520
%,2*$6�352'8& 7,21

�� ���5 2&( 66�( )@,&,(1&<

. <9�9:f=7=9B7M�C:�H<9�DFC79GG�=G�5B�9BJ=FCBA9BH5@�=AD57H�F9;5F 8=B;�F9GCIF79

9:f=7=9B7M�5B8�7=F7I@5F�97CBCAM
���<=;<�9 :f=7=9B7M�A95BG�<=;<�M=9@8�=B�:CFA�C:�5�@5F;9

CIHDIH�C:�J 5@I56@9�6=C;5G�:FCA�H<9�=BDIH�C:�: 998GHC7?�5B8�CF�;CC8�EI5@=HM�8=;9GH5H9


�:f=7=9B7M�C:�H<9�6=C;5G�D@5BH�A5=B@M�7CFF9@5H9G�<CK�K 9@@�H<9�DFC79GG�:IB7 H=CBG
�#:�H<9

DFC79GG�:IB7 H=CBG�K9@@�5B8�H<9F9�5F9�BC�DFC79GG�8=GHIF65B79G��9B9F;M�9:f=7=9B7M�=G

;CC8�5B8�8=;9GH5H9�=G�C:�;CC8�EI5@=HM��5B8�J=79�J9FG5


��	��0,6 6,216�72�$,5�,1&/8',1*�2'25

* CH9BH=5@�5=F�9A=GG=CBG�:FCA�6=C;5G�D@5BH�DFC79GG9G�=B7@I89�

d '9 H<5B9���" � ���K<=7<�=G�5�GHFCB;�;F 99B<CIG9�;5G�5B8�5@GC�5�DCH9BH=5@�<95@H<

5B8�G5:9HM�F=G?

d �AACB=5��(" � ���K<=7<�75B�@958�HC�9L79GG=J9�@9J9@G�C:�BIHF=9BHG�=B�H<9

9BJ=FCBA9BH�5B8�=G�5@GC�C8CFCIG

d ) H<9F�C8CF�7CADCIB8G��=B7@I8=B;�8=<M8FC;9B�-I@D<=89��" � -���C H<9F�-I@D<IF

7CADCIB8G��5G�K9@@�5G�JC@5H=@9�:5HHM�57=8G��0 ����K<=7<�5F 9�=BH9FA98=5H9

DFC8I7 HG�C:�5B59FC6=7�89;F585H=CB


��6=C;5G�DFC79GG�=G�5�7@CG98�DFC79GG
�"CK 9J9F��DCH9BH=5@�GCIF79G�C:�5=F�9A=GG=CBG�5F9

F979DH=CB�C:�: 998GHC7?��8=;9GH5H9�GHCF5;9 ��@95?G�5B8�8=GHIF65B79G�C:�H<9�DFC79GG


&CC?=B;�5H�H<9�GH5;9G�69 :CF9�H<9�6=C;5G�DFC79GG��9A=GG=CBG�HC�5=F�C77IF�: FCA�GH56@9G

K=H<�:5FA�5B=A5@G
��: H9F�H<9�6=C;5G�DFC79GG�5@GC��H<9�GDF958=B;�C:�8=;9GH5H9�CB�@5B8

75B�@958�HC�5=F�9A=GG=CBG��<CK 9J9F�HMD=75@@M�@CK 9F�H<5B�=:�H<9�:998GHC7?�K5G�GDF958

8=F97H@M�CB�@5B8�K=H<CIH�;C=B;�H<FCI;<�5�6=C;5G�DFC79GG


'=B=A=N5H=CB�C:�@95?5;9�C :�A9 H<5B9�=G�=ADCFH5BH
�- HI8=9G�65G98�CB�A95GIF9A9B HG

G<CK 98�@CGG9G�C:�� ����C :�H<9�DFC8I7 98�6=C;5G�69:CF9�F9D5=F�C:�@95?5;9G�5B8�� ���

5: H9F��� 5B=G<��B9F;M�� ;9B7 M���� 
� �

�@GC��HF5:f=7�HC�5B8�:FCA�H<9�D@5BH�75IG9G�5=F�9A=GG=CBG


��
�� 217$0,1$7,21�2 )�62,/�$1'�: $7(5

,=G?�C:�7CBH5A=B5H=CB�C:�GC=@�5B8�K5H9F�75B�69�G99B�=B�F9@5H=CB�HC�F5=B�K5H9F�:FCA

F979DH=CB�C:�: 998��J9<=7@9�K5G<�5B8�GHCF5;9�5F 95G�G=B79�H<9G9�K5H9FG�DCH9BH=5@@M

7CBH5=B�CF;5B=7�A5HH9F�5B8�BIHF=9BHG�5B8�A5M�F9EI=F9�HF95HA9BH
�#:�=HaG�BCH

589EI5H 9@M�7C@@97H98��HF95H98�5B8�GDF958�=H�A5M�DCG9�5�F=G?�C:�7CBH5A=B5H=CB�C:�GC=@�

;FCIB8K 5H9F�5B8�GIF:579�K 5H9F


��



�=;9GH5H9�IH=@=N5H=CB�<5G�H<9�9BJ=FCBA9BH5@�58J5BH5;9�H<5H�=H�F98I7 9G�H<9�IG9�C:

A=B9F5@�:9FH=@=N9F
�"C K 9J9F��=H�75B�DCG9�DCH9BH=5@�F=G?�C:�7CBH5A=B5H=CB�C:�GC=@�

;FCIB8K 5H9F�5B8�GIF:579�K 5H9F��BIHF=9BHG�5B8�<5N5F8CIG�GI6GH5B79G���=:�IG98

=B5DDFCDF=5H9@M
�#B��/���(CF 8=7�7CIBHF=9G��@9;=G@5H=CB�;=J9G�F5H<9F�GHF=7H�F9;I@5H=CBG�CB

K<5H�HMD9�C:�A5H 9F=5@��<CK�AI7<�5B8�<C K�=H�75B�69�GDF958�=B�GC=@
�.<9F9�5F9�@=A=HG

:CF�<95JM�A9H5@G��D5H<C;9BG�5G�K9@@�5G�A5L=AIA�5DD@=75H=CB�C:�BIHF=9BHG�D9F�@5B8

5F95�5G�89G7F=698�=B�H<9�G97H=CB���F=9:�F9;I@5HCFM�CJ9FJ=9K 


#:�8=;9GH5H9�=G�89K 5H9F98�HC�G9D5F5H9�GC@=8�D<5G9�:FCA�@=EI=8�D<5G9�5B8�H<9�@=EI=8

D<5G9�75BBCH�69�F9HIFB98�HC�H<9�DFC79GG�CF�IH=@=N98�=B�5;F=7I@HIF9��GI7<�5G�=B�D@5BHG

:CF�G9K 5;9�G@I8;9��=H�B998G�HF95HA9BH
�. <=G�K5GH9K 5H9F�<5G�<=;<�CF;5B=7�A5HH9F�5B8

BIHF=9BHG��9GD97=5@@M�("��7CBH9BH


�� ���2,6(

. F5:f=7�5G�K9@@�5G�J9<=7@9G��DIADG��:5BG��;5G�7CADF9GG=CB�5B8�DCGG=6@9�DF9HF95HA9BH

9
;
�G<F988=B;�DFC8I7 9�BC=G9
�(C=G9�75B�69�F98I7 98�6 M�F9;I@5F�A5=BH9B5B79�C:�: 5BG�

AC HCFG��9H7
�IG=B;�BC=G9�G<=9@8G�K<9F9�DCGG=6@9��9B7@CGIF9�C:�IB=HG��IG=B;�G=@9B79FG�5B8

G@CK�FCH5H=B;�:5BG
�.<=G�=G�;9B9F5@�5GD97HG�=B�ACGH�=B8IGHF=9G�5B8�BCH�=B7@I898�=B�H<9

89G7F=DH=CB�C:�� � .�H97<B=EI9G�=B�H<9�B9LH�7<5DH9F


����" $5,$7,216�,1�(1 9,5210(1 7$/�,03$& 76

�B J=FCBA9BH5@�=AD57HG�C:�6=C;5G�D@5BH�75B�J5FM�;F95H@M�5H�8=::9F9BH�D@5BHG�:CF

G9J9F5@�F95GCBG�

d &C75H=CB�C:�H<9�D@5BH
�#B�D5FH=7I@5F�C8CF�A5M�75IG9�DFC6@9AG�=:�H<9F9�5F9

58>579BH�F9G=89BH=5@�<CIG9G
��@ACGH�9J9FM�D@5BH�75IG9G�C8CF�GCA9H=A9G


d �B J=FCBA9BH5@�=AD57HG�C:�6=C;5G�D@5BH�B998�HC�69�75F9: I@@M�5GG9GG98��=B

D5FH=7I@5F�=:�H<9�G=H9�=G�97C@C;=75@@M�G9BG=H=J9
�&C75H=CB�C:�6=C;5G�D@5BH�CB

=ADCFH5BH�;FCIB8K 5H9F�5F95�=G�BCH�F97CAA9B898�5B8�A5M�BC H�69�=B

577CF85B79�K=H<�F9;I@5H=CB�CF�;I=85B79
�#:�F5=BK 5H9F�CF�K5GH9K 5H9F�=G�D@5BB98

HC�69�8=G7<5F;98�=B�H<9�9BJ=FCBA9BH��=AD57HG�CB�F979=J=B;�K5H9F�6C8M�7 CIFG9

5B8�B99898�HF95HA9BH�B998�HC�69�75F9: I@@M�5GG9GG98


d . MD9�C:�: 998GHC7?�5B8�<CK�A5H 9F=5@�=G�<5B8@98�6M�:5F�89H9FA=B9G�H<9

9BJ=FCBA9BH5@�=AD57HG
��=:: 9F9BH�A5H9F=5@G�F9EI=F9�8=::9F9BH�HF95HA9BH�5B8�5@@

A5H9F=5@G�5F9�BCH�GI=H56@9�=B�9J9FM�@C75H=CB�5B8�DFC79GG�5G�:IFH<9F�8=G7IGG98�=B

H<9�:C@@CK=B;
� CF�9L5AD@9��, 9GHF=7H=CBG�5F9�G9H�K<9B�G9K 5;9�G@I8;9�=G�IG98


d ! 9B9F5@@M��H<9�@5F;9F�H<9�D@5BH�=G��H<9�@5F;9F�H<9�DCH9BH=5@�=AD57HG��6IH�BCH

5@K5MG
�&5F;9F�D@5BHG�75B�69�ACF9�GH56@9�HC�CD9F5H9
�. <9F9:CF9��GA5@@9F�D@5BHG

75B�69�9J9B�5�6=;;9F�F=G?�C:�9 
;
�C8CF�9A=GG=CBG�=:�CD9F5H=CB�=G�BCH�DFC:9GG=CB5@


-A5@@9F�D@5BHG�A5M�69�FIB�5G�D5FH�C:�: 5FA�CD9F5H=CBG�K=H<�@9GG�F9GCIF79G�=B

ACB=HCF=B;�C:�H<9�DFC79GG


� � .�7 5B8=85H9G�5F9�89G7F=698�K=H<=B�?9M�9BJ=FCBA9BH5@�=AD57HG�5B8�5F9�8=G7IGG98�=B

�<5D H9F�� 


��



� ��� � !�7 (&+1,48( 6

1<9B�=89B H=:M=B;�H<9�H97<B=EI9G�H<5H�75B�69�7CBG=89F98�5G�� � . ��5�@CB;@=GH�K5G�f=FGH

89J9@CD98
�.<9�G<CFH@=GH�C:�K 5G�H<9B�DF=CF=H=N98�: FCA�H<9�@CB;@=GH�577CF8=B;�HC�H<9

:C@@CK=B;�DF=CF=H=9G�

d � � .�588F 9GG=B;�H<9�=89BH=f=98�A5=B�9BJ=FCBA9BH5@�=B8=75HCFG

d � � .�5GG9GG98�HC�<5J9�5�G=;B=f=75BH�F98I7 H=CB�=B�9A=GG=CB�5B8�=AD57HG

d � � .�K<=7<�=G�97CBCA=75@@M�5B8�H97<B=75@@M�J=56@9�7CBG=89F=B;�H<9�7CGH�5B8

58J 5BH5;9G

d � � .�K<=7<�=G�DF=A5F=@M�89J9@CD98�CF�CF=;=B5H9G�=B�H<9�(CF8=7�7CIBHF=9G

. <9�G97HCF�7CJ9FG�J9FM�8=::9F9BH�HMD9G�5B8�G=N9G�C:�=BGH5@@5H=CB�IH=@=N=B;�8=::9F9BH

HMD9G�C:�: 998GHC7?�5B8�DFC8I7=B;�8=::9F9BH�HMD9G�C:�DFC8I7 HG
�.<9�H97<B=75@�5B8

97CBCA=7�:95G=6=@=HM��5G�K9@@�5G�H<9�9BJ=FCBA9BH5@�=AD57HG��C:�H<9�D@5BHG�J5F=9G

;F95H@M��69=B;�J9FM�AI7<�7 5G9	89D9B89BH
�#B�588=H=CB��H<9�@C75H=CB�C:�H<9�D@5BH�5B8

@C75@�7CB8=H=CBG�<5J9�=Bf@I9B798�H<9�9BJ=FCBA9BH5@�D9FA=HG


�L 5AD@9G�C:�H97<B=EI9G�H<5H�75B�69�G99B�5G��� .�5F 9�89G7F=698�69@CK 
��A=GG=CB�5B8

7CBGIADH=CB�5F9�89G7F=698�CB�5�;9B9F5@�@9J9@
�.C�=@@IGHF5H9�<CK�H<9�H97<B=EI9�=G�IG98

5B8�K<=7<�7<5@@9B;9G�=H�GC@J9G��9L5AD@9G�5F9�;=J9B


(C H�5@@�H97<B=EI9G�5F9�GI=H56@9�:CF�5@@�HMD9G�C:�D@5BHG��K<=7<�=G�89G7F=698�IB89F

b5DD@=756=@=HMc


#B�GCA9�75G9G��5�H97<B=EI9�@958G�HC�B9K�9BJ=FCBA9BH5@�=AD57HG�H<5H�B998�HC�69

7CBG=89F98�69 :CF9�CB9�7<CCG9G�HC�IG9�H<9�H97<B=EI9
� CF�=BGH5B79��7@95B=B;�C:�;5G

K=H<�5�G7FI669F�@958G�HC�K5GH9�K 5H9F
�. <5H�=G�89G7F=698�5G�b7FCGG	A98=5�9: : 97Hc


 =B5@@M��97CBCA=7�7CBG=89F5H=CBG�5F9�89G7F=698�:CF�957<�H97<B=EI9


� ���� � !�) 25�/2&$7,21�2)�%,*$6�3/$1 7

� ��� ��� ( 6&5,37,21�2)�7(&+1,48(

�@F958M�=B�H<9�GH5;9�C :�D@5BB=B;�C:�5�6=C;5G�D@5BH��@C75H=CB�=G�J9FM�=ADCFH5BH


'CGH�=ADCFH5BH�=G�8=GH5B79�HC�7@CG9GH�F9G=89BH=5@�<CIG9G�5B8�CH<9F�G9BG=H=J9

F979DHCFG�6975IG9�9J9B�5�K 9@@�CD9F5H=B;�6=C;5G�D@5BH�A5M�GCA9H=A9G�75IG9

BI=G5B79G��C8CF�5B8�BC=G9
�#B�588=H=CB��=H�75B�69�G99B�5G��� .�HC�7CBG=89F

=B: F5GHFI7 HIF9�G=B79�6=C;5G�D@5BHG�65G98�CB�A5BIF9�: FCA�ACF 9�: 5FAG��CF;5B=7

<CIG9<C@8�K5GH9�CF�8=::9F9BH�GCIF79G�C:�6=CA5GG�=B7F95G9�HF5:f=7��H<9�@5F;9F�H<9

D@5BH��H<9�ACF9�HF5:f=7
�#B�CF89F�HC�A=B=A=N9�HF5BGDCFH5H=CB��H<9�DCGG=6=@=HM�HC�;9 H

:998GHC7?�5B8�HC�IH=@=N9�H<9�8=;9GH5H9�B95F�H<9�D@5BH�5F9�5@GC�=ADCFH5BH�5GD97HG


�@GC��8=GH5B79�HC�B95F9GH�<95H�CF�;5G�A5F?9H�=G�F9@9J5BH


� 7C@C;=75@�G9HH=B;G�C:�D@5BH�@C75H=CB�AIGH�69�75F9: I@@M�7CBG=89F98�5B8�@9;=G@5H=CB�5B8

;I=89@=B9G�F9;5F 8=B;�@C75@=N5H=CB�B95F�;FCIB8�K 5H9F�F9GCIF79G�CF�CH<9F�F9EI=F9A9B HG

AIGH�69�: I@f=@@98


� �



&C75H=CB�C:�6=C;5G�D@5BH�=G�5@GC�5�G5:9HM�EI9GH=CB�6975IG9�C:�F=G?�C:�f=F9�CF�9LD@CG=CB


�L 5AD@9G�

#B�� 9BA5F?��5�<5B86CC?�CB�9BJ=FCBA9BH�5B8�D@5BB=B;�'=@>\A=B=GH9F=9H������ ��=G

C: H9B�IG98�5G�;I=85B7 9�K<9B�5�6=C;5G�D@5BH�=G�HC�69�@C75H98
�#H�=B7@I89G�H<9

D5F5A9 H9FG�C:�BC=G9�5B8�<5FA@9GG�9A=GG=CBG�GI7<�5G�C8CF�`�BCH�;FCIB8K 5H9F

DFCH97H=CB��K<=7<�=G�895@H�K=H<�=B�CH<9F�;I=89@=B9
���� 5B=G<�6=C;5G�D@5BH�K5G�D@5798

B95F�5�@5F;9�G@5I;<H9F<CIG9
�! CC8�HF5BGDCFH5H=CB�DCGG=6=@=H=9G�5B8�7@CG9B9GG�HC�H<9

G@5I;<H9F<CIG9�H<5H�89@=J9F98�: 998GHC7?�K9F9�=B�:C7IG�K<9B�@C75@=N5H=CB�K5G

897=898


#B�-K 989B�5�6=C;5G�D@5BH�K5G�@C75H98�5H�5�GI;5F�: 57HCFM�A5?=B;�=H�DCGG=6@9�HC�IH=@=N9

H<9�F9G=8I9G�:FCA�H<9�GI;5F�DFC8I7 H=CB


#B�#79@5B8�H<9�6=C;5G�D@5BH�IB89F�7CBGHFI7 H=CB�A9BH=CB98�=B�7<5DH9F���=G�;C=B;�HC

IH=@=N9�CF;5B=7�K 5GH9�: FCA�<CIG9<C@8G�5B8�H<9F9:CF9�5�@C75H=CB�B95F�H<9�75D=HC@�=G

F5H=CB5@


�BC H<9F�9L5AD@9�C:�5�;CC8�@C75H=CB�C:�6=C;5G�D@5BH�HF95H=B;�A=L98�: 998GHC7?�=G�5B

C@8�@5B8f=@@�5F95��K<9F9�5@GC�H<9�@5B8f=@@�;5G�=G�IH=@=N98�5H�H<9�6=C;5G�D@5BH


� ���	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

� 9D9B8=B;�CB�@C75H=CB�5B8�H<9�B95F6M�@5B8G75D9�5B8�@C75@�K95H<9F�7CB8=H=CBG�

=AD57HG�C:�9A=GG=CBG�CB�D9CD@9�5B8�9BJ=FCBA9BH�5F9�8=::9F9BH�6IH�5�79FH5=B�8=GH5B79

HC�B95F9GH�B9=;<6CFG�9BGIF9G�H<5H�DCGG=6@9�9A=GG=CBG�K=@@�69�8=@IH98�5B8�F98I7 9�H<9

=AD57H


� ���
��33/,& $%,/,7<

�DD@=9G�HC�5@@�D@5BHG


� ��� ���5 266�0(',$�( ))(&7

(CB9�=89BH=f=98


� ������ &2120,&6

#:�5�@C75H=CB�G=;B=f=75BH@M�=B7F95G9G�H<9�B99898�HF5BGDCFH5H=CB�8=GH5B79�CF�H=A9�:CF

H<9�D@5BH��=H�A5M�5@GC�=B7F95G9�H<9�7CGH�C:�HF5BGDCFH5H=CB�C:�F5K�A5H 9F=5@G�5B8

DFC8I7 HG


��



� �	 � � !�) 25�0$1$*(0(1 7�6<67(0

� �	 ���� ( 6&5,37,21�2)�7(&+1,48(

'5B5;9A9B H�GMGH9A�=G�5�HCC@�CD9F5HCFG�75B�IG9�HC�588F9GG�89G=;B��7CBGHFI7 H=CB�

A5=BH9B5B79��CD9F5H=CB�5B8�897CAA=GG=CB=B;�=GGI9G�=B�5�GMGH9A5H=7��89ACBGHF56@9

K 5M
�)D9F 5H=CB�C:�6=C;5G�D@5BH�=B�5�DFC:9GG=CB5@��GMGH9A5H=7�5B8�89ACBGHF56@9�K5M

=G�J9FM�=ADCFH5BH�5B8�F9GI@HG�=B�;CC8�DFC79GG�D9F:CFA5B79


'5B5;9A9B H�C:�GA5@@9F�G=N9�6=C;5G�D@5BHG�A5M�<5J9�GH5: :�C:�>IGH�
`��D9FGCBG�=B�5

D@5BH�HC�69�97CBCA=75@@M�J=56@9��A95B=B;�H<5H�79FH=f=98�A5B5;9A9B H�GMGH9A�@=?9�#-)

A5M�69�IBB97 9GG5F=@M�<95JM�`�5�GA5@@9F�GMGH9A�A5M�69�9BCI;<�5G�@CB;�5G�=H�7CBH5=BG

5@@�7F=H=75@�DFC798IF 9G�5B8�DFCJ=G=CBG


. <9�D@5BH�G<CI@8�<5J9�7F=H=75@�DFC798IF 9G�5B8�DFCJ=G=CBG�=B�D@579��=B7@I8=B;�H<9

:C@@CK=B;�HC�69�: IFH<9F�8=G7IGG98�=B�7CA=B;�7<5DH9FG�

d *F9D5F98B9GG�HC�IB9LD97H98�G=HI5H=CBG��DFC79GG�8=GHIF65B79��GD=@@G��F9@95G9G�

577=89BHG


d *FC798IF 9�HC�A5? 9�GIF9�H<5H�H<9�DFC79GG�:IB7 H=CBG��ACB=HCF=B;�C:�?9M

D5F5A9 H9FG�C:�DFC79GG��:998GHC7?�5B8�DFC8I7 HG


d �GGIF9�H<5H�GH5::�=G�DFC:9GG=CB5@�5B8�HF5=B98�5B8�IB89FGH5B8G�6=C;5G�DFC79GG

�5@GC�657?ID�D@5B�=:�5�D9FGCB�;9HG�G=7?�CF�@95J9G�H<9�7CAD5BM�*F C798IF 9G�CB

DF9J9BH=J9�A5=BH9B5B79�5B8�H<5H�H<9�9EI=DA9BH�=G�;5G	DFCC:�5B8�G5: 9


): H9B�H<9G9�F9EI=F9A9B HG�5H�@95GH�D5FH@M�7CA9�: FCA�G9J9F5@�@9;=G@5H=CBG�5B8�5F9�D5FH

C:�D9FA=HG�5B8�5IH<CF=N5H=CB�F9EI=F9A9B HG��9
;
�F 9EI=F9A9B HG�C:�: CC8��f=F9��7<9A=75@

G5:9HM��5B8�9BJ=FCBA9BH5@�5IH<CF=H=9G


. <9�69B9f=HG�C:�5�A5B5;9A9B H�GMGH9A�5F 9�

d �9 HH9F�A5B5;9A9B H�C:�F=G?G

d #ADFCJ98�8C7IA9B H5H=CB�5B8�:57=@=H5H=B;�C:�F9DCFH=B;�HC�5IH<CF=H=9G

d �9 HH9F�F97CF8G�:CF�7CAAIB=7 5H=CB�K=H<�5IH<CF=H=9G

d �9 HH9F�65G=G�:CF�7CBH=BICIG�=ADFCJ9A9B HG


�L 5AD@9G�

#BGHFI7 H=CBG�=ADCFH5BH�:CF�9BJ=FCBA9BH5@�D9F:CFA5B79�5F9�D5FH�C:�H<9�GH5B85F8

F9EI=F9A9B HG�=B�H<9��5B=G<�@9;=G@5H=CB
�.<9M�75B�69�G99B�5G��� .�5@GC�=B�GA5@@

CF;5B=N5H=CBG�5B8�H<9M�=B7@I89�

d "C K�H<9�GH5::�G<5@@�57H�=B�CF89F�HC�5JC=8�9A=GG=CB�5B8�GD=@@5;9�C:�6=CA5GG�

6=C;5G�5B8�8=;9GH5H9�K<9B�6=CA5GG�=G�F979=J98�5B8�K<9B�6=CA5GG��6=C;5G��5B8

8=;9GH5H9�=G�<5B8@98


d *FC798IF 9G�CB�7CBHFC@�5B8�A5=BH9B5B79�C:�F957HCF�H5B?G�5B8�D=D9G�=B�CF89F�HC

G97IF9�H<5H�H<9M�5F9�;5G	DFCC:�5H�5BM�H=A9
� CF�:IFH<9F�89H5=@G�CB�<CK�H<=G�75B

69�8CB9��G99�89G7F=DH=CB�C:�� � .�: CF�8=:: IG9�9A=GG=CBG�HC�5=F


d *FC798IF 9G�CB�7CBHFC@�5B8�A5=BH9B5B79�C:�9EI=DA9B H�:CF�F98I7=B;�5=F�9A=GG=CBG

5B8�DFC798IF 9G�:CF�8=GHIF698�CD9F5H=CB��=B7@I8=B;�D9F=C8G�K<9F9�H<9�9EI=DA9BH

=G�BCH�KCF?=B;�5G�=BH9B898


d *FC798IF 9G�:CF�7CBHFC@�5B8�A5=BH9B5B79�C:�5B�9 J9BHI5@�f@5F9


��



d *FC798IF 9G�:CF�7CBHFC@�5B8�A5=BH9B5B79�C:�9EI=DA9B H�:CF�6=C;5G�IH=@=N5H=CB

�6C=@9F��;5G�9B;=B9�5B8�;5G�ID;F 58=B;�GMGH9A�


d *FC798IF 9G�:CF�GH5FH	ID�C :�H<9�6=C;5G�D@5BH�5B8�7@95B=B;�9EI=DA9BH�=B7@I8=B;

H<9�H=A9�8IF5H=CB


� �	 �	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

! CC8�A5B5;9A9B H�@958G�HC�@9GG�9A=GG=CBG��6IH�=HaG�8=:f=7I@H�HC�5GG9GG�H<9�A5;B=HI89

C:�H<9�5JC=898�9A=GG=CBG


� �	 �
��33/,& $%,/,7<

'5B5;9A9B H�GMGH9A�7 5B�69�=AD@9A9BH98�: CF�5BM�DFC:9GG=CB5@�CD9F5H=CB��CB@M�H<9

G75@9�5B8�G7CD9�B998�HC�69�H5=@CF98�65G98�CB�DIFDCG9
�'5M69�H<9�7 9FH=f=98�GMGH9A�=G

HCC�9LH9BG=J9�: CF�GA5@@9F�D@5BHG
�"CK 9J9F��H<9G9�F9EI=F9A9B HG�C: H9B��5H�@95GH�D5FH@M�

7CA9�: FCA�: CC8��f=F9��7<9A=75@�5B8�G5:9HM�D9FA=HG�5B8�5IH<CF=N5H=CB�F9EI=F9A9B HG


. <9�AC89@�=G�7CBH=BICIG�6975IG9�5�A5B5;9A9B H�GMGH9A�=G�5�DFC79GG�C:�7CBH=BI5@

=ADFCJ9A9B H�=B�K<=7<�5B�CF;5B=N5H=CB�=G�7CBGH5BH@M�F9J=9K=B;�5B8�F9J=G=B;�H<9

GMGH9A


� �	 ����5 266�0(',$�( ))(&7

(C�B9;5H=J9�7FCGG�A98=5�9: : 97HG�<5J9�699B�=89BH=f=98�:CF�A5B5;9A9B H�GMGH9AG


� �	 ���� &2120,&6

. <9�=AD@9A9BH5H=CB�C:�5�A5B5;9A9B H�GMGH9A�K=@@�F9EI=F9�GCA9�=BJ9GHA9BH�7CGHG�

A5=B@M�=B�<IA5B�F9GCIF79G
�1<9B�H<9�GMGH9A�=G�=B�CD9F5H=CB��H<9F9�G<CI@8�69�BC

9LHF5�7CGHG�:CF�H<9�D@5BH


��A5B5;9A9B H�GMGH9A�GMGH9A5H=N9G�CD9F5H=CBG�5B8�A=B=A=N9G�F=G?G�5B8�75B�=B�H<9

69GH�75G9�F9GI@H�=B�7CGH�G5J=B;G


� �
 � � !�) 25�6(/(& 7,21�2)�68,7$%/(�)(('6 72&.�) 25�&2�',*( 67,21

� �
� ��� ( 6&5,37,21�2)�7(&+1,48(

#B�7C	8=;9GH=CB�D@5BHG��8=::9F9BH�HMD9G�C:�: 998GHC7?�5F9�A=L98
�#:�5�D@5BH�<5G�f@9L=6=@=HM

=B�H<9�D9FA=H�=B�7<CCG=B;�:998GHC7?��=H�75B�IH=@=N9�ACF9�K 5GH9�: F57H=CBG�:CF�:998GHC7?

5B8�H<IG�=ADFCJ9�7=F7I@5F�97CBCAM
�#B�CF89F�HC�F98I7 9�9A=GG=CBG�5B8�HC�=ADFCJ9�H<9

CJ9F5@@�9BJ=FCBA9BH5@�D9F:CFA5B79�C:�6=C;5G�D@5BHG��=H�75B�69�G99B�5G��� .�HC�7<CCG9

GI=H56@9�:998GHC7?
�- CA9�7CADCIB8G�=B�H<9�:998GHC7?�5F9�=B<=6=H=J9�HC�H<9

A=7FCCF;5B=GAG�=B�@5F;9�7 CB79BHF5H=CBG


#BGI:f=7=9BH�DFCJ=G=CB�C:�BIHF=9BHG�5B8�HF579�9@9A9BHG��5G�K9@@�5G�HCC�<=;<�8=;9GH=6=@=HM

C:�H<9�GI6GHF5H9��75B�75IG9�=B<=6=H=CB�5B8�8=GHIF65B79G�=B�H<9�8=;9GH=CB�DFC79GG

� - 958=�� 
�. 
�9H�5@������ �
�*F CH9=BG�89;F589�=B�6=C;5G�DFC79GG�HC�5AACB=5��K<=7<�A5M

=B<=6=H�H<9�A9H<5B9�DFC8I7 H=CB
��AACB=5�=G�5@GC�DCH9BH=5@�GCIF79�C:�5=F�9A=GG=CBG

� �



5B8�C8CF
�-I@D<IF�=G�5BCH<9F�=ADCFH5BH�BIHF=9BH�:CF�H<9�A=7FCCF;5B=GAG��K<9F95G

9L79GG�-I@D<IF�75B�@958�HC�:CFA5H=CB�C:�< M8FC;9B�GI@f=89��A9F75DH5BG�5B8�CH<9F

GHFCB;@M�C8CFCIG�7CADCIB8G
�- CA9�7CADCIB8G�5F9�=B<=6=H=J9�9J9B�=B�J9FM�@CK

7CB79BHF5H=CBG��:CF�9L5AD@9�7CADCIB8G�=B�7<9A=75@G�GI7<�5G�8=G=B:97H5BHG�5B8

5BH=6=CH=7G
�)H<9FG�5F9�: CFA=B;�C8CFCIG�7CADCIB8G


/B@9GG�5�GH56@9�CD9F5H=CB�=G�57<=9J98�=HaG�8=:f=7I@H�HC�9BGIF9�5�;CC8�C J9F5@@

9BJ=FCBA9BH5@�D9F:CFA5B79


- CA9�: 998GHC7?�9
;
�K 5GH9K 5H9F�G@I8;9�A5M�@=A=H�IG9G�C:�H<9�8=;9GH5H9


#B�75G9�C:�B9K�: 998GHC7?�=HG�7<5F57H9F=GH=7G�AIGH�69�9J5@I5H98�: FCA�8=::9F9BH�DC=BHG

C:�J=9K�

d #G�B9K�: 998GHC7?�GI=H56@9�:CF�H<9�DFC79GG�F9;5F 8=B;�DFC79GG�CJ9F@C58��=B<=6=H=CB

5B8�C8CF�9A=GG=CBG��.<=G�=G�:IFH<9F�89G7F=698�=B�H<=G�7<5DH9F


d #G�:998GHC7?�F979=J=B;�5F95�9EI=DA9B H�GI=H56@9�:CF�B9K�: 998GHC7?��*CH9BH=5@@M

C8CFCIG�:998GHC7?�F9EI=F9G�GD97=5@�5HH9BH=CB
�.<=G�=G�:IFH<9F�89G7F=698�IB89F�H<9

7<5DH9F�b� � .�: CF�F979=DH�C:�: 998GHC7?c

d #B�75G9�C:�GDF958=B;�C:�8=;9GH5H9�CB�5F56@9�@5B8��#G�B9K�: 998GHC7?�GI=H56@9�:CF

@5B8�5DD@=75H=CB��-CA9�D@5BHG�<5J9�HKC�@=B9G�:CF�8=::9F9BH�HMD9G�C:�: 998GHC7?�:CF

8=::9F9BH�IG9G�C:�H<9�8=;9GH5H9


*@5BH�G<CI@8�<5J9�5779DH5B79�7F=H9F=5�5B8�75F9: I@�5GG9GGA9BH�C:�GI=H56@9�:998G


&9;=G@5H=CB�CB�5;F=7I@HIF5@�IG9�C:�8=;9GH5H9�5@GC�F9EI=F9G�H<5H�H<9�CF=;=B�C:�K 5GH9�=G

?BCKB�5B8�HF57956@9
�(C H9K CFH<M��9GD97=5@@M�79FH5=B�=B8IGHF=5@�K5GH9G�75B�<5J9

@5F;9�J 5F=5H=CB�=B�7CADCG=H=CB


#B�CF89F�HC�6F=B;�H<9�7CB79BHF5H=CB�C:�HCL=75BHG�8CKB�HC�5�@9J9@�GI=H=B;�H<9

A=7FCCF;5B=GAG�5B8�HC�GIDD@M�A=GG=B;�BIHF=9BHG�5B8�5�GI=H56@9�AC=GHIF9�7CBH9BH

K<9B�7C	8=;9GH=B;�:998GHC7?G�K=H<�J5FM=B;�7<5F57H9F=GH=7G��=H�75B�69�7CBG=89F98�5G

� � .�HC�A=L�H<9�:998GHC7?G�577CF8=B;@M
�. <5H�;9B9F5@@M�F9EI=F9G�?99D=B;�HF57?�C:

K<9F9�8=::9F9BH�:998GHC7?�HMD9G�5F9�GHCF98�5B8�<5J=B;�=B:CFA5H=CB�CB�7CBH9BH�C:

BIHF=9BHG��HCL=75BHG�5B8�K5H9F�95G=@M�5779GG=6@9�:CF�H<9�CD9F5HCF�K<C�=G�F9GDCBG=6@9

:CF�H<9�A=L=B;


#H�=G�BCH�DCGG=6@9�HC�KF=H9�5�;9B9F 5@�@=GH�<9F9�=B�H<=G�F9DCFH�C:�: 998GHC7?G�H<5H�5F9

5779DH56@9�:CF�5@@�6=C;5G�D@5BHG�G=B79�H<9�7<5F57H9F=GH=7G�C:�9 J9B�G5A9�: 998GHC7?

A5M�J5FM�5�@CH�5B8�A=7FC6=C@C;M�C:�6=C;5G�DFC79GG�=G�<=;<@M�585DH=J9
�. <5H�A95BG�=H

AIGH�69�7CBG=89F98�CB�5�75G9�6M�75G9�@9J9@
�"CK 9J9F��H<9F9�=G�;9B9F5@�?BCK@98;9�CB

7CADCB9BHG�=B�H<9�:998GHC7?�H<5H�75B�75IG9�DFC6@9AG


�L 5AD@9G�

d ��7<5@@9B;9�<5G�699B�G99B�=B�5�D@5BH�K=H<�5�DFC6@9A5H=7�K5GH9�: FCA�AI7 CG5��5

6MDFC8I7 H�:FCA�H<9�DFC8I7 H=CB�C:�5�6@CC8	H<=BB=B;�8FI;�K<=7<�=G�<=;<�=B�-I@D<IF

7CBH9BH
�1<9B�AI7 CG5�=G�89;F5898�=B�H<9�6=C;5G�DFC79GG�H<9�-I@D<IF�=G�F9@95G98

HC�H<9�;5G�5G�"� -��F9GI@H=B;�=B�5B�=B7F95G=B;�B998�:CF�;5G�7@95B=B;�HC�F9AC J9�H<9

;5G�HC�A5=BH5=B�5�79FH5=B�@9J9@�C:�" � -�=B�H<9�;5G�69:CF9�IH=@=N5H=CB


d !@M79F=B�:FCA�6=C8=9G9@�CF�CH<9F�HMD9G�C:�<=;<�: 5H�7CBH5=B=B;�6=CA5GG�75B

7<5@@9B;9�5�6=C;5G�D@5BH�G=B79�H<9�JC@5H=@9�CF;5B=7�8FM�A5HH9F�7CBH9BH�=G�<=;<

5B8�75B�F9GI@H�=B�5�7CBH9BH�C:�J C@5H=@9�GC@=8G�HCC�<=;<�:CF�H<9�6=C;5G�DFC79GG


��



d *FCH9=B�89;F585H=CB�DFC8I7 9G�5AACB=5��H<9�IB=CB=N98�: CFA�C:�K<=7<�=G

=B<=6=HCFM�HC�5B59FC6=7�A=7FCCF;5B=GAG�=B�<=;<�7CB79BHF5H=CBG
�&=D=8G��CB�H<9

CH<9F�<5B8��A5M�75IG9�DFC6@9AG�=B�5B59FC6=7�8=;9GH=CB�6975IG9�C:�H<9=F

H9B89B7M�HC�:CFA�eC5H=B;�G7IA�5B8�57 7IAI@5H98�@CB;	7<5=B�:5HHM�57=8G��K<=7<

5F9�=BH9FA98=5H9�DFC8I7 HG�=B�@=D=8G�89;F585H=CB


d ��@C75@�5IH<CF=HM�<5G�KF=HH9B�5�D9FA=H�:CF�5�D@5BH�H<5H�6CH<�;=J9G�5�<=;<

f@9L=6=@=HM�=B�7<CCG=B;�:998GHC7?�5B8�5H�H<9�G5A9�H=A9�DF9J9BHG�5B8�F98I7 9G

9A=GG=CBG
�.<9�D@5BH�<5G�5�@5F;9F�75D57=HM�H<5B�
���H CBB9G�C:�: 998GHC7?�D9F�85M�

6IH�H<9�9L5AD@9�75B�GH=@@�G9FJ9�5G�=BGD=F5H=CB�:CF�D@5BHG�K=H<�75D57=HM�C:���` 
��

HCBB9G�D9F�85M
�- 9@97H98�G97H=CBG�C:�H<9�D9FA=H�5F9�;=J9B�=B��DD9B8=L�



� �
�	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

�A=GG=CBG�6M�:5F�89D9B8�CB�H<9�:998GHC7?
�- CA9�: 998GHC7?G�75B�69�AI7<�ACF 9

C8CFCIG�5G�7CAD5F98�HC�CH<9F�5B8�F9EI=F9�8=::9F9BH�HMD9G�C:�F979DH=CB�5H�H<9�G=H9

5B8�565H9A9B H�C:�9A=GG=CBG


� �
�
��33/,& $%,/,7<

0=H5@�:CF�5@@�D@5BHG�C:�5@@�G=N9G�5B8�HMD9G�HC�7CBG=89F�K<5H�=G�CDH=AIA�: 998


� �
� ���5 266�0(',$�( ))(&7

(CB9�=89BH=f=98


� �
���� &2120,&6

)D H=A5@�:998GHC7?�=G�5�EI9GH=CB�C:�97CBCA=7G�:FCA�8=::9F9BH�J=9KDC=BHG�

d )D H=A5@�:998GHC7?�DFC8I7 9G�CDH=A5@�6=C;5G
�.<9F9:CF9��;CC8�DFC79GG

D9F:CFA5B79�5B8�97CBCA=7G�C:�H<9�D@5BH�;C�<5B8�=B�<5B8


d �=: : 9F9BH�:998GHC7?�A5H9F=5@G�A5M�<5J9�8=::9F9BH�;5H9�: 99


d �=: : 9F9BH�:998GHC7?�<5G�J9FM�8=::9F9BH�7<9A=75@�7CADCG=H=CB�5B8�6=C;5G�M=9@8

8I9�HC�H<9=F�8=::9F9BH�89;F5856=@=HM�5B8�7CADCG=H=CB


d +I5@=HM�C:�: 998GHC7?�5::97HG�H<9�EI5@=HM�C:�DFC8I7 HG�5B8�K<9F9�=H�=G�GI=H56@9�HC

69�IG98
��
 ;
�G9K 5;9�G@I8;9�5G�:998GHC7?�A5M�@=A=H�5DD@=75H=CBG�C:�H<9�8=;9GH5H9

=B�5;F=7I@HIF9


� ���� � !�) 25�5(&(,3 7�2)�) (('%$&.

, 979=DH�C:�: 998GHC7?�75B�@958�HC�8=:: IG9�9A=GG=CBG�HC�5=F�5B8�75B�5: :97H�GC=@�

;FCIB8K 5H9F�5B8�F5=BK 5H9F


! 9B9F5@@M��F9EI=F9A9B HG�:CF�F979=DH�C:�K 5GH9G�A5M�J5FM�5�@CH�5H�8=::9F9BH�D@5BHG�

69=B;�G=AD@9F�5H�:5FA�6=C;5G�D@5BHG�5B8�ACF9�7CAD@9L�5H�7C	8=;9GH=CB�D@5BHG

HF95H=B;�8=::9F9BH�HMD9G�C:�F9G=8I9G�5B8�K5GH9G


��



� �� ���� ( 6&5,37,21�2)�7(&+1,48( 6

! 9B9F5@�H97<B=EI9G�HC�DF9J9BH�9A=GG=CBG�HC�5=F

! 9B9F5@@M��=H�75B�69�G99B�5G��� .�HC�F979=J9�: 998GHC7?�:FCA�J 9<=7@9G�K=H<�H5B?��7@CG98

7CBH5=B9F�CF�7@CG98�6CL�CF�J=5�7@CG98�D=D=B;�GMGH9AG��5B8�HC�F979=J9�: 998GHC7?�=B8CCF

=B�9
;
�F 979DH=CB�<5@@�K=H<�7CBHFC@@98�J9BH=@5H=CB�5B8�5=F�7@95B=B;�CF�J=5�D=D=B;��G99

 =;IF9�
��


� ,*85(���� #B8CCF�F979=J5@
�*57?5;=B;�=G�F9AC J98�69 :CF9�6=C;5G�HF95HA9BH


�L 79DH=CB�HC�H<=G�=G�=:�H<9�:998GHC7?�=G�BCH�DIAD56@9�5B8�H<9�5IH<CF=HM�9J5@I5H9G

H<5H�H<9F9�=G�BC�F=G?�C:�C8CF�CF�8IGH�DFC6@9AG�5H�B95F9GH�B9=;<6CF=B;�CF�C77ID5H=CB5@

<95@H<�F=G?�C:�8IGH��=B�H<CG9�75G9G��:998GHC7?�A5M�69�F979=J98�5B8�GHCF98�CIH8CCF
�#B

75G9�C:�GHCF=B;�CIH8CCF�=H�75B�69�7CBG=89F98�� � .�HC�<5J9�H<9�:998GHC7?�7CJ9F98

CIH8CCF�5B8�HC�7C@@97H�5@@�F5=BK 5H9F�:FCA�H<9�5F95�: CF�HF95HA9BH��5G�:IFH<9F

89G7F=698�69@CK�


�=: : 9F9BH�HMD9G�C:�K 5GH9�A5M�F9EI=F9�G9D5F5H9�F979DH=CB�F5B;9G��9
;
�=:

G@5I;<H9F<CIG9�K5GH9G�5F9�HF95H98�F9EI=F=B;�<M;=9B=N5H=CB


#HaG�5@GC�7CBG=89F98�5G�� � .�HC�<5J9�5B�5@5FA�:CF�K<9B�H<9�H5B?�=G�:I@@�CB�F979=J=B;

H5B?G��H<9�5@5FA�69=B;�=BGH5@@98�GC�=H�75B�69�F9;=GH9F98�: FCA�K<9F 9�H<9�IB@C58=B;

C77IFG


! 9B9F5@�H97<B=EI9G�HC�DFCH97H�GC=@��;FCIB8K 5H9F�5B8�F5=BK 5H9F

�G�=B�CH<9F�=B8IGHF=9G��=HaG�7CBG=89F98�HC�69�� � .�HC�DF9J9BH�GD=@@5;9�5B8�@95?5;9�H C

GC=@��;FCIB8K 5H9F��F5=BK 5H9F�5B8�F97=D=9BH�K5H9F�6C8M�CF�7CIFG9


� CBH5=B9FG��H5B?G�5B8�6=Cf=@H9FG�AIGH�69�A589�C :�8IF 56@9�5B8�H=;<H�A5H9F=5@G
�.<9

7CBH5=B9FG�G<5@@�69�F9G=GH5BH�HC�=AD57HG�:FCA�H<9�IG9�C:�H<9A��=B7@I8=B;�@C58=B;�

��



IB@C58=B;��A=L=B;�5B8�7CJ9F=B;
�#:�@95?5;9G�C77IF��H<9M�G<5@@�69�F9D5=F98�=AA98=5H9@M


� CBH5=B9FG�5B8�H5B?G�56CJ9�H<9�;FCIB8�G<5@@�69�D@5798�K=H<�5�8=?9�CF�=B�5�7CBH5=B9F

H<5H�75B�7C@@97H�9J9BHI5@�@95?5;9�: FCA�H5B?G�CF�5GG9A6@=B;
�)H<9F�H5B?G�5B8

7CBH5=B9FG�G<5@@�<5J9�D9F=A9H9F�8F5=B�5B8�A5B<C@9�:CF�=BGD97H=CB�5B8�G5AD@=B;


- HCF5;9�D@579G�5B8�F9	@C58=B;�5F95G�G<5@@�69�A589�C:�=AD9FA956@9�A5H9F=5@�H<5H

75B�F9G=GH�H<9�=AD57HG�:FCA�J 9<=7@9G�5B8�A57<=B9G�@C58=B;�5B8�IB@C58=B;�5B8�:FCA

H<9�A5H9F=5@�GHCF98


1 5H9F�:FCA�@C58=B;��CIH8CCF�GHCF5;9�5F 95G�5B8�J9<=7@9�K5G<=B;�5F95G�G<5@@�;9B9F5@@M

69�7C@@97H98�5B8�=:�DCGG=6@9�DIAD98�=BHC�H<9�6=C;5G�F957HCF�5:H9F�B979GG5FM

DF9HF95HA9BH��9
;
�F 9AC J5@�C:�G5B8��DCGG=6@9�DF9<95H=B;�
�#:�BCH�DCGG=6@9��H<9�K5H9F

G<5@@�69�CH<9FK=G9�HF95H98�5DDFCDF=5H9@M
��B�9 L5AD@9�C:�: 998GHC7?�F979=J5@�5F95�=G

G<CKB�=B� =;IF9�
�

� ,*85(����  998GHC7?�F979=J5@�K=H<�DCGG=6=@=HM�HC�K5G<�J9<=7@9�=B�H<9�5F95

$IGH	=B	H=A9�F979DH=CB

. =A9�C:�GHCF5;9�C :�: 998GHC7?�5H�H<9�D@5BH�G<CI@8�69�65@5B798��@CB;�GHCF5;9�H=A9

=B7F95G9G�8=:: IG9�9A=GG=CB�C:�A9 H<5B9�5B8�5AACB=5�CIHG=89�H<9�8=;9GH=CB�H5B?

K<=7<�75B�69�5�DFC6@9A�=:�H<9�;5G�=G�BCH�7C@@97H98��5B8�G<CFH�GHCF5;9�H=A9�=B7F95G9G

H<9�F=G?�C:�IBGH56@9�DFC8I7 H=CB�8I9�HC�FIBB=B;�CIH�C:�: 998GHC7?
�- CA9�D@5BHG�5F9

5=A=B;�5H�b>IGH	=B	H=A9c�F979=DH�6M�<5J=B;�5;F99A9B HG�K=H<�:998GHC7?�GIDD@=9FG�H<5H

H<9M�89@=J9F�:998GHC7?�K<9B�=HaG�B99898�6M�H<9�6=C;5G�D@5BH�=BGH958�C:�K<9B�=HaG

5J5=@56@9�:FCA�H<9�GIDD@=9F


 5FA�G75@9�6=C;5G�D@5BHG�75B�<5J9�>IGH	=B	H=A9�F979=DH�=:�H<9�A5BIF9�: 998GHC7?�G@IFFM

=G�DIAD56@9�5B8�H<IG�75B�69�DIAD98�8=F97H@M�:FCA�H<9�GH56@9G�HC�H<9�D@5BH


- C@IH=CBG�=B�H<9�GH56@9�H<5H�A=B=A=N9�H<9�GIF:579�5F95�C:�H<9�A5BIF 9�75B�: IFH<9F

<9@D�HC�A=B=A=N9�8=:: IG9�9A=GG=CB�C:�A9 H<5B9�5B8�5AACB=5�=B�H<9�GH56@9
�. <=G

GI6>97H�=G�<CK 9J9F�CIHG=89�H<9�G7CD9�C:�H<=G�DFC>97H�5B8�H<9�F9589F�=G�58J=G98�HC�@CC?

9@G9K<9F9�HC�f=B8�:IFH<9F�=B:CFA5H=CB


� 




�B MK 5M��H<9�6=C;5G�D@5BH�AIGH�<5J9�9BCI;<�GHCF5;9�7 5D57=HM�:CF�:998G��5@GC�=B�75G9

C:�DFC79GG�8=GHIF65B79G�5B8�A5=BH9B5B79�6F95?G�8IF=B;�DFC79GG


�=CA=L9F�:CF�f=6FCIG�:F57H=CBG

. <9�: 998GHC7?G�H<5H�A5M�69�89@=J9F98�CIH8CCF��5F9�C: H9B�89@=J9F98�=B�5�D@579�K=H<

GC@=8�K5@@G�5B8�K=H<�5�G<99H�CF�H5FD5I@=B�5G�7CJ9F
�� 99D�6988=B;�C:�A5BIF 9�A=L98

K=H<�GHF5K�� 899D�@=HH9F��: FCA�: 5FA�5B=A5@G�=G�5�HMD=75@�9L5AD@9
�1<9B�AC6=@9

A57<=B9G�5F9�IG98�HC�7IH�H<9�GHF5K�C :�H<9�899D�6988=B;�5B8�@C58�H<9�:998=B;

GMGH9A��H<9�7CJ9F�AIGH�69�F9AC J98�5B8�DIH�657?�5: H9FK 5F8G
�.MD=75@@M��5�AC6=@9

A57<=B9�K=@@�7IH�@5F;9F�65H7<9G�C:�f=6FCIG�:F57H=CBG�=B�5�G<CFH9F�H=A9�CIH8CCF�K<=7<

A5M�75IG9�8=:: IG9�9A=GG=CBG�C:�8IGH�5B8�C8CF


#B�CF89F�HC�<5J9�5�ACF9�CD9F5H=CB5@�<5B8@=B;�5�GC	75@@98�6=CA=L9F�75B�69�IG98��G99

 =;IF9�
�
�.<9�6=CA=L 9F�<5G�5�GHCF5;9�7 5D57=HM�C:���H C���85MG�5B8�=H�DIG<9G�H<9

6=CA5GG�HCK 5F8G�5�IB=H�H<5H�H95FG�H<9�f=6FCIG�:F57H=CB�5D5FH�5B8�HF95HG�GA5@@9F

5ACIB HG�7CBH=BICIG@M
�#H�F9D@579G�H<9�B998�C:�<5J=B;�AC6=@9�9EI=DA9BH�8C=B;�H<9

G5A9�>C6
���D@5BH�@5F;9F�H<5B�
���H CBB9G�D9F�85M��'58G9B�6=C9B9F;M��<5G�5�G=A=@5F

=BGH5@@5H=CB�K<=7<�DF9J9BHG�CF�F98I7 9G�9A=GG=CBG�C:�8IGH�5B8�C8CF
�. <9�6=CA=L9F

A=;< H�69�7CBG=89F98�5G�5�:CFA�:CF�7CJ9F98�DF9HF95HA9BH�CF�GHCF5;9 


. <9�6=CA=L9F��<CK 9J9F��=B7@I89G�K9=;<=B;�79@@G�7CBB97H98�HC�H<9�7CBHFC@�GMGH9A�K<=7<

5@@CKG�H<9�CD9F5HCF�HC�:C@@CK�5�;=J 9B�F97=D9�:CF�A=L=B;�:998GHC7?G
�.<=G�F9EI=F9G�5F9

@5F;9F�=BJ9GHA9BH�6IH�75B�G5J9�K CF?�H=A9�5B8�F98I7 9�9A=GG=CBG


� ,*85(��
� �L 5AD@9�C:�6=CA=L9F


�L 5AD@9G�

. <9�;9B9F5@�H97<B=EI9G�5F9�=B7@I898�=B�H<9��5B=G<�GH5B85F8�F9EI=F9A9B HG�5B8

H<9F96M�K=89@M�IG98�=B��9BA5F?
�$IGH	=B	H=A9�F979=DH�=G�?BCKB�CB�5�: 9K�� 5B=G<

D@5BHG�5B8�GC�=G�H<9�6=CA=L9F�:CF�f=6FCIG�:F57H=CBG��6IH�=G�BCH�=B7@I898�=B�H<9��5B=G<

GH5B85F8�F9EI=F9A9B HG


� �� �	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

�A=GG=CB�f=;IF9G�5F9�F9@5H98�HC�8=:: IG9�9A=GG=CBG��G99�7<5DH9F�CB�H<5H
�, 979=J=B;

:998GHC7?�IG=B;�5�6=CA=L9F�K=@@�7CBGIA9�9B9F;M�6IH�5@GC�G5J9�: I9@�:CF�HF57HCFG��:FCBH	

9B8�@C589FG�CF�CH<9F�A57<=B9FM


��



� �� �
��33/,& $%,/,7<

. <9�;9B9F5@�H97<B=EI9G�HC�F979=J9�: 998GHC7?�5F9�5DD@=756@9�HC�5@@�D@5BHG��K<9F95G

GCA9�89D9B8�CB�H<9�F=G?�C:�8=:: IG9�C8CF�5B8�8IGH�9A=GG=CBG
� 5FA�G75@9�D@5BHG�75B

69�ACF9�G=AD@9�GMGH9AG�7CAD5F98�HC�7C	8=;9GH=CB�C:�8=::9F9BH�HMD9G�C:�: 998GHC7?


1 95H<9F�7CB8=H=CBG��GI7<�5G�GBCK�5B8�: F99N=B;��AIGH�69�7CBG=89F98�5B8�A5M�@=A=H

5DD@=756=@=HM�C:�79FH5=B�H97<B=EI9G


, 979=DH�b>IGH	=B	H=A9c�=G�5DD@=756@9�:CF�:5FA�G75@9�D@5BHG��K<9F9�H<9�:998GHC7?�G@IFFM

=G�DIAD56@9�5B8�H<IG�75B�DIAD98�8=F97H@M�:FCA�H<9�GH56@9G�HC�H<9�D@5BH


 CF�CH<9F�D@5BHG�b>IGH	=B	H=A9c�=G�5DD@=756@9�=:�H<9�GIDD@=9FG�<5J9�GI:f=7=9BH�GHCF5;9

75D57=HM�5B8�5F9�K=@@=B;�HC�?99D�H<9�:998GHC7?�GHCF98�IB H=@�=HaG�B99898�6M�H<9�6=C;5G

D@5BH
��DD@=756=@=HM�A5M�5@GC�69�@=A=H98�:CF�D@5BHG�G=HI5H98�=B�5F95G�K=H<�@5F;9

5ACIB HG�C:�GBCK�H<5H�5::97HG�H<9�HF5:f=7
� 998GHC7?G�H<5H�5F9�CB@M�<5FJ9GH98�: 9K

H=A9G�5�M95F�A5M�BCH�69�GI=H56@9�:CF�>IGH	=B	H=A9�F979=DH
�#HaG�=ADCFH5BH�H<5H�>IGH	=B	

H=A9�F979=DH�8C9GBaH�@958�HC�F5D=8�:998GHC7?�7<5B;9G�G=B79�H<5H�KCI@8�5::97H�H<9

: IB7 H=CB5@=HM�C:�H<9�DFC79GG


, 979=J=B;�:998GHC7?�=B�5�6=CA=L9F�=G�CB@M�5DD@=756@9�:CF�D@5BHG�IG=B;�:998GHC7?G

GI=H56@9�:CF�H<9�A=L9F�5B8�8I9�HC�H<9�F9@5H=J9@M�<=;<�=BJ9GHA9BH�7CGHG�=HaG�CB@M

5DD@=756@9�:CF�D@5BHG�K<9F9�H<9�69B9f=HG�5F9�65@5B7=B;�H<9�7CGHG��DFCDCFH=CB5@=HM�


� �� ����5 266�0(',$�( ))(&7

(C�7FCGG	A98=5�9: : 97H�K5G�=89BH=f=98


� �� ���� &2120,&6

� 7CBCA=7G�C:�F979DH=CB�GMGH9AG�=G�J9FM�AI7<�89D9B89B H�CB�HMD9G�C:�F9G=8I9G�5B8

K 5GH9G�HF95H98�5H�H<9�D@5BH
�! 9B9F5@@M��: 5FA�6=C;5G�D@5BHG�<5J9�ACF9�G=AD@9�5B8

@CK 	7CGH�GMGH9AG�5G�7CAD5F98�HC�K5GH9�HF95HA9BH�D@5BHG�HF95H=B;�8=::9F9BH�HMD9G

C:�K 5GH9G


$IGH	=B	H=A9�F979=DH�F9EI=F9G�GHCF5;9�7 5D57=HM�5H�H<9�GIDD@=9F�K<C�A5M�=B�F9HIFB

89A5B8�H<5H�F9f@97H98�=B�7CBHF57H�CB�:998GHC7?


�=CA=L9F�5B8�8CG5;9�GMGH9A�5F 9�ACGH@M�IG98�6M�@5F;9F�D@5BHG�5B8�A5M�69�HCC

9LD9BG=J9�: CF�GCA9�C:�H<9�D@5BHG�=B�H<9�G7CD9�C:�H<=G�F9DCFH


� �� � � !�7 2�5('8& (�&+$11(/('�$,5�(0,66,216

� ��� ��� ( 6&5,37,21�2)�7(&+1,48( 6

�L<5IGH�J 9BH=@5H=CB�5=F�:FCA�H5B?G�5B8�7CBH5=B9FG�K=H<�6=CA5GG�BCH�8=;9GH98��:FCA

F979=DH�<5@@�5B8�:FCA�FCCA�: CF�G9D5F5H=CB�C:�8=;9GH98�6=CA5GG�5F9�@98�HC�5B�5=F

7@95B=B;�GMGH9A�CF�HC�GI:f=7=9BH@M�<=;<�GH57?�: CF�F98I7 H=CB�C:�C8CF�9A=GG=CBG�HC�5

@9J9@�BCH�;=J=B;�BI=G5B79�=B�H<9�GIFFCIB8=B;G
�&C75H=CB�5B8�HMD9�C:�H<9�D@5BH�G<5@@�69

H5?9B�=BHC�7CBG=89F5H=CB��K<9B�5GG9GG=B;�B998�:CF�ACB=HCF=B;�C:�7<5BB9@98�5=F

9A=GG=CBG
� CF�9L5AD@9��5�: 5FA�6=C;5G�D@5BH�A5M�F98I7 9�C8CF�7CAD5F98�HC�H<9

G=HI5H=CB�=:�H<9F9�K 5G�BC�6=C;5G�D@5BH
�&C75H=CB�5H�F9AC H9�: CFA9F�@5B8f=@@�5F95�=G�@9GG

��



G9BG=H=J9�7CAD5F98�HC�@C75H=CB�7@CG9�HC�F9G=89BH=5@�<CIG9G


. 97<B=EI9G�H<5H�75B�69�7CBG=89F98�5G�� � .�HC�F98I7 9�GI7<�9A=GG=CBG�HC�5=F�:FCA

D=D9G��7<5BB9@G�5B8�GH57?G�C:�C8CFCIG�7CADCIB8G�GI7<�5G�" � -�5B8�(" � 5F9�HC�IG9

CB9�CF�5�7CA6=B5H=CB�C:�5=F�7@95B=B;�H97<B=EI9G�GI7<�5G�

d � 5F6CB�f=@H9F

� 5F6CB�f=@H9F�7CBG=GHG�C:�57 H=J5H98�75F6CB�=B�5�698��C: H9B�=B�75GG9HH9G��K<9F 9�H<9

5=F�=G�@98�H<FCI;<�5B8�F 98I7 9G�" � -�5B8�7 9FH5=B�CH<9F�C8CF�7CADCB9BHG�6M

58GCFDH=CB
��: H9F�GCA9�H=A9��5�75F6CB�f=@H9F�;9HG�G5HIF5H98�5B8�H<9�A5H9F=5@

AIGH�69�F9D@5798�CF�F9;9B9F5H98


d �=Cf=@H9F

��6=Cf=@H9F�7CBG=GHG�C:�5�698�C :�CF;5B=7�A5H9F=5@�GI7<�5G�HF99�65F?��FCCH��7CADCGH�

5B8�GCA9�=B9FH�A5H9F=5@�GI7<�5G�7@5M�CF�DC@MIF9H<5B9
�1<9B�H<9�9A=GG=CB�D5GG9G

H<FCI;<�H<9�698��=H�K=@@�69�6=C@C;=75@@M�CL=8=N98�6 M�B5HIF5@@M�C77IFF=B;

A=7FCCF;5B=GAG�=BHC�75F6CB�8=CL=89��K 5H9F��=BCF;5B=7�G5@HG�5B8�6=CA5GG
��

6=Cf=@H9F�G<5@@�69�89G=;B98�HC�f=H�H<9�HMD9�G��C:�9A=GG=CB�F9;5F 8=B;�9
;
�F 9H9BH=CB

75D57=HM��6I@?�89BG=HM�5B8�DCFCG=HM
���J 9BH=@5H=CB�GMGH9A�7=F7I@5H9G�H<9�5=F�=B�H<9

GMGH9A�HC�9BGIF9�5�IB=: CFA�5=F�8=GHF=6IH=CB�H<FCI;<�H<9�698 � � CAA=GG=CB����
� �


d �=Cf=@H9F�5B8�75F6CB�f=@H9F�75B�69�IG98�=B�5�7CA6=B5H=CB
��B�9L5AD@9�=G�H<9�GC	

75@@98�<M6F=8�f=@H9F�K<9F9�57H=J5H98�75F6CB�=G�7C5H98�K=H<�6=C7I@HIF9


d 1 9H�G7FI66=B;

d 1 9H�G7FI66=B;�K=H<�9
;
�K 5H9F��57=8�CF�5@?5@=B9�75B�F9AC J9�GI6GH5B79G�:FCA�H<9

5=F�GHF95A�HC�5�@=EI=8�6M�56GCFDH=CB
�.<9�G7FI66=B;�@=EI=8�=G�GDF5M98�=BHC�H<9�;5G

5B8�9J9BHI5@@M�GA5@@9F�F=B;G�CF�65@@G�5F9�f=@@98�=B�H<9�F957HCF�=B�CF89F�HC�;=J9�H<9

@=EI=8�5�@5F;9F�GIF:579


d #:�K9H�G7FI669F�5B8�6=Cf=@H9F�=G�IG98�=B�5�7CA6=B5H=CB�5HH9BH=CB�G<CI@8�69�8F5KB

CB�GCA9�C8CFCIG�7CADCIB8G�GI7<�5G�A9F75DH5BG�5B8�" � -�H<5H�75B�75IG9

57=8=f=75H=CB�C:�H<9�6=Cf=@H9F�A98=5
�/G9�C:�5�K 5H9F�CF�5@?5@=B9�G7FI669F�: CF

58>IGH=B;�D"�69:CF9�H<9�6=Cf=@H9F�A5M�69�5�GC@IH=CB
��� CAA=GG=CB����
� �

d � CA6=B=B;�HF95HA9BH�C:�J 9BH=@5H98�5=F�K=H<�HF95HA9BH�C:�H<9�DFC8I7 98�6=C;5G


� G7FI669F�HC�ID;F 589�6=C;5G�6M�F9AC J=B;�" � -�5B8�� ) � DFC8I7=B;�9B8�DFC8I7 H

6=CA9H<5B9�

 =;IF9�
��69@CK�G<CKG�9L5AD@9�C:�6=Cf=@H9F�5B8�K9H�G7FI66=B;


� �



� ,*85(���� �=Cf=@H9F��@9: H��5B8�K 9H�G7FI66=B;��F=;< H�


� ���	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

�@95B=B;�C:�5=F�K=@@�F98I7 9�9A=GG=CBG�HC�H<9�9BJ=FCBA9BH
�� 9D9B8=B;�CB�H<9�HMD9�C:

GMGH9A�=AD@9A9BH98�H<9�5=F�7@95B=B;�K=@@�F9GI@H�=B�=B7F95G98�7CBGIADH=CB�5B8�7CGH


��7 5F6CB�f=@H9F�;9HG�G5HIF5H98�5: H9F�GCA9�H=A9�5B8�AIGH�69�7<5B;98�CF�F9;9B9F5H98


- CA9�GIDD@=9FG�C: :9F�7<5B;9�C:�75F6CB�5G�5�G9FJ=79


�=Cf=@H9F�7CBGIA9G�9B9F;M�: CF�H<9�J9BH=@5HCF�5B8�F9EI=F9�IH=@=N5H=CB�C:�K 5H9F�5B8

BIHF=9BHG�5B8�89D9B8=B;�CB�H<9�GIDD@=9F��5�A98=5�K<9F 9�H<9�657H9F=5�75B�;F CK�GI7<

5G�65F?�CF�9LD5B898�7@5M�D9@@9H�5B8�9J9BHI5@�9B9F;M�: CF�<95H=B;


#B�5�K9H�G7FI669F�H<9�56GCF6=B;�@=EI=8��9
;
�57=8��65G9��<M8FC;9B�D9FCL=89��75B�C: H9B

69�7=F7I@5H98��6IH�K<9B�H<9�@=EI=8�=G�G5HIF5H98��=H�B998G�HC�69�9=H<9F�7@95B98�69:CF9

69=B;�IG98�5;5=B��CF�:F9G<�@=EI=8�AIGH�69�58898


� ���
��33/,& $%,/,7<

� CADCG=H=CB�C:�H<9�9A=GG=CBG�75B�=Bf@I9B79�H<9�5DD@=756=@=HM�C:�79FH5=B�H97<B=EI9


- CA9�D@5BHG�5F9�56@9�HC�:I@f=@�9A=GG=CB�@=A=H�J5@I9G�=B�H<9=F�D9FA=HG�K=H<CIH�9A=GG=CB

F98I7 H=CB�9EI=DA9BH��CH<9FG�K=H<�5�6=Cf=@H9F�CF�75F6CB�f=@H9F�5@CB9��5B8�CH<9FG�IG9

K 9H�G7FI66=B;�CF�5�7CA6=B5H=CB�C:�H97<B=EI9G
�(CH�5@@�(CF8=7�6=C;5G�D@5BHG�<5J9

ACB=HCF=B;�CF�@=A=HG�:CF�5=F�9A=GG=CBG


�=C@C;=75@�5=F�7@95B=B;�K=H<�6=Cf=@H9F�<5G�5�@CB;�HF57?�F97CF8�=B�� 9BA5F?�5B8�5F9

?BCKB�HC�KCF?�K9@@�=:�H<9�"� -�7 CBH9BH�=G�GH56@9
��<9A=7 5@�5=F�7@95B=B;�=G�@9GG�G9BG=H=J9

HC�J5F=5H=CB�=B�H9AD9F5HIF9�5B8�=G�KCF?=B;�K9@@�=:�H<9�5=F�f@CK�=G�GH56@9


. <9�5DD@=756=@=HM�89D9B8G�CB�H<9�89A5B8�:CF�H<9�C8CF�5B8�9A=GG=CB�F98I7 H=CB
�.<9

65@5B79�69HK99B�7CGHG�5B8�69B9f=HG�5B8�H<9F96M�H<9�DFCDCFH=CB5@=HM�5::97HG�H<9

��



5DD@=756=@=HM�C:�5=F�7@95B=B;
�.<9�89A5B8�: CF�C8CF�F98I7 H=CB�6CH<�89D9B8G�CB�H<9

DFCL=A=HM�HC�F9G=89BH=5@�5F95G�5B8�H<9�7CB79BHF5H=CB�C:�9A=GG=CB�=B�H<9�5=F


. 97<B=EI9G�HC�F98I7 9�5=F�9A=GG=CBG�5F9�G9@8CA�IG98�5H�GA5@@9F�D@5BHG�K=H<�@5F;9

8=GH5B79�HC�B9=;<6CFG��9GD97=5@@M�=:�H<9M�<5J9�5�DF9HF95HA9BH�H5B?�@958=B;�H<9

9A=GG=CB�HC�H<9�DFC8I7 98�6=C;5G


� ��� ���5 266�0(',$�( ))(&7

. <9�IG9�C:�K 9H�G7FI669F�@958G�HC�K5GH9�K 5H9F�H<5H�AIGH�69�<5B8@98�DFCD9F@M
�#:

G7FI669F�IG9G�CB@M�K5H9F��=H�A5M�69�DCGG=6@9�HC�F9HIFB�=H�HC�8=;9GH9F


� ������ &2120,&6

�@@�7@95B=B;�H97<B=EI9G�=ADCG9�7CGH�:CF�H<9�6=C;5G�D@5BH
�. <9�7CGH�C:�5=F�HF95HA9BH

K=H<�6=Cf=@H9F�=G�7CBG=89F98�7<95D9F�H<5B�5=F�HF95HA9BH�K=H<�75F6CB�f=@H9F�5B8

7<9A=75@�HF95HA9BH�=B�9
;
�5�K 9H�G7FI669F 


� �
 � � !�7 2�5('8& (�',) )86(�(0,6 6,216�,172�$,5

� �
� ��� ( 6&5,37,21�2)�7(&+1,48(

��6=C;5G�DFC79GG�=G�5�7@CG98�DFC79GG��6IH�GH=@@�8=:: IG9�9A=GG=CBG�75B�C77IF
��=: : IG9

9A=GG=CBG�75B�69�;F 99B<CIG9�;5G9G��A5=B@M�A9H<5B9���C8CF�:FCA�5AACB=5��(" � ��

CH<9F�C8CFCIG�7CADCIB8G�9
;
�< M8FC;9B�GI@D<=89��"� -��5B8�8IGH 
�. MD=75@�GCIF79G�C:

DCH9BH=5@�8=:: IG9�5=F�9A=GG=CBG�5F9�

d &95?G�:FCA�9 
;
�DF9GGIF9�F9@=9:�J 5@J9G��DCCF@M�G95@98�5L9@G�:CF�A=L9FG��K5H9F�HF5DG

CF�7CB89BG5H9�<5B8@=B;

d , 979=J=B;�5F95G�5B8�DF9GHCF5;9

d *FC79GG�8=GHIF65B79G�5B8�A5=BH9B5B79�K<9B�DFC79GG�H5B?G�B998�HC�69�CD9B98


d �F 95G�5B8�H5B?G�:CF�GHCF5;9�C :�9B8�DFC8I7 HG


d 09<=7@9G�:CF�HF5BGDCFH=B;�:998GHC7?�5B8�9B8�DFC8I7 HG

" � -�5B8�C H<9F�-I@D<IF�7CADCIB8G�GI7<�5G�A9F75DH5BG�5G�K9@@�5G�("� 75IG9�C8CF

5@F958M�=B�J9FM�GA5@@�7CB79BHF5H=CBG
��@GC�=BH9FA98=5H9G�C:�5B59FC6=7�8=;9GH=CB�5F9

C8CFCIG��GI7<�5G�JC@5H=@9�:5HHM�57=8G
�,95@=HM�=G�H<5H�9J9FM�6=C;5G�D@5BH�<5G�GCA9

C8CFG


. 97<B=EI9G�H<5H�75B�69�G99B�5G��� .�HC�F98I7 9�H<9�8=:: IG9�9A=GG=CBG�=B7@I89�

d #B�H<9�89G=;B�D<5G9�C:�H<9�D=D=B;��A=B=A=N9�D=D9�FIB�@9B;H<��F98I7 9�H<9�BIA69F

C:�f@5B;9G�5B8�J5@J9G��IG9�K9@898�f=HH=B;G�5B8�D=D9G��=:�DCGG=6@9��IG9�;F 5J=HM

HF5BG:9F�F5H<9F�H<5B�DIADG

d 1<9B�7<CCG=B;�9EI=DA9BH��7<CCG9�<=;<	=BH9;F=HM�9EI=DA9BH�GI7<�5G�J5@J9G�K=H<

8CI6@9�D57?=B;�G95@G��IG9�DIADG�5B8�5;=H5HCFG�K=H<�A97<5B=75@�G95@G�=BGH958�C:

D57?=B;

d *F9J9BH�@95?5;9G�6 M�A5=BH5=B=B;��G9FJ=7=B;�5B8�5JC=8=B;�7CFFCG=CB�C:�F9@=9:

� �



J5@J9G��G95@=B;G��K5H9F�HF5DG�5B8�CH<9F�D@579G�K<9F9�@95?5;9G�75B�C77IF

d � JC=8�GHCF=B;�C:�C8CFCIG�CF�8IGHM�:998GHC7?��9B8�DFC8I7 HG�5B8�CH<9F�A5H9F=5@G

=B�H<9�CD9B�5=F�5B8�IG9�7@CG98�H5B?G�CF�6I=@8=B;G


d � JC=8�CD9B�8CCFG�5B8�K=B8CKG�=B�6I=@8=B;G�K<9F9�C8CFCIG�A5H9F=5@G�5F9�GHCF98

5B8�IG9�7CBHFC@@98�J9BH=@5H=CB�5B8�F9@95G9�H<9�J9BH98�5=F�H<FCI;<�D=D9G�5B8

7<5BB9@G

d %99D�5@@�DFC79GG�6I=@8=B;G�=B7@I8=B;�H<CG9�<5B8@=B;�F5K�A5H 9F=5@G�IB89F�B9;5H=J9

DF9GGIF9�J9BH98�HC�565H9�8=:: IG9�9A=GG=CBG
�1<9F9�5=F@C7?�:57=@=H=9G�5F9�BCH

DCGG=6@9��5=F�7IFH5=B�5FF5B;9A9B HG�G<CI@8�69�7CBG=89F98


d %99D�5�DFCHC7C@�C:�7CAD@5=BHG�5B8�BCH9�K<=7<�CD9F5H=CBG�K9F9�75FF=98�CIH�

K<5H�H<9�K95H<9F�7CB8=H=CBG�K9F9�9H7
�=B�CF89F�HC�@95FB�<CK�HC�DF9J9BH�:IHIF 9

=B7=89BHG


d ! 9B9F5@@M��: 998GHC7?�G<CI@8�BCH�69�GHCF98�HCC�@CB;�:FCA�=B=H=5@�5779DH5B79�CBG=H9

DF=CF�HC�=BHFC8I7 H=CB�=BHC�H<9�DFC79GG�=B�CF89F�HC�5JC=8�8=;9GH=CB�69:CF9

:998GHC7?�=G�=BG=89�H<9�8=;9GH=CB�H5B?�5B8�HC�5JC=8�DCH9BH=5@�8=:: IG9�9A=GG=CBG

: FCA�CIH8CCF�GHCF5;9 
�- H=@@�GCA9�H=A9�:CF�GHCF5;9�G<CI@8�69�5779DH98��G=B79

GHCF=B;�:CF�GCA9�85MG�A5M�<9@D�H<9�:998=B;�HC�69�ACF9�7CBH=BICIG��<9@D=B;�H<9

DFC79GG�GH56=@=HM
�"CDD9FG�5B8�GHCF5;9�6=BG�HC�GHCF9�=B7CA=B;�K5GH9G�G<CI@8�69

f=HH98�K=H<�@=8G


d , 9H9BH=CB�H=A9�G<CI@8�69�GI:f=7=9BH�HC�5@@CK�DFCD9F�8=;9GH=CB�=B�CF89F�HC�5JC=8

8=:: IG9�9A=GG=CB�:FCA�GHCF5;9�C :�8=;9GH5H9


d ! 5G�7C@@97H=CB�:FCA�GHCF5;9�H 5B?G�:CF�:998GHC7?�5B8�8=;9GH5H9�75B�DF9J9BH

8=:: IG9�9A=GG=CBG

d #:�C8CF�75BaH�69�DF9J9BH98�CF�F98I7 98�: CF�9L5AD@9�5H�9ADHM=B;�C:�5�H5B?�:CF�H<9

M95F@M�=BGD97H=CB��=H�75B�69�� � .�HC�7CBG=89F�H<9�BI=G5B79�C:�H<9�B9=;<6CFG�K<9B

D@5BB=B;�H<9�57H=J=HM��5B8�9
;
�5J C=8�8C=B;�=H�8IF=B;�J575H=CB�D9F=C8G�5B8

K 99?9B8G


� �
�	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

�G�A9B H=CB98�95F@=9F��GHI8=9G�65G98�CB�A95GIF9A9B HG�G<CK 98�@CGG9G�C:�� ����C :�H<9

DFC8I7 98�A9 H<5B9�=B�6=C;5G�69:CF9�F9D5F5H=CB�C:�@95?5;9G�5B8�� ����5: H9F��� 5B=G<

�B9F ;M�� ;9B7 M���� 
� �
�. <9�GHI8M�=B7@I898�B=B9��5B=G<�6=C;5G�D@5BHG
�#H�:CIB8�5

BIA69F�C :�@95?5;9G�@958=B;�HC�9A=GG=CB�C:�A9 H<5B9
�'5B M�C:�H<9�=89BH=f=98�@95?5;9G

K 9F9�F9@5H=J9@M�95GM�HC�F9D5=F�5B8�H<9�69B9f=HG�65@5B798�H<9�7CGHG��CB79�H<9�D@5BH

CKB9FG�K9F9�=B:CFA98�56CIH�H<9�@95?5;9G
���<5B86CC?�7 C@@97H98�H<9�9LD9F=9B79G�CB

HF57?=B;�5B8�F9D5=F=B;�H<9�@95?5;9G�� - H9:5B9?��"5BG9B����, 5GAIGG9B���� 
� �
�#B�HCH5@�

� ��9 L5AD@9G�C:�@95?5;9G�K9F9�=89BH=f=98�5B8�F9D5=F98��=B7@I8=B;�@95?5;9G�5H

7CBB97H=CBG��G97IF=HM�J5@J9G�5B8�CH<9F�@95?5;9G


� �



� ,*85(���� �L 5AD@9G�C:�J 5@J9G�CB�6=C;5G�D@5BHG
�.<9�D=7HIF9�=B�H<9�A=88@9�=G�5B�C@8

J5@J9�BCH�=B�:IB7 H=CB�5B8�@95?=B;�A9H<5B9
�)B�H<9�D=7HIF9�HC�H<9�F=;<H�=HaG�F9AC J98

5B8�H<9�<C@9�7@CG98�K=H<�5�A9H5@�D@5H
�� - H9:5B9?��"5BG9B����, 5GAIGG9B���� 
� �


� �
�
��33/,& $%,/,7<

�=: : IG9�9A=GG=CBG�G<5@@�69�A=B=A=N98�6 M�;CC8�D@5BB=B;�5B8�CD9F5H=CB�C:�H<9�D@5BH�

K<9F95G�GD97=f=7�F9EI=F9A9B HG�:CF�8=:: IG9�9A=GG=CBG�ACB=HCF=B;�CF�565H9A9B H�G<5@@

69�7CBG=89F98�75G9�6M�75G9�89D9B8=B;�CB�H<9�HMD9�C:�: 998GHC7?��D@5BH�5B8�@C75H=CB�C:

H<9�D@5BH


� �
� ���5 266�0(',$�( ))(&7

(CB9�=89BH=f=98


� �
���� &2120,&6

�=: : IG9�9A=GG=CBG�G<5@@�69�A=B=A=N98�6 M�;CC8�D@5BB=B;�5B8�CD9F5H=CB�C:�H<9�D@5BH

5B8�5F9�J9FM�AI7<�7 5G9�6M�75G9
�&95?5;9G�75B�69�F9@5H=J9@M�95GM�HC�F9D5=F�5B8�H<9

69B9f=HG�75B�65@5B79�H<9�7CGHG


� �� � � !�) 25�@/$5,1*�86('�) 25�6$) ( 7<�5($6 216

� �� ���� ( 6&5,37,21�2)�7(&+1,48(

 @5F=B;�=G�IG98�HC�6IFB�7CA6IGH=6@9�7CADCB9BHG�C:�6=C;5G�H<5H�=G�BCH�7CBGIA98�CF

GHCF98�: FCA�H<9�6=C;5G�CD9F5H=CB�:CF�G5:9HM�F95GCBG�CF�8IF=B;�GH5FH	IDG�5B8�G<IH	

8CKBG
� IFH<9FACF9��=:�A9 H<5B9�K5G�9A=HH98�K=H<CIH�69=B;�6IFB98�=H�7CI@8�BCH�69

G99B�5G��� .�G=B79�A9 H<5B9�=G�5�GHFCB;9F�;F99B<CIG9�;5G�H<5B�� ) � 


"C K 9J9F��G=B79�f@5F=B;�=G�5�GCIF79�C:�DC@@IH=CB�5B8�@958G�HC�H<9�6IFB=B;�C:�DCH9BH=5@@M

J5@I56@9�6=C;5G��=HG�IG9�G<5@@�69�A=B=A=N98
��A=GG=CBG�:FCA�HCF7<�G<5@@�69�A=B=A=N98

6M�CDH=A5@�6IFB=B;�7CB8=H=CBG


. C�A=B=A=N9�H<9�IG9��<=;<	=BH9;F=HM�F9@=9:�J 5@J9G��<9=;<H��DF9GGIF9��=;B=H=CB�GMGH9A�

f@5A9�89H97H=CB��657?ID�GMGH9A�HC�IG9�=B�75G9�C:�: 5=@IF9�C:�9@97HF=7�DCK 9F�9H7
�G<CI@8

69�=B7@I898�=B�5�DFCD9F�89G=;B�C:�H<9�D@5BH�5B8�H<9�f@5F9


 @5F9�IGI5@@M�B998G�D=@CH�f@5A9�C:�B5HIF5@�;5G�CF�CH<9F�;5G


�I9�H C�G5:9HM�F95GCBG�79FH5=B�8=GH5B79G�5F9�B99898�: FCA�H<9�f@5F9�HC�6I=@8=B;G�9H7


. <=G�=G�7CJ9F98�6 M�;5G�G5:9HM�F9;I@5H=CB�5B8�BCH�:IFH<9F�8=G7IGG98�<9F9


� �



� �� �	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

. <9�f@5F=B;�DF9J9BHG�577=89BHG�GI7<�5G�f=F9�5B8�9LD@CG=CBG�=B�H<9�75G9�C:�9A9F ;9B7 M

F9@95G9G�C:�6=C;5G�5B8�H<9F96M�DF9J9BH�9A=GG=CBG�F9@95G98�:FCA�H<9�f=F9�CF�9LD@CG=CB


. <9�f@5F=B;�=HG9@:�@958G�HC�9A=GG=CBG�C:�B=HFC;9B�CL=89G��() L��5B8�75F6CB�ACBCL=89�

� ) ��@=?9�CH<9F�7CA6IGH=CB�DFC79GG9G�8C
�� � CAA=GG=CB����
� ��=B8=75H9G�9A=GG=CB�@9J9@G

:CF�() L C:�ID�HC�5DD
�����A;�(A � 5B8�� )�ID�H C�5DD
�����A;�(A � 
�#:�H<9�6=C;5G

7CBH5=BG�-I@D<IF��H<9�f@5F9�9A=GG=CBG�5@GC�7CBH5=B�-I@D<IF�7CADCIB8G�5G�8=<M8FC;9B

-I@D<=89��" � -��5B8�-I@D<IF�8=CL=89��- ) � 


. <9�f@5F=B;�DF9J9BHG�9A=GG=CBG�C:�A9 H<5B9�:FCA�H<9�6=C;5G��H<9�9:f=7=9B7M�69=B;�ID

HC�5�����89;F 585H=CB�577CF8=B;�HC��� CAA=GG=CB����
� ����K<C�65G9G�H<9�=B:CFA5H=CB

CB�f@5F9G�5H�8=::9F9BH�=B8IGHF=5@�D@5BHG�=B�H<9�7<9A=75@�G97HCF


� �� �
��33/,& $%,/,7<

 @5F=B;�=G�;9B9F5@@M�5DD@=756@9��5B8�GC�5F9�H<9�� � .�H97<B=EI9G�HC�A=B=A=N9�H<9�IG9

5B8�DF9J9BH�9A=GG=CBG
�-A5@@9F�D@5BHG�8CBaH�B979GG5F=@M�<5J9�f@5F9�6IH�: CF�9L5AD@9

G9D5F5H9�<95H�6C=@9F�5G�657?ID


� �� ����5 266�0(',$�( ))(&7

 @5F=B;�F98I7 9G�A9H<5B9�9A=GG=CBG�6IH�=B7F95G9G�9A=GG=CBG�C:�() L ��� )�5B8

9J9BHI5@@M�-) � 


� �� ���� &2120,&6

� CBG=89F=B;��� .�=B�H<9�89G=;B�D<5G9�C:�H<9�D@5BH�5B8�H<9�f@5F9�=G�BCH�9LD97H98�HC

=Bf@I9B79�97CBCA=7G�G=;B=f=75BH@M


� �� � � !�) 25�)857+(5�352&( 66,1*�2 )�',*( 67$7(

� ��� ��� ( 6&5,37,21�2)�7(&+1,48(

/G9�C:�8=;9GH5H9�=G�GHF=7H@M�F9;I@5H98�=B�5@@�H<9�(CF8=7�7CIBHF=9G�5B8�;=J9G�H<9�:F5A9

:CF�IH=@=N5H=CB�5B8�:IFH<9F�DFC79GG=B;�C:�H<9�8=;9GH5H9
��=;9GH5H9�: FCA�GA5@@9F

A5BIF 9�<5B8@=B;�6=C;5G�D@5BHG�=G�C: H9B�IH=@=N98�@C75@@M�=B�@5B8�5DD@=75H=CB�8=F97H@M

K=H<CIH�5BM�:IFH<9F�DFC79GG=B;
�)B�H<9�CH<9F�<5B8��5H�AIB=7=D5@�K5GH9�K 5H9F

HF95HA9BH�D@5BHG��8=;9GH98�G@I8;9�=G�HMD=75@@M�89K 5H9F98�DF=CF�HC�IH=@=N5H=CB��5B8

K 5GH9K 5H9F�=G�F9HIFB98�HC�5�K 5GH9K 5H9F�HF95HA9BH�DFC79GG


- CA9 H=A9G�8=;9GH5H9�=G�G9D5F5H98�=BHC�GC@=8�5B8�@=EI=8�D<5G9�=B�CF89F�HC�CDH=A=N9

7CB79BHF5H=CB�C:�BIHF=9BH�=B�@=EI=8�5B8�GC@=8�:F57H=CB��K<=7<�A5M�<5J9�8=::9F9BH

DIFDCG9G�C:�IG9 


. <9F9�=G�=B7F95G=B;�=BH9F9GH�HC�:F57H=CB5H9�8=;9GH5H9�5@GC�5H�A5BIF9�HF95H=B;�D@5BHG

5B8�7C	8=;9GH=CB�D@5BHG
�/D;F58=B;�H<9�8=;9GH5H9�75B�<5J9�G9J9F5@�58J5BH5;9G�

d , 98I7=B;�K5H 9F�7CBH9BH�75B�7CB79BHF5H9�BIHF=9BHG
�#H�75B�F98I7 9�7CGH�:CF

GHCF5;9 ��HF5BGDCFH�5B8�5DD@=75H=CB
�&C75@@M�H<9M�A5M�69�9L79GG�C:�CF;5B=7

� �



: 9FH=@=N=B;�A5H9F=5@G�5J5=@56@9


d � 8>IGH=B;�BIHF=9BH�7CBH9BH�75B�588�J 5@I9�HC�H<9�DFC8I7 H�5B8�A=B=A=N9�9A=GG=CBG

K<9B�IG98�=B�5F56@9�GC=@


d *FC79GG=B;�A5H9F=5@�75B�7F95H9�B9K�A5F? 9HG��GI7<�5G�F9D@57=B;�;FCK=B;�A98=5�

DCHH=B;�GC=@��D95H��9H7
�=B�;5F89BG�5B8�F9H5=@�A5F?9H


 2/,'�) 5$&7,21�

#:�:IFH<9F�ID;F589�H5?9G�D@579��89K 5H9F=B;�IG=B;�f=@H9F�CF�G7F9K�DF9GG�CF�GCA9H=A9G

79BHF=:I;=B;�=G�C: H9B�H<9�f=FGH�GH9D�HC�=B7F95G9�H<9�GC@=8�7CB79BHF5H=CB�C:�H<9�A5H9F=5@

CF�G9D5F5H9�@=EI=8�5B8�GC@=8�:F57H=CBG
�.<9B�7CADCGH=B;��8FM=B;�CF�D9@@9H=N=B;�C:�H<9

GC@=8�:F57H=CB�75B�H5?9�D@579�`�GCA9 H=A9G�DMFC@MG=G�CF�=B7=B9F5H=CB


� CADCGH=B;�75B�=ADFCJ9�H<9�7<5F57H9F=GH=7G�C:�H<9�A5H9F=5@
�.<9�588=H=CB�C:

GHFI7 HIF5@�A5H9F=5@�=BHC�H<9�7CADCGH�=G�IGI5@@M�F9EI=F98
�. <9F9:CF9��H<9�57HI5@�JC@IA9

C:�9B8�DFC8I7 H�=B7F95G9G
��CADCGH98�9B8�DFC8I7 H�<5G�89G=F56@9�7<5F57H9F=GH=7G�C:

<IAIG��K<=7<�5F 9�85F?�7C@CF��F98I7 98�5B8�IB=: CFA�D5FH=7@9�G=N9�5B8�95FH<M�C8CF


�F=98�CF�D9@@9H=N98�A5H 9F=5@�75B�69�GHCF98�5B8�HF5BGDCFH98�CJ9F�@CB;9F�8=GH5B79G

97CBCA=75@@M


* MFC@MG=G�5B8�=B7=B9F5H=CB�897F95G9�JC@IA9�C:�H<9�9B8�DFC8I7 H�5B8�D<CGD<CFIG

F9A5=BG�=B�H<9�A5H9F=5@
��=G58J5BH5;9G�C:�DMFC@MG=G�5B8�=B7=B9F5H=CB�5F9�<=;<

=BJ9GHA9BH�7CGHG


�,48,'�) 5$&7,21�

#:�8=;9GH5H9�=G�:IFH<9F�DFC79GG98�6M�G9D5F5H=B;�GC@=8�5B8�@=EI=8�:F57H=CBG��H<9�@=EI=8

: F57H=CB�89F=J98�: FCA�H<9�DCGHHF95HA9BH�75B�GCA9H=A9G�69�F9HIFB98�HC�6=C;5G

DFC79GG��=H�75B�69�IH=@=N98�G9D5F5H9@M�5G�:9FH=@=N9F�CF�=H�<5G�HC�69�HF95H98�5G

K 5GH9K 5H9F
�"=;<�7 CB79BHF5H=CB�C:�5AACB=5�B=HFC;9B�75B�DF9J9BH�F9HIFB�C:�H<9

A5H9F=5@�HC�6=C;5G�DFC79GG


05F=CIG�IG9G�C:�H<9�@=EI=8�9:f@I9BH�5F9�5DD@=98
�'CGH�7CAACB�K5M�=G�HC�GDF958�=H�CB

@5B8�5G�@=EI=8�:9FH=@=N9F
�1<9B�GDF958=B;��H<9F9�5F9�GCA9�F97CAA9B85H=CBG�H<5H�<9@D

5JC=8=B;�@957<5H9�5B8�C8CF�5B8�A5M�69�G99B�5G��� . ��-DF958�69 :CF9�G998=B;�GDF=B;	

GCKB�79F95@G��5DD@M�9J9B@M�CB�H<9�f=9@8�5B8�5JC=8�GDF958=B;�CB�;FCK=B;�G998G�=B

K 5FA��GIBBM��K=B8M�CF�8FM�K95H<9F��� 5BG?�&5B86FI;GF U8;=JB=B;���� �� �
�. 97<B=EI9G

H<5H�75B�<9@D�A=B=A=N=B;�9A=GG=CBG�5F9�BCH�:IFH<9F�8=G7IGG98�=B�H<=G�F9DCFH


- CA9 H=A9G�B=HFC;9B�=G�7CB79BHF5H98�: FCA�@=EI=8�6M�8=::9F9BH�H97<BC@C;=9G��<CK 9J9F�=H

A5M�BCH�69�:95G=6@9�8I9�HC�7CGHG�CB�=BJ9GHA9BH�5B8�CD9F5H=CB


. <9�K 5GH9K 5H9F�=G�<=;<�=B�CF;5B=7�A5H9F=5@��� )���5B8�BIHF=9B HG��9GD97=5@@M�B=HFC;9B


#:�K5GH9K 5H9F�8=G7<5F;9�C7 7IFG�=B�5�6=C;5G�D@5BH�HF95H=B;�K5GH9��=H�B998G�HC�69

5;F 998�K=H<�H<9�@C75@�K5GH9K 5H9F�HF95HA9BH�D@5BH�K<9H<9F�=H�<5G�75D57=HM�HC�F979=J9

H<9�K5GH9K 5H9F
�. <9B�G9D5F5H9�K 5GH9K 5H9F�7CBHF57H�=G�A589�69HK99B�H<9�6=C;5G

D@5BH�5B8�AIB=7=D5@�K5GH9K 5H9F�HF95HA9BH�D@5BH�CD9F5HCF
�- CA9 H=A9G

DF9HF95HA9BH�C:�K 5GH9K 5H9F�5H�5�6=C;5G�D@5BH�=G�F9EI=F98�69 :CF9�8=G7<5F;9�HC

AIB=7=D5@�HF95HA9BH�D@5BH


- CA9 H=A9G�K5GH9K 5H9F�=G�HF95H98�5H�5�6=C;5G�D@5BH�5B8�8=G7<5F;98�H C�H<9

9BJ=FCBA9BH
�. <=G�F9EI=F9G�AI@H=GH9D�HF95HA9BH�C:�K 5GH9K 5H9F�5B8�GHF=7H�ACB=HCF=B;

��



F9EI=F9A9B HG�5B8�@=A=HG�:CF�K5GH9K 5H9F�8=G7<5F;9�G<5@@�69�5DD@=98
�#B�H<=G�75G9�=H�=G

F97CAA9B898�H C�IG9�H<9�ACB=HCF=B;�F9EI=F9A9B HG�5B8�@=A=HG�C:�� � .�K 5GH9

HF95HA9BH�D@5BHG�7CJ9F98�6 M�#�� 


� ���	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

�A=GG=CBG�5B8�7CBGIADH=CB�f=;IF9G�J5FM�5�@CH�=B�8=::9F9BH�DFC79GG9G�5B8�:CF�8=::9F9BH

A5H9F=5@G


� ���
��33/,& $%,/,7<

)D H=A5@�IG9�C:�8=;9GH5H9�G<5@@�69�5GG9GG98�75G9�6M�75G9�6M�89A5B8�5B8�97 CBCA=7G


� ��� ���5 266�0(',$�( ))(&7

�=: : 9F9BH�DFC79GG9G�<5J9�8=::9F9BH�7FCGG	A98=5�9: : 97HG
�#B�7CADCGH=B;��8FM=B;�5B8

H<9FA5@�HF95HA9BH�GD97=5@�DF975IH=CB�=G�B99898�:CF�B=HFC;9B�9A=GG=CBG�=BHC�5=F


#:�8=;9GH5H9�7CBH5=BG�<5N5F8CIG�GI6GH5B79G��H<9M�9B8�ID�=B�GCA9�C:�H<9�:F57H=CBG


�F M=B;�5B8�D9@@9H=N=B;�7CBGIA9G�9B9F;M
� CF�H<9�7FCDG��*<CGD<CFIG�75B�69�<5F89F�HC

5779GG�=B�H<9�5G<�5:H9F�DMFC@MG=G


� ������ &2120,&6

� 7CBCA=7G�C:�: IFH<9F�DFC79GG=B;�C:�8=;9GH5H9�=G�J9FM�75G9�89D9B89BH��89D9B8=B;�CB

89A5B8�: CF�8=::9F9BH�A5H9F=5@G
�.<9�G=HI5H=CB�=G�J9FM�8=::9F9BH�:CF�8=::9F9BH�HMD9G�C:

A5H9F=5@G�5B8�H<9F9�5F9�5@GC�7CIBHFM	GD97=f=7�8=::9F9B79G


 CF�7C	8=;9GH=CB�D@5BHG�HF95H=B;�K5GH9�=B7CA9�: FCA�8=;9GH5H9�A5M�69�CB@M�5�GA5@@

D5FH�C:�=B7CA9 ��<CK 9J9F�=H�=G�5@K5MG�=ADCFH5BH�HC�<5J9�5B�9BJ=FCBA9BH5@@M�5B8

97CBCA=75@@M�:95G=6@9�A5F?9H�:CF�5@@�DFC8I7 98�9B8�DFC8I7 HG


� �� � � !�) 25�48$/,7<�2)�%,2*$6�) 25�(1(5 *<�87,/,=$7,21

� �� ���� ( 6&5,37,21�2)�7(&+1,48(

/H=@=N5H=CB�C:�6=C;5G�:CF�9B9F;M�DIFDCG9G�75B�69�G99B�5G��� .�G=B79�=H�75B�F9D@579

:CGG=@�:I9@G�H<IG�F98I7=B;�9A=GG=CB�C:�;F 99B<CIG9�;5G9G
�#:�H<9�:CGG=@�:I9@�F9D@5798�=G

7C5@��G9J9F5@�CH<9F�DC@@IH5BHG�GI7<�5G�9A=GG=CB�C:�<95JM�A9H5@G�:FCA�7C5@�f=F=B;�5F9

5@GC�F98I7 98
�1<9B�H<9�6=C;5G�=G�IG98�:CF�9B9F;M�DIFDCG9G�=HG�7CBH9BH�C:�A9 H<5B9

� �" � ��=G�HF5BG:CFA98�HC�75F6CB�8=CL=89��� ) � �
�#:�H<9�6=CA5GG�CF�K5GH9�K 5G�@9: H

FCHH=B;�CB�H<9�;FCIB8�=BGH958�C:�69=B;�IG98�HC�DFC8I7 9�6=C;5G��H<9�A9H<5B9���" � �

K CI@8�<5J9�699B�F9@95G98�8=F97H@M�HC�H<9�5HACGD<9F9�K=H<CIH�F9D@57=B;�5BM�:CGG=@

: I9@G
�-=B79�A9 H<5B9�=G�5�GHFCB;9F�;F99B<CIG9�;5G�H<5B�� ) � ��BCH�CB@M�H<9�A=GG=B;

GI6GH=HIH=CB�C:�: CGG=@�:I9@G�6IH�5@GC�H<9�GHFCB;9F�;F99B<CIG9�;5G�K CI@8�<5J9

=B7F95G98�H<9�7@=A5H9�9: :97H


"C K�6=C;5G�=G�IH=@=N98�=G�5B�97CBCA=7�897=G=CB�C:�H<9�CD9F5HCF�5B8�89D9B8G�CB

D<MG=75@�7CB8=H=CBG��H<9�:F5A9 K CF?�7CB8=H=CBG��=B79BH=J9G��5B8�H<9�@C75@�A5F?9H


�




�=C;5G�7CADCG=H=CB�:FCA�8=::9F9BH�DFC79GG9G�5B8�:998GHC7?�J5F=9G��7CBH5=B=B;�A5=B@M

A9 H<5B9���" � ��5B8�7 5F6CB�8=CL=89��� ) � ���5B8�HF579G�C:�< M8FC;9B�GI@f=89��"� -��

5AACB=5��(" � ���< M8FC;9B��" � ���B=HFC;9B��( � ���75F6CB�ACBCL=89��� )���C LM;9B�� ) � �


� 9D9B8=B;�CB�H<9�IH=@=N5H=CB�A9H<C8��DIF=f=75H=CB�C:�6=C;5G�=G�C: H9B�B99898��G=B79

H<9�IBDIF=f=98�6=C;5G�=G�7CFFCG=J9�8I9�H C�H<9�" � -�7 CBH9BH�5B8�K=H<�5�J5FM=B;��6IH�@CK

75@CF=f=7�J5@I9�8I9�HC�H<9�7CBH9BH�C:�K 5H9F�J5DCF


#B�;9B9F5@��H<9�H97<B=EI9G�5F9�8=::9F9BH�K<9B�IH=@=N=B;�H<9�6=C;5G�:CF�<95H�CF�<95H

5B8�DCK 9F�5B8�K<9B�ID;F 58=B;�H<9�;5G�=BHC�;F=8�CF�:I9@


- 9J9F5@�5@H9FB5H=J9G�9L=GH
���F 9DCFH���@=5G9B���%J=GH���� 
� ��89G7F=69G�H97<B=EI9G�:CF

d , 9AC J5@�C:�-I@D<IF�7CADCIB8G��=B7@I8=B;�"� -�

d � 8GCFDH=CB�K=H<�57H=J5H98�75F6CB

d *F97=D=H5H=CB�C:�-I@D<IF�=B�H<9�6=C;5G�F957HCF

d �=C@C;=75@�-I@D<IF�f=@H9FG�K=H<�588=H=CB�C:�CLM;9B

d /D;F 58=B;�K=H<�F9AC J5@�C:�� ) � �

d *F9GGIF9�-K=B;�� 8GCFDH=CB

d - 7FI66=B;�K=H<�5A=B9

d - 7FI66=B;�K=H<�K5H9F

d '9A6F 5B9�H97<B=EI9

. <9�F9DCFH�D9F:CFA98�A95GIF 9A9B HG�C:�-I@D<IF�9A=GG=CBG�:FCA�G9J9F5@�=BGH5@@98

H97<B=EI9G


 CF�@5F;9F�D@5BHG�ACGH�HMD=75@@M��K 9H�G7FI66=B;�C :�6=C;5G�H5?9G�D@579
�1 9H�G7FI66=B;

K=H<�9
;
�5A=B9�F9AC J9G�� ) � 5B8�" � -�5B8�DFC8I7 9G�7@95B98�6=C;5G��C: H9B�75@@98

6=CA9H<5B9
��=CA9 H<5B9�75B�69�7CA6IGH98�HC�DFC8I7 9�<95H��: CF�<95H�5B8�DCK 9F�CF

=B>97H98�=BHC�H<9�B5H=CB5@�;5G�B9HKCF?
��@GC��: CF�A98=IA�G=N9�6=C;5G�D@5BHG�=H�75B�69

DF9GGIF=N98��HMD=75@@M�HC����` ����65F�H C�A5? 9�J9<=7@9�:I9@


#B�GCA9�75G9G��H<9�G9D5F5H98�� ) � A5M�69�IH=@=N98�: CF�=BGH5B79�5G�� ) � =B�GC: H�8F=B?G


� ,*85(���� �=5;F 5A�C :�5A=B9�G7FI669F�: CF�F9AC J=B;�C:�8=<M8FC;9B�-I@D<=89��" � -�

5B8�75F6CB�8=CL=89��� ) � �
��5G98�CB���@=5G9B���%J=GH���� 
� �


��



�L 5AD@9�

��G7FI669F�: CF�ID;F58=B;�6=C;5G�=G�=BGH5@@98�=B�5��5B=G<�>C=BH�6=C;5G�D@5BH��'58G9B

6=C9B9F;M�=B�-?=J9�
�#B�CF89F�HC�F957<�5�EI5@=HM�GI=H56@9�:CF�H<9�DI6@=7�;F=8��BCH�CB@M

� ) � 5B8�" � -�6IH�5@GC�K5H9F�GH95A�5B8�C H<9F�=ADIF=H=9G�5F9�F9AC J98
�. <9�G7FI669F

IG9G�5B�5@?5@=B9�@=EI=8��5A=B9��5B8�5�F9;9B9F5H=CB�GH9D�5@@CKG�H<9�@=EI=8�HC�69�IG98

5;5=B�5B8�5;5=B
�. <9�DFC79GG�B998G�K5H9F�5H�
�� C��K<=7<�=B�H<9=F�75G9�=G�;9B9F5H98

6M�5�GHF5K�f=F98�6C=@9F
�� : H9F�H<=G��H<9�;5G�=G�7CADF9GG98��8F=98�5B8�A95GIF98�69 :CF9

=H�=G�89@=J9F98�HC�H<9�D=D9G�:FCA�5�B5HIF5@�;5G�7CAD5BM
�� H�H<9�F9;9B9F5H=CB�C:�H<9

IG98�7@95B=B;�@=EI=8��<95H�=G�IG98�HC�G9D5F5H9�� ) � : FCA�H<9�@=EI=8


� ,*85(�	�� �L 5AD@9�C:�: 5FA�G75@9�:I9@=B;�GH5H=CB�5B8�;5G�GHCF5;9�7 CBH5=B9F�=B

* 5@CDIFC�� =B@5B8


� �� �	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

#B�H<9�F9DCFH���@=5G9B���%J=GH���� 
� ���7CBGIADH=CBG�5B8�9A=GG=CBG�C:�H<9�=BJ9GH=;5H98

H97<B=EI9G�5F9�89G7F=698


. <9�9L5AD@9�DFC79GG�K=H<�5A=B9�G7FI669F�ID;F 58=B;�6=C;5G�:CF�H<9�B5HIF5@�;5G�;F=8

5H�'58G9B�6=C9B9F;M�=B�-?=J9�IG9G�9B9F;M��6IH�9B9F;M�G5J=B;G�F98I7 9�H<9�CJ9F5@@

9B9F;M�7CBGIADH=CB
�

d �DDFCL=A5H9@M���
�?1<�9@97HF=7=HM�=G�IG98�:CF�ID;F58=B;�
�A � 6=C;5G


d �DDFCL=A5H9@M�
�?1<�C:�<95H�D9F�?;�F 9AC J98�� ) � =G�B99898��6IH�5:H9F�H<9

ID;F 58=B;�ID�HC�����C :�H<9�<95H�=H�75B�69�F97ID9F5H98��F9	IG98��: CF�<95H=B;�H<9

6=C;5G�F957HCFG
�#:�H<9�F97ID9F5H98�<95H�=G�898I7H98�H<9�B9H�<95H�B99898�:CF�H<9

ID;F 58=B;�=G���
��?1<�<95H 
�. <9�<95H�F97ID9F5H=CB�K5G�=ADFCJ98�=B�7CCD9F5H=CB

69HK99B�'58G9B�6=C9B9F;M��H<9�GIDD@=9F�C:�H<9�G7FI669F���AACB;5G ��5B8�H<9

GIDD@=9F�C:�H<9�D@5BH��&IB8G6M�6=C9B9F;=�
�.<9 M�:CIB8�5�GC@IH=CB�K<9F9�HKC�<95H

9L7<5B;9FG�K9F9�=BGH5@@98�=B�5�H5B?�69:CF9�H<9�8=;9GH9F�=B�CF89F�HC�IH=@=N9�H<9

<95H�=B�H<9�CB@M���C��K 5H9F�K<=7<�DFCJ98�HC�69�IG56@9�:CF�DF9<95H=B;�C:�H<9

A5BIF 9�: 998GHC7?�GC�H<5H�=HG�H9AD9F5HIF9�=B7F95G9G�:FCA�5DD
�
� C��H C��� C�

��



69:CF9�H<9�A5BIF 9�9BH9FG�H<9�8=;9GH9F


. <9�GHF5K�f=F98�6C=@9F�IG98�CB�H<9��5B=G<�D@5BH�F98I7 9G�H<9��) � 9A=GG=CB�:FCA�H<9

<95H=B;�F9EI=F98�: CF�H<9�DFC79GG
��C=@9FG�IGI5@@M�@958�HC�GCA9�9A=GG=CBG�C:�9 
;


D5FH=7@9G�K<=7<�75B�69�F98I7 98�6 M�DFCD9F�f=@H9FG�5B8�5F9�F9;I@5H98�577CF8=B;�HC

@9;=G@5H=CB�CB�7CA6IGH=CB�D@5BHG
�.<9�GIDD@=9F�C:�H<9�ID;F 58=B;�H97<B=EI9�A9BH=CBG

H<5H�H<9�A9H<5B9�@CGG�:CF�H<9�H97<B=EI9�=G�@9GG�H<5B���� ��
���AACB;5G���� �� �


� �� �
��33/,& $%,/,7<

�DD@=756=@=HM�C:�H<9�8=::9F9BH�H97<B=EI9G�:CF�DIF=f=75H=CB�5B8�ID;F58=B;�6=C;5G�=G

89G7F=698�=B�H<9�F9DCFH���@=5G9B���%J=GH���� 
� �


. <9�GIDD@=9F�C:�H<9�DFC79GG�5H�'58G9B�6=C9B9F;M�=B�-?=J9�=B�H<9�9L5AD@9�56CJ9

A9B H=CB�H<5H�H<9M�<5J9�9LD9F=9B79�K=H<�D@5BH�G=N9G�=B�H<9�F5B;9�C :�����H C��� ���

A � D9F�<CIF��AACB;5G���� �� �
�. <9�9LD9F=9B79�C:�'58G9B�6=C9B9F;M�=G��H<5H�H<9

DCGG=6=@=HM�C:�IH=@=N=B;�H<9�F97ID9F5H98�<95H�=G�=ADCFH5BH�:CF�H<9�CJ9F5@@�97CBCAM�5B8

H<IG�H<9�5DD@=756=@=HM
��BC H<9F�5GD97H�H<5H�A5M�@=A=H�H<9�5DD@=756=@=HM�:CF�GA5@@9F

D@5BHG�=G�H<5H�=B�CF89F�HC�DFC8I7 9�<95H98�K5H9F�:CF�H<9�DFC79GG��5�6C=@9F�79FH=f=75H9�=G

B99898�: CF�H<9�CD9F5HCF


� �� ����5 266�0(',$�( ))(&7

. <9�8=::9F9BH�H97<B=EI9G�:CF�DIF=f=75H=CB�5B8�ID;F58=B;�6=C;5G�7CBGIA9�7<9A=75@G�

57H=J5H98�75F6CB�5B8�CF�9B9F;M


. <9�DFC79GG�A9BH=CB98�5G�9L5AD@9�IG9G�9B9F;M��6IH�H<9�7CBGIA98�5ACIB H�C:�9B9F;M

=G�:5F�@9GG�H<5B�H<9�DFC8I7 98�9B9F;M�=B�H<9�:CFA�C:�6=CA9H<5B9
�. <IG��H<9�7FCGG	

A98=5�9: : 97H�=G�BCH�G9J9F9


� �� ���� &2120,&6

��@=5G9B���%J=GH���� 
� ��7C@@97H98�7CGHG�:CF�H<9�8=::9F9BH�H97<B=EI9G�5B8�A589�AC89@

75@7I@5H=CBG�:CF�IG9�C:�G=B;@9�H97<B=EI9G�5B8�:CF�7CA6=B5H=CBG�C:�H97<B=EI9G�5F9

G<CKB�=B� =;IF9��



� �



Nm3/h

kr
./N

m
3

Biofilter with external regeneration Ordinary biofilter Precipitation (2000 ppm)
Precipitation (1000 ppm) Precipitation (500 ppm) Precipitation (250 ppm)
Activated carbon (1000 ppm) Activated carbon (500 ppm) Activated carbon (250 ppm)

250 500 750 1000 1250 1500 1750 2000
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

� ,*85(�	 �� 'C89@�75@7I@5H=CBG�C:�97CBCA=7G�6M�H<9�IG9�C:�5�G=B;@9�H97<B=EI9�HC�DIF=:M

6=C;5G�:FCA�5�F5K�;5G�7 CB79BHF5H=CB�5G�=B8=75H98�=B�H<9�6F57?9HG�8CKB�HC�5�@9J9@

57<=9J56@9�K=H<�H<9�H97<B=EI9
�)B�H<9�L 	5L=G�=G�H<9�5ACIBH�C:�6=C;5G�HF95H98��CB�H<9

M	5L=G�� 5B=G<�?FCB9F�D9F�5ACIBH�C:�6=C;5G�HF95H98���@=5G9B���%J=GH���� 
� �


. <9�GIDD@=9F�C:�H<9�DFC79GG�A9BH=CB98�5G�9L5AD@9�56CJ9�<5G�;=J9B�=B:CFA5H=CB�CB

H<9�9B9F;M�7CBGIADH=CB�C:�H<9�DFC79GG�K<=7<�=G���
�� 5B=G<�\F9�D9F�HF95H98�A � 6=C;5G


. <9�@=EI=8�:CF�H<9�G7FI669F�=G�A9BH=CB98�HC�69�bF9@5H=J9@M�7<95Dc
�. <9�DIF=HM�C:�H<9

G9D5F5H98�� ) � =G�<=;<�K<=7<�5@@CKG�IH=@=N5H=CB�C:�H<5H�5G�K9@@��AACB;5G���� �� �


� ����� � !�) 25�021,7 25,1*�2 )�352&( 66

� ��� ���� ( 6&5,37,21�2)�7(&+1,48(

'CB=HCF=B;�C:�9A=GG=CBG�K=@@�69�F9@5H98�HC�F9EI=F9A9B HG�:CF�9A=GG=CBG�5B8�=G�;9B9F5@

:CF�=B8IGHF=5@�9A=GG=CB�5B8�H<9F9:CF9�BCH�:IFH<9F�8=G7IGG98�<9F9


�G�89G7F=698�=B�H<9�=BHFC8I7 H=CB�5�6=C;5G�DFC79GG�65G9G�CB�7CAD@9L�7CCD9F5H=CB�C:

8=::9F9BH�HMD9G�C:�A=7FCCF;5B=GAG
���BIA69F�C :�: 57HCFG�75B�5: :97H�H<9�DFC79GG

D9F:CFA5B79
�. <9�6=C;5G�DFC79GG�B998G�7@CG9�ACB=HCF=B;�9GD97=5@@M�=B�H<9�GH5FH	ID

5B8�=:�7CB8=H=CBG�CF�:998GHC7?�5F9�7<5B;98


'CB=HCF=B;�9BGIF9G�GH56@9�CD9F5H=CB��A=B=A=N9G�8=:f=7I@H=9G�5B8�DFCJ=89G�GI:f=7=9BH

95F@M�K5FB=B;�C:�DCH9BH=5@@M�ACF9�G9J9F9�8=:f=7I@H=9G�K=H<�H<9�DFC79GG
�'CB=HCF=B;

B998�89D9B8G�5�@CH�CB�HMD9�C:�: 998GHC7?�5B8�DFC79GG


�G�;9B9F 5@�FI@9��=B�85=@M�CD9F5H=CB��K<9B�H<9�:998GHC7?�8C9G�BCH�7<5B;9��ACB=HCF=B;

C:�6=C;5G�5B8�A9 H<5B9�DFC8I7 H=CB�=G�C: H9B�H<9�69GH�=B8=75HCF�C:�K 9@@	:IB7 H=CB=B;

DFC79GG
�#B�588=H=CB��H9AD9F5HIF9��<M8F5I@=7�F9H9BH=CB�H=A9�5B8�CF;5B=7�@C58=B;�F5H9

C:�H<9�:998GHC7?�5B8�@=EI=8�@9J9@�C:�H<9�8=;9GH98�G<5@@�69�:C@@CK 98�CB�7CBH=BICIG

65G=G
�#B�H<9�DFC79GG�GH5FH�ID��=:�:998GHC7?�A=LHIF9�7<5B;9G��5B8�9 J9FM�BCK�5B8�H<9B

5�K=89F�F5B;9�C :�5B5@MG=G�=G�F97CAA9B898
� IFH<9F�D5F5A9 H9FG�HC�69�:C@@CK 98�A5M

=B7@I89�9
;
�� �(�F 5H=C��7CBH9BH�C:�=BH9FA98=5H9�DFC8I7 HG�C:�89;F 585H=CB�=B7@I8=B;

��



JC@5H=@9�:5HHM�57=8G��0 ����6I: : 9F=B;�75D57=HM��JC@5H=@9�57=8G�5@?5@=B=HM�F5H=C���7CBH9BH

C:�5AACB=5�B=HFC;9B�5B8�" � -�5B8�: C5A�@9J9@G�=B�H<9�8=;9GH9F
�#H�=G�BCH9K CFH<M�H<5H

H<9F9�5F9�BC�F=;<H�CF�KFCB;�J 5@I9G�:CF�8=::9F9BH�D5F5A9 H9FG��6IH�H<9�J5@I9G�A5M�J5FM

<=;<@M�=B�8=::9F9BH�DFC79GG9G��K=H<�8=::9F9BH�:998GHC7?�5B8�89D9B8=B;�CB�H<9�657H9F=5@

6=CA5GG�=B�F957HCF
� CF�9L5AD@9��8=::9F9BH�F957HCFG�A5M�<5J9�8=::9F9BH�H9AD9F5HIF9

CDH=AIA


� ��� �	��0,6 6,21�$1'�& 21&803 7,21�@,*85( 6

�M�ACB=HCF=B;�DFC79GG��8=GHIF65B79G�75B�69�5J C=898�5B8�H<9F9:CF9�=H�F98I7 9G

9A=GG=CBG


� ��� �
��33/,& $%,/,7<

� J9B�G=AD@9�A5BIF9�D@5BHG�B998�ACB=HCF=B;�C:�65G=7�D5F5A9 H9FG
�'CF 9�7CAD@9L

:998GHC7?��ACF9�7CAD@9L�ACB=HCF=B;�=G�B99898


� ��� ����5 266�0(',$�( ))(&7

(C�7FCGG	A98=5�9: : 97HG�=89BH=f=98


� ��� ���� &2120,&6

'CB=HCF=B;�B998G�HC�69�58>IGH98��65G98�CB�B998
�"CK 9J9F�9J9B�7CAD@9L�ACB=HCF=B;

9EI=DA9BH�=G�BCH�H<5H�9LD9BG=J9�BCK 585MG


- CA9 H=A9G�D@5BH�A5BI: 57HIF9F�C: :9FG�ACB=HCF=B;�5B8�HFCI6@9�GC@J=B;�G9FJ=79G�:CF

CD9F5HCF�K<=7<�75B�69�5B�97CBCA=75@�GC@IH=CB


��



�� ���0(5 *,1*�7 (&+1,48( 6

�A9F ;=B;�H97<B=EI9G�5F9�� � .�BC H�M9H�:I@@M�89J9@CD98�CF�=B�IG9�=B�H<9�=B8IGHFM�

5@H<CI;<�H<9M�A5M�69�F9@9J5BH�5G��� .�7 5B8=85H9G�=B�H<9�:IHIF 9
�- CA9�H97<B=EI9G

IB89F�89 J9@CDA9BH�5F9�A9B H=CB98�=B�H<=G�7<5DH9F


��H 97<B=EI9�HC�=ADFCJ9�DF9HF95HA9BH�6M�IG=B;�5B�9LHFI89F�: CF�G<F988=B;�;F 5GG�5B8

7@CJ9F�<5G�699B�H9GH98�K=H<�;CC8�F9GI@H�CB�A5?=B;�=H�DIAD56@9


��H 97<B=EI9�HC�=ADFCJ9�8=;9GH=CB�C:�G@I8;9�6M�<95H=B;�=H�HC�
��` 
�� C��IB89F

DF9GGIF9�5B8�H<9B�@CK 9F=B;�H<9�DF9GGIF9�<9@DG�89;F58=B;�H<9�GHFI7 HIF9�C:�H<9�G@I8;9

5B8�=ADFCJ=B;�H<9�8=;9GH=CB�C:�H<9�A=7FCCF;5B=GAG
���D=@CH�D@5BH�=G�H9GH=B;�H<9

H97<B=EI9


#BGH5@@=B;�G7F9K�DF9GG9G�=B�G9F=9G�75B�=ADFCJ9�DF9HF95HA9BH�C:�GCIF79	G9D5F5H98

:CC8�K5GH9�5B8�F98I7 9�H<9�5ACIB H�C:�F9>97H���=C;5G6C@5;9H�������
��


��f@CH5H=CB�IB=H�5B8�5�79F5A=7�f=@HF5H=CB�IB=H�=B�5B�5B59FC6=7�9BJ=FCBA9BH�=G�A95BH�HC

G9D5F5H9�5B8�F97=F7I@5H9�8FM�A5HH9F�5B8�A=7FCCF;5B=GAG�=BH9FB5@@M�=B�5�6=C;5G�D@5BH

� $]F ;9BG9B���� 
� �


�B�9A9F ;=B;�H97<B=EI9�:CF�F9AC J=B;�8=<M8FC;9B�-I@D<=89��"�-��5B8�5H�H<9�G5A9

H=A9�DFC8I7 9�5�: 9FH=@=N9F�DFC8I7 H��5AACB=IA�H<=CGI@D<5H9��H<5H�<5G�H<9�56=@=HM�C:

F98I7=B;�H<9�HF5BG:CFA5H=CB�C:�5AACB=IA��(" � ���H C�B=HF5H9��() � 	��=G�69=B;

89J9@CD98�=B�5�DFC>97H�GH5FH98�=B��� 
��� . CDG\9���� �� �


�B�9A9F ;=B;�5DD@=75H=CB�C:�6=C;5G�DFC79GG�=G�f=FGH�A5?=B;�6=C9H<5BC@�6M�<M8FC@MG=G

588=B;�9BNMA9G��-I@D<IF�57=8�5B8�CF�GH95A�K=H<�GI6G9EI9BH�6=C;5G�DFC79GG


#BH9FF9;�(1��: IB898�DFC>97H��&!	���D=@C H�7CA6=B5H=CB�C:�5@;5@�5B8���

H97<BC@C;=9G�HC�F9IG9�H<9�9L79GG�C:�BIHF=9BHG�DFC8I7 98�: FCA�H<9�5B59FC6=7�8=;9GH=CB

C:�: CC8�5B8�:5FA�K 5GH9��=B�CF89F�HC�7I@H=J5H9�5@;5@�6=CA5GG�:CF�5B=A5@�:998�5B8

CH<9F�DFC8I7 HG


'9 H<5B=N5H=CB�C:�� ) � =B�H<9�6=C;5G�HC�5@@CK�5�<=;<9F�A9 H<5B9�7CBH9BH�=B�H<9�;5G�6M

588=B;�" � �< M8FC;9B��=G�5@GC�5B�9A9F;=B;�H97<B=EI9
�. <9�<M8FC;9B�=G�D@5BB98�HC�69

DFC8I7 98�: FCA�GIFD@IG�C:�K=B8�5B8�GC@5F�9B9F;M�IG98�HC�9@97HFC@MH=75@@M�G9D5F5H=B;

<M8FC;9B�: FCA�K 5H9F
�'CF 9�DFC>97HG�5F9�K CF?=B;�K=H<�H<9�H97<B=EI9�K=H<�8=::9F9BH

H97<B=EI9G�:CF�7CA6=B=B;�� ) � 5B8�<M8FC;9B��"5BG9B���� �� �

� �



� ( )(5(1&( 6

��B9F ;=GHMF9@G9B����
��
���� 
�� 
��� �� �
 QF@=;�9B9F;=GH5H=GH=?��295F@M�9B9F;M�GH5H=GH=7� 


"9B H9H�:F5��B9F ;=GH5H=GH=?�:CF���
�� <HHDG��� 9BG
8?�G9FJ=79�GH5H=GH=?	85H5	BC9;@9H5@	

C;	? CFH�A55B98@=;	C;	55F@=;	9B9F;=GH5H=GH=?

�AACB;5G
���

������ �� �
 �=C;5G�/D;F 58=B;
�"9B H9H�:F5

�AACB;5G� <HHD��� K K K 
5AACB;5G
 8?�

�=C;5G6C@5;9H���
���

�� ����
��
 (M 5�GTHH�5HH�f[F69<5B8@5�G?5�;9�A9F�6=C;5G
 "9B H9H

: F5��B9F ;=A MB8=;<9H9B� <HHDG��� K K K 
9B9F;=A MB8=;<9H9B
G9�5F?=J	: CF	F9GI@H5H�

, 9GI@H5H�6=C;5GIH@MGB=B;9B	5FH=?9@	
	 :CF69<5B8@=B;	5J	GI6GHF5H�

�=C;5G6F5B7<9B�� 
�� � �
�� ���� �� �
  5?H5�CA�6=C;5G
�"9B H9H�:F5� CF9B=B;9B

�=C;5G6F5B7<9B� <HHDG���6=C;5G6F5B7<9B
8?�CA	6=C;5G

� CAA=GG=CB���
��
� 
����� 
� �
��9GH�5J 5=@56@9�H97<B=EI9G��� � . ��7CB7@IG=CBG�:CF�K5GH9

HF95HA9BH��IB89F��=F 97H=J9���
� �����/ 
�(C H=f=98�IB89F�8C7IA9BH�����
� �

�� � � 
 ):f=7=5@�$CIFB5@�C:�H<9��IF CD95B�/B=CB


� 5B=G<��B9F;M�� ;9B7 M
�� � 
�
���� 
� �
 �: : 97H�C:�6=C;5G�DFC8I7 H=CB�CB�;F99B<CIG9�;5G

9A=GG=CBG���:: 9?H�5:�6=C;5GDFC8I?H=CB�DU�8F=J<IG;5G9A=GG=CB9F�
 "9B H9H

: F5 <HHDG��� 9BG
8?�G=H9G�9BG
8?�f=@9G��=C9B9F;=�8F=J<IG;5G	

9: :9?H45:46=C;5G4�4C?H4��
�
D8:

� 5BG?�&5B86FI;GF U8;=JB=B;
���� �� �
 �=C;5GD@5BHG�7CBHF=6IH9�HC�GIGH5=B56@9�:5FA=B;

��=C;5G5B@V;�6=8F5;9F�H=@�9H�6VF98M;H=;H�@5B86FI;�
 "9B H9H

: F5 <HHDG��� K K K 
@5B86FI;G=B:C
8?��B9F ;=��=C;5G�-=89F �

D@4

4�� �46

D8:� 8CKB@C58�HFI9

�@=5G9B���
�%
����% J=GH��. 
���� 
� �
 - JCJ@9A=GG=CB9F�:F5�5BJ9B89@G9�5:

6=C;5G
� CD9B<5;9B��'=@>\GHMF9@G9B


�B9F ;=GHMF9@G9B
��
� 
�
���� 
� �
 � 5BG?�DFC8I?H=CB�5:�6=C;5G
"9B H9H�:F5

�B9F ;=GHMF9@G9B�<HHDG��� 9BG
8?�5BGJ5FGCAF5589F�6=C9B9F;=�DFC8I?H=CB	5:	6=C;5G

�IF CD95B��=C;5G��GGC7=5H=CB
����
� �
 - H5H=GH=75@�,9DCFH��� 
� 


"5BG9B��$ 
��
�� 
�
�� ���� �� �
 �@97HF=75@�ID;F58=B;�C:�6=C;5G
 "9B H9H�:F5

�B9F ;=:CFG?B=B;
8?� <HHDG��� 9B9F;=:CFG?B=B;
8?�85�DF C>97H�9@	CD;F589F9H	6=C;5G

$]F;9BG9B���
�$ 
���� 
� �
 ! 5G6CCGH9F9B�`�\;9 H�;5GI86 MHH9�;9BB9A�9 : :9?H=J�G9D5F5H=CB

���
� �
 "9B H9H�:F5�*F C>9?H6=6@=CH9?� <HHDG��� ;9B5B J9B8
AGH
8?�DFC>9?H9F�

DFC>9?H6=6@=CH9?��� 
��;5G6CCGH9F9B	C9;9 H	;5GI86 MHH9	;9BB9A	9 : :9?H=J	

G9D5F5H=CB�

'=@>\A=B=GH9F=9H
������ �
�'=@>\GHMF9@G9B�C;�-?CJ	�C;�(5HIF GHMF9@G9B
"UB86C;�CA

'=@>\�C;�*@5B@V;B=B;���C@=;9F�C;�9F<J9FJ�=�6M9FB9
�'=@>\A=B=GH9F=9H


- 75F@5H��(
��� 5@@9A5B8��$
	 
���� 9FB5B8C�� 
���� 
� �
 �=C;5G��� 9J9@CDA9BHG�5B8

D9FGD97H=J9G�=B��IFCD9
�"9B H9H�:F5�, 9B9K 56@9��B9F;M��0C@IA9�
�� ��* 5FH�� ��� 979A69F

�� 
���* 5;9G��� � 	 � ��� <HHDG��� 8C=
CF;�
� 

� 
��>
F 9B9B9
��
�
 � �
 ���

- 958=�� 
�. 
�9H�5@
������ �
 . <9�6=C;5G�<5B86CC?
 �G6>9F;��/B=J 9FG=HM�C:�- CIH<9FB

� 9BA5F?��G6>9F;��(=9@G��C<FG�09>��	 
� ���% 	 � � ����G6>9F ;��� 9BA5F?
�#-�(

��

https://ens.dk/service/statistik-data-noegletal-og-kort/maanedlig-og-aarlig-energistatistik
https://ens.dk/service/statistik-data-noegletal-og-kort/maanedlig-og-aarlig-energistatistik
http://www.ammongas.dk/
https://www.energimyndigheten.se/arkiv-for-resultat/Resultat/biogasutlysningen-artikel-1-forbehandling-av-substrat/
https://www.energimyndigheten.se/arkiv-for-resultat/Resultat/biogasutlysningen-artikel-1-forbehandling-av-substrat/
https://biogasbranchen.dk/om-biogas
https://ens.dk/sites/ens.dk/files/Bioenergi/drivhusgas-effekt_af_biogas_4_okt_2016.pdf
https://ens.dk/sites/ens.dk/files/Bioenergi/drivhusgas-effekt_af_biogas_4_okt_2016.pdf
https://www.landbrugsinfo.dk/Energi/Biogas/Sider/pl_11_744_b1.pdf?download=true
https://www.landbrugsinfo.dk/Energi/Biogas/Sider/pl_11_744_b1.pdf?download=true
https://ens.dk/ansvarsomraader/bioenergi/produktion-af-biogas
https://energiforskning.dk/da/project/el-opgraderet-biogas
https://genanvend.mst.dk/projekter/projektbibliotek/2015/gasboosteren-oeget-gasudbytte-gennem-effektiv-separation/
https://genanvend.mst.dk/projekter/projektbibliotek/2015/gasboosteren-oeget-gasudbytte-gennem-effektiv-separation/
https://genanvend.mst.dk/projekter/projektbibliotek/2015/gasboosteren-oeget-gasudbytte-gennem-effektiv-separation/
https://doi.org/10.1016/j.renene.2018.03.006


� � �	� � 	 � ��� �� 	�	� 


- CFD5
���� 
�� 
��� �� �
 �=C;5G�5B8�7 CADCGH=B;�D@5BH
�"9B H9H�:F5�- CFD5�'IB=7=D5@

�GGC7=5H=CB���<HHDG��� K K K 
GCFD5
=G�9B�@C75H=CBG�!5G	

���C;���>5F������;9F������5F GH������������ �

- H9:5B9?��%
��"5BG9B��'
�(
����, 5GAIGG9B��-
�! 
�� $IB9��� 
� �
 '9 H5B9A=GG=CB�:F5

85BG?9�6=C;5G5B@V;
�"UB86C;
�#89BH=f=79F=B;�C;�F9D5F5H=CB�5:�@V?5;9F 
 "9B H9H

: F5 f=@9���� ���/G9F G��"� �� CKB@C58G�

'9 H5B;5G9A=GG=CB���: F5���85BG? 9���6=C;5G5B@������;���<������B86C;

���=89B H=f=79F=B;���C;���F 9D5F5H=CB���5:���@������? 5;9F 
D8:

-IB8��% 
�/ 
���� 
��
 'I@=;<9 H9F�C;�65FF=9F9F�:CF�\?H�6FI?�5J�6=C;5GG�H=@�HF5BGDCFH�=

(CF;9 
 ) G@C���BCJ5


- J9F=;9���
�� 
� 
�� ���� �� �
 - H5H=GH=?�CA�6=C;5G
�"9B H9H�:F5��B9F ;=;5G

- J9F=;9�<HHDG��� K K K 
9B9F;=;5G
G9�: 5?H5	CA	;5G�6=C;5G�GH 5H=GH=?	CA	6=C;5G�

. <9��/�* 5F@=5A9BH�5B8�H<9��CIB7=@
��
� 
�

����� �
��B=A5@�6M	DFC8I7 HG

, 9;I@5H=CB
,� !/& � .#)(��� ���(C�
�� � ������) �."���/,)*��(�* �,&#�'�(.

�(��) �."��� )/(�#& ��897=898��
�
�	 ���� 
�):f=7=5@�$CIFB5@�C:�H<9��IF CD95B�/B=CB


. CDG\9��"
���� �� �
 (=HF=f=?5H=CBG<VAA9B89�;\8B=B;GDFC8I?H�:F5
 "9B H9H�:F5�!F \B

*FC>9?H65B?�f=@9���� ���/G9F G��"� �� CKB@C58G�(=HF=f=?5H=CBG<59AA9B89	

;C98B=B;GDFC8I?H	: F5	GJCJ@F9BGB=B;	5:	6=C;5G	�� ��	� �	 
�	 
� 	 �� 	 ��
D8:

1=BEI=GH���
��,=?? CB9B��*
����0 5F<C��0
���� 
� �
 -ICA9B�6=C? 55GI5@5B�<55GH99H�>5

A5<8C@@=GII89H
�"9B H9H�:F5�&ICBBCBJ5F5?9G?IG��&I?9�� <HHD��� IFB
f=�

/,(�#-�(�� � �	 ��� 	 ���	 ���	�

� �

https://www.sorpa.is/en/locations/Gas-%20og%20jar%C3%B0ger%C3%B0arst%C3%B6%C3%B0%20)
https://www.sorpa.is/en/locations/Gas-%20og%20jar%C3%B0ger%C3%B0arst%C3%B6%C3%B0%20)
http://file///C:/Users/BHC/Downloads/Metangasemission%20fra%20danske%20biogasanl%C3%A6g%20h%C3%A5ndbog%20identificering%20og%20reparation%20af%20l%C3%A6kager.pdf
http://file///C:/Users/BHC/Downloads/Metangasemission%20fra%20danske%20biogasanl%C3%A6g%20h%C3%A5ndbog%20identificering%20og%20reparation%20af%20l%C3%A6kager.pdf
http://file///C:/Users/BHC/Downloads/Metangasemission%20fra%20danske%20biogasanl%C3%A6g%20h%C3%A5ndbog%20identificering%20og%20reparation%20af%20l%C3%A6kager.pdf
https://www.energigas.se/fakta-om-gas/biogas/statistik-om-biogas/
http://file///C:/Users/BHC/Downloads/Nitrifikationshaemmende-goedningsprodukt-fra-svovlrensning-af-biogas-2020-03-16-17-39-36.pdf
http://file///C:/Users/BHC/Downloads/Nitrifikationshaemmende-goedningsprodukt-fra-svovlrensning-af-biogas-2020-03-16-17-39-36.pdf
http://urn.fi/URN:ISBN:978-952-326-630-8
http://urn.fi/URN:ISBN:978-952-326-630-8


�33(1',;��

�; $03/(�) 520�$�3(50,7�21
5(48,5 (0(1 76�21�&+226,1*
68,7$%/(�)(('6 72&.6�) 25�0,; ('
',*( 67,21

. <9�9L5AD@9�G<CKG�H<9�CIH@=B9�C:�H<9�F9EI=F9A9B H�CB�:998GHC7?G�=B�5�D9FA=H�;=J=B;

f@9L=6=@=HM�CB�7<CCG=B;�:998GHC7?�5B8�5H�H<9�G5A9�H=A9�DF9J9BH=B;�CF�F98I7=B;

9A=GG=CBG


�,20$6 6( 6

. <9�5ACIB H�F979=J98�6 M�H<9�D@5BH�=G�A5L=AIA���� �����HCBB9G�6=CA5GG�D9F�M95F


. <9�D@5BH�=G�D9FA=HH98�HC�F979=J9�5B8�HF95H�H<9�:C@@CK=B;�HMD9G�C:�6=CA5GG9G�

��



� 5$&7,21���?��$185 (�) 520�) $50�$1,0$/6

� 9f=B=H=CB

- C@=8��G9A=	@=EI=8�5B8�@=EI=8�A5BIF9��@=EI=8�:FCA�A5BIF 9�<95D�: FCA�5@@

:5FA�5B=A5@G��=B7@I8=B;�7CBH9BHG�=B�GHCA57<�5B8�=BH9GH=B9�:FCA

G@5I;<H9F98�5B=A5@G�5B8�DFC79GG98�5B8�8=;9GH98�A5BIF 9�: FCA�: 5FA

5B=A5@G�5B8�5BM�A=L�C:�A5BIF 9�5B8�8=;9GH98�6=CA5GG�577CF8=B;�HC

GH5HIHCFM�CF89F�CB�7CAA9F 7=5@�5B=A5@�GHC7?��G=@5;9�C:�A5BIF 9�: FCA�: 5FA

5B=A5@G

�LD97 H98�HMD9G�5B8�5ACIBHG
'5BIF 9����� �����`���� �����HCBB9G�D9F�M95F

� 99D�6988=B;���� �����`�
�� �����HCBB9G�D9F�M95F

�LD97 H98�GHCF5;9�7 5D57	=HM
. 5B?�:CF�A5BIF9���� ����A �

� 99D�6988=B;�=B8CCF�F979=J=B;�<5@@��������A �

� 5$&7,21���?�) $50('�%,20$6 6

� 9f=B=H=CB �F CDG�;FCKB�CB�:5FA�@5B8��FC58�5F95G�5B8�B5HIF9�5F95G

�LD97 H98�HMD9G�5B8�5ACIBHG
� 5H7<�7FCDG��GI6G9EI9BH�7FCDG�5B8�9B9F;M�7FCDG���� �����`�
�� ����

HCBB9G�D9F�M95F��<9F9C:�CB@M�5�GA5@@9F�G<5F9�C:�9B9F;M�7FCDG

�LD97 H98�GHCF5;9�7 5D57	=HM � �����A � �CIH8CCF�GHCF5;9 �

� 5$&7,21���?�# $67(�,1&/8'('�,1�6 7$78725<�25'(5�21�: $67(�72�/$1'������12���� ��2 )�	� ��
 �	� �� ��$1'�12 7

&29(5('�,1�% <�352'8& 7�5(*8/$7,21

� 9f=B=H=CB

1 5GH9�H<5H�577CF8=B;�HC�5DD9B8=L�
�=B�GH5HIHCFM�CF89F����%�
�� 
�C:�� � �

����� 
� ��<5G�5;F=7I@HIF5@�J5@I9�5B8�75B�69�IG98�57 7CF8=B;�HC�H<9�FI@9G�=B

H<9�GH5HIHCFM�CF89F�K=H<CIH�DF9J=CIG�5779DH5B79�5B8�K<=7<�=G�BCH

7CJ9F98�=B�6M	DFC8I7 H�F9;I@5H=CB�BC
�
�� � ������5B8�F 9D95@=B;�F9;I@5H=CB

�� ���BC 
�
� � ����� � 


�LD97 H98�HMD9G�5B8�5ACIBHG

09;9 H56@9�:5H�;@M79F=B��������`�
�� ����HCBB9G�D9F�M95F

, 9G=8I9G�:FCA�: CC8�=B8IGHFM�9
;
�A5G<��M 95GH�7F95A��DC H5HC�DI@D�

J9;9 H56@9�K5GH9��
� �����`��� �����HCBB9G�D9F�M95F

�LD97 H98�GHCF5;9�7 5D57	=HM

 5H�5B8�;@M79F=B�����A �

, 9G=8I5@G�:FCA�: CC8�=B8IGHFM�
�
���A �

* 5FH�C:�CIH8CCF�GHCF5;9�C :�� �����A �

� 5$&7,21���?�# $67(�,1&/8'('�,1�6 7$78725<�25'(5�21�: $67(�72�/$1'�$1'�& 29(5('�,1�% <�352'8& 7�5(*8/$7,21�21

$1,0$/�% <�352'8& 76

� 9f=B=H=CB

1 5GH9�H<5H�577CF8=B;�HC�5DD9B8=L�
�=B�GH5HIHCFM�CF89F����%�
�� 
�C:�� � �

����� 
� ��<5G�5;F=7I@HIF5@�J5@I9�5B8�75B�69�IG98�57 7CF8=B;�HC�H<9�FI@9G�=B

H<9�GH5HIHCFM�CF89F�K=H<CIH�DF9J=CIG�5779DH5B79�6IH�=G�7CJ9F98�=B�6M	

DFC8I7 H�F9;I@5H=CB�BC
�
�� � ������5B8�H<9�69@CB;=B;�=AD@9A9B H=B;�57H

CB�<95@H<�FI@9G�5G�F9;5F 8G�5B=A5@�6M	DFC8I7 HG�5B8�89F=J98�DFC8I7 HG�BCH

=BH9B898�: CF�<IA5B�7 CBGIADH=CB�5B8�F9D95@=B;�F9;I@5H=CB������BC 
�
� � ��

��� ��


�LD97 H98�HMD9G�5B8�5ACIBHG

'=@?�DFC8I7 HG�:FCA�GD97=f=7�85=FM���� �����`�
�� �����HCBB9G�D9F�M95F


 5H�C:�5B=A5@�CF=;=B�CF�7CBH5A=B5H98�K=H<�5B=A5@�DFC8I7 HG��������`


�� ����HCBB9G�D9F�M95F


, 9G=8I5@G�:FCA�: CC8�=B8IGHFM��CF;5B=7�:CC8�K5GH9�: FCA�: CC8�DFC8I7 H=CB�

GCIF79�G9D5F5H98�CF;5B=7�K 5GH9���� �����`��� �����HCBB9G�D9F�M95F


�LD97 H98�GHCF5;9�7 5D57=HM

'=@?�DFC8I7 HG��������A �

 5H�;@M79F=B������A �

, 9G=8I5@G�:FCA�: CC8�=B8IGHFM��
�
���A�

�9 :CF9�IG9�C:�CH<9F�:998GHC7?G�BCH�=B7@I898�=B�:F57H=CB���`�� ��5DDFCJ5@�:FCA�H<9�5IH<CF=HM�=G�B99898


� 




�%287�7+,6�38%/,&$7,21
� � !�,1�60$//(5�%,2*$6�3/$1 76�,1�7+(��25 ',&�&28175,(6

(#,� -�� �-�5B8�0 5<5B9B��B J=FCBA9BH�) M

#-�(�� � �	 �� 	���	 � � � 
	 � �*� �

#-�(�� � �	 �� 	���	 � � �� 	 � � )(&#(��

<HHD��� 8L
8C=
CF;�
� 
�� � � �H9A5BCF8�� ��	���

. 9A5(CF 8��� ������

#--(�����	 � � ��

P�(CF 8=7�� CIB7=@�C:�'=B=GH9FG��� ��

�,6 &/$,0(5

. <=G�DI6@=75H=CB�K5G�:IB898�6 M�H<9�(CF8=7�� CIB7=@�C:�'=B=GH9FG
�"CK 9J9F��H<9�7CBH9BH

8C9G�BCH�B979GG5F=@M�F9f@97H�H<9�(CF8=7�� CIB7=@�C:�'=B=GH9FGa�J=9KG��CD=B=CBG��5HH=HI89G

CF�F97CAA9B85H=CBG


�,*+ 76�$1'�3(50,6 6,216

. <=G�KCF?�=G�A589�5J5=@56@9�IB89F�H<9��F95H=J9�� CAACBG�� HHF=6IH=CB��
�

#BH9FB5H=CB5@�@=79BG9��� ��� 2�� 
� ��< HHDG��� 7F95H=J97CAACBG
CF;�@=79BG9G�6M�� 
� 


! 5$16/$7,216� #:�MCI�HF5BG@5H9�H<=G�KCF?��D@95G9�=B7@I89�H<9�:C@@CK=B;�8=G7@5=A9F��.<=G

HF5BG@5H=CB�K5G�BCH�DFC	8I7 98�6 M�H<9�(CF8=7�� CIB7=@�C:�'=B=GH9FG�5B8�G<CI@8�BCH�69

7CBGHFI98�5G�C:f=7=5@
�.<9�(CF8=7�� CIB7=@�C:�'=B=GH9FG�75BBCH�69�<9@8�F9GDCBG=6@9�:CF

H<9�HF5BG@5H=CB�CF�5BM�9FFCFG�=B�=H


� '$3 7$7,216� #:�MCI�585D H�H<=G�KCF?��D@95G9�=B7@I89�H<9�:C@@CK=B;�8=G7@5=A9F�5@CB;

K=H<�H<9�5HHF=6IH=CB��.<=G�=G�5B�585DH5H=CB�C:�5B�CF=;=B5@�KCF?�6M�H<9�(CF8=7�� CIB7=@

C:�'=B=GH9FG
�,9GDCBG=6=@=HM�:CF�H<9�J=9KG�5B8�CD=B=CBG�9LDF9GG98�=B�H<9�585DH5H=CB

F9GHG�GC@9@M�K=H<�=HG�5IH<CF�G�
�. <9�J=9KG�5B8�CD=B=CBG�=B�H<=G�585DH5H=CB�<5J9�BCH

699B�5DDFCJ98�6 M�H<9�(CF8=7�� CIB7=@�C:�'=B=GH9FG


!+,5 '�3$5 7<�&217(1 7� . <9�(CF 8=7�� CIB7=@�C:�'=B=GH9FG�8C9G�BCH�B979GG5F=@M�CKB�9J9FM

G=B;@9�D5FH�C:�H<=G�KCF?
�. <9�(CF 8=7�� CIB7=@�C:�'=B=GH9FG�75BBCH��H<9F9:CF9��;I5F 5BH99

H<5H�H<9�F9IG9�C:�H<=F8	D5FHM�7CBH9BH�8C9G�BCH�=B	:F=B;9�H<9�7CDMF=;<H�C:�H<9�H<=F8

D5FHM
�#:�MCI�K=G<�HC�F9IG9�5BM�H<=F8	D5FHM�7CBH9BH��MCI�695F�H<9�F=G?G�5GGC7=	5H98

K=H<�5BM�GI7<�F=;<HG�J=C@5H=CBG
�2CI�5F9�F9GDCBG=6@9�:CF�89H9FA=B=B;�K<9H<9F�H<9F9�=G

5�B998�HC�C6H5=B�D9F	A=GG=CB�:CF�H<9�IG9�C:�H<=F8	D5FHM�7CBH9BH��5B8�=:�GC��: CF

C6H5=B=B;�H<9�F9@9J5BH�D9FA=GG=CB�:FCA�H<9�7CDMF=;<H�<C@89F
��L 5AD@9G�C:�H<=F8	D5FHM

7CBH9BH�A5M�=B7@I89��6IH�5F9�BCH�@=A=H98�HC��H56@9G��f=;IF9G�CF�=A5;9G


�+2 72�5,*+76��)857+(5�3(50,6 6,21�5(48,5 ('�) 25�5(8 6( ��

�B M�EI9F=9G�F9;5F 8=B;�F=;<HG�5B8�@=79B79G�G<CI@8�69�588F9GG98�HC�

(CF8=7�� CIB7=@�C:�'=B=GH9FG�*I6@=75H=CB�/B=H

098�- HF5B89B�
�

�% 	 
�� 
�� CD9B<5;9B

��



� 9BA5F?

DI6�BCF 89B
CF;

�25 ',&�&2�23(5 $7,21

(CF8=7�7C	CD9F5H=CB=G�CB9�C:�H<9�KCF@8aG�ACGH�9LH9BG=J9�: CFAG�C:�F9;=CB5@

7C@@56CF5H=CB��=BJC@J=B;��9BA5F?�� =B@5B8��#79@5B8��(CFK 5M��-K 989B��5B8�H<9� 5FC9

#G@5B8G��!F99B@5B8�5B8�Q@5B8


(CF8=7�7C	CD9F5H=CB<5G�f=FA�HF58=H=CBG�=B�DC@=H=7G��97CBCA=7G�5B8�7I@HIF9�5B8�D@5MG

5B�=ADCFH5BH�FC@9�=B��IFCD95B�5B8�=BH9FB5H=CB5@�:CFIAG
�. <9�(CF 8=7�7CAAIB=HM

GHF=J9G�:CF�5�GHFCB;�(CF 8=7�,9;=CB�=B�5�GHFCB;��IF CD9


(CF8=7�7C	CD9F5H=CBDFCACH9G�F9;=CB5@�=BH9F9GHG�5B8�J5@I9G�=B�5�;@C65@�KCF@8
�.<9

J5@I9G�G<5F98�6 M�H<9�(CF8=7�7CIBHF=9G�<9@D�A5?9�H<9�F9;=CB�CB9�C:�H<9�ACGH

=BBCJ5H=J9�5B8�7CAD9H=H=J9�=B�H<9�KCF@8


. <9�(CF 8=7�� CIB7=@�C:�'=B=GH9FG

(CF89BG�"IG

098�- HF5B89B�
�

�% 	 
�� 
�� CD9B<5;9B

DI6�BCF 89B
CF;

, 958�ACF9 (CF8=7�DI6@=75H=CBG�CBK K K 
BCF89B
CF;�DI6@=75H=CBG

��

http://www.norden.org/publications

	Contents
	Preface
	1. Summary
	2. List of abbreviations
	3. Translation of selected words
	4. Introduction
	4.1 Background and objective
	4.2 Biogas plants in scope
	4.3 Environmental opportunities and possible challenges of biogas
	4.4 Approach and methodology
	4.5 Team of consultants
	4.6 BAT Group

	5. The biogas process
	6. The Nordic biogas industry
	6.1 Biogas as part of the renewable energy sources in the Nordic countries
	6.2 Biogas industry in Denmark
	6.3 Biogas industry in Finland and Åland
	6.4 Biogas industry in the Faroe Islands
	6.5 Biogas industry in Iceland
	6.6 Biogas industry in Norway
	6.7 Biogas industry in Sweden

	7. Brief regulatory overview
	7.1 Regulatory overview for Denmark
	7.2 Regulatory overview for Finland
	7.3 Regulatory overview for Faroe Islands
	7.4 Regulatory overview for Iceland
	7.5 Regulatory overview for Norway
	7.6 Regulatory overview for Sweden
	7.7 Regulatory overview for Åland Islands

	8. Environmental impacts from biogas production
	8.1 Process efficiency
	8.2 Emissions to air including odor
	8.3 Contamination of soil and water
	8.4 Noise
	8.5 Variations in environmental impacts

	9. BAT techniques
	9.1 BAT for location of bigas plant
	9.1.1 Description of technique
	Examples:

	9.1.2 Emission and concumption figures
	9.1.3 Applicability
	9.1.4 Cross-media effect
	9.1.5 Economics

	9.2 BAT for management system
	9.2.1 Description of technique
	Examples:

	9.2.2 Emission and concumption figures
	9.2.3 Applicability
	9.2.4 Cross-media effect
	9.2.5 Economics

	9.3 BAT for selection of suitable feedstock for co-digestion
	9.3.1 Description of technique
	Examples:

	9.3.2 Emission and concumption figures
	9.3.3 Applicability
	9.3.4 Cross-media effect
	9.3.5 Economics

	9.4 BAT for receipt of feedback
	9.4.1 Description of techniques
	General techniques to prevent emissions to air
	General techniques to protect soil, groundwater and rainwater
	Just-in-time reception
	Biomixer for fibrous fractions
	Examples:

	9.4.2 Emission and concumption figures
	9.4.3 Applicability
	9.4.4 Cross-media effect
	9.4.5 Economics

	9.5 BAT to reduce channeled air emissions
	9.5.1 Description of techniques
	9.5.2 Emission and concumption figures
	9.5.3 Applicability
	9.5.4 Cross-media effect
	9.5.5 Economics

	9.6 BAT to reduce diffuse emissions into air
	9.6.1 Description of technique
	9.6.2 Emission and concumption figures
	9.6.3 Applicability
	9.6.4 Cross-media effect
	9.6.5 Economics

	9.7 BAT for flaring used for safety reasons
	9.7.1 Description of technique
	9.7.2 Emission and concumption figures
	9.7.3 Applicability
	9.7.4 Cross-media effect
	9.7.5 Economics

	9.8 BAT for further processing of digestate
	9.8.1 Description of technique
	Solid fraction:
	Liquid fraction:

	9.8.2 Emission and concumption figures
	9.8.3 Applicability
	9.8.4 Cross-media effect
	9.8.5 Economics

	9.9 BAT for quality of biogas for energy utilization
	9.9.1 Description of technique
	Example:

	9.9.2 Emission and concumption figures
	9.9.3 Applicability
	9.9.4 Cross-media effect
	9.9.5 Economics

	9.10 BAT for monitoring of process
	9.10.1 Description of technique
	9.10.2 Emission and concumption figures
	9.10.3 Applicability
	9.10.4 Cross-media effect
	9.10.5 Economics


	10. Emerging techniques
	References
	Appendix 1
	Example from a permit on requirements on choosing suitable feedstocks for mixed digestion
	About this publication
	BAT in smaller biogas plants in the Nordic countries
	Disclaimer
	Rights and permissions
	Nordic co-operation



