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� 3UREOHPVWHOOXQJ

'LH�WUDGLWLRQHOOH�3URGXNWLRQ�LQ�HLQHU�9RONVZLUWVFKDIW�LVW�DOV�HLQH�.HWWH�YRQ�3UR�
]HVVHQ�YRP� ,QSXW� �EHU�GHQ�7KURXJKSXW� ELV� ]XP�2XWSXW� ]X� YHUVWHKHQ��'D]X
ZHUGHQ�LPPHU�QHXH�,QSXWIDNWRUHQ�GHU�gNRVSKlUH�HQWQRPPHQ�XQG�GLH�$EIlOOH
GHU�3URGXNWLRQ�VRZLH�GHU�.RQVXPWLRQ�KlXILJ�QLFKW�ZHLWHU�EHDFKWHW���'LHVH�$UW
GHV�:LUWVFKDIWHQV�ZLUG�LP�6FKULIWWXP�DOV�'XUFKODXI|NRQRPLH�EH]HLFKQHW��

$QJHVLFKWV�GHU�'LVNUHSDQ]�]ZLVFKHQ�6FKDGVWRIIHPLVVLRQ��XQG�5HJHQHUDWLRQV�
YHUP|JHQ�GHU�QDW�UOLFKHQ�8PZHOW�LVW�GLH�1RWZHQGLJNHLW�HLQHU�%HJUHQ]XQJ�GHV
8PZHOWYHUEUDXFKV� XQEHVWULWWHQ�� *U�QGH� KLHUI�U� VLQG� QHEHQ� GHQ� EHJUHQ]WHQ
5HVVRXUFHQ�� LQVEHVRQGHUH� GLH� |NRORJLVFKHQ� )ROJHQ� GHU� =XQDKPH� JOREDOHU
6WRIIVWU|PH���(V� LVW�]X�XQWHUVXFKHQ��ZLH�GDV�=LHO�HLQHU�0LQLPLHUXQJ�GHV�8P�
ZHOWYHUEUDXFKV��5HVVRXUFHQHLQVDW]�XQG�)ROJHVFKlGHQ��ZLUNVDP�YHUIROJW�ZHU�
GHQ�NDQQ��(LQHQ�P|JOLFKHQ�/|VXQJVDQVDW]�VWHOOW�GLH�VRJHQDQQWH�.UHLVODXI|NR�
QRPLH�GDU��

'DV� 8PVHW]HQ� GHU� .UHLVODXI|NRQRPLH� HUIROJW�� LQGHP� $EIlOOH� HQWZHGHU� OHLFKW
DEEDXEDU� JHVWDOWHW�� GXUFK� $XIDUEHLWXQJV�� XQG� $XIEHUHLWXQJVSUR]HVVH� GHP
:LUWVFKDIWVSUR]H��YRQ�QHXHP�]XJHOHLWHW��XQG�RGHU�GXUFK�PHKUIDFKH�1XW]XQJ
GHU� 3URGXNWH� GLH� $EIDOOPHQJHQ� SUR� 3HULRGH� YHUULQJHUW� ZHUGHQ�� 0LW� GLHVHQ
0D�QDKPHQ� ZLUG� DQJHVWUHEW�� GHQ� 9HUEUDXFK� GHU� 8PZHOWJ�WHU� DOV� (QWVRU�
JXQJVPHGLXP�XQG�RGHU�)DNWRUHLQVDW]�]X�VHQNHQ�

����������������������������������������

� 9JO��X��D��)UH\�>8PZHOW|NRQRPLH�����@��6�����I���XQG�6WDKOPDQQ�>:DFKVWXP�����@�
6�����I�

�� 9JO��]XP�%HJULII�GHU�'XUFKODXI|NRQRPLH�]�%��6WDKOPDQQ�>:DFKVWXP�����@��6�����
.DLVHU�0DLHU�>/HLVWXQJHQ�����@��6������GLHV��>0DWHULDOZLUWVFKDIW�����@��6�������XQG�GLHV�
>8PZHOWVFKXW]�����@��6����

� =XP�%HJULII�GHV�6FKDGVWRIIHV�YJO��658�>8PZHOWJXWDFKWHQ�����@��6�����
�� 9JO��6FKPLGW�%OHHN�>0,36�����@��6�����
�� 9JO��]XP�%HJULII�GHU�.UHLVODXI|NRQRPLH�]�%��6WDKOPDQQ�>:DFKVWXP�����@��6�����I��

.DLVHU�0DLHU�>/HLVWXQJHQ�����@��6������GLHV��>0DWHULDOZLUWVFKDIW�����@��6�������XQG�GLHV�
>8PZHOWVFKXW]�����@��6�����9JO��]XP�.RQ]HSW�XQG�VHLQHQ�9RUDXVVHW]XQJHQ�DXFK
6WUHEHO�>8PZHOWVFKXW]�����@��6����II���6WU�PSHO�/RQJROLXV�>8PZHOWVFKXW]�����@��6�����
XQG�.UHLNHEDXP�>3URGXNWLRQ�����@��6�����II�

� $XI�GLH�(LJQXQJ�YRQ�$EIlOOHQ�DOV�3URGXNWLRQVIDNWRU�>:HUNVWRII@�JHQXW]W�]X�ZHUGHQ��KDW
VFKRQ�*XWHQEHUJ�KLQJHZLHVHQ��GLHVH�7KHPDWLN�MHGRFK�QLFKW�ZHLWHU�YHUWLHIW��9JO��*XWHQ�
EHUJ�>*UXQGODJHQ�����@��6�����9JO��DXFK�GDV�.RQ]HSW�GHU�:HUWVFK|SIXQJVULQJH�YRQ
6FKPLG�>:HUWVFK|SIXQJ�����@��6������I�
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gNRORJLVFKH�$VSHNWH�ILQGHQ�VRZRKO�LQ�GHU�:LVVHQVFKDIW�DOV�DXFK�LQ�GHU�XQWHU�
QHKPHULVFKHQ� 3UD[LV� DXIJUXQG� GHU� DXIJHWUHWHQHQ� 8PZHOWVFKlGHQ� HLQH� ]X�
QHKPHQGH� %HDFKWXQJ�� 8QWHUQHKPHQ� VLQG� DXIJUXQG� GHV� ZDFKVHQGHQ� UHFKW�
OLFKHQ� XQG� JHVHOOVFKDIWOLFKHQ� 'UXFNV� JH]ZXQJHQ�� |NRORJLVFKH� )ROJHQ� GHV
:LUWVFKDIWHQV� ]XQHKPHQG� ]X� EHDFKWHQ� XQG� LQ� LKU� =LHOV\VWHP� DXI]XQHKPHQ�
'LHV�I�KUW�]XU�(QWZLFNOXQJ�|NRORJLHJHUHFKWHUHU�/RJLVWLNNRQ]HSWLRQHQ�GXUFK�GLH
$GDSWLRQ�GHU�*UXQGVlW]H�GHU�.UHLVODXIZLUWVFKDIW�VRZLH�]XU�*HVWDOWXQJ�EHWULHE�
OLFKHU� XQG� �EHUEHWULHEOLFKHU� .RQ]HSWH� GHU� (QWVRUJXQJVORJLVWLN��� 'DEHL� VLQG
GXUFK� GDV� 9HUZHQGHQ� EHVWLPPWHU� 0DWHULDOLHQ� XQG� GHU� 6LFKHUVWHOOXQJ� HLQHV
HQWVSUHFKHQGHQ�+DQGOLQJV�$EIlOOH�]X�YHUPLQGHUQ��'LH�ZHLWHUKLQ�HQWVWHKHQGHQ
$EIlOOH�VLQG�HQWVSUHFKHQG�]X�EHKDQGHOQ�

7UDGLWLRQHOO� LVW�HLQH� ORJLVWLVFKH�2SWLPLHUXQJ�GHU�EHWULHEOLFKHQ�/HLVWXQJVHUVWHO�
OXQJ� DXI� GLH� 3URGXNWLRQV�� XQG� 'LVWULEXWLRQVORJLVWLN� EHVFKUlQNW� JHZHVHQ�� =XU
ZHLWHUHQ�²�|NRQRPLVFKHQ�XQG�|NRORJLHRULHQWLHUWHQ�²�5HDOLVLHUXQJ�YRQ�(LQ�
VSDUXQJV�� XQG� 5DWLRQDOLVLHUXQJVSRWHQWLDOHQ� KDW� QXQ� DXFK� HLQH� 2SWLPLHUXQJ
ELVKHU�YHUQDFKOlVVLJWHU�%HUHLFKH�]X�HUIROJHQ��'LHV�JLOW�EHLVSLHOVZHLVH� I�U�GDV
9HUSDFNXQJVV\VWHP��9HUSDFNXQJHQ�XQG�LKUH�*HVWDOWXQJ�ZDUHQ�ELVKHU�QXU�VHO�
WHQ�*HJHQVWDQG� ORJLVWLVFKHU�2SWLPLHUXQJVSUR]HVVH�� 'LH�*HVWDOWXQJ� GHU� 9HU�
SDFNXQJ� HUIROJWH� YRUZLHJHQG� QDFK� 0DUNHWLQJJHVLFKWVSXQNWHQ�� gNRQRPLVFKH
XQG� |NRORJLVFKH� 5DWLRQDOLVLHUXQJVSRWHQWLDOH�� GLH� GXUFK� HLQH� ORJLVWLNJHUHFKWH
*HVWDOWXQJ�P|JOLFK�ZlUHQ��ZXUGHQ�ELVKHU�QLFKW�HUNDQQW�RGHU�UHDOLVLHUW�

%HL� GHU� *�WHUKHUVWHOOXQJ�� �GLVWULEXWLRQ� XQG� �YHUZHQGXQJ� IDOOHQ� MHGRFK� 6WRIIH
DQ��GLH�JHRUGQHW�HQWVRUJW�RGHU�YHUZHUWHW�ZHUGHQ�P�VVHQ��+LHUDXV�UHVXOWLHUHQ
UlXPOLFK�]HLWOLFKH� 7UDQVIHU�� XQG� 7UDQVIRUPDWLRQVSUR]HVVH�� GD� GDV� 5HVWVWRII�
SURILO� GHU� 4XHOOH� LQ� GDV� GHU� 6HQNH� ]X� WUDQVIRUPLHUHQ� LVW��� ,QVEHVRQGHUH� LVW
GXUFK�GLH�*HVWDOWXQJ�GHU�/RJLVWLNV\VWHPH�GLH�9RUDXVVHW]XQJ�I�U�HLQH�$EIDOOPL�
QLPLHUXQJ�]X�VFKDIIHQ�XQG��LQ�JHULQJHP�8PIDQJ��GDV�$EIDOODXINRPPHQ�]X�UH�
GX]LHUHQ��0|JOLFKH�/|VXQJVDQVlW]H�]X�GLHVHP�3UREOHPNUHLV�VLQG�LQWHUGLV]LSOL�
QlU� XQG� IXQNWLRQV�EHUJUHLIHQG� ]X� JHVWDOWHQ�� 'LH� /RJLVWLN� LVW� IROJOLFK� ]X� HLQHU
hEHUQDKPH�GLHVHU�$XIJDEHQ� LP�+LQEOLFN�DXI�HLQH�*HVDPWRSWLPLHUXQJ�SUlGH�
VWLQLHUW�

:HLWHUKLQ� LVW� ]X� EHDFKWHQ�� GD�� QDFK� HLQHU� 8QWHUVXFKXQJ� YRQ� %DXPJDUWHQ
�����GHU�EHIUDJWHQ�GHXWVFKHQ�8QWHUQHKPHQ�GLH�VWUDWHJLVFKH�%HGHXWXQJ�GHU

����������������������������������������

�� hEHUEHWULHEOLFKH�.RQ]HSWH�GHU�(QWVRUJXQJVORJLVWLN�DP�%HLVSLHO�GHU�(QWVRUJXQJVQHW]�
ZHUNH�ZHUGHQ�LP�%HLWUDJ�YRQ�.DOX]D�XQG�%OHFNHU�LQ�GLHVHP�%DQG�GLVNXWLHUW�

�� 9JO��'XW]�>6WUDWHJLHQ�����@��6�������XQG�6W|O]OH�>(QWVRUJXQJVORJLVWLN�����@��6������I�
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/RJLVWLN�DOV�]XQHKPHQG�RGHU�JDU�VWDUN�]XQHKPHQG�EHXUWHLOHQ���8QWHUQHKPHQ
P�VVHQ�VLFK�VRPLW�YHUVWlUNW�PLW�GHU�/RJLVWLN�DXVHLQDQGHUVHW]HQ�

$XIJDEH�GLHVHU�8QWHUVXFKXQJ�LVW�HV��HLQHQ�%HLWUDJ�]XU�ORJLVWLVFKHQ�8PVHW]XQJ
GHU� .UHLVODXIZLUWVFKDIW� ]X� OHLVWHQ�� 'D]X� LVW� HV� ]ZHFNPl�LJ�� ]XQlFKVW� GLH
JUXQGVlW]OLFKH� %HGHXWXQJ� HLQHU� 2SWLPLHUXQJ� �EHU� GHQ� JHVDPWHQ� 3URGXNWOH�
EHQV]\NOXV� DXI]X]HLJHQ��'DQDFK�ZHUGHQ� ]ZHL� 6WUDWHJLHQ� GHU� /RJLVWLN� LQ� GHU
.UHLVODXIZLUWVFKDIW�GLVNXWLHUW��,QZLHZHLW�GLH�2SWLPLHUXQJ�XQG�GHU�(LQVDW]�GLHVHU
6WUDWHJLHQ� WDWVlFKOLFK� HUIROJUHLFK� DOV� ,QVWUXPHQW� GHU� ORJLVWLVFKHQ� 8PVHW]XQJ
GHU�.UHLVODXIZLUWVFKDIW�GLHQHQ�N|QQHQ��ZLUG�DQVFKOLH�HQG�DQKDQG�SUD[LVQDKHU
%HLVSLHOH�JH]HLJW�

� /HEHQV]\NOXV�EHUJUHLIHQGH�2SWLPLHUXQJ�DOV
9RUDXVVHW]XQJ�I�U�GLH�.UHLVODXIZLUWVFKDIW

'LH�/RJLVWLN�KDW�PHKUHUH�$XIJDEHQ�EHL�GHU�8PVHW]XQJ�GHU�.UHLVODXIZLUWVFKDIW
]X� �EHUQHKPHQ�� 'LH� (QWVRUJXQJVORJLVWLN� PX�� ]XQlFKVW� LP� 5DKPHQ� HLQHU
JDQ]KHLWOLFKHQ�%HWUDFKWXQJ� GHU� EHWULHEOLFKHQ�:HUWVFK|SIXQJVNHWWH� VRZLH� GHU
YRU�� XQG�QDFKJHODJHUWHQ�:HUWNHWWHQ�$QVDW]SXQNWH� I�U� HLQH�$EIDOOYHUPHLGXQJ
XQG��YHUULQJHUXQJ�DXI]HLJHQ��GD�GHQ�*�WHUSURGX]HQWHQ�HLQH�GXUFKJlQJLJH��OH�
EHQV]\NOXVXPIDVVHQGH�3URGXNWYHUDQWZRUWXQJ�]XJHVFKULHEHQ�ZLUG�

'LH�$XIJDEHQ�GHU�$EIDOOYHUPHLGXQJ�XQG� �YHUULQJHUXQJ�HUIRUGHUQ�VR�HLQH�2SWL�
PLHUXQJ�GHU�*�WHUKHUVWHOOXQJ���GLVWULEXWLRQ�XQG��YHUZHQGXQJ��EHU�GHQ�JHVDP�
WHQ�3URGXNWOHEHQV]\NOXV��'LH�/RJLVWLN�PX��GDKHU�GLH�$QIDOOSURILOH�DOOHU�$EIDOO�
VWRIIH� KLQVLFKWOLFK� $UW�� 0HQJH�� 5DXP� VRZLH� =HLW� HUPLWWHOQ�� 1XU� PLW� +LOIH� GHU
.HQQWQLV�GHU�$QIDOOSURILOH� LVW�HV�P|JOLFK��YRUJHODJHUWH�(QWVFKHLGXQJHQ�JH]LHOW
]X�EHHLQIOXVVHQ��=LHO�GDEHL� LVW��GLH�$EIDOOPHQJHQ�]X�YHUULQJHUQ�RGHU�KLQVLFKW�
OLFK�HLQHV�5HF\FOLQJ�]X�RSWLPLHUHQ��G�K��GLH�(QWVRUJXQJVORJLVWLN�PX��LP�5DK�
PHQ�HLQHU�JDQ]KHLWOLFKHQ�%HWUDFKWXQJ�GHU�EHWULHEOLFKHQ�:HUWVFK|SIXQJVNHWWH
�EHU�DOOH�3KDVHQ�GHV�3URGXNWOHEHQV]\NOXV�DNWLY�HLQJUHLIHQ�XQG�*HVWDOWXQJVSD�
UDPHWHU�VRZLH�$QVDW]SXQNWH�DXI]HLJHQ�

:LU� IROJHQ� KLHU� GHP� V\VWHPLVFKHQ� 3URGXNW�/HEHQV�=\NOXV�.RQ]HSW� QDFK
.DOX]D� XQG� .OHQWHU���� GDV� LQ� GHU� $EE�� �� GDUJHVWHOOW� LVW�� %HL� GLHVHP�.RQ]HSW
ZLUG�LP�8QWHUVFKLHG�]X�GHQ�WUDGLWLRQHOOHQ�XQG�HUZHLWHUWHQ�$QVlW]HQ�GHU�)HUWL�
JXQJV]\NOXV�]XVlW]OLFK�EHWUDFKWHW�
����������������������������������������

�� 9JO��.HPSNHQV�6FKQXUSIHLO�>/RJLVFK�YHUNQ�SIW�����@��6�����
��� 9JO��.DOX]D�.OHQWHU�>=HLW�����@��6������9JO��DXFK�GLH�$QVlW]H�YRQ�0HIIHUW�>3URGXNW�

OHEHQV]\NOXV�����@��6�����II���3IHLIHU�HW�DO��>7HFKQRORJLH�3RUWIROLR�0DQDJHPHQW�����@�
6�������XQG�3IHLIIHU�HW�DO��>7HFKQRORJLH�3RUWIROLR�����@��6�����
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,QIRUPDWLRQHQ

6WRIIH

%= %= %= %= %= %=
%= %=

%=

=HLW

=HLW

(QWVWHKXQJV]\NOXV

)HUWLJXQJV]\NOXV

0DUNW]\NOXV

(QWVRUJXQJV]\NOXV

W� W� W� W� W� W� W� W�
W�� �,QYHQWLRQ W�� �3URGXNWLGHH

W�� �)HUWLJXQJVUHLIH

W�� ��3K\VLVFKHU��0DUNWHLQWULWW

W�� �3URGXNWU�FNODXI W�� �/HEHQV]\NOXVHQGH

W���W�� �0DUNWDXVWULWW

%HREDFKWXQJV]\NOHQ��%=�

4XHOOH��.DOX]D�.OHQWHU�>=HLW�����@��6������OHLFKW�PRGLIL]LHUW�

$EE�����6\VWHPLVFKHV�3URGXNW�/HEHQV]\NOXV�.RQ]HSW

,Q�GLHVHP�.RQ]HSW�VLQG�DXV�GHP�(QWVRUJXQJV]\NOXV�KHUDXV�RGHU�VRJDU�DQWL]L�
SDWLY�GLH�=\NOHQ�GHU�(QWVWHKXQJ��)HUWLJXQJ�XQG�GHU�0DUNW]\NOXV�]X�EHHLQIOXV�
VHQ����=LHO�PX��HV�VHLQ��]�%��GXUFK�NRQVWUXNWLYH�(QWVFKHLGXQJHQ��0DWHULDOVXE�
VWLWXWLRQ�XQG�9HUOlQJHUXQJ�GHU�1XW]XQJVGDXHUQ��9HUlQGHUXQJHQ� LQ�GHU�5HVW�
VWRIIPHQJH�XQG��]XVDPPHQVHW]XQJ�KHUEHL]XI�KUHQ�XQG�GDPLW�SRVLWLY�DXI�GHQ
(QWVRUJXQJVDXIZDQG�HLQ]XZLUNHQ��(QWVSUHFKHQGH�,QVWUXPHQWH�P�VVHQ�GDKHU
VFKRQ�LQ�GHQ�HLQ]HOQHQ�%HREDFKWXQJV]\NOHQ�DQVHW]HQ��,Q�GHU�$EELOGXQJ���VLQG
]XVlW]OLFK�]X�GHQ�HLQ]HOQHQ�=\NOHQ�GLH� ,QIRUPDWLRQV��XQG�6WRIIVWU|PH�GDUJH�
VWHOOW��:lKUHQG�GLH� ,QIRUPDWLRQHQ�YRQ�GHU� ,QYHQWLRQ�DQ�JHQHULHUW�XQG�JHVDP�
PHOW�ZHUGHQ�P�VVHQ����VHW]HQ�GLH�6WRIIVWU|PH�HUVW�ZlKUHQG�GHV�(QWVWHKXQJV�
]\NOXV�HLQ�

(V�LVW�DEHU�DXFK�DXV�GHP�(QWVRUJXQJV]\NOXV�HLQ�,QIRUPDWLRQVIOX��]XP�QlFKVW�
JHOHJHQHQ�(QWVWHKXQJV��XQG�)HUWLJXQJV]\NOXV�]X�JHQHULHUHQ��'LHVH� ,QIRUPD�
WLRQHQ�I�KUHQ�]X�GHQ�QRWZHQGLJHQ�3UR]H���XQG�3URGXNWPRGLILNDWLRQHQ��5LFKW�
OLQLHQ�I�U�GHUDUWLJH�0RGLILNDWLRQHQ�ZHUGHQ�LP�6FKULIWWXP�VHLW�OlQJHUHP��]�%��XQ�
WHU�GHP�6WLFKZRUW�UHF\FOLQJRULHQWLHUWHV�.RQVWUXLHUHQ��GLVNXWLHUW��$EE����VNL]]LHUW
GLH�,QKDOWH�GHU�HQWVSUHFKHQGHQ�9',�5LFKWOLQLH��������

����������������������������������������

��� 9JO��DXFK�+RUQHEHU�>(QWVRUJXQJVPDQDJHPHQW�����@��6������II�
��� 9JO��+RUQHEHU�>(QWVRUJXQJVPDQDJHPHQW�����@��6�����II�
��� 9JO��9',�>5HF\FOLQJJHUHFKW�����@�



/RJLVWLVFKH�$VSHNWH�GHU�.UHLVODXIZLUWVFKDIW �������
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

5HF\FOLQJRULHQWLHUWHV�.RQVWUXLHUHQ

%HJ�QVWLJHQ�GHV�
3URGXNWLRQVDEIDOO�
5HF\FOLQJ

%HJ�QVWLJHQ�GHV�
5HF\FOLQJ�EHLP
3URGXNWJHEUDXFK

%HJ�QVWLJHQ�GHV
$OWVWRIIUHF\FOLQJV

��3URGXNWLRQVDEIDOO�
��UHF\FOLQJ
��3URGXNWLRQVDEIDOO�
��YHUPLQGHUXQJ
��$EIDOOUHF\FOLQJ�
��YHUIDKUHQ

��ODQJH�/HEHQVGDXHU
��,QVWDQGVHW]XQJ
��$XIDUEHLWXQJ�
��hEHUKROXQJ

��'HPRQWLHUHQ�
��7UHQQHQ
��$OWVWRIIUHF\FOLQJ�
��YHUIDKUHQ
��:HUNVWRII�
��YHUWUlJOLFKNHLW

$EE�����5HF\FOLQJJHUHFKWHV�.RQVWUXLHUHQ�²�9',�5LFKWOLQLH�����

%HL�GHQ�WUDGLWLRQHOOHQ�/RJLVWLNVXEV\VWHPHQ�VLQG�LQIROJH�HLQHU�2SWLPLHUXQJ��EHU
GHQ�JHVDPWHQ�3URGXNWOHEHQV]\NOXV�XQG�GHV�(LQVDW]HV�YRQ�5H]\NODWHQ�EHL�GHU
3URGXNWLRQ�HUKHEOLFKH�0RGLILNDWLRQHQ�QRWZHQGLJ�

,Q�GHU�%HVFKDIIXQJVORJLVWLN�VLQG�X�D��EHL�GHU�%HGDUIVHUPLWWOXQJ�DXIJHDUEHLWHWH
%DXWHLOH�XQG�6HNXQGlUURKVWRIIH�]X�EHU�FNVLFKWLJHQ��'D]X�LVW�]X�EHDFKWHQ��GD�
GDV� $XINRPPHQ� XQG� GLH� 4XDOLWlW� GHU� 5H]\NODWH� KlXILJ� VWRFKDVWLVFKHU� 1DWXU
VLQG��'DKHU�LVW�PLW�+LOIH�YRQ�3XIIHUEHVWlQGHQ�GDV�$XINRPPHQ�]X�JOlWWHQ��=X�
GHP� JHVWDOWHW� VLFK� GLH� %HGDUIVHUPLWWOXQJ� DXIJUXQG� GHU� %HDFKWXQJ� VWRFKDVWL�
VFKHU�'DWHQ�VHKU�NRPSOH[��(YHQWXHOO�NDQQ�GLHV��EHU�QHXH�)RUPHQ�GHU�=XVDP�
PHQDUEHLW� PLW� /LHIHUDQWHQ� DXIJHIDQJHQ� ZHUGHQ�� GLH�:HUWVWRIIH� ]XU� $XIDUEHL�
WXQJ� ]XU�FNQHKPHQ� XQG� GLH�*OlWWXQJ� GHU�0DQJHQ� GHV� 6HNXQGlUURKVWRIIDXI�
NRPPHQV� �EHUQHKPHQ�� =XVlW]OLFK� LVW� VFKRQ� EHL� GHU� %HVFKDIIXQJ� GDUDXI� ]X
DFKWHQ��GD��QXU�VROFKH�0DWHULDOLHQ�HLQJHNDXIW�ZHUGHQ��GLH�OHLFKW�]X�UH]\NOLHUHQ
VLQG�XQG�GLH�5HF\FOLQJSUR]HVVH�I�U�DQGHUH�$EIlOOH�QLFKW�VW|UHQ��(V�VLQG�GDI�U
]�%��'DWHQ�]ZLVFKHQ�GHU�%HVFKDIIXQJV��XQG�:HUNVWRIIGDWHQEDQN��EHU�GLH�5LVL�
NHQ�XQG�(LQVDW]P|JOLFKNHLWHQ�GHU�0DWHULDOLHQ�DXV]XWDXVFKHQ���

Jeder Recyclingprozeß hat erhebliche Auswirkungen auf die Produktionsko-
sten und -mengen, z.B. Mehr- oder Minderverbrauch an physischen Produk-
tionsfaktoren, Veränderung der Outputmengen und Modifikationen der optima-
len Aggregatleistung. Daher muß das Recycling von Produktabfällen in existie-
rende Systeme integriert werden.��� ,Q�GHU�3URGXNWLRQVORJLVWLN� VLQG�GHVZHJHQ
����������������������������������������

��� 'LHVH�'DWHQ�ZHUGHQ�DEHU�]XU�=HLW�NDXP�HUID�W�RGHU�JDU�V\VWHPDWLVFK�EHUHLWJHVWHOOW�
9JO��6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@��6������

��� 9JO��-DKQNH�>5HF\FOLQJ�����@��6������I���XQG�&RUVWHQ�5HLVV�>5HF\FOLQJ�����@��6������I�
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LQVEHVRQGHUH�LQ�336��XQG�&,0�6\VWHPHQ�GLH�,QKRPRJHQLWlWHQ�GHU�5H]\NODWH
VRZLH�GLH�TXDQWLWDWLYHQ�XQG�TXDOLWDWLYHQ�9HUlQGHUXQJHQ�GHU�)DNWRUHLQVDW]��XQG
�HUWUDJVVHLWH�]X�EHU�FNVLFKWLJHQ���

Einerseits müssen die existierenden Systeme um die Abbildung der Recycling-
prozesse erweitert werden, andererseits sind existierende Module zu modifi-
zieren.�� Ein großer Erweiterungsbedarf ergibt sich bei der Datenverwaltung,
Planung und Überwachung der Transport- und Lagerkapazitäten sowie der
Mengenbedarfsplanung.�� Neben diesen Erweiterungen um die Aufgaben der
Recyclingprozesse müssen noch Modifikationen der Systeme zur Abbildung
zirkulärer Prozesse durchgeführt werden. Insbesondere die Interdependenzen
zwischen der Produktion und dem Recycling sind zu beachten, da eine Deter-
minierung der Abfallqualität (und damit der Rezyklatqualität) durch die Eigen-
schaften der Produkte bzw. in umgekehrter Richtung die Beeinflussung der
Produktqualität durch die eingesetzten Rezyklate festzustellen ist.�� Zusätzlich
zu den recyclinginduzierten Erweiterungen und Modifikationen sind weitere Er-
gänzungen notwendig. Zum einen müssen Schnittstellen zur Beschaffungs-
und Absatzplanung sowie zur Qualitätskontrolle geschaffen werden, damit der
durch ein Produktabfallrecycling entstehende Informationsbedarf gedeckt
wird.�� Zum anderen müssen Schnittstellen zur Konstruktion, d.h. zum Pro-
duktentwurf, erstellt werden, um eine demontage- und recyclingfreundliche
Produktgestaltung durch einen Know-how-Transfer vom Recyclingprozeß zur
Konstruktion zu gewährleisten.��

����������������������������������������

��� 9JO��]X�GHQ�$XVZLUNXQJHQ�YRQ�,QKRPRJHQLWlWHQ�DXVI�KUOLFK�6RXUHQ�>5HGXNWLRQ�����@�
6������II�

��� 9JO��&RUVWHQ�5HLVV�>5HF\FOLQJ�����@��6�������XQG�&RUVWHQ�*|W]HOPDQQ�>$EIDOOYHUPHL�
GXQJ�����@��6������

��� 9JO��&RUVWHQ�5HLVV�>5HF\FOLQJ�����@��6������I���XQG�&RUVWHQ�*|W]HOPDQQ�>$EIDOOYHUPHL�
GXQJ�����@��6������

��� 9JO��-DKQNH�>5HF\FOLQJ�����@��6������I��,Q�336�6\VWHPH�ZHUGHQ�DXIJUXQG�GHU�OLQHDUHQ
$EELOGXQJ�,QWHUGHSHQGHQ]HQ�]ZDU�QLFKW�HLQEH]RJHQ��N|QQHQ�DEHU�GXUFK�HLQH�JHHLJQH�
WH�3UlPLVVHQZDKO�RGHU�HLQH�]HLWYHUVHW]WH�3ODQXQJ�LQQHUKDOE�GHV�6WXIHQNRQ]HSWHV�GHQ�
QRFK�EHU�FNVLFKWLJW�ZHUGHQ��9JO��&RUVWHQ�5HLVV�>5HF\FOLQJ�����@��6������I���XQG
&RUVWHQ�*|W]HOPDQQ�>$EIDOOYHUPHLGXQJ�����@��6������I�

��� 9JO��&RUVWHQ�5HLVV�>5HF\FOLQJ�����@��6�������XQG�&RUVWHQ�*|W]HOPDQQ�>$EIDOOYHUPHL�
GXQJ�����@��6������

��� (LQ�$QVDW]�]X�GLHVHU�3UREOHPDWLN�ZXUGH�XQWHU�GHP�6WLFKZRUW�GHV�Ä&ORVHG�/RRS�(QJL�
QHHULQJ³�GLVNXWLHUW�XQG�YRP�)UDXQKRIHU�,QVWLWXW�I�U�0DWHULDOIOX��XQG�/RJLVWLN�LQ�=XVDP�
PHQDUEHLW�PLW�GHU�,QGXVWULH�ZHLWHU�YHUIROJW��*UXQGVDW]�LVW�GHWDLOOLHUWH�%HWUDFKWXQJ�GHV
JHVDPWHQ�/HEHQV]\NOXV�GHV�3URGXNWHV�XQG�GHU�GRUW�HQWVWHKHQGHQ�.RVWHQ�]XP�=HLW�
SXQNW�GHU�.RQVWUXNWLRQ��9JO��6WDFKH�>(QJLQHHULQJ�����@��6������I�
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Wird ein Recycling intensiv durchgeführt, ist die Erweiterung eines PPS-Sy-
stems zu einem PRPS-System (Produktions- und Recycling-Planungs- und
Steuerungssystem) notwendig, da nur so ein „…inflationärer Wildwuchs an se-
paraten Informationssystemen…“�� verhindert und die Integration der Informa-
tionsströme von der Konstruktion über die Produktion und den Recyclingpro-
zeß zurück zur Konstruktion gewährleistet wird. Erste Ansätze zu einem
PRPS-System werden zur Zeit z.B. im Teilprojekt C2 „Rechnerunterstützte
Demontageplanung und -steuerung“ des SFB 281 der TU Berlin erarbeitet.��

Die Integration mit den bereits existierenden PPS-Systemen der Güterprodu-
zenten ist allerdings gegenwärtig nicht vorgesehen.

'LH�'LVWULEXWLRQVORJLVWLN�LVW�PLW�GHU�/RJLVWLN�GHU�5HWURGLVWULEXWLRQ�DE]XVWLPPHQ�
,QVEHVRQGHUH�VLQG�P|JOLFK�6\QHUJLHHIIHNWH�]ZLVFKHQ�GHU�'LVWULEXWLRQ�XQG�GHU
(QWVRUJXQJVORJLVWLN�]X�HUPLWWHOQ�XQG�]X�UHDOLVLHUHQ��'LHV�JLOW�]�%�� I�U�GHQ�(LQ�
VDW]� JOHLFKHU� )DKU]HXJH�� GHU� $EVWLPPXQJ� GHU� )DKUWURXWHQ� XQG� GLH� 1XW]XQJ
GHU�,QIUDVWUXNWXU�I�U�7UDQVSRUW���8PVFKODJ��XQG�/DJHUXQJVSUR]HVVH��78/��

'LH�0DWHULDOZLUWVFKDIW��GLH�ZLU�DOV�%HVWDQGWHLO�GHU�/RJLVWLN�EHWUDFKWHQ��LVW�GDPLW
DXI� ]ZHLIDFKH�:HLVH� EHWURIIHQ��6LH� GLHQW� ]XP�HLQHQ� DOV�8PZHOWVFKXW]PRGXO
XQG�PX��]XP�DQGHUHQ�/LHIHUDQWHQ�� ]�%��GXUFK�HLQH�|NRORJLHRULHQWLHUWH�$%&�
$QDO\VH�XQG�.RRUGLQDWLRQ�GHU�5HF\FOLQJDNWLYLWlWHQ��LQWHQVLY�HLQELQGHQ�

'LH�$XIJDEHQVWHOOXQJ�HLQHU�2SWLPLHUXQJ��EHU�GHQ�JHVDPWHQ�3URGXNWOHEHQV]\�
NOXV�VHW]W�HLQH�ORJLVWLVFKH�%HWUDFKWXQJVZHLVH�YRUDXV��GLH�QLFKW�QXU�GLH�3ODQXQJ
XQG�'XUFKI�KUXQJ�DOOHU� DEJHOHLWHWHQ�7UDQVIHUSUR]HVVH� HQWKlOW�� VRQGHUQ� DXFK
GDV� DNWLYH� *HVWDOWHQ� GHU� YRU�� XQG� QDFKJHODJHUWHQ� 7UDQVIRUPDWLRQVSUR]HVVH
XPID�W��'LH�/RJLVWLN�KDW�GDEHL�EHUDWHQGH��EH]�JOLFK�GHU�3URGXNW��XQG�3UR]H��
JHVWDOWXQJ�� XQG� JHVWDOWHQGH� �]�%�� KLQVLFKWOLFK� GHU� 0DWHULDOIOX��� XQG� (QWVRU�
JXQJVNRQ]HSWLRQ��$XIJDEHQ�ZDKU]XQHKPHQ��(V�VLQG�,QVWUXPHQWH�XQG�$QVlW]H
]X� HQWZLFNHOQ�� ZHOFKH� HLQH� $EVFKlW]XQJ� GHV� (QWVRUJXQJVDXIZDQGHV� XQWHU�
VFKLHGOLFKHU�)HUWLJXQJVDOWHUQDWLYHQ�]X�HLQHP�VHKU� IU�KHQ�=HLWSXQNW�JHVWDWWHQ�
VR�GD��HLQH�2SWLPLHUXQJ�HUP|JOLFKW�ZLUG���

'DV�HUIROJUHLFKH�8PVHW]HQ�GHU�,QWHJUDWLRQ�LVW�HLQH�9RUDXVVHW]XQJ�I�U�GLH�ORJL�
VWLVFKH�5HDOLVLHUXQJ�GHU�.UHLVODXIZLUWVFKDIW��'LH�1XW]XQJ�DXVJHIHLOWHU�/RJLVWLN�

����������������������������������������

��� &RUVWHQ�5HLVV�>5HF\FOLQJ�����@��6������
��� 9JO��GLH�%HVFKUHLEXQJ�GHV�7HLOSURMHNWHV�DXI�GHU�+RPHSDJH�GHV�6RQGHUIRUVFKXQJV�

EHUHLFKHV��85/��KWWS���ZZZ�WX�EHUOLQ�GH�VIEV�GHPRQWDJH�SEBF�WSBF�J�KWP���9JO��DXFK
GDV�3URMHNW�YRQ�.XUEHO�]XU�FRPSXWHUJHVW�W]WHQ�'HPRQWDJHSODQXQJ�XQG��VWHXHUXQJ
�85/��KWWS���YLDGULQD��HXY�IUDQNIXUW�R�GH�ZL�ZZZ�ISBGHPR�OHLWVW�KWPO��

��� 9JO��'XW]�>6WUDWHJLHQ�����@��6������
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NRQ]HSWH�XQG�GLH�%HU�FNVLFKWLJXQJ�GHU�PHWKRGLVFKHQ�&KDUDNWHULVWLND�GHU�/R�
JLVWLN� LQ�GHU�.UHLVODXIZLUWVFKDIW�NDQQ�GDQQ�]�%��]X�HLQHU��EHUJUHLIHQGHQ�2SWL�
PLHUXQJ� GHU� :HUWVFK|SIXQJVNHWWH�� ]XU� (LQVSDUXQJ� YRQ� (QWVRUJXQJVNRVWHQ
XQG�]XU�8QWHUVW�W]XQJ�GHU�VWUDWHJLVFKHQ�*UXQGKDOWXQJ� I�KUHQ��3UREOHPDWLVFK
HUZHLVHQ� VLFK� GDEHL� HYHQWXHOO� GLH� .RVWHQVWHLJHUXQJHQ� GHU� 5HWURGLVWULEXWLRQ
XQG��SURGXNWLRQ�VRZLH�GLH�.RPSOH[LWlWVVWHLJHUXQJ�GHU�3ODQXQJVPHFKDQLVPHQ�

� /RJLVWLVFKH�6WUDWHJLHQ�LQ�GHU�.UHLVODXIZLUWVFKDIW
'LH� /RJLVWLN� KDW� X�D�� GLH�3ODQXQJ��6WHXHUXQJ� XQG�.RQWUROOH� GHU�+DQGKDEXQJ
GHU� $EIlOOH� VRZLH� GHU� GDPLW� YHUEXQGHQHQ� ,QIRUPDWLRQVIO�VVH� GXUFK]XI�KUHQ�
(V� LVW� HLQH�/RJLVWLN� I�U�$EIlOOH�DXI]XEDXHQ��GLH��EHU�GLH� WUDGLWLRQHOOH�/RJLVWLN
GHU�(QWVRUJXQJ�KLQDXVJHKW�XQG�$EIlOOH�QLFKW�QXU�ÄEHLVHLWH�VFKDIIW³�

'LH�6FKOLH�XQJ�YRQ�3UR]H�NHWWHQ�KDW�DEHU�PHLVW� HLQHQ�HQG�RI�WKH�SLSH�&KD�
UDNWHU��'LH� /RJLVWLN� VROO� GDKHU� QLFKW� QXU� WUDGLWLRQHOOH� 3UR]H�NHWWHQ� VFKOLH�HQ�
VRQGHUQ�GLHVH�DXFK�GXUFK� ]LUNXOlUH�3UR]HVVH�QDFK�gNRORJLHJHVLFKWVSXQNWHQ
VXEVWLWXLHUHQ�

(V�H[LVWLHUHQ�X�(��]ZHL�6WUDWHJLHQ�]XU�(UI�OOXQJ�GLHVHU�$XIJDEHQ�XQG�GDPLW�]X
HLQHU�ZHQLJHU�XPZHOWVFKlGLJHQGHQ�0HWKRGH�GHV�:LUWVFKDIWHQV�

x� 6FKOLH�HQ�OLQHDUHU�3UR]HVVH�XQG
x� 6XEVWLWXWLRQ�OLQHDUHU�3UR]HVVH�GXUFK�]LUNXOlUH�6WUXNWXUHQ���

'LHVH�6WUDWHJLHQ�VLQG�LQ�GHU�$EE����GDUJHVWHOOW�

���6WUDWHJLH
6FKOLH�HQ�YRQ
3UR]H�NHWWHQ

���6WUDWHJLH
6XEVWLWXWLRQ�GXUFK
]\NOLVFKH�3UR]HVVH

�� ��

�
'HSRQLH

2XWSXW
,QSXW

��

��
�� ��

��
'HSRQLH

2XWSXW
,QSXW

��

��

�

��

��
'HSRQLH

2XWSXW

,QSXW

���
��

VWDWXV�TXR

'LH�=DKOHQ�]HLJHQ�EHLVSLHOKDIW�GLH�0DWHULDOPHQJHQ�GHU�XQWHUVFKLHGOLFKHQ�6WUDWHJLHQ

$EE�����/RJLVWLVFKH�6WUDWHJLHQ�LQ�GHU�.UHLVODXIZLUWVFKDIW

����������������������������������������

��� 9JO��DXFK�6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@��6�����II���XQG�'XW]�>6WUDWHJLHQ�����@�
6������I�
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��� 6FKOLH�HQ�OLQHDUHU�3UR]H�NHWWHQ
'LH�HUVWH�6WUDWHJLH�EHID�W�VLFK�PLW�GHP�*HVWDOWHQ�GHU� ORJLVWLVFKHQ�.HUQ��XQG
=XVDW]OHLVWXQJHQ����GLH�DXIJUXQG�GHV�hEHUJDQJV�YRQ�GHQ� OLQHDUHQ�3UR]HVVHQ
GHU�'XUFKODXI|NRQRPLH�]X�JHVFKORVVHQHQ�XQG�]LUNXOlUHQ�3UR]HVVHQ�GHU�.UHLV�
ODXIZLUWVFKDIW�QRWZHQGLJ�ZHUGHQ��'DV�6FKOLH�HQ�YRQ�6WRIINUHLVOlXIHQ�PLW�+LOIH
GHU� 5�FNI�KUXQJ� YRQ� 5�FNVWlQGHQ� DXV� 3URGXNWLRQVSUR]HVVHQ� E]Z�� YRQ� $OW�
SURGXNWHQ�XQG� �VWRIIHQ�QDFK�GHUHQ�*HEUDXFK� LQ�GLH�3URGXNWLRQ�RGHU� I�U� GHQ
�HUQHXWHQ��*HEUDXFK�ZLUG�DOV�5HF\FOLQJ�EH]HLFKQHW����8QWHU�5HF\FOLQJ�ZLUG�LQ
GLHVHU�$UEHLW�GLH�:LHGHUHLQI�KUXQJ�YRQ�$EIlOOHQ�XQG�(QHUJLH� LQ�ZHLWHUH�3UR�
GXNWLRQV��RGHU�.RQVXPSUR]HVVH�YHUVWDQGHQ��1DFK�GHQ�]ZHL�'LPHQVLRQHQ�GHU
WHFKQRORJLVFK�SURGXNWLRQVZLUWVFKDIWOLFKHQ� .ODVVLILNDWLRQ� XQWHUVFKLHGOLFKHU� 5H�
F\FOLQJDUWHQ�VLQG�YLHU�HOHPHQWDUH�5HF\FOLQJW\SHQ�]X�XQWHUVFKHLGHQ���

:LHGHUHLQ�
VDW]SUR]H��«

:LHGHUDXI�
EHUHLWXQJVDNWLYLWlW

«�LP�ELVKHULJHQ

$QZHQGXQJVEHUHLFK

«�LQ�HLQHP�QHXHQ

$QZHQGXQJVEHUHLFK

.HLQH�XPZDQGHOQGH

:LHGHUDXIEHUHLWXQJ
:LHGHUYHUZHQGXQJ :HLWHUYHUZHQGXQJ

8PZDQGHOQGH

:LHGHUDXIEHUHLWXQJ
:LHGHUYHUZHUWXQJ :HLWHUYHUZHUWXQJ

4XHOOH��LQ�$QOHKQXQJ�DQ�9',�>5LFKWOLQLH����������@��6���

$EE�����5HF\FOLQJDUWHQ

9RQ�HLQHU�:LHGHU��RGHU�:HLWHUYHUZHQGXQJ�ZLUG�JHVSURFKHQ��VRIHUQ�NHLQH�XP�
ZDQGHOQGHQ�$XIEHUHLWXQJVDNWLYLWlWHQ� QRWZHQGLJ� VLQG�� 'LH�:LHGHU�� RGHU�:HL�

����������������������������������������

��� 9JO��,VHUPDQQ�+RXWPDQ�>(QWVRUJXQJVORJLVWLN�����@��6������II���XQG�6FKXOWH�>/RJLVWLN
����@��6������������

��� ,Q�$QOHKQXQJ�DQ�9',�5LFKWOLQLH������
��� 9JO��GD]X�X�D��%HUJ�>5HF\FOLQJ�����@��6������I���GHUV��>0DWHULDOZLUWVFKDIW�����@�

6�����II���.OHLQDOWHQNDPS�>5HF\FOLQJ�6WUDWHJLHQ�����@��6�����I���+RSIHQEHFN�>0DQDJH�
PHQW�����@��6�������0HIIHUW�.LUFKJHRUJ�>8PZHOWPDQDJHPHQW�����@��6������II���XQG
6WHLQKLOSHU�>3URGXNWUHF\FOLQJ�����@��6�����II��6LHKH�DXFK�GLH�.ODVVLILNDWLRQ�YRQ�-DKQNH
>5HF\FOLQJ�����@��6�����
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WHUYHUZHUWXQJ� HUIROJW� KLQJHJHQ� EHL� 3UR]HVVHQ�� GLH� HLQH� $XIEHUHLWXQJ� GHU
$EIlOOH�HUIRUGHUQ�

1HEHQ�TXDOLWDWLYHQ�$QIRUGHUXQJHQ�IDOOHQ�DEHU�KlXILJ�GHU�2UW�XQG�RGHU�GLH�=HLW
GHV�$EIDOODQIDOOV�VRZLH�GHU�(QWVRUJXQJ�E]Z��9HUZHUWXQJ�DXVHLQDQGHU��(V�ZHU�
GHQ� VRPLW� UlXPOLFK�]HLWOLFKH� 7UDQVIHU�� XQG� 7UDQVIRUPDWLRQVSUR]HVVH� ]XU
6FKOLH�XQJ�GHU�ELVKHU� OLQHDUHQ�3UR]H�NHWWHQ�QRWZHQGLJ�ZHUGHQ��'LH�/RJLVWLN
KDW�GD]X�GLH�3ODQXQJ��6WHXHUXQJ�XQG�.RQWUROOH�GHU�SK\VLVFKHQ�+DQGKDEXQJ
GHU�$EIlOOH� VRZLH� GDPLW� YHUEXQGHQHU� ,QIRUPDWLRQVIO�VVH� GXUFK]XI�KUHQ��9ROO�
VWlQGLJ�JHVFKORVVHQH�3UR]H�NHWWHQ�VLQG� MHGRFK�QLFKW�P|JOLFK��1XU�HLQH�SDU�
WLHOOH�6FKOLH�XQJ�LVW�LQ�GHU�3UD[LV�]X�YHUZLUNOLFKHQ��$EE����EHVFKUHLEW�GLH�0DWH�
ULDO���:DUHQ��XQG�$EIDOOIO�VVH�SDUWLHOO�JHVFKORVVHQHU�3UR]H�NHWWHQ��(V�KDQGHOW
VLFK�GDEHL�XP�GLH��/RJLVWLN��3UR]HVVH��GLH�LQ�GHU�9',�5LFKWOLQLH������GLVNXWLHUW
ZHUGHQ��6XESUR]HVVH� LQQHUKDOE�GHU�GDUJHVWHOOWHQ�3UR]H�VWXIHQ��ZLH�(QHUJLH�
JHZLQQXQJ� RGHU�.UHLVODXII�KUXQJ� YRQ�5RK���+LOIV�� XQG�%HWULHEVVWRIIHQ� LQ� GHU
3URGXNWLRQ��ZHUGHQ�YHUQDFKOlVVLJW�

�6HNXQGlU��

5RKVWRIIH
:HUNVWRIIH

3URGXNWLRQ

$XIDUEHLWXQJ

%DXJUXSSHQ�

(LQ]HOWHLOH

1HXSURGXNWH

WKHUPLVFKH�9HUZHUWXQJ (QHUJLH
'HSRQLHUXQJ

'HPRQWDJH

6RUWLHUXQJ�

)UDNWLRQLHUXQJ

$QQDKPH�

6LFKWXQJ

FKHPLVFKH

9HUZHUWXQJ

:HUNVWRII�

U�FNJHZLQQXQJ

5HLQLJXQJ�

,QVWDQGKDOWXQJ

:HUNVW�FN�

U�FNJHZLQQXQJ

:HUWVWRIIH�(QHUJLH
5HVWDEIlOOH

5RKVWRIIH���

(QHUJLH

$EE�����3DUWLHOO�JHVFKORVVHQH�3UR]H�NHWWH

'LH�HUIRUGHUOLFKH�3ODQXQJ��6WHXHUXQJ�XQG�.RQWUROOH�GHU�$EIDOO��XQG�,QIRUPDWLR�
QHQVIO�VVH�VLQG�]X�HLQHP�JUR�HQ�7HLO�PLW�GHQ�0HWKRGHQ�GHU�9HUVRUJXQJVORJL�
VWLN� ]X� EHZlOWLJHQ�� *HUDGH� GLHVHU� %HUHLFK� GHU� /RJLVWLN� LQ� GHU� .UHLVODXIZLUW�
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VFKDIW� ZLUG� LP� 6FKULIWWXP��� XQG� LQ� GHU� XQWHUQHKPHULVFKHQ� 3UD[LV� XQWHU� GHP
6WLFKZRUW�(QWVRUJXQJVORJLVWLN�]XQHKPHQG�GLVNXWLHUW�

=HQWUDOHU�6XESUR]H��GHU�/RJLVWLN�LVW�GLH�(UIDVVXQJ�JH��XQG�YHUEUDXFKWHU�*�WHU�
G�K��GHU�6DPPHOORJLVWLN�EHL�GHU�5HWURGLVWULEXWLRQ����$OWHUQDWLYH�*HVWDOWXQJVIRU�
PHQ�DP�%HLVSLHO�GHU�5HWURGLVWULEXWLRQ�EHL�(OHNWUR�$OWJHUlWHQ�]HLJW�GLH�$EE����

*UR�JHUlWH��]�%�
��*UR�H�)HUQVHKHU
��0DLQIUDPH�6\VWHPH
��:HL�H�:DUH

.OHLQJHUlWH��]�%�
��7RDVWHU
��3HUVRQDO�&RPSXWHU
��%UDXQH�:DUH

6DPPHOORJLVWLN�
+ROV\VWHP���$XVWDXVFK
GXUFK�GHQ�7UDQVSRUWHXU
�6HUYLFH�GHV�+DQGHOV��
G�K��EHVWHKHQGHV�9HUWULHEVQHW]

6DPPHOORJLVWLN�
+ROV\VWHP���5�FNI�KUXQJ
GXUFK�'ULWWH
%HXIWUDJXQJ�GXUFK�+DQGHO
RGHU�/HW]WEHVLW]HU�
G�K��/RJLVWLNGLHQVWOHLVWHU

6DPPHOORJLVWLN�
%ULQJV\VWHP
��)DFKKDQGHO
��'LVFRXQWHU

6DPPHOORJLVWLN�
$QQDKPHVWHOOH
��(QWVRUJXQJVXQWHUQHKPHQ
��NRPPXQDOH�(QWVRUJHU

'HPRQWDJH��XQG�9HUZHUWXQJV]HQWUXP

4XHOOH��-�QHPDQQ�HW�DO��>.UHLVODXIZLUWVFKDIW�����@��6����

$EE�����/RJLVWLN�6XEV\VWHPH�GHU�5HWURGLVWULEXWLRQ�DP�%HLVSLHO�YRQ�(OHNWUR�$OWJHUlWHQ

=X�EHDFKWHQ� LVW�DX�HUGHP��GD��XQWHUVFKLHGOLFKH�%HGLQJXQJHQ� I�U�GLH� ORJLVWL�
VFKH� %HKDQGOXQJ� YRQ� *�WHUQ�� $EIlOOHQ� XQG� 5HVWVWRIIHQ� JHOWHQ���� %HL� GHU
6DPPOXQJ�P�VVHQ�GLH�9HUPLVFKXQJ�GHU�5HVWVWRIIH�YHUKLQGHUW��GLH�4XDOLWlW�HU�
KDOWHQ�XQG�GLH�+DQGKDEEDUNHLW�GHU�5HVWVWRIIH�JHI|UGHUW�ZHUGHQ��=ZLVFKHQ�GHU
6DPPOXQJ�XQG�GHU�6RUWLHUXQJ�EHVWHKHQ�VRPLW�YLHOIlOWLJH� ,QWHUGHSHQGHQ]HQ���

����������������������������������������

��� 9JO��]�%��6W|O]OH�>(QWVRUJXQJVORJLVWLN�����@�XQG�GHUV��>2UJDQLVDWLRQ�����@��$XFK
6FKXOWH�KDW�]�%��EHLP�hEHUJDQJ�YRQ�GHU�HUVWHQ�]XU�]ZHLWHQ�$XIODJH�GHU�(QWVRUJXQJV�
ORJLVWLN�HLQ�HLJHQHV�.DSLWHO�JHZLGPHW��9JO��6FKXOWH�>/RJLVWLN�����@�XQG�GHUV��>/RJLVWLN
����@��9JO��DX�HUGHP�GDV�GUHLElQGLJH�:HUN�YRQ�-�QHPDQQ�>(QWVRUJXQJVORJLVWLN
����I�@�VRZLH�,VHUPDQQ�+RXWPDQ�>(QWVRUJXQJVORJLVWLN�����@��6������������

��� ,P�6FKULIWWXP�ZLUG�WHLOZHLVH�DXFK�GHU�7HUPLQXV�5HGLVWULEXWLRQ�EHQXW]W��(U�LVW�MHGRFK
DXFK�PLW�DQGHUHU�,QWHQWLRQ�LQ�GHU�YRONVZLUWVFKDIWOLFKHQ�9HUWHLOXQJVWKHRULH�GHU�(LQNRP�
PHQ�JHEUlXFKOLFK�XQG�GDKHU�KLHU�QLFKW�]ZHFNPl�LJ�

��� 9JO��]XP�IROJHQGHQ�EHLVSLHOVZHLVH�5LQVFKHGH�>(QWVRUJXQJVORJLVWLN�����@��6�����II�
��� 9JO��6FKXOWH�>/RJLVWLN�����@��6������
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%HVRQGHUHQ�%HGLQJXQJHQ�XQWHUOLHJW�GHU�7UDQVSRUW��'LH�)UDNWLRQLHUXQJ�LVW�EHL�
]XEHKDOWHQ�XQG�GLH�.RPSOH[LWlW�GHU�7UDQVSRUW��XQG�6WDQGRUWSODQXQJ�VWHLJW�HU�
KHEOLFK�DQ����%HL�GHU�5HWURGLVWULEXWLRQ�PLW�$XVOLHIHUXQJVIDKU]HXJHQ�LVW�GDV�/LIR�
9HUIDKUHQ�QLFKW�PHKU�P|JOLFK��GD�GLH�(QWQDKPH�YRQ�*�WHUQ�E]Z��:DUHQ�XQG
GLH� 9HUODGXQJ� YRQ� 5HVWVWRIIHQ� VLFK� DEZHFKVHOQ�� (UVWH� $QVlW]H� ]XU� /|VXQJ
GLHVHV� 3UREOHPV� VLQG� EHLVSLHOVZHLVH� GXUFK� GRSSHOVW|FNLJH� /DGXQJVWUlJHU
IHVW]XVWHOOHQ��'HV�ZHLWHUHQ�VLQG�DEHU�EHLP�JHPLVFKWHQ�*�WHU��XQG�5HVWVWRII�
7UDQVSRUW� EHVRQGHUH� +\JLHQHYRUVFKULIWHQ� ]X� EHU�FNVLFKWLJHQ�� GDPLW� NHLQH
.RQWDPLQDWLRQ�GHU�*�WHU�HUIROJW��3UREOHPDWLVFK�NDQQ�VLFK�HEHQIDOOV�GLH�6WHLJH�
UXQJ�GHU�7UDQVSRUWYRUJlQJH�GXUFK�GLH�2UWVYHUlQGHUXQJ�GHU�$EIlOOH�HUZHLVHQ�
6LH� EHHLQIOX�W� EHLVSLHOVZHLVH� GLH� $N]HSWDQ]� GHU� 7UDQVSRUWH� LQ� GHU� %HY|ONH�
UXQJ��GLH�:DKO�GHV�7UDQVSRUWPLWWHOV�XQG�GHQ�YLHO�EHVFKZRUHQHQ�9HUNHKUVLQIDU�
NW�HQWVFKHLGHQG�XQG�PX��GDKHU�H[�DQWH�JHSODQW�ZHUGHQ��%HLP�8PVFKODJHQ�LVW
HLQ� %HKlOWHUZHFKVHO� ]X� YHUPHLGHQ� XQG� ]XU� 0LQLPLHUXQJ� GHU� 8PVFKODJSUR�
]HVVH� LQ� GHU� )OlFKH� LVW� GDV� 'LVWULEXWLRQVPLWWHO� DXFK� I�U� GLH� 5HWURGLVWULEXWLRQ
HLQ]XVHW]HQ��'LH�/DJHUXQJ�VFKOLH�OLFK�XQWHUOLHJW�HEHQIDOOV�EHVRQGHUHQ�%HGLQ�
JXQJHQ��'LH�(LQODJHUXQJ�NULWLVFKHU�0HQJHQ� �ZHJHQ�HLQHU�HYHQWXHOOHQ�%UDQG�
XQG�([SORVLRQVJHIDKU�VRZLH�KRKHU�6FKDGVWRIIPHQJHQ�� LVW�]X�XQWHUODVVHQ��(V
VLQG�JHJHEHQHQIDOOV� IUDNWLRQVVSH]LILVFKH�,QGLYLGXDOO|VXQJHQ���]X�EHU�FNVLFKWL�
JHQ��%UDQGVFKXW]DQIRUGHUXQJHQ�VLQG�]X�EHDFKWHQ�XQG�6WUXNWXUYHUlQGHUXQJHQ
GHU�$EIlOOH�HLQ]XSODQHQ����'LHV�LVW�SUREOHPDWLVFK��GD�VWRFKDVWLVFKH�'DWHQ�EH�
]�JOLFK�GHV�5HVWVWRIISURILOV�LQ�GLH�3ODQXQJ�HLQJHKHQ�P�VVHQ��:HLWHUKLQ�LVW�]X
EHU�FNVLFKWLJHQ�� GD�� DE� HLQHU� JHVHW]OLFK� IHVWJHOHJWHQ� 0HQJH� GLH� /DJHUXQJ
QLFKW�PHKU�DOV�6HNXQGlUURKVWRIIODJHUXQJ��VRQGHUQ�DOV�$EIDOO]ZLVFKHQODJHUXQJ
RGHU��GHSRQLHUXQJ�EHWUDFKWHW�ZLUG��*UHQ]ZHUWH�XQG�]XVlW]OLFKH�6FKXW]YRUNHK�
UXQJHQ� VLQG� GDQQ� HLQ]XNDONXOLHUHQ�� $XV� GHQ� DXIJH]HLJWHQ� *U�QGHQ� VLQG
�EHUJUHLIHQGH��VSH]LHOO�DXI�GLH�%HG�UIQLVVH�GHU�5HVWVWRIIH�DEJHVWLPPWH�/RJL�
VWLNO|VXQJHQ�]X�HQWZLFNHOQ���

(LQHQ� LQWHUHVVDQWHQ� %HLWUDJ� ]XU� 6FKOLH�XQJ� OLQHDUHU� 3UR]H�NHWWHQ� OLHIHUW� GHU
$QVDW]�GHU�PRELOHQ�=HUOHJHIDEULNHQ�GHV�)K*�,3$��)UDXQKRIHU�,QVWLWXW�I�U�3UR�
GXNWLRQVWHFKQLN�XQG�$XWRPDWLVLHUXQJ��6WXWWJDUW���6LH�UHGX]LHUHQ�HLQLJH�GHU�GLV�
NXWLHUWHQ�3UREOHPH�GHU�5HWURGLVWULEXWLRQ�XQG�GHU�'HPRQWDJH��'LH�$EE����]HLJW
9DULDQWHQ�GHU�9RU]HUOHJXQJ�DXI�%LQQHQVFKLIIHQ�ZlKUHQG�GHU�5HWURGLVWULEXWLRQ�

����������������������������������������

��� 9JO��-�QHPDQQ�HW�DO��>.UHLVODXIZLUWVFKDIW�����@��6�����I�
��� 9JO��5LQVFKHGH�>(QWVRUJXQJVORJLVWLN�����@��6�����I�
��� 9JO��6FKXOWH�>/RJLVWLN�����@��6������
��� 9JO��DXFK�5LQVFKHGH�>(QWVRUJXQJVORJLVWLN�����@��6�����



/RJLVWLVFKH�$VSHNWH�GHU�.UHLVODXIZLUWVFKDIW �������
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

9=6��9RU]HUOHJHVWDWLRQ

9=6)DOWFRQWDLQHU 6FK�WWJXW

9DULDQWH��

9=66WHOOSODW]�
I�U�9=6

RSHQ�WRS�&RQWDLQHU

9DULDQWH��

6WDQGDUGFRQWDLQHU
9=6

9DULDQWH��

RSHQ�WRS�&RQWDLQHU
9=6

9DULDQWH��
.UDQ

4XHOOH��+LHEHU�>gNRORJLVWLN�����@��6���

$EE�����9RU]HUOHJXQJ�ZlKUHQG�GHU�5HWURGLVWULEXWLRQ�DXI�%LQQHQVFKLIIHQ

'HU�7UDQVSRUW�YRQ�$EIlOOHQ�XQG�5HVWVWRIIHQ� LVW�PHLVW�QLFKW�]HLWNUL WLVFK�� ,Q�GHU
)OlFKH�N|QQHQ�/.:��DXI�GHU�6WUHFNH�DEHU�GLH�%DKQ�XQG�GDV�6FKLII�HLQJHVHW]W
ZHUGHQ���� 8PZHOWIUHXQGOLFKH� NRPELQLHUWH� /DGXQJVYHUNHKUH� ZLH� 6WUD�H�
6FKLHQH� RGHU� 6WUD�H�:DVVHU� VLQG� VRPLW� QXW]EDU�� 'LH� HQWVWHKHQGHQ� ODQJHQ
7UDQVSRUW]HLWHQ��ELV�]X����7DJH��HUZHLVHQ�VLFK�GDEHL�QLFKW�DOV�NULWLVFK��REZRKO
GLH� Ä�� U¶V³��� GHU� /RJLVWLN� ZHLWHUKLQ� JHOWHQ�� 'LHVH� 7UDQVSRUW]HLWHQ� N|QQHQ� ]XU
9RU]HUOHJXQJ�JHQXW]W�ZHUGHQ��'DPLW�ZLUG�HLQ�XPZHOWIUHXQGOLFKHU�7UDQVSRUW�PLW
HLQHU� |NRQRPLVFKHQ�1XW]XQJ� GHU� 7UDQVSRUW]HLWHQ� DQJHVWUHEW�� bKQOLFKH� .RQ�
]HSWH�VLQG�DXFK�EHL�1XW]XQJ�GHU�%DKQ�P|JOLFK��'LH�'HXWVFKH�3RVW�$*�KDW�EHL�
VSLHOVZHLVH�GLH�7UDQVSRUW]HLWHQ�]XU�6RUWLHUXQJ�GHU�3RVW�EHQXW]W��DQGHUH�3UR�
]HVVH�VLQG�ZlKUHQG�GHV�7UDQVSRUWHV�HEHQIDOOV�GXUFKI�KUEDU��'LH�9HUZHQGXQJ
GHUDUWLJHU�.RQ]HSWH�I�KUW�]X�HLQHU�1XW]XQJ�DXVJHIHLOWHU�EHVWHKHQGHU�/RJLVWLN�
O|VXQJHQ�DXFK�EHL�GHU�$EIDOOZLUWVFKDIW��RKQH��EHUPl�LJHQ�$XIZDQG�]X�YHUXU�
VDFKHQ�

����������������������������������������

��� 9JO��]XP�IROJHQGHQ�+LHEHU�>gNRORJLVWLN�����@�XQG�GHUV��>(FR�/RJLVWLF�6\VWHPV�����@
VRZLH�6FKXOWH�>/RJLVWLN�����@��6������I�

��� 'LH�/RJLVWLN�KDW�GDV�ULFKWLJH�2EMHNW�LQ�GHU�ULFKWLJHQ�0HQJH�]XU�ULFKWLJHQ�=HLW�DP�ULFKWL�
JHQ�2UW�]XU�9HUI�JXQJ�]X�VWHOOHQ��9JO��3IRKO�>0DUNHWLQJ�/RJLVWLN�����@��6�����II�
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%HL�GHU�9RU]HUOHJXQJ�E]Z��JHQHUHOO�EHL�GHU�'HPRQWDJH�VLQG�5DWLRQDOLVLHUXQJV�
SRWHQWLDOH�YRUUDQJLJ�GXUFK�DEODXIRUJDQLVDWRULVFKH�9HUEHVVHUXQJHQ��PRGLIL]LHU�
WH� +DQGKDEXQJVWHFKQLNHQ� XQG� YHUHLQIDFKWH� /RJLVWLNSUR]HVVH� ]XU� 5HGXNWLRQ
GHU�'HPRQWDJH]HLWHQ�]X�HUUHLFKHQ����'LHV� OLHJW�GDUDQ��GD��LP�*HJHQVDW]�]XU
3URGXNWLRQ�HLQH�$XWRPDWLVLHUXQJ��EHL�(UKDOWXQJ�HLQ]HOQHU�%DXWHLOH��QXU�VFKZHU
P|JOLFK�LVW��1RUPDOHUZHLVH�GRPLQLHUHQ�]ZDU�GLH�6WUXNWXUHQ�GLH�3UR]HVVH��+LHU
VLQG�DEHU�]XQlFKVW�DOWH�3URGXNWH�]X�EHU�FNVLFKWLJHQ��GD�QDFK�QHXHUHQ�$QIRU�
GHUXQJHQ�NRQVWUXLHUWH�3URGXNWH�HUVW� LQ�HLQLJHQ�-DKUHQ�]X�$EIDOO�ZHUGHQ��=XU
=HLW� VLQG� GDKHU� NHLQH� EHVRQGHUHQ� DXIEDXRUJDQLVDWRULVFKHQ� 9HUEHVVHUXQJHQ
P|JOLFK��5DWLRQDOLVLHUXQJHQ�VLQG�VRPLW�YRUZLHJHQG��EHU�HLQH�$XVQXW]XQJ�GHU
/HUQNXUYH�EHL�PDQXHOOHQ�7lWLJNHLWHQ�GHQNEDU����'DV�%LQGHJOLHG�]ZLVFKHQ�GHQ
HLQ]HOQHQ�$XIJDEHQ� LVW�SULQ]LSLHOO�GHU� ,QIRUPDWLRQVIOX���6FKRQ�EHL�GHU�6DPP�
OXQJ�XQG�RGHU�$QOLHIHUXQJ�GHU�5HVWVWRIIH� KDW� GLH� UHFKQHUJHVW�W]WH�(UIDVVXQJ
]X� HUIROJHQ���� $XI� GLHVHU� %DVLV� ILQGHW� GLH� 3ODQXQJ� GHU� QRWZHQGLJHQ� $UEHLWV�
VFKULWWH� �XQWHU� %HU�FNVLFKWLJXQJ� YRQ�'XUFKVDW]PHQJHQ� XQG�'HPRQWDJHWLHIH�
VWDWW�

Aber auch bei traditionellen Instrumenten und Methoden der Logistik sind auf-
grund der Schließung linearer Prozeßketten erhebliche Veränderungen erfor-
derlich. Die Bedarfsermittlung�� ist z.B. beträchtlichen Modifikationen zu unter-
ziehen. Bei einer industriellen Aufarbeitung von Abfällen zu Austauscherzeug-
nissen, wie dies z.B. in der Automobilbranche schon länger üblich ist,�� müs-
sen diese Mengen in die Ermittlung des Primärbedarfs mit einbezogen wer-
den. Die Berücksichtigung der aufgearbeiteten Erzeugnisse kann auf zwei
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��� 9JO��-�QHPDQQ�HW�DO��>.UHLVODXIZLUWVFKDIW�����@��6�����
��� (UVWH�$QVlW]H�I�U�$XWRPDWLVLHUXQJ�EHILQGHQ�VLFK�LQ�GHU�(QWZLFNOXQJ��]�%��URERWRULVLHUWH

6\VWHPH�EHL�GHU�(QWVW�FNXQJ�YRQ�/HLWHUSODWWHQ��9JO��R�9��>/HLWHUSODWWHQ�����@��6����
6LHKH�GD]X�DXFK�GLH�=LHOVHW]XQJ�GHV�6)%�����GHU�78�%HUOLQ�XQG�GHV�6)%�����GHU�7+
'DUPVWDGW�EHL�%HLW]�>3URGXNWHQWZLFNOXQJ�����@��6�����RGHU�GHQ�,QWHUQHWVHLWHQ�GHU
6RQGHUIRUVFKXQJVEHUHLFKH��85/��KWWS���ZZZ�WX�EHUOLQ�GH�VIEV�GHPRQWDJH��XQG
KWWS���ZZZ�PXN�PDVFKLQHQEDX�WK�GDUPVWDGW�GH�VIE���VRZLH�GLH�(QWZ�UIH�HLQHU�'HPRQ�
WDJH]HOOH�GHV�/HKUJHELHWV�5HF\FOLQJWHFKQLN�GHU�)+�*HOVHQNLUFKHQ�

��� 9JO��6FKXOWH�>/RJLVWLN�����@��6������
��� 9JO��]X�GHQ�.ODVVHQ�XQG�GHQ�(LJHQVFKDIWHQ�LKUHU�9HUIDKUHQ�X�D��*URFKOD�>0DWHULDOZLUW�

VFKDIW�����@��6S�������I���GHUV��>*UXQGODJHQ�����@��6�����II���3IRKO�>/RJLVWLNV\VWHPH
����@��6�����II���6FKXOWH�>/RJLVWLN�����@��6�������������XQG�6WDKOPDQQ�>0DWHULDOZLUW�
VFKDIW�����@��6�����I��XQG�����=X�GHQ�XQWHUVFKLHGOLFKHQ�9HUIDKUHQ�GHU�VWRFKDVWLVFKHQ
XQG�GHWHUPLQLVWLVFKHQ�%HGDUIVHUPLWWOXQJ�YJO��]�%��7HPSHOPHLHU�>0DWHULDO�/RJLVWLN
����@��6����������XQG������������VRZLH�%HUJ�>0DWHULDOZLUWVFKDIW�����@��6����������

��� 9JO��:DUQHFNH��6WHLQKLOSHU�>$EIDOOYHUPHLGXQJ�����@��6�������I���XQG�6WHLQKLOSHU�>3UR�
GXNWUHF\FOLQJ�����@��6�����I��XQG����
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grundsätzliche Arten geschehen. Zum einen ist die Beachtung der Anzahl der
Austauscherzeugnisse bei Transformation der Ursprungsdaten in den Primär-
bedarf und getrennte Berechnung der Austauscherzeugnisse bei weiteren Be-
darfsstufen möglich, zum anderen können die Daten der Austauscherzeugnis-
se parallel zur traditionellen Bedarfsermittlung verarbeitet werden. Die Auflö-
sung der Stücklisten bei der programmgebundenen Ermittlung und die stocha-
stischen Verfahren bleiben zwar unberührt, doch muß beachtet werden, daß
die Austauscherzeugnisfertigung einen Material- und Ersatz- bzw. Bauteilebe-
darf besitzt und aufgearbeitete Bauteile sowie aufbereitete (Sekundär-)Roh-
stoffe in der Produktion von Neuprodukten eingesetzt werden können. Für die
traditionelle Bedarfsermittlung bedeutet dies die Berücksichtigung zusätzlicher,
stochastischer Variablen, deren Verteilung und Erwartungswerte nur sehr
schwer zu bestimmen sind. Die Tertiärbedarfsermittlung ist nur in einem gerin-
geren Umfang von der Retroproduktion betroffen, da Betriebs- und Hilfsstoffe
häufig nicht von den Industrieunternehmen rezykliert werden. Zusätzlich sind
zur Förderung der Rezyklierbarkeit entsprechende Informationen beim Be-
schaffen von Rohstoffen zu berücksichtigen.��

In einem Produktionsprozeß werden die elementaren Produktionsfaktoren Ar-
beitskraft, Betriebsmittel und Werkstoff durch den dispositiven Faktor zu einer
produktiven Einheit kombiniert.�� In diesem Kombinationsprozeß können Ele-
mentarfaktoren (vorwiegend der Faktor Werkstoff) durch Rezyklate ersetzt
werden.�� Qualität, Quantität und zeitliche Verteilung der Produktionsfaktoren
besitzen jedoch Auswirkungen auf den Produktionsprozeß. Daher sind die Ei-
genschaften des vollständig oder partiell substituierten Produktionsfaktors
Werkstoff und des eingesetzten Rezyklates zu vergleichen und die möglichen
Effekte zu untersuchen.

=XVlW]OLFK� ZLUG� GXUFK� %HU�FNVLFKWLJXQJ� GHV� 5HF\FOLQJV� HLQ� ]ZHLVWXILJHU� 3OD�
QXQJVSUR]H��JHQHULHUW��'LHVHU�PX��VRZRKO�DP�$EVDW]PDUNW� I�U�3URGXNWH�DOV
DXFK�DP�$EVDW]PDUNW�E]Z��EHL�GHQ�(LQVDW]P|JOLFKNHLWHQ�I�U�5H]\NODWH�DQVHW�
]HQ�XQG�GLH�DGDSWLHUWHQ�,QVWUXPHQWH�GHU�/RJLVWLN�EHU�FNVLFKWLJHQ�

'LH�NRQVHTXHQWH�8PVHW]XQJ�GHU�.UHLVODXIZLUWVFKDIW�LQ�GHU�/RJLVWLN�XQWHUVW�W]W
$EIDOOYHUPHLGXQJV�� XQG� �YHUZHUWXQJVVWUDWHJLHQ�� (V� LVW� MHGRFK� ]X� EHDFKWHQ�
GD��DXFK�LQ�GHU�/RJLVWLN�QLFKW�XP�MHGHQ�3UHLV�3UR]H�NHWWHQ�JHVFKORVVHQ�XQG

����������������������������������������

��� 9JO��6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@��6�����II�
��� 9JO��*XWHQEHUJ�>*UXQGODJHQ�����@��6������
��� 9JO��KLHU]X�XQG�]XP�IROJHQGHQ�-DKQNH�>5HF\FOLQJ�����@��6�����I�
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.UHLVOlXIH�JHVFKDIIHQ�ZHUGHQ��(V�LVW�KLHU�NULWLVFK�DQ]XPHUNHQ��GD��HLQLJH�GHU
GHU]HLW� JHQXW]WHQ� .RQ]HSWH� DXIJUXQG� GHV� KRKHQ� 5HVVRXUFHQHLQVDW]HV� EHLP
6DPPHOQ� XQG� %HKDQGHOQ� GHU� 5HVWVWRIIH� ]X� JHVDPW|NRORJLVFK� VFKOHFKWHUHQ
(UJHEQLVVHQ�DOV�GLH�'XUFKODXI|NRQRPLH�RGHU�GLH� WKHUPLVFKH�(QWVRUJXQJ�I�K�
UHQ�

��� 6XEVWLWXWLRQ�OLQHDUHU�3UR]H�NHWWHQ�GXUFK�]LUNXOlUH
6WUXNWXUHQ

(LQ�ZHLWHUHU�$QVDW]�LVW��GLH�6WRIIH�QLFKW�HUVW�QDFK�LKUHU�(QWVWHKXQJ�DOV�$EIlOOH
]X� EHDFKWHQ�� VRQGHUQ� OLQHDUH� GXUFK� ]LUNXOlUH� 3UR]HVVH�� G�K�� QDFK� |NRORJL�
VFKHQ�*HVLFKWVSXQNWHQ��SUlYHQWLY�]X�VXEVWLWXLHUHQ��'DGXUFK�ZLUG�GHU�HQG�RI�
WKH�SLSH�&KDUDNWHU� GHU� /|VXQJHQ�� GLH� HUVW� QDFK� GHU� $EIDOOHQWVWHKXQJ� DNWLY
ZHUGHQ��YHUPLHGHQ��(V�LVW�SURDNWLY�HLQH�$EIDOOYHUPHLGXQJ�DQ]XVWUHEHQ��'DEHL
ZHUGHQ� QLFKW� QHXH�3UR]HVVH� DXIJHVHW]W�� VRQGHUQ� EHVWHKHQGH�6WUXNWXUHQ� HU�
VHW]W�

(LQH�6XEVWLWXWLRQ� ELHWHW� VLFK� RIWPDOV� DQ�� GD� LQ� YLHOHQ� %HUHLFKHQ� RKQHKLQ� GHU
=ZDQJ� ]XP�$XIEDX� ]\NOLVFKHU�3UR]HVVH�EHVWHKW��'LHV� JLOW� EHLVSLHOVZHLVH� I�U
DOOH�GXUFK�GLH�9HURUGQXQJHQ�GHV�%XQGHVXPZHOWPLQLVWHULXPV�EHWURIIHQHQ�$E�
IDOODUWHQ��]�%��9HUSDFNXQJHQ��

0LW� ,QNUDIWWUHWHQ�GHV�.UHLVODXIZLUWVFKDIWVJHVHW]HV�DP����2NWREHU������ZXUGH
GLHVHU�=ZDQJ�YHUVWlUNW��1HEHQ�HLQHU�bQGHUXQJ�GHU�'HILQLWLRQ�GHU�$EIlOOH�VLQG
GLH� LQ� GDV�*HVHW]� QHX� DXIJHQRPPHQHQ�*UXQGVlW]H� GHU�.UHLVODXIZLUWVFKDIW��

KLHUI�U�YRQ�EHVRQGHUHU�%HGHXWXQJ��'LH�=LHOVHW]XQJ�GHV�.UHLVODXIZLUWVFKDIWVJH�
VHW]HV� LVW� HLQH� 9HUPHLGXQJ� YRQ� $EIlOOHQ� GXUFK� GLH� 6FKDIIXQJ� HLQHV� :LUW�
VFKDIWVNUHLVODXIHV����=XU�(UUHLFKXQJ�GHV�=LHOV�ZLUG�HLQH�3URGXNWYHUDQWZRUWXQJ
GHILQLHUW�� ZHOFKH� X�D�� Ä«GLH�(QWZLFNOXQJ��+HUVWHOOXQJ� XQG� GDV� ,QYHUNHKUEULQ�
JHQ� YRQ� (U]HXJQLVVHQ�� GLH� PHKUIDFK� YHUZHQGEDU�� WHFKQLVFK� ODQJOHELJ� XQG
QDFK�*HEUDXFK�]XU�RUGQXQJVJHPl�HQ�XQG�VFKDGORVHQ�9HUZHUWXQJ�XQG�XP�
ZHOWYHUWUlJOLFKHQ�%HVHLWLJXQJ�JHHLJQHW�VLQG³����XPID�W����'LH�%XQGHVUHJLHUXQJ
ZLUG�]XVlW]OLFK�HUPlFKWLJW��5HFKWVYHURUGQXQJHQ�]X�HUODVVHQ��GLH�EHVWLPPHQ�
GD��Ä«EHVWLPPWH�(U]HXJQLVVH��LQVEHVRQGHUH�9HUSDFNXQJHQ�XQG�%HKlOWQLVVH�

����������������������������������������

��� 9JO��%XQGHVWDJ�%XQGHVUDW�>.UHLVODXIZLUWVFKDIWVJHVHW]�����@������
��� 9JO��.DOX]D�3DVFNHUW�>.UHLVODXIZLUWVFKDIW�����@��6������
��� %XQGHVWDJ�%XQGHVUDW�>.UHLVODXIZLUWVFKDIWVJHVHW]�����@�������$EV����1U����
��� 9JO��]X�GHQ�=LHOHQ�GHV�*HVHW]HV�VRZLH�QHX�GHILQLHUWHQ�$XIJDEHQ�XQG�9HUDQWZRUWXQJHQ

]�%��R�9��>$EIDOOYHUPHLGXQJ�����@��6�����I���XQG�7HWWLQJHU�>8PZHOW�����@��6�����I�
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QXU� LQ�EHVWLPPWHU�%HVFKDIIHQKHLW�RGHU� I�U�EHVWLPPWH�9HUZHQGXQJHQ��EHL�GH�
QHQ�HLQH�RUGQXQJVJHPl�H�9HUZHUWXQJ�RGHU�%HVHLWLJXQJ�GHU�DQIDOOHQGHQ�$E�
IlOOH�JHZlKUOHLVWHW�LVW��LQ�9HUNHKU�JHEUDFKW�ZHUGHQ�G�UIHQ³���RGHU�5�FNQDKPH�
XQG�5�FNJDEHSIOLFKWHQ�I�U�GLH�3URGXNWH�GHILQLHUHQ���

(LQH�6XEVWLWXWLRQ�LVW�LPPHU�GDQQ�]ZHFNPl�LJ��ZHQQ�GDGXUFK�|NRQRPLVFK�XQG�
RGHU�|NRORJLVFK�EHVVHUH�(UJHEQLVVH�]X�HU]LHOHQ�VLQG�DOV�GXUFK�GDV�HLQIDFKH
6FKOLH�HQ�OLQHDUHU�3UR]H�NHWWHQ��(LQH�JUXQGVlW]OLFKH�9RUWHLOKDIWLJNHLW�NDQQ�MH�
GRFK�QLFKW�XQWHUVWHOOW�ZHUGHQ�

'DV�'HQNHQ�LQ�.UHLVOlXIHQ�PX��GHQQRFK�WUDGLWLRQHOOH�/RJLVWLNNRQ]HSWLRQHQ�HU�
JlQ]HQ� XQG� ]X� HLQHU� JUXQGVlW]OLFKHQ� 0HWKRGH� ZHUGHQ���� 'LHV� EHGHXWHW� GLH
,QWHJUDWLRQ�YRQ�9HU��XQG�(QWVRUJXQJVORJLVWLN��'D]X�LVW�DXFK�HLQH�9HUlQGHUXQJ
EH]LHKXQJVZHLVH�$GDSWLRQ�GHU�WUDGLWLRQHOOHQ�6WUXNWXUHQ�QRWZHQGLJ�

0HKUZHJWUDQVSRUWYHUSDFNXQJHQ�HUI�OOHQ�HLQHQ�*UR�WHLO�GHU�JHQDQQWHQ�$QIRU�
GHUXQJHQ�H[�GHILQLWLRQH��VLH�ZHUGHQ�GDKHU�DOV�%HLVSLHO�KHUDQJH]RJHQ��XP�GLH
$XVZLUNXQJHQ�GHU�6XEVWLWXWLRQ�OLQHDUHU�3UR]HVVH�]X�EHVFKUHLEHQ�

� %HLVSLHOH�ORJLVWLVFKHU�/|VXQJHQ�]XU�5HDOLVLHUXQJ�GHU
.UHLVODXIZLUWVFKDIW

��� /HEHQV]\NOXV�EHUJUHLIHQGH�2SWLPLHUXQJ�GXUFK�GHQ
(LQVDW]�PRGHUQHU�,GHQWLILNDWLRQVWHFKQLNHQ

%HL�GHU�2SWLPLHUXQJ��EHU�GHQ�JHVDPWHQ�3URGXNWOHEHQV]\NOXV�KLQZHJ�NRPPW
GHU�,QIRUPDWLRQVORJLVWLN�HLQH�EHVRQGHUH�%HGHXWXQJ�]X��2SWLPDO�ZlUH�HV��ZHQQ
ZlKUHQG�GHU�3URGXNWLRQV���*HEUDXFKV��XQG�5HF\FOLQJSKDVH�P|JOLFKVW�YLHOH�,Q�
IRUPDWLRQHQ��EHU�GDV�3URGXNW�XQG�VHLQH�%HVWDQGWHLOH�YRUOLHJHQ�Z�UGHQ�

(LQ� $QVDW]�� GLH� QRWZHQGLJH� ,QIRUPDWLRQVYHUVRUJXQJ� VLFKHU]XVWHOOHQ�� LVW� GLH
$XVVWDWWXQJ�DOOHU�3URGXNWH�PLW� HLQHP� ,QIRUPDWLRQVWUlJHU��1HEHQ�GHQ� WUDGLWLR�
QHOOHQ� ,QIRUPDWLRQVWUlJHUQ�NRPPHQ� LQVEHVRQGHUH�PRGHUQH�7HFKQLNHQ� LQ�%H�
WUDFKW��$XIJUXQG�GHU�JUR�HQ�1XW]HQSRWHQWLDOH�LVW�GHU�(LQVDW]�PRGHUQHU�,GHQWLIL�
NDWLRQVWHFKQLNHQ� LP�EHVRQGHUHQ�]X�DQDO\VLHUHQ�� ,P� IROJHQGHQ�ZHUGHQ�GDKHU
H[HPSODULVFK� GLH� 7UDQVSRQGHUV\VWHPH� DXI� LKUH� (LQVDW]P|JOLFKNHLWHQ� XQWHU�
VXFKW�

����������������������������������������

��� %XQGHVWDJ�%XQGHVUDW�>.UHLVODXIZLUWVFKDIWVJHVHW]�����@�������1U�����+HUYRUKHEXQJ
QLFKW�LP�2ULJLQDO��

��� 9JO��%XQGHVWDJ�%XQGHVUDW�>.UHLVODXIZLUWVFKDIWVJHVHW]�����@�������
��� 9JO��*UR�PDQQ�>7UDQVSRUWYHUSDFNXQJHQ�����@��6������
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7UDQVSRQGHU�VLQG�NOHLQH�SDVVLYH�'DWHQVSHLFKHU��GLH�EHU�KUXQJVORV�PLW�HOHNWUR�
PDJQHWLVFKHQ� :HOOHQ� SURJUDPPLHUW� XQG� DXVJHOHVHQ� ZHUGHQ� N|QQHQ���� ,KUH
6SHLFKHUNDSD]LWlWHQ�EHWUDJHQ�YRQ�ZHQLJHQ�%\WH�ELV�]X����N%\WH�XQG�PHKU��'D
VLH�NHLQH�(QHUJLHVSHLFKHU�HQWKDOWHQ��LVW�LKUH�WKHRUHWLVFKH�/HEHQVGDXHU�XQHQG�
OLFK�

,QIROJH� LKUHU�KRKHQ�/HEHQVHUZDUWXQJ�XQG�GHU�(LQVHW]EDUNHLW� Ä«LQ�8PJHEXQ�
JHQ�PLW�KRKHQ�6FKPXW]���6WDXE���XQG�)HXFKWLJNHLWVDQWHLOHQ�VRZLH�EHL�VFKOHFK�
WHQ� 6LFKWYHUKlOWQLVVHQ«³��� VLQG� GLHVH� 6\VWHPH� YLHOVHLWLJ� QXW]EDU�� 7UDQVSRQ�
GHUV\VWHPH�N|QQHQ�]�%��I�U�GLH�,GHQWLILNDWLRQ�YRQ�$EIDOOEHKlOWHUQ�]XU�LQGLYLGX�
HOOHQ� $QODVWXQJ� GHU� (QWVRUJXQJVJHE�KUHQ��� HLQJHVHW]W� ZHUGHQ� XQG� HLJQHQ
VLFK�]XU�6WHXHUXQJ�GHU�/RJLVWLN�EHL�5HF\FOLQJSUR]HVVHQ���

'LHVH�.HQQ]HLFKHQ�GHU�7UDQVSRQGHUV\VWHPH�I�KUHQ�]X�HLQHU�KRKHQ�$WWUDNWLYL�
WlW�EH]�JOLFK�HLQHV�(LQVDW]HV�EHL�GHU�ORJLVWLVFKHQ�8PVHW]XQJ�GHU�.UHLVODXIZLUW�
VFKDIW�� (LQHUVHLWV� LVW� GLH� .HQQ]HLFKQXQJ� YRQ� %HKlOWHUQ� XQG� 9HUSDFNXQJHQ
GHQNEDU��GLH�HLQH�JHQDXH�,GHQWLILNDWLRQ�GHU�%HKlOWHU�XQG�GHUHQ�,QKDOWH�HUP|J�
OLFKW�� %HL� �DXWRPDWLVLHUWHQ�� LQQHU�� XQG� DX�HUEHWULHEOLFKHQ� 6DPPHONRQ]HSWHQ
I�KUW�GLHV�]X�HUKHEOLFKHQ�5DWLRQDOLVLHUXQJVHUJHEQLVVHQ��%HKlOWHU�N|QQHQ�DXWR�
PDWLVLHUW� HUID�W�� GLH� ,QKDOWH� LGHQWLIL]LHUW� VRZLH� GHP� 5HF\FOLQJ� XQG�RGHU� GHP
:LHGHUHLQVDW]�]XJHI�KUW�ZHUGHQ�

$QGHUHUVHLWV�LVW�GLH�.HQQ]HLFKQXQJ�YRQ�3URGXNWHQ�YRUVWHOOEDU��'LHV�N|QQWH�]X
ÄGRNXPHQWDWLYHQ� 3URGXNWHQ³��� I�KUHQ�� 'LHVH� 3URGXNWH� N|QQHQ� ,QIRUPDWLRQHQ
I�U�GLH�8QWHUVW�W]XQJ�GHU�.UHLVODXIZLUWVFKDIW�VSHLFKHUQ�XQG�EHL�%HGDUI�]XU�9HU�
I�JXQJ� VWHOOHQ�� (V� N|QQHQ� ]�%�� ,QIRUPDWLRQHQ� �EHU� GLH� HQWKDOWHQHQ�%DXWHLOH�
%DX��E]Z��'HPRQWDJHSOlQH�� ,QIRUPDWLRQHQ��EHU�GLH�HLQJHVHW]WHQ�:HUNVWRIIH
XQG�6WHXHUXQJVLQIRUPDWLRQHQ� I�U�GLH�5HF\FOLQJSUR]HVVH�JHVSHLFKHUW�ZHUGHQ�
(EHQVR�LVW�HV�GHQNEDU��GD��$QJDEHQ��EHU�GHQ�*UDG�GHU�1XW]XQJ�HLQHV�3UR�
GXNWHV�E]Z���EHU�GLH�ZHLWHUH�1XW]EDUNHLW�GHU�%DXWHLOH�XQG�5H]\NODWH�ZlKUHQG

����������������������������������������

��� =XU�)XQNWLRQVZHLVH�YRQ�7UDQVSRQGHUV\VWHPHQ�YJO��X�D��$(*�>(OHFWURQLF�,GHQWLILFDWLRQ
R�-�@��1ROWH�>7,5,6�����@��6LHPHQV�>,GHQWLILNDWLRQVV\VWHPH�����@�XQG�7H[DV�,QVWUX�
PHQWV�>7,5,6�����@�

��� 7H[DV�,QVWUXPHQWV�>7,5,6�����@��6����
��� 9JO��7H[DV�,QVWUXPHQWV�>$QZHQGXQJVSURILO�R�-�@�XQG�GLHV��>$EIDOOHQWVRUJXQJ�R�-�@��'LH

%HLVSLHOH�GHV�+HUVWHOOHUV�EH]LHKHQ�VLFK�]ZDU�DXI�GLH�+DXVP�OOHQWVRUJXQJ��HLQ�(LQVDW]
LVW�DEHU�DXFK�LQQHUEHWULHEOLFK�GHQNEDU�

��� 9JO��6LHPHQV�>,GHQWV\VWHPH�02%<�R�-�@��=X�ZHLWHUHQ�%HLVSLHOHQ�YJO��7H[DV�,QVWUX�
PHQWV�>+RFKIUHTXHQ]�,GHQWLILNDWLRQVV\VWHP�����@�

��� 9JO��DXFK�GLH�%HLWUlJH�YRQ�.LUFKJHRUJ�XQG�3DVFNHUW�LQ�GLHVHP�%DQG�
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GHU�*HEUDXFKVSKDVH�JHVDPPHOW�XQG�EHL�HLQHP�VSlWHUHQ�5HF\FOLQJ�YHUZHQGHW
ZHUGHQ�

'LH� 'DWHQVDPPOXQJ� XQG� �VSHLFKHUXQJ� �EHU� GHQ� JHVDPWHQ� 3URGXNW�/HEHQV�
=\NOXV��G�K��VFKRQ�EHJLQQHQG�PLW�GHQ�,QIRUPDWLRQHQ�GHU�(QWVWHKXQJVSKDVH�ELV
]X�GHU�*HEUDXFKVSKDVH��XQG�GHUHQ�1XW]XQJ�EHL�GHU�(QWVRUJXQJ�I�KUHQ�]X�HL�
QHU�2SWLPLHUXQJ��EHU�GHQ�3URGXNW�/HEHQV�=\NOXV��(V�ZHUGHQ�GLH�QRWZHQGLJHQ
,QIRUPDWLRQHQ�I�U�GLH�6DPPOXQJ��GLH��ORJLVWLVFKH��'XUFKI�KUXQJ�GHU�5HF\FOLQJ�
SUR]HVVH� XQG� I�U� GHQ� :LHGHUHLQVDW]� GHU� 5H]\NODWH� V\VWHPDWLVFK� JHQXW]W�
1DFKWHLOLJ�ZLUNHQ�VLFK�MHGRFK�GLH�KRKHQ�.RVWHQ�GHU�7UDQVSRQGHUV\VWHPH�DXV�
VR�GD��HLQH�KRKH�9HUEUHLWXQJ�]XU�=HLW�QLFKW�ZDKUVFKHLQOLFK�LVW�

��� =LUNXOlUH�6WUXNWXUHQ�GXUFK�5HF\FOLQJ�YRQ�(OHNWURQLN�
JHUlWHQ�EHL�5DQN�;HUR[

Während in der Bundesrepublik Deutschland nur 3 % des anfallenden Elektro-
nikschrottes wiederverwendet werden, hat die Firma Rank Xerox ein innovati-
ves und sehr erfolgreiches Konzept entwickelt, um lineare Prozeßketten durch
Recycling zu schließen.�� Am größten europäischen Produktionsstandort in
Venray, Niederlande, wurde 1987 die Asset Recovery Operation (ARO) ge-
gründet.��

Ziel war es, Produktion und Wiederverwendung sowie -verwertung zu verbin-
den.�� Dies wurde durch die Integration des Recycling Center und des Logistik
Center in eine Produktionsstätte erreicht. Dort erfolgt die Festlegung und Si-
cherstellung aller notwendigen TUL-Prozesse für das Recycling.

Es werden in Venray z.B. bis zu 97 Gew.-% der einzelnen Kopiergeräte (das
sind ca. 80 % der Bauteile) rezykliert und bis zu 25 % Rezyklate bei der Neu-
produktion eingesetzt. Absolut betrug die Anzahl wiederverwendeter Bauteile
im Jahre 1994 ca. 2,4 Mio. Stück. In der ersten Hälfte des Jahres 1997 wurden
bereits über 1,7 Mio. Stück eingesetzt.�� Die $EE��� zeigt die ökonomische und
ökologische Bedeutung des Recyclingprogramms bei Rank Xerox. Das Daten-
material wurde mit Hilfe der Angaben von Herrn Hendrikx aktualisiert.

����������������������������������������

��� 9JO��]X�GLHVHP�%HLVSLHO�DXVI�KUOLFK�5DQN�;HUR[�*PE+�>8PZHOW�����@�
��� 9JO��5DQN�;HUR[�*PE+�>8PZHOW�����@��6������XQG�GLHV��>8PZHOWVFKXW]EHULFKW�����@�

6�����I��6LHKH�DXFK�GLH�5XEULN�8PZHOW�DXI�GHU�GHXWVFKHQ�+RPHSDJH�YRQ�5DQN�;HUR[
�85/��KWWS���ZZZ�UDQN[HUR[�GH���

��� 9JO��KLHU]X�XQG�]XP�IROJHQGHQ�5DQN�;HUR[�*PE+�>8PZHOW�����@��6���������
��� 7HOHID[�0LWWHLOXQJ�YRQ�+HUUQ�/��)��+HQGULN[��5DQN�;HUR[�%�9��9HQU\��YRP������������
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4XHOOH��5DQN�;HUR[�>8PZHOWVFKXW]EHULFKW�����@��6�����II�

$EE�����:LHGHUYHUZHQGXQJ��:LHGHUKHUVWHOOXQJ��EHL�5DQN�;HUR[

Ein Qualitätsverlust ist bei neuen Kopierern ist nicht festzustellen. Das Unter-
nehmen gewährt deshalb drei Jahre Garantie. Dazu sind neben einer recyc-
lingorientierten Konstruktion bei Neugeräten insbesondere die zerstörungsfreie
Demontage notwendig, deren Voraussetzungen die Kennzeichnung aller Be-
standteile und die ständige Optimierung der Recyclingprozesse sind.

Für die Retrodistribution werden unterschiedliche Kanäle genutzt. Große Men-
gen werden mit Hilfe des Logistikdienstleisters LPR und Kleinstmengen durch
die Servicetechniker nach Venray gebracht. Verbrauchsmaterialien können
von den Kunden über Paketdienste zu Rank Xerox geschickt werden. Größere
Mengen werden in speziellen Behältern gesammelt und beim Kunden durch
beauftragte Drittunternehmen abgeholt. Die Kombination dieser unterschiedli-
chen Kanäle und Konzepte führt zu einer effizienten Retrodistribution.

Beim Recycling findet die Optimierung der Logistikprozesse nicht nur außer-
betrieblich statt. Damit keine unnötigen Wartezeiten und Lagerzeiten für Re-
zyklate entstehen, sind Recycling und Montage von Neuprodukten in benach-
barten Hallen untergebracht. Der Einbau von Gebrauchtteilen erfolgt so maxi-
mal 30 min. nach der Qualitätskontrolle.

Rank Xerox konnte mit diesem Konzept allein im Jahre 1994 Materialkosten in
Höhe von über 69,5 Mio. US-$ einsparen. Der konsequenten Optimierung der
inner- und außerbetrieblichen Logistik kommt hierbei eine besondere Bedeu-
tung zu. Es zeigt sich, daß die getrennte Erfassung der Reststoffe, der opti-
mierte Transport und der gezielte Einsatz logistischer Methoden notwendige
Voraussetzungen für die effektive Schließung linearer Prozeßketten sind.
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��� 0HKUZHJWUDQVSRUWV\VWHPH�DOV�,QVWUXPHQWH�]XU
6XEVWLWXWLRQ�OLQHDUHU�3UR]H�NHWWHQ

'LH� 9HUSDFNXQJVORJLVWLN� VWHOOWH� LQ� GHU� 9HUJDQJHQKHLW� HLQHQ� XQWHUEHZHUWHWHQ
XQG� YHUQDFKOlVVLJWHQ� %HUHLFK� GHU� 8QWHUQHKPHQVSROLWLN� GDU���� =X� =HLW� HUIlKUW
GLHVHV�*HELHW�MHGRFK�GXUFK�|NRORJLVFKH�XQG�|NRQRPLVFKH�3UREOHPDWLNHQ�GHV
XQWHUQHKPHULVFKHQ�+DQGHOQV�HLQH�EHVRQGHUH�%HGHXWXQJ�

'LH�3URGXNWLRQ�LQ�HLQHU�9RONVZLUWVFKDIW�LVW�PLW�YLHOHQ�3UR]HVVHQ�YHUEXQGHQ��LQ
GHQHQ� DQ� DOOHQ� 6WXIHQ� $EIlOOH� HQWVWHKHQ�� $XIJUXQG� GHU� $UEHLWVWHLOLJNHLW� GHU
3URGXNWLRQ�VLQG�78/�3UR]HVVH�DQ�GHQ�3UR]H��EHUJlQJHQ�QRWZHQGLJ��(V�HQW�
VWHKHQ� LQ�DOOHQ�6WXIHQ�GHU�EHWULHEOLFKHQ�XQG�YRONVZLUWVFKDIWOLFKHQ�:HUWVFK|S�
IXQJVNHWWHQ�9HUSDFNXQJVDEIlOOH����0LW�VWHLJHQGHU�9HUHGHOXQJ�GHU�*�WHU�QLPPW
GDEHL�FHWHULV�SDULEXV�GLH�HQWVWHKHQGH�0HQJH�DQ�9HUSDFNXQJVDEIlOOHQ�]X��GD
YHUPHKUW� 6FKXW]IXQNWLRQHQ� XQG� +DQGOLQJDXIJDEHQ� ZDKUJHQRPPHQ� ZHUGHQ
P�VVHQ����'LH�$EIDOOHQWVWHKXQJ�LP�*�WHUNUHLVODXI�VWHOOW�$EE����GDU�

'HSRQLH

5RKVWRIIJHZLQQXQJ

9HUHGHOXQJ

9HUDUEHLWXQJ

*URVVKDQGHO

(LQ]HOKDQGHO

.RQVXPHQW

78/�3UR]H�

78/�3UR]H�

78/�3UR]H�

78/�3UR]H�

78/�3UR]H�

9HUSDFNXQJV�
DEIDOO

9HUSDFNXQJV�
DEIDOO

9HUSDFNXQJV�
DEIDOO

9HUSDFNXQJV�
DEIDOO

9HUSDFNXQJV�
DEIDOO

$EUDXP

3URGXNWLRQV�
DEIDOO

3URGXNWLRQV�
DEIDOO

4XHOOH��%HFNHU�>(QWVRUJXQJVDXIJDEHQ�����@��6����

$EE�����$EIDOOHQWVWHKXQJ�LP�*�WHUNUHLVODXI

����������������������������������������

��� 9JO��/DQJH�>8PIHOG�����@��6�����
��� 9JO��%HFNHU�>(QWVRUJXQJVDXIJDEHQ�����@��6�����I�
��� 9JO��DXFK�5XPPOHU�6FKXWW�>9HUSDFNXQJVYHURUGQXQJ�����@��6�����



������� %OHFNHU
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

'HU� $QWHLO� GHU� 9HUSDFNXQJHQ� DP�+DXVP�OO� XQG� GHQ� KDXVP�OOlKQOLFKHQ�*H�
ZHUEHDEIlOOHQ�LVW�GHPHQWVSUHFKHQG�HUKHEOLFK��(U�OLHJW�EHL�FD�������GHV�9ROX�
PHQV�E]Z�������GHV�*HZLFKWHV����EH]RJHQ�DXI�GLH�*HVDPWDEIDOOPHQJH�VLQG
GLHV� FD�� ��������� ,Q� $EKlQJLJNHLW� YRQ� GHQ� YHUZHQGHWHQ�0DWHULDOLHQ�ZXUGHQ�
VRIHUQ� HLQH� JHWUHQQWH� (UIDVVXQJ�P|JOLFK� ZDU�� ]XP� 7HLO� EHDFKWOLFKH� 9HUZHU�
WXQJVTXRWHQ� HU]LHOW� �*ODV� ������:HL�EOHFK�������.XQVWVWRII� QXU� �� �� �������

6WRIIOLFK� QLFKW� YHUZHUWEDUH� RGHU� QLFKW� YHUZHUWHWH� 9HUSDFNXQJHQ� ZXUGHQ� ]X
����� GHSRQLHUW� XQG� ]X� ��� �� YHUEUDQQW�� 'LHVH� $QJDEHQ� ]HLJHQ�� GD�� 9HU�
SDFNXQJVDEIlOOH� GLH�'HSRQLHQ� LQ� VHKU� KRKHP�8PIDQJ� EHODVWHQ��'LHVHU� 9HU�
EUDXFK�GHV�'HSRQLHQUDXPV�LVW�QHEHQ�GHQ�VRQVWLJHQ�%HODVWXQJHQ�GHU�8PZHOW�
PHGLHQ�GXUFK�$EIlOOH�XQG�5�FNVWlQGH�DXV�3URGXNWLRQV��XQG�.RQVXPSUR]HV�
VHQ� HLQ� ZHVHQWOLFKHU� *UXQG� I�U� GHQ� (UOD�� GHU� 9HUSDFNXQJVYHURUGQXQJ�� 'LH
9HUSDFNXQJVYHURUGQXQJ� GHV� %XQGHVPLQLVWHUV� I�U� 8PZHOW�� 1DWXUVFKXW]� XQG
5HDNWRUVLFKHUKHLW� YHUSIOLFKWHW� ,QGXVWULH�� XQG� +DQGHOVXQWHUQHKPHQ� ]XU� 5�FN�
QDKPH�VRZLH�VWRIIOLFKHQ�9HUZHUWXQJ�JH��XQG�YHUEUDXFKWHU�9HUSDFNXQJHQ�

(LQ�HLQIDFKHU�XQG�YROOVWlQGLJHU�9HU]LFKW�DXI�DOOH�9HUSDFNXQJVPDWHULDOLHQ�LVW�LQ
GLHVHP�3UR]H�DEODXI� QLFKW�P|JOLFK�� (LQH� 5HGXNWLRQ� GHU� 9HUSDFNXQJVDEIlOOH
LVW�EHVRQGHUV�GXUFK�IROJHQGH�GUHL�$QVlW]H�]X�HU]LHOHQ�

�� HLQH�RSWLPLHUWH�9HUSDFNXQJVJHVWDOWXQJ�I�KUW�]X�HLQHU�5HGXNWLRQ
GHU�0DWHULDOYLHOIDOW�XQG�GHV�3DFNVWRIIHLQVDW]HV�SUR�9HUSDFNXQJ
EHL�JOHLFKHU�RGHU�K|KHUHU�0HQJH�DQ�3DFNJXW�

�� $ESDFNHU�YHU]LFKWHQ�DXI�HLQLJH�9HUSDFNXQJVIXQNWLRQHQ�RGHU�NX�
PXOLHUHQ�GLHVH�DXI�ZHQLJHU�9HUSDFNXQJHQ��VR�GD��EHVWLPPWH
9HUSDFNXQJHQ�YROOVWlQGLJ�HQWIDOOHQ��RGHU

�� 9HUSDFNXQJVDEIlOOH�ZHUGHQ�GXUFK�PHKUIDFKH�%HQXW]XQJ�GHU�9HU�
SDFNXQJHQ�YHUPLHGHQ���

'LHVH�$QVlW]H�ZXUGHQ� MHGRFK� LQ� GHQ� YHUJDQJHQHQ� ��� -DKUHQ� NDXP�EHU�FN�
VLFKWLJW��'LHV�ODJ�]XP�HLQHQ�DQ�HLQHU�'RPLQDQ]�YRQ�0DUNHWLQJDVSHNWHQ�EHL�GHU

����������������������������������������

��� 9JO��.DWDO\VH�>0�OOYHUPHLGXQJ�����@��6������5XPPOHU�6FKXWW�>9HUSDFNXQJVYHURUGQXQJ
����@��6������)ULGULFL�>9HUSDFNXQJVYHURUGQXQJ�����@��6�������XQG�.HFN�>&KDQFHQ
����@�

��� 9JO��.O|FNQHU�>9HUSDFNXQJ�����@��6�����I�
��� 9JO��5XPPOHU�6FKXWW�>9HUSDFNXQJVYHURUGQXQJ�����@��6�����
��� 9JO��]�%��+RSIHQEHFN�>0DQDJHPHQW�����@��6������I���%DOGHUMDKQ�>9HUSDFNXQJVYHURUG�

QXQJ�����@��6�������*ROGEHUJ�>/|VXQJHQ�����@��6������XQG�R�9��>/LHIHUDQWHQ�����@�
6������'HU�(LQVDW]�YRQ�5H]\NODWHQ�RGHU�UH]\NOLHUEDUHQ�0DWHULDOLHQ�]lKOW�QLFKW�]XU�5H�
GXNWLRQ�GHV�$EIDOODXINRPPHQV��VRQGHUQ�QXU�]XU�$EIDOOYHUZHUWXQJ�XQG�ZLUG�GDKHU�KLHU
QLFKW�ZHLWHU�XQWHUVXFKW�
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9HUSDFNXQJVJHVWDOWXQJ�� G�� K�� ORJLVWLVFKH�XQG�|NRORJLVFKH�3DUDPHWHU�ZXUGHQ
QLFKW�LQ�JHQ�JHQGHP�8PIDQJ�EHDFKWHW��XQG�]XP�DQGHUHQ�ZDUHQ�GLH�PRQHWl�
UHQ� XQG� QLFKWPRQHWlUHQ� $QUHL]H� ]XU� $EIDOOYHUPHLGXQJ� I�U� GLH� 8QWHUQHKPHQ
NDXP�VS�UEDU��'LH�9HUSDFNXQJVSURGXNWLRQ�XQG��YHUZHQGXQJ�VLQG�GDKHU�VWHWLJ
JHZDFKVHQ�

'DEHL�JHK|UW�QLFKW�QXU�GLH�%HKDQGOXQJ�GHU�9HUSDFNXQJVDEIlOOH��VRQGHUQ�DXFK
GHU�(LQVDW]�YRQ�0HKUZHJYHUSDFNXQJHQ�]XU�$EIDOOZLUWVFKDIW��'DV�1XW]HQ�YRQ
0HKUZHJV\VWHPHQ�]lKOW�QDFK�JlQJLJHQ�'HILQLWLRQHQ�]XU�$EIDOOYHUZHUWXQJ�XQG
GDPLW� ]XU�$EIDOOZLUWVFKDIW����(V�]HLJW� VLFK��GD�� LQ�GHU�ZLVVHQVFKDIWOLFKHQ�XQG
SUDNWLVFKHQ�$XIIDVVXQJ� GHU� $EIDOOZLUWVFKDIW� QRFK� HUKHEOLFKH�'HIL]LWH� YRUKDQ�
GHQ�VLQG��'LHV�JLOW��REZRKO�GLH�$XVVDJH�EHUHLWV�VFKRQ������SXEOL]LHUW�ZXUGH�
LPPHU�QRFK�I�U�GHQ�KHXWH�DNWXHOOHQ�(LQVDW]�YRQ�0HKUZHJWUDQVSRUWV\VWHPHQ�

(V�LVW�]ZHFNPl�LJ��GLH�9HUSDFNXQJVV\VWHPH�QDFK�GHU�9HUZHQGXQJVKlXILJNHLW
]ZLVFKHQ�(LQZHJ��XQG�0HKUZHJYHUSDFNXQJHQ�]X�XQWHUVFKHLGHQ����(LQZHJYHU�
SDFNXQJHQ�HUI�OOHQ�GHQ�SULPlUHQ�=ZHFN��GLH�8PK�OOXQJ� YRQ�*�WHUQ�XQG�GLH
(UI�OOXQJ�YRQ�)XQNWLRQHQ�EHL�78/�3UR]HVVHQ��QXU�HLQPDO��(LQH�HYHQWXHOO�P|J�
OLFKH�:HLWHUYHUZHQGXQJ�ZLUG� GDEHL� QLFKW� EHU�FNVLFKWLJW��0HKUZHJYHUSDFNXQ�
JHQ�HUI�OOHQ�GHQ�SULPlUHQ�=ZHFN�PHKUPDOV��ZREHL�LQ�GLHVHU�*UXSSH�QRFK�]ZL�
VFKHQ�PHKUIDFK� YHUZHQGEDUHQ�9HUSDFNXQJHQ� �I�QI� ELV� ]HKQ�8POlXIH���� XQG
HFKWHQ�0HKUZHJV\VWHPH��ELV�]X�����8POlXIH����]X�GLIIHUHQ]LHUHQ�LVW�

'LH�(LQZHJYHUSDFNXQJHQ�VLQG�ZHLWHU�LQ�OLQHDUH�XQG�]\NOLVFKH�6\VWHPH�]X�XQ�
WHUWHLOHQ���� /LQHDUH� 6\VWHPH� VLQG� GXUFK� HLQH� HLQPDOLJH�1XW]XQJ� GHU� 9HUSDN�
NXQJHQ�]ZLVFKHQ�9HUVHQGHU�XQG�:DUHQHPSIlQJHU�PLW�DQVFKOLH�HQGHU�(QWVRU�
JXQJ� GXUFK� GHQ�:DUHQHPSIlQJHU� XQWHU�(LQEH]LHKXQJ� GHU� NRPPXQDOHQ�(QW�
VRUJHU� �'HSRQLHUXQJ�RGHU� WKHUPLVFKH�9HUZHUWXQJ�� JHNHQQ]HLFKQHW��'LH�9HU�
DQWZRUWXQJ�I�U�GLH�(QWVRUJXQJ�GHU�9HUSDFNXQJHQ�XQG�9HUSDFNXQJVDEIlOOH� LVW
KLHU� DXI� GLH�(PSIlQJHU� �EHUJHJDQJHQ�� /LQHDUH� �9HUSDFNXQJV��6\VWHPH� VLQG
GDPLW�DOV�HLQ�W\SLVFKHV�%HLVSLHO�I�U�GLH�VRJHQDQQWH�'XUFKODXI|NRQRPLH�DQ]X�
VHKHQ���� 8PZHOWSROLWLVFKH�5DKPHQEHGLQJXQJHQ� XQG� =LHOH� YHUODQJHQ� MHGRFK�

����������������������������������������

��� 9JO��-DNREL�>6\VWHPDWLN�����@��6�����II�
��� 9JO��6LHJKDUGW�>(QWVFKHLGXQJVNULWHULHQ�����@��6����
��� 9JO��R�9��>0HKUZHJ�����@��6����
��� 9JO��%OlVLXV�>.ODVVLVFK�����@��6������XQG�R�9��>0HKUZHJ�%R[�����@��6�����
��� 9JO��]�%��]XP�IROJHQGHQ�/DQJH�>.DONXODWLRQ�����@��6�����
��� 9JO��.DLVHU�0DLHU�>/HLVWXQJHQ�����@��6������XQG�+RSIHQEHFN�>0DQDJHPHQWOHKUH�����@�

6������II�
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9HUSDFNXQJHQ� LQ�GDV�.RQ]HSW�GHU�.UHLVODXI|NRQRPLH�HLQ]XI�JHQ����=\NOLVFKH
6\VWHPH�YHUVXFKHQ�GDKHU��GLH�OLQHDUHQ�6\VWHPH�GXUFK�5HF\FOLQJSUR]HVVH�]X
VFKOLH�HQ�XQG�VR�6HNXQGlUURKVWRIIH�I�U�QHXH�3DFNVWRIIH�XQG�RGHU�DQGHUH�3UR�
GXNWH�]X�JHZLQQHQ��'DV�$EIDOOJHVHW]�VRZLH�GDV�QHXH�.UHLVODXIZLUWVFKDIWVJH�
VHW]� XQG� GLH� 9HUSDFNXQJVYHURUGQXQJ� SRVWXOLHUHQ� GDV� =LHO� GHU� VRJHQDQQWHQ
.UHLVODXI|NRQRPLH����(V�LVW�GHVKDOE�PLW�HLQHU�=XQDKPH�]\NOLVFKHU�6\VWHPH�]X
UHFKQHQ���

=XU�(UUHLFKXQJ�GHV�=LHOV��OLQHDUH�3UR]HVVH�GXUFK�]LUNXOlUH�6WUXNWXUHQ�]X�VXE�
VWLWXLHUHQ��ZHUGHQ�0HKUZHJWUDQVSRUWV\VWHPH�HLQJHVHW]W��GLH�]XU�$EIDOOYHUPHL�
GXQJ�EHLWUDJHQ��8P�GHQ� LQGLYLGXHOOHQ�$QIRUGHUXQJHQ�GHU�$ESDFNHU�]X�JHQ��
JHQ��H[LVWLHUHQ�DP�0DUNW�YLHOH�XQWHUVFKLHGOLFKH�6\VWHPH���

0HKUZHJWUDQVSRUWV\VWHPH� VLQG� GLH� ]ZLVFKHQ�:LUWVFKDIWVXQWHUQHKPHQ� HLQJH�
VHW]WHQ� 7UDQVSRUWV\VWHPH�� EHL� GHQHQ�PLW� +LOIH� HLQHU� JHHLJQHWH� 5�FNQDKPH�
XQG�6DPPHORUJDQLVDWLRQ� VRZLH�9RUEHKDQGOXQJ�HLQH�PHKUIDFKH�9HUZHQGXQJ
GHU�HLQJHVHW]WHQ�9HUNHKUVWUlJHU�XQG�7UDQVSRUWYHUSDFNXQJHQ�VLFKHUJHVWHOOW�LVW�

'LH�JUR�H�EHWULHEVZLUWVFKDIWOLFKH�%HGHXWXQJ�GLHVHU�6\VWHPH�ZLUG�GXUFK�PHK�
UHUH� $VSHNWH� GHXWOLFK���� (LQHUVHLWV�P�VVHQ� ,QGXVWULHXQWHUQHKPHQ� VWDDWOLFKHQ
5HVWULNWLRQHQ� IROJHQ�� DQGHUHUVHLWV� LVW� HV� MHGRFK� ]ZHFNPl�LJ�� HLQH�9HUVFKlU�
IXQJ�E]Z��$XVZHLWXQJ�GHU�5HVWULNWLRQHQ�GXUFK�IUHLZLOOLJH�0D�QDKPHQ�]X�YHU�
PHLGHQ�� ,P� :HWWEHZHUE� PLW� DQGHUHQ� 8QWHUQHKPHQ� LVW� HYHQWXHOO� VRJDU� HLQH
6WUDWHJLH� GHV� gNR�/HDGHUVKLS��� DQ]XZHQGHQ�� G�K�� GXUFK� IUHLZLOOLJH� 0D�QDK�
PHQ�GHQ�9HUSDFNXQJVDEIDOO�]X�PLQLPLHUHQ�XQG�PLW�+LOIH�HLQHV�|NRORJLHRULHQ�
WLHUWHQ�,PDJH�:HWWEHZHUEVYRUWHLOH�]X�HU]LHOHQ�

$XV� EHWULHEVZLUWVFKDIWOLFKHU� 6LFKW� WUlJW� GHU� (LQVDW]� YRQ�0HKUZHJWUDQVSRUWV\�
VWHPHQ�GD]X�EHL�� GLHVH� |NRORJLVFKHQ�XQG�|NRQRPLVFKHQ�=LHOH� ]X� HUUHLFKHQ�
'LHV�LVW�XP�VR�ZLFKWLJHU��DOV�GD��LP�%HUHLFK�GHU�9HUSDFNXQJHQ�GXUFK�GLH�9HU�
SDFNXQJVYHURUGQXQJ� I�U�GLH�8QWHUQHKPHQ�HLQ�|NRQRPLVFKHU�$QUHL]�JHVFKDI�

����������������������������������������

��� 9JO��6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@��6������II���.DLVHU�0DLHU�>/HLVWXQJHQ�����@�
6������XQG�$GDPV�>.UHLV�����@��6�����

��� 9JO��%XQGHVWDJ�%XQGHVUDW�>$EIDOOJHVHW]�����@������$EV����6DW]���
��� 9JO��]�%��/DQJH�>.DONXODWLRQ�����@��6�����
��� 9JO��]�%��:LOGHPDQQ�>%HKlOWHUV\VWHPH�����@�XQG�GHUV��>%HKlOWHU�����@�
��� 'LH�EHWULHEVZLUWVFKDIWOLFKHQ�$VSHNWH�GHU�9HUSDFNXQJVYHURUGQXQJ�ZHUGHQ�X�D��XPIDV�

VHQG�YRQ�%DOGHUMDKQ�>9HUSDFNXQJVYHURUGQXQJ�����@�XQWHUVXFKW�
��� =XU�6WUDWHJLH�GHV�gNR�/HDGHUVKLS�VLHKH�GHQ�%HLWUDJ�YRQ�0�OOHU�.LVFKEDXP�LQ�GLHVHP

%DQG�
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IHQ� ZXUGH�� GLH� HLQJHVHW]WH� 3DFNPDWHULDOPHQJH� ]X� UHGX]LHUHQ�� (V� EHVWHKHQ
DEHU�JUR�H�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�HLQ]HOQHQ�6\VWHPW\SHQ�XQG�GHQ�GXUFK
VLH�DEJHGHFNWHQ�/HLVWXQJHQ�GHU�%HWUHLEHU����,KUH�(LQVDW]P|JOLFKNHLWHQ�GLIIHULH�
UHQ� GDKHU� LQ� KRKHP�0D�H�� 'LH� $EE�� ��� ]HLJW�� ZHOFKH� /HLVWXQJHQ� GXUFK� GLH
XQWHUVFKLHGOLFKHQ�7\SHQ�YRQ�0HKUZHJWUDQVSRUWV\VWHPHQ�HUEUDFKW�ZHUGHQ�

,QGLYLGXHO�
OHV

6\VWHP

%LODWHUD�
OHV

6\VWHP

7DXVFK�
SRRO

3RRO�RKQH
5�FNI�KU�
ORJLVWLN

3RRO�PLW
5�FNI�KU�
ORJLVWLN

�7UDQVIHU�
SULQ]LS�

3RRO�PLW
5�FNI�KU�
ORJLVWLN
�3IDQG�
V\VWHP�

3RRO�PLW
5�FNI�KU�
ORJLVWLN
�9HUEX�
FKXQJV�
V\VWHP�

%HKlOWHU�
EHUHLW�
VWHOOXQJ
9ROOJXW�
WUDQVSRUW
/HHUJXW�
WUDQVSRUW

/DJHUXQJ

6DPPHOQ
5HLQLJHQ

.RQWUROOH

5HSDUDWXU

3DFNPLW�
WHOYHU�
IROJXQJ
XQG��YHU�
EXFKXQJ

�QLFKW�DEJHGHFNW �LQ�HLQLJHQ�6\VWHPHQ�HQWKDOWHQ �GXUFK�6\VWHPEHWUHLEHU�DEJHGHFNW

$EE������/HLVWXQJVXPIlQJH�YRQ�0HKUZHJWUDQVSRUWV\VWHPHQ

'LH� $Q]DKO� GHU� 3RROWHLOQHKPHU� QLPPW� YRP� LQGLYLGXHOOHQ� 6\VWHP� �EHU� GHQ
7DXVFKSRRO�ELV� ]XP�3RROV\VWHP�PLW�5�FNI�KUORJLVWLN� ]X��'DEHL� VWHLJW� JOHLFK�
]HLWLJ�GLH�:DKUVFKHLQOLFKNHLW��GD��HLQ�]HQWUDOHU�'LHQVWOHLVWHU�DOV�6\VWHPEHWUHL�
EHU�DXIWULWW����'LHV� I�KUW�]ZDQJVZHLVH�DEHU�DXFK�GD]X��GD��GDV�6\VWHP�QLFKW
PHKU�DQ�GHQ�LQGLYLGXHOOHQ�$QIRUGHUXQJHQ�DXVJHULFKWHW�ZHUGHQ�NDQQ�XQG�JHJH�
EHQHQIDOOV� GHU� $XIZDQG� I�U� $QSDVVXQJVPD�QDKPHQ� YRQ� GHP� MHZHLOLJHQ
0HKUZHJWUDQVSRUWV\VWHP�]X�GHQ�6\VWHPWHLOQHKPHUQ�YHUODJHUW�ZLUG��,Q�$EE����
ZLUG�GLHVHU�6DFKYHUKDOW�GDUJHVWHOOW�

����������������������������������������

��� 9JO��GD]X�EHLVSLHOVZHLVH�GLH�0DUNW�EHUVLFKWHQ�EHL�R�9��>0HKUZHJ�����@��)UHULFK�
6DJXUQD�/DQJH�>0HKUZHJ�7UDQVSRUW�9HUSDFNXQJVV\VWHPH�����@��/DQJH�>0HKUZHJ�
PDUNW�����@�XQG�/�W]HEDXHU�>0HKUZHJV\VWHPH�����@��$NWXHOOH�(QWZLFNOXQJHQ�ZHUGHQ
]�%��EHL�/�W]HEDXHU�>0HKUZHJYHUSDFNXQJVO|VXQJHQ�����@��6�����������YRUJHVWHOOW�

��� 9JO��%RHFNOH�>9HUSDFNXQJVV\VWHPH�����@��6������
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5DWLRQDOLVLHUXQJVHIIHNWH

,QGLYLGXDOLWlW�GHU�3UREOHPO|VXQJ

$Q]DKO�GHU�6\VWHPWHLOQHKPHU�XQG�8PIDQJ�GHU�
GXUFK�'LHQVWOHLVWHU��EHUQRPPHQHQ�7lWLJNHLWHQ

,QGLYLGXHOOHV
6\VWHP

%LODWHUDOHV
6\VWHP

7DXVFKSRRO
3RRO�RKQH
5�FNI�KUORJLVWLN

3RRO�PLW�
5�FNI�KUORJLVWLN

$EE������,QGLYLGXDOLWlW�GHU�3UREOHPO|VXQJ�XQG�5DWLRQDOLVLHUXQJVHIIHNWH�YRQ

0HKUZHJWUDQVSRUWV\VWHPHQ

(V�EOHLEW�VRPLW�IHVW]XKDOWHQ��GD��LQVEHVRQGHUH�GLH�$Q]DKO�GHU�SRWHQWLHOOHQ�6\�
VWHPWHLOQHKPHU�� GLH� ,QWHQVLWlW� GHU� %H]LHKXQJHQ� GHV�:DUHQDXVWDXVFKHV� XQG
GLH�LQGLYLGXHOOHQ�$QIRUGHUXQJHQ�DQ�GLH�6\VWHPOHLVWXQJHQ�]HQWUDOH�.ULWHULHQ�I�U
GLH�%HZHUWXQJ�XQG�$XVZDKO�HLQHV�0HKUZHJWUDQVSRUWV\VWHPV�VLQG����'LHVH�$V�
SHNWH� GHWHUPLQLHUHQ� GDPLW� DXFK� GLH� (LJQXQJ� GHU� 0HKUZHJWUDQVSRUWV\VWHPH
DOV�$EIDOOYHUPHLGXQJVVWUDWHJLH� EH]LHKXQJVZHLVH�DOV� ,QVWUXPHQW� ]XU�6XEVWLWX�
WLRQ�OLQHDUHU�3UR]HVVH�

� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN

:LU� NRQQWHQ� ]HLJHQ�� GD�� EHVRQGHUV� ]ZHL� 6WUDWHJLHQ� I�U� GLH� 8PVHW]XQJ� GHU
.UHLVODXIZLUWVFKDIW� LQ�GHU�/RJLVWLN�JHHLJQHW� VLQG��6FKOLH�HQ� OLQHDUHU�3UR]HVVH
XQG�6XEVWLWXWLRQ�OLQHDUHU�3UR]HVVH�GXUFK�]LUNXOlUH�6WUXNWXUHQ�

'LH� OHEHQV]\NOXV�EHUJUHLIHQGH� 2SWLPLHUXQJ� LVW� GLH� JUXQGOHJHQGH� 9RUDXVVHW�
]XQJ� I�U� GLH� EHLGHQ� 6WUDWHJLHQ� GHU� /RJLVWLN� LQ� GHU� .UHLVODXIZLUWVFKDIW�� 'LHVH
]ZHL�6WUDWHJLHQ�N|QQHQ�DOV�JOHLFKEHUHFKWLJW�EH]�JOLFK�GHU�ORJLVWLVFKHQ�8PVHW�
]XQJ�GHU�.UHLVODXIZLUWVFKDIW�EHWUDFKWHW�ZHUGHQ��'DEHL� LVW� ]X�EHU�FNVLFKWLJHQ�
GD��HLQH�6XEVWLWXWLRQ�RIWPDOV�|NRQRPLVFK�XQG�|NRORJLVFK�EHVVHUH�(UJHEQLVVH
HU]LHOW� DOV� GLH�6FKOLH�XQJ��'HQQRFK� LVW� HLQH�SULQ]LSLHOOH�9RUWHLOKDIWLJNHLW� QLFKW
IHVW]XVWHOOHQ�

����������������������������������������

��� 9JO��]X�GLHVHU�$XIIDVVXQJ�]�%��/DPPHUV�>0DVVH�����@��6������/�W]HEDXHU�>/HLVWXQJV�
VSHNWUXP�����@��6�����II���XQG�5XQJH�>9HUSDFNXQJVSUREOHPH�����@��6�����II�
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$OV�$QIRUGHUXQJHQ�DQ�GLH�/RJLVWLN� WUHWHQ� LQVEHVRQGHUH�GLH�1RWZHQGLJNHLW�]XU
,QIRUPDWLRQVEHUHLWVWHOOXQJ� XQG� GLH� =XQDKPH� GHU� .RPSOH[LWlW� EHL� DOOHQ� 3OD�
QXQJV�� XQG� .RQWUROOPHFKDQLVPHQ� GXUFK� GLH� %HU�FNVLFKWLJXQJ� VWRFKDVWLVFKHU
9DULDEOHQ� DXI�� (V� HQWVWHKW� LQ� YLHOHQ� )lOOHQ� HLQ� ]ZHLVWXILJHU� 3ODQXQJVSUR]H��
GHU�GLHVHV�3UREOHP�QRFK�ZHLWHU�YHUVFKlUIW�

*UXQGVlW]OLFK� LVW� HLQH� ,QWHJUDWLRQ� YRQ� 9HUVRUJXQJV�� XQG� (QWVRUJXQJVORJLVWLN
DQ]XVWUHEHQ��'D]X�PX��HLQ�.UHLVODXIGHQNHQ�GLH�WUDGLWLRQHOOHQ�/RJLVWLNNRQ]HS�
WLRQHQ� HUJlQ]HQ� XQG�ZLUG� ]X� HLQHU� JUXQGVlW]OLFKHQ�0HWKRGH� DXVJHEDXW��'LH
WUDGLWLRQHOOHQ�FKDUDNWHULVWLVFKHQ�0HUNPDOH�GHU�/RJLVWLN����ZHUWRULHQWLHUWHV�'HQ�
NHQ�� 6\VWHPGHQNHQ�� *HVDPWNRVWHQGHQNHQ�� 6HUYLFHGHQNHQ� XQG� WHFKQLVFK�
ZLUWVFKDIWOLFKHV�(IIL]LHQ]GHQNHQ��VLQG�VR�GXUFK�HLQH�QHXH�.DWHJRULH��GDV�'HQ�
NHQ�LQ�.UHLVOlXIHQ��]X�HUJlQ]HQ�

'LH�.UHLVODXIZLUWVFKDIW�VWHOOW�DEHU�QLFKW�QXU�KRKH�$QIRUGHUXQJHQ�DQ�GLH�8QWHU�
QHKPHQ��VRQGHUQ�VLH�NDQQ�DXFK�DOV�HLQH�&KDQFH�EHJULIIHQ�ZHUGHQ��(V�N|QQHQ
QHXH� *HVFKlIWVIHOGHU� HQWVWHKHQ�� ,QWHUGHSHQGHQ]HQ� EHL� 1XW]XQJ� PRGHUQHU
7HFKQRORJLHQ�JHQXW]W�VRZLH�HLQH��EHUJUHLIHQGH�2SWLPLHUXQJ�GXUFKJHI�KUW�ZHU�
GHQ�� VR�GD��GLH�(LQVSDUXQJ�YRQ� �(QWVRUJXQJV��.RVWHQ�P|JOLFK�XQG�GLH�9HU�
I�JEDUNHLW�YRQ��6HNXQGlU��5RKVWRIIHQ�JHVWHLJHUW�ZHUGHQ�

'HPJHJHQ�EHU�VWHKW�DEHU�]�%��GDV�5LVLNR��GD��.RVWHQVWHLJHUXQJHQ�LQ�GHU�/R�
JLVWLN�]X�HLQHU�HUKHEOLFKHQ�%HODVWXQJ�GHU�8QWHUQHKPHQ� I�KUHQ��'HV�ZHLWHUHQ
N|QQHQ� GLH� .RPSOH[LWlWVVWHLJHUXQJ� GHU� EHWULHEOLFKHQ� 3UR]HVVH�� HLQH� ,QWHQVL�
YLHUXQJ� GHV� 9HUNHKUV� XQG� GHU� QRWZHQGLJH� 5HVVRXUFHQHLQVDW]� |NRORJLVFKH
3UREOHPH�EHL�GHU�8PVHW]XQJ�YHUXUVDFKHQ�

,QVEHVRQGHUH�DXIJUXQG�GLHVHU�&KDQFHQ�XQG�5LVLNHQ�VLQG�GLH�/RJLVWLN�XQG�GLH
gNRORJLH�H[SOL]LW� LQ�GLH� VWUDWHJLVFKH�3ODQXQJ�HLQ]XEH]LHKHQ�XQG�DOV� VWUDWHJL�
VFKH�(UIROJVSRWHQWLDOH� ]X� EHJUHLIHQ��'LHVHU� =XVDPPHQKDQJ�ZLUG� LQ� $EE�� ��
JH]HLJW��'HU�HUKHEOLFKH�6WHOOHQZHUW�GHU�gNRORJLH�DOV�(UIROJVIDNWRU�LQ�GHU�/RJL�
VWLN� XQG� GLH� VWUDWHJLVFKH�%HGHXWXQJ� GLHVHU� EHLGHQ� )DNWRUHQ� NRQQWHQ� LQ� )RU�
VFKXQJVSURMHNWHQ� VRZRKO� WKHRUHWLVFK� DOV� DXFK� HPSLULVFK� QDFKJHZLHVHQ�ZHU�
GHQ���

����������������������������������������

��� 9JO��GD]X�X�D��3IRKO�>/RJLVWLNV\VWHPH�����@��6����������
��� 9JO��*|SIHUW�:HKEHUJ�>.RQVXPHQWHQYHUKDOWHQ�����@��GLHV��>:HWWEHZHUEVFKDQFHQ

����@��GLHV��>gNR�/RJLVWLN�����@��6�����������XQG�GLHV��>/RJLVWLN�0DUNHWLQJ�����@�
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8PZHOW

=LHOH�GHU
,QGXVWULHXQWHUQHKPHQ 6WlUNHQ 6FKZlFKHQ&KDQFHQ *HIDKUHQ

.RVWHQ�
I�KUHUVFKDIW

:HWWEHZHUEVVWUDWHJLH�GHU�,QGXVWULHXQWHUQHKPHQ

6WUDWHJLVFKH�(UIROJVIDNWRUHQ���=LHOJU|�HQ

7HFKQRORJLHSRVLWLRQ0DUNWDQWHLO 3HUVRQDO%HWULHEVJU|�H

,QGXVWULHXQWHUQHKPHQ

.RVWHQ /LHIHU]HLW4XDOLWlW )OH[LELOLWlW (U]HXJQLVYLHIDOW 6HUYLFH

6WUDWHJLVFKH�(UIROJVIDNWRUHQ���3RWHQWLDOJU|�HQ
.RPPXQLNDWLRQVV\VWHP gNRORJLH

'LIIHUHQ]LHUXQJ .RQ]HQWUDWLRQ
2XWSDFLQJ
6WUDWHJLHV

6LPXOWDQHLWlW
'\QDPLVFKH
3URGXNWGLIIHUHQ]LHUXQJ

/RJLVWLN

4XHOOH��.DOX]D�>:HWWEHZHUEVVWUDWHJLHQ�����@��6������OHLFKW�PRGLIL]LHUW�

$EE������:HWWEHZHUEVVWUDWHJLHQ�XQG�VWUDWHJLVFKH�(UIROJVIDNWRUHQ

$XV�RSHUDWLYHU�6LFKW�VLQG�]XGHP�ZHLWHUH�$VSHNWH�GHU�.UHLVODXIZLUWVFKDIW� IHVW�
]XVWHOOHQ�� (QWVRUJXQJVORJLVWLN� LVW� HLQH� EHWULHEOLFKH� 4XHUVFKQLWWVIXQNWLRQ�� GLH
QLFKW�QXU� LQ�GHU�3URGXNWLRQ��VRQGHUQ� OHEHQV]\NOXV�EHUJUHLIHQG��G�K��VFKRQ�DE
GHU�3ODQXQJ��DQVHW]HQ�PX�����,P�,GHDOIDOO�VLQG�VRPLW�DXIJUXQG�GHU�YLHOIlOWLJHQ
LQWHUGLV]LSOLQlUHQ�$QIRUGHUXQJHQ�GLH�$XIJDEHQ�GHU�8PVHW]XQJ�RUJDQLVDWRULVFK
GHQ�/RJLVWLNDEWHLOXQJHQ�]X]XRUGQHQ��(LQ�lKQOLFKHV�.RQ]HSW�ZLUG�LP�6FKULIWWXP
XQWHU�GHP�6WLFKZRUW�GHU�XPZHOWRULHQWLHUWHQ�0DWHULDOZLUWVFKDIW�GLVNXWLHUW����'LHV
NDQQ�LQVEHVRQGHUH�GXUFK�GLH�KRKH�5HOHYDQ]�GHU�6DPPHOORJLVWLN�EHL�GHU�HIIL]L�
HQWHQ� 8PVHW]XQJ� GHU� .UHLVODXIZLUWVFKDIW� EHJU�QGHW� ZHUGHQ�� .|QQHQ� GLHVH
VHKU�ZHLWUHLFKHQGHQ�$QVlW]H�QLFKW�XPJHVHW]W�ZHUGHQ��LVW�]XPLQGHVW�HLQH�HQJH
LQKDOWOLFKH�$EVWLPPXQJ�GHU�WUDGLWLRQHOOHQ�)XQNWLRQHQ�PLW�GHU�(QWVRUJXQJVORJL�
VWLN�HUIRUGHUOLFK���

'LHVHU� HYHQWXHOO� SURYRNDWLY� DQPXWHQGHU� $QVDW]� YHUODQJW�� GD�� /RJLVWLN� XQG
gNRORJLH� RUJDQLVDWRULVFK� ]XVDPPHQ]XIDVVHQ� VRZLH� JHPHLQVDP� ]X� SODQHQ
XQG�]X�RSWLPLHUHQ�VLQG��'LH� LQ�/RJLVWLNDEWHLOXQJHQ� WlWLJHQ� ,QJHQLHXUH�N|QQHQ

����������������������������������������

��� 9JO��5LQVFKHGH�>(QWVRUJXQJVORJLVWLN�����@��6�����I�
��� 9JO��6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@��6�����I���XQG�GHUV��>0DWHULDOZLUWVFKDIW�����@�

6������XQG�����
��� 2UJDQLVDWRULVFKH�$VSHNWH�GHU�(QWVRUJXQJVORJLVWLN�GLVNXWLHUW�]�%��6W|O]OH�>2UJDQLVDWLRQ

����@�



/RJLVWLVFKH�$VSHNWH�GHU�.UHLVODXIZLUWVFKDIW �������
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

LQ�EHLGHQ�$XIJDEHQIHOGHUQ�HLQJHVHW]W�ZHUGHQ��'HP�4XHUVFKQLWWVFKDUDNWHU�GHU
/RJLVWLN�ZLUG�QXU�GLHVH�2UJDQLVDWLRQVIRUP�NRQVHTXHQW�JHUHFKW��'LHV�JLOW�LQVEH�
VRQGHUH�I�U�GLH�'DWHQHUPLWWOXQJ��GLH�|NRQRPLVFKH�XQG�WHFKQLVFKH�,QIRUPDWLR�
QHQ� I�U� GLH� 3UR]H�VWHXHUXQJ� EHQ|WLJW�� (EHQVR� NDQQ� ]�%�� GHU� (LQNDXI� XQWHU
8PVWlQGHQ� DXFK� I�U� GHQ� 6HNXQGlUURKVWRIIYHUNDXI� EH]LHKXQJVZHLVH� I�U� GLH
:HLWHUJDEH�YRQ�5HVWVWRIIHQ�DQ�9RUOLHIHUDQWHQ�YHUDQWZRUWOLFK�VHLQ�

(V�LVW�VRPLW�]X�NRQVWDWLHUHQ��GD��GLH�ORJLVWLVFKH�8PVHW]XQJ�GHU�.UHLVODXIZLUW�
VFKDIW�VRZRKO� LP�VWUDWHJLVFKHQ�DOV�DXFK� LP�RSHUDWLYHQ�%HUHLFK�]X�EHGHXWHQ�
GHQ� $QIRUGHUXQJHQ� I�KUW�� $XV� GHU� ORJLVWLVFKHQ� 8PVHW]XQJ� GHU� .UHLVODXIZLUW�
VFKDIW� UHVXOWLHUHQ� HEHQIDOOV� HUKHEOLFKH� |NRORJLVFKH�.RQVHTXHQ]HQ��'LH� /RJL�
VWLN�XQWHUVW�W]W�ZHVHQWOLFK�GLH�$EIDOOYHUPHLGXQJV��XQG��YHUZHUWXQJVVWUDWHJLHQ�
'LHV�JLOW�LQVEHVRQGHUH�I�U�GLH�9HUPLQGHUXQJ�GHV�5RKVWRIIHLQVDW]HV��GLH�|NROR�
JLHRULHQWLHUWH�3URGXNWLRQV��XQG�3URGXNWXPJHVWDOWXQJ�VRZLH�GLH��EHUJUHLIHQGH
2SWLPLHUXQJ�

0|JOLFKH�*HIDKUHQ�VLQG�]�%��GDGXUFK�]X�HUZDUWHQ��GD��HLQH��EHUPl�LJH�|NR�
ORJLVFKH�(XSKRULH�XQG�0DUNHWLQJDVSHNWH� ]XU�%HYRU]XJXQJ�GHU� JHVDPW|NROR�
JLVFK� VFKOHFKWHUHQ� 9DULDQWH� I�KUHQ� N|QQHQ� XQG� HLQH� LQNRQVHTXHQWH� 8PVHW�
]XQJ�]XU�'RPLQDQ]�YRQ�HQG�RI�WKH�SLSH�.RQ]HSWHQ�I�KUW�

=XN�QIWLJ� VLQG�/|VXQJVDQVlW]H� I�U�GLH� ]XU�=HLW� QRFK�H[LVWLHUHQGHQ�3UREOHPH
]X� HUZDUWHQ�� 'XUFK� GLH� 0|JOLFKNHLW� ]X� DXIEDX�� XQG� DEODXIRUJDQLVDWRULVFKHQ
9HUEHVVHUXQJHQ� ZHUGHQ� 5DWLRQDOLVLHUXQJVHUIROJH� HU]LHOW�� XQG� GHU� (LQVDW]
QHXHU�7HFKQRORJLHQ��ZLH�7UDQVSRQGHUV\VWHPHQ��NDQQ�GLH�5HF\FOLQJNRQ]HSWH
XQG�GHUHQ�ORJLVWLVFKH�8PVHW]XQJ�QDFKKDOWLJ�XQWHUVW�W]HQ�
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/LWHUDWXUYHU]HLFKQLV

$GDPV�>.UHLV�����@
$GDPV��+��:���'HU�.UHLV�VFKOLH�W�VLFK��LQ��%D������������6����������

$(*�>(OHFWURQLF�,GHQWLILFDWLRQ�R�-�@
$(*��+UVJ����(OHFWURQLF�,GHQWLILFDWLRQ��WURYDQ��R�2��R�-�

%DOGHUMDKQ�>9HUSDFNXQJVYHURUGQXQJ�����@
%DOGHUMDKQ��,���%HWULHEVZLUWVFKDIWOLFKH�$VSHNWH�GHU�9HUSDFNXQJVYHURUGQXQJ��LQ��'%:�
�����������6������������

%HFNHU�>$EIDOOHQWVWHKXQJVDUWHQ�����@
%HFNHU��7���$EIDOOHQWVWHKXQJVDUWHQ��LQ��-�QHPDQQ��5���+UVJ����(QWVRUJXQJVORJLVWLN�,��%HUOLQ
������6����������

%HLW]�>3URGXNWHQWZLFNOXQJ�����@
%HLW]��:���8PZHOWVFKXW]�LVW�HLQH�+HUDXVIRUGHUXQJ�I�U�GLH�3URGXNWHQWZLFNOXQJ��+HUVWHOOHU�YRQ
*UR�VHULHQ�ZROOHQ�5HF\FOLQJHLJHQVFKDIWHQ�GHU�3URGXNWH�YHUEHVVHUQ��LQ��%GG:�������������
6����

%HUJ�>0DWHULDOZLUWVFKDIW�����@
%HUJ��&��&���0DWHULDOZLUWVFKDIW��6WXWWJDUW���1HZ�<RUN������

%HUJ�>5HF\FOLQJ�����@
%HUJ��&��&���5HF\FOLQJ�LQ�EHWULHEVZLUWVFKDIWOLFKHU�6LFKW��LQ��:L6W������������6������������

%OlVLXV�>.ODVVLVFK�����@
%OlVLXV��:���.ODVVLVFK�XQG�,QQRYDWLY��LQ��/K���������������6����������

%RHFNOH�>9HUSDFNXQJVV\VWHPH�����@
%RHFNOH��8���0RGHOOH�YRQ�9HUSDFNXQJVV\VWHPHQ��/HEHQV]\NOXVRULHQWLHUWH�8QWHUVXFKXQJ�
:LHVEDGHQ������

%XQGHVWDJ�%XQGHVUDW�>$EIDOOJHVHW]�����@
%XQGHVWDJ�%XQGHVUDW��*HVHW]��EHU�GLH�9HUPHLGXQJ�XQG�(QWVRUJXQJ�YRQ�$EIlOOHQ��$EIDOOJH�
VHW]���$EI*��YRP�����$XJXVW�������%*%O��,�6��������EHU��6��������]XOHW]W�JHlQGHUW�GXUFK�*
]X�GHP�(LQLJXQJVYHUWUDJ�YRP�������������%*%O��,,��6�������%RQQ������

%XQGHVWDJ�%XQGHVUDW�>.UHLVODXIZLUWVFKDIWVJHVHW]�����@
%XQGHVWDJ�%XQGHVUDW��*HVHW]�]XU�)|UGHUXQJ�GHU�.UHLVODXIZLUWVFKDIW�XQG�6LFKHUXQJ�GHU�XP�
ZHOWYHUWUlJOLFKHQ�%HVHLWLJXQJ�YRQ�$EIlOOHQ��%*%O��,��6��������%RQQ������

&RUVWHQ�*|W]HOPDQQ�>$EIDOOYHUPHLGXQJ�����@
&RUVWHQ��+��*|W]HOPDQQ��)���$EIDOOYHUPHLGXQJ�XQG�5HVWVWRIIYHUZHUWXQJ�²�(LQH�SURGXNW��XQG
YHUIDKUHQVRULHQWLHUWH�$QDO\VH��LQ��%)X3�������������6������������

&RUVWHQ�5HLVV�>5HF\FOLQJ�����@
&RUVWHQ��+��5HLVV��0���5HF\FOLQJ�LQ�336�6\VWHPHQ��LQ��'%:�������������6������������

'XW]�>6WUDWHJLHQ�����@
'XW]��(���$EIDOOZLUWVFKDIWOLFKH�6WUDWHJLHQ��LQ��%RQQ\��&���+UVJ����-DKUEXFK�GHU�/RJLVWLN������
'�VVHOGRUI�������6������������

)UHULFK�6DJXUQD�/DQJH�>0HKUZHJ�7UDQVSRUW�6\VWHPH�����@
)UHULFK�6DJXUQD��5��/DQJH��9���0HKUZHJ�7UDQVSRUW�6\VWHPH��0DUNW�EHUVLFKW��'RUWPXQG
�����

)UH\�>8PZHOW|NRQRPLH�����@
)UH\��%��6���8PZHOW|NRQRPLH������HUZ��$XIO���*|WWLQJHQ������
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)ULGULFL�>9HUSDFNXQJVYHURUGQXQJ�����@
)ULGULFL��'���$XI�YLHOHQ�:HJHQ�IXQNWLRQDO��'LH�9HUSDFNXQJVYHURUGQXQJ�DOV�+HUDXVIRUGHUXQJ�
LQ��3DFN5HSRUW�����������6������������

*ROGEHUJ�>/|VXQJHQ�����@
*ROGEHUJ��+���,QWHJUDOH�/|VXQJHQ�JHIRUGHUW��9HUSDFNXQJ�²�=ZLVFKHQ�)XQNWLRQ�XQG�gNROR�
JLH��LQ��%D�����������6�����

*|SIHUW�:HKEHUJ�>.RQVXPHQWHQYHUKDOWHQ�����@
*|SIHUW��,��:HKEHUJ��*���*DQ]KHLWOLFK�XPZHOWEHZX�WHV�.RQVXPHQWHQYHUKDOWHQ��6WDUW�XS�
$QDO\VH�GHV�(UIROJVSRWHQWLDOV�|NRORJLHRULHQWLHUWHU�6HNXQGlUOHLVWXQJHQ�GHU�/RJLVWLN�YRQ�,QGX�
VWULH�XQG�+DQGHO�²�%HULFKW�HLQHV�)RUVFKXQJVSURMHNWHV�I�U�GLH�8QLRQ�'HXWVFKH�/HEHQVPLWWHO�
ZHUNH�*PE+��'HXWVFKH�8QLOHYHU��$UEHLWVSDSLHU�GHV�/HKUVWXKOV�I�U�$OOJHPHLQH�%HWULHEVZLUW�
VFKDIWVOHKUH�XQG�/RJLVWLN��3KLOOLSV�8QLYHUVLWlW�0DUEXUJ��1U�����0DUEXUJ������

*|SIHUW�:HKEHUJ�>:HWWEHZHUEVFKDQFHQ�����@
*|SIHUW��,��:HKEHUJ��*���'HU�8PZHOWVFKXW]�DOV�:HWWEHZHUEVFKDQFH��LQ��/K�������������
6����������

*|SIHUW�:HKEHUJ�>gNR�/RJLVWLN�����@
*|SIHUW��,��:HKEHUJ��*���3HUVSHNWLYHQ�GHU�gNR�/RJLVWLN��LQ��+RVVQHU��5���+UVJ����-DKUEXFK
GHU�/RJLVWLN�������'�VVHOGRUI�������6����������

*|SIHUW�:HKEHUJ�>/RJLVWLN�0DUNHWLQJ�����@
*|SIHUW��,��:HKEHUJ��*���gNRORJLHRULHQWLHUWHV�/RJLVWLN�0DUNHWLQJ��.RQ]HSWLRQHOOH�XQG�HPSLUL�
VFKH�)XQGLHUXQJ�|NRORJLHRULHQWLHUWHU�$QJHERWVVWUDWHJLHQ�YRQ�/RJLVWLN�'LHQVWOHLVWXQJVXQWHU�
QHKPHQ��6WXWWJDUW�HW�DO�������

*URFKOD�>0DWHULDOZLUWVFKDIW�����@
*URFKOD��(���0DWHULDOZLUWVFKDIW��LQ��*URFKOD��(��:LWWPDQQ��:���+UVJ����+DQGZ|UWHUEXFK�GHU
%HWULHEVZLUWVFKDIW������Y|OOLJ�QHX�JHVW��$XIO���%G�����6WXWWJDUW�������6S��������������

*URFKOD�>*UXQGODJHQ�����@
*URFKOD��(���*UXQGODJHQ�GHU�0DWHULDOZLUWVFKDIW��'DV�PDWHULDOZLUWVFKDIWOLFKH�2SWLPXP�LP�%H�
WULHE������JU�QGO��GXUFKJHV��$XIO���:LHVEDGHQ������

*UR�PDQQ�>7UDQVSRUWYHUSDFNXQJHQ�����@
*UR�PDQQ��*���/RJLVWLVFKH�:LUNXQJHQ�DXI�7UDQVSRUWYHUSDFNXQJHQ��LQ��+RVVQHU��5���+UVJ���
-DKUEXFK�GHU�/RJLVWLN�������'�VVHOGRUI�������6������������

*XWHQEHUJ�>*UXQGODJHQ�����@
*XWHQEHUJ��(���*UXQGODJHQ�GHU�%HWULHEVZLUWVFKDIWVOHKUH��%G��,��'LH�3URGXNWLRQ������$XIO��
%HUOLQ�HW�DO�������

+LHEHU�>gNRORJLVWLN�����@
+LHEHU��0���gNRORJLVWLN��8QWHUODJHQ�]X�GHP�9RUWUDJ�DXI�GHP����8PZHOWV\PSRVLXP�GHU�6�G�
GHXWVFKHQ�=HLWXQJ�Ä$XIEUXFK�LQ�GLH�.UHLVODXIZLUWVFKDIW³��0�QFKHQ�����1RYHPEHU������

+LHEHU�>(FR�/RJLVWLF�6\VWHPV�����@
+LHEHU��0���(FR�/RJLVWLF�6\VWHPV�WR�'LVWULEXWH�DQG�7DNH�%DFN�3URGXFWV�IRU�5HF\FOLQJ�3XU�
SRVHV��8QWHUODJHQ�]X�GHP�5HIHUDW�DQOl�OLFK�GHU����(FRPRYH�&RQIHUHQFH�Ä/DQG�XVH�²�/LIH�
VW\OH�²�7UDQVSRUW³��.DVVHO���������0D\������

+RSIHQEHFN�>0DQDJHPHQW�����@
+RSIHQEHFN��:���8PZHOWRULHQWLHUWHV�0DQDJHPHQW�XQG�0DUNHWLQJ��.RQ]HSWH�²�,QVWUXPHQWH
²�3UD[LVEHLVSLHOH��/DQGVEHUJ�/HFK������

+RSIHQEHFN�>0DQDJHPHQWOHKUH�����@
+RSIHQEHFN��:���$OOJHPHLQH�%HWULHEVZLUWVFKDIWV��XQG�0DQDJHPHQWOHKUH�����$XIO���/DQGV�
EHUJ�/HFK������
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+RUQHEHU�>(QWVRUJXQJVPDQDJHPHQW�����@
+RUQHEHU��0���,QQRYDWLYHV�(QWVRUJXQJVPDQDJHPHQW��0HWKRGHQ�XQG�,QVWUXPHQWH�]XU�9HUPHL�
GXQJ�XQG�%HZlOWLJXQJ�YRQ�8PZHOWEHODVWXQJVSUREOHPHQ��*|WWLQJHQ������

,VHUPDQQ�+RXWPDQ�>(QWVRUJXQJVORJLVWLN�����@
,VHUPDQQ��+��+RXWPDQ��-���(QWVRUJXQJVORJLVWLN�LQ�,QGXVWULHXQWHUQHKPHQ��LQ��,VHUPDQQ��+�
�+UVJ����/RJLVWLN��%HVFKDIIXQJ�3URGXNWLRQ�'LVWULEXWLRQ��/DQGVEHUJ�/HFK�������6������������

-DKQNH�>5HF\FOLQJ�����@
-DKQNH��%���%HWULHEOLFKHV�5HF\FOLQJ��3URGXNWLRQVZLUWVFKDIWOLFKH�3UREOHPH�XQG�EHWULHEVZLUW�
VFKDIWOLFKH�.RQVHTXHQ]HQ��:LHVEDGHQ������

-DNREL�>6\VWHPDWLN�����@
-DNREL��+��:���6\VWHPDWLN�GHU�5HVWVWRII�%HKDQGOXQJ��LQ��0�OO�XQG�$EIDOO�������������6������
���

-�QHPDQQ�>(QWVRUJXQJVORJLVWLN������I�@
-�QHPDQQ��5���+UVJ����(QWVRUJXQJVORJLVWLN����%GH���%HUOLQ������I�

-�QHPDQQ�HW�DO��>(QWVRUJXQJVORJLVWLN�����@
-�QHPDQQ��5��5LQVFKHGH��$��+DQVHQ��8���.UHLVODXIZLUWVFKDIW��LQ��+RVVQHU��5���+UVJ����-DKU�
EXFK�GHU�/RJLVWLN�������'�VVHOGRUI�������6����������

.DLVHU�0DLHU�>/HLVWXQJHQ�����@

.DLVHU��.��0DLHU��%���8PGHQNHQ�EHL�/LHIHUXQJHQ�XQG�/HLVWXQJHQ��8PZHOWVFKXW]�XQG�0DWH�
ULDOPDQDJHPHQW��LQ��%D����������6����������

.DLVHU�0DLHU�>0DWHULDOZLUWVFKDIW�����@

.DLVHU��.��0DLHU��%���8PZHOWVFKXW]�0RGXO�0DWHULDOZLUWVFKDIW��LQ��$GDPV��+��:��(LGDP��*�
�+UVJ����'LH�2UJDQLVDWLRQ�GHV�EHWULHEOLFKHQ�8PZHOWVFKXW]HV��)UDQNIXUW�D��0��������6�������
����

.DLVHU�0DLHU�>8PZHOWVFKXW]�����@

.DLVHU��.��0DLHU��%���0DWHULDOZLUWVFKDIW�²�HLQ�%DXVWHLQ�GHV�8PZHOWVFKXW]HV��:HJH�]X�HLQHP
|NRORJLVFKHQ�.UHLVODXIGHQNHQ��LQ��%GG:��������������6����

.DOX]D�>:HWWEHZHUEVVWUDWHJLHQ�����@

.DOX]D��%���:HWWEHZHUEVVWUDWHJLHQ�XQG�VR]LR�|NRQRPLVFKHU�:DQGHO��LQ��&]DS��+���+UVJ���
8QWHUQHKPHQVVWUDWHJLHQ�LP�VR]LR�|NRQRPLVFKHQ�:DQGHO��:LVVHQVFKDIWOLFKH�-DKUHVWDJXQJ
GHU�*HVHOOVFKDIW�I�U�:LUWVFKDIWV��XQG�6R]LDON\EHUQHWLN�DP����XQG����1RYHPEHU������LQ�7ULHU�
%HUOLQ�������6����������

.DOX]D�.OHQWHU�>=HLW�����@

.DOX]D��%��.OHQWHU��*���=HLW�DOV�VWUDWHJLVFKHU�(UIROJVIDNWRU�YRQ�,QGXVWULHXQWHUQHKPHQ��7HLO���
(UIROJVNULWLVFKH�.RPSRQHQWHQ�GHV�VWUDWHJLVFKHQ�(UIROJVIDNWRUV�=HLW��'LVNXVVLRQVEHLWUDJ
1U������GHV�)DFKEHUHLFKV�:LUWVFKDIWVZLVVHQVFKDIW�GHU�8QLYHUVLWlW�*HVDPWKRFKVFKXOH�
'XLVEXUJ��'XLVEXUJ������

.DOX]D�3DVFNHUW�>.UHLVODXIZLUWVFKDIW�����@

.DOX]D��%��3DVFNHUW��$���.UHLVODXIZLUWVFKDIWVJHVHW]�XQG�XPZHOWRULHQWLHUWHV�7HFKQRORJLHPD�
QDJHPHQW��LQ��.DOX]D��%���+UVJ����8QWHUQHKPXQJ�XQG�8PZHOW�������EHUDUE��$XIO���+DPEXUJ
������6������������

.DWDO\VH�>0�OOYHUPHLGXQJ�����@

.DWDO\VH�H�9����,QVWLWXW�I�U�DQJHZDQGWH�8PZHOWIRUVFKXQJ��+UVJ����.RPPW�JDU�QLFKW�LQ�GLH
7�WH��/HEHQVPLWWHOYHUSDFNXQJ�XQG�0�OOYHUPHLGXQJ��.|OQ������

.HFN�>&KDQFHQ�����@

.HFN��5���&KDQFHQ�YRQ�0:6���DXV�LQGXVWULHOOHU�6LFKW��:DV�PDFKW�0HKUZHJWUDQVSRUWYHUSDN�
NXQJHQ�LQWHUHVVDQW�I�U�1XW]HU�XQG�$QZHQGHU"�8QWHUODJHQ�]X�GHP�5HIHUDW�DQOl�OLFK�GHU�.RQ�
IHUHQ]�Ä0HKUZHJ�7UDQVSRUW�9HUSDFNXQJVV\VWHPH³�GHU�,QVWLWXWH�IRU�,QWHUQDWLRQDO�5HVHDUFK
�,�,�5���*PE+�	�&R�������1RYHPEHU�������4XHHQV�+RWHO��)UDQNIXUW������
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.HPSNHQV�6FKQXUSIHLO�>/RJLVFK�YHUNQ�SIW�����@

.HPSNHQV��:��6FKQXUSIHLO��0���/RJLVFK�YHUNQ�SIW��1XU�PLW�LQWHOOLJHQWHU�/RJLVWLN�N|QQHQ�GHXW�
VFKH�8QWHUQHKPHQ�LP�LQWHUQDWLRQDOHQ�:HWWEHZHUE�PLWKDOWHQ��LQ��:L:R��������������6������
���

.OHLQDOWHQNDPS�>5HF\FOLQJ�6WUDWHJLHQ�����@

.OHLQDOWHQNDPS��0���5HF\FOLQJ�6WUDWHJLHQ��:HJH�]XU�ZLUWVFKDIWOLFKHQ�9HUZHUWXQJ�YRQ�5�FN�
VWlQGHQ�DXV�DEVDW]��XQG�EHVFKDIIXQJVZLUWVFKDIWOLFKHU�6LFKW��%HUOLQ������

.O|FNQHU�>9HUSDFNXQJ�����@

.O|FNQHU��+���9HUSDFNXQJ�²�)OXFK�RGHU�6HJHQ"�9HUSDFNXQJVZLUWVFKDIW�GHU�%5'�������
������*ODGHQEDFK������

.UHLNHEDXP�>3URGXNWLRQ�����@

.UHLNHEDXP��+���8PZHOWJHUHFKWH�3URGXNWLRQ��,QWHJULHUWHU�8PZHOWVFKXW]�DOV�$XIJDEH�GHU
8QWHUQHKPHQVI�KUXQJ�LP�,QGXVWULHEHWULHE��:LHVEDGHQ������

/DPPHUV�>0DVVH�����@
/DPPHUV��:���.ODVVH�VWDWW�0DVVH��LQ��S	W������������6����������

/DQJH�>.DONXODWLRQ�����@
/DQJH��9���.DONXODWLRQ�DXI�QHXHU�%DVLV��LQ��3DFN5HSRUW�����������6����������

/DQJH�>0HKUZHJPDUNW�����@
/DQJH��9���7UDQVSDUHQ]�DXI�GHP�0HKUZHJPDUNW��LQ��(XURFDUJR�����������6����������

/DQJH�>8PIHOG�����@
/DQJH��9���0HKUZHJ�6\VWHPH�LP�ORJLVWLVFKHQ�8PIHOG��LQ��/L8������������6����������

/�W]HEDXHU�>/HLVWXQJVVSHNWUXP�����@
/�W]HEDXHU��0���8QWHUVFKLHGOLFKHV�/HLVWXQJVVSHNWUXP��LQ��3DFN5HSRUW������������6����������

/�W]HEDXHU�>0HKUZHJV\VWHPH�����@
/�W]HEDXHU��0���0HKUZHJV\VWHPH�I�U�7UDQVSRUWYHUSDFNXQJHQ��0DUNWUHSRUW��'RUWPXQG������

/�W]HEDXHU�>0HKUZHJYHUSDFNXQJVO|VXQJHQ�����@
/�W]HEDXHU��0���Ä,QWHUSDFN���³�PLW�YLHOHQ�ORJLVWLNJHUHFKWHQ�0HKUZHJYHUSDFNXQJVO|VXQJHQ�
LQ��/L8��������������6����������

0HIIHUW�>3URGXNWOHEHQV]\NOXV�����@
0HIIHUW��+���,QWHUSUHWDWLRQ�XQG�$XVVDJHNUDIW�GHV�3URGXNWOHEHQV]\NOXV�.RQ]HSWHV��LQ��+DP�
PDQQ��3��.URHEHU�5LHO��:��0H\HU��&��:���+UVJ����1HXHUH�$QVlW]H�LQ�GHU�0DUNHWLQJWKHRULH�
%HUOLQ�������6�����������

0HIIHUW�.LUFKJHRUJ�>8PZHOWPDQDJHPHQW�����@
0HIIHUW��+��.LUFKJHRUJ��0���0DUNWRULHQWLHUWHV�8PZHOWPDQDJHPHQW��.RQ]HSWLRQ�²�6WUDWHJLH
²�,PSOHPHQWLHUXQJ�PLW�3UD[LVIlOOHQ�������EHUDUE��XQG�HUZ��$XIO���6WXWWJDUW������

1ROWH�>7,5,6�����@
1ROWH��+���7,5,6�²�(LQ�HOHNWURQLVFKHV�,GHQWLILNDWLRQVV\VWHP�I�U�0HKUZHJEHKlOWHU��8QWHUODJHQ
]X�GHP�5HIHUDW�EHL�GHP�9',�6HPLQDU��������Ä0HKUZHJWUDQVSRUW�9HUSDFNXQJHQ��(UIROJUHL�
FKH�,QWHJUDWLRQ�LQ�GHQ�0DWHULDOIOX�³��'�VVHOGRUI�����������1RYHPEHU�������9',�%LOGXQJVZHUN�
'�VVHOGRUI������

R��9��>0HKUZHJ�����@
R��9���,1$�VHW]W�DXI�5(6<�XQG�0HKUZHJ��LQ��(XURFDUJR�����������6��������

R��9��>0HKUZHJ�����@
R��9���0HKUZHJ�PLW�6\VWHP��0DUNW�EHUVLFKW�0HKUZHJ�7UDQVSRUW�9HUSDFNXQJVV\VWHPH��LQ�
/K��������������6����������

R��9��>0HKUZHJ�%R[�����@
R��9���0HKUZHJ�%R[�XQG�,QQHQYHUSDFNXQJ��LQ��'LVWULEXWLRQ�������������6�����
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R��9��>$EIDOOYHUPHLGXQJ�����@
R��9���$EIDOOYHUPHLGXQJ�EHJLQQW�EHLP�(LQNDXI��%HWULHEOLFKHV�$EIDOOPDQDJHPHQW��LQ��%D�
���������6����������

R��9��>/HLWHUSODWWHQ�����@
R�9���5RERWHU�HQWVW�FNW�/HLWHUSODWWHQ��LQ��%GG:��������������6����

R��9��>/LHIHUDQWHQ�����@
R��9���'LH�/LHIHUDQWHQ�HLQELQGHQ��%HLVSLHO��8PZHOWRULHQWLHUWHV�(LQNDXIVPDQDJHPHQW��LQ��%D�
���������6����������

3IHLIIHU�HW�DO��>7HFKQRORJLH�3RUWIROLR�0DQDJHPHQW�����@
3IHLIIHU��:��6FKQHLGHU��:��'|JO��5���7HFKQRORJLH�3RUWIROLR�0DQDJHPHQW��LQ��6WDXGW��(�
�+UVJ����'DV�0DQDJHPHQW�YRQ�,QQRYDWLRQHQ��)UDQNIXUW�������6������������

3IHLIIHU�HW�DO��>7HFKQRORJLH�3RUWIROLR�����@
3IHLIIHU��:��0HW]H��*��6FKQHLGHU��:��$POHU��5���7HFKQRORJLH�3RUWIROLR�]XP�0DQDJHPHQW�VWUD�
WHJLVFKHU�=XNXQIWVJHVFKlIWVIHOGHU������GXUFKJHV��$XIO���*|WWLQJHQ���=�ULFK������

3IRKO�>0DUNHWLQJ�/RJLVWLN�����@
3IRKO��+��&K���0DUNHWLQJ�/RJLVWLN��*HVWDOWXQJ��6WHXHUXQJ�XQG�.RQWUROOH�GHV�:DUHQIOXVVHV�LP
PRGHUQHQ�0DUNW��0DLQ]������

3IRKO�>/RJLVWLNV\VWHPH�����@
3IRKO��+��&K���/RJLVWLNV\VWHPH��%HWULHEVZLUWVFKDIWOLFKH�*UXQGODJHQ������QHXEHDUE��X��HUZ�
$XIO���%HUOLQ�HW�DO�������

5DQN�;HUR[�*PE+�>8PZHOW�����@
5DQN�;HUR[�*PE+��+UVJ����:DV�ZLU�I�U�XQVHUH�8PZHOW�WXQ���'�VVHOGRUI������

5DQN�;HUR[�*PE+�>8PZHOWVFKXW]EHULFKW�����@
5DQN�;HUR[�*PE+��+UVJ����8PZHOWVFKXW]EHULFKW��'�VVHOGRUI������

5LQVFKHGH�>(QWVRUJXQJVORJLVWLN�����@
5LQVFKHGH��$���4XHUVFKQLWWVIXQNWLRQ��(QWVRUJXQJVORJLVWLN��LQ��-�QHPDQQ��5���+UVJ����8PZHOW�
/RJLVWLN�XQG�9HUNHKU��:RKLQ�JHKW�GLH�5HLVH"��'RUWPXQG�������6����������

5XPPOHU�6FKXWW�>9HUSDFNXQJVYHURUGQXQJ�����@
5XPPOHU��7��6FKXWW��:���9HUSDFNXQJVYHURUGQXQJ��3UD[LVKDQGEXFK�PLW�.RPPHQWDU��+DP�
EXUJ������

5XQJH�>9HUSDFNXQJVSUREOHPH�����@
5XQJH��0���9HUSDFNXQJVSUREOHPH�ZLUWVFKDIWOLFK�O|VHQ��LQ��(XURFDUJR�����������6����������

6FKPLG�>:HUWVFK|SIXQJ�����@
6FKPLG��8���gNRORJLHJHULFKWHWH�:HUWVFK|SIXQJ�LQ�,QGXVWULHXQWHUQHKPXQJHQ��,QGXVWULHOOH
3URGXNWLRQ�LP�6SDQQXQJVIHOG�]ZLVFKHQ�0DUNWHUIROJ�XQG�1DWXUEHZDKUXQJ��)UDQNIXUW�HW�DO�
�����

6FKPLGW�%OHHN�>0,36�����@
6FKPLGW�%OHHN��)���:LHYLHO�8PZHOW�EUDXFKW�GHU�0HQVFK"�0,36�²�'DV�0D��I�U�|NRORJLVFKHV
:LUWVFKDIWHQ��%HUOLQ�HW�DO�������

6FKXOWH�>/RJLVWLN�����@
6FKXOWH��&KU���/RJLVWLN��:HJH�]XU�2SWLPLHUXQJ�GHV�0DWHULDO��XQG�,QIRUPDWLRQVIOXVVHV�
0�QFKHQ������

6FKXOWH�>/RJLVWLN�����@
6FKXOWH��&KU���/RJLVWLN��:HJH�]XU�2SWLPLHUXQJ�GHV�0DWHULDO��XQG�,QIRUPDWLRQVIOXVVHV�����
�EHUDUE��XQG�HUZ��$XIO���0�QFKHQ������
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6LHJKDUGW�>(QWVFKHLGXQJVNULWHULHQ�����@
6LHJKDUGW��'���(QWVFKHLGXQJVNULWHULHQ�I�U�GLH�$XVZDKO�YRQ�7UDQVSRUW�0HKUZHJ�9HUSDFNXQ�
JHQ��LQ��5DWLRQDOLVLHUXQJVJHPHLQVFKDIW�9HUSDFNXQJ��5*9��+UVJ����5*9�+DQGEXFK�9HU�
SDFNXQJ��%HUOLQ�������R�6�

6LHPHQV�>,GHQWV\VWHPH�02%<�R�-�@
6LHPHQV��+UVJ����,GHQWV\VWHPH�02%<�,��'DPLW�3URGXNWLRQ�XQG�/RJLVWLN�ZLUNOLFK�UROOHQ��1�UQ�
EHUJ�R�-�

6LHPHQV�>,GHQWLILNDWLRQVV\VWHPH�����@
6LHPHQV��+UVJ����,GHQWLILNDWLRQVV\VWHPH��,GHQWV\VWHP�02%<�,��hEHUVLFKW��$XVJDEH�������
1�UQEHUJ������

6RXUHQ�>5HGXNWLRQ�����@
6RXUHQ��5���7KHRULH�EHWULHEOLFKHU�5HGXNWLRQ��*UXQGODJHQ��0RGHOOLHUXQJ�XQG�2SWLPLHUXQJVDQ�
VlW]H�VWRIIOLFKHU�(QWVRUJXQJVSUR]HVVH��+HLGHOEHUJ������

658�>8PZHOWJXWDFKWHQ�����@
'HU�5DW�YRQ�6DFKYHUVWlQGLJHQ�I�U�8PZHOWIUDJHQ��8PZHOWJXWDFKWHQ�������6WXWWJDUW���0DLQ]
�����

6WDFKH�>(QJLQHHULQJ�����@
6WDFKH��8���&ORVHG�/RRS�(QJLQHHULQJ�²�HLQ�QHXHU�$QVDW]�EHLP�&RPSXWHUVFKURWWUHF\FOLQJ�
LQ��)UDXQKRIHU�,QVWLWXW�I�U�0DWHULDOZLUWVFKDIW�XQG�/RJLVWLN��+UVJ����7lWLJNHLWVEHULFKW�������'RUW�
PXQG�������6������������

6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@
6WDKOPDQQ��9���8PZHOWRULHQWLHUWH�0DWHULDOZLUWVFKDIW��'DV�2SWLPLHUXQJVNRQ]HSW�I�U�5HVVRXU�
FHQ��5HF\FOLQJ��5HQGLWH��:LHVEDGHQ������

6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@
6WDKOPDQQ��9���gNR�&RQWUROOLQJ�LQ�HLQHU�LQWHJULHUWHQ�0DWHULDOZLUWVFKDIW��LQ��,g:�*PE+�IXWXUH
H�9���)XWXUH�)RUXP������²�9RQ�GHU�gNR�%LODQ]�]XP�gNR�&RQWUROOLQJ��&KDQFHQ�HLQHU�XP�
ZHOWRULHQWLHUWHQ�8QWHUQHKPHQVSROLWLN��������6������������

6WDKOPDQQ�>0DWHULDOZLUWVFKDIW�����@
6WDKOPDQQ��9���(UJHEQLVVH�GHV�)UDJHERJHQV�Ä0DWHULDOZLUWVFKDIW³��LQ��8PZHOWEXQGHVDPW
�+UVJ����8PZHOWRULHQWLHUWH�8QWHUQHKPHQVI�KUXQJ��0|JOLFKNHLWHQ�]XU�.RVWHQVHQNXQJ�XQG
(UO|VVWHLJHUXQJ�²�0RGHOOYRUKDEHQ�XQG�.RQJUH��²��%HUOLQ�������6������������

6WDKOPDQQ�>:DFKVWXP�����@
6WDKOPDQQ��9���0DWHULDOZLUWVFKDIW�DQJHVLFKWV�GHU�*UHQ]HQ�GHV�:DFKVWXPV��LQ��HFRQRYD�
����������6����������

6WHLQKLOSHU�>3URGXNWUHF\FOLQJ�����@
6WHLQKLOSHU��5���3URGXNWUHF\FOLQJ�LP�0DVFKLQHQEDX��%HUOLQ�HW�DO�������

6W|O]OH�>(QWVRUJXQJVORJLVWLN�����@
6W|O]OH��:���8PZHOWVFKXW]�XQG�(QWVRUJXQJVORJLVWLN�²�7KHRUHWLVFKH�*UXQGODJHQ�PLW�HUVWHQ
HPSLULVFKHQ�(UJHEQLVVHQ�]XU�LQQHUEHWULHEOLFKHQ�(QWVRUJXQJVORJLVWLN�²��%HUOLQ������

6W|O]OH�>2UJDQLVDWLRQ�����@
6W|O]OH��:���2UJDQLVDWLRQ�GHU�(QWVRUJXQJVORJLVWLN��LQ��9HUHLQ�'HXWVFKHU�,QJHQLHXUH�²�9',�
*HVHOOVFKDIW�)|UGHUWHFKQLN�0DWHULDOIOX��/RJLVWLN��+UVJ����(QWVRUJXQJVORJLVWLN�LQ�)HUWLJXQJVEH�
WULHEHQ��:HJH�]XU�.UHLVODXI�:LUWVFKDIW��9',�%HULFKW�������'�VVHOGRUI�������6����������

6WUHEHO�>8PZHOWVFKXW]�����@
6WUHEHO��+���,QWHJULHUWHU�8PZHOWVFKXW]�²�0HUNPDOH��9RUDXVVHW]XQJHQ��&KDQFHQ��LQ��.UHLNH�
EDXP��+���+UVJ����,QWHJULHUWHU�8PZHOWVFKXW]�����$XIO���:LHVEDGHQ�������6���������
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6WU�PSHO�/RQJROLXV�>8PZHOWVFKXW]�����@
6WU�PSHO��%��/RQJROLXV��6���/HLWELOGHU�GHV�LQWHJULHUWHQ�8PZHOWVFKXW]HV�]ZLVFKHQ�+DQGOXQJV�
SURJUDPP�XQG�/HHUIRUPHO��LQ��.UHLNHEDXP��+���+UVJ����,QWHJULHUWHU�8PZHOWVFKXW]�����$XIO��
:LHVEDGHQ�������6����������

7HWWLQJHU�>8PZHOW�����@
7HWWLQJHU��)������-XQL������²�7DJ�GHU�8PZHOW��.UHLVODXIZLUWVFKDIWV��XQG�$EIDOOJHVHW]�²�HU�
KHEOLFKH�$XVZLUNXQJHQ�DXI�GLH�JHVDPWH�:LUWVFKDIW��LQ��:LUWVFKDIW�XQG�.DPPHU������������
6����������

7H[DV�,QVWUXPHQWV�>$QZHQGXQJVSURILO�R�-�@
7H[DV�,QVWUXPHQWV��+UVJ����$QZHQGXQJVSURILO��$EIDOOHQWVRUJXQJ��$XWRPDWLVFKH�,GHQWLILNDWLRQ
YRQ�0�OOEHKlOWHUQ��R�2��R�-�

7H[DV�,QVWUXPHQWV�>$EIDOOHQWVRUJXQJ�R�-�@
7H[DV�,QVWUXPHQWV��+UVJ����$QZHQGXQJVSURILO��$EIDOOHQWVRUJXQJ��$XWRPDWLVFKH�,GHQWLILNDWLRQ
YRQ�0�OOEHKlOWHUQ��R�2��R�-�

7H[DV�,QVWUXPHQWV�>+RFKIUHTXHQ]�,GHQWLILNDWLRQVV\VWHP�����@
7H[DV�,QVWUXPHQWV��+UVJ����$XWRPDWLVFKHV�+RFKIUHTXHQ]�,GHQWLILNDWLRQVV\VWHP��R�2�������

7H[DV�,QVWUXPHQWV�>7,5,6�����@
7H[DV�,QVWUXPHQWV��+UVJ����7H[DV�,QVWUXPHQWV�5HJLVWULHUXQJV��XQG�,GHQWLILNDWLRQV�6\VWHP�
7,5,6��hEHUEOLFN��EHU�7HFKQRORJLH��3URGXNWH�XQG�$QZHQGXQJ�����$XIO���R�2�������

9',�>5HF\FOLQJJHUHFKW�����@
9HUHLQ�'HXWVFKHU�,QJHQLHXUH���9',��+UVJ����9',�5LFKWOLQLH������(QWZXUI��.RQVWUXLHUHQ�UHF\�
FOLQJJHUHFKWHU�WHFKQLVFKHU�3URGXNWH��'�VVHOGRUI������

:DUQHFNH�6WHLQKLOSHU�>$EIDOOYHUPHLGXQJ�����@
:DUQHFNH��+��-��6WHLQKLOSHU��5���$EIDOOYHUPHLGXQJ�GXUFK�:LHGHUDXIDUEHLWXQJ�LQGXVWULHOO�JH�
IHUWLJWHU�3URGXNWH�LQ�GHU�%XQGHVUHSXEOLN�'HXWVFKODQG�XQG�LQ�GHQ�86$��LQ��7KRPp�.R]PLHQV�
N\��.��-���+UVJ����5HF\FOLQJ�,QWHUQDWLRQDO��+DXVKDOWVDEIDOO��.OlUVFKODPP��6RQGHUDEIDOO��.XQVW�
VWRII��(UQlKUXQJV��XQG�*HWUlQNHLQGXVWULH��9HUSDFNXQJ��%DXZHVHQ��%HUOLQ�������6��������
�����

:LOGHPDQQ�>%HKlOWHUV\VWHPH�����@
:LOGHPDQQ��+���%HKlOWHUV\VWHPH��2SWLPLHUXQJ�GHV�%HKlOWHUNUHLVODXIHV�]ZLVFKHQ�=XOLHIHUDQ�
WHQ�XQG�,QGXVWULHXQWHUQHKPHQ��)RUVFKXQJVEHULFKW��0�QFKHQ������

:LOGHPDQQ�>%HKlOWHU�����@
:LOGHPDQQ��+���%HKlOWHU�RSWLPLHUW�LP�0DWHULDOIOX���LQ��/K�������������6����������
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