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IEA BCS Annex 31 „Energy Related Environmental Impact of Buildings“

=XVDPPHQIDVVXQJ
'LHVHU�6FKOXVVEHULFKW�HQWKlOW�HLQH�hEHUVLFKW��EHU�GLH�LP�QDWLRQDOHQ�3URMHNW
Å,($�$QQH[�����(QHUJ\�5HODWHG�(QYLURQPHQWDO�,PSDFW�RI�%XLOGLQJV´�JHOHL�
VWHWHQ�$UEHLWHQ��$OOH�7HLOSURMHNWH�ZHUGHQ�LQ�.XU]IDVVXQJHQ�ZLHGHUJHJHEHQ�
(V�ZXUGH�HLQ�/HLWIDGHQ�]XU�9HUZHQGXQJ�QDWLRQDO�XQG�LQWHUQDWLRQDO�YHU�

I�JEDUHU� ,QVWUXPHQWH�]XU�%HZHUWXQJ�YRQ�*HElXGHQ�XQG�*HElXGHHQWZ�U�
IHQ� HUVWHOOW�� ,P� /HLWIDGHQ� ZXUGHQ� YHUVFKLHGHQH� ,QVWUXPHQWH� V\VWHPDWLVFK
DQDO\VLHUW��DQ�)DOOEHLVSLHOHQ�JHWHVWHW�XQG�EH]�JOLFK�LKUHV�RSWLPDOHQ�(LQVDW]�
]HLWSXQNWHV�EHXUWHLOW�
,P� %HUHLFK� GHU� gNRELODQ]PHWKRGLN� ZXUGHQ� YHUVFKLHGHQH� 3URMHNWH

GXUFKJHI�KUW��6R�NRQQWH�DQKDQG�HLQHU�8PIUDJH�EHL�DP�%DX�EHWHLOLJWHQ�$N�
WHXUHQ�GLH�%HNDQQWKHLW�XQG�$N]HSWDQ]�GHU�0HWKRGH�EHWUDFKWHW�ZHUGHQ��(L�
QH�hEHUVLFKW��EHU�GHQ�Å6WDWH�RI�WKH�$UW´� LQ�GHU�gNRELODQ]LHUXQJ�YRQ�*H�
ElXGHQ�ZXUGH�PLW�+LOIH�GHU�GXUFK�GLH�(LQELQGXQJ�LQ�GDV�JOHLFKQDPLJH��LQ�
WHUQDWLRQDOH� 3URMHNW� GHU� ,QWHUQDWLRQDOHQ� (QHUJLH� $JHQWXU� �,($�� HUVWHOOWHQ
.RQWDNWH�HUDUEHLWHW��$XI�GHU�%DVLV�GLHVHU�(UNHQQWQLVVH�NRQQWHQ�I�U�GLH�$Q�
ZHQGXQJ� LP�%DXEHUHLFK�(PSIHKOXQJHQ�]X�=LHOGHILQLWLRQ�XQG�6\VWHPJUHQ�
]HQ�EHL�gNRELODQ]HQ�JHJHEHQ�ZHUGHQ��,Q�HLQHU�'LVVHUWDWLRQ�ZXUGH�GLH�(LJ�
QXQJ�GHU�0HWKRGH�I�U�GLH�(QWZXUIVSKDVH�JHWHVWHW��(V�NRQQWH�JH]HLJW�ZHU�
GHQ�� GDVV� VLFK� gNRELODQ]HQ� LQVEHVRQGHUH� I�U� )UDJHVWHOOXQJHQ� HLJQHQ�� EHL
GHQHQ� HLQH� VLPXOWDQH� 2SWLPLHUXQJ� YRQ�0DWHULDO�� XQG� (QHUJLHEHGDUI� YHU�
ODQJW� LVW�� )�U� )UDJHQ� LQ� IU�KHQ� 3KDVHQ� GHV� (QWZXUIV�� ZlUHQ� .HQQZHUWH
QRWZHQGLJ��'LH�(UVWHOOXQJ�VROFKHU�.HQQZHUWH�DQKDQG�YLHOHU�GHWDLOOLHUWHU�XQG
V\VWHPDWLVFK�HUIDVVWHU�*HElXGH�ZXUGH�HEHQIDOOV�GRNXPHQWLHUW�
,P�GULWWHQ�7HLO�NRQQWHQ�I�U�HLQLJH�3UR]HVVH�XQG�%DXSURGXNWH�PHWKRGL�

VFKH�)UDJHQ�EHWUDFKWHW�XQG�'DWHQ�HUIDVVW�ZHUGHQ��%HL�+DXVWHFKQLNDQODJHQ
NRQQWH�DQKDQG�JUREHU�0DWHULDOELODQ]HQ�IHVWJHVWHOOW�ZHUGHQ��GDVV�VLH�PDVVJH�
EHQG�DQ�GHU�8PZHOWEHODVWXQJ�HLQHV�*HElXGHV�EHWHLOLJW�VLQG��)�U�.XQVWVWRI�
IH�NRQQWH�LQ�=XVDPPHQDUEHLW�PLW�GHU�.XQVWVWRIILQGXVWULH�HLQH�$QDO\VH�GHU
6WRII��XQG�0DVVHQIO�VVH�LQ�GHU�6FKZHL]�HUVWHOOW�ZHUGHQ��)�U�6DQLHUXQJVYRU�
KDEHQ�ZXUGHQ�DQKDQG�HLQHV�)DOOEHLVSLHOV�PHWKRGLVFKH�)UDJHQ�]XU�%HKDQG�
OXQJ� GHV� YRU]HLWLJHQ� (UVDW]HV� XQG� GHU� $OORNDWLRQ� EHKDQGHOW�� )�U� (QWVRU�
JXQJVSUR]HVVH�YRQ�%DXPDWHULDOLHQ�NRQQWHQ�HUVWPDOV�gNRLQYHQWDUGDWHQ�JH�
QHULHUW�ZHUGHQ��GLH�GHU�9HUZHQGXQJ�GHU�%DXPDWHULDOLHQ�LP�*HElXGH��LQ�GHU
.RQVWUXNWLRQ��5HFKQXQJ�WUDJHQ�
'DV� 3URMHNW� KDW� GD]X� EHLJHWUDJHQ�� GLH� gNRELODQ]LHUXQJ� LP� %DXZHVHQ

ZHLWHU]XHQWZLFNHOQ�XQG�KDW�DQKDQG�GHU�9HUJOHLFKH�XQG�$QDO\VHQ�DXFK�DXI
LQWHUQDWLRQDOHU�(EHQH�GHQ�.RRUGLQDWLRQVEHGDUI�DXIJH]HLJW�



6XPPDU\
7KLV�ILQDO�UHSRUW�FRQWDLQV�DQ�RYHUYLHZ�RYHU�DOO�UHVXOWV�RI�WKH�QDWLRQDO�SURMHFW
Å,($�$QQH[�����(QHUJ\�5HODWHG�(QYLURQPHQWDO�,PSDFW�RI�%XLOGLQJV´��([�
WHQGHG�DEVWUDFWV�IRU�HYHU\�SURMHFW�DUH�JLYHQ�
,Q� WKH� ILUVW�SKDVH�RI� WKH�SURMHFW�QDWLRQDOO\� DQG� LQWHUQDWLRQDOO\� DYDLODEOH

HQYLURQPHQWDO�DVVHVVPHQW�WRROV�IRU�EXLOGLQJV�ZHUH�FRPSLOHG��6HOHFWLRQ�FUL�
WHULD�IRU�WKHLU�DSSOLFDWLRQ�LQ�WKH�GHVLJQ�SURFHVV�ZHUH�LGHQWLILHG��7KH�XVDJH�RI
WKH�WRROV�ZDV�H[DPLQHG�DQG�GRFXPHQWHG�ZLWK�FDVH�VWXGLHV�
�6HYHUDO�PHWKRGRORJLFDO�TXHVWLRQV�DERXW�WKH�OLIH�F\FOH�DVVHVVPHQW�PHWK�

RGRORJ\��/&$��ZHUH�DGGUHVVHG��%\�PHDQV�RI�D�TXHVWLRQQDLUH�LW�ZDV�DVVHVVHG
KRZ�ZHOO�/&$�LV�DFFHSWHG�E\�VWDNHKROGHUV� LQ� WKH�EXLOGLQJ�VHFWRU�DQG�KRZ
PXFK� LV�NQRZQ�DERXW� WKH�PHWKRGRORJ\��7KH� VWDWH�RI�WKH�DUW�PHWKRGRORJ\
ZDV� VXPPDULVHG� DQG� GLIIHUHQW� FDVH� VWXGLHV� ZHUH� V\VWHPDWLFDOO\� FRPSDUHG�
2Q� WKH�EDVLV�RI� WKHVH� DQDO\VHV� UHFRPPHQGDWLRQV� FRQFHUQLQJ� WKH� JRDO� DQG
VFRSH�GHILQLWLRQ�IRU�XVH�LQ�/&$�LQ�WKH�EXLOGLQJ�VHFWRU�ZHUH�JLYHQ��,Q�D�3K'
SURMHFW� WKH� DSSOLFDELOLW\� RI� /&$� LQ� HDUO\� GHVLJQ� SKDVHV�ZDV� WHVWHG�� ,W� ZDV
VKRZQ� WKDW� /&$� LV� VXLWDEOH� IRU� VLPXOWDQHRXV� RSWLPLVDWLRQ� RI� HQHUJ\� DQG
PDWHULDO�UHODWHG�DVSHFWV��)RU�TXHVWLRQV�LQ�WKH�YHU\�HDUO\�GHVLJQ�SKDVH��FKDU�
DFWHULVWLF�YDOXHV�DUH�QHHGHG��7KH�LPSOHPHQWDWLRQ�RI�VXFK�FKDUDFWHULVWLF�YDO�
XHV�ZDV�WHVWHG�DQG�WKH�QHHG�IRU�D�V\VWHPDWLF�DVVHVVPHQW�RI�D�UHSUHVHQWDWLYH
QXPEHU�RI�EXLOGLQJV�WR�REWDLQ�VXFK�YDOXHV�ZDV�VWDWHG�
,Q� WKH� WKLUG� SDUW� RI� WKH� SURMHFW� EXLOGLQJ� SURFHVV� DQG� EXLOGLQJ�PDWHULDO

UHODWHG�GDWD�ZDV�GHYHORSHG��:LWK�WKH�KHOS�RI�PDVV�EDODQFHV�WKH�UHODWLYH�LP�
SRUWDQFH�RI�EXLOGLQJ�FRQWURO�FRPSRQHQWV�RQ�WKH�HQYLURQPHQWDO�DVVHVVPHQW
RI�DQ�HQWLUH�EXLOGLQJ�ZDV�LGHQWLILHG��7KH�XVH��GLVSRVDO�DQG�VWRFN�RI�SODVWLFV
LQ�WKH�6ZLVV�EXLOGLQJ�VHFWRU�ZDV�DQDO\VHG�DQG�FKDUDFWHULVHG��%\�PHDQV�RI�D
FDVH�VWXG\��PHWKRGRORJLFDO�TXHVWLRQV�DERXW�DOORFDWLRQ�UXOHV��DERXW�HDUO\�UH�
SODFHPHQW�DQG�DERXW�WKH�FKRLFH�RI�HOHFWULFLW\�PL[HV�IRU�UHIXUELVKPHQW�DQG
UHWURILWWLQJ� VLWXDWLRQV� ZHUH� GLVFXVVHG�� ,QYHQWRU\� GDWD� RI� PDWHULDO� VSHFLILF
GLVSRVDO� SURFHVVHV� ZDV� HODERUDWHG�� 7KH� GDWD� DOORZV� DQ� DVVHVVPHQW� RI� WKH
GLVSRVDO�SKDVH�IRU�GLIIHUHQW�VFHQDULRV�GHSHQGLQJ�RQ�WKH�XVH�RI�WKH�PDWHULDO
LQ�WKH�FRQVWUXFWLRQ�
7KH�SURMHFW� FRQWULEXWHG� WR�DQ� LPSURYHPHQW�RI�/&$�PHWKRGRORJ\� DQG

GDWD� IRU� WKH� EXLOGLQJ� VHFWRU� DQG� VKRZHG� WKH� QHFHVVDU\� QHHG� IRU� FR�
RUGLQDWLRQ�RQ�DQ�LQWHUQDWLRQDO�DQG�RQ�D�QDWLRQDO�OHYHO�
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,QKDOWVYHU]HLFKQLV
.DSLWHO�� ,($�%&6�$QQH[����Å(QHUJ\�UHODWHG

HQYLURQPHQWDO�LPSDFW�RI�EXLOGLQJV´ �������������������������������������������������
��� =LHOH�GHV�3URMHNWHV����������������������������������������������������������������������������������� �
��� 5DKPHQEHGLQJXQJHQ�²�'DV�LQWHUQDWLRQDOH�3URMHNW�GHU

,QWHUQDWLRQDOHQ�(QHUJLH�$JHQWXU ����������������������������������������������������������� �

.DSLWHO�� hEHUEOLFN��EHU�LQWHUQDWLRQDO�XQG�QDWLRQDO
YRUKDQGHQH�,QVWUXPHQWH �������������������������������������������������������������������
��� ,QVWUXPHQWH�I�U�|NRORJLVFKHV�%DXHQ�LP�9HUJOHLFK�²�HLQ

/HLWIDGHQ�I�U�GDV�3ODQXQJVWHDP������������������������������������������������������������� �

.DSLWHO�� 0HWKRGLVFKH�$VSHNWH�GHU�gNRELODQ]LHUXQJ ���������������� ��
��� $UFKLWHNWXU�XQG�gNRORJLH�²�(LQH�6WXGLH��EHU�GLH�LQ�GHU

%DXEUDQFKH�YRUKDQGHQH�0HLQXQJ�]X�XPZHOWJHUHFKWHQ
%DXZHLVHQ ����������������������������������������������������������������������������������������������� ��

��� hEHUEOLFN��EHU�GLH�gNRELODQ]LHUXQJ�YRQ�*HElXGHQ�²�6WDWH
RI�WKH�$UW ������������������������������������������������������������������������������������������������ ��

��� )XQNWLRQHOOH�(LQKHLW�XQG�6\VWHPJUHQ]HQ������������������������������������������� ��
��� 'LH�8PZHOWIUHXQGOLFKNHLW�DOV�HLQH�'HWHUPLQDQWH�GHV

DUFKLWHNWRQLVFKHQ�(QWZXUIV������������������������������������������������������������������ ��
��� %DX�8PZHOWEHODVWXQJVNHQQZHUWH�]XU�$EVFKlW]XQJ�GHU

8PZHOWYHUWUlJOLFKNHLW�YRQ�*HElXGHQ�LQ�IU�KHQ
3ODQXQJVSKDVHQ�������������������������������������������������������������������������������������� ��

.DSLWHO�� 'DWHQ�XQG�0HWKRGLVFKHV�]X�%DXWHLOHQ�XQG
%DXSUR]HVVHQ������������������������������������������������������������������������������������
��� 8PZHOWUHOHYDQ]�GHU�+DXVWHFKQLN��(LQH

(QWVFKHLGXQJVJUXQGODJH ����������������������������������������������������������������������� ��
��� .XQVWVWRIIH�LQ�GHU�6FKZHL]HU�%DXLQGXVWULH ���������������������������������������� ��
��� gNRORJLVFKH�6DQLHUXQJ�YRQ�%�UREDXWHQ �������������������������������������������� ��
��� gNRELODQ]HQ�GHU�(QWVRUJXQJ�YRQ�%DXPDWHULDOLHQ ���������������������������� ��

.DSLWHO�� $XVEOLFN ��������������������������������������������������������������������������

.DSLWHO�� /LWHUDWXU ��������������������������������������������������������������������������

3XEOLNDWLRQVOLVWH �������������������������������������������������������������������������������������
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.DSLWHO��� 

,($�%&6�$QQH[����Å(QHUJ\�UHODWHG
HQYLURQPHQWDO�LPSDFW�RI �EXLOGLQJV´

'LHVHU�6FKOXVVEHULFKW�EHLQKDOWHW�HLQH�=XVDPPHQVWHOOXQJ�DOOHU�3URMHNWH��GLH
LP� 5DKPHQ� GHV� QDWLRQDOHQ� 3URMHNWV�PLW� GHP�7LWHO� Å,($� %&6� $QQH[� ���
(QHUJ\�UHODWHG�HQYLURQPHQWDO�LPSDFW�RI�EXLOGLQJV´�HUIROJW�VLQG�
'DV�3URMHNW� LVW� LP�%HUHLFK� GHU�8PZHOWDQDO\VH� YRQ�*HElXGHQ� DQJHVLH�

GHOW�� =X� GLHVHP� %HUHLFK� JHK|UHQ� HLQHUVHLWV� ,QVWUXPHQWH�� ZHOFKH� GLH� 8P�
ZHOWEHODVWXQJ� YRQ� *HElXGHQ� DXVZHLVHQ�� DQGHUHUVHLWV� DXFK� PHWKRGLVFKH
hEHUOHJXQJHQ�]XU�(UIDVVXQJ�XQG�%HZHUWXQJ�YRQ�8PZHOWEHODVWXQJHQ��'HU
$XVGUXFN�ÅHQHUJ\�UHODWHG´�ZXUGH�VHKU�EUHLW�JHIDVVW��HV�IDQG�NHLQH�(LQJUHQ�
]XQJ�DXI�UHLQ�HQHUJHWLVFK�EHGLQJWH�8PZHOWEHODVWXQJHQ�VWDWW�
'DV� 3URMHNW� ZXUGH� YRP� %XQGHVDPW� I�U� (QHUJLH� �%I(�� ILQDQ]LHUW� XQG

XPIDVVWH�HLQH�9LHO]DKO�YRQ�NOHLQHUHQ�XQG�JU|VVHUHQ�7HLOSURMHNWHQ��'LH�5H�
VXOWDWH�GLHVHU�7HLOSURMHNWH�ZHUGHQ�KLHU�YRUJHVWHOOW�

��� =LHOH�GHV�3URMHNWHV

(V�ZDU�GDV�=LHO�GHV�3URMHNWHV��GLH�8PZHOWYHUWUlJOLFKNHLW�YRQ�*HElXGHQ�DQ�
KDQG�GHU�gNRELODQ]�0HWKRGLN�]X�EHZHUWHQ��=XVDPPHQKlQJH�]X�HUNHQQHQ
XQG�2SWLPLHUXQJVSRWHQWLDOH�]X�LGHQWLIL]LHUHQ�
'D]X�ZXUGH�HLQHUVHLWV�GDV�=LHO�YHUIROJW��HLQHQ�V\VWHPDWLVFKHQ�hEHUEOLFN

�EHU�LQ�GHU�6FKZHL]�XQG�LP�$XVODQG�YHUI�JEDUH�,QVWUXPHQWH�]X�JHZLQQHQ�
'LH�9LHOIDOW� DQ� ,QVWUXPHQWHQ� LVW� JURVV�XQG�GLH�XQWHUVFKLHGOLFKHQ�PHWKRGL�
VFKHQ�$QVlW]H� N|QQHQ� ]X� YHUVFKLHGHQHQ� 5HVXOWDWHQ� I�KUHQ�� ZDV� GLH� (QW�
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VFKHLGXQJVWUlJHU�� RIWPDOV� YHUZLUUW�� (V� ZDU� GDKHU� HLQ� %HG�UIQLV�� HLQHQ� V\�
VWHPDWLVFKHQ� hEHUEOLFN� ]X� HUVWHOOHQ�� $QKDQG� YRQ� ([SHUWHQ� HUDUEHLWHWHU
.ULWHULHQ�VROOWHQ����,QVWUXPHQWH�DXV�HLQHU�XPIDVVHQGHQ�hEHUVLFKW��EHU�YHU�
I�JEDUH�,QVWUXPHQWH�DXVJHZlKOW�ZHUGHQ�XQG�EH]�JOLFK�LKUHV�RSWLPDOHQ�(LQ�
VDW]]HLWSXQNWHV� LP� 3ODQXQJVSUR]HVV� DXVJHZHUWHW� ZHUGHQ�� )�U� DOOH� ,QVWUX�
PHQWH�VROOWH� DQKDQG�GHU�8QWHUVXFKXQJ�HUNHQQEDU�ZHUGHQ��ZDUXP�VLH�ZHO�
FKH�5HVXOWDWH�OLHIHUQ�XQG�I�U�ZHOFKH�)UDJHQ�VLH�JHHLJQHW�VLQG�
$QGHUHUVHLWV�VROOWH�GLH� gNRELODQ]PHWKRGLN� DQKDQG� HLQHV� NRQNUHWHQ

)DOOEHLVSLHOV� DXI� LKUH� (LJQXQJ� JHSU�IW� ZHUGHQ�� LP� DUFKLWHNWRQLVFKHQ� (QW�
ZXUIVSUR]HVV� DQJHZHQGHW� ZHUGHQ� ]X� N|QQHQ�� (V� VROOWHQ� PHWKRGLVFKH
$VSHNWH��IXQNWLRQDOH�(LQKHLW�XQG�6\VWHPJUHQ]HQ��IU�KH�3ODQXQJVSKDVH��6D�
QLHUXQJVPDVVQDKPHQ�� GLVNXWLHUW� XQG� DXFK� YHUVFKLHGHQH� 'DWHQVlW]H� ]X
%DXWHLOHQ� RGHU� %DXSUR]HVVHQ� �(QWVRUJXQJVSUR]HVVH�� 0HWDOOH�� +DXVWHFK�
QLNDQODJHQ��HUDUEHLWHW�ZHUGHQ�

��� 5DKPHQEHGLQJXQJHQ�²�'DV�LQWHUQDWLRQDOH
3URMHNW�GHU�,QWHUQDWLRQDOHQ�(QHUJLH�$JHQWXU

'DV�QDWLRQDOH�3URMHNW� LVW� LP�5DKPHQ� HLQHV� LQWHUQDWLRQDO� DXVJHVFKULHEHQHQ
3URMHNWHV�GHU�,QWHUQDWLRQDOHQ�(QHUJLH�$JHQWXU��,($��HQWVWDQGHQ�
,P�-DKUH������ZXUGH�YRQ�GHU�,($�LP�%HUHLFK�%XLOGLQJ�DQG�&RPPXQLW\

6\VWHPV� �%&6�� HLQ� 3URMHNW� ODQFLHUW� PLW� GHP� 7LWHO� ´,($� %&6� $QQH[� ���
(QHUJ\� 5HODWHG� (QYLURQPHQWDO� ,PSDFW� RI� %XLOGLQJV��� $P� LQWHUQDWLRQDOHQ
3URMHNW�ZDUHQ� LQVJHVDPW����/lQGHU�EHWHLOLJW� �VLHKH�DXFK�$EE�� ���� GDUXQWHU
DXFK�GLH�6FKZHL]��'DV�3URMHNW�NRQQWH�(QGH������DEJHVFKORVVHQ�ZHUGHQ�
'LH�0LWDUEHLW�GHU�6FKZHL]�DP� LQWHUQDWLRQDOHQ�3URMHNW�ZXUGH�GXUFK�GDV

%XQGHVDPW�I�U�(QHUJLH�XQWHUVW�W]W��'DV�QDWLRQDOH�3URMHNW�VWHOOWH�VRPLW�GHQ
DNWLYHQ�%HLWUDJ�GHU� 6FKZHL]� ]XP� LQWHUQDWLRQDOHQ�3URMHNW�GDU��'LH�3URMHNW�
OHLWXQJ�ODJ�EHL�GHU�(7+�LQ�=�ULFK�

������������������������������������������
��$XV�*U�QGHQ�GHU� HLQIDFKHUHQ�/HVEDUNHLW�ZLUG�EHL�%HUXIVEH]HLFKQXQJHQ�X�l�� LP�

PHU�GLH�PlQQOLFKH�)RUP�JHZlKOW��(V�VLQG�MHGRFK�VWHWV�EHLGH�*HVFKOHFKWHU�DQJHVSURFKHQ�
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International Energy
Agency

IEA - CBS

Internationales Projekt

Annex 31
P. Russell

Australien
Dänemark

Deutschland
England
Finnland

Frankreich
Holland

Schweiz
Bundesamt für Energie

Nationales Projekt

Annex 31
ETH

Leitfaden für Architekten und Planer
SIA D0152

Methodische Aspekte

Inventare / Daten

Japan
Kanada

Neuseeland
Norwegen
Schweden
Schweiz

USA

Abb. 1 Die Projektstruktur: Im linken Bereich ist das internationale Projekt dargestellt, das

von der IEA lanciert wurde und bei welchem 14 Länder beteiligt waren. Die

Schweiz hat auf der Ebene IEA - BfE eine Vereinbarung, dass bei diesem Annex

mitgearbeitet wird. Die ETH war Projektleiterin des nationalen Projektes (rechte

Seite). Das nationale Projekt verfolgte drei Ziele, zu denen in verschiedenen Pro-

jektteams Arbeiten gemacht wurden. Die Resultate der Arbeiten sind in diesem

Schlussbericht zusammengefasst.

����� =LHOH�GHV�LQWHUQDWLRQDOHQ�3URMHNWHV

'DV� =LHO� GHU� LQWHUQDWLRQDOHQ� =XVDPPHQDUEHLW� ZDU� HV�� GHQ� )RUVFKHUQ� LP
*HElXGHVHNWRU�,QIRUPDWLRQHQ��EHU�0HWKRGHQ�� ,QVWUXPHQWH�XQG�'DWHQ�]X
8PZHOWHLQZLUNXQJHQ�DXI�ORNDOHU��UHJLRQDOHU�XQG�JOREDOHU�(EHQH�]XU�9HUI��
JXQJ�]X�VWHOOHQ��(V�JLQJ�LQ�HUVWHU�/LQLH�GDUXP��HLQH�hEHUVLFKW��EHU�GLH�LQWHU�
QDWLRQDOHQ�7lWLJNHLWHQ�LP�%HUHLFK�GHV�XPZHOWYHUWUlJOLFKHQ�%DXHQV�²�LQVEH�
VRQGHUH� ZDV� 3ODQXQJVLQVWUXPHQWH� XQG� 0HWKRGHQ� EHWULIIW� ²� ]X� JHZLQQHQ
XQG�DQKDQG�GHU�$QDO\VH�GHV�%HVWHKHQGHQ�(PSIHKOXQJHQ�I�U�1HXHV�]X�JH�
EHQ�

����� 5HVXOWDWH�GHV�3URMHNWHV

'LH� LQWHUQDWLRQDOH�=XVDPPHQDUEHLW�KDW� HV� HUP|JOLFKW�� VHKU� JXWH�.RQWDNWH
]X� YHUVFKLHGHQHQ� ,QVWLWXWLRQHQ� LP�$XVODQG� ]X� NQ�SIHQ� XQG� (UNHQQWQLVVH
DXV]XWDXVFKHQ�� %HVRQGHUV� LQWHQVLY� ZDU� GLH� =XVDPPHQDUEHLW�PLW� GHU� %DX�
KDXV� 8QLYHUVLWlW� :HLPDU� �+HUU� 7KRPDV� /�W]NHQGRUI� XQG� +HUU� .DUVWHQ
7DQ]��XQG�GHP�,QVWLWXW�I�U�,QGXVWULHOOH�%DXSURGXNWLRQ��LILE��GHU�8QLYHUVLWlW
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.DUOVUXKH� �+HUU�0DUNXV�.RFK���*HPHLQVDP�ZXUGH�HLQ�9HUJOHLFK�GHU�3OD�
QXQJVSUR]HVVH�HUVWHOOW�XQG�GLH�$QDO\VH�GHU�,QVWUXPHQWH�YRUDQJHWULHEHQ��0LW
GHU�.7+�6WRFNKROP��+HUU�:ROIUDP�7ULQLXV��XQG�GHP�&HQWUH�VFLHQWLILTXH
HW�WHFKQLTXH�GX�EkWLPHQW��&67%���0DUQH�OD�YDOOpH��3DULV��)UDX�6\OYLDQH�1L�
EHO�� ZXUGH� HLQH� JHPHLQVDPH� 3XEOLNDWLRQ� YHUIDVVW� �EHU� GLH� 7\SRORJLH� YHU�
VFKLHGHQHU�$QDO\VHLQVWUXPHQWH�� ,QWHQVLYH�.RQWDNWH�NRQQWHQ� DXFK� ]X�+RO�
ODQG� �Z�H�FRQVXOWDQWV��+HUU�&KLHO�%RRQVWUD�XQG�)UDX�0DUMR�.QDSHQ��XQG
]X�(QJODQG��%5(��+HUU�1LJHO�+RZDUG��JHNQ�SIW�ZHUGHQ�
'LHVH�.RQWDNWH�ZDUHQ�I�U�GDV�QDWLRQDOH�3URMHNW�lXVVHUVW�IUXFKWEDU��9RU

DOOHP�GLH�hEHUVLFKW��EHU�EHVWHKHQGH�,QVWUXPHQWH��GLH�'LVNXVVLRQ��EHU�6\�
VWHPJUHQ]HQ� XQG� )XQNWLRQDOH� (LQKHLWHQ� XQG� GLH� $QZHQGXQJ� GHU� gNREL�
ODQ]PHWKRGLN�LP�(QWZXUI�NRQQWHQ�YRQ�GHU�=XVDPPHQDUEHLW�SURILWLHUHQ�
'LH�]X�HUZDUWHQGHQ�5HVXOWDWH�GHV�LQWHUQDWLRQDOHQ�3URMHNWHV�EHWUHIIHQ�YRU

DOOHP�GLH�hEHUVLFKW��EHU�GLH�7lWLJNHLWHQ�LQ�GHQ�HLQ]HOQHQ�/lQGHUQ�XQG�GLH
V\VWHPDWLVFKH� (UIDVVXQJ� YRQ� YHUVFKLHGHQHQ� ,QVWUXPHQWHQ� ]XU� %HZHUWXQJ
GHU�8PZHOWYHUWUlJOLFKNHLW�YRQ�*HElXGHQ��'LH�5HVXOWDWH�XQG�GLH�YROOVWlQGL�
JH�/LVWH�PLW�GHQ�.RQWDNWDGUHVVHQ�VLQG�LP�,QWHUQHW�DXI�IROJHQGHQ�6HLWHQ�]X
VHKHQ�
KWWS���ZZZ�XQL�ZHLPDU�GH�6&&�352�
KWWS���DQQH[��GRF�WFH�UPLW�HGX�DX��
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.DSLWHO��� 

hEHUEOLFN��EHU�LQWHUQDWLRQDO�XQG
QDWLRQDO�YRUKDQGHQH�,QVWUXPHQWH

��� ,QVWUXPHQWH�I�U�|NRORJLVFKHV�%DXHQ�LP
9HUJOHLFK�²�HLQ�/HLWIDGHQ�I�U�GDV�3ODQXQJVWHDP

'LH� 6WXGLH� �,QVWUXPHQWH� I�U� |NRORJLVFKHV� %DXHQ� LP�9HUJOHLFK��ZXUGH� LP
2NWREHU� ����� DOV� 6,$�'RNXPHQWDWLRQ�'����� YHU|IIHQWOLFKW�� =LHO� ZDU� HV�
GLH�YRUKDQGHQHQ�*UXQGODJHQ��,QVWUXPHQWH�XQG�1RUPHQ�HLQHU�|NRORJLVFKHQ
%DXZLUWVFKDIW� �EHUVLFKWOLFK� ]XVDPPHQ]XIDVVHQ� XQG� YHUJOHLFKEDU� ]X� PD�
FKHQ��'DGXUFK�NDQQ�GLH�6HQVLELOLVLHUXQJ�GHU�%DXZLUWVFKDIW�I�U�|NRORJLVFKH
$QOLHJHQ�JHVWlUNW�XQG�XPZHOWVFKRQHQGHV�%DXHQ�JHI|UGHUW�ZHUGHQ�

����� 'LH�$XVJDQJVVLWXDWLRQ��9LHOH�|NRORJLVFKH
3UREOHPVWHOOXQJHQ�XQG�]DKOUHLFKH�,QVWUXPHQWH

:HOFKH�7UDJVWUXNWXU�VROO�]XP�(LQVDW]�NRPPHQ"�,VW�HLQH�+RO]VFKQLW]HOIHXH�
UXQJ� HLQHU� NRQYHQWLRQHOOHQ� gOIHXHUXQJ� YRU]X]LHKHQ"�:LH� VROO� GLH� 8PJH�
EXQJ�JHVWDOWHW�ZHUGHQ"�,VW�HLQ�8PNHKUGDFK�|NRORJLVFKHU�DOV�HLQ�:DUPGDFK"
:LH�VROO�PLW�9HUEXQGPDWHULDOLHQ�XPJHJDQJHQ�ZHUGHQ"�:HOFKH�2ULHQWLHUXQJ
GHV�*HElXGHV�LVW�YRU]X]LHKHQ��HWF�����"�)UDJHQ��EHU�)UDJHQ��%HL�MHGHP�%DX�
YRUKDEHQ�� YRP� HLQIDFKHQ� 8QWHUKDOWVDQVWULFK� �EHU� 8PEDXWHQ� ELV� KLQ� ]XU
NRPSOHWWHQ�hEHUEDXXQJ��P�VVHQ�GDV�3ODQXQJVWHDP�XQG�GLH�%DXKHUUVFKDIW
XQ]lKOLJH�(QWVFKHLGXQJHQ� IlOOHQ�� GLH� RIW� ZHLWUHLFKHQGH� $XVZLUNXQJHQ� DXI
GLH�8PZHOW�KDEHQ�
$EHU� DXFK� GLH� 9LHOIDOW� DQ� ,QVWUXPHQWHQ� XQG� (QWVFKHLGXQJVKLOIHQ�� GLH

GHP� %DXKHUUQ� GLH� :DKO� I�U� GLH� HLQH� RGHU� DQGHUH� $OWHUQDWLYH� HUOHLFKWHUQ
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VROOWHQ��LVW�JURVV��'DV�)HOG�GHU�0HWKRGHQ�UHLFKW�YRQ�XPIDVVHQGHQ�TXDQWLWD�
WLYHQ� ELV� KLQ� ]X� TXDOLWDWLYHQ� 0HWKRGHQ�� gNRELODQ]HQ�� 1XW]ZHUWDQDO\VHQ�
3URGXNWGHNODUDWLRQHQ�� 0HUNEOlWWHU� QDFK� %DXNRVWHQSODQ�� gNRLQYHQWDUH�
&KHFNOLVWHQ��XVZ��

����� =LHO�GHU�3XEOLNDWLRQ

$QJHVLFKWV�GLHVHU�$XVJDQJVODJH�ZLOO�GLH�3XEOLNDWLRQ��,QVWUXPHQWH�I�U�|NR�
ORJLVFKHV�%DXHQ� LP�9HUJOHLFK�� HLQH�2ULHQWLHUXQJVKLOIH� DQELHWHQ�� LQGHP�VLH
HLQHQ� V\VWHPDWLVFKHQ� hEHUEOLFN� JLEW�� *OHLFK]HLWLJ� VROO� VLH� GHP� |NRORJLVFK
LQWHUHVVLHUWHQ�3ODQXQJVWHDP�EHL�GHU�:DKO�GHV�I�U�GLH�VSH]LILVFKH�)UDJHVWHO�
OXQJ�JHHLJQHWHQ�,QVWUXPHQWHV�DOV�5DWJHEHU�KHOIHQG�EHLVHLWH�VWHKHQ�
(LQHQ�V\VWHPDWLVFKHQ�hEHUEOLFN�ELHWHW�GLH�6WXGLH�LQ�GUHLIDFKHU�+LQVLFKW�

QlPOLFK��EHU�

− GLH�ZLFKWLJVWHQ�:LUNXQJHQ�GHU�%DXWlWLJNHLW�DXI�GLH�8PZHOW
− GLH�ZLFKWLJVWHQ�)UDJHVWHOOXQJHQ�LP�3ODQXQJV��XQG�%DXSUR]HVV
− GLH� ,QVWUXPHQWH� ]XU� %HXUWHLOXQJ� GHU� |NRORJLVFKHQ� $XVZLUNXQJHQ� GHU
%DXWlWLJNHLWHQ�

(LQH�5DWJHEHUIXQNWLRQ�HQWZLFNHOW�6,$�'�����GDGXUFK��GDVV�VLH�GHQ�%HQXW�
]HUQ�DQ]HLJW��I�U�ZHOFKH�3UREOHPH�UHVS��DQVWHKHQGHQ�(QWVFKHLGH�ZHOFKH�,Q�
VWUXPHQWH� DP� HKHVWHQ� JHHLJQHW� VLQG�� XQG�ZHOFKH� 5HVXOWDWH� GDEHL� HUZDUWHW
ZHUGHQ�N|QQHQ�

����� 8PZHOWZLUNXQJHQ�GHV�%DXHQV

'LH�7lWLJNHLWHQ�GHU�%DXZLUWVFKDIW�XQG�LQVEHVRQGHUH�GLH�1XW]XQJ�GHU�%DX�
WHQ�GXUFK�GLH�%HZRKQHU�I�KUHQ�VRZRKO�DXI�ORNDOHU��UHJLRQDOHU�DOV�DXFK�JOR�
EDOHU�(EHQH�]X�YHUVFKLHGHQHQ� �]�7��XQJHZROOWHQ��|NRORJLVFKHQ�:LUNXQJHQ
�YJO��GD]X�$EE�����
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Global

  

 

Treibhauseffekt
Ozonschichtabbau

Smogbildung
Lärm
Abwärme
Gestank

Überdüngung
Versauerung

Landschaftverbrauch
Smogbildung

Regional

Human/Ökotoxizität

Lokal

Ressourcenabbau/
Materialverbrauch

Abb. 2 Normalerweise werden in Ökobilanzen und Ökoinventaren die hier angeführten

zwölf Umweltwirkungen unterschieden. Die Bautätigkeit hat massgeblichen Anteil

an den fettgedruckten Wirkungen (Treibhauseffekt, Materialverbrauch, Land-

schaftsverbrauch, Smogbildung). Der Energieverbrauch figuriert in dieser Aufli-

stung unter Ressourcenabbau

)�U�GHQ�+RFKEDX�VWHKHQ�GLH�QDFKIROJHQGHQ�LP�9RUGHUJUXQG�
0DWHULDOYHUEUDXFK
%HL�GHQ�%DXWlWLJNHLWHQ�LQ�GHU�6FKZHL]�JHODQJHQ�DOOMlKUOLFK�HWZD����0LOOLRQHQ
7RQQHQ� 0DWHULDOLHQ� ]XP� (LQVDW]�� 1HEHQ� GHQ� GDPLW� YHUEXQGHQHQ� 7UDQV�
SRUWHQ�I�KUW�KLHU�LQVEHVRQGHUH�GLH�]XN�QIWLJH�(QWVRUJXQJ��]X�|NRORJLVFKHQ
.RQVHTXHQ]HQ��6WLFKZRUWH��5�FNEDXIlKLJNHLW��9HUEXQGPDWHULDOLHQ��
(QHUJLHYHUEUDXFK
(QHUJLH�ZLUG�VRZRKO�ZlKUHQG�GHU�1XW]XQJ�DOV�DXFK�LQGLUHNW�EHL�GHU�(UVWHO�
OXQJ�GHU�%DXWHQ� LQ�JURVVHP�$XVPDVV�EHQ|WLJW��8P�5DXPZlUPH��%HOHXFK�
WXQJ�X��l��P��EHUHLW]XVWHOOHQ��VHW]HQ�+DXVKDOWH��'LHQVWOHLVWXQJVXQWHUQHKPHQ�
*HZHUEH�� XQG� ,QGXVWULHEHWULHEH� ]XVDPPHQ� UXQG� ���� GHV� JHVDPWHQ
VFKZHL]HULVFKHQ�(QGHQHUJLHYHUEUDXFKHV�HLQ�
)OlFKHQYHUEUDXFK
,Q�GHU�6FKZHL]�ZLUG�MHGH�6HNXQGH�HLQ�4XDGUDWPHWHU�%RGHQ�YHUVLHJHOW��'LHVH
hEHUEDXXQJVUDWH� EOLHE� WURW]� GHV� IRUWVFKULWWOLFKHQ� 5DXPSODQXQJVJHVHW]HV
VHLW�GHQ�VSlWHQ�DFKW]LJHU�-DKUHQ�XQYHUlQGHUW�
6LHGOXQJVVWUXNWXU�XQG�9HUNHKU
'LH�=HUVLHGHOXQJ�XQG�GLH�7UHQQXQJ�YRQ�$UEHLWV��XQG�:RKQZHOW�KDEHQ�HL�
QHQ�PDVVJHEOLFKHQ�(LQIOXVV� DXI�GLH�9HUNHKUVVWU|PH��'LH�GDPLW� YHUEXQGH�
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QHQ�8PZHOWZLUNXQJHQ� �(QHUJLHYHUEUDXFK�� /lUP�� XQG� /XIWEHODVWXQJ�� G�U�
IHQ� GHU� %DXZLUWVFKDIW� QXU� ]X� HLQHP�7HLO� DQJHODVWHW� ZHUGHQ�� ,QVEHVRQGHUH
EHL�JURVVHQ�%DXZHUNHQ��'LHQVWOHLVWXQJV��XQG�(LQNDXIV]HQWUHQ��VLQG�GLH�]X�
VlW]OLFK� YHUXUVDFKWHQ� 3HQGOHUVWU|PH� DXFK� YRQ�*HVHW]HV� ZHJHQ� �893�� DOV
GLUHNWH�$XVZLUNXQJHQ�]X�EHWUDFKWHQ�
%HLWUDJ�]XP�7UHLEKDXVHIIHNW�XQG�]XU�6PRJELOGXQJ
,QGLUHNW��YRU�DOOHP��EHU�GHQ�(QHUJLHYHUEUDXFK��YHUXUVDFKW�GLH�%DXZLUWVFKDIW
HLQHQ� JURVVHQ� 7HLO� GHU� JHVDPWVFKZHL]HULVFKHQ� &2

�
²(PLVVLRQHQ� XQG� WUlJW

VR�PDVVJHEOLFK��]XP�7UHLEKDXVHIIHNW�EHL�

����� :LFKWLJVWH�(QWVFKHLGXQJHQ�LP�3ODQXQJV��XQG
%DXSUR]HVV

'DV�3ODQXQJVWHDP� XQG�GLH�%DXKHUUVFKDIW�P�VVHQ� LP�3ODQXQJV�� XQG�%DX�
SUR]HVV�HLQH�9LHO]DKO�YRQ�(LQ]HOHQWVFKHLGHQ�IlOOHQ��GLH�DOOHVDPW�VSH]LILVFKH
$XVZLUNXQJHQ� DXI� GLH� 8PZHOW� KDEHQ�� 8P� HLQHQ� hEHUEOLFN� ]X� VFKDIIHQ�
ZXUGHQ� GLHVH� (LQ]HOHQWVFKHLGH� PLW� +LOIH� GHV� 0RGHOOSODQXQJVSUR]HVV� I�U
+RFKEDXWHQ� �YJO�� GD]X� 6,$�/HLVWXQJVPRGHOO� ���� ]XVDPPHQJHIDVVW�� 'DEHL
ZXUGHQ� GLH� QDFKIROJHQGHQ� 3ODQXQJVSKDVHQ� DQKDQG� NRQNUHWHU� )UDJH�
VWHOOXQJHQ�XQWHUVFKLHGHQ�

− ,QYHVWLWLRQVDQVWRVV��DOVR�GLH�)UDJH��RE�GDV�%DXEHG�UIQLV�]�%��DOV�8PEDX
RGHU�1HXEDX�EHIULHGLJW�ZHUGHQ�VROO

− )HVWOHJXQJ�GHU�$QIRUGHUXQJHQ�DQ�GDV�%DXYRUKDEHQ��'D]X�JHK|UHQ�$Q�
JDEHQ� ]XU� $XVVWDWWXQJ�� .RPIRUWDQVSU�FKHQ�� (QHUJLHYHUEUDXFKVZHUWH
HWF�

− 6WDQGRUWZDKO��'LHVH�XPIDVVW�LQVEHVRQGHUH�GLH�/DJH�GHV�%DXYRUKDEHQV�LQ
%H]XJ�]XU��EULJHQ�6LHGOXQJVVWUXNWXU�XQG�GLH�$XVULFKWXQJ�GHV�*HElXGHV�

− *HVWDOW� XQG� 5DXPNRQ]HSW�� 'DUXQWHU� IDOOHQ� (QWVFKHLGH� ]XU� *HElXGH�
IRUP�XQG�]XU�5DXPRUJDQLVDWLRQ��$XVVFKHLGXQJ�GHU�1XW]XQJV]RQHQ��

− .RQVWUXNWLYHV� 6\VWHP�� DOVR� GLH�:DKO� GHU�7UDJVWUXNWXU� XQG� GHU�+DXSW�
EDXWHLOH��)HVWOHJXQJ�GHU�*HElXGHK�OOH��

− 6\VWHPZDKO�+DXVWHFKQLN��LQVEHVRQGHUH�GLH�)UDJHQ�LQ�%H]XJ�DXI�:lUPH�
XQG� (QHUJLHYHUVRUJXQJ�� /�IWXQJ� XQG� .OLPD�� 6DQLWlUDQODJHQ�� %HOHXFK�
WXQJ��0HVV��XQG�6WHXHUWHFKQLN�

− 8PJHEXQJVJHVWDOWXQJ��'LHVH� XPIDVVW� ]�%�� GLH� (LQULFKWXQJ� YRQ�'DXHU�
JU�QDQODJHQ��GLH�%HIULHGLJXQJ�GHU�3DUNSODW]QDFKIUDJH�HWF�

− 5�FNEDXNRQ]HSW�� G�K�� )UDJHQ� EHWUHIIHQG� (QWVRUJXQJ� XQG� � 5�FNEDXIl�
KLJNHLW�GHU�I�U�GDV�%DXYRUKDEHQ�YHUZHQGHWHQ�0DWHULDOLHQ�
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− 0DWHULDOZDKO��G�K��GLH�)UDJH��ZHOFKH�0DWHULDOLHQ�I�U�GLH�,QQHQDXVVWDWWXQJ
XQG�GLH�QLFKWWUDJHQGHQ�%DXWHLOH�YHUZHQGHW�ZHUGHQ�VROOHQ�

− 3URGXNWHZDKO
− %DXVWHOOHQRUJDQLVDWLRQ��]�%���3ODW]� I�U�(QWVRUJXQJVFRQWDLQHU� I�U�%DXDE�
IlOOHQ�X�l�P�

− %HHLQIOXVVXQJ� GHV� %HQXW]HUYHUKDOWHQ� GXUFK� ,QIRUPDWLRQHQ� �EHU� GLH
|NRORJLVFKHQ�$XVZLUNXQJHQ�GHV�*HElXGHV�

����� hEHUEOLFN��EHU�GLH�,QVWUXPHQWH

$XV� HLQHU� /LVWH� YRQ� JXW� ���� QDWLRQDO� XQG� LQWHUQDWLRQDO� YRUKDQGHQHQ� ,Q�
VWUXPHQWHQ�KDW�HLQ�([SHUWHQJUHPLXP�DXIJUXQG�YHUVFKLHGHQHU�.ULWHULHQ�GLH
IROJHQGHQ�I�QI]HKQ�,QVWUXPHQWH�DXVJHZlKOW�

− 6,$�'�������gNRORJLVFKH�$VSHNWH�GHV�%DXHQV
− 6,$� '����� �� +RFKEDXNRQVWUXNWLRQHQ� QDFK� |NRORJLVFKHQ� *HVLFKWV�
SXQNWHQ

− 6,$�'�������&KHFNOLVWHQ�I�U�HQHUJLHJHUHFKWHV��|NRORJLVFKHQ�3ODQHQ�XQG
%DXHQ

− 6,$�������'HNODUDWLRQ�|NRORJLVFKHU�0HUNPDOH�YRQ�%DXSURGXNWHQ
− gNRLQYHQWDU�$QVWULFKVWRIIH
− %.3� ��gNRORJLVFK� %DXHQ��0HUNEOlWWHU� QDFK� %DXNRVWHQSODQ� �GHU� 6WDGW
=�ULFK�

− (�����gNR�%DX���%HZHUWXQJVIRUPXODU�gNREDX�6WDQGDUG
− 2*,3� �� 2SWLPLHUXQJ� YRQ� *HVDPWHQHUJLHYHUEUDXFK�� 8PZHOWEHODVWXQJ
XQG�%DXNRVWHQ��6RIWZDUHSDNHW��

− g/%���gNRORJLH�LQ�/HLVWXQJVEHVFKUHLEXQJHQ��13.�
− VRZLH�VHFKV�ZHLWHUH�,QVWUXPHQWH�DXV�GHP�$XVODQG�

%HL�GHU�:DKO�ZXUGH�GDUDXI�JHDFKWHW��GDVV� VRZRKO� ,QVWUXPHQWH��ZHOFKH�GLH
8PZHOWZLUNXQJHQ�TXDQWLWDWLY�EHVFKUHLEHQ��]�%��gNRLQYHQWDUH���DOV�DXFK�,Q�
VWUXPHQWH�� ZHOFKH� GLH� :LUNXQJHQ� SULPlU� TXDOLWDWLY� XPVFKUHLEHQ� �]�%�
&KHFNOLVWHQ���XQWHUVXFKW�ZXUGHQ�
$OOH�I�QI]HKQ�,QVWUXPHQWH�ZXUGHQ�PLW�+LOIH�HLQHV�IL[HQ�5DVWHUV�DXVI�KU�

OLFK�EHVFKULHEHQ��'LHVH�5DVWHU� XPIDVVW� ]XP�HLQHQ� WHFKQLVFKH�$VSHNWH�ZLH
������������������������������������������

��=XU�=HLW�GHU�(UVWHOOXQJ�GHU�hEHUVLFKW�ZDU�GLH�KHXWLJH�2*,3�6RIWZDUH�GHV�&5%
QRFK�QLFKW�YHUI�JEDU��ZHVKDOE�GDV�9RUOlXIHUPRGHOO�GHU�(7+�/DXVDQQH�XQG�8QL�.DUOV�
UXKH�EHWUDFKWHW�ZHUGHQ�PXVVWH�
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%H]XJVSXQNW� �0DWHULDO�� %DXWHLO�� *HElXGH�� HWF���� XQWHUVXFKWH� :LUNXQJHQ
�5HVVRXUFHQDEEDX��6PRJELOGXQJ�XVZ���YJO��GD]X�GLH�$EE������'DWHQJUXQGOD�
JHQ� �$OWHU�� 6WXGLHQ��� *�OWLJNHLWVEHUHLFKH� �6FKZHL]�� 2(&'�� JOREDO��� XQG
YHUZHQGHWH� %HZHUWXQJVPRGHOOH��'DU�EHU� KLQDXV�ZXUGHQ� DXFK� )UDJHQ� ]XU
$QZHQGXQJ� HUIDVVW��9RUDXVJHVHW]WH�.HQQWQLVVH� GHU�%HQXW]HU�� 3UDNWLNDELOL�
WlW��ZLFKWLJVWH�$QZHQGXQJVEHUHLFKH��%H]XJVDGUHVVH��HWF��
'LH� V\VWHPDWLVFKH�%HVFKUHLEXQJ� HUP|JOLFKW� GHQ�GLUHNWHQ�9HUJOHLFK� GHU

YHUVFKLHGHQHQ� ,QVWUXPHQWH�� =XGHP� JHEHQ� LQVEHVRQGHUH� GLH� WHFKQLVFKHQ
$VSHNWH�+LQZHLVH�GDUDXI��ZDV�GDV� HQWVSUHFKHQGH� ,QVWUXPHQW� LQ�GHU�%HXU�
WHLOXQJ� DOOHV� EHU�FNVLFKWLJW��'LHV� LVW�ZLFKWLJ�� XP�GLH�5HVXOWDWH� DQJHPHVVHQ
LQWHUSUHWLHUHQ�]X�N|QQHQ�
(V�NDQQ�GXUFKDXV�VHLQ��GDVV�GHU�%HQXW]HU�ZLGHUVSU�FKOLFKH�5HVXOWDWH�HU�

KlOW��ZHQQ�HU�XQWHUVFKLHGOLFKH�,QVWUXPHQWH�I�U�HLQH�EHVWLPPWH�)UDJHVWHOOXQJ
DQZHQGHW��:LH�PLW�GHUDUWLJHQ�)lOOHQ�XPJHJDQJHQ�ZHUGHQ�NDQQ��LOOXVWULHUHQ
GLH� YLHU� LQ� GHU� 'RNXPHQWDWLRQ� DXVI�KUOLFK� EHVFKULHEHQ� )DOOEHLVSLHOH� �YJO�
7DE�����

Tab. 1 Wenn Fragestellungen mit unterschiedlichen Instrumenten untersucht werden,
können durchaus widersprüchliche Resultate herauskommen. So kehrt sich im
angeführten Beispiel die Rangfolge von zwei Systemen zur Energieversorgung
um. Der Grund für die konträre Beurteilung liegt darin, dass das erste Instrument
(OGIP) auch globale Auswirkungen (CO2 - Emissionen) berücksichtigt.

Instrument
Variante A: Holzschnitzel-
feuerung

Variante B: Blockheizkraft-
werk

OGIP 1. 2.

Standortemissionen (UVP) 2. 1.

����� 5DWJHEHU��:RI�U�NDQQ�ZHOFKHV�,QVWUXPHQW��LP�%DX�XQG
3ODQXQJVSUR]HVV�HLQJHVHW]W�ZHUGHQ"

(LQH�hEHUVLFKWVWDEHOOH�]HLJW�GHP�%HQXW]HU�DQ��ZHOFKHV�,QVWUXPHQW�I�U�ZHO�
FKH�)UDJHVWHOOXQJHQ�HLQJHVHW]W�ZHUGHQ�NDQQ��YJO��7DE������8P�GLHVH��6FKDOW�
]HQWUDOH�� I�U� HLQH� SUDNWLVFKH� (QWVFKHLGXQJ� LP� %DX� XQG� 3ODQXQJVSUR]HVV
QXW]HQ�]X�N|QQHQ��PXVV�GHU�%HQXW]HU� IHVWOHJHQ��ZHOFKHU�)UDJHVWHOOXQJ�GLH
DQVWHKHQGH� (QWVFKHLGXQJ� ]X]XRUGQHQ� LVW�� :HQQ� ]�%�� GHU� ,QQHQDQVWULFK
QDFK�|NRORJLVFKHQ�*HVLFKWVSXQNWHQ�RSWLPLHUW�ZHUGHQ� VROO�� VR�EHWULIIW�GLHV
GLH�0DWHULDOZDKO�LQ�GHU�3KDVH�GHV�%DXSURMHNWV�
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 Tab. 2 Zuordnung der (schweizerischen) Instrumente zu den Fragestellungen.

Instrumente

Fragestellung Ö
ko

in
ve

nt
ar

 A
n-

st
ric

hs
to

ffe

M
er

kb
lä

tte
r 

na
ch

B
K

P

E
20

00
 Ö

ko
-B

au

Ö
LB

O
G

IP

S
IA

 4
93

S
IA

 D
01

22

S
IA

 D
01

23

S
IA

 D
01

37

SP Investitionsanstoss

VS Festlegung Anforderungen

Standortwahl

VP Gestalt + Raumkonzept

Konstruktives System

Systemwahl Haustechnik

Umgebungsgestaltung

Rückbaukonzept

BP Materialwahl

Gesamtgebäude

RA Produktewahl

Baustellenorganisation

Nu Benutzerverhalten

Bestehende Gebäude

Schwarze Felder: Instrument ist geeignet, graue Felder: Instrument ist nur bedingt geeignet
zur Unterstützung der jeweils anstehenden Entscheidungen. Unterschiedene Planungspha-
sen: SP: Strategische Planung, VS: Vorstudie, VP: Vorprojekt, BP: Bauprojekt, RA: Realisie-
rung, NU: Nutzung.

%HWUDFKWHW�PDQ�7DEHOOH���QlKHU��VR�]HLJW�VLFK�GHXWOLFK��GDVV�YRU�DOOHP�LQ�GHU
IU�KHQ� 3ODQXQJVSKDVHQ� �6WUDWHJLVFKH� 3ODQXQJ� XQG� 9RUVWXGLH�� QXU� ZHQLJH
,QVWUXPHQWH� YRUKDQGHQ� VLQG�� GLH� HLQH� |NRORJLVFKH�*HVDPWEHXUWHLOXQJ� GHV
JHSODQWHQ�%DXYRUKDEHQV�]XODVVHQ�
'LH� ZHQLJHQ� ,QVWUXPHQWH�� GLH� I�U� 3UREOHPVWHOOXQJHQ� LQ� GHU� 3KDVH� GHU

9RUVWXGLH�JHHLJQHW�VLQG��VLQG�YRU�DOOHP�TXDOLWDWLYHU�$UW� �HWZD�6,$�'������
'LHV� LVW� QLFKW� �EHUUDVFKHQG�� VLQG� GRFK� LQ� GLHVHQ� IU�KHQ� 3ODQXQJVSKDVHQ
QRFK� ]X� ZHQLJ� VSH]LILVFKH� 'DWHQ� �EHU� GDV� %DXZHUN� YRUKDQGHQ�� GLH� HLQH
TXDQWLWDWLYH�%HXUWHLOXQJ�HUODXEHQ�Z�UGHQ�
7DEHOOH� �� ]HLJW� ]XGHP�� GDVV� TXDOLWDWLYH� ,QVWUXPHQWH� �HWZD� 6,$�'����

RGHU�'������$OOURXQGHU� VLQG� XQG� GHP� YHUVLHUWHQ� %HQXW]HU�ZLFKWLJH�+LQ�
ZHLVH�I�U�EHLQDKH�DOOH�3UREOHPEHUHLFKH�JHEHQ�N|QQHQ��4XDQWLWDWLYH�,QVWUX�
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PHQWH� VLQG�GDJHJHQ�YLHO� VWlUNHU� DXI�EHVWLPPWH�)UDJHVWHOOXQJHQ�KLQ� NRQ]L�
SLHUW�

����� 6FKOXVVEHWUDFKWXQJ

'LH�KLHU�YRUJHVWHOOWH�6,$�'RNXPHQWDWLRQ�'�����JLEW�HLQHQ�hEHUEOLFN��EHU
GLH�:LFKWLJNHLW� |NRORJLVFKHU� )UDJHVWHOOXQJHQ� LQ� GHU� %DXZLUWVFKDIW�� ,QVWUX�
PHQWH�� GLH� DOV� (QWVFKHLGXQJVKLOIHQ� I�U� GLHVH� )UDJHVWHOOXQJHQ� NRQ]LSLHUW
ZXUGHQ��ZHUGHQ�YHUJOHLFKHQG�EHVFKULHEHQ� �6WDQG�(QGH��������*OHLFK]HLWLJ
�EHUQLPPW�GLH�'RNXPHQWDWLRQ�HLQH�5DWJHEHUIXQNWLRQ�� LQGHP�DXI�HLQIDFKH
:HLVH�DXIJH]HLJW�ZLUG��ZHOFKH�,QVWUXPHQWH�]XU�8QWHUVW�W]XQJ�DQVWHKHQGHU
(QWVFKHLGXQJHQ�HLQJHVHW]W�ZHUGHQ�N|QQHQ�
'LH�6FKZHL]�YHUI�JW� LP� LQWHUQDWLRQDOHQ�9HUJOHLFK��EHU� HLQH�XPIDQJUHL�

FKH�3DOHWWH�JHHLJQHWHU�,QVWUXPHQWH�I�U�GLH�|NRORJLVFKH�%HXUWHLOXQJ�YRQ�3OD�
QXQJV�� XQG� %DXYRUKDEHQ�� ,P� %HUHLFK� GHU� |NRORJLVFKHQ�*UXQGODJHQGDWHQ
�gNRLQYHQWDUH� XQG�RGHU� TXDOLWDWLYH� 0DWHULDOFKDUDNWHULVLHUXQJHQ�� VLQG� MH�
GRFK� ZHLWHUKLQ� /�FNHQ� ]X� VFKOLHVVHQ�� LQVEHVRQGHUH�� ZHLO� GDV� %DXZHVHQ
GXUFK�VWHWH�1HXHQWZLFNOXQJHQ�EH]�JOLFK�DQJHZHQGHWHU�9HUIDKUHQ��0DWHULD�
OLHQ�XQG�7HFKQRORJLHQ�JHSUlJW�LVW�

2ULJLQDOOLWHUDWXU�

3��.RFK��:��2WW��%��6HLOHU��$��/DOLYH�G¶(SLQD\��'��*LOJHQ�XQG�+��*XJHUOL�
,QVWUXPHQWH�I�U�|NRORJLVFKHV�%DXHQ�LP�9HUJOHLFK��(LQ�/HLWIDGHQ�I�U�GDV�3ODQXQJVWHDP�
6,$�'RNXPHQWDWLRQ�6,$�'������6FKZHL]HULVFKHU�,QJHQLHXU��XQG�$UFKLWHN�
WHQ�9HUHLQ��=�ULFK�������
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.DSLWHO��� 

0HWKRGLVFKH�$VSHNWH�GHU
gNRELODQ]LHUXQJ

��� $UFKLWHNWXU�XQG�gNRORJLH�²�(LQH�6WXGLH��EHU�GLH
LQ�GHU�%DXEUDQFKH�YRUKDQGHQH�0HLQXQJ�]X
XPZHOWJHUHFKWHQ�%DXZHLVHQ

'LH�$UEHLW�HUJU�QGHW��ZLH�ZHLW�8PZHOWVFKXW]�LP�%DXHQ�YRQ�9HUWUHWHUQ�XQG
9HUWUHWHULQQHQ�GHU�%DXEUDQFKH� DOV�GXUFKI�KUEDU�EHWUDFKWHW�ZLUG�� 6LQG�$U�
FKLWHNWHQ�XQG�3ODQHULQQHQ�RIIHQ�I�U�|NRORJLVFKH�%DXWHFKQLNHQ�XQG�ZHUGHQ
GLHVH� DOV� YHUHLQEDU� PLW� DQGHUHQ� (OHPHQWHQ� ZLH� bVWKHWLN� RGHU� %HQXW]HU�
IUHXQGOLFKNHLW� DQJHVFKDXW"�*HVXFKW�ZDU� DXFK� HLQH�$QWZRUW� DXI� GLH� )UDJH�
ZDUXP�VLFK� JHUDGH� LQ�GLHVHP�%HUHLFK�|NRORJLVFKH�'HQN�� XQG�+DQGOXQJV�
ZHLVHQ�QXU�VHKU�ODQJVDP�GXUFKVHW]HQ�N|QQHQ�

����� *HZlKOWH�0HWKRGLN

'LH�'DWHQHUKHEXQJ�ZXUGH�PLWWHOV�HLQHU�8PIUDJH�GXUFKJHI�KUW������)UDJH�
ERJHQ�ZXUGHQ�DQ�3HUVRQHQ�YHUVFKLFNW��GLH�LQ�GHU�%DXEUDQFKH�WlWLJ�VLQG��'LH
$XVZDKO�ZXUGH�VR�JHWURIIHQ��GDVV�HLQH� �EHUXIOLFK�XQG�EH]�JOLFK�gNRORJLH�
.HQQWQLVVH��P|JOLFKVW� KHWHURJHQH�*UXSSH� DQJHIUDJW�ZXUGH�� ���� )UDJHER�
JHQ�NRQQWHQ�I�U�GLH�%HZHUWXQJ�EHU�FNVLFKWLJW�ZHUGHQ��GLHV�HQWVSULFKW�HLQHU
5�FNODXITXRWH�YRQ����3UR]HQW�
'LH�8PIUDJH�LVW�QLFKW�DOV�UHSUlVHQWDWLY�I�U�GLH�%DXEUDQFKH�]X�EHWUDFKWHQ�

'D]X�LVW�GLH�6WLFKSUREH�PLW�����%HIUDJWHQ�]X�NOHLQ��=XGHP�KDEHQ�VLFK�YRU
DOOHP�3HUVRQHQ�DQ�GHU�6WXGLH�EHWHLOLJW��GLH�VLFK�I�U�XPZHOWVFKRQHQGHV�%DX�
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HQ�LQWHUHVVLHUHQ��'DV�=LHO��7HQGHQ]HQ�LP�8PJDQJ�PLW�XPZHOWIUHXQGOLFKHQ
%DXZHLVHQ�DXI]HLJHQ�]X�N|QQHQ��LVW�GHQQRFK�UHDOLVLHUEDU�

����� &KDUDNWHULVLHUXQJ�GHU�%HIUDJWHQ

'LH� EHIUDJWH�*UXSSH� VHW]WH� VLFK� ]X� HLQHP� JURVVHQ� 7HLO� DXV� 3HUVRQHQ� ]X�
VDPPHQ�� GLH� DXV� GHQ� %HUHLFKHQ� $UFKLWHNWXU� ������ XQG� ,QJHQLHXUZLVVHQ�
VFKDIWHQ� ������ VWDPPHQ��9HUJOLFKHQ�PLW� GHU� JHVDPWVFKZHL]HULVFKHQ�%DX�
EUDQFKH�ZDUHQ�gNRORJLHEHUDWHU�PLW�HOI�3UR]HQW��EHUGXUFKVFKQLWWOLFK��QLFKW
SURIHVVLRQHOOH�SULYDWH�%DXKHUUHQ�PLW����XQWHUGXUFKVFKQLWWOLFK�YHUWUHWHQ�
%H]�JOLFK�$XV��XQG�:HLWHUELOGXQJ�LQ�gNRORJLH�XQG�1DWXUZLVVHQVFKDIWHQ

JDEHQ� VHKU� YLHOH� ������ GHQ� %HVXFK� YRQ� 7DJXQJHQ� XQG� 6HPLQDUHQ� RGHU
������GHQ�VHOEVWlQGLJHQ�:LVVHQVHUZHUE�DQ��'HXWOLFK�ZHQLJHU�JHQRVVHQ�HLQH
GLHVEH]�JOLFKH�$XVELOGXQJ�DQ�HLQHU��)DFK��+RFKVFKXOH�����E]Z������
%HL�GHU�)UDJH�QDFK�GHU�:LFKWLJNHLW�YRQ�VHFKV�$VSHNWHQ�LQ�GHU�ELVKHULJHQ

%DXWlWLJNHLW� GHU� %HIUDJWHQ�� HUJDE� VLFK� IROJHQGH� �DEVWHLJHQGH�� 5HLKHQIROJH�
%HQXW]HUIUHXQGOLFKNHLW� !� :LUWVFKDIWOLFKNHLW� !� 7HFKQLN� !� *HVWDOWXQJ� !
gNRORJLH� !�*HVHW]�� ZREHL� GHU� HUVWH� $VSHNW� GXUFKVFKQLWWOLFK�PLW� ����� GHU
OHW]WH�PLW�����EHZHUWHW�ZXUGH��6NDOD�YRQ���ELV����
'LH�EHIUDJWH�*UXSSH�LVW�VHKU�I�U�8PZHOWIUDJHQ�VHQVLELOLVLHUW��KDEHQ�VLFK

GRFK� ���� LQ� LUJHQGHLQHU� )RUP� DXI� GLHVHP�*HELHW� ZHLWHUJHELOGHW�� (V� IlOOW
DXFK� DXI�� GDVV� VLFK� GLH� %HIUDJWHQ� LQ� YLHOHQ� %HODQJHQ� HLQLJ� VLQG�� NRQQWHQ
GXUFK�GLH�8QWHUVXFKXQJ�GRFK�QXU� VHOWHQ� �XQG�JHULQJH��'LVNUHSDQ]HQ�]ZL�
VFKHQ�HLQ]HOQHQ�%HUXIVJDWWXQJHQ�DXIJH]HLJW�ZHUGHQ�

����� %HNDQQWKHLWVJUDG�ZLFKWLJHU�)DFKEHJULIIH

'HU�%HNDQQWKHLWVJUDG�ZLFKWLJHU�)DFKEHJULIIH� DXV�GHP�8PZHOWEHUHLFK�ZDU
DOOJHPHLQ�UHFKW�KRFK��1XU�HLQ�%HJULII��GLH�KROOlQGLVFKH�%HZHUWXQJVPHWKRGH
gNR�,QGLNDWRU��UDQJLHUWH�LP�%HUHLFK�XQEHNDQQW�ELV�YDJH�EHNDQQW��GUHL�ZHL�
WHUH�%HJULIIH�ZDUHQ�YDJH�EHNDQQW�ELV�EHNDQQW��$OOH�ZHLWHUHQ�HOI�)DFKEHJULIIH
ZXUGHQ�DOV�EHNDQQW�ELV�JXW�EHNDQQW�HLQJHVWXIW��$OOHUGLQJV�IlOOW�DXI��GDVV�DOO�
JHPHLQH� 8PZHOWSUREOHPH� �]�%�� 7UHLEKDXVHIIHNW�� JHQHUHOO� EHVVHU� EHNDQQW
ZDUHQ� DOV� HKHU� gNRELODQ]�VSH]LILVFKH� %HJULIIH� �8PZHOWEHODVWXQJVSXQNWH�
YHUVFKLHGHQH�7R[L]LWlWVSDUDPHWHU��

����� 8PZHOWVFKRQHQGH�%DXZHLVHQ

:DV� VLQG� GLH� SULPlUHQ� 6FKXW]J�WHU�� XQG� ZLH� NDQQ� 8PZHOWVFKXW]� LQ� GHU
%DXEUDQFKH�XPJHVHW]W�ZHUGHQ"
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'LH�%HIUDJWHQ� JHEHQ� GHP� VFKRQHQGHQ�8PJDQJ�PLW� (QHUJLH� XQG� 5HV�
VRXUFHQ�VRZLH�GHU�,QQHQUDXPTXDOLWlW�GHQ�9RUUDQJ�YRU�GHQ�HWZDV�DEVWUDNWH�
UHQ�6FKXW]]LHOHQ�´%RGHQµ�RGHU�´/DQGVFKDIWVELOGµ��%HL�GHU�8PVHW]XQJ�ZXU�
GH�GLH�:LFKWLJNHLW�GHU� LQWHJUDOHQ�3ODQXQJ��9HUZHQGXQJ�QDW�UOLFKHU�� ODQJOH�
ELJHU�0DWHULDOLHQ�XQG�GHV�5HF\FOLQJV�EHWRQW��DOV�0DVVQDKPHQ�]XP�(QHUJLH�
VSDUHQ� ZXUGH�� QHEVW� GHP� (LQVDW]� HUQHXHUEDUHU� (QHUJLH� XQG� JXWHU� 'lP�
PXQJ�� LQVEHVRQGHUH� DXFK� HLQH� 9HUKDOWHQV�� XQG� $QVSUXFKVlQGHUXQJ� GHU
*HElXGHEHQXW]HU�JHIRUGHUW�
*LEW�HV�HLQHQ�]ZLQJHQGHQ�=XVDPPHQKDQJ�]ZLVFKHQ�|NRORJLVFKHP�%DX�

HQ�XQG�W\SLVFKHQ�JHVWDOWHULVFKHQ�(OHPHQWHQ��E]Z��JDU�HLQHQ�6WLO]ZDQJ��´-XWH
VWDWW�3ODVWLNµ��I�U�XPZHOWVFKRQHQGH�*HElXGH"
+LHU�VHKHQ�GLH�%HIUDJWHQ�HLQHUVHLWV�GXUFKDXV�gNREDX�6SH]LILND�ZLH�HLQ�

IDFKH� 9ROXPHQJHVWDOWXQJ�� VSH]LHOOH� 0DWHULDOZDKO�� 6RQQHQNROOHNWRUHQ� XQG
EHJU�QWH�'lFKHU��ZHKUHQ� VLFK� DQGUHUVHLWV� DEHU� HQWVFKLHGHQ� JHJHQ�GHQ�EH�
KDXSWHWHQ�´6WLO]ZDQJµ�
(LQH�ZHLWHUH�)UDJH�JLQJ�DXI�GLH�8PZHOW�5HOHYDQ]�GHU�(QWVFKHLGH�LQ�GHQ

YHUVFKLHGHQHQ�3ODQXQJVSKDVHQ� HLQ��'LH�%HIUDJWHQ�EHZHUWHWHQ�GDEHL� LQVEH�
VRQGHUH�GLH�IU�KHQ�3ODQXQJVVWDGLHQ�DOV�ZLFKWLJ��$EE�����

5.06

5.24

5.10

4.73

4.29

3.86

3.21

2.60

4.32

4.00

Strategische Planung

Vorstudie

Vorprojektierung

Bauprojektierung

Ausschreibung

Ausführung

Inbetriebnahme

Abschluss

Bewirtschaftung

Rekonstruktion/Entsorgung

Abb. 3 Gewichtung des Einflusses der verschiedenen Planungsphasen auf eine umwelt-

gerechte Bauweise. Die Bewertung reicht von klein (1) bis zu gross (6). Die Pla-

nungsprozesse sind nach SIA LM’95 aufgeteilt. Die Angaben entsprechen den

Mittelwerten.

%HIUDJW��RE�XPZHOWVFKRQHQGH�%DXHQWVFKHLGH�]ZLQJHQG�WHXUHU�VHLHQ�DOV�NRQ�
YHQWLRQHOOH��DQWZRUWHWHQ�����PLW� MD������PLW�QHLQ��'LHVH�$QVLFKW�GHU�%H�
IUDJWHQ�GHFNW�VLFK�QLFKW�PLW�GHU�0HLQXQJ�LKUHV�EHUXIOLFKHQ�8PIHOGV��ZXUGHQ
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GRFK�DOV�KlXILJVW�JHK|UWH�%HJU�QGXQJ�JHJHQ�|NRORJLVFKH�(QWVFKHLGH�JHUDGH
GLH�.RVWHQ�������JHIROJW�YRQ�´]X�NRPSOL]LHUW´�������HUZlKQW�

����� )D]LW

*HQHUHOO�NDQQ�DXV�GLHVHU�%HIUDJXQJ�JHIROJHUW�ZHUGHQ��GDVV�VLFK�GLH�|NROR�
JLVFK�LQWHUHVVLHUWHQ�%DXOHXWH�EUDQFKHQ�EHUJUHLIHQG�LQ�ZHLWHQ�%HODQJHQ�HLQLJ
VLQG� �EHU� ]X� EHU�FNVLFKWLJHQGH� 6FKXW]]LHOH�� NRQNUHWH� XPZHOWVFKRQHQGH
0DVVQDKPHQ� XQG� GLH�:LFKWLJNHLW� GHU� IU�KHQ� 3ODQXQJVSKDVHQ�� VRZLH� GDU�
�EHU��GDVV�XPZHOWVFKRQHQGH�*HElXGH�QLFKW�]ZLQJHQG�DXI�GHQ�HUVWHQ�%OLFN
DOV� VROFKH� HUNHQQEDU� XQG� DXFK� QLFKW� WHXUHU� DOV� DQGHUH� VHLQ� P�VVHQ�� DXFK
ZHQQ� LKQHQ� GLHVHV� ,PDJH� DQKDIWHW�� 2IW� JHZ�QVFKW� ZXUGHQ� DXFK� HLQIDFKH
,QVWUXPHQWH�]XU�8PZHOWDQDO\VH��P|JOLFKVW�YHUEXQGHQ�PLW�GHUHQ�REOLJDWRUL�
VFKHU�$QZHQGXQJ�
:lKUHQGGHP� HLQLJH� GHU� %HIUDJWHQ� |NRORJLVFKH� *HVLFKWVSXQNWH� NRQVH�

TXHQW�LQ�LKUH�$UEHLW�HLQEH]LHKHQ��VLQG�DQGHUH�GD]X�]ZDU�ZLOOHQV��I�KOHQ�VLFK
DEHU� QLFKW� LQ� GHU� /DJH�� VRODQJH� GLH� 5DKPHQEHGLQJXQJHQ� �JHVHOOVFKDIWOLFKH
$N]HSWDQ]��SROLWLVFKHU�'XUFKVHW]XQJVZLOOH�� QLFKW� JHlQGHUW�ZHUGHQ��+LHU]X
ZXUGH�RIW� EHWRQW�� GDVV� DXFK� HLQ� JURVVHU� ,QIRUPDWLRQVEHGDUI� EHVWHKW� ²� EHL
%DXKHUUHQ�XQG�:HWWEHZHUEMXU\V��DEHU�DXFK�EHL�YLHOHQ�$UFKLWHNWHQ�XQG�3OD�
QHUQ��6HOEVWUHGHQG�VROOWH�GLHVH�,QIRUPDWLRQ�DQZHQGXQJVRULHQWLHUW�XQG�P|J�
OLFKVW�ZLGHUVSUXFKVIUHL�VHLQ�

2ULJLQDOOLWHUDWXU

$��/DOLYH�G¶(SLQD\��$��0�OOHU��XQG�5��3XOOL��$UFKLWHNWXU� XQG�gNRORJLH�²�(LQH
6WXGLH��EHU�GLH�LQ�GHU�%DXEUDQFKH�YRUKDQGHQH�0HLQXQJ�]X�XPZHOWJHUHFKWHQ�%DXZHLVHQ�
(7+�=�ULFK��/DERUDWRULXP�I�U�WHFKQLVFKH�&KHPLH��3URIHVVXU�I�U�6LFKHUKHLW
XQG�8PZHOWVFKXW]�LQ�GHU�&KHPLH��8QLYHUVLWlWVVWUDVVH����������=�ULFK������
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��� hEHUEOLFN��EHU�GLH�gNRELODQ]LHUXQJ�YRQ
*HElXGHQ�²�6WDWH�RI�WKH�$UW

'LH�6WXGLH�JLEW�HLQHQ�hEHUEOLFN��EHU�EHVWHKHQGH�0HWKRGHQ�XQG�3UREOHP�
IHOGHU�GHU�gNRELODQ]LHUXQJ� LP�%DXZHVHQ��(UVWHOOW�ZXUGH� HLQH�=XVDPPHQ�
IDVVXQJ� GHV� DNWXHOOHQ� 6WDQGV� GHU� )RUVFKXQJ� XQG� $QZHQGXQJ�� ZREHL� QXU
3URMHNWH� ]XU� gNRELODQ]LHUXQJ� DXI� *HElXGHHEHQH� EHU�FNVLFKWLJW� ZXUGHQ�
8QWHUVXFKXQJHQ� DXI� 0DWHULDO�� RGHU� %DXHOHPHQWHEHQH� ZHUGHQ� QLFKW� EH�
WUDFKWHW��,Q�GLH�6WXGLH�HLQEH]RJHQ�ZXUGHQ�)DOOEHLVSLHOH�YRQ�EHUHLWV�GXUFKJH�
I�KUWHQ�gNRELODQ]HQ�
(V�ZXUGH�LQVEHVRQGHUH�IROJHQGHQ�)UDJHVWHOOXQJHQ�QDFKJHJDQJHQ�

− :HU�EHVFKlIWLJW�VLFK�PLW�gNRELODQ]LHUXQJ�YRQ�*HElXGHQ"
− :LH�EHWUHLEHQ�YHUVFKLHGHQH�$NWHXUH�GLH�)RUVFKXQJ�XQG�$QZHQGXQJ�GHU
(UNHQQWQLVVH� DXI� GLHVHP�*HELHW� XQG�ZLH� XQWHUVFKHLGHQ� VLFK� GLHVH�$Q�
VWUHQJXQJHQ"

− :HOFKH�PHWKRGLVFKHQ�5HJHOQ�JHOWHQ�]XU�=HLW�XQG�ZHOFKH�ZHUGHQ�YRUDQ�
JHWULHEHQ"

− :HOFKH�PHWKRGLVFKHQ�3UREOHPNUHLVH�ZHUGHQ�EHDUEHLWHW��ZHOFKH�QLFKW"

����� 0HWKRGLN

'LH� 6WXGLH� EHUXKW� JU|VVWHQWHLOV� DXI� HLQHP� /LWHUDWXUVWXGLXP�� GHPHQWVSUH�
FKHQG� NDQQ� VLH� DXFK� DOV� XPIDVVHQGHV�5HYLHZ� GHU� DXI� GLHVHP�*HELHW� YRU�
KDQGHQHQ�3XEOLNDWLRQHQ�EHWUDFKWHW�ZHUGHQ��(UJlQ]HQG�ZXUGHQ� ,QWHUYLHZV
PLW� GHQ� $NWHXUHQ� GXUFKJHI�KUW� XQG� GLH� ,QIRUPDWLN�EDVLHUWHQ� gNRELODQ]�
,QVWUXPHQWH�DQDO\VLHUW�

����� gNRELODQ]LHUXQJ�YRQ�*HElXGHQ

,P�*HElXGHEHUHLFK�N|QQHQ�gNRELODQ]HQ�DXI�YHUVFKLHGHQHQ�(EHQHQ�HLQJH�
VHW]W�ZHUGHQ��6LH�GLHQHQ�LQVEHVRQGHUH�

− GHU�,GHQWLIL]LHUXQJ�YRQ�XPZHOWUHOHYDQWHQ�3UR]HVVHQ�RGHU�3KDVHQ
− GHP�9HUJOHLFK�YHUVFKLHGHQHU�7HFKQLNHQ��+HL]XQJ��'lPPXQJ�HWF��
− GHU� (QWVFKHLGXQJVXQWHUVW�W]XQJ� EHL� GHU�:DKO� GHV� %DXRUWHV�� GHU�:DKO
GHU�HLQ]XVHW]HQGHQ�0DWHULDOLHQ��GHU�:DKO�GHU�HLQ]XVHW]HQGHQ�+DXVWHFK�
QLN�HWF�
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(LQ�*HElXGH� NDQQ� DXI� GHU�0DWHULDOHEHQH� DOV� 3UR]HVV� GHU� (UVWHOOXQJ�� (U�
QHXHUXQJ� XQG� � GHV� DEVFKOLHVVHQGHQ� 5�FNEDXV� YHUVWDQGHQ� ZHUGHQ�� +lXILJ
HUIROJW� GDEHL� HLQH�8QWHUJOLHGHUXQJ� GHV�*HElXGHV� LQ� (OHPHQWJUXSSHQ� XQG
(OHPHQWH�� GLH� LKUHUVHLWV� DXV� YHUVFKLHGHQHQ�0DWHULDOLHQ� EHVWHKHQ� XQG� YHU�
VFKLHGHQH�)HUWLJXQJV��XQG�(LQEDXVFKULWWH�YHUODQJHQ��9LHOH�GHU�LQ�GHU�6WXGLH
HUIDVVWHQ� gNRELODQ]�,QVWUXPHQWH� EDVLHUHQ� DXI� GLHVHU� *OLHGHUXQJ�� $XI� GHU
3ODQXQJVHEHQH�ZLUG�GDV�*HElXGH�HKHU�DOV�3UR]HVV�YHUVWDQGHQ��PLW�VLFK�LP�
PHU� PHKU� NRQNUHWLVLHUHQGHQ� 3ODQXQJVVWXIHQ�� (LQ� ZLFKWLJHV� .ULWHULXP� LVW
GDKHU�DXFK�GHU�(LQVDW]]HLWSXQNW�HLQHU�8PZHOWDQDO\VHPHWKRGH��'LH�PHLVWHQ
GHU�HUIDVVWHQ�gNRELODQ]�,QVWUXPHQWH�EHQ|WLJHQ�DXV�PHWKRGLVFKHQ�*U�QGHQ
GHWDLOOLHUWH�0DWHULDODQJDEHQ� XQG� VLQG� GDKHU� HUVW� LP� ZHLW� IRUWJHVFKULWWHQHQ
3ODQXQJVVWDGLXP�HLQVHW]EDU��(LQLJH�)RUVFKXQJVJUXSSHQ� VLQG�EHVWUHEW�� GHQ
(LQVDW]]HLWUDKPHQ�]X�HUZHLWHUQ�

����� $NWHXUH�XQG�,QVWUXPHQWH

=XU�=HLW�EHVFKlIWLJHQ�VLFK�HLQLJH�)RUVFKXQJVJUXSSHQ�PLW�GHU�gNRELODQ]LH�
UXQJ�YRQ�*HElXGHQ��'LH�PHLVWHQ�EHIDVVHQ�VLFK�ZHQLJHU�PLW�PHWKRGLVFKHQ
$VSHNWHQ��VRQGHUQ�HKHU�PLW�GHU�$XVDUEHLWXQJ�SUD[LVWDXJOLFKHU�6RIWZDUH�]XU
%HZHUWXQJ�YRQ�1HX��RGHU�8PEDXWHQ�
,P�5HJHQHU�3URMHNW� GHU�(XURSlLVFKHQ�.RPPLVVLRQ� VLQG�)RUVFKHU� XQG

$UFKLWHNWHQ�DXV�I�QI�HXURSlLVFKHQ�/lQGHUQ�EHWHLOLJW��'LHVH�SXEOL]LHUWHQ�LP
-DQXDU������HLQHQ�I�QIWHLOLJHQ�%HULFKW��5HJHQHU������

− ,QWURGXFWLRQ� WR�/LIH�&\FOH�$QDO\VLV�RI�%XLOGLQJV��PLW�'HILQLWLRQHQ�XQG
.RQ]HSWHQ

− (QYLURQPHQWDO�$VVHVVPHQW�DW� WKH�/RFDO�/HYHO�DQDO\VLHUW�GHQ�3ODQXQJV�
SUR]HVV�XQG�XQWHUVXFKW�GLH�P|JOLFKH�$QZHQGXQJ�GHU�gNRELODQ]LHUXQJ

− $SSOLFDWLRQ� RI� WKH� /LIH� &\FOH� $QDO\VLV� WR� %XLOGLQJV� VWHOOW� EHVWHKHQGH
/&$�7RROV�XQG�GLH�(LJHQHQWZLFNOXQJ�(48(5�YRU�

− 7KH� ,QWHJUDWLRQ� RI� (QYLURQPHQWDO� $VVHVVPHQW� LQ� WKH� %XLOGLQJ�'HVLJQ
3URFHVV�HQWKlOW�hEHUOHJXQJHQ�]XU�%HU�FNVLFKWLJXQJ�P|JOLFKVW�DOOHU�XP�
ZHOWUHOHYDQWHU� (QWVFKHLGXQJHQ� LP� 3ODQXQJVSUR]HVV� �5DXPSODQXQJ�
%DXEHGDUI�� 7UDQVSRUW�� %HQXW]HUYHUKDOWHQ�� (QWVRUJXQJ��� GLHVH� $VSHNWH
ZXUGHQ�QXU�WHLOZHLVH�LQ�(48(5�EHU�FNVLFKWLJW�

− $SSOLFDWLRQV�E\�7DUJHW�*URXSV�GLHQW�3ODQHUQ�XQG�$UFKLWHNWHQ�DOV�/HLWID�
GHQ�I�U�GLH�$QZHQGXQJ�YRQ�/&$V��HQWKlOW�DXFK�]ZHL�PLW�(48(5�XQ�
WHUVXFKWH�%HLVSLHOH�

(48(5��(YDOXDWLRQ�GH�OD�TXDOLWp�HQYLURQPHQWDOH�GHV�EkWLPHQWV��ZXUGH�DQ
GHU�(FROH�GHV�0LQHV�GH�3DULV�YRQ�GHU�*UXSSH�XP�%��3HXSRUWLHU�HQWZLFNHOW�
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'DV�3URJUDPP�VROO� LQVEHVRQGHUH�GHU�2SWLPLHUXQJ�YRQ�*HElXGHQ� LP�3OD�
QXQJVVWDGLXP�GLHQHQ��(LQJHJHEHQ�ZHUGHQ�*HElXGHGDWHQ��0DWHULDOZDKO�XQG
²PHQJHQ��$XIEDX�GHU�*HElXGHK�OOH��$XVVWDWWXQJ���%HQXW]HUGDWHQ��:DVVHU�
XQG� 6WURPYHUEUDXFK��$EIDOOUHF\FOLQJ��0RELOLWlW�� VRZLH� 6WDQGRUWGDWHQ� �.OL�
PD��6RQQHQH[SRVLWLRQ��$EZDVVHUDQVFKOXVV�HWF����$OV�5HVXOWDW�ZHUGHQ�VRJH�
QDQQWH�(FRSURILOH�HUVWHOOW��GLH�LQ�HLQHP�1HW]GLDJUDPP�$QJDEHQ�PDFKHQ�]X
3ULPlUHQHUJLHYHUEUDXFK�� 7UHLEKDXVHIIHNW�� 9HUVDXHUXQJ�� 6PRJ�� hEHUG�Q�
JXQJ��:DVVHUYHUEUDXFK�VRZLH��UDGLRDNWLYHP��$EIDOO�
'LH�*UXSSH�YRQ�3URI��.RKOHU�DP�,QVWLWXW�I�U�LQGXVWULHOOH�%DXSURGXNWLRQ

�LILE��GHU�8QLYHUVLWlW�.DUOVUXKH�DUEHLWHW� VHLW� OlQJHUHP� �XUVSU�QJOLFK� DQ�GHU
(7+� /DXVDQQH�� DQ� gNRELODQ]LHUXQJVLQVWUXPHQWHQ� �2*,3�� VRZLH� Å(FR�
)DPLOLH´���'LHVH� EDVLHUHQ� DXI� GHU�(OHPHQWNRVWHQJOLHGHUXQJ� GHV� &HQWUH� GH
5DWLRQDOLVDWLRQ�GX�%kWLPHQW�LQ�=�ULFK�VRZLH��HEHQVR�ZLH�(48(5��DXI�GHQ
gNRLQYHQWDUHQ� I�U� (QHUJLHV\VWHPH� XQG� I�U� %DXVWRIIH� �(7+�=�ULFK���'LH
9HUDUEHLWXQJ� GHU� 6DFKELODQ]GDWHQ� HUIROJW� DXIJUXQG� GHU� &0/�0HWKRGLN�
�+HLMXQJV�HW�DO���������'DV�HUVWH�,QVWUXPHQW��(&237��ULFKWHW�VLFK�DQ�3ODQHU
XQG�%DXKHUUHQ�XQG�VROO�EHL�GHU�|NRORJLVFKHQ�2SWLPLHUXQJ�GHV�%DXEHGDUIV
�1HXEDX�� 8PQXW]XQJ�� 6WDQGRUW�� HLQJHVHW]W� ZHUGHQ�� ,VW� HLQ� HUVWHU� %DXHQW�
ZXUI� HUIROJW�� N|QQHQ� ZHLWHUH� 2SWLPLHUXQJHQ� PLW� (&2352� DQJHJDQJHQ
ZHUGHQ��(LQJHJHEHQ�ZLUG� HLQ�*HElXGH�JHJOLHGHUW� QDFK� �HQHUJLHUHOHYDQWHQ�
%DXZHUNVWHLOHQ��%HUHFKQXQJ�GHV�%HWULHEVHQHUJLHEHGDUIV��VRZLH�HUJlQ]HQGHQ
%HUHFKQXQJVHOHPHQWHQ��'DV� 3URJUDPP� HUVWHOOW� DXIJUXQG� GHU� VRJHQDQQWHQ
1RUPSRVLWLRQHQ� �%DVLVHLQKHLWHQ� I�U�GLH�*HElXGHHUVWHOOXQJ���GLH�PLW�(QHU�
JLH��XQG�6WRIIIOXVVGDWHQ�HUJlQ]W�ZXUGHQ��HLQH�GHP�(FRSURILOH�YRQ�(48(5
HQWVSUHFKHQGH� $QJDEH� �EHU� 0DVVHQ�� XQG� (QHUJLHIO�VVH�� 7UHLEKDXVHIIHNW�
9HUVDXHUXQJ�� GLUHNWH� XQG� H[WHUQH�.RVWHQ��+XPDQWR[L]LWlW� XQG�%RGHQYHU�
VLHJHOXQJ��$OV�GULWWHV��JHSODQWHV��,QVWUXPHQW�VROO�(&25($/�HLQH�TXDOLWDWLYH
5LVLNRDEVFKlW]XQJ�]X�GHQ�YHUZHQGHWHQ�%DXPDWHULDOLHQ�XQG�²SUR]HVVHQ�OLH�
IHUQ�
'DV�GlQLVFKH�%DXIRUVFKXQJVLQVWLWXW� 6%,�KDW� HLQ�0RGHOO� HQWZLFNHOW�� GDV

GHQ� WRWDOHQ�(QHUJLHEHGDUI�HLQHV�*HElXGHV�VRZLH�GLH�GDUDXV� UHVXOWLHUHQGHQ
(PLVVLRQHQ� LQ� GLH� $WPRVSKlUH� HUPLWWHOW�� 'DV� *HElXGH� ZLUG� GDEHL� QDFK
GHP�GlQLVFKHQ�*HElXGHNODVVLILNDWLRQVV\VWHP�LQ�(OHPHQWH�XQWHUWHLOW��'LHVHV
0RGHOO�VROO�]XU�XPIDVVHQGHQ�gNRELODQ]�PLW�(UPLWWOXQJ�YRQ�3ULPlUHQHUJLH�
XQG�5HVVRXUFHQYHUEUDXFK��7UHLEKDXVHIIHNW��9HUVDXHUXQJ�XQG�*HVXQGKHLWV�
EHHLQWUlFKWLJXQJHQ�DXVJHEDXW�ZHUGHQ�
'LH�KROOlQGLVFKH�%DXEHUDWXQJVILUPD�:RRQ�(QHUJLH��:�(��&RQVXOWDQWV

KDW� VFKRQ������ HLQH�/&$�EDVLHUWH�*HElXGHEHZHUWXQJVPHWKRGH� �(QYLURQ�
������������������������������������������

��(V�KDQGHOW�VLFK�KLHU�XP�HLQH�HUVWH�9HUVLRQ�YRQ�2*,3��GLH�EHL�3URI��.RKOHU�LQ�/DX�
VDQQH�HQWZLFNHOW�ZXUGH��2*,3�ZXUGH�VSlWHU�YRP�&5%�ZHLWHUHQWZLFNHOW�XQG�KHXWH�OLHJW
HLQH�%HWD�9HUVLRQ�GHU�6RIWZDUH�YRU��ZZZ�RJLS�FK��
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PHQWDO�3UHIHUHQFH�0HWKRG��(30��HQWZLFNHOW��GLH�LQVEHVRQGHUH�DXI�GHQ�9HU�
JOHLFK�YRQ�$OWHUQDWLYHQ�DXVJHOHJW�LVW��XQG�DOV�5HVXOWDW�I�U�DFKW�8PZHOWNDWH�
JRULHQ� �5HVVRXUFHQ�� (QHUJLH�� (PLVVLRQHQ�� 6FKlGHQ�� $EIDOO�� :LHGHUYHU�
ZHQGEDUNHLW��5HSDULHUEDUNHLW�XQG�/HEHQVGDXHU��GLH�9DULDQWHQ�TXDOLWDWLY�����
RGHU����ZHUWHW��0LW�(&2�48$1780�ZXUGH�HEHQIDOOV�HLQ�VRIWZDUHEDVLHU�
WHV� gNRELODQ]�,QVWUXPHQW� HQWZLFNHOW�� GDV� DXV� GHWDLOOLHUWHQ� *HElXGHGDWHQ
HLQH�XPIDVVHQGH�gNRELODQ]�QDFK�&0/�.ULWHULHQ�HUVWHOOW�
(LQH�gNRELODQ]LHUXQJV�$UEHLWVJUXSSH�GHV�&67%��&HQWUH�VFLHQWLILTXH�HW

WpFKQLTXH� GX� EkWLPHQW�� LQ�*UHQREOH� EHVFKlIWLJW� VLFK� LQWHQVLY�PLW�8PZHO�
WDVSHNWHQ�DXI�YHUVFKLHGHQHQ�6WXIHQ��*HElXGHSDUN��(LQ]HOJHElXGH��%DXSUR�
GXNWH���=XU�2SWLPLHUXQJ�GHU�8PZHOWTXDOLWlW�YRQ�OHW]WHUHQ�ZXUGH�GDV�3UR�
JUDPP�(4XLW\��EDVLHUHQG�DXI�/&$��HQWZLFNHOW�
'DV� /DERUDWRLUH� G¶pQHUJLH� VRODLUH� �(3)�/DXVDQQH�� EHVFKlIWLJW� VLFK� VHLW

OlQJHUHU� =HLW� PLW� |NRORJLVFKHQ� $VSHNWHQ� LP� %DXEHUHLFK�� ELV� ����� XQWHU
3URI��.RKOHU��VHLW������LQ�=XVDPPHQDUEHLW�PLW�GHP�0DVVDFKXVVHWV�,QVWLWXWH
RI�7HFKQRORJ\�XQG�GHU�8QLYHUVLWlW�7RN\R��6XVWDLQDELOLW\�LQ�%XLOGLQJV��

����� 0HWKRGLVFKH�$VSHNWH

'LH�hEHUOHJXQJHQ�GLH� LQ�GHQ�REHQ�JHQDQQWHQ�3URMHNWHQ�]X�ZLFKWLJHQ�PH�
WKRGLVFKHQ�$VSHNWHQ�GHU�gNRELODQ]LHUXQJ�YRQ�*HElXGHQ�JHPDFKW�ZXUGHQ�
ZXUGHQ� V\VWHPDWLVFK� HUIDVVW�� XP� hEHUHLQVWLPPXQJHQ�� 'LVNUHSDQ]HQ� XQG
7UHQGV�IHVW]XVWHOOHQ�
%HL� GHU�'HILQLWLRQ� YRQ�=LHO� XQG�5DKPHQ�EHWRQW� LQVEHVRQGHUH� GDV� LILE

GLH�:LFKWLJNHLW�GHU�%HDFKWXQJ�IROJHQGHU�3XQNWH��$QVLFKWHQ��,QWHUHVVHQ�XQG
0RWLYH� GHU� %HWHLOLJWHQ�� ]HLWOLFKH� XQG� UlXPOLFKH� 5DKPHQEHGLQJXQJHQ�� %H�
ZHUWXQJVJHJHQVWDQG�� *UDG� GHU� .RQNUHWKHLW�� HUUHLFKWHU� ,QIRUPDWLRQVVWDQG
VRZLH� 9HUI�JEDUNHLW� XQG�$N]HSWDQ]� YRQ�%HZHUWXQJVPHWKRGHQ��'LH� REHQ
HUZlKQWHQ� %HZHUWXQJVPHWKRGHQ� ]LHOHQ� PHLVW� DXI� GLH� 0LQLPLHUXQJ� GHU
8PZHOWZLUNXQJ�YRQ�*HElXGHQ��6HKU�ZLFKWLJ� LVW�GDEHL�GLH�:DKO�GHU� IXQN�
WLRQDOHQ�(LQKHLW�XQG�GLH�6HW]XQJ�GHU�6\VWHPJUHQ]HQ��GLH�MH�QDFK�)UDJHVWHO�
OXQJ�YHUVFKLHGHQ�JHZlKOW�ZHUGHQ��$OV�IXQNWLRQDOH�(LQKHLWHQ�ZHUGHQ�GHU�JH�
VDPWH�*HElXGHEHVWDQG� HLQHV�*HELHWV�� HLQ]HOQH�*HElXGH� �HWZD� EHLP�9HU�
JOHLFK� ]ZLVFKHQ� %DXZHUNHQ� PLW� GHU� JOHLFKHQ� )XQNWLRQ��� 1XW]IOlFKH� SUR
=HLWHLQKHLW� �EHL� GHXWOLFK� YHUVFKLHGHQHQ� 2EMHNWHQ��� HLQ� %DXHOHPHQW� �P��
RGHU�HLQ�%DXVWRII��LQ�NJ��DOV�VLQQYROO�HUDFKWHW�
'LH�6\VWHPJUHQ]HQ�EHL�GHU�%HWUDFKWXQJ�HLQ]HOQHU�*HElXGH�ZHUGHQ�YRQ

GHQ�PHLVWHQ�$NWHXUHQ�GHP�/HEHQV]\NOXVDQVDW]� HQWVSUHFKHQG�ZHLW� JHVHW]W�
%HLP� %DX� ZLUG� GLH� YRUJHODJHUWH� +HUVWHOOXQJ� DOOHU� .RPSRQHQWHQ� EHU�FN�
VLFKWLJW��GLH�XQWHUVFKLHGOLFKH�/HEHQVGDXHU��XQG�VRPLW�(UQHXHUXQJVUDWH��GHU
HLQ]HOQHQ�*HElXGHWHLOH� ZLUG� HEHQIDOOV� HLQEH]RJHQ��8QWHUKDOWVDUEHLWHQ� XQG
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%HWULHEVHQHUJLHDXIZDQG� �LQNO�� (QHUJLHKHUVWHOOXQJ�� ZHUGHQ� LP�gNRLQYHQWDU
YROOVWlQGLJ� HUIDVVW�� +lXILJ� QLFKW� HLQEH]RJHQ� ZLUG� GLH� ,QIUDVWUXNWXU� �*DV��
(OHNWUL]LWlWV���:DVVHU���$EZDVVHU��XQG�6WUDVVHQDQVFKOXVV��XQG�GHU�LQGX]LHUWH
9HUNHKU��%HL�GHU�(QWVRUJXQJ�GHU�*HElXGHWHLOH� DP�(QGH�GHU�/HEHQVGDXHU
ZHUGHQ� ELVKHU� QXU� GLH� HQHUJHWLVFKHQ� $XIZHQGXQJHQ� EHU�FNVLFKWLJW�� QLFKW
DEHU�HQWVRUJXQJVEHGLQJWH�(PLVVLRQHQ�XQG�GHU�'HSRQLHUDXPEHGDUI�
'LH� 'DWHQHUKHEXQJ� �0DWHULDO�� XQG� (QHUJLHELODQ]�� ZLUG� YRQ� GHQ� EH�

VFKULHEHQHQ�,QVWUXPHQWHQ�lKQOLFK�JHKDQGKDEW��=XU�9HUNQ�SIXQJ�PLW�(QHU�
JLH��XQG�6WRIIIOXVVGDWHQ�ZLUG�DXVVHU�EHLP�6%,�LPPHU�DXI�GLH�gNRLQYHQWDUH
I�U�(QHUJLHV\VWHPH�VRZLH�DXI�GLHMHQLJHQ�I�U�%DXVWRIIH�]XU�FNJHJULIIHQ�
$XV�GHP�gNRLQYHQWDU�ZHUGHQ�DQVFKOLHVVHQG�GLH�8PZHOWZLUNXQJHQ��HLQ�

JHWHLOW�LQ�YHUVFKLHGHQH�:LUNXQJVNDWHJRULHQ��HUPLWWHOW��7DEHOOH���]HLJW��ZHOFKH
GHU�:LUNXQJVNODVVHQ� LQ� GHQ� YHUVFKLHGHQHQ� 6WXGLHQ� EHU�FNVLFKWLJW� ZHUGHQ�
$P� KlXILJVWHQ� EHU�FNVLFKWLJW� ZHUGHQ� (QHUJLHYHUEUDXFK�� 7UHLEKDXVHIIHNW�
9HUVDXHUXQJ�XQG�6RPPHUVPRJ��(EHQIDOOV�LQ�7DE����DXIJHI�KUW�VLQG�GLH�%H�
ZHUWXQJVPHWKRGHQ�� QDFK� GHQHQ� GLH� HUPLWWHOWHQ� gNRLQYHQWDUH� �QDFK� &KD�
UDNWHULVLHUXQJ� XQG� 1RUPDOLVLHUXQJ� HQWVSUHFKHQG� GHU� MHZHLOLJHQ� 0HWKRGH�
HYDOXLHUW�ZHUGHQ��'LH�PHLVWHQ�$UEHLWHQ�YHUZHQGHQ�GLH�&0/�0HWKRGLN�VR�
ZLH�HLQH�(QHUJLHIOXVVDQDO\VH�



22 IEA BCS Annex 31 „Energy Related Environmental Impact of Buildings“

Tab. 3 Übersicht über die gewählten Wirkungsklassen und Bewertungsmethoden in den
verschiedenen Studien. (w: In Form von kritischem Wasservolumen, I: in Form
von kritischem Luftvolumen, u: kumuliert in UBP)

Wirkungsklassen (nach
CML, ergänzt)

ifib

(Kohler
1994)

OGIP

(Kohler et al.
1996)

SBI

(Dinesen
und
Traberg-
Borup 1994)

EPFL

(Ospelt 1995;
Tschirner
1995)

Ecole des
Mines

(Polster
1995)

Ressourcen

abiotische Ressourcen x, u x, u x

biotische Ressourcen u x, u

Flächenverbrauch x

Energieverbrauch x, u x, u x x x

Belastungen

Treibhauseffekt x, u x, u x x

Ozonschichtzerstörung u u

Humantoxikologie u x, u x

Sommersmog l, u u x

Wintersmog l, u u

Kanzerogene

Ökotoxikologie u x, u x

Versauerung x, u x, u x x

Photochem.  Oxidantien x, u x, u x x

Eutrophierung w, u u x

Schwermetalle w, u u

Gestank x

Weitere Kriterien

Kosten x x

Externe Kosten x

Ersatzrate x x

Abfälle x x

Süsswasserverbrauch x

Verwendete
Bewertungsmethoden

CML x x x x

BUWAL x x

Kritische Volumina x

Kosten x x x

Energieflussanalyse/Eige
ne

x x x x
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'LH�,QWHUSUHWDWLRQ�GHU�5HVXOWDWH�KlQJW� VWDUN�DE�YRQ�GHU�'DWHQTXDOLWlW�XQG
�UHSUlVHQWDWLYLWlW��hEHUWUDJEDUNHLW�DXI�DQGHUH�2EMHNWH�XQG�6WDQGRUWH���9HU�
HLQ]HOW�ZXUGHQ� 6HQVLWLYLWlWVDQDO\VHQ�GXUFKJHI�KUW�� HV�ZXUGHQ� MHGRFK� NHLQH
V\VWHPDWLVFK�PHWKRGLVFKHQ�$QJDEHQ�JHPDFKW�]XU�:LFKWLJNHLW�GHU�YHUVFKLH�
GHQHQ�)DNWRUHQ�

����� )DOOEHLVSLHOH

(LQLJH� )DOOEHLVSLHOH� YRQ� *HElXGH�gNRELODQ]HQ� ZXUGHQ� HUIDVVW� �7DE�� ���
'DEHL�]HLJWH�VLFK�LQVEHVRQGHUH��GDVV�YLHOH�PLW�JURVVHQ�PHWKRGLVFKHQ�8QVL�
FKHUKHLWHQ�XQG�HLQHP�JHQHUHOOHQ��TXDOLWDWLYHQ�XQG�TXDQWLWDWLYHQ�'DWHQPDQ�
JHO� EHKDIWHW� VLQG��'HU�9HUJOHLFK� ]ZLVFKHQ�GHQ�%LODQ]HQ�ZLUG� GXUFK� GLH� MH
QDFK� =LHOVHW]XQJ� YHUVFKLHGHQH� 6HW]XQJ� GHU� 6\VWHPJUHQ]HQ� XQG�:DKO� GHU
IXQNWLRQHOOHQ�(LQKHLW� HUVFKZHUW�ELV� YHUXQP|JOLFKW��*HQHUHOO� IlOOW� DXI�� GDVV
YRQ�DOOHQ�*HElXGHSKDVHQ�]ZDU�GLH�1XW]XQJ�PHLVW�GLH�JU|VVWHQ�8PZHOWZLU�
NXQJHQ�]HLWLJW��MHGRFK�NDXP�GHUPDVVHQ�GRPLQDQW�LVW��GDVV�DXI�GLH��YLHO�DXI�
ZHQGLJHUH�� (UIDVVXQJ� GHU� +HUVWHOOXQJ�� (UQHXHUXQJ� XQG� (QWVRUJXQJ� YHU�
]LFKWHW�ZHUGHQ�N|QQWH��'DV�hEHUZLHJHQ�GHU�(UQHXHUXQJVSKDVH�EHL�GHQ�PLW
(&2352�ELODQ]LHUWHQ�*HElXGHQ�LVW�DXI�HLQHQ�'DWHQIHKOHU�]XU�FN]XI�KUHQ�
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Tab. 4 Zusammenfassung der verschiedenen Fallbeispiele.

Fallbeispiel Art der Bilanz,
Instrument

Relevante Phasen
im Lebenslauf

Betrachtete
Wirkungskategorien

Hebel Haus

(Hebel 1995;
Wanger 1995))

Energiebilanz über
die Lebensdauer
eines einzelnen
Hauses

Nutzungsphase
überwiegt

Energieverbrauch

Ingenieur
Schule beider
Basel

(Bringolf et al.
1997)

Vergleich
verschiedener
Dämmvarianten für
ein Doppelein-
familienhaus

(ECOPRO)

Nutzung überwiegt
beim
Energieverbrauch,
Neubau beim
Stofffluss, Erneuerung
bei ODP,
Versauerung, UBP
und Kosten

Totaler Stofffluss
Fluss an nicht
erneuerbaren Energie
Ozonzerstörungs-
potential
Versauerung
UBP
Kosten

Fallstudie
Quack

(Quack 1998)

Vergleich von 5
Niedrigenergiehäuser
gegenüber einem
Referenzhaus

(ECOPRO)

Erneuerungsphase
überwiegt deutlich

(wird das Element
Innenwände
vernachlässigt,
weniger deutlich)

bis anhin
UBP
Treibhauseffekt
Abfälle

SBI

(Dinesen und
Traberg-Borup
1994)

Vergleich von drei
Häusern mit
unterschiedlichem
Energieniveau

Beim Standard- und
Niedrigenergiehaus
überwiegt die
Nutzungsphase, beim
Experimentalhaus die
Erstellung

Energieverbrauch

ifib Universität
Karlsruhe

(Kohler 1994)

Vergleich 100
verschiedener
Gebäude

(ECOPRO)

Nutzungs- und
Erneuerungsphase
überwiegen

Wasserbedarf
Energiebedarf
Abfälle total
Recycling
Kritisches Luftvolumen
Kritisches
Wasservolumen
UBP
Treibhauseffekt
Versauerung
Photochem. Oxidation
finanzielle Kosten
Externe Kosten

Sulzer Escher –
Wyss-Areal

(Scholz et al.
1995)

Vergleich
verschiedener
Varianten einer
Arealüberbauung

(SIMAPRO)

Nutzungsphase ist für
über 50% der
Umweltbeeinträchtigu
ngen verantwortlich

Humantoxizität
Abiot. Ressourcenverbr.
Ökotoxizität
Versauerung
Eutrophierung
Ozonschichtabbau
Treibhauseffekt
Photochem. Oxidation
Flächenverbrauch
Radioaktive Emissionen
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����� )ROJHUXQJHQ

%HL�gNRELODQ]HQ�YRQ�*HElXGHQ�HUJHEHQ�VLFK�HLQLJH�%HVRQGHUKHLWHQ�

− *HElXGH� VLQG� �LQ� GHU� 5HJHO�� (LQ]HODQIHUWLJXQJHQ�� GLH� HLQH� JDQ]� EH�
VWLPPWH�$XIJDEH��$QELHWHQ�HLQHV�JHVFK�W]WHQ�,QQHQUDXPV��DQ�HLQHP�EH�
VWLPPWHQ�2UW�XQG�ZlKUHQG�HLQHU�EHVWLPPWHQ�=HLW�]X�HUI�OOHQ�KDEHQ��,K�
UH�8PZHOWZLUNXQJ�LVW�VWDUN�VWDQGRUW���DXVULFKWXQJV��XQG�EHQXW]HUDEKlQ�
JLJ�� 'HVKDOE� LVW� DXFK� GLH� %HVWLPPXQJ� HLQHV� 5HIHUHQ]�� RGHU� 'XUFK�
VFKQLWWVJHElXGHV�VFKZLHULJ�

− *HElXGH�KDEHQ�HLQH�ODQJH�/HEHQVGDXHU��'DUDXV�HUJHEHQ�VLFK�8QVLFKHU�
KHLWHQ� EH]�JOLFK� GHV� 8PJDQJV� PLW� GHP� *HElXGH� DOV� 5HVVRXUFHQVSHL�
FKHU�� VRZLH�PLW� GHU� DQ]XQHKPHQGHQ�7HFKQRORJLH� I�U� (UQHXHUXQJ� XQG
5�FNEDX��P|JOLFKHV�5HF\FOLQJ�DP�(QGH�GHU�/HEHQVGDXHU�VFKRQ�EHL�(U�
VWHOOXQJ�EHU�FNVLFKWLJHQ"��

− *HElXGH�KDEHQ�HLQHQ�6WDQGRUW��VLQG�XQWHUVFKLHGOLFKHQ�NOLPDWLVFKHQ�%H�
GLQJXQJHQ� DXVJHVHW]W� XQG� YHUVFKLHGHQ� JXW� HUVFKOLHVV�� XQG� HUUHLFKEDU�
,QVEHVRQGHUH� GHU� OHW]WH� 3XQNW� ZLUG� LQ� gNRELODQ]HQ� ELVKHU� NDXP� EH�
WUDFKWHW�

− *HElXGH�I�KUHQ�]X�,QQHQUDXPEHODVWXQJ�²�HLQ�VHKU�ZLFKWLJHU�3XQNW�I�U
GLH� PHQVFKOLFKH� *HVXQGKHLW�� GHU� LQ� gNRELODQ]HQ� NDXP� EHU�FNVLFKWLJW
ZLUG�

− *HElXGH� YHUI�JHQ� �EHU� HLQH� VXEMHNWLYH� bVWKHWLN�� 'LH� JHVWDOWHULVFKHQ
$VSHNWH�N|QQHQ�QDW�UOLFK�QLFKW�ELODQ]LHUW�ZHUGHQ��VROOHQ�DEHU�DXFK�QLFKW
DOV�XQYHUHLQEDU�PLW�XPZHOWVFKRQHQGHP�%DXHQ�HUDFKWHW�ZHUGHQ�

=XP�9HUJOHLFK�GHU�8PZHOWZLUNXQJHQ�HLQHV�*HElXGHV�NDQQ�HLQ�5HIHUHQ]�
JHElXGH�KHUDQJH]RJHQ�ZHUGHQ��ZLH� HV�GLH�5HJHQHU�6WXGLH�YRUVFKOlJW��6WDWW
HLQHV�ZlUHQ�ZRKO�HKHU�HLQH�P|JOLFKVW�JURVVH�$Q]DKO�5HIHUHQ]JHElXGH�Z�Q�
VFKHQVZHUW��VR�GDVV�MHGHU�1HXEDX�PLW�HLQHP��EH]�JOLFK�.OLPD��$XVEDXVWDQ�
GDUG��/HEHQVGDXHU��lKQOLFKHQ�*HElXGH�YHUJOLFKHQ�ZHUGHQ�N|QQWH�
$XIJUXQG�GHU�DQDO\VLHUWHQ�0HWKRGHQ�XQG�)DOOEHLVSLHOH�OlVVW�VLFK�]ZDU�HLQ

JHZLVVHU�.RQVHQV� �EHU� ]X� EHU�FNVLFKWLJHQGH�:LUNXQJVNDWHJRULHQ� DEOHVHQ�
+lXILJ� EHQXW]W� XQG� LQ� GHU� %DXEUDQFKH� JXW� EHNDQQW� VLQG� 7UHLEKDXVHIIHNW�
2]RQVFKLFKWJHIlKUGXQJ�XQG�(QHUJLHYHUEUDXFK�� JHIROJW� YRQ�6RPPHUVPRJ�
hEHUG�QJXQJ� XQG�9HUVDXHUXQJ��*HULQJH�hEHUHLQVWLPPXQJ�EHVWHKW� LQ� GHU
)UDJH��RE�XQG�ZHQQ� MD�ZHOFKH�YROODJJUHJLHUHQGH�0HWKRGH�EHQXW]W�ZHUGHQ
VROO��:HOFKH�)DNWRUHQ�I�U�XPZHOWVFKRQHQGHV�%DXHQ�EHVRQGHUV�UHOHYDQW�VLQG
OlVVW�VLFK�DXIJUXQG�GHU�ELVKHU�JHULQJHQ�6WLFKSUREHQPHQJH�XQG�GHU�+HWHUR�
JHQLWlW� GHU� 5HVXOWDWH� VFKZHU� EHVWLPPHQ�� VR� GDVV� LQ� QDKHU� =XNXQIW� ZRKO
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QRFK�NHLQH�JH]LHOWH�9HUHLQIDFKXQJHQ�GHU�0HWKRGLN�YRUJHQRPPHQ�ZHUGHQ
N|QQHQ�

2ULJLQDOOLWHUDWXU

5��3XOOL��hEHUEOLFN��EHU�GLH�gNRELODQ]LHUXQJ�YRQ�*HElXGHQ�²�6WDWH�RI�WKH�$UW��(7+
=�ULFK��/DERUDWRULXP�I�U�7HFKQLVFKH�&KHPLH��3URIHVVXU�I�U�6LFKHUKHLW�XQG
8PZHOWVFKXW]�LQ�GHU�&KHPLH��8QLYHUVLWlWVVWUDVVH����������=�ULFK�������
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��� )XQNWLRQHOOH�(LQKHLW�XQG�6\VWHPJUHQ]HQ

gNRELODQ]HQ� YRQ� *HElXGHQ� ZHUIHQ� YLHOH� YHUVFKLHGHQH� PHWKRGLVFKH� 3UR�
EOHPH�DXI��'LHVHU�%HLWUDJ�XQWHUVXFKW�GLH�HUVWH�3KDVH�GHU�gNRELODQ]LHUXQJ�
GLH�'HILQLWLRQ� GHU� IXQNWLRQDOHQ�(LQKHLW� XQG� GHU� 6\VWHPJUHQ]HQ��'DV�=LHO
GHV�%HLWUDJV�LVW�HV��DQKDQG�NRQNUHWHU�(QWVFKHLGXQJVVLWXDWLRQHQ��LQ�ZHOFKHQ
gNRELODQ]HQ� DQJHZHQGHW� ZHUGHQ� N|QQHQ�� HLQLJH� JHQHUHOOH� 5HJHOQ� ]X� HWD�
EOLHUHQ��'LH�5HVXOWDWH�ZXUGHQ�YRQ�YHUVFKLHGHQHQ�([SHUWHQ�EHJXWDFKWHW�XQG
LKUH�0HLQXQJHQ�IORVVHQ�LQ�GHQ�%HLWUDJ�HLQ�

����� 9RUJHKHQ

'LH�YHUVFKLHGHQHQ�(QWVFKHLGXQJVVLWXDWLRQHQ�ZXUGHQ�DQKDQG�GHV�6FKZHL]H�
ULVFKHQ� VWDQGDUGLVLHUWHQ� 3ODQXQJVSUR]HVVHV� YRQ� *HElXGHQ� �QDFK� 6,$
/0·����DXVJHVXFKW��'DEHL�ZXUGHQ�I�U�gNRELODQ]HQ�XQW\SLVFKH�)UDJHQ�QLFKW
EHU�FNVLFKWLJW��]�%��:R�VROO�LFK�EDXHQ��GLHVH�)UDJH�ZLUG�HKHU�PLW�HLQHU�8P�
ZHOWYHUWUlJOLFKNHLWVSU�IXQJ�DOV�PLW�HLQHU�gNRELODQ]�EHXUWHLOW���'LH�$XVZDKO
GHU�(QWVFKHLGXQJVVLWXDWLRQHQ�LVW�H[HPSODULVFK�XQG�QLFKW�YROOVWlQGLJ�

− ,Q�ZHOFKH�*HElXGHDUW�VROO�LQYHVWLHUW�ZHUGHQ"
− :HOFKHV�YRQ�]ZHL�*HElXGHQ�JOHLFKHU�1XW]XQJVDUW� LVW�GDV�XPZHOWVFKR�
QHQGHUH"

− 6ROO�HLQ�EHVWLPPWHV�*HElXGH�XPJHEDXW�RGHU�DEJHULVVHQ�XQG�QHX�DXIJH�
EDXW�ZHUGHQ"�:HOFKH�9DULDQWH�KDW�GLH�EHVVHUH�gNRELODQ]"

− :LH�VROOHQ�*HElXGH�LQ�DQGHUV�PRWLYLHUWH�gNRELODQ]HQ�HLQEH]RJHQ�ZHU�
GHQ"

− :LH�JHKW�PDQ�LQ�gNRELODQ]HQ�PLW�HLQHP�YRU]HLWLJHQ�1XW]XQJVZHFKVHOV
HLQHV�*HElXGHV�XP"

'LH�IXQNWLRQDOH�(LQKHLW�HLQHV�6\VWHPV�VROO�QDFK��/LQGIRUV�HW�DO��������GHIL�
QLHUW�ZHUGHQ��'RUW�ZLUG�HPSIRKOHQ��NDVNDGHQDUWLJ��EHU�GLH�)HVWOHJXQJ�GHV
=LHOV�GHU�gNRELODQ]�GLH�)XQNWLRQ�GHV�EHWUDFKWHWHQ�6\VWHPV�XQG�GDQDFK�GLH
IROJHULFKWLJH�IXQNWLRQDOH�(LQKHLW�KHU]XOHLWHQ��'DEHL�VROOWHQ�LPPHU�IROJHQGH
GUHL�.ULWHULHQ�HUI�OOW�ZHUGHQ�

− 'LH�(IIL]LHQ]�GHV�6\VWHPV
− 'LH�/HEHQVGDXHU�GHV�6\VWHPV
− (LQHQ�4XDOLWlWVDVSHNW�GHV�6\VWHPV
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'LH�=LHKXQJ�GHU�6\VWHPJUHQ]HQ�XPIDVVW�HLQ�ZHLWHV�*HELHW��:LHGHUXP�QDFK
/LQGIRUV�HW�DO���������VROOHQ�IROJHQGH�.ULWHULHQ�EHU�FNVLFKWLJW�ZHUGHQ��]HLWOL�
FKH�6\VWHPJUHQ]HQ��JHRJUDSKLVFKH�6\VWHPJUHQ]HQ��6\VWHPJUHQ]HQ�]ZLVFKHQ
7HFKQR�� XQG� %LRVSKlUH�� /HEHQV]\NOXVV\VWHPJUHQ]HQ� �$EVFKQHLGHNULWHULHQ
EHLP�3UR]HVVEDXP��
=XU� 'HILQLWLRQ� 6\VWHPJUHQ]HQ� XQG� XP� GHP� $QVSUXFK� GHU� P|JOLFKHQ

9HUDOOJHPHLQHUXQJ� JHUHFKW� ]X� ZHUGHQ�� � ZXUGH� HLQ� VRJHQDQQWHV� ÅVRFLR�
HFRQRPLF�ZKROH�V\VWHP´�QDFK�7LOOPDQ��������GHILQLHUW��VLHKH�$EE����

Benutzerverkehr
- Anwohnerverkehr
- Betriebsverkehr

Gebäudeentsorgung

Marginale Änderung in der
Gemeinde.Infrastruktur
- Strasse
- Kanalisation
- Stromverteilungsanlagen
- Abfallbehandlungsanlagen
- Parkanlagen
- ÖV-Leistungsausbau
- ...

1

Marginale Änderung der
übrigen Siedlungsstruktur
- zusätzliche Einkaufs-
  möglichkeiten
- zusätzliche Arbeit
- ...

2

12

Gebäudeunterhalt:
- Gebäudereinigung
- Erneuerung von Bauteilen

9

Baustelle (EKG B)
inkl. Verkehr 6 Bau der Benutzerspezifischen

Einrichtungen (EKG Q, R) 8

Bau (Gebäude)
(EKG D, E, M, VP) 7

Infrastruktur auf Grund-
stück  (EKG A) 4

Umgebungsgestaltung
Grundstück  (EKG T) 5

3

Gebäude

Grundstücksgrenze

gebäudebedingte:
- Raumklima
- Beleuchtung
individuelle:
- Inneneinrichtung (Mobiliar, ...)
- Individuelle Reproduktion 11

10

Benutzerauswirkungen

Abb. 4 Maximale Systemgrenzen im Sinne eines ’socio-econcomic whole system’ (Till-

man 1994). Die Systemgrenzen definieren die betrachteten Teilsysteme. Der ge-

strichelte Pfeil auf der Seite symbolisiert die Zeitachse, die sich zwischen Bau und

Entsorgung aufspannt.
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6R�NRQQWHQ�GLH�PD[LPDOHQ�6\VWHPJUHQ]HQ�VR�ZHLW�DOV�P|JOLFK�JHIDVVW�ZHU�
GHQ�� $XFK� PDUJLQDOH� 9HUlQGHUXQJHQ� GHU� ,QIUDVWUXNWXU� N|QQWHQ� DXI� GLHVH
:HLVH� LQ� GLH� gNRELODQ]� HLQEH]RJHQ� ZHUGHQ�� )�U� GLH� HLQ]HOQHQ� (QWVFKHL�
GXQJVVLWXDWLRQHQ�ZXUGHQ�QXQ�PRGXODUWLJ�GLH� HLQ]HOQHQ�3UR]HVVH� HQWZHGHU
HLQEH]RJHQ�RGHU�ZHJJHODVVHQ�
2E� HLQ� 3UR]HVV� LQ� GLH� 6\VWHPJUHQ]HQ� HLQJHVFKORVVHQ�ZHUGHQ� VROO� RGHU

QLFKW� ZXUGH� DQKDQG� GHU� 5HOHYDQ]� GLHVHV� 3UR]HVVHV� I�U� GLH� NRQNUHWH� (QW�
VFKHLGXQJVVLWXDWLRQ�XQG�GLH�)XQNWLRQ�HQWVFKLHGHQ�

����� 5HVXOWDWH

'LH�]XVDPPHQJHIDVVWHQ�5HVXOWDWH�VLQG�LQ�7DE����DXIJHOLVWHW�

Tab. 5 Zusammengefasste Resultate

Entscheidungs- Funktionelle Systemgrenzen
situation Einheit Teil-

systeme
Einbe-
zug?

Begründung

In welche Gebäu-
deart soll investiert
werden?

Netto-Ertrag 1 ev. falls das Projekt aufgrund
seiner Grösse Änderungen in
diesem Bereich bedingt ja;
sonst: nein

2 ev. vgl. oben

3 nein falls sich die Projekte in die-
sem Punkt deutlich unter-
scheiden, dann: ja

4, 5, 6, 7 ja

8 nein ist vom Investor nicht beein-
flussbar

9, 10 ja

11 nein ist vom Investor nicht beein-
flussbar

12 ja
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Entscheidungs- Funktionelle Systemgrenzen
situation Einheit Teil-

systeme
Einbe-
zug?

Begründung

1, 2, 3 nein nicht Fragestellung

4, 5, 6, 7,
8, 9, 10

ja

11 nein nicht Fragestellung

Welches von zwei
Gebäuden gleicher
Nutzungsart ist das
umweltschonende-
re?

Päq * a bei Quali-
tätsstandard x

wobei x die
Werte 'mässiger',
'mittlerer' und 'ge-
hobener' Quali-
tätsstandard an-
nehmen kann

12 ja

1,2,3 nein nicht vorhanden (1, 2) oder
nicht relevant (3)

4,5,6,7 ja

8 nein nicht Teil der Frage

9,10 ja

11 nein nicht Teil der Frage

Soll ein bestimmtes
Gebäude umgebaut
oder abgerissen
und neu aufgebaut
werden? Welche
Variante hat die
bessere Ökobilanz?

m2 EBF� * a
bei Qualitätsstan-
dard  x

12 ja

1,2,3 nein ev. Teil der Hauptbilanz

4,5,6,7 ja

8 nein Teil der Hauptbilanz

9 ja

Wie sollen Gebäu-
de in anders moti-
vierte Ökobilanzen
einbezogen wer-
den?

Wohnen:

m2 EBF * a

Industriebauten:

m3 * a

10,11 nein Teil der Hauptbilanz

12 ja

Wie geht man in
Ökobilanzen mit
einem vorzeitigen
Nutzungswechsels
eines Gebäudes
um?

Da Bilanzen selten im Nachhinein erstellt werden, muss immer mit einer
theoretischen Lebensdauer gerechnet werden. Wird ein Gebäude nun
vorzeitig umgenutzt, so entstehen “versunkene Belastungen”, die nir-
gends mehr erscheinen. Bei der Bilanzierung eines neuen Nutzers in
einem vorher anders genutzten Gebäude handelt es sich als immer um
eine Art closed looped Recycling und eine Allokation der Aufwendun-
gen zwischen verschiedenen Stufen ist notwendig.

����� 6FKOXVVIROJHUXQJHQ

,P�3ODQXQJVSUR]HVV�HLQHV�*HElXGHV�WUHWHQ�LPPHU�ZLHGHU�(QWVFKHLGXQJVVL�
WXDWLRQHQ�DXI��EHL�ZHOFKHQ�GLH�gNRELODQ]�XQWHUVW�W]HQG�DQJHZHQGHW�ZHUGHQ
NDQQ��)�U�HLQ�SDDU�DXVJHZlKOWH�6LWXDWLRQHQ�ZXUGHQ�GLH�6\VWHPJUHQ]HQ�XQG
GLH�)XQNWLRQHOOH�(LQKHLW�KHUJHOHLWHW�XQG�HLQH�0HWKRGH�HWDEOLHUW�

������������������������������������������
��(%)� �(QHUJLHEH]XJVIOlFKH
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'LH�0HWKRGH�JHKW�I�U�GLH�'HILQLWLRQ�GHU�6\VWHPJUHQ]HQ�YRQ�HLQHP�VR�
FLR�HFRQLPLF�ZKROH�V\VWHP�DXV��GDV�PRGXODU�DXIJHEDXW�LVW�XQG�EHL�ZHOFKHP
MH� QDFK� 6LWXDWLRQ� GLH� QLFKW� UHOHYDQWHQ� 7HLOSUR]HVVH� ZHJJHODVVHQ� ZHUGHQ
N|QQHQ��(V� KDW� VLFK� JH]HLJW�� GDVV� GLH�'HILQLWLRQ�GHU� 6\VWHPJUHQ]HQ�PHLVW
SUREOHPORV�P|JOLFK�ZDU�
'LH�'HILQLWLRQ�GHU�IXQNWLRQHOOHQ�(LQKHLW�LVW�VFKZLHULJHU�XQG�LPPHU�YRQ

GHU� NRQNUHWHQ� 6LWXDWLRQ� DEKlQJLJ�� 9HUDOOJHPHLQHUQG� NDQQ� JHVDJW� ZHUGHQ�
GDVV�GDV�9RUJHKHQ�QDFK�/LQGIRUV�HW�DO���������PLW�GHU�%HU�FNVLFKWLJXQJ�YRQ
(IIL]LHQ]��/HEHQVGDXHU�XQG�4XDOLWlW�GHV�6\VWHPV�HLQH�JXWH�0|JOLFKNHLW�ELO�
GHW��GLH�IXQNWLRQHOOH�(LQKHLW�V\VWHPDWLVFK�]X�GHILQLHUHQ�

2ULJLQDOOLWHUDWXU

.RFK��3���6HLOHU��%���2WW��:���)XQNWLRQDOH�(LQKHLW�XQG�6\VWHPJUHQ]HQ�EHL�gNREL�
ODQ]HQ�LP�%DXZHVHQ��(FRQFHSW��*UXSSH�I�U�6LFKHUKHLW�XQG�8PZHOWVFKXW]��/D�
ERUDWRULXP� I�U� 7HFKQLVFKH� &KHPLH�� 8QLYHUVLWlWVVWUDVVH� ���� ����� =�ULFK�
)HEUXDU������



32 IEA BCS Annex 31 „Energy Related Environmental Impact of Buildings“

��� 'LH�8PZHOWIUHXQGOLFKNHLW�DOV�HLQH�'HWHUPLQDQWH
GHV�DUFKLWHNWRQLVFKHQ�(QWZXUIV

����� 8PIHOG

*HElXGH�EHODVWHQ�GLH�8PZHOW� �EHU� LKUHQ� JHVDPWHQ�/HEHQV]\NOXV��%HL� GHU
+HUVWHOOXQJ��LQ�GHU�1XW]XQJVSKDVH�XQG�EHL�GHU�(QWVRUJXQJ�YHUXUVDFKHQ�VLH
HLQHQ� KRKHQ� 5HVVRXUFHQ�� XQG�(QHUJLHYHUEUDXFK�� =XP� %HLVSLHO� NRQQWH� LQ
HLQHU� 6WXGLH� I�U�'HXWVFKODQG� �DOWH�%XQGHVOlQGHU�� JH]HLJW�ZHUGHQ��GDVV� GHU
,QSXW�LQ�GHQ�%DXVHNWRU��+RFKEDX�XQG�7LHIEDX��:RKQ��XQG�*HVFKlIWVKlX�
VHU��|IIHQWOLFKH�*HElXGH��,QGXVWULHEDXWHQ��6WUDVVHQ��$EZDVVHUHLQULFKWXQJHQ�
%U�FNHQ�� 8QWHUI�KUXQJHQ�� )UHL]HLWDQODJHQ�� 3LSHOLQHV�� DXVJHQRPPHQ� VLQG
DOOH�0RELOLHQ�ZLH�]�%��0|EHO������0LR��7RQQHQ�0DWHULDO�SUR� -DKU�EHWUlJW�
'HU�MlKUOLFKH�2XWSXW�DXV�GHP�%DXVHNWRU�EH]LIIHUW�VLFK�DXI����0LR��7RQQHQ
SUR�-DKU��ZDV�]X�HLQHU�MlKUOLFKHQ�/DJHUYHUJU|VVHUXQJ�YRQ�FD������0LR��7RQ�
QHQ�0DWHULDO�EHLWUlJW��'DV�DQWKURSRJHQH�/DJHU�LP�%DXVHNWRU�ZLUG�LQ�GLHVHU
6WXGLH� DXI� ��� 0LOOLDUGHQ� 7RQQHQ� JHVFKlW]W� �*ULHVVKDPPHU� XQG� %XFKHUW
�����
�8P� HLQH� QDFKKDOWLJH�(QWZLFNOXQJ� JHZlKUOHLVWHQ� ]X� N|QQHQ��PXVV� GDV

XPZHOWJHUHFKWH� %DXHQ� V\VWHPDWLVFK� JHI|UGHUW� ZHUGHQ�� 6R� VROOWH� GLH� 8P�
ZHOWDQDO\VH�YRQ�*HElXGHQ�LQ�MHGHQ�(QWZXUIVSUR]HVV�DOV�HLQH�GHU�'HWHUPL�
QDQWHQ�HLQIOLHVVHQ��8P�GLHVHU�$QIRUGHUXQJ�JHQ�JHQ�]X�N|QQHQ��EUDXFKW�HV
JHHLJQHWH�,QVWUXPHQWH�I�U�3ODQHU�XQG�$UFKLWHNWHQ�
'LH�YRUOLHJHQGH�$UEHLW� JHKW� YRQ�GHQ�$UEHLWVK\SRWKHVHQ� DXV�� GDVV� XP�

ZHOWJHUHFKWHV�%DXHQ�HLQH�)UDJH�GHV�VLQQYROOHQ�XQG�VSDUVDPHQ�8PJDQJV�PLW
0DWHULDO�XQG�(QHUJLH�LVW��=XGHP�ZLUG�DQJHQRPPHQ��GDVV�gNRELODQ]HQ�VLFK
JUXQGVlW]OLFK�HLJQHQ��YHUVFKLHGHQH�$VSHNWH��ZLH�]�%��0DWHULDO�XQG�(QHUJLH�
PLWHLQDQGHU�YHUJOHLFKHQ�NDQQ�

����� %H]LHKXQJ�YRQ�*HElXGH��8PZHOW�XQG�(QWZXUI

*HHLJQHWH�,QVWUXPHQWH�P�VVHQ�GHQ�NRPSOH[HQ�=XVDPPHQKlQJHQ�]ZLVFKHQ
*HElXGH��8PZHOW�XQG�(QWZXUI��3ODQXQJVSUR]HVV��JHUHFKW�ZHUGHQ��$EE�����
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Gebäude

Systemgrenzen:
Herstellung, Nutzung, Entsorgung

 Infrastruktur , Induzierter Verkehr,
Innenausbau, Installationen, Rohbau,

Terrain, Baustelle

Datenbasis:
Materialdaten, Produktdaten,

Prozessdaten

Eingabedaten:
ökologische Daten pro Mat/Prod.,

Mengen pro Mat/Prod., Mengen pro
Element

Funktionelle Einheit:
/m2a, /m2EBF, /Gebäude total, /Phase,

/....

Planungsprozess
Phase
Strategische Planung, Vorstudie,
Vorprojekt, Bauprojekt, Ausschreibung,
Ausführung, Inbetriebsetzung,
Schlussabrechnung, Bewirtschaftung,
Rückbau

Adressat
Architektin, Bauherr, Investor, Ingenieur,
Benutzerin

Umwelt

Ressourcenverbrauch
(fossil, mineralisch, übrige)

Globale Wirkungen
(ODP, GWP)

Regionale Wirkungen
(AP, N, Sommersmog, Winter-
smog, Karzinogene, Schwer-
metalle)

Lokale Wirkungen
Humantox, Ökotox terr.,
Sedimenttox., Ökotox aquat.,
Abfälle)

andere
 .....

Instrument

Bewertung

physikalische Methode
physikal. Einheiten, charakterisierte

Einheiten, evaluierte Einheiten,
vollaggregierte Einheiten

monetäre Methode

qualitative Methode

Andere Kriterien
Soziales, Wirtschaft

Abb. 5 Die drei Pole „Umwelt, Planungsprozess, Gebäude“, die in einem Instrument be-
rücksichtigt werden müssen. In den Boxen sind Stichworte angegeben, mit wel-
chen die Pole charakterisiert werden können. Die Unterschiede der Instrumente
und insbesondere der durch die Instrumente generierten Resultate rühren teilwei-
se daher, dass sie sich an unterschiedliche Akteure zu einem unterschiedlichen
Planungszeitpunkt wenden, eine „andere Umwelt“ abbilden und das Gebäude
unterschiedlich betrachten.

'DV�*HElXGH��DXFK�WHFKQLVFKHV�6\VWHP�JHQDQQW��]HLFKQHW�VLFK�GXUFK�VHLQH
0XOWLIXQNWLRQDOLWlW��VHLQHQ�8QLNDWFKDUDNWHU��VHLQHQ�6WDQGRUWEH]XJ�XQG�VHLQH
ODQJH� /HEHQVGDXHU� DXV�� %HL� GHU� %HZHUWXQJ� HLQHV� *HElXGHV� PXVV� GLHVHQ
&KDUDNWHUHLJHQVFKDIWHQ�5HFKQXQJ�JHWUDJHQ�ZHUGHQ��ZDV�VLFK�LQ�GHU�0RGHO�
OLHUXQJ�GHV�WHFKQLVFKHQ�6\VWHPV�QLHGHUVFKOlJW��=XP�%HLVSLHO�ZHUGHQ�I�U�GLH
$EELOGXQJ� GHU� ODQJHQ� /HEHQVGDXHU� $QQDKPHQ� ]X� )XQNWLRQVGDXHU� GHU
%DXWHLOH�XQG�6]HQDULHQ�EH]�JOLFK�(QWVRUJXQJ�EHQ|WLJW�
1LFKW� DOOH� ,QVWUXPHQWH� EHWUDFKWHQ� GLHVHOEHQ� 8PZHOWDVSHNWH�� 'LH� 8P�

ZHOW��DXI�GLH�HLQ�*HElXGH�(LQIOXVV�QLPPW��NDQQ�ZLH�IROJW�EHVFKULHEHQ�ZHU�
GHQ�
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− JHVXQGH�XQG�NRPIRUWDEOH�,QQHQUDXPTXDOLWlW
− 5HVVRXUFHQYHUEUDXFK
− /XIW���:DVVHU��XQG�%RGHQYHUVFKPXW]XQJ
− $EIDOODXINRPPHQ�ZlKUHQG�DOOHU�3KDVHQ�GHV�/HEHQV]\NOXV¶
− %HOlVWLJXQJHQ�ZLH�/lUP��6FKDWWHQ��HWF�
− �UlXPOLFKH�� DUFKLWHNWRQLVFKH�� SK\VLNDOLVFKH�� NOLPDWLVFKH�� %H]LHKXQJ� GHV
*HElXGHV�PLW�VHLQHU�QlKHUHQ�8PJHEXQJ

(V� ZHUGHQ� VHKU� XQWHUVFKLHGOLFKH� Å8PZHOWHQ´� XQG� LQVEHVRQGHUH� 8PZHOW�
EHODVWXQJHQ� DQJHVSURFKHQ�� ,Q� GHQ� YHUVFKLHGHQHQ� 3ODQXQJVSKDVHQ� VLQG� MH�
ZHLOV� XQWHUVFKLHGOLFKH�8PZHOWEHODVWXQJHQ� UHOHYDQW��=XP�%HLVSLHO�ZLUG� GLH
,QQHQUDXPTXDOLWlW� QHEHQ� GHQ� JHQHUHOOHQ� (QWVFKHLGXQJHQ� EH]�JOLFK� (QHU�
JLHKDXVKDOW�XQG�/�IWXQJ�YRU�DOOHP�LQ�GHU�3KDVH�GHU�3URGXNWHZDKO�EHVWLPPW�
(LQ� ,QVWUXPHQW� VROOWH� VLFK� LPPHU�DQ� HLQHQ�EHVWLPPWHQ�$NWHXU� LP�3OD�

QXQJVSUR]HVV�ZHQGHQ��'DEHL� VWHOOW� VLFK�GLH�$XIJDEH�� VLFK�GHU� 6SUDFKH�GHV
$NWHXUV� ]X� EHGLHQHQ� XQG� GLH� YHUODQJWHQ� ,QSXWJU|VVHQ� DQ� GHQ� 6WDQG� GHV
3URMHNWIRUWVFKULWWHV�DQ]XSDVVHQ�
'LH� gNRELODQ]� LVW� HLQH� P|JOLFKH� 0HWKRGH�� GLH� 8PZHOWEHODVWXQJ� YRQ

*HElXGHQ�]X�EHZHUWHQ��'LH�$UEHLW�JLQJ�IROJHQGHQ�)UDJHQ�QDFK��(LJQHW�VLFK
GLH�gNRELODQ]PHWKRGLN� I�U� GLH� 8PZHOWDQDO\VH� YRQ�*HElXGHQ"�:LH� NDQQ
GLH�gNRELODQ]�LP�(QWZXUI��DOVR�LQ�GHQ�IU�KHQ�3ODQXQJVSKDVHQ�DQJHZHQGHW
ZHUGHQ"�,VW�VLH�QRWZHQGLJ�RGHU�UHLFKHQ�DXFK�DQGHUH�,QGLNDWRUHQ"�:LUG�VLH
GHU�GXUFK�*HElXGH�EHHLQWUlFKWLJWHQ�8PZHOW�JHUHFKW"�:HOFKH�$QSDVVXQJHQ
RGHU�(UJlQ]XQJHQ�ZlUHQ�QRWZHQGLJ�XQG�VLQG�GLHVH�VLQQYROO"

����� gNRELODQ]�GHV�)DOOEHLVSLHOV�Å6WDKOUDLQ´

0LW�+LOIH�GHV� LQ�GLHVHU�$UEHLW� HQWZLFNHOWHQ� ,QVWUXPHQWV�(FR&KHFN� NRQQWH
HLQ�NRQNUHWHV�)DOOEHLVSLHO��%�URJHElXGH�Å6WDKOUDLQ´��|NR�ELODQ]LHUW�ZHUGHQ�
'DV�*HElXGH�]HLFKQHW�VLFK�GXUFK�HLQH�DQVSUHFKHQGH�$UFKLWHNWXU�XQG�GXUFK
HLQHQ�QLHGULJHQ�(QHUJLHEHGDUI�LQ�GHU�1XW]XQJVSKDVH�DXV��VLHKH�7DE�����
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Tab. 6 Energie- und Stromverbrauch aus den Jahren 1996 und 1997 (gemessene Daten
der Metron AG)

Energiequelle 1996 1997 Durchschnitt

Photovoltaik 10‘300 kWh 11´000 kWh

Strom ab Netz Bezug CH 92´300 kWh 87´300 kWh

Gas 138´680 kWh 115´346 kWh

Oel 20´000 kWh 17´000 kWh

Sonne (Warmwasser) 4´500 kWh 4´500 kWh

Energiekennzahl Wärme1) 190 MJ/m2a 160 MJ/m2a 175 MJ/m2a

Energiekennzahl Elektrizität1) 120 MJ/m2a 115 MJ/m2a 117.5 MJ/m2a

1) Energiebezugsfläche „Stahlrain“ Südflügel: 3088 m2

'LH�5HVXOWDWH�GHU�gNRELODQ]�]HLJHQ��$EE������GDVV�I�U�*HElXGH�PLW�QLHGUL�
JHP�(QHUJLHEHGDUI��XQG�QXU�GDQQ���GLH�+HUVWHOOXQJV��XQG�(QWVRUJXQJVSKD�
VH�HEHQVR�UHOHYDQWH�%HLWUlJH�]XU�8PZHOWEHODVWXQJ�GHV�JHVDPWHQ�*HElXGHV
�EHU�HLQH�/HEHQVGDXHU�YRQ����-DKUHQ�DXVPDFKHQ�ZLH�GLH�1XW]XQJVSKDVH��LQ
8%3������XQG������LQ�gNR�,QGLNDWRU���������XQG�������(V�ZLUG�HUVLFKW�
OLFK��GDVV�GLH�8PZHOWEHODVWXQJVSXQNWH�YRU�DOOHP�GLH�(QWVRUJXQJ�XQG�HQHU�
JLHEHGLQJWHQ�(PLVVLRQHQ�VWDUN�JHZLFKWHQ��%HLP�gNR�,QGLNDWRU����ZLUG�GLH
+HUVWHOOXQJ�GHU�0HWDOOH�ZHJHQ�GHU� VWDUNHQ�*HZLFKWXQJ�GHU� 6FKZHUPHWDOOH
DOV�VHKU�UHOHYDQW�HLQJHVWXIW��'LH�6WXGLH�KDW�JH]HLJW��GDVV�VLFK�GLH�gNRELODQ]
GXUFKDXV�I�U�HLQ�(UIDVVHQ�GHU�8PZHOWEHODVWXQJ�GXUFK�*HElXGH�HLJQHW��GDVV
VLH�MHGRFK�VHKU�DXIZHQGLJ�XQG�NRPSOL]LHUW�GXUFK]XI�KUHQ�LVW�
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Abb. 6 Prozentualer Beitrag der Phasen des Gebäudelebenszyklus‘ zum Gesamtresultat,

links in UBP 97, rechts in EI 95-Punkten

: Herstellung : Nutzung : Entsorgung
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����� 'LH�gNRELODQ]�LQ�GHU�IU�KHQ�3ODQXQJVSKDVH

8P�GLH�7DXJOLFKNHLW�GHU�0HWKRGH�LP�(QWZXUI�]X�WHVWHQ��ZXUGHQ�GUHL�)UDJH�
VWHOOXQJHQ� DXV� GHQ� IU�KHQ� 3ODQXQJVSKDVHQ� VLPXOLHUW�� GLH� )UDJH� QDFK� GHU
)RUP�GHV�%DXN|USHUV��MHQH�QDFK�GHU�:DKO�GHU�+DXSWEDXPDWHULDOLHQ�XQG�GLH
)UDJH�GHU�'lPPGLFNH�GHU�)DVVDGH�

$��)RUP�GHV�%DXN|USHUV
(V�ZXUGH�IROJHQGHU�)UDJH�QDFKJHJDQJHQ��.DQQ�GDV�+�OOIOlFKHQ�9ROXPHQ�
YHUKlOWQLV�PLW�+LOIH�YRQ�gNRLQYHQWDUHQ�HLQ�,QGLNDWRU�VHLQ�I�U�GLH�8PZHOW�
EHODVWXQJ�HLQHV�*HElXGHV"
(V� ZXUGHQ� YHUVFKLHGHQH� 6LPXODWLRQHQ� GXUFKJHI�KUW�� 'DV� *HElXGHYR�

OXPHQ�ZXUGH�VWHWV�NRQVWDQW�DQJHQRPPHQ��GLH�*HElXGHIRUPHQ�ZXUGHQ�YD�
ULLHUW��,P�HUVWHQ�6FKULWW�ZXUGH�GHU�(QHUJLHYHUEUDXFK�PLW�GHU�HLQIDFKHQ�$Q�
QDKPH� HLQHV� GXUFKVFKQLWWOLFKHQ� N�:HUWHV� EHUHFKQHW�� ,P� ]ZHLWHQ� 6FKULWW
ZXUGH�GDV�0RGHOO�PLW�GHP�=XVDW]�HUJlQ]W��GHU�GHU�XQWHUVFKLHGOLFKHQ�:lU�
PHOHLWIlKLJNHLW�GHU�%DXWHLOH�5HFKQXQJ� WUDJHQ� VROOWH��'DUDXV�ZXUGH�HUVLFKW�
OLFK��GDVV�VLFK�GLH�8PZHOWEHODVWXQJ�QLFKW�VR�GLUHNW�YRP�HLQIDFKHQ�,QGLNDWRU
+�OOIOlFKH�9ROXPHQ� DEOHLWHQ� OlVVW�� $QGHUH� .ULWHULHQ� ZLH� )XQNWLRQ�� (QHU�
JLHVWDQGDUG��$XVULFKWXQJ�� HWF�� VLQG�PDVVJHEHQGHU� DQ�GHU�8PZHOWEHODVWXQJ
EHWHLOLJW�DOV�GLH�*HElXGHIRUP�DOOHLQH�

%��:DKO�GHU�+DXSWEDXPDWHULDOLHQ
'LH�)UDJH� ODXWHW��RE�DQKDQG�HLQIDFKHU�0DWHULDODEVFKlW]XQJHQ�I�U�YHUVFKLH�
GHQH�.RQVWUXNWLRQHQ�PLW�+LOIH�YRQ�gNRLQYHQWDUGDWHQ�HLQH�VROLGH�$XVVDJH
�EHU�GLH�8PZHOWYHUWUlJOLFKNHLW�HLQHV�*HElXGHV�JHPDFKW�ZHUGHQ�NDQQ�
6HFKV� YHUVFKLHGHQH�9DULDQWHQ�ZXUGHQ� VLPXOLHUW�� GUHL� DOV�+RO]NRQVWUXN�

WLRQHQ�� GUHL� DOV� %HWRQNRQVWUXNWLRQHQ�� (LQH� GHU� GUHL� .RQVWUXNWLRQHQ� HQW�
VSUDFK�MHZHLOV�HLQHU�GHWDLOOLHUWHQ�$XIQDKPH�HLQHU�PRGHUQHU�.RQVWUXNWLRQV�
ZHLVH��%HWRQ� �Å6WDKOUDLQ´�2ULJLQDO���HLQH�ZDU�HLQH�JUREH�0DWHULDOVFKlW]XQJ
SUR�P��(OHPHQW�XQG�GLH�GULWWH�ZDU�HLQH�ÅYHUVFKOHFKWHUWH´�.RQVWUXNWLRQ��G�K�
EHLP�%HWRQEDX�ZXUGH�GHU�6WDKODQWHLO�HUK|KW��EHLP�+RO]EDX�ZXUGH�JHQHUHOO
PHKU�0DWHULDO�XQG�LQVEHVRQGHUH�XPZHOWEHODVWHQGHUH�'lPPXQJVPDWHULDOLHQ
YHUZHQGHW�
'LH�5HVXOWDWH�KDEHQ�JH]HLJW��GDVV�I�U�GLH�+DXSWEDXWHLOH�DQKDQG�gNREL�

ODQ]HQ�QXU� WHLOZHLVH�HLQIDFKH�$EVFKlW]XQJHQ�GHU�8PZHOWEHODVWXQJ�GHV�JH�
SODQWHQ� *HElXGHV� JHPDFKW� ZHUGHQ� N|QQHQ�� 9RU� DOOHP� I�U� NRPSOL]LHUWH
.RQVWUXNWLRQHQ�ZLH�]�%��GLH�+RO]NRQVWUXNWLRQHQ�VLQG�GLH�JUREHQ�$EVFKlW�
]XQJHQ� MHGRFK�VHKU�XQVLFKHU��(V�Z�UGHQ�KLHU� I�U�HLQH�HLQIDFKH�%HZHUWXQJ
GHU� 8PZHOWYHUWUlJOLFKNHLW� .HQQZHUWH� EHQ|WLJW�� 'LH� .HQQZHUWH� P�VVWHQ
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VLFK�DXI�JDQ]H�.RQVWUXNWLYH�.RQ]HSWH�EH]LHKHQ��GDPLW�VLH�)ROJHDXVZLUNXQ�
JHQ�LQ�DQGHUHQ�(OHPHQWJUXSSHQ�HEHQIDOOV�EHU�FNVLFKWLJHQ�N|QQHQ�

&��:DKO�GHU�'lPPXQJVVWlUNH�GHU�)DVVDGH
)ROJHQGH�)UDJH�ZXUGH�XQWHUVXFKW��*LEW�HV�HLQHQ�3XQNW��ZR�VLFK�HLQH�QRFK
GLFNHUH�'lPPXQJVVFKLFKW�GHU�*HElXGHK�OOH��RKQH�9HUlQGHUXQJ�GHU�SK\VL�
NDOLVFKHQ�(LJHQVFKDIWHQ� GHU� )HQVWHU�� EH]�JOLFK� GHU�(QHUJLHHLQVSDUXQJ� JDU
QLFKW�PHKU�ORKQW"
)�U�GLH�6LPXODWLRQ�GLHVHU�)UDJHVWHOOXQJ�ZXUGHQ�]Z|OI�YHUVFKLHGHQH�9DUL�

DQWHQ�GHV�)DOOEHLVSLHOV�Å6WDKOUDLQ´�JHELOGHW��VHFKV�PLW�GHQ�2ULJLQDOPDWHULDOL�
HQ�XQG�VHFKV�PLW� DOWHUQDWLYHQ�0DWHULDOLHQ��'LH�VHFKV�6]HQDULHQ�XQWHUVFKHL�
GHQ� VLFK� MHZHLOV� GXUFK� GLH� XQWHUVFKLHGOLFKH� 'LFNH� GHU� 'lPPVFKLFKW�� GLH
'lPPVWlUNH�EHWUlJW�YRQ�����ELV����PDO�GLH�2ULJLQDOGLFNH��)DNWRUHQ��������
���������������
)�U�GHQ�KLHU�YHUZHQGHWHQ�)DOO�KDW�VLFK�GDEHL�JH]HLJW��GDVV�GDV�2SWLPXP

LP�%HUHLFK�GHU�KHXWLJHQ�ELV�GRSSHOW�VR�GLFNHQ�'lPPGLFNHQ�OLHJW��'LH�/DJH
GHV�2SWLPXPV�LVW�QDW�UOLFK�VWDUN�EHHLQIOXVVW�YRQ�GHQ�JHZlKOWHQ�(QHUJLHV\�
VWHPHQ��EHL�XPZHOWVFKlGLJHQGHQ�6\VWHPHQ�YHUVFKLHEW�VLFK�GDV�2SWLPXP�LQ
GLFNHUH�'lPPEHUHLFKH��XQG�YRQ�GHQ�HLQJHVHW]WHQ�0DWHULDOLHQ��EHL�XPZHOW�
VFKlGLJHQGHQ�0DWHULDOLHQ�YHUVFKLHEW�VLFK�GDV�2SWLPXP�LQ�G�QQHUH�'lPP�
EHUHLFKH���'LH�gNRELODQ]�KDW�VLFK�I�U�GLHVH�)UDJHVWHOOXQJ�DOV�HLQH�JHHLJQHWH
0HWKRGH� HUZLHVHQ�� GD� VLH� HLQH� VLPXOWDQH� 2SWLPLHUXQJ� YRQ� (QHUJLH�� XQG
0DWHULDODXIZDQG�HUP|JOLFKW�

'LH�(UJHEQLVVH� GHU� 6LPXODWLRQHQ� KDEHQ� JH]HLJW�� GDVV� VLFK� GLH�gNRELODQ]�
PHWKRGLN�GRUW�EHVRQGHUV�JXW�HLJQHQ��ZR�GHWDLOOLHUWH�,QIRUPDWLRQHQ��EHU�HLQ
*HElXGH�YHUI�JEDU�VLQG��6LH�HLJQHW� VLFK�EHVRQGHUV�JXW� I�U�)UDJHVWHOOXQJHQ
HLQHU� VLPXOWDQHQ� 2SWLPLHUXQJ� YHUVFKLHGHQHU� $VSHNWH� �]�%�� 0DWHULDO� XQG
(QHUJLH���)�U�GLH�$EVFKlW]XQJ�GHU�8PZHOWEHODVWXQJ�GHU�+DXSWEDXPDWHULD�
OLHQ�XQG�LQVEHVRQGHUH�I�U�GLH�%HODVWXQJ�GXUFK�GLH�*HElXGHIRUP�ZlUHQ� MH�
GRFK�.HQQZHUWH�QRWZHQGLJ��GLH�HLQHQ�WRS�GRZQ�$QVDW]��DQDORJ�]XU�.RVWHQ�
UHFKQXQJ��HUP|JOLFKHQ�Z�UGHQ�
=XGHP�ZXUGH� IHVWJHVWHOOW�� GDVV� VLFK� GLH�gNRELODQ]� ZHJHQ� GHU� %HU�FN�

VLFKWLJXQJ�GHU�(QWVRUJXQJVSUR]HVVH��GLH�LKUHUVHLWV�QLFKW�PLW�HLQHP�(QHUJLH�
DXIZDQG�NRUUHOLHUW�VLQG��EHVVHU�HLJQHW�]XU�$EELOGXQJ�YRQ�*HElXGHQ�DOV�DQ�
GHUH�� HLQIDFKH� ,QGLNDWRUHQ�ZLH� ]�%�� 3ULPlUHQHUJLHEHGDUI��:LUG� MHGRFK� QXU
GLH� +HUVWHOOXQJ� XQG� GLH� 1XW]XQJ� EHWUDFKWHW�� VR� VLQG� GLH� 5HVXOWDWH� HLQHU
gNRELODQ]�PLW�GHQ�5HVXOWDWHQ�HLQHU�(QHUJLHELODQ]�YHUJOHLFKEDU�
'DUDXV� NDQQ� JHIROJHUW� ZHUGHQ�� GDVV� GLH� gNRELODQ]� GHQ� VWRIIOLFKHQ

$VSHNWHQ�GHU�0DWHULDOLHQ�QRFK� ]X�ZHQLJ�5HFKQXQJ� WUlJW��'D�GLHV� DP�/H�
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EHQV]\NOXVDQVDW]� OLHJW� �,QWHJUDWLRQ� DOOHU� (PLVVLRQHQ� XQG�9HUEUlXFKH� �EHU
GHQ� JHVDPWHQ� /HEHQV]\NOXV�� VRPLW� 9HUQDFKOlVVLJXQJ� YRQ� 2UW� XQG� =HLW��
P�VVHQ� GLHVH� ORNDOHQ� $VSHNWH� DOV� VHSDUDWH� .ULWHULHQ� DXVJHZLHVHQ� ZHUGHQ�
6ROFKH�.ULWHULHQ� N|QQWHQ� GLH� ,QQHQUDXPEHODVWXQJ�� GLH� %HODVWXQJ� GHU�*H�
ZlVVHU�LQ�GHU�%DX��RGHU�LQ�GHU�1XW]XQJVSKDVH�RGHU�GLH�5HVVRXUFHQLQWHQVLWlW
VHLQ�

����� (LQ�%DX�8PZHOWEHODVWXQJV�.HQQZHUWH�.DWDORJ
�%8..�

(LQ�.HQQZHUWH�.DWDORJ�]XU�(UP|JOLFKXQJ�HLQHV� WRS�GRZQ�$QVDW]�� JHQDQQW
%8..��ZXUGH�LP�IROJHQGHQ�VNL]]LHUW��'HWDLOV�GD]X�VLHKH�DXFK�QlFKVWHV�.D�
SLWHO� ������ 0HKUHUH� HXURSlLVFKH� 6WXGLHQ� NRQQWHQ� PLWHLQDQGHU� YHUJOLFKHQ
ZHUGHQ��'LH�*HElXGH�XQWHUVFKHLGHQ�VLFK�VWDUN�YRQHLQDQGHU��*HZLVVH�6WXGL�
HQ�ZHLVHQ�LQ�GHQ�.DWHJRULHQ�9HUVDXHUXQJ�XQG�hEHUG�QJXQJ�I�QIPDO�K|KH�
UH� %HODVWXQJHQ� DXI� DOV� GHU� Å6WDKOUDLQ´� �SUR� P�D��� LQ� GHQ� .DWHJRULHQ� 3UL�
PlUHQHUJLH� XQG� 7UHLEKDXVHIIHNW� FD�� GUHLPDO� K|KHUH�� $QGHUH� *HElXGH
VFKQHLGHQ�GHXWOLFK�EHVVHU�DE�DOV�GHU�Å6WDKOUDLQ´��KDOE�VR�JURVVH�%HODVWXQJHQ
LQ�GHQ�.DWHJRULHQ�7UHLEKDXVHIIHNW��6RPPHUVPRJ��9HUVDXHUXQJ�XQG�hEHU�
G�QJXQJ��
1HEHQ�GHQ�WDWVlFKOLFKHQ��JHElXGHVSH]LILVFKHQ�8QWHUVFKLHGHQ�ZLUNW�VLFK

GLH�PHWKRGLVFKH�,QNRQVLVWHQ]�VHKU�VWDUN�DXI�GLH�5HVXOWDWH�DXV��XQWHUVFKLHG�
OLFKH�'DWHQJUXQGODJH��XQWHUVFKLHGOLFKH�6\VWHPJUHQ]HQ��XQWHUVFKLHGOLFKH�(U�
QHXHUXQJV]\NOHQ�� HWF���� 'LHVH� P�VVWHQ� GHPQDFK� ]XU� %LOGXQJ� YHUOlVVOLFKHU
.HQQZHUWH� DXVJHJOLFKHQ� XQG� HOLPLQLHUW� ZHUGHQ�� %HL� GHQ� KLHU� YHUI�JEDUHQ
'DWHQ� EH]�JOLFK� GHU� 8PZHOWEHODVWXQJ� HLQ]HOQHU� (OHPHQWJUXSSHQ� EHWUlJW
GLH�6WDQGDUGDEZHLFKXQJ� LP�9HUKlOWQLV� ]XP�0LWWHOZHUW� ]ZLVFKHQ�����XQG
������'DPLW�ZLUG�HLQ�VHKU�JURVVHV�3UREOHP�GHU�gNRELODQ]�HUVLFKWOLFK��GLH
XQVLFKHUH� 'DWHQODJH� XQG� GHU� JURVVH� (LQIOXVV� GHU�:DKO� GHU� $XVJDQJVODJH
VFKODJHQ�VLFK�VR�VWDUN�LP�5HVXOWDW�QLHGHU��GDVV�GLH�5HVXOWDWH�NDXP�YHUJOHLFK�
EDU� VLQG��'LHV� EHWULIIW� QDW�UOLFK� DXFK� GLH� DOOJHPHLQH� 9HUWUDXHQVZ�UGLJNHLW
GHU�5HVXOWDWH�

����� 'LH�RIIHQH�)UDJH�GHU�5HVVRXUFHQEHZHUWXQJ

'LH� )UDJH�� RE� GLH�gNRELODQ]� GHU� 8PZHOW�� GLH� GXUFK� HLQ�*HElXGH� EHHLQ�
WUlFKWLJW� ZLUG�� JHUHFKW�ZLUG�� ZXUGH� LQ� $QEHWUDFKW� GHV� KRKHQ� 5HVVRXUFHQ�
YHUEUDXFKHV� EHOHXFKWHW�� (V� ZXUGH� HLQ� 9RUVFKODJ� JHPDFKW�� ZLH� PLW� HLQHP
5HVVRXUFHQLQGH[�5,� GLH�5HVVRXUFHQHQWQDKPH�� GLH� /DJHUXQJ� YRQ�5HVVRXU�
FHQ� LP�*HElXGH�XQG�GLH�EHL�$EEUXFK�HUIROJHQGH�5HVVRXUFHQU�FNJDEH�DE�
JHELOGHW�ZHUGHQ�N|QQWH��0LW�GHU�(LQI�KUXQJ�YRQ�=LQVHQ�]XU�%HXUWHLOXQJ�GHU
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/DJHUXQJ�OHKQW�VLFK�GHU�9RUVFKODJ�DQ�|NRQRPLVFKH�0RGHOOH�GHV�.UHGLWJH�
VFKlIWV�
(LQ� VROFKHU� 5HVVRXUFHQLQGH[� GU�FNW� HLQH� HUZHLWHUWH� .QDSSKHLW� HLQHU

5HVVRXUFH�DXV��(UZHLWHUW� LP�6LQQH� HLQHU�GHQ�$QVSUXFK�DQGHUHU�0HQVFKHQ
XQG�*HQHUDWLRQHQ� EHU�FNVLFKWLJHQGHQ�.QDSSKHLW�� ,P�*HJHQVDW]� ]XU� KHU�
N|PPOLFKHQ�gNRELODQ]�� ZR� GLH� 5HVVRXUFHQNQDSSKHLW� QXU� EHL� (QW]XJ� JH�
ZLFKWHW�ZLUG��PDFKW�GHU�5HVVRXUFHQLQGH[��EHU�GLH�/HEHQVGDXHU�GHV�*HElX�
GHV� LQNOXVLYH� GLH� (QWVRUJXQJVP|JOLFKNHLWHQ� HLQH� $XVVDJH�� 'HU� 5HVVRXU�
FHQLQGH[�LVW�DOV�HLQH�(UJlQ]XQJ�GHU�gNRELODQ]�]X�YHUVWHKHQ�

����� 6FKOXVVIROJHUXQJHQ�XQG�$XVEOLFN

'LH� $UEHLW� ]HLJW�� GDVV� VLFK� gNRELODQ]HQ� GXUFKDXV� I�U� GLH� %HZHUWXQJ� GHU
8PZHOWYHUWUlJOLFKNHLW�YRQ�*HElXGHQ�HLJQHQ��(V�P�VVHQ�MHGRFK�VFKRQ�VHKU
GHWDLOOLHUWH� $QJDEHQ� ]XP�*HElXGH� YHUI�JEDU� VHLQ� XQG� GLH� (UIDVVXQJ� GHV
*HElXGHV� DXIJUXQG� VHLQHU� GHWDLOOLHUWHQ� =XVDPPHQVHW]XQJ� �ERWWRP�XS� $Q�
VDW]�� LVW� VHKU� DXIZHQGLJ��'HU�9RUWHLO� GHU�gNRELODQ]HQ� JHJHQ�EHU� DQGHUHQ
0HWKRGHQ� OLHJW�GDULQ��GDVV�VLH�GHQ�JDQ]HQ�/HEHQV]\NOXV�EHWUDFKWHQ�� LQ�GHU
%HZHUWXQJ�GHU�8PZHOW� UHODWLY�XPIDVVHQG�VLQG�XQG�GDVV�VLH�HLQH�VLPXOWDQH
2SWLPLHUXQJ�YHUVFKLHGHQHU�$VSHNWH�HUP|JOLFKHQ�
'LH� gNRELODQ]HQ� ZHUGHQ� MHGRFK� GHU� 8PZHOW�� GLH� GXUFK� HLQ� *HElXGH

EHHLQWUlFKWLJW�ZLUG��QLFKW�LQ�DOOHQ�3XQNWHQ�JHUHFKW��6WlGWHEDXOLFKH�$VSHNWH�
GLH� ,QQHQUDXPTXDOLWlW�� ORNDOH� (IIHNWH� XQG� GLH� 5HVVRXUFHQEHDQVSUXFKXQJ
N|QQHQ�QLFKW�LQWHJULHUW�ZHUGHQ��'LHVH�$VSHNWH�P�VVWHQ�LQ�)RUP�YRQ�VHSD�
UDWHQ� ,QGLNDWRUHQ� DXVJHZLHVHQ� ZHUGHQ�� 'HU� LQ� GHU� $UEHLW� YRUJHVFKODJHQH
5HVVRXUFHQLQGH[�LVW�HLQ�HUVWHU�9RUVFKODJ�I�U�HLQHQ�VROFKHQ�=XVDW]LQGLNDWRU�
)�U�GLH�$QZHQGXQJ�GHU�0HWKRGH�LP�(QWZXUI�VLQG�VRZRKO�I�U�GLH�gNR�

ELODQ]UHVXOWDWH� DOV� DXFK� I�U� DOOIlOOLJH� ]XVlW]OLFKH� ,QGLNDWRUHQ� .HQQZHUWH
QRWZHQGLJ��'LH�%H]XJVJU|VVHQ�GHU�.HQQZHUWH�P�VVHQ� YRP�(QWZXUIVSUR�
]HVV� EHVWLPPW� ZHUGHQ�� ,Q� GLHVHU� $UEHLW� ZXUGH� GHU� 9RUVFKODJ� XQWHUVXFKW�
VLFK�DQ�GHU�.RVWHQVWUXNWXULHUXQJ�GHV�&5%�]X�RULHQWLHUHQ��'LHVHU�9RUVFKOD�
JH�P�VVWH�QRFK�ZHLWHU�VWXGLHUW�XQG�PLW�DQGHUHQ�0|JOLFKNHLWHQ�DQKDQG�NRQ�
NUHWHU�(QWZXUIVVLWXDWLRQHQ�YHUJOLFKHQ�ZHUGHQ�
:HLWHU� EHVWHKW� HLQ� JURVVHU� %HGDUI�� GLH� gNRELODQ]� I�U� GLH� %HZHUWXQJ� YRQ
*HElXGHQ� ]X� YHUHLQIDFKHQ�� 'D]X� EUlXFKWH� HV� HLQHUVHLWV� VWDUN� YHUEHVVHUWH
XQG�PLW�4XDOLWlWVDQJDEHQ�YHUVHKHQH�'DWHQVlW]H�]X�GHQ�%DXPDWHULDOLHQ�XQG
%DXSUR]HVVHQ� �LQVEHVRQGHUH� 0HWDOOH�� $QVWULFKH�� %DXVWHOOHQSUR]HVVH�� HWF���
$QGHUHUVHLWV�PXVV�GLH�0HWKRGH�]XHUVW�VRZHLW�DQJHJOLFKHQ�ZHUGHQ��GDVV�DQ�
KDQG� YLHOHU� GDPLW� HUIDVVWHU�*HElXGH� GLH� ZLFKWLJVWHQ� ,QGLNDWRUHQ� HUPLWWHOW
ZHUGHQ�N|QQHQ�
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2ULJLQDOOLWHUDWXU�
$��/DOLYH�G¶(SLQD\��'LH�8PZHOWYHUWUlJOLFKNHLW�DOV�HLQH�'HWHUPLQDQWH�GHV�DUFKLWHNWR�
QLVFKHQ�(QWZXUIV��'LVVHUWDWLRQ�(7+�1U���������$EWHLOXQJ� I�U�8PZHOWQDWXU�
ZLVVHQVFKDIWHQ��(7+�=�ULFK��0lU]������
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��� %DX�8PZHOWEHODVWXQJVNHQQZHUWH�]XU
$EVFKlW]XQJ�GHU�8PZHOWYHUWUlJOLFKNHLW�YRQ
*HElXGHQ�LQ�IU�KHQ�3ODQXQJVSKDVHQ

%HL� GHU� YRUOLHJHQGHQ� $UEHLW� KDQGHOW� HV� VLFK� XP� HLQ� 7HLOSURMHNW�� GDV� LP
5DKPHQ�GHU�'LVVHUWDWLRQ�Å8PZHOWIUHXQGOLFKNHLW�DOV�HLQH�GHU�'HWHUPLQDQWHQ
GHV�(QWZXUIV´� HUDUEHLWHW�ZXUGH��'LH�5HVXOWDWH�ZXUGHQ� LQ� GLH�'LVVHUWDWLRQ
LQWHJULHUW��'HU�%HULFKW�]X�GLHVHP�7HLOSURMHNW� LVW� VHSDUDW�HUKlOWOLFK��ZHVKDOE
KLHU�HEHQIDOOV�HLQH�NXU]H�=XVDPPHQIDVVXQJ�ZLHGHUJHJHEHQ�ZLUG�
,Q� GHU� $UEHLW� ZXUGH� HUJU�QGHW�� LQZLHIHUQ� HLQ� %DX�8PZHOWEHODVWXQJV�

NHQQZHUWH�.DWDORJ� �%8..�� LQ� $QDORJLH� ]XP� %DXNRVWHQNHQQZHUWNDWDORJ
GHV�&5%�EHL�GHU�(UIDVVXQJ�XQG�2SWLPLHUXQJ�GHU�8PZHOWIUHXQGOLFKNHLW�YRQ
*HElXGHQ�KLOIUHLFK�ZlUH��$QKDQG�PHKUHUHU�)DOOEHLVSLHOH�DXV�GHQ�%HUHLFKHQ
:RKQHQ��%�UR�XQG�6FKXOHQ�ZXUGH�HLQ�HUVWHU�(QWZXUI�HLQHV�%8..�HQWZLN�
NHOW��'DPLW�NRQQWH�HLQHUVHLWV�GDV�)DOOEHLVSLHO�Å6WDKOUDLQ´�GHU�'LVVHUWDWLRQ�LQ
HLQHQ� JU|VVHUHQ� 5DKPHQ� JHVHW]W� ZHUGHQ� XQG� DQGHUHUVHLWV� ZXUGH� HUNDQQW�
ZLH�HLQ�%8..�DXIJHEDXW�XQG�RUJDQLVLHUW�VHLQ�PXVV�
'LH�*UXQGLGHH�LVW�MHQH��GLH�DXFK�LQ�2*,3��YHUIROJW�ZLUG��,Q�VSlWHQ�3UR�

MHNWLHUXQJVSKDVHQ� VLQG� GHWDLOOLHUWH� gNRELODQ]HQ� DXIJUXQG� HLQHV� ÅERWWRP�
XS´�$QVDW]HV�PDFKEDU��,Q�GHQ�IU�KHQ�3KDVHQ�VLQG�GLHVH�,QIRUPDWLRQHQ�MH�
GRFK� QRFK� QLFKW� HUKlOWOLFK�� ZHVKDOE� VLFK� HLQ� ÅWRS�GRZQ´�$QVDW]� DQELHWHW�
'RUW�ZHUGHQ�5LFKWZHUWH� DQKDQG�YRQ�GHWDLOOLHUW� HUIDVVWHQ�*HElXGHQ� HUPLW�
WHOW��GLH�I�U�GLH�3ODQXQJ�QHXHU�*HElXGH�YHUZHQGHW�ZHUGHQ�N|QQHQ�(LQ�VRO�
FKHU� $QVDW]� LVW� VLQQYROO�� GD� NHLQH� IDOVFKH� *HQDXLJNHLW� GXUFK� XQVLFKHUH
+RFKUHFKQXQJHQ� YRUJHVSLHJHOW�ZLUG� XQG� GHU�9HUJOHLFK�PLW� %8..�'DWHQ
HLQIDFK�GXUFKI�KUEDU�LVW�

����� 0HWKRGH

(V�ZXUGHQ�DQKDQG�YHUVFKLHGHQHU�.RQWDNWH�XQG�/LWHUDWXUTXHOOHQ�YROOVWlQGL�
JH�gNRELODQ]HQ�YRQ�*HElXGHQ�JHVXFKW��DQDO\VLHUW�XQG�VR�ZHLW�P|JOLFK�YHU�
HLQKHLWOLFKW��'LH� $XVZHUWXQJ� HUIROJWH� VHSDUDW� I�U� %�UR�6FKXOJHElXGH� XQG
:RKQJHElXGH�

����� 5HVXOWDWH

:RKQJHElXGH��%HWUDFKWHW�PDQ�GLH�WRWDOH�8PZHOWEHODVWXQJ��GLH�GXUFK�DFKW
YHUVFKLHGHQH� :RKQJHElXGH� LQ� GHQ� :LUNXQJVNDWHJRULHQ� 7UHLEKDXVHIIHNW�
9HUVDXHUXQJ�� hEHUG�QJXQJ� XQG� 3ULPlUHQHUJLHEHGDUI� YHUXUVDFKW� ZLUG�� VR

������������������������������������������
��VLHKH�ZZZ�RJLS�FK
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ODVVHQ�VLFK�GLHVH�JURE�LQ�]ZHL�*UXSSHQ�HLQWHLOHQ��MHQH�RKQH�8PZHOWYHUWUlJ�
OLFKNHLWVDQVSUXFK��89$��XQG�MHQH�PLW��%HL�MHQHQ�+lXVHUQ�PLW�HLQHP�89$
ZXUGH� LQVEHVRQGHUH� GDUDXI� JHDFKWHW�� GHQ� %HWULHEVHQHUJLHEHGDUI� ZlKUHQG
GHU�1XW]XQJVSKDVH�WLHI�]X�KDOWHQ��ZDV�VLFK� LQ�GHU�*HVDPWELODQ]�VHKU�VWDUN
DXVZLUNW�� 'DI�U� ZHUGHQ� EHL� GLHVHQ� +lXVHUQ� GLH� 3KDVHQ� +HUVWHOOXQJ� �XQG
IDOOV�HLQEH]RJHQ�GLH�(QWVRUJXQJ��UHOHYDQW�
%HL�DOOHQ�*HElXGHQ�VLQG�GLH�'HFNHQ�XQG�:lQGH�VWDUN�DQ�GHU�8PZHOW�

EHODVWXQJ� EHWHLOLJW�� 'LHV� LVW� DXI� GHQ� PDVVHQPlVVLJ� JURVVHQ� %HLWUDJ� GLHVHU
(OHPHQWH�]XU�FN]XI�KUHQ�

%�URJHElXGH�6FKXOHQ�� %HL� GHQ� XQWHUVXFKWHQ� QHXQ� %�UR�� XQG� ]ZHL
6FKXOJHElXGHQ�ZDU� GLH�+HWHURJHQLWlW� GHU� 5HVXOWDWH� EHGHXWHQG� JU|VVHU� DOV
EHL� GHQ�:RKQJHElXGHQ��'LH�8QWHUVFKLHGH� VLQG� QXU� WHLOZHLVH� DXI� GLH�*H�
ElXGH�]XU�FN]XI�KUHQ��(V�EHVWHKW�ZLHGHUXP�HLQH�.RUUHODWLRQ�GHU�8PZHOW�
EHODVWXQJ��PLW�GHP�89$��.RQQWH�LQ�GHU�1XW]XQJVSKDVH�GHU�%HWULHEVHQHU�
JLHEHGDUI�JHVHQNW�ZHUGHQ��VR�ZLUNW�VLFK�GLHV�DXI�GLH�JHVDPWH�%LODQ]�LQ�GHQ
EHWUDFKWHWHQ�:LUNXQJVNDWHJRULHQ�SRVLWLY�DXV��%HL�GHQ�%DXPDWHULDOLHQ� LVW�HV
VFKZLHULJHU�� JHElXGHVSH]LILVFKH�8QWHUVFKLHGH� IHVW]XPDFKHQ��'LH�PHWKRGL�
VFKHQ�'LIIHUHQ]HQ�VFKODJHQ�KLHU�GXUFK��(LQLJH�*HElXGH�VFKQHLGHQ�VHKU�JXW
DE��ZDV�DXI�LKUHQ�JHULQJHQ�(UIDVVXQJVJUDG��ZHQLJ�EHU�FNVLFKWLJWH�0DWHULDOL�
HQ��]XU�FN]XI�KUHQ� LVW��%HL�HLQHU�DQGHUHQ�*UXSSH�VLQG�GLH�$XIZHQGXQJHQ
I�U�GLH�(UQHXHUXQJ�GRPLQDQW��ZRUDXV�DE]XOHVHQ�LVW��GDVV�GRUW�YLHO�NOHLQHUH
(UQHXHUXQJV]\NOHQ�DQJHQRPPHQ�ZXUGHQ�DOV�LQ�GHQ�DQGHUHQ�%HLVSLHOH��=X�
GHP� LVW� QLFKW� EHL� DOOHQ� *HElXGHELODQ]HQ� GLH� (QWVRUJXQJ� HPLVVLRQVVHLWLJ
DXIJHQRPPHQ��PHLVW�ZHUGHQ�QXU� GLH�$Q]DKO� NJ�$EIDOO� LQ�'HSRQLH� DXVJH�
ZLHVHQ�� ZDV� ]X� HLQHU� 8QWHUVFKlW]XQJ� GHU� (QWVRUJXQJVSKDVH� I�KUW�� 'LHVH
8QWHUVFKlW]XQJ�ZLUNW�VLFK�DXFK�DXI�GLH�%HZHUWXQJ�HLQ]HOQHU�*HElXGHNRP�
SRQHQWHQ�DXV��GHQQ�LQ�GHU�(QWVRUJXQJ�VLQG�KlXILJ�GLH�LQHUWHQ�6WRIIH�ZHQL�
JHU�SUREOHPDWLVFK�DOV�]�%��JHZLVVH�)DUEHQ��0HWDOOH�XQG�*LSVH�
'LH�gNR�,QYHQWDUH�GHU�+HUVWHOOXQJ�GHU�0DWHULDOLHQ�ZXUGHQ�OlQGHUVSH]L�

ILVFK�HUKREHQ��'LHV�lXVVHUW�VLFK�YRU�DOOHP�LQ�GHQ�.DWHJRULHQ�ZLH�9HUVDXH�
UXQJ��hEHUG�QJXQJ�XQG�6RPPHUVPRJELOGXQJ��GLH�ZHJHQ�GHU�YLHOHQ�.RKOH�
NUDIWZHUNH�GHXWOLFK�K|KHUH�:HUWH�DXVZHLVHQ�DOV�GLH�WHLOZHLVH�PLW�6FKZHL]HU
6WURP�EHUHFKQHWHQ�6FKZHL]HU�%DXPDWHULDOLHQ�

����� 'LVNXVVLRQ

0LW�HLQHP�%8..�ODVVHQ�VLFK�GLH�8PZHOWDXVZLUNXQJHQ�YHUVFKLHGHQHU�.RQ�
VWUXNWLRQHQ� XQG� *HElXGHYDULDQWHQ� VFKRQ� LQ� GHQ� IU�KHQ� 3ODQXQJVSKDVHQ
DEVFKlW]HQ��'LH�5LFKWZHUWH�P�VVHQ� DQKDQG� JHQ�JHQG� YLHOHU�*HElXGH� DXI
HLQKHLWOLFKH� $UW� HUKREHQ� ZHUGHQ�� 8P� GHQ� %8..� DQZHQGHQ� ]X� N|QQHQ�
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P�VVHQ� GLH� 5LFKWZHUWH� PLW� EHVFKUHLEHQGHQ� ,QIRUPDWLRQHQ� EH]�JOLFK� GHU
*HElXGH�HUJlQ]W�ZHUGHQ��=X�GLHVHQ�,QIRUPDWLRQHQ�]lKOHQ

− GLH�)XQNWLRQ
− GLH�7\SRORJLH
− GHU�.RQVWUXNWLRQVEHVFKULHE
− GHU�$XVEDXVWDQGDUG
− GHU�8PZHOWYHUWUlJOLFKNHLWVDQVSUXFK
− GHU�6WDQGRUW
− GDV�%DXMDKU
− GLH�(QHUJLHNHQQ]DKO�:lUPH�>0-�P�D@
− GLH�(QHUJLHNHQQ]DKO�(OHNWUL]LWlW�>0-�P�D@
− GLH�(QHUJLHEH]XJVIOlFKH�>P�@
− GHU�(UIDVVXQJVJUDG

'HU� LQ�GLHVHU�$UEHLW�HUVWHOOWH�%8..�LVW�SURYLVRULVFK�XQG�EHUXKW�QRFK�DXI
HLQHU� ]X� JHULQJHQ� 'DWHQPHQJH�� 'LH� 8QWHUVFKLHGH� LQ� GHQ� 5HVXOWDWHQ� VLQG
VHKU�JURVV�XQG�KDEHQ�GLYHUVH�*U�QGH��(LQHUVHLWV�VLQG�HV�UHHOOH�8QWHUVFKLHGH�
GLH�GXUFK�GHQ�%DX�XQG�GHQ�%HWULHE�GHU�*HElXGH�YHUXUVDFKW�ZHUGHQ��=XP
%HLVSLHO�ZLUNW�VLFK�HLQH�6HQNXQJ�GHV�%HWULHEVHQHUJLHDXIZDQGHV�LPPHU�SRVL�
WLY�DXI�GLH�%LODQ]�DXV��'LHVH�6HQNXQJ�NDQQ�GXUFK�EDXOLFKH�0DVVQDKPHQ�HU�
UHLFKW�ZHUGHQ��IDOOV�VFKRQ�LQ�GHU�3ODQXQJ�GLHVHP�$QVSUXFK�5HFKQXQJ�JHWUD�
JHQ� ZLUG�� %HL� GHU�:DKO� GHU�0DWHULDOLHQ� VLQG� GLH� 8QWHUVFKLHGH�� GLH� GXUFK
EDXOLFKH�0DVVQDKPHQ�HUIROJHQ��ZHQLJHU�NODU�DXV]XPDFKHQ��GD�GRUW�GLH�PH�
WKRGLVFKHQ�8QVLFKHUKHLWHQ�QRFK�VWlUNHU�LQV�*HZLFKW�IDOOHQ�
'LH�PHWKRGLVFKHQ�8QVLFKHUKHLWHQ�EHWUHIIHQ

− GLH�XQJOHLFKH�=LHKXQJ�GHU�6\VWHPJUHQ]HQ
− GLH�XQJOHLFKH�%HKDQGOXQJ�GHU�(QWVRUJXQJVSKDVH
− GLH�XQJOHLFKH�'HILQLWLRQ�YRQ�(UQHXHUXQJV]\NOHQ
− GLH� WHLOZHLVH� QRFK� YHUIRFKWHQH� %HZHUWXQJ� YRQ� +RO]� PLW� &2

�
�*XW�

VFKULIWHQ��RKQH�GDVV�GLH�(QWVRUJXQJ�GLHVH�*XWVFKULIW�ZLHGHU�QHXWUDOLVLHUW
− GLH�%HKDQGOXQJ�GHV�5HF\FOLQJV

'LHVH�P�VVHQ�GXUFK�HLQH�VWDQGDUGLVLHUWH�9RUJHKHQVZHLVH�HOLPLQLHUW�ZHUGHQ�
1XU�VFKRQ�LQGHP�DOOH�*HElXGH�PLW�GHPVHOEHQ�,QVWUXPHQW�HUKREHQ�ZHUGHQ�
NDQQ�KLHU�HLQH�HUVWH�9HUHLQKHLWOLFKXQJ�GHU�0HWKRGLN�HUIROJHQ�
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2ULJLQDOOLWHUDWXU

3��6WHLQOH��$��/DOLYH�G¶(SLQD\��%DX�8PZHOWEHODVWXQJVNHQQZHUWH� ]XU�$EVFKlW]XQJ
GHU� 8PZHOWYHUWUlJOLFKNHLW� YRQ� *HElXGHQ� LQ� IU�KHQ� 3ODQXQJVSKDVHQ�� (7+� =�ULFK�
*UXSSH� I�U� 6LFKHUKHLW� XQG� 8PZHOWVFKXW]�� /DERUDWRULXP� I�U� 7HFKQLVFKH
&KHPLH��8QLYHUVLWlWVVWUDVVH����������=�ULFK������
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.DSLWHO��� 

'DWHQ�XQG�0HWKRGLVFKHV�]X
%DXWHLOHQ�XQG�%DXSUR]HVVHQ

��� 8PZHOWUHOHYDQ]�GHU�+DXVWHFKQLN��(LQH
(QWVFKHLGXQJVJUXQGODJH

'LH�6WXGLH�XQWHUVXFKW�GLH�5HOHYDQ]�YRQ�+DXVWHFKQLN�LQ�%H]XJ�DXI�GLH�8P�
ZHOWZLUNXQJHQ�YRQ�*HElXGHQ��'DUXQWHU�ZHUGHQ�I�U�HLQPDO�QLFKW�GLH�SRVLWL�
YHQ�$XVZLUNXQJHQ� HLQHU� LQWHOOLJHQWHQ�+HL]�� XQG�.OLPDWHFKQLN� YHUVWDQGHQ�
VRQGHUQ�HV�VROO�GLH�%HODVWXQJ�GHU�8PZHOW�GXUFK�GLH�+HUVWHOOXQJ��GHQ�(LQ�
EDX�� %HWULHE� XQG� GLH� (QWVRUJXQJ� YRQ�+DXVWHFKQLN�.RPSRQHQWHQ� LQ�*H�
ElXGHQ� DEJHVFKlW]W� ZHUGHQ�� 'DPLW� ZLUG� DXI� HLQH� ZLFKWLJH� /�FNH� LQ� GHU
gNRELODQ]LHUXQJ� YRQ�*HElXGHQ� KLQJHZLHVHQ�� $XIJUXQG� EHJUHQ]WHU�0LWWHO
PXVVWHQ� YLHOH� +DXVWHFKQLN�.RPSRQHQWHQ� YRQ� GHU� 8QWHUVXFKXQJ� DXVJH�
VFKORVVHQ� ZHUGHQ�� YRQ� GHQ� YHUEOHLEHQGHQ� ZXUGH� DQKDQG� ]ZHLHU� )DOOEHL�
VSLHOH�HLQH�0DVVHQELODQ]�GHU�3URGXNWH�HUVWHOOW��RKQH�YRU��XQG�QDFKJHODJHUWH
+HUVWHOOXQJV��� 1XW]XQJV�� XQG� (QWVRUJXQJVSUR]HVVH� ]X� EHU�FNVLFKWLJHQ�
$XIJUXQG�YRQ�9HUJOHLFKHQ�XQG�WKHRUHWLVFKHU�hEHUOHJXQJHQ�ZHLVW�GLH�6WXGLH
GHQQRFK� GLH� 5HOHYDQ]� GHU� +DXVWHFKQLNNRPSRQHQWHQ� I�U� GLH� *HVDPW�
8PZHOWZLUNXQJ�HLQHV�*HElXGHV�QDFK�

����� 0HWKRGLN

'LH� 6WXGLH� EHUXKW� HLQHUVHLWV� DXI� GHP� 6WXGLXP�GHU� YRUKDQGHQHQ� /LWHUDWXU�
DQGUHUVHLWV�ZXUGHQ�GLH�+DXVWHFKQLNNRPSRQHQWHQ�]ZHLHU�%DXSURMHNWH�LQ�HL�
QHU�0DWHULDOELODQ]�HUIDVVW��$XIJUXQG�GLHVHU�%LODQ]�ZXUGHQ�GHU�(QHUJLHEHGDUI
XQG�GLH�8PZHOWZLUNXQJHQ�GHU�+DXVWHFKQLN�HUPLWWHOW�XQG�LP�9HUJOHLFK�PLW
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GHU� +HUVWHOOXQJ� XQG� GHP� %HWULHE� GHU� HQWVSUHFKHQGHQ� *HElXGH� EHZHUWHW�
(UJlQ]HQG�ZXUGHQ� ,QWHUYLHZV�PLW�+DXVWHFKQLN�+HUVWHOOHUQ� XQG�²)DFKOHX�
WHQ�GXUFKJHI�KUW��XP�VLFKHU]XJHKHQ��GDVV�DOOH�UHOHYDQWHQ�+DXVWHFKQLNNRP�
SRQHQWHQ�HUIDVVW�ZXUGHQ�

����� 8QWHUVXFKXQJVREMHNWH

8QWHUVXFKW�ZXUGHQ�+DXVWHFKQLNNRPSRQHQWHQ��GLH�HLQGHXWLJ�GHP�MHZHLOLJHQ
*HElXGH� ]XRUGHQEDU� VLQG�� G�K�� RKQH�GHQ�$QVFKOXVV� DQ� GLH� H[WHUQH� ,QIUD�
VWUXNWXU��1LFKW�EHU�FNVLFKWLJW�ZXUGHQ�]XGHP�.RPSRQHQWHQ��GLH�GHP�5RK�
EDX�DQJHUHFKQHW�ZHUGHQ�N|QQHQ��]�%��.DPLQ���VRZLH�VROFKH��GHUHQ�$XVJH�
VWDOWXQJ�VWDUN�EHQXW]HUDEKlQJLJ�LVW��VDQLWlUH�,QVWDOODWLRQHQ���'LH�$UPDWXUHQ�
5HJHOHLQULFKWXQJHQ� XQG� HOHNWULVFKHQ� ,QVWDOODWLRQHQ� ZXUGHQ� DXIJUXQG� LKUHU
.RPSOH[LWlW� YHUQDFKOlVVLJW� RGHU�� ZR�P|JOLFK�� DXIJUXQG� GHU� WHLOZHLVH� JOHL�
FKHQ�0DWHULDO]XVDPPHQVHW]XQJ� GHQ� ELODQ]LHUWHQ�.RPSRQHQWHQ� ]XJHUHFK�
QHW��:HLWHUH�$XVVFKOXVVJU�QGH�ZDUHQ�

− (V�EHVWHKHQ�VFKRQ�gNRLQYHQWDUGDWHQ��6RQQHQNROOHNWRUHQ��:lUPHSXP�
SHQ��3KRWRYROWDLN��

− 'LH� .RPSRQHQWH� ZLUG� ZHGHU� KHXWH� QRFK� LQ� =XNXQIW� LQ� :RKQ�� XQG
'LHQVWOHLVWXQJVJHElXGHQ�YHUZHQGHW��]�%��1DVVZlVFKHU��

− 'LH�.RPSRQHQWH� NRPPW� VHKU� VHOWHQ� ]XU�$QZHQGXQJ� RGHU� LVW� I�U� GDV
)XQNWLRQLHUHQ�GHU�$QODJH�YRQ�JHULQJHU�%HGHXWXQJ�

− 'LH�.RPSRQHQWH� LVW� DXIJUXQG�HLQHU�JUREHQ�$EVFKlW]XQJ� LP�9HUJOHLFK
PLW� DQGHUHQ� .RPSRQHQWHQ� GHU� VHOEHQ� 0DWHULDO]XVDPPHQVHW]XQJ� YHU�
QDFKOlVVLJEDU�RGHU�GLHVHQ�]XUHFKHQEDU�

'LH� DXIJUXQG�GLHVHU�$XVVFKOXVVNULWHULHQ�DXVJHZlKOWHQ�.RPSRQHQWHQ�� VLQG
LQ�7DE����DXIJHI�KUW��JHJOLHGHUW�QDFK�+DXVWHFKQLN�*HZHUNHQ�
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Tab. 7 Ausgewählte Komponenten je Gewerk

Heizung Lüftung Klima Sanitär Elektro

Heizkessel inkl.
Gasbrenner und
Expansionsgefäss

Monobloc Kältemaschine Wassererwärmer Kabel

Pumpen Ventilatoren Umluftkühlgerät Pumpen Rohre

Leitungen Kanäle Rückkühlsystem Leitungen Kanäle

Dämmung Rohre Dämmung Dämmung Fundamenterder

Heizkörper Dämmung Filter

Fussbodenheizung

'LH� LQ� 7DE�� �� DXIJHOLVWHWHQ�.RPSRQHQWHQ� ZXUGHQ� EHL� ]ZHL� %DXSURMHNWHQ
�HLQH�:RKQ�EHUEDXXQJ�XQG�HLQ�'LHQVWOHLVWXQJVJHElXGH��HUIDVVW��$XIJUXQG
YRQ�+HUVWHOOHUDQJDEHQ�XQG�([SHUWHQZLVVHQ�NRQQWH�DXI�.RPSRQHQWHQ��XQG
*HZHUNHEHQH�HLQH�0DWHULDOELODQ]��LQ�NJ��XQG�²�GXUFK�GLH�9HUNQ�SIXQJ�PLW
'DWHQ�YRQ�.DVVHU�XQG�3|OO� �.DVVHU�XQG�3|OO�������²�HLQH�%LODQ]�GHU�+HU�
VWHOOXQJVHQHUJLH��LQ�0-��HUVWHOOW�ZHUGHQ��'LH�GXUFK�GLH�+DXVWHFKQLN�EHZLUN�
WHQ�(PLVVLRQHQ�LQ�GLH�8PZHOW�ZXUGHQ�GXUFK�9HUNQ�SIXQJ�GHU�0DWHULDOEL�
ODQ]�PLW�GHQ�gNRLQYHQWDUHQ� I�U�(QHUJLHV\VWHPH� �)ULVFKNQHFKW�HW�DO�������
EHUHFKQHW�� 6RPLW�KDQGHOW� HV� VLFK� QLFKW� XP�YROOVWlQGLJH�%LODQ]HQ� LP�6LQQH
HLQHU� /HEHQV]\NOXVDQDO\VH�� VRQGHUQ� QXU� XP� HLQH� 0DWHULDOELODQ]�� GLH� PLW
:HUWHQ�GHU�JUDXHQ�(QHUJLH�SUR�0DWHULDO�XQG�PLW�DJJUHJLHUWHQ�8PZHOWLQGL�
NDWRUHQ�SUR�0DWHULDO�HUJlQ]W�ZXUGH�
%HL�GHU�0DVVHQELODQ]�]HLJWH�VLFK��GDVV�EHL�EHLGHQ�)DOOEHLVSLHOHQ�GLH�5HL�

KHQIROJH�GHU�:LFKWLJNHLW�GHU�HLQ]HOQHQ�.RPSRQHQWHQ�XQJHIlKU�GLH�VHOEH�LVW�
$OOHUGLQJV�ZHLVW� GDV�'LHQVWOHLVWXQJVJHElXGH� DXVVHU� EHL� GHU�+HL]XQJ� HLQHQ
GHXWOLFK�K|KHUHQ�,QVWDOODWLRQVJUDG�DXI��ZDV�VLFK�VRZRKO�LQ�GHU�0DVVHQELODQ]
�SUR�P��(QHUJLHEH]XJVIOlFKH��DOV�DXFK�LQ�GHU�%LODQ]�GHU�+HUVWHOOXQJVHQHUJLH
DXVGU�FNW�� ,QVEHVRQGHUH� GLH� /�IWXQJ� XQG� GLH� �EHL� GHU� :RKQ�EHUEDXXQJ
QLFKW�YRUKDQGHQH��.lOWHDQODJH�WUDJHQ�]XP�8QWHUVFKLHG�EHL�
6RZRKO�EH]�JOLFK�0DVVH�DOV�DXFK�EH]�JOLFK�+HUVWHOOXQJVHQHUJLH�VLQG�GLH

/HLWXQJHQ��LQNO��.DQlOH�XQG�5RKUH��GLH�EHGHXWHQGVWH�.RPSRQHQWHQJUXSSH
GHU�+DXVWHFKQLN��'DEHL�NDQQ�GLH�0DWHULDOZDKO� LQ�HLQ]HOQHQ�%HUHLFKHQ�JUR�
VVH�8QWHUVFKLHGH�YHUXUVDFKHQ��]�%��3(�YHUVXV�*XVVHLVHQURKUH��
=XU�$EVFKlW]XQJ�GHU�5HOHYDQ]�GHU�+DXVWHFKQLN�EH]�JOLFK�GHU�8PZHOW�

ZLUNXQJ� GHV� *HVDPWJHElXGHV� ZXUGHQ� 9HUJOHLFKH� PLW� GHVVHQ� 0DVVHQ��
(QHUJLH��XQG�8PZHOWELODQ]�JHPDFKW��'DEHL�]HLJWH�VLFK��GDVV
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− GHU�$QWHLO�GHU�+DXVWHFKQLN�0DVVH�DQ�GHU�JHVDPWHQ�*HElXGHPDVVH�XQWHU
%HU�FNVLFKWLJXQJ� GHU� /HEHQVGDXHU� GHU� HLQ]HOQHQ� .RPSRQHQWHQ� ]ZL�
VFKHQ�����:RKQ�EHUEDXXQJ��XQG�������%�URJHElXGH��OLHJW��HLQH�*U|�
VVHQRUGQXQJ��GLH�PLW�/LWHUDWXUZHUWHQ�EHOHJW�ZHUGHQ�NRQQWH�

− DXIJUXQG� GHU� VSH]LHOOHQ�� HQHUJLHLQWHQVLYHQ�0DWHULDOLHQ� GLH� +DXVWHFKQLN
��� ²� ���� GHU� +HUVWHOOXQJVHQHUJLH� GHV� *HVDPWJHElXGHV� DXVPDFKW�� MH�
GRFK�QXU�����²����GHU�%HWULHEVHQHUJLH� �EHL�HLQHU�(QHUJLHNHQQ]DKO�YRQ
FD������0-�P�D�XQG�DQJHQRPPHQHU�/HEHQVGDXHU�YRQ����-DKUHQ��

− GLH� 8PZHOWEHODVWXQJ� GXUFK� GLH� +HUVWHOOXQJ� GHU� +DXVWHFKQLNNRPSR�
QHQWHQ�� DXVJHGU�FNW� LQ� (FRLQGLNDWRUSXQNWHQ� �*RHGNRRS� ������� ��� ²
���� GHU� 8PZHOWEHODVWXQJ� GXUFK� GLH� %HWULHEVSKDVH� GHU� *HElXGH� DXV�
PDFKW�

'LHVH�:HUWH�ZHLVHQ�GDUDXI�KLQ�� GDVV�GXUFK�XPIDVVHQGHUH�%HWUDFKWXQJ�GHU
8PZHOWHLQIO�VVH�GLH�+DXVWHFKQLN�DQ�%HGHXWXQJ�JHZLQQW�

����� )ROJHUXQJHQ

'LH�6WXGLH�ZHLVW�QDFK��GDVV�GLH�8PZHOWZLUNXQJHQ�GHU�+DXVWHFKQLN�LP�9HU�
JOHLFK�PLW�GHQ�8PZHOWZLUNXQJHQ�GHV�*HVDPWJHElXGHV�QLFKW�YHUQDFKOlVVLJW
ZHUGHQ� GDUI�� 'LHVHU� 1DFKZHLV� JHOLQJW�� REZRKO� YLHOH� +DXVWHFKQLNNRPSR�
QHQWHQ� VRZLH� GHUHQ� 3URGXNWLRQ� YRU�� XQG� QDFKJHODJHUWH� 3KDVHQ� QLFKW� EH�
U�FNVLFKWLJW� ZXUGHQ�� +LHU� LVW� DQ]XQHKPHQ�� GDVV� HLQH� VROFKH� (UZHLWHUXQJ�
LQVEHVRQGHUH�XQWHU�(LQEH]XJ�DXFK�GHU�VWRIIOLFKHQ�(QWVRUJXQJ��GLH�:LFKWLJ�
NHLW�GHU�+DXVWHFKQLN�QRFK�GHXWOLFKHU�DXI]HLJW�
'LH�6WXGLH�HQWKlOW�EHUHLWV�+LQZHLVH�DXI���EH]�JOLFK�0DWHULDO��XQG�(QHU�

JLHEHGDUI���EHVRQGHUV�UHOHYDQWH�.RPSRQHQWHQ�XQG�*HZHUNH��(V�ZLUG�HPS�
IRKOHQ�� DQKDQG�GLHVHU�+LQZHLVH�GLH�gNRLQYHQWDUH� I�U�+DXVWHFKQLNNRPSR�
QHQWHQ�V\VWHPDWLVFK�]X�HUZHLWHUQ�

2ULJLQDOOLWHUDWXU

7K��%DXPDQQ��/��,WVFKQHU��8PZHOWUHOHYDQ]�GHU�+DXVWHFKQLN��(LQH�(QWVFKHLGXQJV�
JUXQGODJH��(7+�=�ULFK��/DERUDWRULXP�I�U�7HFKQLVFKH�&KHPLH��3URIHVVXU�I�U
6LFKHUKHLW� XQG�8PZHOWVFKXW]� LQ� GHU� &KHPLH�� 8QLYHUVLWlWVVWUDVVH� ���� ����
=�ULFK��������,6%1��������������



IEA BCS Annex 31 „Energy Related Environmental Impact of Buildings“ 49

��� .XQVWVWRIIH�LQ�GHU�6FKZHL]HU�%DXLQGXVWULH

'LH�$UEHLW�KDW�]XP�=LHO��GLH�.XQVWVWRIIVWU|PH� LQ�GHU�6FKZHL]HU�%DXLQGX�
VWULH�TXDQWLWDWLY�XQG�TXDOLWDWLY�]X�HUIDVVHQ��'HU�MlKUOLFKH�9HUEUDXFK�XQG�GDV
MlKUOLFK� DQIDOOHQGH� $EIDOODXINRPPHQ� ZHUGHQ� HUIDVVW�� =XGHP� ZLUG� XQWHU�
VXFKW��ZHOFKHU�.XQVWVWRII�LQ�ZHOFKHQ�3URGXNWHQ�]XU�$QZHQGXQJ�NRPPW�
.XQVWVWRIIH�VLQG� WHFKQLVFKH�:HUNVWRIIH��GLH�GXUFK�3RO\PHULVDWLRQVSUR�

]HVVH� KHUJHVWHOOW�ZHUGHQ��'DV�5RKPDWHULDO� EHVWHKW� DXV�'HVWLODWLRQVIUDNWLR�
QHQ�YRQ�(UG|O�XQG�(UGJDV��'HU�$QWHLO� DQ�.XQVWVWRIIHQ� LQ�*HElXGHQ�EH�
WUlJW�]XU�=HLW�PDVVHQPlVVLJ�FD��������LVW�DEHU�VWHWLJ�]XQHKPHQG�

����� 8QWHUVXFKXQJVJHELHW

'LH�6WXGLH�EHVFKUlQNW�VLFK�DXI�GLH�8QWHUVXFKXQJ�GHV�+RFKEDXV��'LH�ZLFK�
WLJVWHQ�$QZHQGXQJHQ�YRQ�.XQVWVWRIIHQ�LP�+RFKEDX�VLQG�LQ�GHU�IROJHQGHQ
7DE����DXIJHI�KUW�

Tab. 8 Prozentuale Verteilung verschiedener Kunstoff-Produktekategorien nach Lebens-
dauer

Lebensdauer in Jahren <2 2-5 5-10 10-20 20-40 >40
Produkt

Rohre 0 1 1 3 20 75

Fenster 0 0 1 2 32 65

Dämmstoffe 2 0 0 10 50 38
Dichtungsbahnen 5 0 10 25 40 20

Profile 3 0 5 30 50 12

Einbaumöbel 1 0 25 49 20 5

Bodenbeläge (ohne Teppiche) 5 2 20 68 5 0

Wandbezüge 2 8 50 30 10 0

9HUVFKLHGHQHQ�.XQVWVWRIIW\SHQ�VLQG�DXI�GHP�0DUNW�HUKlOWOLFK��*HVDPWKDIW
PDFKW�39&�PLW� ����GHQ�JU|VVWHQ�7HLO� DOOHU�.XQVWVWRIIW\SHQ� DXV�� 3(�PLW
�����JHIROJW�YRQ�33�PLW�����385�PLW����XQG�(36�PLW����VLQG�DXFK�KlX�
ILJ�YHUWUHWHQ�

����� 0HWKRGH

'LH�6WRIIIOXVVDQDO\VH�ZXUGH�DQKDQG�YRQ�/LWHUDWXUVWXGLHQ��*HVSUlFKHQ�XQG
,QWHUYLHZV�EHL�.XQVWVWRIIKHUVWHOOHUQ�HUVWHOOW��6LH�XQWHUVFKHLGHW�VLFK�YRQ�HLQHU
NODVVLVFKHQ�6WRIIIOXVVDQDO\VH�YRU� DOOHP�GDULQ�� DOV�GDVV� VLH� HLQH�3URGXNWHSD�
OHWWH�XQG�QLFKW�HLQ�FKHPLVFKHV�(OHPHQW�XQWHUVXFKW��8P�DXFK�$XVVDJHQ��EHU
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GLH�8PZHOWYHUWUlJOLFKNHLW�GHU�.XQVWVWRIISURGXNWH�PDFKHQ�]X�N|QQHQ��ZXU�
GH� WHLOZHLVH� DXI� YRUKDQGHQH� gNRELODQ]HQ� ]XU�FNJHJULIIHQ�� 'LHVH� ZXUGHQ
PLW�lTXLYDOHQWHQ�3URGXNWHQ�DXV�DQGHUHQ�0DWHULDOLHQ�YHUJOLFKHQ�

����� .XQVWVWRIIYHUEUDXFK

,Q�GHU�6FKZHL]�ZXUGHQ������JHPlVV�$30(�����������¶����7RQQHQ�.XQVW�
VWRIIH�YHUEUDXFKW��'LH�%DXLQGXVWULH�KDW�PLW�����GHV�*HVDPWYHUEUDXFKV�GHQ
]ZHLWJU|VVWHQ�$QWHLO��KLQWHU�GHQ�9HUSDFNXQJHQ���)ROJHQGH�7DE����IDVVW�GHQ
.XQVWVWRIIYHUEUDXFK�GHU�6FKZHL]HU�%DXLQGXVWULH�]XVDPPHQ�

Tab. 9 Kunststoffverbrauch 1995 in der Schweizer Bauindustrie nach Produkt und Kunst-
stoff

Schweiz 1995
Produkt Kunststoff Menge (t/a) Anteil (%)

Rohre PVC 24‘985 21.87

HD-PE 6‘411 5.61

LD-PE 1‘654 1.45

PP 2‘275 1.99

ABS 244 0.21

total 35‘570 31.13
Fenster PVC 11‘280 9.87

total 11‘280 9.87
Dämmstoffe EPS 8‘272 7.24

XPS 2‘632 2.3

PUR 8‘723 7.64

total 19‘627 17.18
Wandbezüge PVC 1‘372 1.2

total 1‘372 1.2
Bodenbeläge fiber PP 3‘910 3.42

PA 3‘271 2.86

Acrylics 132 0.12

PET 395 0.35

non-fiber PVC 5‘283 4.62

PU-Schaum 902 0.79

total 13‘893 12.16
Dichtungsbahnen PE 2‘933 2.57

PVC 2‘068 1.81

total 5‘001 4.38
Profile PVC 5‘452 4.77

total 5‘452 4.77
Kabel PVC 6‘937 6.07

PE 4‘230 3.70

total 11‘167 9.77
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Schweiz 1995
Produkt Kunststoff Menge (t/a) Anteil (%)

Einbaumöbel PS 2‘933 2.57

PMMA 1‘316 1.15

PC 1‘410 1.23

PA 282 0.25

POM 75 0.07

UP 1‘598 1.40

Amino 376 0.33

total 7‘990 6.99
Andere 2‘895 2.53

Total 114‘248 100.00

����� .XQVWVWRIIDEIlOOH

Tab. 10 Entwicklung des Kunststoff-Abfallaufkommens in der Schweizer Bauindustrie bis
2010.

Abfall pro Jahr (t) Wachstumsrate (%/Jahr)
Produkt 1995 2000 2010 95/00 00/10

Boden- und Wand-
beläge

13‘541 14‘091 18‘214 0.8 2.6

Rohre 2‘210 5‘499 8‘705 20.0 4.7

Dämmstoffe 1‘615 2‘542 7‘686 9.5 11.7

Profile 2‘096 3‘051 4‘648 7.8 4.3

Dichtungsbahnen 1‘671 2‘377 4‘257 7.3 6.0

Fenster 113 226 1‘224 14.9 18.4

Einbaumöbel 425 542 765 5.0 3.5
Kabel 3‘031 3‘446 4‘542 2.6 2.8

Total 24‘702 31‘774 50‘041 5.2 4.8

=XU�=HLW�IlOOW�EHGHXWHQG�ZHQLJHU�.XQVWVWRIIDEIDOO�DXV�GHP�+RFKEDX�DQ��DOV
HLQJHEDXW�ZLUG��'DV�%DXZHUN�6FKZHL]�VWHOOW�DOVR�HLQ�JURVVHV�=ZLVFKHQODJHU
DQ�.XQVWVWRIIHQ�GDU��'DV�N�QIWLJH�$EIDOODXINRPPHQ�ZLUG�VWHLJHQ��(V�ZHU�
GHQ� DXFK� 3URGXNWH�� GLH� XQWHUGHVVHQ� DXV� 8PZHOWVFKXW]JU�QGHQ� YHUERWHQ
VLQG��HQWVRUJW�ZHUGHQ�P�VVHQ��ZDV�]X�HLQHU�HUK|KWHQ�%HODVWXQJ�GHU�8PZHOW
I�KUHQ�ZLUG��VLHKH�7DE�����
'DKHU�LVW�HV�ZLFKWLJ��GLH�YHUVFKLHGHQHQ�(QWVRUJXQJVZHJH�I�U�.XQVWVWRI�

IH� ]X� NHQQHQ� XQG� GHQ� RSWLPDOHQ� ]X� EHVFKUHLWHQ�� 'LH� 'HSRQLHUXQJ� YRQ
.XQVWVWRIIHQ�LVW�LQ�GHU�6FKZHL]�QLFKW�PHKU�HUODXEW��%UHQQEDUH�$EIlOOH�P�V�
VHQ� YHUEUDQQW� ZHUGHQ�� 'DUDXV� OlVVW� VLFK� ]XGHP� QRFK� (QHUJLH� JHZLQQHQ�
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'HU�JHEUlXFKOLFKVWH�:HJ�LVW�DOVR�GLH�9HUEUHQQXQJVDQODJH��7HLOZHLVH�ZHUGHQ
.XQVWVWRIIH�DEHU�DXFK�LQ�=HPHQWZHUNHQ�HQWVRUJW��ZR�VLH�DOV�%UHQQVWRII�EH�
QXW]W� ZHUGHQ� N|QQHQ��:LOO�PDQ� MHGRFK� LQ� =XNXQIW� HLQH� QDFKKDOWLJH� (QW�
ZLFNOXQJ�I|UGHUQ��VR�P�VVHQ�XQEHGLQJW�GLH�5HF\FOLQJP|JOLFKNHLWHQ�YHUEHV�
VHUW�ZHUGHQ��'LHV�IRUGHUW�VFKRQ�GLH�+HUVWHOOHU�YRQ�.XQVWVWRIIHQ��GLH�VFKRQ
LQ�GLHVHU�3KDVH�HLQ�5HF\FOLQJSRWHQWLDO�]X�HU|IIQHQ�KDEHQ�

����� )D]LW

.XQVWVWRIIH� ILQGHQ� HLQH� $QZHQGXQJ� LQ� 5RKUHQ�� )HQVWHUQ�� 'lPPVWRIIHQ�
:DQG��XQG�%RGHQEHOlJHQ��'LFKWXQJVEDKQHQ��3URILOHQ��.DEHO�XQG�DQGHUHP�
'HQ�JU|VVWHQ�$QWHLO�KDEHQ�3URGXNWH�DXV�39&�������XQG�3(�������
1XU�UXQG���·����W�GLHVHU�.XQVWVWRIIH�ZHUGHQ�MlKUOLFK�]X�$EIDOO��ZDV�DXI

GDV�JURVVH�0DWHULDO]ZLVFKHQODJHU�LP�%DXZHUN�6FKZHL]�KLQZHLVW��'DV�$EIDO�
ODXINRPPHQ�ZLUG�VLFK�DEHU�LQ�GHQ�QlFKVWHQ����-DKUHQ�EHLQDKH�YHUGRSSHOQ�
(LQLJH�GHU�´DOWHQµ�3URGXNWH�KDEHQ�QRFK� ,QKDOWVVWRIIH� �&DGPLXP��)&.:�
PLW� JURVVHP� 8PZHOWJHIlKUGXQJVSRWHQWLDO�� 'LH� VDFKJHUHFKWH� (QWVRUJXQJ
GLHVHU�$EIlOOH�ZLUG�HLQH�ZLFKWLJH�5ROOH�VSLHOHQ�

2ULJLQDOOLWHUDWXU

.��6FKQHHEHUJHU��.XQVWVWRIIH�LQ�GHU�6FKZHL]HU�%DXLQGXVWULH��(LQH�6WXGLH�LP�5DK�
PHQ� GHV� ,($� %&6� $QQH[� ���� GXUFKJHI�KUW� EHL� GHU� '2:� (XURSH� 6�$��
+RUJHQ�� (7+�=�ULFK�� /DERUDWRULXP� I�U� 7HFKQLVFKH�&KHPLH��*UXSSH� I�U
6LFKHUKHLW�XQG�8PZHOWVFKXW]��8QLYHUVLWlWVVWUDVVH����������=�ULFK������
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��� gNRORJLVFKH�6DQLHUXQJ�YRQ�%�UREDXWHQ

'DV�3URMHNW�EHIDVVWH�VLFK�PLW�GHQ�PHWKRGLVFKHQ�$VSHNWHQ�GHU�gNRELODQ]LH�
UXQJ�YRQ�%�UR�6DQLHUXQJVYRUKDEHQ�

����� %�UREDXWHQ�XQG�6DQLHUXQJ

'HU��EHUZLHJHQGH�$QWHLO�YRQ�%�URJHElXGHQ�LVW�VHLW�GHP�=ZHLWHQ�:HOWNULHJ
DOV�)ROJH�GHU�PDUNDQWHQ�$XVEUHLWXQJ�GHV�'LHQVWOHLVWXQJVVHNWRUV�HQWVWDQGHQ�
%�UREDXWHQ� VLQG� LP� 9HUJOHLFK� ]X� :RKQEDXWHQ� LQWHQVLYH� (OHNWUL]LWlWVYHU�
EUDXFKHU��ZREHL�JURVVH�8QWHUVFKLHGH�]ZLVFKHQ�OHLFKW��PLWWHO�XQG�KRFKWHFK�
QLVLHUWHQ�2EMHNWHQ�EHVWHKHQ��%�UREDXWHQ�ZHLVHQ�]XGHP�VHKU�XQWHUVFKLHGOL�
FKH�$XVEDXVWDQGDUGV� DXI��ZDV� DXFK� LQ�GHQ�.RVWHQ� VLFKWEDU� LVW��+HXWH�KDW
VLFK� GLH�$Q]DKO� GHU�$UEHLWVSOlW]H� LP�'LHQVWOHLVWXQJVVHNWRU� VWDELOLVLHUW�� EHL
VLQNHQGHP�)OlFKHQEHGDUI�SUR�$UEHLWVSODW]� �9HUGLFKWXQJ��� ,QVJHVDPW� LVW� LQ
GHQ�QlFKVWHQ�-DKUHQ�QXU�QRFK�HLQ�VHOHNWLYHV�)OlFKHQZDFKVWXP�YRQ�%�URJH�
ElXGHQ�DQ�DWWUDNWLYHQ�6WDQGRUWHQ�]X�HUZDUWHQ��8PVR�ZLFKWLJHU�ZLUG�GHVKDOE
GLH�6DQLHUXQJ�GHU�EHVWHKHQGHQ�%�UREDXWHQ�

����� 1DFKKDOWLJNHLW�GHV�3UR]HVVHV�%�URDUEHLW

1DFKKDOWLJNHLW�LVW�KHXWH�HLQ�YLHO�]LWLHUWHV�Å3ODVWLNZRUW´��'LH�ÅVWUHQJH�1DFK�
KDOWLJNHLW´� JHKW� GDYRQ� DXV�� GDVV� DXVVFKOLHVVOLFK� HUQHXHUEDUH�(QHUJLH� VRZLH
QDFKZDFKVHQGH�5RKVWRIIH�YHUZHQGHW�ZHUGHQ��'LH�$QZHQGXQJ�GLHVHU�'HIL�
QLWLRQ�DXI�GHQ�3UR]HVV�Å%�URDUEHLW´�]HLJW�HLQ�GHXWOLFKHV�0DQNR�DQ�HUQHXHU�
EDUHU�(QHUJLH��'LHVHV�N|QQWH�]XP�%HLVSLHO�PLW�GHP�=XEDX�GH]HQWUDOHU�6RQ�
QHQHQHUJLHQXW]XQJ�DXVJHJOLFKHQ�ZHUGHQ�

����� gNRORJLVFKH�6DQLHUXQJ�YRQ�%�UREDXWHQ

$XVJDQJVSXQNW�I�U�GLH�6DQLHUXQJVW\SRORJLH�YRQ�%�UREDXWHQ�ZDUHQ�DNWX�
HOOH�%HLVSLHOH�YRQ�6DQLHUXQJVSURMHNWHQ� DXV�GHU� 6FKZHL]��'LH� 6DQLHUXQJVW\�
SRORJLH�LVW�QDFK�GHQ�YHUVFKLHGHQHQ�*HQHUDWLRQHQ�YRQ�%�URJHElXGHQ�VRZLH
GHU� 6DQLHUXQJVWLHIH� �(LQ]HOPDVVQDKPH� ELV� (UVDW]QHXEDX�� DXIJHEDXW�� $Q�
KDQG�HLQHV�.DWDORJHV�YRQ�HQHUJHWLVFKHQ�XQG�|NRORJLVFKHQ�6DQLHUXQJVPDVV�
QDKPHQ� ZXUGHQ� GUHL� )UDJHVWHOOXQJHQ� EHVWLPPW�� ZHOFKH� LQ� PHWKRGLVFKHU
XQG�EDXOLFKHU�+LQVLFKW�YHUWLHIW�EHDUEHLWHW�ZXUGHQ��'LH�5HOHYDQ]�GHU�(UJHE�
QLVVH�ZXUGH�MHZHLOV�DP�)DOOEHLVSLHO�HLQHV�DNWXHOOHQ�6DQLHUXQJVSURMHNWHV�DXI�
JH]HLJW�
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)UDJHVWHOOXQJ����$OORNDWLRQ�YRQ�,QIUDVWUXNWXUDXIZDQG�EHL�EH�
UHLWV�HUIROJWHU�%HODVWXQJHQ
'LH� 8PZHOWHLQZLUNXQJHQ� �(PLVVLRQHQ�� 5HVVRXUFHQHQWQDKPHQ�� GHU� +HU�
VWHOOXQJ�GHU�,QIUDVWUXNWXU�VLQG�EHUHLWV�HUIROJW��6ROO�GDV�*HElXGH�|NRORJLVFK
�JUDWLV�� ZHLWHUJHJHEHQ� ZHUGHQ� N|QQHQ"� )�U� VWUDWHJLVFKH� )UDJHVWHOOXQJHQ
EHWUHIIHQG�6DQLHUXQJ�RGHU�1HXEDX�ZXUGH�HLQ�$QVDW]�]XU�$OORNDWLRQ�GHV�,Q�
IUDVWUXNWXUDXIZDQGHV� HQWZLFNHOW�� GHU� DQ� HLQHP� ILNWLYHQ� %HLVSLHO� HUOlXWHUW
ZLUG�
%HL�GHU�6DQLHUXQJ�YRQ�%DXWHLOHQ�JHKW�HV�XP�(LQ]HOPDVVQDKPHQ��I�U�ZHO�

FKH�GLH� HQHUJHWLVFKH� UHVS��|NRORJLVFKH�5�FN]DKOGDXHU� �'LIIHUHQ]�GHV�$XI�
ZDQGV�GHU�6DQLHUXQJV��UHVS��1HXEDX�9DULDQWH�PLQXV�KHXWLJH�6LWXDWLRQ�GLYL�
GLHUW� GXUFK� GLH�'LIIHUHQ]� GHV� MlKUOLFKHQ�%HWULHEVDXIZDQGV�� HLQH�(QWVFKHL�
GXQJVJUXQGODJH� OLHIHUQ� NDQQ�� 'LH� +HUOHLWXQJ� ]HLJW�� GDVV� GLH� +HUVWHOOXQJV�
XQG�(QWVRUJXQJVDXIZlQGH�GHV�EHVWHKHQGHQ�%DXWHLOV�QLFKW�HQWVFKHLGUHOHYDQW
VLQG��)�U�)UDJHQ�GHV�YRU]HLWLJHQ�(UVDW]HV�VLQG�VRPLW� OHGLJOLFK�GLH�QHX�XQG
]XVlW]OLFK�DXIWUHWHQGHQ�RGHU�UHGX]LHUWHQ�$XIZlQGH�XQG�(PLVVLRQHQ�]X�EH�
U�FNVLFKWLJHQ�
%HLP�8PJDQJ�PLW�XQVLFKHUHU� ,QIRUPDWLRQ� �]�%��]XN�QIWLJH�(QWVRUJXQJ

YRQ�%DXWHLOHQ��$EEUXFK�YRU�(UUHLFKHQ�GHU�1XW]XQJV]HLW��ZHUGHQ�$QVlW]H
]XU� %HU�FNVLFKWLJXQJ� GHU� SHUV|QOLFKHQ� +DOWXQJ� GHV� (QWVFKHLGXQJVWUlJHUV
�ULVLNRIUHXGLJ���QHXWUDO���VFKHX��GDUJHVWHOOW�XQG�DQKDQG�GHU�)HQVWHU���)DVVD�
GHQVDQLHUXQJ�DP�)DOOEHLVSLHO�HUOlXWHUW��(V�]HLJW�VLFK��GDVV�YRU�DOOHP�GLH�QDFK
GHU�0HWKRGH� GHU� |NRORJLVFKHQ� .QDSSKHLW� HUPLWWHOWH� 5�FN]DKOGDXHU� VWDUN
GXUFK�5HF\FOLQJ�*XWVFKULIWHQ�EHHLQIOXVVW�ZLUG�

)UDJHVWHOOXQJ����:DKO�GHV�ULFKWLJHQ�(UVDW]]HLWSXQNWHV
:LH�ODQJH�VROO�PDQ�DQJHVLFKWV�]XN�QIWLJHU�WHFKQLVFKHU�9HUEHVVHUXQJHQ�PLW
HLQHU�6DQLHUXQJVPDVVQDKPH�I�U�HLQH�LQVJHVDPW�I�U�GLH�8PZHOW�EHVVHUH�/|�
VXQJ�]XZDUWHQ"�=XU�8QWHUVXFKXQJ�GLHVHU�)UDJHVWHOOXQJ�LVW�GDV�)HQVWHU�ZH�
JHQ�GHU� DXVJHSUlJWHQ� WHFKQRORJLVFKHQ�(QWZLFNOXQJ��ZHOFKH� LQ� GHQ� OHW]WHQ
EHLGHQ�-DKU]HKQWHQ�VWDWWJHIXQGHQ�KDW��EHVRQGHUV�JHHLJQHW��)�U�GHQ�)HQVWH�
UHUVDW]� �EHU� GLH�*HElXGHQXW]XQJVGDXHU�ZXUGHQ� 6]HQDULHQ� HQWZLFNHOW� XQG
PLW�YHUVFKLHGHQHQ�,QGLNDWRUHQ��3ULPlUHQHUJLH�QLFKW�HUQHXHUEDU��8PZHOWEH�
ODVWXQJVSXQNWH� ·���� (FR�,QGLFDWRU��� XQWHUVXFKW�� 9RU]HLWLJHU� (UVDW]� HLQHV
)HQVWHUV� ORKQW�VLFK� LP�9HUJOHLFK�PLW�GHQ��EOLFKHQ�6DQLHUXQJV]\NOHQ�K|FK�
VWHQV�� IDOOV�GLH�9HUJODVXQJ�EHL� WHFKQRORJLVFKHQ�9HUEHVVHUXQJHQ�GHP�6WDQG
GHU�7HFKQLN�PHKUPDOV�DQJHSDVVW�ZLUG�
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)UDJHVWHOOXQJ����(QHUJLHWUlJHU��6WURPPL[�
:HVHQWOLFK�DXVJHSUlJWHU�DOV�LP�:RKQXQJVEDX�LVW�GHU�(OHNWUL]LWlWVYHUEUDXFK
HLQH�HQWVFKHLGHQGH�*U|VVH� LQ�GHU�gNRELODQ]�YRQ�%�UREDXWHQ��%HL�%DXSOD�
QXQJVSUR]HVVHQ�KDQGHOW�HV�VLFK�JUXQGVlW]OLFK�XP�HQWVFKHLGRULHQWLHUWH�$QD�
O\VHQ��EHL�GHQHQ�6WURPPRGHOOH�PLW�PDUJLQDOHU�3URGXNWLRQ�HLQJHVHW]W�ZHUGHQ
N|QQHQ�� 'LH� .RQVHTXHQ]HQ� I�U� 3ODQXQJVHQWVFKHLGH� ZHUGHQ� DQKDQG� GHV
)DOOEHLVSLHOHV�DXIJH]HLJW�

����� 1DFKKDOWLJNHLW�XQG�6DQLHUXQJ�YRQ�%�UREDXWHQ

7URW]�GHU�XQVFKDUIHQ�'HILQLWLRQHQ�]HLJHQ�DOOH�.ULWHULHQ��GDVV�GLH�(UUHLFKXQJ
GHU�UHVVRXUFHQRULHQWLHUWHQ�1DFKKDOWLJNHLW�HLQH�JURVVH�+HUDXVIRUGHUXQJ�GDU�
VWHOOW�
(UVWH� 3ULRULWlW� OLHJW� EHL� GHU� HQHUJHWLVFKHQ� 9HUEHVVHUXQJ�� 'LH� 6HQNXQJ

GHV� %HWULHEVHQHUJLHDXIZDQGHV� LVW� PDVVJHEHQG� DQ� GHU� 9HUEHVVHUXQJ� GHU
8PZHOWIUHXQGOLFKNHLW� HLQHV� %�URJHElXGHV� EHWHLOLJW��'LHVHV� 6DQLHUXQJVYRU�
KDEHQ�LVW�MHGHU]HLW�HQWVSUHFKHQG�GHP�6WDQG�GHU�7HFKQLN�DXV]XI�KUHQ��GHQQ
HLQH�QDFKWUlJOLFKH�ZHLWHUH�9HUEHVVHUXQJ�LVW�VHKU�DXIZHQGLJ��(LQ�YRU]HLWLJHU
(UVDW]� ]DKOW� VLFK� HQHUJHWLVFK� HKHU� DXV� DOV� QDFK� |NRORJLVFKHQ� ,QGLNDWRUHQ�
'HVKDOE� VLQG� VRZRKO� GLH� HQHUJHWLVFKH� DOV� DXFK� GLH� |NRORJLVFKH� 5�FN�
]DKOGDXHU�]X�SU�IHQ�

(UNHQQWQLVVH�]X�PHWKRGLVFKHQ�)UDJHQ�EHL�gNRELODQ]HQ
,P�+LQEOLFN� DXI�(QWVFKHLGH� EHWUHIIHQG� 6DQLHUXQJ� RGHU�1HXEDX�ZLUG� HLQH
$OORNDWLRQ�GHU�8PZHOWHLQZLUNXQJHQ�GHU�+DQGOXQJVDOWHUQDWLYHQ�DXI�GDV� ]X
VDQLHUHQGH�2EMHNW�QDFK�1XW]IOlFKH�XQG�0DUNWSUHLV�DXIJH]HLJW��)�U�)UDJHQ
GHV�YRU]HLWLJHQ�(UVDW]HV�P�VVHQ�GLH�+HUVWHOOXQJV��XQG�(QWVRUJXQJVDXIZlQ�
GH�GHV�EHVWHKHQGHQ�%DXWHLOV� QLFKW�EHU�FNVLFKWLJW�ZHUGHQ�� VRQGHUQ�QXU� GLH
QHX�XQG�]XVlW]OLFK�DXIWUHWHQGHQ�(PLVVLRQHQ�
%HL�XQVLFKHUHU�,QIRUPDWLRQ�ZLUG�I�U�gNRELODQ]HQ�LP�%DXZHVHQ�HLQH�ULVL�

NRVFKHXH� +DOWXQJ� HPSIRKOHQ�� 'DV� KHLVVW�� HV� VROOHQ� NHLQH� 5HF\FOLQJ�
*XWVFKULIWHQ�I�U�DOOIlOOLJH�]XN�QIWLJH�9HUZHUWXQJ�DQJHQRPPHQ�ZHUGHQ��I�U
]XN�QIWLJH�3UR]HVVH�VROO�GHU�KHXWLJH�6WDQG�GHU�7HFKQLN�DQJHZHQGHW�XQG�I�U
GLH�1XW]XQJVGDXHU�GLH�|NRQRPLVFKH�$PRUWLVDWLRQV]HLW�HLQJHVHW]W�ZHUGHQ�
)�U� (QWVFKHLGXQJVVLWXDWLRQHQ� LQ� GHU� %DXSODQXQJ� LVW� GLH� $QZHQGXQJ

PDUJLQDOHU�6WURPPL[H�DQJHEUDFKW��(QWVSUHFKHQGH�6WDQGDUGGDWHQVlW]H�ZHU�
GHQ�EHQ|WLJW�
=ZLVFKHQ�HQHUJHWLVFKHQ��QLFKW�HUQHXHUEDUH�3ULPlUHQHUJLH��XQG�|NRORJL�

VFKHQ� 8PZHOWEHODVWXQJV�,QGLNDWRUHQ� �KLHU� 8%3� ·���� (FR�,QGLFDWRU� ��UI�
EHVWHKHQ� V\VWHPDWLVFKH�8QWHUVFKLHGH��*HQHUHOO� ZLUG� EHL� GHQ� |NRORJLVFKHQ
,QGLNDWRUHQ�GLH�+HUVWHOOXQJ�GHU�%DXVWRIIH�VWlUNHU�JHZLFKWHW�
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����� 3UREOHPVWHOOXQJHQ�I�U�]XN�QIWLJH�)RUVFKXQJVYRUKDEHQ

=XN�QIWLJH� )RUVFKXQJVYRUKDEHQ� VROOWHQ� /|VXQJHQ� EHWUHIIHQG� UHSDULHUHQ�
HUQHXHUQ�� ÅIOLFNHQ´�XQWHUVXFKHQ��'D]X� VLQG� DXFK�KDUPRQLVLHUWH� 6DFKELODQ�
]HQ�YRQ�%DXVWRIIHQ�QRWZHQGLJ��'LH�6DFKELODQ]HQ�EHLQKDOWHQ�QLFKW�QXU�GLH
+HUVWHOOXQJ�GHU�0DWHULDOLHQ�VRQGHUQ�DXFK�'DWHQ�]X�5�FNEDX��9HUZHUWXQJV�
XQG�(QWVRUJXQJVSUR]HVVHQ�

2ULJLQDOOLWHUDWXU

$��%LQ]��5��)ULVFKNQHFKW��'��*LOJHQ��+��*XJHUOL��*��/HKPDQQ��gNRORJLVFKH
6DQLHUXQJ� YRQ�%�UREDXWHQ��(7+�=�ULFK��*UXSSH� I�U�6LFKHUKHLW�XQG�8PZHOW�
VFKXW]�� =X� EH]LHKHQ� EHL� =(1�� =HQWUXP� I�U� (QHUJLH� XQG� 1DFKKDOWLJNHLW�
'�EHQGRUI������
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��� gNRELODQ]HQ�GHU�(QWVRUJXQJ�YRQ�%DXPDWHULDOLHQ

'LH�|NRORJLVFKH�%HXUWHLOXQJ�YRQ�%DXPDWHULDOLHQ��.RQVWUXNWLRQHQ�RGHU�*H�
ElXGHQ�NRQ]HQWULHUW�VLFK�PHLVW�DXI�GLH�+HUVWHOOXQJV��XQG�*HEUDXFKVSKDVH�
'LH� (QWVRUJXQJ� ZLUG� GDEHL� YHUQDFKOlVVLJW� RGHU� LQ� NJ� $EIDOO� DXVJHGU�FNW�
'LH�6WXGLH�VHW]WH�VLFK�]XP�=LHO�� VSH]LILVFKH�gNRLQYHQWDUH�GHU�(QWVRUJXQJ
YRQ�%DXPDWHULDOLHQ�]X�HUVWHOOHQ��'DEHL�PXVVWH�GHP�8PVWDQG�5HFKQXQJ�JH�
WUDJHQ�ZHUGHQ��GDVV�%DXPDWHULDOLHQ� DP�(QGH�GHV�/HEHQV]\NOXV¶� HLQHV�*H�
ElXGHV�MH�QDFK�.RQVWUXNWLRQ�XQWHUVFKLHGOLFK�HQWVRUJW�ZHUGHQ�P�VVHQ��'LH
6WXGLH� ]HLJW�� GDVV� GLH� 9HUQDFKOlVVLJXQJ� GHU�(QWVRUJXQJ� QLFKW� JHQHUHOO� JH�
UHFKWIHUWLJW�LVW�
9HUVFKLHGHQH��LQ�GHU�6FKZHL]�KlXILJ�YHUZHQGHWH�%DXPDWHULDOLHQ�XQG�LKUH

P|JOLFKHQ�(QWVRUJXQJVZHJH�ZXUGHQ�EHWUDFKWHW��'DEHL� NRQQWH� XQWHUVFKLH�
GHQ�ZHUGHQ� ]ZLVFKHQ�(UVWHOOXQJVDEIlOOHQ� �$EIlOOHQ�� GLH�EHL� GHU�(UVWHOOXQJ
HLQHV�*HElXGHV�DXIWUHWHQ���5HQRYDWLRQVDEIlOOHQ� �$EIlOOHQ��GLH�EHL�5HQRYD�
WLRQHQ�YRQ�*HElXGHQ� DXIWUHWHQ��XQG�$EEUXFKDEIlOOHQ� �$EIlOOHQ�� GLH�EHLP
$EEUXFK�YRQ�*HElXGHQ�DXIWUHWHQ���'LH�GUHL�6LWXDWLRQHQ�XQWHUVFKHLGHQ�VLFK
YRU� DOOHP� LQ� GHU�2UJDQLVDWLRQ� GHU� %DXVWHOOH��:lKUHQG� EHL� (UVWHOOXQJ� XQG
$EULVV�PHLVW�UHODWLY�YLHO�3ODW]�YRUKDQGHQ�LVW�XQG�GHPQDFK�PHKUHUH�0XOGHQ
DXIJHVWHOOW�ZHUGHQ�N|QQHQ��GLH�$EIlOOH�ZHUGHQ�VRPLW�VFKRQ�YRUVRUWLHUW���VR
OLHJW�EHL�5HQRYDWLRQHQ�PHLVW�3ODW]PDQJHO�YRU��ZDV� VLFK�GDULQ�lXVVHUW��GDVV
PHLVWHQV�QXU�HLQH�0XOGH�EHQXW]W�ZLUG�
'LH�IROJHQGH�$EE����]HLJW�GLH�EHWUDFKWHWHQ�(QWVRUJXQJVZHJH�XQG�GLH�6\�

VWHPJUHQ]HQ�GHU�%LODQ]�DXI��$OV�IXQNWLRQHOOH�(LQKHLW�ZXUGH�ÅNJ�HQWVRUJWHV
0DWHULDO´�JHZlKOW�
,Q�GHU�6WXGLH�ZXUGHQ�(QWVRUJXQJVLQYHQWDUH�YRQ�UXQG����0DWHULDOLHQ�HU�

DUEHLWHWHW�� 1HEHQ� GHP� (QHUJLHYHUEUDXFK� ZXUGHQ� DXFK� GLH� |NRORJLVFKHQ
:LUNXQJHQ�YRQ�GLUHNW�RGHU�LQGLUHNW�HQWVWHKHQGHQ�6FKDGVWRIIHQ�PDWHULDOVSH�
]LILVFK�EHU�FNVLFKWLJW��'LH�6\VWHPJUHQ]H�GHU�%LODQ]�HUVWUHFNW�VLFK�GDEHL�YRQ
GHQ�$XIZHQGXQJHQ� DXI� GHU�%DXVWHOOH� �]�%��$EEUXFKHQHUJLH��� 7UDQVSRUWHQ�
$XIZHQGXQJHQ� LQ�HLQHU�6RUWLHUDQODJH�ELV� ]XU� OHW]WHQGOLFKHQ�(QWVRUJXQJ� LQ
HLQHU�.HKULFKWYHUEUHQQXQJVDQODJH��,QHUWVWRIIGHSRQLH��5HDNWRUGHSRQLH�RGHU
6RQGHUDEIDOOYHUEUHQQXQJVDQODJH��'D�LQ�GHU�6FKZHL]�UXQG�����GHU�EUHQQED�
UHQ�$EIlOOH�LOOHJDO�HQWVRUJW�ZHUGHQ��%XZDO��������ZLUG�DOV�9DULDQWH�DXFK�GH�
UHQ�ZLOGH�9HUEUHQQXQJ�LQ�HLQHP�RIIHQHQ�)HXHU�ELODQ]LHUW��'LH�%LODQ]LHUXQJ
GHU� %HVHLWLJXQJVSUR]HVVH� ZLH� .9$� XQG� 5HDNWRUGHSRQLH� HUIROJW� PLW� +LOIH
HLQHV�DQ�GHU�(7+�HQWZLFNHOWHQ�0RGHOOV��=LPPHUPDQQ�HW�DO����������PDWHUL�
DOVSH]LILVFK��G�K��GLH�VSH]LILVFKH�=XVDPPHQVHW]XQJ�GHU�HLQ]HOQHQ�%DXPDWH�
ULDOLHQ� ZLUG� EHU�FNVLFKWLJW�� 'LH� 'DWHQ� JHOWHQ� QXU� I�U� GLH� 6LWXDWLRQ� LQ� GHU
6FKZHL]�



58 IEA BCS Annex 31 „Energy Related Environmental Impact of Buildings“
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oder in Beseitigung

in stofflicher Verwertung
oder in Beseitigung
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Systemgrenze

„g
ra

ve
s“

E
 n

 t 
s 

o 
r 

g 
u 

n 
g 

s 
o 

p 
t i

 o
 n

 e
 n

Abb. 7 Struktur der berücksichtigten Entsorgungsprozesse von Bauabfällen.

'LH�gNRLQYHQWDUH�ZXUGHQ�PLW�GHQ�%HZHUWXQJVPHWKRGHQ�(FR�LQGLFDWRU����
8PZHOWEHODVWXQJVSXQNWH�XQG�PLW�GHU�JUDXHQ�(QHUJLH�EHZHUWHW�
'LH�(QWVRUJXQJ�GHU�%DXPDWHULDOLHQ�NDQQ�DEHU�²�DQGHUV�DOV�GLH�+HUVWHO�

OXQJ�²�QXU�LP�=XVDPPHQKDQJ�PLW�HLQHP�NRQNUHWHQ��VSH]LILVFKHQ�*HElXGH
EHXUWHLOW�ZHUGHQ��'LH�.RQVWUXNWLRQVZHLVH��9HUDUEHLWXQJ�XQG�NRQNUHWH�%DX�
VWHOOHQORJLVWLN�EHHLQIOXVVW�GLH�9HUZHUWEDUNHLW��'LH�/HEHQVGDXHU�HLQHV�0DWHUL�
DOV�EHHLQIOXVVW��ZHOFKHU�$QWHLO�ZlKUHQG�HLQHU�5HQRYDWLRQ�DQIlOOW��:R�P|J�
OLFK�XQG�SDXVLEHO�ZLUG� LQ�GHU� 6WXGLH� HLQH�(QWVRUJXQJ�PLW� UHVS��RKQH�9HU�
ZHUWXQJ�EHWUDFKWHW�
'LH�5HVXOWDWH�GHU� 6WXGLH�ZXUGHQ�YHUJOLFKHQ�PLW�gNRELODQ]DQJDEHQ�GHU

+HUVWHOOXQJ�YRQ�%DXPDWHULDOLHQ��'LH�%HODVWXQJHQ�DXV�GHU�(QWVRUJXQJ�VLQG
GDEHL� I�U� HLQ]HOQH�%DXPDWHULDOLHQ� K|KHU� DOV� GLH� %HODVWXQJ� GHU�+HUVWHOOXQJ
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�VLHKH�7DE�������'LHV�NDQQ�LQVEHVRQGHUH�EHL�%DXVWRIIHQ�GHU�)DOO�VHLQ��ZHOFKH
LQ�GHU�+HUVWHOOXQJ�HLQH�UHODWLY�JHULQJH�%HODVWXQJ�DXIZHLVHQ��8P�HLQHQ�(LQ�
GUXFN�GHU�5HOHYDQ]�GHU�YHUVFKLHGHQHQ�%DXVWRIIH�]X�HUKDOWHQ��ZLUG�DXFK�GLH
(QWVRUJXQJ�HLQHV�V\QWKHWLVFKHQ�'XUFKVFKQLWWVKDXVHV�EHWUDFKWHW�

Tab. 11 Vergleich der Entsorgung vs. Herstellung von Baumaterialien. Die angegebenen
Zahlen entsprechen Belastung Entsorgung ÷ Belastung Herstellung. Ein Wert von
>1 bedeutet, dass die Entsorgung belastender ist als die Herstellung (Fettdruck);
ein Wert von <1 bedeutet die Entsorgung weniger belastend ist als die Herstel-
lung. Kursive Werte bedeuten, das die Entsorgung zwar untergeordnet ist, aber
mehr als 10% der Herstellung ausmachen.

Eco-indicator 95+ Umweltbelastungs-
punkte

Bedarf energetischer
Ressourcen

Zahlen sind Ausdruck des Verhältnis Entsorgung ÷ Herstellung eines kg
Material

Einschicht Glattputz 86.3 76.8 0.554
Gipskartonplatte 84.5 63.9 0.548
Betonkies 5.97 8.11 3.46
Schnittholz kant- 1.79 3.86 0.0108
Spanplatte 1.35 5.46 0.0079
Innenputz mineralisch 0.624 3.36 0.505
Aussenputz organisch 0.42 2.73 0.136
Bitumendichtungsbahn 0.385 0.779 0.0151
Armierungsstahl 0.38 0.449 0.187
Karton (Verpackungs-) 0.33 0.704 0.00922
Backstein 0.255 3.93 0.117
Baustahl 0.103 0.427 0.0645
PE-Dichtungsbahn 0.0944 0.41 0.00375
PE (LD) 0.0903 0.269 0.00216
PUR-Hartschaum 0.0891 0.196 0.0056
Dampfbremse flammschutz 0.0731 0.174 0.00469
Polystyrol EPS 0.069 0.229 0.00453
PVC-Dichtungsbahn 0.0483 0.528 0.0418
PVC schlagfest 0.0321 0.428 0.056
Beton pc150 0.0214 12.3 0.0176
Zementmoertel 0.007 3.66 0.00516
Steinwolle 0.0069 0.61 0.000484
Glas (Flach-) unbeschichtet 0.00186 0.994 0.000567

'LH�6WXGLH�]HLJW��GDVV�GLH�(QWVRUJXQJ�YRQ�%DXPDWHULDOLHQ�EHL�ZHLWHP�QLFKW
YHUQDFKOlVVLJEDU� LVW�� PDQFKPDO� VRJDU� HLQ� GRPLQDQWHU� %HLWUDJ� LVW�� *HZLVVH
%DXPDWHULDOLHQ�HU]HXJHQ�LQ�GHU�(QWVRUJXQJ�JU|VVHUH�%HODVWXQJHQ�DOV�LQ�GHU
+HUVWHOOXQJ��(LQ�ZLFKWLJHV�5HVXOWDW� LVW�GLH�)HVWVWHOOXQJ��GDVV�*LSVSURGXNWH
VHKU� JURVVH� %HODVWXQJHQ� GXUFK� 6FKZHIHOZDVVHUVWRIIHPLVVLRQHQ� HU]HXJHQ
N|QQHQ��IDOOV�VLH�LQ�5HDNWRUGHSRQLHQ�]XVDPPHQ�PLW�%LRPDVVH�HQWVRUJW�ZHU�
GHQ��$XFK�EHL�$EIlOOHQ��GLH� DOV� UHODWLY�XQSUREOHPDWLVFK�HLQJHVWXIW�ZHUGHQ�
ZLH�]�%��%HWRQ��LVW�GLH�%HU�FNVLFKWLJXQJ�GHU�$EEUXFKHQHUJLH�ZLFKWLJ�I�U�HLQH
YROOVWlQGLJH� %HXUWHLOXQJ�� $XFK� ZHQQ� OHGLJOLFK� GHU� 3ULPlUHQHUJLHDXIZDQG
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�©JUDXH�(QHUJLHª�� ]X� HLQHU�%HXUWHLOXQJ�KHUDQJH]RJHQ�ZLUG�� LVW� GHU�(QWVRU�
JXQJVDXIZDQG�QLFKW�YHUQDFKOlVVLJEDU�
'DQHEHQ� ZHUGHQ� LQ� GHU� 6WXGLH� QRFK� HLQLJH� PHWKRGLVFKH� $VSHNWH� GHU

gNRELODQ]�GLVNXWLHUW�� 6R� ILQGHW� VLFK�HLQH�=XVDPPHQVWHOOXQJ��ZLH�PLW�:LH�
GHUYHUZHQGXQJ�XQG��YHUZHUWXQJ�LQ�gNRELODQ]HQ�LP�%DXZHVHQ�XPJHJDQJHQ
ZHUGHQ�NDQQ��ZLH�5HF\FOLQJSUR]HVVH�]X�YHUJOHLFKHQ�VLQG�XQG�ZLH�LQ�GHU�YRU�
OLHJHQGHQ�$UEHLW�YHUZHUWHQGH�3UR]HVVH�LQYHQWDULVLHUW�ZXUGHQ�

2ULJLQDOOLWHUDWXU�
*��'RND��gNRLQYHQWDU�GHU�(QWVRUJXQJVSUR]HVVH�YRQ�%DXPDWHULDOLHQ�²�*UXQGODJHQ�]XU
,QWHJUDWLRQ� GHU�(QWVRUJXQJ� LQ�gNRELODQ]HQ� YRQ�*HElXGHQ��*UXSSH� I�U� 6LFKHUKHLW
XQG�8PZHOWVFKXW]��/DERUDWRULXP�I�U�7HFKQLVFKH�&KHPLH��(7+�=�ULFK��=X
EH]LHKHQ�EHL��(PSD�=(1��hEHUODQGVWUDVVH�����������'�EHQGRUI��)HEUXDU�
����
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.DSLWHO��� 

$XVEOLFN

'DV�QDWLRQDOH�3URMHNW� ,($�%&6�$QQH[���� Å(QHUJ\� UHODWHG� HQYLURQPHQWDO
LPSDFW�RI�EXLOGLQJV´�KDW�HLQHQ�%HLWUDJ�]XU�0HWKRGLN�XQG�$QZHQGXQJ�YRQ
gNRELODQ]HQ�LP�%DXEHUHLFK�JHOHLVWHW�
'LH�JURVVH�9LHOIDOW�DQ�,QVWUXPHQWHQ��GLH�LP�%DXEHUHLFK�GHQ�3ODQHUQ�]XU

9HUI�JXQJ�VWHKHQ��NRQQWH�LP�/HLWIDGHQ�VWUXNWXULHUW�XQG�GDUJHVWHOOW�ZHUGHQ�
'HU�/HLWIDGHQ�JLEW�HLQHQ�hEHUEOLFN��EHU�YRUKDQGHQH�,QVWUXPHQWH�XQG�KLOIW�
I�U�DXVJHVXFKWH�)UDJHVWHOOXQJHQ�GDV�RSWLPDOH� ,QVWUXPHQW�DXV]XZlKOHQ��'D
MHGRFK� VWlQGLJ� QHXH� ,QVWUXPHQWH� HQWZLFNHOW� RGHU� GLH� DOWHQ� NRQWLQXLHUOLFK
YHUEHVVHUW�ZHUGHQ��ZLUG�GHU�/HLWIDGHQ�EDOG�QLFKW�PHKU�DXI�GHP�DNWXHOOVWHQ
6WDQG�VHLQ��6HLQH�DOOJHPHLQHUHQ�$XVVDJHQ�]X�gNRORJLH�XQG�%DXHQ�XQG�GLH
0HWKRGLN��ZLH�,QVWUXPHQWH�DQDO\VLHUW�XQG�V\VWHPDWLVFK�EHVFKULHEHQ�ZHUGHQ
N|QQHQ��EOHLEHQ�MHGRFK�J�OWLJ�
,P�PHWKRGLVFKHQ�%HUHLFK�NRQQWH�GHU�6WDQG�GHU�)RUVFKXQJ�DXIJHDUEHLWHW

ZHUGHQ��$QKDQG�HLQHV�NRQNUHWHQ�)DOOEHLVSLHOV�ZXUGH�GLH�0HWKRGLN�JHSU�IW
XQG� LKUH�(LJQXQJ�I�U�GLH� IU�KHQ�3ODQXQJVSKDVHQ�DQDO\VLHUW��'HU�9HUJOHLFK
PLW�DQGHUHQ�HXURSlLVFKHQ�gNRELODQ]VWXGLHQ�KDW�JH]HLJW��GDVV�GLH�(UVWHOOXQJ
HLQHV� %DX�8PZHOWEHODVWXQJV�.HQQZHUWH�.DWDORJV� �%8..�� ]XU� $EVFKlW�
]XQJ�GHU�8PZHOWEHODVWXQJ�YRQ�*HElXGHQ�LQ�IU�KHQ�3ODQXQJVSKDVHQ�PDFK�
EDU�LVW��(U�KDW�DXFK�JH]HLJW��GDVV�VWHWV�QRFK�YLHOH�PHWKRGLVFKH�8QWHUVFKLHGH
YRUKDQGHQ� VLQG�� 8P� (UJHEQLVVH� YHUJOHLFKEDU� ]X� PDFKHQ�� EHGDUI� HV� HLQHU
+DUPRQLVLHUXQJ� GHU�'DWHQ� XQG� GHU�*HElXGHPRGHOOLHUXQJ��'LH�*HElXGH�
PRGHOOLHUXQJ� EHLQKDOWHW� GLH� 'HILQLWLRQ� GHV� /HEHQV]\NOXV¶�� GHU� HLQ]HOQHQ
3KDVHQ�� GHU� /HEHQVGDXHU� GHV�*HElXGHV� XQG� GHU� )XQNWLRQVGDXHU� GHU�(OH�
PHQWH� XQG�0DWHULDOLHQ�� $XI� %HZHUWXQJVHEHQH� LVW� I�U� GLH� $QZHQGXQJ� LP
%DXEHUHLFK� HLQH� YROODJJUHJLHUHQGH� 0HWKRGH� VLFKHU� EHJU�VVHQVZHUW�� 'HP
JHJHQ�EHU� VWHKW� GHU� :XQVFK� QDFK� 7UDQVSDUHQ]� LQ� GHU� (QWVFKHLGXQJVILQ�
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GXQJ��(V�Z�UGH�VLFK�GHPQDFK�ORKQHQ��HLQH�YROODJJUHJLHUHQGH�0HWKRGH�DXV�
]XZlKOHQ�� LQ� ZHOFKHU� GLH� HLQ]HOQHQ� :LUNXQJVNDWHJRULHQ� QRFK� HLQJHVHKHQ
ZHUGHQ�N|QQHQ�XQG�GLH�²�ZLH�]XP�%HLVSLHO�GHU�(FR�,QGLFDWRU����²�HLQ�JUD�
SKLVFKHV�0LWWHO�]XU�$XVZHUWXQJ�GHU�5REXVWKHLW�GHU�'DWHQ�EHLQKDOWHW�
,P�'DWHQEHUHLFK�NRQQWHQ�LQ�GLHVHP�3URMHNW�I�U�KDXVWHFKQLVFKH�$QODJHQ

HUVWH�$EVFKlW]XQJHQ�JHPDFKW�ZHUGHQ��'DEHL�ZXUGH�QDFKJHZLHVHQ��GDVV�GLH
+DXVWHFKQLN�PDVVJHEHQG�DQ�GHU�8PZHOWEHODVWXQJ�HLQHV�*HElXGHV�EHWHLOLJW
LVW��+LHU�EHVWHKW� LPPHU�QRFK�GHU�%HGDUI�DQ�JHQDXHQ��YROOVWlQGLJ� LQYHQWDUL�
VLHUWHQ�'DWHQ�� )�U� GLH�(QWVRUJXQJVSUR]HVVH� LP�%DXEHUHLFK� NRQQWHQ� QHXH
'DWHQ�JHOLHIHUW�ZHUGHQ��'HU�(LQEH]XJ�GLHVHU�'DWHQ�YHUlQGHUW�GDV�5HVXOWDW
HLQHU�*HElXGH�gNRELODQ]�PDVVLY��$XFK�KLHU� JLOW� MHGRFK��GDVV�GLHVH�'DWHQ
NHLQH�DEVFKOLHVVHQGH�*�OWLJNHLW�DXIZHLVHQ��6LH�VLQG�DOV�HUVWHU�9HUVXFK�]X�LQ�
WHUSUHWLHUHQ�� GDV� JURVVH�/RFK� LP�%HUHLFK� GHU�(QWVRUJXQJVGDWHQ� ]X� VFKOLH�
VVHQ��:HLWHUH�8QWHUVXFKXQJHQ�VLQG�MHGRFK�XQHUOlVVOLFK�
,P� PHWKRGLVFKHQ� %HUHLFK� NRQQWHQ� LQVEHVRQGHUH� I�U� 6DQLHUXQJVPDVV�

QDKPHQ�(PSIHKOXQJHQ�]X�$OORNDWLRQ��]XP�YRU]HLWLJHQ�(UVDW]�XQG�]XU�)UD�
JH�ÅPDUJLQDOHU�RGHU�GXUFKVFKQLWWOLFKHU�6WURPPL[´�DEJHJHEHQ�ZHUGHQ�
(V�EHVWHKW�JHQHUHOO�HLQ�VHKU�JURVVHV�%HG�UIQLV�DQ�GHWDLOOLHUW�XQG�HLQKHLW�

OLFK� HUIDVVWHQ� 'DWHQVlW]HQ� ]X� %DXPDWHULDOLHQ� XQG� %DXSUR]HVVHQ� �0HWDOOH�
)DUEHQ��%DXVWHOOHQSUR]HVVH���'LH�'DWHQTXDOLWlW�LVW�JHQHUHOO�HKHU�XQJHQ�JHQG
XQG�GLH�$QJDEH�YRQ�9HUWUDXHQVEHUHLFKHQ�ZlUH�VHKU�EHJU�VVHQVZHUW�
,P�5DKPHQ� ODXIHQGHU�3URMHNWH� LQ�GHU�6FKZHL]�XQG� LP�$XVODQG�EHVWHKW

ZHLWHUKLQ�%HGDUI��GLH�0HWKRGLN�JHElXGHVSH]LILVFK�DQ]XJOHLFKHQ��=XGHP�LVW
HV� ZLFKWLJ�� I�U� GLH� (UVWHOOXQJ� HLQHV� XPIDVVHQGHQ� %8..V�P|JOLFKVW� YLHOH
*HElXGH�YROOVWlQGLJ�]X�ELODQ]LHUHQ�
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.DSLWHO��� 

/LWHUDWXU

$30(����� ,QIRUPDWLRQ�V\VWHP�RQ�SODVWLFV�LQ�GKWH�EXLOGLQJ�DQG�FRQVWUXFWLRQ�VHF�
WRU�DQG�LQ�WKH�FRQVWUXFWLRQ�DQG�GHPROLWLRQ�ZDVWH�LQ�:HVWHUQ�(XURSH�
62)5(6�&RQVHLO��D�UHSRUW�IRU�$30(��-DQXDU������

%XZDO����� %XZDO��$EIDOOVWDWLVWLN�������8PZHOW�0DWHULDOLHQ�1U������%XQGHV�
DPW�I�U�8PZHOW��:DOG�XQG�/DQGVFKDIW��%HUQ������

'LQHVHQ�XQG�7UDEHUJ�%RUXS����� 'LQHVHQ�� -��� 7UDEHUJ�%RUXS�� 6��$Q� (QHUJ\� /LIH
&\FOH� $VVHVVPHQW� 0RGHO� IRU� %XLOGLQJ� 'HVLJQ�� 'DQLVK� %XLOGLQJ
5HVHDUFK�,QVWLWXWH�6%,��'HQPDUN�����

%ULQJROI�HW�DO������ %ULQJROI��0��� (UE��0�� XQG� )DKQHU�0���gNRORJLVFKH� %HZHUWXQJ� YRQ
*HElXGHQ��'LSORPDUEHLW�1DFKGLSORPVWXGLXP�(QHUJLH�� )DFKKRFK�
VFKXOH�EHLGHU�%DVHO��0XWWHQ]������

)ULVFKNQHFKW�HW�DO������ )ULVFKNQHFKW��5���%ROOHQV��8���%RVVKDUW��6���&LRW��0���&LVH�
UL��/���'RND��*���'RQHV��5���HW�DO��gNRLQYHQWDUH�YRQ�(QHUJLHV\VWHPHQ�
*UXQGODJHQ� I�U�GHQ�|NRORJLVFKHQ�9HUJOHLFK�YRQ�(QHUJLHV\VWHPHQ�XQG
GHQ�(LQEH]XJ� YRQ�(QHUJLHV\VWHPHQ� LQ�gNRELODQ]HQ� I�U� GLH�6FKZHL]�
���$XIODJH��%XQGHVDPW�I�U�(QHUJLH��%HUQ�������

*ULHVVKDPPHU�XQG�%XFKHUW����� 5�� *ULHVVKDPPHU� XQG� 0�� %XFKHUW�� 1DFKKDOWLJH
(QWZLFNOXQJ� XQG� 6WRIIVWURPPDQDJHPHQ� DP� %HLVSLHO� %DX� � gNR�
,QVWLWXW�H�9��)UHLEXUJ��'DUPVWDGW�����

*RHGNRRS����� *RHGNRRS�� 0�� 7KH� (FR�,QGLFDWRU� ���� )LQDO� 5HSRUW�� %HULFKW� 1U�
������ 3UH� &RQVXOWDQWV�� %HUJVWUDDW� ��� ����� 1+� $PHUVIRRUW�� 1/�
����

+HEHO����� +HEHO�$*��'LH� HUVWH�gNRELODQ]� I�U� HLQ�+DXV�²�8QVHU�%DXVWRII� LP
*HI�JH�GHU�8PZHOW��+HEHO�0LWWHLOXQJ��)�UVWHQIHOGEUXFN������

+HLMXQJV�HW�DO������ +HLMXQJV��5���*XLQqH��-���/DQNUHLMHU��5��0���GH�+DHV��+��$��8��XQG
:HJHQHU�6OHHVZLMN�� $��(QYLURQPHQWDO� OLIH� F\FOH� DVVHVVPHQW� RI� SUR�
GXFWV�²�*XLGH��1RYHP��ULYP��&0/��/HLGHQ��1/������
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.DVVHU�XQG�3|OO����� .DVVHU��8��XQG�3|OO��0��*UDXH�(QHUJLH� YRQ� %DXVWRIIHQ��%�UR�I�U
8PZHOWFKHPLH��+RWWLQJHUVWU�����������=�ULFK������

.RKOHU����� .RKOHU�1��(QHUJLH�� XQG� 6WRIIIOXVVELODQ]HQ� YRQ� *HElXGHQ� ZlKUHQG
LKUHU� /HEHQVGDXHU�� 6FKOXVVEHULFKW� )RUVFKXQJVSURMHNW� %(:�
.DUOVUXKH�����

.RKOHU�HW�DO������ .RKOHU��1���%DUWK��%���%LHEHU��+���(LHUPDQQ��2���+DLGD��$���+HLW]�
6���+HUPDQQ��0���.OLQJHOH��0���.RFK��0���.XNXO��(���+ROOLJHU��0��
)ULVFKNQHFKW��5���6WULW]��$���:HLEHO��7K���*RHJJHO��+��3��XQG�6DFKV�
6���2*,3�'$72���2SWLPLHUXQJ� YRQ�*HVDPWHQHUJLHYHUEUDXFK��8P�
ZHOWEHODVWXQJ� XQG� %DXNRVWHQ�� 6FKOXVVEHULFKW� %(:
)RUVFKXQJVSURMHNW��.DUOVUXKH�����

/LQGIRUV�HW�DO������ /��*��/LQGIRUV��.��&KULVWLDQVHQ��/��+RIIPDQ��<��9LUWDQHQ��9��-XQ�
WLOOD�� 2��-�� +DQVVHQ� XQG� $�� 5RQQLQJ��1RUGLF� *XLGHOLQHV� RQ� /LIH�
&\FOH�$VVHVVPHQW��1RUG����������1RUGLF�&RXQFLO�RI�0LQLVWHUV��.R�
SHQKDJHQ������

2VSHOW����� 2VSHOW�&K��gNRELODQ]� YRQ�*HElXGHQ��0HWKRGLN� XQG�$QZHQGXQJ� �
8QWHU� EHVRQGHUHU� %HWUDFKWXQJ� YRQ� 5RKEDX� XQG� +HL]XQJVDQODJH�
(3)/�/DXVDQQH��/DXVDQQH�����

3ROVWHU����� 3ROVWHU� %��&RQWULEXWLRQ� D� O·pWXGH� GH� O·LPSDFW� HQYLURQQHPHQWDO� GHV
EkWLPHQWV� SDU� DQDO\VH� GX� F\FOH� GH� YLH�� 7KqVH� GH� GRFWRUDW� DQ� GHU
(FROH�GHV�0LQHV�GH�3DULV��3DULV�����

4XDFN����� 4XDFN��'���gNRELODQ]HQ�YRQ�:RKQJHElXGHQ��(LQ�)DOOEHLVSLHO��9HU�
JOHLFK� YRQ� VHFKV� 'RSSHOKlXVHUQ� XQWHUVFKLHGOLFKHU� $XVI�KUXQJ�� =ZL�
VFKHQEHULFKW��5:7+�$DFKHQ������

5HJHQHU����� (XURSHDQ�PHWKRGRORJ\� IRU� WKH� HYDOXDWLRQ� RI� HQYLURQPHQWDO� LPSDFW� RI
EXLOGLQJV� ²�5HJHQHU� SURMHFW� ILQDO� UHSRUW��������(XURSHDQ�FRPPLVVL�
RQ��GLUHFWRUDWH�JHQHUDO�;,,�IRU�VFLHQFH��UHVHDUFK�DQG�GHYHORSPHQW�
SURJUDPPH�$3$6�

6FKRO]�HW�DO������ 6FKRO]��5���%|VFK�� 6���.ROOHU��7���0LHJ��+�$�� XQG�6W�Q]L�� -��� ,QGX�
VWULHDUHDO� 6XO]HU�(VFKHU�:\VV�� 8PZHOW� XQG� %DXHQ�� :HUWVFK|SIXQJ
GXUFK� 8PQXW]XQJ��816�)DOOVWXGLH� ���� YGI�+RFKVFKXOYHUODJ�(7+
=�ULFK��=�ULFK������

7LOOPDQ����� $��0�� 7LOOPDQ�� &KRLFH� RI� V\VWHP� ERXQGDULHV� LQ� OLIH� F\FOH� DVVHVV�
PHQW��,Q��-RXUQDO� RI�&OHDQHU� 3URGXFWLRQ��9ROXPH����1U�����SS�����
����(OVHYLHU�6FLHQFH������

7VFKLUQHU����� 7VFKLUQHU� %��'pPDUFKH� SUDWLTXH� SRXU� O·pWDEOLVVHPHQW� GH� O·HFRELODQ
G·XQ�EkWLPHQW��'LSORPDUEHLW�DQ�GHU�(3)�/DXVDQQH��/DXVDQQH�����

:DQJHU����� :DQJHU�6��gNRORJLH� XQG�gNRQRPLH�PLW�+HEHO� 3RUHQEHWRQ� ��gNREL�
ODQ]� I�U� GDV� +HEHO� +DXV� �7HUUD� ������3RUHQEHWRQZHUN�$O]HQDX�
0�QFKHQ������

=LPPHUPDQQ�HW�DO������ =LPPHUPDQQ�� 3��� 'RND�� *��� +XEHU�� )��� /DEKDUGW�� $��
0pQDUG��0���gNRLQYHQWDUH� YRQ�(QWVRUJXQJVSUR]HVVHQ��(7+�=�ULFK�
%H]XJ�EHL�(1(7��%HUQ��$XJXVW������
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3XEOLNDWLRQVOLVWH

]XVlW]OLFK�]X�GHQ�YRUQH�HUZlKQWHQ�%HULFKWHQ�HUVFKLHQHQH�3XEOLNDWLRQHQ�

9RUWUlJH�3RVWHUV

*XJHUOL�HW�DO������ +�� *XJHUOL�� 3�� .RFK�� $�� /DOLYH� G¶(SLQD\�� '�� *LOJHQ�� %�� 6HLOHU�
gNRORJLH� LP� +RFKEDX�� 3ODQXQJVLQVWUXPHQWH� XQWHU� GHU� /XSH�� ,Q�
���� 6FKZHL]HULVFKHV� 6WDWXV�6HPLQDU� ������ .:+�(03$� '�EHQGRUI�
(7+�=�ULFK������6HSWHPEHU�����

.RFK�HW�DO������ 3��.RFK��$��/DOLYH�G
(SLQD\��+��*XJHUOL��,QVWUXPHQWH�I�U�|NRORJL�
VFKHV�%DXHQ� LP�9HUJOHLFK�� ,Q��6FKZHL]HU� ,QJHQLHXU�XQG�$UFKLWHNW��1U��
�����������-XOL�������6HLWHQ������������6,$��=�ULFK�����

/DOLYH�HW�DO������D $��/DOLYH�G·(SLQD\��3��.RFK��%��6HLOHU��+��*XJHUOL��5��)ULVFKNQHFKW�
$Q� $QDO\VLV� RI� 7RROV� IRU� WKH� $VVHVVPHQW� RI� (QYLURQPHQWDO� ,P�
SDFWV�RI�%XLOGLQJV��LQ��3URFHHGLQJV�RI�WKH�VHFRQG�LQWHUQDWLRQDO�FRQ�
IHUHQFH�%XLOGLQJV�DQG�(QYLURQPHQW���������-XQL�������3DULV��9RO�����SS�
������

/DOLYH�HW�DO������E $��/DOLYH�G·(SLQD\��0�� 6FKHULQJHU��.��+XQJHUE�KOHU��$Q�$QDO\VLV
RI� 7RROV� IRU� WKH� $VVHVVPHQW� RI� (QYLURQPHQWDO� ,PSDFWV� RI� %XLO�
GLQJV�� LQ��3URFHHGLQJV�(FRLQIRPD���� ,QIRUPDWLRQ� DQG�&RPPXQLFDWLRQ
LQ�(QYLURQPHQWDO�DQG�+HDOWK�,VVXHV��0�QFKHQ��������2NWREHU�������SS�
�������

/DOLYH�HW�DO������ $��/DOLYH�G¶(SLQD\��+��*LJHU��0��6FKHULQJHU��.��+XQJHUE�KOHU��/LIH
&\FOH� $VVHVVPHQW� RI� DQ� 2IILFH� %XLOGLQJ� LQ� 6ZLW]HUODQG
$�&RPSDULVRQ� RI� 7RROV�� �WK� 6(7$&�(XURSH�&DVH� VWXG\� V\PSRVLXP�
%U�VVHO�����'H]HPEHU�����

/DOLYH�HW�DO������ $�� /DOLYH� G¶(SLQD\�� 0�� 6FKHULQJHU�� .�� +XQJHUE�KOHU�� /LIH� &\FOH
$VVHVVPHQW�RI�%XLOGLQJV�LQ�(DUO\�'HVLJQ�3KDVHV�²7KH�,QIOXHQFH�RI
0DWHULDO�5HODWHG�,VVXHV��LQ��4XDOLW\�RI�/LIH�DQG�(QYLURQPHQW�LQ�&XOWXUHG
/DQGVFDSHV��6(7$&�(XURSH��WK�DQQXDO�PHHWLQJ������²�����0DL��/HLS�
]LJ��SS�������
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3XOOL�HW�DO������ 5��3XOOL��$��/DOLYH�G¶(SLQD\��0��6FKHULQJHU��.��+XQJHUE�KOHU��/LIH
&\FOH�$VVHVVPHQW�LQ�WKH�EXLOGLQJ�VHFWRU��VWDWH�RI�WKH�DUW��,Q��,QWHUID�
FHV� LQ�(QYLURQPHQWDO�&KHPLVWU\�DQG�7R[LFRORJ\�� IURP� WKH� JOREDO� WR� WKH�PROH�
FXODU� OHYHO�� �WK� $QQXDO�0HHWLQJ� RI� 6(7$&�(XURSH�� ���� ²� ���� $SULO
������%RUGHDX[��SS�����

3XEOLNDWLRQHQ

/DOLYH�HW�DO������D $��/DOLYH�G¶(SLQD\��'��4XDFN�� 3��.RFK�� -��.UHLVVLJ��*��'RND��+�
*XJHUOL�� 6�� +HLW]�� 3�� %XUNKDUGW�� 6�� /HKPDQQ�� 3�� 5LWWPH\HU�� :�
.LHQ]OHU�� gNRORJLVFKH� %HZHUWXQJ� YRQ� *HElXGHQ� ]ZLVFKHQ� )RUVFKXQJ� XQG
3UD[LV��%HJOHLWHQGH�8QWHUODJHQ� ]XP�����'LVNXVVLRQVIRUXP�gNREL�
ODQ]HQ�YRP����1RYHPEHU����DQ�GHU�(7+�=�ULFK��*UXSSH� I�U�6L�
FKHUKHLW�XQG�8PZHOWVFKXW]��/DERUDWRULXP�I�U�7HFKQLVFKH�&KHPLH�
8QLYHUVLWlWVVWUDVVH����������=�ULFK������

7ULQLXV�HW�DO������ :��7ULQLXV��$��/DOLYH�G¶(SLQD\�� 6��1LEHO��$�7\SRORJ\� RI�7RROV��%XLO�
GLQJ�5HVHDUFK�DQG�,QIRUPDWLRQ�²�7KH�,QWHUQDWLRQDO�-RXUQDO�RI�5H�
VHDUFK��'HYHORSPHQW��'HPRQVWUDWLRQ�DQG�,QQRYDWLRQ��HLQJHUHLFKW�


