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) UXVWUDWLRQ�1 U��� � �* OXFR: DWFK



� � � � %HJLQQ�GHU�( QWZ LFNOXQJ
� � � � ( UVWH�3XEOLNDWLRQ�LQ�1 DWXUH�0 HG���LQVJHVDP W�� � �
� � � � � 6WDUW�GHU�=XODVVXQJVSUR] HGXU�P LW�GHU�) ' $
� � � � � =XODVVXQJ�I• U�* OXFR: DWFK��* � � �GXUFK�GLH�) ' $
� � � � ( LQI• KUXQJ�LQ�* UR‰EULWDQQLHQ
� � � � %HJLQQ�GHU�. RRSHUDWLRQ�P LW�6DQN\ R�3KDUP D
� � � � � ( LQI• KUXQJ�LQ�8 6$
� � � � ( QWZ LFNOXQJ�GHU�* � �P LW�YHUEHVVHUWHQ�( LJHQVFKDIWHQ
� � � � � 6DQN\ R�EHHQGHW�GLH�. RRSHUDWLRQ
� � � � � &\ JQXV�HQWOl VVW�IDVW�DOOH�$ QJHVWHOOWHQ
� � � � ,3 �Z LUGDQ�$ QLP DV�YHUNDXIW���

&KURQRORJLH��* OXFR: DWFK



* U• QGH�I• U�GDV�6FKHLWHUQ�GHU�
* OXFR: DWFK"

: LVVHQVFKDIWOLFK�RULHQWLHUWHV�8 QWHUQHKP HQ

1 HXDUWLJH�7HFKQRORJLH�• 0 DUNWHUIROJ

1 HEHQZ LUNXQJHQ����

1 HXHV�6\ VWHP �Z XUGH�YRQ�GHQ�3DWLHQWHQ�
QLFKW�DN] HSWLHUW

0 DUNHWLQJ�XQG�9HUWULHE�VWHOOHQ�
+ HUDXVIRUGHUXQJ�GDU

: LUG�HV�Z HLWHUJHKHQ"



* OXFR: DWFK�LVW�LP P HU�QRFK�
LP �+ DQGHO�HUKl OWOLFK�
' LDEHWHV�) RUHFDVW0 D\ �� � � �



3HQGUDŠ

9 : LUNOLFK�1 LFKW�LQDVLYHV 6\ VWHP
9 . RQWLQXLHUOLFKHV�* OXFRVHP RQLWRULQJ
9 ' DWHQVDP P OXQJ�I• U�P HKU�DOV�HLQHQ���

0 RQDW

) UXVWUDWLRQ�1 U��� � �3( 1 ' 5 $



. OLQLVFK�( [ SHULP HQWHOOH�6WXGLHQ��
( LQGU• FNH�YRQ�6WXGLHQ�EHL�35 2 ) ,/



7\ SLVFKH�5 HVXOWDWH



=XVDP P HQIDVVXQJ�GHU�
&( �0 DUNLHUXQJV�6WXGLH

( UVWH�6WXGLH�P LW�NRQWLQXLHUOLFKHP �XQG�QLFKW�
LQYDVLYHP * OXFRVHP RQLWRULQJ�• EHU�� � �7DJH

' HU�NOLQLVFK�H[ SHULP HQWHOOH�6WXGLHQWHLO�EHOHJW�
HLQ�DN] HSWDEOHV�* OXFRVHP RQLWRULQJ�EHL�HLQHU�
%OXWJOXFRVHYDULDWLRQ�YRQ�� � � �P J �GO

' LH�HLJHQVWl QGLJH�0 HVVXQJ�GHU�3DWLHQWHQ�] X�
+ DXVH�EHVWl WLJW��GDV�HLQ�SODXVLEOHV�
* OXFRVHP RQLWRULQJ�P LW�GLHVHP �6\ VWHP �DXFK�
XQWHU�$ OOWDJVEHGLQJXQJHQ�P | JOLFKW�LVW

' DWHQDQDO\ VH�XQG�$ XVZ HUWXQJ�HUIROJWH�GXUFK�
3HQGUDJRQ�



3 U• I XQJ �GHV�4 XDOLWl W�GHV�* OXFRVHP RQLWRULQJ V�3 U• I XQJ �GHV�4 XDOLWl W�GHV�* OXFRVHP RQLWRULQJ V�
XQWHU�$ OOWDJ VVLWXDWLRQHQ�LP �9 HUJ OHLFK�] X�XQWHU�$ OOWDJ VVLWXDWLRQHQ�LP �9 HUJ OHLFK�] X�
Kl XI LJ HQ�%OXW] XFNHUP HVVXQJ HQKl XI LJ HQ�%OXW] XFNHUP HVVXQJ HQ

5 • FNP HOGXQJ �GHU�3 DWLHQWHQ�• EHU�3 ( 1 ' 5 $5 • FNP HOGXQJ �GHU�3 DWLHQWHQ�• EHU�3 ( 1 ' 5 $ ŠŠ

XQG�9 HUJ OHLFK�] Z LVFKHQ�3 ( 1 ' 5 $XQG�9 HUJ OHLFK�] Z LVFKHQ�3 ( 1 ' 5 $ 66 RQRQ�� OLQH�OLQH�
DQJ H] HLJ WHU�* OXFRVHZ HUWH�XQG�GHQ�DQJ H] HLJ WHU�* OXFRVHZ HUWH�XQG�GHQ�
YHUZ HQGHWHQ�%OXWJ OXFRVHYHUZ HQGHWHQ�%OXWJ OXFRVH�� 5 HI HUHQ] Z HUWH�LQ�5 HI HUHQ] Z HUWH�LQ�
HLQHP �XQNRQWUROOLHUWHQ�HLQHP �XQNRQWUROOLHUWHQ�4 XWSDWLHQW4 XWSDWLHQW�� 7HLO7HLOXQWHU�XQWHU�
$ OOWDJ VEHGLQJ XQJ HQ$ OOWDJ VEHGLQJ XQJ HQ

2 EMHFWLYHV

6 WXGLHQ] LHOH6 WXGLHQ] LHOH

3 ULP l UHV�=LHO�3 ULP l UHV�=LHO�

6 HNXQGl UHV�=LHO�6 HNXQGl UHV�=LHO�



6 XP P DU\

=XVDP P HQI DVVXQJ �GHU�6 WXGLH=XVDP P HQI DVVXQJ �GHU�6 WXGLH

6 WXGLHQ] HQWUXP �6 WXGLHQ] HQWUXP �

3 ULQFLSDO3 ULQFLSDO, QYHVWLJ DWRU, QYHVWLJ DWRU��

+ { SLWDO+ { SLWDO$ YLFHQQH$ YLFHQQH��3 DULV� �3 DULV

3 URI � � ' U� �* � �3 URI � � ' U� �* � � 5 HDFK5 HDFK

' DXHU�GHU�6 WXGLH�P LW�3 ( 1 ' 5 $ �6 � �' DXHU�GHU�6 WXGLH�P LW�3 ( 1 ' 5 $ �6 � � �� ' HYLFH�' HYLFH�

� � �7DJ H� � �7DJ H



&ODUN�( UURU�* ULG�$ QDO\ VH

$ OOH�� �3 DWLHQWHQ�Z DUHQ�7 \ S�, � ' LDEHWLNHU$ OOH�� �3 DWLHQWHQ�Z DUHQ�7 \ S�, � ' LDEHWLNHU
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* U• QGH�I• U�GDV�6FKHLWHUQ�YRQ�3( 1 ' 5 $ "

1 HXDUWLJH�7HFKQRORJLH��GHUHQ�* UXQGODJHQ�
QRFK�QLFKW�YROOVWl QGLJ�YHUVWDQGHQ�LVW�
�. DOLEUDWLRQ��
' DWHQDQDO\ VH" �6WDELOLWl W�GHV�6\ VWHP V"
$ QDO\ VH�MHGHV�HLQ] HOQHQ�
( QWZ LFNOXQJVVFKULWWHV�LQ�NOLQLVFKHQ�6WXGLHQ
. ULWLVFKH�$ XVZ HUWXQJ�GHU�6WXGLHQUHVXOWDWH�
EHL��] X��KRKHP ��ILQDQ] LHOOHQ��' UXFN�DXI�GLH�
( QWZ LFNOXQJ�HLQHV�3URGXNWHV" �
. RP P XQLNDWLRQ�P LW�GHP �6$ %
: LUG�HV�Z HLWHUJHKHQ"



) UXVWUDWLRQ�1 U��� � �6&* 0 ��



6&* 0 �� � �. OLQLVFKH�5 HVXOWDWH



* U• QGH�I• U�GDV�6FKHLWHUQ�YRQ�6&* 0 �� "

0 LNURGLDO\ VH�LVW�HLQH�SUl ] LVH�XQG�] XYHUOl VVLJH�
7HFKQRORJLH

( QHUJLHYHUEUDXFK��* U| ‰H��* HZ LFKW�

5 RFKH�' LDJQRVWLFV�KDW�KRKH�4 XDOLWl WV�
$ QIRUGHUXQJHQ

+ HUVWHOOXQJVNRVWHQ�VLQG�HLQ�3UREOHP ��Z HQQ�
0 LWEHZ HUEHU�6\ VWHP H�DQELHWHQ��GLH�HLQ�
DXVUHLFKHQG�JXWHV�0 RQLWRULQJ�] X�HLQHP �
QLHGULJHUHQ�3UHLV�HUP | JOLFKHQ

: LUG�HV�Z HLWHUJHKHQ"



. RQWLQXLHUOLFKH�VXENXWDQH�* OXNRVH• EHUZ DFKXQJ�I• U
GHQ�SURIHVVLRQHOOH�( LQVDW]

) UXVWUDWLRQ�1 U��� � �* OXF2 QOLQH



* OXF2 QOLQH�/ ,9( � ' HP R��' ' * �$ DFKHQ��
0 D\ �� � � �

�

�

� �

� �

� �

� �

� �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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* U• QGH�I• U�GDV�6FKHLWHUQ�YRQ�
* OXF2 QOLQH"

,QWHUHVVDQWHU�QHXDUWLJHU�$ QVDW] ��EDVLHUHQG�
DXI�SK\ VLNDOLVFKHQ�( LJHQVFKDIWHQ

* XWH�4 XDOLWl W�GHU�0 HVVXQJ�LQ�NOLQLVFK�
H[ SHULP HQWHOOHQ�6WXGLHQ

h EHUI• KUXQJ�HLQHV�) XQNWLRQVP RGHOOV�LQ�HLQ�
P DUNWIl KLJHV�3URGXNW�LVW�HLQH�VFKZ LHULJH�
$ XIJDEH�

5 H�' HVLJQ�GHV�3URGXNWHV�I• KUWH�] X�
IXQGDP HQWDOHQ�WHFKQRORJLVFKHQ�3UREOHP HQ

: LUG�HV�Z HLWHUJHKHQ"



8 SGLNH�1 DWXUH�� � � �

: LH�LVW�GHU�DNWXHOOH�6WDQG" �
1 U��� � �' H[ &RP



' H[ &RP �± $ NWXHOOH9HUVLRQ"

* DUJ�6�' LDEHWHV�&DUH�� � � �



' H[ &RP �± 9HUEHVVHUXQJ GHU
P HWDEROLVFKHQ�. RQWUROOH

* DUJ�6�' LDEHWHV�&DUH�� � � �



6WDQG�GHU�( QWZ LFNOXQJ��' H[ &RP

%HHLQGUXFNHQGH�$ Q] DKO�YRQ�3Ul VHQWDWLRQHQ�
EHLP �$ ' $ �YRU�GUHL�- DKUHQ

%HJUHQ] WH�$ Q] DKO�DQ�3XEOLNDWLRQHQ

=Z HL�6\ VWHP H�VLQG�Z RKO�LQ�GHU�( QWZ LFNOXQJ��
HLQ�. XU] ] HLW�6\ VWHP �P LW�HLQ] XVWHFKHQGHP �
6HQVRU�
XQG�
HLQ�/ DQJ] HLW�6\ VWHP ��GHU�LP SODQWLHUW�Z LUG

=XODVVXQJVDQWUl JH�VLQG�EHL�GHU�) ' $ �
HLQJHUHLFKW

0 HKU�,QIRUP DWLRQHQ�EHLP �Ql FKVWHQ�$ ' $ "



: LH�LVW�GHU�DNWXHOOH�6WDQG�" �
1 U��� � �L6HQVH
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6WDQG�GHU�( QWZ LFNOXQJ" �L6HQVH

( UIROJVYHUVSUHFKHQGH�5 HVXOWDWH�LQ�NOLQLVFK�
H[ SHULP HQWHOOHQ�6WXGLHQ

( UKHEOLFKH�9HUEHVVHUXQJHQ�GHU�* • WH�GHU�
0 HVVXQJ�LP �OHW] WHQ�- DKU

* XWH�7HFKQRORJLH�EHGHXWHW�QLFKW�HUIROJUHLFKH�
0 DUNWHLQI• KUXQJ

. OHLQH�8 QWHUQHKP HQ�WHQGLHUHQ�GD] X��GHQ�
$ UEHLWV� XQG�) LQDQ] LHUXQJVDXIZ DQG��GLH�P LW�
0 DUNHWLQJ��9HUWULHE��6FKXOXQJ�HWF��
] XVDP P HQKl QJHQ��] X�XQWHUVFKl W] HQ

$ XVUHLFKHQGH�) LQDQ] LHUXQJ"



$ EERWW���7KHUDVHQVH��8 6$ �

$ QLP DV��8 6$ �

%D\ HU��* HUP DQ\ �8 6$ �

' H[ &RP ��8 6$ �

L6HQVH��8 6$ �

0 HGWURQLF�0 LQL0 HG��8 6$ �

0 HQDULQL�' LDJQRVWLFV��,WDO\ �

5 RFKH�' LDJQRVWLFV��* HUP DQ\ ��

6SHFW5 [ ��8 6$ �

8 QWHUQHKP HQ��GLH�0 LQLP DO�,QYDVLYH�
* OXFRVHP RQLWRULQJ�6\ VWHP HHQWZ LFNHOQ



6HQVRUHOHNWURGH�P LW�NOHLQHP �
5 DGLRVHQGHU
' DWHQ• EHUWUDJXQJ�DOOH�� �
0 LQXWHQ�DQ�GLH�
$ Q] HLJHHLQKHLW
* ROG�9HUVLRQ�GHV�6HQVRUV��
• EOLFKH�. DOLEUDWLRQ��� �SUR�
7DJ�

%RGH�%�HW�DO��$ ODUP V�EDVHGRQ�UHDO�WLP HVHQVRUJOXFRVHYDOXHV DOHUW�SDWLHQWV
WR�K\ SR� DQG�K\ SHUJO\ FHP LD��7KH* XDUGLDQ�FRQWLQXRXV P RQLWRULQJ�V\ VWHP ��
' LDEHWHV�7HFKQRORJ\ �	 �7KHUDSHXWLFV�� �� � � � � � � ��� � � �

$ NWXHOOH�( QWZ LFNOXQJHQ�
1 U��� � �* XDUGLDQ�5 7



$ NWXHOOH�( QWZ LFNOXQJHQ
1 U��� � �* OXFR' D\ �� "



. OLQLVFK�( [ SHULP HQWHOOH�9HUVXFKH�P LW�
* OXFR' D\
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� � �* OXFRVHLQIXVLRQVUDWH�
�P J�NJ �P LQ�

=HLW��K�

( �,� �6XEMHFW1 R��� � � � �9LVLW�� �� � �� �� � � � � ��

%OXWJOXFRVH�%LRVWDWRU
,6) �* OXFRVH�* OXFR' D\

%OXWJOXFRVH�6XSHU�* /
�P J�GO�



$ NWXHOOH�( QWZ LFNOXQJHQ�
1 U��� � �) UHH6W\ OH�1 DYLJDWRUŒ

5 HFHLYHU

7UDQVP LWWHU

6HQVRU�6HQVRU�0 RXQW



8 QWHUQHKP HQ��GLH�1 LFKW�,QYDVLYH�
* OXFRVHP RQLWRULQJ�6\ VWHP HHQWZ LFNHOQ

%LR7H[ �8 6$ �

&0 ( �7HOHP HWUL[ �&DQDGD�

* OXFRQ0 HGLFDO�/ WG�,VUDHO�

,Q/ LJKW6ROXWLRQV �8 6$ �

/ LIH7UDF 6\ VWHP V��8 6$ �

/ LJK7RXFK �8 6$ �

3KL6FLHQFH�8 6$ �* HUP DQ\ �

2 U6HQVH��,VUDHO�

6HQV\ V��8 6$ �



 

( QWZ LFNOXQJHQI• U0 RUJHQ" ��2 UVHQVH

2 &&/ 8 6,2 1 �63( &75 2 6&2 3<2 &&/ 8 6,2 1 �63( &75 2 6&2 3<

$�%UHDNWKURXJK�LQ�1 RQ�LQYDVLYH�
%ORRG�$QDO\ WHV0 HDVXUHPHQW



( QWZ LFNOXQJHQI• U0 RUJHQ" �
3KL6FLHQFH



3KL6FLHQFH��5 HVXOWDWH



( QWZ LFNOXQJ�GHU�
* OXFRVHP RQLWRULQJ�7HFKQRORJLHQ

=HLW

&RQYHQWLRQDOV\ VWHP V
- 6\ VWHP V�IRUSK\ VLFLDQV
- ,QVXOLQ�V\ ULQJHV

,QWHQVLILHGLQVXOLQWKHUDS\
- 60 %*
- ,QVXOLQ�SHQV

&6,,
- 60 %*
- ,QVXOLQ�SXP SV

&ORVHG�ORRS�V\ VWHP V
- $OJRULWKP V
- ,QVXOLQ�SXP SV

4 XDOLWl W�GHU�' LDEHWHVEHKDQGOXQJ

&0 �WKHUDS\
- &0 �V\ VWHP
- ,QVXOLQ�SHQV



. RQWLQXLHUOLFKHV�* OXFRVHP RQLWRULQJ�• EHU�
ODQJH�=HLW

2 Q�OLQH�' DUVWHOOXQJ GHU�0 HVVHUJHEQLVVH

$ Q] HLJH�GHV�7UHQGV

+ RKH�3Ul ] LVLRQ�XQG�* HQDXLJNHLW

6WDELOH�0 HVVXQJHQ��. HLQH�' ULIW�

0 | JOLFKVW�VHOWHQ�. DOLEUDWLRQHQ

. OHLQ�XQG�NHLQ�* HZ LFKW���³ NHLQH́ . RVWHQ

8 QEHJUHQ] WH�9HUZ HQGXQJVGDXHU

. HLQH�+ DXWVFKl GLJXQJHQ�1 HEHQZ LUNXQJHQ

: XQVFKOLVWH�I• U�GDV�LGHDOH�
* OXFRVHP RQLWRULQJ�6\ VWHP



+ RKH�. RVWHQ�I• U�GLH�( QWZ LFNOXQJ

=XU• FNKDOWXQJ�GHU�. UDQNHQNDVVHQ�EHL�GHU�
( UVWDWWXQJ�GHU�. RVWHQ�YRQ�* OXFRVHP RQLWRULQJ�
6 \ VWHP HQ��Z HQQ�NHLQ�%HOHJ�I• U�P HGL] LQLVFKHQ�
1 XW] HQ�YRUOLHJW

* XWH�2 XWFRP H�6WXGLHQVLQG�QRWZ HQGLJ��XP �GLH�
. UDQNHQNDVVHQ�] X�• EHU] HXJHQ

+ RKH�. RVWHQ�GDI• U�N| QQHQ�QLFKW�GXUFK�HLQH�
) LUP D�DOOHLQH�DEJHGHFNW�Z HUGHQ"

g NRQRP LVFKH�$ QDO\ VHQ

+ HUDXVIRUGHUXQJ��%HOHJ�I• U�( LQVDW] �
YRQ�* OXFRVHP RQLWRULQJ�6\ VWHP HQ



=XODVVXQJ�QHXHU�0 HGLNDP HQWH�HUIROJW�QDFK�
HLQHU�VWDUN�IRUP DOLVLHUWHQ�3UR] HGXU�P LW�KRKHQ�
$ QIRUGHUXQJHQ�DQ�' DWHQTXDOLWl W
=XODVVXQJ�YRQ�GLDJQRVWLVFKHQ�6\ VWHP HQ��&( �
0 DUNLHUXQJ�LQ�( XURSD��) ' $ �LQ�GHQ�8 6$ �
) RUGHUXQJ��1 HXH�GLDJQRVWLVFKH�7HFKQLNHQ�
VROOWHQ�YHUJOHLFKEDUHQ�6WDQGDUGV�HUI• OOHQ�Z LH�
WKHUDSHXWLVFKH�6XEVWDQ] HQ��3RWHQWLHOO�/ HWDO��
' UHLVWXILJHU�( YDOXLHUXQJVSUR] HVV�] XP �
1 DFKZ HLV�GHU�6LFKHUKHLW�XQG�/ HLVWXQJV�
Il KLJNHLW
( UOHLFKWHUW�GHQ�9HUJOHLFK�YHUVFKLHGHQHU�
6\ VWHP H�

+ HUDXVIRUGHUXQJ��( YDOXLHUXQJ�QHXHU�
* OXFRVHP RQLWRULQJ�6\ VWHP H



+ HUDXVIRUGHUXQJ��
1 LFKW�QXU�7HFKQRORJLH�LVW�Z LFKWLJ�

3K\ VLRORJLH

. DOLEUDWLRQ

³ $ 67�OLNH́ �3Kl QRP HQ

6WDQGDUGLVLHUWH�%HVFKUHLEXQJ�GHU
0 HVVXQJVTXDOLWl W

4 XDOLWl W�GHU�0 HVVXQJ�YRQ�QLHGULJHQ
%OXWJOXFRVHZ HUWHQ��+ \ SRJO\ Nl P LHQ�

6SH] LHOOH�3DWLHQWHQJUXSSHQ

³ . RQNXUUHQ] ´ �GXUFK�QHXH�0 HGLNDP HQWHQ�
HQWZ LFNOXQJ



%HDFKWOLFKH�$ Q] DKO�YRQ�ÄJHVFKHLWHUWHQ³ �
( QWZ LFNOXQJHQ�6\ VWHP HQ��YLHOH�VLQG�YRU�HLQHU�
NOLQLVFKHQ�3U• IXQJ�JHVFKHLWHUW��
6WDUNH�| IIHQWOLFKH�: DKUQHKP XQJ�I• U�GLHVHV�
6FKHLWHUQ�� �VFKOHFKWHUH�) LQDQ] LHUXQJV�
P | JOLFKNHLW�
. RP SOH[ H�$ XIJDEH��QLFKW�QXU�7HFKQRORJLH�
. ULWLVFKH�%HZ HUWXQJ�YRQ�* OXFRVHP RQLWRULQJ�
6 \ VWHP HQ�LVW�QRWZ HQGLJ��EHYRU�GLHVH�DXI�GHQ�
0 DUNW�NRP P HQ
6WDQGDUGLVLHUWH�V\ VWHP DWLVFKH�( YDOXLHUXQJ
3DWLHQWHQVLFKW" �6LH�VLQG�IUXVWULHUW���

=XVDP P HQIDVVXQJ



' LDEHWHV�) RUHFDVW��- XQH�� � � �


