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,�GHW�KlU�DUEHWHW�JUDQVNDV�NRPPXQDOD�JU|QSODQHU�PHG�IRNXV�Sn�HNRV\VWHPWMlQVWHU��6\IWHW�PHG
DUEHWHW�lU�DWW�XQGHUV|ND�KXU�WUH�ROLND�NRPPXQHU�L�6YHULJH�YLOO�DUEHWD�PHG�HNRV\VWHPWMlQVWHU
XWLIUnQ�UHVSHNWLYH�NRPPXQV�JU|QSODQ��(Q�GRNXPHQWDQDO\V�XWI|UGHV��GlU�GH�YDOGD
NRPPXQHUQDV�JU|QSODQHU��(VNLOVWXQD�NRPPXQV�JU|QSODQ��9lVWHUnV�NRPPXQV
JU|QVWUXNWXUSODQ�RFK�gUHEUR�NRPPXQV�JU|QVWUDWHJL�JUDQVNDGHV�PHG�KMlOS�DY�HQ
HNRV\VWHPWMlQVWWDEHOO��(NRV\VWHPWMlQVWWDEHOOHQ�LQQHKnOOHU����ROLND�HNRV\VWHPWMlQVWHU�RFK
EHVNULYQLQJDU�IUDPWDJQD�DY�&�2�&LW\��%RYHUNHW�RFK�1DWXUYnUGVYHUNHW��(NRV\VWHPWMlQVWHUQD
VRP�QlPQV�L�JU|QSODQHUQD�NDWHJRULVHUDGHV�VRP�NXOWXUHOOD��VW|GMDQGH��UHJOHUDQGH�HOOHU
I|UV|UMDQGH�HNRV\VWHPWMlQVWHU��5HVXOWDWHW�YLVDU�DWW�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�QlPQV�PHVW
IUHNYHQW�L�GH�WUH�JU|QSODQHUQD�PHGDQ�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�EHU|UV�PLQVW��(VNLOVWXQD
NRPPXQ�RFK�9lVWHUnV�NRPPXQ�QlPQHU�VW|GMDQGH�HNRV\VWHPWMlQVWHU�QlVW�PHVW�PHGDQ�gUHEUR
NRPPXQ�QlPQHU�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�QlVW�PHVW��'HW�NDQ�NRQVWDWHUDV�DWW�JU|QSODQHUV
LQQHKnOO�RFK�VWUXNWXU�NDQ�VNLOMD�VLJ�nW�lYHQ�RP�GH�KDU�OLNQDQGH�PnO�RFK�V\IWH��8WIRUPQLQJ�RFK
DQYlQGQLQJ�DY�NRPPXQDOD�JU|QSODQHU�lU�HWW�RPUnGH�VRP�KDU�VWRU�XWYHFNOLQJVSRWHQWLDO�



$EVWUDFW

,Q�WKLV�VWXG\��PXQLFLSDO�JUHHQ�VWUXFWXUH�SODQV�DUH�H[DPLQHG�ZLWK�D�IRFXV�RQ�HFRV\VWHP
VHUYLFHV��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�H[SORUH�KRZ�WKUHH�GLIIHUHQW�PXQLFLSDOLWLHV�LQ�6ZHGHQ
ZDQW�WR�ZRUN�ZLWK�HFRV\VWHP�VHUYLFHV�EDVHG�RQ�HDFK�PXQLFLSDOLW\
V�JUHHQ�VWUXFWXUH�SODQ��$
GRFXPHQW�DQDO\VLV�ZDV�FRQGXFWHG��ZKHUH�WKH�VHOHFWHG�PXQLFLSDOLWLHV¶�JUHHQ�VWUXFWXUH�SODQV�
(VNLOVWXQD�PXQLFLSDOLW\¶V�JUHHQ�VWUXFWXUH�SODQ��9lVWHUnV�PXQLFLSDOLW\¶V�JUHHQ�VWUXFWXUH�SODQ
DQG�gUHEUR�PXQLFLSDOLW\¶V�JUHHQ�VWUXFWXUH�SODQ�ZHUH�H[DPLQHG�XVLQJ�D�WDEOH�RI�HFRV\VWHP
VHUYLFHV��7KH�WDEOH�RI�HFRV\VWHP�VHUYLFHV�FRQWDLQV����GLIIHUHQW�HFRV\VWHP�VHUYLFHV�DQG
GHVFULSWLRQV�GHYHORSHG�E\�&�2�&LW\��7KH�6ZHGLVK�1DWLRQDO�%RDUG�2I�+RXVLQJ��%XLOGLQJ�$QG
3ODQQLQJ�DQG�7KH�6ZHGLVK�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��7KH�HFRV\VWHP�VHUYLFHV
PHQWLRQHG�LQ�WKH�JUHHQ�VWUXFWXUH�SODQV�ZHUH�FDWHJRULVHG�DV�FXOWXUDO��VXSSRUWLQJ��UHJXODWLQJ�RU
SURYLVLRQLQJ�HFRV\VWHP�VHUYLFHV��7KH�UHVXOW�VKRZV�WKDW�FXOWXUDO�HFRV\VWHP�VHUYLFHV�DUH
PHQWLRQHG�PRVW�IUHTXHQWO\�LQ�WKH�WKUHH�JUHHQ�VWUXFWXUH�SODQV��ZKLOH�SURYLVLRQLQJ�HFRV\VWHP
VHUYLFHV�DUH�PHQWLRQHG�WKH�OHDVW��(VNLOVWXQD�PXQLFLSDOLW\�DQG�9lVWHUnV�PXQLFLSDOLW\�PHQWLRQ
VXSSRUWLQJ�HFRV\VWHP�VHUYLFHV�VHFRQG�PRVW��ZKLOH�gUHEUR�PXQLFLSDOLW\�PHQWLRQV�UHJXODWLQJ
HFRV\VWHP�VHUYLFHV�VHFRQG�PRVW��,W�FDQ�EH�VWDWHG�WKDW�WKH�FRQWHQW�DQG�VWUXFWXUH�RI�JUHHQ
VWUXFWXUH�SODQV�FDQ�GLIIHU�HYHQ�LI�WKH\�KDYH�VLPLODU�JRDOV�DQG�SXUSRVHV��7KH�GHVLJQ�DQG�XVH�RI
PXQLFLSDO�JUHHQ�VWUXFWXUH�SODQV�LV�DQ�DUHD�WKDW�KDV�JUHDW�SRWHQWLDO�IRU�GHYHORSPHQW�



)|URUG

'HW�KlU�VMlOYVWlQGLJD�DUEHWHW�L�ODQGVNDSVDUNLWHNWXU�RPIDWWDU����K|JVNROHSRlQJ�RFK�lU�VNULYHW
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���,QOHGQLQJ
'DJHQV�VDPKlOOH�VWnU�LQI|U�EHW\GDQGH�XWPDQLQJDU�VnVRP�XUEDQLVHULQJ��NOLPDWI|UlQGULQJDU�RFK
HQ�PLQVNDG�ELRORJLVN�PnQJIDOG��YLONHW�EHWRQDU�YLNWHQ�DY�HQ�JRG�VDPKlOOVSODQHULQJ� $WW
SODQHUD�I|U�JU|QVND�RFK�QDWXU�L�VWlGHU�NDQ�XQGHUOlWWD�KDQWHULQJHQ�DY�QXYDUDQGH�RFK�IUDPWLGD
VDPKlOOVXWPDQLQJDU��1DWXUYnUGVYHUNHW��������7LOO�H[HPSHO�ELGUDU�JU|QVND�PHG
HNRV\VWHPWMlQVWHU�VnVRP�EXOOHUGlPSQLQJ�VDPW�OXIW��RFK�YDWWHQUHQLQJ��YLONHW�IUlPMDU
PlQQLVNRUV�KlOVD�RFK�YlOPnHQGH��%ROXQG�	�+XQKDPPDU��������$WW�XWIRUPD�HQ�JU|QSODQ�
RFK�DWW�DUEHWD�PHG�KMlOS�DY�HQ�JU|QSODQ�lU�HQ�PHWRG�VRP�NDQ�DQYlQGDV�DY�NRPPXQHU�L�V\IWH
DWW�XWUHGD�EHKRYHW�DY�JU|QRPUnGHQ��VDPW�WD�EHVOXW�RP�DPELWLRQHU�I|U�JU|QVWUXNWXUHQV
IUDPWLGD�XWYHFNOLQJ�HOOHU�EHYDUDQGH��1DWXUYnUGVYHUNHW�������

���%DNJUXQG

����*U|QSODQHU
(QOLJW�%RYHUNHW������D��Vn�lU�HQ�JU|QSODQ�HWW�VWUDWHJLVNW�GRNXPHQW�VRP�NDQ�YlJOHGD
NRPPXQHU�VDPW�DQGUD�DNW|UHU�L�KXU�GH�NDQ�DUEHWD�PHG�EHYDUDQGH�RFK�XWYHFNOLQJ�DY
JU|QVWUXNWXUHU�L�VWlGHU�RFK�L�VDPKlOOHW�L�VWRUW��(Q�JU|QSODQ�NDQ�lYHQ�DQYlQGDV�VRP�YHUNW\J�I|U
DWW�DUEHWD�VSHFLILNW�PHG�HNRV\VWHPWMlQVWHU��1DWXUYnUGVYHUNHW�RFK�%RYHUNHW�KDU�WLOOVDPPDQV
WDJLW�IUDP�HQ�YlJOHGQLQJ�I|U�KXU�HQ�JU|QSODQ�NDQ�XWIRUPDV�RFK�DQYlQGDV��LELG����%RYHUNHW
�����D��DQYlQGHU�EHJUHSSHW�JU|QSODQ�VRP�HWW�VDPOLQJVQDPQ�I|U�IOHUD�ROLND�GRNXPHQW�RFK
SODQHU�VRP�LQQHIDWWDU�DUEHWH�PHG�JU|QD�YlUGHQ�

*U|QSODQHUV�LQQHKnOO�NDQ�VH�ROLND�XW�RFK�NRPPXQHU�NDQ�KD�ROLND�IRNXVRPUnGHQ��PHQ�GHW
ILQQV�HQ�JUXQGVWUXNWXU�DWW�XWJn�LIUnQ�EDVHUDW�Sn�GH�IXQNWLRQHU�HQ�JU|QSODQ�VND�XSSI\OOD��(Q
JU|QSODQ�lU�HQ�IRUP�DY�SODQHULQJVXQGHUODJ��YLONHW�LQQHElU�DWW�NXQVNDS�RFK�GRNXPHQW�VRP�lU
YLNWLJD�I|U�DWW�DQWD�I\VLVN�SODQHULQJ�lU�IXQGDPHQWDOD��'HW�NDQ�H[HPSHOYLV�YDUD�NDUWRU�
DQDO\VHU��LQYHQWHULQJDU�RFK�ODJDU��%RYHUNHW�����D���*U|QSODQHU�VND�LQQHKnOOD�YLVLRQHU�RFK
W\GOLJD�PnOVlWWQLQJDU�VRP�NDQ�DJHUD�IXQGDPHQW�I|U�DUEHWHW�PHG�JU|QD�YlUGHQ��(Q�JU|QSODQ
IXQJHUDU�lYHQ�VRP�HQ�KDQGOLQJVSODQ�GlU�nWJlUGHU�RFK�XWYHFNOLQJVPHWRGHU�NRQNUHWLVHUDV��'HW
NDQ�WLOO�H[HPSHO�KDQGOD�RP�KXU�VN|WVHOQ�VND�RUJDQLVHUDV�HOOHU�KXU�UHVWDXUHULQJDU�VND�XWI|UDV
�LELG���

(QOLJW�%RYHUNHW������E��Vn�ILQQV�GHW�LQJHW�ODJNUDY�Sn�DWW�NRPPXQHU�VND�KD�HQ�JU|QSODQ��'HW
ILQQV�KHOOHU�LQJD�RIILFLHOOD�NUDY�Sn�YDG�HQ�JU|QSODQ�VND�LQQHKnOOD�I|U�LQIRUPDWLRQ��'HW�ILQQV
GlUHPRW�NUDY�Sn�DWW�NRPPXQHU�VND�WD�KlQV\Q�WLOO�EODQG�DQQDW�PLOM|��RFK�NOLPDWDVSHNWHU�
NXOWXU��RFK�QDWXUYlUGHQ�VDPW�ODQGVNDSV��RFK�VWDGVELOG�YLG�SODQHULQJ�RFK�E\JJDQGH��%RYHUNHW
�����E��PHQDU�DWW�HQ�JU|QSODQ�NDQ�IDFLOLWHUD�DUEHWHW�PHG�DWW�XSSQn�NUDYHQ�
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����*U|Q�LQIUDVWUXNWXU�RFK�JU|QVWUXNWXU
*U|Q�LQIUDVWUXNWXU�lU�VDPPDQNRSSODGH�QlWYHUN�DY�QDWXU��1DWXUYnUGVYHUNHW�X�n��E���(WW
IXQJHUDQGH�QlWYHUN�DY�QDWXU�P|MOLJJ|U�DWW�GMXU�NDQ�U|UD�VLJ�IULWW�PHOODQ�QDWXURPUnGHQ�PHG
ROLND�IXQNWLRQHU�RFK�VWUXNWXUHU�VDPW�P|MOLJJ|U�DWW�GHW�ILQQV�OLYVPLOM|HU�VRP�NDQ�WLOOJRGRVH
IOHUD�GMXU��RFK�Yl[WDUWHUV�EHKRY��LELG����*HQRP�DWW�DUEHWD�PHG�DWW�EHYDUD�RFK�XWYHFNOD�JU|Q
LQIUDVWUXNWXU�Vn�NDQ�I|UXWVlWWQLQJDU�VNDSDV�I|U�IUlPMDQGH�DY�IOHUD�ROLND�HNRV\VWHPWMlQVWHU
�=LQNR�HW�DO���������(IWHUVRP�XUEDQLVHULQJ�LGDJ�VNHU�L�K|J�WDNW�ILQQV�GHW�HQ�ULVN�DWW
QDWXURPUnGHQ�IUDJPHQWHUDV��YLONHW�I|UVYDJDU�GHQ�JU|QD�LQIUDVWUXNWXUHQ�VDPW�I|UVYDJDU�GH
HNRV\VWHPWMlQVWHU�VRP�GHQ�JU|QD�LQIUDVWUXNWXUHQ�IUlPMDU��LELG����(NRV\VWHPWMlQVWHU�RFK�JU|Q
LQIUDVWUXNWXU�KDU�VWRU�EHW\GHOVH�L�VWDGVPLOM|HU�HIWHUVRP�HQ�XUEDQ�PLOM|�PHG�HQ�JRG�JU|Q
LQIUDVWUXNWXU�KDU�VW|UUH�PRWVWnQGVNUDIW�PRW�NOLPDWI|UlQGULQJDU�VDPW�ELGUDU�WLOO�PlQQLVNRUV
KlOVD�RFK�YlOEHILQQDQGH��LELG����)|U�DWW�NXQQD�GUD�Q\WWD�DY�HNRV\VWHPWMlQVWHUQD�VRP�HQ�JRG
JU|Q�LQIUDVWUXNWXU�ELGUDU�PHG�lU�GHW�YLNWLJW�DWW�WD�KlQV\Q�WLOO�GHQ�JU|QD�LQIUDVWUXNWXUHQ�YLG
XWYHFNOLQJVDUEHWH��EHVOXWVWDJDQGH�RFK�SODQHULQJVSURFHVVHU��LELG����*U|QSODQHU�EHKDQGODU�JU|Q
LQIUDVWUXNWXU�RFK�KXU�GHQ�NDQ�XWYHFNODV�RFK�EHYDUDV��%RYHUNHW�����D��

(WW�EHJUHSS�VRP�RIWD�DQYlQGV�V\QRQ\PW�PHG�JU|Q�LQIUDVWUXNWXU�lU�JU|QVWUXNWXU��*U|QVWUXNWXU
VRP�EHJUHSS�E|UMDGH�DQYlQGDV�Sn������WDOHW�L�1RUGHQ��%HJUHSSHW�NRPPHU�IUnQ�E|UMDQ�IUnQ
ODQGVNDSVDUNLWHNWXUHQ�RFK�KDU�LQJHQ�W\GOLJ�GHILQLWLRQ��=LQNR�HW�DO���������(QOLJW�=LQNR�HW�DO�
�������Vn�VND�EHJUHSSHW�JU|QVWUXNWXU�KD�XWYHFNODWV�WLOO�DWW�XQGHU������WDOHW�EOL�GHWVDPPD�VRP
EHJUHSSHW�JU|Q�LQIUDVWUXNWXU��%HJUHSSHW�JU|QVWUXNWXU�VND�L�E|UMDQ�KD�IRNXVHUDW�PHU�Sn
UHNUHDWLRQ�RFK�IULOXIWVOLY�RFK�GlUPHG�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�PHGDQ�EHJUHSSHW�JU|Q
LQIUDVWUXNWXU�IRNXVHUDU�Sn�PXOWLIXQNWLRQDOLWHW��ELRORJLVN�PnQJIDOG�RFK�HNRV\VWHPWMlQVWHU�L
VWRUW��LELG����,�GHW�KlU�DUEHWHW�DQYlQGV�EHJUHSSHW�JU|QVWUXNWXU�RFK�EHJUHSSHW�JU|Q�LQIUDVWUXNWXU
V\QRQ\PW�

����(NRV\VWHPWMlQVWHU
%HJUHSSHW�HNRV\VWHPWMlQVWHU�V\IWDU�Sn�GH�I|UGHODU�VRP�PlQVNOLJKHWHQ�InU�IUnQ�HNRV\VWHP
�%ROXQG�	�+XQKDPPDU��������)|UHQNODW�JnU�GHW�DWW�VlJD�DWW�RUJDQLVPHU�L�QDWXUHQ�JHU�XSSKRY
WLOO�SURGXNWHU�RFK�WMlQVWHU�VRP�PlQQLVNRU�DQYlQGHU��7MlQVWHUQD�NDOODV�I|U�HNRV\VWHPWMlQVWHU
�1DWLRQDOHQF\NORSHGLQ�X�n��D���0lQQLVNRU�lU�EHURHQGH�DY�WMlQVWHU�RFK�SURGXNWHU�VRP�NRPPHU
IUnQ�MRUGHQV�HNRV\VWHP��(NRV\VWHPWMlQVWHU�lU�HWW�EHJUHSS�VRP�DQYlQGV�I|U�DWW�V\QOLJJ|UD
I|UKnOODQGHW�PHOODQ�PlQQLVNRU�RFK�HNRV\VWHP��1DWXUYnUGVYHUNHW�X�n��D��

cU������GHODGH�HQ�SDQHO�DY�IRUVNDUH�I|U�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�LQ
HNRV\VWHPWMlQVWHUQD�L�I\UD�NDWHJRULHU��'H�I\UD�ROLND�NDWHJRULHUQD�lU�VW|GMDQGH
HNRV\VWHPWMlQVWHU��I|UV|UMDQGH�HNRV\VWHPWMlQVWHU��UHJOHUDQGH�HNRV\VWHPWMlQVWHU�RFK�NXOWXUHOOD
HNRV\VWHPWMlQVWHU��(NRV\VWHPWMlQVWHUQD�lU�NDWHJRULVHUDGH�XWLIUnQ�KXU�GH�ELGUDU�WLOO�PlQVNOLJW
YlOEHILQQDQGH��0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�������

(QOLJW�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��������lU�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�SURGXNWHU
VRP�YL�PlQQLVNRU�InU�GLUHNW�IUnQ�QDWXUHQV�HNRV\VWHP��([HPSHO�Sn�VnGDQD�SURGXNWHU�lU�IlUVNW

�



YDWWHQ��ELRNHPLVND�lPQHQ��EUlQVOH��JHQHWLVND�UHVXUVHU��ILEUHU�RFK�PDW��'H�UHJOHUDQGH
HNRV\VWHPWMlQVWHUQD�UHJOHUDU�HNRV\VWHPHQV�SURFHVVHU�YLONHW�SnYHUNDU�GH�WMlQVWHU�YL�InU�IUnQ
QDWXUHQ��([HPSHO�Sn�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�lU�NOLPDWUHJOHULQJ��YDWWHQUHQLQJ�
SROOLQHULQJ�RFK�VMXNGRPVUHJOHULQJ��.XOWXUHOOD�HNRV\VWHPWMlQVWHU�lU�LPPDWHULHOOD�I|UPnQHU
VRP�PlQQLVNRU�NDQ�WD�GHO�DY�IUnQ�QDWXUHQV�HNRV\VWHP��LELG����'HW�lU�LQWH�OLND�OlWW�DWW�GHILQLHUD
NXOWXUHOOD�HNRV\VWHPWMlQVWHU�VRP�DQGUD�W\SHU�DY�HNRV\VWHPWMlQVWHU�HIWHUVRP�ROLND�LQGLYLGHU
RFK�VDPKlOOHQ�KDU�ROLND�YlUGHULQJDU�DY�YDG�VRP�lU�YLNWLJW��.XOWXUHOOD�HNRV\VWHPWMlQVWHU�NDQ
YDUD�NXQVNDS��HVWHWLN��VRFLDOD�UHODWLRQHU�RFK�UHNUHDWLRQ��LELG����'HQ�IMlUGH�JUXSSHQ
HNRV\VWHPWMlQVWHU�lU�VW|GMDQGH�HNRV\VWHPWMlQVWHU��8WDQ�VW|GMDQGH�HNRV\VWHPWMlQVWHU�VNXOOH
LQJD�DQGUD�HNRV\VWHPWMlQVWHU�NXQQD�SURGXFHUDV��2IWDVW�lU�SURFHVVHUQD�VRP�OHGHU�IUDP�WLOO�GHQ
Q\WWD�PlQQLVNRU�KDU�DY�VW|GMDQGH�HNRV\VWHPWMlQVWHU�YlOGLJW�OnQJD��'lUI|U�NDQ�GHQ�KlU�IRUPHQ
DY�LQGLUHNWD�HNRV\VWHPWMlQVWHU�YDUD�VYnUDUH�I|U�PlQQLVNRU�DWW�XSSIDWWD�VRP�Q|GYlQGLJD�WLOO
VNLOOQDG�IUnQ�WLOO�H[HPSHO�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�VRP�PDW��([HPSHO�Sn�VW|GMDQGH
HNRV\VWHPWMlQVWHU�lU�MRUGELOGQLQJ��QDWXUHQV�QlULQJVF\NHO�RFK�IRWRV\QWHV��LELG����(QOLJW
0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��������ILQQV�GHW�RFNVn�HNRV\VWHPWMlQVWHU�VRP�WLOOK|U�IOHU
lQ�HQ�JUXSS��7LOO�H[HPSHO�Vn�NDQ�IlUVNW�YDWWHQ�EnGH�NDWHJRULVHUDV�VRP�HQ�I|UV|UMDQGH
HNRV\VWHPWMlQVW�RFK�HQ�VW|GMDQGH�HNRV\VWHPWMlQVW�

(NRV\VWHPWMlQVWHU�VRP�EHJUHSS�QlPQV�LQWH�L�VYHQVN�ODJVWLIWQLQJ��'lUHPRW�QlPQV
HNRV\VWHPWMlQVWHU�LQGLUHNW�L�EODQG�DQQDW�VNRJVYnUGVODJHQ��PLOM|EDONHQ�RFK�SODQ��RFK
E\JJODJHQ��1DWXUYnUGVYHUNHW�X�n��F���'HQ�VYHQVND�ULNVGDJHQ�KDU�IDWWDW�EHVOXW�RP�DWW
HNRV\VWHPWMlQVWHU�VND�EHDNWDV�YLG�UHOHYDQWD�EHVOXW�VHQDVW�������$UEHWHW�PHG�NlQQHGRP�RP
HNRV\VWHPWMlQVWHU�RFK�LQWHJUHULQJ�YLG�EHVOXWIDWWDQGH�KDU�IRUWVDWW�lYHQ�HIWHU�������5HJHULQJHQ
KDU�VDWW�XSS�VRP�PnO�DWW�HQ�PDMRULWHW�DY�6YHULJHV�NRPPXQHU�VND�DQYlQGD�HNRV\VWHPWMlQVWHU�L
I|UYDOWQLQJ��E\JJDQGH�RFK�SODQHULQJ�DY�E\JJGD�PLOM|HU�VHQDVW�������%RYHUNHW�����F��

����9HUNW\JVOnGD�I|U�DWW�DUEHWD�PHG�HNRV\VWHPWMlQVWHU
, (NRV\VWHPWMlQVWHU���HQ�YHUNW\JVOnGD���� VDPPDQIDWWDV GH�YHUNW\J�VRP�ILQQV�LGDJ�I|U�DWW
XQGHUOlWWD�DUEHWHW�PHG�HNRV\VWHPWMlQVWHU�YLG�VDPKlOOVE\JJQDG��&�2�&LW\�X�n����'RNXPHQWHW
lU�IUDPWDJHQ�DY�:KLWH�$UNLWHNWHUV�IRUVNQLQJVODEE��:5/��RFK�:KLWH�$UNLWHNWHUV�IRUVNQLQJV�
RFK�XWYHFNOLQJVRUJDQ��$54���8W|YHU�GHW�KDU�SHUVRQHU�IUnQ�%RYHUNHW��1DWXUYnUGVYHUNHW��&�2
&LW\�RFK�7DQNHVPHGMDQ�0RYLXP�RFNVn�PHGYHUNDW�L�DUEHWHW��$KOVWU|P�,VDFVRQ�HW�DO��������

, (NRV\VWHPWMlQVWHU���HQ�YHUNW\JVOnGD���� GHILQLHUDU $KOVWU|P�,VDFVRQ�HW�DO���������VW|GMDQGH
HNRV\VWHPWMlQVWHU�VRP�IXQNWLRQHU�VRP�lU�JUXQGOlJJDQGH�I|U�HNRV\VWHPHQ��'HW�LQQHIDWWDU�WLOO
H[HPSHO�QDWXUOLJD�NUHWVORSS��)|UV|UMDQGH�HNRV\VWHPWMlQVWHU�EHVNULYV�VRP�SURGXNWHU�VRP
GULFNVYDWWHQ��PDW��ELRHQHUJL�RFK�UnYDURU�VRP�NRPPHU�IUnQ�HNRV\VWHPHW��LELG����5HJOHUDQGH
HNRV\VWHPWMlQVWHU�H[HPSOLILHUDU�$KOVWU|P�,VDFVRQ�HW�DO���������PHG�YDWWHQUHQLQJ��SROOLQHULQJ�
YDWWHQUHJOHULQJ�RFK�OXIWUHQLQJ��.XOWXUHOOD�HNRV\VWHPWMlQVWHU�EHVNULYV�VRP�QDWXUPLOM|HU�VRP
ELGUDU�WLOO�PlQQLVNDQV�YlOEHILQQDQGH�RFK�KlOVD�JHQRP�WLOO�H[HPSHO�IULOXIWVOLY��SHGDJRJLN�RFK
UHNUHDWLRQ��LELG����.DWHJRULVHULQJHQ�DY�HNRV\VWHPWMlQVWHU�L (NRV\VWHPWMlQVWHU���HQ
YHUNW\JVOnGD���� VWlPPHU�|YHUHQV�PHG�GHQ�LQGHOQLQJ VRP�WDJLWV�IUDP�DY�0LOOHQQLXP
(FRV\VWHP�$VVHVVPHQW�

�



7LOOVDPPDQV�PHG�%RYHUNHW�KDU�1DWXUYnUGVYHUNHW�RFK�&�2�&LW\�EUXWLW�QHG�GH�I\UD�ROLND
JUXSSHUQD�DY�HNRV\VWHPWMlQVWHU�L����HNRV\VWHPWMlQVWHU��$KOVWU|P�,VDFVRQ�HW�DO��������
$KOVWU|P�,VDFVRQ�HW�DO���������I|UNODUDU�DWW�ELRORJLVN�PnQJIDOG�LQWH�lU�QnJRQ�HNRV\VWHPWMlQVW�
PHQ�DWW�GHW�lU�HQ�JUXQGI|UXWVlWWQLQJ�I|U�DWW�PlQVNOLJKHWHQ�VND�NXQQD�IRUWVlWWD�WD�GHO�DY
HNRV\VWHPWMlQVWHU��0DFH�HW�DO���������PHQDU�DWW�ELRORJLVN�PnQJIDOG�UHJOHUDU�SURFHVVHU�L
HNRV\VWHP�RFK�lU�HQ�HNRV\VWHPWMlQVW�L�VLQ�HJHQ�PHQLQJ��(IWHUVRP�ELRORJLVN�PnQJIDOG�RFK
VW|GMDQGH�HNRV\VWHPWMlQVWHU�lU�W\GOLJW�VDPPDQOlQNDGH�lU�GHW�I|UGHODNWLJW�DWW�WD�KlQV\Q�WLOO
EnGH�ELRORJLVN�PnQJIDOG�RFK�HNRV\VWHPWMlQVWHU�L�DUEHWHW�PHG�I\VLVN�SODQHULQJ��$KOVWU|P
,VDFVRQ�HW�DO��������

����6\IWH�RFK�IUnJHVWlOOQLQJDU
6\IWHW�PHG�GHW�KlU�DUEHWHW�lU�DWW��JHQRP�DWW�DQDO\VHUD�NRPPXQDOD�JU|QSODQHU��XQGHUV|ND�KXU
ROLND�NRPPXQHU�YLOO�DUEHWD�PHG�HNRV\VWHPWMlQVWHU�I|U�DWW�KDQWHUD�VDPKlOOVXWPDQLQJDU�VnVRP
I|UWlWQLQJ��|YHUVYlPQLQJVULVNHU��PLQVNDG�ELRORJLVN�PnQJIDOG�RFK�NOLPDWI|UlQGULQJDU�

)|U�DWW�XSSQn�V\IWHW�XWIRUPDGHV�I|OMDQGH�IUnJHVWlOOQLQJDU�

� 9DG�NlQQHWHFNQDU�HQ�NRPPXQDO�JU|QSODQ�PHG�PnOHW�DWW�IUlPMD�HWW�KnOOEDUW
VWDGVE\JJDQGH"

� 9LOND�W\SHU�DY�HNRV\VWHPWMlQVWHU�OlJJHU�UHVSHNWLYH�NRPPXQ�PHVW�IRNXV�Sn�L�VLQD
JU|QSODQHU�I|U�DWW�XSSQn�IRUPXOHUDGH�PnO�RFK�YLVLRQHU"

����$YJUlQVQLQJDU
)|U�DWW�DYJUlQVD�DUEHWHW�YDOGHV�WUH�ROLND�NRPPXQDOD�JU|QSODQHU��*U|QSODQHUQD�JUDQVNDGHV
EnGH�NYDOLWDWLYW�RFK�NYDQWLWDWLYW�PHG�IRNXV�Sn�HNRV\VWHPWMlQVWHU�RFK�VSHFLILNW
HNRV\VWHPWMlQVWHU�UHODWHUDGH�WLOO�UHVSHNWLYH�NRPPXQV�PnO��DPELWLRQHU�RFK�NRQNUHWD�SODQHU
VDPW�nWJlUGHU�

������9DO�DY�NRPPXQHU
'H�YDOGD�NRPPXQHUQD��(VNLOVWXQD��9lVWHUnV�RFK�gUHEUR�OLJJHU�L�0HOODQVYHULJH��.RPPXQHUQD
YDOGHV�HIWHUVRP�GH�OLJJHU�QlUD�YDUDQGUD�JHRJUDILVNW�RFK�GHW�NDQ�VnOHGHV�YDUD�LQWUHVVDQW�DWW�VH
RP�GHUDV�JU|QSODQHU�OLNQDU�YDUDQGUD�HOOHU�LQWH��.RPPXQHUQD�YDOGHV�lYHQ�PHG�KlQV\Q�WLOO�DWW
GH�lU�XQJHIlU�OLND�VWRUD�RFK�DWW�GH�KDU�HQ�XQJHIlU�OLND�VWRU�EHIRONQLQJVPlQJG��(Q�MlPI|UHOVH
PHOODQ�NRPPXQHU�VRP�H[HPSHOYLV�VNLOMHU�L�VWRUOHN�HOOHU�LQWH�OLJJHU�QlUD�YDUDQGUD�JHRJUDILVNW
VNXOOH�NUlYD�HQ�PHU�XWI|UOLJ�XWUHGQLQJ�DY�NRPPXQHUQDV�ROLND�I|UXWVlWWQLQJDU��YLONHW�VNXOOH
|ND�DUEHWHWV�RPIDWWQLQJ��*HQRP�DWW�XQGHUV|ND�NRPPXQHU�PHG�OLNQDQGH�I|UXWVlWWQLQJDU�WURU�YL
DWW�MlPI|UHOVHQ�EOLU�PHU�UlWWYLV�

(VNLOVWXQD�NRPPXQ�RPIDWWDU�������NYDGUDWNLORPHWHU�RFK�OLJJHU�L�6|GHUPDQODQG��V|GHU�RP
0lODUHQ��1DWLRQDOHQF\NORSHGLQ�X�n��E���.RPPXQHQ�KDU�HQ�EHIRONQLQJVPlQJG�Sn��������

�



SHUVRQHU��6&%�����D���(VNLOVWXQD�NRPPXQ�EHVWnU�EODQG�DQQDW�DY�MRUGEUXNVODQGVNDS��JDPOD
EHWHVPDUNHU�VRP�QX�lU�O|YVNRJVRPUnGHQ��P\UDU�RFK�KlOOPDUNHU�PHG�EDUUVNRJ
�1DWLRQDOHQF\NORSHGLQ�X�n��E���'HW�ILQQV����QDWXUUHVHUYDW�L�(VNLOVWXQD�NRPPXQ��(VNLOVWXQD
NRPPXQ��������3n�(VNLOVWXQD�NRPPXQV�KHPVLGD�ILQQV�GHW�LQIRUPDWLRQ�RP����VW\FNHQ�SDUNHU
�(VNLOVWXQD�NRPPXQ�������

9lVWHUnV�NRPPXQ�lU�EHOlJHW�L�9lVWPDQODQGV�OlQ��QRUU�RP�0lODUHQ��1DWLRQDOHQF\NORSHGLQ
X�n��F���.RPPXQHQ�lU�����NYDGUDWNLORPHWHU�VWRU�PHG�HQ�EHIRONQLQJVPlQJG�Sn��������
SHUVRQHU��6&%�����E���9lVWHUnV�NRPPXQ�NDQ�EHVNULYDV�VRP�HQ�VOlWWODQGVNRPPXQ�EHVWnHQGH
DY�VNRJ�RFK�MRUGEUXNVODQGVNDS��9LG�0lODUHQ�ILQQV�lYHQ�QDWXUW\SHU�VnVRP�KDJ��RFK�lQJVPDUN
RFK�HNEHVWnQG��1DWLRQDOHQF\NORSHGLQ�X�n��F���3n�9lVWHUnV�NRPPXQV�KHPVLGD�JnU�GHW�DWW�OlVD
RP����VW\FNHQ�SDUNHU�RFK�JU|QRPUnGHQ��'HW�ILQQV�RFNVn�LQIRUPDWLRQ�RP�YDQGULQJVOHGHU�
QDWXUUHVHUYDW��ERVWDGVQlUD�VNRJ�RFK�SODQWHULQJDU�Sn�KHPVLGDQ��9lVWHUnV�VWDG�X�n���

gUHEUR�NRPPXQ�lU�EHOlJHW�L�1lUNH��YlVWHU�RP�+MlOPDUHQ��1DWLRQDOHQF\NORSHGLQ�X�n��G��
.RPPXQHQ�VRP�KDU�HQ�EHIRONQLQJVPlQJG�Sn���������SHUVRQHU��6&%�����F��RPIDWWDU������
NYDGUDWNLORPHWHU��1DWLRQDOHQF\NORSHGLQ�X�n��G���gUHEUR�NRPPXQ�XWJ|UV�DY�VOlWWODQGVNDS�RFK
QRUUD�gUHEUR�XWJ|U�HQ�GHO�DY�EHUJVODJVUHJLRQHQ��LELG���3n�gUHEUR�NRPPXQV�KHPVLGD�ILQQV�GHW
LQIRUPDWLRQ�RP����VW\FNHQ�SDUNHU��gUHEUR�NRPPXQ�����E���'HW�ILQQV�lYHQ�LQIRUPDWLRQ�RP
���VW\FNHQ�QDWXUUHVHUYDW�RFK�WYn�NXOWXUUHVHUYDW�Sn�gUHEUR�NRPPXQV�KHPVLGD��gUHEUR
NRPPXQ�����D��

���0HWRG

����'RNXPHQWDQDO\V
(Q�GRNXPHQWDQDO\V�HOOHU�HQ�GRNXPHQWVWXGLH�lU�HQ�PHWRG�VRP�lU�DQYlQGEDU�YLG�JUDQVNQLQJ
HOOHU�NDWHJRULVHULQJ�DY�VWRUD�PlQJGHU�GDWD��6W\U��RFK�SROLF\GRNXPHQW��XWUHGQLQJDU��GLUHNWLY
RFK�WLGQLQJVDUWLNODU�lU�H[HPSHO�Sn�GRNXPHQW�VRP�VNXOOH�NXQQD�DQDO\VHUDV�PHG�KMlOS�DY�HQ
GRNXPHQWDQDO\V��)XQFN�	�.DUOVVRQ��������'HQ�YDOGD�PHWRGHQ�I|U�GHW�KlU�DUEHWHW�lU�HQ
GRNXPHQWDQDO\V�GlU�JU|QSODQHUQDV�EHW\GHOVH�RFK�LQQHKnOO�JUDQVNDV�NYDOLWDWLYW�RFK
NYDQWLWDWLYW�PHG�IRNXV�Sn�HNRV\VWHPWMlQVWHU��'HQ�NYDOLWDWLYD�JUDQVNQLQJHQ�JnU�XW�Sn�DWW�In�HWW
KHOKHWVSHUVSHNWLY�DY�JU|QSODQHUQD�VDPW�DWW�XQGHUV|ND�Sn�YLONHW�VlWW�NRPPXQHUQD�YLOO�DUEHWD
PHG�HNRV\VWHPWMlQVWHU��'HQ�NYDQWLWDWLYD�JUDQVNQLQJHQ�JnU�XW�Sn�DWW�UlNQD�KXU�PnQJD�JnQJHU
HQ�HNRV\VWHPWMlQVW�QlPQV�L�UHVSHNWLYH�JU|QSODQ��&LUNHOGLDJUDP�JMRUGHV�I|U�DWW�LOOXVWUHUD
YLONHQ�W\S�DY�HNRV\VWHPWMlQVWHU�UHVSHNWLYH�NRPPXQ�OlJJHU�PHVW�IRNXV�Sn�

*UDQVNQLQJHQ�DY�HNRV\VWHPWMlQVWHU�KDU�XWJnWW�IUnQ�HQ�WDEHOO�PHG����HNRV\VWHPWMlQVWHU��WDEHOO
����,QIRUPDWLRQHQ�L�WDEHOOHQ�NRPPHU�IUnQ�%RYHUNHW��1DWXUYnUGVYHUNHW�RFK�&�2�&LW\
�$KOVWU|P�,VDFVRQ�HW�DO���������(NRV\VWHPWMlQVWHUQD�NDWHJRULVHUDV�VRP�VW|GMDQGH��UHJOHUDQGH�
I|UV|UMDQGH�RFK�NXOWXUHOOD��,�GHW�KlU�DUEHWHW�NRPPHU�ELRORJLVN�PnQJIDOG�NDWHJRULVHUDV�VRP�HQ
VW|GMDQGH�HNRV\VWHPWMlQVW�

�



7DEHOO����,QQHKnOOHU�LQIRUPDWLRQ�IUnQ�GH����HNRV\VWHPWMlQVWVLNRQHUQD�RFK�GHVV�EHVNULYQLQJDU�VRP
1DWXUYnUGVYHUNHW��&�2�&LW\�RFK�%RYHUNHW�KDU�WDJLW�IUDP��$KOVWU|P�,VDFVRQ�HW�DO��������

6W|GMDQGH�HNRV\VWHPWMlQVWHU

%LRORJLVN�PnQJIDOG 9DULDWLRQVULNHGRP LQRP DUWHU��PHOODQ
DUWHU�RFK�DY�HNRV\VWHP�P|MOLJJ|U
DQSDVVQLQJ�RFK�JHU�PRWVWnQGVNUDIW�

(NRORJLVNW�VDPVSHO 6DPVSHO PHOODQ�WYn�HOOHU�IOHUD�DUWHU�ELGUDU
WLOO�HNRV\VWHPIXQNWLRQHU�

/LYVPLOM|HU /LYVPLOM|HU�lU�HQ�YLNWLJ�I|UXWVlWWQLQJ�I|U
Yl[W��RFK�GMXUDUWHUV�IRUWSODQWQLQJ��I|GRV|N
RFK�VSULGQLQJ�

1DWXUOLJD�NUHWVORSS (NRV\VWHPHQ�P|MOLJJ|U NUHWVORSS DY
YDWWHQ��NRO�RFK�QlULQJVlPQHQ�VRP�NYlYH
RFK�IRVIRU�

-RUGPnQVELOGQLQJ (NRV\VWHPHQV�RUJDQLVPHU�EU\WHU�QHG
PDWHULDO�Sn�RFK�L�PDUNHQ�RFK�IULJ|U
QlULQJVlPQHQ�

5HJOHUDQGH�HNRV\VWHPWMlQVWHU

5HJOHUDQGH DY ORNDONOLPDW *U|QVND�RFK�QDWXU�ELGUDU�ORNDOW�WLOO�MlPQDUH
WHPSHUDWXU��|NDG�OXIWIXNWLJKHW��VNXJJD�RFK
YLQGVN\GG�

(URVLRQVVN\GG 9l[WHUQDV�U|WWHU�Sn�ODQG�RFK�L�YDWWHQ�ELQGHU
MRUG�RFK�VHGLPHQW��%ODG�RFK�JUHQDU�VN\GGDU
MRUGHQ�IUnQ�DWW�VN|OMDV�ERUW�

6N\GG PRW H[WUHPYlGHU *U|QVND�RFK�QDWXU�I|UHE\JJHU�RFK�VN\GGDU
PRW�H[WUHPYlGHU�VRP�VWRUP��K|JD�YnJRU�
|YHUVYlPQLQJ� VN\IDOO��VNUHG�RFK WRUND�

/XIWUHQLQJ 9l[WOLJKHW UHQDU OXIW�JHQRP�DWW�ILOWUHUD�RFK
InQJD�XSS I|URUHQLQJDU�

5HJOHULQJ DY EXOOHU 9l[WOLJKHW�RFK�LFNH�KnUGJMRUG�PDUN�GlPSDU
EXOOHU RFK�VNDSDU�OXJQDUH�PLOM|HU�I|U
PlQQLVNRU�RFK�GMXU�

5HQLQJ RFK UHJOHULQJ DY�YDWWHQ 9nWPDUNHU��JU|QRPUnGHQ�RFK�DQGUD
HNRV\VWHP I|UGU|MHU��ILOWUHUDU RFK UHQDU
YDWWHQ�IUnQ�I|URUHQLQJDU�VDPW�I|UHE\JJHU
|YHUVYlPQLQJDU��HURVLRQ�RFK�WRUND�

3ROOLQHULQJ ,QVHNWHU SROOLQHUDU EORPPDQGH�Yl[WHU�VRP
XWYHFNODU�IUXNW��ElU�RFK�IU|�I|U�Yl[WHQV
IRUWSODQWQLQJ�RFK�I|U�SURGXNWLRQ�DY�PDW�WLOO

��



PlQQLVNRU�RFK�GMXU�

5HJOHULQJ DY VNDGHGMXU RFK VNDGHYl[WHU 'MXU�RFK�DQGUD�RUJDQLVPHU�NDQ UHJOHUD RFK
PLQVND�PlQJGHQ�VNDGHGMXU��VNDGHYl[WHU�RFK
VMXNGRPVElUDUH�

)|UV|UMDQGH�HNRV\VWHPWMlQVWHU

0DWI|UV|UMQLQJ (NRV\VWHPHQ�JHU�RVV PDW JHQRP
P|MOLJKHWHU�WLOO�RGOLQJ��GMXUKnOOQLQJ��ILVNH
RFK�MDNW�

9DWWHQI|UV|UMQLQJ (NRV\VWHPHQ ODJUDU� UHQDU RFK UHJOHUDU
WLOOJnQJHQ�WLOO�YDWWHQ�I|U�GULFNVYDWWHQ�
EHYDWWQLQJ�DY�JU|GRU�RFK�DQGUD�lQGDPnO�

5nYDURU 9l[WHU�RFK�GMXU�JHU�RVV UnYDURU RFK
PDWHULDO�VRP�YLUNH��OlGHU��NHPLNDOLHU�RFK
J|GVHO�

(QHUJL 9HG��JU|GRU�RFK�ELRORJLVND�UHVWSURGXNWHU
NDQ�JH�RVV YlUPH RFK HQHUJL JHQRP�ELRJDV
RFK�DQGUD�EUlQVOHQ�

.XOWXUHOOD�HNRV\VWHPWMlQVWHU

)\VLVN�KlOVD *U|QVND�RFK�QDWXU�J\QQDU�I\VLVN�DNWLYLWHW
VRPPRWLRQ� OHN RFK IULOXIWVOLY�

0HQWDOW�YlOEHILQQDQGH 9LVWHOVH�L�JU|QVND�RFK�QDWXU�IUlPMDU KlOVD�
YlOEHILQQDQGH RFK�PHQWDO nWHUKlPWQLQJ�

.XQVNDS RFK LQVSLUDWLRQ *U|QVND�RFK�QDWXU�NDQ�JH�LQVSLUDWLRQ�
NXQVNDS�RFK�|ND�I|UVWnHOVH�I|U
HNRV\VWHPHQV�VDPEDQG�RFK�EHW\GHOVH�I|U
PlQQLVNDQ�

6RFLDO�LQWHUDNWLRQ *U|QVND�RFK�QDWXU�HUEMXGHU P|WHVSODWVHU
I|U�PlQQLVNRU�DY�ROLND�EDNJUXQG�RFK�nOGUDU�

.XOWXUDUY RFK LGHQWLWHW *U|QVND�RFK�QDWXU�VNDSDU DWWUDNWLYD
PLOM|HU��ELGUDU�WLOO�GHQ�ORNDOD�LGHQWLWHWHQ
RFK�lU�HQ�GHO�DY NXOWXUDUYHW�

)|U�DWW�NXQQD�JUDQVND�JU|QSODQHUQD�LGHQWLILHUDGHV�Q\FNHORUG�L�WDEHOOHQ�PHG�HNRV\VWHPWMlQVWHU
�WDEHOO�����1\FNHORUGHQ�DQYlQGHV�VRP�HWW�VW|G�L�XQGHUV|NQLQJHQ�DY�JU|QSODQHUQD�RFK�lU
IHWPDUNHUDGH�L�WDEHOOHQ��WDEHOO�����,�gUHEUR�NRPPXQV�JU|QVWUDWHJL�QlPQV�IOHUD�DY�Q\FNHORUGHQ
VnVRP�PRWLRQ��OHN�RFK�P|WHVSODWVHU�L�GHW�KlU�FLWDWHW��³.RPPXQHQV�WlWRUWHU�VND�SUlJODV�DY�HQ
YlOXWYHFNODG�JU|QVWUXNWXU�GlU�OlWWLOOJlQJOLJD�JU|Q��RFK�QDWXURPUnGHQ�YlUQDV�RFK�XWYHFNODV�I|U
DWW�WLOOJRGRVH�EHKRYHW�DY�PRWLRQ�RFK�UHNUHDWLRQ��OHN��QDWXUXSSOHYHOVHU��P|WHVSODWVHU�RFK

��



IULWLGVDNWLYLWHWHU´��gUHEUR�NRPPXQ�����������$QYlQGQLQJHQ�DY�PRWLRQ��OHN�RFK�P|WHVSODWVHU
LQGLNHUDU�DWW�VW\FNHW�EHKDQGODU�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��3n�GHW�KlU�VlWWHW�DQYlQGHV
Q\FNHORUG�I|U�DWW�OlWWDUH�LGHQWLILHUD�YLONHQ�W\S�DY�HNRV\VWHPWMlQVW�VRP�EHKDQGODV�L
JU|QSODQHUQD�

,�GHQ�NYDQWLWDWLYD�JUDQVNQLQJHQ�KDU�GHW�XQGHUV|NWV�YLOND�HNRV\VWHPWMlQVWHU�VRP�EHKDQGODV�L
GLUHNW�NRSSOLQJ�WLOO�NRPPXQHQV�DUEHWH��'HW�YLOO�VlJD�HQGDVW�GH�VRP�lU�NRSSODGH�WLOO
NRPPXQHQV�PnO��DPELWLRQHU�RFK�SODQHU��'HW�LQQHElU�DWW�LQIRUPDWLRQ�RFK�GHILQLWLRQHU�VRP
VDNQDU�NRSSOLQJ�WLOO�NRPPXQHQV�DUEHWH��PnO��YLVLRQHU�RFK�SODQHU�LQWH�LQJnU�L�DQDO\VHQ��(WW
H[HPSHO�Sn�LQIRUPDWLRQ�VRP�LQWH�LQJnU�L�GHQ�NYDQWLWDWLYD�DQDO\VHQ�lU�QlU�(VNLOVWXQD�NRPPXQ
EHVNULYHU�YDG�HQ�HNRV\VWHPWMlQVW�lU�L�VLQ�JU|QSODQ�HOOHU�QlU�9lVWHUnV�VWDG�I|UNODUDU�YDG
EHJUHSSHW�ELRORJLVN�PnQJIDOG�EHW\GHU�L�VLQ�JU|QVWUXNWXUSODQ��)|U�DWW�NXQQD�EHG|PD�KXUXYLGD
LQIRUPDWLRQHQ�lU�NRSSODG�WLOO�NRPPXQHQ�RFK�NRPPXQHQV�DUEHWH�KDU�YlUGHODGGDGH�EHJUHSS
IXQJHUDW�VRP�HWW�YHUNW\J�L�DQDO\VHQ��'H�YlUGHODGGDGH�EHJUHSSHQ�HOOHU�IRUPXOHULQJDUQD�lU�
SULRULWHUD��SRWHQWLDO��YlUQD�RP��VND RFK YLNWLJW�DWW� (WW�H[HPSHO�Sn�GHW�KlU�lU�HWW�FLWDW�IUnQ
gUHEURV�JU|QVWUDWHJL�GlU�GHW�YlUGHODGGDGH�EHJUHSSHW SRWHQWLDO DQYlQGV�L�VDPPD�PHQLQJ�VRP
Q\FNHORUGHW�OLYVPLOM|��³,�RFK�UXQW�YnUD�VWlGHU�RFK�DQQDQ�EHE\JJHOVH�ILQQV�GRFN�SRWHQWLDO�I|U
DWW�VNDSD�OLYVPLOM|HU�I|U�YLOGD�Yl[WHU�RFK�GMXU��L�GH�WlWRUWVQlUD�VNRJDUQD��L�SDUNHU�RFK
WUlGJnUGDU´��gUHEUR�NRPPXQ����������7RONQLQJHQ�DY�GHQ�FLWHUDGH�PHQLQJHQ�EOLU�DWW�gUHEURV
NRPPXQ�KDU�HQ�DPELWLRQ�RP�DWW�VNDSD�IOHU�OLYVPLOM|HU�I|U�YLOGD�Yl[WHU�RFK�GMXU��'HQ�KlU
PHQLQJHQ�LQJnU�GlUI|U�L�GHQ�NYDQWLWDWLYD�DQDO\VHQ��$QGUD�YlUGHODGGDGH�EHJUHSS�HOOHU
IRUPXOHULQJDU�I|UHNRPPHU�L�JU|QSODQHUQD��9LG�SnWUlIIDQGHW�DY�VnGDQD�EHJUHSS�HOOHU
IRUPXOHULQJDU�KDU�GH�LQNOXGHUDWV�L�DQDO\VHQ��(WW�H[HPSHO�Sn�HQ�VnGDQ�YlUGHODGGDG
IRUPXOHULQJ�lU VWUlYD�HIWHU VRP�DQYlQGV�L�(VNLOVWXQD NRPPXQV�JU|QSODQ��³.RPPXQHQ�VND
VWUlYD�HIWHU�DWW�XSSQn�HQ�JRG�EHE\JJG�PLOM|�JHQRP�DWW�WLOOJRGRVH�EHKRYHW�DY�WLOOJnQJ�RFK
QnEDUKHW�WLOO�ERVWDGVQlUD�QDWXU�LQRP�����PHWHU�IUnQ�ERVWDGHQ�´��(VNLOVWXQD�NRPPXQ���������

���5HVXOWDW
,QIRUPDWLRQ�L�UHVXOWDWGHOHQ�lU��RP�LQJHQ�DQQDQ�UHIHUHQV�DQJHV��WDJHW�IUnQ�NRPPXQHUQDV
JU|QSODQHU��,�DYVQLWW�����SUHVHQWHUDV�(VNLOVWXQD�NRPPXQV�JU|QSODQ��L�DYVQLWW�����SUHVHQWHUDV
9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�RFK�L�DYVQLWW�����SUHVHQWHUDV�gUHEUR�NRPPXQV
JU|QVWUDWHJL�

����(VNLOVWXQD�NRPPXQV�JU|QSODQ

������*U|QSODQHQV�V\IWH�RFK�VWUXNWXU
6\IWHW�PHG�(VNLOVWXQD�NRPPXQV�JU|QSODQ�lU�DWW�GHQ�VND�IXQJHUD�VRP�HQ�YlJOHGQLQJ�I|U
NRPPXQHQV�DUEHWH�PHG�IULOXIWVOLY��QDWXUYnUG�RFK�JU|QVWUXNWXU��(VNLOVWXQD�NRPPXQ���������
(QOLJW�(VNLOVWXQD�NRPPXQ�VND�JU|QSODQHQ�YLVD�KXU�PDQ�VND�I|UYHUNOLJD�NUDY�IUnQ�PLOM|EDONHQ
RFK�SODQ��RFK�E\JJODJHQ��PHQ�RFNVn�YLVD�DWW�NRPPXQHQ�KDU�K|JUH�DPELWLRQHU�QlU�GHW�JlOOHU
DUEHWHW�PHG�JU|QVWUXNWXU��QDWXUYnUG�RFK�IULOXIWVOLY��*U|QSODQHQ�lU�LQGHODG�L�WUH�ROLND�GHODU�

��



'HQ�I|UVWD�GHOHQ�LQQHKnOOHU�EDNJUXQG��JU|QD�VWUDWHJLHU�RFK�JU|QSODQHQV�UROO��,�GHQ�DQGUD�GHOHQ
WDV�nWJlUGHU�RFK�ULNWOLQMHU�XSS�RFK�L�GHQ�VLVWD�GHOHQ�VNULYV�GHW�RP�VWDGHQ��ODQGVE\JGHQ�RFK�GHQ
VWDGVQlUD�]RQHQ��6WUXNWXUHQ�Sn�JU|QSODQHQ�I|UNODUDV�L�E|UMDQ�DY�JU|QSODQHQ�RFK�GHW�ILQQV
lYHQ�HQ�LQQHKnOOVI|UWHFNQLQJ��(VNLOVWXQD�NRPPXQV�JU|QSODQ�lU�DQWDJHQ�DY
NRPPXQIXOOPlNWLJH�L�(VNLOVWXQD�RFK�VND�JlOOD�IUnQ�GHQ�I|UVWD�MDQXDUL������WLOO�GHQ�VLVWD
GHFHPEHU�������(VNLOVWXQD�NRPPXQV�JU|QSODQ�lU�����VLGRU�OnQJ��$Y�GHW�WRWDOD�VLGDQWDOHW�Vn
EHVWnU�IHPWRQ�VLGRU�DY�ELOGHU�HOOHU�LOOXVWUDWLRQHU��'HW�ILQQV����VW\FNHQ�NDUWRU�L�(VNLOVWXQD
NRPPXQV�JU|QSODQ��3n�GHQ�I|UVWD�NDUWDQ�VRP�YLVDV�L�JU|QSODQHQ�V\QV�(VNLOVWXQD�NRPPXQ
�(VNLOVWXQD�NRPPXQ�����������,�NDUWDQ�KDU�JU|QD�VDPEDQG�RFK�VWDGVQlUD�YlUGHRPUnGHQ
PDUNHUDWV��(Q�EOn�VOLQJD�YLVDU�RFNVn�(VNLOVWXQDnQ�RFK�GHW�RPUnGH�VRP�lU�XQGHU�XWUHGQLQJ�I|U
DWW�EOL�HWW�nVWUnN��*U|Q�LQIUDVWUXNWXU�VRP�UXOOVWHQVnVDU��YDWWHQ��VN\GGDGH�\WRU��ULNVLQWUHVVHQ�RFK
LQYHQWHUDGH�YlUGHQ�VDPW�ODQGVNDSVHOHPHQW��JU|Q\WRU�DWW�EHDNWD�RFK�XWUHGQLQJVRPUnGHQ�V\QV
RFNVn�Sn�NDUWDQ��.RPPXQHQV�VWDGVGHOVJUlQVHU��QDWXUUHVHUYDW��SDUNNDUDNWlUHU�RFK
WUlGVWUXNWXUHU�lU�RFNVn�H[HPSHO�Sn�YDG�VRP�NDQ�XWOlVDV�IUnQ�GH�ROLND�NDUWRUQD�

������'HILQLWLRQ�DY�HNRV\VWHPWMlQVWHU�L�JU|QSODQHQ
(VNLOVWXQD�NRPPXQ�����������GHILQLHUDU�HNRV\VWHPWMlQVWHU�VRP�WMlQVWHU�RFK�SURGXNWHU�VRP
PlQQLVNDQ�InU�IUnQ�QDWXUHQV�HNRV\VWHP��RFK�VRP�ELGUDU�WLOO�PlQQLVNRUV�OLYVNYDOLWHW�RFK
YlOIlUG��(VNLOVWXQD�NRPPXQ�H[HPSOLILHUDU�GHILQLWLRQHQ�PHG�HNRV\VWHPWMlQVWHU�VRP�QDWXUOLJ
YDWWHQUHQLQJ��QDWXUXSSOHYHOVHU�RFK�SROOLQHULQJ��,�JU|QSODQHQ�KDU�(VNLOVWXQD�NRPPXQ�YDOW�DWW
GHOD�LQ�HNRV\VWHPWMlQVWHUQD�L�I\UD�ROLND�W\SHU��'HQ�I|UVWD�JUXSSHQ�lU�SURGXFHUDQGH
HNRV\VWHPWMlQVWHU�VRP�GULFNVYDWWHQ�HOOHU�UHQW�YDWWHQ��PDWSURGXNWLRQ��HQHUJLSURGXNWLRQ�RFK
JHQHWLVND�UHVXUVHU��8QGHUVW|GMDQGH�HNRV\VWHPWMlQVWHU�H[HPSOLILHUDV�PHG�YDWWHQF\NHOQ�
IRWRV\QWHV��MRUGELOGQLQJ��ELRORJLVN�PnQJIDOG�RFK�QlULQJVF\NOHU��+lOVD��SODWVLGHQWLWHW��HVWHWLVND
YlUGHQ��WXULVP��VRFLDOD�UHODWLRQHU��VWDGVRGOLQJ��UHNUHDWLRQ��NRJQLWLY�XWYHFNOLQJ��NXOWXUHOO
PnQJIDOG��SHGDJRJLN��DQGOLJ�LQVSLUDWLRQ��NXOWXUDUY��NlQVOD�DY�WLOOK|ULJKHW�RFK�W\VWD�RPUnGHQ
OLVWDV�DOOD�XQGHU�NXOWXUHOOD�RFK�VRFLDOD�HNRV\VWHPWMlQVWHU��'HQ�IMlUGH�W\SHQ�DY
HNRV\VWHPWMlQVWHU�lU�I|UV|UMDQGH�RFK�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�VRP�OXIWUHQLQJ�
YDWWHQUHQLQJ��NROGLR[LGELQGQLQJ��NOLPDWDQSDVVQLQJ��VMXNGRPV��RFK�VNDGHGMXUVUHJOHULQJ�
SROOLQHULQJ��UHJOHULQJ�DY�OMXGNYDOLWpQ��HURVLRQVVN\GG�HOOHU�HURVLRQVUHGXFHULQJ�RFK
YDWWHQUHJOHULQJ�

'HW�JnU�DWW�VH�YLVVD�VNLOOQDGHU�PHOODQ�GHQ�XSSGHOQLQJ�DY�HNRV\VWHPWMlQVWHU�VRP�(VNLOVWXQD
NRPPXQ�SUHVHQWHUDU�L�VLQ�JU|QSODQ�RFK�GHQ�WDEHOO�PHG�HNRV\VWHPWMlQVWHU��WDEHOO����VRP�GHW
KlU�DUEHWHW�XWJnU�LIUnQ��'HW�(VNLOVWXQD�NRPPXQ�NDOODU�I|U�SURGXFHUDQGH�HNRV\VWHPWMlQVWHU
NDOODV�L�HNRV\VWHPWMlQVWWDEHOOHQ��WDEHOO�����VRP�lU�IUDPWDJHQ�XWLIUnQ�GH���
HNRV\VWHPWMlQVWVLNRQHU�RFK�EHVNULYQLQJDU�VRP�1DWXUYnUGVYHUNHW��&�2�&LW\�RFK�%RYHUNHW�KDU
WDJLW�IUDP��$KOVWU|P�,VDFVRQ�HW�DO���������I|U�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU��8QGHUVW|GMDQGH
HNRV\VWHPWMlQVWHU�NDOODV�L�HNRV\VWHPWMlQVWWDEHOOHQ�LVWlOOHW�I|U�VW|GMDQGH�HNRV\VWHPWMlQVWHU�
PHQ�SUHFLV�VRP�L�GHQ�WDEHOO�VRP�lU�IUDPWDJHQ�I|U�DUEHWHW�Vn�LQNOXGHUDU�(VNLOVWXQD�NRPPXQ
ELRORJLVN�PnQJIDOG�L�GHQ�KlU�NDWHJRULQ��'HW�VRP�L�DUEHWHWV�HNRV\VWHPWMlQVWWDEHOO�NDOODV�I|U
NXOWXUHOOD�HNRV\VWHPWMlQVWHU�KDU�(VNLOVWXQD�NRPPXQ�YDOW�DWW�NDOOD�I|U�NXOWXUHOOD�RFK�VRFLDOD

��



HNRV\VWHPWMlQVWHU��5HJOHUDQGH�HNRV\VWHPWMlQVWHU�KDU�EOLYLW�I|UV|UMDQGH�RFK�UHJOHUDQGH
HNRV\VWHPWMlQVWHU�

������.XOWXUHOOD�HNRV\VWHPWMlQVWHU
'H�HNRV\VWHPWMlQVWHU�VRP�QlPQV�PHVW�IUHNYHQW�lU�GH�NXOWXUHOOD�HNRV\VWHPWMlQVWHUQD��ILJXU����
.XOWXUHOOD�HNRV\VWHPWMlQVWHU�QlPQV�����JnQJHU�L�UHODWLRQ�WLOO�(VNLOVWXQD�NRPPXQV�PnO�
DPELWLRQHU�HOOHU�SODQHU��ELODJD�����(WW�W\GOLJW�P|QVWHU�lU�RFNVn�DWW�lYHQ�L�GHODU�DY�JU|QSODQHQ
GlU�KXYXGIRNXVHW�OLJJHU�Sn�QnJRQ�DQQDQ�IRUP�DY�HNRV\VWHPWMlQVW�Vn�SnPLQQV�OlVDUHQ�RP
YLNWHQ�DY�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��,�(VNLOVWXQD�NRPPXQV�|YHUJULSDQGH�PnO�I|U
JU|QSODQHQ�LQQHIDWWDU�WUH�DY�I\UD�PnO�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��'HW�I|UVWD�PnOHW�KDQGODU
RP�DWW�ELRORJLVN�PnQJIDOG�RFK�HNRV\VWHPWMlQVWHU�VND�YlUQDV�RP�RFK�XWYHFNODV�JHQRP�DWW
VlNUD�\WRU�VRP�lU�YlUGHIXOOD�I|U�GHVVD�WMlQVWHU��+lU�LQNOXGHUDV�UHNUHDWLRQ�RFK�IULOXIWVOLY�VRP
DQGUD�HNRV\VWHPWMlQVWHU�

(VNLOVWXQD�NRPPXQV�DQGUD�|YHUJULSDQGH�PnO�I|U�JU|QSODQHQ�lU�DWW�GHQ�EHE\JJGD�PLOM|Q�VND
YDUD�JRG�RFK�DWW�GHW�VND�ILQQDV�WLOOJnQJ�WLOO�ERVWDGVQlUD�QDWXU��+lU�O\IWV�HWW�NRQNUHW�PnO�IUDP
RP�DWW�NRPPXQHQ�VND VWUlYD�HIWHU�DWW�DYVWnQGHW�PHOODQ ERVWDG�RFK�QDWXU�VND�YDUD�K|JVW����
PHWHU��'HVVXWRP�VND�QDWXUHQ�YDUD�OlPSOLJ�I|U�UHNUHDWLRQ�RFK�ELGUD�WLOO�(VNLOVWXQDV
DWWUDNWLRQVNUDIW��'HW�IMlUGH�PnOHW�lU�DWW�IULOXIWVOLY�VND�YDUD�WLOOJlQJOLJW�I|U�DOOD�LQYnQDUH�L
(VNLOVWXQD�RDYVHWW�VRFLRHNRQRPLVN�VWDWXV��VH[XHOO�OlJJQLQJ��QDWLRQDOLWHW��HWQLVNW�XUVSUXQJ�
nOGHU��MXULGLVNW�N|Q��UHOLJLRQ�HOOHU�DQQDQ�WURVXSSIDWWQLQJ��N|QVLGHQWLWHW�HOOHU�XWWU\FN�

,�(VNLOVWXQD�NRPPXQV�JU|QD�VWUDWHJLHU�I|U�ODQGVE\JGHQ�LQJnU�J\QQDQGHW�DY�NXOWXUHOOD
HNRV\VWHPWMlQVWHU�L�IHP�DY�VH[�VWUDWHJLHU��'HQ�I|UVWD�KDQGODU�RP�DWW�DQOlJJD�RFK�XWYHFNOD�IOHU
VWUnN�I|U�IULOXIWVOLY��,�GHQ�DQGUD�VWUDWHJLQ�YLOO�NRPPXQHQ�I|UElWWUD�GHQ�VWUDQGQlUD�UHNUHDWLRQHQ
OlQJV�nVWUnNHW�Sn�ODQGVE\JGHQ��'HQ�WUHGMH�VWUDWHJLQ�KDQGODU�RP�ELOGDQGHW�DY�QDWXUUHVHUYDW
PHG�K|JD�UHNUHDWLYD�RFK�HNRORJLVND�YlUGHQ��'HW�lU�QnJRW�VRP�(VNLOVWXQD�NRPPXQ�RFNVn
O\IWHU�VRP�VWUDWHJL�I|U�NRPPXQHQV�VWDGVQlUD�]RQ��,�GHQ�IMlUGH�VWUDWHJLQ�I|U�ODQGVE\JGHQ�VND
VWUDQGQlUD�QDWXU�RFK�YDWWHQQlUD�QDWXU�XWYHFNODV�I|U�OnQJVLNWLJ�UHNUHDWLRQ�RFK�ELRORJLVN
PnQJIDOG��.RPPXQHQ�YLOO�RFNVn�|ND�VLWW�I|UIRJDQGH�|YHU�SODWVHU�I|U�UHNUHDWLRQ�

,�VWUDWHJLHUQD�I|U�NRPPXQHQV�VWDGVQlUD�]RQ�O\IWV�NXOWXUHOOD�YlUGHQ�XSS�L�IHP�DY�VMX�VWUDWHJLHU�
6WUDWHJLHUQD�I|U�GHQ�VWDGVQlUD�]RQHQ�KDU�VWRUD�OLNKHWHU�PHG�VWUDWHJLHUQD�I|U�ODQGVE\JGHQ�RFK
HQ�VWRU�GHO�DY�IRNXVHW�OLJJHU�Sn�XWYHFNODQGHW�RFK�IUlPMDQGHW�DY�UHNUHDWLRQ�RFK�IULOXIWVOLY��1lU
VWDGHQV�JU|QD�VWUDWHJLHU�VDPPDQIDWWDV�L�VH[�SXQNWHU�Vn�O\IWV�GHW�IUDP�DWW�HVWHWLVND�YlUGHQ�RFK
NXOWXUHOOD��RFK�VRFLDOD�HNRV\VWHPWMlQVWHU�lU�K|JW�SULRULWHUDGH�L�JHVWDOWQLQJHQ�DY�Q\D
SDUNPLOM|HU�RFK�SODWVHU��6RP�HWW�H[HPSHO�Sn�HQ�SODWV�GlU�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�VND
SULRULWHUDV�L�JHVWDOWQLQJHQ�QlPQHU�(VNLOVWXQD�NRPPXQ�GHW�FHQWUDOD�nVWUnNHW��bYHQ�QlU�GHW
JlOOHU�(VNLOVWXQD�NRPPXQV�ULNWOLQMHU�I|U�QDWXUYnUG�InU�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�HQ�SXQNW�
'HW�KDQGODU�RP�DWW�VNRORU�RFK�I|UVNRORU�VND�KD�I|UXWVlWWQLQJDU�I|U�XWRPKXVSHGDJRJLN�

,�HNRV\VWHPWMlQVWDEHOOHQ�VRP�GHW�KlU�DUEHWHW�XWJnU�LIUnQ�lU�NXOWXUHOOD�HNRV\VWHPWMlQVWHU
XSSGHODGH�L�IHP�ROLND�XQGHUJUXSSHU��WDEHOO������,�(VNLOVWXQD�NRPPXQV�JU|QSODQ�QlPQV�DOOD

��



XQGHUJUXSSHU�DY�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��'HW�VW|UVWD�IRNXVHW�OLJJHU�Sn�I\VLVN�DNWLYLWHW�GlU
IULOXIWVOLY�lU�GHW�VRP�QlPQV�DOOUD�PHVW��6RFLDOD�LQWHUDNWLRQHU�RFK�P|WHVSODWVHU�lU�RFNVn�QnJRW
VRP�O\IWV�IUDP�L�(VNLOVWXQD�NRPPXQV�JU|QSODQ�OLNVRP�DWWUDNWLYD�SODWVHU�RFK�NXOWXU�

3n�VLGDQ����L�JU|QSODQHQ�ILQQV�HQ�NDUWD�|YHU�SODWVHU�I|U�IULOXIWVOLY��.DUWDQ�YLVDU�RFNVn�SODWVHU
VRP�L�IUDPWLGHQ�VNXOOH�NXQQD�Q\WWMDV�I|U�IULOXIWVOLY��3n�VLGDQ����V\QV�HQ�OLNQDQGH�NDUWD��.DUWDQ
YLVDU�IOHU�SODWVHU�I|U�IULOXIWVDNWLYLWHWHU�VnVRP�EDGSODWVHU�RFK�NRPPXQDOD�ULGOHGHU�

������6W|GMDQGH�HNRV\VWHPWMlQVWHU
'H�HNRV\VWHPWMlQVWHU�VRP�WDU�QlVW�VW|UVW�SODWV�L�(VNLOVWXQD�NRPPXQV�JU|QSODQ�lU�VW|GMDQGH
HNRV\VWHPWMlQVWHU��ILJXU�����6W|GMDQGH�HNRV\VWHPWMlQVWHU�QlPQV����JnQJHU�L�JU|QSODQHQ
�ELODJD������,�(VNLOVWXQD�NRPPXQV�|YHUJULSDQGH�PnO�I|U�JU|QSODQHQ�QlPQV�VW|GMDQGH
HNRV\VWHPWMlQVWHU�L�IRUP�DY�ELRORJLVN�PnQJIDOG�L�GHW�DOOUD�I|UVWD�DY�GH�I\UD�PnOHQ�
.RPPXQHQ�KDU�VRP�PnO�DWW�EHYDUD�\WRU�I|U�DWW�YlUQD�RP�ELRORJLVN�PnQJIDOG�RFK
NRQNUHWLVHUDU�RFNVn�GHW�KlU�PnOHW�PHG�DWW�GHW�VND�VNDSDV�IOHU�QDWXUUHVHUYDW�RFK
ELRWRSVN\GGVRPUnGHQ��3n�IOHUD�VWlOOHQ�L�JU|QSODQHQ�QlPQV�GHW�DWW�ELRORJLVN�PnQJIDOG�lU
YLNWLJW�RFK�DWW�GHW�XWJ|U�HQ�JUXQG�I|U�DQGUD�W\SHU�DY�HNRV\VWHPWMlQVWHU��(VNLOVWXQD�NRPPXQ
IUDPKnOOHU�RFNVn�DWW�GH�VRP�NRPPXQ�KDU�HQ�VN\OGLJKHW�DWW�I|OMD�GH�QDWLRQHOOD�RFK
LQWHUQDWLRQHOOD�ULNWOLQMHU�VRP�ILQQV�JlOODQGH�ELRORJLVN�PnQJIDOG��,�(VNLOVWXQD�NRPPXQV
VWUDWHJLHU�I|U�ODQGVE\JGHQ��GHQ�VWDGVQlUD�]RQHQ�RFK�VWDGHQ�Vn�QlPQV�VW|GMDQGH
HNRV\VWHPWMlQVWHU��'HW�VNULYV�nWHULJHQ�RP�ELOGDQGHW�DY�QDWXUUHVHUYDW�RFK�ELRWRSVN\GG��$QGUD
VlWW�DWW�VN\GGD�PDUN�I|U�ELRORJLVN�PnQJIDOG�QlPQV�RFNVn��,�(VNLOVWXQD�NRPPXQV�VWDGVQlUD
VNRJ�VND�VN|WVHOQ�J\QQD�EnGH�ELRORJLVN�PnQJIDOG�RFK�UHNUHDWLRQ�RFK�IULOXIWVOLY��,�VWDGHQ�VND
ELRORJLVN�PnQJIDOG�J\QQDV�JHQRP�PHGYHWHQ�SODQWHULQJ�DY�JDWXWUlG��,�NRPPXQHQV�ULNWOLQMHU
I|U�QDWXUYnUG�InU�VW|GMDQGH�HNRV\VWHPWMlQVWHU�VSHOD�HQ�EHW\GDQGH�UROO��+lU�OlJJV�GHW�P\FNHW
IRNXV�Sn�DWW�NDUWOlJJD�RFK�VN\GGD�XWSHNDGH�VSULGQLQJVNRUULGRUHU�I|U�DWW�J\QQD�ELRORJLVN
PnQJIDOG��,�IHP�DY�GH�VMX�ULNWOLQMHUQD�QlPQV�nWJlUGHU�VRP�VND�J\QQD�VW|GMDQGH
HNRV\VWHPWMlQVWHU��,�JU|QSODQHQ�JnU�(VNLOVWXQD�NRPPXQ�RFNVn�LQ�PHU�LQJnHQGH�Sn�KXU
NRPSHQVDWLRQ�YLG�H[SORDWHULQJ�VND�Jn�WLOO��(VNLOVWXQD�NRPPXQ�DQYlQGHU�VLJ�DY
QDWXUYlUGHVLQYHQWHULQJDU�RFK�HQ�SRlQJVNDOD�I|U�QDWXUYnUGVYlUGHULQJ�

,�HNRV\VWHPWMlQVWDEHOOHQ�VRP�GHW�KlU�DUEHWHW�XWJnU�LIUnQ�lU�VW|GMDQGH�HNRV\VWHPWMlQVWHU
XSSGHODGH�L�IHP�ROLND�XQGHUJUXSSHU��WDEHOO������,�(VNLOVWXQD�NRPPXQV�JU|QSODQ�OlJJV
XSSPlUNVDPKHWHQ�Sn�ELRORJLVN�PnQJIDOG�RFK�OLYVPLOM|HU��1DWXUOLJD�NUHWVORSS�QlPQV�HQ�JnQJ
L�(VNLOVWXQD�NRPPXQV�JU|QSODQ�PHGDQ�MRUGPnQVELOGQLQJ�RFK�HNRORJLVNW�VDPVSHO�LQWH�QlPQV
DOOV�

)\UD�NDUWRU�L�(VNLOVWXQD�NRPPXQV�JU|QSODQ�KDU�HQ�W\GOLJ�NRSSOLQJ�WLOO�VW|GMDQGH
HNRV\VWHPWMlQVWHU��.DUWRUQD�YLVDU�EODQG�DQQDW�QDWXUUHVHUYDW��(VNLOVWXQD�NRPPXQ���������
�����VSULGQLQJVNRUULGRUHU��(VNLOVWXQD�NRPPXQ�����������SODWVHU�VRP�L�IUDPWLGHQ�VNXOOH�NXQQD
EOL�QDWXUUHVHUYDW��(VNLOVWXQD�NRPPXQ����������RFK�1DWXUD������RPUnGHQ��(VNLOVWXQD
NRPPXQ����������

��



������5HJOHUDQGH�HNRV\VWHPWMlQVWHU
5HJOHUDQGH�HNRV\VWHPWMlQVWHU�QlPQV�HQGDVW����JnQJHU�L�(VNLOVWXQD�NRPPXQV�JU|QSODQ
�ELODJD�����'HW�VNULYV�RP�XWIRUPQLQJ�DY�PXOWLIXQNWLRQHOOD�\WRU�I|U�DWW�NXQQD�WD�KDQG�RP
YDWWHQ�YLG�NUDIWLJW�UHJQ��(VNLOVWXQD�NRPPXQ�O\IWHU�RFNVn�XSS�JU|QVWUXNWXUHQV�UROO�L�DWW�HUEMXGD
HQ�EXIIHUW�PRW�QDWXUNDWDVWURIHU�RFK�NOLPDWI|UlQGULQJDU��(VNLOVWXQD�NRPPXQ�QlPQHU�RFNVn�DWW
GHW�VND�WDV�KlQV\Q�WLOO�YLQG���WHPSHUDWXU���RFK�VROI|UKnOODQGHQ�QlU�H[SORDWHULQJ�VND�VNH��,
(VNLOVWXQD�NRPPXQV�JU|QD�VWUDWHJLHU�InU�GH�UHJOHUDQGH�HNRV\VWHPWMlQVWHUQD�WD�OLWH�PHU�SODWV�
(Q�DY�GHVVD�VWUDWHJLHU�KDQGODU�RP�DWW�XWYHFNOD�VWDGHQV�GDJYDWWHQKDQWHULQJ�JHQRP�DWW�DUEHWD
PHG�PHGYHWHQ�K|MGVlWWQLQJ��PnQJIXQNWLRQHOOD�\WRU�RFK�JU|QD�JDWXUXP��3n�VLGDQ����L
(VNLOVWXQD�NRPPXQV�JU|QSODQ�ILQQV�GHW�HQ�NDUWD�VRP�YLVDU�SODWVHU�GlU�PnQJIXQNWLRQHOOD�\WRU
VNXOOH�NXQQD�DQOlJJDV��'HQ�DQGUD�VWUDWHJLQ�KDQGODU�RP�DWW�SODQWHULQJ�DY�JDWXWUlG�VND�J\QQD
NOLPDWUHJOHULQJ�VDPW�YDWWHQ��RFK�OXIWUHJOHULQJ��,�NDSLWOHW�RP�QDWXUYnUG�WDV�YLNWHQ�DY�YnWPDUNHU
I|U�GH�UHJOHUDQGH�HNRV\VWHPWMlQVWHUQDV�VNXOO�XSS�

,�HNRV\VWHPWMlQVWDEHOOHQ�VRP�GHW�KlU�DUEHWHW�XWJnU�LIUnQ�lU�UHJOHUDQGH�HNRV\VWHPWMlQVWHU
XSSGHODGH�L�nWWD�ROLND�XQGHUJUXSSHU��WDEHOO������,�(VNLOVWXQD�NRPPXQV�JU|QSODQ�IRNXVHUDV�GHW
PHVW�Sn�UHQLQJ�RFK�UHJOHULQJ�DY�YDWWHQ�RFK�VN\GG�PRW�H[WUHPYlGHU��5HJOHUDQGH�DY
ORNDONOLPDW�QlPQV�RFNVn�OLNVRP�OXIWUHQLQJ�RFK�SROOLQHULQJ��(URVLRQVVN\GG�QlPQV�LQWH�DOOV�L
NRSSOLQJ�WLOO�(VNLOVWXQD�NRPPXQ�RFK�GHVV�SODQHU��PnO�RFK�DPELWLRQHU��5HJOHULQJ�DY�EXOOHU
QlPQV��PHQ�Gn�IUlPVW�VRP�HQ�nWJlUG�I|U�DWW�IUlPMD�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��(VNLOVWXQD
NRPPXQ�QlPQHU�RFNVn�nWJlUGHU�I|U�DWW�KDQWHUD�LQYDVLYD�DUWHU��QnJRW�VRP�HYHQWXHOOW�VNXOOH
NXQQD�SDVVD�LQ�XQGHU�UHJOHULQJ�DY�VNDGHGMXU�RFK�VNDGHYl[WHU�

������)|UV|UMDQGH�HNRV\VWHPWMlQVWHU
'H�HNRV\VWHPWMlQVWHU�VRP�InU�PLQVW�XSSPlUNVDPKHW�L�(VNLOVWXQD�NRPPXQV�JU|QSODQ�lU
I|UV|UMDQGH�HNRV\VWHPWMlQVWHU��ILJXU�����'H�QlPQV�nWWD�JnQJHU��ELODJD����RFK�IUlPVW�QlU�GHW
KDQGODU�RP�YLUNHVSURGXNWLRQ��+lU�VNULYV�GHW�RP�GH�I|UV|UMDQGH�HNRV\VWHPWMlQVWHUQD�VRP
VNRJHQ�NDQ�ELGUD�PHG��$OOD�XQGHUJUXSSHU�DY�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�ILQQV�PHG�L
(VNLOVWXQD�NRPPXQV�JU|QSODQ��PHQ�L�YlOGLJW�OnJ�XWVWUlFNQLQJ��'ULFNVYDWWHQ��VYDPS��YLOW�RFK
ElU�QlPQV�OLNVRP�ELRPDVVD�RFK�YLUNH��1lU�GHW�VNULYV�RP�ILVNH�RFK�RGOLQJ�L�(VNLOVWXQD
NRPPXQV�JU|QSODQ�Vn�V\IWDU�PDQ�Sn�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��'HW�KDQGODU�RP�VWDGVRGOLQJ
I|U�DWW�VNDSD�VRFLDOD�\WRU�RFK�P|WHVUXP�RFK�VSRUW��HOOHU�IULWLGVILVNH��9DWWHQUHQLQJ�RFK
YDWWHQUHJOHULQJ�NDQ�UlNQDV�EnGH�VRP�HQ�I|UV|UMDQGH�RFK�HQ�UHJOHUDQGH�HNRV\VWHPWMlQVW��,�GHW
KlU�DUEHWHW�J|UV�GHW�VNLOOQDG�Sn�YDWWHQ�VRP�EHVNULYV�L�V\IWH�DWW�DQYlQGDV�VRP�GULFNVYDWWHQ�RFK
YDWWHQ�VRP�DQYlQGV�L�DQGUD�V\IWHQ�

����9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ

������*U|QVWUXNWXUSODQHQV�V\IWH�RFK�VWUXNWXU
9lVWHUnV�JU|QVWUXNWXUSODQ�KDU�WDJLWV�IUDP�Sn�XSSGUDJ�DY�E\JJQDGVQlPQGHQ�
*U|QVWUXNWXUSODQHQ�lU�I|U�9lVWHUnV�WlWRUW�RFK�NRPPXQHQV�VHUYLFHRUWHU��RFK�KDU�WDJLWV�IUDP�DY
WMlQVWHPlQ�IUnQ�9lVWHUnV�VWDGVE\JJQDGVI|UYDOWQLQJ��WHNQLN��RFK�IDVWLJKHWVI|UYDOWQLQJHQ��EDUQ�

��



RFK�XWELOGQLQJVI|UYDOWQLQJHQ��PLOM|��RFK�KlOVRVN\GGVI|UYDOWQLQJHQ��NXOWXU���LGURWWV��RFK
IULWLGVI|UYDOWQLQJHQ�RFK�I|UHE\JJDUFHQWUXP��*U|QVWUXNWXUSODQHQ�VND�KDQWHUD�IUnJRU�RP�KXU
JU|QVND�NDQ�EOL�HQ�GHO�DY�VWDGHQV�LQYHVWHULQJDU��6\IWHW�PHG�SODQHQ�lU�DWW�GHQ�VND�IXQJHUD
YlJOHGDQGH�I|U�9lVWHUnV�NRPPXQV�I|UYDOWQLQJ�RFK�I\VLVND�SODQHULQJ��3ODQHQ�VND�EHVWn�DY
PnO��ULNWOLQMHU�RFK�VWUDWHJLHU�I|U�DWW�XWYHFNOD�RFK�EHYDUD�JU|QD�PLOM|HU�L�NRPPXQHQ��,QQHKnOOHW
L�JU|QVWUXNWXUSODQHQ�V\IWDU�RFNVn�WLOO�DWW�I|OMD�DPELWLRQHU�L�9lVWHUnV�NRPPXQV�|YHUVLNWVSODQ
VDPW�ORNDOD�RFK�QDWLRQHOOD�PLOM|PnO��'HW�SRlQJWHUDV�DWW�JU|QVWUXNWXUSODQHQ�NRPPHU�DWW
DQYlQGDV�VRP�HWW�YHUNW\J�L�YlUGHULQJHQ�DY�JU|QVWUXNWXUSODQHQV�VlULQWUHVVHQ�PRW�LQWUHVVHQ
VRP�YHUNVDPKHW�RFK�ERVWDGVEHE\JJHOVH��9lVWHUnV�VlULQWUHVVHQ�I|U�JU|QVWUXNWXUSODQHQ�XSSJHV
YDUD�HNRV\VWHPWMlQVWHU��NXOWXUKLVWRULVND�YlUGHQ��UHNUHDWLRQ��OHN��LGURWW��IULOXIWVOLY�RFK
ELRORJLVND�YlUGHQ��9lVWHUnV�VWDG�����������9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�lU�����VLGRU
OnQJ��,�JU|QVWUXNWXUSODQHQ�ILQQV�GHW�WUH�KHOVLGRU�PHG�ELOGHU�RFK�WRWDOW����VW\FNHQ�NDUWRU�

������'HILQLWLRQ�DY�HNRV\VWHPWMlQVWHU�L�JU|QVWUXNWXUSODQHQ
,�JU|QVWUXNWXUSODQHQ�I|U�9lVWHUnV�NRPPXQ�VDPPDQIDWWDV�HNRV\VWHPWMlQVWHU�VRP�I|UGHODU�VRP
HNRV\VWHPHW�NDQ�JH�PlQQLVNRU��(QOLJW�9lVWHUnV�VWDG�lU�HNRV\VWHPWMlQVWHU�HQ�I|UXWVlWWQLQJ�I|U
PlQQLVNRUV�|YHUOHYQDG��(NRV\VWHPWMlQVWHU�EHVNULYV�IRUWVDWW�VRP�QnJRW�VRP�RIWD�WDV�I|U�JLYHW
RFK�I|UVW|UHOVH�DY�HNRV\VWHP�EHVNULYV�VRP�PRUDOLVNW�I|UNDVWOLJW��9lVWHUnV�VWDG����������
9lVWHUnV�VWDGV�LQGHOQLQJ�DY�HNRV\VWHPWMlQVWHU�EHVWnU�DY�I\UD�ROLND�JUXSSHU�
LQIRUPDWLRQVIXQNWLRQHU�RFK�NXOWXUHOOD�IXQNWLRQHU��UHJOHUDQGH�IXQNWLRQHU�
SURGXNWLRQVIXQNWLRQHU�VDPW�ElUDQGH�IXQNWLRQHU��([HPSHO�Sn�UHJOHUDQGH�IXQNWLRQHU�lU
UHJOHULQJ�DY�NROGLR[LGXSSWDJ�RFK�VN\GG�PRW�XOWUDYLROHWW�VWUnOQLQJ��%lUDQGH�IXQNWLRQHU
EHVNULYV�VRP�I|UXWVlWWQLQJDUQD�I|U�EODQG�DQQDW�HQHUJLRPYDQGOLQJ��MRUGEUXN�RFK�PlQVNOLJ
EHE\JJHOVH��,QIRUPDWLRQVIXQNWLRQHU�RFK�NXOWXUHOOD�IXQNWLRQHU�NDQ�YDUD�ROLND�IRUPHU�DY
IULOXIWVOLY�RFK�UHNUHDWLRQ��DQGOLJD�XSSOHYHOVHU�VDPW�HVWHWLVND�YlUGHQ�RFK�KLVWRULVND�NXOWXUDUY�
([HPSHO�Sn�SURGXNWLRQVIXQNWLRQHU�lU�YDWWHQ��PDW�RFK�V\UH�

'HW�9lVWHUnV�VWDG�EHVNULYHU�VRP�SURGXNWLRQVIXQNWLRQHU�NDOODV�L�GHW�KlU�DUEHWHW�I|U�I|UV|UMDQGH
HNRV\VWHPWMlQVWHU��WDEHOO�����'HW�YLOO�VlJD�PDWI|UV|UMQLQJ��UnYDURU��HQHUJL�RFK
YDWWHQI|UV|UMQLQJ��.XOWXUHOOD�IXQNWLRQHU�RFK�LQIRUPDWLRQVIXQNWLRQHU�lU�GHWVDPPD�VRP
NXOWXUHOOD�HNRV\VWHPWMlQVWHU�RFK�GHW�9lVWHUnV�VWDG�NDOODU�I|U�UHJOHUDQGH�IXQNWLRQHU�lU
GHWVDPPD�VRP�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��9lVWHUnV�VWDG�KDU�HQ�NDWHJRUL�DY
HNRV\VWHPWMlQVWHU�VRP�GH�KDU�YDOW�DWW�NDOOD�I|U�ElUDQGH�IXQNWLRQHU��0HG�WDQNH�Sn�9lVWHUnV
VWDGV�EHVNULYQLQJ�DY�JUXSSHQ�Vn�NDQ�GHQ�KlU�NDWHJRULQ�OLNVWlOODV�PHG�VW|GMDQGH
HNRV\VWHPWMlQVWHU��'HW�YLOO�VlJD�GH�HNRV\VWHPWMlQVWHU�VRP�OLJJHU�WLOO�JUXQG�I|U�DOOD�DQGUD
HNRV\VWHPWMlQVWHU�RFK�I|UGHODU�VRP�PlQQLVNRU�InU�IUnQ�MRUGHQV�HNRV\VWHP�

,�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�QlPQV�GHW�IUnQ�YLOND�ROLND�SHUVSHNWLY�VRP
JU|QRPUnGHQ�lU�YLNWLJD��'HQ�KlU�XSSGHOQLQJHQ�EOLU�RFNVn�HQ�GHO�DY�9lVWHUnV�VWDGV�GHILQLWLRQ
DY�HNRV\VWHPWMlQVWHU�L�JU|QVWUXNWXUSODQHQ��5HNUHDWLRQ��IRONKlOVD�RFK�YlOPnHQGH�WLOOK|U�GHW
VRFLDOD�SHUVSHNWLYHW�RFK�ELRORJLVN�PnQJIDOG�RFK�DUWVN\GG�WLOOK|U�GHW�HNRORJLVND�SHUVSHNWLYHW�
'HW�9lVWHUnV�VWDG�YlOMHU�DWW�NDOOD�I|U�HNRV\VWHPWMlQVWSHUVSHNWLY�H[HPSOLILHUDV�DY�UHJOHUDQGH
HNRV\VWHPWMlQVWHU�VnVRP�NOLPDWUHJOHULQJ�RFK�VN\GG�PRW�|YHUVYlPQLQJ��9LG�JUDQVNQLQJ�DY

��



JU|QVWUXNWXUSODQHQ�WRJV�KlQV\Q�WLOO�GH�KlU�LQGHOQLQJDUQD��'HW�YLOO�VlJD�VRFLDOD�SHUVSHNWLY
UlNQDGHV�VRP�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��HNRORJLVND�SHUVSHNWLY�VRP�VW|GMDQGH
HNRV\VWHPWMlQVWHU�RFK�HNRV\VWHPWMlQVWSHUVSHNWLY�UlNQDGHV�VRP�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�

������.XOWXUHOOD�HNRV\VWHPWMlQVWHU
.XOWXUHOOD�HNRV\VWHPWMlQVWHU�lU�GHQ�NDWHJRUL�DY�HNRV\VWHPWMlQVWHU�VRP�QlPQV�PHVW�IUHNYHQW�L
9lVWHUnV�JU|QVWUXNWXUSODQ��ILJXU���������JnQJHU�EHU|UV�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��ELODJD����
,�IHP�DY�9lVWHUnV�NRPPXQV�VH[�KXYXGPnO�I|U�JU|QVWUXNWXUSODQHQ�QlPQV�NXOWXUHOOD
HNRV\VWHPWMlQVWHU��'HW�I|UVWD�PnOHW�lU�DWW�GHW�VND�ILQQDV�SDUNHU�RFK�JU|QRPUnGHQ�I|U
UHNUHDWLRQ�RFK�IULOXIWVOLY��$QGUD�PnO�LQNOXGHUDU�DWW�9lVWHUnV�NRPPXQ�VND�YDUD�HQ�DWWUDNWLY
PLOM|�I|U�LQYnQDUH��YLGDUHXWYHFNOD�RFK�EHYDUD�NXOWXUKLVWRULVND�YlUGHQ�RFK�WLOOJRGRVH�EHKRY�DY
P|WHVSODWVHU�L�KHOD�NRPPXQHQ�

9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�KDU�HWW�DYVQLWW�PHG�UXEULNHQ�OlVDQYLVQLQJDU��,�DYVQLWWHW
VDPPDQIDWWDV�JU|QVWUXNWXUSODQHQV�LQQHKnOO��.XOWXUHOOD�HNRV\VWHPWMlQVWHU�lU�GH
HNRV\VWHPWMlQVWHU�VRP�QlPQV�PHVW�L�VDPPDQIDWWQLQJHQ��)|UVWD�JnQJHQ�GH�QlPQV�KDQGODU�GHW
RP�YlUGHULQJ�RFK�ULNWOLQMHU�I|U�JU|QRPUnGHQ��,�YlUGHULQJHQ�VND�JU|QRPUnGHQ�EHG|PDV�XWLIUnQ
YlUGHQ�VRP�NXOWXUKLVWRULD��UHNUHDWLRQ�RFK�ELRORJLVN�PnQJIDOG��)RUWVlWWQLQJVYLV�QlPQV�YLNWHQ
DY�JU|QRPUnGHQ�I|U�IULOXIWVOLY�RFK�IRONKlOVD��VRP�SHGDJRJLVN�UHVXUV�RFK�I|U�lOGUH�SHUVRQHU
RFK�SHUVRQHU�PHG�IXQNWLRQVYDULDWLRQHU�

,�JU|QVWUXNWXUSODQHQV�ULNWOLQMHU�I|U�JU|QD�YlUGHQ�YLG�VDPKlOOVE\JJQDG�RFK�SODQHULQJ�lU�HQ
NODU�PDMRULWHW�DY�ULNWOLQMHUQD�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��5LNWOLQMHUQD�KDQGODU�RP�WLOOJnQJ�WLOO
ROLND�IRUPHU�DY�JU|QRPUnGHQ��OHN�RFK�DNWLYLWHWHU�I|U�EDUQ��QlUKHW�WLOO�OHN�IUnQ�I|UVNRORU�
WLOOJnQJ�WLOO�LGURWW�RFK�DNWLYLWHWHU�RFK�NRQWLQXHUOLJD�UHNUHDWLRQVVWUnN��+lU�QlPQV�VSHFLILND
DYVWnQG�VRP�����PHWHU�IUnQ�ERVWDGHQ�WLOO�HQ�SDUN�RFK�DWW�YDUMH�LQYnQDUH�VND�KD�WLOOJnQJ�WLOO���
NYDGUDWPHWHU�VWDGVGHOVVNRJ�RFK�SDUN��'HW�VWnU�RFNVn�DWW�LQI|U�H[SORDWHULQJ�RFK�SODQHULQJ�VND
JU|QRPUnGHQ�LQYHQWHUDV�RFK�GHW�VRFLDOD�YlUGHW�I|U�DOOPlQKHWHQ�VND�XSSVNDWWDV��5LNWOLQMHUQD
VlJHU�RFNVn�DWW�EULVWHU�L�SDUNHU�VND�nWJlUGDV�JHQRP�NYDOLWHWVK|MQLQJ�

.DWHJRULQ�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�KDU�IHP�XQGHUJUXSSHU�L�DUEHWHWV�HNRV\VWHPWMlQVWWDEHOO
�WDEHOO�����,�9lVWHUnV�JU|QVWUXNWXUSODQ�QlPQV�VDPWOLJD�XQGHUJUXSSHU��'HW�lU�PHVW�IRNXV�Sn
I\VLVN�KlOVD�VnVRP�OHN��IULOXIWVOLY�RFK�PRWLRQ��'HQ�DQGUD�JUXSSHQ�VRP�InU�P\FNHW�XWU\PPH�lU
NXOWXUDUY�RFK�LGHQWLWHW��6RFLDO�LQWHUDNWLRQ�RFK�PHQWDOW�YlOEHILQQDQGH�QlPQV�QnJRW�PHU�lQ
NXQVNDS�RFK�LQVSLUDWLRQ�VRP�lU�GHQ�XQGHUJUXSS�VRP�GHW�OlJJV�PLQVW�IRNXV�Sn�L�9lVWHUnV
NRPPXQV�JU|QVWUXNWXUSODQ�

8QJHIlU�KlOIWHQ�DY�NDUWRUQD�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�IRNXVHUDU�Sn�NXOWXUHOOD
HNRV\VWHPWMlQVWHU��'H�LOOXVWUHUDU�WLOO�H[HPSHO�DYVWnQGHW�WLOO�JU|QRPUnGHQ�IUnQ�ROLND�W\SHU�DY
ERVWlGHU��I|UVNRORUV�DNWLYLWHWV\WRU�VDPW�IRUQOlPQLQJDU�

��



������6W|GMDQGH�HNRV\VWHPWMlQVWHU
6W|GMDQGH�HNRV\VWHPWMlQVWHU�EHU|UV����JnQJHU�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ��ELODJD
����,�JU|QVWUXNWXUSODQHQV�|YHUJULSDQGH�PnO�LQQHKnOOHU�HWW�DY�VH[�PnO�VW|GMDQGH
HNRV\VWHPWMlQVWHU��0nOHW�KDQGODU�RP�DWW�OlQND�VDPPDQ�0lODUHQ�RFK�GHVV�RPJLYDQGH
ODQGVNDS�PHG�VSULGQLQJVYlJDU�I|U�GMXU��RFK�Yl[WOLY��$WW�VH�WLOO�DWW�GHW�ILQQV�VDPPDQKlQJDQGH
JU|QD�QlWYHUN�DY�VlUVNLOW�WDOO��RFK�lGHOO|YVVNRJ�QlPQV�VRP�HQ�ULNWOLQMH�YLG
VDPKlOOVE\JJQDWLRQ�RFK�SODQHULQJ��,�ULNWOLQMHUQD�VWnU�GHW�RFNVn�DWW�KlQV\Q�VND�WDV�WLOO�ELRORJLVN
PnQJIDOG��$Y�VH[WRQ�ULNWOLQMHU�KlQJHU�WYn�LKRS�PHG�VW|GMDQGH�HNRV\VWHPWMlQVWHU��,�9lVWHUnV
NRPPXQV�YlUGHULQJVSDUDPHWUDU�lU�HNRORJLVND�YlUGHQ�HQ�DY�SDUDPHWUDUQD�VRP�LQNOXGHUDV��'H
HNRORJLVND�YlUGHQD�KDQGODU�RP�YDG�VRP�lU�YlUGHIXOOW�I|U�DUWVN\GG�RFK�ELRORJLVN�PnQJIDOG�
+lU�IRNXVHUDU�9lVWHUnV�NRPPXQ�H[WUD�Sn�WDOOQlWYHUN��lGHOO|YVQlWYHUN�RFK�VWDGVGHOVVNRJDU�
9lVWHUnV�VWDG�PRWLYHUDU�SULRULWHULQJHQ�DY�lGHOO|Y�RFK�WDOO�PHG�DWW�GHW�lU�QDWXUW\SHU�VRP�GHW
ILQQV�JRWW�RP�L�9lVWHUnV�NRPPXQ�RFK�DWW�GH�HUEMXGHU�P|MOLJKHW�WLOO�EnGH�IULOXIWVOLY�RFK
ELRORJLVN�PnQJIDOG��1lU�GHW�JlOOHU�SULRULWHULQJ�DY�ROLND�YlUGHQ�KlQYLVDU�9lVWHUnV�VWDG�WLOO�VLQD
DQWDJQD�EDODQVHULQJVSULQFLSHU��(QOLJW�SULQFLSHUQD�VND�VNDGRU�Sn�QDWXUYlUGHQ�XQGYLNDV�

,�DYVQLWWHW�RP�YDWWHQ�L�9lVWHUnV�OlJJV�GHW�VWRU�WRQYLNW�Sn�VW|GMDQGH�HNRV\VWHPWMlQVWHU�
9DWWHQGUDJ�VND�ILQQDV�I|U�ELRORJLVN�PnQJIDOG�RFK�VWUDQGVN\GGV]RQHU�VND�DQYlQGDV�I|U�DWW
VNDSD�Q\D�ELRWRSHU�VRP�VND�IXQJHUD�VRP�OLYVPLOM|�RFK�VSULGQLQJVYlJDU��+lU�SHNDV�6YDUWnQ�XW
VRP�HQ�YLNWLJ�SODWV�I|U�DUEHWHW�PHG�YDWWHQ�RFK�ELRORJLVN�PnQJIDOG��(WW�DUEHWH�VRP�9lVWHUnV
NRPPXQ�KDU�SnE|UMDW�JHQRP�DWW�I|UV|ND�VNDSD�IULD�YDQGULQJVYlJDU�I|U�GHQ�U|GOLVWDGH�ILVNHQ
DVS�

,�WUH�NDUWRU�RFK�HQ�LOOXVWUDWLRQ�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�JnU�GHW�DWW�VH�HQ�GLUHNW
NRSSOLQJ�WLOO�VW|GMDQGH�HNRV\VWHPWMlQVWHU��.DUWRUQD�YLVDU�ELRWRSHU��WDOOQlWYHUN�RFK
lGHOO|YVQlWYHUN��,OOXVWUDWLRQHQ�I|UHVWlOOHU�JU|QD�VSUnQJEUlGRU�HOOHU�Vn�NDOODGH�VWHSSLQJ�VWRQHV
VRP�NDQ�IXQJHUD�VRP�HQ�OlQN�PHOODQ�ROLND�KDELWDW��9lVWHUnV�VWDG�����������.DUWDQ�|YHU
WDOOQlWYHUN�YLVDU�YDU�GHW�ILQQV�WDOOKDELWDW�I|U�WDOOHYDQGH�LQVHNWHU��9lVWHUnV�VWDG����������
9lVWHUnV�VWDG�VNULYHU�RFNVn�DWW�IULVWnHQGH�QlUOLJJDQGH�WDOODU�VND�EHYDUDV�I|U�DWW�ELEHKnOOD�GH
YlUGHQ�VRP�ILQQV�LGDJ��,�GHQ�WLOOK|UDQGH�WH[WHQ�WLOO�NDUWDQ�PHG�lGHOO|YVVNRJVQlWYHUN�VWnU�GHW
DWW�GHW�lU�VYnUW�DWW�ELQGD�LKRS�IUDJPHQWHUDGH�lGHOO|YVEHVWnQG�RFK�VNDSD�VSULGQLQJVVWUnN
�9lVWHUnV�VWDG�����������'lUHPRW�VWnU�GHW�LQWH�YDUI|U�GHW�lU�HWW�SUREOHP�HOOHU�KXU�SUREOHPHW
NDQ�O|VDV�

,�VOXWHW�DY�JU|QVWUXNWXUSODQHQ�VDPPDQIDWWDV�9lVWHUnV�NRPPXQV�YlJOHGDQGH�GRNXPHQW�RFK
PLOM|PnO��(WW�PnO�VRP�ILQQV�PHG�L�|YHUVLNWVSODQHQ�I|U������lU�DWW�OLYVPLOM|HU�RFK�QDWXUW\SHU
VRP�lU�VSHFLHOOW�YlUGHIXOOD�I|U�GMXU�RFK�Yl[WOLYHW�L�9lVWHUnV�VND�EHYDUDV�RFK�I|UVWlUNDV�

%LRORJLVN�PnQJIDOG�lU�GHQ�XQGHUJUXSS�DY�VW|GMDQGH�HNRV\VWHPWMlVQWHU�VRP�QlPQV�L�VW|UVW
XWVWUlFNQLQJ�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ��/LYVPLOM|HU�QlPQV�RFNVn�PHGDQ
HNRORJLVNW�VDPVSHO��QDWXUOLJD�NUHWVORSS�RFK�MRUGPnQVELOGQLQJ�LQWH�QlPQV�L�UHODWLRQ�WLOO
9lVWHUnV�NRPPXQV�SODQHU��DPELWLRQHU�RFK�PnO�

��



������5HJOHUDQGH�HNRV\VWHPWMlQVWHU
5HJOHUDQGH�HNRV\VWHPWMlQVWHU�WDU�XQJHIlU�IHP�JnQJHU�PLQGUH�SODWV�L�9lVWHUnV�NRPPXQV
JU|QVWUXNWXUSODQ�lQ�YDG�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�J|U��ILJXU�����,�JU|QVWUXNWXUSODQHQV
|YHUJULSDQGH�PnO�VWnU�GHW�DWW�NRPPXQHQ�VND�GUD�Q\WWD�DY�RFK�XWYHFNOD�HNRV\VWHPWMlQVWHU�VRP
ILQQV�L�EnGH�EOn�RFK�JU|QD�PLOM|HU��'HW�VWnU�LQWH�VSHFLILNW�DWW�GHW�KlU�JlOOHU�UHJOHUDQGH
HNRV\VWHPWMlQVWHU��PHQ�WLGLJDUH�L�SODQHQ�KDU�HNRV\VWHPSHUVSHNWLY�H[HPSOLILHUDWV�PHG�EDUD
UHJOHUDQGH�HNRV\VWHPWMlQVWHU��,QJHW�DY�GH�VH[�|YHUJULSDQGH�PnOHQ�KDQGODU�XWWU\FNOLJHQ�RP
UHJOHUDQGH�HNRV\VWHPWMlQVWHU�

6N\GG�PRW�EXOOHU�QlPQV�VRP�HQ�VWUDWHJL�I|U�DWW�XWYHFNOD�JU|QRPUnGHQ��$WW�EXOOHUGlPSD
VWU|YRPUnGHQ�L�FHQWUDOD�9lVWHUnV�RFK�OlQJV�(���SHNDV�XW�VRP�nWJlUGHU�VRP�E|U�JHQRPI|UDV�
+lU�QlPQV�RFNVn�VN\GGDQGHW�DY�gQVWDVNRJHQ�RFK�6YDUWnGDOHQ�VRP�DQVHV�YDUD�GH�WYn
RPUnGHQ�VRP�L�GDJVOlJHW�LQWH�lU�EXOOHUVW|UGD�

,�WDEHOOHU�|YHU�ROLND�YlUGHQ�VRP�GHW�lU�YLNWLJW�DWW�WD�KlQV\Q�WLOO�YLG�SODQHULQJ�DY�JU|QRPUnGHQ
QlPQV�|YHUVYlPQLQJV\WRU��,�HWW�DYVQLWW�RP�VN\IDOOVKDQWHULQJ�VNULYHU�9lVWHUnV�VWDG�DWW�GHW�lU
YLNWLJW�DWW�GUD�Q\WWD�DY�QDWXUJLYQD�I|UXWVlWWQLQJDU�RFK�LQWH�EDUD�I|UOLWD�VLJ�Sn�WHNQLVND
O|VQLQJDU��'HW�QlPQV�RFNVn�DWW�GHW�lU�H[WUD�YLNWLJW�DWW�VH�WLOO�DWW�LQWH�Q\D
|YHUVYlPQLQJVRPUnGHQ�VNDSDV�YLG�E\JJQDWLRQ��9lVWHUnV�VWDG�SHNDU�RFNVn�XW�RPUnGHQ�GlU�GHW
ILQQV�EULVW�Sn�JU|Q\WRU��'lU�I|UHVOnU�NRPPXQHQ�DWW�ILFNSDUNHU�NDQ�VNDSDV�RFK�OlJJHU�WLOO�DWW
GHVVD�SDUNHU�ERUGH�KD�LQE\JJGD�IXQNWLRQHU�I|U�GDJYDWWHQKDQWHULQJ��.RPPXQHQ�SRlQJWHUDU
JU|QD�RFK�EOn�PLOM|HUV�UROO�L�9lVWHUnV�DQSDVVQLQJ�WLOO�HWW�I|UlQGUDW�NOLPDW�

,�HQ�WDEHOO�VRP�OlQNDU�VDPPDQ�PnOVlWWQLQJDU�L�|YHUVLNWVSODQHQ�RFK�LQQHKnOOHW�L
JU|QVWUXNWXUSODQHQ�QlPQV�GHW�DWW�9lVWHUnV�NRPPXQ�VND�SODQHUD�I|U�OnQJYDULJ�QHGHUE|UG�
VN\IDOO��YDWWHQVWnQG��K|JD�IO|GHQ�RFK�K|JUH�WHPSHUDWXUHU��9lVWHUnV�VWDG����������
*U|QRPUnGHQ�VND�KHOW�HQNHOW�XWYHFNODV�I|U�DWW�IXQJHUD�NOLPDWDQSDVVDW��5HJOHUDQGH
HNRV\VWHPWMlQVWHU�ILQQV�RFNVn�PHG�QlU�9lVWHUnV�VWDG�UHGRJ|U�I|U�PnO�L�KDQGOLQJVSODQHQ�I|U
\W��RFK�JUXQGYDWWHQ�RFK�NRPPXQHQV�SROLF\�I|U�GDJYDWWHQ��+lU�VWnU�GHW�EODQG�DQQDW�DWW
SUREOHP�PHG�|YHUJ|GQLQJ�RFK�XWVOlSS�DY�PLOM|JLIWHU�VND�PLQVND��DWW�GDJYDWWHQ�VND�VHV�VRP
HQ�UHVXUV�RFK�YDUD�HQ�GHO�DY�JHVWDOWQLQJHQ�VDPW�DWW�I|UGU|MQLQJ�RFK�UHQLQJ�VND�VNH�Vn�QlUD
NlOODQ�VRP�P|MOLJW�

(Q�NDUWD�Sn�VLGDQ����RFK�HQ�ELOG�Sn�VLGDQ����L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�KDU�HQ
W\GOLJ�NRSSOLQJ�WLOO�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��%LOGHQ�YLVDU�YLONHQ�Q\WWD�JU|QVND�KDU�I|U
ORNDONOLPDWHW�RFK�NDUWDQ�LOOXVWUHUDU�OnJSXQNWHU�L�ODQGVNDSHW�GlU�GHW�ILQQV�ULVN�I|U
|YHUVYlPQLQJ�

.DWHJRULQ�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�KDU�WUH�XQGHUJUXSSHU�VRP�QlPQV�PHU�lQ�GH�DQGUD�
'HW�lU�UHQLQJ�RFK�UHJOHULQJ�DY�YDWWHQ�VRP�lU�GHQ�XQGHUJUXSS�VRP�QlPQV�PHG�K|JVW�IUHNYHQV�
6HGDQ�lU�GHW�VN\GG�PRW�H[WUHPYlGHU�RFK�UHJOHUDQGH�DY�ORNDONOLPDW��5HJOHULQJ�DY�EXOOHU
QlPQV�QnJUD�JnQJHU�PHGDQ�OXIWUHQLQJ�RFK�UHJOHULQJ�DY�VNDGHGMXU�RFK�VNDGHYl[WHU�NQDSSW

��



QlPQV�DOOV��3ROOLQHULQJ�RFK�HURVLRQVVN\GG�QlPQV�LQWH�DOOV�NRSSODW�WLOO�9lVWHUnV�NRPPXQV
PnO��DPELWLRQHU�RFK�SODQHU�

������)|UV|UMDQGH�HNRV\VWHPWMlQVWHU
)|UV|UMDQGH�HNRV\VWHPWMlQVWHU�UHODWHUDGH�WLOO�NRPPXQHQV�PnO��SODQHU�RFK�DPELWLRQHU�QlPQV
LQWH�DOOV�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ��ILJXU�����'lUHPRW�EHVNULYV�GHW�L
JU|QVWUXNWXUSODQHQ�DWW�I|UVW|UHOVH�DY�HNRV\VWHP�NDQ�³VOn�WLOOEDND�PRW�PlQVNOLJKHWHQ��EnGH
HNRQRPLVNW�RFK�|YHUOHYQDGVPlVVLJW´��9lVWHUnV�VWDG�����������5HQW�YDWWHQ��HQ�JRG
MRUGVWUXNWXU�I|U�RGOLQJ�RFK�YLOGD�SROOLQHUDUH�EHVNULYV�VRP�HNRV\VWHPWMlQVWHU�VRP�lU�VYnUD
HOOHU�RP|MOLJD�DWW�HUVlWWD�

����gUHEUR�NRPPXQV�JU|QVWUDWHJL

������*U|QVWUDWHJLQV�V\IWH�RFK�VWUXNWXU
6\IWHW�PHG�gUHEUR�NRPPXQV�JU|QVWUDWHJL�lU�DWW�NRPPXQHQV�VWUDWHJLHU��VWlOOQLQJVWDJDQGH�RFK
PnO�I|U�SODQHULQJ�RFK�I|UYDOWQLQJ�VND�GRNXPHQWHUDV��gUHEUR�NRPPXQ��������*U|QVWUDWHJLQ
VND�IXQJHUD�VRP�HWW�XQGHUODJ�I|U�GHQ�I\VLVND�SODQHULQJHQ�RFK�YDUD�HWW�VW|G�I|U�I|UYDOWQLQJDUQD
VRP�DQVYDUDU�I|U�IULWLG��SDUN�RFK�QDWXU��'HVVXWRP�VND�JU|QVWUDWHJLQ�ELGUD�WLOO�DWW�QDWLRQHOOD
PnO�RP�PLOM|��IRONKlOVD�RFK�IULOXIWVOLY�NDQ�XSSI\OODV�Sn�ORNDO�QLYn��gUHEUR�NRPPXQ�XSSJHU
DWW�JU|QVWUDWHJLQ�VND�UHYLGHUDV������HOOHU�YLG�EHKRY��(Q�XSSI|OMQLQJ�DY�GH�PnO�
VWlOOQLQJVWDJDQGHQ�RFK�VWUDWHJLHU�VRP�KDU�DQJLYLWV�L�JU|QVWUDWHJLQ�VND�VHV�|YHU�YDUWDQQDW�nU
HOOHU�YLG�EHKRY��gUHEUR�NRPPXQ�DQJHU�RFNVn�DWW�3URJUDPQlPQG�VDPKlOOVE\JJQDG�lU�DQVYDULJ
I|U�XSSI|OMQLQJHQ��gUHEUR�NRPPXQ�GHILQLHUDU�HQ�VWUDWHJL�VRP�HQ�JUXQG�I|U�SULRULWHULQJ�RFK�HWW
GRNXPHQW�VRP�NRQNUHWLVHUDU�HQ�SROLF\�HOOHU�HWW�SURJUDP�

gUHEUR�NRPPXQV�JU|QVWUDWHJL�lU����VLGRU�OnQJ��7Yn�DY�VLGRUQD�EHVWnU�HQGDVW�DY�LOOXVWUDWLRQHU
HOOHU�ELOGHU��'HW�ILQQV����NDUWRU�L�GRNXPHQWHW��*U|QVWUDWHJLQ�EHVWnU�DY�I\UD�PnO�RFK�IHP
VWUDWHJLHU�I|U�DWW�Qn�GHVVD�PnO��,�GRNXPHQWHW�KDU�YDUMH�VWUDWHJL�InWW�YDUVLWW�NDSLWHO��'HVVXWRP
ILQQV�GHW�KlQYLVQLQJDU�WLOO�DQGUD�NRPPXQDOD�GRNXPHQW�L�GLUHNW�DQVOXWQLQJ�WLOO�GHQ�VWUDWHJL
VRP�GRNXPHQWHW�NDQ�KD�XW|NDG�LQIRUPDWLRQ�RP�

������'HILQLWLRQ�DY�HNRV\VWHPWMlQVWHU�L�JU|QVWUDWHJLQ
,�gUHEUR�NRPPXQV�JU|QVWUDWHJL�GHILQLHUDV�HNRV\VWHPWMlQVWHU�VRP�WMlQVWHU�YL�PlQQLVNRU�InU
IUnQ�QDWXUHQ��'H�WLOOlJJHU�DWW�ELRORJLVN�PnQJIDOG�lU�JUXQGHQ�I|U�DOOD�HNRV\VWHPWMlQVWHU�RFK�DWW
ELRORJLVN�PnQJIDOG�lU�ROLND�RUJDQLVPHU�RFK�DUWHUV�VDPYHUNDQ�L�NRPSOH[D�QlWYHUN��gUHEUR
NRPPXQ�JHU�H[HPSHO�Sn�ROLND�HNRV\VWHPWMlQVWHU�VRP�HWW�I|UElWWUDW�ORNDONOLPDW��OXIWUHQLQJ�
GlPSDGH�YDWWHQIO|GHQ�RFK�UHQLQJ�DY�GDJYDWWHQ��,�JU|QVWUDWHJLQ�WU\FNHU�GH�RFNVn�Sn�DWW
HNRV\VWHPWMlQVWHU�NRPPHU�DWW�EOL�YLNWLJDUH�L�IUDPWLGHQ�PHG�WDQNH�Sn�IOHU�H[WUHPD�UHJQ�RFK
|NDG�QHGHUE|UG�

gUHEUR�NRPPXQV�JU|QVWUDWHJL�LQQHKnOOHU�HQ�|YHUVLNW�DY�ROLND�HNRV\VWHPWMlQVWHU�GlU�WMlQVWHUQD
GHODV�LQ�L�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��NXOWXUHOOD�HNRV\VWHPWMlQVWHU��VW|GMDQGH

��



HNRV\VWHPWMlQVWHU�RFK�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU��.XOWXUHOOD�HNRV\VWHPWMlQVWHU�EHVNULYV
VRP�DQYlQGQLQJ�DY�PLOM|HU�L�QDWXUHQ�I|U�ROLND�DNWLYLWHWHU��6W|GMDQGH�HNRV\VWHPWMlQVWHU�PHQDU
gUHEUR�NRPPXQ�lU�GH�IXQNWLRQHU�VRP�lU�JUXQGOlJJDQGH�I|U�MRUGHQV�HNRV\VWHP��bYHQ�gUHEUR
NRPPXQ�YlOMHU�DWW�UlNQD�LQ�ELRORJLVN�PnQJIDOG�L�GH�VW|GMDQGH�HNRV\VWHPWMlQVWHUQD��gUHEUR
NRPPXQV�GHILQLWLRQ�DY�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�lU�DWW�GH�lU�YLNWLJD�IXQNWLRQHU�VRP
HNRV\VWHPHQ�XSSUlWWKnOOHU��([HPSHO�Sn�VnGDQD�WMlQVWHU�VRP�gUHEUR�NRPPXQ�QlPQHU�lU
SROOLQHULQJ��YLNWLJD�NUHWVORSS��UHQLQJ�DY�YDWWHQ�RFK�OXIW�RFK�SnYHUNDQ�Sn�YlGHUIHQRPHQ�
3URGXFHUDQGH�HNRV\VWHPWMlQVWHU�EHVNULYV�VRP�SURGXNWHU�RFK�YDURU�VRP�NRPPHU�IUnQ�VM|DU�
VNRJDU�RFK�RGOLQJVPDUNHU��'HVVD�HNRV\VWHPWMlQVWHU�H[HPSOLILHUDV�PHG�WUl��PDW�RFK
GULFNVYDWWHQ��'HW�ILQQV�RFNVn�HQ�LOOXVWUDWLRQ�VRP�YLVDU�DWW�GH�VW|GMDQGH�HNRV\VWHPWMlQVWHUQD
XWJ|U�JUXQGHQ�I|U�GH�UHVWHUDQGH�JUXSSHUQD�DY�HNRV\VWHPWMlQVWHU��gUHEUR�NRPPXQ����������

gUHEUR�NRPPXQ�KDU�YDOW�DWW�GHOD�LQ�NRPPXQHQV�SULRULWHUDGH�HNRV\VWHPWMlQVWHU�L�WUH�ROLND
ODQGVNDS��*URGDQV�ODQGVNDS�IRNXVHUDU�Sn�YDWWHQPLOM|HU��'H�SULRULWHUDGH�HNRV\VWHPWMlQVWHUQD�L
*URGDQV�ODQGVNDS�lU�PLQVNDG�|YHUVYlPQLQJVULVN��YDWWHQUHQLQJ��PLQVNDG�|YHUJ|GQLQJ�
HVWHWLVND�RFK�VRFLDOD�YlUGHQ�VDPW�|NDG�ELRORJLVN�PnQJIDOG��/|YWUlG�RFK�O|YVNRJVPLOM|HU�lU
6nQJInJHOQV�ODQGVNDS�PHG�IRNXV�Sn�HNRV\VWHPWMlQVWHU�VRP�ElWWUH�OMXGPLOM|��VNXJJD�
OXIWNYDOLWHW��|NDG�ELRORJLVN�PnQJIDOG�RFK�HVWHWLVND�RFK�VRFLDOD�YlUGHQ��6OXWOLJHQ�EHVNULYHU
gUHEUR�NRPPXQ�)MlULOHQV�ODQGVNDS�VRP�EORPPDQGH�PDUNHU�GlU�NRPPXQHQ�YLOO�IRNXVHUD�Sn
SROOLQHUDQGH�LQVHNWHU��VRFLDOD�RFK�HVWHWLVND�YlUGHQ�RFK�|NDG�ELRORJLVN�PnQJIDOG�

������.XOWXUHOOD�HNRV\VWHPWMlQVWHU
,�gUHEURV�JU|QVWUDWHJL�QlPQV�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�����JnQJHU��ELODJD�����'HW�LQQHElU
DWW�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�lU�GHQ�NDWHJRUL�DY�HNRV\VWHPWMlQVWHU�VRP�EHU|UV�PHVW�L
gUHEUR�NRPPXQV�JU|QVWUDWHJL��ILJXU�����*U|QVWUDWHJLQ�KDU�I\UD�PnO�VRP�lU�YlJOHGDQGH��7UH�DY
GH�I\UD�PnOHQ�IRNXVHUDU�Sn�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��'HW�I|UVWD�PnOHW�KDQGODU�RP�DWW�GHW
VND�ILQQDV�JU|QRPUnGHQ�L�gUHEUR�NRPPXQ�VRP�XSSQnU�HQ�YLVV�NYDOLWHW�I|U�DWW�|ND
DWWUDNWLYLWHWHQ�I|U�QlULQJVOLY��EHV|NDUH�RFK�ERHQGH��gUHEUR�NRPPXQV�DQGUD�PnO�lU�DWW
JU|QRPUnGHQ�VND�IXQJHUD�VDPPDQKnOODQGH�RFK�ELQGD�LKRS�ROLND�ERVWDGVRPUnGHQ�RFK�VNDSD
\WRU�I|U�UHNUHDWLRQ�RFK�DNWLYLWHWHU�VRP�VDPWLGLJW�IXQJHUDU�VRP�P|WHVSODWVHU��'HW�WUHGMH�PnOHW
KDQGODU�RP�DWW�WLOOJnQJHQ�Sn�SDUNHU�RFK�QDWXURPUnGHQ�VND�ELGUD�WLOO�ElWWUH�KlOVD�

gUHEUR�NRPPXQ�KDU�WDJLW�IUDP�IHP�VWUDWHJLHU�I|U�DWW�Qn�VLQD�PnO��6WUDWHJLHUQD�XWJ|U�RFNVn
KXYXGNDSLWOHQ�L�JU|QVWUDWHJLQ��$Y�GH�IHP�VWUDWHJLHUQD�LQQHKnOOHU�I\UD�VW\FNHQ�NXOWXUHOOD
HNRV\VWHPWMlQVWHU��,�GHQ�I|UVWD�VWUDWHJLQ�Vn�QlPQV�WYn�VSHFLILND�YHUNW\J�I|U�DWW�VH�WLOO�DWW
gUHEUR�NRPPXQV�LQYnQDUH�InU�HQ�JRG�WLOOJnQJ�WLOO�QDWXURPUnGHQ�RFK�SDUNHU��'HW�I|UVWD�lU�HQ
VRFLRWRSVQXUUD�RFK�GHQ�DQGUD�lU�HQ�WDEHOO�PHG�ULNWYlUGHQ��'HQ�DQGUD�VWUDWHJLQ�IRNXVHUDU�Sn
KXU�QLYnQ�Sn�JU|QRPUnGHQV�VRFLDOD�YlUGHQ�NDQ�K|MDV��+lU�WDV�PnOJUXSSVDQDO\VHU��DWWUDNWLYD
PLOM|HU�I|U�OHN�RFK�KlOVRIUlPMDQGH�PLOM|HU�I|U�lOGUH�XSS��,�NDSLWOHW�ILQQV�RFNVn�XQGHUODJ�I|U
YHUNVDPKHWVSODQHULQJ�I|U�IULWLGV���SDUN��RFK�QDWXUI|UYDOWQLQJDUQD��'HW�WUHGMH�NDSLWOHW�KDQGODU
RP�JU|QD�VWUnN��*U|QD�VWUnN�L�GRNXPHQWHW�XWJnU�L�I|UVWD�KDQG�IUnQ�PlQQLVNRUV�I|UIO\WWQLQJDU
RFK�HWW�VRFLDOW�SHUVSHNWLY��'HQ�VLVWD�VWUDWHJLQ�VRP�EHU|U�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�KDQGODU

��



RP�SODQHULQJ�RFK�I|UYDOWQLQJ�RFK�KXU�JU|Q�LQIUDVWUXNWXU�NDQ�XWYHFNODV�PHG�EODQG�DQQDW
NXOWXUKLVWRULVND�YlUGHQ�L�nWDQNH�

$Y�GH�IHP�ROLND�XQGHUJUXSSHUQD�DY�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�OlJJV�GHW�P\FNHW�IRNXV�Sn
I\VLVN�KlOVD��)UDPI|UDOOW�OHN�QlPQV�nWHUNRPPDQGH�L�gUHEURV�JU|QVWUDWHJL��'H�DQGUD�WYn
XQGHUJUXSSHUQD�VRP�GHW�IRNXVHUDV�P\FNHW�Sn�lU�NXOWXUDUY�RFK�LGHQWLWHW�VDPW�VRFLDO
LQWHUDNWLRQ��0HQWDOW�YlOEHILQQDQGH�QlPQV�RFNVn�PHGDQ�NXQVNDS�RFK�LQVSLUDWLRQ�LQWH�QlPQV�L
QnJRQ�VW|UUH�XWVWUlFNQLQJ�

,�gUHEURV�JU|QVWUDWHJL�lU�GH�HQGD�LOOXVWUDWLRQHUQD�VRP�KDU�HQ�W\GOLJ�NRSSOLQJ�WLOO�VSHFLILND
JUXSSHU�DY�HNRV\VWHPWMlQVWHU�NRSSODGH�WLOO�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��3n�VLGDQ�IHPWRQ
ILQQV�HQ�W\GOLJ�WULDQJHO�|YHU�SODQHULQJHQ�I|U�WLOOJnQJ�WLOO�JU|QRPUnGHQ�RFK�Sn�VLGDQ�VMXWWRQ
ILQQV�HQ�LOOXVWUDWLRQ�|YHU�DYVWnQG�RFK�WLOOJnQJ�WLOO�ROLND�JU|QRPUnGHQ�

������6W|GMDQGH�HNRV\VWHPWMlQVWHU
6W|GMDQGH�HNRV\VWHPWMlQVWHU�L�JU|QVWUDWHJLQ�I|U�gUHEUR�NRPPXQ�lU�GHQ�WUHGMH�VW|UVWD
HNRV\VWHPWMlQVWJUXSSHQ�WlWW�HIWHU�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��ILJXU�����6W|GMDQGH
HNRV\VWHPWMlQVWHU�QlPQV����JnQJHU�L�JU|QVWUDWHJLQ��ELODJD�����,�HWW�DY�GH�I\UD�YlJOHGDQGH
PnOHQ�QlPQV�VW|GMDQGH�HNRV\VWHPWMlQVWHU��gUHEUR�NRPPXQ�YLOO�DUEHWD�PHG�DWW�|ND�GHQ
ELRORJLVND�PnQJIDOGHQ�L�EHE\JJG�PLOM|��,�JU|QVWUDWHJLQ�EHVNULYV�PRWYHUNDQGHW�DY�I|UOXVWHQ�DY
ELRORJLVN�PnQJIDOG�VRP�HQ�DY�PlQVNOLJKHWHQV�VW|UVWD�XWPDQLQJDU��gUHEUR�NRPPXQ����������
,�NDSLWHO�WUH��VRP�KDQGODU�RP�DWW�XWYHFNOD�VDPPDQKlQJDQGH�QlWYHUN�DY�gUHEUR�NRPPXQV
JU|QD�VWUnN��lU�HWW�DY�NRPPXQHQV�VWlOOQLQJVWDJDQGH�DWW�JU|QD�VWUnN�VND�IXQJHUD�VRP
VSULGQLQJVYlJDU�I|U�ROLND�Yl[WHU�RFK�GMXU��+lU�SnSHNDU�RFNVn�gUHEUR�NRPPXQ�DWW�VWUnNHQ
PnVWH�YDUD�WLOOUlFNOLJW�EUHGD�I|U�DWW�NXQQD�I\OOD�GHQ�IXQNWLRQHQ��,�GHQ�IMlUGH�VWUDWHJLQ�I|U�DWW
XSSI\OOD�GH�YlJOHGDQGH�PnOHQ�Vn�VND�I|UYDOWQLQJHQ�RFK�SODQHULQJHQ�DY�JU|QRPUnGHQ�XWJn
LIUnQ�HWW�HNRORJLVNW�ODQGVNDSVSHUVSHNWLY�I|U�DWW�J\QQD�ELRORJLVN�PnQJIDOG��'lU�VNULYHU�gUHEUR
NRPPXQ�RFNVn�DWW�YLNWLJD�ODQGVNDS�DWW�IRNXVHUD�Sn�ELRORJLVN�PnQJIDOG�lU�.LOVEHUJHQ�
+MlOPDUODQGVNDSHW�RFK�YnWPDUNVODQGVNDSHW�Sn�1lUNHVOlWWHQ��(Q�DQQDQ�nWJlUG�VRP�EHVNULYV�L
NDSLWOHW�lU�DWW�VNDSD�IOHU�YDWWHQPLOM|HU�RFK�YnWPDUNVPLOM|HU�I|U�ELRORJLVN�PnQJIDOG� $QGUD
nWJlUGHU�VRP�QlPQV�I|U�DWW�IUlPMD�ELRORJLVN�PnQJIDOG�L�gUHEUR�NRPPXQV�lOGUH
RGOLQJVODQGVNDS�lU�SODQWHULQJ�DY�EXVNDU�RFK�WUlG�I|U�DWW�XWYHFNOD�JU|QD�NRUULGRUHU��EHYDUD
lOGUH�VNRJDU�RFK�J\QQD�RFK�DQOlJJD�EORPVWHUULND�PDUNHU�

'HW�IHPWH�NDSLWOHW�L�gUHEUR�NRPPXQV�JU|QVWUDWHJL�KDQGODU�RP�DWW�XWYHFNOD�VWDGHQV
HNRV\VWHPWMlQVWHU��+lU�QlPQV�ELRORJLVN�PnQJIDOG�L�*URGDQV��)MlULOHQV�RFK�6nQJInJHOQV
ODQGVNDS��7\GOLJD�WDEHOOHU�YLVDU�KXU�GHQ�ELRORJLVND�PnQJIDOGHQ�NDQ�J\QQDV�JHQRP�ROLND
nWJlUGHU�RFK�YLOND�VRP�lU�DQVYDULJD�I|U�GHVVD�nWJlUGHU��,�JU|QSODQHQ�ILQQV�HQ�WDEHOO�VRP�YLVDU
Sn�NRSSOLQJDU�PHOODQ�PnOHQ�L�JU|QVWUDWHJLQ�RFK�PnO�L�gUHEUR�NRPPXQV�DQGUD�SODQHU��,�GHQ
QlPQV�VW|GMDQGH�HNRV\VWHPWMlQVWHU�EDUD�HQ�JnQJ�

,�I|UGHOQLQJHQ�PHOODQ�XWU\PPH�I|U�XQGHUNDWHJRULHUQD�L�JUXSSHQ�VW|GMDQGH�HNRV\VWHPWMlQVWHU
lU�GHW�XSSHQEDUW�DWW�GHW�lU�ELRORJLVN�PnQJIDOG�VRP�lU�KXYXGIRNXVHW��8W|YHU�ELRORJLVN

��



PnQJIDOG�QlPQV�OLYVPLOM|HU�PHGDQ�HNRORJLVNW�VDPVSHO��MRUGPnQVELOGQLQJ�RFK�QDWXUOLJD
NUHWVORSS�LQWH�InU�QnJRQ�XSSPlUNVDPKHW�L�gUHEURV�JU|QVWUDWHJL�NRSSODW�WLOO�GHUDV�PnO�RFK
DPELWLRQHU�

������5HJOHUDQGH�HNRV\VWHPWMlQVWHU
,�gUHEURV�JU|QVWUDWHJL�ODGHV�GHW�QlVWDQ�OLND�P\FNHW�IRNXV�Sn�VW|GMDQGH�HNRV\VWHPWMlQVWHU�VRP
Sn�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��ILJXU�����5HJOHUDQGH�HNRV\VWHPWMlQVWHU�QlPQV����JnQJHU
PHGDQ�VW|GMDQGH�HNRV\VWHPWMlQVWHU�QlPQV����JnQJHU��ELODJD�����1lU�GHW�JlOOHU�GH�UHJOHUDQGH
HNRV\VWHPWMlQVWHUQD�Vn�IRNXVHUDU�JU|QVWUDWHJLQ�P\FNHW�Sn�OMXGQLYnHU�RFK�EXOOHU��'HW�ILQQV
NRQNUHWD�VLIIURU�L�GHFLEHO�Sn�KXU�K|J�OMXGQLYnQ�L�ROLND�JU|QRPUnGHQ�VND�YDUD�RFK�GHW�YHUNDU
YDUD�HQ�SULRULWHULQJ�L�NRPPXQHQ�DWW�OMXGPLOM|Q�VND�YDUD�JRG��(WW�VlWW�DWW�I|UElWWUD�OMXGPLOM|Q
VRP�gUHEUR�NRPPXQ�QlPQHU�lU�DWW�KD�VW|UUH�JU|QRPUnGHQ��,�GH�YlJOHGDQGH�PnOHQ�Vn
LQQHKnOOHU�HWW�DY�I\UD�PnO�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��0nOHW�V\IWDU�WLOO�DWW�PLQVND
NRVWQDGHUQD�RFK�ULVNHUQD�I|U�EODQG�DQQDW�|YHUVYlPQLQJDU�JHQRP�DWW�XWYHFNOD�IO|GHVXWMlPQLQJ
RFK�YDWWHQUHQLQJ�L�NRPPXQHQ��'HQ�IMlUGH�VWUDWHJLQ�I|U�DWW�XSSQn�GH�I\UD�YlJOHGDQGH�PnOHQ�lU
DWW�XWJn�LIUnQ�GH�NDUDNWlUVGUDJ�VRP�ILQQV�L�gUHEUR�RFK�XWYHFNOD�GHP��(Q�GHO�DY�GHVVD�SODQHU�lU
DWW�VNDSD�IOHU�YDWWHQPLOM|HU�RFK�YnWPDUNHU��6\IWHQD�I|U�GHVVD�nWJlUGHU�lU�EODQG�DQQDW
IUlPMDQGHW�DY�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�VRP�IO|GHVUHJOHULQJ��YDWWHQUHQLQJ�
|YHUVYlPQLQJV\WRU�RFK�PLQVNDGH�XWVOlSS�DY�I|URUHQLQJDU�L�YDWWHQGUDJ�

,�GHW�IHPWH�NDSLWOHW�VRP�KDQGODU�RP�DWW�XWYHFNOD�gUHEUR�NRPPXQV�HNRV\VWHPWMlQVWHU�Vn
QlPQV�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�L�XSSGHOQLQJHQ�DY�GH�WUH�ROLND�ODQGVNDSHQ��,�*URGDQV
ODQGVNDS�QlPQV�PLQVNDG�|YHUJ|GQLQJ�RFK�|YHUVYlPQLQJVULVN�OLNVRP�YDWWHQUHQLQJ��,
6nQJInJHOQV�ODQGVNDS�WDV�HWW�I|UElWWUDW�ORNDONOLPDW�PHG�OXIWNYDOLWHW�RFK�VNXJJD�XSS�VDPW
ElWWUH�OMXGPLOM|��3ROOLQHULQJ�lU�GHQ�UHJOHUDQGH�HNRV\VWHPWMlQVWHQ�VRP�LQJnU�L�)MlULOHQV
ODQGVNDS��,�GHW�KlU�NDSLWOHW�ILQQV�WDEHOOHU�PHG�PnO��nWJlUGHU�RFK�YLOND�VRP�lU�DQVYDULJD�
7DEHOOHUQD�NRQNUHWLVHUDU�gUHEUR�NRPPXQV�DPELWLRQHU�RP�EODQG�DQQDW�GH�UHJOHUDQGH
HNRV\VWHPWMlQVWHUQD��,�GRNXPHQWHWV�VLVWD�WDEHOO�YLVDV�UHODWLRQHQ�PHOODQ�PnO�L�gUHEURV
JU|QVWUDWHJL�RFK�gUHEURV�DQGUD�SODQGRNXPHQW��gUHEUR�NRPPXQ��������������+lU�QlPQV
UHJOHUDQGH�HNRV\VWHPWMlQVWHU�RFNVn�

5HJOHUDQGH�HNRV\VWHPWMlQVWHU�KDU�L�DUEHWHWV�HNRV\VWHPWMlQVWWDEHOO�nWWD�XQGHUJUXSSHU��WDEHOO
����$Y�GHVVD�XQGHUJUXSSHU�Vn�OLJJHU�VW|UVW�WRQYLNW�L�gUHEUR�NRPPXQV�JU|QVWUDWHJL�Sn�UHJOHULQJ
DY�EXOOHU��VN\GG�PRW�H[WUHPYlGHU�RFK�UHQLQJ�RFK�UHJOHULQJ�DY�YDWWHQ��5HJOHUDQGH�DY
ORNDONOLPDW�RFK�OXIWUHQLQJ�WDV�RFNVn�XSS��3ROOLQHULQJ�RFK�UHJOHULQJ�DY�VNDGHGMXU�RFK
VNDGHYl[WHU�QlPQV�RFNVn��PHQ�LQWH�L�OLND�VWRU�RPIDWWQLQJ��(URVLRQVVN\GG�QlPQV�LQWH�DOOV�

������)|UV|UMDQGH�HNRV\VWHPWMlQVWHU
)|UV|UMDQGH�HNRV\VWHPWMlQVWHU�QlPQV�EDUD�WUH�JnQJHU�L�UHODWLRQ�WLOO�gUHEURV�SODQHU��DPELWLRQHU
RFK�PnO��ELODJD�����'HQ�I|UVWD�JnQJHQ�lU�L�NRSSOLQJ�WLOO�*URGDQV�ODQGVNDS�RFK�KDQGODU�RP�DWW
VN\GGHW�I|U�gUHEUR�NRPPXQV�NlOORU�WLOO�GULFNVYDWWHQ�VND�|NDV��+lU�GHILQLHUDV�RFNVn
GULFNVYDWWHQ�VRP�GHW�YLNWLJDVWH�OLYVPHGOHW�VRP�ILQQV��,�OLQMH�PHG�PnOHW�DQJHV�nWJlUGHU�VRP

��



NDQ�VN\GGD�GULFNVYDWWQHW��(Q�VnGDQ�nWJlUG�lU�DWW�SODQWHUD�Yl[WHU�VRP�VNDSDU�HNRORJLVND
NDQW]RQHU�UXQW�VW|UUH�YDWWHQGUDJ�

)|UV|UMDQGH�HNRV\VWHPWMlQVWHU�KDU�L�DUEHWHWV�HNRV\VWHPWMlQVWWDEHOO�I\UD�XQGHUJUXSSHU��WDEHOO
����$Y�GHVVD�EHKDQGODV�EDUD�YDWWHQI|UV|UMQLQJ��0DWI|UV|UMQLQJ��HQHUJL�RFK�UnYDURU�QlPQV�LQWH
L�gUHEUR�NRPPXQV�JU|QVWUDWHJL�

����6DPPDQVWlOOQLQJ�DY�UHVXOWDWHW
&LUNHOGLDJUDPPHQ��ILJXU������	����YLVDU�KXU�RIWD�HNRV\VWHPWMlQVWHU�VRP�KDU�NDWHJRULVHUDWV
VRP�NXOWXUHOOD��VW|GMDQGH��UHJOHUDQGH�HOOHU�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�QlPQV�NRSSODW�WLOO
GH�ROLND�NRPPXQHUQDV�PnO�RFK�SODQHU�L�NRPPXQHUQDV�JU|QSODQHU��,�GLDJUDPPHQ��ILJXU�����
	����LOOXVWUHUDV�GH�ROLND�W\SHUQD�DY�HNRV\VWHPWMlQVWHU�RFK�KXU�RIWD�GH�EHU|UV�L�JU|QSODQHUQD�L
UHODWLRQ�WLOO�YDUDQGUD�

,�GLDJUDPPHW��ILJXU����VRP�YLVDU�I|UGHOQLQJHQ�DY�HNRV\VWHPWMlQVWHU�L�(VNLOVWXQD�NRPPXQV
JU|QSODQ�JnU�GHW�DWW�XWOlVD�DWW�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�XWJ|U����SURFHQW��VW|GMDQGH
HNRV\VWHPWMlQVWHU�XWJ|U����SURFHQW��UHJOHUDQGH�HNRV\VWHPWMlQVWHU�XWJ|U������SURFHQW�RFK
I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�XWJ|U�����SURFHQW�DY�HNRV\VWHPWMlQVWHUQD�VRP�QlPQV�L
JU|QSODQHQ�

)LJXU����)|UGHOQLQJ�PHOODQ�ROLND�HNRV\VWHPWMlQVWHU�L�(VNLOVWXQD�NRPPXQV�JU|QSODQ���'LDJUDP��-XOLD
-DNREVVRQ�

)|UGHOQLQJHQ�DY�HNRV\VWHPWMlQVWHU�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�V\QV�L�ILJXU��������
SURFHQW�DY�HNRV\VWHPWMlQVWHUQD�L�JU|QVWUXNWXUSODQHQ�XWJ|UV�DY�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�
�����SURFHQW�DY�VW|GMDQGH�HNRV\VWHPWMlQVWHU��RFK������SURFHQW�DY�UHJOHUDQGH
HNRV\VWHPWMlQVWHU��)|UV|UMDQGH�HNRV\VWHPWMlQVWHU�QlPQV�LQWH�L�JU|QVWUXNWXUSODQHQ�

��



)LJXU����)|UGHOQLQJ�PHOODQ�ROLND�HNRV\VWHPWMlQVWHU�L�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ���'LDJUDP�
-XOLD�-DNREVVRQ�

)LJXU���YLVDU�I|UGHOQLQJHQ�DY�HNRV\VWHPWMlQVWHU�L�gUHEUR�NRPPXQV�JU|QVWUDWHJL��.XOWXUHOOD
HNRV\VWHPWMlQVWHU�XWJ|U������SURFHQW��VW|GMDQGH�HNRV\VWHPWMlQVWHU�XWJ|U������SURFHQW�
UHJOHUDQGH�HNRV\VWHPWMlQVWHU�XWJ|U������SURFHQW�RFK�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�XWJ|U����
SURFHQW�DY�HNRV\VWHPWMlQVWHUQD�VRP�QlPQV�L�JU|QVWUDWHJLQ�

)LJXU����)|UGHOQLQJ�PHOODQ�ROLND�HNRV\VWHPWMlQVWHU�L�gUHEUR�NRPPXQV�JU|QVWUDWHJL���'LDJUDP��-XOLD
-DNREVVRQ�

*HPHQVDPW�I|U�GH�WUH�JU|QSODQHUQD�lU�DWW�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�EHU|UV�PHVW�L�DOOD
JU|QSODQHU�VDPW�DWW�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�QlPQV�PLQVW��HOOHU�L�9lVWHUnV�NRPPXQV
IDOO��LQWH�DOOV��,�(VNLOVWXQD�NRPPXQV�JU|QSODQ�RFK�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�QlPQV
VW|GMDQGH�HNRV\VWHPWMlQVWHU�PHU�IUHNYHQW�lQ�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��,�gUHEUR

��



NRPPXQV�JU|QVWUDWHJL�WDU�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�XSS�OLWH�PHU�XWU\PPH�lQ�VW|GMDQGH
HNRV\VWHPWMlQVWHU�

���'LVNXVVLRQ

����5HVXOWDWGLVNXVVLRQ
6\IWHW�PHG�GHW�KlU�DUEHWHW�YDU�DWW�XQGHUV|ND�KXU�ROLND�NRPPXQHU�YLOO�DUEHWD�PHG
HNRV\VWHPWMlQVWHU��VDPW�DWW�XQGHUV|ND�YDG�VRP�NlQQHWHFNQDU�HQ�NRPPXQDO�JU|QSODQ�RFK
YLOND�HNRV\VWHPWMlQVWHU�VRP�EHU|UV�PHVW�L�GH�YDOGD�JU|QSODQHUQD�

'HW�lU�VYnUW�DWW�EHVYDUD�YDG�VRP�NlQQHWHFNQDU�HQ�JU|QSODQ��*U|QSODQHUQDV�XWIRUPQLQJ�RFK
VWUXNWXU�lU�ROLND�RFK�GHW�ILQQV�LQJHQ�H[DNW�PDOO�I|U�KXU�HQ�JU|QSODQ�VND�VH�XW�
1DWXUYnUGVYHUNHW�RFK�%RYHUNHW������D��KDU��VRP�QlPQV�L�DYVQLWW������WLOOVDPPDQV�WDJLW�IUDP
HQ�YlJOHGQLQJ�I|U�KXU�HQ�JU|QSODQ�NDQ�XWIRUPDV�RFK�DQYlQGDV��,�YlJOHGQLQJHQ�EHVNULYV�GHW�DWW
JU|QSODQHU�NDQ�VH�ROLND�XW�EHURHQGH�Sn�NRPPXQHQV�EHKRY�RFK�I|UXWVlWWQLQJDU��VDPW�DWW
I|UVODJ�VRP�QlPQV�L�YlJOHGQLQJHQ�HQGDVW�lU�UHNRPPHQGDWLRQHU�

gUHEUR�NRPPXQV�JU|QVWUDWHJL�VWLFNHU�XW�JHQWHPRW�GH�DQGUD��)|UVW�RFK�IUlPVW�I|U�DWW�GHQ
HQGDVW�lU����VLGRU�OnQJ�PHGDQ�GH�DQGUD�lU�GU\JW�����VLGRU�OnQJD��8QGHU�OlVQLQJ�RFK�DQDO\V�DY
GH�ROLND�SODQHUQD�W\FNWH�YL�DWW�gUHEUR�NRPPXQV�JU|QVWUDWHJL�KDGH�HQ�W\GOLJDUH�VWUXNWXU�RFK
YDU�OlWWDUH�DWW�I|UVWn�RFK�DWW�WD�LQ��6WUXNWXUHQ�lU�JDQVND�VLPSHO��gUHEUR�NRPPXQ�KDU�IHP
VW\FNHQ�VWUDWHJLHU�VRP�EOLU�WLOO�IHP�ROLND�NDSLWHO��,�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�RFK
(VNLOVWXQD�NRPPXQV�JU|QSODQ�XSSOHYHU�YL�DWW�LQGHOQLQJHQ�DY�GRNXPHQWHW�LQWH�lU�OLND�W\GOLJ
RFK�DWW�LQIRUPDWLRQ�XSSUHSDV��'HVVXWRP�EODQGDV�GHW�YL�XSSOHYHU�YDUD�IDNWD�PHG�nVLNWHU�RFK
PnO�Sn�HWW�RW\GOLJW�VlWW��(Q�DQOHGQLQJ�WLOO�DWW�gUHEUR�NRPPXQV�JU|QVWUDWHJL�lU�W\GOLJDUH�NDQ
YDUD�NRPPXQHQV�V\IWH�PHG�VWUDWHJLQ��(QOLJW�gUHEUR�NRPPXQ�lU�HQ�VWUDWHJL�HQ�NRQNUHWLVHULQJ
DY�HWW�SURJUDP�HOOHU�HQ�SROLF\��gUHEUR�NRPPXQ�QlPQHU�RFNVn�DWW�VWUDWHJLQ�VND�IXQJHUD�VRP
HWW�VW|G�I|U�GH�I|UYDOWQLQJDU�VRP�DQVYDUDU�I|U�IULWLG��SDUN�RFK�QDWXU��'HQ�KlU�SODQHQ�NlQQV
WLOOUlFNOLJW�NRQNUHW�I|U�DWW�I|UYDOWQLQJDUQD�IDNWLVNW�VND�DQYlQGD�GHQ�VRP�XQGHUODJ�I|U�VLWW
DUEHWH��'HVVXWRP�LQQHKnOOHU�GHUDV�nWJlUGVWDEHOOHU�YLONHQ�QlPQG�HOOHU�NRPPXQDO�YHUNVDPKHW
VRP�lU�DQVYDULJ�I|U�nWJlUGHUQD�YLONHW�XQGHUOlWWDU�DQYlQGQLQJHQ�DY�GRNXPHQWHW�\WWHUOLJDUH��(Q
DQQDQ�SRVLWLY�VDN�lU�DWW�GHW�ILQQV�KlQYLVQLQJDU�WLOO�DQGUD�NRPPXQDOD�GRNXPHQW�L�GLUHNW
DQVOXWQLQJ�WLOO�GHQ�VWUDWHJL�VRP�GRNXPHQWHW�NDQ�KD�XW|NDG�LQIRUPDWLRQ�RP�

(Q�VDN�VRP�JU|QSODQHUQD�KDU�JHPHQVDPW�lU�DWW�GH�EHVNULYHU�|YHUJULSDQGH�PnO��.RPPXQHUQDV
PnO�lU�VQDUOLND�RFK�JHPHQVDPPD�PnO�lU�EODQG�DQQDW�DWW�GHW�VND�ILQQDV�\WRU�I|U�UHNUHDWLRQ��DWW
LQYnQDUH�VND�KD�WLOOJnQJ�WLOO�QDWXU�RFK�DWW�HNRV\VWHPWMlQVWHU�VND�EHYDUDV��0DMRULWHWHQ�DY
NRPPXQHUQDV�|YHUJULSDQGH�PnO�L�JU|QSODQHUQD�LQQHK|OO�IOHVW�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�
0nOHQ�NDQ�LQGLNHUD�DWW�GHW�WUROLJWYLV�NRPPHU�DWW�YDUD�HWW�VWRUW�IRNXV�Sn�NXOWXUHOOD
HNRV\VWHPWMlQVWHU�L�JU|QSODQHUQD��%HYDUDQGH�DY�HNRV\VWHPWMlQVWHU�lU�QnJRW�VRP�DOOD
NRPPXQHU�QlPQHU�L�VLQD�|YHUJULSDQGH�PnO�PHQ�GH�ULNWDU�LQ�VLJ�Sn�ROLND�W\SHU�DY
HNRV\VWHPWMlQVWHU��,�9lVWHUnV�NRPPXQV�JU|QVWUXNWXUSODQ�VWnU�GHW�DWW�HNRV\VWHPWMlQVWHU�VRP

��



JU|QD�RFK�EOn�PLOM|HU�HUEMXGHU�VND�XWYHFNODV�RFK�EHYDUDV��'HW�lU�HWW�JDQVND�YDJW�PnO�HIWHUVRP
GHW�LQWH�VSHFLILFHUDV�YLOND�HNRV\VWHPWMlQVWHU�VRP�VND�XWYHFNODV�RFK�EHYDUDV��'HW�NDQ�WRONDV
VRP�DWW�DOOD�HNRV\VWHPWMlQVWHU�VND�XWYHFNODV�RFK�EHYDUDV��(VNLOVWXQD�NRPPXQ�VNULYHU�L�VLQ
JU|QSODQ�DWW�GH�VND�YlUQD�RP�ELRORJLVN�PnQJIDOG�RFK�DQGUD�HNRV\VWHPWMlQVWHU�LQNOXVLYH
UHNUHDWLRQ�RFK�IULOXIWVOLY��%LRORJLVN�PnQJIDOG�lU�HQ�VW|GMDQGH�HNRV\VWHPWMlQVW�VRP�(VNLOVWXQD
NRPPXQ�QlPQHU�RIWD�L�VLQ�JU|QSODQ��1lU�(VNLOVWXQD�NRPPXQ�QlPQHU�DQGUD
HNRV\VWHPWMlQVWHU�H[HPSOLILHUDV�GH�VRP�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��'HW�NDQ�WRONDV�VRP�DWW
I|UV|UMDQGH�RFK�UHJOHUDQGH�HNRV\VWHPWMlQVWHU�LQWH�LQJnU�L�NRPPXQHQV�PnO�I|U�XWYHFNOLQJ�RFK
EHYDUDQGH�DY�HNRV\VWHPWMlQVWHU�HOOHU�DWW�GH�LQJnU�PHQ�LQWH�lU�SULRULWHUDGH��,�gUHEUR�NRPPXQV
JU|QVWUDWHJL�VWnU�GHW�DWW�HNRV\VWHPWMlQVWHU�VnVRP�YDWWHQUHQLQJ�RFK�IO|GHVXWMlPQLQJ�VND
XWYHFNODV��0nOHW�DQW\GHU�DWW�gUHEUR�NRPPXQV�KDU�HWW�IRNXV�Sn�UHJOHUDQGH�HNRV\VWHPWMlQVWHU��,
JU|QVWUDWHJLQ�QlPQV�lYHQ�DWW�ELRORJLVN�PnQJIDOG�ELGUDU�WLOO�DWW�Qn�PLOM|PnO�VDPW�DWW�ELRORJLVN
PnQJIDOG�|NDU�WULYVHO�RFK�ELGUDU�PHG�XSSOHYHOVHYlUGHQ��'HW�lU�HQ�LQWUHVVDQW�LDNWWDJHOVH�DWW
ELRORJLVN�PnQJIDOG�lYHQ�NDQ�IXQJHUD�VRP�HQ�NXOWXUHOO�HNRV\VWHPWMlQVW�JHQRP�DWW�ELGUD�WLOO
YlOPnHQGH��,QGHOQLQJHQ�DY�HNRV\VWHPWMlQVWHU��GHW�YLOO�VlJD�DWW�GHOD�LQ�ROLND�WMlQVWHU�L
UHJOHUDQGH��VW|GMDQGH��I|UV|UMDQGH�HOOHU�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��lU�LQWH�HQ�SHUIHNW
LQGHOQLQJ�HIWHUVRP�HQ�WMlQVW�NDQ�ELGUD�WLOO�HQ�DQQDQ�WMlQVW�RFK�HNRV\VWHPWMlQVWHU�RIWD�lU
VDPPDQOlQNDGH�

(Q�DQQDQ�VDN�VRP�SODQHUQD�KDU�JHPHQVDPW�lU�GHQ�VWRUD�RPIDWWQLQJHQ��*U|QSODQHUQD
EHKDQGODU�VWRUD�RPUnGHQ�RFK�DOO�JU|QVWUXNWXU�VND�U\PPDV�L�HQ�SODQ��*U|QSODQHUQD�EOLU�VnOHGHV
OnQJD�RFK�KDQWHUDU�YLVVD�RPUnGHQ�YlOGLJW�YDJW�PHGDQ�QnJUD�RPUnGHQ�InU�HQ�PHU�W\GOLJ
SULRULWHULQJ��6DPWOLJD�DY�GH�XQGHUV|NWD�NRPPXQHUQD�KDU�lYHQ�DQGUD�VW\UGRNXPHQW�VRP�PHU
HOOHU�PLQGUH�EHU|U�lPQHQ�VRP�HQ�JU|QSODQ�RFNVn�KDQGODU�RP��'HW�NDQ�YDUD�HQ�DY
DQOHGQLQJDUQD�WLOO�DWW�JU|QSODQHUQDV�LQQHKnOO�RFK�VLGOlQJG�NDQ�YDULHUD�HQ�KHO�GHO��9DG�GH�ROLND
NRPPXQHUQD�KDU�YDOW�DWW�WD�PHG�L�VLQD�JU|QSODQHU�NDQ�EHUR�Sn�YDG�VRP�UHGDQ�VWnU�L�DQGUD
GRNXPHQW��6ND�HQ�NRPPXQDO�JU|QSODQ�IXQJHUD�PHU�VRP�HWW�NRPSOHPHQW�WLOO�DQGUD
H[LVWHUDQGH�VW\UGRNXPHQW�HOOHU�VND�GHQ�IXQJHUD�PHU�VRP�HQ�VDPPDQIDWWQLQJ�DY�NRPPXQHQV
PnO��VWUDWHJLHU��nWJlUGHU�RFK�DPELWLRQHU"�9L�WURU�DWW�HQ�NRPPXQDO�JU|QSODQ�NDQ�IXQJHUD�ElVW
VRP�HWW�|YHUJULSDQGH�GRNXPHQW�PHG�PnO�VDPW�W\GOLJD�VWUDWHJLHU�RFK�nWJlUGHU�I|U�DWW�Qn�GHVVD
PnO��9L�W\FNHU�RFNVn�DWW�GHW�lU�YLNWLJW�DWW�UHIHUHUD�WLOO�DQGUD�VW\UGRNXPHQW�L�JU|QSODQHU�Vn�DWW
GHW�lU�HQNHOW�DWW�KLWWD�PHU�GHWDOMHUDG�LQIRUPDWLRQ�

)UnJDQ�RP�YLOND�HNRV\VWHPWMlQVWHU�VRP�EHU|UV�PHVW�L�GH�YDOGD�JU|QSODQHUQD�lU�HQNODUH�DWW
EHVYDUD��(IWHU�DWW�KD�XQGHUV|NW�GH�WUH�JU|QSODQHUQD�JnU�GHW�DWW�NRQVWDWHUD�DWW�NXOWXUHOOD
HNRV\VWHPWMlQVWHU�QlPQV�PHVW�L�VDPWOLJD�JU|QSODQHU��(Q�DQOHGQLQJ�NDQ�YDUD�DWW�NXOWXUHOOD
HNRV\VWHPWMlQVWHU�I|U�GHW�PHVWD�lU�EHJULSOLJD�I|U�RVV�PlQQLVNRU��'HW�lU�OlWW�DWW�VH�DWW
PlQQLVNRU�VSULQJHU�L�PRWLRQVVSnU��DWW�EDUQ�OHNHU�Sn�OHNSODWVHU�RFK�DWW�PlQQLVNRU�VSHODU�IRWEROO
Sn�IRWEROOVSODQHU��'HW�KlU�lU�DNWLYLWHWHU�VRP�YL�lU�YDQD�DWW�XWI|UD�YLONHW�PHGI|U�DWW
NRPPXQLQYnQDUQD�RFNVn�KDU�I|UYlQWQLQJDU�Sn�DWW�NRPPXQHUQD�VND�ELVWn�PHG�JU|Q\WRU�GlU�GH
KlU�DNWLYLWHWHUQD�NDQ�XWI|UDV��'HW�EOLU�VnOHGHV�RFNVn�DWWUDNWLYW�I|U�NRPPXQHQ�DWW�VH�WLOO�DWW
P|WD�EHIRONQLQJHQV�HIWHUIUnJDQ�Sn�NXOWXUHOOD�HNRV\VWHPWMlQVWHU��,�YnU�DQDO\V�KDU�YL�RFNVn�VHWW
DWW�GHQ�XQGHUJUXSS�DY�NXOWXUHOOD�HNRV\VWHPWMlQVWHU�VRP�KDU�GRPLQHUDW�lU�I\VLVN�KlOVD�VRP
LQNOXGHUDU�PRWLRQ��IULOXIWVOLY�RFK�OHN��6RFLDO�LQWHUDNWLRQ�lU�RFNVn�HQ�XQGHUNDWHJRUL�DY

��



NXOWXUHOOD�HNRV\VWHPWMlQVWHU�VRP�lU�OlWW�DWW�I|UVWn��9L�YLOO�KD�ElQNDU�RFK�ERUG�L�SDUNHU�RFK�XWH�L
VNRJDU��,�VNRJHQ�KlOVDU�PlQQLVNRU�XWDQ�DWW�HQV�NlQQD�YDUDQGUD��YLG�OHNSODWVHQ�VLWWHU�I|UlOGUDU
RFK�VPnSUDWDU�PHGDQ�EDUQHQ�OHNHU�RFK�SHQVLRQlUHQ�YLOO�JlUQD�KD�HQ�ElQN�DWW�WD�HQ�YLORSDXV�Sn
XQGHU�SURPHQDGHQ��0HQWDOW�YlOEHILQQDQGH�NDQVNH�InU�WD�PLQGUH�SODWV�L�JU|QSODQHUQD�I|U�DWW
GHW�lU�OlWWDUH�DWW�PRWLYHUD�JU|QRPUnGHQ�PHG�DUJXPHQW�RP�I\VLVN�KlOVD�lQ�RP�SV\NLVN�KlOVD"
'HW�NlQQV�GlUHPRW�VRP�DWW�PHQWDOW�YlOEHILQQDQGH�lU�HWW�KHWW�VDPWDOVlPQHQ�RFK�QnJRW�VRP
VNXOOH�NXQQD�In�WD�PHU�XWU\PPH�L�IUDPWLGD�JU|QSODQHU�

3n�HWW�OLNQDQGH�VlWW�NDQ�GHW�YDUD�GlUI|U�VRP�JUXSSHQ�VW|GMDQGH�HNRV\VWHPWMlQVWHU�L�GH
XQGHUV|NWD�JU|QSODQHUQD�IUDPI|UDOOW�InU�UHSUHVHQWHUDV�DY�ELRORJLVN�PnQJIDOG��(QOLJW
0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW��������lU�SURFHVVHUQD�VRP�OHGHU�WLOO�VW|GMDQGH
HNRV\VWHPWMlQVWHU�RIWDVW�YlOGLJW�OnQJVDPPD��'HW�J|U�DWW�GHW�NDQ�YDUD�VYnUW�I|U�RVV�PlQQLVNRU
DWW�XSSIDWWD�YDG�YL�InU�I|U�I|UPnQHU�IUnQ�GHVVD�HNRV\VWHPWMlQVWHU��'HW�NDQ�GlUI|U�YDUD�OlWWDUH
I|U�WMlQVWHPlQ�DWW�DUJXPHQWHUD�I|U�I|UGHODU�PHG�ELRORJLVN�PnQJIDOG�lQ�WLOO�H[HPSHO�QDWXUOLJD
NUHWVORSS�RFK�MRUGPnQVELOGQLQJ��/LYVPLOM|HU�YDU�GHQ�XQGHUJUXSS�VRP�RFNVn�QlPQGHV�L
NRPPXQHUQDV�JU|QSODQHU��'HW�NDQ�EHUR�Sn�DWW�Yl[WHU�RFK�GMXUV�OLYVPLOM|HU��IRUWSODQWQLQJ�RFK
VSULGQLQJ�KDU�HWW�VnGDQW�W\GOLJW�VDPEDQG�PHG�ELRORJLVN�PnQJIDOG�

.XOWXUHOOD�HNRV\VWHPWMlQVWHU�NDQ�RFNVn�YDUD�HWW�VlWW�DWW�VlOMD�LQ�I|UGHODUQD�PHG�DQGUD
HNRV\VWHPWMlQVWHU��9L�OHYHU�L�HQ�YlUOG�GlU�PlQQLVNRUV�EHKRY�SULRULWHUDV�IUDPI|U�DQGUD�GMXUV�
Yl[WHU�RFK�YnU�SODQHW��2IWD�lU�GHW�RFNVn�NRUWVLNWLJD�EHKRY�VRP�InU�VW\UD��'HW�lU�YDQRU�VRP�YL
KDU��VRP�YL�KDU�VNDIIDW�RVV��VRP�LQWH�J\QQDU�PlQVNOLJKHWHQ�OnQJVLNWLJW��PHQ�J|U�DWW�YL�NDQ
OHYD�HQ�PHU�EHNYlP�OLYVVWLO��'HW�NDQ�GlUI|U�YDUD�WDNWLVNW�DWW�PRWLYHUD�YDO�PHG
HNRV\VWHPWMlQVWHU�VRP�PlQQLVNRU�I|UVWnU�DWW�GH�NDQ�KD�Q\WWD�DY�GLUHNW�WLOO�VNLOOQDG�IUnQ
HNRV\VWHPWMlQVWHU�VRP�GH�LQWH�I|UVWnU�YLOND�I|UGHODU�GH�InU�XW�DY��0nQJD�HNRV\VWHPWMlQVWHU
KlQJHU�LKRS�RFK�NDQ�J\QQD�YDUDQGUD��c�DQGUD�VLGDQ�lU�GHW�YLNWLJW�DWW�JU|QSODQHU�RFK�DQGUD
VW\UGRNXPHQW�IRNXVHUDU�Sn�GH�VDPKlOOVXWPDQLQJDU�VRP�GH�SnVWnV�NXQQD�KDQWHUD�
.OLPDWI|UlQGULQJDUQD�EOLU�PHU�RFK�PHU�HQ�GHO�DY�YnU�YDUGDJ�RFK�GHW�lU�YLNWLJW�DWW�VWlGHUQD�NDQ
KDQWHUD�EODQG�DQQDW�HWW�I|UlQGUDW�NOLPDW�PHG�|NDG�QHGHUE|UG�

)|UV|UMDQGH�HNRV\VWHPWMlQVWHU�QlPQV�PLQVW�L�VDPWOLJD�DY�GH�XQGHUV|NWD�JU|QSODQHUQD�
.DQVNH�EHURU�GHW�Sn�DWW�PDW�RFK�GULFNVYDWWHQ�lU�QnJRW�VRP�YL�WDU�I|U�JLYHW�L�6YHULJH�HOOHU�Vn
EHURU�GHW�KHOW�HQNHOW�Sn�DWW�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�LQWH�I|UNQLSSDV�PHG�VWDGVSODQHULQJ"
6DPWLGLJW�VDPYHUNDU�RIWD�IOHUD�HNRV\VWHPWMlQVWHU�RFK�VWDGHQV�DUEHWH�PHG�HNRV\VWHPWMlQVWHU
NDQ�J\QQD�WLOO�H[HPSHO�SROOLQHUDUH�VRP�NDQ�ELGUD�PHG�I|UV|UMDQGH�HNRV\VWHPWMlQVWHU�

����0HWRGGLVNXVVLRQ
9LG�JUDQVNQLQJ�RFK�DQDO\V�DY�GH�ROLND�NRPPXQHUQDV�JU|QSODQHU�YDU�GHW�LEODQG�VYnUW�DWW�WROND
YDG�VRP�VNXOOH�UlNQDV�VRP�HQ�HNRV\VWHPWMlQVW�NRSSODG�WLOO�NRPPXQHQV�PnO�HOOHU�SODQHU�RFK
YDG�VRP�LQWH�VNXOOH�UlNQDV��0HWRGHQ�lU�LQWH�IHOIUL�RFK�EHG|PQLQJHQ�EOLU�VXEMHNWLY�HIWHUVRP�HQ
DQQDQ�SHUVRQ�P|MOLJWYLV�KDGH�WRONDW�WH[WHQ�DQQRUOXQGD��(Q�UHQW�NYDQWLWDWLY�XQGHUV|NQLQJ��GlU
KXU�PnQJD�JnQJHU�HQ�HNRV\VWHPWMlQVW�QlPQV�L�HQ�JU|QSODQ�VXPPHUDV��KDGH�YDULW�PHU
REMHNWLY��'HW�VNXOOH�GlUHPRW�YDUD�VYnUW�DWW�GUD�VOXWVDWVHU�XWLIUnQ�GHW�KlU�DUEHWHWV

��



IUnJHVWlOOQLQJDU�XWLIUnQ�HQ�VnGDQ�DQDO\V�HIWHUVRP�DQDO\VHQ�LQWH�VNXOOH�I|UNODUD�NRPPXQHUQDV
DWWLW\G�HOOHU�LQVWlOOQLQJ�WLOO�HNRV\VWHPWMlQVWHUQD�RFK�GHQ�VNXOOH�LQWH�KHOOHU�NXQQD�VNLOMD�Sn�YDG
VRP�lU�DOOPlQ�IDNWD�RFK�YDG�VRP�lU�UHODWHUDW�WLOO�NRPPXQHQV�YHUNOLJD�PnO��YLVLRQHU�RFK
SODQHU��'HW�lU�GlUHPRW�P|MOLJW�DWW�UHVXOWDWHW�KDGH�EOLYLW�OLNQDQGH�JlOODQGH�YLOND
HNRV\VWHPWMlQVWHU�VRP�EHU|UV�PHVW�L�JU|QSODQHUQD�lYHQ�RP�GHW�HQGDVW�KDGH�XQGHUV|NWV�XWLIUnQ
KXU�PnQJD�JnQJHU�HQ�HNRV\VWHPWMlQVW�QlPQV�L�JU|QSODQHUQD�

9L�DQVHU�DWW�GHW�lU�SRVLWLYW�DWW�YL�XWI|UGH�EnGH�HQ�NYDOLWDWLY�DQDO\V�RFK�HQ�NYDQWLWDWLY�DQDO\V�
0HG�KMlOS�DY�GHQ�NYDQWLWDWLYD�DQDO\VHQ�Vn�NXQGH�YL�UHGRYLVD�UHVXOWDWHQ�L�FLUNHOGLDJUDP��ILJXU
�����	�����'LDJUDPPHQ�JHU�HQ�W\GOLJ�|YHUVLNW�DY�KXU�I|UGHOQLQJHQ�DY�HNRV\VWHPWMlQVWHU�VHU�XW
L�JU|QSODQHUQD�RFK�YL�W\FNHU�DWW�GHW�XQGHUOlWWDU�I|UVWnHOVHQ�QlU�PDQ�NDQ�VH�UHVXOWDWHQ�YLVXHOOW�
$WW�YL�JMRUGH�HQ�NYDOLWDWLY�DQDO\V�JDY�RVV�HWW�VW|UUH�KHOKHWVSHUVSHNWLY�VDPW�PHU�NXQVNDS�RP
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*RGNlQGD VMlOYVWlQGLJD DUEHWHQ �H[DPHQVDUEHWHQ� YLG 6/8 SXEOLFHUDV HOHNWURQLVNW� 6RP
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LQWHUQHW� 2P GX NU\VVDU L 1(-� NRPPHU HQGDVW PHWDGDWD RFK VDPPDQIDWWQLQJ EOL V\QOLJD RFK

V|NEDUD� bYHQ RP GX LQWH SXEOLFHUDU IXOOWH[WHQ NRPPHU GHQ DUNLYHUDV GLJLWDOW� 2P IOHU lQ HQ

SHUVRQ KDU VNULYLW DUEHWHW JlOOHU NU\VVHW I|U VDPWOLJD I|UIDWWDUH� 'X KLWWDU HQ OlQN WLOO 6/8�V
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