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'LODUDQJ�PHPSHUEDQ\DN�DWDX�PHPLQGDKNDQ�VHEDJLDQ�DWDX�VHOXUXK�

LVL� EXNX� LQL� GDODP� EHQWXN� DSDSXQ� GDQ� GHQJDQ� FDUD� DSDSXQ��

WHUPDVXN�PHPIRWRNRSL��PHUHNDP��DWDX�GHQJDQ�WHNQLN�SHUHNDPDQ�
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3XML� V\XNXU� VD\D�SDQMDWNDQ�NHSDGD�7XKDQ�<DQJ�0DKD�(VD��

NDUHQD� DWDV� EHUNDW� GDQ� UDKPDW�1\D�� VD\D� GDSDW� PHQ\HOHVDLNDQ�

EXNX� LQL�� 3HQXOLVDQ� EXNX�PHUXSDNDQ� EXDK�NDU\D� GDUL� SHPLNLUDQ�

SHQXOLV� \DQJ� GLEHUL� MXGXO� µ.HDQHNDUDJDPDQ� (NRVLVWHP� 3DGDQJ�

/DPXQµ��6D\D�PHQ\DGDUL�EDKZD�WDQSD�EDQWXDQ�GDQ�ELPELQJDQ�GDUL�

EHUEDJDL�SLKDN�VDQJDWODK�VXOLW�EDJL�VD\D�XQWXN�PHQ\HOHVDLNDQ�NDU\D�

LQL��2OHK�NDUHQD�LWX��VD\D�PHQJXFDSNDQ�EDQ\DN�WHULPD�NDVLK�SDGD�

VHPXD�SLKDN�\DQJ�WHODK�PHPEDQWX�SHQ\XVXQDQ�EXNX�LQL��6HKLQJJD�

EXNX�LQL�ELVD�KDGLU�GL�KDGDSDQ�SHPEDFD�� 

%XNX� LQL� � EHUWXMXDQ� PHPXGDKNDQ� GDQ� PHQXQMDQJ�

SHUNXOLDKDQ�EDLN�EDJL�GRVHQ�SHQJDPSX�PDWD�NXOLDK�PDXSXQ�EDJL�

PDKDVLVZD�GDSDW�GLMDGLNDQ�UXMXNDQ�DWDX�DFXDQ�VHUWD�PHQLQJNDWNDQ�

NHVLDSDQ� GRVHQ� GDODP� PHPEHULNDQ� NXOLDK� VHKLQJJD� GDSDW��

SHQLQJNDWDQ�SUHVWDVL�PDKDVLVZD�SURJUDP�VWXGL�%LRORJL� 

3HQXOLV� PHQ\DGDUL� EDKZD� EXNX� LQL� PDVLK� MDXK� GDUL�

NHVHPSXUQDDQ��2OHK�NDUHQD�LWX�NULWLN�GDQ�VDUDQ�\DQJ�PHPEDQJXQ�

VDQJDW�GLEXWXKNDQ�JXQD�SHQ\HPSXUQDDQ�EXNX�LQL��$NKLU�NDWD�VD\D�

EHUKDUDS� 7XKDQ� <DQJ� 0DKD� (VD� EHUNHQDQ� PHPEDODV� VHJDOD�

NHEDLNDQ�VHPXD�SLKDN�\DQJ�WHODK�PHPEDQWX��6HPRJD�EXNX�LQL�DNDQ�

PHPEDZD�PDQIDDW�EDJL�SHQJHPEDQJDQ�LOPX�SHQJHWDKXDQ� 
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(NRVLVWHP� ODPXQ� PHUXSDNDQ� VDODK� VDWX� HNRVLVWHP� ODXW�

GDQJNDO� \DQJ� SDOLQJ� SURGXNWLI��'L� VDPSLQJ� LWX� HNRVLVWHP� ODPXQ�

PHPSXQ\DL� SHUDQDQ� SHQWLQJ� GDODP� PHQXQMDQJ� NHKLGXSDQ� GDQ�

SHUNHPEDQJDQ�MDVDG�KLGXS�GL�ODXW�GDQJNDO��\DLWX�VHEDJDL�SURGXVHQ�

SULPHU�� KDELWDW� ELRWD�� SHQMHEDN� VHGLPHQ� GDQ� SHQMHEDN� ]DW� KDUD�

�5RPLPRKWDUWR�� -XZDQD�� ������� (NRVLVWHP� ODPXQ� GLNHWDKXL�

PHUXSDNDQ� HNRVLVWHP� GLODXW� GDQJNDO� GHNDW� GHQJDQ� SHVLVLU� \DQJ�

PHQGXNXQJ� NHKLGXSDQ�ELRWD�ELRWD� DVRVLDVL�� NHEHUDGDDQ\D� VDQJDW�

SHQWLQJ�XQWXN�PHQMDJD�NHODQJVXQJDQ�KLGXS�ELRWD�SDGD�HNRVLVWHP�

WHUVHEXW� 

)XQJVL� GDUL� HNRVLVWHP� ODPXQ� VHODLQ� VHEDJDL� SHUHGDP�

JHORPEDQJ�GDQ�SHQDKDQ�DEUDVL�ODXW�� MXJD�PHPLOLNL�IXQJVL�SHQWLQJ�

VHEDJDL� KDELWDW� ELRWD� SHUDLUDQ�� WHPSDW� PHFDUL� PDNDQ�� PHPLMDK��

SHQJDVXKDQ�ODUYD��VHUWD�DUHD�SHUOLQGXQJDQ�GDUL�DQFDPDQ�DODPL�EDJL�

ELRWD�ELRWD� NHFLO� �+XWRPR��1RQWML�� ������� )XQJVL� XWDPD� HNRVLVWHP�

SDGDQJ�ODPXQ�DGDODK�VHEDJDL�KDELWDW�ELRWD��WHPSDW�PHQFDUL�PDNDQ��

SHPLMDKDQ�� SHUOLQGXQJDQ� GDUL� DQFDPDQ� SUHGDWRU� GDQ� IXQJVL�

HNRORJLV� ODLQQ\D�� (NRVLVWHP� ODPXQ� MXJD� PHPLOLNL� IXQJVL� VHEDJDL�

SHQVWDELO� VXEVWUDW� GDQ�PHQMDJD� GDUL� DEUDVL� SDQWDL� VHUWD� VWDELOLWDV�

SDQWDL� 

0HOLKDW� EHUEDJDL� PDFDP� IXQJVL� WHUVHEXW� PHPEXDW� SDGDQJ�

ODPXQ� VDQJDW�SHQWLQJ�XQWXN� WHUXV�GLMDJD�NHEHUDGDDQQ\D��3DGDQJ�

ODPXQ�PHPLOLNL�VHEDUDQ�\DQJ�FXNXS�OXDV�SDGD�SHUDLUDQ�,QGRQHVLD�

VHUWD�PHPLOLNL�KDPSDUDQ�SDGD�DUHD�SDVDQJ�VXUXW��0HQXUXW�+XNRP�

HW�DO���������ODPXQ�XPXPQ\D�PHPLOLNL�VHEDUDQ�GDHUDK�WURSLN�GDQ�

3(1'$+8/8$1 



� 

 

%$% 

��/$081��6($*5$66� 
 

 

$� 3HQJHUWLDQ�/DPXQ 

'DODP� NDPXV� 0HUULHP� :HEVWHU� ������� ODPXQ� DWDX�

VHDJUDVV�GHILQLVLNDQ�VHEDJDL��´DQ\�RI�YDULRXV�JUDVV�OLNH�SODQWV�WKDW�

LQKDELW� FRDVWDO� DUHDVµ�� /DPXQ� PHUXSDNDQ� WXPEXKDQ� WLQJNDW�

WLQJJL��$QWRSK\WD��\DQJ�KLGXS�GDQ�WHUEHQDP�GL��OLQJNXQJDQ�ODXW��

EHUSHPEXOXK�� EHUGDXQ�� EHULPSDQJ� �UKL]RPH��� EHUDNDU� GDQ�

EHUNHPEDQJ�ELDN�VHFDUD�JHQHUDWLI��ELML��GDQ�YHJHWDWLI��WXQDV�� 

.DWD�VHDJUDVV�VHQGLUL�GL�EHQXD�$PHULND�EDUX�PXQFXO�GL�

WDKXQ� ���DQ� GDQ� GL� (URSD� GL� WDKXQ� ���DQ� GHQJDQ� WHUELWQ\D�

SXEOLNDVL� KDVLO�KDVLO� SHQHOLWLDQ� \DQJ� PHQJJXQDNDQ� NDWD�

VHDJUDVV�� 6HEHQDUQ\D� SXOXKDQ� EDKNDQ� UDWXVDQ� WDKXQ�

VHEHOXPQ\D�WHODK�PXQFXO�QDPD�QDPD�,QJJULV��FRPPRQ�QDPH��

GDUL� MHQLV�MHQLV� ODPXQ� \DQJ� GLVHVXDLNDQ� GHQJDQ� EHQWXN� OXDU�

�PRUIRORJL��DWDX�VHEDJDL�PDNDQDQ�GDUL�ELQDWDQJ�WHUWHQWX��PLVDO��

HHOJUDVV� �=RVWHUD� PDULQD��� WXUWOH�GXJRQJJUDVV� �7KDOODVVLD�

WHVWXGLQXP��� PDQDWHH� JUDVV� �+DORGXOH� ZULJKWLL��� VSRRQJUDVV�

�+DORSKLOD�VSS�� 

'L�,QGRQHVLD��VHDJUDVV�PHPLOLNL�EHUEDJDL�QDPD�GDHUDK��'L�

7HOXN� %DQWHQ� VHDJUDVV� GLNHQDO� VHEDJDL� ODPXQ�� GL� .HSXODXDQ�

6HULEX� GLVHEXW� ·UXPSXW� SDPD·�� ·RVHQJ·�� ·VDPR�VDPR·�� GL�

.HSXODXDQ�5LDX�GLVHEXW�UXPSXW�VHWX�DWDX�VHWX�ODXW��GL�6XODZHVL�

6HODWDQ� GLVHEXW� UXPSXW� ·VDPR�� VDPR·�� ·UXPSXW� DQDQJ·�� GL�

0DOXNX�GLVHEXW�·ODODPRQJ·�� ·VDPR�VDPR·�� ·SDPD·�� ·LODODQJ�ODXW·��

GL� 0DOXNX� 8WDUD� GLVHEXW� ·UXPSXW� JXVVXPL·�� ·JXKXQJLUL·��

·DOLQXPDQJ·�� GL� 3XODX� .DEDHQD�� 0XQD�� %XWRQ� GDQ� 6XODZHVL�

/$081�
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$� 3HQJHUWLDQ�3DGDQJ�/DPXQ��VHDJUDVV�EHGV� 

/DPXQ� PHPLOLNL� SROD� KLGXS� \DQJ� VHULQJ� EHUXSD�

KDPSDUDQ�� VHSHUWL� KDOQ\D� SDGDQJ� UXPSXW� GL� GDUDWDQ�� PDND�

GLNHQDO� GHQJDQ� LVWLODK� SDGDQJ� ODPXQ� �VHDJUDVV� EHGV���0HQXUXW�

+XWRPR�SDGDQJ�ODPXQ�DGDODK�KDPSDUDQ�YHJHWDVL�ODPXQ�\DQJ�

PHQXWXSL� VXDWX� DUHD� SHVLVLU� DWDX� ODXW� GDQJNDO� \DQJ� GDSDW�

WHUEHQWXN�ROHK�VDWX�VSHFLHV�ODPXQ��PRQRVSHFLILF��DWDX�OHELK��PL[�

YHJHWDWLRQ�� GHQJDQ�NHUDSDWDQ� WDQDPDQ� \DQJ�SDGDW� �GHQVH�� DWDX�

MDUDQJ��VSDUVH���'L�SHUDLUDQ�,QGRQHVLD�VHQGLUL�OXDV�SDGDQJ�ODPXQ�

GLSHUNLUDNDQ� VHNLWDU� ������� NP�� \DQJ� GLKXQL� ROHK� ��� VSHFLHV�

ODPXQ�� 6HGDQJNDQ� VLVWHP� HNRORJL� SDGDQJ� ODPXQ� \DQJ� WHUGLUL�

GDUL� NRPSRQHQ� ELRWLN� GDQ� DELRWLN� GLVHEXW� HNRVLVWHP� ODPXQ�

�VHDJUDVV�HFRV\VWHP���+XWRPR�HW�DO��������� 

0HQXUXW�+XWRPR�HW�DO����������HNRVLVWHP�SDGDQJ� ODPXQ�

PHPLOLNL� NRQGLVL� HNRORJLV� \DQJ� VDQJDW� NKXVXV� GDQ� EHUEHGD�

GHQJDQ� HNRVLVWHP� PDQJURYH� GDQ� WHUXPEX� NDUDQJ�� &LUL�FLUL�

HNRORJLV�SDGDQJ�ODPXQ�DQWDUD�ODLQ�DGDODK� 

�� 7HUGDSDW�GL�SHUDLUDQ�SDQWDL�\DQJ�ODQGDL��GL�GDUDWDQ�OXPSXU�

DWDX�SDVLU� 

�� 3DGD�EDWDV�WHUHQGDK�GDHUDK�SDVDQJ�VXUXW�GHNDW�KXWDQ�EDNDX�

DWDX�GL�GDUDWDQ�WHUXPEX�NDUDQJ� 

�� 0DPSX� KLGXS� VDPSDL� NHGDODPDQ� ��� PHWHU�� GL� SHUDLUDQ�

WHQDQJ�GDQ�WHUOLQGXQJ� 

�� 6DQJDW� WHUJDQWXQJ� SDGD� FDKD\D� PDWDKDUL� \DQJ� PDVXN� NH�

SHUDLUDQ� 

3$'$1*�/$081�
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$� .HDQHNDUDJDPDQ�6SHVLHV�/DPXQ 

0HQXUXW�$]NDE�� �������'DUL���� MHQLV� ODPXQ�\DQJ�DGD�GL�

GXQLD�� DGD� ��� MHQLV� \DQJ� WHODK� GLWHPXNDQ� GL� ,QGRQHVLD� \DLWX�

6\ULQJRGLXP� LVRHWLIROLXP�� +DORSKLOD� RYDOLV�� +DORSKLOD� VSLQXORVD��

+DORSKLOD� PLQRU�� +DORSKLOD� GHFLSLHQV�� +DORGXOH� SLQLIROLD�� +DORSKLOD�

RYDOLV�� 7KDODVVRGHQGURQ� FLOLDWXP��&\PRGRFHD� URWXQGDWD�� &\PRGRFHD�

VHUUXODWD��7KDODVVLD�KHPSULFKLL�GDQ�(QKDOXV�DFRURLGHV�� 

-HQLV� ²� MHQLV� ODPXQ� \DQJ� GLWHPXNDQ�GL� ,QGRQHVLD� GDSDW�

GLOLKDW�SDGD�JDPEDU�EHULNXW� 

.($1(.$5$*$0$1�

63(6,(6�/$081�',�

3(5$,5$1�,1'21(6,$ 
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$]NDE�� 0�+�� ������ 3HUFREDDQ� WUDQVSODQWDVL� ODPXQ�� &\PRGRFHD�

URWXQGDWD�(KUHQE��	�+HPSUL�H[�$VFKHUV�GL� UDWDDQ�WHUXPEX�

3XODX�3DUL��.HSXODXDQ�6HULEX��.RQJUHV�1DVLRQDO�%LRORJL�9,,,��

3XUZRNHUWR������2NWREHU����������K� 

BBBBBB��������7UDQVSODQWDVL�ODPXQ��7KDODVVLD�KHPSULFKLL� �(KUHQE���

$VFKHUV� GL� UDWDDQ� WHUXPEX� 3XODX� 3DUL�� .HSXODXDQ� 6HULEX��

'DODP��7HOXN�-DNDUWD��ELRORJL��EXGLGD\D��RVHDQRJUDIL��JHRORJL�

GDQ�NRQGLVL�SHUDLUDQ��0��.��0RRVD�3��3UDVHQR�GDQ�6XNDUQR��

(GV����3XVOLWEDQJ�2VHDQRORJL�/,3,��-DNDUWD���������� 

BBBBBB��� ������ 3HGRPDQ� ,QYHQWDULVDVL� /DPXQ�GL� ,QGRQHVLD�� -XUQDO�

2VHDQD����������2VHDQRJUDIL�/,3��-DNDUWD� 

%HQJHQ�� '�*��� ������ 3HQJHORODKDQ� VXPEHUGD\D� ZLOD\DK� SHVLVLU�

VHFDUD� WHUSDGX� EHUNHODQMXWDQ� GDQ� EHUEDVLV� PDV\DUDNDW��

0DNDOD�3DGD�6RVLDOLVDVL�SHQJHORODKDQ� VXPEHUGD\D�EHUEDVLV�

PDV\DUDNDW��%RJRU� 

%URZHU�� -�(��� -�+��� =DU��� ������ )LHOG� DQG� /DERUDWRU\� 0HWKRGV� IRU�

*HQHUDO� (FRORJ\�� :�� 0�� %URZQ� &RPSDQ\� 3XEO�� 'XEXTXH�

/RZD� 

&DEDFR��6���5��0DFKDV��9��9LHLUD�DQG�5��6DQWRV��������,PSDFWV�XUEDQ�

ZDVWHZDWHU�GLVFKDUJH� RQ� VHDJUDVV�PHDGRZ� �=RVWHUD� QROWLL���

(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH���������� 

&RVWDQ]D�� 5�� 5�� G·$UJH�� 5�� GH� *URRW�� 6�� )DUEHUN�� 0�� *UDVVR�� %��

+DQQRQ��.��/LPEXUJ�6��1DHHP��5��9��2·1HLOO��-��3DUXHOR��5��*��

5DVNLQ��3��6XWWRQ�DQG�0��YDQ�GHQ�%HOW��������7KH�9DOXH�RI�WKH�

ZRUOG·V�HFRV\VWHP�VHUYLFHV�DQG�QDWXUDO�FDSLWDO��1DWXUH������

�������� 

'DKXUL��5���������.HDQHNDUDJDPDQ�+D\DWL�/DXW�$VHW�3HPEDQJXQDQ�

%HUNHODQMXWDQ�,QGRQHVLD��*UDPHGLD�3XVWDND�8WDPD��-DNDUWD� 

'DKXUL�� 5��� -�� 5DLV�� 6�� 3XWUD� *LQWLQJ� GDQ� 0�-�� 6LWHSX�� ������

3HQJHORODDQ�6XPEHUGD\D�:LOD\DK�3HVLVLU�GDQ�/DXWDQ�VHFDUD�

7HUSDGX��37�3UDGQ\D�3DUDPLWD��-DNDUWD������KDO� 



�� 
 

GH�OD�7RUUH�&DVWUR��0�DQG�3��5RQQEDFN��������/LQN�EHWZHHQ�KXPDQ�

VHDJUDVVHV²�DQ�H[DPSOH�IURP�7URSLFDO�(DVW�$IULFD��2FHDQ�DQG�

&RDVWDO�0DQDJHPHQW��������²���� 

'HQ� +DUWRJ�� &��� ������ 7KH� VHDJUDVVHV� RI� WKH� ZRUOG�� $PVWHUGDP��

1RUWK�+ROODQG�3XEOLVLQJ�&R� 

BBBBBB��� ������ 6WUXFWXU�� )XQFWLRQ�� DQG� &ODVVLILFDWLRQ� LQ� 6HDJUDVV�

(FRV\VWHP�� $� 6FLHQWLILF� 3HUVSHFWLYH� �HGV�� 0F�� 5R\� DQG�

+HOIIHULFK���0DUFHO�'HNNHU�LQF��S�����²���� 

'HQQLVRQ��:�&��������*OREDO�7UDMHFWRULHV�RI�6HDJUDVV��WKH�%LRORJLFDO�

6HQWLQHOV� RI� &RDVWDO� (FRV\VWHP�� ,Q� *OREDO� /RVV� RI� &RDVWDO�

+DELWDW�5DWHV��&DXVHV�DQG�&RQVHTXHQFLHV��'XDUWH�&�0��HG����

������� 

'XDUWH��&�� ������5HYLHZ�DQG� V\QWKHVLV��+LGGHQ� IRUHVW�� WKH� UROH�RI�

YHJHWDWHG� FRDVWDO� KDELWDW� LQ� WKH� RFHDQ� FDUERQ� EXGJHW��

%LRJHRVFLHQFHV� ���� ���������

ZZZ�ELRJHRVFLHQFHV�QHW���������GRL���������EJ��������

����� 

'XDUWH��&�0���:��&��'HQQLVRQ��5�-��:��2UWK�DQG�7��-��%��&DUUXWKHUV��

������7KH�&KDULVPD�RI�&RDVWDO�(FRV\VWHPV��$GGUHVVLQJ� WKH�

,PEDODQFH��(VWXDULHV� DQG�&RDVWV�� -�&(5)� ������� ������²�����

'2,� ��������V���������������

�KWWSV���RFHDQD�RUJ�VLWHV�GHIDXOW�ILOHV�UHSRUWV�2&($1$

B5HVWRUDWLRQBRIB�VHDJUDVVBPHDGRZV�SGI� 

(IIHQGL��+���������7HODDK�.XDOLWDV�$LU�%DJL�3HQJHORODDQ�6XPEHUGD\D�

GDQ�/LQJNXQJDQ�3HUDLUDQ��.DQLVLXV��<RJ\DNDUWD� 

)DFKUXO�� 0�)��� ������ 0HWRGH� 6DPSOLQJ� (NRORJL�%XPL� $NVDUD��

-DNDUWD� 

)DX]L\DK��,��0���������6WUXNWXU�.RPXQLWDV�3DGDQJ�/DPXQ�GL�3DQWDL�

-LPEDUDQ�6DQXU�>6NULSVL@��,QVWLWXW�3HUWDQLDQ�%RJRU� 

)HULDQLWD��0���������0HWRGH�6DPSOLQJ�%LRHNRORJL��3HQHUELW�37��%XPL�

$NVDUD��-DNDUWD� 



�� 

 

*RVDUL��-�$���+DULV��$���������6WXGL�.HUDSDWDQ�GDQ�3HQXWXSDQ�-HQLV�

/DPXQ� GL� .HSXODXDQ� 6SHUPRQGH�7RUDQL�-XUQDO� ,OPX�

.HODXWDQ�GDQ�3HULNDQDQ������������������ 

+DVDQXGGLQ�� 5��� ������ +XEXQJDQ� $QWDUD� .HUDSDWDQ� GDQ�

0RUIRPHWULN�/DPXQ�(QKDOXV�DFRURLGHV��'HQJDQ�6XEVWUDW�GDQ�

1XWULHQ�GL�3XODX�6DUDSSR�/RPSR�.DE��3DQJNHS�8QLYHUVLWDV�

+DVDQXGGLQ��0DNDVVDU� 

+HUQDZDQ�� 8�(��� 1XUXO�� '�0��� $]NDE��+��� ������ 0RGXO� 3HQLODLDQ�

3HODWLKDQ� .RQGLVL� 3DGDQJ� /DPXQ�� &RUHPDS�&7,�� 3XVDW�

3HQHOLWLDQ�2VHDQRJUDIL��/,3,� 

+XNRP�� )�'��� ������ %DVHOLQH� 6WXGL� .RQGLVL� 7HUXPEX� .DUDQJ��

/DPXQ� 'DQ� 0DQJURYH� 'L� 3HUDLUDQ� 3DQWDL� 8WDUD� 6HEHODK�

7LPXU� �/DXWHP�� 6�'�� &RP�� 7LPRU�� /HVWH�� 3XVDW� 3HQHOLWLDQ�

2VHDQRJUDIL�/,3,� 

+XWRPR��0���$]NDE��0�+��� ������ 3HUDQDQ� /DPXQ� GL� /LQJNXQJDQ�

/DXW� 'DQJNDO�-XUQDO� 2VHDQD� ������� ����������� 3XVDW�

3HQHOLWLDQ�2VHDQRJUDIL�/,3,� 

+XWRPR��0���1RQWML��$���������3DQGXDQ�0RQLWRULQJ�3DGDQJ�/DPXQ��

&25(0$3���&7,�/HPEDJD�,OPX�3HQJHWDKXDQ�,QGRQHVLD� 

,]XDQ�� 0��� 9LUXO\�� /��� 6DLG�� 7��� ������ .DMLDQ� .HUDSDWDQ� /DPXQ�

7HUKDGDS�.HSDGDWDQ�6LSXW�*RQJJRQJ��6WURPEXV�HSLGURPLV��

GL�3XODX�'RPSDN��),.3��8QLYHUVLWDV�0DULWLP�5DMD�$OL�+DML� 

-D[LRQ�+DP��-���-��6DXQGHUV�DQG�0�5��6SHLJKW��������'LVWULEXWLRQ�RI�

ILVK� LQ� VHDJUDVV�� PDQJURYH� DQG� FRUDO� UHHI�� OLIH�VWDJH�

GHSHQGHQW� KDELWDW� XVH� LQ�+RQGXUDV�� 5HY�%LRO�� 7URS�� ������ ��

�������� 

.DPXV� 0HUULDP� :HEVWHU� ������ .HSXWXVDQ� 0HQWHUL� 1HJDUD�

/LQJNXQJDQ�+LGXS�1RPRU����� WDKXQ������ WHQWDQJ�.ULWHULD�

%DNX�GDQ�3HGRPDQ�3HQHQWXDQ�6WDWXV�3DGDQJ�/DPXQ� 

.HSXWXVDQ� 0HQWHUL� /LQJNXQJDQ� +LGXS� 1RPRU� ���� 7DKXQ� ������

.ULWHULD� %DNX� .HUXVDNDQ� GDQ� 3HGRPDQ� 3HQHQWXDQ� 6WDWXV�

3DGDQJ�/DPXQ� 



�� 
 

.LVZDUD�� :�� ������ $� UHYLHZ�� 6HDJUDVV� HFRV\VWHP� VWXGLHV� LQ�

,QGRQHVLD� ZDWHUV�� ,Q� :LONLQVRQ�� &�5��� 6XGDUD�� 6�� DQG� &MRX�

/�0���(GV��3URFHHGLQJ�RQ�WKH�$6($1��$XVWUDOLD�6\PSRVLXP�

RQ� /LYLQJ� &RDVWDO� 5HVRXUFHV�� &KXODORQJNRUQ� 8QLYHUVLW\��

%DQJNRN���������� 

.LVZDUD��:�� ������ 3HUVSHNLI� /DPXQ�'DODP� 3URGXNWLYLWDV� +D\DWL�

3HVLVLU��'DODP�3URVLGLQJ�/RNDNDU\D�1DVLRQDO� ,�3HQJHORODDQ�

(NRVLVWHP�/DPXQ��+XWRPR�0��%HQJHQ�� �*��.XULDQGHZD��7��

7DXUXVPDQ�� $�$� GDQ� +DU\DQL�� (��� %��� (GV���� -DNDUWD�� ���

1RYHPEHU�������������� 

.RUGL�� .�*��� ������ (NRVLVWHP� /DPXQ� �VHDJUDVV�� IXQJVL�� SRWHQVL�

SHQJHORODDQ�5LQHND�&LSWD��-DNDUWD� 

.XR�� -�� ������ 1HZ� PRQRHFLRXV� VHDJUDVV� RI� +DORSKLOOD� VXODZHVLL�

+\GURFKDULWDFHDH�0�0�� YDQ� .DWZLMN�� $�5�� %RV�� 9�1�� GH�

-RQJH��/�6�$�0��+DQVVHQ��'�&�5��+HUPXV� DQG�'�-�� GH� -RQJ��

������ *XLGHOLQHV� IRU� VHDJUDVV� UHVWRUDWLRQ�� ,PSRUWDQFH� RI�

KDELWDW� VHOHFWLRQ� DQG� GRQRU� SRSXODWLRQ�� VSUHDGLQJ� RI� ULVNV��

DQG�HFRV\VWHP�HQJLQHHULQJ�HIIHFWV��0DULQH�3ROOXWLRQ�%XOOHWLQ�

������������ 

0DQFD��(���,��&DFHUHV��-�0��$OVLQD��9��6WUDWLJDNL��,��7RZQHG�DQG�&�/��

$PRV��������:DYH�HQHUJ\�DQG�ZDYH�LQGXFHG�IORZ�UHGXFWLRQ�

E\�IXOO�VFDOH�PRGHO�3RVLGRQLD�RFHDQLFD�VHDJUDVV��&RQWLQHQWDO�

6KHOI�5HVHDUFK������������������ 

0F.HQ]LH�� /�� -��� ������ *XLGHOLQHV� IRU� 7KH� 5DSLG�$VVHVVPHQW� DQG�

0DSSLQJ� RI� 7URSLFDO� 6HDJUDVV� +DELWDWV�� 7KH� 6WDWH� RI�

4XHHQVODQG�'HSDUWPHQW�RI�3ULPDU\�,QGXVWULHV� 

0LOOHQLXP� (FRV\VWHP� $VVHVVPHQW�� ������ (FRV\VWHPV� DQG� :HOO�

+XPDQ�%HLQJ�6\QWKHVLV��,VODQG�3UHVV��:DVKLQJWRQ�'&������S� 

1LHQKXLV��3���-��&RRVHQ�DQG�:��.LVZDUD��������&RPPXQLW\�VWUXFWXUH�

DQG�ELRPDVV�GLVWULEXWLRQ�RI�VHDJUDVV�DQG�PDFURIDXQD�LQ�WKH�

)ORUHV�6HD��,QGRQHVLD��1HWK��-��RI�6HD�5HV����������������� 

1RQWML��$���������/DXW�1XVDQWDUD��,QWDQ�6HMDWL��.ODWHQ� 



�� 

 

3KLOLSV��&�5���(�*���0HQH]�������6HDJUDVV��6PLWK�6RQLDQ�,QVWLWXWLRQV��

3UHVV� 

3XWUL��$�(��� ������ 6WUXNWXU�.RPXQLWDV� 3DGDQJ�/DPXQ�GL� 3HUDLUDQ�

3DQWDL� 3XODX� 7LGXQJ� %HVDU� .HSXODXDQ� 6HULEX�� >6NULSVL@��

,QVLWXW�3HUWDQLDQ�%RJRU� 

5RPLPRKWDUWR��.���-XZDQD��6���������%LRORJL�ODXW�,OPX�SHQJHWDKXDQ�

WHQWDQJ�ELRWD�ODXW��'MDPEDWDQ��-DNDUWD� 

6DNDUXGGLQ�� 0�,��� ������ .RPSRVLVL� -HQLV�� .HUDSDWDQ�� 3HUVHQ�

3HQXWXSDQ� GDQ� /XDV� 3HQXWXSDQ� /DPXQ� GL� 3HUDLUDQ� 3XODX�

3DQMDQJ�7DKXQ������²�������,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU� 

6HSWLDQ���(��$���������7LQJNDW�.HUDSDWDQ�'DQ�3HQXWXSDQ�/DPXQ�'L�

3HUDLUDQ� 'HVD� 6HERQJ� 3HUHK�� %LQWDQ�� 8QLYHUVLWDV� 0DULWLP�

5DMD�$OL�+DML��7DQMXQJSLQDQJ� 

6KDIIDL��(O��$��������)LHOG�*XLHGH�WR�6HDJUDVV�RI�7KH�5HG�6HD��,8&1�

DQG�&RXUHYRLH��7RWDO�)RQGDWLRQ��)UDQFH� 

6RHJLDQWR��$���������(NRORJL�.XDQWLWDWLI��0HWRGH�$QDVOLVLV�3RSXODVL�

GDQ�.RPXQLWDV��-DNDUWD��3HQHUELW�8VDKD�1DVLRQDO� 

6XKXG��0�$���������6WUXNWXU�.RPXQLWDV�/DPXQ�'L�3HUDLUDQ�3XODX�

1LNRL��-XUQDO�3HQHOLWLDQ��-XUXVDQ�,OPX�.HODXWDQ�)DNXOWDV�,OPX�

.HODXWDQ�GDQ�3HULNDQDQ�8QLYHUVLWDV�0DULWLP�5DMD�$OL�+DML��

7DQMXQJSLQDQJ� 

6XSULKDU\RQR�� ������ .RQVHUYDVL� HNRVLVWHP� VXPEHUGD\D� KD\DWL� GL�

ZLOD\DK�SHVLVLU�GDQ�ODXW�WURSLV��3XVWDND�SHODMDU��\RJ\DNDUWD� 

7D\ORU��+�$��DQG�0�$��5DVKHHG��������,PSDFW�RI�D�IXHO�RLO�VSLOO�RQ�

VHDJUDVV�PHDGRZV� LQ� VXEWURSLFDO� SRUW�� *ODVWRQH�� $XVWUDOLD��

0DULQH�3ROOXWLRQ�%XOOHWLQ������������� 

7KH�(FRQRPLFV�RI�(FRORJ\�DQG�%LRGLYHUVLW\��7((%���������&KDSWHU�

��� ,QWHJUDWLQJ� WKH� HFRORJLFDO� DQG� HFRQRPLF� GLPHQVLRQV� LQ�

ELRGLYHUVLW\� DQG� HFRV\VWHP� VHUYLFH� YDOXDWLRQ�� 7((%�

'RFXPHQW����S� 



�� 
 

7RPDVFLN��7���$�-��$��1RQWML���0�.���0RRVD���������7KH�(FRORJ\�RI�WKH��

,QGRQHVLDQ�6HD�SDUW�,�������(ULF�2H\��3XE���3DULSLOXV�(GLWLRQ�

�+.��/WG��6LQJDSRUH��:DVKLQJWRQ�'&� 

:D\FRWW�� 0��� &�0�� 'XDUWH�� 7�� -�� %�� &DUUXWKHUV�� 6�� 2O\DPLN�� $��

&DOODGLQH�� -�� :�� )RXUTXHDUDQ�� .�/�� +HFN� -U��� $�5�� +XJKHV��

*�$��.HQGULFN��:�-��.HQZRUWK\��)�7��6KRUW�DQG�6�/��:LOOLDPV��

������$FFHOHUDWLQJ�ORVV�RI�VHDJUDVV�DFURVV�WKH�JOREH�WKUHDWHQ�

FRDVWDO� HFRV\VWHPV�� 3$16� ��������� ������������� ZZZ��

6HDJUDVV�ZDWFK�FRP 

6HW\RQR�� 3�� 	� 6RHWDUWR�� (�� 6�� ������ %LRPRQLWRULQJ� GHJUDGDVL�

HNRVLVWHP� DNLEDW� OLPEDK� &32� GL� PXDUD� 6XQJDL� 0HQWD\D�

.DOLPDQWDQ� 7HQJDK� GHQJDQ� PHWRGH� HOHNWURPRUI� LVR]LP�

HVWHUDVH��%LRGLYHUVLWDV����������������� 

6HWLDZDQ�� '�� ������ 6WUXNWXU� NRPXQLWDV� PDNUR]RREHQWRV� VHEDJDL�

ELRLQGLNDWRU�NXDOLWDV�OLQJNXQJDQ�SHUDLUDQ�+LOLU�6XQJDL�0XVL��

�7HVLV�WLGDN�GLWHUELWNDQ���%RJRU��6HNRODK�3DVFDVDUMDQD�,3%� 

-XOLDQWDUD�� .�� ������ /LQWDK� �+LUXGR� PHGLFLQDOLV�� VHEDJDL�

ELRLQGLNDWRU� SHQFHPDUDQ� OLQJNXQJDQ� SHUDLUDQ� WDZDU��

5HWULHYHG� IURP� KWWS����

ZZZ�NRPSDVLDQD�FRP�OLQWDKB�+LUXGRPHGLFLQDOLV��

VHEDJDLB�

%LRLQGLNDWRUB3HQFHPDUDQB/LQJNXQJDQB3HUDLUDQB7DZDU 

:LQDUQL�� ,�� ������ 3HUDQ� PLNURED� VHEDJDL� ELRPRQLWRULQJ� NXDOLWDV�

SHUDLUDQ� WDZDU� SDGD� EHEHUDSD� VLWX�� ,Q�� 3HUDQ� 0DWHPDWLND��

6DLQV�� GDQ� 7HNQRORJL� GDODP� 0HQGXNXQJ� *D\D� +LGXS�

3HUNRWDDQ� �8UEDQ� /LIHVW\OH�� \DQJ� %HUNXDOLWDV�� 7DQJHUDQJ�

6HODWDQ��8QLYHUVLWDV�7HUEXND 

/L��/HL�	�;��+XDQJ��������7KUHH�WURSLFDO�VHDJUDVVHV�DV�SRWHQWLDO�ELR�

LQGLFDWRUV�WR�WUDFH�PHWDO�LQ�;LQFXQ�%D\��+DLQDQ�,VODQG��6RXWK�

&KLQD�� &KLQHVH� -RXUQDO� RI� 2FHDQRORJ\� DQG� /LPQRORJ\��

�������������� 

  



�� 

 

5DSSH�� 5$�� ������ 3RSXODWLRQ� DQG� FRPPXQLW\� OHYHO� LQGLFDWRU� LQ�

DVVHVVPHQW� RI� KHDY\� PHWDO� FRQWDPLQDWLRQ� LQ� VHDJUDVV�

HFRV\VWHP�� 6SHFLDO� VHFWLRQ�2FHDQ�3ROOXWLRQ��&RDVWDO�PDULQH�

VFLHQFH�����������²���� 

5LYHU�6FLHQFH��������8VLQJ�VHDJUDVV�WR�XQGHUVWDQG�WKH�FRQGLWLRQ�RI�

WKH�HVWXDU\��*RYHUPHQW�RI�:HVWHUQ�$XVWUDOLD��'HSDUWHPHQW�RI�

:DWHU 

.HSPHQ� /+� .HSXWXVDQ�0HQWHUL� 1HJDUD� /LQJNXQJDQ� +LGXS� 1R��

���� WDKXQ� ������ 7HQWDQJ� NULWHULD� EDNX� NHUXVDNDQ� GDQ�

SHGRPDQ�SHQHQWXDQ�VWDWXV�SDGDQJ�ODPXQ��-DNDUWD 

5XVWDP�$JXVWLQ��.HSHO�7HUU\�/���.XVXPDQLQJW\DV�0DULVND�$���$WL�

5HVWX�1XU�$IL��'DXODW�$XJXVW�� 6XU\RQR�'HYL�'��� 6XGLUPDQ�

1DVLU��5DKD\X�<XVPLDQD�3���0DQJLQGDDQ�3HWHU��+HULDWL�$LGD��

	� +XWDKDHDQ� $QGUHDV� $�� ������ (NRVLVWHP� /DPXQ� VHEDJDL�

%LRLQGLNDWRU� /LQJNXQJDQ� GL� 3�� /HPEHK�� %LWXQJ�� 6XODZHVL�

8WDUD��-XUQDO�%LRORJL�,QGRQHVLD��������������� 

 

  



�� 
 

7(17$1*�3(18/,6 

 

'U��1RYD�/DXULQ�,V\H�0RXUHLQ�2JL��6�3L���

0�6L�� 

/DKLU� GL� 7RPRKRQ� ��� 6HSWHPEHU� �����

DGDODK�GRVHQ�GL� -XUXVDQ�%LRORJL�)DNXOWDV�

0DWHPDWLND��,OPX�3HQJHWDKXDQ�$ODP�GDQ�

.HEXPLDQ�� 8QLYHUVLWDV� 1HJHUL� 0DQDGR��

3DGD�7DKXQ������PHQ\HOHVDLNDQ��3URJUDP�

6DUMDQD� 3HULNDQDQ� SDGD� 8QLYHUVLWDV� 6DP�

5DWXODQJL� 0DQDGR�� 3DGD� 7DKXQ� �����

PHQ\HOHVDLNDQ�3URJUDP�0DJLVWHU�%LRORJL�

SDGD� 3DVFDVDUMDQD�8QLYHUVLWDV�1HJHUL�0DQDGR�� 3DGD�7DKXQ� �����

PHQ\HOHDVLNDQ� 3URJUDP� 'RNWRU� SDGD� 3URJUDP� 6WXGL� ,OPX�

3HULNDQDQ� 3DVFDVDUMDQD� )DNXOWDV� 3HULNDQDQ� GDQ� ,OPX� .HODXWDQ�

8QLYHUVLWDV� %UDZLMD\D� 0DODQJ�� 3HQXOLV� MXJD� DNWLI� PHODNXNDQ�

SHQHOLWLDQ� GDQ� SHQJDEGLDQ� NHSDGD� PDV\DUDNDW� GDODP� ELGDQJ�

%LRORJL��GDQ�/LQJNXQJDQ��MXJD�WHODK�PHQXOLV�EHEHUDSD�DUWLNHO�SDGD�

MXUQDO�QDVLRQDO�GDQ�LQWHUQDVLRQDO�EHUHSXWDVL� 

 

 

 


