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0HVLQ� SHQGLQJLQ� LDODK� UDQJNDLDQ� SHUPHVLQDQ� EDQWX� XQWXN� PHQJKDVLONDQ� VXKX� GLQJLQ��

5HIULJHUDWRU�PHPSXQ\DL���NRPSRQHQ�XWDPD�\DLWX�&RPSUHVRU��&RQGHQVRU��([SDQVL�9DOYH��GDQ�

(YDSRUDWRU�� 5HIULJHUDWRU� PHPLOLNL� SHUDQDQ� \DQJ� SHQWLQJ� \DLWX� XQWXN� PHQJDZHWNDQ� EDKDQ�

PDNDQDQ�DJDU�PDNDQDQ�GDSDW�EHUWDKDQ�OHELK�ODPD��0HWRGH�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�

LQL� LDODK� GHVNULSWLI� NXDOLWDWLI� GHQJDQ� WHNQLN� DQDOLVD� GDWD� ),6+%21(� XQWXN� PHQJDQDOLVD�

PDVDODK�GDQ�PHQHQWXNDQ�VWUDWHJL��5XPXVDQ�PDVDODK�GDUL�SHQHOLWLDQ�DGDODK� IDNWRU�SHQ\HEDE�

NHUMD�HYDSRUDWRU�UHIULJHUDWRU�PHQXUXQ��GDPSDN�DNLEDW�NHUMD�HYDSRUDWRU�UHIULJHUDWRU�PHQXUXQ��

XSD\D� \DQJ� GLODNXNDQ� XQWXN� PHQJDWDVL� NHUMD� HYDSRUDWRU� UHIULJHUDWRU� PHQXUXQ�� 'DUL� KDVLO�

SHQHOLWLDQ� GLVLPSXONDQ� EDKZD� SHQ\HEDE� NHUMD� HYDSRUDWRU� UHIULJHUDWRU� PHQXUXQ� DGDODK� 2LO�

6HSDUDWRU� � WLGDN� EHNHUMD� GHQJDQ� EDLN�� JDQJJXDQ� SDGD� GU\HU�� SHQXPSXNDQ� EXQJD� HV� SDGD�

HYDSRUDWRU�� SLQWX� UXDQJDQ� VHULQJ� WHUEXND�� GDQ� VLVWHP� SHUDZDWDQ� GDQ� SHUEDLNDQ� WLGDN� WHSDW�

ZDNWX��'DPSDN�\DQJ�GLWLPEXONDQ�\DLWX�WHUMDGLQ\D�PLQ\DN�OXPDV�PDVXN�GDODP�VLVWHP��ORORVQ\D�

NRWRUDQ�GDQ� DLU� NHGDODP� VLVWHP��PHQJKDPEDW� SURVHV� SHQ\HUDSDQ� SDQDV� GDQ� SHQJXDSDQ� JDV�

IUHRQ��EDQ\DN�XGDUD�SDQDV�GDUL�OXDU�\DQJ�PDVXN�GDQ�WLPEXO�PDVDODK�EDUX�SDGD�PHVLQ��8SD\D�

\DQJ�GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�),6+%21(�\DLWX�PHODNXNDQ�SHPEHUVLKDQ�SLSD� ODOXDQ�

GL� RLO� VHSDUDWRU��PHQJJDQWL� ILOWHU� GU\HU� \DQJ� EDUX�� PHODNXNDQ� GHIURVWLQJ�� PHPLQLPDOLVLUNDQ�

NHOXDU�PDVXN�GLUXDQJ�SHQGLQJLQ�GDQ� SHPEXDWDQ�306�VHVXDL� MDGZDO�GDQ�ZDNWXQ\D� VHKLQJJD�

HYDSRUDWRU�GDSDW�NHPEDOL�EHNHUMD�GHQJDQ�RSWLPDO�GDQ�GDSDW�PHQFDSDL�VXKX�\DQJ�GLLQJLQNDQ��
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� 7UDQVSRUWDVL� � ODXW� GLKDUDSNDQ� ELVD�

FHSDW��WHSDW�ZDNWX��DPDQ��GDQ�MXJD�VHODPDW��

8QWXN� LWX� NRPSRQHQ� SHQGXNXQJ�

NHVHOXUXKDQ� KDUXV� WHUFXNXSL� GHQJDQ� EDLN�

GDQ� EHQDU�� 3HQXQMDQJ� NHVHMDKWHUDDQ� GDQ�

NHVHKDWDQ� DQDN� EXDK� NDSDO� DGDODK�

PHUXSDNDQ� NRPSRQHQ� SHQGXNXQJ� WHUVHEXW��

6DODK�VDWX�SHQXQMDQJ�\DQJ�VDQJDW�YLWDO�GDQ�

EHUKXEXQJDQ� GHQJDQ� NHVHMDKWHUDDQ� GDQ�

NHVHKDWDQ� DGDODK� NXDOLWDV� GDQ� NXDQWLWDV�

EDKDQ�PDNDQDQ�� %DKDQ�PDNDQDQ� LWX� KDUXV�

WHWDS� EHUNXDOLWDV� PHVNLSXQ� GDODP�

SHQ\LPSDQDQ� \DQJ� ODPD�� $JDU� EDKDQ�

PDNDQDQ� LWX� WLGDN� EDQ\DN� \DQJ� UXVDN� DWDX�

EXVXN�� 'HQJDQ� GHPLNLDQ� ZDODXSXQ� NDSDO�

EHUOD\DU� XQWXN� ZDNWX� \DQJ� FXNXS� ODPD��

NHEXWXKDQ�DNDQ�EDKDQ�PDNDQDQ�DZDN�NDSDO�

DNDQ� FXNXS� WHUVHGLD� GDODP� NHDGDDQ�PDVLK�

VHJDU� GDQ� VHKDW� XQWXN� GLNRQVXPVL�� � 0DND�

MLND� NLWD�PHQJJXQDNDQ� VLVWHP� SHQGLQJLQDQ�

XQWXN� EDKDQ� � PDNDQDQ�� NLWDWLGDN� SHUOX�

NKDZDWLUDNDQ� NHODSDUDQ� GLDWDV� NDSDO�� 'DQ�

ELOD� PDNDQDQ� WHUFXNXSL�� NLWD� DNDQ� SXQ\D�

WHQDJD� GDQ� NHPDPSXDQ� XQWXN� WHWDS�

EHUNDU\D�GHQJDQ�EDLN�VHUWD�NDSDO�WLGDN�SHUOX�

EHUKHQWL� GLVHWLDS� SHODEXKDQ� KDQ\D� XQWXN�

NHSHUOXDQ� EDKDQ� PDNDQDQ� GDQ� SDGD�

DNKLUQ\D� DNDQ� PHQJJDQJJX� NHODQFDUDQ�

SURIHVLRQDO� NDSDO� GDQ� NHUXJLDQ� SDGD�

SHUXVDKDDQ�SHPLOLN�NDSDO��

%DKDQ� PDNDQDQ� DNDQ� WHWDS�

EHUNXDOLWDV� ZDODXSXQ� GDODP� SHQ\LPSDQDQ��

DSDELOD�NLWD�PHPLOLNL�PHVLQ�SHQGLQJLQ�\DQJ�

PHPHQXKL� VWDQGDU� NHUMD��0DND� � VD\XU� GDQ�

EXDK� \DQJ� \DQJ� GLVSPSDQ� GDODP� WHPSDW�

SHQGLQJDQ�DNDQ�WHWDS�EHUNXDOLWDV��6D\XU�GDQ�

EXDK� WHUVHEXW�PDVLK� VHJDU�� WLGDN� OD\X� DWDX�

WLGDN� VXVXW� VHUWD� UDVDQ\D� WLGDN� EHUXEDK��

8QWXN� GDJLQJ� GDQ� LNDQ� \DQJ� PDVLK� EDLN�

DGDODK� GDJLQJ� GDQ� LNDQ� WHUVHEXW� WLGDN�

OHPEHN�� WLGDN� EXVXN� GDQ� VDDW� GLVLPSDQ�

GDSDW� PHPEHNX� VHOXUXKQ\D� GDQ� ELOD� SHUOX�

PHQJNULVWDO�� $JDU� EXDK� GDQ� VD\XU� WHWDS�

GDODP� NRQGLVL� EDLN� PDND� SHUOX� VXKX�

SHQ\LPSDQDQ� � �� �
R
&�� 8QWXN� SHQ\LPSDQDQ�

GDJLQJ�GDQ�LNDQ�SHUOX�VXKX�SHQ\LPSDQDQ���

���
� R
&�� 3DGD� VXKX� LQL� EDNWHUL� WLGDN� GDSDW�

EHUNHPEDQJ�ELDN�GDQ�GDSDW�PHUXVDN�EDKDQ�
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PDNDQDQ�VHSHUWL�SDGD�VD\XU��EXDK���EXDKDQ��

LNDQ�GDQ�GDJLQJ��

0HVLQ� SHQGLQJLQ� PHPLOLNL� ��

NRPSRQHQ� SHQWLQJ� \DLWX� .RPSUHVVRU��

FRQGHQVRU�� NDWXS� H[SDQVL�� GDQ� HYDSRUDWRU��

.RPSUHVRU� EHUIXQJVL� PHQLQJNDWNDQ�

WHNDQDQ� PHGLD� SHQGLQJLQ� WDQSD� PHQJXEDK�

EHQWXN� PHGLD� SHQGLQJLQ� WHUVHEXW�� 'DUL�

NRPSUHVRU� � PHGLD� SHQGLQJLQ� EHUWHNDQDQ�

EHUVXKX� WLQJJL� PHQXMX� FRQGHQVRU� XQWXN�

GLGLQJLQNDQ� GDQ� � GLXEDK� EHQWXN� GDUL� JDV�

PHQXMX�FDLU�WDQSD�PHQJXEDK�WHNDQDQ�PHGLD�

SHQGLQJLQ� WHUVHEXW�� 6HWHODK� � PHGLD�

SHQGLQJLQ� EHUXEDK� EHQWXN� PHQMDGL� FDLU�

DNDQ� GLDOLUNDQ� PHQXMX� H[SDQVL�� GL� VLQL�

PHGLD� SHQGLQJLQ� DNDQ� GLXEDK� WHNDQDQQ\D�

PHQMDGL�OHELK�UHQGDK�DJDU�PHGLD�SHQGLQJLQ�

GDSDW�EHUXEDK�ZXMXG�PHQMDGL�JDV�NHPEDOL��

7HPSDW� PHGLD� SHQGLQJLQ� EHUXEDK� PHQMDGL�

JDV� EHUDGD� GL� HYDSRUDWRU�� 6DDW� PHGLD�

SHQGLQJLQ� EHUXEDK� PHQMDGL� JDV� PHGLD�

SHQGLQJLQ� PHQ\HUDS� SDQDV� OLQJNXQJDQ��

6HKLQJJD�WHPSHUDWXUH�VXKX�VHNLWDU�PHQMDGL�

WXUXQ�� GDQ� DSDELOD� SURVHV� LQL� EHUODQJVXQJ�

VHFDUD� WHUXV� PHQHUXV� DNDQ� GDSDW� GLFDSDL�

WHPSHUDWXUH�VXKX�\DQJ�GLLQJLQNDQ��

1DPXQ� SDGD� VDDW� SURVHV� SHQ\HUDSDQ�

SDQDV�OLQJNXQJDQ�EHUODQJVXQJ�VHULQJ�WHUMDGL�

JDQJJXDQ�� 3DGD� WDQJJDO� ��� $SULO� ����� GL�

3HODEXKDQ� .DNRJDZD�� -HSDQJ� HYDSRUDWRU�

PHQJDODPL�WLPEXQDQ�EXQJD±EXQJD�HV�\DQJ�

VDQJDW�WHEDO��GHQJDQ�DGDQ\D�EXQJD�±�EXQJD�

HV� LQL� DNDQ� VDQJDW� PHQJJDQJJX� SURVHV�

SHQ\HUDSDQ� SDQDV� KLQJJD� VXKX� \DQJ�

GLLQJLQNDQ� WLGDN� GDSDW� WHUFDSDL�� \DQJ�

DZDOQ\D� PDPSX� PHQFDSDL� VXKX� ���
R
&�

PHQMDGL� �
R�
&� VDPSDL� ��

R
� &��0DNDQDQ� SXQ�

PHQMDGL� WLGDN� VHJDU�� DNKLUQ\D� FRRN�

PHQJDPELO� WLQGDNDQ� GHQJDQ� PHPDVDN�

PDNDQDQ� \DQJ� DGD� VHEHOXP� PHPEXVXN��

'HQJDQ� NRQGLVL� VHSHUWL� LWX� NDSWHQ�

PHPXWXVNDQ� XQWXN� EHODQMD� SHUVHGLDDQ�

PDNDQDQ��VHKLQJJD�GDQD�SHQJHOXDUDQ�XQWXN�

EDKDQ� PDNDQDQ� PHQMDGL� PHPEHQJNDN��

3URVHV� SHOD\DUDQ� MXJD� PHQMDGL� WHUJDQJJX�

NDUHQD�NDSDO�KDUXV�PHQDPEDK�ZDNWX�XQWXN�

SHUEHODQMDDQ�PDNDQDQ��

0HOLKDW� GDPSDN� \DQJ� GLWLPEXONDQ�

GDUL� SHQJJXQDDQ� PHVLQ� UHIULJHUDWRU� \DQJ�

WLGDN� RSWLPDO�� PDND� SHQXOLV� WHUWDULN� XQWXN�

PHODNXNDQ� SHQHOLWLDQ� GHQJDQ� MXGXO�

³3HQXPSXNDQ�EXQJD�HV�PHQ\HEDENDQ�NHUMD�

HYDSRUDWRU� UHIULJHUDWRU� PHQXUXQ� GL� 09��

3ULQFHVV�´�

'HQJDQ� PHQFHUPDWL� ODWDU� EHODNDQJ�

GDQ� MXGXO� \DQJ� VXGDK� DGD�� SHQHOLWL�

PHUXPXVNDQ� UXPXVDQ� PDVDODK� VHEDJDL�

EHULNXW��

����)DNWRU� DSD� \DQJ� PHQ\HEDENDQ� NHUMD�

HYDSRUDWRU�UHIULJHUDWRU�PHQXUXQ"�

����'DPSDN� DSD� \DQJ� GLWLPEXONDQ� DNLEDW�

NHUMD�HYDSRUDWRU�UHIULJHUDWRU�PHQXUXQ"�

����8SD\D� DSD� \DQJ� GLODNXNDQ� XQWXN�

PHQJDWDVL� SHQ\HEDE� NHUMD� HYDSRUDWRU�

UHIULJHUDWRU�PHQXUXQ"�
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0HQXUXW� 6XPDQWR� ���������

³UHIULJHUDWRU� DGDODK� VXDWX� SHVDZDW� \DQJ�

PHQJJXQDNDQ� FDLUDQ� SHQGLQJLQ� XQWXN�

PHQGLQJLQNDQ� UXDQJDQ� GHQJDQ� FDUD�

PHQ\HUDS� SDQDV� \DQJ� EHUDGD� GLUXDQJDQ�

WHUVHEXW� �HYDSRUDWRU��� VHKLQJJD�

WHPSHUDWXUQ\D� WXUXQ� VHVXDL� \DQJ�

GLNHKHQGDNL´�� � &DUD� NHUMD� GDUL� VHEXDK�

UHIULJHUDWRU� GDODP� VLUNXODVL� SURVHV�

SHQGLQJLQDQ�DGDODK�EHUDZDO�GDUL�NRPSUHVRU�

PHQJKLVDS� PHGLD� SHQGLQJLQ� �IUHRQ�� GDUL�

HYDSRUDWRU� \DQJ� PHPSXQ\DL� WHNDQDQ�

UHQGDK� GDQ� EHUVXKX� UHQGDK� NHPXGLDQ�

GLNHOXDUNDQ�GDUL�NRPSUHVRU�EHUXEDK�GHQJDQ�

WHNDQDQ� WLQJJL� GDQ� EHUVXKX� WLQJJL�� 0HGLD�

SHQGLQJLQ� DNDQ� PHODOXL� SHPLVDK� PLQ\DN�

DWDX�RLO� VHSDUDWRU�� NDUHQD�PHGLD� SHQGLQJLQ�

LWX� EHUVLIDW� OHELK� ULQJDQ� GDUL� SDGD� PLQ\DN�

PDND� PLQ\DN� LWX� VHODOX� EHUDGD� GLEDZDK��

0LQ\DN� GLDOLUNDQ� NHPEDOL� NH� NRPSUHVRU�

GDUL� EDJLDQ�EDZDK� WDEXQJ�SHPLVDK�PHODOXL�

SLSD�NHFLO� \DQJ�GLKXEXQJNDQ�GHQJDQ�NRWDN�

HQJNRO� �EDJLDQ�EDZDK�NRPSUHVRU���$GDQ\D�

PLQ\DN�\DQJ�LNXW�GLGDODP�SHUHGDUDQ�PHGLD�

SHQGLQJLQ� NDUHQD� GLVHEDENDQ� WHUMDGLQ\D�

SHOXPXUDQ�DWDX�SHOXPDVDQ�SDGD�NRPSUHVRU�

VHSHUWL� EDQWDODQ�EDQWDODQ�� ULQJ�ULQJ� WRUDN�

GHQJDQ� VLOLQGHU�� )UHRQ� \DQJ� WHODK�

GLSLVDKNDQ� GDUL� PLQ\DN� PHQJDOLU� NH�

NRQGHQVRU�� 3DGD� EDJLDQ� NRQGHQVRU� IUHRQ�

GLGLQJLQNDQ� GHQJDQ� DLU� ODXW� \DQJ�

GLVLUNXODVLNDQ�ROHK�SRPSD�SHQGLQJLQ��



3URVHV� SHQGLQJLQDQ� VHMXPODK� SDQDV�

GLDPELO� ROHK� IUHRQ� GDUL� UXDQJ� SHQGLQJLQ�

\DLWX� GLVHNLWDU� SLSD�SLSD� HYDSRUDWRU���

6HODQMXWQ\D� JDV� IUHRQ� GLKLVDS� GDQ�

GLPDPSDWNDQ�NHPEDOL�ROHK�NRPSUHVRU��GDQ�

SURVHV� EHUXODQJ� NHPEDOL�� 3DGD� LQVWDODVL�

NDSDO�NDSDO� PRGHUQ� XQWXN� PHQJKHPDW�

WHQDJD� VHUWD� PHQFHJDK� NHUXVDNDQ� PDND�

LQVWDODVL� WHUVHEXW� GLOHQJNDSL� GHQJDQ� DODW�

NRQWURO� RWRPDWLV� \DQJ� PDNVXGQ\D� XQWXN�

PHPXGDKNDQ� SHQJDZDVDQ� GHQJDQ� FDUD�

\DQJ�OHELK�EDLN��

3DGD� UHIULJHUDWRU� \DQJ� DGD� VHNDUDQJ�

LQL�� EDQ\DN� SHUDODWDQ� \DQJ� GLSDVDQJ� XQWXN�

PHQXQMDQJ� NHODQFDUDQ� NHUMD� GDQ� HILVLHQVL�

GDODP� SHQJRSHUDVLDQ�PDXSXQ� SHQJJXQDDQ��

3HQJJXQDDQ� SHUDODWDQ�SHUDODWDQ� WHUVHEXW�

PHPEXDW� NHUMD� UHIULJHUDWRU� VHPDNLQ�

RSWLPDO�� $ODW�DODW� \DQJ� DGD� GDODP� VLVWHP�

SHQGLQJLQDQ� GLDQWDUDQ\D� DGDODK� ��

NRPSUHVRU��NRQGHQVRU��RLO� VHSDUDWRU��GU\HU��

H[SDQWLRQ� YDOYH�� HYDSRUDWRU� GDQ� DODW�DODW�

NRQWURO� RWRPDWLV�� %HULNXW� LQL� JDPEDU� GDUL�

LQVWDODVL� UHIULJHUDWRU� \DQJ� GLVHUWDL� JDPEDU�

GDUL�DODW�DODW�GDODP�VLVWHP�SHQGLQJLQDQ��

�
*DPEDU����,QVWDODVL�5HIULJHUDWRU�

.HWHUDQJDQ�JDPEDU���

D�� �.RPSUHVVRU�

E�� �2LO�6HSDUDWRU�
F�� �.RQGHQVRU�

G�� �5HFHLYHU�

H�� �'U\HU�

I�� �6ROHQRLG�9DOYH�

J�� �([SDQWLRQ�9DOYH�

K�� �(YDSRUDWRU��

L�� �%XOE�

�

0HQXUXW� � (JD� �������� IXQJVL� GDUL�

HYDSRUDWRU� DGDODK� XQWXN� PHQ\HUDS� SDQDV�

GDUL� XGDUD� DWDX� EHQGD� GL� GDODP� UXDQJDQ�

\DQJ� GLLQJLQNDQ�� .HPXGLDQ� PHPEXDQJ�

NDORU� WHUVHEXW� PHODOXL� NRQGHQVRU� GL� UXDQJ�

\DQJ� WLGDN� GLGLQJLQNDQ�.RPSUHVRU� \DQJ�

VHGDQJ� EHNHUMD� PHQJKLVDS� UHIULJHUDQW� JDV�

GDUL�HYDSRUDWRU��VHKLQJJD�WHNDQDQ�GL�GDODP�

HYDSRUDWRU� PHQMDGL� UHQGDK�(YDSRUDWRU�

IXQJVLQ\D� NHEDOLNDQ� GDUL� NRQGHQVRU�7LGDN�

XQWXN� PHPEXDQJ� SDQDV� NH� XGDUD� GL�

VHNLWDUQ\D�� WHWDSL� XQWXN� PHQJDPELO� SDQDV�

GDUL� XGDUD� GL� GHNDWQ\D�.RQGHQVRU�

GLWHPSDWNDQ� GL� OXDU� UXDQJDQ� \DQJ� VHGDQJ�

GLGLQJLQNDQ�� VHGDQJNDQ� HYDSRUDWRU�

GLWHPSDWNDQ�GL�GDODP�UXDQJDQ�\DQJ�VHGDQJ�

GLGLQJLQNDQ�.RQGHQVRU� WHPSDWQ\D� GLDQWDUD�

DODW� HNSDQVL� GDQ� NRPSUHVRU�� MDGL� SDGD� VLVL�

WHNDQDQ� UHQGDK� GDUL� VLVWHP�(YDSRUDWRU�

GLEXDW� GDUL� EHUPDFDP�PDFDP� ORJDP��

WHUJDQWXQJ�GDUL�UHIULJHUDQW�\DQJ�GLSDNDL�GDQ�

SHPDNDLDQ�GDUL�HYDSRUDWRU�VHQGLUL��

7LJD�IXQJVL�XWDPD�PHQXUXW�:KLWPDQ��

HWDO� �������� NHJXQDDQ� HYDSRUDWRU� DGDODK�

XQWXN� PHQ\HUDS� SDQDV� GDUL� PHGLD� \DQJ�

GLGLQJLQNDQ�� PHPXQJNLQNDQ� SDQDV�

PHQGLGLK� GDUL� UHIULJHUDQW� FDLU� PHQMDGL�

UHIULJHUDQW� XDS� GLWDEXQJQ\D�� GDQ�

PHPXQJNLQNDQ�SDQDV�XQWXN�VXSHU�KHDW�XDS�

UHIULJHUDQWQ\D�GL�GDODP�EDJLDQ�WDEXQJQ\D��
�

*XQD� PHPSHUPXGDK� SHQ\XVXQDQ�

DQDOLVLV�SHQHOLWLDQ�LQL����GLJXQDNDQ�NHUDQJND�

SHPLNLUDQ� \DQJ� VHFDUD� VLVWHPDWLV� VHSHUWL�

JDPEDU�EHULNXW���
�

�
�

*DPEDU����.HUDQJND�3LNLU�3HQHOLWLDQ�
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0HWRGH� SHQHOLWLDQ� \DQJ� GLJXQDNDQ�

ROHK� SHQXOLV� DGDODK� PHWRGRORJL� SHQHOLWLDQ�

GLVNULSWLI� NXDOLWDWLI�� 0HWRGH� LQL� GLJXQDNDQ�

XQWXN� PHQJJDPEDUNDQ� GDQ� PHQJXUDLNDQ�

REMHN�\DQJ�GLWHOLWL�VHUWD�NDLGDK�NDLGDK�\DQJ�

GLDPELO� GDUL� WHRUL�WHRUL� \DQJ� EHUKXEXQJDQ�

GHQJDQ� WRSLN� \DQJ� GLEDKDV�� VHODLQ� LWX� MXJD�

PHQJJXQDNDQ�SHQGHNDWDQ�GL�ODSDQJDQ�\DQJ�

WHODK� GLODNVDQDNDQ� VHODPD� SUDNWHN� ODXW�

GHQJDQ�FDUD�PHQJDPDWL�GDQ�WHUMXQ�ODQJVXQJ�

GDODP� SHUDZDWDQ�� SHUEDLNDQ� GDQ�

NHVHODPDWDQ� SDGD� PHVLQ� UHIULJHUDWRU� GHPL�

NHODQFDUDQ� RSHUDVLRQDO� NDSDO� VHODPD�

SHOD\DUDQ���

'L� GDODP� SHPEDKDVDQ� SHQXOLV� DNDQ�

EHUXVDKD� PHPDSDUNDQ� KDVLO� GDUL� VHPXD�

VWXGL� GDQ� SHQHOLWLDQ� PHQJHQDL� VXDWX� REMHN�

\DQJ� GLSHUROHK�� EDLN� KDO�KDO� \DQJ� EHUVLIDW�

WHRUL�PDXSXQ�PHPXDW�KDO�KDO�\DQJ�EHUVLIDW�

SUDNWLV�� GDODP� DUWLDQ� EDKZD� VHODLQ� GLWXOLV�

GDUL� EHEHUDSD� OLWHUDWXU� EXNX�� MXJD�

EHUVXPEHU�GDUL�REMHN�REMHN�SHQHOLWLDQ�\DQJ�

MXJD� WHUGDSDW� GDODP� EXNX� NHPDULWLPDQ��

3HQJJXQDDQ� DVSHN� REVHUYDVL� DWDX�

SHQJDPDWDQ� VDQJDW� EHUSHUDQ� GDODP�

SHQXOLVDQ�VNULSVL��

3HQHOLWLDQ� WHQWDQJ� NHUMD� HYDSRUDWRU�

UHIULJHUDWRU� PHQXUXQ� GLODNXNDQ� VHODPD�

SUDNWHN� ODXW� EHUODQJVXQJ�� \DLWX� WHUKLWXQJ�

PXODL� WDQJJDO� ��� 1RYHPEHU� ����� VDPSDL�

GHQJDQ� WDQJJDO� ��� 1RYHPEHU� ������

3HQHOLWLDQ� LQL� GLODNXNDQ� GL� DWDV� NDSDO�09��

35,1&(66�� .DSDO� LQL� PHUXSDNDQ� VDODK�

VDWX� NDSDO� JHQHUDO� FDUJR� PLOLN� 6+/�

0$5,7,0(�&R��/WG��

-HQLV� GDWD� GDODP� NDMLDQ� LQL� GDWD�

SULPHU�GDQ�VHNXQGHU��'DWD�3ULPHU�GLSHUROHK�

VHFDUD� ODQJVXQJ� GDUL� VXPEHU� SHUWDPDQ\D�

PHODOXL� KDVLO� ZDZDQFDUD�� GLDPDWL� GDQ�

GLFDWDW� JHMDOD�JHMDOD� \DQJ� WDPSDN� SDGD�

REMHN� SHQHOLWLDQ�� 'DWD� SULPHU� GDODP�

PHQHQWXNDQ� LQL� EHUXSD� SHQJDPDWDQ� GDQ�

KDVLO�ZDZDQFDUD� WHQWDQJ� NHUMD� UHIULJHUDWRU�

GL� 09�� 35,1&(66�� 3HQXOLV� PHPSHUROHK�

GDWD� GDUL� KDVLO� ZDZDQFDUD� GHQJDQ� SHUZLUD�

PHVLQ�WHQWDQJ�NHUMD�HYDSRUDWRU�UHIULJHUDWRU�

PHQXUXQ�GL�09�35,1&(66��'DWD�VHNXQGHU�

GLSHUROHK� GDUL� ORJ� ERRN� GHQJDQ� REMHN�

SHQHOLWLDQ� VNULSVL� DWDX� \DQJ� EHUKXEXQJDQ�

GHQJDQ� SHUPDVDODKDQ� \DQJ� DNDQ� GLEDKDV��

\DQJ� GLSHUOXNDQ� VHEDJDL� SHGRPDQ� WHRULWLV�

GDQ�NHQWHQWXDQ�IRUPDO�GDUL�NHDGDDQ�IRUPDO�

GDUL� NHDGDDQ� Q\DWD� GDODP� REVHUYDVL�� VHUWD�

GDUL� LQIRUPDVL� ODLQ� \DQJ� WHODK� GLVDPSDLNDQ�

SDGD�VDDW�NXOLDK��

3HQJXPSXODQ� GDWD� GLODNXNDQ�PHODOXL�

REHVHUYDVL� VHFDUD� ODQJVXQJ� VHODPD� SUDNWHN�

ODXW� GL� DWDV� NDSDO� WHQWDQJ� NHUMD�HYDSRUDWRU�

UHIULJHUDWRU� PHQXUXQ� GL� NDSDO� 09��

35,1&(66�� 3HQHPXDQ� PDVDODK� NHUMD�

HYDSRUDWRU� UHIULJHUDWRU� PHQXUXQ� \DQJ�

GLVHEDENDQ� ROHK� EHUEDJDL�PDFDP�KDO� \DQJ�

GLWHPXNDQ� SDGD� VDDW� SHODNVDQDDQ� SUDNWHN�

ODXW�� 6HODLQ� LWX�� SHQXOLV� PHODNXNDQ�

ZDZDQFDUD�VHFDUD�ODQJVXQJ�WHUKDGDS�RE\HN�

SHQHOLWLDQ�GDODP�KDO�LQL�SDUD�SHUZLUD�PHVLQ�

GLNDSDO�� 'LVLQL� SHQXOLV� EHUWDQ\D� WHQWDQJ�

PDVDODK�PDVDODK� RE\HN� \DQJ� GLWHOLWL� EDLN�

LWX� PHQJHQDL� FDUD� SHQJRSUDVLDQ�SHUDZDWDQ�

PDXSXQ� FDUD� PHQJDWDVL� PDVDODK� \DQJ�

WHUMDGL� SDGD� UHIULJHUDWRU� GHQJDQ� EDLN� GDQ�

EHQDU��

'RNXPHQWDVL� PHUXSDNDQ� VDODK� VDWX�

WHNQLN� SHQJXPSXODQ� GDWD� \DQJ� GLJXQDNDQ�

ROHK� SHQXOLV� GHQJDQ� PHQFDWDW� GDQ�

PHQJDPELO� JDPEDU� EDJLDQ�EDJLDQ� PHVLQ�

VHUWD� VDDW� PHQJHUMDNDQ� SHUEDLNDQ� GDQ�

SHUDZDWDQ� WHUKDGDS� VXDWX� SHUPHVLQDQ� GDQ�

VHJDOD� VHVXDWX� \DQJ� EHUKXEXQJDQ� GHQJDQ�

UHIULJHUDWRU� GDQ� VLVWHPQ\D�� 'DODP� WHNQLN�

LQL�� DUVLS� VHUWD� GRNXPHQ�GRNXPHQ� NDSDO�

GLJXQDNDQ� XQWXN� PHOHQJNDSL� GDWD� \DQJ�

GLSHUROHK��VHKLQJJD�GDWD�WHUVHEXW�ELVD�OHELK�

DNXUDW�GDQ�GDSDW�GLSHUWDQJJXQJ�MDZDENDQ���

$QDOLVLV� GDWD� PHQJJXQDNDQ� PHWRGH�

)LVKERQH�� )LVKERQH� DGDODK� VDODK� VDWX�

PHWRGH�� WRRO� GLGDODP� PHQLQJNDWNDQ�

NXDOLWDV�� VHULQJ� MXJD� GLDJUDP� LQL� GLVHEXW�

GHQJDQ� GLDJUDP� VHEDE�DNLEDW� DWDX� FDXVH�

HIIHFW�GLDJUDP���

3HQHUDSDQ� GLDJUDP� ILVKERQH� �WXODQJ�

,NDQ�� FDXVH� DQG� HIIHFW� �VHEDE� GDQ� DNLEDW��

,VKLNDZD� LQL� GDSDW� PHQRORQJ� NLWD� XQWXN�

GDSDW� PHQHPXNDQ� DNDU� ³SHQ\HEDE´�

WHUMDGLQ\D�PDVDODK�NKXVXVQ\D�GL�DWDV�NDSDO�

GLPDQD� SURVHV� NDSDO� WHUNHQDO� GHQJDQ�

EDQ\DNQ\D� UDJDP� YDULDEHO�\DQJ�EHUSRWHQVL�

PHQ\HEDENDQ� PXQFXOQ\D� SHUPDVDODKDQ��

$SDELOD� ³PDVDODK´� GDQ� ³SHQ\HEDE´� VXGDK�



GLNHWDKXL� VHFDUD� SDVWL�� PDND� WLQGDNDQ� GDQ�

ODQJNDK� SHUEDLNDQ� DNDQ� OHELK� PXGDK�

GLODNXNDQ��

�

+$6,/�'$1�3(0%$+$6$1�

��� *DPEDUDQ�XPXP�REMHN�SHQHOLWLDQ�

2E\HN� SHQHOLWLDQ� DGDODK� HYDSRUDWRU�

UHIULJHUDWRU� \DQJ� DGD� GL� NDSDO� 09��

3ULQFHVV� VHSHUWL� VSHVLILNDVL� UHIULJHUDWRU��

FDUD� NHUMD� UHIULJHUDWRU� GDQ� FDUD� SHUDZDWDQ�

GDQ�SHUEDLNDQ�UHIULJHUDWRU��

�
*DPEDU����(YDSRUDWRU�5HIULJHUDWRU�

6SHVLILNDVL�UHIULJHUDWRU� �

'DWD� GDUL� PHVLQ� SHQGLQJLQ� \DQJ� DGD� GL�

NDSDO�09��35,1&(66�DGDODK���

5HIULJHUDWLQJ�PDFKLQH�XQLW����6HOI�3URYLVLRQ�

8QLW�856���

2666'�[���6HWV�

5HIULJHUDQW���5����

3RZHU�VRXUFH���$&�����9����+]��¡�

&RPSUHVVRU���)$�±��06<0�

7\SH���6HPL�KHUPHWLF�PXOWLF\OLQGHU�

&\O�GLDPHWHU�[�VWURNH�[���¡����PP�[����PP�

[���&\OFRXQW�

'ULYHV\VWHP� [� 5HYROXWLRQ�� � 'LUHFW� VWDUW� [�

�����USP�

&RPSUHVVRU� PRWRU� W\SH�� (QFORVH� W\SH�

LQGXFWLRQ�PRWRU�

3ROHFRXQW�[�5HYROXWLRQ�����3�[������USP�

(YDSRUDWRU� 0HDW	�� 81,7� &22/(5� &0�

8���8+$��

)LVK�5RRP�7\SH�

0DWHULDO���&RSSHUSLSHZLWK�

&RROLQJFDSDFLW\�� $ERXW� ����� :6� � $ERXW�

�������NFDO�K�

)DQ���$&�����9����:������P
�
PLQ�

2LO�VHSDUDWRU���0�������

7\SH���9HUWLFDO��$XWR�RLOUHWXUQ�

6KDOO�GLDPHWHU�[�OHQJKW�������Þ�[�����PP�

7\SH���9HUWLFDO��'ULS�SURRI�

0DNHU��86+,2�5(,1(768�&2��/7'�

&RROLQJV\VWHP�� � 5����

'LUHFWH[SDQVLRQV\VWHP��

�

'DODP� VLUNXODVL� PHVLQ� SHQGLQJLQ�

WHUGDSDW� SURVHV� NRPSUHVL�� NRQGHQVDVL��

HNVSDQVL� GDQ� HYDSRUDVL�� 3URVHV� NRPSUHVL�

WHUMDGL� SDGD� UHIULJHUDQW� \DQJ� EHUZXMXG� JDV�

DNDQ�GLPDPSDWNDQ� ROHK�NRPSUHVRU�� 3URVHV�

NRQGHQVDVL� WHUMDGL� VDDW� UHIULJHUDQW� \DQJ�

EHUZXMXG� JDV� PHOHZDWL� NRQGHQVRU� XQWXN�

GLGLQJLQNDQ� GDQ� EHUXEDK� ZXMXG� PHQMDGL�

FDLU��3URVHV�HNVSDQVL�WHUMDGL�VDDW�UHIULJHUDQW�

\DQJ�EHUZXMXG�FDLU�EHUWHNDQDQ�GDQ�EHUVXKX�

WLQJJL� PHOHZDWL� NDWXS� HNVSDQVL� VHKLQJJD�

UHIULJHUDQW� DNDQ� EHUXEDK� ZXMXG� PHQMDGL�

PLVW�UHIULJHUDQW��NDEXW��GDQ�EHUVXKX�UHQGDK�

XQWXN�GLVHPEXUNDQ��3URVHV�HYDSRUDVL�WHUMDGL�

SDGD� UHIULJHUDQW� \DQJ� DNDQ� PHQJXDS� SDGD�

SLSD�SLSD�FRLO�HYDSRUDWRU��

'DUL�SHQMHODVDQ�SURVHV�WHUVHEXW�GLDWDV��

GLPDQD� WHUMDGL� SURVHV� SHQJXDSDQ� GL� SLSD�

SLSD� FRLO� HYDSRUDWRU� \DQJ� DNDQ�

GLPDQIDDWNDQ� XQWXN� PHQGLQJLQNDQ� VXDWX�

UXDQJDQ�� 6DDW� UHIULJHUDQW� GDODP� SLSD�SLSD�

HYDSRUDWRU� PHQJXDS�� PHQ\HUDS� SDQDV�

GLVHNLWDU� SLSD�SLSD� FRLO� HYDSRUDWRU��

VHKLQJJD� UXDQJDQ� SHQGLQJLQ� PHQMDGL� OHELK�

GLQJLQ�� .DUHQD� SURVHV� SHQJXSDQ� WHUMDGL�

WHUXV�PHQHUXV�GDQ�EHUODQJVXQJ�VDQJDW�FHSDW�

PDND� NHDGDDQ� UXDQJ� SHQGLQJLQ� PHQMDGL�

VHPDNLQ�GLQJLQ��'HQJDQ�NHEHUDGDDQ�EORZHU�

\DQJ� GLSDVDQJ� GHNDW� SLSD�SLSD� FRLO�

HYDSRUDWRU�� XGDUD� GLQJLQ� WHUVHEXW�

GLKHPEXVNDQ� NHVHOXUXK� UXDQJDQ� SHQGLQJLQ�

VHKLQJJD�PHQMDGL�VHPDNLQ�GLQJLQ��
7DEHO����3URJUDP�3HUDZDWDQ�GDQ�3HUEDLNDQ�

5HIULJHUDWRU�
1R� :DNWX�

3HQJHFH

NDQ�

-HQLV�

3HQJHFHNDQ�

7LWLN�

3HQJHFHN

DQ�

6WDQGDU�

3HQ\HWHO

DQ�

�� 6HWLDS�

+DUL�

0LQ\DN�

/XPDV�

.RPSUHVRU�

-XPODKQ\

D�

ò�GDUL�

JHODV�

GXJD�GDQ�

ROL�WLGDN�

NRWRU�

7HNDQDQ�

PLQ\DN�

OXPDV�

7HNDQDQ�

SDGD�

PDQRPHW

HU�Q\D��

����

NJ�FP��

7HPSHUDWXU�

$LU�

SHQGLQJLQ�

NRQGHQVRU�

/LKDW�

7KHUPPH

WHU�Q\D�

3HUEHGDD

Q�VXKX�

DLU�

PDVXN�

GDQ�

NHOXDU���

�R&�

*HWDUDQ�
GDQ�

*HWDUDQ�
GDQ�VXDUD�

-DQJDQ�
DGD�



6XDUDQ\D� \DQJ�

WHUMDGL�

JHWDUDQ�

GDQ�VXDUD�

\DQJ�

EHUOHELK�

&HN�EXQJD�

HV�GL�SLSH�

OLQH�

3LSD�SLSD�

GL�WHNDQDQ�

UHQGDK�

0HODNXN

DQ�

GHIURVWLQ
J�

�� 6HWLDS���

%XODQ�

*DQWL�)LOWHU�

GU\HU�

&HN�

NRQGLVL�

ILOWHU�
GU\HU�

6HVXDL�

VSHVLILND

VL�

%HUVLKNDQ�

RLO�

VHSDUDWRU�

&HN�

ODOXDQ�

PLQ\DN�
OXPDV�

%HUVLKND

Q�GDQ�

WLGDN�
EXQWX�

%HUVLKNDQ�

NRQGHQVRU�

%XND�

FRYHU�

NRQGHQVR
U�

%HUVLK�

GDQ�WLGDN�

EXQWX�

&HN�DQWL�

NRURVLQ\D�

3HULNVDQ�

SHQJXUXQ

JDQ�
SRWRQJDQ�

DQWL�

NRURVL�

*DQWL�

MLND�

SHQJXUXQ
JDQ�

PHQMDGL�

����

NHWHEDOD

Q�

�� 6HWLDS���

7DKXQ�

&HN�KLJK�

SUHVVXUH�

VZLWFK�

3HQ\HWHOD

Q�KLJK�

SUHVVXUH�

VZLWFK�

3HQ\HWHO

DQ�

WHNDQDQ�

 ������
0SD�

&HN�ORZ�

SUHVVXUH�

VZLWFK�

3HQ\HWHOD

Q�ORZ�

SUHVVXUH�
VZLWFK�

3HQ\HWHO

DQ�

WHNDQDQ�
 ������

0SD�

6LVWHP�

SHOXPDVDQ�
NRPSUHVRU�

&HN�SDGD�

JHODV�
GXJD�

*DQWL�ROL�

EDUX�

2YHU�KDXO�

NRPSUHVRU�

/DNXNDQ�

SHQJXNXU

DQ�
FOHUHDQFH�

6HVXDL�

VWDQGDUW�

3DGD� NHQ\DWDDQQ\D� PHVLQ� SHQGLQJLQ�

GL� DWDV� NDSDO� WLGDN� VHODOX� EHNHUMD� GHQJDQ�

RSWLPDO�� NDUHQD� KDO� LQL� GLSHQJDUXKL� ROHK�

EDQ\DN� IDNWRU�� EDLN� IDNWRU� LQWHUQDO� GDQ�

HNVWHUQDO�� 6HSHUWL� \DQJ� WHUMDGL� GL� NDSDO�

09�35,1&(66�SDGD� VDDW� LWX� NDSDO�EHUDGD�

GL� SHODEXKDQ� .DNRJDZD� -HSDQJ� WHUMDGL�

NHQDLNDQ� WHPSUDWXUH� \DQJ� GUDVWLV� SDGD�

UXDQJDQ� GDJLQJ� GDQ� LNDQ� PHQFDSDL�

WHPSUDWXUH� ��
R
&� \DQJ� VHKDUXVQ\D� ����

� R
&�

GDQ� WHPSUDWXUH� SDGD� UXDQJDQ� VD\XU� GDQ�

EXDK����
R
&�\DQJ�VHKDUXVQ\D���

R
&��%HULNXW�

DGDODK� KDVLO� SHUEDQGLQJDQ� DQWDUD� NHDGDDQ�

SDGD�PDQXDO�ERRN�GHQJDQ�KDVLO�SHQJXNXUDQ�

VXKX� SDGD� PDVLQJ�PDVLQJ� UXDQJDQ� \DQJ�

GLLVL�GL�ORJ�ERRN�SDGD�VDDW�NHUMD�HYDSRUDWRU�

UHIULJHUDWRU�PHQXUXQ��
�

��� $QDOLVD�3HUPDVDODKDQ�

)DNWRU�IDNWRU� \DQJ� PHQ\HEDENDQ�

NHUMD� HYDSRUDWRU� UHIULJHUDWRU� PHQXUXQ�

DGDODK� IDNWRU� PHVLQ�� OLQJNXQJDQ�� PDQXVLD�

GDQ�SURVHGXU��

D�� )DNWRU�PHVLQ�

)DNWRU� PHVLQ� � \DQJ� PHQ\HEDENDQ�

WXUXQQ\D� NLQHUMD� HYDSRUDWRU� UHIULJHUDWRU�

DGDODK�2LO� 6HSDUDWRU� WLGDN� EHNHUMD� GHQJDQ�

EDLN��GDQ�DGDQ\D�JDQJJXDQ�SDGD�GU\HU���

%HUGDVDUNDQ� REVHUYDVL� SHQXOLV�� 2LO�

6HSDUDWRU� WLGDN� EHNHUMD� GHQJDQ� EDLN�

GLDNLEDWNDQ� ROHK� WHUVXPEDWQ\D� OXEDQJ�

ODOXDQ� XQWXN� NHPEDOLQ\D�PLQ\DN� OXPDV� NH�

GDODP� UXDQJ� HQJNRO� FRPSUHVVRU� VHKLQJJD�

PHQJDNLEDWNDQ� PLQ\DN� OXPDV� \DQJ� DGD� GL�

2LO� 6HSDUDWRU� DNDQ� SHQXK� GDQ� PLQ\DN�

OXPDV� WHUVHEXW� DNDQ� LNXW� PDVXN� NH� GDODP�

VLVWHP�� .DUHQD� KDO� LWX�PLQ\DN� OXPDV� DNDQ�

PDVXN� NH� GDODP� VLVWHP� GDQ� PHPEHQWXN�

SDUWLNHO�SDUWLNHO� GDQ� EXQJD� HV� GL� SLSD� FRLO�

HYDSRUDWRU� DNDQ� PHQJDNLEDWNDQ� NHUMD�

HYDSRUDWRU�UHIULJHUDWRU�PHQXUXQ��

�
*DPEDU����/DOXDQ�0LQ\DN�/XPDV�GL�2LO�

6HSDUDWRU��

*DQJJXDQ� SDGD� GU\HU� VHULQJ� WHUMDGL�

SDGD� PHVLQ� SHQGLQJLQ� \DQJ� PHQJDODPL�

NHODLQDQ� SDGD� VLVWHP� NHUMDQ\D�� 3DGD�

XPXPQ\D�JDQJJXDQ�\DQJ�WHUMDGL�SDGD�ILOWHU��

DGDODK�SHQ\XPEDWDQ�WHUKDGDS�VDULQJDQ�NDVD�

KDOXV�ROHK�NHUDN�NHUDN�DNLEDW�NRURVL��JUDP�

JUDP� DNLEDW� NHDXVDQ� VLOLQGHU�� SLVWRQ� GDQ�

ULQJ� SLVWRQ� NRPSUHVRU�� 'LVDPSLQJ� NRWRUDQ�

WHUVHEXW� WHUVXPEDWQ\D� VDULQJDQ� NDVD� KDOXV�

MXJD� GLVHEDENDQ� NDUHQD� EXVD� PLQ\DN�

SHOXPDV�\DQJ�PHPEHNX�GLGDODP�VDULQJDQ��



�
*DPEDU����)LOWHU�'U\HU�KDQFXU��

E�� )DNWRU�OLQJNXQJDQ�

3HQXPSXNDQ� EXQJD� HV� GL� SLSD� FRLO�

HYDSRUDWRU� PHQ\HEDENDQ� NLQHUMD�

HYDSRUDWRU� UHIULJHUDWRU� MXJD� WXUXUQ��

%HUGDVDUNDQ� REVHUYDVL� SHQXOLV� HYDSRUDWRU�

GDSDW�EHNHUMD�GHQJDQ�EDLN�MLND�OLQH�SLSD�FRLO�

HYDSRUDWRU� WLGDN� DGD� NRWRUDQ� GL� GDODPQ\D�

GDQ�EXQJD�HV�GL�OXDUQ\D��NDUHQD�MLND�DGDQ\D�

EXQJD� HV� GL� SLSD� OLQH� SLSD� FRLO� HYDSRUDWRU�

DNDQ�PHQJKDPEDW�SURVHV�SHQ\HUDSDQ�SDQDV�

GDQ� SHQJXDSDQ� ]DW� SHQGLQJLQ�� WHWDSL� \DQJ�

WHUMDGL�GL�NDSDO�DGDODK�SLSD�FRLO�HYDSRUDWRU�

PHQJDODPL� SHQXPSXNDQ� EXQJD� HV� \DQJ�

GLVHEDENDQ� ROHK� ORORVQ\D� NRWRUDQ� GDQ� DLU�

NHGDODP� V\VWHP� GDQ� SHPEHUVLKNDQ� EXQJD�

HV�GL�SLSD�FRLO�HYDSRUDWRU�WLGDN�WHSDW�ZDNWX��

�

F�� )DNWRU�PDQXVLD�

.HVDODKDQ� PDQXVLD� \DQJ�

PHQ\HEDENDQ� WXUXQQ\D� NLQHUMD� HYDSRUDWRU�

JHQHUDWRU�DGDODK�PHPELDUNDQ�SLQWX�UXDQJDQ�

SHQGLQJLQ�WHUEXND���

7LDS� NDOL� PHPEXND� SLQWX� UXDQJDQ�

GLQJLQ� PDND� XGDUD� GLQJLQ� GDODP� UXDQJDQ�

GLQJLQ�\DQJ�EHUDW�MHQLVQ\D�OHELK�EHVDU�DNDQ�

NHOXDU�� WHPSDW� \DQJ� NRVRQJ� GDQ� YDFXXP�

DNDQ�GLLVL�XGDUD�GDUL�OXDU�\DQJ�SDQDV��PDND�

VXKX�GL�UXDQJDQ�SHQGLQJLQ�DNDQ�QDLN��8GDUD�

\DQJ� PDVXN� GL� UXDQJDQ� SHQGLQJLQ� DNDQ�

GLVHUDS�NDQGXQJDQ�SDQDVQ\D�ROHK�SLSD�FRLO�

HYDSRUDWRU�� VHKLQJJD� VHPDNLQ� XGDUD� OXDU�

\DQJ� PDVXN� NH� UXDQJDQ� VHPDNLQ� EDQ\DN�

SXOD� NDQGXQJDQ� SDQDV� \DQJ� WHUGDSDW�

GLGDODP�XGDUD�GLVHUDS�FRLO�HYDSRUDWRU��

G�� )DNWRU�SURVHGXU�

6LVWHP�SHUDZDWDQ�GDQ�SHUEDLNDQ�WLGDN�

WHSDW� ZDNWX� MXJD� GDSDW� PHQ\HEDENDQ�

NLQHUMD� HYDSRUDWRU� JHQHUDWRU� WXUXQ�� 'DODP�

SHQJRSHUDVLDQ� VXDWX� SHUPHVLQDQ� GLDWDV�

NDSDO� GLSHUOXNDQ� VXDWX� VLVWHP� \DQJ�

PHQJDWXU� WHQWDQJ� SHUDZDWDQ� GDQ�

SHPHOLKDUDDQ� EDJLDQ�EDJLDQ� XWDPD� SDGD�

SHUPHVLQDQ� WHUVHEXW�� +DO� LQL� GLSHUOXNDQ�

XQWXN�PHQJKLQGDUL�WHUMDGLQ\D�PDVDODK�\DQJ�

GDSDW� PHQJKDPEDW� NHUMD� GDUL� PHVLQ�

WHUVHEXW�� 6HODLQ� LWX� VLVWHP� SHPHOLKDUDDQ�

\DQJ� GLODNXNDNDQ� VHFDUD� WHUHQFDQD� GDQ�

EHUNDOD�� MXJD� GDSDW� PHPSHUSDQMDQJ� XVLD�

SDNDL� VXDWX� NDSDO� VHKLQJJD� GDSDW�

PHQDPEDK�SURGXNWLILWDV�NDSDO�WHUVHEXW��

�

��� 3HPEDKDVDQ�0DVDODK�

'DODP� SHPEDKDVDQ� SHUPDVDODKDQ�

\DQJ� WHUMDGL� GL� 09�� 35,1&(66� SHQXOLV�

PHQJJXQDNDQ� PHWRGH� ILVKERQH� DQDO\VLV�

XQWXN� PHQFDUL� IDNWRU�IDNWRU� \DQJ�

NHPXQJNLQDQ� GDSDW� PHQ\HEDENDQ� NHUMD�

HYDSRUDWRU� UHIULJHUDWRU� PHQXUXQ�� 0HQFDUL�

SHQ\HEDE� PDVDODK� GHQJDQ� PHQDULN�

VHOXUXKDQ�DOLVD�GDUL�WLDS�VHEDE�NHGDODP��VXE�

VHEDE� VHKLQJJD� SHUPDVDODKDQ� SDOLQJ�

PHQGDVDU� WHUVHOHVDLNDQ�� GDUL� KDO� LQL� GDSDW�

GLNHWDKXL� EDJLDQ� PDQD� GDUL� VLVWHP� \DQJ�

JDJDO� GDQ� SHUOX� GLODNXNDQ� WLQGDNDQ� VHUWD�

SHQFHJDKDQ� EHUGDVDUNDQ� NHJDJDODQ� \DQJ�

DGD�DJDU�NHMDGLDQ�\DQJ�VDPD�WLGDN�WHUXODQJ��
�

7DEHO����*DULV�%HVDU�,VL�3HUPDVDODKDQ�'DODP�

'LDJUDP�)LVEKRQH�

)DNWRU�\DQJ�GLDPDWL� 0DVDODK�\DQJ�WHUMDGL�

��� 0DFKLQH� �� 2LO� 6HSDUDWRU�

WLGDN�%HNHUMD�

�� *DQJJXDQ� SDGD�

GU\HU�

��� (QYLURQPHQW� �� 3HQXPSXNDQ�

EXQJD� HV� SDGD�

SLSD�HYDSRUDWRU�

��� 0DQ� �� 3LQWX� UXDQJDQ�

SHQGLQJLQ� VHULQJ�

WHUEXND�

��� 0HWKRG� �� 3HUDZDWDQ� GDQ�

SHUEDLNDQ� WLGDN�

WHSDW�ZDNWX�

7DEHO� �� GLJXQDNDQ� XQWXN�

PHQJHORPSRNDQ� SRNRN� SHQ\HEDE�

SHUPDVDODKDQ� \DQJ� WHUMDGL�� )DNWRU� \DQJ�

GLDPDWL�EHUXSD�PHVLQ��OLQJNXQJDQ��PDQXVLD�

GDQ� PHWRGH� GLJXQDNDQ� VHEDJDL� VHEDE� GDQ�

SDGD� EDJLDQ� PDVDODK� \DQJ� WHUMDGL� GL�

DSOLNDVLNDQ� VHEDJDL� FDEDQJ� GXUL� GDUL�

SHQ\HEDE� WLPEXOQ\D� SHUPDVDODKDQ� WHUVHEXW�

SDGD� ILVKERQH� GLDJUDP�GLVHEXW� GHQJDQ� VXE�

EDE��3DGD�WLDS�VXE�EDE�\DQJ�DGD�PHUXSDNDQ�

EHQWXN� SHQGHNDWDQ� PDVDODK� GLDWDV� NDSDO��

EHQWXN� SHQGHNDWDQ� \DQJ� GLDPELO� ROHK�



SHQXOLV� PHUXSDNDQ� EHQWXN� SHPLNLUDQ��

NHPXQJNLQDQ� SHQ\HEDE� WHUMDGLQ\D�

SHUPDVDODKDQ�\DQJ�WHUMDGL��

'HQJDQ� PHQJDQDOLVD� GDQ� PHUHGXNVL�

GDWD� VHUWD�EHUGDVDUNDQ� VXPEHU� OLWHUDWXU�GDQ�

ZDZDQFDUD� GLKDUDSNDQDNDQ� PHQHPXNDQ�

VXDWX� SRNRN� SHUPDVDODKDQ�� 3HUPDVDODKDQ�

WHUVHEXW� GDSDW� GLVXVXQ� VHEDJDLPDQD� SDGD�

GLDJUDP�ILVKERQH�EHULNXW���
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*DPEDU���'LDJUDP�)LVKERQH�

�

D�� )DNWRU�PHVLQ�

7HUVXPEDWQ\D� OXEDQJ� ODOXDQ� XQWXN�

NHPEDOLQ\D� PLQ\DN� OXPDV� NHGDODP� UXDQJ�

HQJNRO� FRPSUHVVRU� DNDQ� PHPEXDW� 2LO�

6HSDUDWRU� WLGDN� EHNHUMD� GHQJDQ� EDLN��

WHUVXPEDWQ\D�OXEDQJ�LWX�WHUMDGL�GLNDUHQDNDQ�

NXUDQJQ\D� SHUDZDWDQ� DWDX� SHPEHUVLKNDQ�

2LO� 6HSDUDWRU� VHKLQJJD� PLQ\DN� OXPDV�

PHQXPSXN� GDQ� PHPEXDW� SDUWLNHO�SDUWLNHO�

\DQJ�PHQ\HEDENDQ� SHQ\XPEDWDQ�� 'DPSDN�

GDUL� SHQ\XPEDWDQ� LWX� PHQJDNLEDWNDQ�

PLQ\DN�OXPDV�\DQJ�DGD�GL�RLOVHSDUDWRU�DNDQ�

SHQXK�GDQ�PLQ\DN�OXPDV�WHUVHEXW�DNDQ�LNXW�

PDVXN� NH� GDODP� VLVWHP�� .DUHQD� KDO� LWX�

PLQ\DN�OXPDV�DNDQ�PDVXN�NH�GDODP�VLVWHP�

GDQ�PHPEHQWXN�SDUWLNHO�SDUWLNHO�GDQ�EXQJD�

HV� GL� SLSD� FRLO� HYDSRUDWRU� DNDQ�

PHQJDNLEDWNDQ� NHUMD� HYDSRUDWRU�

UHIULJHUDWRU�PHQXUXQ���

'DUL� IDNWRU� PDVDODK� VHUWD� GDPSDN�

\DQJ� GLWLPEXONDQ� GDUL� PDVDODK� 2LO�

6HSDUDWRU� WLGDN� EHNHUMD� GHQJDQ� EDLN�

WHUGDSDW� XSD\D� XQWXN� PHQJDWDVL� PDVDODK�

WHUVHEXW�� XSD\D� \DQJ� GLODNXNDQ� DGDODK�

PHPEHUVLKNDQ� SLSD� ODOXDQ� PLQ\DN� OXPDV�

NHPEDOL�NH�UXDQJ�HQJNRO�FRPSUHVVRU�VHVXDL�

GHQJDQ� MDGZDO� SHUDZDWDQ� GDQ� SHUEDLNDQ�

\DQJ�DGD�GL�PDQXDO�ERRN���

.RQGLVL� JDQJJXDQ� SDGD� GU\HU� DGDODK�

VDODK�VDWX�SHQ\HEDE�GDUL�IDNWRU�PHQXUXQQ\D�

NHUMD� HYDSRUDWRU� UHIULJHUDWRU�� SDGD�

XPXPQ\D� JDQJJXDQ� \DQJ� WHUMDGL� DGDODK�

SDGD� EDJLDQ� ILOWHU� \DLWX� SHQ\XPEDWDQ�

WHUKDGDS� VDULQJDQ� NDVD� KDOXV� ROHK� NHUDN�

NHUDN� DNLEDW� NRURVL�� JUDP�JUDP� DNLEDW�

NHDXVDQ� VLOLQGHU�� SLVWRQ� GDQ� ULQJ� SLVWRQ�

NRPSUHVRU�� 'LVDPSLQJ� NRWRUDQ� WHUVHEXW�

WHUVXPEDWQ\D� VDULQJDQ� NDVD� KDOXV� MXJD�

GLVHEDENDQ� NDUHQD� EXVD� PLQ\DN� SHOXPDV�

\DQJ� PHPEHNX� GLGDODP� VDULQJDQ�� GDPSDN�

GDUL� JDQJJXDQ� GU\HU� LWX� VHQGLUL� \DLWX�

ORORVQ\D� NRWRUDQ� GDQ� DLU� NHGDODP� VLVWHP�

\DQJ� PHQJDNLEDWNDQ� WHUMDGLQ\D� EXQJD� HV�

SDGD� SLSD� FRLO� HYDSRUDWRU�� JDQJJXDQ� SDGD�

GU\HU� GLVHEDENDQ� ILOWHU� GU\HU� \DQJ� VXGDK�

ODPD� WLGDN� GL� JDQWL�8SD\D� \DQJ� GLODNXNDQ�

DGDODK�PHQJJDQWL� ILOWHU�GU\HU� GHQJDQ� \DQJ�

EDUX��

�
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E�� )DNWRU�OLQJNXQJDQ�

6DODK� VDWX� IDNWRU� PDVDODK�

PHQXUXQQ\D� NHUMD� HYDSRUDWRU� UHIULJHUDWRU�

DGDODK� WHUMDGLQ\D� SHQXPSXNDQ�EXQJD� HV�GL�

SLSD�FRLO�HYDSRUDWRU� \DQJ� GLVHEDENDQ� ROHK�

PDVXN� Q\D� XGDUD� OXDU� DWDX� DGDQ\D� NRWRUDQ�

GDQ� DLU� \DQJ� PDVXN� NHGDODP� SLSD� FRLO�

HYDSRUDWRU�� \DQJ� EHUGDPSDN� WHUMDGLQ\D�

EXQJD� HV� GL� SLSD� OLQH� SLSD� FRLO� HYDSRUDWRU�

\DQJ� DNDQ�PHQJKDPEDW� SURVHV� SHQ\HUDSDQ�

SDQDV�GDQ�SHQJXDSDQ�]DW�SHQGLQJLQ��

8SD\D� \DQJ� GLODNXNDQ� DGDODK�

PHODNXNDQ� SXPSLQJ� GRZQ�� GHIURVWLQJ� GDQ�

SHPEHUVLKDQ� SDGD� SLSD� FRLO� HYDSRUDWRU�

VHUWD� PHPSHUEDLNL� NRPSRQHQ� ODLQ� \DQJ�

EHUPDVDODK��

F�� )DNWRU�PDQXVLD�

0DQXVLD�DGDODK�\DQJ�SDOLQJ�EHUSHUDQ�

GDODP� WHUMDGLQ\D� NHMDGLDQ� LQL�� GLNDUHQDNDQ�

NRNL� \DQJ� VHULQJ� PHPEXND� WXWXS� SLQWX�

UXDQJDQ� SHQGLQJLQ� VHKLQJJD� XGDUD� GLQJLQ�

GDODP� UXDQJDQ� SHQGLQJLQ� \DQJ� EHUDW�

MHQLVQ\D�OHELK�EHVDU�DNDQ�NHOXDU�GDQ�WHPSDW�

NRVRQJ� GL� GDODP� UXDQJDQ� SHQGLQJLQ� DNDQ�

GLLVL� XGDUD� GDUL� OXDU� \DQJ� SDQDV�� VHKLQJJD�

GLVHUDS� ROHK� SLSD� FRLO� HYDSRUDWRU��

GDPSDNQ\D�DNDQ�PHQJDNLEDWNDQ� WHUMDGLQ\D�

EXQJD�EXQJD� HV� GLGDODP� UXDQJDQ�
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SHQGLQJLQ�� VHKLQJJD� DNDQ� PHQJKDPEDW�

SURVHV�SHQ\HUDSDQ�SDQDV�GDQ�SHQJXDSDQ�]DW�

SHQGLQJLQ�SDGD�SLSD�FRLO�HYDSRUDWRU��

8SD\D� \DQJ� GLODNXNDQ� PHPEHUL�

SHQJHWDKXDQ� WHQWDQJ� UHIULJHUDWRU� GDQ� HIHN�

GDUL� VHULQJ� WHUEXND� Q\D� SLQWX� SHQGLQJLQ�

NHSDGD� NRNL�� VHWHODK� LWX� XQWXN�

PHPLQLPDOLVLUNDQ� SLQWX� VHULQJ� WHUEXND�

XVDKDNDQ�NRNL�WHODK�PHPEXDW�GDIWDU�EDKDQ�

EDKDQ� PDNDQDQ� \DQJ� DNDQ� GLDPELO� GL�

UXDQJDQ� SHQGLQJLQ� VHKLQJJD� WLGDN� WHUODOX�

VHULQJ�NHOXDU�PDVXN�UXDQJDQ�SHQGLQJLQ��

G�� )DNWRU�SURVHGXU�

6LVWHP�SHUDZDWDQ�GDQ�SHUEDLNDQ�WLGDN�

WHSDW� ZDNWX� 6DODK� VDWX� FRQWRK� NHVDODKDQ�

GDODP� IDNWRU� SURVHGXU� DGDODK� VLVWHP�

SHUDZDWDQ�GDQ�SHUEDLNDQ�WLGDN�WHSDW�ZDNWX��

\DQJ� EHUGDPSDN� EXUXN� SDGD� NRPSRQHQ�

NRPSRQHQ� GLSHUPHVLQDQ� PHVLQ� SHQGLQJLQ�

PDNDQDQ�� 8SD\D� \DQJ� GLODNXNDQ� XQWXN�

PHQJDWDVL� SHUDZDWDQ� GDQ� SHUEDLNDQ� WLGDN�

WHSDW� ZDNWX� DGDODK� GHQJDQ� PHPEHULNDQ�

SHULQJDWDQ�MDGZDO�SHUDZDWDQ�VHVXDL�PDQXDO�

ERRN� EDLN� GHQJDQ� DODUP�� SHQXOLVDQ� SDGD�

SDSDQ� NHUMD� GHQJDQ� WDQGD�� DWDX� VDOLQJ�

PHQJLQJDWNDQ� DQWDU� VHVDPD� HQJLQHHU� GL�

NDSDO��
�
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3HQ\HEDE� NHUMD� HYDSRUDWRU�

UHIULJHUDWRU� PHQXUXQ� \DLWX� GLNDUHQDNDQ�

SHUDZDWDQ� GDQ� SHUEDLNDQ� SDGD� NRPSRQHQ�

NRPSRQHQ� UHIULJHUDWRU� WLGDN� WHSDW� ZDNWX�

VHKLQJJD� GDSDW� PHQLPEXONDQ� PDVDODK�

PDVDODK�EDUX�SDGD�PHVLQ��� 7HUMDGLQ\D�

SHQXPSXNDQ� EXQJD� HV� SDGD� SLSD� FRLO�

HYDSRUDWRU� GLNDUHQDNDQ� ILOWHU� GU\HU� \DQJ�

VXGDK� ODPD� WLGDN� GLJDQWL� VHKLQJJD� WHUMDGL�

ORORVQ\D� NRWRUDQ� GDQ� DLU� NHGDODP� VLVWHP���

2LO� 6HSDUDWRU� WLGDN� EHNHUMD� GHQJDQ� EDLN�

GLNDUHQDNDQ� ODOXDQ� PLQ\DN� OXPDV� PHQXMX�

NH�UXDQJ�HQJNRO�WHUVXPEDW�VHKLQJJD�PLQ\DN�

OXPDV�DNDQ�PHQXPSXN�GDQ�VHWHUXVQ\D�DNDQ�

LNXW� NHGDODP� VLVWHP�\DQJ� EHUGDPSDN�DNDQ�

WHUMDGL� SDUWLNHO�SDUWLNHO� GL� GDODP� SLSD� FRLO�

HYDSRUDWRU��

$JDU� GDODP� SHQJRSHUDVLDQ� GDQ�

SHUDZDWDQ�PHVLQ�SHQGLQJLQ�EHUMDODQ�GHQJDQ�

EDLN��VHEDLNQ\D�PDVLQLV�EHUWDQJJXQJ� MDZDE�

DWDV� SHUPHVLQDQ� UHIULJHUDWRU�� DJDU�

PHODNXNDQ� SHUDZDWDQ� GDQ� SHUEDLNDQ� WHSDW�

SDGD�ZDNWXQ\D� VHVXDL� \DQJ� DGD� GL�PDQXDO�

ERRN�� 0DVLQLV� GDSDW� PHQLQJNDWNDQ�

SHQJHFHNDQ� SDGD� GDODP� UXDQJDQ� PHVLQ�

SHQGLQJLQ�� MLND� DGD� SHQXPSXNDQ� EXQJD� HV�

VHJHUD�PHODNXNDQ�GHIURVWLQJ�GDQ�VHWHODK�LWX�

PHODNXNDQ�SHUJDQWLDQ� ILOWHU�GU\HU�VHODPD���

EXODQ� VHNDOL�� 0DVLQLV� VHEDLNQ\D� MXJD�

PHODNXNDQ�SHQJHFHNDQ�PLQ\DN�OXPDV�SDGD�

JHODV� GXJD�� NDODX� PLQ\DN� OXPDV� PHQXUXQ�

GUDVWLV� PDND� ODQJNDK� VHODQMXWQ\D� DGDODK�

XQWXN� PHODNXNDQ� SHUDZDWDQ� SDGD� 2LO�

6HSDUDWRU�GDQ�PHPEHUVLKNDQ�OXEDQJ�ODOXDQ�

GL�RLO�VHSDUDWRU��
�
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%HUPDQ�� (JD� 7DTZDOL�� ������ 7HNQLN�

3HQGLQJLQ�� .RQVRUVLXP� 6HUWLILNDVL�

*XUX��-DNDUWD��

+DUWRQR�� ������ )DNWRU� 3HQ\HEHE� 7LGDN�

7HUFDSDLQ\D� 6XKX� .DPDU� 3HQGLQJLQ�

%DKDQ� 0DNDQDQ� 'LNDSDO� 0W�� 'HZL�

6UL��6HPDUDQJ���

-DXKDUL�� /XWIL�� ������ %DJLDQ�%DJLDQ�0HVLQ�

3HQGLQJLQ���

6XPDQWR�� ������ 'DVDU�'DVDU� 0HVLQ�

3HQGLQJLQ�� 37�� $QGL�

<RJ\DNDUWD�<RJ\DNDUWD��

0DQXDO� %RRN�� ������ 5HI�� 3URYLVRQ� 3ODQW��

8VKLR�5HLQHWVX�&R���/WG��-DSDQ�

1DVXWLRQ�� ������ 0HWRGH� .XDQWLWDWLI�

.XDOLWDWLI�

.DRUX� ,VKLNDZD�ZZZ�GLFWLR�LG� 7HNQLN�

$QDOLVLV�)LVKERQH�

KWWS���ZZZ�PDULWLPHZRUOG�ZHE�LG���������

EDJLDQ�EDJLDQ�PHVLQ�SHQGLQJLQ�

UHIULJHUDVL�KWPO��

KWWS���ZZZ�PDULWLPHZRUOG�ZHE�LG���������

EDJLDQ�EDJLDQ�PHVLQ�SHQGLQJLQ�

UHIULJHUDVL�KWPO�
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