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IRU� H[DPSOH� LQ� WKH� IHOOLQJ� SURFHVV�� ,QGXVWULHV� DSSO\� D� IXOO� FRQWUDFW� IHOOLQJ� V\VWHP� E\� LQYROYLQJ� WKLUG� SDUW\� HYHQ� LW� LV�
FRQVLGHUHG�DV�DQ�H[SHQVLYH�FRVW��$�VROXWLRQ�RI �WKLV�SUREOHP�LV�E\�LPSOHPHQWLQJ�VHOI�PDQDJHPHQW�IHOOLQJ�V\VWHP��7KLV�
SDSHU�VWXGLHV�WKH�IHOOLQJ�FRVW�FRQGXFWHG�E\�WKLUG�SDUW\�DQG�VHOI�PDQDJHPHQW��7KH�VWXG\�ZDV�FDUULHG�RXW�DW�WZR�QDWXUDO�IRUHVW�
FRQFHVVLRQDLUHV� �,83++.�+$�� &HQWUDO� .DOLPDQWDQ�� 5HVXOWV� UHYHDO� WKDW� VHOI�PDQDJHG� IHOOLQJ� V\VWHP� LQ� ERWK�
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�
FKHDSHU� WKDQ� WKH� FRQWUDFW� IHOOLQJ� V\VWHP�ZKLFK� LV� UDQJHG� IURP� ,'5������� WR� ������P ��+HQFH�� IRU� FRVW� HIILFHQF\��
LPSOHPHQWLQJ�VHOI�PDQDJHPHQW�IHOOLQJ�V\VWHP�LV�UHFRPPHQGHG�

.H\ZRUGV��&RVW�DQDO\VLV��WUHH�IHOOLQJ��VHOI�PDQDJHG�V\VWHP��FRQWUDFW�V\VWHP��QDWXUDO�IRUHVW
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6DODK� VDWX� XSD\D� XQWXN�PHQLQJNDWNDQ� HILVLHQVL� SHPDQHQDQ� ND\X� GL� KXWDQ� DODP� DGDODK� GHQJDQ�
PHQHUDSNDQ�PHWRGH�WUHH�OHQJWK�ORJJLQJ��1DPXQ�GHPLNLDQ��SHQLQJNDWDQ�HILVLHQVL�SHPDQHQDQ�ND\X�WHUVHEXW�
EHOXP�GLLNXWL�ROHK�SHUEDLNDQ�NHELMDNDQ�HILVLHQVL�ELD\D�SURGXNVL��6HEDJDL�FRQWRK��SHQHUDSDQ�NHELMDNDQ�
VLVWHP�XSDK�ERURQJDQ�SHQXK�SDGD�NHJLDWDQ�SHQHEDQJDQ�SRKRQ�GLQLODL�PDVLK�UHODWLI �PDKDO�VHKLQJJD�
SHUOX�GLFDUL�DOWHUQDWLI �SHPEDQGLQJ�GHQJDQ�VLVWHP�VZDNHOROD��7XOLVDQ�LQL�PHPSHODMDUL�EHVDUQ\D�ELD\D�
SURGXNVL�SHQHEDQJDQ�\DQJ�GLODNXNDQ�GHQJDQ� VLVWHP�ERURQJDQ�GDQ� VZDNHOROD��3HQHOLWLDQ�GLODNXNDQ�
GL� GXD� SHUXVDKDDQ� SHQJXVDKDDQ� KXWDQ� DODP� �,83++.�+$�� .DOLPDQWDQ� 7HQJDK�� +DVLO� DQDOLVLV�
ELD\D�PHQXQMXNNDQ�SHQHEDQJDQ�VLVWHP�VZDNHOROD�\DQJ�GLODNXNDQ�GL�,83++.�+$�37��$�GDQ�37��%�

� �
PDVLQJ�PDVLQJ� DGDODK� 5S� ���������P � GDQ� 5S� ���������P �� %LD\D� SHQHEDQJDQ� VLVWHP� VZDNHOROD�
WHUVHEXW� OHELK� PXUDK� GLEDQGLQJNDQ� GHQJDQ� VLVWHP� ERURQJDQ� \DQJ� EHUNLVDU� DQWDUD� 5S� ������

�
5S�������P ��8QWXN�HILVLHQVL�ELD\D��SLKDN�PDQDMHPHQ�,83++.�+$�VHEDLNQ\D�PHQHUDSNDQ�VLVWHP�
XSDK�SHQHEDQJDQ�VHFDUD�VZDNHOROD�

.DWD�NXQFL��$QDOLVLV�ELD\D��SHQHEDQJDQ�SRKRQ��VZDNHOROD��VLVWHP�NRQWUDN�ERURQJDQ��KXWDQ�DODP
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� 6DDW� LQL�� EHEHUDSD� SHPHJDQJ� LMLQ� XVDKD�
SHPDQIDDWDQ� KDVLO� KXWDQ� ND\X� GDUL� KXWDQ� DODP�
�,83++.�+$�� WHODK� PHQHUDSNDQ� WHNQLN� SH�
PDQHQDQ�ND\X�EHUGDPSDN�UHQGDK��UHGXFHG�LPSDFW�
ORJJLQJ�5,/��� 6DODK� VDWX� LQGLNDWRUQ\D� DGDODK�
GLODNXNDQQ\D� SHQ\XVXQDQ�5HQFDQD�2SHUDVLRQDO�
3HPDQHQDQ� .D\X� �523.�� GDODP� EHQWXN� SHWD�
VNDOD��� ���������523.�WHUVHEXW�EHULVL� LQIRUPDVL�
ORNDVL�VHEDUDQ�SRKRQ�\DQJ�GLWHEDQJ��WUDVH�MDULQJDQ�
MDODQ� VDUDG�� GDQ� WHPSDW� SHQJXPSXODQ� ND\X�
VHPHQWDUD� �73Q��� 8QWXN� PHPEDQWX� SHQHEDQJ�
PHQJDUDKNDQ� SRVLVL� UHEDK� SRKRQ� \DQJ� WHUEDLN��
PDND� MDODQ� VDUDG� GLEXND� WHUOHELK� GDKXOX� VHVXDL�
GHQJDQ� WUDVH� MDULQJDQ� MDODQ�� 0HVNLSXQ� ELD\D�
SHPDQHQDQ� 5,/� OHELK� WLQJJL� GLEDQGLQJNDQ�
SHPDQHQDQ� NRQYHQVLRQDO�� QDPXQ� PDPSX�
PHPEHULNDQ� QLODL� VHNDUDQJ� �1HW� 3UHVHQW� 9DOXH��
139�� OHELK� WLQJJL� GLEDQGLQJNDQ� SHPDQHQDQ�
ND\X� NRQYHQVLRQDO� �'HZDQ� 'DHUDK� 3HUXEDKDQ�
,NOLP���������+DO�WHUVHEXW�GLVHEDENDQ�NHUXVDNDQ�
WHJDNDQ� OHELK� VHGLNLW� \DQJ� GDSDW� PHQLQJNDWNDQ�
KDVLO�GL�PDVD�GHSDQ��GDQ�OLPEDK�ND\X�\DQJ�OHELK�
VHGLNLW�
� $UDK� UHEDK� \DQJ� EHQDU� DNDQ� PHQJKDVLONDQ�
NXDQWLWDV� GDQ� NXDOLWDV� ND\X� VHVXDL� GHQJDQ� \DQJ�
GLKDUDSNDQ� VHKLQJJD� SHPDQIDDWDQ� ND\X� OHELK�
HILVLHQ � 0DNLQ� WLQJJL� HILVLHQVL��:DUG�� ������
SHQHEDQJDQ�SRKRQ�EHUDUWL�PDNLQ�VHGLNLW�OLPEDK�
ND\X� \DQJ� GLKDVLONDQ� GDUL� SURVHV� SHQHEDQJDQ��
'HQJDQ�GHPLNLDQ��PDND�ELD\D�\DQJ�GLNHOXDUNDQ�
SHU�VDWXDQ�YROXPH�ND\X�\DQJ�GLKDVLONDQ�PHQMDGL�
OHELK� UHQGDK�� 3DGD� VLVWHP� ERURQJDQ�� SHQHEDQJ�
DNDQ� EHNHUMD� XQWXN� PHQGDSDWNDQ� WDUJHW� KDVLO�
WHEDQJDQ� ND\X� VHEDQ\DN�EDQ\DNQ\D�� $NLEDWQ\D��
VHFDUD� WHNQLV� NDLGDK�NDLGDK� SHQHEDQJDQ� \DQJ�
HIHNWLI � GDQ� EHQDU� VHULQJNDOL� GLDEDLNDQ� VHKLQJJD�
PHQLPEXONDQ� OLPEDK� ND\X� \DQJ� �EHUOHELKDQ �
*DUODQG�GDQ�-DFNVRQ� �������PHQ\DWDNDQ�EDKZD�
SHQHEDQJDQ� GDQ� SHPEDJLDQ� EDWDQJ� \DQJ� EHQDU�
DNDQ�PHQLQJNDWNDQ�NXDOLWDV�ND\X�GDQ�SHQGDSDWDQ�
GDUL� KDVLO� SHQMXDODQ� ND\X� VHKLQJJD� EHUGDPSDN�
SDGD� ELD\D� SHQHEDQJDQ�� 8XVLWDOR�� .RNNR�� GDQ�
.LYLQHQ� ������� PHQ\DWDNDQ� EDKZD� WHNQLN�
SHQHEDQJDQ� \DQJ� GLLNXWL� GHQJDQ� SHPEDJLDQ�
EDWDQJ� \DQJ� WHSDW� DNDQ�PHPSHQJDUXKL� HILVLHQVL�
SHPDQIDDWDQ� GDQ� NXDOLWDV� ND\X� \DQJ� GLKDVLONDQ��
0HQXUXW�6HULQ��$ND\��GDQ�3DN���������SHQHUDSDQ�
PHWRGH� �\DQJ�RSWLPDO�GDSDW�PHQLQJNDWNDQ�EXFNLQJ

SRWHQVL� EUXWR� QLODL� GDQ� YROXPH� SRKRQ� \DQJ�
GLWHEDQJ�EHUWXUXW�WXUXW�VHEHVDU������GDQ�������
� 1DPXQ� GHPLNLDQ�� GDODP� SUDNWLNQ\D�
SHQHUDSDQ� WHNQLN� 5,/� WHUVHEXW� EHOXP� GLLNXWL�
GHQJDQ� SHUEDLNDQ� PDQDMHPHQ� NHUMD� \DQJ�
PHPDGDL� NDUHQD� SHUWLPEDQJDQ� NHSUDNWLVDQ� GL�
ODSDQJDQ�� +DO� WHUVHEXW� GDSDW� GLOLKDW� GDUL�
NHFHQGHUXQJDQ� SHPHJDQJ� ,83++.�+$� \DQJ�
OHELK� PHPLOLK� VLVWHP� ERURQJDQ� SDGD� EHEHUDSD�
NHJLDWDQ� SHPEDODNDQ� KXWDQ� NKXVXVQ\D�
SHQHEDQJDQ� GLEDQGLQJNDQ� GHQJDQ� VLVWHP� \DQJ�
GLNHOROD� VHQGLUL� ROHK� SHUXVDKDDQ� �VZDNHOROD���
3DGD� VLVWHP� SHQHEDQJDQ� ERURQJDQ�� SHQHEDQJ�
GLED\DUNDQ� XSDK� SHQHEDQJDQQ\D� EHUGDVDUNDQ�

�
SURGXNWLYLWDV�GHQJDQ�VDWXDQ�5S�P �\DQJ�EHUNLVDU�

�
DQWDUD� 5S� ������5S� ������P �� WHUJDQWXQJ� MHQLV�
ND\X�\DQJ�GLWHEDQJ��8QWXN�MHQLV�ND\X�WHQJJHODP�
�VLQNHU�� XSDK� SHQHEDQJDQ� SRKRQ� OHELK� PDKDO�
GLEDQGLQJNDQ� MHQLV� \DQJ� WHUDSXQJ� �IORDWHU���
%DQ\DN� SHUWLPEDQJDQ� NHQDSD� GLSLOLK� VLVWHP�
ERURQJDQ� GDODP� SHQHEDQJDQ�� VDODK� VDWXQ\D�
DGDODK� NDUHQD� NHJLDWDQ� SHQHEDQJDQ� GLDQJJDS�
EXNDQ�PHUXSDNDQ�SHNHUMDDQ�UXWLQ�\DQJ�GLODNXNDQ�
VHWLDS�KDUL��.HJLDWDQ�SHQHEDQJDQ�EDUX�GLODNXNDQ�
VHWHODK�5HQFDQD�.HUMD�7DKXQDQ��5.7��PHQGDSDW�
SHQJHVDKDQ� ROHK� SLPSLQDQ� SHUXVDKDDQ� �VHOI �
DSSURYDO���DWDX�ROHK�SHPHULQWDK�
� %LD\D�PHUXSDNDQ�XQVXU�VDQJDW�SHQWLQJ�XQWXN�
GLSHUKLWXQJNDQ�VHFDUD�FHUPDW�NDUHQD�PHQ\DQJNXW�
GXD� KDO� \DLWX� SHQHWDSDQ� NHELMDNDQ� GDQ�
NHXQWXQJDQ��2OHK�NDUHQD� LWX��SHUKLWXQJDQ�ELD\D�
MXJD�GDSDW�GLMDGLNDQ�VHEDJDL�WRORN�XNXU�SHQLODLDQ�
HILVLHQVL� NHUMD�� )$2� �������PHQ\DWDNDQ� IDNWRU�
IDNWRU� \DQJ�PHPSHQJDUXKL� SURGXNVL� GDQ� ELD\D�
SHPDQHQDQ� GDSDW� GLNHORPSRNNDQ� VHEDJDL�
EHULNXW�� �D�� LNOLP�� VDQJDW� EHUSHQJDUXK� WHUKDGDS�
KDVLO� GDQ� ELD\D� WDSL� WLGDN� GDSDW� GLXEDK� DWDX�
GLPDQLSXODVL�� �E��NRQGLVL�VRVLDO�HNRQRPL��KDO� LQL�
EHUKXEXQJDQ� GHQJDQ� RSHUDVLRQDO� GDODP� MDQJND�
SDQMDQJ�� �F�� NRQGLVL� KXWDQ�� PXODL� GDUL� SRKRQ��
WHJDNDQ��WRSRJUDIL�� WDQDK��\DQJ�SDOLQJ�VLJQLILNDQ�
DGDODK� NHOHUHQJDQ�� GDQ� �G�� PHWRGH�� EHUNDLWDQ�
GHQJDQ� PHWRGH� NHUMD� GDQ� SHUDODWDQ� \DQJ�
GLJXQDNDQ���$QDOLVLV�ELD\D�SHQHEDQJDQ�GLGDVDUNDQ�
SDGD�GDWD�SURGXNWLYLWDV� NHUMD� GDQ� VHOXUXK�ELD\D�
\DQJ� GLNHOXDUNDQ� VHODPD� SURVHV� SHQHEDQJDQ�
SRKRQ� KLQJJD� PHQMDGL� VRUWLPHQ� ND\X� EXODW� GL�
WHPSDW�SHQJXPSXODQ�ND\X��7SQ��
� 7XOLVDQ� LQL� PHODSRUNDQ� GDWD� GDQ� LQIRUPDVL�
EHVDUQ\D� ELD\D� SHQHEDQJDQ� SRKRQ� GL� KXWDQ�
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$QDOLVLV� ,83++.�+$ �7HQJDK%LD\D�3HQHEDQJDQ�6LVWHP�6ZDNHOROD��6WXGL�.DVXV�GL�'XD� �.DOLPDQWDQ
�6RHQDUQR�

SURGXNVL�DODP�ODKDQ�NHULQJ�\DQJ�GLODNXNDQ�VHFDUD�
VZDNHOROD� GLEDQGLQJNDQ� GHQJDQ� ERURQJDQ��
'LKDUDSNDQ�� KDVLO� NDMLDQ� LQL� GDSDW� EHUPDQIDDW�
XQWXN�PHPEDQWX�SHUXVDKDDQ�GDODP�SHQJDPELODQ�
NHSXWXVDQ� WHQWDQJ� SHPLOLKDQ� VLVWHP� XSDK�
SHQHEDQJDQ�\DQJ�OHELK�PHQJXQWXQJNDQ�

,,��%$+$1�'$1�0(72'(

$��7HPSDW�GDQ�:DNWX�3HQHOLWLDQ

� 3HQHOLWLDQ�GLODNXNDQ�GL�GXD�,83++.�+$�GL�
.DOLPDQWDQ�7HQJDK�\DLWX�37��$�GDQ�37��%�SDGD�
EXODQ�0HL���-XQL�������.RQGLVL�DUHDO�,83++.�
+$�GL�37��$�VHEDJLDQ�EHVDU�EHU�WRSRJUDIL�GDWDU�
GHQJDQ� NHPLULQJDQ� OHUHQJ� ����� VHGDQJNDQ�
GL�37��%�DUHDO�NHUMDQ\D�VHEDJLDQ�EHVDU�WRSRJUDIL�
DJDN�FXUDP�GHQJDQ�NHPLULQJDQ��������
� $UHDO� NHUMD� 37�� $� VHFDUD� DGPLQLVWUDWLI �
SHPHULQWDKDQ�EHUDGD�GL� WLJD�ZLOD\DK�NDEXSDWHQ��
\D L WX� .DEXSDWHQ� 6HUX\DQ� � .DEXSDWHQ�
.RWDZDULQJLQ� 7LPXU� GDQ� .DEXSDWHQ� .DWLQJDQ��
6HFDUD� JHRJUDILV�� DUHDO� NHUMD� 37��$�EHUDGD� SDGD�
���������������� %XMXU� 7LPXU� GDQ� ������������
/LQWDQJ�6HODWDQ��37��%�VHFDUD�DGPLQLVWUDWLI �EHUDGD�
GL� .DEXSDWHQ� .RWDZDULQJLQ� 7LPXU� GDQ� VHFDUD�
JHRJUDIL� WHUOHWDN� SDGD� NRRUGLQDW� ������������
%XMXU�7LPXU�������
�����/LQWDQJ�6HODWDQ�

%��%DKDQ�GDQ�$ODW�3HQHOLWLDQ

�� %DKDQ� \DQJ� GLJXQDNDQ� GDODP� SHQHOLWLDQ� LQL�
DGDODK�FDW��NXDV��GDQ�WDOL�SODVWLN��6HGDQJNDQ�DODW�
\DQJ� GLJXQDNDQ� DGDODK� SLWD� XNXU� GLDPHWHU�
SRKRQ�SKL�EDQG��PHWHUDQ�SLWD��NRPSDV��EXNX�XNXU�
�WDOO\� VKHHW��� SDUDQJ�� JHUJDML� UDQWDL� �FKDLQVDZ��� GDQ�
SHUOHQJNDSDQ� NHVHODPDWDQ� NHUMD� �SHUVRQDO� XVH��
VHSHUWL�KHOP��VDUXQJ�WDQJDQ��VHSDWX��GDQ�PDQWHO�
ODSDQJDQ��

&��3HQJHUWLDQ

� 'DODP�WXOLVDQ��LQL�EHEHUDSD�GHILQLVL�LVWLODK�\DQJ�
GLJXQDNDQ�DGDODK�
��� 3HQHEDQJDQ�PHUXSDNDQ�VHUDQJNDLDQ�NHJLDWDQ�
XQWXN� PHURERKNDQ� SRKRQ� NHPXGLDQ�
PHPRWRQJ�PRWRQJ� PHQMDGL� EDJLDQ�EDJLDQ�
WHUWHQWX� �VRUWLPHQ�� \DQJ� VLDS� GLVDUDG� ROHK�
WUDNWRU�VDUDG��VNLGGHU��NH�WHPSDW�SHQJXPSXODQ�
ND\X�VHPHQWDUD��7SQ��

��� 7UHH� /HQJWK� /RJJLQJ� �7/�� DGDODK� PHWRGH�
SHPDQHQDQ�ND\X�GHQJDQ�FDUD�SRKRQ�GLWHEDQJ�
GDQ� GLDQJNXW� VHSDQMDQJ� PXQJNLQ� NH� 73Q�
VHWHODK� GLODNXNDQ� SHPRWRQJDQ� FDEDQJ� GDQ�
SHPRWRQJDQ� EDJLDQ� XMXQJ� EDWDQJ� GL� DWDV�
FDEDQJ�VDPSDL�GLDPHWHU�PLQLPXP����FP��,GULV�
	�6RHQDUQR��������

��� %LD\D� SHQHEDQJDQ� ERURQJDQ� �FRQWUDFW�� DGDODK� �
ELD\D� \DQJ� GLEHULNDQ� VHFDUD� ERURQJDQ� ROHK�
SHUXVDKDDQ�NHSDGD�SHQHEDQJ� �\DQJ�EHVDUQ\D�

�
GLGDVDUNDQ�DWDV�VDWXDQ�ELD\D�WHUWHQWX��5S�P ��
VHFDUD� WHWDS� WHUJDQWXQJ� MHQLV� ND\X� \DQJ�
GLWHEDQJ��'DODP�SHQHEDQJDQ�VLVWHP�ERURQJDQ�
LQL� SHPEHOLDQ� JHUJDML� UDQWDL� �FKDLQVDZ��� ELD\D�
SHPHOLKDUDDQ�� SHUEDLNDQ�SHQJJDQWLDQ� VSDUH�
SDUWV��EDKDQ�EDNDU��ROL�GDQ�XSDK�SHPEDQWXQ\D�
�KHOSHU��PHQMDGL�WDQJJXQJ�MDZDE�SHQHEDQJ�VHUWD�
SHQHEDQJ�WLGDN�GLEHULNDQ�ELD\D�PDNDQ�

��� %LD\D� SHQHEDQJDQ� VZDNHOROD� �VHOI�PDQDJHG��
�

DGDODK� EHVDUQ\D� ELD\D� SHQHEDQJDQ� �5S�P ��
\DQJ� GLKLWXQJ� EHUGDVDUNDQ� ELD\D� XSDK�
SHQHEDQJ��ELD\D�LQYHVWDVL��GDQ�SHPHOLKDUDDQ��
SHUEDLNDQ� JHUJDML� PHVLQ� �FKDLQVDZ��� EDKDQ�
EDNDU��SHOXPDV��SDMDN��GDQ�DVXUDQVL��3HQJDGDDQ�
FKDLQVDZ�� ELD\D�SHPHOLKDUDDQ�� GDQ�SHUEDLNDQ��
SHQJJDQWLDQ� VSDUH� SDUWV�� SDMDN�� DVXUDQVL�� GDQ�
PDNDQ�GLWDQJJXQJ�ROHK�SHUXVDKDDQ�

��� :DNWX� NHUMD� SHQHEDQJDQ� DGDODK� ZDNWX� NHUMD�
HIHNWLI � \DQJ� GLSHUOXNDQ� XQWXN� PHQHEDQJ�
SRKRQ�PHOLSXWL�ZDNWX�SHPEXDWDQ�WDNLN�WHEDQJ�
�IHOOLQJ���ZDNWX�PHPRWRQJ�EDJLDQ�SDQJNDO�GDQ�
EDJLDQ�XMXQJ��EXFNLQJ���VDPSDL�VLDS�GLVDUDG�NH�
73Q�

'��3URVHGXU�3HQHOLWLDQ

� 3URVHGXU� SHQHOLWLDQ� GLODNXNDQ� GHQJDQ�
PHQJXPSXONDQ� GDWD� SULPHU� GDQ� GDWD� VHNXQGHU�
VHEDJDL�EHULNXW�
��� 0HQHQWXNDQ�SHUXVDKDDQ�,83++.�+$�VHFDUD�
SXUSRVLI�

��� 0HPEXDW� SHWDN� FRQWRK� VHFDUD� SXUSRVLI �
VHEDQ\DN����WLJD��EXDK�SDGD�VHWLDS�,83++.�
+$� GHQJDQ�PDVLQJ�PDVLQJ� SHWDN� EHUXNXUDQ�
����P�[�����P�

��� 0HODNVDQDNDQ� SHQHEDQJDQ� WHUKDGDS� VHPXD�
MHQLV� SRKRQ� NRPHUVLDO� VHVXDL� \DQJ� WHODK�
GLSHUV\DUDWNDQ�GDODP�NHWHQWXDQ�SHQHEDQJDQ�

��� 0HQJXNXU� GLDPHWHU� GDQ� SDQMDQJ� ND\X� KDVLO�
SHQHEDQJDQ�



���

��� 0HQJXNXU�ZDNWX�NHUMD�HIHNWLI �SHQHEDQJDQ�GDQ�
ZDNWX�NHUMD�WRWDO�SHQHEDQJDQ�SHU�KDUL�GHQJDQ�
PHQJJXQDNDQ�MDP�VXNDW��VWRS�ZDWFK��

��� 0HQJXNXU�SURGXNWLYLWDV�NHUMD�SHQHEDQJDQ�
��� 0HQJXNXU� EDKDQ� EDNDU� \DQJ� GLSHUOXNDQ� SHU�
KDUL�NHUMD�SHQHEDQJDQ�

(��'DWD�\DQJ�'LNXPSXONDQ

� 'DWD�\DQJ�GLNXPSXONDQ�WHUGLUL�GDUL�GDWD�SULPHU�
GDQ�GDWD�VHNXQGHU��'DWD�SULPHU�PHOLSXWL�YROXPH�
ND\X� EDWDQJ� EHEDV� FDEDQJ� \DQJ� GLPDQIDDWNDQ��
ZDNWX� NHUMD� SHQHEDQJDQ�� ELD\D� SHQHEDQJDQ��
NRQVXPVL� EDKDQ� EDNDU� GDQ� NRQVXPVL� ROL��
SHOXPDV�� 6HGDQJNDQ� GDWD� VHNXQGHU� \DQJ� GLFDWDW�
DGDODK�NRQGLVL�XPXP�ORNDVL�SHQHOLWLDQ��KDUJD�GDQ�
MHQLV�FKDLQVDZ�\DQJ�GLJXQDNDQ��KDUJD�EDKDQ�EDNDU��
KDUJD�SHOXPDV��XPXU�SDNDL�DODW��KDUJD��GDQ�XPXU�
UDQWDL�JHUJDML�GDQ�EDU��FKDLQVDZ�EODGH���KDUJD�EDKDQ�
EDNDU�� KDUJD� ROL� GDQ� EXQJD� EDQN�� VHUWD� ELD\D�
SHQHEDQJDQ�VLVWHP�ERURQJDQ�

)�� 3HQJRODKDQ�'DWD

� 8QWXN� PHQJKLWXQJ� YROXPH� ND\X� GLJXQDNDQ�
UXPXV�VHEDJDL�EHULNXW�

9 ������[������[��'�����ñ�[�/�����������������������������

GLPDQD��
�9�  �9ROXPH��P �

'�� ��'LDPHWHU�UDWD�UDWD�SDQJNDO�GDQ�XMXQJ��FP�
/�  ��3DQMDQJ�EDWDQJ��P�

� 3URGXNWLYLWDV� NHUMD� SHQHEDQJDQ� GLKLWXQJ�
GHQJDQ�PHQJJXQDNDQ�UXPXV��VHEDJDL�EHULNXW�

3WS� �9D�:7S��������������������������������������������������������

GL�PDQD�
�3WS�  �3URGXNWLYLWDV�SHQHEDQJDQ��P �MDP�

�9D�  �9ROXPH�EDWDQJ�DNWXDO��P �
:WS� �:DNWX�NHUMD�NHJLDWDQ�SHQHEDQJDQ��MDP��

� 6HGDQJNDQ� SHUKLWXQJDQ� ZDNWX� SHQHEDQJDQ�
DGDODK�VHEDJDL�EHULNXW�

:DNWX� SHQHEDQJDQ� WRWDO�  � ZDNWX� NHUMD� \DQJ�
GLKLWXQJ�VHWLDS�KDUL�GLPXODL�GDUL�SHQHEDQJ�
PHODNXNDQ� SHQHEDQJDQ� SRKRQ� SHUWDPD�
KLQJJD�VHOHVDL�PHQHEDQJ�SRKRQ�WHUDNKLU�
GL� SHWDN� WHEDQJ�� \DQJ� GLQ\DWDNDQ� GDODP�
VDWXDQ�MDP����������������������������������������������������

:DNWX� HIHNWLI �  � ZDNWX� PHQHEDQJ� �� ZDNWX�
SHPEDJLDQ�EDWDQJ���������������������������������������

� %LD\D�WHWDS��%7��SHQJJXQDDQ�FKDLQVDZ�GLKLWXQJ�
GHQJDQ� PHQJJXQDNDQ� IRUPXOD� \DQJ� GLWHWDSNDQ�
ROHK� )$2� �������� NHFXDOL� XQWXN� ELD\D� VHEDJDL�
EHULNXW�
��� %LD\D�WLGDN�WHWDS�SHQHEDQJDQ
� D�� 3HPHOLKDUDDQ� JHUJDML� UDQWDL� �3OK��� %LD\D�

SHPHUOLKDUDDQ� JHUJDML� UDQWDL� DGDODK� ELD\D�
XQWXN� PHQMDJD� NRQGLVL� ILVLN� �NHUDJDDQ��
JHUJDML� UDQWDL� DJDU� WHWDS� GDSDW� EHNHUMD�
GHQJDQ� EDLN�� %LD\D� SHPHOLKDUDDQ� JHUJDML�
UDQWDL�GLKLWXQJ�EHUGDVDUNDQ�QLODL�����ELD\D�
LQYHVWDVL� JHUJDML� UDQWDL� GLEDJL� GHQJDQ� MDP�
NHUMD�VHODPD�VDWX�WDKXQ��GLQ\DWDNDQ�GDODP�
VDWXDQ�5S�MDP�

� E��3HUEDLNDQ��3UE�
� � 3HUEDLNDQ�JHUJDML�UDQWDL�DGDODK�ELD\D�XQWXN�

PHQJJDQWL�EDJLDQ�JHUJDML�UDQWDL�\DQJ�VXGDK�
UXVDN�KLQJJD� JHUJDML� UDQWDL� WHUVHEXW�GDSDW�
GLSHUJXQDNDQ� NHPEDOL�� %LD\D� SHUEDLNDQ�
GLKLWXQJ� GHQJDQ� PHPEDJL� ELD\D� \DQJ�
GLNHOXDUNDQ� XQWXN� SHQJJDQWLDQ� EDJLDQ�
JHUJDML�PHVLQ�\DQJ�UXVDN�GHQJDQ�MDP�NHUMD��
GLQ\DWDNDQ� GDODP� VDWXDQ� 5S�MDP�� %LD\D�
SHUEDLNDQ� JHUJDML� UDQWDL� GLGDVDUNDQ� DWDV�
SHQJDPDWDQ�ODQJVXQJ�GL�ODSDQJDQ�

� F�� %DKDQ�EDNDU��%EN�
� � %LD\D� SHPDNDLDQ� EDKDQ� EDNDU� PLQ\DN�

�%%0�� GLGDVDUNDQ� DWDV� SHQJDPDWDQ�
ODQJVXQJ� GL� ODSDQJDQ� GHQJDQ�PHQJKLWXQJ�
MXPODK�SHPDNDLDQ�%%0��OLWHU��VHODPD�VDWX�
KDUL�SHQHEDQJDQ�SRKRQ��%LD\D�EDKDQ�EDNDU�
GLKLWXQJ�GHQJDQ�UXPXV�

����������������������-XPODK�SHPDNDLDQ�%%0���OLWHU��[�KDUJD�%%0��5S�OLWHU�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%EN��5S�MDP�� �� ������������

�������������������������������������������������������:DNWX�NHUMD���MDP�

� G�� 3HOXPDV��3OP�
� � %LD\D� SHPDNDLDQ� SHOXPDV� GLGDVDUNDQ� DWDV�

SHQJDPDWDQ� ODQJVXQJ�GL� ODSDQJDQ�GHQJDQ�
PHQJKLWXQJ� MXPODK� SHPDNDLDQ� ROL� �OLWHU��
VHODPD�VDWX�KDUL�SHQHEDQJDQ�SRKRQ��%LD\D�
SHOXPDV�GLKLWXQJ�GHQJDQ�UXPXV�

�����������������������������-XPODK�SHPDNDLDQ�ROL���OLWHU��[�KDUJD�ROL��5S�OLWHU�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB3OP��5S�MDP��� �� �����������

����������������������������������������������������:DNWX�NHUMD���MDP�

� -XPODK� ELD\D� WLGDN� WHWDS� GLKLWXQJ� GHQJDQ�
UXPXV�VHEDJDL�EHULNXW�

���%9� �3OK���3UE���%EM���3OP���������������������������

��� %LD\D� RSHUDVLRQDO� PHVLQ� �%RSU�� GLKLWXQJ�
GHQJDQ�UXPXV�

��%RSU� �%7���%9�������������������������������������������������

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����-XQL��������������
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��� 8SDK�WHQDJD�NHUMD��8S�
� 8SDK�WHQDJD�NHUMD�SHQHEDQJDQ�GDSDW�GLKLWXQJ�
EHUGDVDUNDQ�ZDNWX�NHUMD��5S�MDP��DWDX�VLVWHP�

�
ERURQJDQ��5S�P �

��� %LD\D�RSHUDVLRQDO�SHQHEDQJDQ��%XVK��GLKLWXQJ�
GHQJDQ�UXPXV�

����%XVK� �%RSU���8S��������������������������������������������

��� %LD\D�SURGXNVL�SHQHEDQJDQ��%SURG�
� %LD\D�SURGXNVL�SHQHEDQJDQ�GLKLWXQJ�GHQJDQ�
UXPXV�

�����������������������%XVK
BBBBBB����%SURG�� � ���������������������������������������������

�����������������������3WS
�

GL�PDQD�� %SU� �%LD\D�SURGXNVL��5S�P ���%XVDKD�
 � %LD\D� XVDKD� SHQHEDQJDQ� �5S�MDP���

�
3WS� �3URGXNWLYLWDV�SHQHEDQJDQ� �P ��
MDP��

,,,��+$6,/�'$1�3(0%$+$6$1

$��3URGXNWLYLWDV�3HQHEDQJDQ

� +DVLO� SHQJKLWXQJDQ� XNXUDQ� SURGXNWLYLWDV�
SHQHEDQJDQ�GDSDW�GLOLKDW�SDGD�/DPSLUDQ���GDQ�
UHNSLWXODVLQ\D� GLVDMLNDQ� SDGD� 7DEHO� ��� 7DEHO� ��
PHQXQMXNNDQ� EDKZD� SURGXNWLYLWDV� SHQHEDQJDQ�

�
UDWD�UDWD�GL�37��$�DGDODK�VHEHVDU��������P �MDP�

�
GDQ�GL�37��%�VHEHVDU�������P �MDP��3URGXNWLYLWDV�
SHQHEDQJDQ� PHWRGH� WUHH� OHQJWK� ORJJLQJ� WHUVHEXW�
OHELK� UHQGDK� GLEDQGLQJNDQ� GHQJDQ� PHWRGH�
SHQHEDQJDQ�ND\X�SHQXK��ZKROH�WUHH��\DQJ�PHQFDSDL�

�
������ P �MDP� �%XGLDPDQ�� ������ PDXSXQ� SDGD�
KXWDQ� NRPHUVLDO� GL� ,UDQ� \DQJ� EHUNLVDU� DQWDUD�

�
����������P �MDP� �%HKMRX�HW� DO��� �������1DPXQ�
GHPLNLDQ�� SURGXNWLYLWDV� SHQHEDQJDQ� GL� 37�� $�
GDQ� 37�� %� OHELK� WLQJJL� GLEDQGLQJNDQ� KDVLO�
SHQHOLWLDQ� 6XKDUWDQD�� <XQLDZDWL�� GDQ� 5DKPDW�

�
�������\DQJ�KDQ\D�����P �MDP��+DVLO�SHQJDPDWDQ�
G L � O DSDQJ DQ � PHQXQ MXNNDQ � SHUEHGDDQ �
SURGXNWLYLWDV� SHQHEDQJDQ� GL� 37�� $� GDQ� 37�� %�
GLGXJD� GLVHEDENDQ� ROHK� EHEHUDSD� IDNWRU� DQWDUD�
ODLQ�

D�� .RPSHWHQVL�SHQJHORODDQ�KXWDQ
� $SDELOD�GLDVXPVLNDQ�EDKZD�VHUWLILNDW�WHQWDQJ�
SHQJHORODDQ�KXWDQ�SURGXNVL�OHVWDUL��3+3/��\DQJ�
GLWHULPD�,83++.�+$�DGDODK�PHUXSDNDQ�SDUD�
PHWHU�NRPSHWHQVL�SHUXVDKDDQ�PDND�NRPSHWHQVL�
37�� $� OHELK� EDLN� GLEDQGLQJNDQ� GHQJDQ� 37�� %��
37��$�VHODLQ�WHODK�PHPLOLNL�VHUWLILNDW�3+3/�VHFDUD�
PDQGDWRU\�MXJD�WHODK�PHPSHUROHK�VHUWLILNDW�VHFDUD�
YROXQWDU\� )RUHVW� 6WHZDUGVKLS� &RXQFLOPHODOXL� VNHPD� �
� �� VHGDQJNDQ� 37�� %� KDQ\D� PHPSHUROHK�)6&
VHUWLILNDW�3+3/�VHFDUD� �PDQGDWRU\

E�� -HQLV�SRKRQ�\DQJ�GLWHEDQJ
� 3RKRQ�\DQJ�GLWHEDQJ�GL�37��$�VHEDJLDQ�EHVDU�
WHUJRORQJ� MHQLV� ND\X� GDUL� NHORPSRN� MHQLV� ND\X�
WHUDSXQJ�VHGDQJNDQ�GL�37��%�GLGRPLQDVL�MHQLV�ND\X�
WHQJJHODP�� %HUGDVDUNDQ� WLQJNDW� NHNHUDVDQ� ND\X��
XPXPQ\D�ND\X�MHQLV�WHUDSXQJ�OHELK�OXQDN�VHKLQJJD�
ZDNWX�SHQHEDQJDQ�OHELK�FHSDW�GLEDQGLQJNDQ�MHQLV�
ND\X�WHQJJHODP�NDUHQD�ND\XQ\D�OHELK�NHUDV�

7DEHO����3URGXNWLYLWDV�SHQHEDQJDQ�PHWRGH�USFF�MFOHUI�MPHHJOH
5BCMF����'FMMJOH�QSPEVDUJWJUZ�CZ�USFF�MFOHUI�MPHHJOH�NFUIPET

3HUXVDKDDQ�
�)RUHVW�

FRQFHVVLRQDLUHV��

8ODQJDQ�
�5HSOLFDWLRQ�

�

5DWD�UDWD�
GLDPHWHU�
SRKRQ�

�$YHUDJHV�RI �
WUHH�GLDPHWHU��

FP��

:DNWX�NHUMD��
�:RUNLQJ�WLPH���
MDP��KRXU �

-XPODK�SRKRQ�
GLWHEDQJ�

�1XPEHU�RI �IHOOHG�
WUHHV� �

9ROXPH�
ND\X��/RJV�
YROXPH��

�P� �

3URGXNWLYLWDV�
SHQHEDQJDQ��

P��MDP��
�)HOOLQJ�SURGXFWLYLW\�

P��KRXU� �

37��$�

�� �� � ��� � �� � ������ � ������ �

�� �� � ��� � �� � ������� � ������ �

�� �� ��� �� ������� ������

5DWD�UDWD��$YHUDJH� ����� ��� �� ������ ������

� � � � �

37��%�

�� �� � ��� � �� � ����� � ����� �

� � � � � �

�� �� � ��� � �� � ����� � ����� �
� �� ��� �� ����� �����

5DWD�UDWD��$YHUDJH� ����� ��� �� ����� �����
� � � � � �

� � � � � �

$QDOLVLV� ,83++.�+$ �7HQJDK%LD\D�3HQHEDQJDQ�6LVWHP�6ZDNHOROD��6WXGL�.DVXV�GL�'XD� �.DOLPDQWDQ
�6RHQDUQR�



���

F�� .RQGLVL�WRSRJUDIL�ODSDQJDQ
� .RQGLVL� WRSRJUDIL� ODSDQJDQ� GL� SHWDN� WHEDQJ�
37�� $� GDWDU� GHQJDQ� NHPLULQJDQ� OHUHQJ� �����
VHGDQJNDQ� GL� 37�� %� VHEDJLDQ� EHVDU�PHPSXQ\DL�
NHPLULQJDQ� OHUHQJ� �� ����� .RQGLVL� WRSRJUDIL�
ODSDQJDQ� PHPSXQ\DL� SHQJDUXK� WHUKDGDS�
NHOHODKDQ� GDQ� ZDNWX� SHQHEDQJDQ�� 0DNLQ� EHVDU�
NHPLULQJDQ� OHUHQJ� EHUDUWL� NRQGLVL� WRSRJUDIL�
ODSDQJDQ�PDNLQ�VXOLW��+DO� WHUVHEXW�EHUSHQJDUXK�
SDGD� MDUDN� SRKRQ� PHQMDGL� OHELK� MDXK� VHKLQJJD�
ZDNWX� \DQJ� GLSHUOXNDQ� XQWXN� PHQXMX� DQWDU�
SRKRQ�PHQMDGL� OHELK� ODPD�� 6HODLQ� LWX�� WRSRJUDIL�
ODSDQJDQ� \DQJ� VXOLW� MXJD� DNDQ�PHQJXUDV�EDQ\DN�
WHQDJD� VHKLQJJD� SHQHEDQJ� OHELK� FHSDW� OHODK��
0DNLQ� EHUDW� WRSRJUDIL� ODSDQJDQ� PDNLQ� EDQ\DN�
OLPEDK� SHQHEDQJDQ� \DQJ� EHUDUWL� PDNLQ� VHGLNLW�
MXPODK� ND\X� GDUL� SRKRQ� GLWHEDQJ� \DQJ�
GLPDQIDDWNDQ� VHKLQJJD� EHUSHQJDUXK� SDGD�
SURGXNWLYLWDV�SHQHEDQJDQ�\DQJ�UHQGDK��6RHQDUQR��
'XOVDODP��	�(QGRP��������

G�� .HUDSDWDQ�SRKRQ�\DQJ�GLWHEDQJ
� .HUDSDWDQ� SRKRQ� \DQJ� GDSDW� GLWHEDQJ�
PHPSXQ\DL� SHQJDUXK� WHUKDGDS� HIHNWLYLWDV� GDQ�
HILVLHQVL�ZDNWX�SHQHEDQJDQ�� �0DNLQ�UDSDW�SRKRQ�
EHUDUWL�PDNLQ�EDQ\DN� MXPODK�SRKRQ�\DQJ�GDSDW�
GLWHEDQJ�VHKLQJJD�ZDNWX�\DQJ�GLSHUOXNDQ�XQWXN�
PHQXMX�DQWDU�SRKRQ�\DQJ�GLWHEDQJ�PHQMDGL�PDNLQ�
FHSDW�NDUHQD�MDUDN�SRKRQ�\DQJ�VDWX�WHUKDGDS�\DQJ�
ODLQ� OHELK� GHNDW�� 6HEDOLNQ\D�� PDNLQ� MDUDQJ�
NHUDSDWDQ�SRKRQ�\DQJ�GLWHEDQJ�PDND�MDUDN�DQWDU�
SRKRQ�PHQMDGL�UHODWLI �MDXK�VHKLQJJD�PHPHUOXNDQ�
ZDNWX� OHELK� ODPD� XQWXN� PHQXMX� SRKRQ� \DQJ�
GLWHEDQJ�

H�� 'LDPHWHU�SRKRQ�GLWHEDQJ
� 7DEHO���MXJD�PHQJJDPEDUNDQ�EDKZD�SURGXN�
WLYLWDV�SHQHEDQJDQ� WLGDN� WHUJDQWXQJ�GDUL� MXPODK�
SRKRQ�WHWDSL�GLSHQJDUXKL�ROHK�YROXPH�ND\X�GDUL�
SRKRQ� \DQJ� GLWHEDQJ�� ,QL� EHUDUWL� EDKZD�
NHQGDWLSXQ� MXPODK�SRKRQ�\DQJ�GLWHEDQJ�VHGLNLW�
QDPXQ�DSDELOD�PHPSXQ\DL�GLDPHWHU� \DQJ�EHVDU�
PDND� YROXPH� ND\X� PHQMDGL� EHVDU� VHPHQWDUD�
ZDNWX� NHUMD� SHQHEDQJDQ� UHODWLI � WLGDN� EDQ\DN�
EHUEHGD�� 2OHK� NDUHQD� LWX�� SDUD� SHQHEDQJ� OHELK�
VXND� PHQGDSDWNDQ� SHWDN� WHEDQJDQ� \DQJ�
PHPSXQ\DL�SRWHQVL�SRKRQ�\DQJ�EHVDU�ZDODXSXQ�
NHUDSDWDQQ\D� NXUDQJ� GLEDQGLQJNDQ� \DQJ�
NHUDSDWDQ� SRKRQQ\D� EHVDU� WHWDSL� XPXPQ\D�
EHUGLDPHWHU�OHELK�NHFLO�

� +DVLO� SHQHOLWLDQ� -RXUJKRODPL�� 0DMQRXQLDQ��
GDQ� =DUJKDP� ������� PHQXQMXNNDQ� EDKZD�
VHPDNLQ� EHVDU� GLDPHWHU� SRKRQ� VHPDNLQ� ODPD�
ZDNWX� SHQHEDQJDQ� VHKLQJJD� EHUSHQJDUXK� SDGD�
ELD\D� SHQHEDQJDQ� \DQJ� GLEXWXKNDQ�� %DKNDQ�
GLQ\DWDNDQ�EDKZD�DGD�NHFHQGHUXQJDQ�KXEXQJDQ�
\DQJ�Q\DWD��5�� ��������DQWDUD�GLDPHWHU�SRKRQ�
GHQJDQ� ZDNWX� SHQHEDQJDQ�� VHEDJDLPDQD� KDVLO�
DQDOLVLV�UHJUHVL��<� �����������������'��GL�PDQD��<�
 � ZDNWX� SHQHEDQJDQ� �PHQLW��� '�  � GLDPHWHU�
SRKRQ�GLWHEDQJ��FP���6HGDQJNDQ�SHQJDUXK�PDNLQ�
PHQLQJNDWQ\D� ELD\D� SHQHEDQJDQ� SDGD� GLDPHWHU�
SRKRQ�\DQJ�PDNLQ�EHVDU� OHELK�GLDNLEDWNDQ�ROHK�
PHQLQJNDWQ\D� ELD\D� WLGDN� WHWDS� �YDULDEOH� FRVW���
1DPXQ� GHPLNLDQ�� DSDELOD� VDWXDQ� ELD\D�
SHQHEDQJDQ� WHUVHEXW� GLNDLWNDQ� GHQJDQ� YROXPH�
ND\X�\DQJ�GLKDVLONDQ�MXVWUX�PDNLQ�EHVDU�GLDPHWHU�

�
SRKRQ� ELD\D� SHU� VDWXDQ� YROXPH� ��� 86�P ��
PHQMDGL�PDNLQ�PXUDK�

%��%LD\D�2SHUDVLRQDO�3HQHEDQJDQ

� .HJLDWDQ�SHQHEDQJDQ�\DQJ�GLODNXNDQ�GL�37��$�
GDQ� 37�� %� VHPXDQ\D� GLODNXNDQ� VHFDUD� VHPL�
PHNDQLV� PHQJJXQDNDQ� JHUJDML� UDQWDL� �FKDLQVDZ��
67,+/� ����*HUJDML� UDQWDL� WHUVHEXW� DGDODK�PLOLN�
SHQHEDQJ� VHQGLUL� �FKDLQVDZ� RSHUDWRU�� GDQ� VHPXD�
ELD\D�EDLN�ELD\D�WHWDS�PDXSXQ�WLGDN�WHWDS��YDULDEOH��
GLWDQJJXQJ�ROHK�RSHUDWRU��'DODP�PHODNVDQDNDQ�
SHQHEDQJDQ� RSHUDWRU� GLEDQWX� ROHK� VHRUDQJ�
SHPEDQWX�RSHUDWRU��KHOSHU��GDQ�XSDKQ\D�PHQMDGL�
WDQJJXQJ� MDZDE� RSHUDWRU� JHUJDML� UDQWDL�� +DUJD�
JHUJDML� PHVLQ� WHUVHEXW� DGDODK� 5S� �������������
GHQJDQ�XPXU�SDNDL�VHODPD���WDKXQ�DWDX����������
MDP�� 0HQXUXW� SHQJDODPDQ� SHQHEDQJ� VHWLDS� ��
EXODQ� KDUXV� GLJDQWL� UDQWDL� GHQJDQ� KDUJD�
5S� ���������� GDQ� GLJDQWL� ELODK� �EDU�� VHEDJDL�
WHPSDW� UDQWDL� EHUSXWDU� VHWLDS� �� WDKXQ� GHQJDQ�
KDUJD� 5S� ����������� 'DODP� SHUKLWXQJDQ� ELD\D�
SHQHEDQJDQ� VLVWHP� VZDNHNROD�� RSHUDWRU� JHUJDML�
UDQWDL�GDQ�KHOSHU�GLDVXPVLNDQ�VHEDJDL�WHQDJD�NHUMD�
WHWDS� GHQJDQ� JDML� PDVLQJ�PDVLQJ� VHEHVDU�
5S� ������������EXODQ� DWDX� 5S� �������MDP� GDQ�
5S� ������������EXODQ� DWDX� 5S� �������MDP��
6HGDQJNDQ� XQWXN� ELD\D� PDNDQ� UDWD�UDWD� DGDODK�
5S� ��������� SHU� VHNDOL� PDNDQ� GDQ� �� NDOL�
PDNDQ�KDUL�DWDX�5S����������RUDQJ�KDUL�
� +DVLO� SHQJXNXUDQ� ZDNWX� NHUMD�� SHQJJXQDDQ�
EDKDQ�EDNDU�PLQ\DN�GDQ�SHOXPDV�GL�37��$�GDQ�
37��%�GDSDW�GLOLKDW�SDGD�/DPSLUDQ���VHGDQJNDQ�
UHNDSLWXODVLQ\D�GLVDMLNDQ�SDGD�7DEHO���

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����-XQL��������������
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7DEHO����:DNWX�NHUMD��NHEXWXKDQ�EDKDQ�EDNDU��GDQ�SHOXPDV

5BCMF����8PSLJOH�UJNF
�GVFM�BOE�PJM

3HUXVDKDDQ�
�)RUHVW�

FRQFHVVLRQDLUHV��

'LDPHWHU �
-XPODK�SRKRQ�
GLWHEDQJ��)HOOHG�

WUHHV� �

:DNWX�WRWDO�
�7RWDO�WLPH� �

%DKDQ�EDNDU��)XHO� �

�

3HOXPDV�
�2LO�

�FP� � �SRKRQ��WUHHV� � �MDP��KRXUV� � �/LWHU� �
�/LWHU�MDP��
OLWHU�KRXU� �

�/LWHU�MDP��
OLWHU�KRXU�

37��$� � � � � � �

� � �� � �� � ���� � � � ���� � ����
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$QDOLVLV� ,83++.�+$ �7HQJDK%LD\D�3HQHEDQJDQ�6LVWHP�6ZDNHOROD��6WXGL�.DVXV�GL�'XD� �.DOLPDQWDQ
�6RHQDUQR�

� +DVLO� SHUKLWXQJDQ� ELD\D� JHUJDML� UDQWDL� XQWXN�
SHQHEDQJDQ� VHFDUD� ULQFL� GDSDW� GLOLKDW� SDGD�
/DPSLUDQ� �� VHGDQJNDQ� UHNDSLWXODVL� ELD\D�
SHQHEDQJDQ� UDWD�UDWD� GLVDMLNDQ� SDGD� 7DEHO� ���
7DEHO� �� PHQXQMXNNDQ� EDKZD� UDWD�UDWD� ELD\D�
RSHUDVLRQDO� PHVLQ� FKDLQVDZ� GL� 37�� $� DGDODK�
5S� ����������MDP� WHUGLUL� GDUL� ELD\D� WHWDS�
5S����������MDP���������ELD\D�WLGDN�WHWDS�VHEHVDU�
5S� ���������� ��������� GDQ� ELD\D� XSDK� VHEHVDU�
5S����������MDP�����������%LD\D�PHVLQ�GL�37��%�
UDWD�UDWD� VHEHVDU� 5S� ����������MDP� WHUGLUL� DWDV�
ELD\D� WHWDS� VHEHVDU� 5S� ���������MDP� ���������
ELD\D�YDULDEHO�VHEHVDU�5S�����������MDP����������
GDQ� XSDK� VHEHVDU� 5S� ���������MDP� ����������
%LD\D� XVDKD� SHQHEDQJDQ� WHUVHEXW� OHELK� UHQGDK�
GLEDQGLQJNDQ�KDVLO�SHQHOLWLDQ�%DVDUL��������\DQJ�
PHQFDSDL� 5S� ����������MDP�� 3DGD� SHQHOLWLDQ�
%DVDUL� ������� WHUVHEXW� DVXPVL� \DQJ� GLJXQDNDQ�
XQWXN�XSDK�SHQHEDQJ�DGDODK�VHEHVDU�5S����������
�MDP� VHGDQJNDQ� GDODP� SHQHOLWLDQ� LQL� XSDK�
SHQHEDQJ�WHUPDVXN�ELD\D�NRQVXPVL�KDQ\D�VHEHVDU�
5S����������MDP�
� 'DUL� 7DEHO� �� MXJD� GDSDW� GLNHWDKXL� ELD\D�
SHQ\XVXWDQ� EDLN� GL� 37�� $� GDQ� 37�� %� \DLWX� 5S�
��������MDP� PHUXSDNDQ� XQVXU� ELD\D� WHUEHVDU�
GLEDQGLQJNDQ� WRWDO� ELD\D� RSHUVLRQDO� PHVLQ�
FKDLQVDZ�� %LD\D� WHWDS� WHUVHEXW� WHUGLUL� GDUL� ELD\D�

SHQ\XVXWDQ��EXQJD�EDQN��DVXUDQVL�GDQ�SDMDN��\DQJ�
QLODLQ\D�WLGDN�EHUJDQWXQJ�SDGD�YROXPH�SURGXNVL�
KDVLO�SHQHEDQJDQ��%LD\D�SHQ\XVXWDQ�WHUVHEXW�OHELK�
EHVDU� GLEDQGLQJNDQ� KDVLO� SHUKLWXQJDQ� %DVDUL�
������� \DQJ� KDQ\D� VHEHVDU� 5S� ������MDP��
3HUEHGDDQ� ELD\D� SHQ\XVXWDQ� LQL� GLDNLEDWNDQ�
SHUEHGDDQ� KDUJD� SHPEHOLDQ� JHUJDML� PHVLQ� \DQJ�
GLJXQDNDQ� \DLWX� VHEHVDU� 5S� ������������ �%DVDUL��
������VHGDQJNDQ�GDODP�SHQHOLWLDQ�LQL�KDUJD�JHUJDML�
PHVLQ�DGDODK�5S��������������
� 3DGD� 7DEHO� �� MXJD� GDSDW� GLOLKDW� EDKZD�
NRPSRQHQ�ELD\D�XQWXN�NHSHUOXDQ�EDKDQ�EDNDU�GL�
37�� $� �5S� ����������MDP�� WLGDN� MDXK� EHUEHGD�
GLEDQGLQJNDQ�GL�37��%�VHEHVDU�5S�����������MDP��
%HUGDVDUNDQ� GDWD� SDGD� /DPSLUDQ� ��� GLSHUROHK�
JDPEDUDQ� EDKZD� ELD\D� EDKDQ� EDNDU� WHUVHEXW�
OHELK� GLSHQJDUXKL� EHEDQ� NHUMD� SHQHEDQJDQ�
GLEDQGLQJNDQ� GHQJDQ� YROXPH� SRKRQ� \DQJ�
GLWHEDQJ�� %HEDQ� NHUMD� SHQHEDQJDQ� WHUJDQWXQJ�
SDGD�NHNHUDVDQ�ND\X�SRKRQ�\DQJ�GLWHEDQJ��'L�37��
%�GRPLQDVL�SRKRQ�\DQJ�GLWHEDQJ�DGDODK�WHUPDVXN�
NDWHJRUL� MHQLV� ND\X� WHQJJHODP� �VLQNHU�� \DQJ�
PHPLOLNL� WLQJNDW� NHNHUDVDQ� OHELK� WLQJJL�
GLEDQGLQJNDQ�MHQLV�ND\X�WHUDSXQJ��IORDWHU��VHSHUWL�
GL� 37�� $� GLPDQD� VHEDJLDQ� EHVDU� SRKRQ� \DQJ�
GLWHEDQJ� DGDODK� NHORPSRN� MHQLV�PHUDQWL� �6KRUHD�
VSS��� VHGDQJNDQ� GL� 37�� %� GDODK� MHQLV� NHUXLQJ�



���

�'LSWHURFDUSXV� VSS���� OHPEDVXQJ� �2FKDQRVWDFK\V�
DPHQWDFHD�0DVW����PHUDQWL�EDWX� �6KRUHD� SODW\FODGRV��
GDQ� UHVDN� �9DWLFD� VSS���� 7LQJNDW� NHNHUDVDQ�
SRKRQ� \DQJ� GLWHEDQJ� EHUSHQJDUXK� SDGD� ZDNWX�
GDQ� GD\D�PHVLQ� JHUJDML��2OHK� NDUHQD� LWX��ZDNWX�
SHQHEDQJDQ� SRKRQ� MHQLV� WHQJJHODP� DNDQ� OHELK�
ODPD� GLEDQGLQJNDQ� GHQJDQ� MHQLV� WHUDSXQJ�
�OLKDW� 7DEHO� ���� .HQGDWLSXQ� ZDNWX� \DQJ�
GLSHUOXNDQ� UHODWLI � VDPD� WHWDSL�SDGD�SHQHEDQJDQ�
SRKRQ� NHORPSRN� MHQLV� WHQJJHODP� GD\D� \DQJ�
GLSHUOXNDQ�OHELK�EHVDU�GDQ�RSHUDWRU�FKDLQVDZ�OHELK�
VHULQJ�PHPSHUWLQJJL� YROXPH� WDULNDQ� JDV� EDKDQ�
EDNDU��/DPSLUDQ����
� %HVDUQ\D�ELD\D�SHPHOLKDUDDQ�GDQ�SHUEDLNDQ�GL�
37��$�DGDODK�5S���������MDP����������UHODWLI �VDPD�
GHQJDQ�GL�37��%�VHEHVDU�5S���������MDP����������
GDUL� WRWDO� ELD\D� RSHUDVLRQDO� PHVLQ� FKDLQVDZ��
.HQGDWLSXQ� SURSRUVLQ\D� NHFLO� WHWDSL� NHJLDWDQ�
SHPHOLKDUDDQ�GDQ�SHUEDLNDQ�VDQJDW�SHQWLQJ�\DQJ�
EHUJXQD�XQWXN�PHQMDJD�UDQWDL�JHUJDML�WHWDS�WDMDP�

VHKLQJJD� NLQHUMD� JHUJDML� UDQWDL� WHWDS� SULPD��
.HJLDWDQ� SHPHOLKDUDDQ� JHUJDML� UDQWDL� GLODNXNDQ�
XQWXN� PHPSHUWDMDP� NHPEDOL� UDQWDL� JHUJDML�
GHQJDQ� FDUD�PHQJLNLU� �VKDUSHQLQJ��PHQJJXQDNDQ�
NLNLU� NKXVXV� SDGD� PDWD� UDQWDL� JHUJDML� VHKLQJJD�
GDSDW� PHPSHUFHSDW� SURVHV� SHQHEDQJDQ��
.HJLDWDQ� PHQJLNLU� UDQWDL� SDGD� JHUJDML� UDQWDL�
PLQLPDO� GLODNXNDQ� �� NDOL� \DLWX� VHEHOXP� PXODL�
SHQHEDQJDQ�GDQ�SDGD�ZDNWX� �LVWLUDKDW�VLDQJ�KDUL�
VHWHODK�PDNDQ�VLDQJ�
� ,QWHQVLWDV�PHQJLNLU�UDQWDL�JHUJDML�WHUVHEXW�MXJD�
WHUJDQWXQJ�GDUL�XNXUDQ�GDQ�WLQJNDW�NHNHUDVDQ�ND\X�
SRKRQ�\DQJ�GLWHEDQJ��8QWXN�NHORPSRN�MHQLV�ND\X�
WHQJJHODP� �VLQNHU�� GDQ� SRKRQQ\D� EHUEDQLU��
LQWHQVLWDV� PHPSHUWDMDP� UDQWDL� JHUJDML� EDKNDQ�
OHELK�VHULQJ�GLEDQGLQJNDQ�GHQJDQ�NHORPSRN�MHQLV�
ND\X� WHUDSXQJ� �IORDWHU��� 6HFDUD� GLDJUDPDWLN��
SURSRUVL�ELD\D�WHWDS��ELD\D�YDULDEHO��GDQ�XSDK�SDGD�
SHQHEDQJDQ�SRKRQ�VLVWHP�VZDNHOROD�GDSDW�GLOLKDW�
SDGD�*DPEDU���

7DEHO����5HNDSLWXODVL�ELD\D�RSHUDVLRQDO�PHVLQ�JHUJDML�UDQWDL

5BCMF����3FDBQJUVMBUJPO�PG�PQFSBUJPOBM�DIBJOTBX�DPTU

1R� 8UDLDQ�%LD\D��&RVW�GHVFULSWLRQV��
37��$ ��5S�MDP��

5S�KRXU� �

37��% ��5S�MDP��
5S�KRXU�

$� %LD\D�WHWDS��)L[HG�FRVW�� � �
�� 3HQ\XVXWDQ��'HSUHFLDWLRQ�
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�
�� %XQJD�PRGDO��&DSLWDO�UDWH�
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� � �
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�� 3HPEDQWX���+HOSHU�
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���������

�� 0DNDQ� �FRQVXPSWLRQ��� RSHUDWRU

�

FKDLQVDZ�DQG

�

KHOSHU
��������� ���������

6XE�MXPODK �6XE�WRWDO &� ��������� ���������

7RWDO�ELD\D��7RWDO FRVW����$�%�&� ��������� ���������

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����-XQL��������������



���

&��%LD\D�3URGXNVL�3HQHEDQJDQ

� +DVLO�SHUKLWXQJDQ�ELD\D�SURGXNVL�SHQHEDQJDQ�
GHQJDQ�VLVWHP�VZDNHOROD�GLVDMLNDQ�SDGD�7DEHO����
7DEHO� �� PHQXQMXNNDQ� EDKZD� ELD\D� SURGXNVL�
SHQHEDQJDQ� SRKRQ� VLVWHP� VZDNHOROD� GL� 37�� $�

�
EHUNLVDU� DQWDUD� 5S� ��������� �� 5S� ���������P �
OHELK�PXUDK�GLEDQGLQJNDQ�GL�37��%�\DQJ�EHUNLVDU�

�
DQWDUD�5S������������5S����������P ��.HGXD�ELD\D�
SHQHEDQJDQ� WHUVHEXW� OHELK�PXUDK�GLEDQGLQJNDQ�

SHQHOLWLDQ� %HKMRX� HW� DO��� ������� \DQJ� EHUNLVDU�
�

DQWDUD�������������86�P �DWDX�VHEHVDU�5S��������
�

5S����������P ������86� �5S�����������PDXSXQ�
�

%DVDUL� ������� VHEHVDU�5S����������P ��%HVDUQ\D�
ELD\D� SHQHEDQJDQ� GL� KXWDQ� +\UFDQLDQ�� ,UDQ�

� �
DGDODK���86������P �DWDX�VHEHVDU�5S����������P �
�-RXUJKRODPL�HW�DO���������GDQ�GL�0DOD\VLD�DGDODK�

� ��
50�������P �DWDX�VHEHVDU�5S���������P �5DKLP��
6KDKZDKLG��	�=DUL\DZDWL��������

$QDOLVLV� ,83++.�+$ �7HQJDK%LD\D�3HQHEDQJDQ�6LVWHP�6ZDNHOROD��6WXGL�.DVXV�GL�'XD� �.DOLPDQWDQ
�6RHQDUQR�

*DPEDU����3URSRUVL�ELD\D�SHQHEDQJDQ

'JHVSF����1SPQPSUJPO�PG�GFMMJOH�DPTU

7HWDS��)L[HG�
�

7LGDN�WHWDS
�
�9DULDEOH�

�
8SDK

�
�:DJH�

�

7DEHO� ��%LD\D� SHQHEDQJDQ�VLVWHP�VZDNHOROD�SDGD�PHWRGH�WUHH�OHQJWK�ORJJLQJ� SURGXNVL�

5BCMF� ��'FMMJOH�DPTU�CZ�TFMG�NBOBHFE�BOE�DPOUSBDU�TZTUFN�PO�USFF�MFOHUI�MPHHJOH�NFUIPE�

1DPD�SHUXVDKDDQ�
�)RUHVW�FRQFHVVLRQDLUHV�

�

8ODQJDQ�
�5HSOLFDWLRQ�

%LD\D�
RSHUDVLRQDO��

5S�MDP� �
�2SHUDWLRQDO�FRVW�

�

5S�KRXU �
�

3URGXNWLYLWDV�
SHQHEDQJDQ�

�P���MDP��

�)HOOLQJ�
SURGXFWLYLW\�

P��KRXU�
�

%LD\D�
SHQHEDQJDQ�
VZDNHOROD��6HOI �
PDQDJHG

�
I HOOLQJ�

FRVW��5S�P��
�

8SDK
SHQHEDQJDQ�
ERURQJDQ� UDWD�
UDWD��$YHUDJHV�
FRQWUDFW�IHOOLQJ�
FRVW
���5S�P��
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���

� 'DUL� 7DEHO� �� WHUVHEXW�� VHFDUD� XPXP� GDSDW�
GLNHWDKXL� EDKZD� ELD\D� SHQHEDQJDQ� VLVWHP�
VZDNHOROD� OHELK� PXUDK� GLEDQGLQJNDQ� GHQJDQ�
VLVWHP�ERURQJDQ��2OHK�NDUHQD�ELD\D�SHQHEDQJDQ�
GHQJDQ�VLVWHP�VZDNHOROD�OHELK�PXUDK�GLEDQGLQJ�
NDQ� VLVWHP� ERURQJDQ�PDND� SHUOX� PHQGDSDWNDQ�
SHUWLPEDQJDQ� VHFDUD� PDWDQJ� SHQHUDSDQQ\D� GL�
ODSDQJDQ��0DQIDDW�ODLQ�SHQHEDQJDQ�GHQJDQ�VLVWHP�
VZDNHOROD� DGDODK� GDSDW� PHPEHULNDQ� NHSDVWLDQ�
KXNXP�GDQ�SHUOLQGXQJDQ�VWDWXV�RSHUDWRU�JHUJDML�
UDQWDL�PDXSXQ�KHOSHU�\DQJ�OHELK�PDQWDS�

�
,9���.(6,038/$1�'$1�6$5$1

� %LD\D� SHQHEDQJDQ� SRKRQ� VLVWHP� VZDNHOROD�
GHQJDQ�PHWRGH� WUHH� OHQJWK� ORJJLQJ�GL�37��$�EHUNLVDU�

�
DQWDUD�5S������������5S����������P �GHQJDQ�UDWD�

�
UDWD� 5S� ���������P �� VHGDQJNDQ� SURGXNWLYLWDV�
SHQHEDQJDQ�GL�37��%�EHUNLVDU�DQWDUD�5S����������²�

�
5S����������P �MDP�GHQJDQ�UDWD�UDWD�5S����������

�
P �MDP�
� 3URGXNWLYLWDV� GDQ� ELD\D� SHQHEDQJDQ� GL�
SHQJDUXKL� ROHK� NRPSHWHQVL� PHQDMHPHQ�
,83++.�+$��GRPLQDVL�NHORPSRN�MHQLV�SRKRQ�
\DQJ�GLWHEDQJ��GDQ��NRQGLVL�WRSRJUDIL�ODSDQJDQ�
� 8QWXN� PHQLQJNDWNDQ� HILVLHQVL� ELD\D� SH�
QHEDQJDQ�SDGD�PHWRGH�WUHH�OHQJWK�ORJJLQJ�VHEDLNQ\D�
,83++.�+$� GDSDW� PHPSHUWLPEDQJNDQ�
SHQHUDSDQ�VLVWHP�XSDK�VHFDUD�VZDNHOROD�

'$)7$5�3867$.$

%DVDUL��=����������$QDOLVD�ELD\D�SHPDQHQDQ�ND\X�
EXODW� VLVWHP� NHPLWUDDQ� +3+�.RSHUDVL�
'HVD�GL�.DOLPDQWDQ�WHQJDK��-XUQDO�3HQHOLWLDQ�
+DVLO�+XWDQ�����������������

%HKMRX�� )�� .��� 0DMQRXQLDQ�� %��� 'YRiN�� -���
1DPLUDQLDQ�� 0��� 6DHHG�� $��� 	� )HJKKL�� -��
�������� 3URGXFWLYLW\� DQG� FRVW� RI � PDQXDO�
IHOOLQJ�ZLWK�D�FKDLQVDZ�LQ�&DVSLDQ�IRUHVWV��
-RXUQDO�RI �)RUHVW�6FLHQFH����������������

%XGLDPDQ�� $�� �������� :DNWX� NHUMD� GDQ�
SURGXNWLYLWDV� SHQHEDQJDQ� ND\X� SHQXK�
�ZKROH� WUHH�� SDGD� SHQJXVDKDDQ� KXWDQ� DODP��
-XUQDO�7HNQRORJL�+DVLO�+XWDQ�������������

'HZDQ� 'DHUDK� 3HUXEDKDQ� ,NOLP�� ��������
3HPEDODNDQ�GHQJDQ�GDPSDN�GLNXUDQJL��5HGXFHG�

,PSDFW�/RJJLQJ��GL�.DOLPDQWDQ�7LPXU��6HEXDK�
FDUD�XQWXN�PHOHVWDULNDQ�KXWDQ�GDQ�NHXQWXQJDQ��
6DPDULQGD�� 'HZDQ� 'DHUDK� 3HUXEDKDQ�
,NOLP��.DOLPDQWDQ�7LPXU�

)RRG� DQG� $JULFXOWXUH� 2UJDQL]DWLRQ� �)$2���
��������/RJJLQJ�DQG�ORJ�WUDQVSRUW�LQ�WURSLFDO�KLJK�
IRUHVW�� 5RPH�� )RRG� DQG� $JULFXOWXUDO�
2UJDQL]DWLRQ� RI � 7KH� 8QLWHG� 1DWLRQ��
'LDNVHV� GDUL� KWWS���IDRVWDW�IDR�RUJ��
GHIDXOW�DVS[��SDGD�WDQJJDO����-DQXDUL�����

)$2����������&RVW�FRQWURO�LQ�IRUHVW�KDUYHVWLQJ�DQG�
URDG� FRQVWUXFWLRQ�� )$2� IRUHVWU\� SDSHU� ����
5RPH�

*DUODQG�� -��� 	� -DFNVRQ�� '�� �������� )HOOLQJ� DQG�
EXFNLQJ� WHFKQLTXHV� IRU� ZRRGODQG� RZQHUV��
2UHJRQ�� 2UHJRQ� 6WDWH� 8QLYHUVLW\�
([WHQVLRQ�6HUYLFH�

,GULV�� 0�� 0��� 	� 6RHQDUQR�� �������� 8QMXN� NHUMD�
WHNQLN� SHQ\DUDGDQ� ND\X� GHQJDQ� PHWRGH�
WUHH� OHQJWK� ORJJLQJ� SDGD� KXWDQ� DODP� ODKDQ�
NHULQJ�� -XUQDO� 3HQHOLWLDQ�+DVLO�+XWDQ�� �������
��������

-RXUJKRODPL��0���0DMQRXQLDQ��%���	�=DUJKDP��1��
�������� 3HUIRUPDQFH�� FDSDELOLW\� DQG� FRVWV�
RI �PRWRU�PDQXDO�WUHH�IHOOLQJ�LQ�+\UFDQLDQ�
+DUGZRRG� )RUHVW�� &URDWLD� -XUQDO� )RUHVW�
(QJLQHHULQJ�����������������

0XMHWDKLG��$����������3URGXNWLYLWDV�SHQHEDQJDQ�
SDGD� KXWDQ� MDWL� �7HFWRQD� JUDQGLV��� -XUQDO�
3HUHQQLDO��������������

5DKLP��$��6���6KDKZDKLG��0��+��2���	�=DUL\DZDWL��
0�� $�� �������� $� FRPSDULVRQ� DQDO\VLV� RI �
ORJJLQJ� FRVW� EHWZHHQ� FRQYHQWLRQDO� DQG�
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