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&XUUHQWO\��FRPPHUFLDO�ZRRG�ILQLVK�SURGXFWV�DUH�SUHGRPLQDQWO\�FKHPLFDO�VROYHQW�EDVHG��VXFK�DV�PHODPLQH�IRUPDOGHK\GH�
DQG� QLWURFHOXORVH��$OWKRXJK� WKHVH� SURGXFWV� JLYH� GHVLUDEOH� TXDOLW\�� GXUDEOH� DQG� DIIRUGDEOH� FRVW�� WKHLU� YRODWLOH� RUJDQLF�
FRPSRXQGV�DUH�GHWULPHQWDO�WR�WKH�HQYLURQPHQWDO�DQG�KDUPIXO�WR�WKH�KHDOWK��7KLV�SDSHU�VWXGLHV�WKH�XVH�RI �WHDN�H[WUDFW�
PL[HG�ZLWK�VKHOODF�DV�DOWHUQDWLYH�WRS�FRDW�RU�ZRRG�VWDLQ��4XDOLW\�RI �WKH�DOWHUQDWLYH�IRUPXOD�ZDV�WHVWHG�RQ�WXVDP�DQG�UXEEHU�
ZRRG�E\�DVVHVVLQJ�WKHLU�SK\VLFDO��PHFKDQLFDO�DQG�FKHPLFDO�SHUIRUPDQFHV�LQ�FRPSDULVRQ�ZLWK�WKH�FRPPHUFLDO�SURGXFWV��L�H��
PHODPLQH�IRUPDOGHK\GH��0)��DQG�QLWURFHOOXORVH��16���6DPSOHV�RI �WZR�ZRRG�VSHFLHV�ZHUH�WUHDWHG�E\�GLSSLQJ�WKHP�LQ�
YDULRXV�ZRRG�ILQLVKLQJ�VROXWLRQV��:HLJKW�DQG�GLPHQVLRQDO�FKDQJHV�GXH�WR�WKH�WUHDWPHQW�ZHUH�GHWHUPLQHG�LQ�ZHW�DQG�GU\�
VDPSOH�FRQGLWLRQV��5HVXOWV�VKRZHG�WKDW�ZHLJKW�DQG�GLPHQVLRQDO�JDLQV�GXH�WR�GLSSLQJ�WUHDWPHQW�ZHUH�YDULHG�DFFRUGLQJ�WR�
ZRRG�VSHFLHV��JUDLQ�RULHQWDWLRQ�DQG�ILQLVKLQJ�VROXWLRQ��7XVDP�VDPSOHV�SRVVHG�JUHDWHU�ZHLJKW�DQG�GLPHQVLRQDO�JDLQV�WKDQ�
WKRVH�RI �UXEEHU�ZRRG�VDPSOHV��$OO�RUJDQLF�ILQLVKLQJ�IRUPXODV�ZHUH�DEOH�WR�SURWHFW�ZRRG�IURP�ZDWHU�LQWUXWLRQ��KRZHYHU�WKH\�
ZHUH�OHVV�HIIHFWLYH�WKDQ�WKH�FRPPHUFLDO�0)�DQG�16��7RS�FRDW�PDGH�IURP�WKH�PL[WXUH�RI �WHDN�H[WUDFW�DQG�VKHOODF�KDV�ORZHU�
VFUDWFK�UHVLVWDQFH�DQG�OHVV�UHVLVWDQW�DJDLQVW�FKHPLFDO�OLTXLGV�WKDQ�WKH�FRPPHUFLDO�0)�DQG�16��:RRG�VWDLQ�RI �WHDN�H[WUDFW�
DQG�VKHOODF�PL[WXUH�SURYLGHG�EHWWHU�FRORU�YDOXH�WKDQ�WKH�FRPPHUFLDO�ZRRG�VWDLQ�LQ�WHUP�RI �FRORU�OLNHQHVV�WR�WKH�WUXH�WHDN�
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3HQJJXQDDQ�EDKDQ� ILQLVKLQJ�ND\X�GHZDVD�LQL�GLNXDVDL�ROHK�EDKDQ� ILQLVKLQJ�GHQJDQ�SHODUXW�PLQHUDO��
VHSHUWL�PHODPLQ�GDQ�QLWURVHOXORVD��0HVNLSXQ�EDKDQ�ILQLVKLQJ�LQL�GDSDW�PHPEHULNDQ�NXDOLWDV�ILQLVKLQJ�
\DQJ� EDLN�� DZHW� VHUWD� KDUJD� \DQJ� WHUMDQJNDX�� QDPXQ� NHORPSRN� EDKDQ� ILQLVKLQJ� LQL�PHOHSDV� EDQ\DN�
SROXWDQ�� VHKLQJJD� GDSDW� PHUXVDN� OLQJNXQJDQ� GDQ� EHUEDKD\D� EDJL� NHVHKDWDQ�� 'DODP� SHQHOLWLDQ� LQL�
GLODNXNDQ�HNVSORUDVL�SHQJJXQDDQ�EDKDQ�DOWHUQDWLI �EHUXSD�HNVWUDN�ND\X�MDWL�\DQJ�GLFDPSXU�GHQJDQ�VLUODN�
XQWXN�SURGXNVL�SHZDUQDDQ�ND\X�DWDX�ODSLVDQ�DWDV��3HUIRUPD�EDKDQ�ILQLVKLQJ�DOWHUQDWLI �GLXML�VHFDUD�ILVLV��
PHNDQLV�GDQ�NLPLD�SDGD�ND\X�WXVDP�GDQ�NDUHW��VHUWD�GLEDQGLQJNDQ�GHQJDQ�SHUIRUPD�EDKDQ� ILQLVKLQJ�
NRPHUVLDO�� \DLWX�PHODPLQ� IRUPDOGHKLGD� �0)��GDQ�QLWURVHOXORVD� �16��� �&RQWRK�XML�NHGXD� MHQLV�ND\X�
GLUHQGDP�GDODP�ODUXWDQ�EDKDQ�ILQLVKLQJ�NHPXGLDQ�GLNHULQJNDQ��3HUXEDKDQ�EHUDW�GDQ�GLPHQVL�FRQWRK�XML�
DNLEDW� UHQGDPDQ� GLWHQWXNDQ� SDGD� NRQGLVL� EDVDK� GDQ� NHULQJ��+DVLO� SHQHOLWLDQ�PHQXQMXNNDQ� EDKZD�
SHUWDPEDKDQ�EHUDW�GDQ�SHUXEDKDQ�GLPHQVL�DNLEDW�UHQGDPDQ�EHUDJDP�PHQXUXW�MHQLV�ND\X��RULHQWDVL�
VHUDW�GDQ�MHQLV�EDKDQ� ILQLVKLQJ�\DQJ�GLJXQDNDQ��&RQWRK�ND\X�WXVDP�PHQJDODPL�SHUXEDKDQ�EHUDW�GDQ�
GLPHQVL�OHELK�EHVDU�GDULSDGD�ND\X�NDUHW��6HPXD�IRUPXOD�ILQLVKLQJ�RUJDQLN�PDPSX�PHOLQGXQJL�ND\X�GDUL�
LQWUXVL�DLU��QDPXQ�WLGDN�VHEDLN�NHORPSRN�NRPHUVLDO�0)�GDQ�16��)RUPXOD�ODSLVDQ�DWDV�HNVWUDN�MDWL�GDQ�
VLUODN�PHPLOLNL�GD\D�WDKDQ�WHUKDGDS�ODUXWDQ�NLPLD�GDQ�NHWDKDQDQ�JRUHV�OHELK�UHQGDK�GDULSDGD�0)�GDQ�

��

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������

'2,���KWWS���GRL�RUJ����������MSKK����������������



��

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������

,�� 3(1'$+8/8$1

� 3URVHV� SHQJHUMDDQ� DNKLU� ND\X� �ZRRG� ILQLVKLQJ��
DGDODK�SURVHV�SHPEHULDQ�ODSLVDQ�SDGD�SHUPXNDDQ�
SURGXN� ND\X�� WHUXWDPD� SURGXN� PHEHO�� XQWXN�
WXMXDQ� SHQJKDOXVDQ� DWDX� SHUOLQGXQJDQ� SDGD�
SHUPXNDDQ� ND\X�� 3HODSLVDQ� SHUPXNDDQ� ND\X�
WHUVHEXW� VHFDUD� NRPHUVLDO� GLGRPLQDVL� ROHK�
SHQJJXQDDQ� UHVLQ� VLQWHWLV� GDODP� OLPD� GHNDGH�
WHUDNKLU��VHSHUWL�PHODPLQ�GDQ�QLWURVHOXORVD�\DQJ�
PHQJJXQDNDQ� SHODUXW� PLQHUDO� �PLQHUDO� VROYHQW�
EDVHG�� GDQ� SHQJHUDV� IRUPDOGHKLGD�� .HORPSRN�
UHVLQ� LQL� PHPEHULNDQ� KDVLO� ILQLVKLQJ� \DQJ� EDLN��
QDPXQ� SHQJJXQDDQQ\D� GDSDW� PHQLPEXONDQ�
SHQJDUXK� \DQJ� PHUXJLNDQ� EDJL� OLQJNXQJDQ�
GDQ� NHVHKDWDQ� PDQXVLD� �/L� 	� *XR�� �������
.HOHPDKDQ� UHVLQ� VLQWHWLV� SDGD� NHGXD� DVSHN�
WHUVHEXW� WHODK� PHQGRURQJ� EDQ\DN� SHQHOLWL� GL�
EHUEDJDL� QHJDUD� PHQFDUL� EDKDQ� ILQLVKLQJ�
DOWHUQDWLI � GDUL� VXPEHU� QDEDWL� DWDX� PDWHULDO�
RUJDQLN��7HUPLQRORJL�RUJDQLN�GDODP�SHQHOLWLDQ�LQL�
OHELK�GLWHNDQNDQ�SDGD�SHQJJXQDDQ�UHVLQ�RUJDQLN�
GDQ� SHODUXW� RUJDQLN� VHEDJDL� EDKDQ� ILQLVKLQJ�� �
6HFDUD� XPXP� KDVLO� \DQJ� GLSHUROHK� GHQJDQ�
NDWHJRUL� UDPDK� OLQJNXQJDQ� WHUNRQVHQWUDVL� SDGD�
SHQJJXQDDQ� EDKDQ� NHORPSRN� PLQ\DN� �WXQJ� RLO��
OLQVHHG� RLO�� OLOLQ��� VLUODN�� GDQ� EDKDQ� ILQLVKLQJ�
ODUXW�DLU��
� 'DODP� SHQHOLWLDQ� LQL� GLODNXNDQ� HNVSORUDVL�
SHQJJXQDDQ� EDKDQ� DOWHUQDWLI � EHUXSD� ]DW�
HNVWUDNWLI � GDUL� ND\X� MDWL� \DQJ� GLFDPSXU� GHQJDQ�
UHVLQ�RUJDQLN� VHEDJDL�NRPSRQHQ�SHZDUQD�DODPL�
VHNDOLJXV�PHPLOLNL�IXQJVL�PHQLQJNDWNDQ�NHDZHWDQ�
SDGD� SHUPXNDDQ� ND\X� VHEDJDLPDQD� GLODSRUNDQ�
VHEHOXPQ\D�SDGD�ND\X�NDUHW�GDQ�MDWL��%DOIDV��%DVUL�
	� -DVQL�� ������� 3HQJJXQDDQ� SHODUXW� PHWDQRO�
GDODP� HNVWUDNVL� ND\X� MDWL� GLKDUDSNDQ� GDSDW�
PHODUXWNDQ� NRPSRQHQ� DQWUDNXLQRQ� VHFDUD�
PDNVLPDO�SDGD�VHUEXN�ND\X�WHUVHEXW�\DQJ�PHQMDGL�
EDKDQ�DNWLI �DQWL�UD\DS��.RNXWVH��6WRNHV��%DLOOHUHV��
.RNRX� 	� %DXGDVVH�� ������� =DW� HNVWUDNWLI � LQL�
PHQMDGL� NRPSRQHQ� SHQWLQJ� SHQJJDQWL� SLJPHQ�
PLQHUDO� GDODP� SHPEXDWDQ� ZRRG� VWDLQ�� =DW�
HNVWUDNWLI � MXJD� GLJXQDNDQ� XQWXN� NRPSRVLVL�
SHPEXDWDQ� ODUXWDQ� WRS� FRDW� \DQJ� PHQJJXQDNDQ�

UHVLQ�VLUODN��7XOLVDQ�LQL�PHODSRUNDQ�KDVLO�IRUPXODVL�
EDKDQ�ILQLVKLQJ�\DQJ�PHQJJXQDNDQ�EDKDQ�GDVDU�
HNVWUDNWLI �ND\X�MDWL�GDQ�VLUODN�VHEDJDL�ZRRG�VWDLQ�GDQ�
WRS� FRDW�� VHNDOLJXV� PHPEDQGLQJNDQ� KDVLOQ\D�
GHQJDQ�EDKDQ�ILQLVKLQJ�NRPHUVLDO�

,,��%$+$1�'$1�0(72'(

$��%DKDQ�GDQ�$ODW

� %DKDQ�\DQJ�GLSHUOXNDQ�XQWXN�IRUPXODVL�EDKDQ�
ILQLVKLQJ� WHUGLUL� DWDV� VHUEXN�JHUJDMLDQ� MDWL��SHODUXW�
RUJDQLN� �PHWDQRO��� UHVLQ� VLUODN�� GDQ� EHEHUDSD�
EDKDQ�SHPEDQWX� ODLQQ\D�� � 6HEDJDL�SHPEDQGLQJ�
GLSHUOXNDQ� EDKDQ� ILQLVKLQJ� NRPHUVLO� EHUXSD�ZRRG�
VWDLQ� GDQ� WRS� FRDW� GDUL� NHORPSRN� PHODPLQ� GDQ�
QLWURVHOXORVD�EHVHUWD�SHODUXW� WKLQQHU��%DKDQ�ND\X�
\DQJ� GLJXQDNDQ� VHEDJDL� PHGLD� DSOLNDVL� DGDODK�
EDJLDQ�WHUDV�GDUL�ND\X�NDUHW�GDQ�WXVDP�
� 3HUDODWDQ�\DQJ�GLSHUOXNDQ�GDODP�SHQHOLWLDQ�LQL�
WHUGLUL�DWDV�DODW�SHQJJHUXV�ND\X�� ���N DV��KDPPHUPLOO X
DPS ODV�� ��WLPEDQJDQ�HOHNWULN�GLJLWDO��DODW�H VSUD\�JXQ
XNXU� NDGDU� DLU�� WHUPRPHWHU�� SHUDODWDQ� HNVWUDNVL��
EDN�SHQDQJDV�DLU�� ���GDQ�RYHQ�ZDWHUEDWK

%��0HWRGH�3HQHOLWLDQ

����3HUVLDSDQ�SHUFREDDQ

� 6HUEXN� MDWL�GLDPELO�GDUL�NLODQJ�SHQJJHUJDMLDQ�
GL�&HSX��-DZD�7HQJDK��6HPXD�VHUEXN�GLNHULQJNDQ�

R
GDODP�RYHQ�SDGD�WHPSHUDWXU�VHNLWDU��� &�KLQJJD�
PHQFDSDL� NDGDU� DLU� NXUDQJ� GDUL� ����� 6HUEXN�
NHULQJ� GLKDOXVNDQ� GHQJDQ� KDPPHUPLOO� KLQJJD�
GLSHUROHK�VHUEXN�GHQJDQ�XNXUDQ�����PHVK�

��� (NVWUDNVL

� (NVWUDNVL� VHUEXN� ND\X� JHUJDMLDQ� NHULQJ�
GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�SHODUXW�PHWDQRO�
GHQJDQ�SHUEDQGLQJDQ��������DWDX�������J�VHUEXN�MDWL�
GDODP� GHODSDQ� OLWHU� PHWDQRO�� &DPSXUDQ� EDKDQ�
WHUVHEXW�GLSDQDVNDQ�SDGD�WHPSHUDWXU���� &�GDODP�

R

ZDWHUEDWK� VHODPD� VDWX� MDP�� 6HWHODK� GLQJLQ��
FDPSXUDQ� EDKDQ� GLSHUDV� GDQ� GLVDULQJ� VHKLQJJD�
GLSHUROHK�ODUXWDQ�HNVWUDN�EHUVLK��(NVWUDN�WHUVHEXW�
NHPXGLDQ� GLWDPSXQJ� GDODP� MHULJHQ� SODVWLN��

16��1DPXQ�GHPLNLDQ��IRUPXOD�SHZDUQDDQ�ND\X�HNVWUDN�MDWL�GDQ�VLUODN�PHPLOLNL�QLODL�ZDUQD�OHELK�EDLN�
GDULSDGD�ZRRG�VWDLQ�NRPHUVLO�

.DWD�NXQFL��)LQLVKLQJ�RUJDQLN��HNVWUDN�MDWL��VLUODN
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.XDOLWDV�3ROLWXU�2UJDQLN�GDUL�(NVWUDN�.D\X�-DWL�GDQ�6LUODN
�-DPDO�%DOIDV�

7HUKDGDS� ODUXWDQ� HNVWUDNWLI � LQL� GLODNXNDQ�
SHQHQWXDQ�UHQGHPHQ��DQDOLVD�NDQGXQJDQ�SDGDWDQ�
� ��VHFDUD�ILVLV�PHODOXL�PHWRGH�RYHQ��VHUWD�VROLG�FRQWHQW
DQDOLVLV� NRPSRQHQ� GHQJDQ� PHWRGH� *&06�
3\UROLVLV�� -HQLV� *&06� \DQJ� GLJXQDNDQ� DGDODK�
6KLPDG]X�7\SH�*&06�43�����GHQJDQ�NRQGLVL�
RSHUDVL�VHEDJDL�EHULNXW��
*DV� � � �� +HOLXP
'HWHFWRU� � �� ),'
.RORP�� � �� &DSLOHU� 7\SH� 3KDVH�

5W[��06�� ��� P�� �����
PP,'

R
7HPSHUDWXU�NRORP� �� ��� &
7HNDQDQ�LQOHW��N3D�� �� ���
$OLUDQ�NRORP���PO�PLQ���� ����
6SOLW�UDWLR� � �� �����

R
7HPSHUDWXU�SLUROLVLV� �� ���� &
� ,GHQWLILNDVL� NRPSRQHQ� GLWHQWXNDQ� GHQJDQ�
PHPDVXNNDQ� FRQWRK�XML� NH�GDODP� UXDQJ�NXDUVD�
GDODP�XQLW�SLUROLVLV� �\DQJ�NHPXGLDQ�GLSDQDVNDQ�
GDODP� OLQJNXQJDQ� EHEDV� RNVLJHQ� KLQJJD� WHUMDGL�
IUDJPHQWDVL� PDNURPROHNXO� GDQ� PHQJKDVLONDQ�
MHQLV� VSHVLILN� \DQJ� GLVHVXDLNDQ� GHQJDQ� GDWDEDVH�
SDGD�XQLW�*&06���.RQVHQWUDVL�SDGD�VHQ\DZD�\DQJ�
WHULGHQWLILNDVL�GLWHQWXNDQ�PHODOXL�QLODL�UHODWLI �DUHD�
SXQFDN�WHUKDGDS�WRWDO�DUHD�SXQFDN�

��� 3HPEXDWDQ�IRUPXOD

� )RUPXODVL� EDKDQ� ILQLVKLQJ� VHFDUD� PHQGDVDU�
WHUGLUL� GDUL� ODUXWDQ� HNVWUDN� MDWL� \DQJ� GLFDPSXU�
GHQJDQ�UHVLQ�VLUODN�GHQJDQ�YDULDVL�EHULNXW�
D�� ���VLUODN�ERERW�YROXPH�GDODP�ODUXWDQ�HNVWUDN�
MDWL�VWDQGDU��.RGH�(�6��

E�� ���� VLUODN� ERERW�YROXPH� GDODP� ODUXWDQ�
HNVWUDN�MDWL�VWDQGDU��.RGH�(�6��

F�� ���VLUODN�ERERW�YROXPH�GDODP�ODUXWDQ�HNVWUDN�
MDWL�NRQVHQWUDVL�GREHO��.RGH�(�6��

G�� ���� VLUODN� ERERW�YROXPH� GDODP� ODUXWDQ�
HNVWUDN�MDWL�NRQVHQWUDVL�GREHO��.RGH�(�6��

H�� ���VLUODN�ERERW�YROXPH�GDODP�ODUXWDQ�HNVWUDN�
MDWL�NRQVHQWUDVL�WULSHO��.RGH�(�6��

I�� ���� VLUODN� ERERW�YROXPH� GDODP� ODUXWDQ�
HNVWUDN�MDWL�NRQVHQWUDVL�WULSHO��.RGH�(�6��

� /DUXWDQ� HNVWUDN� MDWL� VWDQGDU� DGDODK� ODUXWDQ�
HNVWUDN�MDWL�GHQJDQ�NRQVHQWUDVL�HNVWUDNWLI �VHNLWDU�
���\DQJ�GLSHUROHK�ODQJVXQJ�GDUL�HNVWUDNVL�VHUEXN�
MDWL� GDODP� PHWDQRO� /DUXWDQ� HNVWUDN� MDWL��
NRQVHQWUDVL� GREHO� GDQ� WULSHO� PDVLQJ�PDVLQJ�
DGDODK� ODUXWDQ� HNVWUDN� MDWL� GHQJDQ� NRQVHQWUDVL�
HNVWUDNWLI � VHNLWDU� ��� GDQ� ���� \DQJ� GLSHUROHK�
PHODOXL�HYDSRUDVL�SHODUXW�SDGD�ODUXWDQ�HNVWUDN�MDWL�

VWDQGDU�� �0DVLQJ�PDVLQJ�NRPSRVLVL�GL� DWDV�GLXML�
SH Q\D� SDGD� FRQWRK� XML� ND\X� � UDGLDO�QJJXQDDQ
PDXSXQ� WDQJHQVLDO� GDUL� MHQLV� NDUHW� GDQ� WXVDP�
VHEDJDL� � GDQ� � �ZRRG� VWDLQ WRS� FRDW � +DVLO� WDPSLODQ
NRPSRVLVL� LQL� GLHYDOXDVL� HIHNWL LWDVQ\D� VHFDUD�Y
Y DLVXDO� GLEDQGLQJNDQ� GHQJDQ� SURGXN� NRPHUVL O��
EDLN� GDUL� NHORPSRN� UHVLQ� PHODPLQ� �NRGH� 0)��
PDXSXQ�QLWURVHOXORVD��NRGH�16��

��� �3HQJXMLDQ�EDKDQ�ILQLVKLQJ

� 3DGD�SHQHOLWLDQ�LQL�GLODNXNDQ�EHEHUDSD�PDFDP�
SHQJXMLDQ��\DLWX�SHQJXMLDQ�IXQJVL�EDKDQ�GDODP�KDO�
SHQRODNDQ�DLU��ZDWHU�UHSHOOHQF\��GHQJDQ�SHQJXNXUDQ�
SHUXEDKDQ�GLPHQVL��VZHOOLQJ��SDGD�FRQWRK�XML�ND\X�
\DQJ�GLUHQGDP�GDODP�ODUXWDQ�ILQLVKLQJ�� �SHQJXMLDQ�
DVSHN�PHNDQLV�GDQ��NLPLD��3HQJXMLDQ�NHPDPSXDQ�
EDKDQ� ILQLVKLQJ� GDODP� SHQRODNDQ� DLU� GLODNXNDQ�
SDGD�FRQWRK�XML�UDGLDO�GDQ�WDQJHQVLDO�EHUXNXUDQ�
��FP��WHEDO��[���FP��OHEDU��[����FP��UDGLDO��GDQ�
��FP��WHEDO��[���FP��OHEDU��[����FP��WDQJHQVLDO��
EDLN� NRQWURO� PDXSXQ� SHUODNXDQ� PDVLQJ�PDVLQJ�
GHQJDQ� OLPD� EXDK� XODQJDQ�� 6HPXD� FRQWRK� XML�
GLXNXU�GLPHQVL�GDQ�EHUDWQ\D�SDGD� VDDW� VHEHOXP�
SHUODNXDQ�� VHWHODK� SHUODNXDQ� NRQGLVL� EDVDK� GDQ�
NRQGLVL�NHULQJ�VHWHODK�GLRYHQ�VHODPD����MDP�SDGD�

R
VXKX� �� &�� 3HUODNXDQ� UHQGDPDQ� VHODPD� OLPD�
PHQLW�GLODNXNDQ�SDGD�PDVLQJ�PDVLQJ�NRPSRVLVL�
EDKDQ�ILQLVKLQJ�HNVWUDN�MDWL�PDXSXQ�EDKDQ�ILQLVKLQJ�
NRPHUVLDO��3HQJXMLDQ�NHPDPSXDQ�SURWHNVL�EDKDQ�
ILQLVKLQJ� WHUKDGDS�DLU�GLODNXNDQ�PHODOXL�GXD�FDUD��
\DLWX�PHWRGH�UHQGDPDQ�GDQ�PHWRGH�SHPEDVDKDQ���
3HQJXMLDQ� SHQJHPEDQJDQ� FRQWRK� XML� GDODP� DLU�
GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ� VZHOORPHWHU�SDGD�
SHULRGH�UHQGDPDQ���PHQLW�����PHQLW�����PHQLW����
MDP�� �� MDP� GDQ� ��� MDP� VHEDJDLPDQD� GLXUDLNDQ�
GDODP� %DVUL� GDQ� %DOIDV� �������� 3HQJXMLDQ�
SHPEDVDKDQ� FRQWRK� XML� SDGD� UXDQJDQ� OHPEDS�
GLODNXNDQ�GDODP�GHVLNDWRU�WHUWXWXS�EHULVL�DLU�\DQJ�
NHOHPEDSDQQ\D� GLMDJD� DQWDUD� ������� GDQ� VXKX�

R
DQWDUD� ��� ²� �� &� VHSHUWL� SDGD� *DPEDU� ���
0RQLWRULQJ� VXKX� GDQ� NHOHPEDSDQ� GDODP�
GHVLNDWRU� GLODNXNDQ� GHQJDQ� EDQWXDQ� DODW�
WKHUPRK\JURPHWHU� \DQJ� GLWHPSDWNDQ� GDODP�
GHVLNDWRU��3HQJDPDWDQ�SURVHV�SHPEDVDKDQ�GDODP�
GHVLNDWRU�GLODNXNDQ�GHQJDQ�PHQJXNXU�EHUDW�GDQ�
GLPHQVL�FRQWRK�XML�VHWHODK����PHQLW����MDP����MDP�
GDQ����MDP�SHQHPSDWDQQ\D�GDODP�GHVLNDWRU�
� 3HQJXMLDQ�DVSHN�PHNDQLV�SDGD�ODSLVDQ�ILQLVKLQJ�
GLODNXNDQ� EHUXSD� SHQJXNXUDQ� NHWDKDQDQ� JRUHV�
SDGD�SHUPXNDDQ�ILOP�GHQJDQ�SURVHGXU�SHQJXMLDQ�
PHQJLNXWL� $670� '��������� 3HQJXMLDQ� DVSHN�
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NLPLD�GDODP�KDO�NHWDKDQDQ�ILOP�ILQLVKLQJ�WHUKDGDS�
VHQ\DZD� DVDP�� EDVD� VHUWD� EHUEDJDL� SHODUXW�
GLODNXNDQ� GHQJDQ� PHWRGH� WHWHV� \DQJ� GLDPDWL�
VHFDUD�YLVXDO�VHEDJDLPDQD�GLXUDLNDQ�GDODP�$670�
'��������� 3HUODNXDQ� SHPEHULDQ� ODUXWDQ� DVDP��
EDVD� GDQ� SHODUXW� EHUDJDP� PHQXUXW� ZDNWX�
SHUODNXDQ�VHEDJDLPDQD�WHUFDQWXP�GDODP�7DEHO���
� 3HQJXMLDQ� LQL� GLODNXNDQ� SDGD� FRQWRK� XML�
EHUXNXUDQ���FP��WHEDO��[����FP��OHEDU��[����FP�
�SDQMDQJ��\DQJ�GLODEXUL�PDVLQJ�PDVLQJ�NRPSRVLVL�
EDKDQ� ILQLVKLQJ� VHEDQ\DN� HQDP� NDOL� ODEXUDQ�� �
&RQWRK� XML� GLWLPEDQJ� SDGD� VDDW� VHEHOXP� GDQ�
VHWHODK� SHUODNXDQ� ODEXUDQ� XQWXN� PHQHQWXNDQ�
YROXPH�DSOLNDVL�EDKDQ�ILQLVKLQJ�SDGD�WLDS�ODEXUDQ��
6HWHODK� SHODEXUDQ�� FRQWRK� XML� GLELDUNDQ�
�FRQGLWLRQLQJ��GDODP�UXDQJDQ�WHUEXND�VHODPD�WXMXK�

KDUL� VHEHOXP� GLODNXNDQ� SHQJXMLDQ�� (PLVL� JDV�
UDFXQ� IRUPDOGHKLGD� SDGD� FRQWRK� XML� ILQLVKLQJ�
GLODNXNDQ� PHQXUXW� PHWRGH� VWDQGDU� ,QGRQHVLD�
�61,�����������������3HQJXMLDQ�HIHNWLYLWDV�ZDUQD�
EDKDQ� ZRRG� VWDLQ� KDVLO� IRUPXODVL� PDXSXQ� \DQJ�
NRPHUVLDO� WHUKDGDS� ZDUQD� ND\X� MDWL� VWDQGDU�
GLODNXNDQ� GHQJDQ� VLVWHP� &LHODE�� 3HQJXNXUDQ�
ZDUQD�GLODNXNDQ�SDGD�VHSXOXK�WLWLN�VHWLDS�ELGDQJ�
FRQWRK�XML�GHQJDQ�3UHFLVH�&RORU�5HDGHU��:5�����
3HQJXNXUDQ�ZDUQD�ND\X�GLODNXNDQ�GHQJDQ�VWDQGDU�
SHQJXNXUDQ� \DQJ� WHODK� GLWHWDSNDQ� \DLWX� VWDQGDU�
LOXPLQDQ�'���GDQ�VXGXW�REVHUYDVL������3DUDPHWHU�
\DQJ�GLXNXU�PHOLSXWL�QLODL�NHFHUDKDQ��OLJKWQHVV��/
���
QLODL�NHPHUDKDQ��JUHHQ�UHG��D
��GDQ�QLODL�NHNXQLQJDQ�
�EOXH�\HOORZ�� E
�� VHEDJDLPDQD� GLXUDLNDQ� GDODP�
.ULVGLDQWR��������

*DPEDU����3HQJXMLDQ�SHPEDVDKDQ�FRQWRK�XML�GDODP�GHVLNDWRU
'JHVSF����8FUUJOH�UFTU�PG�XPPE�TBNQMFT�JO�EFTJDDBUPS

7DEHO����3HUODNXDQ�SHPEHULDQ�DVDP��EDVD�GDQ�SHODUXW�SDGD�FRQWRK�XML
5BCMF����4BNQMFT�TVCKFDUFE�UP�BDJE
�BMLBMJOF�BOE�TPMWFOU

%DKDQ�FDLU��/LTXLG�PDWHULDO� � :DNWX�SHUODNXDQ��7UHDWPHQW�WLPH� �

6LOHQD ��;\OHQH� � ��PHQLW��PLQXWH� �

$VHWRQ � ���GHWLN��VHFRQG� �

+&O��� � ��PHQLW��PLQXWH� �
1D2+��� � ��PHQLW��PLQXWH� �
(WDQRO���� � ��MDP��KRXU� �
$LU� ���MDP��KRXU� �
1+�2+���� � ���PHQLW��PLQXWH� �

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������



��

�� $QDOLVLV�GDWD�

� 3HQHOLWLDQ�LQL�PHPLOLNL�WLJD�IDNWRU�SHXEDK��\DLWX�
MHQLV�ND\X� �GXD� WDUDI���DUDK� VHUDW� �GXD� WDUDI��GDQ�
NRPSRVLVL�EDKDQ� ����WDUDI���0DVLQJ�PDVLQJ�ILQLVKLQJ
WDUDI � WHUGLUL� DWDV� OLPD� EXDK� FRQWRK� XML� VHEDJDL�
XODQJDQ�� 8QWXN� PHQJHWDKXL� HIHNWLYLWDV� PDVLQJ�
PDVLQJ� EDKDQ� � WHUKDGDS� SHUXEDKDQ� VLIDW�ILQLVKLQJ
ILVLV��\DLWX�SHQDPEDKDQ�EHUDW�GDQ�SHUXEDKDQ�GL�
PHQVL�DNLEDW�SROLWXUDQ�SDGD�FRQWRK�XML�GLODNXNDQ�
DQDOLVLV�NHUDJDPDQ� �$QRYD��GDWD� VHFDUD� IDNWRULDO�
��[���[����$QDOLVD�NHUDJDPDQ�\DQJ�PHQXQMXNNDQ�
KDVLO� EHUEHGD�Q\DWD�GLXML� OHELK� ODQMXW�GHQJDQ� XML�
EHGD�Q\DWD�7XNH\�XQWXN�PHQJHWDKXL�EDJLDQ�PDQD�
GDUL�IDNWRU�\DQJ�PHQXQMXNNDQ�SHUEHGDDQ�
��

,,,��+$6,/�'$1�3(0%$+$6$1

$��(NVWUDNVL�.D\X�-DWL

�� +DVLO� HNVWUDNVL� VHUEXN� MDWL� ���� PHVK� GDODP�
PHWDQRO� GHQJDQ�ZDNWX� HNVWUDNVL� ���PHQLW� SDGD�
PHVLQ� HNVWUDNWRU� PHQJKDVLONDQ� HNVWUDN� MDWL�
EHUDJDP�DQWDUD���VDPSDL�����UDWD�UDWD�������GDQ�
VWDQGDU� GHYLDVL� ������� GDUL� EHUDW� NHULQJ� VHUEXN��
+DVLO�WHUVHEXW�PHQXQMXNNDQ�UHQGHPHQ�HNVWUDN�MDWL�
UDWD�UDWD�VHNLWDU�����+DVLO�HNVWUDN�LQL�UHODWLI �OHELK�
NHFLO� GLEDQGLQJNDQ� GHQJDQ� NHODUXWDQ� ND\X� MDWL�
GDODP�HWDQRO�EHQ]HQD�\DQJ�GDSDW�PHQFDSDL������
�0DUWDZLMD\D��.DUWDVXMDQD��0DQGDQJ��3UDZLUD��	�
.DGLU�� ������� 3HUEHGDDQ� LQL� WHUXWDPD� EHU�
KXEXQJDQ� GHQJDQ� SHQJJXQDDQ� SHODUXW� \DQJ�
EHUEHGD�� GL� PDQD� HWDQRO�EHQ]HQD� PDPSX�
PHODUXWNDQ� OHELK� EDQ\DN� HNVWUDNWLI � GDULSDGD�
SHQJJXQDDQ�PHWDQRO�
� +DVLO� DQDOLVLV� *&06� SDGD� HNVWUDN� MDWL�
�/DPSLUDQ����PHQXQMXNNDQ�NRPSRQHQ�GRPLQDQ�
GDODP� HNVWUDN� WHUVHEXW� DGDODK� VHQ\DZD� GDUL�
NHORPSRN� (SRNVL�� 6HFDUD� XPXP� NHORPSRN�
VHQ\DZD� (SRNVL� \DQJ�PHQFDSDL� OHELK� GDUL� ����
GHQJDQ� QLODL� 6LPLODULW\� ,QGH[� �6,�� VHEHVDU� ����
GLLNXWL�ROHK�7HWUDNRVDKHNVDQD�VHEDQ\DN������6,��
�����$QWUDNXLQRQ�VHEDQ\DN���������6,�������GDQ�
+HQWULDNRQWDQRQ� VHEDQ\DN� ������ �6,�� ����� �
.RPSRVLVL� VHQ\DZD� \DQJ� WHUNDQGXQJ� GDODP�
HNVWUDN�MDWL�WHUVHEXW�PHQXQMXNNDQ�EDKZD�HNVWUDN�
MDWL�PHQJDQGXQJ�VHQ\DZD�RUJDQLN�\DQJ�DPDQ�EDJL�
NHVHKDWDQ�PDQXVLD��QDPXQ�PHQJDQGXQJ�VHQ\DZD�
HIHNWLI �\DQJ�GDSDW�PHQLQJNDWNDQ�VLIDW�NHWDKDQDQ�
ND\X� WHUKDGDS� UD\DS� �.RNXWVH�� 6WRNHV��%DLOOHUHV��
.RNRX��	�%DXGDVVH�������

%��5HQGDPDQ�.D\X

� 3HUODNXDQ� UHQGDPDQ� SDGD� FRQWRK� XML� ND\X�
SLQXV� GDQ� ND\X� NDUHW� GHQJDQ� EHUEDJDL� ODUXWDQ�
EDKDQ� ILQLVKLQJ�PHQXQMXNNDQ� SHQDPEDKDQ� EHUDW�
VHFDUD� Q\DWD� �S!����� PHQXUXW� MHQLV� ND\X��
RULHQWDVL� VHUDW� GDQ� MHQLV� EDKDQ� ILQLVKLQJ��
VHEDJDLPDQD�WDPSDN�SDGD�7DEHO���VHUWD�/DPSLUDQ�
��GDQ��$�� �3HQDPEDKDQ�EHUDW�EDVDK�GDQ�NHULQJ�
SDGD� ND\X� WXVDP� MDXK� OHELK� WLQJJL� GDULSDGD�
SHQDPEDKDQ� SDGD� ND\X� NDUHW�� 3HUEHGDDQ� LQL�
PHQXQMXNNDQ�EDKZD�SURVHV�GLIXVL�EDKDQ�ILQLVKLQJ�
NH�GDODP�VWUXNWXU�ND\X�WXVDP�WHUMDGL�OHELK�PXGDK�
GDULSDGD� ND\X� NDUHW�� 3HQDPEDKDQ� EHUDW� DNLEDW�
SHQHWUDVL�EDKDQ�ILQLVKLQJ�SDGD�FRQWRK�ND\X�UDGLDO�
FHQGHUXQJ� OHELK� EHVDU� GDULSDGD� FRQWRK� ND\X�
WDQJHQVLDO�� +DO� LQL� WHUXWDPD� GLVHEDENDQ� ROHK�
DNRPRGDVL�LQILOWUDVL�ODUXWDQ�\DQJ�OHELK�EDLN�SDGD�
ELGDQJ� UDGLDO� GLEDQGLQJNDQ� GHQJDQ� ELGDQJ�
WDQJHQVLDO� VHEDJDLPDQD� GLMXPSDL� VHEHOXPQ\D�
SDGD�SHUODNXDQ�LPSUHJQDVL�GHQJDQ�EDKDQ�VHUXSD�
�%DVUL�	�%DOIDV��������
� 1DPXQ�GHPLNLDQ�SDGD�7DEHO���GDQ�/DPSLUDQ���
WDPSDN� EDKZD� SHQDPEDKDQ� EHUDW� NHULQJ� WLGDN�
EHUEHGD�Q\DWD�PHQXUXW�DUDK�VHUDW�ND\X�� �+DO�LQL�
PXQJNLQ�GLVHEDENDQ�ROHK�EDQ\DNQ\D�SHODUXW�\DQJ�
PHQJXDS�VDDW�SURVHV�SHQJHULQJDQ�EDKDQ�ILQLVKLQJ�
SDGD�FRQWRK�XML��VHKLQJJD�NHUDJDPDQ�EHUDW�NHULQJ�
SDGD� FRQWRK� XML� UDGLDO� PHQMDGL� VHUXSD� GHQJDQ�
NHUDJDPDQ� EHUDW� NHULQJ� SDGD� FRQWRK� XML�
WDQJHQVLDO�
� 7DEHO� �� PHQXQMXNNDQ� EDKZD� SHQDPEDKDQ�
EHUDW�EDVDK�SDGD�NHGXD�MHQLV�ND\X�GDQ�DUDK�VHUDW�
WDPSDN� EHUDJDP� PHQXUXW� SHUODNXDQ� EDKDQ�
ILQLVKLQJ�� 3HQDPEDKDQ� EHUDW� EDVDK� WHUWLQJJL�
VHFDUD� NRQVLVWHQ�GLMXPSDL�SDGD� FRQWRK�XML� \DQJ�
GLUHQGDP� SDGD� EDKDQ� ILQLVKLQJ� (�6��� \DLWX�
FDPSXUDQ� ���� UHVLQ� VLUODN� SDGD� HNVWUDN� MDWL�
GHQJDQ�NRQVHQWUDVL�WULSHO��3HUEHGDDQ�LQL�PXQJNLQ�
GLVHEDENDQ� NDUHQD� IRUPXOD� (�6�� PHUXSDNDQ�
ODUXWDQ� \DQJ� PHPLOLNL� IUDNVL� WHUEHUDW� GDODP�
NHORPSRN�FDPSXUDQ�HNVWUDN�MDWL�GDQ�VLUODN�
� 7DEHO���MXJD�PHQXQMXNNDQ�EDKZD�NHUDJDPDQ�
SHQDPEDKDQ�EHUDW�NHULQJ�SDGD�FRQWRK�XML�NHGXD�
MHQLV� ND\X� FHQGHUXQJ� PHQLQJNDW� GHQJDQ�
SHUWDPEDKDQ� NRQVHQWUDVL� UHVLQ� VLUODN� SDGD�
IRUPXODVL� FDPSXUDQQ\D�GHQJDQ� HNVWUDN� MDWL� GDUL�
��� �6��� NH� ���� �6���� 1DPXQ� GHPLNLDQ��
SHUWDPEDKDQ� EHUDW� NHULQJ� WHUWLQJJL� VHFDUD�
NRQVLVWHQ�WHUMDGL�SDGD�FRQWRK�XML�\DQJ�GLUHQGDP�
GDODP�EDKDQ�0)� �0HODPLQ�)RUPDOGHKLGD���+DO�

.XDOLWDV�3ROLWXU�2UJDQLN�GDUL�(NVWUDN�.D\X�-DWL�GDQ�6LUODN
�-DPDO�%DOIDV�



��

LQL� PXQJNLQ� GLVHEDENDQ� NDUHQD� EDKDQ� LQL�
PHPLOLNL�EHUDW�IUDNVL�SDGDWDQ�WHUWLQJJL�GL�DQWDUD�
VHPXD�EDKDQ�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL�
VHEDJDLPDQD�GLWXQMXNNDQ�SDGD�7DEHO����
� 3HUODNXDQ�UHQGDPDQ�FRQWRK�XML�ND\X�SLQXV�GDQ�
ND\X� NDUHW� GHQJDQ� EHUEDJDL� ODUXWDQ� EDKDQ�
ILQLVKLQJ� MXJD�PHQXQMXNNDQ�SHUXEDKDQ�GLPHQVL�
VHFDUD� Q\DWD� �S!����� PHQXUXW� MHQLV� ND\X��
RULHQWDVL� VHUDW� GDQ� MHQLV� EDKDQ� ILQLVKLQJ��
VHEDJDLPDQD�WDPSDN�SDGD�7DEHO���VHUWD�/DPSLUDQ�
�� GDQ� �%�� 3HUWDPEDKDQ� � GLPHQVL� EDVDK� SDGD�
FRQWRK� XML� ND\X� WXVDP� OHELK� WLQJJL� GDULSDGD�
SHUWDPEDKDQ�GLPHQVL�SDGD�ND\X�NDUHW��EDLN�SDGD�
DUDK�UDGLDO�PDXSXQ�WDQJHQVLDO�

� 7DEHO� �� PHQXQMXNNDQ� EDKZD� SHUWDPEDKDQ�
GLPHQVL� EDVDK� GDQ� NHULQJ� SDGD� FRQWRK� XML�
WDQJHQVLDO�OHELK�WLQJJL�GDULSDGD�FRQWRK�XML�UDGLDO�
SDGD� ND\X� WXVDP� PDXSXQ� NDUHW�� � 3ROD�
SHUWDPEDKDQ� GLPHQVL� LQL� FHQGHUXQJ� PHQJLNXWL�
SROD� DODPL� SHQJHPEDQJDQ� ND\X� GL� PDQD�
SHQJHPEDQJDQ� SDGD� DUDK� WDQJHQVLDO� PHPLOLNL�
VDWXDQ�OHELK�WLQJJL�GDULSDGD�DUDK�UDGLDO��3DQVKLQ�	�
GH�=HXZ���������3HUWDPEDKDQ�GLPHQVL�FRQWRK�XML�
WDPSDN� EHUDJDP� PHQXUXW� SHUODNXDQ� EDKDQ�
ILQLVKLQJ��GL�PDQD�IRUPXOD�FDPSXUDQ�HNVWUDN�MDWL�
GDQ� VLUODN� \DQJ� PHQJJXQDNDQ� SHODUXW� PHWDQRO�
FHQGHUXQJ� PHQ\HEDENDQ� SHUWDPEDKDQ� GLPHQVL�
OHELK�EHVDU�GLEDQGLQJNDQ�GHQJDQ�EDKDQ�0)�GDQ�

7DEHO����3HQDPEDKDQ�EHUDW�ND\X�WXVDP�GDQ�NDUHW�DNLEDW�UHQGDPDQ�EDKDQ�GJOJTIJOH
5BCMF����8FJHIU�HBJO�PO�UVTBN�BOE�SVCCFS�XPPE�EVF�UP�EJQQJOH�JO�GJOJTIJOH�TPMVUJPO

2ULHQWDVL��

6HUDW�
��*UDLQ�RULHQWDWLRQ��

.RGH�

3HUODNXDQ�
�7UHDWPHQW�FRGH�

7DPEDK�EHUDW�SDGD�WXVDP�
�:HLJKW�JDLQ�RQ�WXVDP�� �� �

7DPEDK�EHUDW�SDGD�NDUHW� �
�:HLJKW�JDLQ�RQ�UXEEHU�ZRRG� ��

�

%DVDK��:HW�� .HULQJ��'U\� � %DVDK ��:HW� � .HULQJ ��'U\� �

5DGLDO� (�6�� ������ ���� � ���� � ���� �

(�6�� ������ ���� � ����� � ���� �

(�6�� ������ ���� � ���� � ���� �

(�6�� ������ ���� � ���� � ���� �

(�6�� ������ ���� � ���� � ���� �

(�6�� ������ ���� � ����� � ���� �

0)� ������ ����� � ����� � ���� �
16� ������ ���� � ���� � ���� �
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.HWHUDQJDQ��5HPDUNV���(�6� ����VLUODN�GDODP�ODUXWDQ�HNVWUDN�MDWL�VWDQGDU��7UHDWHG�ZLWK����VKHOODF�GLOXWHG�LQ�WKH�VWDQGDUG�WHDN�
H[WUDFW�VROXWLRQ���(�6� �����VLUODN�GDODP�ODUXWDQ�HNVWUDN�MDWL�VWDQGDU�7UHDWHG�ZLWK�����VKHOODF�GLOXWHG�LQ�WKH�VWDQGDUG�
WHDN�H[WUDFW�VROXWLRQ���(�6� ���VLUODN�GDODP�ODUXWDQ�HNVWUDN�MDWL�NRQVHQWUDVL�GREHO��7UHDWHG�ZLWK����VKHOODF�GLOXWHG�
LQ�WKH�GRXEOH�FRQFHQWUDWLRQ�RI�WHDN�H[WUDFW�VROXWLRQ���(�6� �����VLUODN�GDODP�ODUXWDQ�HNVWUDN�MDWL�NRQVHQWUDVL�GREHO�
�7UHDWHG�ZLWK������VKHOODF�GLOXWHG�LQ�WKH�GRXEOH�FRQFHQWUDWLRQ�RI�WHDN�H[WUDFW�VROXWLRQ���(�6� ���VLUODN�GDODP�ODUXWDQ�
HNVWUDN� MDWL� NRQVHQWUDVL� WULSHO� �7UHDWHG� ZLWK� ��� VKHOODF� GLOXWHG� LQ� WKH� WULSOH� FRQFHQWUDWLRQ� RI� WHDN� H[WUDFW� VROXWLRQ���
(�6� ���� VLUODN� GDODP� ODUXWDQ� HNVWUDN� MDWL� NRQVHQWUDVL� WULSHO� �7UHDWHG� ZLWK� ���� VKHOODF� GLOXWHG� LQ� WKH� WULSOH�
FRQFHQWUDWLRQ�RI�WHDN�H[WUDFW�VROXWLRQ���0) �0HODPLQH�IRUPDOGHK\GH��16 �1LWURFHOOXORVH

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������
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16�\DQJ�PHQJJXQDNDQ�SHODUXW�PLQ\DN � ��� �� WKLQQHU
1DPXQ� GHPLNLDQ�� 7DEHO� �� GDQ� /DPSLUDQ� ��
PHQXQMXNNDQ�EDKZD�SHQDPEDKDQ�GLPHQVL�NHULQJ�
WLGDN�EHUEHGD�PHQXUXW�MHQLV�ND\X�� �)HQRPHQD�LQL�
PXQJNLQ� GLVHEDENDQ� ROHK� SHQJXDSDQ� SHODUXW�
GDODP� SRUVL� \DQJ� EHVDU� VHKLQJJD�PHQ\HEDENDQ�
NHKLODQJDQ�EHUDW�\DQJ�EHVDU�GDUL�NRQGLVL�EDVDK�NH�
NRQGLVL�NHULQJ��\DQJ�EHUDNLEDW�SDGD�KRPRJHQLVDVL�
SHQDPEDKDQ�EHUDW�NHULQJ�FRQWRK�XML�SDGD�NHGXD�
MHQLV�ND\X�
� 6DODK� VDWX� PDQIDDW� SHQWLQJ� GDUL� SHNHUMDDQ�
ILQLVKLQJ� SDGD� ND\X� DGDODK� SURWHNVL� ND\X� GDUL�
LQWUXVL� DLU�� EDLN� EHUXSD� NRQWDN� ODQJVXQJ�
�UHQGDPDQ�� PDXSXQ� HNVSRVH� SDGD� NHOHPED DQ�S
WLQJJL� �SHPEDVDKDQ��� +DVLO� SHQJXMLDQ� VLIDW�
SHQJHPEDQJDQ�ND\X�VHODPD�UHQGDPDQ�GDODP�DLU�
GLVDMLNDQ� SDGD� 7DEHO� �� GDQ� ��� +DVLO� DQDOLVLV�
NHUDJDPDQ�SDGD�SHUXEDKDQ�GLPHQVL�ND\X�VHODPD�
SHUHQGDPDQ�GDODP�DLU��/DPSLUDQ����PHQXQMXNNDQ�

NHUDJDPDQ�\DQJ�Q\DWD��S!�����PHQXUXW�IDNWRU�
MHQLV� ND\X� GDQ� RULHQWDVL� VHUDW�� QDPXQ� WLGDN�
EHUEHGD�Q\DWD�PHQXUXW�SHUODNXDQ�EDKDQ�ILQLVKLQJ�
� 3DGD�NHGXD�WDEHO�WHUVHEXW�WDPSDN�EDKZD�SROD�
SHUWDPEDKDQ�GLPHQVL�SDGD�ND\X�NDUHW�WHUMDGL�OHELK�
ODPEDW� GLEDQGLQJNDQ� GHQJDQ� SHUWDPEDKDQ�
GLPHQVL� SDGD� ND\X� WXVDP�� 6HODLQ� LWX�� QLODL�
SHUWDPEDKDQ� GLPHQVL� SDGD� ND\X� NDUHW� OHELK�
UHQGDK� GLEDQGLQJNDQ� GHQJDQ� SHUWDPEDKDQ�
GLPHQVL� SDGD� ND\X� WXVDP�� 6LIDW� SHQJHPEDQJDQ�
FRQWRK�XML�NRQWURO�UDGLDO�PHPLOLNL�QLODL�SHUXEDKDQ�
GLPHQVL�OHELK�UHQGDK�GDULSDGD�FRQWRK�XML�NRQWURO�
WDQJHQVLDO� EDLN� SDGD� ND\X� WXVDP�PDXSXQ� ND\X�
NDUHW��0HQXUXW�%RZ\HU��6KPXOVN\�GDQ�+D\JUHHQ�
������� SHUEHGDDQ� LQL� PXQJNLQ� EHUKXEXQJDQ�
GHQJDQ�DGDQ\D�MDULQJDQ�MDUL�MDUL�SDGD�SHQDPSDQJ�
UDGLDO��WHUGDSDW�SHUQRNWDKDQ�SDGD�GLQGLQJ�UDGLDO��
WHUGDSDW� GRPLQDVL� ND\X� ´VXPPHUµ� SDGD� DUDK�
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SDGD� NHGXD� DUDK� RULHQWDVL� VHUDW� WHUVHEXW��
)HQRPHQD� VHUXSD� GLMXPSDL� SDGD� SURVHV� GLIXVL�
:ROPDQLW�&%�SDGD� ND\X� WXVDP�\DQJ� MDXK� OHELK�
WLQJJL� GDULSDGD� ND\X� NDUHW�� 3HUEHGDDQ� LQL�
GLSHUNLUDNDQ� EHUNDLWDQ� GHQJDQ� GLPHQVL� GDQ�
SRURVLWDV�PHPEUDQ�QRNWDK�\DQJ�OHELK�EHVDU�SDGD�
ND\X� WXVDP� GDULSDGD� ND\X� NDUHW� �7RELQJ� 	�
)HEULDQWR��������
� 3DGD�7DEHO���GDQ���WDPSDN�EDKZD�SHQJJXQDDQ�
EDKDQ� ILQLVKLQJ� NRPHUVLDO� �0)� GDQ�16��PDPSX�
PHPEHUL� SURWHNVL� SDGD� ND\X� WXVDP� GDQ� NDUHW�
WHUKDGDS� LQWUXVL� DLU� GLEDQGLQJNDQ� GHQJDQ�
SHQJJXQDDQ�EDKDQ�IRUPXODVL�RUJDQLN��3HUEHGDDQ�
LQL� PXQJNLQ� GLVHEDENDQ� ROHK� SRUVL� NDQGXQJDQ�
SDGDWDQ� \DQJ� OHELK� WLQJJL� SDGD� UHVLQ� NRPHUVLDO�
GLEDQGLQJNDQ� GHQJDQ� UHVLQ� RUJDQLN� �7DEHO� �����
6HODLQ� LWX� NHGXD� EDKDQ� ILQLVKLQJ� WHUVHEXW�
PHQJJXQDNDQ� SHODUXW� WKLQQHU� \DQJ� EHUVLIDW�
KLGURIRELN��VHKLQJJD�PHPLOLNL�GD\D�WRODN�DLU�OHELK�
WLQJJL� GDULSDGD� EDKDQ� IRUPXODVL� RUJDQLN� \DQJ�
PHQJJXQDNDQ� SHODUXW� PHWDQRO� \DQJ� EHUVLIDW�
SRODU�

� +DVLO� SHQJXMLDQ� VLIDW� SHQJHPEDQJDQ� ND\X�
VHODPD� SHPEDVDKDQ� GDODP� GHVLNDWRU� GLVDMLNDQ�
SDGD�7DEHO���GDQ����+DVLO�DQDOLVLV�NHUDJDPDQ�SDGD�
SHUXEDKDQ� GLPHQVL� ND\X� VHODPD� SHPEDVDKDQ�
�/DPSLUDQ����PHQXQMXNNDQ�NHUDJDPDQ�\DQJ�Q\DWD�
�S!����� KDQ\D� GLVHEDENDQ� IDNWRU� MHQLV� ND\X��
VHGDQJNDQ� IDNWRU� RULHQWDVL� VHUDW� GDQ� SHUODNXDQ�
EDKDQ� ILQLVKLQJ� WLGDN� EHUSHQJDUXK� Q\DWD�� +DVLO�
SHQJXMLDQ�SDGD�7DEHO���GDQ���PHQXQMXNNDQ�SROD�
SHUXEDKDQ�GLPHQVL�\DQJ�VHUXSD�GHQJDQ�PHWRGH�
SHUHQGDPDQ� �7DEHO� �� GDQ� ���� GL� PDQD� SROD�
SHUWDPEDKDQ�GLPHQVL�SDGD�ND\X�NDUHW�WHUMDGL�OHELK�
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� 3URVHV� SHQJHPEDQJDQ� GLPHQVL� GDODP�
UHQGDPDQ� �7DEHO� �� GDQ� 7DEHO� ��� WDPSDN� OHELK�
UHVSRQVLI � GDQ� GUDVWLV� GLEDQGLQJNDQ� GHQJDQ�
SHUXEDKDQ� GLPHQVL� \DQJ� WHUMDGL� SDGD� SURVHV�
SHPEDVDKDQ��7DEHO���GDQ�7DEHO����VHEDJDLPDQD�
GLWXQMXNNDQ� SDGD� $QRYD� /DPSLUDQ� �� GDQ� ��� �
3HUEHGDDQ� UHVSRQ� SHQJHPEDQJDQ� FRQWRK� XML�
SDGD� GXD�PHWRGH� HNVSRVH� WHUKDGDS� DLU� WHUVHEXW�
PXQJNLQ�GLVHEDENDQ�ROHK�SHUEHGDDQ�PHNDQLVPH�
LQWUXVL� DLU� NH� GDODP� FRQWRK� XML�� GL� �PDQD� SDGD�
SURVHV� UHQGDPDQ� WHUMDGL� LQWUXVL� DLU� OHELK� DNWLI �
NH� GDODP� VWUXNWXU� ND\X� GDULSDGD� SURVHV�
SHPEDVDKDQ� PHODOXL� XGDUD� \DQJ� EHUODQJVXQJ�
VHFDUD� SHUODKDQ� PHQXUXW� JUDGLHQ� NHOHPEDSDQ�
ND\X�GDQ�XGDUD�
�
&��.DUDNWHULVWLN�8PPE�4UBJO�5PQ�$PBU

� (IHNWLYLWDV� ODUXWDQ� SHZDUQD� ND\X� �ZRRG� VWDLQ��
SDGD�GDVDUQ\D�GLWHQWXNDQ�ROHK�NHGHNDWDQ�ZDUQD�
ODUXWDQ� WHUVHEXW� WHUKDGDS� ZDUQD� ND\X� WXMXDQ��
'DODP� SHQHOLWLDQ� LQL� GLJXQDNDQ� ZRRG� VWDLQ� KDVLO�

IRUPXODVL� HNVWUDN� MDWL� GDQ� UHVLQ� VLUODN� SDGD�
EHEHUDSD� NRPSRVLVL� GLEDQGLQJNDQ� GHQJDQ� ZRRG�
VWDLQ� NRPHUVLDO� \DQJ� OD]LP� GLJXQDNDQ� XQWXN�
SHZDUQDDQ� ND\X� NH� DUDK� ZDUQD� MDWL�� +DVLO�
SHQJXNXUDQ�ZDUQD�ND\X�MDWL�GDQ�ZRRG�VWDLQ�GHQJDQ�
VLVWHP�&LHODE��7DEHO����PHQXQMXNNDQ�EDKZD�QLODL�
NHFHUDKDQ��/
���NHPHUDKDQ��D
��GDQ�NHNXQLQJDQ�
�E
��SDGD�ND\X�MDWL�VHEDJDL�NRQWURO�DGDODK�PDVLQJ�
PDVLQJ�������������GDQ������
� 3DGD�FRQWRK�XML�ND\X�WXVDP�GDQ�NDUHW�WDPSDN�
NHUDJDPDQ� QLODL� PDVLQJ�PDVLQJ� SDUDPHWHU�
PHQXUXW� SHUODNXDQ� SHODEXUDQ� ZRRG� VWDLQ� SDGD�
FRQWRK�XML��3HQJJXQDDQ�ZRRG�VWDLQ�NRPHUVLDO��:6�
����� SDGD� ND\X� WXVDP� GDQ� NDUHW� PHQXQMXNNDQ�
QLODL� NHFHUDKDQ� �/
�� GDQ� NHNXQLQJDQ� �E
�� \DQJ�
OHELK�GHNDW�SDGD�QLODL�NRQWURO��MDWL��GLEDQGLQJNDQ�
GHQJDQ�ZRRG�VWDLQ�NRPSRVLVL�FDPSXUDQ�HNVWUDN�MDWL�
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MDWL�WDPSDN�OHELK�GRPLQDQ�GLEDQGLQJNDQ�GHQJDQ�
SDUDPHWHU� NHFHUDKDQ� GDQ� NHNXQLQJDQ�� VHKLQJJD�
NHGHNDWDQ�ZDUQD�ZRRG�VWDLQ�WHUKDGDS�ZDUQD�WXMXDQ�
�ND\X� MDWL�� OHELK� HIHNWLI � GLWHQWXNDQ� EHUGDVDUNDQ�
SDUDPHWHU� NHPHUDKDQ�� 7DEHO� �� PHQXQMXNNDQ�

EDKZD� HIHN� SHZDUQDDQ� MDWL� GHQJDQ� QLODL�
NHPHUDKDQ� WHUGHNDW� SDGD� ND\X� WXVDP� DGDODK�
SHUODNXDQ� (�6��� VHGDQJNDQ� SDGD� ND\X� NDUHW�
GLPLOLNL�ROHK�SHUODNXDQ�(�6��
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� 6DODK� VDWX� NDUDNWHULVWLN� SHQWLQJ� \DQJ� SHUOX�
GLPLOLNL�ROHK�EDKDQ�SHODSLV�DNKLU��WRS�FRDW��DGDODK�
VLIDW�NHWDKDQDQ�ILOPQ\D�WHUKDGDS�EDKDQ�NLPLD�DWDX�
FDLUDQ�UXPDK�WDQJJD�� �+DVLO�SHQJXMLDQ�NHWDKDQDQ�
ILOP� WRS� FRDW� IRUPXODVL� HNVWUDN� MDWL� GDQ� EDKDQ�
NRPHUVLO� SDGD� 7DEHO� �� PHQXQMXNNDQ� EDKZD�
NRPSRVLVL� WRS� FRDW� RUJDQLN� GDUL� HNVWUDN� MDWL� GDQ�
VLUODN�PHPLOLNL�NHWDKDQDQ�VDQJDW�WHUEDWDV�WHUKDGDS�
VLOHQD��+&O�����GDQ�DLU�
� )LOP� GDUL� NHORPSRN� EDKDQ� RUJDQLN� WHUVHEXW�
\DQJ�GLJXQDNDQ�SDGD�ND\X� WXVDP�PDXSXQ�NDUHW�
PHQJDODPL�NHUXVDNDQ�VHULXV�ELOD�WHUNHQD�$VHWRQ��
1D2+�� (WDQRO�� GDQ� 1+ 2+�� +DO� LQL� PH��

QXQMXNNDQ� EDKZD� SHQJJXQDDQ� WRS� FRDW� IRUPXOD�
RUJDQLN�PHPHUOXNDQ�WDPEDKDQ�SURWHNVL�ILOP�GDUL�
NRQWDN�EDKDQ�FDLUDQ�NLPLD��'DODP�SHQHOLWLDQ�LQL�
GLJXQDNDQ� EDKDQ� SURWHNVL� EHUXSD� YDVHOLQ� \DQJ�
SHQJJXQDDQQ\D�GLODEXUNDQ�SDGD�SHUPXNDDQ�ILOP�
WRS�FRDW�RUJDQLN��%DKDQ�YDVHOLQ�LQL�EXNDQ�VHNHGDU�
EHUIXQJVL�VHEDJDL�SHOLQGXQJ�EDJL�SHUPXNDDQ�ILOP��
WHWDSL� MXJD� PHPEHULNDQ� HIHN� NLODS� �JORVV\�� SDGD�
SHUPXNDDQ�ILOP�
� WRS�FRDW+DVLO�SHQJXMLDQ�ILOP� �RUJDQLN�GDQ�EDKDQ�
NRPHUVLDO� WHUKDGDS� NHWDKDQDQ� JRUHV� GLVDMLNDQ�
SDGD�7DEHO�����3DGD�DSOLNDVL�NHWHEDODQ� ILOP�����
PLNURQ� WDPSDN� EDKZD� EDLN� WRS� FRDW� RUJDQLN�
PDXSXQ�WRS�FRDW�NRPHUVLDO��0)�GDQ�16��PHPLOLNL�
NHWDKDQDQ�JRUHV�OHELK�WLQJJL�GDULSDGD�DSOLNDVL�ILOP�
���� PLNURQ�� .HWHEDODQ� ILOP� ���� PLNURQ� MXJD�
PHPLOLNL� VWDELOLWDV� OHELK� EDLN� PHQXUXW� ZDNWX�
SHQJXMLDQ� GLEDQGLQJNDQ� GHQJDQ� NHWHEDODQ� ILOP�
����PLNURQ�

7DEHO�����.HWDKDQDQ�JRUHV�WRS�FRDW�RUJDQLN�GDQ�NRPHUVLO
5BCMF�����4DSBUDI�SFTJTUBODF�PG�DPNNFSDJBM�BOE�PSHBOJD�UPQ�DPBUT
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� 7DEHO����PHQXQMXNNDQ�EDKZD�NHWDKDQDQ�JRUHV�
ILOP�RUJDQLN�OHELK�UHQGDK�GDULSDGD�ILOP�NRPHUVLDO�
SDGD�DSOLNDVL�ILOP�����PLNURQ��3DGD�NHORPSRN�WRS�
FRDW�IRUPXOD�RUJDQLN�WDPSDN�EDKZD�SHQLQJNDWDQ�
NRQVHQWUDVL�HNVWUDN�MDWL�PDXSXQ�VLUODN�FHQGHUXQJ�
PHQXUXQNDQ�QLODL�NHWDKDQDQ�JRUHV�SDGD�DSOLNDVL�
ILOP� ����PDXSXQ� ����PLNURQ�� 1LODL� NHWDKDQDQ�
JRUHV� WHUWLQJJL� GLSHUROHK�SDGD� DSOLNDVL� ILOP�����
PLNURQ�GHQJDQ�NRPSRVLVL�(�6���\DLWX�FDPSXUDQ�
HNVWUDN�MDWL�NRQVHQWUDVL�GREHO�GDQ�VLUODN����
� %HUEDJDL� DVSHN� SHQJXMLDQ� VLIDW� ILVLV� GDQ�
PHNDQLV�GDUL�EDKDQ�ILQLVKLQJ�GL�DWDV�PHQXQMXNNDQ�
NHXQJJXODQ� NXDOLWDV� EDKDQ� ILQLVKLQJ� NRPHUVLDO�
�0)� GDQ� 16�� GDULSDGD� EDKDQ� ILQLVKLQJ� RUJDQLN�
GDODP�EHUEDJDL�DVSHN�ILQLVKLQJ� 1DPXQ�GHPLNLDQ���
NHGXD� EDKDQ� NRPHUVLO� WHUVHEXW� PHQJDQGXQJ�
UDFXQ� \DQJ� GDSDW� WHUKLUXS� SDGD� VDDW� DSOLNDVL�
SHQJHUMDDQ� ILQLVKLQJ� PDXSXQ� GDODP� SHQJJXQDDQ�
SURGXN� \DQJ� GLKDVLONDQ�� +DVLO� SHQJXMLDQ� HPLVL�
IRUPDOGHKLGD� SDGD� FRQWRK� XML� \DQJ� GLILQLVKLQJ�
GHQJDQ�PHODPLQ�IRUPDOGHKLGD�PHQXQMXNNDQ�QLODL�
UDJDP�HPLVL�FXNXS�WLQJJL�SDGD�ND\X�WXVDP��\DLWX�
GDUL� ���� VDPSDL� ���� GHQJDQ� UDWDDQ� ����� PJ�O�� �
6HGDQJNDQ� QLODL� HPLVL� IRUPDOGHKLGD� SDGD� ND\X�
NDUHW�EHUDJDP�GDUL�����VDPSDL�GHQJDQ�����GHQJDQ�
UDWDDQ�����PJ�O��6HODLQ�HPLVL�IRUPDOGHKLGD��EDKDQ�
ILQLVKLQJ� \DQJ� PHQJJXQDNDQ� SHODUXW� �WKLQQHU
PHQJDQGXQJ�EDKDQ�XWDPD�EHUXSD�VLOHQD��[\OHQH��
GDQ� WROXHQD� �WROXHQH��� NHGXDQ\D� DNDQ�PHQJXDS�
GDODP�SURVHV�DSOLNDVL�PDXSXQ�SURVHV�SHPDWDQJDQ�
�FXULQJ�� UHVLQ� ILQLVKLQJ�� 3DGD� 7DEHO� ��� WDPSDN�
EDKZD� NHGXD� EDKDQ� ILQLVKLQJ� NRPHUVLDO� WHUVHEXW�
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3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������



PHPLOLNL� NDQGXQJDQ� SDGDWDQ� VHNLWDU� ���� SDGD�
SURVHV� DSOLNDVL�SDGD�ND\X��+DO� LQL�EHUDUWL�NHGXD�
EDKDQ� WHUVHEXW� PHOHSDV� VHNLWDU� ���� GDUL� EHUDW�
FDPSXUDQ�EDKDQ�NH�DWPRVIHU�EHUXSD�XDS�VLOHQD�
GDQ�WROXHQD��(PLVL�IRUPDOGHKLGD�GDQ� GDSDW�WKLQQHU�
PHQLPEXONDQ�EHUEDJDL�JDQJJXDQ�NHVHKDWDQ�SDGD�
PDQXVLD�PDXSXQ� DODP� GL� VHNLWDUQ\D�� �0HQXUXW�
.LP� �������HPLVL� VHQ\DZD�NLPLD� WHUVHEXW�GDSDW�
PHQ\HEDENDQ� EHUEDJDL� LULWDVL� SDGD� VDOXUDQ�
SHUQDIDVDQ��JDQJJXDQ�SDGD�V\DUDI��PHQ\HEDENDQ�
NDQNHU�SDUX��VHUWD�PHQ\HEDENDQ�PXWDVL�JHQHWLND�

'��%LD\D�3URGXNVL

� 3HUODNXDQ�SHODEXUDQ�EDKDQ�ILQLVKLQJ�SDGD�SHU�
PXNDDQ� ND\X� WXVDP�GDQ� NDUHW� GHQJDQ� EHUEDJDL�
NRPSRVLVL�IRUPXOD�PHQ\HEDENDQ�WLPEXOQ\D�ELD\D�
SHUODNXDQ� \DQJ� EHUDJDP� PHQXUXW� EDKDQ� \DQJ�
GLJXQDNDQ��7DEHO����PHQXQMXNNDQ�HVWLPDVL�KDUJD�
ODUXWDQ�EDKDQ�ILQLVKLQJ�SHU�OLWHU�GDQ�ELD\D�DSOLNDVL�
SHU� P � SHUPXNDDQ� ND\X�� 3HUODNXDQ� ODEXUDQ�

�

SHUPXNDDQ� ND\X� GHQJDQ� ODUXWDQ� FDPSXUDQ�
HNVWUDN�MDWL�GDQ�VLUODN�PHPHUOXNDQ�ELD\D�EHUDJDP�
GDUL�5S���������VDPSDL�5S���������SHU�P ��%LD\D�

�

LQL�MDXK�OHELK�PXUDK�GLEDQGLQJNDQ�GHQJDQ�ELD\D�
SHUODNXDQ� ODEXUDQ� GHQJDQ� EDKDQ� NRPHUVLO� \DQJ�
PHPHUOXNDQ� ELD\D� VHNLWDU� 5S� ��������� KLQJJD�
5S� ��������� SHU� P �� 3HQJJXQDDQ� ODUXWDQ�

�

�
7DEHO�����(VWLPDVL�KDUJD�ODUXWDQ�ZRRG�VWDLQ��WRS�FRDW�GDQ�DSOLNDVL�P �

�5BCMF�����&TUJNBUFE�DPTU�PG�XPPE�TUBJO�UPQ�DPBU�MJRVJE�BOE�BQQMJDBUJPO�N

FDPSXUDQ�HNVWUDN�MDWL�GDQ�VLUODN�VHEDJDL� �ZRRG�VWDLQ
MXJD�OHELK�PXUDK�GDULSDGD�SHQJJXQDDQ� �ZRRG�VWDLQ
NRPHUVLDO��:6��������

,9���.(6,038/$1�'$1�6$5$1

$� .HVLPSXODQ�

� (NVWUDNVL� VHUEXN� JHUJDMLDQ� MDWL� GHQJDQ�
PHQJ JXQDNDQ� SH OD U XW � PHWDQRO � WHNQ LV �
PHQJKDVLONDQ�HNVWUDN�SDGDWDQ�GDUL� MHQLV�(SRNVL��
7H W U D NR V DK HN V DQ D � � $Q W U D NX L QRQ � G DQ �
+HQWULDNRQWDQRQ��(NVWUDN�SDGDWDQ�\DQJ�GLSHUROHK�
GDUL�HNVWUDNVL�VHUEXN�MDWL�����PHVK�VHODPD���MDP�
GHQJDQ�SHODUXW�PHWDQRO�DGDODK�VHNLWDU�����
� 3HUODNXDQ�UHQGDPDQ�FRQWRK�XML�GDODP�ODUXWDQ�
EDKDQ� ILQLVKLQJ� PHQXQMXNNDQ� NHUDJDPDQ�
SHUXEDKDQ�EHUDW�PHQXUXW�IDNWRU�MHQLV�ND\X��DUDK�
VHUDW � GDQ� MHQLV� EDKDQ� ILQLVKLQJ� \DQJ� GLJXQDNDQ���
-HQLV�ND\X� WXVDP�PHQJDODPL�SHUWDPEDKDQ�EHUDW�
OHELK� WLQJJL� GDULSDGD� MHQLV� ND\X� NDUHW�� &RQWRK�
XML� UDGLDO� PHQJDODPL� SHUWDPEDKDQ� EHUDW� OHELK�
WLQJJL�GDULSDGD�FRQWRK�XML�WDQJHQVLDO�SDGD�NHGXD�
MHQLV� ND\X�� 3HUWDPEDKDQ� EHUDW� EDVDK� WHUWLQJJL�
VHFDUD� NRQVLVWHQ� WHUMDGL� SDGD� FRQWRK� XML� \DQJ�
GLUHQGDP� GDODP� IRUPXOD� EDKDQ� ILQLVKLQJ� (�6���
'HSRVLVL� EDKDQ� ILQLVKLQJ� GHQJDQ� SHUODNXDQ�

)RUPXODVL�
�ZRRG�VWDLQ�WRS�FRDW��

.RQVHQWUDVL�
�&RQFHQWUDWLRQ ���Z�Y� .DQGXQJDQ�

SDGDWDQ
�6ROLG�FRQWHQW��

+DUJD�OLWHU ��
�3ULFH�OLWUH��5S��

$SOLNDVL�P� ��

�$SOLNDVL�P���5S��
(NVWUDN�
�([WUDFW��

6LUODN�
�6KHOODF��
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UHQGDPDQ� SDGD� ND\X� WXVDP� GDQ� NDUHW� PH�
Q\HEDENDQ�SHUXEDKDQ�GLPHQVL�SDGD�NHGXD� MHQLV�
ND\X�� 3HUWDPEDKDQ� GLPHQVL� DNLEDW� UHQGDPDQ�
EDKDQ�ILQLVKLQJ�EHUDJDP�PHQXUXW�IDNWRU�MHQLV�ND\X��
DUDK� VHUDW�GDQ� MHQLV�EDKDQ� ILQLVKLQJ��.D\X� WXVDP�
PHQJDODPL� SHUWDPEDKDQ� GLPHQVL� OHELK� WLQJJL�
GDULSDGD� ND\X� NDUHW�� &RQWRK� XML� WDQJHQVLDO� PH�
PLOLNL�SHUWDPEDKDQ GLPHQVL�OHELK�WLQJJL�GDULSDGD��
FRQWRK�XML�UDGLDO��&RQWRK�XML�\DQJ�GLUHQGDP�GDODP�
EDKDQ� ILQLVKLQJ�GHQJDQ�SHODUXW�PHWDQRO�PHPLOLNL�
SHUXEDKDQ�GLPHQVL� OHELK�EHVDU�GDULSDGD�FRQWRK�
XML�\DQJ�GLUHQGDP�GHQJDQ�EDKDQ�SHODUXW� �WKLQQHU
� 3HUODNXDQ� UHQGDPDQ� SDGD� EDKDQ� ILQLVKLQJ�
PDPSX� PHPEHULNDQ� SURWHNVL� SDGD� FRQWRK� XML�
WHUKDGDS� LQWUXVL� DLU�� (IHNWL LWDV� SURWHNVL� EDKDQ�Y
ILQLVKLQJ� WDPSDN� OHELK� EDLN� SDGD� SHQJXMLDQ�
SHPEDVDKDQ�GDODP�GHVLNDWRU�GDULSDGD�SHQJXMLDQ�
SHUHQGDPDQ�GDODP�DLU�� �%DKDQ�ILQLVKLQJ�NRPHUVL O�D
PHODPLQ� IRUPDOGHKLGD� GDQ� QLWUR� VHOXORVD�
PHPLOLNL� NHPDPSXDQ� SURWHNVL� DLU� OHELK� WLQJJL�
GDULSDGD�EDKDQ� ILQLVKLQJ� IRUPXOD�RUJDQLN��.HGXD�
EDKDQ� ILQLVKLQJ� NRPHUVLO� WHUVHEXW� MXJD� PHPLOLNL�
NHXQJJXODQ�GDODP�KDO�NHWDKDQDQ�WHUKDGDS�FDLUDQ�
NLPLD�GDQ� UXPDK� WDQJJD�� VHUWD�NHWDKDQDQ�JRUHV�
GDULSDGD� EDKDQ� ILQLVKLQJ� RUJDQLN� 1DPXQ��
GHPLNLDQ�� NHGXD� EDKDQ� ILQLVKLQJ NRPHUVL O�� D
PHPLOLNL� HPLVL� JDV� UDFXQ� EHUXSD� IRUPDOGHKLGD��
VLOHQD�GDQ�WROXHQD�\DQJ�EHUEDKD\D�EDJL�NHVHKDWDQ�
PDQXVLD�� 3DGD� NHORPSRN� IRUPXOD RUJDQLN���
NRPSRVLVL� (�6�� PHPLOLNL� NHWDKDQDQ� JRUHV�
WHUWLQJJL�GDULSDGD�NRPSRVLVL�ODLQQ\D�
� .RPSRVLVL� EDKDQ� IRUPXODVL� HNVWUDN� MDWL� GDQ�
VLUODN�VHEDJDL�SHZDUQD�ND\X�� ��PHPLOLNL�ZRRG�VWDLQ
QLODL� SHZDUQDDQ� MDWL� \DQJ� OHELK� EDLN� GDULSDGD�
EDKDQ� �NRPHUVL O� (IHNWL LWDV�SHZDUQDDQ�ZRRG�VWDLQ D � Y
EDKDQ� ILQLVKLQJ� WHUVHEXW� EHUEHGD� PHQXUXW� MHQLV�
ND\X��(IHN�SHZDUQDDQ�MDWL�GHQJDQ�QLODL�NHPHUDKDQ�
WHUGHNDW�SDGD�ND\X�WXVDP�DGDODK�SHUODNXDQ�(�6���
VHGDQJNDQ�SDGD�ND\X�NDUHW�GLPLOLNL�ROHK�SHUODNXDQ�
(�6���3HQJJXQDDQ�IRUPXODVL�RUJDQLN�VHEDJDL�ZRRG�
VWDLQ�PHPLOLNL�EHEDQ�ELD\D�OHELK�PXUDK�VHUWD�UHVLNR�
NHVHKDWDQ�OHELK�DPDQ�EDJL�PDQXVLD�GLEDQGLQJNDQ�
GHQJDQ�SHQJJXQDDQ� �NRPHUVL O�ZRRG�VWDLQ D

%��6DUDQ

� 3HQHOLWLDQ� LQL�PHQXQMXNNDQ� EDKZD� IRUPXODVL�
HNVWUDN�MDWL�GDQ�UHVLQ�VLUODN�GDSDW�GLJXQDNDQ�GDODP�
SHZDUQDDQ�ND\X�� ��GDQ�SHODSLVDQ�DNKLU�ZRRGVWDLQLQJ
� �� SDGD� ND\X� \DQJ� LQJLQ� GLEHUL� NHVDQ�WRS� FRDWLQJ
ZDUQD�MDWL� 3DGD�VLVL�ODLQ��SHQHOLWLDQ�LQL�PHQXQMXN� �

NDQ� EDKZD� WRS� FRDWLQJ� GHQJDQ� UHVLQ� IRUPXODVL�
RUJDQLN� WLGDN� GDSDW� PHQDQGLQJL� NXDOLWDV� EDKDQ�
ILQLVKLQJ�NRPHUVL O�GDODP�EDQ\DN�DVSHN��)DNWD�LQL�D
PHQXQMXNNDQ� EDKZD� IRUPXODVL� UHVLQ� RUJDQLN�
OHELK�VHVXDL�GLJXQDNDQ�VHEDJDL�ZRRG�VWDLQ�GDULSDGD�
WRS�FRDW��'DODP�DSOLNDVL�NRPHUVLO�GDSDW�GLVDUDQNDQ�
SHQJJXQDDQ�IRUPXODVL�FDPSXUDQ�HNVWUDN�MDWL�GDQ�
VLUODN�VHEDJDL�ZRRG�VWDLQ��GLODQMXWNDQ�GHQJDQ�WRS�
FRDWLQJ�PHQJJXQDNDQ�UHVLQ�NRPHUVL O�D

'$)7$5�3867$.$

$670����������6WDQGDUG� PHWKRGWHVW� V�IRU�KDUGQHVV�RI �
RUJDQLF� FRDWLQJV� E\� SHQGXOXP� GDPSLQJ� WHVWV��
'������$QQXDO�%RRN�RI ��$670�6WDQGDUGV��
9RO������

$670�� �������� 6WDQGDUG� WHVW� PHWKRGV� IRU� HIIHFW� RI �
KRXVHKROG�FKHPLFDOV�RQ�FOHDU�DQG�SLJPHQWHG�RUJDQLF�
ILQLVKHV�� '������ $QQXDO� %RRN� RI� $670�
6WDQGDUGV��9RO�������

%DOIDV��-����������3HUODNXDQ�UHVLQ�SDGD�ND\X�NHODSD�
� ��� �&RFRV�QXFLIHUD -XUQDO�3HQHOLWLDQ�+DVLO�+XWDQ�
�� ������������� �

%DOIDV��-���%DVUL��(��	�-DVQL����������(IIHFW�RI �WHDN�
H[ W U D F W LYH � LPSRV L W L RQ � RQ � ZRRG �
FKDUDFWHULVWLF� LPSURYHPHQWV�� 'DODP� &�$��
6LUHJDU�� 1�� 0LQGDZDWL�� *�� 3DUL�� 0��
7XUMDPDQ�� +�/�� 7DWD�� +�� .ULVQDZDWL�� 7��
6HW\DZDWL�� ����-�� %DOIDV� �(GV��� 7RSLF� 9��
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