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7KHUH�DUH�DERXW�������WLPEHU�SURGXFLQJ�WUHHV�JURZ�QDWXUDOO\�LQ�,QGRQHVLD��ZKLFK�FRPSULVH�RI �FRPPHUFLDOO\�DQG�OHVVHU�
NQRZQ�ZRRG�VSHFLHV��:RRG�FKHPLFDO�FRPSRQHQW�DQDO\VLV�LV�RQH�LQGLFDWRU�IRU�WLPEHU�XWLOL]DWLRQ��7KLV�SDSHU�VWXGLHV�WKH�
FKHPLFDO�FRPSRQHQWV�RI �ILYH�OHVVHU�NQRZQ�ZRRG�VSHFLHV�RULJLQDWHG�IURP�:HVW�-DYD�QDPHO\�NL�EXJDQJ��$UWKRSK\OOXP�
GLYHUVLIROLXP�%O����VHPSXU�OLOLQ��'LOOHQLD�RERYDWD�+RRJO����FDQJFDUDWDQ��/LWKRFDUSXV�VXQGDLFXV�%O����NL�SDVDQJ�
�3UXQXV�MDYDQLFD�0LT����DQG�NL�ODQJLU��2WKRSKRUD�VSHFWDELOLV�%O���7KH�DQDO\VLV�ZDV�FRQGXFWHG�DFFRUGLQJ�WR�WKH�
WHVWLQJ�VWDQGDUG�RI �1RUPDQ�-HQNLQ��,QGRQHVLDQ�1DWLRQDO�6WDQGDUG��61,��DQG�7$33,��5HVXOWV�VKRZ�WKDW�.L�EXJDQJ�
KDV�WKH�KLJKHVW�FRQWHQW�RI �ERWK�RI �FHOOXORVH�DQG�SHQWRVDQ�DERXW��������DQG���������UHVSHFWLYHO\��&DQJFDUDWDQ�ZRRG�KDV�
WKH�KLJKHVW�OLJQLQ�FRQWHQW�DERXW������������.L�ODQJLU�KDV�WKH�KLJKHVW�VROXELOLW\�LQ�FROG�ZDWHU��DOFRKRO�EHQ]HQH�DQG�1D2+�
DERXW����������������DQG���������UHVSHFWLYHO\��,Q�DGGLWLRQ��VHPSXU�OLOLQ�KDV�WKH�KLJKHVW�VROXELOLW\�LQ�KRW�ZDWHU�DERXW�
�������7KH�KLJKHVW�DVK�FRQWHQW�LV�������EHORQJV�WR�.L�ODQJLU�DQG�WKH�KLJKHVW�VLOLFD�FRQWHQW�LV�������EHORQJV�WR�VHPSXU�
OLOLQ��%DVHG�RQ�WKH�FKHPLFDO�FRQWHQW��FDQJFDUDWDQ�ZRRG�LV�UHFRPHQGHG�IRU�SXOS�DQG�HQHUJ\�SXUSRVHV�DQG�NL�EXJDQJ�ZRRG�LV�
UHFRPPHQGHG�IRU�ELR�HWKDQRO�

.H\ZRUGV��&KHPLFDO�FRQWHQW��ILYH�ZRRG�VSHFLHV��:HVW�-DYD��SXOS��HQHUJ\��ELRHWKDQRO

$%675$.

+XWDQ�,QGRQHVLD�PHPLOLNL�SRWHQVL�SRKRQ�WURSLV�\DQJ�VDQJDW�EHUDJDP��6DODK�VDWX�NRPRGLWL�XWDPD�
\DQJ�GLKDVLONDQ�GDUL�SRKRQ�VHEDJDL�NRPSRQHQ�XWDPD�SHQ\XVXQ�KXWDQ�DGDODK�ND\X��3HQJJXQDDQ�ND\X�
XPXPQ\D� GLVHVXDLNDQ� GDUL� VLIDW� ND\X�� VHSHUWL� VLIDW� ILVLN�PHNDQLN�� VLIDW� NHWHUDZHWDQ� GDQ� VLIDW� GDVDU�
ODLQQ\D��6DODK�VDWX�VLIDW�ND\X�\DQJ�SHQWLQJ�GDQ�PHQHQWXNDQ�NDUDNWHULVWLN�SHQJJXQDDQQ\D� �DQWDUD�ODLQ� �
VLIDW� NLPLD�� 3HQHOLWLDQ� LQL� PHQJDQDOLVLV� NRPSRQHQ� NLPLD� �� MHQLV� ND\X� \DQJ� NXUDQJ� GLNHQDO� DVDO�
-DZD�%DUDW��\DLWX�NL�EXJDQJ��VHPSXU�OLOLQ��FDQJFDUDWDQ��NL�SDVDQJ��GDQ�NL�ODQJLU��$QDOLVLV�PHOLSXWL�NRPSRQHQ�
NLPLD�ND\X�VHVXDL�VWDQGDU�1RUPDQ�-HQNLQ��6WDQGDU�1DVLRQDO�,QGRQHVLD��61,��GDQ�7$33,��+DVLO�DQDOLVLV�
PHQXQMXNNDQ�EDKZD�NL�EXJDQJ�PHPLOLNL�NDGDU�VHOXORVD�GDQ�SHQWRVDQH�WHUWLQJJL��PDVLQJ�PDVLQJ��VHEHVDU�
�������GDQ���������.D\X�FDQJFDUDWDQ�PHPLOLNL�NDGDU�OLJQLQ� �WHUWLQJJL�\DLWX�VHEHVDU���������.L�ODQJLU�
PHPLOLNL� QLODL� NHODUXWDQ� GDODP� DLU� GLQJLQ�� NHODUXWDQ� GDODP� DONRKRO�EHQ]HQD� GDQ� NHODUXWDQ� GDODP�
1D2+� WHUWLQJJL�� PDVLQJ�PDVLQJ� VHEHVDU� ������� ������� GDQ� ��������.D\X� 6HPSXU� OLOLQ�PHPLOLNL�
NHODUXWDQ�GDODP�DLU�SDQDV�WHUWLQJJL�VHEHVDU��������.L�ODQJLU�MXJD�PHPLOLNL�NDGDU�DEX�WHUWLQJJL�VHEHVDU�
������GDQ�ND\X�VHPSXU�OLOLQ�PHPLOLNL�NDGDU�VLOLND�WHUWLQJJL�VHEHVDU��������%HUGDVDUNDQ�SHPHWDDQ�SRWHQVL�
SHQJJXQDDQQ\D��ND\X�FDQJFDUDWDQ�OHELK�EHUSRWHQVL�VHEDJDL�EDKDQ�EDNX�SXOS�GDQ�ND\X�HQHUJL��VHGDQJNDQ�
ND\X�NL�EXJDQJ�OHELK�EHUSRWHQVL�VHEDJDL�EDKDQ�EDNX�ELRHWDQRO�

.DWD�NXQFL��%LRHWDQRO��OLPD�MHQLV�ND\X��-DZD�%DUDW��SXOS��HQHUJL��ELRGLHVHO
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� +XWDQ� ,QGRQHVLD� PHPLOLNL� SRWHQVL� SRKRQ�
WURSLV�\DQJ�VDQJDW�EHUDJDP��6DODK�VDWX�NRPRGLWL�
XWDPD� \DQJ� GLKDVLONDQ� GDUL� SRKRQ� VHEDJDL�
NRPSRQHQ� XWDPD� SHQ\XVXQ� KXWDQ� DGDODK� ND\X��
.D\X� \DQJ� PHUXSDNDQ� SURGXN� DODP� PHPLOLNL�
NDUDNWHULVWLN�WHUWHQWX�\DQJ�GLSHQJDUXKL�ROHK�DVDO�
ND\X� WHUVHEXW� \DQJ� PHOLEDWNDQ� DVSHN� KDELWDW�
VHSHUWL� LNOLP� WHPSDW� WXPEXK�� FXUDK� KXMDQ� GDQ�
NRQGLVL� WDQDK�� 0HVNLSXQ� VLIDW� ND\X� VDQJDW�
EHUDJDP��QDPXQ�VHPXD�MHQLV�ND\X�PHPLOLNL�VLIDW�
VLIDW� \DQJ� VSHVLILN� \DQJ� WHUEHQWXN� GDUL� SURVHV�
SHUWXPEXKDQ� SRKRQ�� VHSHUWL� SHPEHQWXNDQ�
OLQJNDUDQ� WDKXQ�\DQJ�PHQMDGL�FLUL�SHPEHQWXNDQ�
ND\X� DZDO� �HDUO\ZRRG�� GDQ� ND\X� DNKLU� �ODWHZRRG��
�+RDGOH\���������,QGRQHVLD�GLSHUNLUDNDQ�PHPLOLNL�
����� MHQLV� ND\X� GDQ� KDQ\D� VHNLWDU� ���� \DQJ�
GLDQJJDS� SHQWLQJ� NDUHQD� WHODK� GLPDQIDDWNDQ��
-HQLV� ND\X� \DQJ� PDVXN� GDODP� ���� WHUVHEXW��
VHNLWDU� ���� Q\D� PHUXSDNDQ� MHQLV� ND\X� \DQJ�
NXUDQJ� GLNHQDO�� -HQLV� ND\X� NXUDQJ� GLNHQDO� LQL�
WXPEXK�GL�VHNLWDU�PDV\DUDNDW�GDQ�EHOXP�GLNHWDKXL�
LQIRUPDVL�SHQJJXQDDQ�DWDX�SRWHQVLQ\D��0XVOLFK�
HW�DO���������
� 3HQJJXQDDQ� ND\X� XPXPQ\D� GLVHVXDLNDQ�
GHQJDQ� VLIDW� ND\X� LWX� VHQGLUL� VHSHUWL� VLIDW� ILVLN�
PHNDQLN��VLIDW�NHWHUDZHWDQ�GDQ�VLIDW�GDVDU�ODLQQ\D��
6DODK� VDWX� VLIDW� ND\X� \DQJ� SHQWLQJ� GDQ� PH�
QHQWXNDQ�NDUDNWHULVWLN�SHQJJXQDDQQ\D��\DLWX�VLIDW�
NLPLD�� 6LIDW� NLPLD� ND\X� EHUXSD� NDGDU� VHOXORVD�
GDSDW�PHQMDGL� UXMXNDQ� XQWXN� SHQJJXQDDQ� ND\X�
VHEDJDL� EDKDQ� ELRHWDQRO� �6RNDQDQGL�� 3DUL��
6HWLDZDQ��	�6DHSXORK���������.D\X�VHEDJDL�VDODK�
VDWX� PDWHULDO� EHUOLJQRVHOXORVD� PHPLOLNL� YDULDVL�
NDQGXQJDQ� NRPSRQHQ� NLPLD� \DQJ� GDSDW� GL�
NRQYHUVL�VHEDJDL�ELRHWDQRO�MXJD�GLSHQJDUXKL�ROHK�
NDUDNWHULVWLN�PXVLP�GDQ�NRQGLVL�JHRJUDILV��%DODW��
	� 2]�� ������� 6LIDW� NLPLD� ND\X� EHUXSD� NDGDU�
KRORVHOXORVD��OLJQLQ��GDQ�NDGDU�SHQWRVDQ�GLNHWDKXL�
GDSDW�PHQMDGL�UXMXNDQ�SHQJJXQDDQ�ND\X�VHEDJDL�
EDKDQ� SXOS� GDQ� NHUWDV� �3DVDULEX�� 6LSD\XQJ�� 	�
3DUL��������
� 3HQJJXQDDQ�ND\X�VHEDJDL�VXPEHU�HQHUJL�MXJD�
PHPSHUKDWLNDQ� VLIDW� NLPLD� ND\X� VHSHUWL�
NDQGXQJDQ� OLJQLQ� GDQ� QLODL� NDORU� ND\X��%RZ\HU��
6KPXOVN\� GDQ� +D\JUHHQ� ������� PHQ\HEXWNDQ�
EDKZD�VLIDW�NLPLD�ND\X�EHUXSD�NDQGXQJDQ�OLJQLQ�
GDQ�VHOXORVD�GDSDW�PHPSHQJDUXKL�QLODL�NDORU�ND\X��
3HPDQIDDWDQ�ND\X�VHEDJDL� VXPEHU�HQHUJL�GDODP�

EHQWXN�EULNHW�DUDQJ�ND\X�PHQV\DUDWNDQ�QLODL�NDORU�
PLQLPXP�EULNHW�VHEHVDU������NDO�J�VHVXDL�GHQJDQ�
61,�������� ���� ��� �
� 6LIDW� NLPLD� ND\X� PHPDQJ� PHPSHQJDUXKL�
SHQJJXQDDQ�ND\X�XQWXN�WXMXDQ�WHUWHQWX��'HQJDQ�
PHOLKDW�EHVDUQ\D�SRWHQVL�MHQLV�ND\X�\DQJ�NXUDQJ�
GLNHQDO�GL�,QGRQHVLD��VWXGL�VLIDW�NLPLD�ND\X�MHQLV�
NXUDQJ� GLNHQDO� PHQMDGL� KDO� \DQJ� GLSHUOXNDQ��
3HPDQIDDWDQ� MHQLV� ND\X� NXUDQJ� GLNHQDO� GDSDW�
PHQMDGL�DOWHUQDWLI �XQWXN�PHQJJDQWLNDQ�MHQLV�ND\X�
NRPHUVLDO� \DQJ� VXGDK� SRSXOHU�� QDPXQ�
NHEHUDGDDQQ\D� WHUDQFDP� EHUNXUDQJ� DNLEDW�
NHJLDWDQ� SHQHEDQJDQ� \DQJ� WLGDN� GLLPEDQJL�
GHQJDQ� EXGLGD\D� MHQLV� WHUVHEXW� 2OHK� NDUHQD��

� PHQJHWDKXL�LWX� VWXGL� LQL� EHUWXMXDQ� XQWXN �
NRPSRQHQ� NLPLD� �� �OLPD�� MHQLV� ND\X� NXUDQJ�
GLNHQDO�\DQJ�EHUDVDO�GDUL�-DZD�%DUDW�VHEDJDL�GDVDU�
SHPDQIDDWDQQ\D�

,,��%$+$1�'$1�0(72'(

$��%DKDQ�GDQ�$ODW

� /LPD�MHQLV�ND\X�\DQJ�GLJXQDNDQ�VHEDJDL�VDPSHO�
XQWXN� GLDQDOLVD� DGDODK� NL� EXJDQJ� �$UWKRSK\OOXP�
GLYHUVLIROLXP� %O���� VHPSXU� OLOLQ� �'LOOHQLD� RERYDWD�
+RRJO����FDQJFDUDWDQ� �/LWKRFDUSXV� VXQGDLFXV�%O����NL�
SDVDQJ� �3UXQXV� MDYDQLFD� 0LT��� GDQ� NL� ODQJLU�
�2WKRSKRUD� VSHFWDELOLV� %O��� %DKDQ� NLPLD� \DQJ�
GLJXQDNDQ�DGDODK�DONRKRO��EHQ]HQD��QDWULXP�VXOILW��
DVDP� VXOIDW�� DLU� VXOLQJ�� DVDP� NORULGD�� QDWULXP�
KLSRNORULW��GDQ�NHUWDV�VDULQJ��$ODW�\DQJ�GLJXQDNDQ�
GDODP�SHQHOLWLDQ� LQL�DGDODK�WDQXU��D\DNDQ��PHVLQ�
JLOLQJ�� NDQWRQJ� SODVWLN�� JHODV� NDFD�� GDQ� QHUDFD�
DQDOLWLN�

%��%DKDQ�GDQ�0HWRGH

� 3RKRQ� \DQJ� GLWHEDQJ� GLSLOLK� GDODP� EHQWXN�
OXUXV�� WLGDN� EHQJNRN�� WLGDN� FDFDW� GDQ� GDODP�
NHDGDDQ� VHKDW�� &RQWRK� ND\X� \DQJ� GLDPELO� GL�
ODSDQJDQ�DGDODK�SRKRQ�\DQJ�EHUGLDPHWHU�����FP��
3HQHEDQJDQ�GLODNXNDQ�VHWLQJJL�GDGD������FP�GL�
DWDV�SHUPXNDDQ�WDQDK��DWDX����FP�GL�DWDV�EDQLU�
GHQJDQ�PHQJJXQDNDQ� FKDLQ� VDZ�� 8QWXN�PHOLKDW�
YDULDVL�VLIDW�NLPLD�\DQJ�GLWHOLWL�PDND�VDPSHO�ND\X�
GLDPELO� SDGD�EDJLDQ�SDQJNDO�� WHQJDK�GDQ�XMXQJ�
EDWDQJ� EHEDV� FDEDQJ�� 6DPSHO� SHQJXMLDQ� VLIDW�
NLPLD� ND\X� GLDPELO� GDODP� EHQWXN� OHPSHQJDQ�
GHQJDQ�NHWHEDODQ����FP�
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.RPSRQHQ�.LPLD�GDQ�3RWHQVL�3HQJJXQDDQ�/LPD� .D\X� $VDO�-DZD�%DUDW-HQLV� .XUDQJ�'LNHQDO�
�1RYLWUL�+DVWXWL�� ��6DHSXORK��	�'DGDQJ�6HWLDZDQ�/LVQD�(IL\DQWL��*XVWDQ�3DUL

� 0DVLQJ�PDVLQJ�MHQLV�ND\X�GLJLOLQJ�GDQ�GLD\DN�
GHQJDQ�VDULQJDQ���� �GDQ�VDULQJDQ���� ��PHVK PHVK
+DVLO�VDULQJDQ�GL�RYHQ�SDGD�VXKX�����&�GDQ�GL�
KLWXQJ� NDGDU� DLUQ\D�� 6DPSHO� NHPXGLDQ�GLDQDOLVD�
NDQGXQJDQ� NLPLDQ\D�� $QDOLVLV� VHOXORVD� PHQJ�
JXQDNDQ� VWDQGDU� 1RUPDQ� GDQ� -HQNLQV� �:LVH��
�������OLJQLQ�NODVRQ�PHQJLNXWL�VWDQGDU�61,������
��������SHQWRVDQ�PHQJJXQDNDQ�VWDQGDU�7$33,�7�
��P���� �7$33,�� ������� NDGDU� DEX� PHQXUXW�
VWDQGDU�61,�����������������NDGDU�VLOLND�PHQJDFX�
VWDQGDU� 61,� �������� �������� NHODUXWDQ� GDODP�
DONRKRO�EHQ]HQD�PHQJLNXWL�VWDQGDU�61,���������
�������� NHODUXWDQ� GDODP� DLU� GLQJLQ� GDQ� SDQDV�
PHQJLNXWL�VWDQGDU�61,�����������������VHGDQJNDQ�
NHODUXWDQ�GDODP�1D2+����PHQJDFX�VWDQGDU�61,�
���������������
� � �3HUKLWXQJDQ QLODL NDORU� ND\X� EHUGDVDUNDQ�
SURVHV�GHVWLODVL�NHULQJ��8QWXN�SHQJXMLDQ�GHVWLODVL�
NHULQJ�GLDPELO�OHPSHQJDQ�ND\X�GDUL�XMXQJ�GRORN�
VHWHEDO����FP��ODOX�GLEHODK�PHODOXL�WLWLN�SXVDWQ\D�
PHQMDGL�EHEHUDSD�SRWRQJ�MXULQJ��3RWRQJDQ�MXULQJ�
WHUVHEXW� GLELDUNDQ� EHEHUDSD� ZDNWX� DWDX�
GLNHULQJNDQ�GDODP�RYHQ�VDPSDL�PHQFDSDL�NDGDU�
DLU�VHNLWDU������

&��$QDOLVLV�'DWD

� 'DWD� GLDQDOLVLV� VHFDUD�\DQJ� GLSHUROHK�
GHVNULSWLI��8QWXN�PHQJHWDKXL�SHPHWDDQ�SRWHQVL�
SHQJJXQDDQ�ND\X��PDND�KDVLO�DQDOLVLV�NRPSRQHQ�

NLPLD�GLWDEXODVL� VHVXDL�SHUV\DUDWDQ�XQWXN� WXMXDQ�
SHQJJXQDDQ� WHUWHQWX� VHSHUWL�� XQWXN� SHPEXDWDQ�
SXOS��XQWXN�EDKDQ�ELRHWDQRO��GDQ�XQWXN�HQHUJL�

,,,��+$6,/�'$1�3(0%$+$6$1

$��$QDOLVLV� .DGDU� /LJQLQ�� 3HQWRVDQ�� GDQ�
6HOXORVD

� +DVLO� DQDOLVLV� NRPSRQHQ� NLPLD� �� MHQLV� ND\X�
NXUDQJ�GLNHQDO�DVDO�-DZD�%DUDW�EHUXSD�NDGDU�OLJQLQ��
SHQWRVDQ�GDQ�VHOXORVD�GLWXQMXNNDQ�SDGD�*DPEDU�
��� .HOLPD� MHQLV� ND\X� \DQJ� GLDQDOLVLV� PHPLOLNL�
NDQGXQJDQ� NRPSRQHQ� NLPLD� EHUXSD� OLJQLQ��
SHQWRVDQ�GDQ�VHOXORVD�\DQJ�EHUEHGD�� �'DUL�GDWD�
WHUVHEXW� GLNHWDKXL� EDKZD� NDGDU� OLJQLQ� EHUNLVDU�
DQWDUD� ������������� VHKLQJJD� DSDELOD� PHUXMXN�
SDGD� NHODV� NRPSRQHQ� GDXQ� OHEDU� NDGDU� LQL�
WHUPDVXN� NH� GDODP� NHODV� NRPSRQHQ� VHGDQJ�
�'HSDUWHPHQ� 3HUWDQLDQ�� ������� .DGDU� OLJQLQ�
WHUHQGDK�WHUGDSDW�SDGD�ND\X�NL�ODQJLU�VHGDQJNDQ�
NDGDU� OLJQLQ� WHUWLQJJL� EHUDGD� SDGD� ND\X�
FDQJFDUDWDQ�
� /LJQLQ�MXJD�GLVLQ\DOLU�VHEDJDL�NRPSRQHQ�XWDPD�
\DQJ�PHQJKDPEDW�SURVHV�KLGUROLVLV�OLJQRVHOXORVD�
PHQMDGL� ELRHWDQRO� �6RNDQDQGL� HW� DO��� �������
'HQJDQ�GHPLNLDQ��PDND�VDODK�VDWX�NULWHULD�EDKDQ�
EDNX�\DQJ�GLJXQDNDQ�XQWXN�ELRHWDQRO�DGDODK�MHQLV�
ND\X� \DQJ� PHPLOLNL� NDQGXQJDQ� OLJQLQ� UHQGDK�� � �
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*DPEDU�����3HUVHQWDVH�NDQGXQJDQ�OLJQLQ��SHQWRVDQ�GDQ�VHOXORVD�OLPD�MHQLV�ND\X�NXUDQJ�GLNHQDO
'JHVSF����1FSDFOUBHF�PG�MJHOJO
�QFOUPTBO�BOE�DFMMVMPTF�DPOUFOU�PG�GJWF�MFTTFS�LOPXO�XPPE�TQFDJFT
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6HODLQ�DNDQ�PHQJKDVLONDQ�SURGXN�OHELK�PDNVLPDO��
UHQGDKQ\D�NDGDU�OLJQLQ��MXJD�DNDQ�PHPSHUVLQJNDW�
ZDNWX� GDQ� WDKDS� SURGXNVL� ELRHWDQRO�� /LJQLQ�
PHPLOLNL�VWUXNWXU�LNDWDQ�DULO�DONLO�GDQ�LNDWDQ�HWHU�
VHKLQJJD�GDSDW�PHOLQGXQJL�NRPSRQHQ�ODLQ�\DQJ�
EHUDGD� GL� VHNLWDUQ\D�� VHKLQJJD� SURVHV� KLGUROLVLV�
WHUKDGDS� NRPSRQHQ� NDUERKLGUDW� ODLQQ\D� VXOLW�
GLODNXNDQ��/LJQLQ�LWX�VHQGLUL�DGDODK�PDWHULDO�\DQJ�
SDOLQJ�NXDW�GL�GDODP�ELRPDVVD��8VPDQD��5LDQGD��
	�1RYLD��������
� /LJQLQ�VDQJDW�UHVLVWHQ�WHUKDGDS�GHJUDGDVL��EDLN�
VHFDUD� ELRORJLV�� HQ]LPDWLV�� PDXSXQ� NLPLDZL��
.DQGXQJDQ�NDUERQ�\DQJ�UHODWLI �WLQJJL�SDGD�OLJQLQ�
GLEDQGLQJNDQ�GHQJDQ� VHOXORVD�GDQ�KHPLVHOXORVD�
PHQ\HEDENDQ� OLJQLQ�PHPLOLNL�NDQGXQJDQ�HQHUJL�
\DQJ�WLQJJL� � �8VPDQD�HW�DO��������� 2OHK�NDUHQD��
LWX�� XQWXN� PHQJKLODQJNDQ� DWDX� PHQJXUDQJL�
NDQGXQJDQ� OLJQLQ� GL� GDODP� EDKDQ� OLJQRVHOXORVD�
�GHOLJQLILNDVL���GLODNXNDQ�SHUODNXDQ�SHQGDKXOXDQ�
�SUHWUHDWPHQW�� WHUOHELK� GDKXOX� VHEHOXP� SURVHV�
KLGUROLVLV� GDQ� IHUPHQWDVL� �,UDZDWL� HW� DO��� �������
7XMXDQ�GDUL�SHUODNXDQ�SHQGDKXOXDQ�DGDODK�XQWXN�
PHPEXND� VWUXNWXU� OLJQRVHOXORVD� DJDU� VHOXORVD�
PHQMDGL� OHELK� PXGDK� GLDNVHV� ROHK� HQ]LP� \DQJ�
PHPHFDK�SROLPHU�SROLVDNDULGD�PHQMDGL�PRQRPHU�
JXOD��NDUHQD�NDQGXQJDQ�OLJQLQ�\DQJ�FXNXS�WLQJJL�
GDUL� EDKDQ� OLJQRVHOXORVD� GDSDW� PHQ\HEDENDQ�
DNVHVLELOLWDV�HQ]LP�PHQMDGL�EHUNXUDQJ��0RVLHU�HW�
DO��GDODP�,UDZDWL�HW�DO����������3URVHV�GHOLJQLILNDVL�
GDODP�SURGXNVL�ELRHWDQRO�GDSDW�GLODNXNDQ�VHFDUD�
ILVLND�� NLPLDZL� GDQ� ELRORJLV�� +DVLO� SHQHOLWLDQ�
$JXVWLQL� GDQ� (IL\DQWL� ������� PHQXQMXNNDQ�
HIHNWLYLWDV�GHOLJQLILNDVL�GDQ�KLGUROLVLV�OLPEDK�ND\X�
VHQJRQ� GDQ� SHOHSDK� GDXQ� NHODSD� VDZLW� XQWXN�
SURGXNVL� HWDQRO� VHFDUD� NLPLDZL� OHELK� RSWLPDO�
GLEDQGLQJNDQ� GHQJDQ� GHOLJQLILNDVL� ILVLND� GDQ�
ELRORJLV�
� .DGDU�SHQWRVDQ�GDUL�NHOLPD�MHQLV�ND\X�EHUNLVDU�
DQWDUD��������������GHQJDQ�QLODL�WHUHQGDK� �SDGD�
ND\X� FDQJFDUDWDQ� GDQ� WHUWLQJJL� SDGD� ND\X� NL�
EXJDQJ�� .DGDU� SHQWRVDQ� LQL� EHUGDVDUNDQ�
NODVLILNDVL� NHODV� NRPSRQHQ� WHUPDVXN� NH� GDODP�
NHODV� NRPSRQHQ� VHGDQJ� XQWXN� ND\X� NL� EXJDQJ�
GDQ� NHODV� NRPSRQHQ� UHQGDK� XQWXN� HPSDW� MHQLV�
ND\X� ODLQQ\D� �NL� ODQJLU�� FDQJFDUDWDQ�� NL� SDVDQJ�
GDQ�VHPSXU�OLOLQ���3HQWRVDQ�PHUXSDNDQ�VDODK�VDWX�
EDKDQ� EDNX� SHQGXNXQJ� XQWXN� SHPEXDWDQ�
ELRHWDQRO� \DQJ� EDQ\DN�PHQ\XVXQ� KHPLVHOXORVD��
.DQGXQJDQ� KHPLVHOXORVD� EHUNLVDU� ������� GDUL�
EHUDW�NHULQJ�ND\X��.DQGXQJDQ�SHQWRVDQ�PHQXQ�

MXNNDQ�JXOD�SHQWRVDQ�VHSHUWL�[\ORVD�GDQ�DUDELQRVD�
\DQJ� PHQ\XVXQ� KHPLVHOXORVD�� 6HQ\DZD� JXOD� LQL�
GDSDW� GLSHFDK� PHQMDGL� PRQRPHU� JXOD� VHEDJDL�
EDKDQ�EDNX�ELRHWDQRO��%DODW�HW�DO����������6HPDNLQ�
EHVDU�NDQGXQJDQ�SHQWRVDQ��KDUDSDQQ\D�ELRHWDQRO�
\DQJ�GLSHUROHK�DNDQ�VHPDNLQ�EDQ\DN�GLNDUHQDNDQ�
EDKDQ�EDNX�\DQJ�WHUVHGLD�VHPDNLQ�EHVDU�
� .DQGXQJDQ� VHOXORVD� GDUL� NH� OLPD� MHQLV� ND\X�
NXUDQJ�GLNHQDO�LQL�EHUNLVDU�DQWDUD���������������
.DQGXQJDQ�VHOXORVD�WHUWLQJJL�WHUGDSDW�SDGD�ND\X�
NL�EXJDQJ�GDQ�\DQJ�WHUHQGDK�SDGD�ND\X�NL�ODQJLU��
.D\X�NL�ODQJLU�WHUPDVXN�NH�GDODP�NHODV�NRPSRQHQ�
VHOXORVD� VHGDQJ� NDUHQD� EHUNLVDU� ��������
VHGDQJNDQ�HPSDW�MHQLV�ND\X�ODLQQ\D�WHUPDVXN�NH�
GDODP� NHODV� NRPSRQHQ� VHOXORVD� WLQJJL�� NDUHQD�
QLODLQ\D� EHUDGD� GDODP� NLVDUDQ� OHELK� GDUL� ����
�'HSDUWHPHQ� 3HUWDQLDQ�� ������� 6HOXORVD�
PHUXSDNDQ�SROLPHU�JOXNRVD�\DQJ�WLGDN�EHUFDEDQJ�
�8VPDQD� HW� DO��� ������� 3DGD� SURGXNVL� ELRHWDQRO�
JHQHUDVL� GXD�� VXPEHU� EDKDQ� EDNX� XWDPD� XQWXN�
PHQJKDVLONDQ�ELRHWDQRO�DGDODK�VHOXORVD��6HOXORVD�
NHWLND�GLKLGUROLVLV� DNDQ�PHQJKDVLONDQ�PRQRPHU�
JOXNRVD�\DQJ�SDGD�WDKDS�EHULNXWQ\D�GLIHUPHQWDVL�
PHQMDGL� ELRHWDQRO�� .DGDU� NRPSRQHQ� VHOXORVD�
\DQJ� UHQGDK� PHQJLQGLNDVLNDQ� EDKZD� WHUGDSDW�
NDQGXQJDQ�VHQ\DZD�ODLQ�\DQJ�DNDQ�PHQJKDPEDW�
SURVHV�KLGUROLVLV�NDUHQD�HQ]LP�DWDX�NDWDOLV�\DQJ�GL�
JXQDNDQ�VXOLW�PHQJDNVHV�VHOXORVD�PHQMDGL�JOXNRVD�
�6RNDQDQGL�HW�DO���������
� %LRGHJUDGDVL� VHOXORVD� GDODP� SHPEXDWDQ�
ELRHWDQRO�SDGD�SURVHV�KLGUROLVLV�HQ]LPDWLV�PHQJ�
JXQDNDQ� FHOORELRK\GURODVH� ,� �&%+�,��PHQXQMXNNDQ�
EDKZD� PRGXO� SHQJLNDW� VHOXORVD� �FHOOXORVH� ELQGLQJ�
PRGXOH�&%0�� SDGD� HQ]LP� EHUIXQJVL� SDGD� GXD�
DNWLYLWDV� \DLWX�� ��� XQWXN� PHQJLNDW� GDQ� PH�
QLQJNDWNDQ�NRQVHQWUDVL�HIHNWLI �&%+�,�SDGD�SHU�
PXNDDQ�VHOXORVD��GDQ����PHPXWXV�LNDWDQ�KLGURJHQ�
GDQ� SDGD� DNKLUQ\D� PHQJJDQJJX� SHUPXNDDQ�
NULVWDOLQ� SDGD� VHOXORVD� �:DQJ� HW� DO��� ����� GDODP�
)DQJ��6KHQ��%DR��	�4X���������'HQJDQ�GHPLNLDQ��
NDQGXQJDQ�VHOXORVD�\DQJ�WLQJJL�GLKDUDSNDQ�DNDQ�
PHQJKDVLONDQ�ELRHWDQRO�\DQJ�OHELK�EHVDU�GHQJDQ�
VHPDNLQ� EDQ\DNQ\D� VHOXORVD� \DQJ� WHUGHJUDGDVL�
EDLN� VHFDUD�HQ]LPDWLV�PDXSXQ�NLPLDZL��'HQJDQ�
PHOLKDW� SHUVHQWDVH� NDQGXQJDQ� VHOXORVD� GDQ�
SHQWRVDQ� GL� GDODP� NHOLPD� MHQLV� ND\X� DVDO� -DZD�
%DUDW�\DQJ�GLWHOLWL��ND\X�NL�EXJDQJ�OHELK�EHUSRWHQVL�
VHEDJDL� EDKDQ� ELRHWDQRO� GHQJDQ� NDQGXQJDQ�
VHOXORVD�GL�DWDV�����GDQ�NDGDU�SHQWRVDQ�GL�DWDV�
����

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������
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� .DQGXQJDQ�OLJQLQ��SHQWRVDQ�GDQ�VHOXORVD�WLGDN�
KDQ\D�EHUSHQJDUXK�WHUKDGDS�WXMXDQ�SHQJJXQDDQ�
ND\X� VHEDJDL� EDKDQ� ELRHWDQRO�� .HWLJDQ\D� MXJD�
GDSDW� EHUSHQJDUXK� EDJL� WXMXDQ� SHQJJXQDDQ�
VHEDJDL�EDKDQ�SXOS�GDQ�NHUWDV��%HUGDVDUNDQ�XODVDQ�
VHEHOXPQ\D��NDQGXQJDQ�OLJQLQ�NHOLPD�MHQLV�ND\X�
WHUJRORQJ� GDODP� NHODV� NRPSRQHQ� VHGDQJ� \DNQL�
EHUNLVDU� DQWDUD� ������������� �'HSDUWHPHQ�
3HUWDQLDQ��������
� .DQGXQJDQ� O LJQLQ� \DQJ� WLQJJL� DNDQ�
PHQ\HEDENDQ� NRQVXPVL� DONDOL� SDGD� SURVHV�
SXOSLQJ� DNDQ� VHPDNLQ� WLQJJL� VHKLQJJD� QLODL�
ELODQJDQ�NDSSD�DNDQ�VHPDNLQ�PHQLQJNDW��&DVH\��
�������/LJQLQ�PHPLOLNL�LNDWDQ�NDUERQ�EHUXSD�&�&�
GDQ�LNDWDQ�UDQJNDS�& &��,NDWDQ�NDUERQ�GHQJDQ�
NDUERQ� � DNDQ� OHELK� VXOLW� GLSXWXV� GLEDQGLQJNDQ�
GHQJDQ� LNDWDQ� NDUERQ� GHQJDQ� RNVLJHQ� �&�2��
�0DFLXODLWLV�� -HILPRYHV�� 	� =GDQHYLFLXV�� �������
2OHK�NDUHQD�LWX�NDQGXQJDQ�OLJQLQ�\DQJ�WLQJJL�WLGDN�
GLLQJLQNDQ� MLND� WXMXDQ�SHQJJXQDDQ�ND\X� VHEDJDL�
EDKDQ�SXOS�GDQ�VHUDW��3HUEDQGLQJDQ�XQLW�V\ULQJLO�
GDQ� JXDLDFLO� �6�*� UDWLR�� GDODP� VWUXNWXU� OLJQLQ�
(XFDO\SWXV� JUDQGLV� GLNHWDKXL�PHPSHQJDUXKL� KDVLO�
SXOSLQJ� GHQJDQ� FDUD� .UDIW� �5HLQD�� *DOHWWD��
9LQFLJXHUUD��	�0HQHQGH]��������
� 6WUXNWXU� OLJQLQ� VHSHUWL� JXJXV� KLGURNVLO� �2+��
IHQROLN�GLNHWDKXL�PHPLOLNL�NHPDPSXDQ�SHQHQWX�
VLIDW�DQWLRNVLGDQ��'L�VDPSLQJ�JXJXV�2+�IHQROLN��
XQLW� IHQLOSURSDQD� EHUXSD� XQLW� V\ULQJLO� �6�� GDQ�
JXDLDFLO� �*�� SDGD� VWUXNWXU� OLJQLQ� MXJD� PHPSH�
QJDUXKL�VLIDW�DQWLRNVLGDQ�OLJQLQ��3RQRPDUHQNR�HW�
DO���������
� .DGDU�SHQWRVDQ�PHPLOLNL�NHWHUNDLWDQ�GHQJDQ�
NHEXWXKDQ�EDKDQ�EDNX�VHUDW��+DO�LQL�GLNDUHQDNDQ�
DSDELOD� NDGDU� SHQWRVDQ� WLQJJL�� PDND� VHUDW� DNDQ�
VHPDNLQ�VXOLW�GLEHQWXN�VHFDUD�PHNDQLV�GDQ�NRQWDN�
VHUDW�DNDQ�OHELK�VXOLW�VHKLQJJD�NHWLND�NDQGXQJDQ�

SHQWRVDQ� WLQJJL� PDND� EHQDQJ� UD\RQ� \DQJ�
GLKDVLONDQ�DNDQ�VHPDNLQ�UDSXK��6MRVWURP��������
� .RPSRQHQ� VHOXORVD� WLQJJL� GLSHUOXNDQ� GDODP�
SHPEXDWDQ� NHUWDV� \DQJ� PHPHUOXNDQ� WLQJNDW�
NHPXUQLDQ� VHOXORVD� \DQJ� EDLN�� VHSHUWL� KDOQ\D�
NHUWDV� ��:KDWPDQ� �3DVDULEX� HW� DO��� �����
%HUGDVDUNDQ� DQDOLVLV� NDQGXQJDQ� VHOXORVD� SDGD�
*DPEDU����ND\X� �PHPLOLNL�SRWHQVL�\DQJ�NL�EXJDQJ
OHELK� EHVDU� GDODP� SHPDQIDDWDQQ\D� VHEDJDL�
VXPEHU� EDKDQ� EDNX� VHUDW� MLND� GLOLKDW� GDUL�
NDQGXQJDQ� VHOXORVDQ\D� \DQJ� PHQFDSDL� ��������
1DPXQ� MLND� GLOLKDW� WRWDO� SHUVHQWDVH� NRPSRQHQ�
SHQJKDPEDW� SHPEXDWDQ� VHUDW� �OLJQLQ� GDQ�
SHQWRVDQ���PDND�ND\X� OHELK�EHUSURVSHN�VHPSXU�OLOLQ�
NDUHQD� PHPLOLNL� WRWDO� SHUVHQWDVH� NRPSRQHQ�
SHQJKDPEDW� WHUNHFLO�� \DLWX� VHEHVDU� �������
GHQJDQ�NDGDU�VHOXORVD�\DQJ�UHODWLI �WLQJJL�PHQFDSDL�
�������� .HHPSDW� MHQLV� ND\X� ODLQQ\D� PHPLOLNL�
SHUVHQWDVH�SHQJKDPEDW�SHPEXDWDQ�VHUDW�GL DWDV��
����
� 0HVNLSXQ� NRPSRQHQ� NLPLD� VHSHUWL� NDGDU�
OLJQLQ�� VHOXORVD� GDQ� SHQWRVDQ� EHUSHQJDUXK�
WHUKDGDS� SHPEXDWDQ� SXOS� GDQ� NHUWDV�� QDPXQ�
NRQGLVL� SHQJRODKDQ� GDQ� PRUIRORJL� VHUDW� EDKDQ�
EHUOLJQRVHOXORVD� MXJD� PHPSHQJDUXKL� VLIDW�
SHPEXDWDQ�SXOS�GDQ�NHUWDV�GDUL�MHQLV�ND\X�WHUWHQWX�
�3DVDULEX� 	� 6LOLWRQJD�� ����� GDODP� 1XUL\DWLQ� 	�
6RI\DQ��������
� .RPSRVLVL� OLJQLQ� GDQ� VHOXORVD� MXJD� EHU�
SHQJDUXK� WHUKDGDS� QLODL� NDORU� DUDQJ� ND\X�
\DQJ� GLKDVLONDQ�� +D\JUHHQ� HW� DO�� ������� GDODP�
&DK\RQR��&RWR��GDQ�)HEULDQWR��������PHQ\HEXW�
NDQ�EDKZD�QLODL�NDORU�OLJQLQ�VHEHVDU������NNDO�J�
GDQ� VHOXORVD� VHEHVDU�����������NNDO�J��$GDSXQ�
KDVLO�DQDOLVLV�QLODL�NDORU�DUDQJ�GDUL�NHOLPD�MHQLV�ND\X�
VHSHUWL�SDGD�7DEHO���
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.RPSRQHQ�.LPLD�GDQ�3RWHQVL�3HQJJXQDDQ�/LPD� .D\X� $VDO�-DZD�%DUDW-HQLV� .XUDQJ�'LNHQDO�
�1RYLWUL�+DVWXWL�� ��6DHSXORK��	�'DGDQJ�6HWLDZDQ�/LVQD�(IL\DQWL��*XVWDQ�3DUL

NL�EXJDQJ��$UWKRSK\OOXP�GLYHUVLIROLXP�%O��
VHPSXU�OLOLQ��'LOOHQLD�RERYDWD�+RRJO��
FDQJFDUDWDQ��/LWKRFDUSXV�VXQGDLFXV�%O��
NL�SDVDQJ��3UXQXV�MDYDQLFD�0LT��
NL�ODQJLU��2WKRSKRUD�VSHFWDELOLV�%O���

7DEHO���� .DQGXQJDQ�OLJQLQ��VHOXORVD�GDQ�QLODL�NDORU�DUDQJ�OLPD�MHQLV�ND\X�NXUDQJ�GLNHQDO�GL�
-DZD�%DUDW
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� 3DGD�7DEHO���GLNHWDKXL�EDKZD�QLODL�NDORU�DUDQJ�
WHUWLQJJL�GLSHUROHK�GDUL�ND\X�FDQJFDUDWDQ��VHEHVDU�
����� NDO�J�� 7LQJJLQ\D� QLODL� NDORU� DUDQJ� GDUL�
ND\X� LQL� GLSHUNLUDNDQ� NDUHQD� NDQGXQJDQ�
OLJQLQQ\D��.D\X� FDQJFDUDWDQ� GLNHWDKXL�PHPLOLNL�
NDQGXQJDQ� OLJQLQ�SDOLQJ� WLQJJL� GL� DQWDUD� NHOLPD�
MHQLV�ND\X�\DQJ�DGD�� �'DUL�KDVLO�DQDOLVLV�LQL�ND\X�
FDQJFDUDWDQ�OHELK�EHUSURVSHN�GLJXQDNDQ�VHEDJDL�
ND\X� HQHUJL� GLEDQGLQJNDQ� NHHPSDW� MHQLV� ND\X�
ODLQQ\D�
� 0HVNLSXQ�NDGDU�OLJQLQ�SDOLQJ�UHQGDK�GLPLOLNL�
ROHK�ND\X�NL�ODQJLU�� �QDPXQ�QLODL�NDORU�DUDQJ�ND\X�
LQL�PDVLK�OHELK�WLQJJL�GLEDQGLQJNDQ�GHQJDQ�ND\X�
NL�EXJDQJ��+DO�LQL�PHQXQMXNNDQ�EDKZD�QLODL�NDORU�
DUDQJ�WLGDN�KDQ\D�GLSHQJDUXKL�ROHK�NDGDU�OLJQLQ�
GDQ�VHOXORVD��%UDDGEDUW��+XLVPDQ��GDQ�2]��������
PHQ\HEXWNDQ�EDKZD�IUDNVL�RUJDQLN�VHSHUWL�NDGDU�
NDUERQ� WHULNDW� DNDQ� PHPSHQJDUXKL� QLODL� NDORU�
DUDQJ�� .DQGXQJDQ� IUDNVL� RUJDQLN� LQL� VHQGLUL�
GLSHQJDUXKL� ROHK� NDGDU� DLU� GDQ� NDGDU� DEX� \DQJ�
QLODLQ\D�EHUYDULDVL�GDUL�EHUEDJDL�MHQLV�DUDQJ���1LODL�
NDORU� DUDQJ� GDUL� NHOLPD� MHQLV� ND\X� NXUDQJ�
GLNHQDO� DVDO� -DZD� %DUDW� LQL� PHPHQXKL� 61,� ���
����� ������ EULNHW� DUDQJ� ND\X�� WHQWDQJ� \DQJ�
PHQV\DUDWNDQ�QLODL�NDORU�PLQLPXP�VHEHVDU������
NDO�J�

%��$QDOLVLV� =DW� (NVWUDNWLI � GDODP� 6DPSHO�
.D\X

� +DVLO� DQDOLVLV� ]DW� HNVWUDNWLI � GDUL� �� MHQLV� ND\X�
NXUDQJ�GLNHQDO�DVDO�-DZD�%DUDW�GLWDPSLONDQ�SDGD�
*DPEDU� ��� .HOLPD� MHQLV� ND\X� \DQJ� GLDQDOLVD�

PHPLOLNL� NDGDU� NHODUXWDQ� DLU� GLQJLQ�� DLU� SDQDV��
DONRKRO�EHQ]HQD�� GDQ� 1D2+� \DQJ� EHUYDULDVL��
.DGDU�NHODUXWDQ�GDODP�DLU�GLQJLQ�EHUNLVDU�DQWDUD�
��������������GDODP�DLU�SDQDV���������������GDODP�
DONRKRO�EHQ]HQD���������������GDQ�GDODP�1D2+�
������ �� �������� 1LODL� NHODUXWDQ� LQL� EHUNDLWDQ�
GHQJDQ�NDGDU�HNVWUDNWLI �GL�GDODP�ND\X��.DGDU�]DW�
HNVWUDNWLI � GDSDW� EHUSHQJDUXK� WHUKDGDS� SURVHV�
SXOSLQJ�GDQ�NRQYHUVL�EDKDQ�OLJQRVHOXORVD�PHQMDGL�
ELRHWDQRO�
� .DQGXQJDQ�HNVWUDNWLI �WHUXWDPD�\DQJ�OLSRILOLN�
GLNHWDKXL� VDQJDW� WDKDQ� WHUKDGDS� EDKDQ� NLPLD�
VDDW� SXOSLQJ� GDQ� PHPSHQJDUXKL� KDVLO� SXOSLQJ�
GHQJDQ� PXQFXOQ\D� EHUFDN� KLWDP�� .HEHUDGDDQ�
HNVWUDNWLI � \DQJ� EHUVLIDW� OLSRILOLN� WHUVHEXW�
PHQJDNLEDWNDQ�NRQVXPVL�EDKDQ�NLPLD�\DQJ�WLQJJL�
SDGD� SURVHV� SHPXWLKDQ� �.LOXO\D�� 0VHJDWL��
0DPED�� 1JLOD�� 	� %XVK�� ������� .DGDU� ]DW�
HNVWUDNWLI �EHUNDLWDQ�GHQJDQ�SURVHV�SXOSLQJ�GDODP�
SURGXNVL�SXOS�GDQ�NHUWDV��KDO� LQL�NDUHQD�DSDELOD�
NDQGXQJDQ� ]DW� HNVWUDNWLI � WLQJJL��PDND� GL� GDODP�
SURVHV� SXOSLQJ� DNDQ� FHQGHUXQJ� WHUMDGL� UHDNVL�
GHQJDQ� ODUXWDQ� SHPDVDN� GDQ� MXJD� GDSDW�
PHQXUXQNDQ� UHQGHPHQ� SXOS� \DQJ� GLKDVLONDQ�
�3DVDULEX�HW�DO����������6HGDQJNDQ�NDLWDQ�GHQJDQ�
SURGXNVL� ELRHWDQRO� DGDODK� EDKZD� ]DW� HNVWUDNWLI �
DNDQ� PHQJLVL� URQJJD� GDODP� VHO� ND\X� VHKLQJJD�
PHQXUXQNDQ�DNVHVLELOLWDV�GDODP�SURVHV�SURGXNVL��
$NLEDWQ\D�� ]DW� HNVWUDNWLI � GLDQJJDS�GDSDW�PHQJ�
KDPEDW� MDODQQ\D� SURVHV� IHUPHQWDVL� GDQ� PH�
QXUXQNDQ� NLQHUMD�PLNURRUJDQLVPH� \DQJ� WHUOLEDW��
'HQJDQ� EHJLWX�� NULWHULD� GDODP� SHPLOLKDQ� EDKDQ�

*DPEDU����3HUVHQWDVH�]DW�HNVWUDNWLI�OLPD�MHQLV�ND\X�NXUDQJ�GLNHQDO
'JHVSF����1FSDFOUBHF�PG�FYUSBDUJWF�DPOUFOU�PG�GJWF�MFTTFS�LOPXO�XPPE�TQFDJFT
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EDNX� ELRHWDQRO� VDODK� VDWXQ\D� DGDODK� UHQGDKQ\D�
NDQGXQJDQ� ]DW� HNVWUDNWLI � \DQJ� WHUGDSDW� GDODP�
EDKDQ�EDNX�WHUVHEXW��6RHNDQDQGL�HW�DO���������
� .HODUXWDQ�GDODP�DLU�GLQJLQ�GDQ�DLU�SDQDV�GDSDW�
PHQMHODVNDQ�NHPXGDKDQ�HNVWUDNVL�VHQ\DZD�VHSHUWL�
SDWL��WDQLQ��JHWDK��SHNWLQ�GDQ�VHQ\DZD�GLVDNDULGD�
�+DUNLQ�	�5RZH���������.HODUXWDQ�GDODP�DLU�SDQDV�
GDSDW� PHUHSUH�VHQWDVLNDQ� NHPXGDKDQ� XQWXN�
PHQJKLGUROLVLV�KHPLVHOXORVD�SDGD�ND\X��(NVWUDNVL�
DLU� SDQDV� VHULQJ� GLVHEXW� VHEDJDL� SURVHV�
DXWRKLGUROLVLV� DWDX� K\GURWKHUPDO� WUHDWPHQW�� 3DGD�
HNVWUDNVL� DLU� SDQDV� VHQ\DZD� EHUEHUDW� PROHNXO�
UHQGDK� \DQJ� PHUXSDNDQ� WXUXQDQ� GDUL �
KHPLVHOXORVD� VHSHUWL� VHQ\DZD� ROLJRVDNDULGD� DWDX�
PRQRVDNDULGD�GDSDW�WHUHNVWUDN��6RQJ��3UDQRYLFK��
	�+ROPERP�� �������3HUODNXDQ� DZDO� GHQJDQ� DLU�
SDQDV� GDQ� DVDP� HQFHU� GLNHWDKXL� VHEDJDL� WHNQLN�
WHUSLOLK� XQWXN� PHODUXWNDQ� KHPLVHOXORVD� DPSDV�
WHEX� GDQ� EDPEX� VHKLQJJD� PHQLQJNDWNDQ�
DNVHVLELOLWDV� HQ]LP� SDGD� KLGUROLVLV� VHOXORVD��
3HUODNXDQ� DZDO� GHQJDQ� DLU� SDQDV� PHQXQMXNNDQ�
WRWDO� JXOD� SHUHGXNVL� \DQJ� GLKDVLONDQ� OHELK� EHVDU�
SDGD�HNVWUDNVL�EDKDQ�EHUOLJQRVHOXORVD�DPSDV�WHEX�
GDQ� EDPEX� �7LPXQJ� HW� DO��� ������� (NVWUDNVL�
PHQJJXQDNDQ� DLU� VHEDJDL� SHODUXW� SHUOX�
PHPSHUKDWLNDQ� VLIDW� ILVLND� GDQ� NLPLD� DLU� \DQJ�
GDSDW�EHUYDULDVL�SDGD�VXKX�GDQ�WHNDQDQ�WHUWHQWX��
$LU�SDGD�VXKX�����&������.��GDQ�WHNDQDQ�����03D�
DNDQ� PHPLOLNL� NDSDVLWDV� SDQDV� VSHVLILN� VHEHVDU�

�� ������� -� J �. � �3OD]D�	�7XUQHU�� ������� $FKPDGL�
�������PHQ\HEXWNDQ�EDKZD�WLGDN�DGD�SHUEHGDDQ�
\DQJ� WHJDV� DQWDUD� NRPSRQHQ� HNVWUDNWLI � \DQJ�
GLSLVDKNDQ� GHQJDQ� SHODUXW� EHUEHGD�� &RQWRKQ\D�
WDQLQ�\DQJ�GDSDW�ODUXW�GDODP�DLU�SDQDV�QDPXQ�MXJD�
GDSDW� GLWHPXNDQ� GDODP� HNVWUDN� DONRKRO�� �
.RPSRQHQ� XWDPD� \DQJ� ODUXW� DLU� WHUGLUL� DWDV�
VHQ\DZD� NDUERKLGUDW�� SURWHLQ� GDQ� JDUDP�JDUDP�
DQRUJDQLN�
� 3DGD� NHOLPD� MHQLV� ND\X� \DQJ� GLDQDOLVLV�� ND\X�
6HPSXU� OLOLQ�PHPLOLNL�NDGDU�NHODUXWDQ�GDODP�DLU�
GLQJLQ�GDQ�DLU�SDQDV�\DQJ�SDOLQJ�WLQJJL��.D\X�.L�
EXJDQJ�PHPLOLNL�NDGDU�NHODUXWDQ�GDODP�DLU�GLQJLQ�
WHUHQGDK� VHGDQJNDQ� ND\X� .L� SDVDQJ� PHPLOLNL�
NHODUXWDQ�GDODP�DLU�SDQDV�WHUHQGDK�
� .H O D U X W DQ � G D O DP � D O NRKR O � E HQ] HQ D �
PHQXQMXNNDQ� NHPXGDKDQ� XQWXN� PHQJHNVWUDN�
VHQ\DZD� VHPL� SRODU� GDQ� QRQ� SRODU�� 6HQ\DZD�
VHSHUWL� SROLIHQRO� VHGHUKDQD�� JOLNRVLGD�� WDQLQ��
PRQR� GDQ� GLVDNDULGD� GLNHWDKXL� GDSDW� GLHNVWUDN�
PHQJJXQDNDQ� DONRKRO� �+DUNLQ� 	� 5RZH�� �������

6HQ\DZD� SROLIHQRO� GDQ� VDNDULGD� VDQJDW� SHQWLQJ�
EDJL� LQGXVWUL� ELRUHILQHUL�� 6HQ\DZD� SROLIHQRO�
GLNHWDKXL�PHPLOLNL� VLIDW� DQWLRNVLGDQ� \DQJ� GDSDW�
GLJXQDNDQ�GDODP� LQGXVWUL� IDUPDVL�GDQ�NRVPHWLN�
�'KLDQDZDW\�	�5XVOLQ�� ������� 6HQ\DZD� VDNDULGD�
GDUL� EDKDQ� EHUOLJQRVHOXORVD� GDSDW� GLIHUPHQWDVL�
GDQ� GLJXQDNDQ� XQWXN� EDKDQ� EDNX� SHPEXDWDQ�
ELRHWDQRO� �6RNDQDQGL� HW� DO��� ������� 'DUL� NHOLPD�
MHQLV�ND\X�\DQJ�GLDQDOLVLV��GLNHWDKXL�EDKZD�ND\X�NL�
ODQJLU� PHPLOLNL� NHODUXWDQ� DONRKRO�EHQ]HQD�
WHUWLQJJL� VHGDQJNDQ� NL� SDVDQJ PHPLOLNL� NDGDU��
NHODUXWDQ�DONRKRO�EHQ]HQD�WHUHQGDK�
� .HODUXWDQ� GDODP� 1D2+� MXJD� PHQXQMXNNDQ�
NHPXGDKDQ� VHOXORVD� XQWXN� GLDNVHV� SDGD� SURVHV�
SXOSLQJ��NDUHQD�VWUXNWXU�NLPLD�VHOXORVD�\DQJ�NDNX�
�ULJLG�� GDQ� PHPLOLNL� LNDWDQ� LQWHU� GDQ� LQWUD�
KLGURJHQ� \DQJ� NXDW�� .DPLGH�� 2NDMLPD��0DWVXL��
GDQ�.RZVDND��������VHUWD�,VRJDL�GDQ�$WDOOD��������
GDODP� =KDQJ�� ;XH�OL�� <RQJ� <X�� GDQ� /R� +VLHK�
������� PHQ\HEXWNDQ� EDKZD� VWUXNWXU� PLNUR�
NULVWDOLQ� VHOXORVD� GLNHWDKXL� PHPLOLNL� NHODUXWDQ�
\DQJ� VDQJDW� WHUEDWDV� SDGD� 1D2+�� 6HODQMXWQ\D�
=KDQJ�HW�DO���������PHPSHODMDUL�NHODUXWDQ�VHOXORVD�
SDGD� SHODUXW�1D2+�NRPSOHNV� \DQJ� WHUGLUL� GDUL�
1D2+�XUHD�WKLRXUHD�DLU� GDQ� KDVLOQ\D� SHODUXW�
1D2+�NRPSOHNV� LQL�PHQXQMXNNDQ�NLQHUMD�\DQJ�
SDOLQJ�EDLN�GDODP�PHODUXWNDQ�VHOXORVD�GDQ�WLGDN�
PHQGHJUDGDVL�VHOXORVD��VHWHODK�ZDNWX�SHQ\LPSDQ�
DQ� OHELK� GDUL� �� EXODQ�� 6WXGL� ODLQ� PHQ\HEXWNDQ�
EDKZD� ODUXWDQ�1D2+���� �E�E�� GDQ� XUHD� ����
�E�E��PHUXSDNDQ�SHODUXW�\DQJ�EDLN�XQWXN�VHOXORVD�
�&DL� HW� DO��� ����� � 4L�� /LHEHUW�� 0HLVWHU�� 	�GDODP
+HLQ]H�� ������� .HODUXWDQ� GDODP� SHODUXW� DONDOL�
� �� PHQXQMXNNDQ� NHPXGDKDQ� GDODP�DTXHXVH
HNVWUDNVL� VHQ\DZD� SKOREDSHQH�� DVDP� IHQROLN��
IUDJPHQ�VXEHULQ��KHPLVHOXORVD�GDQ�OLJQLQ��+DUNLQ�
	�5RZH���������3DGD�VWXGL�NDOL�LQL��ND\X�NL�ODQJLU�
GLNHWDKXL�PHPLOLNL�NDGDU�NHODUXWDQ�1D2+�SDOLQJ�
WLQJJL�\DLWX�VHEHVDU���������.D\X�NL�ODQJLU�OHELK�
EHUSURVSHN� VHEDJDL� EDKDQ� SXOS� GLEDQGLQJNDQ�
NHHPSDW� MHQLV�ND\X� ODLQQ\D� MLND�GLOLKDW�GDUL�QLODL�
NHODUXWDQ�1D2+Q\D�

&��.DGDU�$LU��.DGDU�$EX��GDQ�.DGDU�6LOLND

� $QDOLVLV� NRPSRQHQ� NLPLD� \DQJ� MXJD� SHQWLQJ�
PHOLSXWL� NDGDU� DLU�� NDGDU� DEX� GDQ� NDGDU� VLOLND��
+DVLO�DQDOLVLV� WHUKDGDS�NHOLPD� MHQLV�ND\X�NXUDQJ�
GLNHQDO�DVDO�-DZD�%DUDW�GLVDMLNDQ�SDGD�*DPEDU����
.DGDU� DLU� EHUNLVDU� DQWDUD� ����� �� ������ GHQJDQ�
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��

*DPEDU�����3HUVHQWDVH�NDGDU�DLU��NDGDU�DEX��GDQ�NDGDU�VLOLND�OLPD�MHQLV�ND\X�NXUDQJ�GLNHQDO
'JHVSF����1FSDFOUBHF�PG�XBUFS
�BTI�BOE�TJMJDB�DPOUFOU�PG�GJWF�MFTTFS�LOPXO�XPPE�TQFDJFT

NDGDU�DLU�WHUHQGDK�WHUGDSDW�SDGD�ND\X�FDQJFDUDWDQ�
GDQ� NDGDU� DLU� WHUWLQJJL� SDGD� ND\X� NL� ODQJLU��
.DGDU� DLU� ND\X� VDQJDW� PHPSHQJDUXKL�
NDUDNWHULVWLN� ND\X�GDODP�ELGDQJ� WHNQRORJL� ND\X��
ILVLND�ND\X�GDQ�NLPLD�ND\X�NDUHQD�VLIDW�ND\X�\DQJ�
KLJURVNRSLV� �$FKPDGL�� �������.D\X� DNDQ� VHODOX�
PHQFDUL� NHVHWLPEDQJDQ� GHQJDQ� NHOHPEDSDQ�
GLVHNLWDUQ\D�� 2OHK� NDUHQD� LWX�� NDGDU� DLU� ND\X�
VDQJDW� GLSHQJDUXKL� ROHK� WHPSHUDWXU� GDQ�
NHOHPEDSDQ�UHODWLI��.DGDU�DLU�ND\X�GDSDW�EHUEHGD�
DQWDUD� VDWX� ODSLVDQ� GHQJDQ� ODSLVDQ� ODLQQ\D�
VHKLQJJD�GLNHQDO�GHQJDQ�LVWLODK�JUDGLHQ�NDGDU�DLU�
� �� \DQJ� GDSDW� PHQ\HEDENDQ�PRLVWXUH� JUDGLHQW
NHPEDQJ�VXVXW�ND\X�GDQ�PHPSHQJDUXKL�VLIDW�ILVLN�
GDQ�PHNDQLN�ND\X��*ODVV�	�=HOLQND��������
� 3HUXEDKDQ�NDGDU�DLU�PHQ\HEDENDQ�WHUMDGLQ\D�
NHPEDQJ� VXVXW � ND\X� VHK LQJ JD � GD ODP�
SHQJJXQDDQQ\D�GLPHQVL� ND\X� WLGDN� VWDELO��.D\X�
FHQGHUXQJ�DNDQ�PHQJHPEDQJ�OHELK�EDQ\DN�SDGD�
DUDK� WDQJHQVLDO��.DGDU� DLU� � MXJD�PHPSHQJDUXKL�
SURVHV�LPSUHJQDVL�GHQJDQ�SHQJDZHW��.HEHUDGDDQ�
DLU� EHEDV� \DQJ�PHQJLVL� URQJJD� VHO� GDQ� GLQGLQJ�
OXPLQD� PHQ\HEDENDQ� SHQHWUDVL� SHQJDZHW� NH�
GDODP�VHO�ND\X�PHQMDGL�WHUKDPEDW��2OHK�NDUHQD�LWX�
NDGDU� DLU� VDQJDW� GLSHUKDWLNDQ� GDODP� PRGLILNDVL�
ND\X� VHFDUD� NLPLD� PDXSXQ� GHQJDQ� SDQDV� �+LOO��
��������
� .D\X� \DQJ� GLJXQDNDQ� XQWXN� NRQGLVL� NHULQJ�
SDGD� VWUXNWXU� WHUWXWXS� PHQV\DUDWNDQ� NDGDU� DLU�
PDNVLPDO�VHEHVDU������61,��������������.HOLPD�
MHQLV�ND\X�DVDO� -DZD�%DUDW� LQL�PHPLOLNL�NDGDU�DLU�
GL�EDZDK������VHKLQJJD�MLND�PHUXMXN�SDGD�61,�
����� ������� WHQWDQJ� VSHVLILNDVL� GHVDLQ� XQWXN�

NRQVWUXNVL� ND\X�� NHOLPD� MHQLV� ND\X� PHPHQXKL�
V\DUDW� NRQGLVL� NHULQJ�� 1DPXQ� GHPLNLDQ�� XQWXN�
SHUV\DUDWDQ�ND\X�NRQVWUXNVL�SHUOX�GLNHWDKXL�MXJD�
VLIDW�NHNXDWDQ�ND\XQ\D�
� .DGDU� DEX� NHOLPD� MHQLV� ND\X� EHUNLVDU� DQWDUD�
���������GHQJDQ�NDGDU�DEX�WHUHQGDK�SDGD�ND\X�NL�
SDVDQJ�GDQ�NDGDU�DEX�WHUWLQJJL�SDGD�ND\X�VHPSXU�
OLOLQ�� .DGDU� DEX� PHQFLULNDQ� NDQGXQJDQ� EDKDQ�
DQRUJDQLN�\DQJ�WHUGDSDW�GL�GDODP�ND\X��$FKPDGL�
�������PHQ\HEXWNDQ�EDKZD�NDGDU�DEX�EHUYDULDVL�
VHVXDL�WHPSDW�WXPEXKQ\D��.DGDU�DEX�ND\X�WURSLV�
DNDQ�OHELK�WLQJJL�GLEDQGLQJNDQ�ND\X�\DQJ�DGD�GL�
LNOLP�VHGDQJ��.DGDU�DEX�MXJD�GDSDW�EHUEHGD�DQWDUD�
ND\X� GDUL� EDJLDQ� FDEDQJ� GHQJDQ� ND\X� EDJLDQ�
EDWDQJ�VHUWD�NXOLW�ND\X��$UU\DWL���������.DGDU�DEX�
DNDQ� PHPSHQJDUXKL� NDGDU� NDUERQ� WHULNDW� \DQJ�
DGD�GL�GDODP�ND\X�GDQ�GDSDW�PHQJXUDQJL�SURSRUVL�
IUDNVL� RUJDQLN� GL� GDODP� ND\X� �3DUL�� 6HWLDZDQ��	�
0DK\XGLQ���������3DGD�SURVHV�SHPEXDWDQ�ELRIXHO�
GDUL�ELRPDVVD�DWDX�EDKDQ�EHUOLJQRVHOXORVD��NDGDU�
DEX� SHQWLQJ� XQWXN� GLSHUKDWLNDQ� NDUHQD�
NDQGXQJDQ�PDWHULDO�DQRUJDQLN�GL�GDODP�ND\X�DNDQ�
PHQMDGL� LQKLELWRU� HQ]LP� GDODP� PHQJKLGUROLVLV�
VXEVWUDW�PHQMDGL� JOXNRVD� �7LPXQJ� HW� DO��� �������
.DGDU�DEX�\DQJ�WLQJJL�MXJD�WLGDN�GLLQJLQNDQ�XQWXN�
EDKDQ�EDNX�VHUDW��SXOS���.D\X�GHQJDQ�NDGDU�DEX�
WLQJJL� DNDQ�PHQLQJJDONDQ� NDQGXQJDQ� DEX� \DQJ�
WLQJJL�MXJD�SDGD�SURGXN�SXOS��5ROLDGL��'XOVDODP��
	�$QJJUDLQL����������6PRNHU�GDQ�.RFXUHN��������
GDODP� 5ROLDGL� HW� DO�� �������PHQ\HEXWNDQ� EDKZD�
DEX� DWDX� PLQHUDO� GDSDW� EHUHDNVL� GHQJDQ� IUDNVL�
NDUERKLGUDW�ND\X�SDGD�JXJXV�IXQJVLRQLOQ\D��2+��
&2�GDQ�25��� �.RPSRVLVL�DEX��IUDNVL�DQRUJDQLN��

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������
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SDGD� ND\X� MXJD� DNDQ� PHPSHQJDUXKL� NLQHWLN�
JDVLILNDVL� ND\X�� .RPSRVLVL� DEX� EHUXSD� ORJDP�
DONDOL��VRGLXP��NDOVLXP��GDQ�EHVL�DNDQ�PHQLQJNDW�
NDQ� ODMX� JDVLILNDVL�� VHGDQJNDQ� NRPSRVLVL� DEX�
EHUXSD� VLOLND�� DOXPLQD�� GDQ� IRVIDW� FHQGHUXQJ�
PHQJXUDQJL� ODMX� JDVLILNDVL� �8PHNL� HW� DO��� �����
GDODP�5HVFKPHLHU�	�.DUO���������3DGD�VWXGL�NDOL�
LQL�NDGDU�DEX�ND\X�WHUWLQJJL�DGD�SDGD�ND\X�VHPSXU�
OLOLQ�VHEHVDU������GDQ�NDGDU�DEX�WHUHQGDK�DGD�SDGD�
ND\X�NL�SDVDQJ� VHEHVDU�������'HQJDQ�GHPLNLDQ�
GDSDW�GLGXJD�EDKZD� IUDNVL� DQRUJDQLN�SDGD�ND\X�
VHPSXU� OLOLQ� OHELK� WLQJJL� GLEDQGLQJNDQ� NHHPSDW�
MHQLV�ND\X�ODLQQ\D�
� $QDOLVLV� NRPSRQHQ� NLPLD� ODLQQ\D� \DQJ� MXJD�
SHQWLQJ� DGDODK� NDGDU� VLOLND�� .DGDU� VLOLND� \DQJ�
WHUKLWXQJ�SDGD�NHOLPD� MHQLV�ND\X�NXUDQJ�GLNHQDO�
DVDO�-DZD�%DUDW�SDGD�VWXGL�NDOL�LQL�EHUNLVDU�DQWDUD�
��������������.DGDU�VLOLND�WHUWLQJJL�DGD�SDGD�ND\X�
VHPSXU� OLOLQ�GDQ�NDGDU� VLOLND� WHUHQGDK� DGD�SDGD�
ND\X�NL�EXJDQJ��.DGDU�VLOLND�DNDQ�PHQJDNLEDWNDQ�
SURVHV�SHQXPSXODQ�SHUDODWDQ�ORJDP�SDGD�SURVHV�
SHQJHUMDDQ� ND\X� �%RZ\HU� HW� DO��� ������� 6LOLND�
EHUSHUDQ� SDGD� SURVHV� SHPEDWXDQ� ND\X� �IRVLO�
ND\X���6LOLND�DNDQ�PHQJLVL�GLQGLQJ�VHO�GDQ�UXDQJ�
DQWDU�VHO�\DQJ�EHUGHNDWDQ�SDGD�VDDW�VHOXORVD��ND\X��
WHUGHJUDGDVL�GDQ�PHQ\LVDNDQ�UXDQJ�XQWXN�SURVHV�
SUHVLSLWDVL�VLOLND��.HVHLPEDQJDQ�DQWDUD�SUHVLSLWDVL�
VLOLND�NH�GDODP�VHO�ND\X�GDQ�GHJUDGDVL�NLPLD�GDQ�
ELRORJLV�PHQ\HEDENDQ� ND\X� DNDQ�PHQMDGL� NHUDV�
GDQ�PHPEDWX��6DPLQSDQ\D�	�6XWKHUODQG���������

.DGDU� VLOLND� SDGD� ND\X� GDSDW� PHPSHQJDUXKL�
NXDOLWDV�NHUWDV��VHPDNLQ�WLQJJL�NDGDU�VLOLND�PDND�
NXDOLWDV�NHUWDV�\DQJ�GLKDVLONDQ�VHPDNLQ�PHQXUXQ��
.D\X� \DQJ� DNDQ� GLMDGLNDQ� VXPEHU� EDKDQ� EDNX�
NHUWDV��VHEDLNQ\D�GLSLOLK�ND\X�GHQJDQ�VLOLND�\DQJ�
UHQGDK�� .DGDU� VLOLND� \DQJ� WHUGDSDW� SDGD� ND\X�
GDSDW� PHQJKDPEDW� SURVHV� SURGXNVL� ELRHWDQRO�
WHUXWDPD� SDGD� SRVHV� KLGUROLVLV�� VHKLQJJD� NDGDU�
VLOLND� WLQJJL� SDGD� ND\X� WLGDN� GLKDUDSNDQ� XQWXN�
SURVHV� ELRHWDQRO� �6RHNDQDQGL� HW� DO��� ������
3DVDULEX�HW�DO���������
� 'DUL� NHOLPD� MHQLV� ND\X� NXUDQJ� GLNHQDO� \DQJ�
GLDQDOLVLV��ND\X�VHPSXU�OLOLQ PHPLOLNL�NDGDU�VLOLND��
WHUWLQJJL�VHEHVDU�������.D\X�NL�EXJDQJ PHPLOLNL��
NDGDU� VLOLND� WHUHQGDK� VHEHVDU� ������ 'HQJDQ�
PHOLKDW� NDGDU� VLOLND� LQL�� SHUOX� GLSHUKDWLNDQ�
SHQJJXQDDQ� MHQLV�ND\X� LQL�SDGD� VDDW�SHQJHUMDDQ�
ND\X�GDQ�SHPDQIDDWDQQ\D�XQWXN�WXMXDQ�WHUWHQWX�

'��3HPHWDDQ�3RWHQVL�3HQJJXQDDQ�.D\X

� 8QWXN� OHELK� PHPXGDKNDQ� SHQHQWXDQ� SHQJ�
JXQDDQ� MHQLV� ND\X� NXUDQJ� GLNHQDO� EHUGDVDUNDQ�
KDVLO� DQDOLVLV� NRPSRQHQ� NLPLD�� PDND� SRWHQVL�
SHQJJXQDDQ�ND\X�SHUOX�GLSHWDNDQ��3HPHWDDQ� LQL�
GLVHVXDLNDQ� GHQJDQ� KDVLO� UHNDSLWXODVL� DQDOLVLV�
NRPSRQHQ� NLPLD�� +DVLO� UHNDSLWXODVL� GLEXDW�
SHULQJNDW�VHVXDL�DVSHN�NDUDNWHULVWLN�\DQJ�GLPLQWD�
XQWXN� WXMXDQ�SHPEXDWDQ�SXOS��EDKDQ�ELRWHDQRO��
GDQ� ND\X� HQHUJL� �DUDQJ��� 'XD� SHULQJNDW� WHUEDLN�
GLWDQGDL�GHQJDQ�FHNOLV�SDGD�WDEHO�SHPHWDDQ���+DVLO�
SHPHWDDQ�VHSHUWL�SDGD�7DEHO���
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� +DVLO�DQDOLVLV�NRPSRQHQ�NLPLD�OLPD�MHQLV�ND\X�
NXUDQJ� GLNHQDO� DVDO� -DZD� %DUDW� PHQXQMXNNDQ�
EDKZD� NDGDU� VHOXORVD� EHUNLVDU� DQWDUD� ������ �
��������NDGDU�SHQWRVDQ�����������������NDQGXQJ�
DQ� OLJQLQ� ������ �� �������� NHODUXWDQ� GDODP� DLU�
GLQJLQ� ����� �� ������� NHODUXWDQ� DLU� SDQDV� �����
�������NHODUXWDQ�DONRKRO�EHQ]HQD���������������
NHODUXWDQ�GDODP�1D2+���������������������NDGDU�
DEX���������������GDQ�NDGDU�VLOLND��������������

� %HUGDVDUNDQ� SHPHWDDQ� SRWHQVL� SHQJJXQDDQ�
Q\D�� ND\X� FDQJFDUDWDQ OHELK� EHUSRWHQVL� VHEDJDL��
EDKDQ�SHPEXDWDQ�SXOS�GDQ�ND\X�HQHUJL��8QWXN�
EDKDQ SHPEXDWDQ�ELRHWDQRO��GHQJDQ�PHQJXWDPD��
NDQ�NDQGXQJDQ�VHOXORVD�GDQ�SHQWRVDQ�\DQJ�WLQJJL�
VHUWD� NDGDU� HNVWUDNWLI � UHQGDK�� PDND� ND\X� NL�
EXJDQJ OHELK�EHUSRWHQVL� GLEDQGLQJNDQ�NHHPSDW��
MHQLV�ND\X�ODLQQ\D�

�$UWKRSK\OOXP
GLYHUVLIROLXP�%O��

�'LOOHQLD�RERYDWD
+RRJO��

�/LWKRFDUSXV
VXQGDLFXV�%O��

�3UXQXV�MDYDQLFD
0LT��

�2WKRSKRUD
VSHFWDELOLV�%O�
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.RPSRQHQ�.LPLD�GDQ�3RWHQVL�3HQJJXQDDQ�/LPD� .D\X� $VDO�-DZD�%DUDW-HQLV� .XUDQJ�'LNHQDO�
�1RYLWUL�+DVWXWL�� ��6DHSXORK��	�'DGDQJ�6HWLDZDQ�/LVQD�(IL\DQWL��*XVWDQ�3DUL

'$)7$5�3867$.$

$FKPDGL�� 6�6�� ��������.LPLD� ND\X�� %RJRU�� 3XVDW�
$QWDU�8QLYHUVLWDV�,OPX�+D\DW�,3%�

$JXVWLQL�� /�� 	� (IL\DQWL�� /�� �������� 3HQJDUXK�
SHUODNXDQ� GHOLJQLILNDVL� WHUKDGDS� KLGUROLVLV�
VHOXORVD� GDQ� SURGXNVL� HWDQRO� GDUL� OLPEDK�
EHUOLJQRVHOXORVD�� -XUQDO� 3HQHOLWLDQ� +DVLO�
+XWDQ����������������

$UU\DWL�� +�� �������� $QDOLVLV� NLPLD� ND\X� EDWDQJ��
FDEDQJ� GDQ� NXOLW� ND\X� MHQLV� ND\X� /HGD�
�(XFDO\SWXV� GHJOXSWD� %OXPH��� -XUQDO� +XWDQ�
7URSLV�%RUQHR������������

6WDQGDU�1DVLRQDO� ,QGRQHVLD� �61,��� ��������&DUD�
XML�NDGDU�OLJQLQ�SXOS�GDQ�ND\X��0HWRGH�NODVRQ���
�61,� ������������ %DGDQ� 6WDQGDUGLVDVL�
1DVLRQDO�

6WDQGDU� 1DVLRQDO� ,QGRQHVLD� �61,��� ��������
6SHVLILNDVL�GHVDLQ�XQWXN�NRQVWUXNVL�ND\X���61,�
������������%DGDQ�6WDQGDUGLVDVL�1DVLRQDO�

%DODW��0���%DODW��+��	�2]��&����������3URJUHVV�LQ�
ELRHWKDQRO�SURFHVVLQJ��3URJUHVV�LQ�(QHUJ\�DQG�
&RPEXVWLRQ�6FLHQFH��������������

%UDDGEDUW�� )��� +XLVPDQ�� '�-�+��� 	� YDQ� 2V�� %��
��������)XHO��ILUH�DQG�KHDW��$Q�H[SHULPHQWDO�
DSSURDFK� WR� KLJKOLJKW� WKH� SRWHQWLDO� RI �
VWXG\LQJ� DVK� DQG� FKDU� UHPDLQV� IURP�
DUFKHRORJLFDO� FRQWH[WV� � -RXU QDO� R I �
$UFKHRORJLFDO�6FLHQFH�����������������

%RZ\HU�� -�/��� 6KPXOVN\�� 5�� 	� +D\JUHHQ�� -�*��
��������)RUHVW�SURGXFWV�DQG�ZRRG�VFLHQFH���

WK$Q�LQWURGXFWLRQ��� �(GLWLRQ��

&DVH\�� -�� 3�� �������� 3XOS� DQG� SDSHU� FKHPLVWU\� DQG�
UGFKHPLFDO� WHFKQRORJ\�� �� � HGLWLRQ�� 9RO�� ,���

$�1HZ�<RUN��:LOOH\�,QWHUVFLHQFH�3XEOLVKHU�
,QF�

&DK\RQR��7�'���&RWR��=��	�)HEULDQWR��)�� ��������
$QDOLVLV�QLODL�NDORU�GDQ�NHOD\DNDQ�HNRQRPLV�
ND\X� VHEDJDL� EDKDQ� EDNDU� VXEVWLWXVL� EDWX�
EDUD� GL� SDEULN� VHPHQ��)RUXP� 3DVFDVDUMDQD��
���������������

'HSDUWHPHQ� 3HUWDQLDQ�� �������� 9DGHPHFXP�
.HKXWDQDQ� ,QGRQHVLD�� %DODL� 3HQMHOLGLNDQ�
.HKXWDQDQ��-DNDUWD

'KLDQDZDW\�� '�� 	� 5XVOLQ�� �������� .DQGXQJDQ�
WRWDO�SROLIHQRO�GDQ�DNWLYLWDV�DQWLRNVLGDQ�GDUL�
HNVWUDN�PHWDQRO�DNDU�,PSHUDWD�F\OLQGULFD� �/��
%HDXY�� �$ODQJ�DODQJ��� 0DMDODK� .HGRNWHUDQ�
%DQGXQJ�� ������� ������� GRL�� ��������
��PNE�Y��QL�����

)DQJ��;��� 6KHQ��<���=KDR�� -���%DR��;���	�4X��<��
�������� 5HYLHZ�� 6WDWXV� DQG� SURVSHFW� RI �
OLJQRFHOOXORVLF� ELRHWKDQRO� SURGXFWLRQ� LQ�
&KLQD�� %LRUHVRXUFH� 7HFKQRORJ\�� ����� �����
�����

*ODVV�� 6�9��� 	� =HOLQND�� 6�/�� �������� 0RLVWXUH�
UHODWLRQV�DQG�SK\VLFDO�SURSHUWLHV�RI �ZRRG�� �
'DODP� 5RRV�� 5�-�� �(GV��� :RRG� KDQGERRN��
:RRG�DV�HQJLQHHULQJ�PDWHULDO��*HQHUDO�7HFKQLFDO�
5HSRUW� )3/�*75����� �SS� ���� �� ��������
0DGLVRQ�� :LVFRQVLQ� �� 86'$� )RUHVW�
6HUYLFH��)RUHVW�3URGXFWV�/DERUDWRU\�

+DUNLQ�� -�0��	�5RZH�� -�:�� ��������%DUN� DQG� LWV�
SRVVLEOH�XVHV��5HVHDUFK�1RWH������:LVFRQVLQ��
)RUHVW�3URGXFWV�/DERUDWRU\��86'$�������

+LOO��&�$�6����������:RRG�PRGLILFDWLRQ��&KHPLFDO��
WKHUPDO� DQG� RWKHU� SURFHVVHV��'DODP�&�9��
6WHYHQV�� �(GV��� :LOH\� 6HULHV� LQ� 5HQHZDEOH�
5HVRXUFHV��:HVW�6XVVH[��(QJODQG���-RKQ�:LOH\�
	�6RQV��/WG�

+RDGOD\�� 5�%�� �������� 8QGHUVWDQGLQJ� ZRRG� D�
FUDIWVPDQ
V�JXLGH�WR�ZRRG�WHFKQRORJ\��1HZWRZQ��
86$��7KH�7DXQWRQ�3UHVV�

,UDZDWL�� '��� 0DUGLND�� 3�$�� 	� 0DUVRHP�� 6�1��
�������� 3URGXNVL� ELRHWDQRO� GDUL� OLPEDK�
VHUEXN� ND\X� PHUDQWL� PHUDK� �6KRUHD� VSS���
GHQJDQ� SUD�SHUODNXDQ� PHQJJXQDNDQ�
&D�2+��� 3URVLGLQJ� 6HPLQDU� 1DVLRQDO�
0$3(.,�;,,�(�����%DQGXQJ��������-XOL�

,UDZDWL�� '��� 6XWDSD�� -�3�*��� )LUPDQV\DK�� 5�%��� �
3HUPDQD� $ULHI � 0��� :LMDQDUNR�� )��� 	�
0DUVRHP�� 6�1�� �������� 3HQLQJNDWDQ�
SURGXNVL�HWDQRO�VHFDUD�HQ]LPDWLV�GXD�MHQLV�
OLPEDK� VHUEXN� ND\X� GHQJDQ� SUHWUHDWPHQW�
NDOVLXP� KLGURNVLGD�� 3URVLGLQJ� 6HPLQDU�
1DVLRQDO� 0DSHNL� ;9�� 0DNDVVDU� ����
1RYHPEHU�

.LOXO\D�� .�)��� 0VDJDWL�� 7�$�0��� 0DPED�� %�%���
1JLOD��-�&��	�%XVK��7����������(IIHFW�RI �VLWH��
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3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����0DUHW������������

VSHFLHV� DQG� WUHH� VL]H� RQ� WKH� TXDQWLWDWLYH�
YDULDWLRQ� RI � OLSRSKLOLF� H[WUDFWLYHV� LQ�
(XFDO\SWXV� ZRRGV� XVHG� IRU� SXOSLQJ� LQ�
6RXWK� $IULFD�� ,QGXVWULDO� &URSV� DQG� 3URGXFWV��
������������

0DFLXODLWLV�� 5��� -HILPRYDV�� $��	�=GDQHYLFLXV�� 3��
�������� 5HVHDUFK� RQ� QDWXUDO� ZRRG�
FRPEXVWLRQ�DQG�FKDUULQJ�SURFHVVHV��-RXUQDO�
RI � &LYLO� (QJLQHHULQJ� DQG� 0DQDJHPHQW�� �������
��������

0XVOLFK��0��5XOOLDW\��6���+DGMLE��1���6XSUDSWL��6���
%DVUL�� (��� ,VNDQGDU�� 0�,��� 3DUL�� *���
'MDUZDQWR��$EGXUDFKPDQ�	�$QJJUDLQL��'��
��������6LIDW�GDVDU�GDQ�NHJXQDDQ�ND\X�-DZD��
/DSRUDQ�+DVLO�3HQHOLWLDQ�������%RJRU���3XVDW�
/LWEDQJ� .HWHNQLNDQ� .HKXWDQDQ� GDQ�
3HQJRODKDQ�+DVLO�+XWDQ�

1XUL\DWLQ��1���	�6RI\DQ��.����������.HPXQJNLQDQ�
SHPDQIDDWDQ� EHEHUDSD� MHQLV� EDPEX�
WHUWHQWX�� EHUGDVDUNDQ� SROD� SHQ\XVXQDQ�
EHUNDV�SHPEXOXK��VHEDJDL�EDKDQ�EDNX�SXOS�
GDQ� NHUWDV�� -XUQDO� 3HQHOLWLDQ� +DVLO� +XWDQ��
���������������

3DVDULEX�� *��� 6LSD\XQJ�� %�� 	� 3DUL�� *�� ������� �
$QDOLVLV� NRPSRQHQ� NLPLD� HPSDW� MHQLV�
ND\X� DVDO� 6XPDWHUD�8WDUD�� -XUQDO� 3HQHOLWLDQ�
+DVLO�+XWDQ�����������������

3DUL��*���6HWLDZDQ�'���	�0DKSXGLQ����������+DVLO�
GHVWLODVL� NHULQJ� ��� MHQLV� ND\X� GDUL� 1XVD�
7HQJJDUD� %DUDW�� %XOHWLQ� 3HQHOLWLDQ� +DVLO�
+XWDQ���������������

3OD]D��0���	�7XUQHU��&�� ��������3UHVVXUL]HG�KRW�
ZDWHU� H[WUDFWLRQ� RI � ELRDFWLYHV�� 7UHQGV� LQ�
$QDO\WLFDO� &KHPLVWU\�� GRL���������M�WUDF��
������������

3RQRPDUHQNR�� -��� 'L]KELWH�� 7��� /DXEHUWV�� 0���
9ROSHUWV��$���'REHOH��*���7HO\VKHYD��*���	�
�������� $QDO\WLFDO� S\URO\VLV�� $� WRRO� IRU�
UHYHDOLQJ� RI � OLJQLQ� VWUXFWXUH�DQWLR[LGDQW�
DFWLYLW\�UHODWLRQVKLS��-RXUQDO�RI �$QDO\WLFDO�DQG�
$SSOLHG� 3\URO\VLV�� GRL�� ��������M�MDDS��
���������

4L��+���/LHEHUW��7���0HLVWHU��)���	�+HLQ]H��7����������
+RPRJHQRXV� FDUER[\PHWK\ODWLRQ� RI �
FHOOXORVH� LQ� WKH� 1D2+�XUHD� DTXHRXV�
VROXWLRQ��5HDFWLYH�	�)XQFWLRQDO�3RO\PHUV������
�������

5HLQD�� /���*DOHWWD�� $��� 9LQFLJXHUUD�� 9��� 5HVTXLQ��
)�	�0pQHQGH]��3����������7KH�UHODWLRQVKLS�
EHWZHHQ�(XFDO\SWXV� JUDQGLV� OLJQLQ� VWUXFWXUH�
DQG� NUDIW� SXOSLQJ� SDUDPHWHUV�� -RXUQDO� RI �
$QDO\WLFDO�DQG�$SSOLHG�3\URO\VLV���������������

5HVFKPHLHU��5��	�.DUO��-����������([SHULPHQWDO�VWXG\�
RI �ZRRG�FKDU�JDVLÀFDWLRQ�NLQHWLFV�LQ�ÁXLGL]HG�
EHGV��%LRPDVV�DQG�%LRHQHUJ\��������������

5ROLDGL�� +��� 'XOVDODP�� 	� $QJJUDLQL�� '�� ��������
3HQHQWXDQ�GDXU� WHNQLV�RSWLPDO�GDQ�IDNWRU�
HNVSORLWDVL� ND\X� KXWDQ� WDQDPDQ� MHQLV�
(XFDO\SWXV�K\EULG�VHEDJDL�EDKDQ�EDNX�SXOS�
NHUWDV�� -XUQDO� 3HQHOLWLDQ�+DVLO� +XWDQ�� �������
��������

6DPLQSDQ\D��6���	�6XWKHUODQG��)�/����������6LOLFD�
SKDVH�WUDQVIRUPDWLRQV� GXULQJ� GLDJHQHVLV�
ZLWKLQ� SHWULÀHG� ZRRGV� IRXQG� LQ� ÁXYLDO�
GHSRVLWV� IURP� 7KDLODQG²0\DQPDU��
6HGLPHQWDU\�*HRORJ\�������������

6MRVWURP� (�� �������� .LPLD� ND\X�� GDVDU�GDVDU� GDQ�
S H Q J JXQDDQQ \D � � � HG L V L � NHGXD � � � + � �
6DVWURKDPLGMRMR�� SHQHUMHPDK��<RJ\DNDUWD��
*DGMDK�0DGD�8QLYHUVLW\�3UHVV��7HUMHPDKDQ�
GDUL��:RRG�FKHPLVWU\��EDVLFV�DQG�LWV�XVHV�

6RNDQDQGL��$���3DUL��*���6HWLDZDQ��'��	�6DHSXORK��
��������.RPSRQHQ�NLPLD�VHSXOXK�MHQLV�ND\X�
NXUDQJ�GLNHQDO��.HPXQJNLQDQ�SHQJJXQDDQ�
VHEDJDL�EDKDQ�EDNX�SHPEXDWDQ�ELRHWDQRO��
-XUQDO�3HQHOLWLDQ�+DVLO�+XWDQ�����������������

6RQJ��7���3UDQRYLFK��$���	�+ROPERP��%����������
(IIHFWV� RI � S+� FRQWURO� ZLWK� SKWKDODWH�
EXIIHUV� RQ� KRW�ZDWHU� H[WUDFWLRQ� RI �
KHPLFHOOXORVHV� IURP� VSUXFH� ZRRG��
%LRUHVRXUFH�7HFKQRORJ\�������������������

6WDQGDU�1DVLRQDO�,QGRQHVLD��61,��������D���&DUD�
XML� NDGDU� DEX�� VLOLND� GDQ� VLOLNDW� GDODP� ND\X�
GDQ�SXOS�ND\X���61,����������������'HZDQ�
6WDQGDUGLVDVL�1DVLRQDO�

6WDQGDU�1DVLRQDO�,QGRQHVLD��61,��������E���&DUD�
XML� NDGDU� VDUL� �(NVWUDN� DONRKRO� EHQ]HQD��
GDODP�ND\X�GDQ�SXOS�� �61,�����������������
'HZDQ�6WDQGDUGLVDVL�1DVLRQDO��

����������������������������������������������� �����F���
&DUD� XML� NDGDU� NHODUXWDQ� ND\X� GDODP� DLU�
GLQJLQ� GDQ� DLU� SDQDV�� �61,� ���������������
'HZDQ�6WDQGDUGLVDVL�1DVLRQDO�
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.RPSRQHQ�.LPLD�GDQ�3RWHQVL�3HQJJXQDDQ�/LPD� .D\X� $VDO�-DZD�%DUDW-HQLV� .XUDQJ�'LNHQDO�
�1RYLWUL�+DVWXWL�� ��6DHSXORK��	�'DGDQJ�6HWLDZDQ�/LVQD�(IL\DQWL��*XVWDQ�3DUL

����������������������������������������������� ��������
&DUD� XML� NDGDU� NHODUXWDQ� ND\X� GDQ� SXOS�
GDODP� ODUXWDQ� QDWULXP� KLGURNVLGD� VDWX� SHUVHQ��
�61,����������������'HZDQ�6WDQGDUGLVDVL�
1DVLRQDO�

7LPXQJ��5���0RKDQ��0���&KLOXNRWL��%���6DVPDO��6���
%DQHUMHH�� 7��� 	� *RXG�� 9�9�� ��������
2SWLPL]DWLRQ�RI �GLOXWH�DFLG�DQG�KRW�ZDWHU�
SUHWUHDWPHQW� RI � GLIIHUHQW� OLJQRFHOOXORVLF�
ELRPDVV��$�FRPSDUDWLYH�VWXG\��%LRPDVV�DQG�
%LRHQHUJ\�����������

8VPDQD�� $�6��� 5LDQGD�� 6�� 	� 1RYLD�� ��������
3HQJDUXK� YROXPH� GDQ� ZDNWX� IHUPHQWDVL�
WHUKDGDS�NDGDU�HWDQRO��%DKDQ�EDNX�WDQGDQ�
NRVRQJ�NHODSD� VDZLW� GHQJDQ�SUHWUHDWPHQW�
DONDOL���-XUQDO�7HNQLN�.LPLD����������������

:LVH�� /�(�� �������� :RRG� FKHPLVWU\�� 1HZ� <RUN��
5HLQKROG�3XEOLVKHU�&RUSRUDWLRQ�

=KDQJ��6���;XH�OL��)���\RQJ�<X��-���	�/R�+VLHK��<��
�������� 'LVVROXWLRQ� EHKDYLRXU� DQG�
VROXELOLW\� RI � FHOOXORVH� LQ�1D2+� FRPSOH[�
VROXWLRQ�� &DUERK\GUDWH� 3RO\PHUV�� ����
��������


