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9DULRXV�VDZPLOOLQJ�LQGXVWULHV�RI �KLJK��PHGLXP�DQG�VPDOO�HQWHUSULVHV�RSHUDWH�LQ�,QGRQHVLD��'XULQJ�ORJ�FRQYHUVLRQ�LQWR�
VDZQ�WLPEHU��ZRRG�ZDVWH�RFFXUV�LQ�WKH�IRUP�RI �OHIW�RYHU�FXW�DQG�VDZGXVW��6PDOO�FXW�ZDVWH�LV�OLJQRFHOOXORVH�PDWHULDO�ZKLFK�LV�
SRWHQWLDOO\�XVHG�IRU�ELRHWKDQRO�SURGXFWLRQ��7KLV�SDSHU�VWXGLHV�WKH�SRVVLELOLW\�RI �ELRHWKDQRO�SURGXFWLRQ�IURP�VHQJRQ�VDZPLOO�
ZDVWH��+LJK�ORDGLQJ�VXEVWUDWH�PHWKRG�ZDV�DSSOLHG�E\�K\GUROL]LQJ�KLJK�FRQFHQWUDWLRQ�VXEVWUDWH��L�H��������DQG�����DQG�WZR�
FRQFHQWUDWLRQV� RI � HQ]\PHV� ������ DQG� ���)38�J� VXEVWUDWH���5HVXOW� VKRZHG� WKDW� WKH� WUHDWPHQW� RI � ���� VXEVWUDWH�
FRQFHQWUDWLRQ�DQG����)38�J�FHOOXODVH�VXEVWUDWH�SURGXFHG�WKH�KLJKHVW�UHGXFLQJ�VXJDU�RI �������PJ�P/��ZKLOH�WKH�VXEVWUDWH�
FRQFHQWUDWLRQ�RI �����JHQHUDWHG�WKH�KLJKHVW�HWKDQRO�FRQWHQW�L�H�������DQG�UHFRYHU\�DERXW��������,W�FDQ�EH�FRQFOXGHG�WKDW�
WKH�KLJK�ORDGLQJ�VXEVWUDWH�PHWKRG�FRXOG�LQFUHDVH�WKH�HWKDQRO�FRQFHQWUDWLRQ�PDGH�IURP�VHQJRQ�ZRRG�ZDVWH�

.H\ZRUGV��6HQJRQ�ZRRG�ZDVWH��OLJQRFHOOXORVH��K\GURO\VLV��HWKDQRO�FRQWHQW
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,QGXVWUL�SHQJJHUJDMLDQ�ND\X�EDLN�VNDOD�NHFLO��PHQHQJDK�GDQ�EHVDU�EDQ\DN�EHURSHUDVL�GL�,QGRQHVLD��
3DGD�VDDW�PHQJNRQYHUVL�GRORN�PHQMDGL�ND\X�JHUJDMLDQ�PHQJKDVLONDQ�OLPEDK�ND\X�EHUXSD�SRWRQJDQ�NHFLO�
GDQ� VHUEXN�JHUJDML��3RWRQJDQ�NHFLO�ND\X�PHUXSDNDQ�EDKDQ�EHUOLJQRVHOXORVD�\DQJ�EHUSRWHQVL�XQWXN�
PHQJKDVLONDQ�HWDQRO��7XOLVDQ�LQL�PHPSHODMDUL�NHPXQJNLQDQ�SHPDQIDDWDQ�SRWRQJDQ�NHFLO�OLPEDK�ND\X�
VHQJRQ� XQWXN� PHQJKDVLONDQ� ELRHWDQRO�� 3HPEXDWDQ� HWDQRO�� GLODNXNDQ� GHQJDQ� PHWRGH� VXEVWUDW�
NRQVHQWUDVL�WLQJJL�GHQJDQ�PHQJKLGUROLVLV�VXEVWUDW�NRQVHQWUDVL�WLQJJL��\DLWX���������GDQ�����GDQ�GXD�
NRQVHQWUDVL�HQ]LP�������GDQ����)38�J�VXEVWUDW���+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ��SHUODNXDQ�NRQVHQWUDVL�
VXEVWUDW�����GDQ� VHOXODVH����)38�J�VXEVWUDW�PHQJKDVLONDQ�JXOD�SHUHGXNVL� WHUWLQJJL� VHEHVDU�������
PJ�P/�� VHGDQJNDQ� NRQVHQWUDVL� VXEVWUDW� ����PHQJKDVLONDQ� NDGDU� HWDQRO� WHUWLQJJL� VHEHVDU� ������
GHQJDQ�UHQGHPHQ�VHEHVDU��������'DSDW�GLVLPSXONDQ�EDKZD�PHWRGH�VXEVWUDW�NRQVHQWUDVL�WLQJJL�GDSDW�
PHQJKDVLONDQ�NDGDU�HWDQRO�\DQJ�WLQJJL�SDGD�OLPEDK�ND\X�VHQJRQ�
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SHQMDUDQJDQ� ND\X� FHGDU� � ��&\SWRPHULD� MDSRQLFD
PHQJKDVLONDQ�NRQYHUVL�VHOXORVD�VHEDQ\DN�������
GHQJDQ� PHQJJXQDNDQ� VHOXODVH� VHEDQ\DN� ���
)38�J�VXEVWUDW�GDQ�VXUIDNWDQ�3(*������������

��:LQDUQL�HW�DO�������� �GDQ�HWDQRO�VHEDQ\DN�����
PHQJJXQDNDQ� ��&KHQJ��<DPDPRWR��OLJQLQ�GHULYDWLYHV
.RGD��7DPDL��	�8UDNL���������5DWKQD��6DUDQ\D�GDQ�
.DODLVHOYDP� ������� PHQ\DWDNDQ� GHQJDQ�
SHQDPEDKDQ� ZDNWX� IHUPHQWDVL� VHODPD� �� KDUL��
VXEVWUDW� OLPEDK� VHUEXN�SHQJJHUJDMLDQ�ND\X� ��� J�
VXEVWUDW��������JOXNRVD�SDGD�PHGLXP�DJDU�����
J�����J� GDSDW�PHQJKDVLONDQ�ELRHWDQRO�VHEDQ\DN��
���� J����J� GHQJDQ� PHWRGH� �� 6HKLQJJD��VKDNLQJ
XQWXN� PHQLQJNDWNDQ� QLODL� WDPEDK� OLPEDK� GDQ�
PHQJXUDQJL�SHQFHPDUDQ�OLQJNXQJDQ�VHUWD�SROXVL�
XGDUD�� SHUOX� GLODNXNDQ� SHQHOLWLDQ� SHPEXDWDQ�
ELRHWDQRO�GDUL�OLPEDK�SHQJJHUJDMLDQ�ND\X�PHODOXL�
SURVHV� VDNDULILNDVL� VHFDUD� HQ]LPDWLN� GHQJDQ�
SHQDPEDKDQ� VXUIDNWDQ�GDQ� VXEVWUDW�NRQVHQWUDVL�
WLQJJL�
� 7ZHHQ3HQDPEDKDQ� VXUIDNWDQ� � ��� SDGD�
VDNDULILNDVL� SXOS� EDWDQJ� VDZLW� ��� �����
PHQJKDVLONDQ�NDGDU�HWDQRO�VHEHVDU�����6XNPDQD��
�������0HQXUXW�%DUGDQW��,QGL\DQWL��GDQ�6HOYL\DQWL�
�������� SHQDPEDKDQ� NRQVHQWUDVL� VXEVWUDW� SDGD�
VDDW� KLGUROLVLV� DNDQ� PHQLQJNDWNDQ� NDGDU� HWDQRO�
\DQJ� GLKDVLONDQ� VHWHODK� IHUPHQWDVL�� +DVLO�
SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� VXEVWUDW� SXOS�
7 . . 6DQGDQ� RVRQJ� HODSD� DZLW��7..6��VHEDQ\DN�
����PHQJKDVLONDQ�NDGDU�HWDQRO�VHEDQ\DN��������
VHGDQJNDQ�������VXEVWUDW�SXOS�EDWDQJ�VDZLW�GDSDW�
PHQJKDVLONDQ� NDGDU� HWDQRO� VHEDQ\DN� �������

'�%DUGDQW�HW�DO���������� LKDUDSNDQ�GHQJDQ�PHWRGH�
VXEVWUDW� NRQVHQWUDVL� WLQJJL�� OLPEDK� ND\X� SDGD�
SHQHOLWLDQ� LQL GDSDW� PHQJKDVLONDQ� NDGDU� HWDQRO��
\DQJ� WLQJJL��GDQ�GDSDW�PHQMDGL�VDODK�VDWX�VROXVL�
XQWXN� PHQJDWDVL� NULVLV� HQHUJL� 7X LQL�� OLVDQ�
PHPSHODMDUL� SRWHQVL� NDGDU� HWDQRO� OLPEDK� ND\X�
VHQJRQ� GHQJDQ�PHQJJXQDNDQ�PHWRGH�\DQJ�GLRODK�
VXEVWUDW�NRQVHQWUDVL�WLQJJL�

,,���%$+$1�'$1�0(72'(

$��%DKDQ�GDQ�$ODW

� %DKDQ�EDNX�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�
LQL� DGDODK� OLPEDK� VHEHWDQ� VHQJRQ� GDUL� LQGXVWUL�
SHQJJHUJDMLDQ�GL�7DVLNPDOD\D��%DKDQ�NLPLD�\DQJ�
GLJXQDNDQ� DGDODK� HQ]LP� &�7HFK� �(Q]LP� ¡�
VHOXODVH�GDQ�¢�VHOXODVH��GDQ�HQ]LP�+�7HFK��HQ]LP�

,�� 3(1'$+8/8$1

� .RQVXPVL� EDKDQ� EDNDU� PLQ\DN�� NKXVXVQ\D�
EHQVLQ� PHQJDODPL� NHQDLNDQ� \DQJ� FXNXS� WDMDP�
VHW LDS� WDKXQQ\D� VHLU LQJ� PHQLQJNDWQ\D�
SHQJJXQDDQ� NHQGDUDDQ� EHUPRWRU�� 3DGD� WDKXQ�
������SHQJJXQD�SUHPLXP�GL�,QGRQHVLD�PHQFDSDL�
������MXWD�EDUHO��QDLN�VHNLWDU�����GDUL�WDKXQ������
VHEDQ\DN�����MXWD�EDUHO�DWDX����MXWD�EDUHO�SHU�EXODQ�
�'XWD�� ������� 6DODK� VDWX� FDUD� XQWXN� PHQJDWDVL�
NHWHUJDQWXQJDQ� EDKDQ� EDNDU� PLQ\DN� DGDODK�
GHQJDQ�PHPEXDW�HQHUJL�DOWHUQDWLI �VHODLQ�PLQ\DN�
EXPL��JDV�EXPL�GDQ�EDWX�EDUD��%%0��\DQJ�GLVHEXW�
EDKDQ� EDNDU� QDEDWL� �%%1�� \DQJ� EHUDVDO� GDUL�
ELRPDVVD�
� 6DODK�VDWX�HQHUJL�DOWHUQDWLI �\DQJ�PHQMDQMLNDQ�
DGDODK�ELRHWDQRO��%LRHWDQRO�SHUOX�GLNHPEDQJNDQ�
VHEDJDL� EDKDQ� EDNDU� NDUHQD� PHUXSDNDQ� EDKDQ�
EDNDU� \DQJ� UDPDK� OLQJNXQJDQ�� 0HQXUXW� %DGDQ�
3HQJNDMLDQ� GDQ� 3HQHUDSDQ� 7HNQRORJL� %337��
WLQJNDW� HPLVL� NDUERQ� GDQ� KLGURNDUERQ�*DVRKRO�
(��� �FDPSXUDQ� EHQVLQ� GDQ� HWDQRO� ����� OHELK�
UHQGDK�GLEDQGLQJ�SUHPLXP�GDQ�SHUWDPD[�NDUHQD�
HWDQRO� PHQJDQGXQJ� ���� RNVLJHQ� \DQJ� GDSDW�
PHQLQJNDWNDQ�HILVLHQVL�SHPEDNDUDQ� �6KLQWDZDW\��
������
� ,QGRQHVLD�PHUXSDNDQ�VDODK�VDWX�QHJDUD�\DQJ�
PHPLOLNL� LQGXVWUL� SHQJRODKDQ� ND\X� \DQJ� FXNXS�
EDQ\DN�� +DVLO� DNKLU� GDUL� LQGXVWUL� SHQJJHUJDMLDQ�
ND\X�DGDODK� OLPEDK� LQGXVWUL� \DQJ�EHUXSD� VHUSLK�
GDQ� VHUEXN� ND\X� \DQJ� PHQXPSXN� GDQ� NXUDQJ�
GLPDQIDDWNDQ� VHKLQJJD� GDSDW� PHQ\HEDENDQ�
SHQFHPDUDQ��3XUZDQWR��������PHQ\DWDNDQ�EDKZD�
LQGXVWU L � SHQJ JHUJD M LDQ� ND\X� UD WD�UD WD �
PHQJKDVLONDQ� OLPEDK� VHEHVDU� ������� YROXPH�
\DQJ�WHUGLUL�GDUL�VHEHWDQ�����������SRWRQJDQ�ND\X�
������� � GDQ� VHUEXN� JHUJDML� ��������� HQXUXW�� 0
GDWD�.HPHQW ULDQ�.HKXWDQDQ�5HSXEOLN�,QGRQHVLD�H
�������� SURGXNVL� ND\X� JHUJDMLDQ� WDKXQ� �����
PH FDSDL� �������� P �� GDQ� SDGD� WDKXQ� �����

�
Q

VHEDQ\DN� ������ MXWD� P �� \DQJ� QDLN� GDUL� WDKXQ�
�

VHEHOXPQ\D� VHEDQ\DN� ������ MXWD� P � HKLQJJD�
�
� V

SRWHQVL�OLPEDK�VHUEXN�SHQJJHUJDMLDQ�ND\X�VHWLDS�
WDKXQ �� 8QWXN� PHZXMXGNDQ� LQGXVWUL�� EHUOLPSDK
KLMDX� GL� ELGDQJ� SHQJRODKDQ� KDVLO� KXWDQ�� PDND�
SHUOX� EDKDQ� PDWHULDO�GLODNXNDQ� SHQJRODKDQ�
OLJQRVHOXORVD� VHKLQJJD�PHPHQXKL�VHFDUD� HILVLHQ�
NULWHULD� �]HURZDVWH �OLPEDK� PLQLPDO� �� GDQ DWDX�
SHQLQJNDWDQ�QLODL�WDPEDK�OLPEDK�DWDX�ELRPDVVD�
� �+DVLO� SHQHOLWLDQ� \DQJ� WHODK� GLODNXNDQ
PHQXQMXNNDQ� SHPEXDWDQ� HWDQRO� GDUL� OLPEDK�
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,QD�:LQDUQL	�7��%HXQD�%DUGDQW�

¢�JOXNRVLGDVH�� SURGXNVL� 1292=<0(�� UDJL�
6DFKDURP\�FHVFHUHYLVLDH�� �7ZHHQ�����XUHD �GDQ�13.��
3HUDODWDQ� \DQJ� GLJXQDNDQ� DQWDUD� ODLQ� �DODW
KLGUROLVLV��UHDNWRU�IHUPHQWDVL��XQLW�GLVWLODWRU��DODW�
SHQJDGXN��QHUDFD�� �� ��KRW�SODWH EXUHW EUL[�PHWHU��S+�
PHWHU��GDQ� �DODW�JHODV�NDFD

� 7DKDSDQ� SURVHV� SHQHOLWLDQ� \DQJ� GLODNXNDQ�
DGDODK�

� 8ML�SURNVLPDW���
� 'LODNXNDQ XML� SUR LPDW R� NV � �DQDOLVLV� NRPS VLVL�
NLPLD�� �EDKDQ�EDNX��\DLWX� �DLU �NDGDU�WHUKDGDS NDGDU �
DEX��NHODUXWDQ�GDODP�DONRKRO�EHQ]HQD��DLU�SDQDV��
DLU�GLQJLQ��NDGDU�OLJQLQ GDQ�NDGDU�VHOXORVD���

�� 3HUVLDSDQ�EDKDQ�EDNX�
� 6HEHWDQ� ND\X� GLSRWRQJ� NHFLO� NHPXGLDQ�
GLODNXNDQ� SURVHV� GHOLJQLILNDVL� � ��SUHWUHDWPHQW
GHQJDQ� PHWRGH� VXOIDW� SXOSLQJ�� SHUEDQGLQJDQ�
NRQVHQWUDVL�1D2+�GDQ�1D 6����������VXKX�����&��

VHODPD���MDP�

� �6DNDULILNDVL��
� � � �6HEDQ\DN�����P/�DVDP�VLWUDW��& + 2 �������0�
GLPDVXNNDQ� NH� GDODP� JHODV� NHPXGLDQ�
GLWDPEDKNDQ�GHQJDQ�7ZHHQ����VHEDQ\DN����GDUL�
YROXPH�� VHWHODK� WHUFDPSXU�� GLWDPEDKNDQ� HQ]LP�
VHOXODVH�GDQ� JOXNRVLGDVH�������VHEDQ\DN������GDQ�¢�
��� )38�J� VXEVWUDW�� .RQWURO� GLVLDSNDQ� WDQSD�
SHQDPEDKDQ� VXUIDNWDQ�� 0DVLQJ�PDVLQJ� SXOS�
GHQJDQ� NRQVHQWUDVL� ���� ���� GDQ� ���� �Z�Y��
GLPDVXNNDQ�VHGLNLW�GHPL�VHGLNLW�NH�GDODP�ODUXWDQ�
GDQ�GLDGXN� VHODPD���� MDP��3DGD� WDKDS� LQL� DNDQ�
GLKDVLONDQ� JXOD� \DQJ� VLDS� XQWXN� GLIHUPHQWDVL�
PHQMDGL�HWDQRO�

�� )HUPHQWDVL�
� *XOD� \DQJ� WHODK� GLKDVLONDQ� GLDPELO� VHGLNLW�
XQWXN� GLDQDOLVLV� NDGDU� JXOD� SHUHGXNVL� GHQJDQ�
PHWRGH�WLWUDVL�PHQJJXQDNDQ�ODUXWDQ�OXII�VFKURRO�
�61,� ��������������� 6HGDQJNDQ� VLVD� ODUXWDQ�
GLIHUPHQWDVL� GHQJDQ� PDVLQJ�PDVLQJ� GLWDPEDK�
NDQ�XUHD��13.��GDQ� UDJL� � ���6DFFKDURP\FHV� FHUHYLVDH
)HUPHQWDVL� EHUODQJVXQJ� VHODPD� ���� KDUL��
VHODQMXWQ\D� VLDS� GLODNXNDQ� SHQ\XOLQJDQ� XQWXN�
PHPLVDKNDQ�HWDQRO�GHQJDQ�DLU��

��� 3HQJXMLDQ�JXOD�GDQ�ELRHWDQRO�
D���$QDOLVLV�NDGDU�JXOD�SHUHGXNVL
� 3HQJXNXUDQ�JXOD�SHUHGXNVL�GLODNXNDQ�GHQJDQ�
PHWRGH�/XII�6FKUROO�� 6HWHODK� SURVHV� VDNDULILNDVL�

GDQ�VHWHODK�IHUPHQWDVL�GLDPELO���P/�ODUXWDQQ\D�
GDQ�GLDQDOLVLV�JXOD�SHUHGXNVLQ\D�
E�� $QDOLVLV�NDQGXQJDQ�HWDQRO
� $QDOLVLV� NDQGXQJDQ� HWDQRO� SDGD� VDPSHO�
PHQJJXQDNDQ�*DV�&KURPDWRJUDSK\��*&��PHUN�
$JLOHQW������1�GHQJDQ�NRQGLVL�NRORP�FDUERZD[�
��0�� GHWHNWRU� ),'�� VXKX� LQMHNWRU� ����&�� VXKX�
DZDO�����&�GDQ�VXKX�DNKLU�����&�GHQJDQ�NHQDLNDQ�
VXKX���&�SHU�PHQLW�

&��$QDOLVLV�'DWD

� 3HQHODDKDQ� GDWD� KDVLO� SHUFREDDQ� IHUPHQWDVL�
�NDGDU� JXOD�SHUHGXNVL� VHEHOXP� IHUPHQWDVL� �+��
NDGDU�JXOD�SURGXNVL�VHWHODK�IHUPHQWDVL� �<GDWD��
<LHOG� �NRQYHUVL� VHOXORVD��  � <GDWD��� GDQ� NDGDU�
HWDQRO� �<GDWD����GLWHUDSNDQ�DQDOLVLV�VLGLN�UDJDP�
�DQDO\VLV�RI �FRYDULDQFH�DQFRYD��EHUSROD�DFDN�OHQJNDS�
�5$/��� 6HEDJDL� SHUODNXDQ� SDGD� 5$/� WHUVHEXW�
DGDODK� NRPELQDVL� �.�� DQWDUD� IDNWRU� )38� GDQ�
IDNWRU� VDPSHO� EDKDQ��)DNWRU�)38� WHUGLUL� GDUL� ��
WDUDI �\DLWX������GDQ�������VHGDQJNDQ�IDNWRU�VDPSHO�
EDKDQ� WHUGLUL�GDUL� ��JURXS�\DLWX� �6���GDQ�&�����
�6���GDQ�&�����GDQ��6���GDQ�&�����GL�PDQD�6� �
VDPSHO� EDKDQ� GDQ� &�  � NRQWURO� �SHPEDQGLQJ���
.RPELQDVL� �.�� DQWDUD� IDNWRU� )38� GDQ� IDNWRU�
VDPSHO�EDKDQ�PHQJKDVLONDQ����NRPELQDVL�\DLWX��
R��S��T��U��V��W��X��Y��Z��[��\��GDQ�]��6HWLDS�WDUDI �GDUL�
NRPELQDVL�IDNWRU�)38�GDQ�IDNWRU�VDPSHO�EDKDQ�
�6%��GLXODQJ�VHEDQ\DN���NDOL�
� 3HUVDPDDQ�PDWHPDWLND�\DQJ�GLJXQDNDQ�XQWXN�
UDQFDQJDQ�WHUVHEXW�GL�DWDV�DGDODK��

<GDWDL��LM�� �X���.L���%
+L���HLM��������������������������

.HWHUDQJDQ ��� X � QLODL� WHQJDK� XPXP� .L �
SHUODNXDQ� �NRPELQDVL� DQWDUD� IDNWRU� )38� \DQJ�
WHUGLUL� DWDV� GXD� WDUDI � GDQ� IDNWRU� VDPSHO� EDKDQ�
\DQJ� WHUGLUL� DWDV� WLJD� JURXS�� +L � NDGDU� JXOD��
SHUHGXNVL� VHEHOXP� IHUPHQWDVL� �VHEDJDL�
SHUDJDP��� % � NRHILVLHQ� UHJUHVL� DQWDUD� .�
WHUKDGDS� <GDWDL�� HLM � JDODW� �HUURU��� <GDWDL� �LM� �
DVSHN� \DQJ� GLDPDWL� �VHEDJDL� UDJDP�� \DLWX�
PHQFDNXS�� NDGDU� JXOD� SURGXNVL� VHWHODK�
IHUPHQWDVL� �<GDWD��� <LHOG�� NRQYHUVL� VHOXORVD�
�<GDWD���� GDQ� NDGDU� HWDQRO� �<GDWD�U��� SDGD�
XODQJDQ�NH�M

� 6HODQMXWQ\D� GDODP� PHQHUDSNDQ� SHQHODDKDQ�
GDWD� GHQJDQ� DQFRYD� WHUVHEXW�� GLEDQWX� GHQJDQ�
SDNHW�SUR�6$6��

%��0HWRGH Penelitian
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$��$QDOLVLV� .LPLD� %DKDQ� %DNX� GDQ� 3XOS�
/LPEDK�.D\X

�� +DVLO�DQDOLVLV�SURNVLPDW�EDKDQ�EDNX�GDQ�SXOS�
OLPEDK� ND\X� GDSDW� GLOLKDW� SDGD� 7DEHO� ��� 'DUL�
WDEHO� WHUVHEXW�� GDSDW� GLOLKDW� EDKZD� NDGDU� OLJQLQ�
PHQJDODPL� SHQXUXQDQ� \DQJ� VDQJDW� GUDVWLV� GDUL�
EDKDQ� EDNX� �������� PHQMDGL� ����� VHWHODK�
GLODNXNDQ� SHUODNXDQ� SHQGDKXOXDQ� EHUXSD� VXOIDW�
SXOSLQJ�� 7DQSD� SHUODNXDQ� SHQGDKXOXDQ� DWDX�
SUHWUHDWPHQW��NRQYHUVL�VHOXORVD�PHQMDGL�JXOD�VDQJDW�
UHQGDK�� \DLWX� NXUDQJ� GDUL� ���� �/\QG�� �������
'HQJDQ�WLQJJLQ\D�NDQGXQJDQ�OLJQLQ�SDGD�GLQGLQJ�
VHO�WXPEXKDQ�DNDQ�PHQJKDPEDW�MDODQQ\D�HQ]LP�
VHOXODVH�NH�VXEVWUDW�\DLWX�VHOXORVD��6HKLQJJD��SHUOX�
GLODNXNDQ� HNVWUDNVL� OLJQLQ� VHEDJDL� VDODK� VDWX�
PHWRGH�SUHWUHWDPHQW�XQWXN�PHQJXUDQJL�NDGDU�OLJQLQ�
VXEVWUDW� VHKLQJJD� HQ]LP� VHOXODVH� DNDQ� OHELK�
PXGDK� PHQJNRQYHUVL� VHOXORVD� GHQJDQ� SURVHV�
KLGUROLVLV�
� .DGDU�VHOXORVD�EDKDQ�EDNX�OLPEDK�ND\X�VHQJRQ�
DGDODK�VHEHVDU��������7DEHO�����6HWHODK�GLODNXNDQ�

GHOLJQLILNDVL�� NDGDU� VHOXORVD� PHQLQJNDW� VHLULQJ�
GHQJDQ�PHQXUXQQ\D�NDGDU� OLJQLQ� ���������3XOS�
OLPEDK� ND\X� EHUSRWHQVL� WLQJJL� XQWXN� GLMDGLNDQ�
EDKDQ� EDNX� SHPEXDWDQ� ELRHWDQRO� GHQJDQ�
WLQJJLQ\D� NDGDU� VHOXORVD�� +DVLO� NDGDU� VHOXORVD�
GDQ� OLJQLQ� WHUVHEXW� VHVXDL� GHQJDQ� KDVLO�
SHQHOLWLDQ� NDGDU� VHOXORVD� GDQ� OLJQLQ� \DQJ� WHODK�
GLODNXNDQ� VHEHOXPQ\D�� \DLWX� VHEHVDU� ������GDQ�
������ �:LQDUQL�� .RPDUD\DWL�� 	� 'MDUZDQWR��
������
� &RQYHUVH�� 2RVKLPD�� GDQ� %XUQV� �������
PHQ\DWDNDQ� EDKZD� OLJQLQ� GDSDW� PHQJJDQJJX�
UHDNVL� KLGUROLVLV� ROHK� HQ]LP�� 6HODLQ� LWX�� OLJQLQ�
MXJD� PHOLQGXQJL� SHQJHUXWDQ� GLQGLQJ� VHO� VHFDUD�
VLJQLILNDQ� VHKLQJJD� PHQ\XOLWNDQ� DNVHVLELOLWDV�
HQ]LP�XQWXN�PHQJXUDL�VHOXORVD�PHQMDGL�JOXNRVD�
�0RRQH\� HW� DO��� ������� 'HQJDQ� GHPLNLDQ�� SHU�
ODNXDQ�SHQGDKXOXDQ�SDGD�EDKDQ�EHUOLJQRVHOXORVD�
SHUOX� GLODNXNDQ� GHQJDQ� WXMXDQ� XQWXN� PHQJ�
KLODQJNDQ�OLJQLQ��PHQJXUDQJL�NULVWDOLQLWDV�VHOXORVD��
GDQ�PHQJHFLONDQ�XNXUDQ�SROLVDNDULGD�DJDU� OHELK�
PXGDK�WHUKLGUROLVLV�VHKLQJJD�PHQLQJNDWNDQ�NDGDU�
HWDQRO� �6LOYHUVWHLQ�� &KHQ�� 6KDUPD�6KLYDSSD��
%R\HWWH��	�2VERUQH��������

�

1R�� 3DUDPHWHU��3DUDPHWHUV��
� %DKDQ�EDNX�

� ��
3XOS�
�3XOS��

��� .DGDU�DLU��:DWHU�FRQWHQW����� ����� �����
��� .DGDU�DEX��$VK�FRQWHQW����� ����� �����
��� .DGDU�VLOLND���6LOLFD�FRQWHQW����� ����� �����
��� .HODUXWDQ�GDODP�DLU�SDQDV��+RW�ZDWHU�

VROXELOLW\�����
����� �����

��� .HODUXWDQ�GDODP�DLU�GLQJLQ��&ROG�
ZDWHU�VROXELOLW\�����

����� �����

��� .HODUXWDQ�GDODP�1D2+��1D2+�
VROXELOLW\�����

�����
�

�����

��� .HODUXWDQ�GDODP�DONRKRO�
EHQ]HQH��$OFRKRO�EHQ]HQD�VROXELOLW\�����

�����
�

� ����� ����
��� .DGDU�VHOXORVD �&HOOXORVH�FRQWHQW����� ����� �����
���� .DGDU�SHQWRVDQ��3HQWRVDQ�FRQWHQW����� ����� ������
���� .DGDU�KROR�VHOXORVD �+RORFHOOXORVH�

FRQWHQW�����
����� �����

���� .DGDU�DOSKD�VHOXRVD��$OSKD�FHOOXORVH�
FRQWHQW�����

����� �����

���� .DGDU�KHPLVHOXORVD��+HPLFHOOXORVH�
FRQWHQW�����

����� �����

7DEHO����$QDOLVLV�SURNVLPDW�EDKDQ�EDNX�GDQ�SXOS�OLPEDK�SHQJJHUJDMLDQ�ND\X�VHQJRQ
5BCMF����1SPYJNBUF�BOBMZTJT�PG�SBX�NBUFSJBMT�BOE�TBXNJMM�XBTUF�QVMQ�PG�TFOHPO

$QDOLVLV�SURNVLPDW
�3UR[LPDWH�DQDO\VLV�
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���

%��.DGDU� *XOD� 3HUHGXNVL� 6HEHOXP� GDQ�
6HVXGDK�)HUPHQWDVL� GHQJDQ�.RQVHQWUDVL�
(Q]LP������)38�J�6XEVWUDW�GDQ����)38�J�
6XEVWUDW

� 3HQJXMLDQ� NDGDU� JXOD� SHUHGXNVL� SDGD� SXOS�
OLPEDK�ND\X�DGDODK�XQWXN�PHQJHWDKXL�NDQGXQJDQ�
PRQRPHU�JOXNRVD�\DQJ�GLKDVLONDQ�VHWHODK�SURVHV�
VDNDULILNDVL� GDQ� VHWHODK� IHUPHQWDVL� XQWXN�
PHQJHWDKXL� VLVD�JOXNRVD�VHWHODK�GLXEDK�PHQMDGL�
HWDQRO��$NWLYLWDV�VHOXODVH�\DQJ�GLJXQDNDQ�DGDODK�
VHEHVDU����)38�J�VXEVWUDW��GHQJDQ�NDGDU�OLJQLQ�
VXEVWUDW� VHEHVDU� ������ 7DEHO� �� PHQXQMXNNDQ�
NRQVHQWUDVL� VXEVWUDW� VHEDQ\DN� ���� GHQJDQ�
DNWLYLWDV�VHOXODVH����)38�PHQJKDVLONDQ�NDGDU�JXOD�
SHUHGXNVL� VHEHOXP� IHUPHQWDVL� WHUWLQJJL�
�RSWLPXP�� VHEHVDU� ������PJ�P/� GDQ� WHUHQGDK�
DGDODK� VHEHVDU� ��� PJ�P/� SDGD� SHUODNXDQ�
NRQVHQWUDVL� VXEVWUDW� VHEDQ\DN� ���� GHQJDQ�
DNWLYLWDV����)38�J�VXEVWUDW�
� NDGDU� JXOD� SHUHGXNVL� VHWHODK�6HPHQWDUD� LWX��
IHUPHQWDVL� PHQXUXQ�� NDUHQD� JOXNRVD� \DQJ�
WHUEHQWXN� VHWHODK� VDNDULILNDVL� GDQ� GLLNXWL� SURVHV�
IHUPHQWDVL�DNDQ�PHUXEDK�VHEDJLDQ�EHVDU�JOXNRVD�
WHUVHEXW� PHQMDGL� HWDQRO� GDQ� DNDQ� PHQ\LVDNDQ�
VHGLNLW� JXOD� SDGD� ILOWUDW�� 0HQXUXW� 6XNPDQD�
��������DQDOLVLV�NDGDU�JXOD�SHUHGXNVL�WHUWLQJJL�SDGD�
SXOS� EDWDQJ� VDZLW� \DLWX� ������ PJ�P/� GHQJDQ�

NRQVHQWUDVL� VXEVWUDW� VHEDQ\DN�����VHEDQ\DN����
)38�J�VXEVWUDW��6HGDQJNDQ�XQWXN�VXEVWUDW������
SURVHV� VDNDULILNDVL� DWDX� SHUXEDKDQ� VHOXORVD�
PHQMDGL� JXOD� WHUXV� EHUMDODQ�� PHVNLSXQ� WHODK�
PHPDVXNL� SURVHV� IHUPHQWDVL�� GLPDQD� PDVLK�
WHUGDSDW� VXEVWUDW� \DQJ� GLKLGUROLVLV� ROHK� VHOXODVH�
\DQJ�PDVLK�EHNHUMD�
� 'DSDW� GLOLKDW� SDGD� 7DEHO� �� SHUODNXDQ�
NRQVHQWUDVL� VXEVWUDW� VHEDQ\DN� ���� GHQJDQ�
DNWLYLWDV�VHOXODVH����)38�PHQJKDVLONDQ�NDGDU�JXOD�
SHUHGXNVL� VHEHOXP� IHUPHQWDVL� WHUWLQJJL�
�RSWLPXP�� VHEHVDU� ������PJ�P/� GDQ� WHUHQGDK�
DGDODK� VHEHVDU� ��� PJ�P/� SDGD� SHUODNXDQ�
NRQVHQWUDVL� VXEVWUDW� VHEDQ\DN� ���� GHQJDQ�
DNWLYLWDV����)38�J�VXEVWUDW��.DGDU�JXOD�SHUHGXNVL�
VHWHODK� IHUPHQWDVL� PHQXUXQ�� NDUHQD� JXOD� DWDX�
JOXNRVD� \DQJ� WHUEHQWXN� VHWHODK� VDNDULILNDVL� GDQ�
GLLNXWL�SURVHV�IHUPHQWDVL�DNDQ�PHUXEDK�VHEDJLDQ�
EHVDU� JOXNRVD� WHUVHEXW�PHQMDGL� HWDQRO� GDQ� DNDQ�
PHQ\LVDNDQ� VHGLNLW� JXOD� SDGD� ILOWUDW�� 3URVHV�
HQ]LPDWLN� LQL� GLODNXNDQ� GDODP� ZDNWX� ��� MDP�
EHUGDVDUNDQ�SHQHOLWLDQ�\DQJ�WHODK�GLODNXNDQ�ROHK�
:LQDUQL�HW�DO����������0HQXUXW�6XNPDQD���������
DQDOLVLV�NDGDU�JXOD�SHUHGXNVL�WHUWLQJJL�SDGD�SXOS�
EDWDQJ� VDZLW� \DLWX� ������ PJ�P/� GHQJDQ�
NRQVHQWUDVL�VXEVWUDW�VHEDQ\DN�����GDQ����)38�J�
VXEVWUDW�

7DEHO����.DGDU�JXOD�SHUHGXNVL�VHEHOXP�GDQ�VHVXGDK�IHUPHQWDVL
5BCMF����3FEVDJOH�TVHBS�DPOUFOU�CFGPSF�BOE�BGUFS�GFSNFOUBUJPO

1R� 6DPSHO��6DPSOHV�� )38��J�VXEVWUDW��
6HEHOXP�
)HUPHQWDVL�

�%HIRUH�IHUPHQWDWLRQ��
PJ�P/��

6HVXGDK�IHUPHQWDVL�
�$IWHU�IHUPHQWDWLRQ��

PJ�P/��

�

��� 6��� ����� ������ �����

��� &��� ����� ����� �����

��� 6��� ��� ����� �����

��� &��� ��� ����� �����

��� 6��� ����� ������ �����

��� &��� ����� ������ �����

��� 6��� ��� ������ �����

��� &��� ��� ������ �����
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���� 6��� ��� ������ �����
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�&RQWURO�������6�� �6DPSHO��6DPSOH�������&�� �.RQWURO��&RQWURO������

.DGDU�JXOD�SHUHGXNVL��5HGXFLQJ�VXJDU�FRQWHQW�

3HPEXDWDQ�%LRHWDQRO�GDUL�/LPEDK�.D\X�6HQJRQ�� �0LT���%DUQHE\�	�-�:��*ULPHV��)DOFDWDULD�PROXFFDQD� �����
�

�
,QD�:LQDUQL	�7��%HXQD�%DUGDQW�



���

� %HUGDVDUNDQ� DQDOLVLV� VWDWLVWLN� GHQJDQ�
PHQJJXQDNDQ� UDQFDQJDQ� SHUFREDDQ� $QFRYD�
�$QDO\VLV� RI� FRYDULDQFH�� GHQJDQ� SROD� DFDN� OHQJNDS�
5$/� �/DPSLUDQ� ���� PHQXQMXNNDQ� EDKZD�
NRPELQDVL� �.�� DQWDUD� IDNWRU� )38� GDQ� IDNWRU�
VDPSHO�EDKDQ�EHUSHQJDUXK�Q\DWD�WHUKDGDS�NDGDU�
JXOD� SHUHGXNVL� VHVXGDK� IHUPHQWDVL�� 'HPLNLDQ�
SXOD�NDGDU�JXOD�SHUHGXNVL�VHEHOXP�IHUPHQWDVL��+��
MXJD� EHUSHQJDUXK� Q\DWD� WHUKDGDS� NDGDU� JXOD�
VHVXGDK�IHUPHQWDVL��7HUQ\DWD�SHUDQDQ�NDGDU�JXOD�
VHEHOXP� IHUPHQWDVL� �+�� SRVLWLI � WHUKDGDS� NDGDU�
JXOD�VHVXGDK�IHUPHQWDVL��<GDWD���GHQJDQ�NRHILVLHQ�
UHJUHVL��%�� ������������DWDX�GHQJDQ�SHUNDWDDQ�
ODLQ�VHPDNLQ�WLQJJL�NDGDU�JXOD�SHUHGXNVL�VHEHOXP�
IHUPHQWDVL� �+�� PDND� DNDQ� PHPEHULNDQ� NDGDU�
\DQJ�WLQJJL�VHVXGDK�IHUPHQWDVL��<GDWD��
� /HELK� ODQMXW�� SHQJDUXK� NRPELQDVL� �.�� \DQJ�
Q\DWD� WHUKDGDS� NDGDU� JXOD� SHUHGXNVL� VHVXGDK�
IHUPHQWDVL�� GLXML� OHELK� ODQMXW� GHQJDQ� XML� W�
�/DPSLUDQ�����3DGD�/DPSLUDQ �� �WHUVHEXW�� �GDSDW�
GLOLKDW�EDKZD�QLODL�NDGDU�JXOD�SHUHGXNVL�VHVXGDK�
IHUPHQWDVL� SDGD� EDKDQ� FRQWRK� �6�� FHQGHUXQJ�
OHELK�WLQJJL�GLEDQGLQJNDQ�QLODL�SDGD�NRQWURO��&���
6HODQMXWQ\D�SHQLQJNDWDQ�QLODL�)38�GDUL����NH����
XQWXN� NRGH� EDKDQ� 6��� GDQ� &��� PHQ\HEDENDQ�
SHQLQJNDWDQ� NDGDU� JXOD� SHUHGXNVL� VHVXGDK�
IHUPHQWDVL��<GDWD���6HEDOLNQ\D��SHQLQJNDWDQ�QLODL�
)38�WHUVHEXW�XQWXN�QLODL�EDKDQ�6���GDQ�&���GDQ�
6��� GDQ� &��� PHQJDNLEDWNDQ� SHQXUXQDQ� NDGDU�
JXOD� VHVXGDK� IHUPHQWDVL�� +DO� LQL� GLVHEDENDQ�
GHQJDQ� VHPDNLQ� � VXEVWUDW�WLQJJLQ\D� NRQVHQWUDVL
\DQJ� GLKLGUROLVLV���� ���DNDQ� � PDND�VHPDNLQ�ODPD�
ZDNWX� \DQJ� GLEXWXKNDQ� VHOXODVH� XQWXN�

PHQJNRQYHUVL�VHOXORVD�PHQMDGL�JOXNRVD�PHVNLSXQ�
VXGDK�PDVXN�SURVHV�IHUPHQWDVL�

&��.RQYHUVL�6HOXORVD�0HQMDGL�*XOD

� 3DGD�SURVHV�KLGUROLVLV��VHPXD�VDPSHO��6��GLEHUL�
WDPEDKDQ�VXUIDNWDQ��\DLWX����Y�Y�WZHHQ�����GDQ�
WLGDN�DGD�SHQDPEDKDQ�VXUIDNWDQ�SDGD�NRQWURO��&���
1LODL� NRQYHUVL� VHOXORVD� NRQWURO� PHQXQMXNNDQ�
DQJND� \DQJ� OHELK� UHQGDK� GDUL� VHPXD� VDPSHO�
GHQJDQ�SHQDPEDKDQ�VXUIDNWDQ��+DO� LQL�GLVHEDE�
NDQ� VXUIDNWDQ� GDSDW� PHPEDQWX� NLQHUMD� HQ]LP�
VHOXODVH�VHKLQJJD�EHUIXQJVL�VHFDUD�RSWLPDO�XQWXN�
PHQJNRQYHUVL�VHOXORVD�PHQMDGL�JOXNRVD��.RQYHUVL�
VHOXORVD�WHUWLQJJL�������²������GLWXQMXNNDQ�SDGD�
NRQVHQWUDVL�VXEVWUDW�����GDQ�DNWLYLWDV�VHOXODVH����
GDQ� ��� )38�J� VXEVWUDW� �*DPEDU� ���� .RQYHUVL�
VHOXORVD� PHQJDODPL� SHQXUXQDQ� SDGD� ZDNWX�
SHQDPEDKDQ�VDPSHO�PHQMDGL�����SDGD�DNWLYLWDV�
VHOXODVH� ��� GDQ� ��� )38�J� VXVEWUDW�� +DO� LQL�
GLVHEDENDQ��GHQJDQ�VHPDNLQ�EDQ\DNQ\D�VXEVWUDW�
\DQJ�GLPDVXNNDQ�SDGD�VDDW�KLGUROLVLV��GLEXWXKNDQ�
ZDNWX� \DQJ� OHELK� ODPD� XQWXN� PHQJNRQYHUVL�
VHOXORVD� PHQMDGL� JXOD�� .RQYHUVL� VHOXORVD� SXOS�
MDSDQHVH� FHGDU�GHQJDQ�NDGDU� OLJQLQ� VHEHVDU�������
DGDODK�VHEHVDU�������GHQJDQ�NRQVHQWUDVL�VXEVWUDW�
VHEHVDU� ����� NRQVHQWUDVL� HQ]LP� ��� )38�J�
VXEVWUDW� GDQ� PHQJJXQDNDQ� 3(*����� VHEDJDL�
VXUIDNWDQ�� VHGDQJNDQ� NRQWURO� �WDQSD� VXUIDNWDQ��
PHQFDSDL������:LQDUQL�HW�DO���������
� +DVLO� DQDOLVLV� VWDWLVWLN� GHQJDQ� DQFRYD�
�/DPSLUDQ� ��� PHQXQMXNNDQ� EDKZD� SHQJDUXK�
NRPELQDVL� �.�� DQWDUD� IDNWRU� )38� GDQ� IDNWRU�
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VDPSHO�EDKDQ�MXJD�Q\DWD�WHUKDGDS�QLODL�NRQYHUVL�
VHOXORVD�� 'HPLNLDQ� SXOD� NDGDU� JXOD� SHUHGXNVL�
VHEHOXP�IHUPHQWDVL��+�� MXJD�EHUSHQJDUXK�Q\DWD�
WHUKDGDS�QLODL�NRQYHUVL�VHOXORVD��<GDWD����7HUQ\DWD�
SHUDQDQ� NDGDU� JXOD� VHEHOXP� IHUPHQWDVL� �+��
SRVLWLI � SXOD� WHUKDGDS� QLODL� NRQYHUVL� VHOXORVD��
GHQJDQ� NRHILVLHQ� UHJUHVL� �%��  � �� �������� DWDX�
GHQJDQ�SHUNDWDDQ�ODLQ�VHPDNLQ�WLQJJL�NDGDU�JXOD�
SHUHGXNVL�VHEHOXP�IHUPHQWDVL��+��PDND�VHPDNLQ�
WLQJJL� QLODL� NRQYHUVL� VHOXORVD� �<GDWD���� /HELK�
ODQMXW�� SHQJDUXK� NRPELQDVL� �.�� \DQJ� Q\DWD�
WHUKDGDS� QLODL� NRQYHUVL� VHOXORVD�� GLWHODDK� OHELK�
ODQMXW�GHQJDQ�XML�W��/DPSLUDQ����
� 'DUL� /DPSLUDQ� �� GDSDW� GLOLKDW� EDKZD� QLODL�
NRQYHUVL�VHOXORVD�SDGD�EDKDQ�FRQWRK��6��FHQGHUXQJ�
OHELK� WLQJJL� GLEDQGLQJNDQ� QLODL� SDGD� NRQWURO� � � ��
6HODQMXWQ\D�SHQLQJNDWDQ�QLODL�)38�GDUL����NH����
XQWXN� NRGH� EDKDQ� 6��� GDQ� &��� PHQ\HEDENDQ�
SHQLQJNDWDQ�QLODL�NDGDU�NRQYHUVL�VHOXORVD��<GDWD����
6HEDOLNQ\D��SHQLQJNDWDQ�QLODL�)38�WHUVHEXW�XQWXN�
NRGH� EDKDQ� 6��� GDQ� &��� VHUWD� 6��� GDQ� &���
PHQJDNLEDWNDQ�SHQXUXQDQ�QLODL�NRQYHUVL�VHOXORVD��
1LODL� NRQYHUVL� VHOXORVD� WHUWLQJJL� WHUGDSDW� SDGD�
EDKDQ�FRQWRK�6���GDQ�&����GLLNXWL�EHUWXUXW�WXUXW�
ROHK�NRQYHUVL�VHOXORVD�SDGD�EDKDQ�FRQWRK�6���GDQ�
&����GDQ�SDGD�EDKDQ�FRQWRK�6���GDQ�&����VHEDJDL�
XUXWDQ�WHUWLQJJL�NHGXD�GDQ�NHWLJD��WHUHQGDK���+DO�
LQL�GLVHEDENDQ�VHOXODVH�VHEDQ\DN����GDQ����)38�J�
VXEVWUDW�HIHNWLI �GDQ�RSWLPDO�EHNHUMD�PHQJNRQYHUVL�
VHOXORVD� SDGD� SHQDPEDKDQ� NRQVHQWUDVL� VXEVWUDW�
�����DSDELOD�DGD�SHQDPEDKDQ�VXEVWUDW��PDND�SHUOX�
SHQDPEDKDQ�DNWLYLWDV�HQ]LP�

'��.DGDU�(WDQRO� GHQJDQ�$NWLYLWDV�(Q]LP� ���
GDQ����)38�J�6XEVWUDW

� 3ULQVLSQ\D��IHUPHQWDVL�DGDODK�SHUXEDKDQ���PRO�
JOXNRVD� �JXOD��PHQMDGL� ��PRO� HWDQRO� GDQ� ��PRO�
NDUERQ� GLRNVLGD�� 3DGD� SURVHV� IHUPHQWDVL� HWDQRO��
UDJL� DNDQ� PHODNXNDQ� PHWDEROLVPH� JOXNRVD� GDQ�
IUXNWRVD�PHPEHQWXN�DVDP�SLUXYDW�PHODOXL�WDKDSDQ�
UHDNVL� SDGD� MD XU� (PEGHQ�0H\HUKRI�3DUQDV��O
VHGDQJNDQ� DVDP� SLUXYDW� \DQJ� GLKDVLONDQ� DNDQ�
GLGHNDUERNVLODVL� PHQMDGL� DVHWDOGHKLGD� \DQJ�
PHQJDODPL�GHKLGURJHQDVL�PHQMDGL�HWDQRO�
� *DPEDU � PHQXQMXNNDQ� VHPXD� NDGDU� HWDQRO�� �
NRQWURO�GDQ�SHUODNXDQ�PHPHQXKL�WDUJHW�NHOD\DNDQ�
SURGXNVL��NDUHQD�PHQJK VLONDQ�NDGDU�HWDQRO�!����D
Y�Y��SDEULN�DONRKRO�0DGXNLVPR��6DSXWUR���������
6HPHQWDUD� LWX�� VHPXD� NDGDU� HWDQRO� NRQWURO� OHELK�
UHQGDK� GDUL� NDGDU� HWDQRO� VDPSHO� �SHQDPEDKDQ�
VXUIDNWDQ��SDGD�VHPXD�SHUODNXDQ��0HVNLSXQ��WLGDN�
DGD�SHUEHGDDQ�\DQJ�VLJQLI NDQ�SDGD�NDGDU�HWDQRO�L
NRQWURO� GDQ�SHUODNXDQ�SDGD� NRQVHQWUDVL� VXEVWUDW�
����GDQ�SHQDPEDKDQ�VHOXODVH����GDQ����)38�J�
VXEVWUDW��3HUEHGDDQ�\DQJ� VLJQLILNDQ� OHELK� WHUOLKDW�
VHWHODK�NRQVHQWUDVL�VXEVWUDW��� �GDQ��� �� �PDVLQJ�
PDVLQJ�SDGD�ZDNWX�KLGUROLVLV�
� .DGDU�HWDQRO�WHUWLQJJL�GLKDVLONDQ�GDUL�SHUODNXDQ�
NRQVHQWUDVL�VXEVWUDW������GHQJDQ�DNWLYLWDV�VHOXODVH�
VHEDQ\DN� ��� )38�J� VXEVWUDW� �������� GHQJDQ�
UHQGHPHQ� ������ GDQ� WHUHQGDK� DGDODK� �����
�UHQGHPHQ� ������� \DLWX� NRQWURO� GHQJDQ�
NRQVHQWUDVL�VXEVWUDW�����GDQ�DNWLYLWDV�VHOXODVH����
)38�J� VXEVWUDW�� 6HPDNLQ� WLQJJL� NRQVHQWUDVL�
VHOXORVD�SDGD�ZDNWX�KLGUROLVLV��PDND�VHPDNLQ�WLQJJL�

W��o�lµ�v�

~d����u�v����

.
DG
DU
�H
WD
Q
R
O

�(
WK
DQ
RO
�F
RQ
WH
QW
���
�

�

.HWHUDQJDQ��5HPDUNV����6��� �6DPSHO��6DPSOH�������&��� �.RQWURO��&RQWURO�������6��� �6DPSHO��6DPSOH������&��� �.RQWURO�
�&RQWURO��������6��� �6DPSHO��6DPSOH�������&��� �.RQWURO��&RQWURO������

*DPEDU����.DGDU�HWDQRO�����SDGD�EHEHUDSD�SHUODNXDQ
'JHVSF����&UIBOPM�DPOUFOU�	�
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HWDQRO�\DQJ�GLKDVLONDQ��+DO�LQL�VHVXDL�GHQJDQ�KDVLO�
SHQHOLWLDQ� \DQJ� GLODNXNDQ� ROHK� %DUGDQW� HW� DO��
�������� VHPDNLQ� WLQJJL� VXEVWUDW� SXOS� 7..6�
��������� VHPDNLQ� WLQJJL� NDGDU� HWDQRO� \DQJ�
GLKDVLONDQ���������
� +DVLO� DQDOLVLV� VWDWLVWLN� GHQJDQ� DQFRYD�
�/DPSLUDQ� ��� PHQXQMXNNDQ� EDKZD� SHQJDUXK�
NRPELQDVL� �.�� DQWDUD� IDNWRU� )38� GDQ� IDNWRU�
VDPSHO� EDKDQ� MXJD� Q\DWD� WHUKDGDS� NDGDU� HWDQRO�
�/DPSLUDQ� ���� 'HPLNLDQ� SXOD� NDGDU� JXOD�
SHUHGXNVL� VHEHOXP� IHUPHQWDVL� �+�� MXJD�
EHUSHQJDUXK� Q\DWD� WHUKDGDS� NDGDU� HWDQRO�
�<GDWD�U���7HUQ\DWD�SHUDQDQ�NDGDU�JXOD�VHEHOXP�
IHUPHQWDVL��+��SRVLWLI �SXOD�WHUKDGDS�NDGDU�HWDQRO��
GHQJDQ� NRHILVLHQ� UHJUHVL� �%��  � �� ������� DWDX�
GHQJDQ�SHUNDWDDQ�ODLQ�VHPDNLQ�WLQJJL�NDGDU�JXOD�
SHUHGXNVL�VHEHOXP�IHUPHQWDVL��+��PDND�VHPDNLQ�
WLQJJL� NDGDU� HWDQRO� �<GDWD�U��� /HELK� ODQMXW��
SHQJDUXK� NRPELQDVL� �.�� \DQJ� Q\DWD� WHUKDGDS�
NDGDU� HWDQRO�� GLXML� OHELK� ODQMXW� GHQJDQ� XML� W�
�/DPSLUDQ����
� 3DGD� /DPSLUDQ� �� GDSDW� GLOLKDW� EDKZD� QLODL�
NDGDU� HWDQRO� SDGD� EDKDQ� FRQWRK� �6�� FHQGHUXQJ�
OHELK�WLQJJL�GLEDQGLQJNDQ�QLODL�SDGD�NRQWURO��&���
6HODQMXWQ\D�SHQLQJNDWDQ�QLODL�)38�GDUL����NH����
XQWXN�NRGH�EDKDQ�6���GDQ�&���GDQ�6���GDQ�&���
PHQ\HEDENDQ� VHGLNLW� SHQXUXQDQ� NDGDU� HWDQRO�
�<GDWD�U��� 6HEDOLNQ\D�� SHQLQJNDWDQ� QLODL� )38�
WHUVHEXW� XQWXN� NRGH� EDKDQ� 6��� GDQ� &���
PHQJDNLEDWNDQ� SHQLQJNDWDQ� NDGDU� HWDQRO�� 1LODL�
NDGDU� HWDQRO� WHUWLQJJL� WHUGDSDW� SDGD� EDKDQ�
FRQWRK�6���GDQ�&����GLLNXWL�EHUWXUXW�WXUXW�ROHK�
NRQYHUVL� VHOXORVD� SDGD� EDKDQ� FRQWRK� 6��� GDQ�
&����GDQ�SDGD�EDKDQ�FRQWRK�6���GDQ�&����VHEDJDL�
XUXWDQ�WHUWLQJJL�NHGXD�GDQ�NHWLJD��WHUHQGDK��
� 8PXPQ\D � � SDGD � KD V L O � V DND U L I L N D V L �
NHFHQGHUXQJDQ�\DQJ�WHUMDGL�\DLWX�VHPDNLQ�QDLNQ\D�
NRQVHQWUDVL� JXOD� SHUHGXNVL� PDND� DNDQ�
PHQJKDVLONDQ�HWDQRO� \DQJ�PDNLQ� WLQJJL��.DUHQD�
JOXNRVD�\DQJ�GLKDVLONDQ�VHWHODK�SURVHV�IHUPHQWDVL�
PHQMDGL�VXPEHU�PDNDQDQ�EDJL�UDJL�XQWXN�GLUXEDK�
PHQMDGL� HWDQRO�� 6HGDQJNDQ� EHUGDVDUNDQ� KDVLO�
DQDOLVLV� JXOD� SHUHGXNVL� VHEHOXPQ\D� �7DEHO� ����
PHQXQMXNNDQ� EDKZD� SHUODNXDQ� NRQVHQWUDVL�
VXEVWUDW�����PHQJKDVLONDQ�JXOD�SHUHGXNVL�\DQJ�
OHELK�WLQJJL�GDULSDGD�NRQVHQWUDVL�VXEVWUDW�������
WHWDSL�NDGDU�HWDQRO�VXEVWUDW�����OHELK�WLQJJL�GDUL�
����� +DO� LQL� GLVHEDENDQ� SDGD� VDDW� SURVHV�
IHUPHQWDVL��VHODLQ�UDJL�\DQJ�EHNHUMD��VHOXODVH�PDVLK�
EHNHUMD�PHQJXUDL� VHOXORVD�PHQMDGL� JOXNRVD�� GDQ�

NHPXGLDQ�GLXUDL�ROHK�UDJL�PHQMDGL�HWDQRO�VHODPD�
��� MDP� IHUPHQWDVL�� 3DGD� NRQVHQWUDVL� ����� VDDW�
IHUPHQWDVL��VHOXODVH�WLGDN�PHPSXQ\DL�ODJL�VHOXORVD�
XQWXN� GLNRQYHUVL� PHQMDGL� JXOD�� +DO� LQL� \DQJ�
PHQ\HEDENDQ� NRQVHQWUDVL� VXEVWUDW� ���� WHODK�
PDNVLPDO�GLNRQYHUVL�VHOXODVH�SDGD�VDDW�KLGUROLVLV�

(��.HOD\DNDQ�3URGXNVL�GDQ�.HOD\DNDQ�+DUJD�
3RNRN�3URGXNVL

� .HOD\DNDQ� SURGXNVL� GDQ� NHOD\DNDQ� KDUJD�
SRNRN�SURGXNVL�PHUXSDNDQ�VDODK�VDWX�NRPSRQHQ�
\DQJ� GDSDW� GLNDML� VHEDJDL� VXPEHU� \DQJ� GDSDW�
PHQGXNXQJ� KDVLO� \DQJ� WHODK� GLGDSDWNDQ� SDGD�
SURVHV�SURGXNVL�ELRHWDQRO��0DVLQJ�PDVLQJ�NDMLDQ�
LQL� PHPLOLNL� EDWDVDQ� GLDQWDUDQ\D� NHOD\DNDQ�
SURGXNVL� GLQ\DWDNDQ� OD\DN� MLND� KDVLOQ\D� �� ���
HWDQRO�� VHGDQJNDQ� NHOD\DNDQ� KDUJD� SRNRN�
SURGXNVL� GLQ\DWDNDQ� OD\DN� MLND� KDUJD� SRNRN�
SURGXNVL�PLQLPDO�VHWDUD�GHQJDQ�KDUJD�SHUWDPD[�

���.HOD\DNDQ�SURGXNVL�ELRHWDQRO�SXOS�OLPEDK�ND\X
� 'DODP� SURGXNVL� ELRHWDQRO� WHUGDSDW� VWDQGDU�
NHOD\DNDQ� SURGXNVL� GLPDQD� NHOD\DNDQ� PHQJDFX�
SDGD� NRQVHQWUDVL� ELRHWDQRO� \DQJ� GLGDSDWNDQ��
6WDQGDU�\DQJ�GLWHWDSNDQ�SDGD�SURGXNVL�ELRHWDQRO�
DGDODK�OLPLW������HWDQRO��.HOD\DNDQ�SURGXNVL�LQL�
GLGDVDUNDQ�SDGD�NRORP�GHVWLODVL�DONRKRO�NRPHUVLDO�
37�� 0DGXNLVPR�� <RJ\DNDUWD�� +DVLO� SHQHOLWLDQ�
\DQJ� GLODNXNDQ� XQWXN� IHUPHQWDVL� GDUL� WLJD�
SHUODNXDQ� \DQJ� WHODK� GLODNXNDQ� PHQXQMXNNDQ�
VHPXD� SHU�ODNXDQ� PHQXQMXNNDQ� KDVLO� VHVXDL�
VWDQGDU��������\DLWX�VXEVWUDW�����������GDQ�����

��� .HOD\DNDQ�KDUJD�SRNRN�SURGXNVL�SXOS�OLPEDK�
ND\X

� 6HODLQ� NHOD\DNDQ� SURGXNVL� PDND� KDUXV� DGD�
WLQMDXDQ�PHQJHQDL�KDUJD�SRNRN�SURGXNVL�VHEDJDL�
DFXDQ� EDKZD� SURGXNVL� ELRHWDQRO� LQL� GDSDW�
GLODNXNDQ�GDODP�VNDOD�LQGXVWUL�VHEDJDL�VDODK�VDWX�
DOWHUQDWLI � SHQJJDQWL� EHQVLQ�� .RPSRQHQ� ELD\D�
SURGXNVL�ELRHWDQRO�GLVDMLNDQ�SDGD�7DEHO���
� 6HODLQ�IDNWRU�NHOD\DNDQ�KDUJD�SRNRN�SURGXNVL��
SHUNHPEDQJDQ�ELRHWDQRO� GL� GXQLD� NKXVXVQ\D�GL�
,QGRQHVLD� GLSHQJDUXKL� MXJD� ROHK� KDUJD�
SHUNHPEDQJDQ� PLQ\DN� PHQWDK� GXQLD�� +DUJD�
ELRHWDQRO� GLKDUDSNDQ� GDSDW� EHUVDLQJ� GHQJDQ�
KDUJD� EDKDQ� EDNDU� GL� SDVDUDQ�� .LVDUDQ� \DQJ�
GLGDSDWNDQ� XQWXN� KDUJD� ELRHWDQRO� DGDODK� 5S�
��������� VHGDQJNDQ� ELRHWDQRO� GLKDUDSNDQ� GDSDW�
PHQ\DPDL� DWDX� OHELK� UHQGDK� GDUL� SHUWDPD[� ���
VHEHVDU�5S���������

3HQHOLWLDQ�+DVLO�+XWDQ�9RO�����1R�����'HVHPEHU��������������
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%XUXK�GDQ�XWLOLWDV��/DERU�DQG�XWLOLWLHV�����
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D�� %LD\D�SURGXNVL�SXOS�5S����������NJ�VHWDUD�GHQJDQ�RQJNRV�SURGXNVL�SXOS�SHU�'HVHPEHU�������%LD\D�SURGXNVL�WHUVHEXW�
VXGDK� WHUPDVXN�ELD\D�SHQJLULPDQ�EDKDQ�EDNX��XSDK�EXUXK�� HQHUJL� �OLVWULN���EDKDQ�EDKDQ�NLPLD�\DQJ�GLJXQDNDQ�VDW�
SURGXNVL�SXOS�

E�� %LD\D�XWLOLWDV��OLVWULN��SHQJRODKDQ�OLPEDK���ODED�GDQ�EXUXK�5S���������OLWHU��VHWDUD�NLQHUMD�EXUXK��EHUGDVDUNDQ�VLVWHP�\DQJ�
GLWHUDSNDQ�ROHK�37��36�0DGXNLVPR��3HUXVDKDDQ�WHUVHEXW�PHQMXDO�SURGXNQ\D�VHKDUJD�5S���������OLWHU�GHQJDQ�ODED�\DQJ�
GLSHUROHK�VHEHVDU�5S��������

F�� .RQYHUVL�VHOXORVD�PHQMDGL�JOXNRVD�!�����GHQJDQ�KDUJD�VHOXODVH����EDKDQ���EXUXK���XWLOLWDV��VHWDUD�NLQHUMD�DPLODVH�
G�� .RQYHUVL� JOXNRVD� PHQMDGL� HWDQRO� !� ���� GHQJDQ� NHEXWXKDQ� UDJL� GDQ� QXWULHQ� WDPEDKDQ� ��� EDKDQ� �� EXUXK� ��

XWLOLWDV� �VHWDUD� NLQHUMD� UDJL� SDGD� HWDQRO� GDUL� PRODVHV�� \DQJ� GLGDVDUNDQ� ROHK� VLVWHP� \DQJ� GLWHUDSNDQ� ROHK� 37�� 36�
0DGXNLVPR

7DEHO����%LD\D�SURGXNVL�ELRHWDQRO
5BCMF����&UIBOPM�DPTU�QSPEVDUJPO

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

� .RQYHUVL� VHOXORVD� WHUWLQJJL� DGDODK� VHEHVDU�
������SDGD�SHUODNXDQ�NRQVHQWUDVL�VXEVWUDW�����
GDQ�VHOXODVH����)38�J�VXEVWUDW��6HPXD�SHUODNXDQ�
VDPSHO�PHQJDODPL�SHQLQJNDWDQ�VHEDQ\DN���²�����
NRQYHUVL� VHOXORVD�GLEDQGLQJNDQ� WDQSD� VXUIDNWDQ��
0HWRGH�VXEVWUDW�NRQVHQWUDVL�WLQJJL�PHQJKDVLONDQ�
NDGDU� HWDQRO� WHUWLQJJL� VHEHVDU� ������ GHQJDQ�
UHQGHPHQ� ������ SDGD� SHUODNXDQ� NRQVHQWUDVL�
VDPSHO�����GHQJDQ�DNWLYLWDV�VHOXODVH����)38�J�
VXEVWUDW�
� 3DGD�SHQJJXQDDQ�PHWRGH�VXEVWUDW�NRQVHQWUDVL�
WLQJJL�� SHUOX� GLODNXNDQ� SHUODNXDQ� SHQGDKXOXDQ�
XQWXN� PHQJHWDKXL� NDGDU� VHOXODVH� RSWLPDO� \DQJ�
GLEXWXKNDQ�SDGD�VDDW�KLGUROLVLV��DWDX�SHQDPEDKDQ�
ZDNWX� VDNDULILNDVL� DWDX� IHUPHQWDVL� DJDU� JXOD�
SHUHGXNVL�GDQ�NDGDU�HWDQRO HELK�PDNVLPDO�O �

8&$3$1�7(5,0$�.$6,+

� 3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� NHSDGD�
3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�+DVLO�+XWDQ�

�3�++�� \DQJ� WHODK� PHPELD\DL� SHQHOLWLDQ� LQL�
PHODOXL� ',3$� 3�++� WDKXQ� ������ GDQ� VHPXD�
SLKDN� \DQJ� WHODK�PHPEDQWX� GDODP� SHODNVDQDDQ�
SHQHOLWLDQ� WHUXWDPD�SDUD� WHNQLVL�GL� ODERUDWRULXP�
.HOWL�3HQJRODKDQ�.LPLD�(QHUJL�GDQ�+DVLO�+XWDQ�
%XNDQ�.D\X��

'$)7$5�3867$.$

&KHQJ��1���<DPDPRWR��<���.RGD��.���7DPDL��<���	�
8UDNL�� <�� �������� $PSKLSDWKLF� OLJQLQ�
GHULYDWLYHV� WR� DFFHOHUDWH� VLPXOWDQHRXV�
VDFFKDULILFDWLRQ� DQG� IHUPHQWDWLRQ� RI �
XQEOHDFKHG�VRIWZRRG�SXOS�IRU�ELRHWKDQRO�
SURGXFWLRQ�� ������%LRUHVRXUFH�7HFKQRORJ\�����
�����GRL����������M�ELRUWHFK��������������

.HWHUDQJDQ��5HPDUNV��

3HPEXDWDQ�%LRHWDQRO�GDUL�/LPEDK�.D\X�6HQJRQ�� �0LT���%DUQHE\�	�-�:��*ULPHV��)DOFDWDULD�PROXFFDQD� �����
�

�
,QD�:LQDUQL	�7��%HXQD�%DUGDQW�

%DUGDQW��7��%���,QGL\DQWL���	�6HOYL\DQWL��7����������
6WXG\� RI � UHVSRQVH� VXUIDFH� PHWKRGRORJ\�
�560�� RQ� WKH� HIIHFW� RI � VSDQ� ��� LQ� KLJK�
VXEVWUDWH� ORDGLQJ� HQ]\PDWLF� K\GURO\VLV�
RI � SDOP� RLO� ()%�� 'DODP� 7KH� �QG� .RUHD�
,QGRQHVLD� :RUNVKRS� 	� ,QWHU QDWLRQDO�
6\PSRVLXP� RQ� %LRHQHUJ\� IURP� %LRPDVV� �SS��
1�4���3��



���

&RQYHUVH�� $��2���2RVKLPD��+��� 	� %XUQV��'�� 6��
��������.LQHWLFV�RI �HQ]LPDWLF�K\GURO\VLV�RI �
OLJQRFHOOXORVH� PDWHULDOV� EDVHG� RQ� VXUIDFH�
DUHD�RI �FHOOXORVH�DFFHVVLEOH�WR�HQ]\PH�DQG�
HQ]\PH�DGVRUSWLRQ�RQ�OLJQLQ�DQG�FHOOXORVH��
$SSOLHG�%LRFKHPLVWU\�DQG�%LRWHFKQRORJ\���������
���

'XWD��'��.����������������3HUWDPLQD�LPSRU�%%0���
MXWD� EDUHO� SHU� EXODQ�� 'LDNVHV� GDUL�
K W WSV ���ZZZ� � FQQLQGRQHV LD �FRP��
HNRQRPL���������������������������
�����SHUWDPLQD�LPSRU�EEP���MXWD�EDUHO�
SHU�EXODQ�SDGD�WDQJJDO����$JXVWXV������

.HPHQWHULDQ� .HKXWDQDQ� 5HSXEOLN� ,QGRQHVLD��
�������� ��6WDWLVWLN� NHKXWDQDQ� ,QGRQHVLD
.HPHQWHULDQ�.HKXWDQDQ��-DNDUWD

/\QG��/��5����������2YHUYLHZ�DQG�HYDOXDWLRQ�RI �
IXHO� HWKDQRO� IURP� FHOOXORVLF� ELRPDVV"��
7HFKQRORJ\�� HFRQRPLV�� WKH� HQYLURQPHQW��
DQG�SROLF\��$QQXDO�5HYLHZ�RI �(QHUJ\�DQG�WKH�
(QYLURQPHQW�� ���� ��������� GRL�� ���������
DQQXUHY�HQHUJ\����������

3XUZDQWR��'�� �������� $QDOLVD� MHQLV� OLPEDK� ND\X�
SDGD� LQGXVWUL� SHQJRODKDQ� ND\X� GL�
.DOLPDQWDQ� 6HODWDQ�� -XUQDO� 5LVHW� ,QGXVWUL�
+DVLO�+XWDQ��������������

5DWKQD�� *�� 6��� 6DUDQ\D�� 5��� 	� .DODLVHOYDP�� 0��
�������� %LRHWKDQRO� IURP� VDZGXVW� XVLQJ�
FHOOXODVH�K\GURO\VLV�RI �$VSHUJLOOOXV� RFKUDFHXV�
DQG� IHUPHQWDWLRQ� E\� 6DFKDURP\FHV� FHUHYLVDH��
0LFURELRORJ\�$SSOLHG�6FLHQFH�����������������

6KLQWDZDW\�� $�� �������� 3URVSHN� SHQJHPEDQJDQ�
ELRGLHVHO�GDQ�ELRHWDQRO�VHEDJDL�EDKDQ�EDNDU�
DOWHUQDWLI � GL� ,QGRQHVLD�� 'LDNVHV� GDUL�
K W WSV ��� LG � VFU LEG �FRP�GRFXPHQW� �
���������3URVSHN�%LRGLHVHO��SDGD�WDQJJDO�
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6% 6XEVWUDWH�����) �HQ]\PH�DFWLYLW\��)38�J�VXEVWUDW��. �WUHDWPHQW
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