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&XUUHQWO\��ELRHWKDQRO� LV� RQH�RI �ELRIXHOV�ZKLFK� LV�SRWHQWLDOO\�GHYHORSHG� IRU�QHZ�DQG� UHQHZDEOH�DOWHUQDWLYH� HQHUJ\��
%LRHWKDQRO�FRXOG�EH�IHUPHQWHG�IURP�DJULFXOWXUH�DQG�IRUHVW�ZDVWHV��ZLWK�SUH�WUHDWPHQW�DQG�K\GURO\VLV�SURFHVV�EHIRUH�WKH�
IHUPHQWDWLRQ��7KRVH�SURFHVV�FRXOG�EH�FDUULHG�RXW�E\�DQ�DGGLWLRQ�RI �PLFUREH��\HDVW���,Q�RUGHU�WR�JDLQ�JUHDWHU�HWKDQRO�FRQWHQW��
\HDVW�PL[LQJ�IRUPXODWLRQ�LV�FUXFLDO�WR�REWDLQ�RSWLPXP�HWKDQRO�FRQWHQW��7KLV�SDSHU�VWXGLHV�WKH�IRUPXOD�RI �\HDVW�PL[LQJ�IRU�
RSWLPXP� HWKDQRO� SURGXFWLRQ� RI � VHQJRQ� ZRRG� ZDVWH�� )RUPXODWLRQ� ZDV� FRQGXFWHG� E\� PL[LQJ� $VSHUJLOOXV� RU\]DH��
6DFFKDURP\FHV�FHUHYLVDH��5K\]RSXV�RU\]DH�DQG�RWKHU�VXEVWDQFHV�ZLWK�YDULRXV�WUHDWPHQWV��&RPPHUFLDO�\HDVW�RI ���²�
���6DFKDURP\FHV�FHUHYLVDH�ZDV�XVHG�DV�D�FRPSDUDEOH�FRQWURO��5HVXOWV�VKRZHG�WKDW����\HDVW�PL[LQJ�ZDV�HIIHFWLYH�WR�
SURGXFH��������HWKDQRO�FRQWHQW�IURP�OLJQRFHOOXORVH�IHUPHQWDWLRQ��7KH�HWKDQRO�FRQWHQW�LV�UHODWLYHO\�JUHDWHU�WKDQ�WKRVH�RI �
FRPPHUFLDO�\HDVW�ZKLFK�FRQVWLWXWHV�RI �DERXW��������HWKDQRO�FRQWHQW�

.H\ZRUGV��<HDVW�PL[LQJ��VHQJRQ�ZRRG�ZDVWH��FRPPHUFLDO�\HDVW��IHUPHQWDWLRQ��HWKDQRO�

$%675$.

6DDW� LQL�� ELRHWDQRO� PHUXSDNDQ� VDODK� VDWX� VXPEHU� %DKDQ� %DNDU�1DEDWL� �%%1�� \DQJ� EHUSRWHQVL�
GLNHPEDQJNDQ�VHEDJDL�VXPEHU�HQHUJL�DOWHUQDWLI �EDUX�GDQ�WHUEDUXNDQ��%LRHWDQRO�GDSDW�GLSHUROHK�GDUL�
IHUPHQWDVL�OLPEDK�SHUWDQLDQ�GDQ�NHKXWDQDQ��GHQJDQ�VHEHOXPQ\D�PHODOXL�SHUODNXDQ�SHQGDKXOXDQ�GDQ�
KLGUROLVLV��3URVHV�WHUVHEXW�GDSDW�GLODNXNDQ�GHQJDQ�EDQWXDQ�PLNURED��UDJL���8QWXN�PHQGDSDWNDQ�NDGDU�
HWDQRO�\DQJ�WLQJJL�SHUOX�GLODNXNDQ�SHQFDULDQ�IRUPXODVL�UDJL�FDPSXUDQ�XQWXN�SURVHV�IHUPHQWDVL��7XOLVDQ�
LQL�PHPSHODMDUL� IRUPXODVL� UDJL� FDPSXUDQ� \DQJ� HIHNWLI � GDUL� IHUPHQWDVL� VDEHWDQ� ND\X� VHQJRQ� XQWXN�
PHQJKDVLONDQ�NDGDU�HWDQRO�\DQJ�RSWLPDO��)RUPXODVL�GLODNXNDQ�GHQJDQ�PHQFDPSXU�$VSHUJLOOXV�RU\]DH��
6DFFKDURP\FHV�FHUHYLVDH��5K\]RSXV�RU\]DH�GDQ�FDPSXUDQ�EDKDQ�ODLQQ\D�GHQJDQ�EHEHUDSD�YDULDVL�SHUODNXDQ��
5DJL�NRPHUVLDO� GLJXQDNDQ�VHEDJDL�NRQWURO�SHPEDQGLQJ�GHQJDQ�NRQVHQWUDVL���²�����6DFKDURP\FHV�FHUHYLVDH�
+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�UDJL�FDPSXUDQ�GHQJDQ�NRQVHQWUDVL����SDOLQJ�HIHNWLI �GLJXQDNDQ�
SDGD�IHUPHQWDVL�OLJQRVHOXORVD�GHQJDQ�KDVLO�NDGDU�HWDQRO�VHEHVDU���������.DGDU�HWDQRO�\DQJ�GLKDVLONDQ�
OHELK�WLQJJL�GDUL�NDGDU�HWDQRO�\DQJ�GLKDVLONDQ�GDUL�IHUPHQWDVL�GHQJDQ�UDJL�NRPHUVLDO�VHEHVDU��������

.DWD�NXQFL��5DJL�FDPSXUDQ��VDEHWDQ�ND\X�VHQJRQ��UDJL�NRPHUVLDO��IHUPHQWDVL��HWDQRO
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� 6DDW�LQL�NRQVXPVL�%DKDQ�%DNDU�0LQ\DN��%%0��
GDODP�QHJHUL�VXGDK�GL�DWDV�����MXWD�EDUHO�SHU�KDUL��
VHPHQWDUD� SURGXNVLQ\D� GL� EDZDK� �������� EDUHO�
SHU�KDUL��7HUOHELK�ODJL�SDGD�DZDO�DEDG�NH����VHNWRU�
WUDQVSRUWDVL� WHODK� PHQJJHVHU� VHNWRU� LQGXVWUL�
VHEDJDL�SHQJJXQD�HQHUJL�WHUEHVDU��GHQJDQ�SDQJVD�
OHELK�GDUL�����EHUVXPEHU�GDUL�SHUVHGLDDQ�%%0�GL�
,QGRQHVLD�� 3DGDKDO� SHUVHGLDDQ� HQHUJL� IRVLO��
NKXVXVQ\D�PLQ\DN�DWDX�ROL�FDGDQJDQQ\D�WHUEDWDV�
GDQ�WLGDN�GDSDW�GLSHUEDUXL��8QWXN�LWX��GLEXWXKNDQ�
HQHUJL� DOWHUQDWLI � \DQJ� GDSDW� GLJXQDNDQ� XQWXN�
PHQJKHPDW� SHUVHGLDDQ� PLQ\DN� EXPL�� GDQ� MXJD�
UDPDK� OLQJNXQJDQ� VHKLQJJD� GDSDW� PHQJXUDQJL�
WLQJNDW� SROXVL� DNLEDW� HPLVL� JDV� EXDQJ�
NHQGDUDDQ �:LUDDWPDMD�� ������� 6DODK� VDWX� FDUD�
XQWXN� PHQJDWDVL� PDVDODK� WHUVHEXW� DGDODK�
SHQJHPEDQJDQ� HQHUJL� DOWHUQDWLI � EDUX� GDQ�
WHUEDUXNDQ� \DQJ� EHUDVDO� GDUL� %DKDQ� %DNDU�
1DEDWL��%%1���VHSHUWL�VLQJNRQJ��MDJXQJ��VRUJXP��
OLPEDK� SHUWDQLDQ�� NHKXWDQDQ�� GDQ� DOJD�� /LPEDK�
LQGXVWUL� NHKXWDQDQ� VHSHUWL� SHQJJHUJDMLDQ� ND\X�
\DQJ� PHQJDQGXQJ� EDKDQ� EHUOLJQRVHOXORVD� MXJD�
EHUSRWHQVL� VHEDJDL� EDKDQ� EDNX� %%1� NDUHQD�
NHEHUDGDDQQ\D�\DQJ�PHOLPSDK�
� 6DODK�VDWX�HQHUJL�DOWHUQDWLI �\DQJ�PHQMDQMLNDQ�
GDUL� %%1� DGDODK� ELRHWDQRO�� %LRHWDQRO� EDLN�
GLJXQDNDQ�VHEDJDL�EDKDQ�EDNDU�NDUHQD�SDGD�VDDW�
SHPEDNDUDQ� NDUERQ GLRNVLGD� \DQJ� GLKDVLONDQ��
DNDQ� GLOHSDVNDQ� GDQ� GLVHUDS� ROHK� WDQDPDQ��
'HQJDQ� GHPLNLDQ�� SHQJJXQDDQ� ELRHWDQRO� GDSDW�
PHQJXUDQJL� SHPDQDVDQ� JOREDO�� 6DODK� VDWX� FDUD�
XQWXN� PH XEDK� OLJQRVHOXORVD� PHQMDGL� HWDQRO�QJ
DGDODK� GHQJDQ� PHQJJXQDNDQ� HQ]LP� PHODOXL�
SURVHV� KLGUROLVLV�� NHPXGLDQ� GLODQMXWNDQ� GHQJDQ�
SHQDPEDKDQ�UDJL��IHUPHQWDVL��XQWXN�PHQJKDVLO�
NDQ� HWDQRO� .HOHPDKDQ� SURVHV� LQL� DGDODK� KDUJD��
HQ]LP�\DQJ�FXNXS�WLQJJL�VHKLQJJD�ELD\D�SURGXNVL�
PHQMDGL WLQJJL�� � UHQGDKQ\D� NHUMD� HQ]LP� SDGD�
VXEVWUDW� DNLEDW� VLIDW� NULVWDOLQLWDV� VHOXORVD� GDQ�
DGDQ\D� ]DW�SHQJKDPEDW� \DQJ�GDSDW�PHQJXUDQJL�
IHUPHQWDELOLWDV�VHOXORVD�GDQ�KHPLVHOXORVD�PHQMDGL�
HWDQRO� �6WHQEHUJ�� 7HUERUJ�� *DEOH�� 	� =DFFKL��
������
� 3HUODNXDQ� SHQGDKXOXDQ�� \DLWX� EHUXSD�
GHOLJQLILNDVL�DWDX�SHQJXUDQJDQ�NDGDU�OLJQLQ�SDGD�
VDPSHO� �VXEVWUDW�� PHUXSDNDQ� SHUODNXDQ�
SHQGDKXOXDQ�\DQJ�KDUXV�GLODNXNDQ��NDUHQD�WDQSD�
GHOLJQLILNDVL�� NRQYHUVL� VHOXORVD� PHQMDGL� VDQJDW�
UHQGDK����������/\QG���������6DODK�VDWX�PHWRGH�

GHOLJQLILNDVL�DGDODK�GHQJDQ�SURVHV�DONDOL�DWDX�NUDIW�
SXOSLQJ��6HWHODK�SURVHV�KLGUROLVLV��WDKDSDQ�SHQWLQJ�
ODLQQ\D� DGDODK� SURVHV� IHUPHQWDVL�� \DLWX�
SHPHFDKDQ� JOXNRVD�PHQMDGL� HWDQRO� GDQ� NDUERQ�
GLRNVLGD�GHQJDQ�EDQWXDQ�PLNURED��UDJL�� �0RVLHU�
	�:\PDQ��������
� &RQWRK� UDJL� \DQJ� VHULQJ� GLJXQDNDQ� SDGD�
IHUPHQWDVL� HWDQRO� DGDODK �� 6DFFKDURP\FHV� FHUHYLVLD�
NDUHQD� PHPLOLNL� GD\D� NRQYHUVL� PHQMDGL� HWDQRO�
VDQJDW� WLQJJL�� PHWDEROLVPHQ\D� VXGDK� GLNHWDKXL��
PHWDEROLW�XWDPD�EHUXSD�HWDQRO��NDUERQ GLRNVLGD���
DLU � GDQ� VHGLNLW� PHQJKDVLONDQ� PHWDEROLW� ODLQQ\D��
�8VPDQD��5LDQGD��	�1RYLD��������� �5DJL�LQL�WHODK�
EDQ\DN�GLSURGXNVL�VHFDUD�NRPHUVL O�GHQJDQ�PHUN�D
GDJDQJ� IHUPLSDQ� XQWXN� SHPEXDWDQ� URWL��
3HUPDVDODKDQQ\D�DGDODK�PDVLK�UHQGDKQ\D�HWDQRO�
\DQJ�GLKDVLONDQ�NDUHQD�DGDQ\D�LQKLELWRU�VHSHUWL���
+ ) $LGURNVLPHWLO� XOIXUDO� �+0)�� GDQ� VDP�
/ 3 KDO� LQLHYXOLQLN� �$/��� DGD� SURVHV� IHUPHQWDVL� �
GDSDW� PHQJKDPEDW� NHUMD� UDJL �.RSSUDP� 	��
2OVVRQ��������
� 6DODK� VDWX� PHWRGH� XQWXN� PHQLQJNDWNDQ�
SURGXNVL� ELRHWDQRO� \DLWX� GHQJDQ� PHQFDUL�
IRUPXODVL� UDJL� FDPSXUDQ� 6DFFKDURP\FHV� FHUHYLVLDH�
GDQ� UDJL� ODLQQ\D� \DQJ� WHSDW� XQWXN� SURVHV�
IHUPHQWDVL� DJDU� GDSDW� PHQJKDVLONDQ� ELRHWDQRO�
\DQJ� WLQJJL 7XOLVDQ� LQL� PHPSHODMDUL� IRUPXODVL�� �
UDJL HIHNWLI � SURVHV�� FDPSXUDQ� \DQJ� GDODP�
IHUPHQWDVL� OLPEDK� ND\X� XQWXN� PHQJKDVLONDQ�
NDGDU�ELRHWDQRO�WLQJJL�

,,���%$+$1�'$1�0(72'(

$��%DKDQ

� %DKDQ� XWDPD� \DQJ� GLJXQDNDQ� DGDODK� ND\X�
VHQJRQ��)DOFDWDULD�PROXFFDQD��GDUL�6XNDEXPL��-DZD�
%DUDW� GDQ� UDJL� FDPSXUDQ� EHEHUDSD� MHQLV� MDPXU�
DQWDUD�ODLQ�6DFFKDURP\FHV�FHUHYLVDH�� �5K\]RSXV�RU\]DH��
GDQ� $VSHUJLOOXV� RU\]DH�� GDQ� UDJL� NRPHUVLDO�
�6DFFKDURP\FHV� FHUHYLVDH�� VHEDJDL� SHPEDQGLQJ� DWDX�
NRQWURO�
� $ODW� \DQJ� GLJXQDNDQ� DQWDUD� ODLQ� WLPEDQJDQ��
NRPSRU� OLVWULN�� GLVWLODWRU�� SHQJDGXN�� EOHQGHU��
DONRKROPHWHU�� EUL[PHWHU�� �� *DV�PDJQHWLF� VWLUUHU
&KURPDWRJUDSK\ GHQJDQ�NRQGLVL�NRORP�29�� �*&���

R
���� ),'� GHWHNWRU�� VXKX� DZDO� �� &�� VXKX� DNKLU�

R R
��� &�� VXKX� LQMHNWRU� ��� &� GDQ� VXKX� GHWHNWRU�

R
��� &� GHQJDQ� SHPEDZD� JDV� QLWURJHQ� GDQ�
KLGURJHQ� GDQ� �� GLVWLODWRU��VSHNWURSKRWRPHWHU
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)RUPXODVL�5DJL�&DPSXUDQ��XQWXN�3URGXNVL�%LRHWDQRO�GDUL�/LPEDK�.D\X�6HQJRQ
�,QD�:LQDUQL��6UL�.RPDUD\DWL��	�'MDUZDQWR�

SHQDQJDV� DLU�� RYHQ� GDQ FDZDQ� SHWUL��� KRW� SODWH��
DXWRNODI�� LQFXEDWRU�� MDUXP� RVH�� WDEXQJ� UHDNVL��
NDQWRQJ�SODVWLN��NDVVD��NDSDV�VWHULO��GDQ�SHQJDGXN�
NDFD�

%��0HWRGH�3HQHOLWLDQ�

��� 3HPEXDWDQ�UDJL�FDPSXUDQ

� %DKDQ� \DQJ� GLJXQDNDQ� XQWXN� PHPEXDW� UDJL�
FDPSXUDQ� DGDODK� 6�� FHUHYLFHDH��5�� RU\]DH�� GDQ�$��
RU\]DH��6HEDJDL� EDKDQ�SHQJLVL� GLJXQDNDQ� WHSXQJ�
EHUDV��SDWL��EDZDQJ�SXWLK��$OLXP�VDWLYXP���FDEH�DODV�
�3LSHUUHWUR�IUDFWXP���ODGD��3LSHU�QLJUXP���ODRV��$OSLQLD�
JDODQJD���PDOW�H[WUDFW��\HDVW�H[WUDFW��EDFWR�DJDU��GDQ�DLU�
VXOLQJ�� 7DKDSDQ� PHWRGH� DGDODK�� D�� SHUVLDSDQ�
ELDNDQ� PXUQL� PLNURED�� E�� SHQFDPSXUDQ� EDKDQ�
SHQJLVL� ��F��SHQFDPSXUDQ�UDJL��GDQ�G��SHQJXMLDQ�
DZDO�HIHNWLYLWDV�
� 6HODQMXWQ\D�UDJL�FDPSXUDQ�GHQJDQ�NRQVHQWUDVL�
������������GDQ����VLDS�GLJXQDNDQ�SDGD�SURVHV�
IHUPHQWDVL��3HPXUQLDQ�UDJL�FDPSXUDQ�PHQJJXQD�
NDQ�PHWRGH�FDZDQ�VHEDU�GLLNXWL�GHQJDQ�PHWRGH�
NXDGUDQ�XQWXN�PHPLVDKNDQ�NRORQL�NKDPLU�\DQJ�
WHUEHQWXN� �*HQKDUGW� HW� DO��� ������� 0HGLD� \DQJ�
GLJXQDNDQ� DGDODK� <HDVW�0DOW� �<0��� 0HGLD� <0�
WHUEXDW� GDUL� \HDVW� H[WUDFW� GDQ� PDOW� H[WUDFW� \DQJ�
EDQ\DN� PHQJDQGXQJ� QLWURJHQ� RUJDQLN� GDQ�
VHQ\DZD�VHQ\DZD�NDUERQ�VHKLQJJD�GDSDW�PHPDFX�
SHUWXPEXKDQ� NKDPLU� �3HOF]DU� 	� &KDQ�� �������
0HWRGH� XML� JXOD� SHUHGXNVL� GLJXQDNDQ� XQWXN�
PHQHWDSNDQ�WRWDO�JXOD�SHUHGXNVL��'DODP�VXDVDQD�
DONDOL�� JXOD� SHUHGXNVL� DNDQ�PHUHGXNVL� DVDP� ����
GLQLWURVDOLVLODW��'16��PHPEHQWXN�VHQ\DZD�\DQJ�
GDSDW� GLXNXU� DEVRUEDQVLQ\D� SDGD� SDQMDQJ�
JHORPEDQJ�����QP��$SDELOD�VDPSHO�EHUDGD�GDODP�
VXDVDQD� DVDP�� PDND� KDUXV� GLQHWUDONDQ� WHUOHELK�
GDKXOX�

��� 3HUODNXDQ� SHQGDKXOXDQ� �GHOLJQLILNDVL�� ND\X�
VHQJRQ

� .D\X� VHQJRQ� WDQSD� NXOLW� GLFDFDK� KLQJJD�
PHQMDGL�OHPEDUDQ�WLSLV��VHUSLK��GDQ�GLNHULQJNDQ��
6DPSHO� NHULQJ� XGDUD� NHPXGLDQ� GLEXDW� SXOS�
GHQJDQ�FDPSXUDQ�DONDOL��1D2+������SDGD�VXKX�
SHPDVDNDQ����²�����&�VHODPD�����PHQLW��3XOS�
GLFXFL� GHQJDQ� 1D2+� ��� GDQ� DLU� NHPXGLDQ�
GLVDULQJ�� GLELDUNDQ� VDPSDL� NHULQJ� XGDUD� KLQJJD�
GLKDVLONDQ�SXOS�NHULQJ�XGDUD�VHEDJDL�EDKDQ�EDNX�
�VXEVWUDW�� \DQJ� VLDS� GLODQMXWNDQ� NH� WDKDS�
VDNDULILNDVL� GDQ� IHUPHQWDVL�� 3XOS� GLODUXWNDQ� NH�

GDODP�DLU�VHEDQ\DN������Z�Y���'LODNXNDQ�DQDOLVD�
NDGDU� OLJQLQ� GDQ� VHOXORVD� ND\X� VHQJRQ� VHEHOXP�
GDQ� VHVXGDK� GLEXDW� SXOS� GHQJDQ� PHWRGH�
61,�������������GDQ�1RUPDQ�GDQ�-HQNLQV��:LVH��
������

����6DNDULILNDVL�GDQ�IHUPHQWDVL�VHFDUD�VLPXOWDQ

� 3URVHV� VDNDULILNDVL� PHQJJXQDNDQ� FDPSXUDQ�
HQ]LP�VHOXODVH�GDQ�¢�JOXNRVLGDVH� ��� �����GHQJDQ�
NRQVHQWUDVL� HQ]LP� ��� )38�J� VXEVWUDW�� 6DPSHO�
EHUXSD�SXOS�VHQJRQ�VHEHUDW����J��ODUXWDQ�EXIIHU�
����� P/�� GDQ� VXUIDNWDQ� ����� GLPDVXNNDQ� NH�
GDODP�HUOHQPH\HU�� ODOX�GLVLPSDQ�GDODP�ZDWHUEDWK�
VKDNHU�� 3HUODNXDQ� WDQSD� VXUIDNWDQ� GLDQJJDS�
VHEDJDL� NRQWURO� SHUODNXDQ�� 3URVHV� VDNDULILNDVL�

R
GLODNXNDQ� VHODPD� ��� MDP� SDGD� VXKX� �� &��
6HODQMXWQ\D�GLODNXNDQ�SURVHV�IHUPHQWDVL�GHQJDQ�
PHQJXNXU� NDGDU� JXOD� SHUHGXNVL� VHEHOXP� GDQ�
VHVXGDK�IHUPHQWDVL�

����)HUPHQWDVL

� 6DPSHO� \DQJ� WHODK� GLVDNDULILNDVL� � GLWDPEDK�
13.����GDQ�8UHD�����6HODQMXWQ\D�GLWDPEDK�UDJL�
FDPSXUDQ�\DQJ�WHUGLUL�GDUL�FDPSXUDQ�$��RU\]DH��5��
RU\]DH� GDQ� 6�� VHUHYLVDH�� VHEDJDL� SHPEDQGLQJ�
GLJXQDNDQ� UDJL� NRPHUVLDO� \DLWX� 6DFFKDURP\FHV�
VHUHYLVDH� GHQJDQ� NRQVHQWUDVL� UDJL� FDPSXUDQ� GDQ�
UDJL� NRPHUVLDO� VHEDQ\DN� ���� ���� ���� GDQ� ���
�D�E�� VHWLDS� SHUODNXDQ�� 3URVHV� IHUPHQWDVL� GL�
ODNXNDQ�VHODPD����²����MDP��SDGD�VXKX����²����&�

��� 3HQJXMLDQ�NDGDU�JXOD�SHUHGXNVL�GDQ�ELRHWDQRO

D�� $QDOLVLV�NDGDU�JXOD�SHUHGXNVL
� 3HQHWDSDQ�NDGDU�JXOD�SHUHGXNVL�PHQJJXQDNDQ�
PHWRGH� '16� �0LOOHU�� ������� 6HWHODK� SURVHV�
VDNDULILNDVL�GDQ�VHWHODK�IHUPHQWDVL�GLDPELO���P/�
ODUXWDQQ\D�GDQ�GLDQDOLVD�JXOD�SHUHGXNVLQ\D�

E���$QDOLVLV�NDGDU�HWDQRO
� $QDOLVD� NDQGXQJDQ� HWDQRO� SDGD� VDPSHO�
PHQJJXQDNDQ� PHVLQ� *DV� &KURPDWRJUDSK\� �*&��
PHUN� $JLOHQW� ����� 1�� � NRORP� FDUERZD[� ��0��
GHWHNWRU� ),'�� VXKX� LQMHNWRU� ����&�� VXKX� DZDO�
���&�GDQ�VXKX�DNKLU�����&�GHQJDQ�NHQDLNDQ�VXKX�
��&�SHU�PHQLW�

��� $QDOLVD�GDWD

� 3HQHOLWLDQ� GLODNXNDQ� GHQJDQ� PHWRGH�
5 $ / ��DQFDQJDQ� FDN� HQJNDS�GHVDLQ�IDNWRULDO���[���[�
\DLWX� ��MHQLV�VDPSHO��VXUIDNWDQ�GDQ�WDQSD�VXUIDNWDQ�
UDJL� � D �� GDQ�FDPSXUDQ�GDQ�NRPHUVL O � NRQVHQWUDVL�
UDJL��� � � GDQ� ��GHQJDQ� NDOL�XODQJDQ���� ��� �� � GXD� �



���

3DUDPHWHU� \DQJ� GLXNXU� DGDODK� NDGDU� JXOD�
SHUHGXNVL�GDQ�NDGDU�HWDQRO�

<LMNO� �8���$L���%M���&N��(�LMN������������������������

<LMNO� �SHQJDPDWDQ���8� �QLODL�WHQJDK��$L� �MHQLV�
UDJL�NH�,���%M� �NRQVHQWUDVL�UDJL�NH�M���&N� �PDFDP�
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� .DGDU�OLJQLQ�EDKDQ�EDNX�ND\X�VHQJRQ�DGDODK�
�������� VHWHODK� GLEXDW� SXOS� VHEDJDL� SURVHV�
SHQGDKXOXDQ� �GHOLJQLILNDVL��� NDGDU� OLJQLQ� WXUXQ�
PHQMDGL� ������ DWDX� WHUMDGL� SHQXUXQDQ� VHNLWDU�
�������� /LJQLQ� VDQJDW� UHVLVWHQ� WHUKDGDS�
GHJUDGDVL��EDLN�VHFDUD�ELRORJL��HQ]LPDWLV��PDXSXQ�
NLPLD�� VHKLQJJD� NHEHUDGDDQ� OLJQLQ� VDQJDW�
PHQJKDPEDW� SURVHV� GHJUDGDVL� VHOXORVD� GDQ�
KHPLVHOXORVD� PHQMDGL� JOXNRVD�� 'LKDUDSNDQ�
GHQJDQ� SHQXUXQDQ� NDGDU� OLJQLQ�� SURVHV�
VDNDULILNDVL� GDQ� IHUPHQWDVL� GDSDW� EHUMDODQ�

VHPSXUQD� VHKLQJJD� GDSDW� PHQJKDVLONDQ� NDGDU�
HWDQRO� WLQJJL� �5LVDQWR�� $GL�� 	� +HUPLDWL�� ������
&RQYHUVH��2RVKLPD��	�%XUQV��������

$��$QDOLVLV� .DGDU� *XOD� 3HUHGXNVL� VHWHODK�
6DNDULILNDVL

�� 6HWHODK� SURVHV� VDNDULILNDVL� VHOHVDL�� JXOD� \DQJ�
GLKDVLONDQ�GLWDPEDK�GHQJDQ�UDJL�6��FHUHYLVLDH�GDQ�
GLODQMXWNDQ� GHQJDQ� SURVHV� IHUPHQWDVL�� *XOD�
WHUVHEXW�GLDQDOLVD�NDGDU�JXOD�SHUHGXNVLQ\D�GHQJDQ�
PHQJJXQDNDQ� PHWRGH� '16�� � +DVLO� NDGDU� JXOD�
SHUHGXNVL�VHEHOXP�GDQ�VHVXGDK�IHUPHQWDVL�GDSDW�
GLOLKDW�SDGD�7DEHO���
� 3DGD�7DEHO� �� GDSDW� GLOLKDW�� VHPXD� SHUODNXDQ�
�NRQVHQWUDVL� UDJL�� SDGD� UDJL� FDPSXUDQ� GDQ�
NRPHUVL O� GHQJDQ� PHQJJXQDNDQ� 7ZHHQ� ���D
PHQJKDVLONDQ� NDGDU� JXOD� SHUHGXNVL� \DQJ� OHELK�
WLQJJL� GLEDQGLQJNDQ� NRQWURO� �WDQSD� VXUIDNWDQ���
3HQHOLWLDQ� WHUGDKXOX� PHQMHODVNDQ� EDKZD� VDODK�
VDWX� IXQJVL� VXUIDNWDQ� \DLWX� PHPLOLNL� SHQJDUXK�
SRVLWLI � SDGD� KLGUROLVLV� GHQJDQ� PHPSHUFHSDW�
UHDNVL� KLGUROLVLV� GHQJDQ� PHQLQJNDWNDQ� NHUMD�
HQ]LP�GDODP�PHUXEDK�VHOXORVD�PHQMDGL�JOXNRVD�
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�3DUN�� ,NHGD� 	� 2NXGD�� ������ =KHQJ�� 3DQ��
=KDQJ�� :DQJ�� 	� -HQNLQV�� ������ GDQ� SURVHV�
VDNDULILNDVL� GDQ� IHUPHQWDVL� VDWX� ZDNWX�
�6LPXOWDQHRXV� 6DFFKDULILFDWLRQ� DQG� )HUPHQWDWLRQ��
66)� �$ONDVUDZL� HW� DO��� ������� VHKLQJJD� NDGDU�
JXOD� SHUHGXNVL� GHQJDQ� SHQDPEDKDQ� VXUIDNWDQ�
DNDQ� OHELK� WLQJJL� GLEDQGLQJNDQ� WDQSD� VXUIDNWDQ�
�NRQWURO��
� .DGDU� JXOD� SHUHGXNVL� VHEHOXP� IHUPHQWDVL�
WHUWLQJJL� DGDODK� ������ J�O� SDGD UDJL� FDPSXUDQ��
����� VHPHQWDUD� LWX� NDGDU� JXOD� SHUHGXNVL� UDJL��
NRPHUVL O�WHUWLQJJL�DGDODK�VHEHVDU�������J�O������D �
1LODL� JXOD� SHUHGXNVL� VHEHOXP� IHUPHQWDVL� DWDX�
EHVDUQ\D� JOXNRVD� \DQJ�GLKDVLONDQ� VHODPD�SURVHV�
KLGUROLVLV� VDQJDW� GLSHQJDUXKL� ROHK� NRQVHQWUDVL�
HQ]LP�\DQJ�GLJXQDNDQ�SDGD�VDDW�SURVHV�KLGUROLVLV��
3DGD� VDDW� SURVHV� KLGUROLVLV�� UDQWDL� SDQMDQJ�
SROLVDNDULGD� GLSXWXV� ROHK� EDQWXDQ� HQ]LP� \DQJ�
VSHVLILN��\DLWX�VHOXODVH�PHQMDGL�JXOD�UDQWDL�SHQGHN�
DWDX� JOXNRVD HKLQJJD� NDGDU� JXOD� SHUHGXNVL��� V
PHQMDGL�WLQJJL��.DGDU�JXOD�SHUHGXNVL�PHQJDODPL�
SHQXUXQDQ� SDGD� VHPXD� SHUODNXDQ EDLN UDJL�� �
FDPSXUDQ� PDXSXQ� UDJL� NRPHUVL O� VHWHODK�D
GLODNXNDQ�IHUPHQWDVL��KDO�LQL�GLVHEDENDQ�VHEDJLDQ�
EHVDU JOXNRVD� \DQJ� GLKDVLONDQ� SDGD� SURVHV��
KLGUROLVLV� WHODK� GLXEDK�PHQMDGL� HWDQRO� ROHK� UDJL�

GHQJDQ� HILVLHQVL��7DKHU]DGHK�	�.DULPL�� �������
SHUXEDKDQ� HQHUJL� VHNLWDU� ���� �'DXG�� 6DILL�� 	�
6\DPVX���������'DODP�SURVHV�IHUPHQWDVL��JOXNRVD�
GLGHJUDGDVL�PHQMDGL�HWDQRO�GDQ�&2 �PHODOXL�VXDWX��

MDOXU� PHWDEROLVPH� \DQJ� GLVHEXW� JOLNROLVLV�� -DOXU�
JOLNROLVLV� GLVHEXW� MXJD� VHEDJDL� MDOXU� (PEGHQ�
0H\HUKRII�3DUQDV� �6HED\DQJ�� ������� 0HQXUXW�

$UQDWD� �$QJJUHQL� ���������PROHNXO�JOXNRVD�GDQ �
GLSHFDK�PHQMDGL���PROHNXO�DONRKRO�GDQ���PROHNXO�
JDV� &2 �� *DV� &2 � \DQJ� GLKDVLONDQ� PHPLOLNL�� �

SHUEDQGLQJDQ� VWRLNLRPHWUL� \DQJ� VDPD� GHQJDQ�
HWDQRO�\DQJ�GLKDVLONDQ�\DLWX������6HKLQJJD�VHWHODK�
IHUPHQWDVL��NDGDU�JXOD�SHUHGXNVL�DNDQ�PHQJDODPL�
SHQXUXQDQ��NDUHQD�WHODK�GLXEDK�PHQMDGL�HWDQRO�
� +DVLO�DQDOLVLV�VWDWLVWLN��7DEHO����PHQXQMXNNDQ�
EDKZD� MHQLV� UDJL� \DQJ� GLJXQDNDQ� EHUSHQJDUXK�
VDQJDW�Q\DWD�WHUKDGDS�NDGDU�JXOD�SHUHGXNVL�\DQJ�
GLKDVLONDQ�� $QDOLVLV� NHUDJDPDQ� PHQXQMXNNDQ�
EDKZD�SHQJDUXK�MHQLV�UDJL��NRQVHQWUDVL�UDJL��MHQLV�
VDPSHO� �WDQSD� VXUIDNWDQ�GLWDPEDK� VXUIDNWDQ��
EHUSHQJDUXK� Q\DWD� SDGD� NDGDU� JXOD� SHUHGXNVL��
'LODQMXWNDQ�GHQJDQ�XML�EHGD�Q\DWD��WHUQ\DWD�JXOD�
SHUHGXNVL�GDUL�UDJL�FDPSXUDQ�OHELK�NHFLO�GDULSDGD�
UDJL�NRPHUVLDO��8QWXN�YDULDVL�NRQVHQWUDVL�UDJL�EDLN�
FDPSXUDQ� PDXSXQ� NRPHUVLDO�� VHWHODK� XML� EHGD�
Q\DWD�PHQXQMXNNDQ�EDKZD�SHQLQJNDWDQ�UDJL�GDUL�
�� ��� PH � SHQLQJNDWDQ�� VDPSDL� PSHUOLKDWNDQ
NDGDU� JXOD� SHUHGXNVL�� $NDQ� WHWDSL� SHQLQJNDWDQ�
NRQVHQWUDVL� UDJL�GDUL�� ����VDPSDL� �PHQXQMXN�
NDQ� SHQXUXQDQ� JXOD VHKLQJJD�NDGDU� � SHUHGXNVL��
GDSDW� GLVLPSXONDQ� EDKZD� �NRQVHQWUDVL� RSWLPXP
UDJL 6HPHQWDUD�LWX��S QJDUXK�SHPEHUL��DGDODK����� H
DQ NDGDU� �VDQJDW��VXUIDNWDQ�WHUKDGDS� JXOD�SHUHGXNVL
EHUSHQJDUXK�Q\DWD��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�
NDGDU�JXOD�SHUHGXNVL�SDGD�VDPSHO�WDQSD�VXUIDNWDQ�
�NRQWURO��OHELK�NHFLO�GDUL�SDGD�VDPSHO�\DQJ�GLEHUL�
VXUIDNWDQ�� +DO� LQL� GLVHEDENDQ� NDUHQD� KDVLO�
SHQHOLWLDQ� VHEHOXPQ\D� PHQXQMXNNDQ� EHEHUDSD�
MHQLV� VXUIDNWDQ� PHPLOLNL� HIHN� SRVLWLI � SDGD�
KLGUROLVLV� VHFDUD� HQ]LPDWLV� SDGD� OLJQRVHOXORVD��

7DEHO����$QDOLVLV�NHUDJDPDQ�JXOD�SHUHGXNVL�
5BCMF����"OBMZTJT�PG�WBSJBODF�PO�SFEVDJOH�TVHBS
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.HWHUDQJDQ� �5HPDUNV��� $ MHQLV� UDJL� �NLQGV� RI � \HDVW��� % NRQVHQWUDVL� UDJL� �FRQFHQWUDWLRQ� RI � \HDVW��� & VDPSHO� �VDPSOH���
' VHEHOXP�VHVXGDK�IHUPHQWDVL��EHIRUH�DIWHU�IHUPHQWDWLRQ�

)RUPXODVL�5DJL�&DPSXUDQ��XQWXN�3URGXNVL�%LRHWDQRO�GDUL�/LPEDK�.D\X�6HQJRQ
�,QD�:LQDUQL��6UL�.RPDUD\DWL��	�'MDUZDQWR�
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PHPSHUFHSDW� ODMX� KLGUROLVLV� GDQ� PHQXUXQNDQ�
NDGDU�HQ]LP�\DQJ�GLEXWXKNDQ �2RVKLPD��6DNDWD���
	�+DUDQR�������+HOOH��'XII��	�&RRSHU��������:X��
	�-X��������=KHQJ�HW�DO���������

%��.DGDU�(WDQRO�3XOS�.D\X�6HQJRQ

� /DUXWDQ� KDVLO� VDNDULILNDVL� GLWDPEDK� UDJL� 6��
FHUHYLVLDH��13.��GDQ�XUHD� VHEDJDL� QXWULVL��(WDQRO�
KDVLO� IHUPHQWDVL� GLVHEXW� EHHU�� \DQJ� GLGDODPQ\D�
PDVLK� WHUGDSDW�FDPSXUDQ�VXEVWUDW�PDXSXQ�JXOD�
\DQJ� WLGDN� WHUIHUPHQWDVL�� 8QWXN� PHQJHWDKXL�
NDGDU� HWDQRO�� GLODNXNDQ� GLVWLODVL� JXQD�PHPXUQL�
NDQ�FDPSXUDQ�WHUVHEXW�\DQJ�GLODNXNDQ�SDGD�VXKX�
���²����&��+DVLO�NDGDU�HWDQRO�SXOS�ND\X�VHQJRQ�
EHEHUDSD�SHUODNXDQ�GDSDW�GLOLKDW�SDGD�7DEHO���
� 'DUL� 7DEHO� ���� GDSDW� GLNHWDKXL� SHQJDUXK�
SHUODNXDQ��MHQLV�UDJL�GDQ�NRQVHQWUDVL�UDJL�WHUKDGDS�

ELRHWDQRO�\DQJ�GLKDVLONDQ��6HPXD�SHUODNXDQ�MHQLV�
UDJL�FDPSXUDQ�PHQXQMXNNDQ�SURGXNVL�ELRHWDQRO�
OHELK� WLQJJL� GDULSDGD� UDJL� NRPHUVLDO� �6�� FHUHYLVDH��
SDGD� NRQVHQWUDVL� �� ²� ����GDQ�PHQXUXQ� VHWHODK�
���� 'HPLNLDQ� SXOD� VHPXD� SHUODNXDQ� \DQJ�
PHQJJXQDNDQ� VXUIDNWDQ� PHQJKDVLONDQ� NDGDU�
HWDQRO� \DQJ� MDXK� OHELK� WLQJJL� GLEDQGLQJ� WDQSD�
VXUIDNWDQ��NRQWURO����+DO�LQL�GLVHEDENDQ�IXQJVL�GDUL�
VXUIDNWDQ�����VHEDJDL�HQ]\PH�VWDELOL]HUV�GDQ�PHQMDJD�
GHQDWXULVDVL�� ���� VXUIDNWDQ� GDSDW�PHPSHQJDUXKL�
VWUXNWXU� VXEVWUDW� \DQJ� GLJXQDNDQ� GDODP� SURVHV�
VDNDULILNDVL�� ���� VXUIDNWDQ� GDSDW� PHPSHQJDUXKL�
LQWHUDNVL�HQ]LP�GDQ�VXEVWUDW��NKXVXVQ\D�PHQMDJD�
WHUMDGLQ\D� SHQ\HUDSDQ� HQ]LP� SDGD� OLJQLQ� GDQ�
VXEVWUDW��%DOOHVWHURV�HW�DO���������$ONDVUDZL�HW�DO���
������� VHKLQJJD� HQ]LP� GDSDW� EHNHUMD� GHQJDQ�
PDNVLPDO�SDGD�VDDW�KLGUROLVLV�GDQ�IHUPHQWDVL�\DQJ�
PHQJDNLEDWNDQ�NDGDU�HWDQRO�\DQJ�OHELK�WLQJJL�
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7DEHO����5DWD�UDWD�NDGDU�HWDQRO�SXOS�ND\X�VHQJRQ
5BCMF����&UIBOPM�DPOUFOU�BWFSBHF�PG�TFOHPO�XPPE�QVMQ

.HWHUDQJDQ��5HPDUNV��� �-HQLV�UDJL�DGD�GXD��UDJL�FDPSXUDQ��0L[HG�\HDVW�L�H������GDQ�UDJL�NRPHUVLDO��&RPPHUFLDO�\HDVW�L�H��������
.RQVHQWUDVL�UDJL��<HDVW�FRQFHQWUDWLRQ������������������� �6DPSHO��6DPSOH���D��WDQSD�VXUIDNWDQ �ZLWKRXW�VXUIDFWDQW��
GDQ�E��GLWDPEDK�VXUIDNWDQ� �VXUIDFWDQW�DGGHG���8ODQJDQ���NDOL��7ZR�UHSOLFDWHV�
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� 'LEDQGLQJNDQ� GHQJDQ�SHQHOLWLDQ�'DXG� HW� DO��
�������WHUQ\DWD�SHUODNXDQ�GHQJDQ�UDJL�NRPHUVLDO�
�6DFKDURP\FHV�FHUHYLFDH��VHEHVDU����WDQSD�VXUIDNWDQ�
GDSDW�PHQJKDVLONDQ�NDGDU�HWDQRO���������KDPSLU�
VDPD�GHQJDQ�SHUODNXDQ�SHQDPEDKDQ�6�� FHUHYLFDH�
GDQ� $�� QLJHU� SDGD� VDPSHO� ND\X� VHQJRQ� \DQJ�
PHQJKDVLONDQ� NDGDU� HWDQRO� ������� .HPXGLDQ�
DQDOLVLV� NHUDJDPDQ� SDGD� 7DEHO� �� PHQXQMXNNDQ�
EDKZD� SHQJDUXK� PDFDP� UDJL� �$��� PDFDP�
VDPSHO��%���GDQ�NRQVHQWUDVL�UDJL��&��EHUSHQJDUXK�
VDQJDW� Q\DWD� SDGD� NDGDU� ELRHWDQRO� \DQJ�
GLKDVLONDQ�
� 3URGXNVL� ELRHWDQRO� \DQJ� GLKDVLONDQ� ROHK� UDJL�
FDPSXUDQ����PDXSXQ�UDJL�NRPHUVLDO����PDVLK�
WHUPDVXN� UHQGDK�� %DQ\DN� IDNWRU� \DQJ�
PHPSHQJDUXKL� SURVHV� SURGXNVL� ELRHWDQRO� GDUL�
OLJQRVHOXORVD�� DQWDUD� ODLQ�� VXKX�� S+�� VXPEHU�
NDUERQ��VXPEHU�QLWURJHQ��GDQ�ZDNWX�LQNXEDVL�UDJL�
�$QLQG\DZDWL�� �������%LOD� GLEDQGLQJNDQ�GHQJDQ�
KDVLO� SHQHOLWLDQ� 1RYLDQL�� 6XSDUWRQR�� GDQ� 6LDGL��
������� \DQJ� PHQJJXQDNDQ� UDJL� NRPHUVLDO�
6DFFKDURP\FHV� VHUHYLDVH� � SDGD� VHUEXN� JHUJDML� ND\X�
VHQJRQ�ODXW��WHUQ\DWD�GHQJDQ�ZDNWX�IHUPHQWDVL���
KDUL� GDSDW� PHQJKDVLONDQ� HWDQRO� VHEHVDU� �������
%HUDUWL�SDGD�SHQHOLWLDQ�LQL�PDVLK�SHUOX�ZDNWX�EDJL�
PLNURED�EHNHUMD�VHFDUD�PDNVLPDO�XQWXN�PHUXEDK�
JXOD� PHQMDGL� HWDQRO�� 5LYHUD� HW� DO�� �������
PHQ\DWDNDQ� SHPEXDWDQ� ELRHWDQRO� GDUL� DPSDV�
WHEX�������\DQJ�EDQ\DN�PHQJDQGXQJ�JOXNRVD�GDQ�

[\ORVD� GHQJDQ� SHQDPEDKDQ� WHWHV� WHEX� ���Y�Y��
\DQJ� GLFDPSXU� GHQJDQ� UDJL� SDGD� SURVHV�
IHUPHQWDVL� VHODPD� ��� MDP� GDSDW� PHQJKDVLONDQ�
HWDQRO� ����� J�O�� UHQGHPHQ� ����� J�J�� GDQ�
SURGXNWLYLWDV������J�O�MDP��5LYHUD�HW�DO�����������

,9���.(6,038/$1�'$1�6$5$1

$��.HVLPSXODQ

� 3HQDPEDKDQ� VXUIDNWDQ� GDSDW� PHQVWDELONDQ�
NHUMD�HQ]LP�GDODP�PHUXEDK�VHOXORVD�PHQMDGL�JXOD��
VHKLQJJD� MXPODK� JOXNRVD� WRWDO� \DQJ� GLKDVLONDQ�
�JXOD� SHUHGXNVL� � PHQMDGL � OHELK� W LQJJL �
GLEDQGLQJNDQ� WDQSD� VXUIDNWDQ�� +DO� LQL� DNDQ�
PHQJDNLEDWNDQ� JXOD� VHEDJDL� VXPEHU� PDNDQDQ�
XQWXN�UDJL�VHPDNLQ�EDQ\DN�XQWXN�GLUXEDK�PHQMDGL�
HWDQRO��EDLN�SDGD�UDJL�FDPSXUDQ�PDXSXQ�SDGD�UDJL�
NRPHUVLDO��5DJL�FDPSXUDQ�\DQJ�HIHNWLI �DGDODK�UDJL�
FDPSXUDQ����PHQJKDVLONDQ�NDGDU�HWDQRO�VHEHVDU�
�������

%��6DUDQ

� 3URVHV� GHOLJQLILNDVL� KDUXV� GLODNXNDQ� VHEHOXP�
SURVHV� VDNDULILNDVL� GDQ� SHQJJXQDDQ� VXUIDNWDQ�
GDSDW� PHQLQJNDWNDQ� NDGDU� JXOD� SHUHGXNVL� GDQ�
NDGDU�HWDQRO�SXOS�ND\X�VHQJRQ�GHQJDQ�NRPELQDVL�
SHQJJXQDDQ�UDJL�UDFLNDQ�SDGD�SURVHV�IHUPHQWDVL�

7DEHO����$QDOLVLV�NHUDJDPDQ�NDGDU�HWDQRO�SXOS�ND\X�VHQJRQ
5BCMF����"OBMZTJT�PG�WBSJBODF�PO�FUIBOPM�DPOUFOU�JO�TFOHPO�XPPE�QVMQ
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8FDSDQ�7HULPD�.DVLK

� 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�
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:LQJUHQ�� $��� *DOEH�� 0��� 7MHUQHOG�� )��� 	�
=DFFKL��*����������7KH�HIIHFW�RI �7ZHHQ����
RQ� VLPXOWDQHRXV� VDFFKDULILFDWLRQ� DQG�
IHUPHQWDWLRQ� RI � VRIWZRRG� WR� HWKDQRO��
(Q]\PH�DQG�0LFURELDO�7HFKQRORJ\����������������
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$���1DYDUUR��$��$���	�%DOOHVWHURV��0����������
(IIHFW� RI � VXUIDFWDQWV� DQG� ]HROLWV� RQ�
VLPXOWDQHRXV� VDFFKDULI LFDWLRQ� DQG�
IHUPHQWDWLRQ� RI � VWHDP�H[SORDGHG� SRSODU�
ELRPDVV� WR� HWKDQRO�� -RXUQDO� $SSOLHG�
%LRFKHPLVWU\�DQG�%LRWHFKQRORJ\��������������
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��������.LQHWLFV�RI �HQ]LPDWLF�K\GURO\VLV�RI �
OLJQRFHOORVLF�PDWHULDOV�EDVHG�RQ�VXUIDFH�DUHD�
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IHUPHQWDWLRQ�DOORZ�ELRHWKDQRO�SURGXFWLRQ�
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/\QG��/��5����������2YHUYLHZ�DQG�HYDOXDWLRQ�RI �
IXHO� HWKDQRO� IURP� FHOOXORVLF� ELRPDVV"��
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0LOOHU��*��/����������8VH�RI �'LQLWURVDOLF\OLF�$FLG�
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3DUN�� (�<��� ,NHGD�� <��� 	� 2NXGD�� 1�� ��������
(PSLULFDO� HYDOXDWLRQ� RI � FHOOXODVH� RQ�
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���������GRL�����������%)���������

3HOF]DU�� 0��� 	� &KDQ�� �������� 'DVDU�GDVDU�
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6WHQEHUJ��.���7HQJERUJ��&���*DOEH��0���	�=DFFKL��
*�� �������� 2SWLPLVDWLRQ� RI � VWHDP�
SUHWUHDWPHQW� RI � 62 � LPSUHJQDWHG� PL[HG��
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&KHPLFDO�7HFKQRORJ\�%LRWHFKQRORJ\��������������
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3HQJDUXK� YROXPH� HQ]LP� GDQ� ZDNWX�
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EDNX� WDQGDQ� NRVRQJ� NHODSD� VDZLW� GHQJDQ�
SUHWUHDWPHQW� DONDOL��� -XUQDO� ,OPLDK� 7HNQLN�
0HVLQ���������������
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