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7KH�TXDOLW\�DQG�TXDQWLW\�RI�IHHG�VLONZRUP�DIIHFW�WKH�\LHOG�DQG�TXDOLW\�RI�FRFRRQ��&URVVLQJ�DPRQJ�PXOEHUU\�VSHFLHV�
ZDV�FRQGXFWHG�LQ�RUGHU�WR�REWDLQ�QHZ�K\EULGV�ZLWK�KLJKHU�SURGXFWLYLW\��7KLV�VWXG\�DLPHG�WR�VHOHFW��PXOEHUU\�K\EULG��
IRU�KLJKODQG��FXOWLYDWLRQ�SXUSRVH���6XUYLYDO�UDWH��OHQJWK�RI�EUDQFKHV��QXPEHU�RI�EUDQFKHV��DQG�ZHLJKW�RI�ZHW�OHDYHV�
ZHUH�PHDVXUHG�WR�GHWHUPLQH�WKH�SURGXFWLYLW\�RI�ILYH�PXOEHUU\�K\EULGV��0XOEHUU\�K\EULGV� �[�0RUXV�FDWKD\DQD 0��
DPDNXVDJXZD �0��FDWKD\DQD� �0��DPDNXVDJXZD� �,9����DQG� [ �,9����DUH�VHOHFWHG�K\EULGV�IRU� �KLJKODQG�FXOWLYDWLRQ��
%RWK�K\EULGV�SURGXFHG�OHDYHV�SURGXFWLRQ�LQFUHPHQW�E\������DQG������FRPSDUHG�WR�0��FDWKD\DQD�DV�FRQWURO�

.H\ZRUGV��+LJKODQG��K\EULG��PXOEHUU\�DQG�SURGXFWLYLW\�
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.XDOLWDV�GDQ�NXDQWLWDV�SDNDQ�XODW�VXWHUD�PHPSHQJDUXKL�SURGXNVL�GDQ�NXDOLWDV�NRNRQ��3HUVLODQJDQ�DQWDU�VSHVLHV�
PXUEHL�WHODK�PHQJKDVLONDQ�KLEULG�EDUX�GHQJDQ�KDUDSDQ�PHPSXQ\DL�SURGXNWLYLWDV�\DQJ�OHELK�WLQJJL���3HQHOLWLDQ�LQL�
EHUWXMXDQ�XQWXN�PHQGDSDWNDQ�KLEULG�PXUEHL�\DQJ�RSWLPDO�XQWXN�GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL��/LPD�KLEULG�EDUX�
GLXML�SURGXNWLYLWDVQ\D�EHUGDVDUNDQ�QLODL�SHUVHQWDVH�WXPEXK��SDQMDQJ�FDEDQJ��MXPODK�FDEDQJ�VHUWD�ERERW�GDXQ�EDVDK�
SHU� WDQDPDQ��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�PXUEHL�KLEULG� [� � ,9����GDQ�0RUXV�FDWKD\DQD� 0��DPDNXVDJXZD 0��
FDWKD\DQD 0��DPDNXVDJXZD�[� �,9����SDOLQJ�RSWLPDO�XQWXN�GLNHPEDQJNDQ�GL�GDHUDK�WLQJJL��.HGXD�KLEULG� �WHUVHEXW� �
PHQJKDVLONDQ�SHQLQJNDWDQ�SURGXNVL�GDXQ�VHEHVDU������GDQ������GLEDQGLQJNDQ�0��FDWKD\DQD�VHEDJDL�NRQWURO�

.DWD�NXQFL��'DWDUDQ�WLQJJL��K\EULG��PXUEHL�GDQ�SURGXWLYLWDV
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3DVRNDQ�EHQDQJ�VXWHUD�GDODP�QHJHUL�VDDW�LQL�
KDQ\D�PHPHQXKL����NHEXWXKDQ��VLVDQ\D�VHEHVDU�
����KDUXV�GLLPSRUW�GDUL�&LQD��7RWDO�NHEXWXKDQ�
EHQDQJ�VXWHUD�SHU� WDKXQ�PHQFDSDL����� WRQ�GDQ�
PHQXUXW� $VVRVLDVL� 6XWHUD� ,QGRQHVLD� �$66,$���
GDUL� VLVL� NXDOLWDV� EHQDQJ� VXWHUD� ORNDO�PHPLOLNL�
NXDOLWDV� OHELK� EDLN� GLEDQGLQJNDQ� SURGXN� &LQD�
�3XGMLRQR���������7DQDPDQ�PXUEHL��0RUXV�VSS���
VHEDJDL� SDNDQ� VDWX�VDWXQ\D� EDJL� XODW� VXWHUD�
%RPE\[� PRUL� /� PHUXSDNDQ� VDODK� VDWX� IDNWRU�
SHQWLQJ�GDODP�XVDKD�SHUVXWHUDDQ��1XUVLWD��������
$QGDGDUL� HW� DO��� ������� .XDOLWDV� GDQ� NXDQWLWDV�
SDNDQ�XODW�VXWHUD�EHUSHQJDUXK�WHUKDGDS�SURGXNVL�
GDQ� NXDOLWDV� NRNRQ� \DQJ� GLKDVLONDQ�� VHKLQJJD�
XQWXN�PHQGDSDWNDQ�SDQHQ�NRNRQ�\DQJ�RSWLPDO�

GLSHUOXNDQ� GDXQ� PXUEHL� \DQJ� PHPSXQ\DL�
NXDOLWDV�EDLN�GDQ�SURGXNWLILWDV�WLQJJL��6HWLDGL�HW�
DO���������0XUWK\�HW�DO���������0XLQ�HW�DO���������

7DQDPDQ�PXUEHL�\DQJ�XPXP�GLEXGL�GD\DNDQ�
ROHK� SHWDQL� VXWHUD� PHPSXQ\DL� SURGXNVL� GDXQ�
UHODWLI�PDVLK� UHQGDK� \DLWX� ����� WRQ� SHU� KD� SHU�
WDKXQ� �6DQWRVR�� ������� 2OHK� NDUHQD� LWX�� SHUOX�
GLFDUL� MHQLV�MHQLV� PXUEHL� EDUX� \DQJ� GDSDW�
PHQLQJNDWNDQ�SURGXNVL�GDQ�PXWX�GDXQ�PXUEHL��
6DDW� LQL� VLVWHP� SHUEDQ\DNDQ� WDQDPDQ� PXUEHL�
PHQJJXQDNDQ�SHUEDQ\DNDQ�YHJHWDWLI��VWHN��WLGDN�
GDSDW � GL W LQJNDWNDQ� ODJL � SURGXNVLQ\D� �
6HKXEXQJDQ� GHQJDQ� LWX�� WHODK� GLODNXNDQ�
KLEULGLVDVL��SHUVLODQJDQ�DQWDU�VSHVLHV��GDQ�WHODK�
GLKDVLONDQ�EHEHUDSD�WDQDPDQ�KLEULG�PXUEHL�EDUX�
GHQJDQ�KDUDSDQ�PHPSXQ\DL�SURGXNVL�GDXQ�OHELK�
WLQJJL�� 6DODK� VDWX� MHQLV� PXUEHL� KDVLO� VLODQJDQ�
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\DQJ� GLWDQDP� GL� 6XODZHVL� 6HODWDQ�� SRWHQVL�
SURGXNVL�GDXQQ\D� �VHEHVDU�������WRQ�SHU�KD�SHU�
WDKXQ��6DQWRVR��������

3HQJJXQDDQ� WDQDPDQ� PXUEHL� KLEULG� EDUX�
GHQJDQ� SURGXNWLYLWDV� GDXQ� \DQJ� WLQJJL� DNDQ�
PHQLQJNDWNDQ� NHPDPSXDQ� SHWDQL� GDODP�
PHPHOLKDUD� XODW� VXWHUD�� 'LKDUDSNDQ� GHQJDQ�
OXDVDQ�WDQDK�\DQJ�VDPD�GLKDVLONDQ�SURGXNVL�GDXQ�
\DQJ� OHELK� WLQJJL�� VHKLQJJD� SHWDQL� GDSDW�
PHPHOLKDUD�XODW�VXWHUD�OHELK�EDQ\DN��GLKDUDSNDQ�
SDGD� DNKLUQ\D� DNDQ� GDSDW� PHQLQJNDWNDQ�
SHQJKDVLODQ�SHWDQL�

3URGXNVL�GDQ�PXWX�GDXQ�PXUEHL�GLWHQWXNDQ�
ROHK� MHQLV� GDQ� ORNDVL� WHPSDW� WXPEXKQ\D�� -DZD�
%DUDW�� NKXVXVQ\D� GL� 'DHUDK� .DEDQGXQJDQ��
.DEXSDWHQ� 6XNDEXPL� PHUXSDNDQ� VDODK� VDWX�
GDHUDK�VHQWUD�XQWXN�SHQJHPEDQJDQ�SHUVXWHUDDQ�
\DQJ�WHUOHWDN�GL�GDWDUDQ�WLQJJL��7XMXDQ�SHQHOLWLDQ�
DGDODK� XQWXN� PHQGDSDWNDQ� MHQLV� PXUEHL� \DQJ�
SURGXNWLYLWDVQ\D� WLQJJL� GDQ� FRFRN� XQWXN�
GLNHPEDQJNDQ� GL� GDHUDK� GDWDUDQ� WLQJJL� VHSHUWL�
.DEDQGXQJDQ�6XNDEXPL��-DZD�%DUDW�

,,���0(72'2/2*,

$���/RNDVL�GDQ�:DNWX

3HQHOLWLDQ�GLODNXNDQ�GL�NHEXQ�PLOLN�SHWDQL�GL�
'HVD� &LSHXWHX\�� .HFDPDWDQ� .DEDQGXQJDQ��
.DEXSDWHQ�6XNDEXPL�GHQJDQ�NHWLQJJLDQ�WHPSDW�
���� P� GDUL� SHUPXNDDQ� ODXW� �GSO��� 6HFDUD�
JHRJUDILV�.HFDPDWDQ�.DEDQGXQJDQ�WHUOHWDN�SDGD�
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��� /LQWDQJ� 6HODWDQ�� 0HQXUXW�
NODVLILNDVL� 6FKPLGW� GDQ� )HUJRVRQ�� DUHDO�
SHQHOLWLDQ� WHUPDVXN�WLSH� LNOLP�$��GHQJDQ�FXUDK�
KXMDQ�DQWDUD�������������PP�SHU� WDKXQ��%XODQ�
WHUNHULQJ�WHUMDGL�SDGD�-XQL�6HSWHPEHU�GDQ�EXODQ�
EDVDK�DQWDUD�2NWREHU�0DUHW��.HOHPEDEDQ�XGDUD�

R
UDWD�UDWD� ����� VXKX� UDWD�UDWD� EXODQDQ� ���� &�

R
GHQJDQ�VXKX�WHUHQGDK����� &�GDQ�VXKX�WHUWLQJJL�

R
���� &� �%36�� ������� 3HQHOLWLDQ� GLODNVDQDNDQ�
SDGD�EXODQ�$SULO������KLQJJD�EXODQ�'HVHPEHU�
�����

%���%DKDQ�GDQ�$ODW��

%DKDQ� \DQJ� GLJXQDNDQ� DGDODK� VWHN� PXUEHL�
\DQJ�EHUDVDO�GDUL���MHQLV�PXUEHL�KLEULG�KDVLO�XML�
SHUVLODQJDQ� \DLWX� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� ,9����� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� ,9����� 0�� � VKLZDVXJXZD� [� 0��

WVXNDVDJXZD�;����0��DXVWUDOLV�[�0��LQGLFD�GDQ�0��
FDWKD\DQD� [� 0�� DPDNXVDJXZD� ,9��� VHUWD� VDWX�
MHQLV� PXUEHL� 0�� FDWKD\DQD� VHEDJDL� NRQWURO��
%DKDQ� ODLQ� \DQJ� GLJXQDNDQ� DGDODK� SXSXN�
NDQGDQJ�� SXSXN� 13.�� ODEHO�� LQVHNWLVLGD��
KHUELVLGD�� $ODW� \DQJ� GLJXQDNDQ� DQWDUD� ODLQ�
JXQWLQJ�VWHN��WLPEDQJDQ��PHWHUDQ�GDQ�ODLQ�ODLQ���

&���0HWRGH

�����5DQFDQJDQ�SHQHOLWLDQ

3HUFREDDQ� PHQJJXQDNDQ� 5DQFDQJDQ� $FDN�
.HORPSRN�GHQJDQ�SHUODNXDQ�EHUXSD�MHQLV�PXUEHL�
�� MHQLV� KLEULG� PXUEHL� EDUX� KDVLO� SHUVLODQJDQ�
VHSHUWL�GL�DWDV�GDQ���MHQLV�PXUEHL�0��FDWKD\DQD�
VHEDJDL� NRQWURO�� 6DWX� SHUODNXDQ� EHULVL� ���
WDQDPDQ�� GHQJDQ� XODQJDQ� VHEDQ\DN� �� NDOL��
VHKLQJJD�MXPODK�WDQDPDQ��NHVHOXUXKDQ�VHEDQ\DN�
����WDQDPDQ�6DWXDQ�\DQJ�GLDPDWL�VHEDQ\DN����
WDQDPDQ�SHU�SHUODNXDQ�

�����3URVHGXU�NHUMD

3HQDQDPDQ� �� MHQLV� VWHN� PXUEHL� GLWDQDP�
GHQJDQ�MDUDN�WDQDP�����P�[�����P�� �3XSXN�GDVDU�
GLEHUL�SXSXN�NDQGDQJ�VHEDQ\DN���NJ�SHU�OXEDQJ�
WDQDP�GDQ�VHODQMXWQ\D�SXSXN�NDQGDQJ�GLEHULNDQ�
VHWLDS� WDKXQ�� 3HPDQHQDQ� GLODNXNDQ� GHQJDQ�
VLVWHP� SDQJNDV�� GLPDQD� SHPDQJNDVDQ� SHUWDPD�
GLODNXNDQ� �� EXODQ� VHWHODK� WDQDP�� 6HODQMXWQ\D� �
SDGD� VDDW� WDQDPDQ� EHUXPXU� �� EXODQ� VHWHODK�
SDQJNDV�� GLODNXNDQ� SHPEHULDQ� SXSXN� EXDWDQ�
MHQLV�8UHD�GHQJDQ�GRVLV����JUDP�SHU�WDQDPDQ�GDQ�
SHQJHQGDOLDQ� KDPD�SHQ\DNLW�� 3HQJHQGDOLDQ�
KDPD�SHQ\DNLW� GLODNXNDQ� �� NDOL� VHWLDS� EXODQ�
VHWHODK� SDQJNDV� GDQ� VHEXODQ� VHEHOXP� SDQHQ�
GDXQ��3HQ\LDQJDQ�GLODNXNDQ�SDGD�VDDW�GLODNXNDQ�
SHPDQJNDVDQ�

3HQJDPDWDQ� SHUWXPEXKDQ� GLODNXNDQ� SDGD�
XPXU���EXODQ�VHWHODK�WDQDP��GHQJDQ�SDUDPHWHU��
SHUVHQWDVH� WXPEXK�� SDQMDQJ� FDEDQJ�� MXPODK�
FDEDQJ�VHUWD�ERERW�GDXQ�EDVDK�SHU�WDQDPDQ��

�����$QDOLVLV�GDWD

'DWD�\DQJ�GLSHUROHK�GLODNXNDQ�DQDOLVLV�UDJDP�
PHQJJXQDNDQ�XML�)�JXQD�PHQJHWDKXL�SHQJDUXK�
SHUODNXDQ� WHUKDGDS� SDUDPHWHU� \DQJ� GLDPDWL��
6HODQMXWQ\D�� MLND� WHUMDGL� SHUEHGDDQ� \DQJ�
VLJQLILNDQ�GLODNXNDQ�XML�EHGD�UDWD�UDWD��3UDPHWHU�
\DQJ� GLDQDOLVLV� LDODK� SHUVHQ� KLGXS�� MXPODK�
FDEDQJ��MDUDN�LQWHUQRGH��SDQMDQJ�FDEDQJ��MXPODK�
GDXQ��ERERW�GDXQ�PXUEHL�
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%���3HPEDKDVDQ

$GD� EHEHUDSD� KDO� \DQJ� PHPSHQJDUXKL�
WLQJNDW� SHUWXPEXKDQ� VWHN�PXUEHL�� \DLWX� SHUVHQ�
KLGXS�\DQJ�GLFLULNDQ�PXQFXOQ\D�WXQDV��SDQMDQJ�
FDEDQJ� GDQ� MXPODK� GDXQ�� +DVLO� DQDOLVLV�
PHQXQMXNNDQ�EDKZD�NHHQDP�MHQLV�PXUEHL�\DQJ�
GLXMLNDQ�PHQJKDVLONDQ�SHUVHQ�KLGXS�\DQJ�WLGDN�
EHUEHGD�Q\DWD�GHQJDQ�UDWD�UDWD�GL�DWDV������+DO�
LQL� PHQXQMXNNDQ� EDKZD� NHHQDP� MHQLV� PXUEHL�
WHUVHEXW� DGDSWLI� GDQ� FRFRN� GLNHPEDQJNDQ� GL�
GDWDUDQ� WLQJJL�� 3HPLOLKDQ� MHQLV� KLEULG� PXUEHL�
GHQJDQ� SHUVHQWDVH� NHPDPSXDQ� KLGXS� WHUWLQJJL�
PHPEHULNDQ� SHOXDQJ� MHQLV� KLEULG� PXUEHL� \DQJ�
WHUEDLN� XQWXN� GLNHPEDQJNDQ� GDQ� VHEDJDL� DZDO�
GDUL�SHUWLPEDQJDQ�XML�VSHVLHV�

0XQFXOQ\D�WXQDV�EDUX�SDGD�VWHN�PXUEHL��KDO�
LQL� SHUOX� GXNXQJDQ� SHUNHPEDQJDQ� DNDU� \DQJ�
EDLN��'DODP�SHPEHQWXNDQ�DNDU�VWHN�GLSHQJDUXKL�
IDNWRU�LQWHUQDO�GDQ�IDNWRU�HNVWHUQDO��6XGRPR�HW�
DO��� HW�DO������*LQWLQJ� ���������� �)DNWRU�LQWHUQDO�
PHUXSDNDQ�IDNWRU�IDNWRU�JHQHWLN�GDUL�WLDS�VSHVLHV�
PXUEHL�\DLWX�NHPDPSXDQQ\D�XQWXN�PHPEHQWXN�
DNDU�VHGDQJNDQ��IDNWRU�HNVWHUQDO�GLVHEDENDQ�ROHK�
IDNWRU�OLQJNXQJDQ�DQWDUD�ODLQ�VXKX��NHOHPEDEDQ�
GDQ� PHGLD� WDQDK�� :DODXSXQ� NRQGLVL� WHPSDW�
WXPEXK� VWHN� VHSHUWL� VXKX� WDQDK�� NHOHPEDEDQ��
FDKD\D�GDQ�NHWHUVHGLDDQ�DLU�PHPDGDL��VWHN�DNDQ�
KLGXS� KDQ\D� MLND� PHPSXQ\DL� NHPDPSXDQ�
ILVLRORJLV�XQWXN�PHQJLQGXNVL�DNDU�GHQJDQ�EDLN�
�0DKDGL� ���������'DQX� ���������HW�DO HW�DO

6WHN�\DQJ�WXPEXK��NHHQDP�MHQLV�PXUEHL�WHODK�
PHQJKDVLONDQ�MXPODK�FDEDQJ�\DQJ�WLGDN�EHUEHGD�
Q\DWD�\DLWX�UDWD�UDWD�MXPODK�FDEDQJ�SHU�WDQDPDQ�
DQWDUD���������FDEDQJ�SDGD�VDDW�GLSDQHQ���EXODQ�
VHWHODK� WDQDP�� +DO� LQL� PHQXQMXNNDQ� EDKZD�
NHHQDP� NORQ� PXUEHL� LQL� WHODK� PHQJKDVLONDQ�
MXPODK�FDEDQJ�\DQJ�VDPD��.HHQDP�NORQ�PXUEHL�
WHUVHEXW�GLWDQDP�GHQJDQ�MDUDN�WDQDP�\DQJ�VDPD�
GDQ�GLSXSXN�PHQJJXQDNDQ�MHQLV�GDQ�GRVLV�\DQJ�
VDPD�� -XPODK� FDEDQJ� WDQDPDQ� PXUEHL� WLGDN�
GLSHQJDUXKL�ROHK�MHQLV�PXUEHL�WHWDSL�OHELK�EDQ\DN�
GLSHQJDUXKL�MXPODK�PDWD�WXQDV��MDUDN�WDQDP�GDQ�
WLQJJL� SDQJNDVDQ� �6DQWRVR�� ������ 1XUV\DPVL��
�������6HODLQ�GDUL�LWX�MXPODK�FDEDQJ�GLSHQJDUXKL�
ROHK� SHPEHULDQ� SXSXN� �$QGDGDUL� 	� ,ULDQWR��
������

6HODQMXWQ\D� \DQJ� SHUOX� GLSHUKDWLNDQ� GDODP�
SHQJHPEDQJDQ�MHQLV�NORQ�PXUEHL�DGDODK�WLQJNDW�
SURGXNWLYLWDV��3URGXNWLYLWDV�PHQMDGL�WRORN�XNXU�
NHEHUKDVLODQ�NORQ�PXUEHL�\DQJ�GLNHPEDQJNDQ�GL�
VXDWX� GDHUDK��$VSHN� SURGXNWLYLWDV� \DQJ� GLOLKDW�
DGDODK� SURGXNVL� GDXQ�� )DNWRU� SURGXNVL� GDXQ�
PXUEHL�GLSHQJDUXKL�ROHK�SDQMDQJ�FDEDQJ�� MDUDN�
LQWHUQRGH�� MXPODK� GDXQ�� ERERW� GDXQ� GDQ� ERERW�
GDXQ�GHQJDQ�UDQWLQJ���

9DULHWDV�PXUEHL�WHODK�PHPSHQJDUXKL�SDQMDQJ�
FDEDQJ�� +LEULG� 0�� � VKLZDVXJXZD� [� 0��
WVXNDVXJDZD� 0��DXVWUDOLV�[�0�� LQGLFD��0��;����
FDWKD\DQD� [� 0�� DPDNXVDJXZD� 0�� �,9���� GDQ�
FDWKD\DQD��NRQWURO��WHODK�PHQJKDVLONDQ�UDWD�UDWD�
SDQMDQJ� FDEDQJ� \DQJ� VDPD�� QDPXQ� GHQJDQ�0��
FDWKD\DQD� [� 0�� DPDNXVDJXZD� ,9��� EHUEHGD�
VLJQLILNDQ�� +LEULG� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� �,9�� PHQJKDVLONDQ� SDQMDQJ�
FDEDQJ� WHUHQGDK� GLEDQGLQJNDQ� NHOLPD� MHQLV�
PXUEHL� ODLQQ\D�� �6HSHUWL�KDOQ\D�MXPODK�FDEDQJ�
EDKZD�SDQMDQJ�FDEDQJ�GLSHQJDUXKL�ROHK� IDNWRU�
JHQHWLN��3XGMLRQR�	�$QGDGDUL��������VHGDQJNDQ�
NRQGLVL� OLQJNXQJDQ� WHODK� PHPSHQJDUXKL�
SHUWXPEXKDQ�SDQMDQJ�FDEDQJ�PXUEHL��\DLWX�SDGD�
PXVLP�KXMDQ�SHUWDPEDKDQ�SDQMDQJ�FDEDQJ�OHELK�
FHSDW�GDULSDGD�PXVLP�NHPDUDX�

-DUDN�LQWHUQRGH�PHUXSDNDQ�MDUDN�DQWDU�GDXQ�� �
6HPDNLQ�SHQGHN�MDUDN�DQWDU�GDXQ��PDND�MXPODK�
GDQ�ERERW�GDXQ�VHPDNLQ�EDQ\DN��5DWD�UDWD�MDUDN�
LQWHUQRGH� NHOLPD� KLEULG� EDUX� OHELK� SHQGHN�
GDULSDGD� NRQWURO�� GLPDQD� MHQLV� KLEULG� 0��
FDWKD\DQD� [� 0�� DPDNXVDJXZD� 0��,9���� GDQ�
FDWKD\DQD� [� 0�� DPDNXVDJXZD� ,9���� WHODK�
PHQJKDVLONDQ� MDUDN� LQWHUQRGH� SDOLQJ� SHQGHN�
\DLWX�UDWD�UDWD�����������FP���+DO�LQL�PHQMXNNDQ�
EDKZD� NHHQDP� NORQ� PXUEHL� WHUVHEXW� PHPLOLNL�
YDULDVL� MDUDN� LQWHUQRGH� \DQJ� EHUDJDP��9DULHWDV�
MHQLV�KLEULG�PXUEHL�\DQJ�EHUEHGD�PHPLOLNL�MDUDN�
LQWHUQRGH� \DQJ� EHUEHGD� �3XGMLRQR� 	� 6HSWLQD��
������6DQWRVR���������3HQGHNQ\D�MDUDN�LQWHUQRGH�
PHQXQMXNNDQ�EDKZD�GDXQ�\DQJ�GLKDVLONDQ�OHELK�
EDQ\DN� SHUVDWXDQ� SDQMDQJ� EDWDQJ�� VHKLQJJD�
SURGXNVL� GDXQ� OHELK� WLQJJL�� .HGXD� KLEULG� 0��
FDWKD\DQD� [� 0�� DPDNXVDJXZD� 0��,9���� GDQ�
FDWKD\DQD� [� 0�� DPDNXVDJXZD� ,9���� WHODK�
PHQJKDVLONDQ� MXPODK� GDXQ� GDQ� ERERW� GDXQ�
PXUEHL�SHU�WDQDPDQ�OHELK�EDQ\DN�GLEDQGLQJNDQ�
MHQLV�ODLQQ\D�WHUPDVXN�NRQWURO�� ��0��FDWKD\DQD

3URGXNVL�GDXQ�\DQJ�EHUXSD�MXPODK�GDXQ�SHU�
WDQDPDQ�PHQXQMXNNDQ�EDKZD�NHOLPD�KLEULG�EDUX�
WHODK�PHQJKDVLONDQ� UDWD�UDWD� MXPODK�GDXQ�\DQJ�
VDPD��WHWDSL�EHUEHGD�VLJQLILNDQ�GHQJDQ�MHQLV�0��
FDWKD\DQD� �NRQWURO��� � -XPODK� GDXQ� GDQ� ERERW�
GDXQ� EHUNRUHODVL� SRVLWLI� WHUKDGDS� SURGXNWLYLWDV�
WDQDPDQ�PXUEHL�� VHPDNLQ�EDQ\DN�GDQ� VHPDNLQ�
EHUDW� ERERW� GDXQ��PDND� SURGXNWLYLWDV� WDQDPDQ�
PXUEHL� VHPDNLQ� WLQJJL�� � 3URGXNWLYLWDV� NHOLPD�
KLEULG� EDUX� WHUVHEXW� SRWHQVLDO� XQWXN� GLNHP�
EDQJNDQ�GL�6XNDEXPL��6HODLQ� LWX��SURGXNWLYLWDV�
GDXQ� PXUEHL� EHUNDLWDQ� MXJD� GHQJDQ� HILVLHQVL�
WHQDJD�GDODP�SHPHOLKDUDDQ�XODW�EHVDU��3DGD�VDDW�
XODW� LQVWDU� �� VDPSDL� ��� GDXQ� PXUEHL� SHUOX�
GLUDMDQJ�� VHKLQJJD� PHPHUOXNDQ� WHQDJD� GDQ�
ZDNWX� \DQJ� OHELK� EDQ\DN� GLEDQGLQJNDQ� VDDW�
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SHPEHULDQ�PDNDQ�SDGD�IDVH�XODW�LQVWDU���GDQ����
GLPDQD� SDGD� IDVH� LQVWDU� �� GDQ� ��� GDXQ�PXUEHL�
WLGDN�GLUDMDQJ��ODQJVXQJ�GDXQ�EHVHUWD�UDQWLQJQ\D�
GLEHULNDQ��� 6HFDUD� JHQHWLN�� LQGXN� PXUEHL� �0�
DPDNXVDJXZD� WHODK�PHQJKDVLONDQ�MXPODK�GDXQ�
\DQJ� OHELK� EDQ\DN� GLEDQGLQJNDQ�PXUEHL� LQGXN�
ODLQQ\D� �0DKDGL� ��������2OHK�NDUHQD� LWX��HW�DO��
NHOLPD� MHQLV� KLEULG� PXUEHL� EDUX� WHUVHEXW�
FHQGHUXQJ�SURGXNWLYLWDV�GDXQQ\D�WLQJJL�� �+LEULG�
0��FDWKD\DQD 0��DPDNXVDJXZD�[� �WHUPDVXN�NORQ�
\DQJ�PHQJKDVLONDQ�ERERW�GDXQ�\DQJ�WLQJJL�SDGD�
SDQHQ� �� EXODQ� VHWHODK� SDQJNDV� SHUWDPD�
�$QGDGDUL� ��� ������ 3XGMLRQR� 	�$QGDGDUL��HW� DO
������� 7LQJJLQ\D� ERERW� GDXQ� DNLEDW� EHU�
WDPEDKQ\D�SURWRSODVPD��SDQMDQJ�GDQ�OHEDU�GDXQ�
�5DPDGDQ� ������HW�DO���

+LEULG� 0�� FDWKD\DQD� [� 0�� DPDNXVDJXZD�
,9���� GDQ� 0�� FDWKD\DQD� [� 0�� DPDNXVDJXZD�
,9���� WHODK� PHQJKDVLONDQ� ERERW� GDXQ� GHQJDQ�
UDQWLQJ� SHU� WDQDPDQ� \DQJ� VDPD�� \DLWX� ������ J�
ERERW� GDXQ� KLEULG� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� ,9���� GDQ� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� ,9���� VHMXPODK� ������ J�� -LND�
GLEDQGLQJNDQ� GHQJDQ� NRQWURO�� PDND� WLQJNDW�
SURGXNWLYLWDV� KLEULG� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� ,9���� PHQFDSDL� ������ 0��
FDWKD\DQD� [� 0�� DPDNXVDJXZD� ,9���� ������
KLEULG�0�� VKLZDVXJXZD� [�0�� WVXNDVXJDZD�;���
VHEHVDU� ������ KLEULG�0��DXVWUDOLV� [�0�� LQGLFD�
�����GDQ�0��FDWKD\DQD�[�0��DPDNXVDJXZD�,9���
VHEHVDU� ����� 9DULHWDV�YDULHWDV� EDUX� PXUEHL�
GHQJDQ�SURGXNWLYLWDV�SHU�VDWXDQ�OXDV�\DQJ�WLQJJL��
PDND�ELVD�PHQJJDLUDKNDQ�SHWDQL�XODW�VXWHUD��+DO�
WHUVHEXW�PHQXUXW��3XGMLRQR�	�1DL
HP��������ELVD�
EHUGDPSDN� SRVLWLI� WHUKDGDS� SURGXNWLYLWDV� GDQ�
NXDOLWDV� NRNRQ� VHUWD� MXPODK� GDQ� PXWX� EHQDQJ�
VXWHUD�\DQJ�GLKDVLONDQ�

+DVLO� SHQJDPDWDQ� VHFDUD� XPXP� WHUKDGDS�
SHUWXPEXKDQ� GDQ� SURGXNVL� GDXQ� GXD� KLEULG�
PXUEHL��0��FDWKD\DQD�[�0��DPDNXVDJXZD�,9����
GDQ� 0�� FDWKD\DQD� [� 0�� DPDNXVDJXZD� ,9�����
PHQXQMXNNDQ� EDKZD� NHGXD� KLEULG� WHUVHEXW�
PDPSX� EHUDGDSWDVL� GL� GDHUDK� WLQJJL�� 3URGXNVL�
GDXQ� PXUEHL� EHUNDLWDQ� HUDW� GHQJDQ� SURGXNVL�
NRNRQ�\DQJ�GLKDVLONDQ�GDQ�LQL�HUDW�KXEXQJDQQ\D�
GHQJDQ� QLODL� WDPEDK� \DQJ� GLSHUROHK� SHWDQL�
VXWHUD��8QWXN�PHPHOLKDUD���ERNV� ���������XODW�
VXWHUD� GLSHUOXNDQ�������NJ�GDXQ�PXUEHL� WDQSD�
UDQWLQJ��7DEHO���DSDELOD���KD�WHUGLUL�GDUL��������
WDQDPDQ� �MDUDN� WDQDP� �� P� [� �� P��� PDND�
GLKDVLONDQ� GDXQ� PXUEHL� GDQ� NRNRQ� VHEDJDL�
EHULNXW��7DEHO����

2OHK� NDUHQD� LWX�� GDUL� VHJL� SURGXNVL� GDXQ�
PXUEHL� PDXSXQ� QLODL� WDPEDK� \DQJ� GLSHUROHK�
SHWDQL� VXWHUD�� PDND� KLEULG�0�� FDWKD\DQD� [�0��
DPDNXVDJXZD� ,9���� GDQ� 0�� FDWKD\DQD� [� 0��
DPDNXVDJXZD� ,9���� GLUHNRPHQGDVLNDQ� XQWXN�
GLNHPEDQJNDQ�GL�GDWDUDQ�WLQJJL�

,,,���.(6,038/$1�'$1�6$5$1�

$���.HVLPSXODQ

0XUEHL� KLEULG� [�0�� FDWKD\DQD� 0��
DPDNXVDJXZD� � 0�� FDWKD\DQD� 0��,9��� GDQ� [�
DPDNXVDJXZD�,9����FRFRN�XQWXN�GLNHPEDQJNDQ�
GL� GDWDUDQ� WLQJJL�� +LEULG� � [�0�� FDWKD\DQD� 0��
DPDNXVDJXZD� 0��,9���� GDQ� PXUEHL� KLEULG� �
FDWKD\DQD� 0�� DPDNXVDJXZD�[� ,9���� PHQJ�
KDVLONDQ� SURGXNVL� GDXQ� PXUEHL� \DQJ� WHUEDLN�
GHQJDQ�SHQLQJNDWDQ�SURGXNVL� VHEHVDU�����GDQ�
���� OHELK� WLQJJL� GLEDQGLQJNDQ� � �0� FDWKD\DQD
VHEDJDL�NRQWURO�

7DEHO�� �����7DEOH 3URGXNVL�GDXQ�PXUEHL�GDQ�SURGXNVL�NRNRQ�GDUL���KD�WDQDPDQ�DWDX�SHULRGH��0XOEHUU\�
OHDYHV�DQG�FRFRRQ�SURGXFWLRQ�RI���KD�PXOEHUU\�SODQW�RU�SHULRGH�

-HQLV�PXUEHL��.LQGV�RI�PXOEHUU\��

3URGXNVL�GDXQ�

WDQSD�UDQWLQJ��NJ�SHU���

EXODQ���/HDI�

SURGXFWLRQ�ZLWKRXW�

EUDQFK���NJ�SHU���

PRQWKV��

8ODW�VXWHUD�\DQJ�

GLSHOLKDUD�SHU�

ERNV��6LONZRUP�

UHDULQJ�SHU�

ER[��

3URGXNVL�

NRNRQ�

�&RFRRQ�

SURGXFWLRQ��

�NJ�SHU�ER[��

.HQDLNDQ�

QLODL�

WDPEDK��

�$GGHG�

YDOXH������

0��FDWKD\DQD�[�0��DPDNXVDJXZD�,9��� � ����������� ������ ������� ����

0��FDWKD\DQD�[�0��DPDNXVDJXZD�,9��� � ����������� ������ ������� ����

0��VKLZDVXJXZD�[�0��WVXNDVXJDZD�;��� ��������� ����� ������� ����

0��DXVWUDOLV�[�0��LQGLFD� ����������� ����� ������� ���

0��FDWKD\DQD�[�0��DPDNXVDJXZD�,9�� � ���������� ����� ������� ���

0��FDWKD\DQD��.RQWURO�� ���������� ����� ������� ����

.HWHUDQJDQ�� �����ER[� ����NJ�NRNRQ�� �5HPDUN ��ER[� ����NJ�FRFRRQ

6XJHQJ�3XGMLRQR��/LQFDK�$QGDGDUL�GDQ�'DUZR

3HPLOLKDQ�-HQLV�+LEULG�0XUEHL�XQWXN�'LNHPEDQJNDQ
GL�'DWDUDQ�7LQJJL



���

-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ

%���6DUDQ

3HQHOLWLDQ� SHUOX� GLODQMXWNDQ� XQWXN� PHQJH�
WDKXL� SURGXNVL� GDXQ� SHU� WDQDPDQ�� NDUHQD�
SURGXNVL�GDXQ�PXUEHL�VWDELO�SDGD�XPXU�WDQDPDQ�
��WDKXQ��VHWHODK�WDQDP��

8&$3$1�7(5,0$�.$6,+

3HQXOLV�PHQJXFDSNDQ�WHULPD�NDVLK�NHSDGD�
%DSDN� $DQ� SHWDQL� VXWHUD� 'HVD� &LSHXWHX\��
.HFDPDWDQ�.DEDQGXQJDQ��.DEXSDWHQ�6XNDEXPL�
-DZD�%DUDW�VHEDJDL�NRRUGLQDWRU� WHQDJD�NHUMD�GL�
ODSDQJDQ�� 3HQXOLV� MXJD� PHQJXFDSNDQ� WHULPD�
NDVLK� NHSDGD� 6DXGDUD� +HUPDQ� 6DUL� GDQ� +HUL�
.XUQLDZDQ� �VHODNX� WHNQLVL� OLWND\DVD�\DQJ� WHODK�
PHPEDQWX�SHQJDPELODQ�GDWD�EHUXSD�SHQJXNXUDQ�
GL�ODSDQJDQ�

'$)7$5�3867$.$

$QGDGDUL�� /��	� ,ULDQWR�� 5�6�%�� � �������� � 3HQJDUXK�
SXSXN�ODPEDW�ODUXW�GDQ�GDXQ�WDQDPDQ�PXUEHL�
EHUPLNRUL]D� WHUKDGDS� NXDOLWDV� NRNRQ� XODW�
VXWHUD�� -XUQDO� 3HQHOLWLDQ� +XWDQ� GDQ�
.RQVHUYDVL�$ODP����������������

$QGDGDUL��/���3XGMLRQR��6���	�5DKPDZDWL��7����������
8ML� NXDOLWDV� HQDP� JDOXU� PXUQL� XODW� VXWHUD�
%RPE\[�PRUL 3URVLGLQJ�� .RQJUHV�� /��'DODP��
9,,,� GDQ� 6HPLQDU� 1DVLRQDO� 3HUKLPSXQDQ�
(QWRPRORJL�,QGRQHVLD��%RJRU����������

%36� >%LUR� 3XVDW� 6WDWLVWLN@�� �������� .DEXSDWHQ�
6XNDEXPL�GDODP�DQJND�������$NVHV�WDQJJDO����
0HL� GDUL�� KWWSV���ZZZ�VFULEG�FRP�GRF��
����������6XNDEXPL�'DODP�$QJND������

'DQX�� 3XWUL�� .�3��� 	� 6XELDNWR�� $�� �������� �
3HUWXPEXKDQ� VWHN� MDERQ� PHUDK� �$QWKRFH�
SKDOXV� PDFURSK\OOXV� >5R[E�@� +DYLO�� SDGD�
EHUEDJDL� PHGLD� GDQ� ]DU� SHQJDWXU� WXPEXK�� �
-XUQDO�3HQHOLWLDQ�+XWDQ�7DQDPDQ�������������
����

*LQWLQJ��6�3���7DULJDQ��$���+XWDVRLW��5���	�<XOLVWLDQL��
'�� �������� 3UHIHUHQVL�� NHFHUQDDQ� GDQ�
NDUDNWHULVWLN� IHUPHQWDVL� UXPHQ� EHEHUDSD�
VSHVLHV� PXUEHL� SDGD� NDPELQJ�� �� �������-,79
��������� '2,�� KWWS���G[�GRL�RUJ�����������
MLWY�Y��L�������

0DKDGL�� ,��� :XODQGDUL�� 6��� 7ULVQDZDWL�� '�� �������� �
3HQJDUXK� SHPEHULDQ� 1$$� GDQ� NLQHWLQ�
WHUKDGDS� SHUWXPEXKDQ� HNVSODQ� EXDK� QDJD�
� �� PHODOXL� WHNQLN�+\ORFHUHXV� FRVWDULFHQVLV
NXOWXU� MDULQJDQ� VHFDUD� ��LQ� YLWUR -XUQDO�
%LRJHQHVLV��������������

0XLQ��1���6XU\DQWR��+���	�0LQDUQLQJVLK����������8ML�
FRED� KLEULG� � GDQ� � �0RUXV� NKXQSDL 0� LQGLFD
VHEDJDL�SDNDQ�XODW�VXWHUD�� �/LQQ����%RPE\[�PRUL
-XUQDO�3HQHOLWLDQ�.HKXWDQDQ�:DOODFHD��������
��������

0XUWK\�9�1�<���5DPHVK�+�/���	�0XQLUDMDSSD����������
,PSDFW�RI�IHHGLQJ�VHOHFWHG�PXOEHUU\�YDULHWLHV�
RQ� VLONZRUP� � � /��� WKURXJK�%RPE\[� PRU\
ELRDVVD\� WHFKQLTXHV� IRU� FRPPHUFLDO�
H[SORWDWLRQ�� $VLDQ� -RXUQDO� RI� 1DWXUDO� DQG�
$SSOLHG�6FLHQFHV����������������

1XUVLWD��,�:������������3HUEDQGLQJDQ�SURGXNWLILWDV�XODW�
VXWUD�GDUL�GXD�WHPSDW�SHPELELWDQ�\DQJ�EHUEHGD�
SDGD�NRQGLVL�OLQJNXQJDQ�SHPHOLKDUDDQ�SDQDV�� �
-XUQDO�,OPX�LOPX�3HWHUQDNDQ���������������

1XUV\DPVL�� ��������� �3URSDJDVL�WLJD�YDULHWDV�PXUEHL�
PHODOXL� WHNQLN� NXOWXU� MDULQJDQ�� � -XUQDO�
3HQHOLWLDQ�+XWDQ�7DQDPDQ��������������

3XGMLRQR�� 6 �������� ���� %XNX� VHUL� ,37(.� NHKXWDQDQ
%DGDQ�/LWEDQJ�.HKXWDQDQ��-DNDUWD�

3XGMLRQR��6���	�$QGDGDUL��O�����������0XUEHL�XQJJXODQ�
KDVLO � SHQHOLW LDQ� GDQ� SHQJHPEDQJDQ�
NHKXWDQDQ��'DODP��*HODU�,37(.�+DVLO�/LWEDQJ�
XQWXN�0HQGXNXQJ�.3+��%RJRU�

3XGMLRQR�� 6��� 	� 1D
LHP�� 0�� � �������� � 3HQJDUXK�
SHPEHULDQ� SDNDQ� PXUEHL� KLEULG� WHUKDGDS�
SURGXNWLYLWDV� GDQ� NXDOLWDV� NRNRQ�� -XUQDO�
3HPXOLDDQ�7DQDPDQ�+XWDQ��������������

3XGMLRQR�� 6��� 	� 6HSWLQD�� 6�� � �������� � 0RUIRORJL�
WDQDPDQ� KLEULG� PXUEHL� GL� 3XUZRELQDQJXQ�
<RJ\DNDUWD�� -XUQDO� 3HPXOLDDQ� 7DQDPDQ�
+XWDQ�����������������

5DPDGDQ��5�9���.HQGDULQL��1���	�$VKDUL��6���������� �
.DMLDQ� SHPEHULDQ� ]DW� SHQJDWXU� WXPEXK�
WHUKDGDS�SHUWXPEXKDQ�VWHN�WDQDPDQ�EXDK�QDJD�
� ���+\ORFHUHXV� FRVWDULFHQVLV -XUQDO� 3URGXNVL�
7DQDPDQ����������������

6DQWRVR��%�� � �������� � �0XUEHL� YDULHWDV�1,� YDULHWDV�
XQJJXO��� %DODL� 3HQHOLWLDQ� .HKXWDQDQ�
0DNDVVDU��KWWS���EDOLWKXWPDNDVVDU�RUJ�PXUEHL�
YDULHWDV�QL��'LDNVHV����0DUHW������

6HWLDGL�� :��� .DVQR�� 	� +DQHGD�� 1�)�� �������� �
3HQJJXQDDQ�SXSXN�RUJDQLN�XQWXN�SHQLQJNDWDQ�
SURGXNWLYLWDV�GDXQ�PXUEHL�� �VS���VHEDJDL�0RUXV
SDNDQ�XODW� VXWHUD� � �/���� �%RPE\[�PRUL -XUQDO�
6LOYLNXOWXU�7URSLND����������������

6XGRPR��$��� 3XGMLRQR�� 6��� 	� 1DL
HP�� 0�� � �������� �
3HQJDUXK� MXPODK� PDWD� WXQDV� WHUKDGDS�
NHPDPSXDQ� KLGXS� GDQ� SHUWXPEXKDQ� VWHN�
HPSDW�MHQLV�KLEULG�PXUEHL�� �-XUQDO�3HQHOLWLDQ�
7DQDPDQ�+XWDQ���������������
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