
� � �

���

�
3(1*$58+�,129$6,�7(.12/2*,�'$1�3(1**81$$1�,1387�7(5+$'$3�

352'8.7,9,7$6�.(/$3$�6$:,7�',�3529,16,�.$/,0$17$1�%$5$7 �

�
,QIOXHQFH�RI �7HFKQRORJLFDO�,QQRYDWLRQ �DQG �8VH�RI �3URGXFWLRQ �,QSXW �RQ�3URGXFWLYLW\ �RI�2LO�3DOP�

LQ
�

:HVW�.DOLPDQWDQ
�

3URYLQFH
�

�,�.(787�$5'$1$��

�
GDQ

�
.(787�.$5,<$6$��

�

����3XVDW�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ�3HUNHEXQDQ
�-DODQ�7HQWDUD�3HODMDU�1R����%RJRU������

����3XVDW�$QDOLVLV�6RVLDO�(NRQRPL�GDQ�.HELMDNDQ�3HUWDQLDQ
�-DODQ�7HQWDUD�3HODMDU�1R���

�
%RJRU������

�

�HPDLO��DUGDQDB����#\DKRR�FRP

�

�

� � �
�

�

�

3(1'$+8/8$1

�

�

3HPEDQJXQDQ� SHUNHEXQDQ� NKXVXVQ\D� NHODSD� VDZLW� GL�

,QGRQHVLD� WHODK� PHPEDZD� GDPSDN� HNRQRPL� WHUKDGDS�

PDV\DUDNDW��EDLN�PDV\DUDNDW�\DQJ�WHUOLEDW�GHQJDQ�DNWLYLWDV�

SHUNHEXQDQ� PDXSXQ� WHUKDGDS� PDV\DUDNDW� VHNLWDUQ\D��

6<$+=$

�

������� PHQMHODVNDQ� EDKZD� SHPEDQJXQDQ� SHU�

NHEXQDQ� NHODSD� VDZLW� GDSDW� PHQJXUDQJL� NHWLPSDQJDQ�

SHQGDSDWDQ� DQWDU� JRORQJDQ� PDV\DUDNDW� GDQ� PHQJXUDQJL�

NHWLPSDQJDQ� HNRQRPL� DQWDU� NDEXSDWHQ�NRWD�� PHQFLSWDNDQ�

PDV\DUDNDW� SHGHVDDQ�� GDQ� HNVSRU� SURGXN� WXUXQDQ� NHODSD�

VDZLW� �&32�� GDSDW� PHUDQJVDQJ� SHUWXPEXKDQ� HNRQRPL�

GDHUDK��7LQJNDW� NHVHMDKWHUDDQ� \DQJ�GLUDVDNDQ�ROHK�PDV\D�

UDNDW� SHGHVDDQ� WHODK� PHPEDZD� GDPSDN� EHUNHPEDQJQ\D�

SHUNHEXQDQ�GL�GDHUDK��NKXVXVQ\D�NHODSD�VDZLW�

�

3HPDQIDDWDQ� PLQ\DN� VDZLW� GXQLD� VHPDNLQ� EHUDJDP�

WHUXWDPD� XQWXN� EDKDQ� PDNDQDQ�� WHUPDVXN� PLQ\DN� JRUHQJ�

GDQ

�

PDUJDULQ�� 6HODLQ� LWX� PLQ\DN� VDZLW� MXJD� GLJXQDNDQ�

VHEDJDL� EDKDQ� EDNX� SURGXN� QRQ� PDNDQDQ�� VHSHUWL� EDKDQ�

EDNDU�QDEDWL� VDEXQ��GHWHUJHQ�GDQ�VXUIDNWDQ��NRVPHWLN��REDW�

REDWDQ� VHUWD� EHUDQHND� UDJDP� SURGXN� UXPDK� WDQJJD� GDQ�

-XUQDO�/LWWUL��������6HSWHPEHU�������+OP����� �� ���� � '2,��KWWS���G[�GRL�RUJ����������OLWWUL�Y��Q��������������

,661���������� �
H�,661���������� �

�

WKH�XVH�RI� VXSHULRU� WHFKQRORJ\� �FKDUDFWHULVWLF� RI� WKH� VXSHULRU� WHFKQRORJ\��

LPSURYHPHQW�RI�SURGXFWLRQ�PDQDJHPHQW�DQG�LQSXW�XVH�DV�GLUHFWHG��FDXVHG �
WKH�SURGXFWLYLW\�RI�RLO�SDOP�SODQWDWLRQV�LQFUHDVHG�E\���������7KH�UROH�RI�

WKH�GLIIHUHQFH�LQ�WKH�DSSOLHG�WHFKQRORJ\�LV��������DQG��������FDPH �IURP�

WKH�GLIIHUHQFH� LQ� LQSXW�XVH��4XDOLW\�RI� VHHGV�DYDLODEOH�SODQWHG�E\� IDUPHUV�
FRQWULEXWHG �VLJQLILFDQWO\� WR� WKH� OHYHO�RI�SURGXFWLYLW\� �$GHTXDWH� SURYLVLRQ�

RI�LPSURYHG�VHHG�SROLFLHV�PXVW�EH�WKH�WRS�SULRULW\�LQ�HIIRUWV�WR�LPSURYH�WKH�

SURGXFWLYLW\�RI�RLO�SDOP�LQ�WKH�IXWXUH��7KH�SROLF\�QHHGV�WR�EH�DFFRPSDQLHG�
E\� TXDOLW\� FRQWURO� DQG� GLVWULEXWLRQ� RI� LPSURYHG� VHHG� LV� VWULFWO\� DQG�

FRQWLQXRXVO\�
�
7KH� QH[W� SULRULW\� SROLFLHV� VKRXOG� EH� DLPHG� DW� HQFRXUDJLQJ�

IDUPHUV�WR�XVH�SURGXFWLRQ�LQSXWV�DV�UHFRPPHQGHG���,Q�RUGHU�IRU�WKH�SROLF\�
WR� EH� HIIHFWLYH�� LW� QHHGV� WR� EH� VXSSRUWHG� E\� WKH� WUDGLQJ� V\VWHP�

LPSURYHPHQWV�WR�HQVXUH�WKH�IHDVLELOLW\�RI�SDOP�RLO�SULFHV�DW�WKH�IDUP�OHYHO�
�

�.H\ZRUGV�
�
RLO� SDOP�� GHFRPSRVLWLRQ� RI

�
SURGXFWLYLW\�� LQQRYDWLRQ��

SURGXFWLRQ�LQSXWV
�

PXOWLSOLHU� HIIHFW �HNRQRPL� GDQ�PHQLQJNDWNDQ� NHVHMDKWHUDDQ�

$%675$.

�

�
3HPHULQWDK� ,QGRQHVLD� GDODP� NHUDQJND�0DVWHUSODQ� 3HUFHSDWDQ� GDQ�

3HUOXDVDQ� 3HPEDQJXQDQ� (NRQRPL� ,QGRQHVLD� �03�(,�� WHODK� PHQHWDSNDQ�

NRPRGLWDV� NHODSD� VDZLW� VHEDJDL� NRPRGLWDV� XWDPD� XQWXN� OHELK�
GLNHPEDQJNDQ� GL� ZLOD\DK� .DOLPDQWDQ� %DUDW� DWDX� GLVHEXW� NRULGRU�

.DOLPDQWDQ�

��

+DO�LQL�WHUXWDPD�GLVHEDENDQ�ROHK�SHUDQ�NRPRGLWDV�LQL�VHEDJDL�

NRPRGLWDV� HNVSRU� XWDPD� ,QGRQHVLD� GDQ� VHNDOLJXV� VHEDJDL� WLWLN� XQJNLW�
SHPEDQJXQDQ�HNRQRPL�GDHUDK

�

GDODP�PHQMDPLQ�SHQLQJNDWDQ�NHVHMDKWHUDDQ�

SHWDQL

�

VHWHPSDW� VHFDUD�EHUNHODQMXWDQ�

�

.DOLPDQWDQ�%DUDW�PHUXSDNDQ� VDODK�

VDWX�VHQWUD�SHQJHPEDQJDQ�NHODSD�VDZLW�GL�.DOLPDQWDQ��VHWHODK�.DOLPDQWDQ�
7HQJDK��ROHK�VHEDE�LWX�SHQHOLWLDQ�GLODNVDQDNDQ�GL�.DOLPDQWDQ�%DUDW�SDGD�

WDKXQ� ������ 3HQHOLWLDQ� LQL� EHUWXMXDQ� PHQJDQDOLVLV� SHUDQ� WHNQRORJL�

XQJJXODQ�GDQ�SHQJJXQDDQ�LQSXW�SURGXNVL�WHUKDGDS�SHUEDLNDQ�SURGXNWLYLWDV�
NHODSD�VDZLW�GDQ�IDNWRU�IDNWRU�\DQJ�PHPSHQJDUXKL�DGRSVL�WHNQRORJL�EDUX�

GL� WLQJNDW� SHWDQL�

�

+DVLO� DQDOLVLV� GHNRPSRVLVL� SURGXNWLYLWDV�PHQXQMXNNDQ�
EDKZD� SHQJJXQDDQ� WHNQRORJL� XQJJXODQ� �NDUDNWHULVLN� WHNQRORJL� XQJJXODQ

SHUEDLNDQ�PDQDMHPHQ�SURGXNVL�� VHUWD� SHQJJXQDQDQ� LQSXW� VHVXDL� DQMXUDQ��

PHQ\HEDENDQ�SURGXNWLYLWDV�NHODSD�VDZLW�PHQLQJNDW�VHEHVDU���������'DUL�
SHQLQJNDWDQ� WHUVHEXW�� VHEHVDU� ������� EHUVXPEHU� GDUL� DGDQ\D� SHUEHGDDQ�

WHNQRORJL�\DQJ�GLWHUDSNDQ�GDQ��������EHUVXPEHU�GDUL�DGDQ\D�SHUEHGDDQ�

SHQJJXQDDQ� LQSXW�

�

.XDOLWDV� EHQLK� \DQJ� WHUVHGLD�GLWDQDP� SHWDQL� PHP�
EHULNDQ� NRQWULEXVL� Q\DWD� WHUKDGDS� WLQJNDW� SURGXNWLYLWDV�

�

'DODP� XSD\D�

PHQLQJNDWNDQ� SURGXNWLYLWDV� VDZLW�� PDND� SHQ\HGLDDQ� EHQLK� XQJJXO� \DQJ�

PHPDGDL� KDUXV�PHQMDGL� NHELMDNDQ� SULRULWDV� XWDPD� GDODP� SHQJHPEDQJDQ�
NHEXQ� VDZLW� NH� GHSDQ�� � .HELMDNDQ� SULRULWDV� EHULNXWQ\D� GDSDW� GLWXMXNDQ�

XQWXN�PHQGRURQJ�SHWDQL�DJDU�PHQJJXQDNDQ�LQSXW�SURGXNVL�VHVXDL�DQMXUDQ���

.HELMDNDQ�LQL� WHQWXQ\D�DNDQ�HIHNWLI� MLND�SDGD�VDDW�\DQJ�VDPD�SHWDQL� MXJD�
PHPSHUROHK��KDUJD�VDZLW�\DQJ�OD\DN�

�

�

.DWD�NXQFL�

�

NHODSD� VDZLW�� GHNRPSRVLVL� SURGXNWLYLWDV�� LQRYDVL�� LQSXW�
SURGXNVL

�

�

$%675$&7

�
�

,QGRQHVLDQ�JRYHUQPHQW�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�0DVWHU�3ODQ�IRU�
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V�PDLQ�H[SRUW�FRPPRGLWLHV�DV�ZHOO�DV�WKH�
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6DPEDV�� GDQ� %HQJND\DQJ� EHUNLVDU� ����� �

�

������ VHUWD�

NDEXSDWHQ�ODLQQ\D�EHUNLVDU����������

�

�

$QDOLVLV�'HNRPSRVLVL�3URGXNWLYLWDV

$QDOLVLV� GHNRPSRVLVL� DNDQ� PHQDULN� DWDX� YDOLG�

GLODNXNDQ� MLND� GXD� PRGHO� \DQJ� DNDQ� GLNRPSRVLVL� EHUEHGD�

Q\DWD�� � 8QWXN� PHOLKDW� DSDNDK� NHGXD� PRGHO� DWDX� IXQJVL�

SURGXNVL�SHUNHEXQDQ�NHODSD�VDZLW��GL�ORNDVL�NDMLDQ�WHUVHEXW�

EHUEHGD� Q\DWD�� WHODK� GLXML� GHQJDQ�PHQJJXQDNDQ� XML� &+2:

���������+DVLO�XML� LQL

�

DQWDUD�NHGXD�IXQJVL�SURGXNVL�WHUVHEXW�

�SHUNHEXQDQ� VDZLW� \DQJ� PHQHUDSNDQ� WHNQRORJL� XQJJXODQ�

GDQ� QRQ� XQJJXODQ�� \DQJ� GLVDMLNDQ� SDGD� 7DEHO� �

PHQXQMXNNDQ� EDKZD� IXQJVL� SURGXNVL� NHODSD� VDZLW� \DQJ�

PHQHUDSNDQ� WHNQRORJL� XQJJXODQ� GDQ� WHNQRORJL� QRQ�

XQJJXODQ� \DQJ� WHODK�GLQRUPDOLVDVLNDQ�NH� EDVLV� VDWX� KHNWDU�

EHUEHGD� Q\DWD� SDGD� WDUDI ���� 2OHK� NDUHQD� LWX� GLODNXNDQ�

DQDOLVLV�GHNRPSRVLVL�OHELK�ODQMXW�
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7DEHO��� �+DVLO�&KRZ�WHVW�SDGD�IXQJVL�SURGXNVL�SDGD�SHUNHEXQDQ�NHODSD�VDZLW�UDN\DW�\DQJ�PHQJJXQDNDQ�WHNQRORJL�XQJJXODQ�
GDQ�QRQ�XQJJXODQ�GL�.DOLPDQWDQ�%DUDW������� �

7DEOH ��� �5HVXOWV �RI� &KRZ �WHVW� RQ �WKH� SURGXFWLRQ� IXQFWLRQ �RQ �VPDOO �KROGHU �RLO� SDOP� SODQWDWLRQ �ZKR �XVH �VXSHULRU �DQG QRQ

VXSHULRU �WHFKQRORJ\ �LQ�:HVW�.DOLPDQWDQ������� �

8UDLDQ
�'HVFULSWLRQ

�

7HNQRORJL
�

XQJJXODQ
�6XSHULRU�WHFKQRORJ\
�

7HNQRORJL
�

QRQ�XQJJXODQ
�1RQ�VXSHULRU�WHFKQRORJ\
�

7HNQRORJL�XQJJXODQ
�

�
�

1RQ�XQJJXODQ
6XSHULRU�DQG�QRQ�VXSHULRU�WHFKQRORJ\

�H���UHVLGXDO�RI�WKH�HUURU�VXP�VTXDUHV�
�

��������
�

��������
�

��������
�1XPEHU�RI�2EVHUYDWLRQV

�
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�
��

�
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�
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�
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�
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�
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.HWHUDQJDQ�

�



�Q\DWD�SDGD�WDUDI�SUREDELOLWDV���

�1RWH�

�




�VLJQLILFDW

� �

DW

�

WKH�OHYHO�RI

�

��

�

SUREDELOLW\�

�6XPEHU

�

�6RXUFH���'DWD�3ULPHU��GLRODK�

�

� +DVLO�DQDOLVLV�GHNRPSRVLVL�SURGXNWLYLWDV�NHODSD� VDZLW�

GLVDMLNDQ� SDGD� 7DEHO� �

�

PHQXQMXNNDQ

�

EDKZD� KDVLO� GXJDDQ�

GDUL�DQDOLVLV�GHNRPSRVLVL�WHNQRORJL�XQJJXODQ�\DQJ�PHOLSXWL�

SHUEDLNDQ� SHQJHORODDQ� SHUNHEXQDQ� NHODSD� VDZLW� PHODOXL�

SHQJJXQDQ� EHQLK� XQJJXO� GDQ� SHQJJXQDQ� LQSXW� SURGXNVL�

�MXPODK�� WDNDUDQ��GDQ�ZDNWX� DSSOLNDVL��PDPSX�PHQLQJNDW�

NDQ� SURGXNWLYLWDV� VDZLW� VHEHVDU� �������� 'DUL� MXPODK�

SHQLQJNDWDQ� WHUVHEXW�� VHEDQ\DN� ������� DNLEDW� DGDQ\D�

SHUEHGDDQ� WHNQRORJL� \DQJ� GLWHUDSNDQ� GDQ� ������� DNLEDW�

DGDQ\D� SHUEHGDDQ� SHQJJXQDDQ� MXPODK� LQSXW� SURGXNVL�

�SHWDQL� GHQJDQ� PHQHUDSNDQ� WHNQRORJL� XQJJXODQ� GLGRURQJ�

XQWXN�PHQJJXQDNDQ�LQSXW�SURGXNVL�OHELK�EDQ\DN�ODJL���

�
3HUEHGDDQ� MHQLV� WHNQRORJL� LWX� VHQGLUL�� VHSHUWL� GLVHEXW�

NDQ� GL� DWDV�� PHQ\HEDENDQ� SURGXNWLYLWDV� VDZLW� PHQLQJNDW�

�������� .RQGLVL� LQL� PHQXQMXNNDQ� EDKZD� GHQJDQ� PHQJ�

JXQDNDQ� MXPODK� LQSXW� SURGXNVL� VDPD� GHQJDQ� WHNQRORJL�

SHWDQL�� SHQHUDSDQ� WHNRORJL� XQJJXODQ� PDPSX� PHQLQJNDWDQ�

SURGXNWLYLWDV��VDZLW� �GL�ORNDVL�NDMLDQ�VHEHVDU���������'DUL�

MXPODK�SHQLQJNDWDQ� LQL��PDVLQJ�PDVLQJ��������EHUVXPEHU�

GDUL� VLIDW� SHUEHGDDQ� DODPLDK� WHNQRORJL� LWX� VHQGLUL�

�WHUMDGLQ\D� SHQLQJNDWNDQ� LQWHUVHS� IXQJVL� SURGXNVL��� GDQ�

������ NDUHQD� DGDQ\D� SHUEDLNDQ� SURGXNWLYLWDV� VHFDUD�

DNXPXODWLI� �SHUEHGDDQ� QRQ� DODPLDK� WHNQRORJL�� GDUL�

SHQJJXQDDQ� LQSXW� SURGXNVL�� VHSHUWL� GLWXQMXNNDQ� ROHK�

SHQLQJNDWDQ� VORSH�� � 1DPXQ� GHPLNLDQ�� NDODX� GLOLKDW� OHELK�

MDXK�PHQXUXW�PDVLQJ�PDVLQJ�SURGXNWLYLWDV�GDUL� LQSXW�\DQJ�

GLJXQDNDQ�� WHUQ\DWD� SXSXN� GDQ� WHQDJD� NHUMD� PHPEHULNDQ�

NRQWULEXVL� QHJDWLI� PDVLQJ�PDVLQJ� ������ GDQ� �����

�WHUKDGDS� SURGXNWLWDV�� +DO� LQL� GLGXJD� WHUMDGL� NDUHQD�

SHQJJXQDDQ�NHGXD�MHQLV�LQSXW�LQL�OHELK�EHVDU�GDUL�WHNQRORJL�

QRQ� XQJJXODQ� VHKLQJJD� SURGXNWLYLWDV� LQSXW� WHUVHEXW� OHELK�

UHQGDK�� +DO� LQL� VHMDODQ� GHQJDQ� KXNXP� SURGXNWLYLWDV�

PDUJLQDO� \DQJ� VHPDNLQ� PHQXUXQ�� 6HPHQWDUD� SHQJJXQDDQ�

EHQLK� XQJJXO� GDQ� SHVWLVLGD� PHPEHULNDQ� NRQWULEXVL� SRVLWLI�

PHODOXL� SHUEDLNDQ� SURGXNWLYLWDVQ\D�� .HGXD� LQSXW� LQL�

EHUNRQWULEXVL� PDVLQJ�PDVLQJ� ������ GDQ� ������ WHUKDGDS�

SHQLQJNDWDQ�SURGXNWLYLWDV�NHODSD�VDZLW�

�
'L� VLVL� ODLQ�� SHUEHGDDQ� SURGXNWLYLWDV� MXJD� GLNRQWUL�

EXVLNDQ�GDUL�DGDQ\D�SHUEHGDDQ�SHQJJXQDDQ�LQSXW�SURGXNVL���

3HQJJXQDDQ�LQSXW�SURGXNVL�\DQJ�OHELK�EDLN�SDGD�WHNQRORJL�

XQJJXODQ�� GLWDQGDL� ROHK� PHQLQJNDWQ\D� MXPODK� ELD\D�

SURGXNVL�PHQXUXW�MHQLV�LQSXW�\DQJ�GLJXQDNDQ��PHPEHULNDQ�

NRQWULEXVL� WHUKDGDS� SHQLQJNDWDQ� SURGXNWLYLWDV� SHUNHEXQDQ�

NHODSD�VDZLW�GL�ORNDVL�NDMLDQ�VHEHVDU����������+DO�LQL�MXJD�

GDSDW� GLLQWHUSUHWDVLNDQ� EDKZD� SHWDQL� \DQJ� PHQHUDSNDQ�

WHNQRORJL� QRQ� XQJJXODQ� DNDQ� PDPSX� PHQJKDVLONDQ�

SURGXNVL� VDZLW� OHELK� EHVDU� VHNLWDU� ������� GDUL� \DQJ�

GLKDVLONDQ� VHNDUDQJ� MLND�PHUHND�PHQJJXQDNDQ� LQSXW�ELD\D�

�

7DEHO���

�

6XPEHU�SHUEHGDDQ�SURGXNYLWDV�SDGD�SHUNHEXQDQ�NHODSD�VDZLW�DQWDUD�\DQJ�PHQJJXQDNDQ�WHNQRORJL�XQJJXODQ�GDQ�QRQ�

XQJJXODQ

�
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�

7DEOH���

�

6RXUFHV� RI

�

SURGXFWLYLW\

�

GLIIHUHQFHV

�

LQ

�

VPDOOKROGHU

�

RLO� SDOP� SODQWDWLRQ

�

EHWZHHQ

�

XVHV

�

VXSHULRU� DQG

�

QRQ

�

VXSHULRU�
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�
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�

�

6XPEHU�SHUEHGDDQ�SURGXNWLYLWDV

�

6RXUFHV�RI�SURGXFWLYLW\�GLIIHUHQFHV

�
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�
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�
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�
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�
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�

�
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�
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�

�
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�
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�

�����

�
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�

�
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�

�
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�
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�
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LQSXW� VHSHUWL� \DQJ�GLODNXNDQ�ROHK�SHWDQL� \DQJ�PHQHUDSNDQ�

WHNQRORJL� XQJJXODQ�� 'DUL� SHQLQJNDWDQ� ������� WHUVHEXW��

PDVLQJ�PDVLQJ� VHEDQ\DN� �������� ������� GDQ� ������

GLVXPEDQJNDQ�ROHK� DGDQ\D� SHQLQJNDWDQ� SHQJJXQDDQ�ELD\D�

EHQLK�� SXSXN�� GDQ� SHVWLVLGD� \DQJ� GLJXQDNDQ�� � 6HPHQWDUD�

SHQLQJNDWDQ� SHQJJXQDDQ� WHQDJD� NHUMD� PHPEHULNDQ�

NRQWULEXVL�QHJDWLI�WHUKDGDS�SHUEDLNDQ�SURGXNWLYLWDV��
�

'DUL� XUDLDQ� GL� DWDV� GDSDW� GLVLPSXONDQ� EDKZD� SHQJ�

JXQDDQ� WHNQRORJL� XQJJXODQ� �EDLN� PHODOXL� SHUEDLNDQ�

PDQDMHPHQ�SURGXNVL�GDQ�SHQJJXQDQDQ�LQSXW��PHQ\HEDENDQ�

SURGXNWLYLWDV� VDZLW� GL� ORNDVL� SHQHOLWLDQ� PHQLQJNDW� VHEHVDU�

�������� 'DUL� SHQLQJNDWDQ� WHUVHEXW�� VHEHVDU� ������� EHU�

VXPEHU� GDUL� DGDQ\D� SHUEHGDDQ� WHNQRORJL� \DQJ� GLWHUDSNDQ��

\DQJ� PHOLSXWL� NRQWULEXVL� GDUL� NDUDNWHULVWLN� DODPLDK�

WHNQRORJL� VHNLWDU� ������� �GLWXQMXNNDQ� ROHK� SHQLQJNDWDQ�

LQWHUVHS� IXQJVL� SURGXNVL�� GDQ� NRQWULEXVL� GDUL� DGDQ\D�

SHUEDLNDQ� SURGXNWLYLWDV� DNLEDW� SHPDNDLDQ� LQSXW� SURGXNVL�

VHNLWDU� ������� �GLWXQMXNNDQ� ROHK� SHQLQJNDWDQ� VORSH�

PDVLQJ�PDVLQJ� LQSXW� SURGXNVL��� 6LVDQ\D�� ������� EHUVXP�

EHU�GDUL�DGDQ\D�SHUEHGDDQ�SHQJJXQDDQ� LQSXW�DQWDUD�SHWDQL�

\DQJ� PHQHUDSNDQ� WHNQRORJL� XQJJXODQ� GDQ� QRQ� XQJJXODQ���

/HELK� ODQMXW� WDPSDN� EDKZD� GDUL� HPSDW� MHQLV� LQSXW� XWDPD�

\DQJ�GLJXQDNDQ�GDODP�PHPSURGXNVL�NHODSD�VDZLW��WHUQ\DWD�

EDKZD� EHQLK� XQJJXO� VDZLW� PHPSXQ\DL� NRQWULEXVL� WHUEHVDU�

WHUKDGDS� SHQLQJNDWDQ� SURGXNWLYLWDV�� .RQWULEXVL� LQSXW� LQL�

PHQFDSDL��������GDUL��������MXPODK�SHQLQJNDWDQ�SURGXN�

WLYLWDV� \DQJ� WHUMDGL�� DWDX� PHQFDSDL� ������� GDUL� WRWDO�

SHQLQJNDWDQ�SURGXNWLYLWDV���������

�
+DVLO� DQDOLVLV� GHNRPSRVLVL� SURGXNWLYLWDV� WHUVHEXW�

PHQXQMXNNDQ�EDKZD�SHQJJXQDDQ�EHQLK�XQJJXO�PHPSXQ\DL�

NRQWULEXVL� \DQJ� FXNXS� EHVDU� WHUKDGDS� SHUWDPEDKDQ�

SURGXNWLYLWDV� GLEDQGLQJNDQ� LQSXW� ODLQQ\D�� 7HPXDQ� LQL�

VHMDODQ� GHQJDQ� EHEHUDSD� KDVLO� NDMLDQ� VHEHOXPQ\D�

�.$5,<$6$��������6$<$.$�HW�DO��������

�

6,/$/$��������\DQJ�

PHQ\HEXWNDQ� EDKZD� SHQJJXQDDQ� EHQLK� XQJJXO� PDPSX�

PHQLQJNDWNDQ� SURGXNWLYLWDV� VDZLW� VHFDUD� Q\DWD�� GDQ�

VHEDOLNQ\D� MXJD� GLVHEXWNDQ� VHEDJDL� VDODK� VDWX� SHQ\HEDE�

UHQGDKQ\D� SURGXNWLYLWDV� VDZLW� GL� ,QGRQHVLD� NDUHQD� PDVLK�

EDQ\DN�SHWDQL�\DQJ�PHQJJXQDNDQ�EHQLK��WLGDN�XQJJXO�DWDX�

SDOVX�DVDODQ����2OHK�NDUHQD�LWX��GDODP�XSD\D�PHQLQJNDWNDQ�

SURGXNWLYLWDV� VDZLW� GL� ,QGRQHVLD�� PDND� SHQ\HGLDDQ� EHQLK�

XQJJXO� \DQJ� PHPDGDL� VHEDLNDQ\D� GLMDGLNDQ� NHELMDNDQ�

SULRULWDV� GDODP� SHQJHPEDQJDQ� NHEXQ� VDZLW� NH� GHSDQ���

.HELMDNDQ� SURULWDV� EHULNXWQ\D� GDSDW� GLWXMXNDQ� XQWXN�

PHQGRURQJ�SHWDQL�DJDU�PHQJJXQDNDQ�LQSXW�SURGXNVL�VHVXDL�

DQMXUDQ���.HELMDNDQ�LQL�WHQWXQ\D�DNDQ�HIHNWLI�MLND�SDGD�VDDW�

\DQJ� VDPD� SHWDQL� MXJD� PHPSHUROHK� � KDUJD� VDZLW� \DQJ�

OD\DN�
�

�$QDOLVLV� )DNWRU�)DNWRU� \DQJ� 0HPSHQJDUXKL� $GRSVL�

7HNQRORJL�8QJJXODQ�.HODSD�6DZLW

�
0HQJDFX� NHSDGD� KDVLO� DQDOLVLV� GHNRPSRVLVL� \DQJ�

PHQXQMXNNDQ� EDKZD� EHQLK� XQJJXO� PHPSXQ\DL� NRQWULEXVL�

WHUEHVDU�WHUKDGDS�SHQLQJNDWDQ�SURGXNWLYLWDV�NHODSD�VDZLW�GL�

ORNDVL�SHQHOLWLDQ��PDND�DQDOLVLV�IDNWRU�\DQJ�PHPSHQJDUXKL�

DGRSVL� WHNQRORJL� XQJJXODQ�GLIRNXVNDQ� NHSDGD� SHQJJXQDDQ�

EHQLK� XQJJXO�� +DVLO� ULQJNDV� SHQGXJDDQ� IDNWRU�IDNWRU� \DQJ�

PHPSHQJDUXKL� DGRSVL� WHNQRORJL� XQJJXODQ� NHODSD� VDZLW� GL�

3URYLQVL� .DOLPDQWDQ� %DUDW� PHODOXL� DQDOLVLV� ORJLW� GLVDMLNDQ�

SDGD� 7DEHO� ��

�

3HXEDK�SHXEDK� \DQJ� GLSDNDL� GDODP�

PHPEDQJXQ�PRGHO� FXNXS� UHSUHVHQWDWLI� XQWXN�PHQMHODVNDQ�

IDNWRU�IDNWRU� \DQJ� PHPSHQJDUXKL� DGRSVL� WHNQRORJL�

XQJJXODQ��VHSHUWL�LWXQMXNNDQ�ROHK�QLODL�3VHXGR�5�

�

 ����������

+DO� LQL� PHQXQMXNNDQ� EDKZD� NHUDJDDQ� WLQJNDW� DGRSVL�

WHNQRORJL� XQJJXODQ� NHODSD� VDZLW� GL� ORNDVL� NDMLDQ� PDPSX�

GLMHODVNDQ� VDPSDL� ������� ROHK� SHXEDK�SHXEDK� �NXDOLWDV�

EHQLK�� OXDV� WDQDP� VDZLW�� GDQ� WLQJNDW� SHQGLGLNDQ� SHWDQL�

VDZLW�� \DQJ� WHUGDSDW� SDGD� PRGHO�� GDQ� VLVDQ\D� �������

GLMHODVNDQ� ROHK� SHXEDK�SHXEDK� GL� OXDU� PRGHO�� � 3DUDPHWHU�

GDUL� SHXEDK�SHXEDK� VHFDUD� EHUVDPD�VDPD� PHPSXQ\DL�

SHQJDUXK� NXDW� WHUKDGDS� NLQHUMD� DGRSVL� WHNQRORJL� XQJJXODQ�

NHODSD� VDZLW� GL� ORNDVL� SHQHOLWLDQ�

�

VHSHUWL� GLWXQMXNNDQ� ROHK�

QLODL�/5�&KL�

�

Q\DWD�SDGD�WDUDI����

�

�

7DEHO���

�

+DVLO� DQDOLVLV� ORJLW� XQWXN� PHQXQMXNNDQ� IDNWRU�IDNWRU� \DQJ� PHPSHQJDUXKL� DGRSVL

�

WHNQRORJL� XQJJXODQ� SDGD�

SHUNHEXQDQ�NHODSD�VDZLW�UDN\DW�GL�.DOLPDQWDQ�%DUDW��������

�

7DEOH

�
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�

WKH�ORJ

�
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�
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�

VKRZ

�
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�

LQIOXHQFH�WKH�DGRSWLRQ�RI

�

VXSHULRU�WHFKQRORJ\

�

LQ� WKH

�

RLO�SDOP�

SODQWDWLRQV

�

LQ�:HVW�.DOLPDQWDQ�������

�

3HXEDK�SHQMHODV

�

'HWHUPLQDQW

�

3DUDPHWHU�GXJDDQ

�
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�
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�
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$GD�WLJD�SHXEDK�\DQJ�PHPSHQJDUXKL�SHWDQL�GL�ORNDVL�

NDMLDQ� XQWXN� PHQJDGRSVL� WHNQRORJL� XQJJXODQ�� NKXVXVQ\D�

GDUL� VLVL� SHQJJXQDDQ� EHQLK� XQJJXO�� .XDOLWDV� EHQLK�

PHUXSDNDQ� VDODK� VDWX� GDVDU� SHUWLPEDQJDQ� SHWDQL� XQWXN�

PHQDQDP� EHQLK� XQJJXO� GDQ� Q\DWD� SDGD� WDUDI� ����'HQJDQ�

NDWD� ODLQ�� DGRSVL� WHNQRORJL�EHQLK� XQJJXO
�

GLWHQWXNDQ� ROHK�
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