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$EVWUDFW

� 1DWXUDO� UXEEHU� LV�KLJKO\�SRWHQFLDO� WR�
EH�XVHG�DV�SROLPHU�PRGLILHG�DVSKDOW�DGGLWLYH��
7KLV�UHVHDUFK�VWXGLHG�WKH�DGGLWLRQ�RI�QDWXUDO�
UXEEHU� FRPSRXQG� EDVHG� RQ� 6,5� ��� DW�
FRQFHQWUDWLRQ� ���� ���� ���� DQG� ��� LQWR�

R
DVSKDOW�SHQ����DW���� &�LQ�WKH�SURGXFWLRQ�RI�
UXEEHUL]HG� DVSKDOW�� $JLWDWLRQ� VSHHG� RI� WKH�
PL[HU� ZDV� YDULHG� DW� ����� USP�� ����� USP��
�����USP�������USP�������USP��GDQ�������
USP�� 1DWXUDO� UXEEHU� FRPSRXQGV� ZHUH�
IRUPXODWHG�EDVHG�RQ�WKH�YXOFDQ]DWLRQ�V\VWHP�
LH�FRQYHQWLRQDO��.3���DQG�VHPL�HIILFLHQW��.3����
7KH� REVHUYDWLRQ� SURRIHG� WKDW� WKH� RSWLPXP�
DJLWDWLRQ� VSHHG�ZDV� DW� ����� USP�� )XUWKHU��
EDVHG�RQ�WKH�SK\VLFDO�SURSHUWLHV�RI�UXEEHUL]HG�
DVSKDOW�FKDUDFWHUL]DWLRQ��LW�ZDV�IRXQG�WKDW���
���QDWXUDO� UXEEHU� FRPSRXQG�REWDLQHG� IURP�
VHPL� HIILFLHQW� YXOFDQL]DWLRQ� V\VWHP� �.3���
SURGXFHG� KLJK� TXDOLW\� UXEEHUL]HG� DVSKDOW��
7KH� TXDOLW\�ZDV� VKRZQ�E\� WKH� UHGXFWLRQ� RI�
SHQHWUDWLRQ�ZKLFK�ZDV�IROORZHG�E\�WKH�UDLVH�
RI�VRIWHQLQJ�SRLQW��SHQHWUDWLRQ� LQGH[��HODVWLF�
UHFRYHU\�� DQG� JRRG� VWDELOLW\� GXULQJ� VWRUDJH�
DQG�UHKHDWLQJ�RI�WKH�UXEEHUL]HG�DVSKDOW��

.H\ZRUGV���1DWXUDO�UXEEHU�FRPSRXQG�6,5�����
SHQHWUDWLRQ�� UXEEHUL]HG� DVSKDOW��
VRIWHQLQJ�SRLQW��YXOFDQL]DWLRQ

$EVWUDN

� .DUHW� DODP� EHUSRWHQVL� GLJXQDNDQ�
VHEDJDL�EDKDQ�DGLWLI�GDODP�SHPEXDWDQ�DVSDO�
PRGLILNDVL� SROLPHU�� 'DODP� SHQHOLWLDQ� LQL�
WHODK� GLXMLFREDNDQ� SHQDPEDKDQ� NRPSRQ�
NDUHW� DODP� EHUEDVLV� NDUHW� 6,5� ��� SDGD�
NRQVHQWUDVL������������GDQ����GDODP�DVSDO�

R
SHQHWUDVL����SDGD�VXKX���� &�VHEDJDL�XSD\D�
GDODP� SHPEXDWDQ� DVSDO� NDUHW�� 6HGDQJNDQ�
NHFHSDWDQ � SHQJDGXN� SDGD � PHV LQ �
SHQFDPSXUNDQ�GLYDULDVLNDQ�SDGD������USP��
�����USP�������USP�������USP�������USP��
GDQ� ������ USP�� .RPSRQ� NDUHW� 6,5�
GLIRUPXODVLNDQ� EHUGDVDUNDQ� VLVWHP�
YXONDQLVDVL� \DLWX� NRQYHQVLRQDO� �.3��� GDQ�
VHPL� HIILVLHQ� �.3���� 3HQLODLDQ� PXWX� DVSDO�
NDUHW� GLWHQWXNDQ� EHUGDVDUNDQ� SHQJXMLDQ�
VLIDW�ILVLN�DVSDO�NDUHW�WHUVHEXW��%HUGDVDUNDQ�
KDVLO� SHQJDPDWDQ� GLNHWDKXL� EDKZD�
NHFHSDWDQ � SHQJDGXN� SDGD � PHV LQ �
SHQFDPSXU� DVSDO� NDUHW� \DQJ� WHURSWLPDO�
VHEHVDU� ����� USP�� � 6HODQMXWQ\D� PHQXUXW�
KDVLO� NDUDNWHULVDVL� VLIDW� ILVLN� DVSDO� NDUHW�
GLSHUROHK�EDKZD�NRPSRQ�NDUHW�6,5����\DQJ�
GLKDVLONDQ� GDUL� VLVWHP� YXONDQLVDVL� VHPL�
HIILVLHQ� �.3��� GHQJDQ� GRVLV� ����� GDSDW�
PHPEHQWXN� DVSDO� NDUHW� GHQJDQ� NXDOLWDV�
WHUEDLN� GLWXQMXNNDQ� ROHK� SHQXUXQDQ�
SHQHWUDVL�\DQJ�GLLNXWL�GHQJDQ�SHQLQJNDWDQ�
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3UDVWDQWR��)LUGDXV��3XVSLWDVDUL��5DPDGKDQ��GDQ�)DODDK

QLODL� WLWLN� OHPEHN�� LQGHNV� SHQHWUDVL� GDQ�
HODVWLF� UHFRYHU\�VHUWD�VLIDW�NHVWDELODQ�DVSDO�
NDUHW� VHODPD� SHQ\LPSDQDQ� GDQ� DNLEDW�
SHQJDUXK�SHPDQDVDQ�EHUXODQJ�\DQJ�UHODWLI�
EDLN��

.DWD�NXQFL���$VSDO�NDUHW��NRPSRQ�NDUHW�6,5�
���� SHQHWUDVL�� WLWLN� OHPEHN��
YXONDQLVDVL

3(1'$+8/8$1�
� �
� $VSDO� NDUHW� PHUXSDNDQ� VDODK� VDWX�
EHQWXN � DVSD O � PRG L I LNDV L � SR O LPHU �
�.ULVKQDSUL\D�� ������� 7HNQRORJL� DVSDO�
PRGLILNDVL�SROLPHU�PHQDZDUNDQ�NHXQJJXODQ�
GDODP� PHQLQJNDWNDQ� NHWDKDQDQ� DOXU�
�UXWWLQJ��GDQ�UHWDN�SDQDV�PHOLQWDQJ��WKHUPDO�
FUDFNLQJ�� VHUWD� PHQXUXQNDQ� NHUXVDNDQ�
DNLEDW� NHOHODKDQ� �IDWLTXH� GDPDJH � ��
SHQJHOXSDVDQ��VWULSSLQJ��GDQ�NHSHNDDQ�SDGD�
VXKX� GLEDQGLQJNDQ� GHQJDQ� DVSDO� PXUQL��
3 HQDPEDKDQ � S R O LPH U � F H QG H UXQJ �
PHQLQJNDWNDQ� NHNHQWDODQ� DVSDO� \DQJ�
GLVHEDENDQ�ROHK�PHQJHPEDQJQ\D��VZHOOLQJ��
SDUWLNHO� NDUHW� GL� GDODP� DVSDO� WHUVHEXW��
.HNHQWDODQ� \DQJ� WLQJJL� SDGD� DVSDO�
PRGLILNDVL� SROLPHU� PDND� DNDQ� EHUDNLEDW�
SDGD� PHQLQJNDWQ\D� NHOHNDWDQ� �DGKHVLYH�
ERQGLQJ�� DQWDUD� DVSDO� GHQJDQ� SDUWLNHO�
DJUHJDW��0DOLWKRQJ�	�7KRQJSLQ��������<LQJ�	�
5RQJML��������6KDILL�HW�DO�����������

.DUHW�\DQJ�EHUIXQJVL�VHEDJDL�EDKDQ�
DGLWLI� GDODP� SHPEXDWDQ� DVSDO� NDUHW� GDSDW�
EHUDVDO�GDUL�MHQLV�NDUHW�PHQWDK�VHSHUWL�ODWHNV�
SHNDW�PDXSXQ�NDUHW�SDGDW��NDUHW�UHPDK�6,5�
����NDUHW�EURZQ�FUHSH���NDUHW�WKHUPRSODVWLN�
�6%5�GDQ�6%6���EDKNDQ�GDODP�EHQWXN�NDUHW�
VHUEXN�EDQ�EHNDV� �VFUDS� WLUHV�� �:HQ�HW� DO���
�������3HQJJXQDDQ�NDUHW�VHUEXN�EDQ�EHNDV�
GLSHUNLUDNDQ�GDSDW�PHPEHULNDQ�VROXVL�DWDV�
SHUPDVDODKDQ�OLQJNXQJDQ�NDUHQD�EDQ�EHNDV�
VHULQJNDOL�GLDQJJDS�VHEDJDL�OLPEDK�LQGXVWUL�
VHNDOLJXV�GDSDW�PHQLQJNDWNDQ�NLQHUMD�DVSDO�
VHEDJDL�SHPEHQWXN�ODSLVDQ�SHUNHUDVDQ�MDODQ�
GHQJDQ� PHQJXUDQJL� NHELVLQJDQ� \DQJ�
GLWLPEXONDQ� ROHK� ODOX� OLQWDV� \DQJ� SDGDW�
�$OWLHE�HW�DO���������6KHQJ�HW�DO���������:DQJ�
HW� DO��� ������� 1DPXQ� NRPSDWLELOLWDV� \DQJ�
UHQGDK� DQWDUD� DVSDO� GHQJDQ� NDUHW� VHUEXN�
EDQ�PHQ\HEDENDQ� NHVXOLWDQ� GDODP� SURVHV�
SHQFDPSXUDQ� VHUWD� NHVWDELODQ� DVSDO� NDUHW�
VHODPD� SHQ\LPSDQDQ� \DQJ� UHQGDK�� 6DDW�
SHQJDGXNDQ�GLKHQWLNDQ��PDND�DQWDUD�DVSDO�
GDQ� NDUHW� VHUEXN� EDQ� DNDQ� GHQJDQ� FHSDW�
VDOLQJ�WHUSLVDK��*KDO\����������

� 3HQJJXQDDQ�NDUHW�VHUEXN�EDQ�XQWXN�
PHPRGLILNDVL� VLIDW� DVSDO� GLUDVDNDQ�NXUDQJ�
VHVXDL� XQWXN� GLWHUDSNDQ� GL� ,QGRQHVLD��
NDUHQD� WLGDN� VHMDODQ� GHQJDQ� SURJUDP�
3HPHULQWDK�GDODP�PHQLQJNDWNDQ�NRQVXPVL�
GRPHVWLN� NDUHW� PHQWDK� VHEHVDU� ���� ULEX�
WRQ�WDKXQ��,QGRQHVLD�VHODNX�SURGXVHQ�NDUHW�
DODP� WHUEHVDU� NHGXD� GXQLD�� PDPSX�
PHQJKDVLONDQ� NDUHW� 765� WHUPDVXN� 6,5� ���
XQWXN�NRQVXPVL�HNVSRU�PHQFDSDL������MXWD�
WRQ�GL� WDKXQ������ �*DEXQJDQ�3HUXVDKDDQ�
.DUHW�,QGRQHVLD�>*$3.,1'2@���������$SDELOD�
VHEDJLDQ� SURGXNVL� NDUHW� 6,5� ��� GDSDW�
GLPDQIDDWNDQ�XQWXN�DGLWLI�DVSDO�NDUHW�PDND�
GLSHUKLWXQJNDQ� GDSDW� PHQDPEDK� VHUDSDQ�
GRPHVWLN� NDUHW� KLQJJD� ��� ULEX� WRQ�WDKXQ�
�5DPDGKDQ�HW�DO����������

� . D U H W � D O DP � P H Q W D K � D N D Q �
PHQJKDVL ONDQ� DVSDO� NDUHW� GHQJDQ�
NDUDNWHULVWLN� \DQJ� EHUEHGD� GLEDQGLQJNDQ�
DVSDO� NDUHW� EHUEDVLV� NDUHW� VHUEXN� EDQ��
6XVXQDQ�UDQWDL�PROHNXO�GDODP�NDUHW�VHUEXN�
EDQ� WLGDN� GDSDW� GLPRGLILNDVL� DNLEDW�
WHUEHQWXNQ\D� LNDWDQ� VLODQJ� DQWDU� UDQWDL�
PROHNXO�NDUHW�\DQJ�GLMHPEDWDQL�ROHK�VXOIXU�
PHODOXL� PHNDQLVPH� YXONDQLVDVL�� VHKLQJJD�
LQWHUDNVL�DQWDUD�PROHNXO�DVSDO�GHQJDQ�NDUHW�
KDQ\D�WHUMDGL�VHFDUD�ILVLN��6HPHQWDUD�SDGD�
NDUHW�PHQWDK��DQWDU�UDQWDL�SDQMDQJ�PROHNXO�
NDUHW�EHOXP�VDOLQJ�PHPEHQWXN�LNDWDQ�VLODQJ�
VHKLQJJD� GLKDUDSNDQ� GDSDW� WHUMDOLQ� LNDWDQ�
NLPLD� \DQJ� OHELK� NXDW� GLEDQGLQJNDQ�
LQWHUDNVL� ILVLN� DQWDUD� NDUHW� GHQJDQ� DVSDO��
,QWHUDNVL� \DQJ� WHUMDGL�DQWDUD�DVSDO�GHQJDQ�
NDUHW� XWDPDQ\D� GLIXVL� ILVLN� �SK\VLFDO�
GLIIXVLRQ�� �*DR� 	� &DR�� ������� 7LSH� LNDWDQ�
DWDX� LQWHUDNVL� DQWDUD� NDUHW� GHQJDQ� DVSDO�
WHQWX� DNDQ� EHUSHQJDUXK� WHUKDGDS�
NDUDNWHULVWLN�DVSDO�NDUHW��

� 'DODP� ULVHW� LQL� DNDQ� GLSHODMDUL�
NDUDNWHULVWLN�DVSDO�NDUHW�\DQJ� WHUEXDW�GDUL�
FDPSXUDQ�DVSDO�SHQHWUDVL� �SHQ�����GHQJDQ�
NDUHW�PHQWDK�GDODP�EHQWXN�NRPSRQ�NDUHW�
VHEDDJL� IXQJV� GDUL� VLVWHP� YXONDQLVDVL� GDQ�
GRVLV� SHQDPEDKDQ� NRPSRQ� NDUHW� GDODP�
DVSDO� SHQ� ���� .RPSRQ� NDUHW� PHUXSDNDQ�
SHFDPSXUDQ�EDKDQ�NLPLD�NDUHW�GDODP�NDUHW�
PHQWDK� 6,5� ���� 6HGDQJNDQ� VLVWHP�
Y X O N D Q L V D V L � D N D Q � P H Q H Q W X N D Q �
SHPEHQWXNDQ�WLSH�GDQ�MXPODK�LNDWDQ�VLODQJ�
GDODP�NRPSRQ�NDUHW�WHUVHEXW��*KDYLED]RR�	�
$EGHOUDKPDQ���������
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6WXGL�.LQHUMD�.RPSRQ�.DUHW�$ODP�7DQSD�%DKDQ�3HQJLVL�6HEDJDL�%DKDQ�3HPRGLILNDVL�$VSDO�3DQDV
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� �3HQHOLWLDQ�WHODK�EHUODQJVXQJ�GL�GXD�
ORNDVL�� /RNDVL� SHUWDPD� \DLWX� 3DEULN�
3HUFREDDQ�GDQ�/DERUDWRULXP�3HQJXML�3XVDW�
3HQHOLWDQ� .DUHW� XQWXN� NHJLDWDQ� \DQJ�
EHUNDLWDQ�GHQJDQ�SHUVLDSDQ� �GDQ�SHQJXMLDQ�
NDUDNWHULVWLN� YXONDQLVDVL� NRPSRQ� NDUHW��
6HPHQWDUD� ORNDVL� NHGXD� EHUDGD� GL� %DODL�
%DKDQ� GDQ� 3HUNHUDVDQ� -DODQ� ²� 3XVOLWEDQJ�
-DODQ�GDQ�-HPEDWDQ�XQWXN�SHPEXDWDQ�GDQ�
SHQJXMLDQ� DVSDO� NDUHW� EHUEDVLV� NRPSRQ�
NDUHW��

� %DKDQ�XWDPD�\DQJ�GLJXQDNDQ�GDODP�
SHQHOLWLDQ�LQL�DGDODK�NDUHW�DODP�IDVD�SDGDW�
MHQLV� NDUHW� UHPDK� 6WDQGDU� ,QGRQHVLDQ�
5XEEHU��6,5�����GDQ�DVSDO�SHQHWUDVL��SHQ������
6HPHQWDUD� EDKDQ� SHQGXNXQJ� \DQJ�
GLJXQDNDQ� PHOLSXWL� EDKDQ� NLPLD� NRPSR�
NDUHW� WHUGLUL� DWDV� EDKDQ� SHOXQDN�� EDKDQ�
SHQJDNWLI�� EDKDQ� DQWLRNVLGDQ�� EDKDQ�
SHQFHSDW�� GDQ� EDKDQ� SHPYXONDQLVDVL��
6HODQMXWQ\D� DODW� SHQHOLWLDQ� PHQFDQJNXS�
PHVLQ� JLOLQJ� WHUEXND� �WZR� UROO� RSHQ� PLOO��
XQWXN�SHPEXDWDQ�NRPSRQ�NDUHW�GDQ�PL[HU�
DVSDO�NDUHW��

� 3DGD� ULVHW� LQL�� SHPEXDWDQ� NRPSRQ�
NDUHW� GLYDULDVLNDQ� PHQMDGL� NRPSRQ� NDUHW�
GHQJDQ� VLVWHP� YXONDQLVDVL� NRQYHQVLRQDO�
�.3���� GDQ� NRPSRQ� NDUHW� GHQJDQ� VLVWHP�
YXONDQLVDVL�VHPL�HIILVLHQ��.3����.HGXD�VLVWHP�
YXONDQLVDVL�LQL�GLEHGDNDQ�EHUGDVDUNDQ�UDVLR�
EDKDQ � SHQFHSD W � W H UKDGDS � EDKDQ �
SHQYXONDQLVDVL� \DQJ� GLWDPEDKNDQ� VDDW�
SHPEXDWDQ� NRPSRQ� NDUHW�� 3HPEXDWDQ�
NRPSRQ� NDUHW� GDODP�PHVLQ� JLOLQJ� WHUEXND�
GLDZDOL�GHQJDQ�PDVWLNDVL�NDUHW�6,5���KLQJJD�
PHQMDGL� SODVWLV�� 3DGD� NDUHW� \DQJ� WHODK�
SODVWLV� VHODQMXWQ\D� VHFDUD� EHUXUXWDQ�
GLWDPEDKNDQ�GHQJDQ�EDKDQ�SHOXQDN��EDKDQ�
SHQJDNWLI�� EDKDQ� DQWLRNVLGDVL�� EDKDQ�
S H Q F H S D W � � G D Q � W H U D N K L U � E D K D Q �
SHPYXONDQLVDVL�� &DPSXUDQ� NDUHW� GHQJDQ�
EDKDQ� NLPLD� NHPXGLDQ� WHUXV� GLJLOLQJ�
VHKLQJJD� WHUEHQWXN� NRPSRQ� NDUHW� SDGDW�
\DQJ�KRPRJHQ�GDQ�VLDS�GLJXQDNDQ�VHEDJDL�
EDKDQ�DGLWLI�GDODP�SHPEXDWDQ�DVSDO�NDUHW��

� 6HEHOXP� GLFDPSXUNDQ� GDODP� DVSDO�
SHQ� ���� NRPSRQ� NDUHW� GLSRWRQJ�SRWRQJ�
KLQJJD�EHUXNXUDQ�NHFLO� �GLDPHWHU�VHNLWDU���
PP���$VSDO�SHQ����GLSDQDVNDQ�KLQJJD�VXKX�

R
PHQFDSDL� ��� &�� 8QWXN� WDKDS� SHUWDPD�
SHQFDPSXUDQ�� SHQJDGXNDQ� GLODNXNDQ�
GHQJDQ� DJLWDWRU� PHQJJXQDNDQ� EOHQGHU�
SHPRWRQJ� GHQJDQ� OXEDQJ� \DQJ� EHVDU��

R
6HWHODK�WHUFDSDL�VXKX�DVSDO���� &��SRWRQJDQ�
NRPSRQ�GLWDPEDKNDQ�NH�GDODP�DVSDO�VHGLNLW�
GHPL � VHG LN L W � V H ODPD� GXD � PHQ L W � �
3HQFDPSXUDQ�GLODQMXWNDQ�KLQJJD����PHQLW��
8QWXN� SHQFDPSXUDQ� WDKDS� NHGXD��
SHQJDGXNDQ�GHQJDQ�DJLWDWRU�PHQJJXQDNDQ�
EOHQGHU�SHPRWRQJ�GHQJDQ�OXEDQJ�NHFLO�SDGD�

R
VXKX���� &�VHODPD����PHQLW��

� 3HQDPEDKDQ� NRPSRQ� NDUHW� SDGDW�
EDLN�.3��PDXSXQ�.3��GDODP�DVSDO�SHQ����
GLYDULDVLNDQ�SDGD�GRVLV������������GDQ�����
6HODQMXWQ\D� XQWXN� PHQJHWDKXL� NRQGLVL�
RSWLPDO� SHQFDPSXUDQ� MXJD� GLODNXNDQ� XML�
FRED�SHQFDPSXUDQ�NRPSRQ�NDUHW�DODP�.3��
VHEHVDU� ��� NH� GDODP� DVSDO� SHQ� ��� SDGD�
EHUEDJDL�NHFHSDWDQ�SXWDUDQ�PHVLQ�DJLWDWRU�
\DLWX������USP�������USP�������USP�������
USP�������USP��GDQ�������USP��3HQHQWXDQ�
NRQGLVL� RSWLPDO� SHQFDPSXUDQ� GLGDVDUNDQ�
NHSDGD�SHQJXMLDQ�NDUDNWHULVWLN�DVSDO�NDUHW�
GDQ� XML� SHPLVDKDQ� NDUHW� DODP� GDUL� DVSDO�
NDUHW� VHFDUD� HNVWUDVL� UHIOXN� GHQJDQ� VROYHQ�
EHQ]HQD��

+$6,/�'$1�3(0%$+$6$1

.DUDNWHULVWLN�9XONDQLVDVL�.RPSRQ�.DUHW
�
� .DUDNWHULVWLN� YXONDQLVDVL� GDSDW�
GLJXQDNDQ� XQWXN� PHPSUHGLNVL� VLIDW� ILVLN�
SURGXN� NDUHW� \DQJ� GLKDVLONDQ�� 1LODL�
NDUDNWHULVWLN� YXONDQLVDVL� NRPSRQ� NDUHW�
VDQJDW�EHUJDQWXQJ�SDGD�VLVWHP�YXONDQLVDVL�
NRPSRQ�\DQJ�GLJXQDNDQ��6LVWHP�YXONDQLVDVL�
NRQYHQVLRQDO� DNDQ� PHQJKDVLONDQ� GHUDMDW�
LNDWDQ� VLODQJ� DQWDU� PROHNXO� NDUHW� \DQJ�
GLMHPEDWDQL� ROHK� VXOIXU� \DQJ� OHELK� WLQJJL�
GLEDQGLQJNDQ� GHQJDQ� VLVWHP� YXONDQLVDVL�
VHPL� HIILVLHQ�� +DO� LQL� GLNDUHQDNDQ� MXPODK�
EDKDQ� SHPYXONDQLVDVL� �VXOIXU�� \DQJ�
GLWDPEDKNDQ� GDODP� VLVWHP� YXONDQLVDVL�
NRQYHQVLRQDO� MDXK� OHELK� WLQJJL� GDULSDGD�
VLVWHP�YXONDQLVDVL�VHPL�HIILVLHQ��1LODL�GHUDMDW�
LNDWDQ� VL ODQJ� GDODP� NDUDNWHULVW LN�
YXONDQLVDVL� GLJDPEDUNDQ� ROHK� QLODL� GHOWD�
WRUVL��

6HEDOLNQ\D� VLVWHP� YXONDQLVDVL� VHPL�
HIILVLHQ�PHPEHULNDQ�ZDNWX�YXONDQLVDVL�\DQJ�
OHELK� FHSDW� NDUHQD� SDGD� VLVWHP� LQL�
PHQJJXQDNDQ� NRPSRVLVL� EDKDQ� SHQFHSDW�
\DQJ� OHELK� EDQ\DN� GDULSDGD� NRPSRVLVL�
EDKDQ�SHPYXONDQLVDVL��0HVNLSXQ�PHPLOLNL�
GHUDMDW� LNDWDQ� VLODQJ� \DQJ� OHELK� WLQJJL��
QDPXQ�SDGD�XPXPQ\D�SURGXN�NDUHW�\DQJ�
GLRODK� GDUL� NRPSRQ� NDUHW� GHQJDQ� VLVWHP�



���
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YXONDQLVDVL� NRQYHQVLRQDO� WLGDN� WDKDQ�
WHUKDGDS�SHQJXVDQJDQ��DJHLQJ��NDUHQD�SDGD�
VLVWHP� YXONDQLVDVL� LQL� EDQ\DN� WHUEHQWXN�
LNDWDQ�GLVXOILGD�DWDX�SROLVXOILGD�\DQJ�PXGDK�
WHUXUDL�NDUHQD�SHQJDUXK�SDQDV��6HGDQJNDQ�
GHQJDQ�VLVWHP�VHPL�HIILVLHQ�FHQGHUXQJ�OHELK�
WDKDQ�WHUKDGDS�SHQJXVDQJDQ�NDUHQD�LNDWDQ�
VLODQJ�\DQJ�WHUEHQWXN�PD\RULWDV�GLMHPEDWDQL�
ROHK� LNDWDQ� PRQRVXOILGD� \DQJ� WDKDQ�
WHUKDGDS�SDQDV��

'HQJDQ� GHUDMDW� LNDWDQ� VLODQJ� \DQJ�
WLQJJL� GLKDUDSNDQ� GDSDW� PHPEHULNDQ� VLIDW�
HODVWLV� \DQJ� EDLN� WHUKDGDS� DVSDO� NDUHW��
6HPHQWDUD�GHQJDQ�NHWDKDQDQ�SHQJXVDQJDQ�
\DQJ� EDLN� GLKDUDSNDQ� GDSDW� WXUXW�
EHUNRQVWULEXVL� GDODP� PHPSHUODPD� XPXU�
SDNDL�DVSDO�NDUHW��

.RUHODVL� .HFHSDWDQ� 3XWDUDQ� 0HVLQ�
$JLWDWRU�GHQJDQ�6LIDW�)LVLN�$VSDO�.DUHW�

� +RPRJHQLWDV� DVSDO� NDUHW� DWDX�
SHQ\HEDUDQ� NDUHW� DODP� GDODP� DVSDO� NDUHW�
VDQJDW��GLSHQJDUXKL�ROHK�NHFHSDWDQ�SXWDUDQ�
PHVLQ�DJLWDWRU�VHUWD�NHNHQWDODQ�DVSDO�SHQ����
\DQJ� EHUJDQWXQJ� SDGD� VXKX� SHPDQDVDQ�
VDDW�SHQFDPSXUDQ��0HQJDFX�SDGD�*DPEDU�
�� WHUOLKDW� EDKZD� SHUXEDKDQ� SHQJDWXUDQ�
NHFHSDWDQ� SXWDUDQ� PHVLQ� DJLWDWRU� GLLNXWL�
GHQJDQ� SHUXEDKDQ� VLIDW� ILVLN� DVSDO� NDUHW��
'HQJDQ� EHUWDPEDKQ\D� NHFHSDWDQ� SXWDUDQ�
PHVLQ�DJLWDWRU�PDND�NHNHUDVDQ�DVSDO�NDUHW�
PHQLQJNDW�� \DQJ� GLJDPEDUNDQ� ROHK�
SHQXUXQDQ� QLODL� SHQHWUDVL� \DQJ� VHPXOD�
VHEHVDU����GPP��SDGD������USP��PHQMDGL����

GPP� �SDGD������� USP��� � 3HQXUXQDQ�QLODL�
SHQHWUDVL� GLSHUNLUDNDQ� GLVHEDENDQ� NDUHQD�
VHPDNLQ�FHSDW�SXWDUDQ�PHVLQ�DJLWDWRU�PDND�
GLVSHUVL�NRPSRQ�NDUHW�DODP�GDODP�DVSDO�SHQ�
���VHPDNLQ�EDLN��

� .HFHSDWDQ� SXWDUDQ� PHVLQ� WXUXW�
EHUSHQJDUXK� WHUKDGDS� QLODL� WLWLN� OHPEHN��
\DQJ�SDGD�DZDOQ\D�SDGD������USP�VHEHVDU�

R R
���� &� PHQMDGL� ���� &� SDGD� ������ USP��
3HQLQJNDWDQ� QLODL� WLWLN� OHPEHN� WHUEHVDU�
WHUMDGL�SDGD�SXWDUDQ������USP�KLQJJD������

R
USP�\DQJ�PHQFDSDL���� &�� VHGDQJNDQ�GDUL�
SXWDUDQ� ����� USP� VDPSDL� GHQJDQ� ������
USP�SROD�SHUXEDKDQ�QLODL�WLWLN�OHPEHN�KDQ\D�
VHGLNLW�EDKNDQ�PHQGHNDWL�PHQGDWDU�VHEHVDU�

R
��� &�� 6HLULQJ� GHQJDQ� QLODL� WLWLN� OHPEHN��
EXWLUDQ�NRPSRQ�NDUHW�DODP�\DQJ�WHUHNVWUDN�
MXJD�PHQJDODPL� SHQLQJNDWDQ�� 3HQLQJNDWDQ�
WHUEHVDU� WHUMDGL� DQWDUD� SXWDUDQ� ����� USP�
KLQJJD������USP�\DQJ�VHPXOD�������SDGD�
�����USP�PHQMDGL�����SDGD������USP��+DO�
LQL� WHUMDGL� NDUHQD�SDGD�NHFHSDWDQ�SXWDUDQ�
PHVLQ� DJLWDWRU� \DQJ� VHPDNLQ� WLQJJL� PDND�
EXWLUDQ� NRPSRQ� NDUHW� PHQMDGL� VHPDNLQ�
KDOXV�VHKLQJJD�EDQ\DN�\DQJ�WHUHNVWUDVL�ROHK�
VROYHQ�EHQ]HQD��

�
� %HUGDVDUNDQ� KDVLO� SHUFREDDQ� LQL�
VHUWD�GHQJDQ�PHPSHUWLPEDQJNDQ�SHQJDUXK�
WHUKDGDS� VLIDW� ILVLN� DVSDO� NDUHW� PDND�
NHFHSDWDQ� DJLWDWRU� XQWXN� SHQFDPSXUDQ�
VH ODQMXWQ\D� �NRPSRQ� .3�� � KDQ\D�
PHQJJXQDNDQ� NHFHSDWDQ� SXWDUDQ� SDGD�
�����USP��

1R�
3DUDPHWHU �

3DUDPHWHUV �

1LODL �

9DOXH �

.3��� .3���

�� :DNWX��PHQLW � ����� �����

�� 6XKX ��R&� ���� ����

�� 7RUVL�PDNVLPXP��.J �FP� ����� �����

�� 7RUVL�PLQLPXP��.J �FP� � ����� �����

�� 'HOWD�WRUVL��.J �FP� ����� �����

�� :DNWX� YXONDQLVDVL��PLQ�VHF � ����� �����

�� :DNWX�SUD�YXONDQLVDVL��PLQ�VHF � ����� �����

�

7DEHO����.DUDNWHULVWLN�YXONDQLVDVL�NRPSRQ�NDUHW�
7DEOH����&XULQJ�FKDUDFWHULVWLF�RI�QDWXUDO�UXEEHU�FRPSRXQG�

3UDVWDQWR��)LUGDXV��3XVSLWDVDUL��5DPDGKDQ��GDQ�)DODDK
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.HFHSDWDQ�SXWDUDQ�DJLWDWRU
$JLWDWRU�PL[LQJ�VSHHG

�USP�

3HQHWUDVL�����PP 7WN�/HPEHN��& (NVWUDNVL 'DNWLOLWDV�FP

*DPEDU����.RUHODVL�NHFHSDWDQ�DJLWDWRU�WHUKDGDS�VLIDW�ILVLN�DVSDO�NDUHW�GHQJDQ�SHQDPEDKDQ�

���NRPSRQ�NDUHW�

)LJXUH����&RUUHODWLRQ�EHWZHHQ�DJLWDWRU�VSHHG�WR�SK\VLFDO�SURSHUWLHV�RI�UXEEHUL]HG�DVSKDOW�

ZLWK�DGGLWLRQ�RI����UXEEHU�FRPSRXQG

6LIDW�)LVLN�$VSDO�.DUHW�%HUEDVLV�.RPSRQ�
.DUHW�7DQSD�%DKDQ�3HQJLVL

� +DVLO�SHQJXMLDQ�VLIDW�ILVLN�DVSDO�NDUHW�
\DQJ� WHUEXDW� GDUL� FDPSXUDQ� DVSDO� SHQ� ���
GHQJDQ� NRPSRQ� NDUHW� NRQYHQVLRQDO� .3��
GLVDMLNDQ�GDODP�7DEHO����6HGDQJNDQ�7DEHO���
PHUDQJNXP�KDVLO�SHQJXMLDQ�DVSDO�NDUHW�GDUL�
SHQDPEDKDQ� NRPSRQ� NDUHW� VHPL� HIILVLHQ�
.3��NH�GDODP�DVSDO�SHQ�����'DUL�7DEHO���GDQ�
7DEHO���WHUOLKDW�EDKZD�SHQDPEDKDQ�NRPSRQ�
NDUHW�NH�GDODP�DVSDO�SHQ����PHQLQJNDWNDQ�
NHNHUDVDQ�DVSDO� \DQJ�GLWXQMXNNDQ�GHQJDQ�
SHQXUXQDQ�QLODL�SHQHWUDVL�DVSDO�NDUHW��3DGD�
GRVLV�SHQDPEDKDQ�NRPSRQ�NDUHW�\DQJ�VDPD�
NH�GDODP�DVSDO�SHQ�����NRPSRQ�NDUHW�VHPL�
HIILVLHQ� .3�� FHQGHUXQJ� PHPEHQWXN� DVSDO�
NDUHW� \DQJ� OHELK� NHUDV� GDULSDGD� NRPSRQ�
NDUHW� NRQYHQVLRQDO� .3��� 6HPDNLQ� EDQ\DN�
MXPODK�NRPSRQ�NDUHW�PDND�DNDQ�VHPDNLQ�
NHUDV�DVSDO�NDUHW�\DQJ�GLKDVLONDQ�DNLEDW�GDUL�
VHPDNLQ� EDQ\DN� NRPSRQHQ� SROLPHU� NDUHW�
UDQWDL�SDQMDQJ�\DQJ�WHUVHEDU�GDODP�PDWULNV�
DVSDO� VHKLQJJD� WXUXW� EHUNRQVWULEXVL�
WHUKDGDS�QDLNQ\D�ERERW�PROHNXO�DVSDO�NDUHW��
3HQLQJNDWDQ� NHNHUDVDQ� DVSDO� NDUHW� GLLNXWL�
GHQJDQ�VHPDNLQ�WLQJJLQ\D�WLWLN�OHPEHN�VHUWD�
PHQXUXQQ\D�GDNWLOLWDV�DVSDO�NDUHW� �2ZDLG��
��������

� 3DUDPHWHU � LQGHNV � SHQHW UDV L �
PHQJLQGLNDVLNDQ�NHSHNDDQ�DVSDO� WHUKDGDS�
VXKX�� $VSDO� WHUPDVXN� GDODP� JRORQJDQ�
PDWHULDO� \DQJ� EHUVLIDW� WHUPRSODVWLN� \DLWX�
GDSDW� EHUXEDK� IDVD� EHUJDQWXQJ� SDGD�
SHUXEDKDQ�VXKX��DSDELOD�VXKX�QDLN�DNLEDW�
SHPDQDVDQ�DVSDO�DNDQ�PHQMDGL� OXQDN�GDQ�
DNDQ� PHQJHUDV� NHWLND� VXKX� GLWXUXQNDQ��
2OHK�NDUHQD�LWX��VHPDNLQ�WLQJJL�QLODL�LQGHNV�
SHQHWUDVL�DVSDO�PDND�PHQJDNLEDWNDQ�DVSDO�
PHQMDGL�VHPDNLQ�WDKDQ�WHUKDGDS�SHUXEDKDQ�
VXKX�� 'HQJDQ� GHPLNLDQ� GLKDUDSNDQ� SDGD�
VDDW� DVSDO� GLJXQDNDQ� VHEDJDL� SHPEHQWXN�
ODSLVDQ� SHUNHUDVDQ� MDODQ�� DVSDO� WHUVHEXW�
WLGDN�DNDQ�PHQMDGL�UDSXK�SDGD�NRQGLVL�VXKX�
UHQGDK�GDQ� WLGDN� WHUODPSDX�SODVWLV� NHWLND�
VXKX�WLQJJL��3UDGDQL���������

3HQDPEDKDQ�NRPSRQ�NDUHW�.3,�GDQ�
.3��GDODP�DVSDO�SHQ����WHUEXNWL�PHQDLNNDQ�
QLODL� LQGHNV� SHQHWUDVL� DVSDO� NDUHW�� GHQJDQ�
SHQJDUXK� NLQHUMD� .3�� \DQJ� OHELK� EDLN�
GDULSDGD� .3��� .RPSRQ� NDUHW� .3�� \DQJ�
GLGHVDLQ� GHQJDQ� VLVWHP� YXONDQLVDVL� VHPL�
HIILVLHQ�GLNHWDKXL�PHPLOLNL� VLIDW�NHWDKDQDQ�
WHUKDGDS� SDQDV� \DQJ� OHELK� XQJJXO�
GLEDQGLQJNDQ� NRPSRQ� NDUHW� .3�� \DQJ�
GLUDQFDQJ� GHQJDQ� VLVWHP� YXONDQLVDVL�
NRQYHQVLRQDO��'DODP�.3��EDQ\DN�WHUEHQWXN�
LNDWDQ� PRQRVXOILGD� GDODP� MDULQJDQ� WLJD�

6WXGL�.LQHUMD�.RPSRQ�.DUHW�$ODP�7DQSD�%DKDQ�3HQJLVL�6HEDJDL�%DKDQ�3HPRGLILNDVL�$VSDO�3DQDV



���

3DUDPHWHU �
3DUDPHWHUV �

$VSDO�
PXUQL ��
3XUH�

DVSKDOW �

'RVLV�SHQDPEDKDQ�.3� �
.3��DGGLWLRQDO�GRVDJH �

����

�� �� �� ��

3HQHWUDVL��PP � ��� ��� ��� ��� ���
'DNWLOLWDV��FP� � ���� ���� ���� ��� ���
7LWLN�OHPEHN�� R&� ����� ����� ����� ����� �����
,QGHNV�SHQHWUDVL � ������ ������ ������ ����� �����
.HKLODQJDQ�EHUDW�GHQJDQ�7)27����DVOL� � ������� ������� ������� ������� �������
3HQHWUDVL�VHWHODK�7)27����DVOL� � ��� ��� ��� ��� ���
7LWLN�OHPEHN�VHWHODK�7)27�� R&� ����� ����� ����� ����� �����
'DNWLOLWDV�VHWHODK�7)27��FP� � !���� !���� !���� !���� !����
.HHODVWLVDQ�VHWHODK�SHQJHPEDOLDQ��� � �� ���� ����� ����� �����

3HUEHGDDQ�SHQHWUDVL�VHWHODK�SHQ\LPSDQDQ�SDGD�VXKX���� �&�
/DQJVXQJ������PP � � ���� ���� ���� ����
��[����MDP������PP � � ���� ���� ����� �����
��[����MDP������PP � � ���� ����� ����� �����
��[����MDP������PP � � ���� ����� ����� �����

3HUEHGDDQ�WLWLN�OHPEHN�VHWHODK�SHQ\LPSDQDQ�SDGD�VXKX���� �&�
/DQJVXQJ�� R&� � ���� ���� ���� ����
��[����MDP�� R&� � ���� ���� ���� ����
��[����MDP�� R&� � ���� ���� ���� ����
��[����MDP�� R&� � ���� ���� ���� ����

�

7DEHO����6LIDW�ILVLN�DVSDO�NDUHW�GHQJDQ�SHQDPEDKDQ�NRPSRQ�.3�
7DEOH����3K\VLFDO�SURSHUWLHV�RI�UXEEHUL]HG�DVSKDOW�EDVHG�RQ�.3��FRPSRXQG�

3DUDPHWHU �
3DUDPHWHUV �

$VSDO�
PXUQL ��
3XUH�

DVSKDOW �

'RVLV�SHQDPEDKDQ�.3� �
.3��DGGLWLRQDO� GRVDJH �

����

�� �� �� ��

3HQHWUDVL��PP � ��� ��� ��� ��� ���
'DNWLOLWDV��FP� � ���� ���� ���� ���� ���
7LWLN�OHPEHN�� R&� ����� ����� ����� ����� �����
,QGHNV�SHQHWUDVL � ������ ������ ������ ����� �����
.HKLODQJDQ�EHUDW�GHQJDQ�7)27����DVOL� � ������� ������� ������� ������� �������
3HQHWUDVL�VHWHODK�7)27����DVOL� � ��� ���� ���� ���� ����
7LWLN�OHPEHN�VHWHODK�7)27�� R&� ����� ����� ����� ����� �����
'DNWLOLWDV�VHWHODK�7)27��FP� � !���� !���� !���� !���� !����
.HHODVWLVDQ�VHWHODK�SHQJHPEDOLDQ��� � �� ���� ����� ����� �����

3HUEHGDDQ�SHQHWUDVL�VHWHODK� SHQ\LPSDQDQ�SDGD�VXKX���� �&�
/DQJVXQJ������PP � � ���� ���� ���� ����
��[����MDP������PP � � ���� ���� ����� �����
��[����MDP������PP � � ���� ����� ����� �����
��[����MDP������PP � � ���� ����� ����� �����

3HUEHGDDQ�WLWLN�OHPEHN�VHWHODK�SHQ\LPSDQDQ�SDGD�VXKX���� �&�
/DQJVXQJ�� R&� � ���� ���� ���� ����
��[����MDP�� R&� � ���� ���� ���� ����
��[����MDP�� R&� � ���� ���� ���� ����
��[����MDP�� R&� � ���� ���� ���� ����

�

7DEHO����6LIDW�ILVLN�DVSDO�NDUHW�GHQJDQ�SHQDPEDKDQ�NRPSRQ�.3�
7DEOH����3K\VLFDO�SURSHUWLHV�RI�UXEEHUL]HG�DVSKDOW�EDVHG�RQ�.3��FRPSRXQG�

3UDVWDQWR��)LUGDXV��3XVSLWDVDUL��5DPDGKDQ��GDQ�)DODDK



���

GLPHQVL� DQWDU� PROHNXO� NDUHW� \DQJ�
GLMHPEDWDQL�ROHK�VXOIXU��,NDWDQ�PRQRVXOILGD�
WLGDN� PXGDK� WHUGHNRPSRVLVL� DNLEDW�
SHQJDUXK�SDQDV��VHGDQJNDQ�GDODP�NRPSRQ�
NDUHW� .3�� LNDWDQ� SROLVXOILGD� \DQJ� FHSDW�
WHUXUDL� NDUHQD� SHQJDUXK� SDQDV� OHELK�
PHQGRPLQDVL� GDODP� VWUXNWXU� MDULQJDQ� WLJD�
GLPHQVL�DQWDUD�PROHNXO�NDUHW��.HXQJJXODQ�
NRPSRQ� NDUHW� .3�� WHUVHEXW� \DQJ� WXUXW�
EHUNRQVWULEXVL� GDODP� PHQLQJNDWNDQ�
NHWDKDQDQ�DVSDO�NDUHW�WHUKDGDS�SHUXEDKDQ�
VXKX���

3HQJXMLDQ�7KLQ�)LOP�2YHQ�7HVW��7)27��
GLPDNVXGNDQ�XQWXN�PHQJHWDKXL�GXUDELOLWDV�
DVSDO� NDUHW� DNLEDW� SURVHV� SHPDQDVDQ�
EHUXODQJ� VHNDOLJXV� PHQJHWDKXL� NHWDKDQDQ�
DVSDO�NDUHW�WHUKDGDS�SHQJXVDQJDQ��8ML�7)2)�
GLIRNXVNDQ� SDGD� SDUDPHWHU� XWDPD� VLIDW�
DVSDO�\DLWX�SHQHWUDVL��WLWLN�OHPEHN��GDNWLOLWDV�
GDQ�NHKLODQJDQ�EHUDW��3HQDPEDKDQ�NRPSRQ�
NDUHW�VHEDJDL�DGLWLI�PHQXUXQNDQ�NHKLODQJDQ�
EHUDW� VHWHODK� 7)27� SDGD� DVSDO� NDUHW��
'HPLNLDQ� SXOD� GHQJDQ� QLODL� SHQHWUDVL� GDQ�
WLWLN� OHPEHN�� VHPHQWDUD� QLODL� GDNWLOLWDV�
FHQGHUXQJ� NRQVWDQ�� � $OWLHE� HW� DO�� �������
PHQ\DWDNDQ� EDKZD� QLODL� SHQHWUDVL� \DQJ�
GLDQMXUNDQ� XQWXN� DVSDO� SROLPHU� VHWHODK�
SHQJXMLDQ� 7)27� PLQLPXP� VHEHVDU� �����
VHGDQJNDQ� VHOLVLK� QLODL� WLWLN� OHPEHN� \DQJ�

R
GLL]LQNDQ� VHEHVDU� ��� &� DWDX� WLGDN�

R
GLSHUNHQDQNDQ� PHOHELKL� � &�� %HUGDVDUNDQ�
GDWD� KDVLO� SHQJXMLDQ� WHUOLKDW� EDKZD� DVSDO�
NDUHW� GHQJDQ� SHQDPEDKDQ� NRPSRQ� NDUHW�
.3�� PDXSXQ� .3�� PHPHQXKL� SHUV\DUDWDQ�
WHUVHEXW�� $VSDO� NDUHW� GHQJDQ�SHQDPEDKDQ�
NRPSRQ�NDUHW�.3��PHPLOLNL�QLODL�SHQHWUDVL�
VHWHODK�7)27�\DQQJ� OHELK�UHQGDK�GDULSDGD�
DVSDO� NDUHW� GHQJDQ� SHQDPEDKDQ� NRPSRQ�
NDUHW� .3�� \DQJ� EHUDUWL� EDKZD� DVSDO� NDUHW�
GHQJDQ� SHQDPEDKDQ� NRPSRQ� NDUHW� .3��
OHELK� NHUDV� VHWHODK�PHQJDODPL� SHPDQDVDQ�
EHUXODQJ��6LIDW�LQL�GLSHUNLUDNDQ�DNLEDW�GDUL�
WHUMDGLQ\D�UHDNVL�YXONDQLVDVL�ODQMXW�NRPSRQ�
NDUHW�.3��\DQJ�WHODK�EHUFDPSXU�GDODP�DVSDO�
SHQ� ��� NHWLND� DVSDO� NDUHW� WHUVHEXW�
GLSDQDVNDQ�DNLEDW�NRQVHQWUDVL�VXOIXU�\DQJ�
EHUOHELK�GDODP�IRUPXOD�NRPSRQ�.3���5HDNVL�
YXONDQLVDVL� ODQMXW� PHQLQJNDWNDQ� GHUDMDW�
LNDWDQ�VLODQJ�DQWDU�PROHNXO�NDUHW�\DQJ�WXUXW�
PHQLQJNDWNDQ� NHNHUDVDQ� DVSDO� NDUHW�� � �
6HODLQ� LWX� EHUWDPEDKQ\D� GHUDMDW� LNDWDQ�
VLODQJ� DQWDU� PROHNXO� NDUHW� MXJD� EHUDNLEDW�
SDGD� PHQLQJNDWQ\D� NHHODVWLVDQ� VHWHODK�
SHQJHPEDOLDQ��HODVWLF�UHFRYHU\��DVSDO�NDUHW�

8QWXN�PHQJHWDKXL�NHVWDELODQ�DVSDO�
NDUHW�\DQJ�WHUEXDW�GDUL�FDPSXUDQ�DVSDO�SHQ�
��� GHQJDQ� NRPSRQ� NDUHW� .3�� GDQ� .3��
WHUKDGDS�GXUDVL�SHQ\LPSDQ�PDND�GLODNXNDQ�
SHQJDPDWDQ� SDUDPHWHU� SHQHWUDVL� GDQ� WLWLN�
OHPEHN�SDGD�EHUEDJDL�ZDNWX�SHQ\LPSDQDQ�

R
SDGD� VXKX� ��� &�� +DVLO� SHQJXNXUDQ�
GLVDMLNDQ�GDODP�7DEHO���XQWXN�DVSDO�NDUHW�
GHQJDQ� SHQFDPSXUDQ� NRPSRQ� NDUHW� .3��
GDQ� 7DEHO� �� XQWXN� DVSDO� NDUHW� GHQJDQ�
SHQDPEDKDQ�NRPSRQ�NDUHW�.3���'DUL�NHGXD�
WDEHO�WHUVHEXW�GLNHWDKXL�EDKZD�SDGD�ZDNWX�
VLPSDQ� \DQJ� VDPD�� VHPDNLQ� WLQJJL� GRVLV�
NRPSRQ� NDUHW� \DQJ� GLWDPEDKNDQ� PDND�
PHQLQJNDWNDQ� VLIDW� ILVLN� DVSDO� NDUHW��
3HQJDUXK� WHUKDGDS� QLODL� SHQHWUDVL� OHELK�
V LJQL I LNDQ� GDU LSDGD� W L W LN � OHPEHN� �
6HODQMXWQ\D�SDGD�NRQVHQWUDVL�SHQDPEDKDQ�
NRPSRQ� NDUHW� \DQJ� VDPD�� GHQJDQ� GXUDVL�
SHQ\LPSDQDQ� \DQJ� EHUWDPEDK� WHUOLKDW�
EDKZD�SHUXEDKDQ�VLIDW�ILVLN�DVSDO�NDUHW�WLGDN�
WHUODOX� VLJQLILNDQ� DWDX� DVSDO� NDUHW� UHODWLI�
VWDELO � VHODPD� PDVD� SHQ\LPSDQDQ��
.HVWDELODQ� DVSDO� NDUHW� WHUVHEXW� GLNHWDKXL�
EHUGDVDUNDQ� SHUEHGDDQ� QLODL� WLWLN� OHPEHN�

R
DVSDO�\DQJ�NXUDQJ�GDUL�� &��
��

.(6,038/$1�

� .HVLPSXODQ� \DQJ� GDSDW� GLWDULN�
EHUGDVDUNDQ� KDVLO� HNVSHULPHQ� GDQ�
S HQJX M L DQ � DGD O DK � EDKZD � S U R V H V �
SHQFDPSXUDQ�NRPSRQ�NDUHW�NH�GDODP�DVSDO�
SDQDV�GDODP�SHPEXDWDQ�DVSDO�NDUHW��VDQJDW�
EHUJDQWXQJ� NHSDGD� VXKX� GDQ� ZDNWX�
SHQFDPSXUDQ� VHUWD� NHFHSDWDQ� SXWDUDQ�
PHVLQ� DJLWDWRU�� .HFHSDWDQ� SXWDUDQ� PHVLQ�
DJLWDWRU� \DQJ� RSWLPDO� GLNHWDKXL� WHUFDSDL�
SDGD������USP�XQWXN�NRQGLVL�SHQDPEDKDQ�

R
NRPSRQ�NDUHW�VHEHVDU�����SDGD�VXKX���� &��
6HODQMXWQ\D�EHUGDVDUNDQ�KDVLO�NDUDNWHULVDVL�
VLIDW� ILVLN� DVSDO� NDUHW� GLSHUROHK� EDKZD�
NRPSRQ�NDUHW�6,5����\DQJ�GLKDVLONDQ�GDUL�
VLVWHP� YXONDQLVDVL� VHPL� HIILVLHQ� �.3��� �
GHQJDQ�GRVLV������GDSDW�PHPEHQWXN�DVSDO�
NDUHW� GHQJDQ� NXDOLWDV� WHUEDLN� \DQJ�
GLWXQMXNNDQ� GHQJDQ� SHQXUXQDQ� QLODL�
SHQHWUDVL� GDUL� ��� PP�PHQMDGL� ������ PP�
\DQJ� PHQJLQGLNDVLNDQ� SHQLQJNDWDQ�
NHNHUDVDQ� DVSDO� NDUHW�� \DQJ� GLLNXWL� ROHK�

R
SHQLQJNDWDQ� QLODL� WLWLN� OHPEHN� GDUL� ���� &�

R
PHQMDGL������GDQ����� &��

6WXGL�.LQHUMD�.RPSRQ�.DUHW�$ODP�7DQSD�%DKDQ�3HQJLVL�6HEDJDL�%DKDQ�3HPRGLILNDVL�$VSDO�3DQDV
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$OWLHE��=�$���$]L]��0�0�$���.DVVLP��.�$�%���	�
-LEULQ��+�%����������$�VKRUW�UHYLHZ�RQ�
XVLQJ�FUXPE�UXEEHU�DV�PRGLILFDWLRQ�RI�
ELWXPHQ�ELQGHU��-XUQDO�7HNQRORJL������
�������

*DEXQJDQ� 3HUXVDKDDQ� .DUHW� ,QGRQHVLD��
�������� 6WDWLVWLN� HNVSRU� NDUHW� DODP�
,QGRQHVLD� EHUGDVDUNDQ� MHQLV� PXWX��
-DNDUWD��,QGRQHVLD���*$3.,1'2��

*DR��<���	�&DR��5����������,QWHUDFWLRQ�WKHRU\�
RI� DVSKDOW� DQG� UXEEHU�� -RXUQDO� RI�
:XKDQ�8QLYHUVLW\�RI�7HFKQRORJ\�0DWHU��
6 F L � � � � � � � � � � � � � � � � � � ' R L � � �
��������V���������������\��

*KDO\�� 1�)�� �������� (IIHFW� RI� VXOIXU� RQ� WKH�
VWRUDJH� VWDELOLW\� RI� WKH� WLUH� UXEEHU�
PRGLILHG� DVSKDOW�� :RUOG� -RXUQDO� RI�
&KHPLVWU\���������������

*KDYLED]RR�$���	�$EGHOUDKPDQ��0�� ��������
&RPSRVLWLRQ�DQDO\VLV�RI�FUXPE�UXEEHU�
GXULQJ� LQWHUDFWLRQ� ZLWK� DVSKDOW� DQG�
HIIHFW� RQ� SURSHUWLHV� RI� ELQGHU��
,QWHUQDWLRQDO� -RXUQDO� RI� 3DYHPHQW�
(QJLQHHULQJ�� ������� ��������� 'RL� ��
������������������������������

.ULVKQDSUL\D�� 0�*�� �������� 3HUIRUPDQFH�
HYDOXDWLRQ�RI�QDWXUDO�UXEEHU�PRGLILHG�
ELWXPLQRXV� PL[HV�� -RXUQDO� RI� &LYLO��
6WUXFWXUDO�� (QYLURPHQWDO�� :DWHU�
5HVRXUFHV � DQG � ,Q I UDV W UXF WX UH �
(QJLQHHULQJ�5HVHDUFK�������������

�
0DOLWKRQJ�� 6��� 	� 7KRQJSLQ�� &�� �������� 7KH�

PRGLILFDWLRQ�RI�DVSKDOW�HPXOVLRQ�XVLQJ�
SUH�YXOFDQL]HG�QDWXUDO�UXEEHU�UXEEHU�
ODWH[� IRU� KLJKZD\� DSSOLFDWLRQ��
$GYDQFHG� 0DWHULDO� 5HVHDUFK�� �������
� � � � � � � � � ' R L � � �
��������ZZZ�VFLHQWLILF�QHW�$05����
������

2ZDLG��.�$��(IIHFW�RI�DJLQJ�RQ�WKH�UKHRORJLFDO�
SURSHUWLHV� RI� WKH� PRGLILHG� DVSKDOW�
UXEEHU� V\VWHP� XVLQJ� PLFURZDYH�
WHFKQLTXH�� (XURSHDQ� &KHPLVWU\�
%XOOHWLQ�� ������ ��������� 'RL� ��
���������(&%�������������

3UDGDQL��1�� ��������3HQJDUXK�SHQDPEDKDQ�
SROLPHU� HODVWRPHU� WHUKDGDS� LQGHNV�
SHQHWUDVL� DVSDO� \DQJ� PHQJDQGXQJ�
DVSDO�GDXU�XODQJ��,QIUDVWUXNWXU����������
����

5DPDGKDQ�� $��� &LIULDGL�� $��� 3UDVWDQWR�� +���
3XVSLWDVDUL�� 6��� )DODDK�� 6�)��� 	�
0DVSDQJHU�� '�5�� �������� 7KH� UROH� RI�
,55,� LQ� GHYHORSLQJ� QDWXUDO� UXEEHU�
JRRGV�DV�VXSSRUWLQJ�PDWHULDOV�IRU�WKH�
QDWLRQDO� LQIUDVWUXFWXUH� SURMHFW��
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�5XEEHU�
&RQIHUHQFH�������S������������-DNDUWD��
,QGRQHVLD���,55,�,55'%��

6KDILL��0�$���5DKPDQ��0�<�$���	�$KPDG��-��
�������� 3RO\PHU� PRGLILHG� DVSKDOW�
HPXOVLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�&LYLO�
	�(QYLURPHQWDO�(QJLQHHULQJ������������
����

6KHQJ��<���/L��+���*HQJ��-���7LDQ��<���/L��=���	�
;LRQJ�� 5�� �������� 3URGXFWLRQ� DQG�
SHUIRUPDQFH� RI� GHVXOIXUL]HG� UXEEHU�
DVSKDOW�ELQGHU��,QWHUQDWLRQDO�-RXUQDO�RI�
3DYHPHQW� 5HVHDUFK� DQG� 7HFKQRORJ\��
���� ��������� 'RL� �� ��������M�LMSUW��
�������������

:DQJ��7���;LDR��)���$PLUNKDQLDQ��6���+XDQJ��
:���	�=KHQJ��0����������$�UHYLHZ�RQ�ORZ�
WHPSHUDWXUH � SHU IRUPDQFHV � R I �
UXEEHUL]HG� DVSKDOW � PDWHU LDOV� �
&RQVWUXFWLRQ� DQG� %XLOGLQJ� 0DWHULDOV��
����� ��������� 'RL� �� ��������M��
FRQEXLOGPDW��������������

:HQ��<���:DQJ��<���=KDR��.���	�6XPDOHH��$��
��������7KH�XVH�RI�QDWXUDO�UXEEHU�ODWH[�
DV� D� UHQHZDEOH� DQG� VXVWDLQDEOH�
PRG L I L H U � R I � D VSKD O W � E L QG H U � �
,QWHUQDWLRQDO� -RXUQDO� RI� 3DYHPHQW�
(QJLQHHULQJ��������������'RL�����������
�����������������������

<LQJ�� *��� 	� 5RQJML�� &�� �������� ,QWHUDFWLRQ�
WKHRU\�RI�DVSKDOW�DQG�UXEEHU��-RXUQDO�
RI� :XKDQ� 8QLYHUVLW\� RI� 7HFKQRORJ\�
0DWHU�� 6FL�� (G�� ������� ��������� 'RL� ��
��������V���������������\����

3UDVWDQWR��)LUGDXV��3XVSLWDVDUL��5DPDGKDQ��GDQ�)DODDK


