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3HQJJXQDDQ� EDKDQ� EDNDU� PHQMDGL� NHEXWXKDQ� VHKDUL-KDUL� UXPDK� WDQJJD� WHUXWDPD�

XQWXN�PHPDVDN��.HWHUEDWDVDQ�SHUVHGLDDQ�EDKDQ� EDNDU� JDV�PHQ\HEDENDQ�SHUDOLKDQ�

NH� EDKDQ� EDNDU� DOWHUQDWLI� VHSHUWL� SHQJJXQDDQ� � NRPSRU� VHNDP� SDGL�� 5XDQJ�

SHPEDNDUDQ� GLUDQFDQJ� XQWXN� PHQFDSDL� SHPEDNDUDQ� VHPSXUQD� GHQJDQ�

PHQLQJNDWNDQ�HILVLHQVL�GDQ�PHQJXUDQJL�SROXVL�XGDUD�GDODP�UXDQJDQ��3HQJHPEDQJDQ�

WDPEDKDQ�\DQJ�GLSHUNHQDONDQ�GDODP�SHQHOLWLDQ�LQL��PHOLEDWNDQ�SHQJJXQDDQ���PRGXO�

JHQHUDWRU� WHUPRHOHFWULF� 7(&�-������ \DQJ� GLUDQJNDL� VHFDUD� VHUL� XQWXN�

PHPEDQJNLWNDQ�HQHUJL�OLVWULN�XQWXN�SHQHUDQJDQ�GDQ�SHQJLVLDQ�GD\D�KDQGSKRQH��8ML�

HNVSHULPHQWDO� VHGHUKDQD� GLODNXNDQ� GHQJDQ� PHQYDULDVLNDQ� PDVVD� VHNDP� SDGL� ����

JUDP� GDQ� ���� JUDP�� +DVLO� SHQHOLWLDQ� LQL� GLGDSDWNDQ� WHJDQJDQ� RXWSXW� PDNVLPXP�

VHEHVDU� ����� YROW� GDQ� DUXV� \DQJ� PDVXN� NH� EDWHUDL� VHEHVDU� ����� $� \DQJ� GDSDW�

GLJXQDNDQ�XQWXN�SHQHUDQJDQ�GDQ�SHQJLVLDQ�GD\D�KDQGSKRQH��VDPSDL�����GDUL�GD\D�

DZDOQ\D�\DQJ�GLFDSDL�XQWXN�EDKDQ�EDNDU�����JUDP�VHNDP�SDGL��� 

.DWD�.XQFL� � � ���*HQHUDWRU�7HUPRHOHFWULN���NRPSRU�VHNDP�SDGL��SHPEDQJNLW�HQHUJL�

OLVWULN��� 
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�� 3HQGDKXOXDQ 

'HZDVD� LQL� SHQJJXQDDQ� OLVWULN� NLDQ�

PHQLQJNDW�� VHGDQJNDQ� WDULI� OLVWULN� WLDS�

WDKXQ� VHODOX� QDLN�� +DO� LQL� WHQWX� VDMD�

VDQJDW�GLVD\DQJNDQ�PHQJLQJDW�NHQDLNDQ�

WDULI� OLVWULN� GDSDW� PHPEHULNDQ� GDPSDN�

NXUDQJ� EDLN� EDJL� VWDELOLWDV� KDUJD-KDUJD�

NHEXWXKDQ� ODLQ� GL� SDVDUDQ��2OHK� NDUHQD�

LWX�� SHUOX� DGDQ\D� LQRYDVL� SHPEDQJNLW�

OLVWULN� IUHH� HQHUJ\� JXQD� PHPSHUNHFLO�

ELD\D� \DQJ� KDUXV� GL� NHOXDUNDQ� ROHK�

PDV\DUDNDW�� 6DODK� VDWX� SHUDQJNDW� \DQJ�

WHUPDVXN� NHGDODP� SHPEDQJNLW� OLVWULN�

IUHH� HQHUJ\� DGDODK� 7HUPRHOHNWULN�

*HQHUDWRU��7(*��� 

,QGRQHVLD� VHEDJDL� QHJDUD�

SHUWDQLDQ� PHQJKDVLONDQ� OLPEDK� VHNDP�

SDGL�\DQJ�MXPODKQ\D�PHOLPSDK��DSDELOD�

WLGDN� GLWDQJDQL� GHQJDQ� EDLN� GDSDW�

PHQLPEXONDQ�PDVDODK�EDJL� OLQJNXQJDQ��

/LQJNXQJDQ�WLGDN�GDSDW�PHQJXUDLNDQ�VHNDP�

GHQJDQ� FHSDW� NDUHQD� VHNDP� PHPLOLNL�

NDQGXQJDQ�VHOXORVD�\DQJ�WLQJJL�>���@� 

/HUWVDWLWWKDQDNRUQ� >�@�� PHQFLSWDNDQ�

VLVWHP� \DQJ� PHPDQIDDWNDQ� SURSRUVL� SDQDV�

OLPEDK� ELRPDVV� GHQJDQ� GD\D� NHOXDUDQ� � ����

:�GDQ�����:�NHWLND�SHUEHGDDQ�VXKX������&�

GDQ� HILVLHQVL� ���� �� PDPSX� XQWXN�

PHQJKLGXSNDQ� � UDGLR� SRUWDEOH� NHFLO� DWDX�

EROD�ODPSX�SLMDU�EHUGD\D�UHQGDK��1XZD\KLG�

HW� DO�>�@�� PHPEXDW� GHVDLQ� JHQHUDWRU�

PHQJJXQDNDQ� PRGXO� WHUPRHOHNWULN� VHEDJDL�

SHPEDQJNLW� OLVWULN��+DVLOQ\D�GLGDSDWNDQ�����

:� PDPSX� GLEDQJNLWNDQ� SDGD� VLVWHP� LQL��

3DUD�SHQXOLV�WHODK�PHQXQMXNNDQ�NHXQWXQJDQ�

HNRQRPL�\DQJ�GDSDW�GLWHULPD�>�@� 

.DORU� \DQJ� GLKDVLONDQ�� VHODLQ� XQWXN�

NHSHUOXDQ� PHPDVDN� MXJD� GDSDW�

GLPDQIDDWNDQ� VHEDJDL� SHQJKDVLO� OLVWULN��

'HQJDQ�PHPDQIDDWNDQ�HIHN�VHHEHFN�PHODOXL�

 

$%675$&7 

7KH�XVH�RI�IXHO�LV�D�GDLO\�QHFHVVLW\�IRU�WKH�KRXVHKROG��HVSHFLDOO\�IRU�FRRNLQJ��/LPLWHG�

VXSSO\�RI�QDWXUDO�JDV�FDXVHV�D�VKLIW� WR�DOWHUQDWLYH�IXHOV�VXFK�DV� WKH�XVH�RI�ULFH�KXVN�

VWRYHV�� 7KH� FRPEXVWLRQ� FKDPEHU� LV� GHVLJQHG� WR� DFKLHYH� FRPSOHWH� � FRPEXVWLRQ� E\�

LQFUHDVLQJ� HIILFLHQF\� DQG� UHGXFLQJ� LQGRRU� DLU� SROOXWLRQ�� $GGLWLRQDO� GHYHORSPHQW���

LQWURGXFHG�LQ�WKLV�VWXG\��LQYROYHV�WKH�XVH�RI���7(&�-������WKHUPRHOHFWULF�JHQHUDWRU�

PRGXOHV� DUUDQJHG� LQ� VHULHV� WR� JHQHUDWH� HOHFWULFDO� HQHUJ\� IRU� OLJKWLQJ� DQG� FKDUJLQJ�

PRELOH�SKRQHV��$�VLPSOH�H[SHULPHQWDO� WHVW�ZDV� FDUULHG�RXW�E\�YDU\LQJ� WKH�PDVV�RI�

ULFH�KXVN�����JUDPV�DQG�����JUDPV��7KH�UHVXOWV�RI� WKLV�VWXG\�REWDLQHG�D�PD[LPXP�

RXWSXW�YROWDJH�RI������YROWV�DQG��D��FXUUHQW�HQWHULQJ�WKH�EDWWHU\�RI������$�ZKLFK�FDQ�

EH� XVHG� IRU� OLJKWLQJ� DQG� FKDUJLQJ� PRELOH� SKRQHV� XS� WR� ���� RI� WKH� LQLWLDO� SRZHU�

DFKLHYHG�IRU�����JUDPV�RI�ULFH�KXVN�IXHO� 

.H\ZRUGV��7KHUPRHOHFWULF�*HQHUDWRU��ULFH�KXVN�VWRYH��HOHFWULF�HQHUJ\�JHQHUDWRU� 
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PHODOXL� JHQHUDWRU� WHUPRHOHNWLN�� DWDX� MXJD�

GLVHEXW� VHHEHFN� JHQHUDWRU� \DLWX� SHUDQJNDW�

JHQHUDWRU� OLVWULN� \DQJ� PHQJNRQYHUVLNDQ�

SDQDV� NDUHQD� � SHUEHGDDQ� VXKX� PHQMDGL��

HQHUJL� OLVWULN�� 6HPDNLQ� EHVDU� QLODL������

SHUEHGDDQ� VXKX�� PDND� OLVWULN� \DQJ�

GLKDVLONDQ� MXJD� VHPDNLQ� EHVDU� >�@��������

3HPDQIDDWDQ� JHQHUDWRU� WHUPRHOHNWULN�����

VHEDJDL�SHPEDQJNLW�OLVWULN�MXJD�PHUXSDNDQ�

VDODK�VDWX�ODQJNDK�XQWXN�����PHQDQJJXODQJL�

VHSXWDU�PDVDODK�NHOLVWULNDQ�\DQJ�WHUMDGL�GL�

PDV\DUDNDW�>�@�� 

%HUGDVDUNDQ�SHUPDVDODKDQ��WHUVHEXW��

SHQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHQGHVDLQ�

SHPEDQJNLW� OLVWULN� � WHUPRHOHNWULN� >�@������

WHULQWHJUDVL� NRPSRU�ELRPDVVD� VHNDP�SDGL��

VHKLQJJD�IXQJVL�NRPSRU�GDSDW�GLWLQJNDWNDQ�

VHODLQ� XQWXN� PHPDVDN�� MXJD� GDSDW�

PHQJKDVLONDQ�OLVWULN�XQWXN�SHQHUDQJDQ�GDQ�

SHQJLVLDQ�GD\D�EDWHUDL�KDQGSKRQH�� 

 

���%DKDQ�GDQ�0HWRGH 

�����$ODW�GDQ�%DKDQ�\DQJ�GLJXQDNDQ� 

�� 7XQJNX�NRPSRU 

�� 0RGXO�WHUPRHOHNWULN�7(&��-������� 

�� +HDWVLQN� 

�� %ORZHU����9'&  

�� 6HQVRU�VXKX�'6��%�� 

�� 0XOWLPHWHU�GLJLWDO� 

�� 86%�SRUW�FKDUJHU 

�� /DPSX�/('���9�'& 

�� 1HUDFD�GLJLWDO� 

���6WRSZDWFK� 

���%DN�DLU� 

���6HNDP�SDGL 

� 

������)ORZFKDUW�0HWRGH�3HQHOLWLDQ� 

�����3HPLOLKDQ�PRGXO�WHUPRHOHFWULF� 

0RGXO� 7HUPRHOHNWULN� \DQJ� GLJXQDNDQ�

GDODP� SHQHOLWLDQ� LQL� � DGDODK� 7(&�� –

�������0RGXO� LQL�GLSLOLK�NDUHQD�PXGDK�

GLGDSDWNDQ� GL� SDVDUDQ�� 7HUPRHOHNWULN�

7(&�-������ WHUGLUL� GDUL� VHNXPSXODQ�

VHPLNRQGXNWRU� WLSH-S� GDQ� WLSH-Q� \DQJ�

GLKXEXQJNDQ� GDODP� VHEXDK� UDQJNDLDQ�

WHUWXWXS��GLEXQJNXV�����PDWHULDO�NHUDPLN��

EHUGLPHQVL� ��� î� ��� î� �� PP��� 0RGXO�

WHUPRHOHNWULN� EHUIXQJVL� VHEDJDL�����
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SHQGLQJLQ�SDGD�VDODK�VDWX�VLVL�GDQ�VHEDJDL�

SHPDQDV� SDGD� VLVL� ODLQ\D� DSDELOD� GLEHUL�

DOLUDQ� OLVWULN� DUXV� VHDUDK�� QDPXQ� DSDELOD�

DODW� LQL� GL� NHGXD� VLVLQ\D� GLEHUL� VXKX� \DQJ�

EHUEHGD�� PDND� DNDQ� PHQJKDVLONDQ� OLVWULN�

DUXV� VHDUDK�� 6SHVLILNDVL� 7(&�-����������

GLWXQMXNNDQ�WDEHO���� 

7DEHO����'DWD�6KHHW�7(&�-������>�@� 

 
 

���� 3HUKLWXQJDQ� MXPODK� PRGXO� %HU�

GDVDUNDQ� NHEXWXKDQ� WHJDQJDQ� RXWSXW�

\DQJ�GLEXWXKNDQ 

%HUGDVDUNDQ� GDWD� VKHHW� PRGXO� SHOWLHU�

7(&�-������� 7HJDQJDQ� \DQJ� GLSHUROHK��

XQWXN� WLDS� VDWX�NHSLQJ� WHUPRHOHNWULN� VHEH�

VDU����9��WDQSD�SHPEHEDQDQ���PDND�GLEX�

WXKNDQ���NHSLQJ�PRGXO�WHUPRHOHNWULN�\DQJ�

GLVXVXQ�VHFDUD�VHUL���XQWXN�SHQJLVLDQ��GD\D�

EDWHUDL�KDQGSKRQH�DWDX�PHQ\DODNDQ�ODPSX�

/('���9'&�� 

 

���� 3HUDQFDQJDQ� VLVWHP� SHPEDQJNLW�

OLVWULN� WHUPRHOHNWULN� WHULQWHJUDVL� GHQJDQ�

NRPSRU�ELRPDVVD 

6HFDUD� NHVHOXUXKDQ� GHVDLQ� SHPEDQJNLW�

OLVWULN� WHUPRHOHNWULN� WHULQWHJUDVL� NRPSRU�

ELRPDVVD� GDODP� SHQHOLWLDQ� LQL� GLSHUOLKDW�

NDQ�SDGD�JDPEDU���� 

 

dĞŵƉĞƌĂƚƵƌ�ƐŝƐŝ�ƉĂŶĂƐ ϮϱϬ� ϱϬϬ� 

YŵĂǆ�;tͿ ϱϬ ϱϳ 

�dŵĂǆ�;
Ϭ�Ϳ ϲϲ ϳϱ 

/ŵĂǆ�;�Ϳ ϲ͕Ϭ ϲ͕ϰ 

sŵĂǆ�;sͿ ϭϰ͕ϰ ϭϲ͕ϰ 

Z�;tͿ ϭ͕ϵϴ Ϯ͕ϯϬ 

*DPEDU����'HVDLQ�NRPSRU�VHNDP�SDGL�

GHQJDQ�WHUPRHOHNWULN� 
 

.RPSRU� VHNDP� SDGL� GDODP� SHQHOLWLDQ� LQL�

EHUEHQWXN� WDEXQJ� WHUEXDW� GDUL� EDKDQ������

DOXPXQLXP�XQWXN�EDJLDQ�OXDU�GDQ�VWDLQOHVV�

VWHHO� XQWXN� EDJLDQ� GDODPQ\D�� 7HUGDSDW���

EHEHUDSD� OXEDQJ� EHVDU� GL� EDJLDQ� EDZDK�

NRPSRU� GHQJDQ� WXMXDQ� XQWXN� PHPDVRN�

RNVLJHQ��JDV�\DQJ�GLEXWXKNDQ�GDODP�SURVHV�

SHPEDNDUDQ�� 'L� EDJLDQ� GDODP� NRPSRU���

WHUGDSDW� WHPSDW� \DQJ� EHUIXQJVL� VHEDJDL�

WXQJNX� SHPEDNDUDQ� VHNDP� SDGL�� %DJLDQ�

DWDV� NRPSRU� GLOHQJNDSL� GXGXNDQ� WHPSDW�

PHOHWDNNDQ� DODW�PHPDVDN��.RPSRU� VHNDP�

SDGL� PHQJKDVLONDQ� DSL� \DQJ� FXNXS� EHVDU�

ODQWDUDQ� VLUNXODVL� XGDUD� \DQJ� WHUMDJD�

GHQJDQ� EDLN�� 3DQDVQ\D� PDPSX�������������

PHQGLGLKNDQ� �� OLWHU� DLU� GDODP� ZDNWX� ��

KLQJJD� ��� PHQLW�� .RPSRU� LQL� MXJD�

GLOHQJNDSL�GHQJDQ�/&'� WHUPRPHWHU�XQWXN�

PHQJXNXU� VXKX� SDQDV�� 86%� SRUW� XQWXN�

FKDUJHU�KDQGSKRQH�GDQ�SHQJDWXU�NHFHSDWDQ�

NLSDV� \DQJ� EHUIXQJVL� PHPSHUNHFLO� DWDX�

PHPSHUEHVDU� Q\DOD� DSL�� WHUPDVXN����������

PHPDWLNDQ�NRPSRU��/LVWULN�GLKDVLONDQ�ROHK�

JHQHUDWRU� WHUPRHOHNWULN� \DQJ� WHUSDVDQJ��

SDGD� EDGDQ� NRPSRU�� *HQHUDWRU�������
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WHUPRHOHNWULN��EHUIXQJVL�PHQJXEDK�HQHUJL�

NDORU�\DQJ�GLKDVLONDQ�Q\DOD�DSL� �PHQMDGL�

HQHUJL�OLVWULN�� 

%DJLDQ� GDODP� NRPSRU�� OLVWULN�

GLSHUOXNDQ� XQWXN� PHPEHUL� GD\D� SDGD�

NLSDV� NDUHQD� XGDUD� \DQJ� EHUWLXS� PHODOXL�

NRPSRU� PHQLQJNDWNDQ� UDVLR� XGDUD�EDKDQ�

EDNDU� GDQ� PHQFDSDL� SHPEDNDUDQ�

VHPSXUQD�� 3DGD� DZDO� SHPEDNDUDQ��

VXKXQ\D� VDQJDW� UHQGDK�� VHKLQJJD� SHUOX�

PHQJLVL� EDWHUDL�� %DWHUDL� PHPEDQWX�

PHQMDODQNDQ�NLSDV�VHODPD�EHEHUDSD�PHQLW�

SHUWDPD� SHPEDNDUDQ� NHWLND� SHODW� SDQDV�

EHOXP� FXNXS� SDQDV� XQWXN� PHQJKDVLONDQ�

OLVWULN�� %DJLDQ� WHUPDO� NRPSRU� GLKDVLONDQ�

GDUL� HQDP� PRGXO� 7(&�� –� ������ \DQJ�

GLVXVXQ� VHUL� SDGD� KHDWVLQN�� +HDW� VLQN�

DOXPLQLXP�GLSDVDQJ�GL� VLVL� GLQJLQ�PRGXO�

WHUPRHOHNWULN�� 7HUPDO� SDVWD� GLJXQDNDQ�

XQWXN� PHQLQJNDWNDQ� SHUSLQGDKDQ� SDQDV�

DQWDU� SHUPXNDDQ�� 'XD� VLVWHP� SHQGLQJLQ�

\DQJ� EHUEHGD� GLXML� XQWXN�

PHPSHUWDKDQNDQ� VXKX� NRQVWDQ� SDGD� VLVL�

GLQJLQ��DLU�HV�\DQJ�VXKXQ\D�GLNRQWURO�� 

0DWHULDO� VLVL� SHPDQDV� NRPSRU�

GLKDVLONDQ� GDUL� SHPEDNDUDQ� VHNDP� SDGL��

VHPHQWDUD� PDWHULDO� � SDGD� VLVL� GLQJLQ�

PHQJJXQDNDQ� �DLU�HV��+DO� LQL�GLVHEDENDQ�

HV� PHPSXQ\DL� WLWLN� OHEXU� \DQJ� VDQJDW�

EDLN�� DLU� HV� ELVD� VDPSDL� PHQHPEXV� QRO�

GHUDMDW� FHOFLXV� >�@�� -LND� VDWX� VLVL� PRGXO�

SDQDV�GDQ�VLVL�ODLQQ\D�GLQJLQ��PDND�HQHU�

JL� OLVWULN� DNDQ� GLKDVLONDQ�� $UXV� OLVWULN�

DNDQ� GLVWDELONDQ� ROHK� VWDELOL]HU� VHEHOXP�

GLDOLUNDQ�PHODOXL� NDEHO� \DQJ� WHUVDPEXQJ�

NH�86%�SRUW�� �'DUL� VLWXODK�� HQHUJL� OLVWULN�

HQHUJL� OLVWULN� \DQJ� GLKDVLONDQ� ELVD���������

GLPDQIDDWNDQ� XQWXN� PHQ\DODNDQ� ODPSX�

DWDX�PHQJLVL�EDWHUDL�KDQGSKRQH�� 

 

���� � 3HQJXMLDQ� GDQ� SHQJXNXUDQ� RXWSXW�

VLVWHP� SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN�

WHULQWHJUDVL�NRPSRU�ELRPDVVD 

3HQJXMLDQ� GDQ� SHQJDPELODQ� GDWD� VLVWHP�

SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN������������

WHULQWHJUDVL� NRPSRU� VHNDP� SDGL� XQWXN���

SHQHUDQJDQ� DWDX� XQWXN� SHQJLVLDQ� GD\D���

EDWHUDL� KDQGSKRQH� GLODNXNDQ� VHWLDS����������������������

��� PHQLW� VHNDOL� GHQJDQ� PHQJJXQDNDQ�

PXOWLPHWHU�� %DKDQ� EDNDU� NRPSRU� EHUXSD�

VHNDP� SDGL� GHQJDQ� YDULDVL� PDVVD������������������������

����JUDP�GDQ�����JUDP��3HPLOLKDQ�YDULDVL�

PDVVD� WHUVHEXW� GLODNXNDQ� GHQJDQ��������

PHPSHUWLPEDQJNDQ� NDSDVLWDV� PDNVLPXP�

SHQDPSXQJ� EDKDQ� EDNDU� GDODP� NRPSRU��

%HEDQ�SHPDQDVDQ�GLJXQDNDQ�SDQFL�PDVDN�

EHULVL� �� OLWHU� DLU� GDQ� EHEDQ� OLVWULN�

GLJXQDNDQ� ODPSX� /('� DWDX� FKDUJHU����

KDQGSKRQH�� /DQJNDK� SHQJDPELODQ� GDWD�

GDUL� SHQJXMLDQ� SHPEDQJNLW� OLVWULN���

WHUPRHOHNWULN� WHULQWHJUDVL� NRPSRU� VHNDP�

SDGL�� \DLWX�� � � � ���� PHPDVDQJ� PXOWLPHWHU�

VHFDUD� SDUDOHO� � VHEHOXP� UDQJNDLDQ� 86%�

EXFN� FRQYHUWHU� XQWXN�PHQJXNXU� WHJDQJDQ�

LQSXWQ\D�� ���� PHQJXNXU� EHVDU� WHJDQJDQ�

LQSXW� VDPSDL� PXOWLPHWHU� � PHQXQMXNDQ�

DQJND� \DQJ� NRQVWDQ� GDQ� WLGDN� EHUXEDK�

ODJL�� ����PHQJXNXU� EHVDU� DUXV� LQSXW� \DQJ�

GLKDVLONDQ� GHQJDQ� FDUD� PHPDVDQJ��������

PXOWLPHWHU� VHFDUD� VHUL� VHEHOXP� UDQJNDLDQ�

86%� EXFN� FRQYHUWHU�� � ���� PHPDVDQJNDQ�

PXOWLPHWHU� VHFDUD� SDUDOHO� VHVXGDK�
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UDQJNDLDQ� 86%� EXFN� FRQYHUWHU� XQWXN�

PHQJXNXU� WHJDQJDQ� RXWSXWQ\D�������������������������

���� 6HWHODK� EHVDU� WHJDQJDQ� RXWSXW��������

NRQVWDQ�� PHQJXNXU� EHVDU� DUXV� RXWSXW�

\DQJ�GLKDVLONDQ�GHQJDQ�FDUD���PHPDVDQJ�������

PXOWLPHWHU�VHFDUD�VHUL�VHVXGDK�UDQJNDLDQ�

86%�EXFN�FRQYHUWHU�>��@ 

,QVWDODVL� XML� FRED� SHPEDQJNLW�

OLVWULN� WHUPRHOHNWULN� WHULQWHJUDVL� NRPSRU�������

EHUEDKDQ� EDNDU� VHNDP� SDGL� GLWXQMXNNDQ�

JDPEDU���� 

*DPEDU����3HPEDQJNLW�OLVWULN�

WHUPRHOHNWULN�WHULQWHJUDVL�NRPSRU�

VHNDP�SDGL 

���+DVLO�GDQ�3HPEDKDVDQ� 

'DUL� KDVLO� SHQJXMLDQ� DWDX� SHQJDPELODQ�

GDWD�SDGD�SHPEDQJNLW�OLVWULN�WHUPRHOHNWULN�

WHULQWHJUDVL� NRPSRU� EHUEDKDQ� EDNDU�

VHNDP� SDGL� GLSHUROHK� KDVLO� GDWD� VHEDJDL�

EHULNXW� 

'DUL� WDEHO� �� GDSDW� GLOLKDW� EDKZD����

VLVWHP� SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN�

GHQJDQ� EDKDQ� EDNDU� ���� JUDP� VHNDP�

SDGL��SDGD� WHJDQJDQ�GDQ�DUXV� OLVWULN�\DQJ�

GLKDVLONDQ�VHEHVDU�������9�GDQ������$�� 

'DUL� WDEHO� �� GDSDW� GLOLKDW� EDKZD�������

VLVWHP� SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN�

GHQJDQ� EDKDQ� EDNDU� ���� JUDP� � VHNDP�

SDGL�� SDGD� ��� PHQLW� SHUWDPD� DLU� GDODP�

SDQFL� PDVDN� VXGDK� PHQGLGLK�� QDPXQ�

SHPEDNDUDQ� KDQ\D� PHQJKDVLONDQ���������

WHJDQJDQ� RXWSXW� VHEHVDU� ����� 9� GHQJDQ�

EHVDU�WHPSHUDWXU�VLVL�SDQDV�GDUL�JHQHUDWRU�

WKHUPRHOHFWULF� ����� �&�� 7HJDQJDQ� \DQJ�

GLKDVLONDQ� LQL� EHOXP� PHQFXNXSL� XQWXN�

PHQ\DODNDQ� ODPSX� /('� DWDX� PHQJLVL�

GD\D� EDWHUDL� KDQGSKRQH� VHEHVDU� �� 9�����

:DNWX 7HPSHUDWXUH�
6LVL�3DQDV 

7HPSHUDWXU�
6LVL�'LQJLQ 

6HOLVLK�
7HPSHUDWXU 

2XSXW�����*HQ�
HUDWRU�

7HUPRHOHNWULN 

2XWSXW�86%�
%DFN�������&RQ�

YHUWHU 
,QGLNDWRU�
/(' 

,QGLNDWRU�
&KDUJLQJ 

3HQJLVLDQ�
'D\D 

�0HQLW� �R&� �R&� �R&� 9��9� ,�$� 9��9� ,�$�     ��� 

�� ���� ����� ����� ���� ���� ���� ���� 0DWL 2)) � 

�� ����� ����� ����� ���� ���� ���� ���� 5HGXS 2)) � 

�� ����� ����� ����� ���� ���� ���� ���� 0HQ\DOD 2)) � 

�� ������ ����� ����� ���� ���� ���� ���� 0HQ\DOD 2)) � 

�� ������ ����� ����� ���� ���� ���� ���� 0HQ\DOD 2)) � 

�� ������ ����� ����� ���� ���� ���� ���� 0HQ\DOD 21 �� 

�� ������ ����� ������ ���� ���� ���� ���� 0HQ\DOD 21 �� 

7DEHO����+DVLO�SHQJXMLDQ�NRPSRU�GHQJDQ�EDKDQ�EDNDU�����JUDP�VHNDP�SDGL�VHNDP�
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3DGD� PHQLW� NH� -� ��� � GLKDVLONDQ�����

WHJDQJDQ� VHEHVDU� ����� 9� � GHQJDQ���������

WHPSHUDWXU� VLVL� SDQDV� GDUL� JHQHUDWRU���

WKHUPRHOHFWULF� VHEHVDU� ������ �&������������

VHGDQJNDQ� DUXV� \DQJ� GLKDVLONDQ� VHEHVDU�

����� $�� 7HJDQJDQ� LQL� VXGDK� PDPSX�

PHQ\DODNDQ� ODPSX� /('� � � QDPXQ� EHOXP�

PHQFXNXSL� WHJDQJDQ� PLQLPXP� EDWHUDL�

XQWXN� PHODNXNDQ� SHQJLVLDQ� GD\D��������

KDQGSKRQH��3DGD�PHQLW��NH�–�����NRPSRU�

GLQ\DODNDQ�� EHVDU� WHPSHUDWXU� VLVL� SDQDV�

GDUL�JHQHUDWRU�WHUPRHOHFWULN��\DLWX��������

�&�� 

7HJDQJDQ� GDQ� DUXV� \DQJ� GLKDVLONDQ�

PDPSX� PHQ\DODNDQ� ODPSX� /('� OHELK��

WHUDQJ� GDUL� PHQLW� NH� -� ��� GDQ� PDPSX�

PHQJLVL� GD\D� KDQGSKRQH� VHEHVDU� ����

GDUL� VHPXOD�� 7HJDQJDQ� LQL� GLXEDK� ROHK�

86%� EXFN� FRQYHUWHU� PHQMDGL� WHJDQJDQ�

RXWSXW� VHEHVDU� ����9� GDQ� DUXV� OLVWULN��

VHEHVDU� ����$�� 3DGD� PHQLW� NH� –� ���

NRPSRU� VHNDP� SDGL� GDSDW� PHQ\DODNDQ�

ODPSX� /('� VHPDNLQ� WHUDQJ� GDQ� PDPSX�

PHQJLVL� GD\D� KDQGSKRQH� VHEHVDU� ���� GDUL�

VHPXOD� GHQJDQ� WHJDQJDQ� ����9� GDQ� DUXV�

OLVWULN� ����$�� 7HJDQJDQ� LQL� GLXEDK� ROHK�

86%� EXFN� FRQYHUWHU� PHQMDGL� � WHJDQJDQ���

RXWSXW�VHEHVDU�����9�GDQ�DUXV�OLVWULN�VHEHVDU�

����$� GHQJDQ� WHPSHUDWXU� VLVL� SDQDV�����

��������&� 

'DUL� WDEHO� �� GDSDW� GLOLKDW� EDKZD������

VLVWHP� SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN�

GHQJDQ� EDKDQ� EDNDU� ���� JUDP� VHNDP� SDGL��

SDGD� PHQLW� NH� –� ��� GDQ� PHQLW� NH� –� ��������������

SHPEDNDUDQ� KDQ\D� PHQJKDVLONDQ� WHJDQJDQ�

RXWSXW� VHEHVDU� ����9� GDQ� ����9� GHQJDQ��

EHVDU� WHPSHUDWXU� VLVL� SDQDV� GDUL� JHQHUDWRU�

WKHUPRHOHFWULF� PDVLQJ� –� PDVLQJ� � � ����� �&�

GDQ� ����� �&�� 7HJDQJDQ� \DQJ� GLKDVLONDQ� LQL�

KDQ\D� PDPSX� PHQ\DODNDQ� ODPSX� /('�

GHQJDQ� UHGXS�� QDPXQ� EHOXP� PDPSX������

PHQJLVL� GD\D� EDWHUDL� KDQGSKRQH� VHEHVDU�����

�� 9�� 0XODL� PHQLW� NH� –� ��� � � VLVWHP����������

SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN� VXGDK�

PDPSX� PHQ\DODNDQ� ODPSX� /('� GDQ����

PDPSX� PHQJLVL� GD\D� EDWHUDL� KDQGSKRQH�

7DEHO����+DVLO�SHQJXMLDQ�NRPSRU�GHQJDQ�EDKDQ�EDNDU�����JUDP�VHNDP�SDGL� 

:DNWX 7HPSHUDWXU�
6LVL�3DQDV 

7HPSHUDWXU�
6LVL�'LQJLQ 

6HOLVLK�
7HPSHUDWXU 

2XSXW� 
*HQHUDWRU�

7HUPRHOHNWULN 

2XWSXW� 
86%�%DFN�
&RQYHUWHU 

,QGLNDWRU�
/(' 

,QGLNDWRU�
&KDUJLQJ 

3HQJLVLDQ�
'D\D 

�0HQLW� �R&� �R&� �R&� 9��9� ,�$� 9��9� ,�$�     ��� 

�� ����� ����� ����� ���� ���� ���� ���� 5HGXS 2)) � 

�� ����� ����� ����� ���� ���� ���� ���� 5HGXS 2)) � 

�� ������ ����� ����� ���� ���� ���� ���� 0HQ\DOD 2)) � 

�� ������ ����� ����� ���� ���� ���� ���� 0HQ\DOD 21 �� 

�� ������ ����� ������ ���� ���� ���� ���� 0HQ\DOD 21 �� 

�� ������ ����� ������ ���� ���� ���� ���� 0HQ\DOD 21 �� 

�� ������ ����� ������ ���� ���� ���� ���� 0HQ\DOD 21 �� 



:DKDQD�)LVLND�����������������-��� 
KWWS���HMRXUQDO�XSL�HGX�LQGH[�SKS�ZDIL 
H-,661�������-��������KWWSV���GRL�RUJ����������ZDIL�Y�L������� 

 
���_�&RS\ULJKW���������:DKDQD�)LVLND��H-,661�����-���� 

VHEHVDU���9��0XODL�PHQLW�NH�–������VLVWHP��������

SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN� VXGDK�

PDPSX� PHQ\DODNDQ� ODPSX� /('� GDQ��

PDPSX� PHQJLVL� GD\D� EDWHUDL� KDQGSKRQH�

VHEHVDU�����GDUL�VHPXOD�GHQJDQ�WHJDQJDQ�

����9� GDQ� NXDW� DUXV� OLVWULN� ����$�������

7HPSHUDWXU� VLVL� SDQDV� GDQ� GLQJLQ� GDUL���

JHQHUDWRU� WHUPRHOHFWULF� PDVLQJ� –� PDVLQJ���

�������&�GDQ�������&��7HJDQJDQ�LQL�GLXEDK�

ROHK� 86%� EXFN� FRQYHUWHU� PHQMDGL���������

WHJDQJDQ� RXWSXW� VHEHVDU� ����9� GDQ� DUXV�

OLVWULN� VHEHVDU�����$��3DGD�PHQLW� NH�–� ���

Q\DOD� ODPSX� /('� VHPDNLQ� WHUDQJ� GDQ�

PDPSX� PHQJLVL� GD\D� KDQGSKRQH� VHEHVDU�

���� GDUL� VHPXOD� GHQJDQ� WHJDQJDQ� ����9�

GDQ� DUXV� OLVWULN� ����$�� 7HJDQJDQ� LQL�����

GLXEDK� ROHK�86%� EXFN� FRQYHUWHU�PHQMDGL�

WHJDQJDQ� RXWSXW� VHEHVDU� ����9� GDQ� DUXV�

VHEHVDU� ����$� GHQJDQ� WHPSHUDWXU� VLVL�

SDQDV����������&�� 

*DPEDU� ��� *UDILN� NDUDNWHULVWLN� WHJDQJDQ�

RXWSXW�WHUPRHOHNWULN�WHUKDGDS�VHOLVLK�VXKX 

 

'DUL�JUDILN�GLDWDV�GDSDW�GLOLKDW�EDKZD���

WHJDQJDQ�RXWSXW�\DQJ�GLKDVLONDQ�JHQHUDWRU�

WHUPRHOHNWULN� \DQJ� WHULQWHJUDVL� GHQJDQ�

NRPSRU�VHNDP�SDGL�GLSHQJDUXKL�ROHK���PDVVD�

VHNDP�SDGL� \DQJ� GLJXQDNDQ�� 6HPDNLQ� EHVDU�

PDVVD� VHNDP� \DQJ� WHUSDNDL� PHQJDNLEDWNDQ�

SHQLQJNDWDQ� QLODL� )XHO� &RQVXPSWLRQ� 5DWH�

�)&5�� >�@�� 6HPDNLQ� EHVDU� QLODL� )XHO�������

&RQVXPSWLRQ� 5DWH� �)&5�� PDND� VHPDNLQ���

EHVDU� SXOD� QLODL� GD\D� PDVXN� VHKLQJJD�

PHQJDNLEDWNDQ� WXUXQQ\D� QLODL� HILVLHQVL�

NRPSRU� VHNDP� PHQJLQJDW� EDKZD� QLODL�

HILVLHQVL� EHUEDQGLQJ� WHUEDOLN� GHQJDQ� QLODL�

GD\D� PDVXNDQ� >�@�� +DVLO� 2XWSXW� VLVWHP���

SHPEDQJNLW� OLVWULN� WHUPRHOHNWULN��

PHQJJXQDNDQ� ���� JUDP� VHNDP� SDGL� VLVWHP�

JHQHUDWRU� WHUQ\DWD� WLGDN� GDSDW� PHQMDGL������

WHJDQJDQ� GDQ� DUXV� 86%� FRQYHUWHU�������������

EHUGDVDUNDQ�DUXV�GDQ�WHJDQJDQ� 

'DUL� JUDILN� GDWDV�� GD\D� RXWSXW� \DQJ�

GLKDVLONDQ� WKHUPRHOHFWULF�JHQHUDWRU� WHUVHEXW�

VDQJDW� NHFLO� VHKLQJJD� WHJDQJDQ� \DQJ� DNDQ�

GLJXQDNDQ� XQWXN� SHQJLVLDQ� EDWHUDL���������

KDQGSKRQH�MXJD�NHFLO��$UXV�RXWSXW�GDUL�86%�

EXFN� FRQYHUWHU� \DQJ� GLKDVLONDQ� WLGDN�

PHQFXNXSL� XQWXN� SHQJLVLDQ� EDWHUDL��������

KDQGSKRQH�� 7HJDQJDQ� GDQ� DUXV� RXWSXW�����

JHQHUDWRU� WHUPRHOHNWULN� \DQJ� GLPDVXNDQ�

NHGDODP� 86%� EXFN� FRQYHUWHU� PDVLK� EHOXP�

GDSDW� GLXEDK� PHQMDGL� WHJDQJDQ� RXSXW� 86%�

EXFN� FRQYHUWHU� VHEHVDU� �� 9�� 'D\D� \DQJ����

PDVXN� NHGDODP� 86%� EXFN� FRQYHUW� WHUODOX�

NHFLO� VHKLQJJD� DODW� WHUVHEXW� PHQJXEDK������

WHJDQJDQ� RXWSXW� PHQMDGL� �� 9� GHQJDQ� EHVDU�

DUXV� \DQJ� VDQJDW� NHFLO�� PDND� GLEXWXKNDQ��

WHJDQJDQ�LQSXW�\DQJ�OHELK�WLQJJL�VXSD\D�GD\D�

\DQJ�GLPDVXNNDQ�NHGDODP�DODW�WHUVHEXW�MXJD�

EHVDU�� 7HJDQJDQ� LQSXW� \DQJ� OHELK� GDUL� �� 9�

GDSDW� GLNRQYHUVLNDQ� PHODOXL� DODW� WHUVHEXW�
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PHQMDGL���9�GDQ�VLVDQ\D�GLXEDK�XQWXN�

PHQJXDWNDQ� DUXV� OLVWULN� \DQJ�

GLKDVLONDQ� XQWXN� SHQJLVLDQ� GD\D������

EDWHUDL� 

 

����6LPSXODQ� 

3HQHOLWLDQ� LQL� PHQMHODVNDQ� GHVDLQ�

NRPSRU� � VHNDP� SDGL� \DQJ� EHUVLK� GDQ�

KHPDW� HQHUJL� XQWXN� PHPDVDN� GDQ�

PHQJKDVLONDQ� OLVWULN�XQWXN�PDV\DUDNDW�

GL� SHGHVDDQ� \DQJ� VHGHUKDQD� GDQ������

EHUELD\D� UHQGDK�� *HQHUDWRU������

WHUPRHOHNWULN� PHPDQIDDWNDQ� SULQVLS�

SHUEHGDDQ�WHPSHUDWXU�DQWDUD�VLVL�GLQJLQ�

GDQ� VLVL� SDQDV�� 6LVL� SDQDV�����������������

PHPDQIDDWNDQ�SDQDV�KDVLO�SHPEDNDUDQ�

VHNDP� SDGL� GDODP� NRPSRU� GDQ� VLVL�

GLQJLQ� PHQJJXQDNDQ� HV�� 'HQJDQ�

PHQJJXQDNDQ� �� PRGXO� JHQHUDWRU�

WHUPRHOHFWULF� \DQJ� GLUDQJNDL� VHFDUD�

VHUL�PHQJKDVLONDQ�WHJDQJDQ�����9�GDQ�

DUXV� OLVWULN� ����� $� GHQJDQ� PDVVD�

VHNDP� SDGL� ���� JUDP�� 7HJDQJDQ�

GLKDVLONDQ�DNDQ�GLXEDK�ROHK�86%�EXFN�

FRQYHUWHU� PHQMDGL� WHJDQJDQ� �9�� $UXV�

OLVWULN� GDQ� WHJDQJDQ� RXWSXW� \DQJ�

GLKDVLONDQ� ROHK� 86%� EXFN� FRQYHUWHU�

VHEHVDU������$�GDQ������9�� 

 

����5HIHUHQVL� 

�� )�� 1DZDIL�� 5�� '�� 3XVSLWD�� 'HVQD��

DQG� ,U]DPDQ�� ³2SWLPDVL� 7XQJNX�

6HNDP�6NDOD�,QGXVWUL�.HFLO�'HQJDQ�

6LVWHP�%RLOHU�´�%HUN�� )LV��� YRO�� ����

QR�����SS����–��������� 

�� +DQGD\DQL�� 5�� 7��� 	� 6XU\DQLQJVLK�� 6��

3(1*$58+� 68+8� .$5%21,6$6,�

'$1�9$5,$6,�.(&(3$7$1�8'$5$�

7(5+$'$3� /$-8� 3(0%$.$5$1�

%5,.(7� &$0385$1� 6(.$0� 3$',�

'$1� 721*.2/� -$*81*� :DKDQD�

)LVLND� ��������-��� 

�� &�� /HUWVDWLWWKDQDNRUQ�� ³(OHFWULFDO� SHUIRU�

PDQFH�DQDO\VLV�DQG�HFRQRPLF�HYDOXDWLRQ�

RI�FRPELQHG�ELRPDVV�FRRN�VWRYH�WKHUPR�

HOHFWULF� �%,7(�� JHQHUDWRU�´� %LRUHVRXU��

7HFKQRO��� YRO�� ���� QR�� ��� SS�� ����–������

����� 

�� 5�� <�� 1XZD\KLG�� $�� 6KLKDGHK�� DQG� 1��

*KDGGDU�� ³'HYHORSPHQW� DQG� WHVWLQJ�RI� D�

GRPHVWLF� ZRRGVWRYH� WKHUPRHOHFWULF� JHQ�

HUDWRU� ZLWK� QDWXUDO� FRQYHFWLRQ� FRROLQJ�´�

(QHUJ\�&RQYHUV��0DQDJ���YRO������QR���–

����SS������–����������� 

�� 5�� <�� 1XZD\KLG�� '�� 0�� 5RZH�� DQG� *��

0LQ��³/RZ�FRVW� VWRYH-WRS� WKHUPRHOHFWULF�

JHQHUDWRU� IRU� UHJLRQV� ZLWK� XQUHOLDEOH�

HOHFWULFLW\� VXSSO\�´� 5HQHZ�� (QHUJ\�� YRO��

����QR�����SS�����–���������� 

�� 5��0DO��5��3UDVDG��9��.��9LMD\��DQG�$��5��

9HUPD�� ³7KH� GHVLJQ�� GHYHORSPHQW� DQG�

SHUIRUPDQFH�HYDOXDWLRQ�RI�WKHUPRHOHFWULF�

JHQHUDWRU� �7(*�� LQWHJUDWHG� IRUFHG� GUDIW�

ELRPDVV� FRRNVWRYH�´� 3URFHGLD� &RPSXW��

6FL���YRO������QR�����SS�����–���������� 

�� &��)DYDUHO��'��&KDPSLHU�� -�-)��5R]LV��7��

.RXVNVRX�� DQG� -HDQ� 3LHUUH� %pGpFDUUDWV��

³7KHUPRHOHFWULFLW\��D�3URPLVLQJ�&RPSOH�

PHQWDULW\� ZLWK� (I¿FLHQW� 6WRYHV� LQ�

2II*ULG-$UHDV�SGI�´�SS�����–���������� 
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�� 7�� 6WHSKHQ� -RKQ�� ³+LJK� (IILFLHQW��

6HHEHFN� 7KHUPRHOHFWULF� 'HYLFH� IRU�

3RZHU�6\VWHP�'HVLJQ�DQG�(IILFLHQF\�

&DOFXODWLRQ�� $� 5HYLHZ� RI� 3RWHQWLDO�

+RXVHKROG� $SSOLDQFHV�´� ,QW�� -�����

&RPSXW��$SSO���YRO������QR������SS����

–��������� 

�� 6�� 0DUWLQR� DQG� '�� :XODQGDUL��

³$1$/,6,6� 75$,1(5� .219(56,�

(1(5*,�3$1$6�0(1-$',�(1(5�

*,�/,675,.�%(5%$6,6�7+(502�

(/(&75,&*(1(5$725�'(1*$1�

9$5,$6,� 3(58%$+$1� 68+8�´�

YRO������SS����–��������� 

��� 6�� 0DQHHZDQ� DQG� 6�� &KLQGDUXNVD��

³7KHUPRHOHFWULF� SRZHU� JHQHUDWLRQ�

V\VWHP� XVLQJ� ZDVWH� KHDW� IURP� ELR�

PDVV� GU\LQJ�´� -�� (OHFWURQ�� 0DWHU���

YRO������QR�����SS�����–���������� 

 


