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� � &DUERQ�VWRUDJH�LV�RQH�RI �WKH�RSWLRQ�WKDW�FDQ�EH�XVHG�WR�UHGXFH�DWPRVSKHULF�FDUERQ��EXW�LWV�XVH�LQ�DQ�RIIVHW�
PDUNHWV�LV�FRPSOLFDWHG�E\�WKH�WHPSRUDU\�QDWXUH�RI �VWRUDJHG�FDUERQ�DQG�ULVNV�DVVRFLDWHG�ZLWK�WKH�SULFH�RI �FDUERQ�
HPLVVLRQ��)RUHVWU\�VHFWRU�KDV�WKH�DELOLW\�WR�UHGXFH�FRQVHQWUDWLRQ�RI �JUHHQKRXVH�JDVHV�LQ�WKH�DWPRVSKHUH�E\�UHGXFLQJ�
DFLWLYLWLHV��VXFK�DV��DIIRUHVWUDWLRQ��PLQH�ODQG�UHFODPDWLRQ��IRUHVW�UHVWRUDWLRQ��DJURIRUHVWU\��IRUHVW�PDQDJHPHQW�LQFOXGLQJ�
VHOHFWHG�VKRUW�URWDWLRQ�VSHFLHV��IRUHVW�SURWHFWLRQ��ZRRG�SURGXFWLRQ��DQG�XUEDQ�IRUHVW��7R�EH�HOLJLEOH�IRU�UHJLVWUDWLRQ��WKH�
UHSRUWHG�FDUERQ�UHGXFWLRQV�PXVW�WR�XVH�PHWKRGV�DQG�PHHW�VWDQGDUGV�DV�D�JXLGHOLQH��7KH�SUHVHQW�IRUHVWU\�KDV�VRPH�
XQLTXH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�EHFDXVH�RI �WKH�GLYHUVLW\�RI �UHVRXUFHV�DQG�DFWLYLWLHV��WKH�YDULHW\�RI �SUDFWLFHV�WKDW�FDQ�
DIIHFW�JUHHQKRXVH�JDVHV��\HDU�WR�\HDU�YDULDELOLW\�LQ�FDUERQ�HPLVVLRQ�DQG�VWRUDJH��WKH�HIIHFW�RI �DFWLYLWLHV�RQ�GLIIHUHQW�IRUHVW�
FDUERQ�SRROV��DQG�DFFRXQWLQJ�IRU�WKH�HIIHFWV�RI �QDWXUDO�GLVWXUEDQFH��,QGLFDWRUV�WR�DFFRXQW�DQG�WR�FRQWURO�FDUERQ�EDODQFH�
WKDW�EDVHG�RQ� FDUERQ�VWURUDJH� LQ� IRUHVW� HFRV\VWHP�DUH�XVHG�DV�D�EDVLV� IRU� WHUUHVWULDO� FDUERQ�DFFRXQWLQJ�� VXFK�DV�
DWPRVSKHUH��WRS�GRZQ��DQG�ODQG��ERWWRP�XS��WKDW�LV�FRPSUHKHQVLYH�DQG�LQWHUJUHWHG�

.H\ZRUGV��&DUERQ��VWRUDJH��DFFRXQWLQJ��DWPRVSKHUH��IRUHVW��DQG�EDODQFH�

$%675$.

� 3HQ\LPSDQDQ�NDUERQ�DGDODK�VDODK�VDWX�SLOLKDQ�\DQJ�GDSDW�GLJXQDNDQ�XQWXN�PHQJXUDQJL�
NDUERQ� GL� DWPRVILU�� WHWDSL� SHQJJXQDDQQ\D� GDODP� PHQJLPEDQJL� VHEXDK� SDVDU� GLVXOLWNDQ� ROHK�
SHQ\LPSDQDQ� NDUERQ� DODPL� \DQJ� VHPHQWDUD� GDQ� UHVLNR� GLJDEXQJ� GHQJDQ� KDUJD� HPLVL� NDUERQ��
6HNWRU� NHKXWDQDQ�PHPSXQ\DL� NHPDPSXDQ� XQWXN�PHQJXUDQJL� NRQVHQWUDVL� JDV� UXPDK� NDFD� GL�
DWPRVILU� \DLWX� GHQJDQ� PHQJXUDQJL� DNWLYLWDV�DNWLYLWDV�� VHSHUWL�� DIIRUHVWUDVL�� UHNODPDVL� ODKDQ�
SHUWDPEDQJDQ��SHUEDLNDQ�KXWDQ��DJURIRUHVWUL��PDQDMHPHQ�KXWDQ�WHUPDVXN�PHPLOLK�MHQLV�\DQJ�URWDVL�
SHQGHN��SHUOLQGXQJDQ�KXWDQ��SURGXNVL�ND\X��GDQ�KXWDQ�NRWD��8QWXN�PHPHQXKL�V\DUDW�SHQGDIWDUDQ��
ODSRUDQ�SHQJXUDQJDQ�NDUERQ�KDUXV�PHQJJXQDNDQ�FDUD�GDQ�PHQHPXNDQ�VWDQGDU�VHEDJDL�VHEXDK�
SHGRPDQ�� 6HNDUDQJ� NHKXWDQDQ�PHPSXQ\DL� WDQWDQJDQ�GDQ�SHOXDQJ� \DQJ� NKDV�GLVHEDENDQ�ROHK�
NHDQHNDUDJDPDQ�VXPEHU�GD\D�GDQ�DNWLYLWDV��NHDQHNDUDJDPDQ�SUDNWHN�\DQJ�GDSDW�PHPSHQJDUXKL�
JDV�UXPDK�NDFD��WDKXQ�NH�WDKXQ�EHUXEDK�GDODP�HPLVL�GDQ�SHQ\LPSDQDQ�FDUERQ��SHQJDUXK�DNWLYLWDV�
SDGD�VHNXPSXODQ�NDUERQ�KXWDQ�EHUEHGD��GDQ�SHUKLWXQJDQ�SHQJDUXK�SHQJDUXK�JDQJJXDQ�DODP��
8QWXN�PHPEXDW�GDWD�GDVDU�NUHGLEHO�GDQ�SHUXEDKDQ�SHUXEDKDQ�MDODQ�GDODP�SHQ\LPSDQDQ�NDUERQ�
SHUOX�PHQJHWDKXL�LQGLNDWRU�LQGLNDWRU�XQWXN�PHQJKLWXQJ�GDQ�PHQJRQWURO�NHVHLPEDQJDQ�NDUERQ��
,QGLNDWRU�LQGLNDWRU�SHUKLWXQJDQ�NDUERQ�\DQJ�EHUGDVDUNDQ�SHQ\LPSDQDQ�NDUERQ�GDODP�HNRVLVWHP�
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KXWDQ�GLJXQDNDQ�VHEDJDL�GDVDU�XQWXN�SHUKLWXQJDQ�NDUERQ�EXPL��\DLWX�DWPRVILU��WRS�GRZQ��GDQ�ODKDQ�
�ERWWRP�XS��\DQJ�PHQ\HOXUXK�GDQ�WHUSDGX�

.DWD�NXQFL����.DUERQ��SHQ\LPSDQDQ��SHUKLWXQJDQ��DWPRVILU��KXWDQ��GDQ�NHVHLPEDQJDQ�
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� � 3HPDQDVDQ�JOREDO��JOREDO�ZDUPLQJ��DNKLU�DNKLU� LQL�VDQJDW�KDQJDW�GLELFDUDNDQ�GDQ�
PHQMDGL�IRNXV�SHUKDWLDQ�GXQLD��KLQJJD�WLPEXO�SDVDU�NDUERQ��FDUERQ�PDUNHW��LQWHUQDVLRQDO��
.HLNXWVHUWDDQ�GDODP�SDVDU�SHUGDJDQJDQ�NDUERQ�PHPEHUL�GDPSDN�NKXVXVQ\D�WHUKDGDS�
NHKXWDQDQ��\DNQL�SHUXEDKDQ�SHQJJXQDDQ�ODKDQ�KXWDQ� �PHQMDGL�KXWDQ��DIIRUHVWUDWLRQ��GDQ�
NRQYHUVL�ODKDQ�KXWDQ�PHQMDGL�ODKDQ�EXNDQ�KXWDQ��GHIRUHVWUDWLRQ���,QL�WDQWDQJDQ�GDQ�SHUDQDQ�
VHNWRU�NHKXWDQDQ�GDODP�PHQMDJD�NHVHLPEDQJDQ�NDUERQ�GL�EXPL��2OHK�VHEDE�LWX��VHODPD�
SHUDQDQ� KXWDQ� VHEDJDL� SHQ\HUDS� NDUERQ� GDQ� VXPEHU� HQHUJL� GDSDW� VWDELO�� SRWHQVL�
PDQDJHPHQ�KXWDQ�PHPEHUL�NRQWULEXVL�VDQJDW�VXEVWDQVLDO�WHUKDGDS�SHQ\LPSDQDQ�FDUERQ�
�FDUERQ� VWRUDJH��� 6HEDJDL� FRQWRK� NXUDQJQ\D� NHDKOLDQ� GDODP� SHUHQFDQDDQ� GDQ� WHNQLN�
SHQHEDQJDQ�DWDX�GHQJDQ�PDQDMHPHQ�NRQYHQVLRQDO�GDSDW�PHQ\HEDENDQ�����NHUXVDNDQ�
KXWDQ��QDPXQ�GHQJDQ�SHUNHPEDQJDQ�NHPDMXDQ�PDQDMHPHQ�DWDX�PDQDMHPHQ�SURIHVVLRQDO�
VHODPD����WDKXQ�HPLVL�NDUERQ�KXWDQ�GDSDW�WXUXQ�DWDX�SURGXNVL�ND\X�QDLN�VHNLWDU������*W�
NDUERQ�SHU�WDKXQ��7DPEXQDQ�HW��DO���������
� � 6HODLQ� LWX�� KXWDQ� PHQ\LPSDQ� NDUERQ� ���� GDUL� WRWDO� NDUERQ� \DQJ� WHUGDSDW� GL�
SHUPXNDDQ� EXPL� �+RXJKWRQ�� ������� 'DUL� GDWD� WHUVHEXW� PHPEXNWLNDQ� EDKZD� KXWDQ�
PHPSXQ\DL� SHUDQDQ� NXQFL� GDODP� VLNOXV� NDUERQ� VHFDUD� JOREDO�� 'HQJDQ� GHPLNLDQ��
NHVHLPEDQJDQ�NDUERQ�SHUPXNDDQ�EXPL�KDUXV�GLMDJD�GHQJDQ�PHQJRQWURO�DNWLYLWDV�VHPXD�
VHNWRU�\DQJ�PHQJXEDK�NRQGLVL�OLQJNXQJDQ�JOREDO�
� � 6DODK�VDWX�FDUD�XQWXN�PHQJHWDKXL�SHUXEDKDQ�NHVHLPEDQJDQ�NDUERQ�GLSHUPXNDDQ�
EXPL�DGDODK�GHQJDQ�PHQJKLWXQJ�MXPODK�NDUERQ�GDODP�HNRVLVWHP��-XPODK�NDUERQ�\DQJ�
WHUVLPSDQ�GDODP�HNRVLVWHP�GLNHORPSRNNDQ�GDODP����WLJD��EDJLDQ��\DNQL�DWPRVILU��PDNKOXN�
KLGXS��GDQ�WDQDK��3URGXNWLYLWDV�NDUERQ�GDUL�NHWLJD�NHORPSRN�WHUVHEXW�GLSHQJDUXKL�ROHK�
HNRILVLRORJL�GDQ�NRQGLVL�OLQJNXQJDQ��2OHK�VHEDE�LWX��VHWLDS�WLSH�HNRVLVWHP�PLVDOQ\D�KXWDQ��
SDGDQJ�UXPSXW��ODXW�GDQ�VHEDJDLQ\D�PHPSXQ\DL��NDUDNWHULVWLN�SROD�SHQ\LPSDQDQ�NDUERQ�
\DQJ�EHUDJDP�GDQ�EHUEHGD�EHGD�VHFDUD�GUDPDWLV�SDGD�VNDOD�ORNDO�GDQ�UHJLRQDO��.HPXGLDQ�
GLQDPLND�SHUXEDKDQ�MXPODK�NDUERQ�GDODP�VHWLDS�HNRVLVWHP�GLSHQJDUXKL�ROHK�MXPODK�GDQ�
MHQLV�WXPEXKDQ�GDQ�KHZDQ�\DQJ�SHUWXPEXKDQ�GDQ�NHOHVWDULDQQ\D�GLNRQWURO�ROHK�NRQGLVL�
NRQGLVL� OLQJNXQJDQ��PLVDOQ\D� VLQDU�PDWDKDUL�� WHPSHUDWXU� GDQ� VHEDJDLQ\D� �2JOH� HW�� DO���
������
� � 'HQJDQ� GHPLNLDQ�� XQWXN� PHPEXNWLNDQ� GDQ� PHPSHUROHK� QLODL� ULLO� GDVDU�
NHVHLPEDQJDQ�NDUERQ��PDND�SURJUDP�SHUGDJDQJDQ�NDUERQ�SHUOX�LQGLNDWRU�SHUKLWXQJDQ�
REMHNWLI � VLVWHP� ODSRUDQ� \DQJ� PHPEDQJXQ� NHSHUFD\DDQ� GDQ� NHDNXUDWDQ� GRNXPHQ�
SHQ\LPSDQDQ�NDUERQ��/RYHW�HW��DO����������.HPXGLDQ��SHUOX�HYDOXDVL�NHELMDNDQ�GDQ�LQVHQWLI �
SDVDU� SHQJHPEDQJDQ� SURGXNVL� \DQJ� DNDQ� PHQXQMXNNDQ� SHQLQJNDWDQ� UHGXNVL� NDUERQ�
EHUVLK�DWPRVILU��0DWULNV�LQGLNDWRU�SHQ\LPSDQDQ�NDUERQ�GLEDQJXQ�PHODOXL�PXOWL�VHNWRU�
GHQJDQ� GHVDLQ� \DQJ� WHUSDGX� GDUL� PXOWL� WLSH� GDQ� PXOWL� HIHN� HNRVLVWHP�� %HUGDVDUNDQ�
SHUWLPEDQJDQ� WHUVHEXW��PDND� GDODP� WXOLVDQ� LQL� GLXUDLNDQ� JDPEDUDQ� ULQJNDV� LQGLNDWRU�
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SHQ\LPSDQDQ�NDUERQ�\DQJ�GLJXQDNDQ�VHEDJDL�GDVDU�SHUKLWXQJDQ�NDUERQ�EXPL��WHUUHVWULDO�
FDUERQ�DFFRXQWLQJ��
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� � $SDELOD�NLWD�PHOLKDW�GDUL�XGDUD�GDHUDK�SHGDODPDQ�GHQJDQ�SHVDZDW�XGDUD��EHQWXN�
VHSHUWL�SLWD�SLWD�SRWRQJDQ�ZDUQD�ELUX�DGDODK�GDQDX�GDQ�VXQJDL��KLMDX�WXD�DGDODK�KXWDQ��
FRNODW� DGDODK� ODGDQJ� DWDX� SHUWDQLDQ�� GDQ� ODLQ�ODLQ� FLUL� VXDWX� NRQGLVL� ODSDQJDQ�� ,QL�
PHUXSDNDQ� PDQLVIHVWDVL� NDVDU� \DQJ� PHQXQMXNNDQ� VDQJDW� OHQJNDS� MDULQJDQ� LQWHUDNVL�
HNRORJL��EHUPDFDP�PDFDP�VSHVLHV�EHULQWHUDNVL�DQWDUD�VDWX�GHQJDQ�ODLQQ\D��GDQ�GHQJDQ�
OLQJNXQJDQQ\D��:DODXSXQ�NHDGDDQQ\D�VDQJDW�NRPSOHNV��QDPXQ�VHPXDQ\D� WLGDN�NDFDX�
EDODX��,QL�DGDODK�SROD�SROD�\DQJ�Q\DWD�WHUOLKDW�GDUL�EXPL��%HUGDVDUNDQ�SROD�SROD�LQWHUDNVL�
LQL��GLVHEXW�HNRVLVWHP��NDSDVLWDV�NHDQHNDUDJDPDQ�ELRORJL��ELRGLYHUVLW\��XQWXN�EHUNHPEDQJ�
KDUXV�GLSHUOLKDUD�NHVHLPEDQJDQQ\D�
� � 0DND� \DQJ� SHUOX� KDUXV� GLSHUKDWLNDQ� PLVDOQ\D� DSDELOD� VDODK� VDWX� NRPSRQHQ�
HNRVLVWHP�KLODQJ�GDQ� \DQJ� ODLQ� EDUX�� LQL�PHQDQGDNDQ� MDULQJDQ� LQWHUDNVL� HNRORJL� WLGDN�
EHQDU�EHQDU�SXWXV��6HSHUWL�KXWDQ�\DQJ�EHUEDWDVDQ�GHQJDQ�GDQDX�HNRVLVWHPQ\D�EHUEHGD�
GHQJDQ�\DQJ�WLGDN�EHUEDWDVDQ��NDUHQD�NXPSXODQ�RUJDQLVPH�EHULQWHUDNVL�VHFDUD�ODQJVXQJ�
WHUKDPEDW�ROHK�GDQDX��1DPXQ�NDGDQJ�NDGDQJ� VDQJDW� VXOLW�PHQHQWXNDQ�GL�PDQD� VDWX�
HNRVLVWHP� EHUDNKLU� GDQ� GLPXODL�� NDUHQD� SHUEHGDDQ� GDQ� NHVDPDDQ� DQWDUD� HNRVLVWHP�
EDQ\DN��:DODXSXQ� VXOLW�PHPEHGDNDQQ\D�� SHQJDNXDQ� GDQ� SHQJNODVLILNDVLDQ� HNRVLVWHP�
DGDODK�SROD�LQWHUDNVL�HNRORJL���0HQXUXW�&ODUN�HW��DO����������HNRVLVWHP�GDSDW�GLGHILQLVLNDQ�
VHFDUD�VHGHUKDQD�DGDODK�LQWHUDNVL�HNRORJL�\DQJ�PHPSXQ\DL�QLODL�QLODL�VSHVLILN��GDQ�QLODL�
VSHVLILN�WHUVHEXW�WLGDN�PHPSXQ\DL�VWDQGDU��QDPXQ�GDSDW�PHUXSDNDQ�NDUDNWHULVWLN�WLSH�
HNRVLVWHP��0LVDOQ\D�KXWDQ�UDZD�PHPSXQ\DL�NXQFL�SHUDQDQ�\DQJ�VSHVLILN�GDODP�SURGXNVL�
QXWULVL�GDQ�RUJDQLN��0DND�GDUL�SHUVSHNWLI �NDUDNWHULVWLN�WLSH�LQL�WLQJNDW�NHDQHNDUDJDPDQ�
JHQ�GDQ�VSHVLHV�PHUXSDNDQ�QLODL�VXDWX�HNRVLVWHP�
� � 0HNDQLVPH� VWDELOLWDV� EHUWDPEDKQ\D� WLQJNDW� NHDQHNDUDJDPDQ� HNRVLVWHP� DGDODK��
����MLND�GDODP�HNRVLVWHP�MXPODK�VSHVLHV�EDQ\DN������PHQJXUDQJL�VSHVLHV�EDUX��H[RWLF�VSHFLHV��
NDUHQD�GDSDW�PHQJJDQJX�VWUXNWXU�GDQ�IXQJVL�HNRVLVWHP������PHPSHUEDQ\DN�VSHVLHV�GDQ�
PHPEHUL�MDUDN�DQWDU�VSHVLHV�GDQ�GHQJDQ�VSHVLHV�\DQJ�VDPD�XQWXN�PHQFHJDK�WUDQVIHU�KDPD�
GDQ� SHQ\DNLW� DQWDUD� LQGLYLGX�LQGLYLGX�� 6DODK� VDWX� VWXGL� \DQJ�PHPEXNWLNDQ� KXEXQJDQ�
DQWDUD� NHDQHNHUDJDPDQ� GDQ� SHQJXMLDQ� VWDELOLWDV� WHODK� GLODNXNDQ� ROHK� 7LOPDQ� GDQ�
'RZQLQJ��������\DQJ�PHPEDQGLQJNDQ�MXPODK�VSHVLHV�WXPEXKDQ�GDODP�SORW��3ORW�\DQJ�
GLGDODPQ\D� MXPODK� VSHVLHV� EDQ\DN� WXPEXK� OHELK� EDLN� GDQ� OHELK� EDQ\DN� \DQJ� WROHUDQ�
WHUKDGDS� NHNHULQJDQ� GLEDQGLQJNDQ� GHQJDQ� SORW� \DQJ� VHGLNLW� MXPODK� VSHVLHVQ\D�� ,QL�
PHUXSDNDQ� VDODK� VDWX� JDPEDUDQ� EDKZD� NHDQHNDUDJDPDQ� VSHVLHV� WHUPDVXN� JHQHWLN� GL�
GDODP�HNRVLVWHP�GDSDW�PHQVWDELONDQ�NRQGLVL�SHUXEDKDQ�NDUERQ��3URGXNVL�NDUERQ�SDGD�
VHWLDS� LQGLYLGX� VSHVLHV� MXPODKQ\D� EHUDJDP�� GDQ� � PHUXSDNDQ� VDWX� NHVDWXDQ� GHQJDQ�
NHPDPSXDQ� DGDSWDVL� OLQJNXQJDQ�� 'HQJDQ� GHPLNLDQ� NHVHLPEDQJDQ� NDUERQ� DGDODK�
NHWHUSDGXDQ� NRPELQDVL� PHNDQLVPH� UHJXODVL� HQGRJHQXV� �FRQWRKQ\D� DNWLYLWDV� HQ]LP���
SHQJDUXK�HNVWHUQDO�OLQJNXQJDQ��FRQWRKQ\D�NRQGLVL�LNOLP���GDQ�LQWHUDNVL�VHNXPSXODQ�VSHVLHV�
�FRQWRKQ\D�NRPSHWLVL���VHEDJDLPDQD�GLLOXVWUDVLNDQ�SDGD�*DPEDU���
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*DPEDU����,OOXVWUDVL�VLNOXV�NHVHLPEDQJDQ�NDUERQ�SDGD�HNRVLVWHP�KXWDQ�
)LJXUH����,OOXVWUDWLRQ�RI �FDUERQ�EDODQFH�F\FOH�LQ�IRUHVW�HFRV\VWHP�

� � 'DUL�*DPEDU����GDSDW�GLOLKDW�SHUXEDKDQ�SHUXEDKDQ�\DQJ�WHUMDGL�GDODP�OLQJNXQJDQ�
JOREDO�VHSHUWL�SHPDQDVDQ�UHJLRQDO��UHJLRQDO�ZDUPLQJ���HQGDSDQ�QXWULVL��QXWULHQW�GHSRVLWLRQ���
GDQ� NHQDLNDQ� NRQVHQWUDVL� &2 PHQJXEDK� SURGXNVL� EHUVLK� HNRVLVWHP� �QHW� HFRV\VWHP���

SURGXFWLRQ��1(3���VHUWD�PHPSHQJDUXKL�IRWRVLQWHVLV�GDQ�UHVSLUDVL��)RWRVLQWHVLV�PHPEHUL�
UHDNVL�\DQJ�VDQJDW�NXDW�SDGD�NRQVHQWUDVL�&2 �DWPRVILU�GDULSDGD�UHVSLUDVL��)RWRVLQWHVLV��

EHUVLK� GL� ELRVIHU� EXPL� ELVD� EHUWDPEDK� GDUL� UHVSRQ� SHQDPEDKDQ� &R � DWPRVILU� \DQJ��

GLVHEDENDQ�ROHK�SHPEDNDUDQ�EDKDQ�EDNDU�GDQ�JDEXQJDQ�SDQDV�GDUL�ELRPDVVD�GHQJDQ�
SHUXEDKDQ� SHQJJXQDDQ� ODKDQ�� 'HQJDQ� GHPLNLDQ�� NDSDVLWDV� WXPEXKDQ� VDQJDW� NXDW�
PHPEHUL� UHVSRQ� SDGD� SHQDPEDKDQ� &2 �� 'DUL� GDVDU� SHUWLPEDQJDQ� WHUVHEXW� PDND��

SHQ\LPSDQDQ� NDUERQ� GDODP� HNRVLVWHP� KXWDQ� GLJXQDNDQ� VHEDJDL� GDVDU� SHUKLWXQJDQ�
NDUERQ�SHUPXNDDQ�EXPL�
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� � 3HQ\LPSDQDQ� NDUERQ� EXPL� �WHUUHVWULDO� FDUERQ� VWURUDJH�� DGDODK� PHODOXL� SURVHV�
SHQ\HUDSDQ�&2 �GDUL�DWPRVILU�ROHK�WXPEXK�WXPEXKDQ�PHODOXL�IRWRVLQWHVLV��GDQ�GLVLPSDQ��

VHEDJDL�NDUERQ�GDODP�ELRPDVVD��EDWDQJ��FDEDQJ��GDXQ��DNDU��GDQ�WDQDK��,VWLODK�SHQ\HUDSDQ�
�VLQN��GLSDNDL�XQWXN�KXWDQ�� ODKDQ�SHUWDQLDQ�� ODKDQ�SHQJHPEDODDQ��SDGDQJ�UXPSXW�GDQ�
ODKDQ� VHPDN�EHOXNDU� VHEDJDL� SHQ\LPSDQ� NDUERQ�� .HPXGLDQ� NDUERQ� \DQJ� WHUVLPSDQ�
WHUVHEXW�GLHPLVL�NHPEDOL�PHODOXL�DNWLYLWDV�PDQXVLD��PLVDOQ\D�SHPDQHQDQ�KDVLO�KXWDQ�GDQ�
SHUWDQLDQ��SHPEDNDUDQ�ODKDQ��GDQ�ODLQ�ODLQ��0HQXUXW�ODSRUDQ�,3&&���������VHWLDS�WDKXQ�
VHNLWDU�����GDUL�JOREDO�HPLVL�&2 �EHUDVDO�GDUL�DNWLYLWDV�GL�VHNWRU�NHKXWDQDQ��2OHK�VHEDE�LWX��

SHUXEDKDQ�SHUXEDKDQ�NDUERQ�EXPL�VDQJDW�PHPSHQJDUXKL�SHUXEDKDQ�NHVHLPEDQJDQ�GL�
DWPRVILU�� GDQ� SHUOX� GLNRQWURO� GDQ� GLKLWXQJ� VHWLDS� VDDW�� $GD� GXD� UDQFDQJDQ� WLSH�
SHUKLWXQJDQ�NDUERQ�VHEDJDL�LQGLNDWRU�XPXP��\DLWX�

���
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��� $WPRVILU��UPQ�EPXO�
� � 0HWRGH�LQL�PHOLKDW�SHUXEDKDQ�SHUXEDKDQ�NRQVHQWUDVL�&2 3DGD�ZDNWX�SUDLQGXVWUL����

DWDX�DQWDUD������GDQ�������SHQDPEDKDQ�HPLVL�JDV�UXPDK�NDFD��JUHHQKRXVH�JDV��*+*��\DQJ�
GLVHEDENDQ�ROHK�DNWLYLWDV�PDQXVLD�VHEHVDU������PLVDOQ\D�XQWXN�&2 �EHUWDPEDK�GDUL�������

VDPSDL����*LJDWRQ��%HVDUQ\D�SHUWDPEDKDQ�HPLVL�*+*�EHUDVDO�GDUL� VHNWRU�SHQ\XSODL�
HQHUJL��\DLWX�WUDQVSRUWDVL��LQGXVWUL��SHQJJXQDDQ�GDQ�SHUXEDKDQ�ODKDQ��ODQG�XVH�DQG�FKDQJH���
SHUWDQLDQ�GDQ�NHKXWDQDQ��3HQJDUXK�JOREDO�HPLVVL�WHUVHEXW�PHQJXUDQJL�LQWHQVLWDV�HQHUJL�
JOREDO��������GDUL������VDPSDL�������GDQ�SHQJDUXK�WHUVHEXW�OHELK�NHFLO�GDUL�SHQJDUXK�
NRPELQDVL�SHUWXPEXKDQ�SHUNDSLWD�JOREDO�����GDQ�SHUWXPEXKDQ�SRSXODVL�JOREDO������
NHGXD� GRURQJDQ� EHUKXEXQJDQ� GHQJDQ� SHQDPEDKDQ� HPLVL� &2 �� VHEDJDLPDQD� \DQJ��

GLWXQMXNNDQ�SDGD�*DPEDU����,3&&��������

,QGHNV������ ��

3HQGDSDWDQ�

�*'3

�

333�

(QHUJL

��
�73(6�

(PLVL�&2�

3HQGDSDWDQ�SHU�NDSLWD
SHQGXGXN

�

,QWHQVLWDV�NDUERQ
�&2��73(6�

,QWHQVLWDV�HQHUJL �73(6�*'3333�
,QWHQVLWDV�HPLVL �&2���*'3333�

*DPEDU����*OREDO�SHUNHPEDQJDQ�UHODWLI �KDVLO�NRWRU�GRPHVWLN�WHUXNXU�GDODP�NHVHLPEDQJDQ�
NHNXDWDQ�SHPEHOLDQ��WRWDO�VXSODL�HQHUJL�XWDPD��HPLVL�&2 ��GDUL�SHPEDNDUDQ�EDKDQ��

EDNDU�IRVLO��JDV�GDQ�SDEULN�VHPHQ��GDQ�SHQGXGXN��6HODLQ�LWX��JDULV�SXWXV�SXWXV�
PHQXQMXNNDQ�SHQGDSDWDQ�SHUNDSLWD�\DQJ�WHUXNXU�GDODP�NHVHLPEDQJDQ�NHNXDWDQ�
SHPEHOLDQ�SHU�SHQGXGXN��*' �3RS���LQWHQVLWDV�HQHUJL��73(6��*'3 ���VXSODL�333 333

HQHUJL�LQWHQVLWDV�NDUERQ��&2 �73(6���GDQ�SURVHV�HNRQRPL�SURGXNVL�LQWHQVLWDV��

HPLVL��&2 ��*'3 ��XQWXN�SHULRGH��������������� 333

)LJXUH���� � 5HODWLYH�JOREDO�GHYHORSPHQW�RI �JURVV�GRPHVWLF�SURGXFW�PHDVXUHG�LQ�333��*'3 ���WRWDO�SULPDU\�333

HQHUJ\� VXSSO\� �73(6��� &2 � HPLVVLRQV� �IURP� IRVVLO� IXHO� EXUQLQJ�� JDV� IODULQJ� DQG� FHPHQW��

PDQXIDFWXULQJ��DQG�SRSXODWLRQ��3RS���,Q�DGGLWLRQ��LQ�GRWWHG�OLQHV��WKH�ILJXUH�VKRZV�LQFRPH�SHU�
SHUFDSLWD��*' �3RS���HQHUJ\�LQWHQVLW\��73(6��*'3 ���FDUERQ�LQWHQVLW\�RI �HQHUJ\�VXSSO\�333 333

�&2 �73(6���DQG�HPLVVLRQ�LQWHQVLW\�RI �WKH�HFRQRPLF�SURGXFWLRQ�SURFHVV��&2 ��*'3 ��IRU�� � 333

WKH�SHULRG�������������

� � .HFHQGHUXQJDQ� ODPDQ\D� SHQXUXQDQ� FDGDQJDQ� VXSODL� HQHUJL� LQWHQVLWDV� NDUERQ�
VHWHODK�WDKXQ�������3HUEHGDDQ�SHUEHGDDQ�VLJQLILNDQ�\DQJ�WHUMDGL�EHUKXEXQJDQ�GHQJDQ�
SHQDPEDKDQ�SHQGDSDWDQ�SHUNDSLWD��HPLVL�SHUNDSLWD��GDQ�LQWHQVLWDV�HQHUJL�DQWDU�QHJDUD��
3DGD� ����� 81)&&&� GDODP� $QQH[� �� QHJDUD�QHJDUD� PHQHWDSNDQ� ���� GDUL� SRSXODVL�
SHQGXGXN�GXQLD�EHUSHQJKDVLODQ�����EHUGDVDUNDQ�.HVHLPEDQJDQ�.HNXDWDQ�3HPEHOLDQ�
+DVLO�.RWRU�'RPHVWLN��*'3 ��GDQ�����GDUL�JOREDO�JDV�UXPDK�NDFD��*UHHQ�+RXVH�*DV��333

*+*���*DPEHU����

���
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� � 6NDOD� SHQJXNXUDQ�SHQJXNXUDQ� PDVLK� EHOXP� FXNXS� EHVDU�� ZDODXSXQ� GHPLNLDQ�
XQWXN�PHQHWUDONDQ�HPLVL�SHUWXPEXKDQ�JOREDO��NHELMDNNDQ�SHUXEDKDQ�LNOLP��NHDPDQDQ�
HQHUJL�� GDQ� NHOHVWDULDQ� SHPEDQJXQDQ� PHPSXQ\DL� SHUDQDQ� \DQJ� HIHNWLI � GDODP�
SHQJXUDQJDQ�HPLVL�JDV�UXPDK�NDFD�SDGD�VHWLDS�VHNWRU�GDQ�EDQ\DN�QHJDUD��0DND�GDODP�
VNHQDULR� SHPEDQJXQDQ� \DQJ� EHUNHODQMXWDQ� NKXVXVQ\D� GDODP� SHPDQIDDWDQ� GDQ�
SHQJJXQDDQ� HQHUJL� KDUXV� EHUDVDVNDQ� NHVHLPEDQJDQ� OLQJNXQJDQ� �HQYLURQPHQWDO� EDODQFH��
GHQJDQ�NHELMDNDQ�NHELMDNDQ�\DQJ�WHUSDGX��LQWHJUHWHG�SROLFLHV��GDODP�SHQJXUDQJDQ�GDPSDN�
SHUXEDKDQ�LNOLP��FOLPDWH�FKDQJH�PLWLJDWLRQ���

�

.RPXODWLI �SHQGXGXN�GDODP�MXWD
&RPXODWLYH�SRSXODWLRQ�LQ�PLOOLRQ

.RPXODWLI �*' ��������GDODP�PLO\DU�86�333

&RPXODWLYH�*' ��������LQ�ELOOLRQ�86�333

*DPEDU����7DKXQ� ������ GLVWULEXVL� UHJLRQDO� SHU� NDSLWD� HPLVL� JDV� UXPDK� NDFD� �WHUPDVXN� GDUL�
SHQJJXQDDQ�ODKDQ��SHUEHGDDQ�DNKLU�SHQJHORPSRNNDQ�SHQGXGXN�QHJDUD��$���GDQ�SHU�
86��RI �*'3 �SHUEHGDDQ�DNKLU�SHQJHORPSRNNDQ�*'3 �QHJDUD��%���3HUVHQWDVL�GDODP�333 333

EDWDQJ�EDWDQJ�PHQJLQGHNDVLNDQ�ZLOD\DK�EDJLDQ�GDODP�HPLVL�JOREDO�JDV�UXPDK�NDFD�
)LJXUH���� <HDU�������GLVWULEXWLRQ�RI �UHJLRQDO�SHU�FDSLWD�*+*�HPLVVLRQV��LQFOXGLQJ�IURP�ODQG�XVH��RYHU�WKH�

SRSXODWLRQ�RI �GLIIHUHQW�FRXQWU\�JURXSLQJV��$���DQG�SHU�SHU�86��RI �*'3 RYHU�*'3 RI �GLIIHUHQW�333� 333�

FRXQWU\�JURXSLQJV��7KH�SHUFHQWDJHV�LQ�WKH�EDUV�LQGLFDWH�D�UHJLRQV�VKDUH�LQ�JOREDO�*+*�HPLVVLRQV�
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� � .HPXGLDQ�PHQXUXW�5LFKDUG�HW��DO���������XQWXN�PHQJKLWXQJ�NDUERQ�DGD�OLPD�FDUD�
�PHWKRGV���\DLWX�
D�� 3HUXEDKDQ� LQWHQVLWDV� HPLVL��SHUXEDKDQ�SHUXEDKDQ� WHUMDGL�SDGD� MXPODK�HPLVL� \DQJ�

EHUKXEXQJDQ�GHQJDQ�SURGXN�GDQ�KDVLOQ\D�UHODWLI �EHUNXUDQJ�VHWLDS�WDKXQ�
E�� 3HUXEDKDQ�HPLVL�DNWXDO��SHUXEDKDQ�SHUXEDKDQ� MXPODK�HPLVL�DNWXDO�SDGD�GDVDUQ\D�

DGDODK�UHODWLI �EHUNXUDQJ�VHWLDS�WDKXQ�GDQ�MXPODKQ\D�VDPD�GHQJDQ�WRWDO�RXWSXW�\DQJ�
WLGDN�EHUNXUDQJ�

F�� 3HUXEDKDQ� SHQ\LPSDQDQ� NDUERQ�� VHWLDS� WDKXQ� MXPODK� NDUERQ� \DQJ� WHUVLPSDQ�
EHUXEDK�NDUHQD�SHUXEDKDQ�VDODK�VDWX�IDNWRU�ELRWLN�DWDX�JHRORJL�

G�� 3HUXEDKDQ� SHQJKLQGDUDQ� HPLVL�� SHQJXUDQJDQ�SHQJXUDQJDQ� \DQJ� EHUKXEXQJDQ�
GHQJDQ�OLVWULN��XDS�DLU��SDQDV�DWDX�DLU�GLQJLQ�GDODP�EDWDV�\DQJ�ZDMDU�

H�� 7LQGDNDQ�SHQJXUDQJDQ�HPLVL�NKXVXV��SHQJXUDQJDQ�SHQJXUDQJDQ�HPLVL�GDUL�WLQGDNDQ�
WLQGDNDQ�NKXVXV�DGDODK�GHQJDQ�NHHPSDW�FDUD�\DQJ�WHODK�GLVHEXWNDQ�WLGDN�GLJXQDNDQ�
VDWXSXQ�

� � .HOLPD�PHWRGH�SHUKLWXQJDQ�NDUERQ�WHUVHEXW��PDVLQJ�PDVLQJ�GLVHVXDLNDQ�GHQJDQ�
VLWXDVL�NKXVXV�GHQJDQ�SHUWLPEDQJDQ�\DQJ�VXQJJXK�KDWL�KDWL��FDUD�\DQJ�PDQD�WHUEDLN�XQWXN�
VLWXDVL� SULEDGL� NLWD� VHQGLUL�� -LND� OHELK� GDUL� VDWX� FDUD� GLJXQDNDQ�KDUXV�KDWL�KDWL�� NDUHQD�
SUR\HNVLQ\D� VDQJDW� SRWHQVLDO� EHUSHQJDUXK� SDGD� SHUXEDKDQ� JOREDO�� 6HNWRU� NHKXWDQDQ�
PHPLQLPXP�NRQVHQWUDVL�HPLVL�JDV�UXPDK�NDFD�DWDX�PHQJRQWURO�NHVHLPEDQJDQ�NDUERQ�
DGDODK�GHQJDQ�FDUD�PHQ\HWRS�VHPXD�DNWLYLWDV�SHPDQHQDQ�KXWDQ�\DQJ�PHQDPEDK�HPLVL�
NDUERQ�GDQ�PHQJXUDQJL�SHQ\LPSDQDQ�NDUERQ�KXWDQ��'HQJDQ�NDWD�ODLQ��VWUDWHJL�NHUDQJND�
NHUMD�PDQDMHPHQ�KXWDQ�OHVWDUL�KDUXV�EHUGDVDUNDQ�SHUWLPEDQJDQ�GDPSDN�SHUXEDKDQ�LNOLP�
SDGD�VHPXD�SURVHV�SHQLODLDQ�\DQJ�PHQ\HOXUXK�GDQ�WHUSDGX�

��� %HUGDVDUNDQ�ODKDQ��CPUUPN�VQ�
� � 0HWRGH� LQL� PHOLSXWL� LQYHQWDULVDVL� GDQ� SHQJXNXUDQ� SORW� ODKDQ�� %LRPDV� GDQ�
SURGXNWLYLWDV�HNRVLVWHP�GLXNXU�GDQ�GLLQYHQWDULVDVL�SHU�SHWDN�ODKDQ�GDUL�VNDOD�WXPEXKDQ�NH�
HNRVLVWHP��5DWH�VXSODL�FDKD\D��DLU�GDQ�QXWULVL�GLSHQJDUXKL�ROHK�OXDV�GDHUDK�SHUPXNDDQ�GDQ�
YROXPH� WDQDK�� GDQ� EHUIXQJVL� GDODP� SURVHV� HNRVLVWHP�� 3URVHV� DZDO� KXEXQJDQ� DQWDUD�
LQGLYLGX�WXPEXKDQ�GHQJDQ�HNRVLVWHP�GLWHQWXNDQ�GDUL�XNXUDQ�GDQ�NHUDSDWDQ�WXPEXKDQ�
EHUKXEXQJDQ�GHQJDQ�ELRPDVVD�WHJDNDQ��3DGD�WHJDNDQ�\DQJ�VHGLNLW�WXPEXK�WXPEXKDQ�
WLGDN�PXQJNLQ�EHUKXEXQJDQ�DQWDUD�XNXUDQ�GDQ�NHUDSDWDQ��NDUHQD� LWX�PDVVD� WXPEXK�
WXPEXKDQ� EHUWDPEDK� WDQSD� SHUXEDKDQ� NHUDSDWDQ�� 7XPEXK�WXPEXKDQ� PXODL�
EHUNRPSHWLVL�� NHWLND� NHPDWLDQ� EHUNXUDQJ�� .HVHLPEDQJDQ� NRPXQLWDV� GLWXQMXNNDQ� GDUL�
KXEXQJDQ� \DQJ� WHUEDOLN� DQWDUD� OQ� �ELRPDVVD�� GDQ� OQ� �NHUDSDWDQ��� GHQJDQ� NHPLULQJDQ�
VHNLWDU�������VHEDJDLPDQD�GLUXPXVNDQ�ROHK�:HOOHU���������VHEDJDL�EHULNXW�

� � OQ��E�� ������OQ��G�������������������������������������������������������������������������������������������������������������
���� �����

� E� ��G� �DWDX�G� ��E� ��������������������������������������������������������������������������������������������������������
���� ���

� %� �E�[�G� �G � �E ������������������������������������������������������������������������������������������������������������
GLPDQD�

��
� E�� �ELRPDV�LQGLYLGX��J�WXPEXKDQ ��

��
� G�� �NHUDSDWDQ��WXPEXKDQ�P ���GDQ

��
� %�� �ELRPDV�WHJDNDQ��J�P ��

���

@ Û iY] Q̀̂ Q̂ �;QbR_ �̂4Q\Q]�5[_cYcdY]�8edQ̂ �CURQWQY�4QcQb�@ UbXYdê WQ̂ ������
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� � .HPXGLDQ� XQWXN� SURGXNWLYLWDV� GLKLWXQJ� GDUL� SURGXNWLYLWDV� SRNRN� EHUVLK� �QHW�
SULPDU\�SURGXFWLYLW\��133��\DQJ�GLSHUROHK�GDUL�ELRPDV�EHUVLK�GDUL�WXPEXKDQ�SHU�XQLW�ZDNWX�
DWDX�GDUL�KDVLO�SHUNDOLDQ�DQWDUD�ELRPDV�GDQ�QLODL�SHUWXPEXKDQ�UHODWLYH��UHODWLYH�JURZWK�UDWH��
5*5���VHEDJDLPDQD�\DQJ�GLUXPXVNDQ�ROHK�&KDSLQ�,,,���������VHEDJDL�EHULNXW�

� 133� �%LRPDV�[�5*5���������������������������������������������������������������������������������������������������������
� 133� �%LRPDV�[��/$5�[�1$5�������������������������������������������������������������������������������������������
GLPDQD�

�� ��
� 133�  � SURGXNWLYLWDV�SRNRN�EHUVLK��J�P �\U ��

��
� %LRPDV�  � EHUDW�NHULQJ�SHU�OXDV�DUHD��J�P ��

�� ��
� /$5�  � SHUEDQGLQJDQ�OXDV�GDXQ��P �NJ ���GDQ

�� ��
� 1$5�  � UDWH�DVVLPLODVL�EHUVLK��J�P �GD\ ��

� � 1DPXQ��IRUPXOD�WHUVHEXW�WLGDN�EHUODNX�SDGD�WXPEXKDQ�KHUEDO��NDUHQD�WLGDN�DGD�
VWUXNWXU�ND\X�GDQ�XPXPQ\D�5*5�OHELK�SHQWLQJ�GLEDQGLQJNDQ�ELRPDV�SHU�LQGLYLGX�GDODP�
SHQHQWXDQ�133��3URGXNWLYLWDV�GDUL�EHEHUDSD�HNRVLVWHP�GDSDW�GLOLKDW�SDGD��7DEHO���

7DEHO����3DUDPHWHU�SDUDPHWHU�SHUWXPEXKDQ�NKDV�VSHVLHV�GL�WLSH�HNRVLVWHP�\DQJ�EHUEHGD�
7DEOH����7KH�JURZWK�SDUDPHWHUV�RI �VSHFLHV�W\SLFDO�LQ�GLIIHUHQW�HFRV\VWHP�W\SH�

3DUDPHWHU�
�3DUDPHWHU��

7LSH�HNVRVLVWHP �
�(FRV\VWHP�W\SH� �

3DGDQJ�
UXPSXW�
�*UDVVODQG��

/DKDQ�VHPDN�
EHOXNDU �

�6FKUXEODQG� �

+XWDQ�
OXUXK�GDXQ �
�'HFLGXRXV�
IRUHVW� �

+XWDQ�
VHODOX�KLMDX
�(YHUJUHHQ�
IRUHVW�

%LRPDV� GL�DWDV�WDQDK��
�DERYH�JURXQG�ELRPDVV���
�NJ�P����

������������ ���������� � ������ � ������

133�GL�DWDV�WDQDK��
�DERYH�JURXQG�133���
�NJ�P��� \U����

������������ ����������� � ���������� �����������

3HUXEDKDQ�1��1�IOX[��
�J�P�� \U����

���������� ��������� � ��������� ����������

7LQJJL�NDQRSL��
�FDQRS\�KHLJKW���P��

���������������������
�������������

�����������������������
��

�� � ������

5*5�ODSDQJDQ��
�ILHOG�5*5���\U����

���� ��� � ���� � ����

5*5�/DERUDWRULXP��
�ODERUDWRU\�5*5��
�PLQJJX����

���� ��� � ��� � ���

6XPEHU��6RXUFH���&DSKLQ���������

���

:eb Q̂\� 1̂ Q\YcYc� ;URYZQ[Q̂ � ;UXedQ̂ Q̂
F_\��&�> _��#��4UcU]RUb�"  )�*��" '���"!)



� � 3DGD� VNDOD� JOREDO�� ELRPDV�GDQ�SURGXNWLYLWDV� GLSHQJDUXKL�PD\RULWDV� ROHK� LNOLP��
NDUHQD� SHUWXPEXKDQ� VHWLDS� LQGLYLGX� GDQ� WLSH� VSHVLHV� VDQJDW� HIHNWLI � EHUNRPSHWLVL��
6HSHUWL�SDGD�KXWDQ�KXMDQ�WURSLV��WURSLFDO�UDLQ�IRUHVW��PHPSXQ\DL�ELRPDV�GDQ�SURGXNWLYLWDV�
WHUWLQJJL�� NDUHQD�NRQGLVL�SDQDV�EDVDK�PHPSHQJDUXKL�SHUWXPEXKDQ�GDQ�SHUWDPEDKDQ�
EHVDU�XNXUDQ�WXPEXKDQ��1LODL�ELRPDV�GDQ�SURGXNWLYLWDV�WHUHQGDK�DGDODK�WXPEXKDQ�GL�
SDGDQJ�SDVLU�GDQ�WXQGUD��NDUHQD�FXUDK�KXMDQ�GDQ�WHPSHUDWXU�UHQGDK��%HEHUDSD�FRQWRK�ODLQ�
GDSDW�GLOLKDW�SDGD�7DEHO���

7DEHO����3HUNLUDDQ�SURGXNVL�SRNRN�GDQ�ELRPDV�EXPL
7DEOH����(VWLPDWLRQ�RI �SULPDU\�SURGXFWLRQ�DQG�ELRPDVV�IRU�WHUUHVWULDO

7LSH�(NRVLVWHP�
�(FRV\VWHP�W\SH��

/XDV�
�$UHD��
����� NP���

5DWD�UDWD�
%LRPDV�

�0HDQ�ELRPDVV��
�NJ�&�P����

-XPODK �
%LRPDV �

�7RWDO�ELRPDVV� �
���� �WRQ�&� �

5DWD�UDWD �
133 �

�0HDQ�133� �
�J�&�P�� �\U��� �

-XPODK�
133 �

�7RWDO�133� �
�*W�&�\U��� �

5*5
�\U���

���� ���� ���� ��� � ��� � ��� � ���
+XWDQ�KXMDQ�
WURSLV
�7URSLFDO�UDLQIRUHVW��

����� ����� ����� � ��� � ���� ������

+XWDQ�WURSLV�
PXVLP
�7URSLFDO�VHDVRQDO�
IRUHVW�

���� ����� ����� � ��� � ��� ������

���� ���� ���� ��� � ��� � ��� � ���
+XWDQ�VHODOX�
KLMDX�VHGDQJ�
�7HPSHUDWH�
HYHUJUHHQ�IRUHVW��

���� ����� ���� � ��� � ��� ������

+XWDQ�OXUXK�
GDXQ�VHGDQJ�
�7HPSHUDWH�
GHFLGXRXV�IRUHVW��

���� ����� ���� � ��� � ��� ����������

+XWDQ�%RUHDO�
�%RUHDO�IRUHVW��

����� ���� ����� � ��� � ��� ������

/DKDQ�.D\X�GDQ�
VHPDN
�:RRGODQG�DQG�
VKUXEODQG��

���� ���� ���� � ��� � ��� ������

6DYDQD
�6DYDQQD��

����� ���� ���� � ��� � ��� ������

3DGDQJ�UXPSXW�
VHGDQJ��
�7HPSHUDWH�
JUDVVODQG��

���� ���� ��� � ��� � ��� ������

3DGDQJ�UXPSXW�
WXQGUD�GDQ�DOSLQ�
�7XQGUD�DQG�
$OSLQH�PHDGRZ��

���� ���� ��� � �� � ��� ������

'DHUDK�VHPDN�
�'HVHUW�VFUXE��

����� ���� ��� � �� � ��� ������

%DWX��HV�GDQ�SDVLU�
�5RFN��LFH��DQG�
VDQG�

����� ����� ��� � ��� � ���� ��
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7LSH�(NRVLVWHP�
�(FRV\VWHP�W\SH��

/XDV�
�$UHD��
����� NP���

5DWD�UDWD�
%LRPDV�

�0HDQ�ELRPDVV��
�NJ�&�P����

-XPODK �
%LRPDV �

�7RWDO�ELRPDVV� �
���� �WRQ�&� �

5DWD�UDWD �
133 �

�0HDQ�133� �
�J�&�P�� �\U��� �

-XPODK�
133 �

�7RWDO�133� �
�*W�&�\U��� �

5*5
�\U���

���� ���� ���� ��� � ��� � ��� � ���
/DKDQ�\DQJ�
VXGDK�GLRODK�
�&XOWLYDWHG�ODQG ��

����� ���� ��� � ��� � ��� ������

/DKDQ�EDVDK�GDQ�
UDZD
�6ZDPS�DQG�PDUVK��

���� ���� ���� � ���� � ��� ������

'DQDX�GDQ�
VXQJDL�
�/DNH�DQG�VWUHDP��

���� ����� ���� � ��� � ��� �����

-XPODK�%HQXD�
�7RWDO�FRQWLQHQWDO��

���� ���� ��� � ��� � ���� ������

-XPODK�/DXW�
�7RWDO�PDULQH��

���� ������ ��� � �� � ���� �����

-XPODK�
NHVHOXUXKDQ�
�7RWDO�JOREDO��

���� ����� ��� � ��� � ���� ������

6XPEHU��6RXUFH���6FOHVLQJHU��������

� � 7DEHO���PHPEXNWLNDQ�EDKZD�LNOLP�VDQJDW�SHQWLQJ�VHNDOL�GDUL�VNDOD�ORNDO�NH�UHJLRQDO��
GHQJDQ� SHUEHGDDQ� NHWLQJJLDQ�� FXUDK� KXMDQ�� WHPSHUDWXU� GL� EDJLDQ� 8WDUD� GDQ� 6HODWDQ�
PHPSHQJDUXKL� SHUEHGDDQ� GDODP�SURGXNWLYLWDV�� 7HWDSL� DSDELOD� GLREVHUYDVL� GDUL� NHGXD�
VNDOD� UHJLRQDO� GDQ� ORNDO� VHFDUD� WHUSLVDK�� SDGD� VNDOD� ORNDO� SHUEHGDDQ� WHUOLKDW� GDODP�
ELRPDVVD�GDQ�SURGXNWLYLWDV��NDUHQD�VHWLDS�VSHVLHV�VLIDW�VLIDWQ\D�EHUEHGD�VHNDOLSXQ�LNOLP�
GDQ� WDQDKQ\D� VDPD�� 6HGDQJNDQ� SDGD� VNDOD� UHJLRQDO�� EDJDLPDQDSXQ� YDULDVL� GDODP�
NHOHPEDEDQ�WDQDK�GDQ�QXWULVL�\DQJ�GLVHEDENDQ�ROHK�YDULDVL�WRSRJUDIL��GUDLQDVH�GDQ�HURVL�
WDQDK��SURGXNWLYLWDV�PHQMDGL�VDQJDW�WLQJJL�GDQ�SHUOX�GLNRQWURO��'HQJDQ�GHPLNLDQ��VHNDOL�
SDGDQJ� UXPSXW� DWDX� KXWDQ� GLEDQJXQ�� PDND� VDQJDW� VXOLW� PHPEHGDNDQ� EHQWXN� KLGXS�
VSHVLHV�\DQJ�PHQGLDPL�WHPSDW�\DQJ�EDUX��3HUEHGDDQ�DQWDUD�ELRPDV�GDQ�SURGXNWLYLWDV�MHODV�
GL�OLQJNXQJDQ�\DQJ�VDPD�GDSDW�VHEDJDL�DOWHUQDWLI �WLSH�NRPXQLWDV�\DQJ�VWDELO�
� � 3HUWLPEDQJDQ� VNHQDULR� WHUVHEXW� SHUOX� SDPDKDPDQ� GDQ� SHUWLPEDQJDQ� VHFDUD�
JOREDO�� QDVLRQDO�� UHJLRQDO� GDQ� ORNDO� DNDQ� SRWHQVL� \DQJ� PHPSHQJDUXKL� SHUXEDKDQ�
OLQJNXQJDQ��'LQDPLND�GDQ�NHFHQGHUXQJDQ�SHUXEDKDQ�\DQJ�WHUMDGL�EHUKXEXQJDQ�GHQJDQ�
SURVHV�VHOHNVL��VWUXNWXU�JHQHWLN�VXDWX�SRSXODVL�\DQJ�PHPSHQJDUXKL�SROXVL�XGDUD��WDQDK�
GDQ�DLU��6HODLQ�LWX�EHUDJDPQ\D�DNWLYLWDV��VHSHUWL�DIIRUHVWDWLRQ��UHNODPDVL�ODKDQ��DJURIRUHVWU\�
GDQ�ODLQ�ODLQ�\DQJ�PHPEHULNDQ�NRQWULEXVL�GDODP�SHQLQJNDWDQ�SHQ\LPSDQDQ�NDUERQ�DQWDUD�
����������7J�&�SHU�WDKXQ��SHQJDUXK�EHUEDJDL�DNWLYLWDV�SDGD�SHQ\LPSDQDQ�FDUERQ�GDSDW�
GLOLKDW�SDGD�7DEHO���
� � 'DUL�SHUWLPEDQJDQ�GDWD�WHUVHEXW��PDND�XQWXN�LPSOHPHQWDVL�WLQGDNDQ�NKXVXVQ\D�
GDODP� VHNWRU� NHKXWDQDQ� PHPEXWXKNDQ� SHQJHPEDQJDQ� WHNQRORJL� NHKXWDQDQ� \DQJ�
PHOLSXWL� SHQJXNXUDQ� �PHDVXULQJ��� SHQJDPDWDQ� �PRQLWRULQJ��� GDQ� SHPEXNWLDQ� �YHULI\LQJ��
SHUWXNDUDQ�&2 �DQWDUD�KXWDQ�GDQ� DWPRVILU�� WHUPDVXN� WUDQVIHU� WHNQRORJL� EDUX�GHQJDQ��

SHQJHOROD�ODKDQ��6HODLQ�LWX��VXPEHUGD\D�PDQXVLD�\DQJ�SURIHVLRQDO�GDQ�PDQDMHPHQ�VWUDWHJL�
\DQJ�WHUSDGX�GDQ�WHUNRRUGLQDVL�DQWDUD�SHPHULQWDK�SXVDW�GDQ�GDHUDK��SURGXN�KXNXP�\DQJ�
EHUNHDGLODQ�GLWHJDNDQ�GDQ�GLWHUDSNDQ�VHFDUD�NRQVLVWHQ��.DUHQD�SHUXEDKDQ�SHUXEDKDQ�
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NRPWHPSRUHU�ODQJVXQJ�DWDX�WLGDN�ODQJVXQJ�MXPODK�NDUERQ�\DQJ�WHUGDSDW�GL�ELRVILU�GDQ�
VDPXGHUD�PD\RULWDV�GDSDW� WHUSHQJDUXK�VHFDUD�VXEVWDQVLDO� �/DO���������8QWXN� LWX�SHUOX�
LQSXW� GXNXQJDQ� VHNWRU� ODLQ� XQWXN� NHVHOXUXKDQ� SHQHUDSDQ�SHQHUDSDQ� NHELMDNDQ� \DQJ�
WHUSDGX�VHPXD�VHNWRU�GDODP�SHQXUXQDQ�GDQ�SHQLQJNDWDQ�PLWLJDVL�JOREDO�LNOLP��.DUHQD�
GHQJDQ�SHQHUDSDQ�NHELMDNDQ�\DQJ�WHUSDGX�PHPSXQ\DL�GDPSDN�\DQJ�VDQJDW� OXDV�SDGD�
NHELMDNDQ�SHPEDQJXQDQ�WHUKDGDS�WLQJNDW�HPLVL�JDV�UXPDK�NDFD�GDQ�VHEDOLNQ\D��

7DEHO����3HQJDUXK�EHUEDJDL�DNWLYLWDV�SDGD�SHQ\LPSDQDQ�FDUERQ
7DEOH����(IIHFWV�RI �YDULRXV�DFWLYLWLHV�RQ�FDUERQ�VWRUDJH

1R� $NWLYLWDV�
$FWLYLWLHV�

.DUERQ��7J �&���WDKXQ�
&DUERQ��7J �&�\U��� �

�� .RQYHUVL�ODKDQ�KXWDQ�PHQMDGL�ODKDQ�EXNDQ�
KXWDQ��GHIRUHVWUDWLRQ��

!����� �

�� 3HQDQDPDQ�WXPEXKDQ�EDUX�GDQ�KXWDQ�\DQJ�
WXPEXK�NHPEDOL�

����² ���

�� /DKDQ�3HUWDQLDQ�� ��� �
�� /DKDQ�SHQJHPEDODDQ� ��� �
�� +XWDQ� ��� �
�� $JURIRUHVWUL��$JURIRUHVWU\�� ��� �
�� 3DGDQJ�UXPSXW�� �� �
�� /DLQ�ODLQ� �� �

6XPEHU��6RXUFH���.DLVHU�������

� � +DO�LQL�WHUOLKDW�VHNDUDQJ��NHVDGDUDQ�PXODL�EHUWDPEDK�GHQJDQ�SHUXEDKDQ�NRPSRVLVL�
DWPRVILU� GDQ� EHUNXUDQJQ\D� SHUDQDQ� KXWDQ� VHEDJDL� SHQ\HUDS� NDUERQ�� 6HEDJDLPDQD�
5LFKDUG�HW��DO���������PHQJDWDNDQ�EDKZD�VDDW�LQL�NRQVHQWUDVL�&2 GL�DWPRVILU�DGDODK�VHNLWDU���

����SSP��GDQ�ELVQLV�DGDODK�VHEDJDL�KDO�\DQJ�ELDVD�GDODP�VNHQDULR�SHUWXPEXKDQ�HNRQRPL�
JOREDO�EHUNHODQMXWDQ��1DPXQ�WDQSD�NRQWURO��HPLVL�&2 NH�DWPRVILU�GDSDW�QDLN�PHQMDGL�������

SSP� DWDX� OHELK�� 2OHK� VHEDE� LWX�� VWXGL� NHELMDNDQ� ,QWHUQDVLRQDO� PHQJHQDL� LNOLP�
PHQ\DUDQNDQ� SHQVWDELODQ� &2 � VHNLWDU� ���� SSP� \DQJ� PHUXSDNDQ� VDODK� VDWX� WXMXDQ��

PHPHUOXNDQ�SHQHUDSDQ�\DQJ�VDQJDW�OXDV�GDUL�WHNQRORJL��NKXVXVQ\D�GL�ELGDQJ�NHKXWDQDQ�
�&DOGLHUD� HW�� DO��� �������.DUHQD� UDWH�SHQ\HEDUDQ� WHNQRORJL� EDUX�ELVD�EHUWDPEDK� VHWLDS�
ZDNWX�KLQJJD�NRQVHQWUDVL�&2 ��VWDELO��

� � 'HQJDQ� GHPLNLDQ�� SURVSHNWLI � SHUDQDQ� NHKXWDQDQ� GDODP�PHQVWDELONDQ� &2 GL���

DWPRVILU� DGDODK� VHEDJDL� LQGLNDWRU�� GDQ� LQL� WHUJDQWXQJ� GDUL� SHPDQHQDQ� GDQ� WLQJNDW�
JDQJJXDQ� �GLVWXUEDQFH� UDWHV��� 3URGXNWLYLWDV� KXWDQ� GHQJDQ� NHPDPSXDQ� WHNQRORJL� \DQJ�
UDPDK�OLQJNXQJDQ�GLKDUDSNDQ�GDSDW�PHQLQJNDWNDQ�SHQ\LPSDQDQ�NDUERQ�GDODP�PHQMDJD�
NHVHLPEDQJDQ� VLNOXV� NDUERQ�� 2OHK� VHEDE� LWX�� EDJDLPDQDSXQ� SHQWLQJQ\D� KDVLO� KXWDQ�
VHSHUWL� ND\X��ELRIXHO� GDQ�ELRPDWHULDO� ODLQQ\D�� HNRVLVWHP�KXWDQ�KDUXV� WHWDS�GLMDJD�GDQ�
GLSHUWDKDQNDQ��.HPXGLDQ�PDWULNV�LQGLNDWRU�SHQ\LPSDQDQ�NDUERQ�GLEDQJXQ�PHODOXL�PXOWL�
VHNWRU�GHQJDQ�UDQFDQJDQ�\DQJ�WHUSDGX�GDUL�PXOWL�WLSH�HNRVLVWHP�
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$�� .HVLPSXODQ

� � 6HOLVLK� SHQ\LPSDQDQ� NDUERQ� EHUVLK� �QHW� FDUERQ� VWRUDJH�� GDODP� HNRVLVWHP� EXPL�
GHQJDQ�VHOXUXK�NDUERQ�DWPRVILU��NDUERQ�GLRNVLGD��PHWDQ��GDQ�ODLQ�ODLQ��DGDODK�MXPODK�
NDUERQ�\DQJ�PHPEHUL�NRQWULEXVL�SDGD�HIHN�UXPDK�NDFD�
� � -XPODK� NDUERQ� GDODP� HNRVLVWHP� EHUSHQJDUXK� SDGD� NDSDVLWDV� SHQ\HGLDDQ�
SHOD\DQDQ�PLVDOQ\D�NHVXEXUDQ�WDQDK��SHQ\LPSDQDQ�DLU��SURGXNVL�PDNDQDQ�GDQ�VHUDW��GDQ�
RUJDQLVPH�
� � +XEXQJDQ�DQWDUD�SDVDU�NDUERQ�GDQ�LQLVLDWLIQ\D�GDODP�PHQDLNNDQ�SURGXNVL�EDKDQ�
EDNDU�QDEDWL� �ELRIXHO��� LQIRUPDVL� \DQJ�NRPSUHKHQVLI �GDQ�NRQVLVWHQ� WHQWDQJ�SHQDNVLUDQ�
SHQ\LPSDQDQ�NDUERQ�DGDODK�VDQJDW�GLEXWXKNDQ�EDLN�UHJLRQDO�PDXSXQ�QDVLRQDO��0HWRGH�
GDQ�LQGLNDWRU�VWDQGDUG�SHUKLWXQJDQ�NDUERQ�GDODP�HNRVLVWHP�KXWDQ�DGDODK�VDODK�VDWX�DODW�
XQWXN� LQVWUXPHQ� NHELMDNDQ� QDVLRQDO�� GDQ� VHEDJDL� GDVDU� SHUKLWXQJDQ� NDUERQ� EXPL��
.HPXGLDQ�� VLVWHP�GDWD�NDUERQ�\DQJ� WHUVHGLD�GHQJDQ�VWDQGDU�SHUKLWXQJDQ�\DQJ�DNXUDW�
GDSDW�GLJXQDNDQ�XQWXN�SHQLODLDQ�NHELMDNDQ�GDQ�NHSXWXVDQ�SHQJDORNDVLDQ�VXPEHU�GD\D�
SDGD�VNDOD�UHJLRQDO��QDVLRQDO�GDQ�LQWHUQDVLRQDO�

%�� 6DUDQ

� � 0RQLWRULQJ�GDQ�SHUKLWXQJDQ�NDUERQ�SDGD�HNRVLVWHQ�KXWDQ�\DQJ�NRPSUHKHQVLI��
WHULQWHJUDVL�GDQ�NRQVLVWHQ�GHQJDQ�PHWRGH�GDQ�VWDQGDU�PRGHO�\DQJ�DNXQWDEHO�DGDODK�VHVXDL�
XQWXN�DGDSWDVL�SHUXEDKDQ�SDGD�VNDOD�\DQJ�OXDV�
� � 'HVDLQ�GDQ�LQGLNDWRU�PXOWL�VHNWRU�\DQJ�WHUSDGX�GDODP�PHQJHVWLPDVL�SHUXEDKDQ�
NDUERQ�GLPXQJNLQNDQ�XQWXN�PHPEDQJXQ�PHNDQLVPH�SHUKLWXQJDQ�NDUERQ�\DQJ�NRQVLVWHQ�
GDQ�WHUXNXU�

9�� '$)7$5�3867$.$

&DOGDHUD�� .���0�*��0RUJDQ�� '�� %DOGRFFKL�� 3�*�� %UHZHU�� &�7�$�� &KHQ�� *�-�� 1DEXXUV��
1��1DNLFHQRYLF��DQG�*�3��5REHUWVRQ��������$�3RUWRIROLR�RI �&DUERQ�0DQDJHPHQW�
2SWLRQV��S�������������,Q��&�%��)LHOG�DQG�0�5��5DXSDFK��HG���7KH�JOREDO�FDUERQ�
F\FOH��,VODQG�3UHVV��:DVKLQJWRQ�'�&�

&ODUN��7�:���$�3��&XUOHH��6�&��0LQWD��DQG�3�0��.DUHLYD��������&DUQLYRUHV�LQ�(FRV\VWHPV��
7KH�<HOORZVWRQH�H[SHULHQFH��<DOH�8QLYHUVLW\�3UHVV��1HZ�+DYHQ��&RQQHFWLFXW������
SS�

&KDSLQ� ,,,�� )�6�� ������ )XQFWLRQDO� 5ROH� RI �*URZWK� )RUPV� LQ�(FRV\VWHP� DQG�*OREDO�
3URFHVVHV�� ,Q��6FDOLQJ�SK\VLRORJLFDO�SURFHVVHV�/HDI � WR�JOREH�� -�5��(KOHULQJHU�	�
&�%��)LHOG��HGV���$FDGHPLF�3UHVV��6DQ�'LHJR��S������������
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+RXJKWRQ�� -�7�� ������ &OLPDWH� &KDQJH� ������ 7KH� 6FLHQWLILF� %DVLV�� &RQWULEXWLRQ� RI �
:RUNLQJ�*URXS�,�WR�WKH�7KLUG�$VVHVPHQW�5HSRUW�RI �WKH�,3&&�RQ�&OLPDWH�&KDQJH��
&DPEULGJH�8QLYHUVLW\��8.�

,QWHUJRYHUPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&���������/DQG�XVH��ODQG�XVH�FKDQJH��DQG�
IRUHVWU\��&DPEULGJH�8QLY��3UHVV��&DPEULGJH�

,QWHUJRYHUPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&���������:RUNLQJ�*URXS�,,,��&OLPDWH�
FKDQJH������0LWLJDWLRQ��&DPEULGJH�8QLY��3UHVV��&DPEULGJH�

.DLVHU��-��������5LIW�2YHU�%LRGHYHUVLW\�'HYLGHV�(FRORJLVW��6FLHQFH��������������������

/RYHW��*�0���'�$��%XUQV��&�7��'ULVFROO��-�&��-HQNLQV��0�-��0LWFKHOO��/��5XVWDG��-�%��6KDUOH\��
*�(��/LNHQV��DQG�5��+DHXEHU��������:KR�1HHGV�(QYLURQPHQWDO�0RQLWRULQJ"�)URQW��
(FRO��(QYLURQ�������������������

/DO��5��������6RLO�&DUERQ�6HTXHVWUDWLRQ�,PSDFWV�RQ�*OREDO�&OLPDWH�&KDQJH�DQG�)RRG�
6HFXULW\��6FLHQFH�������������������

2JOH��6�0���0�'��(YH��)�-��%UHLGW��DQG�.��3DXVWLDQ��������,QFHUWHQW\�LQ�(VWLPDWLQJ�/DQG�
8VH� DQG� 0DQDJHPHQW� ,PSDFWV� RQ� 6RLO� 2UJDQLF� &DUERQ� 6WRUDJH� IRU� 8�6��
$JURHFRV\VWHP�EHWZHHQ������DQG�������*OREDO�&KDQJH�%LRORJ\������������������

5LFKDUG��%��������&DUERQ�$FFRXQWLQJ�5XOHV�DQG�*XLGHOLQHV�IRU�WKH�8QLWHG�6WDWH�)RUHVW�
6HFWRU��-RXUQDO�(QYLURQPHQWDO�4XDOLW\������������������

5LFKDUG��$�%���.��3UHJLW]HU��DQG�$��/XFLHU��������)RUHVW�&DUERQ�0DQDJHPHQWLQ�WKH�8QLWHG�
6WDWHV����������������-RXUQDO�(QYLURQPHQWDO�4XDOLW\������������������

6FOHLVLQJHU��:�+��������%LRJHRFKHPLVWU\��$Q�DQDO\VLV�RI �*OREDO�&KDQJH��$FDGHPLF�3UHVV��
6DQ�'LHJR�

7LOPDQ��'���DQG�-�$��'RZQLQJ��������%LRGLYHUVLW\�DQG�6WDELOLW\�LQ�*UDVVODQGV��1DWXUH�������
����������

7DPEXQDQ�� 3��� $�� :LERZR�� GDQ� <�� /LVQDZDWL�� ������ .RQWURO� 3HPEDQJXQDQ� GDQ�
.RQVHUYDVL� XQWXN� 0HQ\HODPDWNDQ� %XPL�� -XUQDO� $QDOLVLV� .HELMDNDQ� .HKXWDQDQ�
�����������������

:HOOHU��'�(��������$�5HHYDOXDWLRQ�RI �WKH������3RZHU�5XOH�RI �3ODQW�6HOI�WKLQQLQJ��(FRO��
0RQRJU���������������
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