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.RPELQDVL�SURVHV�SHUHEXVDQ�GDQ�SHQJHULQJDQ�EDKDQ�EDNX�SDGD�HNVWUDNVL�PLQ\DN�DOSXNDW��

PHQJJXQDNDQ�VFUHZ�SUHVV�
�

&RPELQDWLRQ�RI�ERLOLQJ�DQG�GU\LQJ�SURFHVVHV�RI�UDZ�PDWHULDOV�LQ�DYRFDGR�RLO�H[WUDFWLRQ�XVLQJ�VFUHZ�SUHVV�
�

$OILQD�6XFL�&DK\DQL��1DGLD�3XWUL�0DXOL]D��&XW�0HXUDK�5RVQHOO\�GDQ�0XKDPPDG�'DQL�6XSDUGDQ�
-XUXVDQ�7HNQLN�.LPLD�8QLYHUVLWDV�6\LDK�.XDOD�

.RSHOPD�'DUXVVDODP��%DQGD�$FHK��,QGRQHVLD�������

H�PDLO��P�GDQL�VXSDUGDQ#XQV\LDK�DF�LG�
�
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�

6FUHZ� SUHVV� PHUXSDNDQ� VDODK� VDWX� DODW� \DQJ� GDSDW� GLJXQDNDQ� XQWXN� PHPLVDKNDQ� PLQ\DN� GDUL� GDJLQJ� EXDK�

GHQJDQ�FDUD�PHQGRURQJ�GDQ�PHQHNDQ�EDKDQ�EDNX�VHKLQJJD�WHUMDGL�SHQJHNVWUDNDQ��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�

PHPSHODMDUL� NLQHUMD� NRPELQDVL� SURVHV� SHUHEXVDQ� GDQ� SHQJHULQJDQ� EDKDQ� EDNX� GDJLQJ� EXDK� DOSXNDW� SDGD�

HNVWUDNVL� PLQ\DN� DOSXNDW� PHQJJXQDNDQ� VFUHZ� SUHVV�� 3URVHV� SHUHEXVDQ� EHUWXMXDQ� XQWXN� PHQJKLODQJNDQ�

NRPSRQHQ�\DQJ�PHQJKDPEDW�SURVHV�HNVWUDNVL�GDQ�GHJUDGDVL�PHPEUDQ�VHO�WDQDPDQ��3HQJHULQJDQ�DGDODK�SURVHV�

PHQJHOXDUNDQ�VHEDJLDQ�DLU�GDUL�VXDWX�EDKDQ�GHQJDQ�FDUD�PHQJXDSNDQ�DLU�WHUVHEXW�GHQJDQ�PHQJJXQDNDQ�HQHUJL�

SDQDV�� 9DULDEHO� SHQHOLWLDQ� \DQJ� GLJXQDNDQ� \DLWX� PHWRGH� SURVHV� SHUHEXVDQ� EDKDQ� EDNX� �PHQJJXQDNDQ� DLU��

&D&2��� GDQ� NRQWURO�� GDQ� PHWRGH� SHQJHULQJDQ� EDKDQ� EDNX� � �PHQJJXQDNDQ� PLFURZDYH�� RYHQ�� GDQ� VLQDU�

PDWDKDUL��� .RPELQDVL� SURVHV� SHUHEXVDQ� PHQJJXQDNDQ� DLU� GDQ� SHQJHULQJDQ� EDKDQ� PHQJJXQDNDQ�PLFURZDYH�

PHQJKDVLONDQ� \LHOG�PLQ\DN� DOSXNDW� WHUWLQJJL� \DLWX� �������E�E�� 6HPHQWDUD� LWX�\LHOG� WHUHQGDK� GLKDVLONDQ� SDGD�

SHUODNXDQ�NRQWURO��WDQSD�SHUHEXVDQ��GHQJDQ�SHQJHULQJDQ�PHQJJXQDNDQ�VLQDU�PDWDKDUL�\DLWX��������E�E��+DVLO�

DQDOLVLV� )7,5�PHQXQMXNNDQ�NRPSRQHQ� XWDPD�GDODP�PLQ\DN� DOSXNDW� DGDODK� WULJOLVHULGD��.DUDNWHULVWLN�PLQ\DN�

DOSXNDW�\DQJ�GLKDVLONDQ�KDPSLU�VDPD�GHQJDQ�PLQ\DN�DOSXNDW�NRPHUVLDO��

�

.DWD�NXQFL��PLQ\DN�DOSXNDW��SHQJHULQJDQ��SHUHEXVDQ��VFUHZ�SUHVV�

�

$%675$&7��
�

7KH�VFUHZ�SUHVV�LV�D�WRRO�XVHG�WR�VHSDUDWH�WKH�RLO�IURP�WKH�IOHVK�E\�SXVKLQJ�DQG�SUHVVLQJ�WKH�UDZ�PDWHULDO�VR�WKDW�

H[WUDFWLRQ�RFFXUV��7KLV�VWXG\�DLPV�WR�VWXG\�WKH�SHUIRUPDQFH�RI� WKH�FRPELQHG�SURFHVV�RI�ERLOLQJ�DQG�GU\LQJ�RI�

DYRFDGR� IOHVK� DV� UDZ� PDWHULDOV� LQ� DYRFDGR� RLO� H[WUDFWLRQ� XVLQJ� D� VFUHZ� SUHVV�� 7KH� ERLOLQJ� DLPV� WR� UHPRYH�

FRPSRQHQWV� WKDW� KLQGHU� WKH� H[WUDFWLRQ� SURFHVV� DQG� SODQW� FHOO�PHPEUDQH� GHJUDGDWLRQ��0HDQZKLOH�� WKH� GU\LQJ�

DLPV� WR� UHPRYH�SDUW�RI� WKH�ZDWHU� IURP�D�PDWHULDO� E\� HYDSRUDWLQJ� WKH�ZDWHU�XVLQJ� KHDW� HQHUJ\��7KH� UHVHDUFK�

YDULDEOHV�XVHG�ZHUH�ERLOLQJ�PHWKRG�RI�WKH�UDZ�PDWHULDOV��XVLQJ�ZDWHU��&D&2���DQG�FRQWURO��DQG�GU\LQJ�PHWKRG�

RI� WKH�UDZ�PDWHULDOV� �XVLQJ�PLFURZDYH��RYHQ��DQG�VXQ�GU\LQJ���7KH�FRPELQDWLRQ�RI�ERLOLQJ�DQG�GU\LQJ�RI�UDZ�

PDWHULDOV� WKDW�SURGXFHV�WKH�KLJKHVW�\LHOG�RI�DYRFDGR�RLO� LV�ERLOLQJ�ZLWK�ZDWHU�DQG�PLFURZDYH�GU\LQJ���������

Z�Z��� 0HDQZKLOH�� WKH� ORZHVW� \LHOG� ZDV� SURGXFHG� LQ� WKH� FRQWURO� WUHDWPHQW� �ZLWKRXW� ERLOLQJ�� ZLWK� VXQ� GU\LQJ�

��������Z�Z���7KH�UHVXOWV�RI� WKH�)7,5�DQDO\VLV�VKRZ�WKDW�WKH�PDLQ�FRPSRQHQW�LQ�DYRFDGR�RLO�LV�WULJO\FHULGHV��

7KH�FKDUDFWHULVWLFV�RI�RLO�H[WUDFWHG�DUH�VLPLODU�ZLWK�WKH�FRPPHUFLDO�DYRFDGR�RLO���

�

.H\ZRUGV��DYRFDGR�RLO��GU\LQJ��ERLOLQJ��VFUHZ�SUHVV��
�
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'HVLJQ�PDQXIDFWXULQJ�PHVLQ�SHQJDGXN�DGRQDQ�URWL�
� �

'HVLJQ�PDQXIDFWXULQJ�EUHDG�GRXJK�PL[HU�PDFKLQH�
�

&DWXU�+DUVLWR
�
��$UL�3UDVHW\R

�
�
�
7HJXK�7UL\RQR

���
��$QXJUDK�$NEDU

�
��%LPDQWRUR�5DFKPDZDQ�6XVHQR

�
���

(NL�5RYLDQWR
�
���GDQ�+DPPDU�,OKDP�$NEDU

�
�

�
� 7HNQLN�0HVLQ��6HNRODK�9RNDVL��8QLYHUVLWDV�6HEHODV�0DUHW�

-DODQ�.RORQHO�6XWDUWR�1RPRU����.��-HEUHV��.RWD�6XUDNDUWD��-DZD�7HQJDK���,QGRQHVLD�
�
� 7HNQLN�0HVLQ��)DNXOWDV�7HNQLN��8QLYHUVLWDV�6HEHODV�0DUHW�

-O��,U��6XWDPL�1R�����.HQWLQJDQ��.HF��-HEUHV��.RWD�6XUDNDUWD��-DZD�7HQJDK���,QGRQHVLD�

H�PDLO��FDWXUBKDUVLWR#VWDII�XQV�DF�LG�

�
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5RWL� DGDODK� VDODK� VDWX� PDNDQDQ� SRNRN� DOWHUQDWLI� \DQJ� FXNXS� GLPLQDWL� ROHK� PDV\DUDNDW� VDDW� LQL�� +DO� LQL�

PHQJDNLEDWNDQ� LQGXVWUL� SHPEXDWDQ� URWL� GLVDPEXW� GHQJDQ� DQWXVLDV� ROHK� SDUD� SHODNX� ELVQLV� NDUHQD� PHPLOLNL�

SHOXDQJ� \DQJ� FHUDK� GDQ� WHUEXND� XQWXN� VNDOD� EHVDU� PDXSXQ� NHFLO�� $NDQ� WHWDSL� LQGXVWUL� 8VDKD� 0LNUR� .HFLO�

0HQHQJDK� �80.0�� NDODK� EHUVDLQJ� GHQJDQ� LQGXVWL� SHPEXDWDQ� URWL� EHUVNDOD� EHVDU�� 6DODK� VDWXQ\D� NDUHQD�

SHQJJXQDDQ� WHNQRORJL� SDGD� SURVHV� SHQJDGXNDQ� DGRQDQ�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN�PHPEXDW� SHUHQFDQDDQ�

SURGXN� PHVLQ� SHQJDGXN� DGRQDQ� URWL� WLSH� KRUL]RQWDO� XQWXN� 80.0� PHQJJXQDNDQ� PHWRGH� 'HVLJQ� IRU�

0DQXIDFWXUH� DQG� $VVHPEO\� �')0$�� GDQ� DQDOLVLV�4XDOLW\� )XQFWLRQ� 'HSOR\PHQW� �4)'�� GLPDQD� SHUDQFDQJDQ�

GLGDVDUNDQ� SDGD� GHVDLQ��PDWHULDO�� GDQ� SHUHQFDQDDQ� SURVHV�PDQXIDNWXU�� 3DGD� SHQHOLWLDQ� LQL� GLJXQDNDQ�PHWRGH�

DFWLRQ� UHVHDUFK�� SHUHND\DVDDQ� PHQJJXQDNDQ� VRIWZDUH� GHVDLQ� VLPXODVL� 6ROLGZRUNV�� 5DQFDQJDQ� PHVLQ� GDSDW�

GLJXQDNDQ� XQWXN� NDSDVLWDV� SHQJDGXNDQ� ��� NJ� GDQ� NHFHSDWDQ� SXWDUDQ� ��� USP�� +DVLO� SHUDQFDQJDQ� WHUGLUL� GDUL�

EHEHUDSD�EDJLDQ�XWDPD�\DLWX�UDQJND�XWDPD��ZDGDK��SHQJDGXN��PRWRU��GDQ�VLVWHP�WUDQVPLVL��

�

.DWD�NXQFL��')0$��PDQXIDNWXU��PHVLQ�SHQJDGXN��SHQJDGXN�KRUL]RQWDO�

�
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&XUUHQWO\��EUHDG�LV�RQH�RI�WKH�DOWHUQDWLYH�VWDSOH�IRRGV�WKDW�LV�TXLWH�LQ�GHPDQG�E\�WKH�SXEOLF��7KLV�KDV�UHVXOWHG�LQ�

WKH�EUHDG�PDNLQJ�LQGXVWU\�EHLQJ�HQWKXVLDVWLFDOO\�ZHOFRPHG�E\�EXVLQHVV�SHRSOH�EHFDXVH�LW�KDV�EULJKW�DQG�RSHQ�

RSSRUWXQLWLHV�IRU�ODUJH�DQG�VPDOO�VFDOHV��+RZHYHU��WKH�0LFUR��6PDOO�DQG�0HGLXP�(QWHUSULVHV��060(V��LQGXVWU\�

LV� XQDEOH� WR� FRPSHWH��2QH� RI� WKHP� LV� EHFDXVH� RI� WKH� XVH� RI� WHFKQRORJ\� LQ� WKH� GRXJK� NQHDGLQJ� SURFHVV�� 7KLV�

UHVHDUFK�DLPV�WR�PDNH�D�SURGXFW�SODQ�IRU�D�KRUL]RQWDO�W\SH�RI�EUHDG�GRXJK�PL[HU�IRU�060(V�XVLQJ�WKH�'HVLJQ�

IRU�0DQXIDFWXULQJ�DQG�$VVHPEO\��')0$��PHWKRG�DQG�4XDOLW\�)XQFWLRQ�'HSOR\PHQW��4)'��DQDO\VLV�ZKHUH�WKH�

GHVLJQ� LV� EDVHG� RQ� GHVLJQ�� PDWHULDOV�� DQDO\VLV�� DQG� HTXLSPHQW� DQG� PDQXIDFWXULQJ� SURFHVV� SODQQLQJ�� ,Q� WKLV�

VWXG\�� WKH�DFWLRQ� UHVHDUFK�PHWKRG��HQJLQHHULQJ�DQG� WKH�6ROLGZRUN�VLPXODWLRQ�GHVLJQ�VRIWZDUH�ZHUH�XVHG��7KH�

GHVLJQ�RI�WKH�PDFKLQH�FDQ�EH�XVHG�IRU�D�VWLUULQJ�FDSDFLW\�RI����NJ�DQG�D�URWDWLRQ�VSHHG�RI����USP��7KH�UHVXOWV�RI�

WKH� GHVLJQ� FRQVLVW� RI� VHYHUDO�PDLQ� SDUWV�� QDPHO\� WKH�PDLQ� IUDPH�� FRQWDLQHU�� VWLUUHU��PRWRU�� DQG� WUDQVPLVVLRQ�

V\VWHP��

�

.H\ZRUGV��')0$��PDQXIDFWXULQJ��GRXJK�PL[HU�PDFKLQH��KRUL]RQWDO�VWLUUHU�
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3HUEDQGLQJDQ�ODUXWDQ�HOHNWUROLW�+�62��GDQ�.2+�SDGD�NLQHUMD�HOHNWURNLPLD�EDKDQ�HOHNWURGD�EHUEDVLV�

NDUERQ�DNWLI�VDEXW�NHODSD�PXGD�
�

&RPSDULVRQ�RI�+�62��DQG�.2+�DTXHRXV�HOHFWURO\WH�RQ�WKH�HOHFWURFKHPLFDO�SHUIRUPDQFH�RI�HOHFWURGH�

PDWHULDO�EDVHG�\RXQJ�FRFRQXW�FRLU�DFWLYDWHG�FDUERQ�
� �

$ZLWGUXV

��=XU\D�+DQLID��$JXVWLQR��(UPDQ�7DHU��GDQ�5DNKPDZDWL�)DUPD�

-XUXVDQ�)LVLND��)DNXOWDV�0DWHPDWLND�GDQ�,OPX�3HQJHWDKXDQ�$ODP��8QLYHUVLWDV�5LDX��

-O��+�5�6RHEUDQWDV�.P�������6LPSDQJ�%DUX��3HNDQEDUX��,QGRQHVLD�

�H�PDLO��DZLWGUXV#OHFWXUHU�XQUL�DF�LG�
�
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6HODPD� EHEHUDSD� WDKXQ� WHUDNKLU�� SHPDQIDDWDQ� NDUERQ� DNWLI� EHUEDVLV� ELRPDVVD� XQWXN� HOHNWURGD� VXSHUNDSDVLWRU�

WHODK�PHQGDSDW� SHUKDWLDQ� OXDV� NDUHQD� NHWHUVHGLDDQQ\D�� OHELK�PXUDK�� GDQ� VLIDW� HOHNWURNLPLD� \DQJ� EDLN��%DKDQ�

HOHNWURGD�XQWXN�SHUDQJNDW�VXSHUNDSDVLWRU�GLEXDW�PHQJJXQDNDQ�NDUERQ�DNWLI�VDEXW�NHODSD�PXGD�PHODOXL�SURVHV�

DNWLYDVL� NLPLD� GDQ� ILVLND�� 'DODP� SHQHOLWLDQ� LQL�� SHUEDQGLQJDQ� NLQHUMD� HOHNWURNLPLD� HOHNWURGD� EHUEDVLV� VDEXW�

NHODSD� PXGD� �6.0�� GDODP� HOHNWUROLW� EHUDLU� ��0�+�62�� GDQ� ��0�.2+� GLHYDOXDVL�� %HUGDVDUNDQ� SROD� ;5'��

HOHNWURGD� 6.0� \DQJ� GLVLDSNDQ�PHQXQMXNNDQ� VWUXNWXU� DPRUI�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� HOHNWURGD�

6.0�PHPLOLNL� NDSDVLWDQVL� VSHVLILN�PDVLQJ�PDVLQJ�����)�J�GDODP���0�+�62��GDQ�����)�J�GDODP���0�.2+�

SDGD� ODMX� SHPLQGDLDQ� �� P9�V�� +DVLO� LQL� PHQXQMXNNDQ� EDKZD� NDUERQ� DNWLI� VDEXW� NHODSD� PXGD� PHUXSDNDQ�

NDQGLGDW�\DQJ�PHQMDQMLNDQ�VHEDJDL�EDKDQ�HOHNWURGD�XQWXN�SHUDQJNDW�VXSHUNDSDVLWRU��

�

.DWD�NXQFL��EDKDQ�HOHNWURGD��HOHNWUROLW�EHUDLU��NDUERQ�DNWLI��VDEXW�NHODSD�PXGD��VXSHU�NDSDVLWRU�

�
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2YHU� WKH�SDVW� IHZ�\HDUV�� H[SORLWLQJ� ELRPDVV±EDVHG� DFWLYDWHG� FDUERQ� IRU� VXSHUFDSDFLWRU� HOHFWURGH�KDV�JDLQHG�

ZLGHVSUHDG� DWWHQWLRQ� GXH� WR� WKHLU� DYDLODELOLW\�� OHVV� H[SHQVLYH�� DQG� JRRG� HOHFWURFKHPLFDO� SURSHUWLHV�� 7KH�

HOHFWURGH� PDWHULDOV� IRU� VXSHUFDSDFLWRUV� GHYLFHV� ZHUH� IDEULFDWHG� XVLQJ� \RXQJ� FRFRQXW� FRLU�EHVHG� DFWLYDWHG�

FDUERQ� YLD� FKHPLFDO� DQG� SK\VLFDO� DFWLYDWLRQV� SURFHVV�� ,Q� WKLV� VWXG\�� D� FRPSDULVRQ� RI� HOHFWURFKHPLFDO�

SHUIRUPDQFHV�RI�WKH�\RXQJ�FRFRQXW�FRLU��6.0��HOHFWURGH�LQ���0�+�62��DQG���0�.2+�DTXHRXV�HOHFWURO\WH�ZDV�

HYDOXDWHG��%DVHG�RQ�WKH�;5'�SDWWHUQ�� WKH�SUHSDUHG�6.0�HOHFWURGHV�SUHVHQW�DPRUSKRXV�VWUXFWXUH��7KH�UHVXOWV�

VKRZHG�WKDW�WKH�6.0�HOHFWURGH�KDG�D�VSHFLILF�FDSDFLWDQFH�RI�����)�J�LQ���0�+�62��DQG�����)�J�LQ���0�.2+�DW�

VFDQ�UDWH�RI� ��P9�V�� UHVSHFWLYHO\��7KHVH� UHVXOW� VKRZHG� WKDW� WKH�\RXQJ�FRFRQXW�FRLU�EHVHG�DFWLYDWHG�FDUERQ� LV�

SURPLVLQJ�FDQGLGDWH�DV�HOHFWURGH�PDWHULDOV�IRU�VXSHUFDSDFLWRU�GHYLFHV��

�

.H\ZRUGV��HOHFWURGH�PDWHULDOV��DTXHRXV�HOHFWURO\WH��DFWLYDWHG�FDUERQ��\RXQJ�FRFRQXW�FRLU��VXSHUFDSDFLWRUV�
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3HQJDSOLNDVLDQ��WHNQRORJL�VLPELRVLV�PXWXDOLVPH�PLNURDOJD�&KORUHOOD�VS��GDQ�DJURERVW�SDGD�OLPEDK�FDLU�

VDJX�GHQJDQ�VFDOH�XS�H[SHULPHQW�
�

$SSOLFDWLRQ�RI�PLFURDOJDH�PXWXDOLVP�V\PELRVLV�WHFKQRORJ\�&KORUHOOD�VS��DQG�DJURERVW�RQ�ZDVWHZDWHU�RI�VDJR�

ZLWK�VFDOH�XS�H[SHULPHQW�
�

<HOPLUD�=DOILDWUL��)DMDU�5HVWXKDGL��<RVVLH�.KDULVPD�'HZL

��$QJJD�3UDPDQD��'HZL�)RUWXQD�$\X��GDQ�

$KPDG�,EUDKLP�5RQL�6XU\D�+DVLEXDQ�
7HNQRORJL�3HUWDQLDQ��8QLYHUVLWDV�5LDX�

.DPSXV�%LQD�:LG\D��3HNDQEDUX��,QGRQHVLD�

H�PDLO��\RVVLH�NKDULVPD#OHFWXUHU�XQUL�DF�LG�

�
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3HQJRODKDQ� DLU� OLPEDK� VHFDUD� ELRORJLV� GLODNXNDQ� GHQJDQ� PHPDQIDDWNDQ� VLPELRVLV� PXWXDOLVPH� DQWDUD�

PLNURRUJDQLVPH� DWDX� EDNWHUL� GHNRPSRVHU� GHQJDQ� PLNURDOJD�� 3HQHOLWLDQ� LQL� EHUWXMXDQ� PHPSHUROHK� SHUODNXDQ�

\DQJ�WHUEDLN�GDUL�LQWHUDNVL�PLNURDOJD�&KORUHOOD�VS�GHQJDQ�EDNHUL�GHNRPSRVHU�$JURERVW�SDGD�SHQLQJNDWDQ�VNDOD�

SHQHOLWLDQ��0HWRGH�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�EHUXSD�UDQFDQJDQ�DFDN�OHQJNDS��5$/��GHQJDQ���SHUODNXDQ�

GDQ���XODQJDQ��3HQHOLWLDQ�LQL�PHQJJXQDNDQ�PLNURDOJD�����PO�/�OLPEDK�FDLU�VDJX�GHQJDQ���SHUODNXDQ�$JURERVW�

����� ���� ���� ���� GDQ� ��� Y�Y��� 'DWD� \DQJ� GLSHUROHK� GLDQDOLVLV� VHFDUD� VWDWLVWLN� PHQJJXQDNDQ� $129$� GDQ�

'1057�SDGD� WLQJNDW�����6LGLN�UDJDP�PHQXQMXNNDQ�NRQVHQWUDVL�$JURERVW�PHPEHULNDQ�SHQJDUXK�Q\DWD�SDGD�

&2'��%2'��'2�GDQ�S+��3HUODNXDQ�\DQJ�GLSLOLK�GDUL�KDVLO�SHQHOLWLDQ�LQL�DGDODK�SHUODNXDQ�3��\DLWX�SHQDPEDKDQ�

$JURERVW�����PHQXQMXNNDQ�WLQJNDW�UHGXNVL�WHUWLQJJL�\DQJ�PHPLOLNL�QLODL�&2'�������PJ�/��%2'�������PJ�/��

'2������PJ�/�GDQ�S+�������

�

.DWD�NXQFL��DJURERVW��EDNWHUL�GHNRPSRVHU��FKORUHOOD�VS���OLPEDK�FDLU�VDJX��PLNURODJD��VLPELRVLV�

PXWXDOLVPH�

�

$%675$&7��
�

%LRORJLFDO�ZDVWHZDWHU�WUHDWPHQW�LV�FDUULHG�RXW�E\�XWLOL]LQJ�WKH�PXWXDOLVP�V\PELRVLV�EHWZHHQ�PLFURRUJDQLVPV�RU�

GHFRPSRVHU� EDFWHULD� DQG� PLFURDOJDH�� 7KLV� VWXG\� DLPV� WR� REWDLQ� WKH� EHVW� WUHDWPHQW� IURP� WKH� LQWHUDFWLRQ� RI�

PLFURDOJDH� &KORUHOOD� VS� ZLWK� $JURERVW� GHFRPSRVHU� EDFWHULD� RQ� VFDOH� XS� H[SHULPHQW�� 7KLV� VWXG\� XVHG� D�

FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��&5'��ZLWK�ILYH�WUHDWPHQWV�DQG�WKUHH�UHSOLFDWLRQV��,Q�WKLV�VWXG\��PLFURDOJDH�����

PO���/�RI�OLTXLG�VDJR�ZDVWH�ZLWK���$JURERVW�WUHDWPHQWV������������������DQG����Y�Y���7KH�GDWD�REWDLQHG�ZHUH�

DQDO\]HG� VWDWLVWLFDOO\� XVLQJ� $129$� DQG� '1057� DW� WKH� ��� OHYHO�� 7KH� UHVXOWV� VKRZHG� WKDW� $JURERVW�

FRQFHQWUDWLRQ� VLJQLILFDQWO\� DIIHFWHG�&2'�� %2'��'2�� DQG� S+�� 7KH� WUHDWPHQW� FKRVHQ� IURP� WKH� UHVXOWV� RI� WKLV�

VWXG\�ZDV�3��WUHDWPHQW�ZLWK�WKH�DGGLWLRQ�RI����$JURERVW��VKRZHG�WKH�KLJKHVW�UHGXFWLRQ�OHYHO��ZKLFK�KDG�D�&2'�

YDOXH�RI�������PJ�/��%2'�������PJ�/��'2������PJ�/�DQG�S+�������

�

.H\ZRUGV��DJURERVW��GHFRPSRVHU�EDFWHULD��FKORUHOOD�VS���VDJR�ZDVWHZDWHU��PLNURODJDH��PXWXDOLVP�V\PELRVLV�

�
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3HPDQIDDWDQ�GDXQ�ED\DP�PHUDK�WLSH�YDULHWDV�UHG�OHDI�VHEDJDL�EDKDQ�EDNX�SDGD�SHPEXDWDQ�WLQWD�VWHPSHO�

EHUEDKDQ�DODPL�
�

8WLOL]DWLRQ�RI�UHG�VSLQDFK�OHDI�W\SH�DV�UDZ�PDWHULDO�IRU�PDNLQJ�QDWXUDO�VWDPS�LQN�
�

1DMPDZDWL�6XODLPDQ
�
��(ORN�)DLTRK

�
��GDQ�0XKDPPDG�6\DKULU

�
�

�
� 3ROLWHNQLN�1HJHUL�0HGLD�.UHDWLI�36'.8�0DNDVVDU�

-DODQ�3HULQWLV�.HPHUGHNDDQ�9,��1R�����7DPDODQUHD��.RWD�0DNDVVDU��,QGRQHVLD�
�
�8QLYHUVLWDV�1HJHUL�0DNDVVDU�

.DPSXV�810�3DUDQJ�7DPEXQJ�-O��'J��7DWD�5D\D��.RWD�0DNDVVDU��,QGRQHVLD�

H�PDLO��VQDMPDZDWL#JPDLO�FRP�

�

$%675$.� �

�

7LQWD� VWHPSHO� XPXPQ\D� WHUEXDW� GDUL� SHZDUQD� VLQWHWLN� GHQJDQ� ]DW� NLPLD� \DQJ� EHUVLIDW� WRNVLN� GDQ� PXGDK�

PHQJXDS�VHKLQJJD�GDSDW�EHUEDKD\D�EDJL�NHVHKDWDQ��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQJHNSORUDVL�SHPDQIDDWDQ�

GDXQ�ED\DP�PHUDK�VHEDJDL�SHZDUQD�DODPL�SHQJJDQWL�SHZDUQD�VLQWHWLN�XQWXN�PHQJKDVLONDQ�WLQWD�VWHPSHO�UDPDK�

OLQJNXQJDQ�VHUWD�PHQJXML�VLIDW�PDVVD�MHQLV��YLVNRVLWDV��GDQ�WHJDQJDQ�SHUPXNDDQQ\D��%D\DP�PHUDK�YDULHWDV�5HG�

OHDI�PHQJDQGXQJ�NDGDU�DQWRVLDQLQ�OHELK�WLQJJL�GDUL�YDULHWDV�ODLQQ\D�VHKLQJJD�PHQJKDVLONDQ�ZDUQD�WLQWD�VWHPSHO�

\DQJ�OHELK�SHNDW���0HWRGH�SHQHOLWLDQ�WHUGLUL�DWDV�WLJD�WDKDSDQ�\DLWX�HNVWUDNVL�GDXQ�ED\DP�PHUDK��IRUPXODVL�WLQWD�

VWHPSHO��GDQ�SHQJXMLDQ�WLQWD��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�WLQWD�VWHPSHO�\DQJ�GLEXDW�GDUL�HNVWUDN�GDXQ�ED\DP�

PHUDK�PHPLOLNL�NDUDNWHULVWLN�WLQWD�EHUZDUQD�PHUDK��WLGDN�OXQWXU�VDDW�GLJRVRN��ZDNWX�PHQJHULQJ�WLQWD�VHODPD����

V�� VHPXD� WXOLVDQ� WHUEDFD� GHQJDQ� MHODV� GDQ� SHQJXODQJDQ� KDVLO� FDS� VWHPSHO� FHQGHUXQJ� VWDELO��1LODL�PDVVD� MHQLV�

\DQJ� GLSHUROHK� VHEHVDU� ������ J�FP
�
�� YLVNRVLWDV� VHEHVDU� ������ F3�� GDQ� WHJDQJDQ� SHUPXNDDQ� VHEHVDU� �������

G\QH�FP��%HUGDVDUNDQ�KDVLO�\DQJ�GLSHUROHK��WLQWD�VWHPSHO�HNVWUDN�GDXQ�ED\DP�PHUDK�PHQJKDVLONDQ�NXDOLWDV�WLQWD�

\DQJ�VDPD�GHQJDQ�WLQWD�NRPHUVLDO��

�

.DWD�NXQFL��DQWRVLDQLQ��GDXQ�ED\DP�PHUDK���WLQWD�VWHPSOH��WLSH�UHG�OHDI�

�

$%675$&7��
�

6WDPS� LQN� LV� JHQHUDOO\�PDGH� RI� V\QWKHWLF�G\HV�ZLWK� FKHPLFDOV� WKDW� DUH� WR[LF�DQG�YRODWLOH� VR� WKDW� WKH\� FDQ� EH�

KDUPIXO�WR�KHDOWK��7KLV�VWXG\�DLPV�WR�H[SORUH�WKH�XVH�RI�UHG�VSLQDFK�OHDYHV�DV�D�QDWXUDO�G\H�LQVWHDG�RI�V\QWKHWLF�

G\HV�WR�SURGXFH�HQYLURQPHQWDOO\�IULHQGO\�VWDPS�LQNV�DQG�WR�WHVW�WKH�SURSHUWLHV�RI�GHQVLW\��YLVFRVLW\��DQG�VXUIDFH�

WHQVLRQ��5HG�VSLQDFK�YDULHW\�5HG�OHDI�FRQWDLQV�KLJKHU�OHYHOV�RI�DQWKRF\DQLQV�WKDQ�RWKHU�YDULHWLHV��UHVXOWLQJ�LQ�D�

PRUH� FRQFHQWUDWHG� VWDPS� LQN� FRORU�� 7KH� UHVHDUFK�PHWKRG� FRQVLVWHG� RI� WKUHH� VWDJHV�� QDPHO\� UHG� VSLQDFK� OHDI�

H[WUDFWLRQ��VWDPS�LQN�IRUPXODWLRQ��DQG�LQN�WHVWLQJ��7KH�UHVXOWV�VKRZHG�WKDW�VWDPS�LQN�PDGH�IURP�UHG�VSLQDFK�OHDI�

H[WUDFW�KDV�WKH�FKDUDFWHULVWLFV�RI�UHG�LQN��GRHV�QRW�IDGH�ZKHQ�UXEEHG��WKH�LQN�GU\LQJ�WLPH�IRU����V��DOO�ZULWLQJ�LV�

FOHDUO\�UHDG�DQG�WKH�UHSHWLWLRQ�RI�VWDPS�UHVXOWV�WHQGV�WR�EH�VWDEOH��7KH�PDVV�YDOXH�RI�WKH�W\SH�REWDLQHG�LV�������

J�FP��� YLVFRVLW\� LV� ������ F3�� DQG� VXUIDFH� WHQVLRQ� LV� ������� G\QH�FP�� %DVHG� RQ� WKH� UHVXOWV� REWDLQHG�� WKH� UHG�

VSLQDFK�OHDI�H[WUDFW�VWDPS�LQN�SURGXFHV�WKH�VDPH�LQN�TXDOLW\�DV�FRPPHUFLDO�LQN��

�

.H\ZRUGV��DQWKRF\DQLQV��UHG�VSLQDFK�OHDYHV��LQN�VWDPS��UHG�OHDI�W\SH�

�
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3HQ\LVLKDQ�IRVIDW�GDUL�DLU�OLPEDK�DUWLILVLDO�ODXQGU\�PHPDQIDDWNDQ�NXOLW�MDJXQJ�VHEDJDL�DGVRUEHQ�
�

5HPRYDO�RI�SKRVSKDWH�IURP�ODXQGU\�ZDVWHZDWHU�XVLQJ�PDL]H�KXVN�DV�DGVRUEHQW�
� �

6KLQWD�,QGDK��'HQQ\�+HODUG��GDQ�6LWL�/DWKLIDWX]]DKUDK
�

-XUXVDQ�7HNQLN�/LQJNXQJDQ��)DNXOWDV�7HNQLN��8QLYHUVLWDV�$QGDODV�

.DPSXV�8QDQG�/LPDX�0DQLV��3DGDQJ��,QGRQHVLD�

H�PDLO��VKLQWDLQGDK#HQJ�XQDQG�DF�LG�
�

$%675$&7��

�

$LU� OLPEDK� ODXQGU\� PHQJDQGXQJ� IRVIDW� \DQJ� EHUSRWHQVL� PHQJDNLEDWNDQ� SHQFHPDUDQ� DLU�� MLND� WLGDN� GLNHOROD�

GHQJDQ� EDLN�� 3HQHOLWLDQ� LQL� EHUWXMXDQ�PHPDQIDDWNDQ� NXOLW� MDJXQJ� VHEDJDL� DGVRUEHQ� XQWXN�PHQ\LVLKNDQ� IRVIDW�

GDUL�DLU�OLPEDK�ODXQGU\��3HQHOLWLDQ�GLODNXNDQ�VHFDUD�EDWFK�PHQJJXQDNDQ�ODUXWDQ�DUWLILVLDO�IRVIDW�\DQJ�GLEXDW�GDUL�

.+�32�� DQKLGUDW� XQWXN� PHQGDSDWNDQ� NRQGLVL� RSWLPXP�PHOLSXWL� ZDNWX� NRQWDN�� S+� GDQ� NRQVHQWUDVL� DGVRUEDW�

VHUWD�GRVLV�GDQ�GLDPHWHU� DGVRUEHQ��.RQVHQWUDVL� IRVIDW� GLDQDOLVLV�PHQJJXQDNDQ� VSHNWURIRWRPHWHU�89�9LV� SDGD�

SDQMDQJ� JHORPEDQJ� ���� QP�� .RQGLVL� RSWLPXP� \DQJ� GLSHUROHK� GDUL� SURVHV� DGVRUSVL� DGDODK� ZDNWX� NRQWDN� ���

PHQLW��S+�DGVRUEDW����NRQVHQWUDVL�DGVRUEDW����PJ�/��GRVLV�DGVRUEHQ����J�/�GDQ�GLDPHWHU�DGVRUEHQ�������������

PP�� (ILVLHQVL� SHQ\LVLKDQ� GDQ� NDSDVLWDV� DGVRUSVL� SDGD� NRQGLVL� RSWLPXP� DGDODK� ������� GDQ� ������ PJ�J��

3HUVDPDDQ�LVRWHUP�\DQJ�VHVXDL�EHUGDVDUNDQ�GDWD�SHQHOLWLDQ�DGDODK�LVRWHUP�)UHXQGOLFK��5
�
 ��������GHQJDQ�QLODL�

.I�������/�J�GDQ�QLODL���Q��������+DO�LQL�PHQXQMXNNDQ�DGVRUSVL�IRVIDW�WHUMDGL�SDGD�ODSLVDQ�PXOWLOD\HU�SHUPXNDDQ�

DGVRUEHQ� NXOLW� MDJXQJ�GDQ� LNDWDQ� \DQJ� WHUEHQWXN� DGDODK� LNDWDQ� ILVLND��+DVLO� VHFDUD� NHVHOXUXKDQ�PHQXQMXNNDQ�

EDKZD�NXOLW�MDJXQJ�GDSDW�GLMDGLNDQ�DGVRUEHQ�GDODP�SHQ\LVLKDQ�IRVIDW�GDUL�DLU�OLPEDK�ODXQGU\��

�

.DWD�NXQFL��DGVRUEHQ��DGVRUSVL��DLU�OLPEDK�ODXQGU\��IRVIDW��NXOLW�MDJXQJ�

�

$%675$.��
�

/DXQGU\� ZDVWHZDWHU� FRQWDLQV� SKRVSKDWHV� ZKLFK� KDYH� WKH� SRWHQWLDO� WR� FDXVH� ZDWHU� SROOXWLRQ�� LI� QRW� SURSHUO\�

PDQDJHG��7KLV�VWXG\�DLPV�WR�XWLOL]H�FRUQ�KXVN�DV�DQ�DGVRUEHQW�WR�UHPRYH�SKRVSKDWH�IURP�ODXQGU\�ZDVWHZDWHU��

%DWFK� H[SHULPHQWV� ZHUH� FDUULHG� RXW� XVLQJ� DQ� DUWLILFLDO� SKRVSKDWH� VROXWLRQ� WR� REWDLQ� RSWLPXP� FRQGLWLRQV�

LQFOXGLQJ�FRQWDFW�WLPH��S+��DQG�FRQFHQWUDWLRQ�RI�DGVRUEDWH�DV�ZHOO�DV�WKH�GRVH�DQG�GLDPHWHU�RI�WKH�DGVRUEHQW��

7KH�UHVXOWV�VKRZHG�WKDW�WKH�RSWLPXP�FRQGLWLRQ�RI�SKRVSKDWH�UHPRYDO�ZDV����PLQXWHV�RI�FRQWDFW�WLPH����RI�S+¶V�

DGVRUEDWH�����PJ�/�RI�SKRVSKDWH�FRQFHQWUDWLRQ�����J�/�RI�DGVRUEHQW�GRVH��DQG�������������PP�RI�DGVRUEHQW¶V�

GLDPHWHU��7KH�UHPRYDO�HIILFLHQF\�DQG�DGVRUSWLRQ�FDSDFLW\�DW�RSWLPXP�FRQGLWLRQV�ZHUH��������DQG�������PJ�J��

UHVSHFWLYHO\�� ([SHULPHQW� GDWD� ILWWHG�ZHOO� WR� )UHXQGOLFK¶V� DGVRUSWLRQ� LVRWKHUP�ZLWKLQ� WKH� FRQFHQWUDWLRQ� UDQJH�

VWXGLHG�� ,W� LQGLFDWHV� WKDW� SKRVSKDWH� DGVRUSWLRQ� RFFXUV� RQ� WKH� PXOWLOD\HU� VXUIDFH� RI� WKH� FRUQ� KXVN� UHIOHFWLQJ�

SK\VLVRUSWLRQ��2YHUDOO� UHVXOWV� LQGLFDWH� WKDW� FRUQ� KXVNV� KDV� WKH� SRWHQWLDO� DV� DQ� DGVRUEHQW� IRU� WKH� UHPRYDO� RI�

SKRVSKDWH�IURP�ODXQGU\�ZDVWHZDWHU��

�

.H\ZRUGV��DGVRUEHQW��DGVRUSWLRQ��ODXQGU\�ZDVWHZDWHU��SKRVSKDWH�PDL]H�KXVN�
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3UHSDUDWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�DFWLYH�FRPSRQHQW�LQ�QDEHH]�ZDWHU�RI�DMZD�GDWHV��3KRHQL[�GDFW\OLIHUD�/���

PL[HG�LQ�KHDOWK\�EURZQ�ULFH�PLON��%50��DV�KDODO�EHYHUDJH�
�

3UHSDUDVL�GDQ�NDUDNWHULVDVL�NRPSRQHQ�DNWLI�DLU�QDEHH]�NXUPD�DMZD��3KRHQL[�GDFW\OLIHUD�/���GDODP�VXVX�

EHUDV�PHUDK�VHKDW�VHEDJDL�PLQXPDQ�KDODO�
�

5DLV�1XU�/DWLIDK
�
�GDQ�6UL�5DKPDQLD

�
�

�
� )DNXOWDV�6DLQV�GDQ�7HNQRORJL��8QLYHUVLWDV�,VODP�1HJHUL�:DOLVRQJR�6HPDUDQJ�

-DODQ�3URI��'U��+DPND�.P�����6HPDUDQJ��,QGRQHVLD�
�
� )DNXOWDV�6DLQV�GDQ�7HNQRORJL��8QLYHUVLWDV�,VODP�1HJHUL�:DOLVRQJR�6HPDUDQJ�

-DODQ�3URI��'U��+DPND�.P�����6HPDUDQJ��,QGRQHVLD�

���H�PDLO��UDLV�QXUODWLIDK#ZDOLVRQJR�DF�LG�

�

$%675$&7��

�

1DEHH]� ZDWHU� RU� GDWHV� LQIXVHG� ZDWHU� LV� WKH� 3URSKHW� 0XKDPPDG¶V� IDYRXULWH� GULQNV�� )ODYRQRLGV�� SKHQROV��

DONDORLGV�� DQG�EHWD�'�JOXFDQ� LQ�GDWHV� KDYH� DQWLFDQFHU� DQG� DQWLWXPRU� DFWLYLW\��7KLV� VWXG\� DLPV� WR�SUHSDUH� DQG�

FKDUDFWHULVH�WKH�DFWLYH�FRPSRQHQW�RI�QDEHH]�ZDWHU�PDGH�ZLWK�DMZD�GDWHV��DSSOLHG�LQ�%50��%URZQ�5LFH�0LON��

SURGXFWV��%50�LV�DQ�LQQRYDWLYH�SODQW�EDVHG�EHYHUDJH�PDGH�ZLWK�EURZQ�ULFH�DQG�QDEHH]�ZDWHU�IURP�DMZD�GDWHV�

DV� D� KDODO� EHYHUDJH� IRU� LPPXQH� ERRVWHU� LQ� WKH� HUD� RI� WKH� FRYLG���� SDQGHPLF�� 7KH� PHWKRGV� WR� DQDO\VLV� WKH�

SURGXFWV�DUH�WKH�SUHSDUDWLRQ�RI�QDEHH]�ZDWHU�� WKH�SDVWHXULVDWLRQ�PHWKRG�IRU�KDODO�GULQNV�ZLWK�WKH�/7/7��/RZ�

7HPSHUDWXUH�/RQJ�7LPH��PHWKRG��WR[LFLW\�WHVWLQJ��S\URFKHPLFDO�WHVWLQJ��IXQFWLRQDO�JURXS�DQDO\VLV�XVLQJ�)7,5�

LQVWUXPHQW��PLON�G\H�GHJUDGDWLRQ�DQDO\VLV�DQG�VWDELOLW\� WHVW��7KH�UHVXOWV�VKRZHG�SKHQROLF��IODYRQRLGV��FDWHFKRO�

WDQQLQV��VDSRQLQV��DONDORLGV��0D\HU
V�WHVW��DQG�:DJQHU
V�WHVW�LQ�KDODO�GULQNV�EXW�QRW�VKRZQ�WKH�WDQQLQ�RI�JDOODWH��

DQWKUDTXLQRQH��VWHURLG�WHVW��DQG�WULWHUSHQRLG�WHVW��7KH�WR[LFLW\�WHVW�XVLQJ�WKH�%ULQH�6KULPS�/HWKDOLW\�7HVW��%6/7��

PHWKRG� RI� WKH� /&��� YDOXH� VKRZHG� WKH� &RQFHQWUDWLRQ� ��� �/&���� YDOXH� LV� ������� SSP�� $QDO\VLV� RI� IXQFWLRQDO�

JURXSV�XVLQJ�)7,5�VKRZHG�DEVRUSWLRQ�RI�IXQFWLRQDO�JURXSV�VXFK�DV�2+��K\GUR[LGH���& 2��& &��& &+��DQG�$U�

+��

�

.DWD�NXQFL��DMZD�GDWHV��3KRHQL[�GDFW\OLIHUD�/����KDODO�EHYHUDJH��QDEHH]�ZDWHU�

�

$%675$.��
�

$LU�QDEHH]�DWDX�LQIXVHG�ZDWHU�NXUPD�PHUXSDNDQ�PLQXPDQ�NHJHPDUDQ�5DVXOXOODK�6$:��.DQGXQJDQ�IODYRQRLG��

IHQRO��DONDORLG��GDQ�EHWD�'�JOXNDQ�SDGD�EXDK�NXUPD�PHPLOLNL�DNWLYLWDV�DQWLNDQNHU�GDQ�DQWLWXPRU��3HQHOLWLDQ�LQL�

EHUWXMXDQ� XQWXN� PHODNXNDQ� SUHSDUDVL� GDQ� NDUDNWHULVDVL� NXUPD� DMZD� PHQMDGL� DLU� QDEHH]� \DQJ� GLDSOLNDVLNDQ�

GDODP� SURGXN� 6%.� �6XVX� %HUDV� .XUPD��� 6%.� PHUXSDNDQ� LQRYDVL� PLQXPDQ� EHUEDKDQ� GDVDU� EHUDV� PHUDK�

GHQJDQ�DLU�QDEHH]�NXUPD�DMZD�VHEDJDL�PLQXPDQ�KDODO�GDQ�EHUPDQIDDW�VHEDJDL� LPXQ�ERRVWHU�GL�HUD�SDQGHPL�

FRYLG�����0HWRGH�SHQHOLWLDQ�XQWXN�PHQJDQDOLVLV�SURGXN�PLQXPDQ�KDODO�EHUEDKDQ�GDVDU�DLU�QDEHH]�NXUPD�DMZD�

\DLWX�SHQ\LDSDQ�DLU�QDEHH]�NXUPD�DMZD��PHWRGH�SDVWHXULVDVL�PLQXPDQ�GHQJDQ�PHWRGH�/7/7��/RZ�7HPSHUDWXUH�

/RQJ� 7LPH��� SHQJXMLDQ� WRNVLVLWDV�� SHQJXMLDQ� ILURNLPLD�� DQDOLVLV� JXJXV� IXQJVL�PHQJJXQDNDQ� LQVWUXPHQW� )7,5��

DQDOLVLV�GHJUDGDVL�]DW�ZDUQD�VXVX�GDQ�XML�NHVWDELODQ�PLQXPDQ��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�SURGXN�PLQXPDQ�

PHQJDQGXQJ� VHQ\DZD� IHQROLG�� IODYRQRLG�� WDQQLQ� NDWHNRO�� VDSRQLQ�� DONDORLG�� XML�PD\HU� GDQ� XML�ZDJQHU� QDPXQ�

WLGDN� PHQXQMXNNDQ� DGDQ\D� NDQGXQJDQ� WDQQLQ� JDODW�� DQWUDNXLQRQ�� XML� VWHURLG� GDQ� XML� WULWHUSHQRLG�� +DVLO� XML�

WRNVLVLWDV�GHQJDQ�PHWRGH�%ULQH�6KULPS�/HWKDOLW\�7HVW� �%6/7��QLODL�/&���PHQXQMXNNDQ�QLODL�&RQFHQWUDWLRQ����

�/&���� DGDODK� ������� SSP�� $QDOLVLV� JXJXV� IXQJVL� GHQJDQ� PHQJJXQDNDQ� )7,5� SDGD� DLU� QDEHH]� NXUPD� DMZD�

GDODP�PLQXPDQ�KDODO�GULQN�\DLWX�DGDQ\D�VHUDSDQ�JXJXV�IXQJVL�2+��KLGURNVLGD���& 2��& &��& &�+�EHQGLQJ�

GDQ�$U�+��

�

.H\ZRUGV��NXUPD�DMZD��3KRHQL[�GDFW\OLIHUD�/����PLQXPDQ�KDODO��DLU�QDEHH]�
�
�

�
�

�
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3HPEXDWDQ�SURGXN�VSUD\�GHQW�PHQJJXQDNDQ�HNVWUDN�GDXQ�VLULK�KLMDX�GDQ�SHUDVDQ�MHUXN�QLSLV�WDQSD�

GHWHUMHQ�VHEDJDL�SHPEHUVLK�JLJL�SDGD�DQDN�XVLD�GLQL�
�

0DNLQJ�VSUD\�GHQW�SURGXFW�XVLQJ�JUHHQ�EHWHO�OHDI�H[WUDFW�DQG�OLPH�MXLFH�ZLWKRXW�GHWHUJHQW�DV�D�WRRWK�FOHDQVHU�

LQ�HDUO\�FKLOGKRRG�
�

+HQGUD�6DSXWUD�'DUPDQ��$OIL�$VEHQ��GDQ�.XUQLD�+DUOLQD�'HZL�
)DNXOWDV�7HNQRORJL�3HUWDQLDQ��8QLYHUVLWDV�$QGDODV�

/LPDX�0DQLV��3DGDQJ��6XPDWHUD�%DUDW��,QGRQHVLD�

� H�PDLO��KHQGUD�VG��#JPDLO�FRP�

�

$%675$.� �

�

3DVWD�JLJL�PHUXSDNDQ�SURGXN�\DQJ�XPXP�GLJXQDNDQ�XQWXN�PHPEHUVLKNDQ�JLJL��6SUD\�'HQW�PHUXSDNDQ�SURGXN�

DOWHUQDWLI�SHPEHUVLK�JLJL�\DQJ�PHPLOLNL�]DW�DNWLI�GDUL�HNVWUDN�GDXQ�VLULK�KLMDX�GDQ�SHUDVDQ�MHUXN�QLSLV�\DQJ�DPDQ�

GDQ�PXGDK�GDODP�SHQJDSOLNDVLDQQ\D�XQWXN�DQDN�XVLD�GLQL��%DKDQ�EDKDQ�SHQ\XVXQ�ODLQ�GDUL�SURGXN�6SUD\�'HQW�

WHUGLUL�GDUL�EDKDQ�EDKDQ�\DQJ�DPDQ�VHSHUWL�DLU��VRUELWRO��GDQ�SHULVD�MHUXN��3DGD�SHQHOLWLDQ�LQL��SHQHOLWL�PHPEXDW�

6SUD\�'HQW� GHQJDQ� EHUEDJDL� YDULDVL� MXPODK� HNVWUDN� GDXQ� VLULK� KLMDX� GDQ� SHUDVDQ� MHUXN� QLSLV� GHQJDQ�

SHUEDQGLQJDQ�����������NRQWURO����������������IRUPXODVL�������������������IRUPXODVL�����������������IRUPXODVL�

������������������IRUPXODVL�����6DPSHO�SURGXN�6SUD\�'HQW�WHUVHEXW�GLXML�GHQJDQ�SHQJXMLDQ�DQDOLVLV�NDQGXQJDQ�

]DW� DNWLI� �EDKDQ� EDNX�GDQ� IRPXODVL� 6SUD\�'HQW� WHEDLN��� XML� DQWLPLNURED��XML� NDUDNWHULVWLN� ILVLN�� GDQ� XML� LULWDVL��

)RUPXODVL� WHUEDLN�GLWHQWXNDQ� GHQJDQ�PHQJJXQDNDQ�PHWRGH�6LPSOH�$GGLWLYH�:HLJKW� �6$:��GHQJDQ�SDUDPHWHU�

ZDUQD��DURPD��UDVD��VNDOD�������NHPDPSXDQ�DQWLPLNURED��GLDPHWHU�]RQD�EHQLQJ���GDQ�VLIDW�PHQJLULWDVL�SDGD�NXOLW�

�SHUVHQ� PXNXV� GDUL� 6OXJ� \DQJ� GLKDVLONDQ��� )RUPXODVL� �� WHUSLOLK� PHQMDGL� IRUPXODVL� WHUEDLN� GHQJDQ� SHQLODLDQ�

ZDUQD����DURPD������UDVD������NHPDPSXDQ�DQWLPLNURED������PP��GDQ�VLIDW�PHQJLULWDVL�������

�

.DWD�NXQFL��SDVWD�JLJL��VSUD\�GHQW��DQDN�XVLD�GLQL��GDXQ�VLULK�KLMDX��MHUXN�QLSLV�

�

�
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�

7RRWKSDVWH� LV� D� SURGXFW� WKDW� LV� FRPPRQO\� XVHG� WR� FOHDQ� WHHWK�� 6SUD\�'HQW� LV� DQ� DOWHUQDWLYH� GHQWDO� FOHDQLQJ�

SURGXFW�WKDW�KDV�DFWLYH�LQJUHGLHQWV�IURP�JUHHQ�EHWHO�OHDI�H[WUDFW�DQG�OLPH�MXLFH�ZKLFK�LV�VDIH�DQG�HDV\�WR�DSSO\�

IRU� HDUO\� FKLOGKRRG�� 2WKHU� LQJUHGLHQWV� RI� 6SUD\�'HQW� SURGXFWV� FRQVLVW� RI� VDIH� LQJUHGLHQWV� VXFK� DV� ZDWHU��

VRUELWRO��DQG�FLWUXV� IODYRXUV�� ,Q� WKLV�VWXG\��UHVHDUFKHUV�PDGH�6SUD\�'HQW�ZLWK�YDULRXV�DPRXQWV�RI�JUHHQ�EHWHO�

OHDI� H[WUDFW� DQG� OLPH� MXLFH� LQ� D� UDWLR�� ���� ��� �FRQWURO�� ������ ���� ��
VW�
IRUPXODWLRQ��� ������ ��� �� ��

QG
�

IRUPXODWLRQ����������������
UG�
IRUPXODWLRQ������������������

WK
�IRUPXODWLRQ���7KH�VDPSOH�RI�WKH�6SUD\�'HQW�SURGXFW�

ZDV� WHVWHG� E\� WHVWLQJ� WKH� DQDO\VLV� RI� WKH� DFWLYH� VXEVWDQFH� FRQWHQW� �UDZ�PDWHULDO� DQG� WKH� EHVW� IRUPXODWLRQ� RI�

6SUD\�'HQW��� DQWLPLFURELDO� WHVW�� SK\VLFDO� FKDUDFWHULVWLF� WHVW�� DQG� LUULWDWLRQ� WHVW�� 7KH� EHVW� IRUPXODWLRQ� ZDV�

GHWHUPLQHG�XVLQJ�WKH�6LPSOH�$GGLWLYH�:HLJKW��6$:��PHWKRG�ZLWK�SDUDPHWHUV�RI�FRORU��DURPD��WDVWH��VFDOH�������

DQWLPLFURELDO� DELOLW\� �FOHDU� ]RQH� GLDPHWHU��� DQG� VNLQ� LUULWDWLRQ� SURSHUWLHV� �SHUFHQW� RI� PXFXV� IURP� 6OXJ�

SURGXFHG���)RUPXODWLRQ���ZDV�FKRVHQ�WR�EH�WKH�EHVW�IRUPXODWLRQ�ZLWK�DQ�DVVHVVPHQW�RI�FRORU����DURPD������WDVWH�

�����DQWLPLFURELDO�DELOLW\������PP��DQG�LUULWDWLQJ�SURSHUWLHV������

�

.H\ZRUGV��WRRWKSDVWH��VSUD\�GHQW��HDUO\�FKLOGKRRG��JUHHQ�EHWHO�OHDI��OLPH�
�
�

�

�
�

�

�
�

�
�

�
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�

3XULILFDWLRQ�RI�ELRGLHVHO�IURP�FUXGH�SDOP�RLO�XVLQJ�PXOWLVWDJH�SRUWDEOH�IL[HG�EHG�DGVRUEHU�
�

3HPXUQLDQ�ELRGLHVHO�GDUL�PLQ\DN�VDZLW�PHQWDK�PHQJJXQDNDQ�PXOWLVWDJH�SRUWDEOH�IL[HG�EHG�DGVRUEHU�
�

0RKDPPDG�3UDVDQWR�%LPDQWLR

��+HUDZDWL�2NWDYLDQW\��5H]D�:LG\DVDSXWUD�

�
� $JULFXOWXUDO�7HFKQRORJ\�)DFXOW\��67,3(5�,QVWLWXWH�RI�$JULFXOWXUH�

�
� -O��1DQJND�,,��0DJXZRKDUMR��'HSRN��6OHPDQ��,QGRQHVLD�

�H�PDLO��ELPDQWLRPS#LQVWLSHUMRJMD�DF�LG��

�

$%675$.� �

�

&UXGH� ELRGLHVHO� QHHGV� WR� JR� WKURXJK� SXULILFDWLRQ� SURFHVV�� WR�PHHW� LQWHUQDWLRQDO� ELRGLHVHO� VSHFLILFDWLRQV���7KH�

ZLGHO\� XVHG� DGVRUSWLRQ� FROXPQ� LV� LQ� WKH� IRUP� RI� D� IL[HG� EHG� FROXPQ�� ZKHUH� WKH� FRQWHQWV� RI� WKH� FROXPQ� DUH�

VWDFNHG�LQ�D�PHVV��7KLV�PDNHV�WKH�DGVRUEHQW�GLIILFXOW�WR�FOHDQ�DQG�ILOO��DQG�LUUHJXODU�DGVRUEHQW�DFFXPXODWLRQ�FDQ�

KLQGHU�WKH�IORZ�RI�WKH�IOXLG�WR�EH�SXULILHG��,Q�WKLV�VWXG\��DQ�DGVRUSWLRQ�FROXPQ�ZLWK�D�SRUWDEOH�FLUFXODWLRQ�V\VWHP�

XVHG�WR�REVHUYH�WKH�LQIOXHQFH�RI�FLUFXODWLRQ�DQG�DGVRUSWLRQ�OHYHO�RQ�WKH�SXULW\�RI�ELRGLHVHO��0DLQ�HTXLSPHQW�RI�

WKLV� UHVHDUFK� LV� D� SRUWDEOH� DGVRUSWLRQ� ELRGLHVHO� SXULILFDWLRQ� GHYLFH�� 7KH� FROXPQ� FRQVLVWV� RI�� WRS� GLVWULEXWRU��

SDFNHG�EHG�DQG�ERWWRP�FROOHFWRU��7KH�WRRO�LV�PDGH�RI��'�SULQWHG�SRO\PHU�PDWHULDO��$W�WKH�ERWWRP�RI�WKH�WRZHU�

WKHUH� LV� D� EXIIHU� WDQN� DQG� D� SXPS� IRU� FLUFXODWLQJ� WKH� ELRGLHVHO� WR� EH� SXULILHG�� 7KH� UHVXOWV� VKRZHG� WKDW� VRPH�

DQDO\WLFDO�SDUDPHWHUV�EDVHG�RQ� WKH�UHVXOWV�RI� W�WHVW��QDPHO\��GHQVLW\��DFLG�YDOXH�� VDSRQLILFDWLRQ�DQG�\HOORZLVK�

EOXH� WHQGHQF\�� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� UHVXOWV� EHIRUH� DQG� DIWHU� SXULILFDWLRQ�� )RU� DOO� WKH�

SDUDPHWHUV�DQDO\]HG�LQ�WKLV�VWXG\��WKH�QXPEHU�RI�VWDJHV�DQG�IOXLG�FLUFXODWLRQ�JDYH�VLJQLILFDQWO\�GLIIHUHQW�UHVXOWV��

7KH�UHVXOWV�RI�PHWK\O�HVWHU�DQDO\VLV�FRQILUPHG�WKLV��ZKHUH�WKH�PRUH�F\FOHV�LQ�WKH�FROXPQ��WKH�KLJKHU�WKH�PHWK\O�

HVWHU� SHDN� SURGXFHG��$V� QXPEHU� RI� F\FOHV� LQ� WKH� DGVRUSWLRQ� FROXPQ� LQFUHDVHV�� SHDN� DUHD� RI� WKH�PHWK\O� HVWHU�

SURGXFHG�EHFRPHV�ZLGHU��ZKLFK�FDQ�EH�H[SODLQHG�E\� WKH� DELOLW\�RI�FROXPQ�DQG� LWV�SDFNLQJ�PDWHULDOV� WR� ILOWHU�

LPSXULWLHV�SUHVHQW�LQ�FROXPQ���

�

.DWD�NXQFL��DGVRUSWLRQ��ELRGLHVHO��FUXGH�SDOP�RLO��SXULILFDWLRQ�

�
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�

%LRGLHVHO�PHQWDK� SHUOX� SURVHV� SHPXUQLDQ� \DQJ� WHSDW�� \DQJ� KDUXV�PHPHQXKL� VWDQGDU� ELRGLHVHO� LQWHUQDVLRQDO��

.RORP�DGVRUSVL�\DQJ�EDQ\DN�GLJXQDNDQ�EHUXSD�NRORP�IL[HG�EHG��GLPDQD�LVL�NRORP�GLWXPSXN�VHFDUD�DFDN��+DO�

LQL� PHPEXDW� DGVRUEHQ� VXOLW� XQWXN� GLEHUVLKNDQ� GDQ� GLLVL�� GDQ� DNXPXODVL� DGVRUEHQ� \DQJ� WLGDN� WHUDWXU� GDSDW�

PHQJKDPEDW�FDLUDQ�\DQJ�GLPXUQLNDQ��3DGD�SHQHOLWLDQ� LQL�GLJXQDNDQ�NRORP�DGVRUSVL�GHQJDQ�VLVWHP�VLUNXODVL�

SRUWDEHO�XQWXN�PHOLKDW�SHQJDUXK�VLUNXODVL�GDQ�WLQJNDW�DGVRUSVL�WHUKDGDS�NHPXUQLDQ�ELRGLHVHO��3HUDODWDQ�XWDPD�

\DQJ�GLJXQDNDQ�DGDODK�DODW�SHPXUQLDQ�ELRGLHVHO�SRUWDEHO��.RORP�WHUGLUL�GDUL��GLVWULEXWRU�DWDV��SDFNLQJ�EHG�GDQ�

NROHNWRU�EDZDK��$ODW�LQL�WHUEXDW�GDUL�SROLPHU�FHWDN���GLPHQVL��'L�EDJLDQ�EDZDK�NRORP�WHUGDSDW�EXIIHU�WDQN�GDQ�

SRPSD� XQWXN� PHQVLUNXODVLNDQ� ELRGLHVHO� \DQJ� DNDQ� GLPXUQLNDQ�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� EHEHUDSD�

SDUDPHWHU� DQDOLWLN� EHUGDVDUNDQ� KDVLO� XML�W� \DLWX�� GHQVLWDV�� ELODQJDQ� DVDP�� VDSRQLILNDVL� GDQ� XML� ZDUQD� ELUX�

NHNXQLQJDQ�� WHUGDSDW�SHUEHGDDQ�\DQJ� VLJQLILNDQ�DQWDUD�KDVLO� VHEHOXP�GDQ� VHVXGDK�SHPXUQLDQ��8QWXN� VHPXD�

SDUDPHWHU� \DQJ� GLDQDOLVLV� GDODP� SHQHOLWLDQ�� MXPODK� WDKDSDQ� GDQ� VLUNXODVL� FDLUDQ� PHPEHULNDQ� KDVLO� \DQJ�

EHUEHGD�Q\DWD��+DVLO�DQDOLVLV�PHWLO�HVWHU�PHQHJDVNDQ�KDO�WHUVHEXW��VHPDNLQ�EDQ\DN�VLNOXV�SDGD�NRORP�DGVRUSVL��

VHPDNLQ�WLQJJL�SXQFDN�PHWLO�HVWHU�GLKDVLONDQ��'HQJDQ�EHUWDPEDKQ\D�MXPODK�VLNOXV�GDODP�NRORP��DUHD�SXQFDN�

PHWLO�HVWHU�\DQJ�GLKDVLONDQ�PHQMDGL�OHELK�OXDV��KDO�LQLPHQMHODVNDQ�NHPDPSXDQ�NRORP�GDQ�EDKDQ�LVLDQQ\D�XQWXN�

PHQ\DULQJ�SHQJRWRU��

�

.H\ZRUGV��DGVRUSVL��ELRGLHVHO��PLQ\DN�VDZLW�PHQWDK��SHPXUQLDQ�

�

�

�

�

�

�
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3HQJDUXK�SHQJJXQDDQ�EDVDOW�OHEXU�KDVLO�SHUODNXDQ�QRUPDOL]LQJ�VHEDJDL�EDKDQ�GDVDU�SDSDQ�SDUWLNHO�
�

7KH�KHDW�WUHDWPHQW�HIIHFW�RI�FDVW�EDVDOW�DV�ILOOHU�RQ�SDUWLFOH�ERDUG�
�

'DYLG�&DQGUD�%LUDZLGKD
�
��<XVXS�+HQGURQXUVLWR

�
��.XVQR�,VQXJURKR

�
��0XKDPPDG�$PLQ

�
��0XKDPPDG�

$O�0XWWDTLL
�
��%D\X�5LDQ�$ULVWD

�
��GDQ�7XPSDO�2MDKDQ�5DMDJXNJXN

�
�

�
� 3XVDW�5LVHW�7HNQRORJL�3HUWDPEDQJDQ���%5,1�

� -O��,U��6XWDPL�.P�����7DQMXQJ�%LQWDQJ�/DPSXQJ�6HODWDQ��,QGRQHVLD�
�
� 3XVDW�5LVHW�.LPLD���%5,1�

� *G������.DZDVDQ�3863,37(.��6HUSRQJ�7DQJHUDQJ�6HODWDQ��%DQWHQ��,QGRQHVLD�
�
� -XUXVDQ�7HNQLN�0HVLQ��)DNXOWDV�7HNQLN�±�8QLYHUVLWDV�0DODKD\DWL�

� -O��3UDPXND�1R�����.HPLOLQJ�3HUPDL��.HF��.HPLOLQJ��.RWD�%DQGDU�/DPSXQJ��,QGRQHVLD�

�H�PDLO��\XVXSKBXJP��#\DKRR�FRP�
�

$%675$.� �

�

%DVDOW�PHUXSDNDQ�EDWXDQ�EHNX�YXONDQLN�\DQJ�PHPLOLNL�NHXQJJXODQ�VHSHUWL�NHWDKDQDQ�DXV��NHNHUDVDQ�WLQJJL��GDQ�

WDKDQ� WHUKDGDS� UHDNVL� NLPLD� VHKLQJJD� EDQ\DN� GLJXQDNDQ� VHEDJDL� EDKDQ� SHQJLVL� SDGD� NRPSRVLW�� 3HQHOLWLDQ� LQL�

EHUWXMXDQ� XQWXN� PHQJHWDKXL� SHQJDUXK� SHUODNXDQ� SDQDV� EDVDOW� OHEXU� WHUKDGDS� VLIDW� PHNDQLN� NRPSRVLW� UHVLQ�

SRO\HVWHU��)LOOHU� NRPSRVLW� GLEXDW� GDUL� EDVDOW� OHEXU�SHUODNXDQ�QRUPDOL]LQJ�GHQJDQ� XNXUDQ� ORORV�PHVK� ���� �����

�����GDQ������)UDNVL�EHUDW�UHVLQ�SRO\HVWHU�DGDODK�����������GDQ������3URVHV�SHQFHWDNDQ�NRPSRVLW�GHQJDQ�DODW�

SUHVV�KLGUROLN�SDGD�EHEDQ�NRPSDNVL���WRQ�GHQJDQ�ZDNWX�SHQDKDQDQ����PHQLW��3HQJXMLDQ�PHNDQLN�PHOLSXWL�XML�

WHNDQ�VHVXDL�VWDQGDU�$670�'��������XML�NHWHJXKDQ�OHQWXU��02(���GDQ�XML�NHWHJXKDQ�SDWDK��025���6HODLQ�LWX�

MXJD� GLXML� GD\D� VHUDS� DLU� �'6$�� VHVXDL� GHQJDQ� VWDQGDU� -,6�$� �����������+DVLO� SHQJXMLDQ�PHQXQMXNNDQ� NXDW�

WHNDQ� WHUEHVDU��������1�PP
�
��02(� VHEHVDU���������NJ�FP

�
�� GDQ� �025� VHEHVDU�������� NJ�FP

��
GHQJDQ� QLODL�

'6$�VHEHVDU��������GLSHUROHK�GDUL�VSHVLPHQ�XNXUDQ� ILOOHU� ORORV�PHVK�����GHQJDQ�������EHUDW�UHVLQ�SRO\HVWHU��

3HQHOLWLDQ� LQL� PHQXQMXNNDQ� SRWHQVL� EDWXDQ� EDVDOW� VHEDJDL� ILOOHU� NRPSRVLW� GDQ� GDSDW� GLNHPEDQJNDQ� PHQMDGL�

PDWHULDO�PDMX�XQWXN�PHPSHUROHK�VLIDW�PHNDQLN�\DQJ�XQJJXO��

�

.DWD�NXQFL��EDVDOW��QRUPDOL]LQJ��UHVLQ�SRO\HVWHU��VLIDW�ILVLV��VLIDW�PHNDQLV�

�

$%675$&7��
�

%DVDOW�LV�D�YROFDQLF�LJQHRXV�URFN�ZLWK�FKDUDFWHULVWLFV�VXFK�DV�ZHDU�UHVLVWDQFH��KLJK�KDUGQHVV��DQG�UHVLVWDQFH�WR�

FKHPLFDO� UHDFWLRQV�� WKDW� SRWHQWLDOO\� XVHG� DV� D� ILOOHU� LQ� FRPSRVLWHV�� 7KH� VWXG\� DLPV� WR� GHWHUPLQH� WKH� HIIHFW� RI�

EDVDOW�QRUPDOL]LQJ�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�SRO\HVWHU�UHVLQ�FRPSRVLWHV��7KH�VL]HV�RI� ILOOHU�DUH����������

����� DQG� ���� PHVK�� 3RO\HVWHU� UHVLQ� FRPSRVLWLRQV� DUH� ����� ����� DQG� ���� E\� ZHLJKW�� &RPSRVLWH� PROGLQJ�

SURFHVV�XVLQJ�D�K\GUDXOLF�SUHVV�ZLWK�D�FRPSDFWLRQ�ORDG�RI���WRQV�IRU����PLQXWHV��0HFKDQLFDO�WHVWLQJ�LQFOXGHV�

FRPSUHVVLRQ�WHVW�DFFRUGLQJ�WR�$670�'�������VWDQGDUG�� IOH[XUDO�VWUHQJWK�WHVW��02(���DQG�IUDFWXUH�WRXJKQHVV�

WHVW� �025��� -,6� $� ���������� VWDQGDUG� XVHV� WR� GHWHUPLQH� WKH� ZDWHU� DEVRUSWLRQ�� 7KH� WHVW� UHVXOWV� VKRZ� WKH�

JUHDWHVW� FRPSUHVVLYH� VWUHQJWK� RI� �������1�PP
�
��02(�RI���������NJ�FP

�
��DQG�025�RI��������NJ�FP

�
�ZLWK� D�

'6$�YDOXH�RI�������REWDLQHG� IURP� WKH�VSHFLPHQ�ZLWK� ILOOHU�VL]H�SDVVLQJ�PHVK�����DQG�����E\�ZHLJKW�RI� WKH�

SRO\HVWHU� UHVLQ�� 7KLV� UHVHDUFK� VKRZV� WKH� SRWHQWLDO� RI� EDVDOW� DV� D� ILOOHU� FRPSRVLWH� DQG� FDQ� EH� GHYHORSHG� LQWR�
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