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$EVWUDFW$�VWXG\�RQ�FRNH�GHSRVLWLRQ�DQG�FRNLQJ�LQKLELWRUV�GXULQJ�QDSKWKD�S\URO\VLV�ZDV�PDGH�LQ�D�MHW�VWLUUHG�UHDFWRU�V\VWHP��7KLV�V\VWHP�LV�QRWHG�IRU�LWV�VLPSOH�VWUXFWXUH��HDV\�DOWHUDWLRQ�RI�RSHUDWLQJ�SDUDPHWHUV��VPDOO�YROXPHV�RI� IHHGVWRFN�XVHG�IRU�S\URO\VLV��KLJK�DFFXUDF\�RI� FRNH� IRUPDWLRQ� PHDVXUHPHQWV�� DQG� VKRUW� RSHUDWLQJ� F\FOH�� ,W� LV� DOVR� SDUWLFXODUO\�VXLWDEOH�IRU�LGHQWLI\LQJ�FRNLQJ�LQKLELWRUV�RYHU�D�ZLGH�UDQJH�RI�FRQGLWLRQV��7KH�HIIHFW�RI�WKH� DGGLWLRQ� RI� &6��� '06�� '0'6� DQG� 'LVXOILGHRLO� LQ� WKH� QDSKWKD� IHHG� ZDV�LQYHVWLJDWHG�� ,W� ZDV� IRXQG� WKDW� IRU� D� JLYHQ� FRQFHQWUDWLRQ� RI� VXOIXU� LQ� WKH� IHHG�� WKH�DV\PSWRWLF� FRNLQJ� UDWH� GHFUHDVHV� LQ� WKH� RUGHU�� 'LPHWK\O� GLVXOILGH� !� 'LVXOILGHRLO� !�'LPHWK\O�VXOILGH�!�&DUERQ�GLVXOILGH�6FDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��ZDV�XVHG�IRU�WKH�PLFURVWUXFWXUH�RI�GHSRVLWHG�FRNH�DQG� HQHUJ\� GLVSHUVLYH� ;�5D\� VSHFWURVFRS\� �('$;�� IRU� WKH� VXUIDFH� HOHPHQWDO�FRPSRVLWLRQ�RI�FRNH�IRUPHG�RQ�WKH�VXUIDFH�RI�VWDLQOHVV�VWHHO�FRXSRQV��,W�ZDV�IRXQG�WKDW�LQ�WKH�SUHVHQFH�RI�LQKLELWRUV��GHSRVLWHG�FRNH�KDV�D�SRURXV�VWUXFWXUH�DQG�VPDOO�DPRXQWV�RI�1L��&U��DQG�)H�HOHPHQWV��%DVHG�RQ�RXU�UHVXOWV�� WKLV�SDSHU�DLPV� WR�SURYLGH�D�FORVHU�LQVLJKW�LQWR�WKH�FRNLQJ�SUREOHP�LQ�LQGXVWULDO�VWHDP�FUDFNHUV�.H\ZRUGV� 7KHUPDO� FUDFNLQJ�� FRNH� GHSRVLWLRQ�� FRNH� LQKLELWLRQ�� RUJDQRVXOIXU�FRPSRXQGV

 � (�PDLO� QLDHL#\DKRR�FRP

,QWURGXFWLRQ(WK\OHQH� LV� RQH�RI� WKH�PRVW� LPSRUWDQW� EXLO�GLQJ� EORFNV� RI� V\QWKHWLF� RUJDQLF� FKHPLVWU\��,W�LV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�SRO\HWK\OHQH�DQG� RWKHU� SURGXFWV�� 7KH� PDMRULW\� RI� WKH�HWK\OHQH� SURGXFHG� WRGD\� LV� EDVHG� RQ� WKH�VWHDP�FUDFNLQJ�RU�S\URO\VLV�RI�DONDQHV�� VXFK�DV� HWKDQH�� SURSDQH�� DQG� EXWDQH�� DV� ZHOO� DV�KHDYLHU� IHHGVWRFNV� VXFK� DV� QDSKWKD� DQG� JDV�RLO� >�@� 7KH� VWHDP� FUDFNLQJ� RSHUDWLRQ� LQ�YROYHV� KHDWLQJ� WKH� K\GURFDUERQ� LQ� UDGLDQW�

FRLOV� LQ� WKH� SUHVHQFH� RI� VWHDP� LQ� D� IXUQDFH��7KH� KHDW� LV� WUDQVIHUUHG� WR� WKH� FRLOV� E\�UDGLDWLRQ� SHULRG�� 7KH� FRLOV� WKHPVHOYHV� DUH�PDGH� RI� KLJK� DOOR\� PDWHULDOV� FDSDEOH� RI�ZLWKVWDQGLQJ� D� KLJK� WHPSHUDWXUH� RI� DERYH�����&�LQ�WKH�EXON�IOXLG��7R�DYRLG�XQGHVLUHG�VLGH� UHDFWLRQV�� ZKLFK� ZRXOG� ORZHU� WKH�VHOHFWLYLW\� RI� HWK\OHQH� LQ� WKH� SURFHVV�� WKH�UHDFWDQWV�PXVW�EH�FRROHG�GRZQ�DV�TXLFNO\�DV�SRVVLEOH��7KLV�VWHS�LV�FDUULHG�RXW�LQ�D�WUDQVIHU�OLQH�H[FKDQJHU��7/(V��LPPHGLDWHO\�DIWHU�WKH�
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UDGLDQW� FUDFNLQJ� ]RQH� >�@�� $� PLQRU� EXW�WHFKQRORJLFDOO\� LPSRUWDQW� E\SURGXFW� RI�VWHDP� FUDFNLQJ� LV� FRNH�� ,WV� IRUPDWLRQ� QRW�RQO\�DIIHFWV�KHDW� WUDQVIHU��EXW�DOVR� LQFUHDVHV�WKH� SUHVVXUH� GURS�� VKRUWHQV� WKH� RSHUDWLQJ�F\FOH��GHFUHDVHV�WKH�FDSDFLW\�RI�WKH�SODQW�DQG�WKH� \LHOG� RI� WKH� REMHFWLYH� SURGXFWV�� &RO�OHFWLYHO\�� WKHVH� SUREOHPV�PDNH� LW� QHFHVVDU\�WR�SHULRGLFDOO\�VKXW�GRZQ�WKH�SODQW��UHVXOWLQJ�LQ� JUHDW� HFRQRPLF� ORVV�� 7KHUHIRUH�� IXUWKHU�VWXG\� RI� WKH� FRNH� IRUPDWLRQ� SURFHVV� DQG� WR�GHYHORS� RI� D� FRUUHVSRQGLQJ� WHFKQLTXH� IRU�LQKLELWLQJ� FRNH� IRUPDWLRQ� LV� DQ� XUJHQW�SUREOHP >�@�7KLV�SDSHU�UHSRUWV�WKH�FRQFHQWUDWLRQ�HIIHFW�RI�D� YDULHW\� RI� RUJDQRVXOIXU� LQKLELWRUV� VXFK� DV�&DUERQ� 'LVXOILGH�� 'LPHWK\O� 6XOILGH�� 'LP�HWK\O� 'LVXOILGH� DQG� 'LVXOILGHRLO� RQ� FRNH�IRUPDWLRQ�DQG�FRNH�PRUSKRORJ\�LQ�WKH�VWHDP�FUDFNLQJ�RI�QDSKWKD�
0HFKDQLVPV�RI�&RNH�)RUPDWLRQ7KH� WKUHH� PHFKDQLVPV� E\� ZKLFK� FRNH� LV�SURGXFHG� LQ� WKH� FRLO� DQG� WUDQVIHU� OLQH�H[FKDQJHU� �7/(�� RI� D� FUDFNLQJ� IXUQDFH� DUH�UHYLHZHG�DV�IROORZV�

&DWDO\WLF�&RNLQJ�0HFKDQLVP,QGXVWULDO� FUDFNLQJ� FRLOV� IUHTXHQWO\� FRQWDLQ�GLIIHUHQW�ZW��RI�FKURPLXP��QLFNHO�DQG�LURQ��$V� VKRZQ� LQ�)LJ� ��� GXULQJ� WKH� VWDUWXS�RI� D�IXUQDFH�� WKH� UHDFWLQJ� JDV� PL[WXUH� LV� LQ�FRQWDFW�ZLWK� WKH�EDUH�UHDFWRU�ZDOOV��+\GURF�DUERQ� PROHFXOHV�� LQLWLDOO\�� DUH� FKHPLVRUEHG�RQ� D� PHWDO� FU\VWDOOLWH� DW� WKH� VXUIDFH� DQG�FRQYHUWHG� WR� FRNH� E\� D� VXUIDFH� UHDFWLRQ��&DUERQ� DWRPV� WKXV� GLVVROYH� LQ� DQG� GLIIXVH�WKURXJK� WKH� PHWDO� SDUWLFOH�� 7KH� FDUERQ�DFFXPXODWLRQ� LQ� WKH� SDUWLFOH� FDXVHV� D� SUHV�VXUH�EXLOGXS�DW�WKH�GLVORFDWLRQV�DQG�WKH�JUDLQ�ERXQGDULHV�� ZKLFK� PD\� H[FHHG� WKH� WHQVLOH�VWUHQJWK� RI� WKH�PHWDO�� 7KH�PHWDO� SDUWLFOH� LV�WKHQ� OLIWHG� IURP� WKH� VXUIDFH� DQG� WKH� FDUERQ�FU\VWDOOL]HV� DW� WKH� UHDU� RI� WKH� SDUWLFOH�� $�JURZLQJ�FDUERQ�VWHP�WKXV�GHYHORSV��FDUU\LQJ�WKH�FU\VWDOOLWH�DW�LWV�WRS��7KH�SUHFLSLWDWLRQ�RI�FDUERQ� FDQ� JLYH� ULVH� WR� VWUXFWXUDO�GHILFLHQFLHV� LQ� WKH� FDUERQ� ODWWLFH�� WKHUHE\�FUHDWLQJ� UHDFWLYH� FDUERQ� FHQWHUV� DORQJ� WKH�ILODPHQW VNLQ�

)LJXUH��� )RUPDWLRQ�RI�ILODPHQWRXV�FRNH�ZLWK�FDWDO\WLF�PHFKDQLVP

$FWLYH�6LWH ������������������������������������������������������7XEH�6XUIDFH��&DUERQ�VROXWLRQ�

��&DUERQ�'LIIXVLRQ��1XFOHDWLRQ�DQG�SUHFLSLWDWLRQ��0LJUDWLRQ�RI�PHWDO�SDUWLFOH
��6LWH�DGVRUSWLRQ��6XUIDFH�UHDFWLRQV�FDUERQ�IRUPDWLRQ

$FWLYH�6LWHV��0HWDO�SDUWLFOH�RQ�VXUIDFH0HWDO�SDUWLFOH�RQ�ILODPHQW*UDLQ�ERXQGDULHV0HWDO�FU\VWDOOLQH�RQ�VXUIDFH
��&RNH�3UHFXUVRU
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+\GURFDUERQ�UDGLFDOV�DQG�PROHFXOHV�IURP�WKH�JDV� SKDVH� DUH� LQFRUSRUDWHG� DW� WKHVH� UHDFWLYH�VLWHV��ZKHUHE\�ODWHUDO�JURZWK�RI�WKH�ILODPHQWV�RFFXUV�� ,Q� WKLV� ZD\� D� SRURXV� OD\HU� RI�LQWHUZRYHQ� ILODPHQWV� LV� IRUPHG�� &DUERQ�PLJUDWLQJ�RYHU� WKH�PHWDO�VXUIDFH�SUHFLSLWDWHV�RQ� WKH�PHWDO� VXUIDFH� VXUURXQGLQJ� WKH� FDUERQ�VWHDP�� 6XUIDFH� FDUERQ� PD\� WKXV� EH� IRUPHG��HQFDSVXODWLQJ� WKH� PHWDO� DQG� SUHYHQWLQJ�IXUWKHU� JURZWK�� 7KH� SURSHUWLHV� RI WKH� PHWDO�DUH� YHU\� LPSRUWDQW� LQ� WKLV� PHFKDQLVP��(QFDSVXODWLRQ� RI� WKH�PHWDO� SDUWLFOHV� UHGXFHV�WKH� UDWH� RI� GHK\GURJHQDWLRQ� RI� WKH� FKHPL�VRUEHG�K\GURFDUERQ�DWRPV��$W� WKLV�VWDJH�� WKH�FDWDO\WLF� DFWLYLW\� RI� WKH� PHWDO� SDUWLFOH� GHF�UHDVHV� ERWK� FDUERQ� IRUPDWLRQ� DQG� &2� SUR�GXFWLRQ�>���@�
5DGLFDO�&RNLQJ�0HFKDQLVP$W�WKH�JDV� �FRNH�LQWHUIDFH�OD\HU��WKH�SRO\DUR�PDWLFV� DUH� QRW� FRPSOHWHO\� GHK\GURJHQDWHG��$W� WKLV� VXUIDFH�� K\GURJHQ� DEVWUDFWLRQ� UHDF�WLRQV�E\�IUHH�UDGLFDOV�IURP�WKH�JDV�SKDVH�FDQ�RFFXU�� +\GURJHQ�� PHWK\O�� DQG� HWK\O� UDGLFDOV�DUH� WKH� PRVW� DFWLYH� VSHFLHV�� $V� D� FRQ�VHTXHQFH��WKH�FRQFHQWUDWLRQ�RI�WKH�DFWLYH�VLWHV�DW�WKH�FRNH�VXUIDFH�EHFRPHV�D�IXQFWLRQ�RI�WKH�

JDV� SKDVH� FRPSRVLWLRQ�� 7KLV� VKRZV� WKDW� WKH�IHHGVWRFNV� JHQHUDWLQJ� PRUH� DFWLYH� UDGLFDOV�DOVR�\LHOG�PRUH�FRNH�$V� VKRZQ� LQ� )LJ���� DW� WKH� IUHH� UDGLFDO�SRVLWLRQV� RQ� WKH� FRNH� VXUIDFH�� FHUWDLQ� JDV�SKDVH� PROHFXOHV� RU� UDGLFDOV� UHDFW� YLD� DQ�DGGLWLRQ�PHFKDQLVP��$OO� XQVDWXUDWHG�PROHF�XOHV� IURP� WKH� JDV� SKDVH� DUH� SRWHQWLDO�SUHFXUVRUV�� 7KH� ORQJ� DOLSKDWLF� VLGH� FKDLQ� RI�WKHVH� PROHFXOHV� LV� VXEMHFWHG� WR� GHFRPSRVL�WLRQ�� 7KH� UHPDLQLQJ� SDUW� RI� WKH� PROHFXOH�FRQYHUWV��LQ�D�IHZ�VWHSV��WR�D�ULQJ�VWUXFWXUH��LQ�ZKLFK� WKH� GHK\GURJHQDWLRQ� UHDFWLRQV� SUR�FHHG� YHU\� UDSLGO\�� ,Q� WKLV� ZD\�� WKH� DURPDWLF�VWUXFWXUH� FRQWLQXHV� WR� JURZ� IXUWKHU� DQG� WKH�IUHH� UDGLFDO� VLWH� DW� WKH� FRNH� VXUIDFH� LV�UHJHQHUDWHG� E\� IXUWKHU� K\GURJHQ� DEVWUDFWLRQ��7KLV� PHFKDQLVP� H[SODLQV� WKH� IRUPDWLRQ� RI�FRNH� OD\HUV� FRQWDLQLQJ� FDUERQ� DWRPV� LQ� VS�K\EULGL]DWLRQ��7KH� K\GURJHQ�FRQWHQW� RI� VXFK�D� GHSRVLW� LV� YHU\� ORZ�� LQ� DJUHHPHQW� ZLWK�LQGXVWULDO� REVHUYDWLRQV�� 7KH� FURVV�OLQNLQJ� RI�DURPDWLF�OD\HUV�H[SODLQV�ZK\�VDPSOHV�RI�FRNH�OD\HUV� IURP� LQGXVWULDO� FRLOV� DUH� H[WUHPHO\�KDUG� DQG� FDQ� KDUGO\� EH� GULOOHG��7KLV�PHFKD�QLVP� LV� WKH� PRVW� LPSRUWDQW� RQH� LQ� WKH� FRNH�IRUPDWLRQ�>�����@�
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)LJXUH����*URZWK�RI�FRNH�E\�UDGLFDO�FRNLQJ�PHFKDQLVP
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3RO\DURPDWLF�&RQGHQVDWLRQ7KLV� WKLUG�PHFKDQLVP�LPSOLHV�WKH�IRUPDWLRQ�RI�SRO\QXFOHDU�DURPDWLFV�LQ�WKH�JDV�SKDVH�YLD�IUHH� UDGLFDO� UHDFWLRQV�� $V� VKRZQ� LQ� )LJ����DURPDWLFV�DUH�WKH�PRVW�LPSRUWDQW�LQWHUPHGLD�WHV��VRPH�DURPDWLFV�DUH�SURGXFHG�E\�WULPHUL�]DWLRQ�DQG�RWKHU�UHDFWLRQV�LQYROYH�DFHW\OHQH��6WDUWLQJ�ZLWK�VLPSOH�DURPDWLFV��FRQGHQVDWLRQ�DQG� GHK\GURJHQDWLRQ� UHDFWLRQV� RFFXU� WR�SURGXFH�WDU�GURSOHWV�RU�VRRW�SDUWLFOHV�WKDW�FDQ�EH� OLTXLG� RU� HYHQ� VROLG� DW� WKH� FRQGLWLRQV�SUHYDLOLQJ�LQ�D�WKHUPDO�FUDFNLQJ�UHDFWRU��3DUW�RI� WKH� GURSOHWV� LPSLQJHV� RQ� WKH� WXEH� ZDOO��6RPH� UHERXQG� LQWR� WKH� JDV� SKDVH�� EXW� LW� LV�PRUH� OLNHO\� WKDW� WKH\� DGKHUH� WR� WKH� VXUIDFH�DQG�DUH�LQFRUSRUDWHG�LQ�WKH�FRNH�OD\HU��VLQFH�WKH� RXWHU� VXUIDFH� RI� WKH� GURSOHWV� LV� QRW�FRPSOHWHO\� GHK\GURJHQDWHG�� +HQFH�� K\GUR�JHQ� DEVWUDFWLRQ� UHDFWLRQV� E\� JDV� SKDVH�UDGLFDOV�EHFRPHV�SRVVLEOH�DQG�WKH�FRNH�OD\HU�FDQ� JURZ� IXUWKHU�� 7KLV� PHFKDQLVP� LV� FRQ�VLGHUHG� WR� EH� LPSRUWDQW� LQ� WKH� FUDFNLQJ� RI�OLTXLG�IHHGVWRFNV��VXFK�DV�KHDY\�QDSKWKD�DQG�DWPRVSKHULF� RU� YDFXXP� JDV� RLO�� 7KH� FRQ�GHQVDWLRQ�PHFKDQLVP� LV� JHQHUDOO\� UHODWLYHO\�XQLPSRUWDQW� DW� WHPSHUDWXUHV� RI� ����&� RU�OHVV�� 7KH� H[DFW� WHPSHUDWXUHV� GHSHQG�� WR�VRPH� H[WHQW�� RQ� WKH� K\GURFDUERQV� EHLQJ�S\URO\]HG� >����@�7KH� GHYHORSPHQW� RI� FRNH�LQKLELWRUV� KDV� SDUDOOHOHG� WKH� YDULRXV� FRNH�IRUPDWLRQ�PHFKDQLVPV�GHVFULEHG�DERYH��7KH�WHFKQLTXHV� FRPPRQO\� XVHG� WRGD\� WR� UHGXFH�FRNH� IRUPDWLRQ� LQFOXGH� WKH� SUHWUHDWPHQW� RI�IHHGVWRFNV�� D� FKDQJH�RI� WKH�PDWHULDOV�RI� WKH�FRQVWUXFWLRQ�RI� WKH� UHDFWRU�� DOWHUDWLRQ�RI� WKH�VXUIDFH� FKHPLVWU\� RI� WKH� UHDFWRU�� RU� WKH�DGGLWLRQ� RI� FRNH� LQKLELWRUV� WR� WKH� IHHGVWRFN�>�����@�� 7KH� GHYHORSPHQW� DQG� XVH� RI� DG�GLWLYHV�DSSHDUV� WR�EH� WKH�PRVW�HIIHFWLYH�DQG�SUDFWLFDO�PHWKRG��&RNH�LQKLELWRUV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�LQFOXGH�VDOWV�RI�DONDOL�PHWDOV�RU�DONDOLHDUWK�PHWDOV�DW�SDUWV�SHU�PLOOLRQ��SSP��TXDQWLWLHV�� ZKLFK� DUH� EHOLHYHG� WR� SURPRWH�FRNH�JDVLILFDWLRQ�E\�VWHDP��3KRV�SKRUXV DQG�FKURPLXP�ZHUH�UHSRUWHG�WR KDYH�D�EHQHILFLDO�HIIHFW� LQ� VXSSUHVVLQJ� FRNH� IRUPDWLRQ� >��@��7KHUH� DUH� VRPH� UHSRUWV� LQ� OLWHUDWXUH� IRU�

LQKLELWLQJ� WKH� HIIHFW� RI� VXOIXU� FRPSRXQGV�0RVW� VWXGLHV� RQ� WKH� LQIOXHQFH� RI� VXOIXU� RQ�FRNH� IRUPDWLRQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH�SHUWDLQ�WR�WKH�FUDFNLQJ�FRLO�DQG�7/(�VHFWLRQ�>�����@�� ,Q� WKLV� SDSHU�� ZH� UHSRUW� WKH�FRQFHQWUDWLRQ� HIIHFW� RI� D� YDULHW\� RI� RUJDQR�VXOIXU� LQKLELWRUV� VXFK� DV� &DUERQ� 'LVXOILGH��'LPHWK\O� 6XOILGH�� 'LPHWK\O� 'LVXOILGH� RU�'LVXOILGHRLO� RQ� FRNH� IRUPDWLRQ� DQG� FRNH�PRUSKRORJ\� LQ� WKH� VWHDP� FUDFNLQJ� RI�QDSKWKD LQ�D�EHQFK�VFDOH�UHDFWRU�
([SHULPHQWDO�6WXG\�RI�&RNH�)RUPDWLRQ([SHULPHQWDO�6HWXS7KH� VHWXS� XVHG� IRU� WKH� H[SHULPHQWV� RI�QDSKWKD�WKHUPDO�FUDFNLQJ�LV�D�FRPSXWHU�FRQ�WUROOHG� EHQFK� VFDOH� V\VWHP��ZKLFK� LV� VKRZQ�VFKHPDWLFDOO\�LQ�)LJ����7KH�V\VWHP�LV�QRWHG�IRU�LWV�VLPSOH�VWUXFWXUH��HDV\� DOWHUDWLRQ� RI� RSHUDWLQJ� SDUDPHWHUV��VPDOO� YROXPHV� RI� IHHGVWRFN� XVHG� IRU�S\URO\VLV�� KLJK� DFFXUDF\� RI� FRNH� IRUPDWLRQ�PHDVXUHPHQW�DQG�VKRUW�RSHUDWLQJ�F\FOH��,W�LV�SDUWLFXODUO\� VXLWDEOH� IRU� LGHQWLI\LQJ� WKH�FRNLQJ� UDWH�DQG�FRNH� LQKLELWRUV�RYHU�D�ZLGH�UDQJH�RI�FRQGLWLRQV�7KH� IHHG� FRQVLVWV� RI� QDSKWKD�DQG�GLVWLOODWHG�ZDWHU� IRU� SUHSDULQJ� GLOXWH� VWHDP�� ZKLFK�HQWHUV�SUHKHDWHUV� IURP� LQGLYLGXDO�FRQWDLQHUV�XVLQJ� WZR� UHJXODWHG� V\ULQJH�SXPSV��3UHKHD�WHUV� PDGH� RI� FXSSHU� FRLOV� DUH� KHDWHG�HOHFWULFDOO\�� 7KH� WHPSHUDWXUH� RI� SUHKHDWHUV�FRQWUROOHG�E\�DQ�HOHFWURQLF�FRQWURO�V\VWHP�LV�LQ� WKH� UDQJH� RI� �������� �&�� $W� WKLV�WHPSHUDWXUH� UDQJH�� ERWK� QDSKWKD� DQG� ZDWHU�DUH�LQ�YDSRU�IRUP��7KH\�ZHUH�PL[HG�WRJHWKHU�FRPSOHWHO\�DQG VHQW�WR�WKH�UHDFWRU�7KH� UHDFWRU�� PDGH� RI� 66� ����� LV� D� F\OLQGHU�KDYLQJ� D� YROXPH� RI� DERXW� �FF�� ZKLFK� LV�SODFHG� YHUWLFDOO\� LQ� WKH� HOHFWULFDO� IXUQDFH��7KH� DQDORJ� VLJQDOV� RI� WKH� WKHUPRFRXSOHV�ZHUH� FRQQHFWHG� WR� WKH� SURFHVV� FRPSXWHU��7KH�WHPSHUDWXUH�RI�WKH�UHDFWRU�FRQWUROOHG�E\�D� 3&� ZDV� LQ� WKH� UDQJH� RI� ��������&�� 7KH�UHVLGHQFH� WLPH� LQ� WKH� UHDFWRU� ZDV� UHJXODWHG�E\� WKH� IHHG� IORZ� UDWH�� (YDOXDWLRQ� RI� WKH�
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DPRXQW�RI�SUHFLSLWDWHG�FRNH�ZDV�REWDLQHG�E\�PHDVXULQJ� WKH� ZHLJKW� RI� D� VPDOO� FRXSRQ�PDGH� RI� 66����� ZLWK� GLPHQVLRQV� RI� DERXW��[��PP�VXVSHQGHG�LQ�WKH�UHDFWRU�EHIRUH�DQG�DIWHU�HDFK�S\URO\VLV�UXQ��7KH�UHDFWRU�HIIOXHQW�SDVVHG�WKURXJK�WZR�FRQGHQVHUV�LQ�D�VHULHV�WR�FROOHFW� OLTXLG� SURGXFWV� DQG� ZDWHU� LQ� UH�FHLYHUV�� 7KH� PL[WXUH� RI� FRQGHQVHG� OLTXLG�SURGXFWV�DQG�ZDWHU�ZDV� ODWHU� VHSDUDWHG��DQG�WKHLU� ZHLJKWV� PHDVXUHG�� 7KH� JDVHRXV� SUR�GXFWV�ZHUH�DQDO\]HG�E\�D�JDV�FKURPDWRJUDSK�V\VWHP�� %\� XVLQJ� WKLV� V\VWHP� LW� EHFDPH�SRVVLEOH�WR�REWDLQ�D�YDULHW\�RI�UHVLGHQW�WLPHV�YLD�FKDQJLQJ�IHHGVWRFN�IORZV�7KH� RQOLQH� FRPSXWHU� FRQWURO� VRIWZDUH� ZDV�GLYLGHG�LQWR�PRQLWRULQJ�DQG�FRQWURO�VHFWLRQV��7KH�3&�SURFHVV�FRPSXWHU�ZDV�FRQQHFWHG�RQ�OLQH�WR�WKH�V\VWHP�ZKLFK�FRQWUROOHG�WKH�PDLQ�SDUW�RI�WKH�XQLW��,W�LV�FRQQHFWHG�WR�WKH�V\VWHP�

WKURXJK�DQDORJ�WR�GLJLWDO��$�'��DQG�GLJLWDO�WR�DQDORJ� �'�$�� FRQYHUWHUV�� $Q� HOHFWURQLF� NLW��PDGH�LQ�WKH�3HWUROHXP�5HVHDUFK�/DE��LV�XVHG�IRU� VHQGLQJ� FRQWURO� VLJQDOV� WR� WKH� ILQDO�FRQWURO�HOHPHQW�RI�WKH�KHDWHUV��7KH�SRZHU�RI�WKH� IXUQDFH� DQG� SUHKHDWHUV� ZDV� FRQWUROOHG�PDQXDOO\� RU� E\� WKH� SURFHVV� FRPSXWHU��'HWDLOV�RI�WKH�V\VWHP�FDQ�EH�IRXQG�LQ�>��@�,Q� WKH� PRQLWRULQJ� VHFWLRQ�� WKH� SURFHVV� JDV��IXUQDFH� DQG� KHDWHU� ZDOO� WHPSHUDWXUHV� DUH�PRQLWRUHG� DQG� GLVSOD\HG� RQ� D� VFUHHQ� E\�PHDQV� RI� D� YLVXDO� SURJUDP� LQ� ZLQGRZV�RSHUDWLQJ� V\VWHP�� 7KH� VHW� SRLQWV� IRU� WKLV�WHPSHUDWXUH� VWDELOL]LQJ� FRQWURO� DUH� LQFOXGHG�LQ� WKH� VRIWZDUH�� $OO� PHDVXUHPHQWV� DQG�FRQWURO� V\VWHP� LQIRUPDWLRQ� DUH� VDYHG� LQ� WKH�WH[W� DQG� JUDSKLFDO PRGH�� 7KH� WHPSHUDWXUH�UHDGLQJ� LV� DOVR� YLVXDOL]HG� RQ� D� FRORU�GLJLWDO�WKHUPRPHWHU�GLVSOD\�

)LJXUH����*URZWK�RI�FRNH�E\�FRQGHQVDWLRQ�PHFKDQLVP

7XEH�6XUIDFH
+�+�

&RQGHQVDWLRQ
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)LJXUH��� 6FKHPDWLF�GLDJUDP�RI�ODERUDWRU\�V\VWHP�IRU�QDSKWKD�VWHDP�FUDFNLQJ�WR�VWXG\��FRNH�GHSRVLWLRQ����1DSKWKD�3UHKHDWHU����:DWHU�SUHKHDWHU�����(OHFWULFDO� IXUQDFH�����(OHFWULFDO� IXUQDFH�FRQWURO�V\VWHP�����6WHDP�FUDFNLQJ�UHDFWRU������6PDOO�FRXSRQ�PDGH�RI�66����VXVSHQGHG�LQ�WKH�UHDFWRU�DV�FRNH�GHSRVLWLRQ�VDPSOHU�����&RQGHQVHU�IRU�RXWSXW�JDVHV����*DVHRXV�RXWSXW
&RNH�'HSRVLWLRQ�3URFHGXUH&RNH� IRUPDWLRQ� GXULQJ� WKH� S\URO\VLV� RI�QDSKWKD�ZDV�VWXGLHG�LQ� WKH�MHW�VWLUUHG�UHDFWRU�V\VWHP�� )RU� D� EHWWHU� HVWLPDWLRQ� RI� FRNLQJ�SDUDPHWHUV�� WKH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DW� GLIIHUHQW� RSHUDWLQJ� FRQGLWLRQV�� 7KH� GHSR�VLWLRQ� RI� FRNH� RQ� WKH� LQQHU� VXUIDFH� RI� WKH�UHDFWRU� LV� LQIOXHQFHG�E\�RSHUDWLQJ�FRQGLWLRQV�VXFK� DV� WHPSHUDWXUH�� SDUWLDO� SUHVVXUH� DQG�UHVLGHQFH� WLPH�� 3URFHVV� JDV� WHPSHUDWXUH� DQG�WXEH� VNLQ� WHPSHUDWXUH� RI� WKH� UHDFWRU� DUH� WKH�PRVW� LPSRUWDQW� IDFWRUV� DIIHFWLQJ� WKH� UDWH� RI�FRNH�GHSRVLWLRQ��7KH� QDSKWKD� IHHG� ZDV� LQWURGXFHG� LQWR� WKH�UHDFWRU�DQG�S\URO\VHG�DW�D�FRQVWDQW�IORZ�UDWH��SUHVVXUH�� VWHDP� UDWLR� DQG� FRQVWDQW� WHP�SHUDWXUH� RI� WKH� IXUQDFH�� 7KH� IXUQDFH� WHP�SHUDWXUH� DQG� UHDFWLQJ� JDV� WHPSHUDWXUH� LQ� WKH�UHDFWRU� ZHUH� PHDVXUHG� E\� WKHUPRFRXSOHV�FRQQHFWHG�WR�D�FRPSXWHU�YLD�DQ�LQWHUIDFH��7KH�PDVV� IORZ� UDWH� RI� QDSKWKD� DQG� VWHDP� ZHUH�FRQWUROOHG�DW�FHUWDLQ�WLPH�LQWHUYDOV��7KH�H[SHULPHQWV�ZHUH�FRQWLQXHG�IRU�DERXW���KRXUV� XQGHU� VWHDG\� VWDWH� FRQGLWLRQV� 7KH�V\VWHP� ZDV� WKHQ� SUHSDUHG� IRU� WKH� GHFRNLQJ�SURFHGXUH��$W� WKH�FRPSOHWLRQ�RI� WKH� UXQ�� WKH�UHDFWRU� ZDV� IOXVKHG� ZLWK� QLWURJHQ�� DQG� WKHQ�WKH�FRNHG�VWHHO�FRXSRQV�ZHUH�WDNHQ�UHPRYHG��

7KH�DPRXQW�RI�GHSRVLWHG�FRNH�RQ�WKH�VXUIDFH�RI� WKH� FRXSRQ� ZDV� TXDQWLILHG� E\� PHDVXULQJ�WKH� ZHLJKW� RI� WKH� FRXSRQ� VXVSHQGHG� LQ� WKH�UHDFWRU� EHIRUH� DQG� DIWHU� HDFK� S\URO\VLV� UXQ��6FDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� ZDV�XVHG� IRU� WKH� PLFURVWUXFWXUH� VWXG\� RI�GHSRVLWHG�FRNH�DQG�HQHUJ\�GLVSHUVLYH�;�5D\�VSHFWURVFRS\� �('$;�� IRU� VXUIDFH� HOHPHQWDO�FRPSRVLWLRQ��%DVHG�RQ�RXU�UHVXOWV��WKLV�SDSHU�DLPV� WR� SURYLGH� D� FORVHU� LQVLJKW� LQWR� WKH�FRNLQJ�SUREOHP� LQ� LQGXVWULDO� VWHDP�FUDFNHUV���$QDO\VLV� ZDV� XVHG� WR� VWXG\� WKH�PRUSKRORJ\�DQG� VWUXFWXUH� RI� FRNH� IRUPHG� RQ� WKH� VXUIDFH�RI�VWDLQOHVV�VWHHO�FRXSRQV��
5HVLGHQFH�WLPH�&DOFXODWLRQ7KH� UHVLGHQFH� WLPH� LV� FDOFXODWHG� XVLQJ� WKH�IROORZLQJ�UHODWLRQVKLS�

���
:KHUH�3�LV�WKH�DWPRVSKHULF�SUHVVXUH��9U��WKH�YROXPH�RI� WKH� UHDFWRU��5� WKH�JDV�FRQVWDQW��7�WKH�WHPSHUDWXUH�RI�WKH�UHDFWLRQ��9+& WKH�IORZ�RI� QDSKWKD�� !+&� WKH� GHQVLW\� RI� K\GURFDUERQ��

:DWHU

+�&� �

� �

��
���

,QWHUIDFH
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� �+&0Z �� WKH�PROHFXODU�PDVV�RI�K\GURFDUERQ��
� �:0Z ��WKH�PROHFXODU�PDVV�RI�ZDWHU�DQG�6�5�WKH� VWHDP� WR� QDSKWKD� UDWLR� �NJ� VWHDP� �� NJ�QDSKWKD��� ,Q� FRQVLGHULQJ� UHVLGHQFH� WLPHV� IRU�FRNH� GHSRVLWLRQ�� MHW� VWLUUHG� PL[HG� UHDFWRU�YROXPH� ZDV� LQFOXGHG�� 7KH� FRNH� GHSRVLWLRQ�UDWH� DQG� JDV� FRPSRVLWLRQ� ZHUH� WKHQ� FRP�SDUHG�DW�WKH�VDPH�UHVLGHQFH�WLPH�

5HVXOWV�DQG�'LVFXVVLRQ,Q� WKLV�ZRUN�� WR� VWXG\� WKH� FRNLQJ� UDWH� LQ� WKH�VWHDP�FUDFNLQJ�RI�QDSKWKD��S\URO\VLV�UXQV��LQ�ZKLFK�LQHUW�VWHDP�GLOXWLRQV�ZLWK�D�PDVV�UDWLR�RI� DERXW� ���� �NJ� VWHDP� �� NJ� QDSKWKD�� KDYH�EHHQ� XVHG�� DQG� ZHUH� FRQGXFWHG� DW� DWPRV�SKHULF� SUHVVXUH� DW� D� WHPSHUDWXUH� RI� DERXW�����&�� 1DSKWKD� FRPSRVLWLRQV� DUH� OLVWHG� LQ�7DEOH� ���$OO� S\URO\VLV� UXQV� FRQGXFWHG� XQGHU�VSHFLILF�FRQGLWLRQV�DUH�VKRZQ�LQ�7DEOH���
(IIHFW�RI�6XOIXU�&RQWHQW�RI�)HHG7R� VWXG\� WKH� HIIHFWLYHQHVV� RI� RUJDQRVXOIXU�FRPSRXQGV�DV�FRNH�LQKLELWRUV�RQ�FRNLQJ�UDWH��S\URO\VLV� UXQV� ZHUH� FDUULHG� RXW� LQ� WKH�SUHVHQFH� RI� GLIIHUHQW� FDUERQ�GLVXOILGH� �&6����GLPHWK\O� VXOILGH� �'06��� GLPHWK\O� GLVXOILGH��'0'6�� RU� GLVXOIXGHRLO� �)LJXUH� ���� 'LVXO�

ILGHRLO��XVHG�LQ�RXU�H[SHULPHQWV��LV�D�FRPSOH[�PL[WXUH� RI� RUJDQRVXOIXURXV� FRPSRXQGV� RE�WDLQQQHG� IURP� WKH�.DQJKDQ� *DV�5HILQHU\�DV�D� E\� SURGXFW� RI� WKH� JDV� VZHHWHQLQJ� SURFHVV��'LVXOILGHRLO� FRQWDLQ� WKH� GLPHWK\O� GLVXOILGH��GLHWK\O� GLVXOILGH�� PHWK\O� HWK\O� GLVXOILGH� DQG�RWKHU� RUJDQRVXOIXURXV� FRPSRXQGV�� ZLWK� D�WRWDO� VXOIXU� FRQWHQW� RI� DERXW� ������� $V�VKRZQ� LQ� )LJ���� WKH� FRNH� IRUPDWLRQ� LV� GHF�UHDVHG�ZLWK�LQFUHDVLQJ�VXOIXU�FRQFHQWUDWLRQV�
7DEOH��� 1DSKWKD�FRPSRVLWLRQ&RPSRQHQW ZW�3DUDIILQH �����,VRSDUDIILQH �����1DSKWKHQH �����2OHILQH ���$URPDWLFV ����2WKHU�K\GURFDUERQ %DODQFH
7DEOH���2SHUDWLQJ�FRQGLWLRQV�RI�QDSKWKD�FUDFNLQJ7HPSHUDWXUH��q&�� ���5HVLGHQFH�WLPH��VHF� ���3UHVVXUH��PP+J� ����'XUDWLRQ�7LPH��KU� ���1DSKWKD�IORZ�UDWH��FF�KU� ����6WHDP�IORZ�UDWH��FF�KU� �����'LOXWLRQ��NJ�NJ� ���

)LJXUH� �� 7KH� LQKLELWLQJ� HIIHFW� RI� YDULRXV� RUJDQRVXOIXU� FRPSRXQGV� WR� FRNH�GHSRVLWLRQ� SURGXFWV� IRU� VDPSOLQJ� DQGDQDO\]LQJ

&RNLQ
J�UDWH

��J�F
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6DODUL��1LDHL� 7RZILJKL��3DQDKL��1DEDYL

,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO���� 1R��� ��

$V� WKH� ILUVW� VWHS� LQ� FRLO� FRNLQJ� LQYROYHV�FKHPLVRUSWLRQ� RI� K\GURFDUERQV�� LW� LV� FOHDU�WKDW� WKH� SURSHUWLHV� RI� WKH�PHWDO� VXUIDFH� SOD\�DQ� LPSRUWDQW� UROH� LQ� WKH� LQLWLDO� VWHS� RI� FRNH�GHSRVLWLRQ�� 8QGHU� WKH� FRQGLWLRQV� SUHYDLOLQJ�LQ� WKH� FUDFNLQJ� FRLO�� WKHUPDO� GHFRPSRVLWLRQ�RI� RUJDQRVXOIXU� FRPSRXQGV�ZLOO� RFFXU��ZLWK�WKH� PDLQ� GHFRPSRVLWLRQ� SURGXFWV� EHLQJ�GLPHWK\O� VXOILGH�� PHWKDQHWKLRO�� FDUERQ� GLV�XOILGH� FDUERQ\O� VXOILGH�� WKLRIRUPDOGHK\GH��K\GURJHQ� VXOILGH� DQG� 6+� UDGLFDOV�� $GVRUS�WLRQ�RI�VXOIXU�FRPSRQHQWV�IURP�WKH�JDV�SKDVH�RQWR� WKH� PHWDO� SDUWLFOHV� SURFHHGV� PRUH�UHDGLO\� WKDQ� WKH� DGVRUSWLRQ� RI� HLWKHU� K\�GURFDUERQV� RU� ZDWHU�� 7KH� SUHVHQFH� RI� XQ�VKDUHG� HOHFWURQ� SDLUV� LQ� VXOIXU� FRPSRXQGV�FDQ�OHDG�WR�YHU\�VWURQJ�FKHPLVRUSWLRQ�RQ�WKH�PHWDO� VXUIDFH�� ,Q� WKH� FDVH� RI� GLPHWK\O�GLVXOILGH��WKH�. HIIHFW�HQKDQFHV�WKH�UHDFWLYLW\�RI� WKH� VXOIXU� DV� FRPSDUHG� ZLWK� FDUERQ�GLVXOILGH�� $V� D� FRQVHTXHQFH�� IRU� WKH� VDPH�FRQFHQWUDWLRQ� RI� VXOIXU� LQ� WKH� IHHG�� WKH�DPRXQW� RI� VXOIXU� DFWXDOO\� DGVRUEHG� RQ� WKH�VXUIDFH� LV� WKH� KLJKHVW� IRU� GLPHWK\OGLVXOILGH��7KLV� LV� WKH� PDLQ� UHDVRQ� IRU� WKH� PXFK�GHFUHDVHG�FRNH�IRUPDWLRQ��7KH�VXOIXU�SUHVHQW�LQ�WKH�IHHG�FDQ�UHDFW�ZLWK�WKH�PHWDO�VXUIDFH�WR�IRUP� PHWDO� VXOILGHV�� WKXV� SDVVLYDWLQJ� WKH�UHDFWRU�ZDOOV��7KH�DPRXQW�RI�VXOIXU�DGVRUEHG�RQ� WKH� VXUIDFH� GHSHQGV� RQ� WKH WHPSHUDWXUH��SUHVVXUH�� QDWXUH� DQG� FRQFHQWUDWLRQ� RI� VXOIXU�FRPSRXQGV�'LIIXVLRQ� RI� FDUERQ� WKURXJK� WKH� PHWDO� LV� D�FUXFLDO� VWHS� LQ� FDWDO\WLF� FDUERQ� IRUPDWLRQ��7KH�LQIOXHQFH�RI�6�RQ�WKHVH�VWHSV� LV�GLIILFXOW�WR�HYDOXDWH��EXW�WKH�VROXELOLW\�DQG�GLIIXVLRQ�RI�FDUERQ� WKURXJK� WKH� DOOR\� VXUIDFH� ZLOO�SUREDEO\� EH� DIIHFWHG� E\� WKH� SUHVHQFH� RI� 6�,QYHVWLJDWLRQV� RI� VXOIXU� XSWDNH� >��@� E\� LURQ�DQG� VWHHO� LQ� K\GURJHQ� VXOILGH�FRQWDLQLQJ�DWPRVSKHUH� DW� ����������&�� VKRZHG� WKDW�ZLWK� LQFUHDVLQJ� FDUERQ� FRQWHQW�� WKH� UDWH� RI�GLIIXVLRQ RI� VXOIXU� GHFUHDVHV�� ZKLOH� ZLWK�LQFUHDVLQJ� VXOIXU� FRQWHQW� WKH� UDWH� RI� FDUERQ�GLIIXVLRQ� GHFUHDVHV�� 7KHUHIRUH�� FRQWLQXRXV�DGGLWLRQ�RI� VXOIXU�FDQ�EH�H[SHFWHG� WR�KDYH�D�FRPSOH[� LQIOXHQFH� RQ� DOO� VWHSV� LQYROYHG� LQ�

FDWDO\WLF�FRNH�IRUPDWLRQ�%HFDXVH�VXOIXU�DGVRUSWLRQ�FDQ�DOVR� LQIOXHQFH�GHK\GURJHQDWLRQ� UHDFWLRQV�� LW� FDQ� EH� H[�SHFWHG� WKDW� WKH� FKDUDFWHULVWLFV� RI� WKH� FRNH�OD\HU�� DQG� LQ� SDUWLFXODU� LWV� K\GURJHQ� FRQWHQW�DQG�LWV�PLFURVWUXFWXUH��GHQVLW\��SRURVLW\���FDQ�EH�DOWHUHG�E\�WKH�DGGLWLRQ�RI�VXOIXU��7KHUHE\��WKH�NLQHWLFV�RI�WKH�K\GURJHQ�DEVWUDFWLRQ�UHDF�WLRQV� UHVSRQVLEOH� IRU� WKH� FUHDWLRQ� RI� UDGLFDO�FHQWHUV�LQ�WKH�FRNH�OD\HU�FDQ�EH�LQIOXHQFHG�7KH�VXOIXU�SUHVHQW�LQ�WKH�IHHG�FDQ�UHGXFH�WKH�UDWH�RI�FRNLQJ�LQ�WZR�ZD\V��,W�FDQ�HLWKHU�UHDFW�ZLWK�WKH�PHWDO�VXUIDFH�WR�IRUP�PHWDO�VXOILGHV��WKXV� SDVVLYDWLQJ� WKH� UHDFWRU� ZDOOV�� RU� LW� FDQ�WDNH�SDUW� LQ� WKH�KRPRJHQHRXV�JDV�SKDVH�IUHH�UDGLFDO�UHDFWLRQ�)LJ��� LOOXVWUDWHV� WKH� UHODWLRQVKLS� EHWZHHQ�WHPSHUDWXUH� DQG� GHFRPSRVLWLRQ� RI� VRPH�FRPPRQ� VXOIXU� FRPSRXQGV�� 'LPHWK\O� GLV�XOILGH��'0'6��LV�FRPSOHWHO\�GHFRPSRVHG�DW��������� R&�� HYHQ� EHIRUH� HQWHULQJ� WKH� FUD�FNLQJ� FRLO�� VLQFH� WKH� WHPSHUDWXUH� LQ� WKH�SUHKHDWHG� VHFWLRQ� UHDFKHV� ���� R&�� � 6RPH�RWKHU� VXOIXU� FRPSRXQGV� DUH�PRUH� VWDEOH� DQG�UHTXLUH� D� KLJKHU� HQHUJ\� OHYHO� WR� GHFRPSRVH��'LPHWK\O� VXOILGH� UHPDLQV� XQFKDQJHG� XQWLO����� R&�� &DUERQ� GLVXOILGH� LV� D� PRUH� VWDEOH�PROHFXOH�DQG�GHFRPSRVHV�DERYH�����R&��)RU�D� JLYHQ� FRQFHQWUDWLRQ� RI� VXOIXU� LQ� WKH� IHHG��WKH� DV\PSWRWLF� FRNLQJ� UDWH� GHFUHDVHV� LQ� WKH�RUGHU�'LPHWK\O� GLVXOILGH� !� 'LVXOILGHRLO� !�'LPHWK\O�VXOILGH�!�&DUERQ�GLVXOILGH)RU� D�JLYHQ� VXOIXU� FRQFHQWUDWLRQ� LQ� WKH� IHHG��WKH� DPRXQW� RI� VXOIXU� IHG� SHU� VXUIDFH� XQLW�GLIIHUV�FRQVLGHUDEO\�IRU�WKH�YDULRXV�XQLWV��)RU�HWKDQH�� SURSDQH� DQG� EXWDQH� FUDFNLQJ� FRQ�GLWLRQV� W\SLFDOO\� XVHG� LQ� LQGXVWULDO� SUDFWLFH��WKH� DGGLWLRQ� RI� �������� SSP� 6� DV� '0'6�FRUUHVSRQGV� WR� �������� PJ6�P��� ZKLOH� IRU�WKH�SLORW�XQLW�WKLV�YDOXH�DPRXQWV�WR�������PJ�6�P���:KHQ� VSLNLQJ� QDSKWKD� IHHG�� LWV� VXOIXU�FRQWHQW�LV�XVHG�DV�D�JXLGH�
0LFURVWUXFWXUH�DQG�$QDO\VLV�RI�'HSRVLWHG�&RNH7R VWXG\ WKH� PLFURVWUXFWXUH� RI� FRNH GHSR�



,QYHVWLJDWLRQ�RI�&RNH�'HSRVLWLRQ 	�&RNH�,QKLELWLRQ�E\�2UJDQRVXOIXU�&RPSRXQGV�LQ�WKH�3\URO\VLV�RI�1DSKWKD�LQ�WKH�-HW�6WLUUHG�5HDFWRU�6\VWHP

�� ,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO���� 1R���

)LJXUH����3HUFHQWDJH�RI�'HFRPSRVLWLRQ�RI�7KLRFKHPLFDO��&RPSRXQGV

VLWV��D�QXPEHU�RI�UXQV�ZHUH�WDNHQ�DW�WKH�VDPH�RSHUDWLQJ�FRQGLWLRQV��7 ����.��W  ����V��UXQ�WLPH�  � ���K�� LQ� WKH� SUHVHQFH� RI� &6��� '06��'0'6� DQG� 'LVXOILGHRLO� DV� LQKLELWRUV�� 7KH�GHSRVLWHG� FRNH� ZDV� DQDO\]HG� XVLQJ� D�VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �/(2� ���� L��HTXLSSHG� ZLWK� DQ� HQHUJ\�GLVSHUVLYH� ;�UD\�DQDO\]HU� �('$;��� )LJ��� VKRZV� WKH� SKRWR�PLFURJUDSKV� RI� FRNH� GHSRVLWHG� GXULQJ� WKH�S\URO\VLV�RI�QDSKWKD�ZLWKRXW�DQ�LQKLELWRU�EXW�ZLWK� &6��� '06�� '0'6� RU� 'LVXOILGHRLO� DV�LQKLELWRUV�� $OO� WKH� SKRWRJUDSKV� DUH� RI� FRNH�VXUIDFHV��ZKLFK�ZHUH�LQ�FRQWDFW�ZLWK�WKH�JDV�)LJ��D� VKRZV� WKDW� WKH� PDMRULW\� RI� PRUSKR�ORJLHV�LQ�WKH�DEVHQFH�RI�LQKLELWRU�DUH�RI�VSLUDO�ILODPHQW�� 7KLV� W\SH� RI� FRNH� KDV� D� VWUXFWXUH�ZLWK�D�KLJK�GHQVLW\��7KH�PRUSKRORJ\�RI�FRNH�LQ� WKH� SUHVHQFH� RI� &6�� �)LJ��E�� DV� D FRNLQJ�LQKLELWRU��KDV�D�XQLIRUP�VWUXFWXUH�ZLWK� IOXII\�SDUWLFOHV�DQG�D�ORZ�DPRXQW�RI�ILODPHQW�FRNH��7KH� PRUSKRORJ\� RI� FRNH� LQ� WKH� SUHVHQFH� RI�'06� �)LJ��F�� LV� RI� FRQVWDQW� GLDPHWHU� ILOD�PHQWV� DQG� QHHGOH� FRNH�� 7KH� PRUSKRORJ\� RI�

FRNH� LQ� WKH� SUHVHQFH� RI� '0'6� �)LJ��G��FRQWDLQHG�VPDOO�SLHFHV�ZLWK�LUUHJXODU�VKDSHV��7KH� PRUSKRORJ\� RI� FRNH� LQ� WKH� SUHVHQFH� RI�'LVXOILGHRLO� �)LJ��H�� FRQWDLQLQJ� VSKHULFDO��QHHGOH��DQG ORQJ�ILODPHQW�FRNH�&RPSDULQJ�PRUSKRORJ\�RI�GHSRVLWHG�FRNHV�LQ�WKH� SUHVHQFH� RI� RUJDQRVXOIRURXV� LQKLELWRUV�DQG� GHSRVLWHG� FRNH� ZLWKRXW� DQ\� LQKLELWRU�VKRZ� WKDW� WKH� SRURVLW\� REVHUYDWLRQ� LQ� WKH�GHSRVLWHG�FRNHV� LQ� WKH�SUHVHQFH�RI� LQKLELWRUV�LV�PRUH�WKDQ�WKH�SRURVLW\�RI�FRNH�ZLWKRXW�DQ�LQKLELWRU�� DQG� H[SHULPHQWV� VKRZ� WKDW� WKLV�FRNH� LV� VRIWHU�� 1RWH� WKDW� WKH� VRIWHU� FRNH� LQ�LQGXVWULDO�UHDFWRUV�LV�FDUULHG�E\�JDV�IORZ��DQG�WKHUHIRUH�WKH�DPRXQW�RI�GHSRVLWHG�FRNH�LQ�WKH�LQWHUQDO�ZDOOV�RI�WKH�UHDFWRU�LV�UHGXFHG��,Q�WKLV�FDVH�� WKH� WKHUPDO� FRQGXFWLYLW\� UHVLVWDQFH� LV�UHGXFHG�� ZKLOH� WKH� RSHUDWLQJ� WLPH� IRU� WKH�UHDFWRU� LV� LQFUHDVHG�� 2Q� WKH� RWKHU� KDQG�� WKH�GHFRNLQJ�SURFHVV�LV�HDVLHU�IRU�ILQ�FRNH��DQG�LQ�WKLV�FDVH��GHFRNLQJ�WLPH�SHULRG��7KH�UHTXLUHG�DLU�DQG�VWHDP�DOVR�UHGXFHV�('$;� UHVXOWV� RI� WKHVH FRNH� VDPSOHV�VKRZ
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)LJXUH��� 3KRWRPLFURJUDSKV�RI�FRNH�GHSRVLWHG�GXULQJ�S\URO\VLV�RI�QDSKWKD�ZLWKRXW� LQKLELWRU��D��DQG�ZLWK�&6����E��'06��F��DQG��G��'LVXOILGHRLO�DV�LQKLELWRU�

�H�

�F� �G�

�D� �E�



,QYHVWLJDWLRQ�RI�&RNH�'HSRVLWLRQ 	�&RNH�,QKLELWLRQ�E\�2UJDQRVXOIXU�&RPSRXQGV�LQ�WKH�3\URO\VLV�RI�1DSKWKD�LQ�WKH�-HW�6WLUUHG 5HDFWRU�6\VWHP

�� ,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO���� 1R���

�E��D�

WKDW� WKH� GHSRVLWHG� FRNH� LQ� WKH� SURFHVV� VLGH�ZDV� PDLQO\� FDUERQ� ZLWK� GHWHFWDEOH� DPRXQWV�RI� RWKHU� HOHPHQWV� SUHVHQW� �)LJ����� +RZHYHU��WKH�SURFHVV�VLGH�RI�WKH�GHSRVLWHG�FRNH�FRQWDLQ�D�UHODWLYHO\�VPDOO�DPRXQW�RI�&U�DQG�)H��7KHVH�REVHUYDWLRQV� FRXOG� EH� UHODWHG� WR� PHWDOGXVWLQJ� GXULQJ� WKH� FDUERQL]DWLRQ� SURFHGXUH��)XUWKHUPRUH�� WKLV� REVHUYDWLRQ� LQGLFDWHV� WKDW�GXULQJ� FUDFNLQJ�� WKH� LQWHUQDO� VXUIDFH� RI� WKH�UDGLDQW� FRLO� XQGHUJRHV� D� VORZ� FDUERQL]DWLRQ�SURFHVV� DQG� WKH� WUDYHOLQJ�PHWDO� GXVWV� WR� WKH�FRNH�VXUIDFH�
&RQFOXVLRQV:H�GHVLJQHG�DQG�DVVHPEOHG�DQ�H[SHULPHQWDO�V\VWHP� IRU� VWXG\LQJ� FRNH� GHSRVLWLRQ� LQ�QDSKWKD�S\URO\VLV��7KH�V\VWHP�LV�UHOLDEOH�DQG�IHDVLEOH� IRU� D� ZLGH� UDQJH� RI� UHVHDUFK� ZRUN��7KLV� VWXG\� GHPRQVWUDWHV� WKDW� &6��� '06��

'0'6�DQG�'LVXOILGHRLO�� LQWURGXFHG� LQWR� WKH�UHDFWLRQ� V\VWHP� WRJHWKHU� ZLWK� WKH� VWDUWLQJ�QDSKWKD�� LQIOXHQFH� WKH� IRUPDWLRQ� RI� FRNH� LQ�WKH� S\URO\VLV� RI� QDSKWKD�� $OWHUQDWLYHO\�� 6+�5DGLFDOV�DQG�6�DWRPV�FDQ�EH�IRUPHG��UHDFWLQJ�ZLWK� WKH� LQQHU� VXUIDFH� RI� WKH� UHDFWRU� WR�SURGXFH�PHWDO�VXOILGHV��%\�WKH�IRUPDWLRQ�RI�D�SURWHFWLYH� OD\HU� RI� PHWDO� VXOILGHV�� WKH� LQQHU�VXUIDFH� LV� SDVVLYDWHG�� DQG� WKH� IRUPDWLRQ� RI�FRNH� LV� LQKLELWHG�LQ� WKH�S\URO\VLV�RI�QDSKWKD��7KH�SUHVHQFH�RI�VXOSKXU�FRQWDLQLQJ�DGGLWLYHV�LQ� WKH� IHHG� FDXVHV� HYLGHQW� GHFUHDVHV� LQ�FRNLQJ��6(0�DQDO\VLV�ZDV�XVHG� WR VWXG\� WKH�PRUSKRORJLHV�RI�FRNH�IRUPHG�RQ�WKH�VXUIDFH�
$FNQRZOHGJPHQWV:H� DUH� PRVW� JUDWHIXO� IRU� WKH� FRQWLQXLQJ�ILQDQFLDO� VXSSRUW� RI� WKLV� UHVHDUFK� SURMHFW� E\�WKH�8QLYHUVLW\�RI�7DEUL]�

)LJXUH��� ('$;�DQDOVLV�RI�FRNH�GHSRVLWV�GXULQJ�S\URO\VLV�RI�QDSKWKD�LQ�ERWK�ZLWKRXW�LQKLELWRU��D��DQG�ZLWK�'0'6��E��DV�LQKLELWRU
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5HIHUHQFHV�� &KDQ�� *�.�<��� ,QDO�� )��� DQG� 6HQNDQ�� 6 �³6XSSUHVVLRQ�RI�&RNH�)RUPDWLRQ�LQ�WK� 6WHDP�&UDFNLQJ� RI�$ONDQHV��(WKDQH�DQG�3URSDQH´���,QG��(QJ��&KHP��5HV ����������������������� &DL�� +��� .U]\ZLFNL�� $��� DQG� 2EDOOD�� 0�& ���³&RNH� )RUPDWLRQ� LQ� 6WHDP� &UDFNHUV� WR(WK\OHQH�3URGXFWLRQ´ �&KHP��(QJ��3URFHVV� ���������������������� 6KXER�� )��� /LPLQJ��6��DQG�4LDQJNXQ��/��� ³$�6WXG\� RQ� &RNH� 'HSRVLWLRQ� DQG� &RNLQJ�,QKLELWRUV� GXULQJ� $*2 3\URO\VLV� LQ� 3XOVHG�0LFUR�UHDFWRU� 6\VWHP´�� -�� $QDO�� $SSO��3\URO\VLV�� �������������������� $OEULJKW�� /�)��� DQG� 0F&RQQHOO�� &�) ��� ³'H�SRVLWLRQ� DQG� *DVLILFDWLRQ� RI� &RNH� 'XULQJ�(WKDQH 3\URO\VLV´� $&6�6\P��6HU��� ��� ������������ $OEULJKW�� /�)��� DQG� 0DUHFN�� -�&�� ³&RNH�)RUPDWLRQ� 'XULQJ� 3\URO\VLV�� 5ROH� RI�5HVLGHQFH� 7LPH�� 5HDFWRU� *HRPHWU\�� DQG�7LPH�RI�2SHUDWLRQ´��� ,QG� (QJ� &KHP� 5HV���������������������� $OEULJKW�� /�)��� DQG� 0DUHFN�� -�&� � ³$QDO\VLV�RI� &RNH� 3URGXFHG� LQ� (WK\OHQH� )XUQDFHV��,QVLJKW� RI 3URFHVV ,PSURYHPHQW´� ,QG� (QJ�&KHP� 5HV����������������������� $OEULJKW�� /�)��� DQG� 0DUHFN�� -�&� � ³0HFKD�QLVWLF� 0RGHO� IRU� )RUPDWLRQ� RI� &RNH� LQ3\URO\VLV� 8QLWV� 3URGXFLQJ� (WK\OHQH´�� ,QG��(QJ� &KHP� 5HV����������������������� )UDQFRLVH�� 0�0��� 5H\QHUV�� 6�*��� DQG� � )UR�PHQW��*�)��� ³,QIOXHQFH�RI�0HWDO�6XUIDFH�DQG�6XOIXU� $GGLWLRQ� RQ &RNH� 'HSRVLWLRQ� LQ� WKH�7KHUPDO� &UDFNLQJ� RI� +\GURFDUERQV´�� ,QG�(QJ��&KHP��5HV��������� �������������� =KDQJ�� -��� 6FKQHLGHU�� $��� DQG� ,QGHQ�� *���³(IIHFW� RI� JDV� &RPSRVLWLRQ� RQ� &HPHQWLWH�'HFRPSRVLWLRQ� DQG� &RNH� )RUPDWLRQ� RQ�,URQ ´��&RUURV�6FL������������������������ 5H\QHUV��*�&���)URPHQW��*�)���.RSLQNH��)�'��DQG� =LPPHUPDQQ�� *��� ³&RNH� )RUPDWLRQ LQ�WKH� 7KHUPDO� &UDFNLQJ� RI� +\GURFDUERQV� ��0RGHOLQJ� RI� &RNH� )RUPDWLRQ� LQ 1DSKWKD�&UDFNLQJ´�� ,QG� (QJ�� &KHP�� 5HV��� ����������������������� :DXWHUV�� 6��� DQG� 0DULQ�� *�%��� ³&RPSXWHU�*HQHUDWLRQ� RI� D� 1HWZRUN� RI� (OHPHQWDU\�6WHSV IRU� &RNH� )RUPDWLRQ� 'XULQJ� WKH�7KHUPDO� &UDFNLQJ� RI� +\GURFDUERQ´�� &KHP�

(QJ� -�������������������������� :DXWHUV�� 6�� DQG� 0DULQ�� *�%��� ³.LQHWLF�0RGHOLQJ�RI�&RNH�)RUPDWLRQ�'XULQJ�6WHDP&UDFNLQJ´�� ,QG� (QJ� &KHP� 5HV��� ����������������������� %R]]DQR�� *��� 'HQWH�� 0��� )DUDYHOOL�� 7��� DQG�5DQ]L��(���³)RXOLQJ�3KHQRPHQD�LQ�3\URO\VLV�DQG� FRPEXVWLRQ� SURFHVVHV ´� $SSO�� 7KHUP��(QJ������������������������ 5HQMXQ�� =��� ³)XQGDPHQWDOV� RI� 3\URO\VLV� LQ�3HWURFKHPLVWU\�DQG�7HFKQRORJ\´��&56 3UHVV��%RFD� 5DWRQ� )/������������ %XUQV��.�*���&LDUHOOD��'�-��� 5RZH��&�7�� DQG�6LJPDQ�� -�/�� ³&KHPLFDOV� ,QFUHDVH� (WK\OHQH�3ODQW� (IILFLHQF\´��+\GURFDUERQ�3URFHVVLQJ�����-DQ������������� 5H\QLHUV�� 0�)��� DQG� )URPHQW�� *�)��� ³,Q�IOXHQFH�RI�0HWDO�VXUIDFH�DQG�6XOIXU�DGGLWLRQ�RQ�FRNH�GHSRVLWLRQ�LQ�WKH�WKHUPDO�FUDFNLQJ�RI�K\GURFDUERQV�� ,QG� (QJ��&KHP��5HV ��������������������� %DMXV�� 0��� DQG� 9HVHO\�� 9��� 3\URO\VLV� RI�+\GURFDUERQV� LQ� WKH� SUHVHQFH� RI� HOHPHQWDO�VXOIXU�� &ROOHFW�� &]HFK�� &KHP�&RPPXQ�� ����������������� %DMXV�� 0��� DQG� %D[D�� -��� &RNH� IRUPDWLRQ�GXULQJ� WKH� S\URO\VLV� RI� +\GURFDUERQV� LQ�SUHVHQFHV� RI� VXOIXU� FRPSRXQGV�� &ROOHFW��&]HFK��&KHP� &RPPXQ�������������������� 'HSH\UH��'���)ORFRWHDX[��&���%ORXUL��%���DQG�2VVHEL�� -��� �3XUH� Q�QRQDQH� VWHDP� FUDFNLQJ�DQG�WKH�LQIIOXHQFH�RI�VXOIXU�FRPSRXQGV��� ,QG�(QJ��&KHP� ������������������ 'KX\YHWWHU�� ,��� 5H\QLHUV�� 0�)��� )URPHQW��*�)��� 0DULQ�� *�%��� DQG� 9LHQQHW�� '��� �� 7KH�,QIOXHQFH�RI�'LPHWK\O�'LVXOILGH�RQ�1DSKWKD�6WHDP�&UDFNLQJ�� ,QG� (QJ��&KHP��5HV ���������������������� 3DQDKL��3���³�,QYHVWLJXWLRQ�RI�GHFUHDVLQJ�FRNH�GHSRVLWLRQ�LQ�VWHDP�FUDFNLQJ�RI�QDSKWD�XVLQJ�FKHPLFDO�LQKLELWRUV�FRQVLVW HQ�FDUERQDWHV�DQG�VXOSKLGHV´�� 06F 7KHVLV� )DFXOW\� RI�FKHPLVWU\�� 7DEUL]� XQLYHUVLW\�� 7DEUL]�� ,UDQ��1RYHPEHU� �� �������


