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DQG�HQYLURQPHQWDO�DVSHFWV�EHFRPHV�HVSHFLDOO\�LPSRUWDQW��VXVWDLQDELOLW\�VKRXOG�EH�DFKLHYHG�LQ�D�ZD\�
WKDW� KXPDQ� QXWULWLRQ� ZRXOG� QRW� VXIIHU� ZKHQ� HQYLURQPHQWDO� LPSDFWV� DUH� UHGXFHG�� 'XH� WR� VHYHUDO�
HQYLURQPHQWDO�DQG�KHDOWK�LPSDFWV��D�WUDQVLWLRQ�WR�PRUH�SODQW�EDVHG�GLHWV�LQ�WKH�:HVWHUQ�FRXQWULHV�LV�
GHVLUDEOH��RQH�PDQLIHVWDWLRQ�RI�ZKLFK�LV�WKH�UHSODFHPHQW�RI�DQLPDO�VRXUFH�SURGXFWV� WR�SODQW�EDVHG�
DOWHUQDWLYHV��,W�UHTXLUHV�D�SURGXFW�VSHFLILF�LQIRUPDWLRQ�DQG�XQGHUVWDQGLQJ�RQ�WKH�VXEVWLWXWLRQ�LPSDFW�
WKDW�LQWHJUDWHV�ERWK�HQYLURQPHQWDO�DQG�QXWULWLRQDO�SHUVSHFWLYHV���$W�WKH�HQG�RI�ODVW�\HDU��)$2�SXEOLVKHG�
D� UHSRUW� RQ� WKH� EHVW� SUDFWLFHV� IRU� LQWHJUDWLQJ� QXWULWLRQ� LQ� /&$� RI� IRRG� LWHPV�� SURYLGLQJ� JHQHUDO�
JXLGHOLQHV� IRU� QXWULWLRQDO� /&$� �Q/&$�� PHWKRGRORJ\� �0F/DUHQ� HW� DO�� ������� +RZHYHU�� WKH�
PHWKRGRORJLFDO�DSSURDFKHV�UHPDLQ�YDU\LQJ�EHFDXVH��DV�LQ�DQ\�/&$��WKH�PHWKRGRORJLFDO�FKRLFHV�DUH�
GHSHQGHQW�RQ�WKH�JRDO�DQG�VFRSH�RI�WKH�VWXG\��LH�D�FRQWH[W�RI�WKH�DVVHVVPHQW�DQG�LQWHQGHG�XVDJH�RI�
WKH�UHVXOWV��6WLOO��WKH�XVH�RI�QXWULWLRQDO�IXQFWLRQDO�XQLWV��Q)8V��LV�D�NH\�VROXWLRQ�IRU�LQWHJUDWLQJ�QXWULWLRQ�
LQWR�WKH�/&$�DV�LW�VHHNV�WR�LQFRUSRUDWH�IRRG�IXQFWLRQDOLW\�LQWR�WKH�)8��7KLV�PHWKRG�KDV�EHHQ�GHYHORSHG�
RYHU�WKH�ODVW�\HDUV��6DDULQHQ�HW�DO��������0F$XOLIIH�HW�DO��������*UHHQ�HW�DO���������

7KH�SUDFWLFDO� LPSOHPHQWDWLRQ�RI�Q/&$�WKURXJK�SURGXFW�JURXS�VSHFLILF�Q)8V�LV�VWXGLHG�LQ�1(3*D�
SURMHFW� OHG� E\� 1DWXUDO� 5HVRXUFHV� ,QVWLWXWH� )LQODQG�� 7KH� SURMHFW� GHYHORSV� VFLHQWLILFDOO\� YDOLG�
PHWKRGRORJLHV� IRU� FRPELQLQJ� QXWULWLRQDO� IDFWRUV�ZLWK� HQYLURQPHQWDO� LPSDFWV� RI� IRRG� SURGXFWV� LQ�
YDULRXV�SURGXFW�JURXSV��7KH�SURMHFW
V�GHYHORSPHQW�ZRUN� WDNHV�SODFH� LQ�D�)LQQLVK� FRQWH[W��EXW� WKH�
VFLHQWLILF� SURFHGXUHV� FDQ� EH� LPSOHPHQWHG� DOVR� HOVHZKHUH�� ,Q� WKH� SURMHFW� WKH� PHWKRGRORJLFDO�
LQWHJUDWLRQ�RI�QXWULWLRQDO�TXDOLW\�LQWR�HQYLURQPHQWDO�DVVHVVPHQW�LV�GHYHORSHG�LQ�WKH�PXOWLGLVFLSOLQDU\�
SURMHFW� WHDP� LQFOXGLQJ� IRRG�� HQYLURQPHQW� DQG� QXWULWLRQ� VFLHQWLVWV� IURP� OHDGLQJ� )LQQLVK� UHVHDUFK�
LQVWLWXWHV�DQG�XQLYHUVLWLHV��7KH�ZRUN�KDV�EHHQ�FDUULHG�RXW�DV�LWHUDWLYH�GHYHORSPHQW�SURFHVV�LQ�FORVH�
FROODERUDWLRQ��WKURXJK�GLVFXVVLRQV�DQG�WHVW�DVVHVVPHQWV��:RUNVKRSV�DQG�VHPLQDUV�ZLWK�VWDNHKROGHUV�
KDYH�EHHQ�RUJDQL]HG�WR�FROOHFW�IHHGEDFN�RQ�YLHZV�RQ�XVDELOLW\�RI�WKH�PHWKRGRORJ\�DQG�FRPPXQLFDWLRQ�
RI�Q/&$�UHVXOWV�WR�FRQVXPHUV��,QGHHG��LQ�DGGLWLRQ�WR�PHWKRGRORJLFDO�GHYHORSPHQW��WKH�1(3*D�SURMHFW�
DLP� WR�EXLOGLQJ�D�EDVLV� IRU� D�SURGXFW� ODEHOOLQJ� WKDW� LQWHJUDWHV�QXWULWLRQ�DVSHFWV� WR� OLIH�F\FOH�EDVHG�
HQYLURQPHQWDO�LQIRUPDWLRQ���
�
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SURWHLQ�ULFK�IRRGV�LQ�D�QDWLRQDO�FRQWH[W��FRQVLGHULQJ�WKH�)LQQLVK�QXWULWLRQ�DQG�IRRG�UHFRPPHQGDWLRQV��
DV�ZHOO�DV�WKH�SRSXODWLRQ
V�GLHWDU\�KDELWV�DQG�QXWULHQW�LQWDNH��:H�KLJKOLJKW�WKH�XQUHVROYHG�FRQFHUQV�
LQYROYLQJ�WKH�VKLIW�LQ�GLHWV�WRZDUG�SODQW�EDVHG�IRRGV�DQG�WKH�UHVXOWLQJ�FKDQJH�LQ�QXWULHQW�LQWDNH��DQG�
WKH�VHQVLWLYLWLHV�DQG�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�Q)8V��6LQFH�WKH�XVH�RI�Q)8�DIIHFWV�WKH�RWKHU�FKRLFHV�
PDGH� LQ� /&$� PRGHOLQJ� �H�J��� V\VWHP� ERXQGDULHV�� DOORFDWLRQV��� ZH� DOVR� GLVFXVV� WKH� FKDOOHQJHV�
DVVRFLDWHG� ZLWK� Q)8� LPSOHPHQWDWLRQ� LQ� /&$�� 7KH� PHWKRGRORJLFDO� IUDPHZRUN� ZLWK� SUDFWLFDO�
LPSOHPHQWDWLRQ�DQG�GLVFXVVLRQ�LV�GHVFULEHG�LQ�GHWDLO�LQ�.\WWl�HW�DO���������XQSXEOLVKHG��

)RU�SURGXFW�JURXS�VSHFLILF�Q)8V��WKH�JURXSLQJ�RI�IRRGV�LV�DQ�LPSRUWDQW�VWHS���LW�QHHGV�WR�EH�EURDG�
HQRXJK� WR� FRYHU� YDULHW\� RI� IRRGV� WKDW� DUH� VXEVWLWXWDEOH� ZLWK� HDFK� RWKHU� EXW� QDUURZ� HQRXJK� WR�
GLIIHUHQWLDWH�WKH�IRRGV�ZLWK�GLIIHUHQW�IXQFWLRQV��7KHUHIRUH��LQ�WKLV�VWXG\�WKH�JURXSLQJ�ZDV�EDVHG�RQ�
WKH�SODWH�PRGHO�SUHVHQWHG�LQ�WKH�QDWLRQDO�IRRG�UHFRPPHQGDWLRQV�RI�)LQODQG��951���������$V�D�UHVXOW��
WKH�IRRGV�WKDW�DUH�FRQVXPHG�VLPLODUO\��DQG�WKXV�DUH�VXEVWLWXWDEOH��DUH�JURXSHG�WRJHWKHU��)RU�SURSHU�
XVDJH�RI�Q)8��LW�LV�FUXFLDO�WR�LGHQWLI\�WKH�QXWULHQWV�WKDW�DUH�GHULYHG�IURP�WKH�SURGXFW�JURXS�XQGHU�VWXG\��
)LUVW��WKH�QXWULHQWV�WKDW�DUH�FXUUHQWO\�REWDLQHG�IURP�VRXUFHV�RI�SURWHLQ�ZHUH�LGHQWLILHG��7KLV�ZDV�GRQH�
EDVHG�RQ�WKH�1DWLRQDO�)LQ'LHW�6XUYH\V��.DDUWLQHQ�HW�DO��������WKDW�PRQLWRU�WKH�GLHWDU\�KDELWV�DQG�
QXWULHQW�LQWDNH�RI�WKH�DGXOW�SRSXODWLRQ�LQ�)LQODQG��$FFRUGLQJ�WR�WKH�VXUYH\��LQ�FXUUHQW�GLHWV�WKH�PDLQ�
VRXUFHV�RI�SURWHLQ�DUH�PHDW�DQG�GDLU\�SURGXFWV��%HFDXVH�RXU�DSSURDFK�LV�EDVHG�RQ�WKH�VXEVWLWXWLRQ�
HIIHFW�RI�SURGXFWV��ZH�PDSSHG�RXW�DOO�WKH�QXWULHQWV�WKDW�PHDW�DQG�GDLU\�SURGXFWV�DUH�VLJQLILFDQW�VRXUFHV�
RI�LQ�FXUUHQW�GLHWV��7KHVH�FULWHULD�UHVXOWHG�WR�WKH�IROORZLQJ�EHQHILFLDO�QXWULHQWV�EHLQJ�LQFOXGHG�WR�WKH�
QXWULHQW�LQGH[�RI�SURWHLQ�ULFK�IRRGV��FDOFLXP��&D���LURQ��)H���VHOHQLXP��6H���]LQF��=Q���YLWDPLQ�%���
YLWDPLQ�%���� QLDFLQ�� ULERIODYLQ�� DQG� WKLDPLQH��%HFDXVH� WKH� LQGH[� LV� EDVHG� RQ� UHODWLRQ� RI� QXWULHQW�
FRQWHQW�RI�IRRG�DQG�WKH�QDWLRQDO�GDLO\�LQWDNH�UHFRPPHQGDWLRQ�RI�QXWULHQW��WKH�LQGH[�ZDV�FDOFXODWHG�
VHSDUDWHO\�IRU�DOO�SRSXODWLRQ�JURXSV�ZLWK�GLIIHUHQW�QXWULWLRQ�UHFRPPHQGDWLRQV��7KH�LQGH[�ZDV�XVHG�
GLUHFWO\�DV�D�)8�IRU�SURWHLQ�ULFK�IRRGV�E\�GLYLGLQJ�WKH�HQYLURQPHQWDO�LPSDFWV�E\�WKH�LQGH[�VFRUH��7KH�
VHQVLWLYLW\�RI�FOLPDWH�LPSDFWV�WR�WKH�FKRLFH�RI�QXWULHQWV�LQ�WKH�LQGH[�DQG�V\VWHP�ERXQGDULHV�LQ�/&$�
ZHUH�WHVWHG�ZLWK�IXUWKHU�DQDO\VHV��

7KH�UHVXOWV�VKRZ�WKDW�XVLQJ�QXWULHQW�LQGH[�LQVWHDG�RI�PDVV�DV�)8�GHFUHDVHV�WKH�GLIIHUHQFH�EHWZHHQ�
DQLPDO�VRXUFH�IRRGV�DQG�SODQW�EDVHG�IRRGV��'XH�WR�KLJK�FOLPDWH�LPSDFWV�RI�EHHI�SHU�����JUDPV��DOVR�
WKH�FOLPDWH�LPSDFW�SHU�LQGH[�VFRUH�ZDV�WKH�KLJKHVW��DQG�FRQVHTXHQWO\��WKH�KLJK�LQGH[�VFRUHV�RI�ILVK�
IRRGV�OHDG�WR�ORZ�FOLPDWH�LPSDFWV�SHU�LQGH[���7KH�UHVXOWV�DUH�VHQVLWLYH�WR�WKH�FKRLFH�RI�QXWULHQWV�LQ�WKH�
LQGH[��WKH�W\SH�RI�IRRG�DVVHVVHG�DQG�WKH�V\VWHP�ERXQGDULHV�RI�DVVHVVPHQW��7KH�PRUH�GHWDLOHG�UHVXOWV�
DUH�SUHVHQWHG�DW�WKH�FRQIHUHQFH�DQG�LQ�WKH�VFLHQWLILF�SXEOLFDWLRQ�ZLWK�PHWKRGRORJLFDO�IRFXV���
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