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7RGD\� RQH� RI� WKH�PRVW� LPSRUWDQW� SUREOHPV� LQ� IRRG� LQGXVWU\� LV� WKH� ODFN� RI� GLHWDU\�
SURWHLQ��HVSHFLDOO\�RI�DQLPDO�RULJLQ��7KH�DQQXDO�GHILFLW�RI�SURWHLQV�LQ�WKH�ZRUOG�LV�HVWLPDWHG�
DW�OHDVW�DW����POQ��7���DQG�LWV�DYHUDJH�UDWH�RI�FRQVXPSWLRQ�LQ�UHFHQW�\HDUV�KDV�GHFUHDVHG�E\�
������������3DUWO\�WKH�VROXWLRQ�WKH�SUREOHP�RI�SURWHLQ�GHILFLHQF\�LV�SRVVLEOH�WKURXJK�WKH�XVH�
RI�WHFKQRORJ\�RI�PLON�SURWHLQ�FRQFHQWUDWH��03&��UHFHLYHG�ZLWK�SUHFLSLWDWLRQ�RI�SURWHLQV�RI�
WKH�GDLU\�LQGXVWU\�E\�SURGXFWV��DV�EXWWHUPLON��ZKH\�DQG�VNLP�PLON��3URGXFWV�PDGH�ZLWK�WKH�
XVH�RI�VXFK�FRQFHQWUDWHV�ZLOO�KDYH�KLJK�QXWULWLRQDO�DQG�ELRORJLFDO�YDOXH��DQG�EDODQFHG�DPLQR�
DFLG�FRPSRVLWLRQ�

+RZHYHU�� GHVSLWH� WKH� VLJQLILFDQW� EHQHILWV� WKH� FRQVXPSWLRQ� RI� SURGXFWV�ZLWK� D� KLJK�
FRQWHQW�RI�SURWHLQV�FDQ�FDXVH�D�QXPEHU�RI�SUREOHPV�UHODWHG�WR�WKH�IXQFWLRQLQJ�RI�WKH�ERG\��
7KXV��E\�LQFUHDVLQJ�WKH�QXPEHU�RI�DPLQR�DFLGV��KLJK�FRQWHQW�RI�SURWHLQV�ZLOO�VKLIW�WKH�DFLG�
EDVH�EDODQFH�WR�WKH�DFLG�VLGH��ZKDW�PD\�FDXVH�WKH�UHGXFWLRQ�RI�WKH�DVVLPLODWLRQ�RI�PLQHUDOV��
WKH� ORZHULQJ� RI� LPPXQLW\�� WKH� DSSHDUDQFH� RI� MRLQW� SDLQ� DQG� RWKHU� VLJQV� RI� DFLGRVLV�� ,Q�
DGGLWLRQ��D�KDUVK�LQFUHDVH�RI�SURWHLQV�LQ�WKH FRQVXPSWLRQ�FDQ�OHDG�WR�WKH�ORZHULQJ�RI�EORRG�
SUHVVXUH�� WR� WKH� H[KDXVWLRQ� RI� FDUGLRYDVFXODU� DQG� FHQWUDO� QHUYRXV� V\VWHPV� DQG� WR� WKH�
YLRODWLRQ�RI�YLWDPLQ�PHWDEROLVP�

7R�SUHYHQW�VXFK�QHJDWLYH�FRQVHTXHQFHV�ZH�KDYH�GHYHORSHG�WKH�WHFKQRORJ\�RI�03&�
ZLWK� WKH�XVH�RI�SODQW�PDWHULDO� DV� D�SURWHLQV� FRDJXODQW��7KH�REWDLQHG�03&�KDV� D�EDODQFHG�
DPLQR�DFLG� FRPSRVLWLRQ��KLJK�ELRORJLFDO�YDOXH�RI�SURWHLQV�� DQG�DOVR� FRQWDLQV� D�QXPEHU�RI�
YLWDPLQV�� PLQHUDOV� DQG� QXWULHQWV� ZKLFK� FDQ� LQFUHDVH� WKH� LPPXQLW\� DQG� DGMXVW� QHJDWLYH�
FKDQJHV LQ�WKH�ERG\�

7KH� SDUWLFXODU� LPSRUWDQFH� DPRQJ� WKH� QXWULHQWV� WKDW� GHYROYH� WR� 03&� IURP� SODQW�
PDWHULDO� KDYH� RUJDQLF� DFLGV� DQG� 3�YLWDPLQ� VXEVWDQFHV�� 2UJDQLF� DFLGV�� GHVSLWH� WKHLU�
QHJOLJLEOH� FRQWHQW� LQ� SURGXFWV�� KDYH� VLJQLILFDQW� ELRORJLFDO� DFWLYLW\� DQG� VLJQLILFDQWO\� DIIHFW�
WKH� PHWDEROLF� SURFHVVHV�� SDUWLFLSDWH� LQ� VKLIW� RI� ERG\CV� S+� WR� WKH� DONDOLQH� VLGH�� SUHYHQW�
WUDQVIRUPDWLRQ� RI� H[FHVV� FDUERK\GUDWHV� WR� IDW�� VWLPXODWH� WKH� RXWSXW� RI� $73�� WKHUHE\�
VDWXUDWLQJ� WKH� FHOOV� ZLWK� HQHUJ\�� DQG� DOVR� KDYH� DQWLVHSWLF�� GHWR[LILFDWLRQ�� DQWLYLUDO��
DQWLPLFURELDO�DQG�DQWLR[LGDQW�SURSHUWLHV��%LRIODYRQRLGV�DQG�RWKHU�3�YLWDPLQ�VXEVWDQFHV�DUH�
DOVR�DUH�FKDUDFWHUL]HG�E\�VLJQLILFDQW�UDGLRSURWHFWLQJ�DQG�DQWLR[LGDQW�SURSHUWLHV��,Q�DGGLWLRQ��
WKH\�LQFUHDVH�WKH�UHVLVWDQFH�RI�WKH�ERG\��VWUHQJWKHQLQJ�ZDOOV�RI�FDSLOODULHV�DQG�UHGXFLQJ�WKHLU�
LQVLJKW�� IDFLOLWDWH� WKH� V\QWKHVLV� DQG� DFFXPXODWLRQ� RI� DVFRUELF� DFLG� DQG� KDYH� WKH� DELOLW\� WR�
SUHYHQW�DQDSK\ODFWLF�VKRFN�

7KLV�ZRUN�SURYLGHV� WKH�UHVXOWV�RI�VWXGLHV�RI�RUJDQLF�DFLGV�DQG�3�YLWDPLQ�VXEVWDQFHV�
FRQWHQW� LQ FUDQEHUU\� DQG�YLEXUQXP�SXUHH�� XVHG� DV� FRDJXODQWV�� DQG� LQ�03&�REWDLQHG�ZLWK�
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WKHLU� XVH�� 7KH� DSSOLHG� PHWKRGV� IRU� GHWHUPLQLQJ� RI� 3�YLWDPLQ� VXEVWDQFHV� DUH� EDVHG� RQ�
PHDVXULQJ� RI� RSWLFDO� GHQVLW\� RI� VWXGLHG� PDWHULDOCV� K\GUR�DOFRKRO� H[WUDFWV�� 0HDVXUHPHQWV�
ZHUH� WDNHQ�ZLWK�WKH�XVH�RI�SKRWRHOHFWULF�FRORULPHWHU�.).����7KH�FRQWHQW�RI�RUJDQLF�DFLGV�
ZDV�GHWHUPLQHG�E\� WLWUDWLRQ�PHWKRG��7R�FDOFXODWH� WKH�FRQWHQW�RI�3�YLWDPLQ�VXEVWDQFHV�DQG�
RUJDQLF�DFLGV�ZH�XVHG�FDOLEUDWLRQ�JUDSKV��DQDO\WLFDO�DQG�QXPHULFDO�PHWKRGV��7KH�UHVXOWV�DUH�
SUHVHQWHG�LQ�7DEOH����

7DEOH����7KH�FRQWHQW�RI�RUJDQLF�DFLGV�DQG�3�YLWDPLQ�VXEVWDQFHV��J�������J
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$V� RQH� FDQ� VHH� IURP� WKH� SUHVHQWHG� GDWD�� 03&�� REWDLQHG� DIWHU� SUHFLSLWDWLRQ� RI�
EXWWHUPLON�SURWHLQV�ZLWK� WKH�XVH�RI�YHJHWDEOH�SXUHH�� FRQWDLQH�RUJDQLF� DFLGV� DQG�3�YLWDPLQ�
VXEVWDQFHV�RI�UDZ�PDWHULDOV��DQG�WKH�GHJUHH�RI�FRQYHUVLRQ�LV�DQ�DYHUDJH�����������GHVSLWH�RQ�
WKH�UDWKHU�VWULFW�FRQGLWLRQV�RI�WKHUPRFRDJXODWLRQ��0DNLQJ�WKH�SDUW�RI�03&�WKHVH�FRPSRXQGV�
DVVLVW� WKH� HTXDOL]DWLRQ� RI� WKH� DFLG�EDVH� EDODQFH� LQ� WKH� ERG\�� LPSURYH� WKH� DEVRUSWLRQ� RI�
YLWDPLQV� DQG� PLQHUDOV�� FRQWDLQHG� LQ� WKH� FRQFHQWUDWH�� DQG�� GXH� WR� WKHLU� EDFWHULFLGDO� DQG�
IXQJLVWDWLF�SURSHUWLHV��SURORQJ�WKH�H[SLUDWLRQ�GDWH�RI�WKH�UHVXOWLQJ�SURGXFWV�
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