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7KH� VWXG\� ZDV� XQGHUWDNHQ� LQ� RUGHU� WR� UHVSRQG� WR� WKH�
&RPPLVVLRQ� 5HFRPPHQGDWLRQ� ���������(8� RQ� WKH�
PRQLWRULQJ�RI�EURPLQDWHG�IODPH�UHWDUGDQWV��%)5V��LQ�IRRG�LQ�
(XURSH� ����� %)5V� DUH� DQWKURSRJHQLF� FKHPLFDOV� WKDW� DUH�
DGGHG� WR� D� ZLGH� YDULHW\� RI� FRQVXPHU� SURGXFWV� LQ� RUGHU� WR�
LPSURYH�WKHLU�ILUH�UHVLVWDQFH��%)5V�PD\�VORZO\�OHDN�IURP�WKH�
SURGXFWV� LQWR�WKH�HQYLURQPHQW��'XH�WR�WKHLU�SHUVLVWHQFH�DQG�
SRWHQWLDO� WR� ELRDFFXPXODWLRQ� LQ� WKH� IRRG� FKDLQ�� %)5V� PD\�
FDXVH� DGYHUVH� HIIHFWV� LQ� KXPDQV� DQG� DQLPDOV�� 7KHUH� LV� D�
ODFN�RI� LQIRUPDWLRQ�RQ� WKH�RFFXUUHQFH�GDWD�RI�%)5V� LQ� IRRG�
ZKLFK� KDV� KDPSHUHG� DFFXUDWH� FRPSOHWLRQ� RI� LQWDNH�
DVVHVVPHQW��7KH�PDLQ�REMHFWLYH�RI�WKH�ZRUN�ZDV�WR�SURYLGH�
D�VHQVLWLYH�DQDO\WLFDO�PHWKRG�IRU�TXDQWLILFDWLRQ�RI�EURPLQDWHG�
SKHQROV� �%U3K��DQG�KH[DEURPRF\FORGRGHFDQHV� �+%&'V�� LQ�
IRRGVWXIIV�� 0HDVXUHPHQWV� RI� %)5V� ZHUH� SHUIRUPHG� XVLQJ�
XOWUD�KLJK� SHUIRUPDQFH� ±� WDQGHP� PDVV� VSHFWURPHWU\�
�83/&±06�06�� WHFKQLTXH� RQ� $&48,7<� 83/&� V\VWHP�
�:DWHUV�� FRXSOHG� WR� ;HYR�74�6� PDVV� VSHFWURPHWHU�
�:DWHUV��� 7KH� 06� ZDV� RSHUDWHG� LQ� HOHFWURVSUD\� LRQL]DWLRQ�
PRGH� LQ� QHJDWLYH� SRODULW\�� ,Q� DGGLWLRQ� WR� LWV� VHOHFWLYLW\� DQG�
VXSHULRU�VHQVLWLYLW\�� WKH�/&±06�WHFKQLTXH�ZDV�FKRVHQ�RYHU�
JDV� FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\� �*&±06��EHFDXVH�
RI� DSSOLFDELOLW\� IRU� FRPSRXQGV� VXVFHSWLEOH� WR� WKHUPDO�
GHFRPSRVLWLRQ� �GHULYDWLYH� RI� WHWUDEURPRELVSKHQRO� $�� DQG�
LVRPHULF� LQWHUFRQYHUVLRQ� �+%&'� LVRPHUV��� 7KH� RSWLPLVDWLRQ�
RI� VDPSOH� SUHSDUDWLRQ� SURFHGXUH� ZDV� SHUIRUPHG� XVLQJ�
O\RSKLOL]HG� VDOPRQ� DV� PDWUL[�� 6SLNLQJ� H[SHULPHQWV�
GHPRQVWUDWHG�JRRG�UHVXOWV�DSSO\LQJ�DFHWRQLWULOH�DV�H[WUDFWLRQ�
VROYHQW��7KH�H[WUDFW�ZDV�GHIDWWHG�XVLQJ�FRQVHTXHQW�DGGLWLRQ�
RI� KH[DQH�� 7R� HQKDQFH� SKDVH� VHSDUDWLRQ� EHWZHHQ� KH[DQH�
DQG�DFHWRQLWULOH��DGGLWLRQ�RI�ZDWHU�ZDV�UHTXLUHG��7KH�RUJDQLF�
SKDVH� FRQWDLQLQJ� KH[DQH� ZDV� EURXJKW� RQWR� D� PXOWL�OD\HU�
VLOLFD� FROXPQ� �LQFOXGLQJ� OD\HUV� RI� DFLGLILHG� VLOLFD�� IRU� OLSLG�
HOLPLQDWLRQ�� )RU� VROYHQW� H[FKDQJH�� WKH� DTXHRXV�SKDVH�ZDV�
FOHDQHGXS� E\� VROLG�SKDVH� H[WUDFWLRQ� XVLQJ� 2DVLV�� +/%�
FDUWULGJHV��$IWHU�WKH�FOHDQ�XS��WKH�H[WUDFWV�ZHUH�HYDSRUDWHG��
UHFRQVWLWXWHG� LQ� DFHWRQLWULOH�ZDWHU� �������� DQG� FRPELQHG�
EHIRUH�LQMHFWLRQ�LQWR�WKH�83/&±06�06�V\VWHP��,Q�WKLV�ZRUN��
FKDOOHQJHV�HQFRXQWHUHG�LQ�WKH�PDVV�VSHFWURPHWULF�GHWHFWLRQ�
RI� %)5V�� DV� ZHOO� DV� FRQVLGHUDWLRQV� LQ� H[WUDFWLRQ� DQG�
TXDQWLILFDWLRQ� RI� WKHVH� FRPSRXQGV� ZLOO� EH� GLVFXVVHG��
9DOLGDWLRQ� RI� WKH� GHYHORSHG� 83/&±06�06� PHWKRG� ZLOO� EH�
SUHVHQWHG� IRU�D�YDULHW\�RI� IRRG�JURXSV�� LQFOXGLQJ� ILVK��PHDW��
HJJV��PLON�DQG�YHJHWDEOH�RLOV���

>�@�&RPPLVVLRQ� 5HFRPPHQGDWLRQ� RI� �� 0DUFK� ����� RQ� WKH�
PRQLWRULQJ� RI� EURPLQDWHG� IODPH� UHWDUGDQWV� LQ� IRRG� ��������
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1XWUDFHXWLFDOV� FDQ� EH� FRQVLGHUHG� DQ� DOWHUQDWLYH� WR�
SKDUPDFHXWLFDO� SURGXFWV� E\� VRFLHW\�� DQG� WKH\� KDYH� EHHQ�
DFTXLULQJ� LPSRUWDQFH� LQ� WKH� ODVW� GHFDGH�� 6XFK� SURGXFWV� PD\�
UDQJH� IURP� LVRODWHG�QXWULHQWV�� GLHWDU\� VXSSOHPHQWV�DQG� VSHFLILF�
GLHWV� WR� JHQHWLFDOO\� HQJLQHHUHG� IRRGV�� KHUEDO� SURGXFWV�� DQG�
SURFHVVHG� IRRGV� VXFK� DV� FHUHDOV�� VRXSV� DQG� EHYHUDJHV��
.HHSLQJ� LQ�PLQG� WKDW� D� QXWUDFHXWLFDO� SURGXFW� LV� D� FRQFHQWUDWHG�
IRUP� RI� D� IRRG� RU� SODQW�� LW� FDQ� EH� FRQWDPLQDWHG� IURP� WKH� UDZ�
PDWHULDO� ZLWK� WR[LF� VXEVWDQFHV�� VXFK� DV� SHVWLFLGHV� RU�
P\FRWR[LQV�� ,Q� WKH� (XURSHDQ� 8QLRQ�� WKHUH� H[LVW� OHJLVODWLRQ�
LQYROYLQJ� PD[LPXP� UHVLGXH� OLPLWV� IRU� SHVWLFLGHV� >�@� DQG�
P\FRWR[LQV� >�@� LQ� IRRG� DQG� IHHG�� DOWKRXJK� WKH\� RQO\� FRQVLGHU�
WKHLU� SUHVHQFH� LQ� WKH� UDZ�PDWHULDO� DQG� QRW� LQ� WKH� QXWUDFHXWLFDO�
SUHVHQWDWLRQ��FDSVXOHV�� WDEOHWV��H[WUDFWV��HWF����$QRWKHU�SUREOHP�
LV�WKDW�WKHVH�FRQWDPLQDQWV�FDQ�EH�GHJUDGHG�WR�RWKHU�VXEVWDQFHV��
ZKLFK�LQ�VRPH�FDVHV�FRXOG�EH�PRUH�WR[LF�WKDQ�WKH�RULJLQDO�RQHV��
7KHVH� DUH� FRQVLGHUHG� WUDQVIRUPDWLRQ� SURGXFWV� �73V��� 0RVW� RI�
WKHVH�73V�DUH�XQNQRZQ�DQG�IHZ�VWXGLHV�KDYH�EHHQ�SHUIRUPHG�WR�
DQDO\]H� WKHP�� 7KHUHIRUH�� DQDO\WLFDO� PHWKRGRORJLHV� WKDW� HQVXUH�
IRRG� VDIHW\� LQ� WKLV� NLQG�RI� FRPPRGLWLHV�DUH�QHHGHG��PRQLWRULQJ�
WR[LF� VXEVWDQFHV� DV� ZHOO� DV� WKHLU� UHVSHFWLYH� 73V�� ,Q� WKLV� ZRUN��
GLIIHUHQW� QXWUDFHXWLFDOV�� VXFK� DV� JUHHQ� WHD�� UR\DO� MHOO\�� VR\�
LVRIODYRQHV� DQG� JLQNJR� ELORED�� KDYH� EHHQ� VWXGLHG� ORRNLQJ� IRU�
PRUH� WKDQ� ���� WR[LF� VXEVWDQFHV� �LQFOXGLQJ� SHVWLFLGHV� DQG�
P\FRWR[LQV�� XVLQJ� XOWUD� KLJK� SUHVVXUH� OLTXLG� FKURPDWRJUDSK\�
FRXSOHG�WR�KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWU\��8+3/&±2UELWUDS�
06���$� ³GLOXWH�DQG� VKRRW´� H[WUDFWLRQ�SURFHGXUH�ZDV�DSSOLHG� IRU�
DOO� WKH� PDWULFHV� VWXGLHG�� IROORZHG� E\� D� FOHDQ�XS� VWHS� XVLQJ�
GLIIHUHQW� VRUEHQWV�� VXFK� DV� SULPDU\� VHFRQGDU\� DPLQH� �36$���
JUDSKLWL]HG� FDUERQ� EODFN� �*&%��� &���� )ORULVLO� DQG� ]LUFRQLXP�
R[LGH� �=�6HS���� 7KH� PHWKRGRORJLHV� ZHUH� YDOLGDWHG�� REWDLQLQJ�
UHFRYHULHV� EHWZHHQ� ��� DQG� ����� DQG� SUHFLVLRQ� YDOXHV� EHORZ�
����� 7KH� OLPLWV� RI� GHWHFWLRQ� DQG� TXDQWLILFDWLRQ� ZHUH� EHORZ� ���
DQG���� J�NJ����UHVSHFWLYHO\��$IWHU�YDOLGDWLRQ��WKH�PHWKRGV�ZHUH�
DSSOLHG� WR� GLIIHUHQW� FRPPHUFLDO� QXWUDFHXWLFDO� SURGXFWV� ���� LQ�
WRWDO���ILQGLQJ����SHVWLFLGHV�DQG���P\FRWR[LQV��73V�ZHUH�GHILQHG�
IRU�HDFK�WR[LF�VXEVWDQFH�IRXQG�LQ�WKH�UHDO�VDPSOHV��EXLOGLQJ�D�OLVW�
RI� ��� 73V�� )URP� WKLV� OLVW�� �� 73V� ZHUH� SXWDWLYHO\� LGHQWLILHG� E\�
2UELWUDS�06�LQ�WKH�FRPPHUFLDO�QXWUDFHXWLFDO�SURGXFWV�DQDO\]HG��
SHUIRUPLQJ�UHWURVSHFWLYH�DQDO\VLV���

>�@�5(*8/$7,21��(&��1R����������RI�WKH�(XURSHDQ�3DUOLDPHQW�
DQG�RI�WKH�&RXQFLO�RI����)HEUXDU\������RQ�PD[LPXP�UHVLGXH�
OHYHOV�RI�SHVWLFLGHV�LQ�RU�RQ�IRRG�DQG�IHHG�RI�SODQW�DQG�DQLPDO�
RULJLQ�DQG�DPHQGLQJ�&RXQFLO�'LUHFWLYH��������((&���

>�@�5(*8/$7,21� �(&�� 1R� ���������� RI� ��� 'HFHPEHU� �����
VHWWLQJ� PD[LPXP� OHYHOV� IRU� FHUWDLQ� FRQWDPLQDQWV� DQG�
IRRGVWXIIV���

.H\ZRUGV�� QXWUDFHXWLFDOV�� SHVWLFLGHV�� P\FRWR[LQV�� WUDQVIRUPDWLRQ�
SURGXFWV��KLJK�UHVROXWLRQ�PDVV�VSHFWURPHWU\��

$FNQRZOHGJHPHQW�� 7KH� DXWKRUV� JUDWHIXOO\� DFNQRZOHGJH� WKH�
6SDQLVK�0LQLVWU\� RI� (FRQRP\� DQG�&RPSHWLWLYHQHVV� �0,1(&2�� DQG�
)('(5��SURMHFW�UHI��&74��������������


