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&RPSDUDWLYH�VWXG\�RI �DQWLR[LGDQW�DQG�DQWLEDFWHULDO�
DFWLYLWLHV�LQ�WKH�PHWKDQRO�DQG�HWK\O�DFHWDWH�H[WUDFW�RI �
OHDI �DQG�VWHP�EDUN�RI �6HPHFDUSXV�DQDFDUGLXP�/LQQ��

%LVKDQ�'DWW�%KDWW�DQG�&KDQGUDGLS�&KKHWU\

7UL�&KDQGUD�0XOWLSOH�&DPSXV�7ULEKXYDQ�8QLYHUVLW\��1HSDO�
(PDLO��FKDQGLSPH#JPDLO�FRP�

$EVWUDFW�

6HPHFDUSXV�DQDFDUGLXP�/LQQ�KDV�EHHQ�XVHG�LQ�1HSDO�IRU�D�ORQJ�WLPH�WR�WUHDW�YDULRXV�PDOIXQFWLRQV�LQ�
WKH� ERG\�� $QWLR[LGDQW� DQG� DQWLEDFWHULDO� DFWLYLWLHV� RI� WKH� H[WUDFW� RI� OHDI� DQG� EDUN� RI� 6HPHFDUSXV�
DQDFDUGLXP�/LQQ�KDYH�EHHQ�GHWHUPLQHG�DQG� WKH�GDWD�KDYH�EHHQ�XWLOL]HG� WR�UHODWH� WKH� LPSRUWDQFH�RI� WKH�
H[WUDFWV�LQ�PHGLFDO�ILHOG��6WXG\�RI�'33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�GLVSOD\HG�WKH�,&���YDOXH�������������
�J�P/��RI�PHWKDQRO�VWHP�EDUN�H[WUDFW�FORVH�WR�,&���YDOXH�RI�VWDQGDUG�DVFRUELF�DFLG��LQGLFDWLQJ�LWV�SRWHQF\�
DV�DQWLR[LGDQW��7KLV�IDFW�KDV�EHHQ�IXUWKHU�YRXFKHG�E\�WKHLU�KLJK�73&�DQG�7)&�YDOXHV��7KH�HWK\O�DFHWDWH�
VWHP�EDUN�H[WUDFW�DQG�PHWKDQRO�OHDI�H[WUDFW�GHSLFWHG�D�VLJQLILFDQW�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�6��DXUHXV�
DQG�(�FROL��UHVSHFWLYHO\��7KH�PHWKDQRO�VWHP�EDUN�H[WUDFW�KDV�EHHQ�IRXQG�WR�KDYH�EHWWHU�DQWLEDFWHULDO�DQG�
DQWLR[LGDQW�DFWLYLW\�WKDQ�PHWKDQRO�OHDI�H[WUDFW��

.H\ZRUGV��0HGLFLQDO�SODQWV��IODYRQRLGV��$QWLEDFWHULDO�DFWLYLW\��$QWLR[LGDQW�DFWLYLW\��

,QWURGXFWLRQ�

1HSDO� LV� IORULVWLFDOO\� FKDUDFWHUL]HG� E\� VL[� DGMRLQLQJ� IORULVWLF� UHJLRQV�� 7LOO� GDWH�� ���� VSHFLHV� RI�
PHGLFLQDO�SODQWV�KDYH�EHHQ�UHSRUWHG�LQ�1HSDO���$ERXW�������VSHFLHV�RI�IORZHULQJ�SODQWV�IRXQG�LQ�1HSDO�
DUH� VDLG� WR� KDYH� PHGLFLQDO� XVH��� (DUO\� KXPDQ� FLYLOL]DWLRQ� GHYHORS� D� PHGLFLQH� V\VWHP� OLNH� &KLQHVH�
PHGLFLQH��$\XUYHGLF�0HGLFLQH��-DSDQHVH�.DPSR��8QDQL�0HGLFLQH�DQG�WUDGLWLRQDO�6\VWHPV�RI�PHGLFLQH��

3ODQWV�V\QWKHVL]H�YDULHWLHV�RI�XQLTXH�DQG�FRPSOH[�VWUXFWXUH�RUJDQLF�FRPSRXQGV�DUH�VHFRQGDU\�PHWDEROLWHV�
FDOOHG�QDWXUDO�SURGXFW�YL]�DONDORLGV��IODYRQRLGV��VWHURLGV��WDQQLQV��SKHQROLF�&RPSRXQGV�HWF���$QWLR[LGDQWV�
SURWHFW�FHOOV�IURP�UHDFWLYH�R[\JHQ�VSHFLHV��SUHYHQW�IUHH�UDGLFDOV�SURGXFWLRQ�DQG�KHOSV�WR�IXQFWLRQ�QDWXUDOO\�
SUHYDLOLQJ�DQWLR[LGDQWV� LQ�RXU�ERG\��2[LGDWLRQ� LQGXFHG�E\�52V�FDXVH�R[LGDWLYH� VWUHVV�� FHOOXODU�GDPDJH�
DQG�QHXURGHJHQHUDWLYH�GLVHDVHV�OLNH�3DUNLQVRQ
V�GLVHDVH��$O]KHLPHU
V�GLVHDVH��JHQH�PXWDWLRQV�	�FDQFHUV�
HWF��� 52V� DUH� KLJKO\� XQVWDEOH� LRQV� LQGXFHG� GXH� WR� FHOO� PHWDEROLF� SURFHVVHV�� H[RJHQRXV� SROOXWDQWV�
�VPRNLQJ�� UDGLDWLRQV��� VXSHUR[LGH� DQLRQ� DQG� UDGLFDOV� HWF��� $Q� DQWLEDFWHULDO� DJHQW� LV� DQ\� VXEVWDQFHV� RI�
QDWXUDO��V\QWKHWLF�DQG�VHPL�V\QWKHWLF�RULJLQ�WKDW�NLOOV�RU�LQKLELWV�WKH�JURZWK�RI�%DFWHULD�EXW�FDXVH�OLWWOH�RU�
QR�GDPDJH�WR�WKH�KRVW��$QWLELRWLFV�UHFHQWO\�KDYH�EHFRPH�OHVV�HIIHFWLYH�GXH�WR�GUXJ�UHVLVWDQW�EDFWHULD�DQG�
WKHLU� WR[LFLW\��� KDV� OHG� WR� QHZ� DQWLELRWLFV� GLVFRYHU\� IURP�PHGLFLQDO� SODQWV��� 3RO\SKHQROV� DUH� VHFRQGDU\�

&RUUHVSRQGLQJ�DXWKRU
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PHWDEROLWHV��LQYROYHG�LQ�GHIHQVH�DJDLQVW�89�UDGLDWLRQV�RU�SDWKRJHQV� 7KH�DQWLR[LGDQW�DFWLYLW\�RI�SKHQROLF�
LV�PDLQO\�GXH�WR�WKHLU�UHGR[�SURSHUW\��DOORZLQJ�WKHP�WR�DFW�DV�UHGXFLQJ�DJHQWV��K\GURJHQ�GRQRUV��VLQJOHW�
R[\JHQ� TXHQFKHUV� DQG�PHWDO� FKHODWRUV���)ODYRQRLGV�� DUH� WKH� SRO\SKHQROLF� FRPSRXQG� KDYLQJ� ���FDUERQ�
VNHOHWRQ�ZLWK� WZR�SKHQ\O� ULQJV�DQG�RQH�KHWHURF\FOLF� ULQJV��$QWLR[LGDQW�SURSHUW\�RI� IODYRQRLGV�GHSHQGV�
XSRQ� WKHLU�PROHFXODU� VWUXFWXUHV�� K\GUR[\O� JURXS� SRVLWLRQ� DQG� RWKHU� IHDWXUHV� LQ� WKH� FKHPLFDO� VWUXFWXUH��

6HPHFDUSXV�DQDFDUGLXP�/LQQ��EHORQJV�WR�$QDFDUGLDFHD�IDPLO\��PRVWO\�GLVWULEXWHG�LQ�6XE�+LPDOD\DQ�WUDFW�
DQG� KRWWHU� SDUWV� ZLWK� KHLJKW� RI� ������ PHWHU�� ,W� KDV� EHHQ� HPSOR\HG� WUDGLWLRQDOO\� WR� WUHDW� GLVHDVH� OLNH�
UKHXPDWLVP�� DVWKDPD�� XULQDU\� GLVFKDUJHV�� FDQFHU�	� SVRULDVLV�� GLDEHWHV�� GLDUUKRHD�� VNLQ� GLVHDVHV�� XOFHU��
JRXW�� SLOHV�� $O]KHLPHU¶V� GLVHDVH� HWF�� %KHOZD� �+LQGL��� %KDOODWDND� �6DQVNULW��� %KDOD\R� �1HSDOL�� HWF�� DUH�
VRPH�RWKHU�QDPHV� LW� LV� DGGUHVVHG�ZLWK��%HVLGHV��0DUNLQJ�QXW� WUHH�DQG�2ULHQWDO� FDVKHZ�QXW� WUHH�DUH� WKH�
QH[W�UHSUHVHQWDWLYH�QDPHV�IRU�6HPHFDUSXV�DQDFDUGLXP�/LQQ�������7KH�VWHP�EDUN�FRORU�RI�WKLV�SODQW�LV�JUH\�
GHVTXDPDWLQJ� LQ� URXJK� IODNHV�ZKLOH� OHDYHV� DUH� VLPSOH�� DOWHUQDWH�� RERYDWH� REORQJ�� DSH[� LV� URXQGHG� DQG�
PDLQ�QHUYHV�DUH�LQ�������SDLUV��)ORZHUV�DUH�JUHHQLVK�ZKLWH�LQ�FRORU����)UXLWV�DUH�WKLFNHQHG�GLVF����NLGQH\�
VKDSHG�DQG�GUXSDFHRXV�QXW�FRPPRQO\�NQRZQ�DV�PDUNLQJ�QXW����)UXLWV�DUH�RUDQJH�UHG� LQ�FRORU�� VPRRWK��
IOHVK\�DQG�����FP�ORQJ�ZLWK�VZHHW�DQG�KRW�WDVWH�DQG�FRQWDLQV�FRUURVLYH�MXLFH��XVHG�IRU�ERWK�LQWHUQDO�DQG�
H[WHUQDO� WUHDWPHQWV���� 6DKRR� HW� DO���� LVRODWHG� D� EULJKW� \HOORZ� VROLG� FU\VWDO�� %XWHLQ������ FRPSRXQG� IURP�
(W2$F�VWHP�EDUN�H[WUDFW�RI�6$�SODQW��(W2$F�H[WUDFW�RI�VWHP�EDUN�ZDV�UHSRUWHG� WR�H[KLELW�KLJKHVW�73&�
������� �J� *DOOLF� DFLG� HTXLYDOHQWV� SHU� JUDP� RI� 6$� H[WUDFW�� DQG� D� SRWHQW� DQWLR[LGDQW� ZLWK� ,&��� YDOXH�
����������� �J�P/� 1DYHHQ� .XPDU� HW� DO���� UHSRUWHG�� 0H2+� 6%� H[WUDFW� KDYH� KLJKHVW� '33+� UDGLFDO�
VFDYHQJLQJ� DFWLYLW\� ��������� FRPSDUHG� WR� QDWXUDO� DQWLR[LGDQW� 4XHUFHWLQ� ��������� 0RKPDG� HW� DO���

LQYHVWLJDWHG�RQ�GLIIHUHQW�6$� OHDYHV� H[WUDFWV� DQG� IRXQG�0H2+� OHDYH� H[WUDFW� DPRQJ�RWKHUV� WR� EH�SRWHQW�
DQWLR[LGDQW�ZLWK� WKH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�RI���������&�6HOYDP�HW�DO���� LVRODWHG�%XWHLQ�	����¶��¶�
7ULK\GUR[\IODYRQH� IURP� WKH�(W2$F�6%� H[WUDFW�� 3HGQHNDU� HW� DO���� IRXQG�0H2+� OHDI� H[WUDFW� RI�6$� DV� D�
SRWHQW� DQWLR[LGDQW�ZLWK� ,&���YDOXH� ������������ �J�P/��'HVSLWH� WKH�PXOWL� XVHV� RI�%KDOD\R�� LWV� WR[LFLW\�
VKRXOG�EH�KDQGOHG�ZLWK�LQWHQVH�FDUH�GXH�WR�LWV�FRUURVLYH�MXLFH�DQG�YHVLFDQW�QDWXUH����7KH�WDUU\�RLO\�LQ�WKH�
IUXLW�QXW�FRQWDLQV�DQDFDUGLF�DFLG�KDV�8UXVKLRO��DOOHUJHQ���LV�WR[LF�������7KH�V\PSWRPV�RI�8UXVKLRO�LQGXFHG�
FRQWDFW�GHUPDWLWLV�LQFOXGHV�LWFKLQJ��UHGQHVV��EXUQLQJ�VHQVDWLRQ��VZHOOLQJ��SDSXOHV��YHVLFOHV�DQG�EOLVWHUV� 6$�
WR[LQV�OHDG�WR�DFXWH�UHQDO�IDLOXUH�GXH�WR�KHPRG\QDPLF�HIIHFWV����,QFDVH�LQKDOHG��YRPLWLQJ��H[FHVVLYH�WKLUVW��
GHFUHDVH�LQ�:%&�FRXQW�� OHVV�XULQH�RXWSXW�ZLWK�FRORUHG�XULQH�	�VRPHWLPHV�EORRG�LQ�XULQH��+HDPDWXULD��
DUH�QRWLFHG����1HYHUWKHOHVV��WKRVH�VLGH�HIIHFWV�FDQ�EH�VXSSUHVVHG�E\�FRQVXPLQJ�EODQG�DQG�FRROLQJ�GLHW�OLNH�
ULFH��PLON��FRFRQXW�RLO��FRULDQGHU�OHDYHV�SXOS��JKHH��EXWWHU�PL[HG�ZLWK�PXVWD��&\SHUXV�URWXQGXV���DPOLND�
OHDYHV�MXLFH�HWF��DUH�DQWLGRWHV��1HHP��OHDYHV��SDVWH�FDQ�EH�XVHG�H[WHUQDOO\�WR�FXUH�UDVKHV�DQG�YHVLFOHV��6DOW�
	�VSLFHV�FRQVXPSWLRQ�DQG�H[SRVXUH�WR�KHDW�DQG�VXQ��LV�VWULFWO\�SURKLELWHG��,W�VKRXOG�QRW�EH�XVHG�LQ�VPDOO�
FKLOGUHQ�� YHU\� ROG� SHUVRQV� DQG� SUHJQDQW� ZRPHQ��� 7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� QR� VWXG\� KDV� EHHQ�
SHUIRUPHG�RQ�FRPSDULQJ�WKHVH�SURSHUWLHV�EHWZHHQ�VWHP�EDUN�DQG�OHDI�H[WUDFWV�RI�6��DQDFDUGLXP�/LQQ��7KH�
SUHVHQW�VWXG\�PDLQO\�IRFXVHV�RQ�FRPSDUDWLYH�VWXG\�RI�PHWKDQRO�DQG�HWK\O�DFHWDWH�H[WUDFWV�RI�VWHP�EDUN�
DQG�OHDYHV�UHJDUGLQJ�DQWLR[LGDQW�DQG�DQWLEDFWHULDO�DFWLYLWLHV�

([SHULPHQWDO�0HWKRGV

&KHPLFDOV�

$OO�UHDJHQWV�DQG�VROYHQWV�XVHG�ZHUH�RI�ODERUDWRU\�UHDJHQW�JUDGH�SXUFKDVHG�IURP�(��0HUFN��7��)LVKHU�
6FLHQWLILF�DQG�4XDOLJHQV�&KHPLFDO�&RPSDQLHV��,QGLD�OLNH�VLOLFD�JHO�RI��������PHVK���6LOLFD�JHO�*�������
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PP�WKLFN�SUH�FRDWHG�7/&�DOXPLQXP�SODWHV��LRGLQH�FKDPEHU��FRQF��+�62��	�)ROLQ�FRLFDOWHX�UHDJHQW��
2WKHU�FKHPLFDOV�DQG�UHDJHQWV�OLNH�'33+��DVFRUELF�DFLG��JDOOLF�DFLG��TXHUFHWLQ�ZHUH�SURYLGHG�E\�&HQWUDO�
'HSDUWPHQW�RI�&KHPLVWU\��&KHPLFDOV�OLNH�DT��1D�&2���1D12���1D2+��$O&O���(WKDQRO�HWF��ZHUH�DYDLODEOH�
LQ�ODERUDWRU\�

(TXLSPHQWV��

6R[KOHW�� URWDWRU\� HYDSRUDWRU�� VSHFWURSKRWRPHWHU�� PLFURSLSHWWHV�� GLJLWDO� ZHLJKLQJ� PDFKLQH�� FROXPQ�
FKURPDWRJUDSK\��ZDWHU�EDWK�DQG�RWKHU�DSSDUDWXV�OLNH�FRQLFDO�IODVNV��5RXQG�ERWWRP�IODVN��%HDNHUV�HWF��

&ROOHFWLRQ�RI�SODQW�PDWHULDOV��

7KH� SODQW�PDWHULDOV�ZHUH� FROOHFWHG� IURP�5DMDKDU�����'HYFKXOL�PXQLFLSDOLW\� RI�1DZDOSDUDVL� GLVWULFW�
DQG�ZDV�LGHQWLILHG�E\�&HQWUDO�'HSDUWPHQW�RI�%RWDQ\��7ULEKXYDQ�8QLQYHUVLW\�

([WUDFWLRQ�RI�SODQW�PDWHULDOV��

7KH�FROOHFWHG�IUHVK�SODQW�PDWHULDOV�ZHUH�ULQVHG�ZLWK�FOHDQ�ZDWHU��VKDGH�GULHG�IRU�DERXW�D�PRQWK�DQG�
HYHQWXDOO\� JULQGHG� WR� SRZGHU� IRUP� WR� SUHSDUH� H[WUDFWV�� ���� J� SRZGHU� IRUP� RI� 6$� SODQW� OHDYHV� ZDV�
H[WUDFWHG�E\�FROG�SHUFRODWLRQ�PHWKRG��ZLWK�IUHTXHQW�DJLWDWLRQ�IRU����KRXUV��DQG�����J�RI�VWHP�EDUN�RI�6$�
E\�VR[KOHW�PHWKRG�LQ�IRXU�GLIIHUHQW�VROYHQWV����������P/��EDVHG�RQ�WKHLU�LQFUHDVLQJ�SRODULW\�YL]�KH[DQH��
FKORURIRUP�� HWK\O� DFHWDWH� DQG� PHWKDQRO� VXFFHVVLYHO\� DW� URRP� WHPSHUDWXUH�� 7KH� PL[WXUH� IURP� FROG�
SHUFRODWLRQ� ZDV� ILOWHUHG� UHSHDWHGO\� IRU� DERXW� ���� WLPHV� XVLQJ� ZKDWPDQ� ILOWHU� SDSDHU� WR� REWDLQ� ILOWUDWH��
6LPLODUO\�� WKH�VROYHQWV�XVHG� IRU� VR[KOHW�H[WUDFWLRQ��KDG�XQGHUJRQH�VHYHUDO�F\FOHV� IRU�DERXW�������KRXUV�
ZHUH�FROOHFWHG�DQG�WKH�REWDLQHG�VROYHQWV��VR[KOHW��DQG�ILOWUDWHV��SHUFRODWLRQ��ZHUH�FRQFHQWUDWHG�E\�URWDU\�
HYDSRUDWRU� XQGHU� UHGXFHG� SUHVVXUH� WR� REWDLQ� FUXGH� H[WUDFWV�� DUH� IXUWKHU� HPSOR\HG� WR� LQYHVWLJDWH� WRWDO�
SKHQRO�FRQWHQW��WRWDO�IODYRQRLG�FRQWHQW��DQWLR[LGDQW�DFWLYLW\�DQG�DQWLEDFWHULDO�DFWLYLW\�

$QWLEDFWHULDO�DFWLYLW\��

$QWLEDFWHULDO� DFWLYLW\� RI� WKH� SODQW� H[WUDFWV�ZDV� SHUIRUPHG� E\� DJDU�ZHOO� GLIIXVLRQ�PHWKRG IROORZLQJ�
VWDQGDUG�SURWRFRO�SURYLGHG�E\�&DYDOLHUL�6��-���HW�DO���)RXU�ODEHOHG�ZHOOV�RI�GLDPHWHU���PP�ZHUH�PDGH�LQ�
HDFK�LQFXEDWHG�PHGLD�SODWHV��7KHQ�����/�RI�WKH�ZRUNLQJ�VROXWLRQ�RI�WKH�SODQW�H[WUDFW��'062�DV�QHJDWLYH�
FRQWURO� �1�� DQG� ��� �/� RI� FKORUDPSKHQLFRO� �DQWLELRWLF�� DV� SRVLWLYH� FRQWURO� �3�� DW� WKH� VDPH� WLPH� LQ� WKH�
VHSDUDWH�ZHOO�ZHUH�ORDGHG�LQWR�WKH�UHVSHFWLYH�ZHOOV�E\�PLFURSLSHWWH��7KH�SODWHV�ZHUH�WKHQ�OHIW�IRU�KDOI�DQ�
KRXU�ZLWK� WKH� OLG� FORVHG� VR� WKDW� WKH� H[WUDFW� GLIIXVHG� LQWR�PHGLD� DQG� WKHQ� LQFXEDWHG�RYHUQLJKW� DW���� �&�
$IWHU����KRXUV�RI�LQFXEDWLRQ��WKH�SODWHV�ZHUH�REVHUYHG�IRU�WKH�LQKLELWLRQ�RI�EDFWHULDO�JURZWK�LQGLFDWHG�E\�D�
FOHDU�]RQH�DURXQG�WKH�ZHOOV��7KH�VL]H�RI�WKH�]RQH�RI�LQKLELWLRQ�ZDV�PHDVXUHG�E\�PLOOLPHWHU�UXOHU�DQG�WKH�
DQWLEDFWHULDO�DFWLYLW\�LV�H[SUHVVHG�LQ�WHUPV�RI�WKH�DYHUDJH�GLDPHWHU�RI�=2,�LQ�PLOOLPHWHUV��

'33+�IUHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�

7KH�IUHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�RI�GLIIHUHQW�SODQW�H[WUDFWV�ZHUH�PHDVXUHG�E\�XVLQJ�'33+�DVVD\�
GHVFULEHG�E\�-DPXQD�6��HW�DO������������,QLWLDOO\�����PJ�RI�WKH�VDPSOHV�WR�EH�WHVWHG�ZDV�GLVVROYHG�LQ����P/�
PHWKDQRO� WR�SUHSDUH� VWRFN�VROXWLRQ�RI�FRQFHQWUDWLRQ�RI���PJ�P/��������J�P/���6WRFN�VROXWLRQ�RI�HDFK�
H[WUDFWV�ZHUH�VFUHHQHG�SUHOLPLQDU\�IRU�WKHLU�DQWLR[LGDQW�DFWLYLW\�E\�DGGLQJ�����P/�RI�����P0�'33+�LQ���
P/�RI��H[WUDFW�VROXWLRQV�GLIIHUHQWO\�DQG ZDV�OHIW�IRU����PLQXWHV�LQ�GDUN��$IWHU����PLQXWHV��GLVFRORUDWLRQV�
�FRORU� FKDQJH� IRUP� SXUSOH� WR� \HOORZ�� ZHUH� WDNHQ� IRU� IXUWKHU� WHVWLQJ� DW� ���� QP� XVLQJ� D� 89�YLVLEOH�
VSHFWURSKRWRPHWHU��7KH� FRQWURO�ZDV� SUHSDUHG�ZLWKRXW� WKH�SODQW� H[WUDFWV� �PHWKDQRO���''3+�� $VFRUELF�



-��1HSDO�&KHP��6RF���9RO����������

����

DFLG� RI� VDPH� FRQFHQWUDWLRQV� ZDV� SUHSDUHG� DV� D� VWDQGDUG� DQG� LWV� DEVRUEDQFH� ZDV� WDNHQ�
VSHFWURSKRWRPHWULFDOO\�DW�����QP��&DOLEUDWLRQ�FXUYH�ZDV�FRQVWUXFWHG��3HUFHQW�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�
E\�VDPSOH� WUHDWPHQW�ZDV�GHWHUPLQHG�E\�FRPSDULVRQ�ZLWK�PHWKDQRO� WUHDWHG�FRQWURO�JURXS��DVFRUELF�DFLG�
ZDV�XVHG�DV�SRVLWLYH�FRQWURO��0HDVXUHPHQW�ZDV�FDUULHG�RXW� DW� OHDVW� LQ� WUSLOFDWHV��7KH�SHUFHQWDJH�RI� WKH�
'33+�IUHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�ZDV�FDOFXODWHG�E\�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ���

5DGLFDO�VFDYHQJLQJ����� �>�$R�$V��$R@�î������:KHUH��$�� �$EVRUEDQFH�RI�WKH�FRQWURO��'33+�VROXWLRQ���
PHWKDQRO���$V� �$EVRUEDQFH�RI�WHVW�VDPSOH�

7RWDO�3KHQRO�FRQWHQW��73&��GHWHUPLQDWLRQ��

7KH�WRWDO�SRO\SKHQRO�FRQWHQW�RI�SODQW�H[WUDFWV�ZHUH�HVWLPDWHG�XVLQJ�)ROLQ�&LRFDOWHX�UHDJHQW�LQYROYLQJ�
JDOOLF�DFLG�VWDQGDUG�EDVHG�RQ�UHGR[�UHDFWLRQ�IROORZLQJ�WKH�VWDQGDUG�SURWRFRO�SURYLGHG�E\�.LP�HW�DO����7KH�
VWRFN�VROXWLRQV�RI�DOO�WKH�H[WUDFWV�ZHUH�SUHSDUHG�E\�GLVVROYLQJ����PJ�LQ���P/�RI�PHWKDQRO�����PJ�P/���
6HULDO�GLOXWLRQV�ZHUH�FDUULHG�RXW� WR�SUHSDUH�FRQFHQWUDWLRQ�RI������������������DQG�����PJ�P/��7R� WKHVH�
GLOXWHG�VROXWLRQV������)&5�DQG����1D�&2��ZHUH�DGGHG�DQG�LQFXEDWHG�IRU����PLQ��DQG�DEVRUEDQFH�ZDV�
PHDVXUHG� DW� ���� QP� DJDLQVW� EODQN� IRU� HDFK� FRQFHQWUDWLRQ� XVLQJ� 89�YLVLEOH� VSHFWURSKRWRPHWHU�� 7KH�
DYHUDJH�DEVRUEDQFH�YDOXHV�REWDLQHG�DW�GLIIHUHQW�FRQFHQWUDWLRQV�RI�JDOOLF�DFLG�ZHUH�XVHG�WR�SORW�FDOLEUDWLRQ�
FXUYH��:LWK� WKH�KHOS�RI� WKLV� VWDQGDUG�JUDSK�RI�JDOOLF� DFLG�� WKH�FRQFHQWUDWLRQV�RI� WKH� LQGLYLGXDO� VDPSOHV�
ZHUH�FDOFXODWHG��7KH�WRWDO�SRO\SKHQRO�FRQWHQW�ZDV�H[SUHVVHG�LQ�WHUPV�RI�WKH�PLOOLJUDPV�RI�WKH�JDOOLF�DFLG�
HTXLYDOHQW� SHU� JUDP� RI� WKH� GU\� PDVV� �PJ� *$(�J�� RI� H[WUDFW�� 73&� FDQ� EH� FDOFXODWHG� XVLQJ� IROORZLQJ�
IRUPXOD�

&� �F9�P�«««««««««««««���$��

:KHUH��&� �7RWDO�SKHQROLF�FRQWHQW�FRPSRXQGV�LQ�PJ�*$(�JP�

F �&RQFHQWUDWLRQ�RI�JDOOLF� DFLG� HVWDEOLVKHG� IURP� WKH� FDOLEUDWLRQ� FXUYH� � � LQ� � � � �PJ�P/��9� �9ROXPH�RI�
H[WUDFW�LQ�P/��0� �0DVV�RI�SODQW�H[WUDFW�

7RWDO�IODYRQRLG�FRQWHQW��7)&��'HWHUPLQDWLRQ��

7KH� WRWDO� IODYRQRLG� FRQWHQW� RI� WKH� SODQW� H[WUDFWV� ZHUH� GHWHUPLQHG� DFFRUGLQJ� WR� DOXPLQXP� FKORULGH�
FRORULPHWULF�PHWKRG� LQYROYLQJ� TXHUFHWLQ� DV� VWDQGDUG�� GHVFULEHG� E\�.DOLWD�� 3�� HW�DO�� ����������7KH� VWRFN�
VROXWLRQ�RI�DOO�WKH�H[WUDFWV�ZDV�SUHSDUHG�E\�GLVVROYLQJ����PJ�LQ���P/�RI�PHWKDQRO�����PJ�P/���3UHSDUH�
6HULDO� GLOXWH� VROXWLRQV�RI� FRQFHQWUDWLRQ�������� ������ ���� DQG�����PJ�P/��7R� WKHVH�GLO�� 6ROXWLRQV�� ��P/�
GRXEOH�GLVWLOOHG�ZDWHU�ZDV�PL[HG�IROORZHG�E\������P/����1D12���$IWHU���PLQ�������P/�RI�����$O&O�
ZDV� DGGHG�� ��P/�RI� ��0�1D2+�ZDV� DGGHG� DIWHU� ��PLQ��)LQDOO\� ����P/�RI�GRXEOH�GLVWLOOHG�ZDWHU�ZDV�
DGGHG� WR� WKH�VROXWLRQ�DQG�DEVRUEDQFH�IRU�HDFK�FRQFHQWUDWLRQ�RI�H[WUDFWV�ZDV�PHDVXUHG�DW�����QP�XVLQJ�
VSHFWURSKRWRPHWHU�� 0HDVXUHPHQWV� ZHUH� FDUULHG� RXW� LQ� WULSOLFDWH�� 7KH� FDOLEUDWLRQ� FXUYH� LV� SORWWHG� E\�
DYHUDJH�DEVRUEDQFH�YDOXHV�REWDLQHG�DW�GLIIHUHQW�FRQFHQWUDWLRQV�RI�TXHUFHWLQ��7KH�WRWDO�IODYRQRLG�FRQWHQW�
ZDV�H[SUHVVHG�LQ�WHUPV�RI�WKH�PLOOLJUDPV�RI�WKH�TXHUFHWLQ�HTXLYDOHQW�SHU�JUDP�RI�WKH�GU\�PDVV��PJ�4(�J��
RI�H[WUDFW��7)&�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�VDPH�IRUPXOD�DV�XVHG�IRU�73&��

5HVXOW�DQG�'LVFXVVLRQ�

7KH� GDWD� IURP� WKH� SK\WRFKHPLFDO� VFUHHQLQJ� RI�0H2+� DQG�(W2$&� H[WUDFWV� RI�6�� DQDFDUGLXP�/LQQ� DUH�
GHSLFWHG�LQ�WDEOH�����
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7DEOH����3K\WRFKHPLFDO�6FUHHQLQJ�RI�0H2+�DQG�(W2$&�H[WUDFWV�RI�6��DQDFDUGLXP�/LQQ�

61� 3ODQW�([WUDFWV� $ON� &RX� )ODY� *O\� 4XLQ� 33� 6XJ� 6DS� 7HUS�

�� 0H2+�6%�H[WDUFW� �� �� �� �� �� �� �� �� ��

�� 0H2+�OHDI�H[WUDFW� �� �� �� �� �� �� �� �� ��

�� (W2$&�6%�H[WUDFW� �� �� �� �� �� �� �� �� ��

�� (W2$&�OHDI�H[WUDFW� �� �� �� �� �� �� �� �� ��

$ON� �$ONDORLGV��&RX� �&RXPDULQV��)ODY� �)ODYRQRLGV��*O\� �*O\FRVLGHV��4XLQ� �4XLQRQHV��

33� �3RO\SKHQROV��6XJ� �5HGXFLQJ�VXJDUV��6DS� �6DSRQLQV��7HUS� �7HUSHQRLGV��6% VWHP�EDUN�

$QWLEDFWHULDO�$FWLYLW\��

7KH�GLDPHWHU�RI�]RQH�RI�LQKLELWLRQ��=2,��SURGXFHG�E\�0H2+�DQG�(W2$&�H[WUDFWV�RI�ERWK�VWHP�EDUN�
DQG�OHDYHV�RQ�SDUWLFXODU�EDFWHULD�ZHUH�PHDVXUHG�IRU�WKH�HVWLPDWLRQ�RI�WKHLU�DQWLEDFWHULDO�DFWLYLW\��5HVXOWV�
REWDLQHG�IURP�WKH�DQWLEDFWHULDO�DQDO\VLV�RI�GLIIHUHQW�H[WUDFWV�DUH�WDEXODWHG�LQ�WDEOH����

7DEOH����$QWLEDFWHULDO�DQDO\VLV�UHVXOWV�RI�0H2+�	�(W2$&�H[WUDFWV�RI�6$�VWHP�EDUN�DQG�OHDI�

61� 3ODQW�([WUDFWV�
�6��DQDFDUGLXP�/LQQ��

%DFWHULD� =2,��PP��DW�FRQF��RI�
����PJ�P/�

=2,��PP��RI�
&KORUDPSKHQLFRO�DV�FRQWURO�

DW�����PJ�P/�

�� 0HWKDQRO�VWHP�EDUN� (�FROL�
6��DXUHXV�

���
���

���
���

�� 0HWKDQRO�OHDI� (�FROL�
6��DXUHXV�

���
���

���
���

�� (WK\O�DFHWDWH�VWHP�EDUN� (��FROL�
6��DXUHXV�

���
���

���
���

�� (WK\O�DFHWDWH�OHDI� (��FROL�
6��DXUHXV�

���
���

���
���

����FRQWURO �'062��1R�HIIHFWLYH�DQWLEDFWHULDO�DFWLYLW\���=2,� �=RQH�RI�,QKLELWLRQ���

(��FROL��*UDP�QHJDWLYH�RUJDQLVP��6��DXUHXV��*UDP�SRVLWLYH�RUJDQLVP�

7KH�DERYH� UHVXOWV� LQGLFDWH�� DOO� WKH� IRXU�GLIIHUHQW� H[WUDFWV�GHSLFWHG�FRQVLGHUDEOH� LQKLELWLRQ�RI�JURZWK�
DJDLQVW�ERWK�WKH�EDFWHULD��1HYHUWKHOHVV��WKH�(W2$&�H[WUDFW�RI�WKH�6$�VWHP�EDUN�DQG�0H2+�H[WUDFW�RI�6$�
OHDI�VKRZHG�PRUH�HIILFDF\�DJDLQVW�6��DXUHXV�DQG�(�FROL�ZLWK�=2,�YDOXH�RI����PP�DQG����PP�UHVSHFWLYHO\��
*UDP� SRVLWLYH� EDFWHULD�ZHUH� LQKLELWHG� HIIHFWLYHO\� WKDQ� WKH� JUDP� QHJDWLYH� EDFWHULD� DV�� WKH� XQLTXH� RXWHU�
PHPEUDQH�WKDW�H[FOXGHV�WKH�H[WUDFW�IURP�SHQHWUDWLQJ�WKH�FHOO�LQ�JUDP�QHJDWLYH�EDFWHULD��LV�DEVHQW�LQ�JUDP�
SRVLWLYH�W\SH��

7RWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQW��

%RWK�WKH�WRWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQW�ZHUH�VKRZQ�PD[LPXP�E\�0H2+�VWHP�EDUN�H[WUDFW�ZLWK�
WKH� YDOXHV� RI� ������������� PJ� *$(�J� DQG� ������������ PJ� 4(�J� UHVSHFWLYHO\�� GLVSOD\HG� VWURQJHVW�
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DQWLR[LGDQW�DFWLYLW\��:KLOH�WRWDO�SKHQROLF�FRQWHQW�IRU�(W2$&�VWHP�EDUN�H[WUDFW�DQG�WRWDO�IODYRQRLG�FRQWHQW�
IRU� (W2$&� OHDI� H[WUDFW� ZHUH� UHFRUGHG� WR� EH� ������������� PJ� *$(�J� DQG� ������������ PJ� 4(�J�
UHVSHFWLYHO\��

'33+�)UHH�5DGLFDO�6FDYHQJLQJ�$FWLYLW\��

7KH�'33+�UDGLFDO�VFDYHQJLQJ�DVVD\�VXJJHVWHG��WKH�,&���YDOXH�RI�0H2+�H[WUDFW�RI�6$�VWHP�EDUN�ZDV�
������������J�P/�ZKLOH�(W2$&�VWHP�EDUN�H[WUDFW��(W2$&�OHDI�H[WUDFW�	�0H2+�OHDI�H[WUDFW�RI�6$�KDG�
,&��� YDOXHV� ������������ ������������ ����������� �J�P/� UHVSHFWLYHO\�� FORVH� WR� VWDQGDUG� DVFRUELF� DFLG�
������������ �J�P/��� 7KH� UHVXOWV� VXJJHVWHG� WKH� IDFW� WKDW�� WKHVH� H[WUDFWV� RI� YDULRXV� SODQWV� FDQ� EH� JRRG�
DOWHUQDWLYHV�LQ�WKH�PHGLFLQDO�ILHOG�EDVHG�RQ�WKHLU�DQWLR[LGDQW�SURSHUWLHV��

)LJXUH����$�SORW�RI�SHUFHQWDJH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�YV�FRQFHQWUDWLRQ�RI�DVFRUELF�DFLG��PHWKDQRO�	�
HWK\O�DFHWDWH�H[WUDFWV�RI�VWHP�EDUN�	�OHDI�

7DEOH����&RPSDULVRQ�RI�,&���YDOXHV�RI�GLIIHUHQW�SODQW�H[WUDFWV�ZLWK�VWDQGDUG�$VFRUELF�DFLG�

3ODQW�H[WUDFWV�

�6��DQDFDUGLXP�/LQQ���

)UHH�UDGLFDO�
VFDYHQJLQJ��,&����

7RWDO�SKHQROLF��

PJ�*$(�J

7RWDO�IODYRQRLG��

PJ�4(�J�

0HWKDQRO�VWHP�EDUN�H[WUDFW� ����������� ������������� ������������

0HWKDQRO�OHDI��

H[WUDFW�

���������� ������������� ������������

(WK\O� DFHWDWH� VWHP� EDUN�
H[WUDFW�

����������� ������������� �������������

(WK\O�DFHWDWH�OHDI�H[WUDFW� ����������� ������������� ������������

�

��

��

��

��

���

���

� �� ��� ���

�
�V
FD
YH
QJ
LQ
J

&RQFHQWUDWLRQ���J�P/�

$VFRUELF�DFLG

0HWKDQRO�VWHDP�EDUN�
H[WUDFW

0HWKDQRO�OHDI�H[WUDFW

(WK\O�DFHWDWH�EDUN�([WUDFW

(WK\O�DFHWDWH�OHDI�H[WUDFW
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)LJXUH����)UHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\��,&����RI�0H2+�DQG�(W2$&�H[WUDFWV�RI�6$�UHSUHVHQWHG�DV�
PHDQ�6�'�ZLWK�DYHUDJH�YDOXH�RI�WULSOLFDWH�H[SHULPHQWV�

&RQFOXVLRQ�

'33+�UDGLFDO�VFDYHQJLQJ�DVVD\�GLVSOD\HG�WKH�,&���YDOXH�RI�0H2+�VWHP�EDUN�H[WUDFW�ZDV������������
�J�P/�FORVH�WR�,&���YDOXH�RI�VWG��DVFRUELF�DFLG��PDGH�LW�WKH�SRWHQW�DQWLR[LGDQW��7KH�DQWLEDFWHULDO�DFWLYLW\�
VWXGLHG�E\�GLVF�GLIIXVLRQ�PHWKRG��LQYHQWHG�(W2$&�VWHP�EDUN�DQG�0H2+�OHDI�H[WUDFW�SRVVHVV�WKH�KLJKHVW�
=2,�YDOXH�RI����PP�GLVF�DQG����PP�GLVF�DJDLQVW�6��DXUHXV�	�(�� FROL� UHVSHFWLYHO\�� �0H2+�VWHP�EDUN�
H[WUDFW� EHDUV� WKH� KLJKHVW� YDOXH IRU� ERWK� 73&� DQG� 7)&� L�H�� ������������� PJ� *$(�J� H[WUDFW� DQG�
������������ PJ� 4(�J� H[WUDFW� UHVSHFWLYHO\�� 7KLV� VKRZV� WKDW� EDUN� DQG� OHDI� H[WUDFWV� RI� 6HPHFDUSXV�
DQDFDUGLXP�/LQQ��DUH�SRWHQW�DQWLR[LGDQWV�ZLWK�KLJK�73&�DQG�7)&�YDOXHV�WKDW�UDWLRQDOL]H�WKH�ORJLF�EHKLQG�
HPSOR\LQJ� PHGLFLQDO� SODQW� WR� WUHDW� GLVHDVH� LQGXFHG� E\� 52V�� 6LQFH�0H2+� 6%� H[WUDFW¶V� HIILFDF\� RYHU�
(W2$&�6%�H[WUDFW�VHHPV�VXSHUODWLYH��0H2+�6%�H[WUDFW�RI�6��DQDFDUGLXP�/LQQ��FDQ�EH�KDQG\�WR�FRQWULYH�
QHZ�GUXJV��7KH�SRVVLEOH�DQWLR[LGDQW�SURSHUW\�LV�GXH�WR�WKH�SUHVHQFH�RI�SK\WRFKHPLFDOV�OLNH�SRO\SKHQROV��
IODYRQRLGV� HWF�� 0H2+� H[WUDFW� RI� VWHP� EDUN� H[KLELWHG� KLJKHVW� WRWDO� SKHQROLF� DQG� IODYRQRLG� FRQWHQW�
IROORZHG�E\�(W2$&�H[WUDFWV��7KH�UHVXOWV�DERYH�SURYH�WKHVH�H[WUDFWV�WR�EH�SRWHQW�DQWLR[LGDQW�VHHGEHG�DQG�
FDQ�EH�HPSOR\HG�WR�LVRODWH�DFWLYH�FRPSRXQGV�WR�FRQWULYH�QHZ�GUXJV��7KH�KLJK�73&�	�7)&�MXVWLILHG�WKH�
UHDVRQ�EHKLQG�PRELOL]LQJ�PHGLFLQDO�SODQWV�WR�FXUH�VHYHUDO�GLVHDVHV�VLQFH�DJHV���

7KH�(W2$&�VWHP�EDUN�H[WUDFW�DQG�0H2+�OHDI�H[WUDFW�RI�6��DQDFDUGLXP�/LQQ��GHSLFWHG�D�VLJQLILFDQW�
DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� 6�� DXUHXV� DQG� (�FROL�� UHVSHFWLYHO\� 7KH� 0H2+� VWHP� EDUN� H[WUDFW� RI� 6��
DQDFDUGLXP�/LQQ��GLVFRYHUHG� VRXQG�DQWLEDFWHULDO�� DQWLGLDEHWLF�DQG� DQWLR[LGDQW� DFWLYLW\� WKDQ�0H2+� OHDI�
H[WDFW��+HQFH�WKH�IXUWKHU�VFUXWLQ\�RI�0H2+�VWHP�EDUN�H[WUDFWV�RI�6HPHFDUSXV�DQDFDUGLXP�/LQQ��FDQ�EH�
EURXJKW�LQWR�DFWLRQ�WR�SUHGLFW�LWV�SRVVLELOLW\�DV�D�SRWHQW�DQWLR[LGDQW�DQG�DQWLEDFWHULDO�GUXJ��

5HIHUHQFHV�

��� *RYHUQPHQW�RI�1HSDO��0LQLVWU\�RI� IRUHVWV�	� VRLO� FRQVHUYDWLRQ��'HSDUWPHQW�RI�SODQW� UHVRXUFHV��
�������������

��� 6��.��*KLPLUH��,��%��6DSNRWD��%��5��2OL�DQG�5��3DUDMXOL���17)3�RI�1HSDO�+LPDOD\D������������
��� 0�� %�� *HZDOL�� $VSHFWV� RI� WUDGLWLRQDO� PHGLFLQH� LQ� 1HSDO�� ,QVWLWXWH� RI� 1DWLRQDO� PHGLFLQH��

8QLYHUVLW\�RI�7R\DPD�������������

,&�� YDOXHV ��J�P/�

3ODQW H[WUDFWV

����� �����
����� ����� �����
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��� 5��%��+HUEHUW��³%LRV\QWKHVLV�RI�VHFRQGDU\�PHWDEROLWHV�´��QG�(GLWLRQ��1HZ�<RUN������������
��� $��3UDNDVK��)��5LJHOKRI�DQG��(��0LOOHU��-��)RRG��1DW��5HV�����������������
��� 6��-��&DYDOLHUL��,��'��5DQNLQ��5��-��+DUEHFN�DQG�5��/��6DXWWHU��$PHU��6RF���0LFURELR�� �����������
��� 0��5��6��=DLGDQ��1��$��5DLQ��$��5��%DGUXO�� �$��$GOLQ��$��1RUD]DK�DQG�,��=DNLDK��7URS��%LRP���

���������������
��� -��6DKD��3��.��6DUNDU�DQG�6��&KDWWRSDGK\D\��,QG��-��1DW��3URG��5HV�����������������
��� -��/��-LPHQH]��,QWUR��7KHR��&KURPDWR�������������
���� $��.XPDU��,QW��-��3KDUPD��&KHP��6FL�� ��������������
���� $��.��6DKRR��1��1DUD\DQDQ��6��6DKDQD��6��5DMDQ�DQG�6��0XNHUMHH��3��.��3KDUP��2QOLQH� ���������

�����
���� $��'��1��.XPDU��*��%��%HYDUD��.��/D[PLNRWHVZUDPPD�DQG�5��5��0DOOD��$VLDQ�-��3KDUP��&OL��

5HV�����������������
���� %� 3DQLJUDKL�DQG�0��9\DV��,QW��-��3KDUPD��%LR��6FL�� ��������������
���� 3��$��3HGQHNDU�DQG�%��5DPDQ��,QW��-��3KDUPD��3KDUPD��6FL�� ��������������
���� 0��9��6KHLNK��1��'HYDGLJD��0��+DWH��:RUOG�-��3KDUPD��3KDUPD��6FL������������������
���� %��3DWZDUGKDQ��0��1��6DUDI�DQG�6��%��'DYLG��$QF��6FL��/LI�����������������
���� %��3UHPDODWKD��,QG��-��([S��%LR�� ����������������
���� &��6HOYDP��6��0��-DFKDN�DQG�.��.��%KXWDQL��3K\WRWKHU��5HV������������������
���� 3��$��3HGQHNDU�DQG�%��5DPDQ��,QW��-��3KDUP��3KDUPD��6FL�����������������
���� 9��3DGPDYDWKL�DQG�%��.��5DR��,QW��-��5HF��6FL��5HV�� ���������������
���� .��%KDWLD��5��.DWDULD��$��6LQJK��=��+��6DIGHUL�DQG�5��.XPDU��,QG��-��%DV��$SS��0HG��5HV�� ������

��������
���� 6��-DPXQD��6��3DXOVDP\��DQG�.��.DUWKLND��-��$SSO��3KDUPD��6FL�� ��������������
���� '��2��.LP��6��:��-HRQJ�DQG�&��<��/HH��)RRG�&KHP�� ���������������
���� 3��.DOLWD�DQG�7��.��%DUPDQ��-��'UXJ�'HOLY��7KHUDS�� ����������������


