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&RPSDUDWLYH�6WXG\�RI�2UJDQLF�DQG�&RQYHQWLRQDOO\�3URGXFHG�
7RPDWRHV�RI�WKH�6HOHFWHG�DUHD�RI�'KDQNXWD��1HSDO�

&KDQGUDGLS�.XPDU�<DGDY�DQG�$MD\D�%KDWWDUDL��

�'KDQNXWD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��'KDQNXWD��1HSDO
�00$0�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��%LUDWQDJDU��1HSDO�

(PDLO��ENDMD\D#\DKRR�FRP�

$EVWUDFW�

7KH� TXDOLW\� YDOXH� RI� FRQYHQWLRQDO� WRPDWRHV� ZLWK� RUJDQLF� WRPDWRHV� DUH� VWXGLHG� LQ� VHOHFWHG� DUHD� RI�
'KDQNXWD�� 1HSDO�� 7KH� VHYHUDO� FRPSRQHQWV�� LQFOXGLQJ� FRORU�� VL]H�� YLVFRVLW\�� VXUIDFH� WHQVLRQ�� UHIUDFWLYH�
LQGH[��MXLFH�FRQWHQWV��PHWDO�LRQV��0J��&D��.��=Q��1L��)H�DQG�&X���ILUPQHVV�DQG�VWRUDJH�FDSDFLW\�FRQWHQWV�
DUH�FRPSDUHG�LQ�SURFHVVLQJ�WRPDWRHV�JURZQ�E\�FRQYHQWLRQDO�SURGXFWLRQ�V\VWHPV�DQG�RUJDQLF�SURGXFWLRQ�
V\VWHPV��

.H\ZRUGV��6XUIDFH�WHQVLRQ��9LVFRVLW\��5HIUDFWLYH�LQGH[��&RQYHQWLRQDO�WRPDWRHV��2UJDQLF�WRPDWRHV�

,QWURGXFWLRQ�

7RPDWR� LV� RQH� RI� WKH� SRSXODU� DQG� PRVW� FRQVXPHG� YHJHWDEOH� LQ� WKH� :RUOG�� ,W� LV� WDVW\� DQG� HDVLO\�
GLJHVWLEOH�DQG�LWV�EULJKW�FRORU�VWLPXODWHV�DSSHWLWH��$V�D�UHVXOW��LW�LV�JURZQ�LQ�WKH�EDFN\DUG�RI�PRVW�SHRSOH¶V�
KRPH��,W�LV�FRQVXPHG�DV�VDODG�ZLWK�RWKHU�OHDI\�YHJHWDEOHV��LQ�VDQGZLFKHV��DQG�DV�VWHZHG��IULHG��DQG�EDNHG�
VLQJO\�RU�LQ�FRPELQDWLRQ�ZLWK�RWKHU�YHJHWDEOHV��,W�LV�DQ�HVVHQWLDO�LQJUHGLHQW�LQ�SL]]D��SDVWD��KDPEXUJHU��KRW�
GRJV��DQG�RWKHU�IRRGV��,W� LV�DOVR�ULFK� LQ�QXWULHQWV�DQG�FDORULHV�� ,W� LV�D�JRRG�VRXUFH�RI�)H�DQG�YLWDPLQ�&��
&RQVXPSWLRQ�RI�WRPDWRHV�DQG�LWV�SURGXFWV�FDQ�VLJQLILFDQWO\�UHGXFH�WKH�ULVN�RI�GHYHORSLQJ�RI�FRORQ��UHFWDO��
DQG� VWRPDFK� FDQFHU�� 5HFHQW� VWXGLHV� VXJJHVW� WKDW� WRPDWRHV� FRQWDLQ� WKH� DQWLR[LGDQW� O\FRSHQH�� WKH� PRVW�
FRPPRQ�IRUP�RI�FDURWHQRLG��ZKLFK�PDUNHGO\� UHGXFHV� WKH� ULVN�RI�SURVWDWH�FDQFHU���%HFDXVH� WKH�PLQHUDO�
FRPSRVLWLRQ�RI�WRPDWR�GHSHQGV�RQ�WKH�DPRXQW�DQG�W\SH�RI�QXWULHQWV�WDNHQ�IURP�WKH�JURZWK�PHGLXP��VXFK�
DV� VRLO�� LW� LV� QHFHVVDU\� WKDW� DGHTXDWH� DPRXQW� RI� QXWULHQWV� VKRXOG� EH� DYDLODEOH� IRU� WKH� SURGXFWLRQ� DQG�
QXWULHQW� FRQWHQW� RI� WRPDWRHV�� :KLOH� LQDGHTXDWH� DPRXQW� RI� QXWULHQW� DYDLODELOLW\� FDQ� VKRZ� GHILFLHQF\�
V\PSWRP� DQG� LQIOXHQFH� WKH� \LHOG� DQG� TXDOLW\� RI� WRPDWR�� KLJKHU� OHYHO� RI� QXWULHQWV�� VXFK� DV�1�� FDQ� DOVR�
UHGXFH�WRPDWR�\LHOG�E\�SURGXFLQJ�H[FHVV�ELRPDVV�DW� WKH�FRVW�RI�IUXLWV�DQG�ORGJLQJ�RI�HQWLUH�SODQW�LQ�WKH�
JURXQG��ZKLFK�PDNHV�KDUYHVW�RI�IUXLWV�PRUH�GLIILFXOW��7KH�UHVLGXDO�1�LQ�WKH�VRLO�OHIW�DIWHU�KDUYHVW�FDQ�OHDFK�
IURP� WKH� VRLO� SURILOH� DQG� FRQWDPLQDWH� JURXQGZDWHU�� WKHUHE\� GHJUDGLQJ� ZDWHU� TXDOLW\� DQG� ZDVWLQJ� WKH�
DPRXQW�DQG�FRVW�RI�IHUWLOL]HU�DSSOLHG��6LPLODUO\��H[FHVV�DYDLODELOLW\�RI�VRPH�QXWULHQWV��VXFK�DV�%�DQG�0Q��
FDQ�FDXVH� WR[LF�HIIHFW��7KHUHIRUH�� UDWH�DQG� W\SH�RI�QXWULHQWV�DSSOLHG� LQ� WKH� IRUP�RI� IHUWLOL]HUV�VKRXOG�EH�
DGMXVWHG�DIWHU�DQDO\]LQJ�WKH�QXWULHQW�FRQWHQWV�RI�VRLO�DQG�SODQW�VDPSOHV��

7RPDWRHV� IDUPLQJ�GHSHQG�XS�RQ�DWPRVSKHULF�FRQGLWLRQV�� VRLO�HQYLURQPHQW�DQG�IDUPLQJ�SURFHVV�HWF��
7KH�WRPDWR�LV�WKH�VHFRQG�PRVW�ZLGHO\�FRQVXPHG�YHJHWDEOH�DIWHU�WKH�SRWDWRHV�����

&RUUHVSRQGLQJ�DXWKRU
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7KH� WRPDWR¶V� DWWUDFWLYH� FRORU� DQG� IODYRU� KDYH�PDGH� LW� D� GLHWDU\� VWDSOH� LQ�PDQ\� SDUWV� RI� WKH�:RUOG��
1XWULWLRQDO� FRQVLGHUDWLRQV� DOVR� EULQJ� WKH� WRPDWR� WR� WKH� IRUHIURQW�� ,Q� WKH� KXPDQ� GLHW�� LW� LV� DQ� LPSRUWDQW�
VRXUFH�RI�PLFURQXWULHQWV��FHUWDLQ�PLQHUDOV��QRWDEO\�SRWDVVLXP��DQG�FDUER[\OLF�DFLGV�� LQFOXGLQJ�DVFRUELF��
FLWULF��PDOLF��IRUPLF�DQG�R[DOLF�DFLGV������7RPDWRHV�DQG�WRPDWR�SURGXFWV�DUH�ULFK�LQ�IRRG�FRPSRQHQWV�WKDW�
DUH� DQWLR[LGDQW� DQG� FRQVLGHUHG� WR� EH� D� VRXUFH� RI� FDURWHQRLGV�� LQ� SDUWLFXODU� O\FRSHQH� DQG� SKHQROLF�
FRPSRXQGV���� EXW� ORZ� LQ� IDW� DQG� FDORULHV�� DV� ZHOO� DV� EHLQJ� FKROHVWHURO�IUHH��0RVW� LPSRUWDQWO\�� WRPDWR�
FRQVXPSWLRQ�KDV�EHHQ� VKRZQ� WR� UHGXFH� WKH� ULVNV�RI� FDUGLRYDVFXODU�GLVHDVH�DQG�FHUWDLQ� W\SHV�RI� FDQFHU��
VXFK�DV�FDQFHUV�RI�SURVWDWH��OXQJ�DQG�VWRPDFK����

7KH�KHDOWK� SURPRWLQJ�EHQHILWV� RI� WRPDWRHV� DQG� WRPDWR� SURGXFWV� KDYH�EHHQ� DWWULEXWHG�PRVWO\� WR� WKH�
VLJQLILFDQW�DPRXQW�RI�O\FRSHQH�FRQWDLQHG��7KH�UHVXOWV�RI�YDULRXV�VWXGLHV�VXJJHVW�WKDW�O\FRSHQH�SOD\V�D�UROH�
LQ� WKH� SUHYHQWLRQ� RI� GLIIHUHQW� KHDOWK� LVVXHV�� FDUGLRYDVFXODU� GLVRUGHUV�� GLJHVWLYH� WUDFW� WXPRUV� DQG� LQ�
LQKLELWLQJ�SURVWDWH�FDUFLQRPD�FHOO�SUROLIHUDWLRQ�LQ�KXPDQV����

�7KH�EHQHILWV�RI�WRPDWRHV�DQG�WRPDWR�SURGXFWV�KDYH�EHHQ�DWWULEXWHG�PRVWO\�WR�WKH�VLJQLILFDQW�DPRXQW�
RI� O\FRSHQH�FRQWDLQHG��ZKLFK�FRQVWLWXWHV����WR�����RI� WKH�WRWDO�FDURWHQRLG�FRQWHQW�SUHVHQW� LQ� WRPDWRHV��
,QFUHDVHG� LQWHUHVW� LQ� RUJDQLF� WRPDWR� SURGXFWLRQ� LV� LPSRVHG� E\� WKH� QHHG� WR� HYDOXDWH� WKH� TXDOLW\� DQG�
QXWULWLRQDO� YDOXH� RI� RUJDQLF� WRPDWR��2QH�PDMRU� SUREOHP� LQ� FRPSDUDWLYH� VWXGLHV�PLJKW� EH� WKDW� JHQXLQH�
RUJDQLF� DQG� FRQYHQWLRQDO� SURGXFWLRQ� V\VWHPV�GLIIHU� LQ�PDQ\� IDFWRUV� DQG� WKDW� D� VLPSOH�PHDVXUHPHQW� RI�
IRRG� FRPSRVLWLRQ� GRHV� QRW� UHIOHFW� LWV� TXDOLW\�� 2WKHU� VFLHQWLVWV� KDYH� DUJXHG� WKDW� D� YDOLG� FRPSDULVRQ� RI�
QXWULWLRQDO�TXDOLW\�ZRXOG��IRU�H[DPSOH��UHTXLUH�WKDW�WKH�VDPH�FXOWLYDUV�DUH�JURZQ�DW�WKH�VDPH�ORFDWLRQ��LQ�
WKH�VDPH�VRLO�DQG�ZLWK�WKH�VDPH�DPRXQWV�RI�QXWULHQWV��FRQGLWLRQV�ZKLFK�DOO�QRUPDOO\�GLIIHU�EHWZHHQ�WKH�
WZR�V\VWHPV����2UJDQLF�WRPDWRHV�DFKLHYHG�KLJKHU�SULFHV�WKDQ�FRQYHQWLRQDO�RQHV��EHFDXVH�WKHVH�SURGXFWV�
DUH�RIWHQ� OLQNHG� WR� VHZ�XS� WKH�HQYLURQPHQW��EHWWHU�TXDOLW\� �WDVWH�� VWRUDJH��DQG�PRVW�SHRSOH�EHOLHYH� WKDW�
WKH\�DUH�KHDOWKLHU��0RUHRYHU�� UHVHDUFK� UHVXOWV�RQ� WKH�HIIHFWV�RI�RUJDQLF�DQG�FRQYHQWLRQDO�SURGXFWLRQ�RQ�
TXDOLW\�VRPHWLPHV�DUH�FRQWUDGLFWRU\��,Q�WHUPV�RI�TXDOLW\��VRPH�VWXGLHV�UHSRUW�EHWWHU�WDVWH��KLJKHU�YLWDPLQ�&�
FRQWHQWV� DQG� KLJKHU� OHYHOV� RI� RWKHU� TXDOLW\� UHODWHG� FRPSRXQGV� IRU� RUJDQLFDOO\� JURZQ� SURGXFWV� �������
ZKHUHDV�VHYHUDO�RWKHU�VWXGLHV�KDYH�IRXQG�WKH�RSSRVLWH�RU�QR�GLIIHUHQFHV�LQ�TXDOLW\�FKDUDFWHULVWLFV�EHWZHHQ�
RUJDQLFDOO\� DQG� FRQYHQWLRQDOO\� JURZQ� IUXLWV� DQG� YHJHWDEOHV���� 7KH� LGHQWLILFDWLRQ� RI� FXOWLYDUV�ZLWK� KLJK�
QXWULWLYH� YDOXH�� UHSUHVHQW� D� XVHIXO� DSSURDFK� WR� VHOHFW� WRPDWRHV� FXOWLYDUV� ZLWK� EHWWHU� KHDOWK�SURPRWLQJ�
SURSHUWLHV�� 'XULQJ� WRPDWR� IUXLW� ULSHQLQJ�� D� VHULHV� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� FKDQJHV� WDNH� SODFH��
FKDQJLQJ� WRPDWR� IODYRU� DQG� DURPD� YRODWLOH� SURILOHV���� *HQHUDOO\�� WZR� W\SHV� RI� WRPDWRHV� IDUPLQJ� DUH�
REVHUYHG� LQ� WKH� 3ODQHW� (DUWK�� RQH� LV� RUJDQLF� IDUPLQJ� DQG� WKH� RWKHU� LV� FRQYHQWLRQDO� IDUPLQJ�� ,Q�1HSDO��
RUJDQLF� IDUPLQJ� LV� JRLQJ� WR� EH� SRSXODU� WKDQ� FRQYHQWLRQDO� IDUPLQJ�� ,Q� WKLV� VWXG\�� WKH� UHVHDUFK� DUHD� IRU�
RUJDQLF� DQG� FRQYHQWLRQDO� IDUPLQJ� IRU� WRPDWRHV� DUH� VHOHFWHG� LQ� 'KDQNXWD� 0XQLFLSLOLW\�� .DUPLWDU� ����
'KDQNXWD��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�\LHOG�DQG�TXDOLW\�SDUDPHWHUV�LQ�GLIIHUHQW�WRPDWR�FXOWLYDUV�
GHULYHG�IURP�RUJDQLF�DQG�FRQYHQWLRQDO�JURZLQJ�V\VWHPV��

([SHULPHQWDO�0HWKRGV�

2QH�SRSXODU�YDULHW\�RI� WRPDWRHV¶� VHHGV�ZDV�ERXJKW� IURP�'KDQNXWD�PDUNHW� DV� IRU� WKH� VDPSOHV��7KH�
VHHGV�ZHUH�SURYLGHG�WR�.�%��6KUHVWKD��WKH�VWDII�RI�'KDQNXWD�0XOWLSOH�&DPSXV��'KDQNXWD�WR�JURZ�LQ�WKH�
FDPSXV�JDUGHQ�RI�'KDQNXWD�0XOWLSOH�&DPSXV��7KH� IDUPLQJ�ZDV�GRQH�E\� WZR�ZD\V��2UJDQLF� WRPDWRHV�
IDUPLQJ� DQG� FRQYHQWLRQDO� WRPDWRHV� IDUPLQJ�� )RU� FRQYHQWLRQDO� IDUPLQJ�� WKH� VHHGV� RI� WRPDWRHV� ZHUH�
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SODQWHG�E\�XVLQJ�XUHD��SRWDVK�DQG�'$3�ZKHUHDV�IRU�RUJDQLF�IDUPLQJ��WKH�VHHGV�RI�WRPDWRHV�ZHUH�SODQWHG�
E\� XVLQJ� JRDW� PDQXUH� DQG� SODQW� OHDYHV� HWF�� 7KH� VDPSOHV� ZHUH� UHDG\� IRU� DQDO\VLV� DIWHU� �� PRQWKV� RI�
SODQWDWLRQ�� 7KH� HGLEOH� IUXLW� RI� WRPDWRHV� ZHUH� WKH� VDPSOHV� IRU� DQDO\VLV� RI� GLIIHUHQW� SDUDPHWHUV�� 7KH�
VDPSOHV�ZHUH�WHVWHG�LQ�GLIIHUHQW� ODERUDWRULHV��&KHPLVWU\�/DE�� LQ�'KDQNXWD�0XOWLSOH�&DPSXV��0DKHQGUD�
0RUDQJ�$GDUVK�0XOWLSOH�&DPSXV��%LUDWQDJDU�DQG�&HQWUDO�)RRG�5HVHDUFK�/DE���%DEDUPDKDO��.DWKPDQGX��
1HSDO��� ,Q� RUGHU� WR� PHDVXUH� GLIIHUHQW� SDUDPHWHUV� OLNH� VXUIDFH� WHQVLRQ�� YLVFRVLW\� DQG� UHIUDFWLYH� LQGH[��
DPRXQW�RI�PHWDOV�OLNH�3��0J��.��&D�DQG�KHDY\�PHWDOV�OLNH�=Q��1L��3E��)H�DV�ZHOO�DV�WKH�VL]H�RI�WRPDWRHV��
FRORU��MXLFH�FRQWHQWV�HWF��IRU�ERWK�FRQYHQWLRQDO�DQG�RUJDQLF�WRPDWRHV��LW�ZDV�WDNHQ�HTXDO�PDVV������NJ��RI�
RUJDQLF� WRPDWRHV� DQG� FRQYHQWLRQDO� WRPDWRHV�� )LUVW�� RUJDQLF� WRPDWRHV� ZHUH� NHSW� LQ� D� MXLFH� SUHSDULQJ�
LQVWUXPHQW��EOHQGHU�FRQWDLQHU��DQG�FRYHUHG�ZLWK�OLG��7KH�EOHQGHU�ZDV�VWDUWHG�ZLWK�ORZ�VSHHG��)LQDOO\��WKH�
SDVWH�RI�RUJDQLF�WRPDWRHV�DQG�FRQYHQWLRQDO�WRPDWRHV�ZDV�SUHSDUHG�VHSDUDWHO\�RQH�E\�RQH��7KH�SDVWH�ZDV�
NHSW�LQ�GU\�FOHDQ�EHDNHU�DQG�DGGHG�HTXDO�DPRXQW�RI�GLVWLOOHG�ZDWHU�LQ�ERWK�EHDNHUV��7KH�WRPDWRHV�MXLFH�
ZDV�ILOWHUHG�ZLWK� WHD� ILOWHU� LQ�VHSDUDWH�EHDNHUV��7KH� UHVLGXH�ZDV� UHPRYHG�DQG�ILOWUDWH�ZDV�DJDLQ� ILOWHUHG�
ZLWK�ILOWHU�SDSHU��WKHQ�REWDLQHG�ILOWUDWH�ZDV�QRW�VHHQ�SXUH�FOHDU�MXLFH��%\�DGGLQJ�����1�+&O�LQ�ERWK�ILOWUDWH�
RI� WZR� GLIIHUHQW� VDPSOHV� �FRQYHQWLRQDO� DQG� RUJDQLF�� WRPDWRHV�� WKH� VROXWLRQV� EHFDPH� FOHDU� ZKLFK� ZDV�
UHDG\�IRU�PHDVXULQJ�WKH�YLVFRVLW\�DQG�VXUIDFH�WHQVLRQ�RI�ERWK�WRPDWRHV�MXLFHV��

'HQVLW\�PHDVXUHPHQWV�

,Q� RUGHU� WR� VHH� WKH� YLVFRVLW\� DQG� VXUIDFH� WHQVLRQ� RI� MXLFH� RI� RUJDQLF� WRPDWRHV� DQG� FRQYHQWLRQDO�

WRPDWRHV��WKH�GHQVLW\�LV�HVVHQWLDO�WR�FDOFXODWH��7KH�URRP�WHPSHUDWXUH�ZDV�IRXQG�WR�EH���� &��7KH�GHQVLW\�
RI�D�OLTXLG�ZDV�FRQYHQLHQWO\�PHDVXUHG�E\�PHDQV�RI�D�GHQVLW\�ERWWOH��$�GHQVLW\�ERWWOH�LV�D�VPDOO�ERWWOH�RI�
���FP��FDSDFLW\�ZLWK�D�FDSLOODU\�VWRSSHU�ILWWHG�LQWR�LWV�PRXWK��,W�KDV�D�URXQG�ERWWRPHG�W\SH�RI�JODVV�YHVVHO��

6XUIDFH�WHQVLRQ�PHDVXUHPHQWV�

6WDODJPRPHWHU�ZDV�XVHG�WR�GHWHUPLQH�WKH�VXUIDFH�WHQVLRQ�RI�D�OLTXLG��,W�ZDV�GHVLJQHG�E\�7UDXEH�DQG�
FRQVLVWV�RI�D�SLSHWWH�ZLWK�D�FDSLOODU\�RXWIORZ�WXEH��WKH�HQG�RI�ZKLFK�LV�IODW�HQG�RXW��7KLV�LV�GRQH�WR�JLYH�D�
ODUJHU�GURSSLQJ�VXUIDFH��%HIRUH�XVLQJ�WKH�6WDODJPRPHWHU��LW�ZDV�ILUVW�FDUHIXOO\�ZDVKHG�ZLWK�D�VROXWLRQ�RI�
FKURPLF�DFLG�DQG�WKH�GLVWLOOHG�ZDWHU��)LQDOO\��LW�ZDV�ZDVKHG�ZLWK�DFHWRQH�DQG�GULHG��,W�PXVW�EH�ERUQH�LQ�
PLQG�WKDW�WKH�WLS�RI�ORZHU�HQG�VKRXOG�QRW�FRPH�LQ�FRQWDFW�ZLWK�KDQG��GHVN�RU�VRPH�RWKHU�WKLQJ��DV�LW�ZLOO�
EH�FRQWDPLQDWHG�ZLWK�D�WUDFH�RI�JUHDVH��6OLJKW�WUDFHV�RI�JUHDVH�ZLOO�DOWHU�WKH�VL]H�RI�WKH�GURSV��KHQFH�WKHLU�
QXPEHU��7KH�VWDODJPRPHWHU�VKRXOG�EH�KHOG�YHUWLFDO�DQG�QRW�VKDNHQ�EHFDXVH�RWKHUZLVH�WKH�GURS�ZLOO�IDOO�
RXW�HYHQ�EHIRUH�DWWDLQLQJ�LWV�PD[LPXP�VL]H�

9LVFRVLW\�PHDVXUHPHQWV�

7KH�DSSDUDWXV�JHQHUDOO\�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�YLVFRVLW\�RI�OLTXLGV�LV�NQRZQ�DV�2VWZDOG¶V�
9LVFRPHWHU��GHVLJQHG�E\�2VWZDOG��7KH�DSSDUDWXV�ZDV�FOHDQHG�DQG� WKH�H[SHULPHQW� UHSHDWHG�ZLWK�ZDWHU��
WDNLQJ� DERXW� WKH� VDPH� YROXPH��7KH� WLPH� IORZ� RI�ZDWHU�ZDV� UHFRUGHG��.QRZLQJ� WKH� YDOXH� RI� YLVFRVLW\�
FRHIILFLHQW�RI�ZDWHU�DW� WKH�WHPSHUDWXUH�RI�WKH�H[SHULPHQW�� WKH�DEVROXWH�YLVFRVLW\�FRHIILFLHQW�RI�WKH�JLYHQ�
OLTXLG�FDQ�EH�IRXQG��

5HIUDFWLYH�,QGH[�0HDVXUHPHQWV�

$�UHIUDFWRPHWHU�LV� D� ODERUDWRU\� RU� ILHOG� GHYLFH� IRU� WKH� PHDVXUHPHQW� RI� DQ�LQGH[� RI� UHIUDFWLRQ�
�5HIUDFWRPHWU\���7KH�LQGH[� RI� UHIUDFWLRQ�LV� � FDOFXODWHG� IURP�6QHOO
V� ODZ�DQG� FDQ�EH� FDOFXODWHG� IURP� WKH�
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FRPSRVLWLRQ� RI� WKH� PDWHULDO� XVLQJ� WKH�*ODGVWRQH±'DOH� UHODWLRQ�� 7KH� GDWD� RI� UHIUDFWLYH� LQGH[� ZDV�
PHDVXUHG���

)RU�'HWHUPLQDWLRQ�RI�0HWDOV�LQ�$$6�

)RU� GHWHUPLQDWLRQ� RI� PHWDOV� LQ� $WRPLF� $EVRUSWLRQ� 6SHFWURVFRS\� �$$6��� HTXDO� ZHLJKW� RI� RUJDQLF�
WRPDWRHV� DQG� FRQYHQWLRQDO� WRPDWRHV� ZHUH� WDNHQ� ZLWK� KHOS� RI� HOHFWURQLF� EDODQFH�� 7KH� VDPSOHV� ZHUH�
FKRSSHG�LQWR�VPDOO�SLHFHV�ZLWK�NQLIH��7KHQ��WKH�KRPRJHQHRXV�SDVWH�ZDV�SUHSDUHG�����JP�RI�HDFK�SDVWH�

ZDV�NHSW�LQWR�FUXFLEOH��7KH�FUXFLEOH�ZDV�SXW�LQWR�WKH�RYHQ�XS�WR����� &�WR���� &��IRU����KRXUV�WR�PDNH�LW�

FRPSOHWH�GU\��7KH�GULHG�VDPSOHV�ZHUH�NHSW�LQWR�PXIIOHU�IXUQDFH�IRU����KRXUV�DW����� &�LQ�RUGHU�WR�JHW�DVK��
7KH�DVK�ZDV�GLVVROYHG�LQWR������+&O�RI����PO�YROXPH�ZDV�PDLQWDLQHG�XS�WR�PDUN�ZKLFK�ZDV�WKH�PRWKHU�
VROXWLRQ��7KH� DQDO\]H� VDPSOH�ZDV� SUHSDUHG� IURP�PRWKHU� VDPSOH� DQG� FDOFXODWHG� WKH� GLIIHUHQW�PHWDOV� LQ�
ERWK�WRPDWRHV�VDPSOHV��

5HVXOWV�DQG�'LVFXVVLRQ��

7KH�IROORZLQJ�UHVXOWV�KDYH�EHHQ�REWDLQHG�IURP�WKH�H[SHULPHQWV���

i 1XPEHU�RI�GURSV�IRU�FRQYHQWLRQDO�WRPDWRHV�MXLFH�������

i 1XPEHU�RI�GURSV�IRU�RUJDQLF�WRPDWRHV�MXLFH�������

i 6XUIDFH�WHQVLRQ�LQ�FRQYHQWLRQDO�WRPDWRHV��������G\QH�FP��

i 6XUIDFH�WHQVLRQ�LQ�RUJDQLF�WRPDWRHV���������G\QH�FP��

i 7LPH�IORZ�IRU�FRQYHQWLRQDO�WRPDWRHV�MXLFH�����6HF��

i 7LPH�IORZ�IRU�FRQYHQWLRQDO�WRPDWRHV�MXLFH�����6HF��

i 9LVFRVLW\�LQ�FRQYHQWLRQDO�WRPDWRHV�������PLOLSRLVH��

i 9LVFRVLW\�LQ�RUJDQLF�WRPDWRHV�������PLOLSRLVH��

i 5HIUDFWLYH�LQGH[�LQ�FRQYHQWLRQDO�WRPDWRHV������%UL[��

i 5HIUDFWLYH�LQGH[�LQ�RUJDQLF�WRPDWRHV������%UL[

i 0J�LQ�FRQYHQWLRQDO�WRPDWRHV�������PJ����JP�

i 0J�LQ�RUJDQLF�WRPDWRHV�������PJ����JP�

i &D�LQ�FRQYHQWLRQDO�WRPDWRHV�������PJ����JP�

i &D�LQ�RUJDQLF�WRPDWRHV�������PJ����JP�

i .�LQ�FRQYHQWLRQDO�WRPDWRHV���������PJ����JP�

i .�LQ�RUJDQLF�WRPDWRHV���������PJ����JP�

i =Q�LQ�FRQYHQWLRQDO�WRPDWRHV��������PJ����JP�

i =Q�LQ�RUJDQLF�WRPDWRHV��������PJ����JP�

i )H�LQ�FRQYHQWLRQDO�WRPDWRHV�������PJ����JP�

i )H�LQ�RUJDQLF�WRPDWRHV�������PJ����JP�

i 1L�LQ�FRQYHQWLRQDO�WRPDWRHV�������SSE��PLFUR�JUDP�SHU�NJ��

i 1L�LQ�RUJDQLF�WRPDWRHV�������SSE��PLFUR�JUDP�SHU�NJ��

i &X�LQ�FRQYHQWLRQDO�WRPDWRHV�������SSE��PLFUR�JUDP�SHU�NJ��

i &X�LQ�RUJDQLF�WRPDWRHV��������SSE��PLFUR�JUDP�SHU�NJ��

i 3E�LQ�FRQYHQWLRQDO�WRPDWRHV�QRW�GHWHFWHG�
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i 3E�LQ�RUJDQLF�WRPDWRHV�QRW�GHWHFWHG

i -XLFH�FRQWHQWV�LQ�FRQYHQWLRQDO�WRPDWRHV��0HGLXP�

i -XLFH�FRQWHQWV�LQ�RUJDQLF�WRPDWRHV��0D[LPXP�

i 6WRUDJH�FDSDFLW\�LQ�FRQYHQWLRQDO�WRPDWRHV����GD\V�

i 6WRUDJH�FDSDFLW\�LQ�RUJDQLF�WRPDWRHV����GD\V�

i )LUPQHVV�LQ�RUJDQLF�WRPDWRHV��0RUH�

i )LUPQHVV�LQ�FRQYHQWLRQDO�WRPDWRHV��/HVV�

i 9LWDPLQ�&�LQ�RUJDQLF�WRPDWRHV�����PLOLJUDP�SHU�����JUDPV��

i 9LWDPLQ�&�LQ�FRQYHQWLRQDO�WRPDWRHV������PLOLJUDP�SHU�����JUDPV��

7KH� SLH� FKDUW� UHSUHVHQWDWLRQ� IRU� FRPSDULVRQ� EHWZHHQ� WKH� RUJDQLF� DQG� FRQYHQWLRQDO� WRPDWRHV� LQ�
YLVFRVLW\��VXUIDFH�WHQVLRQ�DQG�UHIUDFWLYH�LQGH[�DUH�DV�IROORZV��

672 � VXUIDFH� WHQVLRQ� RI� RUJDQLF� WRPDWRHV�� 67&� VXUIDFH� WHQVLRQ� RI� FRQYHQWLRQDO� WRPDWRHV��92� �
YLVFRVLW\�RI�RUJDQLF�WRPDWRHV��9& �YLVFRVLW\�RI�FRQYHQWLRQDO�WRPDWRHV��5)2 �UHIUDFWLYH�LQGH[�RI�RUJDQLF�
WRPDWRHV��5)& �5HIUDFWLYH�LQGH[�RI�FRQYHQWLRQDO�WRPDWRHV�

6LPLODUO\��WKH�SLH�FKDUW�UHSUHVHQWDWLRQ�IRU�FRPSDULVRQ�EHWZHHQ�WKH�RUJDQLF�DQG�FRQYHQWLRQDO�WRPDWRHV�
LQ�PHWDOV�DUH�DV�IROORZV��

RUJDQLF�WRPDWRHV������������������FRQYHQWLRQDO�WRPDWRHV�

2XU� RUJDQLF� WRPDWRHV� DFKLHYHG� VLJQLILFDQWO\� JUHDWHU� FRQFHQWUDWLRQV� RI� PLQHUDOV�� 6XFK� JUHDWHU�
FRQFHQWUDWLRQV� RI� PLQHUDOV� ZHUH� IRXQG� LQ� WKH� OLWHUDWXUH� IRU� RUJDQLF� WRPDWRHV� ���� :H� KDYH� IRXQG�
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VLJQLILFDQWO\� JUHDWHU� FRQFHQWUDWLRQV� RI� .�� &D�� &X�� 1L�� =Q� DQG� 0J� LQ� RUJDQLF� WRPDWRHV� DQG� JUHDWHU�
FRQFHQWUDWLRQV�RI�)H� LQ�FRQYHQWLRQDOO\�JURZQ�WRPDWRHV��2XU�¿QGLQJV�PDWFKHG�ZLWK� WKH� OLWHUDWXUH����7KH�
FDOFLXP� FRQWHQW� LQ� WKH� RUJDQLF� WRPDWRHV� ������ PJ����� J�� LQ� RXU� GDWD� IRXQG� WR� EH� KLJKHU� WKDQ� LQ�
FRQYHQWLRQDO� WRPDWRHV� ������PJ�����JP���%XW� WKH FDOFLXP�FRQFHQWUDWLRQV�IRU�RUJDQLF� WRPDWRHV� ��������
������PJ�����J��ZHUH�KLJKHU�LQ�WKH�UHSRUWHG�OLWHUDWXUH�����7KH�OHDG�FRQWHQW�RI�WRPDWR�IUXLW��LQ�JHQHUDO��ZDV�
YHU\�ORZ�DQG�UDQJHV�GHSHQGLQJ�RQ�WKH�K\EULG�DQG�WKH�PHWKRGV�RI�SURGXFWLRQ�IURP������WR������PJ�����J�
����%XW�ZH� IRXQG�QLO� UHVXOW� RI�/HDG� LQ� ERWK� WRPDWRHV�� ,W�ZDV� DOVR� IRXQG� WKDW� IHUWLOL]HU� WKDW�ZDV� ULFK� LQ�
VROXEOH� QLWURJHQ� �1�� FRXOG� FDXVH� D� GHFUHDVH� LQ� WKH� DVFRUELF� DFLG� FRQWHQW�� :H� FDQ� VD\� WKDW� RUJDQLF�
WRPDWRHV�ZHUH�GDUN� UHG� FRORU� WKDQ� FRQYHQWLRQDO� WRPDWRHV�GXH� WR�SUHVHQFH�RI�PRUH� FDURWHQH� LQ�RUJDQLF�
SURGXFWLRQ�WRPDWRHV�WKDQ�FRQYHQWLRQDO�SURGXFWLRQ�WRPDWRHV��7KH�MXLFH�RI�RUJDQLF�WRPDWRHV�KDV�IRXQG�WR�
EH�PRUH�VXUIDFH�WHQVLRQ�WKDQ�FRQYHQWLRQDO�WRPDWRHV�MXLFH�GXH�WR�PRUH�IRUFH�RI�LQWHUDFWLRQ�EHWZHHQ�PHWDOV�
RU� RWKHU� SDUWLFOHV� SUHVHQW� LQ� WKH� RUJDQLF� WRPDWRHV� MXLFH�� 6R�� QXPEHU� RI� GURSV� RI� RUJDQLF� WRPDWRHV� LV�
PLQLPXP� WKDQ�FRQYHQWLRQDO�SURGXFWLRQ� WRPDWRHV� MXLFH�DQG� WKH�QDWXUH�RI� MXLFH�RI�RUJDQLF� WRPDWRHV�KDV�
IRXQG�WR�EH�PRUH�YLVFRXV�WKDQ�FRQYHQWLRQDO�WRPDWRHV�MXLFH�GXH�WR�SUHVHQFH�RI�PRUH�DPRXQW�RI�PLQHUDOV��
DQG�VRPH�RWKHU�FRQVWLWXHQW�SDUWLFOHV��7KH�RUJDQLF�SURGXFWLRQ�WRPDWRHV�MXLFH�ZDV�PRUH�FRQFHQWUDWHG�WKDQ�
FRQYHQWLRQDO� SURGXFWLRQ� WRPDWRHV� MXLFH�� 6R�� LW� PRYHV� VORZO\� GXH� WR� PRUH� UHWDUGLQJ� IRUFH� SUHVHQW� LQ�
RUJDQLF� SURGXFWLRQ� MXLFH�� 2UJDQLF� DQG� LQRUJDQLF� IHUWLOL]HU� DOVR� LQÀXHQFHV� WKH� HOHPHQW� SUHVHQFH� LQ� WKH�
WRPDWRHV�� 2UJDQLF� SURGXFWLRQ� LQFUHDVHV� \LHOG� DQG� EXLOGV� VRLO� TXDOLW\�� 7KH� RUJDQLFDOO\� IDUPHG� VRLOV�
H[KLELWHG�KLJKHU�SRWHQWLDO�GHQLWULILFDWLRQ�UDWHV��JUHDWHU�GHQLWULILFDWLRQ�HIILFLHQF\��KLJKHU�OHYHOV�RI�RUJDQLF�
PDWWHU��DQG�JUHDWHU�PLFURELDO�DFWLYLW\�WKDQ�WKH�FRQYHQWLRQDOO\�IDUPHG�VRLOV��0DQ\�FLWDWLRQV�IURP�OLWHUDWXUH�
FRQILUP�WKDW�WRPDWRHV�FRPLQJ�IURP�RUJDQLF�FXOWLYDWLRQ�SURFHGXUHV�SUHVHQW�KLJKHU�YLWDPLQ�&�FRQWHQW�WKDQ�
IUXLWV�IURP�FRQYHQWLRQDO�FXOWLYDWLRQ����,W�ZDV�DOVR�IRXQG�WKDW�IHUWLOL]HU�WKDW�ZDV�ULFK�LQ�VROXEOH�QLWURJHQ��1��
FRXOG� FDXVH� D� GHFUHDVH� LQ� WKH� DVFRUELF� DFLG� FRQWHQW�� SUREDEO\� IRU� LQGLUHFW� UHDVRQV�� VLQFH� WKH� QLWURJHQ�
VXSSO\� LQFUHDVHG� WKH�SODQWV¶� OHDI�GHQVLW\��ZKLFK�SURPRWHG� VKDGLQJ�RYHU� WKH� IUXLWV��'LIIHUHQFHV�EHWZHHQ�
RUJDQLF�DQG�FRQYHQWLRQDO�WRPDWRHV�FDQ�EH�H[SODLQHG�E\�WKH�IHUWLOL]HU�XVHG�LQ�ERWK�FDVHV��2UJDQLF�IDUPLQJ�
GRHV� QRW� XVH� QLWURJHQRXV� IHUWLOL]HUV�� DV� D� UHVXOW�� SODQWV� UHVSRQG� E\� DFWLYDWLQJ� WKHLU� RZQ� GHIHQVH�
PHFKDQLVPV�� LQFUHDVLQJ� WKH� OHYHOV� RI� DOO� DQWLR[LGDQWV��7RPDWR� IUXLWV� IURP�RUJDQLF� IDUPLQJ� H[SHULHQFHG�
VWUHVVLQJ� FRQGLWLRQV� WKDW� UHVXOWHG� LQ� R[LGDWLYH� VWUHVV� DQG� WKH� DFFXPXODWLRQ� RI� KLJKHU� FRQFHQWUDWLRQV� RI�
VROXEOH�VROLGV�DV�VXJDUV�DQG�RWKHU�FRPSRXQGV�FRQWULEXWLQJ�WR�IUXLW�QXWULWLRQDO�TXDOLW\�VXFK�DV�YLWDPLQ�&�
DQG�SKHQROLF�FRPSRXQGV����2UJDQLF�WRPDWRHV�FRQWDLQHG�WKH�PD[LPXP�DPRXQW�RI�.��&D��0J��&X��=Q�DQG�
1L� WKDQ� FRQYHQWLRQDO� WRPDWRHV�� 7KH� DPRXQW� RI� )H� LQ� RUJDQLF� WRPDWRHV� ZDV� OHVV� WKDQ� FRQYHQWLRQDO�
WRPDWRHV�� 3E� FRXOG� QRW� EH� GHWHFWHG��0LQHUDOV� GHSHQG� XSRQ� WKH� QDWXUH� RI� VRLO��PHWKRG� RI� IDUPLQJ� DQG�
WLPLQJ� DQG� QDWXUH� DQG� FRQGLWLRQ� RI� HQYLURQPHQW�� 2UJDQLF� DQG� LQRUJDQLF� IHUWLOL]HU� DOVR� LQIOXHQFH� WKH�
HOHPHQW�SUHVHQW�LQ�WKH�WRPDWRHV��:KLOH�DGGLQJ�WKH�XUHD��SRWDVK�OLNH�GLIIHUHQW�FKHPLFDOV�LQ�WKH�VRLO�WKHQ�WKH�
S+�YDOXH� LQFUHDVHV� DQG�KHQFH� WKH� DPRXQW� RI�=Q��0Q��1L� HWF��� GHFUHDVHV� LQ� FRQYHQWLRQDO� WRPDWRHV��%\�
DGGLQJ�WKH�FRPSRVW�RU�JRDW�PDQXUH�LQ�WKH�VRLO�WKHQ�WKH�S+�YDOXH�GHFUHDVHV�DQG�KHQFH�WKH�DPRXQW�RI�&D��
0J�DQG�.�HWF��LQFUHDVHV�LQ�RUJDQLF�WRPDWRHV��

&RQFOXVLRQV�

7KH� IROORZLQJ� FRQFOXVLRQV� KDYH� EHHQ� GUDZQ� IURP� WKH� DERYH� UHVXOWV� DQG� GLVFXVVLRQ�� 3RWDVVLXP��
FDOFLXP�DQG�PDJQHVLXP�DUH�SUHVHQW� LQ�KLJK�TXDQWLW\� LQ�RUJDQLF�SURGXFWLRQ� WRPDWRHV� WKDQ�FRQYHQWLRQDO�
WRPDWRHV�� 7KH� ,URQ� ZDV� SUHVHQW� ORZ� LQ� RUJDQLF� SURGXFWLRQ� WRPDWRHV� WKDQ� FRQYHQWLRQDO� SURGXFWLRQ�
WRPDWRHV��=LQF��1LFNHO��&RSSHU�ZHUH�SUHVHQW� LQ�KLJK� LQ�RUJDQLF�SURGXFWLRQ� WRPDWRHV� WKDQ�FRQYHQWLRQDO�
SURGXFWLRQ� WRPDWRHV�� 9LWDPLQ� &� ZDV� SUHVHQW� KLJK� LQ� RUJDQLF� SURGXFWLRQ� WRPDWRHV� WKDQ� FRQYHQWLRQDO�
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SURGXFWLRQ� WRPDWRHV�� 3E�ZDV� QRW� GHWHFWHG� LQ� ERWK� WRPDWRHV� VDPSOH��7KH� VL]H� RI� RUJDQLF� WRPDWRHV�ZDV�
IRXQG�WR�EH�OHVV�WKDQ�FRQYHQWLRQDO�WRPDWRHV��9LWDPLQ�&�ZDV�SUHVHQW�KLJK�LQ�RUJDQLF�SURGXFWLRQ�WRPDWRHV�
WKDQ�FRQYHQWLRQDO�SURGXFWLRQ�WRPDWRHV��3E�ZDV�QRW�GHWHFWHG�LQ�ERWK�WRPDWRHV�VDPSOH��7KH�VL]H�RI�RUJDQLF�
WRPDWRHV�ZDV� IRXQG� WR� EH� OHVV� WKDQ� FRQYHQWLRQDO� WRPDWRHV��7KH� VXUIDFH� WHQVLRQ� DQG�YLVFRVLW\� YDOXH� RI�
RUJDQLF� WRPDWRHV� MXLFH�ZDV� IRXQG� WR� EH� KLJKHU� YDOXH� WKDQ� FRQYHQWLRQDO� WRPDWRHV� MXLFH�� 7KH� UHIUDFWLYH�
LQGH[� YDOXH� ZDV� KLJKHU� LQ� RUJDQLF� WRPDWRHV� MXLFH� WKDQ� FRQYHQWLRQDO� WRPDWRHV� MXLFH�� +HQFH� LW� FDQ� EH�
FRQFOXGHG�WKDW�RUJDQLF�WRPDWRHV�FRQWDLQ�PRUH�QXWULWLRQDO�YDOXH�WKDQ�FRQYHQWLRQDO�WRPDWRHV�DQG�DOVR�WKLV�
VWXG\�ZLOO� EH� SUDFWLFDO� LPSRUWDQFH� WR� YHJHWDEOH� JURZHUV�� FRQVXPHUV¶� DJULFXOWXUDO� VFLHQWLILF� FRPPXQLW\�
LQFOXGLQJ�SROLF\�PDNHUV�LQ�1HSDO�IRU�IXUWKHU�VWXGLHV�

$FNQRZOHGJHPHQWV�

$XWKRUV�DFNQRZOHGJH�,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��7ULEKXYDQ�8QLYHUVLW\��1HSDO�IRU�SURYLGLQJ�WKH�
JUDQWV� DQG�YDOXDEOH� DGYLFHV� WKURXJK�PLQL� UHVHDUFK�SURMHFW� �������������7KDQNV�JRHV� WR�'KDQNXWD�0XOWLSOH�
&DPSXV��'KDQNXWD�DQG�4XDOLW\�FRQWURO��%DEDUPDKDO��.DWKPDQGX��1HSDO�IRU�SURYLGLQJ�UHVHDUFK�IDFLOLWLHV�
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