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7KH�DPRXQW�RI�E\�SDVV�FHPHQW�SURGXFHG� IURP�(J\SWLDQ�&HPHQW�&RPSDQLHV� LV�PRUH� WKDQ�����RI� WKH�
WRWDO�FHPHQW�SURGXFWLRQ��7KLV�GXVW�LV�KDUPIXO�RQ�WKH�KHDOWK�RI�KXPDQ�EHLQJV�HVSHFLDOO\�IRU�WKRVH�OLYLQJ�QHDU�
WKH�FRPSDQ\��,W�LV�NQRZQ�WKDW�WKH�SUHSDUDWLRQ�DQG�FUXVKLQJ�RI�WKH�UDZ�PDWHULDOV�IRU�FHPHQW�SURGXFWLRQ�LV�D�
KLJKO\�H[SHQVLYH�VWHS��$FFRUGLQJO\��GHFUHDVLQJ�WKH�DPRXQW�RI�GXVW�UHGXFHV�WKH�SURGXFWLRQ�FRVW�RI�FHPHQW�
SHU� WRQ��0DQ\� LQYHVWLJDWLRQV�ZHUH� FDUULHG� RXW� WR� VROYH� WKLV� SUREOHP�E\� UHF\FOLQJ� WKLV� GXVW� LQ� DOWHUQDWLYH�
SURFHVVHV� �H�J��XVH� LW� LQ� WKH�SURGXFWLRQ�RI�FHPHQW��FOD\�EULFNV��RU�DV�D� IHUWLOL]HU�E\�PL[LQJ� LW�ZLWK�VHZDJH�
ZDWHU���5HF\FOLQJ� LW�ZLWK� UDZ�PDWHULDOV�FDQ�RQO\�EH�FDUULHG�RXW� LQ� WKH�ZHW�SURFHVV�RI�FHPHQW�SURGXFWLRQ��
8QIRUWXQDWHO\��XS�WLOO�QRZ�WKHVH�VROXWLRQV�KDV�QRW�\HW�EHHQ�VXIILFLHQW��,Q�WKLV�LQYHVWLJDWLRQ��D�WULDO�LV�PDGH�WR�
XVH� VXFK�GXVW� DV� FDWDO\WLF�PDWHULDO� LQ� WKH�SURGXFWLRQ�RI� VRGLXP�FKURPDWH�� ,Q� WKLV� LQYHVWLJDWLRQ�� WZR� IHHG�
PDWHULDOV�FRQVLVW�RI�WKH�FKURPLWH�RUH�FRQFHQWUDWH�DQG�VRGD�DVK�ZLWK�DQG�ZLWKRXW�FHPHQW�GXVW�DGGLWLRQ�ZDV�
ILUVWO\�SHOOHWL]HG�DQG� WKH�SURSHUWLHV�RI� WKH�SURGXFHG�SHOOHWV�ZHUH�H[DPLQHG��7KH�VXLWDEOH�SHOOHWV� �IURP� LWV�
PHFKDQLFDO� SURSHUWLHV�SRLQW� RI� YLHZ��ZHUH� VXEMHFWHG� WR� ILULQJ�SURFHVV� DW�GLIIHUHQW� WHPSHUDWXUHV�� WKHQ� WKH�
URDVWHG�SHOOHWV�ZHUH�GLVVROYHG�LQ�KRW�ZDWHU�DQG�WKH�VRGLXP�FKURPDWH�ZDV�H[WUDFWHG�IURP�LW��$OVR�WKLV�SDSHU�
VWXGLHG�WKH�NLQHWLFV�RI�IRUPDWLRQ�RI�VRGLXP�FKURPDWH�IRU�ERWK�SHOOHW�W\SHV���������6'8��$OO�ULJKWV�UHVHUYHG��
�
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%\�SDVV� FHPHQW�� ZKLFK� LV� GHVLJQDWHG� DV� FHPHQW� GXVW� SURGXFHG� IURP� GLIIHUHQW� (J\SWLDQ� FHPHQW�
FRPSDQLHV��EHFDPH�D�ELJ�SUREOHP� LQ� WKH� ODVW� IHZ�\HDUV��7KH�DPRXQW�RI� WKLV�GXVW� LQFUHDVHG�DQQXDOO\�ZLWK�
LQFUHDVLQJ�WKH�GHPDQGV�IRU�KLJKHU�SURGXFWLRQ�RI�FHPHQW�IRU�FRXQWU\�GHYHORSPHQW�DQG�ZLWK�WKH�UHVWULFWHG�
HQYLURQPHQWDO� OHJLVODWLRQ�WKH�SUREOHP�RI�VXFK�GXVW�EHFDPH�PRUH�FULWLFDO��7R�RYHUFRPH�VXFK�SUREOHP��WKH�
GXVW�LV�LQWURGXFHG�LQ�DQ�DOWHUQDWLYH�XVHIXO�LQGXVWU\�OLNH�SURGXFWLRQ�RI�FOD\�EULFNV��RU�DV�D�IHUWLOL]HU�E\�PL[LQJ�
LW�ZLWK�VHZDJH�ZDWHU��0RKDPHG�(O�0HQVKDZL���������$OO�WULDOV�WR�UHXVH�VXFK�FHPHQW�GXVW�DUH�QRW�VXIILFLHQW�
WR� FRQVXPH� DOO� WKH� UHMHFWHG� FHPHQW� GXVW� TXDQWLWLHV�� ZKLFK� UHSUHVHQW� DERXW� ���� RI� WKH� WRWDO� FHPHQW�
SURGXFWLRQ���

&KURPLXP�FRPSRXQGV��VXFK�DV�VRGLXP�FKURPDWH��LV�UHJDUGHG�DV�D�YHU\�LPSRUWDQW�PDWHULDO�DFFRUGLQJ�WR�
LWV�ZLGH�UDQJH�RI�DSSOLFDWLRQV��0DQ\�LQGXVWULHV�XVH�VXFK�FRPSRXQGV� OLNH�� LQ�PHWDO� ILQLVKLQJ�DQG�FRUURVLRQ�
FRQWURO�� LQ� PDQXIDFWXULQJ� RI� SLJPHQWV� DQG� DOOLHG� SURGXFWV�� DQG� LQ�PDQXIDFWXULQJ� RI� OHDWKHU� WDQQLQJ� DQG�
WH[WLOHV��

7KHUH�DUH�PDQ\�ZD\V�IRU�REWDLQLQJ�VXFK�PDWHULDOV��2QH�RI� WKHP�LV� WKH�H[WUDFWLRQ�RI�VRGLXP�FKURPDWH�
UHVXOWLQJ�IURP�WKH�ILULQJ�RI�FKURPLWH�RUH�LQ�WKH�SUHVHQFH�RI�VXLWDEOH�DPRXQW�RI�VRGLXP�FDUERQDWH��

0DQ\� LQYHVWLJDWLRQV� KDYH� EHHQ� FDUULHG� RXW� WR� VWXG\� WKH� UHFRYHU\� GHJUHH� RI� VRGLXP� FKURPDWH� IURP�
FKURPLWH� RUH�� )URP� WKHLU� UHVXOWV� LW� FDQ� EH� FRQFOXGHG� WKDW� WKHUH� DUH�PDQ\� IDFWRUV� DIIHFWLQJ� WKH� GHJUHH� RI�
VRGLXP�FKURPDWH�UHFRYHU\�IURP�FKURPLWH�RUH��7KHVH�IDFWRUV�DUH��
x 7KH�URDVWLQJ�WHPSHUDWXUH��
x 7KH�URDVWLQJ�GXUDWLRQ��
x $PRXQW�RI�VRGLXP�FDUERQDWH�DGGHG��
x 7\SHV�DQG�DPRXQW�RI�DGGLWLYHV��
�

 &RUUHVSRQGLQJ�DXWKRU��(�PDLO��DKPHG\P]#KRWPDLO�FRP�
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(O�7DZLO� HW� DO�� ������� UHSRUWHG� WKDW� WKH� FKURPDWH� UHFRYHU\� LQFUHDVHG� ZLWK� LQFUHDVLQJ� URDVWLQJ�
WHPSHUDWXUH� DQG� PD[LPXP� FKURPDWH� UHFRYHU\� ZDV� DFKLHYHG� DW� ����R&�� $OVR�� LW� ZDV� IRXQG� WKDW� WKH�
FKURPDWH�UHFRYHU\�LQFUHDVHG�ZLWK�LQFUHDVLQJ�WKH�URDVWLQJ�GXUDWLRQ���

7KRPVRQ�HW�DO���������LOOXVWUDWHG�WKDW�ZKHQ�WKH�FKURPLWH�RUH�ZDV�URDVWHG�ZLWK�����VRGLXP�FDUERQDWH�DW�
����r����R& IRU�����K�� WKH�\LHOG�RI�&U� LQ� VROXWLRQ�ZDV�a������� (O�'DUVH�HW�DO�� �������� UHSRUWHG� WKDW� WKH�
PD[LPXP�FKURPLF� R[LGH� UHFRYHU\�ZDV� DFKLHYHG� DW�����R& IRU� D�PL[WXUH� RI� VRGD� DVK� DQG� FKURPLWH� RUH�
FRQFHQWUDWH��1D�&2� � &U�2� ZDV��������PROH�UDWLR���

2WKHU�LQYHVWLJDWLRQV�KDYH�EHHQ�FDUULHG�RXW�WR�VWXG\�WKH�HIIHFW�RI�&D2�RU�OLPHVWRQH�DV�D�FDWDO\VW�RQ�WKH�
GHJUHH�RI�VRGLXP�FKURPDWH�UHFRYHU\�IURP�PL[WXUH�RI�FKURPLWH�RUH�DQG�VRGD�DVK��

(O�7DZLO�HW� DO�� ������� IRXQG� WKDW� WKH�SHOOHWV� FRQWDLQLQJ�&D2� WR�&U�2� PROH� UDWLR�RI�����\LHOG�D�KLJKHU�
GHJUHH� RI� FKURPDWH� UHFRYHU\� ZKHUHDV�� WKH� LQFUHDVH� RI� &D2�PROH� UDWLR� EH\RQG� ����� QR� LPSURYHPHQW� LQ�
VRGLXP� FKURPDWH� UHFRYHU\�ZDV� REVHUYHG�� 6KDODEL� HW� DO�� ������� IRXQG� WKDW� WKH�PD[LPXP� FKURPLF� R[LGH�
UHFRYHU\�DV�VRGLXP�FKURPDWH�ZDV�REWDLQHG�ZKHQ�&U�2� � 1D�&2� � &D2�ZHUH�������������PROH�UDWLR��(O�'DUVH�
HW�DO�� �������DQG�$ERX]HLG��������UHSRUWHG�WKDW�WKH�RSWLPXP�FKURPLF�R[LGH�UHFRYHU\�ZKHQ�EULTXHWWLQJ�D�
PL[WXUH�RI�FKURPLWH�RUH�FRQFHQWUDWH��VRGD�DVK�DQG�FHPHQW�GXVW�ZDV�&U�2� � 1D�&2� � WRWDO�&D2�LQ�FHPHQW�
GXVW��ZDV�������������PROH�UDWLR��

,W� FDQ� EH�QRWLFHG� IURP� WKH�SUHYLRXV� LQYHVWLJDWLRQV� WKDW��PDQ\� LQYHVWLJDWRUV� KDYH�XVHG� WKH�PL[WXUH� RI�
FKURPLWH� RUH� DQG� VRGD� DVK� LQ� WKH� SRZGHU� IRUP� LQ� WKH� SURGXFWLRQ� RI� FKURPLF� R[LGH�� $V� D� UHVXOW� RI� GXVW�
HQWUDLQPHQW�DQG�IRUPDWLRQ� �$KPHG���������FDXVHG�E\�XVLQJ�WKH�PL[WXUH� LQ�WKH�SRZGHU� IRUP�OHDGLQJ�WR�D�
IDLOXUH�RI�VXFK�SURFHVV��:KLOH�PDQ\�RI�WKHP�KDYH�XVHG�WKH�EULTXHWWLQJ�SURFHVV�IRU�DJJORPHUDWLRQ�RI�WKH�IHHG�
PDWHULDOV� SULRU� WR� WKH� URDVWLQJ� SURFHVV��$V� D� UHVXOW� RI� WKH�PHFKDQLFDO� XQUHOLDELOLW\� RI� VXFK�SURFHVV�ZKLFK�
OHDGV�WR�D�KLJK�PDLQWHQDQFH�FRVW�DQG�ORZ�DYDLODELOLW\�DQG�WKH�XQVXLWDELOLW\�IRU�ODUJH�VFDOH�SURGXFWLRQ�OHDGLQJ�
WR� WKH� IDLOXUH� RI� WKLV� SURFHVV� �%DOO�� ������� )URP� VXFK� SRLQW� RI� YLHZ�� WKH� DSSOLFDWLRQ� RI� WKH� SHOOHWL]DWLRQ�
SURFHVV�RQ�WKH�DJJORPHUDWLRQ�RI�VXFK�IHHG�PDWHULDO�LV�VLJQLILFDQW��

,W� LV� ZHOO� NQRZQ� WKDW� WKH� JUHHQ� SHOOHWV� SURGXFHG� VKRXOG� KDYH� UHDVRQDEOH� PHFKDQLFDO� SURSHUWLHV� WR�
ZLWKVWDQG� WKH� WUDQVSRUWDWLRQ�DQG�KDQGOLQJ��7KHUH�DUH�PDQ\� IDFWRUV�DIIHFWLQJ� WKH�PHFKDQLFDO�SURSHUWLHV�RI�
WKH�JUHHQ�SHOOHWV��VXFK�DV��
x 7KH�DPRXQW�RI�ZDWHU�XVHG�GXULQJ�SHOOHWL]DWLRQ��
x 7KH�VORSH�RI�WKH�GLVF�SHOOHWL]HU��
x 7KH�UHVLGHQFH�WLPH�RI�WKH�PDWHULDOV�LQ�WKH�GLVF�SHOOHWL]HU��
x 7KH�SDUWLFOH�VL]H�RI�WKH�IHHG�PDWHULDOV��
x 7KH�GLVF�URWDWLQJ�VSHHG��

$V�ZDV�PHQWLRQHG�EHIRUH�� WKH�DGGLWLRQ�RI�&D2�RQ�WKH�PL[WXUH�RI�FKURPLWH�RUH�ZLWK�VRGLXP�FDUERQDWH�
ZDV�EHQHILFLDO�LQ�REWDLQLQJ�D�KLJKHU�GHJUHH�RI�VRGLXP�FKURPDWH�UHFRYHU\��)URP�VXFK�SRLQW�RI�YLHZ��WKH�LGHD�
RI�XVLQJ�FHPHQW�GXVW��ZKLFK�FRQWDLQV�D�UHDVRQDEOH�DPRXQW�RI�&D2�LQVWHDG�RI� OLPH�LQ�VXFK�RSHUDWLRQ��ZDV�
VXJJHVWHG��

7KXV�WKH�DLP�RI�WKLV�LQYHVWLJDWLRQ�LV�WR�VWXG\�WKH�HIIHFW�RI�GLIIHUHQW�IDFWRUV�DIIHFWLQJ�WKH�SHOOHWL]DWLRQ�RI�D�
PL[WXUH� RI� VRGD� DVK� DQG� FKURPLWH� RUH� FRQFHQWUDWH�ZLWK� DQG�ZLWKRXW� E\�SDVV� FHPHQW��$OVR�� WKH� HIIHFW� RI�
URDVWLQJ� WHPSHUDWXUHV� DQG� URDVWLQJ� WLPHV� RQ� WKH� VRGLXP� FKURPDWH� UHFRYHU\�� DV� ZHOO� DV�� WKH� NLQHWLFV� RI�
VRGLXP�FKURPDWH�SURGXFWLRQ�IURP�VXFK�SHOOHWV�ZHUH�LQYHVWLJDWHG���
�
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7KH�FKURPLWH�RUH�FRQFHQWUDWH�XVHG�FRQWDLQV� WKH� IROORZLQJ�FRQVWLWXHQWV�� )H2� ��������&U�2�  �������
6L2�  ������&D2� �������$O�2�  �������0J2� ��������/�2�,� ����������7KH�VRGD�DVK�XVHG�FRQWDLQV�����
1D�&2�� 7KH�E\�SDVV�FHPHQW�KDV�WKH�IROORZLQJ�FRQVWLWXHQWV�)H��DV�)H�2��  ��������6L2�  �����&D2� �����
�����DV�IUHH�&D2���$O�2�  ������0J2� �������1D�2  ��������.�2  ��������&O� �������DQG�/�2�,�� �������
�
������$SSDUDWXV�DQG�H[SHULPHQWV�
�

7R�HYDOXDWH� WKH�HIIHFW�RI�E\�SDVV�FHPHQW�DGGLWLRQ�RQ�ERWK� WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV�
DQG�WKH�VRGLXP�FKURPDWH�UHFRYHU\��WZR�IHHG�PDWHULDOV�ZHUH�XVHG���
��� )HHG�$��FRQVLVW�RI�D�PL[WXUH�RI�FKURPLWH�RUH�FRQFHQWUDWH�ZLWK�VRGD�DVK��&U�2� � 1D�&2�  ��������PROH�

UDWLR���ZLWKRXW�E\�SDVV�FHPHQW�DGGLWLRQ��
��� )HHG�%��FRQVLVWV�RI�FKURPLWH�RUH�FRQFHQWUDWH��VRGD�DVK�DQG�E\�SDVV�FHPHQW�DGGLWLRQ��&U�2� � 1D�&2� �

&D2�WRWDO�LQ�FHPHQW�GXVW� �������������PROH�UDWLR����
7KH�PL[WXUHV�RI�WKH�WZR�GLIIHUHQW�IHHGV�ZHUH�IHG�LQ�D�GLVF�SHOOHWL]HU�RI���FP�ZLGWK�DQG���FP�KHLJKW��
7KH�SURGXFHG�JUHHQ�SHOOHWV�ZHUH�VXEMHFWHG�WR�PHFKDQLFDO�SURSHUWLHV� WHVWV� �DYHUDJH�GURS�QXPEHU��DQG�

FRPSUHVVLYH�VWUHQJWK���
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7KH�SHOOHWV��ZKLFK�DUH�VXLWDEOH�WR�EH�FKDUJHG�LQ�IXUQDFHV�IRU�WKH�URDVWLQJ�VWDJH��VKRXOG�KDYH�UHDVRQDEOH�
PHFKDQLFDO�SURSHUWLHV�WR�ZLWKVWDQG�WUDQVSRUWDWLRQ�DQG�KDQGOLQJ��

7KH�JUHHQ�SHOOHWV�SURGXFHG�ZHUH�GULHG�LQ�D�GU\LQJ�RYHQ�DW����R&��IRU��K��WR�EH�VXUH�WKDW�DOO�ZDWHU�XVHG�
GXULQJ�SHOOHWL]DWLRQ�RSHUDWLRQ�LV�HYDSRUDWHG��7KHQ�WKH�GULHG�SHOOHWV�ZHUH�VXEMHFWHG�WR�WKH�URDVWLQJ�VWDJH�LQ�
DQ� RSHQ� IXUQDFH� IRU� GLIIHUHQW� WHPSHUDWXUHV� DQG� WLPHV�� 7KH� VRGLXP� FKURPDWH� UHFRYHULHV� DV� ZHOO� DV� WKH�
NLQHWLF�RI�WKH�UHDFWLRQ�ZHUH�VWXGLHG��

&KURPLXP� UHFRYHU\����  � �:W� RI� FKURPLF� R[LGH� REWDLQHG� IURP� FKHPLFDO� DQDO\VLV� RI� GLVVROYHG� VRGLXP�
FKURPDWH�LQ�ZDWHU�UHVXOWHG�IURP�ILUHG�SHOOHWV���7RWDO�ZW�RI�FKURPLF�R[LGH�LQ�GULHG�SHOOHWV��[�����
�
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�����3HOOHWL]DWLRQ�FRQGLWLRQV�
�
�������(IIHFW�RI�DPRXQW�RI�ZDWHU�DGGHG�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV�
�

7KH�HIIHFW�RI�ZDWHU�DGGLWLRQ�UDQJLQJ�IURP��������RI�WKH�WRWDO�IHHG�ZHLJKW�RQ�WKH�PHFKDQLFDO�SURSHUW\�
RI� JUHHQ� SHOOHWV� SURGXFHG� IURP� ERWK� IHHGV� $� DQG� %� ZDV� VWXGLHG�� 7KH� IROORZLQJ� SHOOHWL]DWLRQ� RSHUDWLRQ�
FRQGLWLRQV�ZHUH�DOO�NHSW�FRQVWDQW�WKURXJKRXW�WKLV�H[SHULPHQWV��
� 'LVF�VORSH� ���R

� 'LVF�URWDWLQJ�VSHHG� ���USP�
� 5HVLGHQFH�WLPH�RI�PDWHULDO�LQ�WKH�GLVF� ���PLQ�
� )HHG�SDUWLFOH�VL]H� �������PP�

7DEOH���VKRZV�WKH�HIIHFW�RI�ZDWHU�DPRXQW�DGGHG�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV��)URP�WKLV�
7DEOH�� LW� FDQ� EH� VHHQ� WKDW� LQFUHDVLQJ� ZDWHU� DPRXQW� OHDGV� WR� LQFUHDVH� ERWK� DYHUDJH� GURS� QXPEHU� DQG�
FRPSUHVVLYH�VWUHQJWK�RI�JUHHQ�SHOOHWV�XS�WR�D�PD[LPXP�DW�����LQ�FDVH�RI�IHHG�$��ZKLOH�WKH�PD[LPXP�ZDV�
UHDFKHG�DW�����ZDWHU� LQ�FDVH�RI� IHHG�%��7KH�DYHUDJH�GURS�QXPEHU�DQG�FRPSUHVVLYH� VWUHQJWK�GHFUHDVHG�
SURJUHVVLYHO\�EH\RQG�WKH�PD[LPXP��

7KH�LQFUHDVH�LQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV�IRU�ERWK�IHHGV�ZLWK�LQFUHDVLQJ�ZDWHU�DPRXQW�
PD\�EH�DWWULEXWHG�WR�WKH�IDFW�WKDW�LQFUHDVLQJ�ZDWHU�DGGLWLRQ�OHDGV�WR�LQFUHDVH�LQ�WKH�FRDOHVFHQFH�PHFKDQLVP�
EHWZHHQ�GLIIHUHQW�FRQVWLWXHQW�RI�WKH�FKDUJH��6HGGLN�HW�DO�� �������DQG�PD\�EH�DOVR�DWWULEXWHG�WR�WKH�IDFW�WKDW�
LQFUHDVLQJ�ZDWHU�DPRXQW�DGGHG�OHDGV�WR�LQFUHDVH�LQ�WKH�QXPEHU�RI�OLTXLG�EULGJHV�EHWZHHQ�WKH�SDUWLFOH�RI�WKH�
FKDUJH��0H\HU���������:KHUHDV�WKH�GHFUHDVH�RI�ERWK�WKH�DYHUDJH�GURS�QXPEHU�DIWHU�LW�UHDFK�PD[LPXP�DW�
WKH� RSWLPXP� DPRXQW� RI� ZDWHU� LV� DWWULEXWHG� WR� WKH� IDFW� WKDW� LQFUHDVLQJ� WKH� ZDWHU� DPRXQW� EH\RQG� WKH�
RSWLPXP�ZDWHU�DGGHG�OHDGV�WR�FRDWV�WKH�SHOOHWV�VXUIDFH�ZLWK�D�FRKHUHQW�ILOP�RI�ZDWHU�ZKLFK�QHXWUDOL]H�WKH�
FDSLOODU\�HIIHFW��%DOO���������

)URP�7DEOH����LW�FDQ�DOVR�EH�QRWLFHG�WKDW�WKH�DPRXQW�RI�ZDWHU�QHHGHG�WR�UHDFK�WKH�RSWLPXP�PHFKDQLFDO�
SURSHUWLHV�RI�JUHHQ�SHOOHWV�SURGXFHG�IURP�IHHG�%�oLQ�ZKLFK�E\�SDVV�FHPHQW�ZDV�DGGHGp�LV�PXFK�KLJKHU�WKDQ�
LQ�FDVH�RI�SHOOHWV�SURGXFHG�IURP�IHHG�$��DQG�WKLV�PD\�EH�DWWULEXWHG�WR�WKH�IDFW�WKDW�FHPHQW�LV�GHVLJQDWHG�DV�
D K\GURSKLOLF�PDWHULDO��DFFRUGLQJO\��VRPH�RI�WKH�ZDWHU�ZDV�WDNHQ�E\�WKH�FHPHQW��
�
7DEOH���
(IIHFW�RI�GLIIHUHQW�SDUDPHWHUV�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV�

3HOOHWV�FRQWDLQLQJ�E\�SDVV�FHPHQW�
�)HHG�%��

3HOOHWV�IUHH�IURP�E\�SDVV�FHPHQW�
�)HHG�$��

9DULDEOHV� 'HJUHH�RI�
YDULDWLRQ�

$YHUDJH�GURS�
QXPEHU�

&RPSUHVVLYH�
VWUHQJWK��J�SHOOHW�

$YHUDJH�GURS�
QXPEHU�

&RPSUHVVLYH�
VWUHQJWK��J�SHOOHW�
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DPRXQW����
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<�0�=��$KPHG�HW�DO����7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�
9RO����1R���������������������SS����������
�

�������(IIHFW�RI�GLVF�VORSH�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV�
�
7KH� HIIHFW� RI� GLVF� VORSH� RQ� WKH� PHFKDQLFDO� SURSHUWLHV� RI� JUHHQ� SHOOHWV� ZDV� VWXGLHG�� 7KH� IROORZLQJ�

SHOOHWL]DWLRQ�RSHUDWLRQ�FRQGLWLRQV�ZHUH�DOO�NHSW�FRQVWDQW�WKURXJKRXW�WKLV�H[SHULPHQW��
� 'LVF�URWDWLQJ�VSHHG� ���USP�
� 5HVLGHQFH�WLPH�RI�PDWHULDO�LQ�WKH�GLVF� ���PLQ�
� )HHG�SDUWLFOH�VL]H� �������PP�
� 7KH�ZDWHU�DPRXQW�DGGLWLRQ�IRU�IHHG�$� �����
� 7KH�ZDWHU�DPRXQW�DGGLWLRQ�IRU�IHHG�%� �����

7DEOH����VKRZV�WKH�HIIHFW�RI�FKDQJLQJ�GLVF�VORSH�IURP����r���R RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�
SHOOHWV�� ,W� ZDV� IRXQG� WKDW� LQFUHDVLQJ� RI� WKH� GLVF� VORSH� IURP� ��� WR� ��R� ERWK� DYHUDJH� GURS� QXPEHU� DQG�
FRPSUHVVLYH�VWUHQJWK�RI�JUHHQ�SHOOHWV�LQFUHDVHG�WLOO�LW�UHDFKHG�D�PD[LPXP�DW���R DQG���R LQ�FDVH�RI�SHOOHWV�
IUHH� DQG� FRQWDLQLQJ� FHPHQW� GXVW� UHVSHFWLYHO\�� DQG� WKHQ� LW� GHFUHDVHG� WKHUHDIWHU�� 7KLV� EHKDYLRU� PD\� EH�
DWWULEXWHG� WR� WKH� IDFW� WKDW� WKHUH� DUH� WZR�PDLQ� DQJOHV� RQ� WKH� GLVF� SHOOHWL]HU� FRQWUROOLQJ� WKH� SHOOHWL]DWLRQ�
SURFHVV��7KHVH�WZR�DQJOHV�DUH�WKH�WLOW�DQJOH�RI�GLVF�ERWWRP�DQG�WKH�G\QDPLF�DQJOH�RI�UHSRVH��7KH�RSWLPXP�
SHOOHW� TXDOLW\� FRXOG� EH� REWDLQHG� ZKHQ� WKH� G\QDPLF� DQJOH� RI� UHSRVH� LV� ORZHU� WKDQ� WKH� WLOW� DQJOH� RI� GLVF�
ERWWRP��7KHVH�DQJOHV�GHSHQG�PDLQO\�RQ�WKH�W\SH�RI�PDWHULDO�IHG�WR�WKH�GLVF�SHOOHWL]HU��0H\HU���������7KH�
ORZHU�PHFKDQLFDO�SURSHUWLHV�RI�SHOOHWV�DW�GLVF�DQJOH�ORZHU�WKDQ���R LQ�FDVH�RI�SHOOHW�IUHH�IURP�FHPHQW�GXVW�
DQG���R LQ FDVH�RI�SHOOHW�FRQWDLQLQJ�FHPHQW�GXVW�PD\�EH�DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�G\QDPLF�DQJOH�RI�
UHSRVH� LV� KLJKHU� WKDQ� WKH� WLOW� DQJOH� RI� GLVF� ERWWRP�� :KHUHDV� WKH� GHFUHDVH� LQ� SHOOHWV� SURSHUWLHV� EH\RQG�
��R	��R LQ�FDVH�RI�SHOOHWV�IUHH�DQG�FRQWDLQLQJ�FHPHQW�GXVW�LV�DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�FKDUJH�ZRXOG�
QR�ORQJHU�EH�OLIWHG�E\�IULFWLRQ��0H\HU���������
�
�������(IIHFW�RI�UHVLGHQFH�WLPH�RI�IHHG�PDWHULDO�LQ�WKH�GLVF�

�
7KH�HIIHFW�RI�GLIIHUHQW�UHVLGHQFH�WLPH�RI�PDWHULDO�LQ�GLVF�SHOOHWL]HU�RQ�WKH�SURSHUWLHV�RI�JUHHQ�SHOOHWV�ZDV�

VWXGLHG��7KH�IROORZLQJ�SHOOHWL]DWLRQ�RSHUDWLRQ�FRQGLWLRQV�ZHUH�DOO�NHSW�FRQVWDQW�WKURXJKRXW�WKLV�H[SHULPHQW��
� 'LVF�URWDWLQJ�VSHHG� ���USP�
� )HHG�SDUWLFOH�VL]H� �������PP�
� 'LVF�VORSH�IRU�IHHG�$� ���R

� 'LVF�VORSH�IRU�IHHG�%� ���R

� 7KH�ZDWHU�DPRXQW�DGGHG�IRU�IHHG�$� ������
� 7KH�ZDWHU�DPRXQW�DGGHG�IRU�IHHG�%� ������

7DEOH� �� VKRZV� WKH� HIIHFW� RI� FKDQJLQJ� UHVLGHQFH� WLPH� RI� SHOOHWV� LQ� WKH� GLVF� SHOOHWL]HU� UDQJLQJ� IURP����������
�r��PLQ�RQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�SHOOHWV��,W�ZDV�IRXQG�WKDW�ZLWK�LQFUHDVLQJ�UHVLGHQFH�WLPH�RI�
IHHG�PDWHULDOV� LQ� WKH�GLVF�ERWK�DYHUDJH�GURS�QXPEHU�DQG�FRPSUHVVLYH�VWUHQJWK�RI�SHOOHWV�SURGXFHG� IURP�
ERWK� IHHGV� LQFUHDVHG� WLOO� LW� UHDFKHV� PD[LPXP� DW� ��PLQ� WKHQ� LW� GHFUHDVHG� WKHUHDIWHU�� 7KH� LQFUHDVH� RI�
PHFKDQLFDO�SURSHUWLHV�ZLWK� LQFUHDVLQJ� WKH�UHVLGHQFH�WLPH�RI�PDWHULDO� LQ� WKH�GLVF�PD\�EH�DWWULEXWHG�WR�WKH�
JURZWK� RI� IRUPHG� QXFOHL�� ZKLOH� WKH� GHFUHDVH� LQ� WKH� PHFKDQLFDO� SURSHUWLHV� RI� SHOOHWV� EH\RQG� ��PLQ� LV�
DWWULEXWHG�WR�WKH�IOXVKLQJ�RI�VRPH�PRLVWXUH�FRQWHQW�GXULQJ�WKHLU�JURZWK��$KPHG���������
�
�����5RDVWLQJ�RI�SURGXFHG�SHOOHWV�
�

3HOOHWV�SURGXFHG�DW�WKH�SUHYLRXV�RSWLPXP�SHOOHWL]DWLRQ�FRQGLWLRQ��VXEMHFWHG�WR�GU\LQJ�LQ�D�GULHU�DW����R&
IRU��K��7KH�GULHG�SHOOHWV�ZHUH�URDVWHG�DW�GLIIHUHQW�URDVWLQJ�WHPSHUDWXUHV����������R&��IRU�GLIIHUHQW�URDVWLQJ�
WLPHV�DQG�WKH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUHV���DQG����)URP�WKHVH�ILJXUHV�LW�FDQ�EH�FRQFOXGHG�WKDW�DW�DQ\�IL[HG�
WHPSHUDWXUH� WKH� VRGLXP� FKURPDWH� UHFRYHU\� LQFUHDVHG�ZLWK� LQFUHDVLQJ� WKH� URDVWLQJ� WLPH�� $OVR�� LW� FDQ� EH�
FRQFOXGHG� WKDW� DW� DQ\� IL[HG� URDVWLQJ� WLPH� WKH� LQFUHDVH� LQ� WKH� URDVWLQJ� WHPSHUDWXUH� OHDGV� WR� D� VLJQLILFDQW�
LQFUHDVH�LQ�WKH�VRGLXP�FKURPDWH�UHFRYHU\��7KH�LQFUHDVH�RI�VRGLXP�FKURPDWH�UHFRYHU\�ZLWK�LQFUHDVLQJ�WKH�
URDVWLQJ�WLPH�DW�DQ\�IL[HG�WHPSHUDWXUH�PD\�EH�DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�SURGXFWLRQ�RI�VRGLXP�FKURPDWH�
IURP�FKURPLF�R[LGH�E\�URDVWLQJ�SURFHVV�LV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�IROORZLQJ�UHDFWLRQ��

�&U�2� � �1D�&2� � �2�  �1D�&U2� � �&2� �,Q�WKH�DEVHQFH�RI�FHPHQW�GXVW��IHHG�$�� � � � ����
�&U�2� � �1D�&2� � �&D2����2�  �1D�&U2� � �&D2����&2� �,Q� WKH� SUHVHQFH� RI� FHPHQW� GXVW�

DGGLWLRQ��IHHG�%�� � � � � � � � � � � � � � � � � � � � � � � � � � ����
7KLV� PHDQV� WKDW� PRUH� WLPH� RI� WKH� URDVWLQJ� SURFHVV� DOORZV� PRUH� R[\JHQ� WR� HQWHU� WKH� UHDFWLRQ� IRU�

SURGXFWLRQ� RI� VRGLXP� FKURPDWH�� :KLOH� WKH� LQFUHDVH� RI� VRGLXP� FKURPDWH� UHFRYHU\� ZLWK� LQFUHDVLQJ� WKH�
URDVWLQJ� WHPSHUDWXUH� DW� DQ\� IL[HG� URDVWLQJ� WLPH� PD\� EH� DWWULEXWHG� WR� WKH� IDFW� WKDW� WKH� LQFUHDVH� RI� WKH�
WHPSHUDWXUH� HQKDQFHV� WKH� UDWHV� RI� YDULRXV� FKHPLFDO� DQG� SK\VLFDO� VWHSV� LQYROYHG� LQ� WKH� RYHUDOO� UHDFWLRQ�
SURFHVV�� 7KH� LQFUHDVH� RI� WHPSHUDWXUH� OHDGV� WR� DQ� LQFUHDVH� LQ� WKH� QXPEHU� RI� UHDFWLQJ� PROHFXOHV� KDYLQJ�
H[FHVV� DFWLYDWLRQ� HQHUJ\�� ZKLFK� VXEVHTXHQWO\� OHDGV� WR� LQFUHDVH� WKH� UHDFWLRQ� UDWH� �/HYHQVSLQNO�� ������������
0F�&DEH�DQG�6PLWK���������$OVR��LQFUHDVLQJ�WHPSHUDWXUH�UDLVHV�WKH�UDWH�RI�PDVV�WUDQVIHU�RI�GLIIXVLRQ�DQG�WKH�
UDWH�RI�DGVRUSWLRQ�RI�R[\JHQ�PROHFXOHV�OHDGLQJ�WR�LQFUHDVH�WKH�UHDFWLRQ�UDWH��
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�

)LJXUH����(IIHFW�RI�GLIIHUHQW�WHPSHUDWXUH�RQ�VRGLXP�FKURPDWH�UHFRYHU\�IRU�SHOOHWV�IUHH�IURP�E\�SDVV�FHPHQW�
DGGLWLRQ�

�

)LJXUH����(IIHFW�RI�GLIIHUHQW�WHPSHUDWXUH�RQ�VRGLXP�FKURPDWH�UHFRYHU\�IRU�SHOOHWV�FRQWDLQLQJ�E\�SDVV�FHPHQW�
�

)URP� )LJXUHV��� DQG���� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH� DGGLWLRQ� RI� E\�SDVV� FHPHQW� OHDGV� WR� LQFUHDVH� WKH�
VRGLXP�FKURPDWH� UHFRYHU\�DW� DQ\� WLPH�DQG� WHPSHUDWXUH�� 7KLV�PD\�EH�DWWULEXWHG� WR� WKH� IDFW� WKDW� E\�SDVV�
FHPHQW� FRQWDLQLQJ� IUHH� &D2�� ZKLFK� LV� UHJDUGHG� DV� D� FDWDO\VW� ZKLFK� HQKDQFHV� WKH� UDWH� RI� IRUPDWLRQ� RI�
VRGLXP�FKURPDWH��(O�7DZLO�HW�DO�� �������
�
�����.LQHWLFV�RI�VRGLXP�FKURPDWH�IRUPDWLRQ�
�

.LQHWLFV�RI�VRGLXP�FKURPDWH�IRUPDWLRQ�IURP�SHOOHWV�IUHH�DQG�FRQWDLQLQJ�E\�SDVV�FHPHQW�ZHUH�VWXGLHG��
0DQ\�LQYHVWLJDWRUV�KDYH�VWXGLHG�WKH�NLQHWLFV�RI�VRGLXP�FKURPDWH�IRUPDWLRQ�YLD�R[LGDWLRQ�RI�FKURPLWH�RUH�
ZLWK� VRGD� DVK� LQ� WKH� SUHVHQFH� DQG� DEVHQFH� RI� &D2�� 9DULRXV� PRGHO� KDYH� EHHQ� GHYHORSHG� LQ� RUGHU� WR�
UHSUHVHQW� WKHVH� NLQHWLFV�� ,Q� WKLV� ZRUN� WKH� VROLG� GLIIXVLRQ� PRGHOV� ZDV� HPSOR\HG� WR� HYDOXDWH� WKH� NLQHWLF�
SDUDPHWHUV� RI� WKH� UHDFWLRQ�� 7KLV�PRGHO�ZKLFK� KDV� DOVR� EHHQ� XVHG� E\� RWKHU� UHVHDUFKHU� �$ERX]HLG�� �������
UHODWHV�WKH�IUDFWLRQDO�VRGLXP�FKURPDWH�UHFRYHU\��5���WR�WKH�UHDFWLRQ�WLPH��W��E\�WKH�IROORZLQJ�HTXDWLRQ��

>��r����5�A���������@A�� �NW� � � � � � � � � � � � � � � � � � � � � ����
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�

7KLV�HTXDWLRQ�SURYLGHG�H[FHOOHQW�ILWV�IRU�WKH�H[SHULPHQWDO�GDWD�REWDLQHG�IRU�SHOOHWV�ZLWK�DQG�ZLWKRXW�E\�
SDVV�FHPHQW�DV�VKRZQ�LQ�)LJXUHV���DQG�����
�

)LJXUH����5HODWLRQVKLS�EHWZHHQ�VROLG�VWDWH�GLIIXVLRQ�PRGHO� �>�����5�A�������@A���DQG� WLPH�RI� UHDFWLRQ� IRU�
SHOOHW�IUHH�IURP�E\�SDVV�FHPHQW�DQG�ILUHG�DW�GLIIHUHQW�WHPSHUDWXUH�
�

)LJXUH����5HODWLRQVKLS�EHWZHHQ�VROLG�VWDWH�GLIIXVLRQ�PRGHO� �>�����5�A�������@A���DQG� WLPH�RI� UHDFWLRQ� IRU�
SHOOHW�FRQWDLQLQJ�E\�SDVV�FHPHQW�DQG�ILUHG�DW�GLIIHUHQW�WHPSHUDWXUH�
�

7KH� VORSH� RI� WKH� VWUDLJKW� OLQH� REWDLQHG� IURP� WKH� SUHYLRXV� ILWWLQJ� UHSUHVHQWV� WKH� UDWH� FRQVWDQW� N�� 7KH�
DFWLYDWLRQ�HQHUJLHV�IRU�WKH�UHDFWLRQ�RI�ERWK�SHOOHWV��FRXOG�EH�FDOFXODWHG�IURP�$UUKHQLXV�HTXDWLRQ��

N  �NRH�(�5C7� ����
:KHUH� N� LV� WKH� UDWH� FRQVWDQW�� NR LV� WKH� IUHTXHQF\� IDFWRU�� (� LV� WKH� DFWLYDWLRQ� HQHUJ\�� 7� LV� DEVROXWH�

WHPSHUDWXUH��5C�LV�WKH�XQLYHUVDO�JDV�FRQVWDQW��
7KLV�HTXDWLRQ�FDQ�WDNH�WKH�IROORZLQJ�IRUP��
,QN� �OQNR r (�5C7� � � � � � � � � � � � � � � � � � � � � � � � ����
7KHQ�WKH�VORSH�RI�WKH�VWUDLJKW�OLQH�REWDLQHG�IURP�SORWWLQJ�WKH�UHODWLRQ�EHWZHHQ�/QN�DQG�WKH�UHFLSURFDO�RI�

WKH� DEVROXWH� WHPSHUDWXUH�� JLYHV� WKH� DFWLYDWLRQ� HQHUJLHV� RI� ERWK� UHDFWLRQV�� )LJXUHV� �� DQG� ��� VKRZV� WKH�
UHODWLRQVKLS�EHWZHHQ�/QN�DQG�WKH�UHFLSURFDO�RI�DEVROXWH�WHPSHUDWXUH�IRU�ERWK�SHOOHWV��7KH�DFWLYDWLRQ�HQHUJ\�
RI�FHPHQW�IUHH�SHOOHWV�ZDV����.M�PROH��ZKLOH�LQ�WKH�SUHVHQFH�RI�FHPHQW�LW�ZDV����.M�PROH��)URP�WKLV�UHVXOW�
LW�LV�HYLGHQW�WKDW�WKH�DGGLWLRQ�RI�FHPHQW�GXVW�KDV�D�FDWDO\WLF�HIIHFW�LQ�WKH�SURGXFWLRQ�RI�VRGLXP�FKURPDWH��
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9RO����1R���������������������SS����������
�

)LJXUH����$UUKHQLXV�SORW�IRU�SHOOHWV�IUHH�IURP�E\�SDVV�FHPHQW�DQG�URDVWHG�DW�GLIIHUHQW�WHPSHUDWXUH�
�

)LJXUH����$UUKHQLXV�SORW�IRU�SHOOHWV�FRQWDLQLQJ�E\�SDVV�FHPHQW�DQG�URDVWHG�DW�GLIIHUHQW�WHPSHUDWXUH�
�
�����;5'�RI�WKH�URDVWHG�SHOOHWV�
�

7KH�[�UD\�GLIIUDFWRJUDPV�RI�ERWK�W\SHV�RI�SHOOHWV�ILUHG�DW�����R& IRU���PLQ�DUH�VKRZQ�LQ�)LJXUH�����7KH�
PDLQ� FRQVWLWXHQWV� RI� WKH� SHOOHWV� IUHH� RI� FHPHQW� DUH�� 1D�&U2�� 1D�&U2���+�2�� 1D$O6L�2�� 1D�)H2� DQG�
1D�6L2�� 7KHVH�FRPSRXQGV�DUH�IRUPHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQV��

�1D�&2� � �&U�2� � �2�  �1D�&U2� � �&2� ����
1D�&2� � $O�2� � �6L2�  �1D$O6L�2� � &2� ����
�1D�&2� � �)H�2� � �2�  �1D�)H2� � �&2� ����
1D�&2� � 6L2�  �1D�6L2� � &2� ����
,Q� FDVH�RI�SHOOHWV�FRQWDLQLQJ�FHPHQW�� WKH�PDLQ�FRQVWLWXHQWV�DUH��1D�&U2�� 1D�&U2�� �&D2�$O�2��)H�2��

�&D2�$O�2��6L2� DQG� ¸�&D�6L2�� 7KHVH� GLIIHUHQW� FRQVWLWXHQWV�PD\� EH� IRUPHG� DV� D� UHVXOW� RI� WKH� IROORZLQJ�
UHDFWLRQV���

&U�2� � �1D�&2� � ���2�  �1D�&U2� � �&2� �����
�1D�&2� � �&U�2� � �2�  �1D�&U2� � �&2� �����
�&D2���$O�2� � )H�2�  �&D2�$O�2��)H�2� �����
�&D2���$O�2� � 6L2�  �&D2�$O�2��6L2� �����
�&D2���6L2�  &D�6L2� �����
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9RO����1R���������������������SS����������
�

���&21&/86,216�
�

)URP�WKLV�VWXG\��WKH�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�DUULYHG�DW��
��� 7KH�RSWLPXP�DPRXQW�RI�ZDWHU�FKDQJHV�ZLWK�WKH�W\SH�RI�IHHG�PDWHULDOV�XVHG��,W�ZDV�����IRU�FHPHQW�IUHH�

FKDUJH��DQG�����IRU�FKDUJH�FRQWDLQLQJ�FHPHQW��7KHVH�YDOXHV�JDYH�RSWLPXP�PHFKDQLFDO�SURSHUWLHV�RI�
ERWK�W\SHV�RI�SHOOHWV��

��� 7KH�EHVW�GLVF�VORSHV��ZKLFK�JDYH�RSWLPXP�PHFKDQLFDO�SURSHUWLHV�RI�JUHHQ�FHPHQW�IUHH�SHOOHWV��ZDV���R�
DQG���R IRU�SHOOHWV�FRQWDLQLQJ�FHPHQW��

��� 7KH�KLJKHVW�UHVLGHQFH�WLPH�RI�PDWHULDO�LQ�WKH�GLVF��ZKLFK�JDYH�PD[LPXP�PHFKDQLFDO�SURSHUWLHV�RI�ERWK�
W\SHV�RI�JUHHQ�SHOOHWV��ZDV���PLQ��

��� %\�SDVV�FHPHQW�SURYHG�WR�DFW�DV�D�FDWDO\VW�LQ�WKH�ZD\�RI�VRGLXP�FKURPDWH�UHFRYHU\�IURP�WKH�SRLQW�RI�
YLHZ� WKDW� VRGLXP�FKURPDWH� UHFRYHU\� IURP�SHOOHWV�FRQWDLQLQJ�E\�SDVV�FHPHQW�DGGLWLRQ� LV�PXFK�KLJKHU�
WKDQ�WKDW�ZLWKRXW�E\�SDVV�FHPHQW�DGGLWLRQ�URDVWHG�DW�WKH�VDPH�URDVWLQJ�FRQGLWLRQV��

��� 7KH�HQHUJ\�RI�DFWLYDWLRQ�RI�SHOOHWV�ZLWKRXW�E\�SDVV�FHPHQW�DGGLWLRQ�ZDV�DERXW����NM�PROH��:KHUHDV�LQ�
FDVH� RI� SHOOHWV� FRQWDLQLQJ� E\�SDVV� FHPHQW� DGGLWLRQ� LW�ZDV� ���NM�PROH�� 7KLV� DOVR� SURYHV� WKDW� E\�SDVV�
FHPHQW�DGGLWLRQ�DFWV�DV�D�FDWDO\VW�IRU�WKH�VRGLXP�FKURPDWH�UHFRYHU\�IURP�SHOOHWV�FRQWDLQLQJ�FKURPLWH�
RUH�FRQFHQWUDWH�DQG�VRGD�DVK��
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)LJXUH����;�UD\�GLIIUDFWRJUDP�RI�SHOOHWV�IUHH�DQG�FRQWDLQLQJ�E\�SDVV�FHPHQW�DIWHU�ILULQJ�DW�����R& IRU���PLQ�
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$ERX]HLG��+�$�0���.LQHWLF�RI�VRGLXP�FKURPDWH� IRUPDWLRQ� IURP�(O�%DUDP\LD�FKURPLWH�RUH�FRQFHQWUDWH�ZLWK�

VRGD�DVK�XVLQJ�OLPHVWRQH�RU�GRORPLWH��0�6F��7KHVLV��+HOZDQ�8QLYHUVLW\��&DLUR��(J\SW��������
$KPHG�� (O�7RQL�� 3UHSDUDWLRQ�RI�EDULXP�VDOWV� IURP�(J\SWLDQ�EDULWH�RUH��0�6F��7KHVLV��$LQ�6KDPV�8QLYHUVLW\��

&DLUR��(J\SW��������
$KPHG�� <�0�=��� 6WXG\LQJ� RI� VRPH� IDFWRUV� DIIHFWLQJ� WKH� SHOOHWL]DWLRQ� RI�PLOO� VFDOH�� 3K�'�� 7KHVLV�� )DFXOW\� RI�

6FLHQFH��$LQ�6KDPV�8QLY���&DLUR��(J\SW��������
%DOO�� '�)��� 'DUWQHOO�� -��� 'DYLVRQ�� -��� *UHLYH�� $��� :LOG�� 5��� $JJORPHUDWLRQ� RI� LURQ� RUHV�� $PHULFDQ� (O�6HYLHU�

3XEOLVKLQJ�&RPSDQ\��,QF���������1HZ�<RUN��
(O�'DUVH��)�0�6���$ERX]HLG��+�$�0���.KDOLID��0�*���6KDODEL��0�(�+���)DUDJ��$�%���)RUPDWLRQ�RI�VRGLXP�FKURPDWH�

IURP� FKURPLWH� RUH� FRQFHQWUDWH� DQG� VRGD� DVK� EULTXHWWHV� DQG� IDFWRUV� DIIHFWLQJ� LWV� UHFRYHU\�� (J\SWLDQ�
-RXUQDO�RI�&KHPLVWU\������������������������

(O�7DZLO�� 6�=���0RUVL�� ,�0��� 6KDODEL��0�(�+���0RKDPHG��2�$��� 6RGD� DVK� URDVWLQJ� RI� FKURPLWH� RUH� FRQFHQWUDWH�
SHOOHWV��1HXH�+XWWH������������������������

)RU�ILUHG�SHOOHW�FRQWDLQLQJ�FKURPLWH�RUH�FRQFHQWUDWH��VRGD�DVK�DQG�IUHH�IURP�E\�SDVV�FHPHQW��D �1D�&U2�� E �1D�&U2���+�2��F �1D$O6L�2�� G �1D�)H2�� H �1D�6L2�

)RU�ILUHG�SHOOHW�FRQWDLQLQJ�FKURPLWH�RUH�FRQFHQWUDWH��VRGD�DVK�DQG�E\�SDVV�FHPHQW�D � &D�6L2�� E �1D�&U2��+�2��F ��&D2�$O�2��)H�2��G ��&D2�$O�2��6L2�� H �1D�&U2�
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0H\HU��.���3HOOHWL]LQJ�RI�,URQ�2UHV��6SULQJHU�9HUODJ��%HUOLQ��+HLGHOEHUJ��������
/HYHQVSLQNO��2���&KHPLFDO�(QJLQHHULQJ��,QWHUQDWLRQDO�6WXGHQW�(GLWLRQ��������
0F�&DEH��6PLWK��-�0���8QLW�2SHUDWLRQ�RI�&KHPLFDO�(QJLQHHULQJ��,QWHUQDWLRQDO�6WXGHQW�(GLWLRQ��6HFRQG�HGLWLRQ��

������
0RKDPHG�(O�0HQVKDZL��+�6���'LIIHUHQW�PHWKRGV�IRU�XVLQJ�RI�E\�EDVV�FHPHQW�GXVW��-��(O�0RKDQGHVHLQ��������

��������������LQ�$UDELF����
6HGGLN�� $�$��� $ERX]HLG�� $�=�0��� (O�6LQEDZ\�� +�$��� 3HOOHWL]LQJ� RI� (O�*HGLGD� LURQ� RUH�� �QG� 0HWDOOXUJLFDO�

&RQIHUHQFH�LQ�$��5��(��������'HF���(O�7DEELQ��&DLUR��������������
6KDODEL��0�(�+�� (O�+XVVLQ\��1�$��� 6KHEO�� )�0�=�� (O�$ILIL�� 6�<��� ,QYHVWLJDWLRQ�RI� WKH�NLQHWLFV�EHWZHHQ� VRGD�DVK��

FKURPLWH�RUH� FRQFHQWUDWH�ZLWK� OLPH� LQ� WKH�EULTXHWWH� IRUP��7KH�7UDQVDFWLRQ�RI� 7KH� (J\SWLDQ�6RFLHW\�RI�
&KHPLFDO�(QJLQHHULQJnV��7(6&(�������������������������
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