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0DOHLPLGH�RQ�)HUPHQWDWLRQ�RI�&LWULF�$FLG�E\�

$VSHUJLOOXV�1LJHU�1&,0��������

8PHVK�3UDVDG�&KDXUDVLD

'HSDUWPHQW�RI�&KHPLVWU\��7�5��0��&DPSXV��%LUJXQM��7ULEKXYDQ�8QLYHUVLW\��1HSDO�
(PDLO���XFKDXUDVLD����#JPDLO�FRP

$EVWUDFW

7KH�HIILFDF\�RI�1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH�RQ�SURGXFWLRQ�RI�FLWULF�DFLG�E\�
VRPH� IXQJDO� VWUDLQV� OLNH� $VSHUJLOOXV�QLJHU� 1&,0� ������ � KDV� EHHQ� REVHUYHG�� 7KH� FRXPDULQ�� L�H�� 1����
GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH� XQGHU� REVHUYDWLRQ� KDV� HQFRXUDJLQJ� HIIHFW� RQ�
ELRSURGXFWLRQ� RI� FLWULF� DFLG� DQG� HQKDQFHV� WKH� \LHOG� RI� FLWULF� DFLG� WR� DQ� H[WHQW� RI� ������� KLJKHU� LQ�
FRPSDULVRQ�WR�FRQWURO�IHUPHQWHU�IODVNV��L�H���������J�����PO�LQ����GD\V�RI�RSWLPXP�LQFXEDWLRQ�SHULRG������
S+�DQG���R&�WHPSHUDWXUH�ZLWK������Z�Y��PRODVVHV�VROXWLRQ�DORQJ�ZLWK�RWKHU�QXWULWLRQDO�FRPSRQHQWV��

.H\� ZRUGV�� 1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH�� &LWULF� DFLG� IHUPHQWDWLRQ� DQG�
$VSHUJLOOXV�QLJHU�1&,0�������0RODVVHV�

,QWURGXFWLRQ��

&RXPDULQ�LV�D� IODYRULQJ�VXEVWDQFH�ZKLFK� LV�FRQWDLQHG� LQ� UHODWLYHO\�KLJK�FRQFHQWUDWLRQV� LQ�FLQQDPRQ�
YDULHWLHV� FROOHFWLYHO\� NQRZQ� DV� �&DVVLD� FLQQDPRQ�� &RXPDULQV� DUH� FODVVLILHG� DV� D� PHPEHU� RI� WKH�
EHQ]RS\URQH�IDPLO\�DOO�RI�ZKLFK�FRQVLVW�RI�D�EHQ]HQH�ULQJ�MRLQHG�WR�D�S\URQH�ULQJ��7KH�FRXPDULQV�DUH�RI�
JUHDW� LQWHUHVW� GXH� WR� WKHLU� SKDUPDFRORJLFDO� SURSHUWLHV��7KH� EHQ]RS\URQHV� FDQ� EH� VXEGLYLGHG� LQWR� WKH�
EHQ]RDOID�S\URQHV�WR�ZKLFK�WKH�FRXPDULQV�EHORQJ�DQG�WKH�EHQ]R�JDPD�S\URQHV��RI�ZKLFK�WKH�IODYRQRLGV�
DUH� SULQFLSDO� PHPEHUV�� ,Q� SDUWLFXODU�� WKHLU� SK\VLRORJLFDO�� EDFWHULRVWDWLF� DQG� DQWL�WXPRU� DFWLYLW\� PDNHV�
WKHVH�FRPSRXQGV�DWWUDFWLYH�EDFNERQH�GHULYDWL]DWLRQ�DQG�VFUHHQLQJ�DV�QRYHO�WKHUDSHXWLF�DJHQWV���

&RXPDULQ�FRQWDLQLQJ� VXSUDPROHFXODU� PHGLFLQDO� DJHQWV� DV� D� QHZ� LQFUHDVLQJ� H[SDQVLRQ� RI�
VXSUDPROHFXODU�FKHPLVWU\�LQ�SKDUPDFHXWLFDO�VFLHQFH�KDYH�DOVR�EHHQ�DFWLYHO\�LQYHVWLJDWHG�LQ�UHFHQW�\HDUV���
&RXPDULQ�GHULYHG� DUWLILFLDO� LRQ� UHFHSWRUV�� IOXRUHVFHQW� SUREHV� DQG�ELRORJLFDO� VWDLQV� DUH� JURZLQJ� TXLFNO\�
DQG� KDYH� D� YDULHW\� RI� SRWHQWLDO� DSSOLFDWLRQV� LQ�PRQLWRULQJ� WLPHO\� HQ]\PH� DFWLYLW\�� FRPSOH[� ELRORJLFDO�
HYHQWV� DV� ZHOO� DV� DFFXUDWH� SKDUPDFRORJLFDO� DQG� SKDUPDFRNLQHWLF� SURSHUWLHV��� 7KLV� UHYLHZ� SURYLGHV� D�
V\VWHPDWLF�VXPPDU\�DQG�LQVLJKW�RI�WKH�ZKROH�UDQJH�RI�PHGLFLQDO�FKHPLVWU\�LQ�WKH�FXUUHQW�GHYHORSPHQWV�RI�
FRXPDULQ� FRPSRXQGV� DV� DQWLFRDJXODQW�� DQWL�QHXUR� GHJHQHUDWLYH�� DQWLFDQFHU�� DQWLR[LGDWLYH�� DQWLEDFWHULDO��
DQWLIXQJDO��DQWLYLUDO��DQWLSDUDVLWLF��DQWL�LQIODPPDWRU\�DQG�DQDOJHVLF��DQWLGLDEHWLF��DQWL�GHSUHVVLYH�DQG�RWKHU�
ELRDFWLYH�DJHQWV�DV�ZHOO�DV�VXSUDPROHFXODU�PHGLFLQDO�GUXJV��GLDJQRVWLF�DJHQWV�DQG�SDWKRORJLF�SUREHV��DQG�
ELRORJLFDO�VWDLQV�����

&RUUHVSRQGLQJ�DXWKRU
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([SHULPHQWDO�0HWKRGV�

7KH� HIILFDF\� RI�1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH� RQ� SURGXFWLRQ� RI� FLWULF� DFLG�
E\� $VSHUJLOOXV� QLJHU� 1&,0������ LV� REVHUYHG� DV� �� � 7KH� FRPSRVLWLRQ� RI� WKH� SURGXFWLRQ� PHGLXP� IRU�
SURGXFWLRQ�RI�FLWULF�DFLG�E\�$VSHUJLOOXV�QLJHU�1&,0�������KDV�EHHQ�SUHSDUHG�DV�IROORZV���0RODVVHV������
�Z�Y��� 1+�12��� ������� .+�32��� ������� 0J62���+�2�� ������� S+�� ����� 7KH� S+� YDOXH� RI� WKH�

SURGXFWLRQ�PHGLXP�ZDV�DGMXVWHG�WR�����E\�DGGLQJ�UHTXLVLWH�DPRXQW�RI�.&O�+&O�EXIIHU�VROXWLRQ��DQG�WKLV�
S+�ZDV�DOVR�YHULILHG�E\�D�S+�PHWHU��7KH�DERYH�FRPSRVLWLRQ�PHGLXP�UHSUHVHQWV�YROXPH�RI�D�IHUPHQWHU�
IODVN�� L�H��� ����PO�� SURGXFWLRQ�PHGLXP� IRU� SURGXFWLRQ�RI� FLWULF� DFLG� E\�$VSHUJLOOXV� QLJHU�1&,0�������
1RZ�� WKH� VDPH�SURGXFWLRQ�PHGLXP� IRU�SURGXFWLRQ�RI� FLWULF� DFLG�E\�$VSHUJLOOXV�QLJHU�1&,0������ZDV�
SUHSDUHG�IRU����IHUPHQWHU�IODVN��L�H��HDFK�FRQWDLQHG��
���PO
�RI�SURGXFWLRQ�PHGLXP���

7KHQ� D� ���IHUPHQWHU� IODVNV� ZHUH� WKHQ� DUUDQJHG� WR� ���VHWV�� HDFK� FRPSULVLQJ� RI� ��IHUPHQWHU� IODVNV�
UHVSHFWLYHO\��7KH� IHUPHQWHU� IODVNV�RXW� RI����IHUPHQWHU� IODVNV�ZHUH�NHSW� DV� FRQWURO� DQG� WKHVH�ZHUH� DOVR�
UHDUUDQJHG�LQ���VXEVHWV�HDFK�FRQVLVWLQJ�RI���IHUPHQWHU�IODVNV��

$IWHU�SUHSDULQJ�WKH�DERYH�VHWV�RI�IHUPHQWHU�IODVNV�0������VROXWLRQ�RI�1����GLPHWK\ODPLQR���PHWK\O�
��FRXPDULQ\O�PDOHLPLGH� ZDV� SUHSDUHG� DQG� IURP� WKH� DERYH� 1����GLPHWK\ODPLQR���PHWK\O���
FRXPDULQ\O�PDOHLPLGH� VROXWLRQ� ����� ����� ����� ����� ����� ����� ����� ����� ���� DQG� ��� PO� ZDV� DGGHG� WR� WKH�
IHUPHQWDWLRQ�IODVNV�RI�DERYH��VW�WR���WK�VHWV�UHVSHFWLYHO\��7KH�FRQWURO�IHUPHQWHU�IODVNV�FRQWDLQHG�QR�1����
GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH��

7KH�WRWDO�YROXPH�LQ�HDFK�IHUPHQWHU�IODVNV�ZDV�PDGH�����PO�E\�DGGLQJ�UHTXLVLWH�DPRXQW�RI�GLVWLOOHG�
ZDWHU�� 7KXV�� WKH�PRODU� FRQFHQWUDWLRQ� RI� 1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH� LQ� �VW��
�QG����UG���WK���WK���WK���WK���WK���WK�DQG���WK�VXEVHWV�ZHUH�DSSUR[LPDWHO\�DV�JLYHQ�EHORZ���
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$� ��DPRXQW�RI��1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH��LQ��PO��L�H��������PO�������WR����PO��

[� ��0RODULW\�RI�WKH�1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH�VROXWLRQ�

�7KH�IHUPHQWHU�IODVNV�XVHG�ZHUH�WKHQ�SURSHUO\�VWHULOL]HG��FRROHG�LQRFXODWHG�DQG�LQFXEDWHG�DW���R&�DQG�
DQDO\]HG�DIWHU�������DQG����GD\V�IRU�FLWULF�DFLG�IRUPHG��

5HVXOWV�DQG�'LVFXVVLRQ�

7DEOH����3URGXFWLRQ�RI�FLWULF�DFLG�E\�$VSHUJLOOXV�QLJHU�1&,0������H[SRVHG�WR�1����GLPHWK\ODPLQR���
PHWK\O���FRXPDULQ\O��PDOHLPLGH�
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7KH� RSHQQHVV� RI� IXQJDO� VWUDLQ� $VSHUJLOOXV� QLJHU� 1&,0������ WR� 1����GLPHWK\ODPLQR���PHWK\O���
FRXPDULQ\O�PDOHLPLGH�PD\�SURGXFH�D�YDULHW\�RI�HIIHFWV���

&RQFOXVLRQV�

+HQFH�� LW� LV� FRQFOXGHG� WKDW� WKH� 1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O�PDOHLPLGH� PDLQWDLQHG� DW�
ORZHU�FRQFHQWUDWLRQV�LV�VWLPXODWRU\�DQG�DW�KLJKHU�FRQFHQWUDWLRQV�LV�GHWULPHQWDO�IRU�FLWULF�DFLG�SURGXFWLRQ�
E\��$VSHUJLOOXV�QLJHU�1&,0�������

$FNQRZOHGJHPHQWV��

7KH�$XWKRU�LV�JUDWHIXO�WR�3URI��6��3��6LQJK�+HDG�RI�'HSDUWPHQW�RI�&KHPLVWU\��0DJDGKD�8QLYHUVLW\��%RGK�
*D\D� DQG� $VVRFLDWH� 3URI�� %�%�� 6KDUPD�� 0DJDGKD� 8QLYHUVLW\�� %RGK� *D\D� IRU� WKHLU� JXLGDQFH� GXULQJ�
SUHSDUDWLRQ�RI�WKLV�PDQXVFULSW���

5HIHUHQFHV�

�� $��*HUVKHQVRQ��&��-��)LVFKHU��-��$��6FKDXHUWH��'��*��6WHHO�DQG�$��*DIQL��5DSLG�HYHQWV�LQ�
SURWHLQ� IROGLQJ� VWXGLHG� E\� ODVHU�LQGXFHG� S+� DQG� WHPSHUDWXUH� MXPSV�� ,Q $GYDQFHV� LQ�
2SWLFDO�%LRSK\VLFV������������������������

�� -��<X��/��:DQJ��5��/��:DO]HP��(��*��0LOOHU��/��0��3LNH�DQG�%��6��3DWLO��$QWLR[LGDQW�
DFWLYLW\�RI�FLWUXV�OLPRQRLGV��IODYRQRLGV��DQG�FRXPDULQV��-RXUQDO�RI�DJULFXOWXUDO�DQG�IRRG�
FKHPLVWU\��������������������������

�� 0��0DFKLGD��0�� ,��0DFKLGD��7��6HNLQH� DQG�<��.DQDRND��)OXRUHVFHQFH�3URSHUWLHV� DQG�
5HDFWLRQV� RI� D� 1RYHO� )OXRUHVFHQFH� 7KLRO� 5HDJHQW�� 1����'LPHWK\ODPLQR���PHWK\O���
FRXPDULQ\O��PDOHLPLGH��'$&0���&KHPLFDO�DQG�3KDUPDFHXWLFDO�%XOOHWLQ���������������
�����������

�� .�� 6XWRK��� $Q� DFWLQ�ELQGLQJ� VLWH� RQ� WKH� ��.� IUDJPHQW� RI� P\RVLQ� VXEIUDJPHQW�
���%LRFKHPLVWU\���������������������������

�� .�� %HUWLO� DQG� 0�� .lOOEHUJ�� 5HYHUVHG�SKDVH� ,RQ�SDLU� +LJK�3HUIRUPDQFH� /LTXLG�
&KURPDWRJUDSK\�RI�0HUFDSWRDFHWDWH�DQG�1�$FHW\OF\VWHLQH�DIWHU�'HULYDWL]DWLRQ�ZLWK�1�
���S\UHQH�� PDOHLPLGH� DQG� 1����GLPHWK\ODPLQR���PHWK\O���FRXPDULQ\O��
PDOHLPLGH��-RXUQDO� RI� &KURPDWRJUDSK\� %�� %LRPHGLFDO� 6FLHQFHV� DQG�
$SSOLFDWLRQV�������������������������


