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6PDOO�6L]HG�)LVK�3DVWH��3UDKRF��3URFHVVLQJ�LQ�&DPERGLD�

&+$.5,<$�1251*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��FKDUL\DBQRUQJ#\DKRR�FR�Q]�

&+,0�&+$<��
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

1$0�62�
,QODQG�)LVKHULHV�5HVHDUFK�DQG�'HYHORSPHQW�,QVWLWXWH��)LVKHULHV�$GPLQLVWUDWLRQ��3KQRP�3HQK��
&DPERGLD�

.,0�&+$8�
'HSDUWPHQW�RI�$QLPDO�3URGXFWLRQ�DQG�+HDOWK��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW� 6PDOO�VL]HG� ILVK� SDVWH� FDOO� 3UDKRF� LQ� .KPHU� LV� RQH� RI� WKH� PRVW� SRSXODU�
IHUPHQWHG� ILVK� SURGXFWV� XVHG� DV� D� FRQGLPHQW� LQ� &DPERGLD�� ,W� LV� WKH� PDLQ� IRRG� IRU�
&DPERGLDQ�SHRSOH��HVSHFLDOO\�WKH�UHPRWH�SRRU��3UDKRF�LV�W\SLFDOO\�PDGH�IURP�VPDOO�ILVK�
VXFK� DV� WKH� FRPPRQ� VPDOO� F\SULQLGV� �+HQLFRUK\QFKXV� VSS��� LQ�.KPHU�7UHL� 5HLO�� ,W�ZDV�
RULJLQDWHG�DV�D�ZD\�RI�SUHVHUYLQJ�ILVK�GXULQJ�WKH�ORQJHU�PRQWKV�ZKHQ�IUHVK�ILVK�ZDV�QRW�
DYDLODEOH�LQ�SOHQWLIXO�VXSSO\��3UDKRF� LV� WUDGLWLRQDOO\�SURGXFHG�E\�PL[LQJ�ZKROH�ILVK�ZLWK�
VDOW� DW� D� UDWLR� RI� ��������� DQG� IHUPHQWHG� IRU� ����� PRQWKV� RU� ORQJHU�� 0RUHRYHU�� VRPH�
SUREOHPV� UHODWLQJ� ZLWK� SURFHVVLQJ� ZHUH� IRXQG� DQG� GHWHUPLQGHG� WR� NHHS� IRU� EDVH� OLQH�
LQIRUPDWLRQ�IRU�WKH�QH[W�UHVHDUFKHUV���

.H\ZRUGV�VPDOO�VL]HG�ILVK��ORZ�YDOXH�ILVK��ILVK�SDVWH��3UDKRF���SURFHVVLQJ�WHFKQLTXHV�

,1752'8&7,21�

)LVKHULHV�SOD\�D�YHU\�VLJQLILFDQW�UROH�LQ�SURYLGLQJ�LQFRPH��HPSOR\PHQW�DQG�IRRG�VHFXULW\�WR�PLOOLRQ�
RI�UXUDO�SRRU�LQ�&DPERGLD��=DOLQJH�HW�DO����������+RUWOH�HW�DO��������	������VWDWHG�WKDW�WKRXVDQGV�RI�
WRQV�RI�VPDOO�VL]HG�RU�ORZ�PDUNHWHG�YDOXH�ILVK�DUH�FDXJKW�HDFK�\HDU�LQ�WKH�&DPERGLD�0HNRQJ�EDVLQ�
DQG�LQ�WKH�7RQOH�6DS��2WKHUZLVH��WKH�VPDOO�VL]HG�ILVK�DUH�DOVR�XVHG�IRU�SURGXFLQJ�ILVK��DQLPDO�PHDO�
DQG�IRU�KXPDQ�FRQVXPSWLRQ��1DP�HW�DO�����������

3UDKRF�LV�D�FUXVKHG��VDOWHG�DQG�IHUPHQWHG�ILVK�SDVWH�PDGH�IURP�PXG�ILVK�VPDOO�VL]HG�ILVK�VXFK�
DV�7UH\�5LHO��7UHL�6OHXN�5HXVVH\�� HWF�� �+RUWOH�HW� DO��������� � ,W� LV� XVHG� LQ�&DPERGLDQ�FXLVLQH�DV�D�
VHDVRQLQJ�RU�D�FRQGLPHQW��%HFDXVH�RI�LWV�VDOWLQHVV�DQG�VWURQJ�IODYRU��LW�ZDV�XVHG�DV�DQ�DGGLWLRQ�WR�
PDQ\�PHDOV�LQ�&DPERGLDQ�FXLVLQH��VXFK�DV�VRXSV��7KH�QLFNQDPH�&DPERGLDQ�FKHHVH�FDOOHG�3URKRF�
KDV� D� VWURQJ� DQG� GLVWLQFW� VPHOO�� 3UDKRF� LV� XVXDOO\� HDWHQ� ZLWK� ULFH� LQ� WKH� FRXQWU\VLGH� RU� SRRUHU�
UHJLRQV�� %HFDXVH� LW� LV� HDVLO\� VWRUHG� DQG� SUHVHUYHG�� 3UDKRF� LV� RIWHQ� JLYHQ� RXW� IRU� GRQDWLRQV� WR�
YLFWLPV� RI� IORRG� RU� GURXJKW� E\� FKDULWLHV� DQG� RWKHU� RUJDQL]DWLRQV� �7DPLPL�� ������� 'HVSLWH� WKH�
LPSRUWDQFH� RI� 3UDKRF� LQ� GDLO\� IRRG� RI� &DPERGLD�� LWV� SURFHVVLQJ� WHFKQRORJLHV� DUH� QRW� \HW� ZHOO�
XQGHUVWRRG� RU� GRFXPHQWHG�� 7KH� SXUSRVHV� RI� WKLV� VWXG\� DUH� WR� UHYLHZ� H[LVWLQJ� PHWKRGRORJLHV��
GHWHUPLQH�SUREOHPV�DQG�WR�DQDO\]H�HFRQRPLF�DVSHFWV�RI�VPDOO�VL]H�ILVK�SDVWH�SURGXFWLRQ��7KH�GDWD�
WKDW� KDV� EHHQ� GRQH� LV� DOO� XVHIXO� DQG� SURYLGHG� EDVHOLQH� LQIRUPDWLRQ� WR� LPSURYH� WKH� DJULFXOWXUDO�
H[SORUDWLRQ�LQ�XQLYHUVLW\�DQG�WKH�ZKROH�&DPERGLD��
�
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7KH� VWXG\� RQ� 3UDKRF� SURFHVVLQJ� WHFKQLTXHV� ZHUH� FRQGXFWHG� LQ� IRXU� PDMRU� SURYLQFHV� QDPHO\��
.DQGDO��.'���.DPSRQJ�&KKQDQJ��.*�&KK���%DWWDPEDQJ��%%���6LHP�5HDS��65��LQ�DGGLWLRQ�WR�WKH�
DUHD� LQ� 3KQRP� 3HQK�� 7KH� UHVHDUFK� LQVWUXPHQW� ZDV� UHSUHVHQWHG� E\� XVLQJ� VWDQGDUG� VHPL�RSHQ�
TXHVWLRQQDLUHV� ZLWK� ���� VDPSOHV� ���� VDPSOHV� RI� PLFUR�� VPDOO�� PHGLXP�� DQG� ODUJH�VFDOH� SHU�
SURYLQFH�FDSLWDO���7KH�VDPSOHV�DUH�SXUSRVLYHO\�VHOHFWHG��7KH�FROOHFWHG�GDWD�ZDV�DQDO\]HG�WKURXJK�
6366�YHUVLRQ�����)RU�HFRQRPLF�HIILFLHQF\��WKH�GDWD�ZDV�LQVWDOOHG�DQG�DQDO\]HG�LQ�0LFURVRIW�([FHO�
DQG� WKH� IRUPXOD�RI�(FRQRPLF�(IILFLHQF\� �7RWDO�5HYHQXH� �75��GLYLGHG�E\�7RWDO�&RVW� �7&��ZDV�
XVHG��

5(68/76�$1'�',6&866,21�

%DVHG� RQ� WKH� UHVXOW� REWDLQHG� LQ� WKH� VWXG\�� WKH� W\SHV� RI�3UDKRF� SURFHVVLQJ� DUH� GLYLGHG� LQWR� IRXU�
VFDOHV��7KRVH�DUH�PLFUR��VPDOO��PHGLXP�DQG�ODUJH�VFDOH��

0LFUR�VFDOH��7KH�DQQXDO�ILVK�LQSXW�LV�OHVV�WKDQ�RQH�WRQ��3URGXFWLRQ�ZDV�GRQH�XVLQJ�D�SURFHVV�
XVXDOO\�E\�D�KRXVHKROG��7KH�FDSLWDO� XVHG� LV� OHVV� WKDQ�����86'��7KH�3UDKRF�ZDV�XVHG� IRU�KRPH�
FRQVXPSWLRQ�DQG�H[FKDQJHG�IRU�IRRG�DQG�RWKHU�EDVLF�VXSSOLHV��1R�OLFHQVH�LV�UHTXLUHG��

6PDOO�VFDOH��7KH�DQQXDO�3UDKRF� LQSXW� LV�OHVV� WKDQ���� WRQV��)HUPHQWHG�ILVK�SDVWH� LV�PDGH�IRU�
FRPPHUFLDO�SXUSRVHV��7KH�FDSLWDO�LV�OHVV�WKDQ��������86'��7KH�SHUPDQHQW�ZRUNHUV�DUH�DERXW�����
SHUVRQV� DQG� WKH� FDVXDO� ZRUNHUV� DUH� DERXW� ������ SHUVRQV�� $� OLFHQVH� WR� UXQ� WKH� EXVLQHVV� LV� DOVR�
UHTXLUHG�DQG�LV�LVVXHG�E\�HLWKHU�SURYLQFLDO�RU�FHQWUDO�JRYHUQPHQW�LQVWLWXWLRQV��

0HGLXP�VFDOH��7KH�DQQXDO�3UDKRF�LQSXW�LV�PRUH����WRQV�WR�������WRQV��,W�LV�EHLQJ�SURGXFHG�IRU�
FRPPHUFLDO� SXUSRVHV� E\� D� K\GURO\VLV� SURFHVV�� DQG� SURGXFWLRQ� LQYROYHV� ODUJH� LQYHVWPHQW� DQG�
UHODWLYHO\� KLJK� RSHUDWLRQDO� FRVWV�� 7KH� FDSLWDO� LV� EHWZHHQ� ��������������� 86'�� 7KH� SHUPDQHQW�
ZRUNHUV�DUH�DERXW�����SHUVRQV�DQG�WKH�FDVXDO�ZRUNHUV�DUH�DERXW�������SHUVRQV��2SHUDWLRQ�UHTXLUHV�D�
OLFHQVH� IURP�0LQLVWU\� RI� $JULFXOWXUH� )LVKHULHV� DQG� )RUHVWU\� �0$))��� DQG�0LQLVWU\� RI� ,QGXVWU\�
0LQH�DQG�(QHUJ\�0,0(��

/DUJH�VFDOH��7KH�DQQXDO�ILVK�SDVWH�LQSXW�LV�PRUH�WKDQ�������WRQV��3UDKRF�LV�EHLQJ�SURGXFHG�IRU�
FRPPHUFLDO� SXUSRVHV� E\� D� FRPSDQ\� SURFHVV� DQG� SURGXFWLRQ� LQYROYHV� ODUJH� LQYHVWPHQW� DQG� KLJK�
RSHUDWLRQDO� FRVWV�� 7KH� FDSLWDO� LV�PRUH� WKDQ� ��������86'�� 7KH� SHUPDQHQW�ZRUNHUV� DUH� DERXW� ���
SHUVRQV� DQG� FDVXDO� ZRUNHUV� DUH� DERXW� ������ SHUVRQV�� $� OLFHQVH� LV� UHTXLUHG� IURP� 0LQLVWU\� RI�
$JULFXOWXUH�)LVKHULHV�DQG�)RUHVWU\� �0$))���0LQLVWU\�RI� ,QGXVWU\�0LQH�DQG�(QHUJ\� �0,0(��DQG�
0LQLVWU\�RI�&RPPHUFLDO��0R&���7KLV�VFDOH�KDV�KDG�RQO\�LQ�%DWWDPEDQJ�SURYLQFH���

7KHVH�IRXU�FDWHJRULHV�RI�3UDKRF�LQGXVWULHV�DUH�DFFRUGLQJ�WR�WKH�GHILQLWLRQ�VHW�E\�0,0(��������
RQ� WKH� HQWHUSULVHV�� +RZHYHU�� LQYHVWRU� DQG� ODERUHUV� LQ� WKHVH� VWXGLHV� ZHUH� QRW� H[DFWO\� QXPEHUHG�
EHFDXVH�WKH�V\VWHP�RI�SURFHVVLQJ�LQ�&DPERGLD�LV�QRW�\HW�FODULILHG����

)LVK�LV�WKH�UDZ�PDWHULDO�IRU�SURGXFWLRQ�RI�3UDKRF��WKHQ�VDOW��$V�VKRZQ�LQ�7DEOH����ILVK�VSHFLHV�
FRPPRQO\�XWLOL]HG� IRU�3UDKRF� DUH� WKRVH�RI�7UHL�5HLO�F\SULQLG�KHQLFRUK\QFKXV�7UHL� VOHXN�UHXVVH\�
DQG�RWKHU�ILVKHV�ZHUH�DOVR�XVHG�VXFK�DV�EDJULG�FDWILVKHV��.DQFKRV���EDUE��&KSLQ���7KDL�ULYHU�VSUDW�
�%DQGRXO�$PSRY���SHUFKOHW� �.DQKFKUDV�7KRP��� FDUSV� �/LQK��.KQRUQJ�9HQJ��6UDNDU�6GDUP��.URV��
$QJNRN� 3UDN�� &KDQWHDV� 3KOXN� DQG� .DHN�� DQG� HOHSKDQW� SDUDGLVHXV� ILVK� �.RPSHXV��� ULYHU� FDWILVK�
�3UD��� +RZHYHU�� 7UHL� .RPSOHDQK� VSHFLHV� LV� RQO\� EHLQJ� XVHG� LQ� %DWWDPEDQJ� DQG� 6LHP� 5HDS�
SURYLQFHV��

7DEOH���$PRXQW�RI�ILVK�IRU�3UDKRF�SURGXFWLRQ�

.LQGV�RI�ILVK��
1DPH�RI�SURYLQFHV�DQG�FDSLWDO�

7RWDO�����
33� .'� .*�&KK� %%� 65�

7UHL�5HLO���������� ��� ��� ��� ��� �� ���
7UHL�6OHXN�5HXVVH\��������� ��� ��� �� ��� �� ���
7UHL�.RPSOHDQK�������� �� �� �� ��� ��� ���
2WKHU�ILVKHV��������� ��� ��� ��� ��� �� ���
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7DEOH���VKRZHG�WKH�SHUFHQWDJH�RI�WKH�DPRXQW�RI�VDOW�LQ�3UDKRF�SURGXFWLRQ�SHU�WRQ�RI�IUHVK�ILVK��
$ERXW�����RI�WKH�SURGXFHUV�UHVSRQGHG�WKDW�WKH�VDOW�DSSURSULDWH�IRU�SURGXFLQJ�3UDKRF�LV�����NJ�SHU�
WRQ� RI� IUHVK� VPDOO�VL]HG� ILVK�� 0RVW� RI� WKH� SURGXFHUV� ������ REWDLQHG� ���� NJ� QHW� SURGXFWLRQ� RI�
3UDKRF�IURP�WKH�IUHVK�ILVK�LQ�RQH�WRQ��2Q�WKH�RWKHU�KDQG������RI�SURGXFHUV�DEOH�WR�SURGXFHG�����
NJ�RI�3UDKRF�SHU�WRQ�RI�IUHVK�ILVK��
�
7DEOH���6DOW�XVLQJ�IRU�3UDKRF�SURGXFWLRQ�

$PRXQW�RI�3UDKRF�
3URGXFWLRQ�

$PRXQW�RI�VDOW�� 7RWDO�����
���� ���� ���� ���� ����

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

�
3UDKRF� SURFHVVLQJ� WHFKQLTXHV� GLIIHUV� GHSHQGLQJ� RQ� WKH� ORFDWLRQ� RI� IDFWRU\� DQG� WKH� VFDOH� RI�

SURGXFWLRQ�� %HGGRZV� ������� LOOXVWUDWHG� WKDW� PHWKRG� RI� SURFHVVLQJ� LV� ILVK� SUHVHUYDWLRQ� DQG� D�
FRQFHQWUDWHG�IRUP�RI�IHUPHQWHG�ILVK��+RUWOH���������)LVK�DUH�EHKHDGHG�DQG�FOHDQHG�ZHOO�WR�SUHYHQW�
VSRLOLQJ� IURP� WKHLU� RZQ� PLFURRUJDQLVPV� LQ� WKH� VOLP�� JXW� DQG� JLOOV� RQ� WKHLU� ERGLHV�� 7KHVH�
PLFURRUJDQLVPV�DV�ZHOO�DV�WKH�HQ]\PHV�LQ�WKH�ILVK�WLVVXHV��EULQJ�DERXW�SXWUHI\LQJ�FKDQJHV�LQ�ILVK�
ZKHQ� LW� GLHV� �3DUU\� DQG� 3DZVH\�� ������� 6DOW� LV� XVHG� DV� SUHVHUYDWLYH� WR� SUHYHQW� VSRLODJH� DQG� WR�
VWDELOL]H� IHUPHQWDWLRQ�� 7KH� VPHOO� RI� 3UDKRF� DOVR� GLIIHUV� DFFRUGLQJ� WR� WKH� DPRXQW� RI� VDOW� XVHG��
:DWDQDEH��������VKRZHG�WKDW�WKH�FKDUDFWHULVWLF�VPHOO�RI�IHUPHQWHG�ILVK�LV�WKH�UHVXOW�RI�HQ]\PDWLF�
DQG�PLFURELRORJLFDO�DFWLYLW\� LQ� WKH�ILVK�PXVFOH��5DKD\X��������UHFRUGHG� WKDW�WKH�ILUVW�VDOWLQJ�VWHS�
WDNHV� VHYHUDO� ZHHNV� WR� GHYHORS� LWV� FKDUDFWHULVWLF� IODYRU� DQG� WH[WXUH�� DQG� WKLV� LV� IROORZHG� E\� D�
PDWXUDWLRQ�SKDVH��2QO\�RQH�SURGXFHU�LQ�.DPSRQJ�&KKQDQJ�SURYLQFH�VDLG�WKDW�WKH\�XVHG�FKHPLFDO�
VXEVWDQFH� OLNH� LQVHFWLFLGHV�WR�SUHVHUYH�ILVK��8QIRUWXQDWHO\�� WKHVH�FKHPLFDOV�DUH� WDNHQ�ZLWKRXW�DQ\�
VWULFW�FRQWURO�RYHU�WKH�VDIH�GRVDJH�OHYHO��+HQFH�WKH�SURGXFW��WKRXJK�SURWHFWHG�IURP�LQVHFWV��FRXOG�EH�
KDUPIXO�WR�FRQVXPHUV��,Q�WKLV�VWDJH��LW�LV�LQ�OLQH�ZLWK�$]H]D��������DQG�.RIL���������

�
3UDKRF�SURFHVVLQJ�FKDLQ�IRU�PLFUR�VFDOH�LQ�WKH�SURYLQFH�DQG�FDSLWDO�
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)LJ����3UDKRF�&KD�HDQJ�SURFHVVLQJ���� �������)LJ����3UDKRF�6DFK�SURFHVVLQJ�




