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&RQFHUQ� RQ� SHWUROHXP� UHVHUYH� DQG� LWV� HQYLURQ�
PHQWDO� LPSDFW�WULJJHU�WKH�VHDUFK�IRU�UHQHZDEOH�HQHU�
J\� UHVRXUFHV� �$UUR\R� DQG� *DOLDQD�� ������ 6\DNWL� HW�
DO��� �������0LFURELDO� VRXUFHV� IRU� ELRIXHO� SURGXFWLRQ�
KDYH� JDLQHG� PDQ\� DWWHQWLRQV� �'DWDU� HW� DO��� ������
6LQJK�DQG�+DUYH\��������6XGLDQD�HW�DO��� �������6FL�
HQWLVW�DUH�WR�H[SORUH�WKH�SRVVLELOLW\�RI�JHQHUDWLQJ�ELR�
IXHO� IURP� ROHDJLQRXV� \HDVW� �-RKQVRQ� HW� DO��� �������
+RZHYHU�WKH�YLDEOH�HFRQRPLF�ELRIXHO�SURGXFWLRQ�KDV�
\HW�XQGHU�LQWHQVLYH�LQYHVWLJDWLRQ��$ELOD���������0RVW�
RI�WKH�SURGXFWLRQ�FRVW�LV�VSHQW�IRU�IHG�PDWHULDO�$JUL�
FXOWXUDO�ZDVWH�ZKLFK�PRVWO\�FRQWDLQHG�OLJQRFHOOXORVH�
LV� UHQHZDEOH� IRU� ELRIXHO� SURGXFWLRQ� �6DQWD-0DULD� HW�
DO����������&DVVDYD� �0DQLKRW�HVFXOHQWD�&UDQW]��SXOS�
LV� WKH� VROLG� ZDVWH� SURGXFHG� E\� VWDUFK� SURGXFWLRQ��
7KLV�SXOS�FRQWDLQV�VWDUFK�FRQWHQW����-����GU\�EDVLV���
FDXVLQJ�DQ�HQYLURQPHQWDO�SUREOHP�ZLWK�GLVSRVDO��2Q�

WKH�RWKHU�KDQG��FDVVDYD�ZDVWH� LV�SRWHQWLDO�VRXUFH�IRU�
HWKDQRO� SURGXFWLRQ� �6ULQRUDNXWDUD� DQG� .DHZYLPRO��
������� 

7KH� XWLOL]DWLRQ� RI� WKLV�ZDVWH� IRU� ELRGLHVHO� SUR�
GXFWLRQ� ZLOO� HQKDQFH� LWV� YDOXH�� 7KH� XWLOL]DWLRQ� RI�
FDVVDYD� ZDVWH� IRU� ELRGLHVHO� DW� OHDVW� UHTXLUH� �� VWHSV��
WKDW� LQFOXGH�� VDFFKDULILFDWLRQ� E\� DP\ORO\WLF� DQG� FHO�
OXORO\WLF� PLFUREHV� WR� SURGXFH� DVVLPLODEOH� FDUERQ�
VRXUFHV� �&KHQ� HW� DO��� ������� � OLSRJHQHVLV� E\� ZKLFK�
FDUERQ� LV� DEVRUEHG� DQG� DFFXPXODWHG� LQWR� QHXWUDO� OL�
SLG�� PDLQO\� WULDF\OJO\FHURO� �.DQWL�HW� DO��� ������� DQG�
WUDVPHWK\ODWLRQ��WUDQVHVWHULSKLFDWLRQ��RI�QHXWUDO� OLSLG�
LQWR�ELRGLHVHO��0HQJ�HW�DO���������� 

3UHYLRXV�ZRUNV�RQ�VHDUFKLQJ�SRWHQWLDO�DP\ORO\�
WLF�PLFUREHV�KDYH�EHHQ�FRQGXFWHG�E\�PDQ\�VFLHQWLVWV�
�&KHQ� HW� DO��� ������ 2XDJDGRXJRX� DQG� )DVR�� ������
9LKLQHQ�DQG�0lQWVlOl���������)LODPHQWRXV�IXQJL�DUH�
LPSRUWDQW�PLFUREH�GXH� WR� WKHLU�KLJK�SRWHQWLDO�RI� HQ�
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7XMXDQ�SHQHOLWLDQ�LQL�DGDODK�XQWXN�PHQJHYDOXDVL�HIHNWLYLWDV�NXOWXU�FDPSXUDQ�DQWDUD�IXQJL��$��QLJHU��DPLOROLWLN�GDQ�NKDPLU�SHQJDNXPXODVL�
OLSLG� �&DQGLGD� RUWKRSVLORVLV�� GDODP� SURGXNVL� WRWDO� OLSLG�� GHQJDQ�PHQJJXQDNDQ� VXEVWUDW� OLPEDK� VLQJNRQJ�� 6HSXOXK� LVRODW� WHUVHOHNVL� GDSDW�
WXPEXK�SDGD�PHGLD�\DQJ�PHQJDQGXQJ�����SDWL��GLPDQD�LVRODW�\DQJ�PDPSX�WXPEXK�SDOLQJ�EDLN�DGDODK�$��QLJHU��VHGDQJNDQ�PLNURED�\DQJ�
ODLQ� WXPEXK� OHELK� ODPEDW�� 6DFFKDURP\FRSVLV� ILEXOLJHU� � PHPSXQ\DL� NHPDPSXDQ� DPLOROLWLN� OHELK� UHQGDK� GLEDQGLQJNDQ� GHQJDQ� $�� QLJHU��
.HGXD�LVRODW�WHUVHEXW�GLSLOLK�XQWXN�SHQHOLWLDQ�DNXPXODVL�OLSLG��$NWLYLWDV�DPLOROLWLN�GLSHQJDUXKL�ROHK�VXKX��S+�GDQ�VXPEHU�QLWURJHQ��6XKX�GDQ�
S+�RSWLPXP�XQWXN�SURGXNVL�HQ]LP�DPLODVH�DGDODK�����&�GDQ�S+������<HDVW�HNVWUDN�GDQ�VRGLXP�QLWUDW�PHUXSDNDQ�VXPEHU�QLWURJHQ�\DQJ�EDLN�
XQWXN�SURGXNVL�DPLODVH��.XOWXU�FDPSXUDQ� IXQJL� �$��QLJHU��GDQ�NKDPLU� �&��RUWKRSVLORVLV�� \DQJ�GLWXPEXKNDQ�SDGD� OLPEDK�VLQJNRQJ�PHP�
EHULNDQ�KDVLO�\DQJ�RSWLPXP�XQWXN�SURGXNVL�ELRPDVVD�GHQJDQ�NDQGXQJDQ�OLSLG�WLQJJL��-HQLV�OLSLG�\DQJ�GLKDVLONDQ�GLGRPLQDVL�ROHK�DVDP�ROHDW�
GDQ�DVDP�VWHDUDW��.XOWXU�FDPSXUDQ�$�VSHUJLOOXV�QLJHU�GDQ�NKDPLU�SHQJDNXPXODVL�OLSLG��&��RUWKRSVLORVLV��\DQJ�PHPSXQ\DL�NHPDPSXDQ�XQWXN�
PHQJDNXPXODVL� OLSLG� SDGD�PHGLD� OLPEDK� VLQJNRQJ�PHQXQMXNNDQ� EDKZD�PLNURED� WHUVHEXW�PHUXSDNDQ�PLNURED� SRWHQVLDO� XQWXN� SURGXNVL�
ELRIXHO� 
 

.DWD�NXQFL��$VSHUJLOOXV�QLJHU��&DQGLGD�RUWKRSVLORVLV��NXOWXU�FDPSXUDQ��NKDPLU�SHQJDNXPXODVL�OLSLG 
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7KH�REMHFWLYH�RI� WKLV�VWXG\�ZDV�WR�HYDOXDWH�FR-FXOWXUH�HIIHFWLYLW\�RI�DP\ORO\WLF� IXQJL�$VSHUJLOOXV�QLJHU�DQG�OLSLG�DFFXPXODWLQJ�\HDVW��&DQ�
GLGD�RUWKRSVLORVLV��IRU�OLSLG�DFFXPXODWLRQ�RQ�FDVVDYD�ZDVWH��:KHQ�JURZQ�LQ�����VWDUFK�PHGLXP��WHQ�VHOHFWHG�LVRODWHV�ZHUH�DEOH�WR�JURZ��EXW�
EHVW�JURZWK�ZDV�REVHUYHG�RQ�$VSHUJLOOXV�QLJHU��RWKHU�PLFUREHV�JUHZ�VORZHU��0RGHUDWH�JURZWK�ZDV�REVHUYHG�RQ�6DFFKDURP\FRSVLV�ILEXOLJHU��
'XH�WR�WKHLU�VXSHULRULW\�RQ�VWDUFK�K\GURO\]HV�DQG�OLSLG�DFFXPXODWLRQ��ERWK�LVRODWHV�ZHUH�WKHQ�VHOHFWHG�IRU�IXUWKHU�VWXGLHV��$VSHUJLOOXV�QLJHU�
DQG�6��ILEXOLJHU�ZHUH�DP\ORO\WLF�PLFUREHV��7KH�DP\ORO\WLF�DFWLYLWLHV�ZHUH�DIIHFWHG�E\�WHPSHUDWXUH��S+�DQG�QLWURJHQ�VRXUFHV���2SWLPXP�WHP�
SHUDWXUH�DQG�S+�IRU�HQ]\PH�SURGXFWLRQ�ZHUH����&�DQG�����UHVSHFWLYHO\��%RWK�\HDVW�H[WUDFW�DQG�VRGLXP�QLWUDWH�ZHUH�JRRG�QLWURJHQ�VRXUFHV�
IRU�DP\ODVH�SURGXFWLRQ��2Q�FDVVDYD�ZDVWH��WKH�KLJKHVW�ELRPDVV�DQG�WRWDO�OLSLG�FRQWHQW�ZHUH�REWDLQHG�E\�FR-FXOWXUH�RI�$VSHUJLOOXV�QLJHU�DQG�
OLSLG� DFFXPXODWLQJ� \HDVW� &�� RUWKRSVLORVLV�� 0DMRU� OLSLG� FRPSRVLWLRQ� ZDV� ROHLF� DFLGV� DQG� VWUHDULF� DFLGV�� 7KH� DELOLW\� RI� FR-FXOWXUH� RI� 
$��QLJHU�DQG�OLSLG�DFFXPXODWLQJ�\HDVW�&��RUWKRSVLORVLV�JUHZ�DQG�DFFXPXODWHG�OLSLG�RQ�FDVVDYD�ZDVWH�ZRXOG�VXJJHVW�WKDW�WKHVH�FXOWXUH�ZHUH�
SRWHQWLDO�FDQGLGDWH�IRU�ELRIXHO�SURGXFWLRQ� 
 

.H\�ZRUGV��$VSHUJLOOXV�QLJHU��&DQGLGD�RUWKRSVLORVLV��FR-FXOWXUH��OLSLG�DFFXPXODWLQJ�\HDVW 
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]\PHV�SURGXFWLRQ��0DQ\�HQ]\PHV�SURGXFHG�E\�IXQJL��
UHODWHG� WR� ELRWHFKQRORJLFDO� DSSOLFDWLRQV� LQ� VHYHUDO�
LQGXVWULDO� VHFWRUV�� $VSHUJLOXV�� 3HQLFLOOLXP� DQG�
7ULFKRGHUPD�SURGXFH�DP\ODVH��$OO�LVRODWHV�H[KLELWHG�
HQ]\PDWLF� SRWHQWLDO�� 3HQLFLOOLXP� JUDQXODWXP�
�)&%3������� $VSHUJLOOXV� UDSHUL� �)&%3������ DQG�
$VSHUJLOOXV� VSHOXQHXV� �)&%3������ ZHUH� K\SHU� DF�
WLYH� LQ� VWDUFK� PHGLXP� DQG� VKRZHG� WKH� LQFUHDVHG�
JURZWK�LQ�VWDUFK�PHGLXP��.KRNKDUHW�DO����������� 

7R� REWDLQ� KLJKHU� DP\ODVH� SURGXFWLRQ�� IHU-
PHQWDWLRQ� WHFKQLTXH�� ZKLFK� LQFOXGH� VXEPHUJH� DQG�
VROLG�VWDWH�IHUPHQWDWLRQ�ZHUH�LQWURGXFHG��8QGHU�VROLG�
VWDWH� IHUPHQWDWLRQ�� 5KL]RSXV� PLFURVSRUXV� YDU�� UKL�
]RSRGLIRUPLV�SURGXFH�KLJK�DOSKD�DP\ODVH�RQ�YDULRXV�
VXEVWUDWHV� ZKLFK� LQFOXGH� ZKHDW� EUDQ�� FDVVDYD� IORXU��
VXJDU�FDQH�EDJDVVH��ULFH�VWUDZ��FRUQ�FRE�DQG�FUXVKHG�
FRUQ� FRE�� � ,QLWLDO� PRLVWXUH� FRQWHQW� ZDV� DGMXVWHG�
WKURXJK�KXPLGLILFDWLRQ�ZLWK� GLVWLOOHG�ZDWHU�� WDS�ZD�
WHU��RU�VDOLQH�VROXWLRQV�6HJDWR�5L]]DWWL��65���.KDQQD�
RU�9RJHO��7KH�EHVW� VXEVWUDWH� IRU�DP\ODVH�SURGXFWLRQ�
ZDV� ZKHDW� EUDQ� ZLWK� 65� VDOLQH� VROXWLRQ� ����� Y�Y��
�3HL[RWR-1RJXHLUD�HW�DO��������� 

,Q� DGGLWLRQ� WR� IHUPHQWDWLRQ� WHFKQLTXH�� DP\-

ORO\WLF� DFWLYLWLHV� DUH� DIIHFWHG� E\�PXOWL� IDFWRUV�ZKLFK�
LQFOXGH� S+�� WHPSHUDWXUH�� LQLWLDO� PRLVWXUH� FRQWHQW��
SDUWLFOH�VL]H��DQG�WKH�SUHVHQFH�RI�HQ]\PH�SURGXFWLRQ�
VWLPXODWRU� DQG� JURZWK� LQKLELWRU� �1JX\HQ� HW� DO���
�������� 

7KH�VWUDWHJ\�WR�LQFUHDVH� OLSLG�DFFXPXODWLRQ�FDQ�
EH� FDUULHG� RXW� E\� LQFUHDVLQJ� SURGXFWLRQ� RI� PRQR-

PHULF� VXJDU� E\� DP\ORO\WLF� PLFUREHV�� 7KH� H[FHVVLYH�
IHUPHQWDEOH� VXJDU�SURGXFW�ZDV� WKHQ�DFFXPXODWHG�E\�
ROHDJLQRXV�PLFUREHV�IRU�LQWUDFHOOXODU�OLSLG�DFFXPXOD�
WLRQ�� 3RO\VDFFKDULGH� VXEVWDQFHV� LQFOXGLQJ� VWDUFK� DUH�
K\GURO\]HG� E\� DP\ODVH� ZKLFK� PRVWO\� SURGXFHG� E\�
DP\ORO\WLF� IXQJL�� 7KH� HQ]\PHV� RI� DP\ORO\WLF� IXQJL�
KDYH� EHHQ� H[WHQVLYHO\� H[SORLWHG� LQ� GLYHUVH� HWKDQRO�
SURGXFWLRQ��'XH�WR�WKH�LPSRUWDQFH�RI�DP\ORO\WLF�IXQ�
JL� LQ� LQGXVWULDO� SURFHVVHV�� WKH� JHQHV� UHVSRQVLEOH� IRU�
DP\ODVH�SURGXFWLRQ�ZHUH�YHULILHG��$P\ORO\WLF�JHQHV�
RI� ��� VWUDLQV� RI� IXQJL� IURP� WKH� SK\OD� $VFRP\FRWD��
%DVLGLRP\FRWD�� &K\WULGLRP\FRWD� DQG� =\JRP\FRWD�
ZHUH� DQQRWDWHG� RQ� WKH� JHQRPLF� VFDOH� DFFRUGLQJ� WR�
WKH� FODVVLILFDWLRQ� RI� JO\FRVLGH� K\GURODVH� �*+�� IURP�
WKH� &DUERK\GUDWH-$FWLYH� HQ]\PHV� �&$=\�� GDWDEDVH�
�/HYDVVHXU�HW�DO����������&RPSDULVRQV�RI�JHQH�DEXQ�
GDQFH� LQ� WKH� IXQJL� VXJJHVWHG� DP\ORO\WLF� JHQHV� 

DUUDQJHPHQW� DUH� UHVSRQGHG� WR� WKHLU� UHVSHFWLYH� OLIH�
VW\OHV��%DWWDJOLD�HW�DO����������$P\ORO\WLF�HQ]\PHV�LQ�
IDPLO\�*+���ZHUH� GLYLGHG� LQWR� IRXU� GLVWLQFW� FODGHV�
LGHQWLILHG� DV� KHWHURORJRXV� .-DP\ODVHV�� HXNDU\RWLF� 
.-DP\ODVHV�� EDFWHULDO� DQG� IXQJDO� .-DP\ODVHV� DQG�
*+���.-JOXFRVLGDVHV��&KHQ�HW�DO��������� 

$VSHUJLOOXV�QLJHU�LV�RWKHU�SRSXODU�DP\ODVH�SUR�
GXFHU��$ERX]LHG�DQG�5HGG\��������/DWRUUH-*DUFtD�HW�
DO��� �������6HYHUDO� DP\ORO\WLF� \HDVW� KDYH� EHHQ� XVHG�
LQ� LQGXVWULDO� SURFHVVHV� �2XDJDGRXJRX� DQG� )DVR��
�������,Q�DGGLWLRQ�WR�IXQJL�DQG�\HDVW��EDFWHULD� LQFOX-
GLQJ� %DFLOOXV� OLFKHQLIRUPLV� �5XL]� HW� DO��� ������ DQG�
/DFWREDFLOOXV� SODQWDUXP� �*LUDXG� HW� DO��� ������ SUR�
GXFHG�DP\ODVH�DV�ZHOO��7KHVH�GDWD�VKRZHG�WKDW�DP\�
ORO\WLF�PLFUREHV� DUH� TXLWH� GLYHUV� �&KHQ�HW� DO��� ������
+RUQ�HW�DO��������� 

,Q�JHQHUDO��FDVVDYD�VWDUFK�LV�FRPPRQO\�XVHG�IRU�
DP\ODVH�SURGXFWLRQ��$OPRVW�DOO�DP\ORO\WLF�PLFUREHV�
DUH�HIIHFWLYH�WR�K\GURO\]H�VWDUFK��6WDUFK� IURP�FDVVD�
YD� LV�VROLG�ZDVWH��ZKLFK�VKRXOG�QRW�EH�GLVSRVHG� LQWR�
ZDWHU� ERG\� GXH� WR� LWV� HQYLURQPHQWDO� LPSDFW��7KHUH�
IRUH��XWLOL]LQJ�FDVVDYD�ZDVWH�IRU� OLSLG�SURGXFWLRQ�KDV�
GRXEOH�EHQHILW��7KLV�SUHVHQW� VWXG\�GHVFULEHG� WKH� LP�
SRUWDQFH� RI� FR-FXOWXUH� DP\ORO\WLF� IXQJL� DQG� ROHDJL�
QRXV�\HDVW�IRU�OLSLG�SURGXFWLRQ� 

 

0$7(5,$/6�$1'�0(7+2'6 

0LFURELDO�VRXUFHV 

:H� LVRODWHG� WHQ� LVRODWHV� RI� \HDVWV� DQG� IXQJL�
IURP� %DOL� DQG� 6XODZHVL�� 7KHVH� LVRODWHV� ZHUH� 
PDLQWDLQHG� LQ� FROOHFWLRQ� RI�0LFURELDO� %LRV\VWHPDWLF�
/DERUDWRU\�� 5HVHDUFK� &HQWHU� IRU� %LRORJ\-/,3,�� DQG�
XVHG�IRU�WKLV�VWXG\� 

 

U'1$�VHTXHQFH�GHWHUPLQDWLRQ�� 
7RWDO�'1$�WHPSODWH�ZDV�H[WUDFWHG�IURP�IUHVKO\

-JURZQ� FHOOV� RQ� WKH� 3RWDWR�'H[WURVH�%URWK� �%XWLQDU�
HW� DO��� ������� 3&5� DPSOLILFDWLRQ� RI� WKH� SDUWLDO�
,QWHUQDO�7UDQVFULEHG�6SDFHU� �,76�� ULERVRPDO� VXEXQLW�
ZLWK�SULPHUV� ,76�����C±�7&&�7&&�*&7�7$7�7*$�
7$7�*&�±��CDQG�3ULPHU�,76�����C±�**$�$*7�$$$�
$*7� &*7� $$&� $$*� *� ±�C�:KLWH� HW� DO��� ������
2C'RQQHOO�� ������ ZDV� SHUIRUPHG� XVLQJ� *R7DT�
PDVWHU�PL[� �3URPHJD��0������� 3&5� SURGXFWV�ZHUH�
YLVXDOL]HG� RQ� ��� DJDURVH� DQG� VHTXHQFHG� ZLWK� ERWK�
SULPHUV� XVLQJ� %LJ� '\H� WHUPLQDWRU� Y����� &\FOH� 6H�
TXHQFLQJ�5HDG\�5HDFWLRQ�.LW� �$SSOLHG� %LRV\VWHPV��
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.DQWL�DQG�6XGLDQD�-�&R-FXOWXUH�RI�$P\OROWLF�)XQJL�$VSHUJLOOXV�QLJHU�DQG�2OHDJLQRXV�<HDVW�&DQGLGD�RUWKRSVLORVLV� 

 

IROORZLQJ� WKH� PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� 7KH� SDU�
WLDO� ��6� VHTXHQFHV� GHWHUPLQHG� LQ� WKLV� VWXG\� ZHUH�
FRPSDUHG� WR� WKRVH� LQ� WKH� (0%/�*HQ%DQN�''%-�
GDWDEDVHV� XVLQJ� WKH� QXFOHRWLGH� %DVLF� /RFDO� $OLJQ�
PHQW�6HDUFK�7RRO��%/$67Q���$OWVFKXO�HW�DO���������� 
 

6FUHHQLQJ�RI�DP\ORO\WLF�PLFUREHV 

7HQ� LVRODWHV� RI� IXQJL� DQG� \HDVW�ZHUH� JURZQ� LQ�

3'$�IRU����K��DW���� £&��7KH�FXOWXUH�ZDV�WKHQ�WUDQV�

IHUUHG� WR� PLQLPDO� PHGLXP� FRQWDLQLQJ� ��� VWDUFK� DV�
FDUERQ�VRXUFHV�DQG�������\HDVW�H[WUDFW�DV�1-VRXUFHV��
$IWHU� JURZLQJ� RQ� WKH� VHFRQG� PHGLXP�� WKH� SODWHV�
ZHUH� UHIULJHUDWHG� DW� �� �&� ��� WR� �� GD\V�� WR� FRQYHUW�
GLVVROYHG� VWDUFK� LQWR� DQ� LQVROXEOH� DQG� KLJKO\� WXUELG�
VXVSHQVLRQ� ZLWKLQ� WKH� DJDU�� 7KH� DP\ORO\WLF� LVRODWHV�
H[KLELWHG�FOHDU�]RQHV�DURXQG�WKH�FRORQLHV��<HDVW�FRO�
RQLHV�DQG� IXQJL� � VKRZLQJ�D�FOHDU�]RQH�GLDPHWHU� WKDW�
ZDV�����WR�����WLPHV�JUHDWHU�WKDQ�FRORQ\�VL]H��UDQJLQJ�
IURP� �� WR� ���PP�� ZHUH� WHVWHG� IRU� WKHLU� DELOLWLHV� WR�
IHUPHQW� VWDUFK� XVLQJ� WKH� LQYHUWHG� 'XUKDP� WXEH� 
PHWKRG� 

 

'HWHUPLQDWLRQ�RI�DP\ORO\WLF�DFWLYLW\ 

7KH� H[WUDFHOOXODU� DP\ORO\WLF� DFWLYLW\� WKDW� ZDV�
RFFXUHG�GXULQJ�WKH�IHUPHQWDWLRQ�RI�VWDUFK�E\�WKH�DP�
\ORO\WLF�\HDVWV�DQG�IXQJL�ZDV�GHWHUPLQHG�E\�PHDVXU�
LQJ� WKH� UHGXFLQJ� VXJDU� E\� D� FRORULPHWULF� PHWKRG��
EDVHG� RQ� WKH� UHGXFWLRQ� RI� ���-GLQLWURVDOLF\OLF� DFLG��
(DFK�UHDFWLRQ�PL[WXUH�ZKLFK�FRQWDLQHG�����P0�VRGL�
XP�DFHWDWH�DFHWLF�DFLG�EXIIHU��S+�����������P0�VRGL�
XP�FKORULGH��DQG�����PJ�RI�/LQWQHU�VWDUFK�SHU�PO�LQ�D�
ILQDO�YROXPH�RI�����PO��ZDV� LQFXEDWHG�IRU����PLQ�DW�
��� �&�� 6XSHUQDWDQW� REWDLQHG� E\� FHQWULIXJDWLRQ� RI�
\HDVW�FXOWXUHV�ZHUH�XVHG�DV�WKH�VDPSOHV�� 

7KH�UHDFWLRQ�ZDV�WHUPLQDWHG�E\�DGGLQJ���PO�RI�
���-GLQLWURVDOLF\OLF� UHDJHQW��7KH� UHGXFLQJ� VXJDU�ZDV�
GHWHUPLQHG� FRORULPHWULFDOO\� DW� ���� QP� �89� PLQL�
������6KLPDG]X���DV�GHVFULEHG�E\�/LDR�HW�DO����������
2QH� XQLW� RI� HQ]\PH� DFWLYLW\� ZDV� GHILQHG� DV� WKH�
DPRXQW� WKDW� OLEHUDWHG� �� �PRO� RI� UHGXFLQJ� VXJDU�
JURXS�SHU�PLQ�SHU�PO�RI�HQ]\PH�VDPSOH��$�VWDQGDUG�
FXUYH� IRU� WKH� FRORULPHWULF� DVVD\�ZDV� FRQVWUXFWHG�E\�
XVLQJ�PDOWRVH�DV�WKH�UHGXFLQJ�VXJDU�� 

 

(YDOXDWLRQ�RI�\HDVW�VWUDLQV�IRU�ROHDJLQRXV�SURSHU�

WLHV 

'HWHUPLQDWLRQ� RI� ROHDJLQRXV� \HDVW�� SXULILHG�

VWUDLQV� ZHUH� LQLWLDOO\� VWUHDNHG� RQWR� <0� SODWHV� DQG�
JURZQ�IRU���GD\V�DW�����&��)UHVK�FRORQLHV�ZHUH�WKHQ�
LQRFXODWHG�LQWR����-P/�(UOHQPH\HU�IODVNV�FRQWDLQLQJ�
���P/�PRGLILHG�PHGLXP�FRQWDLQLQJ��LQ�J�/���JOXFRVH�
�����1+���62�����.+�32�����0J62���+�2������DQG�
\HDVW� H[WUDFW������3DQ�HW�DO���������DQG�JURZQ�XVLQJ�
URWDU\�VKDNHU�DW�����USP������&��IRU���GD\V��7KH�FXO�
WXUH� ZDV� WKHQ� XVHG� DV� LQRFXOXP�� )LYH� PLOOLOLWUH� RI�
LQRFXOXP� ZHUH� WUDQVIHUUHG� WR� ��� P/� �LQ� D� ���-P/�
(UOHQPH\HU� IODVN�� RI� VFUHHQLQJ� PHGLXP� FRQWDLQLQJ�
QLWURJHQ-OLPLWHG� PHGLXP� �LQ� J�/��� JOXFRVH� ��� 
��1+���62�����.+�32�����1D+�32�����0J62���+�2�
����DQG� \HDVW� H[WUDFW������ VXSSOHPHQWHG�ZLWK�D����-
IROG�GLOXWHG�WUDFH�HOHPHQW�VROXWLRQ��:X�HW�DO����������
7KH� WUDFH� HOHPHQW� VROXWLRQ� FRQWDLQHG� �LQ� J�/���
&D&O���+�2� ����� )H62���+�2� ������ FLWULF� DFLG� +�2�
������ =Q62���+�2� ������ 0Q62��+�2� ������� DQG� 
�����O�RI���0�+�62���7KH�PHGLXP�ZDV�VWHULOL]HG�DW�
�����&�IRU����PLQ��:X�HW�DO���������7KH�FXOWXUH�ZDV�
LQFXEDWHG� RQ� D� URWDU\� VKDNHU� DW� ���� USP� DQG� ��� �&�
IRU���GD\V��7KH�WRWDO�OLSLG�RI�WKH�FXOWXUHV���ZDV�GHWHU�
PLQHG� IROORZLQJ� SUHYLRXVO\� GHVFULEHG� PHWKRGV� E\�
6LWHSX�HW�DO��������� 

 

*URZWK�DQG�IHUPHQWDWLRQ�SURFHGXUH 

$OO� JURZWK� DQG� IHUPHQWDWLRQ� H[SHULPHQWV�ZHUH�
FDUULHG� RXW� DW� ��� DQG� ��� �&�� 6WRFN� FXOWXUHV� ZHUH�
JURZQ�LQ�<3'�VODQWV��)LUVWO\��WR�JHW�HQRXJK�ELRPDVV��
WKH� FXOWXUHV� ZHUH� JURZQ� LQ� �� �� �Z�Y�� PHGLXP�� ,Q�
EULHI��RQH�ORRSIXO�FXOWXUH�IURP�D�IUHVK�VODQW�ZDV�LQR-

FXODWHG�LQWR���PO�RI�<3'�PHGLXP� LQ�D� WHVW�WXEH�DQG�
LQFXEDWHG� IRU� ��� K�� � 6HFRQGO\�� DIWHU� ��� KRXUV�� WKH�
FXOWXUHV�ZHUH�PL[HG�ZLWK�����PO�RI�PHGLD�FRQWDLQHG�
������Z�Y��FDVVDYD�ZDVWH� VWDUFK� LQ�D����-PO�(UOHQ�
PH\HU� IODVN��7KH�PHGLXP�ZDV� LQFXEDWHG�RQ�D�URWDU\�
VKDNHU� �%LRVKDNHU� %5� ���/)�� 7$,7(&�� -DSDQ�� DW�
���� USP��7KH�ELRPDVV�DQG� OLSLG�FRQWHQW�ZHUH�GHWHU�
PLQHG� 

 

&)8�GHWHUPLQDWLRQ�RI�IXQJL�DQG�\HDVW 

7KH�ELRPDVV�RI�IXQJL�DQG�\HDVW�ZDV�GHWHUPLQHG�
DFFRUGLQJ� .DQWL� HW� DO�� �������� 2QH� PLOLOLWUH� RI�
VDPSOHV�ZDV� SRXUHG� LQ�3'$� LQFXEDWHG� DW� ��� �&� IRU�
��� K�� 7KH� QXPEHU� RI� FRORQLHV� ZHUH� WKHQ� FRXQWHG��
%LRPDVV� RI� IXQJL� DQG� \HDVW�ZDV� H[SUHVVHG� DV�&)8�
PO�� 

 



���� 

%HULWD�%LRORJL��������-�$JXVWXV����� 

 

/LSLG�FRPSRVLWLRQ�DQDO\VLV 

7KH�WRWDO�OLSLG�FRQFHQWUDWLRQ�ZDV�GHWHUPLQHG�E\�
JDV�FKURPDWRJUDSKLF�DQDO\VLV�RI� WKH�WRWDO� IDWW\�DFLGV�
GLUHFWO\� WUDQVPHWK\OHVWHULILHG� IURP� GULHG� FHOO�
�.XPRQ� HW� DO��� ������� &HOOV� .XPRQ� HW� DO���
���� .XPRQ�� <��� <RNRFKL�� 7��� 1DNDKDUD�� 7���
<DPDRND�� 0��� 0LWR�� .��� ������ 3URGXFWLRQ� RI� ORQJ-

FKDLQ� SRO\XQVDWXUDWHG� IDWW\� DFLGV� E\� PRQR[HQLF�
JURZWK� RI� ODE\ULQWKXOLGV� RQ� RLO-GLVSHUVHG� DJDU�
PHGLXP�� ���� ���±����� 2QH� PLOOLOLWHU� RI� ����
PHWKDQROLF�+&O�DQG�����PO�PHWK\OHQH�FKORULGH�ZHUH�
DGGHG� WR� WKH� GULHG� ELRPDVV� FHOO� VDQG� LQFXEDWHG� DW� 
��� �&� IRU� �� K� IRU� GLUHFW� PHWK\O� HVWHULILFDWLRQ�� 7KH�
UHDFWLRQ� ZDV� WHUPLQDWHG� E\� WKH� DGGLWLRQ� RI� �� PO�
VDWXUDWHG� 1D&O� VROXWLRQ� DQG� �� PO� KH[DQH�� 7KH�
UHVXOWDQW�PHWK\O�HVWHUV�UHFRYHUHG�LQ�WKH�KH[DQH�OD\HU�
ZHUH� WKHQ� DSSOLHG� WR� D� JDV� FKURPDWRJUDSK� �*&06-

43� ����-8OWUD�� 6KLPDG]X�� .\RWR�� -DSDQ�� HTXLSSHG�
ZLWK� D� )$0(:$;� FDSLOODU\� FROXPQ� ���� Pî�����
PP� L�G��� */� 6FLHQFH�� 7RN\R�� -DSDQ�� XQGHU�
WHPSHUDWXUH� SURJUDPPLQJ� ����±���� �&� DW� �� �&�PLQ�
LQFUHPHQWV��� 3HDQXW� RLO� �1DFDODL� 7HVTXH�� .\RWR��
-DSDQ�� ZDV� WUDQVPHWK\OHVWHULILHG� DQG� XVHG� DV� WKH�
UHIHUHQFH�PDWHULDO� 

 

5(68/76 

$P\ORO\WLF�PLFUREHV 

:KHQ� JURZQ� LQ� ��� VWDUFK� PHGLXP�� DOO� PL�
FUREHV�ZDV�DEOH� WR�JURZ��%HVW�JURZWK�ZDV�REVHUYHG�

RQ� $�� QLJHU� �7DEOH� ���� PHDQZKLOH�� RWKHU� PLFUREHV�
JUHZ� VORZHU�� 0RGHUDWH� JURZWK� ZDV� REVHUYHG� RQ�
6DFFKDURP\FRSVLV� ILEXOLJHU�� � &OHDU� ]RQH� VXUURXQG�
LQJ�JURZLQJ�FRORQLHV�ZDV�REVHUYHG�DIWHU�DGGLWLRQ�RI�
LRGLXP�� LQGLFDWLQJ� VWDUFK� ZDV� K\GURO\]HG� E\� 
PLFUREHV�� SURGXFHG� UHGXFLQJ� VXJDU�� 7KH� KLJKHVW� 
DP\ORO\WLF�DFWLYLWLHV�ZDV�REVHUYHG�RQ�$��QLJHU��VXE�
VHTXHQWO\�IROORZHG�E\�6��ILEXOLJHU��7DEOH�����7KH�WZR�
LVRODWHV�ZHUH�WKHQ�VHOHFWHG�IRU�IXUWKHU�VWXGLHV�� 

 

(IIHFW� RI� WHPSHUDWXUH� RQ� ELRPDVV� JURZWK� RQ�

VWDUFK 

7HPSHUDWXUH� DIIHFWHG� WKH� JURZWK� RI� ERWK� 
$VSHUJLOOXV�QLJHU� DQG�6�� ILEXOLJHU� �)LJXUH�����%HWWHU�
JURZWK�ZDV�REVHUYHG�DW�����&�WKDQ�����&�� �$��QLJHU�
XVHG�HDVLO\�VWDUFK�FRPSDUH�WR�6��ILEXOLJHU��0D[LPXP�
JURZWK�ZDV�REVHUYHG�DIWHU����KRXUV�LQFXEDWLRQ�� 

 

(IIHFW�RI�WHPSHUDWXUH�RQ�DP\ODVH�DFWLYLWLHV 

/LNHZLVH� JURZWK� SURILOH�� DFWLYLW\� RI� DP\ODVH�
ZDV� DIIHFWHG� E\� WHPSHUDWXUH�� +LJKHU� DFWLYLW\� ZDV�
RFFXUUHG�DW���� H&� 

 

(IIHFW�RI�S+�RQ�DP\ODVH�DFWLYLWLHV 

7KH� KLJKHVW� DP\ODVH� DFWLYLW\� ZDV� REWDLQHG� DW�
S+� ��� 0D[LPXP� DP\ODVH� DFWLYLW\� ������ 8QLW�� ZDV�
DFKLHYHG�DIWHU����K�IHUPHQWDWLRQ��)LJXUH�����(Q]\PH�
SURGXFWLRQ� DW� S+� ��ZDV� ����� JUHDWHU� WKDQ� DW� S+� ��
DQG���� 

7DEOH����$P\ORO\WLF�DELOLW\�RI�PLFURRUJDQLVPV�JURZQ�RQ���� �VWDUFK�DW�����&�IRU����KRXU��.HPDPSXDQ�
DPLOROLWLN�PLNURED�\DQJ�GLWXPEXKNDQ�SDGD�PHGLXP�����SDWL��VXKX�����&�VHODPD����MDP� 

1RWH��.HWHUDQJDQ��� D�����EHVW�JURZWK��WXPEXK�VDQJDW�EDLN������JRRG�JURZWK��WXPEXK�EDLN�����IDLU�JURZWK��WXPEXK��� E��
&HOO�GU\�ZHLJKW��EHUDW�NHULQJ�VHO� 

1R� ,VRODWHV 
�,VRODW� 

$P\ORO\WLF�UDWLR 

�UDVLR�DPLOROLWLN� 
*URZWK�RQ�VWDUFK�
�SHUWXPEXKDQ�SDGD�

SDWL�D 

/LSLG�DFFXPXODWLRQ�
�DNXPXODVL�OLSLG�E 

� $VSHUJLOOXV�QLJHU ��� ��� ���� 

� 6DFFKDURP\FRSVLV�ILEXOLJHU ��� �� ���� 

� &DQGLGD�RUWKRSVLORVLV ��� � ���� 

� 5KL]RSXV�ROLJRVSRUXV ��� �� ���� 

� 0XFRU�FLUFLQRLGHV ��� � ��� 

� 6DFFKDURP\FHV�FHUHYLVLDH ��� � ��� 

� 1HXURVSRUD�FUDVVD ��� � ��� 

� 1HXURVSRUD�VLWRSK\OD ��� � ��� 

� 7ULFKRGHUPD�YLULGH ��� � ��� 

�� 3HQLFLOOLXP�VS ��� � ��� 



  ���� 

.DQWL�DQG�6XGLDQD�-�&R-FXOWXUH�RI�$P\OROWLF�)XQJL�$VSHUJLOOXV�QLJHU�DQG�2OHDJLQRXV�<HDVW�&DQGLGD�RUWKRSVLORVLV� 

 

)LJXUH� ���%LRPDVV� JURZWK� RI�$VSHUJLOOXV� QLJHU� �$1�� DQG�6DFFKDURP\FRSVLV� ILEXOLJHU� �()�� JURZQ� LQ� ����
VWDUFK�XQGHU�VKDNLQJ�FRQGLWLRQ������USP��DW����DQG�����&���%DU�LQGLFDWH�VG��ZLWK�Q ���3HUWXPEXKDQ�
ELRPDVVD�$VSHUJLOOXV�QLJHU��$1��GDQ�6DFFKDURP\FRVLV�ILEXOLJHU��()��\DQJ�GLWXPEXKNDQ�SDGD�����

SDWL�NHFHSDWDQ�VKDNHU� �����USP��SDGD�VXKX�����&�GDQ�����&��*DULV�PHQJLQGLNDVLNDQ�VG��GHQJDQ�

Q �� 

)LJXUH����(IIHFW�RI�WHPSHUDWXUH�RQ�$VSHUJLOOXV�QLJHU��$1��DQG�6DFFKDURP\FRSVLV�ILEXOLJHU��()��JURZWK�
DQG�DP\ODVH�DFWLYLW\�DW����DQG�����&��%DU�LQGLFDWH�VG��ZLWK�Q ���3HQJDUXK�WHPSHUDWXU�WHUKDGDS�NH�
FHSDWDQ�WXPEXK�$VSHUJLOOXV�QLJHU��$1��GDQ�6DFFKDURP\FRSVLV� ILEXOLJHU��()�GDQ�DNWLYLWDV�DPLODVH�

SDGD�VXKX����GDQ�����&���*DULV�PHQXQMXNNDQ�VG��GHQJDQ�Q ��� 



���� 

%HULWD�%LRORJL��������-�$JXVWXV����� 

 

(IIHFW�RQ�QLWURJHQ�VRXUFHV�RQ�DP\ODVH�DFWLYLWLHV 

1LWURJHQ�VRXUFHV�DIIHFW�WKH�DP\ODVH�SURGXFWLRQ��
,Q�WKH�FDVH�RI�$��QLJHU��\HDVW�H[WUDFW�ZDV�EHVW�QLWUR�
JHQ�VRXUFHV��KRZHYHU� IRU�6��ILEXOLJHU�VRGLXP�QLWUDWH�
DQG�\HDVW�H[WUDFW�ZHUH�JRRG�QLWURJHQ�VRXUFHV��)LJXUH�
���� 

 

2OHDJLQRXV�DFWLYLWLHV 

$VSHUJLOOXV� QLJHU� KDV� WKH� KLJKHVW� DP\ORO\WLF�
DFWLYLW\��PHDQZKLOH��&DQGLGD�RUWKRVLORSVLV�SURGXFHG�
WKH� KLJKHVW� WRWDO� OLSLG� �7DEOH� ���� 7KHUHIRUH�� WKH� FR-

FXOWXUH� RI� ERWK� PLFUREHV� ZDV� FRQGXFWHG�� � $V� H[�
SHFWHG��FR-FXOWXUH�RI�DP\ORO\WLF�IXQJL��$��QLJHU��DQG�

)LJXUH� ��� (IIHFW� RI� QLWURJHQ� VRXUFHV� RQ� DP\ODVH� SURGXFWLRQ� RI� $VSHUJLOOXV� QLJHU� �$1�� DQG�
6DFFKDURP\FRSVLV�ILEXOLJHU��()��JURZQ�RQ�������Z�Y��FDVVDYD�ZDVWH�VWDUFK�XQGHU�VKDNLQJ�FRQGL�
WLRQ� ����� USP��� DW� ��� �&��%DU� LQGLFDWH� VG��ZLWK� Q �� �3HQJDUXK� VXPEHU� QLWURJHQ�XQWXN� SURGXNVL�
DPLODVH� SDGD� $VSHUJLOOXV� QLJHU� �$1�� DQG� 6DFFKDURP\FRSVLV� ILEXOLJHU� �()�� \DQJ� GLWXPEXKNDQ�

SDGD������Z�Y��OLPEDK�VLQJNRQJ�SDGD�NRQGLVL�DHUDVL�����USP���SDGD�VXKX�����&��*DULV�PHQXQ�

MXNNDQ�VG��GHQJDQ�Q ���� 

)LJXUH����(IIHFW�RI�S+������DQG����RQ�DP\ODVH� DFWLYLW\�RI�$VSHUJLOOXV�QLJHU� �$1��DQG�6DFFKDURP\FRSVLV�
ILEXOLJHU� �()�� JURZQ� RQ� ���� �Z�Y�� FDVVDYD� ZDVWH� VWDUFK� XQGHU� VKDNLQJ� FRQGLWLRQ� ����� USP��� DW� 
����&��3HQJDUXK�S+�XQWXN�SHUWXPEXKDQ�GDQ�DNWLILWDV�DPLODVH�$VSHUJLOOXV�QLJHU��$1��GDQ�6DFFKDUR�
P\FRSVLV� IEXOLJHU� �()�� \DQJ�GLWXPEXKNDQ�SDGD������ �Z�Y�� OLPEDK� VLQJNRQJ�SDGD� NRQGLVL� DHUDVL�

�����USP���SDGD�VXKX������& 



  ���� 

.DQWL�DQG�6XGLDQD�-�&R-FXOWXUH�RI�$P\OROWLF�)XQJL�$VSHUJLOOXV�QLJHU�DQG�2OHDJLQRXV�<HDVW�&DQGLGD�RUWKRSVLORVLV� 

 

ROHDJLQRXV� \HDVW� �&�� RUWKRVLORSVLV�� SURGXFHG� WKH�
KLJKHVW�QHXWUDO� OLSLG��7DEOH�����+LJKHVW�ELRPDVV�ZDV�
DOVR� REVHUYHG� RQ� FR-FXOWXUH� RI� $�� QLJHU� �� &��
RUWKRSVLORVLV 

 

)DWW\�DFLG�FRPSRVLWLRQ�RI�ROHDJLQRXV�\HDVW 

7KH� IDWW\� DFLG� FRPSRVLWLRQ� RI� QHXWUDO� OLSLG�
PRVWO\�FRPSRVHG�ROHLF�DFLGV�DQG�VWHDULF�DFLGV��7DEOH�
����2WKHUZLVH��IDWW\�DFLG�FRQWDLQLQJ����FDUERQ�DQG����
FDUERQ�ZHUH�PLQRU�� 
 

',6&866,21 

6HYHUDO� LVRODWHV� ZHUH� DEOH� WR� K\GURO\]H� VWDUFK�
�7DEOH� ��� ZKLFK� VXJJHVWV� WKDW� IXQJL� DQG� \HDVW� DUH�
SRWHQWLDO� IRU� DP\ODVH� SURGXFWLRQ�� $VSHUJLOOXV� QLJHU�
DQG� 6DFFKDURP\FRSVLV� ILEXOLJHU� FRQVLVWHQWO\� K\GUR�
O\]H� VWDUFK� ERWK� XWLOL]LQJ� SXUH� VWDUFK� �7DEOH� ��� DQG�
FDVVDYD�ZDVWH� VWDUFK� XQGHU� YDULRXV� WHPSHUDWXUH��S+�
DQG�QLWURJHQ�VRXUFHV��)LJXUH��-����7KH�RSWLPDO�WHP�
SHUDWXUH�� DQG� S+� IRU� JURZWK� DQG� DP\ODVH� V\QWKHVLV�
PLJKW�EH�GLIIHUHQW�IRU�DP\ORO\WLF�PLFURRUJDQLVP��'H�

0RW�HW�DO���������2XDJDGRXJRX�DQG�)DVR���������:H�
REVHUYHG� WKDW�RSWLPDO� FRQGLWLRQ� IRU�JURZWK�DQG�DP�
\ODVH� SURGXFWLRQ� RQ� FDVVDYD� ZDVWH� VWDUFK� ZDV� DW� 
����&�DQG�S+�����E\�VKDNLQJ��)LJXUH��-����3UHYLRXV�
ZRUNV� H[KLELWHG� WKDW� DP\ORO\WLF� DFWLYLW\� ZDV� RE�
WDLQHG�DW�S+���WR�����$ERX]LHG�DQG�5HGG\�������� 

$VSHUJLOOXV� QLJHU� LV� RQH� RI� WKH�PRVW� LPSRUWDQW�
PLFURRUJDQLVPV� XVHG� LQ� LQGXVWULDO� ELRWHFKQRORJ\��
DQG�JHQHUDOO\�FRQVLGHU�DV�VDIH�RUJDQLVP��6FKXVWHU�HW�
DO����������,W�KDV�EHHQ�XVHG�IRU�PDQ\�GHFDGHV�WR�SUR�
GXFH�H[WUDFHOOXODU��IRRG��HQ]\PHV�DQG�FLWULF�DFLG��,Q�
IDFW��FLWULF�DFLG�DQG�PDQ\�$��QLJHU�HQ]\PHV�DUH�FRQ�
VLGHUHG� *HQHUDOO\� DV� 6DIH� �*5$6�� E\� WKH� 8QLWHG�
6WDWHV�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��,Q�DGGLWLRQ��$��
QLJHU�LV�XVHG�IRU�ELRWUDQVIRUPDWLRQV�DQG�ZDVWH�WUHDW�
PHQW��,Q�WKH� ODVW�WZR�GHFDGHV��$��QLJHU�KDV�EHHQ�GH�
YHORSHG�DV�DQ�LPSRUWDQW�WUDQVIRUPDWLRQ�KRVW�WR�RYHU-
H[SUHVV� IRRG�HQ]\PHV� �9DVVLOHY�HW�DO����������%HLQJ�
SUH-GDWHG� E\� ROGHU� QDPHV�� WKH� QDPH� $�� QLJHU� KDV�
EHHQ� FRQVHUYHG� IRU� HFRQRPLFDO� DQG� LQIRUPDWLRQ 
UHWULHYDO� UHDVRQV� DQG� WKHUH� LV� D� WD[RQRPLFDO� FRQ-

7DEOH�����)DWW\�DFLG�FRPSRVLWLRQ��.RPSRVLVL�DVDP�OHPDN �� 

5HODWLYH�IDWW\�DFLG�FRPSRVLWLRQ��ZW�ZW��.RPSRVLVL�DVDP�OHPDN�� 
,VRODWH��,VRODW�� �  

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

  3DOPLWLF   6WHDULF 2OHLF         

$VSHUJLOOXV�QLJHU ��� ���� ��� ���� ���� ���� ��� ��� ��� 

&DQGLGD�RUWKRSVLORVLV ��� ���� ��� ���� ���� ��� ��� ��� ��� 

$VSHUJLOXV� QLJHU� ��
&DQGLGD�RUWKRSVLORVLV ��� ���� ��� ���� ���� ��� ��� ��� ��� 

6DFFKDURP\FRSVLV�
ILEXOLJHU ��� ���� ��� ���� ���� ��� ��� ��� ��� 

7DEOH�����7RWDO�OLSLG�FRQWHQW�RI�PLFUREHV�JURZQ�RQ�FDVVDYD�ZDVWH��.DQGXQJDQ�OLSLGD�WRWDO�PLNURED�\DQJ�
GLWXPEXKNDQ�SDGD�OLPEDK�VLQJNRQJ�� 

1R� ,VRODWH��,VRODW�PLNURED� 7RWDO�OLSLG
����':� 
�/LSLGD�WRWDO� 

%LRPDVV��J�/� 
�%LRPDVVD� 

� $VSHUJLOOXV�QLJHU ���������� �������� 

� 

� 

6DFFKDURP\FRSVLV�ILEXOLJHU 
&DQGLGD�RUWKRVLORSVLV 

���������� 

���������� 

��������� 

�������� 

� $VSHUJLOXVQLJHU���&DQGLGD�RUWKRSVLORVLV ���������� ��������� 


7RWDO�OLSLG�SHU�FHOO�GU\�ZHLJKW�RI�FXOWXUH�JURZQ���GD\V�RQ�FDVVDYD�ZDVWH��XQGHU�VKDNLQJ�����USP��DW�����&��/LSLGD�WRWDO�
SHU�EHUDW�NHULQJ�VHO�NXOWXU�PLNURED�\DQJ�GLWXPEXKNDQ�SDGD�OLPEDK�VLQJNRQJ�VHODPD���KDUL�GHQJDQ�NRQGLVL�DHUDVL� �����

USP��SDGD�VXKX�����&�� 



���� 

%HULWD�%LRORJL��������-�$JXVWXV����� 

 

VHQVXV�EDVHG�RQ�PROHFXODU�GDWD�WKDW� WKH�RQO\�RWKHU�
FRPPRQ� VSHFLHV� FORVHO\� UHODWHG� WR�$�� QLJHU� LQ� WKH�
$VSHUJLOOXV�VHULHV�QLJUL�LV�$��WXELQJHQVLV��/LNH�RWKHU�
ILODPHQWRXV�IXQJL��$��QLJHUV�VKRXOG�EH�WUHDWHG�FDUH�
IXOO\� WR� DYRLG� WKH� IRUPDWLRQ� RI� VSRUH� GXVW�� +RZ-

HYHU�� FRPSDUHG� ZLWK� RWKHU� ILODPHQWRXV� IXQJL�� LW�
GRHV�QRW�VWDQG�RXW�DV�D�SDUWLFXODU�SUREOHP�FRQFHUQ�
LQJ� DOOHUJ\� RU� P\FRSDWKRORJ\� �6FKXVWHU� HW� DO���
������� 

$VSHUJLOOXV� QLJHU� ZDV� DOVR� H[SORLWHG� WR� SUR�
GXFH�.-DP\ODVH�IRU�HQ]\PDWLF�K\GURO\VLV�RI�FDVVDYD�
ZDVWH�VWDUFK� IRU�SURGXFLQJ�JOXFRVH�V\UXSV��5XL]� HW�
DO����������7KH\�REVHUYHG�RSWLPDO�HQ]\PH�UHDFWLRQV�
ZLWK� ���� J� RI� VWDUFK� SHU� /� ZHUH�� 
.-DP\ODVH�DW�S+����������&�DQG�HQ]\PH�GRVDJH�RI�
������8� J-�� RI� VWDUFK�� DQG� JOXFRDP\ODVH�� S+� �����
����&�DQG�HQ]\PH�GRVDJH�RI������8�J-��RI�VWDUFK��
7KH�JOXFRVH�V\UXSV�ZHUH�WKHQ� IHUPHQWHG� LQWR�DOFR�
KRO� E\� D� ZLOG� VWUDLQ� RI�&DQGLGD� VS�� LVRODWHG� IURP�
VXJDU� FDQH� MXLFH�� REWDLQLQJ� YROXPHWULF� HWKDQRO�
SURGXFWLYLWLHV�DURXQG����-����J�/-��K-���7KH�DP\O�
DVH�SURGXFWLRQ�RSWLPXP�DW����K��WKH�VDPH�RSWLPXP�
IHUPHQWDWLRQ�WLPH�ZDV�DOVR�REVHUYHG��E\�2PHPX�HW�
DO���������RQ�FDVVDYD�ZDVWH�WR�SURGXFH�JOXFRVH�DQG�
PDOWRVH�� 

1LWURJHQ�VRXUFHV�DIIHFW�DP\ODVH�SURGXFWLRQ�E\�
6�� ILEXOLJHU� �)LJXUH� ���� <HDVW� H[WUDFW� DQG� VRGLXP�
QLWUDWH�ZDV� JRRG� QLWURJHQ� VRXUFH� IRU� DP\ODVH� SUR�
GXFWLRQ��3UHYLRXV�UHVHDUFK�RQ��WKH�DP\ORO\WLF�\HDVW�
6�� ILEXOLJHUD�'60-������JURZQ�RQ� FDVVDYD� VWDUFK�
ZLWK� � R[\JHQ� VDWXUDWLRQ� ����� GLVVROYHG� R[\JHQ�
WHQVLRQ���WHPSHUDWXUH������&��DQG�S+�������VKRZHG�
D� VLJQLILFDQW� LQIOXHQFH�RQ�.-DP\ODVH�DQG�JOXFRDP�
\ODVH��*RQ]iOH]�HW�DO��������� 

7KH� SURGXFWLRQ� RI� DP\ODVH� E\� $VSHUJLOOXV�
QLJHU�RQ�WKUHH�FDVVDYD�ZKH\�PHGLD� LQ� OLTXLG�VKDNH�
FXOWXUH� ZDV� FRPSDUHG�� 7KH� VXSSOHPHQWHG� FDVVDYD�
ZKH\��6&:��PHGLXP�H[KLELWHG�DP\ODVH�DFWLYLW\�RI�
���� 8�PO�� %LRPDVV� FURSSHG� ZDV� ����� J�O� LQ� WKH�
6&:�PHGLXP��3RWKLUDM�HW�DO����������<HDVW�H[WUDFW�
HPSOR\HG� DV� D� QLWURJHQ� VXSSOHPHQW� LQFUHDVHG� ELR�
PDVV� \LHOG� RI� $ �� QLJHU� WR� ����� J�O� ZLWK� PD[LPXP�
DP\ODVH� DFWLYLW\� RI� ���� 8�PO�� 6RGLXP� QLWUDWH�
�1D12��� DV� QLWURJHQ� VXSSOHPHQW� KDG� WKH� ORZHVW�
ELRPDVV� \LHOG� RI� ����� J�O� DQG� DP\ODVH� DFWLYLW\� RI�
���� 8�PO�� 7KXV� \HDVW� H[WUDFW� DV� QLWURJHQ� VXSSOH�
PHQW�RI�FDVVDYD�ZKH\�PHGLXP�VXSSRUWHG�PD[LPXP�

SURGXFWLRQ� RI� DP\ODVH� DQG� ELRPDVV� RI� $ �� QLJHU�
�2VKRPD�HW�DO��������� 

$VVLPLODEOH�FDUERQ�VRXUFHV�ZDV�WKHQ�FRQYHUW�
HG� LQWR� QHXWUDO� OLSLG� �7DEOH� ����7KH� OLSLG� FRPSRVL�
WLRQ�DIWHU�HVWHULILFDWLRQ�ZDV�PDLQO\�ROHLF�DFLGV�DQG�
VWUHDULF�DFLGV��7DEOH�����&R-FXOWXUH�RI�$��QLJHU�DQG�
&��SDUDVLORSLV�SURGXFHG�KLJKHVW�OLSLG�FRQWHQW�������
���� 

,Q� WKH� VDPH� IDVKLRQ�� HDUOLHU� ZRUN� DOVR� RE�
VHUYHG� WKDW� GLUHFW� IHUPHQWDWLRQ� RI� XQK\GURO\]HG�
SRWDWR�VWDUFK�WR�HWKDQRO�E\�FR-FXOWXUH�RI�DQ�DP\OR�
O\WLF� IXQJXV� $�� QLJHU� DQG� IHUPHQWDWLYH� \HDVW� 
6DFFKDURP\FHV� FHUHYLVLDH� SURGXFHG� KLJKHU� \LHOG�
�$ERX]LHG� DQG�5HGG\�� ������� $P\ORO\WLF� DFWLYLW\��
UDWH� DQG� DPRXQW� RI� VWDUFK� XWLOL]DWLRQ�� DQG� HWKDQRO�
\LHOGV� LQFUHDVHG� VHYHUDO-IROG� LQ� FR-FXOWXUH� YHUVXV�
WKH� PRQRFXOWXUH� GXH� WR� WKH� V\QHUJLVWLF� PHWDEROLF�
LQWHUDFWLRQV� EHWZHHQ� WKH� VSHFLHV�� (WKDQRO� \LHOGV�
ZHUH�PD[LPDO�ZKHQ� IHUPHQWDWLRQV�ZHUH�FRQGXFWHG�
DQDHURELFDOO\������ 
 

&21&/86,21 

$VSHUJLOOXV� QLJHU� DQG� 6DFFKDURP\FRSVLV�

ILEXOLJHU�DUH�DP\ORO\WLF�PLFUREHV��7KH�DELOLW\�RI�$ ��
QLJHU� WR�K\GURO\]H�VWDUFK�ZDV�JUHDWHU� WKDQ�6��ILEX�
OLJHU�� &R-FXOWXUH� RI� DQ� DP\ORO\WLF� IXQJL� $�� QLJHU�
DQG�ROHDJLQRXV�\HDVW�&��RUWKRSVLORVLV�ZDV�HIIHFWLYH�
IRU� FRQYHUWLQJ� FDVVDYD� VWDUFK� ZDVWH� LQWR� QHXWUDO�
OLSLG��7KH� IDWW\�DFLG�FRPSRVLWLRQ�ZDV�PDLQO\�ROHLF�
DFLGV�DQG�VWHDULF�DFLGV�ZKLFK� LPSOLHV�WKDW� LW�FDQ�EH�
XVHG�DV�IHG�PDWHULDO�IRU�ELRGLHVHO�SURGXFWLRQ� 

 

$&.12:/('*(0(17 

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�D�JUDQW�RI��',3$��
5HVHDUFK�&HQWUH� IRU�%LRORJ\� ±�/,3,� � ³([SORUDWLRQ�
RI�K\GURO\WLF�0LFUREH�IRU�%LRGHJUDGDWLRQ�DQG�%LR-

UHPHGLDWLRQ� RI� 5HFDOFLWUDQW� 6XEWDQFHV´�� :H�
DFNQRZOHGJHG� 0DPDQ� 5DFKPDQV\DK� DV� SURMHFW�
FRRUGLQDWRU�DQG��<HQL<XOLDQL�IRU�/DERUDWRU\�ZRUNV�� 

 

5()(5(1&(6 

$ELOD��1��� ������(FRQRPHWULF� HVWLPDWLRQ� RI� WKH�SHWUROHXP�SUR-

GXFWV� FRQVXPSWLRQ� LQ� 1LJHULD�� $VVHVVLQJ� WKH� SUHPLVH�
IRU� ELRIXHOV� DGRSWLRQ��5HQHZDEOH�(QHUJ\�� ���� SS�� ���-

�����KWWS���GRL�RUJ���������M�UHQHQH������������� 
$ERX]LHG��0�0�� DQG� 5HGG\�� &��� ������ 'LUHFW� IHUPHQWDWLRQ� RI�

SRWDWR� VWDUFK� WR� HWKDQRO� E\� FRFXOWXUHV� RI� $VSHUJLOOXV�
QLJHU�DQG�6DFFKDURP\FHV�FHUHYLVLDH��$SSOLHG�DQG�(QYL�
URQPHQWDO�0LFURELRORJ\���������SS������-��� 

$UUR\R��-�0��DQG�*DOLDQD��)�'���������(QHUJ\�DQG�UHVHUYH�SULF�
LQJ� LQ� VHFXULW\� DQG� QHWZRUN-FRQVWUDLQHG� HOHFWULFLW\�



  ���� 

.DQWL�DQG�6XGLDQD�-�&R-FXOWXUH�RI�$P\OROWLF�)XQJL�$VSHUJLOOXV�QLJHU�DQG�2OHDJLQRXV�<HDVW�&DQGLGD�RUWKRSVLORVLV� 

 

PDUNHWV�� ,(((� 7UDQVDFWLRQV� RQ� 3RZHU� 6\VWHPV� �������
���-�����KWWS���GRL�RUJ���������73:56������������� 

%DWWDJOLD�� (��� � %HQRLW�� ,��� � :LHEHQJD�� -��� � &RXWLQKR�� 3�0�� DQG��
+HQULVVDW��%���������&DUERK\GUDWH-DFWLYH�HQ]\PHV�IURP�
WKH� ]\JRP\FHWH� IXQJXV�5KL]RSXV�RU\]DH��D�KLJKO\�VSH�
FLDOL]HG�DSSURDFK� WR� FDUERK\GUDWH�GHJUDGDWLRQ�GHSLFWHG�
DW�JHQRPH�OHYHO��%0&�*HQRPLFV���������SS������KWWS���
GRL�RUJ�������������-����-��-�� 

%XWLQDU�� /��� 6DQWRV�� 6��� 6SHQFHU-0DUWLQV�� ,�� DQG� � *XQGH-

&LPHUPDQ�� 1��� ������ <HDVW� GLYHUVLW\� LQ� K\SHUVDOLQH�
KDELWDWV��)(06�0LFURELRORJ\�/HWWHUV����������SS�����-

����KWWS���GRL�RUJ���������M�IHPVOH������������� 
&KHQ��:����;LH��7����6KDR��<��DQG�&KHQ��)���������3K\ORJHQRPLF�

5HODWLRQVKLSV� EHWZHHQ� $P\ORO\WLF� (Q]\PHV� IURP� ���
6WUDLQV� RI� )XQJL�� 3/R6� 21(�� ������� ��-���� KWWS���
GRL�RUJ���������MRXUQDO�SRQH��������� 

'DWDU�� �5�3��� � 6KHQNPDQ��5��� �&DWHQL��%�*��� �+XKQNH��5/�� DQG��
/HZLV�� 5��� ������ )HUPHQWDWLRQ� RI� ELRPDVV-JHQHUDWHG�
SURGXFHU� JDV� WR� HWKDQRO�� %LRWHFKQRORJ\� DQG� %LRHQJL�
QHHULQJ�� � ������� SS�� ���-����� KWWS���GRL�RUJ���������
ELW������� 

'H�0RW��5��DQG��9HUDFKWHUW��+���������3XULILFDWLRQ�DQG�FKDUDFWHU�
L]DWLRQ� RI� H[WUDFHOOXODU� DP\ORO\WLF� HQ]\PHV� IURP� WKH�
\HDVW�)LOREDVLGLXP�FDSVXOLJHQXP��$SSOLHG�DQG�(QYLURQ�
PHQWDO�0LFURELRORJ\������SS������-����� 

*LUDXG�� (��� $� %UDXPDQ�� $��� � .HOHNH�� 6��� � /HORQJ�� %�� DQG��
5DLPEDXOW��0����������,VRODWLRQ�DQG�SK\VLRORJLFDO�VWXG\�
RI� DQ� DP\ORO\WLF� VWUDLQ� RI� /DFWREDFLOOXV� SODQWDUXP��
$SSOLHG�0LFURELRORJ\�DQG�%LRWHFKQRORJ\������ SS�� ���-

�����KWWS���GRL�RUJ���������%)��������� 
*RQ]iOH]��&�)��� � )DULxD�� -�,�� DQG�GH�)LJXHURD�� ������2SWLPL]HG�

DP\ORO\WLF� HQ]\PHV� SURGXFWLRQ� LQ� 6DFFKDURP\FRSVLV�
ILEXOLJHUD�'60-�������$Q�DSSURDFK�WR�HIILFLHQW�FDVVDYD�
VWDUFK�XWLOL]DWLRQ��(Q]\PH�DQG�0LFURELDO�7HFKQRORJ\���
����� SS�� ���-����� KWWS���GRL�RUJ���������
M�HQ]PLFWHF������������� 

+RUQ��&�+����'H�.RFN��$����'X�3UHH]��-�&���DQG��/DWHJDQ��3�0���
������$�&RPSDUDWLYH� 6WXG\� RI� WKH�$P\ORO\WLF�$ELOLW\�
RI� /LSRP\FHV� DQG� 6FKZDQQLRP\FHV� <HDVW� 6SHFLHV��
6\VWHPDWLF� DQG� $SSOLHG� 0LFURELRORJ\� ������� SS�� ���-

����� 
-RKQVRQ��7���6RKQ��-����,QPDQ��:�'����(VWHH��6���/RYHULGJH��6�7�����

9HUYRRUW�� +�&�� DQG� � &UHZV�� 3��� ������1DWXUDO� SURGXFW�
OLEUDULHV� WR�DFFHOHUDWH� WKH�KLJK-WKURXJKSXW�GLVFRYHU\�RI�
WKHUDSHXWLF� OHDGV�� -RXUQDO� RI� 1DWXUDO� 3URGXFWV� ��������
SS������-������KWWS���GRL�RUJ���������QS������E� 

.DQWL��$����6XNDUD��(����/DWLIDK��.��DQG�6XNDUQR��1���������,QGR�
QHVLDQ� ROHDJLQRXV� \HDVWV� LVRODWHG� IURP�3LSHU� EHWOH� DQG�
3�QLJUXP� ��2FWREHU��� SS�� ����-������ KWWS���
GRL�RUJ���������P\FRVSKHUH�������� 

.KRNKDU�� ,��� 0XNKWDU�� ,�� DQG�0XVKWDT�� 6��� ������ ,VRODWLRQ� DQG�
6FUHHQLQJ�RI�$P\ORO\WLF�)LODPHQWRXV�)XQJL��-RXUQDO�RI�
$SSOLHG� 6FLHQFHV� DQG� (QYLURQPHQWDO� 0DQDJHPHQW� ��
����� SS�� ���-����� KWWS���GRL�RUJ���������
MDVHP�Y��L�������� 

/DWRUUH-*DUFtD��/��� �$GDP��$�&��� �0DQ]DQDUHV��3��DQG� �3RODLQD��
-���������,PSURYLQJ�WKH�DP\ORO\WLF�DFWLYLW\�RI�6DFFKDUR�
P\FHV� FHUHYLVLDH� JOXFRDP\ODVH� E\� WKH� DGGLWLRQ� RI� D�
VWDUFK� ELQGLQJ� GRPDLQ�� -RXUQDO� RI� %LRWHFKQRORJ\� ���
����� SS�� ���-����� KWWS���GRL�RUJ���������
M�MELRWHF������������� 

/HYDVVHXU�� $��� � 'UXOD�� (��� /RPEDUG�� 9��� � � &RXWLQKR�� 30�� DQG���
+HQULVVDW���������([SDQVLRQ�RI�WKH�HQ]\PDWLF�UHSHUWRLUH�
RI� WKH�&$=\� GDWDEDVH� WR� LQWHJUDWH� DX[LOLDU\� UHGR[� HQ�
]\PHV�� %LRWHFKQRORJ\� IRU� %LRIXHOV�� ������ ���� KWWS���
GRL�RUJ�������������-����-�-��� 

/LDR��%���+LOO��*�$��DQG��5RHVOHU��:�-���������$P\ORO\WLF�DFWLYL�
W\�DQG�IHUPHQWDWLYH�DELOLW\�RI�6DFFKDURP\FHV�FHUHYLVLDH�
VWUDLQV� WKDW� H[SUHVV� EDUOH\� .-DP\ODVH�� %LRFKHPLFDO�
(QJLQHHULQJ� -RXUQDO�� ������� SS�� ��-���� KWWS���
GRL�RUJ���������M�EHM������������� 

6XGLDQD��,�0��DQG�.DQWL��$���������/LSLG�DFFXPXODWLRQ�E\�IXQJL�
JURZQ�RQ�3DOP�2LO�0LOO�(IIOXHQW��%,27523,$���������

KWWS���GRL�RUJ����������EWE������������� 
0HQJ��;���<DQJ��-����;X��;����=KDQJ��/������1LH��4��DQG��;LDQ��0���

������ %LRGLHVHO� SURGXFWLRQ� IURP� ROHDJLQRXV� PLFURRU�
JDQLVPV�� 5HQHZDEOH� (QHUJ\�� � ������� SS�� � �-��� KWWS���
GRL�RUJ���������M�UHQHQH������������� 

1JX\HQ�� 4�'��� � 5H]HVV\-V]DEy�� -�0�� DQG� � +RVFKNH�� È��� ������
2SWLPLVDWLRQ�RI�&RPSRVLWLRQ�RI�0HGLD� IRU� WKH�3URGXF�
WLRQ� RI�$P\ORO\WLF� (Q]\PHV� E\� 7KHUPRP\FHV� ODQXJL�
QRVXV�$7&&��)RRG�7HFKQRORJ\�DQG�%LRWHFKQRORJ\����
�����SS�����-���� 

2PHPX��$�0��� �$NSDQ�� ,��� �%DQNROH��0�2��DQG� �7HQLROD��2�'���
������+\GURO\VLV� RI� UDZ� WXEHU� VWDUFKHV� E\� DP\ODVH� RI�
$VSHUJLOOXV�QLJHU�$0���LVRODWHG�IURP�WKH�VRLO��$ IULFDQ�
-RXUQDO�RI�%LRWHFKQRORJ\��������SS����-��� 

2VKRPD�� &�(��� � ,PDUKLDJEH�� (�(��� � ,NHQHERPHK�� 0�-�� DQG��
(LJEDUHGRQ��+�(���������1LWURJHQ�VXSSOHPHQWV�HIIHFW�RQ�
DP\ODVH�SURGXFWLRQ�E\�$VSHUJLOOXV�QLJHU�XVLQJ� FDVVDYD�
ZKH\�PHGLXP��$ IULFDQ� -RXUQDO� RI�%LRWHFKQRORJ\�������
SS�����-����� 

2XDJDGRXJRX�� 8�'�(�� DQG� � )DVR�� %��� ������ +LJK� SHUIRUPDQFH�
DP\ORO\WLF� \HDVW� VWUDLQV� LVRODWLRQ� DQG� LGHQWLILFDWLRQ� IRU�
YDORUL]DWLRQ� RI� SRWDWRHV� ZDVWH� DYDLODEOH� LQ� %XUNLQD�
)DVR���������SS������-����� 

3HL[RWR-1RJXHLUD�� 6�&��� � 6DQGULP�� 9�&��� � � *XLPDUmHV�� /�+�6����
-RUJH��-�����7HUHQ]L��+)��DQG��3ROL]HOL��0�/�7�0���������
(YLGHQFH� RI� WKHUPRVWDEOH� DP\ORO\WLF� DFWLYLW\� IURP�
5KL]RSXV�PLFURVSRUXV�YDU��UKL]RSRGLIRUPLV�XVLQJ�ZKHDW�
EUDQ�DQG�FRUQFRE�DV�DOWHUQDWLYH�FDUERQ�VRXUFH��%LRSUR�
FHVV� DQG� %LRV\VWHPV� (QJLQHHULQJ� ���� SS�� ���-�����
KWWS���GRL�RUJ���������V�����-���-����-�� 

3RWKLUDM��&���%DODML��3��DQG��(\LQL��0���������5DZ�VWDUFK�GHJUDG�
LQJ� DP\ODVH� SURGXFWLRQ� E\� YDULRXV� IXQJDO� FXOWXUHV�
JURZQ�RQ�FDVVDYD�ZDVWH��0\FRELRORJ\�����SS�����-����
KWWS���GRL�RUJ���������0<&2��������������� 

5XL]�� 0�,��� 6DQFKH]�� &�,��� 7RUUUHVD�� 5�*�� DQG� � 0ROLQD�� '�5���
������ (Q]\PDWLF� K\GURO\VLV� RI� FDVVDYD� VWDUFK� IRU� SUR�
GXFWLRQ� RI� ELRHWKDQRO� ZLWK� D� FRORPELDQ� ZLOG� \HDVW�
VWUDLQ�� -RXUQDO� RI� WKH� %UD]LOLDQ� &KHPLFDO� 6RFLHW\� ��
������ SS�� ����-�����KWWS���GRL�RUJ���������6����-

������������������ 
6DQWD-PDULD��0�*���DQG��-HRK��7���������$VVHVVLQJ�WKH�IHDVLELOLW\�

RI�ELRIXHO�SURGXFWLRQ�IURP�OLJQRFHOOXORVLF�EDQDQD�ZDVWH�
LQ�UXUDO�DJULFXOWXUDO�FRPPXQLWLHV�LQ�3HUX�DQG�&RORPELD��
%LRHQHUJ\� 5HVHDUFK� ������ SS�� ����-������ KWWS���
GRL�RUJ���������V�����-���-����-�� 

6FKXVWHU��(����'XQQ-&ROHPDQ��1����)ULVYDG��-�&��DQG�9DQ�'LMFN��
3:���������2Q�WKH�VDIHW\�RI�$VSHUJLOOXV�QLJHU�D�UHYLHZ��
$SSOLHG�0LFURELRORJ\�DQG�%LRWHFKQRORJ\������±����SS��
���-����KWWS���GRL�RUJ���������V�����-���-����-�� 

6LQJK��2�9��DQG��+DUYH\��6�3���������6XVWDLQDEOH�ELRWHFKQRORJ\��
6RXUFHV� RI� UHQHZDEOH� HQHUJ\�� KWWS���
GRL�RUJ������������-��-���-����-�� 

6ULQRUDNXWDUD��7��DQG��.DHZYLPRO��/���������$SSURDFK�RI�FDVVD�
YD� ZDVWH� SUHWUHDWPHQWV� IRU� IXHO� HWKDQRO� SURGXFWLRQ� LQ�
7KDLODQG��-RXUQDO�RI�6FLHQWLILF�5HVHDUFK�&KXODORQJNRUQ�
8QLYHUVLW\���������SS����-��� 

6\DNWL��$�'����<DQL��0����+LGD\DWL��0�����6LUHJDU��$�6����'RXPH�
QTPHQJ�3��DQG� �0DGH�6XGLDQD�� � ,0���������7KH�ELRUH�
PHGLDWLRQ� SRWHQWLDO� RI� K\GURFDUERQRFODVWLF� EDFWHULD�
LVRODWHG� IURP� D� PDQJURYH� FRQWDPLQDWHG� E\� SHWUROHXP�
K\GURFDUERQV� RQ� WKH� &LODFDS� &RDVW�� ,QGRQHVLD�� %LRUH�
PHGLDWLRQ�-RXUQDO����������SS����-���� 

8�6�� (QHUJ\� ,QIRUPDWLRQ� $GPLQLVWUDWLRQ�� ������ 0DUFK� �����
0RQWKO\�(QHUJ\�5HYLHZ��0RQWKO\�(QHUJ\�5HYLHZ� 

9DVVLOHY��1��� � )HQLFH��0��� � � )HGHULFL��)��� DQG�$]FRQ��5��� ������
2OLYH�PLOO�ZDVWH�ZDWHU� WUHDWPHQW� E\� LPPRELOL]HG� FHOOV�
RI� $VSHUJLOOXV� QLJHU� DQG� LWV� HQULFKPHQW� ZLWK� VROXEOH�
SKRVSKDWH�� 3URFHVV� %LRFKHPLVWU\�� ������� SS�� ���-�����
KWWS���GRL�RUJ���������6����-�������������-�� 

9LKLQHQ��0�� DQG� �0lQWVlOl��3��� ������0LFURELDO� DP\ORO\WLF� HQ�
]\PHV��&ULWLFDO�5HYLHZV�LQ�%LRFKHPLVWU\�DQG�0ROHFXODU�
%LRORJ\�� ������� SS�� ���-����� KWWS���
GRL�RUJ��������������������������� 



3HGRPDQ�3HQXOLVDQ�1DVNDK�%HULWD�%LRORJL 
 

%HULWD�%LRORJL�DGDODK� MXU QDO� \DQJ�PHQHUELWNDQ�DU WLNHO�NHPDMXDQ�SHQHOLWLDQ�GL� ELGDQJ�ELRORJL�GDQ� LOPX -LOPX�WHUNDLW� GL� ,QGRQHVLD��%HULWD�
%LRORJL�PHPXDW�NDU\D�WXOLV�LOPLDK�DVOL�EHUXSD�PDNDODK�KDVLO�SHQHOLWLDQ��NRPXQLNDVL�SHQGHN�GDQ�WLQMDXDQ�NHPEDOL�\DQJ�EHOXP�SHUQDK�GLWHUELWNDQ�
DWDX�WLGDN�VHGDQJ�GLNLULP�NH�PHGLD�ODLQ���0DVDODK�\DQJ�GLOLSXW�KDUXV�PHQDPSLONDQ�DVSHN�DWDX�LQIRUPDVL�EDUX� 

 

7LSH�QDVNDK 

�� 0DNDODK�OHQJNDS�KDVLO�SHQHOLWLDQ��RULJLQDO�SDSHU� 
 1DVNDK�PHUXSDNDQ� KDVLO� SHQHOLWLDQ� VHQGLUL� � \DQJ� PHQJDQJNDW� WRSLN� \DQJ� XS� WR� GDWH�� 7LGDN� OHELK� GDUL� ��� KDODPDQ� WHUPDVXN� WDEHO� GDQ� 

JDPEDU��3HQFDQWXPDQ�ODPSLUDQ�VHSHUOXQ\D��QDPXQ�UHGDNVL�EHUKDN�PHQJXUDQJL�DWDX�PHQLDGDNDQ�ODPSLUDQ� 
�� .RPXQLNDVL�SHQGHN��VKRUW�FRPPXQLFDWLRQ� 
 .RPXQLDVL�SHQGHN�PHUXSDNDQ�PDNDODK�KDVLO�SHQHOLWLDQ�\DQJ�LQJLQ�GLSXEOLNDVLNDQ�VHFDUD�FHSDW�NDUHQD�KDVLO�WHUPXDQ�\DQJ�PHQDULN��VSHVLILN�

GDQ�EDUX��DJDU�GDSDW��VHJHUD�GLNHWDKXL�ROHK�XPXP��$UWLNHO�\DQJ�GLWXOLV�WLGDN�OHELK�GDUL����KDODPDQ��+DVLO�GDQ�SHPEDKDVDQ�EROHK�GLJDEXQJ� 
�� 7LQMDXDQ�NHPEDOL��UHYLHZ� 
 7LQMDXDQ�NHPEDOL�PHUXSDNDQ�UDQJNXPDQ�WLQMDXDQ� LOPLDK�\DQJ�VLVWHPDWLV-NULWLV�VHFDUD� ULQJNDV�QDPXQ�PHQGDODP�WHUKDGDS� WRSLN�SHQHOLWLDQ�

WHUWHQWX��+DO�\DQJ�GLWLQMDX�PHOLSXWL�VHJDOD�VHVXDWX�\DQJ�UHOHYDQ�WHUKDGDS�WRSLN�WLQMDXDQ�\DQJ�PHPEHULNDQ�JDPEDUDQ� µVWDWH�RI�WKH�DUW¶��PHOL�
SXWL�WHPXDQ�DZDO��NHPDMXDQ�KLQJJD�LVVXH�WHUNLQL��WHUPDVXN�SHUGHEDWDQ�GDQ�NHVHQMDQJDQ�\DQJ�DGD�GDODP�WRSLN�\DQJ�GLEDKDV��7LQMDXDQ�XODQJ�
LQL�KDUXV�PHUDQJNXP�PLQLPDO����DUWLNHO� 

 

 

6WUXNWXU�QDVNDK 

�� %DKDVD 
 %DKDVD�\DQJ�GLJXQDNDQ�DGDODK�%DKDVD�,QGRQHVLD�DWDX�,QJJULV�\DQJ�EDLN�GDQ�EHQDU�� 
�� -XGXO 
 -XGXO�GLEHULNDQ�GDODP�EDKDVD�,QGRQHVLD�GDQ�LQJJULV��-XGXO��KDUXV�VLQJNDW��MHODV�GDQ�PHQFHUPLQNDQ�LVL�QDVNDK�GHQJDQ�GLLNXWL�ROHK�QDPD�VHUWD�

DODPDW�VXUDW�PHQ\XUDW�SHQXOLV�GDQ�DODPDW�HPDLO���1DPD�SHQXOLV�XQWXN�NRUHVSRQGHQVL�GLEHUL�WDQGD�DPSORS�FHWDN�DWDV��VXSHUVFULSW�� 
�� $EVWUDN 

 $EVWUDN�GLEXDW�GDODP�GXD�EDKDVD��EDKDVD�,QGRQHVLD�GDQ�,QJJULV��$EVWUDN�PHPXDW�VHFDUD�VLQJNDW�WHQWDQJ�ODWDU�EHODNDQJ��WXMXDQ��PHWRGH��KDVLO�
\DQJ�VLJQLILNDQ��NHVLPSXODQ�GDQ�LPSOLNDVL�KDVLO�SHQHOLWLDQ��$EVWUDN�EHULVL�PDNVLPXP�����NDWD��VSDVL�WXQJJDO��'L�EDZDK�DEVWUDN�GLFDQWXPNDQ�
NDWD�NXQFL�\DQJ�WHUGLUL�DWDV�PDNVLPXP�HQDP�NDWD��GLPDQD�NDWD�SHUWDPD�DGDODK�\DQJ�WHUSHQWLQJ��$EVWUDN�GDODP�%DKDVD�,QJJULV�PHUXSDNDQ�
WHUMHPDKDQ�GDUL�%DKDVD�,QGRQHVLD��(GLWRU�EHUKDN�XQWXN�PHQJHGLW�DEVWUDN�GHPL�DODVDQ�NHMHODVDQ�LVL�DEVWUDN�� 

�� 3HQGDKXOXDQ 

 3HQGDKXOXDQ�EHULVL�ODWDU�EHODNDQJ��SHUPDVDODKDQ�GDQ�WXMXDQ�SHQHOLWLDQ��3HUOX�GLVHEXWNDQ�MXJD�VWXGL�WHUGDKXOX�\DQJ�SHUQDK�GLODNXNDQ�WHUNDLW�
GHQJDQ�SHQHOLWLDQ�\DQJ�GLODNXNDQ�� 

�� %DKDQ�GDQ�FDUD�NHUMD 
 %DKDQ�GDQ� FDUD�NHUMD� EHULVL� LQIRUPDVL�PHQJHQDL�PHWRGH� \DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�� �3DGD�EDJLDQ� LQL� EROHK�GLEXDW� VXE-MXGXO� \DQJ�

VHVXDL� GHQJDQ� WDKDSDQ� SHQHOLWLDQ��0HWRGD� KDUXV� GLSDSDUNDQ� GHQJDQ� MHODV� VHVXDL� GHQJDQ� VWDQGDU� WRSLN� SHQHOLWLDQ� GDQ� GDSDW� GLXODQJ� ROHK�
SHQHOLWL�ODLQ���$SDELOD�PHWRGD�\DQJ�GLJXQDNDQ�DGDODK�PHWRGD�\DQJ�VXGDK�EDNX�FXNXS�GLWXOLV�VLWDVLQ\D�GDQ�DSDELOD�DGD�PRGLILNDVL�PDND�KDUXV�
GLWXOLVNDQ�GHQJDQ�MHODV�EDJLDQ�PDQD�GDQ�KDO�DSD�\DQJ�GLPRGLILNDVL� 

�� +DVLO 
 +DVLO�PHPXDW�GDWD�DWDXSXQ�LQIRUPDVL���XWDPD�\DQJ�GLSHUROHK�EHUGDVDUNDQ�PHWRGD�\DQJ�GLJXQDNDQ��$SDELOD�LQJLQ�PHQJDFX�SDGD�VXDWX�WDEHO�

JUDILN�GLDJUDP�DWDX�JDPEDU��PDND�KDVLO�\DQJ�WHUGDSDW�SDGD�EDJLDQ�WHUVHEXW�GDSDW�GLXUDLNDQ�GHQJDQ�MHODV�GHQJDQ�WLGDN��PHQJJXQDNDQ�NDOLPDW�
µ/LKDW�7DEHO��¶��$SDELOD�PHQJJXQDNDQ�QLODL�UDWD-�UDWD�PDND�KDUXV�PHQ\HUWDNDQ�SXOD�VWDQGDU�GHYLDVLQ\D�� 

�� 3HPEDKDVDQ 

 3HPEDKDVDQ�EXNDQ�PHUXSDNDQ�SHQJXODQJDQ�GDUL�KDVLO��3HPEDKDVDQ�PHQJXQJNDS�DODVDQ�GLGDSDWNDQQ\D�KDVLO�GDQ���DUWL�DWDX�PDNQD�GDUL�KDVLO�
\DQJ�GLGDSDW�WHUVHEXW��%LOD�PHPXQJNLQNDQ��KDVLO�SHQHOLWLDQ�LQL�GDSDW�GLEDQGLQJNDQ�GHQJDQ�VWXGL�WHUGDKXOX� 

�� .HVLPSXODQ 

 .HVLPSXODQ� EHULVL� LQIRPDVL� \DQJ� PHQ\LPSXONDQ� KDVLO� SHQHOLWLDQ�� VHVXDL� GHQJDQ� WXMXDQ� SHQHOLWLDQ�� GDQ� SHQHOLWLDQ� EHULNXWQ\D� \DQJ� ELVD�
GLODNXNDQ� 

�� 8FDSDQ�WHULPD�NDVLK 

 %DJLDQ�LQL�EHULVL�XFDSDQ�WHULPD�NDVLK�NHSDGD�VXDWX�LQVWDQVL�MLND�SHQHOLWLDQ�LQL�GLGDQDL�DWDX�GLGXNXQJDQ�ROHK�LQVWDQVL�WHUVHEXW��DWDXSXQ�NHSDGD�
SLKDN�\DQJ�PHPEDQWX�ODQJVXQJ�SHQHOLWLDQ�DWDX�SHQXOLVDQ�DUWLNHO�LQL� 

��� 'DIWDU�SXVWDND 

 3DGD�EDJLDQ�LQL��WLGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ��$SDELOD�KDUXV�PHQ\LWLU�GDUL��ODSRUDQ��
DWDX��NRPXQLNDVL�SHUVRQDO��GLWXOLVNDQ�
XQSXEOLVKHG
�GDQ�WLGDN�SHUOX�GLWDPSLONDQ�GL�GDIWDU�SXVWDND��'DIWDU�SXVWDND�KDUXV�EHULVL�LQIRUPDVL�\DQJ�
XS�WR�GDWH�\DQJ�VHEDJLDQ�EHVDU�EHUDVDO�GDUL�RULJLQDO�SDSHUV�GDQ�SHQXOLVDQ�WHUELWDQ�EHUNDOD�LOPLDK��QDPD�MXUQDO��WLGDN�GLVLQJNDW� 

 

 

 

)RUPDW�QDVNDK 

�� 1DVNDK�GLNHWLN�GHQJDQ�PHQJJXQDNDQ�SURJUDP�0LFURVRIW�:RUG��KXUXI�1HZ�7LPHV�5RPDQ�XNXUDQ�����VSDVL�JDQGD�NHFXDOL�$EVWUDN��%DWDV�NLUL
-NDQDQ�DWDV-EDZDK�PDVLQJ-PDVLQJ�����FP��0DNVLPXP�LVL�QDVNDK����KDODPDQ�WHUPDVXN�LOXVWUDVL�GDQ�WDEHO� 

�� 3HQXOLVDQ� ELODQJDQ� SHFDKDQ� GHQJDQ� NRPD� PHQJLNXWL� EDKDVD� \DQJ� GLWXOLV� PHQJJXQDNDQ� GXD� DQJND� GHVLPDO� GL� EHODNDQJ� NRPD�� $SDELOD�
PHQJJXQDNDQ� %DKDVD� ,QGRQHVLD�� DQJND� GHVLPDO� GLWXOLV� GHQJDQ� PHQJJXQDNDQ� NRPD� ���� GDQ� GLWXOLV� GHQJDQ� PHQJJXQDNDQ� WLWLN� ���� ELOD�
PHQJJXQDNDQ�EDKDVD�,QJJULV��&RQWRK��3DQMDQJ�EXNX�DGDODK�����FP��/HQJKW�RI�WKH�ERRN�LV�����FP���3HQXOLVDQ�DQJND��-��GLWXOLV�GDODP�NDWD�
NHFXDOL�ELOD�ELODQJDQ�VDWXDQ�XNXU��VHGDQJNDQ�DQJND����GDQ�VHWHUXVQ\D�GLWXOLV�GHQJDQ�DQJND���&RQWRK�OLPD�RUDQJ�VLVZD��SDQMDQJ�EXNX���FP� 

�� 3HQXOLVDQ�VDWXDQ�PHQJLNXWL�DWXUDQ�LQWHUQDWLRQDO�V\VWHP�RI�XQLWV�� 
�� 1DPD� WDNVRQ� GDQ� NDWHJRUL� WDNVRQRPL� GLWXOLV� GHQJDQ� PHUXMXN� NHSDGD� DWXUDQ� VWDQGDU� \DQJ� GLDNXL�� 8QWXN� WXPEXKDQ� PHQJJXQDNDQ  

,QWHUQDWLRQDO�&RGH�RI�%RWDQLFDO�1RPHQFODWXUH��,&%1���XQWXN�KHZDQ�PHQJJXQDNDQ�,QWHUQDWLRQDO�&RGH�RI�=RRORJLFDO�1RPHQFODWXUH��,&=1���
XQWXN�MDPXU�,QWHUQDWLRQDO�&RGH�RI��1RPHQFODWXUH� IRU�$ OJDH��)XQJL�DQG�3ODQW��,&)$)3���,QWHUQDWLRQDO�&RGH�RI�1RPHQFODWXUH�RI�%DFWHULD�
�,&1%���GDQ�XQWXN�RUJDQLVPH�\DQJ�ODLQ�PHUXMXN�SDGD�NHVHSDNDWDQ�,QWHUQDVLRQDO��3HQXOLVDQ�QDPD�WDNVRQ�OHQJNDS�GHQJDQ�QDPD�DXWKRU�KDQ\D�
GLODNXNDQ� SDGD� EDJLDQ� GHVNULSVL� WDNVRQ�� PLVDOQ\D� SDGD� QDVNDK� WDNVRQRPL�� 3HQXOLVDQ� QDPD� WDNVRQ� XQWXN� ELGDQJ� ODLQQ\D� WLGDN� SHUOX�
PHQJJXQDNDQ�QDPD�DXWKRU� 

�� 7DWD�QDPD�GL�ELGDQJ�JHQHWLND�GDQ�NLPLD�PHUXMXN�NHSDGD�DWXUDQ�EDNX�WHUEDUX�\DQJ�EHUODNX�� 
�� ,OXVWUDVL�GDSDW�EHUXSD�IRWR��KLWDP�SXWLK�DWDX�EHUZDUQD��DWDX�JDPEDU�WDQJDQ��OLQH�GUDZLQJ��� 
�� 7DEHO� 

7DEHO�GLEHUL� MXGXO� \DQJ� VLQJNDW�GDQ� MHODV�� VSDVL� WXQJJDO�GDODP�EDKDVD� ,QGRQHVLD� GDQ� ,QJJULV�� VHKLQJJD�7DEHO�GDSDW�EHUGLUL� VHQGLUL�� 7DEHO�
GLEHUL�QRPRU�XUXW�VHVXDL�GHQJDQ�NHWHUDQJDQ�GDODP�WHNV��.HWHUDQJDQ�7DEHO�GLOHWDNNDQ�GL�EDZDK�7DEHO��7DEHO� WLGDN�GLEXDW� WHUWXWXS�GHQJDQ�
JDULV�YHUWLNDO��KDQ\D�PHQJJXQDNDQ�JDULV�KRULVRQWDO�\DQJ�PHPLVDKNDQ�MXGXO�GDQ�EDWDV�EDZDK��3DUDJUDI�SDGD�LVL�WDEHO�GLEXDW�VDWX�VSDVL� 

�� *DPEDU 
 *DPEDU�ELVD�EHUXSD�IRWR��JUDILN��GLDJUDP�GDQ�SHWD��-XGXO�JDPEDU�GLWXOLV�VHFDUD�VLQJNDW�GDQ�MHODV��VSDVL�WXQJJDO��.HWHUDQJDQ�\DQJ�PHQ\HUWDL�

JDPEDU�KDUXV�GDSDW�EHUGLUL�VHQGLUL��GLWXOLV�GDODP�EDKDVD�,QGRQHVLD�GDQ�,QJJULV��*DPEDU�GLNLULP�GDODP�EHQWXN��MSHJ�GHQJDQ�UHVROXVL�PLQLPDO�
����GSL��XQWXN�OLQH�GUDZLQJ�PLQLPDO����GSL���� 



�� 'DIWDU�3XVWDND 
 6LWDVL�GDODP�QDVNDK�DGDODK�QDPD�SHQXOLV�GDQ�WDKXQ��%LOD�SHQXOLV�OHELK�GDUL�VDWX�PHQJJXQDNDQ�NDWD�µGDQ¶�DWDX�HW�DO��&RQWRK���.UDPHU���������

�+DP]DK�GDQ�<XVXI����������3UHPDFKDQGUD�HW�DO����������%LOD�QDVNDK�GLWXOLV�GDODP�EDKDVD�,QJJULV�\DQJ�PHQJJXQDNDQ�VLWDVL���RUDQJ�SHQXOLV�
PDND�GLJXQDNDQ�NDWD�µDQG¶��&RQWRK���+DP]DK�DQG�<XVXI���������3HQXOLVDQ�GDIWDU�SXVWDND�DGDODK�VHEDJDL�EHULNXW� 

D� -XUQDO 
 1DPD�MXUQDO�GLWXOLV�OHQJNDS� 
 $JXVWD��$���0DHKDUD��6���2KDVKL��.���6LPDQMXQWDN��3��DQG�6KLEX\D��+���������6WHUHRVHOHFWLYH�R[LGDWLRQ�DW�&-��RI�IODYDQV�E\�WKH�HQGRSK\WLF�
IXQJXV�'LDSRUWKH�VS��LVRODWHG�IURP�D�WHD�SODQW��&KHPLFDO�DQG�3KDUPDFHXWLFDO�%XOOHWLQ����������SS�����-����� 

E���%XNX 

 0HUQD��7��DQG�$O-7KDQL��)�)���������&RUSRUDWH�5LVN�0DQDJHPHQW���QG��HG��-RKQ�:HOO\�DQG�6RQV�/WG��(QJODQG� 
F� 3URVLGLQJ�DWDX�KDVLO�6LPSRVLXP�6HPLQDU�/RNDNDU\D� 
 )LGLDQD��)���7UL\XZRQR� ,� DQG�5LGXZDQ��$���������=DNDK�3HUVSHFWLYHV�DV�D�6\PERO�RI�,QGLYLGXDO�DQG�6RFLDO�3LHW\��'HYHORSLQJ�5HYLHZ�RI�
WKH�0HDGLDQ�6\PEROLF� ,QWHUDFWLRQLVP��*OREDO�&RQIHUHQFH�RQ�%XVLQHVV�DQG�)LQDQFH�3URFHHGLQJV��7KH�,QVWLWXWH� RI�%XVLQHVV� DQG� �)LQDQFH�
5HVHDUFK��������SS������-���� 

G� 0DNDODK�VHEDJDL�EDJLDQ�GDUL�EXNX 

 %DUWK��0�(���������)DLU�9DOXHV�DQG�)LQDQFLDO�6WDWHPHQW�9RODWLOLW\��,Q��%RULR��&���+XQWHU��:�&���.DXIPDQ��*�*���DQG�7VDWVDURQLV��.��HGV���
7KH�0DUNHW�'LFLSOLQH�$FURVV�&RXQWULHV�DQG�,QGXVWULHV��0,7�3UHVV��&DPEULGJH� 

H�� 7KHVLV��VNULSVL�GDQ�GLVHUWDVL� 
 :LOOLDPV��-�:���������3OD\LQJ�WKH�&RUSRUDWH�6KHOO�*DPH��7KH�)RUHQVLF�$FFRXQWLQJ�DQG�,QYHVWLJDWLRQ�,QGXVWU\��/DZ��DQG�WKH�0DQDJHPHQW�
RI�2UJDQL]DWLRQDO�$SSHDUDQFH��'LVVHUWDWLRQ��*UDGXDWH�3URJUDPPH�LQ�6RFLRORJ\��<RUN�8QLYHUVLW\��7RURQWR��2QWDULR� 

I�� $UWLNHO�RQOLQH� 
 $UWLNHO� \DQJ� GLXQGXK� VHFDUD� RQOLQH� GLWXOLV� GHQJDQ�PHQJLNXWL� IRUPDW� \DQJ� EHUODNX� XQWXN� MXUQDO�� EXNX� DWDXSXQ� WKHVLV� GHQJDQ� GLOHQJNDSL�
DODPDW�VLWXV�GDQ�ZDNWX�PHQJXQGXK��7LGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ�PLVDOQ\D� ODSRUDQ�
SHUMDODQDQ�PDXSXQ�DUWLNHO�GDUL�ODPDQ�ZHE�\DQJ�WLGDN�ELVD�GLSHUWDQJXQJ�MDZDENDQ�NHEHQDUDQQ\D�VHSHUWL�ZLNLSHGLD� 

 +LPPDQ�� /�0��� ������$�0RUDO�&KDQJH��%XVLQHVV�(WKLFV�$IWHU�(QURQ��6DQ�'LHJR�8QLYHUVLW\�3XEOLFDWLRQ�� KWWS�HWKLFV�VDQGLHJR�HGX�/0+��
RSHG�(QURQ�LQGH[�DVS�� �DFFHVVHG����-DQXDUL�������ELOD�QDVNDK�GLWXOLV�GDODP�EDKDVD� LQJJULV�DWDX��GLDNVHV����-DQXDUL�������ELOD�QDVNDK�
GLWXOLV�GDODP�EDKDVD�LQGRQHVLD 

 

)RUPXOLU�SHUVHWXMXDQ�KDN�DOLK�WHUELW�GDQ�NHDVOLDQ�QDVNDK� 
6HWLDS�SHQXOLV�\DQJ�PHQJDMXNDQ�QDVNDKQ\D�NH�UHGDNVL�%HULWD�%LRORJL�DNDQ�GLPLQWD�XQWXN�PHQDQGDWDQJDQL�OHPEDU�SHUVHWXMXDQ�\DQJ� EHULVL�KDN�DOLK�
WHUELW� QDVNDK� WHUPDVXN� KDN� XQWXN�PHPSHUEDQ\DN� DUWLNHO� GDODP� EHUEDJDL� EHQWXN� NHSDGD� SHQHUELW� %HULWD� %LRORJL�� 6HGDQJNDQ� SHQXOLV� WHWDS� EHUKDN�
XQWXN�PHQ\HEDUNDQ�HGLVL�FHWDN�GDQ�HOHNWURQLN�XQWXN�NHSHQWLQJDQ�SHQHOLWLDQ�GDQ�SHQGLGLNDQ��)RUPXOLU�LWX�MXJD�EHULVL�SHUQ\DWDDQ�NHDVOLDQ�QDVNDK�\DQJ�
PHQ\HEXWNDQ�EDKZD�QDVNDK�DGDODK�KDVLO�SHQHOLWLDQ�DVOL��EHOXP�SHUQDK�GDQ�WLGDN�VHGDQJ�GLWHUELWNDQ�GL�WHPSDW�ODLQ��� 

3HQHOLWLDQ�\DQJ�PHOLEDWNDQ�KHZDQ� 
6HWLDS�QDVNDK�\DQJ�SHQHOLWLDQQ\D��PHOLEDWNDQ�KHZDQ��WHUXWDPD�PDPDOLD��VHEDJDL�RE\HN�SHUFREDDQ���SHQHOLWLDQ��ZDMLE�PHQ\HUWDNDQ�¶HWKLFDO�FOHDUDQFH�
DSSURYDOµ�WHUNDLW�DQLPDO�ZHOIDUH�\DQJ�GLNHOXDUNDQ�ROHK�EDGDQ�DWDX�SLKDN�EHUZHQDQJ� 

/HPEDU�LOXVWUDVL�VDPSXO� 
*DPEDU�LOXVWUDVL�\DQJ�WHUGDSDW�GL�VDPSXO�MXUQDO�%HULWD�%LRORJL�EHUDVDO�GDUL�VDODK�VDWX�QDVNDK�\DQJ�GLSXEOLNDVL�SDGD�HGLVL�WHUVHEXW��2OHK�NDUHQD�LWX��
VHWLDS�QDVNDK�\DQJ�DGD�LOXVWUDVLQ\D�GLKDUDSNDQ�GDSDW�PHQJLULPNDQ�LOXVWUDVL�DWDX�IRWR�GHQJDQ�NXDOLWDV�JDPEDU�\DQJ�EDLN�GHQJDQ� GLVHUWDL�NHWHUDQJDQ�
VLQJNDW�LOXVWUDVL�DWDX�IRWR�GDQ�QDPD�SHPEXDW�LOXVWUDVL�DWDX�SHPEXDW�IRWR� 

3URRIV� 
1DVNDK�SURRIV�DNDQ�GLNLULP�NH�SHQXOLV�GDQ�SHQXOLV�GLZDMLENDQ�XQWXN�PHPEDFD�GDQ�PHPHULNVD�NHPEDOL�LVL�QDVNDK�GHQJDQ�WHOLWL��1DVNDK�SURRIV�KDUXV�
GLNLULP�NHPEDOL�NH�UHGDNVL�GDODP�ZDNWX�WLJD�KDUL�NHUMD��� 

1DVNDK�FHWDN� 
6HWLDS�SHQXOLV�\DQJ�QDVNDKQ\D�GLWHUELWNDQ�DNDQ�GLEHULNDQ���HNVHPSODU�PDMDODK�%HULWD�%LRORJL�GDQ�UHSULQW��0DMDODK�WHUVHEXW�DNDQ�GLNLULPNDQ�NHSDGD�
FRUUHVSRQGLQJ�DXWKRU� 
 

3HQJLULPDQ�QDVNDK 

1DVNDK�GLNLULP�VHFDUD�RQOLQH�NH�ZHEVLWH�EHULWD�ELRORJL��KWWS���H-MRXUQDO�ELRORJL�OLSL�JR�LG�LQGH[�SKS�EHULWDBELRORJL 

$ODPDW�NRQWDN 
5HGDNVL�-XUQDO�%HULWD�%LRORJL��3XVDW�3HQHOLWLDQ�%LRORJL-/,3, 
&LELQRQJ�6FLHQFH�&HQWUH��-O��5D\D�%RJRU�.P�����&LELQRQJ������ 

7HOS�����-��-���������)D[�����-��-���������������������������� 
(PDLO��MXUQDOEHULWDELRORJL#\DKRR�FR�LG�DWDX 
MXUQDOEHULWDELRORJL#JPDLO�FRP 
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