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$EGXOODK�0�%DPXDOLP ��)XDG�0DGDULVD 
��<RODV�3HQGUD ��(G\�0DZDUGL DQG$VPDN

�
:HVW�6XPDWUD
V�$JULFXOWXUDO�7HFKQRORJ\�$VVHVVPHQW�,QVWLWXWH��6XNDUDPL�6RORN

�
$QLPDO�+XVEDQGU\�)DFXOW\��WKH�$QGDODV�8QLYHUVLW\�3DGDQJ�DQG

�
:HVW�6XPDWUD
V�$QLPDO�3URGXFWLRQ�DQG�9HWHULQDU\�6HUYLFHV�3DGDQJ�


&RUUHVSRQGLQJ�DXWKRU���IPDGDULVD#JPDLO�FRP 5HFHLYHG�������0HL������
$FFHSWHG������'HVHPEHU�����

$%675$&7

� $� VWXG\� KDV� EHHQ� FRQGXFWHG� RQ� WKH� FURS�OLYHVWRFN� LQWHJUDWLRQ� LQQRYDWLRQ� XVLQJ� SDOP�RLO� E\�SURGXFWV�

WHFKQRORJ\�WR�VXSSRUW�EHHI�FDWWOH�SURGXFWLRQ�LQ�������7KH�FROOHFWHG�GDWD�FRQVLVWHG�RI��L��6RFLR�HFRQRPLF�DVSHFWV��

�LL��7KH�ERG\�ZHLJKW�JDLQ�RI�FDWWOH��DQG��LLL��3DOP�RLO�SURGXFWLRQ��7KHVH�GDWD�ZHUH�WDNHQ�IURP�6UL�/DQJJHQJ�IDUPHUV�

JURXS�����UHVSRQGHQWV��LQ�'KDUPDVUD\D�GLVWULFW�DQG�7DQMXQJ�.HUDPDW�IDUPHUV�JURXS�����UHVSRQGHQWV��LQ�:HVW�

3DVDPDQ�GLVWULFW��7KH�UHVXOWV�RI�WKH�VRFLR�HFRQRPLF�DVSHFWV�VKRZHG��WKH��DYHUDJH�DJH�RI�IDUPHUV�ZDV����\HDUV�ROG��

RZQHG�SDOP�RLO�SODQWDWLRQ�RI�����DQG������KD��DQG�RZQHG�RI�����DQG�����KHDG�RI�FDWWOH�LQ�7DQMXQJ�.HUDPDW�DQG�6UL�

/DQJJHQJ�UHVSHFWLYHO\��7KH�DYHUDJH�PRQWKO\�LQFRPH�ZDV�5S������PLOOLRQ�DQG�DERXW�5S������PLOOLRQ�GHULYHG�IURP�

OLYHVWRFN�FRQWULEXWLRQ�LQ�7DQMXQJ�.HUDPDW��DQG�5S������PLOOLRQ�DQG�DERXW�5S������PLOOLRQ�GHULYHG�IURP�OLYHVWRFN�

FRQWULEXWLRQ�LQ�6UL�/DQJJHQJ��)HHGLQJ�D�VXSSOHPHQW�RI�SDOP�RLO�E\�SURGXFWV�LQFUHDVHG�FDWWOH�JURZWK�E\�DERXW������

DQG������NJ�KHDG�GD\�DW�6UL�/DQJJHQJ�DQG�7DQMXQJ�.HUDPDW�UHVSHFWLYHO\��,Q�FRQWUDVW��WKH�DQLPDOV�LQ�D�FRQWURO�

WUHDWPHQW�H[SHULHQFHG�ERG\�ZHLJKW�ORVVHV�RI�������DQG�������NJ�KHDG�GD\��7KH�DSSOLFDWLRQ�RI�RUJDQLF�IHUWLOL]HU�

IURP�FDWWOH�PDQXUH��DERYH�WKH�LQRUJDQLF�IHUWLOL]HU��LQFUHDVHG�WKH�SDOP�RLO�IUXLW�E\�������DQG��������7KH�UHVHDUFK�

SURYHG�WKDW�WKHUH�LV�DQ�RSSRUWXQLW\�WR�DFFHOHUDWH�WKH�DGRSWLRQ�SURFHVV�RI�FURS�OLYHVWRFN�LQWHJUDWLRQ�LQ�SDOP�RLO�

SODQWDWLRQ�DUHDV�LQ�:HVW�6XPDWUD�

.H\ZRUGV��FURS�OLYHVWRFN�LQWHJUDWLRQ��SDOP�RLO�E\�SURGXFWV�WHFKQRORJ\�

,1752'8&7,21

� ,Q�JHQHUDO��WKHUH�LV�DQ�H[WHQVLYH�V\VWHP�RI�NHHSLQJ�EHHI�FDWWOH�LQ�:HVW�6XPDWUD���'XH�WR�WKH�XVH�RI�

QDWLYH� JUDVVHV� DQG� VPDOO� DPRXQWV� RI� IHHG� DGGLWLYHV�� EHHI� FDWWOH� SURGXFWLYLW\� LV� UHODWLYHO\� ORZ��7KH�

DYLODELOLW\�RI�FRQWLQXRXVO\�KLJK�TXDOLW\�EHHI�FDWWOH�IHHG�LV�D�FRQVWUDLQW�WR�LQFUHDVLQJ�SURGXFWLYLW\�������

� 2QH�RI�WKH�VROXWLRQV�WR�SURYLGH�KLJK�TXDOLW\�IHHGLQJ�LV�WKH�XVH�RI�DJULFXOWXUDO�E\�SURGXFWV�DV�DQ�

DOWHUQDWLYH�VRXUFH��7KLV�RSWLRQ�LV�ZRUWK�FRQVLGHULQJ�ZKHQ�DQWLFLSDWLQJ�WKH�VKRUWDJH�RI�QDWXUDO�JUDVV�

VXSSO\�GXH�WR�FOLPDWH�SUHVVXUH�DQG�ODQG�XVH�FRQYHUVLRQ��$JULFXOWXUDO�E\�SURGXFWV�DUH�QRW�\HW�RSWLPDOO\�

XWLOL]HG��7KH�SDOP�RLO�SODQWDWLRQ��ZLWK�GLYHUVH�SURGXFWV�DQG�E\�SURGXFWV��RIIHUV�RSSRUWXQLWLHV�WR�LQFUHDVH�

DQLPDO�SURGXFWLRQ��)RU�H[DPSOH��WKHUH�DUH���������KD�SDOP�RLO�SODQWDWLRQV�DFURVV�:HVW�6XPDWUD��RI�

ZKLFK���������KD�KDYH�EHHQ�SURGXFLQJ�FUXGH�SDOP�RLO���

� 6RPH�RI�SDOP�WKH�SODQW�DQG�SDOP�RLO�E\�SURGXFWV�FRQVLVW�RI�SDOP�RLO�IURQGV��OHDYHV�DQG�SHWLROHV���

VROLG��DQG�SDOP�NHUQHO�FDNH��:KLOH� WKH� IURQGV�DUH� WKH�ELJJHVW�YROXPH�DQG�FRPSRQHQW�RI�SDOP�E\�

SURGXFWV�DV�JUDVV�UHSODFHPHQWV�IRU�EHHI�FDWWOH�IHHG��VROLG�RU�SDOP�RLO�PLOO�DIIOXHQW�SURGXFHV�FUXGH�SDOP�

RLO�ZKLFK�FRQWDLQV������RI�SURWHLQ��3DOP�NHUQHO�FDNH��3.&��ZKLFK�DUH�SUHGRPLQDQWO\�H[SRUWHG�DEURDG��

FRQWDLQV���������SURWHLQ�IRU�D�FRPSHWLWLYH�SULFH�

� 7KH�SRWHQWLDO�RI�SDOP�E\�SURGXFWV�DV�D�VRXUFH�RI�EHHI�FDWWOH�IHHGLQJ�DUH������PLOOLRQ�WRQV�OHDI�VWDON�

ZKLFK�FRXOG�SURYLGH�IHHGLQJ�IRU���������KHDG�RI�FDWWOH��3.&�LV�DOVR�DYDLODEOH�DW��������WRQV�WR�IHHG�

�������KHDG�RI�FDWWOH��3.&�FRXOG�DOVR�IHHG��������KHDG�RI�FDWWOH�LQ�:HVW�6XPDWUD��%XKDUPDQ���������,Q�

IDFW��%DPXDOLP�HW�DO���������IRXQG�DW�WKUHH�GLVWULFWV�ZLWK�GRPLQDQW�SDOP�SODQWDWLRQ�ORFDWLRQ�WKDW�QHDUO\�
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�����RI�FDWWOHPHQ�DUH�\HW�WR�XWLOL]H�SDOP�E\�SURGXFWV�DV�D�VRXUFH�RI�FDWWOH�IHHG��)DUPHUV�DV�ZHOO�DV�

FDWWOHPHQ�SULPDULO\�XVH� IUHVK�QDWXUDO�JUDVV� WR� IHHG� WKHLU�FDWWOH�DV�D�PDLQ� IHHG�VXSSO\��7KLV� LV�PLVV�

RSSRUWXQLW\��ZKHUH�IDUPHUV�DUH�QRW�XVLQJ�UHDGLO\�E\�SURGXFWV�WR�IHHG�FDWWOH�

� 0DWKLXV�HW�DO���������VKRZHG�WKDW�FDWWOH�IHG�E\�SDOP�RLO�E\�SURGXFWV�UHVSRQGHG�E\�������NJ�RI�

DYHUDJH�GDLO\�JDLQHG��$'*��ZHLJKW��)RU�H[DPSOH��EHHI�FDWWOH�ZLWK�D�IHHHG�FRPSRVLWLRQ�FRQVLVWLQJ�SDOP�

RLO�IURQGV���������QDWLYH�JUDVV�������DQG�VROLG�SHUIRUPHG�EHWWHU��&DWWOH�LQFUHDVHG�ERG\�ZHLJKW�E\������

NJ�GD\�ZLWK�D�TXDQWLW\�RI�IHHG�FRQVXPSWLRQ�RI������NJ�KHDG�GD\��$]PL�DQG�*XQDZDQ����������

� (OLVDEHWK�HW�DO���������KDYH�SURYHG�WKDW�XVLQJ�SDOP�RLO�IURQGV��VROLG�DQG�3.&�IRU�FDWWOH�IHHGLQJ�

LQFUHDVHG�ERG\�ZHLJKW��7KH�UHVHDUFK�XVHG�WZR�WUHDWPHQWV���L��IHHG�FRPSRVLWLRQ�FRQVLVWLQJ�RI�SDOP�RLO�

IURQGV��������VROLG��������3.&��������DQG�ULFH�EUDQ��������LL��IHHG�FRPSRVLWLRQ�FRQVLVWLQJ�RI�SDOP�RLO�

IURQGV��������VROLG��������3.&��������DQG�ULFH�EUDQ�������,Q�IDFW��WKH�ILUVW�WUHDWPHQW�ZDV�PRUH�HIILFLHQW�

FRPSDUHG�WR�WKH�VHFRQG�WUHDWPHQW�ZLWK�$'*�����NJ�KHDG�GD\�IRU�ORFDO�FDWWOH��FRQVXPLQJ�����NJ�GDLO\�GU\�

PDWHULDOV�DQG�D�IHHG�FRQYHUVLRQ�RI������IRU���ZHHNV�RI�WKH�NHHSLQJ�SHULRG����

� ,Q�������%373� �:HVW�6XPDWUD
V�$JULFXOWXUDO�7HFKQRORJ\�$VVHVVPHQW� ,QVWLWXWH��� DW�6XNDUDPL�

VKRZHG� 3.&� VXSSOHPHQWV� IRU� EHHI� FDWWOH� DW� 3DVDPDQ�%DUDW� GLVWULFW� �:LUGDKD\DWL� HW� DO�� ������ DQG�

'KDUPDVUD\D�GLVWULFW��%DPXDOLP�HW�DO��������UHVXOWHG�LQFUHDVHG�$'*�DQG�FRZ�UHSURGXFWLYH�LQGLFDWRUV�

DOVR�UHVSRQGHG��7KH�UHVHDUFK�SURGXFHG�IHHG�WHFKQRORJ\�IRU�EHHI�FDWWOH�E\�XVLQJ�SDOP�RLO�E\�SURGXFWV�

VXSSRUWLQJ�WKH�:HVW�6XPDWUD�SURJUDP�WR�LQFUHDVH�WKH�DFFHOHUDWLRQ�RI�ERWK�FDWWOH�SRSXODWLRQ�DQG�ERG\�

ZHLJKW�

� .HHSLQJ�FDWWOH�KDV�WKH�SRWHQWLDO�IRU�VXSSRUWLQJ�SDOP�RLO�IDUPHUV�E\�SURGXFLQJ�RUJDQLF�IHUWLOL]HU�

IURP�FDWWOH�GXQJ��7KH�XVH�RI�RUJDQLF�IHUWLOL]HUV�FRXOG�LQFUHDVH�SDOP�RLO�IUXLW�SURGXFWV�DQG�UHGXFH�WKH�

FKHPLFDO�IHUWLOL]HU�LQSXW�DQG�WKHUHIRUH�UHGXFH�FRVW��

+HQFH��WKLV�FROODERUDWLYH�LQQRYDWLYH�UHVHDUFK�RQ�XVLQJ�SDOP�RLO�E\�SURGXFWV�WHFKQRORJ\�ZDV�FRQGXFWHG��

7KH� UHVHDUFK� LQYROYHG� V\QHUJHWLF� LQWHUDFWLRQV� DPRQJ� WKH� %373� VWDNHKROGHUV�� ERWK� SURYLQFLDO� DQG�

GLVWULFW�JRYHUQPHQW�LQVWLWXWLRQV��$QLPDO�+XVEDQGU\�)DFXOW\�RI�$QGDODV�8QLYHUVLW\��DQG�IDUPHUV�JURXSV�

WR� DFFHODUDWH� DGRSWLRQ� RI� WKH� FURS�OLYHVWRFN� LQWHJUDWLRQ� LQQRYDWLRQ� XVLQJ� SDOP� RLO� E\�SURGXFWV�

WHFKQRORJ\�WR�VXSSRUW�EHHI�FDWWOH�SURGXFWLRQ�LQ�:HVW�6XPDWHUD����

� 7KH�UHVHDUFK�REMHFWLYHV�ZHUH�DLPHG�DW�����LQFUHDVLQJ�WKH�FDWWOH�SURGXFWLRQ��ERG\�ZHLJKW�DQG�

IHUTXHQF\� RI� SUHJQDQF\��� ���� LQFUHDVLQJ� SDOP� IUXLWV� XVLQJ� RUJDQLF� IHUWLOL]HU� RI� FDWWOH� PDQXUH�� ����

LQFUHDVLQJ�HIILFLHQF\�RI�IHHG�FRQVXPSWLRQ�XVLQJ�ORFDOO\�SRWHQWLDO�UHVRXUFHV�

&RRUGLQDWLRQ�ZLWK�UHODWHG�,QVWLWXWLRQV�

� 3URFHGXUH� RI� WUDQVSDUHQW� FRRUGLQDWLRQ� ZDV� XVHG� WR� VHOHFW� ERWK� ORFDWLRQV� DQG� IDUPHU� JURXS�

FDQGLGDWHV�LQ�RUGHU�WR�DFKLHYH�UHVHDUFK�REMHFWLYHV�DV�ZHOO�DV�LQWHQGHG�RXWSXWV��)DUPHU�JURXSV�ZHUH�

VHOHFWHG�WKDW�LQWHQGHG�WR�DSSO\�SDOP�RLO�E\�SURGXFWV�LQQRYDWLRQ�WHFKQRORJ\�DQG�ZHUH�FRPPLWHG�WR�ZRUN�

WRJHWKHU�ZLWK�WKH�UHVHDUFK�WHDP�

�%DVHOLQH�6RFLR�(FRQRPLF�6XUYH\�

� $� EDVHOLQH� VWXG\� ZDV� FRQGXFWHG� RQ� EHHI� FDWWOH� EXVLQHVVHV� VXUURXQGLQJ� WKH� SDOP� SODQWDWLRQ�

ORFDWLRQV��7KH�VXUYH\�ZDV�GHVLJQHG�WR�JDWKHU�LQIRUPDWLRQ�RQ�WKH�W\SH�RI�V\VWHPV�RI�NHHSLQJ�FDWWOH��

QXPEHU�RI�FDWWOH��IHHG�UHVRXUFHV��FDWWOH�SURGXFWLRQ��IDUPHU�LQFRPH��DQG�H[LVWLQJ�SDOP�RLO�E\�SURGXFWV�

XVDJH����

8VDJH�RI�IHHGLQJ�IURP�SDOP�RLO�E\�SURGXFW�WHFKQRORJ\��

� 7KLV� DFWLYLW\� FRQVLVWHG� RI� SURYLGLQJ� SDOP� RLO� IURQGV�� VROLG� DQG� 3.&� WR� IHHG� ERWK� EHHI� DQG�

SURGXFWLYH�FDWWOH�LQ�D�FRPPXQDO�SHQ��$W�HDFK�ORFDWLRQ�DW�OHDVW����KHDG�RI�FDWWOH�ZHUH�XVHG��PRVWO\�

FRQVLVWLQJ�RI�%DOL�FRZV�ZLWK�WZR�WUHDWPHQWV��

D�� &RQWUROOHG�WUHDWPHQW��ZKHUH�FDWWOH�IHG�JUDVV�DQG�OHJXPH�RQO\���

E�� &DWWOH�IHHG�SDOP�RLO�E\�SURGXFWV�ZLWK�IHHG�IRUPXODWLRQ�DV�VKRZQ�LQ�7DEOH����



)HHG�&RPSRVLWLRQ 3HUFHQWDJH�RI�'U\�)HHG����1R

&RQWURO
�IDUPHU�SDWWHUQ�

3DOP�%DVLV

:HVW�3DVDPDQ 'KDUPDVUD\D

�� 6LODJH�RI�OHDI�VWDON�� � � �� � ��� � ��

�� *UDVV�� � � � � ������ � �� � �

�� /HJXPH��� � � � � ������ � �� � � �

�� 3.&�� � � � � �� � ��� � ��

�� 6ROLG�� � � � � �� � �� �

�� 0RODVVHV� � � � � �� � �� � � ��

�� 5LFH��EUDQ��� � � � �� � �� � �
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7KH�VHFRQG�WUHDWPHQW�UHTXLUHG�D�IRXU�PRQWK�SHULRG�DW�D�IDUPHU�ORFDWLRQ��,Q�:HVW�3DVDPDQ��WKHUH�LV�D�

FUXGH�SDOP�RLO��&32��SURFHVVLQJ�XQLW�SURGXFLQJ�VROLG�DW�5S����NJ�ZKLFK�ZDV�DYDLODEOH�WR�FRPELQH�ZLWK�

VLODJH�RI�SDOP�RLO�IURQGV�DQG�3.&�DV�WKH�EHVW�FKRLFH���%XW��WKHUH�ZDV�D�ODFN�RI�VROLG�VXSSO\�GXH�WR�WKH�

SUREOHP�RI�SDOP�RLO�SURFHVVLQJ�XQLW��WKHUHIRUH�VROLG�ZDV�QRW�XVHG�DW�WKLV�WUHDWPHQW��,Q�'KDUPDVUD\D�

GLVWULFW�WKHUH�ZDV�QR�VROLG�DYDLODEOH��VR�WKH�UHVHDUFK�FRXOG�QRW�XVH�LW�

7DEOH����&RPSRVLWLRQ�RI�%HHI�&DWWOH�)HHGLQJ�8VLQJ�3DOP�E\�3URGXFWV�

3URFHGXUH�WR�SURGXFH�VLODJH�RI�SDOP�RLO�IURQGV�ZDV�GRQH�E\�DGGLQJ�ULFH�EUDQ�����NJ���PRODVVHV�����NJ��

DQG�XUHD� �����NJ���6RPH� LQGLFDWRUV�ZHUH�XVHG�DV�SDUDPHWHUV�VXFK�DV�� IHHG�FRQVXPSWLRQ��$'*�DQG�

SUHJQDQF\�SHUIRUPDQFH�

2UJDQLF�IHUWLOL]HU�WR�SDOP�RLO�SODQWDWLRQ�

� 7R�LGHQWLI\�WKH�HIIHFW�RI�XVLQJ�RUJDQLF�IHUWLOL]HU�IURP�FDWWOH�PDQXUH�WR�SDOP�RLO�IUXLW�SURGXFWLRQ��

WZR�WUHDWPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�ILHOG�����

D�� &RQWUROOHG�WUHDWPHQW�IRU����XQLWV�RI�SURGXFLQJ�SDOP�WUHHV�ZLWK�XVXDO�LQRUJDQLF�IHUWLOL]HU�DFFRUGLQJ�WR�

WKH�QRUPDO�GRVDJH��

E�� 7UHDWPHQW�IRU����SURGXFLQJ�SDOP�WUHHV�ZLWK�LQRUJDQLF�IHUWLOL]HU�DV�ZHOO�DV�RUJDQLF�IHUWLOL]HU�ILWWHG�

DURXQG�WKH�SDOP�RLO�WUHHV�����NJ��SDOP�XQLW��

� 7KH� LQGLFDWRUV� LGHQWLILHG� LQFOXGHG� WZR�DVSHFWV�� WKH�TXDQWLW\�RI�SDOP�RLO� IUXLW�DQG�D� ILQDQFLDO�

DQDO\VLV�RI�XVLQJ�IHUWLOL]HUV�

5(68/76�$1'�',6&866,21

5HVXOWV�DQG�GLVFXVVLRQ�ZHUH�LQ�DFFRUG�ZLWK�WKH�IRXU�VWHS�VHULHV�RI�UHVHDUFK�SURFHGXUHV��

&RRUGLQDWLRQ�DQG�VHOHFWLRQ�RI�ORFDWLRQ

&RRUGLQDWLRQ�ZLWK�GLVWULFW�H[WHQVLRQ�VHUYLFHV�LQ�VHOHFWLQJ�WKH�DFWLYLWLHV�ORFDWLRQ��

7KH�FRRUGLQDWLRQ�DSSURDFK�ZDV�FRQGXFWHG�DW�HDFK�GLVWULFW�WKURXJK�WKH�$QLPDO�DQG�)LVKHU\�([WHQVLRQ�

6HUYLFHV�DW�'KDUPDVUD\D�DQG�)RRG��+RUWLFXOWXUH�DQG�$QLPDO�([WHQVLRQ�6HUYLFHV�DW�:HVW�3DVDPDQ�

UHVSHFWLYHO\��6HYHUDO�VXEVWDQWLDO�DVSHFWV�ZHUH�GLVFXVVHG�LQFOXGLQJ�DFWLRQ�UHVHDUFK�SODQQLQJ�SURFHGXUHV�

RI�VHOHFWLRQ�DQG�HYDOXDWLRQ�RI�WKH�ORFDWLRQV��

6HOHFWLQJ�JURXSV�DQG�ORFDWLRQ�

� *URXSV�DQG�ORFDWLRQV�ZHUH�VHOHFWHG�EDVHG�RQ�WKH�IROORZLQJ�SULQFLSOHV��

D�� ,QFUHDVH�RI�ORFDO�FDWWOH�SURGXFWLYLW\�XVLQJ�IHHG�LQQRYDWLRQ�RI�SDOP�RLO�E\�SURGXFWV��

E�� 8VDJH�RI�RUJDQLF�IHUWLOL]HU�IURP�FDWWOH�PDQXUH�WR�SDOP�RLO�WUHHV�

F�� $FFHOHUDWLQJ�WKH�LPSURYHPHQW�RI�IDUPHUV
�LQFRPH�E\�LQWHJUDWLQJ�FDWWOH�ZLWKLQ�SDOP�SODQWDWLRQV�

G�� 7KH�FRQGLWLRQ�RI�WKH�IDUPHUV
�JURXSV�FDQGLGDWHV�ZHUH�LGHQWLILHG�E\�WKH�IROORZLQJ�VWDQGDUGV�



,-$&�92/����12����������
,661�����������

,17(51$7,21$/�-2851$/�2)�$*5,&8/785$/�6&,(1&(���

H�� )DUPHUV
�JURXSV�LQWHQGHG�WR�FROODERUDWH�LQ�GRLQJ�WKH�DFWLRQ�UHVHDUFK�RQ�D�IRUPDO�DQG�FRQWUDFWXDO�

EDVLV�

I�� *URXS�PHPEHUV�NHHS�D�EHHI�FDWWOH�TXDQWLW\�RI�PRUH�WKDQ����KHDG�LQ�D�JURXS�DQLPDO�SHQ���

J�� *URXS�PHPEHUV�RZQ�SURGXFWLYH�SDOP�RLO�SODQWDWLRQ�DW�DQ�DJH�RI�DURXQG����\HDUV����

K�� 6HOHFWHG�FDWWOHPHQ�KDYH�D� FRPPLWPHQW� WR�ZRUN� WRJHWKHU� LQ� IROORZLQJ� WKH�SURFHGXUHV�RI� DFWLRQ�

UHVHDUFK�

L�� *URXSV�KDYH�SRWHQWLDO�KXPDQ�UHVRXUFHV�PHPEHUV�WKDW�FDQ�EH�D�UHVHDUFK�FRXQWHUSDUW��GXH�WR�WKHLU�

HVVHQWLDO�UROH�LQ�PDLQWDLQLQJ�WKH�ZRUN�FRQWLQXLW\�

6HOHFWHG�ORFDWLRQ�DQG�IDUPHUV�JURXSV�

� %DVHG�RQ�WKH�SRWHQWLDO�JURXSV
�VKRUW�OLVW�IURP�ERWK�GLVWULFWV��D�VLWH�YLVLW�ZDV�PDGH�WR�IRXU�JURXSV�LQ�

'KDUPDVUD\D���

D�� )DUPHU�JURXS�
$PDQDK
��DW�6LWLXQJ�%�$NVHQ��6LWLXQJ�VXE�GLVWULFW��

E�� )DUPHU�JURXS�
6UL�/DQJJHQJ
��DW�7DEHN�YLOODJH��LQ�7LPSHK�VXE�GLVWULFW�

F�� )DUPHU�JRXS�
$ODP�6DUL
��.RWR�7LQJJL�YLODJH��DW�.RWR�%HVDU�VXE�GLVWULFW��

G�� )DUPHU�JURXS�
(NVHNXWLI�0DQGLUL
��6LJXQWXU�YLOODJH��DW�6LWLXQJ�VXE�GLVWULFW��

� 7KHQ�LQ�3DVDPDQ�%DUDW�WKH�GLVWULFW�FROODERUDWLYH�WHDP�KDV�YLVLWHG�WZR�JURXSV��

D�� )DUPHU�JURXS�
7DQMXQJ�.HUDPDW
��%DQGXD�%DODL�VXE�YLOODJH��DW�.LQDOL�YLOODJH��.LQDOL�VXE�GLVWULFW��

E�� )DUPHU�JURXS�
.DU\D�0XGD
��/DQJJDP�VXE�YLOODJH��.LQDOL��DW�.LQDOL�VXE�GLVWULFW�

� 2Q�WKH�EDVLV�RI�DIRUHPHQWLRQHG�SULQFLSOHV��WKH�FROODERUDWLYH�WHDP�FKRVH�
6UL�/DQJJHQJ
��DV�WKH�

UHVHDUFK� VLWH� LQ�'KDUPDVUD\D��:KLOH� LWV� ORFDWLRQ� LV�TXLWH� IDU� IURP� WUDQVSRUWDWLRQ�DFFHVV�� WKH�JURXS�

PHPEHUV�ZHUH�NHHQ�WR�DGRSW�FDWWOH�UHSURGXFWLRQ�DQG�IHHG�VXSSOHPHQW�WHFKQRORJ\�DV�ZHOO�DV�RUJDQLF�

IHUWLOL]HU������

� ,Q�3DVDPDQ�%DUDW��WKH�JURXS�7DQMXQJ�.HUDPDW��DW�%DQGXD�%DODL�VXE�YLOODJH��.LQDOL�ZDV�VHOHFWHG��

,WV�ORFDWLRQ�LV�IDU�HQRXJK�IURP�WKH�GLVWULFW�PXQLFLSDOLW\��EXW�LV�FORVHU�WR�WKH�GLVWULFW�ERUGHU�ZLWK�$JDP�

GLVWULFW��7KH\�ZHUH�DOVR�NHHQ�WR�DGRSW�FDWWOH�UHSURGXFWLRQ�DQG�IHHG�VXSSOHPHQW�WHFKQRORJ\�DV�ZHOO�DV�

RUJDQLF�IHUWLOL]HU�

6RFLR�HFRQRPLF�GDWD�RI�WKH�JURXS

� $�VRFLR�HFRQRPLF�VXUYH\�ZDV�FRQGXFWHG�DW�HDFK�JURXS�WR�JDLQ�EDVHOLQH�GDWD�RQ�WKH�SUH�WUHDWPHQW�

FRQWH[W�� )ROORZLQJ� WKH� WUHDWPHQW� D� IXUWKHU� VRFLR�HFRQRPLF� ZDV� FRQGXFWHG� WR� DVVHV� WKH� HIIHFW� WKH�

WUHDWPHQW��7KH�VXUYH\�ZDV�FRQGXFWHG�DV�IROORZV��

D�� $�VHPL�VWUXFWXUHG�TXHVWLRQDLUH�ZDV�SUHSDUHG�EHIRUH�YLVLWLQJ�WKH�JURXS�PHPEHUV��7KLUWHHQ�IDUPHUV�

SDUWLFLSDWHG�LQ�6UL�/DQJJHQJ�DQG����IDUPHUV�LQ�7DQMXQJ�.HUDPDW�

E�� *URXS�PHPEHUV�JDWKHUHG�WRJHWKHU�DW�D�FDWWOH�SHQ�ORFDWLRQ�WR�FRPSOHWH�D�VHPL�VWUXFWXUHG�TXHVWLRQDLUH�����

F�� (DFK�IDUPHU�ZRUNHG�DORQH�WR�FRPSOHWH�WKH�TXHVWLRQDLUH��EXW�ZKHQ�KH�IDFHG�GLIILFXOWLHV��D�PHPEHU�RI�

WKH�WHDP�ZRXOG�KHOS�WR�H[SODLQ�WKH�REMHFWLYH�RI�WKH�TXHVWLRQ����

G�� 2QH�RI�WKH�FROODERUDWLYH�WHDP�PHPEHUV�FRQGXFWHG�DQ�LQ�GHSWK�LQWHUYLHZ�ZLWK�WKH�JURXS�FKDLUPDQ�WR�

JDLQ�D�FRPSUHKHQVLYH�JURXS�SURILOH�

H�� $WIWHU� FRPSOHWLQJ� WKH� VHPL�VWUXFWXUHG� TXHVWLRQDLUH�� WKHUH� ZDV� D� GLVFXVVLRQ� RQ� SODQQLQJ� DQG�

LPSOHPHQWLQJ�WKH�QH[W�DFWLYLW\��
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7DEOH����5HVXOW�RI�%DVHOLQH�'DWD�RQ�6RFLR�(FRQRPLF�&RQGLWLRQ�RI�WKH�5HVSRQGHQWV�

��� 1XPEHU�RI�UHVSRQGHQWV��KHDG��� � ��� � � � ��
��� $YHUDJH�DJH���\HDU�� � � � � ����� � � ����
��� )RUPDO�(GXFDWLRQ��\HDU�� � � � ���� � � ���
��� 1XPEHU�RI�IDPLO\�PHPEHUV��KHDG�� � ���� � � � ���
��� 3DOP�3ODQWDWLRQ��KD�� � � � ���� � � ���
��� 1XPEHU�RI�&DWWOH��KHDG�� � � ���� � � � ���
��� 0RQWKO\�LQFRPH��5S���������� � � ������ � � �����
��� 0RQWKO\�LQFRPH�IURP�NHHSLQJ�FDWWOH�� � ������ � � �����
� �5S��������

3DUDPHWHU
6UL�/DQJJHQJ�
'KDUPDVUD\D

1R
7DQMXQJ�.HUDPDW��
3DVDPDQ�%DUDW

6RFLR�HFRQRPLF�FRQGLWLRQV�EHIRUH�LQWHUYHQWLRQ�DUH�VKRZQ�LQ�7DEOH����

� � &XOWXUDOO\��WKHUH�ZDV�D�VLJQLILFDQW�GLVFRQQHFWLRQ�EHWZHHQ�WZR�VHOHFWHG�JURXSV�LQ�ERWK�GLVWULFWV��

0HPEHUV�RI�6UL�/DQJJHQJ��6/��JURXS�LQ�'KDUPDVUD\D�FRPH�IURP�WUDQVPLJUDQWV�RI�D�-DYDQQHVH�DQG�

6XQGDQHV�HWKQLFLW\�DV�ZHOO�DV�VRPH�RI�:HVW�6XPDWUDQV��0HPEHUV�RI�7DQMXQJ�.HUDPDW��7.��JURXS�IURP�

3DVDPDQ�%DUDW�GLVWULFW�DUH�HQWLUHO\�0LQDQJNDEDX�IURP�:HVW�6XPDWUD��

� � 6/�JURXS�PHPEHUV�KDYH�EHHQ�VHWWOHG�LQ�WKH�ORFDWLRQ�IRU�D�ORQJ�WLPH��7KH\�DUH�IDUPLQJ�IDPLOLHV�WKDW�

KDYH�VXFFHVVIXO\�VXUYLYHG�VLQFH�WKH�ODVW����\HDUV�GHVSLWH�D�VKRUWDJH�RI�IDFLOLWLHV�DW�WKH�ILUVW�VHWWOHPHQW�

ORFDWLRQ��7KH�LQWURGXFWLRQ�RI�D�SDOP�RLO�SODQWDWLRQ�WR�WKH�WUDQVPLJUDQW�VHWWOHPHQW�KDV�DFFHOHUDWHG�WKHLU�

LPSURYHG�TXDOLW\�RI�OLIH��

� � 7.�JURXS�KDV�UHODWLYHO\�UHFHQWO\�EHHQ�LQWURGXFHG�WR�WKH�SDOP�RLO�SODQWDWLRQ�FRPSDUHG�WR�6/�DV�

ZHOO�DV�WKH�KXVEDQGU\�RI�WKHLU�EHHI�FDWWOH��7KHQ�WKHUH�ZDV�D�VLJQLILFDQW�EHWZHHQ�6/�DQG�7.�LQ�WHUP�RI�

SDOP�RLO�SODQWDWLRQ�VL]H������YV�����KD��DQG�QXPEHU�RI�FDWWOH�RZQHUVKLS������YV�����SHU�KHDG���:KLOVW�

DYHUDJH�7.�PHPEHU�ZDV�ORZHU�LQ�SDOP�RLO�SODQWDWLRQ�VL]H�DQG�FDWWOH�RZUQHUVKLS��6/�KDV�D�OHVV�MRE�

YDULDWLRQV�DV�ZHOO�DV�H[SHUWLVH�WKDQ�7.��

� � $OO�WKH����UHVSRQGHQWV�ZHUH�PHQ�ZLWK�DYHUDJH����\HDUV�ROG��6/�PHPEHUV�ZHUH�ROGHU�WKDQ�7.�IRU���

\HDUV��%RWK�7.�DQG�6/�PHPEHUV�DUH�LQ�WKH�DJH�RI�D�SURGXFWLYH�OLYLQJ�SHULRG�ZKLFK�LV�FRPSDWLEOH�ZLWK�WKH�

DFFHOHUDWHG�DGRSWLRQ�RI�LQQRYDWLRQ���

� � *HQHUDOO\��UHVSRQGHQWV�KDG�EHHQ�IRUPDOO\�HGXFDWHG�XQWLO�WKH�VHFRQGDU\�VFKRRO�OHYHO������\HDUV���

ZLWK�6/�PHPEHUV�EHLQJ�VOLJKWO\�KLJKHU��7KH�IRUPDO�HGXFDWLRQ�OHYHO�WHQGHG�WR�EH�FDWHJRUL]HG�DV�WHFKQLFDO�

ZRUN� FRPSDUHG� WR� DGPLQLVWUDWLYH� WDVNV�� 7KXV�� WKHUH� ZDV� D� QHHG� WR� IRFXV� RQ� WKH� DGPLQLVWUDWLYH�

LPSURYHPHQW�WR�LQFUHDVH�JURXS�SHUIRUPDQFH�E\�FROODERUDWLYH�VXSHUYLVLRQ������

� � ,QWHJUDWHG�IDUPLQJ�LV�WKH�PDLQVWUHDP�MRE�RI�WKH�UHVSRQGHQWV��$OWKRXJK��SDOP�RLO�SODQWDWLRQ�ZDV�

WKH�JHQHUDO�RFFXSDWLRQ��WKHUH�ZHUH�YDULRXV�RWKHU�SURIHVVLRQV�DPRQJ�WKH�IDUPHUV��VXFK�DV��SURGXFLQJ�ULFH��

UXEEHU��FRUQ��DQG�UDLVLQJ�DQLPDOV���7KHUHIRUH��WKH�H[LVWDQFH�RI�DQLPDO�FURS�LQWHJUDWLRQ�KDV�EHHQ�IRXQG�DV�

D�VWDUWLQJ�SRLQW�WR�FDUU\�RXW�DFWLRQ�UHVHDUFK��

� � 7KH�DYHUDJH�QXPEHU�RI�IDPLO\�PHPEHUV�ZDV������UHIOHFWLQJ�WKH�UHVSRQGHQWV�KDYH�VPDOO�KRXVHKROG�

DVVRFLDWHG�ZLWK�IDPLO\�SODQQLQJ�SURJUDP��<HV��LW�ZDV�FORVH�WR�WKH�PRWWR�RI�
WZR�FKLOGUHQ�DUH�HQRXJK
�GXH�

WR�WZR�RWKHU�IDPLO\�PHPEHUV�DUH�WKHLU�SDUHQWV��$JDLQ��6/�ZDV�KLJKHU�WKDQ�7.��ZKLOH�LQ�WKH�IXWXUH�PD\�EH�

GLIIHUHQW�EHFDXVH�WKH�\RXQJHU�PHPEHUV�RI�7.�JURXS�PD\�LQFUHDVH�WKHLU�IDPLO\�VL]H��

� � 7KH�IDUPHUV�LQFRPHV�FRXOG�EH�GLYLGHG�LQWR�WZR�PHWKRGV�RI�DFFRXQWLQJ��L��WKH�UHVSRQGHQW�ILOOHG�

DORQH� WKHLU�PRQWKO\� LQFRPH��5S������PLOOLRQ�6/�YV�5S����PLOOLRQ�7.���DQG� LL�� WKH�PHPEHU�RI� WKH�

FROODERUDWLYH�WHDP�FRXQWHG�UHVSRQGHQWV�LQFRPH�IURP�UDLVLQJ�EHHI�FDWWOH��7KH�UHVXOW�VKRZHG�WKDW�6/�

JURXS�KDG�D�KLJKHU�PRQWKO\�LQFRPH�WKDQ�7.��5S�������PLOOLRQ�6/�YV�5S�������PLOOLRQ�7.���7KXV��WKH�

FRQWULEXWLRQ�RI�NHHSLQJ�FDWWOH�LQFRPH�ZDV�IRXU�WLPHV�DW�6/�FRPSDUHG�WR�7.��DOWKRXJK�LWV�QXPEHU�RI�

FDWWOH�FRPSDULVRQ�ZDV�RQO\��������
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� � 5HVHDUFK�RQ�SDOP�RLO�E\�SURGXFWV�IRU�FDWWOH�

)HHGLQJ�SDOP�RLO�E\�SURGXFWV�

� � $W�DQ�HDUO\�VWDJH��FDWWOH�ZHUH�JLYHQ�IUHVK�JUDVV�ZKLOH�LQWURGXFLQJ�SDOP�RLO�E\�SURGXFWV��7KHQ��

FDWWOH�ZHUH�WUDLQHG�DQG�DGDSWHG�WR�SDOP�RLO�E\�SURGXFWV�LQ�D�VLODJH�IRUP�FRQVLVWLQJ�RI�SDOP�RLO�IURQGV�

�������3.&��������PRODVVHV��������DQG�ULFH�EUDQ�������7KHVH�PL[HG�IHHGV�ZHUH�NHSW�LQ�YDFXXP�SODVWLF�

FRQWDLQHUV�LQ�VLODJH�IRUP�LQ�RUGHU�WR�UHGXFH�IHHG�SURFHVVLQJ�WLPH�WR�EH�GRQH�RQFH�LQ�D�ZHHN���

� � $Q�LQLWLDO���NJ�RI�SDOP�RLO�IURQGV�ZDV�JLYHQ��ZKLFK�ZDV�VXEVHTXHQWO\�LQFUHDVHG�WR���NJ�KHDG�GD\��

1DWLYH�JUDVV�ZDV�FRQWLQXRXVO\�RIIHUHG�E\�IDUPHUV�DW����NJ�KHDG�GD\�WR�WKH�FDWWOH������

� � 7KH�%DOL�FDWWOH�ZHUH�FKRVHQ�WR�EH�WKH�UHVHDUFK�REMHFWV�ZLWK����KHDG�DQG����KHDG�RI�PDWXUH�FDWWOH�DW�

6/�DQG�7.�UHVSHFWLYHO\��7KH�FRPSRVLWLRQ�RI�IHHG�LV�VKRZQ�LQ�7DEOH����7KH�HVWLPDWH�FRPSRVLWLRQ�RI�

UDWLRQV�� IHHG� QXWULHQW� DQG�PDWHULDOV� SULFH� LV� VKRZQ� LQ�7DEOH� ���7DEOH� �� DOVR� VKRZHG� WKDW� WKH� IHHG�

FRPSRVLWLRQ�UHDFKHG� WKH�GDLO\�FDWWOH� UHTXLUHPHQW�DV� LQGLFDWHG�E\�FUXGH�SURWHLQ�DQG� WRWDO�GLJHVWLEOH�

QXWULHQW��7'1��

7DEOH����1XPEHU�RI�&DWWOH�DQG�)HHG�$PRXQW�DW�(DFK�*URXS


��6ROLG�LQ�:HVW�3DVDPDQ�ZDV�QRW�DYDLODEOH�GXH�WR�SDOP�RLO�SURFHVVLQJ�VKRUWDJH�

$QLPDO�JURZWK�

� � &DWWOH�ZHUH�ZHLJKWHG�WKUHH�WLPHV�IRU�7.�JURXS�DQG�WZLFH�IRU�WKH�6/��&DWWOH�ERG\�ZHLJKW�DQG�

DYHUDJH�GDLO\�JDLQHG�FDQ�EH� VHHQ� LQ�7DEOH���� VKRZLQJ� WKDW�7.�ZDV�KLJKHU� WKDQ�6/�� �7KHUH�ZDV� D�

IOXFWXDWLRQ�RI�ERG\�ZHLJKW�FKDQJH�GXULQJ�WKH�UHVHDUFK�SHULRG��GXH�WR�WKH�GU\�VHDVRQ�DQG�GLIILFXOWLHV�LQ�

FROOHFWLQJ�HQRXJK�IUHVK�JUDVV�DV�ZHOO�DV�D�QXPEHU�RI�SUHJQDQW�FRZV�FDOYLQJ�UHVXOW�LQ�D�VLJQLILFDQW�ERG\�

ZHLJKW�ORVVHV��+RZHYHU��LQ�JHQHUDO�FDWWOH�ZLWK�IHHG�VXSSOHPHQWDWLRQ�VKRZHG�DQ�LQFUHDVLQJ�ERG\�ZHLJKW���

� � ,Q�FRQWUDVW��FRQWUROOHG�DQLPDOV�KDYH�GHFUHDVHG�WKHLU�ERG\�ZHLJKW�RI�������DQG�������NJ�KHDG�GD\�

UHVSHFWLYHO\���$V�VKRZQ�LQ�7DEOH����WKHUH�ZDV�DQ�LQGLFDWLRQ�WKDW�ERG\�ZHLJKW�LQFUHDVHG�GXH�WR�DGGLWLRQ�RI�

SDOP�RLO�E\�SURGXFWV�ZLWK�D�FXPXODWLYH�JURZWK�RI������DQG������NJ�KHDG�GD\�UHVSHFWLYHO\��$QLPDO�

JURZWK�GXULQJ�WKH�UHVHDUFK�SHULRG�FDQ�EH�VHHQ�LQ�)LJXUH���DQG�)LJXUH���

� 7DEOH����&RPSRVLWLRQ�RI�5DWLRQV��)HHG�1XWULHQW�DQG�7HQWDWLYH�)HHG�3ULFH�

'U\�
PDWWHU�
SRUWLRQ
���

)HHG�&RPSRVLWLRQ

'U\�
PDWWHU�
FRQWHQW
���

&UXGH�
SURWHLQ
���

&UXGH�
ILEUH
���

7'1
���

$VK
���

3ULFH
�5S�NJ�

5LFH�EUDQ� � � �� ��� ���� ����� ������ ����� �����
3DOP�RLO�IURQGV� � � ��� ����� ���� ����� ����� ���� ���
3.&�� � � � �� ����� ����� ����� ����� ���� �����
0RODVHV� � � �� ����� ���� ����� ����� ����� �����
)UHV�JUDVV�� � � ��� ����� ����� ����� ����� ����� ���
$YHUDJH�IUHVK�IHHG�NJ�� � �� ����� ���� ����� ����� ���� � �
&DWWOH�UHTXLUHPHQW�� � �� �� ���� ����� ����� ����� � �
6LODJH�SULFH��NJ��� � �� �� �� �� ��� �� �����
3ULFH�RI�IUHVK�JUDVV�GD\� � �� �� �� �� �� �� �����

&RQWURO
)HHG�

VXSSOHPHQW &RQWURO
)HHG�

VXSSOHPHQW

6UL�/DQJJHQJ 7DQMXQJ�.HUDPDW�
�

���1XPEHU�RI�FDWWOH���KHDG�� � ��� � �� � ��� � ��
���)HHGLQJ�$PRXQW�� � � �
)UHVK�JUDVV��NJ�KHDG�GD\�� � ��� � ��� � ��� � ��
3DOP�RLO�E\�SURGXFWV��NJ�KHDG�GD\�� �� � �� � �� � �

,QGLFDWRUV
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7DEOH����7KH�$YHUDJH�%RG\�:HLJKW�DQG�'DLO\�*DLQ�

, ,, ,,, ,9

6UL�/DQJJHQJ� � � � �

&RQWURO������KHDG�� � � ������ ���� ������ ������ ����

)HHG�VXSSOHPHQW��DYHUDJH����KHDG�� ������ ������ ������ ����� ���

7DQMXQJ�.HUDPDW� � � � �

&RQWURO�������KHDG�� � � ������ ������ ������ ������ ����

)HHG�VXSSOHPHQW��DYHUDJH����KHDG�� ������ ������ ������ ������ ��

%RG\ZHLJKW��NJ�KHDG�
*URXS

&XPXODWLYH�$'*
��JU�HNRU�KU�

)LJXUH����7KH�&DWWOH�%RG\ZHLJKWV�FKDQJHV�DW�6UL�/DQJJHQJ�)DUPHUV�*URXS�

)LJXUH����7KH�&DWWOH�%RG\ZHLJKWV�FKDQJHV�DW�7DQMXQJ�.HUDPDW�)DUPHUV�*URXS�

2UJDQLF�)HUWLOL]HU�8VDJH

� � ,Q�RUGHU�WR�HYDOXDWH�WKH�HIIHFW�RI�RUJDQLF�IHUWLOL]HU�RQ�SDOP�RLO�IUXLWV��WKH�UHVHDUFK�VHULHV�DOVR�

LQYROYHG�XVLQJ�SURGXFWLYH�SDOP�RLO�ZLWK�WKH�IROORZLQJ�WUHDWPHQWV����

D�� 3DOP�RLO�WUHHV�IHUWLOL]HG�ZLWK�LQRUJDQLF�IHUWLOL]HU�DV�QRUPDOO\�UHFRPPHQGHG�GRVDJH�IRU�HLJKW�WUHHV�

E�� 3DOP�RLO�WUHHV�IHUWLOL]HG�ZLWK�ERWK�WKH�LQRUJDQLF�DQG�RUJDQLF�IHUWLOL]HU�����NJ�WUHH��IRU�HLJKW�SDOP�RLO�

WUHHV��

F�� 3DOP�RLO�WUHHV�IHUWLOL]HG�ZLWK�RQO\�RUJDQLF�IHUWLOL]HU�����NJ�WUHH��IRU�HLJKW�WUHHV��

� � 7KH�ODVW�WUHDWPHQW��QXPEHU�F��ZDV�VSHFLDOO\�SURSRVHG�E\�IDUPHUV�SDUWLFLSDWHG�LQ�WKH�UHVHDUFK�WR�

LGHQWLI\�WKH�HIIHFW�RI�RUJDQLF�IHUWLOL]HU�RQO\�ZLWKRXW�DQ\�LQRUJDQLF�IHUWLOL]HU��7KLV�LGHD�ZDV�D�SRVLWLYH�

FRQWULEXWLRQ�WR�WKH�FROODERUDWLYH�WHDP��

� � 7KH�UHVXOWV�RI�WULDOV�ODVWLQJ�IURP�$XJXVW�WR�1RYHPEHU������DUH�VKRZQ�LQ�7DEOH�����%RWK�SURYLGLQJ�

RUJDQLF�IHUWLOL]HU�DQG�LQRUJDQLF�IHUWLOL]HU�LQFUHDVHG�SDOP�IUXLWV�SURGXFWLRQ�E\��������DW�6UL�/DQJJHQJ�

IDUPHUV�JURXS�DQG��������DW�7DQMXQJ�.HUDPDW�IDUPHU�JURXS�UHVSHFWLYHO\��7KLV�UHVXOW�FRXOG�EH�DVVRFLDWHG�

WR�ODQG�FRQGLWLRQ�DW�HDFK�ORFDWLRQ�

� � � �

���

���

���

���

���

���

���

���

���

���

���

� � � �
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7DEOH����3DOP�2LO�)UXLW�3URGXFWLRQ�ZLWK�&KHPLFDO��2UJDQLF�DQG�&RPELQHG�)HUWLOL]HUV��NJ��

3URYLGLQJ�WKH�RUJDQLF�IHUWLOL]HU�RQO\�ZLWKRXW�LQRUJDQLF�IHUWLOL]HU�MXVW�GHFUHDVHG�SDOP�IUXLWV�DW�6UL�

/DQJJHQJ����������IDUPHUV�JURXS�� ,Q�FRQWUDVW�� WKH�VLPLODU� WUHDWPHQW�UHVXOWHG� LQ�DQ� LQFUHDVLQJ�IUXLW�

SURGXFWLRQ�DW�7DQMXQJ�.HUDPDW����������)LJXUH���VKRZV�WKH�HIIHFW�RI�SURYLGLQJ�RUJDQLF�IHUWLOL]HU�WR�SDOP�

IUXLW�SURGXFWLRQ�

1XPEHU�RI�7UHHV/RFDWLRQ ,QRUJDQLF 2UJDQLF ,QRUJ�2UJDQLF

6UL�/DQJJHQJ� � � �� � ����� � ����� � ����
7DQMXQJ�.HUDPDW� � �� � ����� � ����� � ��
6UL�/DQJJHQJ� � � ����KD� � ���� � ���� � ���
7DQMXQJ�.HUDPDW� � ����KD� � ���� � ���� � �����

)LJXUH����(IIHFW�RI�3URYLGLQJ�2UJDQLF�)HUWLOL]HU�WR�3DOP�2LO�)UXLWV�3URGXFWLRQ��NJ�KD��

� � ,Q�JHQHUDO��WKHUH�ZDV�D�SRVLWLYH�UHVXOW�RI�SURYLGLQJ�RUJDQLF�IHUWLOL]HU�LQ�RUGHU�WR�LQFUHDVH�SDOP�RLO�

IUXLW�SURGXFWLRQ��6LPLODU�UHVHDUFK�DW�DQRWKHU�ORFDWLRQ��6LWLXQJ�VLWH��DOVR�VKRZHG�WKH�LQFUHDVLQJ�WUHQG�RI�

SDOP�RLO�IUXLW�SURGXFWLRQ��%DPXDOLP�HW�DO���������

)LHOG�0HHWLQJ�DQG�5HVXOW�'LVFXVVLRQ

� � $W�WKH�HQG�RI�WKH�UHVHDUFK�VHULHV��WKHUH�ZDV�D�ILHOG�PHHWLQJ�WR�VRFLDOL]H�WKH�UHVXOWV�DPRQJ�WKH�SDOP�

RLO�SODQWDWLRQ�IDUPHUV�LQ� �6UL�/DQJJHQJ�JURXS��3DUWLFLSDQWV�FDPH�IURP�D�QXPEHU�RI�JURXSV�DV�ZHOO�DV�

ORFDO�DJULFXOWXUDO�H[WHQVLRQ�RIILFHUV�WR�GLVVHPLQDWH�WKH�UHVXOWV�DW�D�ZLGHU�OHYHO��7KH�RFFDVLRQ�ZDV�KHOG�RQ�

1RYHPEHU������ZLWK����SDUWLFLSDQWV��

&21&/86,216

7KH�UHVXOWV�RI�WKH�UHVHDUFK�DFWLYLWLHV�FRXOG�EH�FRQFOXGHG�DV�IROORZV���

D�� 6RFLR�HFRQRPLF�HYDOXDWLRQ�VKRZHG�WKDW�WKH�7DQMXQJ�.HUDPDW�IDUPHUV�JURXS�LV�EHKLQG�6UL�/DQJJHQJ�

LQ�WKH�LQWURGXFWLRQ�RI�ERWK�SDOP�RLO�SODQWDWLRQ�DQG�UDLVLQJ�EHHI�FDWWOH�SURJUDP��,Q�IDFW��ERWK�SDOP�RLO�

SODQWDWLRQ�DQG�QXPEHU�RI�FDWWOH�RZQ������YV�����KD��DQG������YV�����KHDG��ZDV�VPDOOHU�DW�IDUPHUV�JURXS�

RI�7DQMXQJ�.HUDPDW��7.��WKDQ�6UL�/DQJJHQJ��6/��

E�� 7KHUH�ZDV�DQ�HIIHFW�RI�SURYLGLQJ�IHHG�VXSSOHPHQW�RQ�WKH�SDOP�RLO�E\�SURGXFWV�EDVLV�WR�LQFUHDVH�WKH�

FDWWOH� SURGXFWLRQ� DV� LQGLFDWHG� E\� LQFUHDVLQJ� $'*� DW� WKH� UDWH� RI� ����� NJ�KHDG�GD\� DQG� �����

NJ�KHDG�GD\�UHVSHFWLYHO\��,Q�FRQWUDVW��WKH�FRQWURO�WUHDWPHQW�H[SHULHQFHG�D�GHFUHDVH�RI�GDLO\�ERG\�

ZHLJKW�E\�������NJ�KHDG�GD\�DQG�������NJ�KHDG��GD\�UHVSHFWLYHO\�

F�� 7KH�SURGXFWLRQ�RI�SDOP�RLO�IUXLWV�LQFUHDVHG�IURP�ERWK�WKH�FKHPLFDO�IHUWLOL]HU�DQG�RUJDQLF�IHUWLOL]HU�

WUHDWPHQWV�E\���������+RZHYHU��WKH�XVDJH�RI�RUJDQLF�IHUWLOL]HU�RQO\�VKRZHG�D�GLIIHUHQW�WUHQG�LQ�ERWK�

IDUPHUV�JURXSV��DQ�LQFUHDVLQJ�E\������DW�7.�DQG�GHFUHDVLQJ�E\��������DW�6/��

G�� ,W�LV�UHFRPPHQGHG�WKDW�XWLOL]DWLRQ�RI�SDOP�RLO�E\�SURGXFWV�DV�D�SRWHQWLDO�IHHG�IRU�EHHI�FDWWOH�VKRXOG�EH�

DOZD\V�GLVVHPLQDWHG�WR�VWDNHKROGHUV�RI�SDOP�RLO�SODQWDWLRQ�LQ�:HVW�6XPDWUD�3URYLQFH�

$QRUJDQLF 2UJDQLF $QRUJ�2UJDQLF
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.HO��7�.HUDPDW

.HO��6�/DQJJHQJ
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� � 7KH� DXWKRUV� DFNQRZOHGJHG� WKH�$JHQF\� RI�$JULFXOWXUDO� 5HVHDUFK� DQG�'HYHORSPHQW� WKURXJK�

..3�6/�DFWLYLW\�ZKLFK�VXSSRUWHG�WKH�DFWLRQ�UHVHDUFK��$SSUHFLDWLRQ�DOVR�JRHV�WR�$QLPDO�3URGXFWLRQ�DQG�

9HWHULQDU\�6HUYLFHV�RI�:HVW�6XPDWUD�3URYLQFH�DQG�ERWK�'KDUPDVUD\D�DQG�3DVDPDQ�%DUDW�GLVWULFWV�IRU�

FRRUGLQDWLRQ�DW�VHOHFWLQJ�ORFDWLRQV�DQG�IDUPHUV�JURXSV��7KHQ��WKH�SDUWLFLSDWLRQ�RI�UHVHDUFKHUV�DW�:HVW�

6XPDWUD
V�$JULFXOWXUDO�7HFKQRORJ\�$VVHVVPHQW� ,QVWLWXWH�� WR�GLVFXVV� WHFKQLFDO�DVSHFWV�DQG�SUREOHPV�

IDFHG�LQ�WKH�ILHOG�DUHD�

5()(5(1&(6

$]PL�DQG�*XQDZDQ��������3HPDQIDDWDQ�SHOHSDK�NHODSD� VDZLW�GDQ� VROLG�XQWXN�SDNDQ� VDSL�SRWRQJ��

3URFHHGLQJ�RI�$QLPDO�+XVEDQGU\�DQG�9HWHULQDU\�7HFKQRORJ\��&HQWUH�IRU�$QLPDO�5HVHUDFK�DQG�

'HYHORSPHQW��%RJRU�

%DPXDOLP��$���:LUGDKD\DWL�� DQG�0DUDN�$OL�� ������ 3URILOH� RI� 5LVLQJ� &DWWOH� DQG� %XIIDORV� LQ�:HVW�

6XPDWUD��:HVW�6XPDWUD
V�$JULFXOWXUDO�5HVHDUFK�&HQWHU��6XNDUDPL�

%DPXDOLP��$��DQG�%��7LHVQDPXUWL��������.RQVHSVL�VLVWHP�LQWHJUDVL�DQWDUD�WDQDPDQ�SDGL��VDZLW�GDQ�

NDNDR�GHQJDQ�WHUQDN�VDSL�GL�,QGRQHVLD��LQ�³6LVWHP�,QWHJUDVL�7HUQDN�7DQDPDQ��3DGL�6DZLW�.DNDR´�

SDJH�� ������ &HQWHU� IRU�$QLPDO� 5HVHDUFK� DQG� 'HYHORSPHQW� RI� WKH�$JULFXOWXUDO� 'HSDUWPHQW�

5HVHDUFK�&HQWHU��-DNDUWD�

%DPXDOLP��$��� :LUGDKD\DWL�� <�� +HQGUL�� 5DWQD�$�'��� -HIUH\� 0�� 0XLV�� $JXVYLZDUPDQ�� 6DGDU� DQG�

$JXVZDUPDQ��������.DMLDQ�3HQJHPEDQJDQ�7HNQRORJL�3DNDQ�6DSL�%HUEDVLV�6DZLW�0HQGXNXQJ�

,QWHJUDVL� 6DSL�6DZLW� GL� .3� 6LWLXQJ�� 6XPDWHUD� %DUDW�� )LQDO� 5HSRUW� ������ :HVW� 6XPDWUD
V�

$JULFXOWXUDO�5HVHDUFK�&HQWHU��6XNDUDPL�

%DPXDOLP��$���:LUGDKD\DWL��5DWQD�$�'���-HIUH\�0��0XLV��DQG�5��:DK\XQL��������.DMLDQ�SHUFHSDWDQ�

SHQJHPEDQJDQ�WHNQRORJL�SDNDQ�VDSL�SRWRQJ�PHODOXL�SHPDQIDDWDQ�KDVLO�LNXWDQ�WDQDPDQ�VDZLW�

PHQGXNXQJ�SURJUDP�JHUDNDQ�SHQVHMDKWHUDDQ�SHWDQL��*33��GL�6XPDWHUD�%DUDW��1DWLRQDO�VHPLQDU�

RQ�(VWDEOLVKLQJ�&HQWHU�RI�([FHOOHQW�WR�'HYHORS�WKH�$QLPDO�+XVEDQGU\�,QGXVWU\�IRU�6HOI�6XIILFLHQW�

LQ�0HDW�3URGXFWLRQ��0DWDUDP�����'HVHPEHU������

%XKDUPDQ��%��������3HPDQIDDWDQ�WHNQRORJL�SDNDQ�EHUEDKDQ�EDNX�ORNDO�PHQGXNXQJ�SHQJHPEDQJDQ�

VDSL�SRWRQJ�GL�3URYLQVL�6XPDWHUD�%DUDW��:DUWD]RD�9RO�����1R�����������

'MDMDQHJDUD��$��� ,�*�� ,VPDLO� DQG� 6�� .DUWDDWPDMD�� ������ 7HNQRORJL� GDQ�PDQDMHPHQ� XVDKD� EHUEDVLV�

HNRVLVWHP��,Q� �³,QWHJUDVL�7DQDPDQ�7HUQDN�GL�,QGRQHVLD´��(GV��(��3DVDQGDUDQ��)��.DVU\QR�GDQ�

$�0��)DJL���3DJH�����������7KH�$JULFXOWXUDO�'HSDUWPHQW�5HVHDUFK�&HQWHU��-DNDUWD��

(GZDUGL��������3URJUDP�GDQ�.HJLDWDQ�'LQDV�3HWHUQDNDQ�3URYLQVL�6XPDWHUD�%DUDW��3DSHU�SUHVHQWHG�DW�

([WHQVLRQ�6HUYLFHV�IRUXP�RI�:HVW�6XPDWUD��3DGDQJ�

(OLVDEHWK��-�DQG�6LPRQ�3��*LQWLQJ��������3HPDQIDDWDQ�+DVLO�6DPSLQJ�,QGXVWUL�.HODSD�6DZLW�6HEDJDL�

%DKDQ�3DNDQ�7HUQDN�6DSL�3RWRQJ��:RUNVKRS�RQ�WKH�$QLPDO�±�&URS�,QWHJUDWLRQ��-DNDUWD��

+RVHQ��1��������3URVSHN�3HQJHPEDQJDQ�7HUQDN�6DSL�/RNDO�GL�6XPDWHUD�%DUDW��3URFHHGLQJ�RI�1DWLRQDO�

6HPLQDU�RQ�$QLPDO�+XVEDQGU\��:HVW�6XPDWUD
V�$JULFXOWXUDO�5HVHDUFK�&HQWHU�3DGDQJ��������

6HSWHPEHU������

0DWKLXV��,±:���'��6LWRPSXO��%�3��0DQXUXQJ�DQG�$]PL��������3URGXN�VDPSLQJ�WDQDPDQ�GDQ�SHQJRODKDQ�

NHODSD� VDZLW� VHEDJDL� EDKDQ� SDNDQ� WHUQDN� VDSL� SRWRQJ�� 6XDWX� WLQMDXDQ�� 3URFHHGLQJ� QDWLRQDO�

ZRUNKVRS� RQ� � WKH� $QLPDO� ±� &URS� ,QWHJUDWLRQ�� $JULFXOWXUDO� 'HSDUWPHQW� 5HVHDUFK� &HQWHU��

%HQJNXOX�SURYLQFLDO�JRYHUQPHQW�DQG�37�$JULFLQDO��3DJH�����±����

3XDVWXWL��:��������2SWLPDVL�3HQJJXQDDQ�3URGXN�6DPSLQJ�.HODSD�6DZLW�6HEDJDL�3DNDQ�5XPLQDQVLD��

3URFHHGLQJ�RQ�2SWLPDOL]DWLRQ�RI�SDOP�RLO�SURFHVVLQJ�E\�SURGXFWV�WR�DQLPDO�IHHG�DGGLWLYH��SDJH��

��������


