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,QWURGXFWLRQ�WR�WKH�UHVHDUFK�

�����5HVHDUFK�DLPV�
$OWKRXJK�WKH�QDWLYH�&DOHGRQLDQ�SLQHZRRGV�RI�6FRWODQG�DUH�FXUUHQWO\�GRPLQDWHG�

E\�6FRWV�SLQH��3LQXV�V\OYHVWULV����HYLGHQFH�VXJJHVWV�WKDW�QDWLYH�EURDGOHDYHG�WUHH�
VSHFLHV�ZHUH�IRUPHUO\�D�PRUH�LPSRUWDQW�FRQVWLWXHQW�RI�WKLV�YHJHWDWLRQ�W\SH��0DOFROP��
������6WHYHQ�	�&DUOLVOH��������0F9HDQ�	�5DWFOLIIH��������5RGZHOO��������5RGZHOO�
	�3DWWHUVRQ��������3HWHUNHQ��������$QRQ������D����/LWWOH�LV�NQRZQ�FRQFHUQLQJ�WKH�
HFRORJLFDO�EHKDYLRXU�RI�EURDGOHDYHG�WUHHV�LQ�WKH�SLQHZRRGV��\HW�VXFK�LQIRUPDWLRQ�LV�
FULWLFDO�WR�WKH�VXFFHVV�RI�FXUUHQW�HFRORJLFDO�UHVWRUDWLRQ��LQLWLDWLYHV�LQ�WKHVH�ZRRGODQGV�
LQ�6FRWODQG��

7KH�PDLQ�DLPV�RI�WKH�WKHVLV�ZHUH��
L�� WR�TXDQWLI\�VKDGH�WROHUDQFH�LQ�6FRWWLVK�QDWLYH�ZRRG\�VSHFLHV�LQ�UHODWLRQ�WR�

SK\VLRORJLFDO�UHVSRQVHV�
LL�� WR�XQGHUVWDQG�KRZ�EURDGOHDYHG�VHHGOLQJV���VDSOLQJV��SODQWHG�VWRFN�	�QDWXUDO�

UHJHQHUDWLRQ��HVWDEOLVK�DQG�JURZ�ZLWKLQ�GLIIHUHQW�GHYHORSPHQWDO�VWDJHV�RI�
3��V\OYHVWULV�ZRRGODQG��

�
$Q�DFKLHYHPHQW�RI�WKHVH�DLPV�ZLOO�KHOS�GHYHORS�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�WKH�

EURDGOHDI�FRPSRQHQW�DQG�VKDGH�WROHUDQFH�LQ�&DOHGRQLDQ�IRUHVW�G\QDPLFV���7KH�
UHVHDUFK�ZLOO�SUHGRPLQDWHO\�IRFXV�RQ�WKH�FRQFHSW�RI�VKDGH�WROHUDQFH�EHFDXVH�LW�DFWV�
DV�D�YHU\�XVHIXO�SHUIRUPDQFH�SDUDPHWHU���,WV�TXDQWLILFDWLRQ�LQYROYHV�WKH�DQDO\VLV�RI�D�
VSHFWUXP�RI�VSHFLHV�UHVSRQVHV�WR�WKH�LQWHUDFWLRQ�RI�OLJKW��QXWULHQWV�DQG�ZDWHU�WKXV�
WDNLQJ�LQWR�DFFRXQW��PXOWLSOH�UHVRXUFH�OLPLWDWLRQ�WKHRU\��&KDSLQ�HW�DO���������DQG�WKH�
ZD\�WKDW�JURZWK�DQG�VXUYLYDO�LV�PRGLILHG�IURP�VLWH�WR�VLWH��

�
�����7KH�&DOHGRQLDQ�)RUHVW�
�������'HILQLWLRQ��KLVWRU\�	�FRQVHUYDWLRQ�YDOXH�

7KH�WHUP��&DOHGRQLDQ�)RUHVW�WUDGLWLRQDOO\�GHVFULEHV�WKH�DQFLHQW�IRUHVW�RI�6FRWV�
SLQH��3LQXV�V\OYHVWULV��DQG�ELUFK��%HWXOD�VSS���WKDW�ZDV�EHOLHYHG�RQFH�WR�KDYH�FRYHUHG�
D�ODUJH�SURSRUWLRQ�RI�WKH�6FRWWLVK�+LJKODQGV��0F9HDQ�	�5DWFOLIIH����������3LQHZRRG�

�������������������������������������������������
��1RPHQFODWXUH�IROORZV�6WDFH��������IRU�DOO�VSHFLHV�KHQFHIRUWK��
��5HVWRUDWLRQ�LV�GHILQHG�KHUH�WR�PHDQ�UHKDELOLWDWLRQ�ZKHUH�WKH�REMHFWLYH�LV�D�UHQHZDO�RI�HFRV\VWHP�

KHDOWK�DQG�UHFRYHU\�DQG�PDQDJHPHQW�RI�HFRORJLFDO�LQWHJULW\�DQG�IXQFWLRQLQJ��
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FRYHUDJH�KDV�IOXFWXDWHG�D�ORW�VLQFH�LWV�HVWDEOLVKPHQW�DSSUR[LPDWHO\������\HDUV�DJR���
7KLV�IOXFWXDWLRQ�KDV�EHHQ�DWWULEXWHG�WR�ERWK�HQYLURQPHQWDO�IDFWRUV�DQG�DQWKURSRJHQLF�
DFWLYLW\��6WHYHQ�	�&DUOLVOH��������%HQQHWW��������:RUUHOO��������6PRXW����������
'XULQJ�WKH�+RORFHQH�������\HDUV�DJR��D�GHFOLQH�LQ�SLQH�LQ�6:�6FRWODQG�RFFXUUHG�DV�D�
UHVXOW�RI�FRPSHWLWLRQ�ZLWK�EURDGOHDYHG�WUHHV�HVSHFLDOO\�RDN�DQG�DOGHU��%HQQHWW��
��������)RXU�WKRXVDQG�\HDUV�DJR��D�PDVVLYH�FRQWUDFWLRQ�RI�6FRWV�SLQH�EHJDQ�LQ�1:�
6FRWODQG�ZKHUH�SLQH�IRUHVW�ZDV�UHSODFHG�ZLWK�ERJ�DQG�KHDWKODQG���7KLV�HUD�RI�SLQH�
GHFOLQH�KDV�EHHQ�OLQNHG�SULPDULO\�WR�UHJLRQDO�FOLPDWH�FKDQJH�GXH�WR�EURDG�VFDOH�
IHDWXUHV�RI�JOREDO�DWPRVSKHULF�FLUFXODWLRQ�LQFUHDVLQJ�SUHFLSLWDWLRQ�OHYHOV�DQG�WKXV�
SURPRWLRQ�RI�WKH�H[SDQVLRQ�RI�EODQNHW�ERJ���$V�UHFHQWO\�DV�WKH���WK�WR���WK�&HQWXU\��
WKH�UHGXFWLRQ�RU�GLVDSSHDUDQFH�RI�SLQHZRRGV�KDV�EHHQ�DWWULEXWHG�SDUWO\�WR�FOLPDWLF�
FRQGLWLRQV��LQFUHDVHG�UDLQIDOO��VWURQJ�VWRUPV�DQG�FROGHU�ZLQWHUV��H[SHULHQFHG�LQ�WKH�
/LWWOH�,FH�$JH��:ROII�	�7LSSLQJ��������6PRXW�����������

1DWXUDO�FDXVHV�RI�SLQH�GHFOLQH�WKURXJKRXW�KLVWRU\�DUH�DFNQRZOHGJHG�EXW�LW�LV�DOVR�
FOHDU�WKDW�DQWKURSRJHQLF�DFWLYLW\��VXFK�DV�GHIRUHVWDWLRQ��EXUQLQJ�DQG�RYHU�JUD]LQJ�E\�
FDWWOH��VKHHS�DQG�GHHU�KDV�SOD\HG�D�VHULRXV�SDUW�LQ�&DOHGRQLDQ�IRUHVW�GHFOLQH�
�0F.HQ]LH�	�&DOODQGHU����������$W�WKH�WLPH�RI�WKH�5RPDQ�LQYDVLRQ�RI�%ULWDLQ��LW�LV�
HVWLPDWHG�WKDW�WKH�&DOHGRQLDQ�)RUHVW�FRYHUHG�VRPH�����0�KD�RI�WKH�6FRWWLVK�
+LJKODQGV���%\�WKH�EHJLQQLQJ�RI�WKH�����¶V��WKLV�DUHD�KDG�EHHQ�UHGXFHG�WR�DURXQG�
�������KD�RI�JHQXLQHO\�QDWLYH�SLQHZRRG���,W�LV�RIWHQ�VWDWHG�WKDW�WKLV�UHSUHVHQWV�RQH�
SHUFHQW�RI�WKH�IRUPHU�H[WHQW��$OGKRXV��������)HDWKHUVWRQH��������$QRQ������D����
+RZHYHU��6PRXW��������EHOLHYHV�VXFK�ILJXUHV�DUH�PHDQLQJOHVV�DV�WKH\�UHODWH�WR�
ZRRGODQG�FRYHU������\HDUV�DJR�LQ�WRWDOO\�GLIIHUHQW�FOLPDWLF�FRQGLWLRQV���

7RGD\��RQO\�UHPQDQWV�RI�WKH�&DOHGRQLDQ�)RUHVW�DUH�IRXQG�LQ�WKH�6FRWWLVK�
+LJKODQGV�LQ�MXVW����VHSDUDWH�DUHDV��$QRQ�����������7KH\�DUH�QRZ�SURWHFWHG��GXH�WR�
UHFRJQLWLRQ�RI�WKHLU�KLJK�FRQVHUYDWLRQ�YDOXH���7KH\�DUH�YDOXHG�GXH�WR�WKHLU�DZHVRPH�
EHDXW\��XQLTXH�JHQHWLF�VWUXFWXUH�DQG�WKHLU�KDELWDW�YDOXH��$OGKRXV��������1HZWRQ�	�
+XPSKUH\����������&DOHGRQLDQ�IRUHVW�UHPQDQWV�DUH�UHSUHVHQWDWLYHV�RI�WKH�RFHDQLF�
ERUHDO�IRUHVW�W\SH��:RUUHOO��������ZLWK�QRWDEOH�VXE�DOSLQH�IORUD�DQG�IDXQD��6WHYHQ�	�
&DUOLVOH����������([DPSOHV�RI�SLQHZRRG�IDXQD�LQFOXGH�WKH�SLQH�PDUWHQ��ZLOGFDW�DQG�
UDUH�DQG�HQGDQJHUHG�ELUG�VSHFLHV�VXFK�DV�WKH�*ROGHQ�(DJOH��6FRWWLVK�&URVVELOO�DQG�
&DSHUFDLOOLH���7KH�RUFKLG��*RRG\HUD�UHSHQV��DQG�WKH�PRVV�3WLOLXP�FULVWD�FDVWUHQVLV�
DUH�EHOLHYHG�WR�EH�WUXH�UHSUHVHQWDWLYHV�RI�&DOHGRQLDQ�SLQHZRRG�IORUD��3LWNLQ�HW�DO���
�������

�



� � &KDSWHU���

��

�������&RPSRVLWLRQ�DQG�VWUXFWXUH�
6FRWV�SLQH��3��V\OYHVWULV�YDU��VFRWLFD��:LOOG���6FKRWW��GRPLQDWHV�WKH�FDQRS\��ZLWK�

ELUFK��PDLQO\�%��SXEHVFHQV�LQ�WKH�ZHVW�DQG�%��SHQGXOD�LQ�WKH�HDVW��DQG�URZDQ��6RUEXV�
DXFXSDULD��DV�WKH�PRVW�FRPPRQ�DVVRFLDWHG�WUHH�VSHFLHV��5RGZHOO����������7KHVH�
DVVRFLDWHG�WUHHV�DUH�W\SLFDOO\�LQIUHTXHQW�DQG�FDQ�EH�IRXQG�DV�VFDWWHUHG�LQGLYLGXDOV�
XQGHU�PRGHUDWHO\�FORVHG�SLQH�FDQRSLHV�RU�LQ�WKLFNHU�SDWFKHV�ZKHUH�WKH�FRYHU�LV�PRUH�
RSHQ���%LUFK�DQG��LQ�VRPH�SODFHV��RDN�DUH�PRVW�FRPPRQ�ZKHUH�SLQHZRRGV�LQWHJUDWH�
ZLWK�RWKHU�ZRRGODQG�FRPPXQLWLHV���,Q�WKHVH�WUDQVLWLRQDO�FRPPXQLWLHV��KROO\��,OH[�
DTXLIROLXP��LV�DOVR�IRXQG�LQ�FORVH�DVVRFLDWLRQ�ZLWK�WKH�SLQH��HVSHFLDOO\�LQ�WKH�PLOGHU�
ZHVW���ZKLOVW�LQ�RWKHU�FDVHV��MXQLSHU��-XQLSHUXV�FRPPXQLV��PD\�EH�SUHVHQW�DV�
VFDWWHUHG�EXVKHV���:KHUH�WKH�SLQHZRRGV�DOVR�LQFOXGH�YDOOH\�DQG�EDVLQ�PLUHV��RWKHU�
EURDGOHDYHV�VXFK�DV�DOGHU��$OQXV�JOXWLQRVD���ZLOORZ��6DOL[��DQG�DVSHQ��3RSXOXV�
WUHPXOD��DUH�IRXQG��DOWKRXJK�QRW�RYHU�H[WHQVLYH�DUHDV����

7RGD\��PRVW�EURDGOHDYHV�WHQG�WR�EH�OHVV�LQWHJUDWHG�ZLWKLQ�WKH�QDWLYH�SLQHZRRGV�
�5RGZHOO��������:RUUHOO����������,QVWHDG�WKH\�DUH�IRXQG�LQ�VHSDUDWH�ELRFOLPDWLF�RU�
HGDSKLF�]RQHV���5RGZHOO��������IUHTXHQWO\�PHQWLRQV�KRZ�ELUFK�KDV�LQYDGHG�JURXQG�
WKDW�ZDV�SUHYLRXVO\�RFFXSLHG�E\�PL[HG�SLQH�IRUHVW���6HJUHJDWLRQ�LV�EHOLHYHG�WR�EH�D�
UHVXOW�RI�LQGLUHFW�DQG�GLUHFW�KXPDQ�LQIOXHQFHV�VXFK�DV�VHOHFWLYH�UHPRYDO�RI�
EURDGOHDYHG�WUHHV��0DOFROP��������3HWHUNHQ�	�6WDFH��������6XPPHUV�HW�DO���������
6PRXW��������DQG�RYHUJUD]LQJ�E\�GHHU�UHVWULFWLQJ�QDWXUDO�UHJHQHUDWLRQ��(GZDUGV�	�
1L[RQ����������0DQ\�UHVHDUFKHUV�EHOLHYH�WKDW�EURDGOHDYHV�ZHUH�IRUPHUO\�D�PRUH�
LPSRUWDQW�FRQVWLWXHQW�RI�WKH�QDWLYH�SLQHZRRGV��0DOFROP��������6WHYHQ�	�&DUOLVOH��
������0F9HDQ�	�5DWFOLIIH��������5RGZHOO��������5RGZHOO�	�3DWWHUVRQ��������
3HWHUNHQ��������6PRXW���������
�
7KH�WHUUDLQ�WKDW�QRZ�FDUULHV�SXUH�SLQH�SUREDEO\�JUHZ�PL[HG�SLQH��ELUFK�IRUHVW�ZLWK�
DEXQGDQW�DOGHU��URZDQ��ZLOORZ��DVSHQ��ELUG�FKHUU\�DQG�MXQLSHU��ZLWK�VFDWWHUHG�RDNV�
DQG�ZLWK�D�JRRG�PL[HG�DJH�FRPSRVLWLRQ�LQ�WKH�YDULRXV�FRQVWLWXHQWV��

� � � � � � � � � 0F9HDQ�������
�
,QGHHG��DQDO\VLV�RI�SROOHQ�IURP�FRUHV�KDV�VKRZQ�WKDW�DQFLHQW�QDWLYH�SLQHZRRGV��

OLNH�$EHUQHWK\�)RUHVW��2¶6XOOLYDQ��������DQG�(DVW�*OHQ�$IIULF��:ROII�	�7LSSLQJ��
������KDG�D�KLJKHU�SHUFHQWDJH�RI�EURDGOHDYHG�WUHHV�WKDQ�WKH\�GR�WRGD\��

�
�������'\QDPLFV�

7KH�G\QDPLFV�RI�ZRRGODQG�FRPPXQLWLHV�DUH�LQH[WULFDEO\�OLQNHG�ZLWK�WKH�VFDOH��
SDWWHUQ�DQG�IUHTXHQF\�RI�QDWXUDO�GLVWXUEDQFH��3LFNHWW�	�:KLWH����������$�GLVWLQFWLRQ�
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LV�IUHTXHQWO\�PDGH�EHWZHHQ�ILQH�JUDLQHG�µJDS�SKDVH¶�G\QDPLFV�DQG�FRDUVHU�VFDOH�
µVWDQG�UHSODFHPHQW¶�G\QDPLFV�DOWKRXJK�LQ�SUDFWLFH�WKHVH�UHSUHVHQW�WZR�SRLQWV�RQ�D�
FRQWLQXXP�RI�VSDWLDO�DQG�WHPSRUDO�VFDOHV��4XLQH�HW�DO�����������,Q�JDS�G\QDPLFV��WKH�
VWUXFWXUH�RI�WKH�IRUHVW�LV�GRPLQDWHG�E\�VPDOO�JDSV�FDXVHG�E\�WKH�GHDWK�RI�RQH�RU�
VHYHUDO�WUHHV�DQG�DQ�DOO�DJHG�PL[HG�IRUHVW�VWUXFWXUH�FDQ�GHYHORS���6WDQG�UHSODFHPHQW�
G\QDPLFV�UHIHUV�WR�WKH�IRUPDWLRQ�RI�ODUJHU�SDWFKHV��UDQJLQJ�IURP��������KD��FDXVHG�
E\�H[WHQVLYH�ILUHV��VWRUPV�DQG�LQVHFW�SHVWV�ZKLFK�FDQ�OHDG�WR�WKH�GHYHORSPHQW�RI�
HYHQ�DJHG�VWDQGV��

2ULJLQDOO\��VWDQG�UHSODFHPHQW�G\QDPLFV�DQG�ODUJH�GLVWXUEDQFH�UHJLPHV�ZHUH�
FRQVLGHUHG�WR�SOD\�D�GRPLQDQW�UROH�LQ�VWUXFWXULQJ�RFHDQLF�SLQH�DQG�ELUFK�IRUHVWV�
�:RUUHOO����������7KHUH�DUH�D�QXPEHU�RI�IDFWRUV�ZKLFK�VXSSRUW�WKLV�YLHZSRLQW��
L���7KH�&DOHGRQLDQ�SLQHZRRGV�DUH�W\SLFDOO\�PDGH�XS�RI�D�PRVDLF�RI�TXLWH�ZHOO�
VHJUHJDWHG�DJH�FODVVHV��UDWKHU�WKDQ�EHLQJ�DQ�LQWLPDWH�PL[WXUH�RI�WUHH�RI�DOO�DJHV�
�5RGZHOO����������
LL���7KH�GLIIHUHQW�DJH�FODVV�VWDQGV�WKDW�H[LVW�ZLWKLQ�SLQHZRRGV�KDYH�EHHQ�GHVFULEHG�DV�
PRUH�RU�OHVV�HYHQ�DJHG��0F9HDQ�	�5DWFOLIIH��������:RUUHOO����������3LQHZRRGV�
KDYH�EHHQ�GHVFULEHG�DV�KDYLQJ�DQ�DPRHERLG�KDELW���

�
)LU�ZRRGV�GR�QRW�VSULQJ�IURP�WKH�5RRW��EXW�DUH�SURSRJDWHG�E\�WKH�EORZLQJ�RI�WKH�

VHHG�LQ�WKH�*URXQGV��LPPHGLDWHO\�DGMDFHQW�WR�WKH�ROG�ZRRGV��RU�LQ�2SHQLQJV��ZKHUH�
WKH\�KDYH�)UHHGRP�RI�$LU��WKHVH�KLJKODQG�)LU�ZRRGV�DUH�QRW�IL[HG�WR�D�SDUWLFXODU�
VSRW��EXW�JUDGXDOO\�VKLIW�WKHLU�6WDQFHV��

0LWFKLH��������
�

3HWHUNHQ��������DOVR�GHVFULEHV�KRZ�SLQH�DQG�ELUFK�ZRRGODQG�ERXQGDULHV�H[SDQG��
FRQWUDFW�DQG�HYHQ�PRYH�LQ�ERG\�RYHU�ORQJ�SHULRGV���
LLL��7KHUH�LV�HYLGHQFH�WR�VXJJHVW�WKDW�ILUHV�ZHUH�RQFH�ZLGHVSUHDG�LQ�6FRWWLVK�
SLQHZRRGV�DQG�ZHUH�LPSRUWDQW�LQ�FUHDWLQJ�VXLWDEOH�FRQGLWLRQV�IRU�3��V\OYHVWULV�
HVWDEOLVKPHQW��2¶6XOOLYDQ��������1L[RQ�	�&OLIIRUG�����������

1RZ��LW�LV�DFNQRZOHGJHG�WKDW�WKH�UROH�RI�PDMRU�ZLQGVWRUPV�DQG�ILUHV�PD\�KDYH�
EHHQ�H[DJJHUDWHG�LQ�WKH�SDVW�DQG�WKH�UROH�RI�VPDOO�JDS�UHSODFHPHQW�XQGHUHVWLPDWHG�
�:RUUHOO����������,Q�WRGD\
V�ZHWWHU�FOLPDWH��ILUH�LV�EHOLHYHG�WR�EH�PRUH�OLPLWHG��
FRQWULEXWLQJ�DV�D�GLVWXUEDQFH�DJHQW�RQO\�RQ�GULHU�VLWHV�LQ�WKH�HDVW��:RUUHOO����������
:LQG��LQVWHDG�LV�EHOLHYHG�WR�EH�PRUH�LPSRUWDQW��3HWHUNHQ��������:RUUHOO��������
ZKLFK�FDQ�KDYH�D�ORZ�DQG�KLJK�LPSDFW�RQ�WKH�ODQGVFDSH��4XLQQ�HW�DO���������
+XPSKUH\����������,Q�*OHQ�$IIULF��LW�KDV�EHHQ�HVWLPDWHG�WKDW�����RI�WKH�PRVW�
VKHOWHUHG�SDUWV�RI�WKH�UHVHUYH�ZRXOG�EH�FODVVHG�DV�ZLWKLQ�WKH�JDS�SKDVH������LQ�PRUH�
H[SRVHG�DUHDV�ZRXOG�OLH�LQ�WKH�VWDQG�UHSODFHPHQW�FODVV�DQG�����LQ�D�WUDQVLWLRQDO�]RQH�
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EHWZHHQ�WKH�WZR��0DVRQ�	�+XPSKUH\����������$V�ZHOO�DV�ZLQG��VQRZ�VWRUPV��ILUH�
IURP�OLJKWQLQJ�VWULNHV��LQVHFW�DWWDFN��JUD]LQJ�DQG�WUHH�IHOOLQJ�FDQ�JHQHUDWH�D�PL[WXUH�
RI�VPDOO�DQG�ODUJH�GLVWXUEDQFHV�LQIOXHQFLQJ�WKH�VWUXFWXUH�RI�6FRWWLVK�SLQHZRRGV�
�&DPHURQ����������$�PRVDLF�RI�ZHOO�VHJUHJDWHG�DJH�FODVVHV�LV�GHVFULEHG���0F9HDQ�	�
5DWFOLIIH��������DQG�0F9HDQ��������QRWHG�WKUHH�DUUDQJHPHQWV��HYHQ�DJHG��������
\HDUV�ROG��WZR�JHQHUDWLRQ�PL[WXUHV����������������\HDUV�ROGV��DQG�SLQH�KHDWKV�ZLWK�
WUHHV���������\HDUV�ROG���5LQJ�FRUH�DQDO\VLV�RI�WUHHV�ZLWKLQ�SLQHZRRG�UHPQDQWV�KDV�
UHYHDOHG�KRZ�WUHHV�DUH�FRQFHQWUDWHG�LQ�WKH���������\HDU�DJH�FODVVHV��1L[RQ�	�
&OLIIRUG��������$UNOH�	�(GZDUGV����������)XUWKHUPRUH��WUHHV�LQ�WKH��������\HDU�
FODVVHV�DUH�H[WUHPHO\�OLPLWHG��UHIOHFWLQJ�WKH�ZLGHVSUHDG�ODFN�RI�UHJHQHUDWLRQ�GXULQJ�
WKLV�SHULRG��ZKLFK�KDV�ODUJHO\�EHHQ�GXH�WR�LQWHQVH�JUD]LQJ�SUHVVXUH��1L[RQ�	�
&OLIIRUG���������

0DQ�KDV�DOWHUHG�WKH�SLQHZRRGV�VR�PXFK�WKDW�WKH�QDWXUH�RI�SRVW�GLVWXUEDQFH�
G\QDPLFV�LQ�6FRWWLVK�SLQHZRRGV�FDQ�RQO\�EH�VXUPLVHG�RU�LQIHUUHG�IURP�VWXGLHV�RI�
VLPLODU�(XUDVLDQ�ERUHDO�IRUHVW�HFRV\VWHPV��6WHLMDQ�	�=DFNULVVRQ��������.XXVHOD��
������(QJHOPDUN�HW�DO�����������5RGZHOO��������VWDWHV�WKDW�ZKDW�GRHV�VHHP�FHUWDLQ�LV�
WKDW��LQ�WKH�SDVW��SURJUHVVLRQ�WR�SLQH�ZRRGODQG�LQYROYHG�D�JUHDWHU�FRQWULEXWLRQ�IURP�
RWKHU�QDWLYH�WUHH�VSHFLHV����

7KH�RULJLQDO�SDWFKZRUN�RI�PL[HG�GRPLQDQFH�KDYH�EHHQ�ZLGHO\�DFFHSWHG�DV�
SOD\LQJ�DQ�LPSRUWDQW�UROH�LQ�UHYHUVLQJ�SRG]ROL]DWLRQ��0DOFROP��������0LOHV��������
������:LOVRQ�	�&DPSEHOO��������(PPHU�HW�DO���������ZLWK�VSHFLHV�OLNH�ELUFK�DQG�
MXQLSHU�EHLQJ�OHVV�DFWLYH�HQFRXUDJHUV�RI�PRU�WKDQ�SLQH��5RGZHOO����������0DOFROP�
�������GHVFULEHV�LQ�GHWDLO�KRZ�%HWXOD��6RUEXV�DXFXSDULD��$OQXV�JOXWLQRVD�DQG�,OH[�
DTXLIROLXP�FRXQWHU�WKH�LQKHUHQW�GHJUDGLQJ�WHQGHQF\�RI�3��V\OYHVWULV�GXH�WR�WKH�DFLGLW\�
RI�LWV�OLWWHU���%HWXOD��IRU�H[DPSOH��KDV�D�UHSXWDWLRQ�DV�D�³VRLO�LPSURYHU´��NQRZQ�WR�
UHGXFH�VRLO�DFLGLW\�DQG�LQFUHDVH�$�KRUL]RQ�GHSWK�GXH�WR�RUJDQLF�PDWWHU�LQFRUSRUDWLRQ�
�3DWWHUVRQ��������:LOVRQ�	�&DPSEHOO����������7KLV�LQ�WXUQ�SURYLGHV�PRUH�IDYRXUDEOH�
FRQGLWLRQV�IRU�6FRWV�SLQH�VHHG�JHUPLQDWLRQ�ZKLFK�SUHIHUV�ZHOO�GUDLQHG�PLQHUDOLVHG�
VRLOV��0F9HDQ������D�����

2OLYHU¶V��������VWDQG�GHYHORSPHQW�PRGHO�IRU�SRVW�GLVWXUEDQFH�IRUHVW�G\QDPLFV�
KDV�EHHQ�XVHG�DV�D�IUDPHZRUN�WR�KHOS�XQGHUVWDQG�VWUXFWXUDO�GHYHORSPHQW�LQ�WKH�
DEVHQFH�RI�PDMRU�GLVWXUEDQFH�LQ�&DOHGRQLDQ�SLQHZRRG��2OLYHU��������2OLYHU�	�
/DUVRQ��������0DVRQ�	�+XPSKUH\����������7KH�IRXU�PDLQ�VWDJHV�KDYH�EHHQ�RXWOLQHG�
LQ�7DEOH�����ZLWK�VXJJHVWLRQV�RI�VWUXFWXUDO�DQG�FRPSRVLWLRQDO�FKDQJHV�RI�WUHH�VSHFLHV�
DQG�XQGHUVWRUH\�YHJHWDWLRQ���:LQG�GLVWXUEDQFH��ORZ�DQG�KLJK�LPSDFW��KDV�DOVR�EHHQ�
EXLOW�LQWR�WKH�2OLYHU�PRGHO�WR�KHOS�XQGHUVWDQG�LWV�HIIHFW�RQ�SLQHZRRG�VWDQG�
GHYHORSPHQW��+XPSKUH\���������
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7DEOH������*HQHUDO�VWDJHV�RI�VWDQG�G\QDPLFV�DQG�WKHLU�DSSOLFDWLRQ�WR�6FRWV�SLQH�IRUHVWV�
�2OLYHU��������2OLYHU�	�/DUVRQ����������'HWDLOV�RQ�VWDQG�DJH��KDELWDW�W\SH��0DVRQ�	�
+XPSKUH\���������XQGHUVWRUH\�YHJHWDWLRQDO�FKDQJHV��5RGZHOO��������+XPSKUH\��������DQG�
WUHH�VSHFLHV�FRPSRVLWLRQDO�FKDQJHV��3HWHUNHQ��������DUH�JLYHQ��
'HYHORSPHQW�VWDJH� $JH�UDQJH��

�
'HVFULSWLRQ�

���6WDQG�LQLWLDWLRQ� �������� (VWDEOLVKPHQW�VWDJH���$IWHU�D�GLVWXUEDQFH�RU�UHPRYDO�RI�
GHHU�JUD]LQJ��\RXQJ�WUHHV�VHHG�LQ�DQG�FRORQLVH�RSHQ�JURXQG�
IRU�D�IHZ�\HDUV���7UHH�FRORQLVHUV�LQFOXGH�ELUFK��SLQH��DQG�
MXQLSHU���&DOOXQD�GHFUHDVHV�DQG�JUDVVHV�LQFUHDVH��

���6WHP�H[FOXVLRQ� �������������
�

7KLFNHW�SROH�VWDJH���6DSOLQJV�JURZ�VR�EUDQFKHV�LQWHUORFN�
RU�RYHUWRS�ZHDNHU�QHLJKERXUV��FORVLQJ�WKH�FDQRS\�ZKLFK�
FUHDWHV�ORZHU�OLJKW�FRQGLWLRQV���,QWROHUDQW�VSHFLHV��L�H��SLQH�
	�ELUFK��JURZ�UDSLGO\�WR�IRUP�D�FDQRS\�ZKLOH�PRUH�
WROHUDQW�VSHFLHV�VXFK�DV�URZDQ�JURZ�PRUH�VORZO\�WR�IURP�D�
GLIIXVH�XQGHUZRRG���$VSHQ�IRUPV�GHQVH�FORQHV��
SDUWLFXODUO\�RQ�URFN�RXWFURSV���9HJHWDWLRQ�LV�VKDGHG�RXW�
H[FHSW�IRU�EU\RSK\WHV����

���8QGHUVWRUH\��
����UH�LQLWLDWLRQ��

������F�������
�

6FRWV�SLQH�FDQRS\�EHJLQV�WR�RSHQ�XS�EHFDXVH�RI�LQFUHDVHG�
KHLJKW�RI�WUHHV�DQG�PRUWDOLW\�RI�VXSSUHVVHG�WUHHV���&DQRS\�
YLJRXU�GHFOLQHV��DOORZLQJ�DGYDQFH�UHJHQHUDWLRQ�WR�JURZ�XS�
FUHDWLQJ�D�PRUH�GLYHUVH�FDQRS\�VWUXFWXUH�ZLWK�VXE�FDQRS\�
WKLFNHW�OD\HUV��HJ��%LUFK��2DN��$OGHU����&DOOXQD�DQG�
9DFFLQLXP�LQFUHDVH��

���2OG�JURZWK� !�����
�

2OG�JURZWK�FDQRS\�VWDUWV�WR�EUHDN�XS�DQG�GLH�LQ�DQ�
LUUHJXODU�IDVKLRQ��DGGLQJ�GHDG�ZRRG�WR�WKH�HFRV\VWHP��7KLV�
JHQHUDWHV�QHZ�JDSV�DQG�SDWFKHV�DUH�JHQHUDWHG��DOORZLQJ�
VXE�FDQRS\�UHJHQHUDWLRQ�WR�JURZ�WRZDUGV�XSSHU�VWRUH\���
2Q�LQIHUWLOH�SDWFKHV��PL[HG�6FRWV�SLQH�DQG�ELUFK�
SUHGRPLQDWH�ZKLOH�RQ�PRUH�IHUWLOH�SDWFKHV��LQ�WKH�SDVW���
PL[�RI�6FRWV�SLQH�DQG�PRUH�WROHUDQW�EURDGOHDYHV��H�J��
2DN����9DFFLQLXP�GHFOLQHV�EXW�&DOOXQD�LQFUHDVHV���
%U\RSK\WHV�LQFUHDVH�WRJHWKHU�ZLWK�IXQJL�RQ�GHDG�DQG�G\LQJ�
WUHHV��

�

�������5HJHQHUDWLRQ�
'LVWXUEDQFH�HYHQWV�DQG�VXEVHTXHQW�FRORQLVDWLRQ�E\�SODQW�VSHFLHV�DUH�RI�SULPH�

LPSRUWDQFH�LQ�VWUXFWXULQJ�WUHH�SRSXODWLRQV�EXW�WKH�UHJHQHUDWLYH�SKDVH�KDV�IUHTXHQWO\�
EHHQ�LGHQWLILHG�DV�SOD\LQJ�D�FHQWUDO�UROH�LQ�SODQW�GHPRJUDSK\��*UXEE��������6ZDLQH�
	�/LHEHUPDQ��������*ULPH�	�+LOOLHU����������7KXV�UHFHQW�UHVHDUFK�RQ�WUHH�
GHPRJUDSK\�KDV�IRFXVHG�RQ�WKH�UHJHQHUDWLRQ�SKDVH�RI�WUHH�VSHFLHV�LQ�DQ�DWWHPSW�WR�
LGHQWLI\�RQH�RU�PRUH�RI�WKH�IDFWRUV�ZKLFK�LQIOXHQFH�WKHLU�DEXQGDQFH�DQG�VSDWLDO�
GLVWULEXWLRQ��7KH�UHTXLUHPHQWV�IRU�HVWDEOLVKPHQW�RI�DQ\�VSHFLHV�DUH�WKH�SURGXFWLRQ�RI�
YLDEOH�VHHG�DQG�LWV�GLVSHUVDO�WR�D�SRWHQWLDOO\�VXLWDEOH�PLFURVLWH��IROORZHG�E\�VXLWDEOH�
FRQGLWLRQV�IRU�JHUPLQDWLRQ�DQG�VHHGOLQJ�VXUYLYDO�DQG�JURZWK��

,Q�WKH�6FRWWLVK�+LJKODQGV��RYHUJUD]LQJ�E\�PDLQO\�VKHHS�DQG�GHHU�LV�ZLGHO\�
DFFHSWHG�DV�WKH�PDMRU�OLPLWDWLRQ�WR�WUHH�VHHGOLQJ�HVWDEOLVKPHQW��&XPPLQV��������



� � &KDSWHU���

��

0LOOHU�HW�DO���������������6WDLQV��������%HDXPRQW�HW�DO���������5DPVD\��������0LOOHU�
	�&XPPLQV�������+DUPHU�	�*LOO����������2WKHU�IDFWRUV�ZKLFK�DOVR�OLPLW�
UHJHQHUDWLRQ�LQFOXGH�WKH�ODFN�RI�D�VHHG�VRXUFH��0LOHV��������DQG�P\FRUUKL]DO�
DVVRFLDWLRQV��0LOHV�	�.LQQDLUG��������0F9HDQ������D��&URZHOO���������SHVWV�DQG�
SDWKRJHQV��0F9HDQ������E���QXWULHQW�GHILFLHQF\���0DOFROP��������0F9HDQ������E��
0LOHV������D��������&URZHOO���������GHVLFFDWLRQ��0F9HDQ������E��0LOHV�	�
.LQQDLUG���������ZDWHU�ORJJLQJ�ZLWK�DQR[LD��0DOFROP��������0F9HDQ������E��
&URZHOO���������HULFDFHRXV�VSHFLHV�LQFOXGLQJ�&DOOXQD�YXOJDULV��+DQGOH\��������-DODO�
	�5HDG������D������E��GH+XOOX�	�*LPLQJKDP��������/HDNH��������0DOOLN��������
DQG�FRPSHWLWLRQ�IRU�OLJKW��.LQQDLUG�����������

0F9HDQ������E��VXJJHVWV�WKDW�WKH�FRPELQDWLRQ�RI�LQDGHTXDWH�LOOXPLQDWLRQ��IDXOW\�
PLQHUDO�QXWULWLRQ�DQG�FRPSHWLWLRQ�IURP�RWKHU�SODQWV�IRU�DYDLODEOH�QXWULHQWV�DUH�WKH�
FRPPRQHVW�FDXVHV�RI�VDSOLQJ�PRUWDOLW\���2QFH�WKH�WKUHDW�RI�EURZVLQJ�E\�GHHU�KDV�
EHHQ�UHPRYHG��WKHVH�IDFWRUV�SUREDEO\�GR�SOD\�D�VXEVWDQWLDO�UROH���,I�VR��LW�LV�IHDVLEOH�WR�
VXJJHVW�WKDW�WKH�DELOLW\�WR�WROHUDWH�VKDGH�XQGHU�DQ�DUUD\�RI�IOXFWXDWLQJ�UHVRXUFHV�
ZRXOG�EH�D�YDOXDEOH�DVVHW��

�
�������6KDGH�WROHUDQFH�

6KDGH�WROHUDQFH�KDV�EHHQ�GHILQHG�DV�DQ�DELOLW\�WR�VXUYLYH�DQG�PD[LPLVH�FDUERQ�
JDLQ�LQ�WKH�XQGHUVWRUH\��6SXUU�	�%DUQHV��������RU�SHUVLVW�LQ�GHHS�VKDGH�IRU�D�SHULRG�
RI�WLPH��*ULPH��������*UHHQH�HW�DO�����������7KH�FRQFHSW�LV�KLJKO\�LQIOXHQWLDO�DPRQJ�
IRUHVW�HFRORJLVWV��EHFDXVH�LQWHUVSHFLILF�GLIIHUHQFHV�LQ�WROHUDQFH�DUH�ZLGHO\�EHOLHYHG�WR�
GULYH�VHFRQGDU\�VXFFHVVLRQ�LQ�IRUHVWV��+RUQ��������%D]]D]�	�3LFNHWW��������
:KLWPRUH��������6KXJDUW����������

7KH�PHFKDQLVPV�EHKLQG�VHFRQGDU\�VXFFHVVLRQ�LQ�IRUHVWV�DQG�VSHFLHV�GLYHUVLW\�DUH�
RIWHQ�FHQWUHG�DURXQG�WKH�FRQFHSW�RI�JDS�UHJHQHUDWLRQ�G\QDPLFV��:KLWPRUH��������
6SXUU�	�%DUQHV����������,W�LQYROYHV�WKH�XQLYHUVDO�IRUHVW�F\FOH�ZKHUH�WUHHV�IDOO�GRZQ�
DQG�VHHGOLQJV�UHJHQHUDWH�LQ�JDSV���7KH�WUDGLWLRQDO�WKHRU\�SURSRVHV�WKDW�GLIIHUHQW�
VSHFLHV�DUH�VSHFLILFDOO\�DGDSWHG�WR�UHJHQHUDWH�LQ�JDSV�RI�D�SDUWLFXODU�VL]H���6ZDLQH�DQG�
:KLWPRUH��������SURSRVHG�D�GLYLVLRQ�RI�WURSLFDO�WUHH�VSHFLHV�LQWR�WZR�JURXSV��VKDGH�
WROHUDQW�FOLPD[�DQG�VKDGH�LQWROHUDQW�SLRQHHU�VSHFLHV�EDVHG�RQ�WKHLU�GLIIHUHQW�OLJKW�
UHTXLUHPHQWV�IRU�VHHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�HVWDEOLVKPHQW���6KDGH�WROHUDQW�FOLPD[�
VSHFLHV�JHUPLQDWH�DQG�HVWDEOLVK�LQ�WKH�VKDGH�ZKLOVW�VKDGH�LQWROHUDQW�SLRQHHUV�UHTXLUH�
IXOO�VXQOLJKW�IRU�JHUPLQDWLRQ���7KHRU\�VWDWHV�WKDW�VORZ�JURZLQJ�VKDGH�WROHUDQW�FOLPD[�
VSHFLHV�ZLOO�UHSODFH�WKH�VKDGH�LQWROHUDQW�SLRQHHUV�LQ�WKH�DEVHQFH�RI�PDMRU�GLVWXUEDQFH�
�6KXJDUW��������6SXUU�	�%DUQHV���������
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,Q�UHDO�WHUPV��WKH�SLRQHHU�FOLPD[�GLFKRWRP\�UHSUHVHQWV�WZR�H[WUHPH�UHVSRQVHV�LQ�
DQ�HFRORJLFDO�FRQWLQXXP���:LWKLQ�WKH�FOLPD[�JURXS��VSHFLHV�ZLOO�UDQJH�IURP�EHLQJ�
H[WUHPHO\�VKDGH�WROHUDQW�WR�PRUH�OLJKW�GHPDQGLQJ��&DQKDP��������:KLWPRUH����������
$W�RQH�H[WUHPH��WKHUH�DUH�VSHFLHV�ZKRVH�VHHGOLQJV�DUH�YHU\�SHUVLVWHQW�LQ�GHHS�VKDGH�
DQG�DUH�UHOHDVHG��HLWKHU�ZLWK�QR�RU�RQO\�VPDOO�LQFUHDVHV�LQ�OLJKW��VXFK�DV�RFFXUV�LQ�D�
WLQ\�FDQRS\�JDS���$W�WKH�RWKHU�H[WUHPH��WKHUH�DUH�VSHFLHV�ZKRVH�VHHGOLQJV�SHUVLVW�RQO\�
XQGHU�OLJKW�VKDGH�DQG�DUH�UHOHDVHG�E\�VXEVWDQWLDO�LQFUHDVHV�LQ�OLJKW���7KH�
LGHQWLILFDWLRQ�RI�WKH�DERYH�EURDG�VSHFLHV�JXLOGV�VXSSRUWV�JDS�VL]H���QLFKH�
GLIIHUHQWLDWLRQ��RQH�FRQFHSW��RXW�RI�PDQ\��ZKLFK�FRQWULEXWHV�WR�H[SODQDWLRQV�RQ�WKH�
PDLQWHQDQFH�RI�WURSLFDO�IRUHVW�GLYHUVLW\��%XUVOHP�HW�DO����������

7HPSHUDWH�WUHH�VSHFLHV�KDYH�EHHQ�FODVVLILHG�LQWR�XQGHUVWRUH\�WROHUDQW�DQG�
XQGHUVWRUH\�LQWROHUDQW�JURXSV���7KH�WHUP�³VKDGH´�IURP�VKDGH�LQ�WROHUDQFH�KDV�EHHQ�
UHPRYHG��WR�HPSKDVLVH�WKH�LQIOXHQFH�RI�RWKHU�HQYLURQPHQWDO�IDFWRUV�EHVLGHV�OLJKW�RQ�
WKH�DELOLW\�WR�JURZWK�DQG�VXUYLYDO�LQ�WKH�VKDGH��6SXUU�	�%DUQHV����������$�FRQWLQXXP�
RI�WROHUDQFH�DPRQJVW�VSHFLHV�IURP�RQH�H[WUHPH�WR�WKH�RWKHU�LV�DFNQRZOHGJHG�DV�LQ�WKH�
WURSLFV���,Q�$PHULFD��WKHUH�LV�D�ILYH�SRLQW�VFDOH�RI�WROHUDQFH�LQFOXGLQJ�YHU\�WROHUDQW��
WROHUDQW��LQWHUPHGLDWH��LQWROHUDQW�DQG�YHU\�LQWROHUDQW�VSHFLHV��%DNHU����������,Q�
(XURSH��WKHUH�LV�D�QLQH�SRLQW�VFDOH�EDVHG�RQ�(OOHQEHUJ¶V�OLJKW�LQGLFDWRU�YDOXHV��VHH�
6HFWLRQ���������

3HWHUNHQ��������UHFRJQLVHV�WZR�W\SHV�RI�VKDGH�WROHUDQFH�VWUDWHJ\���L��VSHFLHV�
ZKLFK�JURZ�VWHDGLO\�LQ�VKDGH�EXW�GR�QRW�UHVSRQG�WR�SHULRGV�RI�LQFUHDVHG�OLJKW�DQG�LL��
WKRVH�WKDW�SHUVLVW�LQ�VKDGH�ZLWKRXW�QHW�JURZWK�EXW�UHVSRQG�VWURQJO\�WR�JDS�IRUPDWLRQ�
�IDFXOWDWLYH�VSHFLHV����'HOXFLD�HW�DO���������KDV�VXE�GLYLGHG�WKHVH�JURXSV�IXUWKHU�LQWR�
VSHFLHV�WKDW�SURPRWH�SHUVLVWHQFH��VSHFLHV�WKDW�PD[LPLVHV�JURZWK�LQ�WKH�XQGHUVWRUH\�
DQG�VSHFLHV�WKDW�SURPRWH�PDLQWHQDQFH�RI�D�KLJK�SRWHQWLDO�IRU�H[SORLWLQJ�FDQRS\�JDSV���
,QWROHUDQWV�KDYH�EHHQ�GLYLGHG�LQWR�WZR�VXE�JURXSV��L��VKRUW�WHUP�RSSRUWXQLVWV�ZKLFK�
FDQ�QRW�ZLWKVWDQG�VKDGH�DQG�TXLFNO\�RFFXS\�VLWHV�WKDW�EHFRPH�DYDLODEOH�DIWHU�
GLVWXUEDQFH��LL��DQG�VSHFLHV�ZKLFK�SHUVLVW�RQ�H[WUHPH�DQG�YHU\�LQIHUWLOH�VLWHV��ZKHUH�
WKH\�ZLWKVWDQG�UHSHDWHG�GLVWXUEDQFH�E\�GURXJKW�RU�WKH�FROG�E\�PHDQV�RI�UDSLG�
UHJHQHUDWLRQ�RU�YHU\�VORZ�JURZWK��3HWHUNHQ���������

7HPSHUDWH�WROHUDQWV�DQG�LQWROHUDQWV�VKDUH�FOLPD[�DQG�SLRQHHU�UHJHQHUDWLRQ�
FKDUDFWHULVWLFV��VLPLODU�WR�WKHLU�WURSLFDO�FRXQWHUSDUWV���%RWK�JURXSV�KDYH�VSHFLILF�
PRUSKRORJLFDO�DQG�SK\VLRORJLFDO�WUDLWV�ZKLFK�HQDEOH�WKHP�WR�PD[LPLVH�VXUYLYDO�DQG���

�������������������������������������������������
��7KH�XVH�RI�WKH�WHUP��VWUDWHJ\��WKURXJKRXW�WKH�WKHVLV�IROORZV�*ULPH
V�GHILQLWLRQ�DV��D�JURXSLQJ�RI�

VLPLODU�RU�DQDORJRXV�JHQHWLF�FKDUDFWHULVWLFV�ZKLFK�UHRFFXU�ZLGHO\�DPRQJVW�VSHFLHV�RU�SRSXODWLRQV�DQG�
FDXVHG�WKHP�WR�H[KLELW�VLPLODULWLHV�LQ�HFRORJ\���*ULPH����������,W�VKRXOG�QRW�EH�LQWHUSUHWHG�DV�DQ�
DELOLW\�WR�FDUHIXOO\�SODQ�WRZDUGV�DQ�DGYDQWDJH�RU�GHVLUHG�HQG��
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RU�JURZWK�LQ�WKHLU�UHVSHFWLYH�KDELWDWV��7DEOH��������3LRQHHUV��IRU�H[DPSOH��DUH�DEOH�WR�
FRORQLVH�ODUJH�JDSV�DQG�RSHQ�DUHDV�UDSLGO\�GXH�WR�UDSLG�ZLQG�RU�DQLPDO�GLVSHUVDO�RI�
DEXQGDQW�OLJKW�VHHG��IROORZHG�E\�UDSLG�JHUPLQDWLRQ�DQG�JURZWK��6ZDLQH�	�
:KLWPRUH��������6FKXSS�HW�DO���������:KLWPRUH��������3RSPD�HW�DO���������.LWDMLPD��
������3HWHUNHQ����������3K\VLRORJLFDO�DGDSWDWLRQV�UHIOHFW�VHOHFWLRQ�SUHVVXUHV�IRU�KLJK�
SKRWRQ�IOX[�GHQVLWLHV�ZLWK�KLJK�VDWXUDWLRQ�UDWHV�RI�SKRWRV\QWKHVLV�DQG�KLJK�UDWHV�RI�
UHVSLUDWLRQ��VPDOOHU�OHDI�DUHDV��KLJKHU�FKORURSK\OO�D�E�UDWLRV�DQG�ORZHU�OHYHOV�RI�
SKRWRV\QWKHWLF�SLJPHQWV�LQ�OHDI�HSLGHUPDO�OD\HUV��%D]]D]��������0XONH\�HW�DO���
��������*HQHUDOO\��LQWROHUDQWV�KDYH�D�KLJKHU�GHJUHH�RI�SKHQRW\SLF�SODVWLFLW\��WKDQ�
WROHUDQWV�ZKLFK�HQDEOHV�WKHP�WR�PDLQWDLQ�D�SRVLWLYH�FDUERQ�EDODQFH�IRU�UDSLG�JURZWK�
DQG�VXUYLYDO�LQ�WKHLU�PRUH�YDULDEOH�DQG�XQSUHGLFWDEOH�HQYLURQPHQW��*ULPH��������
6WUDXVV�'HEHQHGHWWL�	�%D]]D]��������&KD]GRQ��������3UHVV�HW�DO���������9HQHNODDV�
	�3RRUWHU���������

6KDGH�WROHUDQW�FOLPD[�VSHFLHV�SURGXFH�ODUJH�VHHG�UHVHUYHV�ZKLFK�DLG�VXUYLYDO�IRU�
ORQJ�SHULRGV�LQ�WKH�VKDGH��7DEOH��������7KH�PRUSKRORJLFDO�DQG�SK\VLRORJLFDO�
DGDSWDWLRQV�RI�VKDGH�WROHUDQW�FOLPD[�VSHFLHV�JHQHUDO�UHIOHFW�VHOHFWLRQ�SUHVVXUHV�WR�
PD[LPLVH�TXDQWXP�\LHOGV�DQG�OLJKW�DEVRUSWLRQ�ZKLOH�PLQLPLVLQJ�FDUERQ�FRVWV�LQ�WKH�
VKDGH��%D]]D]��������*LYQLVK��������0XONH\�HW�DO�����������&DUERQ�FRVWV�DUH�
PLQLPLVHG�E\�ORZ�VDWXUDWLRQ�UDWHV�RI�SKRWRV\QWKHVLV��ORZ�OLJKW�FRPSHQVDWLRQ�SRLQWV�
DQG�ORZ�UDWHV�RI�UHVSLUDWLRQ�VR�OLWWOH�QHW�SKRWRV\QWKHVLV�LV�QHHGHG�WR�EULQJ�UDWHV�RI�
&2��HYROXWLRQ�WR�]HUR���7KLQ�OHDYHV�ZLWK�VPDOOHU�LQYHVWPHQWV�RI�GU\�ZHLJKW�DQG�
PLQHUDO�QXWULHQWV�SHU�XQLW�DUHD�UHIOHFW�ORZHU�FRVWV�RI�FRQVWUXFWLRQ�DQG�PDLQWHQDQFH�
�%RQJHUV�	�3RSPD��������3RSPD�HW�DO�����������/RZ�URRW�PDVV�UDWLRV��ORZ�OHDI�
WXUQRYHU�UDWHV�DQG�ORQJHU�OHDI�OLIH�VSDQV�DOVR�FRQVHUYH�FDUERQ��%RQJHUV�	�3RSPD��
��������4XDQWXP�\LHOGV�DQG�WKXV�JURZWK�UDWHV�FDQ�EH�RSWLPLVHG�E\�WKH�PDLQWHQDQFH�
RI�D�KLJK�VSHFLILF�OHDI�DUHD��6/$���OHDI�DUHD�SHU�OHDI�PDVV���KLJK�OHDI�DUHD�UDWLR��/$5��
�OHDI�DUHD�SHU�SODQW�PDVV��DQG�ORZ�URRW��VKRRW�UDWLRV��+RUQ��������*LYQLVK���������

7UDLWV�WR�PD[LPLVH�HQHUJ\�FDSWXUH��KRZHYHU��DUH�QRW�DOZD\V�IRXQG�LQ�VKDGH�
WROHUDQWV�GXH�WR�GLIIHUHQW�VWUDWHJLHV�DQG�D�WUDGH�RII�EHWZHHQ�HQHUJ\�FDSWXUH�DQG�
VXVFHSWLELOLW\�WR�KHUELYRUHV��SDWKRJHQV�DQG�RWKHUV�VRXUFHV�RI�PRUWDOLW\�VXFK�DV�ZDWHU�
VWUHVV��6SXUU�	�%DUQHV��������.LWDMLPD��������'HOXFLD�HW�DO���������9HQHNODDV�	�
3RRUWHU����������6RPH�VSHFLHV�PDLQWDLQ�ODUJH�URRWV�LQ�WKH�VKDGH�WR�UHVLVW�GURXJKW�LQ�
ZDWHU�VWUHVVHG�HQYLURQPHQWV��H�J���4XHUFXV�UXEUD���6SXUU�	�%DUQHV��������RU�WR�VWRUH�
FDUERK\GUDWHV�IRU�UDSLG�JURZWK�IROORZLQJ�D�FDQRS\�GLVWXUEDQFH���H�J���3UXQXV�

�������������������������������������������������
��3KHQRW\SLF�SODVWLFLW\�LV�WKH�SURSHUW\�RI�D�JLYHQ�JHQRW\SH�WR�SURGXFH�GLIIHUHQW�SK\VLRORJLFDO�DQG�

PRUSKRORJLFDO�SKHQRW\SHV�LQ�UHVSRQVH�WR�GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV��LQ�&DOODZD\�HW�DO���
�������
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VHURWLQD���'HOXFLD�HW�DO�����������2WKHU�VSHFLHV�KDYH�VWUDWHJLHV�IRU�SHUVLVWHQFH�ZKHUH�
ORZ�6/$�DQG�/$5�FRQWULEXWH�WR�ORZ�JURZWK�UDWHV�EXW�DOVR�FRQIHU�UHVLVWDQFH�WR�
KHUELYRU\�DQG�SDWKRJHQV��H�J��$FHU�VDFFKDUXP���'HOXFLD�HW�DO����������
�
7DEOH������7KH�PDLQ�FKDUDFWHULVWLFV�RI�SLRQHHU��LQWROHUDQW��DQG�FOLPD[��WROHUDQW��WUHH�VSHFLHV���
)URP�6SXUU�	�%DUQHV���������%D]]D]���������6ZDLQH�	�:KLWPRUH���������:KLWPRUH����������
.LWDMLPD���������0XONH\�HW�DO����������
� 3,21((5��,172/(5$17�� &/,0$;��72/(5$17��

�
*(50,1$7,21� 2QO\�LQ�FDQRS\�JDSV�RSHQ�WR�

WKH�VN\�ZKLFK�UHFHLYH�VRPH�
IXOO�VXQOLJKW�

8VXDOO\�EHORZ�FDQRS\�

6(('/,1*6� &DQQRW�VXUYLYH�EHORZ�WKH�
FDQRS\�

&DQ�VXUYLYH�EHORZ�WKH�FDQRS\�
6(('6� � �
6HHG�VL]H� 6PDOO�DQG�OLJKW� 2IWHQ�ODUJH�
3URGXFWLRQ� &RSLRXV� 1RW�FRSLRXV�
6RLO�VHHG�EDQN�� 0DQ\�VSHFLHV� )HZ�VSHFLHV�
'LVSHUVDO� %\�ZLQG�RU�DQLPDOV�RIWHQ�

RYHU�FRQVLGHUDEOH�GLVWDQFHV�
%\�GLYHUVH�PHDQV��LQFOXGLQJ�
JUDYLW\��VRPHWLPHV�RQO\�D�VKRUW�
GLVWDQFH�

'RUPDQF\� 2UWKRGR[� 5HFDOFLWUDQW�
3+<6,2/2*<� � �
&RPSHQVDWLRQ�SRLQW� +LJK� /RZ�
/LJKW�VDWXUDWHG�UDWHV�RI�
SKRWRV\QWKHVLV�

+LJK� /RZ�
6XQIOHFN�SKRWRV\QWKHWLF�
HIILFLHQF\�

/RZ� +LJK�
5HVSLUDWLRQ�UDWHV� +LJK� /RZ�
6WRPDWDO�FRQGXFWDQFH� /RZ� +LJKHU�
3KRWRV\QWKHWLF�1LWURJHQ�8VH�
(IILFLHQF\��318(��

+LJK� /RZ�
3KRWRV\QWKHWLF�3KRVSKRUXV�8VH�
(IILFLHQF\��338(��

+LJK� /RZ�
3KHQRW\SLF�SODVWLFLW\� *HQHUDOO\�KLJK� *HQHUDOO\�ORZ��
*52:7+�	�0253+2/2*<� � �
+HLJKW�JURZWK� )DVW� 2IWHQ�VORZ�
5HODWLYH�JURZWK�UDWH� +LJK� /RZHU�UDWHV�
/HDI�DUHD�UDWLR��/$5�� 9DULDEOH�EXW�JHQHUDOO\�

VPDOOHU��
9DULDEOH��GHSHQGLQJ�RQ�VWUDWHJ\��
KHUELYRUH�VXVFHSWLELOLW\�

6SHFLILF�OHDI�DUHD��6/$�� 9DULDEOH�EXW�JHQHUDOO\�
VPDOOHU�

9DULDEOH��GHSHQGLQJ�RQ�VWUDWHJ\��
KHUELYRUH�VXVFHSWLELOLW\�

5RRW���VKRRW�UDWLR� /RZ��DOORZV�VHHGOLQJV�WR�
JURZ�XS�TXLFNO\�LQ�KLJK�
OLJKW�

9DULDEOH��GHSHQGLQJ�RQ�ZDWHU�	�
QXWULHQW�DYDLODELOLW\�

%UDQFKLQJ� 6SDUVH��IHZ�RUGHUV� 2IWHQ�FRSLRXV��RIWHQ�VHYHUDO�
RUGHUV�

/HDI�OLIH�VSDQ� 6KRUW��KLJK�WXUQ�RYHU�UDWH� /RQJ��VORZ�WXUQ�RYHU�UDWH�
/RQJHYLW\� 2IWHQ�VKRUW� 6RPHWLPHV�YHU\�ORQJ�
(FRORJLFDO�5DQJH� :LGH� 6RPHWLPHV�QDUURZ�
+HUELYRU\� /HDYHV�VXVFHSWLEOH��VRIW��

OLWWOH�FKHPLFDO�GHIHQFH�
/HDYHV�VRPHWLPHV�OHVV�
VXVFHSWLEOH�GXH�WR�PHFKDQLFDO�
WRXJKQHVV�RU�WR[LF�FKHPLFDOV�
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&ODVVLILFDWLRQV�LQ�%ULWLVK�QDWLYH�WUHH�VSHFLHV�KDYH�PDLQO\�EHHQ�EDVHG�RQ�VXEMHFWLYH�
REVHUYDWLRQ�VXSSRUWHG�E\�YHU\�OLWWOH�TXDQWLWDWLYH�UHVHDUFK���7KXV��VKDGH�WROHUDQFH�DQG�
LWV�UROH�LQ�6FRWWLVK�QDWLYH�ZRRGODQGV�LV�SRRUO\�XQGHUVWRRG���2QH�PD\�DUJXH�WKDW�VKDGH�
WROHUDQFH�LV�QRW�DQ�LPSRUWDQW�IDFWRU�GULYLQJ�VXFFHVVLRQ�LQ�WKH�&DOHGRQLDQ�SLQH�IRUHVW�
EHFDXVH�LW�LV�SHUFHLYHG�WR�EH�D�IDLUO\�RSHQ�ZRRGODQG�HFRV\VWHP�SUHGRPLQDWHG�E\�
OLJKW�GHPDQGLQJ�SLRQHHU�VSHFLHV���7UDGLWLRQDO�FODVVLILFDWLRQV�GR�VXJJHVW�WKDW�WKH�
QDWLYH�EURDGOHDYHV�DQG�HYHUJUHHQV�OLH�WRZDUGV�WKH�LQWHUPHGLDWH�DQG�LQWROHUDQW�HQG�RI�
WKH�VKDGH�WROHUDQFH�VSHFWUXP��(OOHQEHUJ��������6DYLOO��������+LOO�HW�DO�����������
+RZHYHU��WKLV�LQ�LWVHOI�LGHQWLILHV�D�UDQJH�RI�UHVSRQVHV�WR�OLJKW�ZLWK�SRWHQWLDO�
GLIIHUHQFHV�LQ�VKDGH�WROHUDQFH�DQG�SODVWLFLW\�LQIOXHQFLQJ�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV���

:LWKLQ�WKH�&DOHGRQLDQ�SLQHZRRG�HFRV\VWHP��OLJKW�FDQ�EH�YHU\�KHWHURJHQHRXV�ZLWK�
VHHGOLQJV�VXEMHFWHG�WR�GHHS�VKDGH�LQ�FORVHG�VZDUGV�RI�JUDVV��&DOOXQD�DQG�EUDFNHQ�
FRPPXQLWLHV�FORVHO\�DVVRFLDWHG�ZLWK�WKH�ZRRGODQGV���7KH�OLJKW�HQYLURQPHQW�ZLOO�DOVR�
FKDQJH�DFURVV�VWDQGV�RI�YDU\LQJ�VWUXFWXUH�LQ�VWDQG�GHYHORSPHQW��7DEOH������DQG�
ZKHUH�SLQHZRRG�PHUJHV�ZLWK�RWKHU�ZRRGODQG�W\SHV���4XHVWLRQV�DERXW�VKDGH�
WROHUDQFH�DUH�EHFRPLQJ�PRUH�UHOHYDQW�ZLWK�WKH�UHFHQW�DFNQRZOHGJHPHQW�RI�JDS�SKDVH�
G\QDPLFV�LQ�SLQHZRRGV��1L[RQ�	�&OLIIRUG����������)XUWKHUPRUH�FXUUHQW�SROLF\�
UHTXLUHV�PDQDJHUV�RI�FRQLIHU�SODQWDWLRQ�IRUHVWV�WR�LQFUHDVH�WKH�GLYHUVLW\�RI�WKHLU�
VWDQGV�WKURXJK��DPRQJVW�RWKHU�RSWLRQV���WKH�XVH�RI�QDWLYH�EURDGOHDYHG�VSHFLHV�GXULQJ�
WKH�UHVWRFNLQJ�SURFHVV���,W�LV�DFNQRZOHGJHG�WKDW�WKHVH�QDWLYH�VSHFLHV�QHHG�WR�EH�VHOI�
VXVWDLQLQJ�WR�EH�RI�DQ\�EHQHILW�WR�WKH�DWWDLQPHQW�RI�PXOWLSOH�SXUSRVH�REMHFWLYHV�VXFK�
DV�WKH�HQKDQFHPHQW�RI�ELRGLYHUVLW\�DQG�PDLQWHQDQFH�RI�KDELWDW��QRGHV��IRU�H[SDQVLRQ�
�0DVRQ�HW�DO�����������6XFFHVVIXO�XQGHUSODQWLQJ�RI�VHOI�VXVWDLQLQJ�QDWLYH�WUHH�VSHFLHV�
ZLWKLQ�FRQLIHU�SODQWDWLRQV��LQFOXGLQJ�SODQWDWLRQV�RQ�DQFLHQW�ZRRGODQG�VLWHV��3$:6��
�7KRPSVRQ�HW�DO���������UHTXLUHV�D�NQRZOHGJH�RI�WKH�VKDGH�WROHUDQFH�DELOLW\�RU�OLJKW�
GHPDQG�RI�D�SDUWLFXODU�VSHFLHV��

�
�������(OOHQEHUJ�OLJKW�LQGLFDWRU�YDOXHV�

(OOHQEHUJ��������GHILQHG�D�VHW�RI�LQGLFDWRU�YDOXHV�IRU�YDVFXODU�SODQWV�EDVHG�RQ��
REVHUYDWLRQV�RQ�WKH�ILHOG�GLVWULEXWLRQV�RI�VSHFLHV�LQ�&HQWUDO�(XURSH���(QYLURQPHQWDO�
YDOXHV�LQFOXGH�OLJKW�LQGLFDWRU�YDOXHV�ZKHUH�SODQWV�KDYH�EHHQ�DVVLJQHG�D�UDQN�RQ�D�
VFDOH�RI������IURP�YHU\�ORZ�OLJKW�����WR�IXOO�GD\OLJKW������7DEOH��������7KH�VFDOH�FDQ�EH�
UHODWHG�WR�D�WROHUDQFH�UDQJH��DVFHQGLQJ�IURP�PRVW�VKDGH�WROHUDQW�����WR�VKDGH�
LQWROHUDQW�����ZLWK�LQWHUPHGLDWHV�EHWZHHQ���5HFHQWO\�WKH�(OOHQEHUJ�V\VWHP�KDV�EHHQ�
H[WHQGHG�WR�%ULWLVK�SODQW�VSHFLHV��+LOO�HW�DO�����������������1HZ�YDOXHV�ZHUH�
FDOFXODWHG�E\�FRPSDULQJ�RULJLQDO�LQGLFDWRU�YDOXHV�RI�VSHFLHV�ZLWK�WKH�PHDQ�YDOXHV�RI�
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WKHLU�DVVRFLDWHG�VSHFLHV���7KH�QHZ�OLJKW�LQGLFDWRU�YDOXHV�IRU�FDQRS\�WUHH�VSHFLHV�UHIHU�
WR�WKH�VDSOLQJ�VWDJH���+RZHYHU��WKHVH�QHZ�YDOXHV�IRU�VDSOLQJV�DUH�QRW�FRQVLGHUHG�
WRWDOO\�UHOLDEOH�GXH�WR�D�ODFN�RI�VSHFLHV�IRXQG�LQ�VDPSOHV�ZKHQ�VXUYH\LQJ�LQ�%ULWLVK�
ZRRGODQG�XQGHUVWRUH\��ZKLFK�OLPLWHG�FRPSDULVRQV��0�2��+LOO��SHUVRQDO�
FRPPXQLFDWLRQ����,Q�WKLV�WKHVLV��ERWK�WKH�RULJLQDO�(OOHQEHUJ�OLJKW�LQGLFDWRU�YDOXHV�DQG�
+LOO¶V�DGMXVWHG�YDOXHV�ZLOO�EH�XVHG�DV�D�EDVHOLQH�IRU�FRPSDULVRQ�ZKHQ�TXDQWLI\LQJ�
VKDGH�WROHUDQFH�LQ�GLIIHUHQW�6FRWWLVK�QDWLYH�WUHH�VSHFLHV���,W�LV�DFNQRZOHGJHG�WKDW�
UHYLVHG�LQGLFDWRU�YDOXHV�EDVHG�RQ�SK\VLRORJLFDO�UHVSRQVHV�PD\�QRW�QHFHVVDU\�UHODWH�WR�
(OOHQEHUJ�LQGLFDWRU�YDOXHV�EDVHG�RQ�QDWXUDO�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV��
�
7DEOH������(OOHQEHUJ¶V�OLJKW�LQGLFDWRU�YDOXHV��(OOHQEHUJ����������/LJKW�YDOXH�L�H��SRVLWLRQ�
LQ�WKH�JUDGLHQW�IURP�YHU\�ORZ�LOOXPLQDWLRQ�����WR�IXOO�OLJKW������
���3ODQWV�LQ�GHHS�VKDGH��PD\�EH�OHVV�WKDQ�����VHOGRP�PRUH�WKDQ�����UHODWLYH�LOOXPLQDWLRQ�
���%HWZHHQ���	���
���6KDGH�SODQWV��PRVWO\�OHVV�WKDQ����UHODWLYH�LOOXPLQDWLRQ���EXW�DOVR�LQ�OLJKWHU�SODFHV�
���%HWZHHQ���	���
���3ODQWV�RI�KDOI�VKDGH��UDUHO\�LQ�IXOO�OLJKW�EXW�JHQHUDOO\�PRUH�WKDQ�����UHODWLYH�LOOXPLQDWLRQ��
���%HWZHHQ���	���
���3ODQWV�JHQHUDOO\�LQ�ZHOO�OLW�SODFHV�EXW�DOVR�RFFXU�LQ�SDUWLDO�VKDGH��
���/LJKW�ORYLQJ�SODQWV��UDUHO\�IRXQG�ZKHUH�WKHUH�LV�OHVV�WKDQ�����UHODWLYH�LOOXPLQDWLRQ��
���3ODQWV�RI�IXOO�OLJKW��IRXQG�RQO\�LQ�IXOO�VXQ��UDUHO\�LQ�OHVV�WKDQ�����UHODWLYH�LOOXPLQDWLRQ�

�
�����5HVWRUDWLRQ�SROLF\�DQG�SUDFWLFHV�

7KH�LQWHUQDWLRQDO�DJUHHPHQWV�PDGH�DW�WKH�8QLWHG�1DWLRQV�&RQIHUHQFH�RQ�
(QYLURQPHQW�DQG�'HYHORSPHQW��81&('��LQ�5LR�GH�-DQHLUR�LQ������DQG�WKH�
FRPPLWPHQWV�VLJQHG�DW�+HOVLQNL�LQ������LQLWLDWHG�LQWHUQDWLRQDO�SROLF\�RQ�WKH�
VXVWDLQDEOH�PDQDJHPHQW�RI�WKH�ZRUOG¶V�IRUHVWV���7KLV�OHG�WR�WKH�SURPRWLRQ�RI�
VXVWDLQDEOH�IRUHVWU\��$QRQ���������DQG�ELRGLYHUVLW\��$QRQ���������LQ�8.�IRUHVW�
SROLF\���$V�D�FRQVHTXHQFH��WKH�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI�&DOHGRQLDQ�IRUHVW�KDV�
EHFRPH�D�JRYHUQPHQW�SULRULW\���7KHVH�QDWLYH�ZRRGODQGV�KDYH�EHHQ�OLVWHG�DV�SULRULW\�
KDELWDWV�IRU�FRQVHUYDWLRQ�LQ�WKH�8.�%LRGLYHUVLW\�$FWLRQ�3ODQ��$QRQ���������DV�ZHOO�
DV�LQ�WKH�(XURSHDQ�8QLRQ�+DELWDWV�'LUHFWLYH��&RXQFLO�'LUHFWLYH�������((&�RI�0D\��
��������7KH�ODWWHU�KDV�OHG�WR�OHJDO�SURWHFWLRQ�RI�GHVLJQDWHG�VLWHV�DV�6SHFLDO�$UHDV�RI�
&RQVHUYDWLRQ��61+��������DQG�WR�(8�IXQGLQJ�IRU�UHVWRUDWLRQ�SURMHFWV��&RXQFLO�
5HJXODWLRQ�((&�1R�������������/RQJ�WHUP�PDQDJHPHQW�SODQV�DUH�QRZ�UHTXLUHG�IRU�
LQFUHDVLQJ�GLYHUVLW\�LQ�KDELWDW�DQG�DJH��DV�ZHOO�DV�WKH�PDLQWHQDQFH�RI�ELRGLYHUVLW\�DQG�
HFRORJLFDO�IXQFWLRQV�WR�FRPSO\�ZLWK�WKH�8.�IRUHVWU\�VWDQGDUG�RU�WR�UHFHLYH�
FHUWLILFDWLRQ�XQGHU�WKH�8.�:RRGODQG�$VVXUDQFH�6FKHPH��8.:$6�6WHHULQJ�*URXS��
�������
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'HYROXWLRQ�RI�WKH�6FRWWLVK�SDUOLDPHQW�LQ������KDV�OHG�WR�PXFK�FKDQJH�ZLWKLQ�WKH�
%ULWLVK�)RUHVWU\�&RPPLVVLRQ�DQG�LWV�GHOLYHU\�RI�IRUHVW�SROLF\���2Q�$SULO��VW��������
)RUHVWU\�&RPPLVVLRQ�6FRWODQG�FDPH�LQWR�EHLQJ���,WV�PDLQ�DLP�LV�WR�GHOLYHU�WKH�
6FRWWLVK�)RUHVWU\�6WUDWHJ\��)RUHVWV�IRU�6FRWODQG���$QRQ��������ZKLFK�ZLOO�JXLGH�WKH�
GHYHORSPHQW�RI�6FRWODQG
V�H[SDQGLQJ�IRUHVW�DQG�ZRRGODQG�DUHD�LQWR�WKH���VW�&HQWXU\�
DQG�EH\RQG����

�
�7KH�YLVLRQ�LV�WKDW�6FRWODQG�ZLOO�EH�UHQRZQHG�DV�D�ODQG�RI�ILQH�WUHHV��ZRRGV�DQG�
IRUHVWV�ZKLFK�VWUHQJWKHQ�WKH�QDWXUDO�HQYLURQPHQW�DQG�ZKLFK�SHRSOH�HQMR\�DQG�
YDOXH��
�
7KH�6FRWWLVK�)RUHVWU\�*UDQW�6FKHPH��6)*6���$QRQ�������E��ZDV�ODXQFKHG�LQ�

�����WR�DLG�GHOLYHU\�RI�WKH�6FRWWLVK�)RUHVWU\�6WUDWHJ\���2EMHFWLYHV�ZLWKLQ�WKH�YDULRXV�
JUDQWV�LQFOXGH�VXSSRUW�IRU�WKH�UH�FUHDWLRQ�DQG�UHVWRUDWLRQ�RI�WKH�QDWLYH�SLQHZRRGV���
6WHZDUGVKLS�JUDQWV��IRU�H[DPSOH��ZKLFK�HQFRXUDJH�DFWLYLWLHV�LQ�H[LVWLQJ�ZRRGODQGV��
DUH�DYDLODEOH�IRU�QDWLYH�ZRRGODQG��LQFOXGLQJ�WKH�SLQHZRRGV���LPSURYLQJ�ZRRGODQG�
ELRGLYHUVLW\�DQG�UHGXFLQJ�GHHU�QXPEHUV���

,QIRUPDWLRQ�ZKLFK�KDV�EHHQ�SXEOLVKHG�WR�DLG�SULYDWH�RZQHUV�ZLWK�UH�FUHDWLRQ�DQG�
UHVWRUDWLRQ�RI�SLQHZRRGV�LQFOXGHV�WKH�)RUHVWU\�3UDFWLFH�JXLGH��1DWLYH�3LQHZRRGV�
�$QRQ������D��DQG�&UHDWLQJ�1HZ�1DWLYH�:RRGODQGV��5RGZHOO�	�3DWWHUVRQ����������
)XUWKHUPRUH�D�3&�EDVHG�WRRO�FDOOHG�WKH�(FRORJLFDO�6LWH�&ODVVLILFDWLRQ�'HFLVLRQ�
6XSSRUW�6\VWHP�KDV�UHFHQWO\�EHHQ�UHOHDVHG�ZKLFK�FODVVLILHV�WKH�TXDOLW\�RI�D�VLWH�
�EDVHG�RQ�FOLPDWLF�DQG�HGDSKLF�IDFWRUV��WR�DLG�WKH�FKRLFH�RI�DSSURSULDWH�WUHH�VSHFLHV�
DQG�ZRRGODQG�W\SHV��5D\��������3\DWW�HW�DO����������

,Q�WKH�RSHUDWLRQDO�JXLGHOLQHV�IRU�QDWLYH�SLQHZRRGV��JHQHUDO�PDQDJHPHQW�
SULQFLSOHV�LQFOXGH�WKH�QHHG�WR�LQFUHDVH�GLYHUVLW\�RI�VWUXFWXUH�DQG�VSHFLHV�ZKHUH�
DSSURSULDWH�DQG�PDLQWDLQ�GLYHUVLW\�RI�KDELWDW��$QRQ������D����1DWXUDO�UHJHQHUDWLRQ�LV�
VWURQJO\�SUHIHUUHG�WR�SODQWLQJ�DV�LW�FRQVHUYHV�ORFDO�JHQRW\SH�DQG�IDYRXUV�WKH�QDWXUDO�
GLVWULEXWLRQ�RI�WUHH�VSHFLHV�LQ�UHODWLRQ�WR�VLWH�FRQGLWLRQV���7KH�QDWXUDO�UHJHQHUDWLRQ�RI�
VSHFLHV�RWKHU�WKDQ�SLQH�ZKLFK�DUH�HQFRXUDJHG�LQFOXGH�ELUFK��DOGHU��ZLOORZ��URZDQ��
KROO\��MXQLSHU��RDN��KD]HO�DQG�DVSHQ���,I�SODQWLQJ�LV�XQGHUWDNHQ��LW�PXVW�EH�ZLWK�VWRFN�
WKDW�RULJLQDWHV�IURP�WKH�VDPH�ORFDOLW\�DQG�UHIOHFWV�ORFDO�JHQHWLF�GLYHUVLW\��

6LQFH�������D�ELDV�KDV�GHYHORSHG�WRZDUGV�WKH�UH�FUHDWLRQ�RI�QDWLYH�ZRRGV�ZLWK�
OHVV�DWWHQWLRQ�EHLQJ�JLYHQ�WR�WKH�UHVWRUDWLRQ�RI�H[LVWLQJ�QDWLYH�ZRRGODQG�UHPQDQWV�
�3U\RU����������7KLV�LV�TXLWH�SHUSOH[LQJ��DV�RQH�ZRXOG�WKLQN�LW�PRUH�ORJLFDO�WR�VWDUW�
ZLWK�WKH�UHVWRUDWLRQ�RI�H[LVWLQJ�VWDQGV�DV�WKH\�SURYLGH�D�VRXUFH�IRU�IXUWKHU�H[SDQVLRQ���
1DWLYH�SLQHZRRGV�WRGD\�DUH�LQ�D�GHJHQHUDWLYH�VWDWH��DQG�DQ�LPSURYHPHQW�LQ�FXUUHQW�
FRQGLWLRQV��L�H���WKURXJK�EURDGOHDI�HVWDEOLVKPHQW��LV�SDUDPRXQW�WR�NLFN�VWDUW�G\QDPLFV�
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DQG�FRQVHUYH�WKHLU�ELRGLYHUVLW\���7KH�GLVSDULW\�EHWZHHQ�UHFUHDWLRQ�DQG�UHVWRUDWLRQ�KDV�
EHHQ�KLJKOLJKWHG��DQG�WKXV�WKH�ODWHU�PD\�KDYH�VRPH�FKDQFH�LQ�EHFRPLQJ�D�VWUDWHJLF�
SULRULW\�LQ�WKH�IXWXUH��+XPSKUH\�HW�DO����������

�
�����3UDFWLFDO�LPSOLFDWLRQV�RI�WKH�UHVHDUFK�

0DQDJHPHQW�JXLGHOLQHV�VWUHVV�WKH�LPSRUWDQFH�RI�UHVWRULQJ�SLQHZRRGV�WR�WKHLU�
QDWXUDO�VWDWH��ZKLFK�LQYROYHV�WKH�HQKDQFHPHQW�DQG�PDLQWHQDQFH�RI�VWUXFWXUDO�DQG�
FRPSRVLWLRQDO�ELRGLYHUVLW\���7R�LPSOHPHQW�VXFK�REMHFWLYHV��PRUH�LQIRUPDWLRQ�LV�
QHHGHG�RQ�KRZ�ZHOO�EURDGOHDYHV�HVWDEOLVK�RQ�GLIIHUHQW�VLWHV�ZLWKLQ�WKH�&DOHGRQLDQ�
IRUHVW�LQ�SUHVHQW�GD\�FRQGLWLRQV���7KLV�LQIRUPDWLRQ�PD\�TXHVWLRQ�DQG�RU�LPSURYH�
IRUHVW�SUDFWLFH�JXLGHOLQHV�DQG�PDQDJHPHQW�WRROV���)XUWKHUPRUH�LQIRUPDWLRQ�RQ�WKH�
VKDGH�WROHUDQFH�RI�QDWLYH�WUHH�VSHFLHV�DQG�HVWDEOLVKPHQW�SUREDELOLWLHV�FDQ�EH�XVHG�DV�
LPSRUWDQW�SDUDPHWHUV�LQ�IRUHVW�JURZWK�PRGHOV�ZKLFK�DUH�EHLQJ�GHYHORSHG�WR�
XQGHUVWDQG�WKH�G\QDPLFV�DQG�VXFFHVVLRQDO�GHYHORSPHQW�RI�IRUHVW�FRPPXQLWLHV�LQ�
6FRWODQG��

�
�����3UHVHQWDWLRQ�RI�WKH�WKHVLV�DQG�LWV�REMHFWLYHV�
7KH�ZRUN�LV�VWUXFWXUHG�LQ�VHYHQ�FKDSWHUV���7KHUH�DUH�IRXU�PDLQ�UHVHDUFK�FKDSWHUV�WKDW�
IROORZ�WKH�PDLQ�LQWURGXFWLRQ�DQG�VWXG\�VLWH�GHVFULSWLRQV���7KH\�DUH�VSHFLILFDOO\�
GHGLFDWHG�WR�DFKLHYLQJ�WKH�IROORZLQJ�REMHFWLYHV��
L�� WR�GHWHUPLQH�KRZ�RQH�\HDU�ROG�VHHGOLQJV�RI����6FRWWLVK�QDWLYH�ZRRG\�VSHFLHV�

GLIIHU�LQ�WKHLU�JURZWK��DOORFDWLRQ�DQG�PRUSKRORJ\�ZKHQ�HVWDEOLVKHG�XQGHU�
GLIIHUHQW�VLPXODWHG�IRUHVW�VKDGH�UHJLPHV��&KDSWHU�����

LL�� WR�H[SORUH�DQG�H[SODLQ�WKH�UHODWLRQVKLS�EHWZHHQ�UHODWLYH�JURZWK�UDWH�LQ�ZRRG\�
VSHFLHV�DQG�LUUDGLDQFH��&KDSWHU�����

LLL�� WR�GHWHUPLQH�KRZ�RQH�\HDU�ROG�VHHGOLQJV�RI�IRXU�6FRWWLVK�QDWLYH�EURDGOHDYHG�
VSHFLHV�GLIIHU�LQ�WKHLU�JURZWK��DOORFDWLRQ�DQG�PRUSKRORJ\�ZKHQ�HVWDEOLVKHG�
XQGHU�GLIIHUHQW�GHYHORSPHQWDO�VWDJHV�RI�3��V\OYHVWULV�ZRRGODQG��&KDSWHU�����

LLL�� WR�GHWHUPLQH�KRZ�QDWXUDOO\�UHJHQHUDWLQJ�6��DXFXSDULD�VHHGOLQJV�GLIIHU�LQ�
VSDWLDO�DQG�WHPSRUDO�JURZWK�SDWWHUQV�EHWZHHQ�JDS�DQG�VKDGH�KDELWDWV�ZLWKLQ�
DQ�ROG�JURZWK�3��V\OYHVWULV�ZRRGODQG��&KDSWHU�����

�
7KH� DFKLHYHPHQW� RI� WKHVH� REMHFWLYHV� ZDV� DLGHG� E\� DQVZHULQJ� VSHFLILF� UHVHDUFK�
TXHVWLRQV��
L�� 'R� VSHFLHV� VKRZ� FODVVLFDO� UHVSRQVHV� WR� VKDGH� LQ� DFFRUGDQFH� ZLWK� WKH�

OLWHUDWXUH"��&KDSWHUV������	����



� � &KDSWHU���

����

LL�� :KLFK� PRUSKRORJLFDO�� SK\VLRORJLFDO� RU� HQYLURQPHQWDO� YDULDEOHV� SOD\�
LPSRUWDQW�UROHV�LQ�GULYLQJ�UHODWLYH�JURZWK�UDWHV�DFURVV�GLIIHUHQW�LUUDGLDQFHV�RU�
SLQHZRRG�VWDQG�W\SHV"��&KDSWHUV���	����

LLL�� +RZ� FDQ� GLIIHUHQFHV� LQ� JURZWK�� DOORFDWLRQ� DQG� PRUSKRORJ\� EH� XVHG� WR�
GLVWLQJXLVK�GLIIHUHQW� GHJUHHV� RI� VKDGH� WROHUDQFH� DPRQJVW� VSHFLHV"� �&KDSWHUV�
�����	����

LY�� +RZ� ZHOO� GR� SK\VLRORJLFDO� UHVSRQVHV� PDWFK� WUDGLWLRQDO� QRWLRQV� RI� VKDGH�
WROHUDQFH�DQG�(OOHQEHUJ�OLJKW�LQGLFDWRU�YDOXHV"��&KDSWHUV���	����

Y�� +RZ� GR� VSDWLDO� GLVWULEXWLRQ� SDWWHUQV�� DEXQGDQFH�� DJH�� VL]H� DQG� JURZWK� RI�
QDWXUDOO\� UHJHQHUDWLQJ�6�� DXFXSDULD�GLIIHU� EHWZHHQ� JDS� DQG� VKDGH� KDELWDWV"�
�&KDSWHU����

YL�� +RZ�GRHV� WKH�JURZWK�RI�QDWXUDOO\� UHJHQHUDWLQJ�6��DXFXSDULD�GLIIHU�EHWZHHQ�
JDS�DQG�VKDGH�PLFURKDELWDWV�RYHU�WLPH"��&KDSWHU����

YLL�� 'RHV� WKH� DEXQGDQFH� RI� &DOOXQD� YXOJDULV� KDYH� D� QHJDWLYH� LPSDFW� RQ� WKH�
HVWDEOLVKPHQW�RI�WUHH�VHHGOLQJV"��&KDSWHUV���	����

YLLL�� +RZ�LV�VKDGH�WROHUDQFH�PRGLILHG�LQ�WKH�ILHOG"��&KDSWHU����
�

7KH�ILQDO�FKDSWHU��&KDSWHU����VXPPDULVHV��FRPSDUHV�DQG�GLVFXVVHV�UHVXOWV�IURP�
WKH�IRXU�PDLQ�VHFWLRQV���,W�FODULILHV�KRZ�WKLV�UHVHDUFK�KDV�FRQWULEXWHG�WR�WKH�
TXDQWLILFDWLRQ�RI�VKDGH�WROHUDQFH�LQ�6FRWWLVK�QDWLYH�WUHH�VSHFLHV�DQG�WR�DQ�
XQGHUVWDQGLQJ�RI�EURDGOHDI�HVWDEOLVKPHQW�XQGHU�&DOHGRQLDQ�SLQH���)XUWKHUPRUH�WKH�
UROH�WKDW�VKDGH�WROHUDQFH�DQG�WKH�EURDGOHDI�FRPSRQHQW�KDYH�WR�SOD\�LQ�&DOHGRQLDQ�
SLQHZRRG�G\QDPLFV�DUH�GLVFXVVHG���3URSRVDOV�WR�LPSURYH�QDWLYH�SLQHZRRG�IRUHVW�
SUDFWLFH�JXLGHOLQHV�DQG���RU�DLG�SLQHZRRG�UHVWRUDWLRQ�PDQDJHPHQW��HVSHFLDOO\�ZLWKLQ�
WKH�*OHQ�$IIULF�UHVHUYH��DUH�FOHDUO\�VWDWHG��
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