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��� 6WXG\�%DFNJURXQG

��� /HJLVODWLYH�DQG�-XGLFLDO�%DFNJURXQG

����� ([LVWLQJ�6ROYHQW�/LVWLQJV�DQG�WKH�5HJXODWRU\�'HILQLWLRQ�RI�6ROYHQW�

$V�SDUW�RI�WKH�+D]DUGRXV�DQG�6ROLG�:DVWH�$PHQGPHQWV��+6:$��RI�������(3$�ZDV�UHTXLUHG�WR

PDNH�GHWHUPLQDWLRQV�DV�WR�ZKHWKHU�FHUWDLQ�ZDVWHV�DUH�KD]DUGRXV�XQGHU�5&5$���$PRQJ�WKHVH�DUH�VROYHQW

ZDVWHV���)LYH�KD]DUGRXV�ZDVWH�OLVWLQJV�IRU�VROYHQW�ZDVWHV�KDYH�EHHQ�SURPXOJDWHG�WR�GDWH�DW

���&)5���������D����7KHVH�DUH�VKRZQ�EHORZ��DQG�WKH�EDVLV�IRU�OLVWLQJ�WKHVH�VROYHQWV��WR[LFLW\��7��RU

LJQLWDELOLW\��,��LV�VKRZQ�LQ�SDUHQWKHVHV�DIWHU�WKH�OLVWLQJ�GHVFULSWLRQ�

� )������7KH�IROORZLQJ�VSHQW�KDORJHQDWHG�VROYHQWV�XVHG�LQ�GHJUHDVLQJ���7HWUDFKORURHWK\OHQH�

WULFKORURHWK\OHQH��PHWK\OHQH�FKORULGH��������WULFKORURHWKDQH��FDUERQ�WHWUDFKORULGH��DQG

FKORULQDWHG�IOXRURFDUERQV��DOO�VSHQW�VROYHQW�PL[WXUHV�EOHQGV�XVHG�LQ�GHJUHDVLQJ�FRQWDLQLQJ�

EHIRUH�XVH��D�WRWDO�RI�WHQ�SHUFHQW�RU�PRUH��E\�YROXPH��RI�RQH�RU�PRUH�RI�WKH�DERYH

KDORJHQDWHG�VROYHQWV�RU�WKRVH�VROYHQWV�OLVWHG�LQ�)�����)�����DQG�)�����DQG�VWLOO�ERWWRPV

IURP�WKH�UHFRYHU\�RI�WKHVH�VSHQW�VROYHQWV�DQG�VSHQW�VROYHQW�PL[WXUHV���7�

� )������7KH�IROORZLQJ�VSHQW�KDORJHQDWHG�VROYHQWV���7HWUDFKORURHWK\OHQH��PHWK\OHQH

FKORULGH��WULFKORURHWK\OHQH��������WULFKORURHWKDQH��FKORUREHQ]HQH��������WULFKORUR�

������WULIOXRURHWKDQH��RUWKR�GLFKORUREHQ]HQH��WULFKORURIOXRURPHWKDQH��DQG

������WULFKORURHWKDQH��DOO�VSHQW�VROYHQW�PL[WXUHV�EOHQGV�FRQWDLQLQJ��EHIRUH�XVH��D�WRWDO�RI

WHQ�SHUFHQW�RU�PRUH��E\�YROXPH��RI�RQH�RU�PRUH�RI�WKH�DERYH�KDORJHQDWHG�VROYHQWV�RU

WKRVH�OLVWHG�LQ�)�����)�����RU�)�����DQG�VWLOO�ERWWRPV�IURP�WKH�UHFRYHU\�RI�WKHVH�VSHQW

VROYHQWV�DQG�VSHQW�VROYHQW�PL[WXUHV���7�

� )������7KH�IROORZLQJ�VSHQW�QRQ�KDORJHQDWHG�VROYHQWV���;\OHQH��DFHWRQH��HWK\O�DFHWDWH�

HWK\O�EHQ]HQH��HWK\O�HWKHU��PHWK\O�LVREXW\O�NHWRQH��Q�EXW\O�DOFRKRO��F\FORKH[DQRQH��DQG

PHWKDQRO��DOO�VSHQW�VROYHQW�PL[WXUHV�EOHQGV�FRQWDLQLQJ��EHIRUH�XVH��RQO\�WKH�DERYH�VSHQW

QRQ�KDORJHQDWHG�VROYHQWV��DQG�DOO�VSHQW�VROYHQW�PL[WXUHV�EOHQGV�FRQWDLQLQJ��EHIRUH�XVH�

RQH�RU�PRUH�RI�WKH�DERYH�QRQ�KDORJHQDWHG�VROYHQWV��DQG��D�WRWDO�RI�WHQ�SHUFHQW�RU�PRUH

�E\�YROXPH��RI�RQH�RU�PRUH�RI�WKRVH�VROYHQWV�OLVWHG�LQ�)�����)�����)�����DQG�)�����DQG

VWLOO�ERWWRPV�IURP�WKH�UHFRYHU\�RI�WKHVH�VSHQW�VROYHQWV�DQG�VSHQW�VROYHQW�PL[WXUHV���,�

� )������7KH�IROORZLQJ�VSHQW�QRQ�KDORJHQDWHG�VROYHQWV���&UHVROV�DQG�FUHV\OLF�DFLG��DQG

QLWUREHQ]HQH��DOO�VSHQW�VROYHQW�PL[WXUHV�EOHQGV�FRQWDLQLQJ��EHIRUH�XVH��D�WRWDO�RI�WHQ

SHUFHQW�RU�PRUH��E\�YROXPH��RI�RQH�RU�PRUH�RI�WKH�DERYH�QRQ�KDORJHQDWHG�VROYHQWV�RU

WKRVH�VROYHQWV�OLVWHG�LQ�)�����)�����DQG�)�����DQG�VWLOO�ERWWRPV�IURP�WKH�UHFRYHU\�RI�WKHVH

VSHQW�VROYHQWV�DQG�VSHQW�VROYHQW�PL[WXUHV���7�

� )��������7KH�IROORZLQJ�VSHQW�QRQ�KDORJHQDWHG�VROYHQWV���7ROXHQH��PHWK\O�HWK\O�NHWRQH�

FDUERQ�GLVXOILGH��LVREXWDQRO��S\ULGLQH��EHQ]HQH����HWKR[\HWKDQRO��DQG���QLWURSURSDQH��DOO

VSHQW�VROYHQW�PL[WXUHV�EOHQGV�FRQWDLQLQJ��EHIRUH�XVH��D�WRWDO�RI�WHQ�SHUFHQW�RU�PRUH��E\

YROXPH��RI�RQH�RU�PRUH�RI�WKH�DERYH�QRQ�KDORJHQDWHG�VROYHQWV�RU�WKRVH�VROYHQWV�OLVWHG�LQ

)�����)�����RU�)�����DQG�VWLOO�ERWWRPV�IURP�WKH�UHFRYHU\�RI�WKHVH�VSHQW�VROYHQWV�DQG�VSHQW

VROYHQW�PL[WXUHV���,�7�

7KH�H[LVWLQJ�VROYHQW�OLVWLQJV�LQ����&)5��������DSSO\�WR�VSHQW�VROYHQWV�WKDW�DUH�XVHG�IRU�WKHLU

�VROYHQW�SURSHUWLHV���DV�GHILQHG�LQ�WKH�'HFHPEHU����������)HGHUDO�5HJLVWHU�����)5����������7KLV�GHILQLWLRQ
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RI��VROYHQW�XVH��ZDV�LQFOXGHG�LQ�WKH�5&5$�������6ROYHQW�8VH�4XHVWLRQQDLUH�XVHG�WR�REWDLQ�LQIRUPDWLRQ�WR

VXSSRUW�WKH�VROYHQW�LQYHVWLJDWLRQ���

�6ROYHQWV�DUH�XVHG�IRU�WKHLU��VROYHQW��SURSHUWLHV����WR�VROXELOL]H��GLVVROYH��RU�PRELOL]H�RWKHU

FRQVWLWXHQWV���([DPSOHV�RI�VXFK�VROYHQW�XVH�LQFOXGH�GHJUHDVLQJ��FOHDQLQJ��DQG�IDEULF

VFRXULQJ��XVH�DV�GLOXHQWV��H[WUDFWDQWV��DQG�UHDFWLRQ�DQG�V\QWKHVLV�PHGLD��DQG�IRU�RWKHU

VLPLODU�XVHV���7KLV�GHILQLWLRQ�LV�GLVFXVVHG�LQ�WKH�OLVWLQJ�GHWHUPLQDWLRQ�IRU�)����)���

VROYHQWV�����)5���������'HFHPEHU������������$�FKHPLFDO�LV�QRW�XVHG�DV�D�VROYHQW�LI�LW�LV

XVHG�RQO\�IRU�SXUSRVHV�RWKHU�WKDQ�WKRVH�GHVFULEHG�DERYH���

����� 6XPPDU\�RI�(')�6HWWOHPHQW�$JUHHPHQW

7KH�(QYLURQPHQWDO�'HIHQVH�)XQG��(')��DQG�(3$�HQWHUHG�LQWR�D�FRQVHQW�GHFUHH�WR�UHVROYH�PRVW�RI

WKH�LVVXHV�UDLVHG�LQ�D�FLYLO�DFWLRQ�XQGHUWDNHQ�E\�WKH�(QYLURQPHQWDO�'HIHQVH�)XQG��(')�Y��%URZQHU��&LY��1R�

���������'�'�&�����LQ�ZKLFK�WKH�$JHQF\�DJUHHG��DPRQJ�RWKHU�WKLQJV��WR�D�VFKHGXOH�IRU�PDNLQJ�D�OLVWLQJ

GHWHUPLQDWLRQ�DQG�D�VWXG\�RQ�VSHQW�VROYHQWV���7KH�FRQVHQW�GHFUHH�ZDV�DSSURYHG�E\�WKH�FRXUW�RQ�'HFHPEHU

�����������$V�PRGLILHG��WKH�FRQVHQW�GHFUHH�SURYLGHV�WKDW�WKH�OLVWLQJ�GHWHUPLQDWLRQ�LV�VFKHGXOHG�WR�EH

SURSRVHG�IRU�SXEOLF�FRPPHQW�RQ�RU�EHIRUH�-XO\����������DQG�SURPXOJDWHG�RQ�RU�EHIRUH�0D\������������7KLV

OLVWLQJ�GHWHUPLQDWLRQ�LQFOXGHV�WKH�XVH�IROORZLQJ�VSHQW�VROYHQWV��VWLOO�ERWWRPV�IURP�WKH�UHFRYHU\�RI�WKH

IROORZLQJ�VROYHQWV��DQG�VSHQW�VROYHQW�PL[WXUHV�WKHUHRI���FXPHQH��SKHQRO��LVRSKRURQH��DFHWRQLWULOH��IXUIXUDO�

HSLFKORURK\GULQ��PHWK\O�FKORULGH��HWK\OHQH�GLEURPLGH��EHQ]\O�FKORULGH��S�GLFKORUREHQ]HQH�

��PHWKR[\HWKDQRO����PHWKR[\HWKDQRO�DFHWDWH����HWKR[\HWKDQRO�DFHWDWH��DQG�F\FORKH[DQRO���

)RU�DQ�DGGLWLRQDO�VHW�RI�VROYHQWV��(3$�DJUHHG�WR�FRQGXFW�D�VWXG\��LQ�OLHX�RI�D�OLVWLQJ�GHWHUPLQDWLRQ�

DQG�LVVXH�D�ILQDO�UHSRUW���7KH�VWXG\�LV�VFKHGXOHG�WR�EH�LVVXHG�E\�$XJXVW������������7KLV�VWXG\�LV�WR�GLVFXVV

WKH�ZDVWHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�WKH�PDWHULDOV�DV�VROYHQWV��WKH�WR[LFLW\�RI�WKH�ZDVWHV��DQG�D�GHVFULSWLRQ

RI�WKH�PDQDJHPHQW�SUDFWLFHV�IRU�WKH�ZDVWHV���7KHVH�DGGLWLRQDO�FKHPLFDOV�DUH��GLHWK\ODPLQH��DQLOLQH�

HWK\OHQH�R[LGH��DOO\O�FKORULGH������GLR[DQH������GLFKORURHWK\OHQH��DQG�EURPRIRUP��

��� ,QGXVWU\�,GHQWLILFDWLRQ�3URFHVV

7KH�VROYHQWV�LQYHVWLJDWLRQ�XQGHUWDNHQ�WR�VXSSRUW�WKLV�VWXG\�FRYHUHG�VSHQW�VROYHQWV��VWLOO�ERWWRPV

IURP�WKH�UHFRYHU\�RI�VSHQW�VROYHQWV��DQG�PL[WXUHV�RI�VSHQW�VROYHQWV���6SHQW�VROYHQWV�DUH�VROYHQWV�WKDW�KDYH

EHHQ�XVHG�DQG�DUH�QR�ORQJHU�ILW�IRU�XVH�ZLWKRXW�EHLQJ�UHJHQHUDWHG��UHFODLPHG��RU�RWKHUZLVH�SURFHVVHG����

)5��������'HFHPEHU�������������7KH�$JHQF\�DOVR�LQYHVWLJDWHG�WKH�UHVLGXDOV�JHQHUDWHG�E\�SURFHVVHV�WKDW

XVH�WKH�VROYHQWV�RI�LQWHUHVW���5HVLGXDOV�LQFOXGH�VSHQW�VROYHQWV��UHVLGXDOV�JHQHUDWHG�GXULQJ�VROYHQW�UHFRYHU\�

DQG�DQ\�UHVLGXDOV�JHQHUDWHG�DIWHU�WKH�VROYHQW�KDV�EHHQ�LQWURGXFHG�LQWR�WKH�SURFHVV�WKDW�PLJKW�LQFOXGH�VRPH

FRQFHQWUDWLRQ�RI�VSHQW�VROYHQW���7KH�VROYHQWV�XQGHU�LQYHVWLJDWLRQ�LQFOXGHG�WKH�VHYHQ�FKHPLFDOV�IRU�ZKLFK

(3$�PXVW�PDNH�D�OLVWLQJ�GHWHUPLQDWLRQ�DV�ZHOO�DV�WKH�VHYHQ�VROYHQW�VWXG\�FKHPLFDOV�WKDW�DUH�WKH�VXEMHFW�RI

WKLV�UHSRUW��

(3$
V�VROYHQWV�LQYHVWLJDWLRQ�GLG�QRW�FRQVLGHU�SURFHVVHV�ZKHUH�WKH�FRQVWLWXHQWV�RI�LQWHUHVW�DUH�XVHG

DV�UDZ�PDWHULDOV�RU�SULQFLSDOO\�VROG�DV�FRPPHUFLDO�SURGXFWV��L�H���ZKHUH�WKH�FRQVWLWXHQW�LV�QRW�XVHG�IRU�LWV

VROYHQW�SURSHUWLHV����7KLV�DSSURDFK�LV�VLPLODU�WR�GLVFXVVLRQV�LQ�WKH�'HFHPEHU����������)HGHUDO�5HJLVWHU

QRWLFH�IRU�H[LVWLQJ�OLVWLQJV��ZKLFK�QRWHG�WKDW�����SURFHVV�ZDVWHV�ZKHUH�VROYHQWV�ZHUH�XVHG�DV�UHDFWDQWV�RU

LQJUHGLHQWV�LQ�WKH�IRUPXODWLRQ�RI�FRPPHUFLDO�FKHPLFDO�SURGXFWV�DUH�QRW�FRYHUHG�E\�WKH�OLVWLQJ����([DPSOHV�RI

WKH�XVH�RI�VROYHQWV�DV�UHDFWDQWV�RU�LQJUHGLHQWV�DUH�WKH�XVH�RI�VROYHQWV�LQ�WKH�PDQXIDFWXUH�RI�SDLQWV�DQG

FRDWLQJV���,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�VROYHQWV�DGGHG�DV�D�WKLQQHU�WR�SURGXFW�SDLQWV�DQG�FRDWLQJV

DIWHU�SXUFKDVH�DUH�EHLQJ�XVHG�IRU�WKHLU�VROYHQW�SURSHUWLHV�DQG��DIWHU�XVH��ZLOO�PHHW�DQ\�DSSOLFDEOH�VSHQW

VROYHQW�OLVWLQJV�
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����� 5HVHDUFK�WR�,GHQWLI\�3RWHQWLDO�8VHV�RI�6ROYHQWV

$V�VWDWHG�DERYH��WKH�VROYHQWV�LQYHVWLJDWLRQ�LV�XQLTXH�LQ�WKDW�LW�IRFXVHV�RQ�IDFLOLWLHV�XVLQJ��FKHPLFDOV

IRU�WKHLU�VROYHQW�SURSHUWLHV���8QOLNH�D�WUDGLWLRQDO�LQGXVWU\�LQYHVWLJDWLRQ��ZKLFK�ZRXOG�IRFXV�RQ�D�VSHFLILF�ZDVWH

JHQHUDWHG�LQ�D�SURFHVV�XQLTXH�WR�RQH�LQGXVWU\��WKH�VROYHQWV�LQYHVWLJDWLRQ�IRFXVVHG�RQ�WKH�DFWLYLWLHV�RI�DOO

XVHUV�RI�WKHVH�VROYHQWV���7KH�LPPHGLDWH�FKDOOHQJH�WR�WKH�SURJUDP�ZDV�WKH�LGHQWLILFDWLRQ�RI�LQGXVWULHV�XVLQJ

WKH�FKHPLFDOV�DV�VROYHQWV���7R�DGGUHVV�WKLV�FKDOOHQJH��VLJQLILFDQW�EDFNJURXQG�UHVHDUFK�ZDV�FRQGXFWHG�RQ

HDFK�FKHPLFDO�WR�GHWHUPLQH�LWV�SUREDEOH�VROYHQW�XVHV���

/LWHUDWXUH�VHDUFKHV�ZHUH�FRQGXFWHG�WR�LGHQWLI\�LQGXVWULHV�XVLQJ�WKH�FKHPLFDOV�DV�VROYHQWV���,QLWLDO

VRXUFHV�VHDUFKHG�LQFOXGHG�&KHPLFDO�(QJLQHHULQJ�+DQGERRN��WKH�,QGXVWULDO�6ROYHQWV�+DQGERRN��DQG�WKH

65,�&KHPLFDO�(FRQRPLFV�+DQGERRN�WR�REWDLQ�EDVLF�LQIRUPDWLRQ�RQ�SURGXFWLRQ�DQG�SRWHQWLDO�VROYHQW�XVHV��

&KHPLFDO�$EVWUDFWV�ZHUH�VHDUFKHG�IRU�D�IRXU��WR�WZHOYH�\HDU�SHULRG�IRU�DEVWUDFWV�RQ�SRWHQWLDO�XVHV�RI�HDFK

RI�WKH�VHYHQ�FKHPLFDOV�DV�D�VROYHQW���7KH�QXPEHU�RI�\HDUV�VHDUFKHG�GHSHQGHG�RQ�WKH�QXPEHU�RI

UHIHUHQFHV�DYDLODEOH�RQ�D�VSHFLILF�FKHPLFDO���(DFK�DEVWUDFW�ZDV�UHYLHZHG�D�WHDP�RI�FKHPLVWV�DQG�FKHPLFDO

HQJLQHHUV�WR�GHWHUPLQH�ZKHWKHU�WKH�XVH�FRQVWLWXWHG�D�SRWHQWLDO�VROYHQW�XVH��DV�GHILQHG�E\�(3$�26:��DQG

WR�UHODWH�WKH�XVH�WR�LQGXVWULHV�WKDW�PD\�HPSOR\�WKH�VROYHQW�LQ�WKHLU�SURFHVVHV���&KHPLFDO�$EVWUDFWV�SURYLGHG

EDFNJURXQG�RQ�VSHFLILF�VROYHQW�XVHV�DQG�ZHUH�XVHG�WR�GHWHUPLQH�SRWHQWLDO�XVHUV�E\�6WDQGDUG�,QGXVWULDO

&ODVVLILFDWLRQ��6,&��FRGH���7KHVH�HIIRUWV�SURGXFHG�D�OLVW�RI�6,&�FRGHV�IRU�LQGXVWULHV�VXVSHFWHG�RI�XVLQJ�WKH

FKHPLFDOV�IRU�WKHLU�VROYHQW�SURSHUWLHV���7KH�ILQDO�PHPRUDQGXP�RQ�WKH�&KHPLFDO�$EVWUDFW�VHDUFK�LV�LQFOXGHG

LQ�$SSHQGL[�$���7KH�UHVXOWV�RI�WKH�VHDUFK�DUH�VXPPDUL]HG�LQ�7DEOHV�����WKURXJK�������:KHUH�6,&�FRGHV�DUH

IROORZHG�E\�D�TXHVWLRQ�PDUN��H�J�������"�IRU�GLHWK\ODPLQH�XVH���WKH�SRWHQWLDO�XVH�RI�WKH�FKHPLFDO�E\

IDFLOLWLHV�LQ�WKHVH�6,&�FRGHV�LV�KLJKO\�TXHVWLRQDEOH�EDVHG�RQ�WKH�&KHPLFDO�$EVWUDFWV���7KH\�DUH�LQFOXGHG�IRU

FRPSOHWHQHVV��

7DEOH������3RWHQWLDO�$OO\O�&KORULGH�8VHUV�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

���� 3HWUROHXP�5HILQLQJ

7DEOH������3RWHQWLDO�$QLOLQH�8VHUV�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

���� &\FOLF�2UJDQLF�&UXGHV�DQG�,QWHUPHGLDWHV��DQG�2UJDQLF�'\HV�DQG�3LJPHQWV

���� 3URGXFWV�RI�3HWUROHXP�DQG�&RDO��1RW�(OVHZKHUH�&ODVVLILHG
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7DEOH������3RWHQWLDO�%URPRIRUP�8VHUV�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

���� &UXGH�3HWUROHXP�DQG�1DWXUDO�*DV

���� &KHPLFDOV�DQG�&KHPLFDO�3UHSDUDWLRQV��1RW�(OVHZKHUH�&ODVVLILHG���

7DEOH������3RWHQWLDO�'LHWK\ODPLQH�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

���� 3XOS�0LOOV

���� ,QGXVWULDO�,QRUJDQLF�&KHPLFDOV��1RW�(OVHZKHUH�&ODVVLILHG�

���� &HOOXORVLF�0DQPDGH�)LEHUV�

����" 0HGLFLQDO�&KHPLFDOV�DQG�%RWDQLFDO�3URGXFWV

���� %LRORJLFDO�3URGXFWV��([FHSW�'LDJQRVWLF�6XEVWDQFHV

���� &\FOLF�2UJDQLF�&UXGHV�DQG�,QWHUPHGLDWHV��DQG�2UJDQLF�'\HV�DQG�3LJPHQWV

���� 3ODVWLF�3URGXFWV��1RW�(OVHZKHUH�&ODVVLILHG

7DEOH������3RWHQWLDO�����'LR[DQH�8VHUV�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

���� &UXGH�3HWUROHXP�DQG�1DWXUDO�*DV

���� &RDWHG�)DEULFV��1RW�5XEEHUL]HG

���� 3XOS�0LOOV

���� 3DSHU�0LOOV

���� &RQYHUWHG�3DSHU�DQG�3DSHUERDUG�3URGXFWV��1RW�(OVHZKHUH�&ODVVLILHG

���� &RPPHUFLDO�3ULQWLQJ

���� &RPPHUFLDO�3ULQWLQJ��1RW�(OVHZKHUH�&ODVVLILHG

���� 3ODVWLFV�0DWHULDOV��6\QWKHWLF�5HVLQV��DQG�1RQYXOFDQL]DEOH�(ODVWRPHUV

���� 6\QWKHWLF�5XEEHU��9XOFDQL]DEOH�(ODVWRPHUV�

���� &HOOXORVLF�0DQPDGH�)LEHUV

���� 0DQPDGH�2UJDQLF�)LEHUV��([FHSW�&HOOXORVLF

���� 0HGLFLQDO�&KHPLFDOV�DQG�%RWDQLFDO�3URGXFWV

���� 3KDUPDFHXWLFDO�3UHSDUDWLRQV

���� 6SHFLDOW\�&OHDQLQJ��3ROLVKLQJ��DQG�6DQWDWLRQ�3UHSDUDWLRQV

���� &\FOLF�2UJDQLF�&UXGHV�DQG�,QWHUPHGLDWHV��DQG�2UJDQLF�'\HV�DQG�3LJPHQWV

���� ,QGXVWULDO�2UJDQLF�&KHPLFDOV��1RW�(OVHZKHUH�&ODVVLILHG

���� 3HVWLFLGHV�DQG�$JULFXOWXUDO�&KHPLFDOV��1RW�(OVHZKHUH�&ODVVLILHG

���� &KHPLFDOV�DQG�&KHPLFDO�3UHSDUDWLRQV��1RW�(OVHZKHUH�&ODVVLILHG

���� 3HWUROHXP�5HILQLQJ

���� $EUDVLYH�3URGXFWV

7DEOH������3RWHQWLDO�(WK\OHQH�2[LGH�8VHUV�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

1RQH 2QH�SUREDEOH�VROYHQW�XVH�LGHQWLILHG�RYHU����\HDU�&KHPLFDO�$EVWUDFWV�VHDUFK�FRXOG�QRW�EH�OLQNHG

WR�D�6,&�&RGH�

7DEOH������3RWHQWLDO�9LQ\OLGHQH�&KORULGH�8VHUV�,GHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV

1RQH 1R�SUREDEOH�VROYHQW�XVHV�ZHUH�LGHQWLILHG�RYHU����\HDU�&KHPLFDO�$EVWUDFWV�VHDUFK�

7KH�7R[LF�5HOHDVH�,QYHQWRU\��75,��GDWDEDVH�ZDV�VHDUFKHG�IRU�DGGUHVVHV�RI�IDFLOLWLHV�UHSRUWLQJ

UHOHDVHV�RI�WKH���FKHPLFDOV���7KH�75,�LQLWLDOO\�ZDV�XVHG�WR�GHYHORS�D�EDVHOLQH�RI�6,&�FRGHV�IRU�VROYHQWV�WKDW

ZHUH�UHSRUWHG��DV�RWKHUZLVH�XVHG����7KLV�XVH�FODVVLILFDWLRQ�PRVW�SDUDOOHOHG�(3$
V�GHILQLWLRQ�RI�VROYHQW�XVH��

+RZHYHU��VRPH�OLPLWDWLRQV�DSSO\���7KH�75,�GLG�QRW�SURYLGH�FRPSOHWH�FRYHUDJH�RI�WKH�DIIHFWHG�LQGXVWULHV�IRU
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D�QXPEHU�RI�UHDVRQV���1RW�DOO�RI�WKH���VROYHQWV�XQGHU�LQYHVWLJDWLRQ�DUH�LQFOXGHG�LQ�WKH�75,�UHSRUWLQJ�OLVW�

GLHWK\ODPLQH�LV�QRW�RQ�WKH�OLVW�RI�75,�FKHPLFDOV���7KH�75,�KDV�D�UHSRUWLQJ�WKUHVKROG�RI��������SRXQGV��

)DFLOLWLHV�XVLQJ�OHVV�WKDQ�WKDW�TXDQWLW\�DUH�QRW�UHTXLUHG�WR�FRPSOHWH�75,�UHSRUWV��L�H���DUH�QRW�LQFOXGHG�LQ�WKH

75,�GDWDEDVH��DQG��WKHUHIRUH��ZRXOG�QRW�KDYH�EHHQ�LGHQWLILHG�DV�SRWHQWLDOO\�VXEMHFW�WR�WKH�VROYHQWV�OLVWLQJ

GHWHUPLQDWLRQ���)LQDOO\��WKH�75,�LV�OLPLWHG�WR�IDFLOLWLHV�LQ�6,&�&RGHV��������ZKLFK�HQFRPSDVV�PDQXIDFWXULQJ

LQGXVWULHV���$SSHQGL[�%�WR�WKLV�UHSRUW�FRQWDLQV�WKH�LQVWUXFWLRQV�IURP�WKH�7R[LF�5HOHDVH�,QYHQWRU\�5HSRUWLQJ

)RUP�5�DQG�,QVWUXFWLRQV�ERRNOHW��

*LYHQ�WKH�75,�OLPLWDWLRQV��&KHPLFDO�$EVWUDFW�6,&�FRGHV�ZHUH�FURVV�UHIHUHQFHG�ZLWK�WKH�75,�6,&

FRGHV�WR�GHYHORS�D�ILQDO�6,&�&RGH�OLVW���75,�GRHV�QRW�VSHFLI\�WKDW�D�FKHPLFDO�LV�XVHG�DV�D�VROYHQW��UDWKHU��LW

QRWHV��DV�RWKHUZLVH�XVHG���L�H���DV�D�FKHPLFDO�SURFHVVLQJ�DLG��DV�PDQXIDFWXULQJ�DLG��RU�DQFLOODU\�RU�RWKHU

XVH����:KHUH�D�FKHPLFDO�ZDV�UHSRUWHG�WR�WKH�75,�E\�IDFLOLWLHV�LQ�D�6,&�&RGH�JURXS�DV�RWKHUZLVH�XVHG��EXW

GLG�QRW�FRUUHVSRQG�WR�DQ\�VXVSHFWHG�RU�NQRZQ�VROYHQW�XVH�IURP�&KHPLFDO�$EVWUDFWV�UHVHDUFK��WKH�6,&

&RGH�ZDV�GURSSHG���)RU�H[DPSOH��WKH�75,�LQGLFDWHG�WKDW�WKH�/HDWKHU�7DQQLQJ�DQG�)LQLVKLQJ�,QGXVWU\��6,&

&RGH�������SRWHQWLDOO\�XWLOL]HG�SKHQRO����PHWKR[\HWKDQRO��DQG�DFHWRQLWULOH�DV�VROYHQWV���&KHPLFDO�OLWHUDWXUH

VHDUFKHV�LQGLFDWHG�WKDW�WKHVH�FKHPLFDOV�ZHUH�SDUW�RI�IRUPXODWLRQV�DQG��WKHUHIRUH��GLG�QRW�PHHW�WKH�VROYHQW

GHILQLWLRQ���6XEVHTXHQWO\��6,&�&RGH������ZDV�GURSSHG�IURP�IXUWKHU�VWXG\���$SSHQGL[�&�WR�WKLV�UHSRUW

SUHVHQWV�WZR�OLVWV�RI�LQGXVWULHV�DQG�FKHPLFDOV�WKHVH�LQGXVWULHV�XVH��E\�6,&�&RGH���7KH�ILUVW�OLVW�LV�6,&�&RGHV

SRWHQWLDOO\�DIIHFWHG�E\�WKH�OLVWLQJ�GHWHUPLQDWLRQ�VWXG\�DQG�WKH�VHFRQG�LV�6,&�&RGHV�UHPRYHG�IURP�IXUWKHU

VWXG\���$SSHQGL[�'�SUHVHQWV�WZR�OLVWV��WKH�ILUVW�UHODWLQJ�LQGXVWULHV�WR�VROYHQW�XVHV�LGHQWLILHG�DQG�WKH�VHFRQG

GHWDLOLQJ�WKH�UDWLRQDOH�IRU�UHPRYLQJ�LQGXVWULHV�IURP�IXUWKHU�VWXG\�DV�VROYHQW�XVHUV�

%\�LGHQWLI\LQJ�WKH�SRWHQWLDO�VROYHQW�XVHV�RI�HDFK�FKHPLFDO��LW�ZDV�SRVVLEOH�WR�OLQN�XVHV�WR�VSHFLILF

LQGXVWULHV���2QFH�LQGXVWULHV�ZHUH�LGHQWLILHG��D�ILQDO�IDFLOLW\�DGGUHVV�OLVW�FRXOG�EH�GHYHORSHG���7KH�75,�ZDV�WKH

SULPDU\�VRXUFH�RI�IDFLOLW\�LQIRUPDWLRQ�IRU�WKH�VROYHQWV�SUH�TXHVWLRQQDLUH�PDLOLQJ�OLVW���,Q�RUGHU�WR�HQVXUH�WKH

EURDGHVW�DQG�PRVW�FRPSOHWH�OLVW�RI�SRWHQWLDOO\�DIIHFWHG�IDFLOLWLHV��DGGLWLRQDO�GDWD�VRXUFHV�ZHUH�FRQVXOWHG��

7KHVH�VRXUFHV�LQFOXGH�

� 7UDGH�DVVRFLDWLRQV��VXFK�DV�WKH�3KDUPDFHXWLFDO�5HVHDUFK�DQG�0DQXIDFWXUHUV�RI�$PHULFD��SURYLGHG

WKHLU�PHPEHUVKLS�OLVW���(3$�DOVR�FRQGXFWHG�GLVFXVVLRQV�ZLWK�WUDGH�JURXSV�UHSUHVHQWLQJ�SRWHQWLDOO\

DIIHFWHG�LQGXVWULHV�VXFK�DV�WKH�&KHPLFDO�0DQXIDFWXUHUV�$VVRFLDWLRQ��WKH�6HPLFRQGXFWRU

0DQXIDFWXUHUV�$VVRFLDWLRQ��WKH�&KHPLFDO�'LVWULEXWRU
V�$VVRFLDWLRQ��DQG�WKH�6\QWKHWLF�2UJDQLF

&KHPLFDO�0DQXIDFWXUHUV�$VVRFLDWLRQ�

� 7KH�GDWDEDVHV�VXSSRUWLQJ�(3$
V�GHYHORSPHQW�RI�WZR�HIIOXHQW�JXLGHOLQHV�ZHUH�VHDUFKHG�IRU�IDFLOLW\

DGGUHVVHV���7KH�HIIOXHQW�JXLGHOLQH�GDWDEDVHV�VHDUFKHG�LQFOXGHG�3KDUPDFHXWLFDOV�,�DQG�,,��DQG�WKH

2UJDQLF�&KHPLFDOV��3ODVWLFV��DQG�6\QWKHWLF�)LEHUV�

� 7KH�1DWLRQDO�$LU�7R[LFV�,QYHQWRU\�RI�&KHPLFDO�+D]DUGV��1$7,&+��ZDV�DFFHVVHG�IRU�IDFLOLW\

DGGUHVVHV�

� 7KH�DGGUHVV�OLVW�GHYHORSHG�IRU�WKH�5&5$�������4XHVWLRQQDLUHV�IRU�SHWUROHXP�UHILQHU\�IDFLOLWLHV�ZDV

XVHG���

� $GGUHVVHV�IRU�SXOS�DQG�SDSHU�PLOOV�GHYHORSHG�GXULQJ�D�VWXG\�RI�6XEWLWOH�'�GLVSRVDO�RI�SXOS�DQG

SDSHU�PLOO�VOXGJH�ZDV�XVHG�

� $GGUHVVHV�IRU�XVHUV�RI�VROYHQWV�ZHUH�REWDLQHG�IURP�WKH�7R[LF�6XEVWDQFHV�&RQWURO�$FW��76&$�

2IILFH�RI�3ROOXWLRQ�3UHYHQWLRQ�DQG�7R[LFV��2337��DW�(3$���7KHVH�DGGUHVVHV�UHVXOWHG�IURP�2337
V

HYDOXDWLRQ�RI�VROYHQWV�XQGHU�WKH�6RXUFH�5HGXFWLRQ�5HYLHZ�3URMHFW��6553��
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����� 6HH�'RFNHW�IRU�6ROYHQWV�/LVWLQJ�'HWHUPLQDWLRQ�IRU�%ULHILQJ�3DSHU��'RFNHW�1R��)����6/'3��
�

����� ,ELG�
�

����� &RQWDFW�VKHHWV�GRFXPHQWLQJ�WKHVH�FDOO�EDFNV�DUH�LQFOXGHG�LQ�WKH�GRFNHW�IRU�WKH�6ROYHQWV�/LVWLQJ�'HWHUPLQDWLRQ�
�

'RFNHW�1R��)����6/'3�

�

� $GGUHVVHV�ZHUH�REWDLQHG�IURP�'XQ�DQG�%UDGVWUHHW��DQ�LQGXVWULDO�DGGUHVV�ERRN��RU�WKH�7KRPDV

5HJLVWHU��D�OLVWLQJ�RI�SURGXFW�PDQXIDFWXUHUV����,QGXVWULHV�FRYHUHG�E\�WKHVH�VRXUFHV�LQFOXGHG�UXEEHU

PDQXIDFWXUH��SDSHU�DQG�SDSHUERDUG�SURGXFWV��SULQWLQJ��VHOHFWHG�IRRG�UHODWHG�LQGXVWULHV��FHPHQW�

FRQFUHWH��DQG�J\SVXP�PDQXIDFWXUH��LURQ��VWHHO��FRSSHU��DQG�DOXPLQXP�PDQXIDFWXUH��HOHFWURQLFV

DQG�VHPLFRQGXFWRUV��DQG�PHGLFDO�VXSSO\�PDQXIDFWXUH��

� )LQDOO\��IDFLOLWLHV�WKDW�UHFHLYHG�D�5&5$�������&KORULQDWHG�$OLSKDWLFV�TXHVWLRQQDLUH�ZHUH�GHOHWHG

IURP�WKH�PDLOLQJ�OLVW�EHFDXVH�VROYHQWV�TXHVWLRQV�ZHUH�LQFOXGHG�LQ�WKH�TXHVWLRQQDLUH�PDLOHG�WR�WKDW

LQGXVWU\���

����� 'HYHORSPHQW�RI�5&5$������3UHOLPLQDU\�4XHVWLRQQDLUH�0DLOLQJ�/LVW

)URP�WKHVH�GDWD�JDWKHULQJ�DFWLYLWLHV��������IDFLOLWLHV�SRWHQWLDOO\�VXEMHFW�WR�OLVWLQJ�GHWHUPLQDWLRQV

ZHUH�LGHQWLILHG���$�FRS\�RI�WKH�SUHOLPLQDU\�TXHVWLRQQDLUH�LV�LQFOXGHG�LQ�$SSHQGL[�(�WR�WKLV�UHSRUW���7KH�OLVW�RI

IDFLOLWLHV�LV�LQFOXGHG�LQ�$SSHQGL[�)�WR�WKLV�UHSRUW���(3$�GLG�QRW�LQFOXGH�ODERUDWRULHV�LQ�WKH�SUHOLPLQDU\

TXHVWLRQQDLUH�PDLOLQJ���7KH�$JHQF\�DWWHPSWHG�WR�REWDLQ�ODERUDWRU\�FOLHQW�OLVWV�DQG�WKH�LGHQWLW\�RI�ILUPV

SXUFKDVLQJ�DJJUHJDWH�YROXPHV�RI�VROYHQWV�IURP�WKH�1DWLRQDO�$VVRFLDWLRQ�RI�&KHPLFDO�'LVWULEXWRUV

PHPEHUV��KRZHYHU��VXFK�GDWD�ZHUH�QRW�PDGH�DYDLODEOH���(3$�DOVR�ZRUNHG�ZLWK�WKH�$PHULFDQ�&KHPLFDO

6RFLHW\��$&6��DQG�WKHLU�ODERUDWRU\�QHWZRUN�WR�GHILQH�WKH�XQLYHUVH�RI�DIIHFWHG�ODERUDWRULHV���7KH�$JHQF\

SUHVHQWHG�LQIRUPDWLRQ�RQ�WKH�VROYHQWV�OLVWLQJ�GHWHUPLQDWLRQ�DQG�LQLWLDWHG�D�GLDORJXH�ZLWK�WKH�$&6�7DVN�)RUFH

RQ�5&5$�DQG�/DERUDWRULHV�DW�WKHLU�PHHWLQJ�RQ�0D\����������LQ�:DVKLQJWRQ��'�&� ��6LPLODU�LQIRUPDWLRQ�ZDV�

SUHVHQWHG�DW�WKH�7ZHOIWK�$QQXDO�&ROOHJH�DQG�8QLYHUVLW\�+D]DUGRXV�:DVWH�&RQIHUHQFH�RQ�$XJXVW��������� ��

%DVHG�RQ�WKHVH�GLVFXVVLRQV��LW�LV�EHOLHYHG�WKDW�QHDUO\�DOO�ODERUDWRULHV�GLVSRVH�RI�WKH�VROYHQWV�XQGHU

LQYHVWLJDWLRQ�DV�ZDVWH�UDWKHU�WKDQ�UHFRYHULQJ�WKHP���)XUWKHU��DQHFGRWDO�LQIRUPDWLRQ�LQGLFDWHV�WKDW�WKH

VROYHQWV�DUH�PDQDJHG�DV�KD]DUGRXV��PDQ\�EHFDXVH�WKH\�H[KLELW�WKH�FKDUDFWHULVWLF�RI�LJQLWDELOLW\��

'LVFXVVLRQV�ZLWK�$&6�DQG�WKH�FROOHJHV�DQG�XQLYHUVLWLHV�SURYLGHG�D�FOHDUHU�SLFWXUH�RI�ZDVWH�PDQDJHPHQW�DW

XQLYHUVLWLHV�DQG�IXUWKHU�DQHFGRWDO�LQIRUPDWLRQ�RQ�PDQDJHPHQW�RI�WKH�VROYHQWV�XQGHU�LQYHVWLJDWLRQ���

2I�WKH�������SUHOLPLQDU\�TXHVWLRQQDLUHV�PDLOHG��OHVV�WKDQ�����UHVSRQGHG�WKDW�RQH�RU�PRUH�RI�WKH

VROYHQWV�ZHUH�XVHG�DW�WKDW�IDFLOLW\���)XUWKHU�LQYHVWLJDWLRQV��SULPDULO\�WKURXJK�WHOHSKRQH�FDOOV�WR�YHULI\�GDWD�

HOLPLQDWHG�DGGLWLRQDO�IDFLOLWLHV ���7KH�GHILQLWLRQ�RI��VROYHQW��DSSHDUHG�WR�EH�XQFOHDU�WR�VRPH�UHVSRQGHQWV��

ZKR�SURYLGHG�VROYHQWV�TXDQWLWLHV�ZKHQ�LQ�IDFW�WKH�FRPSRXQG�ZDV�SDUW�RI�D�IRUPXODWLRQ�RU�ZDV�QRW�XVHG�IRU

LWV�VROYHQW�SURSHUWLHV���)RU�H[DPSOH������GLR[DQH�LV�XVHG�DV�D�VWDELOL]HU�LQ�������WULFKORURHWKDQH�ZKLFK�LV

DOUHDG\�UHJXODWHG�DV�KD]DUGRXV�ZDVWH�FRGHV�)����DQG�)����ZKHQ�XVHG�DV�D�VROYHQW���0DQ\�IDFLOLWLHV

UHSRUWHG�����GLR[DQH�XVH��KRZHYHU��DV�DQ�DGGLWLYH�LW�LV�QRW�XVHG�IRU�LWV�VROYHQW�SURSHUWLHV�DQG�GRHV�QRW�PHHW

WKH�UHJXODWRU\�GHILQLWLRQ�RI�VROYHQW�SURYLGHG�LQ�6HFWLRQ���������+HQFH��GDWD�ZRXOG�UHIOHFW�XVH�RI�����GLR[DQH

DV�DQ�DGGLWLYH�UDWKHU�WKDQ�D�VROYHQW��DQG�DQ\�UHVLGXDOV�JHQHUDWHG�ZRXOG�DOUHDG\�EH�UHJXODWHG�DV�5&5$

KD]DUGRXV�ZDVWH���,Q�DGGLWLRQ��D�QXPEHU�RI�IDFLOLWLHV�GLG�QRW�FKHFN�WKH�OLVW�RI�VROYHQWV�FDUHIXOO\�DQG�UHSRUWHG

YROXPHV�IRU�LQFRUUHFW�FRPSRXQGV��VXFK�DV�WKRVH�ZKR�UHSRUWHG�GLHWK\ODPLQH�XVH�ZKHQ�GLHWKDQRODPLQH�ZDV

XVHG���7DEOH�����SUHVHQWV�GDWD�IURP�WKH�5&5$������3UHOLPLQDU\�6ROYHQWV�8VH�4XHVWLRQQDLUH�RQ�SRWHQWLDO

VROYHQW�XVH�LQ��������+RZHYHU��WKHVH�GDWD�LQFOXGH�XVHV�UHSRUWHG�WKDW�VXEVHTXHQWO\�ZHUH�UHPRYHG�IURP

FRQVLGHUDWLRQ��H�J���XVHV�UHSRUWHG�E\�76'V����7KH�XVH�LV�FRQVLGHUHG�¦SRWHQWLDO§�EHFDXVH�WKHUH�LV�QR�PHDQV
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WR�GHWHUPLQH�ZLWK�FRPSOHWH�FHUWDLQW\�WKDW�WKH�XVH�UHSRUWHG�LV�WUXO\�XVH�DV�D�VROYHQW���7R�WKH�H[WHQW�SRVVLEOH�

WKLV�WDEOH�UHIOHFWV�WRWDOV�DV�UHYLVHG�WR�HOLPLQDWH�WKH�HUURUV�GLVFXVVHG�DERYH���7RWDOV�VKRZQ�DV�JUHDWHU�WKDQ

�!��RU�OHVV�WKDQ�����UHIOHFW�WRWDOV�WKDW�GR�QRW�LQFOXGH�FRQILGHQWLDO�EXVLQHVV�LQIRUPDWLRQ���$SSHQGL[�*�SUHVHQWV

GHWDLOHG�QRQ�&%,�GDWD�IRU�DOO�UHVSRQGHUV�E\�6,&�FRGH���7KH�IDFLOLWLHV�PDNLQJ�FODLPV�RI�FRQILGHQWLDO�EXVLQHVV

LQIRUPDWLRQ��&%,��RQ�WKHLU�XVH�KDYH�EHHQ�GHOHWHG�IURP�WKLV�OLVW���

7KH�GDWD�FROOHFWHG�IURP�WKH�3UHOLPLQDU\�6ROYHQWV�8VH�4XHVWLRQQDLUH�ZHUH�OLPLWHG�WR�WKH�WRWDO

YROXPH�RI�VROYHQWV�XVHG�LQ������DQG��������)URP�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�SUHOLPLQDU\

TXHVWLRQQDLUH��(3$�SURFHHGHG�WR�GHYHORS�D�GHWDLOHG�VROYHQW�XVH�VXUYH\�WR�FROOHFW�SURFHVV��ZDVWH

JHQHUDWLRQ��DQG�ZDVWH�PDQDJHPHQW�LQIRUPDWLRQ��ZKLFK�ZDV�XQGHU�WKH�DXWKRULW\�RI�5&5$�6HFWLRQ�������

7UDGH�DVVRFLDWLRQV�DOVR�ZHUH�JLYHQ�WKH�RSSRUWXQLW\�E\�(3$�WR�UHYLHZ�WKH�GUDIW�TXHVWLRQQDLUH�IRU�WHFKQLFDO

DFFXUDF\�DQG�UHOHYDQFH����

7DEOH������7RWDO�5HSRUWHUV�DQG�3RWHQWLDO�6ROYHQW�8VH��E\�&KHPLFDO

�6RXUFH���5&5$�������3UHOLPLQDU\�4XHVWLRQQDLUH�RI�6ROYHQW�8VH�

6ROYHQW 1XPEHU�RI�5HVSRQGHUV 6ROYHQW�8VH��NJ�

7RWDO������3RWHQWLDO

����'LR[DQH ��� �������

$OO\O�&KORULGH � ��

$QLOLQH �� ����������

%URPRIRUP �� ������

'LHWK\ODPLQH �� ������

(WK\OHQH�2[LGH �� ��������

9LQ\OLGHQH�&KORULGH � ������

7KH�5&5$�������4XHVWLRQQDLUH�IRU�6ROYHQWV�8VH�ZDV�EDVHG�RQ�D�QHZ�TXHVWLRQQDLUH�GHVLJQ���,Q
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VROYHQWV���+RZHYHU��IRU�PRVW�RI�WKH�VHYHQ�FKHPLFDOV�RI�FRQFHUQ��LQGXVWU\�VWXG\�FRQFOXVLRQV�DERXW�WKH�H[WHQW

RI�VROYHQW�XVH�ZHUH�FRQILUPHG�E\�WDNLQJ�QDWLRQDO�SURGXFWLRQ�DQG�LPSRUW�H[SRUW�WRWDOV�IRU�HDFK�RI�WKH�VHYHQ

FKHPLFDOV�DQG�VXEWUDFWLQJ�RXW��

�� LGHQWLILHG�QRQVROYHQW�XVHV�RI�WKHVH�FKHPLFDOV��LGHQWLILHG�IURP�RWKHU�VRXUFHV�VXFK�DV�65,��

DQG

�� WRWDO�VROYHQW�XVH�TXDQWLWLHV�DV�LGHQWLILHG�LQ�5&5$�������TXHVWLRQQDLUH�

)RU�PRVW�RI�WKH�VHYHQ�FKHPLFDOV�RI�FRQFHUQ��WKH�LQGXVWU\�VWXG\�FRQFOXGHG�WKDW�VROYHQW�XVDJH�LV

HLWKHU�QHJOLJLEOH�RU�OLPLWHG�WR�D�H[WUHPHO\�QDUURZ�XVHV�E\�D��VPDOO�QXPEHU�RI�IDFLOLWLHV���7KH�H[FHSWLRQ�WR�WKLV

FRQFOXVLRQ�LV�����GLR[DQH��ZKLFK�LV�ZLGHO\�XVHG�LQ�ODERUDWRULHV���7KH�VSHFLILF�LQGXVWU\�VWXG\�FRQFOXVLRQV

DERXW�LVVXHV�UHODWLQJ�WR�LGHQWLILFDWLRQ�RI�VROYHQW�XVHUV�DQG�VXSSRUW�IRU�WKRVH�FRQFOXVLRQV�DUH�GLVFXVVHG

EHORZ�

��� 6ROYHQWV�,QGXVWU\�6WXG\�0HWKRGRORJ\

6WHS�2QH� ,GHQWLILFDWLRQ�RI�,QGXVWULHV�DQG�3URFHVVHV�8VLQJ�WKHVH�&KHPLFDOV�DV�6ROYHQWV

$V�GHVFULEHG�LQ�6HFWLRQ��������DQ�H[WHQVLYH�OLWHUDWXUH�ZDV�XQGHUWDNHQ�WR�LGHQWLI\�SRWHQWLDO�XVHV�DQG

XVHUV�RI�WKH�VHYHQ�FKHPLFDOV�DV�D�VROYHQW�DV�GHILQHG�E\�(3$���7KH�SULPDU\�UHIHUHQFH�VRXUFH�IRU�WKLV

OLWHUDWXUH�VHDUFK�ZDV�&KHPLFDO�$EVWUDFWV��ZKLFK�LV�GLVFXVVHG�EHORZ�

&KHPLFDO�XVHV�LGHQWLILHG�IURP�&KHPLFDO�$EVWUDFWV�PD\�EH�OLPLWHG�E\�WKH�IROORZLQJ�FRQVLGHUDWLRQV�

����VROYHQWV�XVHV�E\�PDQ\�LQGXVWULHV�PD\�EH�FRQVLGHUHG��FRQILGHQWLDO��DQG��WKHUHIRUH��QRW�SXEOLVKHG�����

VROYHQW�XVH�DEVWUDFWV�PD\�QRW�KDYH�EHHQ�LGHQWLILHG�LQ�WKH�\HDUV�VXUYH\HG��SUHYLRXV�\HDUV
�DEVWUDFWV�PD\

KDYH�LGHQWLILHG�DGGLWLRQDO�XVHV������DEVWUDFWV�ZHUH�VRPHWLPHV�DPELJXRXV�DV�WR�WKH�QDWXUH�RI�WKH�DFWLYLW\�IRU

WKH�FKHPLFDO�OLVWHG��DOWKRXJK�D�FRQVHUYDWLYH�DSSURDFK�ZDV�WDNHQ�ZKHUH�DPELJXLW\�H[LVWHG���DQG�����VROYHQWV

XVHG�LQ�D�SDUWLFXODU�VWXG\�PD\�QRW�KDYH�EHHQ�LGHQWLILHG�LQ�WKH�DEVWUDFW�DQG��WKHUHIRUH��VROYHQW�XVH�ZHQW

XQGHWHFWHG���$OWKRXJK�XVH�RI�&KHPLFDO�$EVWUDFWV�WR�LGHQWLI\�XVHV�RI�WKH�VROYHQWV�EHLQJ�LQYHVWLJDWHG�KDV�LWV
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GUDZEDFNV��QR�EHWWHU�VXSSOHPHQWDU\�VRXUFH�IRU�VROYHQW�XVH�LGHQWLILFDWLRQ�H[LVWV���(YHQ�ZLWK�WKH�OLPLWDWLRQV

LQKHUHQW�LQ�&KHPLFDO�$EVWUDFWV��IHZ��LI�DQ\��VROYHQW�XVHV�IRU�WKH�VWXG\�FKHPLFDOV�ZHUH�PLVVHG�XVLQJ�WKLV

H[WHQVLYH�OLWHUDWXUH�VHDUFK�

6WHS�7ZR� &URVV�5HIHUHQFLQJ�RI��7DUJHW��6,&�&RGH�/LVW�:LWK�2WKHU�'DWD�6RXUFHV�WR�,GHQWLI\�6SHFLILF

)DFLOLWLHV

2QFH�WKH�OLVW�RI�6,&�FRGHV�ZDV�GHYHORSHG��VHYHUDO�VHDUFKHV�ZHUH�SHUIRUPHG�WR�LGHQWLI\�VSHFLILF

IDFLOLWLHV�LQ�WKRVH�LQGXVWULHV�WKDW�PLJKW�XVH�RQH�RI�WKH�FKHPLFDOV�XQGHU�VWXG\���7KH�PHWKRGRORJ\�XVHG�WR

LGHQWLI\�VSHFLILF�IDFLOLWLHV�WKDW�PLJKW�XVH�DQ\�RI�WKH�VHYHQ�FKHPLFDOV�DV�VROYHQWV�LV�GHVFULEHG�LQ�6HFWLRQ��������

7DEOH�����SUHVHQWV�D�FURVV�UHIHUHQFH�RI�FKHPLFDOV�UHSRUWHG�LQ�75,��WKH�SULPDU\�VRXUFH�IRU�IDFLOLW\

DGGUHVVHV��DQG�WKH�VHYHQ�FKHPLFDOV�RI�FRQFHUQ�

7DEOH������&URVV�5HIHUHQFH�RI�75,�&KHPLFDOV�ZLWK�6HYHQ�&KHPLFDOV�RI�&RQFHUQ

75,�FKHPLFDOV�WKDW�FRLQFLGH�ZLWK 1RQ�75,�FKHPLFDOV�

WKH�VHYHQ�FKHPLFDOV�RI�LQWHUHVW RI�WKH�VHYHQ�FKHPLFDOV�RI�LQWHUHVW

$OO\O�&KORULGH 'LHWK\ODPLQH

$QLOLQH

%URPRIRUP

����'LR[DQH

(WK\OHQH�2[LGH

9LQ\OLGHQH�&KORULGH

������

7KH�$JHQF\�DOVR�FRQGXFWHG�PHHWLQJV�ZLWK�PHPEHUV�RI�WKH�1DWLRQDO�$VVRFLDWLRQ�RI�&KHPLFDO

5HF\FOHUV��KRZHYHU��WKHLU�PHPEHUVKLS�ZDV�QRW�VXUYH\HG�GLUHFWO\���5DWKHU��VRPH�UHF\FOHUV�ZHUH�LGHQWLILHG

WKURXJK�RWKHU�VRXUFHV��SULPDULO\�75,���

&RPSLODWLRQ�RI�5&5$�������3UHOLPLQDU\�4XHVWLRQQDLUH�'DWD

,Q�DOO��D�WRWDO�RI�������SUHOLPLQDU\�TXHVWLRQQDLUHV�ZHUH�GLVWULEXWHG�WR�IDFLOLWLHV�DFURVV�WKH�FRXQWU\

XVLQJ�WKH�PHWKRGRORJ\�GHVFULEHG�DERYH���7KHVH�SUHOLPLQDU\�TXHVWLRQQDLUHV�UHTXHVWHG�LQIRUPDWLRQ�RQ

VROYHQW�XVH�TXDQWLWLHV�RQO\��QRW�VROYHQW�UHVLGXDO�JHQHUDWLRQ�RU�PDQDJHPHQW��DQG�IDFLOLWLHV�ZHUH�QRW

UHTXHVWHG�WR�FKDUDFWHUL]H�WKH�VROYHQW�XVH����

5HVSRQVHV�WR�WKH�SUHOLPLQDU\�TXHVWLRQQDLUH�VKRZ�WKDW�VRPH�VSHFLILF�FKHPLFDOV�DUH�XVHG�DV

VROYHQWV�IRU�D�YHU\�OLPLWHG�QXPEHU�RI�LQGXVWULHV�LQ�YHU\�VPDOO�TXDQWLWLHV�ZKLOH�D�IHZ�FKHPLFDOV�DUH�XVHG�LQ

UHODWLYHO\�ODUJHU�TXDQWLWLHV�DFURVV�QXPHURXV�LQGXVWULHV���2I�WKH�������SUHOLPLQDU\�TXHVWLRQQDLUHV�PDLOHG��OHVV

WKDQ�����UHSRUWHG�DQ\�VROYHQW�XVH�RI�RQH�RU�PRUH�RI�WKH�VHYHQ�FKHPLFDOV�

��

)ROORZ�XS�SKRQH�FDOOV�ZHUH�PDGH�WR�IDFLOLWLHV�WKDW�UHSRUWHG�VROYHQW�XVH�IRU�VHYHUDO�ORZ�YROXPH

VROYHQW�XVH�FKHPLFDOV��H�J���YLQ\OLGHQH�FKORULGH��EURPRIRUP��DQG�GDWD�FRUUHFWLRQV�ZHUH�PDGH�LQ�WKH

SUHOLPLQDU\�TXHVWLRQQDLUH�GDWD�VHW���,QIRUPDWLRQ�JDWKHUHG�GXULQJ�WKHVH�IROORZ�XS�FDOOV�UHYHDOHG�WKDW�PDQ\

IDFLOLWLHV�RYHU�UHSRUWHG�VROYHQW�XVH�HLWKHU�IURP����D�PLVDSSOLFDWLRQ�RI�WKH�(3$�GHILQLWLRQ�RI�VROYHQW�XVH����

JHQHUDO�LJQRUDQFH�RI�WKH�SUHFLVH�XVH�RI�WKH�FKHPLFDO�DW�WKH�IDFLOLW\�DQG�WKHUHIRUH�D�UHSRUW�RI�WRWDO�DPRXQW
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��

SXUFKDVHG�RU�XVHG�DW�WKH�IDFLOLW\��RU����PLVWDNHQ�UHDGLQJ�RI�WKH�FKHPLFDOV�TXHULHG��H�J���GLHWKDQRODPLQH

PLVWDNHQ�IRU�GLHWK\ODPLQH��

,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�IROORZ�XS�FDOOV�ZHUH�QRW�PDGH�WR�PDQ\�IDFLOLWLHV�WKDW�UHSRUWHG

VROYHQW�XVH�RI�ODUJHU�YROXPH�VROYHQWV��H�J�������GLR[DQH����7KHUHIRUH��EDVHG�RQ�WKH�UHVXOWV�RI�IROORZ�XS

SKRQH�FDOOV�WKDW�ZHUH�PDGH��LW�FDQ�EH�DVVXPHG�WKDW�SUHOLPLQDU\�TXHVWLRQQDLUH�XVH�GDWD�GR�RYHUHVWLPDWH

VROYHQW�XVH�IRU�D�SRUWLRQ�RI�WKH�������IDFLOLWLHV�VXUYH\HG�

)ROORZLQJ�WDEXODWLRQ�RI�SUHOLPLQDU\�TXHVWLRQQDLUH�GDWD��DOO�IDFLOLWLHV�WKDW�UHSRUWHG�JUHDWHU�WKDQ������

NJ�RI�VROYHQW�XVH�LQ�WKH�SUHOLPLQDU\�TXHVWLRQQDLUH�IRU�����������IDFLOLWLHV��ZHUH�VHQW��IXOO��5&5$������

TXHVWLRQQDLUHV�WR�REWDLQ�GHWDLOHG�LQIRUPDWLRQ�RQ�VROYHQW�XVH��VROYHQW�UHVLGXDO�JHQHUDWLRQ��DQG�PDQDJHPHQW��

7KXV��DOO�ODUJH�TXDQWLW\�VROYHQW�XVHUV�ZHUH�FDSWXUHG�DQG�ZHUH�VHQW�D�IXOO�5&5$�������TXHVWLRQQDLUH�LI�WKH

IDFLOLW\�ZDV�VHQW�D�SUHOLPLQDU\�TXHVWLRQQDLUH�

��� &RQILGHQFH�/HYHO�RI�6ROYHQWV�,QGXVWU\�6WXG\�5HVXOWV

(3$�IRFXVHG�LWV�HIIRUWV�GXULQJ�WKLV�LQGXVWU\�VWXG\�RQ�LGHQWLI\LQJ�WKH�ODUJH�TXDQWLW\�XVHUV�RI�WKH�VHYHQ

FKHPLFDOV�DV�VROYHQWV�DQG�SRWHQWLDO�ODUJH�TXDQWLW\�JHQHUDWRUV�RI�WKHVH�VSHQW�VROYHQW�ZDVWHV��LI�OLVWHG��XVLQJ

WKH�LQGXVWU\�VWXG\�PHWKRGRORJ\�GHVFULEHG�DERYH���(3$�LV�FRQILGHQW�WKDW�WKH�LQGXVWU\�VWXG\�LGHQWLILHG�DQG

FKDUDFWHUL]HG�DOO�ODUJH�TXDQWLW\�VROYHQW�XVHUV��

,Q�VRPH�FDVHV��VLJQLILFDQW�FKDQJHV�LQ�WKH�UHSRUWHG�XVH�RI�D�VROYHQW�EHWZHHQ�WKH������3UHOLPLQDU\

4XHVWLRQQDLUH�DQG�WKH������4XHVWLRQQDLUH�FDQ�EH�VHHQ���2YHUDOO��WKH�SUHOLPLQDU\�TXHVWLRQQDLUH�WRWDOV

LQFOXGHG�DPRXQWV�UHSRUWHG�E\�FRPPHUFLDO�WUHDWPHQW��VWRUDJH��DQG�GLVSRVDO��76'��IDFLOLWLHV���,Q�VRPH�FDVHV�

VXFK�DV�EURPRIRUP�DQG�YLQ\OLGHQH�FKORULGH��PDQDJHPHQW�E\�D�76'�DFFRXQWV�IRU�QHDUO\�DOO�UHSRUWHG�XVH��

7KHVH�DPRXQWV�DUH�QRW�UHIOHFWHG�LQ�WKH������WRWDOV�IURP�WKH�IXOO�4XHVWLRQQDLUH����3ULRU�WR�PDLOLQJ�WKH�IXOO

5&5$�������4XHVWLRQQDLUH��(3$�DWWHPSWHG�WR�FRQWDFW�DOO�SRWHQWLDO�UHFLSLHQWV�RI�WKH�4XHVWLRQQDLUH�WR

FRQILUP�WKH�XVH�RI�WKH�FKHPLFDO�DV�D�VROYHQW���(3$�ZDV�RQO\�SDUWLDOO\�VXFFHVVIXO�LQ�UHDFKLQJ�DOO�IDFLOLWLHV

SULRU�WR�PDLOLQJ�WKH�IXOO�4XHVWLRQQDLUH���+RZHYHU��EHWZHHQ�WKH�WHOHSKRQH�FDOOV�SULRU�WR�PDLOLQJ�DQG

UHVSRQVHV�WR�WKH�4XHVWLRQQDLUH�DIWHU�WKH�PDLOLQJ��FHUWDLQ�IDFLOLWLHV�ZHUH�UHPRYHG�IURP�WKH�PDLOLQJ�OLVW���7KH

IDFLOLWLHV�UHPRYHG�HLWKHU�KDG�FORVHG����IDFLOLWLHV���LQFRUUHFWO\�UHSRUWHG�FKHPLFDOV�XVHG����IDFLOLWLHV��

GLVFRQWLQXHG�XVH�RI�WKH�FKHPLFDO�����IDFLOLWLHV���RU�LQFRUUHFWO\�UHSRUWHG�WKH�FKHPLFDO�DV�EHLQJ�XVHG�DV�D

VROYHQW����IDFLOLWLHV��

$IWHU�UHYLHZ�RI�WKH�IXOO�4XHVWLRQQDLUH�UHVSRQVHV��WKH�$JHQF\�GHWHUPLQHG�WKDW�FHUWDLQ�XVHV�GLG�QRW

PHHW�(3$©V�GHILQLWLRQ�RI�VROYHQW�XVH���)RU�H[DPSOH���������NJ�RI�WKH�HWK\OHQH�UHSRUWHG�ZDV�DFWXDOO\�XVHG�DV

D�VWHULODQW��ZKLFK�GRHV�QRW�PHHW�(3$©V�GHILQLWRQ�RI�VROYHQW�XVH���1HDUO\�DOO�RI�WKH�DQLOLQH�UHSRUWHG

������������NJ�RI�WKH������������NJ�UHSRUWHG��ZDV�XVHG�DV�D�UDZ�PDWHULDO�WKDW�ZDV�FRQVXPHG�LQ�WKH

SURFHVV���7KLV�DOVR�GRHV�QRW�PHHW�(3$©V�GHILQLWLRQ�RI�VROYHQW�XVH���7KH�VDPH�LV�WUXH�RI�GLHWK\ODPLQH��ZKHUH

�������NJ�RI�WKH�WRWDO��������NJ�UHSRUWHG�ZDV�DFWXDOO\�GLHWKDQRO�DPLQH�UDWKHU�WKDQ�GLHWK\ODPLQH��

)LQDOO\��YDULDWLRQV�LQ�XVDJH�DUH�WR�EH�H[SHFWHG���,Q�WKH�FDVH�RI�����GLR[DQH��ILYH�IDFLOLWLHV�UHSRUWHG

KLJKHU�XVH�LQ������WKDQ�LQ��������)RU�RWKHU�VROYHQWV��IDFLOLWLHV�UHSRUWHG�HLWKHU�LQFUHDVHV�RU�GHFUHDVHV�LQ�XVH

EHWZHHQ������DQG������WKDW�LQGLFDWH�FKDQJHV�LQ�SURGXFWLRQ�VFKHGXOH�RU�SURGXFW�VODWH���(3$�LV�FRQILGHQW

WKDW�DOO�ODUJH�XVHUV�RI�WKH�VHYHQ�VROYHQWV�ZHUH�LGHQWLILHG�DQG�VXUYH\HG�DV�SDUW�RI�WKH�OLVWLQJ�GHWHUPLQDWLRQ���

7KH�$JHQF\�EHOLHYHV�WKDW�WKH�VROYHQW�XVH�UHSRUWHG�LQ�UHVSRQVH�WR�WKH�IXOO�4XHVWLRQQDLUH�SURYLGHV�D�PRUH

DFFXUDWH�FKDUDFWHUL]DWLRQ�RI�VROYHQW�XVH�SDWWHUQV�WKDQ�WKH�3UHOLPLQDU\�4XHVWLRQQDLUH�EHFDXVH�RI�WKH�JUHDWHU

OHYHO�RI�GHWDLO�SURYLGHG�E\�WKH�UHVSRQGHQWV���)LQDOO\��LW�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�VPDOOHU�XVHV�RI�VRPH

VROYHQWV�ZHUH�FDSWXUHG�WKURXJK�IDFLOLWLHV�UHSRUWLQJ�ODUJHU�XVHV�RI�RWKHU�VROYHQWV���)RU�H[DPSOH��8QRFDO�

5RGHR��&$�LV�D�VLJQLILFDQW�XVHU�RI�SKHQRO��EXW�DOVR�XVHV�D�VPDOO�DPRXQW�������NJ��RI�DQLOLQH��WKXV

LQIRUPDWLRQ�RQ�DFHWRQLWULOH�ZDVWHV�ZHUH�FROOHFWHG����
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7DEOH�����SUHVHQWV�WKH�WRWDO�UHSRUWHG�XVH��E\�VROYHQW��IRU�HDFK�\HDU�DORQJ�ZLWK�DQ�H[SODQDWLRQ�RI�WKH

UHDVRQV�IRU�WKH�DSSDUHQW�FKDQJHV�LQ�WRWDO�XVH���7DEOH�����DQG�7DEOH�����SUHVHQW�DQG�GLVFXVV�WKH�LQGXVWU\

VWXG\�LGHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ODUJH�VROYHQW�XVHUV�IRU�HDFK�RI�WKH�VHYHQ�WDUJHW�FKHPLFDOV�
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6ROYHQWV�6WXG\

��

7DEOH������6ROYHQW�3URGXFWLRQ��6ROYHQW�8VH��DQG�6XUYH\�5HVXOWV�

&KHPLFDO 7RWDO�&KHPLFDO 3URGXFWLRQ�	 4XDQWLW\�(VWLPDWHG 4XDQWLW\�,GHQWLILHG

3URGXFWLRQ ,PSRUW�'DWD WR�EH�6ROYHQW�8VH DV�6ROYHQW�8VH�IURP

�NJ� <HDU��65,� IURP�65,��NJ� �����5&5$�6XUYH\�

�NJ�

$OO\O�&KORULGH ������������� ������FDSDFLW\� ����������� ���

$QLOLQH ������������ ���� ����������� ��

��LPSRUWV�QHJ�

�

%URPRIRUP 8QNQRZQ 8QNQRZQ 1RQH ������

'LHWK\ODPLQH ���������� ���� 1RQH ��

��QR�LPSRUW�GDWD�

����'LR[DQH ������������ ���� 1RQH �������

����������� �HVWLPDWHG�

(WK\OHQH�2[LGH ������������� ���� 1RQH ���

9LQ\OLGHQH ����������� ���� 1RQH �

&KORULGH �QR�LPSRUW�GDWD�

�� $OO�TXDQWLWLHV�H[FOXGH�DPRXQWV�UHSRUWHG�E\�76'V��

5HSUHVHQWV�DOO�¦RWKHU§�XVHV��ZKLFK�PD\�LQFOXGH�VROYHQW�XVH�����



6ROYHQWV�6WXG\

��

7DEOH������6ROYHQW�6SHFLILF�&RQILGHQFH�5DWLRQDOHV

$OO\O�&KORULGH

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR�EH ,GHQWLILHG�DV

7RWDO��NJ� 6ROYHQW�8VH 6ROYHQW�8VH

�LPSRUW IURP�65, IURP�����

TXDQWLW\ �NJ� 5&5$

XQNQRZQ� 6XUYH\��NJ�

����������� ����������� �� � $OO\O�&KORULGH�LV�D�75,�FKHPLFDO��

�65,��������

8�6��FDSDFLW\

RQO\�

�

� $Q�HVWLPDWHG����SHUFHQW�������������

NJ��LV�XVHG�DV�D�FKHPLFDO�LQ�WKH

SURGXFWLRQ�RI�HSLFKORURK\GULQ���7KH

UHPDLQLQJ����SHUFHQW�LV�XVHG�DV�D�UDZ

PDWHULDO�LQ�WKH�V\QWKHVLV�RI�DOO\O

FRPSRXQGV��HVWHUV��HWKHUV��DQG�DPLQHV�

E\�VXEVWLWXWLRQ�RI�WKH�FKORULQH�DQG�LQ�WKH

KLJK�WHPSHUDWXUH�FKORULQDWLRQ�RI

SURS\OHQH��

� 6ROYHQW�XVHV�FRXOG�LQFOXGH�SHWUROHXP

UHILQLQJ�DQG�SKDUPDFHXWLFDO

DSSOLFDWLRQV��KRZHYHU��QR�HYLGHQFH�RI

VXFK�FXUUHQW�XVHV�DUH�LQGLFDWHG�E\�WKH

GDWD�FROOHFWHG�IURP�WKHVH�LQGXVWULHV���

5HSUHVHQWV�DOO�¦RWKHU§�XVHV��ZKLFK�PD\�LQFOXGH�VROYHQW�XVH���



6ROYHQWV�6WXG\

��

$QLOLQH

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR�EH ,GHQWLILHG�DV

7RWDO��NJ� 6ROYHQW�8VH 6ROYHQW�8VH

�LPSRUW IURP�65, IURP�����

TXDQWLW\ �NJ� 5&5$

XQNQRZQ� 6XUYH\��NJ�

����������� ����������� �� � $QLOLQH�LV�D�75,�FKHPLFDO�

�0DQVYLOOH�

�����

�

� $Q�HVWLPDWHG����SHUFHQW��LV�XVHG�LQ�WKH

SURGXFWLRQ�RI�0',�DQG�UXEEHU���$Q

DGGLWLRQDO���SHUFHQW�LV�XVHG�LQ

DJULFXOWXUDO�FKHPLFDOV���$QLOLQH�DOVR�LV�D

UHDFWDQW�LQ�WKH�G\H�LQGXVWU\�

� 3RWHQWLDO�VROYHQW�XVHV�LQFOXGH�XVH�LQ�G\H

DSSOLFDWLRQV�DQG�FRDO�OLTXHIDFWLRQ���&RDO

OLTXHIDFWLRQ�IDFLOLWLHV�UHSRUWHG�QR�DQLOLQH

VROYHQW�XVH�DQG�G\H�PDQXIDFWXUHUV

UHSRUW�DQLOLQH�DV�UHDFWDQW�

5HSUHVHQWV�DOO�¦RWKHU§�XVHV��ZKLFK�PD\�LQFOXGH�VROYHQW�XVH���



6ROYHQWV�6WXG\

��

%URPRIRUP

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR�EH ,GHQWLILHG�DV

7RWDO��NJ� 6ROYHQW�8VH 6ROYHQW�8VH

�LPSRUW IURP�65, IURP�����

TXDQWLW\ �NJ� 5&5$

XQNQRZQ� 6XUYH\��NJ�

8QNQRZQ� 1RQH ������ � %URPRIRUP�LV�D�75,�FKHPLFDO�

8QDYDLODEOH

IURP�65,�

86,7&�

0DQVYLOOH�

DQG�76&$�

� %URPRIRUP�LV�XVHG�DV�D�FKHPLFDO�LQ

RUJDQLF�V\QWKHVHV�DQG�LQ�PHGLFLQDO

SKDUPDFHXWLFDOV�DV�D�VHGDWLYH���

� %URPRIRUP�SRWHQWLDOO\�FDQ�EH�XVHG�DV�D

VROYHQW�LQ�PLQHUDO�VHSDUDWLRQ���1R�VXFK

XVH�ZDV�LQGLFDWHG�E\�WKH�75,�RU�WKH

5&5$������4XHVWLRQQDLUH�UHVSRQVHV��

'LHWK\ODPLQH

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR�EH ,GHQWLILHG�DV

7RWDO��NJ� 6ROYHQW�8VH 6ROYHQW�8VH

�LPSRUW IURP�65, IURP�����

TXDQWLW\ �NJ� 5&5$

XQNQRZQ� 6XUYH\��NJ�

��������� 1RQH �� � 'LHWK\ODPLQH�LV�QRW�D�75,�FKHPLFDO�

�86,7&�

����� � 1RQ�VROYHQW�XVHV��LQFOXGLQJ�SURGXFWLRQ

RI�1�1�GLHWK\ODPLQRHWKDQRO��UXEEHU

SURFHVVLQJ�FKHPLFDOV��SHVWLFLGHV��DQG

RWKHU�FKHPLFDOV�LV�HVWLPDWHG�DW

����������NJ��



6ROYHQWV�6WXG\

��

����'LR[DQH

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR�EH ,GHQWLILHG�DV

7RWDO��NJ� 6ROYHQW�8VH 6ROYHQW�8VH

�LPSRUW IURP�65, IURP�����

TXDQWLW\ �NJ� 5&5$

XQNQRZQ� 6XUYH\��NJ�

���������� 1RQH ������� � ����'LR[DQH�LV�D�75,�FKHPLFDO�

WR

����������

�65,�������

� 7KH�ODUJHVW�XVH�RI�����GLR[DQH�LV�DV�D

VWDELOL]HU�LQ�������WULFKORURHWKDQH�

� �����'LR[DQH�LV�XVHG�LQ�ODERUDWRULHV�DV

DQ�DOWHUQDWLYH�WR�DFHWRQLWULOH�LQ

FKURPDWRJUDSK\���1R�DWWHPSW�ZDV�PDGH

WR�VXUYH\�ODERUDWRULHV�VHSDUDWHO\�

(WK\OHQH�2[LGH

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR ,GHQWLILHG�DV

7RWDO��NJ� EH 6ROYHQW�8VH

6ROYHQW�8VH IURP�����

IURP�65, 5&5$

�NJ� 6XUYH\��NJ�

������������� 1RQH ��� � (WK\OHQH�R[LGH�LV�D�75,�FKHPLFDO�

�65,�
� (WK\OHQH�R[LGH�LV�ZLGHO\�XVHG�DV�D

VWHULODQW�LQ�PHGLFDO�DSSOLFDWLRQV���

� (WK\OHQH�R[LGH�LV�XVHG�DV�D�UDZ�PDWHULDO

LQ�WKH�V\QWKHVLV�RI�HWK\OHQH�JO\FRO�

GLHWK\OHQH�JO\FRO��WULHWK\OHQH�JO\FRO�

SRO\HWK\OHQH�JO\FRO��DQG�JO\FRO�HWKHUV�DV

ZHOO�DV�HWKDQRO�DPLQHV�DQG�QRQ�LRQLF

VXUIDFH�DFWLYH�DJHQWV���7KHVH�XVHV

DFFRXQW�IRU�RYHU�����ELOOLRQ�NJ���������RI

SURGXFWLRQ�DQG�LPSRUW����$Q�DGGLWLRQDO��

PLOOLRQ�NJ�LV�H[SRUWHG�



6ROYHQWV�6WXG\

��

9LQ\OLGHQH�&KORULGH

&KHPLFDO 4XDQWLW\ 4XDQWLW\ &RPPHQWV

3URGXFWLRQ (VWLPDWHG�WR ,GHQWLILHG�DV

7RWDO��NJ� EH 6ROYHQW�8VH

6ROYHQW�8VH IURP�����

IURP�65, 5&5$

�NJ� 6XUYH\��NJ�

���������� 1RQH � � 9LQ\OLGHQH�FKORULGH�LV�D�75,�FKHPLFDO�

�65,�������
� 9LQ\OLGHQH�FKORULGH�LV�FRQVXPHG�ODUJHO\

LQ�WKH�SURGXFWLRQ�RI�SRO\YLQ\OLGHQH

FKORULGH��39'&��FRSRO\PHUV��ZLGHO\

XVHG�DV�D�VWHULODQW�LQ�PHGLFDO

DSSOLFDWLRQV���



6ROYHQWV�6WXG\

��

��� 'DWD�0DQDJHPHQW�DQG�:DVWH�0DQDJHPHQW�3UDFWLFHV

��� 'DWD�0DQDJHPHQW�DQG�$QDO\VHV

'DWD�IURP�WKH�TXHVWLRQQDLUH�ZHUH�PDQDJHG�WKURXJK�D�OLQNHG�GDWDEDVH�V\VWHP���)URP�WKH�GDWD�

(3$�GHYHORSHG�VSUHDGVKHHWV�GHWDLOLQJ�UHVLGXDOV�DV�UHSRUWHG�E\�UHVSRQGHUV�IRU�HDFK�RI�WKH�VHYHQ

FKHPLFDOV���(DFK�UHVLGXDO�VWUHDP�UHSRUWHG�E\�UHVSRQGHUV�ZDV�HYDOXDWHG�WR�GHWHUPLQH�ZKHWKHU�WKH�UHVLGXDO

UHSUHVHQWHG�D�ZDVWH�RU�DQ�LQ�SURFHVV�VWUHDP���5HVLGXDOV�WKDW�ZHUH�UHWXUQHG�WR�WKH�SURFHVV�WKURXJK�D

FORVHG�ORRS�V\VWHP�ZHUH�H[FOXGHG�IURP�IXUWKHU�DQDO\VLV�

7KH�$JHQF\�FRPSOHWHG�DQ�HQRUPRXV�WDVN�LQ�WKH�GDWD�JDWKHULQJ�HIIRUW���7KHVH�GDWD�KHOSHG�(3$�WR

LGHQWLI\�WKH�PDMRU�ZDVWH�JHQHUDWRUV���7KH�TXHVWLRQQDLUH�DVNHG�IRU�YHU\�GHWDLOHG�LQIRUPDWLRQ�RQ�ZDVWH

JHQHUDWLRQ��PDQDJHPHQW��DQG�GLVSRVDO�IRU�WKHVH�FKHPLFDOV�ZKHQ�WKH\�DUH�XVHG�DV�VROYHQWV���7KH

TXHVWLRQQDLUH�ZDV�VHQW�WR�ODUJHU�IDFLOLWLHV�EHFDXVH����RQO\�ODUJH�IDFLOLWLHV�ZRXOG�EH�OLNHO\�WR�KDYH�RQ�VLWH

WUHDWPHQW��VWRUDJH��DQG�RU�GLVSRVDO�IRU�ZKLFK�TXHVWLRQQDLUH�LWHPV�ZRXOG�EH�DSSOLFDEOH��DQG����PDQ\�RI�WKH

VROYHQW�XVHV�DUH�SHFXOLDU�WR�ODUJH�FKHPLFDO�LQGXVWULHV�DQG�DUH�QRW�OLNHO\�WR�EH�XVHG�LQ�VPDOO�FRPSDQLHV��

7KXV��E\�DSSO\LQJ�D�FDUHIXO��FRQVLVWHQW�GHILQLWLRQ�RI�VROYHQW�XVH�DQG�FORVHO\�H[DPLQLQJ�IDFLOLWLHV�WKDW�XVH

WKHVH�FKHPLFDOV�DV�VROYHQW��WKH�$JHQF\�LGHQWLILHG�ZKHUH�WKHVH�FKHPLFDOV�DUH�XVHG�DV�VROYHQWV��DQG�ZKHUH

ZDVWHV�RI�LQWHUHVW�DUH�JHQHUDWHG�DQG�PDQDJHG�

'DWD�VXEPLWWHG�E\�76'5V�LQGLFDWH�WKDW�WKH�RULJLQDO�XVH�RI�WKH�FKHPLFDO�ZDV�XQNQRZQ���7KHUHIRUH��LW

ZDV�QRW�SRVVLEOH�WR�GHWHUPLQH�ZKHWKHU�WKH�UHVLGXDOV�PDQDJHG�E\�76'5V�ZRXOG�EH�VROYHQW�XVH�UHVLGXDOV��

(3$�QRWHG�WKDW�LQ�SUHOLPLQDU\�TXHVWLRQQDLUH�UHVSRQVHV�DQG�DJDLQ�LQ�IXOO�TXHVWLRQQDLUH�UHVSRQVHV��76'5V

UHSRUWHG�WKH�PDQDJHPHQW�RI�JUHDWHU�TXDQWLWLHV�RI�VRPH�FKHPLFDOV�WKDQ�ZHUH�LGHQWLILHG�E\�LQGXVWU\

UHVSRQGHQWV���*HQHUDOO\��(3$�EHOLHYHV�WKDW�WKLV�LQGLFDWHV�WKH�PDQDJHPHQW�RI�ZDVWHV�JHQHUDWHG�IURP�QRQ�

VROYHQW�XVHV���6LQFH�VHSDUDWLRQ�RI�ZDVWHV�IURP�VROYHQW�DQG�QRQ�VROYHQW�XVHV�ZDV�QRW�SRVVLEOH�DW�76'5

IDFLOLWLHV��(3$�FRXOG�QRW�DVVHVV�PDQDJHPHQW�RI�WKHVH�ZDVWHV�ZLWK�VXIILFLHQW�FRQILGHQFH�LQ�WKH�DFFXUDF\�RI

WKH�UHVXOWV���7KHUHIRUH��WKH�$JHQF\�FKRVH�QRW�WR�LQFOXGH�UHVLGXDOV�UHSRUWHG�E\�76'5�IDFLOLWLHV�LQ�WKH

DVVHVVPHQW�RI�ZDVWH�JHQHUDWLRQ�DQG�PDQDJHPHQW�

7KH�UHPDLQLQJ�UHVLGXDOV�ZHUH�GHHPHG�WR�EH�ZDVWHV�JHQHUDWHG�DV�D�UHVXOW�RI�VROYHQW�XVH���%DVHG

RQ�WKH�TXDQWLW\�RI�UHVLGXDO�JHQHUDWHG�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�VROYHQW�LQ�WKH�UHVLGXDO��(3$�GHWHUPLQHG

WKH�ORDGLQJ�RI�WKH�VROYHQW�LQ�WKH�UHVLGXDO�DV

6ROYHQW�5HVLGXDO�4XDQWLW\�[�6ROYHQW�&RQFHQWUDWLRQ� �6ROYHQW�/RDGLQJ

$OO�UHVLGXDO�TXDQWLWLHV�ZHUH�FRQYHUWHG�WR�NLORJUDPV�DQG�DOO�VROYHQW�ORDGLQJV�ZHUH�H[SUHVVHG�LQ

NLORJUDPV�DV�ZHOO���:KHUH�OLTXLG�PHDVXUHPHQWV�ZHUH�SURYLGHG��H�J���OLWHUV�RU�JDOORQV���(3$�XVHG�WKH

VSHFLILF�JUDYLW\�RI�WKH�VROYHQW�IRU�FRQYHUVLRQ�RI�WKH�XQLWV���7DEOH�����SUHVHQWV�WKH�VSHFLILF�JUDYLWLHV�XVHG�IRU

WKHVH�FDOFXODWLRQV�
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�
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�

����� $VKODQG�'LHWK\ODPLQH�06'6��$XJXVW������
�

����� 6KHOO�06'6��-XQH������
�

����� +DQGERRN�RI�(QYLURQPHQWDO�'DWD�RQ�2UJDQLF�&KHPLFDOV���QG�(GLWLRQ�������
��
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7DEOH�����6SHFLILF�*UDYLWLHV�RI�6ROYHQWV

6ROYHQW 6SHFLILF�*UDYLW\��J�FP ��

$OO\O�&KORULGH ��������

$QLOLQH ��������

%URPRIRUP ��������

����'LR[DQH ��������

'LHWK\ODPLQH ��������

(WK\OHQH�2[LGH ��������

9LQ\OLGHQH�&KORULGH ���������

��� ,GHQWLILFDWLRQ�RI�&XUUHQW�:DVWH�0DQDJHPHQW�3UDFWLFHV

7KH�FXUUHQW�ZDVWH�PDQDJHPHQW�SUDFWLFHV�ZHUH�QRWHG��LQFOXGLQJ�ZKHWKHU�WKH�UHVLGXDO�ZDV

PDQDJHG�DV�KD]DUGRXV�DW�WKH�WLPH�RI�WKH�4XHVWLRQQDLUH���*LYHQ�WKH�LQIRUPDWLRQ�WKH�$JHQF\�KDV�FROOHFWHG

RQ�WKHVH�VROYHQWV��WKHLU�XVHV��ZDVWH�JHQHUDWLRQ��DQG�PDQDJHPHQW��WKH�$JHQF\�KDV�D�FOHDU�SLFWXUH�RI�WKH

VLWXDWLRQ�WKDW�H[LVWV�ZLWK�UHVSHFW�WR�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�FXUUHQW�PDQDJHPHQW�RI�WKHVH�ZDVWHV��

7KH�$JHQF\�DOVR�GRHV�QRW�EHOLHYH�PDQDJHPHQW�SUDFWLFHV�IRU�WKHVH�ZDVWHV�DUH�OLNHO\�WR�FKDQJH�IRU�D

QXPEHU�RI�UHDVRQV�����IDFLOLWLHV�DUH�QRW�OLNHO\�WR�DEDQGRQ�LQYHVWPHQW�LQ�FDSLWDO�HTXLSPHQW�VXFK�DV

LQFLQHUDWRUV��WDQNV��RU�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�����PDQ\�RI�WKHVH�ZDVWHV�DUH�WUHDWHG�LQ�VRPH�ZD\V

EHFDXVH�WKH\�KDYH�YDOXH��UHF\FOLQJ�UHXVH�DQG�%78�YDOXH�DV�IXHO������IDFLOLWLHV�KDYH�LQFHQWLYHV�WR�WU\�WR

UHFRYHU�PRUH�VROYHQW��XVH�D�GLIIHUHQW�VROYHQW��RU�HOLPLQDWH�ZDVWH�EDVHG�RQ�FRVW�RI�VROYHQW�DQG�UHSRUWLQJ

UHTXLUHPHQWV��H�J���75,���DQG����LQ�WKH�FDVHV�ZKHUH�ZDVWHV�DUH�DOUHDG\�KD]DUGRXV��E\�FKDUDFWHULVWLF�RU

PL[WXUH�ZLWK�D�OLVWHG�ZDVWH���WKH�IDFLOLWLHV�GR�QRW�KDYH�WKH�RSWLRQ�RI�FKDQJLQJ�WR�DQ�XQUHJXODWHG�PDQDJHPHQW

SUDFWLFHV���,Q�DGGLWLRQ��PDQ\�VWDWHV�KDYH�UHVWULFWLRQV�RQ�PDQDJHPHQW�RI�OLTXLG�ZDVWHV�LQ�ODQG�EDVHG�IDFLOLWLHV
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��

RU�WKH�FRQVWUXFWLRQ�RI�VXUIDFH�LPSRXQGPHQWV��HYHQ�QRQ�KD]DUGRXV�RQHV��WKDW�PDNH�WKHVH�RSWLRQV�KLJKO\

XQOLNHO\�WR�RFFXU�

��� 'LVFXVVLRQ�RI�6ROYHQWV�6WXG\�&KHPLFDOV

��� $OO\O�&KORULGH

$OO\�FKORULGH�LV�SURGXFHG�E\�KLJK�WHPSHUDWXUH�FKORULQDWLRQ�RI�SURS\OHQH��ZLWK�GLFKORURSURSDQHV�DQG

GLFKORURSURSHQHV�IRUPHG�DV�E\�SURGXFWV���$OO\O�FKORULGH�LV�DQ�LQWHUPHGLDWH�WR�FUXGH�HSLFKORURK\GULQ��ZKLFK�LV

XVHG�WR�SURGXFH�V\QWKHWLF�JO\FHULQ�RU�UHILQHG�WR�D�SXUHU�SURGXFW�IRU�V\QWKHVLV�RI�RWKHU�SURGXFWV��VXFK�DV

HSR[\�UHVLQV���2WKHU�QRQ�VROYHQW�XVHV�LQFOXGH�XVH�LQ�WKH�SKDUPDFHXWLFDO�ILHOG�DV�D�UDZ�PDWHULDO�IRU�WKH

SURGXFWLRQ�RI�DOO\O�LVRWKLRF\DQDWH��V\QWKHWLF�PXVWDUG�RLO���DOO\O�VXEVWLWXWHG�EDUELWXUDWHV��VHGDWLYHV��DQG

F\FORSURSDQH��DQHVWKHWLF����$OO\O�FKORULGH�DOVR�KDV�EHHQ�XVHG�WR�SUHSDUH�DOO\O�HVWHUV�RI�VWDUFK��ZKLFK�DUH�RI

VRPH�LQWHUHVW�RQ�VXUIDFH�FRDWLQJV��DQG�LQ�WKH�PDQXIDFWXUH�RI�VSHFLDOLW\�UHVLQV�IRU�ZDWHU�WUHDWPHQW� ����

(3$�KDV�LGHQWLILHG�6,&�FRGHV�WKURXJK�&KHPLFDO�$EVWUDFWV�VHDUFKHV�WKDW�LQGLFDWHG�SRWHQWLDO�XVH�RI

WKH�FKHPLFDO�DV�D�VROYHQW���7KHVH�SRWHQWLDO�XVHV�ZHUH�FURVV�UHIHUHQFHG�ZLWK�75,�GDWD�IRU�WKLV�FKHPLFDO

UHSRUWHG�WR�EH�¦RWKHUZLVH�XVHG�§��$�FRPSOHWH�GHVFULSWLRQ�RI�WKLV�PHWKRGRORJ\�LV�SUHVHQWHG�LQ�6HFWLRQ�����RI

WKLV�VWXG\���7KH�OLWHUDWXUH�VHDUFK�FRQGXFWHG�IRU�WKLV�VWXG\�LQGLFDWHG�WKDW�DOO\O�FKORULGH�FDQ�EH�XVHG�LQ�D

VROYHQW�PL[WXUH�IRU�UHPRYDO�RI�GHSRVLWV�IURP�UHVHUYRLUV�DQG�WDQNV�XVHG�IRU�VWRUDJH�RI�KHDY\�SHWUROHXP

SURGXFWV���75,�GDWD�LQGLFDWHG�WKDW�WKH�&KHPLFDO�DQG�$OOLHG�3URGXFWV�LQGXVWU\�PD\�XWLOL]H�DOO\O�FKORULGH�IRU

DQFLOODU\�SXUSRVHV���2I�WKUHH�IDFLOLWLHV�UHVSRQGLQJ�WR�WKH�3UHOLPLQDU\�4XHVWLRQQDLUH��RQH�FRQILUPHG�XVH�RI

VROYHQW�IRU�ELRORJLFDO�UHVHDUFK��DQG�WKH�RWKHU�WZR�FRXOG�QRW�FRQILUP�VROYHQW�XVH�

7KH������5&5$������4XHVWLRQQDLUH�UHSRUWHG�DOO\O�FKORULGH�XVH�DV�D�VROYHQW�E\�IRXU�ODERUDWRU\

UHVHDUFK�DQG�GHYHORSPHQW�IDFLOLWLHV��WRWDOLQJ������NJ���$OO\O�FKORULGH�ZDV�UHSRUWHG�DV�KDYLQJ�PXOWLSOH

ODERUDWRU\�XVHV��LQFOXGLQJ�FKHPLFDOV�V\QWKHVLV�E\�VXEVWLWXWLRQ���7KH�XVH�RI�DOO\O�FKORULGH�LQ�D�VROYHQW�PL[WXUH

IRU�WKH�UHPRYDO�RI�GHSRVLWV�IURP�UHVHUYRLUV�DQG�WDQNV�DQG�LWV�XVH�IRU�DQFLOODU\�SXUSRVHV��XVHV�LGHQWLILHG�LQ

WKH�OLWHUDWXUH�VHDUFK��ZHUH�QRW�FRQILUPHG�LQ�WKH������4XHVWLRQQDLUH�UHVSRQVHV�

7DEOH�����SUHVHQWV�WKH�IDFLOLWLHV�UHSRUWLQJ�XVH�RI�DOO\O�FKORULGH�DV�D�VROYHQW���7DEOH�����SUHVHQWV

VROYHQW�XVH�E\�LQGXVWU\�VHFWRU�

7DEOH�����)DFLOLWLHV�8VLQJ�$OO\O�&KORULGH�LQ������DQG�,QGXVWULDO�6HFWRU

)DFLOLW\ /RFDWLRQ ,QGXVWU\

(OL�/LOO\�	�&R�����0&�5HVHDUFK ,QGLDQDSROLV��,1 3KDUPDFHXWLFDOV

*OD[R�,QF� 5HVHDUFK�7ULDQJOH�3DUN��1& 3KDUPDFHXWLFDOV

3&5�,QF� *DLQHVYLOOH��)/ ,QGXVWULDO�2UJDQLF�&KHPLFDOV

�0�&HQWHU 6DLQW�3DXO��01 &RPPHUFLDO�3K\VLFDO�5HVHDUFK

7DEOH�����8VH�RI�$OO\O�&KORULGH�%\�,QGXVWU\
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��

,QGXVWU\ 8VH��NJ

3KDUPDFHXWLFDOV ����

,QGXVWULDO�2UJDQLF�&KHPLFDOV ����

&RPPHUFLDO�3K\VLFDO�5HVHDUFK �����

����� :DVWHV�)URP�8VH�DV�D�6ROYHQW

$OO�RI�WKH�:DVWHV�JHQHUDWHG�IURP�WKH�XVH�RI�DOO\O�FKORULGH�DV�D�VROYHQW�DUH�VPDOO�YROXPH�

FRPPLQJOHG�RUJDQLF�ODERUDWRU\�ZDVWHV���2QO\�WZR�ZDVWHV�RI�WKH�IRXU�UHSRUWHG�ZHUH�ODUJHU�WKDQ�������NJ�\U

�ZLWK�WKH�ODUJHVW�YROXPH�ZDVWHV�DW�DSSUR[LPDWHO\��������NJ�\U�DQG�������NJ�\U����7KH�UHPDLQLQJ�ZDVWH

TXDQWLWLHV�ZHUH�������NJ�\U��ZLWK�YROXPHV�QRW�UHSRUWHG�IRU�WKH�UHPDLQLQJ�ZDVWH�VWUHDP����7KH�WRWDO�����

FRQVXPSWLRQ�RI�DOO\O�FKORULGH�UHSRUWHG�E\�HDFK�IDFLOLW\�UDQJHG�IURP������NJ�WR������NJ���7KHVH�ORZ

FRQVXPSWLRQ�UDWHV�UHVXOW�LQ�WRWDO�DOO\O�FKORULGH�ORDGLQJ�TXDQWLW\�RI�OHVV�WKDQ����NJ���7DEOH�����SUHVHQWV�WKH

UHVLGXDOV�JHQHUDWHG�E\�ZDVWH�W\SH�

7DEOH�����4XDQWLW\�RI�$OO\O�&KORULGH�:DVWH�*HQHUDWHG�IRU�(DFK�7\SH�*HQHUDWHG

:DVWH�7\SH 7RWDO�5HVLGXDO�9ROXPH 6ROYHQW�/RDGLQJ

�NJ�\U� �NJ�\U�

2UJDQLF�:DVWHV

6SHQW�6ROYHQWV ������ ����

����� 0DQDJHPHQW�3UDFWLFHV

(DFK�RI�WKH�IRXU�RUJDQLF�ZDVWHV�FRQWDLQLQJ�DOO\O�FKORULGH�JHQHUDWHG�IURP�LWV�XVH�DV�D�VROYHQW�DUH

PDQDJHG�HLWKHU�E\�RQ��RU�RII�VLWH�LQFLQHUDWLRQ�RU�RII�VLWH�IXHO�EOHQGLQJ���0RVW�IDFLOLWLHV�HPSOR\�RQ�VLWH

VWRUDJH���7KH�IRXU�ZDVWHV�UHSUHVHQW�D�WRWDO�ZDVWH�YROXPH�RI�DSSUR[LPDWHO\��������NJ�DQG�WKH�DOO\O�FKORULGH

FRQFHQWUDWLRQ�LQ�WKH�ZDVWH�VWUHDPV�UDQJH�IURP����SSP�WR������7KH�RYHUDOO�ORDGLQJV�ZDV�ORZ��WRWDOLQJ�OHVV

WKDQ����NJ�\U���,Q�DOO�FDVHV�WKH�ZDVWHV�DUH�PDQDJHG�DV�5&5$�KD]DUGRXV�ZDVWHV��WKUHH�RI�WKH�IRXU�ZDVWHV

DUH�ODEHOHG�DV�'�����LJQLWDEOH���RQH�LV�'�����FRUURVLYH���DQG�WKH�UHPDLQGHU�FRQVLVW�RI�'�FRGHV�DQG�VHYHUDO

)�FRGHV���3ULRU�WR�ILQDO�GLVSRVDO�RU�PDQDJHPHQW��WKUHH�RI�WKH�VSHQW�VROYHQW�ZDVWH�VWUHDPV�DUH�PDQDJHG�LQ

RQ�VLWH�FRQWDLQHUV��WKH�IRXUWK�EHLQJ�VWRUHG�RII�VLWH����2QH�IDFLOLW\©V�UHVLGXDO�YROXPH�DQG�FRQFHQWUDWLRQ�ZDV

QRW�UHSRUWHG���+RZHYHU��WKURXJK�FRQYHUVDWLRQV�EHWZHHQ�WKH�$JHQF\�DQG�WKH�IDFLOLW\��LW�ZDV�GHWHUPLQHG�WKDW

WKH�ZDVWH�LV�PDQDJHG�DV�KD]DUGRXV�DQG�VHQW�IRU�RIIVLWH�IXHO�EOHQGLQJ���$Q�DVVXPSWLRQ�ZDV�PDGH�WKDW�WKH

WRWDO�DPRXQW�RI�DOO\O�FKORULGH�XVHG�LV�SDVVHG�WKURXJK�WR�WKH�ZDVWH�ORDGLQJ���7DEOH�����SUHVHQWV�WKH�VWDWLVWLFV

IRU�WKH�UHVLGXDOV��E\�PDQDJHPHQW�SUDFWLFH�
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����� 0DEH\��:���0LOO��7���-RXUQDO�RI�&KHPLFDO�5HIHUHQFH�'DWD��������9RO�����SS����������
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����� 0DWHULDO�6DIHW\�'DWD�6KHHW��6KHOO�&KHPLFDO�&R���-DQXDU\������������%DVHG�XSRQ�SURGXFW�WHVWLQJ�
��

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV���1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��1,26+
��

3RFNHW�*XLGH�WR�&KHPLFDO�+D]DUGV���:DVKLQJWRQ�'�&��-XQH������

����� $PHULFDQ�&RQIHUHQFH�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVWV�������������7KUHVKROG�/LPLW�9DOXHV��7/9©V��IRU
��

&KHPLFDO�6XEVWDQFHV�DQG�3K\VLFDO�$JHQWV�DQG�%LRORJLFDO�([SRVXUH�,QGLFHV��%(,V����&LQFLQQDWL��2+��������

����� 7KH0HUFN�,QGH[����WK�(GLWLRQ���0HUFN�DQG�&R���,QF��5DKZD\��1-������
��

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�5HVRXUFHV���5HJLVWU\�RI�7R[LF�(IIHFWV�RI�&KHPLFDO�6XEVWDQFHV���1DWLRQDO
��

7R[LFRORJ\�3URJUDP��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��%HWKHVGD��0'�������

��

7DEOH�����*HQHUDWLRQ�6WDWLVWLFV�IRU�$OO\O�&KORULGH

0DQDJHPHQW ��RI� ��RI� Z�8QUHSRUWHG 7RWDO�9ROXPH 7RWDO�/RDGLQJ

3UDFWLFH )DFLOLWLHV 6WUHDPV 9ROXPH �NJ� �NJ�

��RI�6WUHDPV

,QFLQHUDWLRQ � � ���� ������ ����

)XHO�%OHQGLQJ � � � 15 ����

727$/ � � � ������ ����

����� +HDOWK�'DWD

$OO\O�FKORULGH��& + &O��&$6�1R�������������LV�D�FRORUOHVV�WR�\HOORZLVK�EURZQ�OLTXLG�ZLWK�D�SXQJHQW�� �

XQSOHDVDQW�RGRU� ��,W�LV�H[WUHPHO\�IODPPDEOH��KDV�D�ORZ�ERLOLQJ�SRLQW�����&���D�IODVK�SRLQW�RI������)��E\�WDJ��

FORVHG�FXS�WHVWLQJ���DQG�YDSRUV�WKDW�DUH�PRUH�GHQVH�WKDQ�DLU� �,W�K\GURO\]HV�LQ�ZDWHU�ZLWK�D�KDOI�OLIH�RI�����

KRXUV�DW����&� ��)ODPPDEOH�PL[WXUHV�FDQ�EH�IRUPHG�DW�DPELHQW�WHPSHUDWXUHV� �8SRQ�FRPEXVWLRQ��DOO\O�� ��

FKORULGH�SURGXFHV�K\GURJHQ�FKORULGH�DQG�RU�SKRVJHQH�DQG�FDUERQ�PRQR[LGH� �$OO\O�FKORULGH�LV�VHYHUHO\��

LUULWDWLQJ�WR�WKH�H\HV��VNLQ��QRVH��WKURDW��DQG�UHVSLUDWRU\�WUDFW� ��,I�LQKDOHG��DOO\O�FKORULGH�FDQ�SURGXFH�OLYHU���

NLGQH\��OXQJ��DQG�SHULSKHUDO�QHUYH�GDPDJH� �,I�LQJHVWHG��DOO\O�FKORULGH�FDQ�UHVXOW�LQ�OLYHU�DQG�NLGQH\��

GDPDJH�RU�GHDWK�

%DVHG�RQ�H[SRVXUH�GDWD��WKH�IROORZLQJ�H[SRVXUH�OLPLWV�KDYH�EHHQ�HVWDEOLVKHG�IRU�DOO\O�FKORULGH���7KH

26+$�3(/�DQG�$&*,+�7/9�LV���SSP����PJ�P � � �7KH�26+$�DQG�$&*,+�67(/�OLPLWV�DUH���SSP� �7KH�� ��� �� ������

1,26+�,'/+�LV�����SSP��DQG�WKH�WKUHVKROG�RGRU�OHYHO�LV�����SP���

7R[LFLW\�GDWD�LQGLFDWH�WKDW�DFXWH�H[SRVXUH�WR�DOO\O�FKORULGH�FDQ�FDXVH�XQFRQVFLRXVQHVV��ZKLOH

FKURQLF�H[SRVXUH�FDQ�FDXVH�FXPXODWLYH�OLYHU�DQG�NLGQH\�GDPDJH� ��7KH�HVWDEOLVKHG�/' �IRU�DFXWH��
��

H[SRVXUH�LQ�UDWV�YLD�WKH�RUDO�URXWH�LV�����PJ�NJ�DQG�YLD�WKH�LQKDODWLRQ�URXWH�LV����JP�P ��+� ��$OO\O�FKORULGH� ��
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����� +D]DUGRXV�&KHPLFDOV�'LUHFWRU\�������
��

����� 8�6��(3$�,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6��RQ�$OO\O�&KORULGH���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW
��

2IILFH��2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQQDWL��2+�������

����� 65,�&KHPLFDO�(FRQRPLFV�+DQGERRN��������
��

����� &KHPLFDO�$EVWUDFWV��YDULRXV�GDWHV�
��

����� $PHULFDQ�'\HVWXII�5HSRUWHU�������
��

��

LV�UHDGLO\�DEVRUEHG�WKURXJK�WKH�VNLQ�DQG�LV�D�SRVVLEOH�KXPDQ�FDUFLQRJHQ� ��7KH�5I&�IRU�DOO\O�FKORULGH�LV��

������PJ�P �EDVHG�RQ�D�1R�2EVHUYDEOH�$GYHUVH�(IIHFWV�/LPLW��12$(/��RI�����PJ�P �IRU�UDEELWV� ��'XH�WR� � ��

WKH�VPDOO�QXPEHU�RI�DQLPDOV�LQYROYHG�LQ�WKH�VWXG\�DQG�SRRU�UHSRUWLQJ�RI�UHVXOWV�IRU�12$(/�H[SRVXUH��(3$

KDV�ORZ�FRQILGHQFH�LQ�WKH�VWXG\�XVHG�DV�WKH�EDVLV�IRU�WKH�5I&� �$OO\O�FKORULGH�LV�UDWHG�DV�DQ�(3$�*URXS�&��

�SRVVLEOH��FDUFLQRJHQ� �$OWKRXJK�QR�KXPDQ�FDQFHU�GDWD�ZHUH�IRXQG��DQLPDO�VWXGLHV�VKRZ�WKH�SRWHQWLDO�IRU��

FDQFHU�E\�JDYDJH�DQG�VNLQ�SDLQWLQJ� �1R�5I'�KDV�EHHQ�HVWDEOLVKHG���$TXDWLF�WR[LFLW\�KDV�EHHQ�HVWLPDWHG�DW��

���SSP�IRU�JXSSLHV�H[SRVHG�RYHU�D����KRXU�SHULRG�LQ�IUHVK�ZDWHU���

��� $QLOLQH

6HYHQW\�IRXU�SHUFHQW�RI�WKH�DQLOLQH�SURGXFHG�LQ�WKH�8�6��LV�FRQVXPHG�DV�DQ�LQWHUPHGLDWH�LQ

SURGXFWLRQ�RI�����0HWK\OHQHELV�SKHQ\OLVRF\DQDWH���0',����)XWXUH�GHPDQG�RI�DQLOLQH�LV�H[SHFWHG�WR�EH�OLQNHG

WR�0',�SURGXFWLRQ��ZKLFK�LWVHOI�LV�IRUHFDVW�DW�D�JURZWK�UDWH�RI������IRU����������� ��(3$�KDV�LGHQWLILHG�6,&��

FRGHV�WKURXJK�&KHPLFDO�$EVWUDFWV�VHDUFKHV�WKDW�LQGLFDWHG�SRWHQWLDO�XVH�RI�WKH�FKHPLFDO�DV�D�VROYHQW��

7KHVH�SRWHQWLDO�XVHV�ZHUH�FURVV�UHIHUHQFHG�ZLWK�75,�GDWD�IRU�WKLV�FKHPLFDO�UHSRUWHG�WR�EH�¦RWKHUZLVH�XVHG�§�

$�FRPSOHWH�GHVFULSWLRQ�RI�WKLV�PHWKRGRORJ\�LV�SUHVHQWHG�LQ�6HFWLRQ�����RI�WKLV�VWXG\�

/LWHUDWXUH�VHDUFKHV�LQGLFDWH�WKDW�DQLOLQH�FDQ�EH�XVHG�DV�D�VROYHQW�IRU�FRQYHUVLRQ�RI�FRDO�WR�D�OLTXLG�

VSHFLILFDOO\��IRU�ORZ�WHPSHUDWXUH�FRDO�OLTXHIDFWLRQ�LQ�EDVLF�QLWURJHQ�FRPSRXQGV��WKHUPDO�GLVVROXWLRQ�RI�)DQ�

<DJQRE�FRDO��DQG�H[WUDFWLRQ�DQG�UHDFWLRQ�RI�FRDO�EHORZ�����&� ��/LWHUDWXUH�VHDUFKHV�LQGLFDWH�WKDW�DQLOLQH��

PD\�EH�XVHG�DV�D�VROYHQW�LQ�WKH�G\H�LQGXVWU\�WR�SUHWUHDW�SRO\HVWHU�ILEHUV���7KH�SUHWUHDWPHQW�LV�SHUIRUPHG�DW

D�WHPSHUDWXUH�UDQJH�RI����WR�����&�LQ�RUGHU�WR�LQFUHDVH�WKH�G\HDELOLW\�RI�WKH�ILEHU���,W�LV�DVVXPHG�WKDW�RQO\�D

SRUWLRQ�RI�WKH�RUJDQLF�VROYHQW�XVHG�WR�SUHWUHDW�WKH�ILEHU�LQWHUDFWV�ZLWK�WKH�ILEHU�DQG�WKHUHIRUH��D�VSHQW�VROYHQW

ZRXOG�UHVXOW���

7KH������5&5$������4XHVWLRQQDLUH�UHSRUWHG�XVH�RI�DQLOLQH�DV�D�VROYHQW�E\�VHYHQ�IDFLOLWLHV�WRWDOLQJ

������NJ���7KHVH�IDFLOLWLHV�LQFOXGH�WKUHH�SKDUPDFHXWLFDO�PDQXIDFWXUHUV��RQH�LQGXVWULDO�RUJDQLF�FKHPLFDOV

PDQXIDFWXUHU��RQH�SHWUROHXP�UHILQHU\��RQH�RIILFH�PDFKLQHV�PDQXIDFWXUHU��DQG�RQH�FRPPHUFLDO�SK\VLFDO

DQG�ELRORJLFDO�UHVHDUFK�IDFLOLW\���$OO�VHYHQ�IDFLOLWLHV�XVH�DQLOLQH�DV�D�VROYHQW�IRU�ODERUDWRU\�SXUSRVHV��VXFK�DV

DFHWLF�DFLG�WLWUDWLRQ�RI�UDZ�PDWHULDOV��WHVWLQJ�SURSHUWLHV�RI�K\GURFDUERQ�VROYHQWV��DQG�DV�D�UHDFWLRQ�RU

V\QWKHVLV�PHGLD�IRU�D�G\H�LQWHUPHGLDWH�ILOWUDWH���7KH�XVH�RI�DQLOLQH�DV�D�VROYHQW�IRU�WKH�FRQYHUVLRQ�RI�FRDO�WR

D�OLTXLG�RU�LQ�WKH�G\H�LQGXVWU\�WR�SUHWUHDW�ILEHUV��DV�LQGLFDWHG�E\�WKH�OLWHUDWXUH�VHDUFK��ZDV�QRW�FRQILUPHG�E\

WKH�4XHVWLRQQDLUH�

7DEOH�����SUHVHQWV�WKH�IDFLOLWLHV�UHSRUWLQJ�XVH�RI�DQLOLQH�DV�D�VROYHQW���7DEOH�����SUHVHQWV�WKH�XVH�RI

DQLOLQH�DV�D�VROYHQW�E\�LQGXVWU\�
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7DEOH�����)DFLOLWLHV�8VLQJ�$QLOLQH�LQ�����DQG�,QGXVWULDO�6HFWRU

)DFLOLW\�1DPH /RFDWLRQ ,QGXVWU\

(OL�/LOO\�	�&R�����0&�5HVHDUFK ,QGLDQDSROLV��,1 3KDUPDFHXWLFDOV

0HUFN�	�&R���,QF� 'DQYLOOH��3$ 3KDUPDFHXWLFDOV

*OD[R�,QF� 5HVHDUFK�7ULDQJOH�3DUN��1& 3KDUPDFHXWLFDOV

([[RQ�&KHPLFDO�$PHULFDV� %D\WRZQ��7; ,QGXVWULDO�2UJDQLF�&KHPLFDOV

%D\WRZQ�&KHPLFDO

8QRFDO�6DQ�)UDQFLVFR�5HILQHU\ 5RGHR��&$ 3HWUROHXP�5HILQLQJ

-RVHSK�&��:LOVRQ�&HQWHU�IRU :HEVWHU��1< 2IILFH�0DFKLQHV

7HFKQRORJ\

�0�&HQWHU 6DLQW�3DXO��01 &RPPHUFLDO�3K\VLFDO�DQG

%LRORJLFDO�5HVHDUFK

7DEOH�����8VH�RI�$QLOLQH�%\�,QGXVWU\

,QGXVWU\ 8VH��NJ

3KDUPDFHXWLFDOV ����

,QGXVWULDO�2UJDQLF�&KHPLFDOV ����

3HWUROHXP�5HILQLQJ ����

2IILFH�0DFKLQHV ����

&RPPHUFLDO�3K\VLFDO�DQG�%LRORJLFDO�5HVHDUFK ���

����� :DVWHV�)URP�8VH�DV�D�6ROYHQW

$OO�RI�WKH�ZDVWHV�JHQHUDWHG�IURP�WKH�XVH�RI�DQLOLQH�DV�D�VROYHQW�DUH�VPDOO�YROXPH�FRPPLQJOHG

RUJDQLF�ODERUDWRU\�ZDVWHV���2QO\�WZR�ZDVWHV�RI�WKH�VHYHQ�UHSRUWHG�ZHUH�ODUJHU�WKDQ�������NJ�\U��ZLWK�WKH

ODUJHVW�YROXPH�ZDVWH�DSSUR[LPDWHO\��������NJ�\U�DQG�WKH�VHFRQG�KLJKHVW�DSSUR[LPDWHO\�������NJ�\U����2QH

IDFLOLW\�UHSRUWHG�DQ�DQLOLQH�ZDVWH�VWUHDP�RI�DSSUR[LPDWHO\�����NJ�\U��ZKLOH�WKH�UHPDLQLQJ�HVWLPDWLRQV�ZHUH

OHVV�WKDQ����NJ�\U���7KH�WRWDO������FRQVXPSWLRQ�UDWHV�UHVXOW�LQ�D�WRWDO�DQLOLQH�ORDGLQJ�TXDQWLW\�RI�OHVV�WKDQ���

NJ���2QH�IDFLOLW\�GLG�QRW�UHSRUW�WKHLU�UHVLGXDO�YROXPH�RU�FRQFHQWUDWLRQ���$Q�DVVXPSWLRQ�ZDV�PDGH�WKDW�WKH

WRWDO�DPRXQW�RI�VROYHQW�XVHG�LV�SDVVHG�WKURXJK�WR�WKH�ZDVWH�ORDGLQJ���7DEOH�����SUHVHQWV�GDWD�RQ�WKH

JHQHUDWLRQ�RI�DQLOLQH�UHVLGXDOV��E\�ZDVWH�W\SH�

7DEOH�����4XDQWLW\�RI�$QLOLQH�:DVWH�*HQHUDWHG�IRU�(DFK�7\SH�*HQHUDWHG

:DVWH�7\SH 7RWDO�5HVLGXDO�9ROXPH 6ROYHQW�/RDGLQJ�

�NJ�\U� �.J�\U�

2UJDQLF�:DVWHV

6SHQW�VROYHQWV ������ �����
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����� 0DQDJHPHQW�3UDFWLFHV

(DFK�RI�WKH�VHYHQ�RUJDQLF�ZDVWHV�FRQWDLQLQJ�DQLOLQH�JHQHUDWHG�IURP�LWV�XVH�DV�D�VROYHQW�DUH

PDQDJHG�LQ�RQH�RI�WKUHH�ZD\V�����VWRUHG�RQ�VLWH�SULRU�WR�EHLQJ�LQFLQHUDWHG�RQ�RU�RII�VLWH�����VWRUHG�RQ�VLWH

SULRU�WR�EHLQJ�VHQW�RII�VLWH�IRU�IXHO�EOHQGLQJ��RU����LQ�WKH�FDVH�RI�WKH�DQLOLQH�VWUHDP�EHLQJ�WUHDWHG�DV�¦QRQ�

KD]DUGRXV§��WUHDWHG�DW�DQ�RQ�VLWH�LQ�D�WDQN�EDVHG�ZDVWH�ZDWHU�WUHDWPHQW�V\VWHP���7KH�VHYHQ�ZDVWHV

UHSUHVHQW�WRWDO�ZDVWH�YROXPH�RI�DSSUR[LPDWHO\��������NJ�DQG�WKH�DQLOLQH�FRQFHQWUDWLRQ�UDQJHV�IURP����SSP

WR��������:KHUH�KLJK�YROXPH�ZDVWH�VWUHDPV�ZHUH�UHSRUWHG��WKHUH�ZHUH�FRQVLGHUDEO\�ORZ�FRQFHQWUDWLRQV�RI

DQLOLQH���&RQYHUVHO\��ZKHUH�ORZ�YROXPH�ZDVWH�VWUHDPV�ZHUH�UHSRUWHG��WKHUH�ZHUH�UHODWLYHO\�KLJK

FRQFHQWUDWLRQV�RI�DQLOLQH���+HQFH��WKH�RYHUDOO�ORDGLQJV�ZDV�FRQVLGHUDEO\�ORZ��WRWDOLQJ�OHVV�WKDQ����NJ�\U���,Q

DOO�EXW�RQH�IDFLOLW\��WKH�ZDVWHV�DUH�PDQDJHG�DV�5&5$�KD]DUGRXV�ZDVWHV��WZR�RI�WKH�VHYHQ�ZDVWHV�DUH

ODEHOHG�DV�'�����LJQLWDEOH��RQO\��RQH�LV�'�����FRUURVLYH��RQO\��RQH�LV�WR[LF�DQG�LJQLWDEOH��RQH�LV�D�8�OLVWHG

ZDVWHV��DQG�RQH�FDUULHV�YDULRXV�'��DQG�)�FRGHV���3ULRU�WR�ILQDO�GLVSRVDO�RU�PDQDJHPHQW��WKH�VSHQW�VROYHQW

ZDVWHV�DUH�PDQDJHG�LQ�RQ�VLWH�FRQWDLQHUV�RU�WDQNV���7DEOH�����SUHVHQWV�GDWD�RQ�WKH�UHVLGXDOV�JHQHUDWHG��E\

PDQDJHPHQW�SUDFWLFH�

7DEOH�����*HQHUDWLRQ�6WDWLVWLFV�IRU�$QLOLQH

0DQDJHPHQW ��RI� ��RI� Z�8QUHSRUWHG 7RWDO�9ROXPH 7RWDO�/RDGLQJ

3UDFWLFH )DFLOLWLHV 6WUHDPV 9ROXPH �NJ� �NJ�

��RI�6WUHDPV

,QFLQHUDWLRQ � � � ������ ����

)XHO�%OHQGLQJ � � � ���� ����

::�7DQNV � � � 15 ����

727$/ � � � �������� �����
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����� 7KH�0HUFN�,QGH[����WK�(GLWLRQ���0HUFN�DQG�&R���5DKZD\��1-�������
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����� 8�6��(3$���+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV�3URILOH�IRU�$QLOLQH���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH�
��

2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQQDWL��2+��������

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�5HVRXUFHV���5HJLVWU\�RI�7R[LF�(IIHFWV�RI�&KHPLFDO�6XEVWDQFHV���1DWLRQDO
��

7R[LFRORJ\�3URJUDP��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��%HWKHVGD��0'��������

����� 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP���2IILFH�RI�+HDOWK�DQG�(QYLURQPHQWDO
��

$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQQDWL��2+��������

����� +D]DUGRXV�&KHPLFDOV�'LUHFWRU\�������
��

����� 6ROYHQW�6DIHW\�+DQGERRN�
��

��

����� +HDOWK�'DWD

$QLOLQH��& + 1��&$6�1R�����������LV�DQ�RLO\�OLTXLG�WKDW�LV�FRORUOHVV�ZKHQ�GLVWLOOHG�EXW�GDUNHQV�WR�UHG�� �

EURZQ�RQ�H[SRVXUH�WR�DLU�DQG�OLJKW� ��,W�KDV�D�KLJK�ERLOLQJ�SRLQW������&��DQG�D�IODVK�SRLQW�RI�����)��FORVHG��

FXS����

9DULRXV�H[SRVXUH�OLPLWV�KDYH�EHHQ�HVWDEOLVKHG�IRU�DQLOLQH���7KH�26+$�3(/�DQG�$&*,+�7/9�OHYHOV

IRU�LQKDODWLRQ�DUH���SSP�DQG���SSP��UHVSHFWLYHO\� �7KH�1,26+�,'/+�OHYHO�LV�����SSP���7KH�WKUHVKROG������

RGRU�OHYHO�LV���SP���

7R[LFLW\�GDWD�LQGLFDWH�WKDW�DQLOLQH�LV�SRLVRQRXV�E\�PRVW�URXWHV�LQFOXGLQJ�LQKDODWLRQ�DQG�LQJHVWLRQ��

$FXWH�H[SRVXUH�PD\�UHVXOW�LQ�F\DQRVLV�DQG�PHWKHPRJORELQHPLD� ��&KURQLF�H[SRVXUH�PD\�UHVXOW�LQ�DQHPLD���

DQRUH[LD��ZHLJKW�ORVV��DQG�OHVLRQV� �9LD�WKH�RUDO�URXWH�LQ�UDWV�WKH�/' �IRU�DFXWH�H[SRVXUH�LV�����PJ�NJ� ��� ��
��

$QLOLQH�KDV�D�FDUFLQRJHQ�VORSH�IDFWRU��&6)��RI����(����PJ�NJ�GD\�DQG�D�KHDOWK�EDVHG�OLPLW��+%/��RI��(���

PJ�/���

7R[LFLW\�GDWD�LQGLFDWH�WKDW�DFXWH�H[SRVXUH�WR�DQLOLQH�FDQ�FDXVH�XQFRQVFLRXVQHVV��ZKLOH�FKURQLF

H[SRVXUH�FDQ�FDXVH�FXPXODWLYH�OLYHU�DQG�NLGQH\�GDPDJH� �7KH�HVWDEOLVKHG�/' �IRU�DFXWH�H[SRVXUH�LQ�UDWV��
��

YLD�WKH�RUDO�URXWH�LV�����PJ�NJ�DQG�E\�LQKDODWLRQ�LV�����SSP��+� �$QLOLQH�LV�UHDGLO\�DEVRUEHG�WKURXJK�WKH��

VNLQ�DQG�LV�D�SRVVLEOH�KXPDQ�FDUFLQRJHQ� �7KH�5I&�IRU�DQLOLQH�LV�������PJ�P �EDVHG�RQ�VSOHHQ�WR[LFLW\�LQ�� �

UDWV� �'XH�WR�WKH�VPDOO�QXPEHU�RI�DQLPDOV�DQG�VLQJOH�H[SRVXUH�FRQFHQWUDWLRQ�XVHG�LQ�RQH�VWXG\�DQG�WKH��

VKRUW�GXUDWLRQ�RI�D�VHFRQG�VWXG\��(3$�KDV�ORZ�FRQILGHQFH�LQ�WKH�VWXG\�XVHG�DV�WKH�EDVLV�IRU�WKH�5I&���

$QLOLQH�LV�UDWHG�DV�DQ�(3$�*URXS�%���SUREDEOH��FDUFLQRJHQ� �+XPDQ�FDQFHU�GDWD�DUH�QRW�VXIILFLHQW�WR��

GHPRQVWUDWH�WKDW�DQLOLQH�LV�D�FDUFLQRJHQ��EXW�DQLPDO�VWXGLHV�VKRZ�WKH�SRWHQWLDO�IRU�VSOHHQ�DQG�ERG\�FDYLW\

WXPRUV� �1R�5I'�KDV�EHHQ�HVWDEOLVKHG���$TXDWLF�WR[LFLW\�VKRZV�WKDW�VXQILVK�H[SRVHG�DW������SSP�RYHU�D�����

KRXU�SHULRG�LQ�IUHVK�ZDWHU�ZHUH�NLOOHG���

��� 'LHWK\ODPLQH

)LIW\�SHUFHQW�RI�GLHWK\ODPLQH�FRQVXPHG�LV�XVHG�IRU�WKH�SURGXFWLRQ�RI�1�1�'LHWK\ODPLQRHWKDQRO

�'($(����'LHWK\OHQH�DPLQH�EDVHG�UXEEHU�DFFHOHUDWRUV�LQFOXGH�YDULRXV�1�1�GLHWK\OGLWKLRFDUEDPDWH�VDOWV
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����� &KHPLFDO�$EVWUDFWV��YDULRXV�GDWHV�
��

��

IURP�8QLUR\DO�&KHPLFDO��57�9DQGHUELOW��DQG�$57(/�&KHPLFDO���'LHWK\ODPLQH�LV�XVHG�WR�SURGXFH�1�1�

GLHWK\O�P�WROXDPLGH��'((7����'LHWK\ODPLQH�LV�XVHG�DV�D�VHOHFWLYH�VROYHQW�IRU�WKH�UHPRYDO�RI�LPSXULWLHV�IURP

RLOV��IDWV��DQG�ZD[HV�ZKHUH�LWV�SURSHUW\�RI�K\GUDWLQJ�LQ�DTXHRXV�VROXWLRQ�LV�XWLOL]HG� ��'LHWK\ODPLQH�PL[WXUH�LV��

XVHG�DV�D�PRELOH�SKDVH�VROYHQW�IRU�WKH�RSWLPL]DWLRQ�RI�7/&�VHSDUDWLRQV�RI�EDVLF�GUXJV�DQG�DONDORLGV��

'LHWK\ODPLQH�PL[WXUH�ZDV�XVHG�WR�WHVW�WKH�VROXELOLW\�DQG�UHDFWLYLW\�RI�QDWLYH��PHUFHUL]HG��DQG�UHJHQHUDWLYH

FHOOXORVHV��DV�ZHOO�DV�GLVVROXWLRQ�RI�FHOOXORVH�LQ�PL[WXUHV�RI�1�PHWK\OPRUSKROLQH�1�R[LGH���$�VXOIXU

GLR[LGH�GLHWK\ODPLQH�GLPHWK\O�VXOIR[LGH�PL[WXUH�LV�XVHG�IRU�YLVFRVLW\�PHDVXUHPHQWV�RI�FHOOXORVH�WR

GHWHUPLQH�WKH�PROHFXODU�ZHLJKW�RI�FHOOXORVH�LQ�ZRRG�SXOS���'LHWK\ODPLQH�PL[WXUH�LV�XVHG�DV�D�VROYHQW�IRU�WKH

SUHSDUDWLRQ�RI�DPRUSKRXV�FHOOXORVH�E\�UHJHQHUDWLRQ�RI�FHOOXORVH�LQ�LWV�VROXWLRQV���'LHWK\ODPLQH�LV�XVHG�DV�D

VROYHQW�PHGLXP�IRU�WKH�SUHSDUDWLRQ�RI�WKH�UHG�EOXH�D�PRGLILFDWLRQ�RI�FRSSHU�SKWKDORF\DQLQH��>7KH�UHG�EOXH

SLJPHQW�LV�XVHIXO�IRU�FRORULQJ�RLO�YDUQLVKHV�@�$�GLHWK\ODPLQH�PL[WXUH�LV�XVHG�DV�D�VROYHQW�LQ�WKH�UHDJHQW�WR

GLVVROYH�LURQ�SURWRSRUSK\ULQV�LQ�IHFDO�RFFXOW�EORRG�WHVWV���'LHWK\ODPLQH�LV�XVHG�IRU�WKH�FOHDYDJH�RI�'1$�DQG

DV�D�PHGLXP�WR�VWXG\�WKH�GURSSLQJ�+J�HOHFWURGH�SRODURJUDSKLF�EHKDYLRU�RI�VXOIXU�VROXWLRQV� ����

7KH������5&5$������4XHVWLRQQDLUH�UHSRUWHG�GLHWK\ODPLQH�XVH�DV�D�VROYHQW�E\����IDFLOLWLHV�

WRWDOLQJ�������NJ���$OO�RI�WKH�IDFLOLWLHV�LQGLFDWHG�WKDW�GLHWK\ODPLQH�ZDV�XVHG�RQO\�LQ�WKHLU�ODERUDWRULHV���(LJKW�RI

WKHVH�IDFLOLWLHV�DUH�SKDUPDFHXWLFDO�ODERUDWRULHV���7KUHH�RI�WKH�SKDUPDFHXWLFDO�ODERUDWRULHV�XVH�GLHWK\ODPLQH

LQ�FKURPDWRJUDSK\��RQH�XVHV�LW�LQ�D�TXDOLW\�FRQWURO�ODE��RQH�XVHV�WKH�FKHPLFDO�DV�D�VROYHQW�IRU�DPLQH

UHDFWLRQV��DQG�WKH�RWKHUV�KDYH�PXOWLSOH�ODERUDWRU\�XVHV�RI�GLHWK\ODPLQH���,Q�WKH�LQGXVWULDO�RUJDQLF�FKHPLFDOV

LQGXVWU\��WKHUH�DUH�WZR�IDFLOLWLHV�ZKLFK�XVH�WKH�GLHWK\ODPLQH�IRU�ODERUDWRU\�XVH��)LQDOO\��RQH�ODERUDWRU\�LQ�WKH

RIILFH�PDFKLQHV�LQGXVWU\�DQG�RQH�ODERUDWRU\�LQ�WKH�FRPPHUFLDO�UHVHDUFK�LQGXVWU\�XVH�GLHWK\ODPLQH�DV�D

VROYHQW���6HYHUDO�RI�WKH�VROYHQW�XVHV�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�VHDUFK�DUH�EHLQJ�XVHG�DFFRUGLQJ�WR�WKH

4XHVWLRQQDLUH�UHVSRQVHV��EXW�DW�WKH�SUHVHQW�WLPH�WKH\�DUH�RQO\�EHLQJ�XVHG�RQ�WKH�UHVHDUFK�ODERUDWRU\�OHYHO�

7DEOH�����SUHVHQWV�WKH�IDFLOLWLHV�UHSRUWLQJ�WKH�XVH�RI�GLHWK\ODPLQH�DV�D�VROYHQW���7DEOH������SUHVHQWV

WKH�VROYHQW�XVH�E\�LQGXVWU\�
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)DFLOLW\�1DPH /RFDWLRQ ,QGXVWU\
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&DUWHU�:DOODFH��,QF� &UDQEXU\��1- 3KDUPDFHXWLFDOV

3IL]HU��,QF� %URRNO\Q��1< 3KDUPDFHXWLFDOV

$\HUVW�ODERUDWRULHV��,QF� 5RXVHV�3RLQW��1< 3KDUPDFHXWLFDOV

$OFRQ�/DERUDWRULHV��,QF� )RUW�:RUWK��7; 3KDUPDFHXWLFDOV

&,%$�*HLJ\�&RUS��0F,QWRVK�6LWH 0F,QWRVK��$/ ,QGXVWULDO�2UJDQLF�&KHPLFDOV

3&5�,QF� *DLQHVYLOOH��)/ ,QGXVWULDO�2UJDQLF�&KHPLFDOV

;HUR[ :HEVWHU��1< 2IILFH�0DFKLQHV

�0�&HQWHU 6DLQW�3DXO��01 &RPPHUFLDO�3K\VLFDO�DQG

%LRORJLFDO�5HVHDUFK

7DEOH������8VH�RI�'LHWK\ODPLQH�%\�,QGXVWU\

,QGXVWU\ 8VH��NJ

3KDUPDFHXWLFDOV �����

,QGXVWULDO�2UJDQLF�&KHPLFDOV ����

2IILFH�0DFKLQHV ����

&RPPHUFLDO�3K\VLFDO�DQG�%LRORJLFDO�5HVHDUFK ����

����� :DVWHV�)URP�8VH�DV�D�6ROYHQW

$OO�RI�WKH�ZDVWHV�JHQHUDWHG�IURP�WKH�XVH�RI�GLHWK\ODPLQH�DV�D�VROYHQW�DUH�VPDOO�YROXPH

FRPPLQJOHG�RUJDQLF�ODERUDWRU\�ZDVWHV���2QO\�WKUHH�ZDVWHV�RI�WKH����UHSRUWHG�ZHUH�ODUJHU�WKDQ�������NJ�\U

�ZLWK�WKH�ODUJHVW�YROXPH�ZDVWH�DSSUR[LPDWHO\��������NJ�\U����$OO�RI�WKH�UHPDLQLQJ�ZDVWH�TXDQWLWLHV�ZHUH�OHVV

WKDQ�����NJ�\U��ZLWK�YROXPHV�QRW�UHSRUWHG�IRU�IRXU�ZDVWH�VWUHDPV����7KH�WRWDO������FRQVXPSWLRQ�RI

GLHWK\ODPLQH�UHSRUWHG�E\�HDFK�IDFLOLW\�UDQJHG�IURP�������NJ�WR�������NJ���7KHVH�ORZ�FRQVXPSWLRQ�UDWHV

UHVXOW�LQ�D�WRWDO�GLHWK\ODPLQH�ORDGLQJ�TXDQWLW\�RI�OHVV�WKDQ����NJ���7DEOH������SUHVHQWV�GDWD�RQ�WKH

GLHWK\ODPLQH�UHVLGXDOV�JHQHUDWHG��E\�ZDVWH�W\SH�

7DEOH������4XDQWLW\�RI�'LHWK\ODPLQH�:DVWH�*HQHUDWHG�IRU�(DFK�7\SH�*HQHUDWHG
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����� 7KH�0HUFN�,QGH[����WK�(GLWLRQ���0HUFN�DQG�&R���,QF��5DKZD\��1-��������
��

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV���1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��1,26+
��

3RFNHW�*XLGH�WR�&KHPLFDO�+D]DUGV���:DVKLQJWRQ�'�&���-XQH������

����� $PHULFDQ�&RQIHUHQFH�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVWV�������������7KUHVKROG�/LPLW�9DOXHV��7/9V��IRU
��

&KHPLFDO�6XEVWDQFHV�DQG�3K\VLFDO�$JHQWV�DQG�%LRORJLFDO�([SRVXUH�,QGLFHV��%(,V����&LQFLQQDWL��2+�������

��

:DVWH�7\SH 5HSRUWHG�9ROXPH /RDGLQJ

NJ�\U NJ�\U

2UJDQLF�:DVWHV ��������� �����

����� 0DQDJHPHQW�3UDFWLFHV

(DFK�RI�WKH����RUJDQLF�ZDVWHV�FRQWDLQLQJ�GLHWK\ODPLQH�DUH�PDQDJHG�LQ�RQH�RI�WKUHH�ZD\V����

LQFLQHUDWLRQ�RQ�VLWH�RU�RII�VLWH�����VWRUHG�RQ�VLWH�SULRU�WR�EHLQJ�VHQW�RII�VLWH�IRU�IXHO�EOHQGLQJ��RU����EXUQHG�IRU

HQHUJ\�UHFRYHU\���7KH����ZDVWHV�UHSUHVHQW�D�WRWDO�ZDVWH�YROXPH�RI�DSSUR[LPDWHO\��������NJ�DQG�KDYH�DQ

DYHUDJH�GLHWK\ODPLQH�FRQFHQWUDWLRQ�RI�����PJ�/���,Q�DOO�FDVHV��WKH�ZDVWHV�DUH�PDQDJHG�DV�5&5$

KD]DUGRXV�ZDVWHV��VL[�RI�WKH�WKLUWHHQ�ZDVWHV�DUH�ODEHOHG�DV�'�����LJQLWDEOH���RQH�LV�'�����FRUURVLYH���RQH�LV

)����)�����WZR�DUH�D�FRPELQDWLRQ�RI�'�����'�����DQG�)����)�����DQG�WKUHH�DUH�XQVSHFLILHG�KD]DUGRXV

ZDVWHV���3ULRU�WR�ILQDO�GLVSRVDO�RU�PDQDJHPHQW��WKH�VSHQW�VROYHQW�ZDVWHV�DUH�PDQDJHG�LQ�RQ�VLWH�FRQWDLQHUV

RU�WDQNV���7DEOH������SUHVHQWV�VWDWLVWLFV�IRU�GLHWK\ODPLQH�UHVLGXDOV��E\�PDQDJHPHQW�SUDFWLFH�

7DEOH������*HQHUDWLRQ�6WDWLVWLFV�IRU�'LHWK\ODPLQH

0DQDJHPHQW ��RI� ��RI ��RI�6WUHDPV 7RWDO�9ROXPH 7RWDO�/RDGLQJ

3UDFWLFH )DFLOLWLHV 6WUHDPV Z�8QUHSRUWHG �NJ� �NJ�

9ROXPH

,QFLQHUDWLRQ � � � ���������� �����

)XHO�%OHQGLQJ � � � ������������� �����

8QVSHFLILHG � � � 15 �����

727$/ ���� ���� � ��������� �����

15���1RW�5HSRUWHG

����� +HDOWK�'DWD

'LHWK\ODPLQH��& + 1��&$6�1R�������������LV�D�FRORUOHVV�OLTXLG�ZLWK�D�ILVK\��DPPRQLD�OLNH�RGRU� ��,W� ��
��

LV�KLJKO\�YRODWLOH��H[SORVLYH���KDV�D�ORZ�ERLOLQJ�SRLQW�������&��ZLWK�YDSRUV�PRUH�GHQVH�WKDQ�DLU� �,W�LV�KDUPIXO��

LI�LQJHVWHG�RU�LQKDOHG�DQG�FDQ�EXUQ�H\HV�DQG�VNLQ���

9DULRXV�H[SRVXUH�OLPLWV�KDYH�EHHQ�HVWDEOLVKHG�IRU�GLHWK\ODPLQH���7KH�26+$�3(/�GHUPDO�H[SRVXUH

OLPLW�LV����SSP�DQG�WKH�1,26+�,'/+�OLPLW�LV�����SSP� ��7KH�$&*,+�7/9�LV���SSP�����PJ�P ��DQG�WKH�VKRUW�� �

WHUP�7/9�LV����SSP�����PJ�P ��� ��
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����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�5HVRXUFHV���5HJLVWU\�RI�7R[LF�(IIHFWV�RI�&KHPLFDO�6XEVWDQFHV���1DWLRQDO
��

7R[LFRORJ\�3URJUDP��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��%HWKHVGD��0'��������

����� 8�6��(3$���,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6����(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��2IILFH�RI
��

+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQQDWL��2+������

����� 6ROYHQWV�6DIHW\�+DQGERRN�
��

����� 8OOPDQ©V�������
��

����� +DQGERRN�RI�(QYLURQPHQWDO�)DWH�DQG�([SRVXUH�'DWD�������
��

����� &KHPLFDO�$EVWUDFWV��YDULRXV�GDWHV�
��

��

7R[LFLW\�GDWD�LQGLFDWHV�WKDW�GLHWK\ODPLQH�LV�D�VNLQ�DQG�H\H�LUULWDQW��DQG�LV�PRGHUDWHO\�WR[LF�E\

LQJHVWLRQ��LQKDODWLRQ��DQG�GHUPDO�FRQWDFW� ��'DWD�LQGLFDWH�WKDW�DFXWH�H[SRVXUH�WR�GLHWK\ODPLQH�FDQ�FDXVH��

H\H��VNLQ��PXFRXV�PHPEUDQH��DQG�UHVSLUDWRU\�WUDFW�LUULWDWLRQ��GLHWK\ODPLQH�LV�FRUURVLYH�DQG�FDQ�VHYHUHO\

GDPDJH�VNLQ�DQG�H\HV� �&KURQLF�H[SRVXUH�FDQ�FDXVH�WUDFKHLWLV��EURQFKLWLV��SUHXQRPLWLV��DQG�SXOPRQDU\��

HGHPD� �9LD�WKH�RUDO�URXWH�LQ�UDWV�WKH�/' �LV�����PJ�NJ�DQG�WKH�/& �IRU�H[SRVXUH�YLD�WKH�LQKDODWLRQ�URXWH�LV��
�� ��

������SSP��+� �$�UHIHUHQFH�GRVH��5I'���D�FDUFLQRJHQ�VORSH�IDFWRU��&6)���D�KHDOWK�EDVHG�OLPLW��+%/���RU�D��

PD[LPXP�FRQWDPLQDQW�OHYHO��0&/��KDYH�EHHQ�HVWDEOLVKHG�IRU�GLHWK\ODPLQH� ��$TXDWLF�WR[LFLW\�KDV�EHHQ��

HVWLPDWHG�DW����PJ�O�IRU�FUHHN�FKXE�H[SRVHG�RYHU�D����KRXU�SHULRG�LQ�IUHVK�ZDWHU���

��� ����'LR[DQH

(3$�KDV�LGHQWLILHG�6,&�FRGHV�WKURXJK�&KHPLFDO�$EVWUDFWV�VHDUFKHV�WKDW�LQGLFDWHG�SRWHQWLDO�XVH�RI

WKH�FKHPLFDO�DV�D�VROYHQW���7KHVH�SRWHQWLDO�XVHUV�ZHUH�FURVV�UHIHUHQFHG�ZLWK�75,�GDWD�IRU�WKLV�FKHPLFDO

UHSRUWHG�WR�EH�¦RWKHUZLVH�XVHG�§��$�FRPSOHWH�GHVFULSWLRQ�RI�WKLV�PHWKRGRORJ\�LV�SUHVHQWHG�LQ�6HFWLRQ�����RI

WKLV�VWXG\�

����'LR[DQH�LV�XVHG�DV�D�VROYHQW�IRU�H[WUDFWLQJ�DQLPDO�DQG�YHJHWDEOH�RLOV�DQG�LQ�WKH�IRUPXODWLRQ�RI

LQNV��FRDWLQJV��DQG�DGKHVLYHV���,Q�WKH�ODERUDWRU\������GLR[DQH�LV�XVHIXO�DV�D�FU\RVFRSLF�VROYHQW�IRU�PROHFXODU

PDVV�GHWHUPLQDWLRQV�DQG�DV�D�VWDEOH�UHDFWLRQ�PHGLXP�IRU�GLYHUVH�UHDFWLRQV� ������'LR[DQH�LV�XVHG�SULPDULO\��

DV�D�VROYHQW�LQ�VXFK�ZLGHO\�XVHG�SURGXFWV�DV�SDLQWV��YDUQLVKHV��ODFTXHUV��FRVPHWLFV��GHRGRUDQWV��FOHDQLQJ

DQG�GHWHUJHQW�SUHSDUDWLRQV��DQG�LQ�VFLQWLOODWLQJ�IOXLGV� ��/LWHUDWXUH�VHDUFKHV�DOVR�LQGLFDWHG�WKH�SRWHQWLDO�IRU��

XVH�DV�D�VROYHQW�LQ�WKH�SURFHVVLQJ�RI�FUXGH�SHWUROHXP��SHWUROHXP�UHILQLQJ��SHWURFKHPLFDOV��SXOS�DQG�SDSHU�

H[SORVLYHV��FRPPHUFLDO�SULQWLQJ��HOHFWURSODWLQJ�SROLVKLQJ��SHVWLFLGH�DQG�DJULFXOWXUDO�PDQXIDFWXUH��G\HV��ILEHU

PDQXIDFWXUH��SKDUPDFHXWLFDOV��DGKHVLYHV��VHPLFRQGXFWRUV��HOHFWURQLF�FRPSRQHQWV��SKRWRJUDSKLF

HTXLSPHQW��PDJQHWLF�UHFRUGLQJ�PHGLD��SRO\PHUV��SODVWLFV��UXEEHU�PDQXIDFWXUH��DQG�RUJDQLF�DQG�LQRUJDQLF

FKHPLFDO�PDQXIDFWXUH���

7KH������5&5$������4XHVWLRQQDLUH�UHSRUWHG�����GLR[DQH�XVH�DV�D�VROYHQW�LQ����IDFLOLWLHV��WRWDOLQJ

�����������NJ���2QO\�RQH�IDFLOLW\�LQ�WKH�FRDWHG�DQG�ODPLQDWHG�SDSHU�LQGXVWU\�LQGLFDWHG�WKH�XVH�RI�����

GLR[DQH���7KH�FKHPLFDO�ZDV�XVHG�LQ�WKH�GLVVROXWLRQ�RI�SRO\PHUV�WR�SURGXFH�D�FRDWLQJ���6L[WHHQ

SKDUPDFHXWLFDO�IDFLOLWLHV�UHSRUWHG�WKH�XVH�RI�����GLR[DQH��IRXUWHHQ�RI�ZKLFK�XVH�WKH�VPDOO�DPRXQWV�RI�WKH

FKHPLFDO�LQ�ODERUDWRU\�RSHUDWLRQV�VXFK�DV�UHVHDUFK�DQG�GHYHORSPHQW��TXDOLW\�FRQWURO�RI�ILQLVKHG�JRRGV��DQG

ODERUDWRU\�H[SHULPHQWV���7KH�UHPDLQLQJ�WZR�IDFLOLWLHV�XVH�����GLR[DQH�DV�D�PHGLXP�IRU�FU\VWDOOL]DWLRQ�DQG�IRU

WKH�GLVWLOODWLRQ�DQG�GLVVROXWLRQ�RI�DQ�LQWHUPHGLDWH�SURGXFW�



6ROYHQWV�6WXG\

��

7KUHH�IDFLOLWLHV�LQ�WKH�RUJDQLF�FKHPLFDOV�LQGXVWU\�XVH�����GLR[DQH���2QH�IDFLOLW\�XVHV�VPDOO�DPRXQWV

RI�����GLR[DQH�LQ�D�TXDOLW\�DVVXUDQFH�ODERUDWRU\��RQH�IDFLOLW\�XVHV�LW�IRU�GLVWLOODWLRQ�DQG�DV�D�UHDFWLRQ�V\QWKHVLV

PHGLXP��DQG�WKH�WKLUG�IDFLOLW\�XVHV�����GLR[DQH�IRU�FKURPDWRJUDSK\�LQ�SRO\ROHILQ�FDWDO\VW�V\QWKHVLV���7KH

ODUJHVW�XVH�RI�����GLR[DQH�LV�E\�D�SHVWLFLGH�DQG�DJULFXOWXUDO�FKHPLFDO�IDFLOLW\���7KLV�IDFLOLW\�XVHV�WKH�FKHPLFDO

DV�D�SRODU�UHDFWLRQ�PHGLXP�IRU�D�QXFOHRSKLOLF�GLVSODFHPHQW�UHDFWLRQ���%RWK�WKH�IDFLOLW\�LQ�WKH�FKHPLFDO

SUHSDUDWLRQV�LQGXVWU\�DQG�WKH�SHWUROHXP�UHILQLQJ�LQGXVWU\�XVH�PLQLPDO�DPRXQWV�RI�����GLR[DQH���7KH

FKHPLFDO�SUHSDUDWLRQV�IDFLOLW\�XVHV�����GLR[DQH�DV�D�UHDFWLRQ�PHGLXP�LQ�WKH�ODERUDWRU\���7KH�SHWUROHXP

UHILQLQJ�IDFLOLW\�XVHV�LW�DW�D�FRQFHQWUDWLRQ�RI����LQ�D�FOHDQLQJ�VROYHQW���2QH�IDFLOLW\�XVHV�����GLR[DQH�LQ�WKH

RIILFH�PDFKLQHV�LQGXVWU\�IRU�WKH�GLVVROXWLRQ�RI�SLJPHQW�IRU�DQ�LQWHUIDFH�VSUD\���,Q�WKH�SKRWRJUDSKLF�LQGXVWU\�

WKHUH�DUH�WZR�IDFLOLWLHV�ZKLFK�XVH�����GLR[DQH��RQH�IDFLOLW\�XVHV�LW�WR�GLVVROYH�UHVLQV�DQG�SRO\PHUV�LQWR

VROXWLRQ�IRU�ILOP�FRDWLQJ��WKH�RWKHU�IDFLOLW\�XVHV�����GLR[DQH�DV�D�SKRWRFKHPLFDO�UHDFWLRQ�V\QWKHVLV�PHGLXP

DV�ZHOO�DV�IRU�PLVFHOODQHRXV�UHVHDUFK�DQG�GHYHORSPHQW�SURMHFWV���)LQDOO\��RQH�IDFLOLW\�LQ�WKH�FRPPHUFLDO

UHVHDUFK�LQGXVWU\�XVHV�����GLR[DQH�LQ�LWV�ODERUDWRULHV�DV�D�VROYHQW�LQ�UHDFWLRQV�DQG�GLVWLOODWLRQ�

7KH�XVH�RI�����GLR[DQH�LQ�WKH�SURFHVVLQJ�RI�H[SORVLYHV��G\HV��ILEHU�PDQXIDFWXUH��VHPLFRQGXFWRUV�

DQG�UXEEHU�PDQXIDFWXUH��XVHV�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�VHDUFK��ZHUH�QRW�UHSRUWHG�LQ�WKH�����

4XHVWLRQQDLUH�UHVSRQVHV�

7DEOH������SUHVHQWV�WKH�IDFLOLWLHV�UHSRUWLQJ�WKH�XVH�RI�����GLR[DQH�DV�D�VROYHQW���7DEOH�����

SUHVHQWV�WKH�XVH�RI�VROYHQW��E\�LQGXVWU\�

7DEOH������)DFLOLWLHV�8VLQJ�����'LR[DQH�LQ������DQG�,QGXVWULDO�6HFWRU

)DFLOLW\�1DPH /RFDWLRQ ,QGXVWU\

�0�+XWFKLQVRQ�$97'�DQG�70' +XWFKLQVRQ��01 &RDWHG�DQG�/DPLQDWHG�3DSHU

3ODQWV

0HUFN�	�&R��,QF����5DKZD\�6LWH 5DKZD\��1- 3KDUPDFHXWLFDOV

$EERWW�/DERUDWRULHV 1RUWK�&KLFDJR��,/ 3KDUPDFHXWLFDOV

(OL�/LOO\���0&�5HVHDUFK ,QGLDQDSROLV��,1 3KDUPDFHXWLFDOV

+RIIPDQ�/D5RFKH��,QF� 1XWOH\��1- 3KDUPDFHXWLFDOV

0HUFN�DQG�&R���,QF� 'DQYLOOH��3$ 3KDUPDFHXWLFDOV

6FKHULQJ�3ORXJK�3URGXFWV 0DQDWL��35 3KDUPDFHXWLFDOV

*HQHWHFK��,QF� 6RXWK�6DQ�)UDQFLVFR��&$ 3KDUPDFHXWLFDOV

=HQHFD���)DLUID[�6LWH :LOPLQJWRQ��'( 3KDUPDFHXWLFDOV

$EERWW�/DERUDWRULHV $EERWW�3DUN��,/ 3KDUPDFHXWLFDOV

(OL�/LOO\�	�&R� ,QGLDQDSROLV��,1 3KDUPDFHXWLFDOV

(OL�/LOO\�	�&R� 6KDGHODQG��,1 3KDUPDFHXWLFDOV

8SMRKQ�&RPSDQ\ .DODPD]RR��0, 3KDUPDFHXWLFDOV

*OD[R�,QF� 5HVHDUFK�7ULDQJOH�3DUN��1& 3KDUPDFHXWLFDOV
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)DFLOLW\�1DPH /RFDWLRQ ,QGXVWU\

��

&DUWHU�:DOODFH��,QF� &UDQEXU\��1- 3KDUPDFHXWLFDOV

3IL]HU��,QF� %URRNO\Q��1< 3KDUPDFHXWLFDOV

$\HUVW�ODERUDWRULHV��,QF� 5RXVHV�3RLQW��1< 3KDUPDFHXWLFDOV

%)�*RRGULFK�&R���+HQU\�3ODQW +HQU\��,/ ,QGXVWULDO�2UJDQLF�&KHPLFDOV

6LJPD�&KHPLFDO�&R� 6DLQW�/RXLV��02 ,QGXVWULDO�2UJDQLF�&KHPLFDOV

([[RQ�&KHPLFDO�$PHULFDV %D\WRZQ��7; ,QGXVWULDO�2UJDQLF�&KHPLFDOV

'X�3RQW�0RELOH�3ODQW $[LV��$/ 3HVWLFLGH�$JULFXOWXUDO�&KHP�

2&*�0LFURHOHFWURQLF�0DWHULDOV (DVW�3URYLGHQFH��5, &KHPLFDO�3UHSDUDWLRQV

0RELOH�%HDXPRQW�5HILQHU\ %HDXPRQW��7; 3HWUROHXP�5HILQLQJ

;HUR[ :HEVWHU��1< 2IILFH�0DFKLQHV

3RODURLG�&RUS����1RUZRRG�)DFLOLW\ 1RUZRRG��0$ 3KRWRJUDSKLF

.RGDN�SDUN�6LWH 5RFKHVWHU��1< 3KRWRJUDSKLF

�0�&HQWHU 6DLQW�3DXO��01 &RPPHUFLDO�5HVHDUFK
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��

7DEOH������8VH�RI�����'LR[DQH�%\�,QGXVWU\

,QGXVWU\ 8VH��NJ

3HVWLFLGHV�DQG�$JULFXOWXUDO�&KHPLFDOV ���������

3KRWRJUDSKLF�(TXLSPHQW�DQG�6XSSOLHV ���������

3KDUPDFHXWLFDO�3UHSDUDWLRQV ���������

2IILFH�0DFKLQHV ���������

&RDWHG�DQG�/DPLQDWHG�3DSHU ���������

,QGXVWULDO�2UJDQLF�&KHPLFDOV ���������

&RPPHUFLDO�3K\VLFDO�DQG�%LRORJLFDO�5HVHDUFK �����������

&KHPLFDOV�DQG�&KHPLFDO�3UHSDUDWLRQV �����������

3HWUROHXP�5HILQLQJ �����������

����� :DVWHV�)URP�8VH�DV�D�6ROYHQW

7KH�ZDVWHV�JHQHUDWHG�IURP�WKH�XVH�RI�����GLR[DQH�DV�D�VROYHQW�DUH�RUJDQLF�ZDVWHV��ZDVWH�ZDWHUV�

DQG�VROLGV���7KH�PDMRULW\�RI�WKH�ZDVWH�VWUHDPV�����RI�WKH�����DUH�LQ�WKH�IRUP�RI�RUJDQLF�ZDVWHV��DQG�WKH\

YDU\�IURP�WKH�VPDOOHVW�YROXPH�RI�����NJ�WR�WKH�ODUJHVW�YROXPH�RI���������NJ���7KHVH�IDFLOLWLHV�UHSRUWHG�����

FRQVXPSWLRQV�RI�����GLR[DQH�LQ�WKH�UDQJH�RI������NJ�WR��������NJ���6HYHQ�RI�WKH�ZDVWH�VWUHDPV�DUH

ZDVWHZDWHUV���7KH�ZDVWHZDWHU�VWUHDPV�UDQJH�IURP�����NJ�WR�������������NJ���7KH������XVH�RI�����GLR[DQH

ZDV�EHWZHHQ���DQG��������NJ�IRU�WKH�ZDVWHZDWHU�VWUHDPV���7ZR�ZDVWHV�ZHUH�UHSRUWHG�DV�VROLGV���7KH

UHVLGXDO�YROXPHV�ZHUH��������NJ�DQG���������NJ��DQG�WKH�WRWDO����������GLR[DQH�FRQVXPSWLRQV�ZHUH������

NJ�IRU�ERWK�VWUHDPV���7DEOH������SUHVHQWV�GDWD�RQ�WKH�JHQHUDWLRQ�RI�����GLR[DQH�UHVLGXDOV��E\�ZDVWH�W\SH�

7DEOH������4XDQWLW\�RI�����'LR[DQH�5HVLGXDOV

:DVWH�7\SH 5HSRUWHG�9ROXPHV 7RWDO�/RDGLQJ

NJ�\U NJ�\U

:DVWH�ZDWHUV

3URFHVV�:DVWH�ZDWHUV ���������������� �����������������

6FUXEEHU�:DWHUV ���������� ��������������

)LOWUDWHV�&RQGHQVDWHV 15����� �����������������

6ROLGV ������������ ���������������

2UJDQLF�:DVWH

6SHQW�6ROYHQWV ����������� �����������������

3UHFLSLWDWHV��)LOWUDWHV� ������������ �����������������

��&RQGHQVDWHV��'LVWLOODWHV

*DVHV�9DSRUV ���������� ���������������

2UJDQLF�5HVLGXHV ������������ �����������������

����� 0DQDJHPHQW�3UDFWLFHV
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��

7KH�ZDVWHV�FRQWDLQLQJ�����GLR[DQH�JHQHUDWHG�IURP�WKH�XVH�RI�����GLR[DQH�DV�D�VROYHQW�DUH

PDQDJHG�LQ�DW�OHDVW�ILYH�GLIIHUHQW�ZD\V���7KH�VROLGV�DQG�RUJDQLF�ZDVWHV�DUH�PDQDJHG�LQ�RQH�RI�WKUHH�ZD\V�

LQFLQHUDWHG�RQ�VLWH�RU�RII�VLWH��PDLQWDLQHG�RQ�VLWH�XQWLO�WKH\�DUH�EXUQHG�RII�VLWH�IRU�HQHUJ\�UHFRYHU\��RU

PDLQWDLQHG�RQ�VLWH�XQWLO�WKH\�DUH�VHQW�RII�VLWH�IRU�IXHO�EOHQGLQJ���7KH�PDMRULW\�RI�WKH�VROLG�DQG�RUJDQLF�ZDVWHV

DUH�LQFLQHUDWHG���,Q�DOO�WKUHH�FDVHV��WKH�ZDVWH�VWUHDPV�DUH�PDQDJHG�DV�5&5$�KD]DUGRXV�ZDVWHV���7KHUH�LV

RQH�H[FHSWLRQ�ZKHUH�D�IDFLOLW\�KDV�QRQ�KD]DUGRXV�RQ�VLWH�VROLGV�LQFLQHUDWLRQ���6HYHQ�RI�WKH����ZDVWH

VWUHDPV�DUH�ODEHOHG�DV�'��������DUH�ODEHOHG�DV�D�FRPELQDWLRQ�RI�'�����'�����'�����'�����'�����'����

'�����)�����)�����)�����8�����8�����8�����DQG�8�����DQG�WKH�UHPDLQGHU�DUH�XQUHFRUGHG�RU�GLVSRVHG�RI

E\�VRPH�RWKHU�PHDQV���7KH�ZDVWHZDWHU�VWUHDPV�DUH�HLWKHU�VHQW�WR�D�327:�IRU�WUHDWPHQW�RU�DUH�ELRORJLFDOO\

WUHDWHG�RQ�VLWH�LQ�D�::73�SULRU�WR�EHLQJ�GLVFKDUJHG���7KH�ZDVWHZDWHU�VWUHDPV�DUH�DOO�PDQDJHG�DV�QRQ�

KD]DUGRXV�ZDVWHV�DQG�WKH�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�DUH�WDQN�EDVHG���7DEOH������SUHVHQWV�VWDWLVWLFV�RQ

WKH�PDQDJHPHQW�RI�����GLR[DQH�UHVLGXDOV��E\�PDQDJHPHQW�SUDFWLFH�

7DEOH������*HQHUDWLRQ�6WDWLVWLFV�IRU�����'LR[DQH

0DQDJHPHQW ��RI� ��RI� Z�8QUHSRUWHG 7RWDO�9ROXPH 7RWDO�/RDGLQJ

3UDFWLFH )DFLOLWLHV 6WUHDPV 9ROXPH �NJ�\U� �NJ�\U�

��RI�6WUHDPV

,QFLQHUDWLRQ �� �� � ������� �����

(QHUJ\ � � � ����� ���

5HFRYHU\

)XHO�%OHQGLQJ � � � ������� �����

::7�7DQNV � � � ����������� �����

327: � � � 15 �����

::7���6XUIDFH � � � ������� ���

,PSRXQGPHQW

8QVSHFLILHG � � � ��� ��

'LVSRVDO

727$/ �� �� � ����������� ������
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����� 7KH�0HUFN�,QGH[����WK�(GLWLRQ���0HUFN�DQG�&R���,QF����5DKZD\��1-��������
��

����� 65,�&KHPLFDO�(FRQRPLFV�+DQGERRN��������
��

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV���1DWLRQDO�,QVWLWXWH�IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��1,26+
��

3RFNHW�*XLGH�WR�&KHPLFDO�+D]DUGV���:DVKLQJWRQ��'�&���-XQH������

����� $PHULFDQ�&RQIHUHQFH�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVWV�������������7KUHVKROG�/LPLW�9DOXHV��7/9V��IRU
��

&KHPLFDO�6XEVWDQFHV�DQG�3K\VLFDO�$JHQWV�DQG�%LRORJLFDO�([SRVXUH�,QGLFHV��%(,V����&LQFLQQDWL��2+������

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�5HVRXUFHV���5HJLVWU\�RI�7R[LF�(IIHFWV�RI�&KHPLFDO�6XEVWDQFHV���1DWLRQDO
��

7R[LFRORJ\�3URJUDP��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��%HWKHVGD��0'��������

����� 0DWHULDO�6DIHW\�'DWD�6KHHW��%$6)���0DUFK����������
��

����� 1DWLRQDO�,QVWLWXWH�RI�(QYLURQPHQWDO�+HDOWK�6FLHQFH���5HDVRQDEO\�$QWLFLSDWHG�WR�EH�&DUFLQRJHQ������'LR[DQH��&$6
��

1R��������������$5&�5$&�RQOLQH�GDWDEDVH�

����� 8�6��(3$���,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6���(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��2IILFH�RI
��

+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQQDWL��2+�������

��

����� +HDOWK�'DWD

����'LR[DQH��&�+�����&$6�1R�������������LV�D�FRORUOHVV��IODPPDEOH�OLTXLG�ZLWK�D�IDLQW��SOHDVDQW

RGRU� ��,W�KDV�D�PRGHUDWH�ERLOLQJ�SRLQW������&��DQG�D�IODVK�SRLQW�RI���WR����&� ��,WV�YDSRUV�DUH�KHDYLHU�� ��

WKDQ�DLU���

9DULRXV�H[SRVXUH�OLPLWV�KDYH�EHHQ�HVWDEOLVKHG�IRU�����GLR[DQH���7KH�OLPLW�IRU�26+$�3(/�LV�����SSP

�����PJ�P ��ZLWK�DQ�DVVLJQHG�¦VNLQ�QRWDWLRQ§�LQGLFDWLQJ�WKDW�WKLV�FKHPLFDO�KDV�WKH�SRWHQWLDO�IRU�GHUPDO�

DEVRUSWLRQ� ��7KH�$&*,+�7/9�IRU�GHUPDO�H[SRVXUH�LV����SSP�DQG����PJ�P�IRU�LQKDODWLRQ� ��7KH�1,26+�� ��

,'/+�LV�����SSP���

7R[LFLW\�GDWD�LQGLFDWH�WKDW�DFXWH�H[SRVXUH�WR�����GLR[DQH�FDQ�FDXVH�UHVSLUDWRU\�LUULWDWLRQ��KHDGDFKH�

QDXVHD��YRPLWLQJ��GURZVLQHVV��GL]]LQHVV��DQG�FHQWUDO�QHUYRXV�V\VWHP�GHSUHVVLRQ� ��&KURQLF�H[SRVXUH�FDQ��

FDXVH�OLYHU�DQG�NLGQH\�GDPDJH�LQ�DQLPDOV� �7KH�HVWDEOLVKHG�/' �IRU�DFXWH�H[SRVXUH�LQ�UDWV�YLD�WKH�RUDO��
��

URXWH�LV�������PJ�NJ� ��7KH�/& �IRU�UDWV�YLD�WKH�LQKDODWLRQ�URXWH�LV����JP�P ��+� �����'LR[DQH�LV�D�� � ��
��

SUREDEOH�KXPDQ�FDUFLQRJHQ� ��7KH�FDUFLQRJHQ�VORSH�IDFWRU��&6)��IRU�����GLR[DQH�LV�������PJ�NJ�GD\�DQG��

WKH�KHDOWK�EDVHG�OLPLW��+%/��DW��� �ULVN�OHYHO�LV�������PJ�/� ��$�UHIHUHQFH�GRVH��5I'��DQG�D�PD[LPXP�� ��

FRQWDPLQDQW�OHYHO��0&/��KDYH�QRW�EHHQ�HVWDEOLVKHG�IRU�����GLR[DQH� �����'LR[DQH�LV�UDWHG�DV�DQ�(3$��

*URXS�%���SUREDEOH��FDUFLQRJHQ� ��7KUHH�HSLGHPLRORJLFDO�VWXGLHV�VKRZHG�QR�UHODWLRQVKLS�EHWZHHQ��

H[SRVXUH�WR�����GLR[DQH�DQG�KXPDQ�FDQFHU� �$QLPDO�VWXGLHV�VKRZ�WKH�SRWHQWLDO�IRU�OLYHU�DQG�QDVDO�FDYLW\��

FDQFHU�E\�LQJHVWLRQ���

��� (WK\OHQH�2[LGH

$�VPDOO�IUDFWLRQ�RI�HWK\OHQH�R[LGH�SURGXFWLRQ��OHVV�WKDQ�����SHUFHQW��LV�FRQVXPHG�E\�D�VWHULODQW�RU

IXPLJDQW�XVHUV���(WK\OHQH�R[LGH�LV�XWLOL]HG�DV�D�VWHUOLQJ�DJHQW�E\�YDULRXV�IDFHWV�RI�WKH�KHDOWK�FDUH�LQGXVWU\�IRU

WKH�VWHULOL]DWLRQ�RI�GHOLFDWH�LQVWUXPHQWV�DQG�KHDW�DQG�PRLVWXUH�VHQVLWLYH�GHYLFHV����(3$����)5����������6XFK
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����� &KHPLFDO�$EVWUDFWV��YDULRXV�GDWHV�
��

��

XVH�GRHV�QRW�PHHW�(3$©V�GHILQLWLRQ�RI�¦VROYHQW�XVH�§��(3$�KDV�LGHQWLILHG�6,&�FRGHV�WKURXJK�&KHPLFDO

$EVWUDFWV�VHDUFKHV�WKDW�LQGLFDWHG�SRWHQWLDO�XVH�RI�WKH�FKHPLFDO�DV�D�VROYHQW���7KHVH�SRWHQWLDO�XVHV�ZHUH

FURVV�UHIHUHQFHG�ZLWK�75,�GDWD�IRU�WKLV�FKHPLFDO�UHSRUWHG�WR�EH�¦RWKHUZLVH�XVHG�§��$�FRPSOHWH�GHVFULSWLRQ�RI

WKLV�PHWKRGRORJ\�LV�SUHVHQWHG�LQ�6HFWLRQ�����RI�WKLV�VWXG\�

3RWHQWLDO�VROYHQW�XVHV�LGHQWLILHG�WKURXJK�OLWHUDWXUH�VHDUFKHV�LQFOXGH�XVH�DV�D�VROYHQW�FDWDO\VW�LQ

FDWDO\VW�V\VWHPV�VXEMHFWHG�WR�GLIIHUHQW�VWDJHV�RI�KHDW�WUHDWPHQWV�LQ�WKH�VNHOHWDO�LVRPHUL]DWLRQ�RI

F\FORKH[DQH�WR���PHWK\OF\FORSHQWHQH�DQG���PHWK\OF\FORSHQWHQH� ����

7KH������5&5$������4XHVWLRQQDLUH�UHSRUWHG�HWK\OHQH�R[LGH�XVH�DV�D�VROYHQW�E\�WKUHH

SKDUPDFHXWLFDO�UHVHDUFK�ODERUDWRULHV��WRWDOLQJ������NJ���,Q�WKHVH�ODERUDWRULHV��HWK\OHQH�R[LGH�KDG�PXOWLSOH

VPDOO�VFDOH�VROYHQW�XVHV��VXFK�DV�D�UHDFWLRQ�RU�V\QWKHVLV�PHGLXP�LQ�R[LGDWLRQ�DQG�XVH�DV�D�VWDQGDUG�IRU

JDV�FKURPDWRJUDSK\���7KH�XVH�RI�HWK\OHQH�R[LGH�DV�D�VROYHQW�LQ�FDWDO\VW�V\VWHPV�LQ�WKH�VNHOHWDO

LVRPHUL]DWLRQ�RI�F\FORKH[DQH��D�XVH�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�VHDUFK��ZDV�QRW�UHSRUWHG�LQ�WKH�����

4XHVWLRQQDLUHV�

7DEOH������SUHVHQWV�WKH�IDFLOLWLHV�UHSRUWLQJ�WKH�XVH�RI�HWK\OHQH�R[LGH�DV�D�VROYHQW���7DEOH�����

SUHVHQWV�WKH�XVH�RI�HWK\OHQH�R[LGH�DV�D�VROYHQW�E\�LQGXVWU\�

7DEOH������)DFLOLWLHV�8VLQJ�(WK\OHQH�2[LGH�LQ������DQG�,QGXVWULDO�6HFWRU

)DFLOLW\�1DPH /RFDWLRQ ,QGXVWU\

(OL�/LOO\�	�&R����0&�5HVHDUFK ,QGLDQDSROLV��,1 3KDUPDFHXWLFDO

*OD[R�,QF� 5HVHDUFK�7ULDQJOH�3DUN��1& 3KDUPDFHXWLFDO

&DUWHU�:DOODFH��,QF� &UDQEXU\��1- 3KDUPDFHXWLFDO

7DEOH������8VH�RI�(WK\OHQH�2[LGH�%\�,QGXVWU\

,QGXVWU\ 8VH��NJ

3KDUPDFHXWLFDOV ����

����� :DVWHV�)URP�8VH�DV�D�6ROYHQW

0RVW�RI�WKH�ZDVWHV�JHQHUDWHG�IURP�WKH�XVH�RI�HWK\OHQH�R[LGH�DV�D�VROYHQW�DUH�FRPPLQJOHG�RUJDQLF

ODERUDWRU\�ZDVWHV���7KH�UHVLGXDO�YROXPHV�UHSRUWHG�UDQJH�IURP�����NJ�WR��������NJ���7KH�WKUHH�ZDVWH

YROXPHV�HDFK�KDG�FRQFHQWUDWLRQV�RI�PXFK�OHVV�WKDQ�RQH�SHUFHQW��7KLV�UHVXOWHG�LQ�DOO�WKUHH�ORDGLQJV�EHLQJ

XQGHU���NJ��WRWDOLQJ�����NJ�RI�HWK\OHQH�R[LGH���7DEOH������SUHVHQWV�GDWD�RQ�WKH�TXDQWLW\�RI�HWK\OHQH�R[LGH

UHVLGXDOV��E\�ZDVWH�W\SH�

7DEOH������4XDQWLW\�RI�(WK\OHQH�2[LGH�:DVWH�*HQHUDWHG�IRU�(DFK�7\SH�*HQHUDWHG
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����� 7KH�0HUFN�,QGH[����WK�(GLWLRQ���0HUFN�DQG�&R���,QF��5DKZD\��1-�������
��

����� 0DWHULDO�6DIHW\�'DWD�6KHHW��6KHOO�&KHPLFDO�&R���-XQH���������
��

����� 0DEH\��:���0LOO��7���-RXUQDO�RI�&KHPLFDO�5HIHUHQFH�'DWD��������9RO�����SS����������
��

����� 1,26+�3RFNHW�*XLGH�WR�&KHPLFDO�+D]DUGV���8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��1DWLRQDO�,QVWLWXWH
��

IRU�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK���:DVKLQJWRQ��'�&��-XQH������

��

:DVWH�7\SH NJ�\U NJ�\U

5HSRUWHG�9ROXPHV 7RWDO�/RDGLQJ

2UJDQLF�:DVWH ������ ���

����� 0DQDJHPHQW�3UDFWLFHV

(DFK�RI�WKH�WKUHH�RUJDQLF�ZDVWHV�FRQWDLQLQJ�HWK\OHQH�R[LGH�JHQHUDWHG�IURP�WKH�XVH�RI�HWK\OHQH

R[LGH�DUH�PDQDJHG�LQ�RQH�RI�WZR�ZD\V��RQVLWH�VWRUDJH�IROORZHG�E\�HLWKHU�LQFLQHUDWLRQ�RU�IXHO�EOHQGLQJ���7KH

WKUHH�ZDVWHV�UHSUHVHQW�D�WRWDO�ZDVWH�YROXPH�RI��������NJ�DQG�KDYH�FRQFHQWUDWLRQV�UDQJLQJ�IURP����SDUWV

SHU�PLOOLRQ�WR������SHUFHQW���,Q�DOO�FDVHV��WKH�ZDVWHV�DUH�PDQDJHG�DV�5&5$�KD]DUGRXV�ZDVWHV�DQG�DUH

ODEHOHG�DV�'�����LJQLWDEOH����2QH�RI�WKHVH�WKUHH�LV�DOVR�ODEHOHG�'����DQG�)����)����)������7DEOH�����

SUHVHQWV�VWDWLVWLFV�IRU�WKH�PDQDJHPHQW�RI�HWK\OHQH�R[LGH�UHVLGXDOV�E\�PDQDJHPHQW�SUDFWLFH�

7DEOH������*HQHUDWLRQ�6WDWLVWLFV�IRU�(WK\OHQH�2[LGH

0DQDJHPHQW ��RI� ��RI� Z�8QUHSRUWHG 7RWDO�9ROXPH 7RWDO�/RDGLQJ

3UDFWLFH )DFLOLWLHV 6WUHDPV 9ROXPH �NJ�\U� �NJ�\U�

��RI�6WUHDPV

,QFLQHUDWLRQ � � � ������ ���

)XHO�%OHQGLQJ � � � ��� ������

727$/ � � � ������ ������

����� +HDOWK�'DWD

(WK\OHQH�R[LGH��& + ���&$6�1R������������LV�D�FRORUOHVV�JDV�FRQGHQVLQJ�DW�ORZ�WHPSHUDWXUHV� �

�EHORZ����&��WR�D�PRELOH�OLTXLG��ZLWK�D�HWKHU�OLNH�RGRU� ��(WK\OHQH�R[LGH�LV�D�KLJKO\�UHDFWLYH�PROHFXOH�ZLWK��

YDSRUV�WKDW�DUH�IODPPDEOH�DQG�H[SORVLYH� ��,W�K\GURO\]HV�LQ�ZDWHU�ZLWK�D�KDOI�OLIH�DW����&�RI�DERXW�����

GD\V� ��$V�OLWWOH�DV�WKUHH�SHUFHQW�HWK\OHQH�R[LGH�LQ�DLU�FDQ�EH�IODPPDEOH� �(WK\OHQH�R[LGH�KDV�D�YHU\�ORZ�� ��

ERLOLQJ�SRLQW�������&��ZLWK�YDSRUV�WKDW�DUH�KHDYLHU�WKDQ�DLU� �,W�PD\�XQGHUJR�KD]DUGRXV�SRO\PHUL]DWLRQ��

XSRQ�FRQWDFW�ZLWK�KLJKO\�DFWLYH�FDWDO\WLF�VXUIDFHV���

%DVHG�RQ�H[SRVXUH�GDWD�WKH�IROORZLQJ�H[SRVXUH�OLPLWV�ZHUH�HVWDEOLVKHG�IRU�HWK\OHQH�R[LGH���7KH

26+$�3(/�OLPLWV�IRU�7:$�DQG����PLQXWH�H[FXUVLRQ�DUH���SSP�DQG���SSP��UHVSHFWLYHO\� ��7KH�$&*,+�7/9��
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����� $PHULFDQ�&RQIHUHQFH�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVW�������������7KUHVKROG�/LPLW�9DOXHV��7/9V��IRU
��

&KHPLFDO�6XEVWDQFHV�DQG�3K\VLFDO�$JHQWV�DQG�%LRORJLFDO�([SRVXUH�,QGLFHV��%(,V����&LQFLQQDWL��2+�������

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�5HVRXUFHV���5HJLVWU\�RI�7R[LF�(IIHFWV�RI�&KHPLFDO�6XEVWDQFHV���1DWLRQDO
��

7R[LFRORJ\�3URJUDP��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��%HWKHVGD��0'�������

����� $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\��$76'5����7R[LFRORJLFDO�3URILOH�IRU�(WK\OHQH�2[LGH���8�6�
��

3XEOLF�+HDOWK�6HUYLFH��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��������

����� 8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�5HVRXUFHV���+D]DUGRXV�6XEVWDQFHV�'DWD�%DVH���1DWLRQDO�7R[LFRORJ\
��

3URJUDP��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��%HWKHVGD��0'�������

����� 8�6��(3$���,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6����(QYLURQPHQWDO�&ULWHULD�DQG�$VVHVVPHQW�2IILFH��2IILFH�RI
��

+HDOWK�DQG�(QYLURQPHQWDO�$VVHVVPHQW��2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW��&LQFLQQDWL��2+�������

����� 0HUFN�,QGH[�������
��

����� &KHPLFDO�$EVWUDFWV�
��

����� 5KRQH�3RXOHQF�3URGXFW�,QIRUPDWLRQ�
��

��

OLPLWV�IRU�7:$�LV���SSP� ��7KH�$&*,+�DOVR�UHSRUWV�DQ�RGRU�WKUHVKROG�RI����SSP�IRU�SHUFHSWLRQ�DQG�����WR��

����SSP�IRU�UHFRJQLWLRQ� ��7KH�1,26+�,'/+�OLPLW�LV�����SSP�DQG�WKH�WKUHVKROG�RGRU�OHYHO�LV���SP� �7KH�� ���

1,26+�7/9�OLPLWV�IRU�7:$�DQG�WKH�FHLOLQJ�DUH������SSP�DQG���SSP��UHVSHFWLYHO\�

7KH�WR[LFLW\�GDWD�LQGLFDWH�WKDW�HWK\OHQH�R[LGH�LV�LUULWDWLQJ�WR�WKH�VNLQ��H\HV��DQG�PXFRXV�PHPEUDQHV

RI�UHVSLUDWRU\�WUDFW� ��7R[LFLW\�GDWD�LQGLFDWH�WKDW�DFXWH�H[SRVXUH�WR�HWK\OHQH�R[LGH�FDQ�FDXVH�QDXVHD���

YRPLWLQJ��DQG�GHDWK� ��&KURQLF�H[SRVXUH�FDQ�FDXVH�LUULWDWLRQ�RI�H\HV��VNLQ��DQG�PXFRXV�PHPEUDQHV���

FDWDUDFWV��DQG�SUREOHPV�LQ�EUDLQ�IXQFWLRQ� ��([SRVXUH�WR�HWK\OHQH�R[LGH�PD\�UHVXOW�LQ�OXQJ��OLYHU��DQG�NLGQH\��

GDPDJH� �9LD�WKH�RUDO�URXWH�LQ�UDWV�WKH�/' �LV����PJ�NJ�DQG�YLD�WKH�LQKDODWLRQ�URXWH��WKH�/& �LV������
�� ��

SSP��+� �(WK\OHQH�R[LGH�LV�UDWHG�DV�D�*URXS�%���SUREDEOH��KXPDQ�FDUFLQRJHQ� ��7KH�FDUFLQRJHQ�VORSH�� ��

IDFWRU��&6)��LV������PJ�NJ�GD\�DQG�WKH�KHDOWK�EDVHG�OLPLW��+%/��LV��(����PJ�/� �$�UHIHUHQFH�GRVH��5I'���
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