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,QFOXGHG�ZHUH�SURGXFHUV�GHYHORSLQJ�DQG�XVLQJ�6(�IRU�SODQWLQJ�VWRFN�SURGXFWLRQ��SODQQHUV�ZKR�DSSURYH
WKH�FKRLFH�RI�SODQWLQJ�VWRFN��VFLHQWLVWV�GLUHFWO\�RU�LQGLUHFWO\�LQYROYHG�ZLWK�6(��DQG�ORFDO�IRUHVWHUV�ZKR
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������������)RU�FHQWXULHV�FORQLQJ��DV�D�ZD\�WR�TXLFNO\�DFFHVV�DQG�PDLQWDLQ�GHVLUDEOH�FRPELQDWLRQV�RI
JHQHV��KDV�EHHQ�D�VWDQGDUG�SUDFWLFH�LQ�KRUWLFXOWXUH�DQG�IRU�D�IHZ�IRUHVW�WUHH�VSHFLHV��)HDWXUHV�RI
ELRORJ\��PDWXUDWLRQ��DQG�RI�FRVW�KDYH�OLPLWHG�WKH�XVHIXOQHVV�RI�FORQLQJ�IRU�PRVW�IRUHVW�WUHHV�
6RPDWLF�HPEU\RJHQHVLV��6(��KDV�WKH�SRWHQWLDO�WR�RYHUFRPH�ELRORJLFDO�OLPLWDWLRQV�E\
DSSUR[LPDWLQJ�WKH�GHYHORSPHQWDO�SDWKZD\�RI�]\JRWLF�HPEU\RV��DQG�E\�SURYLGLQJ�HPEU\RQLF
WLVVXH�WKDW�FDQ�EH�VWRUHG�IRU�ORQJ�SHULRGV�DQG�WKHQ�UHFRYHUHG�LQ�DQ�HPEU\RQLF�DQG�HPEU\RJHQLF
VWDWH��,Q�DGGLWLRQ��UHJHQHUDWLRQ�RI�ODUJH�QXPEHUV�RI�SODQWV�IURP�VWRUHG�FXOWXUHV�PD\�UHVXOW�LQ
ORZHU�FRVWV�IRU�SODQWLQJ�VWRFN�
������������6RPDWLF�HPEU\RJHQHVLV��IRU�IRUHVW�WUHHV��LV�DQ�HPHUJLQJ�WHFKQRORJ\��)RU�VHYHUDO�VSHFLHV�
6(�KDV�PRYHG�IURP�WKH�ELRORJLFDO�SKDVH�RI���&DQ�LW�EH�GRQH"��WR�WKH�SKDVH�RI�UHILQHPHQW�IRU�WULDO
RQ�DQ�RSHUDWLRQDO�VFDOH���7KH�WLPH�QHHGHG�WR�DFKLHYH�DQ�RSHUDWLRQDO�VFDOH�ZLOO�YDU\�ZLWK�WKH
VSHFLHV�DQG�ZLWK�ZKHWKHU�6(�LV�XVHG�RQO\�WR�PXOWLSO\�UDQGRP�HPEU\RV�IURP�IDPLOLHV�RI
HVWDEOLVKHG�JHQHWLF�SHUIRUPDQFH��RU�WR�PXOWLSO\�FORQHV�IRU�FORQDO�IRUHVWU\�
������������6HYHUDO�ODUJH�LVVXHV�FORXG�WKH�WKHRUHWLFDO�DSSHDO�RI�6(�IRU�GHOLYHULQJ�JHQHWLF
LPSURYHPHQW�LQ�%&��0RVW�RIWHQ�FLWHG�LV�FRVW�HIIHFWLYHQHVV��7KH�SUHVHQW�FRVW�RI�SODQWLQJ�VWRFN
IURP�6(��HPEOLQJV��LV�D�PDMRU�FRQFHUQ��DOWKRXJK�ZH�H[SHFW�WKDW�FRVWV�VRRQ�FRXOG�EH�PDUNHGO\
UHGXFHG���8VHUV�JHQHUDOO\�DJUHH�WKDW�WKH\�ZRXOG�XVH�HPEOLQJV�LI�HPEOLQJV�ZHUH�DYDLODEOH�DW�D
FRVW�HIIHFWLYH�SULFH����&RVW�HIIHFWLYH�SULFH��LQFOXGHV�QRW�RQO\�WKH�SULFH�RI�SODQWLQJ�VWRFN��EXW�DOVR
SRVVLEOH�QHDU�WHUP�UHGXFWLRQV�LQ�VLOYLFXOWXUH�FRVWV��DQG�LQFUHDVHV�LQ�WKH�KDUYHVW�YDOXH�RI�ZRRG
SURGXFHG�E\�WKDW�VWRFN��7KH�LVVXHV�RI�IXWXUH�FRVW�UHGXFWLRQV�DQG�YDULRXV�PLG�WHUP�DQG�ORQJ�WHUP
LQFUHDVHV�LQ�YDOXHV��KRZHYHU��DUH�PDMRU�XQFHUWDLQWLHV���)RUHVWV�RI�%&��UHODWLYH�WR�UHJLRQV�FXUUHQWO\
SUDFWLFLQJ�KLJKO\�LQWHQVLYH�IRUHVWU\��KDYH�PRGHUDWH�JURZWK�UDWHV�DW�EHVW�DQG�DUH�PDQDJHG�DW�D
UHODWLYHO\�ORZ�LQWHQVLW\�IRU�SURGXFWV�WKDW�DUH�FXUUHQWO\�UHODWLYHO\�ORZ�LQ�YDOXH���7KH�DELOLW\�WR
UHOLDEO\�UHSURGXFH�VSHFLILF�FRPELQDWLRQV�RI�PDQ\�WUDLWV�ZLOO�EH�DWWUDFWLYH�RQO\�LI�WKH�YDOXH�RI
WKRVH�WUDLWV�LV�OLNHO\�WR�EH�UHFRJQL]HG�E\�GLVWDQW�IXWXUH�PDUNHWV��%HFDXVH�RI�WKH�FXUUHQW�ORZ
LQWHQVLWLHV�RI�PDQDJHPHQW�RI�PDQ\�%ULWLVK�&ROXPELD�IRUHVWV��WKHUH�LV�QRW�PXFK�URRP�WR�UHGXFH
VLOYLFXOWXUH�FRVWV��DOWKRXJK�LQFUHDVHV�LQ�VXFK�FRVWV�PLJKW�EH�DYRLGHG�E\�XVLQJ�EHWWHU�SODQWLQJ
VWRFN��
������������$�UHODWHG�TXHVWLRQ�LV�WKH�IRUP�LQ�ZKLFK�ZRRG�ZLOO�EH�XVHG�LQ�WKH�IRUHVHHDEOH�IXWXUH��6RPH
IRUHVWHUV�LQWHUYLHZHG�QRWHG�WKDW�WKH�WUHQG�LQ�PDQ\�ZRRG�SURGXFWV�LV�WRZDUG�PDQXIDFWXUHG�ZRRG�
7UDGLWLRQDOO\��ZRRG�WHFKQRORJLVWV�KDYH�GHYLVHG�ZD\V�WR�XWLOL]H�DYDLODEOH�ZRRG�UHVRXUFHV�QR
PDWWHU�KRZ�PDOIRUPHG�RU�KRZ�SRRU�LWV�WHFKQLFDO�TXDOLWLHV���:KHWKHU�WKLV�LV�SUHIHUDEOH�WR�VHOHFWLQJ
DQG�GHSOR\LQJ�IDPLOLHV�RU�FORQHV�ZLWK�EHWWHU�VWHP�IRUP�DQG�ZRRG�SURSHUWLHV��WKXV�PRGLI\LQJ�WKH
UDZ�PDWHULDO�UHVRXUFH��LV�EH\RQG�RXU�DQDO\VLV�EXW�QRW�LUUHOHYDQW�WR�WKH�TXHVWLRQ�RI�FRVW
HIIHFWLYHQHVV�RI�6(�IRU�%ULWLVK�&ROXPELD�
������������,Q�WKLV�UHSRUW��ZH�ZLOO�SUHVHQW�VRPH�WKHRU\�DQG�UDWLRQDOHV�IRU�XVLQJ�YHJHWDWLYH
SURSDJDWLRQ��DQG�VRPH�RI�WKH�SDUWLFXODU�DGYDQWDJHV�DQG�FRQFHUQV�WKDW�VRPDWLF�HPEU\RJHQLF
WHFKQLTXHV�EULQJ�WR�WKLV�RSWLRQ���1RW�VXUSULVLQJO\��LW�DSSHDUV�WKDW���D��GHSOR\PHQW�RI�HPEOLQJV�ZLOO
VRRQ�EH�ZDUUDQWHG�ZLWK�VRPH�VSHFLHV�LQ�VRPH�%&�VLWXDWLRQV���E��XVH�RI�6(�LV�XQOLNHO\�WR�VRRQ��RU
HYHU��EH�MXVWLILHG�LQ�RWKHU�%&�VLWXDWLRQV��DQG��F��IRU�D�ODUJH�QXPEHU�RI�%&�VLWXDWLRQV��WKH�GHFLVLRQ
WR�SURFHHG�ZLWK�6(�ZLOO�QRW�GHSHQG�VR�PXFK�RQ�ELRORJLFDO�DQG�ILQDQFLDO�DQDO\VHV�DV�RQ�WKH�IRUHVW
SROLFLHV�WKHQ�LQ�SODFH��DQG�SHUKDSV�RQ�VRPH�ORQJ�WHUP�HFRQRPLF�GHFLVLRQV�UHVSRQGLQJ�WR�D
JUHDWHU�UDQJH�RI�YDOXHV�WKDQ�WKRVH�RI�SURGXFLQJ�PRUH�RU�OHVV�ZRRG�DW�VRPH�WLPH�LQ�WKH�GLVWDQW
IXWXUH�
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�����,GHQWLILFDWLRQ�RI�JHQHWLF�YDOXH

������������2YHU�WKH�ODVW�IRUW\�\HDUV��WUHH�LPSURYHPHQW�KDV�SURJUHVVHG�IURP�WKH�GHPRQVWUDWLRQ�RI
JHQHWLF�GLIIHUHQFHV�DPRQJ�FORQHV�DQG�WKH�SKHQRW\SLF�VHOHFWLRQ�RI�SDUHQWV�LQ�ZLOG�VWDQGV�WR
HVWLPDWLRQ�RI�JHQHWLF�YDOXH�IURP�IRUPDO�SURJHQ\�WHVWLQJ�DQG�WKH�LQFRUSRUDWLRQ�RI�PXOWL�WUDLW
VHOHFWLRQ�PHWKRGV��)RU�HDFK�RI�HLJKW�FRQLIHURXV�VSHFLHV��WKHUH�DUH�IURP�KXQGUHGV�WR�WKRXVDQGV�RI
VHOHFWHG�SDUHQWV�XQGHU�WHVW��6RPH�WHVW�SODQWDWLRQV�H[FHHG����\HDUV�LQ�DJH�
������������3URJHQ\�WHVWV�KDYH�VKRZQ�DEXQGDQW�JHQHWLF�YDULDWLRQ�LQ�D�YDULHW\�RI�WUDLWV�IRU�DOO�HLJKW
VSHFLHV��7KLV�YDULDWLRQ�KDV�SURPSWHG�WKH�DSSOLFDWLRQ�RI�YDULRXV�PHWKRGV�IRU�¦SDFNDJLQJ§�JHQHWLF
LPSURYHPHQW�WR�EH�GHOLYHUHG�LQ�IRUHVW�SODQWDWLRQV��0RVW�FRPPRQO\��VHHG�SURGXFHG�LQ�ZLQG�
SROOLQDWHG�RUFKDUGV�KDV�EHHQ�WKH�PHWKRG�FKRVHQ�IRU�SDFNDJLQJ��)RU�D�IHZ�VSHFLHV��URRWHG�FXWWLQJV
DUH�SUHIHUUHG�

�����'HOLYHU\�RI�JHQHWLF�JDLQ

������������&XUUHQWO\��WKHUH�LV�LQ�SODFH�WKH�DELOLW\�WR�SURGXFH�LPSURYHG�SODQWLQJ�VWRFN�WR�PHHW�DERXW
����RI�SURMHFWHG�QHHGV��7KLV�VWRFN�ZLOO�KDYH�DQ�HVWLPDWHG�SRWHQWLDO�JHQHWLF�JDLQ�LQ�YROXPH
DYHUDJLQJ�����/HVWHU���������:LWK�LPSOHPHQWDWLRQ�RI�SODQV�IRU�WKH�QH[W�GHFDGH��SURGXFWLRQ�LV
HVWLPDWHG�WR�ULVH�WR�����RI�QHHGV�ZLWK�DQ�DYHUDJH�JDLQ�RI������7KH�VWDWHG�JRDOV�RI�WKH�)RUHVW
*HQHWLFV�&RXQFLO�DUH�LPSURYHG�SODQWLQJ�VWRFN�IRU�����RI�QHHGV�ZLWK�DQ�DYHUDJH�JHQHWLF�JDLQ�RI
����LQ�YROXPH��7UHH�,PSURYHPHQW�&RXQFLO���������1HDUO\�DOO�RI�WKLV�LPSURYHG�SODQWLQJ�VWRFN�LV
WR�EH�GHOLYHUHG�LQ�WKH�IRUP�RI�VHHGOLQJV�
������������:LWKLQ�WKH�ODVW�GHFDGH��VHYHUDO�GHYHORSPHQWV�KDYH�SURPSWHG�LQWHUHVW�LQ�RWKHU�PHWKRGV�IRU
GHOLYHU\�RI�JHQHWLF�JDLQ��7KHVH�GHYHORSPHQWV�LQFOXGH�WKH�UHFRJQLWLRQ�RI�LPPHGLDWH�KDUYHVW
LQFHQWLYHV�IRU�XVH�RI�LPSURYHG�SODQWLQJ�VWRFN�LQ�IRUHVW�PDQDJHPHQW�SODQQLQJ��UHFRJQLWLRQ�RI
JHQHWLF�YDULDWLRQ�LQ�WROHUDQFH�WR�PDMRU�SHVWV��DQG�DGYDQFHV�LQ�PHWKRGV�IRU�YHJHWDWLYH
SURSDJDWLRQ��,Q�DGGLWLRQ��LQFUHDVHG�JHQHWLF�JDLQ�DQG�UHGXFHG�WLPH�WR�GHOLYHU�JHQHWLFDOO\�LPSURYHG
SODQWLQJ�VWRFN�DUH�DWWUDFWLYH�IHDWXUHV�RI�YHJHWDWLYH�SURSDJDWLRQ�

���'(/,9(5<�2)�*(1(7,&�*$,16�7+528*+�620$7,&�(0%5<2*(1(6,6

�����7KHRU\

������������6RPDWLF�HPEU\RJHQHVLV��6(��LV�DQ�DGYDQFHG�WHFKQLTXH�ILUVW�UHSRUWHG�LQ�PLG�FHQWXU\�ZLWK
FDUURWV��DQG�UHFHQWO\�JUHDWO\�DGYDQFHG�XVLQJ�D�EURDGHU�UDQJH�RI�HFRQRPLFDOO\�LPSRUWDQW�DQG
PRGHO�VSHFLHV���,WV�LPSRUWDQFH�LV�QRW�VR�PXFK�LQ�FUHDWLQJ�XVHIXO�JHQHWLF�YDULDWLRQ�DV�LQ�HQDEOLQJ
VXFK�YDULDWLRQ�WR�EH�IRXQG��RU�LQFRUSRUDWHG��RU�NHSW��RU�UDSLGO\�DQG�PDVVLYHO\�GXSOLFDWHG�
������������=\JRWLF�HPEU\RV�DUH�FUHDWHG�ZKHQ��VXUURXQGHG�E\�WKH�RUJDQLVP©V�QXWULWLYH�WLVVXH��DQ�HJJ
QXFOHXV�XQLWHV�ZLWK�D�VSHUP�RU�SROOHQ�QXFOHXV���7KH�HJJ�DQG�SROOHQ�QXFOHL�KDYH�XQGHUJRQH
PHLRVLV��HDFK�WKHUHE\�VDPSOLQJ�KDOI�WKH�JHQHV�RI�WKH�IHPDOH�DQG�PDOH���=\JRWLF�HPEU\RV�WKXV
FRPELQH�GLIIHUHQW�JHQH�VDPSOHV�RI�WKH�SDUHQWV�DQG��W\SLFDOO\��QR�WZR�DUH�DOLNH���7KH�UHVW�RI�WKH
RUJDQLVP©V�FHOOV��FDOOHG�VRPDWLF�FHOOV��GR�QRW�XQGHUJR�PHLRVLV���7KHLU�GLYLVLRQV�DUH�PLWRWLF��ZKLFK
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VLPSO\�GXSOLFDWH�WKH�JHQHWLF�PDWHULDO�RI�WKH�FHOO���([FHSW�IRU�RFFDVLRQDO�PXWDWLRQV��WKH�VRPDWLF
FHOOV�LQ�DQ�RUJDQLVP�DOO�FDUU\�WKH�VDPH�JHQHWLF�LQIRUPDWLRQ�
������������7KH�WHFKQLTXHV�RI�VXFFHVVIXO�6(�GHIOHFW�VRPDWLF�FHOOV�IURP�WKHLU�QRUPDO�SDWK�RI
GHYHORSPHQW���,QVWHDG�RI�EHFRPLQJ�VRPH�SDUW�RI�WKH�RULJLQDO�GHYHORSLQJ�SODQW��RU��LQ�WKH�FDVH�RI
VXVSHQVRU�FHOOV��EHLQJ�OHIW�EHKLQG�HQWLUHO\���WKH\�FDQ�EH�PDGH�WR�GHYHORS�LQWR�QHZ�HPEU\RV�DQG
XOWLPDWHO\�LQWR�HQWLUH�QHZ�SODQWV���6XFK�HPEU\RJHQLF�FHOOV�RU�WLVVXHV�FDQ�EH�VWRUHG�IRU�XQFHUWDLQ
EXW�SUREDEO\�YHU\�ORQJ�SHULRGV�RI�WLPH���2U��VXFK�HPEU\RJHQLF�FHOOV�FDQ�EH�PDGH�WR�UHSHDWHGO\
JURZ�DQG�GLYLGH��SURGXFLQJ�WHQV��KXQGUHGV��WKRXVDQGV�RU�PLOOLRQV�RI�HVVHQWLDOO\�LGHQWLFDO
HPEU\RJHQLF�FOXPSV�RI�WLVVXH���2U��VXFK�HPEU\RJHQLF�FHOOV�FDQ�EH�WKH�UHFLSLHQWV�RI�VSHFLILF
JHQHV�IURP�RWKHU�RUJDQLVPV�WKURXJK�WKH�WHFKQLTXHV�RI�JHQHWLF�HQJLQHHULQJ���2U��JLYHQ�FHUWDLQ
FXHV�XQGHU�WKH�FRQWURO�RI�WKH�ELRWHFKQRORJLVW��WKH�GHYHORSPHQW�RI�SXOVHG�FOXPSV�RI�HPEU\RJHQLF
WLVVXH�FDQ�EH�FKDQQHOHG�WR�SURGXFH�HPEU\RV�
������������6(�HQDEOHV�XVHIXO�JHQHWLF�YDULDWLRQ�WR�EH�IRXQG�E\�SURYLGLQJ�UHODWLYHO\�VPDOO�QXPEHUV�RI
HVVHQWLDOO\�LGHQWLFDO�JHQRW\SHV�IRU�VHOHFWLRQ�H[SHULPHQWV��VHH�WHVWLQJ�������E��EHORZ��
������������&U\RJHQLF�VWRUDJH�RI�VRPH�RI�WKH�HPEU\RJHQLF�WLVVXH�RI�HDFK�FORQH�XQGHU�WHVW�DOORZV
WKHVH�JHQRW\SHV�WR�EH�NHSW��KRSHIXOO\�LQ�D�IXOO\�MXYHQLOH�HPEU\RQLF�PDWXUDWLRQ�VWDWH��XQWLO�WKH\
FDQ�EH�FRQILGHQWO\�XVHG���)RU�SURYHQ�FORQHV�LQ�ODUJH�VFDOH�SURGXFWLRQ��VXFK�VWRUDJH�DOVR�DOORZV
WKH�OLQH�WR�EH�UHQHZHG�SHULRGLFDOO\��DQG�SURYLGHV�D�UHVHUYH�IRU�UHFRYHULQJ�WKH�OLQH�LQ�WKH�FDVH�RI�D
SURGXFWLRQ�GLVDVWHU��VXFK�DV�RFFXUUHG�DW�WKH�7H�7HNR�WLVVXH�FXOWXUH�ODE��1HZ�=HDODQG��LQ�WKH
(GJHFXPEH�HDUWKTXDNH��
������������2QFH�JRRG�FORQHV�DUH�LGHQWLILHG��WKH\�FDQ�WKHQ�EH�UHFRYHUHG�IURP�FU\RVWRUDJH�DQG
SURSDJDWHG���:KHWKHU�WKLV�ZLOO�EH�GRQH�XVLQJ�6(�WR�SURGXFH�PLOOLRQV�RI�HPEOLQJ�FRSLHV�SHU�FORQH�
RU�ZKHWKHU�WKH�URXWH�ZLOO�EH�IURP�FU\RVWRUDJH�RI�VHOHFWHG�FORQHV�WKURXJK�PRGHVW�QXPEHUV�RI
VRPDWLF�HPEU\RV�WR�PRGHVW�QXPEHUV�RI�KHGJHG�HPEOLQJV�WR�PDVVLYH�QXPEHUV�RI�FXWWLQJV�WR
GHSOR\PHQW�DV�VWHFNOLQJV��ZLOO�GHSHQG�RQ�WKH�UHODWLYH�FRVW�HIIHFWLYHQHVV�RI�WKHVH�WZR�URXWHV��VHH
����EHORZ��
������������2XU�SUHVHQW�VWDWH�RI�NQRZOHGJH�LQGLFDWHV�WKDW�HPEU\RJHQLF�WLVVXH�LV�D�XQLTXHO\�DWWUDFWLYH
RSWLRQ�IRU�LQVHUWLQJ�D�IHZ�FKRVHQ�JHQHV�LQWR�D�UHFLSLHQW�FORQH�RU�VSHFLHV���2QFH�LQFRUSRUDWHG��D
PLQLFORQDO�OLQH�ZLOO�KDYH�EHHQ�FUHDWHG�WKDW�GLIIHUV�IURP�WKH�RULJLQDO�PDFURFORQH�ZLWK�UHVSHFW�WR
RQO\�D�YHU\�IHZ�JHQHV�DQG�WKRVH�VSHFLILF�WUDLWV�WKH\�LQIOXHQFH���7KH�VXFFHVVIXO�UHFLSLHQW�FHOOV�FDQ
EH�WULJJHUHG�WR�SURGXFH�HPEU\RV�DQG�WKHQ�WUHHV��ZKHUH�WKH�SHUIRUPDQFH�RI�WKH�WUDQVJHQLF
PLQLFORQH�FDQ�EH�HYDOXDWHG���,I�IDYRUDEOH��WKH�PLQLFORQH�FDQ�EH�PDVVLYHO\�SURSDJDWHG�XVLQJ�6(
RU�RWKHU�FORQDO�WHFKQLTXHV��RU�VRPH�RI�WKHVH�WUHHV�FDQ�EH�XVHG�DV�SDUHQWV�WR�WUDQVPLW�WKH�QHZ
JHQHWLF�YDULDWLRQ�E\�VH[XDO�PHDQV���,Q�WKHVH�RSWLRQV��XVHIXO�QHZ�JHQHWLF�YDULDWLRQ�FDQ�EH�FUHDWHG�
DQG�6(�ZLOO�FRQWULEXWH�WR�VXFK�HYHQWV�
������������0XWDWLRQDO�JHQHWLF�YDULDWLRQ�ZLOO�RFFXU�LQ�FXOWXUH�LQ�VRPH�RU�DOO�RI�WKH�FORQHV�EHLQJ
SURSDJDWHG�E\�6(���0XWDWLRQ�LV�QRUPDO�LQ�DQ\�VH[XDO�RU�FORQDO�OLQH��DQG�PRVW�PXWDWLRQV�DUH
GHOHWHULRXV���2FFDVLRQDOO\�IDYRUDEOH�PXWDWLRQV�RFFXU�DQG�DUH�GLVFRYHUHG��DQRWKHU�ZD\�RI�DGGLQJ
XVHIXO�JHQHWLF�YDULDWLRQ���,W�LV�SRVVLEOH��HYHQ�OLNHO\��WKDW�PXWDWLRQDO�YDULDWLRQ�ZLOO�RFFXU�DW
XQXVXDOO\�KLJK�UDWHV�GXULQJ�PXOWLSOLFDWLRQ�RI�WKH�HPEU\RJHQLF�WLVVXH�LQ�FXOWXUH���,I�VR��6(�OLQHV
ZLOO�QHHG�WR�EH�¦FOHDQHG�XS§�HYHQ�PRUH�RIWHQ�WKDQ�FORQDO�OLQHV�RU�IXOO�VLE�IDPLOLHV�SURGXFHG�E\
FXWWLQJV�RU�VHHG��RI�FRXUVH��PRUH�IDYRUDEOH�PXWDWLRQV�PD\�VKRZ�XS�LQ�HPEOLQJ�OLQHV�DV�ZHOO�
������������,W�LV�SRVVLEOH��HYHQ�OLNHO\��WKDW�WKH�HPEOLQJ�SURSDJXOH�W\SH�ZLOO�EH�¦GLIIHUHQW§�IURP�WKH
VHHGOLQJ��VWHFNOLQJ�RU�SODQWOLQJ�SURSDJXOH�W\SHV���6XFK�GLIIHUHQFHV�PD\�EH�GXH�WR�PDWXUDWLRQ
VWDWH��RU�VLPSO\�EHFDXVH�HPEOLQJV�KDYH�WDNHQ�D�GLIIHUHQW�GHYHORSPHQWDO�SDWKZD\�WKDQ�KDYH
VHHGOLQJV��VWHFNOLQJV�DQG�SODQWOLQJV���6XFK�GLIIHUHQFHV�DUH�QRW�QHFHVVDULO\�EDG��EXW�WKH\�QHHG�WR
EH�XQGHUVWRRG�EHIRUH�WKH�HPEOLQJ�SURSDJXOH�W\SH�FDQ�EH�XVHG�ZLWK�FRQILGHQFH��VHH�������DQG�����
EHORZ��
������������)LQDOO\��ZH�ZHUH�LQIRUPHG�WKDW�RQO\�DERXW�����RI�WKH�LQWHULRU�VSUXFH�HPEU\RV�HQWHUHG
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LQWR�6(�SURWRFROV�SURGXFH�HPEU\RJHQLF�WLVVXH���7KLV�ORZ�VXFFHVV�SHUFHQWDJH�PD\�KDYH�JHQHWLF
LPSOLFDWLRQV�DQG�LW�FOHDUO\�KDV�ILQDQFLDO�LPSOLFDWLRQV���&RVWV�SHU�HPEU\RJHQLF�OLQH�ZRXOG�FOHDUO\
EH�OHVV�LI��VD\������RI�WKH�DWWHPSWV�ZHUH�VXFFHVVIXO���7KH�JHQHWLF�LPSOLFDWLRQV�DUH�OHVV�FOHDU���,I
VXFFHVVIXO�HPEU\RJHQHVLV�LV�XQUHODWHG�WR�RWKHU�JHQHWLF�DWWULEXWHV��L�H���UDQGRP���WKHQ�WKHUH�DUH�QR
JHQHWLF�FRQVHTXHQFHV�RI�D�ORZ�VXFFHVV�UDWH���,W�VLPSO\�WDNHV�PRUH�ZRUN�DQG�FRVWV�PRUH�WR�JHW�WKH
VDPH�TXDOLW\�RI�JHQHWLF�PDWHULDO�ZLWK�����6(�VXFFHVV�FRPSDUHG�WR�LI������RI�YLDEOH�HPEU\RV
VXFFHVVIXOO\�SURGXFHG�HPEU\RJHQLF�WLVVXH���:H�NQRZ�RI�QR�WKHRUHWLFDO�UHDVRQV�WR�H[SHFW�WKDW
HPEU\RJHQLF�VXFFHVV�ZLOO�SURYH�WR�EH�UHODWHG�WR�RWKHU�HOHPHQWV�RI�SHUIRUPDQFH�ZLWKLQ�WKH
SRSXODWLRQ�EHLQJ�SURSDJDWHG�RU��LI�VR��ZKHWKHU�WKH�EHWWHU�SHUIRUPLQJ�RU�SRRUHU�SHUIRUPLQJ
PHPEHUV�RI�WKDW�SRSXODWLRQ�ZRXOG�EH�VHOHFWHG�LQ�WKH�6(�SURFHVV���'DWD�RQ�WKLV�SRLQW�ZLOO�EH�KDUG
WR�JHW��DV�WKH�JHQRW\SHV�WKDW�GLH�GXULQJ�WKH�6(�DWWHPSW�FDQ©W�WKHQ�EH�JURZQ�DQG�FRPSDUHG�WR
WKRVH�WKDW�VXFFHVVIXOO\�SURGXFH�HPEOLQJV���,I�WKH�HPEOLQJ�SURSDJXOH�W\SH�LV�LQWULQVLFDOO\��L�H�
GHYHORSPHQWDOO\��LGHQWLFDO�WR�WKH�VHHGOLQJ�SURSDJXOH�W\SH�LQ�ILHOG�SHUIRUPDQFH��VHH������D
EHORZ���WKHQ�VHHGOLQJ�DQG�HPEOLQJ�VDPSOHV�IURP�VHWV�RI�WKH�VDPH�IXOO�VLE�IDPLOLHV�FRXOG�EH
FRPSDUHG���+RZHYHU��DW�SUHVHQW��LW�VHHPV�OLNHO\�WKDW�VXFK�FRPSDULVRQV�ZLOO�EH�FRQIRXQGHG�ZLWK
LQWULQVLF�SURSDJXOH�W\SH�GLIIHUHQFHV����1RWH�DOVR�WKDW��LI�WKHUH�LV�JHQHWLF�VHOHFWLRQ�IRU�VXEVHTXHQW
ILHOG�SHUIRUPDQFH�LQ�WKH�6(�SURFHVV��WKLV�ZLOO�FRQIRXQG�WKH�SURSDJXOH�W\SH�WHVWV�GHVFULEHG�LQ
�����D����7R�EHJLQ�WR�UHVROYH�WKLV�TXHVWLRQ��LW�ZLOO�EH�QHFHVVDU\�WR�DZDLW�WKH�SURSDJXOH�W\SH�WHVW
UHVXOWV���,I�WKH�HPEOLQJ�DQG�VHHGOLQJV�ILHOG�SHUIRUPDQFHV�DUH�VLPLODU��JHQHWLF�VHOHFWLRQ�DQG
LQWULQVLF�GHYHORSPHQWDO�GLIIHUHQFHV�PD\�EH�FDQFHOLQJ�HDFK�RWKHU��EXW�WKH�SUDFWLFDO�FRQFOXVLRQ
ZLOO�EH�WR�DFFHSW�HPEOLQJV�DV�VLPLODU�WR�VHHGOLQJV���,I�HPEOLQJV�GLIIHU�VXEVWDQWLDOO\�IURP
VHHGOLQJV��WKHQ�WKH�EHWWHU�RI�WKH�WZR�ZLOO�EH�SUHIHUUHG��DQG�LW�ZLOO�EH�XS�WR�VFLHQWLVWV�WR�WU\�WR�VRUW
RXW�WKH�FDXVHV�RI�WKH�GLIIHUHQFHV�

������(OHPHQWV�RI�DQ�2SHUDWLRQDO�6\VWHP

������������,Q�RUGHU�WR�EULQJ�D�QHZ�WHFKQRORJ\�LQWR�SURGXFWLRQ��RQH�QHHGV�QRW�RQO\�NQRZOHGJH�DERXW
WKH�QHZ�WHFKQRORJ\��EXW�WKH�VLWXDWLRQ�DQG�WLPLQJ�QHHG�WR�EH�ULJKW�IRU�LW�WR�ILW�LQWR�RQJRLQJ
RSHUDWLRQV���0DQ\�RI�WKHVH�HOHPHQWV�QHHG�WR�RFFXU�LQ�VHTXHQFH��DQG�VRPH�FDQ�QRW�EHJLQ�XQWLO
RWKHUV�KDYH�EHHQ�HVVHQWLDOO\�FRPSOHWHG���7KH�IROORZLQJ�VHFWLRQV�H[SORUH�ILYH�RI�D�ORQJHU�OLVW�RI
VXFK�HOHPHQWV�

��������%DVLF�UHVHDUFK�WKURXJK�5	'�

������������7KH�EDVLF�UHVHDUFK�WKDW�OHDGV�WR�WHFKQRORJLFDO�EUHDNWKURXJK�LV�RIWHQ�FXULRVLW\�GULYHQ
UDWKHU�WKDQ�SUREOHP�GULYHQ���$V�VXFK��LW�RIWHQ�RFFXUV�LQ�XQLYHUVLWLHV�RU�JRYHUQPHQW�ODEV��DQG�WKH
NQRZOHGJH�SURGXFHG�KDV�W\SLFDOO\�EHHQ�LQ�WKH�SXEOLF�GRPDLQ���$V�SHRSOH�EHJLQ�WR�WKLQN�DERXW
KRZ�WR�XVH�VXFK�QHZ�FXULRVLW\�GULYHQ�ILQGLQJV��WKH�UHVHDUFK�DQG�GHYHORSPHQW��5	'��OHDGLQJ�WR
XVHIXO�DSSOLFDWLRQV�RIWHQ�PRYHV�WR�WKH�SULYDWH�VHFWRU��DQG�WKH�ILQGLQJV�PD\�EH�FORVHO\�KHOG
VHFUHWV�RU�LQWHOOHFWXDO�SURSHUW\�WKDW�LV�VROG�RU�OLFHQVHG�UDWKHU�WKDQ�IUHHO\�PDGH�DYDLODEOH���7KH
GHYHORSPHQW�RI�6(�WHFKQRORJ\�DQG�RI�JHQHWLFDOO\�LPSURYHG�WUHH�PDWHULDO�ERWK�IROORZ�WKLV�JHQHUDO
WUDMHFWRU\��VHH������EHORZ�

��������&OLHQW�,QIUDVWUXFWXUH�

������������%HIRUH�HLWKHU�WUHH�LPSURYHPHQW�RU�FORQDO�IRUHVWU\�FDQ�KRSH�WR�VXFFHHG��SRWHQWLDO�XVHUV�RI
WKHVH�WHFKQRORJLHV�KDYH�WR�HLWKHU�KDYH��RU�KDYH�DFFHVV�WR��RSHUDWLRQDO�NQRZOHGJH�DQG�SURFHGXUHV
WKDW�XQGHUSLQ�WKHLU�DSSOLFDWLRQ���)RU�WKH�VSHFLHV�RI�LQWHUHVW��SURYHQDQFH�WHVWLQJ�PXVW�EH
VXIILFLHQWO\�DGYDQFHG�VR�WKDW�JURXSV�RI�IDPLOLHV�RU�FORQHV�DUH�QRW�GHSOR\HG�WR�LQDSSURSULDWH�VLWHV�
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7KH�WUDQVSRUWDWLRQ�QHWZRUN�PXVW�EH�VXIILFLHQW��DQG�VXIILFLHQWO\�PDLQWDLQHG��VR�WKDW�DQ�DSSURSULDWH
QHWZRUN�RI�WHVWV�FDQ�EH�LQVWDOOHG�DQG�UHSHDWHGO\�PRQLWRUHG���6LWHV�PXVW�EH�HYDOXDWHG�DQG�PDSSHG�
VR�WKDW�DSSURSULDWH�VSHFLHV�RU�VSHFLHV�PL[HV�DUH�GHSOR\HG�WR�WKHP���3ODQWDWLRQ�WHFKQRORJ\��VLWH
SUHSDUDWLRQ�DQG�DIWHUFDUH��PXVW�EH�VXIILFLHQWO\�DGYDQFHG�VR�WKDW�WHVWV�DUH�VXFFHVVIXOO\�HVWDEOLVKHG
DQG�SURYLGH�PHDQLQJIXO�UHVXOWV���1XUVHU\�SUDFWLFH�IRU�WKH�SURSDJXOH�W\SH�EHLQJ�FRQVLGHUHG�PXVW
KDYH�FRPSOHWHG�VXIILFLHQW�5	'�VR�WKDW�WKH�SODQWLQJ�VWRFN�VXUYLYHV�DQG�JURZV�ZHOO���)LQDOO\��WKH
SURIHVVLRQDOV�UHVSRQVLEOH�IRU�HYDOXDWLQJ�DQG�LPSOHPHQWLQJ�WKH�XVH�RI�LPSURYHG�VH[XDO�RU�FORQDO
SODQWLQJ�VWRFN�PXVW�EH�ZHOO�HQRXJK�LQIRUPHG�WR�GR�VR�HIIHFWLYHO\�

��������7HVWLQJ

������������:LWK�UHVSHFW�WR�WKH�GHSOR\PHQW�RI�HPEOLQJV�LQ�SURGXFWLRQ�IRUHVWV���D��RQH�NLQG�RI�WHVWLQJ
LV�HVVHQWLDO��DQG��E��WKH�VHFRQG�LV�QHHGHG�LI�IXOO�FORQDO�IRUHVWU\�LV�FRQWHPSODWHG�

������������������������D���7HVWLQJ�WKH�(PEOLQJ�3URSDJXOH�W\SH�
����������8VLQJ�FORQHV�LQ�SURGXFWLRQ�IRUHVWU\�KDV�ORQJ�EHHQ�DQ�DWWUDFWLYH�LGHD��/DUVHQ�������$KXMD
	�/LEE\�����D��E����7KH�HDUO\�HQWKXVLDVWV�IRU�HDFK�NLQG�RI�FORQDO�SURSDJXOH�JHQHUDOO\�IRFXVHG�RQ
WKH�DGYDQWDJHV�RIIHUHG��RQO\�WR�EH�WKZDUWHG�E\�XQDQWLFLSDWHG�SUREOHPV���$GYRFDWHV�RI�JUDIWLQJ
ZHUH�VRRQ�GLVFRXUDJHG�E\�WKH�SUREOHP�RI�VWRFN�VFLRQ�LQFRPSDWLELOLWLHV���5RRWLQJ�HQWKXVLDVWV
VRRQ�HQFRXQWHUHG�WKH�SUREOHPV�RI�HDUO\�SODJLRWURSLF�JURZWK�RI�VWHFNOLQJV�DQG�PDWXUDWLRQ�RI�WKH
FORQHV���7LVVXH�FXOWXUH�HQWKXVLDVWV�VRRQ�IRXQG�WKDW�WLVVXH�RULJLQ�DQG�FXOWXUH�FRQGLWLRQV�JUHDWO\
DIIHFWHG�WKH�TXDOLW\�RI�SODQWOLQJV���$QG�QRZ�HPEOLQJV�DUH�EHFRPLQJ�DYDLODEOH�
������������5HFRJQL]LQJ�WKDW�GLIIHUHQFHV�DPRQJ�SURSDJXOH�W\SHV�FDQ�EH�H[SHFWHG�WR�EH�ERWK
IDYRUDEOH�DQG�XQIDYRUDEOH��ZH�VXJJHVW�WKDW�WKH�GLIIHUHQFHV�PLJKW�EH�FKDUDFWHUL]HG�DQG�HYDOXDWHG
DV�IROORZV�

�L���7KH�GLIIHUHQFHV�DUH�VXFK�DV�WR�GLVTXDOLI\�WKH�HPEOLQJ�SURSDJXOH�W\SH�XQGHU
WHVW��DGYDQFHV�LQ�6(�SURWRFROV�LPSURYLQJ�HPEOLQJ�TXDOLW\�ZRXOG�UHTXLUH�D�QHZ�VHW�RI�WHVWV��

�LL���7KH�GLIIHUHQFHV�DUH�VXFK�DV�WR�PDNH�WKH�HPEOLQJ�SURSDJXOH�W\SH�DFFHSWDEOH
EXW�OHVV�GHVLUDEOH�WKDQ�WKH�VHHGOLQJ�DQG�RU�VWHFNOLQJ�SURSDJXOH�W\SH�

�LLL���7KH�GLIIHUHQFHV�DUH�HLWKHU�VPDOO�RU�EDODQFHG��VXFK�DV�WR�FOHDUO\�IDYRU�QHLWKHU
WKH�HPEOLQJV��QRU�WKH�EHWWHU�RI�WKH�VWHFNOLQJ�DQG�VHHGOLQJ�SURSDJXOH�W\SHV�

�LY���7KH�GLIIHUHQFHV�RQ�EDODQFH�PRGHUDWHO\�IDYRU�WKH�HPEOLQJ�SURSDJXOH�W\SH
DPRQJ�VLPLODU�JHQRW\SHV��L�H���ZLWKLQ�IXOO�VLE�IDPLOLHV��

�Y���7KH�GLIIHUHQFHV�VWURQJO\�IDYRU�WKH�HPEOLQJ�SURSDJXOH�W\SH�DPRQJ�VLPLODU
JHQRW\SHV��L�H���ZLWKLQ�IXOO�VLE�IDPLOLHV��
������������,W�VHHPV�UHDVRQDEOH�IRU�WKH�QHDU�IXWXUH�WKDW��IRU�GHSOR\PHQW�DSSURYDO�WR�EH�JLYHQ��WKH
HPEOLQJ�SURSDJXOH�W\SH�VKRXOG�ILUVW�KDYH�EHHQ�HYDOXDWHG�IRU�DW�OHDVW���\HDUV�LQ�WKH�ILHOG��DQG�IRU
ORQJHU�LI�WKH�UHVXOWV�DUH�LQFRQFOXVLYH�DIWHU���\HDUV�
������������:LWK�RXWFRPHV��LLL��LY�RU�Y���DSSURYDO�IRU�IXOO�GHSOR\PHQW�FRXOG�WKHQ�EH�JLYHQ��ZLWK�WKH
FDYHDW�WKDW�VLJQLILFDQW�FKDQJHV�LQ�HPEOLQJ�SURGXFWLRQ�SURWRFRO�ZLOO�UHTXLUH�DGGLWLRQDO�WHVWLQJ�RI
HPEOLQJV�SURGXFHG�XQGHU�WKH�FKDQJHG�SURWRFRO���$V�DGGLWLRQDO�VSHFLHV�EHFRPH�DYDLODEOH�DV
HPEOLQJV��LI�WKH�RXWFRPHV�RI�VXFK�WHVWV�ZLWK�VLPLODU�VSHFLHV�KDYH�FRQVLVWHQWO\�EHHQ��LLL��LY�RU�Y��
WHVWLQJ�UHTXLUHPHQWV�IRU�WKH�HPEOLQJ�SURSDJXOH�W\SH�FRXOG�EH�UHOD[HG�RU�HYHQ�ZDLYHG�
������������2QH�PD\�ZRQGHU�KRZ�RXWFRPHV��LY�RU�Y��PLJKW�RFFXU���7KH�VRUW�RI�IDYRUDEOH�GLIIHUHQFHV
WKDW�PLJKW�OHDG�WR��LY�RU�Y��HYDOXDWLRQV�DUH�ZHOO�LOOXVWUDWHG�E\�WKH�VWHFNOLQJ�SURSDJXOH�W\SH�LQ
UDGLDWD�SLQH���:KHQ�VWHFNOLQJV�DW�PDWXUDWLRQ�VWDWH�DERXW���WR���\HDUV�DUH�GHSOR\HG��WKHLU�EROH
IRUP�LV�EHWWHU��WKHLU�EUDQFKHV�DUH�VPDOOHU��DQG�WKH\�DUH�OHVV�OLNHO\�WR�WRSSOH��FRPSDUHG�WR
VHHGOLQJV�IURP�WKH�VDPH�IDPLOLHV���7KLV�DOORZV�IHZHU�WR�EH�SODQWHG�SHU�KHFWDUH��DQG�VDYHV�RQ
SODQWLQJ��WKLQQLQJ�DQG�SUXQLQJ�FRVWV��*OHHG���������7KH�7H�7HNR�FORQDO�IRUHVWU\�RSHUDWLRQ�ZDV
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MXVWLILHG�WR�PDQDJHPHQW�E\�VKRZLQJ�WKDW�WKHVH�FRPELQHG�VDYLQJV�UHGXFHG�FRVWV�RI�VLOYLFXOWXUH�IRU
WKH�FRPSDQ\�DERXW�1=�����������SHU�\HDU�LQ�WKH�ILUVW���\HDUV�DIWHU�SODQWLQJ���6XFK�HDUO\�
DGROHVFHQW�VWHFNOLQJV�FRVW�PRUH�WR�SURGXFH�WKDQ�GR�PRUH�MXYHQLOH�VWHFNOLQJV���$W�OHDVW�VRPH
FOLHQWV�DUH�ZLOOLQJ�WR�SD\�VXFK�SURGXFHUV�DV�WKH�)5,�QXUVHU\�LQ�5RWRUXD�D�VXEVWDQWLDO�SUHPLXP�IRU
WKH�HDUO\�DGROHVFHQW�VWHFNOLQJV�
������������,I�WKH�SURSDJXOH�WHVW�RXWFRPH�LV��LL���D�FOLHQW�ZLVKLQJ�WR�GHSOR\�WKH�HPEOLQJ�SURSDJXOH
W\SH�LQ�QRUPDO�SURGXFWLRQ�SODQWDWLRQV�ZRXOG�EH�UHTXLUHG�WR�DSSO\�IRU�FRQGLWLRQDO�UHJLVWUDWLRQ�IRU
XVH�RI�WKDW�HPEOLQJ�SURSDJXOH�W\SH��WKH�DSSOLFDWLRQ�VWDWLQJ�DQG�DFFHSWLQJ�WKH�UHODWLYH�DGYDQWDJHV
DQG�GLVDGYDQWDJHV�DV�HYDOXDWHG�LQ�WKH�WHVW�V��
������������,I�WKH�SURSDJXOH�WHVW�RXWFRPH�LV��L���UHJLVWUDWLRQ�RI�WKH�HPEOLQJ�SURSDJXOH�W\SH�LQ�WKH�WHVW
ZRXOG�EH�GHQLHG�
������������:H�DGYLVH�WKDW�SURSDJXOH�W\SH�WHVWLQJ�QRW�EH�RIILFLDOO\�LQLWLDWHG�XQWLO�WKH�TXDOLW\�RI�WKH
HPEOLQJV�IRU�WKDW�VSHFLHV�LV�VXIILFLHQW�WR�QRW�UHTXLUH�DERUWLQJ�WKH�WHVW���:H�VR�DGYLVH�LQ�RUGHU�WR
DYRLG�PDMRU�FRPPLWPHQWV�WR�SUHPDWXUH�WHVWLQJ��EXW�VXSSRUW�VPDOO�XQRIILFLDO�WULDOV�ZKLOH�WKH
SURGXFHUV�DUH�GHYHORSLQJ�HPEOLQJ�TXDOLW\�
������������:KHUH�6(�LV�XVHG�IRU�YHJHWDWLYH�PXOWLSOLFDWLRQ�RI�NQRZQ�JRRG�IDPLOLHV��WKH�SULFH��FRVW�
RI�SODQWDEOH�HPEOLQJV�ZLOO�SUREDEO\�QHHG�WR�EH�VXEVWDQWLDOO\�OHVV�WKDQ�WKH�SULFH��FRVW��RI�VHHGOLQJV
RI�WKRVH�VDPH�JRRG�IDPLOLHV�IRU��LL��WR�EH�DWWUDFWLYH��VOLJKWO\�OHVV�WKDQ�IRU�VHHGOLQJV�WR�MXVWLI\
HPEOLQJV�LI��LLL���EXW�FRXOG�EH�D�OLWWOH�WR�D�ORW�PRUH�IRU��LY��DQG��Y���UHVSHFWLYHO\�

�����E���7HVWLQJ�IRU�JHQHWLF�YDOXH

������������)RU�YHJHWDWLYH�PXOWLSOLFDWLRQ�RI�NQRZQ�JRRG�IDPLOLHV��QR�IXUWKHU�JHQHWLF�WHVWLQJ�LV
UHTXLUHG�
������������%\�¦IXOO�FORQDO�IRUHVWU\§�LV�PHDQW�WKH�GHSOR\PHQW�RI�ZHOO�WHVWHG�ZHOO�XQGHUVWRRG�FORQHV�
7HVWLQJ�RI�WKHVH�FORQHV�KDV�WZR�SXUSRVHV��LGHQWLI\LQJ�RXWVWDQGLQJ�FORQHV��DQG�FKDUDFWHUL]LQJ
WKHP�VR�WKDW�WKH\�FDQ�EH�HIIHFWLYHO\�GHSOR\HG��PDQDJHG�DQG�XWLOL]HG���$�WKRXJKWIXO�DQG�H[WHQVLYH
DQDO\VLV�RI�FORQDO�IRUHVWU\�DQG�YHJHWDWLYHO\�PXOWLSOLHG�IDPLO\�IRUHVWU\�IRU�%ULWLVK�&ROXPELD�ZDV
UHFHQWO\�FRPSOHWHG��'REEV�������
������������5HFHQW�DQG�FXUUHQW�WUHH�EUHHGLQJ�JHQHUDOO\�IRFXVHV�RQ�D�UHODWLYHO\�IHZ�WUDLWV��VXFK�DV
KHLJKW�JURZWK��VWHP�IRUP�DQG�VRPHWLPHV�UHVLVWDQFH�WR�D�VSHFLILF�SHVW���/HVWHU���������¦*DLQV§�DUH
UHFRUGHG�DV�FKDQJHV�IRU�WKH�EHWWHU�LQ�WKHVH�WUDLWV��DQG�XVXDOO\�WKHLU�LPSDFW�RQ�YROXPH�SHU�WUHH�RU
�PRUH�SUREOHPDWLF��YROXPH�SHU�KHFWDUH��/LEE\�����E��LV�HVWLPDWHG���3URJHQ\�WHVWV�SURYLGH�WKH
EDVLV�IRU�IDPLO\�VHOHFWLRQ��EDFNZDUG��DQG�ZLWKLQ�IDPLO\��VHOHFWLRQ��IRUZDUG��WR�ILQH�WXQH�WKH
VHOHFWLRQ�RI�IXWXUH�SDUHQWV�IRU�VHHG�RUFKDUGV�DQG�IRU�EUHHGLQJ��RIWHQ�E\�ZHLJKWLQJ�YDOXHV�IRU�WKH
VHOHFWHG�WUDLWV�LQ�VRPH�VRUW�RI�LQGH[��7KH\�DOVR�DOORZ�WKH�FKDUDFWHUL]DWLRQ�RI�IDPLOLHV�WKXV
SURGXFHG�
������������&ORQDO�WHVWLQJ�DQG�VHOHFWLRQ�DUH�TXLWH�GLIIHUHQW�IURP�WKH�WHVWLQJ�DQG�VHOHFWLRQ�FRPPRQO\
GRQH�GXULQJ�WUHH�EUHHGLQJ���)RU�H[DPSOH��LQ�WKH�WHVWLQJ��VHOHFWLRQ�DQG�FORQDO�FKDUDFWHUL]DWLRQ
SURJUDP�DW�7H�7HNR��ZH�UHFHQWO\�LGHQWLILHG�DQG�FKDUDFWHUL]HG��DPRQJ�RWKHUV��WZR�YHU\�SURPLVLQJ
FORQHV���6RPHZKDW�WR�RXU�VXUSULVH��WKH\�DUH�IXOO�VLEV���7KH\�EHORQJ�WR�D�IDPLO\�NQRZQ��E\�WKH
5DGLDWD�3LQH�%UHHGLQJ�&RRS��WR�KDYH�RXWVWDQGLQJ�LQGLYLGXDO�WUHH�JURZWK��JRRG�EROH�IRUP��DQG
JHQHUDOO\�DERYH�DYHUDJH�ZRRG�TXDOLW\���%HFDXVH�RI�VH[XDO�UHFRPELQDWLRQ��LQ�WKHRU\�DERXW�KDOI�RI
WKH�DGGLWLYH�JHQHWLF�YDULDWLRQ�LQ�WKH�VHOHFWHG�WUDLWV�DQG�DOPRVW�DOO�RI�WKH�QRQ�DGGLWLYH�JHQHWLF
YDULDWLRQ�LQ�WKRVH�WUDLWV�VKRXOG�EH�YDU\LQJ�DPRQJ�VLEV�ZLWKLQ�VXFK�IXOO�VLE�IDPLOLHV���7KHVH�WZR
VLEV�DUH�ERWK�ZHOO�DERYH�WKHLU�IDPLO\�DYHUDJHV�LQ�ERWK�HDUO\�JURZWK�DQG�EROH�IRUP��DQG�WKXV
DGGLWLRQDO�JDLQV�LQ�WKHVH�LQGH[�WUDLWV�ZHUH�LQGHHG�FDSWXUHG�E\�WKHLU�FORQDO�WHVWLQJ�DQG�VHOHFWLRQ
�HYDOXDWLRQ�RI�WKHLU�ZRRG�TXDOLW\�WUDLWV�ZLOO�RFFXU�VRRQ��ZKHQ�WKH\�DUH�VRPHZKDW�ROGHU����2QH�KDV
D�FODVVLF�¦JURZWK�DQG�IRUP§�LGHRW\SH��ZLWK�HYHQO\�VSDFHG�PRGHUDWH�DQJOHG�EUDQFK�ZKRUOV�DQG�D
UXOHU�VWUDLJKW�EROH���7KH�RWKHU�JLYHV�SURPLVH�RI�KDYLQJ�WKDW�UDUH�DQG�YDOXHG�ORQJ�LQWHUQRGH
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ELQRGDO�LGHRW\SH��ZLWK�DQ�DOPRVW�VWUDLJKW�EROH���7KLV�ELQRGDO�WUDLW�ZDV�QRW�SDUW�RI�WKH�EUHHGLQJ
FRRSHUDWLYH©V�VHOHFWLRQ�LQGH[��QRU�ZHUH�RWKHU�REVHUYDWLRQV�RQ�WKHVH�FORQHV©�SURSDJDELOLWLHV�
IUHTXHQFLHV�RI�IRUNV�DQG�UDPLFRUQ�EUDQFKHV��D�OLVW�RI�GLVHDVH��LQVHFW��DQG�HQYLURQPHQWDO�GDPDJH
VXVFHSWLELOLWLHV��DQG�RWKHU�WUDLWV�WKDW�ZHUH�REVHUYHG�DQG�FRQVLGHUHG�E\�WKH�IRUHVWHUV�ZKR�ILUVW
LGHQWLILHG�DQG�WKHQ�HYDOXDWHG�DQG�FKDUDFWHUL]HG�WKHVH�WZR�RXWVWDQGLQJ�FORQHV���,W�LV�OLNHO\�WKHVH
FORQHG�VLEV�ZLOO�VHUYH�YHU\�GLIIHUHQW�PDUNHW�QLFKHV��DQG�WKH\�ZLOO�SUREDEO\�EH�GHSOR\HG�WR�UDWKHU
GLIIHUHQW�VHWV�RI�SODQWDWLRQ�VLWHV���7KH\�DUH�XQOLNHO\��H[FHSW�LQ�IXUWKHU�WHVWV�DQG�GHPRQVWUDWLRQV��WR
HYHU�EH�JURZQ�WRJHWKHU���+DG�YHJHWDWLYH�PXOWLSOLFDWLRQ�RI�WKLV�H[FHOOHQW�IDPLO\�EHHQ�XVHG�LQVWHDG
RI�IXOO�FORQDO�IRUHVWU\��WKHVH�WZR�FORQHV�ZRXOG�KDYH�MXVW�EHHQ�D�ELW�RI�QRLVH�DGGLQJ�WR�WKH�ZLWKLQ�
IDPLO\�JHQHWLF�YDULDELOLW\��DQG�LW�LV�XQOLNHO\�WKH\�FRXOG�KDYH�EHHQ�HIIHFWLYHO\�PDQDJHG�WR�WDNH
DGYDQWDJH�RI�WKHLU�H[FHSWLRQDO�VSHFLILF�TXDOLWLHV���,W�LV�YHU\�GLIILFXOW�WR�SUHGLFW�WKH�ILQDQFLDO
EHQHILWV�RI�RSSRUWXQLVWLFDOO\�FDSWXUHG�WUDLWV�WKDW�DUH�QRW�SDUW�RI�WKH�EUHHG�LQGH[��'REEV��������EXW
LQ�PDQ\�FDVHV�WKH\�DUH�VXEVWDQWLDO�
������������&ORQDO�WHVWLQJ�VWUDWHJLHV�ZHUH�H[WHQVLYHO\�GLVFXVVHG�DQG�JHQHUDOO\�DJUHHG�XSRQ�LQ�D�����
,8)52�ZRUNVKRS��/LEE\�����D���DQG�WKH�KLHUDUFKLFDO�VFKHPH�GHYHORSHG�VHHPV�YDOLG�WRGD\�IRU
XVH�LQ�D�VWHDG\�VWDWH�PDWXUH�FORQDO�SURJUDP���7KLV�LV�HVVHQWLDOO\�D�QXPEHUV�JDPH���7R�ILQG
VSHFWDFXODUO\�RXWVWDQGLQJ�FORQHV��WKH�ILUVW�VWHS�LQ�WHVWLQJ�D�QHZ�SXOVH�RI�FDQGLGDWH�IDPLOLHV�ZRXOG
VFUHHQ�YHU\�ODUJH�QXPEHUV�RI�FORQHV��DQG�ZRXOG�LQFOXGH�RQO\�D�YHU\�IHZ�UDPHWV�RI�HDFK��5XVVHOO
	�/LEE\���������,Q�WKH�ILUVW�URXQG�RI�VHOHFWLRQ��WKH�¦EHVW�IHZ§�FORQHV�ZRXOG�EH�QHLWKHU
FRQILGHQWO\�VHOHFWHG�QRU�FKDUDFWHUL]HG���%XW�RQH�FRXOG�EH�UHDVRQDEO\�DVVXUHG�WKDW�VRPH
VSHFWDFXODU�FORQHV�ZRXOG�EH�IRUZDUGHG�WR�WKH�QH[W�VWHS�RI�WKH�WHVWLQJ�KLHUDUFK\��ZKHUH�VXFK
FRQILGDQW�VHOHFWLRQ�DQG�FKDUDFWHUL]DWLRQ�ZRXOG�RFFXU�
������������+RZHYHU��%ULWLVK�&ROXPELD�LV�LQ�WKH�YHU\�HDUO\�VWDJHV�RI�FRQVLGHULQJ�DQG�SHUKDSV
DGRSWLQJ�IXOO�FORQDO�IRUHVWU\�IRU�VSHFLHV�XQWLO�QRZ�HLWKHU�VH[XDOO\�SURSDJDWHG��RU�WKDW�KDYH�DW�PRVW
KDG�JRRG�IDPLOLHV�¦EXONHG�XS§�XVLQJ�YHJHWDWLYH�PXOWLSOLFDWLRQ���:H�VXJJHVW�D�GLIIHUHQW�HDUO\�JRDO
DQG�WKXV�PRGLILFDWLRQ�RI�WKH�,8)52�WHVWLQJ�VWUDWHJ\�HDUO\�LQ�HDFK�VSHFLHV©�SURJUDP�
������������:KHQ�RQH�LV�DVVHPEOLQJ�WKH�ILUVW�VHW�RI�FORQHV�WR�EH�GHSOR\HG�LQ�IXOO�FORQDO�IRUHVWU\��WKH
JRDO�RI�127�PDVVLYHO\�GHSOR\LQJ�DQ�HPEDUUDVVLQJ�EHORZ�DYHUDJH�FORQH�SUREDEO\�RXWZHLJKV�WKH
JRDO�RI�GHSOR\LQJ�VSHFWDFXODUO\�RXWVWDQGLQJ�FORQHV���7KH�ILUVW�SXOVH�RI�FORQDO�WHVWV�IRU�LQWHULRU
VSUXFH�LQFOXGHV�RQO\������FORQHV��FDOOHG�¦OLQHV§��D�WHUP�WKDW�XQIRUWXQDWHO\�FDQ�EH�FRQIXVHG�ZLWK
VH[XDOO\�SURSDJDWHG�LQEUHG�OLQHV���7KHVH�ZHUH�LQLWLDOO\�VHOHFWHG�IURP�SURPLVLQJ�DYDLODEOH
IDPLOLHV�EDVHG�RQ�VXFFHVVIXO�6(�SURSDJDELOLW\���(DFK�FORQH�KDV�EHHQ�GHSOR\HG�DV����WR���
UDPHWV��GLVWULEXWHG�RQ���RU���VLWHV�IRU�VHFRQG�URXQG�WHVWLQJ���7KDW�LV�WRR�PDQ\�UDPHWV�IRU�HIILFLHQW
VHFRQG�URXQG�ILHOG�WHVWLQJ�LQ�WKH�,8)52�VFKHPH���%XW�LW�LV�SUHWW\�JRRG�IRU�VHOHFWLRQ�DQG
FKDUDFWHUL]DWLRQ�RI�D�VHW�RI����RU�VR�FORQHV�WKDW�DUH�DOO�OLNHO\�WR�EH�UHDVRQDEO\�DERYH�DYHUDJH�LQ
VLQJOH�WUHH�KHLJKW�JURZWK��ZLWK�D�KLJK�GHJUHH�RI�YDULRXV�NLQGV�RI�ZHHYLO�UHVLVWDQFH���)XUWKHUPRUH�
DQG�SHUKDSV�PRUH�LPSRUWDQW��WKHVH�FORQHV�FDQ�EH�ZHOO�FKDUDFWHUL]HG�DV�WR�RWKHU�DWWULEXWHV�RI�WKHLU
LGHRW\SHV�DV�WKHVH�EHFRPH�DSSDUHQW�
������������7KHQ��LQ�D�IHZ�\HDUV��LI�FOLHQWV�ILQG�IXOO�FORQDO�IRUHVWU\�DWWUDFWLYH��DGGLWLRQDO�SXOVHV�RI
FDQGLGDWH�IDPLOLHV�FDQ�EH�FORQDOO\�WHVWHG�LQ�DFFRUGDQFH�ZLWK�WKH�,8)52�VFKHPH���7KH�RULJLQDO���
RU�VR�FORQHV�FDQ�EH�VORZO\�UHSODFHG�ZLWK�QHZ�FORQHV���7KLV�ZLOO�RFFXU�DV�WKRVH�QHZ�FORQHV�DUH
FRQILGHQWO\�IRXQG�WR�EH�VXIILFLHQWO\�VXSHULRU�WR�WKH�SRRUHU�SHUIRUPLQJ�FORQHV�LQ�WKH�WKHQ�FXUUHQW
GHSOR\PHQW�VHW���,I�WKH�SURPLVH�RI�6(�ZLWK�UHVSHFW�WR�FU\RJHQLF�VWRUDJH�KROGV�XS��WKH�EHVW�IHZ�RI
WKDW�¦ILUVW���§�PD\�EH�FRQWLQXHG�LQ�SURGXFWLRQ�GHSOR\PHQW�DV�LQFUHDVLQJO\�ZHOO�NQRZQ�FORQHV�IRU
FHQWXULHV�RU�HYHQ�PLOOHQQLD�

��������'HYHORSPHQW�RI�'HSOR\PHQW�6HWV

������������$�VSRUWV�DQDORJ\�LV�SHUKDSV�XVHIXO�LQ�GLVFXVVLQJ�WKH�GHYHORSPHQW�DQG�FRQWLQXDWLRQ�RI�WKH
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GHSOR\PHQW�VHW�LQ�FORQDO�IRUHVWU\���8VXDOO\��ZKHQ�D�QHZ�VSRUW�LV�LQYHQWHG��WKH�ILUVW�SHRSOH�ZKR
SOD\�LW�VHULRXVO\�DUHQ©W�YHU\�JRRG�E\�ODWHU�VWDQGDUGV�RI�SHUIRUPDQFH���%XW�WKH\�DUH�WKH�EHVW�WKHQ
DYDLODEOH���$V�\RXQJHU�SOD\HUV�ZLWK�EHWWHU�WUDLQLQJ�DQG�ORQJHU�H[SHULHQFH�FRPH�XS��WKH�RULJLQDO
¦ILUVW�WHDP§�LV�VRRQ�ODUJHO\�UHSODFHG�E\�WKHP���/DWHU��DV�WKH�VSRUW�EHFRPHV�ZHOO�HVWDEOLVKHG��WKHUH
LV�VWLOO�D�WXUQRYHU�LQ�WKH�ILUVW�WHDP���7KLV�LV�SDUWO\�EHFDXVH�WKH�SOD\HUV�DJH��D�SUREOHP�ZH�KRSH�6(
ZLOO�VROYH�IRU�WUHHV�E\�NHHSLQJ�H[FHOOHQW�FORQHV�LQ�D�MXYHQLOH�PDWXUDWLRQ�VWDWH�WKURXJK
FU\RVWRUDJH���,W�LV�DOVR�EHFDXVH�WKH�RSSRVLWLRQ�OHDUQV�WKH�ZHDNQHVVHV�RI�WKH�YHWHUDQ�SOD\HUV
�DQDORJRXV�WR�LQVHFWV�RU�GLVHDVHV�DGDSWLQJ�WR�D�SUHYLRXVO\�UHVLVWDQW�FORQH����%XW�HYHQ�VR��PRVW
VSRUWV�PDQDJHUV�ZLOO�SOD\�D�YHWHUDQ�ZKRVH�VNLOOV�DUH�NQRZQ�DQG�UHOLDEOH��UDWKHU�WKDQ�D�SRWHQWLDOO\
EHWWHU�EXW�QRW�IXOO\�XQGHUVWRRG�URRNLH���7KLV�PHDQV�D�QHZ�FORQH�PXVW�EH�VXEVWDQWLDOO\�EHWWHU�WKDQ
WKH�FORQH�LW�UHSODFHV��EHFDXVH�RI�WKH�YDOXH�ZHOO�NQRZQ�FORQHV�ZLOO�KDYH�WR�PDQDJHPHQW�
������������,PSRUWDQW�TXHVWLRQV�WR�EH�DGGUHVVHG�ZKHQ�GHYHORSLQJ�WKH�VHW�RI�FORQHV�WR�EH�GHSOR\HG
DUH���+RZ�PDQ\�FORQHV�SHU�¦UHJLRQ§"��+RZ�PDQ\�NLQGV�RI�FORQHV"��7R�ZKLFK�VLWHV�VKRXOG�HDFK
FORQH�EH�GHSOR\HG"

�����D���+RZ�0DQ\�&ORQHV�3HU�5HJLRQ"

������������(FRQRPLHV�RI�VFDOH�GXULQJ�SURGXFWLRQ��WKH�JHQHWLF�JDLQV�DFKLHYHG�E\�XVLQJ�RQO\�WKH�YHU\
EHVW�FORQHV��DQG�PDQDJHPHQW�FRPSUHKHQVLRQ�RI�WKH�DWWULEXWHV�RI�HDFK�FORQH��DOO�DUJXH�IRU�VPDOO
QXPEHUV���$OWKRXJK�GLYHUVLW\�FRQVLGHUDWLRQV�ZRXOG�VHHP�WR�DUJXH�IRU�ODUJH�QXPEHUV��D�FRQVLVWHQW
DQG�FRQYLQFLQJ�FDVH�FDQ�EH�PDGH�WKDW�GLYHUVLW\�FRQFHUQV�DUH�ZHOO�VHUYHG�E\�¦HIIHFWLYH�QXPEHUV§
LQ�WKH���WR����UDQJH��/LEE\������������������DQG�UHIHUHQFHV�WKHUHLQ����,I�YHJHWDWLYH
PXOWLSOLFDWLRQ�LV�XVHG��WKH�GLYHUVLW\�FDOFXODWLRQV�PXVW�EH�GRQH�RQ�WKH�QXPEHU�RI�WKH�IDPLOLHV��WKH
NLQGV�RI�IDPLOLHV��L�H���VHOIHG��IXOO�VLE��KDOI�VLE�RU�RSHQ�SROOLQDWHG��WKH�UHODWHGQHVV�RI�WKH�IDPLOLHV
WR�HDFK�RWKHU��DQG�WKH�DSSUR[LPDWH�FORQDO�FRPSRVLWLRQ�RI�WKH�GHSOR\HG�VHW�IURP�HDFK�IDPLO\�
$OWKRXJK�DV�IHZ�DV���XQUHODWHG�FORQHV�FDQ�EH�MXVWLILHG�LQ�D�UHJLRQ��PDQ\�SURIHVVLRQDOV�DUH
VHWWOLQJ�IRU�¦ILUVW�WHDP§�QXPEHUV�QHDUHU�WR�����ZLWK�SHUKDSV����WR����RI�WKHP�EHLQJ�GHSOR\HG�LQ
DQ\�JLYHQ�\HDU��7KHVH�QXPEHUV�FRUUHVSRQG�ZHOO�ZLWK�JXLGHOLQHV�DOUHDG\�GHYHORSHG�IRU�%&
�$QRQ��������

�����E���+RZ�0DQ\�.LQGV�RI�&ORQHV"

������������0DQDJHUV�ZLOO�SUREDEO\�ZDQW�D�YDULHW\�RI�FORQHV�RI�DQ\�JLYHQ�VSHFLHV���6RPH�FORQHV�PD\
EH�DEOH�WR�EHWWHU�KDQGOH�VSHFLILF�NLQGV�RI�VLWHV�ZLWKLQ�WKH�UHJLRQ��IURVW�SRFNHWV��KLJK�ZHHYLO�ULVN
DUHDV��SDUWLFXODU�VRLOV����2WKHUV�PD\�EH�FKRVHQ�EHFDXVH�WKH\�H[KLELW�GLIIHUHQW�VROXWLRQV�WR�WKH
VDPH�SUREOHP��IRU�H[DPSOH��GLIIHUHQW�PHFKDQLVPV�RI�ZHHYLO�UHVLVWDQFH����2WKHUV�PD\�VHUYH
GLIIHUHQW�PDUNHWV��RU�EH�GHSOR\HG�WR�JXDUG�DJDLQVW�WKH�ULVN�RI�PDUNHW�FKDQJHV��SHUKDSV�VRPH�ZLWK
KLJK�GHQVLW\�ZRRG�DQG�RWKHUV�ZLWK�ORZ�GHQVLW\�ZRRG����$V�WKH�QXPEHU�RI�NLQGV�RI�FORQHV�RQH
GHVLUHV�LQ�D�UHJLRQ©V�GHSOR\PHQW�VHW�JRHV�XS��VR�GRHV�WKH�QXPEHU�RQH�PDLQWDLQV�RQ�WKH�UHJLRQ©V
¦ILUVW�WHDP§�

�����F���7R�:KLFK�6LWHV�6KRXOG�(DFK�&ORQH�%H�'HSOR\HG"

������������,Q�PDQ\�FDVHV��WKH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�SUHWW\�REYLRXV���)RU�H[DPSOH��RQH�RI�D
UHJLRQ©V�ILUVW�WHDP�FORQHV�PD\�RQO\�KDYH�PDUJLQDOO\�DERYH�DYHUDJH�JURZWK�DQG�IRUP��EXW�LW
H[KLELWV�H[FHOOHQW�ZHHYLO�UHVLVWDQFH���7KDW�FORQH�VKRXOG�RQO\�EH�GHSOR\HG�WR�VLWHV�LQ�LWV�UHJLRQ
ZLWK�KLJK�ZHHYLO�ULVN�
������������6HHG�WUDQVIHU�UXOHV�SURYLGH�ILUVW�DSSUR[LPDWLRQ�JXLGHOLQHV�IRU�KRZ�IDU�IURP�LWV�RULJLQ�D
FORQH�FDQ�EH�GHSOR\HG���%XW�WHVWLQJ�DQG�H[SHULHQFH�ZLOO�VRRQ�VKRZ�WKDW�VRPH�FORQHV�FDQ�EH
GHSOR\HG�RYHU�D�PXFK�ZLGHU�UDQJH�RI�VLWHV��ZKLOH�RWKHUV�DUH�PXFK�PRUH�UHVWULFWHG���7KLV�FRPHV
XQGHU�WKH�JHQHUDO�WRSLF�RI�JHQRW\SH�E\�HQYLURQPHQW�LQWHUDFWLRQ��*[(����$EXQGDQW�H[SHULHQFH
VKRZV�WKDW��ZKLOH�UHVHDUFK�RIWHQ�UHSRUWV�D�*[(�YDOXH�IRU�D�VSHFLHV�RU�SRSXODWLRQ��VSHFLILF
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LQWHUDFWLRQV�YDU\�HQRUPRXVO\�DPRQJ�IDPLOLHV�DQG�DPRQJ�FORQHV�ZLWKLQ�IDPLOLHV�
������������,W�LV�VRPHWLPHV�WKRXJKW�WKDW�FORQHV�DUH�KLJKO\�LQWHUDFWLYH�EXW�VHHGOLQJV�DUH�QRW���7KLV
VHHPV�WR�EH�QRQVHQVH���&ORQHV�FDQ�EH�VKRZQ�WR�EH�KLJKO\�LQWHUDFWLYH��RU�QRW���ZKLOH�VHHGOLQJV�FDQ
EH�SODQWHG�DQG�JURZQ�LQ�RQO\�RQH�SODFH��ZKHUH�VRPH�VHHGOLQJV�ZLWK�VWURQJ�*[(�E\�FKDQFH�HQG�LQ
SODFHV�ZKHUH�WKH\�DUH�KLJKO\�DGDSWHG��DQG�RWKHUV�E\�FKDQFH�HQG�LQ�SODFHV�ZKHUH�WKH\�DUH�SRRUO\
DGDSWHG����%UXFH�=REHO�PDLQWDLQV�WKDW�DERXW�KDOI�WKH�VHFRQG�JHQHUDWLRQ�JDLQ�LQ�WKH�$UDFUX]
HXFDO\SW�FORQDO�SURJUDP�ZDV�REWDLQHG�E\�LGHQWLI\LQJ�DQG�HOLPLQDWLQJ�WKH�FORQHV�WKDW�H[KLELWHG
VWURQJ�*[(�LQWHUDFWLRQV��ZKLOH�VH[XDO�SURSDJDWLRQ�RI�FRXUVH�FRQWLQXHV�WR�VHJUHJDWH�LQWHUDFWLYH
VHHGOLQJV��DQG�WKRVH�SODQWHG�E\�FKDQFH�RQ�WKHLU�GRZQVLGH�LQWHUDFWLYH�VLWHV�KROG�GRZQ�RYHUDOO
VHHGOLQJ�SHUIRUPDQFH�
������������7ZR�GHFDGHV�DJR��D�FRPPRQ�VWUDWHJ\�ZDV�WR�DWWHPSW�WR�NQRZ�HQRXJK�DERXW�KLJKO\�
LQWHUDFWLYH�¦SULPD�GRQQD§�FORQHV�WR�GHSOR\�WKHP�WR�WKH�VLWHV�ZKHUH�WKHLU�SHUIRUPDQFH�ZDV
H[FHOOHQW��DQG�NHHS�WKHP�RII�VLWHV�ZKHUH�WKHLU�SHUIRUPDQFH�FROODSVHG���+RZHYHU��DV�FRQFHUQV
DERXW�FOLPDWH�FKDQJH�JDLQHG�FUHGHQFH��LW�EHFDPH�SODXVLEOH�WKDW�HQYLURQPHQWV�ZRXOG�FKDQJH
HQRXJK�ZLWKLQ�WKH�URWDWLRQ�SHULRG�RI�D�SODQWDWLRQ�WR�PDNH�SODQWLQJ�FOLPDWH�VHQVLWLYH�LQWHUDFWLYH
FORQHV�D�SRRU�RSWLRQ�
������������7KH�FKDUDFWHUL]DWLRQ�RI�D�FORQH©V�*[(�VHQVLWLYLW\�LV�JHQHUDOO\�GRQH�DW�WKH�WKLUG
�SURGXFWLYLW\�WHVWLQJ��OHYHO�RI�WKH�,8)52�WHVWLQJ�VFKHPH���+RZHYHU��VHH�������EHORZ�

��������0DQDJHPHQW�)HHGEDFN�

������������,W�LV�FUXFLDO�WKDW�FOLHQW�PDQDJHPHQW�EH�LQYROYHG�LQ�WKH�WHVWLQJ�DQG�VXEVHTXHQW�GHSOR\PHQW
RI�FORQHV���7KH�PDMRULW\�RI�WKLV��RQFH�WKH�ILUVW�WHDP�FORQHV�KDYH�EHHQ�FKRVHQ��ZLOO�SUREDEO\�EH
LQIRUPDO��JLYHQ�WKDW�D�0206��0RVDLFV�2I�0RQRFORQDO�6WDQGV��UDWKHU�WKDQ�D�:,03V
�:LGHVSUHDG�,QWLPDWHO\�0L[HG�3ODQWDWLRQV��GHSOR\PHQW�LV�XVHG���5HJLRQDO�WHFKQLFDO�DQG
SURIHVVLRQDO�VWDII�ZLOO�TXLFNO\�EHFRPH�IDPLOLDU�ZLWK�WKH�SHUIRUPDQFHV�RI�WKH�GHSOR\HG�FORQHV�LQ
WKH�0206�FRQILJXUDWLRQ���,I�D�:,03V�FRQILJXUDWLRQ�LV�XVHG��WKHQ�VRPH�DUHDV�ZLOO�KDYH�WR�EH
GHVLJQDWHG�DV�WHVW�DUHDV��ZLWK�PDQ\�UDPHWV�RI�HDFK�RI�WKH�FORQHV�LQGLYLGXDOO\�ODEHOHG�DQG
PRQLWRUHG�ZLWKLQ�WKH�PL[WXUHV���,Q�HLWKHU�FDVH��PDQDJHPHQW�SHUVRQQHO�ZLOO�VRRQ�KDYH�D�EDVLV
ERWK�IRU�RUGHULQJ�FORQHV�DQG�IRU�GHSOR\LQJ�WKRVH�FORQHV�WKDW�DUH�ZRUNLQJ�ZHOO�IRU�WKHP���7KHLU
IHHGEDFN�WR�WKH�SURGXFHUV��ZKLFK�PLJKW�WDNH�WKH�IRUP�RI�PHHWLQJV�RU�TXHVWLRQQDLUHV�EXW�LV
HIIHFWLYHO\�GRQH�WKURXJK�WKH�UHRUGHU��RU�QRW��SURFHVV��ZLOO�JXLGH�WKH�SURGXFHUV�LQ�ILQH�WXQLQJ�WKHLU
RIIHUHG�¦ILUVW�WHDP§�IRU�HDFK�UHJLRQ�
�������������3OHDVH�QRWH�WKDW�PL[HG�VSHFLHV�SODQWDWLRQV��RIWHQ�GHVLUHG�RU�PDQGDWHG�LQ�%ULWLVK
&ROXPELD��PLJKW�XVH�RQO\�RQH�FORQH�IRU�RQH�RU�PRUH�RI�WKH�VSHFLHV�LQ�WKH�PL[WXUH�LQ�D�SDUWLFXODU
SODQWDWLRQ�FRPSDUWPHQW���7KLV�QRW�RQO\�FDQ�PDWFK�FRPSDWLEOH�FORQHV�RI�WKH�GLIIHUHQW�VSHFLHV��EXW
LW�UHWDLQV�PDQ\�RI�WKH�0206�DGYDQWDJHV�ZLWKLQ�HDFK�RI�WKH�VSHFLHV�SUHVHQW�DV�RQO\�RQH�FORQH�SHU
FRPSDUWPHQW��

�����([SHULHQFH�(OVHZKHUH

������������6RPH�IUXLW�WUHH�VSHFLHV�KDYH�EHHQ�FORQDOO\�SURSDJDWHG�IRU�ZHOO�RYHU�D�PLOOHQQLXP���$
IRUHVW�FRQLIHU��&KLQHVH�ILU��KDV�EHHQ�FORQDOO\�SURSDJDWHG�IRU�RYHU�����\HDUV�LQ�+XEHL�DQG�QHDUE\
SURYLQFHV�RI�&KLQD���)XOO�FORQDO�IRUHVWU\�VHHPV�WR�KDYH�EHJXQ�LQ�-DSDQ�ZLWK�&U\SWRPHULD�DERXW��
FHQWXULHV�DJR��2KED���������,Q�WKH�SDVW�WKUHH�FHQWXULHV��PDQ\�VSHFLHV�RI�ERWK�IRUHVW�DQG�XUEDQ
WUHHV�KDYH�EHHQ�FORQDOO\�SURSDJDWHG�DV�HLWKHU�WKH�H[FOXVLYH�RU�DQ�LPSRUWDQW�PHDQV�RI�WKHLU
UHSURGXFWLRQ�DQG�GHSOR\PHQW��$KXMD�DQG�/LEE\�����E����:H�WKXV�KDYH�DEXQGDQW�H[DPSOHV�WR
GUDZ�XSRQ�DQG�OHDUQ�IURP�
������������2XU�H[SHULHQFH�ZLWK�6(�LV�D�PXFK�GLIIHUHQW�VWRU\���$OWKRXJK�WKH�WHFKQLTXH�LV�DERXW���
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\HDUV�ROG��DQG�PXFK�HIIRUW�KDV�JRQH�LQWR�LWV�GHYHORSPHQW�LQ�WKH�SDVW����\HDUV��WKXV�IDU�QR�VSHFLHV
LV�H[WHQVLYHO\�SURSDJDWHG�E\�PHDQV�RI�VRPDWLF�HPEU\RV��*URVVQLFNOH��&\U�	�3RORQHQNR�������
,W�DSSHDUV�WKDW�LQWHULRU�VSUXFH��LQ�%ULWLVK�&ROXPELD��PD\�EH�WKH�PRVW�DGYDQFHG�VSHFLHV�RQ�(DUWK
LQ�WKLV�UHJDUG���7KXV��PDQ\�SHRSOH�ZLOO�OHDUQ�IURP�WKLV�%ULWLVK�&ROXPELD�SURJUDP��EXW�LW�KDV�OLWWOH
H[SHULHQFH�HOVHZKHUH�WR�GUDZ�RQ���)RU�WKLV�UHDVRQ��WKH�ILUVW�VWHSV�LQ�FHUWLI\LQJ�WKH�HPEOLQJ
SURSDJXOH�W\SH�IRU�ZLGHVSUHDG�GHSOR\PHQW�VKRXOG�EH�ERWK�FDXWLRXV�DQG�FDUHIXO�

��������������&855(17�67$786�2)�620$7,&�(0%5<2*(1(6,6�,1�%&

�����$FFHVV�WR�,PSURYHG�)DPLOLHV�DQG�6SHFLILF�*HQRW\SHV

������������7KH�LQGLYLGXDO�SODQWV�FKRVHQ�IRU�FORQDO�SURSDJDWLRQ�FDQ�YDU\�DFURVV�D�ZLGH�UDQJH�RI
JHQHWLF�NQRZOHGJH�DQG�YDOXH��IURP�FRPSOHWHO\�UDQGRP�ZLWKLQ�WKH�VSHFLHV��WKURXJK�UDQGRP
SODQWV�RI�NQRZQ�DQG�DSSURSULDWH�SURYHQDQFH��WKURXJK�UDQGRP�PHPEHUV�RI�RSHQ�SROOLQDWHG
IDPLOLHV�DYDLODEOH�IURP�WKH�ZLOG�RU�LQ�VHHG�RUFKDUGV��WKURXJK�UDQGRP�PHPEHUV�RI�IDPLOLHV
SURGXFHG�DV�SUHVFULEHG�FURVVHV�RI�SURJHQ\�WHVWHG�SDUHQWV�ZLWK�GHVLUHG�FRPELQDWLRQV�RI�EUHHGLQJ
YDOXHV��WKURXJK�HDUO\�WHVWHG�SURPLVLQJ�FORQHV�GUDZQ�IURP�DQ\�RI�WKH�SUHFHGLQJ�VRXUFHV��WR
WKRURXJKO\�WHVWHG�ZHOO�FKDUDFWHUL]HG�FORQHV�WKDW�DUH�DPRQJ�WKH�YHU\�EHVW�WKHQ�NQRZQ�DQG
DYDLODEOH��VHH������E�DQG��������DERYH��WKLV�UHSRUW����7KH�IXUWKHU�RQH�SURFHHGV�WKURXJK�WKHVH
RSWLRQV��WKH�ORQJHU�LW�WDNHV��WKH�PRUH�LW�FRVWV��DQG�WKH�KLJKHU�WKH�YDOXHV�FDSWXUHG�E\�FORQLQJ�
������������&RPSDUHG�WR�PDQ\�RWKHU�UHJLRQV�DQG�SURJUDPV��%ULWLVK�&ROXPELD�LV�LQ�D�IDYRUDEOH
SRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�5	'�DOUHDG\�DFFRPSOLVKHG�LQ�GHYHORSLQJ�JHQHWLF�NQRZOHGJH�DERXW
PDQ\�IRUHVW�WUHH�VSHFLHV�RI�LQWHUHVW���)RU�VRPH�VSHFLHV��WKLV�SURFHVV�LV�ZHOO�DGYDQFHG��IRU�RWKHUV
OHVV�VR��VHH�/HVWHU������DQG�VHFWLRQ�����LQ�WKLV�UHSRUW����$V�LQ�PDQ\�RWKHU�SDUWV�RI�(DUWK��WKH
KLVWRU\�RI�RUJDQL]LQJ�DQG�IXQGLQJ�WKLV�5	'�LQ�%ULWLVK�&ROXPELD�ZDV�GULYHQ�E\�UHVRXUFH
VWHZDUGVKLS�DQG�ORQJ�WHUP�HFRQRPLFV��ZLWK�D�JRDO�RI�LQFUHDVLQJ�WKH�KHDOWK�DQG�YDOXH�RI�IXWXUH
%ULWLVK�&ROXPELD�IRUHVWV���7KH�IXQGLQJ�SUHGRPLQDQWO\�KDV�EHHQ�SXEOLF�
������������$V�HOVHZKHUH��WKH�%ULWLVK�&ROXPELD�ILVFDO�HQYLURQPHQW�KDV�EHHQ�FKDQJLQJ�WR�RQH�RI
VKRUWHU�WHUP�DFFRXQWDELOLW\���6RPH�RI�WKH�LVVXHV�UDLVHG�E\�WKLV�DQG�RWKHU�SROLF\�FKDQJHV�ZLOO�EH
DGGUHVVHG�EULHIO\�LQ�WKLV�VHFWLRQ�DQG�WKH�IROORZLQJ�����VHFWLRQ��DQG�PRUH�EURDGO\�LQ�VHFWLRQV��
DQG�����:KLOH�ZH�ZHUH�QRW�FRPPLVVLRQHG�WR�FRPPHQW�RQ�IRUHVW�SROLF\�LQ�%ULWLVK�&ROXPELD��ZH
FDQ©W�HVFDSH�VRPH�RI�LWV�LPSRUWDQW�LPSOLFDWLRQV�
������������$PRQJ�RI�WKH�PRVW�LPSRUWDQW�DQG�WURXEOLQJ�RI�WKH�LVVXHV�ZH�HQFRXQWHUHG�DUH�DFFHVV�WR
FXUUHQWO\�DYDLODEOH�LPSURYHG�IDPLOLHV�DQG�JHQRW\SHV��DQG�WKH�FRQWLQXHG�SURGXFWLRQ�DQG
GHSOR\PHQW�RI�QHZ�DQG�EHWWHU�IDPLOLHV�DQG�JHQRW\SHV�
������������6LQFH�WKH�PLG�����V��WKH�5HVHDUFK�%UDQFK�RI�WKH�%&�0LQLVWU\�RI�)RUHVWU\�KDV�EHHQ�WKH
PDMRU�SOD\HU�LQ�GHYHORSLQJ�ERWK�WHFKQLFDO�NQRZOHGJH�DQG�JHQHWLFDOO\�LPSURYHG�ELRORJLFDO
PDWHULDO��ZLWK�VXEVWDQWLDO�FRQWULEXWLRQV�IURP�)RUHVWU\�&DQDGD��XQLYHUVLWLHV�DQG�VHYHUDO�SULYDWH
FRPSDQLHV��IXQFWLRQLQJ�LQGHSHQGHQWO\�DQG�RU�FRRSHUDWLYHO\���,W�LV�RXU�RSLQLRQ�WKDW�OHDGHUVKLS�E\
WKH�02)�DQG�FRRSHUDWLRQ�ZLWK�DQG�DPRQJ�RWKHU�RUJDQL]DWLRQV�LV�WKH�DSSURSULDWH�ZD\�WR�DFKLHYH
FRQWLQXHG�LGHQWLILFDWLRQ�RI�EHWWHU�IDPLOLHV�DQG�JHQRW\SHV���7KRVH�IDPLOLHV�DQG�JHQRW\SHV�DUH�WKH
IXWXUH�RI�%ULWLVK�&ROXPELD©V�SODQWHG�IRUHVWV��SDUWLFXODUO\�WKRVH�RQ�EHWWHU�VLWHV��WKDW�DUH�WR�EH
PDQDJHG�IRU�WLPEHU�DV�ZHOO�DV�IRU�RWKHU�YDOXHV�
������������7R�EH�FOHDU��ZH�WKLQN�LW�QHLWKHU�QHFHVVDU\�QRU�ZLVH�IRU�RUJDQL]DWLRQV�SURYLGLQJ�GHOLYHU\
PHFKDQLVPV��VXFK�DV�6(��WR�EH�UHTXLUHG�WR�WDNH�SULPDU\�UHVSRQVLELOLW\�IRU�GHYHORSLQJ�DQG�ODWHU
ILQH�WXQLQJ�WKH�JHQHWLF�PDWHULDO�WR�EH�GHOLYHUHG���:KLOH�SXEOLF�RUJDQL]DWLRQV�DUH�OHVV�VWDEOH�DQG
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OHVV�FRPPLWWHG�WKDQ�WKH\�RQFH�ZHUH��LQVWDELOLW\�LQ�%&�LQGXVWU\�KDV�EHHQ�LQ�HYLGHQFH�IRU�DW�OHDVW
WKH�ODVW����\HDUV�DQG�GRHV�QRW�VHHP�WR�EH�GHFUHDVLQJ���'HVSLWH�FULWLFLVP��VRPH�MXVWLILHG��RI�WKH
02)�SURJUDP��02)�VKRXOG�EH�HQFRXUDJHG�WR�PDLQWDLQ�LWV�UROH�LQ�EUHHGLQJ��VHOHFWLRQ��DQG
WHVWLQJ�
������������6XUHO\�ZKHQ�WKH�IRUHVW�JHQHWLF�H[SHULPHQWV��VHHG�RUFKDUGV��SURJHQ\�WHVWV�DQG�WULDOV��DQG
DQDO\VHV�RI�GDWD�WKHUHIURP�ZHUH�HVWDEOLVKHG�DQG�H[HFXWHG�GXULQJ�WKH�����V�����V��WKH�LQWHQW�ZDV
WR�EURDGO\�EHQHILW�WKH�IRUHVWV�DQG�WKH�ORQJ�WHUP�HFRQRP\�RI�%ULWLVK�&ROXPELD���*HQHWLF
NQRZOHGJH�DQG�PDWHULDOV�WKXV�SURGXFHG�ZHUH�IUHHO\�DYDLODEOH�WR�ZKDWHYHU�RUJDQL]DWLRQV�FRXOG
HIIHFWLYHO\�GHOLYHU�WKHP�WR�WKH�IRUHVWV���%XW�WKH�FRQFHSW�RI�LQWHOOHFWXDO�SURSHUW\�DUULYHG�DQG�ZDV
HPEUDFHG���8QGHU�WKLV�FRQFHSW��WKRVH�ZKR�GHYHORS�NQRZOHGJH�RI�JHQRW\SH�RU�WHFKQLTXH�VKRXOG
EH�DEOH�WR�ILQDQFLDOO\�EHQHILW�IURP�LW�DQG�HYHQ�FRQWURO�LW���7KH�LQFUHDVLQJO\�LPSRUWDQW�FRQFHSW�RI
ILVFDO�DFFRXQWDELOLW\�FDQ�OHDG�WR�WKH�UHTXLUHPHQW�WKDW�WHFKQLTXHV�DQG�JHQRW\SHV�GHYHORSHG�ZLWK
SXEOLF�IXQGV�VKRXOG�UHWXUQ�GROODUV�WR�WKH�SXEOLF�RUJDQL]DWLRQ�WKDW�FUHDWHG�WKHP��DQG�WKH\�VXUHO\
VKRXOG�QRW�EH�IUHHO\�JLYHQ�DZD\�IRU�SULYDWH�SURILW���$V�WKH�SODQWLQJ�VWRFN�EXVLQHVV�LV�SULYDWL]HG�
SURGXFHUV�RU�FOLHQWV�FRXOG�GHYHORS�SURSULHWDU\�DGYDQWDJHV�WKURXJK�H[FOXVLYH�DFFHVV�WR�JHQHWLF
UHVRXUFHV�WKDW�ZHUH�LGHQWLILHG�ZKROO\�RU�LQ�SDUW�ZLWK�SXEOLF�IXQGLQJ���7KHUH�DUH�RWKHU�LVVXHV�RI
IDLUQHVV��IRU�H[DPSOH�WKDW�RUJDQL]DWLRQV�FRQWULEXWLQJ�WHFKQLFDO�RU�JHQRW\SLF�YDOXH�PD\�QRW�EH
DSSURSULDWHO\�DFNQRZOHGJHG�
������������7KHVH�DUH�GLIILFXOW�LVVXHV���:H�KDYH�SUREDEO\�QRW�UDLVHG�DOO�RI�WKHP��DQG�VXUHO\�FDQ©W
SUHVXPH�WR�UHVROYH�WKHP���:H�GR�RIIHU�VRPH�VXJJHVWLRQV�
������������:H�VXJJHVW�WKDW�WKH�%&�JHQHWLF�ZRUWK�UDWLQJ�V\VWHP�FRQWLQXH�WR�EH�GHYHORSHG���,W�FRXOG
EH�XVHG�DV�D�EDVLV�IRU�YDOXLQJ�JHQHWLF�PDWHULDO�DFFHVVHG�IRU�WHVWLQJ�DQG�GHSOR\PHQW��DQG
SDUWLFXODUO\�DV�D�EDVLV�IRU�OLFHQVLQJ��UR\DOW\�SD\PHQWV�DQG�RU�VLPLODU�PHWKRGV�RI�VKDULQJ�UHWXUQV
DPRQJ�WKRVH�ZKR�VHOHFWHG��SURSDJDWHG��WHVWHG�DQG�FKDUDFWHUL]HG�YDOXDEOH�IDPLOLHV�DQG�FORQHV�
������������:H�IXUWKHU�VXJJHVW�WKDW�YDULRXV�RSWLRQV�RI�SDUWQHUVKLSV��OLFHQVLQJ��UR\DOWLHV�DQG�RU
FRQWUDFW�SD\�IRU�VHUYLFHV�PLJKW�EH�DSSURSULDWH�WR�IDFLOLWDWH�WKH�PRYHPHQW�RI�EHWWHU�WUHHV�IURP
UHVHDUFK�WR�WKH�IRUHVW���,Q�NLQG�FRQWULEXWLRQV�IURP�LQGXVWU\�DQG�JRYHUQPHQW�IRUHVWV��L�H���FOLHQWV�
GXULQJ�WKH�ODWHU�WHVWLQJ�DQG�FKDUDFWHUL]DWLRQ�RI�GHSOR\HG�FORQHV�VKRXOG�DOVR�EH�DSSURSULDWHO\
HQFRXUDJHG�DQG�UHFRJQL]HG�

������0DVV�3URGXFWLRQ�RI�(PEOLQJV

������������7KH�DELOLW\�WR�UHOLDEO\�DQG�FRVW�HIIHFWLYHO\�PDVV�SURGXFH�HPEOLQJV�PD\�DUULYH�EHIRUH
HLWKHU�%ULWLVK�&ROXPELD�UHJXODWLRQV�RU�DQ�DSSURSULDWHO\�FDXWLRXV�DSSURDFK�WR�WKHLU�GHSOR\PHQW�E\
FOLHQWV�ZLOO�DOORZ�LW�WR�EH�IXOO\�LPSOHPHQWHG���%RWK�RI�WKH�PDMRU�6(�SURGXFHUV�LQ�%ULWLVK
&ROXPELD�KDYH�GHPRQVWUDWHG�WR�XV�VRPH�UHPDUNDEOH�DGYDQFHV�LQ�WKH�PDVV�SURGXFWLRQ�RI
HPEOLQJV���7KHUH�DUH��KRZHYHU��VRPH�FRPSRQHQWV�RI�WKH�SURFHVV�WKDW�QHHG�IXUWKHU�VFUXWLQ\�EHIRUH
ZH�FDQ�XQUHVHUYHGO\�UHFRPPHQG�WKDW�HPEOLQJ�PDVV�SURGXFWLRQ�SURFHHG�
������������,W�LV�HDV\�WR�UHFRPPHQG�SDWLHQFH��DQG�D�SKDVHG�VFDOLQJ�XS�DV�WKH�WHFKQRORJ\�LV�ILQH�WXQHG
DQG�FRQILGHQFH�LQ�LW�LV�GHYHORSHG���7KH�UHDOLWLHV�RI�FDVK�IORZ�VXJJHVW�WKDW��XQWLO�FRPPHUFLDO�OHYHOV
RI�HPEOLQJV�FDQ�EH�UHVSRQVLEO\�GHSOR\HG��HDFK�6(�SURGXFLQJ�RUJDQL]DWLRQ�QHHGV�WR�VHFXUH�VRPH
VRUW�RI�EULGJLQJ�IXQGLQJ���7KLV�FDQ�EH�DFFRPSOLVKHG�ZLWK�WKH�RUJDQL]DWLRQ©V�LQWHUQDO�IXQGV��RU
SHUKDSV�ZLWK�VSRQVRUVKLS�RU�SDUWQHUVKLS�LQYROYLQJ�RWKHU�SOD\HUV���,Q�WKH�IRUHVHHDEOH�IXWXUH��WKLV
DZNZDUG�SKDVH�RI�EULGJLQJ�ILQDQFLQJ�ZLOO�SUREDEO\�FKDUDFWHUL]H�WKH�DUULYDO�RI�6(�IRU�HDFK�QHZ
VSHFLHV�RU�JHQXV��DV�WKH����\HDUV�QHHGHG�WR�ILUVW�GHYHORS�TXDOLW\�HPEOLQJ�SODQWLQJ�VWRFN�DQG�WKHQ
WR�WHVW�HPEOLQJ�SHUIRUPDQFH�LV�HQGXUHG���,I�IXOO�FORQDO�IRUHVWU\�LV�FKRVHQ��WKLV�ILQDQFLDOO\
DZNZDUG�EULGJLQJ�SHULRG�ZLOO�VWUHWFK�WR�RYHU����\HDUV�LQ�HDFK�UHJLRQ��ZKLOH�FDQGLGDWH�FORQHV
XQGHUJR�ILHOG�WHVWLQJ�
������������&RVW�DQG�SULFH�DUH�LPSRUWDQW�LVVXHV�IRU�FOLHQWV�DQG�SURGXFHUV�DOLNH���&RVW�LV�LQIOXHQFHG�E\



��

HFRQRPLHV�RI�VFDOH��DQG�E\�SURSDJDELOLW\�RI�WKH�FORQHV�EHLQJ�SURGXFHG���,I�DOO�FORQHV�KDYH�VLPLODU
SURSDJDELOLW\��WKHQ�WKH�QXPEHUV�RI�FORQHV�WR�EH�GHSOR\HG�LQ�HDFK�UHJLRQ��VHW�E\�VRPH
FRPELQDWLRQ�RI�UHJXODWLRQ�DQG�FOLHQW�GHPDQG��ZLOO�LQIOXHQFH�HFRQRPLHV�RI�VFDOH���:H�ZHUH
DVVXUHG�WKDW�WKH�SHUFHQWDJHV�RI�UDPHWV�LQ�FORQHV�VXFFHVVIXOO\�SURSDJDWHG�E\�6(�WKDW�ZLOO�GHYHORS
DV�TXDOLW\�HPEOLQJV�DUH�QRZ�VLPLODU�WR�SHUFHQWDJHV�RI�VHHGV�WKDW�FDQ�EH�JHUPLQDWHG�DQG
VXFFHVVIXOO\�JURZQ�WR�%&�02)�VSHFLILFDWLRQV�LQ�D�QXUVHU\�DV�VHHGOLQJV��RYHU�����IRU�LQWHULRU
VSUXFH��FXUUHQWO\�OHVV�IRU�RWKHU�VSHFLHV����+RZHYHU��ZH�GR�QRW�KDYH�D�JRRG�VHQVH�RI�WKH�UHODWLYH
SURSDJDELOLW\�RI�FORQHV�VXFFHVVIXO�LQ�6(���)RU�H[DPSOH��LI�LW�WXUQV�RXW�GXULQJ�FORQDO�WHVWLQJ�WKDW
WKH�EHVW�FORQH�LQ�D�IDPLO\�SURSDJDWHV�RQO\�KDOI�DV�ZHOO�DV�WKH�WKLUG�EHVW��WKH�VDPH�HIIRUW�WR
SURGXFH�����������HPEOLQJV�RI�WKH�WKLUG�EHVW�SURGXFHV�RQO\���������HPEOLQJV�RI�WKH�EHVW���WKH
FRQVHTXHQW�UHODWLYH�FRVWV�RI�SURGXFLQJ�WKHP�PD\�GHFLGH�IRU�WKH�WKLUG�EHVW��ZLWK�VRPH�SRVVLEOH
JDLQ�LQ�JHQHWLF�TXDOLW\�RI�WKH�SODQWDWLRQV�IRUHJRQH���([SHULHQFH�ZLOO�JLYH�XV�EHWWHU�GDWD�RQ�WKLV
ODWWHU�LVVXH�

������&U\RJHQLF�6WRUDJH

������������)RU�IXOO�FORQDO�IRUHVWU\��FU\RJHQLF�VWRUDJH�LV�WKH�PRVW�LPSRUWDQW�IHDWXUH�WKDW�LV�RIIHUHG�E\
6(��JLYHQ�WKDW�PDWXUDWLRQ�VWDWH�LV�PDLQWDLQHG�GXULQJ�VWRUDJH�DQG�YDULRXV�DEQRUPDOLWLHV�GRQ©W
GHYHORS�LQ�KLJK�IUHTXHQFLHV���(PEU\RJHQLF�WLVVXHV�RI�VSUXFH�DQG�RWKHU�FRQLIHUV�KDYH�EHHQ
VXFFHVVIXOO\�FU\RVWRUHG�VLQFH�DERXW�������PRVW�PRUH�UHFHQWO\���WKHQ�UHFRYHUHG�DQG�LQGXFHG�WR
IRUP�QRUPDO�SODQWV���6R�IDU��WKH�VLJQV�DUH�JRRG���%XW����\HDUV�LV�WRR�VKRUW�D�VWRUDJH�SHULRG�WR�EH
XVHIXO�IRU�IXOO�FORQDO�IRUHVWU\��DQG�WKRVH�UHFRYHUHG�DSSDUHQWO\�QRUPDO�SODQWV�VWLOO�QHHG�WR�EH
ZDWFKHG�WR�VHH�LI�WKH\�GHYHORS�DQ\�XQSOHDVDQW�VXUSULVHV���7KXV��ZH�QHHG�WR�ZDLW�DQG�KRSH�WKDW�WKH
HDUO\�UHVXOWV�KROG�XS���:H�FDQ�WKLQN�RI�QR�VKRUWFXWV�
������������,I�KLJK�ILGHOLW\�FU\RJHQLF�VWRUDJH�RI�JHQRW\SHV�ZLWK�PDLQWHQDQFH�RI�PDWXUDWLRQ�VWDWH
SURYHV�WR�EH�D�UHDOLW\��WKLV�FRXOG�SURYLGH�D�YDOXDEOH�QLFKH�IRU�6(�HYHQ�LI�FRVW�HIIHFWLYH�PDVV�
SURSDJDWLRQ�IDYRUV�VWHFNOLQJV�RU�SODQWOLQJV�RYHU�HPEOLQJV���,I�WKDW�RFFXUV��WKHQ�WKH�6(�SURGXFWLRQ
IDFLOLWLHV�ZRXOG�EHFRPH�VHUYLFH�SURYLGHUV�WR�WKH�VHJPHQWV�RI�WKHLU��RU�RWKHU��RUJDQL]DWLRQV�WKDW
PDVV�SURGXFH�ILHOG�UHDG\�SODQWOLQJV�RU�VWHFNOLQJV���7KH�FU\RVWRUHG�HPEU\RJHQLF�WLVVXH�ZRXOG�EH
SHULRGLFDOO\�DFFHVVHG�WR�SURGXFH�SXOVHV�RI��SUHVXPDEO\��MXYHQLOH�PDWHULDO�WKDW�ZRXOG�WKHQ�EH
UDSLGO\�PXOWLSOLHG�E\�WLVVXH�FXOWXUH��RU�WKDW�ZRXOG�EHFRPH�VHULDOO\�SURSDJDWHG�RU�KHGJHG�FXWWLQJ
GRQRUV�

������3URGXFWLRQ�RI�3ODQWLQJ�6WRFN
������������,QDGHTXDWH�SODQWLQJ�VWRFN�TXDOLW\�ZDV�D�SUREOHP�HDUO\�LQ�WKH�GHYHORSPHQW�RI�LQWHULRU
VSUXFH�HPEOLQJV��DQG�LW�ZLOO�SUREDEO\�EH�D�VLPLODU�HDUO\�SUREOHP�DV�HDFK�VSHFLHV©�SURGXFWLRQ�E\
6(�LV�GHYHORSHG���:H�WKLQN�WKH�SURGXFHUV�DUH�QRZ�IXOO\�DZDUH�RI�WKH�QHJDWLYH�LPSDFW�RI
PDUNHWLQJ�SODQWLQJ�VWRFN�RI�SRRU�TXDOLW\�DQG�ZLOO�VROYH�TXDOLW\�SUREOHPV�EHIRUH�SURPRWLQJ
HPEOLQJV�IRU�RSHUDWLRQDO�GHSOR\PHQW�
������������%ULWLVK�&ROXPELD©V�WZR�PDMRU�SURGXFHUV�RI�HPEOLQJV�DUH�357�3%,�DQG�%&5,�6LOYDJHQ�
3%,��E\�YLUWXH�RI�357�EHLQJ�D�YHU\�ODUJH�SURGXFHU�RI�WUHH�SODQWLQJ�VWRFN��KDV�TXDOLW\�FRQWURO�RI
SODQWLQJ�VWRFN�H[HUFLVHG�E\�357©V�H[SHULHQFHG�QXUVHU\�SHUVRQQHO���%&5,©V�RULJLQV�DQG
RUJDQL]DWLRQ�DUH�GLIIHUHQW���7KHLU�JURXS�RI�VFLHQWLVWV�LV�OHDUQLQJ�WKH�OHVVRQV�RI�SODQWLQJ�VWRFN
TXDOLW\�XVLQJ�ODERUDWRU\�DQDO\VHV��REVHUYDWLRQV�DQG�ILHOG�WULDOV�
�������������%&5,�UHVHDUFK�RQ�HPEOLQJ�SK\VLRORJ\�LV�DQ�H[FHOOHQW�DSSURDFK�WR�XQGHUVWDQGLQJ�ZKDW
PDNHV�D�KLJK�TXDOLW\�ILHOG�UHDG\�HPEOLQJ��DQG�WR�OHDUQLQJ�KRZ�WR�EHWWHU�PDVV�SURGXFH�VXFK
HPEOLQJV���7KH�FORQDO�VWRFN�TXDOLW\�FKDUDFWHUL]DWLRQV�EHJLQQLQJ�WR�EH�VXSSOLHG�WR�FOLHQWV�DQG
RWKHUV�E\�6LOYDJHQ�LV�D�VWHS�LQ�WKH�ULJKW�GLUHFWLRQ���7KHVH�ZLOO�SURYLGH�FOLHQWV�ZLWK�LQIRUPDWLRQ
WKDW�FDQ�EH�ILHOG�YHULILHG�GXULQJ�WKH�HVWDEOLVKPHQW�SKDVH�RI�QXUVHU\�SXOVHV�RI�HDFK�FORQH�
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+RZHYHU��VRPH�VHH�WKHVH�FORQDO�VWRFN�TXDOLW\�SURILOHV�PRUH�DV�D�PDUNHWLQJ�WRRO�WKDQ�DV�UHOLDEOH
VFLHQFH�DW�WKH�FXUUHQW�VWDJH�RI�NQRZOHGJH�DFTXLVLWLRQ�
������������:H�UHPLQG�DOO�FRQFHUQHG�WKDW�HPEOLQJ�TXDOLW\�WUDLWV��DV�DVVHVVHG�E\�QXUVHU\�SHUVRQQHO
DQG�RU�E\�VFLHQWLVWV��PD\�QRW�EH�LGHQWLFDO�WR�WKRVH�RI�VHHGOLQJV���7KXV��WKHUH�LV�D�QHHG�WR
ULJRURXVO\�OLQN�HPEOLQJ�WUDLWV�WR�ILHOG�SHUIRUPDQFH���2QH�SRVVLEOH�RXWFRPH�RI�WKLV�ZRUN�PLJKW�EH
WKH�PRGLILFDWLRQ�RI�%&�02)�QXUVHU\�VWDQGDUGV�IRU�VHHGOLQJV�ZKHQ�DSSOLHG�WR�HPEOLQJV���6XFK
PRGLILFDWLRQ�PLJKW�DOORZ�NQRZQ�FORQHV�RI�D�SDUWLFXODU�SURSDJXOH�W\SH�WR�EH�DFFHSWDEOH�HYHQ
WKRXJK�WKH\�GR�QRW�PHHW�DOO�VHHGOLQJ�FULWHULD�IRU�EHLQJ�ILHOG�UHDG\��EXW�DUH�NQRZQ�WR�SHUIRUP�ZHOO
ZKHQ�ILHOG�SODQWHG���&RQYHUVHO\��PHHWLQJ�DOO�VHHGOLQJ�FULWHULD�PD\�QRW�JXDUDQWHH�DFFHSWDEOH�ILHOG�
UHDG\�SHUIRUPDQFH�E\�HPEOLQJV�
�������������7KHUH�LV�VWLOO�PXFK�WR�OHDUQ��DQG�LW�LV�WRR�HDUO\�WR�JLYH�XQTXDOLILHG�DVVXUDQFH�WKDW�HPEOLQJ
VWRFN�SURGXFWLRQ�LV�IXOO\�UHOLDEOH���7KH�SURJUDPV�DGGUHVVLQJ�WKLV�SKDVH�RI�WKH�6(�SURFHVV�QRZ
VHHP�LQFUHDVLQJO\�ZHOO�FRQFHLYHG��DQG�UHFHQW�WULDOV�DUH�DSSDUHQWO\�EHLQJ�GRQH�EHWWHU�WKDQ�ZHUH
WKH�ILUVW�DWWHPSWV�

������3HUIRUPDQFH�RI�(PEOLQJV

������������3DUW�RI�WKH�ILHOG�SHUIRUPDQFH�RI�HPEOLQJV�GHSHQGV�RQ�WKHLU�KDYLQJ�EHHQ�JLYHQ�DSSURSULDWH
QXUVHU\�FDUH�������DERYH��
������������,W�DOVR�GHSHQGV�RQ�ZKHWKHU�GHWDLOV�RI�WKH�GHYHORSPHQWDO�SDWKZD\�RI�WKH�HPEOLQJV�PDNHV
WKHP�LQWULQVLFDOO\�GLIIHUHQW�IURP�RWKHU�SURSDJXOH�W\SHV�������D��DERYH����6RPH�RI�WKHVH�LQWULQVLF
GLIIHUHQFHV�EHWZHHQ�WKH�HPEOLQJ�SURSDJXOH�W\SH�DQG�VHHGOLQJV��VWHFNOLQJV�DQG�RU�SODQWOLQJV�PD\
EH�GXH�LQ�VSUXFH�RU�RWKHU�JHQHUD�WR�VXFK�WKLQJV�DV���D��WKH�RULJLQ�WLVVXH�DQG�GHYHORSPHQWDO
SDWKZD\�IROORZHG���E��FORQH�VSHFLILF�SURSDJXOH�W\SH�GLIIHUHQFHV���F��ZKHWKHU�WKH�VRPDWLF�HPEU\R
LV�HQFDSVXODWHG�DQG��LI�VR��ZLWK�ZKLFK�QXWULWLYH�DQG�UHJXODWRU\�FKHPLFDOV���G��ZKHWKHU�WKH�VRPDWLF
HPEU\R�UHFHLYHV�D�FRQWUROOHG�GHK\GUDWHG�VWRUDJH�SHULRG�EHIRUH�IXUWKHU�JURZWK�FRPPHQFHV���H�
YDULDEOHV�LQ�WKH�PHGLD�FRPSRVLWLRQ�DV�6(�SURGXFWLRQ�WHFKQLTXHV�DGYDQFH��DQG��I��ZKHWKHU�WKH
VRPDWLF�HPEU\RV�KDYH�D�KLVWRU\�RI�EHLQJ�IUR]HQ���:H�DUH�WRR�HDUO\�LQ�WKH�LQWHULRU�VSUXFH��RU�DQ\
RWKHU��SURJUDP�WR�GR�PRUH�WKDQ�LGHQWLI\�WKHVH�DV�LQWHUHVWLQJ�DQG�SRVVLEO\�LPSRUWDQW�TXHVWLRQV�
QRWLQJ�WKDW�HDUO\�WHVWV�QRZ�LQ�WKH�JURXQG�DUH�MXVW�EHJLQQLQJ�WR�VXSSO\�D�IHZ�RI�WKH�DQVZHUV���,I�WKH
LQWULQVLF�SURSDJXOH�W\SH�GLIIHUHQFHV�SURYH�WR�EH�QRQ�WULYLDO��LW�ZLOO�EH�LPSRUWDQW�WR�FKDUDFWHUL]H
WKHP�IRU�HPEOLQJV�LQ�RUGHU�WR�PLQLPL]H�WKH�HIIHFWV�RI�WKHLU�QHJDWLYH�IHDWXUHV�DQG�WR�WDNH
DGYDQWDJH�RI�WKHLU�SRVLWLYH�IHDWXUHV���7KHVH�LQYHVWLJDWLRQV�SUREDEO\�QHHG�WR�EH�GRQH�RQO\�RQFH
SHU�VSHFLHV��ZLWK�WKH�H[SHFWDWLRQ�WKDW�LQWULQVLF�SURSDJXOH�W\SH�GLIIHUHQFHV�ZRQ©W�JUHDWO\�GLIIHU
DPRQJ�UHJLRQV����+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�LQWULQVLF�SURSHUWLHV�RI�WKH�VWHFNOLQJ�SURSDJXOH�
W\SH�GR�QRQ�WULYLDOO\�GLIIHU�DPRQJ�SURYHQDQFHV�RI�UDGLDWD�SLQH��
������������(PEOLQJ�SHUIRUPDQFHV�DOVR�ZLOO�GHSHQG�LQ�VXEVWDQWLDO�PHDVXUH�RQ�WKHLU�JHQRW\SHV�
'HFLGLQJ�RQ�WKH�OHYHO�RI�JHQHWLF�LPSURYHPHQW�WR�EH�FDSWXUHG�E\�6(�DQG��LQ�WKH�FDVH�RI�IXOO�FORQDO
IRUHVWU\��ILQGLQJ�DQG�FKDUDFWHUL]LQJ�WKH�LQGLYLGXDO�RXWVWDQGLQJ�FORQHV��ZLOO�EH�FUXFLDO�WR�WKLV
DVSHFW�RI�WKHLU�SHUIRUPDQFH��VHH������E�DQG��������DERYH��
������������)LQDOO\��HPEOLQJ�SHUIRUPDQFH�ZLOO�EH�VWURQJO\�LQIOXHQFHG��SDUWLFXODUO\�IRU�IXOO�FORQDO�
IRUHVWU\��E\�PDQDJHPHQW�FRPSUHKHQVLRQ�RI�HDFK�GHSOR\HG�FORQH��DQG�E\�PDQDJHPHQW©V�DELOLW\�WR
SXW�WKDW�FRPSUHKHQVLRQ�WR�HIIHFWLYH�XVH��VHH��������DERYH��
������������%ULWLVK�&ROXPELD�UHJXODWLRQV�FXUUHQWO\�UHTXLUH���\HDUV©�WHVWLQJ�LQ�ILHOG�FRQGLWLRQV�IRU�QHZ
SURSDJXOH�W\SHV���(DUO\�WHVWV�RI�WKH�HPEOLQJ�SURSDJXOH�W\SH�ZHUH�EHJXQ���\HDUV�DJR�ZLWK�LQWHULRU
VSUXFH���+RZHYHU��QXUVHU\�SUDFWLFHV�QHFHVVDU\�WR�SURGXFH�TXDOLW\�HPEOLQJV�ZHUH�QRW�\HW�ZRUNHG
RXW��JLYLQJ�D�SHUKDSV�PLVOHDGLQJ�DGYDQWDJH�WR�WKH�FRPSDULVRQ�VHHGOLQJV���,Q�UHWURVSHFW��WKRVH
HDUO\�WHVWV�ZHUH�HVWDEOLVKHG�SUHPDWXUHO\�DQG�VKRXOG�EH�FRQVLGHUHG�SUHOLPLQDU\�ZLWKRXW�SHQDOW\�
0RUH�UHFHQW�WHVWV�DUH�EHWWHU��ZLWK�JRRG�TXDOLW\�HPEOLQJV�SDLUHG�ZLWK�JRRG�TXDOLW\�VHHGOLQJV�RI



��

WKH�VDPH�IXOO�VLE�IDPLOLHV��DQG�VWHFNOLQJV�DUH�LQFOXGHG�LQ�VRPH�UHSOLFDWLRQV���7KHVH�SURSDJXOH�
W\SH�WHVWV�DUH�QRZ�HVWDEOLVKHG�VXFFHVVIXOO\�RQ�DSSURSULDWH�VLWHV�LQ�WKH�3ULQFH�*HRUJH�DUHD�ZLWK
HPEOLQJV�RI�LQWHULRU�VSUXFH���7KHVH�VKRXOG�EH�PRQLWRUHG�\HDUO\��DQG�D�FRPSUHKHQVLYH�SURSDJXOH�
W\SH�FRPSDULVRQ�GRQH�DIWHU���\HDUV�LQ�WKH�ILHOG�
������������)RU�LQWHULRU�VSUXFH��%ULWLVK�&ROXPELD�LV�SUREDEO\�DERXW���\HDUV�IURP�GHWHUPLQLQJ�KRZ�WKH
HPEOLQJ�VWRFN�W\SH�FRPSDUHV�ZLWK�WKH�VHHGOLQJ�VWRFN�W\SH����\HDUV�IURP�LQLWLDO�JHQHWLF
FRPSDULVRQV�RI�HPEOLQJV�DQG�VHHGOLQJV�IURP�WKH�VDPH�IXOO�VLE�VHHG�����\HDUV�IURP�LQLWLDO�FORQDO
GHSOR\PHQW�DQG����\HDUV�IURP�WKH�PDQDJHPHQW�FRPSUHKHQVLRQ�QHHGHG�WR�HIIHFWLYHO\�GHSOR\
VSHFLILF�FORQHV��%XW�WKDW�SUREDEO\�VWLOO�OHDGV�WKH�ZRUOG�LQ�SURJUHVV�DORQJ�WKLV�WUDMHFWRU\�RI�PRGHUQ
SURGXFWLRQ�IRUHVWU\�

������3HUIRUPDQFH�RI�&ORQHV

������������:LWK�WKH�H[FHSWLRQ�RI�VRPH�K\EULG�SRSODU�FORQHV��DQG�VRPH�UHVHDUFK�DQG�GHPRQVWUDWLRQV
ZLWK�\HOORZ�FHGDU��WKHUH�LV�OLWWOH�EDVLV�IRU�NQRZLQJ�MXVW�KRZ�ZRQGHUIXO�RU�KRZ�RUGLQDU\�KLJKO\
VHOHFWHG�FORQHV�PLJKW�EH�LQ�PRVW�RI�%ULWLVK�&ROXPELD©V�IRUHVW�VSHFLHV���6RPH�KLQWV�PD\�EH
JDWKHUHG�IURP�ORRNLQJ�DW�FORQDO�VHHG�RUFKDUGV��GLVFRXQWLQJ�WKH�SUREOHPV�WKDW�JUDIWHG�VHHG�
RUFKDUGV�DUH�JHQHUDOO\�SURSDJDWHG�XVLQJ�PDWXUH�VFLRQV�DQG�WKH�JUDIWHG�FORQHV�DUH�QRW�RQ�WKHLU
RZQ�URRW�V\VWHPV��$Q�H[DPSOH�LV�WKH�LGHQWLILFDWLRQ�RI�JHQHWLF�YDULDWLRQ�LQ�UHVSRQVH�WR�QXWULWLRQ�LQ
PLG�FURZQ�\HOORZLQJ�RI�UDGLDWD�SLQH�
������������,I�IXOO�FORQDO�IRUHVWU\�LV�FKRVHQ�DV�DQ�RSWLRQ��ZH�VXJJHVW�WKH�IROORZLQJ�VWHSV���)LUVW��VFDQ
WKH�DYDLODEOH�EUHHGLQJ�YDOXHV�RI�WHVWHG�SDUHQWV�LQ�WKH�UHJLRQ���6HFRQG��SURGXFH�IXOO�VLE�IDPLOLHV
JLYLQJ�D�VHW�RI�FRQWUDVWLQJ�GHVLUHG�FRPELQDWLRQV�RI�YDOXHV���7KLUG��SXW�DSSURSULDWH�QXPEHUV�RI
HDFK�IDPLO\�LQWR�HIILFLHQW�FORQDO�WHVWLQJ�SURWRFROV��VHH������E��DERYH����)RXUWK��RQFH�VHOHFWHG�DQG
GHSOR\HG��GHYHORS�D�V\VWHP�RI�PDQDJHPHQW�IHHGEDFN��VHH��������DERYH��IURP�RSHUDWLRQDO
SODQWDWLRQV��VR�WKDW�WKH�SHUIRUPDQFH�RI�HDFK�GHSOR\HG�FORQH�FDQ�EH�LQFUHDVLQJO\�NQRZQ�DQG
XQGHUVWRRG�

�����������������&267�())(&7,9(1(66�,1�'(/,9(5<�2)�*(1(7,&�*$,16

����%HQHILWV�DQG�&RVWV

������������0DUNHWV�XOWLPDWHO\�GHWHUPLQH�EHQHILWV�IURP�JHQHWLF�LPSURYHPHQW��&XUUHQWO\��PDUNHW
YDOXHV�DUH�PRVW�HDVLO\�HVWLPDWHG�ZKHQ�WKH�LPSURYHG�WUDLW�LV�YROXPH��6(�RIIHUV�WKH�SRWHQWLDO�IRU
VLPXOWDQHRXV�LPSURYHPHQW�LQ�D�ZLGH�YDULHW\�RI�WUDLWV�EXW�HVWLPDWLRQ�RI�EHQHILWV�EHFRPHV�PXFK
PRUH�GLIILFXOW��7KH�HIIHFWV�RI�LQFUHDVHG�SHVW�WROHUDQFH�RQ�YROXPH�PD\�EH�URXJKO\�HVWLPDWHG��VHH
EHORZ���7KH�YDOXH�RI�LQFUHDVHG�ZRRG�GHQVLW\�IRU�VWUXFWXUDO�OXPEHU�LV��KRZHYHU��GHSHQGHQW�RQ
PDUNHW�UHFRJQLWLRQ�WKURXJK�PDFKLQH�VWUHVV�UDWLQJ�RU�RWKHU�WHVWV��ZKLFK�DUH�QRW�ZLGHO\�XVHG�DW
SUHVHQW��,QWXLWLYHO\��LPSURYHG�VWUDLJKWQHVV�LV�YDOXDEOH�EXW�GLIILFXOW�WR�YDOXH�TXDQWLWDWLYHO\�
������������$�VHFRQG�FDWHJRU\�RI�EHQHILWV�LV�OLNHZLVH�GLIILFXOW�WR�YDOXH��7KHVH�EHQHILWV�GHULYH�IURP
WKH�LPSDFW�RI�WUHH�LPSURYHPHQW�RQ�IRUHVW�PDQDJHPHQW��7KH�SHULRG�RI�VWDWXWRU\�OLDELOLW\�IRU
UHIRUHVWDWLRQ�LV�UHGXFHG�ZKHQ�LPSURYHG�WUHHV�JURZ�IDVWHU��%UXVKLQJ�FRVWV�DOVR�PD\�EH�UHGXFHG�
)DVWHU�JURZWK�FDQ�EH�EHQHILFLDO�WKURXJK�VKRUWHQLQJ�WKH�WLPH�XQWLO�PDWXUH�WLPEHU�DGMDFHQW�WR
\RXQJ�SODQWDWLRQV�FDQ�EH�KDUYHVWHG��9DOXLQJ�WKLV�HIIHFW�LV�HVSHFLDOO\�FRPSOH[�EHFDXVH�YDOXH�LV
GHSHQGHQW�RQ�DOORZDEOH�FXW�DQG�RQ�VSHFLILF�KDUYHVW�SODQV�IRU�VSHFLILF�IRUHVWV��:H�DUH�XQDZDUH�RI
DQ\�DWWHPSW�WR�HVWLPDWH�WKH�YDOXH�RI�LPSURYHG�JURZWK�RQ�WKH�¦DGMDFHQF\§�TXHVWLRQ�DOWKRXJK�D



��

JHQHUDO�¦ZKDW�LI§��DSSURDFK�ZDV�WDNHQ�LQ�WKH�&RXQFLO�%XVLQHVV�3ODQ��7UHH�,PSURYHPHQW�&RXQFLO
�������7KHUH�����JHQHWLF�JDLQ�LQ�JURZWK�UDWH�ZDV�HVWDEOLVKHG�DV�D�WKUHVKROG�DQG�YROXPH�DW
KDUYHVW�ZDV�LQFUHDVHG�LQ�WKH�UDWLR��!����
������������)RU�WKH�HYDOXDWLRQ�KHUH��EHQHILWV�DUH�H[SUHVVHG�DV�JHQHWLF�JDLQ�LQ�YROXPH�LQFUHPHQWDO�WR
ZLOG�VWDQG�VHHG��%HQHILWV�LQFUHPHQWDO�WR�FRQWURO�SROOLQDWHG�VHHG�SUREDEO\�ZRXOG�EH�DSSUHFLDEO\
ORZHU�
������������&RVWV�LQFOXGH�HYHQ�PRUH�XQFHUWDLQW\��3URGXFHUV�RI�HPEOLQJV�KDYH�DVVXUHG�XV�WKDW
ZLWKLQ�D�IHZ�\HDUV��SURGXFWLRQ�FRVWV�RI�HPEOLQJV�ZLOO�EH�VLPLODU�WR�WKRVH�RI�VHHGOLQJV�IURP
FRQWURO�SROOLQDWHG�VHHGV��:H�FDQQRW�YHULI\�WKLV�EXW��RQ�WKH�EDVLV�RI�ZKDW�ZH�KDYH�VHHQ��ZH�DFFHSW
WKDW�PDMRU�UHGXFWLRQV�LQ�SURGXFWLRQ�FRVW�DUH�OLNHO\���7KHUH�LV�HYHQ�WKH�SRVVLELOLW\�WKDW�HPEOLQJV
IURP�FORQHV�WKDW�SURSDJDWH�HDVLO\�FRXOG�EH�SURGXFHG�DW�ORZHU�FRVW�WKDQ�VHHGOLQJV�IURP�ZLOG�VHHG�
������������7KHUH�DUH�VHYHUDO�LVVXHV�LQWHUZRYHQ�LQ�WKH�SURGXFWLRQ�FRVW�RI�HPEOLQJV��5HYLHZLQJ�WKH
VHTXHQFH�RI�DFWLYLWLHV��DV�LQ�6HFWLRQ���DERYH��KHOSV�WR�KLJKOLJKW�WKHP��'HYHORSPHQW�RI�FXOWXUHV
IRU�FU\RSUHVHUYDWLRQ�LQYROYHV�JDLQLQJ�DFFHVV�WR�DQ�DGHTXDWH�VDPSOH�RI�WKH�SRSXODWLRQ�WR�EH
UHSURGXFHG��,W�VKRXOG�EH�QRWHG�WKDW�WKLV�SURFHVV�PXVW�EH�UHSHDWHG�HDFK�WLPH�WKDW�QHZ�JHQRW\SHV
DUH�LQWURGXFHG��HLWKHU�WR�LPSURYH�DQ�H[LVWLQJ�SRSXODWLRQ��RU�WR�GHYHORS�D�SRSXODWLRQ�IRU�DQRWKHU
¦VHHG§�]RQH��0RYLQJ�IURP�FU\RSUHVHUYDWLRQ�WR�UHSURGXFWLRQ�RQ�DQ�RSHUDWLRQDO�VFDOH�LQYROYHV
HFRQRPLHV�RI�VFDOH��VXJJHVWHG�WR�EH�LQ�WKH�UDQJH�RI�D�IHZ�PLOOLRQ�HPEOLQJV�LQ�WRWDO���0RYLQJ
IURP�FU\RSUHVHUYDWLRQ�WR�UHSURGXFWLRQ�RQ�DQ�RSHUDWLRQDO�VFDOH�IRU�FORQDO�IRUHVWU\�UHTXLUHV�ILHOG
WHVWLQJ�RI�FORQHV��DW�OHDVW�IRU�GHSOR\PHQW�RQ�SXEOLF�ODQG���7KHUHIRUH�WKHUH�LV�D�VLJQLILFDQW�WLPH�ODJ
EHIRUH�FDVK�IORZ�IURP�ODUJH�VFDOH�HPEOLQJ�SURGXFWLRQ�FDQ�EH�DFKLHYHG�
�����������$OWHUQDWLYH�PDUNHWLQJ�VWUDWHJLHV�IXUWKHU�FRPSOLFDWH�WKH�HVWLPDWLRQ�RI�FRVW��5HGXFLQJ
SURGXFWLRQ�FRVW�WR�D�OHYHO�ZKHUH�HPEOLQJV�DUH�SULFHG�FRPSHWLWLYHO\�ZLWK�DOWHUQDWLYH�PHWKRGV�RI
GHOLYHULQJ�JHQHWLF�JDLQ�LV�RQH�DSSURDFK��$�GLIIHUHQW�DSSURDFK�LV�WR�DWWHPSW�WR�LQFUHDVH�WKH�YDOXH
RI�HPEOLQJV�E\�DGGLQJ�LPSURYHPHQW�LQ�PRUH�WUDLWV��,QWHUSUHWDWLRQ�RI�WKH�EHQHILW�FRVW�JUDSKV
ZKLFK�IROORZ�ZRXOG�EH�GLIIHUHQW�IRU�WKH�WZR�DSSURDFKHV�
������������,Q�FRQVWUXFWLQJ�EHQHILW�FRVW�JUDSKV��D�UDQJH�RI�K\SRWKHWLFDO�YDOXHV�KDV�EHHQ�FKRVHQ�WR
HQFRPSDVV�ZKDW�ZH�H[SHFW�WR�EH�DFWXDO�YDOXHV��:KHUH�WKH�UHDGHU�ORFDWHV�D�SRLQW�RI�PD[LPXP
OLNHOLKRRG�ZLOO�YDU\�ZLWK�WLPH��WUDLWV�FKRVHQ��FXUUHQW�VWDWXV�RI�6(�IRU�VSHFLHV�]RQH�RU�WUDLW
FRPELQDWLRQV��DQG�SHUVRQDO�EHOLHIV�

�����$�*HQHUDO�0RGHO

������������7KH�FRVW�RI�SODQWLQJ�LV�WUHDWHG�E\�DOO�FRPSDQLHV�DV�DQ�RSHUDWLQJ�FRVW��7UHH�LPSURYHPHQW�LV
WUHDWHG�E\�VRPH�DV�DQ�RSHUDWLQJ�FRVW��PRVW�FRQYHQLHQWO\�ZKHUH�WKH�FRVW�LV�LQFOXGHG�LQ�WKH�SULFH�RI
VWRFN�SXUFKDVHG�IURP�RWKHU�RUJDQL]DWLRQV���6RPH�FRPSDQLHV�WUHDW�WUHH�LPSURYHPHQW�DV�DQ
LQYHVWPHQW��HVSHFLDOO\�ZKHUH�WKH\�KDYH�LQ�KRXVH�WUHH�LPSURYHPHQW�SURJUDPV���&RUUHVSRQGHQWV
VXJJHVWHG�WKDW�ZKHUH�WKH�FRVW�RI�LPSURYHG�VWRFN�LV�KLJK��WKHUH�ZRXOG�EH�PRUH�LQWHUHVW�LQ
FKRRVLQJ�DQ�LQYHVWPHQW�DSSURDFK��,Q�DQDO\VLV�RI�FRVW�HIIHFWLYHQHVV��VHYHUDO�DSSURDFKHV�KDYH�EHHQ
XVHG��DOO�DLPHG�DW�DQ�HVWLPDWHG�SUHVHQW�QHW�YDOXH��UHWXUQ�RQ�LQYHVWPHQW��RU�RWKHU�PHDVXUHV�RI�WKH
UHODWLRQVKLS�RI�EHQHILW�WR�FRVW��)HZ��LI�DQ\��DQDO\VHV�KDYH�DWWHPSWHG�WR�FRPSDUH�FRVW
HIIHFWLYHQHVV�RI�D�FRPSUHKHQVLYH�DUUD\�RI�ZD\V�WR�GHOLYHU�JHQHWLF�JDLQ�

������������:H�KDYH�FKRVHQ�WR�WUHDW�WKH�TXHVWLRQ�IURP�D�JHQHULF�SHUVSHFWLYH�ZKLFK�HVWLPDWHV�RQO\�WKH
LPSDFW�RI�JHQHWLF�JDLQ�LQ�YROXPH��EHQHILW��DQG�DGGHG�FRVW�SHU�SODQWHG�WUHH��FRVW���7KH�YDOXHV
FKRVHQ�IRU�EHQHILWV�DQG�FRVWV�DUH�LQWHQGHG�WR�FRYHU�D�SODXVLEOH�UDQJH�VR�WKDW�WKH�OLPLWV�RI�OLNHO\
RXWFRPHV�DUH�HVWDEOLVKHG�



��

������%HQHILWV

������������7KH�PRGHO�GHILQHV�EHQHILWV�LQ�WHUPV�RI�LQFUHPHQWDO�YROXPH�DW�KDUYHVW�UHVXOWLQJ�IURP
JHQHWLF�JDLQ��9ROXPH�LV�D�WUDLW�RI�QHDUO\�XQLYHUVDO�LQWHUHVW�DQG�LV�WKH�PRVW�FRPPRQ�PHDVXUH�RI
IRUHVW�SURGXFWLYLW\��2WKHU�WUDLWV�RI�LQWHUHVW��H�J��VWHP�IRUP�DQG�SHVW�WROHUDQFH��FRQWULEXWH�WR
PHUFKDQWDEOH�YROXPH�DOWKRXJK�WUDLWV�VXFK�DV�ZRRG�GHQVLW\�GR�QRW��9ROXPH�SHU�KHFWDUH�IRU
XQLPSURYHG�WUHHV�LV�FDOFXODWHG�XVLQJ�WKH�VWDQGDUG�\LHOG�WDEOHV�IRU�D�JLYHQ�VSHFLHV��VLWH�LQGH[��DQG
URWDWLRQ�DJH��0LWFKHOO�HW�DO��������,QFUHPHQWDO�YROXPH�LV�WKHQ�HVWLPDWHG�DV�WKH�YROXPH�DGGHG�WR�D
KHFWDUH�RI�XQLPSURYHG�WUHHV�E\�JHQHWLF�LPSURYHPHQW��)RU�WKH�IROORZLQJ�DQDO\VHV��VLWH�LQGH[�LV
WKH�YDOXH��PHWHUV�DW�DJH�����WKDW�UHSUHVHQWV�WKH�ORZHU�ERXQGDU\�RI�¦JRRG§�VLWH�TXDOLW\��7KH
DVVXPSWLRQ�KHUH�LV�WKDW�SODQWLQJ�VWRFN�RI�KLJK�JHQHWLF�TXDOLW\�ZLOO�EH�XVHG�RQ�¦JRRG§�DQG�EHWWHU
VLWHV�RQO\�
�����������5RWDWLRQ�DJHV�ZHUH�FKRVHQ�DW����\HDUV�EHIRUH�WKH�GHFDGH�RI�PD[LPXP�PHDQ�DQQXDO
LQFUHPHQW��7KLV�LV�LQWHQGHG�WR�DSSUR[LPDWH�DQ�¦HFRQRPLF�URWDWLRQ§��7KH�URWDWLRQ�DJHV�XVHG�KHUH
DVVXPH�WKDW�VWRFN�SODQWHG�LQ�\HDU�RQH�FDUULHV�WKH�H[SHFWHG�SRWHQWLDO�IRU�JHQHWLF�JDLQ��:KHUH
FORQDO�WHVWLQJ�ZRXOG�EH�UHTXLUHG���¦WKH�SUHVHQW§��IRU�SXUSRVHV�RI�HVWLPDWLQJ�LQFUHPHQWDO�EHQHILWV
DQG�FRVWV�RI�JHQHWLF�JDLQ��PD\�EH�PDQ\�\HDUV�LQ�WKH�IXWXUH�

�����������2WKHU�DVVXPSWLRQV�LQIOXHQFLQJ�FDOFXODWLRQ�RI�H[SHFWHG�\LHOGV�IRU�XQLPSURYHG�SODQWLQJ
VWRFN�DUH�

������������SODQWLQJ�UDWH�RI������WUHHV�SHU�KHFWDUH
������������QR�UHJHQHUDWLRQ�GHOD\
������������DQ�RSHUDWLRQDO�UHGXFWLRQ�LQ�\LHOG�RI�����WR�DSSUR[LPDWH�XQSURGXFWLYH�DUHDV
������������D�PLQLPXP�PHUFKDQWDELOLW\�RI�����FP�DW�G�E�K�
������������D�GLVFRXQW�UDWH�RI���
������������HLJKW�OHYHOV�RI�JHQHWLF�JDLQ�IURP����WR�����

�����������,W�VKRXOG�EH�QRWHG�WKDW�WKH�FKRLFH�RI�GLVFRXQW�UDWH�KDV�D�PDUNHG�LPSDFW�RQ�FRVW
HIIHFWLYHQHVV��KLJKHU�UDWHV�UHVXOWLQJ�LQ�ORZHU�EHQHILWV��)RXU�SHUFHQW�LV�WKH�UDWH�PRVW�FRPPRQO\
XVHG�LQ�02)�DQDO\VHV�

������&RVWV

�����������7KH�PRGHO�DVVXPHV�WKDW�WKH�SURGXFWLRQ�FRVW�RI�HPEOLQJV�ZLOO�EH�PRUH�H[SHQVLYH�WKDQ�IRU
XQLPSURYHG�VHHGOLQJV��,I�WKDW�LV�QRW�WKH�FDVH��FRVW�HIIHFWLYHQHVV�LV�PRRW��)RU�DQDO\VHV�SUHVHQWHG
KHUH��DGGHG�FRVW�RI�SURGXFWLRQ�LV�DVVXPHG�WR�EH�LQ�WKH�SUHVHQW��7KHVH�DQDO\VHV�DUH�LQWHQGHG�WR
LQFOXGH�RQO\�LQFUHPHQWDO�FRVWV�RI�SURGXFWLRQ��7KH�DQDO\WLFDO�DSSURDFK�FRXOG��KRZHYHU��EH
PRGLILHG�WR�LQFOXGH�FRVWV�RI�UHVHDUFK�DQG�GHYHORSPHQW��,I�UHVHDUFK�DQG�GHYHORSPHQW�FRVWV�ZHUH
WR�EH�LQFOXGHG��WKH�PRGHO�ZRXOG�KDYH�WR�EH�H[SDQGHG�WR�LQFOXGH�GLVFRXQWLQJ�RI�VRPH�FRVWV��WLPH
WR�KDUYHVW�DOVR�ZRXOG�EH�LQFUHDVHG���6L[�OHYHOV�RI�LQFUHPHQWDO�FRVW�SHU�SODQWHG�WUHH�ZHUH�XVHG
ZLWK�WKH�UDQJH�IURP�����WR������RI�VHHGOLQJ�FRVW�SHU�XQLPSURYHG�VHHGOLQJ��7KH�UDQJH�RI�DGGHG
FRVW�RI�SURGXFWLRQ�IRU�YHJHWDWLYH�SURSDJDWLRQ�LV�DSSUHFLDEO\�OHVV�WKDQ�WKDW�VXJJHVWHG�E\�7DOEHUW�HW
DO���������



��

�����0RGHO�5HVXOWV

�������������������������������,QWHULRU�VSUXFH�¤�6LWH�LQGH[�����P��5RWDWLRQ�DJH����\HDUV

)LJXUH����&RVW�SHU�FXELF�PHWHU�RI�LQFUHPHQWDO�YROXPH�IURP�WUHH�LPSURYHPHQW�DW�VL[�OHYHOV
����������������RI�JHQHWLF�JDLQ�LQ�YROXPH�DQG�HLJKW�YDOXHV�RI�DGGHG�FRVW�SHU�WUHH�

�����,QWHUSUHWDWLRQ

��������%HQHILWV�¤��&XUUHQW�WUDLWV�RI�LQWHUHVW�DUH�YROXPH�JURZWK�DQG�ZHHYLO�UHVLVWDQFH��7KHUH�DUH
ZLGH�GLIIHUHQFHV�RI�RSLQLRQ�DERXW�KRZ�LPSRUWDQW�LV�ZHHYLO�UHVLVWDQFH�DQG�DERXW�KRZ�ZLGHO\
WROHUDQW�SODQWLQJ�VWRFN�QHHGV�WR�EH�SODQWHG��$�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�JURZWK�UDWH�DQG
ZHHYLO�UHVLVWDQFH�KDV�EHHQ�UHSRUWHG��.LVV�DQG�<DQFKXN�������DQG�FRQILUPHG�LQ�D�GLIIHUHQW
JHQHWLF�WHVW�VHULHV��'LIIHUHQFHV�LQ�ULVN�RI�DWWDFN�DUH�DVVRFLDWHG�ZLWK�GLIIHUHQW�ELRJHRFOLPDWLF�]RQHV
�6SLWWOHKRXVH�HW�DO���������DQG�UHFRYHU\�RI�DSSDUHQWO\�DFFHSWDEOH�VWHP�IRUP�DIWHU�DWWDFN�KDV�EHHQ
REVHUYHG��%\�FRQWUDVW��SODQWDWLRQV�ZKHUH�WKH�PDMRULW\�RI�WUHHV�DUH�PXOWL�VWHPPHG�VKUXEV�DOVR�DUH
SUHVHQW�

�����������3URMHFWHG�DQQXDO�GHPDQG�IRU�SODQWLQJ�VWRFN�LQ�WKH�3ULQFH�*HRUJH�3ODQQLQJ�=RQH�LV���
PLOOLRQ��7UHH�,PSURYHPHQW�&RXQFLO��������$VVXPLQJ�WKDW�����RI�SODQWLQJ�ZRXOG�EHQHILW�IURP
ZHHYLO�WROHUDQFH��GHPDQG�IRU�SODQWLQJ�VWRFN�ZRXOG�EH�DERYH�OHYHOV�VXJJHVWHG�WR�XV�DV�WKUHVKROGV
IRU�HFRQRPLHV�RI�VFDOH�

�����������7R�SURYLGH�D�ILUVW�DSSUR[LPDWLRQ�RI�EHQHILWV�IURP�SODQWLQJ�RI�ZHHYLO�UHVLVWDQW�WUHHV��LW�ZDV
DVVXPHG�WKDW�IRU�KLJK�KD]DUG�DUHDV��D�PD[LPXP�DQQXDO�ZHHYLO�DWWDFN�UDWH�RI�����ZDV�VXVWDLQHG
RYHU����\HDUV��)RU�WKH�0F*UHJRU�0RGHO�)RUHVW��WKLV�UDWH�UHVXOWHG�LQ�D�UHGXFWLRQ�RI�DERXW�����LQ
YROXPH�RYHU�XQDWWDFNHG�WUHHV��7D\ORU�HW�DO���������:LWK�WKH�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�KHLJKW
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��

DQG�ZHHYLO�WROHUDQFH��EHQHILWV�IURP�FRPELQHG�VHOHFWLRQ�ZRXOG�QRW�EH�IXOO\�DGGLWLYH�DQG�D�EHQHILW�
LQ�YROXPH��RI����WR�����IRU�YHJHWDWLYH�DPSOLILFDWLRQ�RI�IXOO�VLE�IDPLOLHV�FKRVHQ�IRU�JURZWK�DQG
UHVLVWDQFH�PD\�EH�D�SODXVLEOH�ILUVW�DSSUR[LPDWLRQ�

�����������&RVWV�¤�$�V\VWHP�IRU�6(�RI�LQWHULRU�VSUXFH�LV�PRUH�DGYDQFHG�WKDQ�6(�IRU�WKH�WKUHH�RWKHU
VSHFLHV�LQ�RXU�UHYLHZ��3ODQWLQJ�VWRFN�TXDOLW\�LV�QRZ�DSSDUHQWO\�DGHTXDWH�DOWKRXJK�JRYHUQPHQW
DSSURYDO�RI�HPEOLQJ�VWRFN�TXDOLW\�ZLOO�UHTXLUH�DQRWKHU���WR���\HDUV�RI�WHVWLQJ��*HQHWLF�ZRUWK�IRU
YHJHWDWLYH�DPSOLILFDWLRQ�FDQ�EH�HVWLPDWHG�IURP�H[LVWLQJ�SURJHQ\�WHVW�GDWD�ZKLFK�DUH�LQ�DEXQGDQW
VXSSO\�IRU�PDQ\�DUHDV�

�����������7KH�SURVSHFWV�IRU�UHIRUHVWDWLRQ�ZLWK�LQGLYLGXDO�FORQHV��FORQDO�IRUHVWU\��DUH�OHVV
LPPHGLDWHO\�HQFRXUDJLQJ��$OWKRXJK�PRUH�WKDQ������FORQHV�DUH�XQGHU�WHVW��WKH�TXDOLW\�RI�WKH
HDUOLHU�WHVWV�LV�FRPSURPLVHG�E\�SODQWLQJ�VWRFN�TXDOLW\�TXHVWLRQV�DQG�LW�LV�QRW�FOHDU�KRZ�PDQ\�RI
WKHVH�FORQHV�DUH�GUDZQ�IURP�WKH�EHVW�IDPLOLHV�DYDLODEOH�LQ�WKH�LQWHULRU�VSUXFH�SURJUDP�

�����������5HVHDUFK�DQG�GHYHORSPHQW�RI�6(�IRU�YHJHWDWLYH�DPSOLILFDWLRQ�RI�LQWHULRU�VSUXFH�ZRXOG
PRVW�OLNHO\�QRZ�IRFXV�RQ�LQFUHDVHG�HIILFLHQF\�LQ�HPEOLQJ�UHFRYHU\��DQG�FRPSOHWLRQ�RI�VWRFN
TXDOLW\�WHVWLQJ��,I�FORQDO�IRUHVWU\�ZHUH�WKH�JRDO��D�UHYLHZ�RI�WKH�TXDOLW\�RI�H[LVWLQJ�WHVW�SODQWDWLRQV
DQG�WKH�JHQHWLF�TXDOLW\�RI�FORQHV�XQGHU�WHVW�ZRXOG�EH�UHTXLUHG�

�����������:LWK�YROXPH�JDLQV�RI�����IURP�FRPELQHG�VHOHFWLRQ�IRU�JURZWK�DQG�ZHHYLO�WROHUDQFH�
DQG�DQ�LQFUHPHQWDO�FRVW�SHU�FXELF�PHWHU�DW�KDUYHVW�RI������D�EUHDN�HYHQ�DGGHG�FRVW�SHU�WUHH�IRU
QXUVHU\�VWRFN�PLJKW�EH�DERXW�������

�����������,W�VKRXOG�EH�QRWHG�WKDW�FXUUHQWO\��LQWHULRU�VSUXFH�JHQRW\SHV�LQ�FXOWXUH�UHSUHVHQW�RQO\�WKH
3ULQFH�*HRUJH�DUHD��)RU�YHJHWDWLYH�DPSOLILFDWLRQ�LQ�RWKHU�DUHDV�XVLQJ�6(��FXOWXUHV�IURP
JHQRW\SHV�DSSURSULDWH�WR�HDFK�DUHD�ZRXOG�KDYH�WR�EH�HVWDEOLVKHG��)RU��FORQDO�IRUHVWU\��FORQDO
WHVWLQJ�ZRXOG�KDYH�WR�EH�LQLWLDWHG�



��

����������������������������������6LWND�VSUXFH�¤�6LWH�LQGH[�������5RWDWLRQ�DJH����\HDUV

)LJXUH����&RVW�SHU�FXELF�PHWHU�RI�LQFUHPHQWDO�YROXPH�IURP�WUHH�LPSURYHPHQW�DW�VL[�OHYHOV
����������������RI�JHQHWLF�JDLQ�LQ�YROXPH�DQG�HLJKW�YDOXHV�RI�DGGHG�FRVW�SHU�WUHH�

,QWHUSUHWDWLRQ

���%HQHILWV�¤�3URYHQDQFH�DQG�SURJHQ\�WHVWV�RI�6LWND�VSUXFH�VXJJHVW�D�YHU\�ODUJH�SRWHQWLDO�IRU
JHQHWLF�JDLQ�LQ�YROXPH��:HHYLO�GDPDJH��KRZHYHU��LV�VR�JUHDW�LQ�VRPH�DUHDV�WKDW�6LWND�VSUXFH�LV
QRW�SODQWHG��&XUUHQW�SODQV�LGHQWLI\�WKH�DUHD�RI�PHGLXP�ZHHYLO�KD]DUG�DV�WKH�DUHD�IRU�SODQWLQJ�RI
WROHUDQW�VWRFN�DQG�DQ�HVWLPDWHG�SODQWLQJ�GHPDQG�RI���WR���PLOOLRQ�KDV�EHHQ�VXJJHVWHG��.LQJ��SHUV�
FRPP���3URMHFWHG�SODQWLQJ�GHPDQG�LV�DW�RU�DERYH�WKH�WKUHVKROG�IRU�HFRQRPLHV�RI�VFDOH�LQ�HPEOLQJ
SURGXFWLRQ�DOWKRXJK�VWUDWHJLHV�RI�GHSOR\PHQW�ZKLFK�LQFOXGH�VXVFHSWLEOH�JHQRW\SHV�WR�VWDELOL]H
ZHHYLO�IHHGLQJ�SUHIHUHQFHV�ZRXOG�LQIOXHQFH�SODQWLQJ�GHPDQG�

�����������0RUH�LQIRUPDWLRQ�RQ�JHQHWLFDOO\�EDVHG�WROHUDQFH�WR�ZHHYLO�DWWDFN�DQG�RQ�H[SHFWHG�DWWDFN
IUHTXHQF\�DV�D�IXQFWLRQ�RI�JHRJUDSKLF�ORFDWLRQ�LV�DYDLODEOH�IRU�6LWND�VSUXFH�WKDQ�IRU�LQWHULRU
VSUXFH���0D[LPXP�DQQXDO�DWWDFN�IUHTXHQF\�LQ�WKH�PHGLXP�KD]DUG�]RQH�LV�H[SHFWHG�WR�EH�DERXW
�����$OIDUR��������6HHG�IURP�WHVWHG�SURYHQDQFHV�KDV�DQ�HVWLPDWHG�DQQXDO�IUHTXHQF\�RI�DWWDFN�RI
����DQG�WHVWHG�FORQHV�YDU\�WR�QHDUO\����DWWDFN��2QH�DSSURDFK�ZRXOG�EH�WR�HVWDEOLVK�DQ�REMHFWLYH
RI�UHGXFLQJ�ZHHYLO�DWWDFN�LQ�WKH�PHGLXP�KD]DUG�]RQH�WR�D�OHYHO�VLPLODU�WR�DYHUDJH�DWWDFN
IUHTXHQF\�RI�WKH�ORZ�KD]DUG�]RQH�ZKHUH�JHQHWLF�LPSURYHPHQW�LQ�ZHHYLO�WROHUDQFH�LV�FRQVLGHUHG
WR�EH�XQQHFHVVDU\��.LQJ�SHUV��FRPP���)RU�WKH�ORZ�KD]DUG�]RQH��DWWDFN�IUHTXHQFLHV�DUH���WR����
IRU�SODQWDWLRQ�DJHV�IURP����WR����\HDUV��$OIDUR���������,I�VHOHFWLRQ�FRXOG�UHGXFH�DWWDFN
IUHTXHQFLHV�WR�����WKH�UHVXOWLQJ�JDLQ�LQ�YROXPH�ZRXOG�EH�����DERYH�WKDW�WR�EH�DFKLHYHG�ZLWK
VHHG�IURP�ZLOG�VWDQG�VHHG�FROOHFWLRQV�KDYLQJ�WHVWHG�OHYHOV�RI�ZHHYLO�WROHUDQFH��$OIDUR�������
���&RVWV�¤�(PEOLQJV�RI�6LWND�VSUXFH�KDYH�EHHQ�SURGXFHG�LQ�UHODWLYHO\�VPDOO�QXPEHUV�DQG�ZLOO�EH
DYDLODEOH�IRU�SODQWLQJ�RQ�DQ�H[SHULPHQWDO�EDVLV�LQ�������*LYHQ�WKH�VXFFHVV�RI�6(�LQ�RWKHU�VSUXFH
VSHFLHV��SUREOHPV�RI�SODQWLQJ�VWRFN�TXDOLW\�DUH�QRW�DQWLFLSDWHG��9HJHWDWLYH�DPSOLILFDWLRQ�ZLWK
VWHFNOLQJV�XVLQJ�VHHG�IURP�SURYHQDQFHV�NQRZQ�WR�KDYH�VLJQLILFDQW�WROHUDQFH�WR�ZHHYLO�DWWDFN�LV
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EHLQJ�SUDFWLFHG��6WHFNOLQJV�DQG�VHHGOLQJV�ZLWK�LPSURYHG�WROHUDQFH�WR�ZHHYLO�DWWDFN�SURYLGH�WKH
FXUUHQW�FRVW�FRPSHWLWLRQ�IRU�HPEOLQJV��:KHQ�DGYDQFHV�LQ�EUHHGLQJ�FRPELQH�ZHHYLO�WROHUDQFH�DQG
YROXPH�JURZWK��YHJHWDWLYH�DPSOLILFDWLRQ�ZLOO�KDYH�HYHQ�JUHDWHU�DSSHDO��&ORQDO�IRUHVWU\��RQ�WKH
RWKHU�KDQG���ZRXOG�UHTXLUH�D�IXOO�FORQDO�WHVWLQJ�SURJUDP��)URP�)LJXUH����DQ�LQFUHPHQWDO�FRVW�RI
����SHU�FXELF�PHWHU�IRU�WUHH�LPSURYHPHQW�ZRXOG�EDODQFH�DQ�LQFUHPHQWDO�FRVW�RI�DERXW�������SHU
WUHH�IRU�SODQWLQJ�VWRFN�ZKHUH�JHQHWLF�JDLQV�LQ�YROXPH�ZHUH�DERXW����

���������������:HVWHUQ�ZKLWH�SLQH��FRDVWDO��¤�6LWH�LQGH[��������5RWDWLRQ�DJH����\HDUV

)LJXUH����&RVW�SHU�FXELF�PHWHU�RI�LQFUHPHQWDO�YROXPH�IURP�WUHH�LPSURYHPHQW�DW�VL[�OHYHOV
����������������RI�JHQHWLF�JDLQ�LQ�YROXPH�DQG�HLJKW�YDOXHV�RI�DGGHG�FRVW�SHU�WUHH�

����������������:HVWHUQ�ZKLWH�SLQH��LQWHULRU��¤�6LWH�LQGH[�������5RWDWLRQ�DJH�����\HDUV

)LJXUH����&RVW�SHU�FXELF�PHWHU�RI�LQFUHPHQWDO�YROXPH�IURP�WUHH�LPSURYHPHQW�DW�VL[�OHYHOV
���������������RI�JHQHWLF�JDLQ�LQ�YROXPH�DQG�HLJKW�YDOXHV�RI�DGGHG�FRVW�SHU�WUHH�
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,QWHUSUHWDWLRQ

��%HQHILWV���7KUHH�DGYDQWDJHV�DUH�VXJJHVWHG�IRU�GHYHORSLQJ�ZHVWHUQ�ZKLWH�SLQH�ZLWK�DGHTXDWH
UHVLVWDQFH�WR�EOLVWHU�UXVW�¤�KLJKHU�SURGXFW�YDOXH��UHVLVWDQFH�WR�URRW�URWV��DQG�LQFUHDVHG�VSHFLHV
GLYHUVLW\��(VWLPDWHV�RI�SRWHQWLDO�ILQDQFLDO�EHQHILWV�FDQ�EH�YLHZHG�LQ�WZR�YHU\�GLIIHUHQW�ZD\V��,Q
WKH�ILUVW��UDLVLQJ�UXVW�UHVLVWDQFH�IURP�����WR�����LV�D�JHQHWLF�JDLQ�RI�PRUH�WKDQ�������:KLOH
JDLQV�DW�VXFK�OHYHOV�DUH�RXWVLGH�RI�WKH�UDQJH�RI�YDOXHV�UHSUHVHQWHG�LQ�)LJXUHV���DQG����LW�ZRXOG
VHHP�WKDW�ZLWK�YHU\�KLJK�FRVWV�RI�SODQWLQJ�VWRFN�WKHUH�FRXOG�VWLOO�EH�D�ILQDQFLDO�EHQHILW�
�����������$�YHU\�GLIIHUHQW�DSSURDFK�LV�WR�XVH�WKH�¦EHVW�JXHVV§�RXWOLQHG�LQ�7DEOH����7KHUH�DUH�QR
PDQDJHG�VWDQG�\LHOG�WDEOHV�IRU�ZHVWHUQ�ZKLWH�SLQH�LQ�%&��<LHOGV��WKHUHIRUH��ZHUH�DVVXPHG�WR�EH
DERXW�WKH�VDPH�DV�WKH�SULQFLSDO�LQWROHUDQW�VSHFLHV�UHSUHVHQWHG�LQ�7,36<��'RXJODV�ILU��VXJJHVWHG
E\�0LWFKHOO�SHUV��FRPP����&RPELQLQJ�SURMHFWHG�\LHOGV�DQG�HVWLPDWHG�OHYHOV�RI�UHVLVWDQFH�LQ�7DEOH
��SURYLGHV�DQ�DSSURDFK�WR�HVWLPDWLQJ�EHQHILWV��,W�LV�DVVXPHG�WKDW�'RXJODV�ILU�LV�WKH�DOWHUQDWLYH
VSHFLHV�IRU�SODQWLQJ�RQ�VLWHV��ZKLFK�PLJKW�EH�SODQWHG�ZLWK�ZHVWHUQ�ZKLWH�SLQH�
�����������)RU�WKLV�DQDO\VLV��ZHVWHUQ�ZKLWH�SLQH�LV�DZDUGHG�D�����SUHPLXP�LQ�WKH�OXPEHU�PDUNHW��-�
&RRN��02)�9DOXDWLRQ�%UDQFK��SHUV��FRPP�����(YHQ�ZLWK�WKDW�SUHPLXP��UXVW�UHVLVWDQFH�ZRXOG
KDYH�WR�EH�QHDUO\�����KLJKHU�WKDQ�FXUUHQWO\�SURMHFWHG�WR�PDWFK�WKH�H[SHFWHG�YDOXH�RI�LQWHULRU
'RXJODV�ILU�DV�DQ�DOWHUQDWLYH�LQ�UHIRUHVWDWLRQ��3URMHFWHG�OHYHOV�RI�JHQHWLF�JDLQ�LQ�YROXPH�IURP
FXUUHQW�WUHH�LPSURYHPHQW�LQ�LQWHULRU�'RXJODV�ILU��IURP���WR�����GHSHQGLQJ�RQ�SODQQLQJ�]RQH
�7,&���������ZRXOG�DGG�WR�WKH�IDYRUDEOH�SRVLWLRQ�RI�'RXJODV�ILU��ZKHUHDV�LQFUHDVHG�URRW�URW
KD]DUG�DQG�HPSKDVLV�RQ�LQFUHDVHG�VSHFLHV�GLYHUVLW\�ZRXOG�LQFUHDVH�WKH�YDOXH�RI�SLQH��,W�ZRXOG
VHHP�WKDW�HLWKHU�UHVLVWDQFH�OHYHOV�PXVW�EH�DSSUHFLDEO\�KLJKHU�RU�UHDVRQV�IRU�FKRRVLQJ�ZKLWH�SLQH
RYHU�'RXJODV�ILU�PXVW�EH�FRPSHOOLQJ�EHIRUH�VLJQLILFDQW�DGGLWLRQDO�FRVW�IRU�SODQWLQJ�VWRFN�ZRXOG
EH�FRVW�HIIHFWLYH��7KLV�LV�HVSHFLDOO\�WUXH�IRU�WKH�LQWHULRU�

�&RVWV��7KH�SURFHVV�RI�HPEOLQJ�SURGXFWLRQ�ZRXOG�UHTXLUH�VXEVWDQWLDO�GHYHORSPHQW��2QH�IDPLO\
KDV�SURGXFHG�PDQ\�FXOWXUHV��RWKHU�IDPLOLHV�KDYH�SURGXFHG�YHU\�IHZ��1R�WHVWV�RI�HPEOLQJ�VWRFN
TXDOLW\�KDYH�EHHQ�HVWDEOLVKHG��7KH�FXUUHQW�YLHZ�RI�KRZ�6(�PLJKW�EH�DSSOLFDEOH�UHTXLUHV�FORQDO
WHVWLQJ���7KHUHIRUH��UHVHDUFK�DQG�GHYHORSPHQW�FRVWV�ZLOO�EH�KLJK�DQG�DQ�RSHUDWLRQDO�V\VWHP�ZRXOG
QRW�EH�LQ�SODFH�IRU�DW�OHDVW����\HDUV��5HQHZHG�IXQGLQJ�ZRXOG�EH�UHTXLUHG�WR�FRQWLQXH�UHVHDUFK
DQG�GHYHORSPHQW�

�������������������������������'RXJODV�ILU��FRDVW��¤�6LWH�LQGH[�������5RWDWLRQ�DJH����\HDUV

�����������������*UDSK�LV�LGHQWLFDO�WR�)LJXUH���

�������,QWHUSUHWDWLRQ

�����������%HQHILWV�¤�9ROXPH�JURZWK�LV�RI�SULPDU\�LQWHUHVW�LQ�'RXJODV�ILU�ZLWK�PDLQWHQDQFH�RI
DYHUDJH�ZRRG�GHQVLW\�DV�D�VHFRQG�FULWHULRQ��7KH�KLJKHVW�EUHHGLQJ�YDOXH�IRU�YROXPH�JURZWK�RI
VHFRQG�JHQHUDWLRQ�VHOHFWLRQV�LV�����ZLWK�D�EUHHGLQJ�YDOXH�RI�¤�����IRU�ZRRG�GHQVLW\��;LH�
�������7KH�VWURQJ�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�YROXPH�JURZWK�DQG�ZRRG�GHQVLW\�UHVXOWV�LQ
UHGXFHG�JHQHWLF�SRWHQWLDO�IRU�JURZWK�GXH�WR�DQ�LPSURYHPHQW�REMHFWLYH�WKDW�UHTXLUHV�PDLQWHQDQFH
RI�DYHUDJH�ZRRG�GHQVLW\��$VVXPLQJ�D�IXOO\�DGGLWLYH�PRGHO�RI�JHQH�DFWLRQ�IRU�ERWK�WUDLWV�
YHJHWDWLYH�DPSOLILFDWLRQ�RI�IXOO�VLE�IDPLOLHV�FRXOG�UHVXOW�LQ�PDLQWHQDQFH�RI�DYHUDJH�ZRRG�GHQVLW\
ZLWK�JDLQV�RI�DERXW�����LQ�JURZWK��7KH�GHJUHH�WR�ZKLFK�D�SURJUDP�RI�FORQDO�VHOHFWLRQ�IRU�ERWK



��

7DEOH����(VWLPDWHG�EHQHILWV�IURP�JHQHWLF�LPSURYHPHQW�LQ�EOLVWHU�UXVW�UHVLVWDQFH�RI
���������������ZHVWHUQ�ZKLWH�SLQH��$�SUHPLXP�RI�����ZDV�DZDUGHG�WR�SLQH�LQ�UHFRJQLWLRQ�RI
���������������KLJKHU�ZRRG�YDOXH�

���������������������������������������������������������������������������������������������������������������������7RWDO
��������������������������������$PRXQW�����������5XVW�����������$PRXQW�������5HODWLYH��������5HODWLYH
��������������������������������3ODQWHG���������5HVLVWDQFH���+DUYHVWHG�������9DOXH������������9DOXH
6SHFLHV����������������������������������������������������������P��KD����������P��KD������������P��KD�

���������������������&RDVW����&XUUHQW�SUDFWLFH�ZLWK�XQLPSURYHG�SLQH

'RXJODV�ILU���������������������������������������������������������������������������
:HVWHUQ�ZKLWH�SLQH��������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������

�����������������������������������3ODQWLQJ�RSWLRQV�ZLWK�PDWHULDOV�IURP�,GDKR�UHVLVWDQFH�VHOHFWLRQV

'RXJODV�ILU���������������������������������������������������������������������������
:HVWHUQ�ZKLWH�SLQH������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������
'RXJODV�ILU���������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������
:HVWHUQ�ZKLWH�SLQH��������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������

���������������������,QWHULRU���&XUUHQW�SUDFWLFH�ZLWK�XQLPSURYHG�SLQH

'RXJODV�ILU����������������������������������������������������������������������������
:HVWHUQ�ZKLWH�SLQH��������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������

������������������������������������3ODQWLQJ�RSWLRQV�ZLWK�PDWHULDOV�IURP�,GDKR�UHVLVWDQFH�VHOHFWLRQV

'RXJODV�ILU����������������������������������������������������������������������������
:HVWHUQ�ZKLWH�SLQH�������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������
'RXJODV�ILU���������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������
:HVWHUQ�ZKLWH�SLQH��������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������������������������
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�WUDLWV�FRXOG�LQFUHDVH�YROXPH�JURZWK�LV�XQNQRZQ��)LJXUH���VXJJHVWV�WKDW�YROXPH�JURZWK�EHQHILWV
ZRXOG�KDYH�WR�EH�YHU\�VXEVWDQWLDO�EHIRUH�WKH�FRVWV�RI�D�FORQDO�SURJUDP�ZRXOG�EH�FRVW�HIIHFWLYH�

�����������&RVWV�¤�7R�GDWH��FXOWXUHV�RI�'RXJODV�ILU�KDYH�EHHQ�PRUH�GLIILFXOW�WR�HVWDEOLVK�WKDQ�FXOWXUHV
RI�VSUXFHV��$ERXW�����RI�JHQRW\SHV�LQ�FXOWXUH�KDYH�SURGXFHG�VXEVWDQWLDO�QXPEHUV�RI�HPEOLQJV�
7KH�QHHG�WR�XVH�LPPDWXUH�HPEU\RV�PD\�LQWURGXFH�GLIILFXOWLHV�RI�YDULDEOH�PDWXUDWLRQ�VWDWH��6WRFN�
W\SH�WHVWLQJ�ZRXOG�EH�UHTXLUHG�IRU�DQ\�HPEOLQJV�DQG�FORQDO�WHVWLQJ�ZRXOG�EH�UHTXLUHG�IRU�D�FORQDO
SURJUDP��+LJK�JURZWK�UDWHV�RI�FRDVWDO�'RXJODV�ILU�DQG�UHODWLYHO\�VKRUW�URWDWLRQV��KRZHYHU�
VXJJHVW�WKDW�JHQHWLF�JDLQV�FRXOG�EDODQFH�D�VXEVWDQWLDO�DGGHG�FRVW�SHU�WUHH�IRU�SODQWLQJ�VWRFN�

�����6XPPDU\

�����������5HVXOWV�IURP�WKH�JHQHUDO�PRGHO�TXDQWLI\�WKH�LQWXLWLYH�H[SHFWDWLRQ�RI�KRZ�EHQHILWV���JHQHWLF
JDLQV�LQ�YROXPH��EDODQFH�FRVWV��DGGHG�FRVW�RI�JHQHWLF�JDLQ���6SHFLHV�GLIIHUHQFHV�DUH�ODUJH�
KRZHYHU��DV�D�FRQVHTXHQFH�RI�GLIIHUHQFHV�LQ�JURZWK�UDWHV�DQG�URWDWLRQ�DJHV��)RU�6LWND�VSUXFH�
FRDVWDO�'RXJODV�ILU�DQG�FRDVWDO�ZHVWHUQ�ZKLWH�SLQH��VXEVWDQWLDO�LQFUHPHQWDO�FRVWV�IRU�JHQHWLF
LPSURYHPHQW�RI�SODQWLQJ�VWRFN�ZRXOG�EH�FRVW�HIIHFWLYH�LI�WKH�UHVXOWLQJ�FXELF�PHWHU�RI�ZRRG�ZDV
ZRUWK�DW�OHDVW�����DW�URWDWLRQ�DJH���)RU�LQWHULRU�VSUXFH�DQG�ZHVWHUQ�ZKLWH�SLQH�LQ�LQWHULRU�%&�
LQFUHPHQWDO�FRVWV�ZRXOG�KDYH�WR�EH�ORZ��JHQHWLF�JDLQV�YHU\�KLJK�DQG�RU�ZRRG�YDOXH�ZRXOG�KDYH
WR�EH�YHU\�KLJK��,W�VKRXOG�EH�QRWHG�WKDW�WKHVH�DQDO\VHV�DUH�EDVHG�RQO\�RQ�GLUHFW�HVWLPDWHV�RI�ZRRG
YROXPH��7KH�UHVXOWV�GR�QRW�LQFOXGH�EHQHILWV�IURP�HDUOLHU�UHOHDVH�RI�KDUYHVW�FRQVWUDLQWV�RQ�DGMDFHQW
WLPEHU��HDUOLHU�UHOHDVH�RI�OHJDO�REOLJDWLRQV�IRU�UHIRUHVWDWLRQ�RU�UHGXFHG�FRVWV�WR�DFKLHYH�¦IUHH�WR�
JURZ§�VWDWXV��3HUFHQWDJHV�RI�¦JHQHWLF�JDLQ�LQ�YROXPH§�WKHUHIRUH�FRXOG�EH�KLJKHU�WKDQ�WKRVH
SUHGLFWHG�IURP�SURJHQ\�WHVW�GDWD�

�������������������)8785(�35263(&76�)25�620$7,&�(0%5<2*(1(6,6�,1�%&

�����������$W�YDULRXV�SRLQWV�LQ�RXU�UHYLHZ��ZH�KDYH�H[SUHVVHG�RSWLPLVP�IRU�WKH�SRWHQWLDO�RI�6(�WR
HQKDQFH�%&�IRUHVWV��'HYHORSPHQW�RI�WKH�SURFHVV�RI�6(��IRU�VSUXFH�DQG�'RXJODV�ILU��LV�EH\RQG
WKH�SRLQW�RI�XQFHUWDLQW\�DV�WR�ZKHWKHU�LW�FDQ�EH�GRQH��7KH�DELOLW\�WR�SURGXFH�HPEOLQJV�ZLOO�QRW�
KRZHYHU��DXWRPDWLFDOO\�UHVXOW�LQ�RSHUDWLRQDO�XVH�RI�WKLV�WHFKQRORJ\��,Q�WKH�IROORZLQJ�FRPPHQWV�
ZH�VXPPDUL]H�VHYHUDO�LVVXHV�WKDW�WKH�)RUHVW�*HQHWLFV�&RXQFLO�PD\�ZDQW�WR�DGGUHVV�LQ�GHFLGLQJ�WR
ZKDW�OHYHO�LW�ZLVKHV�WR�HQFRXUDJH�GHYHORSPHQW�RI�6(�RQ�DQ�RSHUDWLRQDO�VFDOH�

�����$GPLQLVWUDWLYH�,VVXHV

�����������7KH�UDZ�PDWHULDO�IRU�6(��JHQRW\SHV�DQG�ILHOG�SHUIRUPDQFH�GDWD��LV�DOPRVW�H[FOXVLYHO\�LQ
WKH�SXEOLF�GRPDLQ�DQG�LV�OLNHO\�WR�UHPDLQ�WKHUH��0RUHRYHU��WKH�UHJXODWRU\�FRQWURO�RI�GHSOR\PHQW
RI�HPEOLQJV�LV�D�SURYLQFLDO�UHVSRQVLELOLW\�IRU�&URZQ�ODQGV�ZKLFK�FRPSULVH�PRUH�WKDQ�����RI�WKH
IRUHVW�ODQGV�RI�%&��7KH�WHFKQLFDO�FDSDELOLW\��FRQWURO�RI�SURFHVV�SDWHQWV��DQG�PDUNHWLQJ�RI
HPEOLQJV�DUH�LQ�WKH�SULYDWH�VHFWRU�DQG�DUH�OLNHO\�WR�UHPDLQ�WKHUH��$W�SUHVHQW��D�SURWRFRO�IRU
WUDQVIHU�RI�WHVWHG�JHQHWLF�PDWHULDO�IRU�XVH�LQ�6(�LV�LQ�SODFH�EXW�LV�QRW�XQLYHUVDOO\�DFFHSWHG��7KLV
FRXOG�UHSUHVHQW�D�PDMRU�EORFN�WR�WKH�XVH�RI�6(��+HUH��DV�HOVHZKHUH�ZH�QRWH�WKDW�SURGXFW
REMHFWLYHV�RI�GLIIHUHQW�HPEOLQJ�SURGXFHUV�LQIOXHQFH�GHYHORSPHQW�RI�DQ�RSHUDWLRQDO�V\VWHP�
:KHUH�WKH�SURGXFHU�VHUYHV�DV�D�FRQWUDFWHG�PDQXIDFWXUHU�RI�HPEOLQJV��SURSULHWDU\�LVVXHV�UHPDLQ



��

VROHO\�ZLWK�WKH�VXSSOLHU�RI�HPEU\RV��:KHUH�WKH�SURGXFHU�VHHNV�WR�DGG�JHQHWLF�YDOXH�WR�VXSSOLHG
PDWHULDO��RZQHUVKLS�LV�OHVV�FOHDU�

�����)LQDQFLDO

�����������7KHUH�DUH�VHYHUDO�ZD\V�WR�GHOLYHU�JHQHWLF�LPSURYHPHQW�WR�IRUHVW�SODQWDWLRQV��:KHUH�FRVW
HIIHFWLYHQHVV�LV�RQH�FULWHULRQ�LQ�WKH�FKRLFH�RI�GHOLYHU\�PHWKRG��ZH�VXJJHVW�WKDW�HVWLPDWHV�XVLQJ
EHVW�DYDLODEOH�GDWD�VKRXOG�EH�PDGH�WR�DW�OHDVW�LGHQWLI\�D�SODXVLEOH�UDQJH�RI�EHQHILWV�DQG�FRVWV�IRU
GLIIHUHQW�PHWKRGV��6XFK�DQDO\VHV�FRXOG�JXLGH�ERWK�SURGXFHUV�DQG�EX\HUV�WRZDUG�ILQDQFLDOO\
DWWUDFWLYH�PHWKRGV�IRU�JHQHWLF�HQKDQFHPHQW�RI�%&�IRUHVWV��3URGXFHUV�ZRXOG�EH�EHWWHU�LQIRUPHG�RI
SULFH�UDQJHV�WKDW�DUH�OLNHO\�WR�EH�DFFHSWHG�E\�EX\HUV�
�����������)RU�6(��%&�DSSHDUV�WR�EH�DSSURDFKLQJ�D�JDS�LQ�IXQGLQJ�IRU�UHVHDUFK�DQG�GHYHORSPHQW�WKDW
FRXOG�EORFN�IXUWKHU�GHYHORSPHQW��6XEVWDQWLDO�UHVHDUFK�DQG�GHYHORSPHQW�ZLOO�EH�UHTXLUHG�EHIRUH
EHQHILWV�DQG�FRVW�PD\�DSSURDFK�D�ILQDQFLDOO\�DWWUDFWLYH�EDODQFH��)RU�LQWHULRU�VSUXFH��UHILQHPHQWV
WR�WKH�HPEOLQJ�SURGXFWLRQ�SURFHVV��FRPSOHWLRQ�RI�VWRFN�TXDOLW\�WHVWLQJ��DQG�FRQWLQXHG�FORQDO
WHVWLQJ�UHPDLQ��)RU�RWKHU�VSHFLHV��WKH�OLVW�LV�ORQJHU�
�����������:H�DVNHG�SRWHQWLDO�FRUSRUDWH�XVHUV�RI�HPEOLQJV�KRZ�PXFK�WKH\�ZRXOG�EH�ZLOOLQJ�WR�VSHQG
WR�DGYDQFH�UHVHDUFK�DQG�GHYHORSPHQW�RQ�6(��7KH�VWURQJ�DQG�FRQVLVWHQW�UHVSRQVH��ZLWK�UHVSHFW�WR
&URZQ�ODQGV��ZDV�¦=HUR�§��¦1RWKLQJ§��¦:H©UH�QRW�ZLOOLQJ�WR�DFFHSW�KLJKHU�FRVWV�RI�VWRFN�RU
WHVWLQJ�§�*RYHUQPHQW�SROLF\��LQFOXGLQJ�ODFN�RI�WLWOH�WR�SODQWHG�WUHHV��LV�DW�WKH�KHDUW�RI�WKHVH
UHVSRQVHV��:KLOH�LQYHVWPHQW�LQ�IRUHVW�UHJHQHUDWLRQ�RQO\�WR�WKH�OHJDO�PLQLPXP�PD\�QRW�EH�WKH
XQLYHUVDO�DSSURDFK�RI�IRUHVW�LQGXVWU\��WKHUH�ZRXOG�VHHP�WR�EH�OLWWOH�IOH[LELOLW\�IRU�VXEVWDQWLDO
GLUHFW�ILQDQFLDO�FRQWULEXWLRQ�IURP�LQGXVWU\�WR�DGYDQFLQJ�6(�WRZDUG�DQ�RSHUDWLRQDO�VFDOH�RQ�SXEOLF
ODQGV��0RUHRYHU��LQ�WKH�DEVHQFH�RI�VXEVWDQWLDO�GHPRQVWUDWHG�EHQHILWV�IURP�SODQWLQJ�RI�HPEOLQJV�
UHVLVWDQFH�WR�FXUUHQW�SULFLQJ�LV�ZLGH�VSUHDG���2QH�QRWHZRUWK\�FRPPHQW�IURP�LQGXVWU\�ZDV�WKDW
RXWVLGH�IXQGLQJ��L�H��IURP�)5%&��VKRXOG�QRW�IXOO\�FRYHU�FXUUHQW�DGGLWLRQDO�SXUFKDVH�FRVWV�IRU
HPEOLQJV��5DWKHU��SXUFKDVHUV�VKRXOG�EH�UHTXLUHG�WR�SD\�VRPH�SRUWLRQ�RI�WKH�FXUUHQW�DGGLWLRQDO
SULFH�WR�IRUFH�LQGLYLGXDO�MXGJHPHQWV�RQ�ZKHWKHU�WKH�SULFH�LV�FRVW�HIIHFWLYH�
�����������:H�JRW�D�VRPHZKDW�GLIIHUHQW�DQVZHU�ZLWK�UHVSHFW�WR�SULYDWH�ODQGV���7KHUH�ZDV�VRPH
ZLOOLQJQHVV�WR�DFFHSW�KLJKHU�FRVWV�GXULQJ�5	'�LQ�RUGHU�WR�KHOS�EULQJ�WKH�WHFKQRORJ\�DORQJ���7KLV
VHHPHG�WR�EH�GULYHQ�PRUH�E\�WKH�KRSHV�RI�EORFNEXVWHU�JDLQV�WKURXJK�JHQHWLF�HQJLQHHULQJ��DQG�WKH
UHFRJQLWLRQ�WKDW�6(�ZDV�DQ�LPSRUWDQW�FRPSRQHQW�RI�WKDW��WKDQ�WKH�H[SHFWDWLRQ�WKDW�6(�ZRXOG
FRQWULEXWH�WKURXJK�WKH�FRQYHQWLRQDO�URXWH�RI�GHOLYHULQJ�LPSURYHG�PDWHULDO�IURP�FXUUHQW�WUHH�
LPSURYHPHQW�SURJUDPV���+RZ�DQ�LQFUHDVH�LQ�5	'�FRVWV�ZRXOG�EH�KDQGOHG�YDULHG�VXEVWDQWLDOO\
DPRQJ�WKRVH�LQWHUYLHZHG��IURP�D�UHGXFWLRQ�LQ�YDULRXV�FXUUHQW�VLOYLFXOWXUDO�WUHDWPHQWV�WR�D�VLPSOH
DGG�RQ�IURP�D�KLJKHU�FRUSRUDWH�OHYHO�
�����������5HVSRQGHQWV�LQ�RXU�LQWHUYLHZV�SXW�WKH�SHUFHQWDJH�RI�JHQHWLFV�5	'�LQ�IRUHVWU\�WKDW�LV
DSSURSULDWH�IRU�SXUVXLQJ�6(�LQ�WKH�UDQJH����WR�����LQ�WKH�QHDU�IXWXUH��XQWLO�LW�LV�FOHDUHU�ZKHWKHU
LW�ZLOO�ZRUN��$�UHODWHG�LVVXH�UHIOHFWV�H[SHULHQFH�WKDW�KDV�EHFRPH�FRPPRQ�HOVHZKHUH��QDPHO\�WKDW
WUDGLWLRQDO�WUHH�EUHHGLQJ�SURJUDPV�KDYH�EHHQ�VKRUWFKDQJHG�LQ�RUGHU�WR�VXSSRUW�LQVWHDG�WKLV
H[FLWLQJ�ILHOG�RI�JHQHWLF�HQJLQHHULQJ��,Q�DGGLWLRQ��WKH�DOORFDWLRQ�RI�IXQGV�DQG�SURJUDPV�IURP�WUHH
EUHHGLQJ�WR�ELRWHFKQRORJ\�PD\�FUHDWH�DQRWKHU�SUREOHP���7UHH�EUHHGHUV�DUH�XVXDOO\�D�ZKROH�ORW
EHWWHU�DW�GHVLJQLQJ��LQVWDOOLQJ�DQG�HYDOXDWLQJ�ILHOG�WULDOV�WKDQ�DUH�ODERUDWRU\�RULHQWHG�JHQHWLF
HQJLQHHUV�
�����������)URP�WKH�SURGXFHUV©�SRLQW�RI�YLHZ��ILVFDO�UHDOLWLHV�GLFWDWH�WKDW�UHVHDUFK�DQG�GHYHORSPHQW
ZLOO�EH�IRFXVVHG�RQ�RSSRUWXQLWLHV�WKDW�RIIHU�WKH�TXLFNHVW�RU�JUHDWHVW�UHWXUQ�RQ�LQYHVWPHQW��%RWK
SURGXFHUV�PDGH�LW�FOHDU�WKDW�WKH\�DUH�ZRUNLQJ�LQ�LQWHUQDWLRQDO�PDUNHWV�DQG�WKDW�%&�LV�QRW
QHFHVVDULO\�HVVHQWLDO�WR�WKHLU�VXFFHVV��6HYHUDO�H[LVWLQJ�%&�SURMHFWV�DUH�VFKHGXOHG�WR�EH�GURSSHG�LQ
WKH�DEVHQFH�RI�UHQHZHG�ILQDQFLDO�FRPPLWPHQWV��7KLV�SHUVSHFWLYH��FRPELQHG�ZLWK�UHVLVWDQFH�WR



��

LQYHVWPHQW�E\�SRWHQWLDO�XVHUV�RI�HPEOLQJV��OHDGV�WR�RXU�YLHZ�WKDW�IXQGLQJ�RI�WKH�FXUUHQW�UHVHDUFK
DQG�GHYHORSPHQW�QHHGV��OHDGLQJ�WR�RSHUDWLRQDO�SURGXFWLRQ�RI�HPEOLQJV��LV�D�VHULRXV�LVVXH�
�����������,W�PD\�PDNH�D�GLIIHUHQFH�WR�VRPH�SRWHQWLDO�XVHUV�RI�HPEOLQJV�ZKHWKHU�DGGHG�FRVWV�IRU
VWRFN�ZLWK�GHPRQVWUDWHG�DGGLWLRQDO�JHQHWLF�LPSURYHPHQW�FDQ�EH�WUHDWHG�DV�D�FRVW�RI�ORJJLQJ��RU
PXVW�EH�WUHDWHG�DV�D�FRPSRXQG�LQWHUHVW�LQYHVWPHQW�WR�EH�UHFRYHUHG�LQ�D�IXWXUH�KDUYHVW���:KHWKHU
WKH�SXUFKDVH�RI�VXFK�PRUH�H[SHQVLYH�SODQWLQJ�VWRFN�FRXOG�EH�PDQGDWHG��WKXV�TXDOLI\LQJ�DV�D
FXUUHQW�FRVW�RI�ORJJLQJ��XQGHU�WKH�SROLF\�RI�XVLQJ�WKH�¦EHVW�DYDLODEOH�DW�UHDVRQDEOH�FRVW§�ZLOO
SUREDEO\�GHSHQG�RQ�LQWHUSUHWDWLRQV�RI�¦EHVW�DYDLODEOH§�DQG�RI�¦UHDVRQDEOH�FRVW§�

����6RFLDO

�����������:H�IRXQG�OLWWOH�RSSRVLWLRQ�WR�6(�RQ�JURXQGV�RI�SRWHQWLDO�UHGXFWLRQV�LQ�JHQHWLF�GLYHUVLW\�
:H�ZHUH��KRZHYHU��XQDEOH�WR�LGHQWLI\�UHVSRQVLEOH�PHPEHUV�RI�WKH�HQYLURQPHQWDO�FRPPXQLW\�IRU
LQWHUYLHZV��7KH�RQH�VSHFLILF�UHIHUHQFH�WR�VRFLDO�FRQFHUQ�ZDV�PHQWLRQ�WKDW�WKH�WRSLF�RI�SRWHQWLDO
UHGXFWLRQV�LQ�JHQHWLF�GLYHUVLW\�DQG�LWV�SRVVLEOH�FRQVHTXHQFHV�KDG�EHHQ�GLVFXVVHG�LQ�/DQG
5HVRXUFH�3ODQQLQJ�0HHWLQJV�IRU�WKH�3ULQFH�*HRUJH�5HJLRQ��,W�VKRXOG�EH�QRWHG�WKDW�RXU
FRUUHVSRQGHQW�KDG�DWWHQGHG�SUHVHQWDWLRQV�WKDW�VRXJKW�WR�DOOD\�FRQFHUQV�EXW�GLG�QRW�ILQG�WKH
PDWKHPDWLFDO�H[SODQDWLRQV�JLYHQ�WR�EH�FRQYLQFLQJ�
�����������:H�GLG�DVN�FOLHQWV��SURGXFHUV��DQG�VFLHQWLVWV�ZKHWKHU�WKH\�DUH�FRQFHUQHG�DERXW�DGYHUVH
SXEOLF�UHDFWLRQ�RU�KDUDVVLQJ�ODZVXLWV���$OPRVW�ZLWKRXW�H[FHSWLRQ��WKHVH�FRQFHUQV�ZHUH�UDWHG�DV
PLQRU�RU�DEVHQW���([SHULHQFH�LQ�WKH�8QLWHG�6WDWHV�KDV�EHHQ�YHU\�GLIIHUHQW��ZLWK�VXFK�FRQFHUQV
UDQNLQJ�YHU\�KLJK�LQ�DOO�WKUHH�JURXSV�RQ�VLPLODU�WRSLFV��DQG�WKH\�KDYH�DOO�WRR�IUHTXHQWO\�SURYHG�WR
EH�ZHOO�IRXQGHG���:H�VXJJHVW�WKDW��LI�%ULWLVK�&ROXPELD�GHFLGHV�WR�PRYH�IRUZDUG�ZLWK�6(
WHFKQRORJ\��WKHUH�VKRXOG�EH�VXEVWDQWLDO�DWWHQWLRQ�JLYHQ�WR�ILUVW�DVFHUWDLQLQJ�SXEOLF�ZRUULHV��DQG
WKHQ�SURDFWLYHO\�PRXQWLQJ�D�FDPSDLJQ�WR�LQIRUP�\RXU�GLYHUVH�SXEOLFV�DV�WR�WKH�ULVNV�DQG
DGYDQWDJHV�RI�XVLQJ�6(�WHFKQRORJ\�
�����������,QWHUHVWLQJO\��DOWKRXJK�ZH�DWWHPSWHG�WR�FRQWDFW�D�OLVW�RI�IRUHVWHUV�ZKR�PLJKW�RU�VKRXOG�EH
DZDUH�RI�6(��IHZ�UHSOLHG�WR�RXU�HPDLO�PHVVDJHV�RXWOLQLQJ�RXU�TXHVWLRQV�DQG�UHTXHVWLQJ�D�VXLWDEOH
WLPH�IRU�FRQWDFW���:KHWKHU�WKLV�LQGLFDWHV�WKDW�%ULWLVK�&ROXPELD�IRUHVWHUV�DUH�VHULRXVO\
RYHUZRUNHG��RU�ZKHWKHU�WKH\�DUH�QRW�LQWHUHVWHG��ZDV�QRW�FOHDU���+RZHYHU��RQH�FOLHQW�LQWHUYLHZ
SURYLGHG�WKH�RSLQLRQ�WKDW�XSSHU�PDQDJHPHQW�LV�ZHOO�LQIRUPHG�DERXW�6(�GHYHORSPHQWV��EXW�WKDW
ILHOG�IRUHVWHUV�DUH�QRW�RQO\�SRRUO\�LQIRUPHG�EXW�DOVR�UHVLVWDQW�WR�WKLV�DQG�RWKHU�QHZ�WHFKQRORJLHV�
7KLV�ZDV�QRW�VXUSULVLQJ��VLQFH�IRUHVWHUV�GHDO�ZLWK�YHU\�ORQJ�WLPH�IUDPHV�DQG�DUH�WKHUHIRUH�ULJKWO\
FRQVHUYDWLYH�DERXW�KDVWLO\�DGRSWLQJ�QHZ�DQG�XQWULHG�ZD\V�RI�GRLQJ�WKLQJV���,W�GRHV�LQGLFDWH�WKDW�
LI�%ULWLVK�&ROXPELD�IRUHVWU\�PRYHV�DKHDG�ZLWK�6(��D�VXEVWDQWLDO�HGXFDWLRQDO�FDPSDLJQ�ZLOO�QHHG
WR�EH�PRXQWHG�DPRQJ�HVWDEOLVKHG�ILHOG�IRUHVWHUV�DV�ZHOO�DV�IRU�WKH�JHQHUDO�SXEOLF�

�����%LRORJLFDO

�����������)RU�VSHFLHV�RWKHU�WKDQ�VSUXFH��LVVXHV�LQFOXGH�UHFDOFLWUDQW�JHQRW\SHV��SRWHQWLDO�YDULDWLRQ
IURP�VDPSOLQJ�RI�LPPDWXUH�HPEU\RV��SODQWLQJ�VWRFN�TXDOLW\��DQG�ILHOG�SHUIRUPDQFH��7KH�VSUXFH
PRGHO�PD\�VHUYH�DV�D�JXLGH�WR�VROXWLRQ�RI�WKHVH�SUREOHPV�EXW�VXEVWDQWLDO�UHVHDUFK�DQG
GHYHORSPHQW�VHHPV�WR�EH�UHTXLUHG�EHIRUH�6(�IRU�RWKHU�VSHFLHV�LV�DYDLODEOH�LQ�%&�
�����������5LVNV�RI�UHGXFHG�ELRGLYHUVLW\�DQG�WKH�UHODWHG�LQFUHDVHG�ULVNV�RI�FDWDVWURSKLF�ORVV�WR
SK\VLFDO�RU�ELRWLF�HYHQWV�ZHUH�D�FRQFHUQ�IUHTXHQWO\�PHQWLRQHG�GXULQJ�RXU�LQWHUYLHZV���7KHVH
LVVXHV�ZHUH�DGGUHVVHG�IRU�IRUHVW�SODQWDWLRQV�LQ�JHQHUDO��DQG�IRU�FORQDO�SODQWDWLRQV�LQ�SDUWLFXODU��LQ



��

D������65,(*�PHHWLQJ��/LEE\�DQG�RWKHUV�������SOXV�IROORZLQJ�SDSHUV�&-)5�������:KLOH
LQFUHDVHG�JHQHWLF�FRQWURO�RI�WKH�WUHH�FRPSRQHQWV�RI�D�IRUHVW�DOORZV�PDQDJHPHQW�RSSRUWXQLWLHV�IRU
VHULRXV�HUURUV��LW�GRHV�QRW�UHTXLUH�PDQDJHPHQW�WR�PDNH�VXFK�HUURUV���7KH�VWURQJ�FRQVHQVXV�DW�WKH
�����65,(*�PHHWLQJ��DQG�LQ�RWKHU�DQDO\VHV�VLQFH��/LEE\��������PD\�EH�SDUDSKUDVHG�DV�IROORZV�
%\�FRPELQLQJ�JRRG�SODQQLQJ��PRQLWRULQJ�DQG�JHQHWLF�FRQWURO��FORQDO�SODQWDWLRQV�ZLOO�OLNHO\�EH

VDIHU�WKDQ�VHHGOLQJ�SODQWDWLRQV��IXUWKHUPRUH��VXFK�FORQDO�SODQWDWLRQV�ZLOO�OLNHO\�EH�VDIHU�WKDQ

PRVW�QDWXUDOO\�UHJHQHUDWHG�IRUHVWV���7KLV�UHTXLUHV�JRRG�WKHRU\��JRRG�GDWD�DQG�JRRG�H[HFXWLRQ�
7KLV�LV�QRW�ZRUN�IRU�DPDWHXUV���,I�%ULWLVK�&ROXPELD�LV�WR�PDNH�LWV�FORQDO�IRUHVWV�PRUH�SURGXFWLYH
DQG�VDIHU�WKDQ�LWV�QDWXUDO�IRUHVWV��DQG�EH�DEOH�WR�FRQYLQFH�D�OLNHO\�WR�EH�GRXEWLQJ�SXEOLF�WKDW�LW�LV
GRLQJ�VR��WKH�SURIHVVLRQDO�HIIRUW�GHYRWHG�WR�WKLV�WRSLF�FDQQRW�EH�ORZ�SULRULW\���7KXV��LW�PXVW�QRW�EH
VXSSRUWHG�RQO\�LQ�JRRG�WLPHV�EXW�QHJOHFWHG�LQ�KDUG�WLPHV���7KH�FRPPLWPHQW�WR�FORQDO�IRUHVWU\
PXVW�EH�ORQJ�WHUP�DQG�VHULRXV�
�����������$QRWKHU�ELRORJLFDO�LVVXH�QHHGV�WR�EH�SXW�LQ�SHUVSHFWLYH���,Q�VRPH�RI�RXU�LQWHUYLHZV�ZH
IRXQG�FRQVLGHUDEOH�HQWKXVLDVP�IRU�6(�DV�D�YHKLFOH�IRU�JHQHWLF�HQJLQHHULQJ���,Q�WKH�ORQJ�WHUP�LW
PD\�ZHOO�EH��DQG�HYHQ�LQ�WKH�VKRUW�WHUP�WKHUH�DUH�D�IHZ�DWWUDFWLYH�LGHDV�LQYROYLQJ�WUDQVJHQLF
PDQLSXODWLRQ���%XW�ZH�WKLQN�WKLV�HQWKXVLDVP�KDV�LWV�SULRULWLHV�ZURQJ���&RPSDUHG�WR�PRVW�RWKHU
RUJDQLVPV��PRVW�FRQLIHU�VSHFLHV�FRQWDLQ�UHODWLYHO\�ODUJH�DPRXQWV�RI�JHQHWLF�YDULDWLRQ���:H�DUH
QRW�YHU\�IDU�DORQJ�LQ�WKH�SURFHVV�RI�VRUWLQJ�LW�RXW���7KLV�KDV�WZR�FRQVHTXHQFHV�
�����������)LUVW��WUHH�LPSURYHPHQW�SURJUDPV�FDQ�SUREDEO\�DFFHVV�PDQ\�IROG�JUHDWHU�DPRXQWV�RI
XVHIXO�JHQHWLF�YDULDWLRQ�E\�DQDO\]LQJ��UHFRPELQLQJ�DQG�VHOHFWLQJ�DYDLODEOH�DGDSWHG�QDWXUDO
YDULDWLRQ��DQG�FDQ�GR�LW�TXLFNHU�DQG�FKHDSHU�WKDQ�FDQ�JHQHWLF�HQJLQHHULQJ�EULQJ�QHZ�YDULDWLRQ�RQ
OLQH�IRU�FRQILGHQW�GHSOR\PHQW�WR�WKH�IRUHVW�
�����������6HFRQG��JHQHWLF�HQJLQHHULQJ�LV�SDUWLFXODUO\�DWWUDFWLYH�IRU�WLQNHULQJ�ZLWK�DOUHDG\�H[FHOOHQW
FORQHV�WKDW�KDYH�D�IHZ�UHFRJQL]HG�DQG�JHQHWLFDOO\�XQGHUVWRRG�VKRUWFRPLQJV���([FHSW�SHUKDSV�IRU
SRSODUV��%ULWLVK�&ROXPELD�GRHV�QRW�\HW�KDYH�VXFK�H[FHOOHQW�ZHOO�FKDUDFWHUL]HG�FORQHV�DV�WDUJHWV
IRU�WKLV�SURPLVLQJ�WHFKQRORJ\��QRU�LV�WKH�JHQHWLF�XQGHUVWDQGLQJ�RI�PDQ\�WUDLWV�RI�LQWHUHVW�\HW
VXIILFLHQW�
�����������)LQDOO\��SOHDVH�QRWH�WKDW�6(�FDQ�VHUYH�ERWK�WUDGLWLRQDO�WUHH�EUHHGLQJ�DQG�JHQHWLF
HQJLQHHULQJ��DQG�LWV�GHYHORSPHQW�VKRXOG�EH�LQ�WKH�FRQWH[W�RI�ZKDW�WKHVH�FRPSOLPHQWDU\�ILHOGV
FDQ�SURYLGH�IRU�6(�WR�SUHVHUYH�DQG�GHSOR\�

���5(&200(1'$7,216

$OO�0HWKRGV�RI�'HOLYHU\�IRU�*HQHWLF�*DLQ

5(&200(1'$7,21�����7KH�)RUHVW�*HQHWLFV�&RXQFLO�VKRXOG�LQLWLDWH�D�FRPSDULVRQ�RI

EHQHILWV�DQG�FRVWV�IRU�DOWHUQDWLYH�PHWKRGV�RI�GHOLYHU\�RI�JHQHWLF�JDLQ�

&RPPHQWV����D��:KLOH�WKH�TXDOLW\�RI�GDWD�IRU�WKLV�FRPSDULVRQ�ZLOO�YDU\�DPRQJ�PHWKRGV��SODXVLEOH
OLPLWV�VKRXOG�HPHUJH�DQG�FDQ�SURYLGH�JXLGDQFH�RQ�WKH�SRWHQWLDO�RI�YDULRXV�PHWKRGV�
����������������������E��7KLV�H[HUFLVH�VKRXOG�LQFOXGH�GHVLJQ�RI�D�PRGHO�FORQDO�IRUHVWU\�SURJUDP
LQFOXGLQJ�FORQDO�WHVWLQJ��QXPEHU�RI�SURSDJXOHV�WR�EH�SURGXFHG��DQG�JHQHUDWLRQ�RI�QHZ�JHQHWLF
YDULDWLRQ�E\�FURVVLQJ��ODLG�RXW�DORQJ�D�WLPHOLQH�LQ�WKH�PDQQHU�XVHG�IRU�VHHG�RUFKDUG�SODQQLQJ�

5(&200(1'$7,21�����7KH�%&�JHQHWLF�ZRUWK�UDWLQJ�V\VWHP�VKRXOG�FRQWLQXH�WR�EH



��

GHYHORSHG�������

&RPPHQW������D��%HVLGHV�VHUYLQJ�DV�D�WRRO�IRU�EUHHGHUV��VXFK�D�V\VWHP�KDV�KHXULVWLF�YDOXH�LQ
HQFRXUDJLQJ�FOLHQWV�WR�SD\�IRU�JHQHWLF�DGYDQFHV��DQG�LW�PD\�VHUYH�DV�D�EDVLV�IRU�VXFK�WKLQJV�DV
OLFHQVH�IHHV�DQG�UR\DOWLHV�������

6RPDWLF�(PEU\RJHQHVLV�LQ�*HQHUDO

5(&200(1'$7,21���¤�7KH�)RUHVW�*HQHWLFV�&RXQFLO�VKRXOG�VWURQJO\�VXSSRUW�FRQWLQXHG

UHVHDUFK�DQG�GHYHORSPHQW�LQ�6(�IRFXVHG�RQ�LQWHULRU�VSUXFH�DQG�6LWND�VSUXFH�����������������

&RPPHQWV����D��,QWHULRU�VSUXFH�FXUUHQWO\�KDV�WKH�PRVW�DGYDQFHG�6(�SURWRFROV��DQG�WKXV�ZLOO�VHUYH
DV�D�PRGHO�VSHFLHV�ZKHUH�DGYDQFHV�FDQ�ILUVW�EH�PDGH�DQG�PLVWDNHV�OHDUQHG�IURP������������
���������������������E��)URP�WKH�DQDO\VHV�RI�FRVW�HIIHFWLYHQHVV��6LWND�VSUXFH�DSSHDUV�WR�RIIHU�DV�ODUJH�DQ
RSSRUWXQLW\�DV�DQ\�%&�VSHFLHV��������
���������������������F��:H�FXUUHQWO\�VHH�WKH�PRVW�LPPHGLDWH�SRWHQWLDO�YDOXH�IRU�6(�LQ�YHJHWDWLYH
DPSOLILFDWLRQ�RI�SURYHQ�IDPLOLHV�ZKHUH�FRQWURO�SROOLQDWHG�VHHGV�DUH�YHU\�H[SHQVLYH�RU�LQ�VKRUW
VXSSO\���,Q�DGGLWLRQ��GHYHORSPHQW�RI�D�ILQDQFLDOO\�DWWUDFWLYH�6(�V\VWHP�ZRXOG�HQKDQFH�WKH
SRWHQWLDO�IRU�FORQDO�IRUHVWU\�
���������������������G��:H�IDYRU�QHDU�WHUP�HPSKDVLV�RQ�FRVW�UHGXFWLRQ�LQ�HPEOLQJ�SURGXFWLRQ��ZLWK�WKH
H[SHFWDWLRQ�WKDW�ZLWKLQ�WZR�\HDUV�SODXVLEOH�HVWLPDWHV�RI�PDUNHW�SULFH�IRU�VSUXFH�HPEOLQJV�ZLOO�EH
DYDLODEOH���������������������

5(&200(1'$7,21�����5	'�IRU�6(�SURWRFROV�VKRXOG�SURFHHG�DW�ORZHU�SULRULWLHV�ZLWK

DGGLWLRQDO�VSHFLHV�RI�LPSRUWDQFH�WR�%&��ZLWK�DSSURSULDWH�IXQGLQJ�DQG�VXSSRUW�������

&RPPHQWV����D���7KLV�VKRXOG�EH�GRQH�IRU�VSHFLHV�VXFK�DV�\HOORZ�FHGDU�IRU�LWV�YDOXH�LQ�FU\RVWRULQJ
PDWHULDO�WKDW�PD\�EH�SURSDJDWHG�DV�VWHFNOLQJV�RU�SODQWOLQJV�������
���������������������E���,W�VKRXOG�EH�GRQH�IRU�RWKHU�VSHFLHV��VXFK�DV�'RXJODV�ILU�DQG�ZHVWHUQ�ZKLWH�SLQH
IRU�LWV�SRVVLEOH�FRVW�HIIHFWLYH�PDVV�SURSDJDWLRQ�DV�HPEOLQJV�

5(&200(1'$7,21�����:D\V�VKRXOG�EH�IRXQG�WR�HQFRXUDJH�DW�OHDVW�WZR�SURGXFHUV�WR

HQJDJH�LQ�KHDOWK\�FRPSHWLWLRQ�LQ�VXSSO\LQJ�6(�SURSDJXOHV�DQG�WHFKQRORJ\�WR�%ULWLVK

&ROXPELD�

&RPPHQWV����D��:H�UHFRJQL]H�WKH�HIILFLHQF\�DQG�SULFLQJ�YDOXHV�RI�KDYLQJ�FRPSHWLQJ�VXSSOLHUV�RI
6(�WHFKQRORJ\�DQG�SURGXFWLRQ�HPEOLQJV�
���������������������E��:H�ZRXOG�QRW�QHFHVVDULO\�OLPLW�WKDW�VXSSRUW�WR�H[LVWLQJ�%&�RUJDQL]DWLRQV
HQJDJHG�LQ�6(�

5(&200(1'$7,21�����&OHDU�UHVSRQVLELOLWLHV�VKRXOG�EH�GHYHORSHG�DQG�DVVLJQHG�IRU

WHVWLQJ�SURSDJXOH�W\SHV�������D��

&RPPHQW�����D��$OWKRXJK�SURGXFHUV©�ORQJ�WHUP�LQWHUHVWV�DUH�ZHOO�VHUYHG�E\�UHOLDEOH



��

FKDUDFWHUL]DWLRQ�RI�HPEOLQJ�SHUIRUPDQFH��WKHUH�PD\�EH�D�VKRUW�WHUP�FRQIOLFW�RI�LQWHUHVW��RU
SHUKDSV�GLVWUXVW�RI�WKH�UHVXOWV�E\�FOLHQWV��LI�SURGXFHUV�GR�WKH�WHVWLQJ���$W�PLQLPXP��SURSDJXOH�
W\SH�WHVWLQJ�RI�HPEOLQJV�VKRXOG�EH�VXSHUYLVHG�DQG�DXGLWHG�E\�SHUVRQV�RU�RUJDQL]DWLRQV�RWKHU�WKDQ
WKH�SURGXFHUV�
���������������������E��7KH�WDVN�PLJKW�EH�DVVLJQHG�WR�VRPH�DSSURSULDWH�EUDQFK�RI�WKH�02)��RU�WR�VRPH
FRQWUDFWHG�LQGHSHQGHQW�FHUWLI\LQJ�RUJDQL]DWLRQ�
���������������������F��7HFKQLFDO�VWDQGDUGV�VKRXOG�EH�XQGHUVWRRG�E\�GHYHORSHUV�RI�6(�WHFKQRORJ\�DV
ZHOO�DV�SURGXFHUV�RI�HPEOLQJV�

5(&200(1'$7,21�����$�VPDOO�ZRUNLQJ�JURXS�VKRXOG�EH�DSSRLQWHG�WR�ILQG�FUHDWLYH

VROXWLRQV�WR�IDLUO\�DQG�HIIHFWLYHO\�IDFLOLWDWH�WKH�XVH�RI�6(�WHFKQRORJ\�DW�DQ�RSHUDWLRQDO�OHYHO

LQ�%&��������������

&RPPHQW�����D���3URGXFHUV��FOLHQWV��VFLHQWLVWV�DQG�SHUKDSV�RWKHUV�ZRXOG�VLW�GRZQ�WRJHWKHU�WR�ZRUN
RXW�WKHLU�FRQFHUQV�DQG�JRDOV��DQG�WKHQ�ILQG�PXWXDOO\�DJUHHDEOH�VROXWLRQV�
���������������������E���7KLV�JURXS�FRXOG�DGGUHVV�UHODWHG�WRSLFV��VXFK�DV�JHQHWLF�HQJLQHHULQJ�

&ORQDO�IRUHVWU\

5(&200(1'$7,21�����7KH�)RUHVW�*HQHWLFV�&RXQFLO�VKRXOG�GHWHUPLQH�ZKHUH�WKH

LQWHQVLW\�RI�SODQWDWLRQ�IRUHVW�PDQDJHPHQW�LQ�%&�FDQ�DFFRPPRGDWH�IXOO�FORQDO�IRUHVWU\

��������������������

&RPPHQW�����D��$V�6(�QRZ�VHHPV�OLNHO\�WR�DOORZ�ORQJ�WHUP�VWRUDJH�RI�FORQHV�LQ�DQ�HPEU\RQLF
VWDWH��������DQG�WKHLU�VXEVHTXHQW�PDVV�SURGXFWLRQ��������LW�LV�WLPHO\�WKDW�IXOO�FORQDO�IRUHVWU\�EH
FRQVLGHUHG�IRU�DSSURSULDWH�UHJLRQV�RI�VHYHUDO�%&�VSHFLHV��(QKDQFHG�)RUHVW�0DQDJHPHQW�3LORW
3URMHFWV�PD\�RIIHU�RSSRUWXQLWLHV�IRU�ILHOG�WHVWLQJ�RI�FORQDO�IRUHVWU\�
���������������������E���,Q�WKH�QHDU�IXWXUH��WKLV�FDQ�SUREDEO\�RQO\�EH�MXVWLILHG�RQ�KLJKO\�SURGXFWLYH�VLWHV
ZLWK�UHODWLYHO\�VKRUW�URWDWLRQV�����
���������������������F���,W�EHFRPHV�PRUH�OLNHO\�LI�PDVVLYH�SURSDJDWLRQ�RI�UHODWLYHO\�IHZ�VHOHFWHG�FORQHV
ZLWK�JRRG�SURSDJDELOLW\�FDQ�EH�DFKLHYHG�������D��

5(&200(1'$7,21����7KH�)RUHVW�*HQHWLFV�&RXQFLO�VKRXOG�HVWLPDWH�WKH�GHJUHH�WR�ZKLFK

WUDLWV�LQ�DGGLWLRQ�WR�YROXPH�JURZWK��ZRRG�GHQVLW\��DQG�SHVW�UHVLVWDQFH�DUH�RI�PDMRU

VLJQLILFDQFH�LQ�SODQWDWLRQ�IRUHVWU\�LQ�%&�������E��������������

&RPPHQW�����D��&ORQDO�IRUHVWU\�RIIHUV�DFFHVV�WR�DQ�DPD]LQJ�UDQJH�RI�WUDLW�FRPELQDWLRQV��:KHWKHU
WKLV�DFFHVV�LV�LPSRUWDQW�GHSHQGV�RQ�H[LVWLQJ�SUREOHPV�LQ�SODQWDWLRQ�IRUHVWU\�DQG�RQ�PDUNHW
UHFRJQLWLRQ�LQ�IRUHVW�SURGXFWV�������E��

5(&200(1'$7,21������2QO\�KLJK�ILGHOLW\�IXOO�VLE�IDPLOLHV�VKRXOG�EH�HQWHUHG�LQWR�FORQDO

WHVWV�LI�VHOHFWLRQ�IRU�IXOO�FORQDO�IRUHVWU\�LV�D�SRVVLEOH�RSWLRQ�������E�������

&RPPHQW�����D��$OWKRXJK�GHSOR\PHQW�RI�YHJHWDWLYHO\�PXOWLSOLHG�RSHQ�SROOLQDWHG�RU�SRO\FURVV
IDPLOLHV�FDQ�VHHP�DWWUDFWLYH�DV�DQ�DOWHUQDWLYH�WR�IXOO�VLE�IDPLOLHV��PRQLWRULQJ�RI�JHQHWLF�GLYHUVLW\



��

ZLOO�EH�PRUH�HIIHFWLYH�ZKHUH�IXOO�SHGLJUHH�LV�NQRZQ��������
���������������������E��%\�¦KLJK�ILGHOLW\§�LV�PHDQW�HIIHFWLYH�FURVVLQJ�SURWRFROV�WKDW�PLQLPL]H�SROOHQ
FRQWDPLQDWLRQ�DQG�LGHQWLI\�PL[XSV��EDFNHG�E\�JHQHWLF�ILQJHUSULQWLQJ�RI�FDQGLGDWH�IDPLOLHV
PDWFKHG�IRU�FRQVLVWHQF\�ZLWK�ILQJHUSULQWLQJ�RI�VHOHFWHG�FORQHV�

5(&200(1'$7,21������)RU�IXOO�FORQDO�IRUHVWU\��LI�FORQHV�DUH�WR�EH�PDUNHWHG�WR�PXOWLSOH

FOLHQWV��RU�GHSOR\HG�WR�&URZQ�ODQGV��WKH�WHVWLQJ�DQG�FKDUDFWHUL]DWLRQ�VKRXOG�EH�DXGLWHG�E\

HLWKHU�02)�RU�VRPH�LQGHSHQGHQW�FHUWLI\LQJ�DJHQF\�������E�

&RPPHQW�����D��,I�D�FORQH�LV�WR�EH�XVHG�H[FOXVLYHO\�E\�D�VLQJOH�FOLHQW�RQ�SULYDWH�ODQG��WKH�WHVWLQJ
DQG�FKDUDFWHUL]DWLRQ�RI�WKDW�FORQH�FDQ�EH�WKH�UHVSRQVLELOLW\�RI�WKDW�FOLHQW�

5(&200(1'$7,21������&ORQDO�WHVWLQJ�VWUDWHJLHV�DQG�JXLGHOLQHV�VKRXOG�EH�GHYHORSHG

WKDW�DUH�DSSURSULDWH�IRU�HDUO\�VWDJHV�RI�IXOO�FORQDO�IRUHVWU\�LQ�%ULWLVK�&ROXPELD�������E�������

&RPPHQW�����D��7KHVH�ZRXOG�WKHQ�EH�SKDVHG�LQWR�WKH�,8)52�WHVWLQJ�VWUDWHJLHV�DQG�JXLGHOLQHV�DV
SURJUDPV�PDWXUH�������E��������
���������������������E���6RPH�DWWHQWLRQ�PD\�QHHG�WR�EH�JLYHQ�WR�ZD\V�WR�HQFRXUDJH�PDQDJHPHQW
IHHGEDFN�GXULQJ�DGYDQFHG�WHVWLQJ�DQG�FKDUDFWHUL]DWLRQ�RI�WKH�FORQHV���������

5(&200(1'$7,21������&RQYHQH�D�ZRUNVKRS�RU�V\PSRVLXP�RQ�JHQHWLF�GLYHUVLW\�DQG

HFRV\VWHP�GLYHUVLW\�LVVXHV������

&RPPHQW�����D��6HYHUDO�UHVSRQGHQWV�LQWHUYLHZHG�QRWHG�WKDW�WKHVH�WRSLFV�DUH�QRW�ZHOO�XQGHUVWRRG
LQ�%&
���������������������E��,W�FRXOG�IRFXV�RQ�FRPSDULVRQV�RI�QDWXUDO�UHJHQHUDWLRQ��VHHGOLQJ�SODQWDWLRQV�DQG
YDULRXV�OHYHOV�RI�FORQDO�GHSOR\PHQW�ZLWK�UHVSHFW�WR�JHQHWLF�GLYHUVLW\�RI�WKH�NH\VWRQH��IRUHVW�WUHH�
VSHFLHV��GLYHUVLW\�LQ�WKH�GHYHORSHG�IRUHVW�HFRV\VWHPV��DQG�ULVN�DYRLGDQFH�
���������������������F��+RZHYHU��ZRUNVKRSV�DQG�V\PSRVLD�GRQ©W�DWWUDFW�PDQ\�RI�WKRVH�ZKR�VKRXOG�EH
WKHUH��7KH�UHVXOWV�RI�VXFK�D�PHHWLQJ��WKHUHIRUH��VKRXOG�EH�GHVLJQHG�WR�FRPSOHPHQW�HIIRUWV
UHFRPPHQGHG�LQ�5HFRPPHQGDWLRQ����

5(&200(1'$7,21������$�VPDOO�ZRUNLQJ�JURXS�VKRXOG�EH�DSSRLQWHG�WR�FRRUGLQDWH�DQG

LPSOHPHQW�D�SURDFWLYH�HGXFDWLRQ�FDPSDLJQ�RQ�6(�DQG�FORQDO�IRUHVWU\��WR�EH�RIIHUHG

WKURXJK��SODQQHG�H[WHQVLRQ�DFWLYLWLHV�VSRQVRUHG�E\�WKH�)RUHVW�*HQHWLFV�&RXQFLO����������

&RPPHQWV����D���7KLV�VKRXOG�EH�D�ORQJ�VWDQGLQJ�JURXS��DV�WKHVH�LVVXHV�ZLOO�FRQWLQXH�WR�QHHG
DWWHQWLRQ�
���������������������E��7KH�HIIRUWV�VKRXOG�EH�GLUHFWHG�ERWK�ZLWKLQ�WKH�IRUHVWU\�FRPPXQLW\�DQG�WR�WKH
FRQFHUQHG�SXEOLF�
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�������������������������������������������������������5()(5(1&(6

$KXMD��0�5��DQG�:�-��/LEE\��HGV�������D��&ORQDO�IRUHVWU\�,��*HQHWLFV�DQG�ELRWHFKQRORJ\�
���6SULQJHU�9HUODJ��+HLGHOEHUJ�����SS�

�����������������������������������������������������������E��&ORQDO�IRUHVWU\�,,��&RQVHUYDWLRQ�DQG
���DSSOLFDWLRQ��6SULQJHU�9HUODJ��+HLGHOEHUJ�����SS�

$OIDUR��5��������7KH�ZKLWH�SLQH�ZHHYLO�LQ�%ULWLVK�&ROXPELD��ELRORJ\�DQG�GDPDJH��,Q
���7KH�ZKLWH�SLQH�ZHHYLO��ELRORJ\��GDPDJH��DQG��PDQDJHPHQW��(GLWHG�E\�5�,�$OIDUR��*��.LVV��DQG
���5�*��)UDVHU��&DQ��)RU��6HU��DQG�%&�0LQ��)RU���9LFWRULD��)5'$�5HSRUW�1R�������SS�����

����������������������5ROH�RI�JHQHWLF�UHVLVWDQFH�LQ�PDQDJLQJ�HFRV\VWHPV�VXVFHSWLEOH�WR�ZKLWH
���SLQH�ZHHYLO��)RU��&KURQ�������������
���������
$QRQ���������7HFKQLFDO�VWDQGDUGV�IRU�WKH�UHJLVWUDWLRQ�RI�VHHG�DQG�YHJHWDWLYH�PDWHULDO
���IURP�VHHG�RUFKDUGV�DQG�SURGXFWLRQ�IDFLOLWLHV��%�&��0LQ��)RU���9LFWRULD���SS�

'REEV��5�&��������)DPLO\�DQG�FORQDO�IRUHVWU\��2SSRUWXQLWLHV�DQG�ULVNV��UHSRUW�RI�WKH
���FRPPLWWHH�RQ�IDPLO\�DQG�FORQDO�IRUHVWU\�WR�WKH�%&�0LQLVWU\�RI�)RUHVWV��9LFWRULD����SS�

*OHHG��-�$��������'HYHORSPHQW�RI�SODQWOLQJV�DQG�VWHFNOLQJV�RI�UDGLDWD�SLQH��,Q�&ORQDO�IRUHVWU\�,,�
&RQVHUYDWLRQ�DQG�DSSOLFDWLRQ��(GLWHG�E\�5��$KXMD�DQG�:�-��/LEE\��6SULQJHU�9HUODJ��+HLGHOEHUJ�
��SS��������

*URVVQLFNOH��6�&���'��&\U��DQG�'�5��3RORQHQNR��������6RPDWLF�HPEU\RJHQHVLV�WLVVXH
���FXOWXUH�IRU�WKH�SURSDJDWLRQ�RI�FRQLIHU�VHHGOLQJV��D�WHFKQRORJ\�FRPHV�RI�DJH��7UHH
���3ODQWHUV©�1RWHV��6SULQJ������������

.LVV��*�.��DQG�$�'��<DQFKXN��������3UHOLPLQDU\�HYDOXDWLRQ�RI�JHQHWLF�YDULDWLRQ�RI
���ZHHYLO�UHVLVWDQFH�LQ�LQWHULRU�VSUXFH�LQ�%ULWLVK�&ROXPELD��&DQ��-��)RU��5HV�������������

/DUVHQ��&�6��������*HQHWLFV�LQ�VLOYLFXOWXUH��2OLYHU�DQG�%R\G���/RQGRQ�����SS�

/HVWHU��'�7��������8WLOL]LQJ�JHQHWLF�UHVRXUFHV�RI�FRQLIHUV�LQ�%ULWLVK�&ROXPELD��%�&��0LQ�
���)RU���9LFWRULD��5HV��5SW��������+4����SS�

�������������������������$�§GXH�GLOLJHQFH§�WHFKQLFDO�UHYLHZ�RI��¦$�3URSRVDO�IRU�D�)RUHVW
���5HQHZDO�%&�2SHUDWLRQDO�7UHH�,PSURYHPHQW�3URJUDP§��5HSRUW�WR�)5%&����SS�

/LEE\��:�-��������:KDW�LV�D�VDIH�QXPEHU�RI�FORQHV�SHU�SODQWDWLRQ"�,Q�5HVLVWDQFH�WR�GLVHDVHV�DQG
���SHVWV�LQ�IRUHVW�WUHHV��(GLWHG�E\�+�0��+H\EURHN��%�5�6WHSKHQ��DQG�.��YRQ�:HLVVHQEHUJ��3XUGRF�
���:DJHQLQJHQ�����SS�
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/LEE\��:�-��������3RWHQWLDO�RI�FORQDO�IRUHVWU\��,Q�&ORQDO�IRUHVWU\��LWV�LPSDFW�RQ�WUHH�LPSURYHPHQW
DQG�RXU�IXWXUH�IRUHVWV��(GLWHG�E\�=XIID��/���5�0��5DXWHU��DQG�&�:��<HDWPDQ��3URF����WK��&DQ�
7UHH�,PS��$VVRF��0HHW��3DUW����&DQ�)RU��6HUY���3HWDZDZD��SS������

�����������������������D��7HVWLQJ�IRU�FORQDO�IRUHVWU\��$QQDOHV�)RU�����������

�����������������������E��'R�ZH�UHDOO\�ZDQW�WDOOHU�WUHHV"�$GDSWDWLRQ�DQG�DOORFDWLRQ�DV�WUHH�
���LPSURYHPHQW�VWUDWHJLHV��7KH�+�5��0DF0LOODQ�/HFWXUH�LQ�)RUHVWU\��8QLY��RI�%�&��
���9DQFRXYHU����SS�

��������������������������0LQLPXP�FORQH�QXPEHUV�UHTXLUHG�LQ�SURGXFWLRQ�VHHG�RUFKDUGV�DQG
���FORQDO�SODQWDWLRQV��,Q�3URF��7ZHQW\�WKLUG�0HHWLQJ�&DQ��7UHH�,PS��$VVRF��3DUW����&DQ��)RU�
���6HUY��3HWDZDZD��2QW���S��$EVWUDFW�

��������������������������*HQHWLF�GLYHUVLW\�IRU�FORQDO�IRUHVW�SODQWDWLRQV��,Q�7UHH�LPSURYHPHQW��LWV
���FRQWULEXWLRQ�WR�VXVWDLQDEOH�GHYHORSPHQW��3URF��7ZHQW\�VL[WK�0HHWLQJ�&DQDGLDQ�7UHH�,PS�
���$VVRF���6WH��)R\��4XH���3DUW����1DWXUDO�5HVRXUFHV�&RXQFLO�RI�&DQDGD��)UHGHULFWRQ��1�%��SS���
������

/LEE\��:�-���)��%ULGJHZDWHU��&��/DQW]��DQG�7��:KLWH��������*HQHWLF�GLYHUVLW\�LQ�FRPPHUFLDO
IRUHVW�SODQWDWLRQV��LQWURGXFWRU\�FRPPHQWV�WR�WKH������65(,*�0HHWLQJ�SDSHUV��&DQ��-��)RU��5HV�
�����������

0LWFKHOO��.�-���6�(��*URXW��DQG�5�1��0DFGRQDOG��������:LQ7,36<��XVHUV�JXLGH�IRU
���SURGXFLQJ�PDQDJHG�VWDQG�\LHOG�WDEOHV�ZLWK�:LQ7,36<�9HUVLRQ�����XQGHU�0LFURVRIW
��:LQGRZV��5HVHDUFK�%UDQFK��0LQ��)RU��9LFWRULD��%&�����SS�

2KED��.��������&ORQDO�IRUHVWU\�ZLWK�VXJL��&U\SWRPHULD�MDSRQLFD���,Q�&ORQDO�IRUHVWU\�,,�
&RQVHUYDWLRQ�DQG�DSSOLFDWLRQ��(GLWHG�E\�5��$KXMD�DQG�:�-�/LEE\��6SULQJHU�9HUODJ��+HLGHOEHUJ�
SS�������

5XVVHOO��-�+��DQG�:�-�/LEE\��������&ORQDO�WHVWLQJ�HIILFLHQF\��7UDGH�RIIV�EHWZHHQ�FORQHV
���WHVWHG�DQG�UDPHWV�SHU�FORQH��&DQ��-��)RU��5HV������������

6SLWWOHKRXVH��'�/���%�*��6LHEHQ��DQG�6�3��7D\ORU��������6SUXFH�ZHHYLO�KD]DUG�PDSSLQJ
���EDVHG�RQ�FOLPDWH�DQG�JURXQG�VXUYH\�GDWD���,Q�7KH�ZKLWH�SLQH�ZHHYLO��ELRORJ\��GDPDJH��DQG
���PDQDJHPHQW��(GLWHG�E\�5�,��$OIDUR��*��.LVV�DQG�5��*HUU\�)UDVHU��&DQ��)RU��6HUY��DQG�%&
���0LQ�)RU��9LFWRULD��%�&��)5'$�5HSRUW�1R�������SS������

7DOEHUW��&�%��*�$��5LWFKLH�DQG�3��*XSWD����������&RQLIHU�YHJHWDWLYH�SURSDJDWLRQ��$Q�RYHUYLHZ
���IURP�D�FRPPHUFLDOL]DWLRQ�SHUVSHFWLYH��,Q�&ORQDO�IRUHVWU\�,,��&RQVHUYDWLRQ�DQG�DSSOLFDWLRQ�
���(GLWHG�E\�5��$MXKD�DQG�:�-��/LEE\�6SULQJHU�9HUODJ��+HLGHOEHUJ��SS��������

7D\ORU�6���5�,��$OIDUR��&��'H/RQJ��DQG�/��5DQNLQ��������7KH�HIIHFWV�RI�RYHUVWRU\��VKDGH�RQ�ZKLWH
���SLQH�ZHHYLO�GDPDJH�WR�LQWHULRU�VSUXFH�DQG�LWV�HIIHFWV�RQ�VSUXFH�JURZWK�UDWHV��%&�0LQ��)RU���
���3ULQFH�*HRUJH��0DQXVFULSW



��

7UHH�,PSURYHPHQW�&RXQFLO�RI�%ULWLVK�&ROXPELD��������%XVLQHVV�SODQ�������������/RRVH
���OHDI�ELQGHU���DERXW����SS��

;LH��&��<��������%UHHGLQJ�YDOXHV��%9V��RI�SDUHQWV�LQ�FRPPHUFLDO�WUHH�EUHHGLQJ�SURJUDPV�LQ
���%ULWLVK�&ROXPELD��8QSXEOLVKHG�5HSRUW��%&02)����SS�


