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,Q�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�WKH�)LQDO�$FW�RI�WKH�&RQIHUHQFH�RQ�6HFXULW\�DQG
&R�RSHUDWLRQ�LQ�(XURSH�DQG�RI�WKH�UHSRUW�RI�WKH�PHHWLQJ�RI�H[SHUWV�UHSUHVHQWLQJ�WKH�SDUWLFLSDWLQJ
6WDWHV�DQG�WKHLU�QDWLRQDO�VFLHQWLILF�LQVWLWXWLRQV�KHOG�LQ�%RQQ�IURP����-XQH�WR����-XO\�������WKH
�6FLHQWLILF�)RUXP��WRRN�SODFH�LQ�+DPEXUJ��)HGHUDO�5HSXEOLF�RI�*HUPDQ\��IURP����)HEUXDU\�WR
��0DUFK��������,W�ZDV�KHOG�LQ�WKH�IRUP�RI�D�PHHWLQJ�RI�OHDGLQJ�SHUVRQDOLWLHV�LQ�VFLHQFH�IURP�WKH
SDUWLFLSDWLQJ�6WDWHV�

'XULQJ�WKH�RSHQLQJ�VHVVLRQ�RI�WKH��6FLHQWLILF�)RUXP��WKH�SDUWLFLSDQWV�ZHUH�ZHOFRPHG�E\
+DQV�8OULFK�.ORVH��/RUG�0D\RU�RI�WKH�)UHH�DQG�+DQVHDWLF�&LW\�RI�+DPEXUJ��DQG�ZHUH
DGGUHVVHG�E\�'U��+LOGHJDUG�+DPP�%U�FKHU��0LQLVWHU�RI�6WDWH��0LQLVWU\�RI�)RUHLJQ�$IIDLUV��RQ
EHKDOI�RI�WKH�*RYHUQPHQW�RI�WKH�)HGHUDO�5HSXEOLF�RI�*HUPDQ\�

'XULQJ�WKH�ILUVW�ZRUNLQJ�VHVVLRQ�RI�WKH�3OHQDU\�UHSUHVHQWDWLYHV�RI�81(6&2�DQG�WKH
8QLWHG�1DWLRQV�(FRQRPLF�&RPPLVVLRQ�IRU�(XURSH��(&(��PDGH�WKHLU�FRQWULEXWLRQV���2SHQLQJ
VWDWHPHQWV�ZHUH�PDGH�E\�UHSUHVHQWDWLYHV�RI�GHOHJDWLRQV�RI�WKH�SDUWLFLSDWLQJ�6WDWHV�

)RXU�VXEVLGLDU\�ZRUNLQJ�ERGLHV�ZHUH�HVWDEOLVKHG�E\�WKH�3OHQDU\�RQ�DOWHUQDWLYH�HQHUJ\
VRXUFHV��IRRG�SURGXFWLRQ��PHGLFLQH��DQG�WKH�KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV���5HSUHVHQWDWLYHV�RI
81(6&2�DQG�WKH�(&(�ZHUH�LQYLWHG�WR�PDNH�DGGLWLRQDO�FRQWULEXWLRQV�LQ�WKHVH�ZRUNLQJ�ERGLHV�

7KH��6FLHQWLILF�)RUXP��GLVFXVVHG�LQWHUUHODWHG�SUREOHPV�RI�FRPPRQ�LQWHUHVW�FRQFHUQLQJ
FXUUHQW�DQG�IXWXUH�GHYHORSPHQWV�LQ�VFLHQFH��DQG�SURPRWLRQ�RI�H[SDQVLRQ�RI�FRQWDFWV�
FRPPXQLFDWLRQV�DQG�WKH�H[FKDQJH�RI�LQIRUPDWLRQ�EHWZHHQ�VFLHQWLILF�LQVWLWXWLRQV�DQG�DPRQJ
VFLHQWLVWV�

,Q�WKLV�FRQWH[W�WKH�VXEVLGLDU\�ZRUNLQJ�ERGLHV�FRQVLGHUHG�WKH�IROORZLQJ�DUHDV�DQG
VXEMHFWV�

([DFW�DQG�1DWXUDO�6FLHQFHV
6FLHQWLILF�UHVHDUFK��LQ�SDUWLFXODU�IXQGDPHQWDO�UHVHDUFK��LQ�WKH�ILHOG�RI�DOWHUQDWLYH�HQHUJ\
VRXUFHV

([DFW�DQG�1DWXUDO�6FLHQFHV
6FLHQWLILF�UHVHDUFK�LQ�SDUWLFXODU�IXQGDPHQWDO�UHVHDUFK��LQ�WKH�ILHOG�RI�IRRG�SURGXFWLRQ

0HGLFLQH
&XUUHQW�WUHQGV�LQ�PHGLFDO�UHVHDUFK��LQ�SDUWLFXODU�LQ�EDVLF�UHVHDUFK�DQG�SULPDULO\�RQ
FDUGLRYDVFXODU��WXPRXU�DQG�YLUXV�GLVHDVHV��WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�LQIOXHQFH�RI�WKH
FKDQJLQJ�HQYLURQPHQW�RQ�KXPDQ�KHDOWK

7KH�+XPDQLWLHV�DQG�6RFLDO�6FLHQFHV
&RPSDUDWLYH�VWXGLHV�RQ�WKH�VRFLDO��VRFLR�HFRQRPLF�DQG�FXOWXUDO�SKHQRPHQD��HVSHFLDOO\
WKH�SUREOHPV�RI�KXPDQ�HQYLURQPHQW�DQG�XUEDQ�GHYHORSPHQW�
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7KH�VXEVLGLDU\�ZRUNLQJ�ERGLHV�DOVR�UHYLHZHG�ZULWWHQ�FRQWULEXWLRQV�VXEPLWWHG�WR�WKH
�6FLHQWLILF�)RUXP��

2Q�WKH�EDVLV�RI�WKHLU�GHOLEHUDWLRQV�WKH\�GUHZ�XS�UHSRUWV�ZKLFK�ZHUH�UHYLHZHG�E\�WKH
3OHQDU\�DQG�DUH�LQFOXGHG��DV�DPHQGHG��LQ�$QQH[HV�����

$V�D�UHVXOW�RI�LWV�SURFHHGLQJV��WKH��6FLHQWLILF�)RUXP��FRQFOXGHG�WKH�IROORZLQJ�

� 6LQFH�WKH�VLJQLQJ�RI�WKH�)LQDO�$FW�RI�WKH�&6&(��WKHUH�KDV�EHHQ�D�VLJQLILFDQW�H[SDQVLRQ�RI
LQWHUQDWLRQDO�FR�RSHUDWLRQ�LQ�UHVHDUFK�DQG�WUDLQLQJ�DQG�LQ�WKH�H[FKDQJH�RI�LQIRUPDWLRQ��
3URJUHVV��KRZHYHU��KDV�EHHQ�JUHDWHU�LQ�VRPH�DUHDV�WKDQ�LQ�RWKHUV���,W�LV�REVHUYHG�WKDW�WKH
SUHVHQW�VWDWH�RI�LQWHUQDWLRQDO�VFLHQWLILF�FR�RSHUDWLRQ�VWLOO�UHTXLUHV�LPSURYHPHQWV�LQ
YDULRXV�UHVSHFWV���6XFK�LPSURYHPHQWV�VKRXOG�EH�DFKLHYHG�ELODWHUDOO\�DQG�PXOWLODWHUDOO\
DW�JRYHUQPHQWDO�DQG�QRQ�JRYHUQPHQWDO�OHYHOV�WKURXJK�LQWHUJRYHUQPHQWDO�DQG�RWKHU
DJUHHPHQWV��LQWHUQDWLRQDO�SURJUDPPHV�DQG�FR�RSHUDWLYH�SURMHFWV��DQG�E\�SURYLGLQJ
HTXLWDEOH�RSSRUWXQLWLHV�IRU�VFLHQWLILF�UHVHDUFK�DQG�IRU�ZLGHU�FRPPXQLFDWLRQ�DQG�WUDYHO
QHFHVVDU\�IRU�SURIHVVLRQDO�SXUSRVHV�

� 7KLV�JRDO�FDQ��KRZHYHU��EH�UHDFKHG�RQO\�E\�UHVSHFW�IRU�DOO�WKH�SULQFLSOHV�DQG�E\�IXOO
LPSOHPHQWDWLRQ�RI�WKH�UHOHYDQW�SURYLVLRQV�RI�WKH�)LQDO�$FW���$OO�SDUWLFLSDWLQJ�6WDWHV�DUH�
WKHUHIRUH��XUJHG�WR�REVHUYH�WKH�VSLULW�DQG�WKH�OHWWHU�RI�WKH�)LQDO�$FW��SDUWLFXODUO\�ZLWK
UHVSHFW�WR�FRQGLWLRQV�HVVHQWLDO�IRU�LQWHUQDWLRQDO�VFLHQWLILF�FR�RSHUDWLRQ�

� ,W�LV�IXUWKHUPRUH�FRQVLGHUHG�QHFHVVDU\�WR�VWDWH�WKDW�UHVSHFW�IRU�KXPDQ�ULJKWV�DQG
IXQGDPHQWDO�IUHHGRPV�E\�DOO�6WDWHV�UHSUHVHQWV�RQH�RI�WKH�IRXQGDWLRQV�IRU�D�VLJQLILFDQW
LPSURYHPHQW�LQ�WKHLU�PXWXDO�UHODWLRQV��DQG�LQ�LQWHUQDWLRQDO�VFLHQWLILF�FR�RSHUDWLRQ�DW�DOO
OHYHOV�

� $SSURSULDWH�VXSSRUW�VKRXOG�EH�JLYHQ�WR�DUUDQJH�DGYDQFHG�VHPLQDUV�DQG�WUDLQLQJ�FRXUVHV
IRU�\RXQJ�VFLHQWLVWV�IURP�SDUWLFLSDWLQJ�DQG�RWKHU�6WDWHV�WKDW�ZRXOG�HQDEOH�WKHP�WR�VWXG\
QHZ�VFLHQWLILF�PHWKRGV�IRU�VKRUWHU�RU�ORQJHU�SHULRGV���,QIRUPDWLRQ�DERXW�WKHVH�DFWLYLWLHV
DQG�DUUDQJHPHQWV�VKRXOG�EH�GLVVHPLQDWHG�DV�ZLGHO\�DV�SRVVLEOH�

� 7KH�GLIIHUHQW�OHYHOV�RI�VFLHQWLILF�GHYHORSPHQW�LQ�SDUWLFXODU�ILHOGV�LQ�WKH�SDUWLFLSDWLQJ
6WDWHV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�SXUVXLQJ�VFLHQWLILF�FR�RSHUDWLRQ�

� ,W�LV�UHFRPPHQGHG�WKDW�WKH�SDUWLFLSDWLQJ�6WDWHV�VWXG\�WKH�SRVVLELOLW\�RI�FRQYHQLQJ�D�QHZ
�6FLHQWLILF�)RUXP���DW�D�VXLWDEOH�GDWH��GHSHQGLQJ�RQ�GHYHORSPHQWV�LQ�VFLHQFH�DQG�LQ
VFLHQWLILF�FR�RSHUDWLRQ�DPRQJ�WKH�SDUWLFLSDWLQJ�6WDWHV���7KH�UHVXOWV�RI�WKH��6FLHQWLILF
)RUXP��LQ�+DPEXUJ�PD\�EH�WDNHQ�LQWR�DFFRXQW��DV�DSSURSULDWH��E\�WKH�SDUWLFLSDWLQJ
6WDWHV�DW�WKH�0DGULG�0HHWLQJ��VFKHGXOHG�IRU�1RYHPEHU������

7KH�SDUWLFLSDQWV�H[SUHVVHG�WKHLU�GHHS�JUDWLWXGH�WR�WKH�*RYHUQPHQW�RI�WKH�)HGHUDO
5HSXEOLF�RI�*HUPDQ\�IRU�WKH�H[FHOOHQW�RUJDQL]DWLRQ�RI�WKH��6FLHQWLILF�)RUXP��DQG�IRU�WKH�ZDUP
KRVSLWDOLW\�H[WHQGHG�WR�WKHP�GXULQJ�WKHLU�VWD\�LQ�+DPEXUJ�
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$QQH[�����$OWHUQDWLYH�(QHUJ\�6RXUFHV

�� ,QWURGXFWLRQ

7KH�ZRUNLQJ�ERG\�H[DPLQHG�WKH�SUREOHPV�FUHDWHG�E\�WKH�UDSLG�GZLQGOLQJ�RI�HDVLO\
DFFHVVLEOH�UHVHUYHV�RI�IRVVLO�HQHUJ\�DQG�UHYLHZHG�DOWHUQDWLYH�VROXWLRQV�SURYLGHG�E\�RWKHU�HQHUJ\
VRXUFHV�

'XULQJ�WKH�GLVFXVVLRQV�LW�EHFDPH�DSSDUHQW�WKDW�GHOHJDWHV�IURP�GLIIHUHQW�FRXQWULHV
LQWHUSUHWHG�WKH�WHUP��DOWHUQDWLYH�HQHUJ\��LQ�GLIIHUHQW�ZD\V���+RZHYHU��LW�ZDV�DJUHHG�WKDW�WKH
IROORZLQJ�IRXU�PDLQ�FDWHJRULHV�VKRXOG�EH�GLVFXVVHG�DV�HQHUJ\�RSWLRQV�IRU�WKH�IXWXUH�

$GYDQFHG�XWLOL]DWLRQ�RI�IRVVLO�HQHUJ\��QXFOHDU�HQHUJ\��ILVVLRQ�DQG�IXVLRQ���VRODU�HQHUJ\
�GLUHFW�DQG�LQGLUHFW�IRUPV���DQG�HQHUJ\�FRQVHUYDWLRQ���7KH�ZRUNLQJ�ERG\�PDGH�QR�DWWHPSW�WR
JLYH�SULRULWLHV�WR�WKH�GLIIHUHQW�RSWLRQV�

�� 1HHG�IRU�IXQGDPHQWDO�UHVHDUFK�RQ�YDULRXV�DOWHUQDWLYH�HQHUJ\�VRXUFHV

��� *HQHUDO

7KH�ZRUNLQJ�ERG\�QRWHG�WKDW�WKH�TXHVWLRQV�RI�GHYHORSLQJ�HQHUJ\�UHVRXUFHV�DUH�WRGD\�RI
YLWDO�LPSRUWDQFH���7KH�IXUWKHU�GHYHORSPHQW�RI�FLYLOL]DWLRQ�LQ�WKH�HFRQRPLF�DV�ZHOO�DV�LQ�WKH
SROLWLFDO�ILHOG�GHSHQGV�RQ�WKH�SRVVLELOLW\�RI�VDWLVI\LQJ�GHPDQG�IRU�HQHUJ\�LQ�LQGXVWU\��LQ�WKH
UHVLGHQWLDO�DQG�VHUYLFH�VHFWRUV��LQ�WUDQVSRUW��LQ�IRRG�SURGXFWLRQ��DQG�LQ�WKH�PLQLQJ�DQG�SURFHVVLQJ
RI�PLQHUDOV�

,Q�VSLWH�RI�WKH�QHFHVVLW\�IRU�DQG�SRVVLELOLW\�RI�WKH�PRUH�HFRQRPLFDO�XVH�RI�HQHUJ\��WKH
GHPDQG�IRU�HQHUJ\�ZLOO�FRQWLQXH�WR�ULVH���7KH�SUREOHP�GHPDQGV�HVSHFLDOO\�XUJHQW�VROXWLRQV
EHFDXVH�RI�WKH�GLPLQLVKLQJ�HQHUJ\�UHVRXUFH�UHSUHVHQWHG�E\�RLO�DQG�JDV�

7KDW�LV�ZK\�WKH�WDVN�RI�VFLHQWLILF�UHVHDUFK�LQ�WKH�ILHOG�RI�HQHUJ\�LV�WR�VXSSO\�GXULQJ�WKH�QH[W
GHFDGH�D�UHOLDEOH�VFLHQWLILF�EDVLV�IRU�SODQQLQJ�DQG�XVH�RI�DOO�EDVLF�UHVRXUFHV�RI�HQHUJ\���6XFK�D
EDVLV�VKRXOG�LQFOXGH�IRUHFDVWV�RI�WKH�HQYLURQPHQWDO�HIIHFWV�RI�WKH�YDULRXV�W\SHV�RI�HQHUJ\��DQG�LQ
SDUWLFXODU�LPSURYHG�DVVHVVPHQWV�RI�WKH�HIIHFWV�RQ�WKH�JOREDO�DQG�UHJLRQDO�FOLPDWH�

7KH�ZRUNLQJ�ERG\�UHFRPPHQGV�JRYHUQPHQWV�WR�XVH�LQWHUQDWLRQDO�FR�RSHUDWLRQ�IRU�WKH
IXOILOOLQJ�RI�WKLV�WDVN�

,W�LV�QRW�SRVVLEOH�WR�JLYH�XQLYHUVDO�SULRULWLHV�IRU�DQ\�UHVHDUFK�REMHFWLYHV��DV�PDQ\�FRXQWULHV
KDYH�DOUHDG\�IRXQG�DQG�DSSOLHG�WHFKQRORJLFDO�VROXWLRQV�WR�SUREOHPV�UHOHYDQW�WR�WKHLU�VLWXDWLRQ�
ZKRVH�UHOHYDQFH�IRU�RWKHU�FRXQWULHV�KDV�\HW�WR�EH�LQYHVWLJDWHG�

��� 3UREOHPV�RI�XWLOL]DWLRQ�RI�IRVVLO�IXHOV���HIILFLHQF\�DQG�VDIHW\

7KH�XUJHQW�QHHG�WR�LQFUHDVH�XWLOL]DWLRQ�RI�ORZ�TXDOLW\�IRVVLO�HQHUJ\�UHVRXUFHV���FRDO�
EURZQ�FRDO��RLO�VKDOH�DQG�WDU�VDQG��OLJQLWH��SHDW��HWF����DV�ZHOO�DV�DW�WKH�VDPH�WLPH�WR�WLJKWHQ�WKH
HQYLURQPHQWDO�UHTXLUHPHQWV��PDNH�LW�QHFHVVDU\�WR�GHYHORS�HYHU�PRUH�DGYDQFHG�FRPEXVWLRQ
PHWKRGV��LQ�VSLWH�RI�WKH�QHHG�IRU�DQ�LQWHQVLILHG�LQWHUHVW�LQ�PRUH�HIILFLHQW�DQG�FOHDQHU�FRPEXVWLRQ
PHWKRGV��DV�ZHOO�DV�LQ�WKH�XVH�RI�V\QWKHWLF�OLTXLG�DQG�JDVHRXV�IXHO�IURP�FRDO��RLO�VKDOH�DQG�WDU
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VDQGV��DQG�FRQVLGHULQJ�WKDW�VHYHUDO�ODUJH
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GHPRQVWUDWLRQ�SURMHFWV�H[LVW��V\QWKHWLF�IXHO�SURGXFWLRQ�LV�VWLOO�RQ�D�UDWKHU�QDUURZ�EDVLV���%RWK
IXQGDPHQWDO�DQG�DSSOLHG�UHVHDUFK�DUH�QHHGHG�RQ�D�EURDG�IURQW�EHIRUH�V\QWKHWLF�OLTXLG�RU�JDVHRXV
IXHOV�DUH�FDSDEOH�RI�VXEVWLWXWLQJ�IRU�QDWXUDO�K\GURFDUERQV�RQ�D�FRPPHUFLDO�VFDOH�

3DUWLFXODU�DWWHQWLRQ�PXVW�EH�JLYHQ�WR�WKH�SUREOHPV�RI�VDIHW\�LQ�GHHS�PLQLQJ�DQG�WR�WKH
HIILFLHQF\�RI�SURGXFWLRQ�PHWKRGV�LQ�ERWK�GHHS�DQG�RSHQ�FDVW�PLQLQJ�

��� 1XFOHDU�HQHUJ\

7KH�SUREOHP�RI�HQHUJ\�VXSSO\�IRU�WKH�PDMRULW\�RI�SDUWLFLSDWLQJ�FRXQWULHV�FDQQRW�EH
VROYHG�ZLWKRXW�XVLQJ�QXFOHDU�HQHUJ\�IRU�SURGXFLQJ�HOHFWULFLW\�DQG�KHDW���7KH�HFRQRPLF�HIILFLHQF\
RI�QXFOHDU�ILVVLRQ�WHFKQRORJ\�KDV�EHHQ�HVWDEOLVKHG��WKH�UHOLDELOLW\�KDV�EHHQ�VKRZQ�WR�EH�JRRG�
DQG�WKH�HQYLURQPHQWDO�DVSHFWV�DUH�EHFRPLQJ�ZHOO�XQGHUVWRRG���$OO�DVSHFWV�RI�WKH�QXFOHDU�IXHO
F\FOH�ZLOO�UHTXLUH�FRQWLQXLQJ�HIIRUWV�WR�DVVXUH�LWV�IXOO�UHOLDELOLW\�DQG�VDIHW\��LQ�RUGHU�WR�HQVXUH
SXEOLF�DFFHSWDELOLW\�

)RU�WKH�JXDUDQWHH�RI�IXUWKHU�QXFOHDU�SURVSHFWV�WKH�GHYHORSPHQW�RI�EUHHGHU�UHDFWRUV�LV
QHFHVVDU\�

7KH�ZRUNLQJ�ERG\�VWDWHV�WKDW�LQVXIILFLHQW�HIIRUW�KDV�VR�IDU�EHHQ�PDGH�LQ�WKH�GHYHORSPHQW
RI�XQFRQYHQWLRQDO�W\SHV�RI�UHDFWRUV�

7KH�ZRUNLQJ�ERG\�QRWHV�WKDW�UHVHDUFK�LQ�WKH�ILHOG�RI�FRQWUROOHG�WKHUPRQXFOHDU�IXVLRQ�LV
QHDULQJ�WKH�OHYHO�RI�VFLHQWLILF�GHPRQVWUDWLRQ���*UHDW�HIIRUWV�DUH�QHFHVVDU\��KRZHYHU��WR
GHPRQVWUDWH�HYHQ�PRUH�XUJHQWO\�WKH�WHFKQRORJLFDO�IHDVLELOLW\�RI�IXVLRQ�

��� 6RODU�HQHUJ\�DQG�RWKHU�UHQHZDEOH�HQHUJ\�VRXUFHV

0DQ\�ZD\V�H[LVW�IRU�WKH�ZLGHU�DSSOLFDWLRQ�RI�VRODU�HQHUJ\�WKURXJK�GLUHFW�DQG�LQGLUHFW
PHWKRGV��DQG�LQ�GHFHQWUDOL]HG�DQG�FHQWUDOL]HG�IRUPV���,Q�WKH�ORQJ�WHUP�WKH\�FRXOG�FRQWULEXWH
VLJQLILFDQWO\�WR�WKH�VROXWLRQ�RI�HQHUJ\�SUREOHPV���6RPH�RI�WKHVH�VRODU�WHFKQRORJLHV�DUH�DOUHDG\�LQ
XVH��VRPH�DUH�XQGHU�GHYHORSPHQW�DQG�VRPH�DUH�VWLOO�LQ�WKH�UHVHDUFK�VWDJH���7KH�VDPH�LV�WUXH�IRU
JHRWKHUPDO�DQG�WLGDO�VRXUFHV�RI�HQHUJ\�

$SDUW�IURP�WKH�VFLHQWLILF�DQG�WHFKQLFDO�SUREOHPV��KRZHYHU��WKHUH�DUH�DOVR�D�QXPEHU�RI
RWKHU�RSHQ�TXHVWLRQV�SHUWDLQLQJ�WR�WKH�ZLGHU�DSSOLFDWLRQ�RI�VRODU�HQHUJ\���$PRQJ�WKRVH
TXHVWLRQV�DUH�HFRQRPLF��LQIUDVWUXFWXUDO��HQYLURQPHQWDO��OHJDO�DQG�DGPLQLVWUDWLYH�FRQVLGHUDWLRQV�
�,W�LV�LPSRUWDQW�WKDW�WKHVH�SUREOHPV�DUH�WUHDWHG�WRJHWKHU�ZLWK�WKH�VFLHQWLILF�SUREOHPV�ZLWKLQ�D
FRPPRQ�IUDPHZRUN�LQ�RUGHU�WR�HQVXUH�D�EDODQFHG�DQG�RSWLPDO�XVH�RI�VRODU�HQHUJ\�

7KH�WHQWDWLYH�VXJJHVWLRQV�IRU�SURPLVLQJ�VRODU�HQHUJ\�UHVHDUFK�DUHDV�LQ�WKH�OLVW�EHORZ�GR
QRW�DVVLJQ�SULRULWLHV���)XUWKHU��WKH�VHOHFWLRQ�RI�DUHDV�WR�D�FHUWDLQ�H[WHQW�UHIOHFWV�WKH�VSHFLDOLWLHV�RI
LQGLYLGXDO�VFLHQWLVWV�LQ�WKH�ZRUNLQJ�ERG\���7KH�OLVW�LV�WKHUHIRUH�RQO\�LQGLFDWLYH�DQG�LV�VXEMHFW�WR
UHYLVLRQ�

� (QHUJ\�VWRUDJH��FUXFLDO�WR�WKH�VPDOO�DQG�ODUJH�VFDOH�XVH�RI�VRODU�HQHUJ\�DQG�DOVR�RI�JUHDW
JHQHUDO�LPSRUWDQFH�

� 6RODU�KHDWLQJ��LQFOXGLQJ�V\VWHPV�IRU�LQWHJUDWLRQ�LQWR�ORFDO�RU�GLVWULFW�KHDWLQJ�VFKHPHV�

� (QHUJ\�IURP�ELRV\VWHPV��HVSHFLDOO\�SURGXFWLRQ�DQG�FRQYHUVLRQ�RI�IXHOV�IURP�ZRRG�
FXOWLYDWHG�ELRPDVV��HWF�
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� 6RODU�HOHFWULFLW\�EDVHG�RQ�WKH�LQGXVWULDO�GHYHORSPHQW�RI�H[LVWLQJ�SKRWRYROWDLF�RU
SKRWRWKHUPDO�WHFKQLTXHV�DQG�RQ�UHVHDUFK�RQ�QRYHO�DSSURDFKHV�

� %DVLF�UHVHDUFK�LQ�SKRWRFKHPLVWU\�DQG�SKRWRELRORJ\�

� 6FLHQWLILF�HYDOXDWLRQ�RI�IXWXUH�VRODU�HQHUJ\�SURVSHFWV�RQ�D�QDWLRQDO�RU�UHJLRQDO�VFDOH�

� ,QWHJUDWLRQ�RI�VRODU�HQHUJ\�LQWR�H[LVWLQJ�HQHUJ\�V\VWHPV��IRU�GLIIHUHQW�IRUPV�RI�HQHUJ\
DQG�HQG�XVH�UHTXLUHPHQWV�

��� (QHUJ\�FRQVHUYDWLRQ

(QHUJ\�FRQVXPSWLRQ�DQG�HFRQRPLF�DFWLYLW\�DUH�YHU\�FORVHO\�UHODWHG���7KH�SULQFLSDO�ZD\
WR�RSWLPL]H�WKLV�UHODWLRQVKLS�LV�FRQVHUYDWLRQ���&RQVHUYDWLRQ�VKRXOG�EH�DLPHG�DW�PLQLPL]LQJ
HQHUJ\�ORVVHV��HOLPLQDWLRQ�RI�LQHIIHFWLYH�HQHUJ\�XVH��UHF\FOLQJ�RI�PDWHULDOV�DV�ZHOO�DV
GHYHORSPHQW�RI�HQHUJ\�VDYLQJ�SURFHVVHV�DQG�WHFKQRORJLHV���0XFK�UHVHDUFK�DQG�GHYHORSPHQW
DFWLYLW\�LV�QHHGHG�FRQWLQXRXVO\�IRU�HIIRUWV�LQ�HQHUJ\�FRQVHUYDWLRQ�LQ�LQGXVWU\��LQ�WUDQVSRUWDWLRQ�
LQ�EXLOGLQJV�DQG�LQ�DSSOLDQFHV�DQG�VHUYLFHV�RI�PDQ\�NLQGV�DQG�LQ�LPSURYHPHQWV�LQ�WHFKQRORJ\��
7KLV�FDQ�EH�DFKLHYHG�WKURXJK�IXQGDPHQWDO�DV�ZHOO�DV�DSSOLHG�UHVHDUFK�

,Q�WKLV�FRQWH[W�WKH�ZRUNLQJ�ERG\�ZRXOG�VWUHVV�WKH�YLWDO�UROH�RI�WHFKQRORJLFDO�LQQRYDWLRQ�

�� ,QWHUQDWLRQDO�FR�RSHUDWLRQ

6SHFLDO�DWWHQWLRQ�PXVW�EH�SDLG�WR�WKH�SUREOHPV�RI�H[FKDQJH�DQG�DVVHVVPHQW�RI�VFLHQWLILF
DQG�WHFKQLFDO�GDWD���,QGLYLGXDO�DQG�LQVWLWXWLRQDO�VFLHQWLILF�FRQWDFWV�DUH�VHHQ�KHUH�DV�WKH�EHVW
PHDQV���6WUHQJWKHQLQJ�RI�H[LVWLQJ�LQIRUPDWLRQ�FHQWUHV�LV�DQRWKHU��H�J��ZLWKLQ�WKH�IUDPHZRUN�RI
(&(�DQG�81(6&2�

7KH�ZRUNLQJ�ERG\�VXSSRUWV�WKH�H[LVWLQJ�IRUPV�RI�LQWHUQDWLRQDO�DQG�UHJLRQDO
FR�RSHUDWLRQ��LQFUHDVHG�FRQWDFWV�DPRQJVW�UHVHDUFK�RUJDQL]DWLRQV��LQFOXGLQJ�WKH�8QLWHG�1DWLRQV
VSHFLDO�RUJDQL]DWLRQV��H�J��,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\��81(6&2��(FRQRPLF
&RPPLVVLRQ�IRU�(XURSH�HWF���DQG�QRQ�JRYHUQPHQWDO�RUJDQL]DWLRQV��H�J��,QWHUQDWLRQDO�&RXQFLO�RI
6FLHQWLILF�8QLRQV�

)RUPV�RI�FR�RSHUDWLRQ�FDQ�LQFOXGH�WKH�RUJDQL]DWLRQ�RI�LQWHUQDWLRQDO�FRQIHUHQFHV�
V\PSRVLD��VFKRROV��H[FKDQJH�RI�VFLHQWLVWV�EHWZHHQ�GLIIHUHQW�FRXQWULHV�DQG�ERGLHV��GLVFXVVLRQ�RI
UHVHDUFK�SURJUDPPHV�RQ�D�UHJLRQDO�RU�ELODWHUDO�VFDOH��DQG�WKH�ZRUNLQJ�RXW�DQG�UHDOL]DWLRQ�RI
MRLQW�LQWHUQDWLRQDO�SURMHFWV���7KH�ZRUNLQJ�ERG\�QRWHV�ZLWK�DSSURYDO�H[DPSOHV�RI�LQWHUQDWLRQDO
DFWLYLW\�VXFK�DV�,1725���,QWHUQDWLRQDO�)XVLRQ�3URMHFW��FDUULHG�RXW�XQGHU�WKH�DHJLV�RI�,$($��DQG
WKH�HQHUJ\�SURMHFW�RI�,,$6$�

7KH�ZRUNLQJ�ERG\�HVSHFLDOO\�DVNV�LQWHUQDWLRQDO�RUJDQL]DWLRQV�WR�WDNH�LQLWLDWLYHV�WR
SURPRWH�FR�RSHUDWLRQ�LQ�ILHOGV�RI�DGYDQFHG�FRDO�XWLOL]DWLRQ�WHFKQRORJ\��GHHS�FRDO�PLQLQJ�VDIHW\
DQG�VRODU�HQHUJ\�

7KH�ZRUNLQJ�ERG\�RQ�DOWHUQDWLYH�HQHUJ\�VRXUFHV�FRQVLGHUV�LWV�PHHWLQJV�WR�KDYH�EHHQ
XVHIXO���6LQFH�WKH�HQHUJ\�SUREOHP�LV�LPSRUWDQW�DQG�RI�D�ORQJ�WHUP�QDWXUH��WKH�ZRUNLQJ�ERG\
SURSRVHV�WKH�FRQWLQXDWLRQ�RI�WKLV�W\SH�RI�LQWHUGLVFLSOLQDU\�VFLHQWLILF�PHHWLQJ�

7KH�ZRUNLQJ�ERG\�KDG�D�WKRURXJK�GLVFXVVLRQ�RQ�DOO�WDVNV�RQ�DJHQGD�LWHP�QXPEHU�����7KH
FRQWHQW�RI�WKHVH�GLVFXVVLRQV�LV�UHIOHFWHG�ERWK�LQ�WKLV�$QQH[�DQG�LQ�WKH�JHQHUDO�FRQFOXVLRQV



�

FRQWDLQHG�LQ�WKH�5HSRUW�RI�WKH��6FLHQWLILF�)RUXP��



�

$QQH[�����)RRG�3URGXFWLRQ

7KH�IXWXUH�GHPDQG��DQG�IRU�PDQ\�WKH�SUHVHQW�GHPDQG��IRU�IRRG�DQG�IHHG�LQ�WKH�ZRUOG�
HPSKDVL]HG�E\�WKH��6FLHQWLILF�)RUXP��RI�WKH�&6&(��UHTXLUHV�VXVWDLQHG�UHVHDUFK�DQG
GHYHORSPHQW�HIIRUWV�LQ�DOO�DVSHFWV�RI�WKH�IRRG�V\VWHP�

7KH�QHHG�EHFDPH�HYLGHQW��GXULQJ�WKH�GLVFXVVLRQV�RI�WKH�ZRUNLQJ�ERG\��IRU�PRUH
LQWHJUDWHG�PXOWLGLVFLSOLQDU\�UHVHDUFK��WUDLQLQJ�DW�XQGHUJUDGXDWH�DQG�SRVWJUDGXDWH�OHYHO�
H[FKDQJHV�RI�VFLHQWLVWV�DQG�WKHLU�LQWHUDFWLRQ���$OWKRXJK�WKH�ZRUNLQJ�ERG\�UHFRJQL]HG�WKH�OLPLWV
RI�WKH�PDQGDWH�RI�WKH��6FLHQWLILF�)RUXP��LW�DJUHHG�WKDW�IRRG�SURGXFWLRQ�ZDV�RI�ZRUOG
LPSRUWDQFH�

,Q�SODQW�JHQHWLFV�DQG�EUHHGLQJ�WKHUH�LV�D�QHHG�IRU�LQWHUQDWLRQDO�FR�RSHUDWLRQ�RQ�WKH
GHYHORSPHQW�RI�PRUH�SURGXFWLYH�SODQWV�ZLWK�KLJKHU�SKRWRV\QWKHWLF�FDSDFLW\��PRUH�HIILFLHQW
FDSDELOLW\�WR�XVH�DYDLODEOH�PLQHUDO�QXWULHQWV��DQG�EHWWHU�DELOLW\�WR�ZLWKVWDQG�HQYLURQPHQWDO
VWUHVVHV���,Q�WKLV�UHVHDUFK��VFLHQWLVWV�VKRXOG�PDNH�HIIHFWLYH�XVH�RI�PRGHUQ�SODQW�EUHHGLQJ
WHFKQLTXHV��LQFOXGLQJ�KDSORLG�EUHHGLQJ��DQG�YDULRXV�WLVVXH�FXOWXUH�WHFKQLTXHV�LQ�DGGLWLRQ�WR
VWDQGDUG�PHWKRGV�WR�REWDLQ�FURVVHV��QRWLQJ�WKH�LPSRUWDQFH�RI�ZLGH�FURVVHV���,Q�UHVHDUFK�RQ�FURS
SURGXFWLRQ��WKHUH�LV�D�QHHG�IRU�FR�RSHUDWLRQ�RQ�WKH�GHYHORSPHQW�RI�HQHUJ\�HIILFLHQW�PDQDJHPHQW
V\VWHPV�EDVHG�RQ�ELRORJLFDO�QLWURJHQ�IL[DWLRQ�DQG�RWKHU�HFRORJLFDO�PHDQV�DV�ZHOO�DV�WKH
FRQVHUYDWLRQ�DQG�PDQDJHPHQW�RI�QDWXUDO�UHVRXUFHV���7KH�LPSRUWDQFH�RI�SODQW�SURWHFWLRQ�ZDV
VWUHVVHG�DV�D�PHDQV�RI�UHGXFLQJ�ORVVHV�

,Q�WKH�DUHD�RI�DQLPDO�SURGXFWLRQ��WKHUH�LV�D�QHHG�IRU�PRUH�FR�RSHUDWLYH�UHVHDUFK�RQ�WKH
JHQHWLF�LPSURYHPHQW�RI�IDUP�OLYHVWRFN��WKH�FRQWURO�RI�LQIHFWLRXV�GLVHDVHV��PHWDEROLF�GLVRUGHUV
DQG�LQIHUWLOLW\��WKH�LQFUHDVHG�XVH�RI�QRQ�SURWHLQ�QLWURJHQ�LQ�WKH�UXPLQDQW�GLHW��DQLPDO�KRXVLQJ�
QXWULWLRQ�DQG�LPSURYHPHQW�RI�WKH�HIILFLHQF\�RI�PDQDJHPHQW�V\VWHPV��DQG�HOLPLQDWLRQ�RI�VWUHVV
VXVFHSWLELOLW\�DQG�LPSURYHPHQW�RI�SURGXFWV�RI�DQLPDO�RULJLQ�

6SHFLDO�DWWHQWLRQ�LV�GUDZQ�WR�WKH�QHHG�IRU�LQWHUQDWLRQDO�FR�RSHUDWLRQ�LQ�LGHQWLI\LQJ�DQG
SUHVHUYLQJ�JHUP�SODVP�RI�SODQWV�DQG�DQLPDOV�LQ�WKHLU�QDWXUDO�HFRV\VWHPV���7KLV�VKRXOG�LQFOXGH
PRUH��DQG�PRUH�FRPSUHKHQVLYH��JHQH�EDQNV�WR�SUHVHUYH�JHQHWLF�PDWHULDOV�IRU�WKH�EHQHILW�RI�SODQW
DQG�DQLPDO�SURGXFWLRQ�LQ�WKH�IXWXUH�

)LVKHULHV�FRQWULEXWH�VXEVWDQWLDOO\�WR�WKH�IRRG�V\VWHP���,QWHUQDWLRQDO�DWWLWXGHV�VKRXOG
IDFLOLWDWH�UDWKHU�WKDQ�KLQGHU�ILVKHULHV�UHVHDUFK���&RQWLQXHG�LQWHUQDWLRQDO�YLJLODQFH�PXVW�EH
PDLQWDLQHG�RQ�WKH�HIIHFWV�RQ�WKH�VWRFN�RI�WKH�VL]H�RI�FDWFK�DQG�RI�SROOXWLRQ�WR�HQVXUH�ORQJ�WHUP
EHQHILWV�IURP�WKLV�LPSRUWDQW�QDWXUDO�UHVRXUFH�

$WWHQWLRQ�LV�GUDZQ�WR�WKH�VLJQLILFDQW�FRQWULEXWLRQ�WKDW�WHFKQRORJ\�FDQ�PDNH�WR�WKH
GLPLQXWLRQ�RI�SRVW�KDUYHVW�ORVVHV�DQG�WR�WKH�PDLQWHQDQFH�RI�WKH�ZKROHVRPHQHVV�DQG�QXWULWLRQDO
TXDOLW\�RI�IRRGV���0RUH�UHVHDUFK�LV�QHHGHG�RQ�DOWHUQDWLYH�VRXUFHV�DQG�HFRQRPLF�SURGXFWLRQ�RI
EDVLF�IRRG�FRPSRQHQWV�VXFK�DV�SURWHLQV��HVVHQWLDO�DPLQR�DFLGV��HWF���&ROOHFWLYH�HIIRUWV�VKRXOG�EH
H[SDQGHG�LQ�WKH�ILJKW�DJDLQVW�DOO�IRUPV�RI�PDOQXWULWLRQ�WKURXJK�WKH�DVVXUDQFH�RI�WKH�QDWXUDO
TXDOLW\�RI�IRRGV�DQG�SURWHFWLRQ�DJDLQVW�LQWURGXFWLRQ�RI�KDUPIXO�FRQWDPLQDQWV�GXULQJ�SURGXFWLRQ�
SURFHVVLQJ��VWRUDJH�DQG�GLVWULEXWLRQ���,QWHQVLILHG�HIIRUWV�DUH�QHHGHG�LQ�WKH�DUHD�RI�QXWULWLRQ
HGXFDWLRQ�ERWK�DW�DFDGHPLFDQG�FRQVXPHU�OHYHOV�DQG�VKRXOG�LQFOXGH�PXOWLGLVFLSOLQDU\
EHKDYLRXUDO�VWXGLHV�RQ�HDWLQJ�KDELWV�DQG�IRRG�DFFHSWDQFH���,Q�WKH�ILQDO�DQDO\VLV��LW�LV�KHDOWK�DQG
QXWULWLRQDO�VWDWXV�WKDW�LV�WKH�SUHUHTXLVLWH�IRU�WKH�ZHOO�EHLQJ�RI�DOO�PDQNLQG�

7KH�ZRUNLQJ�ERG\�H[SUHVVHG�FRQILGHQFH�WKDW�H[LVWLQJ�JRYHUQPHQWDO�DQG
QRQ�JRYHUQPHQWDO�LQWHUQDWLRQDO�RUJDQL]DWLRQV�ZLOO�EH�DEOH�WR�KHOS�LQ�H[SDQGLQJ�UHVHDUFK�RQ�WKH



�

VXEMHFW�WR�ZKLFK�DWWHQWLRQ�LV�GUDZQ�LQ�WKLV�UHSRUW�

7KH�ZRUNLQJ�ERG\�WKXV�KDG�D�WKRURXJK�GLVFXVVLRQ�RQ�DOO�WDVNV�RQ�DJHQGD�LWHP�QXPEHU���
�7KH�FRQWHQW�RI�WKHVH�GLVFXVVLRQV�LV�UHIOHFWHG�ERWK�LQ�WKLV�$QQH[�DQG�LQ�WKH�JHQHUDO�FRQFOXVLRQV
FRQWDLQHG�LQ�WKH�5HSRUW�RI�WKH��6FLHQWLILF�)RUXP��



��

$QQH[�����0HGLFLQH

7KH�RXWFRPH�RI�WKH�ZRUN�RI�WKH�VXEVLGLDU\�ZRUNLQJ�ERG\�LV�SUHVHQWHG�LQ�WKH�IROORZLQJ
VHFWLRQV�RQ�FDUGLRYDVFXODU��QHRSODVWLF�DQG�YLUDO�GLVHDVHV���7KH�ZRUNLQJ�ERG\�KDG�D�WKRURXJK
GLVFXVVLRQ�RQ�DOO�WDVNV�RQ�DJHQGD�LWHP�QXPEHU�����7KH�FRQWHQW�RI�WKHVH�GLVFXVVLRQV�LV�UHIOHFWHG
ERWK�LQ�WKLV�$QQH[�DQG�LQ�WKH�JHQHUDO�FRQFOXVLRQV�FRQWDLQHG�LQ�WKH�5HSRUW�RI�WKH��6FLHQWLILF
)RUXP��

&DUGLRYDVFXODU�'LVHDVHV

7KH�YDULRXV�UHSRUWV�SUHVHQWHG�WR�WKH��6FLHQWLILF�)RUXP���DQG�RWKHU�LQIRUPDWLRQ�DYDLODEOH�
XQGHUOLQH�WKDW�FDUGLRYDVFXODU�GLVHDVHV��ZKHUH�DWKHURVFOHURVLV�DQG�RU�K\SHUWHQVLRQ�DUH�LQYROYHG�
DUH�RI�PDMRU�FRQFHUQ�LQ�PRVW�SDUWLFLSDWLQJ�FRXQWULHV���7KHVH�WZR�PDLQ�DQG�LQWHUUHODWHG�DLOPHQWV
ZLWK�WKHLU�FRPSOLFDWLRQV���LVFKHPLF�KHDUW�GLVHDVH��FHUHEURYDVFXODU�GLVHDVH�DQG�SHULSKHUDO
YDVFXODU�GLVHDVH�WRJHWKHU�VKRZ�D�KLJK�OHYHO�RI�LQFLGHQFH�DQG�DFFRXQW�IRU�D�KLJK�GHDWK�UDWH�

7KHUHIRUH�LW�VHHPV�LPSHUDWLYH�WKDW�VSHFLDO�HIIRUWV�RI�EDVLF�UHVHDUFK�VKRXOG�EH�IRFXVHG�RQ
WKH�PHFKDQLVPV�RI�DWKHURJHQHVLV�DQG�FDXVDO�PHFKDQLVPV�LQ�HVVHQWLDO�K\SHUWHQVLRQ���2Q�WKH
RWKHU�KDQG��LW�HPHUJHV�IURP�WKH�UHSRUWV�WKDW�WKHUH�LV�DOVR�JUHDW�QHHG�IRU�KHOS�IURP�WKH
EHKDYLRXUDO�VFLHQFHV�LQ�RUGHU�WR�LPSURYH�FRPSOLDQFH�ERWK�RI�GRFWRUV�DQG�WKH�SXEOLF�HVSHFLDOO\
ZLWK�UHVSHFW�WR�DGYLFH�LQ�WKH�LQWHUHVW�RI�SUHYHQWLRQ�DQG�WUHDWPHQW���3UHYHQWLYH�PHDVXUHV�LQ
FKLOGKRRG�DUH�ZRUWK�D�VSHFLDO�UHVHDUFK�HIIRUW�

)URP�WKH�YDULRXV�UHSRUWV�LW�LV�VHHQ�WKDW�PDUNHG�DQG�GLYHUVH�UHVHDUFK�HIIRUWV�DUH�DOUHDG\
EHLQJ�PDGH�LQ�PRVW�FRXQWULHV�WRZDUGV�LOOXPLQDWLQJ�WKH�PHFKDQLVPV�WKDW�OLH�EHKLQG�WKHVH�JURXSV
RI�GLVHDVHV���$�PDLQ�HIIRUW�DOVR�DSSHDUV�WR�EH�GLUHFWHG�WRZDUGV�WKHLU�SUHYHQWLRQ�DQG�WUHDWPHQW�

6LQFH�WKH�HWLRORJ\�DQG�SDWKRJHQHVLV�RI�WKHVH�GLVHDVHV�DUH�IDU�IURP�EHLQJ�IXOO\�XQGHUVWRRG
DQG�VLQFH�WKHVH�DLOPHQWV�GRPLQDWH�WKH�GLVHDVH�SDWWHUQ�LQ�VR�PDQ\�FRXQWULHV��LW�DSSHDUV�WKDW�WKH\
PXVW�EH�ORRNHG�XSRQ�DV�ILHOGV�IRU�LQWHUQDWLRQDO�FRQFHUQ�DQG�WKDW�IUXLWIXO�SDWWHUQV�RI�LQWHUQDWLRQDO
FR�RSHUDWLRQ�VKRXOG�EH�HQFRXUDJHG���6XFK�FR�RSHUDWLRQ�VKRXOG�EH�ORRNHG�XSRQ�DV�DQ�HIIRUW
DGGLWLRQDO�WR�WKH�ZLGHVSUHDG�UHVHDUFK�DOUHDG\�JRLQJ�RQ�LQ�WKH�GLIIHUHQW�FRXQWULHV�

,Q�RUGHU�WR�LGHQWLI\�SURMHFWV�DQG�ILHOGV�UHODWHG�WR�FDUGLRYDVFXODU�GLVHDVHV�ZKHUH
LQWHUQDWLRQDO�FR�RSHUDWLRQ�PLJKW�EH�IUXLWIXO�RQH�FRXOG�XVH�WKH�IROORZLQJ�OLVW�RI�
LQGLFDWLRQV
�


,QGLFDWLRQV
�IRU�PDNLQJ�D�EL��RU�PXOWLQDWLRQDO�FR�RSHUDWLYH�HIIRUW�LQ�WKH�FDUGLRYDVFXODU
ILHOG�

�� &R�RSHUDWLYH�UHVHDUFK

��� ,QWHUQDWLRQDO�VWXGLHV�WKDW�H[SORLW�WKH�WUDQVFXOWXUDO�GLIIHUHQFHV�LQ�H[SRVXUH�WR�NQRZQ�RU
SUHVXPHG�ULVN�IDFWRUV��IRU�LQVWDQFH�LQ�FRQQHFWLRQ�ZLWK�PLJUDWLRQ��WR�GUDZ�FRQFOXVLRQV�DERXW
FDXVDOLW\�HLWKHU�LQ�D�TXDOLWDWLYH�RU�D�TXDQWLWDWLYH�VHQVH�

��������������������
�

��+HUH�HIIRUWV�DUH�PHDQW�WKDW�DUH�GLVWLQFW�IURP�UHVHDUFK�DFWLYLWLHV�RQ�D�ORFDO�RU�LQWHUQDWLRQDO�FR�RSHUDWLYH�EDVLV��WKH
UHVXOWV�RI�ZKLFK�DUH�WKHQ�UHSRUWHG�WR�DXGLHQFHV�RI�VFLHQWLILF�PHHWLQJV�DQG�LQ�WKH�LQWHUQDWLRQDO�OLWHUDWXUH�



��

��� 6WXGLHV�WKDW�UHTXLUH�VXFK�ODUJH�QXPEHUV�RI�SDWLHQWV��LQ�RUGHU�WR�FRPH�WR�D�FRQFOXVLRQ�
WKDW�WKHVH�FDQQRW�EH�IRXQG�LQ�RQH�VLQJOH�FRXQWU\���/DUJH�DQG�FRPSOLFDWHG�GUXJ�WULDOV�PLJKW�EH�DQ
H[DPSOH�LQ�SRLQW�

��� 6WXGLHV�WKDW�DUH�VR�FRVWO\�WKDW�WKH\�FDQ�RQO\�EH�ILQDQFHG�E\�D�FROODERUDWLYH�HIIRUW�

��� 6WXGLHV�LQ�ZKLFK�WKHUH�LV�DQ�DEXQGDQFH�RI�SDWLHQWV�RI�D�FHUWDLQ�NLQG��VD\�ZLWK�UKHXPDWLF
KHDUW�GLVHDVH��LQ�RQH�FRXQWU\�DQG�UHVRXUFHV�VXFK�DV�LQWHUHVWHG�H[SHUWV�DQG�RU�ILQDQFLDO�VXSSRUW
DYDLODEOH�LQ�DQRWKHU�FRXQWU\�

��� 6WXG\�SURMHFWV�WKDW�FDQ�RQO\�VXFFHHG�LI�H[SHUWLVH�LQ�GLIIHUHQW�ILHOGV�IURP�GLIIHUHQW
FRXQWULHV�LV�SRROHG�

��� 6WXG\�RI�RFFXUUHQFH��QDWXUDO�KLVWRU\�DQG�RU�WUHDWPHQW�RI�XQFRPPRQ�FDUGLRYDVFXODU
GLVHDVHV�WKDW�QHFHVVLWDWHV�SRROLQJ�RI�REVHUYDWLRQV�IURP�GLIIHUHQW�FRXQWULHV�

�� (YDOXDWLRQ

&RPSDUDWLYH�VWXGLHV�RI�WKH�HIILFLHQF\�DQG�HIIHFWLYHQHVV�RI�GLIIHUHQW�KHDOWK�FDUH�V\VWHPV
DQG�KHDOWK�FDUH�SUDFWLFHV�LQ�WKH�ILHOGV�RI�SUHYHQWLRQ��FOLQLFDO�PHGLFLQH�DQG�UHKDELOLWDWLRQ�

�� &R�RSHUDWLYH�VXUYHLOODQFH

([DPSOHV�
� D�FR�RSHUDWLYH�HDUO\�ZDUQLQJ�V\VWHP�IRU�WKH�VLGH�HIIHFWV�RI�GUXJV
� D�FR�RSHUDWLYH�HDUO\�ZDUQLQJ�V\VWHP�IRU�IDLOXUHV�RI�FHUWDLQ�W\SHV�RI�HOHFWURQLF

SDFHPDNHUV�

�� 6WDQGDUGL]DWLRQ�RI�QRPHQFODWXUH

([DPSOHV�
� &RURQDU\�DQJLRJUDP
� FRQJHQLWDO�KHDUW�GLVHDVH
� OHYHO�RI�UHKDELOLWDWLRQ�DIWHU�P\RFDUGLDO�LQIDUFWLRQ�DQG�FHUHEURYDVFXODU�GLVHDVH�

�� 6WDQGDUGL]DWLRQ�RI�SURFHGXUHV

([DPSOHV�
� GHWHUPLQDWLRQ�RI�DOO�EORRG�OLSLGV�DQG�OLSRSURWHLQV�XVHG�LQ�HSLGHPLRORJLFDO�UHVHDUFK
� GHWHUPLQDWLRQ�RI�SURVWDJODQGLQV
� FROOHFWLRQ�RI�HSLGHPLRORJLFDO�GDWD�

� 7UDQVIHU�RI�WHFKQLTXHV

([DPSOHV�
� D�V\VWHPDWLF�SURJUDPPH�RI�SUDFWLFDO�FRXUVHV�LQ�QHZ�DQG�RU�GLIILFXOW�ELRFKHPLFDO

GHWHUPLQDWLRQV�ZLWK�DQ�XSGDWHG�OLVWLQJ�RI�VXFK�FRXUVHV�WKDW�LV�PDGH�LQWHUQDWLRQDOO\
DYDLODEOH

� H[FKDQJH�RI�FRPSXWHU�VRIWZDUH�LQ�WKH�ILHOG�RI�HSLGHPLRORJ\�DQG�FOLQLFDO�FDUGLRORJ\
� IDFLOLWDWLRQ�RI�WUDQVIHU�RI�QHZ�RU�GLIILFXOW�WHFKQLTXHV�LQ�WKH�FDUGLRYDVFXODU�ILHOG�



��

�� &R�RSHUDWLYH�PRYHV�E\�VFLHQWLVWV�LQ�WKH�ILHOG�RI�SUHYHQWLRQ

([DPSOH�
� VLPXOWDQHRXV�XUJLQJ�DJDLQVW�FLJDUHWWH�FRQVXPSWLRQ�RU�LQ�IDYRXU�RI�IRRG�KDELWV�WKDW�FDQ

SURPRWH�SUHYHQWLRQ�

&DQFHU

7KH�JURXS�VWUHVVHV�WKDW�LQWHUQDWLRQDO�FR�RSHUDWLRQ�LQ�FDQFHU�UHVHDUFK�LV�QHFHVVDU\�LQ
RUGHU�WR�DFKLHYH�SURJUHVV�LQ�WKH�FDQFHU�SUREOHP�

6XFK�LQWHUQDWLRQDO�FR�RSHUDWLRQ�H[LVWV�LQ�(XURSH�DQG�WKURXJKRXW�WKH�ZRUOG��DQG�LV
FDUULHG�RXW�E\�D�YDULHW\�RI�JRYHUQPHQWDO�DQG�QRQ�JRYHUQPHQWDO�RUJDQL]DWLRQV�DQG�VRFLHWLHV�

7KH�JURXS�XUJHV�JRYHUQPHQWV�DQG�RWKHU�DSSURSULDWH�ERGLHV�WR�LQFUHDVH�VXSSRUW�IRU�VXFK
RUJDQL]DWLRQV��VR�WKDW�H[LVWLQJ�SURJUDPPHV�RI�LQWHUQDWLRQDO�FR�RSHUDWLRQ�FDQ�EH�FRQWLQXHG�DQG
HQODUJHG���'XH�FDUH�VKRXOG�EH�WDNHQ�WR�DYRLG�XQQHFHVVDU\�GXSOLFDWLRQ���3URJUHVV�RI�LQWHUQDWLRQDO
FROODERUDWLRQ�LQ�FDQFHU�UHVHDUFK�VKRXOG�EH�PRQLWRUHG�SHULRGLFDOO\�E\�WKH�DSSURSULDWH�ERGLHV�

7KH�JURXS�UHTXHVWV�WKDW�VSHFLDO�HPSKDVLV�VKRXOG�EH�GHYRWHG�WR�WKH�IROORZLQJ�

��� )UHH�GLVVHPLQDWLRQ�RI�UHJLRQDO�DQG�ORFDO�GDWD�RQ�FDQFHU�DQG�UHODWHG�HWLRORJLFDO�IDFWRUV�
DQG�DVVLVWDQFH�IRU�ILHOG�VWXGLHV�

��� ([WHQVLRQ�RI�FDQFHU�UHJLVWULHV�WR�LQFOXGH�QHZ�UHJLRQV�DQG�FRXQWULHV�

��� ([WHQVLRQ�RI�LQIRUPDWLRQ�H[FKDQJH�LQ�FDQFHU�WUHDWPHQW��LQFOXGLQJ�GDWD�RQ�VFUHHQLQJ�
WHVWLQJ��WR[LFLW\��GUXJ�LQWHUDFWLRQV�DQG��ZKHUH�DSSOLFDEOH��H[FKDQJH�RI�GUXJV���(ODERUDWLRQ�RI
HWKLFDO�SULQFLSOHV�

��� 6WDQGDUGL]DWLRQ�RI�UHDJHQWV��GLDJQRVWLF�PHWKRGV�DQG�WHVW�V\VWHPV�

��� $FFHVV�WR�UHVHDUFK�IDFLOLWLHV�DQG�GDWD�IURP�KHDOWK�FDUH�V\VWHPV�

��� 7UDLQLQJ�FRXUVHV��HVSHFLDOO\�IRU�\RXQJ�VFLHQWLVWV�LQ�RQFRORJ\�DQG�DSSURSULDWH�EDVLF
ELRORJ\��LQFOXGLQJ�QHZ�PHWKRGV�

��� ,QFUHDVHG�RSSRUWXQLWLHV��HVSHFLDOO\�IRU�\RXQJ�VFLHQWLVWV�WR�OHDUQ�QHZ�DSSURDFKHV�LQ
FDQFHU�UHVHDUFK��E\�VKRUW�WHUP�DQG�ORQJ�WHUP�IHOORZVKLSV�

��� 'LUHFW�DQG�UDSLG�FRQWDFW�EHWZHHQ�ZRUNLQJ�VFLHQWLVWV�LQ�FROODERUDWLQJ�ODERUDWRULHV��E\�DOO
DYDLODEOH�PHDQV�RI�FRPPXQLFDWLRQ�

9LURORJ\

,Q�VSLWH�RI�JUHDW�DFKLHYHPHQWV�LQ�WKH�SUHYHQWLRQ�RI�VRPH�RI�WKH�PRVW�VHYHUH�YLUXV
GLVHDVHV��WKH�UHODWLYH�DQG�DEVROXWH�LPSRUWDQFH�RI�YLUXVHV�DV�FDXVHV�RI�DFXWH�DQG�FKURQLF
LQIHFWLRXV�GLVHDVHV�KDV�LQFUHDVHG�



��

)RU�WKLV�UHDVRQ��DQG�EHLQJ�DZDUH�RI�WKH�XWPRVW�LPSRUWDQFH��RI�LQWHUQDWLRQDO�FR�RSHUDWLRQ�
IRU�H[DPSOH�LQ�WKH�HUDGLFDWLRQ�RI�VPDOOSR[��WKH�YLURORJLVWV�IHHO�WKDW�VXFK�FR�RSHUDWLRQ�LV
QHFHVVDU\�LQ�WU\LQJ�WR�VROYH�VRPH�RI�WKH�PDQ\�LPSRUWDQW�SUREOHPV�LQ�YLURORJ\���,QWHUQDWLRQDO
FR�RSHUDWLRQ�H[LVWV�DOUHDG\�LQ�WKH�ILHOG�RI�YLURORJ\�ERWK�LQ�(XURSH�DQG�LQ�WKH�ZRUOG�DQG�LV�FDUULHG
RXW�E\�VHYHUDO�JRYHUQPHQWDO�DQG�QRQ�JRYHUQPHQWDO�RUJDQL]DWLRQV�

7KH�YLURORJLVWV�XUJH�WKDW�WKH�H[LVWLQJ�SURJUDPPHV�LQ�WKH�ILHOG�RI�YLURORJ\�VKRXOG�EH
FRQWLQXHG�DQG�HQODUJHG���8QQHFHVVDU\�GXSOLFDWLRQ�VKRXOG�EH�DYRLGHG�

$OWKRXJK�SDUWO\�FRYHUHG�E\�H[LVWLQJ�RUJDQL]DWLRQV�DQG�DUUDQJHPHQWV�IXUWKHU
LQWHUQDWLRQDO�FR�RSHUDWLRQ�LV�UHTXLUHG�LQ�WKH�IROORZLQJ�

� 5DSLG�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�RQ�HSLGHPLRORJ\�RI�YLUXV�GLVHDVHV�LQ�WKH�GLIIHUHQW
UHJLRQV�

� 6RPH�ILHOGV�RI�PROHFXODU�YLURORJ\��DV�IRU�H[DPSOH�UHFRPELQDQW�'1$��LQFOXGLQJ�VDIHW\
UHJXODWLRQV�DQG�HYDOXDWLRQ�RI�EHQHILWV�

� 3URPRWLQJ�FKDQQHOV�IRU�LQIRUPDWLRQ�RQ�QHZ�PHWKRGV�LQ�GLDJQRVWLF�SURFHGXUHV�
HVSHFLDOO\�UDSLG�GLDJQRVLV�RI�YLUXV�GLVHDVHV�

� 6WDQGDUGL]DWLRQ�RI�PDWHULDO�IRU�GLDJQRVWLF�WHVWV�DV�ZHOO�DV�IRU�PDWHULDOV�XVHG�IRU
SUHYHQWLRQ�DQG�WUHDWPHQW�RI�YLUXV�GLVHDVHV�

� 6WXG\�DQG�SUHYHQWLRQ�RI�VRPH�RI�WKH�FRPPRQ�DQG�HVSHFLDOO\�LPSRUWDQW�GLVHDVHV�VXFK�DV
UHVSLUDWRU\�LQIHFWLRQV�DQG�KHSDWLWLV�

� 2EWDLQLQJ�DFFHVV�WR�UHVHDUFK�IDFLOLWLHV�LQ�GLIIHUHQW�LQVWLWXWLRQV��HVSHFLDOO\�IRU�\RXQJ
VFLHQWLVWV��LQFOXGLQJ�WUDLQLQJ�FRXUVHV��DQG�ORQJ�RU�VKRUW�WHUP�IHOORZVKLSV��IRU�H[DPSOH�LQ
UHJLRQDO�LQVWLWXWLRQV�SUHSDUHG�WR�JLYH�WUDLQLQJ�LQ�DSSOLHG�FOLQLFDO�DQG�HSLGHPLRORJLFDO
YLURORJ\�

� 'LUHFW�DQG�UDSLG�FRQWDFW�EHWZHHQ�ZRUNLQJ�VFLHQWLVWV�LQ�FROODERUDWLQJ�ODERUDWRULHV�E\�DOO
DYDLODEOH�PHDQV�RI�FRPPXQLFDWLRQ�



��

$QQH[�����+XPDQLWLHV�DQG�6RFLDO�6FLHQFHV

�� 7KH�PDLQ�LVVXHV�WR�EH�IDFHG

$� *HQHUDO�LVVXHV

7KH�PDLQ�LVVXHV�WR�EH�IDFHG�LQFOXGH�VXFK�JHQHUDO�SKHQRPHQD�DV�UDSLG�GHPRJUDSKLF�
VRFLDO��FXOWXUDO�DQG�SV\FKRORJLFDO�FKDQJHV��WKH�LPSDFW�RI�WKH�LQFUHDVLQJ�VRSKLVWLFDWLRQ�RI
WHFKQRORJ\��WKH�VKLIWLQJ�UROH�RI�ZRPHQ�LQ�VRFLHW\��DOWHUDWLRQV�RI�YDOXHV�FRQFHUQLQJ�WKH
HQYLURQPHQW��DQG�OLPLWDWLRQV�LPSRVHG�E\�D�JURZLQJ�HQHUJ\�VKRUWDJH����$�PRUH�GHWDLOHG�OLVW�RI
WKH�SUREOHPV�WR�EH�IDFHG�DSSHDUV�LQ�WKH�$SSHQGL[��

%� 8UEDQL]DWLRQ

7KH�SURFHVV�RI�XUEDQL]DWLRQ�KDV�EURXJKW�QHZ�SRVVLELOLWLHV�DQG�SUREOHPV�ZKLFK�KDYH
DIIHFWHG�UXUDO�DUHDV�DQG�RSHQ�VSDFHV�DV�ZHOO�DV�FLWLHV�DQG�WKHLU�LQKDELWDQWV���$PRQJ�WKHP�DUH
HIIHFWV�RI�LQWHUQDO�DQG�H[WHUQDO�PLJUDWLRQ��SUREOHPV�RI�FURZGLQJ��GLVRUGHU�DQG�FULPH��DOWHUDWLRQV
WR�WKH�QDWXUDO�HQYLURQPHQW��DQG�SROOXWLRQ�RI�WKH�DWPRVSKHUH��ZDWHU�UHVRXUFHV�DQG�WKH�ODQG���$OO
RI�WKLV�FDOOV�IRU�DQ�LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�SURFHVVHV�RI�XUEDQL]DWLRQ�DQG�WKHLU
UHODWLRQVKLS�WR�UHJLRQDO�GHYHORSPHQW�

&� (QYLURQPHQWDO�TXDOLW\

7KHUH�KDV�EHHQ�D�JURZLQJ�FRQVFLRXVQHVV�RI�WKH�LPSRUWDQFH�RI�HQYLURQPHQWDO�SURWHFWLRQ�
EXW�WKHUH�DUH�SUDFWLFDO�SUREOHPV�GXH�WR�LPSHUIHFW�XQGHUVWDQGLQJ�RI�WKH�HQYLURQPHQW���,Q�DGGLWLRQ�
HFRQRPLF�DFFRXQWLQJ�VKRXOG�WR�DQ�LQFUHDVLQJ�H[WHQW�WDNH�LQWR�FRQVLGHUDWLRQ�QRW�RQO\�HFRQRPLF
DFWLYLW\�EXW�DOVR�WKH�VRFLDO��FXOWXUDO�DQG�HFRORJLFDO�YDOXHV�RI�WKH�HQYLURQPHQW�

'� 5HVHDUFK�PHWKRGRORJ\

7KH�KLJKO\�FRPSOH[�SUREOHPV�RI�XUEDQ�GHYHORSPHQW�DQG�HQYLURQPHQWDO�SURWHFWLRQ
UHTXLUH�WKH�XVH�RI�PXOWLGLVFLSOLQDU\�DSSURDFKHV��FRPSDUDWLYH�VWXGLHV�DQG�WKH�GHYHORSPHQW�RI
PDWKHPDWLFDO��VLPXODWLRQ�RU�RWKHU�NLQGV�RI�PRGHOV���6RPH�RI�WKH�GLIILFXOWLHV�LQ�UHVHDUFK�RQ�WKHVH
PDWWHUV�DUH�GXH�WR�GLIIHUHQFHV�LQ�WKH�FROOHFWLRQ��DQDO\VLV�RI�GDWD�DQG�RWKHU�PDWHULDOV�LQ�WKH
YDULRXV�FRXQWULHV�

�� 7KH�WDVNV�DKHDG

%DVHG�RQ�WKH�DERYH�FRQVLGHUDWLRQV��VL[�PDMRU�DUHDV�RI�UHVHDUFK�ZHUH�LGHQWLILHG�

��� &KDQJHV�LQ�SRSXODWLRQ�VWUXFWXUHV�DQG�FKDUDFWHULVWLFV�

��� 3UHVHQW�DQG�IXWXUH�VRFLDO��FXOWXUDO��EHKDYLRXUDO��HFRQRPLF�DQG�VSDWLDO�SUREOHPV�RI�WKH
SURFHVV�RI�XUEDQL]DWLRQ�

��� 3UHVHUYDWLRQ�RI�QDWLRQDO�SDWULPRQ\�DQG�HQYLURQPHQW�

��� ,PSDFW�RI�QHZ�WHFKQRORJLHV�RQ�KXPDQ�EHKDYLRXU��QDWXUDO�HQYLURQPHQW�DQG�XUEDQ
HFRV\VWHPV�

��� 2UJDQL]DWLRQ�RI�HFRORJLFDOO\�RULHQWDWHG�XUEDQ�DQG�UHJLRQDO�SODQQLQJ�DQG�PDQDJHPHQW�



��

��� (GXFDWLRQ��WUDLQLQJ��SUHSDUDWLRQ�DQG�GLIIXVLRQ�RI�LQIRUPDWLRQ�

7KHVH�DUHDV�ZHUH�GUDZQ�IURP�WKH�GHWDLOHG�OLVW�RI�WRSLFV�SUHVHQWHG�LQ�WKH�$SSHQGL[�

7R�HQVXUH�WKDW�VXFK�UHVHDUFK�LV�XQGHUWDNHQ��DQG�WKDW�LWV�UHVXOWV�ZLOO�EH�SXW�WR�XVH��WZR
GHYHORSPHQWV�DUH�QHHGHG���2QH�LV�D�ODUJHU�DOORFDWLRQ�RI�IXQGLQJ�WKDQ�LV�SUHVHQWO\�FKDUDFWHULVWLF
LQ�WKH�VRFLDO�VFLHQFHV�DQG�KXPDQLWLHV��HVSHFLDOO\�LQ�WKH�OHVVHU�GHYHORSHG�FRXQWULHV�ZLWK�VPDOOHU
UHVRXUFHV���7KH�RWKHU�LV�WKH�FUHDWLRQ�RI�FORVHU�FR�RSHUDWLRQ�EHWZHHQ�VFLHQWLVWV��SODQQHUV��WKH
SXEOLF�DQG�SROLF\�PDNHUV�

,W�ZDV�HPSKDVL]HG�WKDW�WKH�QHFHVVDU\�UHVHDUFK�HIIRUWV�FDQ�EH�DWWDLQHG�E\�H[LVWLQJ
LQVWLWXWLRQV�ZLWK�WKH�VXSSRUW�RI�JRYHUQPHQWV�DQG�DGPLQLVWUDWLYH�DXWKRULWLHV����7KHUH�ZDV�DOVR
DJUHHPHQW�WKDW�SURPRWLRQ�DQG�H[SDQVLRQ�RI�LQWHUQDWLRQDO�FR�RSHUDWLRQ�DQG�FROODERUDWLRQ�DUH
QHHGHG�LQ�UHVHDUFK�DV�ZHOO�DV�LQ�WKH�WUDLQLQJ�RI�VFLHQWLVWV�DQG�LQ�WKH�H[FKDQJH�RI�LQIRUPDWLRQ�

�� 5HFRPPHQGDWLRQV

D� 6FLHQWLILF�FRQIHUHQFHV�DQG�VHPLQDUV�VKRXOG�EH�RUJDQL]HG�GXULQJ�WKH�FRPLQJ�\HDUV�RQ�WKH
SUREOHPV�RI�XUEDQ�GHYHORSPHQW��FXOWXUDO�FKDQJHV�DQG�WKH�TXDOLW\�RI�WKH�HQYLURQPHQW���7KHVH
PHHWLQJV�FRXOG�IRFXV�SDUWLFXODUO\�XSRQ�SUREOHPV�LQ�FRPSDUDWLYH�VWXGLHV�DQG�PHWKRGRORJ\�LQ�WKH
LQWHUGLVFLSOLQDU\�DSSURDFK�WR�LQYHVWLJDWLRQV�RI�VRFLDO��VRFLR�HFRQRPLF��HFRORJLFDO�DQG�FXOWXUDO
DVSHFWV�RI�XUEDQ�GHYHORSPHQW�DQG�HQYLURQPHQWDO�FKDQJH���7KHVH�FRQIHUHQFHV�RU�VHPLQDUV�FRXOG
EH�RUJDQL]HG�E\�81(6&2�RU�(&(��DQG�ZKHUH�DSSURSULDWH�LQ�FR�RSHUDWLRQ�ZLWK�H[LVWLQJ
LQWHUQDWLRQDO�VFLHQWLILF�ERGLHV�LQFOXGLQJ�WKH�(XURSHDQ�&R�RUGLQDWLRQ�&HQWUH�IRU�5HVHDUFK�DQG
'RFXPHQWDWLRQ�LQ�6RFLDO�6FLHQFHV��NQRZQ�DV�WKH�9LHQQD�&HQWUH��DQG�WKH�,QWHUQDWLRQDO�,QVWLWXWH
IRU�$SSOLHG�6\VWHPV�$QDO\VLV��,,$6$����$�FRQVXOWDWLYH�ERG\�RI�H[SHUWV�VKRXOG�SUHSDUH�WKH
PHHWLQJV�RQ�WKH�EDVLV�RI�UHVXOWV�RI�QDWLRQDO�VWXGLHV���7KH�ODWWHU�PLJKW�IRFXV�XSRQ�D�QXPEHU�RI
VSHFLDO�SLORW�SURMHFWV�RQ�XUEDQ�DQG�RU�HQYLURQPHQWDO�LVVXHV��WKH�UHVXOWV�RI�ZKLFK�ZRXOG�WKHQ�EH
GLVFXVVHG�LQ�WKH�LQWHUQDWLRQDO�IRUXP�

E� ,QWHUQDWLRQDO��QDWLRQDO�DQG�UHJLRQDO�RUJDQL]DWLRQV�RSHUDWLQJ�LQ�(XURSH�VKRXOG�EH
HQFRXUDJHG�E\�&6&(��ZLWKLQ�WKHLU�ILHOG�RI�FRPSHWHQFH��WR�DUUDQJH�DGYDQFHG�WUDLQLQJ�FRXUVHV
DQG�VHPLQDUV�IRU�VFLHQWLVWV�IURP�6WDWHV�SDUWLFLSDWLQJ�LQ�WKH�&6&(���,Q�SDUWLFXODU��SURYLVLRQ
VKRXOG�EH�PDGH�IRU�\RXQJ�VFLHQWLVWV�WR�DWWHQG�WUDLQLQJ�FRXUVHV�DUUDQJHG�LQ�SDUWLFLSDWLQJ�6WDWHV�

F� $Q�LQYHQWRU\�RI�UHFHQWO\�FRPSOHWHG�DQG�RQJRLQJ�VWXGLHV�RQ�WKH�SUREOHPV�RI�XUEDQ
GHYHORSPHQW�DQG�RI�WKH�KXPDQ�HQYLURQPHQW�VKRXOG�EH�RUJDQL]HG���$�UHYLHZ�RI�H[SHULHQFH�LQ
LQWHUQDWLRQDO�FR�RSHUDWLRQ�LQ�UHVHDUFK�DQG�LQ�WKH�H[FKDQJH�RI�LQIRUPDWLRQ�VKRXOG�EH�XQGHUWDNHQ�
�7KHVH�UHYLHZV�FRXOG�EH�FRPSLOHG�E\�RQH�RI�WKH�H[LVWLQJ�LQWHUQDWLRQDO�ERGLHV��IRU�H[DPSOH�
WKURXJK�81(3��(&(�RU�81(6&2�

G� (FR�WR[LFRORJLFDO�VWXGLHV�FRQQHFWHG�ZLWK�UHOHYDQW�PHWKRGV�LQ�WKH�VRFLDO�DQG�KHDOWK
VFLHQFHV�VKRXOG�EH�VXSSRUWHG�DQG�LPSURYHG�RQ�DQ�LQWHUQDWLRQDO�EDVLV��HVSHFLDOO\�ZLWKLQ�WKH
UHOHYDQW�SURMHFWV�RI�WKH�6FLHQWLILF�&RPPLWWHH�RQ�3UREOHPV�RI�WKH�(QYLURQPHQW��6&23(��RI
,&68��DQG�:+2�

H� $�VHULHV�RI�FRPSDUDWLYH�VWXGLHV�VKRXOG�EH�VWUHQJWKHQHG�RQ�WKH�SURFHGXUH�LQ�LQWHJUDWHG
XUEDQ�DQG�UHJLRQDO�SODQQLQJ�DQG�PDQDJHPHQW�LQ�RUGHU�WR�GHWHUPLQH�WKH�PRVW�HIIHFWLYH�ZD\�WR
OLQN�UHVHDUFK�WR�WKH�SURFHVV�RI�GHFLVLRQ�PDNLQJ�
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I� 7KH�LPSDFW�RI�VFLHQFH�DQG�WHFKQRORJ\�RQ�VRFLHW\��WKH�PHWKRGRORJ\�RI�LQWHUGLVFLSOLQDU\
VWXGLHV�ZLWK�VSHFLDO�UHIHUHQFH�WR�EHKDYLRXUDO��VRFLDO�DQG�QDWXUDO�VFLHQFHV��UHVHDUFK�DQG
SROLF\�PDNLQJ�LQ�VRFLDO�ILHOGV��WKH�GHFLVLRQ�PDNLQJ�SURFHVV�LQFOXGLQJ�WKH�LQYROYHPHQW�RI�WKH
SXEOLF��UHVHDUFK�LQ�SROLWLFDO�VFLHQFHV�UHOHYDQW�WR�WKH�&6&(�FRXQWULHV��VFLHQFH�SROLF\�DQG
LPSURYHG�DQG�PRUH�HIILFLHQW�IRUPV�RI�FR�RSHUDWLRQ�LQFOXGLQJ�WKH�LQVWLWXWLRQDO�IUDPHZRUN��DUH
WKHPHV�ZKLFK�VKRXOG�EH�IXUWKHU�H[SORUHG�LQ�IXWXUH�PHHWLQJV�

7KH�ZRUNLQJ�ERG\�KDG�D�WKRURXJK�GLVFXVVLRQ�RQ�DOO�WDVNV�RQ�DJHQGD�LWHP�QXPEHU�����7KH
FRQWHQW�RI�WKHVH�GLVFXVVLRQV�LV�UHIOHFWHG�ERWK�LQ�WKLV�$QQH[�DQG�LQ�WKH�JHQHUDO�FRQFOXVLRQV
FRQWDLQHG�LQ�WKH�5HSRUW�RI�WKH��6FLHQWLILF�)RUXP��



��

$SSHQGL[

*HQHUDO�LVVXHV

�� 7KH�LPSDFW�RI�LQFUHDVLQJO\�VRSKLVWLFDWHG�WHFKQRORJ\�RQ�XUEDQ�GHYHORSPHQW��OLIH�VW\OHV
DQG�WKH�HQYLURQPHQW��FRPSDUHG�ZLWK��DSSURSULDWH��WHFKQRORJ\�ZKLFK�PD\�EH�OHVV�VRSKLVWLFDWHG
EXW�PRUH�FORVHO\�DGDSWHG�WR�WKH�HQYLURQPHQW�DQG�WKH�SUHVHUYDWLRQ�RI�VRFLDO�YDOXHV�

�� 7KH�LPSDFW�RI�DQ�DJHLQJ�SRSXODWLRQ�RQ�WKH�HFRQRP\��UHTXLUHPHQWV�IRU�VRFLDO�VHUYLFHV�
KRXVLQJ�DQG�WUDQVSRUWDWLRQ�

�� 7KH�HIIHFWV�RI�WKH�FKDQJLQJ�UROH�RI�ZRPHQ�LQ�WKH�ZRUN�IRUFH�

�� 7KH�HIIHFWV�RI�VKLIWV�LQ�VRFLDO�YDOXHV�RQ�WKH�UROH�WKH�LQGLYLGXDO�SOD\V�LQ�SODQQLQJ�DQG
SROLF\�PDNLQJ�

�� 7KH�JDS�EHWZHHQ�WKH�SHUFHSWLRQV�RI�YDULRXV�JURXSV�RI�SURIHVVLRQDOV�DV�WR�ZKDW�VRFLHW\
QHHGV�DQG�KRZ�WKLV�VKRXOG�EH�SURYLGHG��DQG�WKH�SHUFHSWLRQV�RI�WKH�SXEOLF�DW�ODUJH�

�� )LQGLQJ�HIIHFWLYH�PHDQV�IRU�LQFOXGLQJ�LQ�SODQQLQJ�DQG�SROLF\�PDNLQJ�WKH�UHVXOWV�RI
UHVHDUFK�RQ�KXPDQ�GLPHQVLRQV�RI�XUEDQL]DWLRQ�DQG�HQYLURQPHQWDO�TXDOLW\�

�� 3UREOHPV�RI�XQGHUWDNLQJ�DQG�LPSOHPHQWLQJ�WUXO\�FRPSUHKHQVLYH�SODQQLQJ�

�� +RZ�WR�PDNH�UHVHDUFK�LQ�VRFLDO�VFLHQFHV�DQG�WKH�KXPDQLWLHV�PRUH�UHOHYDQW�IRU�SODQQLQJ
DQG�SROLF\�PDNLQJ�

(QYLURQPHQWDO�LVVXHV

�� 7KH�LPSDFW�RI�HQYLURQPHQW�RQ�KXPDQ�KHDOWK�

�� +RZ�WR�WDFNOH�WKH�SUREOHPV�RI�HQYLURQPHQWDO�KD]DUGV�DQG�WHFKQRORJLFDO�ULVNV�

�� +RZ�WR�GHYHORS�FRPSUHKHQVLYH�HQYLURQPHQWDO�SODQV�LQWR�ZKLFK�SODQV�IRU�LQGXVWULDO�
WUDQVSRUWDWLRQ��XUEDQ�DQG�VRFLDO�GHYHORSPHQW�PLJKW�EH�ILWWHG�

�� 'HWHUPLQDWLRQ�RI�WKH�YDOXHV�ZKLFK�LQGLYLGXDOV�DWWDFK�WR�SDUWLFXODU�HQYLURQPHQWV��DQG�WKH
H[WHQW�WR�ZKLFK�VXFK�YDOXHV�YDU\�RYHU�VSDFH�DQG�WLPH�

�� ,PSHGLPHQWV�WR�WKH�LPSURYHPHQW�RI�HQYLURQPHQWDO�TXDOLW\�

�� +RZ�WR�LQYHVWLJDWH�REMHFWLYHO\�FKDQJHV�LQ�WKH�TXDOLW\�RI�OLIH�

�� +RZ�WR�GHYHORS�D�EURDGHU�SHUVSHFWLYH�LQ�SODQQLQJ�VR�WKDW�PRUH�LQWHQVLYH�XVH�PD\�EH
PDGH�RI�H[LVWLQJ�UHVRXUFHV�UDWKHU�WKDQ�EULQJLQJ�LQ�QHZ�VXSSOLHV�IURP�HOVHZKHUH��H�J��WKH
LQWURGXFWLRQ�RI�ZDVWHZDWHU�UHQRYDWLRQ�DQG�UHF\FOLQJ�DV�RSSRVHG�WR�GHYHORSPHQW�RI�ZDWHU
VXSSOLHV�DW�SURJUHVVLYHO\�IXUWKHU�GLVWDQFHV�IURP�WKH�FLW\�

�� 7KH�LPSDFW�RI�HFRQRPLF�GHYHORSPHQW�RQ�HQYLURQPHQWDO�TXDOLW\�

�� 6XVWDLQLQJ�DQ�LQWHUHVW�LQ�WKH�HQYLURQPHQWDO�TXHVWLRQ�DW�WKH�SROLWLFDO�OHYHO�



��

0HWKRGRORJLFDO�LVVXHV

�� 7KH�FLUFXPVWDQFHV�LQ�ZKLFK�DQ�LQWHUGLVFLSOLQDU\�DSSURDFK�LV�HVSHFLDOO\�DSSURSULDWH��DQG
WKH�ZD\V�LQ�ZKLFK�LW�FDQ�EH�PRVW�VXFFHVVIXOO\�SXUVXHG�

�� 7KH�LQWHJUDWLRQ�RI�QRQ�WHFKQLFDO�DQG�QRQ�HFRQRPLF�IDFWRUV�LQ�PRGHOV�UHODWLQJ�WR�XUEDQ
GHYHORSPHQW�DQG�HQYLURQPHQWDO�TXDOLW\�PDQDJHPHQW�

�� 3UREOHPV�RI�XQGHUWDNLQJ�FRPSDUDWLYH�VWXGLHV��HVSHFLDOO\�ZKHUH�FXOWXUDO�WUDLWV�PDNH�GDWD
FROOHFWLRQ�GLIILFXOW��RU�ZKHUH�PHDQLQJV�DQG�YDOXHV�DWWDFKHG�WR�JLYHQ�SKHQRPHQD�DUH�XQLTXH�WR�D
SDUWLFXODU�DUHD�

�� +RZ�WR�WDNH�DFFRXQW�RI�VKLIWV�LQ�VRFLDO�YDOXHV�DQG�QHZ�GHYHORSPHQWV�LQ�WHFKQRORJ\�LQ
SODQQLQJ�DQG�SROLF\�PDNLQJ�

�� 3URYLVLRQ�RI�RSSRUWXQLWLHV�IRU�HGXFDWLRQ�RQ�WKH�HQYLURQPHQW�

�� +RZ�WR�FRSH�ZLWK�GHFLVLRQ�PDNLQJ�XQGHU�XQFHUWDLQW\�

�� ,QFOXVLRQ�RI�SUHGLFWLRQV�RI�VKLIWV�LQ�VRFLDO�YDOXHV�DQG�GHYHORSPHQW�RI�WHFKQRORJLHV�LQ
SODQV�DQG�SROLFLHV�

8UEDQ�GHYHORSPHQW�DQG�KXPDQ�HQYLURQPHQW

�� 6RFLDO�DQG�FXOWXUDO�SUREOHPV�RI�XUEDQL]DWLRQ

&KDQJHV�LQ�SRSXODWLRQ�VWUXFWXUHV�DQG�WKHLU�LPSDFW�RQ�XUEDQ�OLIH�DQG�GHYHORSPHQW��
�3URIHVVLRQDO�VWUXFWXUH��WKH�LPSDFW�RI�ZRPHQ�HQWHULQJ�WKH�ZRUN�IRUFH��QHZ�IDPLO\�PRGHOV�
\RXWK�DGXOW�FRUUHODWLRQV��LQFUHDVLQJ�UDWLR�RI�ROG�SHRSOH��

�� 8UEDQ�PLJUDWLRQ�DQG�LWV�FRQVHTXHQFHV

6RFLDO�HIIHFWV�RI�PLJUDWLRQ�WR�DQG�IURP�FLWLHV�DQG�LWV�LPSDFW�RQ�DUHDV�RI�LPPLJUDWLRQ�DQG
HPLJUDWLRQ���,QFUHDVLQJ�GLIIXVLRQ�RI�XUEDQ�SRSXODWLRQ�IURP�FLWLHV�WR�FRXQWU\VLGH�OHDGLQJ�XS�WR
OHYHOOLQJ�RI�GLIIHUHQFHV�EHWZHHQ�XUEDQ�DQG�UXUDO�OLIH���7KH�UROH�RI�VPDOO�DQG�PHGLXP�VL]HG�FLWLHV�
�7KH�SURFHVV�RI�FRQFHQWUDWLRQ�DQG�RI�GHFRQFHQWUDWLRQ�RI�XUEDQ�DFWLYLWLHV�

�� 7KH�IXWXUH�RI�XUEDQL]DWLRQ

+XPDQ�DGDSWDWLRQ�WR�FKDQJHV�LQ�XUEDQ�OLIH���7KH�LPSDFW�RI�WHFKQLFDO�SURJUHVV�RQ�WKH
IXQFWLRQDO�DQG�VSDWLDO�VWUXFWXUH�RI�XUEDQL]DWLRQ�IURP�WKH�HFRORJLFDO�SRLQW�RI�YLHZ���3URJQRVLV�RI
QHZ�IRUPV�RI�XUEDQL]DWLRQ���(QYLURQPHQW�DQG�WHFKQRORJ\���2SWLPXP�VL]H�RI�FLWLHV���7KH��KXPDQ
VFDOH��LQ�XUEDQ�GHYHORSPHQW�

�� 7HFKQRORJ\�DQG�WKH�HFRQRP\�FRQIURQWHG�ZLWK�KXPDQ��VRFLDO��FXOWXUDO�DQG
HFRORJLFDO�QHHGV

+XPDQ�SHUFHSWLRQ�RI�XUEDQ�HQYLURQPHQW���(FRQRPLF�YDOXH�RI�HFRORJLFDO�DQG�VRFLDO
IDFWRUV���+RZ�WR�LQWHJUDWH�HFRORJLFDO��VRFLDO��FXOWXUDO�DQG�HFRQRPLF�FULWHULD�



��

�� 3UHVHUYDWLRQ�RI�QDWLRQDO�SDWULPRQ\�DQG�HQYLURQPHQW

,QWHUGLVFLSOLQDU\�HQYLURQPHQWDO�UHVHDUFK���3UHVHUYDWLRQ�RI�WKH�QDWLRQDO�SDWULPRQ\�RQ�D
ORFDO�DQG�QDWLRQDO�VFDOH��DUFKLWHFWXUDO�DQG�FXOWXUDO�DQG�WUDGLWLRQDO
YDOXHV��XUEDQ�VWUXFWXUHV����$GDSWDWLRQ�RI�ROG�FLWLHV�WR�QHZ�QHHGV���5HYDORUL]DWLRQ�RI�ROG�KRXVLQJ
V\VWHP�

�� ,QWHUUHODWLRQ�RI�XUEDQ�DQG�UHJLRQDO�GHYHORSPHQW

&RUUHODWLRQ�EHWZHHQ�XUEDQ�DQG�UHJLRQDO�JURZWK�DQG�QDWLRQDO�GHYHORSPHQW���8UEDQ�DQG
UXUDO�GHYHORSPHQW���6WUXFWXUDO�IRUPV�RI�WKH�QHW�RI�VHWWOHPHQWV���3URFHVV�RI�XUEDQ�FRQFHQWUDWLRQ
DQG�GHFRQFHQWUDWLRQ�

�� 0HWKRGV�RI�HFRORJLFDOO\�RULHQWDWHG�LQWHJUDWHG�XUEDQ�DQG�UHJLRQDO�SODQQLQJ

3ULQFLSOHV�RI�LQWHJUDWHG�SODQQLQJ���0HWKRGRORJ\�RI�ORQJ�WHUP�XUEDQ�DQG�UHJLRQDO
SODQQLQJ�SUHVHQWLQJ�VHYHUDO�VWUDWHJLHV�RI�GHYHORSPHQW���+RZ�WR�FRPSDUH�WKHP�IURP�HFRQRPLF
DQG�HFRORJLFDO�SRLQWV�RI�YLHZ��PDWKHPDWLFDO�PRGHOV����7KH�WHUULWRULDO�LQWHJUDWLRQ�RI�SODQQLQJ�DQG
LPSOHPHQWDWLRQ���6\VWHPV�RI�XUEDQ�PDQDJHPHQW�

�� 3UREOHPV�RI�ELJ�FLWLHV�DQG�PHWURSROLWDQ�DUHDV

&RPSDULVRQ�RI�YDULRXV�FLWLHV
�JURZWK���,QWHUQDO�VWUXFWXUHV�RI�PHWURSROLD��WKHLU�FRPSOH[
SUREOHPV���KRXVLQJ��UHFUHDWLRQ��WUDIILF��SODFHV�RI�ZRUN��HWF���6SHFLDO�SUREOHPV�RI�KLJKO\
LQGXVWULDOL]HG�FLWLHV�DQG�UHJLRQV��KDUERXU�FLWLHV�DQG�FRDVWDO�XUEDQL]DWLRQ�

�� (GXFDWLRQ��WUDLQLQJ�DQG�LQIRUPDWLRQ

0HWKRGRORJ\�RI�FRPSUHKHQVLYH�HQYLURQPHQWDO�WUDLQLQJ�DQG�HGXFDWLRQ�RI�XQGHUJUDGXDWH
DQG�SRVWJUDGXDWH�VSHFLDOLVWV���6SHFLDO�WUDLQLQJ�RI�\RXQJ�VFLHQWLVWV���,QIRUPDWLRQ�RQ�WKH
LPSRUWDQFH�RI�HFRORJLFDO��VRFLDO�DQG�FXOWXUDO�DVSHFWV�RI�XUEDQ�GHYHORSPHQW�DQG�HQYLURQPHQWDO
SURWHFWLRQ�IRU�GHFLVLRQ�PDNHUV�DQG�WKH�JHQHUDO�SXEOLF���1HZ�PHDQV���PDVV�PHGLD��HWF�

3XEOLF�SDUWLFLSDWLRQ�LQ�SODQQLQJ�DQG�LPSOHPHQWDWLRQ�GHFLVLRQV���3XEOLF�FRQWURO�RI�WKH
PRGH�RI�FRPSOHPHQWDWLRQ�RI�WKH�UHVXOWV�RI�SODQQLQJ�EDVHG�RQ�VFLHQWLILF�UHVHDUFK�


