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%\�ILUVW�RI����FHQWXU\��ZRUOG�VHH�VRPH�VLQJV�RI�JUHDW�FRQFHUQV� DERXW� VRFLDO�� HFRQRPLF� DQG� HQYLURQPHQWDO�V\VWHP� VHWV�� ,W� LV� H[SHFWHG� WKDW� ZRUOG� SRSXODWLRQ�UHDFK� WR� �� ELOOLRQ� SHRSOH� DW� ������ ,QFUHDVHG�FRQVXPSWLRQ� DQG� SRYHUW\� KDYH� OHG� WR� KLJK� SUHVVXUH�RQ� HQYLURQPHQW�� $W� VR� PDQ\� DUHDV�� HQYLURQPHQW�FRQGLWLRQ�LV�PRUH�IUDJLOH�WKDQ�EHIRUH��:H�KDYH�IDFHG�GHFD\�DW�HQYLURQPHQWDO�LVVXHV��HVSHFLDOO\�DW�YDVW�SDUWV�RI�GHYHORSLQJ�DUHDV�RI�ZRUOG��LQ�VSLWH�RI�FRQVLGHUDEOH�LPSURYHPHQW� RI� ULYHUV� FRQGLWLRQV� DQG� DLU� TXDOLW\� DW�VRPH� DUHD� VXFK� DV� (XURSH� DQG� QRUWK� RI� $PHULFD��,QFUHDVHG�FRQVXPSWLRQ��UDUH�VRXUFHV�DQG�IDFWRUV�VXFK�DV�SRSXODWLRQ�JURZWK�DQG�LPEDODQFHG�JURZWK��ZRXOG�HQGDQJHU�� GHYHORSPHQW� RI� GLIIHUHQW� FRXQWULHV��3RS]DQ�� ������� 2EYLRXVO\�� HFRQRPLF� GHYHORSPHQW�FDQ� IROORZ� XQH[SHFWHG� VRFLDO� DQG� HQYLURQPHQWDO�DIIHFWLRQV� LQYROYLQJ� ZHDWKHU� FKDQJHV�� XVLQJ�IUHVKZDWHU� VRXUFHV� LQRUGLQDWHO\�� GHFUHDVH� OLYLQJ�GLYHUVLW\� DQG� LQFUHDVH� LQHTXDOLW\� �*LJOHU�� �������6XVWDLQDEOH�GHYHORSPHQW�LV�RXWFRPH�RI�GHYHORSPHQW�WKDW� IROORZ� PXOWL� GLPHQVLRQDO� HFRQRPLF� DFWLYLWLHV�ZLWK�SURWHFW�HQYLURQPHQW�DQG�LWV�UHODWHG�VRFLDO�LVVXHV��6R� LQ� FXUUHQW� GHFDGH�� SUHVHQWLQJ� LQGLJHQRXV�NQRZOHGJH� LVVXH� ZDV� UHLQIRUFHG� LQ� RUGHU� WR� SUHVHQW�PRGHUQ�DSSURDFK�RI�GHYHORSPHQW��LQ�ZKLFK�WKH�LVVXH�RI�KXPDQ�RULHQWHG�RI�GHYHORSPHQW�ZRXOG�EH�LQVLVWHG��,Q�WKLV�PRGHUQ�DWWLWXGH�WRZDUG�GHYHORSPHQW�SURFHVV��HQYLURQPHQWDO�� VRFLDO� DQG� FXOWXUDO� FRQFHUQV� ZHUH�HPSKDVL]HG� RYHU� HFRQRPLF� LQWHUHVWV�� ,QGLJHQRXV�NQRZOHGJH� LV� SDUW� RI� QDWLRQDO� FDSLWDO�RI�HDFK�QDWLRQ�ZKLFK� HQFRPSDVVHV� WKHLU� EHOLHIV�� YDOXHV�� SUDFWLFHV��
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WRROV� DQG� ORFDO� DFNQRZOHGJHV�� 7KLV� LV� WKH� VDPH�NQRZOHGJH� WKDW� �� GLIIHUHQW� QDWLRQV� KDG� IRXQG� WKHLU�IRRGV�IURP�QDWXUH���SUHSDUHG�WKHLU�FORWKLQJ���VHWWOHG�LQ�KRPH� �� HGXFDWHG� WKHLU� FKLOGUHQ� �� RUJDQL]HG� WKHLU�VRFLHW\�DQG�NHSW�KHDOWK�RI�WKHPVHOYHV�DQG�SRXOWULHV���GXULQJ�WKH�FHQWXULHV�WKHUHE\�(VKUDJKL������������ 0DQ\�H[SHUWV�EHOLHYH�WKDW�IRU�PDNLQJ�D�VXVWDLQDEOH�GHYHORSPHQW�� ,QGLJHQRXV� � DQG� PRGHUQ� NQRZOHGJH�VKRXOG� EH� FRPELQHG�� 1RZDGD\V�� VR� PXFK� HIIRUWV�KDYH�GRQH�WR�PDNH�XVH�RI�,QGLJHQRXV��NQRZOHGJH�EXW�PDLQ� SDUW� RI� WKHVH� HIIRUWV� ZHUH� GRQH� IRU� GHULYDWLRQ�DQG�PDNLQJ�LW�VFLHQWLILF��%XUJHU���������� $PLUL�$UGDNDQL� DQG�6KDK�YDOL� �������EHOLHYH� WKDW�WKH�XQGHVLUDEOH�RXWFRPHV�RI�GHYHORSPHQW�RQ�SHRSOH�DQG� UXUDO� HQYLURQPHQW� LV� WKH� UHVXOW� RI� XVLQJ� QHZ�VFLHQFH� E\� VFLHQWLVW�� VR� E\� EOHQGLQJ� DQG� PDNLQJ�UHODWLRQ�EHWZHHQ�PRGHUQ�DQG�,QGLJHQRXV��NQRZOHGJH�ZH�FDQ�VROYH�WKLV�SUREOHP��� 0LOODU� EHOLHYH� WKDW� E\� FRPELQLQJ� ,QGLJHQRXV� � DQG�PRGHUQ� NQRZOHGJH� ZH� FDQ� PDNH� WUXVW� EHWZHHQ�UHVHDUFKHUV� DQG� UXUDO� SHRSOH�� EHFDXVH� E\� XVLQJ� WKLV�ZD\�UHVHDUFKHUV�DQG�UXUDO�SHRSOH�NQRZ�WKHPVHOYHV�DV�D SDUWQHU� WKDW�DUH� UHVSRQVLEOH� IRU�D�FRPPRQ�SURFHVV�DQG�SURGXFW��0LOODU�EHOLHYH�WKDW�WKH�WUXVW�LV�WKH�UHDVRQ�IRU�IXWXUH�GHYHORSPHQW��3HQQ\���������� ([SHUWV� EHOLHYH� WKDW� WKHUH� LV� QR� ZD\� WR� UHDFK�VXVWDLQDEOH� GHYHORSPHQW� H[FHSW� WR� FRPELQH�,QGLJHQRXV��DQG�PRGHUQ�NQRZOHGJH��,QGLJHQRXV� � DQG�PRGHUQ�NQRZOHGJH�ZLOO� FRPSOLFDWH�ZKHQ����� :H� VROYH� VWUXFWXUDO� EDUULHUV� VXFK� DV�SROLWLFDO�� HFRQRPLFDO�� FXOWXUDO� DQG� VRFLDO�GLIILFXOWLHV����� :H� FRUUHFW� WKH� WKRXJKWV� RQ� HGXFDWLRQDO�V\VWHPV� E\� HPSKDVL]LQJ� RQ� OHDUQLQJ� DQG�WKRXJKW� SURFHVV� DQG� DOVR� FRUUHFW� WKH�WKRXJKWV� RQ� UHVHDUFK� V\VWHPV� E\�HPSKDVL]LQJ� RQ� DXGLHQFH� DQG� EHQHILFLDULHV�QHHGV����� :H�VROYH�FRPPXQLFDWLRQ�EDUULHUV�WKDW�FDXVH�LQDFWLYLW\�RQ�UHODWLRQ�SURFHVV�DQG�VWHDG\�DQG�G\QDPLF� IORZ� RI� NQRZOHGJH� EHWZHHQ�SHDVDQWV�� H[SHUWV� DQG� VFKRODUV�� �(PDGL� DQG�$PLUL�$UGDNDQL���������
�6XVWDLQDELOLW\�DQG�VXVWDLQDEOH�GHYHORSPHQW���� 6XVWDLQDELOLW\�LV�PHDQLQJ�WR�PDNH�HFRQRPLF��VRFLDO�DQG� HQYLURQPHQW
V� YLHZV� LQ� KDUPRQ\� ZLWK� RXU�FRQVWDQW� QHHGV�� 6XVWDLQDELOLW\� LQFOXGHV� ZLGHVSUHDG�DQG� FRPSUHKHQVLYH� SRLQWV� DQG� LV� GHSHQGHG� RQ�LQWHUIHUHQFH� LQ� VRFLDO� LVVXHV�� ,W� LV� FRQFHQWUDWHG� RQ�IXWXUH� DQG� WRGD\
V� LVVXHV� DQG� LV� D� ZRUOG� PRYHPHQW�DQG� LQ� KDUPRQ\� ZLWK� RXU� DXWKRULWLHV� �.RODZRSOH���������� 7KH�FRUUHFW�FRQFHSW�RI�6XVWDLQDELOLW\�KDV�IDOORZHG�D�FHUWDLQO\�DQG�ZDUUDQW\�RI�OLIH�VDWLVIDFWLRQ�TXDOLW\�IRU�

HYHU\ERG\��2I�FRXUVH�IRU� UHDFKLQJ�WR� WKLV�FRQVWDQF\��LW� LV� QRW� HQRXJK� WR� GHFUHDVH� SROOXWDQW� DFWLYLWLHV� RU�SUHYHQW�RI�LQFUHDVLQJ�OHYHOV�RI�FRQVXPSWLRQ��EXW�DOVR�ZH� VKRXOG� PDNH� D� VXLWDEOH� VFKHPDWL]DWLRQ� IRU�GHFUHDVLQJ�SRYHUW\� DQG�PDNLQJ�DFWLYLW\� IRU� UHDFKLQJ�WR�HTXDQLPLW\�DQG�LPSURYHPHQW�RI�FKDQFHV�LQ�DQG�RXW�RI�FRXQWULHV��6XVWDLQDELOLW\�KDG�LPSOLFDWLRQ�RQ�VWHDG\�DQG� VXVWDLQDEOH� FRQGLWLRQV�� 6WHDG\� FRQGLWLRQ�HQFRPSDVVHV�GLVWDQW�KRUL]RQV��'HZHV����������7KH� FRQFHSW� RI� VXVWDLQDEOH� GHYHORSPHQW� LV� D�FRPSOLFDWHG� FRQFHSW� WKDW� LV� H[SODLQHG� E\� GLIIHUHQW�SHRSOH� LQ� GLIIHUHQW� ZD\V�� )URP� LQWHUQDWLRQDO�YLHZSRLQW��WKH�PRUH�IDPRXV�GHILQLWLRQ�RI�VXVWDLQDEOH�GHYHORSPHQW� LV� REWDLQHG� WKURXJK� ����� UHSRUWV� E\�%UDQGW�ODQG�FRPPLVVLRQ�ZLWK�WKLV�WLWOH��RXU�FRPPRQ�IXWXUH�� WKDW� LV� GHILQHG� DV� IDOORZ�� VXVWDLQDEOH�GHYHORSPHQW� LV� D� GHYHORSPHQW� WKDW� FRQWDLQ� RXU�PRGHUQ� QHHGV� ZLWKRXW� PDNLQJ� DQ\� SUREOHPV� LQ�SURYLGLQJ�IXWXUH�JHQHUDWLRQ
V�QHHGV��� 6XVWDLQDEOH� GHYHORSPHQW� UHFRJQL]H� WKDW� VRFLDO��HFRQRPLF� DQG� HQYLURQPHQWDO� UHVXOWV� DUH� UHODWHG� WR�HDFK�RWKHU�DQG�WKH\�VKRXOG�EH�HTXDOO\�LQ�KDUPRQ\�IRU�PDNLQJ�GHFLVLRQV�SURFHVV��'HFLVLRQV�ZKLFK�DUH�EDVHG�RQ� 6XVWDLQDELOLW\� ZLOO� KHOS� IXWXUH� JHQHUDWLRQ� LQ�UHDFKLQJ�WR�D�ZHOO�HQYLURQPHQW�DQG�VXFFHVV�HFRQRPLF��%R[���������
�LQIUDVWUXFWXUDO� LQIRUPDWLRQ� LQ� VXVWDLQDEOH�GHYHORSPHQW����,GHDO� DQG� LQIUDVWUXFWXUDO� LQIRUPDWLRQ� LQ� VXVWDLQDEOH�GHYHORSPHQW�FRQVLVW�RI����� (QYLURQPHQW� DQG� HFRQRPLF� LQWHJUDWLRQ��HFRQRPLF� GHFLVLRQV� VKRXOG� EH� PDGH�DFFRUGLQJ�WR�WKHLU�HIIHFW�RQ�HQYLURQPHQW����� 0DNLQJ� JXDUDQWHH� EHWZHHQ� JHQHUDWLRQV��GHFLVLRQV�VKRXOG�EH�PDGH�DFFRUGLQJ�WR�WKHLU�HIIHFW�RQ�IXWXUH�JHQHUDWLRQ
V�HQYLURQPHQW���� 6RFLDO�MXVWLFH��DOO� WKH�SHRSOH�KDYH�WKLV�ULJKW�WR�KDYH�DQ�HQYLURQPHQW�WR�JURZ�RQ�LW�DQG�EH�VXFFHVVIXO���� (QYLURQPHQWDO� SURWHFWLRQ�� LW� LV� QHHGHG� WR�SURWHFW�RI�QDWXUDO�VRXUFHV�DQG�VXSSRUW�SODQWV�DQG�DQLPDOV����� 4XDOLW\� RI� OLIH�� D� ZLGHVSUHDG� GHILQLWLRQ� RI�KXPDQ� ZHOIDUH� VKRXOG� EH� JLYHQ� ZKLFK� LV�PRUH�LPSRUWDQW�WKDQ�HFRQRPLF�ZHOIDUH���
5HDFKLQJ� WR� VXVWDLQDEOH� GHYHORSPHQW� WKURXJK�,QGLJHQRXV��NQRZOHGJH���� 'LFWDWHG� SDWWHUQ¶V� IDLOXUH� WKURXJK� ZHVWHUQ�GHYHORSPHQW�FRXQWULHV�WR�WKLUG�ZRUOG�FRXQWULHV�VKRZ�WKDW� ,QGLJHQRXV� � NQRZOHGJH� LV� QHFHVVDU\� WR� UHDFK�GHYHORSPHQW��8QWURS� EHOLHYH� WKDW� XVDJH� RI� ORFDO� NQRZOHGJH� LV�HIILFLHQW� DQG� XVHIXO� LQ� GHYHORSPHQW� DQG� ,QGLJHQRXV��NQRZOHGJH¶V�UHVHDUFKHUV�EHOLHYH�WKDW�WKH\�DFKLHYHG�WR�
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DQ� LPSRUWDQW� VRXUFH� IRU� LQQRYDWLRQ� LQ� DJULFXOWXUH�PHWKRGV� DQG� D� JRRG� IDUPLQJ�SURGXFWLRQ� WR� LPSURYH�WKH� UXUDO� SHRSOH¶V� OLIH�� 2Q� KLV� LGHD�� VRPH� RI�UHVHDUFKHUV� FDOO� ,QGLJHQRXV� � NQRZOHGJH� DV� D� JRRG�VXSSOHPHQW� DQG� UHSODFHPHQW� IRU�PRGHUQ� NQRZOHGJH�DQG� WKH\� KDYH� WULHG� WR� VSUHDG� WKH� XVDJH� RI� WKLV�NQRZOHGJH� DOO� DURXQG� WKH� ZRUOG�� 7KHVH� SODQV� DV� D�³FRPPXQLRQ� UHVHDUFK�ZLWK� IDUPHUV´� RU� ³ILUVW� LV� WKH�ILUVW´�DUH�LQWURGXFHG��,Q�WKLV�UHVHDUFK�PHWKRG��SULYDWH�RUJDQV� DQG� ORFDO� JURXSV� KDYH� WKH� PDLQ� UROH� DQG�XQOLQN� WKH� FXUUHQW� UHVHDUFK� SODQV�� WKH� WHVWV� DUH�GRQH�ZLWK�WKH�IDUPHUV�DWWHQGDQFH�LQ�WKHLU�IDUPV�DQG�QRW�LQ�UHVHDUFK�FHQWHUV�DQG�IDU�IURP�HQYLURQPHQW�FRQGLWLRQ��7KH� ZD\V� WKDW� IDUPHUV� DQG� UXUDO� SHRSOH� XVH� IRU�PDQDJHPHQW�RI�WKHLU�OLYLQJ�HQYLURQPHQW�DUH�WKH�PRVW�VFLHQWLILF�ZD\V��DOWKRXJK�ZH�FRXOGQ¶W�XQGHUVWDQG�LW�DW�WKH�ILUVW�VLJKW��&KDPEHUV���������� (VKUDJKL� ������� H[SODLQHG� WKDW� E\� LQWURGXFLQJ�VXVWDLQDEOH� GHYHORSPHQW� PRGHO� RU� GHYHORSPHQW�HQYLURQPHQWDO� PRGHO� DQG� DFFRUGLQJ� WR� ZRUOG� IRRG�RUJDQL]DWLRQ� �)$2��� VXVWDLQDEOH� GHYHORSPHQW� ZLOO�FUHDWH� ZKHQ� DSSOLHG� WHFKQRORJLHV� LQ� UXUDO�GHYHORSPHQW� DUH� LQ� SURSRUWLRQ� ZLWK� UXUDO� SHRSOH¶V�NQRZOHGJH�DQG�DOVR�DUH�DFFHSWDEOH�E\�WKHP��$OVR�KH�VD\V� WKDW� RQH� WKH� PDLQ� ZD\V� WR� UHDFK� VXVWDLQDEOH�GHYHORSPHQW� LQ� VRFLHW\� LV� WKDW� WR� KDYH� HQRXJK� DQG�QHFHVVDU\�DWWHQWLRQ�WR�WKH�UXUDOµV�,QGLJHQRXV��RU�ORFDO�NQRZOHGJH��0HUUHZLM���������,W�LV�DOVR�H[SODLQHG�WKDW�DWWHQWLRQ� WR� WKLV� NQRZOHGJH� QHHGV� D� FRPSOHWH�UHFRJQLWLRQ�RI� UXUDO�SHRSOH�DQG�WKHLU�NQRZOHGJH�WKDW�WKURXJK�DVVHPEOLQJ�RI�WKLV�NQRZOHGJH�ZH�FDQ�ILQG�D�FRUUHFW�ZD\� WR� UHDFK� D� VXVWDLQDEOH�GHYHORSPHQW� DQG�ZH� VKRXOG� NQRZ� WKDW� WKH� PRYHPHQW� WRZDUG�VXVWDLQDEOH� GHYHORSPHQW� LV� QRW� SRVVLEOH� ZLWKRXW�FRUUHFW� XVLQJ� RI� ,QGLJHQRXV� � NQRZOHGJH�� 0DQ\�GHYHORSPHQW�H[SHUWV�EHOLHYH�WKDW�WKH�6XVWDLQDELOLW\�RI�WKLV�FRQFHSW�LV�DW�WKH�VWXG\LQJ�RI�WKLV�NQRZOHGJH�DQG�LQ� EHFRPLQJ� SRSXODU� LQ� GHYHORSPHQW�� ,QGHHG��,QGLJHQRXV� � NQRZOHGJH� ZLWK� LWV� KROLVW� IHDWXUHV� KDG�NQRZQ� WKH� UHODWLRQ� EHWZHHQ� QDWXUH
V� FRPSRQHQWV�EHWWHU�DQG�KDG�VPRRWKHG�WKH�ZD\�WR�6XVWDLQDELOLW\�RI�GHYHORSPHQW��*LJOHU���������:H� FDQ� VXPPDUL]H� WKH� XVDJH� RI� ,QGLJHQRXV��NQRZOHGJH�LQ�GHYHORSPHQW�DV�IDOORZ����� 3URWHFWLRQ� DQG� PDLQWHQDQFH� RI� QDWXUDO�VRXUFHV��,QGLJHQRXV�PHWKRGV�LQ�PDQDJHPHQW�RI� QDWXUDO� VRXUFHV� DUH� VXLWDEOH� SDWWHUQ� IRU�PDQDJLQJ� QDWXUDO� VRXUFHV� LQ� VXVWDLQDEOH�GHYHORSPHQW����� 7KH� VXFFHVV� RI� VXVWDLQDEOH� GHYHORSPHQW�SODQV� LV� GHSHQGHG� WR� UXUDO� SHRSOH
V�FRPPXQLRQ� DW� GHVLJQLQJ�� VFKHPDWL]DWLRQ��SHUIRUPDQFH� DQG� DVVHVVPHQW�� 8VH� RI�,QGLJHQRXV��NQRZOHGJH�LV�QHFHVVDU\�IRU�UXUDO�SHRSOH
V�FRPPXQLRQ��

��� ,QGLJHQRXV� � DQG�PRGHUQ� NQRZOHGJH� VKRXOG�EH�FRPELQHG�EHFDXVH�DFFRUGLQJ�WR�RXU�QHHGV�DQG� YXOQHUDELOLW\� RI� UHPDLQHG� QDWXUDO�VRXUFHV�� QRQH� RI� WKHP� DUH� DEOH� WR� UHPRYH�RXU�QHHGV�D�ORQHO\����� )RU�UHFRJQL]LQJ�GHYHORSPHQW�QHHGV��WURXEOH�VKRRWLQJ� SUREOHPV� VKRXOG� EH� SROHVWDU� IURP�UXUDO� SHRSOH
V� YLHZ� DQG� UHFRJQL]LQJ�SUREOHPV�DQG�PDNLQJ�HIILFLHQW�UHODWLRQ�ZLWK�UXUDO�SHRSOH�DUH�SRVVLEOH�WKURXJK�,QGLJHQRXV��NQRZOHGJH����� ,Q�LQGXVWULDO�FRXQWULHV��,QGLJHQRXV��PHWKRGV�DUH� IRUJRWWHQ� FRPSOHWHO\� EHFDXVH� RI� XVLQJ�PRGHUQ� NQRZOHGJH� LQ� SURGXFWLRQ� SURFHVV��$V� ,QGLJHQRXV� � PHWKRGV� DUH� WKH� PRVW�VXLWDEOH� ZD\� IRU� DFKLHYLQJ� VXVWDLQDEOH�GHYHORSPHQW� JRDOV� VR�� PDQ\� HIIRUWV� ZHUH�GRQH�WR�PDNH�WKLV�NQRZOHGJH�DOLYH��� $V� D� UHVXOW� QRW� RQO\� ZH� VKRXOGQ
W� IRUJHW� WKH�,QGLJHQRXV��NQRZOHGJH�EXW�DOVR�ZH�VKRXOG�XVH�RI�WKLV�NQRZOHGJH�LQ�GHYHORSPHQWDO�SODQV��8VLQJ�,QGLJHQRXV��NQRZOHGJH� LQ� GHYHORSPHQWDO� SURMHFWV� ZLOO� KHOS� WR�KDYH� VXVWDLQDEOH� GHYHORSPHQW� LQ� YLOODJHV�� 6R�GHYHORSLQJ� DQG� QRW� GHYHORSLQJ� WKDW� ZHUH� XVLQJ� RI�ZHVWHUQ�GHYHORSPHQW�SDWWHUQV�IRU�PDQ\�\HDU��VKRXOG�XVH�RI�WKHLU�,QGLJHQRXV��DQG�ORFDO�NQRZOHGJH�ZKLFK�LV�WKH� UHVXOW� RI�PDQ\� \HDUV� H[SHULHQFH� DQG� E\� KHOSLQJ�WKHVH� SODQV� WKH\� FDQ� UHDFK� WR� D� VXVWDLQDEOH�GHYHORSPHQW�%URXZHU���������
�6XVWDLQDEOH�DJULFXOWXUH��6XVWDLQDEOH� DJULFXOWXUH� LV� NLQG� RI� DJULFXOWXUH� WKDW� LV�WRZDUG�KXPDQ¶V�LQWHUHVWV�DQG�KDV�PRUH�HIILFLHQF\�RI�XVLQJ� UHVRXUFHV�� DQG� DOVR� LV� LQ� EDODQFH� ZLWK�HQYLURQPHQW�� 7KLV� GHILQLWLRQ� LV� LQ� KDUPRQ\� ZLWK�FKDQJLQJ� VRFLDO� DQG� SROLWLF� IDFWRUV� DW� DJULFXOWXUH�GHYHORSPHQW� �DQG� DOVR� LW� UHIHUUHG� WR� NLQG� RI�DJULFXOWXUH� WKDW� LV� HQDEOH� WR� SURGXFH� HQRXJK� IRRGV�ZLWKRXW� GHVWUR\LQJ� ZRUOG� VRXUFHV� RU� SROOXWLQJ�HQYLURQPHQW�� ,W� LV� DOVR� NLQG� RI� DJULFXOWXUH� WKDW� LV�IROORZ� ZLWK� VRFLDO� YDOXHV�� DJULFXOWXUH� IDPLO\¶V�ZHOIDUH�DQG�VXSSO\LQJ�QHHGHG�IRRGV��*HQHUDOO\� VXVWDLQDEOH� DJULFXOWXUH� LV� HYHU\� NLQG� RI�SURGXFWLRQ�V\VWHP�ZKLFK�IROORZV�WKHVHV�JRDOV���0RUH� FRPSOHWH�PL[LQJ� RI� QDWXUDO� SURFHVVHV� VXFK� DV�IRRG� F\FOHV�� QLWURJHQ� IL[DWLRQ�� DQG� UHODWLRQ� RI� SHVWV�DQG� QDWXUDO� GLVDVWHUV� ZLWK� DJULFXOWXUH� SURGXFWLRQV�SURFHVVHV���'HFUHDVLQJ�XVH�RI�WKDW�QRQ�IDUPLQJ��RXWVLGH�DQG�QRQ�UHQHZDEOH� LQSXWV� LQ� RUGHU� WR� UHGXFH� GDPDJH� WR�HQYLURQPHQW� RU� OHVV� GDPDJH� WR� IDUPHUV� DQG�FRQVXPHU¶V�KHDOWK���0RUH� IDLU� DFFHVV� WR� LQWHUHVWV� DQG� SURGXFWLRQV�RSSRUWXQLWLHV�DQG�SURJUHVV�LQ�RUGHU�WR�DFFHVV�WR�IRUPV�RI� DJULFXOWXUH� WKDW� LV� IDLUHU�� DQG� DOVR� LQFUHDVLQJ� VHOI�
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UHOLDQFH� EHWZHHQ� IDUPHUV� DQG� YLOODJHUV� �&KDPEHUV����������8VLQJ�PRUH�SRWHQWLDO�ELRORJLF�DQG�JHQHWLF�DSWLWXGH�RI�SODQW�DQG�DQLPDO�VSHFLHV���8VLQJ� PRUH� ORFDO� NQRZOHGJH� LQFOXGLQJ� LQQRYDWLYH�DSSURDFKHV� WKDW� VFKRODUV� GLGQ¶W� XQGHUVWDQG� LW�FRPSOHWHO\�RU�IDUPHUV�GLGQ¶W�DFFHSW�LW�H[WHQVLYHO\���&RPELQHG�DJULFXOWXUH�ZRXOG�SUHSDUH�WKLV�RSSRUWXQLW\�IRU�FRPPRQ�V\VWHPV�WR�DSSO\�QHHGHG�UHIRUPV�ZLWKRXW�FUHDWLQJ� LQFOXVLYH� FKDQJHV� LQ� LW� WRZDUG� RUJDQLF�V\VWHPV�� 7KHUHIRUH�� DIRUHPHQWLRQHG� V\VWHPV� DUH�FRQVLGHUHG� DV� PHGLXP� EHWZHHQ� FRPPRQ� LQWHQVLYH�DJULFXOWXUH�DQG�RUJDQLF�DJULFXOWXUH�PHWKRGV���7ZR� SULQFLSOHV� KDYH� HVSHFLDO� LPSRUWDQFH� DW�VXVWDLQDEOH�DJULFXOWXUH�WKDW�LV���DW�HDUO\�����¶V���ZLWK�WKH�HPHUJHQFH�RI�QHZ�FRQFHSWV�� UHQHZDEOH� DJULFXOWXUH� DQG� VXVWDLQDEOH� DJULFXOWXUH�HYROYHG� DQG� LQGHHG� LW� ZDV� � EDVHG� RQ� ³HFRORJLFDO�LQWHUSOD\� DIIHFW´� �QRZ�� WKLV� FRQFHSW� IRUPV� DOWHU�LQGLJHQRXV�DJULFXOWXUH�SKLORVRSK\���6XVWDLQDEOH�DJULFXOWXUH�SUHVHQWHG�IURP������DW�JOREDO�VFDOH��,Q�WKLV�SULQFLSOH��³DJULFXOWXUDO�LQWHUSOD\�DIIHFWV�ZLWK�VRFLHW\´�LV�SUHVHQWHG��7KUHH�LVVXHV�DUH�LPSRUWDQW�DERXW�VXVWDLQDELOLW\��ILUVW�LV�HQRXJK�LQFRPH�HVSHFLDOO\�EHWZHHQ� SRRU� SHRSOH�� 6HFRQG� LV� LQFUHDVLQJ� DFFHVV�RSSRUWXQLW\�WR�IRRG�DQG�LWV�FRQVXPSWLRQ��7KLV�PHDQV�WKDW�PRUH�IRRG�VKRXOG�EH�SUHSDUHG�WKURXJK�LQFUHDVLQJ�SURGXFWLRQ� DQG� LPSURYLQJ� PDUNHWLQJ�� 7KLUG� LVVXH�FRQWDLQV� SURWHFWLQJ� DQG� LPSURYLQJ�QDWXUDO� UHVRXUFHV��/RXLVH�����������
&RQFOXVLRQ��,QGLJHQRXV� NQRZOHGJH� KDV� EHHQ� PDQLIHVWHG� DW�VXVWDLQDEOH� SURFHVV� DQG� LPSURYLQJ� H[WHQVLRQ�SURJUDPV�DW� LQGXVWULDO�FRXQWULHV�RI�ZRUOG��YHU\�ZHOO��,QGLJHQRXV� NQRZOHGJH� UHODWHG� WR� DJULFXOWXUH��PHGLFLQH��IRRG�DQG�DUFKLWHFWXUH�KDV�EHHQ�ZLGHO\�XVHG�$W� (XURSHDQ� FRXQWULHV��86$��&DQDGD��$XVWUDOLD�� E\�QHZ�QDPHV���$W�RQH�UHVHDUFK�DV�D�QDPH�RI�³DQDO\]LQJ�SRVLWLRQ�RI�LQGLJHQRXV� NQRZOHGJH� DW� VXVWDLQDEOH� UXUDO�GHYHORSPHQW´�WKDW�ZDV�GRQH�E\�%X]DUMRPKRUH��������LW� ZDV� VLJQLILHG� WKDW� DOWKRXJK� WKHUH� DUH� VRPH�GLIIHUHQFHV� EHWZHHQ� LQGLJHQRXV� DQG� IRUPDO�NQRZOHGJH�� EXW� WKH\� VKRXOG� QRW� EH� FRPSDUHG��EHFDXVH�WKH\�DUH�FRPSOHPHQWDU\�RI�HDFK�RWKHU�DQG�LW�LV� SRVVLEOH� WR� JDLQ� VXFFHVVHV� E\� V\QWKHVL]LQJ� WKHP�WKDW�LV�LPSRVVLEOH�ORQHO\��%DVH�RQ�QHZ�SDUDGLJPV�RI�UXUDO� GHYHORSPHQW� LQ� RUGHU� WR� VROYH� UXUDO� SUREOHPV��ZH�VKRXOG�ILUVW�UHIHU�WR�LQGLJHQRXV�VROXWLRQV�DQG�LI�LW�ZDV�ZRUNLQJ�� WKHQ�ZH�VKRXOG� UHLQIRUFH� LW�� LI�QRW�ZH�VKRXOG�WHVW�DQG�XVH�RXWVLGH�VROXWLRQV��)LQGLQJV�RI�RQH�UHVHDUFK� GRQH� E\� (PDGL� DQG� $PLUL� �������� DV�³6\QWKHVL]LQJ� LQGLJHQRXV� NQRZOHGJH� DQG� IRUPDO�NQRZOHGJH� DV� QHFHVVLW\� IRU� DFFHVVLQJ� WR� VXVWDLQDEOH�UXUDO�GHYHORSPHQW´��KDV�VKRZQ�WKDW�GRPLQDWHG�EHOLHI�

DPRQJ� HGXFDWHG� JURXSV� WRZDUG� ,QGLJHQRXV� V� DQG�WKHLU�NQRZOHGJH�LV�SUHFRQGLWLRQ�RI�HYHU\�LQWHUDFWLRQ��V\QWKHVLV�DQG�UHODWLRQ��&UHDWLQJ�UHYROXWLRQ� LQ�IRUPDO�HGXFDWLRQ� V\VWHPV� LQ� RUGHU� WR� DWWHQGLQJ� HPSLULFDO�NQRZOHGJH� DUHD� LV� FRQVLGHUHG� DV� RQH� RI� PDLQ�QHFHVVLW\�RI�WKLV�V\QWKHVLV�WKDW�LV�RXWFRPH�RI�\HDUV�RI�UHVHDUFKHV�� 5HVHDUFKHUV� DWWHQWLRQ� WR� ³H[SORLWHU¶V�DFFXPXODWHG�H[SHULPHQWDO�DQG�KLVWRULFDO�ZLVGRP´�LV�RQH� RI� RWKHU� QHFHVVLWLHV� RI� WKLV� UHYROXWLRQ� E\� XVLQJ�FRRSHUDWLYH�� TXDOLWDWLYH� DQG� ILOHG� PHWKRGV�� $OVR��DSSO\LQJ� PXWXDO� H[WHQVLRQ� ZD\V� DQG� FUHDWLQJ�UHYROXWLRQ� DW� FRPPXQLFDWLRQ� V\VWHP� EHWZHHQ�JRYHUQPHQWDO�� HGXFDWLRQ�H[WHQVLRQ� FHQWHUV� DQG�IDUPHUV� DQG� UXUDO� SHRSOH� VR� WKDW� WKH\�EH� LQWHUDFWLQJ��ZDV� FRQVLGHUHG� DV� SUHFRQGLWLRQ� DQG� QHFHVVLWLHV�� $W�UHVHDUFKHV�DV�³LQGLJHQRXV�NQRZOHGJH�DW�GHYHORSPHQW�SURFHVV´�GRQH�E\�.DULPL����������ILQGLQJV�VKRZ�WKDW�LQGLJHQRXV� NQRZOHGJH� LV� SULQFLSDO� IDFWRU� DQG� PDLQ�VRXUFH� DW� WKH� ILHOG� RI� UHVHDUFK� RI� VXVWDLQDEOH�GHYHORSPHQW� �� GHFUHDVLQJ� SRYHUW\� �� HQDEOLQJ� ORFDO�PHQ�DQG�DWWUDFWLQJ�WKHLU�SDUWLFLSDWLRQ�DW�DFWLYLWLHV�DQG�UXUDO� GHYHORSPHQW� SURJUDPV� �� GHYHORSLQJ� DQG�SURGXFLQJ� DSSURSULDWH� WHFKQRORJ\� �� VHOI�UHOLDQFH� RI�UXUDO�VRFLHWLHV�DQG�FRXQWU\���
&RUUHVSRQGLQJ�$XWKRU��=DKUD�.DYHLH��'DPDYDQG� %UDQFK�� ,VODPLF� $]DG� 8QLYHUVLW\��'DPDYDQG��,UDQ��
&RUUHVSRQGLQJ�DXWKRU��OHLOD�����#\DKRR�FRP

5HIHUHQFHV����� (VKUDJKL�� *� �� ,QGLJHQRXV� .QRZOHGJH� DQG�'HYHORSPHQW� 3ODQQLQJ�� -RXUQDO� RI� )RUHVW� DQG�5DQJHODQG�� 1R�� ���� )RUHVW�� 5DQJHODQG� DQG�:DWHUVKHG�FRXQWU\����������� $PLUL� $UGHNDQL�� 0�� DQG� 6KDKYDOL�� 0��3ULQFLSOHV��FRQFHSWV�DQG�LQGLJHQRXV�NQRZOHGJH�$JULFXOWXUH� �VHULHV� RI� SXEOLFDWLRQV� DQG�GHYHORSPHQW� RI� YLOODJHV� 1R�� ���� 6HFRQG�(GLWLRQ���������� %RX]DUMPHKUL�� .K�� LQGLJHQRXV� IDUPLQJ�NQRZOHGJH� RI� JHQGHU� DQG� LWV� UROH� LQ� 5XUDO�'HYHORSPHQW� DQG� 5HVHDUFK�� &HQWUH� RI�4XDUWHUO\�7HKUDQ�8QLYHUVLW\�:RPHQ��:RPHQ
V�5HVHDUFK������������ 3RS]DQ�� $�� 'HVLJQ� DQG� FRPSLODWLRQ� RI�LQGLJHQRXV�NQRZOHGJH��PRGHUQ�PHGLD�LQ�RUGHU�WR� DFKLHYH� D� SDUWQHUVKLS� DSSURDFK� LQ�.HUPDQVKDK� SURYLQFH� �� HQG� RI� SHULRG� OHWWHU�3K'�7HKUDQ�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�WR� KHOS� $]NLD� DQG� 6H\HG�0DKPRXG�+RVVHLQL����������� &KDPEHUV��5REHUW���UXUDO�GHYHORSPHQW��SULRULW\�SDUW�WR�WKH�SRRU��VXSSRUWLQJ�YXOQHUDEOH�JURXSV���



-RXUQDO�RI�$PHULFDQ�6FLHQFH���������������������������������������������������������������KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ

KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ HGLWRU#DPHULFDQVFLHQFH�RUJ���

WUDQVODWHG�E\�0XVWDID�$]NLD��7HKUDQ�8QLYHUVLW\�3UHVV����������� )DUURNKL�� 6� DQG� <DJKRXEL�� -�� WHFKQRORJ\�GHYHORSPHQW� WKURXJK� LQGLJHQRXV� NQRZOHGJH�V\VWHPV�ZLWK�DJULFXOWXUDO� UHVHDUFK��� -RXUQDO�RI�-LKDG��1R�������������������� =DUH�� +� DQG� <DJKRXEL�� -�� DWWLWXGH� WR� WKH�LQGLJHQRXV� NQRZOHGJH� �� -RXUQDO� RI� MLKDG�� 1R�������������������� 5D]DYL��0�� $JULFXOWXUH� DQG� QDWXUDO� UHVRXUFHV��LQGLJHQRXV� NQRZOHGJH� DQG� FRPELQLQJ� LW� ZLWK�PRGHUQ� NQRZOHGJH�� -LKDG� PDJD]LQH�� WZHQW\�ILYH�\HDUV��1R���������������� (PDGL��0�DQG�$PLUL�$UGHNDQL��0����FRPELQLQJ�LQGLJHQRXV� NQRZOHGJH� DQG� IRUPDO� NQRZOHGJH��QHFHVVDU\� WR� DFKLHYH� VXVWDLQDEOH� GHYHORSPHQW�RI�$JULFXOWXUH���5XUDO�'HYHORSPHQW�3XEOLFDWLRQ�1R���������������� (PDGL�� 0� DQG� $EEDVL�� (�� LQGLJHQRXV�NQRZOHGJH� DQG� VXVWDLQDEOH� GHYHORSPHQW� RI�YLOODJHV�� WKH� ROG� YLHZ� RI� D� QHZ� ]RQH�� DQG�GHYHORSPHQW�RI�YLOODJH
V�1R���������������� .DUDPL�� 5� DQG� 0RUDGL�� .K�� 7KH� SODFH� RI�UHVHDUFK�� WUDLQLQJ� DQG� SURPRWLQJ� WKH�SUHVHUYDWLRQ�RI�LQGLJHQRXV�NQRZOHGJH��-RXUQDO�RI�-LKDG��1R����������������� 1RZURR]L��$�DQG�$ODJKD��(��D�QHZ�FDWHJRU\�RI�LQGLJHQRXV� NQRZOHGJH� LQ� UXUDO� GHYHORSPHQW�UHVHDUFK���-RXUQDO�RI�MLKDG��1R��������������������� %URXZHU�� -DQ�� �������� ,.�� ,.6� DQG� ,7.��,QGLJHQRXV� NQRZOHGJH� DQG� 'HYHORSPHQW�0RQLWRU��9RO����,VVXH����S���������� *LJOHU�� 6�� HW� DO�� �������� ,&7� IRU� ,QGLJHQRXV�'HYHORSPHQW�� $YDLODEOH� DW�� KWWS���� WRSLFV��'HYHORSPHQWJDWHZD\�RUJ�� LFW�� VGP�� SUHYLHZ�'RFXPHQW��'R�a�DFWLYH�'RFXPHQW�,G����������� 0HUUHZLM� �� $�� Y�� �������� 7KUHH� GHILQLWLRQV� RI�LQGLJHQRXV� NQRZOHGJH�� ,QGLJHQRXV� NQRZOHGJH�DQG� 'HYHORSPHQW� 0RQLWRU�� 9RO���� ,VVXH� ��� S���������� %R[��/����������IRU�WKH�IXQ�RI�LW��*XHVW�&ROXPQ��,QGLJHQRXV� NQRZOHGJH� DQG� 'HYHORSPHQW�0RQLWRU�������������� .RODZRSOH�� '�� �������� /RFDO� .QRZOHGJH�8WLOL]DWLRQ� DQG� 6XVWDLQDEOH� UXUDO� GHYHORSPHQW�LQ�WKH����6W��&HQWXULHV��,.�0RQLWRU�$UWLFOH������������ 'HZHV�� Z�� �������� ,QWURGXFWLRQ�� S�� �LQ�WUDGLWLRQDO�NQRZOHGJH�DQG�VXVWDLQDEOH� LQ�6��+��'DYLV� DQG� .�� (EEH� �(GV�� 3URFHHGLQJV� RI� D�FRQIHUHQFH� KHOG� DW� WKH� :RUOG� %DQN�:DVKLQJWRQ��'�&��VHSW���������(QYLURQPHQWDOO\�6XVWDLQDEOH�SURFHHGLQJ�VHULHV�1R��������� /RXLVH�� *� �������� :RUNLQJ� ZLWK� LQGLJHQRXV�NQRZOHGJH��$�JXLGH�IRU�UHVHDUFKHUV���SXEOLVKHG�E\� WKH� ,QWHUQDWLRQDO� 'HYHORSPHQW� UHVHDUFK�

&HQWUH��SR�%R[������2WWDZD��2Q��&DQDGD�.,*��+������� 3HQQ\� 5�� $� �������� *HQGHU� DQG� ,QGLJHQRXV�.QRZOHGJH��,.	'�0��$UWLFOH������������ 5DMDVHNDUDQ��%�'�'��0��:DUUHQ�DQG�6�&��%DEX��������� ,QGLJHQRXV� QDWXUDO�UHVRXUFH�PDQDJHPHQW�V\VWHP�IRU�VXVWDLQDEOH�DJULFXOWXUDO�GHYHORSPHQW�� D� JOREDO� SHUVSHFWLYH� -RXUQDO� RI�,QWHUQDWLRQDO�'HYHORSPHQW������������ :DUUHQ��'��0�� ������ 7KH� UROH� RI� LQGLJHQRXV�.QRZOHGJH� DQG� ELRWHFKQRORJ\� LQ� VXVWDLQDEOH�DJULFXOWXUDO� GHYHORSPHQW $ .H\QRWH� $GGUHVV�SUHVHQWHG� DW� 6RXWKZHVWHUQ� 1LJHULDQ� 5HJLRQDO�:RUNVKRS� RQ� LQGLJHQRXV� NQRZOHGJH� DQG�%LRWHFKQRORJ\�� 2EDIHPL� $ZRORZR� XQLYHUVLW\��,LH��,IH��2VXQ6WDWH��1LJHULD����-XO\��
���� $JUDZDO�� $��������� s'LVPDQWOLQJ� WKH� 'ULYLGH�EHWZHHQ� ,QGLJHQRXV� DQG�VFLHQWLILF� NQRZOHGJH�s'HYHORSPHQW�DQG�FKDQJH�YRO����1R������ $KPHG�� 0�� ������,QGLJHQRXV� .QRZOHGJH� IRU�6XVWDLQDEOH�'HYHORSPHQW� LQ� WKH� 6XGDQ��.KDUWRXP��6XGDQ��.KDUWRXP�8QLYHUVLW\�3UHVV������ $SSOHWRQ��+���-HDQV��DQG�$��������7HFKQRORJ\�IURP� WKH� 3HRSOH�� 7HFKQRORJ\� 7UDQVIHU� DQG�,QGLJHQRXV� .QRZOHGJH���6FLHQFH�� 7HFKQRORJ\�DQG�'HYHORSPHQW��� �������� �


