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$GYDQFH�NQRZOHGJH�DQG�LQQRYDWLRQ�WKURXJK�D�UHVHDUFK
HFRV\ VWHP �EXLOW�RQ�LQWHUGLVFLSOLQDU\ �FROODERUDWLRQV�WKDW
P D[ LP L] H�WKH�UHVHDUFK�DVSLUDWLRQV�RI�RXU�IDFXOW\
DIILOLDWHV��: H�HQKDQFH�DFFHVV�WR�GLYHUVH�IXQGLQJ
RSSRUWXQLWLHV��EHFRP LQJ�D�OHDGLQJ�SODFH�IRU�LQQRYDWLYH
DQG�WUDQVIRUP DWLYH�GLVFRYHU\ �LQ�VXVWDLQDELOLW\ �DQG
UHODWHG�DUHDV�

3XUGXHpV�,QVWLWXWH�IRU�D�6XVWDLQDEOH�) XWXUH�IRVWHUV
DQG�SURP RWHV�UHVHDUFK��SDUWQHUVKLSV��DQG
HQJDJHP HQW�LQ�DUHDV�LQFOXGLQJ�WKH�HQYLURQP HQW�
FOLP DWH�LP SDFWV�DQG�UHVLOLHQFH��IRRG�HQHUJ\ �ZDWHU
VHFXULW\ ��KXP DQ�DQG�ELRVSKHUH�KHDOWK��DQG
VXVWDLQDELOLW\ �DV�EURDGO\ �GHILQHG�E\ �WKH
6XVWDLQDEOH�' HYHORSP HQW�* RDOV��7KH�FRP SOH[ �
P XOWL�IDFWRU��DQG�SUHVVLQJ�QDWXUH�RI�WKH�FKDOOHQJHV
DQG�RSSRUWXQLWLHV�LQ�WKHVH�DUHDV�UHTXLUH�D
FROODERUDWLYH��LQWHUGLVFLSOLQDU\ �DSSURDFK��7KH
,QVWLWXWH�VXSSRUWV�WKH�UHVHDUFK�DQG�GHYHORSP HQW
QHHGHG�WR�SURYLGH�YLDEOH�VROXWLRQV�E\ �FRQQHFWLQJ
IDFXOW\ �DQG�UHVHDUFKHUV��DQG�E\ �IRUJLQJ�OLQNDJHV
EHWZHHQ�GLVFLSOLQHV�DQG�FRP P XQLWLHV�ZLWKLQ
3XUGXH�DQG�EH\ RQG��,Q�WKLV�ZD\ ��WKH�,QVWLWXWH
DOLJQV�ZLWK�3XUGXHpV�ODQG�JUDQW�P LVVLRQ�RI�EXLOGLQJ
KXP DQ�FDSLWDO��DGYDQFLQJ�UHVHDUFK�IRFXVHG�RQ�RXU
ZRUOGpV�P RVW�LP SRUWDQW�SUREOHP V�DQG�HQJDJLQJ
GHHSO\ �ZLWK�RXU�SDUWQHUV�

3XUGXHpV�,QVWLWXWH�IRU�D�6XVWDLQDEOH�) XWXUH�LV�ORFDWHG�LQ�WKH�' LVFRYHU\ �3DUN�' LVWULFW�DW�3XUGXH��7KH�,QVWLWXWHV
DQG�&HQWHUV�DW�' LVFRYHU\ �3DUN�' LVWULFW�VHUYH�DV�D�YLWDO�UHVRXUFH�WR�WKH�XQLYHUVLW\ pV�FDP SXV�ZLGH�UHVHDUFK
HQWHUSULVH�DV�ZHOO�DV�P DQ\ �RXWVLGH�SULYDWH�DQG�SXEOLF�SDUWQHUV�ZKR�ZLVK�WR�OHYHUDJH�WKH�XQLYHUVLW\ pV�ZRUOG�
FODVV�WDOHQW��
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$V�ZH�UHIOHFW�RQ�WKH�6SULQJ�� � � � �VHP HVWHU��ZKDW�VWDQGV�RXW�P RVW�LV�QRW�RQO\ �WKH�UHP DUNDEOH�ZRUN
RI�RXU�DIILOLDWHV��EXW�WKH�JURZLQJ�FODULW\ �RI�RXU�SXUSRVH��WR�SRVLWLRQ�WKH�,QVWLWXWH�IRU�D�6XVWDLQDEOH
) XWXUH�DV�D�KXE�ZKHUH�LGHDV��SHRSOH��DQG�VROXWLRQV�FRQYHUJH�WR�DGGUHVV�WKH�FRP SOH[ �FKDOOHQJHV
VKDSLQJ�RXU�ZRUOG�

%H\ RQG�H[ FHOOHQW�UHVHDUFK��WKH�HIIRUW�WRZDUGV�D�VXVWDLQDEOH�IXWXUH�UHTXLUHV�FRQQHFWLRQ��,W�FDOOV�IRU
VSDFHV�ZKHUH�GLVFLSOLQHV�LQWHUVHFW��ZKHUH�GLVFRYHU\ �WUDQVODWHV�LQWR�SUDFWLFH��DQG�ZKHUH�SDUWQHUVKLSV
H[ WHQG�EH\ RQG�FDP SXV�WR�LQGXVWULHV��QRQ�SURILWV��FRP P XQLWLHV��DQG�SROLF\ P DNHUV��7KLV�LV�WKH�UROH
,6) �LV�EXLOGLQJ�WRZDUG��D�RQH�VWRS�VKRS�IRU�VXVWDLQDELOLW\ �UHVHDUFK��SDUWQHUVKLSV��DQG�HQJDJHP HQWu
ZKHUH�LP SDFW�LV�DFFHOHUDWHG�WKURXJK�LQWHUGLVFLSOLQDU\ �FROODERUDWLRQV�

7KLV�VHP HVWHUpV�DFKLHYHP HQWV�UHIOHFW�WKH�VWUHQJWK�RI�WKDW�YLVLRQ��$FURVV�HQHUJ\ ��ZDWHU��ELRGLYHUVLW\ �
FOLP DWH��DJULFXOWXUH��DQG�KXP DQ��QDWXUDO��DQG�XUEDQ�V\ VWHP V��RXU�DIILOLDWHV�DUH�DGYDQFLQJ�QRW�RQO\
QHZ�NQRZOHGJH��EXW�DOVR�SUDFWLFDO�VROXWLRQV�WKDW�UHVSRQG�WR�UHDO�ZRUOG�QHHGV��-XVW�DV�LP SRUWDQW�
WKHVH�HIIRUWV�DUH�LQFUHDVLQJO\ �LQWHUFRQQHFWHGu GHP RQVWUDWLQJ�KRZ�FRRUGLQDWHG��LQWHUGLVFLSOLQDU\ �ZRUN
FDQ�GULYH�P HDQLQJIXO�DQG�ODVWLQJ�FKDQJH�

$V�,6) �DGYDQFHV�WRZDUGV�LWV�ORQJ�WHUP �YLVLRQ��WKH�YDOXH�RI�RXU�QHWZRUN�EHFRP HV�HYHQ�P RUH�SRZHUIXO�
7KURXJK�H[ SDQGHG�FROODERUDWLRQ�RSSRUWXQLWLHV��DFFHVV�WR�SDUWQHUV��LQFUHDVHG�YLVLELOLW\ ��DQG�D
SODWIRUP �WKURXJK�ZKLFK�WR�WUDQVODWH�UHVHDUFK�LQWR�LP SDFW��,6) �LV�GHVLJQHG�WR�VXSSRUW�DQG�HOHYDWH�WKH
ZRUN�RI�LWV�DIILOLDWHV��: KHWKHU�\ RX�KDYH�EHHQ�GHHSO\ �HP EHGGHG�ZLWK�WKH�,QVWLWXWH�RU�IROORZLQJ�DORQJ
IURP �D�GLVWDQFH��\ RXU�SHUVSHFWLYH�DQG�H[ SHUWLVH�KDYH�D�SODFH�KHUH��: H�ZHOFRP H�\ RX�WR�FRQQHFW�ZLWK
XV��VKDUH�\ RXU�ZRUN��HQJDJH�DFURVV�GLVFLSOLQHV��DQG�KHOS�VKDSH�WKH�SDUWQHUVKLSV�DQG�LQLWLDWLYHV�WKDW
GHILQH�ZKDW�FRP HV�QH[ W�

7KDQN�\ RX�IRU�EHLQJ�SDUW�RI�WKLV�MRXUQH\ ��,�LQYLWH�\ RX�WR�H[ SORUH�WKH�KLJKOLJKWV�LQ�WKLV�VHP HVWHU�LQ
UHYLHZ��DQG�MRLQ�XV�DV�ZH�FRQWLQXH�WR�EXLOG�D�P RUH�VXVWDLQDEOH�DQG�UHVLOLHQW�IXWXUH�

u �0 DUJDUHW�: ��* LWDX

3URIHVVRU��$JULFXOWXUDO�	
%LRORJLFDO�( QJLQHHULQJ

' LUHFWRU��,QVWLWXWH�IRU�D
6XVWDLQDEOH�) XWXUH
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9$/ 8(
&RQVLVWHQW�ZLWK�3XUGXHpV�ODQG�JUDQW�P LVVLRQ��,6) �LV�FRP P LWWHG�WR�SURYLGLQJ�RSSRUWXQLWLHV�IRU�FRQQHFWLRQ�DQG
FROODERUDWLRQ��2XU�UHVHDUFK�IRFXV�DUHDV�RIIHU�RSSRUWXQLW\ �IRU�LQYROYHP HQW�DFURVV�3XUGXH��

6LQFH�WKH�LQFHSWLRQ�RI�,6) �LQ�� � � � ��RXU�DIILOLDWH
UDQNV�KDYH�JURZQ�IURP �� � � �WR�RYHU�� � � �IDFXOW\
DFURVV�3XUGXH��,6) �IDFXOW\ �DQG�UHVHDUFK�DIILOLDWHV
MRLQ�RXU�UHVHDUFK�IRFXV�DUHDV�WR�VWD\ �LQIRUP HG
DERXW�HP HUJLQJ�VXVWDLQDELOLW\ �FKDOOHQJHV��IXQGLQJ
RSSRUWXQLWLHV��DQG�LQWHUGLVFLSOLQDU\ �LQLWLDWLYHV
DFURVV�3XUGXH��7KHVH�IRFXV�DUHDV�FUHDWH�DQ
DFWLYH�IRUXP �IRU�HQJDJHP HQW��FRQQHFWLQJ�IDFXOW\
ZLWK�SHHUV��LQGXVWU\ �SDUWQHUV��DQG�SROLF\ P DNHUV�WR
VSDUN�FROODERUDWLRQ�DQG�DFFHOHUDWH�UHVHDUFK
LP SDFW��

7KURXJK�,6) ��DIILOLDWHV�JDLQ�DFFHVV�WR�D�WUXVWHG
FRQYHQLQJ�RUJDQL] DWLRQ�WKDW�KHOSV�WUDQVODWH�LGHDV
LQWR�FRP SHWLWLYH�SURSRVDOV��SDUWQHUVKLSV��DQG�UHDO�
ZRUOG�VROXWLRQV��7KH�YDOXH�RI�,6) �OLHV�LQ�DP SOLI\ LQJ
IDFXOW\ �H[ SHUWLVH��UHGXFLQJ�VLORV��DQG�VXSSRUWLQJ
3XUGXH�UHVHDUFKHUV�LQ�OHDGLQJ�ODUJH�VFDOH��KLJK�
LP SDFW�VXVWDLQDELOLW\ �ZRUN�

2XU�IDFXOW\ �DQG�UHVHDUFK�DIILOLDWHV�FRP H�IURP �P RUH�WKDQ�� � �GHSDUWP HQWV�DQG�� �FROOHJHV
DFURVV�3XUGXH��LQFOXGLQJ�$HURQDXWLFDO�( QJLQHHULQJ��$J�( [ WHQVLRQ��WKH�-RKQ�0 DUWLQVRQ
+RQRUV�&ROOHJH��DQG�5HVHDUFK�&RP SXWLQJ�



,6) �SOD\ V�DQ�LP SRUWDQW�UROH�LQ�DGYDQFLQJ�3XUGXH
V�2QH�+HDOWK�DQG�3XUGXH�&RP SXWHV�LQLWLDWLYHV�E\ �EULQJLQJ
WRJHWKHU�UHVHDUFKHUV�ZKRVH�ZRUN�DGGUHVVHV�WKH�LQWHUFRQQHFWHG�FKDOOHQJHV�IDFLQJ�KXP DQ��DQLP DO��SODQW��DQG
HQYLURQP HQWDO�KHDOWK��) URP �3) $6�FRQWDP LQDWLRQ�DQG�ZDWHU�TXDOLW\ �WR�IRRG�V\ VWHP V��FOLP DWH�UHVLOLHQFH�
VXVWDLQDEOH�DJULFXOWXUH��DQG�HQYLURQP HQWDO�KHDOWK��,6) �VXSSRUWHG�FROODERUDWLRQV�UHFRJQL] H�WKDW�ODVWLQJ
VROXWLRQV�UHTXLUH�H[ SHUWLVH�WKDW�VSDQV�GLVFLSOLQHV�DQG�VHFWRUV��%\ �FRQQHFWLQJ�UHVHDUFKHUV��IRVWHULQJ
SDUWQHUVKLSV��DQG�VXSSRUWLQJ�LQWHUGLVFLSOLQDU\ �WHDP V��,6) �KHOSV�WUDQVIRUP �LQQRYDWLYH�UHVHDUFK�LQWR�DFWLRQDEOH
VROXWLRQV�WKDW�LP SURYH�TXDOLW\ �RI�OLIH��VWUHQJWKHQ�FRP P XQLWLHV��DQG�FRQWULEXWH�WR�D�KHDOWKLHU�DQG�P RUH
VXVWDLQDEOH�IXWXUH�IRU�DOO�

����

6833257,1* �

385' 8( �,1,7,$7,9( 6

%8,/ ' ,1* �,17( 5' ,6&3/ ,1$5<�

5( 6( $5&+�3$7+: $<6
7KH�P RVW�VLJQLILFDQW�FKDOOHQJHV�IDFLQJ�VRFLHW\ �WRGD\ �DUH�WRR�FRP SOH[ �WR�EH�VROYHG�E\ �D�VLQJOH�UHVHDUFKHU�
GLVFLSOLQH��RU�RUJDQL] DWLRQ��/ DVWLQJ�VROXWLRQV�UHTXLUH�FROODERUDWLRQ�DFURVV�ILHOGV��LQVWLWXWLRQV��DQG�VHFWRUV�

,6) �VHUYHV�DV�D�FDWDO\ VW�IRU�WKHVH�FRQQHFWLRQV��%\ �EULQJLQJ�WRJHWKHU�IDFXOW\ �IURP �GLYHUVH�GLVFLSOLQHV��WKH
LQVWLWXWH�KHOSV�IRUP �UHVHDUFK�FRP P XQLWLHV�RUJDQL] HG�DURXQG�VKDUHG�FKDOOHQJHV�DQG�HP HUJLQJ
RSSRUWXQLWLHV��7KHVH�FRP P XQLWLHV�FUHDWH�VSDFHV�IRU�FROODERUDWLRQ��LGHD�JHQHUDWLRQ��DQG�VWUDWHJLF
HQJDJHP HQW�WKDW�RIWHQ�ZRXOG�QRW�RFFXU�ZLWKLQ�WUDGLWLRQDO�DFDGHP LF�VWUXFWXUHV�

7KURXJK�IRFXVHG�5HVHDUFK�&RP P XQLWLHV��6SHFLDO�,QLWLDWLYHV��DQG�6WUDWHJLF�5HVHDUFK�7HDP V��DQG
1HWZRUNV��,6) �KHOSV�UHVHDUFKHUV�LGHQWLI\ �FRP P RQ�LQWHUHVWV��GHYHORS�LQWHUGLVFLSOLQDU\ �WHDP V��FRQQHFW�ZLWK
H[ WHUQDO�VWDNHKROGHUV��DQG�SXUVXH�QHZ�IXQGLQJ�RSSRUWXQLWLHV��( [ SORUDWRU\ �* URXSV�IXUWKHU�VXSSRUW�WKH
GHYHORSP HQW�RI�HP HUJLQJ�DUHDV�RI�UHVHDUFK��FUHDWLQJ�SDWKZD\ V�IRU�LQQRYDWLYH�LGHDV�WR�JURZ�LQWR�IXWXUH
FHQWHUV�RI�H[ FHOOHQFH�

7KLV�FROODERUDWLYH�P RGHO�FUHDWHV�D�SRZHUIXO�F\ FOH�RI�LP SDFW��
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5( 6( $5&+�,0 3$&7
,6) �WDFNOHV�FRP SOH[ �FKDOOHQJHV�WKURXJK�DSSOLHG�UHVHDUFK��SDUWQHUVKLSV��DQG�LQQRYDWLYH��LQWHUGLVFLSOLQDU\
VROXWLRQV��2XU�UHVHDUFK�IRFXV�DUHDV�DOVR�VSDQ�D�ZLGH�UDQJH�RI�VXVWDLQDELOLW\ �FKDOOHQJHV��WHFKQRORJLHV��DQG
VROXWLRQV��KLJKOLJKWLQJ�ZKHUH�3XUGXH�VFLHQFH�KDV�WKH�JUHDWHVW�SRWHQWLDO�WR�LP SURYH�OLYHV�DQG�HFRV\ VWHP V��

3) $6
%,2' ,9( 56,7<�
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( 19,5210 ( 17$/ �675( 66256
$0 $=21�6867$,1$%,/ ,7<
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5,6. �	 �5( 6,/ ,( 1&(
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) 8785( �0 $18) $&785,1*
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,6) �) $&8/ 7<

/ ( $' ( 56+,3�7( $0 �
$GYDQFLQJ�VXVWDLQDELOLW\ �VFLHQFH�UHTXLUHV�D�IRFXVHG�HIIRUW�E\ �GHGLFDWHG�IDFXOW\ �UHVHDUFKHUV�DQG
SURIHVVLRQDOV��,6) �SURXGO\ �HP EUDFHV�WKDW�FKDOOHQJH��ZLWK�WKH�,6) �) DFXOW\ �/ HDGHUVKLS�7HDP �KHDGLQJ�RXU
UHVHDUFK�IRFXV�DUHDV��7KHVH�OHDGHUV�ZRUN�WR�HQJDJH�DFURVV�3XUGXH�ZLWK�RXWUHDFK�HIIRUWV��VWUDWHJLF�HYHQWV�
DQG�FROODERUDWLRQ�LGHDV��DQG�DUH�LQVWUXP HQWDO�LQ�EULQJLQJ�UHVHDUFK�H[ SHUWV�DQG�YLVLWLQJ�VSHDNHUV�WR�FDP SXV
ZLWK�WKH�VXSSRUW�RI�,6) �WR�IXUWKHU�GHYHORS�WKH�GHSWK�RI�XQGHUVWDQGLQJ�DFURVV�WKHVH�UHVHDUFK�DUHDV��

,6) �OHDGHUV�DOVR�ZRUN�ZLWK�RWKHU�XQLYHUVLWLHV�DQG�VWDNHKROGHU�SDUWQHUV�WR�IXUWKHU�WKH�P LVVLRQ�RI�,6) �LQ
IRVWHULQJ�DQG�SURP RWLQJ�UHVHDUFK��SDUWQHUVKLSV��DQG�HQJDJHP HQW�LQ�DUHDV�LQFOXGLQJ�WKH�HQYLURQP HQW�
FOLP DWH�LP SDFWV�DQG�UHVLOLHQFH��IRRG�HQHUJ\ �ZDWHU�VHFXULW\ ��KXP DQ�DQG�ELRVSKHUH�KHDOWK��DQG�VXVWDLQDELOLW\ ��



( 19,5210 ( 17$/
675( 66256�5( 6( $5&+
&20 0 81,7<
5HVHDUFKHUV�IURP �,6) pV�( QYLURQP HQWDO�6WUHVVRUV
5HVHDUFK�&RP P XQLW\ �UHFHQWO\ �FRQYHQHG�OHDGLQJ
H[ SHUWV�WR�H[ SORUH�KRZ�ZLOGILUH�VP RNH�DQG�RWKHU�DLU
SROOXWDQWV�TXLHWO\ �LQILOWUDWH�RXU�KRP HV��

$�QHZ�� � � � . �&RHIILFLHQW�* LYLQJ�JUDQW�DZDUGHG�WR
3,V�%UDQGRQ�%RRU��&&( ��DQG�1XVUDW�-XQJ��&&( ��ZLOO
DFFHOHUDWH�WKH�GHYHORSP HQW�RI�SUDFWLFDO�VWUDWHJLHV
KRXVHKROGV�FDQ�XVH�WR�SURWHFW�LQGRRU�DLU�

7RJHWKHU��WKHVH�HIIRUWV�VWUHQJWKHQ�,6) pV�P LVVLRQ�WR
EXLOG�UHDO
œZRUOG�GHIHQVHV�DJDLQVW�HP HUJLQJ
HQYLURQP HQWDO�KD] DUGV�

7KH�,6) �%LRGLYHUVLW\ �5HVHDUFK�&RP P XQLW\ �WUDQVIRUP HG�LGHDV�LQWR
LP SDFW��IURP �VP DOO�FRQYHUVDWLRQV�WR�ODUJH�FRP P XQLW\ �HYHQWV�LQ�WKHLU
6XVWDLQDELOLW\ �2Q�VHULHV�KHOG�DW�WKH�+DDQ�0 XVHXP ��5HVHDUFK�LV
UHDFKLQJ�VWDNHKROGHUV�WKURXJK�KDQGV
œRQ�SURMHFWV�DQG
LQWHUGLVFLSOLQDU\ �VWRU\ WHOOLQJ�WKDW�P DNH�FRP SOH[ �HFRORJLFDO
FKDOOHQJHV�DFFHVVLEOH�DQG�DFWLRQDEOH��7KH�FRP P XQLW\ �LV�DGYDQFLQJ
VROXWLRQV�WKDW�SURWHFW�HFRV\ VWHP V�ZKLOH�GLUHFWO\ �HQJDJLQJ�WKH
SHRSOH�ZKR�GHSHQG�RQ�WKHP �

6867$,1%,/ ,7<�21

,6) �,0 3$&7

( 9( 176
,6) �DFFHOHUDWHV�3XUGXHpV�FRP P LWP HQW�WR�FUHDWLQJ�UHVLOLHQW�DQG�VFLHQFH
œGULYHQ�VROXWLRQV�WKURXJK
LQWHUGLVFLSOLQDU\ �UHVHDUFK�DQG�FRP P XQLW\ 
œHQJDJHG�LQQRYDWLRQ��7KURXJK�WKH�2QH�+HDOWK�LQLWLDWLYH��3XUGXH
VWUHQJWKHQV�LQWHJUDWHG�DSSURDFKHV�WKDW�FRQQHFW�KXP DQ��DQLP DO��DQG�HQYLURQP HQWDO�ZHOO
œEHLQJ��ZKLOH�3XUGXH
&RP SXWHV�H[ SDQGV�WKH�XQLYHUVLW\ pV�FDSDFLW\ �LQ�DGYDQFHG�FRP SXWLQJ��$,��DQG�VHP LFRQGXFWRU�LQQRYDWLRQ�
7RJHWKHU��WKHVH�LQLWLDWLYHV�FRQQHFW�ZLWK�,6) pV�P LVVLRQ�WR�VKDSH�VXVWDLQDEOH�V\ VWHP V�DQG�GHOLYHU�P HDQLQJIXO
LP SDFW�DFURVV�,QGLDQD�DQG�EH\ RQG�

����
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7KH�FHQWHUSLHFH�RI�WKLV�SURJUHVV�ZDV�WKH�,QGLDQD�3) $6�1HWZRUN
6SULQJ�0 HHWLQJ��D�IRUZDUG
œORRNLQJ�IRUXP �GHVLJQHG�WR�DFFHOHUDWH
VKDUHG�OHDUQLQJ�DQG�VSDUN�QHZ�SDUWQHUVKLSV��5HVHDUFKHUV��DJHQF\
OHDGHUV��DQG�FRP P XQLW\ �VWDNHKROGHUV�IURP �DFURVV�WKH�VWDWH
JDWKHUHG�WR�H[ DP LQH�HYROYLQJ�3) $6�UHJXODWLRQV��XQSDFN�UHFHQW
OHJLVODWLYH�VKLIWV��DQG�H[ SORUH�HP HUJLQJ�VFLHQWLILF�GLVFRYHULHV�WKDW
ZLOO�VKDSH�,QGLDQDpV�QH[ W�VWHSV��&R
œVSRQVRUHG�E\ �3XUGXHpV
,QVWLWXWH�IRU�D�6XVWDLQDEOH�) XWXUH��3XUGXHpV�' HSDUWP HQW�RI
) RUHVWU\ �DQG�1DWXUDO�5HVRXUFHV��DQG�WKH�,QGLDQD�: DWHU
5HVRXUFHV�5HVHDUFK�&HQWHU��WKH�HYHQW�VKRZFDVHG�LQVLJKWV�IURP
GLVWLQJXLVKHG�YRLFHV�LQFOXGLQJ�' DYLG�9DQ�* LOGHU��6HQLRU�3ROLF\ �DQG
/ HJDO�' LUHFWRU�RI�WKH�+RRVLHU�( QYLURQP HQWDO�&RXQFLO��* UDKDP
3HDVOHH��3URIHVVRU�( P HULWXV��IURP �8QLYHUVLW\ �RI�1RWUH�' DP H�
&RQUDG�3ULWFKDUG�DQG�7HVV�/ HXWKQHU�IURP �,QGLDQD�8QLYHUVLW\ �
%ORRP LQJWRQ��DQG�-DVRQ�&DQQRQ��+6&,��DQG�1LFKRODV�0 RUDWR
�+6&,��IURP �3XUGXH��,Q�DGGLWLRQ��WKH�WHDP �UHFHQWO\ �SXEOLVKHG�RQ
WKHLU�UHVHDUFK�LQ�( QYLURQP HQWDO�5HVHDUFK��7KHLU�DUWLFOH��q0 XOWL�
P HGLD�RFFXUUHQFH��ELRDFFXP XODWLRQ��DQG�H[ SRVXUH�DVVHVVP HQW
RI�3) $6�DFURVV�D�0 LGZHVWHUQ�8�6��6WDWH�r �EXLOGV�RQ�VHYHUDO�\ HDUV
RI�FROODERUDWLYH�DQG�LQGHSHQGHQW�ZRUN�IRFXVLQJ�RQ�3) $6
FRQWDP LQDWLRQ�DQG�H[ SRVXUHV�LQ�,QGLDQD��

7KH�QHZO\ �ODXQFKHG�,6) �5HQHZDEOH�( QHUJ\ �5HVHDUFK�&RP P XQLW\ �LV
TXLFNO\ �EHFRP LQJ�D�FDWDO\ VW�IRU�LQQRYDWLRQ�u �EULQJLQJ�WRJHWKHU
VWXGHQWV��UHVHDUFKHUV��DQG�SDUWQHUV�WKURXJK�G\ QDP LF�IRUXP V�
ZRUNVKRSV��DQG�D�KDQGV
œRQ�KDFNDWKRQ��7KLV�JURZLQJ�P RP HQWXP �LV
SRVLWLRQLQJ�WKH�JURXS�DV�D�FROODERUDWLYH�KXE�IRU�IXWXUH
œIRFXVHG�HQHUJ\
VROXWLRQV��DGYDQFLQJ�UHVHDUFK��VWUHQJWKHQLQJ�DFDGHP LF
œLQGXVWU\
SDUWQHUVKLSV��DQG�HOHYDWLQJ�WKRXJKW�OHDGHUVKLS�LQ�WKH�UHQHZDEOH�HQHUJ\
VSDFH�

5( 1( : $%/ ( �( 1( 5* <
5( 6( $5&+�&20 0 81,7<�
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7KH�,QGLDQD�3) $6�1HWZRUN�FORVHG�WKH�VHP HVWHU�QRW�MXVW�ZLWK�P RP HQWXP ��EXW�ZLWK�D�FOHDU�WUDMHFWRU\
WRZDUG�ZKDW�FRP HV�QH[ W��%XLOGLQJ�RQ�D�VHDVRQ�RI�VWUHQJWKHQHG�VWDWHZLGH�FROODERUDWLRQ�DQG�SURP RWLQJ
EURDGHU�DFFHVV�WR�WUXVWZRUWK\ �3) $6�VFLHQFH��WKH�1HWZRUN�LV�SRVLWLRQLQJ�,QGLDQD�IRU�WKH�QH[ W�SKDVH�RI
FRRUGLQDWHG�DFWLRQ�DQG�LQQRYDWLRQ�
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,Q�$SULO��,6) �KRVWHG�D�5HQHZDEOH�( QHUJ\ �+DFNDWKRQ�WKDW
EURXJKW�WRJHWKHU�SDUWLFLSDQWV�IRU�D�KDQGV�RQ��VROXWLRQV�
IRFXVHG�HYHQW�H[ SORULQJ�KRZ�UHQHZDEOH�HQHUJ\ �FDQ�GULYH
P HDQLQJIXO�LP SDFW�LQ�ORFDO�FRP P XQLWLHV��$IWHU�H[ DP LQLQJ
WKH�FXUUHQW�ODQGVFDSH�RI�UHQHZDEOH�HQHUJ\ �DGRSWLRQ�
EDUULHUV�DQG�HP HUJLQJ�RSSRUWXQLWLHV��VWXGHQW�WHDP V
FROODERUDWHG�WR�GHYHORS�FUHDWLYH�DSSURDFKHV�WR�UHDO�ZRUOG
FKDOOHQJHV��7KH�ZLQQLQJ�WHDP ��q: LQ�VRO�LQG\ �r �SURSRVHG�D
P RGHO�XVLQJ�HFRQRP LF�GHYHORSP HQW�DJUHHP HQWV��( ' $V�
WR�KHOS�FRXQWLHV�VWUHQJWKHQ�FRP P XQLW\ �RXWFRP HV�DQG
QHJRWLDWLQJ�SRZHU�UHODWHG�WR�UHQHZDEOH�HQHUJ\ �DQG�P DMRU
GHYHORSP HQW�SURMHFWV��

,6) pV�IRFXV�RQ�FRP P XQLFDWLQJ�VROXWLRQV�DQG�SURP RWLQJ
3XUGXHpV�WUDQVIRUP DWLYH�VXVWDLQDELOLW\ �UHVHDUFK�LV�DW�WKH
KHDUW�RI�RXU�ZHELQDUV��7KURXJK�SDUWQHUVKLSV�ZLWK�ERWK
FDP SXV�DQG�RWKHU�VWDNHKROGHUV��ZH�HP SKDVL] H
SUHVHQWDWLRQV�DQG�GLVFXVVLRQV�IRFXVHG�RQ�WRGD\ pV
LVVXHV�DQG�FKDOOHQJHV��7KLV�VSULQJ��,6) �ZRUNHG�ZLWK
H[ WHUQDO�JURXSV�WR�SURGXFH�ZHELQDU�DQG�VHP LQDU
SURJUDP P LQJ�IRFXVLQJ�RQ�HQYLURQP HQWDO�VWHZDUGVKLS�
SXEOLF�KHDOWK��DQG�ZDWHU�FKDOOHQJHV��DV�ZHOO�DV�ZLWK
LQWHUQDO�FHQWHUV�ZRUNLQJ�RQ�GLJLWDO�DJULFXOWXUH�DQG�IRRG
ZDVWH��2XU�H[ SHUWV�VSRNH�RQ�WRSLFV�UDQJLQJ�IURP �GDWD
FHQWHU�LP SDFWV�DQG�VXVWDLQDEOH�DJULFXOWXUH�WR�IRRG
ZDVWH�UHGXFWLRQ�DQG�KHDOWK�ULVNV�DVVRFLDWHG�ZLWK�DLU
SROOXWLRQ��: KLOH�WKHVH�ZHELQDUV�DQG�VHP LQDUV
LQWURGXFHG�KXQGUHGV�RI�SDUWLFLSDQWV�WR�RXU�IDFXOW\ �DQG
UHVHDUFK��WKH\ �DOVR�FRQWLQXH�WR�KDYH�LP SDFW�WKURXJK
WKRXVDQGV�RI�YLHZV�RQ�RXU�,6) �<RX7XEH�FKDQQHO��: H
HQFRXUDJH�\ RX�WR�FKHFN�RXW�RXU�RIIHULQJV�DQG�OHDUQ
VRP HWKLQJ�QHZ�

����

7KURXJK�LQLWLDWLYHV�LQFOXGLQJ�WKH�,6) �,P SDFW�6HULHV�ZHELQDUV�DQG�RWKHU�UHVHDUFK�IRFXVHG�SURJUDP P LQJ��,6)
FRQWLQXHG�EXLOGLQJ�P RP HQWXP �DURXQG�VFLHQFH�GULYHQ�VROXWLRQV�ZLWK�UHDO�ZRUOG�LP SDFW��

6( 0 ,1$56��: ( %,1$56��: 25. 6+236�	
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,Q�VSULQJ�� � � � ��WKH�&DP SXV�6XVWDLQDELOLW\ �: RUNLQJ
* URXS��OHG�E\ �,6) �5HVHDUFK�6FLHQWLVW�9DOHQWLQD�1HJUL
DQG�LQFOXGLQJ�UHSUHVHQWDWLYHV�IURP �IDFXOW\ ��VWXGHQWV
DQG�SURIHVVLRQDO�VWDII��FRP SOHWHG�WKH�&DP SXV
6XVWDLQDELOLW\ �6HOI�6WXG\ ��6HYHUDO�ILQDO�RXWSXWV�DUH�LQ
SUHSDUDWLRQ��LQFOXGLQJ�D�IUDP HZRUN�IRU�VXEP LWWLQJ�DQ
$$6+( �67$56�� �� �FDP SXV�VXVWDLQDELOLW\ �UHSRUW�
UHVXOWV�RI�WKH�� � � � �FDP SXV�VXVWDLQDELOLW\ �DQG�OLWHUDF\
VXUYH\ ��DQG�D�GHWDLOHG�FRXUVH�DQDO\ VLV�RI�3XUGXHpV
VXVWDLQDELOLW\ �FRXUVH�RIIHULQJV��) RU�P RUH�LQIRUP DWLRQ
DERXW�FDP SXV�VXVWDLQDELOLW\ ��FRQWDFW�7RQ\ �* LOOXQG�
' LUHFWRU�RI�6XVWDLQDEOH�2SHUDWLRQV�DW
DJLOOXQG# SXUGXH�HGX�

,Q�VXP P HU�� � � � ��3XUGXH��FRRUGLQDWHG�WKURXJK�3XUGXHpV�,QVWLWXWH�IRU�D�6XVWDLQDEOH�) XWXUH��,6) ��DQG
VXSSRUWHG�E\ �WKH�2IILFH�RI�5HVHDUFK��225� ��DORQJ�ZLWK�6XVWDLQDEH�2SHUDWLRQV��ZLWKLQ�3XUGXHpV
$GP LQLVWUDWLYH�2SHUDWLRQV��LQLWLDWHG�DQ�HIIRUW�WR�LGHQWLI\ �DQG�DQDO\ ] H�FXUUHQW�FDP SXV�VXVWDLQDELOLW\ �DFWLYLWLHV�
LQFOXGLQJ�DFDGHP LF��UHVHDUFK��DQG�HQJDJHP HQW�RSSRUWXQLWLHV��DFURVV�FDP SXV�ZKLOH�XQGHUWDNLQJ�DFWLYLWLHV
DQG�HIIRUWV�WR�HQJDJH�ZLWK�IDFXOW\ ��VWDII�DQG�VWXGHQWV�WR�EHWWHU�XQGHUVWDQG�WKHLU�LQWHUHVWV��NQRZOHGJH�DQG
EHKDYLRUV�UHODWHG�WR�VXVWDLQDELOLW\ ���

&$0 386

6867$,1$%,/ ,7<

635,1*

' 8,5,�352-( &76�
,6) �UHJXODUO\ �FROODERUDWHV�ZLWK�WKH�' LVFRYHU\ �8QGHUJUDGXDWH�,QWHUGLVFLSOLQDU\ �5HVHDUFK�,QWHUQVKLS�3URJUDP
WR�VXSSRUW�LQWHUGLVFLSOLQDU\ �XQGHUJUDGXDWH�UHVHDUFK�H[ SHULHQFHV�LQ�VXVWDLQDELOLW\ �WKDW�DUH�P HQWRUHG�E\ �,6)
DIILOLDWHV��' XULQJ�WKH�VSULQJ�� � � � �VHP HVWHU��SURMHFWV�UHVHDUFK�DUHDV�UDQJHG�IURP �H[ SORULQJ�P HWKRGV�IRU
FULWLFDO�P LQHUDO�H[ WUDFWLRQ�WR�( 9�FKDUJHU�DGRSWLRQ�

&ULWLFDO�0 LQHUDOV�IURP �&RDO�$VK���6WXGHQW��$QGUHZ�&KULVWRSKHU�1LOVVRQ��/ HDG�0 HQWRU��* UHJ�0 �0 LFKDOVNL
�( $36�
( YDOXDWLRQ�RI�,P SDFWV�RI�8QVXVWDLQDEOH�H�ZDVWH�' LVSRVDO�3UDFWLFHV���6WXGHQW��5\ DQ�-DP HV�0 DKRQH\ �

������0 HQWRUV��1DGH] KGD�1�=\ D\ NLQD��6( ( ���,QH] �+XD��6( ( ���$OOD�* ROXE��$* ( &�
3ULYDWH�( OHFWULF�9HKLFOH�&KDUJHU�$GRSWLRQ�DQG�,WV�( IIHFWV�RQ�/ RFDO�0 RELOLW\ �DQG�) XHO�8VH���6WXGHQW�
. KRL�; XDQ�0 DL��0 HQWRUV��6KDQ�=KRX��32/ ��	 �4LQJFKXQ�/ L��&0 7�
) URP �) XQJL�WR�) LEHU���6XVWDLQDEOH�0 \ FHOLXP �3DSHU�DQG�3DFNDJLQJ���6WXGHQW��1RDK�' DQLHO�%URRNV�
0 HQWRUV��7LDQ�/ L��0 ( ���&DWKHULQH�$LP H��%,2/ �
( IILFLHQW�DQG�6XVWDLQDEOH�: DWHU�7HFKQRORJ\ ���6WXGHQW��$UQDE�3DXO��0 HQWRUV��' DYLG�: DUVLQJHU��0 ( ���7LDQ
/ L��0 ( �

����



5HVSRQGLQJ�WR�FXUUHQW�FKDOOHQJHV��$QGUHZ�) ODFKV��$17+��FORVHO\ �H[ DP LQHG�IRRG�DQG�IDUP
V\ VWHP V��SDUWLFXODUO\ �DV�SROLWLFDO�KHDGZLQGV�DW�KRP H�DQG�DEURDG�KDYH�LQFUHDVLQJO\
DIIHFWHG�IRRG�SULFHV�DQG�WKH�FRP P XQLWLHV�UHVSRQVLEOH�IRU�SURGXFLQJ�JUDLQV��IUXLWV�
YHJHWDEOHV��DQG�SURWHLQ�VRXUFHV��/ RRNLQJ�WR�LP SURYH�SURGXFWLRQ��$QGUHD�/ LFHDJD��) 6�
UHFHQWO\ �UHFHLYHG�D�SDWHQW�IRU�KHU�,P SURYHG�( [ WUDFWLRQ�0 HWKRG�IRU�6HSDUDWLRQ�RI
0 XFLODJH�IURP �&KLD�6HHGV��ZKLFK�HQKDQFHV�ELRDFWLYLW\ �DQG�IXQFWLRQDOLW\ �FRP SDUHG�WR
FRQYHQWLRQDO�H[ WUDFWLRQ�DSSURDFKHV��UHSUHVHQWLQJ�D�VLJQLILFDQW�DGYDQFHP HQW�LQ�IRRG
VFLHQFH�LQQRYDWLRQ��,Q�WHUP V�RI�DJULFXOWXUDO�VXVWDLQDELOLW\ �DQG�LQQRYDWLRQ��,JQDFLR�&LDP SLWWL
�$* 5<��FRQWULEXWHG�WR�P XOWLSOH�LP SDFWIXO�HIIRUWV��LQFOXGLQJ�D�P XOWLGLVFLSOLQDU\ �SURMHFW�WKDW
GHYHORSHG�D�QLWURJHQ�LQVXUDQFH�WRRO�HQDEOLQJ�0 LGZHVWHUQ�FRUQ�IDUP HUV�WR�UHGXFH�IHUWLOL] HU
XVH�ZKLOH�LP SURYLQJ�SURILWDELOLW\ �DQG�SURWHFWLQJ�ZDWHU�TXDOLW\ ��-LDQ�-LQ��$%( ��ZDV�IHDWXUHG
RQ�WKH�&URS�6FLHQFH�3RGFDVW�6KRZ��GLVFXVVLQJ�KRZ�HQJLQHHULQJ��DXWRP DWLRQ��DQG�GDWD�
GULYHQ�GHVLJQ�DUH�DGYDQFLQJ�DJULFXOWXUDO�VXVWDLQDELOLW\ �DQG�SHUIRUP DQFH��&HQWUDO�WR�DJ
V\ VWHP V�RI�DOO�W\ SHV�LV�VRLO��DV�$QQD�3DOWVHYD��$* 5<� +/ $��HP SKDVL] HG�WKLV�VHP HVWHU�LQ�D
IHDWXUH�RQ�VRLO�KHDOWK��XQGHUVWDQGLQJ�LWV�YDOXH�HP SRZHUV�FRP P XQLWLHV�WR�P DNH�JUHHQHU�
VDIHU��DQG�P RUH�UHVLOLHQW�HQYLURQP HQWDO�FKRLFHV��0 HDQZKLOH��6KDODP DU�$UP VWURQJ��$* 5<�
DQG�5DKLP �5DKLP L��0 6( ��KDYH�EHHQ�GHYHORSLQJ�VHQVRUV�WR�P RQLWRU�VRLO�KHDOWK�WKURXJK�D
ZLUHOHVV�oVP DUW�QDLOp�SODWIRUP �

5( 6( $5&+

,1 �$&7,21
7KH�IXWXUH�LV�EHLQJ�VKDSHG�WRGD\ �E\ �,6) 
V�QHWZRUN�RI�IDFXOW\ �DIILOLDWHV��$FURVV�3XUGXH��UHVHDUFKHUV
DUH�DGYDQFLQJ�QHZ�LGHDV��WHFKQRORJLHV��DQG�VROXWLRQV�WKDW�DGGUHVV�VRP H�RI�VRFLHW\ 
V�P RVW
SUHVVLQJ�VXVWDLQDELOLW\ �FKDOOHQJHV��7KURXJK�LQWHUGLVFLSOLQDU\ �FROODERUDWLRQ�DQG�LQQRYDWLYH�UHVHDUFK
LQ�6SULQJ�� � � � ��,6) �DIILOLDWHV�H[ SORUHG�HP HUJLQJ�RSSRUWXQLWLHV�u �JHQHUDWLQJ�QHZ�NQRZOHGJH��DQG
FUHDWLQJ�SDWKZD\ V�WRZDUG�D�P RUH�UHVLOLHQW��SURVSHURXV��DQG�VXVWDLQDEOH�IXWXUH�

%H\ RQG�KHDOWK\ �VRLO��D�NH\ �LVVXH�IRU�DJ�SURGXFHUV�KDV�EHHQ�KRZ�WR�SURGXFH�FURSV�P RUH
HIILFLHQWO\ ��DQG�P RUH�VXVWDLQDEO\ ��ZKLOH�DOVR�NHHSLQJ�XS�ZLWK�UHFHQW�WHFKQRORJLHV��VXFK�DV
DJULYROWDLFV��WKDW�LQWHJUDWHV�VRODU�WHFKQRORJLHV�LQWR�SURGXFWLRQ�SUDFWLFHV��5HFHQWO\ ��D
3XUGXH�WHDP �ZLWK�H[ SHUWLVH�LQ�DJULYROWDLFV�FRQVLGHUHG�SK\ VLRORJLFDO�HIIHFWV�RI�VKDGLQJ
IURP �DQ�HOHYDWHG�DJULYROWDLF�V\ VWHP V�RQ�P DL] H��7KH�WHDP ��LQFOXGLQJ�5DNHVK�$JUDZDO
�&+( ���6\ OYLH�%URXGHU��$* 5<���0 DUJDUHW�* LWDX��$%( � ,6) ���0 LWFK�7XLQVWUD��$* 5<���3HWHU
%HUP HO��( &( ���DV�ZHOO�DV�* HRIIUH\ �0 DFUDH�6DQFKH] ��( &( ���DGYDQFHG�UHVXOWV�RQ�KRZ�SDUWLDO
VKDGLQJ�DIIHFWV�FURS�JURZWK�DQG�ZDWHU�XVH��$OVR�LQWHUHVWHG�LQ�ERWK�VRFLDO�DQG�SURGXFWLRQ
LVVXHV��DQ�,6) �WHDP �OHG�E\ �5LVN�DQG�5HVLOLHQFH�FR�OHDG�' DQ�&KDYDV��( $36��UHFHQWO\
VLJQHG�RQ�P XOWLSOH�LQGXVWULDO�SDUWQHUV�DQG�WKH�WHDP �VKDUHG�WKHLU�ZRUN�WR�EURDG�DXGLHQFHV
WKURXJK�GLVFXVVLRQ�VHVVLRQV�ZLWK�SURGXFHUV�DQG�ZLWK�DWWHQGHHV�DW�WKH�,8�6XVWDLQDELOLW\ �	
5HVLOLHQFH�&RQIHUHQFH�LQ�) HEUXDU\ ��

0 RYLQJ�IURP �DJ�WR�DGYDQFLQJ�UHVHDUFK�UHODWHG�WR�UHQHZDEOH�HQHUJLHV��VWRUDJH�DQG
LQQRYDWLRQ��6KXEKUD�%DQVDO��0 ( ���JUDGXDWH�VWXGHQW�+XLORQJ�/ LX��0 ( ��DQG�WKHLU�WHDP
H[ DP LQHG�RSWLFDO�DQG�HOHFWURQLF�SURSHUWLHV�RI�SODWLQXP �KDOLGH�SHURYVNLWHV��

����



7KHLU�ZRUN�FRQWULEXWHV�WR�WKH�GHYHORSP HQW�RI�P RUH�HIILFLHQW�DQG�SRWHQWLDOO\ �ORZHU�FRVW�SKRWRYROWDLF�DQG
RSWRHOHFWURQLF�P DWHULDOV��ZKLFK�FRXOG�LP SURYH�WKH�SHUIRUP DQFH�DQG�VFDODELOLW\ �RI�UHQHZDEOH�HQHUJ\
WHFKQRORJLHV��( QHUJ\ �WHFKQRORJLHV�DUH�NH\ �WR�WKH�VXVWDLQDELOLW\ �RI�HOHFWULF�YHKLFOHV��DQG�1DGLD�* NULW] D
�&&( � $%( ���JUDGXDWH�VWXGHQW�. HQQ\ �&KDQGUD�: LMD\ D��&( ���DQG�WHDP �UHFHQWO\ �SXEOLVKHG�ZRUN�RQ�FKDUJLQJ
VWDWLRQV��DQG�IRXQG�WKDW�GULYHUV
�SHUFHLYHG�FRQYHQLHQFH�DQG�DYDLODELOLW\ �DUH�VKDSHG�P RUH�E\ �FKDUJLQJ�KDELWV�
DWWLWXGHV��DQG�LQGLYLGXDO�FKDUDFWHULVWLFV�WKDQ�E\ �WKH�VKHHU�QXP EHU�RI�VWDWLRQV��. H\ �WR�( 9V�DQG�RWKHU
UHQHZDEOH�HQHUJ\ �WHFKQRORJLHV�LV�WKH�VDIHW\ �DQG�FDSDFLW\ �RI�EDWWHULHV�IRU�HQHUJ\ �VWRUDJH��5HEHFFD�&LH]
�6( ( � 0 ( ��DQG�JUDGXDWH�VWXGHQW�=KX�=KX��( ( ( ��KDYH�UHFHQWO\ �EHHQ�DVNLQJ�TXHVWLRQV�DERXW�WKH�UHODWLYH
FOLP DWH�DQG�HQHUJ\ �LP SDFWV�RI�DOO�VROLG�VWDWH�EDWWHULHV��D�KLJK�HQHUJ\ �DQG�SRWHQWLDOO\ �VDIHU�DOWHUQDWLYH�WR
OLWKLXP �EDWWHULHV��7KH\ �IRXQG�WKDW�RYHUDOO�LP SDFWV�GR�QRW�UHO\ �RQ�WKH�EDWWHU\ �DORQH��EXW�DOVR�RQ�V\ VWHP �OHYHO
HIILFLHQF\ �LP SURYHP HQWV�DQG�RYHUDOO�SHUIRUP DQFH�OLIHWLP HV��$OVR�UHODWHG�WR�UHQHZDEOH�HQHUJ\ ��DUHD�OHDG�3HWHU
%HUP HO��( &( ��FRRUGLQDWHG�D�5HQHZDEOH�( QHUJ\ �+DFNDWKRQ��ZKLFK�EURXJKW�WRJHWKHU�SDUWLFLSDQWV�IRU�D�KDQGV�
RQ�HYHQW�IRFXVHG�RQ�KRZ�UHQHZDEOH�HQHUJ\ �FDQ�P DNH�D�WDQJLEOH�LP SDFW�LQ�ORFDO�FRP P XQLWLHV��

7KH�UHODWLRQVKLS�EHWZHHQ�SHRSOH�DQG�ZHDWKHU�KDV�UHFHQWO\ �EHHQ�H[ SORUHG�E\ �VHYHUDO�RI�RXU�DIILOLDWHV�LQ�( $36�
6SHDNLQJ�WR�WKH�%%&��IRU�H[ DP SOH��3XUGXH
V�' DQ�&] LF] R��( $36��H[ SODLQV�KRZ�UDLQGURSV�DFW�OLNH�WLQ\ �P DJQHWV
WKDW�qVZHHS�XSr �SROOXWLRQ�DV�WKH\ �IDOO��OHDYLQJ�WKH�ZRUOG�IHHOLQJ�QRWLFHDEO\ �IUHVKHU�DIWHUZDUG��6WXG\ LQJ
WURSLFDO�F\ FORQHV��' DQ�&KDYDV��( $36��DQG�0 DWWKHZ�+XEHU��( $36���DORQJ�ZLWK�GRFWRUDO�VWXGHQW�$DURQ�. UXVNLH
�( $36���SXEOLVKHG�QHZ�ZRUN�H[ DP LQLQJ�WKH�FOLP DWRORJ\ �RI�VXP P HUWLP H�: HVW�$IULFDQ�KHDW�ORZV�DJDLQVW
WURSLFDO�F\ FORQH�SRWHQWLDO�LQWHQVLW\ �

7KH�* UHDW�/ DNHV�LQ�JHQHUDO��DQG�/ DNH�0 LFKLJDQ�P RUH�VSHFLILFDOO\ ��KDYH�EHHQ�DQ�DUHD�RI�IRFXV�IRU�WKH�* UHDW
/ DNHV�6FLHQFH�,QLWLDWLYH��: DWHU�DQG�ZDWHU�EHKDYLRU�DUH�NH\ �WRSLFV��* UHDW�/ DNH�6FLHQFH�,QLWLDWLYH�FR�OHDG
$DURQ�7KRP SVRQ��+/ $���H[ DP LQHG�ZD\ V�WR�SODQ�QRQOLQHDU�EXIIHUV�WR�LP SURYH�VHGLP HQW�WUDSSLQJ�HIILFLHQF\
IURP �UXQRII�DUHDV�ZLWKLQ�WKH�6DJLQDZ�%D\ �EDVLQ��$OVR�ORRNLQJ�DW�ZDWHU��&DU\ �7UR\ ��&&( ��DQG�UHFHQW�GRFWRUDO
VWXGHQW�+D] HP �$EGHOKDG\ �H[ SORUHG�WKH�HIILFDF\ �RI�D�P DFKLQH�OHDUQLQJ�EDVHG�IUDP HZRUN�WR�VLP XODWH�ZDYH
KHLJKWV�DW�D�QHDUVKRUH�ORFDWLRQ�LQ�/ DNH�0 LFKLJDQ��7RP DV�+ÓÓN��) 15���3DULV�&ROOLQJVZRUWK��) 15��DQG�WKHLU
WHDP �UHFHQWO\ �SXEOLVKHG�D�VWXG\ �RI�ILVK�VSDZQLQJ�RQ�&RUH\ RQ�5HHI�LQ�6DJLQDZ�%D\ ��/ DNH�+XURQ�DQG�IRXQG
WKDW�HJJV�GHSRVLWHG�RQ�WKLV�UHVWRUHG�VLWH�ZLOO�OLNHO\ �KDYH�LP SURYHG�VXVWDLQDELOLW\ �UHODWLYH�WR�XQUHVWRUHG�VLWHV�
$QRWKHU�VSHFLHV�LQ�WKH�* UHDW�/ DNHV�LV�QRW�VR�ZHOFRP Hu WKH�LQYDVLYH�VHD�ODP SUH\ ��0 DUN�&KULVWLH��%,2/ ��DQG
KLV�WHDP ��DOVR�LQFOXGLQJ�0 DULVRO�6HS×OYHGD��) 15���FR�OHDG�RI�,6) pV�3) $6�6WUDWHJLF�5HVHDUFK�7HDP ��VWXGLHG
WKH�VXUYLYDO�WLP HV�RI�ODUYDO�ODP SUH\ �H[ SRVHG�WR�7) 0 ��D�FRP P RQ�ODP SULFLGH��DQG�IRXQG�WKDW�QHZ�FRQWURO
VWUDWHJLHV�VKRXOG�EH�FRQVLGHUHG�IRU�FRQWLQXHG�HIIHFWLYH�P DQDJHP HQW��$OVR�LQ�WKH�WRSLF�RI�ZDWHU��' DYLG
: DUVLQJHU��0 ( ��LV�OHDGLQJ�WKH�GHYHORSP HQW�RI�WKH�ZRUOGpV�ODUJHVW�WUXH�EDWFK�UHYHUVH�RVP RVLV�SLORW�V\ VWHP �
UHLP DJLQLQJ�GHVDOLQDWLRQ�WR�GUDP DWLFDOO\ �LP SURYH�HQHUJ\ �HIILFLHQF\ ��ZDWHU�UHFRYHU\ ��DQG�P HP EUDQH�UHVLOLHQFH�

/ RRNLQJ�JOREDOO\ ��VHYHUDO�DIILOLDWHV�KDYH�SXEOLVKHG�ZRUN�ZLWK�D�P RUH�LQWHUQDWLRQDO�OHQV��) RU�H[ DP SOH��7UDYHO
ZLWK�&DUH��OHG�E\ �-RQDWKRQ�' D\ ��+70 ���LV�KHOSLQJ�GHVWLQDWLRQV�DURXQG�WKH�ZRUOG�UHVSRQG�WR�RYHUWRXULVP �E\
JLYLQJ�FRP P XQLWLHV�DQG�WUDYHOHUV�SUDFWLFDO�WRROV�WR�VXSSRUW�P RUH�UHVSRQVLEOH�WUDYHO��7XUQLQJ�WR�IRRGV�DQG
IDUP LQJ��$QGUHZ�) ODFKV��$17+��UHFHQWO\ �SXEOLVKHG�D�UHVHDUFK�DUWLFOH�LQ�( DVW�( XURSHDQ�3ROLWLFV�DQG�6RFLHWLHV
WKDW�DVVHVVHV�WKH�UROH�RI�KRP H�JDUGHQV�DQG�IRRG�VHOI�SURYLVLRQLQJ�DV�D�YHKLFOH�IRU�P XWXDO�DLG�LQ�%RVQLD��,Q
. HQ\ D��-DFRE�5LFNHU�* LOEHUW��$* ( &��DQG�WHDP �IRXQG�WKDW��GXULQJ�ERWK�HFRQRP LF�FULVHV�DQG�P RUH�VWDEOH
SHULRGV��IDUP HUV�FRQVLVWHQWO\ �SULRULWL] H�ORQJ�WHUP ��P DUNHW�RULHQWHG�LQYHVWP HQWV�VXFK�DV�LP SURYHG�P DUNHW
DFFHVV��UXUDO�LQIUDVWUXFWXUH�DQG�H[ WHQVLRQ�VHUYLFHV�RYHU�VKRUW�WHUP �VXSSRUWV�OLNH�LQSXW�VXEVLGLHV�RU�FDVK
WUDQVIHUV�

$V�WKH�UHVHDUFK�ODQGVFDSH�FRQWLQXHV�WR�HYROYH��,6) �ZLOO�UHP DLQ�RQ�WKH�IRUHIURQW��VXSSRUWLQJ�LQWHUGLVFLSOLQDU\
FROODERUDWLRQ��IRVWHULQJ�QHZ�RSSRUWXQLWLHV��DQG�DP SOLI\ LQJ�WKH�ZRUN�RI�3XUGXH�UHVHDUFKHUV�ZKR�DUH�VKDSLQJ
WKH�IXWXUH�WKURXJK�UHVHDUFK��LQQRYDWLRQ��DQG�OHDGHUVKLS�

����
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-RQDWKDQ�%RXFKHW��$* ( &��3,��	 �-DFRE�5LFNHU�* LOEHUW��$* ( &���( [ SORULQJ�UHVHDUFK�JDSV�DQG
RSSRUWXQLWLHV�UHODWHG�WR�FOLP DWH�FKDQJH�DQG�IRRGERXUQH�GLVHDVHV�LQ�/ 0 ,&��,QWHUQDWLRQDO�) RRG�3ROLF\
5HVHDUFK�,QVWLWXWH�
&KULVWRSKHU�%ULQWRQ��( &( ��3,���&KULVWLDQ�&UX] ��%33��FR�3,��	 �/ LD�6WDQFL�* UHJRU\ ��0 6( � %0 ( ��FR�3,��
6,* 1$,��&KDUWLQJ�$Q�$FWLRQDEOH�/ DWHQW�6SDFH�RI�&URS�6LJQDWXUHV��0 XOWL�0 RGDOLW\ �6HQVLQJ��%LR�,QVSLUHG
* HQHUDWLYH�$,�0 RGHOLQJ��DQG�) DUP HU�,Q�7KH�/ RRS�) HHGEDFN��' $53$�
/ DUDP \ �( QGHUV��( 172��3,���$QMDOL�,\ HU�3DVFX] ] L��%33��FR�3,��	 �,DQ�. DSODQ��( 172��FR�3,���7UDYHUVLQJ�WKH
ZLOG�FURS�LQWHUIDFH�WR�UHVWRUH�P LFURELDO�SDUWQHUVKLSV�WKDW�HQKDQFH�SODQW�GHIHQVHV��86' $� 1,) $�
$\ P DQ�+DELE��&&( ��3,��	 �' DQLHO�$OLDJD��&6��FR�3,���) ,5( �: 8,��&RP P XQLW\ �5HVLOLHQFH�$VVHVVP HQW
) UDP HZRUN�$JDLQVW�: 8,�) LUHV�XVLQJ�0 XOWL�5HVROXWLRQ�' LJLWDO�7ZLQV��16) ��2WKHU�FR�3,
V��( ��7DFLURJOX
�8&/ $���1 ��( OKDP L�. KRUDVDQL��681<�%XIIDOR���0 ��) UHGLDQL��8&$5�
-DVRQ�7��+RYHUP DQ��) 15��3,���( OL] D�+XGVRQ��) 15��3,��	 �1LFN�%XUJP HLHU��) 15�( [ WQ��3,���+DELWDW
,P SURYHP HQWV�IRU�0 DLQWDLQLQJ�6RLO�+HDOWK�DQG�: DWHU�4XDOLW\ ��,1 ' $�
&DLWOLQ�3URFWRU��$%( ��3,��	 �5RODQG�: LOKHOP ��$* 5<��FR�3,���) RXQGDWLRQDO�0 HWKRGV�IRU�6HHGLQJ�
0 RQLWRULQJ��DQG�6XVWDLQLQJ�D�6WDEOH�0 LFURELRP H�LQ�&RQWUROOHG�( QYLURQP HQW�$JULFXOWXUH
�86' $� 1,) $�
' DQ�4XLQQ��$* 5<��3,��	 �6\ OYLH�%URXGHU��$* 5<��FR�3,���6P DUWHU�) HUWLOL] DWLRQ��,QWHJUDWLQJ�( QKDQFHG
( IILFLHQF\ �) HUWLOL] HUV�DQG�1LWURJHQ�0 DQDJHP HQW�6WUDWHJLHV�IRU�2SWLP L] HG�<LHOG��1XWULHQW�( IILFLHQF\ �
DQG�( QYLURQP HQWDO�6WHZDUGVKLS�LQ�0 LGZHVW�&RUQ�6\ VWHP V��) ) $5�

����

%\ �VHFXULQJ�P DMRU�UHVHDUFK�JUDQWV��,6) �DIILOLDWHV�UHLQIRUFH�3XUGXHpV�OHDGHUVKLS�LQ�VXVWDLQDELOLW\ �VFLHQFH
DQG�DFFHOHUDWH�SURJUHVV�WRZDUG�WUDQVIRUP DWLYH�VROXWLRQV��7KHLU�VXFFHVV�XQGHUVFRUHV�WKH�H[ SHUWLVH�
GHGLFDWLRQ��DQG�FROODERUDWLYH�P LQGVHW�WKDW�VWUHQJWKHQV�3XUGXHpV�OHDGHUVKLS�LQ�VXVWDLQDELOLW\ �UHVHDUFK�
7KHVH�JUDQWV�IXHO�QHZ�LGHDV��H[ SDQG�LQWHUGLVFLSOLQDU\ �SDUWQHUVKLSV��DQG�GHHSHQ�WKH�LP SDFW�RI�,6) �DFURVV
FDP SXV�DQG�EH\ RQG��7KH�IROORZLQJ�UHIOHFW�VHYHUDO�RI�WKH�P DQ\ �JUDQWV�ZRQ�E\ �,6) �IDFXOW\ �LQ�VSULQJ�� � � � ��,Q
WRWDO��,6) �DIILOLDWHV�VHFXUHG�RYHU�� � � �P LOOLRQ�QHZ�JUDQWV�DQG�� � �� �P LOOLRQ�LQ�FRQWLQXLQJ�JUDQWV�UHODWHG�WR
VXVWDLQDELOLW\ �LQ�WKH�VSULQJ�� � � � �VHP HVWHU�

6KDODP DU�$UP VWRQJ��$* 5<���-RVHSK�%DODJWDV��$* ( &���&KLS�%ODWFKOH\ ��&&( ��
0 DULD�-XOLD�%HOOR�%UDYR��( 170 ���/ XL] �%ULWR��$16&���%HUQKDUG�' DOKHLP HU
�$* ( &���$P DQGD�' HHULQJ��) 6���+HDWKHU�( LFKHU�0 LOOHU��1875���$\ P DQ�+DELE
�&&( ���%URFN�+DUSXU��( 170 ���7RP DV�+ÓÓN��) 15���-LDQ�-LQ��$%( ���-LQKD�-XQJ
�&&( ���6D�/ LX��+6&,���=KDR�0 D��) 15���$P \ �0 DUFRQQHW��0 ( ���0 DULD�0 DUVKDOO
�$* ( &���' KDUP HQGUD�0 LVKUD��) 6���-RQDWKDQ�6KDQQDKDQ��+6&,���-HUU\ �6KLYHO\
�$* ( &���1DWKDQ�6KRDI��( ; 7���-RKQ�6XWKHUODQG��6( ( ���&DU\ �7UR\ ��&&( ���' DYLG
: DUVLQJHU��0 ( ���$QGUHZ�: KHOWRQ��&&( � 6( ( ���-HIIUH\ �<RXQJEORRG��0 6( ��
4LDQODL�=KXDQJ��( $36��DQG�' DYLGH�=LYLDQL��0 ( ��

,Q�DGGLWLRQ�WR�WKRVH�OLVWHG�DERYH��WKH�IROORZLQJ�,6) �DIILOLDWHV�DOVR�VXFFHVVIXOO\
VHFXUHG�H[ WHUQDO�IXQGLQJ�IRU�YDULRXV�SURMHFWV�
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,6) �DIILOLDWHV�DFKLHYHG�VLJQLILFDQW�P LOHVWRQHV�WKLV�VSULQJ��GHP RQVWUDWLQJ�RXU�VKDUHG
FRP P LWP HQW�WR�DGYDQFLQJ�VXVWDLQDELOLW\ �WKURXJK�UHVHDUFK��FROODERUDWLRQ��DQG�LQQRYDWLRQ�
7KHLU�ZRUN�VWUHQJWKHQV�WKH�,6) �FRP P XQLW\��HOHYDWHV�3XUGXHpV�OHDGHUVKLS�LQ�VXVWDLQDELOLW\
VFLHQFH��DQG�GULYHV�P HDQLQJIXO�LP SDFW�DFURVV�FDP SXV�DQG�EH\ RQG��: H�ORRN�IRUZDUG�WR
VHHLQJ�WKH�FRQWLQXHG�P RP HQWXP �RI�WKHLU�ZRUN�

3HWHU�%HUP HO��( &( ����8QLYHUVLW\ �) DFXOW\ �6FKRODU
; LP HQD�%HUQDO��%,2/ ����7HDFKLQJ�$FDGHP\ �) HOORZ
+XD�&DL��,( � 6( ( ����8QLYHUVLW\ �) DFXOW\ �6FKRODU
$QGUHZ�' H: RRG\ ��) 15����,QDXJXUDO�) 15�&RQVHUYDWLRQ�6FKRODU
$ELJDLO�( QJHOEHUWK��$%( ����7HDFKLQJ�$FDGHP\ �) HOORZ
6RQJOLQ�)HL��) 15����� � � � �+HUEHUW�1HZE\ �0 F&R\ �$ZDUG
%URFN�+DUSXU��( 170 ����&ROOHJH�RI�$JULFXOWXUH�( DUO\ �&DUHHU�5HVHDUFK
&RP P HUFLDOL] DWLRQ�$ZDUG
,QH] �+XD��&&( � 6( ( ����&ROOHJH�RI�( QJLQHHULQJ�� � � � �' HDQ�+�7��<DQJ�/HDGHUVKLS�LQ
6HUYLFH
-LQJMLQJ�/ LDQJ��) 15����$SSRLQWHG�* OREDO�) RUHVW�,QIRUP DWLFV�) HOORZ
$P\ �0 DUFRQQHW��0 ( ����8QLYHUVLW\ �) DFXOW\ �6FKRODU
3DUWKD�0 XNKHUMHH��0 ( ����&ROOHJH�RI�( QJLQHHULQJ�� � � � �) DFXOW\ �DQG�/ HFWXUHU
( [ FHOOHQFH�$ZDUG��* UDGXDWH�6WXGHQW�0 HQWRUVKLS
* XDUDY�1DQGD��6R( 7����3XUGXH�3RO\ WHFKQLF�( [ FHSWLRQDO�( DUO\ �&DUHHU�IRU
2XWVWDQGLQJ�8QGHUJUDGXDWH�7HDFKLQJ�1RP LQHH
%U\DQ�3LMDQRZVNL��) 15����3XUGXH�&ROOHJH�RI�$JULFXOWXUHpV�� � � � �/ RZHOO�6��+DUGLQ
$ZDUG�IRU�( [ FHOOHQFH�LQ�,QWHUQDWLRQDO�$JULFXOWXUH
7DZILT�6DOHP ��$&&����3XUGXH�3RO\ WHFKQLF�2XWVWDQGLQJ�) DFXOW\ �LQ�/ HDUQLQJ
$QGUHZ�: KHOWRQ��&&( � 6( ( ����&ROOHJH�RI�( QJLQHHULQJ�� � � � �) DFXOW\ �DQG�/ HFWXUHU
( [ FHOOHQFH�$ZDUG��( QJDJHP HQW
&ROOHJH�RI�$JULFXOWXUH�' LVWLQJXLVKHG�6FKRODUV��&LWDWLRQV�DGGHG�LQ�� � � � ���&DWK\ �$LP H
�%71<���%UXFH�+DP DNHU��) 6���7RP �+HUWHO��$* ( &���1DWDOLD�' XGDUHYD��%&+0 � +/ $��
%HUQLH�( QJHO��$%( ���/ XL] �%ULWR��$16&���-LQJMLQJ�/LDQJ��) 15���0 R�=KRX��) 15���7UH\
0 DORQH��$* ( &���%UDG\ �+DUGLP DQ��) 15���<LFKDR�5XL��$* 5<���+DOLV�6LP VHN��$%( ���-DNH
+RVHQ��) 15���5RODQG�: LOKHOP ��$* 5<�
&ROOHJH�RI�( QJLQHHULQJ��2XWVWDQGLQJ�7HDFKHUV���5DNHVK�$JUDZDO��&+( ���( UQHVW
%ODWFKOH\ ��&&( ���%UDQGRQ�%RRU��&&( ���0 LFKDHO�/ DGLVFK��$%( ���+HDWKHU�/LGGHOO��0 ( ��
0 LULDQ�9HOD\ �/ L] DQFRV��&&( ���&DUORV�0 DUWLQH] ��0 6( ���9HQNDWHVK�0 HUZDGH��&&( ��
/ LQGVH\ �3D\ QH�+DXJHQ��6( ( ���6LYDUDQMDQL�6HHWKDUDP DQ��,( ���6KZHWD�6LJQK��$%( ��
+DL\DQ�: DQJ��0 6( ���=LUDQ�: DQJ��&&( ���<XHKZHUQ�<LK��,( ���' DYLGH�=LYLDQL��0 ( �

,17( 51$/ �$: $5' 6
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; LP HQD�%HUQDO��%,2/ ����$P HULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHP HQW�RI�6FLHQFH
�$$$6� �) HOORZ
' HQL] �%HVLNWHSH��&0 7����%HVW�-RXUQDO�3DSHU�RI�� � � � �LQ�WKH�,QWHUQDWLRQDO�-RXUQDO�RI
&RQVWUXFWLRQ�( GXFDWLRQ�DQG�5HVHDUFK
6\ OYLH�%URXGHU��$* 5<����� � � � �6RLO�6FLHQFH�6RFLHW\ �RI�$P HULFD�) HOORZ��666$� �	
$P HULFDQ�6RFLHW\ �RI�$JURQRP\ �� $6$� �' LVWLQJXLVKHG�6HUYLFH�$ZDUG
,JQDFLR�&LDP SLWWL��$* 5<������ � � � �&URS�6FLHQFH�6RFLHW\ �RI�$P HULFD�) HOORZ��&66$�
* HELVD�( MHWD��$* 5<����1DWLRQDO�,QYHQWRUV�+DOO�RI�) DP H�&ODVV�RI�� � � �
<LZHL�+XDQJ��+/ $����%HVW�HDUO\ �FDUHHU�E\ �WKH�1DWLRQDO�7HDFKLQJ�$ZDUGV�IRU�) RRG
DQG�$JULFXOWXUDO�6FLHQFHV
%U\ DQ�3LMDQRZVNL��) 15����� � � � �,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�/ DQGVFDSH�( FRORJ\ �
1RUWK�$P HULFD�� ,$/ ( �1$� �' LVWLQJXLVKHG�/ DQGVFDSH�( FRORJLVW�$ZDUG
$P LVKD�6KDK��&&( � 6( ( ����� � � � �$&6�( 195�' LRQ\ VLRV�' LRQ\ VLRX�( VWDEOLVKHG
,QYHVWLJDWRU�$ZDUGHH
5RQ�7XUFR��$* 5<����� � � � �6RLO�6FLHQFH�6RFLHW\ �RI�$P HULFD�) HOORZ��666$�
/ LVD�: HOS��( $36����: HOS�DQG�6&,/ / $�7HDP �UHFRJQL] HG�IRU�( [ FHOOHQFH
=KL�* HRUJH�=KRX��&&( � 6( ( ����) HOORZ�RI�WKH�$P HULFDQ�6RFLHW\ �RI�&LYLO�( QJLQHHUV
�$6&( � �	 �$P HULFDQ�$FDGHP \ �RI�( QYLURQP HQWDO�( QJLQHHUV�	 �6FLHQWLVWV��$$( ( 6�
� � � � �( [ FHOOHQFH�LQ�( QYLURQP HQWDO�( QJLQHHULQJ�DQG�6FLHQFH�$ZDUGV�FRP SHWLWLRQ
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,6) �DIILOLDWHV�HDUQHG�VHYHUDO�SDWHQWV�WKLV�VSULQJ��VKRZFDVLQJ�WKH�FXULRVLW\ ��ULJRU��DQG
SUREOHP �VROYLQJ�VSLULW�WKDW�GHILQH�RXU�FRP P XQLW\ �DQG�VWUHQJWKHQ�3XUGXHpV�UHVHDUFK
HQWHUSULVH��( DFK�SDWHQW�UHSUHVHQWV�D�VWUDWHJLF�P LOHVWRQH�DQG�SURSHOV�WKH�IXWXUH�RI
VXVWDLQDELOLW\ �GULYHQ�GLVFRYHU\ �DW�3XUGXH�

5DNHVK�$JUDZDO��&+( ����6ROYHQW�6\ VWHP �IRU�6ROXWLRQ�3URFHVVLQJ�RI�6HOHQLGH�) LOP V
-HIIUH\ �' LFN��&+0 ����( OHFWURFKHP LVWU\ �RI�' \ QDP LFDOO\ �' LVVROYLQJ�' URSOHWV
. OHLQ�,OHOHML��$%( ����&URS�0 RLVWXUH�0 HWHU�1HWZRUNHG�WR�6P DUWSKRQHV
-LDQ�-LQ��$%( ����$XWRQRP RXV�3KHQRW\ SH�,P DJLQJ�6\ VWHP
7LDQ�/ L��0 ( ����+LJK�5HVROXWLRQ�0 LFURIOXLGLF�&KDQQHO�) DEULFDWLRQ�9LD�&R�3KDVH�) ORZ
( QDEOHG�$GGLWLYH�0 DQXIDFWXULQJ
$QGUHD�/ LFHDJD��) 6����,P SURYHG�( [ WUDFWLRQ�0 HWKRG�IRU�6HSDUDWLRQ�RI�0 XFLODJH
IURP �&KLD�6HHGV
%\ URQ�3LSHV��0 6( ����' HYHORSLQJ�&HUDP LF�0 DWUL[ �&RP SRVLWHV�8VLQJ�$GGLWLYHO\
0 DQXIDFWXUHG�) LEHU�5HLQIRUFHG�3RO\ P HUV
+DL\ DQ�: DQJ��0 6( ����0 HWKRG�RI�) DEULFDWLQJ�0 HWDO�1LWULGH�9HUWLFDOO\ �$OLJQHG
1DQRFRP SRVLWHV
1LHQ�+ZD�/ LQGD�: DQJ��&+( ����&RQYHUWLQJ�0 L[ HG�3ODVWLF�: DVWH�WR�/ LTXLG
7UDQVSRUWDWLRQ�) XHOV�	 �7ZR�=RQH�/ LJDQG�$VVLVWHG�' LVSODFHP HQW�&KURP DWRJUDSK\
0 HWKRG�IRU�WKH�3XULILFDWLRQ�RI�5DUH�( DUWK�0 HWDOV�IURP �: DVWH�0 DJQHWV

( ; 7( 51$/ �$: $5' 6



* UHDW�LGHDV�DQG�P HDQLQJIXO�LP SDFW�EHJLQ�ZLWK�VWURQJ�SDUWQHUVKLSV��: H�HQFRXUDJH�3XUGXH
UHVHDUFKHUV��LQGXVWU\ �SDUWQHUV��SROLF\ P DNHUV��DQG�VWDNHKROGHUV�IURP �DFURVV�VHFWRUV�WR
FRQQHFW�ZLWK�,6) �DQG�GLVFRYHU�QHZ�RSSRUWXQLWLHV�IRU�FROODERUDWLRQ�

( 0 $,/

LVI# SXUGXH�HGX

0 DUJDUHW�* LWDX��' LUHFWRU
P JLWDX# SXUGXH�HGX

/ \ QQH�' DKP HQ��6HQLRU�0 DQDJLQJ�' LUHFWRU
OGDKP HQ# SXUGXH�HGX

LVI�UHVHDUFK�SXUGXH�HGX

� � � � �0 LWFK�' DQLHOV�%OYG��6XLWH�� � �
: HVW�/ DID\ HWWH��,1�� � � � �

0 DUJDUHW�* LWDX
' LUHFWRU

/ \ QQH�' DKP HQ
6HQLRU�0 DQDJLQJ�
' LUHFWRU

7DUD�* UHHQH
6HQLRU�2SHUDWLRQV�
$GP LQLVWUDWRU

����

,6) �DIILOLDWHV�DGYDQFHG�EROG�LGHDV�WKLV�VHP HVWHU��HDUQLQJ�DZDUGV�
SDWHQWV��SXEOLFDWLRQV��DQG�UHVHDUFK�JUDQWV�WKDW�VWUHQJWKHQ�3XUGXHpV
OHDGHUVKLS�LQ�VXVWDLQDELOLW\ �VFLHQFH��7KHLU�DFKLHYHP HQWV�UHIOHFW�D
FRP P XQLW\ �SXVKLQJ�WKH�ERXQGDULHV�RI�GLVFRYHU\ �DQG�VKDSLQJ�WKH
FRQYHUVDWLRQV�WKDW�ZLOO�GHILQH�WKH�IXWXUH�RI�UHVLOLHQW��VXVWDLQDEOH
V\ VWHP V��

: H�ORRN�IRUZDUG�WR�EXLOGLQJ�RQ�WKLV�P RP HQWXP �DQG�VXSSRUWLQJ�WKH�QH[ W
ZDYH�RI�LQQRYDWLYH�UHVHDUFK�DQG�FROODERUDWLYH�LP SDFW�LQ�WKH�IXWXUH�

/ 22. ,1*
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