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' LUHFWRUpV�OHWWHU �

�2XU�FDOOLQJ��6HWWLQJ�WKH�EDU

) RXQGDWLRQ�IRU�,P SDFW �

0 0 5/ �0 LVVLRQ�6WDWHP HQW �

+LJKOLJKWV�	 �0 LOHVWRQHV �

%ULQJLQJ�SHRSOH�WRJHWKHU � �

' HYHORSP HQW�	 �' HOLYHU\ �RI�DGYDQFHG�
$SSOLHG�	 �$FFHVVLEOH�,QIUDVWUXFWXUH � �

,QQRYDWLRQ�DQG�6WXGHQW�
( QJDJHP HQW � �

5HVHDUFK�) XQGLQJ�
DQG�&ROODERUDWLRQ � �

( YHQWV�DQG�3DUWQHUVKLSV � �

&RP P XQLW\ �RI�3DUWQHUV��&ROODERUDWLRQV�
	 �6SRQVRUV � �

* OREDO�( QJDJHP HQW�
DQG�9LVLELOLW\ � �

0 0 5/ �� �� ��
5DLVLQJ�WKH�%DU � �



,W�LV�P \ �SULYLOHJH�WR�VKDUH�WKH�LQDXJXUDO�5HSRUW�RI�WKH�0 DQXIDFWXULQJ�DQG�0 DWHULDOV
5HVHDUFK�/ DERUDWRULHV��0 0 5/ ���( VWDEOLVKHG�LQ�)DOO�� � � � ��0 0 5/ �ZDV�FUHDWHG�DW�D�SLYRWDO
P RP HQW�IRU�3XUGXH�DQG�IRU�WKH�QDWLRQ��ZKHQ�$P HULFDpV�UHVLOLHQFH�WKURXJK�VWUHQJWK�LQ
DGYDQFHG�P DQXIDFWXULQJ�LV�P RUH�YLWDO�WKDQ�HYHU�WR�HFRQRP LF�FRP SHWLWLYHQHVV��VHFXULW\�
DQG�WHFKQRORJLFDO�OHDGHUVKLS��RQ�( DUWK�DQG�LQ�VSDFH�

%RUQ�IURP �3XUGXHpV�H; FHOOHQFH�LQ�0 DQXIDFWXULQJ�DQG�2SHUDWLRQV��; 0 2��LQLWLDWLYH��0 0 5/
H[ WHQGV�WKH�8QLYHUVLW\ pV�ORQJ�WUDGLWLRQ�RI�VKDUHG��ZRUOG�FODVV�UHVHDUFK�HQYLURQP HQWV�VXFK
DV�=XFURZ��+HUULFN��DQG�%LUFN��2XU�P LVVLRQ�LV�EROG�DQG�FOHDU��WR�HQDEOH�GLVFRYHU\�
DFFHOHUDWH�LQQRYDWLRQ��DGYDQFH�DSSOLHG�DQG�WUDQVODWLRQDO�UHVHDUFK��DQG�HGXFDWH�WKH�QH[ W
JHQHUDWLRQ�RI�P DQXIDFWXULQJ�OHDGHUV�

* XLGHG�E\ �RXU�IRXQGDWLRQDO�SLOODUV��3HRSOH��3ODFH��3URFHVVHV��DQG�3URGXFWV��0 0 5/ �LV
EXLOGLQJ�DQ�HFRV\ VWHP �ZKHUH�WDOHQW��WHFKQRORJ\��DQG�SXUSRVH�FRP H�WRJHWKHU��: H�DUH
FXOWLYDWLQJ�D�GLYHUVH�FRP P XQLW\ �RI�UHVHDUFKHUV�DQG�OHDUQHUV��LQYHVWLQJ�LQ�D�� � �� � � �
VTXDUH�IRRW�FROODERUDWLYH�ODERUDWRU\��DQG�HVWDEOLVKLQJ�RSHUDWLRQDO�P RGHOV�WKDW�HOHYDWH
FUHDWLYLW\��VDIHW\��LQFOXVLRQ��DQG�LP SDFW��7KHVH�HIIRUWV�DUH�URRWHG�LQ�WKH�&RQYHUJHQW
0 DQXIDFWXULQJ�WKHVLV��ZKHUH�P XOWL�P DWHULDO�DQG�P XOWL�SURFHVV�LQQRYDWLRQ�P HHWV�F\ EHU�
SK\ VLFDO�V\ VWHP V��URERWLFV��GDWD��DQG�KXP DQ�FHQWHUHG�$,�WR�XQORFN�SUHFLVLRQ��DJLOLW\�
VXVWDLQDELOLW\��DQG�UHVLOLHQFH�DW�VFDOH�

: LWK�,QGLDQD�DV�RQH�RI�WKH�QDWLRQpV�VWURQJHVW�P DQXIDFWXULQJ�HFRQRP LHV��DQG�3XUGXH�DW
LWV�FHQWHU��0 0 5/ �HP EUDFHV�LWV�UHVSRQVLELOLW\ �WR�OHDG��7KURXJK�VWUDWHJLF�SDUWQHUVKLSV�ZLWK
LQGXVWU\ �DQG�JRYHUQP HQW��ZH�DUH�HQVXULQJ�WKDW�QHZ�NQRZOHGJH��WHFKQRORJLHV��VWDUWXSV�
DQG�ZRUNIRUFH�SLSHOLQHV�P RYH�VZLIWO\ �IURP �WKH�ODE�LQWR�SUDFWLFH�WR�VWUHQJWKHQ�$P HULFDQ
P DQXIDFWXULQJ�

7KLV�LQDXJXUDO�UHSRUW�P DUNV�WKH�EHJLQQLQJ�RI�D�WUDQVIRUP DWLYH�MRXUQH\��DQG�WKH�0 0 5/
FRP P XQLW\ �LV�JUDWHIXO�WR�HYHU\ RQH�KHOSLQJ�VKDSH�LW�

6SHFLDO�JUDWLWXGH�WR�3UHVLGHQW�&KLDQJ��' HDQ�5DP DQ��3URI��* UROO��+HDG�RI�WKH�6FKRRO�RI
0 HFKDQLFDO�( QJLQHHULQJ��3URI��-DP HV�. URJP HLHU��$VVRFLDWH�' HDQ�IRU�) DFLOLWLHV�	 �3ODQQLQJ�
&ROOHJH�RI�( QJLQHHULQJ��UHODWHG�+HDGV�RI�WKH�XQLWV��DQG�DOO�RI�WKHLU�UHVSHFWLYH�OHDGHUVKLS
WHDP �P HP EHUV�IRU�WKHLU�H[ WUDRUGLQDU\ �VXSSRUW�IRU�WKH�IRXQGLQJ�0 0 5/ �
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0 0 5/ �ZDV�IRXQGHG�ZLWK�WKH
UHVROXWLRQ�WKDW�P DQXIDFWXULQJ�LV
QRW�MXVW�DQ�LQGXVWU\ �EXW�D�VWUDWHJLF
DVVHW�IRU�WKH�QDWLRQ��$W�WKH
0 DQXIDFWXULQJ�DQG�0 DWHULDOV
5HVHDUFK�/ DERUDWRULHV��0 0 5/ ��
RXU�FDOOLQJ�LV�JURXQGHG�LQ�D�VLP SOH
EXW�DP ELWLRXV�SXUSRVH��WR
DFFHOHUDWH�WKH�IXWXUH�RI
P DQXIDFWXULQJ�WKURXJK�LQQRYDWLRQ�
FROODERUDWLRQ��DQG�HGXFDWLRQ��$V�D
QHZO\ �HVWDEOLVKHG�VKDUHG�XVH
ODERUDWRU\ ��ZH�DUH�EXLOGLQJ�WKH
IRXQGDWLRQV�WKDW�ZLOO�DOORZ�0 0 5/
WR�WKULYH�IRU�GHFDGHV��IRXQGDWLRQV
WKDW�LQFOXGH�VXVWDLQDEOH�UHYHQXH
VWUHDP V��VWURQJ�RSHUDWLRQDO
IUDP HZRUNV��DQG�WKH�DELOLW\ �WR
VXSSRUW�IDFXOW\ ��NH\ �WHFKQLFDO�DQG
DGP LQLVWUDWLYH�VWDII��VWXGHQWV��DQG
FROODERUDWRUV�ZKR�P DNH�GDLO\
H[ FHOOHQFH�SRVVLEOH�

2XU�P LVVLRQ�H[ WHQGV�ZHOO�EH\ RQG
EDVLF�UHVHDUFK��3XUGXH�KDV�ORQJ
EHHQ�NQRZQ�IRU�SURGXFLQJ�ZRUOG�
FODVV�HQJLQHHULQJ�WDOHQW��DQG
0 0 5/ �LV�H[ SDQGLQJ�WKDW�OHJDF\ �E\
VKDSLQJ�WKH�QH[ W�JHQHUDWLRQ�RI
P DQXIDFWXULQJ�SUDFWLWLRQHUV�DQG
OHDGHUV��: H�DUH�GHYHORSLQJ
ODERUDWRULHV�IRU�WUDQVODWLRQDO
UHVHDUFK�DQG�SURWRW\ SLQJ�
LQWHUGLVFLSOLQDU\ �SURIHVVLRQDO�DQG
LQGXVWULDO�HGXFDWLRQ�SDWKZD\ V�
H[ HFXWLYH�HGXFDWLRQ�SURJUDP V�
DQG�XQGHUJUDGXDWH�HGXFDWLRQ�DQG
FHUWLILFDWHV�WKDW�WLJKWO\ �LQWHJUDWH
WKHRU\ �ZLWK�KDQGV�RQ�SUDFWLFH�
7KHVH�SURJUDP V�ZLOO�FXOWLYDWH
SURIHVVLRQDOV�ZKR�FDQ�EULGJH
GHVLJQ��P DWHULDOV��P DQXIDFWXULQJ
SURFHVVHV��DXWRP DWLRQ��GDWD�
$,� 0 / ��DQG�KXP DQ�FHQWHUHG
LQQRYDWLRQ��VNLOOV�GHP DQGHG�E\
P RGHUQ�P DQXIDFWXULQJ�DQG
QDWLRQDO�FRP SHWLWLYHQHVV��



&ROODERUDWLRQ�LV�WKH�HQJLQH�WKDW

GULYHV�RXU�ZRUN��0 0 5/ �FRQWLQXHV

WR�GHHSHQ�SDUWQHUVKLSV�ZLWK

FRP SDQLHV��IHGHUDO�DJHQFLHV�

DFDGHP LD��SURIHVVLRQDO�VRFLHWLHV�

DQG�IRXQGDWLRQV�DW�UHJLRQDO�

QDWLRQDO��DQG�JOREDO�VFDOHV��%\

ZRUNLQJ�DORQJVLGH�SUDFWLWLRQHUV

DQG�GHFLVLRQ�P DNHUV��ZH

DFFHOHUDWH�WHFKQRORJ\

7KURXJK�WKLV�LQWHJUDWLRQ�RI

HGXFDWLRQ��IXQGDP HQWDO�DQG

WUDQVODWLRQDO�UHVHDUFK��DQG�UHDO�

ZRUOG�HQJDJHP HQW��0 0 5/ �DLP V�WR

VHUYH�DV�DQ�LQQRYDWLRQ�DQG

WUDLQLQJ�JURXQG�IRU�WKH�ZRUNIRUFH

DQG�OHDGHUVKLS�SLSHOLQHV�WKDW

LQGXVWU\ �DQG�JRYHUQP HQW�XUJHQWO\

QHHG�

�2XU�FRP P LWP HQW�WR�D

FROODERUDWLYH�FXOWXUH�DOVR�H[ WHQGV

LQZDUG��ZH�DUH�FXOWLYDWLQJ�D

YLEUDQW��LQFOXVLYH�UHVHDUFK

HQYLURQP HQW�WKDW�DWWUDFWV�ZRUOG�

FODVV�IDFXOW\ ��UHVHDUFK�VWDII�

JUDGXDWH�DQG�XQGHUJUDGXDWH

VWXGHQWV��DQG�SRVWGRFWRUDO

VFKRODUV�WR�WKH�3XUGXH�&ROOHJH�RI

( QJLQHHULQJ�

/ RRNLQJ�DKHDG��0 0 5/ �LV

SRVLWLRQLQJ�LWVHOI�DV�D�WKRXJKW

OHDGHU�DQG�FRP SHWLQJ�IRU�ODUJH�

VFDOH�IHGHUDO�UHVHDUFK�LQLWLDWLYHV

DQG�WR�H[ SDQG�VSRQVRUHG

SURJUDP V�LQ�DGYDQFHG

P DQXIDFWXULQJ��P DWHULDOV��DQG

F\ EHU�SK\ VLFDO�V\ VWHP V��7KHVH

RSSRUWXQLWLHV�ZLOO�VWUHQJWKHQ

3XUGXHpV�UROH�DV�D�QDWLRQDO�OHDGHU

ZKLOH�HQVXULQJ�WKDW�QHZ

WHFKQRORJLHV��LQQRYDWLRQV��DQG

ZRUNIRUFH�SLSHOLQHV�GLUHFWO\

VXSSRUW�$P HULFDpV�FRP P HUFLDO�DQG

GHIHQVH�UHVLOLHQFH�IRU�VRFLDO

LP SDFW�

FRP P HUFLDOL] DWLRQ��H[ SDQG

3XUGXHpV�LQWHOOHFWXDO�SURSHUW\

SRUWIROLR��DQG�UHGXFH�WKH�WLP H

IURP �GLVFRYHU\ �WR�GHSOR\ P HQW�

�A�A�F�@���'
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7R�EXLOG�WKH�IRXQGDWLRQ�IRU�ODVWLQJ

LP SDFW��WKH�0 0 5/ �LV�IRFXVHG�RQ

IRXU�NH\ �SLOODUV��3HRSOH��3ODFH�

3URFHVV��DQG�3URGXFWV��HDFK

HVVHQWLDO�WR�RXU�JURZWK�DQG�ORQJ�

WHUP �VXFFHVV�
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: H�DUH�DFWLYHO\ �VWDIILQJ�WKH

RUJDQL] DWLRQ��GHYHORSLQJ�WHFKQLFDO

DQG�OHDGHUVKLS�WDOHQW��DQG

SUHSDULQJ�IRU�IXWXUH�H[ SDQVLRQ�

( TXDOO\ �LP SRUWDQW�LV�FXOWLYDWLQJ�D

VWURQJ�0 0 5/ �FRP P XQLW\ �RI

IDFXOW\ ��VWXGHQWV��DQG�VWDII��RQH

WKDW�IRVWHUV�FROODERUDWLRQ�

P HQWRUVKLS��DQG�VKDUHG�SXUSRVH

DFURVV�GLVFLSOLQHV��%\ �LQYHVWLQJ�LQ

SHRSOH��ZH�VWUHQJWKHQ�WKH�HQJLQH

WKDW�GULYHV�LQQRYDWLRQ�

IRU�FRQYHUJHQFH��FROODERUDWLRQ�

DQG�UDSLG�H[ SHULP HQWDWLRQ��7KLV

VSDFH�EULQJV�WRJHWKHU�GHVLJQ�

LQWHJUDWHG�P DQXIDFWXULQJ�ZLWK

P XOWL�P DWHULDOV��URERWLFV��SUHFLVLRQ

LQVWUXP HQWDWLRQ��LQFOXGLQJ

P HWURORJ\ ��F\ EHU�SK\ VLFDO�V\ VWHP V�

DQG�DSSOLHG�UHVHDUFK�FDSDELOLWLHV

XQGHU�RQH�URRI��2XU�YLVLRQ�IRU

3ODFH�H[ WHQGV�EH\ RQG�IDFLOLWLHV�

: H�DUH�FUHDWLQJ�DQ�DFFHVVLEOH�

ZHOFRP LQJ�KXE�VHUYLQJ�,QGLDQD

DQG�WKH�QDWLRQ��ZKHUH�IDFXOW\ �

VWXGHQWV��LQGXVWU\ �SDUWQHUV��DQG

JRYHUQP HQW�FROODERUDWRUV�FDQ

ZRUN�VLGH�E\ �VLGH��%\ �VKDSLQJ�DQ

HQYLURQP HQW�WKDW�VSDUNV�FUHDWLYLW\ �

HQVXUHV�VDIHW\ ��DQG�VXSSRUWV�KLJK�

YHORFLW\ �LQQRYDWLRQ�

: H�DUH�EXLOGLQJ�D�VWDWH�RI�WKH�DUW�

� � �� � � �VTXDUH�IRRW�VKDUHG

ODERUDWRU\ �HQYLURQP HQW�GHVLJQHG



: H�DUH�RSHUDWLRQDOL] LQJ�0 0 5/ �E\

GHYHORSLQJ�VWDQGDUGL] HG

SURFHGXUHV��GLJLWDO�V\ VWHP V��DQG

JRYHUQDQFH�IUDP HZRUNV�WR�SUHSDUH

XV�WR�RSHQ�WR�DOO�DFURVV�3XUGXH�

WKH�VWDWH��DQG�WKH�QDWLRQ�DV�D

UHFKDUJH�FHQWHU��7KHVH�SURFHVVHV

HQVXUH�ZH�FDQ�VXSSRUW�UHVHDUFK

DQG�HGXFDWLRQ�HIIHFWLYHO\ �ZKLOH

H[ WHQGLQJ�RXWUHDFK�WR�LQGXVWU\ �

SURIHVVLRQDO�VRFLHWLHV��UHVHDUFK

IRXQGDWLRQV��DQG�VWUDWHJLF

SDUWQHUV��&OHDU�DQG�FRQVLVWHQW

SURFHVVHV�HQDEOH�XV�WR�VFDOH

LP SDFW�ZLWKRXW�FRP SURP LVLQJ

FUHDWLYLW\ ��TXDOLW\ ��RU�VDIHW\ �
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0 0 5/ � SURYLGHV� WKH� SK\ VLFDO� DQG

FXOWXUDO� IRXQGDWLRQ� QHFHVVDU\ � IRU

EUHDNWKURXJKV� WR� IORXULVK� DW� VFDOH

IRU� FRP P HUFH� DQG� GHIHQVH�� RQ

( DUWK�DQG�LQ�VSDFH�

: H�DUH�GHYHORSLQJ�WRROV�

WHFKQRORJLHV��DQG�UHVHDUFK�DVVHWV

WKDW�ZLOO�DWWUDFW�WRS�WDOHQW�DQG�QHZ

RSSRUWXQLWLHV�WR�3XUGXH��ZKLOH

VHUYLQJ�WKH�QDWLRQ��7KHVH

LQQRYDWLRQV�H[ SDQG�0 0 5/ pV

FDSDELOLWLHV�DQG�UHLQIRUFH�3XUGXHpV

UROH�DV�D�QDWLRQDO�OHDGHU�LQ

DGYDQFHG�P DQXIDFWXULQJ�IRU

UHVLOLHQFH��) URP �QRYHO�GHVLJQ�

P DWHULDOV��DQG�P DQXIDFWXULQJ

P HWKRGV�WR�LQGXVWULHV��VWDUW�XSV�

VP DOO��P LG��DQG�ODUJH���SURWRW\ SHV�

DQG�ZRUNIRUFH�DQG�WKRXJKW�OHDGHU

SLSHOLQHV��WKH�3URGXFWV�SLOODU

UHSUHVHQWV�WKH�WDQJLEOH�RXWFRP HV

RI�RXU�P LVVLRQ�
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,P SDFWLQJ�TXDOLW\ �RI�OLIH

WKURXJK�H[ FHOOHQFH�LQ

P DQXIDFWXULQJ�

,QWHJUDWHG�VFKRODUVKLS�

IHOORZVKLS��DQG

OHDGHUVKLS�DW�WKH

LQWHUVHFWLRQV�RI

P DQXIDFWXULQJ�

P DWHULDOV��DQG�GHVLJQ�

,Q�WKH�SXUVXLW�RI

EHFRP LQJ�WKH�P RVW

FRQVHTXHQWLDO

P DQXIDFWXULQJ�SURJUDP �
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6LQFH�LWV�LQFHSWLRQ�LQ�) DOO�� � � � �

WKH�0 DQXIDFWXULQJ�DQG�0 DWHULDOV

5HVHDUFK�/ DERUDWRULHV��0 0 5/ �

KDV�DGYDQFHG�UDSLGO\ �WRZDUG�LWV

P LVVLRQ�RI�HQDEOLQJ�FRQYHUJHQW

P DQXIDFWXULQJ�UHVHDUFK�

LQQRYDWLRQ��DQG�ZRUNIRUFH

GHYHORSP HQW��,Q�� � � � t � � ��0 0 5/

FRQWLQXHG�WR�H[ SDQG�LWV

FRP P XQLW\ ��VWUHQJWKHQ�UHVHDUFK

FDSDELOLWLHV��DQG�OD\ �WKH

JURXQGZRUN�IRU�ORQJ�WHUP

VXVWDLQDELOLW\ ��

7KH�RUJDQL] DWLRQ�QRZ�LQFOXGHV�� �

IDFXOW\ ��FRUH�DQG�DIILOLDWHV����

SURIHVVLRQDO�VWDII��FRUH�DQG

SURMHFWV���DQG�P RUH�WKDQ�� �

JUDGXDWH�VWXGHQWV��ZLWK�YDULRXV

SURJUDP V�WKDW�KDYH�DOUHDG\

LP SDFWHG�RYHU�� � � �XQGHUJUDGXDWH

VWXGHQWV�

&RQWLQXHG�JURZWK�LV

SURMHFWHG�WKURXJK�� � � � �



0 0 5/ �KDV�WZR�RSHUDWLRQDO

ODERUDWRULHV�DFURVV�,�� � ��WKH�KDUG

WHFK�FRUULGRU��EHWZHHQ�3XUGXH�LQ�

,QGLDQDSROLV�DQG�3XUGXH�LQ�: HVW

/ DID\ HWWH�

7KHVH�WZR�FRQQHFWHG�ORFDWLRQV�DUH

IXQFWLRQDO�DQG�JURZ�ZLWK�WKH

LQWHJUDWLRQ�RI�D�FRP P RQ�SXUSRVH

GULYHQ�E\ �IDFXOW\ ��VWDII��VWXGHQWV�

DQG�VWDWH�RI�WKH�DUW�IDFLOLWLHV�
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$V�D�UHVXOW�RI�WKH�DFWLRQV�RI�WKH

SDVW�ILYH�\ HDUV��WKH�0 DQXIDFWXULQJ

DQG�0 DWHULDOV�5HVHDUFK

/ DERUDWRULHV��0 0 5/ ��KDV�EHHQ

SXUSRVHIXOO\ �GHVLJQHG�DV�D

IDFXOW\ ���VWDII���DQG�VWXGHQW�

IRFXVHG�ODE�WKDW�YDOXHV�FUHDWLYLW\ �

FROODERUDWLRQ��DQG�FROOHJLDOLW\ �DV

FRUH�YDOXHV�

$V�D�VKDUHG�UHVRXUFH�IRU

UHVHDUFKHUV�IURP �WKH�6FKRROV�RI

0 HFKDQLFDO�( QJLQHHULQJ�

0 DWHULDOV�( QJLQHHULQJ��,QGXVWULDO

( QJLQHHULQJ��1XFOHDU�( QJLQHHULQJ�

DQG�&KHP LFDO�( QJLQHHULQJ�ZLWKLQ

3XUGXHpV�&ROOHJH�RI�( QJLQHHULQJ�

0 0 5/ �XQLWHV�GLYHUVH�H[ SHUWLVH�WR

DGGUHVV�FRP SOH[ �FKDOOHQJHV�LQ

P DQXIDFWXULQJ��P DWHULDOV��DQG

GHVLJQ��

: H�IRVWHU�DQ�HQYLURQP HQW�ZKHUH

LQGLYLGXDOV�IHHO�VXSSRUWHG�

HP SRZHUHG��DQG�HQFRXUDJHG�WR

H[ SORUH�QHZ�LGHDV��DQ�HQYLURQP HQW

ZKHUH�LQWHUGLVFLSOLQDU\ �WHDP V�

SDUWLFXODUO\ �\ RXQJHU�DQG�P LG�FDUHHU

IDFXOW\ ��FDQ�FRP H�WRJHWKHU�

LQQRYDWH��DQG�GHYHORS��






















