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7KH�DFDGHPLF�\HDU�����������PDUNV�DV�DQ�LPSRUWDQW�PLOH�VWRQH�LQ�WKH�ZRUOG
V�SURJUHVV�WRZDUGV
VXVWDLQDEOH�GHYHORSPHQW��)URP�WKH�FDOO�E\�WKH�8QLWHG�1DWLRQV�IRU�WKH�
GHFDGH�RI�DFWLRQ
�RQ
6XVWDLQDEOH�'HYHORSPHQW�*RDOV��6'*V��WR�WKH�YDULRXV�PRYHPHQWV�RQ�FOLPDWH�FKDQJH�DQG
FOLPDWH�DFWLRQ��WKLV�\HDU�KDV�HPEDUNHG�DQ�LPSRUWDQW�UROH�LQ�FUHDWLQJ�DZDUHQHVV�RQ�WKH�WRSLF�RI
VXVWDLQDELOLW\��7KLV�\HDU�KDV�DOVR�VHHQ�VRPH�VLJQLILFDQW�VWHSV�WDNHQ�E\�WKH�'HOIW�8QLYHUVLW\�RI
7HFKQRORJ\�WRZDUGV�FOLPDWH�DFWLRQ�DQG�VXVWDLQDELOLW\��7KHVH�VWHSV�LQFOXGH�WKH�H[SDQVLRQ�RI�WKH
ERDUG�RI�*UHHQ78�'HOIW��DSSRLQWPHQW�RI�0U�*HUULW�.DKOPDQ�DV�WKH�VXVWDLQDELOLW\�FRRUGLQDWRU��WKH
QHZ�&2��5RDGPDS�UHSRUW�E\�3URI�$QG\�YDQ�GHQ�'REEHOVWHHQ�DQG�PDQ\�QHZ�LQLWLDWLYHV�DQG
SURMHFWV�

7KH�FXUUHQW�UHSRUW�LV�DQ�DWWHPSW�PDGH�E\�*UHHQ78�WR�VKRZ�WKH�SURJUHVV�RI�WKH�XQLYHUVLW\
WRZDUGV�6'*V�DQG�WR�GUDZ�D�YLVLRQ�DQG�D�URDGPDS�WR�DFKLHYH�WKH�WDUJHWV��VHW�E\�78�'HOIW��7KHVH
JRDOV�LQFOXGH�FRQWULEXWLQJ�WR�6'*V�WKURXJK�HGXFDWLRQ�DQG�UHVHDUFK�DQG�EXLOGLQJ�D�FDPSXV
ZKLFK�LV�FDUERQ�QHXWUDO�DQG�FLUFXODU�E\�������7KH�UHSRUW�IRFXVHV�RQ�IRXU�PDLQ�SRUWIROLRV�ZKLFK
DUH�VXVWDLQDELOLW\�LQ�HGXFDWLRQ��UHVHDUFK��RSHUDWLRQV�DQG�VRFLDO�HQJDJHPHQW��7KH�UHSRUW�LV
LQWHQGHG�WR�VKRZ�YDULRXV�SRVVLELOLWLHV��WR�DFKLHYH�WKH�VXVWDLQDELOLW\�JRDOV�DQG�LW�GRHV�QRW�LPSO\
WKDW�78�'HOIW�FODLPV�RU�FRPPLWV�WR�WKHVH�LGHDV��7KH�ZRUN�LV�D�EDVHG�RQ�D�TXDQWLWDWLYH�UHVHDUFK
GHSHQGLQJ�RQ�WKH�DYDLODEOH�GDWD��LQWHUYLHZV��OLWHUDWXUH�UHYLHZ�DQG�H[SHULHQFHV�RI�WKH�DXWKRUV
DQG�RWKHU�VWDNHKROGHUV�RI�WKH�XQLYHUVLW\��

Δ�ZRXOG�OLNH�WKDQN�0U�*HUULW�.DKOPDQ�IRU�FRPPLVVLRQLQJ�WKLV�UHSRUW�DQG�IRU�WKH�YDOXDEOH
VXJJHVWLRQV�GXULQJ�WKH�MRXUQH\�RI�PDNLQJ�WKLV�GRFXPHQW��$QG�Δ�DOVR�H[WHQG�P\�VLQFHUH�WKDQNV�WR
0U�*LOEHUW�'H�1LMV�IRU�WKH�VXSSRUW��VXJJHVWLRQV�DQG�WKH�LQWHUYLHZ��$�VSHFLDO�WKDQNV�WR�0V�/LVD
0DULH�7DOLD�IRU�WKH�WLPH�DQG�HIIRUW�LQ�EXLOGLQJ�WKH�VLPXODWLRQ�PRGHO��IRU�WKH�GLVFXVVLRQV�DQG
VXJJHVWLRQV�GXULQJ�WKH�FRXUVH�RI�WKH�UHSRUW��Δ�ZRXOG�DOVR�OLNH�WR�WKDQN�RXU�UHVHDUFK�WHDP
FRPSULVLQJ�RI�6DUDI��7KRPDV��$GDUVK�DQG�5XVKLO�IRU�WKHLU�FRQWULEXWLRQV��Δ�WKDQN�P\�FROOHDJXHV
0DULMQ��/DXUHQ��6DUDK�DQG�6KDULQD�IRU�WKHLU�VXJJHVWLRQV�DQG�KHOS�GXULQJ�WKH�PDNLQJ�RI�WKLV
GRFXPHQW��$QG�ILQDOO\��Δ�ZRXOG�OLNH�WR�WKDQN�-HVV\��1RD��7DPDU�DQG�:RXWHU�IURP�WKH�QHZ�ERDUG�RI
*UHHQ78�'HOIW���������IRU�WKH�VXSSRUW�LQ�FRPSOHWLQJ�WKLV�UHSRUW�

7KLV�UHSRUW�LV�D�ILUVW�DQG�KRQHVW�DWWHPSW�LQ�VKRZLQJ�ZKDW�78�'HOIW�LV�GRLQJ�ZLWK�UHVSHFW�WR
VXVWDLQDELOLW\�DQG�ZKDW�PRUH�FDQ�EH�GRQH�LQ�WKH�FRPLQJ�IXWXUH��0\�FROOHDJXHV�DQG�Δ�KDYH�WULHG�WR
NHHS�WKH�UHSRUW�IUHH�IURP�HUURUV��EXW�SOHDVH�IHHO�IUHH�WR�FRQWDFW�XV�LQ�FDVH�RI�DQ\�GLVFUHSDQFLHV�
7KH�UHSRUW�GRHV�KDYH�VRPH�DVVXPSWLRQV�PDGH�ZKLFK�DUH�ZHOO�VWDWHG�DQG�VXSSRUWHG�ZLWK
OLWHUDWXUH�ZKHUH�UHOLDEOH�GDWD�ZDV�QRW�IRXQG��Δ�VHH�WKLV�DV�D�ILUVW�JXLGLQJ�ERRN�IRU�WKH�IXWXUH
ERDUGV�RI�*UHHQ78�DQG�ZRXOG�OLNH�WR�SDVV�LW�RQ�WR�P\�VXFFHVVRUV�WR�FRQVWDQWO\�LPSURYH�LW�ZLWK
VXSSRUWLQJ�IHDVLELOLW\�VWXGLHV�DQG�ZLWK�PRUH�DFFXUDWH�DQG�UHOLDEOH�GDWD��7KLV�UHSRUW�LV�H[SHFWHG
WR�EH�D�OLYLQJ�GRFXPHQW�JHWWLQJ�EHWWHU�HYHU\�\HDU��7KH�PDNLQJ�RI�WKLV�UHSRUW�ZDV�JUHDW�OHDUQLQJ
H[SHULHQFH�IRU�DOO�WKH�LQYROYHG�PHPEHUV��:H�ZLOO�FKHULVK�WKLV�MRXUQH\�DQG�WKDQN�0U�*HUULW
.DKOPDQ�DQG�78�'HOIW�IRU�WKLV�RSSRUWXQLW\�

6XVKDQWK�$PDQDJDQWL
6HFUHWDU\��*UHHQ78�'HOIW�



�
'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\
FRQWULEXWHV�WR�D�EHWWHU��VXVWDLQDEOH
VRFLHW\��6KH�GRHV�WKLV�WKURXJK
(GXFDWLRQ�DQG�5HVHDUFK��EXW�DOVR�E\
VKRZLQJ�WKLV�LQ�KHU�RZQ�H[SHULHQFH
�SUDFWLFH�ZKDW�\RX�SUHDFK��
2EVHUYDWLRQV�E\�5DQGHUV���������YRQ
:HL]VDFNHU��������DQG�3RSH
)UDQFLVFXV��������VKRZ�GHYHORSPHQWV
ZLWK�UHJDUG�WR�SRSXODWLRQ�JURZWK�DQG
FRQVXPSWLRQ��HQHUJ\�JHQHUDWLRQ�DQG
&2��HPLVVLRQV��SUHGLFWLRQV�DERXW�IRRG
DQG�WKH�HFRORJLFDO�IRRWSULQW��DQG�DOVR
DERXW�WKH�QRQ�SK\VLFDO�IXWXUH��7KH
SUHVHQW�UHSRUW�VKRZV��IURP�WKH
SHUVSHFWLYH�RI�*UHHQ78��ZKDW�WKH
XQLYHUVLW\�LV�GRLQJ�LQ�WKH�ILHOG�RI
VXVWDLQDELOLW\�DQG�ZKDW�FRXOG�EH�GRQH�
$�QXPEHU�RI�FDVHV��VFHQDULRV�KDYH
EHHQ�GHYHORSHG�LQ�ZKLFK�WKH�GLUHFW
LPSDFW�RI�WKLV�LV�PDGH�YLVLEOH��Δ�DP
JUDWHIXO�WR�*UHHQ78�DQG�HVSHFLDOO\
6XVKDQWK�5HGG\�$PDQDJDQWL�IRU�WKH
WUHPHQGRXV�DPRXQW�RI�WLPH�DQG
HQHUJ\�WKH\�KDYH�SXW�LQWR�WKLV
ZRQGHUIXO�UHSRUW�



� � Ζ1752'8&7Ζ21
:LWK�WKH�8QLWHG�1DWLRQȇV�FDOO�IRU�WKH
'HFDGH�RI�$FWLRQ�WRZDUGV�DFKLHYLQJ
6XVWDLQDEOH�'HYHORSPHQW�*RDOV��DV�D
GXH�UHVSRQVLELOLW\��JRYHUQPHQWV�
SXEOLF�DQG�SULYDWH�LQVWLWXWLRQV�DQG
FRUSRUDWH�FRPSDQLHV�DUH�DOLJQLQJ
WKHPVHOYHV�WRZDUGV�UHDOLVLQJ�WKHVH
WDUJHWV��$PRQJ�WKH����JRDOV�VSHFLILHG
E\�WKH�81��WKH���WKbJRDO�IRU
DGGUHVVLQJ�WKH�FOLPDWH�DFWLRQ�KDV
EHHQ�JLYHQ�WKH�KLJKHVW�SULRULW\�
3UHVHQWO\��WKH�PRPHQWXP�IRU
VXVWDLQDELOLW\�DQG�FOLPDWH�DFWLRQ�LV�LQ
LWV�SHDN�DQG�LV�RQO\�H[SHFWHG�WR�JURZ
LQ�WKH�QH[W����\HDUV��7KLV�FOLPDWH
DFWLRQ�JRDO��LQ�DFFRUGDQFH�ZLWK�WKH
3DULV�DJUHHPHQW��DLPV�WR�OLPLW�JOREDO
ZDUPLQJ�WR�����GHJUHH�FHQWLJUDGH�DQG
UHGXFH�WKH�JOREDO�FDUERQ�HPLVVLRQV
E\�����E\������FRPSDUHG�WR�����
OHYHOV�>�@�

ΔQ�DJUHHPHQW�WR�WKLV��WKH�'XWFK
JRYHUQPHQW�KDV�VLJQHG�LWV�FOLPDWH�SROLF\
RQ���WKb-XQH������FRPPLWWLQJ�WR�UHGXFH
WKH�HPLVVLRQV�E\�����E\������>�@��$ORQJ
WKHVH�OLQHV��78�'HOIW�KDV�SXEOLVKHG�LWV
YLVLRQ�DQG�PLVVLRQ�IRU�FOLPDWH�DFWLRQ
DQG�LV�FRPPLWWHG�WR�EH�D�FDUERQ�QHXWUDO
FDPSXV�E\������DQG�VXSSRUW�WKH�ZRUOG
FOLPDWH�PLWLJDWLRQ�DQG�FOLPDWH�DGDSWLRQ
>�@�
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78�'HOIWȇV�6WUDWHJLF�)UDPHZRUN�IRU������
�����ZLWK�D�PRWWR�ȊΔPSDFW�IRU�D�EHWWHU
VRFLHW\ȋ�KDV�VHW�WKH�XQLYHUVLW\ȇV�YLVLRQ�WR
EH�D�Ȇ)ODJVKLS�XQLYHUVLW\ȇ�RU�Ȇ&LYLF
8QLYHUVLW\ȇ�>�@��6WULYLQJ�IRU�DFDGHPLF
H[FHOOHQFH�DQG�VRFLHWDO�LPSDFW�IRU�WKH
PRVW�FKDOOHQJLQJ�SUREOHPV��78�'HOIW�KDV
DOLJQHG�LWV�DPELWLRQV�ZLWK�WKH�81
6XVWDLQDELOLW\�'HYHORSPHQW�*RDOV��%HLQJ
DQ�LQWHUQDWLRQDOO\�DFFODLPHG�XQLYHUVLW\
ZLWK�LWV�DOXPQL�VSUHDG�DOO�DFURVV�WKH
ZRUOG��78�'HOIW�FDQ�SOD\�D�VLJQLILFDQW�UROH
LQ�SUHSDULQJ�LWV�HQJLQHHUV�WR�ILJKW
FOLPDWH�FKDQJH�DQG�WR�EXLOG�D
VXVWDLQDEOH�HQYLURQPHQW��7R�PDNH��LW
SRVVLEOH��VXVWDLQDELOLW\�VKRXOG�EH
LQWHJUDWHG�LQ�HGXFDWLRQ�DQG�UHVHDUFK
DFURVV�DOO�WKH�GHSDUWPHQWV��ΔQ�DGGLWLRQ
WR�WKLV��LW�LV�78�'HOIWȇV�GXH�UHVSRQVLELOLW\
WR�SUDFWLVH�ZKDW�LW�SUHDFKHV�DQG�VWDUW�LWV
FOLPDWH�DFWLRQ�IURP�WKH�XQLYHUVLW\
FDPSXV�b

7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�FRQYH\
*UHHQ78�'HOIW
V�YLVLRQ�RQ�VXVWDLQDELOLW\
DW�'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��7KLV
YLVLRQ�IRFXVHV�RQ�UHDOLVLQJ�WKH�8QLWHG
1DWLRQV�6XVWDLQDEOH�'HYHORSPHQW�*RDOV
�6'*V��DQG�WR�EHFRPH�FDUERQ�QHXWUDO�E\
������7KLV�UHSRUW�UHYLHZV�WKH�FXUUHQW
SURJUHVV�RI�WKH�XQLYHUVLW\�LQ
VXVWDLQDELOLW\�DQG�VXJJHVWV�VWUDWHJLHV�
�IRU�LPSURYHPHQWV��7KH�FRQFHSW�RI
VXVWDLQDELOLW\�LV�DGGUHVVHG�DFURVV�IRXU
SLOODUV��HGXFDWLRQ��UHVHDUFK��RSHUDWLRQV
WR�DOLJQ�ZLWK�WKH�6'*V�DSSOLFDEOH�DW�WKH�
�DQG�VRFLDO�HQJDJHPHQW��
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7R�WKH�SUHVHQW�GDWH��WKHUH�DUH
PXOWLSOH�VWXGLHV�DQG�UHSRUWV�DW�78
'HOIW�ZKLFK�FRQFHQWUDWH�RQ�GLIIHUHQW
DVSHFWV�OLNH�WKH�
FDUERQ�QHXWUDOLW\

�&2��URDGPDS�������>�@��
FLUFXODULW\

�&LUFXODU�FDPSXV�URDGPDS�������>�@�
PRELOLW\�URDGPDS�>�@�DQG�HWFHWHUD��
�7KH�FXUUHQW�UHSRUW�EULQJV�WRJHWKHU
YDULRXV�VXJJHVWLRQV�IURP�WKH�DERYH
PHQWLRQHG�GRFXPHQWV��GUDZV
LQVSLUDWLRQ�IURP�WKH�VXVWDLQDELOLW\
SUDFWLVHV�RI�WKH�EHVW�XQLYHUVLWLHV
DFURVV�WKH�ZRUOG�DQG�VXJJHVWV�VRPH
WHFKQRORJLFDO�DQG�VRFLDO�LQQRYDWLRQV
WR�WDFNOH�VXVWDLQDELOLW\��

%DVHG�RQ�WKH�WKLV�VWXG\��WKH�DXWKRUV
SURSRVH�D�VXVWDLQDELOLW\
GHYHORSPHQW�VWUDWHJ\�IRU�WKH�FRPLQJ
GHFDGH�����������LQ�ZKLFK�*UHHQ78
LQWHQGV�WR�VKRZ�YDULRXV�LGHDV�IRU
EXLOGLQJ�D�VXVWDLQDEOH�FDPSXV��7KH
LGHDV�DUH�DOVR�EDFNHG�XS�E\�JUDSKLF
UHSUHVHQWDWLRQV�RI�YDULRXV�VFHQDULRV
EDVHG�RQ�D�EHKDYLRXUDO�PRGHO�WKDW
ZDV�GHYHORSHG�WR�VXSSRUW�WKLV
UHSRUW��7KH�ZRUN�LV�FRPSOHWHO\
FDUULHG�RXW�E\�*UHHQ78�DQG�QR
FRPPLWPHQWV�KDYH�EHHQ�PDGH�E\�
�DQ\�LQGLYLGXDO�RU�GHSDUWPHQW�JR�78
'HOIW�ZLWK�UHJDUGV�WKH�FODLPV�LQ�WKH
UHSRUW��7KH�ZRUN�LV�RQO\�LQWHQGHG�WR
VKRZ�WKH�ZLGH�UDQJH�RI�SRVVLELOLWLHV
WR�DFKLHYH�78�'HOIW
V�VXVWDLQDEOH
GHYHORSPHQW�JRDOV�b���

�



0HWKRGRORJ\

7KLV�UHSRUW�LV�EDVHG�RQ�OLWHUDWXUH
UHVHDUFK�RI�WKH�GRFXPHQWV�SXEOLVKHG�E\
H[SHUWV�LQ�78�'HOIW�DQG�D�EDFNJURXQG
UHVHDUFK�RQ�EHVW�XQLYHUVLWLHV�DURXQG
WKH�ZRUOG�ZLWK�UHVSHFW�WR�WKHLU
VXVWDLQDELOLW\�LQLWLDWLYHV��7KH�DQDO\VLV
DQG�SURSRVDOV�DUH�EDVHG�RQ�WKH�DERYH
UHVHDUFK�DQG�RQ�WKH�GDWD�DYDLODEOH�WLOO
GDWH�b

7KH�DXWKRUV�XVHG�WKH�:RUOG��
SUHGLFWLRQ�WKHRU\�WR�GHYHORS�D
PDWKHPDWLFDO�PRGHO�WR�VXLW�WKH
FRQGLWLRQV�RI�78�'HOIW�DQG�SUHGLFW�WKH
IXWXUH�VFHQDULRV�IRU�FDUERQ�HPLVVLRQV�b

)RU�WKLV�UHSRUW��VXVWDLQDELOLW\�ZLOO�EH
GHDOW�LQ�WHUPV�RI�HGXFDWLRQ��UHVHDUFK�
RSHUDWLRQV�DQG�VRFLDO�HQJDJHPHQW�bb7KH
DQDO\VLV�DQG�WKH�UHVXOWLQJ�VWUDWHJLHV�ZLOO
EH�FODVVLILHG�LQ�WHUPV�RI�WKHVH�DUHDV�

6FRSH�DQG�/LPLWDWLRQV�

7KLV�UHSRUW�LV�EDVHG�RQ�WKH�FXUUHQW
DYDLODELOLW\�RI�WKH�GDWD�DQG�DQ\
DVVXPSWLRQV�PDGH�DUH�EDVHG�RQ
VFLHQWLILF�UHVXOWV�DQG�DUH�RQO\
LQWHQGHG�WR�VKRZ�D�SDUWLFXODU
LPSDFW�LQ�D�EHKDYLRXUDO�ZD\�WKDQ�WR
H[DFW�QXPEHUV��
b
7KH�PDWKHPDWLFDO�PRGHO�ZLOO�EH�D
FORVH�DSSUR[LPDWLRQ�WR�WKH�IXWXUH
HPLVVLRQV�DQG�LV�OLPLWHG�WR�
�SDUDPHWHUV�OLNH�FKDQJHV�LQ�WKH
SRSXODWLRQ�EXW�GRHV�QRW�WDNH�LQWR
DFFRXQW�WKH�IXWXUH�WHFKQRORJLFDO
GHYHORSPHQWV�RU�DQ\�XQIRUHVHHQ
DFWLYLWLHV�

6WUXFWXUH

7KH�UHSRUW�LQWURGXFHV�WKH�78�'HOIWV�FRPPLWPHQWV�WRZDUGV�VXVWDLQDEOH
GHYHORSPHQW�LQ�FKDSWHU���DORQJ�ZLWK�WKH�IRFXVHG�6'*V��7KHQ�FKDSWHU���
FRQFHQWUDWHV�RQ�UHYLHZLQJ�WKH�FXUUHQW�VWDWH�RI�VXVWDLQDELOLW\�LQ�78�'HOIW�EDVHG�RQ
LWV�IRXU�SLOODUV�RI�HGXFDWLRQ��UHVHDUFK��RSHUDWLRQV�DQG�VRFLDO�HQJDJHPHQW��ΔQ
FKDSWHU����D�SUHGLFWLRQ�RI�IXWXUH�HPLVVLRQV�LV�PDGH�DQG�H[SODLQHG�XVLQJ�D
9HQVLP�PRGHO��7KH�FKDSWHU���IRFXVHV�RQ�NQRZLQJ�WKH�VWXGHQW�RSLQLRQV�RQ
VXVWDLQDELOLW\�DW�WKH�XQLYHUVLW\�DQG�SHUIRUPLQJ�D�6:27�DQDO\VLV�WR�DQDO\VH�WKH
VFRSH�RI�LPSURYHPHQWV��%DVHG�RQ�WKH�UHYLHZ�DQG�WKH�DQDO\VLV��WKH�DXWKRUV
GHILQH�D�9LVLRQ�IRU�6XVWDLQDELOLW\�LQ�FKDSWHU�����7KHQ�WR�XQGHUVWDQG�ZKDW�LV
KDSSHQLQJ�DURXQG�WKH�ZRUOG�RQ�WKH�FRQFHSW�RI�VXVWDLQDELOLW\�DQG�WR�GUDZ
LQVSLUDWLRQ��D�UHVHDUFK�RQ�YDULRXV�VXVWDLQDELOLW\�LQLWLDWLYHV�DW�DFFODLPHG
XQLYHUVLWLHV�FDQ�EH�IRXQG�LQ�FKDSWHU����)LQDOO\��LQ�FKDSWHU���WKH�DXWKRUV�SUHVHQW�D��
6XVWDLQDEOH�'HYHORSPHQW�6WUDWHJ\�IRU���������VWDUWLQJ�ZLWK�RUJDQLVDWLRQDO
VWUDWHJ\�DQG�FRYHULQJ�WKH�IRXU�SLOODUV��7KH�LGHDV�LQ�WKH�VWUDWHJLHV�VKRZ�YDULRXV
SRVVLELOLWLHV�IURP�*UHHQ78
V�SHUVSHFWLYH�DQG�DUH�VXSSRUWHG�E\�WKH�PDWKHPDWLFDO
PRGHO���)LQDOO\��FKDSWHU���ZLOO�JLYH�WKH�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�WR�EH
LPSOHPHQWHG�IRU�WKH�78�WR�EH�D�VXVWDLQDEOH�XQLYHUVLW\�
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7KH�8QLWHG�1DWLRQV�KDV�SURSRVHG���
6XVWDLQDEOH�'HYHORSPHQW�*RDOV�IRU
EXLOGLQJ�D�EHWWHU�IXWXUH��7R�DWWDLQ�WKHVH
JRDOV��81�VXJJHVWV�SURJUHVV�LQ�WKH�DUHDV
RI�ILQDQFLQJ��UHVLOLHQFH��PRUH�HIIHFWLYH
LQVWLWXWLRQV��ORFDO�DFWLRQ�DQG�RWKHUV�>�@�
:LWK�D�FDOO�IRU�WKH�GHFDGH�RI�DFWLRQ�WR
GHOLYHU�VXVWDLQDEOH�GHYHORSPHQW��81
LQYLWHV�DFWLRQ�DW�WKUHH�OHYHOV��JOREDO
DFWLRQ��ORFDO�DFWLRQ�DQG�SHRSOH�DFWLRQ�>�@�
*OREDO�OHYHO�LQFOXGHV�LQWHUQDWLRQDO
FRRSHUDWLRQ�WR�DFKLHYH�WKH�JRDOV��ORFDO
DFWLRQ�LQYROYHV�WKH�JRYHUQPHQWV�
HGXFDWLRQDO�LQVWLWXWLRQV��UHVHDUFK
RUJDQLVDWLRQV��FRUSRUDWHV�DQG�RWKHUV�WR�

DOLJQ�WRZDUGV�6'*V�DQG�ILQDOO\�SHRSOH
DFWLRQ�FDOOV�IRU�LQYROYLQJ�WKH�\RXWK�
DFDGHPLD�DQG�FLYLO�VRFLHW\�

:LWK�LWV�KXJH�SRWHQWLDO�LQ�WHUPV�RI
UHVRXUFHV�DQG�WKH�NQRZOHGJH�SRRO��78
'HOIW�FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ
FRQWULEXWLQJ�WR�WKH�ORFDO�DQG�SHRSOH
DFWLRQ��7R�PDNH�DQ�LPSDFW�IRU�D�EHWWHU
VRFLHW\��LWȇV�WKH�QHHG�RI�WKH�KRXU�IRU
78�'HOIW�WR�EULQJ�QHFHVVDU\�FKDQJHV
WR�ILJKW�WKHVH�PRVW�FKDOOHQJLQJ
SUREOHPV��%HLQJ�WKH�HQJLQHHUV�RI�WKH
IXWXUH��WKH�JUDGXDWHV�IURP�78�'HOIW
QHHG�WR�KDYH�DQ�XQGHUVWDQGLQJ�DERXW
VXVWDLQDEOH�GHYHORSPHQW�DORQJ�ZLWK
WKHLU�VWURQJ�WHFKQLFDO�DQG�DQDO\WLFDO
EDFNJURXQG��7KH�DXWKRUV�HQYLVLRQ
VXVWDLQDEOH�OLYLQJ�WR�EH�WKH�ZD\�RI�OLIH
IRU�78�VWXGHQWV�DQG�WKHLU�VNLOOV�VKRXOG
EH�XWLOL]HG�WR�EXLOG�D�EHWWHU�WRPRUURZ
IRU�IXWXUH�JHQHUDWLRQV��

)LJXUH����81�6XVWDLQDEOH�'HYHORSPHQW�*RDOV���6RXUFH��8QLWHG�1DWLRQV���

�



7R�EH�LQ�WKH�IURQWLHU�RI�IXWXUH�VFLHQFH
DQG�WHFKQRORJ\��78�'HOIW�VKRXOG�WDNH
VZLIW�DFWLRQ�WR�JHQHUDWH�DQG�SXUVXH�WKH
PRPHQWXP�WRZDUGV�WKLV�VXVWDLQDEOH
GHYHORSPHQW�LQ�DOO�LWV�DFWLYLWLHV��

2I�WKH����JRDOV��WKH�FRUH�REMHFWLYHV�IRU
��������DUH�QR�SRYHUW\��ZRPHQ�DQG�JLUO
HPSRZHUPHQW�DQG�FOLPDWH�HPHUJHQF\
>�@��%XW��QRW�DOO�RI�WKHP�DUH�DSSOLFDEOH�DW
WKH�XQLYHUVLW\�OHYHO��7KH�DXWKRUV�KDYH
LGHQWLILHG����JRDOV�DQG�WZR�FRUH
REMHFWLYHV�ZKLFK�FDQ�EH�DGGUHVVHG�E\
WKH�XQLYHUVLWLHV�DQG�WR�ZKLFK�78�'HOIW
FDQ�PDNH�D�VXEVWDQWLDO�FRQWULEXWLRQ�
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7KH�ILJXUH�EHORZ�VKRZV�WKH����6'*V�IRU
78�'HOIW�DQG�WKH�UHSRUW�FRQFHQWUDWHV�RQ
WKH�FRUH�REMHFWLYHV�RI�ZRPHQ�DQG�JLUO
HPSRZHUPHQW�DQG�FOLPDWH�HPHUJHQF\�

)LJXUH����81�6XVWDLQDEOH�'HYHORSPHQW�*RDOV�IRU�78�'HOIW�
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%HLQJ�RQH�RI�WKH�SLRQHHUV�RI�PRGHUQ
HGXFDWLRQ�LQ�HQJLQHHULQJ�DQG�VFLHQFHV�
78�'HOIW�YDOXHV�LWV�SRVLWLRQ�LQ�PDNLQJ�DQ
LPSDFW�RQ�WKH�IXWXUH�VRFLHW\��:LWK�ZRUOG
FODVV�HGXFDWLRQ�SURJUDPV�SUHSDULQJ�WKH
HQJLQHHUV�RI�WRPRUURZ�DQG�FXWWLQJ�HGJH
UHVHDUFK�IRFXVLQJ�RQ�QXPHURXV�IURQWLHU
ILHOGV��78�'HOIW�LV�DOUHDG\�D�IURQW�UXQQHU
LQ�IDFLOLWDWLQJ�D�VXVWDLQDEOH�ZRUOG�
$OWKRXJK�WKHUH�LV�PXFK�PRUH�WR�EH
DFFRPSOLVKHG��WKH�FRPPLVVLRQLQJ�RI�WKLV
UHSRUW�VKRZV�WKH�FRPPLWPHQW�WRZDUGV
VXVWDLQDELOLW\��ΔQ�DGGLWLRQ�WR�WKLV��WKH
XQLYHUVLW\�DOVR�YDOXHV�LWV�FRPPLWPHQW
WRZDUGV�PDNLQJ�WKH�FDPSXV�FDUERQ
QHXWUDO�DQG�FLUFXODU�E\������DV
PHQWLRQHG�LQ�WKH�78�'HOIW�6WUDWHJLF
)UDPHZRUN���������>�@�
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&ROOHFWLYH�HIIRUW�LV�ZKDW�WDNHV�WR
DFKLHYH�WKHVH�IXWXULVWLF�JRDOV��$ORQJ
ZLWK�WKH�WHFKQRORJ\�DQG�WKH�FDSLWDO�
WKH�VRFLDO�UHVSRQVLELOLW\�DQG
HQJDJHPHQW�RI�DOO�UHOHYDQW�VWDNH
KROGHUV�SOD\V�D�YHU\�LPSRUWDQW�UROH�
ΔQ�OLQH�ZLWK�WKLV�LGHD��&RPPXQLFDWLRQ
ZLWK�H[WHUQDO�DQG�LQWHUQDO
VWDNHKROGHUV�DERXW�RXW
VXVWDLQDELOLW\�LQLWLDWLYHV�LV�D�NH\
IDFWRU��7KH�UHFHQWO\��XSGDWHG
VXVWDLQDELOLW\�ZHEVLWH�DQG�WKH
SUHVHQW�UHSRUW�PDUN�WKH�EHJLQQLQJ
RI�WKLV��7KLV�FKDSWHU�UHYLHZV�WKH
SUHVHQW�SURJUHVV�RI�WKH�XQLYHUVLW\�LQ
LWV�IRXU�SLOODUV��IRU�VXVWDLQDELOLW\�
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7KLV�VHFWLRQ�ZLOO�JLYH�DQ�RYHUYLHZ�RI
YDULRXV�HGXFDWLRQDO�SURJUDPV�UHODWHG
WR�VXVWDLQDELOLW\�WKDW�DUH�FXUUHQWO\
RIIHUHG�LQ�78�'HOIW��7KRXJK�PRVW
FRXUVHV�DW�78�'HOIW�EULQJ�LQ�WKH
FRQFHSW�RI�VXVWDLQDELOLW\�LQ�VRPH�IRUP�
EXW�WKLV�UHSRUW�FRQFHQWUDWHV�RQ�H[SOLFLW
PDVWHU�SURJUDPV��PDVWHU�WUDFNV�
PLQRUV�DQG�022&6�RQ�VXVWDLQDELOLW\��

)XOO�0DVWHU�3URJUDPV

06F�6XVWDLQDEOH�(QHUJ\�7HFKQRORJ\b

7KH�0DVWHU�RI�6FLHQFH�LQ�6XVWDLQDEOH
(QHUJ\�7HFKQRORJ\�LV�RQH�RI�WKH�EHVW
FRXUVHV�LQ�WKH�XQLYHUVLW\�LQ�WHUPV�RI
EROVWHULQJ�VXVWDLQDELOLW\��7KH�SURJUDP
IRFXVHV�RQ�SUHSDULQJ�WKH�HQJLQHHUV�WR
EH�V\VWHP�LQWHJUDWRUV�IRU�HQHUJ\
WUDQVLWLRQ��:LWK�D�IRFXV�RQ�VL[�FOXVWHUV
QDPHO\��VRODU��ZLQG��ELRPDVV��VWRUDJH�
SRZHU�DQG�HFRQRPLFV��VWXGHQWV�DUH
RIIHUHG�GLIIHUHQW�SURILOHV�ZLWK�D�ZLGH
UDQJH�RI�FKRLFHV�WR�H[SORUH�DQG�SXUVXH
WKH�GHJUHH�LQ�WKH�GRPDLQ�RI�WKHLU
FKRLFH�

$FKLHYLQJ�D�IXWXUH�ZLWK�VXVWDLQDEOH
HQHUJ\�QHHGV�SURIHVVLRQDOV�ZKR�DUH
FDSDEOH�RI�GHYHORSLQJ��RSWLPLVLQJ�DQG
LQWHJUDWLQJ�YDULRXV�WHFKQRORJLHV��$OVR
WKH�NQRZOHGJH�RI�WKH�HQHUJ\�PDUNHW�
EXVLQHVV�PRGHOV�DQG�SROLFLHV�IRU
VXVWDLQDEOH�HQHUJ\�DUH�LPSRUWDQW�WR
DFFHOHUDWH�WKH�HQHUJ\�WUDQVLWLRQ��7KLV
06F�SURJUDP�DW�78�'HOIW�DLPV�WR
SURGXFH�VXFK�HQJLQHHUV�ZKR�DUH
FDSDEOH�WR�EH�SLRQHHUV�LQ�WRPRUURZȇV
HQHUJ\�WUDQVLWLRQ�DQG�VXVWDLQDEOH
IXWXUH�7KH�SURJUDP�DOVR�RIIHUV�YDULRXV
HOHFWLYHV�OLNH�*HRWKHUPDO�HQHUJ\�DQG
DSSOLFDWLRQV�b39�0DWHULDOV�SURFHVVLQJ
	�FKDUDFWHULVDWLRQ�b)XHO�FHOO�V\VWHPV�
&OHDQ�WHFK�EXVLQHVV�VWXG\�ZKLFK�DOVR
IRFXV�RQ�VXVWDLQDELOLW\�
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06F�ΖQGXVWULDO�(FRORJ\

:LWK�D�SULPH�IRFXV�RQ�VXVWDLQDEOH�FR�
H[LVWHQFH�RI�WKH�WHFKQRVSKHUH�DQG�WKH
HQYLURQPHQW��WKH�0DVWHU�RI�6FLHQFH�LQ
ΔQGXVWULDO�(FRORJ\�DW�78�'HOIW�RIIHUV�LWȇV
HQJLQHHUV�D�WRROER[�IRU�VXVWDLQDEOH
GHYHORSPHQW��7KH�SURJUDP�SURPRWHV
D�VFLHQWLILF�GLVFLSOLQH�ZLWK�D�V\VWHPLF
DSSURDFK�WR�KXPDQ�SUREOHPV�ZLWK�DQ
LQWHJUDWLRQ�RI�WHFKQLFDO��HQYLURQPHQWDO
DQG�VRFLDO�DVSHFWV��7KH�SURJUDP�LV
RIIHUHG�LQ�FROODERUDWLRQ�ZLWK�/HLGHQ
8QLYHUVLW\��WKXV�EULQJLQJ�WKH�EHVW
H[SHUWLVH�WRJHWKHU��7KH�VWXGHQWV�OHDUQ
DERXW�WKH�HIILFLHQW�XVH�RI�PDWHULDOV�
HQHUJ\�V\VWHPV��ZDVWH�VWUHDPV�DORQJ
ZLWK�FRQFHSWV�OLNH�FLUFXODU�HFRQRP\�
�WKXV�EXLOGLQJ�WKHLU�FDSDELOLWLHV�WR
GHVLJQ�D�VXVWDLQDEOH�IXWXUH�ZLWK�D
VRFLR�WHFKQLFDO�DSSURDFK�

:LWK�FRXUVHV�OLNH�'HVLJQ�RI�VXVWDLQDEOH
WHFKQRORJLFDO�V\VWHPV��6XVWDLQDEOH
LQQRYDWLRQ�DQG�VRFLDO�FKDQJH��8UEDQ
HQYLURQPHQWV�DQG�LQIUDVWUXFWXUHV�
&LUFXODU�HFRQRP\��(QYLURQPHQWDO�LQSXW�
RXWSXW�DQDO\VLV��WKH�PDVWHU�SURJUDP
VWURQJO\�ERRVWV�WKH�SUDFWLFH�RI
VXVWDLQDELOLW\�DPRQJ�VWXGHQWV�

�



3DUWQHUHG�&RXUVHV

06F�(XURSHDQ�:LQG�(QHUJ\

7KH�(XURSHDQ�:LQG�(QHUJ\�0DVWHUV
�(:(0��LV�D�MRLQW�PDVWHU�SURJUDP
RIIHUHG�LQ�FROODERUDWLRQ�EHWZHHQ�78
'HOIW��7HFKQLFDO�8QLYHUVLW\�RI
'HQPDUN��1RUZHJLDQ�8QLYHUVLW\�RI
6FLHQFH�DQG�7HFKQRORJ\�DQG�&DUO�9RQ
2VVLHW]N\�8QLYHUVLW¦W�2OGHQEXUJ��7KH
SURJUDP�IRFXV�RQ�GLIIHUHQW�DVSHFWV
RI�ZLQG�HQHUJ\�WHFKQRORJ\�ZLWK
WUDFNV�LQ�(OHFWULFDO�3RZHU
(QJLQHHULQJ��2IIVKRUH�(QJLQHHULQJ�
5RWRU�'HVLJQ�DQG�:LQG�SK\VLFV��7KH
VHFRQG�VHPHVWHU�RI�WKHVH�WUDFNV�LV
RIIHUHG�DW�78�'HOIW�DORQJ�ZLWK�WKH
EHVW�LQ�FODVV�UHVHDUFK�RSSRUWXQLWLHV
IRU�PDVWHU�WKHVLV�LQ�ZLQG�HQHUJ\
ILHOG�

06F�0HWURSROLWDQ� $QDO\VLV�� 'HVLJQ
DQG�(QJLQHHULQJb

7KH�0DVWHU�RI�6FLHQFH�LQ�0HWURSROLWDQ
$QDO\VLV��'HVLJQ�DQG�(QJLQHHULQJ
�0$'(��LV�D�SURJUDP�ZLWK�IRFXV�RQ
VXVWDLQDEOH�GHYHORSPHQW�RI�FLWLHV��7KH
SURJUDP�LV�RIIHUHG�E\�$PVWHUGDP
ΔQVWLWXWH�IRU�$GYDQFHG�0HWURSROLWDQ
VROXWLRQV��$06��ZKLFK�LV�IRUPHG�E\�78
'HOIW�LQ�FROODERUDWLRQ�ZLWK�:DJHQLQJHQ
8QLYHUVLW\�	�5HVHDUFK��7KH�FRXUVH
SUHSDUHV�VWXGHQWV�WR�GHDO�ZLWK�WKH
FRPSOH[�SUREOHPV�DULVLQJ�GXH�WR
XUEDQL]DWLRQ�LQFOXGLQJ�LVVXHV�OLNH
PRELOLW\�DQG�ORJLVWLFV��ZDWHU�DQG�ZDVWH
PDQDJHPHQW��HQHUJ\�DQG�IRRG
VHFXULW\��

�



0DVWHU�7UDFNV
�
(QYLURQPHQWDO�(QJLQHHULQJb

(QYLURQPHQWDO�(QJLQHHULQJ�LV�D�WUDFN�LQ
06F�&LYLO�(QJLQHHULQJ�ZLWK�DQ�HPSKDVLV
RQ�ILJKWLQJ�WKH�FKDOOHQJHV�RI�FOLPDWH
FKDQJH�DQG�WUDQVLWLRQ�IURP�OLQHDU�WR
FLUFXODU�HFRQRP\��7KLV�SURJUDP
IRFXVHV�RQ�HTXLSSLQJ�LWV�HQJLQHHUV
ZLWK�LQWHUGLVFLSOLQDU\�NQRZOHGJH�LQ�WKH
ILHOGV�RI�GHVLJQLQJ�HQYLURQPHQWDO
SURFHVVHV��XQGHUVWDQGLQJ�RI�WKH
LQWHUDFWLRQ�EHWZHHQ�KXPDQV�DQG
QDWXUDO�HQYLURQPHQW��DQG�WKH�FORVLQJ�RI
ZDWHU�DQG�UHVRXUFHV�ORRSV��7KH�WUDFN
KDV�WZR�VSHFLDOLVDWLRQV�FDOOHG
(QYLURQPHQWDO�7HFKQRORJ\�DQG
(QYLURQPHQWDO�6FLHQFH��7KH�IRUPHU
FRQFHQWUDWHV�RQ�VROYLQJ�ORFDO
HQYLURQPHQWDO�SUREOHPV�ZLWK
WHFKQRORJLFDO�LQWHUYHQWLRQV�DQG�WKH
ODWWHU�IRFXV�RQ�HQYLURQPHQWDO
SURFHVVHV�DW�D�JOREDO�VFDOH�

:DWHU�PDQDJHPHQWb

7KH�PDVWHU�WUDFN�ZDWHU�PDQDJHPHQW�LV
D�SDUW�RI�WKH�06F�&LYLO�HQJLQHHULQJ
ZKLFK�IRFXVHV�RQ�SURGXFLQJ�HQJLQHHUV
ZKR�KDYH�WKH�NQRZOHGJH�DQG�VNLOOV�WR
DGGUHVV�WKH�FKDOOHQJHV�RI�ZDWHU
VFDUFLW\��ZDWHU�SROOXWLRQ�DQG�FOLPDWH
FKDQJH��ΔW�IRFXVHV�RQ�XQGHUVWDQGLQJ
DQG�PDQDJHPHQW�RI�VXUIDFH�DQG
JURXQGZDWHU�IORZV�DQG�IXUWKHU�FRQWURO
DQG�XWLOLVDWLRQ�RI�WKHVH�IORZV�IRU
VRFLHW\�LQ�DQ�HIILFLHQW�ZD\��$OPRVW�DOO
WKH�FRXUVHV�IRU�WKH�WUDFN�RI�:DWHU
0DQDJHPHQW�IRFXV�RU�WRXFK�RQ�WKH
FRQFHSW�RI�VXVWDLQDELOLW\��+\GURORJ\�
JURXQG�ZDWHU�WUHDWPHQW��*Δ6�DQG
5HPRWH�6HQVLQJ�DUH�VRPH�RI�WKH�SULPH
IRFXVHV�LQ�WKH�WUDFN��

8UEDQLVPb

7KH�WUDFN�RQ�8UEDQLVP�LV�RIIHUHG�E\
WKH�06F�SURJUDP�LQ�$UFKLWHFWXUH�
8UEDQLVP�DQG�%XLOGLQJ�WHFKQRORJ\�
7KH�WUDFN�IRFXVHV�RQ�LQWHJUDWLQJ�WKH
FRQFHSWV�RI�XUEDQ�GHVLJQ��ODQGVFDSH
DUFKLWHFWXUH��VSDWLDO�SODQQLQJ�DQG
HQJLQHHULQJ�ZKLFK�LV�DQ�LPSRUWDQW�SDUW
RI�'XWFK�WUDGLWLRQDO�DUFKLWHFWXUH�
6WXGHQWV�LQ�WKLV�SURJUDP�OHDUQ�WR
DGGUHVV�WKH�JOREDO�WUHQGV�OLNH
JOREDOLVDWLRQ��FOLPDWH�FKDQJH�
GHPRJUDSKLF�WUHQGV�DQG�WKH�HQHUJ\
WUDQVLWLRQ��7KH�HQJLQHHUV�JHW�D�QHZ
SHUVSHFWLYH�WR�GHYHORS�VROXWLRQV�ZKLFK
DUH�HIILFLHQW�DQG�VXVWDLQDEOH�

$HURG\QDPLFV�DQG�ZLQG�HQHUJ\

7KH�WUDFN�RIb$HURG\QDPLFV�DQG�ZLQG
HQHUJ\�LV�RIIHUHG�LQ�WKH�06F�$HURVSDFH
(QJLQHHULQJ��7KLV�WUDFN�IRFXVHV�RQ�WKH
GHYHORSPHQW�RI�QHZ�DQDO\VLV
WHFKQLTXHV�DQG�DSSO\LQJ�WKH�WKHP�LQ
WKH�GHVLJQ�RI�QHZ�DJH�ZLQG�WXUELQHV
FRPELQLQJ�WKH�GLVFLSOLQHV�RI�DHURVSDFH
DQG�ZLQG�HQHUJ\�V\VWHPV�b)RU�WKH�:LQG
HQHUJ\�SURILOH��LW�LV�SUHWW\�ZHOO
LQWHJUDWHG�ZLWK�VXVWDLQDELOLW\�JLYHQ�WKH
IDFW�WKDW�YDULRXV�DVSHFWV�RI�WKH�GHVLJQ
RI�ZLQG�WXUELQHV�DQG�DSSOLFDWLRQV�RI
WKLV�UHQHZDEOH�VRXUFH�LV�ZHOO�WDXJKW�LQ
WKH�FRXUVHV��:KLOH�LQ�WKH�SURILOH�RI
$HURG\QDPLFV��$LUFUDIW�DHURG\QDPLFV
WRXFKHV�XSRQ�RQ�VXVWDLQDELOLW\�
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)DFXOW\�RI�0HFKDQLFDO��0DULWLPH�DQG
0DWHULDOV�(QJLQHHULQJb

(/(&6b�(QJLQHHULQJ�IRU�/DUJH�6FDOH�(QHUJ\
&RQYHUVLRQ�DQG�6WRUDJH���$OO�DERXW
VXVWDLQDEOH�HQHUJ\�VRXUFHV�DQG�WKH�IXWXUH
DKHDG�IRFXVLQJ�RQ�LQWHJUDWLQJ�VWRUDJH
V\VWHPV��b�bb

)DFXOW\�RI�$UFKLWHFWXUH�

&LWLHV��0LJUDWLRQ�	�6RFLDO�6SDWLDO�ΔQHTXDOLW\�
'HDOV�ZLWK�YDULRXV�DVSHFWV�UHODWHG�WR
VXVWDLQDEOH�GHYHORSPHQW�DQG�6'*V�OLNH������
�������DQG�RWKHUV�

6XVWDLQDEOH�8UEDQLVP���7KH�*UHHQ�%OXH
&LW\��(QWLUHO\�IRFXVVHG�RQ�KRZ�WR�DGDSW
FLWLHV�WR�WKH�FKDQJLQJ�FOLPDWH�DQG�KRZ�WR
PLWLJDWH�HQYLURQPHQWDO�SUREOHPV�ybbbbbbb

)DFXOW\�RI�&LYLO�(QJLQHHULQJ�DQG
*HRVFLHQFHV

'HOWD�([SHUW��:DWHU�IRU�WKH�)XWXUH�
&RQWULEXWLQJ�WR�WKH�6'*����FRXUVHV�UHDOO\
HPEUDFH�WKH�UROH�ZDWHU�SOD\V�LQ�VXVWDLQDEOH
GHYHORSPHQW�DQG�QRW�MXVW�IRFXV�RQ�WKH
WHFKQLFDO�SUREOHPV�RI�GHOWD�ZRUNV�

$IULFDQ�'\QDPLFVb�/'(���7KH�FRXUVHV�FRYHU�D
ZLGH�UDQJH�RI�6'*V�IRFXVLQJ�RQ�WKH�$IULFDQ
FRQWH[W��

(QYLURQPHQWDO�(QJLQHHULQJ�DQG�6XVWDLQDEOH
'HVLJQ��3URYLGHV�LQVLJKW�LQWR�SURFHVVHV�DQG
KRZ�WR�GHVLJQ�IRU�PLQLPDO�HQYLURQPHQWDO
LPSDFW�

*HR�UHVRXUFHV�IRU�WKH�)XWXUH��/'(���/LQNV
WKH�H[SORLWDWLRQ�RI�JHR�UHVRXUFHV�WR�WKH
HQYLURQPHQW��VRFLDO�LVVXHV��SROLWLFV��DQG
WKH�SDWK�WR�D�FLUFXODU�HFRQRP\�

)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ�
0DWKHPDWLFV�DQG�&RPSXWHU�6FLHQFH

(OHFWULFDO�6XVWDLQDEOH�(QHUJ\�6\VWHPV�
)RFXV�RQ�VXVWDLQDEOH�HQHUJ\�DQG�HQHUJ\
WUDQVLWLRQ��FRQWULEXWLQJ�WR�6'*���

)DFXOW\�RI�ΖQGXVWULDO�(QJLQHHULQJ�

'HVLJQLQJ�6XVWDLQDELOLW\�7UDQVLWLRQV�
)RFXVHV�RQ�LQWHUGLVFLSOLQDU\�FKDOOHQJH�RI
D�VXVWDLQDEOH�IXWXUH�DQG�WKH�WUDQVLWLRQ�LV
H[DPLQHG�RQ�GLIIHUHQW�OHYHOV�VFDOHVy

)DFXOW\�RI�7HFKQRORJ\��3ROLF\�DQG
0DQDJHPHQW

5HVSRQVLEOH�ΔQQRYDWLRQb�/'(���7KH�FRXUVH
JLYHV�D�YHU\�KROLVWLF�YLHZ�RI�LQQRYDWLRQ
IRFXVLQJ�RQ�PDQ\�RI�WKH�6'*V�

)UXJDO�ΔQQRYDWLRQ�IRU�6XVWDLQDEOH�*OREDO
'HYHORSPHQWb�/'(���7KH�FRXUVH�H[SORUHV
IUXJDO�EXVLQHVV�PRGHOV�IRU�VXVWDLQDEOH
GHYHORSPHQW�ZLWK�D�IRFXV�RQ�YDULRXV
6'*V�

)DFXOW\�RI�$HURVSDFH�(QJLQHHULQJ

2IIVKRUH�:LQG�(QHUJ\��)RFXVVHG�RQ
VXVWDLQDEOH�HQHUJ\�WHFKQRORJLHV�DQG�DOVR
LQFOXGHV�D��730�FRXUVH�RQ�HQHUJ\
V\VWHPV�ZKLFK�LV�YHU\�PXFK�UHODWHG�WR
VXVWDLQDELOLW\�

0Ζ1256�2))(5('�%<�78�'(/)7�
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'HOIW�+HDOWK�ΔQLWLDWLYH
'HOIW�(QHUJ\�ΔQLWLDWLYH
'HOIW�*OREDO�ΔQLWLDWLYH
'HOIW�'HOWDV��ΔQIUDVWUXFWXUH�DQG
0RELOLW\�LQLWLDWLYH

7KH�UHVHDUFK�DW�78�'HOIW�LV�DOLJQHG�WR
YDULRXV�6XVWDLQDEOH�GHYHORSPHQW�*RDOV��
ZLWK�DLP�WR�FUHDWH�DQ�LPSDFW�IRU�D
EHWWHU�VRFLHW\��7KH�UHVHDUFK�DW�WKH
XQLYHUVLW\�LV�EURDGO\�FOXVWHUHG�LQWR�IRXU
'HOIW�5HVHDUFK�EDVHG�ΔQLWLDWLYHV��'5Δ��

��
��
��
��

7KHVH�VFKRROV�RI�WKRXJKW�DUH�WKH�IRXU
VWURQJ�SLOODUV�RI�78�'HOIWȇV�VFLHQWLILF
FRQWULEXWLRQ�WR�VRFLHW\��7KHVH�WKHPHV
DUH�LQ�OLQH�ZLWK�WKH�81�6'*V�DQG
EURDGO\�FRQFHQWUDWH�RQ�HLJKW�JRDOV�
7KH�PDLQ�DLP�RI�WKHVH�'5ΔV�LV�WR�VROYH
VRFLHWDO�SUREOHPV�ZLWK�D
PXOWLGLVFLSOLQDU\�FRRSHUDWLRQ�DQG�LQ
SDUWQHUVKLS�ZLWK�RWKHU�UHVHDUFK
RUJDQL]DWLRQV��JRYHUQPHQWV�DQG�RWKHU
FRUSRUDWLRQV��$QRWKHU�IHDWKHU�LQ�WKH
FURZQ�LV�78�'HOIW
V�FRPPLWPHQW�WR�EH
D�WHVW�EHG�DQG�D�OLYLQJ�ODE�IRU
IDFLOLWDWLQJ�WKHVH�UHVHDUFK�LGHDV�

��



)RFXVHG�6'*V

*RRG�KHDOWK�DQG�ZHOO�EHLQJ����
&OHDQ�:DWHU�DQG�6DQLWDWLRQ����
$IIRUGDEOH�DQG�&OHDQ�(QHUJ\���
ΔQGXVWU\��ΔQQRYDWLRQ�DQG�ΔQIUDVWUXFWXUH��
�
6XVWDLQDEOH�&LWLHV�DQG�&RPPXQLWLHV����
5HVSRQVLEOH�FRQVXPSWLRQ�DQG
3URGXFWLRQ�����
&OLPDWH�$FWLRQ����
3DUWQHUVKLS�IRU�*RDOV�����

7KH�IRXU�UHVHDUFK�WKHPHV�DUH
FRPSRVHG�RI�YDULRXV�UHVHDUFK
LQVWLWXWHV�DQG�GHSDUWPHQWV�ZLWK
GLIIHUHQW�H[SHUWLVH�DQG
VSHFLDOLVDWLRQV��7KRXJK�WKH�FXUUHQW
UHSRUW�VXPPDULVHV�WKH�UHVHDUFK
DUHDV�ZKLFK�DUH�FORVHO\�LQ�OLQH�ZLWK
WKH���6'*V��78�'HOIW�HQFRXUDJHV
LQWHUGLVFLSOLQDU\�UHVHDUFK�ZKLFK
EULQJV�WRJHWKHU�WKH�HQWLUH�UHVHDUFK�

FRPPXQLW\�WR�FRQWULEXWH�WRZDUGV
WKHVH�JRDOV��$�IHZ�RI�WKHVH
LQWHUGLVFLSOLQDU\�SURMHFWV�ZLOO�EH
EULHIHG�ODWHU�LQ�WKLV�VHFWLRQ��

5DQNLQJV��

78�'HOIW�LV�UDQNHG�YHU\�KLJK�IRU�LWV
UHVHDUFK�RXWSXW�LQ�WKH�DUHDV�UHODWHG�
�WR�WKH�6'*V��7KH�KLJKO\�UDQNHG�DUHDV
DUH�PDLQO\�IRFXVHG�RQ�WHFKQLFDO
LQQRYDWLRQV�WKDW�WKH�78�LV�NQRZV�IRU�
)RU�H[DPSOH��DFFRUGLQJ�WR�WKH
UHVHDUFK�GDWD�RI�(OVHYLHU�>�@��78�'HOIW
UDQNV�ILUVW�LQ�WKH�1HWKHUODQGV�DQG
(XURSH�DQG�IRUWK�LQ�WKH�ZRUOG�IRU�LWV
FRQWULEXWLRQ�WRZDUGV�ΔQGXVWU\�
ΔQQRYDWLRQ�DQG�ΔQIUDVWUXFWXUH��6'*����
78�'HOIW
V�FXUUHQW�UDQNLQJ�LQ�WKH�DUHDV
UHODWHG�WR�WKH�6'*V�LV�IXUWKHU�LQ�WKLV
VHFWLRQ���

��



)LJXUH����5DQNLQJ�IRU�78�'HOIW
V�UHVHDUFK�RXWSXW�ZLWK�UHVSHFW�WR�WKH�6*�

6RXUFH��(OVHYLHU�������>�@

)XUWKHUPRUH��WKH�78�UDQNLQJ�ZLWK�UHJDUGV�WR�WKH�YDULRXV�UHVHDUFK�WRSLFV�LV
VKRZQ�LQ�WH�EHORZ�WDEOH��7KH�GDWD�LV�WDNHQ�IURP�(OVHYLHU�UHVHDUFK�UHSRVLWRU\�>�@�
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78�'HOIW�YDOXHV�LWV�SDUWQHUV�LQ�DOO�LWV
UHVHDUFK�HQGHDYRXUV��7KHVH�SDUWQHUV
LQFOXGH�QDWLRQDO�DQG�LQWHUQDWLRQDO
XQLYHUVLWLHV��UHVHDUFK�LQVWLWXWHV�
JRYHUQPHQWDO�RUJDQLVDWLRQV��FRUSRUDWHV
DQG�VWDUW�XSV��7KH�UHVHDUFK�SDUWQHUVKLS
LQ�WKH�78�LV�FODVVLILHG�DV�VHHQ�LQ�WKH�ILJXUH
���7KH�'HOIW�UHVHDUFK�EDVHG�LQLWLDWLYHV�DQG
WKH�UHVHDUFK�LQVWLWXWHV�SOD\�D�PDMRU�UROH
LQ�WKH�LQWHUQDO�FROODERUDWLRQV�EHWZHHQ
YDULRXV�IDFXOWLHV�DQG�UHVHDUFK�JURXSV�
7KHQ�WKHUH�DUH�UHJLRQDO�SDUWQHUV�ZKLFK
DUH�/LHGHQ�XQLYHUVLW\�DQG�(UDVPXV
XQLYHUVLW\��5RWWHUGDP�ZKLFK�KDYH�FORVH
FRRSHUDWLRQ�LQ�PDQ\�SURMHFWV��7KHVH�WZR
XQLYHUVLWLHV�DOVR�RIIHU�FRXUVHV�WRJHWKHU
ZLWK�78�'HOIW�HQFRXUDJLQJ�H[FKDQJH�RI
VWXGHQWV�DQG�WHDFKHUV���7KH���78
)HGHUDWLRQ�FRPSULVLQJ�RI�78�'HOIW��78
(LQGKRYHQ��8QLYHUVLW\�RI�7ZHQWH�LV
DQRWKHU�QDWLRQDO�OHYHO�FRRUSHUDWLRQ�IRU
HGXFDWLRQ�DQG�UHVHDUFK��7KH�06F
6XVWDLQDEOH�(QHUJ\�7HFKQRORJ\�FRXUVH�LV
D�SDUW�RI�WKH���78�QHWZRUN�ZKHUH�

�

VWXGHQWV�FDQ�FKRRVH�WR�GR�FRXUVHV�RU
WKHVLV�LQ�DQ\�RI�WKHVH�XQLYHUVLWLHV�

$OVR�78�'HOIW�LV�D�SDUW�RI�PDQ\�LQWHUQDWLRQDO
FROODERUDWLRQV�DQG�H[FKDQJH�SURJUDPV�IRU
ERWK�UHVHDUFK�DQG�HGXFDWLRQ��2QH�RI�WKLV�LV
WKH�Δ'($�/HDJXH�ZLWK�WRS�XQLYHUVLWLHV�OLNH
(7+�=XULFK��5:7+�$DFKHQ��&KDOPHUV
8QLYHUVLW\�RI�7HFKQRORJ\��3ROLWHFQLFR�GH
0LODQR�DQG�78�'HOIW��

78�'HOIW�LV�DOVR�RQH�RI�WKH�ILUVW�XQLYHUVLWLHV
DORQJ�ZLWK�&RUQHOO�8QLYHUVLW\��&DOLIRUQLD
ΔQVWLWXWH�RI�7HFKQRORJ\�DQG�RWKHUV�WR�EH�WKH
PHPEHU�RI�WKH�ΔQWHUQDWLRQDO�8QLYHUVLWLHV
&OLPDWH�$OOLDQFH�>�@��7KLV�QHWZRUNV�DLPV�WR
VXSSRUW�WKH�JOREDO�HIIRUWV�LQ�FDUERQ
HPLVVLRQ�UHGXFWLRQ�DQG�FOLPDWH�DFWLRQ
UHVHDUFK��

)LJXUH����78�'HOIW
V�UHVHDUFK�SDUWQHUVKLSV�

��



:LQG�LQ�VXVWDLQDEOH�SRZHU
VXSSO\
:LQG�SRZHU�VWDWLRQV�
:LQG�HQHUJ\�FRQYHUWRUV�

:LQG�(QHUJ\�ΖQVWLWXWH

78�'HOIW�:LQG�(QHUJ\�ΔQVWLWXWH
�'8:Δ1'��DLPV�WR�EULQJ�D�PXOWL�
GLVFLSOLQDU\�FKDUDFWHU�WR�ZLQG�HQHUJ\
HGXFDWLRQ�DQG�UHVHDUFK��:LWK�D
IRFXV�RQ�GHYHORSLQJ�ZRUOG�FODVV
WHFKQRORJ\�IRU�VXVWDLQDEOH�HQHUJ\�
'8:Δ1'�IRFXVHV�RQ�PXOWLSOH�DUHDV
RI�LQQRYDWLYH�UHVHDUFK��6RPH�RI
WKHP�DUH�OLJKWHU�PDWHULDOV��FRVW�
HIILFLHQW�GHVLJQ��VPDUW�RSHUDWLRQV��	
PDQDJHPHQW�SURFHVVHV��RSWLPDO
JULG�LQWHJUDWLRQ��DOWHUQDWLYH�ZLQG
HQHUJ\��ZLQG�IDUP�RSWLPLVDWLRQ�
UHF\FOLQJ�RI�WXUELQH�PDWHULDOV��7KLV
UHVHDUFK�LV�FDUULHG�RXW�LQ
FROODERUDWLRQ�ZLWK�YDULRXV
LQWHUQDWLRQDO�SDUWQHUV�DQG�EULQJV
WRJHWKHU�H[SHUWV�IURP�VL[�GLIIHUHQW
IDFXOWLHV�DQG�WKLUWHHQ�UHVHDUFK
JURXSV�LQ�WKH�78��HDFK�ZLWK�WKHLU
RZQ�H[SHUWLVH��7KUHH�PDLQ�WKHPHV
WKDW�WKH�LQVWLWXWH�ZRUNV�RQ�DUH��
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:LQG�(QHUJ\�ΔQVWLWXWH�
8UEDQ�(QHUJ\�ΔQVWLWXWH
3RZHU�:HE�ΔQVWLWXWH
(�5HILQHU\

'HOIW�(QHUJ\�ΔQLWLDWLYH�LV�D�SODWIRUP
IRU�IDFLOLWDWLQJ�HGXFDWLRQ��UHVHDUFK
DQG�LQQRYDWLRQ�UHODWHG�WR�IXWXULVWLF
HQHUJ\�WHFKQRORJLHV�DW�78�'HOIW��ΔW
DFWV�DV�D�FDWDO\VW�IRU�YDULRXV�LQWHUQDO
DQG�H[WHUQDO�FROODERUDWLRQV�IRU
VFLHQWLVWV�DQG�VWXGHQWV�ZRUNLQJ�LQ
WKH�ILHOG�RI�HQHUJ\��7KH�LQLWLDWLYH
FRQVLVWV�RI�IRXU�PDLQ�SLOODUV�
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��
��

��



7RZDUGV� ]HUR� HQHUJ\� EXLOGLQJV
DQG�EH\RQG
)DVW� WUDQVLWLRQ� H[LVWLQJ� EXLOGLQJ
VWRFN
7KHUPDO�XUEDQ�HQHUJ\�V\VWHP
6RODU�XUEDQ
6PDUW� PRQLWRULQJ�� 0DQDJHPHQW
DQG�FRQWURO
7UDQVIRUPLQJ�WKH�FLWLHV

8UEDQ�(QHUJ\�ΖQVWLWXWH

7KH�8UEDQ�HQHUJ\�LQVWLWXWH�DW�78
'HOIW�PDLQO\�IRFXVHV�RQ�IDFLOLWDWLQJ
HQHUJ\�WUDQVLWLRQ�WR�D�FDUERQ�IUHH
XUEDQ�HQHUJ\�V\VWHP�LQ
1HWKHUODQGV�E\�������7KH�UHVHDUFK
LV�FDUULHG�RXW�LQ�FROODERUDWLRQV�ZLWK
UHVHDUFK�JURXSV�IURP�DOO�WKH
IDFXOWLHV�RI�78�'HOIW�FRQWULEXWLQJ
ZLWK�WKHLU�RZQ�H[SHUWLVH�

7KH�UHVHDUFK�FDUULHG�RXW�LV�EURDGO\
GLYLGHG�LQWR�VL[�WKHPHV�

��

��

��
��
��

��

&DUERQ�QHXWUDO�IXHO
VHDVRQDO�HQHUJ\�VWRUDJH��
'HIRVVLOL]HG�FKHPLFDO�LQGXVWU\

(�5HILQHU\

(�5HILQHU\�LV�D�78�'HOIW�UHVHDUFK
LQVWLWXWH�ZLWK�WKH�YLVLRQ�WR�DFFHOHUDWH�WKH
WUDQVLWLRQ�WRZDUGV�VXVWDLQDEOH
SURGXFWLRQ�RI�FKHPLFDOV�DQG�IXHOV��7KH
LQVWLWXWH�LV�VXSSRUWHG�E\�ILYH�IDFXOWLHV�
7KH�VFLHQWLVWV�IRFXV�RQ�FRQYHUWLQJ
VXVWDLQDEOH�HOHFWULFLW\�WR�IXHOV�DQG
FKHPLFDOV��7KH�LQVWLWXWH�LV�IRFXVHG�RQ
VROYLQJ�WKUHH�PDLQ�FKDOOHQJHV��

3RZHU�:HE�ΖQVWLWXWH

'HYHORSLQJ�VROXWLRQV�WR�WKH�FKDQJLQJ
HOHFWULFLW\�PDUNHWV�ZLWK�DQ�LQWHJUDO
VWXG\�RI�XQGHUO\LQJ�SK\VLFDO�V\VWHPV
�KDUGZDUH���WKH�GHVLJQ�RI�VPDUW
HQHUJ\�PDQDJHPHQW�V\VWHPV
�VRIWZDUH���DQG�WKH�VWXG\�RI�VPDUW
JULGV�LQ�UHODWLRQ�WR�WKHLU�VRFLHWDO�DQG
HFRQRPLF�HQYLURQPHQW
�SHRSOHZDUH���7KH\�DLP�WR�PRGHO�DQG
GHVLJQ�IXWXUH�SRZHU�V\VWHPV�ZKLFK
DUH�UREXVW�DQG�FDQ�KDQGOH�WKH
SHQHWUDWLRQ�RI�UHQHZDEOH�HQHUJ\
VRXUFHV��0Δ*5$7(�LV�D�PDMRU�(8�
ZLGH�UHVHDUFK�SURMHFW�WKDW�LV
IDFLOLWDWHG�E\�WKLV�LQVWLWXWH��IRFXVLQJ
RQ�PLWLJDWLQJ�WKH�RSHUDWLRQDO
FKDOOHQJHV�LQ�WKH�SRZHU�V\VWHP�GXH
WR�LQWHJUDWLRQ�RI�PDVVLYH�SRZHU
HOHFWURQLFV�E\������

6RPH�RI�WKH�SURMHFWVb�XQGHUWDNHQ�E\�WKLV
LQVWLWXWH�LQFOXGH�URRIWRS�DQG�JULG�
UHODWHG�39�SRWHQWLDO�LQ�$PVWHUGDP�DQG
39�SRWHQWLDO�RQ�78�'HOIW�FDPSXV��7KHUH
DUH�DOVR�FURVV�ERUGHU�SURMHFWV�OLNH
6+Δ))7��UXQQLQJ�IURP���������EHWZHHQ
WKH�1HWKHUODQGV��%HOJLXP��)UDQFH�DQG
WKH�8QLWHG�.LQJGRP�IRFXVLQJ�RQ
GHYHORSLQJ��ORZ�FDUERQ�WHFKQRORJLHV�

6RXUFH��
�8UEDQ�HQHUJ\�LQVWLWXWH
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+HDOWKFDUH
:DWHU
(QHUJ\
'LVDVWHU�UHOLHI�DQG�UHVSRQVH
8UEDQLVDWLRQ

7KLV�LQLWLDWLYH�KDV�D�WUXO\�JOREDO�VSLULW��
ZLWK�D�VRFLHWDO�LPSDFW�WRZDUGV�D
VXVWDLQDEOH�IXWXUH��7KH�SURMHFWV�DUH
DLPHG�WRZDUGV�DFKLHYLQJ�WKH�6'*V�LQ
GHYHORSLQJ�FRXQWULHV�ZLWK�H[SHUW
NQRZOHGJH�IURP�78�'HOIW�VFLHQWLVWV��
�6FLHQWLVWV�DW�WKH�78�SDUWQHU�ZLWK
ORFDO�H[SHUWV�WR�UHDOLVH�WKHVH
SURMHFWV�SURPRWLQJ�D�VWURQJ�JOREDO
SDUWQHUVKLS�LQ�VROYLQJ�JOREDO
FKDOOHQJHV�

7KH�SURMHFWV�DUH�EURDGO\�FODVVLILHG
LQWR�ILYH�WKHPHV�

��
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��
��

6RPH�RI�WKHVH�SURMHFWV�LQFOXGH
SODVWLF�IUHH�ULYHUV�LQ�$VLD�DQG�$IULFD�
D�JOREDO�XUEDQ�ODE�IRFXVLQJ�RQ
VROYLQJ�VSDFLDO�FKDOOHQJHV�LQ�JURZLQJ
FLWLHV�DQG�JOREDO�GULQNLQJ�ZDWHU
SURJUDP�
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*OREDO�FKDOOHQJHV
6FLHQFH
&R�FUHDWLRQ
/RFDO�LPSDFW

7KLV�LQLWLDWLYH�KDV�D�PXOWL�GLVFLSOLQDU\
DSSURDFK�IRFXVLQJ�RQ�

��



7KH�'HOIW�+HDOWK�ΔQLWLDWLYH�ZDV�VWDUWHG
ZLWK�D�PLVVLRQ�WR��ΔQWHJUDWH�VFLHQFH�
HQJLQHHULQJ�DQG�GHVLJQ�IRU
VXVWDLQDEOH�KHDOWKFDUH�EDVHG�RQ
LQQRYDWLYH�WHFKQRORJLHV���$URXQG����
RI�WKH�VFLHQWLVWV�LQ�78�'HOIW�DUH
LQYROYHG�ZLWK�KHDOWK�FDUH�UHODWHG
UHVHDUFK�LQ�VRPH�ZD\�UDQJLQJ�IURP
ELRQDQRVFLHQFH�WR�VXVWDLQDEOH�PHGLFDO
WHFKQRORJLHV��78�'HOIW�SDUWQHUV�ZLWK
WKH�(UDVPXV�0HGLFDO�&HQWHU�RIIHULQJ
FRPSOHPHQWDU\�UHVRXUFHV�DQG
H[SHUWLVH�WR�YDULRXV�FKDOOHQJHV��

0HGLFDO�LPDJLQJ
&XUH�DQG�FDUH
7DUJHWHG�PROHFXODU�WKHUDS\
5LVLQJ�VWDUV

7KH�UHVHDUFK�LV�IRFXVHG�RQ�IRXU�PDLQ
WKHPHV�
��
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��
��
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'HOIW�'HOWDV��ΔQIUDVWUXFWXUH�DQG
0RELOLW\�ΔQLWLDWLYH�ZRUNV�RQ�GHYHORSLQJ
VROXWLRQV�IRU�VRFLHWDO�SUREOHPV�UHODWHG
WR�LQIUDVWUXFWXUH�IRU�ZDWHU�VDIHW\�DQG
VPDUW�PRELOLW\��7KLV�LQLWLDWLYH
FRPSULVHV�RI�YDULRXV�GLVFLSOLQHV�ZKLFK
ZRUN�WRJHWKHU�LQ�GHYHORSLQJ�LQWHJUDO
VROXWLRQV��7KH\�IROORZ�WKH�'HOIW
DSSURDFK�RI�
ΔQWHJUDO��ΔQQRYDWLYH�DQG
'RZQ�WR�HDUWK


8UEDQ�LQIUDVWUXFWXUH
'HOWDV�RI�WKH�IXWXUH
$LUSRUWV�RI�WKH�IXWXUH

&XUUHQWO\�bWKUHH�PDMRU�DUHDV�RI�IRFXV
DUH�
��
��
��

��
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8UEDQ�FOLPDWH
5DGLDWLRQ�EDODQFH
ΔFH�	�VHD�OHYHO�FKDQJH
:DWHU�F\FOH
*HR�HQJLQHHULQJ

7KH�78�'HOIW�&OLPDWH�ΔQVWLWXWH�LV�DFWLYH
DFURVV�DOO�HLJKW�IDFXOWLHV�RI�WKH
XQLYHUVLW\��7KURXJK�GDWD�EDVHG�FOLPDWH
NQRZOHGJH��WKH�LQVWLWXWH�DLPV�WR�EH�DQ
DXWKRULW\�RQ�PLWLJDWLRQ��DGDSWLRQ��DQG
SROLF\��ΔQ�GRLQJ�VR��D�IRFXV�LV�SXW�RQ
LQLWLDWLQJ�LQWHUGLVFLSOLQDU\�UHVHDUFK
SURJUDPV�DQG�QDWLRQDO�LQIUDVWUXFWXUH
SURJUDPV�

&XUUHQWO\��WKH�&OLPDWH�ΔQVWLWXWH�LV
VWUXFWXUHG�DORQJ�ILYH�UHVHDUFK�WKHPHV�

8UEDQ�FOLPDWH

7KH�8UEDQ�FOLPDWH�ΔQVWLWXWH�VWULYHV
WRZDUGV�VROXWLRQV�WR�FRPSOH[�LVVXHV
OLNH�ULVLQJ�WHPSHUDWXUHV��UDLQIDOO��ZDWHU
VFDUFLW\�DQG�ZRUN�WRZDUGV
GHYHORSPHQW�RI�FOLPDWH�UHVLOLHQW�FLWLHV�

5DGLDWLRQ�EDODQFH

7KH�(DUWKȇV�VXUIDFH�DQG�DWPRVSKHUH
IRUP�DQ�LQWULFDWH�V\VWHP�WKDW�FOLPDWH
PRGHOV�DLP�WR�FDSWXUH��2QH�IRFXV
SRLQW�RI�WKH�&OLPDWH�ΔQVWLWXWH�LV
UHILQLQJ�WKHVH�PRGHOV�WKURXJK�WKH
VWXG\�RI�FORXGV��0RUH�SDUWLFXODUO\��WKH
OLIHF\FOH�DQG�EHKDYLRXU�RI�FORXGV�LV
VWXGLHG�XVLQJ�UDGDU��OLGDU��VSHFLDO
DLUSODQHV��DQG�PRGHOV�XVLQJ
VXSHUFRPSXWHUV�DQG�DGYDQFHG��'
YLVXDOLVDWLRQ�WHFKQLTXHV�

ΖFH�	�VHD�OHYHO�FKDQJH

%\�HLWKHU�PHDVXULQJ�UHJLRQDO�FKDQJLQJ
LQ�(DUWKȇV�JUDYLW\�RU�SUHFLVHO\
GHWHUPLQLQJ�WKH�KHLJKW�RI�JODFLHUV�
RFHDQV��DQG�ODQG��FKDQJHV�LQ�JODFLDO
PDVV�DQG�VHD�OHYHO�FDQ�EH�REVHUYHG��$
IXQFWLRQDO�ZD\�RI�GRLQJ�WKLV�WKURXJK
WKH�XVH�RI�VDWHOOLWHV�ORRNLQJ�GRZQ�DW
(DUWK�DV�WKH\�RUELW�RXU�SODQHW��$W�78
'HOIW��UHVHDUFKHUV�ZRUN�RQ�WKH
SURSXOVLRQ��VHQVRUV��DQG�GDWD
SURFHVVLQJ�UHTXLUHG�WR�DOORZ�IRU�WKLV
FOLPDWH�VFLHQFH�

:DWHU�F\FOH

&OLPDWH�FKDQJH�KDV�D�SURIRXQG�LPSDFW
RQ�SUHFLSLWDWLRQ�SDWWHUQV��DV�GR
SRSXODWLRQ�JURZWK�DQG�XUEDQLVDWLRQ�
+RZ�WKLV�LPSDFW�H[SUHVVHV�LWVHOI�DQG
FKDQJHV�RYHU�WLPH�LV�FUXFLDO�WR�ZDWHU
PDQDJHPHQW��$W�78�'HOIW��PDQ\
HOHPHQWV�RI�WKH�ZDWHU�F\FOH�OLNH
SUHFLSLWDWLRQ��UXQ�RII�IURP�FLWLHV�RU
ULYHUV��FRQGHQVDWLRQ�DQG�FORXG
IRUPDWLRQ�LV�VWXGLHG��7KLV�DOORZV�78
'HOIW�WR�SRVLWLRQ�LWVHOI�DV�D�OHDGLQJ
H[SHUW�LQ�WKH�ILHOG�RI�K\GURORJ\�

*HR�HQJLQHHULQJ

78�'HOIW�VXSSRUWV�UHVHDUFK�IRFXVVHG
DORQJ�WZR�JHR�HQJLQHHULQJ�WRSLFV��6RODU
5DGLDWLRQ�0DQDJHPHQW��650��DQG�WKH
FDSWXUH�XVH�RI�&2��HPLVVLRQV��

��



(OHFWULFDO�6XVWDLQDEOH�(QHUJ\

7KH�PDLQ�REMHFWLYH�RI�WKH�(OHFWULFDO
6XVWDLQDEOH�(QHUJ\�GHSDUWPHQW�LV�WR
DFFHOHUDWH�HQHUJ\�WUDQVLWLRQ��7KH
UHVHDUFK�DFWLYLWLHV�LQFOXGH�UHQHZDEOH
HQHUJ\�SURGXFWLRQ��WUDQVPLVVLRQ�
GLVWULEXWLRQ�DQG�VWRUDJH��6RPH�WRSLFV
LQFOXGH�SKRWRYROWDLFV��ZLQG�HQHUJ\�
SRZHU�HOHFWURQLFV��KLJK�YROWDJH�'&
WUDQVPLVVLRQ�DQG�LPSURYLQJ�HQHUJ\
HIILFLHQF\��7KH�WHFKQLFDO��HFRQRPLF�DQG
VRFLDO�FRQFHUQV�RI�WKH�IXWXUH�SRZHU
V\VWHPV�DUH�DGGUHVVHG��

'HOIW�6XEVXUIDFH�6WRUDJH

6XEVXUIDFH�VWRUDJH�LV�D
PXOWLGLVFLSOLQDU\�WKHPH�RI�WKH
GHSDUWPHQW�RI�*HRVFLHQFHV�DQG
(QJLQHHULQJ�ZRUNLQJ�RQ�VRFLHWDO
FKDOOHQJHV�UHODWHG�WR�HQHUJ\�
ZDWHU�DQG�HQYLURQPHQW�
&XUUHQWO\��WKH�PDLQ�IRFXV�LV�WR
GHYHORS�VROXWLRQV�IRU�VWRULQJ
UHQHZDEOH�HQHUJ\�LQ�VXEVXUIDFH
IRUPDWLRQV�LQ�WKH�IRUP�RI�JUHHQ
IXHOV��FRPSUHVVHG�DLU�DQG�KRW
IOXLGV��7KH�WHDP
V�H[SHUWLVH
LQFOXGHV�FKDUDFWHULVDWLRQ�
PRGHOOLQJ��VLPXODWLRQ�
PRQLWRULQJ�DQG�DVVHVVLQJ�VXE
VXUIDFH�IRUPDWLRQV�

6XVWDLQDEOH�$YLDWLRQ

7KH�6XVWDLQDEOH�DYLDWLRQ
GHSDUWPHQW�LV�IRFXVHG�RQ�WKUHH
DUHDV��UHGXFLQJ�HQHUJ\
FRQVXPSWLRQ��VXVWDLQDEOH�HQHUJ\
DQG�VXVWDLQDEOH�DYLDWLRQ
RSHUDWLRQV��7KHbQHZ�ZRUOG�
UHQRZQHG�)O\LQJ�9�DLUFUDIW
FRQFHSW�GHYHORSHG�DW�WKLV
GHSDUWPHQW�ZRXOG�VDYH�����RI
IXHO�FRQVXPSWLRQ��7KHUH�LV�DOVR
ZRUN�LQ�SURJUHVV�RQ�HOHFWULF
DLUFUDIW�DQG�RQ�SURGXFLQJ�JUHHQ
DYLDWLRQ�IXHOV�WR�PDNH�DYLDWLRQ
FDUERQ�QHXWUDO��7KH\�DOVR�ZRUN
RQ�RSWLPLVLQJ�WKH�IOLJKW�URXWHV�WR
UHGXFH�DLU�DQG�QRLVH�SROOXWLRQ�b

�&RPIRUWDEOH�DQG�KHDOWK\
HQYLURQPHQWV
&OLPDWH�LQWHJUDWHG�GHVLJQ
/RZ�HQHUJ\�GHVLJQ

&OLPDWH�'HVLJQ�DQG�6XVWDLQDELOLW\�Ȃ
$UFKLWHFWXUDO�HQJLQHHULQJ�DQG
WHFKQRORJ\

7KH�PLVVLRQ�RI�WKLV�GHSDUWPHQW�LV�WR
GHVLJQ�FRPIRUWDEOH�DQG�KHDOWK\�FOLPDWH���
LQ�DQG�DURXQG�WKH�EXLOGLQJV��7KHLU�PDLQ
H[SHUWLVH�LV�WR�LQWHJUDWH�VXVWDLQDEOH
FOLPDWH�FRQFHSWV�LQWR�DUFKLWHFWXUDO
GHVLJQ�DQG�XUEDQ�SODQQLQJ��7KH
UHVHDUFK�LVb�FODVVLILHG�LQWR�WKUHH�DUHDV�
�
��

��
��
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<(6��'HOIW�LV�RQH�RI�WKH�OHDGLQJ�7HFK
LQFXEDWRUV�LQ�(XURSH��VLWXDWHG�ZLWKLQ
WKH�78�'HOIW�&DPSXV��ΔW�KHOSV�VWXGHQWV
DQG�UHVHDUFKHUV�WR�WXUQ�LQQRYDWLYH�LGHDV
LQWR�VXFFHVVIXO�EXVLQHVVHV�HQWLWLHV��$
IHZ�RI�WKHVH�VWDUWXSV�LQ�WKH�FOHDQ�WHFK
�VXVWDLQDELOLW\��ILHOG�DUH�VKRZQ�EHORZ�

3K\VHH�

3+<6((�LV�D�'HOIW�VWDUW�XS�DLPLQJ�WR
XQOHDVK�WKH�FRPSOHWH�SRWHQWLDO�RI�FOHDQ
EXLOGLQJ�IDFDGHV��7R�DFFHOHUDWH�WKH
WUDQVLWLRQ�WR�WKH�IXWXUH�RI�HQHUJ\
QHXWUDO�EXLOGLQJV��3+<6((�ZRUNV�RQ
SURYLGLQJ�6PDUN6NLQ�IRU�EXLOGLQJV��7KLV
6PDUW6NLQ�FRQWUROV�WKH�EXLOGLQJ�FOLPDWH
DQG�VDYHV�HQHUJ\�XVH�ZKLOH�DOVR
SURGXFLQJ�HQHUJ\�

6RODU�0RQNH\�

6RODU�0RQNH\�LV�D�VWDUW�XS�WKDW
ZDV�IRXQGHG�LQ������E\�78�'HOIW
PDVWHU�VWXGHQWV��ΔQVSLUHG�E\�WKH
UDSLGO\�JURZLQJ��EXW�LQHIILFLHQW
VRODU�HQHUJ\�PDUNHW��WKH
IRXQGHUV�FDPH�XS�ZLWK�WKH�LGHD
RI�HQDEOLQJ�LQVWDOOHUV�WR�JURZ
IDVWHU�E\�VLPSOLI\LQJ�WKHLU
SURFHVVHV�XVLQJ�VRODU�SDQHO
VRIWZDUH��7KLV�VRIWZDUH�HQDEOHV
WKH�LQVWDOOHUV�WR�GHVLJQ�D�IXOO
V\VWHP�UHPRWHO\�ZLWKLQ�D�PLQXWH�
LPSURYLQJ�HIILFLHQF\�DQG
ERRVWLQJ�WKH�PDUNHW��

&LUFXODULVH

$QRWKHU�VWDUW�XS�ZRUNLQJ�RQ
WDNLQJ�D�VWHS�IXUWKHU�LQWR�WKH
VXVWDLQDEOH�ZRUOG��&LUFXODULVH
ZRUNV�ZLWK�OHDGLQJ�LQGXVWU\
FRUSRUDWHV��JRYHUQPHQW��VWDUW�
XSV�DQG�VHYHUDO�UHVHDUFK
RUJDQL]DWLRQV�WR�EULQJ
WUDQVSDUHQW�DQG�WUXVWHG�GDWD
VKDULQJ�WR�JOREDO�VXSSO\�FKDLQV�
7KH�FRPSDQ\�ZRUNV�RQ�WKH
DFFHOHUDWLRQ�RI�WKH�WUDQVLWLRQ�WR
D�FLUFXODU�HFRQRP\��ΔW�DLGV
UHOLDEOH�DQG�VWDQGDUGLVHG�IORZ�RI
LQIRUPDWLRQ�DERXW�PDWHULDOV�DQG
FRPSRQHQWV�ZLWKLQ�WKH�VXSSO\
FKDLQ�XVLQJ�EORFNFKDLQ
WHFKQRORJ\�

.LWH�SRZHU

.LWHSRZHU�LV�DQRWKHU�UHQRZQHG�VWDUW�XS�
IRFXVLQJ�RQ�DLUERUQH�ZLQG�HQHUJ\�
GHYHORSLQJ�LQQRYDWLYH�DQG�FRVW�HIIHFWLYH
VXEVWLWXWHV�WR�H[LVWLQJ�ZLQG�WXUELQHV�E\
XVLQJ�NLWHV�WR�JHQHUDWH�HOHFWULFLW\��ΔWV
SDWHQWHG�WHFKQRORJ\�XVHV�����OHVV
PDWHULDO��ZKLOH�EHLQJ�WZLFH�DV�HIILFLHQW
DV�H[LVWLQJ�WHFKQRORJ\��8QOLNH
FRQYHQWLRQDO�ZLQG�WXUELQHV��WKH
.LWHSRZHU�V\VWHP�GRHV�QRW�UHTXLUH
UHVRXUFH�LQWHQVLYH�WRZHUV�RU�KHDY\
IRXQGDWLRQV�DQG�LV�WKXV�HDV\�WR
WUDQVSRUW�DQG�GHSOR\��ΔW�FRQQHFWV
VWURQJHU�DQG�PRUH�WHQDFLRXV�ZLQGV�DW
KLJKHU�DOWLWXGHV��DOORZLQJ�IRU�FDSDFLW\
IDFWRUV�JUHDWHU�WKDQ�����DQG�LQ�UHWXUQ
FRVW�HIIHFWLYH�HOHFWULFLW\�JHQHUDWLRQ�
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(FR�5XQQHU�7HDP�'HOIWb

ΔW�LV�WKH�K\GURJHQ�HQGXUDQFH
UDFLQJ�WHDP�RI�WKH�78�'HOIW
FRQVLVWLQJ�RI����VWXGHQWV�IURP
GLIIHUHQW�IDFXOWLHV��7KH�REMHFWLYH�LV
WR�GHVLJQ��SURGXFH�DQG�UDFH�WKH
ZRUOGȇV�PRVW�HIILFLHQW�K\GURJHQ�
SRZHUHG�FLW\�FDU��7KHUHE\��WKH
WHDP�ZDQWV�WR�SURPRWH�D
VXVWDLQDEOH�IXWXUH��7KH�WHDP
DFKLHYHG�D�WKLUG�SODFH�LQb6KHOO�(FR�
0DUDWKRQ�����bLQ�/RQGRQ�
$GGLWLRQDOO\��WKH�WHDP�ZDV
DZDUGHG�ZLWK�WKH�9HKLFOH�'HVLJQ
DZDUG�

'HOIW�+\SHUORRS

'HOIW�+\SHUORRS�LV�WKH�WHDP�SDUWLFLSDWLQJ
LQ�6SDFH;
V�K\SHUORRS�FRPSHWLWLRQ�WR�
�FRQWULEXWH�LQ�FKDQJLQJ�WKH�IXWXUH�RI
WUDQVSRUWDWLRQ�WRZDUGV�FOHDQHU��IDVWHU
DQG�PRUH�HIILFLHQW��+\SHUORRS�LV�D�KLJK�
VSHHG�WUDQVSRUWDWLRQ�V\VWHP�XVLQJ�QHDU�
YDFXXP�WXEHV�LQ�ZKLFK�SUHVVXUL]HG
YHKLFOHV�WUDYHO��'XH�WR�ORZ�DLU�UHVLVWDQFH
LQ�WKH�WXEHV��WKH�YHKLFOHV�FDQ�WUDYHO�ZLWK
VSHHGV�RI�RYHU������NP�K�ZKLOH�EHLQJ
PRUH�HQHUJ\�HIILFLHQW��HQYLURQPHQWDOO\
IULHQGO\��DQG�FRQYHQLHQW�WKDQ�DLUSODQHV�

'5($0�7($06
7KH�'UHDP�WHDPV�DW�78�'HOIW�DUH
DQRWKHU�JUHDW�SODFH�IRU
VXVWDLQDEOH�LQQRYDWLRQ�DQG
GHYHORSPHQW�RI�IXWXUH
WHFKQRORJLHV��7KHVH�GUHDP�WHDPV�
ILOOHG�ZLWK�FRPSHWLWLYH�VSLULW�
UHSUHVHQW�78�'HOIW�DW�YDULRXV
LQWHUQDWLRQDO�FRPSHWLWLRQV��6RPH
RI�WKHVH�WHDPV�ZLOO�EH�GLVFXVVHG
EULHIO\�LQ�WKLV�VHFWLRQ�

��



9DWWHQIDOO�6RODU�7HDP

7KH�JRDO�RI�WKH�9DWWHQIDOO�6RODU�7HDP�LV
WR�LQVSLUH�WKH�ZRUOG�LQ�WKH�ILHOG�RI�KLJK�
HQG�WHFKQRORJ\�DQG�WR�SURPRWH
VXVWDLQDELOLW\�XVLQJ�UHQHZDEOH�HQHUJ\�bΔQ
������WKH�$OSKD�&HQWDXUL�7HDP��DV�WKH
9DWWHQIDOO�6RODU�7HDP�ZDV�FDOOHG�DW�WKH
WLPH��SDUWLFLSDWHG�IRU�WKH�ILUVW�WLPH�ZLWK
JUHDW�VXFFHVV�LQ�WKH�UDFH�DFURVV
$XVWUDOLD�b7KLV�UDFH�FRYHUV�DSSUR[LPDWHO\
������NP��7KH�WHDP�PDQDJHG�WR�ZLQ�WKH
:RUOG�6RODU�&KDOOHQJH�IRXU�WLPHV�LQ�D
URZ�IURP������WR�������ΔQ������DQG
������1XQD��DQG�1XQD��UHVSHFWLYHO\
PDQDJHG�WR�WDNH�WKH�:RUOG�&XS�EDFN�WR
'HOIW��$IWHU�WKH�ILUVW�IRXU�ZKHHOHG�HGLWLRQ
RI�WKH�:RUOG�6RODU�&KDOOHQJH�LQ�������WKH
WHDP�ZDV�DEOH�WR�WDNH�WKH��WK�ZRUOG�WLWOH
WR�WKH�1HWKHUODQGV�b

6RODU�%RDW�7HDP

7KH�REMHFWLYH�RI�WKH�WHDP�LV�WR�ZRUN
WRJHWKHU�ZLWK�WKH�PDULWLPH�VHFWRU
RQ�D�WUDQVLWLRQ�WR�UHQHZDEOH�HQHUJ\�
7KH�WHDP�FRQVLVWV�RI����DPELWLRXV
VWXGHQWV�IURP�WHQ�GLIIHUHQW�VWXGLHV
DW�78�'HOIW��(YHU\�WZR�\HDUV��D
FRPSOHWHO\�QHZ�ERDW�LV�GHVLJQHG
DQG�EXLOW�bΔQ�������WKH�WHDP
GHVLJQHG�D�VRODU�ERDW�IRU�WKH�RSHQ
VHD�DQG�ZLWK�WKLV�ERDW��WKH\�EHFDPH
ZRUOG�FKDPSLRQV�LQ�WKH�2IIVKRUH
&ODVV�LQ�0RQDFR�

��



1RYD�(OHFWULF�5DFLQJ

1RYD�(OHFWULF�5DFLQJ�LV�DQ�LQWHUQDWLRQDO
JURXS�RI�VWXGHQWV�IURP�WKH�'HOIW
8QLYHUVLW\�RI�7HFKQRORJ\�DQG�WKH
8QLYHUVLWLHV�RI�$SSOLHG�6FLHQFH�
2EMHFWLYH�LV�WR�GHPRQVWUDWH�WKDW
UHQHZDEOH�HQHUJ\�ZLOO�SOD\�D�PDMRU
UROH�LQ�WKH�IXWXUH�RI�PRWRUVSRUW
UDFLQJ��ZLWKRXW�FRPSURPLVLQJ�RQ
SHUIRUPDQFH��'HYHORSLQJ�D�IXOO\
HOHFWULF�UDFLQJ�PRWRUF\FOH�LV�D�JRDO�RI
WKH�WHDP��7KH�PRWRUF\FOH�FDQ�JR�IURP
��WR�����NP�K�LQ�����VHFRQGV��ZLWK�D
WRS�VSHHG�RI�����NP�K�EDFNHG�XS�E\
����N:�RI�SRZHU�

$HUR'HOIW

$HUR'HOIW�LV�D�78�'HOIW�VWXGHQW�WHDP
ZLWK�D�JRDO�WR�SURYH�WKDW�HPLVVLRQ�IUHH
DYLDWLRQ�LV�SRVVLEOH�E\�GHYHORSLQJ�WKH
ZRUOGȇV�ILUVW�OLTXLG�K\GURJHQ�SRZHUHG
DLUFUDIW��7R�GR�VR��LQ�HDUO\������D�WHDP
RI�VWXGHQWV�IURP�'HOIW�8QLYHUVLW\�RI
7HFKQRORJ\��8WUHFKW�8QLYHUVLW\�DQG
:LOOHP�GH�.RRQLQJ�$FDGHPLH
HPEDUNHG�RQ�3URMHFW�3KRHQL[��D�
�SURMHFW�WR�GHVLJQ�DQG�PDQXIDFWXUH
WKH�ZRUOGȇV�ILUVW�DLUFUDIW�SRZHUHG�E\�D
OLTXLG�K\GURJHQ�IXHO�FHOO�

��



7KH�'HOIW�8QLYHUVLW\�:LQG�7XUELQH
�'8:7��

$�\RXQJ�VWXGHQW�WHDP�RI�78�'HOIW
FRPSHWLQJ�DW�WKH�ΔQWHUQDWLRQDO�6PDOO
:LQG�7XUELQH�&RQWHVW��RUJDQLVHG�E\
WKH�+DQ]H�8QLYHUVLW\�RI�$SSOLHG
6FLHQFHV��*URQLQJHQ��7KH�WHDP
VWDUWHG�RII�ZLWK�DQ�LQWHUQDWLRQDO�
PXOWLGLVFLSOLQDU\�JURXS�RI���
VWXGHQWV��LQ�-DQXDU\�������7KH�DLP�RI
WKH�WHDP�ZDV�WR�EXLOG�D�VPDOO��XUEDQȂ
IULHQGO\�ZLQG�WXUELQH��7KH�WHDP�KDV
EHHQ�VXSSRUWHG�E\�WKH�78�'HOIW�:LQG
(QHUJ\�ΔQVWLWXWH�DQG�YDOXHV�WKH
LQWHJUDWLRQ�RI�6'*V�LQ�WKH�GHVLJQ�DQG
FRQVWUXFWLRQ�RI�WKH�WXUELQH��7KLV
WHDP�LV�QRW�D�GUHDP�WHDP�\HW�EXW
VRRQ�DLPV�WR�EH�

)RU]H� +\GURJHQ� (OHFWULF� 5DFLQJ
7HDP�'HOIW

)RU]H�+\GURJHQ�(OHFWULF�5DFLQJ�7HDP
'HOIW�LV�WKH�SLRQHHU�K\GURJHQ�UDFLQJ
WHDP�RI�78�'HOIW�WKDW�KDV�EHHQ
SURPRWLQJ�K\GURJHQ�SRZHUHG
PRELOLW\�VLQFH�������7KH�XOWLPDWH�JRDO
LV�D�FOHDQ��]HUR�HPLVVLRQ�IXWXUH�RI
WUDQVSRUW��)RU]H�UDLVHV�DZDUHQHVV�IRU
FOHDQ�PRELOLW\�E\�FRPELQLQJ
PRWRUVSRUW�DQG�VXVWDLQDEOH
WHFKQRORJLHV��)RU�WKLV�UHDVRQ��WKH
)RU]H�9Δ�ZDV�EXLOW��ZRUOG
V�ILUVW
UDFHFDU�SRZHUHG�E\�K\GURJHQ��:LWK
WKLV�FDU��)RU]H�KDV�VHW�WKH�IDVWHVW�ODS
UHFRUG�RQ�FLUFXLW�=DQGYRRUW��:LWK�D
ODS�WLPH�RI���������PLQXWHV��WKH
)RU]H�9Δ�EHDW�WKH�7HVOD�5RDGVWHU���

��



6\PELRWLF�8UEDQ�0RYHPHQW��680��LV�D
VWXGHQW�OHG�WHDP�IURP�78�'HOIW�WKDW
DLPV�WR�DFKLHYH�D�PXWXDO�DQG
EHQHILFLDO�UHODWLRQVKLS�EHWZHHQ�WKH
XVHU��WKH�FRPPXQLW\�DQG�WKH
HQYLURQPHQW��D�V\PELRVLV��&XUUHQWO\�
680�FRQVLVWV�RI����HQWKXVLDVWLF
VWXGHQWV�ZLWK����GLIIHUHQW
QDWLRQDOLWLHV��WKH�WHDP�ZLOO�XVH�WKH
SODWIRUP�RI�WKH�6RODU�'HFDWKORQ
(XURSH�FRPSHWLWLRQ�WR�DFFHOHUDWH�WKLV
YLVLRQ��7KH�6RODU�'HFDWKORQ�LV�D
VWXGHQW�FRPSHWLWLRQ�IRU�UHVRXUFH�
UHVSRQVLEOH�DQG�HQHUJ\�HIILFLHQW
DUFKLWHFWXUH�DQG�HQJLQHHULQJ��7KH
FRPSHWLWLRQ�IRFXVHV�RQ�WKH
UHYLWDOLVDWLRQ�RI�XUEDQ�EXLOGLQJ�VWRFNV
DQG�FKDOOHQJHV�SDUWLFLSDQWV�WR�GHVLJQ�
EXLOG�DQG�RSHUDWH�D�VRODU�SRZHUHG
DQG�HQHUJHWLFDOO\�VHOI�VXIILFLHQW�KRPHb

HTXLSSHG�ZLWK�DGYDQFHG
WHFKQRORJLHV��GHVLJQHG�WR�WKH
KLJKHVW�VWDQGDUGV�RI�VXVWDLQDELOLW\�

680�DLPV�WR�FUDIW�UHVRXUFH�
UHVSRQVLEOH�DQG�UHVLOLHQW
QHLJKERXUKRRGV��%\�DGGUHVVLQJ�WKLV
W\SRORJ\��680�KDV�WKH�RSSRUWXQLW\
WR�FUHDWH�D�JHQHULF�V\VWHP�WKDW�FDQ
EH�XVHG�DFURVV�WKH�1HWKHUODQGV�DQG
HYHQ�(XURSH��)XUWKHUPRUH��WKLV
FUHDWHV�WKH�RSSRUWXQLW\�WR
FRQWULEXWH�WR�WKH�HQYLURQPHQWDO
WDVN�RI�EHLQJ�HQHUJ\�QHXWUDO�LQ�����
DQG�WR�WKH�'XWFK�JRYHUQPHQW
V�JRDO
RI�FRQVWUXFWLQJ�RQH�PLOOLRQ�KRPHV
E\�������ΔQ�DGGLWLRQ�WR�WKH�IRFXV�RQ
PRGXODULW\��FLUFXODULW\��DQG
VXVWDLQDELOLW\��680�DOVR�ORRNV�IRU
VROXWLRQV�WKDW�FRQWULEXWH�WR�D�PRUH
VXFFHVVIXO�XUEDQ�DQG�VRFLDO�OLYLQJ
HQYLURQPHQW��680�DLPV�WR�FUHDWH�D
FRPPXQLW\�EDVHG�RQ�VXVWDLQDEOH
KDELWV��XVLQJ�WKLV�RSSRUWXQLW\�WR
FUHDWH�D�PDMRU�LPSDFW�RQ�RXU�VRFLDO
DQG�HQYLURQPHQWDO�IRRWSULQW�
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:LQGRZV�IRU�WKH�IXWXUH��$Q
LQQRYDWLYH�VROXWLRQ�WR�DGGUHVV�WKH
LQFUHDVLQJ�GHPDQGV�IRU�DLU�
FRQGLWLRQLQJ�DQG�VXQ�VKDGLQJ�IRU
EXLOGLQJV�

7KH�*UHHQ�9LOODJH�LV�WKH�OLYLQJ�ODE�IRU
VXVWDLQDEOH�LQQRYDWLRQ�DW�78�'HOIW��ΔW
KHOSV�WR�DFFHOHUDWH�WKH�GHYHORSPHQW
DQG�LPSOHPHQWDWLRQ�RI�VHYHUDO�JUHHQ
LQQRYDWLRQV��SURYLGLQJ�D�SODWIRUP�IRU
VFLHQWLVWV��HQJLQHHUV��FRUSRUDWHV�DQG�WKH
JRYHUQPHQW�WR�FROODERUDWH�DQG
H[SHULPHQW�LQ�D�UHDO�OLIH�VHWWLQJ��ΔW�VHUYHV
DV�D�PHGLXP�WR�JURZ�IURP�IXQGDPHQWDO
UHVHDUFK�WR�ODUJH�VFDOH�DSSOLFDWLRQV��7KH
*UHHQ�9LOODJH�LV�DQ�LQLWLDWLYH�RI�78�'HOIW
DQG�6WLFKWLQJ�*UHHQ�9LOODJH��7KH
SODWIRUP�LV�VXSSRUWHG�E\�WKH�(XURSHDQ
5HJLRQDO�'HYHORSPHQW�)XQG��WKH
3URYLQFH�RI�6RXWK�+ROODQG��WKH
PXQLFLSDOLW\�RI�'HOIW��$OOLDQGHU��*DVWHUUD�
DQG�PDQ\�RWKHUV��6RPH�RI�WKH�QRWDEOH
FXUUHQW�SURMHFWV�DUH�

�&RQYHUJH��:KHUH�SDVVLYH
FOLPDWH�FRQWURO�LV�XVHG�IRU
KHDWLQJ��YHQWLODWLRQ�DQG�FRROLQJ�

2QH�RI�WKH�PRVW�VXFFHVVIXO�SURMHFWV
RI�WKH�RUJDQL]DWLRQ�LV�WKH�'HOIW�;
:DWHU�7DQN��ZKLFK�LV�DQ
XQGHUJURXQG�ZDWHU�WDQN�FRQVLVWLQJ
RI�SLSHV�WKDW�FROOHFW�UDLQZDWHU
GXULQJ�VKRZHUV�WR�EH�XVHG�WR�VSUD\
ODQG�GXULQJ�GU\�WLPHV��7KH�*UHHQ
9LOODJH�LV�DOVR�D�KXE�IRU�LGHDV�OLNH
WKH�'UHDP+¾V�DLPHG�DW�FUHDWLQJ
VXVWDLQDEOH�DQG�DIIRUGDEOH�OLYLQJ��ΔW
LV�D�FROODERUDWLYH�H[SHULPHQW
EHWZHHQ�:RRQ)ULHVODQG�
%RXZJURHS�'LMNVWUD�'UDLVPD��<(6�
'HOIW�DQG�'H�%RZRQHUVUDDG
)ULHVODQG��)XUWKHUPRUH��WKH�*UHHQ
9LOODJH�KDV�VHYHUDO�LQQRYDWLRQ
SURJUDPV�LQ�DUHDV�RI�ZDWHU��FLUFXODU
HFRQRP\��EXLOGLQJ�WHFKQRORJ\�
SRZHU�FRQYHUVLRQ�DQG�VXVWDLQDEOH
PRELOLW\�WR�EROVWHU�WKH�6'*V�

��



:LWK�LWV�PLVVLRQ�WRZDUGV�ȆΔPSDFW�IRU�D
EHWWHU�VRFLHW\ȇ��78�'HOIW�PXVW�YDOXH�LWV
SRVLWLRQ�LQ�EHLQJ�D�SLRQHHU�WR�EXLOG�D
VXVWDLQDEOH�IXWXUH��7KLV�QHHGV�WR�VWDUW
IURP�WKH�78�FDPSXV��ZKLFK�LV�NQRZQ
IRU�LWV�ULFK�KHULWDJH�DQG�PRGHUQ
RXWORRN��:LWK�D�FRPELQDWLRQ�RI�KLVWRULF
PRQXPHQWDO�EXLOGLQJV��PRGHUQ
HGXFDWLRQ�DQG�OHDUQLQJ�VSDFHV��KL�WHFK
UHVHDUFK�IDFLOLWLHV��FDIHWHULDV�DQG
RWKHUV��78�'HOIW�KDV�D�JUHDW�FKDOOHQJH
KHDG�WR�WUDQVIRUP�LQWR�D�VXVWDLQDEOH
DQG�IXWXUH�SURRI�FDPSXV��7KH�JURZLQJ
UHSXWDWLRQ�RI�78�'HOIW�LV�DWWUDFWLQJ
PRUH�DQG�PRUH�VWXGHQWV�HYHU\�\HDU
DQG�WKH�FXUUHQW�IDFLOLWLHV�DUH�UHDFKLQJ
WKHLU�PD[LPXP�FDSDFLW\��

$GGUHVVLQJ�WKLV�LVVXH��WKH�78�'HOIW
VWUDWHJLF�IUDPHZRUN����������
FRPPLWV�WR�UHGHYHORS�WKH�FDPSXV�WR
EH�ZHOO�HTXLSSHG�WR�IDFH�WKH�IXWXUH
FKDOOHQJHV�RI�GHPRJUDSKLFV�
GLJLWLVDWLRQ�DQG�LQWHUQDOLVDWLRQ�

78�'HOIW�VWUDWHJLF�IUDPHZRUN������
�����FDOOV�IRU�GHYHORSLQJ�D�VPDUW�
VXVWDLQDEOH��LQFOXVLYH�DQG�OLYLQJ
FDPSXV��ZKLFK�LQVSLUHV�SHRSOH�WR�ZRUN�
WKLQN�DQG�EH�FUHDWLYH��(GXFDWLQJ�WKH
HQJLQHHUV�RI�WRPRUURZ�DQG�EHLQJ
IRUHUXQQHU�LQ�PRGHUQ�UHVHDUFK��78
'HOIW�QHHGV�WR�DFFHOHUDWH�LWV�DFWLRQ�RQ
SUDFWLFLQJ�ZKDW�LW�SUHDFKHV�

��



ʭ��cɺʴďÕŃľĲ²Ĉ�²ďÑ�Ë÷ĲËŃĈ²Ĳ�Ë²ĎįŃĶ�ÊŚ�ɺɸɻɸʮ

:LWK�D�YLVLRQ�WRZDUGV�FRQWULEXWLQJ�WR�WKH�81�6XVWDLQDEOH�GHYHORSPHQW�JRDOV��78
'HOIW�FRPPLWV�WR�EXLOG�Dbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

bb
Ȋ�&2�bQHXWUDO�DQG�FLUFXODU�FDPSXV�E\�����ȋb

7KH�XOWLPDWH�JRDO�LV�WR�WUDQVIRUP�78�'HOIW�LQWR�D�ȆOLYLQJ�ODEȇ�WR�VROYH�VRFLHWDO
FKDOOHQJHV�DQG�FRQWULEXWH�WRZDUGV�EXLOGLQJ�D�VXVWDLQDEOH�ZRUOG��

&/Ζ0$7(�$&7Ζ21�&200Ζ70(17

ΔQ�$SULO�������78�'HOIW�SXEOLVKHG�LWV�YLVLRQ�RQ�FOLPDWH�DFWLRQ�>��@���ZKLFK�VWDWHG
WKDW�b

Ȋ7KHUH�LV�QR�GRXEW�WKDW�WKH�DQWKURSRJHQLF�HPLVVLRQV�RI
JUHHQKRXVH�JDVHV�DUH�FKDQJLQJ�RXU�OLYLQJ�HQYLURQPHQW�WKURXJK
WKHLU�LPSDFW�RQ�WKH�JOREDO�FOLPDWH�V\VWHP��78�'HOIW�ZLOO�KDUQHVV
LWV�LQQRYDWLYH�SRZHUV�WR�VXSSRUW�WKH�ZRUOG�ZLGH�WUDQVLWLRQ�WR�QRQ�
IRVVLO�HQHUJ\��DQG�DGDSWDWLRQ�RI�WKH�OLYLQJ�HQYLURQPHQW�WR�WKH
FRQVHTXHQFHV�RI�JOREDO�ZDUPLQJ�ȋb

:LWK�WKLV�FRPPLWPHQW��78�'HOIW�KDV�WDNHQ�WKH�VRFLDO�UHVSRQVLELOLW\�WR�FRQWULEXWH
WRZDUGV�FOLPDWH�FKDQJH�DQG�WKLV�PXVW�VWDUW�IURP�WKH�78�FDPSXV�b

7KH�ILUVW�VWHS�LQ�UHDOLVLQJ�WKHVH�JRDOV�ZDV�GHYHORSLQJ�WKH�&2�b5RDGPDS�>�@�RI�78
'HOIW�E\�3URI�$QG\�YDQ�GHQ�'REEHOVWHHQ�DQG�0V�7HVV�%ORP��ΔQ�DGGLWLRQ�WR�WKLV�
WKH�&DPSXV�5HDO�(VWDWH��&5(��KDV�GHYHORSHG�D�5RDGPDS�IRU�&LUFXODU�FDPSXV
�����>�@��7KH�SUHVHQW�UHSRUW�UHYLHZV�WKH�VWDWH�RI�VXVWDLQDELOLW\�LQ�FDPSXV
RSHUDWLRQV�DW�78�'HOIW�FDPSXV�DQG�JLYHV�DQ�RYHUYLHZ�RI�WKH�DERYH�UHSRUWV�

��



&2��QHXWUDOLW\�PHDQV�WR�DFKLHYH�]HUR
HPLVVLRQV�RI�KDUPIXO�JDVHV�LQWR�WKH
DWPRVSKHUH��7KLV�LQFOXGHV�GLUHFW�DQG
LQGLUHFW�HPLVVLRQV�EURDGO\�GLYLGHG�LQWR��
VFRSHV�DV�VKRZQ�LQ�WKH�ILJXUH��7KH�3DULV
DJUHHPHQW������>�@�FDOOV�IRU�LPPHGLDWH
DFWLRQ�WR�UHGXFH�WKH�HPLVVLRQV�WR�WKH
OHYHOV�EHORZ�SUH�LQGXVWULDO�OHYHOV�WR
FRQWURO�FOLPDWH�FKDQJH�bb

7KRXJK�&2�bQHXWUDOLW\�LV�PRVWO\
PHDVXUHG�LQ�WHUPV�RI�VFRSH���DQG��
HPLVVLRQV��WKLV�UHSRUW�DOVR�FRQFHQWUDWHV
RQ�VFRSH���HPLVVLRQV��ZKLFK�DUH�D�PDMRU
SDUW�RI�WRGD\ȇV�KXPDQ�OLIHVW\OH�DQG�QHHGV
WR�EH�DGGUHVVHG�

:+$7�'2(6 �7+Ζ6 �0($1�)25
78�'(/)7"

7KH�&2�b5RDGPDS������>�@�GHILQHV
&2�bQHXWUDOLW\�DV��

ȊWKH�&2�bQHXWUDO�78�'HOIW�FDPSXV
LV�LQWHUSUHWHG�DV�D�VXVWDLQDEOH
FDPSXV��ΔW�PHDQV�WKDW�QR�&2�bRU
RWKHU�JUHHQKRXVH�JDVHV�DUH
HPLWWHG�DV�D�UHVXOW�RI�WKH�GLUHFW
DFWLYLWLHV�DQG�IDFLOLWLHV��VFRSH��
DQG�����([SDQGLQJ�&2�bWR�DOO
JUHHQKRXVH�JDVHV�EHFDXVH�&2�bLV�D
VPDOO�SDUW�RI�WKH�WRWDO��7KLV�PHDQV
HQHUJ\�IRU�HOHFWULFLW\�DQG�KHDW
IURP�UHQHZDEOH�UHVRXUFHV��7KLV
DOVR�DSSOLHV�IRU�WKH�HQHUJ\�QHHGV
IRU�UHVHDUFKȋbb

��



&LUFXODULW\�LV�WR�DFKLHYH�WKH�VKLIW�IURP
OLQHDU�WR�FLUFXODU�HFRQRP\��ΔW�PHDQV�WR
FORVH�WKH�PDWHULDO�F\FOHV�DQG�UHGXFH
WKH�ZDVWDJH�RI�UHVRXUFHV��$V�GHSLFWHG
LQ�WKH�ILJXUH��FLUFXODU�HFRQRP\�DLPV�WR
UHGXFH�WKH�PDWHULDO�RXWSXW�WR�]HUR
HQFRXUDJLQJ�IXOO�XWLOL]DWLRQ�RI
UHVRXUFHV�bb7KLV�UHVRXUFH�XWLOL]DWLRQ
QHHGV�LPSOHPHQWLQJ�WKH�5�ODGGHU�LQ
ZKLFK�WKH�YDOXH�RI�WKH�PDWHULDO�LV
UHWDLQHG�RU�LQFUHDVHG�GXULQJ�LWV
OLIHWLPH��7KLV�5�Ȃ�ODGGHU�LQFOXGHV
DFWLRQV�OLNH�UHIXVH��UHGXFH��UHXVH�
UHIXUELVK�HWFHWHUD��7KH�EHORZ�ILJXUH
H[SODLQV�WKH�FRQFHSW�EULHIO\�

:+$7�'2(6�7+Ζ6�0($1�)25�78
'(/)7"

ΔQ�LWV�UHSRUW�5RDGPDS�IRU�&LUFXODU
FDPSXV������>�@��&5(�HQYLVLRQV
&LUFXODULW\�DV�IROORZV�b

�78�'HOIW�LV�FXUUHQWO\�RQ�OLQHDU
HFRQRP\�DQG�QHHGV�WR�FORVH�LWV
PDWHULDO�F\FOHV�ZLWK�D�JRDO�WRZDUGV
FLUFXODU�HFRQRP\��7KLV�LQFOXGHV�QHZ
PDWHULDOV�RU�SURGXFWV�FRQWUDFWHG�RU
SXUFKDVHG�QHHGV�WR�EH�VRXUFHG
VXVWDLQDEO\�ZLWK�IXOO�XWLOL]DWLRQ�RI
WKHVH�UHVRXUFHV�GXULQJ�WKHLU�OLIHWLPH
ZLWKRXW�KDUPIXO�HPLVVLRQV�WR�WKH
HQYLURQPHQW���b

&XUUHQWO\�78�'HOIW�LV�HVWLPDWHG�WR�EH���WR
����FLUFXODU�EDVHG�RQ�WKH�SUHVHQW
DYDLODELOLW\�RI�GDWD�>�@��

6RXUFH���FROH�GHV�3RQWV�EXVLQHVV�VFKRRO�

��



6RXUFH��3%/��ZZZ�SGO�QO�
�

��



�78�'HOIW�DFFRXQWV�IRU�HPLVVLRQV
RI�DERXW��������WRQQHV�RI�&2�
HTXLYDOHQW�

7KH�\HDU����������SOD\V�D�YHU\
LPSRUWDQW�UROH�IRU�WKH�IXWXUH�RI
VXVWDLQDELOLW\�DW�78�'HOIW��ΔQ�DGGLWLRQ�WR
WKH�YDULRXV�LQLWLDWLYHV�DQG�SURMHFWV
WDNHQ�XS�E\�WKH�&DPSXV�5HDO�(VWDWH
�&5(���WKH�FDWHUHU��&LUIRRG���WKH�VWXGHQW
VXVWDLQDELOLW\�GHSDUWPHQW��*UHHQ78�
DQG�WKH�VXVWDLQDELOLW\�FRRUGLQDWRU
�*HUULW�.DKOPDQ���DQ�LPSRUWDQW
PLOHVWRQH�ZKLFK�VXSSRUWHG�HYHU\WKLQJ
ZDV�WKH�&2��5RDGPDS�GHYHORSHG�E\
3URI�$QG\�YDQ�GHQ�'REEHOVWHHQ�DQG�0V
7HVV�%ORP�

ΔQ�WKLV�VHFWLRQ��WKH�YDULRXV�VRXUFHV�RI
HPLVVLRQV�H[SODLQHG�LQ�WKH�&2�
5RDGPDS�DUH�VKRZQ�DQG�WKH�FXUUHQW
SURJUHVV�LQ�UHGXFLQJ�WKHVH�HPLVVLRQV
KLJKOLJKWHG��

7KLV�&2��5RDGPDS�LV�WKH�ILUVW�KDQG
DSSUR[LPDWLRQ�RI�HPLVVLRQV�LQ�VFRSH
�����	���DW�78�'HOIW��7KRXJK�WKHVH
YDOXHV�DUH�QRW�IXOO\�DFFXUDWH��LW�JLYHV�D
IDLUO\�JRRG�LGHD�RI�WKH�78
V�HPLVVLRQV�
$FFRUGLQJ�WR�WKLV�HVWLPDWH�78�'HOIW
DFFRXQWV�IRU�HPLVVLRQV�RI�DERXW
�������WRQQHV�RI�&2��HTXLYDOHQW�>�@�
7KH�KLJKHVW�FRQWULEXWRUV�WR�WKLV�DUH
WKH�XVDJH�RI�JDV�IRU�GLVWULFW�KHDWLQJ
DQG�WKH�HPLVVLRQV�IURP�IRRG��'XH�WR
WKH�ODFN�RI�DYDLODELOLW\�RI�GDWD��WKH
HPLVVLRQV�DULVLQJ�IURP�SURFXUHPHQW
DUH�QRW�DFFRXQWHG�\HW�EXW�DUH
H[SHFWHG�WR�SOD\�D�VLJQLILFDQW�UROH��

ΔQ�JHQHUDO��WKH�WHUP�FDUERQ�QHXWUDOLW\
UHIHUV�WR�WKH�HPLVVLRQV�IURP�VFRSH��
DQG����%XW�LQ�WKH�SUHVHQW�UHSRUW��VFRSH
��HPLVVLRQV�DUH�DOVR�DGGUHVVHG
FRQFHUQLQJ�WKHLU�KXJH�LPSDFW��7KH�GDWD
DYDLODEOH�IRU�VFRSH���DQG���LV�DYDLODEOH
EXW�VFRSH���HPLVVLRQV�KDYH�EHHQ
HYDOXDWHG�EDVHG�RQ�WKHRUHWLFDO
UHVHDUFK�DQG�VFLHQWLILF�RU�WKLUG�SDUW\
GDWD��%XW�WKHVH�YDOXHV�JLYH�D�JRRG�LGHD
RI�ZKDW�WKH�FXUUHQW�VWDWH�LV�DQG�KRZ�LW
FDQ�EH�LPSURYHG�
��
ΔQ�DGGLWLRQ�WR�WKH�HPLVVLRQ�FRXQW��WKH
DPRXQW�RI�UHVRXUFHV�EHLQJ�XVHG�LV�DOVR
DQ�LPSRUWDQW�PHWULF�WKDW�GHILQHV
UHVSRQVLEOH�FRQVXPSWLRQ��&XUUHQWO\��78
'HOIW�FDPSXV�FRQVXPHV�DURXQG
�������0:K�RI�HQHUJ\�LQFOXGLQJ
KHDWLQJ��JDV�DQG�HOHFWULFLW\�IRU�78�'HOIW
EXLOGLQJV�DQG�WKLUG�SDUWLHV��7KH
FRQVXPSWLRQ�RI�78�'HOIW�EXLOGLQJV
DPRXQWV�WR��������0:K�ZLWK�DERXW
������0:K�RI�HOHFWULFLW\��������0:K
RI�JDV�DQG�������0:K�RI�KHDWLQJ�>�@����

7KH�HOHFWULFLW\�XVDJH�LV�GLVWULEXWHG�DV
����IRU�DFDGHPLF�DQG�RIILFH�XVH�DQG
DQRWKHU�����IRU�UHVHDUFK�SXUSRVHV�
7KH�PDMRU�FRQVXPSWLRQ�LV�IRU�OLJKWLQJ
ZKLFK�DFFRXQWV�IRU�����RI�WKH�WRWDO
HOHFWULFLW\�XVHG�RQ�WKH�FDPSXV�>�@��7KH
LQIRJUDSKLF�RQ�SDJH����VKRZV�WKH
YDULRXV�HPLVVLRQV�DQG�HQHUJ\�XVDJH�LQ
WKH�78��

��
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��



(/(&75Ζ&Ζ7<

7R�UHGXFH�WKH�VFRSH���HPLVVLRQV
DULVLQJ�IURP�HOHFWULFLW\�DQG�JDV��78
'HOIW�KDV�WDNHQ�PDMRU�VWHSV�WRZDUGV
DFKLHYLQJ�D�FDUERQ�QHXWUDO�HQHUJ\
V\VWHP�E\������

2QH�RI�WKH�LPSRUWDQW�DFKLHYHPHQW�LV
WKH�XVH�RI�ZLQG�HQHUJ\�IRU�HOHFWULFLW\
SXUSRVHV��)URP�-DQXDU\�������78�'HOIW
SURFXUHV�����RI�LWV�HOHFWULFLW\�IURP�RII
VKRUH�ZLQG�SODQWV�DW�WKH�'XWFK�FRDVW
IURP�WKH�GLVWULEXWRU�(QHFR��$URXQG���
RI�WKH�HQHUJ\�REWDLQHG�IURP�WKH�39
SDQHOV�RQ�WKH�URRIV�RI�WKH�78�EXLOGLQJV�
7KH�UHVW�RI�WKH�HOHFWULFLW\�LV�IURP�WKH
&+3�SODQWV��

Ŵ���������@�<>ƻ�������
������Ǘ�Ǘ��������ǖ�
���
./���������ǖ������ǖ
�Ǘ�
�������?Ŵ

ΔQ�DGGLWLRQ�WR�WKH�SURFXUHG�ZLQG
HQHUJ\��WKH�UHVHDUFKHUV�DQG�WKH
HQHUJ\�WHDP�DW�78�'HOIW�DUH�DOVR
H[SORULQJ�RSWLRQV�WR�VHW�XS�D�ZLQG
HQHUJ\�SODQW�ZLWK�VPDOO�ZLQG
WXUELQHV�RQ�WKH�VRXWK�FDPSXV�DQG
WKH�IHDVLEOH�URRI�WRSV�RI�WKH
EXLOGLQJV�

��
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7KH�HQHUJ\�WHDP�LV�H[SORULQJ�PRUH�IHDVLEOH�ORFDWLRQV�RQ�WKH�78�FDPSXV�WR
LQFUHDVH�WKH�VRODU�HQHUJ\�SURGXFWLRQ�RQ�URRIWRSV�DQG�HPSW\�ODQGV�WR�VHWXS
D�VRODU�SODQW�

6RXUFH��

��

Sushanth



)RU�GLVWULFW�KHDWLQJ����JDV�ILUHG�ERLOHUV�DQG���&+3�ERLOHUV�DUH�XVHG�>�@

7KH�&+3�SODQWV�DUH�RQO\�XVHG�ZKHQ�WKH�WHPSHUDWXUH�RI�WKH�GLVWULFW�KHDWLQJ�V\VWHP
IDOOV�EHORZ����GHJUHH�&�ZKLFK�JHQHUDOO\�LV�EHWZHHQ���������GHJUHH�&��+HQFH�RQO\
����RI�WKH�KHDW�WKDW�ZH�XVH�LV�JHQHUDWHG�XVLQJ�WKH�&+3�SODQWV�>�@

7R�UHGXFH�HPLVVLRQV�DQG�WKH�GHSHQGHQFH�RQ�FRQYHQWLRQDO�VRXUFHV��78�'HOIW�LV
FXUUHQWO\�LQYHVWLJDWLQJ�WKH�SRVVLELOLWLHV�RI�KDYLQJ�JHRWKHUPDO�VRXUFH�FRQQHFWLQJ�WR
WKH�QHWZRUN��7KH�GHFLVLRQ�ZDV�PDGH�LQ�-XO\������DQG�IHZ�ORFDWLRQV�RQ�WKH�FDPSXV
KDYH�EHHQ�LGHQWLILHG��b�b

ΔQ�DGGLWLRQ��78�'HOIW�KDV����WKHUPDO�VWRUDJH�V\VWHPV�ZKLFK�DUH�IXQFWLRQDO��([FOXGLQJ
WKH�V\VWHP�LQ�38/6(�DQG�(&+2��WKH�UHVW�KDYH�GHOLYHUHG�D�WRWDO�RI��������*-�IRU
KHDWLQJ�DQG��������*-�RI�FRROLQJ�LQ������>�@

+($7Ζ1*

��



(&+2
:LWK�WKH�JURZLQJ�GHPRJUDSKLFV��WKH�QHHG�IRU�HGXFDWLRQ�DQG�UHVHDUFK
IDFLOLWLHV� RQ� 78� FDPSXV� LV� LQFUHDVLQJ�� ΔQ� OLQH� ZLWK� WKH� VXVWDLQDELOLW\
WKHPH� RI� &DPSXV� 'HYHORSPHQW� 6WUDWHJ\�� (FKR� ZLOO� EH� WKH� VHFRQG
EXLOGLQJ� DIWHU� 3XOVH� WR� EH� D� FRPSOHWHO\� VXVWDLQDEOH� EXLOGLQJ� :Δ7+
%5(($0�VWDQGDUGV��(FKR�ZLOO�EH�D�FURVV�IDFXOW\�EXLOGLQJ�ZLWK�PRGHUQ
HGXFDWLRQDO� LQIUDVWUXFWXUH�� 7KH� FRQVWUXFWLRQ� RI� WKH� EXLOGLQJ� KDV
EHJXQ�LQ�VXPPHU�RI������DQG�WKH�HQG�LV�WR�EH�GHILQHG�GHILQLWHO\�

6RXUFH��&5(�>��@�

��



��



38/6(
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3XOVH�KDV�DURXQG�����URRIWRS�VRODU�SDQHOV�ZLWK�DQ�DQQXDO�\LHOG�RI
�������.:K

7KH�EXLOGLQJ�LV�HTXLSSHG�ZLWK�XQGHUJURXQG�WKHUPDO�VWRUDJH�

ΔW�LV�FRPSOHWHO\�ILWWHG�ZLWK�VXSHU�LQVXODWLQJ�JODVV

7KH�GHVLJQ�DOORZV�PD[LPXP�XVH�RI�GD\OLJKW��UHGXFLQJ�WKH�HQHUJ\�XVH

(TXLSSHG�ZLWK�LQWHOOLJHQW�EXLOGLQJ�PDQDJHPHQW�V\VWHP�WR�FRQWURO�YHQWLODWLRQ�
FRROLQJ�DQG�KHDWLQJ

7KH�EXLOGLQJ�SURYLGHV�VXVWDLQDEOH�DQG�SOHDVDQW�ZRUNLQJ�HQYLURQPHQW

7KH�SURMHFW�LV�GHYHORSHG�E\�(FWRU�+RRJVWDG�$UFKLWHFWHQ�ZLWK�VXSSRUW�IURP
b'&�V\VWHPV��(QHUJ\�FRQYHUVLRQ�DQG�6WRUDJH�UHVHDUFK�JURXS�DQG�3URI�$QG\
YDQ�GHQ�'REEHOVWHHQ��3URIHVVRU�RI�&OLPDWH�'HVLJQ�	�6XVWDLQDELOLW\

38/6(b�LV�WKH�QHZ�HGXFDWLRQ�EXLOGLQJ�LQDXJXUDWHG�LQ������RQ�78�'HOIW�FDPSXV
DQG�LV�WKH�ILUVW�HQHUJ\�QHXWUDO�EXLOGLQJ�ZLWK�DQ�$�����HQHUJ\�ODEHO�>��@��ΔW�LV�WKH
FHQWUDO�VSDFH�FUHDWHG�IRU�LQWHUDFWLYH�OHDUQLQJ�DQG�FROODERUDWLYH�ZRUN��7KH
EXLOGLQJ�KDV�LQIUDVWUXFWXUH�WR�VXSSRUW�QHZ�DJH�HGXFDWLRQ�PHWKRGV�OLNH�IOLSSHG�
�FODVVURRPV��YLGHR�FRQIHUHQFLQJ�DQG�VHPLQDU�KDOOV��7KH�EXLOGLQJ�DOVR�KRXVHV
QXPEHU�RI�IRRG�DQG�EHYHUDJH�IDFLOLWLHV�

+LJKOLJKWV�>��@�

��



6LQFH�WKHUH�LV�QR�DFFXUDWH�GDWD�IURP
WKH�FDWHUHUV�DYDLODEOH�\HW�IRU�DOO
IDFXOWLHV��WKH�EHORZ�GDWD�LV�EDVHG�RQ
JHQHUDO�DSSUR[LPDWLRQ�RI�DYHUDJH
'XWFK�GLHW�ZKLFK�UHVXOWV�LQ�HPLVVLRQ�RI
�����NJ�&2��HT�SHU�\HDU�SHUVRQ�>�@�
$QG�ZLWK�DQ�DSSUR[LPDWLRQ�WKDW����
RI�WKLV�LV�FRQVXPHG�GXULQJ�WKH�ZRUNLQJ
KRXUV�b

%DVHG�RQ�WKLV�VWXG\��78�'HOIW�DFFRXQWV
IRU��������W�&2��HT�SHU�\HDU�>�@��ΔW�LV
QHDUO\�����RI�WKH�WRWDO�HPLVVLRQV�IURP
WKH�78��0HDW�EDVHG�IRRG�LV�WKH�PDLQ
UHDVRQ�IRU�WKLV�DQG�ZRXOG�SRVH�D
PDMRU�FKDOOHQJH�LQ�WKH�\HDUV�WR�FRPH
ZLWK�LQFUHDVLQJ�GHPRJUDSKLFV�

+DYLQJ�VHHQ�WKHVH�KLJK�QXPEHUV�
*UHHQ78�'HOIWȇV�ILUVW�PLVVLRQ�LQ�WKH
\HDU���������ZDV�WR�DGGUHVV�WKLV
LVVXH�DQG�VWDUW�WKH�HPLVVLRQ
UHGXFWLRQ��7KH�2SHUDWLRQV
&RRUGLQDWRU�RI�*UHHQ78�'HOIW�DORQJ
ZLWK�WKH�6XVWDLQDELOLW\�&RRUGLQDWRU
KDYH�EURXJKW�DOO�WKH�UHOHYDQW
VWDNHKROGHUV�WRJHWKHU�DQG�RUJDQLVHG
D�EUDLQVWRUPLQJ�VHVVLRQ�WR�JHW�LGHDV
DQG�GHYHORS�VWUDWHJLHV�WR�UHGXFH
HPLVVLRQV�IURP�FDWHULQJ��7KLV
EUDLQVWRUP�IRFXVHG�RQ�EDQTXHWLQJ
DQG�WKH�UHVWDXUDQWV�RQ�FDPSXV��ΔW
KDV�\LHOGHG�LQ�LGHDV�OLNH�FKDQJLQJ�WKH
EDQTXHWLQJ�ZHEVLWH��1R�0HDW�:HHN�
0HDWOHVV�0RQGD\V�DQG�LQLWLDWLYHV�IRU
VXVWDLQDEOH�FXWOHU\�DQG�SDFNDJLQJ�

6RXUFH��3UHVHQWDWLRQ�RQ�&2��5RDGPDS�E\�3URI�$QG\�YDQ�'HQ�'REEHOVWHHQ

��
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%UDLQVWRUP

3LORW

3LORW�H[SDQVLRQ

)XOO�LPSOHPHQWDWLRQ

ΔQ�RUGHU�WR�LPSOHPHQW�VRPH�RI�WKHVH
LGHDV��WKH�UHVWDXUDQW�RI�WKH�)DFXOW\�RI
$UFKLWHFWXUH�DQG�%XLOGLQJ�(QYLURQPHQW
KDV�OHQG�LWVHOI�WR�EHFRPH�D�SLORW
ORFDWLRQ��7KLV�SLORW�ORFDWLRQ�LV�FDOOHG�WKH
%.�)RRGODE��:LWKLQ�WKLV�IRRGODE�
PXOWLSOH�SLORWV�KDYH�EHHQ�RU�DUH�JRLQJ
WR�EH�LPSOHPHQWHG��IRFXVLQJ�RQ
PXOWLSOH�DVSHFWV�RI�FDWHULQJ�
8QIRUWXQDWHO\��GXH�WR�FRURQD�FULVLV�LQ
������RQO\�RQH�SLORW�ZDV�DFWXDOO\
LPSOHPHQWHG��WKH�1R�0HDW�:HHN�

*UHHQ78�'HOIW�LQ�FROODERUDWLRQ�ZLWK
&LUIRRG��WKH�FDWHUHU�RI�78�'HOIW��KDV
FRPH�XS�ZLWK�WKH�ILUVW�SLORW�SURMHFW�RI
1R�0HDW�:HHN��ZKLFK�ZDV�RUJDQLVHG�LQ
WKH�.HWHOKXLV�FDIHWHULD�LQ�WKH�)DFXOW\�RI
$UFKLWHFWXUH�IURP�����WKbRI�0DUFK
�����

7KH�FROODERUDWLRQ�IURP�)RRG	0RUH
DQG�%.*UHHQ�DGGHG�JUHDW�YDOXH�WR
UHDFK�RXW�WR�PRUH�VWXGHQWV�WR
SDUWLFLSDWH�LQ�WKLV�LQLWLDWLYH��7R
XQGHUVWDQG�WKH�LPSDFW�RI�WKLV
LQLWLDWLYH��WKH�SURMHFW�FRPPLWWHH�RI
*UHHQ78�'HOIW�DORQJ�ZLWK�WKH
RSHUDWLRQV�FRRUGLQDWRU�SHUIRUPHG
DQ�DQDO\VLV�RI�WKH�&2�bIRRWSULQW
IURP�WKLV�FDIHWHULD��7KH�DQDO\VLV
FDQ�EH�IRXQG�LQ�WKH�DSSHQGL[��7KH
UHVXOW�VKRZHG�WKDW�WKH�QR�PHDW
ZHHN�FRXOG�VDYH�����NJ�RI�&2��HT
DQG��������OLWUHV�RI�ZDWHU�

0RVWO\�DOO�FXVWRPHUV�VDZ�WKH�QHZ
YHJHWDWLRQ�RSWLRQV�WKDW�ZHUH
SUHVHQWHG�GXULQJ�1R�0HDW�:HHN�DV
DQ�LPSURYHPHQW�DQG�WKH�FDWHUHU�LV
ZLOOLQJ�WR�LPSOHPHQW�WKHVH�RSWLRQV
WKURXJKRXW�WKH�XQLYHUVLW\��ZKLFK
ZLOO�UHGXFH�WKH�PHDW�VXSSO\�LQ�WKH
UHVWDXUDQWV��:LWKRXW�DIIHFWLQJ�WKH
ILQDQFLDO�DVSHFWV�RI�WKH�FDWHUHUV�
WKLV�LQLWLDWLYH�SURYHG�WKDW�LW�LV
GHILQLWHO\�SRVVLEOH�WR�UHGXFH�WKH
IRRWSULQW�IURP�WKH�FDWHULQJ�

Ζ1Ζ7Ζ$7Ζ9(6�Ζ1��������

��



%XVLQHVV�WUDYHO�LQ�IOLJKWV

7KLV�LV�DQRWKHU�PDMRU�FDXVH�RI
HPLVVLRQV�E\�WKH�XQLYHUVLW\��ΔW�LV
UHFRUGHG�WKDW�SHRSOH�IURP�78�KDYH
IORZQ����PLOOLRQ�NP�LQ������DORQH
FRQWULEXWLQJ�WR������WRQHV�RI
&2�bHPLVVLRQV��7KLV�QXPEHU�LQFOXGHV
ORFDO��FRQWLQHQWDO�DQG�LQWHUFRQWLQHQWDO
IOLJKWV�>�@��7KLV�GDWD�LV�REWDLQHG�IURP
WUDYHO�DJHQF\�DVVRFLDWHG�ZLWK�WKH�78
DQG�H[FOXGHV�IOLJKWV�ERRNHG�E\�IO\HUV
WKHPVHOYHV��6R�WKH�DFWXDO�QXPEHU
FRXOG�EH�HYHQ�KLJKHU�

&RPPXWLQJ�WR�DQG�IURP�WKH
FDPSXV��VWXGHQW�	�(PSOR\HHV��b

7KHUH�LV�QR�FRQFUHWH�GDWD�UHFRUGHG
IRU�WKH�SXUSRVH�RI�DQDO\VLV�QHLWKHU
IURP�HPSOR\HHV�QRU�VWXGHQWV��7KH
FXUUHQW�GDWD�LV�DQ�DSSUR[LPDWLRQ
EDVHG�RQ�WKH�UHVLGHQFHV�RI�VWXGHQWV
DQG�HPSOR\HHV��%DVHG�RQ�WKHVH
DSSUR[LPDWLRQV��WKH�WRWDO�HVWLPDWHG
HPLVVLRQ�IURP�FRPPXWH�LV�����
�HPSOR\HHV����������VWXGHQWV��&2��
HT�

*HUULW�.DKOPDQ��VXVWDLQDELOLW\
FRRUGLQDWRU�78�'HOIW
�$QG\�YDQ�GHQ�'REEHOVWHHQ�
6XVWDLQDELOLW\�'HVLJQ�DQG�$UFKLWHFWXUH
SURIHVVRU�DW�WKH�IDFXOW\�RI�$UFKLWHFWXUH
DQG�EXLOGLQJ�HQYLURQPHQW
-RULV�0HONHUW��3URIHVVRU�DW�$HURVSDFH
(QJLQHHULQJ�
-DQ�$QQH�$QQHPD��/RJLVWLFV�SURIHVVRU
DW�730�
.RHQ�)ODSSHU��SURMHFWPDQDJHU�DW�78
'HOIW�

Ζ1Ζ7Ζ$7Ζ9(6�Ζ1��������

7KH�PRELOLW\�SURMHFW�KDV�VWDUWHG�ZLWK�DQ
H[SHUW�VHVVLRQ�RQ�UHGXFLQJ�EXVLQHVV�WUDYHO
'HOIW�VWDNHKROGHUV��7KLV�VHVVLRQ�ZDV
RULJLQDOO\�RUJDQL]HG�RQ���WKbRI�-XQH��

7KH�H[SHUWV�GXULQJ�WKLV�VHVVLRQ�ZHUH�

5HGXFLQJ�WKH�DPRXQW�RI�WUDYHOV
$OWHUQDWLYHV�WR�IOLJKWV��WUDLQV�
&RPSHQVDWLRQ�IRU�DLU�WUDYHO�

'XULQJ�WKLV�RSHQ�VHVVLRQ�WKUHH�WRSLFV
ZHUH�GLVFXVVHG��

��
��
��

$�FRXSOH�RI�LGHDV�KDYH�FRPH�RXW�RI�WKLV
VHVVLRQ�DQG�DUH�FXUUHQWO\�ZRUNHG�RXW�LQ
D�SODQ��%XW�WKH�ILUVW�VWHS�RI�PDNLQJ�D
SURMHFW�JURXS�WKDW�LQYROYHV�HPSOR\HHV�
WHDFKHUV�DQG�VWXGHQWV�ZLOO�KHOS�LQ
FUHDWLQJ�VXSSRUW�IRU�IXWXUH�DGMXVWPHQWV
RQ�WKH�PRELOLW\�SROLF\�

ΔQ�WKH�FRPLQJ�DFDGHPLF�\HDU��WKHUH�ZLOO
EH�DQRWKHU�H[SHUW�VHVVLRQ�PDLQO\
FRQFHQWUDWLQJ�RQ�GDLO\�FRPPXWH�RI�VWDII
DQG�VWXGHQWV�IURP�DQG�WR�WKH�FDPSXV�

��



7KH�HPLVVLRQV�IURP�WKH�ZDVWH
JHQHUDWHG�LV�HVWLPDWHG�EDVHG�RQ�KRZ
WKH�ZDVWH�LV�WUHDWHG��7KH�GDWD�LV�WDNH
IURP�5HQHZL��ZDVWH�PDQDJHPHQW
FRPSDQ\�RI�78�'HOIW�bb$�WRWDO�RI
����������NJ�RI�ZDVWH�ZDV�SURGXFHG�LQ
WKH�78�FDPSXV�IRU������ZKLFK�LV�HTXDO
WR�����NJ�SHU�SHUVRQ�>�@��2I�ZKLFK����
LV�XQSURFHVVHG�ZDVWH�>�@��

7KRXJK�WKH�HPLVVLRQ�FRXQW�LV�VWLOO�YHU\
ORZ��WKH�TXDQWLW\�RI�PDWHULDO�ZDVWDJH
DQG�ORVV�RI�SURGXFW�OLIH�F\FOH�LV�YHU\
KLJK�

7KH�PDWHULDO�IORZV�DQG�WKH�SURGXFW
OLIH�F\FOH�LV�DQ�LPSRUWDQW�DVSHFW�RI
EXLOGLQJ�D�VXVWDLQDEOH�FDPSXV�DQG
DFKLHYLQJ�FLUFXODU�HFRQRP\��7KLV
DVSHFW�RI�ZDVWH�DV�D�ORVV�RI�PDWHULDO
ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ
RI�FLUFXODU�HFRQRP\�

7KH�78�'HOIW�DOUHDG\�LPSOHPHQWHG
VRPH�SURMHFWV�UHJDUGLQJ�ZDVWH
VHSDUDWLRQ��7KH�VHSDUDWLRQ�RI�FRIIHH
FXSV�LV�RQH�RI�WKHVH�SURMHFWV��6SHFLDO
ELQV�DUH�SODFHG�DOO�DURXQG�FDPSXV�LQ
RUGHU�WR�FROOHFW�DV�PXFK�FRIIHH�FXSV
DV�SRVVLEOH�

(;Ζ67Ζ1*�Ζ1Ζ7Ζ$7Ζ9(6

6SHFLDO� ELQV� DUH� SODFHG� DOO� DURXQG
FDPSXV� LQ� RUGHU� WR� FROOHFW� DV� PXFK
FRIIHH� FXSV� DV� SRVVLEOH�� 7KHVH� ELQV
DUH� FKHFNHG� IRU� GLIIHUHQW� ZDVWH� DQG
FROOHFWHG�� 7KH� HYHQWXDOO\� EDOHV� RI
SDSHU�FXSV�DUH�SURFHVVHG�E\�5HQHZL�
7KH� LQN� IURP� WKH� FXSV� LV� XVHG� DJDLQ
DV� DQ� HOHPHQW� LQ� WKH� FRUUXJDWHG
FDUGERDUG� LQGXVWU\�� OLNH� WKH� RQHV
Δ.($�XVHV��7KH�WKLQ�OD\HU�RI�SODVWLF�RQ
WKH� LQVLGH� RI� WKH� FXS� WR� SUHYHQW� WKH
GULQN� IURP� OHDNLQJ� LV� UHXVHG� IRU
H[DPSOH� DV� PDWHULDO� IRU� VLOLFRQH
QR]]OHV�� ΔQ� WKH� HQG�� WKH� FXSV� DUH
WXUQHG� LQWR� SDSHU� WRZHOV� IRU
LQGXVWULDO�XVH�RU�WRLOHW�SDSHU�

Ζ1Ζ7Ζ$7Ζ9(6�Ζ1��������

ΔQ� DGGLWLRQ� WR� WKLV�� WKLV� \HDU� WZR
ORFDWLRQV�RQ�FDPSXV�KDYH�VWDUWHG�ZLWK
WKH�ZDVWH�VHSDUDWLRQ�SLORW��'XULQJ�WKLV
SLORW�DOO� UHJXODU�ELQV�DUH�UHSODFHG�ZLWK
UHF\FOLQJ� LVODQGV�� LQFOXGLQJ� WKH� VPDOO
ELQV�LQ�RIILFHV�DQG�OHFWXUH�KDOOV��:LWKLQ
D� ��� VHFRQGV�ZDONLQJ� GLVWDQFH� SHRSOH
ZLOO� DOZD\V� ILQG� D� UHF\FOH� LVODQG�� 7KH
UHF\FOH�LVODQG�ZLOO�VHSDUDWH�SDSHU��3&'
�SODVWLF�� FDQV� DQG� GULQN� FDUWRQV��� DQG
RWKHU�ZDVWH��7KH�FDWHULQJ� IDFLOLWLHV�ZLOO
DOVR�KDYH�DQ�H[WUD�ELQ� IRU� IRRG�ZDVWH�
7KLV�SLORW�ZLOO�UXQ�IRU���PRQWKV�LQ�WRWDO�
VWDUWLQJ� IURP�0D\�� $IWHU� WKH� SLORW�� WKH
ZDVWH� VHSDUDWLRQ� ZLOO� FRQWLQXH�� DQG
ZLOO� EH� H[SDQGHG� WR� DOO� EXLOGLQJV� RQ
FDPSXV�

��



ΔQ�DGGLWLRQ�WR�EHLQJ�D�&2�b1HXWUDO
FDPSXV��78�'HOIW�DOVR�VHW�D�JRDO�WR�EH
&LUFXODU�FDPSXV�E\�������ΔQ�D�EURDG
VHQVH��&2��QHXWUDO�FDPSXV�QHHGV
FRPPLWPHQW�DQG�SDUWLFLSDWLRQ�IURP�DOO
WKH�VWDNH�KROGHUV��HVSHFLDOO\�IRU
DGGUHVVLQJ�VFRSH���HPLVVLRQV�
3URFXUHPHQW�DFWLYLWLHV�DUH�RQH�RI�WKH
PDMRU�VFRSH���HPLVVLRQV�DQG�EHFRPLQJ
D�FLUFXODU�FDPSXV�LV�D�ZD\�RI�UHGXFLQJ�
�WKHVH�HPLVVLRQV��&LUFXODULW\�LV
VRPHWKLQJ�WKDW�QHHGV�WR�EH�DGGUHVVHG
DW�DQ�RUJDQLVDWLRQDO�OHYHO�DQG�LQYROYHV
SDUWLFLSDWLRQ�IURP�QXPEHU�RI�YHQGRUV
ZKR�DUH�SDUW�RI�WKH�YDOXH�FKDLQ��)RU
H[DPSOH��78�'HOIW�KDV�DURXQG������
YHQGRUV�VXSSO\LQJ�GLIIHUHQW�SURGXFWV
IRU�YDULRXV�XVHV��7R�EULQJ�DOO�RI�WKHP
RQ�ERDUG�WR�VXSSO\�VXVWDLQDEOH�SURGXFW
LV�D�YHU\�FKDOOHQJLQJ�WDVN��7R�PDNH�WKH
WUDQVLWLRQ�IURP�OLQHDU�WR�FLUFXODU
HFRQRP\��WKH�&DPSXV�5HDO�(VWDWH��&5(�
PDGH�D�EDVH�VFHQDULR���

7R�HYDOXDWH�WKH�EDVH�OLQH�VFHQDULR��&5(
KDV�FRPPLVVLRQHG�D�5RDGPDS�IRU
FLUFXODU�FDPSXV�E\������>�@��7KH�UHSRUW
ZDV�EDVHG�RQ�LQWHQVLYH�OLWHUDWXUH
UHYLHZ�DQG�LQWHUYLHZV�ZLWK�H[SHUWV��7KLV
UHSRUW�JLYHV�D�JRRG�ILUVW�KDQG�HVWLPDWH
RI�WKH�FXUUHQW�VWDWH�RI�WKH�78�FDPSXV
EXW�LV�QRW�DFFXUDWH�DQG�DSSURSULDWH
ZD\�RI�HYDOXDWLQJ�GXH�WR�XQDYDLODELOLW\
RI�GDWD�IRU�DQDO\VLV�>�@�

7KHQ�WKH�ODFN�RI�NQRZOHGJH�DERXW
FLUFXODULW\�DPRQJ�WKH�VWDII�LV�DOVR�DQ
LPSRUWDQW�FRQFHUQ�WKDW�ZDV
LGHQWLILHG�>�@��2YHUFRPLQJ�WKHVH
FKDOOHQJHV�DQG�HQYLVLRQLQJ�D�FLUFXODU
FDPSXV��WKH�URDGPDS�KDV�GUDZQ�.3ΔV
DQG�GHYHORSHG�D�WRRONLW�WR�DFKLHYH�LW
>�@�b

7KH�URDGPDS�KDV�LGHQWLILHG�VL[
FDWHJRULHV�WR�GUDZ�.3ΔV�DQG�WKH\�DUH
*HQHUDO��%XLOGLQJV��3URFXUHPHQW�
ΔQIUD�	�0RELOLW\��%LRPDVV�	�)RRG�DQG
:DWHU��7KH�FLUFXODULW\�ZDV�PHDVXUHG
XVLQJ�D�0DWHULDO�)ORZ�$QDO\VLV��0)$�
ZKLFK�VKRZV�WKH�PDWHULDOV�WKDW�DUH
HQWHULQJ�WKH�FDPSXV��ZKDW�JRHV�RXW
DQG�ZKDW�LV�EHLQJ�UHXVHG�ZLWKLQ�WKH
V\VWHP��7KH�0)$�LV�SHUIRUPHG�EDVHG
RQ�WKH�H[SHQGLWXUH�RI�78�'HOIW�RQ
EX\LQJ�YDULRXV�SURGXFWV��

Ŵ.����ǘ��ǘ��������ǘ����Ǘ��
����ǘ�Ǘ�@��,���ǘ�
��ǖǖǗ��Ǘ���
�ǘ�,�ǘ
ǖǘ	
�����Ǘ����ǘ���ǘǖ	�����
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7KH�DERYH�ILJXUH�VKRZV�RXWFRPHV�RI
0)$�ZLWK�WKH�LQSXWV��XVH�DQG�WKH
RXWSXW�RI�WKH�PDWHULDOV��7KH�XVH�LV
JUHDWHU�WKDQ�WKH�LQSXW�EHFDXVH�WKH
PLVVHG�SURGXFWV�DQG�PDWHULDOV
HQWHULQJ�78�'HOIW�DUH�UHFRUGHG�LQ
DQRWKHU�ZD\�WKDQ�SURFXUHPHQW��$QG
WKH�VWRFN�LQ�WKH�RXWSXW�GHSLFWV�WKRVH
PDWHULDOV�ZKLFK�DUH�QRW�XVHG�XS�
WKURZQ�DZD\�LQ�WKH�WLPH�VSDQ�RI�0)$
>�@�bb

:H�REVHUYH�WKDW�WKH�PDMRU�LQIORZV�DUH
HTXLSPHQW�IRU�XVH�LQ
HGXFDWLRQ�UHVHDUFK��FRPSXWHU
HTXLSPHQW�DQG�RWKHUV��7KH�PDLQ�XVH
RI�WKHVH�PDWHULDOV�LV�IRU�FRQVWUXFWLRQ
DQG�SURFXUHPHQW�ZKLFK�LQFOXGHV
SDFNDJHG�IRRG�	�GULQNV��SDSHU�	
SULQWLQJ��FRPSXWHUV�HWFHWHUD�bb$QG�WKH
KLJKHVW�RXWIORZ�LV�WKH�UHVLGXDO�ZDVWH
ZKLFK�LV�QRW�VHSDUDWHG�RQ�FDPSXV��

)URP�WKLV�DQDO\VLV��LW�LV�DSSUR[LPDWHG
WKDW�78�'HOIW�LV�FXUUHQWO\�������
FLUFXODU�>�@��ΔW�LV�GLIILFXOW�WR�QDUURZ
GRZQ�WR�WKH�H[DFW�QXPEHU�EHFDXVH�RI
ODFN�RI�GDWD��EXW�LW�LV�LGHQWLILHG�WKDW
VRPH�PDWHULDOV�DUH�UHXVHG�DIWHU�OHDYLQJ
WKH�78�V\VWHP��)RU�H[DPSOH������RI�WKH
UDZ�PDWHULDOV�ZHUH�H[WUDFWHG�IURP�WKH
FROOHFWHG�ZDVWH�LQ������>�@��%XW�WKH
FROOHFWHG�ZDVWH�LV�RQO\�D�VPDOO�SDUW�RI
WKH�WRWDO�RXWSXW��$Q�LPSRUWDQW�FRQFHUQ
WR�EH�DGGUHVVHG�LV�WR�HYDOXDWH�WKH
HPLVVLRQ�IURP�SURFXUHPHQW��7KH
&2�b5RDGPDS�GRHV�QRW�DFFRXQW�IRU�WKH
VFRSH���HPLVVLRQV�IURP�SURFXUHPHQW�
ZKLFK�FRXOG�EH�D�YHU\�ODUJH�QXPEHU
FRQVLGHULQJ�WKH�DPRXQW�VSHQW��QXPEHU
RI�VXSSOLHUV�DQG�SURGXFWV�SXUFKDVHG�b

6RXUFH��5RDGPDS�IRU�FLUFXODU�FDPSXV������
�>�@
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$FKLHYLQJ�VXVWDLQDEOH�GHYHORSPHQW�LV�D
FROOHFWLYH�HIIRUW��'HVSLWH�RI�WKH�YDULRXV
LQLWLDWLYHV�WDNHQ�XS�E\�WKH�XQLYHUVLW\
PDQDJHPHQW�DQG�WKH�RUJDQL]DWLRQV�OLNH
*UHHQ78��LW�LV�LPSRUWDQW�WKDW�SHRSOH
EHOLHYH�LQ�WKH�FDXVH�DQG�PDNH�WKHLU
LQGLYLGXDO�FRQWULEXWLRQV�WR�LW��3ULRU�WR
WKLV�UHSRUW��WKLV�DVSHFW�ZDV�PDLQO\�GHDOW
XQGHU�WKH�QDPH�RI�&RPPXQLFDWLRQ��%XW
WR�DQDO\VH�D�EURDGHU�SHUVSHFWLYH�RI
EULQJLQJ�WRJHWKHU�DOO�WKH�VWDNHKROGHUV
RI�WKH�XQLYHUVLW\��WKH�DXWKRUV�GHILQH
6RFLDO�(QJDJHPHQW�DV�WKH�IRXUWK�SLOODU
IRU�HYDOXDWLQJ�DQG�DFKLHYLQJ�D
VXVWDLQDEOH�GHYHORSPHQW��

&RPPXQLFDWLRQ��LQWHUQDO�DQG
H[WHUQDO�
6WDNHKROGHU�HQJDJHPHQW�b�bb
(YHQWV�
ΔQFOXVLRQ

7KH�DXWKRUV�GHILQH�VRFLDO�HQJDJHPHQW
WR�EH�HYDOXDWHG�DQG�DGGUHVVHG�ZLWK
UHVSHFW�WR�IRXU�DUHDV�

7KHVH�DUHDV�ZLOO�DOORZ�XV�WR�VKRZ�WKH
SURJUHVV�PDGH�E\�WKH�XQLYHUVLW\�RQ�WKLV
WRSLF��WR�LQVSLUH�PRUH�SHRSOH�WR�EH
FDXWLRXV�ZKLOH�PDNLQJ�WKHLU�OLIH�FKRLFHV
DQG�ZRUN�WRJHWKHU�LQ�EXLOGLQJ�D
VXVWDLQDEOH�XQLYHUVLW\�

��

Sushanth



&RPPXQLFDWLRQ�

7KH�WRSLF�RI�FRPPXQLFDWLRQ�PDLQO\
DGGUHVVHV�KRZ�78�'HOIW�LV
FRPPXQLFDWLQJ�DERXW�WKH�YDULRXV
LQLWLDWLYHV�EHLQJ�XQGHUWDNHQ�IRU
VXVWDLQDEOH�GHYHORSPHQW��2QH�RI�WKH
LPSRUWDQW�FRQWULEXWLRQ�WR�WKLV�LV�WKH
QHZ�VXVWDLQDELOLW\�ZHESDJH�RQ�WKH�78
'HOIW�ZHEVLWH�>��@��7KLV�SDJH�JLYHV�DQ
RYHUYLHZ�RQ�YDULRXV�DFWLYLWLHV�UHODWHG�WR
VXVWDLQDELOLW\�LQ�HGXFDWLRQ��UHVHDUFK
DQG�RSHUDWLRQV�RI�78�'HOIW��ΔQ�DGGLWLRQ
WR�WKLV��DV�WKH�RIILFLDO�RUJDQLVDWLRQ�IRU
VXVWDLQDELOLW\��*UHHQ78�'HOIW�XVHV�LWV
VRFLDO�PHGLD�FKDQQHOV�WR�NHHS�LWV
IROORZHUV�LQIRUPHG�DERXW�WKH�GLIIHUHQW
DFWLYLWLHV�RQ�VXVWDLQDELOLW\�DORQJ�ZLWK
LQVSLULQJ�LQIRJUDSKLFV�WR�HQJDJH�PRUH
SHRSOH�LQWR�WKLV�WRSLF�

*UHHQ78�'HOIW
(QHUJ\�&OXE
&HQWHU�)RU�6XVWDLQDELOLW\�
)RRGVKDULQJ�'HOIW
6WXGHQWV�6XVWDLQDELOLW\

6WDNHKROGHU�(QJDJHPHQW�

6WDNHKROGHU�HQJDJHPHQW�GHDOV�ZLWK
LQVSLULQJ�DQG�ZRUNLQJ�WRJHWKHU�ZLWK
YDULRXV�VXVWDLQDELOLW\�HQWKXVLDVW�DPRQJ
VWXGHQWV�DQG�HPSOR\HHV��7KHUH�DUH
PDQ\�RUJDQL]DWLRQV�ZLWKLQ�WKH�78�ZKR
DUH�SURPRWLQJ�VXVWDLQDELOLW\�DQG
HQJDJLQJ�WKH�VWXGHQWV�LQ�WKHLU�DFWLYLWLHV�
7KHVH�RUJDQL]DWLRQV�DUH�

$OVR�WKH�VWXG\�DVVRFLDWLRQV�OLNH�'HOIW
6($�DQG�Δ(6$�6KLIW�DUH�DFWLYH�LQ
VXVWDLQDELOLW\��

$QRWKHU�PDMRU�DGGLWLRQ�WR�GZHOO�LQWR
WKH�FRQFHSW�RI�VXVWDLQDELOLW\�DW�IDFXOW\
OHYHO�DUH�WKH�b*UHHQ7HDPV��7KHVH
*UHHQ7HDPV�IXQFWLRQ�DV�WKH�GH�FHQWUDO
*UHHQ�2IILFHV�DGGUHVVLQJ�VXVWDLQDELOLW\
LQ�HGXFDWLRQ��UHVHDUFK�DQG�RSHUDWLRQV
WDLORULQJ�WKHLU�LQLWLDWLYHV�WR�D�SDUWLFXODU�
�IDFXOW\�>��@��7KH�ODVW�RQH�\HDU�PDUNHG
WKH�VHWWLQJ�XS�ILYH�QHZ�*UHHQ7HDPV
PDNLQJ�D�WRWDO�RI�VHYHQ�WHDPV�DFURVV
VHYHQ�RI�WKH�HLJKW�IDFXOWLHV�LQ�78�'HOIW�
7KH�ODVW�*UHHQ7HDP�LV�H[SHFWHG�WR�EH
VHWXS�LQ�WKH�\HDU�RI���������

7KH�DERYH�PHQWLRQHG�RUJDQLVDWLRQV
DQG�WKHLU�DFWLYLWLHV�LQ�WKH�SDVW�RQH�\HDU
ZLOO�EH�LQWURGXFHG�LQ�WKLV�VHFWLRQ��$OVR
WKH�QHZ�VXVWDLQDELOLW\�KXE��7KH�+LYH�
ZLOO�EH�FDQ�VHHQ�IXUWKHU�LQ�WKLV�VHFWLRQ��

(YHQWV�

2UJDQLVLQJ�HYHQWV�SOD\V�D�SURPLQHQW
UROH�LQ�HQJDJLQJ�SHRSOH�WR�SDUWLFSDWH�LQ
VXVWDLQDELOLW\��7KH\�SURYLGH�DQ�LQIRUPDO
DQG�IXQ�ZD\�WR�H[SORUH�QHZ
SRVVLELOLWLHV�DQG�VHH�KRZ�WKH\�FUHDWH
DQ�LPSDFW�RQ�WKH�SODQHW��7KH�YDULRXV
VXVWDLQDELOLW\�UHODWHG�RUJDQLVDWLRQV�LQ
78�'HOIW�DUH�TXLWH�DFWLYH�LQ�RUJDQLVLQJ
HYHQWV�ZLWK�ZRUNVKRSV��OXQFK�OHFWXUHV�
H[FXUVLRQV�DQG�PD\�RWKHU�IXQ�DFWLYLWLHV
SURPRWLQJ�VXVWDLQDELOLW\��2QH�RI�WKH
PDQ\�HYHQW�RUJDQLVHG�LQ�FROODERUDWLRQ
ZLWK�DOO�PDMRU�VXVWDLQDELOLW\
RUJDQLVDWLRQV�LV�WKH�'D\�RI
6XVWDLQDELOLW\��

��



$�VXVWDLQDEOH�FDPSXV�FDQ�RQO\�EH
DFKLHYHG�ZKHQ�DOO�WKH�VWDNHKROGHUV�IHHO
LQFOXVLYH�DQG�DUH�IUHH�WR�H[SUHVV�DQG
SDUWLFLSDWH�LQ�D�GLDORJXH�ZLWK�WKHLU
FROOHDJXHV��ΔQ�78�'HOIW��WKH�FRQFHSW�RI
LQFOXVLYHQHVV�DGGUHVVHV�6'*V�OLNH�
�
4XDOLW\�HGXFDWLRQ
��
*HQGHU�HTXDOLW\
�
�DQG�
3DUWQHUVKLS�IRU�WKH�JRDOV
��%HLQJ�D
JOREDO�XQLYHUVLW\�ZLWK�SHRSOH�IURP
GLIIHUHQW�FXOWXUHV��78�'HOIW�KDV�D�KLJK
UHJDUG�IRU�RSHQQHVV�DQG�GLYHUVLW\��

7KH�'LYHUVLW\�2IILFH�DW�WKH�XQLYHUVLW\
HQVXUHV�WKDW�WKH�HYHU\�RQH�DW�WKH
XQLYHUVLW\�LV�ZHOO�WUHDWHG�DQG�WKH
SRSXODWLRQ�LI�ZHOO�EDODQFHG�DQG
LQWHJUDWHG�LQ�WHUPV�RI�JHQGHU�DQG�WKHLU
FXOWXUDO�EDFNJURXQG��7KH�GLYHUVLW\�WHDP
DQG�WKH'LYHUVLW\�2IILFHU�DUH�VKDSLQJ�WKH
GLYHUVLW\�SROLF\�IRU�WKH�XQLYHUVLW\��

$QRWKHU�LPSRUWDQW�QHWZRUN�ZLWKLQ�WKH
XQLYHUVLW\�ZRUNLQJ�WRZDUGV�HQVXULQJ
LQFOXVLYHQHVV�LV�'(:Δ6��7KLV�QHWZRUN�RI
ZRPHQ�VFLHQWLVWV�KHOS�LQ�DWWUDFWLQJ
PRUH�ZRPHQ�DQG�LQ�FUHDWLQJ�D�VDIH
HQYLURQPHQW�IRU�WKHP�WR�JURZ�DQG
VXFFHHG�LQ�WKH�DFDGHPLF�ILHOG��78�'HOIW
DOVR�GHYHORSHG�LWV�ΔQWHJULW\�SROLF\�ZLWK�D
URDGPDS�WR�VROYH�DQ\�LVVXHV�SHUWDLQLQJ
WR�VRFLDO�LQWHJULW\��:ΔWK�PDQ\�RWKHU
SROLFLHV�DQG�LQLWLDWLYHV��78�'HOIW�WDNHV�D
VWURQJ�VWDQG�RQ�EXLOGLQJ�DQ�LQFOXVLYH
FDPSXV���

�
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*UHHQ7HDPV�DUH�GHFHQWUDO�*UHHQ
2IILHV�WKDW�DUH�EHLQJ�VHW�XS�DW�D�IDFXOW\
OHYHO�WR�DGGUHVV�VXVWDLQDELOLW\��7KHVH
DUH�ERWWRP�XS�VWXGHQW�LQLWLDWLYHV
FRQFHSWXDOL]HG�DQG�VHW�XS�E\�WKH
*UHHQ78��7KH�*UHHQ7HDPV
&RRUGLQDWRU�IURP�WKH�ERDUG�RI
*UHHQ78�LV�UHVSRQLVEOH�IRU
FRRUGLQDWLQJ�WKHVH�WHDPV��

7KH�ILUVW�*UHHQ7HDP�ZDV�HVWDEOLVKHG
E\�VWXGHQWV�LQ�WKH�)DFXOW\�RI
0HFKDQLFDO��0DULWLPH�DQG�0DWHULDOV
(QJLQHHULQJ����0(��XQGHU�WKH�QDPH
*UHHQ�P(�LQ�������7KH\�IRFXVHG
PDLQO\�RQ�VXVWDLQDELOLW\�LQ�HGXFDWLRQ
DQG�PDGH�DQ�LQYHQWRU\�UHSRUW�
)ROORZLQJ�WKH�VXFFHVV�RI�*UHHQ�P(�
WKH�VWXGHQWV�LQ�WKH�)DFXOW\�RI
$UFKLWHFWXUH��VHW�XS�WKH�%.*UHHQ�WHDP
ZKLFK�IRFXVHG�RQ�VXVWDLQDELOLW\�LQ
HGXFDWLRQ�DQG�RSHUDWLRQV�ZLWKLQ�WKH
IDFXOW\��:LWK�WKHVH�VXFFHVVIXO
LQLWLDWLYHV��WKH�([HFXWLYH�%RDUG�VDZ�WKH
LPSRUWDQFH�RI�WKH�WHDPV�DQG�*UHHQ78
ZDV�GLUHFWHG�WR�VHW�XS�D�*UHHQ7HDP�LQ
DOO�WKH�IDFXOWLHV�RI�WKH�78�

)RU�WKH�\HDU����������WKH�SODQ�ZDV�WR
VHW�XS�WKUHH�WHDPV��%XW�GXH�WR�DQ
RYHUZKHOPLQJ�UHVSRQVH�IURP�WKH
GHDQV�DQG�WKH�GLUHFWRUV�RI�HGXFDWLRQ�
WKHUH�ZDV�D�JUHDW�DFFHOHUDWLRQ�LQ�WKH
SURFHVV��%\�WKH�HQG�RI�WKH�\HDU��ILYH
QHZ�*UHHQ7HDPV�ZHUH�VHW�XS�DW�WKH
)DFXOWLHV�RI�((0&6��$SSOLHG�6FLHQFH�
$HURVSDFH��&L7J�DQG�730�

7KHbODVW�WHDP�IRU�WKH�)DFXOW\�RI
ΔQGXVWULDO�'HVLJQ�LV�H[SHFWHG�WR�EH
ILQDOLVHG�LQ�WKH�\HDU�RI����������7KH
*UHHQ7HDPV�DUH�IXQGHG�E\�WKH
UHVSHFWLYH�IDFXOWLHV�DORQJ�ZLWK�VRPH
FRQWULEXWLRQV�IURP�WKH�*UHHQ78�b

7KH�WHDPV�WKDW�ZHUH�VWDUWHG�LQ������
���KDG�WKHLU�ILUVW�DVVLJQPHQW�WR�PDNH
DQ�LQYHQWRU\�UHSRUW�RQ�WKH�SUHVHQW
VWDWH�RI�VXVWDLQDELOLW\�LQ�WKH�IDFXOW\�
7KLV�LQFOXGHV�LQYHVWLJDWLQJ�LQWR
HGXFDWLRQ��UHVHDUFK��RSHUDWLRQV�DQG
FRPPXQLFDWLRQ��ΔQ�DGGLWLRQ�WR
UHYLHZLQJ�WKH�FXUUHQW�VWDWH��WKH
UHSRUWV�DOVR�VXJJHVWHG�D�SODQ�RI�DFWLRQ
WR�LPSURYH�VXVWDLQDELOLW\�ZLWKLQ�WKH
IDFXOW\��7KH�LPSOHPHQWDWLRQ�RI�WKHVH
LGHDV�ZLOO�EH�WDNHQ�XS�E\�WKH�IXWXUH
ERDUGV��7KH�*UHHQWHDPV�DUH�DOVR�TXLWH
DFWLYH�LQ�RUJDQLVLQJ�HYHQWV�DQG
LQLWLDWLYHV�ZLWKLQ�WKH�FDPSXV��)RU
H[DPSOH�WKH�%.*UHHQ�KHOSHG�LQ�WKH
RUJDQLVDWLRQ�RI�1R�0HDW�:HHN�DQG
WKH\�VHW�XS�D�VWDOO�IRU�FROOHFWLQJ�DQG
UHXVLQJ�WKLQJV�XVHG�IRU�WKH�YDULRXV
SURMHFWV�DQG�DVVLJQPHQWV��

7KH�VXFFHVV�RI�*UHHQWHDPV�FDQ�DOVR
EH�HYLGHQWO\�VHHQ�IURP�WKH�UHTXHVWV
SRXULQJ�LQ�IURP�RWKHU�XQLYHUVLWLHV�WR
KHOS�WKHP�LQ�VHWWLQJ�XS�WKHVH�WHDPV�
7KH�*UHHQWHDP�FRRUGLQDWRU�RI������
���KDV�SUHVHQWHG�DERXW�WKH�WHDPV�LQ
YDULRXV�SODWIRUPV�OLNH�6WXGHQWV
2UJDQLVLQJ�IRU�6XVWDLQDELOLW\
ΔQWHUQDWLRQDO��626��DQG�ΔQWHUQDWLRQDO
6XVWDLQDELOLW\�&DPSXV�1HWZRUN��Δ6&1��

��
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7KH�+LYH��LV�WKH�QHZO\�RSHQHG�VXVWDLQDELOLW\�KXE�LQ�78�'HOIW��ΔW�ZLOO�EH�XVHG�DV�DQ�RIILFH
VSDFH�IRU�WKH�*UHHQ78�'HOIW�ERDUG�DQG�D�KDQJRXW�SODFH�IRU�VXVWDLQDELOLW\�HQWKXVLDVW�LQ
WKH�XQLYHUVLW\��7KH�+LYH�LV�ORFDWHG�LQ�WKH�)HOORZVKLS�EXLOGLQJ�RI�WKH�XQLYHUVLW\�DQG�SHRSOH
FDQ�GURS�E\�WR�KDYH�D�FXS�RI�&2��QHXWUDO�FRIIHH��SOD\�D�JDPH�RU�UHDG�DQG�H[FKDQJH
NQRZOHGJH�RQ�VXVWDLQDELOLW\��

��



6LQFH�������78�'HOIW�KDV�EHHQ
FHOHEUDWLQJ�WKH�1DWLRQDO�'D\�RI
6XVWDLQDELOLW\�LQ�2FWREHU��WR�EROVWHU�D
VXVWDLQDEOH�PLQGVHW��EULQJ�RXW
LQQRYDWLYH�JUHHQ�LGHDV�DQG�HQFRXUDJH
VWXGHQWV�WR�H[SORUH�WKH�YDULHG
VXVWDLQDEOH�RSWLRQV�LQ�WHUPV�RI�ERWK
GDLO\�FKRUHV�DQG�FDUHHU��7RJHWKHU�ZLWK
RWKHU�VWXGHQW�DVVRFLDWLRQ�VXSSRUWLQJ
VXVWDLQDELOLW\��VXFK�DV�WKH�&HQWHU�IRU
6XVWDLQDELOLW\��6WXGHQWV�IRU
6XVWDLQDELOLW\��78�'HOIW�(QHUJ\�&OXE�
'LVSXWH�:DWHU�	�(QYLURQPHQW
6XVWDLQDEOH�&RPPLWWHH��'HOIW
6XVWDLQDEOH�(QHUJ\�$VVRFLDWLRQ��Δ(6$
6KLIW��/LMVW�%HWD�HWF��*UHHQ78�OHDGV�WKH
HYHQW�HYHU\�\HDU��JDWKHULQJ�RUJDQLVHUV�
VSRQVRUV�DQG�VWXGHQWV��7KH�ODVW�WZR
HGLWLRQV�KDYH�EHHQ�D�KXJH�VXFFHVV�IRU
WKH�XQLYHUVLW\�ZLWK�WKH�����ȇV�HYHQW
KRVWLQJ�DURXQG�����VWXGHQWV��LQ
FROODERUDWLRQ�ZLWK�;�78�'HOIW�
VXSSRUWHG�ZLWK�PRQHWDU\�EHQHILWV
IURP�WKH�*HPHHQWH�'HOIW��678'�
6WXGLXP�*HQHUDOH��*UHHQ78�DQG
<(6�'HOIW�6WXGHQWV�

ΔQ�������WKH�WKHPH�ZDV�Ȇ)URP�*OREDO
WR�/RFDOȇ��ZKHUHE\�WKH�WKUHH�PRVW
LPSRUWDQW�GRPDLQV�RI�VXVWDLQDELOLW\�
:DWHU��:DVWH�DQG�(QHUJ\��ZDV
H[SORUHG�YLD�OHFWXUHV�DQG�ZRUNVKRSV
IURP�UHOHYDQW�FRPSDQLHV��OHFWXUHUV
DQG�LQGXVWU\��FRQFHQWUDWLQJ�RQ�ERWK
JOREDO�DQG�ORFDO�VFDOHV������ȇV�GD\
GHFLGHG�WR�IRFXV�PRUH�RQ�Ȇ/HW�$FWLRQ
%H�<RXU�5HDFWLRQȇ��ZKHUHE\�WKH
.H\QRWH�VWDUWHG�ZLWK�D�JOREDO�RYHUYLHZ
RQ�VXVWDLQDELOLW\��IROORZHG�E\�OHFWXUHV
LQ�SURYLQFLDO�SHUVSHFWLYH�DQG�ILQDOO\
EHLQJ�FRQFOXGHG�ZLWK���KRXU�ORQJ
ZRUNVKRSV�ZKHUH�VWXGHQWV�FDQ�JHW
SHUVRQDOO\�LQYROYHG��ΔW�ZDV�D�YHU\�ZHOO
UHFHLYHG�HYHQW�EHFDXVH�RI�WKH
DWWHQWLRQ�WKDW�ZDV�SDLG�WR�WKH�H[WUD
VXVWDLQDEOH�GHWDLOV�VXFK�DV�HGLEOH
IO\HUV��QR�SODVWLFV�GXULQJ�WKH�HYHQW�
VXVWDLQDEOH�EHHUV��FULFNHW�VQDFNV�
XQZUDSSHG�SODQWV�IRU�JLIWV��UHF\FOHG
QDPH�EDGJHV�HWF��7KH�HYHQW�KDV
KRVWHG�VSHDNHUV�IURP�YDULRXV
FRPSDQLHV�LQFOXGLQJ�ΔQWHUQDWLRQDO
(QHUJ\�$JHQF\��Δ($���*HPHHQWH�'HOIW�
5HQHZL��'$5(/��(%1��&RSSH��HWF�

��



��



ΔQ�WKH�HDUOLHU�FKDSWHUV�RI�WKLV�UHSRUW�
WKH�SUHVHQW�VWDWH�RI�VXVWDLQDELOLW\�KDV
EHHQ�UHYLHZHG��$V�VWDWHG�LQ�VHFWLRQ
�����78�'HOIW�LV�UHVSRQVLEOH�IRU�FDUERQ
HPLVVLRQV�RI�DURXQG�������W�&2��HT�
%XW�ZLWK�WKH�LQFUHDVLQJ�SRSXODWLRQ�RI
WKH�XQLYHUVLW\��WKH�QHHGV�DQG�WKH
IDFLOLWLHV�EHLQJ�SURYLGHG�DOVR�LQFUHDVH�
7KLV�OHDGV�WR�D�FRQWLQXRXV�LQFUHDVH�LQ
WKH�FDUERQ�HPLVVLRQV��)RU�WKLV�UHSRUW�
WKH�WLPH�VSDQ�WHQ�\HDUV�IURP������WR
�����LV�FRQVLGHUHG��

&XUUHQWO\�78�'HOIW�KDV�D�SRSXODWLRQ�RI
ZLWKLQ�������ZLWK�DSSUR[LPDWHO\
������VWXGHQWV�DQG������HPSOR\HHV�
:LWK�D�FXUUHQW�SRSXODWLRQ�JURZWK�UDWH�
WKH�QXPEHUV�DUH�LQFUHDVLQJ�DW�D�YHU\
KLJK�UDWH��%XW��EDVHG�RQ�D�URXJK
DSSUR[LPDWLRQ�WKH�FXUUHQW�IDFLOLWLHV
DFFRPPRGDWH�WKH�78�FDQQRW
DFFRPPRGDWH�PRUH�WKDQ������
SHRSOH��������VWXGHQWV�DQG�����
HPSOR\HHV���7KLV�FDQ�EH�VHHQ�DOUHDG\
ZLWK�WKH�OLPLWHG�DYDLODELOLW\�RI�VWXG\
VSDFHV�GXULQJ�SHDN�WLPHV��$OVR��WKH
DJH�RI�EXLOGLQJV�LV�OLPLWLQJ�WKHLU�XVH
DQG�WKXV�FUHDWLQJ�D�FRQJHVWLRQ�LQ�WKH
UHPDLQLQJ�EXLOGLQJV��+HQFH��WKH
LQFUHDVH�LQ�SRSXODWLRQ�DW�WKH�FXUUHQW
UDWH�ZLOO�QHHG�UDSLG�DGDSWDWLRQ�DQG
EXLOGLQJ�RI�QHZ�IDFLOLWLHV�

6LQFH�WKH�IXWXUH�JURZWK�UDWH�DQG�WKH
VLWXDWLRQ�RI�H[SDQVLRQ�RI�IDFLOLWLHV�LV

'UDZLQJ�FXUYHVbUHSUHVHQWLQJ
KRZb&2��HPLVVLRQVbRI�FDPSXV
KDYH�EHHQ�LQFUHDVLQJ�RU
GHFUHDVLQJbRYHU�WKH�SDVW�\HDUV�
<HDU������KDV�EHHQ�FKRVHQ�DV
LQLWLDO�\HDU�VLQFH�PRVW�RI�WKH�GDWD
ZDV�DYDLODEOH�VWDUWLQJ�IURP�WKHQ�

3UHGLFWLQJ�RXWFRPHV�RI�GLIIHUHQW
IXWXUH�VFHQDULRV�DQG�VWUDWHJLHV
EHLQJ�UHSUHVHQWHG�LQ�WKLV�UHSRUW

(OHFWULFLW\
+HDW
0RELOLW\

�QRW�FOHDU��LQ�WKH�FXUUHQW�UHSRUW�RQ�WKH
FXUUHQW�IDFLOLWLHV�DQG�WKHLU�OLPLWDWLRQV
ZLOO�EH�DFFRXQWHG��%DVHG�RQ�WKH
FXUUHQW�SRSXODWLRQ�JURZWK�UDWH��WKH
OLPLW�RI�������ZRXOG�EH�PHW�E\�������

7R�DQDO\VH�WKH�JURZWK�DQG�WKH
LQFUHDVH�LQ�WKH�HPLVVLRQV�LQ�WKH
FRPLQJ�\HDUV�D�PDWKHPDWLFDO�	
EHKDYLRXUDO�PRGHO�ZDV�EXLOG�XVLQJ
9HQVLP�VRIWZDUH�

0RGHO�GHVFULSWLRQ�

9HQVLP�SODWIRUP�PRGHOV�FDQ�EH�XVHIXO
WRROV�IRU�D�YLVXDOLVDWLRQ�RI�FDXVH�
HIIHFWV�OLQNV�RI�UHDOLW\�SKHQRPHQD��)RU
WKH�FXUUHQW�UHSRUW��WKLV�9HQVLP�PRGHO
LV�XVHG�WR�HYDOXDWH�WKH�IXWXUH
HQYLURQPHQWDO�LPSDFW�RI�78�'HOIW�LQ
WHUPV�RI�FDUERQ�HPLVVLRQV�H[SUHVVHG
LQ�&R��HTXLYDOHQW��WHUPV��7KH�PRGHOV
DLPV�WR�

7KH�RYHUDOO�PRGHO�WDNHV�LQWR�DFFRXQW��
PDLQ�IDFWRUV�

��



)RRG
:DVWH
:DWHU

$GGLWLRQDO�&2��HPLVVLRQV�PD\�DOVR�EH
VHHQ�LQ�3URFXUHPHQW�DQG�LV�H[SHFWHG
WR�EH�D�VLJQLILFDQW�SDUW�RI�VFRSH��
HPLVVLRQV��EXW�IRU�QRZ�RQO\�HVWLPDWHG
GDWD�H[LVWV�RQ�WKLV�WRSLF�

7KHVH���IDFWRUV�DUH�WKH�PDLQ
FRQWULEXWRUV�WR�WKH�FUHDWLRQ�RI
HTXLYDOHQW�NJ�RI�&2��DQG�FDQ�EH
PRGHOOHG�WKDQNV�WR�H[LVWLQJ�GDWD�DQG
ORJLF�OLQNV�FRQVWUXFWHG��(DFK�YDULDEOH
KDV�VRPH�IDFWRUV�ZKLFK�GHWHUPLQH�WKH
ILQDO�RXWFRPH�RI�WKH�YDULDEOH��ZKLFK
FDQ�EH�PRGLILHG�E\�WKH�XVHU�WR
UHSUHVHQW�GLIIHUHQW�VFHQDULRV��$V�DQ
H[DPSOH��ZKHQ�FRPSXWLQJ�WKH�&2�
HTXLYDOHQW�RXWFRPH�WKDW�WKH�IDFWRU
HOHFWULFLW\�KDV�bbSDUDPHWHUV�FDQ�EH
FKDQJHG�WR�PRGHO�D�VLWXDWLRQ�LQ�ZKLFK
PRUH�39�SDQHOV�DUH�LQVWDOOHG��WKXV�D
ELJJHU�SURSRUWLRQ�RI�WKH�WRWDO
HOHFWULFLW\�ZRXOG�EH�39�SURGXFHG�

7KLV�PRGHO�LV�SRSXODWLRQ�EDVHG��ZKLFK
PHDQV�DOO�TXDQWLWLHV�DUH�GHVFULEHG�WR
EH�XQLW�FDSLWD��7KLV�FKRLFH�KDV�EHHQ
PDGH�VLQFH�LW�LV�LPSRUWDQW�WR�QRWLFH
WKDW�HDFK�LQGLYLGXDO�KDV�DQ�LPSDFW�RQ
WKH�WRWDO�DQG�WKDW�WKH�ZKROH�LPSDFW�RI
WKH�FDPSXV�LV�WKH�VXP�RI�WKH�RYHUDOO
EHKDYLRU�RI�HDFK�RI�LWV�VWXGHQW�DQG
HPSOR\HH��7KH�PRGHO�VWDUWV�ZLWK�D
VPDOO�IORZ�EDVHG�PRGHO�ZKLFK�DLPV�DW
SUHGLFWLQJ�WKH�DPRXQW�RI�VWXGHQWV�DQG
HPSOR\HHV�SUHVHQW�DW�FDPSXV�LQ�WKH
IXWXUH�

/LPLWDWLRQV�

2XWFRPHV�DUH�WR�EH�FRQVLGHUHG
EHKDYLRUDO�FXUYHV��7KH�DLP�LV�LQGHHG
QRW�WR�GUDZ�SUHFLVH�QXPEHU
HVWLPDWLRQV��EXW�WR�OHW�UHDGHUV
XQGHUVWDQG�WKH�NLQG�RI�LPSDFW�WKH
DSSOLFDWLRQ�RI�D�SDUWLFXODU�VWUDWHJ\�FDQ
KDYH�RQ�WKH�PRGLILFDWLRQ�RI�WKH�FXUYH
IRU�IXWXUH�SUHGLFWLRQ��$V�DQ�H[DPSOH�
WKDQNV�WR�WKLV�WRRO�RQH�ZRXOG�EH�DEOH
WR�REVHUYH�ZKLFK�NLQG�RI�LPSDFW�D
VXVWDLQDEOH�LQLWLDWLYH�FDQ�KDYH�RQ�WKH
HPLVVLRQV�RI�WKH�XQLYHUVLW\�b

)XWXUH�6FHQDULR�IURP��������

%DVHG�RQ�WKLV�PRGHO��WKH�&2�
HPLVVLRQV�DUH�H[SHFWHG�WR�EH������E\
�����ZKHQ�WKH�78�UHDFKHV�LWV�QHDU
PD[LPXP�FDSDFLW\��7KLV�ZLOO�EH
FRQVLGHUHG�DV�WKH�EXVLQHVV�DV�XVXDO
FDVH�ZLWKRXW�DQ\�IXUWKHU�SODQV�IRU
LPSURYHPHQW��7KLV�DPRXQW�HPLVVLRQV
LV�DODUPLQJ�DQG�QHHGV�WR�EH�DGGUHVVHG
DV�VRRQ�DV�SRVVLEOH��:LWK�WKH
SURSRVDOV�IRU�LPSOHPHQWLQJ�FDUERQ�WD[
LQ�FRPLQJ�\HDUV��WKHVH�HPLVVLRQV�ZLOO
DOVR�EH�D�ILQDQFLDO�EXUGHQ�WR�WKH�78�
+HQFH�WKLV�UHSRUW�VXJJHVWV�YDULRXV
ZD\V�LQ�ZKLFK�WKH�FDUERQ�HPLVVLRQV
FDQ�EH�UHGXFHG�WKH�PRGHO�ZLOO�EH�XVHG
WR�VKRZ�WKH�LPSDFW�RI�WKHVH�VWUDWHJLHV�

7KH�EXVLQHVV�DV�XVXDO�FDVH�ZLOO�EH
WUHDWHG�DV�D�EDVH�FDVH�VFHQDULR�IRU�WKH
UHVW�RI�WKH�UHSRUW��7KH�EXVLQHVV�DV
XVXDO�VFHQDULR�FDOFXODWHG�XVLQJ�WKH
PRGHO�LV�VKRZ�EHORZ��

��



��



%DVHG�RQ�WKH�YDULRXV�FRQYHUVLRQ
IDFWRUV��WKH�EXVLQHVV�DV�XVXDO
VFHQDULR�LV�FDOFXODWHG�XVLQJ
SRSXODWLRQ�RI�WKH�XQLYHUVLW\�DV�WKH
PDLQ�IDFWRU�LQIOXHQFLQJ�WKH�HPLVVLRQV�
$V�PHQWLRQHG�EHIRUH�WKH�SRSXODWLRQ�LV
DVVXPHG�WR�LQFUHDVH�WR�D�PD[LPXP�RI
������DW�D�UDWH�RI������DQG������SHU
\HDU�IRU�VWXGHQWV�DQG�HPSOR\HHV
UHVSHFWLYHO\��&RQVLGHULQJ�WKH�FXUUHQW
OHYHOV�RI�XVDJH�RI�GLIIHUHQW�UHVRXUFHV�
WKH�HPLVVLRQV�RI�78�'HOIW�DUH
H[SHFWHG�WR�ULVH�WR��QHDUO\�������W
&2��HT�E\�������ΔI�QR�IXUWKHU�VWHSV
DUH�WDNHQ��WKH�HPLVVLRQV�IURP
HOHFWULFLW\�ZLOO�ULVH�WR�QHDUO\�������W
&2��HT�DQG�IURP�KHDWLQJ�ZLOO�EH
DOPRVW��������W�&2��HT�E\�������

:LWK�HPLVVLRQV�IURP�IRRG�EHLQJ�WKH
KLJKHVW�FRQWULEXWRU�IRU�VFRSH��
HPLVVLRQV��WKH\�DUH�H[SHFWHG�WR�ULVH�DV
KLJK�DV�������W�&2��HT�E\�������7KH
HPLVVLRQV�IURP�PRELOLW\�DQG�ZDVWH
ZRXOG�LQFUHDVH�WR�������W�&2��HT�DQG
�����W�&2��HT�UHVSHFWLYHO\��7KLV�WRWDO
RI�������W�&2��HT�HPLVVLRQV�ZLOO�EH
YHU\�VLJQLILFDQW�WKH�78�KDV�WR�SD\�D
FDUERQ�WD[��&RQVLGHULQJ�RQO\�WKH�VFRSH
��DQG���HPLVVLRQV��EDVHG�RQ�WKH
SURMHFWHG�FDUERQ�WD[�RI����(85�SHU�W
&2��HT�E\�WKH�(8�>��@��78�'HOIW�ZLOO
KDYH�WR�SD\�DQ�DQQXDO�WD[�RI�QHDUO\����
PLOOLRQ�(85��ΔI�VFRSH���DUH�DOVR
FRQVLGHUHG�LQ�WKH�FRPLQJ�\HDU��WKH�WD[
DPRXQW�EH�DV�KLJK�DV���PLOOLRQ�(85
�H[FOXGLQJ�HPLVVLRQV�IURP
SURFXUHPHQW��

��



ΔQ�WKLV�FKDSWHU��WKH�VFRSH�IRU
LPSURYHPHQWV�LV�DQDO\VHG�EDVHG�RQ
VWXGHQW�RSLQLRQV�DQG�6:27�DQDO\VLV
IRU�WKH�IRXU�SLOODUV�RI�VXVWDLQDELOLW\�LQ
78�'HOIW��ΔQ�FKDSWHU����LW�ZDV�VKRZQ
WKDW�ZLWK�WKH�SUHVHQW�JURZWK�UDWH��WKH
HPLVVLRQV�DUH�JRLQJ�WR�EH�DV�KLJK�DV����
7KLV�FDOOV�IRU�DQ�DFWLRQ�RQ�WKHVH�LVVXHV
DQG�VWDUW�DQDO\VLQJ�DQG�WDNLQJ
SHUIRUPHG�VWHSV�WRZDUGV
LPSURYHPHQW��:LWK�WKH�SUHVHQW
PRPHQWXP�RQ�WKLV�WRSLF��LW�LV�DOVR
LPSRUWDQW�WKDW�VWXGHQWV�DUH�ZHOO�DZDUH
DERXW�WKH�LVVXHV�RI�VXVWDLQDEOH
GHYHORSPHQW�DQG�FOLPDWH�DFWLRQ���7R
XQGHUVWDQG�ZKDW�VWXGHQWV�DUH
H[SHFWHG��WKH�DXWKRUV�KDYH�SHUIRUPHG
D�UHPRWH�VXUYH\�RQ�YDULRXV�DVSHFWV�RI
VXVWDLQDELOLW\�

���SHUFHQW�RI�WKH�VWXGHQWV�KLJKO\
YDOXH�VXVWDLQDELOLW\�LQ�HGXFDWLRQ
DQG�DQRWKHU����SHUFHQW�ZRXOG�EH
LQWHUHVWHG�WR�KDYH�LW�
2QO\����SHUFHQW�VD\�WKDW
VXVWDLQDELOLW\�LV�ZHOO�LQWHJUDWHG�LQ
WKHLU�VWXG\�SURJUDPV

6XUYH\�UHVXOWV�

$URXQG�����SDUWLFLSDQWV�KDYH
VXEPLWWHG�UHVSRQVHV�IRU�WKH�VXUYH\
IURP�YDULRXV�SURJUDPV�DQG�GLIIHUHQW
IDFXOWLHV��7KRXJK�WKLV�GRHV�QRW
UHSUHVHQW�DOO�WKH�DQRWKHU�RI�SHRSOH��LW
UHODWLYHO\�JLYHV�DQ�LGHD�RQ�WKH�PLQGVHW
RI�VWXGHQWV�DQG�WKHLU�RSLQLRQ�WRZDUGV
VXVWDLQDELOLW\��6RPH�RI�WKH�LQWHUHVWLQJ
UHVXOWV�DUH�

��



$URXQG����SHUFHQW�RI�WKH�VWXGHQWV
VXJJHVWHG�KDYLQJ�+RQRXUV
SURJUDPV�DQG����SHUFHQW�RI�WKH
VWXGHQWV�VXJJHVWHG�WR�KDYH�PRUH
HOHFWLYH�FRXUVHV�IRFXVLQJ�RQ
VXVWDLQDELOLW\�
YHU\�LQWHUHVWLQJO\��DERXW����SHUFHQW
RI�WKH�UHVSRQGHQWV�ZRXOG�OLNH�WR
LQFOXGH�WKH�WRSLF�RI�VXVWDLQDELOLW\�LQ
WKH�%DFKHORU�RU�PDVWHU�WKHVLV�
&RPLQJ�WR�RSHUDWLRQV��DURXQG���
SHUFHQW�SHRSOH�VXJJHVWHG�WKDW
PRUH�UHF\FOLQJ�ELQV�QHHGV�WR�EH
LQVWDOOHG�LQ�WKH�78�FDPSXV�
)RU�IRRG�EHLQJ�VHUYHG�LQ�WKH
FDIHWHULD��DURXQG����SHUFHQW
UHVSRQGHQWV�VXJJHVWHG�WKDW�PRUH
YHJHWDULDQ�DQG�YHJDQ�RSWLRQV
VKRXOG�EH�PDGH�DYDLODEOH�

2SHQ�TXHVWLRQV�DOVR�JDYH�VRPH
LQWHUHVWLQJ�LQVLJKWV�LQWR�ZKDW�SHRSOH
WKLQN�DQG�ZKDW�WKH\�DUH�ZLOOLQJ�WR
DGDSW�WR��7KHLU�UHVSRQVHV�WR�WKH�SDUW
RQ�VXVWDLQDELOLW\�LQ�HGXFDWLRQ�DQG
RSHUDWLRQV�DQG�VKRZQ�WKH�ILJXUHV��

+HQFH�WKLV�VKRZV�WKDW�WKH�LQWHUHVW�LQ
WKH�WRSLF�RI�VXVWDLQDELOLW\�LV�TXLWH�KLJK
DQG�LV�H[SHFWHG�WR�JURZ�LQ�WKH�FRPLQJ
\HDUV��

7R�DQDO\VH�WKH�FXUUHQW�RSSUWXQLWLHV
DQG�WKH�EDUULHUV�IRU�EHFRPLQJ�D
VXVWDLQDEOH�XQLYHUVLW\��WKH�QH[W�VHFWLRQ
ZLOO�VKRZ�D�6:27�DQDO\VLV�IRU
VXVWDLQDELOLW\�LQ�HGXFDWLRQ��UHVHDUFK�
RSHUDWLRQV�DQG�VRFLDO�HQJDJHPHQW�

��



6:27�$1$/<6Ζ6���('8&$7Ζ21

7ZR�IXOO�PDVWHU�SURJUDPV�GHGLFDWHG�WR
VXVWDLQDELOLW\
7ZR�SDUWQHUHG�PDVWHU�SURJUDPV
)RXU�PDVWHU�WUDFNV�IRFXVLQJ�RQ
VXVWDLQDELOLW\
6XVWDLQDELOLW\�UHODWHG�022&6
3UDFWLFDO�HGXFDWLRQ�WKURXJK�OLYLQJ�ODEV
+RPH�WR�UHQRZQHG�H[SHUWV�LQ�YDULRXV
ILHOGV�RI�VXVWDLQDELOLW\
%HVW�LQ�FODVV�LQIUDVWUXFWXUH��ODEV�DQG
UHVRXUFHV�WR�VXSSRUW�HGXFDWLRQ�LQ�WKH
ILHOG�RI�VXVWDLQDELOLW\

675(1*7+�

1R�SROLF\�RQ�VXVWDLQDELOLW\�LQ
HGXFDWLRQ�
/DFN�RI�LQIRUPDWLRQ�RQ�ZKDW�LV�RIIHUHG
E\�WKH�XQLYHUVLW\�IRU�VXVWDLQDELOLW\
/DFN�RI�DZDUHQHVV�DPRQJVW�VWXGHQWV
DQG�WHDFKHUV
*HQHUDOO\��EDFKHORU�SURJUDPV�GR�QRW
SXW�D�IRFXV�RQ�VXVWDLQDELOLW\
1R�UHSUHVHQWDWLYH�WR�RYHUVHH
HGXFDWLRQ�UHODWHG�WR�VXVWDLQDELOLW\

:($.1(66�

*URZLQJ�LQWHUHVW�DPRQJ�VWXGHQWV�WR
OHDUQ�PRUH�DERXW�WKLV�WRSLF
*UHHQ7HDP�LQYHQWRULHV�IURP�HYHU\
IDFXOW\�ZKLFK�VKRZ�WKH�LPSURYHPHQWV
WKDW�FDQ�EH�PDGH�LQ�WKH�FXUULFXOD
2QOLQH�UHSRVLWRU\
2QJRLQJ�0DVWHU�UHVWUXFWXULQJ
ΔPSRUWDQFH�IRU�VXVWDLQDELOLW\�LQ
VWXGHQW�SURMHFWV�DQG�WKHVLV�
'HYHORSLQJ�PRUH�022&6
ΔQWURGXFLQJ�KRQRXUV�SURJUDPV
UHODWHG�WR�VXVWDLQDELOLW\
7UDLQ�WHDFKHUV�WKURXJK
ZRUNVKRSV�OHFWXUHV�WR�HQFRXUDJH
VWXGHQW�SDUWLFLSDWLRQ�LQ�VXVWDLQDELOLW\

23325781Δ7Δ(6�

3RRU�UDQNLQJV�IRU�VXVWDLQELOLW\�LQ
HGXFDWLRQ
6XVWDLQDELOLW\�EHFRPLQJ�RQH�RI�WKH
PRVW�DODUPLQJ�WRSLF�DURXQG�WKH�ZRUOG
DQG�78�'HOIW�HQJLQHHUV�ODFNLQJ
NQRZOHGJH�LQ�WKLV�DUHD�
(IIHFWV�WKH�XQLYHUVLW\�EUDQG�YDOXH
78�'HOIW
V�PRWWR���ΔPSDFW�IRU�D�EHWWHU
VRFLHW\���FDQ�QRW�EH�DFKLHYHG�ZLWKRXW
IRFXVLQJ�RQ�VXVWDLQDELOLW\�LQ�HGXFDWLRQ

7+5($76�

��



6:27�$1$/<6Ζ6���5(6($5&+

5DQNHGbYHU\�ZHOO�LQ�UHVHDUFK�UHODWHG�WR
6'*����������	���
$OO�IRXU�'HOIW�UHVHDUFK�EDVHG�LQLWLDWLYHV
IRFXV�RQ�VXVWDLQDELOLW\
78�'HOIW�SXEOLVKHG�LWV�YLVLRQ�RQ�FOLPDWH
DFWLRQ�ZLWK�D�FRPPLWPHQW�WR�H[WHQG�LWV
UHVHDUFK�DFWLYLWLHV�LQ�FOLPDWH�DFWLRQ
78�'HOIW�JOREDO�LQLWLDWLYH�VXSSRUWV
UHVHDUFK�IRU�VXVWDLQDEOH�GHYHORSPHQW�LQ
GHYHORSLQJ�FRXQWULHV
*UHHQ�YLOODJH�DW�78�'HOIW�LV�ZRNULQJ�DV�D
OLYLQJ�ODE
'UHDP�WHDPVb
&OHDQ�WHFK�VWDUW�XSV�DW�<HV�'HOIW�

675(1*7+�

5DQNHG�����ZRUOG�ZLGH�IRU
UHVHDUFK�RQ�FOLPDWH�DFWLRQ
1R�SROLF\�IRU�UHVHDUFK�UHODWHG�WR
VXVWDLQDELOLW\�FOLPDWH�DFWLRQ
1R�DFWLRQ�SODQ�IRU�YLVLRQ�RQ
FOLPDWH�DFWLRQ
/LPLWHG�WKHVLV�RSSRUWXQLWLHV�IRU
VWXGHQWV�IURP�QRQ�VXVWDLQDELOLW\
UHODWHG�PDVWHUV
1R�UHSUHVHQWDWLYH�WR�RYHU�VHH�WKH
UHVHDUFK�UHODWHG�WR�WKLV�ILHOG
/DFN�RI�FRPPXQLFDWLRQ�ZLWKLQ
DQG�RXWVLGH�WKH�XQLYHUVLW\
/LPLWHG�LQWHUDFWLRQ�EHWZHHQ
*UHHQ�YLOODJH��VWXGHQWV�DQG
UHVHDUFKHUV

:($.1(66�

)XUWKHU�SXVK�LQ�IHZ�UHVHDUFK�DUHDV�OLNH
VXVWDLQDEOH�HQHUJ\��VXVWDLQDEOH�DYLDWLRQ�
VXVWDLQDEOH�DUFKLWHFWXUH�DQG�VXVWDLQDEOH
PHGLFDO�WHFKQRORJ\
ΔPSURYH�FRPPXQLFDWLRQ�DQG�YLVLELOLW\
&RPPRQ�SODWIRUP�WR�IDFLOLWDWH�UHVHDUFK�
VWXGHQW�SURMHFWV�	�WKHVLV�UHODWHG�WR
VXVWDLQDELOLW\
2QOLQH�UHSRVLWRU\
(YDOXDWLQJ�UDQNLQJV�LQ�HDFK�GRPDLQ�DQG
DLP�IRU�LPSURYHPHQWV�

23325781Δ7Δ(6�

5DQNLQJV�HIIHFWLQJ�WKH�78�'HOW
EUDQG�YDOXH
6WXGHQW�LQWHUHVWV�DUH
FRPSURPLVHG
1R�SODQ�RI�DFWLRQ�PLJKW�OHDG�WR�ORVW
YLVLRQ
78�'HOIW�FRXOG�EH�RXW�RI�WKH�UDFH�LQ
VRPH�ILHOGV�WKRXJK�WKHUH�LV
SRWHQWLDO
/LYLQJ�ODE�QRW�IXOO\�H[SORUHG�WR
PHHW�WKH�VWXGHQW�LQWHUHVWV

7+5($76�

��



6:27�$1$/<6Ζ6���23(5$7Ζ216

6XSSRUW�IURP�WKH�H[HFXWLYH�ERDUG
3RVLWLYH�RXWORRN�RI�WKH�VXVWDLQDELOLW\
WHDPV��&5(��6XVWDLQDELOLW\�FRRUGLQDWRU
DQG�*UHHQ78�
/RZ�HPLVVLRQV�IURP�HOHFWULFLW\�GXH�WR
����ZLQG�HQHUJ\�XVDJH
&RRSHUDWLRQ�RI�SDUWQHUV�OLNH�&LUIRRG
DQG�5HQHZL�LQ�WDNLQJ�XS�VXVWDLQDEOH
LQLWLDWLYHV
)LQDQFLDO�FDSDELOLWLHV
6XSSRUW�IURP�VWXGHQWV�WR�IROORZ
VXVWDLQDEOH�KDELWV
6XFFHVV�RI�QR�PHDW�ZHDN�DQG�ZDVWH
VHSDUDWLRQ�SLORWV�LQ�)DFXOW\�RI
$UFKLWHFWXUH
1HZO\�FRPPLVVLRQHG�EXLOGLQJV�DUH�IXOO\
VXVWDLQDEOH

675(1*7+�

(PLVVLRQV�IURP�KHDWLQJ�DUH�YHU\�KLJK
+HDWLQJ�LVVXHV�FDQQRW�EH�DGGUHVVHG
HDVLO\�EHFDXVH�RI�ROG�EXLOGLQJV
+LJK�LQYHVWPHQWV�IRU�EHFRPLQJ
FDUERQ�QHXWUDO�E\�����
8QZLOOLQJQHVV�RI�LQGLYLGXDOV�WR�FKDQJH
IRRG�KDELWV
2IIHULQJ�YHJHWDULDQ�RSWLRQV�LV�QRW
SURILWDEOH�IRU�FDWHUHUV
1R�JXLGHOLQHV�IRU�RUJDQLVLQJ�DQ\
HYHQWV�ZKLFK�LV�OHDGLQJ�WR�ORW�RI�IRRG
ZDVWDJH
1RbFRQGLWLRQV�RQ�OLPLWLQJ�EXVLQHVV
WUDYHO��78�'HOIW�DFFRXQWV�IRU����PLOOLRQ
NPV�WUDYHO�GXULQJ�����

:($.1(66�

6XFFHVV�RI�SLORWV�RQ�QR�PHDW�DQG�ZDVWH
VHSDUDWLRQ
*HRWKHUPDO�HQHUJ\�SRVVLELOLWLHV�RQ
FDPSXV
$YDLODEOH�H[SHUW�NQRZOHGJH�IURP
SURIHVVRUV�DQG�UHVHDUFKHUV
6WUDWHJLHV�PHQWLRQHG�LQ�&2��5RDG�PDSb
2SSRUWXQLWLHV�WKURXJK�WKH�&LUFXODULW\
URDGPDS������
:LOOLQJQHVV�IRU�FKDQJH�E\�PRVW
RSHUDWLRQDO�GHSDUWPHQWV
ΔQFUHDVLQJ�DZDUHQHVV�DQG�SV\FKRORJLFDO
FKDQJHV�DPRQJ�WKH�VWDNHKROGHUV
&DPSXV�DV�OLYLQJ�ODE

23325781Δ7Δ(6�

5DQNLQJV�HIIHFWLQJ�WKH�78�'HOIW�EUDQG
YDOXH
1R�JRYHUQLQJ�ERG\�WR�RYHUVHH
VXVWDLQDELOLW\�LQ�RSHUDWLRQV
3UHVHQW�FRQWUDFWV�HIIHFWLQJ�WKH�IXWXUH
SODQQLQJ�DQG�LQLWLDWLYHV
1RbRIILFLDO�SROLFLHV�GHILQLQJ�WKH�JRDOV�
VWDQGDUGV�DQG�JXLGHOLQHV�IRU
VXVWDLQDEOH�SUDFWLFHV�

7+5($76�
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6:27�$1$/<6Ζ6���62&Ζ$/�(1*$*(0(17

)RUPDWLRQ�RI�*UHHQ78�'HOIW�LV�D�JUHDW
VWDUW�IRU�VWDUWLQJ�D�GLDORJXH�RQ
VXVWDLQDELOLW\�
7KH�QHZ�VXVWDLQDELOLW\�SDJH�R�78�'HOIW
ZHEVLWH�LV�D�JUHDW�FRPPXQLFDWLRQ
PHGLXP�
7KH�FRPPLVVLRQLQJ�RI�WKH�FXUUHQW
UHSRUW�SDYHV�ZD\�IRU�EHWWHU
FRPPXQLFDWLRQ�ERWK�LQWHUQDOO\�DQG
H[WHUQDOO\�
7KH�SUHVHQFH�RI�*UHHQ7HDPV�DQG
VXVWDLQDELOLW\�UHODWHG�RUJDQLVDWLRQV�
$�FULWLFDO�DWWLWXGH�WRZDUGV�VXVWDLQDELOLW\
DPRQJ�DOO�WKH�VWDNHKROGHUV��
:LOOLQJQHVV�RI�SHRSOH�WR�FKDQJH�WKHLU
OLIHVW\OH�WR�EXLOG�D�VXVWDLQDEOH�FDPSXV
9LVLRQ�WR�EH�D�JOREDO�XQLYHUVLW\�ZKHUH
HYHU\RQH�IHHOV�LQFOXGHG�

675(1*7+�

7KH�XQLYHUVLW\�LV�QRW�SXEOLFLVLQJ�WKH
YLVLRQ�DQG�DFKLHYHPHQWV�WRZDUGV
6'*V
/DFN�RI�RIILFLDO�SROLFLHV�DQG
GRFXPHQWV�UHODWHG�WR�VXVWDLQDELOLW\��
/DFN�RI�FRPPXQLFDWLRQ�EHWZHHQ
VWXGHQW�RUJDQLVDWLRQV�ZRUNLQJ�RQ
VXVWDLQDELOLW\
/HVV�LQYROYHPHQW�RI�HPSOR\HHV�RQ
VXVWDLQDELOLW\�UHODWHG�DFWLYLWLHV�
LQLWLDWLYHV�RU�HYHQWV
*UHHQ78�LV�VWLOO�QRW�NQRZQ�WR�PDQ\
VWDNHKROGHUV
7KH�UHVRXUFHV�OLNH�WKH�78�ZHEVLWH��78
'HOWD�DQG�RWKHU�PHGLD�FKDQQHOV�DUH
QRW�IXOO\�XWLOLVHG�WR�UDLVH�DZDUHQHVV
RQ�VXVWDLQDELOLW\�

:($.1(66�

&RQQHFW�DOO�WKH�VWDNHKROGHUV�ZRUNLQJ�RQ
VXVWDLQDELOLW\
&ROODERUDWLYH�HYHQWV�WR�LQFUHDVH�WKH
DXGLHQFH
'LUHFW�HQJDJHPHQW�ZLWK�VWXGHQWV�WR�JHW
WKHLU�RSLQLRQ�DQG�LQFUHDVH�SDUWLFLSDWLRQ
ΔPSURYLQJ�WKH�VXVWDLQDELOLW\�ZHEVLWH��DQG
PDNLQJ�LW�PRUH�G\QDPLF�WR�DWWUDFW�SHRSOH
ΔQYROYLQJ�HPSOR\HHV�LQ�WKH�GLDORJXHV�RQ
VXVWDLQDELOLW\��
(QFRXUDJLQJ�ZRPHQ�GXULQJ�KLJK�VFKRROV
WR�WDNH�XS�WHFKQLFDO�VWXGLHV
0RUH�ZRPHQ�VSHDNHUV�DQG�RUJDQLVHUV
IRU�HYHQWV�
(IILFLHQW�XVH�RI�YDULRXV�FRPPXQLFDWLRQ
FKDQQHOV�RI�78�'HOIW�

23325781Δ7Δ(6�

�

7KH�EUDQG�YDOXH�EHLQJ�HIIHFWHG�GXH
WR�VWDWHPHQWV�PDGH�EXW�ODFNLQJ�
�HQIRUFHPHQW
7KH�XQLYHUVLW\�UDQNLQJV�RQ
VXVWDLQDELOLW\�DUH�EHLQJ�HIIHFWHG
EHFDXVH�RI�ODFNLQJ�SROLFLHV�
3HUVRQDO�SROLWLFDO�VWDQGV�RQ
VXVWDLQDELOLW\�DUH�ULVLQJ�DPRQJ�PDQ\
VWXGHQW�JURXSV
3HRSOH�DVVXPLQJ�WKDW�WKHUH�LV�QRWKLQJ
KDSSHQLQJ�ZLWK�UHJDUGV�WR
VXVWDLQDELOLW\��

7+5($76�
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$V�WKH�HQJLQHHUV�RI�WRPRUURZ�DQG�WR
PDNH�DQ�LPSDFW�RQ�VRFLHW\��LW�LV�WKH
QHHG�RI�WKH�KRXU�WKDW�WKH�78�'HOIW
VWXGHQWV�XQGHUVWDQG�WKH�FRQFHSW�RI
VXVWDLQDEOH�GHYHORSPHQW�VR�WKDW�WKH\
GHVLJQ��EXLOG�DQG�IDFLOLWDWH�D�EHWWHU
IXWXUH��7KLV�FDQ�EH�HQYLVLRQHG�DV
IROORZV�
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���6WXGHQWV�VKRXOG�EH�SURYLGHG�ZLWK
WKH�RSSRUWXQLWLHV�WR�EHFRPH
DQbH[SHUW�RQ�VXVWDLQDELOLW\�

ΔQ�WKLV�FKDSWHU��WKH�DXWKRUV�GHILQH�*UHHQ78
V�YLVLRQ�IRU�VXVWDLQDELOLW\�LQ�78�'HOIW
IRU�SRUWIROLRV�RI�HGXFDWLRQ��UHVHDUFK�RSHUDWLRQV�DQG�VRFLDO�HQJDJHPHQW�

$OO�VWXGHQWV�VKRXOG�KDYH��URXJKO\��WKH
VDPHbEDVLF�NQRZOHGJHbFRQFHUQLQJ
VXVWDLQDELOLW\�
6WXGHQWV�VKRXOG�EH�JLYHQ�WKH
RSSRUWXQLW\�WRbH[SORUHbVXVWDLQDELOLW\bLI
WKH\�KDYH�D�VSHFLILF�LQWHUHVW�
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%DVLF�NQRZOHGJH�b

6LQFH�VXVWDLQDELOLW\�LV�D�PXOWL�GLVFLSOLQDU\�LVVXH��QRW�RQH�IDFXOW\�RU�SURJUDP�FDQ
VROYH�LW�E\�WKHPVHOYHV��7KHUHIRUH�VWXGHQWV�QHHG�WR�EH�DEOH�WR�FROODERUDWH�ZLWK
RWKHU�GLVFLSOLQHV�DQG�KDYH�WKH�VDPH�EDVLF�JUDPPDU�FRQFHUQLQJ�VXVWDLQDELOLW\
�H�J��NQRZ�ZKDW�D�&2��IRRWSULQW�LV�DQG�KRZ�\RX�FDQ�FDOFXODWH�LW���ΔQWHJUDWLQJ�WKLV
LQWR�WKH�UHJXODU�HGXFDWLRQ�FDQ�EH�GRQH�LQ�VHYHUDO�ZD\V�OLNH��SURYLGLQJ�D�FRPPRQ
PDQGDWRU\�FRXUVH�WR�HGXFDWH�RQ�VXVWDLQDELOLW\��E\�WRXFKLQJ�XSRQ�WKH�WRSLF
WKURXJK�FRXUVH�SURMHFWV�RU�DVVLJQPHQWV��b

([SORUH�VXVWDLQDELOLW\��

ΔI�WKH�DERYH�PHQWLRQHG�ȆEDVLF�NQRZOHGJHȇ�KDV�WULJJHUHG�RU�LQVSLUHG�VWXGHQWV�WR
GR�PRUH�ZLWK�VXVWDLQDELOLW\�DQG�JDLQ�DGGLWLRQDO�NQRZOHGJH�RQ�WKLV�WRSLF��78�'HOIW
PXVW�SURYLGH�RSSRUWXQLWLHV�WR�WDNH�WKHVH�DPELWLRQV�WR�WKH�QH[W�OHYHO��7KLV�FDQ�EH
GRQH�ZLWK�WUDFNV�RU�FRXUVHV�LQ�EDFKHORU�RU�PDVWHU�SURJUDPV�DQG�DOVR�WKURXJK
SURJUDPV�OLNH�KRQRXUV��SURIHVVLRQDO�FRXUVHV�RU�PLQRUV��/HDUQLQJ�DERXW�WKHVH
WRSLFV�WKURXJK�SURMHFWV���DVVLJQPHQWV�RU�WKHVHV�VKRXOG�EH�HQFRXUDJHG�

%HFRPLQJ�DQ�H[SHUW�LQ�VXVWDLQDELOLW\�

78�'HOIWȇV�HQJLQHHUV�PXVW�KDYH�D�KROLVWLF�DSSURDFK�LQ�GHDOLQJ�ZLWK�WHFKQRORJ\�DQG
WKH�HQYLURQPHQW��7KH�ILHOG�RI�VXVWDLQDELOLW\�KDV�JDLQHG�D�JUHDW�PRPHQWXP�LQ
UHFHQW�WLPHV�DQG�78�'HOIW�QHHGV�WR�EH�LQ�WKH�IURQW�OLQH�RI�WKLV�WUDQVLWLRQ�E\
WUDLQLQJ�VNLOOHG�SURIHVVLRQDOV�ZKR�FDQ�KDQGOH�WKH�WHFKQLFDO��EXVLQHVV�DQG�SROLF\
DVSHFWV�RI�VXVWDLQDELOLW\��+HQFH�ZH�QHHG�WR�KDYH�PRUH�VSHFLDOLVHG�SURJUDPV
ZKHUH�VWXGHQWV�FDQ�EHFRPH�DQ�H[SHUW�LQ�WKH�ILHOG��$V�RI�QRZ�WKHUH�DUH�WR�IXOO
WLPH�PDVWHU�FRXUVHV�RQ�WKLV�WRSLF��QDPHO\��06F�6XVWDLQDEOH�(QHUJ\�7HFKQRORJ\
DQG�06F�ΔQGXVWULDO�(FRORJ\�
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%HLQJ�RQH�RI�WKH�EHVW�WHFKQLFDO
XQLYHUVLW\�LQ�WKH�ZRUOG�ZLWK�H[SHUWV
ZRUNLQJ�RQ�YDULHG�WRSLFV�DQG
SRVVHVVLQJ�ZRUOG�FODVV�UHVHDUFK
IDFLOLWLHV��78�'HOIW�KDV�D�JUHDW�SRWHQWLDO
WR�FRQWULEXWH�WR�WKH�JOREDO�UHVHDUFK�RQ
VXVWDLQDEOH�GHYHORSPHQW��78�'HOIWȇV
UHVHDUFK�RXWSXW�LV�DOUHDG\�FRQWULEXWLQJ
WRZDUGV�WKH�VXVWDLQDEOH�GHYHORSPHQW
JRDOV�ZLWK�LWV�UHQRZQHG�UHVHDUFK�LQ�WKH
DUHDV�RI�VXVWDLQDEOH�DUFKLWHFWXUH�DQG
FRQVWUXFWLRQ��VXVWDLQDEOH�HQHUJ\��ZDWHU
PDQDJHPHQW��KHDOWK�FDUH��DYLDWLRQ�DQG
VR�RQ��)RU�WKH�FRPLQJ�GHFDGH�LW�LV�TXLWH
LPSRUWDQW�WKDW�WKH�XQLYHUVLW\�SURPRWHV
WKLV�UHVHDUFK�DQG�H[SDQGV�LWV
FRQWULEXWLRQV�WR�WKH�DUHDV�WKDW�DUH�QRW
IXOO\�H[SORUHG�GHVSLWH�WKHbSRWHQWLDO�
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([SORUHbQHZ�DQG�LQWHU�
GLVFLSOLQDU\�UHVHDUFK�DUHDV
UHODWHG�WR�VXVWDLQDELOLW\�DQG
HQFRXUDJH�UHVHDUFKHUV�WR
FRQWULEXWH�WR�WKHP
&UHDWHbD�FRPPRQ�SODWIRUP�WR
IDFLOLWDWH�VXVWDLQDELOLW\�UHODWHG
UHVHDUFK�IRU�DOO�WKH�VWDNHKROGHUV
RI�WKH�XQLYHUVLW\
3URPRWHbWKH�FRQFHSW�RI�FDPSXV
DV�D�OLYLQJ�ODE�FRQQHFWLQJ
UHVHDUFKHUV��RSHUDWLRQV�WHDP
DQG�VWXGHQWV
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([SORUH�

7KH�FXUUHQW�UHSRUW�VKRZV�WKH�YDULRXV�UHVHDUFK�LQLWLDWLYHV�RI�78�'HOIW�DQG�WKH
FRQWULEXWLRQV�WKDW�DUH�EHLQJ�PDGH�WRZDUGV�WKH�YDULRXV�6'*V��7KHUH�DUH�VWLOO�D�IHZ
DUHDV�ZKHUH�WKH�SRWHQWLDO�KDV�QRW�EHHQ�IXOO\�H[SORUHG��7KHUH�LV�D�QHHG�IRU
WKRURXJK�LQYHVWLJDWLRQ�LQWR�WKHVH�DUHDV��HYDOXDWLRQ�RI�WKH�SURJUHVV��DQG�WKH
LGHQWLILFDWLRQ�RI�RSSRUWXQLWLHV��5HVHDUFK�RQ�VXVWDLQDELOLW\�FDQQRW�EH�DQ�LVRODWHG
IURQWLHU��WKHUH�LV�VWLOO�ORW�RI�URRP�IRU�FROODERUDWLRQV�RQ�LQWHU�GLVFLSOLQDU\�UHVHDUFK
SURMHFWV�EHWZHHQ�PXOWLSOH�UHVHDUFK�JURXSV�ZRUNLQJ�LQ�GLIIHUHQW�IDFXOWLHV�
7KHUHIRUH�WKHUH�LV�D�QHHG�WR�H[SORUH�WKHVH�RSSRUWXQLWLHV�DQG�SXW�WKHP�LQWR
DFWLRQ�LQ�WKH�FRPLQJ�GHFDGH�

&UHDWH�

:LWK�WKH�WRSLF�RI�VXVWDLQDELOLW\�JDLQLQJ�PRUH�DQG�PRUH�LPSRUWDQFH�HYHU\�GD\�
WKHUH�LV�D�QHHG�WR�SURYLGH�D�FRPPRQ�SODWIRUP�WR�HQJDJH�WKH�VWDNHKROGHUV�ZKR
DUH�LQWHUHVWHG�LQ�WKLV�ILHOG��7KLV�LQFOXGHV�SURIHVVRUV��UHVHDUFKHUV��VWXGHQWV�
FRPSDQLHV�DQG�RWKHU�H[WHUQDO�SDUWQHUV��7KXV�WKHUH�LV�D�QHHG�WR�GHYHORS�D�&HQWUH
IRU�6XVWDLQDELOLW\��ZKLFK�FDQ�FRQQHFW�WKHVH�VWDNHKROGHUV�WR�GHYHORS�VXVWDLQDEOH
VROXWLRQV�DQG�SURYLGH�D�SDWK�IRU�WKH�VRFLHWDO�WUDQVLWLRQ�b

3URPRWH�

7KH�PDLQ�DLP�LV�WR�WUDQVIRUP�78�'HOIW�LQWR�D�ȆOLYLQJ�ODEȇ�WR�VROYH�VRFLHWDO
FKDOOHQJHV�DQG�PDNH�D�VXVWDLQDEOH�DQG�UHVSRQVLEOH�FRQWULEXWLRQ�WR�WKH�ZRUOG�
7KH�FRQFHSW�RI�OLYLQJ�ODE�LV�QRW�QHZ�IRU�78�'HOIW�DV�WKH�*UHHQ�9LOODJH�KDV�EHHQ
TXLWH�DFWLYH�LQ�SURPRWLQJ�WKLV�LGHD��%XW�WKH�RSSRUWXQLWLHV�DUH�HQRUPRXV�DQG�FDQ
EH�IXUWKHU�H[SORUHG��7KHUH�LV�D�QHHG�WR�HQJDJH�PRUH�VWXGHQWV�DQG�UHVHDUFKHUV
ZRUNLQJ�RQ�WKHVH�SUDFWLFDO�SURMHFWV�DW�WKH�OLYLQJ�ODE��7KHUH�DUH�PDQ\�WRSLFV�ZKLFK
FDQ�EH�H[SHULPHQWHG�E\�XVLQJ�WKH�FDPSXV�DV�D�WHVW�EHG�WR�WUDQVIRUP�LQQRYDWLRQV
WR�PDUNHW�UHDG\�WHFKQRORJLHV��b7KHVH�QHZ�LQQRYDWLRQV�FDQ�DOVR�FRQWULEXWH��WR
VXVWDLQDEOH�FDPSXV�RSHUDWLRQV�ZKHQ�ZKHQ�H[SDQGHG�IXUWKHU�
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78�'HOIW
V�VWUDWHJLF�IUDPH�ZRUNbb�����
�����FDOOV�IRU�GHYHORSLQJ�D�VPDUW�
VXVWDLQDEOH��LQFOXVLYH�DQG�OLYLQJ
FDPSXV��ZKLFK�LQVSLUHV�SHRSOH�WR
ZRUN��WKLQN�DQG�EH�FUHDWLYH��(GXFDWLQJ
WKH�HQJLQHHUV�RI�WRPRUURZ�DQG�EHLQJ
D�IRUHUXQQHU�LQ�PRGHUQ�UHVHDUFK��78
'HOIW�QHHGV�WR�DFFHOHUDWH�LWV�DFWLRQ
RQbbSUDFWLFLQJ�ZKDW�LW�SUHDFKHV��:LWK�D
YLVLRQ�WRZDUGV�FRQWULEXWLQJ�WR�WKH�81
6XVWDLQDEOH�'HYHORSPHQW�*RDOV��78
'HOIW�FRPPLWV�WR�EXLOG�D

Ȋ&2�bQHXWUDO�DQG�FLUFXODU�FDPSXV�E\
����ȋbb

ΔQ�$SULO�������78�'HOIW�SXEOLVKHG�LWV
YLVLRQ�RQ�FOLPDWH�DFWLRQ�DQG�ZLWK�WKLV
FRPPLWPHQW��78�'HOIW�KDV�WDNHQ�WKH
VRFLDO�UHVSRQVLELOLW\�WR�FRQWULEXWH
WRZDUGV�WDFNOLQJ�FOLPDWH�FKDQJH�DQG
VWDUWLQJ�WKLV�IURP�WKH�78�FDPSXV�

��



(QHUJ\�WUDQVLWLRQ�YLVLRQ�b

5HIOHFWb78�'HOIWȇV�H[SHUWLVH�LQ�WKH�FDPSXV�RSHUDWLRQV�
%XLOGbD�VXVWDLQDEOH��UHOLDEOH��DIIRUGDEOH�DQG�IXWXUH�SURRI�HQHUJ\�V\VWHP
'HYHORSbD�V\VWHP�WR�PRQLWRU��HYDOXDWH�DQG�WUDFN�WKH�SURJUHVV����

6XVWDLQDEOH�FDWHULQJ�YLVLRQ��

'HILQHbKHDOWK\�DQG�VXVWDLQDEOH�IRRG�VWDQGDUGV�IRU�DOO�WKH�UHVWDXUDQWV
5HGXFHbVFRSH���HPLVVLRQV�IURP�PHDW�DQG�GDLU\��SDFNDJLQJ��FXWOHU\�DQG
IRRG�ZDVWH
&UHDWHbDZDUHQHVV�DPRQJ�WKH�FRQVXPHUV�IRU�DOWHUQDWLYH�RSWLRQV

6XVWDLQDEOH�PRELOLW\�YLVLRQ�

(YDOXDWHbWKH�QXPEHU�RI�SHRSOH�XVLQJ�JDVROLQH�YHKLFOHV
(QFRXUDJHbDOWHUQDWLYH�PHDQV�RI�WUDQVSRUW
5HGXFHbWKH�HPLVVLRQV�IURP�EXVLQHVV�WUDYHO�E\�78�'HOIW�HPSOR\HHV�E\
WUDYHOLQJ�RQO\�ZKHQ�LPSRUWDQW�RU�XVLQJ�VXVWDLQDEOH�PHDQV�RI�WUDQVSRUWb

6XVWDLQDEOH�ZDVWH�PDQDJHPHQW�YLVLRQ�

(QVXUHbUHVSRQVLEOH�FROOHFWLRQ�RI�ZDVWH�LQ�WKH�HQWLUH�FDPSXV
&RQVLGHUbFLUFXODU�PDWHULDOV�DQG�SURGXFWV�DQG�UHGXFH�WKH�ZDVWH�VWUHDPV
$YRLGbVLQJOH�XVH�PDWHULDOV�DQG�H�ZDVWHb

6XVWDLQDEOH�SURFXUHPHQW

(YDOXDWHbWKH�DPRXQW�RI�HPLVVLRQV�IURP�SURFXUHPHQW�RI�YDULRXV�PDWHULDOV
DQG�SURGXFWV
'HYHORSbFHQWUDOO\�DJUHHG�VWDQGDUGV�IRU�SURFXULQJ�FLUFXODU�DQG�UHVSRQVLEOH
SURGXFWV
$FKLHYHb�����FLUFXODULW\�E\�����
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7KH�SURJUHVV�LQ�VXVWDLQDEOH
GHYHORSPHQW�LV�RQO\�SRVVLEOH�ZKHQ
SHRSOH�SDUWLFLSDWH�DQG�FRQWULEXWH
WKHLU�ELW�WR�PDNLQJ�D�FKDQJH��+HQFH
DXWKRUV�LGHQWLI\�HQJDJLQJ�WKH�78�'HOIW
FRPPXQLW\�LQ�VWDUWLQJ�D�GLDORJXH�RQ
VXVWDLQDELOLW\�LV�TXLWH�LPSRUWDQW��$V
VKRZ�LQ�VHFWLRQ������VRFLDO
HQJDJHPHQW�FDQ�EH�DGGUHVVHG�DV
EDVHG�RQ�FRPPXQLFDWLRQ��VWDNHKROGHU
HQJDJHPHQW��RUJDQLVLQJ�HYHQWV�DQG�E\
EXLOGLQJ�D�LQFOXVLYH�FDPSXV��

ΔPSURYH�WKH�FRPPXQLFDWLRQ�RQ
VXVWDLQDELOLW\�ZLWKLQ�WKH�XQLYHUVLW\
DQG�WR�WKH�RXWVLGH�ZRUOG
(QJDJH�VWXGHQWV�DQG�HPSOR\HHV�WR
EH�SDUW�RI�EXLOGLQJ�D�VXVWDLQDEOH
XQLYHUVLW\�
�%XLOG�DQ�LQFOXVLYH�FDPSXV�ZKHUH
HYHU\�RQH�LV�KDSS\��KHDOWK\�DQG
SURVSHURXV�

7KH�DXWKRUV�GHILQH�WKH�IROORZLQJ�YLVLRQ
IRU�VRFLDO�HQJDJHPHQW�
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ΖPSURYH�FRPPXQLFDWLRQ�

7KH�FXUUHQW�UHSRUW�PDUNV�D�JUHDW�VWDUW�WR�FRPPXQLFDWH�78�'HOIW
V�FRPPLWPHQWV
DQG�WR�VKRZ�WKH�SURJUHVV�EHLQJ�PDGH�RQ�DFKLHYLQJ�WKH�VXVWDLQDEOH�GHYHORSPHQW
JRDOV��%XW�LW�LV�LPSRUWDQW�WKDW�WKLV�LV�WDNHQ�IXUWKHU�DQG�ZLOO�UHDFK�RXW�WR�DOO�WKH
VWDNHKROGHUV�RI�WKH�XQLYHUVLW\��7KHUH�DUH�QR�RIILFLDO�UHSRUWV�RU�SROLF\�GRFXPHQWV
WKDW�WKH�78�KDV�SXEOLVKHG�UHODWHG�WR�WKLV�WRSLF��:LWK�WKH�SUHVHQW�PRPHQWXP�RQ
VXVWDLQDELOLW\��PDQ\�SHRSOH�DQG�RUJDQLVDWLRQV�DUH�LQWHUHVWHG�WR�NQRZ�ZKDW�LV
KDSSHQLQJ�DQG�ZKDW�LV�SODQQHG�DKHDG��7KHUHIRUH�LW�LV�LPSRUWDQW�WKDW�78�'HOIW�ZLOO
IRFXV�RQ�LPSURYLQJ�WKH�PHDQV�DQG�FKDQQHOV�RI�FRPPXQLFDWLQJ�DERXW
VXVWDLQDELOLW\��7KLV�QHHGV�WR�EH�DGGUHVVHG�WR�UHDFK�RXW�WR�DOO�WKH�VWDNHKROGHUV
ZLWKLQ�WKH�XQLYHUVLW\�DQG�DOVR�IRU�WKH�H[WHUQDO�DXGLHQFH���

(QJDJH�

(QJDJLQJ�GLDORJXH�EH�D�SDUW�RI�WKH�GLDORJXH�RQ�VXVWDLQDELOLW\�LV�TXLWH�LPSRUWDQW�WR
PRWLYDWH�DQG�VKDUH�NQRZOHGJH�DERXW�WKLV�FRQFHSW��7KLV�LQFOXGHV�PDNLQJ�ERWK�WKH
VWXGHQWV�DQG�HPSOR\HHV�WR�EH�LQYROYHG�LQ�WKH�YDULRXV�LQLWLDWLYHV��WR�VXJJHVW�QHZ
LGHDV�DQG�LQ�H[HFXWLQJ�WKH�SURMHFWV��$V�VXVWDLQDELOLW\�LV�FXUUHQWO\�D�ERWWRP�XS
LQLWLDWLYH�LQ�78�'HOIW��WKH�HQJDJLQJ�RI�SHRSOH�ZRXOG�FRQWULEXWH�D�ORW�LQ�DFFHOHUDWLQJ
WKH�FKDQJH��7KLV�FDQ�EH�GRQH�E\�RUJDQLVLQJ�HYHQWV��LQVSLULQJ�DXGLHQFH�WKURXJK
VRFLDO�PHGLDV�DQG�E\�FUHDWLQJ�DZDUHQHVV�DPRQJ�WKHP�WKURXJK�OHFWXUHV�
ZRUNVKRSV�HWFHWHUD��7KLV�FDQ�EH�IDFLOLWDWHG�E\�YDULRXV�VWXGHQW�LQLWLDWLYHV�OLNH
*UHHQ78�RU�RWKHU�VXVWDLQDELOLW\�UHODWHG�RUJDQLVDWLRQV���

%XLOG�

ΔQ�DGGLWLRQ�WR�HQYLURQPHQWDO�VXVWDLQDELOLW\�DQG�FRPLQJ�WRJHWKHU�WR�DFKLHYH�RXW
JRDOV��LW�LV�DOVR�LPSRUWDQW�WR�EXLOG�DQ�LQFOXVLYH�FDPSXV��7KH�81�6'*V�DOVR
PHQWLRQ�LQFOXVLYHQHVV�WR�EH�DQ�LPSRUWDQW�SDUW�RI�VXVWDLQDELOLW\��7KH�FRQFHSW�RI
LQFOXVLYHQHVV�FDQ�DGGUHVV�6'*V�OLNH�TXDOLW\�HGXFDWLRQ�IRU�DOO��JHQGHU�TXDOLW\�
JRRG�KHDOWK�DQG�ZHOOEHLQJ�DQG�ILQDOO\�SDUWQHUVKLS�IRU�JRDOV��$V�D�JOREDO�XQLYHUVLW\�
78�'HOIW�KDV�D�GLYHUVH�PL[�RI�SHRSOH��ΔW�LV�LPSRUWDQW�WKDW�WKH�XQLYHUVLW\�VWDQGV�E\
WKLV�GLYHUVLW\�DQG�PDNHV�VXUH�HYHU\RQH�LV�WUHDWHG�HTXDOO\�DQG�ZLWK�PXWXDO
DGPLUDWLRQ��%XLOGLQJ�VXFK�DQ�LQFOXVLYH�FDPSXV�FUHDWHV�D�KDSS\�DQG�KHDOWK\
OHDUQLQJ�HQYLURQPHQW��7KLV�LV�DOVR�D�JUHDW�ZD\�WR�SUHSDUH�WKH�VWXGHQWV�WR�EH
UHVSRQVLEOH�SURIHVVLRQDOV�LQ�WKHLU�IXWXUH�ZRUN�SODFH����

��



7KH�FRQFHSW�RI�VXVWDLQDELOLW\�DQG
XOWLPDWHO\�VDYLQJ�WKH�SODQHW�DUH�JOREDO
JRDOV�WKDW�WKH�ZRUOG�QHHGV�WR�DGGUHVV
WRJHWKHU��78�'HOIW�KDV�DOZD\V�EHHQ�D
SUHPLHU�LQVWLWXWH�FRQWULEXWLQJ�WR�WKH
LQQRYDWLRQV��WHFKQRORJ\�DQG�WKH
VFLHQFH�UHTXLUHG�WR�WDFNOH�WKHVH�LVVXHV�
:LWK�WKH�SUHVHQW�PRPHQWXP�RQ
FOLPDWH�DFWLRQ�DQG�WKH�XUJHQF\�LQ
GHDOLQJ�ZLWK�WKHVH�SUREOHPV��WKHUH�LV�D��
QHHG�IRU�FROODERUDWLRQV��VHHNLQJ
LQVSLUDWLRQ�IURP�IHOORZ�RUJDQLVDWLRQV
DQG�PRUH�LPSRUWDQWO\�UHLQYHQWLQJ�DQG
DGDSWLQJ�WR�QHZ�QRUPV�

:LWK�WKLV�LGHD��WKH�FXUUHQW�FKDSWHU
VKRZV�VRPH�LQWHUHVWLQJ�JRDOV�
LQLWLDWLYHV�DQG�DFKLHYHPHQWV�RI�VRPH
EHVW�XQLYHUVLWLHV�DURXQG�WKH�ZRUOG�LQ
WKH�ILHOG�RI�VXVWDLQDELOLW\��7KLV�UHVHDUFK
PDLQO\�DLPV�WR�VHHN�LQVSLUDWLRQ�IRU
VHWWLQJ�JRDOV��WR�DGDSW�IHDVLEOH
LQLWLDWLYHV�DQG�IRU�EHQFKPDUNLQJ��7KH
UHVHDUFK�RQ�WKHVH�WRS�XQLYHUVLWLHV�KDV
VKRZQ�WKDW�WKH�FKDQJH�WRZDUGV�EHWWHU
IXWXUH�KDV�DOUHDG\�EHJXQ�DQG�LW�KDV
VWDUWHG�IURP�WKH�ULJKW�SODFH�ZKHUH�WKH
IXWXUH�VRFLHW\�LV�EHLQJ�QXUWXUHG�

)RU�WKLV�UHVHDUFK��WKH�XQLYHUVLWLHV
ZHUH�VHOHFWHG�EDVHG�RQ�WKHLU�46�	
7+(�UDQNLQJV�VRPH�IURP�WKH�8QLWHG
6WDWHV�RI�$PHULFD�DQG�IURP�GLIIHUHQW
FRXQWULHV�LQ�(XURSH��7KHLU�SURJUHVV
DQG�LQLWLDWLYHV�ZHUH�DOVR�FRQVLGHUHG
IRU�WKLV�VHOHFWLRQ��$QRWKHU�LPSRUWDQW�
�FULWHULD�IRU�WKH�VHOHFWLRQ�LV�WKHLU
FRPPXQLFDWLRQ�SODWIRUP�DQG�WKH
GDWD�DYDLODEOH�WR�VWXG\�WKH�XQLYHUVLW\�
0RVW�RI�WKHVH�XQLYHUVLWLHV�KDYH
GHGLFDWHG�VXVWDLQDELOLW\�UHODWHG
ZHESDJHV�RU�VXVWDLQDELOLW\�UHSRUWV�
7KRXJK�HDFK�RI�WKHP�KDYH�D�GLIIHUHQW
DSSURDFK�DQG�RUJDQLVDWLRQDO
VWUXFWXUH��WKH�FRPPRQ�JRDO�DQG�WKH
FRPPLWPHQW�WRZDUGV�EXLOGLQJ�D
EHWWHU�WRPRUURZ�FDQ�EH�FOHDUO\�VHHQ��

7KH�SUHVHQW�ILQGLQJV�DUH�EDVHG�RQ
OLWHUDWXUH�VXUYH\�RI�WKH�XQLYHUVLWLHV
EDVHG�RQ�WKH�DYDLODEOH�GDWD�RQ�WKHLU
ZHESDJHV�DQG�YDULRXV�UHSRUWV�WKDW
DUH�SXEOLVKHG�ZLWK�RSHQ�DFFHVV��$OO
WKH�PDWHULDO�LQ�WKLV�FKDSWHU�LV�D
FRS\ULJKW�WR�WKH�UHVSHFWLYH�XQLYHUVLW\��

�

��



6WXGHQW�6XVWDLQDELOLW\�*RYHUQDQFH
&RXQFLO�ZKLFK�EULQJV�WRJHWKHU�YDULRXV
VXVWDLQDELOLW\�RUJDQLVDWLRQV
b0Δ7�VXVWDLQDEOH�DFWLYDWLRQ�IXQG�IRU
LPSURYLQJ�WKH�FDPSXV�FRPPXQLW\bb

0Δ7�VKRXOG�SURYLGH�HDFK�VWXGHQW�
UHJDUGOHVV�RI�GHJUHH�SURJUDP��ZLWK
DFFHVV�WR�VXVWDLQDELOLW\�HGXFDWLRQ�b
&UHDWH�D�6XVWDLQDELOLW\�ΔQIRUPDWLRQ
3RUWDO�IRU�VWXGHQWV��IRFXVLQJ�RQ
6XVWDLQDELOLW\�LQ�&DUHHU�'HYHORSPHQW�
VXVWDLQDELOLW\�FDUHHU�IDLUV�DQG
VXVWDLQDELOLW\�&DUHHU�0HQWRULQJ
3URJUDPPLQJ�WKDW�HQJDJHV�DOXPQL�bb

ΔQFRUSRUDWH�VXVWDLQDELOLW\�LQWR�NH\
FXOWXUDO�HYHQWVb
&UHDWH�D�PRGHO�VXVWDLQDEOH�OLYLQJ
FRPPXQLW\�b�b�b�
3URPRWH�WUDQVSDUHQF\�RI�XWLOLWLHV�GDWD

�6ROYLQJ�JOREDO�VXVWDLQDELOLW\
LVVXHV�DW�D�ORFDO�OHYHO�

7KH�0Δ7�2IILFH�RI�6XVWDLQDELOLW\�LV�WKH
XPEUHOOD�GHSDUWPHQW�WKDW�RYHUVHH
V�DOO�WKH
DFWLYLWLHV�UHODWHG�WR�VXVWDLQDELOLW\�

:RUNLQJ�JURXSV�DUH�IRUPHG�ZLWK�IRFXV�RQ
VSHFLILF�VXVWDLQDELOLW\�WRSLFV�OLNH�IRRG�
ZDVWH��HQHUJ\��UHSRUWLQJ�DQG�VR�RQ�

5HFRPPHQGDWLRQV�RI�6WXGHQW
OHDGHUVKLS�LQ�VXVWDLQDELOLW\�ZRUNLQJ
JURXS�

&DPSXV�&ROODERUDWLRQ�DQG�3URMHFW�6XSSRUW

%ULGJLQJ�&ODVVURRP�DQG�&DPSXV

6WXGHQW�&XOWXUH�DQG�([SHULHQFH

3DWKZD\�WR�6XVWDLQDELOLW\
/HDGHUVKLS�E\�0Δ7
6XVWDLQDELOLW\�:RUNLQJ�*URXS
5HFRPPHQGDWLRQV
0Δ7�*+*�5HGXFWLRQ�6WUDWHJ\
*+*�LQYHQWRU\

6XVWDLQDELOLW\�'DWD�DQG�0HWULFV�

7R�DQDO\VH�WKH�FXUUHQW�VLWXDWLRQ�DQG
WR�WUDFN�WKH�IXWXUH�SURJUHVV�LQ
VXVWDLQDELOLW\��GDWD�DQG�PHWULFV�SOD\
DQ�LPSRUWDQW�UROH��)URP�DFFRXQWLQJ
WKH�FDUERQ�HPLVVLRQV�WR�PHDVXULQJ
WKH�SHUIRUPDQFH�RI�YDULRXV�V\VWHPV
UHODWHG�WR�HQHUJ\�ZDVWH��WKH�GDWD
KHOSV�LV�GHILQLQJ�VSHFLILF�.3ΔV�DQG
PDNH�VXVWDLQDELOLW\�SODQV���7KH�0Δ7
V
2IILFH�RI�6XVWDLQDELOLW\�KDV�VWDUWHG�LWV
ILUVW�SURMHFW�LQ������DQG�QRZ
DXWRPDWHG�WKH�FROOHFWLRQ�RI�GDWD�DQG
DQDO\VLV��7KH�PHDVXUHPHQWV�LQFOXGH
ZDWHU�DQG�PDWHULDOV�FRQVXPSWLRQ�
ZDVWH�WUHDWPHQW��HQHUJ\�HIILFLHQF\
DQG��VRFLDO�LVVXHV�OLNH�KHDOWK��HTXLW\�
DQG�ZHOO�EHLQJ��

&XUUHQWO\��D�6XVWDLQDELOLW\�'DWD�+XE
LV�XQGHU�GHYHORSPHQW��7KLV�ZLOO�DFW�DV
D�FHQWUDO�GDWD�UHSRVLWRU\�IRU
VXVWDLQDELOLW\�UHODWHG�LQIRUPDWLRQ
VXFK�DV�JUHHQKRXVH�JDV�HPLVVLRQV�
ZDVWH��HQHUJ\�XVDJH��DQG�IRRG�	
GLQLQJ�

5HSRUWV��	�6WUDWHJLHV�

0$66$&+86(776�Ζ167Ζ787(�2)
7(&+12/2*<
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*UHHQKRXVH�*DV�ΖQYHQWRU\�

0Δ7bKDV�FRPSOHWHG�LWV�JUHHQKRXVH�JDV
LQYHQWRU\�WR�PHDVXUH�DQG�WUDFN�WKH
IXWXUH�UHGXFWLRQ�LQ�HPLVVLRQV��:LWK�LWV
JRDO�WR�UHGXFH�WKH�HPLVVLRQV�E\���
SHUFHQW�E\�������0Δ7�LV�XVLQJ�LWV
JUHHQKRXVH�JDV�LQYHQWRU\�WR�GHYHORS�LWV
FDUERQ�VWUDWHJ\��7KH�LQYHQWRU\
PHDVXUHV�WKH�FDUERQ�IRRWSULQW�RI�WKH
XQLYHULVW\�XVLQJ�WKH�*UHHQKRXVH�*DV
3URWRFDO�GHYHORSHG�E\�:RUOG�5HVRXUFH
ΔQVWLWXWH��05Δ��DQG�:RUOG�%XVLQHVV
&RXQFLO�RQ�6XVWDLQDEOH�'HYHORSPHQW
�:%&6'���7KLV�SURWRFRO�VHWV�VWDQGDUGV
IRU�PHDVXULQJ��PDQDJLQJ�DQG�UHSRUWLQJ
WKH�HPLVVLRQV��7KH�FDFXODWLRQV�DUH
SHUIRUPHG�XVLQJ�WKH�&DPSXV�&DUERQ
&DOFXODWRU�ZKLFK�LV�EDVHG�RQ�WKH�DERYH
SURWRFRO���

&DUERQ�GLR[LGH
0HWKDQH
1LWURXV�2[LGH
+\GUR�IOXRURFDUERQV
6XOSKXU�+H[D�IOXRULGH
3HUIOXRURFDUERQV

6L[�*UHHQKRXVH�*DVHV�DUH�PHDVXUHG�

6XVWDLQDELOLW\�ZRUNSODFH
FHUWLILFDWLRQ�

7KLV�SURJUDP�LV�GHYHORSHG�IRU
HQFRXUDJLQJ�LQGLYLGXDO�UHVSRQVLELOLW\�LQ
LPSOHPHQWLQJ�WKH�FDUERQ�VWUDWHJ\�DQG
YDULRXV�SUDFWLVHV�WR�PDNH�WKHLU�RZQ
ZRUNVSDFH�PRUH�VXVWDLQDEOH��7KHVH
SUDFWLFHV�DQG�UHFRPPHQGDWLRQV�DUH
SURYLGHG�XVLQJ�VKRUW�KDQGRXWV�IRU�WKLQJV
OLNH�HQHUJ\��SURFXUHPHQW��ZDVWH
PDQDJHPHQW��HWFHWHUD��%DVHG�RQ�WKH
SHUIRUPDQFH�RI�WKH�HPSOR\HH�VWXGHQW�
WKH�ZRUN�SODFH�LV�FHUWLILHG�GHSHQGLQJ�RQ
D�FKHFNOLVW�RI�WKLQJV��

)UHH�DQG�XQUHVWULFWHG�XVDJH
RI�6XEZD\V�IRU�0Δ7�IDFXOW\
DQG�VWDII�ZLWK�0Δ7�SDVV
�������FRPPXWHU�UDLO
VXEVLG\�IRU�VWXGHQWV��IDFXOW\�
DQG�VWDII
5LGH�VKDULQJ�LQLWLDWLYHV�b

&DUSRRO�Ȃ�HPSOR\HHV
VKDULQJ�WKH�YHKLFOH
=LSFDU�Ȃ�HPHUJHQF\�FDU
XVH
9DQSRRO�Ȃ�KLUH�DQ
HQWHUSULVH�IRU�VKDUHG
VKXWWOHV

&DSLWDO�SURMHFWV��QHZ
FRQVWUXFWLRQ�DQG�PDMRU
UHQRYDWLRQ�
/LJKWLQJ�XSJUDGHV
%XLOGLQJ�UHWUR�FRPPLVVLRQLQJ
0HFKDQLFDO�V\VWHP
LPSURYHPHQWV
8WLOLW\�GLVWULEXWLRQ�V\VWHP
LQVXODWLRQ
%XLOGLQJ�FRQWLQXRXV
FRPPLVVLRQLQJ��0%&[�
(TXLSPHQW�UHSODFHPHQW
LQFHQWLYHV

0RELOLW\�ΖQLWLDWLYHV�

(QHUJ\�ΖQLWLDWLYHV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�0Δ7�6XVWDLQDELOLW\�RIILFH��>��@ ��



6XPPDU\�RI�0Ζ7�*UHHQKRXVH�*DV�UHGXFWLRQ�SODQ��

675$7(*Ζ(6�

$FKLHYHb/(('�Y��*ROG�&HUWLILFDWLRQ
IRU�DOO�QHZ�FRQVWUXFWLRQ�DQG�PDMRU
UHQRYDWLRQ�SURMHFWV�RQ�FDPSXV
0HHWbWKH�HQHUJ\�HIILFLHQF\�JRDOV
RXWOLQHG�LQ�WKHb6WUHWFK�(QHUJ\
&RGHbVHW�IRUWK�E\�WKH�&LW\�RI
&DPEULGJH
(QJDJHbLQ�DQ�LQWHJUDWHG�GHVLJQ
SURFHVV�WR�EHQHILW�IURP�WKH
H[SHUWLVH�RI�GLYHUVH�VWDNHKROGHUV
2SWLPLVHbHYHU\�DVSHFW�RI�HYHU\
SURMHFW�WR�LPSURYH�SHUIRUPDQFH
DQG�ILQG�SURGXFWLYH�LQWHUVHFWLRQV
/HDUQbIURP�HDFK�SURMHFW��DSSO\
WKRVH�OHVVRQV�WR�IXWXUH�ZRUN��DQG
VKDUH�ZKDW�ZHȇYH�OHDUQHG�ZLWK�WKH
FDPSXV�DQG�WKH�ZLGHU�ZRUOG
&UHDWHbJUHHQHU�ODEV�WKDW�PLQLPLVH
HQHUJ\�DQG�ZDWHU�XVH��UHGXFH
ZDVWH��DQG�PLQLPLVH�KD]DUGRXV
PDWHULDOV�ZKHUH�SRVVLEOH

%XLOGLQJ�VWUDWHJLHV�

6FDOH�XSbFDPSXV�ZLGH�LQYHVWPHQWV
LQ�HQHUJ\�HIILFLHQF\�DFURVV�H[LVWLQJ
EXLOGLQJV�ZKLOH�LQYHVWLQJ�LQ�QHZ
FRQVWUXFWLRQ�WKDW�PD[LPLVHV
SHUIRUPDQFH
5HGXFHbRXU�EDVHOLQH�HPLVVLRQV�E\
���SHUFHQW�E\�UHSODFLQJ�RXU
FRPELQHG�KHDW�DQG�SRZHU�V\VWHP
DQG�PDNLQJ�XSJUDGHV�WR�WKH�XWLOLW\
GLVWULEXWLRQ�V\VWHPV
ΔQYHVWbLQ�UHQHZDEOH�HQHUJ\�V\VWHPV
RQ�FDPSXV�DQG�RIIȃWKH�SXUFKDVH
RI�VRODU�HQHUJ\�HTXLYDOHQW�WR���
SHUFHQW�RI�RXU�SUHVHQW�HOHFWULFLW\
XVH�ZLOO�QHXWUDOLVH�HPLVVLRQV�E\���
SHUFHQW
&UHDWHbOLYLQJ�ODEV�WKDW�OHYHUDJH
IDFXOW\�DQG�VWXGHQW�UHVHDUFK�
LPSURYH�RSHUDWLRQV��LGHQWLI\�QHZ
HQHUJ\�VWUDWHJLHV��DQG�SURPRWH
FRPPXQLW\�DGRSWLRQ�DQG
LQYHVWPHQW�LQ�VXVWDLQDELOLW\�HIIRUWV

(QHUJ\�VWUDWHJLHV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�0Δ7�6XVWDLQDELOLW\�RIILFH��>��@ ��



([SDQGbWKH�XVH�RI�DOWHUQDWLYH�IXHOV�LQ
0Δ7�YHKLFOHV��RSWLPLVH�YHKLFOH�VL]HV�
DQG�LPSURYH�WUDQVLW�URXWHV�DQG
VFKHGXOLQJ
5HVHDUFK�DQG�DSSO\bJUHHQKRXVH�JDV
PDQDJHPHQW�VWUDWHJLHV�DQG�GDWD
FROOHFWLRQV�WR�0Δ7ȇV�WUDQVSRUWDWLRQ
SUDFWLFHV
$GYDQFHbDQ�LQWHJUDWHG�WUDQVLW�V\VWHP
WKDW�HQFRXUDJHV�WKH�XVH�RI�SXEOLF
WUDQVSRUWDWLRQ��ULGH�VKDULQJ��DQG
QRQ�PRWRULVHG�WUDQVSRUW
3URPRWHbDFWLYH�PRGHV�RI
FRPPXWLQJ��VXFK�DV�ZDONLQJ�DQG
ELNLQJ
2SWLPLVHbWKH�FRQQHFWLYLW\�DPRQJ
GLIIHUHQW�PRGHV�RI�WUDQVSRUWȃKXE�
ZD\��VXEZD\��VKXWWOHV��ZDONLQJ��DQG
ELNH�SDWKV
3URPRWHbWKH�XVH�RI�ORZ�HPLVVLRQ�DQG
]HUR�HPLVVLRQ�YHKLFOHV
&ROODERUDWHbZLWK�ORFDO�FLWLHV�DQG
WRZQV��WKH�SULYDWH�VHFWRU��DQG�VRFLDO
RUJDQLVDWLRQV�RQ�LQIUDVWUXFWXUH
LPSURYHPHQWV��VKDUHG�VROXWLRQV��DQG
SXEOLF�DZDUHQHVV

0RELOLW\�VWUDWHJLHV�

3URPRWHbXVH�RI�UH�XVDEOH�JRRGV
LQ�SODFH�RI�VLQJOH�XVH�LWHPV
'HYHORSbD�YLVLEOH�DQG�DFFHVVLEOH
RQOLQH�UH�XVH�PDUNHWSODFH�IRU
VXUSOXV�PDWHULDOV
6HHNbSDUWQHUVKLSV�ZLWK�RXU
VXSSOLHUV�WR�SURPRWH
HQYLURQPHQWDOO\�SUHIHUUHG
SURGXFWV�DQG�DOWHUQDWLYHV
'HYHORSbJXLGHOLQHV�IRU
SXUFKDVLQJ�PDWHULDOV�WKDW�DUH
PDGH�IURP�UHQHZDEOH�UHVRXUFHV
(YDOXDWHbDQG�IDFWRU�LQ�WKH
OLIHF\FOH�RI�PDWHULDOV�GXULQJ�WKH
SXUFKDVLQJ�SURFHVV
3XUFKDVHbPDWHULDOV�WKDW�DUH�OHVV
WR[LF�DQG�PDGH�IURP�UHQHZDEOH
UHVRXUFHV��FRQWULEXWLQJ�WR�D�VDIHU
ZRUNSODFH
&ROODERUDWHbDFURVV�GHSDUWPHQWV
WR�SXUFKDVH�LQ�EXON��UHGXFLQJ
HQHUJ\�XVH�LQ�WKH�GHOLYHU\�RI
JRRGV
6XSSRUWbORFDO�HFRQRPLHV�DQG
ZRPHQ��DQG�PLQRULW\�RZQHG
EXVLQHVVHV

3URFXUHPHQW�VWUDWHJLHV�

0Δ7�&OHDQ�(QHUJ\�3UL]H
0Δ7�Δ'($6�*OREDO�&KDOOHQJH
0Δ7�:DWHU�ΔQQRYDWLRQ�3UL]H

&DPSXV�6XVWDLQDELOLW\�ΖQFXEDWRU
)XQG

7KLV�IXQG�LV�PDLQO\�GHYHORSHG�IRU
SURYLGLQJ�ILQDQFLDO�DVVLVWDQFH�WR
PHPEHUV�RI�WKH�0Δ7�FRPPXQLW\�WR�WHVW
WKHLU�LGHDV�XVLQJ�0Δ7�FDPSXV�DV�D�WHVW
EHG�RU�OLYLQJ�ODE��7KLV�LQFOXGHV�LGHDV�IRU
VXVWDLQDEOH�RSHUDWLRQV��PDQDJHPHQW
DQG�GHVLJQ��7KH�IXQGV�DUH�DV�IROORZV�

��
��
��
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+DUYDUG�XQLYHUVLW\�LV�RQH�RI�WKH
IURQW�UXQQHUV�LQ�FRQWULEXWLQJ�WR
VXVWDLQDELOLW\�WKURXJK�LWV�HGXFDWLRQ
	�UHVHDUFK�DQG�DOVR�FDPSXV
RSHUDWLRQV��7KH�PDLQ�KLJKOLJKWV
LQFOXGH�LWV�JRYHUQDQFH�VWUXFWXUH
ZKLFK�VKRZV�WKH�LPSRUWDQFH�JLYHQ
WR�VXVWDLQDELOLW\�LQ�HYHU\�DVSHFW�RI
WKH�XQLYHUVLW\��ΔQ�DGGLWLRQ�WR�WKLV�
WKHLU�GDWD�KXE��UHSRUWLQJ�DFWLYLWLHV
DQG�JXLGHOLQHV�DQG�WLS�VKHHWV�IRU
YDULRXV�DFWLYLWLHV�DUH�VRPH
LQWHUHVWLQJ�LQLWLDWLYHV��7KLV�VHFWLRQ
ZLOO�VXPPDULVH�IHZ�RI�WKHVH
LQLWLDWLYHV��+DUYDUG�KDV�VHW�LWV
FOLPDWH�DFWLRQ�JRDO�WR�EH�

�IRVVLO�IXHO�IUHH�E\�����
DQG�IRVVLO�IXHO�QHXWUDO�E\
�����

*RYHUQDQFH�
7KH�VXVWDLQDELOLW\�DFWLYLWLHV�DUH
H[HFXWHG�E\�WKH�2IILFH�RI
6XVWDLQDELOLW\�KHDGHG�E\�WKH�9LFH
3UHVLGHQW�RI�WKH�XQLYHUVLW\��ZKR
SOD\V�D�PDMRU�UROH�LQ�GHFLVLRQ
PDNLQJ��7KH�2IILFH�RI�6XVWDLQDELOLW\
FRQQHFWV�WKH�YDULRXV�VWDNH�KROGHUV
OLNH�VWXGHQWV��IDFXOW\��VWDII��DQG
VXVWDLQDELOLW\�PDQDJHPHQW�FRXQFLO��

+$59$5'�81Ζ9(56Ζ7<

)DFLOLW\�PDQDJHPHQW
6WUDWHJLF�3URFXUHPHQW
&DPSXV�VHUYLFHV
ΔQIRUPDWLRQ�WHFKQRORJ\
3ODQQLQJ�DQG�SURMHFW�PDQDJHPHQW

7KHbVXVWDLQDELOLW\�PDQDJHPHQW�FRXQFLO
FRPSULVHV�RI�

7KHQ�WKHUH�LV�&RXQFLO�RI�VWXGHQW
VXVWDLQDELOLW\�OHDGHUV��:RUNLQJ�JURXSV
DQG�FRPPLWWHHV�WKDW�ZRUN�RQ�ERWWRP�XS
LQLWLDWLYHV�

+DUYDUG�EHOLHYHV�LQ�WUDQVIRUPDWLRQDO
FKDQJHV�DOO�DFURVV�WKH�RUJDQLVDWLRQ�ZLWK
FRPPRQ�DQG�EROG�JRDOV�IRU�DOO
GHSDUWPHQWV�ZLWK�VWUDWHJLF�DFWLRQ�SODQV
XVLQJ�DOO�WKH�UHVRXUFHV�ZLWKLQ�WKHLU
LQIOXHQFH��:LWK�D�GDWD�GULYHQ�DSSURDFK
ZLWK�UHJXODU�UHYLHZ�RI�WKH�SURJUHVV��WKH\
WU\�VFDOLQJ�XS�HYHU\�VPDOO�LQLWLDWLYH�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�+DUYDUG�8QLYHUVLW\��>��@ ��



+DUYDUG�XQLYHUVLW\�VXVWDLQDELOLW\�SODQ
*XLGHOLQHV�IRU�VXVWDLQDEOH�HYHQWV
*XLGHOLQHV�IRU�VXVWDLQDEOH
SURFXUHPHQW
+DUYDUG�VXVWDLQDEOH�IRRG�VWDQGDUGV

'DWD�DQG�5HSRUWLQJ�

+DUYDUG�KDV�VHW�XS�LWV�6XVWDLQDEOH�'DWD
+XE��ZKLFK�LV�DQ�RQOLQH�SODWIRUP�ZLWK
LQWHUDFWLYH�PDSV�WKDW�DOORZV�DOO�WKH�VWDNH
KROGHUV�WR�VHH�WKH�SURJUHVV�WKH
XQLYHUVLW\�LV�PDNLQJ�LQ�VXVWDLQDELOLW\��7KH
GDWD�LQFOXGHV�PHWULFV�IRU�HQHUJ\��ZDVWH�
ZDWHU�XVDJH�DQG�HPLVVLRQV�DULVLQJ�IURP
WKHP���$QRWKHU�LQWHUHVWLQJ�DVSHFW�LV�WKH
GDWD�WKDW�RV�SURFHVVHG�LV�DFWLYHO\�EHLQJ
XVHG�LQ�YDULRXV�VWXGHQW�SURMHFWV�DQG
RWKHU�UHVHDUFK�DFWLYLWLHV��7KH�DQQXDO
VXVWDLQDELOLW\�UHSRUW�LV�SXEOLVKHG�RQOLQH
DQG�LQ�DGGLWLRQ�+DUYDUG�KDV
FRPPLVVLRQHG�WKH�IROORZLQJ�GRFXPHQWV
ZKLFK�FDQ�EH�IRXQG�LQ�DSSHQGL[��

+DUYDUG�KDV�VHW�XS�RQVLWH�39
SODQWV�DQG�VRODU�WKHUPDO
IDFLOLWLHV�ZLWK�D�FDSDFLW\�RI���0:
*HRWKHUPDObLQVWDOODWLRQV�IRU
KHDWLQJ
7KH�EXLOGLQJV�DUH�/(('�FHUWLILHG�
1HZ�GLVWULFW�KHDWLQJ�IDFLOLW\
ZKLFK�XVHV�HIILFLHQW�ORZ
WHPSHUDWXUH�KRW�ZDWHU�V\VWHP
DQG�D�WKHUPDO�VWRUDJH�WDQN�RI
����PLOOLRQ�JDOORQ�IRU�VWRULQJ
FKLOOHG�ZDWHU��7KH�IDFLOLW\�LV�D
VRXUFH�RI�KHDWLQJ��FRROLQJ�DQG
HOHFWULFLW\

(QHUJ\�ΖQLWLDWLYHV�
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+DUYDUG�VWDUWHG�WKH�IRRG�QHWZRUN
SLORW�DLPHG�DW�UHGXFLQJ�WKH�IRRG
ZDVWDJH�DIWHU�HYHQWV�E\�RIIHULQJ
WKHP�WR�WKH�FRPPXQLW\
'HYHORSHG�IRRG�VWDQGDUGV�ZLWK
KHDOWK�DQG�VXVWDLQDELOLW\�DV
SULPDU\�FRQFHUQV
(QFRXUDJLQJ�IDUPHUV�PDUNHWV�DQG
FRPPXQLW\�JDUGHQV
'HYHORSHG�WKH�
PHQXV�RI�FKDQJH
JXLGH
�ZLWK�UHVHDUFK�LQWR
VXVWDLQDEOH�IRRG�FRQFHQWUDWLQJ�RQ
SODQW�EDVHG�IRRG��HWKQLFLW\�
QXWULWLRQ�DQG�VXVWDLQDEOH�
�SURFXUHPHQW��

$OLJQbIRRG�SURYLGHUV�DURXQG�D
VKDUHG�YLVLRQ�DQG�FRPPRQ�VHW�RI
HYLGHQFH�EDVHG�DVSLUDWLRQV�DQG
SULQFLSOHV�

)RRG�ΖQLWLDWLYHV�

+DUYDUG�VHHNV�WKH�IROORZLQJ�WKURXJK
LWV�IRRG�VWDQGDUGV�

��

���4XDQWLI\bWKH�HQYLURQPHQWDO�DQG
KHDOWK�LPSDFWV�RI�WKH�FDPSXV�IRRG
V\VWHP�WKURXJK�UHSRUWLQJ�

��b2SWLPL]HbWKH�FDPSXV�IRRG�V\VWHP
IRU�ZHOO�EHLQJ��FOLPDWH�DQG�FRPPXQLW\�

��b'ULYHbFKDQJHV�LQ�WKH�PDUNHWSODFH
WKURXJK�SDUWQHUVKLSV�DQG�E\
OHYHUDJLQJ�SXUFKDVLQJ�SRZHU�

��b(QKDQFHbIRRG�OLWHUDF\�DFURVV�WKH
+DUYDUG�FRPPXQLW\��DQG�EH\RQG�

7KH\�GHYHORSHG�WKH�VXVWDLQDEOH
PHHWLQJ�DQG�HYHQW�JXLGH�IRU�FDWHULQJ
ZKLFK�VSHFLILHV�WKH�YDULRXV�PHQXV�IRU
GLIIHUHQW�RFFDVLRQV�DQG�PHDOV�DORQJ
ZLWK�LQIRUPDWLRQ�RI�SULFHV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�+DUYDUG�8QLYHUVLW\��>��@ ��



2UJDQLVLQJ�UHF\FOLQJ�HYHQWV�IRU
HOHFWURQLFV�
/HIWRYHUV�IURP�HYHQWV��GLQLQJ
VHUYLFHV�DQG�UHVWDXUDQWV�LV�JLYHQ�WR
ORFDO�IDPLOLHV�YLD�QRQ�SURILWV

7UDQVLW�SDVV�GLVFRXQW�RI�DERXW����
IRU�HOLJLEOH�HPSOR\HHV
=LPULGH�DQG�=LSFDU�DUH�FDUSRROLQJ
DQG�ULGH�VKDULQJ�QHWZRUNV�XVHG�E\
HPSOR\HHV

:DVWHbWUHDWPHQW�ΖQLWLDWLYHV�

0RELOLW\�ΖQLWLDWLYHV�

(FRV\VWHPV�

���*UHHQ�URRIV�DUH�GHYHORSHG�WR�EH
XVHG�IRU�SURPRWLQJ�ELRGLYHUVLW\��SUHYHQW
VWRUP�ZDWHU�UXQ�RII�DQG�WR�VDYH�HQHUJ\�

*UHHQ�5HYROYLQJ�)XQG�

7KLV�LV�IXQGLQJ�IRU�GHSDUWPHQWV�WR
UHGXFH�WKHLU�HQYLURQPHQWDO�LPSDFW�
'HSDUWPHQWV�FDQ�DSSO\�IRU�WKLV���
PLOOLRQ�GROODU�ORDQ�IXQG�WR�LQYHVW�LQ
SURMHFWV�WKDW�DLP�LQ�UHGXFLQJ�WKH�FDUERQ
IRRW�SULQW�RI�WKHLU�GHSDUWPHQW���7KH
UHSD\PHQW�ZLOO�EH�GRQH�E\�WKH�DPRXQW
VDYHG�E\�WKLV�SURMHFW�OLNH�RSHUDWLRQDO
FRVWV�

&DPSXV�VXVWDLQDELOLW\�LQQRYDWLRQ
IXQG�WR�HQFRXUDJH�UHVHDUFK�RQ
GHYHORSLQJ�VROXWLRQV�WR�ILJKW
FOLPDWH�FKDQJH��6WXGHQW�SURMHFWV�LQ
VFLHQFH��VRFLDO�VFLHQFHV�DQG
KXPDQLWLHV����PLOOLRQ�SHU�\HDU�IRU
��SURMHFWV�ZLWK�WRWDO�IXQGLQJ�RQ���
PLOOLRQ
6XVWDLQDEOH�LQQRYDWLRQ�IXQG�RI
DERXW���������WR�SURPRWH�WHVWLQJ
QHZ�WHFKQRORJLHV�IRU�JOREDO
VXVWDLQDELOLW\�FKDOOHQJHV�RQ�WKH
FDPSXV
&OLPDWH�OHDGHUV�SURJUDP�WR�HQJDJH
VWXGHQWV�LQWHUHVWHG�WR�ZRUN�RQ
VXVWDLQDELOLW\�SURMHFWV�DORQJ�ZLWK
DQQXDO�IDLU�WR�VKRZFDVH�WKHVH
SURMHFWV

(GXFDWLRQ�

ΔQ�DGGLWLRQ�WR�YDULRXV�PDVWHU�DQG
EDFKHORU�SURJUDPV��&OLPDWH�VROXWLRQV
OLYLQJ�ODE�LV�D�PXOWL�GLVFLSOLQDU\�FRXUVH
IRU�JUDGXDWH�VWXGHQWV�ZLWK�SULPH
IRFXV�RQ�GHYHORSLQJ�IHDVLEOH�DQG
VFDODEOH�SURMHFWV�UHODWHG�WR�]HUR�IRVVLO
XVH�

/LYLQJbODE�DQG�UHVHDUFK�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�+DUYDUG�8QLYHUVLW\��>��@ ���



67$1)25'�81Ζ9(56Ζ7<�

ΔQIUDVWUXFWXUDO�SODQQLQJ�VXSSRUW
$VVHVVPHQWV��HYDOXDWLRQV��DQG
UHSRUWLQJ
%XVLQHVV�V\VWHPV
&RQVHUYDWLRQ�SURJUDPV
&RPPXQLFDWLRQV��WUDLQLQJ��DQG
HGXFDWLRQ
&ROODERUDWLYH�JRYHUQDQFH
(QYLVLRQ�HIIHFWLYHQHVV

:LWK�D�YLVLRQ�WR�FUHDWH�D�KHDOWK\
HQYLURQPHQW�DQG�PRUH�SRVVLELOLWLHV�IRU
IXWXUH�JHQHUDWLRQV��6WDQIRUG�KDV
FRPPLWWHG�LWVHOI�WR�OHDG�LQ�UHVHDUFK�
HGXFDWLRQ�DQG�SUDFWLVLQJ�HQYLURQPHQWDO
VXVWDLQDELOLW\��7KH\�HQYLVLRQ�GHYHORSLQJ
VROXWLRQV�IRU�WKHLU�UHJLRQ�DQG�WR�WKH
ZRUOG��6WDQIRUG
V�SULPDU\�JRDO�LV�WR�EH�

����SHUFHQW�FDUERQ�QHXWUDO�E\�����
DQG�]HUR�ZDVWH�����SHUFHQW�GLYHUVLRQ
IURP�ODQGILOO��E\������

7KHb'HSDUWPHQW�RI�6XVWDLQDELOLW\�DQG
(QHUJ\�0DQDJHPHQW��6(0��LV
UHVSRQVLEOH�IRU�WKH�VXVWDLQDELOLW\�UHODWHG
LQLWLDWLYHV�LQ�SRUWIROLRV�OLNH�HQHUJ\�	
FOLPDWH��ZDWHU��WUDQVSRUW��ZDVWH��GLQLQJ
DQG�EXLOGLQJ�RSHUDWLRQV��7KH�JRYHUQLQJ
RUJDQLVDWLRQ�LV�YHU\�VWUXFWXUHG�DQG
HQVXUHV�SDUWLFLSDWLRQ�IURP�DOO
GHSDUWPHQWV�DQG�VWDNH�KROGHUV

*RYHUQDQFH�

7KH�2IILFH�RI�6XVWDLQDELOLW\�DQG�%XVLQHVV
6HUYLFHV��226��LQ�WKH�'HSDUWPHQW�RI
6XVWDLQDELOLW\�DQG�(QHUJ\�0DQDJHPHQW
�6(0��LV�UHVSRQVLEOH�FRQQHFWV�WKH
GLIIHUHQW�GHSDUWPHQWV�DQG�VWHHUV�WKH
VXVWDLQDELOLW\�LQLWLDWLYHV��7KH
VXVWDLQDELOLW\�SURJUDPV�IRFXV�RQ�VHYHQ
NH\�DUHDV�

(QVXUH�WKDW�VXVWDLQDELOLW\�LV�D�WRS
DQG�ODVWLQJ�SULRULW\�IRU�6WDQIRUG
8QLYHUVLW\�LQ�UHVHDUFK��WHDFKLQJ�
DQG�DFWLRQ�
(VWDEOLVK�FOHDU�SROLFLHV�IRU
LPSOHPHQWLQJ�VXVWDLQDELOLW\�LQ
HYHU\�SDUW�RI�FDPSXV��LPSOHPHQW�
PRQLWRU��DQG�DFKLHYH�
(GXFDWH�DQG�WUDLQ�WKH�6WDQIRUG
FRPPXQLW\�WR�ZRUN�WRZDUGV
VXVWDLQDELOLW\�JRDOV�DQG�EXLOG�D
IXOO\�FRPPLWWHG�DQG�HQJDJHG
FRPPXQLW\�
5HDFK�EH\RQG�6WDQIRUG��ΔQIOXHQFH
VXVWDLQDELOLW\�UHVHDUFK��HGXFDWLRQ�
DQG�DFWLRQ�EH\RQG�WKH�XQLYHUVLW\�

ΔQ�DGGLWLRQ�WR�WKLV�WKHUH�DUH
6XVWDLQDEOH�GHVLJQ�WHDPV�DQG
ZRUNLQJ�JURXSV��7KH�GHVLJQ�WHDPV
IRFXV�RQ�IXQGDPHQWDO�DQG�DSSOLHG
UHVHDUFK�ZLWK�D�IDFXOW\�WHDP�WR
GHYHORS�VROXWLRQV�IRU�WKH�UHJLRQ�
QDWLRQ�DQG�WKH�ZRUOG�DQG�DLPV�WR
EXLOG�6WDQIRUG�DV�D�OLYLQJ�ODE��7KH
ZRUNLQJ�JURXSV�DUH�UHVSRQVLEOH�IRU
SROLF\�PDNLQJ��SODQQLQJ�DQG
UHFRPPHQGDWLRQV�IRU�LPSOHPHQWLQJ
VXVWDLQDEOH�SUDFWLFHV�RQ�FDPSXV�

6WUDWHJ\�

6WDQIRUG�FRPPLVVLRQHG�DQG
GHYHORSHG�6XVWDLQDELOLW\������D
VWUDWHJ\�UHSRUW�IRU�WKH�IXWXUH�RI
VXVWDLQDELOLW\��7KH�VWUDWHJLHV�TXRWHG
LQ�6XVWDLQDELOLW\�����DUH�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�6WDQIRUG�8QLYHUVLW\��>��@ ���



'HYHORS�ORQJ�WHUP�SODQV�WR�LPSURYH
WKH�FDPSXV�RSHUDWLRQV�DQG
LQIUDVWUXFWXUH
3ODQQLQJ�RI�6XVWDLQDEOH�(QHUJ\
6\VWHP�ΔQQRYDWLRQ��6(6Δ��SURMHFW
'HYHORSLQJ�D�=HUR�ZDVWH�SODQ�DQG��
�IHDVLELOLW\�VWXG\�WR�VXSSRUW�HIIRUWV�LQ
UHDFKLQJ�����ZDVWH�UHGXFWLRQ�WDUJHW
5HVSRQVLEOH�SXUFKDVLQJ�JXLGHOLQHV

$QQXDO�*+*�HPLVVLRQV�LQYHQWRU\�DV
D�SULPDU\�LQGLFDWRU�RI�VXVWDLQDELOLW\
SHUIRUPDQFH
ΔQYROYLQJ�WKH�FDPSXV�FRPPXQLW\
WKURXJK�&DUGLQDO�*UHHQ�2IILFH�DQG
*UHHQ�/DEV�
'DWD�GULYHQ�DSSURDFK�ZLWK�LQ�KRXVH
VXVWDLQDEOH�EXLOGLQJ�UDWLQJ�V\VWHP�WR
HYDOXDWH�
6XVWDLQDELOLW\�UHYLHZ�UHSRUWV�IURP
����
(QHUJ\�DQG�&OLPDWH�DFWLRQ�SODQ���ILUVW�
VHFRQG�DQG�WKLUG�DGGLWLRQ�LQ������
�����DQG������UHVSHFWLYHO\
=HUR�ZDVWH�E\������SODQ
*XLGHV�DQG�IDFW�VKHHWV�IRU�YDULRXV
LQLWLDWLYHV�

&UHDWLQJbDZDUHQHVV�DQG�LQGLYLGXDO
DFWLRQ�IRU�FRQVHUYLQJ�UHVRXUFHV�DQG
UHGXFLQJ�XWLOLW\�ELOOV
0\�&DUGLQDO�*UHHQ�SURJUDP
ODXQFKHG�LQ������WR�DOORZ�LQGLYLGXDOV
WR�WUDFN�WKHLU�XVDJH�DQG�JHW
UHZDUGHG�IRU�WKHLU�SURJUHVV�LQ
FRQVHUYLQJ�UHVRXUFHV

$UHDV�RI�ZRUN�	�$FKLHYHPHQWV�

D��ΖQIUDVWUXFWXUDO�VXSSRUW�DQG
SODQQLQJ�
��

��

��

��

E��$VVHVVPHQW��(YDOXDWLRQ�DQG
5HSRUWLQJ�
��

��

��

��

��

��
��

F��&RQVHUYDWLRQ�FDPSDLJQV�
��

��

7KLV�LQLWLDWLYH�PDLQO\�DGGUHVVHV�WKH
LQWHJUDWLRQ�RI�GDWD�IURP�YDULRXV
XWLOLWLHV�DQG�PDQDJLQJ�WKH�UHVRXUFHV
HIILFLHQWO\�
�$LPV�WR�LPSURYH�WKH�EXVLQHVV
SURFHVV�E\�D�GDWD�GULYHQ�DSSURDFK
DQG�RIIHUV�DQDO\WLFDO�WRROV�WR
RSWLPLVH�HIILFLHQF\�RI�WKH�FDPSXV
RSHUDWLRQV�

0DQDJLQJ�WKH�VXVWDLQDELOLW\�ZHEVLWH
WKDW�VHUYHV�DV�WKH�PDLQ�VRXUFH�RI
LQIRUPDWLRQ�DERXW�DOO�WKH�LQLWLDWLYHV
DQG�WKHLU�SURJUHVV
&DUGLQDO�*UHHQ�QHZVOHWWHUV

7KH�DGPLQLVWUDWLYH�GHSDUWPHQWV�
IDFXOWLHV�DQG�VWXGHQWV�DUH�ZHOO
LQWHJUDWHG�DQG�VXSSRUW�LQ�6WDQIRUG
V
PLVVLRQ�WRZDUGV�VXVWDLQDELOLW\�LQ
HGXFDWLRQ��UHVHDUFK�DQG�RXWUHDFK
(DFK�GHSDUWPHQW�FRQWULEXWHV�WR�WKH
FRPPRQ�JRDOV�DQG�WKH�2IILFH�RI
6XVWDLQDELOLW\�HQVXUHV�DQG�EHQHILWV
IURP�WKLV�IUDPHZRUN

���7KH�SURJUDPV�PDLQO\�DLPV�WRZDUGV
EHKDYLRXU�FKDQJHV�RI�WKH�VWDNH�KROGHUV

G��%XVLQHVV�V\VWHPV�
��

��

H��&RPPXQLFDWLRQ��WUDLQLQJ�DQG
HGXFDWLRQ�
��

��

I��&ROODERUDWLYH�JRYHUQDQFH�
��

��

J��2UJDQLVDWLRQDO�HIIHFWLYHQHVV�

7KH�6XVWDLQDELOLW\�DQG�(QHUJ\
0DQDJHPHQW��6(0��GHSDUWPHQW�HQVXUHV
WKH�RUJDQLVDWLRQDO�HIIHFWLYHQHVV�LQ
FROODERUDWLQJ�DQG�LQWHJUDWLQJ�YDULRXV
VXVWDLQDELOLW\�LQLWLDWLYHV�DQG�VHUYLFHV�RQ
FDPSXV�
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�(PPHWW�ΔQWHUGLVFLSOLQDU\�3URJUDP
LQ�(QYLURQPHQW�DQG�5HVRXUFHV��(�
Δ3(5�
*OREDO�&OLPDWH�DQG�(QHUJ\�3URMHFW
�*&(3�
3UHFRXUW�ΔQVWLWXWH�IRU�(QHUJ\��3Δ(�

(GXFDWLRQ�DQG�5HVHDUFK�

6WDQIRUG�RIIHUV�PDQ\�VWXG\�SURJUDPV
DQG�UHVHDUFK�SURMHFWV�UHODWHG�WR
VXVWDLQDELOLW\��6RPH�RI�WKHVH
LQWHUGLVFLSOLQDU\�SURJUDPV�DUH�

7KH�PDLQ�KLJKOLJKW�LV�WKH�HQYLURQPHQWDO
SRUWDO�ZKLFK�LV�D�KRPH�IRU�DOO�WKH
LQIRUPDWLRQ�UHODWHG�WR�YDULRXV
HGXFDWLRQDO�DQG�UHVHDUFK�DFWLYLWLHV
FRQFHUQLQJ�VXVWDLQDELOLW\�LQ�6WDQIRUG�
ΔW�JLYHV�WKH�LQIRUPDWLRQ�DERXW�GLIIHUHQW
VFKRROV�DQG�WKHLU�SURJUDPV��UHVHDUFK
FHQWUHV��HQYLURQPHQWDO�HYHQWV�DQG
VWRULHV��ΔW�KROGV�D�UHSRVLWRU\�DERXW
HYHU\WKLQJ�UHODWHG�WR�VXVWDLQDELOLW\�LQ
6WDQIRUG�

2SHUDWLRQV�

6WDQIRUG�SULRULWLVHV�WKH�DYDLODELOLW\�RI
GDWD�DQG�DQDO\WLFDO�DSSURDFK�WR
GHFLVLRQ�PDNLQJ��)RU�WKLV�WKH\�VHW�XS
PRQLWRULQJ�V\VWHPV�DQG�GDVKERDUGV
WR�WUDFN�WKH�SHUIRUPDQFH�RI�YDULRXV
XWLOLWLHV�VKRZQ�LQ�ILJXUH���

(QHUJ\�ΖQLWLDWLYHV�

6WDQIRUG�DLPV�WR�XVH�����
UHQHZDEOH�HQHUJ\�E\�����
(QHUJ\�FRQVHUYDWLRQ�LQFHQWLYHV
SURJUDP�WR�UHZDUG�WKRVH�ZKR�VDYH
HQHUJ\��
:LQWHU�FORVXUH�ZKLFK�PDQGDWHV
VKXWWLQJ�RII�WKH�HQHUJ\�XVH�GXULQJ
WKH�WZR�ZHHN�ZLQWHU�YDFDWLRQ
ΔQWHJUDWHG�FRQWUROV�DQG�DQDO\WLFV
SURMHFW�IRFXVLQJ�RQ�FHQWUDO�FRQWURO
V\VWHPV�ZKLFK�LV�VDYLQJ�����RI
HQHUJ\�DQQXDOO\�VLQFH�����

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�6WDQIRUG�8QLYHUVLW\��>��@ ���



/DE�DLU�IORZ�PDQDJHPHQW�WR�UHGXFH
WKH�IUHTXHQF\�RI�DLU�FKDQJHV�LQ�WKH
ODEV�GXULQJ�XQXVHG�KRXUV
6WDQIRUG�(QHUJ\�6\VWHP�LQQRYDWLRQ
�6(6Δ��FRPLVVLRQHG�LQ�������7KLV
V\VWHP�DORQJ�ZLWK�WKH�VRODU�SRZHU
KDV�UHGXFHG�WKH�HPLVVLRQV�E\�DERXW
����IURP�SHDN�OHYHOV�DQG�VDYHG����
RI�WKH�ZDWHU��
*XLGHOLQHV�LVVXHG�IRU�IXWXUH
EXLOGLQJV��IRU�VXVWDLQDEOH�Δ7
LQIUDVWUXFWXUH��HQHUJ\�VDYLQJ
PHDVXUHV�LQ�ZRUN�VWDWLRQV��

%XLOGLQJ�ΖQLWLDWLYHV�

$OO�WKH�EXLOGLQJV�DUH�DQQXDOO\�HYDOXDWHG
IRU�VXVWDLQDELOLW\�UDWLQJV�DQG�QHZ
PHDVXUHV�DUH�WDNHQ��7KH�RFFXSDQWV�DUH
UHZDUGHG�LI�FRQVHUYDWLRQ�PHWKRGV�DUH
LPSOHPHQWHG�HIIHFWLYHO\�

ΔQVWDOOLQJ�VPDUW�SRZHU�VWULSV�IRU
FRPSXWHU�HTXLSPHQW
)ROORZLQJ�VXVWDLQDEOH�SXUFKDVLQJ
JXLGHOLQHV��DSSHQGL[�
7UDLQLQJ�DQG�FHUWLILFDWLRQ
VXVWDLQDEOH�RIILFH�VSDFH�
/(('�FHUWLILHG�EXLOGLQJV
6XVWDLQDEOH�GHPROLWLRQ

(GXFDWLRQ�	�UHVHDUFK�RQ�PDNLQJ
EHWWHU�IRRG�FKRLFHV�GXULQJ�WKHLU
WLPH�DW�6WDQIRUG
6XVWDLQDEOH�IRRG�SXUFKDVLQJ
JXLGHOLQHV�FDOOHG�6XVWDLQDEOH
IRRG�HWKRV
3XUFKDVLQJ�IURP�ORFDO�IDUP
SDUWQHUV
=HUR�IRRG�ZDVWDJH�E\�UHGXFLQJ
bZDVWH��GRQDWLQJ�IRRG��FRPSRVWV
DQG�UHF\FOLQJ�ZKHQ�HYHU�SRVVLEOH
0RQLWRULQJ�V\VWHPV�LQ�DOO�GLQLQJ
KDOOV�WR�NHHS�WUDFN�RI�IRRG�ZDVWH

6RPH�RI�WKHVH�PHDVXUHV�LQFOXGH�

)RRGbΖQLWLDWLYHV�
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3HUIRUPHG�D�]HUR�ZDVWH�IHDVLELOLW\
VWXG\�WR�DFKLHYH�WKH�WDUJHW�RI
VHQGLQJ�RQO\�����RI�WKH�ZDVWH�WR
WKH�ODQGILOOV
'HVN�VLGH�SDSHU�UHF\FOLQJ�DQG
PLQLȂWUDVK�FDQ�SURJUDP
���bFRPSRVW�FROOHFWLRQ�SRLQWV
IXQGHG�E\�GLIIHUHQW�GHSDUWPHQWV
����SHRSOH�ZRUNLQJ�RQ�WKH�FDPSXV
DUH�WUDLQHG�LQ�ZDVWH�VRUWLQJ��
UHF\FOLQJ�DQG�FRPSRVWLQJ�SUDFWLVHV��
WKURXJK�ZDVWH�UHGXFWLRQ�FODVVHV
6WDQIRUG�6XUSOXV�6DOHVȇ�IXUQLWXUH
UHXWLOLVDWLRQ�SURJUDP��DLPHG�DW
FROOHFWLQJ�DQG�VHOOLQJ�XQZDQWHG
IXUQLWXUH��7KLV�SURJUDP�SURFHVVHG
����WRQHV�RI�HOHFWURQLF�ZDVWH�LQ
�����

<HDUO\�VXVWDLQDELOLW\�UHSRUW
6XVWDLQDELOLW\�����
(QHUJ\�DQG�&OLPDWH�DFWLRQ�SODQ
����
=HUR�ZDVWH�VXVWDLQDELOLW\�UHSRUW
6WDQIRUG�VXVWDLQDEOH�JXLGHOLQHV
6RPH�RI�WKH�JXLGHVbLVVXHG�LQFOXGH�

5HVSRQVLEOH�SURFXUHPHQW�
:RUNVWDWLRQ�HQHUJ\�VDYLQJ
8VH�RI�VPDUW�VWULSV
ΔPSURYLQJ�SULQWHU�HIILFLHQF\�
=HUR�ZDVWH
*UHHQ�(YHQWV

:DVWH�PDQDJHPHQW�ΖQLWLDWLYHV�

5HSRUWV�DQG�JXLGHV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�6WDQIRUG�8QLYHUVLW\��>��@ ���
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7UXO\�LQWHUQDWLRQDO
)XWXUH�RULHQWHG�HGXFDWLRQ
*RLQJ�'LJLWDO
ΔQWHUGLVFLSOLQDU\
6XVWDLQDELOLW\

:LWK�WKUHH�YDOXHV�RI�FUHDWLQJ�YDOXH�IRU
VWDNHKROGHUV��VRFLDO�FRKHVLRQ�DQG�JRRG
PDQDJHPHQW��.8�/HXYHQ�DLPV�IRU�

�EHFRPLQJ�VXVWDLQDEOH�DQG�FDUERQ
QHXWUDO�E\������

7KH�VXVWDLQDELOLW\�UHODWHG�LQLWLDWLYHV�DUH
KHDGHG�E\�WKH�9LFH�UHFWRU�DQG�WKH
XQLYHUVLW\
V�VWUDWHJLF�SODQ�HQWLWOHV���2Q
FURVVURDGV��IRU�D�VXVWDLQDEOH�VRFLHW\�
DQG�LV�EDVHG�RQ�ILYH�WKHPHV�

.8�/HXYHQ�DLPV�IRU�VXVWDLQDEOH
PDQDJHPHQW�DQG�D�FRPPLWPHQW�WR
8QLWHG�1DWLRQV�6XVWDLQDEOH
'HYHORSPHQW�*RDOV�LQ�ERWK�UHVHDUFK
DQG�HGXFDWLRQ

6XVWDLQDELOLW\�SROLF\�

7KH�XQLYHUVLW\�DLPV�WR�DOLJK�81�6'*V�LQ
HGXFDWLRQ��UHVHDUFK��PDQDJHPHQW�DQG
VRFLHWDO�HQJDJHPHQWV��7KH�SROLF\
RXWOLQHV�ILYH�WDUJHWV�

.8�/HXYHQ�FRQVLGHUV�VXVWDLQDELOLW\
DV�RQH�RI�LWV�FRUH�YDOXHV�
.8�/HXYHQ�VWULYHV�WR�EHFRPH�D
&2��QHXWUDO�XQLYHUVLW\��DQG�LQ�WKH
FRPLQJ�\HDUV�ZLOO�FRQWLQXH�WR�IRFXV
RQ�UHGXFLQJ�JUHHQKRXVH�JDV
HPLVVLRQV�DQG�FRPEDWLQJ�JOREDO
ZDUPLQJ�E\�VHWWLQJ�D�JRRG
H[DPSOH�LQ�LWV�RZQ�EXVLQHVV
RSHUDWLRQV�
.8�/HXYHQ�LQWHJUDWHV�VXVWDLQDELOLW\
LQWR�LWV�YDULRXV�VWXG\�SURJUDPV��VR
WKDW�DOO�VWXGHQWV�DFTXLUH�WKH
NQRZOHGJH�DQG�VNLOOV�QHHGHG�WR
IRVWHU�VXVWDLQDEOH�GHYHORSPHQW�
.8�/HXYHQ�HQFRXUDJHV�OHDGLQJ
DQG�KLJK�HQG�LQWHUGLVFLSOLQDU\
UHVHDUFK�IRU�DQG�UHJDUGLQJ
VXVWDLQDELOLW\�
.8�/HXYHQ�DFWLYHO\�LQWHUDFWV�ZLWK
VRFLHW\��DQG�PDNHV�D�FRPPLWPHQW
WR�KHOS�LW�LQ�WKH�VHDUFK�IRU
VXVWDLQDEOH�VROXWLRQV�DQG�VKDSH
WKH�WUDQVLWLRQ�WR�D�VXVWDLQDEOH
VRFLHW\�DW�WKH�ORFDO��UHJLRQDO��DQG
LQWHUQDWLRQDO�OHYHO�

*RYHUQDQFH�

6XVWDLQDELOLW\�&RXQFLO��*RYHUQDQFH
VWUXFWXUH�GHGLFDWHG�WR�VXVWDLQDELOLW\
DQG�LV�DVVLVWHG�E\���ZRUNLQJ�JURXSV�
5HVSRQVLEOH�IRU�SUHSDULQJ�DQG
LPSOHPHQWLQJ�VXVWDLQDELOLW\�SROLFLHV�DW
.8�/HXYHQ�

.8�/(89(1

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�.8�/HXYHQ�>��@
���



ΔQVWDOODWLRQ�RI�ZDWHU�WDSV�
'LVWULEXWHG������UHXVDEOH�ERWWOHV
�����EURNHQ�SKRQHV�FROOHFWHG
����WUHHV�SODQWHG
6XSSRUWLQJ�OLYLQJ�ODE�WKHVLV
SURMHFWV
(VWDEOLVKHG�UHSDLU�KXE

:RUNLQJ�JURXSV��*URXSV�WKDW�ZRUN�RQ
HGXFDWLRQ��UHVHDUFK��PDQDJHPHQW
DQG�VRFLHWDO�HQJDJHPHQWV

*UHHQ�2IILFH��6WXGHQW�LQLWLDWLYH�ZKLFK
DLPV�WR�LQIRUP��LQVSLUH�DQG
HQFRXUDJH�VWXGHQWV�WR�SDUWLFLSDWH�LQ
WKH�VXEMHFW�RI�VXVWDLQDELOLW\��7KH
RIILFH�KDV����ZRUNLQJ�JURXSV�ZRUNLQJ
RQ�YDULRXV�VXEMHFWV�

$FKLHYHPHQWV�RI�*UHHQ�2IILFH�

(FRWHDPV�b7KLV�LV�DQ�HPSOR\HH�OHDG
ERWWRP�XS�LQLWLDWLYH�SDUWLFLSDWH�LQ
VXVWDLQDELOLW\�UHODWHG�DFWLYLWLHV��7KH\
FRQGXFW�D�*UHHQ�ΔPSDFW�FKDOOHQJH
ZKHUH�WHDPV�KDYH�D�IULHQGO\
FRPSHWLWLRQ�WR�UHGXFH�DV�PXFK
HPLVVLRQV�DV�SRVVLEOH�

(GXFDWLRQ�

.8�/HXYHQ
V�FRPPLWV�WR�LQWHJUDWLQJ
VXVWDLQDELOLW\�LQ�HGXFDWLRQ�DQG�HQYLVLRQV
WKDW�
�$�XQLYHUVLW\�VKRXOG�RIIHU�VWXGHQWV�WKH
QHFHVVDU\�NQRZOHGJH�DQG�VNLOOV��QRW�MXVW
WR�EH�DEOH�WR�EH�D�VXFFHVVIXO�LQGLYLGXDO
LQ�D�FRPSOH[�VRFLHW\��EXW�DOVR�WR�EH�DEOH
WR�KHOS�EXLOG�D�PRUH�VXVWDLQDEOH�DQG
JOREDO�VRFLHW\��

7KH�ZRUNLQJ�JURXS�RQ�HGXFDWLRQ�LV
IXUWKHU�GHYHORSLQJ�WKLV�YLVLRQ�DQG�LWV
LPSOHPHQWDWLRQ�SODQ�

7KH�.8�/HXYHQ�6XVWDLQDEOH�(GXFDWLRQ
1HWZRUN�ZDV�FUHDWHG�WR�IRUP�D�QHWUZRUN
RI�WHDFKHUV�ZKR�FRPH�WRJHWKHU�WR
GLVFXVV�KRZ�WR�LQWHJUDWH�VXVWDLQDELOLW\�LQ
HGXFDWLRQ�

7KH�XQLYHUVLW\�RIIHUV���0DVWHUVȇ�DQG����
FRXUVHV�ZKLFK�DUH�H[SOLFLWO\�UHODWHG�WR
VXVWDLQDELOLW\�

$OVR��D�+RQRXUV�SURJUDP�ZLWK
WUDQVGLVFLSOLQDU\�LQVLJKWV�LV�RIIHUHG
IRFXVLQJ�DQG�SURPRWLQJ�VXVWDLQDELOLW\�

7KH�*UHHQ�2IILFH�DQG�<RXQJ�5HVHDUFK
6RFLHW\�IDFLOLWDWHV�WKHVLV�SURMHFWV�IRU
PDVWHU�VWXGHQWV�LQ�WRSLFV�UHODWHG�WR
VXVWDLQDELOLW\�

6XVWDLQDELOLW\�LQ�LQQRYDWLRQ�DQG
HQWUHSUHQHXUVKLS�LV�DOVR�D�PDMRU�IRFXV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�.8�/HXYHQ�>��@
���



5HVHDUFK�

/HXYHQ�6XVWDLQDEOH�(DUWK��/68(��LV
DQ�LQWHU�DQG�WUDQV�GLVFLSOLQDU\
H[SHUWLVH�FHQWUH�LQ�WKH�DUHD�RI
VXVWDLQDELOLW\�DW�.8�/HXYHQ

6XVWDLQDELOLW\�UHODWHG�UHVHDUFK�LQ�.8
/HXYHQ�YDULHV�IURP�WHFKQLFDO
VXEMHFWV�OLNH�HQHUJ\���DUFKLWHFWXUH�WR
VRFLDO�VXEMHFWV�OLNH�HTXDOLW\���MXVWLFH
DQG�ZHOIDUH��)HZ�RI�WKHVH�SURMHFWV
DUH�

*HQHUDO�ȊKRXVHKROGȋ�ZDVWH��30'�
DQG�SDSHU�LV�FROOHFWHG�VHSDUDWHO\�EXW
ZKHUHDV�JODVV��PHWDO��ZRRG�
VW\URIRDP��DQG�HOHFWURQLF�ZDVWH
QHHGV�WR�EH�GHSRVLWHG�DW�GHVLJQDWHG
SODFHV�QHDU�HYHU\�EXLOGLQJ
'HYHORSHG�D�ZHEVLWH�IRU�VWXGHQWV
DQG�VWDII�WR�ILQG�LQIRUPDWLRQ�UHODWHG
WR�WKH�XVH�RI�VXVWDLQDEOH�PDWHULDOV
DQG�ZDVWH�PDQDJHPHQW�DW�.8
/HXYHQ
:HEVLWH�IRU�UHXVDEOH�JRRGV
6XVWDLQDELOLW\�LV�H[SOLFLWO\�LQWHJUDWHG
DV�D�FULWHULD�IRU�SURFXUHPHQW
�'LJLWDO�SD\�VOLSV
5HXVDEOH�SODVWLF�FXSV�IRU�HYHQW

&DUERQ�IRRWSULQW�

.8�/HXYHQ�KDV�VWDUWHG�YDULRXV�LQLWLDWLYHV
LQ�DUHDV�OLNH�HQHUJ\��ZDVWH��PRELOLW\�DQG
IRRG�

(QHUJ\�

7KH�PDQDJHPHQW�WHDP�LV�ZRUNLQJ
WRJHWKHU�ZLWK�DFDGHPLF�DQG�UHVHDUFK
H[SHUWV�DW�WKH�XQLYHUVLW\�IRU�WKH�HQHUJ\
WUDQVLWLRQ�SURMHFWV��7KH�XQLYHUVLW\�LV
DLPLQJ�IRU�FRPSOHWH�JUHHQ�HQHUJ\�
UHSODFHPHQW�RI�ROG�KHDWLQJ�V\VWHPV
DQG�V\VWHPDWLF�UHIXUELVKLQJ�RI�ROG
EXLOGLQJV��7KH\�DUH�DOVR�ZRUNLQJ�RQ
LQFUHDVLQJ�WKH�HQHUJ\�HIILFLHQF\�RI
ODERUDWRULHV��

:DVWH�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�.8�/HXYHQ�>��@
���



6XVWDLQDEOH� WUDYHO� SROLF\� IRFXVLQJ� RQ
WDNLQJ� WUDLQ� LQVWHDG� RI� IO\LQJ� DQG
RIIVHWWLQJ� &2�� HPLVVLRQV�ZKHQ� IO\LQJ� LV
XQDYRLGDEOH�
:HGQHVGD\�%LNH�'D\
&DU�)UHH�'D\
5HLPEXUVLQJb WUDYHO� LQ� SXEOLF� WUDQVSRW
DQG�RIIHULQJ�IUHH�WUDQVSRUW�WR�VWDII

0RELOLW\�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�.8�/HXYHQ�>��@
���



6WUHQJWKHQ�FROODERUDWLRQ�RI
HQJLQHHULQJ�DQG�QDWXUDO�VFLHQFH
GLVFLSOLQHV�ZLWK�WKH�KXPDQLWLHV
DQG�VRFLDO�DQG�PDQDJHPHQW
VFLHQFHV�LQ�ILHOGV�UHOHYDQW�IRU
VXVWDLQDEOH�GHYHORSPHQW�
2IIHU�D�GLYHUVH�VXPPHU�DQG
ZLQWHU�VFKRRO�SURJUDPPH�RQ
VXVWDLQDEOH�GHYHORSPHQW�DW�(7+
=XULFK�
2IIHU�LQQRYDWLYH�DFWLYLWLHV�DQG
HYHQWV�IRU�VWXGHQWV�DQG�RWKHU
PHPEHUV�RI�(7+�=XULFK�WR�OHDUQ
DERXW�VXVWDLQDELOLW\�
'HYHORS�DQ�RYHUYLHZ�WKDW
GHVFULEHV�FURVV�GHSDUWPHQWDO
VXVWDLQDELOLW\�DQG�FULWLFDO�WKLQNLQJ�
UHODWHG�HGXFDWLRQDO�DFWLYLWLHV�DW
(7+�=XULFK�
3UHVHUYH�GLYHUVLW\�DPRQJ�VWXGHQWV
DQG�VWDII�RI�(7+�=XULFK�
ΔQFUHDVH�JHQGHU�EDODQFH�RQ�DOO
OHYHOV�RI�WKH�DFDGHPLF�FDUHHU�

(7+�=XULFK�KDV�EHHQ�YHU\�HQJDJLQJ�LQ
VXVWDLQDELOLW\�UHODWHG�LQLWLDWLYHV�DQG
KDV�IRXU�ILHOGV�RI�DFWLRQ�IRU
VXVWDLQDEOH�GHYHORSPHQW��7KHVH
LQFOXGH�HGXFDWLRQ��UHVHDUFK��FDPSXV
DQG�GLDORJ��7KH�XQLYHUVLW\�FDQ�EH
PDLQO\�DFFODLPHG�DQG�FDQ�LQVSLUH�ZLWK
WKHLU�FRPPLWPHQWV�WRZDUGV
VXVWDLQDEOH�EXLOGLQJV��HQHUJ\�
UHGXFLQJ�EXVLQHVV�WUDYHO�DQG�IRU
DFWLYHO\�DGYRFDWLQJ�JHQGHU�HTXDOLW\��

(7+�KDV�VHW����JRDOV�DFURVV���
GLIIHUHQW�FDWHJRULHV�UHODWHG�WR
HQYLURQPHQWDO�VXEMHFWV�OLNH�HQHUJ\�
PRELOLW\�ZDVWH��HWFHWHUD�WR�DFKLHYH
VXVWDLQDEOH�GHYHORSPHQW��)HZ�RI
WKHVH�JRDOV�DUH�

(7+�=85Ζ&+
ΔPSOHPHQW�0Δ1(5*Δ(p�(&2
VWDQGDUG��RU�VLPLODU��LQ�QHZ
EXLOGLQJV�DQG�0Δ1(5*Δ(p
VWDQGDUG��RU�VLPLODU��IRU
UHQRYDWLRQV�
%\����������SHUFHQW�RI�WKH�WRWDO
KHDWLQJ�UHTXLUHPHQWV�RQ�&DPSXV
=HQWUXP��LQFO��H[WHUQDO�FRQVXPHUV�
ZLOO�EH�FRYHUHG�E\�ZDVWH�KHDW��
ΔPSOHPHQW�ILUVW�SKDVH�RI
Ȋ0DVWHUSODQ�(QHUJ\ȋ�DW�&DPSXV
=HQWUXP�b�b�b�b
5HGXFH�GLUHFW�&2�bHPLVVLRQV�RQ
&DPSXV�+¸QJJHUEHUJ�E\���
SHUFHQW�E\�������������W�&2�HT
SHU�\HDU��WKURXJK�WKH
LPSOHPHQWDWLRQ�RI�WKH�Ȋ(QHUJ\
&RQFHSW�&DPSXV�+¸QJJHUEHUJȋ
EDVHG�RQ�JHRWKHUPDO�VWRUDJH
V\VWHPV��EDVH�\HDU�������
'HYHORSPHQW�RI�UHFRPPHQGDWLRQV
IRU�FDWHULQJ�FRPSDQLHV�WR�UHGXFH
SDFNDJLQJ�DQG�DGYDQFH�WKH
VXEVWLWXWLRQ�RI�GLVSRVDEOH�GLVKHV
ZLWK�UHXVDEOH�GLVKHV

0DQDJHPHQW�

(7+�6XVWDLQDELOLW\�GHSDUWPHQW�ZKLFK
UHSRUWV�GLUHFWO\�WR�WKH�YLFH�SUHVLGHQW
RI�WKH�XQLYHUVLW\�VXSSRUWV�DOO�WKH
LQLWLDWLYHV��SURMHFWV�DQG�LQGLYLGXDOV
ZRUNLQJ�WRZDUGV�VXVWDLQDELOLW\

7KH�XQLW�LV�GLUHFWHG�E\�D�6WHHULQJ
&RPPLWWHH�FRPSULVLQJ�WKH�$VVRFLDWH
9LFH�3UHVLGHQW�IRU�6XVWDLQDELOLW\
�&KDLU���WKH�9LFH�3UHVLGHQW�IRU
5HVHDUFK�DQG�&RUSRUDWH�5HODWLRQV�
DQG�VL[�(7+�=XULFK�SURIHVVRUV�ZKR
FRQGXFW�UHVHDUFK�LQ�ILHOGV�UHODWHG�WR
VXVWDLQDELOLW\�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�(7+�=XULFK��>��@
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66+(��6HFXULW\��VDIHW\�DQG�KHDOWK�
$GYLFHV�DQG�WUDLQV�SHRSOH�RQ�KRZ�WR
GHDO�ZLWK�ULVNV�DQG�KD]DUGV�LQ�GHDOLQJ
ZLWK�SHRSOH��LQIUDVWUXFWXUH�DQG�WKH
HQYLURQPHQW�

(QYLURQPHQWDO�FRPPLVVLRQ�RI�(7+
=XULFK�LV�UHVSRQVLEOH�IRU
HQYLURQPHQWDO�PDQDJHPHQW�DW�(7+
=XULFK�b

5HDO�(VWDWH�0DQDJHPHQW�GHYHORSV
DQG�PDQDJHV�WKH�XQLYHUVLW\ȇV�UHDO
HVWDWH�SRUWIROLR�

66&�Ȃ�6WXGHQW�6XVWDLQDELOLW\
&RPPLVVLRQ��6WXGHQW�LQLWLDWLYH�WR
SURPRWH�VXVWDLQDELOLW\��ΔW�UHSUHVHQWV
WKH�VWXGHQW�LQWHUHVWV�LQ�VXVWDLQDELOLW\
DFWLYLWLHV�WR�WKH�([HFXWLYH�ERDUG�DQG
WKH�RWKHU�ERGLHV�

*OREDO�HQJDJHPHQW�DQG�UHSRUWLQJ�

7KH�6XVWDLQDELOLW\�UHSRUW���������RI
(7+�LV�SUHSDUHG�LQ�DFFRUGDQFH�ZLWK
WKH�*OREDO�5HSRUWLQJ�ΔQLWLDWLYH��*5Δ�
VWDQGDUGV�DQG�WKH�Δ6&1�VXVWDLQDEOH
FDPSXV�FKDUWHU��7KH�UHSRUW�UHFHLYHG
WKH�6ZLVV�HWKLFV�DZDUG�IRU�WKH
VXVWDLQDELOLW\�UHSRUWLQJ�

(7+�KDV�LQWHUQDWLRQDO�SDUWQHUV�DQG�LV
DQ�DFWLYH�SDUWLFLSDQW�LQ�JOREDO
DOOLDQFHV�OLNH�

ΔQWHUQDWLRQDO�$OOLDQFH�RI�5HVHDUFK
8QLYHUVLWLHV��Δ$58��
ΔQWHUQDWLRQDO�6XVWDLQDEOH�&DPSXV
1HWZRUN��Δ6&1��
*OREDO�8QLYHUVLW\�/HDGHUV�)RUXP
�*8/)�
:RUOG�(FRQRPLF�)RUXP��:()�

(QHUJ\��1HZ�PDWHULDOV�IRU
VXVWDLQDEOH��ORZ�FRVW�EDWWHULHVb
&OLPDWH�V\VWHPV��ΔQFUHDVLQJ�PRGHO
UHVROXWLRQb
)XWXUH�&LWLHV��&RROLQJ�6LQJDSRUH

(GXFDWLRQ�

0DVWHU�SURJUDPV�OLNH�6XVWDLQDEOH
ZDWHU�UHVRXUFHV��'HYHORSPHQW�DQG
&RRSHUDWLRQ�DQG�ΔQWHJUDWHG�%XLOGLQJ
6\VWHPV�IRFXV�PDLQO\�RQ�VXVWDLQDELOLW\�

(7+�6XVWDLQDELOLW\�:HHN�LV�RUJDQLVHG
WR�JLYH�VWXGHQWV�WKH�RSSRUWXQLW\�WR
DQDO\VH�DQG�UHIOHFW�LPSRUWDQW�VRFLHWDO
SUREOHPV�

(7+�6XVWDLQDELOLW\�VXPPHU�:LQWHU
6FKRRO�RIIHU�VWXGHQWV�WKH�RSSRUWXQLW\
WR�ZRUN�RQ�FXUUHQW�WRSLFV�UHODWHG�WR
VXVWDLQDELOLW\�LQ�LQWHUGLVFLSOLQDU\�DQG
LQWHUFXOWXUDO�WHDPV�

1$'(/�b&HQWHU�IRU�'HYHORSPHQW
DQGb&RRSHUDWLRQ

:DV�VHWXS�LQ�������DQG�IURP�WKHQ�RQ
1$'(/�KDV�EHHQ�SUHSDULQJ�WKH
JUDGXDWHV�RI�(7+�WR�JHW�H[SHULHQFH
DQG�OHDUQ�KRZ�WR�VROYH�SUREOHPV�ZLWK
D�IRFXV�RQ�VXVWDLQDEOH�GHYHORSPHQW�
7KH�6'*6�IRFXVHG�DUH�SRYHUW\
UHGXFWLRQ��TXDOLW\�HGXFDWLRQ��UHGXFLQJ
LQHTXDOLWLHV�DQG�SDUWQHUVKLSV��7KLV
SURJUDP�JLYHV�D�KDQGV�RQ�H[SHULHQFH
ZLWK�WKH�WKHRU\�DQG�SUDFWLFH�RI
VXVWDLQDEOH�GHYHORSPHQW�

5HVHDUFK�

$PRQJ�WKH���&RPSHWHQFH�FHQWUHV�
IRXU�RI�WKHP�DUH�DFWLYHO\�LQYROYHG�LQ
VXVWDLQDEOH�GHYHORSPHQW�UHVHDUFK�
6RPH�LPSRUWDQW�DUHDV�RI�ZRUN�DUH�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�(7+�=XULFK��>��@
���



&DUHHUV�DQG�FDUHHU�GHYHORSPHQW
ZLWKLQ�DFDGHPLD
ΔQWHJUDWLRQ�RI�JHQGHU�VSHFLILF
DVSHFWV�LQ�UHVHDUFK�DQG�HGXFDWLRQ�
5HFRQFLOLDWLRQ�RI�VWXGLHV��ZRUN�
DQG�IDPLO\�
3UHYHQWLRQ�RI�DQG�FRPEDW�DJDLQVW
VH[XDO�KDUDVVPHQW�DQG
GLVFULPLQDWLRQ�RQ�WKHbEDVLV�RI
JHQGHU�

9LUWXDO�FRQIHUHQFLQJ�

1RWLQJ�WKH�HPLVVLRQV�DULVLQJ�IURP
FRQIHUHQFH�WRXULVP�RI�WKH
XQLYHUVLWLHV��(7+�=XULFKȇV
VXVWDLQDELOLW\�WHDP�DQG�8QLYHUVLW\�RI
=XULFK�XQGHU�WKH�SDWURQDJH�RI
ΔQWHUQDWLRQDO�$OOLDQFH�RI�5HVHDUFK
8QLYHUVLWLHV��Δ$58���KDYH�FRQGXFWHG�D
YLUWXDO�FRQIHUHQFH�RQ�Ȇ8QLYHUVLW\�$LU
0LOHV�5HGXFWLRQȇ��7KLV�FRQIHUHQFH�ZDV
D�SURRI�RI�FRQFHSW�WR�DYRLG�HPLVVLRQV
IURP�FRQIHUHQFH�WUDYHOV��(7+�LV�QRZ
LPSURYLQJ�LWV�IDFLOLWLHV�IRU�YLGHR
FRQIHUHQFLQJ�ZLWK�EHVW�LQ�FODVV
V\VWHPV�

&DPSXV�

(QJDJHPHQW��(7+�KDV�EHHQ�DFWLYHO\
LQYROYHG�LQ�EULGJLQJ�WKH�JHQGHU�JDSV
DQG�SURPRWLQJ�RSSRUWXQLWLHV�IRU
ZRPHQ��7KH�XQLYHUVLW\�TXRWHV�

Ȋ�5HSUHVHQWDWLRQ�PDWWHUV��9LVLELOLW\
LV�NH\�WR�LPSURYLQJ�JHQGHU
HTXDOLW\ȋ

*HQGHU�$FWLRQ�3ODQ���������$GRSWHG
E\�WKH�H[HFXWLYH�ERDUG�WR�DFKLHYH
KLJKHU�SDUWLFLSDWLRQ�IURP�ZRPHQ�LQ�DOO
WKH�DFDGHPLF�OHYHOV��ΔW�DLPV�WR�HQDEOH
PHQ�DQG�ZRPHQ�WR�XQIROG�WKHLU�IXOO
DQG�WUXH�SRWHQWLDO��7KH�*$3�KDV�IRXU
PDLQ�IRFXV�SRLQWV�b

0Δ1(5*Δ(p�(&2bIRU�QHZ
EXLOGLQJVbDQG�0Δ1(5*Δ(p
VWDQGDUGVbIRU�UHQRYDWLRQV
6*1Δ�VXVWDLQDELOLW\�VWDQGDUG�LV
LPSOHPHQWHG�IRU�ODERUDWRU\
EXLOGLQJV�
/LIH�F\FOH�DQDO\VLV�IRU�HYHU\�PDMRU
LQYHVWPHQW�SURMHFWV�DQG�DVVHWV
DQG�IRU�HQHUJ\�XVDJH��7KH
FDOFXODWLRQV�DUH�UHSHDWHG�DQG
PRQLWRUHG�UHJXODUO\�WR�FKHFN�WKH
SURJUHVV�

$OO�HOHFWULFLW\�EHLQJ�FRQVXPHG
IURP������LV�VRXUFHG�IURP
UHQHZDEOHV
$QHUJ\�JULG��DQ�XQGHUJURXQG
VWRUDJH�V\VWHP�EHLQJ�EXLOG�WR
UHGXFH�WKH�HPLVVLRQV�IURP�KHDWLQJ
DQG�FRROLQJ�

*HQGHU�PRQLWRULQJ�

7KLV�LQLWLDWLYH�E\�WKH�2IILFH�IRU�(TXDO
2SSRUWXQLWLHV�RI�(7+�=XULFK�UHSRUWV
WKH�GHYHORSPHQW�RI�ZRPHQ�LQ�YDULRXV
GHSDUWPHQWV�ZLWK�D�IRFXV�RQ�VSHFLILF
WKHPHV�OLNH�Ȋ:RPHQ�DV�5ROH�0RGHOVȋ
������������DQG�Ȋ7KH�YLVLELOLW\�RI
ZRPHQ�LQ�VFLHQWLILF�UHVHDUFK�DW�(7+
=XULFKȋ������������

(PLVVLRQV�

7KH�PRQLWRULQJ�RI�HPLVVLRQV�LV�EDVHG
RQ�WKH�JXLGHOLQHV�RI�*UHHQKRXVH�*DV
3URWRFRO��$QG�WKLV�LQFOXGHV�HPLVVLRQV
IURP�RSHUDWLRQV��HOHFWULFLW\
SXUFKDVHG��EXVLQHVV�WUDYHO��HWF�

%XLOGLQJV�

(QHUJ\�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�(7+�=XULFK��>��@
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7KH�SURMHFW�DLPV�WR�GHFUHDVH�WKH
&2��HPLVVLRQV�IURP�DQ�LQLWLDO
YDOXH�RI�������W�&2�HT�SHU�\HDU
�EDVHOLQH�������WR�������W�&2�HT
SHU�\HDU

'HYHORSHG�FULWHULD�IRU�DVVHVVLQJ
FOLPDWH�IULHQGOLQHVV�RI�WKH�GLVK�

0RELOLW\�b

$�PRELOLW\�SODWIRUP�DLPHG�DW�SURYLGLQJ
LQIRUPDWLRQ�DERXW�KRZ�FDQ�WKH
VWDNHKROGHUV�UHGXFH�WKHLU�HPLVVLRQV�
3URYLGHV�DFWLYH�VXSSRUW�IRU�DLU�WUDYHO
SURMHFW��SXEOLF�WUDQVSRUW��ELNH�VKDULQJ
DQG�H�PRELOLW\�b&XUUHQWO\�KDOI�RI�WKH
HPLVVLRQV�DUH�GXH�WR�DLU�WUDYHO�DQG
JRDO�VHW�WR�GHFUHDVH�WKLV�E\���
SHUFHQW�IURP�DYHUDJH�RI����������
OHYHOV�

)RRG�

5HGXFH�SDFNDJLQJ�DQG
VXEVWLWXWLRQ�RI�GLVSRVDEOH�GLVKHV
ZLWK�UHXVDEOH�GLVKHV�
(7+�&OLPDWH�SURJUDP�IRU
JDVWURQRP\�ZDV�ODXQFKHG�WR
HQFRXUDJH�DOO�WKH�FDWHUHUV�WR
UHGXFH�WKHLU�HPLVVLRQV�E\���
SHUFHQW�LQ�D�SHULRG�RI�WKUHH�\HDUV�

'LYHUW�DV�PXFK�RI�WKH�ZDVWH�IURP
PDLQVWUHDP�GLVSRVDO�LQWR�UHF\FOLQJ
VWUHDPV�
�3URYLGLQJ�LQIUDVWUXFWXUH�IRU
FROOHFWLQJ�ELRJHQLF�ZDVWH�DQG�XVH
IRU�HQHUJ\�JHQHUDWLRQ��
�5HF\FOHG�SDSHU�LQFUHDVHG�IURP
�����PLOOLRQ�$��WR������PLOOLRQ�$�
VKHHWV�bb
ΔQFUHDVH�LQ�HQYLURQPHQWDO
DZDUHQHVV��GRXEOH�VLGHG�SULQWLQJ
DQG�XVH�RI�HOHFWURQLF�GHYLFHV�

:DVWH�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�(7+�=XULFK��>��@ ���
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ΔQWHJUDWH�HFRORJLFDO��HFRQRPLF�DQG
VRFLDO�VXVWDLQDELOLW\�DW�DOO�OHYHOV�RI
VWUDWHJLF�DQG�RSHUDWLRQDO
DFWLYLWLHV�
+DYH�DQ�LGHQWLW\�DQG�EUDQG
DVVRFLDWHG�ZLWK�VXVWDLQDEOH
GHYHORSPHQW�
%H�FKDUDFWHULVHG�E\�RSHQQHVV�
GHPRFUDF\�DQG�UHVSHFW�IRU
HTXDOLW\�DQG�HTXDO�OLYLQJ
FRQGLWLRQV�
3URYLGH�HGXFDWLRQ�RI�WKH�KLJKHVW
TXDOLW\�WKDW�SUHSDUHV�IXWXUH
SURIHVVLRQDOV�ZLWK�NQRZOHGJH�
FRPPLWPHQW��FULWLFDO�WKLQNLQJ�DQG
SUDFWLFDO�WRROV�WKDW�ZLOO�HQDEOH
WKHP�WR�FRQWULEXWH�WR�D
VXVWDLQDEOH�VRFLHW\�
3URGXFH�UHVHDUFK�RI�WKH�KLJKHVW
TXDOLW\�WKDW�FRQWULEXWHV�WR
VXVWDLQDEOH�DQG�LQQRYDWLYH
VROXWLRQV�WR�VRFLHWDO�FKDOOHQJHV�
&UHDWH�YDOXH�E\�GLVVHPLQDWLQJ�DQG
VXSSRUWLQJ�WKH�LPSOHPHQWDWLRQ�RI
WHFKQRORJ\��PHWKRGV�DQG
DSSURDFKHV�DV�ZHOO�DV�DFWLYHO\
SDUWLFLSDWH�LQ�SXEOLF�GHEDWH�LQ
RUGHU�WR�FRQWULEXWH�WR�VXVWDLQDEOH
GHYHORSPHQW�
6\VWHPDWLFDOO\�ZRUN�IRU�WKH
FRQWLQXDO�LPSURYHPHQW�RI�.7+�V
HQYLURQPHQWDO�DQG�VXVWDLQDELOLW\
SHUIRUPDQFH�

7KH�XQLYHUVLW\�GHYHORSHG�D
6XVWDLQDEOH�'HYHORSPHQW�3ROLF\�ZLWK
WKH�IROORZLQJ�FRPPLWPHQWV�

7DNH�SUHYHQWDWLYH�PHDVXUHV�ZLWK
WKH�LQWHQWLRQ�WR�SURWHFW�WKH
HQYLURQPHQW�DQG�SUHYHQW
HQYLURQPHQWDO�LPSDFWV�IURP�.7+�V
RSHUDWLRQV�
&RPSO\�ZLWK�DSSOLFDEOH�OHJDO
UHTXLUHPHQWV�DQG�RWKHU
UHTXLUHPHQWV�WKDW�WKH
RUJDQLVDWLRQ�LV�VXEMHFW�WR�
(QFRXUDJH��HGXFDWH�DQG�FUHDWH
FRQGLWLRQV�IRU�VWDII�DQG�VWXGHQWV
WR�FRQWULEXWH�WR�VXVWDLQDEOH
GHYHORSPHQW�ZLWKLQ�DQG�RXWVLGH
.7+�
:RUN�ZLWK�SDUWQHUV�WKDW�FRQWULEXWH
WR�D�VXVWDLQDEOH�GHYHORSPHQW�DQG
SURPRWH�VXVWDLQDEOH�GHYHORSPHQW
LQ�FROODERUDWLRQ�ZLWK�ORFDO�DQG
JOREDO�DFWRUV�

6XVWDLQDELOLW\�DQG�0HGLD
7HFKQRORJ\���WR�XQGHUVWDQG�KRZ
WRGD\
V�GHYHORSPHQW�DQG�XVH�RI
PHGLD�DQG�LQIRUPDWLRQ�DQG
FRPPXQLFDWLRQ�WHFKQRORJLHV��Δ&7�
KDYH�ERWK�SRVLWLYH�DQG�QHJDWLYH
HIIHFWV�RQ�VXVWDLQDELOLW\

(GXFDWLRQ�

0DVWHUV�OLNH�(QYLURQPHQWDO�3DWKZD\V
IRU�6XVWDLQDEOH�(QHUJ\�6\VWHPV
�6(/(&7��LV�RIIHUHG�LQ�FROODERUDWLRQ
ZLWK�ILYH�(XURSHDQ�8QLYHUVLWLHV�LV�YHU\
DFFODLPHG�

7KHbXQLYHUVLW\�RIIHUV�VSHFLDO�FRXUVHV
RQ�VXVWDLQDELOLW\�LQ�Δ&7�OLNH�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�.7+�5R\DO�LQVWLWXWH��RI�7HFKQRORJ\�>��@ ���



6XVWDLQDEOH�ΔQIRUPDWLRQ�DQG
&RPPXQLFDWLRQ�7HFKQRORJ\��Δ&7�
LQ�3UDFWLFH��bFULWLFDOO\
YDOXH�HYDOXDWH�SURMHFWV�LQ�WHUPV�RI
HFRORJLFDO��VRFLDO�DQG�HFRQRPLF
VXVWDLQDELOLW\��DQG�GHVFULEH�KRZ
Δ&7�RUJDQLVDWLRQV�ZRUN�ZLWK
VXVWDLQDELOLW\�UHODWHG�TXHVWLRQV
WRGD\�

6'61�1(
7KH�1RUGLF�QHWZRUN�18$6�
7KH�LQWHUQDWLRQDO�QHWZRUN�Δ6&1�IRU
VXVWDLQDEOH�FDPSXVHV��.7+�DOVR
KRVWHG�WKH�Δ6&1�DQQXDO
FRQIHUHQFH�

$OVR��DQQXDO�FRXUVHV�DQG�ZRUNVKRSV
IRU�DUH�RUJDQLVHG�IRU�WHDFKHUV�WR
OHDUQ�DERXW�VXVWDLQDEOH�GHYHORSPHQW�
7RSLFV�OLNH�OLIH�F\FOH�SHUVSHFWLYHV�
PDWHULDO�VHOHFWLRQ�DQG�VXVWDLQDEOH
EXVLQHVV�PRGHOV�DUH�FRYHUHG�

&ROODERUDWLRQV�

ΔQ�DGGLWLRQ�WR�WKH�YDULRXV�LQLWLDWLYHV
DQG�WKH�SURJUHVV�EHLQJ�PDGH�LQ
VXVWDLQDEOH�GHYHORSPHQW��WKH
XQLYHUVLW\�DLPV�WR�FRQYH\�WR�WKH�ZRUOG
WKDW�.7+�LV�D�OHDGLQJ�XQLYHUVLW\�LQ
VXVWDLQDELOLW\�WKURXJK�FRPPXQLFDWLRQ�
GLDORJXH�DQG�FROODERUDWLRQ�ZLWK
VXUURXQGLQJ�VRFLHW\�

.7+�LV�DOVR�D�SDUW�RI�YDULRXV
LQWHUQDWLRQDO�VXVWDLQDEOH
GHYHORSPHQW�UHODWHG�LQLWLDWLYHV�OLNH�

&DPSXV�RSHUDWLRQV�

)HZ�RI�WKH�LPSRUWDQW�JRDOV�VHW�E\�.7+
IRU�EXLOGLQJ�D�VXVWDLQDEOH�FDPSXV�DUH�

.7+ȇV�HQHUJ\�XVH�VKDOO�EH�UHGXFHG
E\������HOHFWULFLW\��GLVWULFW�KHDWLQJ�
FRROLQJ��SHU�DQQXDO�ZRUN�XQLWV�
IXOO�WLPH�HTXLYDOHQW�VWXGHQW�DQG
SHU�VTXDUH�PHWUH�
7KH�KLJKHVW�SRVVLEOH
HQYLURQPHQWDO�SHUIRUPDQFH�VKDOO
EH�SXUVXHG�LQ�QHZ�FRQVWUXFWLRQ
DQG�UHFRQVWUXFWLRQ�
.7+�VKDOO�LQFUHDVH�NQRZOHGJH�RI�
DQG�KDYH�VDIH�DQG�ZHOO�IXQFWLRQLQJ
SURFHVVLQJ�RI�GDQJHURXV�ZDVWH�
2SSRUWXQLWLHV�IRU�ZDVWH�VRUWLQJ
LQWR�UHOHYDQW�ZDVWH�FDWHJRULHV
VKDOO�H[LVW�WKURXJKRXW�.7+��WKH
DPRXQW�RI�ZDVWH�VKDOO�GHFUHDVH
SHU�SHUVRQ�DQG�WKH�SURSRUWLRQ�RI
VRUWHG�ZDVWH�FROOHFWLRQ
VKDOObLQFUHDVH

5HVHDUFK�SURMHFWV�RQ�UHGXFLQJ
IRRG�ZDVWH�IURP�UHVWDXUDQWV
*UDQWV�IRU�SURMHFWV�RQ�VKDUHG
ELF\FOHV
%LNH�GD\�
'HPDQG�FRQWUROOHG�OLJKWLQJ�DQG
YHQWLODWLRQ�
6OHHS�PRGH�RQ�FRPSXWHUV�	
PRQLWRUV�DQG�VZLWFKLQJ�RII
SURMHFWRUV�DXWRPDWLFDOO\�ZKHQ�QRW
LQ�XVH
(GXFDWLQJ�WKH�VWDII�DERXW�WUDYHO
IUHH�PHHWLQJV�WKURXJK�PDQXDOV
DQG�YLGHRV
ΔQWHUYLHZV�ZLWK�SHRSOH�ZKR�KDG
KLJKHVW�RIILFLDO�WUDYHO
ΔQYHVWLJDWLQJ�LQWR�VHWWLQJ�XS�D
Ȇ&OLPDWH�IXQGȇ

ΖQLWLDWLYHV�WDNHQ�WR�LPSURYH�WKH
RSHUDWLRQV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�.7+�5R\DO�LQVWLWXWH��RI�7HFKQRORJ\�>��@ ���
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(QYLURQPHQWDO�LPSDFW�RYHU�WKH
SUHYLRXV�\HDU�
0HDVXUHV�DQG�VWXGLHV�WDNHQ�XS�RU
PRGLILHG�WR�IXUWKHU�UHGXFH�WKH
HPLVVLRQV�
1HZ�DGGLWLRQV�WR�WKH
HQYLURQPHQWDO�SROLF\
ΔQFLGHQWV�DQG�VLJQLILFDQW
GLVUXSWLRQV�DQG�FRPSODLQWV�DERXW
VXVWDLQDELOLW\�LVVXHV�DQG�KRZ�WKH\
KDYH�EHHQ�VROYHG

:DJHQLQJHQ�8QLYHUVLW\�	�5HVHDUFKȇV
�:85��LV�FRQVWDQWO\�UDQNHG�DV�RQH�RI
WKH�PRVW�VXVWDLQDEOH�XQLYHUVLW\
�6XVWDLQD%XO��*UHHQ�0HWULF�DQG�7+(��
7KH�XQLYHUVLW\�SXEOLVKHV�WKHLU
SURJUHVV�DQQXDOO\�VKRZLQJ�WKHLU
DFKLHYHPHQWV�DQG�IXWXUH�SODQV��:85
YDOXHV�&RUSRUDWH�6RFLDO�5HVSRQVLELOLW\
�&65��DFWLYLWLHV�DQG�IRFXVHV�RQ�VL[
DUHDV�RI�HQHUJ\��ZDVWH��FRQVWUXFWLRQ�
FDWHULQJ���SURFXUHPHQW�DQG�PRELOLW\�

7KH�$QQXDO�UHSRUW�VWUXFWXUHV�WKH
IROORZLQJ�

7KH�FDUERQ�HPLVVLRQ�LQYHQWRU\�LV
FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK�Δ62
��������������(���
4XDQWLILFDWLRQ�DQG
UHSRUWLQJ�RI�JUHHQKRXVH�JDV
HPLVVLRQV�DQG�UHPRYDOV�
�ZKLFK�ZDV
EDVHG�RQ�WKH�*UHHQKRXVH�*DV
3URWRFRO

����UHGXFWLRQ�LQ�WKH�FDUERQ
IRRWSULQW�FRPSDUHG�ZLWK������
7KH�PLQLPXP�DQQXDO�UHGXFWLRQ
WDUJHW�IRU�HQHUJ\�FRQVXPSWLRQ�LV
����ΔQ�������WKHUH�ZDV�D�����
$�WRWDO�RI���������*-�RI�HQHUJ\
ZDV�VXVWDLQDEO\�JHQHUDWHG��RI
ZKLFK���������*-�ZDV�ZLQG�HQHUJ\
�PRUH�WKDQ����PLOOLRQ�N:K��
:DWHU�FRQVXPSWLRQ�ZDV�UHGXFHG
E\�������FRPSDUHG�ZLWK�WKH
SUHYLRXV�\HDU�
)ROORZLQJ�D�VLJQLILFDQW�LQFUHDVH�LQ
WKH�DPRXQW�RI�ZDVWH�LQ�������WKH
DPRXQW�RI�ZDVWH�SURGXFHG
SUDFWLFDOO\�UHPDLQHG�WKH�VDPH
��������LQ�WKLV�UHSRUWLQJ�\HDU
7KH�3LDQRR�FULWHULD�IRU�VXVWDLQDEOH
SXUFKDVLQJ�ZHUH�XVHG�IRU�����RI
SXUFKDVLQJ�SURFHVVHV�

$FKLHYHPHQWV�LQ������

(GXFDWLRQ�DQG�5HVHDUFK�

$OPRVW�DOO�WKH�FRXUVHV�DQG�UHVHDUFK
DFWLYLWLHV�LQ�:85�DUH�OLQNHG�WR
VXVWDLQDELOLW\�LQ�FRQQHFWLRQ�ZLWK�RQH
RI�WKH����6'*V�

(QHUJ\�	�Ζ7�

7KH�:85������(QHUJ\�YLVLRQ�RXWOLQHV
��VWUDWHJLHV�IRU�HQHUJ\�HIILFLHQF\�b
���5HGXFLQJ�HQHUJ\�FRQVXPSWLRQ
���*HQHUDWLQJ�VXVWDLQDEOH�HQHUJ\
���&RPSHQVDWLQJ�IRU�&2��HPLVVLRQV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�:DJHQLQJHQ�8QLYHUVLW\�DQG�5HVHDUFK�>��@ ���



&XUUHQWO\�����SHUFHQW�RI�WKH
HOHFWULFLW\�LV�SXUFKDVHG�IURP�WKH
&HUWL4�FHUWLILHG�JUHHQ�ZLQG�DQG
ELR�IXHOV�DUH�EHLQJ�XVHG�WR�UXQ�WKH
&+3�SODQWV�IRU�KHDWLQJ�SXUSRVHV
:DUP�6ZHDWHU�:HHN��(QFRXUDJLQJ
VWXGHQWV�DQG�VWDII�WR�ZHDU�ZDUPHU
FORWKHV�DQG�WKHUHE\�UHGXFH�WKH
XVDJH�RI�FHQWUDOLVHG�KHDWLQJ�
3XUSRUWHGO\�UHVXOWHG�LQ�D����
UHGXFWLRQ�RQ�WKH�QRUPDO�HQHUJ\
XVH�LQ�WKH�EXLOGLQJV�ZKHUH�LW�ZDV
LPSOHPHQWHG�LQ������

����RI�WKH�ZDVWH�LV�XVHG�LQbbVRPH
RWKHU�QHZ�DSSOLFDWLRQ
���SHUFHQW�LV�UHF\FOHG�DQG���
SHUFHQW�LV�XVHIXO�DSSOLFDWLRQV
6WXGHQWV�KDYH�SHUIRUPHG�D�0)$
WR�JHW�DQ�LGHD�RI�PDWHULDO�IORZV

:HHNO\�RSSRUWXQLWLHV�IRU�VWXGHQWV
WR�SUHSDUH�DQG�VHOO
YHJDQ�YHJHWDULDQ�PHDOV��UHWDLQLQJ
WKH�HQWLUH�UHYHQXH�
7KLV�HQFRXUDJHV�VWXGHQWV�WR�JHW
LQYROYHG�ZLWK�WKHLU�DQG�WKHLU�SHHUVȇ
IRRG�FKRLFHV�ZKLOH�DOVR�DYRLGLQJ
H[WHQVLYH�QHJRWLDWLRQV�ZLWK
FDWHULQJ�FRPSDQLHV�
3UHYLRXV�LQLWLDWLYHV�LQFOXGH
0HDWOHVV�0RQGD\V�DV�ZHOO�DV
GLVFRXQWV�RQ�UHXVHG�FXSV

:DVWH��

5HFRJQLVHG���ZDVWH�IORZV��LQGXVWULDO
ZDVWH��SDSHU�ZDVWH�DQG�KD]DUGRXV
ZDVWH�DQG�SULRULWLVLQJ�WKH�PRVW
HQYLURQPHQW�IULHQGO\�SURFHVVHV�IRU
ZDVWH�WUHDWPHQW�
�b�b�b�

&DWHULQJ�

&DWHUHUV�XVH�UHJLRQDO�SURGXFWV
DQG�SXUFKDVH�DW�OHDVW����SHUFHQW
IURP�QRQ�*02�RUJDQLF�IDUPV
6XVWDLQDEOH�SDFNDJLQJ�PDWHULDO
VKRXOG�EH�XVHG�DV�PXFK�DV
SRVVLEOHybbbbbb7KH�ZDVWH�QHHGV�WR
EH�VHSDUDWHG�DW�WKH�VRXUFHy

8VH�RI�SXEOLF�WUDQVSRUW�ZLWK�LQ
1HWKHUODQGV�LV�HQFRXUDJHG�DQG
HPSOR\HHV�FRXOG�XVH�16�EXVLQHVV
FDUGV
3XEOLF�WUDQVSRUW�LV�DGYLVHG�IRU
YLVLWLQJ�QHDUE\�GHVWLQDWLRQV�LQ
(XURSH
(QFRXUDJLQJ�WKH�XVH�RI�YLGHR
FRQIHUHQFLQJ�WR�VDYH�WUDYHO�WLPH
DQG�WKH�HPLVVLRQV

:85�GHYHORSHG�LWV�RZQ
SXUFKDVLQJ�SROLF\�LQ�DFFRUGDQFH
ZLWK�WKH�VXVWDLQDELOLW\�FULWHULD
PHQWLRQHG�LQ�WKH�3LDQRR�QO��7KLV
LQFOXGHV�SURFXUHPHQW�RI
FRQVWUXFWLRQ�PDWHULDOV��FRIIHH
FXSV��FOHDQLQJ�DQG�HWFHWHUD�
(QFRXUDJH�SXUFKDVLQJ�IURP
UHJLRQDO�VXSSOLHUV��:85�IROORZV
WKH�5HVSRQVLEOH�ΔQQRYDWLRQbb�09Δ�
JURZWK�PRGHO

:DUP�VZHDWHU�ZHHN
*UHHQ�WHDFKHU�DZDUGV
&RQVFLRXV�FRQVXPLQJ�ZHHN
:RUNVKRSV�RQ�(QWUHSUHQHXUVKLS
IRU�VXVWDLQDELOLW\�
6WXGHQW�FRRNLQJ�FRUQHU
&ROOHFW��IL[�DQG�VKDUH�
'HYHORSHG�D�FKHFN�OLVW�IRU
RUJDQLVLQJ�VXVWDLQDEOH�HYHQWV�DW
:85

0RELOLW\�

3XUFKDVLQJ�

*UHHQ�2IILFH�LQLWLDWLYHV�

$OO�WKH�LQIRUPDWLRQ�LV�D�FRS\ULJKW�WR�:DJHQLQJHQ�8QLYHUVLW\�DQG�5HVHDUFK�>��@ ���



78�(Ζ1'+29(1�
:LWK�LWV�PRWWR�RI�
3UDFWLVH�ZKDW�\RX
SUHDFK�
�78�(LQGKRYHQ�KDV�D
FRPSUHKHQVLYH�DSSURDFK�WR
VXVWDLQDELOLW\�ZLWK�IRFXV�RQ�HGXFDWLRQ�
UHVHDUFK�DQG�FDPSXV�RSHUDWLRQV��

9LVLRQ�DV�VWDWHG�E\�WKH�XQLYHUVLW\�

(GXFDWLRQ�

78�H�HGXFDWHV�WRPRUURZȇV�HQJLQHHUV�
7KH\�DUH�DZDUH�RI�WKH�FKDOOHQJHV�ZH
IDFH�ZRUOGZLGH��7KLV�LV�ZK\�78�H
VWULYHV�WR�LQFOXGH�VXVWDLQDELOLW\�LQ�WKH
FXUULFXOXP�RI�HYHU\�VWXG\�SURJUDP��ΔQ
DGGLWLRQ��78�H�SURYLGHV�FRXUVHV�DW
%DFKHORUȇV��0DVWHUȇV�DQG�3'(QJ�OHYHO
ZLWK�D�VSHFLDO�IRFXV�RQ�VXVWDLQDELOLW\�

5HVHDUFK�

6XVWDLQDELOLW\�HQMR\V�DQ�LPSRUWDQW
SRVLWLRQ�LQ�WKH�UHVHDUFK�FRQGXFWHG�DW
78�H��7KHUH�DUH�WKUHH�VSHFLILF�DUHDV
RQ�ZKLFK�78�H�IRFXVHV�LWV�DWWHQWLRQ�
(QHUJ\��6PDUW�0RELOLW\�DQG�+HDOWK��$V
DQ�H[SHULPHQWDO�JDUGHQ�IRU
VXVWDLQDEOH�LQQRYDWLRQ��78�H�XVHV�LWV
FDPSXV�IRU�UHVHDUFK��Ȇ/LYLQJ�/DEVȇ��LQ
WKH�DUHD�RI�VXVWDLQDELOLW\�

78�H�FDPSXV�

7KH�78�H�FDPSXV�LV�JUHHQ�DQG
VXVWDLQDEOH��2XU�EXLOGLQJV�DUH�KHDWHG
DQG�FRROHG�E\�PHDQV�RI�RQH�RI�WKH
ELJJHVW�$TXLIHU�7KHUPDO�(QHUJ\
6WRUDJH��$7(6��LQVWDOODWLRQV�RI�(XURSH�
)RU�QHZ�EXLOGLQJV�DQG�UHQRYDWLRQ�
VXVWDLQDELOLW\�LV�DQ�HVVHQWLDO
UHTXLUHPHQW��

%DFKHORUV��FRXUVHV�DQG
FHUWLILFDWHV�IRFXVHG�RQ�VXVWDLQDEOH
GHVLJQybbbbbb
0DVWHUV��HOHFWLYHV�FDQ�EH�FKRVHQ
LQ�VXVWDLQDELOLW\ybbbbbb
5HVHDUFK��/LYLQJ�/DE�LV�D�GRPDLQ
RI�UHVHDUFK�IRFXVHG�RQ�WKH
VXVWDLQDELOLW\�RI�WKH�FDPSXV�LWVHOI�
5HVHDUFKHUV�FDQ�WKHUHIRUH�XVH�WKH
FDPSXV�IRU�H[SHULPHQWV��IRU
H[DPSOH�LQ�OLJKWLQJ�RU�PRELOLW\

$TXLIHU�7KHUPDO�(QHUJ\�6WRUDJH
�$7(6��LV�XVHG�LQ�FRPELQDWLRQ�ZLWK
D�FRQWURO�V\VWHP�VR�WKDW�WKH
EXLOGLQJV�DUH�LQWHOOLJHQWO\�FRROHG
DQG�KHDWHG��7KLV�KDVbUHPRYHGbWKH
QHHG�IRU�ERLOHUV�LQ�����RI�WKH
78�H�EXLOGLQJV�
*URZLQJ�LQGHSHQGHQFH�IURP�JDV�
3UHVHQWO\��WKUHH�EXLOGLQJV�KDYH�QR
JDV�FRQQHFWLRQV
%5((0�PHDVXUHPHQW�VWDQGDUGV
IRU�RQJRLQJ�FRQVWUXFWLRQV�DQG
IXWXUH�SURMHFWV

Ȇ*UHHQLQJȇ�VRXUFHV�RI�HQHUJ\�XVLQJ
HLWKHU�*XDUDQWHHV�RI�2ULJLQ�RU
DIIRUHVWDWLRQ�SURMHFWV�

2XU�LQWHUQDO�RSHUDWLRQDO�PDQDJHPHQW
JLYHV�PD[LPXP�FRQVLGHUDWLRQ�WR
3ODQHW��3URILW��3HRSOH��%HVLGHV��WKH
78�H�FDPSXV�LV�JUHHQ�DQG�OHDYHV
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8. SUSTAINABLE DEVELOPMENT 
STRATEGY 
 
Sustainability at TU Delft is currently dealt by bottom-up initiatives from students, 
employees and other stake holders. The year 2019 has seen lot of progress in terms 
of the commitments towards climate action, with various initiatives supporting it. 
Starting from the CO2 roadmap by Prof Andy van den Dobbelsteen [4], campus 
strategy by Campus Real Estate (CRE) and various operational and social initiatives by 
GreenTU Delft. Despite the progress made, the bigger ambitions surrounding 
sustainability cannot be achieved in the required time frame with just bottom-up 
initiatives. There is a strong need for policies and to streamline the process of 
reaching the goals.  
 
Presently, there are multiple activities being undertaken by various stakeholders 
within the university which are definitely contributing to TU Delft’s progress towards 
sustainability. The current report shows the various initiatives that are contributing 
to sustainability to the best knowledge of the authors. But there could be lot more 
educational & research activities and other teams within the CRE, Facility 
management and Finance who are already looking at sustainability within their own 
portfolio. But there is no common entity to keep track of these activities and to 
monitor the progress.  Hence the authors recognise the need for an organizational 
structure within the university which can oversee the progress and develop policies 
which can accelerate the transition towards a sustainable campus.  
 
The necessity of a new organizational structure, need for policies, further research & 
feasibility studies and ideas to realise the targets are the main focus points of this 
chapter on sustainable development strategy. GreenTU Delft has been an active 
participant in pushing bottom-up initiatives for sustainability, one of which is the 
current report. Based on the evaluation of TU Delft and research on the best 
performing universities around the world, the authors present possible strategies to 
realise the commitments made by the university. Some of these ideas depend on the 
new technologies, some demand financial strength, some need time, specific ideas 
need more detailed feasibility studies and almost all of them need strong policies set 
by the university. But in addition to this, every strategy needs commitment to the 
society and to the planet. 
 
The current report is much more than defining a vision and presenting feasible 
solutions to build a sustainable campus. It is a beginning that engages the TU Delft 
community. The students, teachers, employees and the alumni of TU Delft are its true 
legacy. Only when all these stakeholders understand the value of protecting the 
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planet and contribute in their own way to build a sustainable world, the university is 
truly sustainable.
As quoted by Robert Swan, “The greatest threat to our planet is the belief that 
someone else will save it.” Achieving sustainability is a shared responsibility and the 
authors believe that the university has a great role of educating the students with 
these values, scientific facts and with means to achieve it.  
 
In this chapter, the authors Based on the possible strategies mentioned in this report, 
the authors suggest that these ideas need further feasibility studies to know in detail 
how it can fit into the TU’s ecosystem and the next phase would be planning and 
executing these ideas. There are various factors effecting this process and not all 
ideas can be effectively executed. These factors include: 

- Knowledge about the technology 
- Infrastructure 
- Budget constraints 
- National policies 
- Social acceptance 
- Cultural and behavioural change 

 
 
 
 
 
 
 
 
 
 
 
 

Few of the ideas proposed in this report may Not make it past the phase of feasibility 
study, due to one of the above factors. But with some commitments and cooperation, 
most of them can be implemented and the results can be observed. The authors 
would like to give a multi-dimensional approach based on socio-technical solutions 
to build a sustainable campus. The ideas are supported by scientific references or 
practical applications elsewhere. As mentioned earlier, this strategy is GreenTU’s 
perspective to show various possibilities for transitioning to a sustainable university. 
This report does not imply that TU Delft or any of its departments have committed to 
implement or take these ideas forward. The further studies and execution of the 
ideas will be evaluated after the publication of the report by relevant departments of 
the university and GreenTU Delf
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8.1 ORGANIZATIONAL STRATEGY 
 
This section will discuss the organizational changes that are needed to improve the 
governance of sustainable activities in TU Delft. Currently, the topic of sustainability 
receives special interest from the Executive Board with Vice Rector as the primary 
point of contact. Until the year 2019, sustainability was addressed with many bottom-
up initiatives, which are being executed in a decentralised manner. The university is 
lacking a strong governing body that can make decisions, develop policies and 
coordinate all the aspects of sustainability. A major shift in this was the appointment 
of Mr Gerrit Kahlman as the Sustainability Coordinator of TU Delft in 2019. Mr 
kahlman is also in charge of the GreenTU Delft which is the first structured 
organization working towards sustainability focusing on various portfolios.  
 
During various projects and discussions in the year 2019, it was realised that there 
are many people working on sustainability within the TU without a common point of 
reference. For example, CRE started with designing a vison and developing strategies, 
researches like Prof Andy van den Dobbelsteen has developed the CO2 roadmap and 
there are many other initiatives taken up by facility management. All the work being 
done is to promote TU Delft’s ambitions towards being a sustainable campus, but the 
lack of coordination and collective decision making is resulting in loss of information 
and slow progress of projects. Mr Kahlman has been acting as the common point of 
reference who brought together different departments under operations and also 
interacted with the researchers to support the sustainable initiatives. With the 
momentum in the current projects, the scope of sustainability is going to rise in the 
coming years. This demands better governance, policies and collective decision 
making. The four pillars for sustainability Education, Research, Operations and Social 
Engagement need to be equally represented and should be involved in bringing out 
the best outcome. This will also improve the efforts towards building a living lab and 
promoting sustainability in education. 
 
The current report tries to bring together various initiatives and departments within 
the TU that are working towards sustainability. GreenTU Delft has been an active in 
initiating sustainability related projects and the members see the need for a better 
organizational structure from the top down.  The authors call for setting up an official 
Department Of Sustainability (DOS) which will be the responsible party within the TU 
to address any issue pertaining this topic. This department will be the point of 
reference to connect the different portfolios and departments and steer the 
sustainability initiatives. The authors define five main objectives for the Department 
Of Sustainability: 
 

1. Policy making 
2. Feasibility studies and assessments 
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3. Planning 
4. Execution 
5. Reporting  

 
Considering the various parties within the TU who are working on this topic, the 
following governing body could help in structuring the projects and achieving the 
goals within the timeline. 
 
With the Executive Board as the promoter and prime decision maker, the DOS 
comprises of three sustainability coordinators responsible for sustainability in 
education, research and operations.  
 
The education coordinator will represent the Directors of Education with in the TU 
and will focus on incorporating sustainable development related topics in the 
curriculum. The coordinator can be assisted by GreenTeams which are set up at 
different faculties in the TU.  
 
The research coordinator will represent the various research initiatives and research 
departments within the TU who are working on this topic. The prime responsibility 
would be to harness the research potential of TU delft in every possible SDG and 
contribute to the impact for a better society. The research coordinator can also be 
the point of contact for Valorisation within sustainability. The GreenTU and 
GreenTeams can assist the coordinator with their activities. 
 
Finally, the Operations Coordinator would be a representative for CRE, Facility 
Management, Procurement and ICT. The main responsibility would be to coordinate 
between these different departments and oversee the planning and execution of the 
projects. The Operations coordinator can be assisted by the GreenTU and its projects 
committee.  
 
This organizational setup aims for better coordination and collective decision making 
to accelerate the projects. To perform feasibility studies or for some research on a 
particular project, the authors suggest forming working groups for each project. The 
working groups can be groups of students supervised by the employees. The 
GreenTU and other sustainability related student organisation within the TU can help 
in setting up these working groups.  
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8.2 STRATEGY FOR EDUCATION: 
 
TU Delft is home to 25000 young people who are getting equipped to be the change 
makers of tomorrow. It is important that they are well aware of the action required 
towards climate change and they should acquire responsibility towards sustainable 
development. Hence it is the moral and social responsibility of the university to offer 
enough opportunities to explore sustainability related topics within and outside the 
student’s study of interest. Though GreenTU is not an expert in determining the best 
solution for this, the authors would like to share their ideas based on the experience, 
interactions and feedback from various stakeholders within the university. 
 
The threefold vision for Education: 
 

• All students should have (roughly) the same basic knowledge concerning 
sustainability  

• Students should be given the opportunity to explore sustainability if they have 
a specific interest 

• Provide opportunities to become an expert on sustainability 
 
With this vision, the authors define the following goals to be achieved in the next ten 
years: 

- TU Delft should provide every student with an opportunity to study 
sustainability irrespective of their program 

- Encourage the inclusion of sustainability related concepts into projects or 
thesis. And make sustainability one of the learning objective 

- Promote the various sustainability related educational activities that are 
offered by the university and create awareness among students 

- Create interdisciplinary courses on sustainable development 
- Create an online portal for various sustainability related educational and 

research activities across all the faculties 
- Encourage career prospects in the field of sustainability through career fairs 

and workshops 
- Create a platform for teachers to learn from each other and through 

workshops 
- Offer extracurricular educational opportunities in sustainability  through 

MOOCs, Lunch Lectures, Workshops, Excursions, DreamTeams, etc 
- Create new honours program or minors to explore sustainability  
- Try to integrate the topics of sustainable development into bachelor studies  
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Strategy:  
 
Basic knowledge on sustainability: 
 
1. Create a separate course focused on sustainability. 
 
This could be a course with the same basis for everyone and ‘add on modules’ to 
make it specific for the field of study, or the specific part could be integrated into 
other (already existing) courses, so students can see the direct use and 
implementation of knowledge. 
 
2. Create a separate course in which ethics and sustainability are (partially) 

integrated.  
 

This could be a “Societal Impact” course where students are triggered to think about 
the impact of the actions they take as an engineer on society and our planet. 
 
3. Integrate sustainability in the bachelor end project and master thesis. 
 
Use the BEP and thesis to make sure everyone indeed has the same basic knowledge. 
 
4. Integrate sustainability in other regular education. 
 
For example by adding design criteria, using ‘sustainable’ examples (e.g. calculate the 
profit of a windmill instead of a mine), changing the goal of a calculation, etc. 
 
Risk: By making (only) a sperate course and not doing anything else with sustainability 
within education, it could become just another box students have to check. Therefore 
GreenTU would recommend not picking just one of these options, but implementing 
different ways of integration. 
 
Potential content could be (either integrated or as separate courses or both): 
 

- An overview of the present climate scenario. 
- UN sustainable development goals with technologies and policies that aid in 

achieving them. 
- Course on topics such as health, food, mobility, energy, climate, and 

communication derived from reports produced by the United Nations and the 
World Bank. 

- Faculty or master specific course which can add value in terms of sustainability 
(Example: Green electronics course for electrical engineering). 
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- Design or engineering related course on how to make products more 
sustainable. 

Ideally the basic knowledge level should be offered in bachelors. One way to 
approach this for master students could be to create a common course during the 
beginning of the course.  
 
Exploring sustainability: 
 
Promoting the existing possibilities is the most important step to take. The 
GreenTeams can help with the inventory and promotion of the opportunities. 
Updating the Study Guide and webpage with sustainability courses is a good start. 
GreenTU can play a role in promoting these courses among students. 
 
In addition to the existing offer, options for exploration are: 
 

- A honours program on sustainability. 
- More minors related to sustainability (especially since 15 EC minors offer more 

flexibility). 
- Offering (virtual) exchange programs with other universities. 
- More project assignments related to sustainability. 
- A ‘project annotation’ or something similar in which students have the 

opportunity to do something extra on their project related to sustainability.  
- Some courses also have the opportunity to pick from several projects. When 

that is the case, having a sustainability option should ideally be provided. 

 
Becoming an expert in sustainability  
 
With a motto of “Impact for a better society”, TU Delft must offer the best possible 
engineers to fight the biggest challenge of sustainability and climate action facing the 
world today. Its engineers must have a holistic approach in dealing with technology 
and environment. 
 
As of now there are only two full time masters’ courses, MSc Sustainable Energy 
Technology and MSc Industrial Ecology concentrating on this. Other programs like 
Architecture and Material Science have courses that go relatively deep into 
sustainability, but still focus on the engineering aspects. 
 
It is also suggested to look into international programs like InnoEnergy (program 
supported by European Union) which brings together premier institutes in Europe to 
offer master courses related to sustainable energy. 
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Master Thesis 
The thesis is another important aspect where sustainability can be included in 
education and help students in gaining expertise. It gives an opportunity for learning 
by doing. Supporting projects contributing to climate action and encouraging to 
include sustainability in technology related projects could add a lot of value. 

- Quoting an example from universities like KU Leuven, Gent and Uppsala 
University, they have set up special bodies which specifically oversee 
sustainability related projects connecting students to companies and 
professors. 

- Another suggestion is to collaborate with Green Village for masters’ thesis. 
This could give students an opportunity to work on real time problems. 

Suggestions for improvements in master programs: 

Based on the research on different master courses and tracks together with an 
interaction with the respective Directors of Education, the authors would like to 
suggest the following tips to improve sustainability in these master programs. More 
detailed information on this can be found in the GreenTeam inventory reports. 

Faculty of Aerospace: 
 
Track  Current state Improvement 
Aerodynamics & 
Wind Energy 

In the profile of Aerodynamics, only the 
course of Aircraft Aerodynamics touches 
upon the tip of sustainability. 
 
As for the Wind Energy profile, it is pretty 
well integrated with sustainability given 
the fact that wind energy, and the various 
aspects of design of wind turbines and 
applications of this renewable source, is 
well taught in the courses. 
 

The concentration on 
the topic can be 
increased further by 
exploring ways  to 
integrate sustainability 
in the design aspects. 

Control & 
Simulation 

Integration of sustainability in visible in 
the profile: Aircraft Noise & Climate 
Effects. The Aircraft Emissions and 
Climate Effects course provides a 
profound understanding of the fuel 
consumption, effects of the emissions in 
the environment and the importance of 
finding alternative technology to reduce 
the climate change. 
 

The concentration can 
be increased in the 
courses of Automatic 
Flight Control System 
Designs, Avionics & 
Operations and 
Operations 
Optimisation. 
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For the profile of Air Transport 
Operations, the course of Airline 
Planning & Optimisation touches upon 
the concept of sustainability.  
 
The course, Aircraft Noise and Emissions, 
also explores the influence of airlines in 
aspects of noise pollution and 
detrimental emissions in the 
environment.  
 

Space 
Engineering 

No focus Needs improvement 
(tbd) 

Aerospace 
Structures & 
Materials 

The Materials profile explore the topic of 
sustainability via the course of Design of 
lightweight structures: Composites & 
metals, Designing Materials with 
Aerospace Specific Properties, 
Manufacturing of Aerospace Structures & 
Materials, Polymer Science etc. 
 
The profile of Structures only focuses on 
the topic via the Design & Analysis of 
Composite Structures I course. 
 
 
 
 
Manufacturing profile does not have 
much focus on sustainability as of now. 
 
 
 
 
 
 
The track also has a profile dedicated to 
Durability, whereby courses like Smart 
Materials & Sensors, Stability & Analysis 
of Structures I, Design & Analysis of 
Composite Structures I and Polymer 

Integrated 
 
 
 
 
 
 
There is possibility of 
exploring the topic 
more via the Polymer 
Composites 
Manufacturing course 
in the profile. 
 
 
In the profile of 
Manufacturing, the 
concentration can be 
increased via the 
course: Manufacturing 
of Aerospace Structures 
& Materials. 
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Composites Manufacturing are taught, 
touching on the concept of sustainability. 
 

Flight 
Performance & 
Propulsion 

The concept of sustainability can be well 
explored via the courses of Aero Engine 
Technology, Advanced Aircraft Design I, 
MDO for Aerospace Applications and 
Aero Engine Technology. Advanced Heat 
Transfer and Combustion for propulsion 
and power technologies are already 
existing courses which put a focus on 
incorporating sustainability in the course 
domain. 
 

Integrated 

 
Faculty of Applied Science: 
 
Track  Current state Improvement 
Masters in Life 
Science & 
Technology 

The courses of Fermentation 
Technology & Environmental 
Biotechnology and Green Chemistry & 
Sustainable Technology, put an 
enormous focus on sustainability and 
green practices. 
 
The course Microbial Community 
Engineering focusses on anthropogenic 
disruptions of ecological element cycles. 
 
Also the course Bioprocess Engineering 
focusses a bit on sustainability through 
water and energy integration in 
factories and through a lecture on Life 
Cycle Analyses. 

Well integrated with 
recent additions in terms 
of projects.  

Masters of 
Chemical 
Engineering 

The profile of Process Engineering has 
integration of sustainability via the 
courses Process Dynamics and Control, 
Applied Transport Phenomena, 
Reactors and Kinetics and related 
electives. However, there is always 
room for further integration by 
elevating the space for sustainability 

Courses like Product & 
Process Design and 
Design Project have the 
ability to provide more 
room for exploring 
sustainable concepts, 
encouraging students to 
think further on making 
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amidst the technical knowledge 
provided. 
 

the design process more 
sustainable. 
 
The course on 
Structure/Property 
Relations of Advanced 
Chemical Products have 
the ability to incorporate 
the topic by discussing 
more on the effects of 
chemicals on the 
environment, exploring 
advanced products and 
encouraging students to 
think more on the 
subject. 
 
 

Masters in 
Nanobiology 

 Does not directly discuss 
the practice of 
sustainability or strongly 
focus on the concept, 
nanotechnology and 
sustainability are able to 
walk hand in hand in 
many applications, which 
can be discussed and 
brought out through the 
various courses in the 
track.  
 

 
Faculty of Civil Engineering and Geosciences: 
 
Track  Current state Improvement 
Transport & 
Planning 

 3 courses under the 
Transport Networks 
profile- Resilient Transport 
Systems, Urban Regions, 
Transport & Economics 
and Assessment of 
Transport Infrastructure & 
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Systems room for 
integration of sustainability 
in them. 
 
The profile of  Road traffic 
systems, Intelligent 
Vehicles for Safe and 
Efficient Traffic: Design and 
Assessment and Traffic 
Safety can have 
integration of the concept 
of sustainability in them. 
 
More integration also in 
the profile of Public 
transport and Railway 
system. 

Masters of 
Geoscience & 
Remote Sensing 

Sustainability integration is visible in 
the courses- Cryosphere: Remote 
Sensing and Modelling, Ocean 
topography and sea-level change, 
Gravity, Geodynamics and Climate 
Change, 3D Surveying of Civil and 
Offshore Infrastructure, Journal club 
on climate change and geoscience, 
Geographical Information Systems 
(GIS) and Cartography. 
 

Well Integrated 

Geo-
Engineering 

The courses that firmly spark the 
interest and thoughts on sustainability 
for students include Geo-Energy 
Engineering Challenge, Energy 
Transition, Geo-Energy Engineering 
Project, Petroleum Exploration and 
Production, Subsurface Storage, 
Effects of Subsurface Engineering and 
Production Science and Technology.  
 

Well Integrated 
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European 
Mining Course 

Provided in collaboration with Aalto 
University and RWTH Aachen 
University, also substantially integrate 
sustainability in the domain or course 
plan. With courses like Fundamentals 
of minerals engineering and recycling, 
Economic geology and mineral 
economics, Feasibility studies of 
mining projects, Mine Wastes, 
Financial engineering and investment 
scenarios and Project execution/mine 
start-up planning, the students are 
motivated to explore various 
sustainable concepts. 

Well Integrated 

Applied Geo-
Physics 

 Sustainability only in the 
course of Geothermal 
Energy, Application of 
Geophysical Prospecting in 
Earth and Environmental 
Science, Portfolio 
Management, Evaluation 
and Energy resource 
Management and Mineral 
Exploration, all of which 
are provided outside TU 
Delft.  
 

Building 
Engineering 
 
Hydraulic 
Engineering 

Strongly focus on sustainability with 
almost half of the courses that are 
offered. 

 

Environmental 
Engineering 

 Well Integrated 

 
Faculty of Electrical Engineering, Mathematics and Computer Science 
 
Track  Current state  Improvement 
Masters of 
Computer 
Engineering 

Almost none of the courses in the 
modules give a profound attention to 
sustainability. 

Need to be analysed  
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Master of 
Applied 
Mathematics 

Almost none of the courses in the 
modules give a profound attention to 
sustainability. 

Need to be analysed 

Master of 
Computer 
Science 

Almost none of the courses in the 
modules give a profound attention to 
sustainability. 

Need to be analysed 

Master of 
Microelectronics 
and Wireless 
Communications 
& Sensing 

Almost none of the courses in the 
modules give a profound attention to 
sustainability. 

Need to be analysed 

Electrical Power 
Engineering 

Concept of sustainability into 
consideration for some of the courses 
such as in Systems Engineering, 
Transients in Power Systems, Electrical 
Energy Conversion, FEM for Electrical 
Energy Systems, Co-simulation of 
Energy Systems. 
 
Elective options from MSc Sustainable 
Energy technology like PV 
Technologies, PV Lab Course, Wind 
Turbine Design and Introduction to 
Wind Turbines etc give a scope to 
explore sustainability. 
 

Well integrated  

 
Faculty of Mechanical, Maritime and Materials Engineering 
 
Track  Current state  Improvement 
Master 
Biomedical 
Engineering 

Courses like Bioelectricity focus on 
sustainability. 

Electives and projects 
concentrating on 
sustainable use of 
materials in medicine can 
widely promote the need 
and practice of 
sustainability.  
 

Masters of 
Marine 
Technology 

Promoting the technology and 
applications of Tidal and Ocean 
Energy. 
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Masters of 
Material Science 
& Engineering 

Various courses like Society’s Needs: 
Case Studies and Materials 
Challenges, Processing of Materials, 
Design & Analysis of Composites, 
Materials and Sustainable 
Development, Economics and 
Regulations of Sustainable Energy 
Systems, Materials and Ecological 
Engineering and Materials for Clean 
Energy Technology discuss the 
importance and applications of 
sustainability within the study. 
 
Specializations like Materials for 
Sustainable Development provide 
courses like Photovoltaic Basics, 
Recycling Engineering Materials and 
Renewable Energy provide a sound 
background of energy transition and 
sustainability. 
 

Integrated 

Masters of 
Mechanical 
Engineering 

One of the tracks that focus on 
sustainability is the track on Energy 
and Process Technology. The courses 
of the study including World of Energy 
and Process Technology, 
Thermochemistry of Biomass 
Conversion, Electrochemical Energy 
Storage and Bio-Inspired Design 
revolve around the aspects of 
sustainability. 

Integrated 

Masters of 
Offshore & 
Dredging 
Engineering 

Various courses explore the concept 
of energy and sustainability. Some to 
name are Ocean Waves, Introduction 
to Offshore Engineering, Introduction 
to Dredging Engineering, Offshore 
Geotechnical Engineering, Offshore 
Wind Farms Design, Offshore Wind 
Support Structures and Drive & 
Energy Systems. 

Well Integrated 
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Masters of 
Technical 
Medicine 

The course of Biomaterials and Issue 
Biomechanics is the only course that 
touches upon the concept of 
sustainability. 

tbd 

Masters of 
Systems and 
control  

No focus tbd 

 
Faculty of Industrial Engineering 
 
The Faculty of Industrial Design already has a profound integration of sustainability 
within the curriculum via Studio work, projects and assignments revolving around 
green practices. The Masters courses like Design Theory and Methodology, IDE 
Academy, Product Understanding, use and Experience, Context and 
Conceptualisation, Interactive Technology Design, Project Exploring Interaction, 
Project Usability and User Experience Assessment in Design and various 
sustainability related graduation projects. Further integration of sustainability is 
possible in the Sustainable product design courses, whereby the various new 
technology, methods and sustainable aspects can be explored. 
 
Faculty of Technology, Policy & Management 
 
Track  Current state  Improvement 
Masters of 
Complex 
Systems 
Engineering & 
Management 

Four of the courses concentrating on 
Energy like Engineering Optimization 
and Integrating Renewables in 
Electricity Markets, Electricity and Gas: 
Market Design and Policy Issues, 
Design of Integrated Energy Systems 
and Socio-technology of Future Energy 
Systems, widely touch upon and 
discuss the need, applications and 
progress of energy transition, and 
thereby sustainability in the 
curriculum.  
 

Integrated 

Masters of 
Engineering & 
Policy Analysis 

Consist of various courses underlining 
the importance of sustainability and 
discussing various energy policies. 
Some of such courses taught are the 
Understanding International Grand 
Challenges, Policy Analysis of Multi-

Further exploration of 
energy policies can be 
increased in the track via 
introduction of more 
interactive projects and 
lectures regarding the 
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actor Systems, Introduction to TPM 
Modelling, Actor and Strategy Models, 
Advanced System Dynamics, Advanced 
Discrete Simulation, Macro-economics 
for Policy Analysis, Model-based 
Decision-making and Societal 
Challenge Project 

current state of energy 
agreements among 
various nations around 
the globe.  
 

Masters of 
Management of 
Technology 

Courses like Social and Scientific 
Values, Inter, - and intra-organisational 
decision making, Responsible 
innovation, Sustainable Innovation and 
Transitions, Infrastructure and 
Environmental Governance and 
Decision making in multimodal 
transport systems. 

Integrated 

 
Faculty of Architecture & Built Environment 
 
Track  Current state  Improvement 
Track of 
Architecture 

Four of the courses concentrating on 
courses like Delft Lectures on 
Architectural Design and Research 
Methods, Fundamentals of Housing 
Design, Design Studio: Architecture 
and Urbanism Beyond Oil, Solar 
Decathlon, Infrastructure and 
Environment Design, Sustainability 
project – design and elaboration, 
Design for a resilient Rotterdam, MSc2 
Studio: Urban (Re)Development Game, 
The Delta Shelter etc, touch on the 
topics of sustainability, exploring the 
different domains where applications 
can take place. 
 

Integrated 

Building 
Technology 

Courses like Innovation and 
Sustainability, Bucky Lab Design – 
Design, Bucky Lab Seminars - Material 
Science, Bridge Design, Zero-Energy 
Design, Technoledge Structural 
Design, Technoledge Climate Design 
and 1:1 Interactive Architecture 

Further exploration of 
Energy policies can be 
increased in the track via 
introduction of more 
interactive projects and 
lectures regarding the 
current state of Energy 
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Prototypes Workshop are the 
fundamental courses that tip on 
sustainability. 

agreements among 
various nations around 
the globe.  
 

Management in 
Built 
Environment 

Courses like Urban (re)development 
game: Integrating Planning, Design 
and Property Development and Re-
design: complex redevelopment 
projects put a good focus in the 
subject of the sustainable 
development. 
 

Integrated 

Landscape 
Architecture 

Courses such as the Architecture and 
Landscape: Design Studio,  
Urban Landscape: Design Studio and 
Dutch Landscape: Design Studio, 
revolve around sustainability. 

Integrated 

Urbanism With courses like R&D Studio: 
Designing Urban Environments, 
Sustainable Urban Engineering of 
Territory, R&D Studio: Spatial 
Strategies for the Global Metropolis 
and Research & Design Methodology 
for Urbanism, the topic of 
sustainability is strongly underlined in 
the track. 

Integrated 

Building 
Engineering 

Tbd Tbd 

 
 
Online sustainability portal: 
 
There are many courses, projects and interesting extra-curriculars that are offered 
by TU Delft on Sustainability. Though the students who study subjects related to 
these topics are aware of it, the rest who do core computational or technical 
programs are not familiar with these options. The current online study guide 
(studiegids) also does not provide all the information on these courses. The current 
sustainability webpage also has this information but not fully complete.  
 
To bridge this gap and to start a dialogue on sustainability within the education 
portfolio, the GreenTU and Lijst Béta (Central Student Council) have come up with 
the idea of developing an online portal focusing on sustainability. The main focus of 
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this would be to show the current possibilities for students and to encourage 
teachers to publish open material on sustainability related topics. This portal would 
be a destination for information on: 

- Courses 
- Minors 
- Honours programs 
- Annotations 
- Projects  
- Career opportunities 
- Events 
- News 
- Information exchange (blogs) 

 
Though the idea was well discussed and got support from various parties within the 
students and employees, it never went into execution. Considering the fact that many 
students are lacking the information of their possibilities to work on sustainability and 
compromising their interests, the authors recommend taking this up as an 
immediate project and ensure the information is accessible for everyone. With 
GreenTU and Lijst Béta as the primary partners, developing this portal can be a great 
start to improve sustainability in education. 
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8.3 STRATEGY FOR RESEARCH: 
 
As seen in the research overview, most of the TU’s research initiatives are linked to 
the SDGs. The research departments are always in the frontier of their fields 
publishing great content every year. This can be seen from the Elsevier’s ranking 
based on SDGs [8]. TU Delft is ranked first in the Netherlands for research 
contribution towards the SDG 6,9 and 11 [8]. In addition to the work by the 
researchers, the student teams at TU Delft are also working on exciting projects like 
Hyperloop, Solar vehicles, Hydrogen-powered vehicles, Sustainable buildings, etc 
which also aim towards the topics related to sustainability.  
 
Despite these achievements, there are still few areas where the ranking is not as 
expected or the full potential is not harnessed. Considering the fact that this report 
is on behalf of a student organization, the authors want to clarify that any advice that 
is mentioned in this report is based on the data from the rankings, inspirations taken 
from the best universities around the world and based on our experience in 
facilitating sustainability-related activities. 
 
The threefold vision for Research: 
 

- Explore new and interdisciplinary research areas related to sustainability and 
encourage researchers towards contributing to them 

- Create a common platform to facilitate sustainability related research for all 
the stakeholders of the university 

- Promote the concept of campus as a living lab connecting researcher, 
operations team and students 

 
With this vision, the authors define the following goals to be achieved in the next ten 
years: 

- Perform a comprehensive study on areas of research and TU’s ranking. 
Identify the areas of improvement 

- Encourage and support new research projects contributing to sustainable 
development 

- Review and act on TU Delft’s commitment to contribute towards climate 
action research 

- Establish a channel for communication between the TU Delft operations team 
and the researchers 

- Create a Centre for Sustainability which can act as a platform for sustainability 
related research connecting students, researchers and external parties 

- Encourage students to work on practical living lab projects for these thesis  
- Provide knowledge and financial support to student teams who come up with 

ideas for sustainable development 
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- Encourage clean tech academic spin offs through Yes! Delft. 
 

To achieve these goals and to be a front runner in research towards sustainable 
development, the authors suggest the following: 

- Perform a comprehensive study on TU Delfts research potential and current 
progress 

- Set up a Centre For Sustainability 
- Define a vision for Living lab 

 
1. Perform a comprehensive study on TU Delfts research potential and current 

progress 
 

With the call for decade of action, the concept of sustainable development has gained 
lot of importance over the past two years. The trusted ranking institutions like Times 
Higher Education have started University Impact Rankings where the university’s 
contribution to the SDGs is evaluated. TU Delft has submitted data for this ranking 
for 2020 and the results are still awaited. During this procedure, the evaluation of 
TU’s research on SDGs has given some interesting insights. TU Delft is ranked as one 
of the best on the research on clean water, energy, infrastructure and sustainable 
cities being in the top 2 in the Netherlands and top 10 in Europe. But coming to SDG 
13, which is climate action, the TU ranks 4th in Netherlands and 41st in Europe. And 
the world ranking for climate action research is greater than 100.  
 
The result on climate action is surprising, as the TU’s contribution to this is quite 
significant. But when analysed a bit more, it was observed that the key words play an 
important role in this ranking. Though TU Delft has multiple research contributions 
towards climate action, the results are not directed to it because of less usage of the 
important key words. To keep up the brand value of TU Delft and to promote the TU’s 
research towards sustainable development, it is important to make a comprehensive 
study on the research contributions and provide directions to improve the rankings. 
 
Additionally, there are many more areas within sustainable development that TU 
Delft can contribute to. Especially with interdisciplinary research between the 
faculties. As a step towards SDG 17, which is partnerships for the goals, TU Delft 
should bring all the resources together to support this cause. In addition to this, 
collaboration with fellow universities around the world and joining the network of 
organisations working towards these goals is also an important step to pursue. 
 
2. Set up a Centre For Sustainability  
 
TU Delft has multiple research departments and a large number of researchers who 
work on various dimensions of sustainability. But there is still room for collaborations 
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with the departments to explore new possibilities and enhance the outcome. In 
addition to this, the number of students who are interested in working on this topic 
is growing every day. From a student perspective, it is quite difficult to look out for 
these opportunities and tune their interests. Hence the authors call for setting up a 
Centre For Sustainability which acts like a platform to facilitate research for 
sustainability. It will be a place for collaborations, opportunities and finding new 
possibilities. This platforms needs to bring together the researchers, students, TU 
Delft operations team, industry partners and other academic partners. This network 
of people can be a great asset for the TU to improve its contributions towards climate 
action. This project can be taken up by Green Village and GreenTU who have already 
been active in connecting and networking with various stakeholders working on 
sustainability. 
 
3. Vision for Living Lab 
 
The Green Village at TU Delft has been serving as the Living Lab with many exciting 
projects related to sustainable development. From energy to architecture, Green 
Village has become a test bed for many innovations in TU Delft. Inspite of the success, 
there is much more potential that can be explored.  
 
One of the directions that was not explored until now is student contributions to the 
Green Village. With lot of bright minds graduating every year, many students are 
interested in working on practical projects which can include sustainability. Providing 
a direct channel between the Green Village and students could be a great push. To 
encourage innovation and promoting student interests, offering innovation funds 
through competitions or grant applications for students would greatly motivate the 
students to work towards sustainable innovations. Also, providing opportunities 
through Green Village to pursue theses or internships could add a great value to 
students. 
 
Another important aspect that needs attention is establishing collaborations 
between the Green Village, TU Delft operations team and researchers. TU Delft has 
great resources to test the various innovations happening on campus. For example 
TU Delft owns its own power grid and power plant. This could be a great asset in 
testing new innovations for future power systems. Establishing these connections 
could accelerate the feasibility, testing and scalability of the projects.  
 
Hence expanding the Green Village by extending its reach to all the stakeholders of 
the university could further promote the research contributions of TU Delft towards 
sustainable development. The means to implement this could be the setting up of 
Centre For Sustainability. 
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8.4 STRATEGY FOR OPERATIONS: 
 
Methodology: 
 
The strategies are based on the investment need for a particular initiative and the 
impact created by it. The ideas are divided under three categories;  
 

1. No or low investment (<500,000 EUR) 
2. Medium Investment (> 500,000 and <5,000,000 EUR) 
3. High investment (>5,000,000 EUR) 

 
The inspiration behind choosing this kind of a strategy is to show that a huge impact 
can be created even without much investments and just with certain policies and 
small changes in the thinking of the individuals. On the other hand, to also show the 
importance of investment in large scale projects to achieve the targets by the year 
2030. 
 
To show the impact of each of these ideas, the simulation model that is introduced 
in chapter 5 is used. The authors intend to show the amount of emissions these 
initiatives can decrease based on the conversion factor obtained from scientific 
studies.  
 
The coming sections will discuss the strategies for six areas within operations; 

- Energy 
- Food 
- Mobility 
- Waste  
- Water 
- Procurement 
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8.4.1 Energy transition strategy: 
 
TU Delft has one of the best expertise for sustainable energy and future energy 
systems, and it is recognized around world for its contributions. Thus the university 
has the potential to be a pioneer in energy transition inspiring various organisation 
and individuals. The TU’s campus operations also need to reflect this expertise. While 
contributing to the final goal of being carbon neutral by 2030, the energy transition 
must also focus on building a future proof and reliable energy system which can 
withstand the growth of the university and can evolve with developing technologies.  
 
The threefold vision for energy transition; 
 

• Reflect TU Delft’s expertise in the campus operations  
• Build a sustainable, reliable, affordable and future proof energy system 
• Develop a system to monitor, evaluate and track the progress     

 
With this vision, the authors define the following goals to be achieved in the next ten 
years; 
 

- Organise expert sessions involving the professors, researchers and the 
campus energy team to brainstorm and develop ideas/strategies for energy 
transition 

- Establish collaborations between the academic and operational teams who 
work on energy related topics. Achieve mutual gains by sharing the common 
vision and contributing to each other’s work 

- The TU Delft campus needs to fully develop as a living lab with professors and 
researchers making it a test bed for energy transition 

- Lead student engagement in the campus energy transition through projects, 
internships, thesis or as volunteer work based on student interests 

- Promote research on exploring possibilities for producing energy on campus. 
This includes solar, small wind turbines, biomass and geothermal 

- In addition to top down initiatives by the energy team, push for energy saving 
measures and encourage bottom up action from students, employees and 
other stakeholders 

- Define energy standards and guide lines for; 
- Commissioning of new buildings 
- Renovation of old buildings 
- Energy saving guides for various facilities on campus 
- Efficiency standards during procuring electrical equipment (for 

operations, academics and research) 
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- Develop a centralized integrated control system to monitor and control energy 
use 

- Setting up of a centre/hub for data collection, monitoring, analysis and 
reporting  

- Defining bench marking standards, annual evaluation of the progress and re-
define strategies based on the developments 

 
To achieve a carbon neutral energy system, the Sustainability team of CRE has 
developed a set of KPIs [23] to evaluate the progress and has set targets for 2030. 
The main target is to achieve zero scope 1 and scope 2 carbon emissions by 2030. 
 
Source: CRE [23] 

 
 
KPIs for existing electricity and heating system [23]: 
 

 
 
In order to reach these targets and measure the KPIs, the CO2 roadmap has already 
provided few possible measures. The new campus strategy being developed by CRE 
is also concentrating on these initiatives. To get an updated and overall overview of 
which measure will be feasible per building, energy audits will be conducted in the 
end of 2020 and beginning of 2021. The feasible solutions will be shown in the 
maintenance plans of CRE. The results of these energy audits will be also the basis 
for meeting the requirements for the energy legislation. Furthermore, number of 
studies are currently in progress like a PV potential scan for the complete campus, 
not only on the roofs, but also facades and open areas. Several projects and pilots 
on sustainability are already performed, e.g. the transition to LED lighting and the 
combination of energy monitoring data and BMS data. 
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As an organization responsible to promote sustainability, GreenTU takes an initiative 
to engage all the stakeholders in building a sustainable campus. Hence in the present 
document, the authors would like to show every possible solution concentrating on 
small bottom-up initiatives for energy saving to high investment projects like 
Geothermal. This report will explain the ideas along with an impact assessment based 
on a behavioural model developed to predict the future emissions. An effort has been 
made to show every possible idea that can be quantified using a behavioural model. 
These solutions/ideas are examples and the (practical) feasibility of these 
solutions/ideas for the TUD Campus aren’t discussed or confirmed by TU Delft CRE. 
 
According to the model, with the increasing population, by 2030 the energy usage 
would increase as population rises to the peak of 36000 which is set as a limit. This 
energy usage would result in carbon emissions of nearly 33000 t CO2-eq. But to 
achieve carbon neutrality, these emissions need to be made zero by 2030. This can 
be realised by reducing the energy use along with using more amount of renewable 
energy. Hence this strategy explains both of them with various ideas.  
 
Based on 2018 data, the current electricity usage in the TU is 67908 MWh annually 
(excluding third party buildings). Of this 56% is used for academic and office purposes 
and 44% is used for research use. This data is used as a base to show the impact of 
different scenarios. 
 
The below strategy can be understood as follows; 
EX.Y.Z 
EX – Investment level 
Y – Energy saving or renewable energy 
Z – Initiative 
 
 1. Energy savings  2. Renewable energy 

 
Basic – No or low cost 
 
E1 

1. Winter closure  
2. Summer closure 
3. Energy standards 

for procurement of 
electrical 
equipment for 
operations and 
research 

4. Guidelines for 
usage of IT 
equipment 

5. Green roofs 

1. Contributing to 
biomass based 
energy indirectly 
by out sourcing 
waste treatment to 
energy from waste 
companies 
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Medium investment 
 
E2 

1. Lab airflow 
management 

2. Lighting upgrades 
3. Home automation 
4. Replacement of old 

and high energy 
consuming 
equipment 

1. Phasing out CHP 
plants or selling 
the electricity to 
outside parties.  

2. Focus on 
procuring 100% 
wind energy 

3. Explore options for 
solar roofs and 
facades 

4. Invest in 
recommissioning 
and developing 
new energy 
storage systems. 
Underground 
storage and 
batteries 

 
High Investment 
 
E3 

1. Define energy 
standards for new 
buildings and aim 
for energy 
neutrality 

2. Insulating old 
buildings 

3. Develop an 
integrated energy 
control system to 
efficiently manage 
the energy use 

1. Geothermal site on 
campus for 
heating 

2. District heating 
facilities operating 
at low 
temperatures 

3. Electric heating 
options 

 
E1.1.1 Winter closure: 
 
According to the available data from 2018, TU Delft consumes around 6276 MWh of 
electricity in the month of December alone [24]. As per records the consumption in 
December is higher than the rest of the months. This can be attributed to the fact 
that more lighting is used. But for nearly two weeks in December, the university is 
shut down for the winter break. Though the exact occupation of the campus is not 
known, there is definitely a decline in the number of facilities used and all learning 
centres being completely on halt.  
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If there is a little effort into identifying what facilities need to be functioning all days 
of the year and identifying specific users based on an annual survey, providing 
electricity/heat only to these entities can already make a huge difference our energy 
usage and emission count. Another approach to this is to encourage the participation 
from stakeholders to engage in energy saving measures by volunteering themselves 
or their departments by turning off for two weeks. A similar initiative already in 
existence in Stanford University and is being implemented successfully every year 
because of its fruitful results. 
 
Impact assessment: 

- Only 25% of the energy being used for 14 days of every December 
- Zero energy usage for academic use 

 
If only 25% of the electricity is used, it leads to an annual saving of 3.24% and reducing 
only the academic usage would reduce 2.42% of annual electricity use. The emissions 
would also reduce because of the energy saved. 
 
25% usage   

 
Zero academic usage 
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E1.1.2 Summer closure: 
 
As discussed in the above case, a similar situation is observed even during the 
summer months of July and August. Based on the 2018 statistics, the consumption is 
5716 and 5585 MWh in July and August respectively [24]. This consumption is almost 
similar to rest of the year despite the low occupancy due to no classroom usage and 
less research activity. Even if we consider the fact that the vacation days vary 
individually, it can be assumed that the occupancy is not more than 50% in both the 
months (considering the time for grading exams in July and introductory programs in 
August). Controlling the energy usage in these two months can have a dramatic 
impact on the emissions from energy. Considering the uncertainties in the vacation 
dates of individuals, this can be addressed by a voluntary participation from 
individuals and various research departments by specifying their closure time.  
 
Impact assessment: 

- 50% energy usage in both months – saves electricity of around 8.32% 
- Shut down academic usage – annual savings of 9.32% 

Zero academic usage:     
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Considering the above initiatives, if just the academic use is shut down during the 
vacation period, there would be savings of at least 10% annually. But considering the 
worst case scenario of just saving 5% of the electricity.  
 
Energy saved =  (5% of 67908MWh) = 3395 MWh = 3,395,000 kWh  
 
Assuming the price to be around 0.205 euro cents per kWh [25] 
          
Cost saving of around = 679,000 EUR  
 
Even if central automated monitoring system is not in place, the above savings can 
be used to hire a temporary employee who can manually ensure the shutdown of 
unused spaces. 
 
Academic closure during vacation: 
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Worst case scenario with 5% saving 
 

 
 
E1.1.3 Energy standards: 
 
The Government of Netherlands recommends to follow the energy standards 
defined and accepted by the European Union for various electrical appliances [26]. 
Though most of the new buildings in TU Delft are developed considering these 
standards, it is important that any new equipment purchased is adhering to them. 
This includes research equipment, servers, workstations and any operational 
electrical equipment.  The procurement team must ensure that these standards are 
maintained by all the departments even if the cost of the equipment is a bit 
expensive. The additional expense can be recovered easily on the long term in the 
form of energy savings.  
 
E1.1.4 Guide lines for usage of IT equipment: 
 
TU Delft is home for hundreds of workstations and high end computational 
equipment. In addition to this, appliances like printers, projectors and many more 
power consuming devices are always ready for operation for everyday use. Based on 
their consumption and the number, the IT equipment contributes to about 15% of 
energy use [4]. Hence it is important that these resources are used efficiently and we 
try to reduce the wastage where ever possible. Starting with the procurement, 
operation and until discarding, it is advised to set some guidelines to make their 
lifecycle more sustainable and circular.  
 
Few recommendations are as follows; 
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- Procurement of equipment with Energy star label or greater than A+ 
standard of the EU  

- Use of smart power strips which are equipped with load sensing [27] 
- Use of technologies like Cisco energy manager 
- Setting timers for printers to avoid energy consumption when the building 

is closed 
 
Impact assessment: 
 
Activity monitor smart power strips control the power usage of computers and the 
peripheral devices connected to it. Each of these strips cost range from 50$ to 99$ 
and can save the energy use on average up to 27% depending on the devices 
connected. Connecting more devices will make it more advantageous and the ROI 
would be within 2 to 3 years [28]. 
 
Around 15% of the total electricity is used for different kinds of equipment including 
computers for educational and research purposes. If these smart standards and 
power strips are installed, it may be able to save around 27% of the electricity used 
for this equipment. This will result in an annual saving of 4.3%. 
 

 
 
E1.1.5 Green roofs 
 
In this context, green roofs refer to rooftop gardens which can contribute to the 
biodiversity of the university. In addition to this, green roofs have proven record to 
reduce the temperatures of the building by a significant amount which reduces the 
energy used for cooling during summer months. The TU uses 11% of its electricity for 
cooling purposes [4]. 
A study was conducted on the current green roof on the CiTg building by a research 
group [info based on a conversation] and it was observed that the roof with the green 
side was 12 degrees cooler than the side without during the summer month of July. 
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This difference can significantly reduce the amount of energy used for running the 
air conditions in the buildings. These green roofs are a very viable options for 
buildings with large surface areas.  Starting with buildings of Civil engineering and 
Geosciences, 3ME, Applied science, TPM, Drebbelweg and others.  
 
Scientific results have shown that a one degree change in the operation of air 
conditions already contribute to energy savings of around 3-4% per one degree 
decrease [29]. 
 
Impact assessment: 
 
As a worst case scenarios, Green roofs can reduce the room temperature by 5 
degrees and each degree would reduce the electricity consumption by 3%, this would 
reduce the electricity used for air conditioning by 15% and the overall annual 
electricity by 1.7%. 
 

 
 
E2.1.1 Lighting upgrades [4] 
 
Based on the available data, about 30% of the electricity used in the TU is accounted 
for lighting purpose. Except for the newly built buildings like Pulse, only the building 
of Architecture has been fitted with LED lightings. In 2018, around 9379 LED 
luminaries were installed and were found to save almost 49% of the electricity 
consumed for lighting [4].  
 
If this is implemented across all the buildings in the university, it would already reduce 
14.7% of the total electricity usage.  
 
Impact assessment: 

- Reduction of 14.7 percent in annual electricity consumption. This step 
alone would reduce the CO2 emissions by about 1500 t CO2 eq. 
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E2.1.2 Home automation:  
 
Implementation of building control systems with multiple sensors can play a major 
role in energy savings. For example: 
 

- Electricity use for ventilation can be reduced by using smart air circulation 
sensors which work based on sensing the number of people occupying the 
area and the schedule of the usage (mainly for classrooms). Pilot project in 
3ME resulted in energy saving of 50%  for ventilation [4] 

- Use of occupancy sensors (integrated in power strips) in labs and spaces 
with workstations can ensure that the IT equipment is turned off when not 
in use [30] 

- Smart lighting  
- Timers for devices which are active in scheduled time. This ensures turning 

off these devices when the building is closed and during night times. It can 
be applied to Printers, coffee machines, kitchen equipment, etcetera [31] 

 
Impact assessment:  
 

- 50 percent reduction in ventilation for academic use (mainly classrooms). 
Using smart ways to control ventilation would reduce the annual 
consumption by 3.6% 
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E2.1.3 Replacing the old and high energy intensive equipment 
 
TU Delft has been a home for great research with diverse labs and best in class 
infrastructure. But there are still research facilities and also operations related 
equipment which are old and energy intensive. These equipment which are not 
certified with the energy standards need to be assessed and changed in the next ten 
years. To ensure sustainable discarding of these equipment, they are be sent for 
refurbishing or recycling to ensure they have a better life ahead. 
 
E2.1.4 Lab airflow management 
 
TU Delft is a home for cutting edge research in various fields and is equipped with 
world class labs to facilitate the research activities. On a broader level, every research 
activity is aimed towards improving the quality of life. So, it is important to ensure that 
these research activities are carried out as sustainable and responsible as possible.  
 
The amount of energy used by these research lab contributes to very high amounts. 
In addition to the equipment being used, the use of HVAC (Heating, Ventilation & Air 
Conditioning) systems consumes high energy which can be saved with proper 
measures and renovations. According to a research by NREL, the use of HVAC 
systems and fume hoods in the labs consume about 45 – 85% of the energy 
depending on their age and the location [32]. And it is estimated that 50% of this 
energy is wasted due to excess air flow which is not controlled efficiently, especially 
in old laboratories.  
 
Currently, there has been no assessment on the laboratory operations and hence no 
data to evaluate the present state. Hence, it is recommended to perform an 
assessment on high energy consuming laboratories and undertake measures to 
improve the airflow management systems. 
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E3.1.1 Defining energy standards for new buildings and renovations 
 
TU Delft’s population in the past years has been growing at the rate of… and will only 
be able to accommodate more only with the expansion of the campus and 
construction of new buildings. This has already began with the construction of the 
PULSE building and the ongoing construction of ECHO. These buildings are 
constructed with standards to be energy neutral and are sustainable according to 
the BREEAM standards. The CRE has committed to use the BREEAM standard as an 
important KPI for future constructions and for renovations [23].  
 

 
 
E3.1.2 Insulating old buildings 
 
The energy used for heating old buildings is an important factor for high fuel usage 
and  emissions from heating. Due to their aging and the old construction techniques 
the following four buildings need special attention to reduce the energy used for 
heating. 

- Applied physics (building 22) 
- Civil engineering (building 23) 
- 3ME (34) 
- EWI (36) 
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As mentioned in the CO2 Roadmap [4], decommissioning of these building would not 
be an efficient idea but a mid-life renovation can definitely improve the performance 
of the building.  
 
Use of modern insulation methods for traditional and old buildings could improve 
the performance of the  building. Simple low cost measures like draught proofing 
windows and doors and upgrading the boilers if not connected to the district heating 
network can already save a lot of energy [33]. 
 
Methods for insulating old buildings [33]:  

 
 
E3.1.3 Integrated energy monitoring and control system 
 
In line with the vision for energy transition, another important goal to be achieved is 
to develop an integrated and intelligent energy monitoring system. Today most of the 

���



GREENTU DELFT 

 

control systems are manual. This could be an important factor effecting the 
implementation of energy saving measures like winter or summer closure.  
 
Thanks to its vast energy system, TU Delft owns the energy distribution grid providing 
a great opportunity to efficiently operate its energy usage and avoid any wastage. 
Hence developing an intelligent, integrated system to control the energy usage could 
be a great advantage for TU Delft’s energy transition. Use of a similar Integrated 
control and analytics system has led to a saving of 40% of energy from 2018 in 
Stanford [34].  
 
Also, it is important to keep track of the usage and the impact on the environment 
regularly and take necessary actions towards our final targets. Currently TU Delft is 
also lacking standard certifications for energy monitoring. It is recommended to 
further develop the system in accordance with the ISO 50001 standard for Energy 
Management System which provides a framework to [35]: 
 

• Develop a policy for more efficient use of energy 
• Fix targets and objectives to meet the policy 
• Use data to better understand and make decisions about energy use 
• Measure the results 
• Review how well the policy works, and 
• Continually improve energy management.  

 
Impact of all above mentioned strategies: 
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Based on Stanford data – 40% savings with better control system[60] 
 

 
 
Renewable energy: 
 
E1.2.1 Indirect contribution to renewable energy 
 
Currently around 20% of the waste generated by TU Delft is used to generate energy 
by third parties [5]. Though 42% percent is recycled [5] , there is still a lot of residual 
waste which is going either to landfills or being used for other organic purposes.  
 
TU Delft needs to make an effort in ensuring that all the waste is reused or recycled 
in one or the other form. This can be done by improving the waste separation and 
outsource it to third parties who use it to generate energy. This will also help in 
achieving the goal of Circularity.  
 
E2.2.1  Phasing out CHP plants or selling the electricity to outside parties 
 
The CHP plant on the TU campus is a major source for both heating and electricity. 
And it accounts for about 7705 t CO2-eq of emissions [4]. Hence there is a need to 
phase out these plants as we approach 2030. While various other possibilities are 
being explored for heating purposes, until then the foot print from the plants can be 
reduced or compensated by selling the electricity to outside parties. And the 
procurement of wind energy can be increased to meet the demand of the TU. 
 
If the buildings are renovated in the coming years and the temperature of operating 
the boilers can be reduced, then the use of CHP can be reduced dramatically. But to 
avoid the economic burden of decommission the plant, exploring the option to sell 
the energy to third parties or the city of Delft is a very viable option. Considering the 
intermittent nature of the renewable sources, CHP plants can also act as a stable 
backup to the energy system when needed. 
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E2.2.2  Procurement of 100% wind energy. 
 
Currently around 78% of the electricity consumed in the TU is produced from wind 
and is procured from ENECO. Though the current contracts are restricted to this, in 
the coming years this needs to be extended to nearly 100%. This can reduce the 
emission count from the electricity use and will also be a cheaper option in the 
coming years when carbon taxes are imposed on fossil fuel based energy sources. 
To account for the intermittency, the CHP plants can act as a stable back up. Also with 
the development of energy storage technologies, it could be a very viable option. 
Implementing these practices by TU Delft would inspire many other organisation 
across the Netherlands and the world. 
 
E2.2.3  Solar roofs and facades 
 
Though all new buildings are now being installed with rooftop PV, it is recommended 
to exploit the potential on all the roofs. Earlier research on the PV assessment stated 
that it is difficult to exploit all the roofs because of the obstacles present. But in those 
cases, green roofs can be applied. In addition to this, there is unused space in the 
south of campus and in parking spaces where PV can be used. 
 
To further increase the self-generation on campus, solar facades is another option to 
explore, especially on taller buildings. With the recent advancements in this 
technology, there are facades which also act as very good insulators for the buildings. 
For example, Solar Activated Facades [36] can act as insulators reducing the energy 
needed for heating and cooling. This option can be explored for future renovations 
of old buildings. It would solve the problems of insulation and also contribute to 
generating energy. 
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E2.2.4 Energy Storage 
 
Underground storage: 
 
TU Delft currently has 13 ATES systems (Aquifer Thermal Energy Storage). Two of 
these are newly commissioned with the PULSE and the ECHO buildings. The 11 ATES 
systems have been in use since few years and the oldest one ages back to 1998 in 
the EEMCS building. These old systems are equipped with heat exchangers but not 
heat pumps. Hence they are not fully efficient. In spite of this, the ATES system in EWI 
reduces the gas usage for heating by 20% [37]. Though the replacement of the 
system or adjusting the existing system could be expensive, it would be a worthwhile 
investment on long term.  
 
There are around 24 underground wells identified on the TU campus and exploring 
all of them in the coming years would be a great addition to achieve a sustainable 
heating system [37]. According to the 2017 data, the ATES systems excluding PULSE 
and ECHO have contributed to about 6.8 GWh of heat and 8.4 GWh of cooling [4]. 
This reduces gas usage by almost 15% in total. If all 24 sites are explored, this could 
be doubled and can reduce the emissions by a significant amount. 
 
Impact assessment: 30% reduction in gas usage 
 
 

 
 
 
Batteries: 
 
In the development of sustainable and future proof energy system, storage plays an 
important role. With the growing use of intermittent renewable energy sources, use 
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of large batteries could provide a strong support to the stability of the system. Last 
few years has seen a steady decrease in the cost of battery systems and is expected 
to decrease further. In the next five year, with the increased self-generation capacity, 
use of Li-ion battery storage systems could be a viable and sustainable option. 
Deploying of these systems in TU Delft would also be inspiring for various 
organisation in the Netherlands. 
 
3.2.1 Geothermal site on campus for heating 
 
Implementation of a geothermal system on the campus will make a major shift in the 
energy transition. The CO2 roadmap suggests that the geothermal source can meet 
60% of the heat demand on campus [4]. With the present momentum among the 
stakeholders and the discussions with the city of Delft, the project is most likely to 
see the light within the next 10 years. This will significantly reduce the use of gas and 
thus the emissions from heating on the campus. 
 

 
 
E3.2.2 Advanced District heating facilities  
 
Low temperature operation: 
 
Renovation of old buildings, use of thermal storage systems or geothermal can 
greatly influence the operating temperature of the gas boilers. They can save the fuel 
consumed by operating at low temperatures. This will reduce the use of CHP plants 
and thus the emissions from them.  
 
Use of heat recovery systems: 
 
Inspired from the recently developed Central Energy Facility in Stanford University. 
The initiative seems to be promisingly transform the heating system on the campus. 
Stanford Energy System Innovations (SESI) project seems is an ambitious project 
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which was commissioned to modernize the heating system. The system is built with 
three large water storage tanks used for chilling and a heat recovery system. The 
project also changed the heat supply in the form of steam to that of hot water. With 
70% overlap in the use of heating and cooling systems, SESI was found to be an 
efficient and economical solution despite its high investment. The project has the 
lowest life cycle cost and will pay back many times during its tenure of operation. 
 
E3.2.3  Electric heating options 
 
The use of electric heating systems is gaining attention all around the world with 
concentrated PV and other sources. This could also be a viable option to explore for 
the heating needs of the TU. Though this might need drastic increase in the network 
capacity and new infrastructure to make is possible, it is considerable option to reach 
100% sustainable heating which is quite difficult to attain just by using geothermal 
energy. Also, having a mixture of resources and forming hybrid systems would offer 
more reliability to the energy system. As the world is fully shifting to being all electric 
from machinery to vehicles, it might be a good opportunity for TU Delft to take a step 
towards electric heating facilities and to lead by example.  
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Personal Interview of Gilbert De Nijs, Energy transition coordinator, TU 
Delft 
 
As scope 1 and 2 emissions play an important 
role in achieving carbon neutrality and they 
mainly deal with carbon emissions from energy 
use. The authors had a personal interview with 
the current energy transition coordinator of TU 
Delft, Mr Nijs to understand an expert 
perspective on TU’s energy transition. The 
things mentioned below are solely personal 
views of Mr Nijs and what he envisions in 
achieving a carbon neutral campus. 
 
 
Energy transition plays an important role in building a carbon neutral campus by 
2030. How do you envision this? 
 
TU Delft has an extensive ecosystem with wide knowledge base on energy from the 
research perspective, companies, start-ups and scale-ups and also  an unique energy 
system for the campus. I envision that this combination is a great asset which can 
make TU Delft one of the best; 
 

“Energy transition lab of the Netherlands and the World” 
 
 
What are the opportunities you see to promote or accelerate energy transition? 
 
The unique energy ecosystem of TU Delft itself is a great opportunity to accelerate 
energy transition. With institutions like the Delft energy initiative, Electrical 
Sustainable PowerWeb lab, Energy Transition Lab and many more, TU Delft is already 
leading in the research on various aspects of energy transition. From sustainable 
energy sources to future smart power grids, TU Delft is in the frontline for research 
in these areas. On the other hand, the energy system in the TU Delft is quite diverse 
with wind energy, solar, CHP plants, gas boilers and upcoming geothermal project. 
TU Delft’s energy system comprises of diverse energy sources and the university is 
also the owner of the energy networks (heating, cooling, electricity, gas). This makes 
decision making about innovation on for example smart grids easier than in the 
public domain. It is a unique selling point for the researchers to test their innovations 
on the campus and make them well equipped for the societal use. Thus, this paves 
way for TU Delft to be a perfect living lab for energy transition.  
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Living lab is therefore an important tool that can support a transition to new phase.  
 
This kind of a system gives an opportunity to accelerate the market readiness of new 
innovations by the researchers at TU Delft by testing it on the campus network from 
theory to prototype to real operational tests. ,  
 
What are your immediate steps towards these goals? 
 
Currently exploring opportunities to connect with the various experts and 
researchers in the university and start setting up the framework of the living lab.  
 
Working on making inventories on different aspects of making the buildings 
sustainable. This includes assessments on PV panels on the roofs, inventory on 
lighting upgrades and may more. 
 
Each building is quite unique and asks for a different approach to make it energy 
efficient. Hence currently we are focusing on assessing each building exclusively but 
also in the campus context and tailor the strategies to make them better. 
 
Also, all new constructions on the campus will be energy neutral  or even  energy 
producing to meet the goal of producing 50% of the energy on campus. 
 
What do you think are the main hurdles to achieve the energy transition targets? 
 
The alignment of technology, finance and the organizational readiness is an 
important factor in progressing energy transition. Though the technology is growing 
at a very high rate, it also requires financial strength and change in the peoples 
mindset to push for the change. So aligning these three aspects to an equilibrium is 
a major challenge. 
 
While the problem electricity is being addressed already, how is the heating part 
being dealt with?  
 
The hopefully upcoming geothermal project  will be a great asset which will contribute 
to sustainable heating system. The system is expected to meet 60% of the needs and 
reduce the gas use significantly.  
 
Also, new ATES systems are being explored and will be used effectively in the south 
part of the campus for any future constructions.  
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But the availability of sustainable heating isn’t that much a problem, cooling is an 
more important problem that needs to be addressed in the coming years. We need 
to explore options like improving the insulation, solar based cooling or use of surface 
water. This particular issues needs further investigation. 
 
Is electric heating a viable option for the TU Delft network? 
 
Though electric heating is an interesting option, it would need many adaptations in 
the network. The electricity procurement needs to be increased, the grid capacity will 
need to increase and a lot of new infrastructure needs to be installed. This is very 
expensive. And because sustainable heating can be produced efficient in many other 
ways, I think it’s wise to reserve electricity as energy source for other purposes   A 
transition of our current multi-commodity grids to a smart multicommodity grid will 
improve the reliability of the system and will it also be more economically efficient 
and sustainable.  
  
What are your final thoughts on making TU Delft a sustainable campus? 
 
As mentioned before, a living lab could be an important tool in building a sustainable 
campus. I call upon for more collaborations between research and us and ideas from 
the research community in the university to explore and use the diverse energy 
system TU Delft can offer. By collaboration we can accelerate the transition to a future 
proof energy system. 
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8.4.2 Food: 
 
Carbon neutrality according to the standards or government specifications only 
focuses on emissions from scope 1 and 2, but scope 3 emissions also play an 
important role especially at an individual level to know the impact and make changes 
in the lifestyle. TU Delft is home for around 25000 young students who are soon going 
to be professionals, policy makers, social workers or hold any other office of 
responsibility. And as a university and an organization with huge resources, TU Delft 
can definitely play a role in moulding the cultural and behavioural aspects of all the 
stakeholders towards responsible consumption and reducing the negative impact on 
the environment.  
 
The CO2 roadmap has shown that according to the standard Dutch diet and several 
other assumptions, TU Delft is currently responsible for 13,800 tCO2 equivalent of 
emissions from food consumption. This is the highest amount of emissions 
compared to other operations related activities. Most of these emissions are 
attributed to the consumption of meat on campus. Though the number of vegetarian 
options are increasing in all the cafeterias across the campus there has been no 
reduction in the consumption of meat. Also there has been no proper evaluation of 
the impact of food based on data from Cirfood (the caterer of TU Delft) and other 
restaurants. To take successful measures for reduction and to track the progress of 
the university, it is important to know the base case scenario as close to reality as 
possible. 
 
Vision for sustainable catering and food consumption: 
 

- Define healthy and sustainable food standards for the all the restaurants 
- Reduce scope 3 emissions from meat, dairy, packaging, cutlery and food 

waste 
- Create awareness among the consumers for alternative options 

 
With this vision, the authors define the following goals to be achieved in the next ten 
years; 

- Perform a study on the impact of food on carbon emissions based on 
accurate data from the caterers and restaurants 

- In addition to the environmental impact, focus on personal wellbeing and 
healthy life style  

- Define healthy and sustainable standards for caterers and restaurants for 
procurement, menus, preparation and waste disposal 

- Study business cases focusing on sustainable food options to support the 
restaurant owners and assure that it is economically feasible and profitable  
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- Take measures towards reducing the meat consumption  
- Increase vegetarian and vegetarian meat options  
- Reduce the use of disposable cutlery and plastic packaging  
- Expand the current pilots like no meat week to all the faculty cafeterias and 

make it an annual or biannual tradition 
- Create awareness among the stakeholders about the emissions from food 

through using net presenters 
- Define guidelines for catering large meetings or events focusing on 

sustainable menus, reducing food wastage and avoiding disposable cutlery 
 
Strategy: 
 
Reduction of emissions from food is a critical task as it needs lot of encouragement 
and collective participation from all the stake holders. It is important that top down 
initiatives come to light from the university and the caterers. But it is also important 
that everyone understands the motive behind it and gradually make changes to their 
habits and lifestyles. Achieving sustainability in food mainly depends on the 
commitments, policies and social responsibility than investments. It demands lot of 
commitments and compromises from various stakeholders but it is definitely 
achievable. 
 
In the current strategy, we approach sustainability in food based on various initiatives 
that are possible and presenting what each stakeholder can contribute to. This 
includes the TU Delft campus operations, Caterers, Restaurants & food truck owners, 
student organisations and consumers. 
 
The student organisation here include GreenTU, Food and More and Foodsharing 
Delft who have been actively pushing for a sustainable campus. Organisationally, it is 
also recommended to designate an team to work on various aspects mentioned in 
this strategy. This includes helping with research, implementation of strategies and 
to actively track the progress being made. 
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Strategy  Initiative  Involved stakeholders 
F1. Emission reduction 1. No meat week 

2. Meatless Monday  
3. Meat alternative 

menus 
4. Reusable cutlery  
5. Packaging 

 

TU Delft campus 
operations, Caterers, 
Restaurants & food truck 
owners, student 
organisation and 
consumers. 
 

F2. Standards for 
caterers and Restaurants 

1. Procurement 
2. Healthy menus 
3. Waste and excess 

disposal  
 

TU Delft campus 
operations, Caterers, 
Restaurants & food truck 
owners 

F3. Guidelines for events  Food menu 
Reusable cutlery 
Managing excess food 

 

Caterers & Student 
organisation 

F4. Creating awareness 1. Study based on 
data from caterers 

2. Business cases to 
support caterers 
and restaurants 

3. Awareness 
through net 
presenters  

4. Recognized 
student team to 
work on 
sustainable food 
options 

TU Delft campus 
operations & student 
organisation 

 
F1.1 No meat week 
 
In March 2020, GreenTU in collaboration with Cirfood and Food&more organized a 
no meat week in the Ketelhuis cafeteria of the Faculty of architecture. The impact of 
this imitative on emission reduction was analysed using the data from Cirfood. Based 
on this data on the consumption and the emissions from different items on the 
menu, it was estimated that having no meat in this cafeteria for one week saved 
around 630 kg of CO2 and around 350000 litres of water. The no meat week was a 
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great success being well received by the customers and was also a profitable venture 
for the caterers. 
 
If this initiative is expanded to all the faculty cafeterias as an annual or biannual 
tradition, it contributes a lot to the emission reduction and initiates the idea of looking 
for alternatives among the consumers. This initiative also helps restaurants to 
experiment with their menus and know how to make this initiative a profitable 
venture.  
 
Impact assessment: 
 
Annual no meat week  
Biannual no meat week  
No meat week once a month 
 
 
 
 
F1.2 Meat less Monday 
 
 
 
Based on the feedback from the no meat week and the growing interest among 
people to reduce meat consumption, it is quite feasible to move towards having 
cafeterias serving only vegetarian options one day in a week. With a positive response 
from the no meat week, it would also be a profitable venture for the caterers and 
restaurants. Meatless Mondays is a popular concept being followed in many 
organisation and universities even in Netherlands. Implementing the tradition of 
Meatless Mondays would significantly contribute the emission reduction and 
changing the behavioural patterns of everyone.  
 
Impact assessment: 
 
42 weeks on no meat Mondays 
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F1.3 Menus with meat alternatives 
 
Innovation in food is growing every day and encouraging this innovation towards 
sustainable alternatives could contribute a lot to reduce the meat consumption. 
Today the number of vegetarian options in the menus across different cafeterias and 
restaurants in TU Delft is very less and vegetarian meat options is still quite far from 
implementation. But the interest towards these options are growing among the 
people and could be both feasible and profitable. Hence it is recommended to push 
for offering more vegetarian and meat replicant alternatives in all the restaurants.  
 
F1.4 Reusable cutlery  
 
 Currently almost all the cafeterias and restaurant in TU Delft use plastic cutlery. 
Though there is no data on the amount of usage, it definitely has a significant negative 
impact on the environment. Though it might be expensive to facilitate ceramic cutlery 
to meet the demand of the TU, other alternatives like commodities which are eco-
friendly and biodegradable need to be explored. Few of these possibilities include; 

- Plant based  
- Edible cutlery 
- Wood 
- Bamboo 

 
During the brainstorm session for sustainable food, one of the idea that was decided 
to be implemented as a pilot of to provide reusable cutlery for students. A customized 
cutlery set made of bamboo will be procured to be tested in one of the cafeteria. This 
would cost around 1 EUR and the users receive a discount of 10 EUR cents every 
time they dine in with this cutlery.  
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It is recommended to implement this across the campus and encourage the initiative 
by free giveaways of this cutlery. This can be taken up by organisation like GreenTU 
and Food and More. The master and bachelor introduction programs every year 
provide some goodies to incoming students, giving these cutlery through this would 
be a great to get things started by the new comers to the university.  
 
F1.5 Packaging: 
 
Sustainable packaging is another important aspect that needs attention. Though 
there has been a recent changes like the use of wood and paper based packaging 
product, the use of plastic is still a lot. Reducing the use slowly and further completely 
restricting the single use plastic is the way to go to achieve fully sustainable catering. 
This is an important policy decision that needs to be taken up by the TU and push for 
this idea among all the caterers and restaurants. 
 
F2.1  Standards for procurement 
 
The food that is consumed today is produced using various artificial chemicals and 
formulas. This is causing a great impact on the soil and thus making agriculture a 
unsustainable practice. Despite various political views on this, as a responsible 
organization TU Delft can contribute to sustainable agriculture by encouraging the 
caterers and restaurants to procure from organic sources. Though this might slightly 
impact the prices, collaborating with local suppliers and long term contracts with 
them can reduce the costs.  
 
A shared and common standards needs to be defined for all the involved parties for 
procuring the food supplies. Few of these include; 

- Organic food 
- Local suppliers and farmers 
- Future contracts with vendors who supply commodities with sustainability 

indicators 
 

F2.2 Healthy Menus 
 
The health and well-being of the people defines the university’s progress. It is a due 
responsibility to strive and ensure supply of healthy food which improves the 
productivity and life style of the students, faculty and all other staff members. So it 
important that the food menus include healthy options which meet the daily body 
requirements and offered at reasonable prices especially for students. Most of the 
students go for cheaper options without focusing on meeting the nutritional 
requirements. Hence offering healthy food options at reasonable prices would 
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greatly boost the reviews on the catering/restaurants and improve the well-being of 
all the stakeholders making them more productive.  
 
It is recommended for the working team to research on sustainable and healthy food 
standards which can improve the wellbeing of people. It is important that the TU 
commits to the wellbeing of its people and takes required action to push for good 
and healthy food options. The caterers and restaurants can start this as an pilot by 
testing their experimental products until they get the pulse of the customers. 
Implementing this could be a great addition for TU’s focus on the welfare of its people. 
 
F2.3 Waste and excess disposal  
 
Disposing the organic waste from food preparation and discarding the leftovers by 
caterers and restaurants is also an important aspect that needs to be taken care. 
Though there are no specific details on how the current waste or excess is dealt with, 
it is advised to have a common policy on how this issue needs to be attended. 
 
Food Sharing Delft, a student initiative formed to reduce the food wastage from 
various restaurants and grocery stores has been very active in the year 2019-20. The 
leftover food which is good condition is collected and is open for everyone to pick it 
up from their freezers located in Ichange, Delft. The organization also has an idea to 
develop a mobile application to expand the initiative. The application will be focused 
on identifying the locations where there are leftovers and will allow them to collect 
the food. Later the available food data will be shared on the app for public to collect 
for free of cost.  
 
Recognizing this organization and implementing their initiative in a TU wide scale 
would definitely add a great value and save lot of food from ending into the garbage. 
This can further be extended to collaborate with NGOs which work on food security 
and offer food to the needy.  
 
Coming to the organic waste from the food preparation, it should be ensured that 
the waste separated from other dry waste and is treated accordingly. The TU needs 
to support this by providing separate bins for wet and dry waste within the kitchens 
also. The Facility Management can take up this extend it to use the waste as compost 
for maintaining the greenery on campus. The campus already holds a compost 
facility, so it would be a very viable option to explore. 
 
F3 Guidelines for sustainable events 
 
Events, meetings and other gatherings with lunch or dinner are another major 
contributors to food wastage and unsustainable practices. Starting with the use of 
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disposable cutlery and glasses, comparatively less vegetarian options to unattended 
leftover food, many gatherings can be organized more responsibly. For the year 
2019-20, GreenTU has taken the initiative to consult and support (with ideas and 
financially) various organisation in organizing their events in a sustainable manner. 
One of the ideas was to procure reusable glasses which can be used by other student 
and study associations for their events.  
 
To reduce the environmental impact from events especially from catering, it is 
recommended to provide specific guidelines to make the events sustainable. Starting 
from providing sample menus, guidelines for use of cutlery & glasses  to offering 
suggestions on how to deal with leftovers and waste. The guidelines can be 
developed based by student organisation like GreenTU, Food and More and Food 
sharing Delft. But for successful implementation and to ensure all events organized 
by the TU also are an integral part of this, it is important that the facility management 
considers and approves this after required discussions.  
 
To begin with, the current report gives a direction to this cause with the following tips 
for attaining sustainable catering for events; 
 

- Encourage menus with plant based food and vegetarian meat options 
- Reduce meat consumption 
- Serve healthy salads and fruit 
- Place the orders based on RSVP or registration and avoid wastage 
- Avoid using bottled water, instead provide pitchers of tap water 
- Purchase reusable party glasses for shared use by all the student and study 

organisation 
- Avoid the use of disposable plates and cutlery. If needed opt for 

biodegradable materials. 
-  Ensure waste separation at the event location  
- If there are any leftovers, make sure they are well attended either through 

organisation like Food sharing Delft or by free giveaways at prime locations 
on the campus 

 
F4.1 Study based on real data from the caterers 
 
The present emission data that is report is a great way to start the sustainability 
initiatives in the TU but there are lot of assumptions behind these calculations. To 
know the true impact of the university it is important to analyse based on the real 
data from the caterers. There needs to be a comprehensive study based on the kind 
and the number of items sold and their respective carbon impact. The study needs 
to put together information from all the food joints on the campus to bring it close to 
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the reality.  This study could be a very good bench mark and would help in tracking 
the progress while implementing the different strategies. 
 
The study can be taken up by a working group dedicated to deal with sustainable 
food on campus. The working group could be one of the present student 
organisation like GreenTU, Food and More and Food sharing Delft, a collaboration 
between them or a separate entity which will focus on implementing various ideas 
mentioned in the current report. 
 
F4.2 Business cases to support caterers and restaurants 
 
As an extension to the F4.1, it is also important to investigate and show that the 
implementation of various ideas like no meat, healthy menus etc are profitable and 
viable options for caterers and the restaurant owners. While various initiatives are 
implemented, it should be ensured that the business of the restaurant or the people 
related to them are affected in any way. Hence it is recommended to perform case 
studies on making sustainable catering a cost effective initiative.  
 
F4.3 Awareness through net presenters  
 
Though there are reports and data being published on the carbon impact of the 
university, it is not reached to all the stake holders. It is a due responsibility to create 
awareness among everyone about this and lead the way towards a behavioural 
change. The use of net presenters which are placed almost in every building of the 
TU could be a very good initiative. The information being displayed could include; 

- The current carbon emission from food  
- Amount of food wastage 
- Information on various initiatives being taken 
- Report on the emissions saved and avoided wastage  
- Tracking the progress monthly and yearly 

 
F4.4 Recognized student team to work on sustainable food options 
 
For the successful ideation and implementation on an initiative it is important to have 
a dedicated team working towards the goal. Operational activities like energy have 
dedicated top down team working towards the transition. Whereas food, a major 
contributor to the emission count does not yet have a specific team to work towards 
making it sustainable. During the year 2019-20, with the support from the Facility 
Management and the Sustainability Coordinator, GreenTU made a start by organizing 
a brainstorm session to discuss sustainability in food. The other collaborators who 
joined this include student organisation like Food & More and BKGreen.  
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But in order to perform an after math for the present report or to push for other 
ideas for sustainable food in TU, it is important to have a dedicated team working on 
it. This can begin with forming a student working group who can start with some 
research and feasibility studies. The ideas like use of net presenters, organizing no 
meat days, analysis and tracking the progress can be taken up by this team. GreenTU 
Delft can be responsible for setting up this team and collaborate with it whenever 
needed.  
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8.4.3 Mobility: 
 
The impact of mobility on the carbon emissions also takes a significant proportion in 
the total emission. In spite of most commuters use bikes as their primary transport, 
the high emissions are attributed to the business trips by air travel. As per the 
research done for the CO2 roadmap, the air travel by the various stake holders of the 
TU accounted for around 33 million kms. This is almost equal to 6667 t CO2-eq. In 
addition to this the daily commute by employees and students contributes to 4963 t 
CO2-eq [4]. The total carbon emissions from travelling is around 11630 t co2 eq.  
 
Currently around 27000 people travel to the TU campus every day [6]. This number 
is going to increase further in the coming days. To tackle the issues of expanding the 
facilities and promote sustainable mobility,  CRE and the HR department have made 
an extensive research and published a report with a vision for mobility and campus 
accessibility [6]. This report gives a great idea on the amount of work that needs to 
be and can be done. 
 
With the increasing use of cars, the parking spaces are already filled up to 82% during 
the peak times [6]. This stresses the need for building new parking facilities to 
accommodate the future demand. This will further make the travel unsustainable. 
Also with the growing globalization and increasing capabilities of the TU, the air travel 
is also expected to grow if no control steps are taken. Hence, it is the need of the 
hour to develop a Sustainable Travel Policy which focuses on daily commute to & 
from the campus and also on business trips.  
 
With this vision, the authors define the following goals to be achieved in the next ten 
years; 
 

- Create awareness and encourage sustainable transportation  
- Develop schemes and subsidies to support employees to choose 

sustainable alternatives 
- Improve the public transport facilities and infrastructure to and from the 

campus 
- Avoid air travel unless it is mandatory 
- Promote clean transport by encouraging e-bikes and build infrastructure 

for e-charging stations 
- Limit the building of parking spaces  
- Improve facilities for meeting future bike traffic and parking 
- Encourage and promote research on clean transportation  
- Purchase only electric vehicles for the TU fleet  
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In this report the authors would like to mention few initiatives that can help in 
transition towards sustainable travel by the TU stakeholders.  
 
The strategies are based on the investment need for a particular initiative and the 
impact created by it. The ideas are divided under three categories;  
 

- No or low investment (<500,000 EUR) 
- Medium Investment (> 500,000 and <5,000,000 EUR) 
- High investment (>5,000,000 EUR) 

 
 
Strategy Initiative 
M1. No or low investment  1. NS business cards to employees 

2. No car day  
3. Ride sharing/car pooling 
4. Restricting air travel 
5. Encourage video conferencing 
6. Implementing nominal parking fee  
7. Travel portal  

 
M2. Medium investment 1. Subsidies for purchasing e-bikes 

2. Facilities for virtual conferencing 
3. Improving biking facilities  
4. E-charging stations 
5. Travel fund  
6. Mandate Compensation 

 
M3. High investment 1. TU fleet to be all-electric 

2. Connectivity between Delft station and 
the campus 

 
 
M1.1 NS business cards to employees 
 
Currently there are no schemes offered by TU Delft to promote the use of public 
transport. The university pays all employees a monthly sum of 47 EUR to spend on 
travel and this need not be a sustainable mode of transport. This scheme currently 
cost around 2.8 million EUR for the TU [6]. In addition, the connectivity between the 
TU and the Delft Central Station also needs improvement. Nevertheless, the tram 
lane to the TU will be completed in the coming years and would greatly encourage 
the use of public transport. It is estimated to increase the use of public transport by 
10% [6].  
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It is becoming a common practice by various organisation and universities across the 
Netherlands to offer NS business cards to the employees. This is not practiced in the 
TU yet. Encouraging the employees with NS business cards would further increase 
the travellers using public transport. Based on the feedback from a sustainable 
mobility pilot [39], 22% of the participants claimed to use public transport more often. 
Hence providing means like the NS card would definitely encourage employees to 
think in these terms. 
 
Impact assessment: 10 % increase in public transport 
 

 
M1.2 No car day 
 
An initiative being practiced in many organisation across the world, a no car day can 
make a lot of difference in reducing the emissions and inculcating sustainable 
practices among people. If one day in a week can be declared to be a no car day, this 
could already reduce the emissions from daily commute by 1/5th. This will also 
encourage people to explore various public transport options and might eventually 
use it more often. 
 
Impact assessment: 1/5th decrease in emissions from cars 
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M1.3 Ride sharing/Car pooling 
 
According to the mobility report, only 2% of the TU staff use carpooling to commute 
for work [6]. Though it might be logistically difficult to organise, studying the 
possibilities of offering carpooling or ride sharing facilities by the TU itself might give 
new nuances into people’s opinion on exploring this option. A research by Mobycon 
found that atleast 21% employees live in distances that cannot be reached by a bike 
but can be covered by an e-bike [6].  Providing ride sharing facilities from prime 
locations around Delft for this 21%might decrease the car use atleast by 5%.  
Impact assessment: Decrease car use by 5% 
 

 
 
M1.4 Restricting air travel 
 
The carbon roadmap has proposed an initiative to travel by train within the radius of 
700kms around Delft unless and until it is necessary [4]. The distance of 700 kms 
around Delft covers many major cities that usually people from the TU travel using 
flights. Travelling by train instead takes almost the same amount of time as the flights 
considering the time to reach the airport, waiting, baggage, etc. In addition it offers 
the comfort to work during the commute. Hence if TU Delft can mandate this initiative 
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with proper set of guidelines, it will significantly reduce the emissions from the using 
air travel. This might initially increase the expenses but over the years it will definitely 
save the amount that needs to be paid as tax or compensation. 
 
If the journey is to a place farther than 700kms, the flights can be used but it is 
recommended to implement a policy to compensate for the emissions. The TU can 
collaborate with organisation which facilitate this compensation activities to ease the 
process. But if such a travel is being undertaken to attend a meeting of an hour, it is 
advised to check for alternatives like video conferencing.  
 
Impact assessment:  
 

 
 
M1.5 Encourage video conferencing 
 
As mentioned in M1.4, limiting the travel to large distances can be avoided by 
promoting virtual meetings and video conferencing. Unless it is a must, the TU needs 
to encourage people to use video conferencing for their meetings if they are for short 
duration but are in far off places. At the time of writing this report, the COVID 19 
crises has pushed the whole world in to a virtual work space. Most meetings, 
conferences and events have shifted to online platforms in many creative ways. The 
business travel has almost dropped to zero but still things are working and people 
are participating in various activities through online modes. Though the format is 
missing human interaction, it is still saving lot of time and resources along with saving 
the environment.  
 
The COVID scenario could be taken as an inspirational case study to explore 
alternative options to reduce business travel. A great start has been already made 
and many people are getting used to this norm. This provides the right opportunity 
to bring in policies on encouraging video conferencing and virtual meetings.  
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M1.6 Implement nominal parking fee 
 
TU Delft has around 3800 parking spaces approximately and they are 82% filled 
during peak times [6]. This shows the demand for the use of parking facilities. 
Currently there is no charge for using the parking spaces and this encourages people 
to make use of the facilities. Also, between 4-10% of these parking spaces are being 
used by people not related to the TU but use them because they are free [6]. In the 
coming years the demand for parking spaces is expected to increase and will need 
new facilities to be built to accommodate them. This would be another huge 
investment and also unnecessary land and resource use. 
 
To avoid outsiders using the resources of the TU and to encourage people to use 
sustainable modes of transport, it could be nice to offer access cards with minimum 
monthly charge for using the parking spaces. Putting a price on using the parking 
space can provide an incentive for the people to use e-bikes or public transport. The 
amount collected from the fee can be used for funding other sustainable mobility 
projects. 
 
M1.7 Travel portal 
 
With new initiatives coming up and the growing awareness among people about 
sustainable modes of transport, it is important to communicate  all the information 
that is available. Hence it is suggested to have an online portal linked to the TU Delft 
website for dealing with the mobility related issues. This could include subscribing for 
ideas mentioned in this report like NS business cards, parking access cards, to know 
about compensating for flights, etc.  
 
Currently there is a mobility page which are mainly designed for the mobility pilot 
project conducted in 2019 [39]. This is good opportunity to expand this site to be a 
portal with all the information about accessibility to and from TU and the various 
sustainable initiatives.  
 
M2.1 Subsidies for purchasing e-bikes 
 
A survey by Mobycon revealed that 21% of the TU employees live in a distance around 
the TU that is not reachable by a bike but can be easily done by an e-bike. But 
currently only 1% of the employees use these e-bikes. Based on the mobility pilot 
project which was conducted in 2019 use of e-bikes was the prime focus. After the 
pilot concluded, of the 517 employees who participated, 22% of the participants have 
bought an e-bike and another 32% were planning to buy one in the near future.  
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This shows that many if all the employees realise the use of e-bikes and have some 
push from the TU towards purchasing it, there would be a great transition towards 
sustainable mobility. The university can offer this in the form of a subsidy. The funds 
for this can be diverted from the 2.8 million EUR which currently pays around 50 EUR 
for each employee towards travel. The same money spent over 2-3 years can already 
pay for a good e-bike.  
 
M2.2 Facilities for virtual conferencing  
 
As proposed in this report, virtual meetings and conferences needs to be encouraged 
to avoid air travel to long distances. From the COVID 19 scenario, it is clear that it is 
viable and a practical solution. To facilitate this effectively, the TU needs to develop 
the required infrastructure for virtual meetings and conferences. A similar initiative 
has been taken up by the ETH Zurich in Switzerland and a conference was organized 
to promote virtual academic exchange [18]. Though human interaction is definitely 
important, if a long flight trip is only to spend one or two business hours, the idea 
needs to be rethought.  
 
M2.3 Improving biking facilities 
 
The use of bikes by the students and the staff is already quite high and is expected 
to grow over the years. To meet the increasing demand, there is a need for adding 
more bicycle racks on campus. Currently there are 14000 racks and they are 80% 
occupied most times of the year [6]. Few buildings like the Aula, EWI and TN are 
already facing shortage of the bicycle racks resulting in mis-parking. To avoid 
discouraging the bikers in the future, it is important to expand these facilities.  
 
In addition to this, the coming years will see an increase in the use of e-bikes on the 
campus. Considering the cost of the bikes and the maintenance it demands, it is 
important to facilitate separate parking spaces for them. Also need to ensure that the 
area is theft proof to assure the safety concerns of the users.  
 
M2.4 E-Charging stations on campus 
 
In the recent years, the use of electric cars had a sharp rise and is expected to 
increase further in the coming years. To encourage and support the EV users, the 
infrastructure for charging the cars must be put in place. Presently, few parking 
spaces have these ports but it needs more expansion. It is suggested to have at least 
one charging spot in each parking area and more than one in prime locations. Care 
should be taken to see that the chargers use sustainable energy like solar of wind.  
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M2.5 Travel fund 
 
To support various initiatives mentioned in this report, the financial aspects also 
needs to be looked into. Creating a separate travel fund with different kinds of 
incomes on travel could be an option. This includes the amount allocated by the HR 
department, parking fee, flight emission compensation fee and others. This fund can 
be used to implement ideas like subsidies for e-bikes, issuing NS  business cards and 
paying for train trips instead of flights. Though is an initial idea, studying the case 
further can definitely yield good results on the longer term. 
 
M2.6 Mandate compensation 
 
Currently, the university provides assistance to many stakeholders for their business 
trips. But these flight trips are not compensated for the carbon footprint. It is only 
being done with a personal interest from the individual but there is no policy from 
the TU on this. Hence it is important to promote the concept and bring out ways to 
facilitate this compensation. It also needs to be decided if TU Delft will pay for the 
compensation or will it be the responsibility of the individual. It is suggested to push 
the responsibility towards people know the impact being created and discourage 
them from using flights unless it is mandatory. Therefore compensation needs to be 
mandated to bring behavioural change and to indulge in alternative good practices 
like afforestation which is a widely practiced activity using the compensated amount.  
 
M3.1 All TU fleet to be electric  
 
As an part of procuring sustainable products, TU Delft also needs to invest in buying 
only electric vehicles. The current vehicles which are fuel based needs to be replaced 
to sustainable means. 
 
M3.2 Connectivity between Delft station and the campus 
 
The lack of proper connectivity between the Delft central station and the campus is 
a major factor for less public transport use. Current journey for people who travel 
from the central station would take atleast 20-25 minutes by walk or by taking a bus 
(including the waiting time). TU Delft and the Delft municipality have already approved 
a plan to have a HOV tram line connecting the campus to the station [6]. This would 
be a great way to reduce the travel time and also the cost. This line is estimated to 
increase the public transport use by atleast 10%. But to ensure the project is on time 
and can support the sustainability efforts, TU Delft need to be active in pushing for 
realization of this project.  
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8.4.4 Waste: 
 
With a population of around 30000 people, TU Delft has a huge amount of waste 
outcome. The total waste generated is around 2.8 million kg per year and is expected 
to grow even higher with the present growth rate. The main waste streams are 
residual waste, GFT, paper & card board and debris from construction/demolition [4]. 
Currently, the waste management in the TU is done by Renewi and despite the 
various waste treatment initiatives the university still accounts for about 908 t CO2-
eq [4]. Though this number is quite small compared to the emissions from other 
sources, managing the waste streams is also an important part in achieving circular 
economy. Therefore, to reach the goal of being Circular by 2030, it is the need of the 
hour to take concreate steps in managing the waste streams and push for 
sustainable procurement. 
 
According to the 2019 statistics by Renewi, about 42% of the waste generated is 
recycled and raw materials are extracted [5]. This is a great initiative that is paving 
towards circular economy. For example, the coffee cups are being used to make toilet 
paper. Initiatives like these are encouraging and provide a great scope for 
improvement in the next ten years. But what about the remaining 58%?  
 
Of the waste that is not recycled, about 20 % is used to produce energy (waste to 
energy), 23 % is being reused organically and the remaining 15% is being dumped in 
landfills [4]. Though use if waste for generating energy cause small amount of 
emissions (about 370 t CO2-eq [4]), it is an efficient way of treating waste. It is also 
commendable that all of the GFT waste which is from catering and landscaping (of 
about 468,100 kg) is being treated in one or the other ways mentioned above.  
 
The 15% waste which is sent to landfills accounts for 415 tonnes per year. Better 
ways of treating the waste can be explored if it can be separated efficiently at the 
source and this is still not fully implemented all across the campus. Along with the 
initiatives taken by the university to improve waste treatment, we also need 
awareness among the people to practice them. The amount of waste generated per 
person in Netherlands is 7th highest in the EU with 8.2 tonnes per year in 2016 [40]. 
A behavioural change towards reducing the wastage and reusing things needs to be 
inculcated.   
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With this vision, the authors define the following goals to be achieved in the next ten 
years; 

- Create awareness among stakeholders on waste reduction measures 
- Taking concreate steps to avoid single use plastic usage and waste on 

campus 
- Improve waste separation facilities across the TU campus, both inside and 

outside the buildings 
- Reduce the amount of waste being dumped in the landfills to 5% 
- Explore new and sustainable ways of treating waste 
- Evaluate and explore ways to treat hazardous waste  
- Promote composting practices on campus 
- Reduce the waste generated from events (disposable cups & cutlery, food, 

etc) 
 
The current report will focus on ways to improve the waste treatment and ways 
to reduce the waste generated. The strategies are based on the investment need 
for a particular initiative and the impact created by it. For waste treatment, the 
ideas mostly No or low investment (<500,000 EUR) 

 
 1. Waste treatment 2. Waste reduction 
W1. No or low investment 1. Data collection and 

performing MFA  
2. Waste separation bins 
3. Special bins for 

hazardous waste 
4. Waste separating 

guidelines for caterers 
5. Avoid single use plastic 
6. Reutilization or selling 

old furniture 
7. Online market place 

for TU stake holders to 
buy/sell old items 

8. Composting on 
campus 

 

1. Organizing 
recycling events  

2. Avoid food waste 
through 
Foodsharing Delft 

3. Mandate two side 
printing  

4. Bring your own cup 

 
 
W1.1.1 Data collection and performing MFA  
 
The Circularity road map made by CRE in 2018 has performed a Material Flow 
Analysis (MFA) based on the financial data of procurement activities. But to get a real 
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grasp of the scenario and to track the progress, it is important to make an overview 
of all procurement and disposal activities. Hence collecting this data at least for an 
year and performing a MFA would give a much realistic idea about the circularity and 
the steps to be taken to improve waste treatment. Authors suggest that this can be 
taken up by CRE but can also be a very interesting project for students especially in 
Industrial ecology studies.  
 
W1.1.2 Waste separation bins 
 
A pilot project was started in 2019-20 in collaboration with Renewi where recycling 
islands were set up in Aula and Faculty of Architecture. These islands had separate 
bins for paper, PCD and other waste. In addition to this, the catering facilities also had 
a separate bin for food. With this initiative, users will find one of these islands for 
every 30 seconds walk. This would be a great opportunity to expand the waste 
separation on campus. Expanding this to all the buildings and cafeterias will improve 
the recycling of paper and other residual waste which comprises of around 300 tons 
of waste which is sent to landfills.  
 
In addition to this, there needs to be an improvement in separate bins for glass, wood 
and metals being placed one per building. Today we rarely find bins for glass on 
campus. It is also recommended to have bins for e-waste on prime locations on the 
campus.  
 
Impact assessment: Atleast 50% decrease in landfills  
 

 
 
W1.1.3 Special bins for hazardous waste 
 
Currently all the hazardous waste from TU Delft is about 100 tons and they are either 
sent to landfills or its outflow is unknown. It is important that these materials treated 
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appropriately. The waste from landfills releases harmful gases and the presence of 
these hazardous materials or chemicals might make it even more harmful.  
 
So it is suggested to ensure that these wastes, especially from the labs should be 
collected separately and the contractors should ensure that they are taken care 
responsibly. Thermal, chemical or biological methods needs to be investigated to see 
that these hazardous wastes are treated in a sustainable manner. Managing this 
waste stream will save around 100 tons of waste from entering the landfill. 
 
Impact assessment: 100 tonnes of hazardous wasted treated in an alternative way 
and avoid sending to landfills. This reduced the  waste sent to landfills by 5%. 
 

 
 
W.1.1.4 Waste separating guidelines for caterers 
 
Currently there are 19 cafeterias/ restaurants and other food trucks in TU Delft that 
use the facilities and generate waste. It is important that the waste generated during 
their processes and the access food waste that is generated is well separated and 
managed. To ensure common practices among all the caterers, a set of guidelines 
needs to be adapted. To make a start on these tips/guidelines, the authors suggest 
the following; 
 

- Use of separate bins for organic waste 
- Avoid disposing used oil in the garbage but use separate containers 
- Avoid the use of plastic cutlery or plates 
- No use of plastics for packaging 
- Give away the access food for sell for discounted price instead of discarding it 

 
To support these guidelines, the TU and the waste management contractors should 
facilitate required infrastructure and also explore ways to treat things like oils. 

co2 waste
2000

1500

1000

500

0
2012 2016 2020 2024 2028

Time (Year)

tc
o2

eq

co2 waste : businessasusual
co2 waste : landfill 5%

t C
O

2 
eq

 

CO2 Emissions 

���



GREENTU DELFT 

 

 
W.1.1.5 Avoid use of single use plastic 
 
A popular opinion from students and many organisation within the TU is the ban of 
single use plastic in all the activities. This includes plastic bottles in vending machines, 
cutlery, packaging, etc. A decisive step needs to be taken to address this issue and 
minimize the use of plastic within the university.  
 
W.1.1.6 Reutilization or selling old furniture  
 
In promoting circular economy, the university needs to take steps towards reutilizing 
its property. TU Delft has some of the best in class infrastructure when it comes to 
furniture, teaching equipment, computers, etc. After the maximum lifetime or in 
renovation stage, these items can be utilized for other purposes or can be give away 
to students or can be resold if in good condition. It is suggested that the concerned 
people will look at these possibilities before discarding the materials.  A live example 
is the new Sustainability hub that is ready for inauguration in the Fellowship. The 
furniture being used is something that was discarded from the old buildings. So there 
are many more possibilities like this which if explored can make a lot of difference. 
 
W.1.1.7 Online market place for TU stake holders to buy/sell old items 
 
Online market places is becoming quite popular for buying and selling old products. 
With various platforms like MarketPlats and Facebook groups, this is already a 
popular initiative among students. Considering the population of the TU, having its 
own platform would be a great advantage to even sell old items from the TU. This 
platform could also be used for organizing recycling events and providing information 
about sustainable materials and waste management initiatives. This could also be 
executed as a student project in collaboration with organisation like GreenTU. 
 
W.1.1.8 Composting on campus 
 
There is lot of biodegradable waste that is generated on the TU campus, especially 
from landscaping and food waste. This can be treated efficiently by having compost 
facilities on campus. This in be again used in the landscaping procedures and to 
improve the campus greenery. 
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W.1.2.1 Organizing recycling events  
 
Encouraging the organization of annual or bi annual recycling events at the TU would 
be a great initiative to collecting waste form work and house. This can focus on 
collection of rare waste items like electronics and furniture. A similar initiative was 
conducted in 2019 to collect old mobile phones and received a decent response. 
Student organisation should come up with such interesting events and the TU also 
needs to be an integral part in contributing within the university. 
 
W.1.2.2 Avoid food wastage 
 
As discussed in the strategy for sustainable food, care should be taken to avoid food 
waste or use the access food in a meaningful way. The authors suggest recognizing 
food sharing Delft to be viable partner in this by expanding their reach. 
 
W.1.2.3 Mandate two side printing 
 
An initiative that is coming up in various big organisation is to reduce their paper use 
and encouraging digital way of doing things. Currently, there are no such initiatives 
and it is observed that one side printing is a common practice being followed. Unless 
it is really required, everyone should rethink on using the resources. Mandating two 
side printing can be a great way of reducing the use of paper. This will save the money 
being invested in procurement and also reduce the waste generated.  
 
W.1.2.4. Bring your own cup 
 
The initiative of bringing their own cup needs to be popularized. Not many people 
across the TU know that bring their own cup gives them a discount on their coffee. 
This needs to be expanded to all coffee places with small rewards for people who 
bring their own cups. This will reduce the thousands of coffee cups being disposed 
every year.  
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8.4.5 Water: 
 
Supply of clean drinking water and responsible consumption of water are two main 
aspects of water management with regards to SDGs. Currently the emissions from 
water in the TU is quite negligible and cannot be addressed any further. Despite the 
fact that there is water scarcity in the TU or in the surroundings, it is important to 
imbibe the practices of saving the recourse and consume in a responsible way. This 
can be done as follows; 
 

- Collection of rain water and using them for internal use in toilets  
- Use of sensor based taps across the campus 
- Reuse of waste water in WCs or other purposes 
- Setting up of drinking water taps and encourage people to carry water bottles. 

This also avoids the use of single use plastic on campus 
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8.4.6 Procurement: 
 
The procurement of various items for direct use or for selling on campus play an 
important role in TU Delft’s environmental impact. The scope 3 emissions coming 
from these procurement activities are not yet calculated or accounted for in the 
university’s CO2 emissions. The purchasing action also has a direct impact on the 
circularity of university. The Circularity roadmap determined that TU Delft is currently 
5-15% circular based on the MFA [5]. This may not be completely certain due the lack 
of data.  
 
To be carbon neutral and circular by 2030, it is very important to take decisive actions 
on various procurement activities. TU Delft needs to include sustainability as an 
important criteria for decision making  during any tenders or contracts. A 
comprehensive Procurement Policy needs to be developed with selection criteria’s 
for different commodities. As a pre-requisite to the Procurement Policy, the authors 
would like to highlight few Sustainable Purchasing Guidelines; 
 

- Research on sustainable alternatives and vendors offering them 
- Collection of procurement data, analysis and reporting 
- Incorporate sustainability into contracts and tenders 
- Cost decisions should value the long term impact and ROI created by 

sustainable procurement 
- Preference to purchase reusable commodities 
- Review the sustainability value of the products by metrics and certificates 

o Energy: Purchasing electronics with A+ (or better) or Energy star rated 
o Water: Discourage plastic bottles in vending machines and facilitate 

water filters more widely 
o Chemicals/pollutants: Products should not contain lead or mercury 

unless mandatory or if there is no other alternative 
o Packaging: Gradually ban single use plastic and invest in reusable and 

long lasting items. Or use recyclable or compostable alternatives 
o Paper: purchase recycled paper and ensure used/waste paper is almost 

completely recycled 
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8.5 STRATEGY FOR SOCIAL ENGAGEMENT 
 
Achieving sustainable development is a collective effort. Despite of the various 
initiatives taken up by the university management and the organisation like GreenTU, 
it is important that people believe in the cause and make their individual 
contributions to it. To encourage this culture, the current report identifies social 
engagement to be an important tool for sustainable development. This includes both 
internal and external interactions of the university with regards to sustainability. And 
this social engagement can pave way for addressing the SDGS of ‘Partnerships for 
the goals’ and ‘Gender equality’. The authors suggest that social engagement can be 
evaluated and addressed with respect to four areas where improvements can be 
made; 
 

- Communication (internal and external) 
- Stakeholder engagement 
- Events  
- Inclusion 

 
1. Communication: 
 
As seen in the current report, there are various ongoing sustainability related 
activities in TU Delft. But this report marks the first time that they are being brought 
together and shown to the world. Communicating what is happening and what is 
intended to be done is very important with the extreme movements rooting for 
climate action, happening around the world. Currently, except for the commitment 
given towards the climate action, no policy or official information has been released 
by the university. This is causing serious problems for the university rankings and 
effecting the brand value. In addition to this, even within the TU, there are many 
students who are interested in starting or following sustainable initiatives but are not 
aware what is already happening and whom to contact. To address these problems, 
the authors suggest the following; 
 

- Framing policies 
- Sustainability website 
- Annual sustainability reports & Feasibility studies  
- Internal communication 

 
Framing policies: 
 
As mentioned before, there are no official policies released by TU Delft regarding its 
action towards sustainability. This is resulting in many people and departments within 
the university who are working towards this topic without a defined vision and no 
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further direction. Though bottom-up initiatives give a great scope for innovation and 
diversity, it is important that these ideas are streamlined and executed in an effective 
way. Today the number of these decentral projects have been increasing and it is the 
need of the hour to make official policies which can guide various initiatives on the 
campus. 
 
In addition to this, the 2020 SustainaBul ranking which is known for ranking 
universities across Netherlands for sustainability has ranked TU Delft at 23rd position 
in Netherlands. One of the main reason for this was the unavailability of official 
polices and information about the various initiatives on the TU Delft webpages. 
Despite of the data submitted, the lack of any official information or reports on 
sustainability has resulted in poor rankings. 
 
Therefore it is important that the policies are developed with consultation from 
experts and the various works done on this topic until now are recognized and made 
official by the TU. This includes documents like CO2 roadmap, Circularity roadmap, 
mobility assessment etc. 
 
Sustainability website: 
 
The TU Delft webpage has a tab for sustainability which gives an idea of various 
initiatives on a macro level. The website is redesigned with updated information and 
new page for GreenTU and GreenTeams. Before, the website lacked updates and 
held very old information. GreenTU has taken the responsibility to improve the 
content on this website and constantly update it with new projects and information. 
But it is important that this page is highlighted and can be reached easily. As practice 
by various organisation, GreenTU also suggests that the sustainability tab should be 
included on the main home page of the TU Delft webpage.  
 
With more expansion and frequent updates, this page needs recurring promotion to 
improve the communication towards sustainability. Showing major projects on the 
university home page could be a great way of doing this. The TU Delft official social 
medias need to keep track of the new updates and share them more often. This will 
improve the visibility of the webpage for external parties and also for the university 
stakeholders.  
 
Annual sustainability reports & feasibility studies: 
 
The Sustainable Development Strategy 2020-30 is the first report reviewing the 
sustainability in TU Delft and suggesting measures towards sustainable development. 
However, implementation of these measures need further feasibility studies and 
reports with plans of action. The first step as an aftermath of the current report is to 
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get expert advice on the ideas and to work out the possibilities for implementation. 
These reports can be taken up by the TU employees, GreenTU and its committees. 
Otherwise, recruiting - voluntary or paid-working groups who can spare time and 
perform a detailed study. It is also important that these studies are published on the 
TU website and social media channels to show the progress being made. 
 
Next, sustainability reports can play a great role to keep track of the developments 
made and to show various initiatives that have been started in the TU. Sustainability 
reports have now become a custom is various organisation. From 2020, the GreenTU 
has taken the responsibility to make the annual report on sustainability. This should 
become a custom and should evolve with the years to come. To improve the report 
further, the authors advice further research on the Global Reporting Initiative and the 
standards mentioned in it for sustainability reporting. It is also advised make a Green 
House Gas inventory based on the standards of the GRI which is being followed by 
many institutions. 
 
Internal communication: 
 
Another important aspect about communication that needs improvement is the on 
campus awareness using the various media channels. As an example, coffee cups 
recycling bins exist on campus but using a small infographic showing the impact of 
collecting the cups efficiently would create more awareness among people. Also 
showing the information like food wastage or emissions saved due to no-meat could 
be a great way of encouraging people to participate. Another aspect is sharing about 
initiatives and achievements about sustainability with students. Use of net presenters 
for communicating this information could be very effective as it is already done with 
solar panels energy production. 
 
Presently, GreenTU and various other organisation are ensuring that the 
sustainability related initiatives reach students through their social medias. But it is 
also important that the university employees are aware of this information. Hence, 
we suggest circulating internal newsletters for the employees at least on quarterly 
basis and update them about the progress being made. This might also trigger their 
interests and bring out new opportunities. 
 
2. Stakeholder engagement  
 
There are many organisation within the TU who are promoting sustainability and 
engaging the students in their activities. To name a few, the Energy Club, Centre For 
Sustainability, Students4Sustainability, Foodsharing Delft and Lijst Béta are already 
quite popular and are doing a great job for this purpose. All these organisation are 
working hard and each have a specific audience with varied interests. However, these 
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groups and associations are often not working together, thus splitting potential 
audience and active members interested in the topic of sustainability.  
 
To increase the reach of these organisation and various activities they do, it is 
important to improve the collaborations between them. These organisation can join 
forces to be a strong group of people with common goals and vision which will 
increase the effectiveness of the initiatives taken. This can engage more people, 
create more awareness and create more audience for their communication channels 
and events. These collaborations will also improve the effectiveness of social media 
channels where the information can reach more people.  
 
As an official sustainability department of the university, GreenTU Delft can take up 
the responsibility in bringing these organisation on to the same stage. This is already 
happening with the organization of the Day Of Sustainability since the last two years 
but can be improved further. In 2019-20, GreenTU has started the Student 
Sustainability Council (SSC) which is aimed at connecting with various study 
associations within the TU to collaborate, advise and support them in becoming 
sustainable. The SSC is planned to meet every quarter to discuss the progress made, 
network with fellow organisations and collaborate. This SSC can be extended further 
to include all the sustainability related organisation in TU Delft, thus enabling more 
collaborations and bigger community. 
 
The GreenTeams also play an important role in engaging students and teachers on 
the topic of sustainability. The inventory reports that were prepared by them to make 
the faculty sustainable include lot of recommendations based on the suggestions 
from students and the professors. The summary of the reports than be found in 
Appendix A.  
 
3. Events 
 
Events are an important way of bringing people together and encouraging them to 
participate in sustainability. The Day Of Sustainability an important event that is 
organized by GreenTU in collaborations with various other organisation. The event 
includes workshops, lectures, games and lot of networking. The DOS 2019 has been 
a great success with wider audience and interesting programs. This particular 
initiative needs to get better every year to continue the dialogue on sustainability. 
Also, the Sustainability Career event by IESA Swift which was planned but cancelled 
due to COVID measures is another great initiative to show new opportunities to 
people. 
 
In addition to this, there need to be more events which can help people to change 
their lifestyle towards a sustainable one. One such example is the Secret Santa 2019, 
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organized by GreenTU, Centre For Sustainability and ISA. The event was aimed to 
promote reusing the given products and reducing the waste from festivals. Also the 
Zero waste challenge organized last year has received great response from the 
participants.  
 
All in all, it is advised to organize more events focusing on developing the interest 
among students and employees on the topic of sustainability. Also, collective 
organization of these events needs to be encouraged to reach a bigger audience and 
have a bigger impact. 
 
 
4. Inclusion 
 
Inclusion is something that happens on all levels of TU Delft. As an institution, TU Delft 
has the responsibility to create an inclusive atmosphere, where personal differences 
are celebrated and minority voices are lifted up. The responsibility to make sure its 
students and staff feel welcomed. As stated, this is something TU Delft is actively 
working on and has made significant progress in recent years. However, there is still 
a long road ahead. Based on experiences, conversations or available knowledge, the 
authors would like to suggest the following ideas to bring everyone together. 
 
Gender Equality: 
 
Open days and informational campaigns can also be targeted to improve the gender 
diversity of incoming students. 
 
Encouraging women participation in science and technology by employing more 
women scientists. 
 
More women speakers and inspiring personalities during events. 
 
Offer scholarships for women from underdeveloped or developing countries to 
recognise and flourish their talent. 
 
Global and Diverse 
 
To promote an inclusive atmosphere among students, many study associations and 
student societies have their own committees and events to promote issues such as 
gender equality, international integration, or community building for such minority 
groups. However, this is often not sufficiently integrated in the association or society, 
resulting in many students still being left out. The Diversity & Inclusion Office of TU 
Delft could work with these groups to further improve their openness. Such issues 
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are often framed in terms of what language should (or more frequently, should not) 
be used. However, it also extends to the what these organisations build their identity 
around. 
 
Affordable housing with a priority for those who need the most financial assistance. 
 
To provide a space for people who pray/meditate throughout the day, a 
contemplation room has been opened at X. However, it is suggested that this comes 
at the cost of closing comparable spaces at EEMCS and AE, which should only be 
done in agreement with the community of those faculties. 
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9. Conclusion  
 
The main aim of this report is to study and present GreenTU’s vision on sustainability 
at TU Delft from a broader perspective focusing on the UN Sustainable developments 
Goals. An effort has been made to understand the current state of sustainability at 
TU Delft in the four portfolios of education, research, operations and social 
engagement.  
 
It is observed that the university is performing quite well in the education and 
research aspects considering the fact that most studies are core technical programs. 
The master programs and tracks offer a wide range of subjects focusing on 
sustainable energy, circular economy, sustainable architecture and so on. This can 
be further improved by more multidisciplinary programs focusing on sustainability. 
Considering the student opinion and from the case studies on reputed universities,  
the smaller programs like minors, honours and elective courses can provide a great 
opportunity to improve education related to sustainable development. Though there 
are multiple minors related to this field, most of them are offered by partner 
universities. The authors believe that TU Delft has much more potential to offer more 
programs within the university either as minors or honours. One of the main concern 
is to create awareness on the sustainability related programs and courses offered by 
TU Delft and making it accessible to all the students. As suggested in section 8.3, the 
authors encourage establishing an online platform for facilitating this. This platform 
could also be a great source for exchange of knowledge between students and 
teachers and to share interesting project opportunities. The current report also 
made an effort in identifying how sustainability can be improved in each master 
program based on interview with directors of education and to the best knowledge 
of the authors. More detailed information on this can be found in the inventory 
reports by the GreenTeams.  
 
Coming to the sustainability in research, TU Delft is already leading its away in SDGs 
like ‘Industry, innovation and infrastructure’, ‘Sustainable cities and communities’ , 
‘Affordable and clear energy’ and others. As seen in section 3.2, all the four Delft 
Research-based Initiatives (health, energy, global and infrastructure) focus on more 
than one SDGs thus making an impact for a better society. In addition to this, TU Delft 
also has multiple student teams working on most exciting projects related to 
sustainability. Most of these teams are acclaimed internationally and rest are gearing 
up to make their mark in varied fields like mobility, energy and architecture.  

But there are still few areas where the full potential is not explored. The 
current report shows such topics based on rankings and recommends a further 
research into identifying potential research areas. Also, in order to promote and 
engage in research related to sustainable development, the authors call for setting 
up a Centre For Sustainability. This platform would act as a point of reference to 
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connect students, researchers, TU Delft operations team and the external parties 
who are interested to work on topics related to sustainability. This report also 
highlights the importance of establishing TU Delft as a living lab and being a test bed 
for new innovations. Currently, Green Village has been quite successful as a living lab. 
But there is still lot of possibilities for expanding it especially by engaging students. 
This could be either through projects, master theses, internships or other volunteer 
work.  
 
The next and the most important part discussed in this report is the TU Delft 
operations and to make it a carbon neutral and circular campus. The university 
currently accounts for emissions of 47957 tCO2-eq based on the CO2 Roadmap. This 
is the first base to analyse the university and to make concrete plans for future. The 
section 3.3 of this report gives an overview of various sustainable operational 
activities being undertaken in the university. Starting from procuring wind energy for 
meeting 78% of the demand, solar panels on the roofs, use of ATES systems for 
heating to building energy neutral buildings like PULSE, TU Delft is performing very 
well in addressing the emissions from electricity. The emissions coming from the 
heating still needs lot of improvement and it is exciting to see the energy transition 
team working towards it very actively through projects like geothermal energy.  

During the course of this report, it was observed that the emissions from 
scope 1 and 2 are been taken quite seriously and various possibilities are being 
explored to achieve the carbon neutrality. Whereas, the scope 3 emissions which 
includes food, mobility, waste management and procurement are still not taken 
seriously. Though the CO2  Roadmap gives a good base for these scope 3 emissions, 
there is a need to study them further based on more accurate and comprehensive 
data. Also, the emissions from procurement are not accounted for yet. Procurement 
is expected to be a major contributor to the emissions and also in deciding the 
circularity of the campus. Hence there is an immediate need for a detailed study on 
the various procurement activities undertaken by TU Delft. 

The year 2019-20 saw a great progress towards addressing the scope 3 
emissions. Together with collaborators from campus operations and student 
organisations, GreenTU Delft has started various initiatives in the areas of food, waste 
and mobility. Few of these initiatives are, No-meat week, new waste separation pilot 
in architecture and a brainstorm session with experts for policies on mobility. In 
addition to this, there are many more projects and ideas which are being geared up 
for implementation in the year 2020-21. 
 
In this report, the authors suggest a number of strategies to make the TU Delft 
operations more sustainable. These ideas range from small initiatives which need 
more commitment and social responsibility to economically intensive ideas like 
sustainable buildings and geothermal energy. The authors have shown various 
possibilities based their knowledge in this area, case studies, interviews, feedbacks 
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and literature research. In order to show the impact of these ideas, the authors 
developed a behavioural model using Vensim software. This software has been used 
to predict the future emissions of the university based on the population growth. The 
prediction was limited by the TU Delft’s current resources which can only 
accommodate 36000 people and this is expected to be reached by 2024-25. At that 
moment in time, under the current business as usual scenario, the emissions are 
expected to be around 70000 tCO2-eq. Some of the strategies that authors propose 
and which can be quantified approximately are represented using this Vensim model 
to show the effect of the future emissions.  
 
Combining the various initiatives, the authors present a scenarios with the following 
strategies being implemented and the decline in future emissions can be seen as 
follows; The graphs below show the business as usual scenario for each case along 
with the total and individual impact of the ideas. This below scenario includes the 
implementation of following strategies: 
 
Electricity: 

- 5% energy saving using winter/summer closure (Worst case scenario) 
- Energy savings from IT equipment (IT equipment) 
- Developing green roofs  
- Improving the lightings 
- Home automation (ventilation) 

 
Heating: 

- Geothermal 
- Underground storage 

 
Food: 

- Two no meat weeks per year 
- No meat Monday 

 
Waste: 

- Better treatment of hazardous waste (5% less waste to landfills) 
- Reducing the waste sent to landfills by half by improving the recycling (half 

landfill) 
 
Mobility: 

- One no car day per week (20% less car use) 
- Carpooling or ride sharing 
- 30% less air travel 
- Improvements in public transport 
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The above scenario shows the impact of implementing few of the strategies 
mentioned in the current report. Tough it is limited to few ideas which could be 
quantified with limited data, if is evident that small steps taken towards sustainable 
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alternatives also have a major impact on the emissions. It can be seen that by 
implementing energy saving measures, the electricity use and the corresponding 
emissions can come down by 30 percent. In the year 2024, when the population is 
expected to be in the peak, these measures can reduce the emissions to nearly 8000 
tCO2-eq form 11200 tCO2-eq. Similarly the emissions from heat would be reduced to 
10200 tCO2-eq from 20000 tCO2-eq in 2025 when the geothermal project would be 
running. If this can be further extended by the decommissioning of the CHP plants, 
the scope 1 and scope 2 emissions would be dropped significantly close to zero. 
These measures would thus help TU Delft in achieving carbon neutrality with 
responsible production and consumption activities.  
 
Coming to the scope 3 emissions, the ideas mentioned in the report to reduce 
emissions from food, waste, mobility and water need further qualitative and 
quantitative  analysis to see their feasibility and the impact. The reduction of scope 3 
emissions need more social commitment and awareness among the stake holders 
towards responsible consumption. Hence it is quite difficult to define the amount of 
reduction in these emissions based on the ideas mentioned in the current report. 
But the authors have tried to depict this by using some simple but effective steps. 
These include no meat Mondays, no meat weeks, improving the waste treatment by 
recycling and better treatment of hazardous waste, reducing the flight use, no car for 
one day a week (20% less car use) and few others. These simple steps with minimal 
implementation could reduce the emissions by almost 8000 tCO2-eq. If the response 
is better and the implementation is more effective, then the strategies mentioned in 
this report can significantly reduce the scope 3 emissions from TU Delft. 
 
 
The implementation of the above mentioned scenario with small initiatives can 
reduce the emissions to 50000 tCO2-eq from 70000 tCO2-eq by 2030. If the phase 
out of CHP plants is implemented with sourcing renewable electricity and using 
sustainable heating systems, then there would be an additional decline of another 
18000 tCO2-eq. 
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An important aspect to focus currently is to engage more people and explore the 
possibilities of reducing the scope 3 emissions. Of the ideas are implemented 
effectively, for example having a monthly no meat week would reduce the emissions 
from food by 25%. And encouraging virtual meetings similar to the COVID 19 scenario 
would reduce the emissions from flying by more than 50%.  
 
If the measures are not implemented to control the emissions, TU Delft will have to 
pay an annual carbon tax of about 2 million EUR for scope 1 and scope 2 emissions 
in 2024. This is based on the projected carbon tax of 55 EUR per t CO2-eq by the EU 
[13]. If the scope 3 emissions are also included, then the tax amount would be as 
high as 4 million EUR. In the contrary, if the university takes steps to reduce the 
carbon emissions, it will not only save all the tax amount but would also reduce the 
social costs. On the other hand, use of strategies mentioned in the report could 
reduce the energy use by 30% if better control mechanisms are implemented. This 
would further save 2-3 million EUR depending on the extent of implementing the 
measures. 
 
It is evident that most of the topics discussed or suggested in this report need lot of 
commitment from the stakeholders. Hence the report highlights the need for social 
engagement in achieving sustainability. Currently, there are many organisations and 
initiatives that are working towards increasing the awareness on sustainability. But 
there is a further room for improvement. GreenTU is now growing as an umbrella 
organisation to bring together all the organisations working on sustainability. Along 
with this, the TU also needs to take steps towards communicating about the various 
sustainability initiatives to the internal stakeholders and to the outside world. There 
should be further studies, assessments, fact sheets, guidelines and policies to show 
the commitment of the university and its stakeholders towards building a sustainable 
campus.  
 
Finally, this report is a first attempt to bring the various sustainability related activities 
taken up TU Delft and to show various possibilities to achieve its sustainability targets 
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by 2030. With immense confidence, the authors predict that with better commitment, 
more awareness and more social engagement, TU Delft can definitely achieve its 
goals of contributing to the Sustainable Development Goals and become carbon 
neutral campus by 2030. And GreenTU Delft will strive for making this a reality in the 
coming decade. 
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Appendix: 
 
A. Summary of GreenTeam inventories: 
 
GreenTeam EEMCS 
 
The inventory report was separated into four portfolios: education, operational, 
communication and research. In order to research these fields of interest, several 
methods of investigation were used: staff (both academic and operational) were 
interviewed, a survey among the student populace was conducted and online 
research was carried out. Additionally, the GreenTeam spent time promoting 
sustainability on campus through social media.  
 
Education 
Inspired by the feedback from the students and the educational staff the GreenTeam 
promoted the idea of horizontally integrating sustainability in the education of 
EEMCS. This entails that there shouldn’t necessarily be one dedicated course for 
sustainability but rather that sustainability is an overarching theme which teachers 
can comment on when relevant in existing courses. Additionally, in project-based 
courses, sustainability could become a secondary learning goal (e.g. designing and 
programming a carbon footprint tracker instead of a game). 
 
Operational 
In the research of the operational portfolio, it was found that currently a lot of single-
use plastics and promotional materials are being used in the EEMCS faculty, whilst a 
majority of the students indicated to be against this. An example of how this could be 
reduced is by introducing a small fee for the use of plastic cutlery, hence stimulating 
people to bring their own cutlery.   
 
Communications 
Currently, the topic of sustainability is not prominently featured on the website of the 
faculty. A specific page highlighting all the courses, research, co-operative partners 
and operations regarding sustainability could be created. Similarly, a brightspace 
page could be made such that interested students could subscribe to this page and 
get updates on the different sustainable activities on campus. 
 
Research  
Currently, the EEMCS faculty already has a focus on sustainability, namely the 
Electrical Sustainable Engineering research department which focuses on the 
sustainable energy transition.  
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GreenTeam CEG 
 
The report was structured in a systematic way such that 4 most important pillar within 
the faculty were targeted: Education, Operations, Research and Communications. A 
brief summary of the findings of each of the category is explained below: 
 
Education  
Both Bachelors and Master tracks were targeted. It was observed that a lot of focus 
has already been given in the bachelor program of Applied Earth Sciences and few 
courses have been following it in Civil Engineering. In addition, as there no record of 
a document listing the possibilities of selecting minors related to sustainability, 
therefore an exclusive list was made by the team which includes the options from 
other universities as well. 
 
Operations 
For operations, 4 main fields were researched- energy usage, waste management, 
renovation activities and food management. Energy usage targeted the areas of Solar 
panels, energy consumption, heating and gas consumption within the faculty. Data 
regarding these aspects were gathered and analysed. Also, the usage of printers and 
its relevant costs within the faculty was investigated. In addition, the energy 
consumption before the pandemic was analysed and important conclusions were 
made with respect to energy consumption in CEG. 
 
Research 
It came to our notice that the Faculty of Civil Engineering Geosciences has a sound 
perspective and attention towards sustainability. The motivation and ethic of the 
researchers involved promise to create more sustainable projects for the upcoming 
future. 
 
Communications 
Since this is the first year of the GreenTeam of Faculty CEG, the team decided to make 
itself known via various social media channels. In order to fully comprehend the 
opinion and position of the different staff members, faculty members and students 
in CEG, the team decided to reach out to various groups of audience through a survey 
related to sustainability within the Faculty.  
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GreenTeam AS 
 
As was recommended by the GreenTU board, the GreenTeam of Applied Sciences 
divided their analysis of the faculty into four portfolios: Education, Operational, 
Research and Communication.  
 
Education 
The courses are organised into four categories: courses that did not in any way relate 
to sustainability, such as calculus courses; courses that could include examples or 
indirect mention of sustainable topics; courses that could integrate sustainability in a 
more fundamental way into the course and finally, courses that have already 
integrated the topic of sustainability into the course. 
The courses under each of these criteria are identified and it is suggested to forn 
small groups of students (TA’s, members of the GreenTeam and other enthusiastic 
students) to research topics relating the course to sustainability is a strategy that 
seems promising for next year. 
 
Operational 
Up till now, it seems that energy is used wastefully in several ways that could be 
solved by maintaining effective rules for staff. Also, a closer look should be taken at 
the plans for the new building replacing Building 22, since it is the reason that 
sustainable renovations of Building 22 have stagnated.  
 
Research 
The relation between research department and sustainability can be placed, roughly, 
into two categories: the research field is not directly related to sustainability in any 
way and the research field is very relevant to sustainability and the topic is already 
being integrated substantially. Therefore, it did not seem that there was much for the 
GreenTeam to do. 
 
Communication 
The available communication tools are excellent for spreading information and 
awareness about sustainability. Yet from the survey done among students the 
conclusion can be drawn that not many students are aware, on the topic of 
sustainability, of the status of the faculty, the progress that needs to be made and 
the progress that is being made. There is a great opportunity for the GreenTeam to 
stimulate this. 
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GreenTeam AE: 
 
The inventory is made across four portfolios: education, operations, research, and 
communication.  

Education:                       
Master education already integrates sustainability in many courses, but there is room 
for improvement in offering a solid foundation on this subject to all students. This 
solid foundation is also lacking in bachelor education: the DSE offers a lot of potential 
for students to investigate sustainability themselves, but they could be better 
prepared for this task earlier in their education. Moving forward, course coordinators, 
especially those of projects, will be approached to discuss what can be made 
possible. Programmes offered at the Faculty of Aerospace Engineering already bring 
a heavy workload, so the addition of sustainability in a course will most likely have to 
be at the expense of other material.  

Operations:                         
In terms of the operations surrounding the Faculty of Aerospace Engineering, many 
points of improvement could be identified to reduce the amount of waste or energy 
used. Take, for example, single-use plastics at the canteen and at events, or 
awareness surrounding waste separation. This also includes events organised by the 
study association VSV ‘Leonardo da Vinci’, who are currently already working on waste 
reduction. Other changes will need to be brought up to a variety of responsible 
parties, some of which would best be coordinated centrally by GreenTU. 

Research:                       
The Faculty of Aerospace Engineering is already quite invested in sustainability-
related research. However, this is seemingly not the case across all departments. It 
was also found that mindsets at the faculty and of stakeholders are not always 
sufficiently sustainability oriented. GreenTeam AE could work on spreading 
awareness, while discussions with the faculty’s sustainability committee could result 
in further change. Additionally, interdisciplinary communication was investigated and 
found to be lacking. However, researchers generally don’t experience this as 
hindering.  

Communication:                
Sustainability is already a hot topic at the faculty, so communication surrounding it 
isn’t hard to find. However, several small points of improvement have been identified. 
These often relate to how sustainability is framed to (prospective) students, who 
could have difficulty finding what subject or track bests suits them if sustainability is 
something they want to pursue. GreenTeam AE could take it upon itself to create new 
material for students to orient themselves on this topic.  
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Appendix B: 

Model description 

The food model is constructed with some small differences with respect to the 
others. In fact, it does not take into account potential rates variation of average 
consumption per person. Instead, days of meat-diet and no-meat diet are taken into 
account, and the proportion between them leads the evolution of the model. This 
choice has been made to make it possible to visualize consequences of possibly 
implemented policies (like the no-meat Mondays or no-meat weeks). For meat-days, 
the EF of average Dutch lunch diet (taken from Andy van Den Dobbelsteen paper) is 
multiplied by number of week days and by population of campus. For the no-meat 
days a different EF has been computed. What is possible to notice when a decrease 
of 5% in meat (no-meat days/meat days) is implemented is a slight change. This is 
because the EF of a vegetarian diet is smaller than EF for average Dutch diet, but not 
close to zero, thus the results of such a small difference in habits cannot be seen. 
However, when potentially implementing one no-meat week (5 days of no-meat diet 
at all canteens), or two no-meat weeks (10 days), or even no-meat Mondays every 
week (54 days) a more important decrease can be seen. 
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