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$�FRPPLWPHQW�WR�VXVWDLQHG�DQG�VXVWDLQDEOH
GHYHORSPHQW�UHTXLUHV�XV�WR�UHFRQFLOH�RXU
GHVLUH�WR�LPSURYH�WKH�TXDOLW\�RI�RXU�OLYHV
ZLWK�WKH�OLPLWDWLRQV�LPSRVHG�RQ�XV�E\�RXU
JOREDO�FRQWH[W�DQG�WKH�QHHG�WR�FRQVLGHU�RXU
DFWLRQV�RYHU�JUHDWHU�OHQJWKV�RI�WLPH��6XV�
WDLQDEOH�GHYHORSPHQW�UHTXLUHV�LQQRYDWLYH
VROXWLRQV�IRU�LPSURYLQJ�RXU�ZHOIDUH�WKDW�DUH
GHULYHG�IURP�SUDFWLFHV�DQG�WHFKQRORJLHV�WKDW
ZRUN�KDUPRQLRXVO\�ZLWK�HDUWK·V�V\VWHPV�DQG
DFURVV�GLYHUVH�JURXSV�RI�SHRSOH�

$OWKRXJK�WKHUH�LV�QR�JHQHUDO�DJUHHPHQW
UHJDUGLQJ�WKH�SUHFLVH�GHILQLWLRQ�RI�VXVWDLQ�
DEOH�GHYHORSPHQW��PRVW�LQWHUSUHWDWLRQV�RI

WKH�WHUP�´VXVWDLQDEOHµ�UHIHU�WR�WKH�DYDLODELO�
LW\�RI�QDWXUDO�UHVRXUFHV�DQG�HFRV\VWHP�IXQF�
WLRQLQJ�RYHU�PDQ\�JHQHUDWLRQV��DQG�WR�WKH
HQKDQFHPHQW�RI�KXPDQ�OLYLQJ�VWDQGDUGV
WKURXJK�HFRORJLFDOO\�VRXQG�HFRQRPLF�GHYHO�
RSPHQW��7KH�8QLWHG�1DWLRQV�GHILQHG�VXV�
WDLQDEOH�GHYHORSPHQW�DV��7KH�81�:RUOG
&RPPLVVLRQ�RQ�(QYLURQPHQW�DQG�'HYHORS�
PHQW��������

«�GHYHORSPHQW�WKDW�PHHWV�WKH�QHHGV�RI
WKH�SUHVHQW�ZLWKRXW�FRPSURPLVLQJ�WKH
DELOLW\�RI�IXWXUH�JHQHUDWLRQV�WR�PHHW�WKHLU
RZQ�QHHGV«

6RFLDO�&RQVLGHUDWLRQV�IRU�6XVWDLQDEOH�'HYHORSPHQW

7KH�VRFLDO�GLPHQVLRQ�RI�VXVWDLQDEOH�GHYHO�
RSPHQW�LQYROYHV�WDNLQJ�LQWR�DFFRXQW�WKH
IDFWRUV�WKDW�HQFRXUDJH�RU�GLVFRXUDJH�LQGL�
YLGXDOV��EXVLQHVVHV�DQG�JRYHUQPHQWV�IURP
DFWLQJ�LQ�D�VXVWDLQDEOH�ZD\���6RPH�RI�WKHVH
IDFWRUV�DUH�LQWHJUDWLQJ�VFLHQWLILF�DQG�HQJL�
QHHULQJ�NQRZOHGJH�ZLWK�SULYDWH�DQG�SXEOLF
GHFLVLRQ�PDNLQJ�DQG�XQGHUVWDQGLQJ�WKH
FXOWXUDO�DQG�SROLWLFDO�YDOXHV�WKDW�DIIHFW�WKH
FUHDWLRQ�DQG�GLVWULEXWLRQ�RI�ZHDOWK³ERWK�LQ
WKH�FXUUHQW�JHQHUDWLRQ��LQWUD�JHQHUDWLRQDO
HTXLW\��DQG�LQ�FRQVLGHULQJ�WKH�ZHOIDUH�RI
IXWXUH�JHQHUDWLRQV��LQWHU�JHQHUDWLRQDO
HTXLW\��

$�6867$,1$%/(�62&,(7<�0867�6((0
'(6,5$%/(³72�0(

0RVW�SURSRQHQWV�IRU�VXVWDLQDEOH�GHYHORS�
PHQW�DUHQ·W�WU\LQJ�WR�´VDYH�WKH�ZRUOGµ�
7KH\·UH�WU\LQJ�WR�KHOS�PDNH�WKH�ZRUOG�D
PRUH�GHVLUDEOH�SODFH�LQ�ZKLFK�WR�OLYH��WRGD\
DQG�WRPRUURZ��7KLV�LPSOLHV�WKDW�VRPH
DVSHFWV�RI�EDVLF�KXPDQ�QDWXUH�QHHG�WR�EH
FRQVLGHUHG�LQ�D�VWUDWHJ\�WR�SURPRWH�FUHDWLRQ
RI�D�PRUH�VXVWDLQDEOH�VRFLHW\��$W�WKH�PRVW
IXQGDPHQWDO�OHYHO��SHRSOH�QHHG�WR�SHUFHLYH
WKDW�WKH�TXDOLW\�RI�WKHLU�OLYHV�LQ�D�PRUH
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VXVWDLQDEOH�VRFLHW\�ZLOO�EH�DW�OHDVW�DV�KLJK
DV�LW�LV�WRGD\��7KLV�GRHVQ·W�QHFHVVDULO\�PHDQ
WKDW�WKH�TXDOLW\�RI�RXU�OLYHV�LV�GHILQHG�E\
PDWHULDO�ZHDOWK�

7KLV�FRQFOXVLRQ�LV�ERUQH�RI�SUDFWLFDO�FRQVLG�
HUDWLRQV��$FFRUGLQJ�WR�PDQ\�VRFLDO�VFLHQWLVWV�
IHZ�UDWLRQDOO\�VHOI�LQWHUHVWHG�SHUVRQV�ZRXOG
YROXQWDULO\�VDFULILFH�WKHLU�RZQ�VWDQGDUG�RI
OLYLQJ�ZLWKRXW�VRPH�FRPSHQVDWLQJ�EHQHILW�
:H�GRQ·W�FRPSOHWHO\�HOLPLQDWH�WKH
SRVVLELOLW\�RI�DOWUXLVP��EXW�D�VWUDWHJ\�WR
SURPRWH�WKH�FUHDWLRQ�RI�D�PRUH�VXVWDLQDEOH
VRFLHW\�QHHGV�WR�EH�EDVHG�RQ�PHHWLQJ�LQGL�
YLGXDO�DVSLUDWLRQV�PRUH�EURDGO\��:H�QHHG�WR
DVVXUH�WKDW�WKRVH�ZKR�FRPPLW�WR�FKDQJLQJ
WKHLU�OLIHVW\OHV�SHUFHLYH�WKH�SHUVRQDO�EHQHILWV
WKDW�ZLOO�EH�DVVRFLDWHG�ZLWK�WKHLU�FRPPLW�
PHQW�

0((7,1*�7+(�1(('6�2)�7+(�35(6(17

3HUKDSV�WKH�PRVW�GLIILFXOW�FKDOOHQJH�WR
FUHDWLQJ�D�PRUH�VXVWDLQDEOH�VRFLHW\�LV�WKH
ODUJH�GLIIHUHQFH�LQ�OLYLQJ�VWDQGDUGV�EHWZHHQ
SHRSOH�OLYLQJ�LQ�GHYHORSHG�YHUVXV�WKH�GHYHO�
RSLQJ�QDWLRQV��$Q�DJHQGD�WKDW�WDNHV�LQWR�DF�
FRXQW�LQWUD�JHQHUDWLRQDO�HTXLW\�SUHVHQWV�WZR
W\SHV�RI�FKDOOHQJHV��SURYLGLQJ�UHVRXUFHV�IRU
EDVLF�VXUYLYDO�IRU�WKH�SRRUHVW�SHRSOH�LQ�WKH
ZRUOG�DQG�DFFRPPRGDWLQJ�WKH�DVSLUDWLRQV�RI
SHRSOH�IRU�KLJKHU�VWDQGDUGV�RI�OLYLQJ�LQ�ERWK
GHYHORSLQJ�DQG�GHYHORSHG�QDWLRQV�

:KHQ�SHRSOH�DUH�FRQFHUQHG�IRU�WKHLU�YHU\
VXUYLYDO��DQG�PD\�ODFN�KXPDQ�ULJKWV��LW�LV
GLIILFXOW�WR�HQJDJH�WKHP�LQ�D�JOREDO�DJHQGD
IRU�VXVWDLQDEOH�GHYHORSPHQW��2I�FRXUVH��WKH
GHILQLWLRQ�RI�EDVLF�VXUYLYDO�LV�FXOWXUDOO\
GHSHQGHQW��%XW�LQ�VLWXDWLRQV�ZKHUH�IXQGD�
PHQWDO�ELRORJLFDO�VXUYLYDO�LV�WKUHDWHQHG��DV�LW
FDQ�EH�LQ�WKH�IDPLQH�VWUXFN�UHJLRQV�RI�$IULFD
RU�LQ�RXU�WXUEXOHQW�LQQHU�FLWLHV��WKH�ILUVW�VWHS

WRZDUGV�LQWUD�JHQHUDWLRQDO�HTXLW\�LV�WR
LPSURYH�OLYLQJ�FRQGLWLRQV�

%XW�FRQGLWLRQV�ZKLFK�PHUHO\�VXSSRUW�EDVLF�
ELRORJLFDO�VXUYLYDO�GR�QRW�GHWHUPLQH�ZKDW
PDQ\�ZRXOG�FDOO�D�KLJK�TXDOLW\�OLIH��,W�KDV
EHHQ�HVWLPDWHG�WKDW�LI�WKH�FXUUHQW�ZRUOG
SRSXODWLRQ�OLYHG�DW�WKH�VWDQGDUGV�RI�WKH
ZRUOG·V�ZHDOWKLHVW�QDWLRQV��LW�ZRXOG
UHTXLUH�WKUHH�WLPHV�WKH�UHVRXUFHV�DYDLODEOH
RQ�(DUWK���:DFNHUQDJHO�DQG�5HHV�������
&OHDUO\��ZH�FDQQRW�DIIRUG�WR�GR�WKLV��EXW�KRZ
GR�ZH�SURFHHG"

1XPHURXV�VRFLDO�PRYHPHQWV�DGGUHVV�WKLV
TXHVWLRQ��LQFOXGLQJ�WKRVH�DLPHG�DW�SURPRW�
LQJ�GHPRFUDWLF�SURFHVVHV�DQG�KXPDQ�ULJKWV�
UHGHILQLQJ�SURJUHVV�DQG�SURVSHULW\��UHVWUXF�
WXULQJ�FRPPHUFH�DQG�WKH�JOREDO�HFRQRP\�
DQG�UHWKLQNLQJ�WKH�GHVLJQ�RI�WHFKQRORJLHV�
6XVWDLQDEOH�GHYHORSPHQW�LV�QRW�D�SROLWLFDO
PRYHPHQW��LQVWHDG�LW�HQFRXUDJHV�LQGLYLGXDOV
DQG�RUJDQL]DWLRQV³ZKDWHYHU�WKHLU�LGHRORJ\
RU�FXOWXUH³WR�WDNH�LQWR�DFFRXQW�D�ZLGHU
UDQJH�RI�IDFWRUV�WKDW�ZLOO�KHOS�WKHP�DFKLHYH
WKHLU�JRDOV�

$//2:,1*�)8785(�*(1(5$7,216�72�0((7
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7KH�WHUP�´FDSLWDOµ�LV�WUDGLWLRQDOO\�LQWHU�
SUHWHG�DV�WKH�ILQDQFLDO�DQG�WHFKQRORJLFDO
UHVRXUFHV�DYDLODEOH�WR�DFKLHYH�D�GHVLUHG�HFR�
QRPLF�RXWFRPH��7KHUH�DUH�RWKHU�XVHV�RI�WKLV
WHUP�UHOHYDQW�WR�RXU�GLVFXVVLRQ�RI�VXVWDLQ�
DEOH�GHYHORSPHQW��QDWXUDO�FDSLWDO�LV�WKH
VWRFN�RI�QDWXUDO�UHVRXUFHV�DQG�WKH
SURGXFWLYH�FDSDFLW\�RI�HFRV\VWHPV��DQG�VRFLDO
FDSLWDO�LV�WKH�LQWHOOHFWXDO��SROLWLFDO��VSLULWXDO
DQG�RWKHU�VRFLHWDO�UHVRXUFHV�WKDW�VXSSRUW�WKH
IXQFWLRQLQJ�RI�RXU�FRPPXQLWLHV�

$�VWUDWHJ\�WR�SURPRWH�LQWHU�JHQHUDWLRQDO
VXVWDLQDELOLW\�QHHGV�WR�SURYLGH�FDSLWDO



������

'5$)7
�

UHVRXUFHV³HFRQRPLF��QDWXUDO�DQG�VRFLDO³
VR�WKDW�IXWXUH�JHQHUDWLRQV�FDQ�GHWHUPLQH
WKH�EHVW�FRXUVH�RI�DFWLRQ�WR�PHHW�WKHLU
QHHGV��7KLV�GRHVQ·W�QHFHVVDULO\�LPSO\�WKDW
WKH�H[DFWO\�LGHQWLFDO�UHVRXUFHV�QHHG�WR�EH
DYDLODEOH��EXW�D�FRPSDUDEOH�VHW��7KLV
REOLJDWLRQ�KDV�EHHQ�LQWHUSUHWHG�LQ�YDULRXV
ZD\V�LQ�WKH�VXVWDLQDELOLW\�OLWHUDWXUH��UDQJLQJ
IURP�OHDYLQJ�WKH�QRQUHQHZDEOH�UHVRXUFH
EDVH�FRPSOHWHO\�XQFKDQJHG�IURP�LWV�SUHVHQW
VWDWH��WR�XVLQJ�QRQUHQHZDEOH�UHVRXUFHV�DV
QHFHVVDU\�SURYLGHG�WKDW�DGHTXDWH�VXEVWLWXWHV
DUH�FUHDWHG�

3URJUHVV�WRZDUG�D�VXVWDLQDEOH�VRFLHW\�ZLOO
UHTXLUH�JUHDW�VFLHQWLILF�DQG�HQJLQHHULQJ
LQJHQXLW\��,W�DOVR�ZLOO�GHSHQG�RQ�D�PRUH

FRPSOHWH�XQGHUVWDQGLQJ�RI�WKH�VRFLDO�V\VWHPV
WKDW�GHFLGH�ZKLFK�WHFKQRORJLHV�WR�GHYHORS
DQG�KRZ�WKH\�ZLOO�EH�XVHG��$�FRPPLWPHQW
WR�SXUVXH�VXVWDLQDEOH�WHFKQRORJ\�DQG
GHYHORSPHQW�RIIHUV�HQRUPRXV�RSSRUWXQLWLHV
WR�DGYDQFH�RXU�NQRZOHGJH��WR�FUHDWH�QHZ
PDUNHWV��DQG�WR�LPSURYH�WKH�ZD\V�WKDW
LQGLYLGXDOV�DQG�LQVWLWXWLRQV�PDNH�GHFLVLRQV
DERXW�VFLHQFH��WHFKQRORJ\�DQG�GHYHORSPHQW

,Q�WKH�SDVW�FHQWXU\��ZH�KDYH�ZLWQHVVHG�WKH
WUHPHQGRXV�FDSDFLW\�ZH�KDYH�IRU�DGDSWDWLRQ
DQG�LQQRYDWLRQ��:KLOH�IXWXUH�JHQHUDWLRQV
ZLOO�EHQHILW�IURP�WKH�LQWHOOHFWXDO�FDSLWDO
DFFUXHG�WKURXJKRXW�KLVWRU\��ZH�FDQQRW�UHO\
RQ�WHFKQRORJLFDO�LQJHQXLW\�WR�UHSODFH�DOO
UHVRXUFHV�

7(&+1,&$/�&216,'(5$7,216�)25�6867$,1$%/(�7(&+12/2*,(6

7KH�WHFKQRORJLFDO�DVSHFWV�RI�WKH�FKDOOHQJH
WR�FUHDWH�D�PRUH�VXVWDLQDEOH�VRFLHW\³RXU
GHVLJQ�FRQVLGHUDWLRQV³FDQ�EH�H[SODLQHG�LQ
WHUPV�RI������WKH�TXDQWLW\�RI�PDWHULDO�DQG
HQHUJ\�UHVRXUFHV�DYDLODEOH������WKH�EDODQFH�LQ
WKH�UDWHV�DW�ZKLFK�WKRVH�UHVRXUFHV�DUH�KDU�
YHVWHG��WUDQVIRUPHG�DQG�UHFRYHUHG������WKH
TXDOLW\�RI�WKRVH�UHVRXUFHV��DQG�����WKH�ZD\�LQ
ZKLFK�WKRVH�UHVRXUFHV�ZLOO�EH�XVHG��,Q�WKLV
VHFWLRQ�ZH�ZLOO�GLVFXVV�WKH�EDVLV�IRU�VHYHUDO
LPSRUWDQW�IDFWRUV�WKDW�QHHG�WR�EH�FRQVLGHUHG
LQ�WKH�GHVLJQ�RI�PRUH�VXVWDLQDEOH�WHFKQROR�
JLHV�

48$17,7<�2)�0$7(5,$/�$1'�(1(5*<

5(6285&(6

7KH�TXDQWLW\�RI�PDWWHU�WKDW�ZH�KDYH�RQ
(DUWK�LV�ILQLWH���:H�FDQQRW�FUHDWH�PRUH
PDWWHU��QRU�FDQ�ZH�GHVWUR\�LW�VLQFH�WKH
DSSOLFDWLRQ�RI�QXFOHDU�WHFKQRORJ\�IRU�ZDVWH
PDQDJHPHQW�LV�FXUUHQWO\�LPSUDFWLFDO���:KHQ

ZH�WKURZ�DZD\�RXU�WUDVK��RU�EXUQ�LW��WKH
PDWHULDOV�DUH�PHUHO\�WUDQVIRUPHG�LQWR
FRPSRVW��LQFLQHUDWRU�DVK�RU�JDVHV��,Q�VLPSOH
WHUPV��LQ�D�ILQLWH�V\VWHP��WKH�PRUH�PDWHULDO
ZH�GLVFDUG��WKH�OHVV�WKHUH�LV�DYDLODEOH�WR�XVH
LQ�WKH�IXWXUH�

-XVW�DV�WKH�DPRXQW�RI�DYDLODEOH�PDWWHU�RQ
(DUWK�LV�ILQLWH��WKH�DPRXQW�RI�HQHUJ\�DYDLO�
DEOH�LV�QRW�XQOLPLWHG���&XUUHQWO\��PRVW�RI�RXU
HQHUJ\�LV�GHULYHG�IURP�WKH�VXQ���7KLV�HQHUJ\
LV�FRQYHUWHG�WR�FKHPLFDO�HQHUJ\�E\�SKRWR�
V\QWKHVLV�RU�LV�WUDSSHG�LQ�WKH�DWPRVSKHUH�DV
KHDW���)RVVLO�IXHOV�UHSUHVHQW�HQHUJ\�IURP�WKH
VXQ�ZKLFK�ZDV�WUDSSHG�HRQV�DJR�LQ�D�FRP�
SOH[�SURFHVV�ZKLFK�ZRXOG�EH�GLIILFXOW�DQG
FRVWO\�WR�UHSURGXFH���7KXV��WKH�IRVVLO�IXHOV�DUH
FRQVLGHUHG�QRQ�UHQHZDEOH�UHVRXUFHV�

*LYHQ�WKH�FXUUHQW�DSDWK\�WR�WKH�XVH�RI
QXFOHDU�HQHUJ\��VRPH�KDYH�VWDWHG�WKDW�D�WUXO\
VXVWDLQDEOH�VRFLHW\�ZRXOG�OLYH�ZLWKLQ�WKH
´VRODU�EXGJHWµ��XVLQJ�RQO\�WKH�FXUUHQW�LQIOX[
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RI�VRODU�HQHUJ\�WR�VXVWDLQ�RXUVHOYHV���+RZ�
HYHU��EHIRUH�ZH�FDQ�EHJLQ�OLYLQJ�ZLWKLQ�RXU
VRODU�EXGJHW��ZH�QHHG�WR�WDNH�DFWLRQV�WKDW
LPSURYH�WKH�SHUIRUPDQFH�DQG�DIIRUGDELOLW\�RI
UHQHZDEOH�HQHUJ\�VRXUFHV��'XULQJ�WKH
WUDQVLWLRQ�ZH�QHHG�WR�XVH�QRQUHQHZDEOH
UHVRXUFHV�DW�UDWHV�WKDW�DFFRPPRGDWH�WKH
GHYHORSPHQW�DQG�GHSOR\PHQW�RI�UHQHZDEOH
VXEVWLWXWHV�

6R��WKH�ILUVW�GHVLJQ�FRQVLGHUDWLRQ�WR�EH
LPSOHPHQWHG�WR�FUHDWH�VXVWDLQDEOH��WHFK�
QRORJLHV�LV�WKDW�WKH\�VKRXOG�VDWLVI\�RXU
IXQFWLRQDO�QHHGV�E\�XVLQJ�DV�IHZ�PDWHULDO
DQG�HQHUJ\�UHVRXUFHV�DV�SRVVLEOH�

%H\RQG�PHUHO\�OLPLWLQJ�WKH�XVH�RI�UHVRXUFHV�
ZH�QHHG�WR�HQKDQFH�WKH�PHWKRGV�RI�UH�XVLQJ
PDWWHU�DQG��ZKHUH�SRVVLEOH��HQHUJ\���1DWXUH
KDV�HYROYHG�LQWHUORFNLQJ�V\VWHPV�WKDW�HQDEOH
ZDVWH�WR�EHFRPH�WKH�IHHGVWRFN�IRU�D�QHZ
JHQHUDWLRQ�RI�SODQWV�DQG�DQLPDOV��,Q�WKH�ELR�
VSKHUH��FDUERQ��R[\JHQ�DQG�RWKHU�DWRPV�WKDW
IRUP�WKH�EDVLF�EXLOGLQJ�EORFNV�RI�OLIH��DUH
F\FOLFDOO\�VWUXFWXUHG��WUDQVIRUPHG��FRQ�
VXPHG��GHFRPSRVHG�DQG�UHVWUXFWXUHG�E\�D
YDULHW\�RI�QDWXUDO�SURFHVVHV��:H�QHHG�WKHVH
QDWXUDO�V\VWHPV�WR�FRQWLQXH�WR�SHUIRUP�WKHLU
UHF\FOLQJ�IXQFWLRQV�VR�WKDW�RXU�ILQLWH�PDWHULDO
UHVRXUFHV�DUH�PDGH�DYDLODEOH�IRU�XVH�DJDLQ
DQG�DJDLQ�

:H�QHHG�KHDOWK\�HFRV\VWHPV�WR�JHQHUDWH�DQG
UHJHQHUDWH�WKH�EDVLF�IRXQGDWLRQV�RI�OLIH��DQG
WR�SURGXFH�WKH�JRRGV�DQG�VHUYLFHV��WKDW
HQKDQFH�WKH�TXDOLW\�RI�RXU�OLYHV��(FRV\VWHPV
SURGXFH�JRRGV��VHDIRRG��WLPEHU��IXHOV��UDZ
PDWHULDOV�IRU�SKDUPDFHXWLFDOV�DQG�RWKHU
LQGXVWULDO�SURGXFWV���SXULI\�DLU�DQG�ZDWHU�
PDLQWDLQ�ELRGLYHUVLW\��SDUWLDOO\�VWDELOL]H�WKH
FOLPDWH��DQG�SURYLGH�EHDXW\�7KHUHIRUH��ZH
QHHG�WR�EH�FRQFHUQHG�ZLWK�WKH�HFRORJLFDO
LPSDFWV�RI�ERWK�WKH�VHOHFWLRQ�RI�PDWHULDOV�ZH
XVH�DQG�DOVR�WKH�LPSDFWV�DVVRFLDWHG�ZLWK�WKH
PDQXIDFWXUH�DQG�XVH�RI�WKH�JRRGV�SURGXFHG�

6R��DQRWKHU�WHFKQRORJLFDO�FKDOOHQJH�LV�WR
GHYHORS�VXVWDLQDEOH�WHFKQRORJLHV�DQG�PHWK�
RGV�RI�PDQXIDFWXULQJ�ZKLFK��PLQLPDOO\�GLV�
UXSW�RU�LPSDLU�HFRORJLFDO�IXQFWLRQLQJ�

7KHUH�DUH�VXEVWDQFHV�WKDW�DUH�YHU\�GLIILFXOW
WR�EUHDN�GRZQ�E\�QDWXUDO�SURFHVVHV���7KHVH
SHUVLVWHQW�DQG�ELRDFFXPXODWLYH�VXEVWDQFHV
PRYH�WKURXJK�WKH�IRRG�ZHE�DQG�UHVXOW�LQ�XQ�
DQWLFLSDWHG��DQG�SRWHQWLDOO\�KDUPIXO��H[SR�
VXUHV��0DQ\�RI�WKHVH�VXEVWDQFHV�DUH�DJUL�
FXOWXUDO�RU�LQGXVWULDO�FKHPLFDOV��VRPH�DUH
XQLQWHQWLRQDO�ZDVWH�SURGXFWV�DQG�FRQWDPL�
QDQWV��([SRVXUH�WR�VXFK�VXEVWDQFHV��H�J��
3&%V�DQG�FKORUGDQH��FDQ�OHDG�WR�FDQFHU�
GDPDJH�WR�WKH�FHQWUDO�QHUYRXV�V\VWHP��GLV�
HDVHV�RI�WKH�LPPXQH�V\VWHP��UHSURGXFWLYH
GLVRUGHUV�DQG�LQWHUIHUHQFH�ZLWK�QRUPDO�IHWDO
DQG�FKLOG�GHYHORSPHQW�

7KHUH�DUH�QXPHURXV�LQWHUQDWLRQDO�SURJUDPV
IRFXVLQJ�RQ�WKH�HOLPLQDWLRQ�RI�SHUVLVWHQW�DQG
ELRDFFXPXODWLYH�VXEVWDQFHV�IURP�WKH�SURG�
XFWV�DQG�SURFHVVHV�ZH�XVH��,Q�VRPH�FDVHV�LQ
GHYHORSLQJ�FRXQWULHV��WKH�VKRUW�WHUP�VRFLDO
EHQHILW�JDLQHG�E\�FRQWLQXHG�XVH�RI�VRPH
SHVWLFLGHV�UHTXLUHV�WKDW�D�SKDVH�RXW�SHULRG
EH�HVWDEOLVKHG�ZKLOH�YLDEOH�DOWHUQDWLYHV�DUH
GHYHORSHG���2YHU�WKH�ORQJ�KDXO��KRZHYHU��ZH
VKRXOG�HQVXUH�WKDW�WKH�SURGXFWV�DQG�SURF�
HVVHV�ZH�GHVLJQ�GR�QRW�JHQHUDWH��RU�XQLQ�
WHQWLRQDOO\�FUHDWH�XQZDQWHG��SHUVLVWHQW
DQG�ELRDFFXPXODWLYH�VXEVWDQFHV�

,7·6�$�0$77(5�2)�%$/$1&(

2Q�D�JOREDO�VFDOH��ZH�RIWHQ�FRQFHSWXDOL]H
WKH�HDUWK·V�V\VWHPV�LQ�WHUPV�RI�WKRVH�WKDW
GHVFULEH�WKH�DWPRVSKHUH�DQG�WKH�SK\VLFDO
FOLPDWH��WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�DWPRV�
SKHUH��RFHDQV�DQG�WKH�ZHDWKHU��WKH�K\GUR�
JRORJLF�F\FOH��DQG�WKH�LQWHUDFWLRQV�EHWZHHQ
WKH�ELRVSKHUH��DWPRVSKHUH�DQG�K\GURVSKHUH
�ELRJHRFKHPLFDO�F\FOHV���7KH�´EDODQFHµ�LQ
WKHVH�V\VWHPV�UHIHUV�WR�WKH�UDWHV�DW�ZKLFK
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FRPSRXQGV��VXFK�DV�&2
�
��DQG�HQHUJ\��KHDW�

IRU�H[DPSOH��DUH�HPLWWHG��DVVLPLODWHG�DQG
UHJHQHUDWHG�E\�HDUWK·V�V\VWHPV��7KH�PDQ\
SURGXFWV��SURFHVVHV�DQG�SUDFWLFHV�ZH�XVH�LQ
VRFLHW\�QHHG�WR�EH�GHVLJQHG�WR�ZRUN�LQ
KDUPRQ\�ZLWK�WKH�QDWXUDO�OLPLWV�RI��WKH
DVVLPLODWLYH�DQG�UHJHQHUDWLYH�FDSDFLW\�RI
HDUWK·V�V\VWHPV�

/HW·V�ORRN�DW�WKH�FDUERQ�F\FOH�WR�H[SORUH�WKLV
IXUWKHU��&DUERQ��LQ�WKH�IRUP�RI�FDUERQ�GLR[�
LGH�LQ�WKH�DWPRVSKHUH��LV�WDNHQ�XS�E\�SODQWV
DQG��WKURXJK�SKRWRV\QWKHVLV��LV�FRQYHUWHG�WR
QHZ�SODQW�JURZWK��,Q�WXUQ��FDUERQ�GLR[LGH�LV
JHQHUDWHG�DQG�UHOHDVHG�WR�WKH�DWPRVSKHUH�E\
KXPDQ��DQLPDO�DQG�SODQW�UHVSLUDWLRQ��DQG
WKH�EXUQLQJ�RI�SODQWV��WUHHV�DQG�IRVVLO�IXHOV�

6FLHQWLVWV�DQG�SROLF\�PDNHUV�DUH�FRQFHUQHG
EHFDXVH�WKH�FDUERQ�GLR[LGH�JHQHUDWHG�E\�RXU
XVH�RI�IRVVLO�IXHOV�PD\�H[FHHG�WKH�FDSDFLW\�RI
IRUHVWV�DQG�RWKHU�QDWXUDO�V\VWHPV�WR
DVVLPLODWH�LW��)XUWKHUPRUH��WKH�GHPDQGV�RI�D
JURZLQJ�SRSXODWLRQ�IRU�VHWWOHPHQWV�DQG�DJUL�
FXOWXUDO�ODQG�PD\�KDVWHQ�WKH�GHPLVH�RI�YLWDO
IRUHVW�HFRV\VWHPV���7KH�UHVXOW�LV�D�QHW
LQFUHDVH�LQ�FDUERQ�GLR[LGH�LQ�WKH�DWPRV�
SKHUH�

7KLV�EXLOG�XS�RI�FDUERQ�GLR[LGH�LQ�WKH
DWPRVSKHUH�LV�RQH�RI�WKH�IDFWRUV�WKDW�PD\
FDXVH�JOREDO�FOLPDWH�FKDQJH��3RWHQWLDO
FKDQJHV�LQ�RXU�FOLPDWH�VWULNH�GLUHFWO\�DW�WKH
TXDOLW\�RI�RXU�OLYHV��$PRQJ�RWKHU�WKLQJV�
WKH\�FDQ�UHVXOW�LQ�FKDQJLQJ�DJULFXOWXUDO�SDW�
WHUQV��FKDQJHV�WR�FRDVWDO�DUHDV��DQG�FKDQJHV
LQ�WKH�XVH�RI�HQHUJ\�LQ�HVWDEOLVKHG�FRPPX�
QLWLHV�

-XVW�DV�WKH�GHVWUXFWLRQ�RI�IRUHVWV�FRQWULEXWHV
WR�WKH�LPEDODQFH�LQ�FDUERQ�F\FOH��ZH�FDQ
FUHDWH�RWKHU�IRUPV�RI�LPEDODQFH�E\�KDUYHVW�
LQJ�RWKHU�QDWXUDO�UHVRXUFHV��IRU�H[DPSOH
WLPEHU�RU�ILVK��DW�UDWHV�WKDW�DUH�IDVWHU�WKDQ
WKH\�FDQ�EH�UHSODFHG��7KXV�DQRWKHU�FKDO�

OHQJH�IRU�VXVWDLQDEOH�GHYHORSPHQW�LV�WR�XVH
UHQHZDEOH�UHVRXUFHV�WKDW�DUH�KDUYHVWHG�DW
UDWHV�QR�JUHDWHU�WKDQ�WKHLU�VXVWDLQDEOH
UHJHQHUDWLRQ�UDWHV�

7+(�48$/,7<�2)�0$7(5,$/�$1'�(1(5*<

5(6285&(6

4XDOLW\�PDWWHUV��7KH�´TXDOLW\µ�RI�PDWWHU�DQG
HQHUJ\�FDQ�EH�GHILQHG�LQ�WHUPV�RI�RXU�DELOLW\
WR�XVH�WKHP�WR�PHHW�RXU�QHHGV��8WLOLW\��LQ
WXUQ��FDQ�EH�UHODWHG�WR�WKH�GHJUHH�WR�ZKLFK
UHVRXUFHV�DUH�VWUXFWXUHG�RU�RUGHUHG��RU�WKDW
WKH�VWRUHG�HQHUJ\�WKH\�FRQWDLQ�LV�DYDLODEOH
IRU�RXU�XVH��)RU�H[DPSOH��WKH�VWUXFWXUHG
FKHPLFDO�HQHUJ\�HPEHGGHG�LQ�DQ�XQOLW
PDWFK�XVXDOO\�KDV�JUHDWHU�SRWHQWLDO�XWLOLW\
WKDQ�DQ�HTXLYDOHQW�DPRXQW�RI�VRXQG�HQHUJ\
LQ�WKH�IRUP�RI�QRLVH�

$�IXQGDPHQWDO�FKDOOHQJH�WR�PDLQWDLQLQJ�WKH
TXDOLW\�RI�RXU�UHVRXUFHV�LV�WKH�QDWXUDO�WHQ�
GHQF\�RI�WKHVH�UHVRXUFHV�WR�EHFRPH�OHVV
VWUXFWXUHG��:H�REVHUYH�VXFK�WHQGHQFLHV
HYHU\�GD\��WKH�FXS�RI�VWHDPLQJ�KRW�FRIIHH
WKDW�JLYHV�XS�LWV�KHDW�WR�WKH�VXUURXQGLQJ�DUHD
DQG�EHFRPHV�FROG��WKH�UHIULJHUDQWV�WKDW�OHDN
IURP�RXU�FDUV·�DLU�FRQGLWLRQLQJ�V\VWHPV��RU�DQ
RUGHUO\�RIILFH�ZKLFK�UDSLGO\�EHFRPHV
FOXWWHUHG��7KH�GHJUHH�RI�GLVRUGHU�LQ�D�V\VWHP
LV�XVXDOO\�LQYHUVHO\�UHODWHG�WR�LWV�SRWHQWLDO
XWLOLW\�

(YHU\�WLPH�ZH�H[SHQG�HQHUJ\�DQG�SURGXFH
JRRGV��ZH�LQFUHDVH�WKH�DPRXQW�RI�GLVRUGHU�LQ
WKH�JOREDO�V\VWHP��$QRWKHU�ZD\�RI�VWDWLQJ
WKLV�LV�WKDW�ZH�UHGXFH�WKH�TXDOLW\�RI�WKH
UHVRXUFHV�DYDLODEOH�IRU�RWKHU�XVHV�

7KH�FRQFHSW�RI�UHF\FOLQJ�LV�QRW�QHZ��EXW
ZH·YH�RQO\�UHFHQWO\�EHJXQ�H[SOLFLWO\
GHVLJQLQJ�RXU�WHFKQRORJLHV��XS�IURQW��IRU
UHF\FODELOLW\��:H·YH�VHHQ�DOXPLQXP�FDQV
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UHF\FOHG�LQWR�PRUH�FDQV�DQG�SODVWLF�ERWWOHV
WXUQHG�LQWR�SDUNLQJ�ORW�EXPSHUV��7KHVH�VDPH
SODVWLF�ERWWOHV�FRXOG�KDYH�KDG�WKHLU�PDWWHU
DQG�HQHUJ\�UHGXFHG�LQ�TXDOLW\�E\�LQFLQHUDW�
LQJ�WKHP�WR�UHOHDVH�WKHLU�HQHUJ\��EXW�LQVWHDG
WKH\�KDYH�EHHQ�XVHG�LV�D�ZD\�WKDW��SDUWLDOO\
PDLQWDLQV�WKH�TXDOLW\�RI�WKH�SODVWLFV�ZKLFK
FRPSRVH�WKHP���$W�DQ\�WLPH��WKH�SDUNLQJ�ORW
EXPSHUV�FDQ�VWLOO�EH�LQFLQHUDWHG��EXW�PHDQ�
ZKLOH�ZH�KDYH�SURYLGHG�DQ�LQWHUPHGLDWH�VWHS
LQ�WKH�XOWLPDWH�GHJUDGDWLRQ�RI�WKH�PDWHULDO
ZKLFK�FRPSRVHG�WKH�SODVWLF�ERWWOHV�

7KH�NH\�LV�QRW�RQO\�WR�UHF\FOH�WKH�PDWHULDOV�
EXW�DOVR�GHVLJQ�SURGXFWV�VR�WKDW�WKH\�SUH�
VHUYH�WKH�TXDOLW\�RI�WKHLU�FRQVWLWXHQWV�RYHU
WKHLU�XVHIXO�OLIHWLPHV��DQG�DUH�PRUH�DPHQD�
EOH�WR�UHF\FOLQJ��0RUH�VXVWDLQDEOH�WHFKQROR�
JLHV�VKRXOG�DOVR�EH�GHVLJQHG�VR�WKDW�WKH\
UHTXLUH�DV�OLWWOH�HQHUJ\�DV�SRVVLEOH�IRU�UH�
FRYHU\��UHF\FOLQJ�DQG�UHXVH�RI�WKHLU
FRQVWLWXHQW�UHVRXUFHV�

86,1*�5(6285&(6�:,6(/<

:H�EHJDQ�RXU�GLVFXVVLRQ�RI�VXVWDLQDEOH
GHYHORSPHQW�ZLWK�DQ�RYHUYLHZ�RI�WKH�HWKLFDO

LPSHUDWLYH�WR�XVH�RXU�OLPLWHG�UHVRXUFHV�WR
´PHHW�WKH�QHHGV�RI�WKH�SUHVHQW�JHQHUDWLRQ
ZLWKRXW�FRPSURPLVLQJ�WKH�DELOLW\�RI�IXWXUH
JHQHUDWLRQV�WR�PHHW�WKHLU�QHHGVµ��:H�WKHQ
IRFXVHG�RQ�WKH�VFLHQWLILF�XQGHUSLQQLQJV�RI
WKH�GHVLJQ�JXLGHOLQHV�IRU�PRUH�VXVWDLQDEOH
WHFKQRORJLHV��%HIRUH�ZH�VXPPDUL]H�RXU
WHFKQLFDO�GLVFXVVLRQ��ZH�QHHG�WR�UHPLQG
RXUVHOYHV�WKDW�WKH�FKDOOHQJHV�WR�FUHDWLQJ�D
PRUH�VXVWDLQDEOH�VRFLHW\�JR�IDU�EH\RQG
GHVLJQLQJ�EHWWHU�WHFKQRORJLHV�

7KHUH·V�DQ�ROG�VD\LQJ�WKDW�D�JRRG�HQJLQHHU
ZLOO�GHVLJQ�D�EULGJH�IRU�\RX��EXW�D�JUHDW
HQJLQHHU�ZLOO�DVN�\RX�ZKHWKHU�WKH�EULGJH
QHHGV�WR�EH�EXLOW�LQ�WKH�ILUVW�SODFH��7KLV�LV�DQ
LPSRUWDQW�PHVVDJH�IRU�WKH�GHVLJQHUV�RI�WHFK�
QRORJLHV��6XVWDLQDEOH�WHFKQRORJLHV�DUH�QRW
LQGHSHQGHQW�RI�WKHLU�VRFLDO�FRQWH[W��7KHLU
GHVLJQ�ZLOO�UHIOHFW�LQGLYLGXDO�YDOXHV�DQG
FKRLFHV�PDGH�ZLWKLQ�WKH�ODUJHU�FRQWH[W�RI
FRUSRUDWH�DQG�QDWLRQDO�VWUDWHJLHV�WR�FRPSHWH
IRU�DQG�GHYHORS�VFDUFH�UHVRXUFHV��:H�QHHG
WR�PDNH�VXUH�WKDW�ZH�DOZD\V�DVN�ZKHWKHU�WKH
SURGXFWV�DQG�V\VWHPV�ZH�FUHDWH�DUH�ZRUWK
WKH�H[SHQGLWXUH�RI�RXU�OLPLWHG�WLPH�DQG
UHVRXUFHV�

$�6XPPDU\���:KDW�&DQ�:H�'R"

:KDW�DUH�WKH�GHVLJQ�FRQVLGHUDWLRQV�IRU�WHFK�
QRORJLHV�WKDW�VXSSRUW�D�PRUH�VXVWDLQDEOH
VRFLHW\"�,Q�RUGHU�WR�DVVXUH�WKDW�WKH�PDWHULDO
UHVRXUFHV�ZH�KDYH�RQ�HDUWK�DUH�DYDLODEOH�IRU
JHQHUDWLRQV�WR�FRPH��ZH�QHHG�WR�GHVLJQ
SURGXFWV�DQG�SURFHVVHV�WKDW«

b XVH�QRQUHQHZDEOH�UHVRXUFHV�DW�UDWHV
WKDW�DFFRPPRGDWH�WKH�GHYHORSPHQW
DQG�GHSOR\PHQW�RI�UHQHZDEOH�VXEVWL�
WXWHV

b VDWLVI\�RXU�IXQFWLRQDO�QHHGV�XVLQJ�DV
IHZ�PDWHULDO�DQG�HQHUJ\�UHVRXUFHV�DV
SRVVLEOH�

b PLQLPDOO\�GLVUXSW�RU�LPSDLU�HFRORJLFDO
IXQFWLRQLQJ�

b GR�QRW�LQFRUSRUDWH��RU�XQLQWHQWLRQDOO\
FUHDWH�XQZDQWHG��SHUVLVWHQW�DQG�ELRDF�
FXPXODWLYH�VXEVWDQFHV
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b ZRUN�LQ�KDUPRQ\�ZLWK�WKH
DVVLPLODWLYH�DQG�UHJHQHUDWLYH�FDSDFLW\
RI�HDUWK·V�V\VWHPV�

b XVH�UHQHZDEOH�UHVRXUFHV�ZKLFK�DUH
KDUYHVWHG�DW�UDWHV�QR�JUHDWHU�WKDQ�WKHLU
VXVWDLQDEOH�UHJHQHUDWLRQ�UDWHV�

b SUHVHUYH�WKH�TXDOLW\�RI�FRQVWLWXHQW
UHVRXUFHV�RYHU�WKHLU�XVHIXO�OLIHWLPHV�

b XVH�DV�OLWWOH�HQHUJ\�DV�SRVVLEOH�IRU
UHFRYHU\��UHF\FOLQJ�DQG�UHXVH��DQG

b RQO\�GR�WKRVH�WKLQJV�ZKLFK�DUH�ZRUWK
WKH�H[SHQGLWXUH�RI�RXU�OLPLWHG�WLPH
DQG�UHVRXUFHV�

$&.12:/('*(0(17

7KH�DXWKRU�ZRXOG�OLNH�WR�WKDQN�WKH�IROORZLQJ�IRU�WKHLU�FRQWULEXWLRQV�DQG�HGLWRULDO�FRPPHQWV�

-DQHW�.��$OOHQ��3K�'��,QVWLWXWH�IRU�6XVWDLQDEOH�7HFKQRORJ\�DQG�'HYHORSPHQW��-HDQ�/RX
&KDPHDX�3K�'���'HDQ��&ROOHJH�RI�(QJLQHHULQJ���%HUQLGXV�$��%UDV��3K�'���0HFKDQLFDO
(QJLQHHULQJ��*OHQQ�-��5L[��3K�'���*HRUJLD�7UDQVSRUWDWLRQ�,QVWLWXWH��*DU\�%��6FKXVWHU��3K�'�
'HDQ��&ROOHJH�RI�6FLHQFHV��5LFKDUG�3��%DUNH��3K�'���$VVRFLDWH�'HDQ��,YDQ�$OOHQ�&ROOHJH��$QQLH
3HDUFH��3K�'��&DQGLGDWH��&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��/HLJK�)LW]SDWULFN��*HRUJLD�7HFK
5HVHDUFK�,QVWLWXWH��(YD�5HJQLHU��3K�'��&DQGLGDWH��,QGXVWULDO�DQG�6\VWHPV�(QJLQHHULQJ��1DQF\�-�
-RQHV��,QVWLWXWH�IRU�6XVWDLQDEOH�7HFKQRORJ\�DQG�'HYHORSPHQW

)25�025(�,1)250$7,21

$QGHUVRQ��5�&���0LG�&RXUVH�&RUUHFWLRQ
7RZDUG�D�6XVWDQDEOH�(QWHUSULVH��7KH�,QWHUIDFH
0RGHO��&KHOVHD�*UHHQ�3XEOLVKLQJ�&R���3RVW
0LOOV��97�������

&UHLJKWRQ��6�+���*UHHQLQJ�WKH�,YRU\�7RZHU�
,PSURYLQJ�WKH�(QYLURQPHQWDO�7UDFN�5HFRUG�RI
8QLYHUVLWLHV��&ROOHJHV�DQG�2WKHU�,QVWLWXWLRQV�
7KH�0,7�3UHVV��&DPEULGJH��0$�������

)ORUPDQ��6�&���7KH�&LYLOL]HG�(QJLQHHU��6W�
0DUWLQ·V�3UHVV��1<�������

+DZNHQ�3���7KH�(FRORJ\�RI�&RPPHUFH�
+DUSHU�%XVLQHVV�������

.HQLU\��-���(FRGHPLD���&DPSXV�(QYLURQPHQWDO
6WHZDUGVKLS�DW�WKH�7XUQ�RI�WKH���VW�&HQWXU\�
/HVVRQV�LQ�0DQDJHPHQW�IURP�$GPLQLVWUDWRUV�
6WDII�DQG�6WXGHQWV��1DWLRQDO�:LOGOLIH
)HGHUDWLRQ�������

0HDGRZV��'�+���0HDGRZV��'�/��DQG
5DQGHUV��-���%H\RQG�WKH�/LPLWV��&KHOVHD�*UHHQ
3XEOLVKLQJ�&R���3RVW�0LOOV�97�������

2UU��'�:���(FRORJLFDO�/LWHUDF\��(GXFDWLRQ�DQG
WKH�7UDQVLWLRQ�WR�D�3RVWPRGHUQ�:RUOG��6WDWH
8QLYHUVLW\�RI�1HZ�<RUN�3UHVV��$OEDQ\��1<�
�����
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7KH�81�&RPPLVVLRQ�RQ�(QYLURQPHQW�DQG
'HYHORSPHQW��([HFXWLYH�6XPPDU\���2XU
&RPPRQ�)XWXUH��5HSRUW�&KDLU��*UR�+DUOHP
%UXQGWODQG��2[IRUG�8QLYHUVLW\�3UHVV�������
SS�������

:DFNHUQDJHO��0��DQG�5HHV��:���2XU�(FR�
ORJLFDO�)RRWSULQW��5HGXFLQJ�+XPDQ�,PSDFW�RI
WKH�(DUWK��1HZ�6RFLHW\�3XEOLVKHUV��*DEULROD
,VODQG��%&��&DQDGD��������SJ�����

:HEVLWHV�

*HRUJLD�7HFK·V��,QVWLWXWH�IRU�6XVWDLQDEOH
7HFKQRORJ\�DQG�'HYHORSPHQW�
http://www.istd.gatech.edu

6HFRQG�1DWXUH·V�6WDUILVK�:HEVLWH�
http://www.2nature.org/programs/sta

rfish/sfhome.nsf DQG��5HVRXUFHV�IRU
LQWHUGLVFLSOLQDU\�HGXFDWLRQ�IRU�VXVWDLQDELOLW\�


