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(QJLQHHU� ,QWHUQDWLRQDO +\EULG 3RZHU *URXS�

7HDP /HDGHU� 7HFKQRORJ\ 7UDQVIHU 'HSOR\PHQW 6XSSRUW &HQWHU�
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.HQHOO -� 7RXU\DQ

1DWLRQDO 5HQHZDEOH (QHUJ\ /DERUDWRU\� *ROGHQ� &2 �����

,W LV HVWLPDWHG WKDW WZR ELOOLRQ SHRSOH OLYH ZLWKRXW HOHFWULFLW\ DQG LWV VHUYLFHV ZRUOGZLGH� ,Q DGGLWLRQ�

WKHUH LV D VL]HDEOH QXPEHU RI UXUDO YLOODJHV WKDW KDYH OLPLWHG HOHFWULFDO VHUYLFH� ZLWK HLWKHU SDUW�GD\ RSHUDWLRQ

E\ GLHVHO JHQHUDWRU RU SDUWLDO HOHFWULILFDWLRQ� )RU PDQ\ YLOODJHV FRQQHFWHG WR WKH JULG� SRZHU LV RIWHQ

VSRUDGLFDOO\ DYDLODEOH DQG RI SRRU TXDOLW\� 7KH 8QLWHG 6WDWHV 1DWLRQDO 5HQHZDEOH (QHUJ\ /DERUDWRU\ �15(/�

LQ *ROGHQ� &RORUDGR� KDV LQLWLDWHG D SURJUDP WKDW LQYROYHV K\EULG V\VWHPV� WR DGGUHVV WKHVH SRWHQWLDO HOHFWULFLW\

RSSRUWXQLWLHV LQ UXUDO YLOODJHV WKURXJK WKH DSSOLFDWLRQ RI UHQHZDEOH HQHUJ\ WHFKQRORJLHV� 7KH REMHFWLYH RI WKLV�

SURJUDP LV WR GHYHORS DQG LPSOHPHQW DSSOLFDWLRQV WKDW GHPRQVWUDWH WKH WHFKQLFDO SHUIRUPDQFH� HFRQRPLF

FRPSHWLWLYHQHVV� RSHUDWLRQDO YLDELOLW\� DQG HQYLURQPHQWDO EHQHILWV RI UHQHZDEOH UXUDO HOHFWULF VROXWLRQV�

FRPSDUHG WR WKH FRQYHQWLRQDO RSWLRQV RI OLQH H[WHQVLRQ DQG LVRODWHG GLHVHO PLQL�JULGV� +\EULG V\VWHPV DUH

PXOWL�GLVFLSOLQDU\� PXOWL�WHFKQRORJ\� PXOWL�DSSOLFDWLRQ SURJUDPV FRPSRVHG RI VL[ DFWLYLWLHV� LQFOXGLQJ YLOODJH

DSSOLFDWLRQV GHYHORSPHQW� FRPSXWHU PRGHO GHYHORSPHQW� V\VWHPV DQDO\VLV� SLORW SURMHFW GHYHORSPHQW� WHFKQLFDO

DVVLVWDQFH� DQG ,QWHUQHW�EDVHG YLOODJH SRZHU SURMHFW GDWD EDVH� :KLOH WKH FXUUHQW SURJUDP HPSKDVL]HV ZLQG�

SKRWRYROWDLFV �39�� DQG WKHLU K\EULGV ZLWK GLHVHO JHQHUDWRU� PLFUR�K\GUR DQG PLFUR�ELRPDVV WHFKQRORJLHV PD\

EH LQWHJUDWHG LQ WKH IXWXUH� 7KLUWHHQ FRXQWULHV DUH DFWLYHO\ HQJDJHG LQ K\EULG V\VWHPV IRU UXUDO DQG UHPRWH

DSSOLFDWLRQV DQG DQRWKHU GR]HQ FRXQWULHV KDYH UHTXHVWHG DVVLVWDQFH LQ H[SORULQJ ZLQG�39 K\EULG V\VWHPV

ZLWKLQ WKHLU WHUULWRULHV� $W SUHVHQW UXUDO�UHPRWH VLWH DSSOLFDWLRQ RI UHQHZDEOH WHFKQRORJLHV LV WKH IDVWHVW

JURZLQJ DVSHFW RI UHQHZDEOH HQHUJ\ ZRUOGZLGH�

$� 7KH +\EULG 6\VWHP DQG 3UDFWLFDO $SSOLFDWLRQV

7KH PDLQ REMHFWLYH RI WKH DSSOLFDWLRQV GHYHORSPHQW DFWLYLWLHV XVLQJ K\EULG V\VWHPV LV WR LQYHVWLJDWH

UHQHZDEOH HQHUJ\�EDVHG V\VWHPV WKDW ZLOO UHGXFH WKH OLIH�F\FOH FRVW DQG�RU LPSURYH WKH SHUIRUPDQFH RI

FRPPHUFLDO UHQHZDEOH HQHUJ\ V\VWHPV� WKHUHE\ H[SDQGLQJ WKH PDUNHW IRU UHQHZDEOHV� 0DQ\ RI WKHVH

DSSOLFDWLRQV KDYH WKH SRWHQWLDO WR IDFLOLWDWH HFRQRPLF GHYHORSPHQW ZLWKLQ WKH YLOODJH� D PDMRU JRDO RI PDQ\

LQWHUQDWLRQDO GHYHORSPHQW RUJDQL]DWLRQV DQG KRVW�FRXQWU\ QDWLRQDO DQG SURYLQFLDO JRYHUQPHQWV� (OHFWULILFDWLRQ

RI UXUDO YLOODJHV KDV WKH SRWHQWLDO WR LQLWLDWH VXEVWDQWLDO GHYHORSPHQW DFWLYLWLHV� LI HOHFWULF SRZHU ZHUH DYDLODEOH

GXULQJ GD\WLPH KRXUV� DQG DSSURSULDWH WUDLQLQJ DQG PDUNHWLQJ LQIUDVWUXFWXUH ZHUH DYDLODEOH WR YLOODJHV�

+RZHYHU� LQ PRVW VPDOOHU YLOODJHV VHUYHG E\ GLHVHO JHQHUDWRUV� LW LV FRVW�SURKLELWLYH WR SURYLGH GD\WLPH SRZHU

DQG� WKHUHIRUH WKH HFRQRPLF GHYHORSPHQW SRWHQWLDO RI WKHVH YLOODJHV FDQQRW EH UHDOL]HG� 5HQHZDEOH HQHUJ\

V\VWHPV DUH EHWWHU VXLWHG WR GHOLYHU ���KU SRZHU LQ VPDOO YLOODJHV �OHVV WKDQ ���� LQKDELWDQWV� ZKHUH LQFRPH

JHQHUDWLRQ DQG HFRQRPLF GHYHORSPHQWV DUH EHLQJ SXUVXHG DV SROLF\ JRDOV�

7KH HQHUJ\ QHHGV RI KRXVHKROGV DUH WRZDUGV FRRNLQJ� OLJKWLQJ� VSDFH�KHDWLQJ� DQG WKH RSHUDWLRQ RI

KRXVHKROG DSSOLDQFHV DQG GHYLFHV� 7UDGLWLRQDO HQHUJ\ VRXUFHV IRUP WKH EXON RI HQHUJ\ VXSSO\ IRU UXUDO

KRXVHKROGV�

$JULFXOWXUDOPHFKDQLVDWLRQ LQYROYHV PDLQO\ WKH XVH RI GLHVHO IRU WUDFWRUV� WLOOHUV� WKUHVKHUV DQG RWKHU

IDUP HTXLSPHQW� DQG WKH XVH RI HOHFWULFLW\ LQ LUULJDWLRQ SXPS�VHWV� 7KH QXPEHUV RI WKHVH HTXLSPHQW DUH RQ WKH

LQFUHDVH LQ DOO FRXQWULHV� +RZHYHU� WKLV KDV QR HIIHFW XSRQ WKH H[WHQW RI WUDGLWLRQDO HQHUJ\ FRQVXPSWLRQ LQ WKH
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VHFWRU VLQFH� DV VWDWHG HDUOLHU� WKH HQHUJ\ VRXUFH VXEVWLWXWHG LV KXPDQ RU DQLPDO ODERXU� 'LHVHO LV DOVR D PDMRU

IXHO IRU LUULJDWLRQ SXPS�VHWV LQ XQHOHFWULILHG YLOODJHV�

7KH HQHUJ\ QHHGV RI UXUDO LQGXVWULHV FRPSULVH OLJKWLQJ� SURFHVV KHDW DQG PRWLYH SRZHU UHTXLUHPHQWV�

/LJKWLQJ UHTXLUHPHQWV DUH LQYDULDEO\ PHW E\ HOHFWULFLW\ LQ HOHFWULILHG YLOODJHV DQG E\ NHURVHQH LQ XQHOHFWULILHG

YLOODJHV� 7KH SULQFLSDO VXSSO\ VRXUFHV IRU SURFHVV KHDW LQ IDFLOLWLHV VXFK DV EODFNVPLWK\� EULFN�PDNLQJ DQG

FKDUFRDO PDQXIDFWXUH DUH IXHOZRRG DQG ELRPDVV� 0RWLYH SRZHU UHTXLUHPHQWV DUH PHW E\ HOHFWULFLW\� ZKHUH

LW LV DYDLODEOH� DQG E\ KXPDQ ODERXU XVLQJ PHFKDQLFDO HTXLSPHQW� ZKHUH HOHFWULFLW\ LV QRW DYDLODEOH� ,Q DJUR�

EDVHG IDFLOLWLHV� VXFK DV FURS�GU\LQJ DQG ULFH�PLOOLQJ� WKH XVH RI ELRPDVV LV ZLGHVSUHDG�

+\EULG V\VWHPV DUH EHLQJ FRQVLGHUHG IRU LFH�PDNLQJ� ZDWHU GHVDOLQDWLRQ� ZDWHU SXULILFDWLRQ� EDWWHU\�

FKDUJLQJ VWDWLRQV� DQG YLOODJH K\EULG SRZHU JHQHUDWLRQ� %HFDXVH PDQ\ YLOODJHV KDYH HLWKHU GLHVHOV GHGLFDWHG

WR D SDUWLFXODU XVH RU D GLHVHO PLQL�JULG� WKH\ IDFH ERWK HFRQRPLF �IXHO FRVW� DQG PDLQWHQDQFH SUREOHPV

DVVRFLDWHG ZLWK UHPRWH GLHVHO RSHUDWLRQV� <HW LQ PDQ\ RI WKHVH YLOODJHV� WKH VRODU DQG�RU ZLQG UHVRXUFHV DUH

JRRG HQRXJK WR FRPSHWH HFRQRPLFDOO\ ZLWK WKH OLIH�F\FOH FRVW RI GLHVHO RSHUDWLRQ�

%� 6\VWHP 'HVLJQ

+\EULG V\VWHPV FDQ EH SRZHUHG E\ DQ\ FRPELQDWLRQ RI ZLQG� SKRWRYROWDLFV� GLHVHO� DQG EDWWHULHV�

)LJXUH � VKRZV D VFKHPDWLF RI D K\EULG V\VWHP� 1RW DOO V\VWHPV KDYH DOO WKH FRPSRQHQWV VKRZQ� ,Q JHQHUDO�

39 SDQHOV� VPDOO ZLQG WXUELQHV� DQG EDWWHULHV DUH DOO '& GHYLFHV� ,I $& SRZHU LV GHVLUHG� WKH '& SRZHU PXVW

EH FRQYHUWHG WR $&� *HQHUDWRUV QRUPDOO\ SURGXFH $& SRZHU� EXW VRPH PRGHOV DOVR SURGXFH '& SRZHU� 7KH

FRPSRQHQWV RI D K\EULG V\VWHP IDOO LQWR RQH RI IRXU FDWHJRULHV� (QHUJ\ *HQHUDWLRQ�:LQG WXUELQHV DQG HQJLQHV

XVH JHQHUDWRUV WR FRQYHUW PHFKDQLFDO PRWLRQ LQWR HOHFWULFLW\� 39 SDQHOV FRYHUW VXQOLJKW GLUHFWO\ LQWR HOHFWULFLW\�

(QHUJ\ 6WRUDJH� 7KHVH GHYLFHV VWRUH HQHUJ\ DQG UHOHDVH LW ZKHQ LW LV QHHGHG� (QHUJ\ VWRUDJH RIWHQ LPSURYHV

ERWK WKH SHUIRUPDQFH DQG HFRQRPLFV RI WKH V\VWHP� 7KH PRVW FRPPRQ HQHUJ\ VWRUDJH GHYLFH XVHG LQ K\EULG

V\VWHP LV WKH EDWWHU\� (QHUJ\ &RQYHUVLRQ� ,Q K\EULG V\VWHPV� HQHUJ\ FRQYHUVLRQ UHIHUV WR FRQYHUWLQJ $&

HOHFWULFLW\ WR '& RU YLFH YHUVD� $ YDULHW\ RI HTXLSPHQW FDQ EH XVHG WR GR WKLV� ,QYHUWHUV FRQYHUW '& WR $&�

5HFWLILHUV FRQYHUW $& WR '&� %L�GLUHFWLRQDO LQYHUWHUV FRPELQH WKH IXQFWLRQV RI ERWK LQYHUWRUV DQG UHFWLILHUV�

%DODQFH RI 6\VWHP �%26�� %26 LWHPV LQFOXGH PRQLWRULQJ HTXLSPHQW� D GXPS ORDG �D GHYLFH WKDW VKHGV H[FHVV

HQHUJ\ SURGXFHG E\ WKH V\VWHP�� DQG WKH ZLULQJ DQG KDUGZDUH QHHGHG WR FRPSOHWH WKH V\VWHP� 7KLV OHYHO RI

IOH[LELOLW\ KDV REYLRXV DGYDQWDJHV IRU FXVWRPL]LQJ D V\VWHP IRU SDUWLFXODU VLWHV UHVRXUFHV� FRVWV� DQG ORDG

UHTXLUHPHQWV� 7KH IOH[LELOLW\� KRZHYHU� PDNHV WKH GHVLJQ SURFHVV PRUH GLIILFXOW� ,W LV HVVHQWLDO� WKHUHIRUH� WR

GHYHORS GHVLJQ PRGHOV WKDW FDQ DGGUHVV ��� RSWLPL]DWLRQ RI D K\EULG FRQILJXUDWLRQ� ��� WKH WHFKQLFDO DQG

HFRQRPLF SHUIRUPDQFH RI K\EULGV� DQG ��� WKH HFRQRPLFV RI DOWHUQDWLYH YLOODJH HOHFWULFLW\ RSWLRQV� 7ZR VXFK

PRGHOV KDYH EHHQ GHYHORSHG� 2QH LV FDOOHG +RPHU DQG WKH RWKHU +\EULG��� %RWK DUH EHLQJ YDOLGDWHG ZLWK� �

RSHUDWLRQDO GDWD IURP WKH ILHOG� DQG DUH EHLQJ XVHG WR GHVLJQ V\VWHPV LQ UXUDO VHWWLQJV� ZRUOGZLGH�

%ULHIO\� +RPHU LV DQ RSWLPL]DWLRQ PRGHO WKDW WDNHV LQWR FRQVLGHUDWLRQ KRXUO\ DQG VHDVRQDO YDULDWLRQV

LQ WKH YLOODJH ORDGV DQG UHVRXUFHV� VLPSOH SHUIRUPDQFH FKDUDFWHUL]DWLRQV RI HDFK FRPSRQHQW� HTXLSPHQW FRVWV�

UHOLDELOLW\ UHTXLUHPHQWV� DQG RWKHU VLWH VSHFLILF LQIRUPDWLRQ� +RPHU LGHQWLILHV WKH RSWLPDO FRQILJXUDWLRQ DV ZHOO

DV LWV VHQVLWLYLW\ WR XVHU VSHFLILHG UDQJHV RI LQSXW SDUDPHWHUV� IRU VFUHHQLQJ SXUSRVHV� ,Q DGGLWLRQ WR WKH

FRQILJXUDWLRQ� +RPHU RXWSXWV LQFOXGH KRXUO\ HQHUJ\ IORZV WKURXJK HDFK FRPSRQHQW� WKH LPSDFW RI VHYHUDO

VLPSOH ORDG PDQDJHPHQW VWUDWHJLHV� DQG HFRQRPLF LQIRUPDWLRQ VXFK DV WKH FRVW RI HQHUJ\ DQG QHW SUHVHQW
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)LJXUH �� +\EULG 6\VWHP &RQILJXUDWRQ� *HQHUDOL]HG K\EULG V\VWHP FRQILJXUDWLRQ VKRZLQJ HQHUJ\

VWRUDJH FRPSRQHQWV �SKWRYROWDLF� ZLQG WXUELQH� DQG JHQHUDWRU�� HQHUJ\ VWRUDJH FRPSRQHQWV �EDWWHULHV��

HQHUJ\ FRQYHUVLRQ FRPSRQHQWV �LQYHUWHU�� DQG EDODQFH RI V\VWHP FRPSRQHQWV �GLUHFW FXUUHQW VRXUFH

FHQWHU DQG FKDUJH FRQWUROOHU�� &RXUWHV\ RI %HUJH\ :LQG &RPSDQ\�

FRVWV RI WKH V\VWHP� )LJXUH � LOOXVWUDWHV VXFK D VFUHHQLQJ DQDO\VLV IRU D JLYHQ ZLQG VLWH� +\EULG��� RQ WKH RWKHU

KDQG� LV D VRIWZDUH WKDW HPSOR\V D WLPH�VHULHV�SUREDELOLVWLF PRGHO WKDW XVHV WLPH�VHULHV UHVRXUFH DQG ORDG

LQIRUPDWLRQ� FRPELQHG ZLWK VWDWLVWLFDO DQDO\VLV� DQG PDQXIDFWXUHUV
 GDWD IRU K\EULG V\VWHP HTXLSPHQW WR

DFFXUDWHO\ SUHGLFW WKH SHUIRUPDQFH DQG FRVW RI K\EULG SRZHU V\VWHPV� +\EULG�� DOORZV IRU WKH GLUHFW

FRPSDULVRQ RI PDQ\ GLIIHUHQW UHQHZDEOH DQG QRQ�UHQHZDEOH SRZHU V\VWHP GHVLJQV�

%RWK +RPHU DQG +\EULG�� UHTXLUH DV RQH RI WKHLU NH\ LQSXWV� UHVRXUFH GDWD� 0RVW SRWHQWLDO VLWHV ODFN

VXIILFLHQW LQIRUPDWLRQ RQ VRODU LQVRODWLRQ DQG�RU ZLQG VSHHG� IUHTXHQF\ DQG GLUHFWLRQ� $XWRPDWHG ZLQG DQG

VRODU LQVRODWLRQ PDSSLQJ WHFKQLTXHV DUH QRZ DYDLODEOH WKDW XVH WKH *HRJUDSKLF ,QIRUPDWLRQ 6\VWHPV �*,6�

VRIWZDUH� )RU ZLQG� IRU H[DPSOH� WKLV SURYLGHV WRSRJUDSKLFDO GDWD WKDW LV XVHG DV LQSXWV IRU D FRPSXWHUL]HG

PDSSLQJ WHFKQLTXH� $ YDULHW\ RI PHWHRURORJLFDO DQG RWKHU JHRJUDSKLFDO GDWD VHWV DUH XVHG WR VXSSRUW ZLQG
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)LJXUH �� 7\SLFDO ZLQG�GLHVHO�EDWWHU\ FRQILJXUDWLRQ DQDO\VLV XVLQJ +20(5 FRGH�

PDSSLQJ SURMHFWV� 7KLV FRPSXWHU PDSSLQJ V\VWHP XVHV DQ DQDO\WLFDO DSSURDFK DQG LV GHVLJQHG WR SRUWUD\�

WKH GLVWULEXWLRQ RI WKH ZLQG UHVRXUFHV RYHU D ODUJH DUHD� 7KHVH PDSV DUH WKHQ XVHG WR LGHQWLI\ DQG WDUJHW

DUHDV IRU SRVVLEOH VLWHV DQG PRUH GHWDLOHG ZLQG PHDVXUHPHQW SURMHFWV�

&� 'HVLJQ &RQVLGHUDWLRQV DQG (FRQRPLFV

7KH PDLQ FRQVLGHUDWLRQV GULYLQJ D K\EULG V\VWHP VHOHFWLRQ DUH ORDG� UHVRXUFH� FRVWV �FRPSRQHQW� IXHO�

RSHUDWLQJ�� DQG TXDOLW\ RI VHUYLFH� $QWRQLR -LPHQH] DQG .HQ 2OVHQ KDYH SUHSDUHG WZR JUDSKV WKDW VKRZ WKH�

OHDVW�FRVW FRQILJXUDWLRQ IRU WZR GLIIHUHQW�VL]HG� W\SLFDO KHDOWK IDFLOLWLHV DV D IXQFWLRQ RI DYHUDJH VSHHG DQG

DYHUDJH GDLO\ VRODU LQVRODWLRQ� :H UHSURGXFH WKHLU JUDSKLFV� 7KH FRVWV JLYHQ LQ WKHVH JUDSKV DUH WKH

DQQXDOL]HG FRVW ���\HDU� RI WKH ORZHVW FRVW V\VWHP ZLWK WKH JLYHQ VRODU DQG ZLQG UHVRXUFHV� 7KH UHVXOWV DVVXPH

D SDUWLFXODU VHW RI HFRQRPLF DVVXPSWLRQV� 7KH VDPH VHW RI ZLQG VSHHG DQG LQVRODWLRQ GDWD ZDV XVHG IRU DOO UXQV

DQG VFDOHG WR JHW WKH YDULRXV DQQXDO DYHUDJH YDOXHV VKRZQ� 7KH UHVXOWV DUH PHDQW WR VKRZ JHQHUDO WUHQGV RQO\�

39  SKRWRYROWDLFV� :7*  ZLQG WXUELQH JHQHUDWRU�
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)LJXUH �� 7KHVH JUDSKV VKRZ WKH OHDVW�FRVW FRQILJXUDWLRQV IRU WZR GLIIHUHQW�VL]HG KHDOWK IDFLOLWLHV DV D

IXQFWLRQ RI DYHUDJH ZLQG VSHHG DQG DYHUDJH GDLO\ VRODU LQVRODWLRQ�
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'� $ &DVH 6WXG\

$ODVND KDV DSSUR[LPDWHO\ ��� UXUDO YLOODJHV WKDW KDYH QR OLQN WR WKH FHQWUDO SRZHU JULGV VHUYLQJ WKH

PDLQ XUEDQ DUHDV� 7KH PDMRULW\ RI WKHVH YLOODJHV DUH VHUYHG E\ GLHVHO�GULYHQ JHQHUDWRUV� %HFDXVH RI WKH

H[WUHPH UHPRWHQHVV RI PRVW RI WKH UXUDO YLOODJHV� DQG WKH ODFN RI URDGV� WKH GHOLYHUHG FRVW RI GLHVHO IXHO LV KLJK�

UDQJLQJ IURP ����� WR ����� SHU JDOORQ� 7KH KLJK RSHUDWLRQ DQG PDLQWHQDQFH FRVWV RI GLHVHO JHQHUDWLQJ VWDWLRQV

UHVXOW LQ HOHFWULF JHQHUDWLRQ FRVWV WKDW UDQJH IURP ����� WR ����� SHU N:K� 7KHUH DUH DOVR VLJQLILFDQW

HQYLURQPHQWDO KD]DUGV DVVRFLDWHG ZLWK GLHVHO SRZHU JHQHUDWLRQ� LQFOXGLQJ IXHO VSLOOV GXULQJ WUDQVSRUW� OHDN\

EXON IXHO WDQNV LQ WKH YLOODJHV� DQG &2 DQG RWKHU HPLVVLRQV�
�

7R UHGXFH WKH FRVW RI UXUDO SRZHU JHQHUDWLRQ DQG WKH HQYLURQPHQWDO LPSDFW RI GLHVHO IXHO XVDJH� WKH

$ODVND 'HSDUWPHQW RI &RPPXQLW\ DQG 5HJLRQDO $IIDLUV � 'LYLVLRQ RI (QHUJ\ �'&5$�'2(�� LQ FROODERUDWLRQ

ZLWK .RW]HEXH (OHFWULF $VVRFLDWLRQ �D UXUDO $ODVNDQ HOHFWULF XWLOLW\� DQG 15(/� LV GHYHORSLQJ ZLQG�GLHVHO

K\EULG SRZHU WHFKQRORJ\ WR EH LPSOHPHQWHG LQ D SLORW SURMHFW LQ WKH YLOODJH RI :DOHV� $ODVND� D QDWLYH YLOODJH

RI ��� SHRSOH LQ QRUWKZHVW $ODVND� 7KH SURMHFW LQWHJUDWHV WKUHH ���N: ZLQG WXUELQHV LQWR WKH H[LVWLQJ :DOHV

GLHVHO SRZHU V\VWHP ����N: DYHUDJH ORDG�� 7KH V\VWHP LQFRUSRUDWHV UHDFWLYH SRZHU DQG GXPS ORDG FRQWURO

WR SURYLGH UHJXODWLRQ RI OLQH YROWDJH DQG IUHTXHQF\� HQDEOLQJ WKH GLHVHO JHQVHWV WR EH VKXW GRZQ GXULQJ SHULRGV

RI KLJK ZLQG� 7KH V\VWHP DOVR LQFRUSRUDWHV VKRUW WHUP HQHUJ\ VWRUDJH WR SUHYHQW XQQHFHVVDU\ GLHVHO VWDUWV DQG

PD[LPL]H IXHO VDYLQJV �

)LJXUH � JLYHV WKH VFKHPDWLF OD\RXW RI WKH :DOHV ZLQG�GLHVHO V\VWHP �DOVR VHH 5HI� ��� $ IHZ

LPSRUWDQW IDFWV VKRXOG EH QRWHG� $ KLJK SHQHWUDWLRQ ZLQG�GLHVHO V\VWHP UHTXLUHV FRQWUROV� DQG RQH RI WKH ILUVW

VWHSV LQ V\VWHP LQVWDOODWLRQ LV WR UHWURILW DOO GLHVHOV ZLWK FRQWUROV PDNLQJ WKHP FDSDEOH RI DXWRPDWLF VWDUWLQJ�

VWRSSLQJ� V\QFKURQL]DWLRQ� DQG ORDG VKDULQJ� (QHUJ\ VWRUDJH XVLQJ D EDWWHU\ EDQN LV QHFHVVDU\ WR PHHW WKH

DYHUDJH ORDG IRU WKH V\VWHP IRU DERXW ���PLQXWHV� 7KLV ZLOO DYRLG H[FHVVLYH ZHDU DQG WHDU RQ GLHVHOV ZKHQHYHU

WKHUH LV D WUDQVLHQW ZLQG SRZHU GURS WKDW FRXOG FDXVH WKH ORDG WR H[FHHG WKH DYDLODEOH ZLQG SRZHU� )LJXUH �

LOOXVWUDWHV WKH IXHO VDYLQJV SRWHQWLDO DQG WKH UHGXFWLRQ LQ FRVW RI HQHUJ\� DV D IXQFWLRQ RI DYHUDJH ZLQG VSHHG

IRU WKH DERYH FRQILJXUDWLRQ �OHYHOL]HG RYHU �� \HDUV��
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)LJXUH �� +LJK SHQHWUDWLRQ ZLQG�GLHVHO V\VWHP �:DOHV� $ODVND��

)LJXUH �� )XHO VDYLQJV DQG OHYHOL]HG UHGXFWLRQ LQ &2( YV DQQXDO DYHUDJH ZLQG VSHHG �WKUHH ZLQG

WXUELQHV� IXHO FRVW  ������� >������JDO@� VWRUDJH VL]H  ���� PLQ DW DYHUDJH ORDG��
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(� ,QVWLWXWLRQDO DQG 6RFLDO &RQVLGHUDWLRQV

5XUDO HOHFWULILFDWLRQ KDV KDG SRVLWLYH HIIHFW RQ DJULFXOWXUDO DQG LQGXVWULDO SURGXFWLYLW\� 7KHUH LV D

VLJQLILFDQW LPSDFW RQ DJULFXOWXUDO PHFKDQLVDWLRQ DQG LUULJDWLRQ WKURXJK HOHFWULF SXPS�VHWV� $OVR� WKHUH LV D

GLVWLQFW SRVLWLYH HIIHFW RQ WKH TXDOLW\ RI OLIH LQ UXUDO DUHDV WKURXJK WKH LQWURGXFWLRQ RI HOHFWULFLW\� HVSHFLDOO\ LQ

WKH IRUP RI XQLPSURYHG OLJKWLQJ� ZKLFK UHVXOWV LQ ORQJHU KRXUV RI ZRUN� HGXFDWLRQ� DQG UHFUHDWLRQ�

7KH PDUNHW SRWHQWLDO IRU VPDOO K\EULG V\VWHPV LV LQ WKH WHQV RI WKRXVDQGV� ZRUOGZLGH� 2QH ILQDO

FRPPHQW¥ZLQG HOHFWULF DQG 39 JHQHUDWRUV� DQG WKHLU EDODQFH RI V\VWHPV� DUH YHU\ GLIIHUHQW IURP FRQYHQWLRQDO

JHQHUDWLRQ HTXLSPHQW LQ PDQ\ DVSHFWV� DQG WKHUHIRUH VRPHZKDW LQWLPLGDWLQJ WR WKH UHJLRQDO UXUDO HOHFWULFLW\

SURYLGHU� 7R PDNH WKH WUDQVLWLRQ WR WKH FRPIRUW OHYHO RI WKH YLOODJH� WKH V\VWHPV ZLOO QHHG WR SHUIRUP DV ZHOO

DV RU EHWWHU WKDQ WKH FRQYHQWLRQDO VROXWLRQV� 5REXVWQHVV� UHOLDELOLW\� TXDOLW\ RI VHUYLFH� DQG VHUYLFHDELOLW\ DUH

WKH WHFKQLFDO SDUDPHWHUV WKDW WKH ORFDO SURYLGHU ZLOO EH LQWHUHVWHG LQ HYDOXDWLQJ� 7KH SHUIRUPDQFH GDWD�

LQFOXGLQJ V\VWHP� UHVRXUFH DQG ORDG GDWD� QHHG WR EH FROOHFWHG� FROODERUDWLYHO\ DQDO\]HG� DQG UHSRUWHG WR WKH

SURMHFW VSRQVRUV�

:KLOH WKH WHFKQLFDO YLDELOLW\ PXVW EH GHPRQVWUDWHG� DQG HFRQRPLF FRPSDULVRQV VKRXOG EH PDGH LQ WKH

FRXQWU\ FRQWH[W� WKH PRVW VLJQLILFDQW YDOXH RI WKH SLORW SURMHFWV LV WKH GHYHORSPHQW RI WKH LQVWLWXWLRQDO YLDELOLW\�

7KHUH KDYH EHHQ FRXQWOHVV UHQHZDEOH HQHUJ\�EDVHG� GRQRU�DLGHG UXUDO SURMHFWV WKDW PDGH WHFKQLFDO DQG �ORQJ�

WHUP� HFRQRPLF VHQVH� EXW QHYHU ZHUH UHSOLFDWHG� DQG LQ PDQ\ FDVHV EHFDPH QRQ�RSHUDWLRQDO EHFDXVH FDUH ZDV

QRW WDNHQ LQ WKH LQVWLWXWLRQDO DVSHFWV RI WKH SURMHFW� 5HQHZDEOH HQHUJ\ V\VWHPV� OLNH DOO HQHUJ\ V\VWHPV� UHTXLUH�

DGPLQLVWUDWLRQ� RSHUDWLRQDO� DQG PDLQWHQDQFH DWWHQWLRQ�GLVFLSOLQH� 7KH W\SH RI LQVWLWXWLRQ WKDW ZLOO VHUYH WKH

UXUDO HOHFWULFLW\ QHHGV ZLOO GHSHQG RQ WKH ORFDO VLWXDWLRQ DQG WKH UHJLRQDO DQG QDWLRQDO UHJXODWRU\ DQG OHJDO

VWUXFWXUH�

)� 0DQDJHPHQW DQG ,PSOHPHQWDWLRQ E\ 1RQ�*RYHUQPHQW 2UJDQL]DWLRQV

$ YDULHW\ RI LQVWLWXWLRQDO FRQILJXUDWLRQ PD\ EH FRQVLGHUHG IRU LQWHJUDWLRQ RI UHQHZDEOH HQHUJ\ LQWR

YLOODJH SRZHU� EH LW IRU GRPHVWLF XVH� KHDOWK FDUH� DJULFXOWXUDO DSSOLFDWLRQV RU VPDOO LQGXVWULHV� $V REVHUYHG

E\ -LPHQH] DQG 2OVHQ� WKH LQVWLWXWLRQDO FRQILJXUDWLRQV PD\ LQFOXGH ��� PDQDJHPHQW DQG LPSOHPHQWDWLRQ E\�

JRYHUQPHQW� ��� PDQDJHPHQW E\ JRYHUQPHQW DQG LPSOHPHQWDWLRQ E\ WKH SULYDWH VHFWRUV� RU ��� ERWK

PDQDJHPHQW DQG LPSOHPHQWDWLRQ E\ QRQ�JRYHUQPHQW RUJDQL]DWLRQV �1*2V��

7KH DGYDQWDJH RI 1*2V DUH WKDW PRVW 1*2V DUH UXQ E\ FRPPLWWHG DQG PRWLYDWHG LQGLYLGXDOV ZKR

RSHUDWH HIIHFWLYHO\ RQ OLPLWHG EXGJHWV� 1*2V DOVR KDYH VWURQJ FRPPXQLW\ UHODWLRQVKLSV DQG WKXV FDQ JHQHUDWH

FRPPXQLW\ VXSSRUW DQG SDUWLFLSDWH� 2I FRXUVH� 1*2V ZKR RSHUDWH VXFK K\EULG V\VWHPV VKRXOG KDYH

LQGLYLGXDOV RQ WKHLU VWDII ZKR KDYH VSHFLDOL]HG VNLOOV WR LPSOHPHQW DQG PRQLWRU WKHVH V\VWHPV�

$FNQRZOHGJHPHQW

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI (QHUJ\ XQGHU &RQWUDFW�'(�$&���

��&+������
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