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7LP�)ORZHUV
�DQG�:D\QH�+XWFKLQVRQ

6RXWK�$XVWUDOLDQ�5HVHDUFK�DQG�'HYHORSPHQW�,QVWLWXWH��:HVW�%HDFK

32�%R[������+HQOH\�%HDFK�6RXWK�$XVWUDOLD�����

7HO�����������������)D[�����������������HPDLO��IORZHUV�WLP#VDXJRY�VD�JRY�DX

$%675$&7

7KH�%HGIRUG�*URXQGZDWHU�,QWHUFHSWLRQ�6FKHPH��%*,6��LV�ORFDWHG�QHDU�&RRNH�3ODLQV�LQ�6RXWK
$XVWUDOLD�ZLWKLQ�WKH�&RRQDOS\Q�DJULFXOWXUDO�UHJLRQ�WKDW�FRQWDLQV��������KD�RI�ODQG�DIIHFWHG�E\
GU\ODQG�VDOLQLW\��2FHDQLF�HTXLYDOHQW�VDOWZDWHU�����SSW�DQG�KLJKHU��IURP�WKH�VKDOORZ�����P�
VDOLQH�JURXQG�ZDWHU�DTXLIHU�KDV�EHHQ�XVHG�DW�%*,6�WR�JURZ�D�UDQJH�RI�PDULQH�RUJDQLVPV�DQG�WKH
GHSWK�RI�WKH�VDOLQH�DTXLIHU�KDV�EHHQ�ORZHUHG�E\����PP�

7KH�1DWXUDO�+HULWDJH�7UXVW��1+7��KDV�SURYLGHG�IXQGLQJ�WR�UHPRGHO�DQG�IXUWKHU�H[SDQG�WKH
SURMHFW�WR�GHYHORS�D�UREXVW�QLO�GLVFKDUJH�LQWHJUDWHG�DTXDFXOWXUH�SURGXFWLRQ�V\VWHP��7KLV�ZLOO
EHFRPH�D�GHPRQVWUDWLRQ�IDFLOLW\�WKDW�ZLOO�EH�XVHG�WR�DVVHVV�WHFKQRORJLHV�DQG�VSHFLHV�DQG
GHYHORS�DTXDFXOWXUH�V\VWHPV�VXLWDEOH�IRU�FRPPHUFLDO�H[SORLWDWLRQ�RI�VDOLQH�JURXQGZDWHU��7KH
SLORW�FRPPHUFLDO�VFDOH�VHPL�LQWHQVLYH�V\VWHP�LQVWDOOHG�ZLOO�SURGXFH�����WRQQHV�SD�PDULQH�ILQILVK
DQG�QXWULHQW�ULFK�GLVFKDUJH�ZDWHU�ZLOO�EH�XVHG�IRU�SURGXFWLRQ�RI�EULQH�VKULPS��ELYDOYHV�DQG
VHDZHHGV�ZKLFK�ZLOO�DOVR�SHUIRUP�D�ELR�PHFKDQLFDO�ILOWUDWLRQ�UROH�LQ�WKH�V\VWHP��2QFH�WKH�ZDWHU
KDV�SDVVHG�WKURXJK�WKH�V\VWHP�LW�FDQ�HLWKHU�EH�UHXVHG�IRU�ILVK�SURGXFWLRQ��RU�HYDSRUDWHG�ZLWKLQ�D
VPDOO�VFDOH�VDOWZRUNV������KD��WR�SURGXFH�VDOW�DQG�ELWWHUQV�
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6LQFH������WKH�&RRURQJ�'LVWULFW�&RXQFLO��&'&��KDV�RSHUDWHG�WKH�%HGIRUG�*URXQGZDWHU
,QWHUFHSWLRQ�6FKHPH��%*,6��DW�&RRNH�3ODLQV��6RXWK�$XVWUDOLD��&RRNH�3ODLQV�LV������KRXUV�GULYH
HDVW�RI�$GHODLGH��$Q�RSHQ�H[FDYDWLRQ����P�LQWR�WKH�JURXQG�DGMDFHQW�VDOWSDQV�RQ�VLWH�DOORZV
RFHDQLF�HTXLYDOHQW�����SSW�DQG�KLJKHU��VDOWZDWHU�WR�EH�REWDLQHG�IURP�WKH�VKDOORZ�����P��DTXLIHU
�ILJXUH�����7KH�LQLWLDO�REMHFWLYH�RI�WKLV�SURMHFW�ZDV�WR�GHYHORS�DQ�DTXDFXOWXUH�EDVHG�VDOW
LQWHUFHSWLRQ�V\VWHP�ZLWK�SXPSLQJ�FRVWV�FRYHUHG�E\�UHYHQXH�JHQHUDWHG�WKURXJK�VDOH�RI�FXOWXUHG
SURGXFWV��7KH�%*,6�KDV�GHPRQVWUDWHG�WKDW�VDOLQH�JURXQGZDWHU�LV�VXLWDEOH�IRU�WKH�FXOWXUH�RI
VQDSSHU��3DJUXV�DXUDWXV���EODFN�EUHDP��$FDQWKRSDJUXV�EXWFKHUL���DQG�.LQJ�*HRUJH�ZKLWLQJ
�6LOODJLQRGHV�SXQFWDWD���,Q�DGGLWLRQ��EULQH�VKULPS��$UWHPLD�VS��KDYH�SUROLIHUDWHG�LQ�SRQGV�RQ

)LJXUH����6DOLQH�JURXQGZDWHU�������SSW��LV�REWDLQHG�E\�H[FDYDWLQJ�LQWR�WKH�JURXQG�DW�WKH�%*,6�

ZKLFK�LV�SXPSHG�WR�VWRUDJH�WDQNV�IRU�DHUDWLRQ�



6LWH��ILJXUH����DQG�WKH�PLFURDOJDH��'XQDOLHOOD�VDOLQD�KDV�EHHQ�FXOWXUHG�ZLWKLQ�D�SRO\WXQQHO

DFKLHYLQJ�E�FDURWHQH�FRQFHQWUDWLRQV������JUHDWHU�WKDQ�WKDW�JURZQ�LQ�RSHQ�VDOW�SRQGV�

)LJXUH����/LQHG�EULQH�VKULPS�SRQG�LQVLGH�SRO\WXQQHO�DW�WKH�%*,6�

7KH�%*,6�DGGUHVVHV�WKH�FRQFHUQ�RI�$XVWUDOLD©V�UXUDO�LQGXVWULHV�IRU�WKH�JURZLQJ�SUREOHP�RI
GU\ODQG�VDOLQLW\��3ULPDU\�SURGXFWLRQ�LQ�WKH�&RRURQJ�GLVWULFW�LQ���������ZDV�YDOXHG�DW�����
PLOOLRQ��7KH�FRXQFLO�DUHD�FRPSULVHV���������+D�RI�ORZ�DYHUDJH�UDLQIDOO����������PP�SD��ODQG
RI�ZKLFK��������+D�LV�FXUUHQWO\�DIIHFWHG�E\�GU\ODQG�VDOLQLW\�ZLWK�D�IXUWKHU��������+D�DW�ULVN�
$IIHFWHG�ODQG�LV�FKDUDFWHULVHG�E\�VKDOORZ�VDOLQH�JURXQGZDWHU�WDEOHV�RI�YDU\LQJ�VDOLQLW\��7KLV
SURMHFW�RIIHUV�D�PHWKRG�WR�XVH�VDOLQH�JURXQGZDWHU�LQ�D�SURGXFWLYH�PDQQHU�ZKLOH�UHGXFLQJ�WKH
OHYHO�RI�DTXLIHUV�WR�UHPHGLDWH�HIIHFWHG�ODQG�WKURXJK�DQ�DTXDFXOWXUH�EDVHG�VDOW�LQWHUFHSWLRQ
V\VWHP�

,Q�������WKH�SURMHFW�ZDV�VXFFHVVIXO�LQ�REWDLQLQJ�IXUWKHU�IXQGLQJ�IURP�WKH�1DWXUDO�+HULWDJH�7UXVW
�1+7���8VLQJ�WKLV�1+7�IXQGLQJ��WKH�HPSKDVLV�RI�WKH�SURMHFW�LV�QRZ��GLUHFWHG�WRZDUGV
GHPRQVWUDWLQJ�WKH�HFRQRPLF�DQG�HQYLURQPHQWDO�SRWHQWLDO�RI�D�SLORW�FRPPHUFLDO�VFDOH�V\VWHP
WKDW�FDQ�XVH�DQG�HYDSRUDWH�PRUH�VDOLQH�JURXQGZDWHU�ZKLOH�SURGXFLQJ�D�ZLGHU�UDQJH�RI�SURGXFWV�
7KLV�GHPRQVWUDWLRQ�V\VWHP�ZLOO�LQWHJUDWH�SURGXFWLRQ�RI�ILQILVK��EULQH�VKULPS��ELYDOYHV��VHDZHHGV
DQG�VDOW��7KH�H[LVWLQJ�LQIUDVWUXFWXUH�KDV�EHHQ�UHGHYHORSHG�WR�DOORZ�LQFUHDVHG�SURGXFWLRQ
FDSDFLW\�DQG�LQFUHDVHG�ZDWHU�XVDJH�WKURXJK�LQVWDOODWLRQ�RI�D�VPDOO�VFDOH�VDOW�ZRUNV������KD��IRU
GLVSRVDO�RI�XS���0/�SD�RI�VDOLQH�JURXQGZDWHU�WKURXJK�HYDSRUDWLRQ�

$�UHSRUW�SUHSDUHG�E\�33.�(�	�,�3W\�/LPLWHG�IRU�WKH�1DWLRQDO�'U\ODQG�6DOLQLW\�3URJUDP��1'63�
WLWOHG�¨2SWLRQV�IRU�WKH�3URGXFWLYH�8VH�RI�6DOLQLW\©��2386��������KDV�LGHQWLILHG�DTXDFXOWXUH�DV�D
PHDQV�RI�SURGXFWLYLW\�XWLOLVLQJ�GU\ODQG�VDOLQH�ZDWHU��+RZHYHU��LW�VWDWHV�WKDW�WKH�LQGXVWU\�QHHGV
WR�IXUWKHU�GHYHORS�WR�EHFRPH�D�YLDEOH�FRPPHUFLDO�RSWLRQ��7KLV�UHSRUW�VXSSRUWV�WKH�LPSRUWDQFH�RI
WKH�SURMHFW�VXFK�DV�%*,6��ZKLFK�LV�DWWHPSWLQJ�WR�FRQGXFW�UHVHDUFK�WR�GHYHORS�FRPPHUFLDO
V\VWHPV�VXLWDEOH�IRU�SURGXFLQJ�D�YDULHW\�RI�PDULQH�VSHFLHV�ZKLOH�KDYLQJ�D�SRVLWLYH�DIIHFW�RQ�WKH
ORFDO�VDOLQH�DTXLIHU�

7KH�XVH�RI�DTXDFXOWXUH�IRU�UHFODPDWLRQ�RI�VDOLQH�ODQG�LV�QRW�D�QHZ�FRQFHSW�KDYLQJ�EHHQ�XVHG�LQ
WKH�1RUWKHUQ�GHOWD�UHJLRQ�RI�(J\SW�RYHU�PDQ\�\HDUV�DV�WKH�ILUVW�VWDJH�RI�DJULFXOWXUDO
GHYHORSPHQW�LQ�RYHU��������KHFWDUHV�RI�KLJKO\�VDOLQH�VRLOV��&URVV���������7KH�DTXDFXOWXUH
WHFKQRORJ\�WKDW�XQGHUSLQV�WKLV�SURMHFW�KDV�EHHQ�SURYHQ�WR�EH�VXFFHVVIXO�RYHUVHDV��LH��,VUDHO�DQG
86$��ZKHUH�D�UDQJH�RI�VSHFLHV��LH��3DFLILF�ZKLWH�VKULPS��FODPV��PDULQH�RUQDPHQWDO�ILVK��WLODSLD�
FDUS��VHD�EUHDP��DUH�FXOWXUHG�ZLWKLQ�DTXDFXOWXUH�V\VWHPV�KRXVHG�LQ�SRO\WXQQHOV�VLPLODU�WR�WKRVH
FRQVWUXFWHG�DW�%*,6�



'(6,*1�$1'�0(7+2'2/2*<

7KH�IXQGDPHQWDO�VWUDWHJ\�RI�WKLV�SURMHFW�LV�WR�GHYHORS�D�V\VWHP�WKDW�LV�FRPSDWLEOH�ZLWK
HQYLURQPHQWDO�VXVWDLQDELOLW\��ZKLOH�GHOLYHULQJ�YLDEOH�HFRQRPLF�RXWFRPHV�WR�VWDNHKROGHUV�
$TXDFXOWXUH�LV�EHLQJ�LQYHVWLJDWHG�DV�D�PHDQV�WR�DIIUD\�WKH�SXPSLQJ�FRVWV�LQFXUUHG�DQG
GHULYH�SURILW�GLUHFWO\�WKURXJK�VDOH�RI�SURGXFWV��LH��ILVK��EULQH�VKULPS��ELYDOYHV��VHDZHHGV��VDOW
DQG�RWKHUV��DQG�LQGLUHFWO\�WKURXJK�UHPHGLDWLRQ�RI�VDOW�HIIHFWHG�ODQG��%DVHG�XSRQ�SUHYLRXV
UHVHDUFK��DQ�H[SDQGHG�DQG�UHPRGHOOHG�LQWHJUDWHG�DTXDFXOWXUH�V\VWHP�KDV�EHHQ�LQVWDOOHG�DW�%*,6
�)LJXUH�����:LWKLQ�WKLV�V\VWHP�ZDWHU�IORZV�VHTXHQWLDOO\�WKURXJK�D�VHULHV�RI�OLQHG�SRQGV�KRXVHG

)LJXUH����/D\RXW�RI�LQWHJUDWHG�DTXDFXOWXUH�V\VWHP�IRU�SURGXFWLRQ�DQG�ELR�PHFKDQLFDO�ILOWUDWLRQ

DW�%*,6�

ZLWKLQ��SRO\�WXQQHOV��7KLV�V\VWHP�LQFRUSRUDWHV�SURGXFWLRQ�DQG�ELR�PHFKDQLFDO�ILOWUDWLRQ
HOHPHQWV�DQG�SURYLGHV�WKH�RSSRUWXQLW\�WR�GLVFKDUJH�RU�UHXVH�ZDWHU�DV�UHTXLUHG�WR�WDNH�DGYDQWDJH
RI�FOLPDWLF�FRQGLWLRQV��LH��KLJK�HYDSRUDWLRQ��HOHYDWHG�WHPSHUDWXUH��DQG�FKDQJLQJ�GHPDQGV�RI�WKH
SURGXFWLRQ�F\FOH��LH��LQFUHDVHG�ZDWHU�IORZ�UHTXLUHPHQWV��

:DWHU�8VDJH�DQG�$TXLIHU�0RQLWRULQJ

$�FRUH�REMHFWLYH�RI�WKLV�SURMHFW�LV�WR�PD[LPLVH�WKH�XVH�RI�VDOLQH�JURXQGZDWHU�ZLWKLQ�WKH
LQWHJUDWHG�DTXDFXOWXUH�V\VWHP�DQG�XOWLPDWHO\�UHPRYH�DV�PXFK�RI�WKLV�DV�SRVVLEOH�IURP�WKH
DTXLIHU�WKURXJK�HYDSRUDWLRQ�LQ�VDOW�SRQGV�

6DOLQH�ZDWHU�LV�SXPSHG�IURP�DQ�RSHQ�SLW�H[FDYDWHG�LQWR�WKH�VKDOORZ�DTXLIHU�RQ�VLWH��$W�WKH
%*,6��DYDLODEOH�VDOLQH�JURXQGZDWHU�UDQJHV�IURP������SSW�DW�DPELHQW�VRLO�WHPSHUDWXUH��7KLV
ZDWHU�KDV�SURYHQ�VXLWDEOH�IRU�SURGXFWLRQ�RI�D�UDQJH�RI�PDULQH�ILQILVK�VSHFLHV��EULQH�VKULPS�DQG
PLFURDOJDH��*URXQGZDWHU�LV�SHULRGLFDOO\�KLJK�LQ�LURQ��H�J��XS�WR������PJ�/�DW�%*,6��WKDW�LV
HDVLO\�WUHDWHG�WKURXJK�DHUDWLRQ��R[LGDWLRQ�RI�LURQ���VHWWOHPHQW�DQG�ILOWUDWLRQ��7R�DFKLHYH�WKLV
ZDWHU�LV�SXPSHG�IURP�WKH�SLW�LQWR�WKH�ILUVW�RI�D�VHULHV�RI�WKUHH�OLQNHG������/�SODVWLF�VWRUDJH
WDQNV��9HU\�YLJRURXV�DHUDWLRQ�LV�LQVWDOOHG�LQ�WKH�ILUVW�RI�WKHVH�WDQNV�WR�DFFHOHUDWH�WKH�FKDQJH�RI

(YDSRUDWLRQ�3RQGV��6DOWZRUNV��

%LYDOYH�	�6HDZHHG
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LURQ�IURP�VROXEOH�IHUURXV��)H����WR�LQVROXEOH�IHUULF��)H����GXH�WR�R[LGDWLRQ��:DWHU�LV�DOORZHG�WR
VHWWOH�LQ�WKH�QH[W�WZR�WDQNV�EHIRUH�EHLQJ�VDQG�ILOWHUHG�DQG�SXPSHG�WR�D����./�ILEUHJODVV�KHDGHU
WDQN�WKDW�VXSSOLHV�ZDWHU�WR�WKH�DTXDFXOWXUH�V\VWHP�

0RQLWRULQJ�ERUHV�����DW�WKH�%*,6�VLWH�ZLOO�EH�H[WHQGHG�DQG�SLH]RPHWHUV�LQVWDOOHG�WR�DOORZ�WKH
OHYHO�RI�WKH�VDOLQH�DTXLIHU�WR�EH�PRQLWRUHG��7KLV�LV�DQ�LPSRUWDQW�FRPSRQHQW�RI�WKH�SURMHFW�DV�LW�LV
HVVHQWLDO�WR�NQRZ�KRZ�WKH�DTXLIHU�LV�FKDQJLQJ�LQ�UHVSRQVH�WR�LQFUHDVHG�ZDWHU�XVDJH�E\�WKH
DTXDFXOWXUH�V\VWHP�

5HVHDUFK�RXWFRPHV�IURP�WKLV�DVSHFW�RI�WKH�SURMHFW�ZLOO�LQYROYH�FROOHFWLRQ�RI�GDWD�RQ�WRWDO�ZDWHU
XVDJH�DQG�ZDWHU�TXDOLW\�LQ�DOO�SDUWV�RI�WKH�V\VWHP�DV�D�PHDVXUH�RI�VXLWDELOLW\�RI�ZDWHU
IORZ�H[FKDQJH�UDWHV�XVHG��7KH�VXLWDELOLW\�RI�FRPPHUFLDO�ILVK�FXOWXUH�SURWRFROV�IRU�RSHUDWLRQ�RI
SRQGV�ORFDWHG�LQ�SRO\WXQQHOV�ZLOO�EH�DVVHVVHG�DV�ZLOO�WKH�OHYHO�RI�WKH�VDOLQH�JURXQGZDWHU�DTXLIHU
LQ�UHVSRQVH�WR�SXPSLQJ�

,QWHJUDWLRQ�RI�SLORW�VFDOH�FRPPHUFLDO�DTXDFXOWXUH�SURGXFWLRQ�

,QWHJUDWHG�DTXDFXOWXUH�ZLOO�SURYLGH�D�QXPEHU�RI�DGYDQWDJHV�WR�WKH�SURILWDELOLW\�RI�WKLV�V\VWHP
WKURXJK�WKH�HIILFLHQW�XVH�RI�LQSXWV�DQG�UHGXFWLRQV�LQ�SURGXFWLRQ�FRVWV��L�H��QXWULHQW�UHF\FOLQJ��ORZ
FRVW�OLQHG�SRQG�DQG�SRO\WXQQHO�WHFKQRORJ\���7KLV�SURMHFW�LV�DVVHVVLQJ�WKH�SURGXFWLRQ�RI�PDULQH
ILQILVK��EULQH�VKULPS��ELYDOYHV��VHDZHHGV�DQG�VDOW�WR�SURYLGH�SRVVLEOH�LQFRPH�JHQHUDWLQJ�VWUHDPV
DQG�ZDWHU�WUHDWPHQW�IXQFWLRQV�LQ�D�PDQDJHG�DTXDFXOWXUH�V\VWHP��)LJXUH����

)LQ�ILVK�SURGXFWLRQ

$�QHZ�SRO\WXQQHO�KDV�EHHQ�FRQVWUXFWHG����P�;���P�[����P��ZKLFK�FRQWDLQV�WKUHH�OLQHG���P�

DERYH�JURXQG�SRQGV�WR�JURZ�ILVK��:DWHU�JUDYLW\�IHHGV�IURP�WKH�DGMDFHQW�KHDGHU�WDQN��,QLWLDOO\
ILVK�SURGXFWLRQ�SRQGV�KDYH�EHHQ�VWRFNHG�ZLWK�DGYDQFHG�EODFN�EUHDP�DQG�PXOORZD\
�$UJ\URVRPXV�MDSRQLFXV��DW�OHVV�WKDQ����NJ�./�WR�SURYLGH�DGHTXDWH�SURGXFWLRQ�WR�DVVHVV
SHUIRUPDQFH�DQG�PLQLPLVH�ULVN��)LQILVK�ZLOO�EH�IHG�FRPPHUFLDO�SHOOHWV�DQG�VXSSOHPHQWDWLRQ�RI
WKHVH�ZLWK�H[FHVV�EULQH�VKULPS�ZLOO�EH�HYDOXDWHG�GXULQJ�HDUO\�JURZWK�VWDJHV�

'LVFKDUJH�ZDWHU�ZLOO�IORZ�E\�JUDYLW\�IURP�WKLV�WXQQHO��WKURXJK�WKH�EULQH�VKULPS�WXQQHO�DQG�RQ�WR
WKH�VHGLPHQWDWLRQ�WXQQHO���$�GHVN�WRS�PRGHO�ZLOO�EH�GHYHORSHG�WR�PDWFK�WKH�HYDSRUDWLRQ�SURILOH
DW�WKH�VLWH�ZLWK�WKH�ZDWHU�UHTXLUHG�DW�GLIIHUHQW�WLPHV�RI�WKH�SURGXFWLRQ�F\FOH��)URP�SUHYLRXV
UHVHDUFK�LW�LV�DQWLFLSDWHG�WKDW�D����PRQWK�ILQILVK�SURGXFWLRQ�F\FOH�ZLOO�EH�DFKLHYDEOH�ZLWK
DXWXPQ�VWRFNLQJ��L�H��PLQLPXP�ZDWHU�XVDJH���VR�WKDW�ORZ�GHQVLW\�RI�VPDOO�ILVK�ZLWKLQ�WKH�V\VWHP
FRLQFLGHV�ZLWK�WKH�WLPH�RI�PLQLPXP�HYDSRUDWLRQ��*URZWK�RI�WKHVH�MXYHQLOH�ILVK�ZLOO�EH
HQKDQFHG�DW�HOHYDWHG�ZDWHU�WHPSHUDWXUHV�PDLQWDLQHG�ZLWKLQ�SRO\WXQQHOV�WKURXJK�ZLQWHU��$V
ZDWHU�GHPDQGV�LQFUHDVH��L�H��IORZ�UDWH�DQG�H[FKDQJH���ZLWK�JURZWK�WKLV�ZLOO�DOLJQ�ZLWK
LQFUHDVHV�LQ�ZDWHU�GLVSRVDO�SRWHQWLDO�WKURXJK�WKH�LQFUHDVLQJ�HYDSRUDWLYH�ORVVHV�GXH�WR�LQFUHDVLQJ
WHPSHUDWXUHV�H[SHULHQFHG�GXULQJ�VSULQJ�DQG�VXPPHU�DW�&RRNH�3ODLQV��8OWLPDWHO\�LW�LV�H[SHFWHG
WKDW�WKLV�SURMHFW�ZLOO�GHYHORS�D�PRGHO�IRU�SURGXFWLYH�FDSDFLW\�SHU�XQLW�RI�VDOLQH�JURXQGZDWHU
XVHG�ZLWKLQ�WKH�V\VWHP�DQG�EDODQFH�WKLV�ZLWK�WKH�DPRXQW�RI�ZDWHU�WKDW�FDQ�EH�GLVSRVHG�RI�RQVLWH
GXULQJ�WKH�SURGXFWLRQ�F\FOH�

,GHDOO\�WKH�SRQGV�ZLOO�EH�VWRFNHG�ZLWK������J�ILQJHUOLQJV�LQ�ODWH�0DUFK��HDUO\�$SULO��������WR
SURYLGH�WKH�JURZLQJ�VHDVRQ�UHTXLUHG�WR�UHDFK�PDUNHW�VL]H�DW�WKH�HQG�RI�WKH�IROORZLQJ�VXPPHU�
6SHFLHV�VHOHFWHG�LQFOXGH�PXOORZD\�DV�D�WDUJHW�VSHFLHV�IRU�WKLV�W\SH�RI�V\VWHP�DV�LW�LV�UHODWLYHO\
HDV\�WR�FXOWXUH��LV�DYDLODEOH�IURP�KDWFKHULHV��KDV�JRRG�JURZWK�UDWHV��DGDSWV�WR�D�ZLGH�UDQJH�RI
VDOLQLW\�DQG�ZDWHU�WHPSHUDWXUH�FRQGLWLRQV��DQG�LV�EHOLHYHG�WR�KDYH�JRRG�HFRQRPLF�SURVSHFWV�LI
DSSURSULDWH�PDUNHWLQJ�FDQ�EH�XQGHUWDNHQ�



%ULQH�6KULPS

%ULQH�VKULPS��$UWHPLD�VS���DUH�VPDOO�KDUG\�FUXVWDFHDQV�WKDW�LQKDELW�D�ZLGH�UDQJH�RI�VDOLQLWLHV
WKDW�PDNH�WKHP�DQ�LGHDO�FDQGLGDWH�IRU�D�UROH�LQ�WKLV�W\SH�RI�LQWHJUDWHG�V\VWHP��7KH\�DUH�QRQ�
VHOHFWLYH�ILOWHU�IHHGHUV�WKDW�XWLOLVH�D�UDQJH�RI�RUJDQLF�SDUWLFOHV�DV�DQ�HQHUJ\�VRXUFH��,QLWLDOO\
RUJDQLF�PDWWHU�LQ�WKH�IRUP�RI�ILVK�ZDVWH�ZLOO�EH�WKH�RQO\�IHHG�VRXUFH�JLYHQ�WR�WKHP��7R�DFKLHYH
QXWULHQW�UHF\FOLQJ��DGXOW�EULQH�VKULPS������GD\V�ROG��ZLOO�EH�KDUYHVWHG�DQG�IHG�EDFN�WR�WKH�ILVK�
1XWULHQW�UHPRYDO�ZLOO�DOVR�EH�DFKLHYHG�ZLWK�DQ\�H[FHVV�VROG�OLYH�WR�WKH�OXFUDWLYH�DTXDULXP
PDUNHW��RU�DV�GULHG�ELRPDVV�IRU�IHHG�PDQXIDFWXUH��,W�LV�H[SHFWHG�WKDW�WKH�QXWULHQW�KDUYHVWLQJ
DELOLW\�RI�EULQH�VKULPS��WRJHWKHU�ZLWK�ELYDOYHV�DQG�VHDZHHGV��PD\�DOVR�HQKDQFH�WKH�TXDOLW\�RI
VDOW�SURGXFHG�

6HGLPHQWDWLRQ

$���P�;���P�;��P�OLQHG�VHGLPHQWDWLRQ�SRQG�KDV�EHHQ�LQVWDOOHG�LQ�DQ�H[LVWLQJ���P�[���P
SRO\WXQQHO��7KLV�SURFHVV�ZLOO�KHOS�UHGXFH�WKH�VHGLPHQW�FROOHFWHG�LQ�WKH�R\VWHU�VHDZHHG�WXQQHO��DV
QR�PHFKDQLFDO�ILOWUDWLRQ�ZLOO�EH�XVHG�LQ�WKH�V\VWHP�

%LYDOYHV�DQG�6HDZHHGV

$IWHU�VHWWOHPHQW�ZDWHU�RYHUIORZV�LQWR�D�VXPS�IURP�ZKHUH�LW�LV�SXPSHG�WR�D���P�[���P�[��P
SRO\WXQQHO�VHJUHJDWHG�LQWR���HTXDO�VL]HG�OLQHG�SRQGV�WR�KROG�3DFLILF�R\VWHUV��&UDVVRVWUHD�JLJDV�
DQG�PDFURDOJDH��:DWHU�FDQ�VXSSO\�HDFK�SRQG�LQGLYLGXDOO\��RU�WKH�ZDWHU�FDQ�FDVFDGH�EHWZHHQ�DOO
SRQGV�

%LYDOYHV�LPSURYH�ZDWHU�TXDOLW\�E\�UHPRYLQJ�SDUWLFOHV�WKURXJK�ILOWHU�IHHGLQJ�DQG�E\�LQFUHDVLQJ
SDUWLFOH�VHGLPHQWDWLRQ�E\�SURGXFWLRQ�RI�IDHFHV�DQG�SVHXGRIDHFHV�ZKLFK�LV�WKH�LQGLUHFW�UHVXOW�RI
UHPRYLQJ�SDUWLFOHV�E\�ILOWUDWLRQ��0DULRMRXOV�DQG�.XVXNL�������DV�FLWHG�LQ�6KLSLJHO�HWDO��������
3DFLILF�R\VWHUV�ZLOO�EH�LQLWLDOO\�VWRFNHG�ZLWKLQ�WKH�V\VWHP�DV�WKH\�KDYH�KLJK�WROHUDQFHV�WR
FKDQJHV�LQ�VDOLQLW\�DQG�WHPSHUDWXUH��7KH�R\VWHUV�ZLOO�EH�KHOG�LQ�39&�WUD\V��GLPHQVLRQV��P�[
�P���ZKLFK�DUH�OLJKW�ZHLJKW��$XVWUDOLDQ�GHVLJQHG�DQG�VWDFNDEOH��2\VWHUV�RI�YDU\LQJ�VL]HV�����
��PP��ZLOO�EH�WULDOHG�DQG�HDFK�WUD\�ZLOO�KDYH������FRYHUDJH�WR�KHOS�VKDSH�WKH�R\VWHUV�GXULQJ
JURZWK��:H�DUH�H[SHFWLQJ�WR�SURGXFH�DURXQG���������������LQGLYLGXDO�R\VWHUV��������¤������
GR]HQ��SHU�DQQXP��6PDOO�GRVHV�RI�VRGLXP�VLOLFDWH�ZLOO�EH�VXSSOLHG�WR�WKH�V\VWHP�WR�HQFRXUDJH
WKH�JURZWK�RI�GLDWRP�VSHFLHV�RI�PLFURDOJDH��6KSLJHO�HWDO��������IRXQG�WKDW�3DFLILF�R\VWHUV
SHUIRUPHG�EHWWHU�RQ�D�GLHW�FRQVLVWLQJ�SUHGRPLQDQWO\�RI�GLDWRPV�XVLQJ�D�VHPL�LQWHJUDWHG�FXOWXUH
V\VWHP�LQFRUSRUDWLQJ�ILVK�DQG�ELYDOYHV��,Q�)UDQFH��R\VWHUV��&��JLJDV��DUH�IDWWHQHG�LQ�SRQGV�WKDW
FRQWDLQ�SRSXODWLRQV�RI�GLDWRP�VSHFLHV�IRU�����PRQWKV�SULRU�WR�VHOOLQJ��6ROHWFKQLN�HWDO��������

6HDZHHGV�DUH�FDSDEOH�RI�UHPRYLQJ�DPPRQLD�DQG�QLWUDWHV�ZLWKLQ�WKH�V\VWHP��7KH\�ZLOO�EH�JURZQ
FRQFXUUHQWO\�ZLWK�WKH�R\VWHUV�LQ�WKH�ODUJH�SRO\WXQQHO�DQG�FRQWLQXDOO\�KDUYHVWHG�WR�SURPRWH
JURZWK��7KH�ZHW�ZHLJKW�RI�WKH�VHDZHHG�ZLOO�EH�UHFRUGHG�DQG�YDULRXV�VSHFLHV�RI�VHDZHHG��HJ�
8OYD�DQG�*UDFLODULD��ZLOO�EH�H[SORUHG�IRU�SURGXFWLRQ�RI�KLJK�YDOXHG�SURGXFWV��HJ��DOJLQDWHV�
FDUDJHHQDQV��DJULFXOWXUDO�DQG�ELRPHGLFDO�XVHV��

$IWHU�WKH�ZDWHU�KDV�SDVVHG�WKURXJK�WKH�R\VWHU�VHDZHHG�SRQGV��LW�ZLOO�EH�GLYHUWHG�WKURXJK�WR�WKH
HYDSRUDWLRQ�SRQGV��RU�SXPSHG�EDFN�WR�WKH�KHDGHU�WDQNV�WR�EH�UHXVHG�

6DOW�SURGXFWLRQ

7KHUH�LV�D�GLVFUHSDQF\�EHWZHHQ�UDLQIDOO�DQG�HYDSRUDWLRQ�DW�WKH�&RRNH�3ODLQV�VLWH�RI������P�SD
WKDW�WKH�GLVSRVDO�RI�VDOLQH�JURXQGZDWHU�WKURXJK�HYDSRUDWLRQ�DQG�DFFXPXODWLRQ�RI�VDOW��7KH�VDOW
SRQGV�FXUUHQWO\�XVHG�DW�&RRNH�3ODLQV�KDYH�EHHQ�XSJUDGHG�WR�DFFRPPRGDWH�WKH�LQFUHDVHG�ZDWHU
XVH�RI�WKH�SLORW�VFDOH�FRPPHUFLDO�DTXDFXOWXUH�V\VWHP�DQG�EDODQFH�WKLV�ZLWK�WKH�HYDSRUDWLRQ



SURILOH�DW�WKLV�VLWH��3RQG�GHVLJQ�KDV�EHHQ�LPSURYHG�WR�PD[LPLVH�HYDSRUDWLRQ�WKURXJK�WKH
FRPELQHG�HIIHFWV�RI�KHDW��ZLQG�DQG�SRQG�ZDWHU�FKDUDFWHULVWLFV�

7KH�H[SDQGHG�HYDSRUDWLRQ�SRQGV�KDYH�EHHQ�PRGHOOHG�WR�VLPXODWH�D�VPDOO�VFDOH�VDOW�ZRUNV
FRYHULQJ�����KHFWDUHV��XVLQJ�DQQXDO�UDLQIDOO�DQG�HYDSRUDWLRQ�GDWD�DYDLODEOH�IRU�WKH�&RRNH�3ODLQV
UHJLRQ��6L[�HYDSRUDWLRQ�SRQGV�ZLOO�EH�FRQVWUXFWHG�WR�PDQDJH�VDOW�ZDWHU�DW�D�UDQJH�RI
FRQFHQWUDWLRQV��7KH�ODVW�SRQG�LQ�WKH�VHULHV�ZLOO�EH�WKH�FU\VWDOOLVHU�IURP�ZKLFK�VDOW�LV�KDUYHVWHG�
7KH�SRQG�SULRU�WR�WKH�FU\VWDOOLVHU�ZLOO�EH�XVHG�WR�FROOHFW�ELWWHUQV��PDJQHVLXP�FKORULGH��WKDW�ZLOO
EH�XVHG�E\�WKH�FRXQFLO�IRU�VSUD\LQJ�RQ�WR�XQVHDOHG�URDGV��7KH�HYDSRUDWLRQ�SLWV�ZLOO�EH�FOD\�OLQHG
WR�SUHYHQW�ZDWHU�VHHSDJH�EDFN�LQWR�WKH�JURXQG�

5HVHDUFK�FRQGXFWHG�RQ�VDOW�SURGXFWLRQ�ZLOO�IRFXV�RQ�WKH�LPSDFW�RI�XSVWUHDP�DTXDFXOWXUH
RSHUDWLRQV�RQ�WKH�IRUPDWLRQ�DQG�TXDOLW\�RI�VDOW�SURGXFHG�

)8785(�:25.

7KH�XSJUDGH�RI�WKLV�SURMHFW�LV�H[SHFWHG�WR�EH�FRPSOHWHG�DQG�ZLWK�VWRFN�LQWURGXFHG�E\�HDUO\
2FWREHU��������ZKHQ�FROOHFWLRQ�RI�SHUIRUPDQFH�GDWD�ZLOO�EHJLQ��,Q�IXWXUH��RSWLRQV�IRU�XWLOLVLQJ
DOWHUQDWLYH�HQHUJ\�VRXUFHV�DW�WKH�VLWH�ZLOO�H[SORUHG��ZLWK�WKH�DLP�RI�UHGXFLQJ�SRZHU�FRVWV��8VH�RI
KLJKO\�VDOLQH�ZDWHU�IRU�LUULJDWLRQ�RI�KDORSK\WHV�LV�DOVR�DQ�RSWLRQ�IRU�FRQVLGHUDWLRQ�WR�IXUWKHU
LQFUHDVH�WKH�YROXPH�RI�JURXQGZDWHU�WKDW�FDQ�EH�GLVSRVHG�RI�ZLWKRXW�LQFUHDVLQJ�DUHD�RI
HYDSRUDWLRQ�SRQGV�

5()(5(1&(6

&URVV��'���������5HFODLPLQJ�VDOLQH�VRLOV�XVLQJ�DTXDFXOWXUH��$�QHZ�DSSURDFK�WR�DQ�ROG�SUREOHP�
$SSURSULDWH�7HFKQRORJ\�����������

0DULRMRXOV��'��DQG�.XVXNL��<���������$SSUHFLDWLRQ�GHV�TXDQWLWLHV�GH�ELRGHSRWV�HPLV�SDU�OHV
KXLWUHV�HQ�HOYDJH�VXVSHQGX�GDQV�OD�EDLH�G©+LURVKLPD��+DOLRWLV�������������

¨2SWLRQV�IRU�WKH�3URGXFWLYH�8VH�RI�6DOLQLW\©�D�UHSRUW�SUHSDUHG�E\�33.�(�	�,�3W\�/LPLWHG�IRU�WKH
1DWLRQDO�'U\ODQG�6DOLQLW\�3URJUDP��1RYHPEHU��������

6KSLJHO��0���*DVLWK��$��DQG�.LPPHO��(���������$�ELRPHFKDQLFDO�ILOWHU�IRU�WUHDWLQJ�ILVK�SRQG
HIIOXHQWV��$TXDFXOWXUH��������������

6KSLJHO��0���/HH��-���6RRKRR��%���)ULGPDQ��5��DQG�*RUGLQ��+���������8VH�RI�HIIOXHQW�ZDWHU�IURP
ILVK�SRQGV�DV�D�IRRG�VRXUFH�IRU�WKH�3DFLILF�R\VWHU��&UDVVRVWUHD�JLJDV�7KXQEHUJ��$TXDFXOWXUH�DQG
)LVKHULHV�0DQDJHPHQW�������������

6ROHWFKQLN��3���/H�0RLQH��2���*RXOOHWTXHU��3���*HDLURQ��3���5D]HW��'���)DXU\��1���)RXFKH��'��DQG
5REHUW��6���������2SWLPLVDWLRQ�RI�WKH�WUDGLWLRQDO�3DFLILF�FXSSHG�R\VWHU��&UDVVRVWUHD�JLJDV
7KXQEHUJ��FXOWXUH�RQ�WKH�)UHQFK�$WODQWLFV�FRDVWOLQH��DXWXPQDO�IDWWHQLQJ�LQ�VHPL�FORVHG�SRQGV�
$TXDFXOWXUH������������


