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$PHULFDQ�IDUPHUV�DUH�HQJLQHHULQJ�D�TXLHW�UHYROXWLRQ�LQ�ZDWHU�PDQDJHPHQW��)DFLQJ
PRXQWLQJ�SUHVVXUH�IURP�FOLPDWH�YRODWLOLW\��ZDWHU�VFDUFLW\�DQG�ULVLQJ�LQSXW�FRVWV��SURGXFHUV
DFURVV�WKH�8QLWHG�6WDWHV�DUH�GHSOR\LQJ�LQQRYDWLYH�WHFKQRORJLHV�DQG�PDQDJHPHQW
SUDFWLFHV�WKDW�DUH�PHDVXUDEO\ �WUDQVIRUPLQJ�KRZ�WKH�QDWLRQ�JURZV�LWV�IRRG��7KLV�LV�QRW�D
VWRU\ �RI�UHJXODWRU\ �FRPSOLDQFH�RU�LQFUHPHQWDO�HIILFLHQF\ �JDLQV��,W�LV�D�VWRU\ �RI�SURGXFHU�
OHG�LQQRYDWLRQ�ZLWK�PHDVXUDEOH�HQYLURQPHQWDO�DQG�HFRQRPLF�UHWXUQV�

)URP�SUHFLVLRQ�LUULJDWLRQ�V\VWHPV�WKDW�DSSO\ �ZDWHU�ZLWK�VXUJLFDO�DFFXUDF\ �WR�SODQWV�EUHG
IRU�GURXJKW�UHVLOLHQFH��IURP�RQ�IDUP�UHVHUYRLUV�WKDW�FDSWXUH�DQG�UHXVH�HYHU\ �GURS�WR�VRLO
PDQDJHPHQW�SUDFWLFHV�WKDW�LQFUHDVH�ZDWHU�KROGLQJ�FDSDFLW\��8�6��IDUPHUV�DUH�SURYLQJ
WKDW�UHVRXUFH�FRQVWUDLQWV�GULYH�FUHDWLYLW\��7KH�UHVXOWV�VSHDN�IRU�WKHPVHOYHV��ZDWHU�XVH
UHGXFWLRQV�RI�� � �� � � �LQ�PDQ\ �RSHUDWLRQV�ZKLOH�PDLQWDLQLQJ�RU�LQFUHDVLQJ�\LHOGV�
LPSURYHG�ZDWHU�TXDOLW\�WKURXJK�UHGXFHG�UXQRII��HQKDQFHG�VRLO�KHDOWK�DQG�JUHDWHU�IDUP
SURILWDELOLW\�

7KLV�SDSHU�H[DPLQHV�WKH�LQQRYDWLRQ�HFRV\VWHP�HQDEOLQJ�WKLV�WUDQVIRUPDWLRQ�DQG�SURILOHV
SURGXFHUV�ZKR�DUH�DFKLHYLQJ�TXDQWLILDEOH�UHVXOWV��7KHLU�VWRULHV�GHPRQVWUDWH�WKDW
VXVWDLQDEOH�LQWHQVLILFDWLRQ�LV�QRW�D�WKHRUHWLFDO�FRQFHSW�EXW�D�SUDFWLFDO�UHDOLW\�XQIROGLQJ
DFURVV�$PHULFDQ�IDUPODQG�WRGD\�

( [ HFXWLYH�6XPPDU\
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6HFWLRQ�2QH��7KH�,QQRYDWLRQ�&DWDO\ VW
: DWHU�KDV�DOZD\V�EHHQ�DJULFXOWXUH
V�PRVW�HVVHQWLDO�LQSXW��EXW�WKH�UHODWLRQVKLS�EHWZHHQ
$PHULFDQ�IDUPHUV�DQG�WKLV�FULWLFDO�UHVRXUFH�LV�HQWHULQJ�D�QHZ�FKDSWHU��7KUHH�FRQYHUJLQJ
IRUFHV�DUH�FDWDO\]LQJ�XQSUHFHGHQWHG�LQQRYDWLRQ�LQ�DJULFXOWXUDO�ZDWHU�PDQDJHPHQW�

� ��&OLP DWH�9RODWLOLW\ �DV�WKH�1HZ�1RUP DO
7KH�SUHGLFWDEOH�SDWWHUQV�WKDW�JXLGHG�SODQWLQJ�GHFLVLRQV�IRU�JHQHUDWLRQV�DUH�JLYLQJ
ZD\ �WR�GUDPDWLF�VZLQJV�EHWZHHQ�GHOXJH�DQG�GURXJKW��&DOLIRUQLD�DOPRQG�IDUPHU
&KULVWLQH�* HPSHUOH�FDSWXUHV�WKH�FKDOOHQJH�VXFFLQFWO\��� &OLPDWH�FKDQJH�LV�UHDO�
: H
YH�PRYHG�LQWR�WKLV�SDWWHUQ�RI�ZHDWKHU�ZKHUH�ZH
UH�VHHLQJ�HLWKHU�IHDVW�RU
IDPLQH��VR�ZH�FRXOG�KDYH�D�\HDU�ZLWK�� � � � �RI�QRUPDO�UDLQ�DQG�WKHQ�LW�FRXOG�EH
IROORZHG�E\ �WKUHH�\HDUV�RI�GURXJKW�� �7KLV�YRODWLOLW\�GHPDQGV�PDQDJHPHQW�V\VWHPV
FDSDEOH�RI�PD[LPL]LQJ�FDSWXUH�GXULQJ�DEXQGDQW�SHULRGV�ZKLOH�VWUHWFKLQJ�OLPLWHG
VXSSOLHV�WKURXJK�GU\ �VSHOOV�

� ��( FRQRP LF�,P SHUDWLYHV
5LVLQJ�HQHUJ\ �FRVWV��LQFUHDVLQJ�ZDWHU�SULFHV�LQ�PDUNHWV�ZKHUH�LW
V�WUDGHG�DQG
JURZLQJ�FRPSHWLWLRQ�IRU�ZDWHU�IURP�XUEDQ�DQG�LQGXVWULDO�XVHUV�DUH�PDNLQJ
LQHIILFLHQW�LUULJDWLRQ�HFRQRPLFDOO\ �XQWHQDEOH��$W�WKH�VDPH�WLPH��WKH�FRVW�
SHUIRUPDQFH�UDWLR�RI�SUHFLVLRQ�DJULFXOWXUH�WHFKQRORJ\ �KDV�UHDFKHG�D�WLSSLQJ�SRLQW�
: KDW�RQFH�UHTXLUHG�VL[ �ILJXUH�LQYHVWPHQWV�DQG�VSHFLDOL]HG�H[SHUWLVH�FDQ�QRZ�EH
LPSOHPHQWHG�PRUH�FKHDSO\ �DQG�PRUH�VLPSO\��7KH�HFRQRPLFV�LQFUHDVLQJO\ �IDYRU
LQQRYDWLRQ�RYHU�WKH�VWDWXV�TXR��PDNLQJ�ZDWHU�HIILFLHQF\ �D�EXVLQHVV�QHFHVVLW\�UDWKHU
WKDQ�D�GLVFUHWLRQDU\ �LQYHVWPHQW�

�

� ��7HFKQRORJ\ �&RQYHUJHQFH
0 RGHUQ�ZDWHU�PDQDJHPHQW�GUDZV�RQ�DGYDQFHV�LQ�GLIIHUHQW�DUHDV��6DWHOOLWH�LPDJHU\
DQG�UHPRWH�VHQVLQJ��ZLUHOHVV�VHQVRU�QHWZRUNV��GDWD�DQDO\WLFV�DQG�DUWLILFLDO
LQWHOOLJHQFH��* 36�SUHFLVLRQ�JXLGDQFH�DQG�DGYDQFHG�PDWHULDOV�VFLHQFH�DOO�SOD\ �D
SDUW��: KHQ�FRPELQHG�ZLWK�WUDGLWLRQDO�DJURQRPLF�NQRZOHGJH�DQG�SURGXFHU�LQJHQXLW\�
WKHVH�WHFKQRORJLHV�HQDEOH�SUHFLVLRQ�LQ�ZDWHU�PDQDJHPHQW�WKDW�ZDV�XQLPDJLQDEOH
D�JHQHUDWLRQ�DJR��)DUPHUV�FDQ�QRZ�PRQLWRU�VRLO�PRLVWXUH�LQ�UHDO�WLPH��SUHGLFW�FURS
ZDWHU�QHHGV�GD\V�LQ�DGYDQFH�DQG�SURYLGH�LUULJDWLRQ�ZLWK�]RQH�VSHFLILF�DFFXUDF\
PHDVXUHG�LQ�LQFKHV�UDWKHU�WKDQ�DFUHV�

7KH�UHVXOW�LV�D�IXQGDPHQWDO�VKLIW�LQ�PLQGVHW��: DWHU�PDQDJHPHQW�LV�QR�ORQJHU�DERXW
DSSO\LQJ�DV�PXFK�DV�SRVVLEOH�DV�HDVLO\ �DV�SRVVLEOH�EXW�DERXW�DSSO\LQJ�H[DFWO\
ZKDW
V�QHHGHG�H[DFWO\�ZKHUH�DQG�ZKHQ�LW
V�QHHGHG��7KLV�WUDQVIRUPDWLRQ�LV�EHLQJ
OHG�QRW�E\ �UHJXODWRUV�RU�UHVHDUFKHUV��EXW�E\ �IDUPHUV�WKHPVHOYHV��GULYHQ�E\ �WKH�WZLQ
LPSHUDWLYHV�RI�HFRQRPLF�VXUYLYDO�DQG�HQYLURQPHQWDO�VWHZDUGVKLS�



,QQRYDWLRQ�LQ�DJULFXOWXUDO�ZDWHU�PDQDJHPHQW�GUDZV�RQ�ERWK�KLJK�WHFK�DQG�QDWXUH�EDVHG
WHFKQLTXHV��3UHFLVLRQ�LUULJDWLRQ�V\VWHPV�XVH�VHQVRUV��ZHDWKHU�GDWD�DQG�DOJRULWKPV�WR
RSWLPL]H�DSSOLFDWLRQ�WLPLQJ�DQG�YROXPH��3ODQW�EUHHGLQJ�SURJUDPV�GHYHORS�YDULHWLHV�ZLWK
HQKDQFHG�GURXJKW�WROHUDQFH�DQG�ZDWHU�XVH�HIILFLHQF\��6RLO�KHDOWK�SUDFWLFHV�LQFOXGLQJ
FRYHU�FURSSLQJ�DQG�UHGXFHG�WLOODJH�LQFUHDVH�ZDWHU�LQILOWUDWLRQ�DQG�UHWHQWLRQ��: DWHU
FDSWXUH�DQG�UHXVH�LQIUDVWUXFWXUH�H[WHQGV�OLPLWHG�VXSSOLHV��( YHQ�ORQJ�HVWDEOLVKHG
SUDFWLFHV�OLNH�UHQGHULQJ�FRQWULEXWH�E\ �FRQYHUWLQJ�DJULFXOWXUDO�E\SURGXFWV�LQWR�YDOXDEOH
LQSXWV�ZKLOH�UHGXFLQJ�ZDWHU�XVH�DVVRFLDWHG�ZLWK�ZDVWH�KDQGOLQJ�DQG�GLVSRVDO�

7KHVH�WHFKQLTXHV�DUH�QRW�PXWXDOO\ �H[FOXVLYH��7KH�PRVW�VXFFHVVIXO�RSHUDWLRQV�LQWHJUDWH
GLIIHUHQW�DSSURDFKHV�WDLORUHG�WR�WKHLU�VSHFLILF�FRQGLWLRQV��FUHDWLQJ�ZDWHU�PDQDJHPHQW
V\VWHPV�JUHDWHU�WKDQ�WKH�VXP�RI�WKHLU�SDUWV��$�FRWWRQ�IDUPHU�PLJKW�FRPELQH�GURXJKW�
WROHUDQW�YDULHWLHV�ZLWK�GULS�LUULJDWLRQ��FRYHU�FURSV�DQG�RQ�IDUP�UHVHUYRLUV��$�ULFH�SURGXFHU
PLJKW�SDLU�SUHFLVLRQ�OHYHOLQJ�ZLWK�IORZ�PHWHUV�DQG�UHFRYHU\ �V\VWHPV��7KH�NH\ �LV�PDWFKLQJ
WKH�ULJKW�WHFKQLTXHV�WR�FKDOOHQJHV�

7KLV�VHFWLRQ�KLJKOLJKWV�WZR�IRXQGDWLRQDO�SLOODUV�RI�PRGHUQ�ZDWHU�VWHZDUGVKLS��SUHFLVLRQ
LUULJDWLRQ�WHFKQRORJ\ �DQG�SODQW�JHQHWLFV��7RJHWKHU��WKHVH�UHSUHVHQW�FRPSOHPHQWDU\
DSSURDFKHV��RQH�RSWLPL]LQJ�ZDWHU�GHOLYHU\ �DQG�WKH�RWKHU�HQKDQFLQJ�KRZ�SODQWV�XVH
ZKDWHYHU�ZDWHU�WKH\ �UHFHLYH��$FURVV�RSHUDWLRQV��WKH�PRVW�HIIHFWLYH�ZDWHU�VWHZDUGVKLS
VWUDWHJLHV�LQWHJUDWH�WHFKQRORJ\��JHQHWLFV�DQG�VRLO�PDQDJHPHQW�LQWR�FRRUGLQDWHG�V\VWHPV
UDWKHU�WKDQ�UHO\LQJ�RQ�DQ\ �VLQJOH�VROXWLRQ�

6HFWLRQ�7ZR��7KH�,QQRYDWLRQ
( FRV\ VWHP
$PHULFDQ�DJULFXOWXUH
V�ZDWHU�VWHZDUGVKLS�WUDQVIRUPDWLRQ�GUDZV�RQ�DQ�H[SDQGLQJ�WRRONLW
RI�VROXWLRQV�UDQJLQJ�IURP�FXWWLQJ�HGJH�WHFKQRORJ\ �WR�WLPH�WHVWHG�SUDFWLFHV�DSSOLHG�WR
PRGHUQ�FKDOOHQJHV��8QGHUVWDQGLQJ�KRZ�WKHVH�WHFKQLTXHV�ZRUN�WRJHWKHU�UHTXLUHV
XQGHUVWDQGLQJ�ERWK�WKHLU�GLYHUVLW\�DQG�WKH�V\QHUJLHV�EHWZHHQ�GLIIHUHQW�DSSURDFKHV�

7KH�/ DQGVFDSH�RI�6ROXWLRQV

�



7KH�&HQWHU�3LYRW�5HYROXWLRQ

: KHQ�FHQWHU�SLYRW�LUULJDWLRQ�ZDV�LQWURGXFHG�LQ�WKH�PLG�� � WK�FHQWXU\��LW�UHYROXWLRQL]HG
DJULFXOWXUH�E\ �HQDEOLQJ�HIILFLHQW�PHFKDQL]HG�LUULJDWLRQ�RI�ODUJH�VFDOH�IDUPV��7UDGLWLRQDO
FHQWHU�SLYRW�V\VWHPV�UHSUHVHQWHG�D�PDVVLYH�LPSURYHPHQW�RYHU�IORRG�LUULJDWLRQ��EXW�WKH\
RSHUDWHG�RQ�D�RQH�VL]H�ILWV�DOO�SULQFLSOH��7KH�HQWLUH�SLYRW�DSSOLHG�WKH�VDPH�DPRXQW�RI
ZDWHU�UHJDUGOHVV�RI�VRLO�YDULDELOLW\��FURS�GLIIHUHQFHV�RU�PLFURFOLPDWLF�FRQGLWLRQV�DFURVV�WKH
ILHOG��0 RGHUQ�V\VWHPV�EHDU�OLWWOH�UHVHPEODQFH�WR�WKHLU�SUHGHFHVVRUV�

)RU�WKH�/ LQGVD\ �&RUSRUDWLRQ��D�� � �\HDU�OHDGHU�LQ�LUULJDWLRQ�WHFKQRORJ\��WKH�HYROXWLRQ�RI
FHQWHU�SLYRW�V\VWHPV�UHIOHFWV�D�IXQGDPHQWDO�VKLIW�LQ�KRZ�WKH�LQGXVWU\ �DSSURDFKHV
LQQRYDWLRQ��$V�* XVWDYR�2EHUWR�RI�/ LQGVD\ �H[SODLQV��� : H�EXLOG�VROXWLRQV�E\ �IDUPHUV��IRU
IDUPHUV��7KDW
V�ZK\ �LW�LV�VR�LPSRUWDQW�WR�XV�WKDW�WKH�WHDP�EXLOGLQJ�RXU�SURGXFWV�DQG
WHFKQRORJLHV�KDV�ILUVW�KDQG�NQRZOHGJH�RI�KRZ�WKRVH�VROXWLRQV�DUH�ZRUNLQJ�LQ�WKH�ILHOG��
7KLV�SURGXFHU�FHQWULF�SKLORVRSK\ �KDV�GULYHQ�WKH�WUDQVIRUPDWLRQ�IURP�EDVLF�PHFKDQL]HG
LUULJDWLRQ�WR�VRSKLVWLFDWHG�SUHFLVLRQ�PDQDJHPHQW�SODWIRUPV�

7RGD\ 
V�6PDUW�,UULJDWLRQ�( FRV\ VWHP

&RQWHPSRUDU\ �SUHFLVLRQ�LUULJDWLRQ�LQWHJUDWHV�GLIIHUHQW�GDWD�VRXUFHV�DQG�FRQWURO
WHFKQRORJLHV��9DULDEOH�5DWH�,UULJDWLRQ��95,��V\VWHPV�FDQ�DGMXVW�DSSOLFDWLRQ�UDWHV�IRU
LQGLYLGXDO�]RQHV�ZLWKLQ�D�ILHOG��UHVSRQGLQJ�WR�GLIIHUHQFHV�LQ�VRLO�W\SH��WRSRJUDSK\ �RU�FURS
GHYHORSPHQW�VWDJH��0 DQDJHPHQW�DW�ILHOG�]RQH�UHVROXWLRQ�HQDEOHV�IDUPHUV�WR�DGGUHVV
YDULDELOLW\�WKDW�ZRXOG�RWKHUZLVH�UHVXOW�LQ�RYHU�LUULJDWLRQ�LQ�VRPH�DUHDV�DQG�XQGHU�LUULJDWLRQ
LQ�RWKHUV�

7KH�LQWHOOLJHQFH�H[WHQGV�EH\RQG�WKH�KDUGZDUH��0 RGHUQ�LUULJDWLRQ�PDQDJHPHQW�SODWIRUPV
LQWHJUDWH�ZHDWKHU�IRUHFDVWV��VRLO�PRLVWXUH�VHQVRUV��VDWHOOLWH�GHULYHG�FURS�VWUHVV
LQGLFDWRUV�DQG�DJURQRPLF�PRGHOV�WR�DXWRPDWH�LUULJDWLRQ�DGMXVWPHQWV��/ LQGVD\ 
V�) LHOG1( 7
$GYLVRU�SODWIRUP��UHFRJQL]HG�E\ �WKH�$PHULFDQ�6RFLHW\�RI�$JULFXOWXUDO�DQG�%LRORJLFDO
( QJLQHHUV��H[HPSOLILHV�WKLV�LQWHJUDWLRQ��$V�2EHUWR�VD\V��� )RU�� � �\HDUV��/ LQGVD\ �KDV�EHHQ
D�OHDGHU�LQ�FURS�DQG�LUULJDWLRQ�UHVHDUFK��XVLQJ�WHFKQRORJ\ �WR�VLPSOLI\ �WKH�VFLHQFH�RI
DJURQRPLF�LUULJDWLRQ��: LWK�RXU�DZDUG�ZLQQLQJ�) LHOG1( 7�$GYLVRU�LQQRYDWLRQ��ZH
YH
HPSRZHUHG�JURZHUV�WR�SURGXFH�KHDOWKLHU�FURSV��GHYHORS�PRUH�VXVWDLQDEOH�IDUPLQJ
SUDFWLFHV�DQG�KHOS�WKHP�PD[LPL]H�\LHOGV�WR�LQFUHDVH�WKHLU�ERWWRP�OLQH��

7KH�QHZHVW�JHQHUDWLRQ�RI�FHQWHU�SLYRW�WHFKQRORJ\ �UHSUHVHQWV�ZKDW�2EHUWR�FDOOV�� D�VHOI�
DZDUH��DOZD\V�WKHUH�URERW�LQ�WKH�ILHOG��FDSDEOH�RI�DW�VFDOH�FURS�KHDOWK�PDQDJHPHQW�DQG
JURXQG�EUHDNLQJ�PDFKLQH�KHDOWK�IHDWXUHV�� �7KHVH�V\VWHPV�GRQ
W�MXVW�DSSO\ �ZDWHU��WKH\
PRQLWRU�FURS�FRQGLWLRQV��GLDJQRVH�WKHLU�RZQ�PDLQWHQDQFH�QHHGV�DQG�DGDSW�WR�FKDQJLQJ
ILHOG�FRQGLWLRQV�DXWRQRPRXVO\�

3DUW�$��3UHFLVLRQ�,UULJDWLRQ�7HFKQRORJ\
,QVLJKWV�IURP�* XVWDYR�2EHUWR��/ LQGVD\ �&RUSRUDWLRQ

�
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5HPRWH�PRQLWRULQJ�DQG�FRQWURO�KDYH�EHFRPH�VWDQGDUG��)DUPHUV�FDQ�FKHFN�V\VWHP
VWDWXV��DGMXVW�VFKHGXOHV��RU�UHVSRQG�WR�DOHUWV�IURP�WKHLU�VPDUWSKRQHV�UHJDUGOHVV�RI
ZKHUH�WKH\ �DUH��7KLV�FRQQHFWLYLW\�HQDEOHV�UHVSRQVLYH�PDQDJHPHQW�WKDW�ZRXOG�EH
LPSRVVLEOH�ZLWK�PDQXDO�RSHUDWLRQ�DQG�DOORZV�SURGXFHUV�WR�UHDFW�LPPHGLDWHO\�WR�ZHDWKHU
HYHQWV�RU�FURS�VWUHVV�VLJQDOV�UDWKHU�WKDQ�ZDLWLQJ�IRU�WKHLU�QH[W�ILHOG�YLVLW�

( FRQRPLFV�DQG�$GRSWLRQ�3DWKZD\ V

7KH�HFRQRPLFV�RI�SUHFLVLRQ�LUULJDWLRQ�DGRSWLRQ�YDU\ �FRQVLGHUDEO\ �EDVHG�RQ�FURS�YDOXH�
ZDWHU�VFDUFLW\�DQG�IDUP�VL]H��)RU�KLJK�YDOXH�FURSV�IDFLQJ�ZDWHU�FRQVWUDLQWV��WKH�UHWXUQ�RQ
LQYHVWPHQW�FDQ�EH�FRPSHOOLQJ��: DWHU�VDYLQJV�RI�� � �� � � �DUH�FRPPRQO\ �DFKLHYHG�
WUDQVODWLQJ�WR�UHGXFHG�SXPSLQJ�FRVWV�DQG��LQ�ZDWHU�OLPLWHG�VLWXDWLRQV��WKH�DELOLW\�WR
LUULJDWH�DGGLWLRQDO�DFUHV�ZLWK�WKH�VDPH�DOORFDWLRQ��<LHOG�VWDELOLW\�LPSURYHPHQWV�GXULQJ
VWUHVV�SHULRGV�SURYLGH�DGGLWLRQDO�HFRQRPLF�YDOXH�

&RVW�VKDUH�SURJUDPV�WKURXJK�86' $
V�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��15&6�
DQG�VWDWH�DJHQFLHV�KHOS�EULGJH�WKH�LQYHVWPHQW�JDS�IRU�PDQ\ �SURGXFHUV��3URJUDPV�OLNH
WKH�( QYLURQPHQWDO�4XDOLW\�,QFHQWLYHV�3URJUDP��( 4,3��FDQ�FRYHU�� � �� � � �RI�LQVWDOODWLRQ
FRVWV�IRU�TXDOLI\LQJ�FRQVHUYDWLRQ�SUDFWLFHV��DFFHOHUDWLQJ�DGRSWLRQ�RI�ZDWHU�HIILFLHQF\
WHFKQRORJLHV�WKDW�GHOLYHU�ORQJ�WHUP�EHQHILWV�EXW�PLJKW�RWKHUZLVH�IDFH�SURKLELWLYH�XSIURQW
FRVWV�



: KDW
V�RQ�WKH�+RUL]RQ

2EHUWR�GHVFULEHV�WKH�VPDUW�SLYRW�DV�LQWURGXFLQJ�� WKH�QH[W�HUD�RI�PHFKDQL]HG�LUULJDWLRQ��,W
GHOLYHUV�QHYHU�EHIRUH�VHHQ�LQVLJKWV�DQG�HIILFLHQF\ �WR�D�JURZHU
V�RSHUDWLRQ��FKDQJLQJ�WKH
ZD\ �WKH\ ���DQG�WKH�LQGXVWU\ ���ORRN�DW�DQG�XVH�FHQWHU�SLYRWV��

7KH�QH[W�JHQHUDWLRQ�RI�LUULJDWLRQ�WHFKQRORJ\ �ZLOO�XVH�DUWLILFLDO�LQWHOOLJHQFH�DQG�PDFKLQH
OHDUQLQJ�WR�RSWLPL]H�PDQDJHPHQW�GHFLVLRQV�DXWRQRPRXVO\��6\VWHPV�DUH�EHLQJ
GHYHORSHG�WKDW�OHDUQ�IURP�RXWFRPHV�RYHU�PXOWLSOH�VHDVRQV��FRQWLQXRXVO\ �UHILQLQJ
LUULJDWLRQ�VWUDWHJLHV�IRU�VSHFLILF�ILHOGV�DQG�FURSV��,QWHJUDWLRQ�ZLWK�RWKHU�IDUP
PDQDJHPHQW�SODWIRUPV�ZLOO�HQDEOH�LUULJDWLRQ�GHFLVLRQV�WR�FRQVLGHU�IDFWRUV�OLNH�QXWULHQW
DYDLODELOLW\��SHVW�SUHVVXUH��DQG�KDUYHVW�WLPLQJ�DV�SDUW�RI�D�KROLVWLF�V\VWHP�

2EHUWR�VD\V��� / LQGVD\ �LV�FRPPLWWHG�WR�SURYLGLQJ�WKH�ODWHVW�WHFKQRORJ\ �WR�JURZHUV�WR�KHOS
VFDOH�WKHLU�RUJDQL]DWLRQ�DQG�PD[LPL]H�\LHOGV�� �,PSURYHPHQWV�LQ�VHQVRU�WHFKQRORJ\ �DQG
GDWD�DQDO\WLFV�ZLOO�HQDEOH�HYHQ�PRUH�SUHFLVH�ZDWHU�DSSOLFDWLRQ�ZKLOH�UHGXFLQJ�FRPSOH[LW\
IRU�IDUPHUV��PDNLQJ�VRSKLVWLFDWHG�ZDWHU�PDQDJHPHQW�LQFUHDVLQJO\ �VLPSOH�DQG�LQWXLWLYH�

�

�� �%���0�1�.�!� ������ �%�*� �/���5���Ï �+�.�, �+�.���0�%�+�*���/���� �%�) �) ���0�%�����/�5�/�0�!�) ���,���.�!� �%�0������ �%�*� �/���5���Ï �+�.�, �+�.���0�%�+�*�-



: KLOH�LUULJDWLRQ�WHFKQRORJ\ �DGGUHVVHV�KRZ�ZDWHU�LV�GHOLYHUHG��SODQW�JHQHWLFV�GHWHUPLQHV
KRZ�HIILFLHQWO\�FURSV�XVH�ZKDWHYHU�ZDWHU�WKH\ �UHFHLYH��' HFDGHV�RI�EUHHGLQJ�SURJUHVV
KDYH�JHQHUDWHG�VXEVWDQWLDO�LPSURYHPHQWV�LQ�FURS�ZDWHU�XVH�HIILFLHQF\��DQG�PRGHUQ
JHQRPLF�WRROV�DUH�DFFHOHUDWLQJ�JDLQV��$V�WKH�$PHULFDQ�6HHG�7UDGH�$VVRFLDWLRQ��$67$�
HPSKDVL]HV�LQ�LWV�RIILFLDO�FOLPDWH�FRPPHQWV�WR�WKH�86' $��� %HWWHU�VHHG�PHDQV�EHWWHU
OLIH��DQG�EHWWHU�VHHG�VWDUWV�ZLWK�SODQW�EUHHGLQJ��

%UHHGLQJ�IRU�' URXJKW�7ROHUDQFH

3ODQW�EUHHGHUV�KDYH�SXUVXHG�ZDWHU�HIILFLHQF\ �WKURXJK�PXOWLSOH�SDWKZD\V��6RPH�YDULHWLHV
KDYH�GHHSHU��PRUH�H[WHQVLYH�URRW�V\VWHPV�WKDW�DFFHVV�PRLVWXUH�LQ�ORZHU�VRLO�SURILOHV�
2WKHUV�KDYH�PRGLILHG�OHDI�FKDUDFWHULVWLFV�WKDW�UHGXFH�WUDQVSLUDWLRQ�ZDWHU�ORVV�ZKLOH
PDLQWDLQLQJ�SKRWRV\QWKHVLV��6WLOO�RWKHUV�VKRZ�LPSURYHG�VWRPDWDO�UHJXODWLRQ�WKDW
RSWLPL]HV�WKH�WUDGH�RII�EHWZHHQ�&2
/�XSWDNH�DQG�ZDWHU�YDSRU�UHOHDVH�

$FFRUGLQJ�WR�$67$��� 3ODQW�EUHHGHUV�KDYH�EHHQ�LPSURYLQJ�VHHGV�IRU�WKRXVDQGV�RI�\HDUV�
7KDQNV�WR�RXU�JURZLQJ�VFLHQWLILF�XQGHUVWDQGLQJ�RI�SODQW�VFLHQFHV��EUHHGHUV�WRGD\ �FDQ
GHYHORS�EHWWHU�VHHGV�ZLWK�JUHDWHU�HIILFLHQF\ �DQG�SUHFLVLRQ�WKDQ�HYHU�EHIRUH��7KLV�PHDQV
PRUH�UHVLOLHQW�FURSV�WKDW�FDQ�WKULYH�GHVSLWH�SUHVVXUHV�IURP�GURXJKW��IORRGLQJ��H[WUHPH
WHPSHUDWXUHV��DQG�HYROYLQJ�LQVHFWV�DQG�GLVHDVHV��%HWWHU�VHHG�DOORZV�IDUPHUV�WR�JURZ
PRUH��XVLQJ�OHVV�ODQG�DQG�IHZHU�UHVRXUFHV�DQG�LQ�WXUQ��SURYLGHV�FRQVXPHUV�ZLWK�DFFHVV
WR�ZLGHU�YDULHWLHV�RI�VDIH��DIIRUGDEOH�DQG�QXWULWLRXV�IRRGV��

7KH�EUHHGLQJ�SURFHVV�WUDGLWLRQDOO\ �UHTXLUHG�JURZLQJ�WKRXVDQGV�RI�OLQHV�DFURVV�PXOWLSOH
HQYLURQPHQWV�DQG�VHDVRQV�WR�LGHQWLI\ �VXSHULRU�SHUIRUPHUV�XQGHU�ZDWHU�OLPLWHG
FRQGLWLRQV��0 RGHUQ�JHQRPLF�WRROV�KDYH�GUDPDWLFDOO\ �DFFHOHUDWHG�WKLV�WLPHOLQH��0 ROHFXODU
PDUNHUV�OLQNHG�WR�GURXJKW�WROHUDQFH�WUDLWV�HQDEOH�VHOHFWLRQ�RI�SURPLVLQJ�OLQHV�DW�WKH
VHHGOLQJ�VWDJH�UDWKHU�WKDQ�ZDLWLQJ�IRU�ILHOG�SHUIRUPDQFH�GDWD��* HQH�HGLWLQJ�WHFKQRORJLHV
RIIHU�WKH�SRWHQWLDO�WR�LQWURGXFH�VSHFLILF�EHQHILFLDO�WUDLWV�PRUH�SUHFLVHO\ �DQG�UDSLGO\ �WKDQ
FRQYHQWLRQDO�EUHHGLQJ�DORQH��$V�$67$�QRWHV��� HYROYLQJ�EUHHGLQJ�LQQRYDWLRQV�OLNH�JHQH
HGLWLQJ�KROG�WUHPHQGRXV�SURPLVH�IRU�XQORFNLQJ�VROXWLRQV�WR�VRPH�RXU�PRVW�SUHVVLQJ
JOREDO�FKDOOHQJHV��IURP�FOLPDWH�FKDQJH�PLWLJDWLRQ�WR�IRRG�VHFXULW\��

3DUW�%��3ODQW�* HQHWLFV�	 �%UHHGLQJ�,QQRYDWLRQ
,QVLJKWV�IURP�WKH�$PHULFDQ�6HHG�7UDGH�$VVRFLDWLRQ

�



4XDQWLI\ LQJ�* HQHWLF�* DLQV

7KH�FXPXODWLYH�HIIHFW�RI�EUHHGLQJ�SURJUHVV�LV�VXEVWDQWLDO��ZLWK�PRGHUQ�YDULHWLHV
SURGXFLQJ�VLJQLILFDQWO\�PRUH�\LHOG�SHU�XQLW�RI�ZDWHU�WKDQ�WKRVH�DYDLODEOH�RQH�WR�WZR
JHQHUDWLRQV�DJR��,Q�FRUQ��ZDWHU�XVH�HIILFLHQF\ �LPSURYHPHQWV�KDYH�FRQWULEXWHG
VLJQLILFDQWO\�WR�WKH�KLVWRULF�\LHOG�JDLQV�DFKLHYHG�RYHU�UHFHQW�GHFDGHV��0 RGHUQ�K\EULGV
SURGXFH�PRUH�JUDLQ�SHU�XQLW�RI�ZDWHU�FRQVXPHG�WKDQ�YDULHWLHV�IURP�D�JHQHUDWLRQ�DJR�
6LPLODU�SURJUHVV�KDV�RFFXUUHG�LQ�ZKHDW��FRWWRQ��VR\EHDQV�DQG�RWKHU�PDMRU�FURSV�

5HVHDUFK�TXDQWLI\LQJ�WKHVH�JDLQV�VKRZV�WKDW�JHQHWLF�LPSURYHPHQWV�LQ�GURXJKW�WROHUDQFH
KDYH�HQDEOHG�SURGXFWLRQ�H[SDQVLRQ�LQWR�PRUH�PDUJLQDO�UDLQIDOO�HQYLURQPHQWV�ZKLOH
VWDELOL]LQJ�\LHOGV�LQ�WUDGLWLRQDO�JURZLQJ�UHJLRQV�GXULQJ�VWUHVV�SHULRGV��7KHVH�JDLQV
FRPSOHPHQW�LUULJDWLRQ�HIILFLHQF\ �LPSURYHPHQWV��ZLWK�GURXJKW�WROHUDQW�JHQHWLFV�SHUIRUPLQJ
SDUWLFXODUO\ �ZHOO�XQGHU�PDQDJHG�ZDWHU�GHILFLW�LUULJDWLRQ�VWUDWHJLHV�

0 DWFKLQJ�* HQHWLFV�WR�: DWHU�0 DQDJHPHQW

7KH�IXWXUH�RI�DJULFXOWXUDO�ZDWHU�HIILFLHQF\ �OLHV�LQ�LQWHJUDWHG�V\VWHPV�ZKHUH�YDULHW\
VHOHFWLRQ�LV�RSWLPL]HG�IRU�VSHFLILF�LUULJDWLRQ�FDSDELOLWLHV�DQG�ILHOG�FRQGLWLRQV��$�ILHOG�ZLWK
OLPLWHG�ZDWHU�DOORFDWLRQ�PLJKW�XVH�D�GURXJKW�WROHUDQW�YDULHW\�PDQDJHG�XQGHU�GHILFLW
LUULJDWLRQ��ZKLOH�DQ�DGHTXDWHO\�ZDWHUHG�ILHOG�FRXOG�XVH�D�YDULHW\�VHOHFWHG�IRU�PD[LPXP
SURGXFWLRQ�XQGHU�RSWLPDO�FRQGLWLRQV��3UHFLVLRQ�DJULFXOWXUH�SODWIRUPV�DUH�EHJLQQLQJ�WR
LQFRUSRUDWH�YDULHWDO�FKDUDFWHULVWLFV�LQWR�LUULJDWLRQ�PDQDJHPHQW�DOJRULWKPV��HQDEOLQJ�WUXH
LQWHJUDWLRQ�RI�JHQHWLFV�DQG�PDQDJHPHQW�

$67$
V�PLVVLRQ�RI�� GHYHORSLQJ�EHWWHU�VHHG��JLYLQJ�SURGXFHUV�PRUH�DFFHVVLELOLW\�DQG�PRUH
YDULHW\�WR�IHHG�D�JURZLQJ�SRSXODWLRQ�LQ�D�FKDQJLQJ�FOLPDWH� �UHIOHFWV�WKH�FULWLFDO�UROH�WKDW
SODQW�EUHHGLQJ�SOD\V�LQ�DJULFXOWXUDO�ZDWHU�VWHZDUGVKLS��$�YDULHW\�EUHG�IRU�IXOO�LUULJDWLRQ
SHUIRUPV�GLIIHUHQWO\�WKDQ�RQH�VHOHFWHG�IRU�ZDWHU�OLPLWHG�FRQGLWLRQV��$V�IDUPHUV�DGRSW
PRUH�VRSKLVWLFDWHG�LUULJDWLRQ�PDQDJHPHQW��KDYLQJ�JHQHWLFV�WDLORUHG�WR�WKRVH�V\VWHPV
EHFRPHV�LQFUHDVLQJO\ �LPSRUWDQW�IRU�RSWLPL]LQJ�ERWK�ZDWHU�XVH�DQG�FURS�SURGXFWLYLW\�

� �



6HFWLRQ�7KUHH��,QQRYDWLRQ�LQ�$FWLRQ��
3URGXFHU�&DVH�6WXGLHV
7KH�WUXH�PHDVXUH�RI�DQ\ �LQQRYDWLRQ�LV�LWV�SHUIRUPDQFH�LQ�WKH�ILHOG��7KHVH�WKUHH�FDVH
VWXGLHV�VKRZFDVH�$PHULFDQ�SURGXFHUV�ZKR�DUH�DFKLHYLQJ�PHDVXUDEOH�UHVXOWV�WKURXJK
VWUDWHJLF�ZDWHU�PDQDJHPHQW��7KHLU�H[SHULHQFHV�RIIHU�LQVLJKWV�IRU�SHHUV�IDFLQJ�VLPLODU
FKDOOHQJHV�DQG�GHPRQVWUDWH�WKH�GLYHUVLW\�RI�VROXWLRQV�EHLQJ�LPSOHPHQWHG�DFURVV
GLIIHUHQW�FURSV�DQG�UHJLRQV�

&DVH�6WXG\ �2QH��0 F&DUW\ �) DP LO\ �) DUP V��
9HUWLFDO�,QWHJUDWLRQ�DQG�: DWHU�,QQRYDWLRQ�LQ
. DQVDV�' DLU\
7KH�3URGXFHU��0 F&DUW\�)DPLO\ �)DUPV�LQ�5H[ IRUG��. DQVDV��UHSUHVHQWV�IRXU�JHQHUDWLRQV�RI
GDLU\ �IDUPLQJ�LQQRYDWLRQ��0 RUH�WKDQ�� � � �\HDUV�DJR��WKH�IDPLO\ �VWDUWHG�GDLU\ �IDUPLQJ�LQ
QRUWKHDVW�3HQQV\OYDQLD��PLONLQJ�FRZV�E\ �KDQG�LQ�D�VPDOO�EDUQ�ZLWKRXW�HOHFWULFLW\��,Q
� � � � ��EURWKHUV�0 LNH��&OD\��' DYH�DQG�. HQ�0 F&DUW\�UHORFDWHG�WR�QRUWKZHVW�. DQVDV
VHHNLQJ�RSSRUWXQLW\�IRU�JURZWK�DQG�VXVWDLQDELOLW\��7RGD\��WKHLU�RSHUDWLRQ�LQFOXGHV
DSSUR[LPDWHO\�� � �� � � �GDLU\ �FRZV�DFURVV�ILYH�IDUPV�LQ�. DQVDV��1HEUDVND�DQG�2KLR��SOXV
DQ�RQ�IDUP�PLON�FRQGHQVLQJ�SODQW�DQG�JUDLQ�VWRUDJH�IDFLOLW\��7KH�RSHUDWLRQ�HPSOR\V�PRUH
WKDQ�� � � �SHRSOH�DQG�KDV�DFKLHYHG�%�&RUS�FHUWLILFDWLRQ��UHFRJQL]LQJ�KLJK�VWDQGDUGV�RI
HQYLURQPHQWDO�DQG�VRFLDO�SHUIRUPDQFH�

7KH�&KDOOHQJH��$V�WKH�RSHUDWLRQ�JUHZ�LQ�. DQVDV��WKH�0 F&DUW\�EURWKHUV�IDFHG�WKH�GXDO
FKDOOHQJH�RI�PDQDJLQJ�ZDWHU�UHVRXUFHV�HIILFLHQWO\�LQ�D�VHPL�DULG�FOLPDWH�DQG�UHGXFLQJ�WKH
HQYLURQPHQWDO�IRRWSULQW�RI�WUDQVSRUWLQJ�ODUJH�YROXPHV�RI�PLON�WR�SURFHVVLQJ�IDFLOLWLHV�
7UDGLWLRQDO�GDLU\ �RSHUDWLRQV�VKLS�UDZ�PLON�ORQJ�GLVWDQFHV�WR�SURFHVVLQJ�SODQWV��UHTXLULQJ
VLJQLILFDQW�WUDQVSRUWDWLRQ�UHVRXUFHV�DQG�ZDWHU�LQSXWV�WKURXJKRXW�WKH�VXSSO\ �FKDLQ�
$GGLWLRQDOO\��GDLU\ �RSHUDWLRQV�LQ�. DQVDV�PXVW�PDQDJH�ZDWHU�FDUHIXOO\��XVLQJ�LW�IRU�FRZ
K\GUDWLRQ��PLON�FRROLQJ��EDUQ�FOHDQLQJ�DQG�FURS�LUULJDWLRQ��7KH�FKDOOHQJH�EHFDPH�KRZ�WR
FUHDWH�D�YHUWLFDOO\ �LQWHJUDWHG�V\VWHP�WKDW�PD[LPL]HG�ZDWHU�HIILFLHQF\ �ZKLOH�PDLQWDLQLQJ
HFRQRPLF�YLDELOLW\�DQG�DQLPDO�ZHOIDUH�

7KH�,QQRYDWLRQ��,Q�� � � � ��0 F&DUW\�)DPLO\ �)DUPV�WRRN�D�SLRQHHULQJ�VWHS�E\ �EXLOGLQJ�DQ�RQ�
IDUP�PLON�FRQGHQVLQJ�SODQW���WKH�RQO\ �RQH�RI�LWV�NLQG�LQ�1RUWK�$PHULFD��7KLV�IDFLOLW\
SURFHVVHV�XS�WR�� �� �PLOOLRQ�SRXQGV�RI�PLON�GDLO\��XVLQJ�DQ�LQQRYDWLYH�HYDSRUDWLYH
FRQGHQVLQJ�SURFHVV�WR�H[WUDFW�PLON
V�QDWXUDO�ZDWHU�FRQWHQW�EHIRUH�VKLSSLQJ�FRQGHQVHG
PLON�WR�' DQRQH
V�)RUW�: RUWK��7H[DV�SODQW��7KH�UHFODLPHG�ZDWHU��DSSUR[LPDWHO\�� � � �� � �
JDOORQV�SHU�GD\��LV�WKHQ�UHXVHG�PXOWLSOH�WLPHV�DFURVV�WKH�RSHUDWLRQ�
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7KH�ZDWHU�UHFODLPHG�IURP�PLON�FRQGHQVLQJ�IROORZV�D�FDUHIXOO\ �PDQDJHG�F\FOH��,W�ILUVW
FRROV�IUHVKO\ �KDUYHVWHG�PLON�IURP�� � � •) �WR�� � •)��7KH�VDPH�ZDWHU�LV�WKHQ�SURYLGHG�WR
FRZV�DV�VDIH�GULQNLQJ�ZDWHU��$IWHU�FRQVXPSWLRQ��WKH�ZDWHU�XVHG�WR�IOXVK�PDQXUH�IURP
EDUQV�EHFRPHV�HQULFKHG�ZLWK�QDWXUDO�QXWULHQWV��7KLV�QXWULHQW�ULFK�ZDWHU�LV�XOWLPDWHO\
DSSOLHG�WR�FURS�ODQG�IRU�LUULJDWLRQ��FORVLQJ�WKH�ORRS�

%H\RQG�WKH�FRQGHQVLQJ�SODQW��0 F&DUW\�)DPLO\ �)DUPV�LPSOHPHQWV�FRPSUHKHQVLYH�ZDWHU
PDQDJHPHQW�SUDFWLFHV��3UHFLVLRQ�LUULJDWLRQ�V\VWHPV�XWLOL]H�9DULDEOH�5DWH�7HFKQRORJ\
�957��DQG�UHDO�WLPH�VRLO�VHQVRUV�WR�RSWLPL]H�ZDWHU�DSSOLFDWLRQ�IRU�FURS�SURGXFWLRQ��7KHVH
V\VWHPV�HQVXUH�ZDWHU�DQG�QXWULHQWV�DUH�DSSOLHG�DW�DJURQRPLF�UDWHV�WKDW�PD[LPL]H�FURS
SURGXFWLYLW\�ZKLOH�SURWHFWLQJ�VXUIDFH�DQG�JURXQGZDWHU�UHVRXUFHV��7KH�RSHUDWLRQ�IROORZV
VWULFW�1XWULHQW�0 DQDJHPHQW�3ODQV��10 3V��GHYHORSHG�LQ�SDUWQHUVKLS�ZLWK�HQYLURQPHQWDO
FRQVXOWDQWV�WR�XWLOL]H�QXWULHQWV�IURP�PDQXUH�HIIHFWLYHO\��UHGXFLQJ�WKH�QHHG�IRU�FRPPHUFLDO
IHUWLOL]HUV�ZKLOH�SURWHFWLQJ�ZDWHU�TXDOLW\�

5HJHQHUDWLYH�DJULFXOWXUH�SUDFWLFHV�HQKDQFH�WKH�V\VWHP
V�ZDWHU�HIILFLHQF\��&RYHU
FURSSLQJ��UHGXFHG�WLOODJH�DQG�RUJDQLF�PDWWHU�DGGLWLRQV�LPSURYH�VRLO�VWUXFWXUH�DQG�ZDWHU�
KROGLQJ�FDSDFLW\��%\ �UHWXUQLQJ�PDQXUH�WR�ILHOGV��WKH�RSHUDWLRQ�LPSURYHV�VRLO
V�DELOLW\�WR
UHWDLQ�ZDWHU�DQG�UHGXFHV�UXQRII��7KHVH�VRLO�KHDOWK�LPSURYHPHQWV�FUHDWH�D�IRXQGDWLRQ�IRU
PRUH�UHVLOLHQW�FURS�SURGXFWLRQ�ZLWK�UHGXFHG�LUULJDWLRQ�UHTXLUHPHQWV�
7KH�RSHUDWLRQ
V�FRPPLWPHQW�WR�ZDWHU�VWHZDUGVKLS�HDUQHG�UHFRJQLWLRQ�DV�D�. DQVDV
: DWHU�7HFKQRORJ\ �)DUP��DFNQRZOHGJLQJ�WKHLU�OHDGHUVKLS�LQ�LPSOHPHQWLQJ�VFLHQFH�EDFNHG
ZDWHU�FRQVHUYDWLRQ�VROXWLRQV�



7KH�2XWFRPH��7KH�LQWHJUDWHG�ZDWHU�PDQDJHPHQW�V\VWHP�JLYHV�PHDVXUDEOH
HQYLURQPHQWDO�DQG�HFRQRPLF�EHQHILWV��7KH�PLON�FRQGHQVLQJ�SODQW�DORQH�UHFODLPV
DSSUR[LPDWHO\�� � � �� � � �JDOORQV�RI�ZDWHU�SHU�GD\ �IRU�UHXVH��GUDPDWLFDOO\ �UHGXFLQJ
IUHVKZDWHU�ZLWKGUDZDO�QHHGV��%\ �FRQGHQVLQJ�PLON�RQ�VLWH��WKH�RSHUDWLRQ�UHGXFHV�PLON
VKLSSLQJ�YROXPH�E\ �� � � ��SXWWLQJ�VLJQLILFDQWO\�IHZHU�WUXFNV�RQ�URDGV�DQG�UHGXFLQJ
WUDQVSRUWDWLRQ�UHODWHG�JUHHQKRXVH�JDV�HPLVVLRQV�ZKLOH�VLPXOWDQHRXVO\ �FDSWXULQJ�ZDWHU
IRU�SURGXFWLYH�UHXVH�

7KH�PXOWLSOH�XVH�ZDWHU�V\VWHP�PD[LPL]HV�YDOXH�IURP�HDFK�JDOORQ��: DWHU�WKDW�FRROV�PLON�
K\GUDWHV�FRZV��FOHDQV�IDFLOLWLHV�DQG�LUULJDWHV�FURSV�UHSUHVHQWV�D�FORVHG�ORRS�DSSURDFK
WKDW�ZRXOG�EH�LPSRVVLEOH�LQ�D�WUDGLWLRQDO�GDLU\ �RSHUDWLRQ��( FRQRPLF�EHQHILWV�LQFOXGH
UHGXFHG�IUHVKZDWHU�SXPSLQJ�FRVWV��OHVV�XVH�RI�FRPPHUFLDO�IHUWLOL]HUV�WKURXJK�HIIHFWLYH
QXWULHQW�PDQDJHPHQW��DQG�LPSURYHG�FURS�SURGXFWLYLW\�IURP�HQKDQFHG�VRLO�KHDOWK�

7KH�RSHUDWLRQ
V�VXVWDLQDELOLW\�DFKLHYHPHQWV�H[WHQG�EH\RQG�ZDWHU�PDQDJHPHQW��7KH\
SURGXFH�� � � �PRUH�PLON�SHU�FRZ�ZLWK�IHZHU�UHVRXUFHV�ZKLOH�LPSURYLQJ�DQLPDO�KHDOWK�DQG
ORQJHYLW\��7KH\ �EHFDPH�WKH�ILUVW�IDUP�JOREDOO\ �WR�DFKLHYH�WKH�KLJKHVW�DQLPDO�ZHOIDUH
VWDWXV�IURP�9DOLGXV��&DUERQ�IRRWSULQW�DQDO\VLV�FRPSOHWHG�LQ�SDUWQHUVKLS�ZLWK�' DQRQH
SURYLGHV�EHQFKPDUNV�IRU�FRQWLQXRXV�LPSURYHPHQW�DFURVV�DOO�HQYLURQPHQWDO�PHWULFV�
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7KH�,QVLJKW��0 F&DUW\�)DPLO\ �)DUPV�GHPRQVWUDWHV�WKDW�YHUWLFDO�LQWHJUDWLRQ�FDQ�HQDEOH
ZDWHU�PDQDJHPHQW�DSSURDFKHV�LPSRVVLEOH�LQ�WUDGLWLRQDO�VXSSO\ �FKDLQV��%\ �SURFHVVLQJ
PLON�RQ�IDUP�UDWKHU�WKDQ�VKLSSLQJ�LW�UDZ��WKH�RSHUDWLRQ�JDLQV�DFFHVV�WR�D�ZDWHU�UHVRXUFH
u �PLON
V�QDWXUDO�ZDWHU�FRQWHQW�u �WKDW�ZRXOG�RWKHUZLVH�EH�XQDYDLODEOH�IRU�UHXVH��7KLV
FUHDWHV�HQWLUHO\ �QHZ�RSSRUWXQLWLHV�IRU�ZDWHU�HIILFLHQF\�
$V�. HQ�0 F&DUW\�QRWHV��WKH�RSHUDWLRQ
V�SKLORVRSK\ �FHQWHUV�RQ�FRQWLQXRXV�LPSURYHPHQW�
� : H
UH�\RXQJ�DQG�DPELWLRXV�DQG�ORRNLQJ�IRU�DGGLWLRQDO�HQYLURQPHQWDO�VXVWDLQDELOLW\
LQLWLDWLYHV��ZKLFK�DUH�DOZD\V�HLWKHU�XQGHUZD\ �RU�EHLQJ�SODQQHG�� �7KLV�ZD\ �RI�WKLQNLQJ
GULYHV�WKH�RSHUDWLRQ�WR�YLHZ�HDFK�FKDOOHQJH�DV�DQ�RSSRUWXQLW\�IRU�LQQRYDWLRQ�UDWKHU�WKDQ
D�FRQVWUDLQW�

7KH�SDUWQHUVKLS�PRGHO�ZLWK�' DQRQH�KDV�EHHQ�FUXFLDO�WR�HQDEOLQJ�WKHVH�LQYHVWPHQWV��7KH
FRVW�SOXV�EXVLQHVV�UHODWLRQVKLS�SURYLGHV�SULFLQJ�VWDELOLW\�WKDW�DOORZV�IRU�ORQJ�WHUP
LQYHVWPHQWV�LQ�VXVWDLQDELOLW\�LQIUDVWUXFWXUH�OLNH�WKH�PLON�FRQGHQVLQJ�SODQW��� &UHDWLQJ�MREV
WKDW�DUH�VXVWDLQDEOH�LV�NH\ �WR�WKH�IXWXUH�RI�DUHDV�OLNH�UXUDO�. DQVDV�DQG�WKH�DJULFXOWXUDO
FRPPXQLW\�� �. HQ�0 F&DUW\�HPSKDVL]HV��7KH�HQYLURQPHQWDO�DQG�HFRQRPLF�REMHFWLYHV
UHLQIRUFH�HDFK�RWKHU�ZKHQ�VXSSO\ �FKDLQ�SDUWQHUV�VKDUH�VXVWDLQDELOLW\�JRDOV�

7KH�RSHUDWLRQ
V�VXFFHVV�VKRZV�WKDW�ZDWHU�VWHZDUGVKLS�LQ�DQLPDO�DJULFXOWXUH�UHTXLUHV
WKLQNLQJ�EH\RQG�LQGLYLGXDO�SUDFWLFHV�WR�V\VWHP�OHYHO�LQWHJUDWLRQ��: DWHU�XVHG�IRU�RQH
SXUSRVH�EHFRPHV�WKH�UHVRXUFH�IRU�WKH�QH[W�SXUSRVH��1XWULHQWV�LQ�ZDWHU�EHFRPH�FURS
IHUWLOL]HU�UDWKHU�WKDQ�SRWHQWLDO�SROOXWDQWV��6RLO�KHDOWK�LPSURYHPHQWV�UHGXFH�IXWXUH�ZDWHU
QHHGV��7HFKQRORJ\ �HQDEOHV�SUHFLVLRQ�PDQDJHPHQW��EXW�WKH�UHDO�LQQRYDWLRQ�OLHV�LQ
GHVLJQLQJ�V\VWHPV�ZKHUH�HDFK�FRPSRQHQW�HQKDQFHV�WKH�RWKHUV�

)RU�GDLU\ �RSHUDWLRQV�IDFLQJ�ZDWHU�FRQVWUDLQWV�RU�VHHNLQJ�WR�LPSURYH�VXVWDLQDELOLW\
SHUIRUPDQFH��0 F&DUW\�)DPLO\ �)DUPV�GHPRQVWUDWHV�WKDW�VLJQLILFDQW�JDLQV�DUH�DFKLHYDEOH
WKURXJK�VWUDWHJLF�LQQRYDWLRQ��ZLOOLQJQHVV�WR�FKDOOHQJH�FRQYHQWLRQDO�VXSSO\ �FKDLQ�PRGHOV�
DQG�FRPPLWPHQW�WR�PDQDJLQJ�ZDWHU�DV�D�SUHFLRXV�UHVRXUFH�

� �



&DVH�6WXG\ �7ZR��&KULVWLQH�* HP SHUOH���$GDSWLYH
: DWHU�0 DQDJHP HQW�LQ�&DOLIRUQLD�$OP RQGV

7KH�3URGXFHU��&KULVWLQH�* HPSHUOH�LV�D�VHFRQG�JHQHUDWLRQ�DOPRQG�IDUPHU�ZKR��ZLWK�KHU
EURWKHU�( ULFK��IDUPV�� � � �DFUHV�DFURVV�WZR�RUFKDUGV�LQ�&DOLIRUQLD
V�&HQWUDO�9DOOH\��7KHLU
IDWKHU�LPPLJUDWHG�IURP�6ZLW]HUODQG�LQ�WKH�� � � � V�DQG�VWDUWHG�DOPRQG�IDUPLQJ�LQ�WKH
HDUO\ �� � � � V��$IWHU�HDUQLQJ�D�PDVWHU
V�GHJUHH�LQ�ILVKHULHV�ELRORJ\ �DQG�ZRUNLQJ�RQ�VDOPRQ
FRQVHUYDWLRQ��* HPSHUOH�UHWXUQHG�WR�IDUPLQJ��DQG�VKH�DQG�( ULFK�HVWDEOLVKHG�* HPSHUOH
2UFKDUGV�LQ�� � � � ��7KH\ �KDQGOH�GD\ �WR�GD\ �RSHUDWLRQV�WKHPVHOYHV��ZLWK�KHOS�IURP�IDPLO\
GXULQJ�KDUYHVW��7KH�� � �DFUH�RUFKDUG�LQ�&HUHV�GUDZV�ZDWHU�IURP�WKH�7XROXPQH�5LYHU�DQG
JURXQGZDWHU��ZKLOH�WKH�� � �DFUH�RUFKDUG�LQ�* XVWLQH��RQ�WKH�ZHVW�VLGH�RI�WKH�6DQ�-RDTXLQ
9DOOH\��IDFHV�SDUWLFXODU�GLIILFXOWLHV�ZLWK�VDOLQLW\�DQG�IHGHUDO�ZDWHU�DOORFDWLRQV�

7KH�&KDOOHQJH��,Q�VSULQJ�� � � � ��* HPSHUOH�RSHQHG�D�OHWWHU�WKDW�PDGH�KHU�SDQLF�
&DOLIRUQLD�ZDV�WZR�\HDUV�LQWR�ZKDW�ZRXOG�EHFRPH�WKH�VWDWH
V�ZRUVW�GURXJKW�LQ�UHFRUGHG
KLVWRU\��DQG�VKH�KDG�DOUHDG\ �H[SHULHQFHG�VWHDG\ �UHGXFWLRQV�LQ�LUULJDWLRQ�ZDWHU�DOORFDWLRQV
IURP�6KDVWD�/ DNH�UHVHUYRLU��7KH�OHWWHU�LQIRUPHG�KHU�VKH�ZRXOG�UHFHLYH�MXVW�� � �SHUFHQW�RI
WKH�ZDWHU�VKH�W\SLFDOO\ �QHHGHG�IRU�WKH�* XVWLQH�RUFKDUG��6KH�VDLG��� : KHQ�\RX�ILUVW�JHW
WKDW�QHZV��\RX�NLQG�RI�SXW�\RXU�KHDG�LQ�\RXU�KDQGV��<RX�VLW�WKHUH�DQG�EUHDWKH��DQG�\RX
UH
OLNH��
2ND\��: KDW�DUH�ZH�JRLQJ�WR�GR" 
�

&DOLIRUQLD
V�&HQWUDO�9DOOH\ �LV�RQH�RI�WKH�IHZ�SODFHV�JOREDOO\ �ZLWK�WKH�FOLPDWH�QHHGHG�WR
JURZ�DOPRQGV��7KH�VWDWH�SURGXFHV�PRUH�WKDQ�� � �SHUFHQW�RI�WKH�ZRUOG
V�VXSSO\��: KLOH
GURXJKW�ZDV�DOZD\V�SDUW�RI�OLIH�LQ�&DOLIRUQLD��WKLV�ZDV�GLIIHUHQW��&OLPDWH�FKDQJH�ZDV
GULYLQJ�XS�WHPSHUDWXUHV��LQFUHDVLQJ�HYDSRUDWLRQ�IURP�UHVHUYRLUV�DQG�VRLO�DQG�UHGXFLQJ
VQRZSDFN�WR�KLVWRULF�ORZV��)RU�SHUPDQHQW�FURSV�UHTXLULQJ�� � t � � �\HDU�LQYHVWPHQWV��WKH
GURXJKW�UHSUHVHQWHG�D�ZDUQLQJ�VLJQ�RI�WKLQJV�WR�FRPH�
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7KH�,QQRYDWLRQ��)DFHG�ZLWK�VHYHUH�ZDWHU�UHVWULFWLRQV��* HPSHUOH�WULHG�D�YDULHW\�RI
DGDSWDWLRQV��' XULQJ�WKH�� � � � �� � � � �GURXJKW��VKH�DFKLHYHG�� � � �DQQXDO�UHGXFWLRQV�LQ
ZDWHU�XVH�ZKLOH�SURWHFWLQJ�KHU�LQYHVWPHQW�LQ�SULPH�DJH�WUHHV��

,Q�KHU�ILUVW�\HDU��VKH�VLPSO\ �UHGXFHG�ZDWHU�DSSOLFDWLRQ��7KH�VHFRQG�\HDU�EHFDPH�PRUH
VWUDWHJLF�DV�VKH�ZRUNHG�ZLWK�UHVHDUFKHUV�WR�LPSOHPHQW�GHILFLW�LUULJDWLRQ��DSSO\LQJ�ZDWHU
RQO\ �ZKHQ�DEVROXWHO\�FULWLFDO��8QGHU�WKLV�DSSURDFK��LUULJDWLRQ�JHQHUDOO\ �GRHVQ
W�EHJLQ�XQWLO
$SULO��DV�WUHHV�FDQ�SXOO�UHVLGXDO�PRLVWXUH�IURP�VRLO�XQWLO�WKHQ��ZLWK�ZDWHU�PRVW�QHHGHG
ZKHQ�QXWV�DUH�IRUPLQJ��7KLV�VWUDWHJ\ �DOORZHG�* HPSHUOH�WR�XQGHUVWDQG�KRZ�ZDWHU
EHKDYHV�LQ�VRLO�DQG�PD[LPL]H�HIILFLHQF\ �RI�DYDLODEOH�VXSSOLHV��: KLOH�WKH�DSSURDFK
UHGXFHG�RYHUDOO�DOPRQG�FURS�VOLJKWO\��WKH�WUHHV�ZHUHQ
W�GDPDJHG�DQG�VKH�GLGQ
W�ORVH�KHU
HQWLUH�LQYHVWPHQW�WR�GURXJKW�

,QIUDVWUXFWXUH�LQYHVWPHQWV�SURYHG�HVVHQWLDO��$IWHU�D�GLIILFXOW�ZDWHU�\HDU�LQ�� � � � ��WKH
IDPLO\ �PDGH�WKH�FRVWO\�FKDQJHRYHU�IURP�IORRG�WR�PLFUR�LUULJDWLRQ�DW�WKH�&HUHV�RUFKDUG�
7KLV�H[SHQVLYH�EXW�KLJKO\ �HIILFLHQW�V\VWHP�KHOSHG�WKHP�VXUYLYH�WKH�VXEVHTXHQW�� � � � �
� � � � �GURXJKW��$W�WKH�* XVWLQH�RUFKDUG��ZKHUH�IHGHUDO�ZDWHU�DOORFDWLRQV�ZHUH�FDQFHOOHG
DQG�VDOLQLW\�SUHVHQWHG�DGGLWLRQDO�FKDOOHQJHV��WKH\ �LQVWDOOHG�DQ�DGYDQFHG�PLFUR�GULS
V\VWHP�GHOLYHULQJ�PLVWV�RI�ZDWHU�GLUHFWO\�WR�HDFK�WUHH��VXSSOHPHQWHG�E\ �UHF\FOHG
PXQLFLSDO�ZDWHU�

* HPSHUOH�DOVR�JDYH�RYHU�SDUW�RI�KHU�IDUP�WR�D�� � �\HDU�8&�' DYLV�H[SHULPHQW�EUHHGLQJ
UREXVW�DOPRQG�WUHHV�EHWWHU�DGDSWHG�WR�ORFDO�FRQGLWLRQV��7KH�UHVHDUFK�KHOSHG�KHU�VHOHFW
QHZ�WUHH�JHQHUDWLRQV�WKDW�WROHUDWH�KHU�VRLO
V�VDOLQLW\��5HVHDUFKHUV�DOVR�SXW�WKH�IDUP�RQ�D
ZDWHU�EXGJHW��UHYHDOLQJ�VKH�KDG�EHHQ�LUULJDWLQJ�WRR�HDUO\ �LQ�WKH�VHDVRQ�
&RYHU�FURSV�EHFDPH�DQRWKHU�NH\ �LQQRYDWLRQ��6KH�VDLG��� 2YHU�WLPH��WKH�VRLO�EHFDPH
ULFKHU�DQG�UHWDLQHG�ZDWHU�EHWWHU��&RYHU�FURSV�FUHDWHG�UHVLOLHQFH�IRU�KHU�WUHHV�DQG�DOORZHG
WKHP�WR�EHWWHU�KDQGOH�GU\ �ZHDWKHU��

0 RVW�UHFHQWO\��* HPSHUOH�SDUWLFLSDWHG�LQ�DQ�LQQRYDWLYH�JURXQGZDWHU�UHFKDUJH�SLORW
SURJUDP��' XULQJ�&DOLIRUQLD
V�-DQXDU\ �� � � � �VWRUP�VHULHV��KHU�RUFKDUG�LQWHQWLRQDOO\
IORRGHG�ZLWK�VWRUP�UXQRII��DOORZLQJ�ZDWHU�WR�SHUFRODWH�LQWR�DTXLIHUV��� ,�XVHG�PRVWO\�7,'
>7XUORFN�,UULJDWLRQ�' LVWULFW@�VXUIDFH�ZDWHU�IRU�P\ �DOORFDWLRQ�WKLV�VXPPHU��DQG�D�IHZ�WLPHV�,
SXPSHG�ZDWHU�IURP�WKH�ZHOO�WR�VXEVLGL]H�� �VKH�H[SODLQHG��� %XW�,�ILJXUH�ZLWK�WKLV�UHFKDUJH�
,
YH�SXW�EDFN�WZLFH�DV�PXFK�DV�,�SXPSHG�RXW�f �DQG�WKDW�IHHOV�JRRG�WR�EH�D�QHW�EHQHILW
WR�WKH�DTXLIHU�LQ�P\ �OLWWOH�ZRUOG��

: KHQ�DJLQJ�WUHHV�GLHG�LQ�D�UHFHQW�GU\ �\HDU��* HPSHUOH�SUHSDUHG�WR�UHSODQW�� � �DFUHV�ZLWK
DQ�LQWHJUDWHG�DSSURDFK��FKLSSLQJ�ROG�WUHHV�WR�LPSURYH�VRLO�DQG�LQFUHDVH�ZDWHU�KROGLQJ
FDSDFLW\��LQVWDOOLQJ�ZKDW�VKH�FDOOHG�WKH�� &DGLOODF�RI�LUULJDWLRQ�V\VWHPV� �IRU�VXSHU�WDUJHWHG
HIILFLHQF\��DQG�SODQWLQJ�FRYHU�FURSV�WR�HQULFK�VRLO�EHIRUH�HVWDEOLVKLQJ�WKH�QH[W�JHQHUDWLRQ
RI�WUHHV�
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7KH�2XWFRPH��7KH�LQWHJUDWHG�ZDWHU�PDQDJHPHQW�VWUDWHJLHV�KDYH�HQDEOHG�* HPSHUOH
2UFKDUGV�WR�VXUYLYH�&DOLIRUQLD
V�PRVW�VHYHUH�GURXJKWV�ZKLOH�PDLQWDLQLQJ�HFRQRPLF
YLDELOLW\��' XULQJ�WKH�� � � � �� � � � �GURXJKW��HDFK�\HDU�KHU�RUFKDUGV�XVHG�� � � �OHVV�ZDWHU�
DFKLHYHG�SULPDULO\ �WKURXJK�LQQRYDWLYH�FRQVHUYDWLRQ��7KH�GHILFLW�LUULJDWLRQ�VWUDWHJ\��ZKLOH
UHGXFLQJ�FURS�VL]H�VOLJKWO\��SURWHFWHG�WKH�ORQJ�WHUP�LQYHVWPHQW�LQ�WUHHV�DQG�RUFKDUG
LQIUDVWUXFWXUH�

7KH�PLFUR�LUULJDWLRQ�V\VWHPV�SURYLGHG�FULWLFDO�IOH[LELOLW\�GXULQJ�ZDWHU�UHVWULFWLRQV��7KH
JURXQGZDWHU�UHFKDUJH�SDUWLFLSDWLRQ�GHPRQVWUDWHG�DJULFXOWXUH
V�SRWHQWLDO�DV�SDUW�RI
UHJLRQDO�ZDWHU�VROXWLRQV��ZLWK�* HPSHUOH�UHWXUQLQJ�PRUH�ZDWHU�WR�DTXLIHUV�WKDQ�VKH
H[WUDFWHG��6RLO�KHDOWK�LPSURYHPHQWV�IURP�FRYHU�FURSV�DQG�ZKROH�RUFKDUG�UHF\FOLQJ�FUHDWH
UHVLOLHQFH�IRU�KDQGOLQJ�IXWXUH�FOLPDWH�YDULDELOLW\�

* HPSHUOH
V�EURDGHU�SHUVSHFWLYH�RQ�ZDWHU�FRQVHUYDWLRQ�LV�LQIRUPHG�E\ �KHU�ILVKHULHV
ELRORJ\ �EDFNJURXQG��� ,
P �DOZD\V�WKLQNLQJ�DERXW�KRZ�ZH�FDQ�FRQVHUYH�EHWWHU��DQG�KRZ�ZH
FDQ�VDYH�RXU�ZDWHU��7KDW
V�DOZD\V�DW�WKH�IRUHIURQW�RI�P\ �PLQG��,�WKRXJKW��
ZK\ �QRW�GR�LW
ZKHUH�,�FDQ�GR�LW�
�EHFDXVH�LW
V�LPSRUWDQW��,
YH�ZDWFKHG�WKH�ZDWHU�VXSSO\ �DUJXPHQWV�DQG
URDGEORFNV�DQG�FKDOOHQJHV�IRU�\HDUV��,
P �JRLQJ�WR�GR�VRPHWKLQJ��0 D\EH�LW
V�MXVW�OLWWOH�PH�
EXW�PD\EH�LW�JURZV�LQWR�VRPHWKLQJ�ELJJHU�DQG�JUHDWHU��

� �



7KH�,QVLJKW��* HPSHUOH�IUDPHV�ZDWHU�PDQDJHPHQW�FKDOOHQJHV�DV�VLJQDOV�UHTXLULQJ
FRQVWDQW�DGDSWDWLRQ�UDWKHU�WKDQ�LQVXUPRXQWDEOH�REVWDFOHV��

+HU�H[SHULHQFH�GHPRQVWUDWHV�WKDW�VXUYLYLQJ�&DOLIRUQLD
V�FOLPDWH�H[WUHPHV�UHTXLUHV
PXOWLSOH�RYHUODSSLQJ�VWUDWHJLHV�UDWKHU�WKDQ�VLQJOH�VROXWLRQV��( IILFLHQW�LUULJDWLRQ
LQIUDVWUXFWXUH�SURYLGHV�LPPHGLDWH�ZDWHU�VDYLQJV��' HILFLW�LUULJDWLRQ�DQG�SUHFLVH�WLPLQJ
RSWLPL]H�ZKDW�ZDWHU�LV�DYDLODEOH��6RLO�KHDOWK�SUDFWLFHV�EXLOG�UHVLOLHQFH��5HVHDUFK
SDUWQHUVKLSV�LGHQWLI\ �EHWWHU�DGDSWHG�JHQHWLFV��3DUWLFLSDWLRQ�LQ�ODUJH�VFDOH�LQLWLDWLYHV�OLNH
JURXQGZDWHU�UHFKDUJH�SRVLWLRQV�DJULFXOWXUH�DV�SDUW�RI�UHJLRQDO�VROXWLRQV�

� ,�JXHVV�,
YH�UHVLJQHG�P\VHOI�WKDW�,
P �JRLQJ�WR�DGDSW�WR�FOLPDWH�FKDQJH�f �LW�PD\ �ZRUN�DQG
LW�PD\ �QRW�� �VKH�VDLG��+HU�ZLOOLQJQHVV�WR�H[SHULPHQW��LQYHVW�LQ�LQQRYDWLRQ��DQG�FROODERUDWH
ZLWK�UHVHDUFKHUV�H[HPSOLILHV�WKH�DGDSWLYH�PLQGVHW�HQDEOLQJ�&DOLIRUQLD�DOPRQG�IDUPHUV�WR
PDLQWDLQ�SURGXFWLYLW\ �GHVSLWH�LQWHQVLI\LQJ�ZDWHU�FRQVWUDLQWV��� ,W
V�DERXW�ILQGLQJ�EDODQFH��

)RU�SHUPDQHQW�FURSV�IDFLQJ�GHFDGHV�RI�FOLPDWH�XQFHUWDLQW\��WKDW�EDODQFH�UHTXLUHV
FRQWLQXRXV�OHDUQLQJ�DQG�HYROXWLRQ�RI�ZDWHU�PDQDJHPHQW�SUDFWLFHV�
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&DVH�6WXG\ �7KUHH��6FRWW�0 DWWKHZV���3UHFLVLRQ
: DWHU�0 DQDJHP HQW�DV�0 DWKHP DWLFDO
2SWLP L] DWLRQ

7KH�3URGXFHU��6FRWW�0 DWWKHZV�IDUPV�LQ�: HLQHU��QRUWKHDVW�$UNDQVDV��ZKHUH�KLV�IDPLO\
KDV�EHHQ�IDUPLQJ�IRU�DSSUR[LPDWHO\�� � � �\HDUV��+H�JURZV�ULFH�DQG�VR\EHDQV�LQ�URWDWLRQ
RQ�DSSUR[LPDWHO\�� �� � � �DFUHV��0 DWWKHZV�UHSUHVHQWV�JHQHUDWLRQV�RI�DFFXPXODWHG�ZDWHU
PDQDJHPHQW�NQRZOHGJH�ZKLFK�KH�DSSOLHV�WKURXJK�PRGHUQ�SUHFLVLRQ�WHFKQRORJ\�

7KH�&KDOOHQJH��2YHU�0 DWWKHZVp�WKUHH�GHFDGHV�RI�IDUPLQJ��KLV�UHJLRQ�KDV�FKDQJHG�IURP
KDYLQJ�DEXQGDQW�ZDWHU�WR�EHLQJ�GHVLJQDWHG�D�FULWLFDO�JURXQGZDWHU�DUHD��PHDQLQJ�WKH
DTXLIHU�LV�GHSOHWLQJ�DW�ZRUU\LQJ�UDWHV��5LFH�WUDGLWLRQDOO\ �LQYROYHV�VXEVWDQWLDO�ZDWHU�UXQRII
IURP�ILHOGV�u �D�SUDFWLFH�WKDW�ZDVQ
W�FRQVLGHUHG�SUREOHPDWLF�ZKHQ�ZDWHU�ZDV�SOHQWLIXO
DQG�LQH[SHQVLYH��$V�ZDWHU�DYDLODELOLW\�GHFOLQHG�DQG�FRVWV�URVH��ZKDW�ZDV�RQFH�VWDQGDUG
SUDFWLFH�EHFDPH�ERWK�HFRQRPLFDOO\ �DQG�HQYLURQPHQWDOO\�XQVXVWDLQDEOH�

7KH�,QQRYDWLRQ��0 DWWKHZV
V�DSSURDFK�WR�ZDWHU�FRQVHUYDWLRQ�HYROYHG�V\VWHPDWLFDOO\ �RYHU
\HDUV��ZLWK�HDFK�LPSURYHPHQW�RSHQLQJ�GRRUV�WR�IXUWKHU�LQQRYDWLRQV��7KH�IRXQGDWLRQ�ZDV
EXLOGLQJ�UHVHUYRLUV�DQG�D�WDLOZDWHU�UHFRYHU\ �V\VWHP��: KHQ�LUULJDWLQJ�ULFH�RU�VR\EHDQV�
ZDWHU�IORZV�LQWR�WKH�WDLOZDWHU�UHFRYHU\ �V\VWHP�DQG�UHWXUQV�WR�UHVHUYRLUV�IRU�UHXVH�UDWKHU
WKDQ�OHDYLQJ�WKH�IDUP��7KLV�FORVHG�ORRS�V\VWHP�FDSWXUHV�ZDWHU�WKDW�ZRXOG�RWKHUZLVH�EH
ORVW�

3UHFLVLRQ�OHYHOLQJ�FDPH�QH[W��� 2XU�JURXQG�LV�QDWXUDOO\ �IODW��EXW�LW�VWLOO�KDV�WR�EH�IORRGHG
DQG�RQH�RI�WKH�WHFKQLTXHV�ZH�KDYH�DGRSWHG�LV�FDOOHG�SUHFLVLRQ�OHYHOLQJ��ZKHUH�WKH
JURXQG�LV�PHFKDQLFDOO\ �OHYHOHG�WR�D�JUDGH�� �0 DWWKHZV�H[SODLQHG��%H\RQG�UHGXFLQJ�ZDWHU
UHTXLUHPHQWV��SUHFLVLRQ�OHYHOLQJ�HQDEOHG�DGRSWLRQ�RI�PRUH�DGYDQFHG�WHFKQRORJLHV�
0 XOWL�LQOHW�ULFH�LUULJDWLRQ��0 ,5,��UHSUHVHQWHG�WKH�QH[W�HYROXWLRQ��$IWHU�SUHFLVLRQ�OHYHOLQJ�
0 DWWKHZV�QRWLFHG�ILHOGV�ZHUH�VWLOO�� FDVFDGLQJ�WKH�IORRG� �u �ZDWHU�ZDV�IORZLQJ�IURP�WRS�WR
ERWWRP�WKURXJK�HDFK�ILHOG�VHTXHQWLDOO\��ZKLFK�ZDVQ
W�DV�HIILFLHQW�DV�LW�FRXOG�EH��0 ,5,
XVHV�SRO\ �WXELQJ�UXQQLQJ�DORQJ�ILHOG�HGJHV�WR�GLVWULEXWH�ZDWHU�PRUH�XQLIRUPO\��EXW
LPSOHPHQWDWLRQ�UHTXLUHV�SUHFLVH�FDOLEUDWLRQ�
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� 7R�HQVXUH�WKDW�ZH
UH�XVLQJ�SUHFLVHO\ �WKH�ULJKW�DPRXQW�RI�ZDWHU��ZH�WDNH�D�QXPEHU�RI
GLIIHUHQW�PHDVXUHPHQWV�DV�SDUW�RI�RXU�PDWK�HTXDWLRQ�� �0 DWWKHZV�H[SODLQHG��7KHVH
PHDVXUHPHQWV�LQFOXGH�RYHUDOO�ILHOG�DUHD��DUHD�RI�HDFK�SDGG\ �DQG�OHYHH�DQG�IORZ�UDWHV�LQ
JDOORQV�SHU�PLQXWH�IURP�IORZ�PHWHUV�DWWDFKHG�WR�ZDWHU�VRXUFHV��* 36�WHFKQRORJ\
SURYLGHV�DFFXUDWH�ILHOG�PHDVXUHPHQWV��ZKLOH�PRUH�UHFHQWO\��GURQH�WHFKQRORJ\ �KDV�DGGHG
DQRWKHU�GLPHQVLRQ��� 7KH�GURQH�QRW�RQO\ �KHOSV�XV�WR�JHW�WKH�DFUHV�HYHQ�PRUH�H[DFW��LW
DOVR�PHDVXUHV�HOHYDWLRQ�� �0 DWWKHZV�VDLG��3RVW�KDUYHVW��GURQH�HOHYDWLRQ�GDWD�LV�RYHUODLG
ZLWK�\LHOG�PDSV�WR�LGHQWLI\ �DQ\ �VSRWV�QRW�EHLQJ�ZDWHUHG�HIILFLHQWO\��+H�FRQWLQXHG��� ,I�ZH
ILQG�D�VSRW�LQ�D�ILHOG�WKDW
V�QRW�JHWWLQJ�ZDWHUHG�HIILFLHQWO\��HYHQ�WKRXJK�LW�KDV�EHHQ
JUDGHG��ZH
OO�JR�EDFN�DQG�FRUUHFW�WKDW�SUREOHP�DV�VRRQ�DV�ZH�SRVVLEO\ �FDQ�WR�LQFUHDVH
WKH�RYHUDOO�\LHOG�RI�WKDW�ILHOG��

8QGHUVWDQGLQJ�ULFH
V�VSHFLILF�ZDWHU�IXQFWLRQV�JXLGHV�0 DWWKHZV
�PDQDJHPHQW��: DWHU
VHUYHV�GXDO�SXUSRVHV��$SSUR[LPDWHO\�HLJKW�ZHHNV�DIWHU�SODQWLQJ��D�QLWURJHQ�DSSOLFDWLRQ�LV
IROORZHG�LPPHGLDWHO\�E\ �IORRGLQJ�WR�SXVK�QLWURJHQ�GRZQ�DQG�KROG�LW�LQ�SODFH��7KH�IORRG
WKHQ�VXSSUHVVHV�ZHHGV�E\ �DFWLQJ�DV�DQ�R[ \JHQ�EDUULHU�WKDW�SUHYHQWV�ZHHG�VHHG
JHUPLQDWLRQ��SURWHFWLQJ�FURS�TXDOLW\�DW�KDUYHVW�DQG�GXULQJ�PLOOLQJ�

7KH�2XWFRPH��7KH�LQWHJUDWHG�V\VWHP�KDV�DFKLHYHG�UHPDUNDEOH�UHVXOWV��� � � �UHGXFWLRQ�LQ
ZDWHU�XVH��ZLWK�0 DWWKHZV�QRWLQJ�� LW�ZLOO�RQO\ �JHW�EHWWHU�� �3HUKDSV�PRVW�VLJQLILFDQWO\�
UXQRII�GXULQJ�WKH�JURZLQJ�VHDVRQ�KDV�EHFRPH�UDUH��� 7KDQNV�WR�RXU�LUULJDWLRQ�SUDFWLFHV�
LW
V�YHU\ �UDUH�WKDW�ZH�UXQ�ZDWHU�RXW�RI�WKH�ILHOG�GXULQJ�WKH�JURZLQJ�VHDVRQ��ZKLFK�KDV
EHHQ�RQH�RI�WKH�JUHDWHVW�EHQHILWV�� �7KH�HIILFLHQF\ �LPSURYHPHQWV�KDYH�EHHQ�VR
VXEVWDQWLDO�WKDW�WKH�WDLOZDWHU�UHFRYHU\ �V\VWHP�QRZ�UHFHLYHV�OHVV�ZDWHU�WKDQ�RULJLQDOO\
DQWLFLSDWHG�EHFDXVH�WKHUH
V�VLPSO\ �OHVV�UXQRII�WR�FDSWXUH�

%H\RQG�ZDWHU�TXDQWLW\��WKH�HFRQRPLF�EHQHILWV�DUH�FOHDU��5HGXFHG�ZDWHU�DSSOLFDWLRQ
WUDQVODWHV�GLUHFWO\�WR�ORZHU�SXPSLQJ�FRVWV�LQ�D�FULWLFDO�JURXQGZDWHU�DUHD�ZKHUH�ZDWHU�LV
ERWK�VFDUFH�DQG�H[SHQVLYH��,PSURYHG�LUULJDWLRQ�HIILFLHQF\ �FRQWULEXWHV�WR�EHWWHU�\LHOGV
WKURXJK�PRUH�XQLIRUP�ZDWHU�GLVWULEXWLRQ�DQG�RSWLPL]HG�QLWURJHQ�SODFHPHQW��7KH�GURQH�
HQDEOHG�\LHOG�PDSSLQJ�DQG�HOHYDWLRQ�DQDO\VLV�FUHDWH�D�IHHGEDFN�ORRS�IRU�FRQWLQXRXV
LPSURYHPHQW��LGHQWLI\LQJ�DQG�FRUUHFWLQJ�LQHIILFLHQFLHV�WKDW�PLJKW�RWKHUZLVH�SHUVLVW
XQQRWLFHG�

� �



� �

7KH�,QVLJKW��0 DWWKHZV�IUDPHV�ZDWHU�PDQDJHPHQW�DV�DQ�RQJRLQJ�RSWLPL]DWLRQ�FKDOOHQJH
UDWKHU�WKDQ�D�VROYHG�SUREOHP��� ,
P �QHYHU�VDWLVILHG��,�DOZD\V�WKLQN�WKDW�ZH�FRXOG�DQG
VKRXOG�EH�GRLQJ�PRUH�WR�EH�JRRG�VWHZDUGV�r �7KLV�PLQGVHW�RI�FRQWLQXRXV�LPSURYHPHQW
GULYHV�LQFUHPHQWDO�JDLQV�WKDW�FRPSRXQG�RYHU�WLPH��� )RU�PH��LW
V�DOO�DERXW�DFKLHYLQJ
EHWWHU�LUULJDWLRQ�HIILFLHQF\ �LQ�D�FULWLFDO�JURXQGZDWHU�DUHD��,�NQRZ�LW
V�D�ORW�RI�ZRUN�DQG�D�ORW
RI�WHFKQRORJ\��%XW�DQ\ �WLPH�ZH�FDQ�LPSURYH�E\ �MXVW�RQH�SHUFHQW��LW
V�JRLQJ�WR�PDNH�D
GLIIHUHQFH�WR�RXU�FRVWV�DQG�RXU�\LHOGV��

+LV�DSSURDFK�WR�LUULJDWLRQ�UHIOHFWV�D�EURDGHU�SKLORVRSK\��: DWHU�PDQDJHPHQW�LVQ
W�DERXW
DSSO\LQJ�PRUH�RU�OHVV�EDVHG�RQ�LQWXLWLRQ�EXW�DERXW�FDOFXODWLQJ�SUHFLVHO\ �ZKDW
V�QHHGHG
DQG�GHOLYHULQJ�H[DFWO\�WKDW�DPRXQW��( DFK�ILHOG�EHFRPHV�D�V\VWHP�RI�YDULDEOHVu DUHD�
HOHYDWLRQ��VRLO�FKDUDFWHULVWLFV��ZDWHU�IORZ�UDWHVu WKDW�FDQ�EH�PHDVXUHG��DQDO\]HG��DQG
RSWLPL]HG��7HFKQRORJ\ �SURYLGHV�WKH�PHDVXUHPHQW�WRROV��EXW�VXFFHVV�UHTXLUHV
XQGHUVWDQGLQJ�WKH�DJURQRPLF�SULQFLSOHV�XQGHUO\LQJ�WKH�HTXDWLRQV�

,Q�D�FULWLFDO�JURXQGZDWHU�DUHD�IDFLQJ�ORQJ�WHUP�ZDWHU�DYDLODELOLW\�FKDOOHQJHV��0 DWWKHZV

DSSURDFK�VKRZV�WKDW�GUDPDWLF�FRQVHUYDWLRQ�JDLQV�DUH�DFKLHYDEOH�ZKHQ�SURGXFHUV
FRPELQH�XQGHUVWDQGLQJ�RI�FURS�SK\VLRORJ\��SUHFLVLRQ�PHDVXUHPHQW��PDWKHPDWLFDO
RSWLPL]DWLRQ�DQG�FRPPLWPHQW�WR�FRQWLQXRXV�LPSURYHPHQW��( YHU\ �\HDU�EULQJV�FKDQJHV�WR
FRQVHUYH�VRLO�RU�ZDWHU��UHIOHFWLQJ�WKH�SKLORVRSK\ �WKDW�VWHZDUGVKLS�LV�QRW�D�GHVWLQDWLRQ�EXW
DQ�RQJRLQJ�UHVSRQVLELOLW\�

$FURVV�DOO�WKUHH�FDVH�VWXGLHV��FRPPRQ�WKHPHV�HPHUJH��FORVHG�ORRS�ZDWHU�V\VWHPV�
SUHFLVLRQ�PHDVXUHPHQW��LQWHJUDWLRQ�RI�PXOWLSOH�SUDFWLFHV��DQG�D�FRQWLQXRXV�LPSURYHPHQW
PLQGVHW��7RJHWKHU��WKHVH�LOOXVWUDWH�WKDW�WKH�ODUJHVW�ZDWHU�VDYLQJV�FRPH�QRW�IURP�VLQJOH
WHFKQRORJLHV��EXW�IURP�V\VWHP�OHYHO�UHGHVLJQ�

0 DWWKHZV
V�H[SHULHQFH�DOVR�GHPRQVWUDWHV�KRZ�FRQVHUYDWLRQ�LQQRYDWLRQV�EXLOG
VHTXHQWLDOO\��5HVHUYRLUV�DQG�WDLOZDWHU�UHFRYHU\ �FDSWXUHG�ZDVWHG�ZDWHU��3UHFLVLRQ�OHYHOLQJ
UHGXFHG�ZDWHU�UHTXLUHPHQWV�DQG�HQDEOHG�PXOWL�LQOHW�LUULJDWLRQ��0 ,5,�LPSURYHG�GLVWULEXWLRQ
XQLIRUPLW\��)ORZ�PHWHUV�TXDQWLILHG�DSSOLFDWLRQ�UDWHV��* 36�DQG�GURQHV�SURYLGHG�SUHFLVH
VSDWLDO�GDWD��( DFK�WHFKQRORJ\ �DPSOLILHG�WKH�EHQHILWV�RI�SUHYLRXV�LQYHVWPHQWV��FUHDWLQJ�D
PDQDJHPHQW�V\VWHP�IDU�PRUH�HIILFLHQW�WKDQ�DQ\ �VLQJOH�SUDFWLFH�FRXOG�DFKLHYH�DORQH�



6HFWLRQ�) RXU��3XEOLF�3ULYDWH
3DUWQHUVKLS
: KLOH�SURGXFHU�LQJHQXLW\�GULYHV�ZDWHU�PDQDJHPHQW�LQQRYDWLRQ��SXEOLF�SURJUDPV�SOD\ �D
FUXFLDO�UROH�LQ�DFFHOHUDWLQJ�DGRSWLRQ�DQG�VFDOLQJ�VROXWLRQV�DFURVV�WKH�DJULFXOWXUDO
ODQGVFDSH��7KH�SDUWQHUVKLS�EHWZHHQ�IDUPHUV�DQG�WKH�86' $
V�1DWXUDO�5HVRXUFHV
&RQVHUYDWLRQ�6HUYLFH�H[HPSOLILHV�KRZ�VWUDWHJLF�SXEOLF�LQYHVWPHQW�FDQ�OHYHUDJH�SULYDWH
LQQRYDWLRQ�WR�GHOLYHU�HQYLURQPHQWDO�RXWFRPHV�

15&6�&RQVHUYDWLRQ�3URJUDP V
7KH�( QYLURQPHQWDO�4XDOLW\�,QFHQWLYHV�3URJUDP��( 4,3��DQG�RWKHU�15&6�LQLWLDWLYHV�SURYLGH
ILQDQFLDO�DQG�WHFKQLFDO�DVVLVWDQFH�WR�DJULFXOWXUDO�SURGXFHUV�LPSOHPHQWLQJ�FRQVHUYDWLRQ
SUDFWLFHV��)RU�ZDWHU�PDQDJHPHQW��WKLV�LQFOXGHV�FRVW�VKDULQJ�IRU�LUULJDWLRQ�V\VWHP
LPSURYHPHQWV��ZDWHU�PHDVXUHPHQW�DQG�PRQLWRULQJ�HTXLSPHQW��VWUXFWXUHV�IRU�ZDWHU
FDSWXUH�DQG�VWRUDJH��DQG�SUHFLVLRQ�DJULFXOWXUH�WHFKQRORJLHV�WKDW�HQKDQFH�ZDWHU�XVH
HIILFLHQF\�

7KHVH�SURJUDPV�GR�PRUH�WKDQ�VLPSO\ �UHGXFH�XSIURQW�FRVWV��7KH\ �SURYLGH�WHFKQLFDO
VWDQGDUGV�HQVXULQJ�LPSOHPHQWHG�SUDFWLFHV�DFKLHYH�LQWHQGHG�FRQVHUYDWLRQ�WDUJHWV��7KH\
FRQQHFW�SURGXFHUV�ZLWK�H[SHUWLVH�DQG�SHHU�QHWZRUNV�WKDW�DFFHOHUDWH�OHDUQLQJ��7KH\
FUHDWH�GDWD�GRFXPHQWLQJ�SHUIRUPDQFH�DQG�LPSDFW�WKDW�EXLOGV�WKH�NQRZOHGJH�EDVH�IRU
FRQWLQXRXV�LPSURYHPHQW�

7KH�SURJUDPV�H[SOLFLWO\�UHFRJQL]H�WKDW�HQYLURQPHQWDO�EHQHILWV�DQG�HFRQRPLF�YLDELOLW\
PXVW�DOLJQ�IRU�FRQVHUYDWLRQ�WR�VXFFHHG�DW�VFDOH��%\ �LPSURYLQJ�WKH�HFRQRPLFV�RI
DGRSWLRQ��FRVW�VKDUH�SURJUDPV�HQDEOH�SURGXFHUV�WR�PDNH�LQYHVWPHQWV�WKDW�EULQJ�ORQJ�
WHUP�EHQHILWV�EXW�PLJKW�RWKHUZLVH�IDFH�FDSLWDO�FRQVWUDLQWV�RU�H[WHQGHG�SD\EDFN�SHULRGV�

� �

7KH�LPSDFW�RI�WKHVH�SDUWQHUVKLSV�LV�YLVLEOH�DFURVV�DJULFXOWXUDO�UHJLRQV��$UHDV�ZLWK�DFWLYH
15&6�HQJDJHPHQW�VKRZ�PRUH�UDSLG�DGRSWLRQ�RI�ZDWHU�HIILFLHQW�SUDFWLFHV�WKDQ�VLPLODU
UHJLRQV�ZLWKRXW�SURJUDP�SUHVHQFH��3URGXFHUV�ZKR�SDUWLFLSDWH�LQ�FRVW�VKDUH�SURJUDPV
RIWHQ�EHFRPH�ORFDO�OHDGHUV�LQ�ZDWHU�VWHZDUGVKLS��VKDULQJ�WKHLU�H[SHULHQFHV�DQG
GHPRQVWUDWLQJ�UHVXOWV�WR�SHHUV�

$V�ZDWHU�FKDOOHQJHV�LQWHQVLI\��WKH�LPSRUWDQFH�RI�WKHVH�SXEOLF�SULYDWH�SDUWQHUVKLSV�ZLOO
RQO\ �JURZ��6FDOLQJ�ZDWHU�VWHZDUGVKLS�DFURVV�PLOOLRQV�RI�DFUHV�RI�$PHULFDQ�IDUPODQG
UHTXLUHV�UHVRXUFHV�EH\RQG�ZKDW�LQGLYLGXDO�SURGXFHUV�RU�HYHQ�DJULFXOWXUDO�LQGXVWULHV�FDQ
SURYLGH�DORQH��6WUDWHJLF�SXEOLF�LQYHVWPHQW�WKDW�XVHV�DQG�DFFHOHUDWHV�SULYDWH�LQQRYDWLRQ
UHSUHVHQWV�DQ�HIILFLHQW�PRGHO�WKDW�FDQ�DFKLHYH�QDWLRQZLGH�UHVXOWV�

$FFHOHUDWLQJ�,QQRYDWLRQ�$GRSWLRQ



6HFWLRQ�) LYH��6WUDWHJLF�,PSOLFDWLRQV
7KH�ZDWHU�PDQDJHPHQW�WUDQVIRUPDWLRQ�XQGHUZD\ �LQ�$PHULFDQ�DJULFXOWXUH�H[WHQGV�IDU
EH\RQG�LQGLYLGXDO�IDUP�EHQHILWV��,W�FDUULHV�VWUDWHJLF�LPSOLFDWLRQV�IRU�8�6�
FRPSHWLWLYHQHVV��VXVWDLQDELOLW\�OHDGHUVKLS�DQG�FOLPDWH�UHVLOLHQFH�

* OREDO�&RP SHWLWLYHQHVV�DQG�6XVWDLQDELOLW\
&UHGHQWLDOV
$V�LQWHUQDWLRQDO�PDUNHWV�LQFUHDVLQJO\ �SULRULWL]H�VXVWDLQDELOLW\�DWWULEXWHV��$PHULFDQ
DJULFXOWXUH
V�ZDWHU�VWHZDUGVKLS�PDNHV�LW�PRUH�FRPSHWLWLYH��%X\HUV�DQG�FRQVXPHUV
JOREDOO\ �DUH�VFUXWLQL]LQJ�HQYLURQPHQWDO�SHUIRUPDQFH�RI�VXSSO\ �FKDLQV��' HPRQVWUDEOH
SURJUHVV�LQ�ZDWHU�HIILFLHQF\ �VWUHQJWKHQV�WKH�VXVWDLQDELOLW\�FUHGHQWLDOV�RI�8�6��DJULFXOWXUDO
SURGXFWV�LQ�SUHPLXP�PDUNHWV�ZKHUH�WKHVH�DWWULEXWHV�FRPPDQG�YDOXH�

7KLV�PDWWHUV�SDUWLFXODUO\ �DV�DJULFXOWXUDO�H[SRUWHUV�FRPSHWH�RQ�PRUH�WKDQ�MXVW�SULFH�DQG
TXDOLW\��7KH�DELOLW\�WR�GRFXPHQW�UHVSRQVLEOH�ZDWHU�PDQDJHPHQW�WKURXJK�PHWULFV�
FHUWLILFDWLRQV�DQG�WUDQVSDUHQW�UHSRUWLQJ�EHFRPHV�D�PDUNHW�DGYDQWDJH��$PHULFDQ
SURGXFHUV�LPSOHPHQWLQJ�VRSKLVWLFDWHG�ZDWHU�VWHZDUGVKLS�DUH�ZHOO�SRVLWLRQHG�WR�PHHW
HYROYLQJ�EX\HU�H[SHFWDWLRQV�DQG�DFFHVV�PDUNHWV�ZKHUH�VXVWDLQDELOLW\�LV�D�SUHUHTXLVLWH
IRU�SDUWLFLSDWLRQ�

� �

: DWHU�HIILFLHQF\ &OLP DWH�UHVLOLHQFH 7UDGH�FRP SHWLWLYHQHVV

� �

: DWHU�PDQDJHPHQW�LQQRYDWLRQ�GLUHFWO\�HQKDQFHV�DJULFXOWXUDO�UHVLOLHQFH�WR�FOLPDWH
H[WUHPHV��$V�UDLQ�SDWWHUQV�EHFRPH�OHVV�SUHGLFWDEOH�DQG�H[WUHPH�ZHDWKHU�HYHQWV�PRUH
IUHTXHQW��IDUPLQJ�V\VWHPV�ZLWK�VRSKLVWLFDWHG�ZDWHU�PDQDJHPHQW�FDSDELOLWLHV�ZLOO�EHWWHU
ZLWKVWDQG�VWUHVV�SHULRGV�ZKLOH�FDSLWDOL]LQJ�RQ�IDYRUDEOH�FRQGLWLRQV�

7KLV�UHVLOLHQFH�EHQHILWV�LQGLYLGXDO�IDUPV�WKURXJK�UHGXFHG�SURGXFWLRQ�ULVN�DQG�PRUH
VWDEOH�SURILWDELOLW\��,W�EHQHILWV�UHJLRQV�E\ �VXVWDLQLQJ�DJULFXOWXUDO�SURGXFWLYLW\�HYHQ�DV
FOLPDWH�FRQGLWLRQV�VKLIW��,W�EHQHILWV�WKH�QDWLRQ�E\ �PDLQWDLQLQJ�UHOLDEOH�IRRG�SURGXFWLRQ
FDSDFLW\�GHVSLWH�LQFUHDVLQJ�HQYLURQPHQWDO�YRODWLOLW\��,Q�HVVHQFH��ZDWHU�VWHZDUGVKLS
LQQRYDWLRQ�UHSUHVHQWV�SUDFWLFDO�FOLPDWH�DGDSWDWLRQ�WKDW�LV�DOUHDG\ �DFKLHYLQJ�UHVXOWV�LQ
IDUPHUV
�ILHOGV�

&OLP DWH�5HVLOLHQFH�DQG�$GDSWDWLRQ



7KH�SUHFLVLRQ�DJULFXOWXUH�DQG�ZDWHU�PDQDJHPHQW�WHFKQRORJ\ �VHFWRU�UHSUHVHQWV�D
VLJQLILFDQW�HFRQRPLF�RSSRUWXQLW\�EH\RQG�IDUP�OHYHO�EHQHILWV��8�6��OHDGHUVKLS�LQ
DJULFXOWXUDO�WHFKQRORJ\ �LQQRYDWLRQ�FUHDWHV�H[SRUW�RSSRUWXQLWLHV�IRU�HTXLSPHQW��VRIWZDUH
DQG�VHUYLFHV��,W�VXVWDLQV�UXUDO�PDQXIDFWXULQJ�DQG�WHFKQRORJ\ �MREV��,W�HVWDEOLVKHV�8�6�
VWDQGDUGV�DQG�SODWIRUPV�WKDW�VKDSH�JOREDO�DJULFXOWXUDO�GHYHORSPHQW�

0 DLQWDLQLQJ�WKLV�OHDGHUVKLS�UHTXLUHV�FRQWLQXHG�LQQRYDWLRQ�DQG�DGRSWLRQ��7KH�SURGXFHU�OHG
GHPDQG�IRU�PRUH�VRSKLVWLFDWHG�ZDWHU�PDQDJHPHQW�GULYHV�SULYDWH�VHFWRU�5	 '
LQYHVWPHQW��3XEOLF�UHVHDUFK�LQVWLWXWLRQV�FRQWULEXWH�IRXQGDWLRQDO�NQRZOHGJH��7KH�UHVXOWLQJ
LQQRYDWLRQ�HFRV\VWHP�SRVLWLRQV�$PHULFDQ�DJULFXOWXUH�DW�WKH�WHFKQRORJLFDO�IURQWLHU�ZKLOH
JHQHUDWLQJ�HFRQRPLF�DFWLYLW\�WKURXJKRXW�UXUDO�FRPPXQLWLHV�

7HFKQRORJ\ �/ HDGHUVKLS�DQG�,QQRYDWLRQ
( FRV\ VWHP

� �

5HJLRQV�DQG�SURGXFHUV�ZKR�SURDFWLYHO\ �DGYDQFH�ZDWHU�VWHZDUGVKLS�JDLQ�WKHPVHOYHV�DQ
DGYDQWDJH�DV�ZDWHU�FRQVWUDLQWV�WLJKWHQ��,Q�DUHDV�IDFLQJ�ZDWHU�VFDUFLW\��HIILFLHQW�XVH
EHFRPHV�YLWDO�IRU�PDLQWDLQLQJ�SURGXFWLRQ��,Q�UHJLRQV�VWLOO�ZDWHU�DEXQGDQW��SURDFWLYH
VWHZDUGVKLS�EXLOGV�VRFLDO�OLFHQVH�WR�RSHUDWH�DQG�FDQ�DYRLG�UHVWULFWLYH�UHJXODWLRQ�

7KH�VWUDWHJLF�LPSHUDWLYH�LV�FOHDU��: DWHU�PDQDJHPHQW�H[FHOOHQFH�SURYLGHV�FRPSHWLWLYH
DGYDQWDJH�DW�GLIIHUHQW�OHYHOV��IURP�PDUNHW�DFFHVV�WR�RSHUDWLRQDO�UHVLOLHQFH�WR�UHJXODWRU\
SRVLWLRQLQJ��3URGXFHUV�DQG�UHJLRQV�WKDW�OHDG�WKLV�WUDQVIRUPDWLRQ�ZLOO�EH�EHVW�SRVLWLRQHG
IRU�ORQJ�WHUP�VXFFHVV�DV�ZDWHU�EHFRPHV�DQ�LQFUHDVLQJO\ �FULWLFDO�IDFWRU�LQ�DJULFXOWXUDO
FRPSHWLWLYHQHVV�

: DWHU�DV�&RP SHWLWLYH�$GYDQWDJH



� �

6HYHUDO�IDFWRUV�HQDEOH�WKLV�VXFFHVV��7HFKQRORJ\ �KDV�UHDFKHG�SULFH�SRLQWV�DQG�XVDELOLW\
OHYHOV�WKDW�PDNH�VRSKLVWLFDWHG�ZDWHU�PDQDJHPHQW�DFFHVVLEOH�WR�PDLQVWUHDP�SURGXFHUV�
QRW�MXVW�HDUO\ �DGRSWHUV��( FRQRPLFV�LQFUHDVLQJO\ �IDYRU�HIILFLHQF\ �DV�ZDWHU�FRVWV�ULVH�DQG
HQYLURQPHQWDO�H[SHFWDWLRQV�JURZ��3XEOLF�SURJUDPV�SURYLGH�VWUDWHJLF�VXSSRUW�WKDW
DFFHOHUDWHV�DGRSWLRQ��3HUKDSV�PRVW�LPSRUWDQWO\��IDUPHUV�WKHPVHOYHV�UHFRJQL]H�ZDWHU
VWHZDUGVKLS�DV�ERWK�DQ�HQYLURQPHQWDO�LPSHUDWLYH�DQG�D�FRPSHWLWLYH�DGYDQWDJH��GULYLQJ
GHPDQG�IRU�VROXWLRQV�DQG�ZLOOLQJQHVV�WR�HPEUDFH�FKDQJH�

7KH�LQWHJUDWLRQ�RI�GLIIHUHQW�DSSURDFKHV��IURP�LUULJDWLRQ�WHFKQRORJ\ �WR�SODQW�JHQHWLFV�WR
VRLO�KHDOWK�SUDFWLFHV��FUHDWHV�V\QHUJLHV�WKDW�JLYH�UHVXOWV�H[FHHGLQJ�ZKDW�DQ\ �VLQJOH
SUDFWLFH�FRXOG�DFKLHYH��7KLV�KROLVWLF�WKLQNLQJ��HYLGHQW�LQ�DOO�WKUHH�FDVH�VWXGLHV�
UHSUHVHQWV�D�PDWXUDWLRQ�RI�ZDWHU�PDQDJHPHQW�IURP�DSSO\LQJ�LQSXWV�WR�PDQDJLQJ
FRPSOH[ ��LQWHUFRQQHFWHG�V\VWHPV�

: KDW
V�: RUNLQJ

7UDQVODWLQJ�WKHVH�VXFFHVVHV�IURP�WKRXVDQGV�RI�IDUPV�WR�PLOOLRQV�RI�DFUHV�UHTXLUHV�WKH
DGGUHVVLQJ�RI�VHYHUDO�FKDOOHQJHV��&RQWLQXHG�DGYDQFHV�LQ�WHFKQRORJ\ �PXVW�IRFXV�RQ
UHGXFLQJ�FRPSOH[LW\ �DQG�FRVW�ZKLOH�LPSURYLQJ�SHUIRUPDQFH��' DWD�LQWHJUDWLRQ�DFURVV
SODWIRUPV�UHPDLQV�IUDJPHQWHG�DQG�SURGXFHUV�QHHG�VHDPOHVV�V\VWHPV�WKDW�XQLI\
LQIRUPDWLRQ�IURP�GLIIHUHQW�VRXUFHV�LQWR�LQVLJKWV�WKH\ �FDQ�DFW�RQ��7HFKQLFDO�DVVLVWDQFH
FDSDFLW\�PXVW�H[SDQG�WR�VXSSRUW�PRUH�SURGXFHUV�LPSOHPHQWLQJ�VRSKLVWLFDWHG�SUDFWLFHV�

: KDW
V�1HHGHG�WR�6FDOH

$PHULFDQ�DJULFXOWXUH�LV�H[SHULHQFLQJ�D�ZDWHU�PDQDJHPHQW�UHYROXWLRQ��EXW�WKH
WUDQVIRUPDWLRQ�LV�MXVW�EHJLQQLQJ��7KH�SURGXFHU�FDVH�VWXGLHV�LQ�WKLV�SDSHU�GHPRQVWUDWH
ZKDW
V�SRVVLEOH�ZKHQ�LQQRYDWLRQ��WHFKQRORJ\ �DQG�DJURQRPLF�H[SHUWLVH�FRQYHUJH�
0 HDVXUDEOH�UHVXOWV�DUH�EHLQJ�DFKLHYHG��� � �� � � �UHGXFWLRQV�LQ�ZDWHU�XVH��PDLQWDLQHG�RU
LPSURYHG�\LHOGV��HQKDQFHG�HQYLURQPHQWDO�RXWFRPHV��VWURQJHU�IDUP�HFRQRPLFV��7KHVH
DUH�QRW�SURMHFWLRQV�RU�SLORW�VWXGLHV�EXW�UHVXOWV�RQ�ZRUNLQJ�IDUPV�WRGD\�

&RQFOXVLRQ



: DWHU�VWHZDUGVKLS�LQ�$PHULFDQ�DJULFXOWXUH�LV�QRW�D�VLQJOH�GHVWLQDWLRQ�EXW�D�FRQWLQXRXV
MRXUQH\ �RI�LPSURYHPHQW��&OLPDWH�FKDQJH�HQVXUHV�WKDW�\HVWHUGD\ 
V�WHFKQLTXHV�PXVW
HYROYH�IRU�WRPRUURZ
V�FRQGLWLRQV��7HFKQRORJ\ �DGYDQFHPHQW�FUHDWHV�QHZ�SRVVLELOLWLHV
UHTXLULQJ�RQJRLQJ�OHDUQLQJ��0 DUNHW�GHPDQGV�DQG�VRFLDO�H[SHFWDWLRQV�FRQWLQXH�WR�UDLVH
WKH�EDU�IRU�HQYLURQPHQWDO�SHUIRUPDQFH�

<HW�WKH�WUDMHFWRU\ �LV�FOHDU��$PHULFDQ�IDUPHUV�DUH�SURYLQJ�WKDW�DJULFXOWXUH�FDQ�SURVSHU
ZKLOH�UHGXFLQJ�UHVRXUFH�FRQVXPSWLRQ��WKDW�HFRQRPLF�DQG�HQYLURQPHQWDO�REMHFWLYHV�FDQ
DOLJQ��WKDW�LQQRYDWLRQ�DULVHV�IURP�QHFHVVLW\��7KH�ZDWHU�PDQDJHPHQW�WUDQVIRUPDWLRQ
XQGHUZD\ �WRGD\ �LV�VHFXULQJ�$PHULFDQ�DJULFXOWXUH
V�SURGXFWLYLW\�DQG�FRPSHWLWLYHQHVV�IRU
GHFDGHV�WR�FRPH�ZKLOH�GHPRQVWUDWLQJ�JOREDO�OHDGHUVKLS�LQ�VXVWDLQDEOH�LQWHQVLILFDWLRQ�

7KH�SURGXFHUV�SURILOHG�LQ�WKLV�SDSHU�DUH�QRW�RXWOLHUV�EXW�YDQJXDUGV��7KHLU�LQQRYDWLRQV�ZLOO
EHFRPH�WRPRUURZ
V�VWDQGDUG�SUDFWLFHV�DV�WHFKQRORJ\ �LPSURYHV��HFRQRPLFV�HYROYH�DQG
SHHU�OHDUQLQJ�VSUHDGV�NQRZOHGJH��7KH�IXWXUH�RI�$PHULFDQ�DJULFXOWXUH�LV�EHLQJ�ZULWWHQ
WRGD\ �LQ�IDUPHUV
�ILHOGV��RQH�GURS�DW�D�WLPH��E\ �SURGXFHUV�ZKR�XQGHUVWDQG�WKDW�ZDWHU
VWHZDUGVKLS�LV�QRW�D�FRQVWUDLQW�RQ�VXFFHVV�EXW�D�IRXQGDWLRQ�IRU�LW�

)UHVKZDWHU�UHSUHVHQWV�OHVV�WKDQ�� � �RI�( DUWKpV�ZDWHU��\HW�DJULFXOWXUH�UHPDLQV�WKH�ODUJHVW
JOREDO�XVHU�RI�WKLV�OLPLWHG�UHVRXUFH��$V�WKH�ZRUOG�DSSURDFKHV�WHQ�ELOOLRQ�SHRSOH�E\ �� � � � �
WKH�FKDOOHQJH�RI�SURGXFLQJ�PRUH�IRRG�ZLWK�OHVV�ZDWHU�JURZV�LQFUHDVLQJO\ �XUJHQW��7KURXJK
WKH�LQQRYDWLRQV�SUHVHQWHG��$PHULFDQ�IDUPHUV�DUH�GHPRQVWUDWLQJ�KRZ�WKDW�FKDOOHQJH�FDQ
EH�PHW�DQG�DUH�RIIHULQJ�QRW�RQO\ �LQVSLUDWLRQ�EXW�SUDFWLFDO��VFDODEOH�PRGHOV�IRU�DJULFXOWXUDO
ZDWHU�VWHZDUGVKLS�ZRUOGZLGH��7KLV�LV�$PHULFDQ�DJULFXOWXUH�DW�LWV�EHVW��LQQRYDWLYH�
UHVLOLHQW��SURGXFWLYH��DQG�VXVWDLQDEOH��6FDOLQJ�WKHVH�VXFFHVVHV�ZLOO�UHTXLUH�FRRUGLQDWHG
DFWLRQ�DPRQJ�SURGXFHUV��WHFKQRORJ\ �SURYLGHUV��UHVHDUFKHUV��DQG�SROLF\PDNHUV�WR�UHGXFH
EDUULHUV�WR�DGRSWLRQ��H[SDQG�WHFKQLFDO�DVVLVWDQFH��DQG�LQYHVW�LQ�ERWK�RQ�IDUP�DQG
UHJLRQDO�ZDWHU�LQIUDVWUXFWXUH�

7KH�3DWK�) RUZDUG

� �

,QYHVWP HQW�LQ�ZDWHU�LQIUDVWUXFWXUH��ERWK�RQ�IDUP �DQG�UHJLRQDO��QHHGV�WR�DFFHOHUDWH�
5HVHUYRLUV��GLVWULEXWLRQ�V\ VWHP V��UHXVH�IDFLOLWLHV�DQG�P HDVXUHP HQW�LQIUDVWUXFWXUH
UHTXLUH�FDSLWDO�WKDW�P DQ\ �SURGXFHUV�DQG�ZDWHU�GLVWULFWV�VWUXJJOH�WR�DFFHVV�
,QQRYDWLYH�ILQDQFLQJ�P HFKDQLVP V�DQG�H[ SDQGHG�SXEOLF�SURJUDP V�FDQ�KHOS�EULGJH
WKLV�JDS�

. QRZOHGJH�VKDULQJ�DQG�SHHU�OHDUQLQJ�QHWZRUNV�DFFHOHUDWH�DGRSWLRQ�P RUH�HIIHFWLYHO\
WKDQ�DQ\ �RWKHU�P HFKDQLVP ��( [ SDQGLQJ�SODWIRUP V�IRU�SURGXFHUV�WR�VKDUH
H[ SHULHQFHV��FRP SDUH�UHVXOWV�DQG�OHDUQ�IURP �ERWK�VXFFHVVHV�DQG�IDLOXUHV
P XOWLSOLHV�WKH�LP SDFW�RI�HYHU\ �LQQRYDWLRQ��2UJDQL] DWLRQV�OLNH�WKH�8�6��6XVWDLQDELOLW\
$OOLDQFH�SOD\ �D�FUXFLDO�UROH�LQ�IDFLOLWDWLQJ�WKHVH�FRQQHFWLRQV�



7KH�SURGXFHUV�SURILOHG�LQ�WKLV�SDSHU�DUH�QRW�RXWOLHUV�EXW�YDQJXDUGV��7KHLU�LQQRYDWLRQV�ZLOO
EHFRPH�WRPRUURZ
V�VWDQGDUG�SUDFWLFHV�DV�WHFKQRORJ\ �LPSURYHV��HFRQRPLFV�HYROYH�DQG
SHHU�OHDUQLQJ�VSUHDGV�NQRZOHGJH��7KH�IXWXUH�RI�$PHULFDQ�DJULFXOWXUH�LV�EHLQJ�ZULWWHQ
WRGD\ �LQ�IDUPHUV
�ILHOGV��RQH�GURS�DW�D�WLPH��E\ �SURGXFHUV�ZKR�XQGHUVWDQG�WKDW�ZDWHU
VWHZDUGVKLS�LV�QRW�D�FRQVWUDLQW�RQ�VXFFHVV�EXW�D�IRXQGDWLRQ�IRU�LW�

)UHVKZDWHU�UHSUHVHQWV�OHVV�WKDQ�� � �RI�( DUWKpV�ZDWHU��\HW�DJULFXOWXUH�UHPDLQV�WKH�ODUJHVW
JOREDO�XVHU�RI�WKLV�OLPLWHG�UHVRXUFH��$V�WKH�ZRUOG�DSSURDFKHV�WHQ�ELOOLRQ�SHRSOH�E\ �� � � � �
WKH�FKDOOHQJH�RI�SURGXFLQJ�PRUH�IRRG�ZLWK�OHVV�ZDWHU�JURZV�LQFUHDVLQJO\ �XUJHQW��7KURXJK
WKH�LQQRYDWLRQV�SUHVHQWHG��$PHULFDQ�IDUPHUV�DUH�GHPRQVWUDWLQJ�KRZ�WKDW�FKDOOHQJH�FDQ
EH�PHW�DQG�DUH�RIIHULQJ�QRW�RQO\ �LQVSLUDWLRQ�EXW�SUDFWLFDO��VFDODEOH�PRGHOV�IRU�DJULFXOWXUDO
ZDWHU�VWHZDUGVKLS�ZRUOGZLGH��7KLV�LV�$PHULFDQ�DJULFXOWXUH�DW�LWV�EHVW��LQQRYDWLYH�
UHVLOLHQW��SURGXFWLYH��DQG�VXVWDLQDEOH��6FDOLQJ�WKHVH�VXFFHVVHV�ZLOO�UHTXLUH�FRRUGLQDWHG
DFWLRQ�DPRQJ�SURGXFHUV��WHFKQRORJ\ �SURYLGHUV��UHVHDUFKHUV��DQG�SROLF\PDNHUV�WR�UHGXFH
EDUULHUV�WR�DGRSWLRQ��H[SDQG�WHFKQLFDO�DVVLVWDQFH��DQG�LQYHVW�LQ�ERWK�RQ�IDUP�DQG
UHJLRQDO�ZDWHU�LQIUDVWUXFWXUH�

� �



* XVWDY�2EHUWR�4XRWHV
KWWSV�� � KSM�FRP� � � � � � � � � � � � OLQGVD\V�IDUP�ZDWHU�PDQDJHPHQW�SDFNDJH�UHFRJQL]HG� �
KWWSV�� � QHZV�WKRPDVQHW�FRP� IXOOVWRU\ � QHZ�VPDUW�SLYRW�LUULJDWLRQ�PDFKLQHU\ �FRPHV�
ZLWK�FURS�DQG�PDFKLQH�KHDOWK�FDSDELOLWLHV�� � � � � � � � � �
KWWSV�� � ZZZ�LRWJOREDOQHWZRUN�FRP� LRWGLU� � � � � � � � � � � � OLQGVD\ �SDUWQHUV�ZLWK�FHUHV�
LPDJLQJ�IRU�ILHOGQHW�SODWIRUP�� � � � � � �

$PHULFDQ�6HHG�7UDGH�$VVRFLDWLRQ�4XRWHV
KWWSV�� � ZZZ�EHWWHUVHHG�RUJ� ZS�FRQWHQW� XSORDGV� � � �� � �� � � � �$67$�&OLPDWH�
&RPPHQWV�86' $�� � � � �� � � � �SGI

&DVH�6WXG\ �� �
KWWSV�� � ZZZ�IDUPSURJUHVV�FRP� IDUP�EXVLQHVV� PFFDUW\�IDPLO\ �IDUPV�GHEXWV�MXG\ �
PFFDUW\�GDLU\ �OHDUQLQJ�FHQWHU
KWWSV�� � ZZZ�PFFDUW\IDPLO\ IDUPV�FRP�
KWWSV�� � ZZZ�WKHEXOOYLQH�FRP� EUHHGHU�SURILOHV� WKH�PFFDUW\�PDJLF�KRZ�D�IDPLO\ �IDUP�
EHFDPH�WKH�GDLU\ �LQGXVWU\V�EULJKWHVW�VWDU�
KWWSV�� � ZZZ�GDQRQHQRUWKDPHULFD�FRP� QHZVURRP� GHWDLOV� PFFDUW\�IDPLO\ �IDUPV�WKH�
PRGHO�IRU�GDQRQH�QRUWK�DPHULFD�IDUPHU�SDUWQHUVKLSV�KWPO�KWPO�KWPO�KWPO
KWWSV�� � ZZZ�WKHEXOOYLQH�FRP� WDJ� PFFDUW\�IDPLO\ �IDUPV�

&DVH�6WXG\ �� �
KWWSV�� � ZZZ�WKHDWODQWLF�FRP� VSRQVRUHG� DOPRQGERDUG�� � � � � DOPRQG�IDUPHUV�DUH�
SUHSDULQJ�ZDUPHU�ZRUOG� � � � � � " SUHYLHZ �
KWWSV�� � ZZZ�DOPRQGV�RUJ� ZK\ �DOPRQGV� DOPRQG�OLYLQJ�PDJD]LQH� DWODQWLF�UHWKLQN
KWWSV�� � LQVLGHFOLPDWHQHZV�RUJ� QHZV� � � � � � � � � � DOPRQG�IDUP�FOLPDWH�FKULVWLQH�
JHPSHUOH�
KWWSV�� � PRQDUFKMRLQWYHQWXUH�RUJ� EORJ� FDOLIRUQLD�DOPRQG�JURZHU�FKULVWLQH�JHPSHUOH�

&DVH�6WXG\ �� �
KWWSV�� � WKHVXVWDLQDELOLW\DOOLDQFH�XV� ULFH�IDUPHU�VFRWW�PDWWKHZV�RQ�ZK\ �LUULJDWLRQ�LV�OLNH�
D�JLDQW�PDWK�HTXDWLRQ� �

6RXUFHV�

� �



866$�SUHVV�HQTXLULHV�FRQWDFW�
* UHJ�0 RRUH

&RQWDFW�LQIRUPDWLRQ

� �

( PDLO�
JUHJ# JWDQGL�FR�XN

866$�PHPEHUVKLS�LQTXLULHV�FRQWDFW�
,ULV�' URXHW

( PDLO�
LULV# JWDQGL�FR�XN

866$�JHQHUDO�LQTXLULHV�FRQWDFW�
-DQLQH�0 D[ZHOO

( PDLO�
MDQLQH# JWDQGL�FR�XN

WKHVXVWDLQDELOLW\DOOLDQFH�XV # XVVXVWDLQDELOLW\DOOLDQFH
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