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6WUDWHJILF 30DQQLQJ DQG ODQDJHPHQW 'LUHFWRU
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%HQ -RQHV 3K
2FHDQ 6FLHQFH DQG 7HFKQRORJ\ 'LUHFWRU

'‘DYLG /RQERUJ -'
$VWURQRP\ 'LUHFWRU

1RDK +DIQHU 3K’
6HQVRU 6\VWHPV 'LUHFWRU

OLOWRQ *DUF-V 3K’
BPRWH 6HQVLQJ 'LUHFWRU



&RQWHQWYV

(GLWRU ODUWLQH %LVVRQQHWWH _ '"HVLJQHU &KDU 7RP

,QVLGH )URQW $&R DWW 8 +
IHDGHUVKLS
&RQWHQWYV
7KH 5DSLG 5HVLOLHQW 5HHIV IRU '"HIHQVH &RQVRUWL
BURWRW\SLQJ RQ 'HPDQG
/LOLSDG
6SDFH 6LWXDWLRQDO $ZDUHQHVV
'"HVDOLQDWLRQ
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7HVW DQG (YDOXDWLRQ RI OLQLDWXUH 6RQGHV IRU &F
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7KH 1DYDO 6SHFLDO :DUIDUH 3URWRW\SLQJ RQ
'HPDQG 16: 3RQ' SURMHFW VSRQVRUHG E\

WKH 16: 8QGHUVHD 6\WWHPV SURJUDP R<FH

306 VXSSRUWY WKH +DZDLFL 6($/ '"HOLYHU\
9HKLFOH 7HDP 2QH 6'97 2SHUDWLRQDO
WDVNLQJ DQG %HOGZRUN KDYH LGHQWL%HG QHHGV
DQG JDSV LQ WHFKQRORJ\ HTXLSPHQW DQG
VHUYLFHV $5/ DW 8+ KDV PHW PDQ\ Rl WKRVH
QHHGV E\ WKH H[SDQVLRQ DQG LPSURYHPHQW

Rl DGGLWLYH PDQXIDFWXULQJ FDSDELOLWLHV DQG
FDSDFLW\ LQFOXGLQJ WKH LQVWDOODWLRQ RI D
PHWDO ' SULQWLQJ VI\VWHP C WKH ODUNIRUJHG
OHWDO ; C KRXVHG DW WKH ,QVWLWXWH IRU
$VWURQRP\ ,QVWUXPHQW 6KRS $5/ DW 8+ DQG

WKH 8+ &ROOHJH Rl (QJLQHHULQJ DUH FXUUHQWO\
FRQGXFWLQJ D PDWHULDO FKDUDFWHUL]DWLRQ VWXG\
RI WKH OHWDO ; SULQWYV

7KH $5/ DW 8+ H[FHOV LQ FUHDWLYH DQG DJLOH
GHVLJQ UHVXOWLQJLQ H'HFWLYH VROXWLRQV &RXSOHG
ZLWK WKH DELOLW\ WR SURYLGH H<FLHQW LQ SHUVRQ
GLVFXVVLRQ DQG KDQGV RQ GHPRQVWUDWLRQV IRU
6'97 $5/ DW 8+ FRPSOHWHG WKH VHFRQG

SKDVH RI WKH 6($/ GHOLYHU\ YHKLFOH 6'9

IXOO VFDOH PRGHO IRU PDLQWHQDQFH WUDLQLQJ
GHYHORSHG PDLQWHQDQFH WHVW VHWV IRU WKH
QHZHVW JHQHUDWLRQ 6'9 EDWWHU\ FKDUJLQJ
VIVWHP DQG FUHDWHG FXVWRP VRIWZDUH IRU
FKDUJLQJ GDWD DQDO\VLV

,Q SDUWQHUVKLS ZLWK WKH 8+ ODULQH &HQWHU
BUHVVXUH 7HVWLQJ )DFLOLW\ $5/ DW 8+ SURYLGHYV
K\GURVWDWLF SUHVVXUH WHVWLQJ IRU HTXLSPHQW
XVHG XQGHUZDWHU E\ 16: XQLWYV HOLPLQDWLQJ
WKH QHHG WR VHQG HTXLSPHQW R™ LVODQG

IRU WHVWLQJ )XUWKHU $5/ DW 8+ LV JURZLQJ

DQ HFRVI\WVWHP RI VXSSRUW LQ +DZDLFL E\
SDUWQHULQJ ZLWK ORFDO VPDOO EXVLQHVVHV WKH
XQLTXH DQG G\QDPLF QHHGV RI 6'79 DUH

EHLQJ PHW ZKLOH ORFDO +DZDLLDQ EXVLQHVVHV
DQG WKH 6WDWHGY HFRQRP\ DUH VLPXOWDQHRXVO\
EROVWHUHG
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/ILOLSDG

&RQWULEXWRU 1RDK +DIQHU DQG OLOWRQ

7KH /RZ FRVW ,QIUDVRXQG /RFDWLRQ ,QIRUPHG 3RWHQW
/,/,3%' WDVN ZDV WR GHVLJQ DQG EXLOG D PDULWLPH
ZDUQLQJ V\VWHPV WR GHWHFW ORFDWH DQG FKDUDF
DQG RWKHU V\VWHPV WKDW HPLW DFRXVWLF DQG LQIL
$5/ DW 8+ FRPELQHG FRPPHUFLDO R~ WKH VKHOI &276€
LQFOXGLQJ VPDUWSKRQHY DQG 8QLYHUVDO 6HULDO %X
GLPHQVLRQDO ' SULQWHG VWUXFWXUHV DQG RSHQ V|
WRROV WR IDEULFDWH ORZ FRVW UDSLGO\ GHSOR\DE¢
ZHUH GHVLJQHG WR RSHUDWH DXWRQRPRXVO\ DQG LQ\
H[LVWLQJ GDWD FROOHFWLRQ DQG FRPPXQLFDWLRQ IUI

/,/,3%'" SURYLGHV D UDSLGO\ VFDODEOH DQG FRVW H"I
VHQVLQJ DQG PRQLWRULQJ WKDW HQKDQFH WKH VLW
VXUIDFH DFWLYLWLHV ZKLFK GLUHFWO\ VXSSRUWYV RSH
RQ SHUVLVWHQW VXUYHLOODQFH DQRPDO\ GHWHFWLF
DZDUHQHVV /,/,3$'GV VLPSOH PDQXIDFWXULQJ DQG GHS¢
UHGXFH WUDLQLQJ EXUGHQ DQG PLQLPL]H PDLQWHQD
FRPSOH[ ZDUQLQJ V\VWHPYV



7HQ I10LOLSDGVJ ZHUH IDEULFDWHG RYHU D
SHULRG Rl WKUHH PRQWKV LQ WKH IDOO RI

(DFK OLOLSDG FRQVLVWHG RI D PDVW EDOODVW
HOHFWURQLFV SRDW DQG DQFKRU &276 ZDWHU
UHVLVWDQW KRXVLQJV ZHUH SXUFKDVHG WR KROG
RQH VPDUWSKRQH DQG PLFURSKRQH SHU OLOLSDG
ZKLFK UHFRUGHG WKH DFRXVWLF VLJQDWXUHYV
&XVWRP EXLOW ' SULQWHG FRPSRQHQWYV ZHUH
GHVLJQHG DQG IDEULFDWHG E\ $5/ DW 8+ WR

VHFXUH WKH SKRQHV H[WHUQDO EDWWHULHV DQG
VSOLWWHUV LQVLGH WKH KRXVLQJV 7KH WRWDO FRVW
RI HDFK OLOLSDG ZDV XQGHU

,Q 'HFHPEHU WKH WHQ OLOLSDGV ZHUH
GHSOR\HG LQ WKH RFHDQ HDVW RI WKH 'DQLHO
,QRX\H ,QWHUQDWLRQDO +RQROXOX $LUSRUW 5HHI
5XQzZD\ 'HSOR\PHQW RI WKH OLOLSDGV WRRN DQ
KRXU DQG ZDV DFFRPSOLVKHG E\ WZR SHUVRQQHO
RSHUDWLQJ IURP D GLQJK\ 7KH OLOLSDGV ZHUH
VSDFHG DSSUR[LPDWHO\ PHWHUV DSDUW WR
VSUHDG WKH DUUD\ RI VHQVRUV WKURXJKRXW WKH
DUHD DQG LQFUHDVH WKH WLPLQJ GL"HUHQWLDO RI
LQFLGHQW VRXQG DW LQGLYLGXDO OLOLSDGV 'XULQJ
WKH IRXU KRXU /,/,3$' GHPRQVWUDWLRQ DOO

WHQ XQLWV VXFFHVVIXOO\ FROOHFWHG DFRXVWLF
GDWD IURP HDFK VRXUFH DQG DOVR UHSRUWHG
OLOLSDG SRVLWLRQV WLPHVWDPSV DQG VWDWLRQ
LGHQWL%HUV /,/,3%$" \LHOGHG QHDU UHDO WLPH
VSHFWURJUDPV IURP VLJQDOV RI LQWHUHVW WKDW
ZHUH %OWHUHG WR H[FOXGH QRLVH DQG VRXUFH
'RSSOHU WR LGHQWLI\ DLUFUDIW 2SHQ VRXUFH
VIVWHPV ZHUH VLPXOWDQHRXVO\ XVHG WR
DQDO\]H SRVLWLRQV WLPHV DQG FODVVL%FDWLRQYV
IRU FRPSDULVRQ ZLWK WKH /,/,3%' UHVXOWV
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'"HVDOLQDWLRC

&RQWULEXWRU 6HDQ %ODQNV

Image above: Solar-thermal desalination system model

7KH (QHUJ\ 7UDQVSRUW DQG &RQYHUVLRQ /DER U DWIRAD LW & D @ RD WOKHHG SE\L YUH U
"RRFKXO /HH LV D UHVHDUFK JURXS RSHUDWLQJ ZLWKLQ WKH 'HSDUWPHQW |
ZLWK WKH VXSSRUW IURP $5/ DW 8+ (7&/ PDGH SURJUHVV LQ GHYHORSLQJ G
KXPDQLWDULDQ DLG DQG GLVDVWHU UHOLHI E\ GHPRQVWUDWLQJ DQ LQWHUI
GHYLFH FDSDEOH RI SURGXFLQJ SXUH GULQNLQJ ZDWHU

:DWHU VFDUFLW\ LV D JOREDO LVVXH DQG WKH 3DFL%F
:DWHU VWUHVY H[DFHUEDWHG E\ QDWXUDO GLVDVWHUYV
HYLGHQFHG LQ /DKDLQD ODXL (QVXULQJ DFFHVV WR ORZ
GULQNLQJ ZDWHU LV HVVHQWLDO IRU DGGUHVVLQJ HJ[L!
VHFXULW\ 6RODU WKHUPDO GHVDOLQDWLRQ WHFKQRORJ
WR FULWLFDO ZDWHU VFDUFLW\ FKDOOHQJHV 7UDGL
SURFHVVHYVY ZKLFK HYDSRUDWH ZDWHU DQG FRQGHQVH
GLVWLOOHG ZDWHU DUH ZHOO HVWDEOLVKHG KRZHYH
GHVDOLQDWLRQ R"HUV GLVWLQFW DGYDQWDJHV RYHU F
SURWRW\SH GHVDOLQDWLRQ GHYLFH XWLOL]JHV D SRURX\
K\GURSKLOLF SRO\XUHWKDQH IRDP VXEVWUDWH \LHOGLQ
D UHGXFHG JUDSKHQH QDQRSODWHOHW DQG SRO\GLPHWE
VRODU DEVRUEHU
Photo above: 21cm In-situ prototype
7KLV GXUDEOH DQG H<«FLHQW HYDSRUDWRU DFKLHYHVY DQ DYHUDJH VRODU
WR YDSRU FRQYHUVLRQ H<«<FLHQF\ RI 7KH HYDSRUDWRU LV IXUWKHU
FRPSOHPHQWHG E\ D SRO\PHU FRDWHG K\GURSKRELFDOO\ HQKDQFHG
FRQGHQVLQJ FRYHU ZKLFK H«FLHQWO\ FROOHFWV WKH JHQHUDWHG VWHDP |
SXUH IUHVK ZDWHU DFKLHYLQJ DQ RYHUDOO FRQGHQVDWLRQ H<FLHQF\ RI
7KH SURGXFHG ZDWHU ZDV LQGHSHQGHQWO\ DQDO\|HG E\ D WKLUG SDUW\ OD
DQG IRXQG WR PHHW WKH (QYLURQPHQWDO 3URWHFWLRQ $JHQF\GV JXLGHOL
IRU GULQNLQJ ZDWHU

Photo above: Lab scale closed evaporation.



+RFRODQD

&RQWULEXWRU *ORULD &KRR DQG ODUJR (GZDUGV

+RFRODQD I/DXQFKLQJJ ,QQRYDWLRQ IRU *OREDO ,PSDFW RUJDQL]JHG E\ W
&RPPHUFLDOL]DWLRQ DQG WKH 'HIHQVH ,QQRYDWLRQ 8QLW ZDV GHVLJQHG
UHVHDUFK DV D FDWDO\VW IRU JURZLQJ +DZDLFLGY WHFKQRORJ\ VHFWRU DG
WR UDSLGO\ DGRSW PLVVLRQ UHOHYDQW FDSDELOLWLHV +RFRODQD VXSSR
SDUWQHUVKLSY EHWZHHQ 'R' DQG DFDGHPLF LQVWLWXWLRQV GLVFRYHU DC
FUHDWH D KLJKO\ VNLOOHG WHFKQRORJ\ DQG HQWUHSUHQHXULDO ZRUNIRU
WHFKQRORJ\ LQWR DFTXLVLWLRQ SURJUDPV DQG RSHUDWLRQDO XVH

+RFRODQD ODXQFKHG D FROODERUDWLRQ EHWZHHQ DFDGHPLD LQGXVWU\
HISHUWV WR SDUWLFLSDWH LQ D JURXQGEUHDNLQJ LQLWLDWLYH FDOOHG
&KDOOHQJH %HJLQQLQJ ZLWK D VHULHV RI ZRUNVKRSV WKH FROODERUD
ZDWHU UHVLOLHQFH DV D IRFXV WRSLF ZLWK WKH JRDO WR VXSSRUW ZDYV
86 'R' 1DYDO )DFLOLWLHV (QJLQHHULQJ ([SHGLWLRQDU\ :DUIDUH &HQWHU S
ZLWK VXSSRUW IURP ',8 DQG 2QH :RUOG 2QH :DWHU RI +RQROXOX DQG ODXQ
)DOO RI ZLWK VROLFLWDWLRQV IRU ZDWHU UHVLOLHQFH SURSRVDOV Dl
VROXWLRQV UDQJLQJ IURP VRODU WKHUPDO GHVDOLQDWLRQ WHFKQLTXHV W
SURJUDP FRQFOXGHG ZLWK DQ H[FLWLQJ SLWFK FRPSHWLWLRQ IRU %YH R
:DWHU 5HVLOLHQFH ,QQRYDWLRQ &KDOOHQJH ZDV GHVLIQHG LQ WZR SDUWYV
WR LQYLWH WR WKH 3LWFK (YHQW DQG HIHFXWLRQ RI WKH 3LWFK (YHQW
UHFHLYH UHVHDUFK DQG GHYHORSPHQW IXQGLQJ

7KH WZR ZLQQLQJ SLWFKHV ZHUH HQWLWOHG I'HWHFWLQJ &0ORXG ,PPHUVLR
/HDUQLQJ ,PDJH $QDO\VLV J DQG ISHVWRUDWLYH $TXDFXOWXUH IRU :DWHU -
LQ 3HDUO +DUERU J 7KH FORXG LPPHUVLRQ WHDPGV JRDO ZDV WR GHYHORS
UHOLDEO\ UHFRJQL]JH IRJ LQ +DZDLFLGVY WURSLFDO PRQWDQH FORXG IRUHV
RI WKH UHODWLRQVKLS EHWZHHQ IRJ DQG WKH DYDLODELOLW\ RI ZDWHU L
WHDP KDV GHSOR\HG FDPHUDV LQ 1DKXNX WR DFTXLUH LPDJHV WKHQ WHVV
DTXDFXOWXUH WHDPGV JRDO LV WR LPSURYH ZDWHU TXDOLW\ LQ 3HDUO +
RXW H[FHVV SK\WRSODQNWRQ VHWWOH VHGLPHQW DQG PDLQWDLQ ZDWH!L
ORFDWHG DQG LGHQWL%HG QDWLYH DQG ORFDO ELYDOYH VSHFLHV DQG WL
IRU VSDZQLQJ DQG FRQGLWLRQLQJ VR WKDW WKH\ FDQ EH PRYHG WR QHZ \
ZLOO FRQGXFW %QDO GHPRQVWUDWLRQV RI WKHLU SURMHFWYV LQ WKH IDOC
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3267 ):

&RQWULEXWRU ODUJR (GZDUGV

6LQFH $5/ DW 8+ KDV VXSSRUWHG )LHOG ([SHULPHQWDWLRQ ); DW WKF
&RPPDQGGYV 86,1'23%&20 DQQXDO LQWHUQDWLRQDO PHHWLQJ WKH 3DFL
7THFKQRORJ\ 3267 FRQIHUHQFH 3267 FRQQHFWY SROLF\ PLOLWDU\ LQGX\
IURP WKH 86 DQG LWV 3DFL%F DOOLHYVY DQG SDUWQHUV IRFXVLQJ RQ HPHUJ
UHJLRQ 7KH WKHPH IRU WKH 3267 FRQIHUHQFH IDFLOLWDWHG E\ WKH
$VVRFLDWLRQ ZDV ISBRVWXULQJ IRU 7RPRUURZ C 3 DUWQHUHG 3RVLWLRQHC(

3267 ); ZDV FRQGXFWHG RQ ODUFK DW W-HKIHZ DIEB6-6 $ QR.[A G B WRICH
DWWHQGHHVY IURP FRXQWULHYVY REVHUYHG WHFKQRORJLHV UHSUHVHQWL
3267 ); WHFKQRORJLVWY OLQNHG WKHLU GHPRQVWUDWLRQV WR 86,1'23%
ZLWK $00 'RPDLQ $ZDUHQHVV -RLQW &RPPDQG DQG &RQWURO DQG &RQWH\
UHSUHVHQWDWLRQ 3267 ); ZDV GHVLJQHG WR IRVWHU FROODERUDWLR
SULRULWLHV SURYLGH YLVLELOLW\ WR SURPLVLQJ QRQ WUDGLWLRQDO G
WUDQVIRUPDWLYH WHFKQRORJ\ VROXWLRQV WR HPHUJLQJ FKDOOHQJHYV
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