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Expected cost development
of large scale desalination processes

Water
preduction

cosis
(USD/m?) =
m
1.50 + =\
Mso
MSF
1.00 MED
MSF
0.50
RO
" > MEMSTILL
0'% T T T T T T

T
1990 2000 2010 2020

MED multiple effect distillation

MSF multistage flash

RO reverse osmosis

MED* vertical tube-MED J
Memstill Memstill membrane distillation Il g

[28 1-9] g Z4 Jidof wE EH=u|S HLE

¥ Z4: Seminar: Developing future water technologies - Membranes Dipoli, Espoo,
Finland 2011)
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1m’¢] 8142(0.5mol/1 NaCl)9} 1m’e] ©42(0.01 mol/1 NaCl) Atoeoll WAt dx
2} A= ¢ 1.4 MJoliL, 1m’] ¥34(5mol/1 NaCl)$t 1m’2] #l5(0.5 mol/1
NaCl) Atole]l WAstE =3t dyi=E o 10 MJ, Im*2] %34 (5mol/1 NaCl)<}
1m’¢] ©4(0.01 mol/1 NaCl) Atolo] WAslE Azt oUAE 15 MJY



Brine + Sea water
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Membrane technology

Thermal technology

Recycling/reuse technology

Concentrate management technology

Alternative technology

Cross cutting technology
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<E 2-1> 0|=59 e A7 L& A Iz ZEY
NATIONAL NEED MNear-term Critical Objectives (2008) Mid/long-term Critical Objectives
(2010/2020)
Provide safe water | « Develop on-demand removal
technologies

+ Remove 60% of synthetics

+ Microbial removal at 4-6 orders of
magnitude (today's removal is 2-3
orders)

« Remove endocrine disruptors, MTBE,
nitrosamines, perchlorate

» [Develop frue indicators (not just SDI
and turbidity) -

« Surface water and land disposal: * Add all other concentrate specific
Develop science-related concentrate regulations, refined geographically and
specific regulations related to dispersion addressing cumulative issues.
maodeling of mixing zones and ion
imbalance . ] ) )

+  Subsurface injection: Large scale « [emonstrate r_srr'nlatlon W|ti_1 hydrologic
regional characterization of US model_of receiving formation and
subsurface injection capability _fo_rma_non scale_i_'nodel of subsurface

injection capability of US
Ensure adequate « [ecrease cost of reclaimed waters by s [Decrease cost of reclaimed waters by
supplies/ensure 20% 50% (Stretch ‘[arget— 80%)
sustainability s Beneficial use: 5% of concentrate » Beneficial use: 15% of concentrate

* Reduce reject to 15% for non-surface + Reduce reject to 5% for non-surface
water applications waler applications

« Maintain stability of reclaimed waters
over time

Keep water « Reduce capital cost by 20% + Reduce capital cost by 50% (Stretch
affordable « Increase energy efficiency by 20% target — 80%)
+ Reduce operating costs by 20% » Increase energy efficiency by 50%
« Reduce cost of ZLD by 20% (Stretch target - 80%)
+ Reduce operating costs by 50% (Stretch
target — 80%)
+ Reduce cost of ZLD by 50% (Stretch
target — 80%)
% Z4: Desalination Roadmap 2003, USA
% <HE 215004 & 5 Q50| W] JE2EWE AP AT B FH5

o APt A EEANY TS BRI AL

o} EU

[] EUNA FxE]el B E A= ot o] F 471A1 9] Eok= A% oy, s
z3lsl AHAQA BA T} Y

0 Membrane bioreactor for wastewater treatment

= FoF= “Advances in membrane for desalination”

o Advances in membrane for desalination
o Nanotechnologies for water treatment

o Process integration and life-cycle management
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[J “Advances in membrane for desalination” < &
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0 “Advances in membrane for desalination” |41} o2 #H AF+= stolHI=
(FAHFEA + S2) Wl gk AT, NF A2, salinity gradient
power(SGP) A4S #13 & (PRO) To] &3] o] FojA L glom, B3 o=
L7 %0 B2 MD 7lEs HFINUAE HEAA SR E AFAT= A7
T o] FoA 1 IY5&(MEDESOL project)

2}. Australia

[J CSIRO Flagship Programmes 53l A2 S-S HHo 2 A& P33 Q)
on, A9 Hiv TSI AAAH &F A v&9 FAY

[] ©]9] EUS MEDINA Zg2AEo] JFojste] RO A28 HA5et 2 T
A AEANE 5o A7 AYE

[0 &5 A¥= “Water for the Future” olgt= 7|3 A¥Y ISz NCED
(National Centre of Excellence in Desalination)& A9, & ¥ #4dH 7|& F
AAZ ez Fo4o] JIAHE 7Ie/lds 5xR2 d75 7 T

0 2009'd5-E] The Murdoch University’s Rockingham campus”} 7|39} 34 S-S
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o 53
(] 153 o]l 3-570 9] demonstration areas, 2-47§2] Aoy AFAEH, s+

5]
= 93l test sites S BT oA

ol

o &R AN FEHOZ MDFTAEL 283 10 m°/d demonstration plantS
o
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201074 -8k

o FO°| 3= membrane %3} draw soluteo] 3t AFE A=<



A2d e A3ER 2 A
1L A 2 A%
O el 7bs £ sl5Eas A8e BAAY A% de 98 100 m/Q v
J

R = ‘o’]
AR AAo] oF 83 %2 HIRES AL Yov], ENAS 4BEF TFE

3 = AH FEE 6333 m/Y ¢

~

O AFstgaAo sdE&F2 o857l Al 7158 @3t Aol AREHI e

X
o, 4533t 9 7MAFIA F 137420m°/ Y FEZ 33511 Y-S
1,400,000

1,050,000

700,000
350,000 - IIII

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Source; DesalData.com
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1982 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
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Source; DesalData.com



2. 9 AR

L] @A AlA

v

TS F 68658174 m'/Y, 1 F AFEFE A FERE
43,167,921 m*/ AR A B3 A F 63%) Al A%

Pure water

3,068,751 [Unit : m3/d]

Barine
151.420

Total Market
68,658,174

Source ' GW! DaszalData

[23 2-5] s rET3 AT 72

[11995d o] dell= ARG S e vlgo] Z1ou, 19951 o] % FE= A4hF
Hel A4S Wby
0 20059+ I45F g F 38l (Seawater Reverse Osmosis (SWRO)) 45 %, 5
32%(MSF 25 % + MED 7 %)°l ©o]Z2] SWROE F4o=E Al%o] AAHAE
o o3t AFE A&HFHCRE Pd o= Oﬂ*@ﬂ SWRO= &% AA sigE=
st A 70 %olds AHste Al A Vlise] 2 Ao q5FF

6000000

5000000

4000000

3000000

W (blank)

ORO (Reverse osmasis)
- BNF (Nanofiltration)
BMSF (Multi-stage flash)

2000000

— — OMED (Multi-effect distillation)
HHybrid

BFR (Freeze)

B EDI {Electrodionization)

1000000

H B ED (Electrodialysis)

0

....miuiiiw el

1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005

(28 2-6] ¥4 +F 8Y (3YY, AEH)



million m3/d

10

Seawater RO

Thermal

Brackish water RO

0
2006 2008 2010 2012 2014 2016

(27 2-7] HSESS SHY YIS o5

J9 2 bk
A5 0] WE2WH, SWROWA 9] A2 did 20 %4

SWRO A

o i I
“w 1
.

v
0
2008 2008 2000 2001 2012 2013 2014 2015 2016
Sowrece: DesalDalaDesslination Markets 2010
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O F8 57 g@38 AZTEE AYEY, o E F3AFE THOE AFe] §
dd Aom AFHY, VTS TACE BrAY 2 55 T3 Y AFE 438 F
71 Zlow o idEo], AAAI Age thistE Blow A

Saudi Arabia | 2007-2011
usa | [l 2012201
UAE
Australia
China |}
Huwant
terael |
Liwa [
Spain |J
Algeria [}
India L
Iran |
Caribbean
oman
Qatar |}
15
% billion
Source: Desalination Markets 2010
2007~2011 2012~20161
A5, (;‘ Zﬁj) A48%) | AAFEES billion) B8 (%)

5 16.1 54.9% 27.5 53.0%

57 3.3 11.3% 104 20.0%

T 33 11.3% 5.0 9.6%

opA] o} 2.8 9.6% 5.5 10.6%

Holxz g7} 19 6.5% 1.6 3.1%

i 1.8 6.1% 2.0 3.9%

Al 29.3 100.0% 51.9 100.0%

[2& 2-9] =7I¥ sisET3 AEaE & MY



2.000

1,500

$m3d 1,000

$1.750

500 —

MED

SWRO
Source: GWI DesalDali

2

+ E9 EPC 714

Sim3id

5083 . 50.76

5031 5008
50.08

SWRO

MSF MED

Parts
. Chemicals
. Labour
. Membranes
Thermal energy
. Electrical energy
. Amortised capital cos!

Source: GWI DesalDala

rr

(b) E3t WA Y =29 +J/FAHE
[23 2-10] B3t YAMH = Y& HE



[ ROWA 9] sl siksshe AF7EAE 714t o4 & gadrt
rEL

AR HAaska 9o ROTAHY 58 FANeEz= 1 3

o o] ROZA ZHENAM FA/&FH ] 50% 8 =5 AASL = oA HEl
A 71918k A E, SWROS A& 4@ #Fo] 19951 o] % 3~5 kWh/m 2.2 19851
HA% ZA2E o]Foy AL FAaZo] AFA EAEAUS

o WetA, FF AFHFIZHE Vs Dol e 4l dHuE Aol 71

Z ol 2 H4E Aeg Jdi4tH

2.00
1.50

1.00

Water price [$/m3]
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0.00

Source: GWI DesalData
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[ RO ajFaE4s zaAEY] Wy A4S AWEH, 50,000 m’/Q o] F9
NPT ZHE Yoz HEHNOH, ROWA 9 d&Fst A3 =2 4%
= o 3 k|
=

A o)de] Y ZWE FAOZ o] FolHS
o ©]= Unit Capacitys W32
=4

AGAE 5 A7

? 2

o dA A AA RONFEFE AFAANA= Unit size?} 3~3.3 MIGD (Million
Imperial Gallons per Day) 7|&< B3 7|¢o] FE35t3 o, Ul AFHA
9l FAsERL dA 3.3 MIGD7Z7HA] A 582 oy, ZHENA AFHA=

e A

ut

0 2006} H]-Zg|o}lol| A FF 3 Israel Ashkelon ZZAE+= 45 MIGDF o2 3 F
Jom, AA TEAE FRI} 73 MIGD®] ©]23 &

o Unit capacitys A1ZA &3 ZH 2 Aol 9lo] 10 MIGDo]Y ROZEZAE
FAAA= A AAZHSZ 24707F EA)5HH, o]F Top 5 QA 7} AA] 70 %E A

[e)
8

MIGD/unit

50 [
40 |
30 [
20 [
10 T

00 —4gg2 1990 1997 2003 2003 2004 2005 2005

Malta Addur Al Jubail  Kindasa Tampabay, Fujariah Tuas, Ashkelon,
USA Bahrain Saudi Saudi USA UAE Singapore Israel
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Train size (MIGD/unit)

Total water cost $;’m3

o1
] Ashkelon
E ® Israel
4
] : Tuas
i Tan{i)SaAbay Singapore
3
] Fujariah
i ® | A
1 Addur LA Jubail ®
. Bahjrain Saudi Kindasa
] ® @ Saudi
1 Malig
41 USA
i ./
0 e L e L T T
1980 1985 1990 1995 2000 2005 2010
Year
[23 2-14] Train size Hs =&
2
15 ®
Santa Barlpara
] USA Bahamas
| ® @ Dhekdiia
1
1 Lamaca . ‘ Trinidad
i Ashkelon
] 8 Israel
] Tuak
i Singaglore
D T T T T T T T T T T T T T T T T T T T
1985 1990 1995 2000 2005 2010

Year
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# 2-2> MIGD ol& ti® RO &4 (¥ RO Z2HE 7| &)

Company MIGD | M§}s Nl;rlt;:ztof Feed water
) VEOLIA 198 19% 5 SW 79%, BW 5%, River
(FR, OTV, ARABIA, USA) 16%
2 ONDEO(FR, ES) 173 16% 6 SW 42%, BW 58%
3 IDE IL 127 12% 3 SW 100%
4 ADVANCED EWT/ES US 97 9% 5 BW 20%, River 80%
5 IONICS US 91 9% 2 SW 27%, Waste 73%
6 VATECH WABAG AT 83 8% 4 SW 22%, BW78%
7 CADAGUA ES 68 6% 4 SW 100%
8 PRIDESA ES 66 6% 4 SW 100%
9 ABENSUR ES 63 6% 2 SW 42%, BW 58%
10 ABENGOA ES 51 5% 3 SW 100%
1 INIMA ES 42 4% 3 SW 100%
12 HYDROCHEM SG 30 3% 1 SW 100%
13 CAMP DRESSER US 30 3% 1 Waste 100%
14 EMCO US 23 2% 1 BW 100%
15 NOMURA JP 22 2% 2 Pure 100%
16 POSEIDON US 21 2% 1 SW 100%
17 HYDROPRO US 20 2% 2 BW 100%
18 VIAMARIS IL 18 2% 1 SW 100%
19 KYOUWAKIDEN JP 13 1% 1 SW 100%
20 SFA US 12 1% 1 BW 100%
21 INFILCO ES 11 1% 1 SW 100%
22 USF CULLIGAN US 11 1% 1 BW 100%
23 WITTEVEEN NL 11 1% 1 River 100%
24 MEMBRANE SYS US 10 1% 1 River 100%
Total 1,291 | 122% 56
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O Wajel Qo] FHPA FFF I WA FAsks A @ s}
o]

=o] AF 3 wE 5ol

pav}

o}
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Ir

Impregilo Group (Fsia)
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(a) o U0 FAZSIHe =2 H|lu (2000~2009)

e i T MM A A S et |

L e |
pegremont | |
Acciona Agua |
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o
ACS (Drace/Cobra/Tedagua) | R ‘
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ey
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mitsubisni H1 | | w

H20 Innovation
Wabag
Kurita Water [N

0.0 0.5 1.0 15 20 25 3.0 3.5
million m3/d

Source: GW| DesalData
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2, MD¢F FOE FA 22 gt AEE 53t 7o g A9 ROYA Y He
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o olglgt EREE AR AlFoNA 875 e w55 A 2 v B4 FA4
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By - e ¢+ 0@ | e v (919
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Am

3 ZEEZ|IQ &4
7} 9 S (Membrane distillation, MD)

O Zetesy BgFd oyA A2 A4

Systems, ISE)] AP2olME S92 Y FFL 53 24E 28 5 Headn
2 Apaste] ol of

o FTHAY] Ast= F /Y ZEAES T NdE HYE AHl= vigtE o]
U 714 (brackish water) 25 99 12~15 LY A& A + A=

o 2 A=He 6 me EBYE FE7|(thermal solar collectors), B3| H&HS FHE
F A 3 F= F2 B YFE E (photovoltaic module)Zt B4=38} F & (desalination

module)Z FAH &



o Tt oy Ao AL oY Y "HFE REC] ddHE AUIE AL
Hl (dual-circuit system)s L%t o] A|ARE A5 HolXE HojuA, dd + m'9
== A o glow, of A7t Fsistel So7F v A4k, 1000 L = A
2+7k7F 10 %Eoﬂ A Hol A = A 7HAF Hlad o DA Wel
AEE de F US AR WM

=

Solar Therrral
Crllecior

[33 2-19] ISE2Q| Solar-MD 3d =

[J University of Nevada
o "= vnigdistel e =3 "H53tslr] ffal 2 S SA43tE A vE B
A X (solar pond)S HETH 3Fo] HE]= membrane distillation A|2~¥lS 5
o vultit gt o] S=o}#) = (Francisco Suarez)”} 7RREeF B A|AE L Eo] {ZF0] §l
A w2 Aede 715 FrIAFe dEol AS5H e A8 £A4 A AH
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o o] L APHNAM FHH 400 AR F2E o] &7 F2 FR] AP A
W, A7 MEE SANAM AL st AlaHe FHE
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[ 8 2-20] University of Nevada2l Ej 4 2% AlAH|

[ ] New Jersey Institute of Technology Center for Membrane Technologies

(0]

Gr3tE 7Hte g 3= DCMDE 93 2 re ddsl ZHEV AdE Ay
Aoz 3¢ 52 vlY United Technologies Research Center, East Hartford,
Connecticutel] 93] +9 %A

Connecticut®] Long Island SoundZF-¥ %32 vlotE 35%, 6%Ew 10% I
2o 98 FHET FAAFE AFESO] 9093 “ColA hot brine® 2 AHEEAL
20-54°Col A SF/HE 3

2,448 = 2,65271 2] FFAE 7R

1-1070 ¢ %, crossflow F3AF 2t o
AL /A3 glon, ZRE FEo] A7E 3 o

o™ 0.61~0.66 m*S] ¥
3 Je 2 23 A EE

O

Hd] water vapor fluxe= A€ F 2719 EEA 55 kg/m'/hE R AL, 6-10 2 &
2 TS 3IS W 15-33 kg/ m'/hAte] o] ®istE YEtfiglon, Ho X254 A
Abgko. 235 L/minol &%

EE EAEg B dFEREH A F57F10 %7HA F5HAS o v F
ux FAE Holm 4F o1, DCMD processoll A =&+ H-&
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[a23 2-21] New Jersey Institute of Technology Center2l MDMC A|AH]

[ ] MEMSTILL® Pilot Plant

o MEMSTILL Keppel Seghers Belgium N.V.2} TNO7} 235 ALAY Z2AE
2ZA, @ FEHE o] &3lo 7]E RO ¥4 S A @538 71&S /dste A

o= Zx=2 3

o A, 297 &% T Hdo] dAste SHEZRYH AFY YAE o] &35}
o 98 /3 B2 THAIL S8 HHS T3 ALY SFF Uk #42
o] AFE ALt TMEstEE A 2"HS 75

o A AlZ=& 20061 A 7FEZ Senoko refuse incineration plantE 4 S 2 3 m'e] 3
uhS o] &3l 2 m'/day RS T SHH AXE AHEY stHoen, dHFo =R
208 F7HAIAA HEEE F3

o °]¥S A5 HigoZ UEdT= EON FIAZTHEE o] 8314 1218} 100 IF
AE 7eS RGO, AVIEEY AFZHE 5SS Y Fo U

Sand Carbon Storage  Feed Memstill
Filter Fiiter Tank Pumps Container

‘.'_?._.a_f—E:-: o

Auto strainers ‘
r— @ Sampling Points
e —

—*Water flow

Water intake @ jetty Oil Skimmer —Swam
Tank

[Z2& 2-22] MEMSTILL® pilot plant at Senoko Refuse Incineration Plant



Memstill Memstill RO

Cogenerati  Cogeneration Waste heat
on 85C
LP steam

“minimum”

Energy costs

Heat (MJ i)
(cost in €/GJ)

Electricity (kWh /m?)
Heat cost (€ /m?)

Eleciricity cost, 0.07 /kWh (€ Jm?)
Fixed costs

Hardware (excl. membranes)
(€ per m*-day)

Modules/elements
(€ per m3-day)

Hardware cost (€ /m?)
Module cost (€ /m?)

Auxilary: (€//m3
O&M, chemicals., filters etc.

Water costs-total (€/md)

[ 8 2-23] MEMSTILL® E=d & eIt b

kl

(] Autonomous membrane distillation pilot plant
o [7l&] SMADES EC7} &¢3ste ZZAHEE F3) HYE MD  units7} S22
Agaba city®ll Fraunhofer Instituteoll 2]3l A X]¥

o [ZA T3] 370 subsystem©Z F+/dH(solar collector field, heat exchanger,

membrane distillation module)

- Feed : Red sead A sl=2 Axg #A flo] ALE

Distillate




[J GREENLYSIS project

o Greenlysis®] A9 o]

# A g} (European Union, EU)S A& A AFL&d3sta} o= 1z that &4
Zzeta o, old o]fE EUw 2020d7HA 24712 (greenhouse gases,

GHG)E 1990thH] 20%#AA171aL 3 AA olyA] Avle] 20%E thA|olu A
(renewable energy)= W A|sl71=2 Fo|dt

- GREENLYSIS project= WWTP ## A2 o]d o5 wgste A9 Ads
LH 2Aal 9}]\ =

- WWTP+ wastewater treatment plantsP/] okt E AU A BES SV FAA
= 7HAA S B ohlE wEr T HAARE AHTEE R 4 AT F 3
o A A /‘J&/‘W}“Hg 7HA AL Sl

i o

- W e

Pilot
secondary [~
treatment

UF + UV | Membrane PEM
(Pre-treatment) Distillation electrolyser H2

| ]

Hydrogen
vehicle

———
e —_—

,’ Decanted effluent
~_ fromwwtp _/

-
- - -

Cooled panels
(photovoltalc)

bt S E—

manager

— Water
. —— Gases
- @ Electricity
¥ — Heat

Information




[] Blowdown water and geothermal brine pilot plant

o Bench scale testing

water flux, batch recovery, salt rejections EUH

Imperial Valley®] cooling towerZ#H & 33

operation cycles®] €94 membrane cleaning H~E 3)

Degasification 23

- ZA74 @ Flat sheet membrane : Polypropylene PTFE (Teflon®)

@ Tubular membrane

Circulation

INVHEWIN AW

Circulation
Pump

[22] 2-26] Bench Scale ZEHx|

o Pilot scale testing
- Feed solution®.Z#| geothermal brines * &
- water flux, system X%, salt rejections X UH

- Tubular membrane2 A}-&
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. @A AMF (Pressure retarded osmosis, PRO)
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[] Statkraft A}2] PRO ZHE 747 3
0 2009d: H%9 ZZEEY ZHE AA
0 2011-13d: 2 MW 38l ZHE A4, = W3 200,000-400,000m
0 2018'd: 25 MW H| & ZAHE HAAdA, 2 W3 5000,000m>
0 2020d: 25 MW A4 ZHE #AA4, 2 W3 5,000,000m’
0 20301 d: Z AlA] oF 307]2] ZHE AL B3R

PRO

2009
1 MW pilot
N
2011-13

2 MW pilot

N/
2018
25 MW demo plant

WV,
2020
25 MW commercial plant

(23 2-30] LHX|AMF(PRO) ZEHE HAMAH & (Statkraft AF, Norway)
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[0 558 53] deolguo]=E o] &3ste 2001 ©]F 10873 37/HE 5359 A=}
255 o E A
<E 2-5> S AMYUH
53 A4 =3 Wy
#4 Domain a2, JE, G8EHHTY PCT 29 - 52 2 253
A4 DB s, 48, Y9 5313
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=% A4 =4 i
74 Domain v, 4B, P53 PCT 29 - 55 ¢ INES
A4 DB =, A8, f9 2 digvls 53513 DB
A 7% 19708 19 19 ~ 2011d 129 31

ANEF as AN HE

MD ¥ MCr 7|& 1,557 Membrane distillation, Membrane Crystallization
AHAANE 2 & 52 pressure retarded osmosis, energy, membrane
TEHF ALsE e 245 RO concentrate, reuse, recycle

9 58 24

ry

O 2 SEHMD) 2 % AFYMCr)= o1& 55 A7 e
o U= 53 &9 F9
- 2010 7}A] 9 FHPH(MD, Membrane Distillation) 3 2} 27 (MCr, Memebrane
Crystallization)?} #HdE 53= F 155771¢] Y=L U5
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A=Y QA 37

51(BO1ID 061/36)7} 13522 7} won,
7, 8571), BO1D 003/00(7}227 ulf & 3}

4, 767)2E 1 HF wE

roi

BO1D 061/36 35i8.7%
COZF001/44 85(5.p%)
BO1D 00300 FE4.95)
BO1D 053/22 T4.78%)
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BO1D 061/00 S013.2%)
BO1D 061702 31);2.[‘.'9‘6:'
0 20 40 60 g0 100 120 140 160
SHAUr
[PCZE, FAM A
- #ZFH(Pervaporation), =% (Membrane distillation),
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