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RO 4o s H=E7|E Aol WeE £z Uds Lot

=l i
Unit Capacity2l & 3H4.5 MIGD Ol &h) 7t HAMI|=EAM FZt=1 Ut

o MA sFEFA A A Thermal

uol—
o|w, Electrical ®¥21¢] 5%& #FA|stal 5. (20043 24 7]F)

MIGD, ‘99~'14\1
1,638

1,483

639

‘99~'03 ‘05~'09 ‘10~'14

<ag 2.1.1> &5 MSF Cyclicality
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6.0
5.0
4.0
3.0
2.0
1.0
0.0

capacityE st o 2 A oyx] LEHFS ALAIAA AA &
AAE FET 4 7] WE. WA Unit capacityE dl@ st 4 3+ 7]

Zolopt R AAANGE AAsty] A HHVI=d.

AA A AA ROsNFET AFFAAAE Unit sizeZt 3~3.3 MIGD
(Million Imperial Gallons per Day) 7|&S HA3t 7ol X283 9o
W, gl AFFAI FATEdS @A 3.3 MIGD7HA A2 A = AL

U EWEA B MAE
Ashkelon Z2AE= 45 MIGDH o2 FFHIon, Az =
7} 73 MIGDZ 334.

=
5
VEFHAE Y. A2 vigdolld TR
=

Unit capacity= A1&8 &3 A4 A= vt 10 MIGD °©]74 RO
ZAE FPAAE A AAHR 24707 EAEH, o] FolA Top 5

A7 A 006 AR A8

YA
]
H

MIGD/unit

L L L

1982 1990 1997 2003 2003 2004 2005 2005

Malta Addur AlJubail  Kindasa Tampabay, Fujariah Tuas, Ashkelon,
USA Bahrain Saudi Saudi USA UAE Singapore Israel

<3dg 213> sl €53 RUE EZHUnit capacity)2l st Al
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<I¥ 212> MIGD Ol& & RO Al (‘94 ~ ‘034 = RO Z2HE 7|&F)
Number Feed
Company MIGD [M/S o.f -
project

1 (FR,O\’/F[%/S%RAABIA, 198 |19%| 5 | °W 7%, BW 5%, River

2 | ONDEO (FRES) 173 |16%| 6 SW 42%, BW 58%
IDE IL 127 [129%| 3 SW 100%

4 |ADVANCER EWT/ES| o7 | gog | 5 BW 20%, River 80%

5 IONICS US 91 | 9% | 2 SW 27%, Waste 73%

6 |VATECH WABAG AT| 83 |8% | 4 SW 22%, BW 78%

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%

1 ABENGOA ES 51 |5% | 3 SW 100%

10 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 2 2% | 2 Pure 100%

16|  POSEIDON US o1 | 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 1n [1%| 1 SW 100%

22 | USF CULLIGAN US | 11 |1% | 1 BW 100%

23| WITTEVEEN NL n 1% 1 River 100%

24 | MEMBRANE SYS US| 10 |1% | 1 River 100%
Total 1291 | 2| 49
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Train size (MIGD/unit)

Total water cost $/m®

Ao & Unit capacity7} 3 3}7t FastH AF4
[T =] = = o) [e)
S HAdistsld 44 A= AdH &I A4 S8 E&S
g8 Bgdor ¥ 5 e &g Agsdne wHorRy
o
T .
6
5]
4 Ashkelon
E ® israel
4
] Tuas
4 TarrlhpglAbay Singapore
3
1 Fujariah
5] o |"UhE
j dur | AT Jubail ®
1 rain Saudi Kindasa
] [ ] Saudi
1 Malta
1 USA
1 ©
1980 1985 1990 1995 2000 2005 2010
Year
<33 214> Train size ¥zt =&
2
1.5
Santa Bar
USA Bahamas
® @ Dhekdlia
1
] Larnaca .‘Trinidad
1 Ashkelon
] Israel
0.5 '
1 Tuas
4 Singapore
1985 1990 1995 2000 2005 2010
Year
<% 215> MiH[E oL e
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o degTdA 7HE Z AV Ha Jde AL oyA AEHFY.
Tt ok dUxE Aitstr] fEAe e 2 HEWHEC A
ok a1 L.

<E 213> dlFTEHF3E o4 X 23 X L olHX| EZS st MU
) dgux A& 9% —
qdIFE F= AR By X A7 7154
At e A% ALE
-?_"-Foéli : ]"x‘ =T }‘o 15”5‘3]']
<2 =3 (Blend)
AdF &= 227 =2 A5 ARE 5~ 15 %
wE AWdE e T
ro] Ex ~
who] =4 e 5~ 10 %
T Wi §& Hxel 2 & Hd st 3 ~5%
%%—’Fifﬁjﬁ ol L ] Isobaric chamber 7]< 5~ 15 %
34 o] &

o dFETst &2 FYUTY Xl AA FEgS woy HAA=R FFE A
L3l A 95E 24T F e Wote] BAE ¥

o AAZE 1T IaFT L AdUAFIFAFA ] N ToR st F4
GTEE g YA aREE AHFHoR A Y. AT #
ARES $3 YA AR S 1985 T A 8 kWhr/m' F==o| A= Wt
o dAlol= 2 kWh/m' o]ste] F=F7kA] wrolA]al 9l

<E 214> A2 MelSH w2 Mdld| A Ake| of

Product water flow rate 5 kL/day 15 kL/day 50 kL/day
Feed salinity=2000 mg/LL TDS $5,000 $13,000 $35,000
Feed salinity=10000 mg/L. TDS $7,000 $17,500 $44,000
Feed salinity=35000 mg/L. TDS $12,000 $27,000 $85,000

Assumptions:

Electrical power supply available

Basis Pre-filtration included

Costs quoted are for plant only - ie. no civil works. external tanks, pipe work
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<IE 215> Ao M| Szl wWE 2AH| ALkel o

Product water flow rate 5 kL/day 15 kL/day 50 kL/day
Feed salinity=2000 mg/L TDS $1.0 $0.9 $0.65
Feed salinity=10000 mg/L TDS $15 $1.3 $0.93
Feed salinity=35000 mg/L TDS $2.2 $2.00 $1.89

Assumptions:

Electrical power cost = A$0.14/kW.hr

Cost to desalinate water only - does not include cost to deliver water to and from desalination plant
Operating cost assumes basic pre—filtration sufficient for purpose

Operating costs were calculated and averaged over the typical RO expected plant life
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0 T
1980

1985 1990 1995 2000 2005 2010

Year
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o HE AWFF £F L TS JE5FE Hope Askel T A%
g5 FAE /1% YEAA AAE 2D

(1) Ashkelon SWRO Project-Israel
— Ashkelon @A|7F#] Ao &4
3t FNE FTolA= 7P diar Rl (32vt /), FUHES A7|%= 7}

ZF g3l (45 MIGD).
- AE$ EF oUx ARFE o (39
7] el a&4Q1 Aite] 7tss

i)
K
¥
rr
18
o
<
il
o,
oo
_?L
¥
o
¥

Wh/m') o= td EWEO]
(F=22] 3 A)

o
o
N
£
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o
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Common Law Pressure Feed Line 1 Feed
Pumping Csnler——\
Common High Pressure Feed Line
| T Imw%‘mud Unn$ S $ $ 4{>

R

i o B

Cormon High Pressure Brine Line
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<E 217> 3EEF

Total Capacity 326,144 m'/d
Date commissioned July/December 2005
Product recovery 40.7%
Feedwater TDS 40,679 ng/L (design)
Product water TDS 300 mg/L
Feedwater Temperature 27 C
RO process description 4-stage, partical 2-pass
Number of trains 32
Operating pressure 69.3 bar@27 C
3.9 kWh/m’

Energy consumption

Energy recovery device

DWEER Isobaric

Seawater intake

700m, offshore submerged

Pretreatment system

FeCls - coagulation - dual media gravity filters

Post-treatment system

Lime stabilization

Concentrate disposal

Return to sea

EPC

IDE/Veolia

Project consultant

Adan Technical &Economic Svs

Capital cost

$ 212 million

Total water cost, tariff

$ 0.53/m'
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(2) Tuas (SingSpring) SWRO Project-Singapore

- Tuast™ @A 7VeHi J& dlgEFTst FWHE FoA 71 & o=
=25 Al Aoz

- gy AAR &

5

upe} =LA W st

[e)

= .

- AAZ TuasyE Ashkelon®EthE o ix Ax o] thax & HY (4.34
kWh/m’).
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<I 218> sHEZH

Total Capacity 136,360 m’/d
Date commissioned September 2005
Product recovery 38.5%
Feedwater TDS 35,000 ng/L (design)
Product water TDS <250 mg/L
Feedwater Temperature 23-32 C
RO process description 2-pass
Number of trains 10
Operating pressure 58 bar
Energy consumption 4.34 kWh/m’

Energy recovery device

DWEER Isobaric

Seawater intake

Open sea offshore submerged

Pretreatment system

FeCls - coagulation - DAF - dual media
gravity filters

Post-treatment system

Lime stabilization, CO»

Concentrate disposal

Return to sea

Equipment supplier

Hyflux

Capital cost

$ 116 million

Total water cost, tariff

$ 047/m' (first year tariff)
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(3) Fukuoka SWRO Desalination Project — Japan

- Fukuoka:= ¥ Hde] sisast ZdECH 20051d 695H B4 7}

s

of A" ZdESE ¥ 2o voen (10~307),
ps|
=

A= ol 3lef, oA

okl 7} WS AEsla glom =o 3452(60%)=
5 AAEE T o8 A AEE 71E0] A8

tgton ridy

<% 219> EHE AlF g
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<E 219> 2YEH

o o

Total Capacity 50,000 m'/d
Date commissioned May, 2005
Product recovery 60%
Feedwater TDS 35,000 mg/L (design)
Product water TDS <200 mg/L
Feedwater Temperature 10-30 C
RO process description partial 2-pass
Number of trains 5
Operating pressure Z ) 82 bar
Energy consumption 55 kWh/m'

Energy recovery device

Pelton wheel

Seawater intake

Infiltration gallery

Pretreatment system

Spiral wound UF system

Post-treatment system

Lime stabilization

Concentrate disposal

Blended 1:1 with treated wastewater

Equipment supplier

Obayashi

Membrane supplier

Toyobo CTA
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(4) Fujairah Desalination Project- United Arab Emirated: Largest hybrid

NERES Weste] s StelEE = e 9
A Hd FEY (149 =/Y).

_ Fujairah‘:‘ %HLHJJ,} 0:1}\]-
3z
=

SRR

[
lmu
_>.:
é

- stelmEl= e Zuhgaw oEWel FEE 2TY 5 Q7] )
FFo) 1 mSlo] BYS A Qo= oYY

HYBRID

Fuel Steamn
115 t/n Boiler and 1512 t/h
—_—

Power Island

Power
218 MW }
40 MIGD 60 MIGD
RO desal. thermol desal.
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<¥E 2110> 8HEZH

Total electrical production, gross.net 660/500 MW
Desalination plant commissioned 2003

Design seawater TDS 40,000 mg/L
Design seawater temperature 33 C
Seawater SDI 10-20

Total seawater intake flow 140,000 m'/d

Total concentrate discharge 117,100 m’/d

Desal/Power plant capital cost

$804 million

Blended product water TDS, pH

200 mg/L. @8.0 pH

MSF Plant SWRO
Total capacity 284,000 m'/d Total capacity 170,000 m’/d
Units/capacity 5@56,800 m'/d | SWRO supplier Doosan
Performance ration 8.0 Pretreatment Dugl media
filter
MSF supplier Doosan Energy recovery Pelton wheel
Top brine 109 C 1st pass trains @ 18@43%
temperature recovery
Steam supply 1st pass product
Dressure 3.3 bar a TDS 590 mg/L
.| 2nd pass tranis @ o
Steam flow 302 ton/h/unit 83@90%
recovery
_ 2nd pass product
Distillate TDS <25 mg/L 180 mg
TDS
Specific Engrgy 43 KWh/m' Specific En.ergy 48 kwh/m
Consumption Consumption
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(5) Tampa Bay, Florida: Troubled

- Tampa bay®l 3953}

=
9E sedrs Zagegon

Aqel §rEA AAL 9
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Plant Performance Deficiencies

*Bledrical Efidency not *Premature Fouling of
met (1) Cartrigge Fillers

ate Freq. of 501

High Fre
Me!%hrun:wcleunmy

*Inodequote Control of
Lime Feed 9_me

* Chemical Efficiency not
met (1)

* Conductivity walues do not
correlate with TDS values

at
lugn Pressure Differenticts
=A Permanent Solution is
met yet in place for the VFD
Tronslormer Problem

*Imge

testing during Atceplance
Test

* Hil reguency of
Curﬂj ifier Change

+Foaming in Filter Effluent
Channels & Wet Wells

*Clorifiers are nod
Perlorming odequately

FOMEIDNA 00 FEND

Sodium | Hypnrmlonl: Frea
System

*Inodequate Control of pH

~Proguc Water pH
Requirements not met

*Proguct Water Turbidity
Requirement not met

*Proguct Water L5
Requirement not met

.‘ Post Treatment

~Several Train Ouhage
were caused by Vibration
Trips

*Seweral powsr sutoges

Siugge Pumping from the
Wezt fo Baat Clargicrs wat
nat Operated as Designed

*4 Belt Press Required
Repair Test due fo Beit

&
8 SOF Manuals not Tension Roller Hubs ocoumed during
; R Permanent Beit Press Lo =
Wosh Waler did nat s f
) 1 -Air Trapped in the RO
: Function a3 Designed = 5
H Several %" nipples hove Meter Accuracy

Product Storage &

{1} Appliaz to All Treatmars Proceszes

- 200430 23 A FARFFAL

Al 2
$110,000,000 A $150,000,0002.% <&

61lolut v %,

Transportation
Froduct Water Group It =Froduct Water Pumps
Unreguioted nics seals binding

Requirement niof mist

*Produd Water Odor
Requirement nof mef

- Tampa bay®| <A e vpel o] s as)
A4 2 29E AalMe ) g A e A
714, i) HA AEH AAVE, i) JHaF T4

%, iv) Pilot plant %ol 2] scale-up

7IHk7] g o] WREA] St Eofof o,
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o AwE dFFTFsAA ALY
H 3 = 3 Tt %] T 9]
A2 1 HeH L 208988 243 m'/A 2l 3
) 2 |9 FATEE 202928 24 m'/A o 2
=1 3 |92y o] A2 HE, 24 m'/A o 1
1 [958"a A& Y =3, FRPA, 50 m' o 1
2 | HE= AFDAHAZ 486 m/Al 2l 2
- ol Al A 3] A
3 [l s taa disroats U
4 |AAE A7 ﬂEFMW 486 m'/* o 2
5 |[R/0 1] (513] ) 2t JAE 146 m/A 2] 1
6 |Zfold = AIYLEE, PEA|, 15 o o 1
7 AAY AotgExE  gojofr ;P 40 mL/F o 2
8 | & AotdEx  tojotxAPE 20 mL/F o 2
9 |dstdea %}ﬁé%%ﬁé Exﬂ, 1 m 8 1
10| 9stEH= t}o]o} 3z 2 , 20 mL/% 2] 2
117 4982 AL, PEZ%] 1w o 1
12 7M 2o = t}o] o}z%%z, 2 mL/% o 2
139 A%EZ7) FxE29 37 m/% o 2
14 |9A =" =a ddAEd, FRPA|, 50 m' o) 1
5= 159413 = AFAAEEZ, 1.25 m/# o 3
. 16 |32t = A YE3 PEA|, 3 m o 1
e =T Cholob A 2, 150 co/% o 2
ELRIE SR ] 938 YE3 PEA, 15 m il 1
19 |3} shA| A 31 5 AFAAHZ 27 m'/Al 8 1
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H

O] sl+g43 2HE 7]& TRM

il

2000 2006 2009 2011 2015
1 | | | 1
; SDIMFI as fouling index | | Infroduction of novel fouling index.
7| 1 |
= X ‘ Database for sewater guality | j :
| | | | Site-specific pretreatment |
— 1 L | 1
Conventional Wide use of MF/UF as pretreatments | Advanced pretreatment based on MF/UFP
pretreatment (30I=2.5) I Novel pretreatments (Actiflo, Fuzzy filter. etc)
Scale and biofouling control | | Trace pollutant contral ” Ultrapure water

High Boron removal SWRO
5 low energy SWRO menbrane !
| | High pressure or large scale SWRO
R
o 1 | SWRO-sepcific process engineering
1 | T T T
— 1 | | | ]
Train size |! Train size Train size ! Train size Train size
%’ =15 MGD|I 2-3MIGD ~4 5 MIGD | =5 MIGD =7 MIGD
- I | T T
2| [ wsemen || SWRO |
: Hybrid process |
1 | | | 1
= - | |
T Conventional O&M I | |
el
2| ! ‘ Integrated and ubiquitious O&M
T
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25 M7 & A7+

ZAe) 55 2A 5o =F Y% Technology PoolZ2F-F 7wk & Q Aol
S AAste] A= E A

_Cr‘_
o waww A, e AEAe AEZA, Aegrs N8R 24

5o ARE FEAGOM o wgom /Iy g AA A% FHe

4 so1
@ ME-URNF) | Fouling index b . @ Concentrate disposal
@ Fingenprinting \\ _~a Concentratefwaste =4 @ wastewater treatment

4 Wid-sized train {1~3 MIGD)

s . '@ Direct intaie
@ Large train (> 5 MIGD) (=1 Train design ‘-.\\ =

—=| Intake [=] @ inirect intave
@ Membrane property
W Seawater characteristics =1

Datatae b @ Moseing and Simuiation
s @ Process Control

—{ SWRO process 151 @ o
3 Energy recovery device P | @ Diagnosis

led b— g @ Imatligent systam
@ is [ Energy recovery - . TNCSOVR DY
Cost breakdown Enarwy anasts
. - @ Ceaning ¥ Large module (12 or 16 Inch)
@ Manpower | B Fouling resistant membrane
' = { 08M | q e [on
@ o ooriziion SWRO Desalination PIallt = ot :wh :‘..: membrane
. W Long-iife membrane
3 Cost optimization [ Hembrane with high Boron emoval
Uso2e ey L
& Managemant L cgnstruction jo—" & Cobokdal Foul
- I ng
Tl o 8 Tt b
Si= A . W Bofouling
IS EF @ s oy ~——{ Fouling mechanism |- @ scue formation
———— - 4 Organic adsor,
D o et design —" y rganic adsorption
@ SWRO-NFLPRO) \
o NS @ Comventionl pretreatments
@ Boron controt 1= @ M ¢
4 Ton bak
] / \ 4 Environmental impact
_® Wtra-pure water | / \ T e

=) Post-treatment p—"
4 Driniing water ssues |

4 EDCs/PraCs

s Environmental issues 2] & gop tosicty

<O 251> HATIE MUY

(] a9 Haa] 24

o @] R IA AN AASH= v sFEHst VledokE £AL

o Desalination RoadmapolA = &% 5d7F ¥]8S 20% H7s7193s 7«
24 MAHAY o] HEH 7eE9] Y2EE X 13¥ Zo] Ats
A ©o Yol FASAF & HA AAY 7= A9 e s
AAE S8 dF7E, =AY 4 9 AEL I A7 55 984
e A 7924 AAsL &
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o Desalination Markets 2005-20159 4= B &AL 93t 7|24 <&

251>3 22 A ES AlAEAL AUs.

<i 2.5.1> Desalination Technology Development Area

An Increase in the efficiency of Membrane Element
- Larger Active Membrane Surface Area
- Larger Membrane Spacer
- Improved Salt Rejection
- Larger Membrane RO Elements (16” Diameter)

Fouling Control and Longer Lifetime of Membrane
- Smooth Membrane Surface
- Increased Membrane Material Longevity
- Use of Systems for Continuous RO Membrane Cleaning
- UF/MF Membrane Pretreatment
Wider Use of Pressure Exchanger Type Energy Recovery System
Co-Location With Power Plants
Regional Desalination and Concentrate Disposal

Larger RO Trains and Equipment

Full Automation of All Treatment Processes.
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<iI 252> Technologies that have resulted in the "total water cost” of desalinated
water.

RO process

- Design technology that reduces capital cost (1980l H]3] 72 Fx}H]|
|02 27vjo] & ¢ AAksh

- Efficient membrane (B 4% A 5e 9

o

A5

rok

Hl-§- o2 AJ4ksh)
Pretreatment

- The most critical aspect in the success of an RO system (&3 2]7} RO

Aol vAlE dEFS wg F)

- Technology of pilot test (%43 H A g

A4 A TAe M-S $3 Pilot test
ZlEME F Q)

- “Dual membrane” (RO HAEAEZA MFY UF & NFE A 83

A&
Energy Cost reduction

- New energy recovery devices (oA &7 %S 1050%7H4 =4 4 <
[e]
)

= T M
o

- “Staged operation” (IUA] 2 3|48 HA3E 93 thao s 44

Plant Size
- Economies-of-scale (&2 Aol 4% a&41<])

- Larger pumps and energy recovery devices (T8 A]Ad o]
o o4 3l44A 5o iE FQ)

Plant Sitting

- Co-sitting (@ Adnv) ¢} 2ol AAst= AF &

F 9

Combined discharge (W Z}5:¢ RO S

Hybrid Plants

- Integrated use of both thermal and membrane processes with an
electric generating station
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o F WEH “Desalination Technology 2006” 1o A= tha3 2o A}
dEo] HAale AFFAZA AAEHAS.

<3 2.5.3> Technologies that have resulted in the "total water cost” of desalinated
water.

@] A
- BIG membrane elements: 16x40 membrane elements: 16x40 inch, 18x61
inch inch, 18x61 inch
- BIG pressure vessels (BW and SW) pressure vessels (BW and SW)

- BIG energy recovery turbines: 1500 energy recovery turbines: 1500.
4000 gpm

Ao FEYVE AT

- Return of cellulose triacetate hollow fibers fibers

- ERI ERI vs vs DWEER DWEER vs vs large turbo large turbo
chargers chargers

- Affordable Desalination Consortium Affordable Desalination Consortium
demonstrates 1.6 kwh/m demonstrates 1.6 kwh/m’

Aok & %A
- Boron and bromide removal
- High rejection membranes
- Two stage reverse 0smosis
- Single stage RO plus ion exchange
- Lower process recovery
- Emerging contaminants
- EDCs and PhACs
- Ocean Intake
- Sub ocean floor: Ranney Wells, Beach wells, Slant drilling,
Horizontal drilling
- Open Ocean
- QOcean Discharge
- Entrainment and Impingement
- Sub—floor intakes
- Minimize intake velocity, specialized screen systems to remove
marine lifee
- Marine life exclusion systems

Mz Ade 7=
- NF + MSF
- NF + NF
- sub-seafloor seawater intakes
- Ceramic membrane distillation
- Capacitive deionization with spirally designed electrodes
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Chemical {8%)

Labor {10%)

Energy (23%)
Construction {52%)

[ OB EE

Construction

Energy

Labor

Chemical

IMembrane Replacement

Repair and Maintenance

<@ 252> siE=a 8 v &7 (204

- AAME AR AAS AA7F 30%, ESol 19%, HT4
=

AA g 53 AANE=

a0l 15% &

Chart 5: Dx market fiveyear EPC spending, 2006-2015.

$29.1bn

Others (107%)

Instaiabon and services (10%

Design cost (5%

Membrane process (15%)

2011-2015
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3 AuA Hlgel tehe] ARstel wW ngWIe o AuUA &
AA 9 BI%E AAdA AL ot AME TR & 1
[e]

[e)
=
of AA Gulel 7P F FdFS AL UEFS HEH S

u Energy
u Membrane
Encrgy (46%) Wl eor
D Chemical
u Parts

Chemical (15%)

Labar (30%)

Membrane (2%) r s o oo

Product inesr pamps (7%) R
High pressmre pamps Pnd pass) 4%

n Seavatersupply
[ Preveaiment

D High pressurs pumps (1st pass)
D High pressure pumps (2nd pass)
I Product transfer pumps

l:l Misesllansous

High preczase pam ps (1=t pass) #1%)

o °
Do 2 S o i omy I

- HEEYS Bl A gadE Vs Bdo] HgHF] A= A
S 24 5 4 FEEE e 29 10%0] RedY 52 vE
FA7F BAsE A A BEl mAE dFS AR o A ¢
A B YA IR Qg RO 488 kel 4% 1.85%,
A AAR A% 7171 9 AsH] AzFo]l 1.55%E UEW= T 7l
e B At w2 Ao yebd vl dA e FAe] A
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Chemical and part cost m | |
Labor cost m
RO operation cost [
Pretreatment operation cost h
Installation [N
Design |
RO constuction cost h
Intake construction #
Civil engineering I

Equipment and matenal

0 02040608 1 1214 16 18 2
Owveral cost reduction by 10% of savings

<O 255> 2t e4aH vEEHdE
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plant costs? (sfF4F Hdt SWE &S d7s7]

FE5e Folt Aol o AU

Fill the form considering comparative importance between two items|

Which one is more effective to reduce 20 year SWRO desalination

Sste] ofw

Totally Very A little bit Equally ||A little bit Very Totally
ltem important | | important | | Important | | important | | important | | important | (Important| [ important | | im portant liem
A 2) B3) ) 5) (&) 0] 8) )
Energy Equipment
Labor and
Energy
maintenance cost
E Consumables &
neray membrane replacement
X Labor and
Equipment
maintenance cost
. Consumables &
Equipment
membrane replacement
Labor and Consumables &
maintenance cost membrane replacement
Energy
0.445

Consumables Equipment

Labor
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* Which property is more important to sell SWRO desalination plants in
the world market? (SWRO ©3F ZHEE MAA ol A Fuls}7]
S8 of| Aol WaaI}?)

Fill the form considering comparative importance between two items

Totally Very A little bit | | Equally || A little bit Very Totally
Item important | [ imporiant | |Important | [ important | | important | | important | |Imporiant| [ imporiant | | imporiant Item
U] 2} 3} ) 2 ) 0] (8} )
Process stabili
Low cost ) .ty
(i.e. slow fouling)
Easy control and
Low cost
maintenance
Low cost Reference
Process stability Easy control and
(ie. slow fouling) maintenance
Process stability
) . Reference
(ie. slow fouling)
Easy control and
Reference
maintenance
Low cost

Reference

Easy control
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* Which research area is more important in SWRO desalination?

(AT FrstlA of| Argee] ¥ $237h

Fill the form considering comparative importance between two items

Totally Very A little bit Equally | [A little bit Very Totally
Item imporant | [ important | |Important | | imporant | | important | | important | |Important| | imporant | | im portant Item
L] 2) (B)] ) ) 5) 0] 8) &)

Process stability
Low cost :
(i.e. slow fouling)

Easy control and
Low cost

maintenance

Low cost Reference

Process stability
(i.e. slow fouling)

Easy control and
maintenance

Process stability

' Reference
{l.e. slow fouling)

Easy control and

Reference
maintenance

Pretreatment

Fouling mechanism RO membrane

Process control
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» Which technology is more important for building a 50,000 m’/day SWRO
plant? (50,000 m'/day SWRO ZHE 714 & 93]A oWl 7]&Eo] 0%

AlEeAl 2 F71?)

Fill the form considering comparative importance between two items
Totally Very A little bit Equally || A little bit Very Totally
tem important | | important | | Impertant | | important | [ important | | important | |Important| | important | [ im portant Item
m 2) &]] “) (8) (6) m ) (@)
Large-scale train

Pretreatment &
post-treatment
Pretreatment &
post-treatment

Pretreatment &
po st-treatment
Hybrid technology

Fouling control

Large-scale train
Fouling control

Fouling control

Large-scale train

Hybrid technology

Pretreatment

Fouling control Large train

Hybrid system
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» Which kind of membrane is required in the field? (&% oA+ oj®

F59l wol 275E

Fill the form considering comparative importance between two items

Totally
ltem important | | important | | Important | | important | [ important
m 2) 3) (4) ]

Very A littie bit | | Equally || A little bit
important

ltem

Fouling-resistant

Membrane having

membrane

a longer lifetime
Membrane having

Cheap membrane

a longer lifetime
Membrane having

a longer lifetime

16 inch module

Foulingresistant

Cheap membrane

membrane
Foulingresistant
16 inch module
membrane
18 inch module

Cheap membrane

Longer lifetime RO

16 inch RO

Cheap RO

- 115 -
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* Which kind of membrane fouling is more serious in SWRO desalination?
(based on your experience) (&gollAx =7]7]d] oj® wQ o] ¢
A7)

Fill the form considering comparative importance between two items

Totally Very A little bit Equally | |A little bit Very Totally
Item important | | important | | Important | | important | | important | | important | |Important | | important | | important Item
0 2) 3) (4) (5) 8) iyl 8) ]

Colloidal fouling Biofouling
Colloidal fouling Scale formation
Colloidal fouling Crganic fouling

Biofouling Scale formation

Biofouling Crganic fouling
Scale formation Crganic fouling

Collidal fouling
Organic fouling Biofouling

Scaling
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* Which one is more serious bottleneck of SWRO desalination compared
to MSF/MED? (MSF/MEDe¢| H]3] SWROI A= oj® Aol ¢ Alzhsk
TAIR17E?)

Fill the form considering comparative importance between two items

Totally Very A little bit Equally || A little bit Very Totally
Item important | | important | | Impertant | [ important | | impertant | | important | |Impertant| | impertant | | important Item
0 2) @) (4) ) 6) iy @) ]

Energy Membrane
consumption replacement
Energy Poor quality of
consumption product water

Energy Operation &

consumption maintenance
Membrane Poor quality of
replacement product water
IMembrane Operation &
replacement maintenance
Poor quality of Operation &
product water maintenance

Energy consumption

Poorer quality
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« What kind of person should be the principle investigator of the MOCT
(" AA& 2% Abgrol MOCT #43}
ZeAEY ATAYATL sojok Ft? )

desalination project?

Fill the form considering comparative importance between two items

Totally Very A little bit] | Equally | |A Ittle bit Very Totally
Item important| |important | |Important | | important | (important| (important | |Important | |important | (important ltem
) (2) () ) (8) (6) ) () @)

Person who has Person who has a
enough experience for R&D
in industry strong team for
Person who has Person who has
enough experience great achievement in

in industry academic research
Person who .has Person who is working
enough experience in th id et
in industry in the worid mar
Person who has
Person who has a reat achievement in
strong team for R&D g
academic research
Person who has a Person who is working
strong team for R&D in the world market
Person who has Person who is working
great achievement in h id N
academic research in the world market
Experience in world market
Industry work Having R&D team

Academic research ability
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