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SUMMARY

I. Title

Detailed Research Planning Report for Center for Seawater Desalination Plant:
The core technology project No. 4 — Development of innovative operation and

management technology for large scale SWRO plant

II. Research Objectives

The objectives of this report are to draw reasonable sub-research projects for
the core technology project No. 4 of Center for Seawater Desalination Plant and to

plan detailed aims and contents for the projects.

ITII. Research Contents

® [Establishment of research objectives, contents, and strategies for the core

technology project No. 4
- Planning of sub-research project objectives, contents, and strategies

- Proposal of an industrialization strategy of sub-research projects related to

the test-bed application
- Specification and quantification of the research objectives
- Assessment of the research fund reliability

® Preparation of request for proposals(RFP)



IV. Results

Technology for
Large Scale
SWRO Plant (5
billion KRW)

Development of
Diagnosis and
Control System for
Large Scale Plant (1
billion KRW)

Research on risk diagnosis and DB construction
Development of innovative diagnosis system for early
warning

Development of control system for the large scale

plant

Core
Sub-technology
technolgoy .
. project L. . R&D
project Objectivesofeachproject
G ¢ (Government type
overnmen
budget) budget)
Development of Research on plant operation history and know—how
ACT- Optimization Development of optimized operation and management
Development of Technology for Large protocol
Innovative Scale Plant Operation Development of SWRO plant operation softwater
Operation and and Management (4 Development of educational program for SWRO plant
Management billion KRW) operator Applica
tion

V. Application of the report

The applications of this report are listed as follows:

- A reference for selection of principal investigator of the core technology

project

No. 4

- A reference for research management of the core technology project No. 4

- A roadmap of SWRO plant operation and management technology
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F 1-2. AAA &9 £F (Bluet 114, Green: AFEH 55)
Country Renewable Water (m°/year)
Total Per capita (2000) | Per capita Per capita Per capita
{kmSJ’yr) (2025 low) | (2025 med.) | (2025 high)
Kuwait 0 0 0 0 0
United Arab Emirates 0 77 61 58 53
Saudi Arabia 2 118 63 59 56
Jordan 1 142 87 81 76
Libyan Arab Jamahiriya 1 151 107 100 95
Yemen 4 223 89 85 82
Oman 1 394 196 185 177
Tunisia 4 412 348 316 201
Israel 3 464 354 330 310
Algeria 14 472 361 Fdid 313
Burundi 4 566 303 201 281
Rwanda 6 828 509 489 471
Kenya 30 985 739 673 624
Morocco 30 1004 779 714 665
Egypt 69 1009 789 723 666
Denmark 6 1116 1133 1107 1083
Zimbabwe 14 1117 820 755 700
South Africa 50 1154 1251 1142 1052
Lebanon 5 1373 1117 1048 992
Haiti 12 1486 1114 1048 989
Korea, Rep 70 1493 1378 1341 1307
Czech Republic 16 1558 1675 1645 1617
Belgium 16 1561 1602 1568 1535
Poland 63 1632 1728 1691 1656
Malawi 19 1645 1022 952 907
Burkina Faso 20 1690 808 773 745
Ethiopia 110 1749 1020 970 932
Somalia 16 1789 778 741 714
Pakistan 255 1805 1063 1016 973
Iran (Islamic Republic of) 129 1827 1400 1293 1206
India 1908 1891 1511 1411 1323
Germany 178 2170 2299 2256 2215
China - all included 2830 2206 2028 1912 1823
Bulgaria 18 2290 3027 2071 2017
Eritrea 9 2405 1302 1246 1196
Nigeria 280 2459 1454 1380 1312
United Kingdom 147 2474 2456 2400 2346
Dominican Republic 21 2508 2057 1022 1805
Tanzania 89 2534 1592 1474 1377
Lesotho 5 2556 2486 2337 2203
Sri Lanka 50 2642 2370 2219 2084
Togo 12 2651 1524 1460 1402
Moldova, Republic of 12 2724 3010 2887 2776
Ghana 53 2756 1852 1720 1609
Syrian Arab Republic 45 2761 1754 1631 1524
Armenia 11 2799 2916 2837 2791
Spain 112 2809 3049 2008 2950
Ukraine 140 2816 3603 3528 3458
El Salvador 18 2819 2120 1972 1842
Uganda 66 2833 1294 1228 1179
France 170 2870 2783 2709 2642
Afghanistan 65 2986 1507 1438 1382
Niger 33 3000 1326 1263 1216
United States 2478 8749 7439 7145 6775

(£*: Miller, 2003)
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1g: Top 20 global plant suppliers by capacity (2001-2005)
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* Desalination Markets 2005-2015: A Global Assessment & Forecast

* IDA desalination yearbook 2006~2007

* U.S. Desalination Pretreatment Market
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* Water Treatment Equipment and Supplies — Global Strategic Business

Report

* Major Reverse Osmosis System Components for Water Treatment: The

Global Market
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Capacity (million m3/d)
& 3 n 8 & & &b

=]

=&—|nsialled Capacity ]

T T T T T T

1965 1970 1975 1980 1985 1990 1995 2000 2005

29 115 A5Ess Tae &9 W o] (B4 A7 Y R IA)

Unknown
MSF or MED 1%
14”{6 J——
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_ 45%
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25%
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F 1-18. F8 =7phd H@est de A

Country Total % of Global | MSF | MEE | MVC | RO | ED
Cag)acity Production
(m’/day)
Saudi Arabia 5,253,200 259 65.7] 0.3 1.2 31 1.9
United States 3,092,500 15.2 1.7 1.8 | 45 78 [ 11.4
United Arab 2,164,500 10.7 808 04 | 30 | 65|02
Emurates
Kuwait 1,538,400 7.6 9551 07 | 0.0 | 34 | 03
Japan 745,300 3.7 47 | 20 | 0.0 | 864 | 6.8
Libya 683,300 34 67.7| 09 1.8 196 9.8
Qatar 566,900 2.8 944 1| 06 | 3.3 | 0.0 | 0.0
Spain 529.900 2.6 106 | 0.9 87 |68.9]10.9
Italy 518,700 2.6 4321 1.9 | 151 (204|192
Bahrain 309,200 1.5 52.0| 0.0 1.5 (417 4.5
Oman 192,000 0.9 84122 | 00 |11.7( 0.0
Total 15,594,500 76.9

(&3 Miller, 2003)

E 1-1490 4= 2006 A W= Saudi Arabia 59 F8 =7 alFgE o
AE ZAo FRE AEdtEch A4 v 2412000 m’/day, Saudi Arabia?} °F
1,628,500 m*/day T o2 &o] @Wr} AdXo] SWRO £ %L 644,000 m’/day©] T},

3E 1-14. 78 =7 SWRO &% (20061 @A A)

=7} A5 &% (m/day)

Saudi Arabia 1,628,500

USA 2,412,000
UAE 140,700
Kuwait 52,306
Japan 644,000
Libya 134,000
Spain 365,100

(EA A dA718 =AY EHAER)
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o A9y gd, =27l SHE 98 vle AES(American Engineering
Service)Abe] FAE] AFYF-ES 100% A& <
Hydro Technology)Ab A9, &2 ROsIFHTS 2 1700712 =hitg] w29
TAY ZRAE $3 FAPES gHeta, FEH g sladarst AAd e AY

A F3} 7o e

gaoz F43t9 DHT(Doosan

ol

_34_



0

B

el A =

EH)

1-15. df

22!

JJo

)l
3

A e Eok

oF
o

o

Z}A]

=

=

el 61%

1965 -8 A
&

]

S
L

.

-

T

TRE

St 20154l

A A

Mott MacDonald

Ondeo Degremont
PB Power
Black & Veatch

Hydranautics
Veolia Water
CH2M Hill

Tonics

IDE Tech.
Toray
Toyobo

Dow

A

(e}

ROt 2005 V|Eo =

} o

]

£/
Z}A]

=

=

o] 45%

&4

A AP 718 B aLA)
H

=
-

Ak
=

ACWA Power
Inima

=

=

o3
=2

(

wh
<P
3r

ol

o wetd AgH oz oA X o

2=
(¢

A}

A

Al7Eel 2005~2015 A= E HE

2 ddE, 20159 7hA A 9E R 70~180 %7HA]

o

al

A

13] &

LIS

el

)

%

)

e

X
o

W
Nro

_35_



D 2006-2010
I z011-2015

il

=

R

IR s

A

Ha1A)

g
A
l

g
5]
=

Huw, Adz Hoe

T
N

25

ol
1

kel
T

= A

A: AF]

ThA]
"Aop(zd 1-18 #FHx). 7Y

=
hied)

(

<
T

=

A RE 20051 ©]

_36_

0]
AA

Uebdth ey, 20060 % o]

=

3
=

22 B

1t

A

-

=i}
=

7}

lom olo uwelx s

Al

°f 0.7 US$/=o 2 9

ol

a9 1-17. =7pd s eErEst Al

-

§l7go]
AA Lo

()]

-

1

o

=
=<

o} A]
2008 of|
]

o
p



Large seawater RO systems - water sell pricess

2.0

1.5

1.0

0.5 —

1988 1990 1991 1995 1996 2000 2003 2004 2005 2006 2008
Contract year

Avearge water price $/m3

29 1-18. dlrErst A Ynlge] WMskEAl (1997~2005) (&4 Wilf, 2007)

T8 =719 A 29 e =AU o, 4 o Tl FRE A
A S vt o g st AAAG A= & Ao F8 7192 == Ondeo
Degremont, Aguas de Barcelona, Vivendi Water, B&V S°| ¢t} 33, tji&
AEA FAHY AYGS 9o ® S8 RO AFY S 2090 o) Fdleh 43S B
H, Fotzegt B FHmelA Adgste HZ 5 tld RO Ao

=

%
A Tolvh, &3 A st Loks AEkshy] s M&A

=274 SHE 98 v = AES(American Engineering Service)AF2] 4=x1g] Ab
ARIES 100% A& AFgA oz F4stel DHT(Doosan Hydro Technology)A

gt o, AR ROsFEFE 2 17099719 g wAe] e Z=A
de FHtL, MSFAF ] Ay &3 7€t Al A 3t RO A4
¢k2}+= GE Ionics, IDE Technologies ¥ Ondeo Degremont®. %, 53] GE= ¥4
4

of Wg 71+ dlagrst ZHE JAH A=A Tonics B BAREOF A<
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AA sleEsst AFde 24 7182 25 uw Thermal Energy, Mechanical
Energy 123l Electrical Energy® & & 4 Atk dA| AlF oA Thermal 2
o] 45%, Mechanical W2o] 50% ©]™ Electrical W2lo] 5%& A3t Aot
(2004 AA 7lE). AlA EEAEe] s @A MSFRAelA Mechanical
Energy®4) ¢l a5t Wby oz diAsa s Aotk AA S4A%e] B Eo

2 Az goiHe] 7k FAo]
= Ak AAAME AAA FeAEe] 49%7F RO A o=

Aes FAE AFE 50000E/Y o] B AFe FAE WHow A
@53 ek 19 1-199] AA RO A5ass Tedse Wi 44 4
wwl, ROWA S A5 das Agel ARFE 17%] AA4e woln Qo oAL o
B3 50000 B/ o4 oy EFAE FHoE AT Holn At @ 4 3
o EAE 29 fAE A4 BAE U] 20 % PRE AHsm QoA Hed
Fa BAE Yygsel B £ fAnY B AZE 43T Qo sgar

Global contracted capacity by seawater RO plant size
(2001 ~ 2005, Total 1,867MIGD)

L
22%

57%
17%

S
4%

S=0~899m3/d, M=1,000~9,999m3/d, L=10,000~42,999m3/d,
H¥L=50,000~ m3/d
Source : Giivl

a9 1-19. ROWA ] sfedast Z2AE ws d
(A AHE AA7Y =AY EY AR
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Zezew AdE 9 =24 43E RO+Operation, RO+Maintenance,

RO+Cost, RO+Optimization, RO+Diagnostics, RO+Risk, RO+Management & 2=

T AN AFe 4694 doln, RO FHE 7|z #d =89 vFo] 909 o]

M

EASH =, vla 25 %, €8 7 %, AU 6 % o2 YEETH % 2-1091A4 =
I Mg ASLE BolF 1 9+, Desalination 31 %, J. Membr. Sci. 10 %,

J. Appl. Polym. Sci. 3 % So]t}.

400
300 I
§] _
S 200 - .
@)
) o
100 -
| DO R
1960 1970 1980 1990 2000 2010
Publication Year
a9 24 A= 29 A5 (RO(EA: AT A7 E ZAH/EAAH)
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=

2-9. =7k =49 A5 (RO)

Bar Chart

< . Record o

Field: Country/Territory Count % of 4694
USA 1161 24.7337 %
JAPAN 322 6.8598 %
CANADA 283 6.0290 %
GERMANY 230 4.8999 %
INDIA 199 4.2395 %
ENGLAND 171 3.6429 %
FRANCE 171 3.6429 %
SPAIN 134 2.8547 %
NETHERLANDS 129 2.7482 %
ITALY 122 2.5991 %

(86 Country/Territory value(s) outside display options.)
(395 records (8.4150%) do not contain data in the field being analyzed.)

(ZA: APw AANY 2A/RARR)

% of
4694
31.4870 %

9.7784 %
3.2169 %

2.9399 %

2.2795 %
1.8960 %
1.5978 %
1.1291 %
1.1291 %

0.9374 %

3E 2-10. HEAEE &4 A5 (RO)
Field: Source Title I?:if::nrtd
DESALINATION 1478
JOURNAL OF MEMBRANE SCIENCE 459
JOURNAL OF APPLIED POLYMER SCIENCE 151
ABSTRACTS OF PAPERS OF THE AMERICAN 138
CHEMICAL SOCIETY
WATER SCIENCE AND TECHNOLOGY 107
SEPARATION SCIENCE AND TECHNOLOGY 89
WATER RESEARCH 75
ENVIRONMENTAL SCIENCE &TECHNOLOGY 53
SEPARATION AND PURIFICATION TECHNOLOGY 53
INDUSTRIAL &ENGINEERING CHEMISTRY PROCESS 44
DESIGN AND DEVELOPMENT
(661 Source Title value(s) outside display options.)

Bar Chart

N

SA AR AAI7IE =AY EA A R)
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3}-RO+QOperation

T 4,76 7122 RO Hl&E 1/1057F 2= e
Uth RO EHE &4 7ol #3 =19 HlFo] 90 dd ojde= Ao WiE
A vk 19 2-59] ExelA Hi= vkek Zo] 1960-1990d el & 207 olujeltt.
2-11el M= =7pda EAsged, v 20 %, 59 8 %, 29 6 %, I=

=
@)
+
O
S
D
=
&
=
=
1o,
(i
Mo
ofje
)
1
By

5]

% FoR vewrth E 2-12004% BEAYY BEAFE BelFn g,

Desalination 61 %, J. Membr. Sci. 7 %, Water Sci Tech. 4 % 5 °]t}.

70

60 -

50

40 +

Counts

30 A -
20

| il

T
1960 1970 1980 1990 2000 2010

Publication Year

H =9 A4 (RO+Operation)
ZAHE A R)

¥ 2-11. =712 &9 14 (RO+Operation)
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Field: Country/Territory Ei‘;%rtd % of 476 Bar Chart
USA 96 20.1681 %
GERMANY 40 8.4034 %
SPAIN 27 5.6723 %
INDIA 24 5.0420 %
NETHERLANDS 21 4.4118 %
AUSTRALIA 20 4.2017 %
SAUDI ARABIA 20 4.2017 %
ENGLAND 19 3.9916 %
JAPAN 19 3.9916 %
FRANCE 17 3.5714 %
(53 Country/Territory value(s) outside display options.)
(FA: AT FAE ZAEA AR
® 2-12. 2aAdd &9 4 (RO+Operation)

. . Record % of
Field: Source Title Count 476 Bar Chart
DESALINATION 291 61.1345 %
JOURNAL OF MEMBRANE SCIENCE 34 7.1429 %
WATER SCIENCE AND TECHNOLOGY 20 4.2017 %
INDUSTRIAL &ENGINEERING CHEMISTRY RESEARCH 8 1.6807 %
SEPARATION SCIENCE AND TECHNOLOGY 6 1.2605 %
WATER RESEARCH 6 1.2605 %
JOURNAL AMERICAN WATER WORKS ASSOCIATION 5 1.0504 %
JOURNAL OF FOOD SCIENCE AND o
TECHNOLOGY-MYSORE = DERIS B
RENEWABLE ENERGY 4 0.8403 %
ENERGY 3 0.6303 %

(75 Source Title value(s) outside display options.)

(FA: AbE FA7 8 AN A R)
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|
ofell wl&l uj-g- wlekst AFEoF T StUYS & ATk E 2-139A = =7
2 BAsg =, v 24 %, Saudi Arabia 9 %, &5, °|HE 4 % S o0& YE

Utk 3 2-140 A e I EAEE dRAsE HoF a1 gl Desalination 69 %,

12

10 -
8_
B _
5 6 - -
o
O p— p—
4 A
2_
0 T T T T
1985 1990 1995 2000 2005 2010

Pulication Year
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¥ 2-13. 77 &9 A5 (RO+Maintenance)

Co . Record 9
Field: Country/Territory Count % of 91 Bar Chart

USA 22 241758 %

SAUDI ARABIA 8 8.7912 %
AUSTRALIA 4 4.3956 %

EGYPT 4 4.3956 %

GERMANY 4 4.3956 %

ISRAEL 4 4.3956 %
NETHERLANDS 4 4.3956 %

CANADA 3 3.2967 %

FRANCE 3 3.2967 %

INDIA 3 3.2967 %

(26 Country/Territory value(s) outside display options.)
(3 records (3.2967%) do not contain data in the field being analyzed.)
(FA: A AT ZAENAR)
# 2-14. #aAdd =9 14 (RO+Maintenance)
Field: Source Title Fc{:ecord % of 91 Bar Chart
ount

DESALINATION 63 69.2308 %
JOURNAL AMERICAN WATER WORKS ASSOCIATION 3 3.2967 %
JOURNAL OF MEMBRANE SCIENCE 2 21978 %
RENEWABLE ENERGY 2 21978 %

(21 Source Title value(s) outside display options.)
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Fol ¥ 3}-RO+Optimization
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S7PER 24

-
R

2-15011 4]
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% 2-15. =71 =9 714 (RO+Optimization)

(25 Source Title value(s) outside display options.)

Field: Country/Territory Eii?\rtd % of 154 Bar Chart
USA 27 17.5325 %
GERMANY 10 6.4935 %
SPAIN 10 6.4935 %
INDIA 9 5.8442 %
PORTUGAL 9 5.8442 %
NETHERLANDS 8 5.1948 %
ENGLAND 7 4.5455 %
SINGAPORE 7 4.5455 %
U ARAB EMIRATES 7 4.5455 %
GREECE 6 3.8961 %
(36 Country/Territory value(s) outside display options.)
(ZA: AFde A 718 2A/EA R R)
# 2-16. FEAEEH =9 A5 (RO+Optimization)
Field: Source Title el % of 154 Bar Chart
Count
DESALINATION 74 48.0519 %
JOURNAL OF MEMBRANE SCIENCE 23 14.9351 %
SEPARATION SCIENCE AND TECHNOLOGY 7 4.5455 %
AICHE JOURNAL 4 2.5974 %
JOURNAL OF APPLIED POLYMER SCIENCE 4 2.5974 %
CHEMICAL ENGINEERING RESEARCH &DESIGN 3 1.9481 %
CHEMIE INGENIEUR TECHNIK 3 1.9481 %
WATER SCIENCE AND TECHNOLOGY 3 1.9481 %
CHEMICAL ENGINEERING JOURNAL 2 1.2987 %
CHEMICAL ENGINEERING SCIENCE 2 1.2987 %

(FA: A 4718 =AY/ EHAR)
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9] ¥ 3-RO+Economics

93t RO+Economics =

EL]

o] A3

g

s

Bl ey

A4 8 Aol 19 2-80l4 K=

2 24
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2-171 A

2 e
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file)
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o~k 7 %
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3
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F=d, USA 35 %,

=4, Desalination 71 %, J.

HoFa
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¥ 2-17. =71 =9 1A (RO+Economics)

I . Record 9
Field: Country/Territory Count % of 85 Bar Chart

USA 30 35.2941 %
GERMANY 7 8.2353 %

ISRAEL 6 7.0588 %

EGYPT 5 5.8824 %

SPAIN 5 5.8824 %

GREECE 4 4.7059 %

KUWAIT 4 4.7059 %
NETHERLANDS 4 4.7059 %

CANADA 3 3.5294 %

ITALY 3 3.5294 %

(18 Country/Territory value(s) outside display options.)
(FA: A 4718 =AY/ EHAR)
¥ 2-18 #xAEYH =9 74 (RO+Economics)
—— . Record o
Field: Source Title c % of 85 Bar Chart
ount

DESALINATION 60 70.5882 %
JOURNAL OF MEMBRANE SCIENCE 6 7.0588 %
JOURNAL OF THE AMERICAN OIL CHEMISTS o
SOCIETY 2 2.3529 %
STARCH-STARKE 2 2.3529 %

(15 Source Title value(s) outside display options.)

(FA4: A A7 8 =AY EAR)
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® 2-19. =7bE &9 A5 (RO+Diagnosis)

Lo . Record % of
Field: Country/Territory Count 16 Bar Chart
GERMANY 3 18.7500 % [
NETHERLANDS 2 12.5000 % I
SPAIN 2 12.5000 % [ |
USA 2 12.5000 % [ |
(8 Country/Territory value(s) outside display options.)
(FA: Ade 7Y 2A/EAAR)
® 2-20. #xAEYE &9 A4 (RO+Diagnosis)
Field: Source Title Xzl % of 16 Bar Chart
Count
DESALINATION 8 50.0000 % —
IEREN-UND HOCHDRUCKKRANKHEITEN 3 18.7500 % ]
(5 Source Title value(s) outside display options.)

(A Apd e ZAVE =AY EAAR)

AFHTs A oA kAT E =ES A A = A ALE 46
Ao g wg vkt 2y 2-10014 HE vlel Zo] RO ZHES od ##H

e 0T o] waxEy] Algetalen vis) 2-39 Wikt
xehal Q= T Weokelth E 2-21eM = b
24 %, 594 13 %, Mtk 9 % Folvh H 2-22¢4 = LEAE

12
T
)
H

N
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10

Counts

0 T T T T T T T T T

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Publication Year

19 2-10, A% 9 74 (RO+Risk)
(ZA: A AA71E 2A/EAAR)

2-21. =78 &9 5 (RO+Risk)

Record

o . o

Field: Country/Territory Count % of 46
USA 11 23.9130 %
GERMANY 6 13.0435 %
CANADA 4 8.6957 %
NETHERLANDS 4 8.6957 %
ITALY 3 6.5217 %
ENGLAND 2 4.3478 %
FRANCE 2 4.3478 %
WALES 2 4.3478 %

(18 Country/Territory value(s) outside display options.)

Bar Chart
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i
w
B
i

&9 ds (RO+Risk)

Field: Source Title Qe % of 46 Bar Chart
Count
DESALINATION 12 26.0870 % ]
WATER SCIENCE AND TECHNOLOGY 6 13.0435 % [ |
NIEREN-UND HOCHDRUCKKRANKHEITEN 3 6.5217 % [ |
INTERNATIONAL JOURNAL OF TOXICOLOGY 2 4.3478 %
JOURNAL OF MEMBRANE SCIENCE 2 4.3478 %
NEFROLOGIA 2 4.3478 % [ |
(19 Source Title value(s) outside display options.)

a1 1+, Desalination 50 %, Water Sci. Tech. 10 % %o 23X ¥ At}
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4 - _
2 -
O T T T
1980 1985 1990 1995 2000 2005 2010
Publication Year
oy 2-11. A= &9 14 (RO+Management)
(2 Al A7 2AYEAAR)
% 2-23. w7HE &9 14 (RO+Management)
Field: Country/Territory R % of 84 Bar Chart
’ Count
USA 16 19.0476 % [
SPAIN 7 8.3333 % |
GERMANY 6 7.1429 % [ |
INDIA 6 7.1429 % ||
AUSTRALIA 4 4.7619 % [ |
ISRAEL 4 4.7619 % [ |
CYPRUS 3 3.5714 % [ |
EGYPT 3 3.5714 % |
FRANCE 3 3.5714 % [ |
ITALY 3 3.5714 % [ |
(25 Country/Territory value(s) outside display options.)

(A Apd e AAVIE =AY EAAR)
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%224 HxAddE &9 14 (RO+Management)
o ’ Record % of
Field: Source Title Count 84 Bar Chart

DESALINATION 42 50.0000 %
WATER SCIENCE AND TECHNOLOGY 8 9.5238 % mm
JOURNAL AMERICAN WATER WORKS ASSOCIATION 3 35714 % n

JOURNAL OF MEMBRANE SCIENCE 3 35714 % nm

JOURNAL OF HAZARDOUS MATERIALS 2 23810 % 1

(26 Source Title value(s) outside display options.)

359 @ AVE MPOE Fol NEAEE A4t Ak 19 212
A3 FAA AAAAE wolE

T, 29 27132 VEAE S A9 ATEepd diE =% A4 (Citation
Reports)E Xl ok v F2 HA A 000 o] %o <l
&3 7 HA8A SUheta A
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a7 WaEel 2 e I 4 Utk
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De=ign and .

Optirum design

ecommcs of RO I

of RO s abey

S Alne
cgesalnaton I
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[Desgal 103
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(Dezal 132

(Desal 108)

[JES 252]
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(3) 4849 7eAd¥F 24 R 7le=2=H
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FETs TUHE 188 o9 2 X%y Ve #4E 5 2A 2 =ExA 4

H}E vpgro g 7F A Hopd = EgiY 7eS E%319 Technology pool -3

sttt (Bledast &

3l Technology Pools HojEt} o]¢ 728 Technology Poold 7|71 A =
&

AF-IA DS 93 NNZ2ASE &8 = g& Ao Ve

501
MFLLF{NF —
UM Fouling index = Concenirate dsposal
Fingemprinting -+ Concentrate/waste = Wastewater troatment
Mid-sped brain {11 MIGD) I
cain (= 5 MIGD) 121 Train design \ e
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o, i’
"
s “ MU/ Large modle (12 or 16 inch)
MLI:I.G.G Fouling resistant membrane
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Main topics

Subtopics

Increase in the
efficiency of

membrane module

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

Decrease in Energy

consumption

Wider Use of Pressure Exchanger Type Energy
Recovery System

Hybrid type of plants

Co-Location With Power Plants
Hybrid of NF-RO

Others

Regional Desalination and Concentrate Disposal
Larger RO Trains and Equipment
Full Automation of All Treatment Processes
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b -!ﬂ““-—"-' |2 Wagrend 11
| GrmhamTek™ .

a9 2-20. SWRO #la43} 1691 % &5 (Graham Tek, Singapore)(A: 16"
GrahamTek Pressure Vessel, B: Rejection manifold, C: Product manifold)
(ZA4: AFE T G718 ZAYEAAR)
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ol AA T HAEHE ALY FHE et
(DAY= 3L 58 @45 9% 494 g2Ev= 2 &

F7kel AMWE RID HA 2Egle] FRAL FFaE Aee AFREE
E

SAgel BAY A AFREsE

T, GFANEES FHANToEN FHE 5 At kA, AYEE olE 9
& 3L (Large Scale, Low Energy Consumption, Low Fouling)¢|&t+= 3t 7|5 %
= At 29 2-24¢ dFETESEAE AT B3 E AWt A 434
A= o AAFIA G mpR7HA 2 ol gt AT 3 LE @57l flste] A4
?l AF-EE7E AAEooF vk A Y B3R B 4340 HAEME FFHA H

A71Ee] H4e B 5% 2o ghs) Lol ua Frh

Unit Train Size,

= 6MIGD (~27,000 ton/2)
== = MM EHzS NE

- 23 EHES ANF

+ OIL A &2 Potential0l =

Fllarge Scale™

Energy consumption, Ol X \ O} & A

— O &
< 4kWh/m?
FHHE 40| M4 52

G 08 TV LS T RS Fouling Reduction,

g < 50%
:?.I?Hf!i} - Dy, + A2 HS BEE Y INE
A &8 e asd 7 - BpEbe 3 | @O M =

Fouling index®| A Al H

a9 2-24. s
(2 AHE A7 S 2AHEY A R)
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oF BE Axdl @ olo dAHE 22 MIGDH SHE#H 5718 Axe=
Adel etow mAHTh 22y, ol @A 7}EH I 9l Ashkelon

Eot Hlusto], Hx AlAgoly FHEHRIS Vg 5 FEHen TdHT B
7 =

—a— Unittrain size
6.00 —e—Energy consumption Units : gallon/trains
5.00 F \
4.00 r —e-

Units : kWh/m?=

3.00 r
2.00 r - - -
1.00 r

Fukuoka Carboneras Ashkelon Tuas Point Lisas
(Japan) (Spain) (Israel) (Singapore) (Trinidad)

a3y 2-27. SR EHS R oyx E&79 #A
(Zx]: IDA Year book 2006~2007)
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