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1. Reverse osmosis is not a filtration
process which removes impurities
according to their size. Rather it relies
on the ability of water molecules to
diffuse through the membrane more
readily than salts and larger molecular
weight compounds.

2. There is osmotic pressure across
a semi permeable membrane
Seawater dividing freshwater from saltwater.
This pressure is in proportion to the
difference in salinity.

3. By reversing this pressure, it is
possible to reverse the process
of osmosis, separating the water
molecules from their ionic solute.

4. Saltions do not readily diffuse
through the membrane because of
their larger molecular weight, but
there is some salt passage (typically
<0.5% in SWRO).

Source: GWI DesalData
ag 24 HENY Z2|%0M S0t 0|22 22| 22
*Z=X:GWI| DesalData
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Simplified reverse osmosis plant schematic

The reverse osmosis membranes represent around 5% of the total cost of a plant. They would consume around 2.1 kWh/m? of the 3.05 kWh/
m? of energy used in a high performance plant. The rest of the energy is consumed by intakes (0.45 kWh/m?), pretreatment (0.24 kWh/m?3),
post treatment (0.04 kWh/m?), and permeate distribution (0.22 kWh/m?).

1 Intake systems 2 Pretreatment | Granular (dual) |
alternatives . | media filtration |

Sereen ar Clarifier Clearwell,
strainer . oF
TESEUMEE
| backwash
— starage Cartridge
tank filter
LJ- T

-

UF membranes

Water source Two stage

flocculation

Openintake  Agh

Static mixer

3 Reverse osmosis process 4 Post treatment (and outfall)

Firet pass RO
Second pass RO O—
To distribution
Remineralisation
Storage

Enargy recovery

Source: GWI| DesalData
a8 25 9% 382 e
*ZX:GWI DesalData
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- MX2|4H|: Dissolved air flotation, multi-media filter, 22|01t (ultrafiltration; UF)Z Hf
C
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Halohy| Yote 22 DHSY| Qo) WS Y|, GASaHo| BS S
- oA

.oy ZRUE . BIEIRERIn0] ASHE] BRI
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Element
(Dia 87, Length 407)

Membrane

Vessel
(6-8 EA)

1% 26 ANEEY
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The price of desalinated water from IWPs 2000-2020
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Magnesium Chlorid

Sodium chloride
Potassium chloride
Base Bromine

(NaOH, NH,, Ca0) > Magnesium hydroxide
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2 Optimization
I (2 0&Mm)

O CHol I efE42t 3 O RaD ARRS AB7|% LTt HASHE 282 SH2
FE|OLE SXIMY X L AIBI £840| 0fHSOR Qlof iR AIRWD SHE|Y

Ct= oAl &1

O ™ME R&D AMYEBHEEHE3 EUMEAACHSEAHERO)S S8l 7| &70| HAATH SWRO HAE
HES B2, d= 38 SH2Z T 1,954 (=H| 8239, A[H| 4249, TR} 7062)= F
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I Z2HE R&D T2 AFY (KISTEP, 2021)
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BXE raD EXHH|F (20198 7|5

B MOISATIRE  IBPIREEEAE A CHUYSME  aFSAWKIIYE w7

a3 47 EXY R&D At HIS
*ZX: KISTEP, 2021

O GTIHLEA SBOINE 7|x JHLEtA o] RAD %0 Frtetn Yo, AT I
UFH 2 4 U EAA FHOIL F27|Y HIB0| 57t XA

HE S| HIF(%)

100

(ATHRTA) XMCH X2 7Ige] 8- HALIS UHEXN WS fleh 7|=-7HZTA

o1

(HR7NEEEA) 2|2 57 BF 455%°| HH|E st 8 =A
S7|Yo| H|EZE (15)26.8%— (19)42.8%2 Z7t6t1 QU

=
o

X|& =7} : (15)70.1% — (19)81.6%

(1514.3%— (19)33%= CHE =4

2015

- -]
I | ‘ ;
60
40
20 ‘ I
0

2016 2007 208 2019 2015 2016 2007 2018 2019
AHEEE AHTREE

LPES =22 =S8 = 7|E i3t aSEFE a=SSqTPE oWV eSA/E e3E wlH

O8 48 AT70E SHAE (Zh A MY (P) R&D ¥H|F
* Z=X: KISTEP, 2021
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[ 4.9] HMA St A|Z 2HA 7[(Key market players: GWI DesalData, 2020)

3 ALY EAl =3 Plant supplier Project developer

Abengoa Spain o [ ]
Acciona Spain o

ACWA Power Spain [ ]

Almar Spain ()

Aqualia Spain o [
Aquatech International USA o
Biwater UK )
Cadagua Spain o
Doosan South Korea ()

ENGIE France o
Fisia Italy o
H20 Innovation Canada ()
Hitachi Zosen Japan o

HWTT

Treatment( Hﬁggﬁ::))llcj)g\yaé;tre) Chian ¢

IDE Israel () ()
Metito Saudi Arabia o

Sadyt Spain () ()

Safbon China o ®
SETE Saudia Saudi Arabia o

Suez France [ ®
Tedagua Spain o

Utico UAE o ()
VA Tech Wabag India o
Veolia France o
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Al 2E EPC AH2¥S HZMD, IDEE Soreq 2 AAUS S8 49152 XHX|

- 201990 2020E7HA| 71 B2 82| Hal AYE MAo Acciona X Abengoaiit
=, X 1097 Aofst 8T} O B2 A4S MZst 42z Hof, x|t
19 2+ 71 2350 388 st ALz oy

- Suez® GE Water2| MYUE K| A|AE ARURZL LHSIO] HEE Suez Water
Technologies and Solutions (WTS)7} &¢I 2% EPC

1007 Ol¢2| &% Eot AL HOIE Sdlf 5915 AKXl

149 =0

- O L=

—_

Contracted desalination capacity, 2019-20
Acciona I

Contracted desalination capacity, 2009-20

Sue
e — s ———————
I eolia [
Doosa;::i:::_ IDE Technologies [N
IDE Techno!ogies_ e ——
e —— et I
Hy o Teoton I
Metito SETE Saudia | N
Shanghai Safbon [N Biwater [N
HWTT HWTT
Hitachi Zosen [N Tedagua [N
Sacyr [N Larsen & Toubro [l
VA Tech Wabag [N Tecnicas Reunidas [l
Wetico [N VA Tech Wabag [l
Tedagua [N Doosan Heavy[l|
Aquatech International [l Fluence[ll
Biwater [l Wigen [l
Hutchison Whampoa Il Groupement Amenhyd il
Beijing Origin [l Tata Projects il
H20 Innovation [l Aquatech International [l|
0 1 2 3 4 5 6 v 8 0 02 04 06 08 1 12 14 16 18
million m3/d million m3/d

W 20092018 M 2019-20 M 2019-20
a8 49 H=EHE A9 @A 10E@E), 22 29(R)
*
=

X: GWI, 2020
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I
- 2019-20 Eot SUE SSYUMREHS Hast AILEE HSote 2lAhel 22E
=P 22 Baet AZ0M st SAE BoE

- ACWA Power, ENGIE, IDE Technologies % MarubeniZt 34! C|HZIZ A X}2|E XtX|

Desalination developers by contracted capacity

ACWA Power

IDE Technologies
ENGIE

Hyflux

Sembcorp Industries
Marubeni

Abengoa

Suez

Malakoff]

Mitsubishi Corporation

JGC Corporation

Keppel Infrastructure.
Hutchison Whampoa

Sumitomo

Poseidon Resources-
0 05

1 16 2 25 3 35 4 45 5 55 &
million m3/d

M Equity capacity [ Total capacity

Il Capacity pending financial close

a3 410 Ao 20| [E EHotSHE CJERY oY

*Z=X: GWI, 2020

x

4 A

Sl =St 2 20FO| EPC(Engineering, Procurement, Construction) 2IMIS AtO| A|EF
T2 flot 7[=4%0| HE XEHA[L As FA

£3| EPC 20tz HA BEStZE QI8 7|&X AXIF A SloElen Jt4 A-O| Atk
1 oAs o

Zb J|Y=2 H71H0|n oFEXQl o HHE 2] O&M(Operation and Maintenance,
=% A RAHE)S =gt 3 Xz 2010 B2 7= 2Eo FH

H MA =8 gH[E 7|&F2=2 EPC 7|YE2l digs AHmEM & HH[ZO| 38%/ 49
570 710 EEIO U2, SuezZt 7MY &2 HRES 20|12 UAS (20198 118 7=
71371 7|9, & 2H[E 7,9472 m/d)
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- Sfj=Ef3 O&M(Operation and Maintenance, 2% % {X|22)) M0 £2&|1 9

oLt = S+t SUES XsH 22| 7IsdMe FYH0| olg

O O [=]

. 229 ok TZHE koSt 7| 7|HEQ| sES AMHEM @i=p|ol 2o 7Y

o= = ;O

7t 718 BOM, ERD, Chemical Feed system & £ 7|20|M SHst= 20F =X

[# 4.10] 2H[EZ 7|& MA &9 1070 7|¥ == & =5 &2H| 8
(T4l - m/d)
&2 7|13 SEEH 5 =7 7|Y FEGH S
: Suez 10409133 | 9 IR taler 1,520,736
Technologies
2 Veolia 8,488,744 10 Biwater 1,460,893
Doosan Heavy
3 Industries & 5,923,710 11 Nomura Micro Science 1,314,914
Construction
4 Salini Impregilo 3,440,280 12 Hitachi Zosen 1,242,369
Corporation
5 Hyflux 2,073,946 13 Mitsubishi 1,188,385
6 IDE Technologies 2,026,385 14 Abengoa 1,187,324
ACS (Actividades de
7 Acciona 1,857,645 15 Construccion y 1,148,308
Servicios)
8 Sasakura_Engineering 1,574,919 ==

*=X : DesalData, 2019
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OI7{L} TDS 1,000 mg/L O[8te] 7148 402 BBHE S sh4E+si0] Do
- R TR a3t AL B2, 2K Y, HRE B5, Ko N o 28 S}

o &

M XYolM & 109702] AlE EX(2018.118 7|&E, & 8 8333m3/Y)

- &R AHO| 81%7} 100 m3/d 0|2t FRO|0], 74744E XIXPK[OIA 2F3t, 35704
ohRPAEBAL STHAE QIERMTE 5 29
- I Ht AEE2 URR =M XY AfE AJHOILL AlHe 23} MEY BF 52

Z o3 X|EH 2o A7 2

[E 4.11] =L sieEest Al g
=2 S+ =2 AR
o= « 2 10,000 m¥/d =1} 3
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Al L o 37 y ~ 10974
- < -D_I7J$5. POSCO ?."%*Xﬂ’é*_/.\_ =
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oS AR S

SR AY
% 100,000m3/ & E .
. ALK
HE el
I HEBASAL
= -
Zaz BYREL 8% 45,000m/ %
X
ShrETEAE - B BAA| 7|E 2 %-Eu
rs +O
s oo0omye Ml A . CIBE, 2, B
JE-S ZAZ BYHEL
< (SNG 3E 8)

a8 411 T SHIE et E 3

2| GF3 A DEIIZMK| YM7|E0 Hzjob gl

ol
x

3 A4 ot EHE A
& g, felLEt & A4 =5 HAFH0M YEH HESS XX|(KISTEP, 2021)
|71| 1009 Lol =L 471 7|¥0| Zgte|o] U2n, =L 1900 A
a9 =Y 71 2t 2 ERe Aol7F EXE 2019 118, =84

AMSSH(3R), GSE28%F), 2840t 2822 (69%]) 50| 1009 ©F

_'_>_

Of 9f 5902k m'/d, GS <f 552 m'/d, ofd 320F m/d, 28X

A
=]
sagnt 1 e 719 ¢ AXt |

otH, H87|eE HIF0 AN FUSSE2S SLHL| HISE22%)0| E=H22 &3 (¥
Moz 27t X2 GS 888%@48EH my/d), 24 929%30% myd), ZEIAZEY
100.0%(152F m/d)2 AefFE2| HIFO0| 2 =) (KISTEP, 2021, GWI 2020)
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[E 4.12] =W 7|ge| B2t =8 4H] 3T A
7|99 RO Thermal Others Total

Doosan Heavy Industries & 1,036,810 4,870,990 15,910 5,823,710
Construction Co., Ltd. (17.5%) (82.2%) (0.3%) (100%)

GS Engineering & 488,448 61,400 0 549,848
Construction (88.8%) (11.2%) (0.0%) (100%)

S 305,868 16,800 6,500 329,168
(92.9%) (5.1%) (2.0%) (100%)

Hyosung Goodsprings 15255 0 0 Toz850
(100.0%) (0.0%) (0.0%) (100%)

*£% . DesalData, 2019

12

O =L 7|¥2 EPC A

C} (0]
O O —a
1 A0 U EPC 7|2 TSI YE NMeldtns 3™ %PEOH oE=2S e 4%

O EPCEOIOA FAMH|EF 7|22 MAH 1009 LHO| =L 47§ 7|0 =& |0 Qo 3¢
o3 2 =L 7| 7t Xto|7t EXfE

O
148

IS 2L EPC 7| &9 £=FAML2 20144E 0|20|= MRS =LY EPC 7|
£ Aom, FHAIH XG0 CHe XHo|7F =xyet

O (ZIXA =20F) =U 71X 7|2 Oy ZIRHLE o2 JTEOM d-E0| 483 K2
0, 3278 =7 482 PR TN 20 =7 & #HEQ, dH2|, LeHEE 59| 4

.

W ZIXEROff ekl 67 =L ZIRERN 7[20] Eofot AXO0| =Xt (KISTEP, 2021)

O IIRH 7Y & HBOALL BOAY &
M7 4 o] B 179% HOIMY 4+ 02% £F)
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[# 4.13] =L 7|9 dE=et 7K Y

W
71 MY Ol 71K 20F / A £
Doosan Enpure Ltd. 5 * Pretreatment system / 571
Doosan Heavy Industries & =
, 1 * Desal fied) / 124
Construction Co., Ltd. esallunspecifiad) /
Doosan Hydro (now Safbon Water 5 * Desal(unspecified) / 57
Technologies) * Pretreatment system / 171
; * Desal(unspecified) / 274
Hyosung Goodsprings / * Pump(Not specified/other) / 52
Hyundai Heavy Industries Co., Ltd. 1 * Membranes (Not specified/other) / 174
* Desal(unspecified) / 7
KC Samyang Water Systems Co. Ltd. 9 + Pumpl(Not specified/other) / 271
A 29 -

*Z7% : DesalData, 2019
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=

[E 4.14] =L 7|XHA 7| el sie| shE2tA | 20FE =3 g
(9] - 71
= VNN =U ZIX | =U71Y &
= £ 8= F M=
= ey & e B e | aera
Desal unspecified 152 1109 4 (2.6%) 15 (1.4%)
Membranes 1 Not specified / Other 88 7304 1 (1.1%) 1 (0%)
NF 10 114 = —
Membranes 2
UF 46 355 = =
Chemical Feed System 10 95 = =
DAF pretreatment system 10 24 - -
Energy Recovery Device 18 961 - -
Glass Reinforced
Polyester b 50 = —
Pipes and Fittings
High 1 1 - -
Pipe Material 5 Bisialie
Low pressure 0 0 - -
Motors 5 14 - —
Pipes unspecified 21 191 = =
Pressure vessels 17 283 = -
Pretreatment system 85 417 2 (2.4%) (1.4%)
Brine circulation 0 0 ~ B
(concentrate disposal)
Brine circulation
Fpps (recirculation = MSF only) ¢ ¢
High pressure 9 30 = =
Not specified / other 32 339 2 (6.3%) 7 (2.1%)
Steel 7 83 = =
Valves 19 433 - -
Al 516 11,370 | 9 (1.7%) 29 (0.2%)
*ZX : DesalData, 2019
AIAE) 2= SR EHE M4 Xig Yol 2E2 sfZst7| flof DI FXF &4
S sitfsn Qlof a4 J|SEE OfLIZ ARIRY H2ol S04 |
I 782 = 52 A87s8 ERD JUS0 e 2ot Y Axf A BEF 7[=9
EMZ StolHA 7|8t EE &84 MY REC 29| JH0| o522 41 US
=E2Y B AIZOAM =LY §7| I 20-25 AY a2 003 dge=, 20194
A2o| =ZA LY Al =L = A48 Eol gH|o] s AXY-2F [IRES €2
o Siern 0] Sait s 7la 4l 20 2orel Ao sl @84 9|, 2020
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http://www.todayenergy.kr/news/articleView.html?idxno=239120

A P AT BBl R HEE

A 77010]H} 30| - B SHEHE

1% 412 SHO|L{BRIE| F0j0j8t 35 SiE4s BUE X

*Z X{:https://biz.newdaily.co.kr/site/data/html/2022/08/03/2022080300054.htm
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