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Total opex

Total water market _ Total capex
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[0 20173 @A) 15070, 19,37270, 9,9809tm*/Y =9 alsEst AlAdo] Az o]
glov Age A%Hos JAAIL Yt Ao AY (1Y 26 F2)

Sl
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]

O 2000t FwRbe] XA o]F 4 IR sfjgE3t Aol d&H0w FU13H
ZA+E(GWI DesalData & IDA Desalting Inventory)

O %% % ohZesh obAotlBY Aol A AN AR AF FoF FEY
Ao AFH, dotlelzt A HNE BEH -5 FES A Al F8

N

b Ehe Aoz A

o

o A 9E A 3

O s5dss A%e 259 402 49 2
2§ 2 AY3 A%, FF 59 oprol Aol

® 23 F=x)

Ssudi Arabla — . 2018
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United &rab Emirstes _ 2016
B 2015
e . 2014
India 2013
Australia . 2012
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Chile l l -
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F 2-3. drEEt 187 A

Country 2011-15 2016-20 2011-20 Note
Saudi Arabia 4,386 5,152 9,538 MiddleEast
United States 1,920 2,005 3,925 NorthAmerica

Kuwait 871 2,111 2,982 MiddleEast

China 1,943 950 2,893 Asia
India 1,392 1,428 2,820 Asia
UAE 1,217 1,572 2,789 MiddleEast
Oman 1,033 1,336 2,369 MiddleEast
Qatar 628 1,684 2,312 MiddleEast
Chile 829 1,216 2,045 SouthAmerica
Australia 1,384 258 1,642 Oceania
Israel 1,230 212 1,443 MiddleEast
[ran 275 976 1,251 MiddleEast
Algeria 427 690 1,117 NorthAfrica
Singapore 594 247 841 Asia
Morocco 310 459 770 NorthAfrica
Mexico 171 470 641 NorthAmerica
Spain 303 319 622 Europe
Caribbean 274 86 360 CentralAmerica
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s
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solH, Bt AAY WA &9 seErst SHE Ve Ade I3

./_‘,:
- 2002958 UF 2 ol FE tulste] AT e BE Ade] A oUA A
§2 2o St AdUA ZYL 2

< AA 2dew 3
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20133 w©l2th=7} Innovation Desalination Technology2} Advanced Desalination
Technology & 7&ste #Y=8l ASHAE F3
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£ 2-4 FUY ZEAE 3] v g _HuFE D A9
20163 54 o] 20 o]
= A4 vl
0.8-1.2 0.6 - 1.0 0.3 -05
(US$/m?)
A W g
12 - 22 1.0 - 1.8 0.5 -09
(US$/MLD)
A7) A A §F
b -4 2. .2 21 - 24
(kWh/m?®) 3.9 0 83
o} A /‘\l./vl
) 33 o 28 - 47 35 - 55 95 - 120
M’/ &)
AtZ : Desalination — Past, Present and Future, IWA (2016)
O AAZ aFFrst 89 Wi Ad 308 ¢ 4% o ko
SAE §F F7tl ME ©g) AMNE Pho HIE (29 28 %

m Steam
i Elec. Power

E
a $1.50
£1.00
§0.60
£0.00.
10972
Thermal

® Maintenance
m Capex charges

1982 19002
SWROD SWRO

XtZ : Seawater Desalination Costs, WATEREUSE association, (2012)

a9 2-8. SWRO Cost Trends
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 FAtol| g Ve o4l dg=o] H 109 old XHEE 2o

O 7leME~-d%d ALdl o|=717HA H4 5 o)de] 7Ixte] B aste 7led 3

0 71%9sl, =49, A o oﬂLm 0, AT E7 E B BA Astel ma A%
oMo 7187} Z7tata 9

O 713 J7tell weh g 7|gs° . 73
714 A, W71 915 AR, =l AR A Sl A

Foglont $ED AUA TE 4G oH 58 o
==

O Veoliax= US FilterE 25t A

=
2. 20033 ATRENNE AY 50 Az A4

O SUEZ+= Nalco, Calgon 59 A=
A= wWZE2 86% olds &F FEolA %*g

BOT(Build-Operate-Transfer) Aty %1& & LRI/ AMQe] 75 €8
¥g 7lEolal A+
O sisgste vt = ARY s dAoA d=3 vsS 24A

O 2001-20109 1139 2eje] 57 Hae vum s|5u53 AURE] 66.7%,
ARt 233% W A4, S AN, SAFRE At 4% 55%, 02%

_52_



2. PRO ¥ MD(/MCr) ¥

7h Az #ok

E‘I‘Fiﬂ

=

O AlzHoF 54
O 3 2-5¢ 22Y 7|gEo] AA ARS AEste adl & 4 55, 24 A3
A 2 o] AAH
- A B o B4y 1RPH 43E 9 AR REANE U 489
o] Hoty FEo= BrhH
- I 719e 9 od A Jied #d dAVe( 29 Md 2 =38 Ve, o
2 A FE SIS AR Sy tinl Ao o
O =W AFIWHA] 2 &4 Az 7|Poll= LGHst, LG, ZuAmZE, odlZUH,
P2 Folqnle, Axzele Fo glov ¥ Azl Az P EPC JlgezE
KROSYS, KSYS, RED, A¥, @422, ofFotd, tgtdrd, oldH =, o Bitol,
59, 09, F4 5ol AL
- AAY BEs 71Ee Aad g 9 AEsE SR AL whe A4 Aol
b aA g Ao cggd e BF 9 £2HY FaAol UF, £AY 7Y
o] Zle o] &stA P J=
25 AU B A HE AN 49 2 AY (F9] mS)
2011 2012 2013 2014 2015 2016 2017 2018
Equipment (utility and industrial)
Pipes 4450 4491 454.0 467.8 482.6 496.5 507.3 519.6
Pumps 256.7 2571 267.0 275.8 288.2 299.2 307.8 ALY
Valves/fittings 1717 170.9 174.6 179.3 184.8 189.5 193.1 1975
Screening / grit removal 70.6 67.5 70.9 T2.7 .7 7.3 84 79.0
Agitation / mixing / settling 96.3 98.4 106.4 1131 121.2 128.2 133.7 140.5
Aeration / flotation 117.3 121.0 132.9 144.3 156.5 168.2 176.5 185.8
Non membrane filtration 58.4 58.3 619 63.7 67.2 69.2 .3 74.4
Disinfection 66.2 65.8 69.7 72.8 76.4 79.6 81.6 84.3
Chemical feed systems 50.2 49.6 53.2 55.7 591 61.7 63.8 66.3
Automation and control 175.2 175.8 187.1 196.7 208.7 2188 2275 2375
Test 59.5 58.6 63.7 67.8 72.8 i ! 80.6 876
Meters 312 30.8 30.8 30.7 30.6 30.3 30.0 30.2
MF / UF 41 3.8 4.4 51 5.8 6.5 7.1 7.6
RO / NF 188 ¥35 15.2 15.8 174 183 203 217
Thermal process equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
lon exchange / EDI / adsorption 246 23.8 28.1 28.9 325 34.0 36.4 39.7
Sludge thickening / dewatering 625 67.8 73.0 76.8 846 938 98.7 104.3
Anaerobic digestion 20.8 223 25.8 28.7 33.3 37.3 425 46.6
Sludge drying / thermal 353 38.3 425 44.8 51.2 57.2 60.0 64.2
processes
Other sludge stabilisation 249 26.3 311 334 38.6 42.3 451 49.9
Other equipment 352:7 3434 356.9 369.3 385.5 399.1 409.4 4177
Total equipment 2,142.0 2,142,414 2,249.1 2,343.4 24728 2,5842 26709 2,772.3
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O F8 Zdolo 8%

O ow Chemical) A% f-& oF 40%el Dok A7l Av) Fmo| ¥eloh Az A2,
RO ¥ NE, UF 9 3l 953 7148¢ dusta 9e

O (Hydranautics) #zl9} A= 71d¢l Hydranauticse 7148 Si4Fue ZFHS &

3t dom dA7A FAE HagFe =32~ 12,000 GPD (gallons per day)
U 71& BAskal 9lom, Statkrafte] PRO HYRAFME vhe T3 AF
o] A&
O (=g olAlnZ) =dolAvZ(ESHAvDS
) | AE TFole Eelu 71&S =98 T
F A dlggEast 5 A ARl 2
o] ~ %
g )2 £
A 11 G ) - "5 dEe o]o] 1994 H HEE 94t
! T ue Ao A4 S 1999 48
- & atwute g F (29 2-10 D)
.= W - RO%, NF9, UFS}, MF, A48/2e58 £
— '."::-_- e =

g ol sbsste 53 9§ AAEo

T3kl =

4=
__>~‘l_1
B
N
)
o
f

a9 2-10. =FolAMZE RO % o 90149 Bk SR

7] HE
Agstel FED o] R

O (GE) #x8 Eg4 A=, sstEd A=, Mobile Water, B4 AH]~, 43¢
Total Solutiong A&

- A5H M&AE B3 B A Az - 04 FEAY AAYE #53 GE= =
Aol Hols Z mg s g /|FEF AR Y J1Eeds 9% o
ol Wt JHES AR AT

e 19999 iUtk FHE8T JAA Gleggs A4S &, 20023 Al FEFAA
BetsDearborm, 2003dell= NF/RO% Az HAIQl OsmonicsE 153+
Water&Process TechnologiesE A H 3t

o 20059 = dlESs AA]7)1Y Ionics, 20060+ UF 2 @ MBR ARG A <]
Zenon 5 AEE mYstF o, 20173 Suezoll A8 AMA S wizbgt

O (Siemens) MF =+ 2 UF 2, MBR 5 & 4] A XHEE9 F2AA LGS +=
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- 20043 VeoliaZH-¥ Eg|9t A zPA < US FilterAbs o
- 20143 Evoquaol <38 AFY<S Wizt

O (Memsys) MD 7|&<& R 31l Jow, &5 MD #AX& AA sagdast &

=

- 2014 249 =T He] Gulhi A9 2287] 22443 ¥ed Tl AibE=
HEde MD Al="el 83t &F 6,500 ~ 8,000L2] ajF&3t &8s &4,
210 m3 94 AAkE= (F57F 7 cents/L)

K
fu
2
[
>
o

. 9 BYE Guhi 4% 20043
Nedle] BAz s %

— Z o= AIRCON(Liquid desiccant air—conditioning(LDAC)) ZZ2HEE E
i 2o ME2 oloziC|MY 7= &t

ol

o ZZAE I3 : absorption air-conditioning and dehumidification system using
renewable energy(solar thermal) or waste heat

O (Aquavern) vl@@&=9o] A 7|& 7|92 AA HEx=Z JYstd MD A&
A (2g 2-11 =)

- tte-A] VMEMD(Vacuum Membrane Distillation) 7]<o &4, QoAU A S o] &)
FHFe o FAR] =2 YA E&E FH & A= Al2H (O
g 2-12 #x)

! 2, Low temperature heat: 3. Clean water:
From solar, wind, blomass Constant-quality
or any waste heat drinking water

1. Feed wnLr:

Seawater, brackish watar
ar any watlar source

‘—DI 4. Concentrate I

19 2-11. Aquaver A
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9 2-12. AquaverAte] WTS-40 Al~®lS ALg3 A2 T

FESE HEE A

(Memstill consortium) HWETH=2] 97 7|#HOZ HALALE TA, ZZAH =
oA HLdEA7A e Y& AL, G = BEA Eo Fw
Memstill® E3 31 (28 2-13 IF=x)

o
olo
e
tlo
i
s
o

AE T Ae, TNO o =8(8-8& 73t s3] vdde dA77]+), EdlE st
, Y8 BHlas=24 Udwc, Seghers Keppel 71€ 15, Eon HU &2, 3oy
d~H =29 A, Europort Water Board= 43

R

- Memstill® 71&2 @& ody|A &8, A 5 F2o] & oA &8 7}
T, 284 BE 7|9 a4, V€ skt A-HE vHE 55 AR
o
i=]

193 9l

=
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Principle of Memstill-process

;5 fuel or Waste/solar heat
> T between 50-100°C

BI7C g0°C

water
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25°C fT \}7
—sea- fresh water

waer 28°C
con- mem-
densor brane
a]’l’l‘!‘I &l’ﬂly

v
Tiow

brine
28°C

I3 2-13. Memstill ® Z2A|~ 98] =2z 9 Memstill ® 2E(9)

O (LG3sh) AFElA Aatd s
@3} RO 2 17,0001 7 & 201613
T olFJE T2 =, 8¢ s

s = h
=
=

_[EI

s

19 2-14. LG3}s RO | o A4, UAE, 29

O Nxd2) & 24 947143 94 &4 2 55, Az A4 7168 Bad
FAHY EFH ARVYOE A% o A5 B Aolg, sFRF T B &
52 Ag7hsE $EY BHE AN

- AwH s XGRS vlolaRFIA YA s $Re 20 UHE
a5 3,000 S A4
O (@EA2) I YT AL Bulsk ZUAPIAA ANE, ARG 2t
7, o158 A5y, $AY ZAE S N 5w gulel JEHAE F
AN, AR A AABINS), BN Fo| ZHAAAE A AL
- Bolel e, GTAE AXYolE AusE AT
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O (oY ¥E)) HDPE (High-density polyethylene)& o]&
PVDF(Polyvinylidene fluoride)E ©]&3 714d A4
Ao Fg - AA - 2F3e V1Y O™ 2-15 Fx)

o]

X

- 2013 8¢Y ZEWER Y GMVP a7 Hoste] ‘MD AL nEHA
g 2 2 5 FAE 5d F Yo, o] FAE Fle MD A&

A BEES e

ofN HE

% 2-15. ol=ZYE A AP 2

O (M22) UFEF ol e, ME(H H ol e, RO(GAHEE), GS(Z1AlE8 el #dH -
20d o]de] HME VeSS EUE st B9y #d g Al 2"HS ALE Fu)
(28 2-16 &%)

-UF / MF / RO Membrane System

-, BT, FANET, s M= EHX|

-AlE Hio|2 Y SEUE =& M8 UF / MF/
RO Sanitary System

-EXd 4 2f2ts MBR (Membrane
Bio-reactor) System

-2tH & 0| =4 Membrane System (B|AME =,
0| =8 Membrane System, Pilot test &% )

-&7T5 M2/& UF / RO % i-MBR System

-ZtE MY 3™oM BiEE =5 Mol
F7t22 3258 RO/ NF / UF A|AH

-7|®M 22| System ( L=< N2 A 2 Purge
System, & ZEx|, 02 LMEX )

-Membrane &7| ¥ F7| System

-85 =l UF + RO System

-Z==% M= UF + RO + EDI Polishing System

-of2AbsE, ST System

-odojh % 0|t L QX 22 Z22del S
O|M X} 558 &XE Membrane System

- EX| xHolE ¥ 7 228 Membrane System

=

OTIHd

.. l W
il
o -

1 d3SOTIH

d3s

% 2-16. 220 F8 AR uk A~

o

kv

O (383 A A Alxrled Yrrles A5 WeidwE sk 7Ije
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\r

1
ojf m

2 20119 =29 H2E 14
o BE gl 4Fatel B3

=¥ PTFE(Polytetrafluoroethylene) <Ak
LHAEAS AZE FAE Aol A

KSYS) T FF FAE A HAAL AT HAE, OBH 47K PFEA,
o154 AR, TMP A5H Az 5 A - A%

(AL=3F) 2010 3¢ 2eHe 283 I FAY Aol IEde &8
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2}, 7]1€7)#(R&D)

[ 28 Zdolo d%

O A7|A+ a9 Fdololvts &vsta, s Z#oloje 6-(AF =gk £
Al AN
O =He siggast A7 A (& 7 F2)
¥ AR S R2YHESAFTME(GDRC) =3t ofFtolE
£ 27 A495E Bof AEIL MY 2=

who] el skl - A
Global MVP ¢

S| Hew B4 & A ATAY
g HEl v
Fpagetd @GR A
Water Desalination and Reuse Center(WDRC), KAUST, Saudi Arabia
National Centre of Excellence in Desalination Australia(NCEDA),
Australia
Middle East Desalination Research Center(MEDRC), Oman
UCLA Water Technology Research Center, UCLA

9 Singapore Membrane Technology Center, Singapore

-
Center for Inland Desalination systems, Texas
Center of Excellence in Desalination Technology (CEDT), Saudi Arabia
Center of Membrane Technologies, New York
Center for Biofilm Engineering (CBE), Montana State University
UNESCO Centre for Membrane Science and Technology, University of
New South Wales, Sydney, Australia
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- SAE A A Al 558 tjstel [ake 359 A Y
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- AT FAY D Ed), BRG] dedd ru R 2ALE, 18 U 729
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Ardy 2 gzl A4y F4, Evaluation of residuals
minimization, treatment, and disposal strategies, WX B3 L FHZAsI
(Membrane characterization and selection for targeted applications), 2~A L& =
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O (Singapore Membrane Technology Center, Singapore) A7} =29} Nanyang
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Paso) tigtw o] A4 2 318 ES o uFEE FAH dor WEAHY
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[J SBIR - SBTR®] a3t A A

O SBIR(Small Business Innovative Researh) - SBTR(Small Business Technology
Transfer)

rr

- 3EAIE Uire] ATHIE AUsE Fa71Y O ALY

o 187 A3 T Ask/red AT AL6714, §150,000)

|

o 20HA:: 19AY AFE FAZ AAZ<Q R&D A2, & $1,000,000)
o 3TAL A AIYEF 1)
O 7l& g 2EQ016Q3 71

- PEM based Vacuum Desalination System; PEM(AZHA)E o] &3 AF f+F
s} 7lze Ad JHEAE AP AT AxdES FESIA FEd e
HARS Fotal ZEREEYCRE ALY At ASE SR

- Solar Thermal Assisted Vacuum Freezing Desalination of Seawater at the Triple
Point; A NHA-AH & G538 7l 7S A FHoE HIFD AUAE )&
g vigk XF W7 gGes) vles AddodA St A 3 Al(nucleating
agent) & 7|+

- Renewable Energy Forward Osmosis Desalination System; 10kW FX.2] el %ol
A LRLANA FeE S FET AT AT V1€ vt s AE

- High efficiency condenser with compressor for multi-effect solar desalination; Ej
e S o)L U FLZUHS o)L 1 §/ES WK YA AR 2 kKWh/E o]
shHE 3l 47(35,000ppm)ol A &4(500ppm ©]shHE 1,000E/¥¢ 722 A4 & 5 )

= A" 75

ftlo
o

- Solar Powered Dew-vaporation Desalination System; Ej& o] &
Dewvaporation Wle] sl4E43 7|&S AFddA Ad 7sAdeS HAs,
ZEZEEAS AAsH] A% AR g

- Nanophotonics Enhanced Direct Solar Membrane Distillation Process for
Desalination of Water; EjF ZAAFAdE o] 83k NE-DSMD(nanophotonics
enhanced direct solar membrane distillation)2] I H A Fo] 7Hsd FFEOZ 7]
= T 292 719gskr] A AT
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[ US-Israel Desalination Challenge

O dUA-==3t §FA=dS d7st7] Al #l=2] DOE (Department of Energy)
o} o]jxgtde] MIEW (Ministry of National Infrastructure, Energy and Water
Resources)7} g&ste] 1ug d&gss A2EdS 73

- 20179 69 59 AFHEL AASHUA BAH A7} A%

- ORNL(Oak Ridge National Laboratory)e] A& F=¥3}™, Columbia University(¥]
=, ™8}, Hazen and Sawyer DPC(¥]=, <=*&] 7]9d), and Brookhaven National
Laboratory(W]=f, =9 A72)7F §EAdF7Lo2 &3 A

ok

F&el me FEAd &Fol Thed sieEast AzE EE dgie

e 3
SpEHE Folx, AAGe) AL Bt

7, A (PHS: pumped-hydro energy storage), ¥
 HE Y 55 AEstd AYGRl wet AUy 2=

L sleasst ANe A

48, Fa 203 A Fadd nEt HHsd 29 T 4 4A4H

O A8 &2t A7A Gl - st Aolg T3 Al=HD

FAE AL seaadt Ade F8ek, WA BlE(d YR8 40% AzH3
73

o 1A= AT HES5E F5o] TS JREEE Yy nwd o
2 FHAANIADANA sFFretE M &

- SFAYR MEFE EFS HFFFI FWAEY HF WEF e AW
B5%)o2 o ARSI} E A4T

O w7keE d7AR
O &%

- St Al th& st thulste] oA Aok, @ FeE Az, AHE F
-

Ag A4 7le AT (& 2-8 Fx)



I 2-8 WI7E Z2AHES EF
H7lE Z24dE
A= _
= Qa3 By
TE 109 E/d 1009HE/d 1009+ &/
& 45% 45% 65%

A4 H|(CAPEX)

1,500 USD/&/¥

1,050 USD/&/¥

750 USD/E/¥

g3 v&

1 USD/=

0.7 USD/=

0.5 USD/=

"EEES
(TDS 3.5% 71

3.8 kWh/=

3.8 kWh/=

3.0 kWh/& o] 3}
(20% °17% A7)

e s —*@—‘—‘E e
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¥ 2-10. &8 YA 3 FHH
7]1Z ERD
0420 ERD | X}Alth ERD | ewWZgA7l | L ZgA7}
AL FS AL Ae
3¢ 58 100% 98.3% 96.4% 96.4%
%:%4: 0) 0, 0, (0)
Y 0.0% 1.3% 2.5% 6.0%
o ZYA 0.0% 0.0% 5.0% 0.0%
A28 A
(o]’33 <l ERD 1 1.025 1.059 1.069
o] =D
71& RO 3|48 45%, s+ &% TDS 4%

/\El

SAE - TR - A S )

iy
olN

Al

o
P
z

SHE : sfeEardt AlLE h8F3 - S ek - A6 g3t

- odA FEd A I sk AP AL AlzE A0 2o AR F5,
A

AHLE 7sA EIkel Ay A vlE AL (F 2-11 F=x)
E 2-11. W71E ZZ2AEQ 4 Al AH
71E& AN2" W 7tE Al 2
| a4
| ot | ———
———— =% At A
13 A4 (aw ]*Ma
slol B =
. membrane w1 ol
| €] HSz (Z7]%) bioreactor, ;;Aﬂ:
! MBR) T
2= % = . ol =] A4k 2 A 3]
FF HAA =2 A a3 24 1435 E%—r
— (FE 7h2=8) ZZ A2~
———
st A g S EE = e
f7hE 345 B
ol % .
LL] 0.75 kWh/m® 21| 0.3~0.4 kWh/m® %&

_8‘|_



O t¥da el ts 73t RONF= 7§

o
12

- ROINFe< o] &3 A2 Alz=glolA 2 o FA7F F4d e, 24
£ 123 A2 e Ve bl

o 71E T2 A&, 2ol ofstal, 9] A AlHe] =7t

O

1,
it

g A7t Wead 7 55 Y A, @49 Ao
o 1

A% F2 BAY egss Jed AFHoE £A%
Ararsl 71es AU BE SFP5e 7150 gl B

[] Roadmap for the development of desalination powered by renewable energy

O AAAAIAE &3 s 7|Eo Fojagls Adsta, 5317 A%
A g EH?_]—% AAS7] f18] AH7IE719 <] Intelligent Energy”’} EUS| A&

1 MIDES(MIcrobial DESalination) ZZ A E

O FCC AqualiaZ} =33t HA e 71<«<l MDCMicrobial Desalination Cells)& &
st AEA AT Ble&e $F7] 9% ZEAE

O A& A

- Nanostructured electrodes: MDCell AF&5+&= Ao A5 4
- IE membranes: MDCell 23t 2hg H7bstar, &4
O =AY, O&M 7|& N

- MDC 4% %7k MDC 7€ =AY AT F8 85 4
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- Process integration and pre-pilot validation: M2} = 7|&& A
) ZEA2S T, A5, HAAS

- Process Simulation & Analysis, Automation and Control: A% A&& FHgst A
A ANz="el RYHEY, Bristy 9 ZEE 7HEo] AlEHIHE F
wet HHslE &4 A ==

- Dissemination & Exploitation: public acceptance; &4 312 = &
Ag Aolell AE aF F43}, T8 A4AN B, /i 8l vz

- Coordination & Management; A7 H3X YA4< 93 g 74, 4 AdY &
&2 &8 A% 49

[J NAWADES =24 E

O A7 Aol 7hsd weq ReU(heE et Aol
3

[e) s
<= MEete], oA Azha gstekE wAMES 5% A RERE Y

o

O & AN &S 20%EdH 9 0372 FEo2 ¥E F s A= 7Y
[0 WATER4FOOD Z=HE
O AlA = 8+ 2000 thH] 35-60%, 20501714 282 F71S Ao= v

- 9ol AFe AL B £ao] 80%E AASE BAE Hopo T REo] 45
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] WaterGate ZZAE

O 2018¥7HA] Tt = sla<st 7les Al
]Ejﬂtg —|—1—'— 'L:'

- 201739 50E/Y FRe mdE SHE HXH
- A7 A S ke 20200 Wil E 400999, AlFa8 219 71T
[] DeSol Z2AE

O micro desalination ZTZAEZ Eag E AXMAIAE (V1A &, AHAOE, &€
UZE, 474 9oz &85t 9 Anlg, AR g+ 7e

- HE, HFAGAEGE B HFHADE &8
(] ADU-RES Z=2HE

O AxAY Z2AER AYPHY, AZ3tdE D3 ZAE J)

i
filo
Bils
=2
fru
o

O e ME5E o 88 ouA e A 845818 25 Axdl AFAUCHEED)
O

Aol A B2 AHgst7] 98l s FHa - st Ade 8
22k A =AIRLIC)

3.0]
o H
£3= G3) 7jeo AFo 7 2017 2€-~20183 1€ &

GE Sedss A 3E 3

- 7 EFR 9] FF V|Fol WSS ERE AL INLETE AL 3 1,600 E/L S
22 A" 902609 ¥ FE)

Jfu
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- Deg fUEY A% s)Ee] Belthe 40T olabolA A7) Aol BAH 3
A QomE, 1E - A WTAE 2T A AFLFEE ROTS AEF

AT E edd AE : E BT Ede] MAsE wole Wede A

2]3F A& (mBFR, modified Biofilm Formation Rate)E 723}

« 7] A Z(SDI Silt Density Index)+= = H7loll A7 9

dlo

- J1E A5 R ul Avle] g A Fokol b Myl Bol AE e dF
S

(H3L 45C)E AAHES H, sld W= wEst=s Al Av 7

5) Ab$-t] ofghn]of
[0 WDRC(Water Desalination and Reuse Center)

O KAUST(King Abdullah University of Science and Technology)e] WDRC(Water
Desalination and Reuse Center)« B3}9} & Ao]&o A3} AFE +34 F

O @53t Y @ Axd A, A5 AAES AT APTL B oUA 2 8
2 - g R Az"e BUEY, A 2 2d3, 4y 2

I
0y Bob] A% Jbs@ 49 V1% 52 AT7F

- (Fg 34 9 A" 4 A Eob MD, FO-MD ¥ adsorption desalination
(AD)E o] &3+ AD-MED, AD-MD 59 3slo|Hg|= A 2~H3} RO ZZA| 204 AY
12 2

WA ok AE o &3 dEe st dH T T As

FH B Aolg @ oluA e A% AEFH 5
Ael 7% gl 2 Fa dom, o /1w A% W WY Y AT 59

-H D) A A "t 3 AolgS flEl

- (FEY AzdY 2UHY, 73X L 2dY
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6) °ol=ztd
(] Sorek &3t ZHEIDEA AlF)

O 20139 ZFF AANA /P 2 F5sh TAEE, 5 16008 A 64 7E)
kol b

- ol2~gtd EAM 2] 19%°) |Fst= =S Sorekol A A4k

O H&d =&(d6 )9 AT 7|le2 FAH 1 50% A7)<
& Azsta, f@s g olyA 285 w0 2711 5 ARE Fel Al
ET 0.6822(783.9)E AAA 7 AR o7 Hug (A= EDF, 2017,

rlr Oko
4]:
o i
)
N
(i
fiu)
jus)

- 71T 2 gl dER £ Fxalsted, RE £ 3 B @ 20
TEe AaAon fAESs Ao a5 A
o ARETAANM TSk MAAFS AASH] f8 L85 B A H2
AAF7] & FARFAA debd BA-S FA7xsE 3 M
o FAFFIEIDA= FATE7F AXHEA e, 19kE ol v %
A7 8§ A2 dholz ANg, BE A g 23 A A, fde A
€% 37t 29 o 2 9 vEES S ezt AR

2

o FAFZ EF R
B 8)41e] AHES

- 16“BELA} A1¥) RES Hgo2 8¢ g wale s
W, BE QA oux B AAHRL 2 o
- HAvks WAL Az Qo] Mo A AHARE Haseln

of wel 30~120%7kA 5 <tell M&o] 7hsste], AHFSE E0laL, A7|E AH

Sl AT 5 A=S @

o oluA 3 Ve A%

O oA 3)4A=2)(energy recovery device, ERD)= SAE g3t A3 RAE
=2 £&ﬂ% TEF7F RS J1A AUAE §]—r€7}°ﬂl Do EE x| Ao
AYAE A& 717] A ZFA Y

O @A sid=rst EHEANA ASHE YA JAsdAds vedt 22 F77
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R

A=

= w3 X (pressure exchanger, PX) : 5471 /3% =& ¢8-S Z E(rotor)
U 9 2EE o] &35t el et 8243 (positive displacement) X2 @
A AEHIL e AUA AFFAE F AUA ABEL] /M ES090%)

e Flowserve3] A¢] Calder DWEERE 3] ~E E}Q]

» Energy Recovery 3A}9] PX&E ZE EFY]

E] B A X|(turbocharger) : 59 =2 ¢8-S o]8sleo] uPFxo dZ2H HW
S I AANAAN ngFZY] &F S FaAIE AR YA Agaee ¢EHw

A Bt wE5(50~70%)

e HEAXNE FF3E F8 3|ALEE= FEDECOS} Energy RecoveryZlF &

- 7K A AAD - AEdd s HEAR S} fARslE oy A] dEgase TP 9
e Pelton Wheel®} Francis Turbine

O A alsEsst FNEY oduyA| JFHA M-S FE3k= Al 3Ab= Energy
Recovery(61%), Flowserve/Calder(28%), FEDECO(10%)%d

e 1 9| Aqualying, Danfoss, Isobarix, OSMOREC, Ebara, KSB o] S+
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2 SHEAY ] 710l Al UA &=

- A AAHCRE w5 WEed T A, VE, AHL FFAT R A Ho|
Ae 5T WZd g FA7ZIES AXS ds (F 2-12 #Fx). ANE +F
2 98 A4 Qalinity LimiHe} wmjE&TFdAe A2 ZdH= &5 AH
(Compliance Point)o. 2 FE3le] FAIEIL g & A= FH 43 vwst
o] 1-4 psu (practical salinity unit) F7}s+ 2= Yl o & AHL
HE wjE7elA 50-300m B A=E 7Ieo 2 AHsta AsGiTETs AA
oA AARE T4 B4 9 FARFAHIATY, 2018)

% 2-12. East w55 =l g fAVIE

Compliance Point

Region/Authority Salinity Limit frelotive i diaharas) Source
City of Carlsbad and Poseidon
- > < q
US EPA Increment <4 psu Resources (2005)
Carlsbad, CA Absolute < 40 psu 1,000ft (304.8 m) Calitoriin Regiorml Walsr

Quality Control Board (2006)

Huntington Beach, CA

Absolute < 40 psu salinity
(expressed as discharge
dilution ration of 7.5:1)

1,000t (304.8 m)

Watereuse Association (2011)

California EPA

Increment < 2 psu

3281t (100 m)

California Water Boards (2015)

Western Australia guidelines

Increment < 5%

Bleninger et al. (2010)

Oakajee Port, Western Australia

Increment < | psu

Jenkins et al. (2012)

Perth, Australia/
Western Australia EPA

Increment < 1.2 psu at 50 m,

<0.8 psu at 1,000m

50 mand 1.000 m

WEC (2002)

Sydney, Australia

Increment < 1 psu

50-75 m

ANZECC (2000)

Gold Coast, Australia

Increment < 2 psu

120m

GCD Alliance (2006)

Okinawa, Japan

Increment < 1 psu

Mixing zone boundary

Okinawa Bureau for
Enterprises (1997)

=

g 2ashd Y5 7

sk A

Abu Dhabi Increment < 5% Mixing zone boundary Kastner (2009)
Oman Increment < 2 psu 300m Sultanate of Oman (2005)
- California water boardsellAl+= €Y Hdl dE&F=7F W&+ 4 100 m o
A5 AEsERT 2 pug 2AEA RHES FAAEL AA.
u|== 7% (Environmental Protection Agency, EPA)= 13.5-35 psud] 7oA
GrAon Agol AAST Aol thal FEH4 WER AT A¥ 77} 4 psu

California®] Carlsbad Al it 7] A& WA 2 ST A= 18F
7 AEF 3T A8 FA=EAoH, 22 36 psuc/lE)et 37-40 pus(19¥)el =
A2 A BT GAAHR E5& B wlETolA 300 m "ozl A AZF
ARS W 344 psu, HA GRS 40.]1 psuR o= o] Carlshadol M= Ao &
=& =7 40 psus 97IA 7S AL Sle

- Huntington Beach af|l+93l Ald-2 @i digd FxFA A oy 2=



3 Aol A
1752 Aty &

Californiadl A= 4 AW 87 vi&7 F3H 100 m ol oA FH I
TRT 2 psus Z2H3HA EIEE 201599 7FAHS MAI}IS

Western Australiax= @& %9 TYato] MiAFE=E2ZHEH %olurt I =25 A%
3tal 9lom, o= 2 psuel HY ool s,

T HEE AT I8 Ve ST EFE S0m oJWel= HH%‘%‘
2 psu °olv], 1,000 m oJujol= wiA& =<2 0.8 psu o|U7} HES Hish

Sydney sj4a<3 AEE &3 9 FAR=9] G ‘;‘ a2 A3 (ANZECC
200009] #E AXFE AHESte] 7S AAG ST EHE 50-75 m HHY F
de ZH EFT9Y (near-field mixing zone)o & A 3‘3}9\“5\ , 2dE Ao o]
= °F 36 psuE HjAE slordess

=
S7tetA dE= dasta s

orr

Gold Coast d4Es T2AEE nd
m, Zol7} 225 m7} B AHoZE o =3y
2 WA R (35.5 pswH BluLSkd 2 psu

Mo

e

B osuee] slgEss Ade Mz w55 dRFE EFTACNA
Aol 38 psu, AR e AAA T wEst nmste) 1
Rfobof Frta AT ol MlBB A oF 2,69 ]

‘

N

N

l

Abu Dhabill & EFTHe JHEAE Y dEFEE MATEEY S%E Z=H3HA

T
-
[e)
= ¢rEgy Austa e

af) oF1FH(ocean discharge, surface water discharge) =42 v E Wi
o HYY, Ho|x F& o]&3to WFH



- A&} WF(subsurface disposal) : H&4+E A ol Wi
o At LEES WAE] g EUEREe] 28%

b WA

=
Y
©

ol

- sl 8l A gl(treatment at wastewater facility) : =55
T8t stA A4 A g

- §7+ A=Z(land application) : §bol A=

. TYE BHAME Aol Fsd 4B A8
. WA Ao}, FAR, FA BY ol AE

- & =1k(thermal evaporation) : SHAXZE ALgsle] F22F Y 2L A

e thermal brine concentrator(@%= “x)<} thermal crystallizer(@ 243 A=A

7} e

~

O "= Ao]g FXBureau of Reclamation)elA 20008 = AL 20371e] &3t
A ERO, NF, ED/EDR)E tjo 2 XA} Afo] <]std, HE
S5 AFEFUSR) StAY steA R BRU2NE S As

- A3k BFO%), THEQR), BANEF AHEQ%)

3 2-18. w5 A dAdvE

Concentrate disposal method Construction cost(USD/m?/d)

New surface water discharg 30~200
Co-location of desalination plant and power

. 5~20
plant discharge
Co-disposal with wastewater treatment plant 90~120
discharge
Sanitary sewer discharge 5~60
Deep/beach well injection 150~350
Evaporation ponds 200~650
Spray irrigation 350~850
Zero liquid discharge 900~2,000
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erst Ale 5F

Ol

7} 29 PRO, FO, MD 7|& 53

O =29 o] Statkraft

O 1970 d] Sidney Loebell ¢J3] PROZ= WA o] A o2 AfEAo Y, oA A
AFRTE AR Wolx AAE AMEEZA 1T

O &5 7€ 2 9 F4 /MEyg & PROE T3 duA At 7hsAdol
EolxAA], =g o]o oA 3F|AFel Statkraftz7} 2009 11€¥€ AA H%E ==
EES] PRO ¥d FHEE 7Asta ol& AZIE PRO A7t BAH o= A%t
(19 2-31 F=x)

- ZREEY ZAES MX" v #4L 2,000 m’, AYELEE 1 Wm' =2 4
A MY gAFS 2~4 kW (20099) A=

- FA A% 1S A 2011950 = o] Ae€d eyt 3 WimPd =g g A
AFE 6 kW HAZ7MA] FFAH oY G2 Exo vt

O ZFA= PRO TR FAHol AAALS Zk7] fJ8iA 2ok o HAEUe= 4+6
W/m?e] M2 4

f

O StatkraftAle] PRO & ZHE AAA 3

- 2009d: T2 EE] B3d ZHE AA



2011-13d: 2 MW 98 @4 ZHE A4 (2 174 200,000~400,000 m?)

2018'd: 25 MW Hl= @d ZHE A (2 HA 500,000 md)

20201: 25 MW 44 @d ZWE A4 (F w3 500,000 m?)

20303 A AA oF 307 T EHE HH FF

O 42 w7kE 74

ot

O WIE AYe Bm F AU vE4
SWRO-PRO AA+E 3

O SWRO &= steAeld 22k A2 Abole] A=A AUAE 3ste <y

A 10% As 53 (G 2-14 #F=)

- AT d#e = SWRO-PRO 3498l ZAMES 74dstal, S3AFE PRO A&
e i

48l EHE A A= DA A F=

1)

¥ 2-14. W7lE Z2AHEC PRO &&

z2dz | AxdE | 3 A4 == ﬁa(m’h’mzmﬂ 5
(&) A v= = PRO @1 | PRO U+ e
71E .
(45%) 6.4% 3.75 - -
H7}= 3.5%
2 10% 3 2.7 10%
(65%)

O AF-tjolelnlgl WDRC (Water Desalination and Reuse Center)

O Ak¢-tjolebulole]l KAUST(King Abdullah University of Science and Technology)
W] WDRC7F A AT 2 AT d7E8 FE4o= 53

- Hdt FHES w5 gtA Al tinlsty g3 SMES FSHaolA oy
A T

AE 3FstAY A4d 4+ A= PRO 8-S A &35t HA A< 3 ZYWE
o oA "oke ExE 3 (19 2-32, ¥ 2-15 F2)

- PRO F¥& ZHE (1 mYY)7l =390, HTI PRO Hule A L5l o o
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oA el miele wed B #F7lE B & Aol M

- B8 Az AHME 7]&& o] L3 (fertilizer driven forward osmosis) AT+% 3}
A 43

KAUST

g 13~15 kWh/m3 (Dff4) 19-21 kWh/m3
FLUX 52LMH B~10LMH
L | Hay, #HEH LI, FFRf A (RO
s <= Z000ppm Sh4= 2000ppm
T == 35 000ppm == 60,000ppm (55=)
414 Flux 20% 3 4+ A] cleaning Cleaning $10] CIP(LE =7|)
=HE - Biofouling( 38 ==)
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9] Amy Childress
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3 2-16. 71EE PRO 9heo] AEHnl

Feed

Draw

Water flux

Salt flux

. . Membrane Orientation | Rejection | W& 15
solution | solution (LMH) (gMH) ] T2 &
10mM | 05 M
NaCl NaCl PA TFC 20.5 5.9 PRO mode NTU
15 M
DI PA TFC 18.16 - PRO mode 97.4 Yale
NaCl
DI 1 M PA TFC 95.0 0.33 FO mode 986 Yale
NaCl
DI 2 M CA 173 12+02 | PRO mode NUS
MgCI2 : LU
05 M
DI MaCl2 PAI 29.65 - PRO mode NTU
2 M TFC
DI NaCl (Sulphonated) 33.0 2.8 PRO mode 91 NUS
3 M PAH+PSS
DI MaCl2 (LbL) 105.4 - PRO mode NTU
3 M PES
DI NaCl membrane ~30 ~6 N 94 KIST
06 M | 12 M B 83(Na) ICL
NaCl | MgSO4 CA 6.5 FO mode | 99\1g) | (London)
50mM 4 M NUS,
NaCl NaCl CTA 37.8 - PRO mode KAUST
5 M CA - _ 2
DI MgCI2 double layer 48.2 NUS
05 M PES
DI NaCl hollow fiber 32.2 0.11 PRO mode NTU
05 M PES
DI NaCl hollow fiber 426 0.094 PRO mode NTU
5 M PES 1.0
DI MgCI2 hollow fiber 33.8 SE PRO mode NUS
1.0 M PAH+PSS
DI MgCl2 (LbL type) 22 6.66 FO mode NTU
1.0 M
DI MyCl2 PAI 14.6 - PRO mode NTU
PBI-PES
DI %25(511;4 hollow 171 - PRO mode - NUS
g fiber(NF)
2 M CA
DI MaCl2 | hollow fiber 30.98 0.37 PRO mode NUS
2 M CA
DI MaCl2 NE 73 0.53 PRO mode NUS
05 M PES
DI MoCl2 | hollow fiber 49.0 4.0 PRO mode NTU
10mM | 05 M PA-TFC B
NaCl | NaCl | hollow fiber 403 PRO mode NTU
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B (membrane distillation, MD) 7] &7

U 39 71%& 19634 Bodelle) S3]0)4 2718 o) F Wrhe &) o] fof
A7 eggkont, 19806 T 2wk £t Axr) &l EEUA T BAL WP
T we A99E, AE WRES RA SO 8] sle] BAH s
BFem oA ARE AL eRae] ol FoAA Y A%

o 3 7]Ee o duie SUrIee) B4R AR opd 3717} e B
7l wel v ojse} wimate] oF eqfo] Am, 4Rt G¥E WA gons
eAYP S 43 2Y 5 UE AYL BASHT Yor), 2wk ofd Belu
oA Fwol Yojumz Ank 2w vwated WAL 2Y & e Al 3

2000t =4 o] FHe FTAHLE W T AFE LI YT 2 o
FoF Zo] MD g B A2" FHo] 7hedt 719 A= (& 2-17 F=)

S} Memsys Agguaver Aguastill Salar spring GMUR
(GERMANY) [METHERLANDS) (NETHERLANDS) (GERMANY)
AGMD
¥-MEMD V-MEMD : AGMD WD
ol {PTFE fleet sheet) PTFE Heet shoet) i e Tspirsl wound) {Hallow fier)
« premiDist 4-6.4 £« MDS 1000 « A FLEX 25 « MMD - MA 102
- WHB 051 mid - memDist 5-32 ZEAHE | - Acids, brine solution - Module Mermbrane - PE PVDF
- GOR: 2.5-3.2 - AR 24 misd a8 Distilation
Recowery 45% =+ MDS 500 AU 48 m3fd EAEEF 110 m3dd
PTFE flat sheet £ - memDist §-52 'i'i-ltﬂ 1MH.FLE125 « DRYX
+ memDist 652 AR 12 maid P AMNE 48~24 m3sd = Stand-alone system for
GOR - 4=8 « DS 40 « A FLEX 150R salar PY
- memDist 6-52 S EAHE | - AQA FLEX 1002 &3
System - ARbEF 1.5 mijd iRd
+ Aquaver® Systermn © + World's first + AT AN AQUA + MMD{5m3/d)
1= desalination wnit utilizing | FLEX 100 B {Em3/ 2 Dirirkin water in
< waste heat an a2y Mamibia
: Maldives(2014) - Process water in
- Wl 10 mifd Pantellaria
- ClIEwWT7] HE o = ORYX
THE Bledical climic n B
remate fishing village ||
i Tumisia E
- Research | Germany,
Spain and ltaly
research growps
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[J GREEN Desalination(EU)

O st 7l&ol oA & AH A A3 57t 75 FHR(zero liquid
discharge) Al2=®l& Fd3te 134 7</NE= MD, MCr 7|<& A&

O WYz BAEES Fito NEPFS ABHE Iy AT =7

o Fuky AAE L F=H
IR (MD: Membrane (FO: Forward (Super Saturation
distillation) Osmosis) Crystallization)
Y d&85% | 10,000~100,000mg/l | 10,000~100,000mg/l | 50,000~300,000mg/1
HEd 9855 | FHd 300,000mg/l o 300,000mg/l HlET 9ls
ol xpop PTFE, PP 2 & CTA, PA =} MF/UF/I\_IF/RO‘%L
(74 0.2~lum) | (F7: RO%H} &) (& 3+8)
A A o
i A= Mar = Y g
00154 71%) A e < =

Ex: A 7|¥el 22Y E Al =¥ J|E H2HGWRA)
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TRLEA (1
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Be= & 100 4 =
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9 g (%) (DT fé e
1.2
PRO AAA 2, MMF, MF,
A 2] UF. NF, MBR s 28 s B A 4
7
1.3
SWRO/| .
stolmel= 34,
ZPE% Train/ A 241 0| 3| 2| 6| 6|5|5]|5
T-o 7o
1. 7]%
Ao
7& L4
PRO W& A 2 35
ey o %| 3| 3| 6 | 6| 4|5]|5
7=
15
A A
mol 9| FAAA Z9| CFD,
o oy 8| 3/ 3| 71| 61| 4|5]|5
37}
7&
16
718} | Scale—up, ZTHE A= | 3| 2| 7 7 5 5 5
7%
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2.1
204
Alz=€l | Pump, Pipe, Diffuser 90 | 3 3 9 8 3 2 2
71 A} A

71&

PRO | A2, MMF, MF,

A= UF, NF, MBR &1 33 ) 8 0 4 4

PRO 9E.E, Pressure
Vessel, High Pressure 70 3 3 6 6 5 5 5
Pump

12434

&l
L

N Do

o>

Energy Recover Device 50 | 7 4 8 5 5 5 5

MEs A2 9 3%
A28l

0 3| 3 9 8 4 5 B

71&

71 e} Sensor, Pipe 80 5 4 9 7 3 3 3
71 2} A
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) AR RN EY
O g3t dd g3 Fa ol 43 A Al7]<(electrodialysis,
MD, PRO, FO %), Al&A =, AAQA A 3, FF A8 ol MEA 24
Ha glon, dFdrs SWEY duA A7, Hed, 52 ALKH AAE
A8k = (& 2-19 #=x)
£ 2-19. sliaEast #d A4 Fgedx3 e A
53+ A
- Reverse osmosis
- Nanofiltration, ultrafiltration, microfiltration
- Aquaporin membranes
- Electrodialysis
International

Conference on
Desalination using
Membrane
Technology 1st(2013,
Spain),
2nd(2015, Singapore),
3rd(2017, Spain)

- Pre-treatment and post-treatment processes

- Novel desalination technologies: Membrane distillation, New

membrane types, Forward osmosis, Pressure-retarded

osmosis, Other technologies

- Membrane systems: Hybrid systems, Module design, Novel

membrane systems and configurations

- Brine/concentrate disposal and waste management
- Energy and sustainability

- Economics, Case studies

Desalination for Clean
Water and Energy
Cooperation around

the World(2017,
Israel)

- Desalination

- Water demand and supply/Desalination and the environment
- Desalination and water purification processes
- Seawater thermal and membrane processes

- Brackish water desalination/Wastewater treatment

and water Tresource management/Energy

recovery technology
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- Renewable energy for desalination : Solar, wind, wave,

osmotic power

- Pre-treatment and post—treatment/Post-treatment of

desalinated water
- Brine disposal and removal of specific compounds
- Fouling and scaling and material selection
- Financing - public and private / Modeling

- Electrodialysis/Energy reduction

- Innovative startups
- Desalination and Membrane Technology

- Reverse osmosis

International - Nanofiltration, ultrafiltration, microfiltration
Conference on
Desalination and - Pre-treatment and post-treatment processes
Membrane
Technology - Novel desalination technologies
(2015, UAE, 2016,
France, 2017, France) | . Membrane distillation

- New membrane types
- Forward osmosis/Membrane systems

- Hybrid systems/Module design

kd

slErstel Adste] HHoly, Hd T ASE Jles =Y - &=
=7

2-20. HlHlolE 5 At e && ETrs AT =5

33 FA

- Big data analysis of hollow fiber direct contact membrane
distillation (HFDCMD) for simulation-based empirical analysis,
Big data, Machine University of Hawaii(USA)

learning, AI ##
o - Utliization of Al in the water sector: Case Study of Converting

Operating history Data to Values, Hitachi(Japan)

- Water Desalination Fault Detection Using Machine Learning
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- IMPROVED FAULT

Approaches: A Comparative  Study, King Abdulaziz
University(Saudi Arabia)

DETECTION IN WATER
DESALINATION SYSTEMS USING MACHINE LEARNING
TECHNIQUES, Unité De Recherché Modelisation(Tunisie)

- Improved Fault Detection in Water Desalination Systems using

Machine Learning Techniques, University of Gabés(Tunisie)

- Prediction of membrane fouling in the pilot—-scale microfiltration

system using genetic programming, KIST (Korea)
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O & A48 A3 55

O (A /M) ¢itF oz s3I WHENA s D w oqxn]&o]
30% oldo.=2 w¢- & BlT& AAS= HE PRO 7€ gHEo| whe} oy x] 8] g

Azgol get S £U8 A5ESHIAE 95 A g A TS o
0% MY (MG Z7HE st )

O (@Y =&¢ A% 7MY 5 EAINE SWRO W2 slFgsaEaEs 53
T A2k Algk PRO 71ES =989 S OT(SWRO PRO) &gulgollxel A7+
B3} A AdugolAe] SRS BE Falo] F wEA7 UG AEF

- GFEREst Aduste] TA) SRR Bl sdswss Adwste o
30~40% A=l Z7|1EARIS 60~70% HEO] &
AA] HIE(F2 HFu)o] 40% ol 4e A, B BEAoME 42.6%F &

Energy o
(electricity) 42.6%

Labour 9.3%

i .
Amortization, 32.5% Energy (electricity), Chemicals 6.5%

42 6%
Membrane 4,99

replacement

Chemical 0.3%

Maintenance & cleanning

others, 4.7% R
' Maintenance
47%

& others

Chemical cleanning,

0.3%

Amortization | 32.5%

Membrane

replacement, 4.2% _
A 100%

Atz : AEDyR(2009), Ponencias del curso Desalacion

Y 4-6. GAFERO) WA AePeh ZEAse A Bke] Ty

- SWRO-PRO 7l&<& &3 <yA A &3 SWRO &FH§ T <l AIH| &0
22% A 7E . 7% (3.6kwh/tonell A 0.8kwh/ton *#7})

- (SWRO-PRO 7|& =% Al A9 F7h &27] AlAH]&o] PRO 7€ = o
gt 25% F7Fethal 7S 01 A BlE&2 HEYQ 1199 & 71A)
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SWRO-PRO
7141 s B SWRO =48 F oyAn]-go] 22% Azttt 7H4
oflyx] Azt &%
At 5 . .
7}A (o}
A 2. A H & )= 42.6% (AEDyR(2009), Ponencias del curso Desalacion)
SWRO_PRO = PERtIN-R 2~ o] = =
74 3. 7= =9 A 574] ARl PRO 71w 8ol whet 25% S7pstha
A Z7HE 7
71E o9 A|A _ -
A e | QTR | 100 LIRAED 1919 G a4 )
= 77] dA5Erst 2HES BT 2028W0 =%t
7+
A4 5 Bl = ki ‘o Bl EFR A AL A FBA A A ARG e
ST EFRE =Y A Aol MAE Mdr)ES NEAE Fdo R Floof
syt 2 ALY A AN o] % E JHHstn R
TR Fyd 7] AgS S8 #4848
A4 6 £ AT ENE A YY) E Pt 9 7S
ST ozmyg | M 30dow FAF (2028'1-20571)
713k ) i i )
7+ 1. oa Anug-2 27] 137 18
7+ 8. 7]EfF g H]& 71eF frA ] vj8S A e
45% ("7 AT NEAY ClR el AL 3
7H4 9. ALs|d Q18 T2, A AA B AR A ElE A4-8(2018.4.17
7R A8))
O @Y Y AP H5P4s EAEE SWROR AT A%l sl

SWRO-PRO '$4 0.2 AMT 75 A4uE A7 Zho|Ae] Bele & 74379

Yoz 3¢

¥ 4-13. PRO 7= &4

of W& " A A "HEF 771

(elgl, B 7Fx)

SWRO SWRO-PRO zto]
AHH & 2239.0 2798.8 -559.8
+H-& (B0dzh) 13910.9 12607.4 1303.5
A 16149.9 15406.2 743.7
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il

AR S7HFE 771

Al AAdBle] Z7} - & 559.75¢

o 27}

3 4-14. PRO 7]&
2u gz as ‘/\l*éﬁh_‘i _*;iﬂl w7t Al F NPV
F 7], A8 (FHER, 949 (9 (20189 717
+ PRO 2028 316.1 13.75 4346.375 2798.75
SWRO 2028 316.1 11 3477.1 2239.00
559.75
- SWRO-PRO 71&<& &% odA Bl-& Az &3 : F 1303 Az
A AL} Y =z xMAL7LA
2 | e | BASE| St e A (G T TS
U /=, 7 %—EEE U ’ ]‘/—
Azt 7+4 (4
dE 7= (27D 4 () N2
+ PRO  996.93 (90.6%) 1.15022E+11 1,260,743,863,892
115,376,500
SWRO 1100 (100%) 1.26914E+11 1,391,088,893,183
- 130,345,029,291
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A8 AAAE 5% AANA Ao 2y A4 7
emmE (A7) 3.75%) (71891938] AL )
7.4% 5% R&D T F2E dolste] A&
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400000 T (9l g
350000 T
CAGR = 2%
300000 -
250000 T
200000 + HA 2 AR dEHEZ Y
CEEEEES )
150000
SHESE AR OE 20264
100000 + 0xe 7HE" (E+F =3)
50000
ﬁ T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
Moo O A M osp i M0 O AN i D 03O A os W e
Cd 04 0NN DN O PR 0N DR DR N N = = = o o = = = = = L0 U0 LWL b L Ln
oo o 0 000000000000 000000000000 o0
[ T o R O O o O o Y T o O IO Y O O N T A o O I O O 0 I O o O o O o Y O o I O )
a9 4-7. AA sadE=rdt ERE AR A5

O MAANZAE &A
- Global Water Institute(2017) A5 &£

- GWI Q4 Desalination Market Review and Forecast Points to Some Improvement
in Contracted Capacity, A5 &

O AAANZ Hi&

- AANGESE 25 & F HF Ao Ui FEE RS faiAe FF A lA
L 3

Y
o g A Af HxE dAs|or ¥
o

| SlolA Al %

A 2] =83 3 39 (Y7
o8 ZYAOTE 44%, dBAHO T

5% dAst=

* TUHLA(FAE3Y)el sisEHTsEHE '14d 2 EYH MEIEFE 3.75%E 7S
=
n=

- A}Obl A#=(EWRO-PRO A&3h< 12id Ha7t =o A3E Whgste] 5%
FE7MA AAStE Ao =2 ALATH
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u

O (el 4 AT PRO 71& =ge] HE d9 5T BAE 55 FUd e A TP FPHOR FHHAL
7199, dHAH o2 FAHSHS of 1379 o= 4+
A= GRS R&D AN EE  R&D 714& NG AUslele 7, o9 AAZHA (NPV, 99)
= CAGR 47t 2%) ’ . ’
[ I I SR TP 24 i
(2026-2055,301) (3¢) 80% 35.4% 18.2% 7.35% 3750 4400 £ 00% 3750 440% £ 00%
2026 200000 80% 35.4% 18.2% 7.35% 284 33.3 379 20.0 23.4 26.6
2029 204000 80% 35.4% 18.2% 7.35% 29.0 34.0 38.6 19.5 22.9 26.0
2030 208080 80% 35.4% 18.2% 7.35% 29.6 34.7 394 19.0 22.3 25.4
2031 2122416 80% 35.4% 18.2% 7.35% 30.2 354 40.2 18.6 21.8 24.8
2032 216486.432 80% 35.4% 18.2% 7.35% 30.8 36.1 41.0 18.1 21.3 24.2
2033 220816.1606 80% 35.4% 18.2% 7.35% 314 36.8 41.8 177 20.8 23.6
2034 225232.4839 80% 35.4% 18.2% 7.35% 32.0 375 427 17.3 20.3 23.0
2035 229737.1335 80% 35.4% 18.2% 7.35% 32.6 38.3 435 16.9 19.8 22.5
2036 234331.8762 80% 35.4% 18.2% 7.35% 33.3 39.1 44.4 165 19.3 22.0
2037 239018.5137 80% 35.4% 18.2% 7.35% 34.0 39.8 45.3 16.1 18.9 214
2038 243798.884 80% 35.4% 18.2% 7.35% 34.6 40.6 46.2 15.7 184 20.9
2039 248674.8617 80% 35.4% 18.2% 7.35% 35.3 415 471 15.3 18.0 20.4
2040 253648.3589 80% 35.4% 18.2% 7.35% 36.0 42.3 481 14.9 175 19.9
2041 258721.3261 80% 35.4% 18.2% 7.35% 36.8 43.1 49.0 14.6 17.1 194
2042 263895.7526 80% 35.4% 18.2% 7.35% 375 44.0 50.0 14.2 16.7 19.0
2043 269173.6677 80% 35.4% 18.2% 7.35% 382 449 51.0 139 16.3 185
2044 274557.141 80% 35.4% 18.2% 7.35% 39.0 458 52.0 13.6 159 18.1
2045 280048.2838 80% 35.4% 18.2% 7.35% 39.8 46.7 53.1 13.2 155 17.7
2046 285649.2495 80% 35.4% 18.2% 7.35% 40.6 47.6 54.1 12.9 15.2 17.2
2047 291362.2345 80% 35.4% 18.2% 7.35% 414 48.6 55.2 12.6 14.8 16.8
2048 297189.4792 80% 35.4% 18.2% 7.35% 422 495 56.3 12.3 14.4 16.4
2049 303133.2688 80% 35.4% 18.2% 7.35% 43.1 50.5 574 12.0 14.1 16.0
2050 309195.9342 80% 35.4% 18.2% 7.35% 43.9 51.5 58.6 11.7 13.8 15.6
2051 315379.8528 80% 35.4% 18.2% 7.35% 44.8 52.6 59.7 114 13.4 15.3
2052 321687.4499 80% 35.4% 18.2% 7.35% 45.7 53.6 60.9 11.2 13.1 149
2053 328121.1989 80% 35.4% 18.2% 7.35% 46.6 54.7 62.2 10.9 12.8 145
2054 334683.6229 80% 35.4% 18.2% 7.35% 47.6 55.8 63.4 10.6 125 14.2
2055 341377.2953 80% 35.4% 18.2% 7.35% 485 56.9 64.7 104 12.2 139
1052.9 1235.4 1403.8 411.3 482.5 548.3
ST (715) 182.5 351.0 (7158) 71.3 137.1

- 218 -



. PRO 7l& HYEH AI|FH)

(] B/C Ratio 4+& A3}

O B/C ratioZ} 1Bt ZA AFEHol B AIYS AAAE BdAdo] e A=
S
¥ 4-16. PRO #A| #He] =547 Qo
72 CER-E e &
- S EA FE )l
ameg | O AEEEe wy g SME
goszas | 7 He
D
T e |- AEEAE A7) =dER
oeT % ° 5 20.3}
= Hhdol  ofgk s AA
RSPl W) Ao 2dd B
&3}
[B4EE 2] | - T Ak vl A7 A
NI A 37 (3.6kWh/m®  71%& 0.8 743.79
3} AR S
FEAES | kwhim® 514)
- 7lesle mE sie] Al
A= 3] o i
] . .  slrdast SWE
AN | AFoUA 3 e
Foast |+ =Ee @ T od
E 7% 8n (PRO 7] &%F 1)
(THA AYzEe)
# 4-17. PRO A B/C Ratio
78 MEAZKY @) | BYFIKYG W) B/C Ratio
B/C 339.97 1,349 3.97

- 219 -



5%

o

ot
-
o

—_—

oy

A AL

1.

TR SE|S

AN | AN | AN | A

1]

o322 3

X

Lo

b

Hleolg|e| 2|

N

~H

o

Peo|B|2| 23

X

on

1

Bolgl2 2T

[

(aN]

1]

Peo|B|2| 23

X

—
TIKIT|®
ol Ko
o~ | o~ | o | ok
T|T|T|"T

E_Hﬂ,elnASA..

oM |
P35
l @)
4U1Mﬁmnl
K= TH =
o

(k9] :

!
=
SEHEEEE
RIS IS S| 2|
b
o)
tAEIREIESE
DY
Lo
® T olololo|B
o= || ®|R
S
o7
Wy
N ololaolall
o || O [0 | M|
_&O%‘Au
M -
AL
A
N
4
)
Hxiglg 8
X
—
G o
o | M| P | =
LA AR R TR
oo | w || P

®

- 220 -



2. TRFERE JIHEUA S
7t T3 F 21 & oKPRO)

(29 @

= I ALAE (B) H]

= A= | 239 | 3XpdAE | 4XEE | 5REE | A k]
AdAr+< 18 18 18 18 18 90
A4 60 60 60 60 60 300
A ATRzd 80 30 30 30 30 400
Hxd 30 30 30 30 30 150
GA 188 188 188 188 188 940
AdA< 5 5 5 5 5 25
1 A 15 15 15 15 15 75
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APAT7 4 4 4 4 4 20
2 A4 16 16 16 16 16 80
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3 A 14 14 14 14 14 70
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GA 49 49 49 49 49 245
g4 4 4 4 4 4 20
4 A4 15 15 15 15 15 75
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A 44 44 44 44 44 220
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e
O Al FEAE AxE o4k (19D
[a2ted
AN F-32A) T8 | 2019 | 2020 | 2021 | 2022 | 2023 | FA
PRO wHsols AE | 800 | 1,000 | 1,200 | 1,200 | 800 | 5000
Wzb | 267 | 333 | 400 | 400 | 267 | 1,667
é] RO AAlel % AR | 300 | 1,000 | 1,800 | 500 | 400 | 4,000
5 Wzk | 100 | 333 | 600 167 133 | 1,333
o A | 1,100 | 2,000 | 3,000 | 1,700 | 1,200 | 9,000
Wzb | 367 | 667 | 1,000 | 567 | 400 | 3,000
Train 24 AA 7% R 300 700 500 300 200 2,000
Wz | 100 | 233 167 100 67 667
2 . L A | 800 | 3,000 | 3500 | 1,000 | 700 | 9,000
A 1EE Train 7+ 71& o
A7k | 267 | 1,000 | 1,167 | 333 | 233 | 3,000
¥ o Ax | 1,100 | 3,700 | 4,000 | 1,300 | 900 | 11,000
Wzb | 367 | 1,233 | 1,333 | 433 | 300 | 3,667
e 2o A2 AE | 600 | 600 | 900 | 1,200 | 1,200 | 4,500
gz | 200 | 200 | 300 | 400 | 400 | 1,500
3 - AR | 200 | 200 | 500 | 400 | 200 | 1,500
a| PRO BAR 7k 715 Gk 67 67 167 133 67 500
¥ o A | 800 | 800 | 1,400 | 1,600 | 1,400 | 6,000
Wzb | 267 | 267 | 467 | 533 | 467 | 2,000
NG @z w4 A7 | 8% | 100 | 300 | 300 | 200 100 | 1,000
1% kG 33 100 100 67 33 333
;1] el aza s A | 200 | 800 | 400 | 300 | 300 | 2,000
5 EE) 67 267 133 100 100 | 667
o A | 300 | 1,100 | 700 | 500 | 400 | 3,000
Wz | 100 | 367 | 233 167 133 | 1,000
o A | 3300 | 7,600 | 9,100 | 5100 | 3900 | 29,000
wzb | 1,000 | 2533 | 3,033 | 1,700 | 1,300 | 9,667
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rain 27 A % Ax | 300 | 700 | 500 | 300 | 200 | 2,000
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w7k | 233 233 | 433 | 533 | 400 | 1,833
A @y g A | A% | 100 | 300 | 300 | 200 100 | 1,000
7= ks 33 100 100 67 33 333
3] gel aza s AR | 200 | 800 | 400 | 300 | 300 | 2,000
5 w7+ 67 267 133 100 100 | 667
o A | 300 | 1,000 | 700 | 500 | 400 | 3,000
Wz | 100 | 367 | 233 167 133 | 1,000
_ AE | 3100 | 7,300 | 9,000 | 5000 | 3,600 | 28000
& wIzb | 1,033 | 2433 | 3,000 | 1,667 | 1,200 | 9,333
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=9 §4<5 1g o & dA A PRO< MD 7<=

Brhsatn, A
dare] &I AE 5 S

TR dZAE 2 V|EHFES 53 dA TRL 649 o] MD 2 PRO
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Y P R PUB IR PE Rt

O sig=3 &< SWRO brine) We] g3t W52 T (reserve)o] Bl
5o mAFG A AT (e A4S Plasds 45 Ws s Ade 1

24 B AE Vs 9E B

O #7H4ae] A% b A% HAe A2 2 Ae ug, 28 283 Aols T
Aol s AHH, MY £8 ASE FLE A 2bA 24 adlel ¥
%

18240 SR = WEFAM A=t vl
LROE A =4, 57 % Ho] A7} §EE MCr 7€ 9% s3] I

Q

1.

3 8-4. 72 & W4 Wi, A% ANF B s §EF AE

“seawater

“terrestrial reserves “2013 world production 2013 reserve supply “CCZ nodules concentration “dissolved metals in seawate

element (x10° tonnes) (x10° tonnes) ratio (years) (x10° tonnes) (mg/L) (x10° tonnes)

Cu 690 17.9 38 226 0.0009 1170

Ni 74 249 30 274 0.0066 83580

Vv 14 0076 184 94 0.0019 2470

Mo 11 027 41 12 0.010 13000

Li 13 0.035 371 18 0.178 231 400

Co 72 0.12 60 44 0.00039 507

Nb 43 0.051 84 046 0.000015 L3

Ag 0.52 0.026 20 NA 0.00028 364

An 0.054 0.00277 19 INA 0,000011 143

u 45,9025 "0.05937 9 INA 0.0033 4290

O sllolA e A A= (mining)& o2 7FA] o] F o] U+

- g vl AR B £8 Fhe dFusste e g V4L

ZHAA S ke

- AgEsse] $550 Fauel it AU HERE F7hH Sqol
5

btk S eEret uge] gavt )

vl g #9 (K, Mg, Ca, S, 181

- AA AZE S e A dgEo] e we FH v FHLe mZol
=13 0] o

Han AL, HAHo® A=l ofPal Hlgo] Wol == Akl ol 3l

- olE@ Aol AZE AT B Aot oA Aol Frkstel AF ]
g 2713

- wge] el gaxde] REE 95 AZS ARSI gom, 1o W s
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Ratio of ocenic contents/ land reserves

Ratio of ocenic contents/ mining production in 2015

13 8-5. (%) A
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10°7]
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105
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Mg K

L L L T L L L [ (e S NS [ RS N (S o R o (SSED NN (R (RN e SR |
SrB LiRb P | BaMoNiZnFe U V Ti AlCuSeMnCsCr SnCo AgPb Ge GaAu
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10™7]
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da E vgEs =] vls,

AZFH20159) 3 s FgEHo

O A& 714 oA Td 18 AE (288, 78, A7 552 sy
i Zoll A=l gt BALLS A 7HAH s FREs 5% 2 AAH
ThEX 2 A4kl e A2 Ay7tE

O AAFS=E 7HA] = #F7HAHd-2 Rb, Mg, CsolH, =X o2 3j&E 7FsAdo] ¢
E 719 S U, Ga, Ag, Auo] <
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%85 58 94 W A5 U 82 55 2 A4 vm

FEMENT | BAE | AR E [ o [ [ A GE
(g/mol) %= (mg/L) (USD/kg) X71A)
Chloride 35.4 18980 0.536158 0.0
Sodium 23 10561 0.459174 0.4 4656.5
Magnesium 24.3 1272 0.052346 4.7 6029.1
Sulfur 32 884 0.027625 0.0
Calcium 40 400 0.01 4.9 1944.3
Potassium 39.1 380 0.009719 0.2 85.5
Bromine 79.9 65 0.000814 5.4 351.0
Carbon(inorganic) 12 28 0.002333 0.0
Strontium 87.6 13 0.000148 0.1 0.9
Boron 10.8 4.6 0.000426 0.5 2.3
Silicon 28.1 0.000142 2.4 9.7
Carbon (organic) 12 0.00025 0.0
Aluminum 27 1.9 0.00007 2.2 4.1
Fluorine 19 14 0.000074 0.0
N as nitrate 14 0.7 0.00005 0.0
Nitrogen 14 0.2 0.000014 0.0
(organic)
Rubidium 85 0.2 0.0000024 82700.0 16540.0
Lithium 6.9 0.1 0.000015 13.9 14
P as Phosphate 31 0.1 0.0000032 0.0
Copper 63.5 0.09 0.0000014 0.6 0.1
Barium 137 0.05 0.00000037 0.0
lodine 126.9 0.05 0.00000039 20.0 1.0
N as nitrite 14 0.05 0.0000036 0.0
N as ammonia 14 0.05 0.0000036 0.0
Arsenic 74.9 0.024 0.00000032 2.0 0.0
[ron 55.8 0.02 0.00000036 0.1 0.0
P as organic 31 0.016 0.00000052 0.0
Zinc 65.4 0.014 0.00000021 3.0 0.0
Manganese 54.9 0.01 0.00000018 0.0 0.0
Lead 207.2 0.005 0.000000024 2.3 0.0
Selenium 79 0.004 0.000000051 23.8 0.1
Tin 118.7 0.003 0.000000025 0.0
Cesium 132.9 0.002 0.000000015 76000.0 152.0
Molybdenum 95.9 0.002 0.000000021 18.0 0.0
Uranium 238 0.0016 6.7E-09 75.5 0.1
Gallium 69.7 0.0005 7.2E-09 445.0 0.2
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Nickel 58.7 0.0005 8.5E-09 13.3 0.0
Thorium 232 0.0005 2.2E-09 73.0 0.0
Cerium 140 0.0004 2.9E-09 3.0 0.0
Vanadium 50.9 0.0003 5.9E-09 35.2 0.0
Lanthanum 139.9 0.0003 2.2E-09 3.0 0.0
Yttrium 88.9 0.0003 3.4E-09 35.0 0.0
Mercury 200.6 0.0003 1.5E-09 29.0 0.0
Silver 107.9 0.0003 2.8E-09 553.0 0.2
Bismuth 209 0.0002 9.6E-10 10.6 0.0
Cobalt 58.9 0.0001 1.7E-09 55.1 0.0
Gold 197 0.000008 4E-11 40509.9 0.3

2. MCr 7|24 ZHol A9 AAH B4
O 7149 3145 53 2r7tx FEo)u, 5243 =5 MCr Ax]9] &4 1
& A7t 7hs

O dgess S7HA, F7H] = Aol 7hestar, =3 WRTFdes oA ¥
s

-
F AT g dh L B o] g2 F UL

[ MCro] Af-ole &9 &S oF 88%7tA 572 + s RO @=9 A4,
ok 40%).

[ Capital coste] 7o+ MCr
o, o= A<l
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Solid crystalline salts

—p Pure water

|

Current Opindon in Chemical Engineering

7t MCr %A 9] v 8§74

L —
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-
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4g FYstel 3
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A| 532} A) FE 2019 2020 2021 2022 @ =A =%
AR 200 500 500 500 1,700
MCr dAel % 2ale o) 7} 60 150 150 150 510 2210
1
) SRS 500 800 1000 1000 3,300
Al MCr AA 9@ =74 4,290
] 54 150 240 300 300 990
2 B 700 ¢ 1300 1500 1500 5,000
AA 6,500
w7t 210 390 450 450 1,500
5 300 400 400 400 1,500
MCr =& 7| 1,950
54 90 120 120 120 450
i] MCr 24 HH8 B 300 400 400 400 1,500
A r 34 HAHs3 1,950
% °s w7} 9 120 120 120 450
B 600 800 800 800 3,000
AA 3,900
P4 180 240 240 240 900
AR 200 200 200 400 = 1,000
Ui I b o) 7} 60 60 60 120 300 h0
3
o 5 200 200 200 400 1,000
Al AARE TAY & 1,300
] 4 60 60 60 120 300
2 400 400 400 800 2,000
AA 2,600
4 120 120 120 240 600
i AE 1700 2500 2,700 3,100 10,000
FA 13,000
54 510 750 810 930 3,000
) AR 1627 2289 2366 2,600 83882
2018d  HA|7}H] 11,546
P4 488 637 710 780 2,664
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Y. MCr 34| B 3=

O Al AaEEol| wWeE AUZles FHCE He =Esilen, siedrst $49
Z| A

(D BAA 7k s ) 71€3 71 s Q) AR 71 dsadz FEste] =&

- Gleaest 33 AAH 71X ds) MCr 7<= x}%ﬂ¢ o AAs} 7)&o
HEoZN d5H5s ZUE WS4 Yk FES B3 H1A T
2 7HAE FEATIE &3E e (AN SR 1?4)

- @lFEss 34 71€3 7R A%)  ZLD(Zero liquid discharge) 23 71aAd ol
et $EATFEZLD 717 2438 Ha, A9 R&D =7 FHiE AL 4
A 7 A, B AT, ST 5 U sleFE FulE o] & AFA

FaRsE SdE Aok JdE S Pl 7He Fd )

- SRS 38 ANA AN 44 MCr o 287

=
gHol met ‘A Tle’ 2AMY sie"ardt 7l 2
gtal, o]& S8 U slgETst FWE =UFF S AU E THEE &

AUl e 7IHe S o)

3t 8-6. MCr ¥4 Aap=3 @4 & U F3

=4 AR

T& AIEE e il A3.©)
Sl QR Al = 2=
A% | A== 1 heseT
g5 | MEFERE |- dsRss fEE 493 % des
&7 AAAE | 2w omge @ 2| O |7 T,
o) 3 2z o
BAR R ABAIE ] g 3z GaAn 3 FA (el e,
daic e AR} )
LS vl 27/ 4
=3 S 2= fﬂ]-’? 3’&%
& (A= 2] | - FEAFED  71&D) & 2RaD
CRE HrZANE g43, A% R&D Hx| @ T.—T_:LU
G A I N (At e,
s AR} =5)
5 =d4AE
2= S .’_!f].g:_ _ e . H =
UGS I E - PEIE R % 27 27}
T | = T
=3 A e oy 54’ 7]%9] R=R=U A= O]U]X] 4) (137] ->
484 | B Eng Ae | ALE BF FW =9 (A]lf};no
W s Ll o (A TFAD AR =)
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SlAg 5% Hfracka 7H

A AFA 09
] ST = (@_ZH 0%)
18.52%
MDPRO ¢t MCri#)& 1,2%
Abe1 7o) & (13001 (A / e e e 12
{2829)(17) + 4209 (23H) TR R
A AT e HU|E 2D AfEdgAE A’
B & 76.9% " ;igj ;i}]f] g "
o [e]
R&D7] o) & 35.4% AT et 24 2EAR WS 9
Aejsk JEE, BEe) S
(#At&: S.K. Markham & Hyunjung Lee, Product
R&D o C

A s T e 52% Development and Management Association’'s

nre 2012 Comparative Performance Assessment
Study)

Hedk A7) 304 FAHYEFNE/7E] FHF7] A&
g 45% o v et A A F(KDD W8 &
501717 513 AFANARE dHEFFA A EEAH WS vk,

QAT 54 el
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O (| 4 A3 MCr 7]< 7ol W sisarst e F7PHA FEads oF 1849 doz FAHANZH/E 5% 49

A= AR TFE PV Neg | ¥PHIE Adslde el, o4 AA743 (NPV, o 4)
(CAGR 3%, wiy UEes T gws wsd [ 394 | oA
(2028-2057,30) 20154 85012)) 52% 35.4% 76.9% 18.5% 397 Eos 10%% 394 Eog 105
2028 850.0 52% 35.4% 0.769 0.185 0.67 1.11 2.23 0.45 0.75 1.50
2029 875.5 52% 35.4% 0.769 0.185 0.69 1.15 2.30 0.44 0.74 1.48
2030 901.8 52% 35.4% 0.769 0.185 0.71 1.18 2.37 0.44 0.73 1.46
2031 928.8 52% 35.4% 0.769 0.185 0.73 1.22 2.44 0.43 0.72 1.44
2032 956.7 52% 35.4% 0.769 0.185 0.75 1.25 2.51 0.42 0.71 1.42
2033 985.4 52% 35.4% 0.769 0.185 0.78 1.29 2.58 0.42 0.70 1.40
2034 1014.9 52% 35.4% 0.769 0.185 0.80 1.33 2.66 0.41 0.69 1.38
2035 1045.4 52% 35.4% 0.769 0.185 0.82 1.37 2.74 0.41 0.68 1.36
2036 1076.8 52% 35.4% 0.769 0.185 0.85 1.41 2.82 0.40 0.67 1.34
2037 1109.1 52% 35.4% 0.769 0.185 0.87 1.45 291 0.40 0.66 1.32
2038 1142.3 52% 35.4% 0.769 0.185 0.90 1.50 3.00 0.39 0.65 1.30
2039 1176.6 52% 35.4% 0.769 0.185 0.93 1.54 3.09 0.38 0.64 1.28
2040 1211.9 52% 35.4% 0.769 0.185 0.95 1.59 3.18 0.38 0.63 1.26
2041 1248.3 52% 35.4% 0.769 0.185 0.98 1.64 3.27 0.37 0.62 1.24
2042 1285.7 52% 35.4% 0.769 0.185 1.01 1.69 3.37 0.37 0.61 1.23
2043 1324.3 52% 35.4% 0.769 0.185 1.04 1.74 3.47 0.36 0.60 1.21
2044 1364.0 52% 35.4% 0.769 0.185 1.07 1.79 3.58 0.36 0.60 1.19
2045 1404.9 52% 35.4% 0.769 0.185 1.11 1.84 3.69 0.35 0.59 1.17
2046 1447.1 52% 35.4% 0.769 0.185 1.14 1.90 3.80 0.35 0.58 1.16
2047 1490.5 52% 35.4% 0.769 0.185 1.17 1.95 391 0.34 0.57 1.14
2048 1535.2 52% 35.4% 0.769 0.185 1.21 2.01 4.03 0.34 0.56 1.12
2049 1581.3 52% 35.4% 0.769 0.185 1.24 2.07 4.15 0.33 0.55 1.11
2050 1628.7 52% 35.4% 0.769 0.185 1.28 2.14 4.27 0.33 0.55 1.09
2051 1677.5 52% 35.4% 0.769 0.185 1.32 2.20 4.40 0.32 0.54 1.08
2052 17279 52% 35.4% 0.769 0.185 1.36 2.27 4.53 0.32 0.53 1.06
2053 1779.7 52% 35.4% 0.769 0.185 1.40 2.33 4.67 0.31 0.52 1.05
2054 1833.1 52% 35.4% 0.769 0.185 1.44 2.40 4.81 0.31 0.52 1.03
2055 1888.1 52% 35.4% 0.769 0.185 1.49 2.48 4.95 0.30 0.51 1.02
2056 1944.7 52% 35.4% 0.769 0.185 1.53 259 5.10 0.30 0.50 1.00
2057 2003.1 52% 35.4% 0.769 0.185 1.58 2.63 5.25 0.30 0.49 0.99
31.82 53.04 106.08 11.04 18.39 36.79
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- (@MY EEE A% M) W dES B3 MCr 719 4 4x7]
He3 1008 & FGYAZWHEY} FEHHOEZHA ZLD 7<% #ddE &

3 27 R&D Aldo o
3, 2AFABA ) H

e E=fozA =

r F#l

@ ZLD 2o %4 R&D Oﬂ A ERNFE(24~'33) 1,2049 (RAK)7}x])
@ Z7tAR LAIG O] W ATLAMARY: 0.498 T 0.382
® = AFY 7]0l%: 32% (ﬂnﬂ 50%, &4 20%)

@
#4 R&DS 47 D FAATALAL @
) N = F <4 R&D X x| & A 719=
AL Ty &5 = ol P4 AFAL
FATE
A
R&D $AH% 1 F7FA T ukALS) <] F2:91 70 Talgl
oMRLZES Teishod F# T iy Aot ZAEALS g
7LD Hofe] T2 Wegke 918 we} Ao E FEa T
FAGEE o5 ARy PEREE HBS
(NTIS &&) i ==
e T AT FTE ¥’ 249FH FF 10dzke R&D AL FUHES AR S
SHA, I7FATFNEAIG ] HH oa%“g*&*é 71EX 9} & AFFY VIAAHE b
of we} HA 57 UelA Hd 1809 ¥ #es YUEH
# 8-8. A7 Ad o &9
(T 9¢)
7LD T A7 o AFAAAY FY A=
%2 R&D AT AP AA 30% 20% 10%
FATE i) (F¥H) (53)
(1,204) 9 0.498 179.82 119.88 59.94
5 #ofF R&DAAE
o14) 0.382 137.93 91.96 45.98
(1,487) 99 0.498 222.21 148.14 74.07
(R&DAF o
5062 7h) 0.382 170.45 113.63 56.82
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Bl oA A1E T I o
2219 o= 34

27] A4 R&D R&D -
?ﬂE ’ i H 7V7 [e] A 7 [ % o
2030 171, 2035 17] . . . .
271 A4 7 200099 80% 35.4% 18.20% 18.5%
2030 2,000 80% 35.4% 18.20% 18.5% 19.1 12.3
2035 2,000 80% 35.4% 18.20% 18.5% 19.1 9.9

38.1 22.1
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o2 wF gstel Al AAe] Be

Atd o] o4kS F3 HES A3 3 B/C RatioE 4=
O B/C ratioZ} 12T+ A AF=EFHo B A AAZA eldAol A+ AL
& e
# 8-11. MCr A A He) =423} Q°F
T AIAER %o ol
. (a3 1] slaearst vile sl 9 28-S
A 23t g ) T
24 AR H|E<F2 5 EH 53 VA A= 18491 9
°E T sl 2 AME | (Y AU, AREee 5% A B
7K % ]
7lE gn %)
y _ S4A-HZLD 71&) EA43)
T N R PE N R&Dﬁj - o
IR 71ed | SElZgE wes - 119999
PEI | ST v avkle, sk Re
© 0498, R&D EA4} 94T AS= 714)
. (A3 3] A 7les2A Y saeas) e B
g 28t s I
. MCr 7]%F 21804 & | A olu|x] A1 53 ] =UHF
A A3 219 ¢
aA g | T TR g7 3
o -
& gn (G I =)
3 8-12. MCr #A] B/C Ratio
TH H &7 ) HJEAHY ) B/C Ratio
B/C 1155 160.4 1.39
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14 A7l Be J9FY A
1. AAAY A8 F AE
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Al AT 4 4 4 4 16
AT 7 12 12 14 45
AR EY 10 10 10 11 41
P 3 3 3 3 12
A 24 29 29 32 114

- 295 -




Hl 1

ey (9)

=5 7

nE
R

R
w_

H

.

R
"

oR
w_

0,
h=]

—_— <t
lelg|z 232y <2z 3| <=z e
Plv|2||o| 8o = - 2 -
1|
<t
T2 || 2| - ~
X
o
Tl a|2|e| Q] 2|~ -
X
(aN]
N
—
o o o o
s = | = | T+ = | T+ —_
B AN %ﬁ AN wm

R
"

- 296 -




7h dlak A

O 2zt ARgEs Ak o2 sbede] 28 da4s 272 71899 AL

o
>
4o
-
21'4
rlr
rle
i)
2
lo
e
o\
In

L AR &gt

O Al7-2AE 29 o4t

O % dA7¥le= 134 2,000 W9k, 2344 1,500 @, 3244 1,000 @k o =z -
1

O 7|gAl FAE st MR FGs vl&S 2%
[ w91
74 TE | 9 7 H) &
(AT /719 4 842 9% MCrolwr | A% | 5,000 6500 050
x2S AWE ZAE /)% wzE | 1,500 ’ '
(2ab) 285-8/4299 MCr 118 28 3% 34 8% | 3000 3,900 0.30
71e 7 g 900
BapA) 5= B o WU A 8 fobas | AT | 2000 2,600 0.20
w2/ A 7 A w7k 600
A5 110,000
FA 13,000 1
b4y 3,000

- 297 -



O Al F-AE AxpE o4k (19D

ERD!
23} A) T8 2019 2020 2021 2022 £
MCr 5 200 500 500 500 1,700
AAeg 2

v | N3 60 150 150 150 510

L @1\744%% AR 500 800 1000 1000 3,300
aage | W 150 240 300 300 990

o AR 700 1300 1500 1500 5,000

w7k 210 390 450 450 1,500

MCr AR 300 400 400 400 1,500

EE | vz 90 120 120 120 450

o Mer Ay 300 400 400 400 1,500
gf@}y w7 90 120 120 120 450

o AR 600 800 800 800 3,000

w7k 180 240 240 240 900

frﬂx}g ER 200 200 200 400 1,000

= ;j Sl oW 60 60 60 120 300

3314 fﬂ; jjj ek 200 200 200 400 1,000
7% w7 60 60 60 120 300

o A% 400 400 400 800 2,000

w7k 120 120 120 240 600
. AR 1,700 2,500 2,700 3,100 10,000

w7k 510 750 810 930 3,000

- 298 -



A7z SH AE 9 oLk
S A7 (A X AF
A AT A Arr - :r"z ] 2_(3 b ; (;1.}09,%)
FEAAE F | Mer AAE 2w
Al g S NP 20
MCr7]8F =324
Aure Zge s | MCr A4 3 7= N
= M 7<=
w3 g/Aode | MCr EE N 20
MCr A& =& 3l
34 1€ AL | vor 249 243 0
1T F2s oy | T/ R 0
&7 nulE s 9 g 3| N N I
1€ | s FRARA | ane 529 )
714 A s 10

- 299 -




H10E I (MCr) NSE

14

1. FAAMCr) HA AF 874 F

o}

| B

5

A A} 874 (RFP)

AREAT

7h FAARE 274 19t

10,000 ¥+ 7)==

=2 Al e AH7E 93 MCr A 2E] ql=x 2 7<=
o723 A s SAYH A 4 ] Yo 7|&
i
1L 770 55 FEF TR Ve SERE g HE2A U FHE Ve
7N
O FF/HF7HAY A 45 93 MCr 34 719 5325 AWH
71& M
- o2 gAEE 50 ni/Q oA, B 348 60% o)Ak, muE 3]
$: 50% o|A
- HE 2 AR A 7k o] FFA2H HE T|e Jd
- MCr 34 & 9t A2 HHs 71&
- MCr 24 A& A{ ZWE FAHARA 7] A
- 2% ANF Jddl SHERAY-FF-F/E8-2A-s 5F
FA) AAIFFE5 H7
O 23FE/Ade] MCr Ag o9 28 9 34 7&
- 5 348 60% ol
- 13 4E Aoy MCr 8|9 =& 9 A /)
- MCr 349 #7] 498 Y3 AAH 71& M
- MCr 3o AA HAg 7« NE
O MCr &4 7|9k A3l 9 2A3s) 7« A
- vdlE 358 50% ©]%

- 300 -




& AA7 e HAH4A Je e

(H17) M Al =

da8E1

- MCr sS4 W vh2&E s, viadls, 28) 37l A
AA 71E N

| e =3 o)
MHE g o el
0 3o K
Rl & mmm Hu ar ﬁr w
L D sl - Gl
=0 S da o
™
SN S _ o
ShE ChmEw 0 —
¥ Pz
Aqr )
X il
oKE O S T . oy
o o =
dmp o o o X
10l R0 g W < T 2
My oK =_
HLIJ@.T_._M Rlgp® o & ,,_M_V (-
— . =t T —
SAN mgnih A
] 1XFL._| ﬁaH_‘EoLI_} - TSH
2o e oor o
FTorel  Lmis ok T o
@ X g K
o
T g
BT {hRlEK o X o
0 o o) A !
%%M w e =
by gl W oz
Bk Ao o X
IEW K < % _wn\_ ‘m__A ,.w
o T e T
Tof W] o T =
Wrgom  WERAN o 70 R rr
HorRudy T2 HoRL o Nm
. ® | O
o)
w2
T2l
ik
0
~w |07

==
LN

20164 7]

[e)

A3t Al NE2A RuA (FELSE,

A= 718 BAZ olUA Feh &nsh

- 301 -

=3t A%

3]

2017)
&
- =24

<

20203 7kA] 5




)

o A

| —
T

A HAey 7E Tles

3.0 kWh/idg &7HA]

1o] oA Azt

F7] ojgem, A=z T W

S

S A

o
L

A

—_—

N

b AT AR

3
pul

ol ol

[e]

f A1

9]

o

g 7/t 28

-
[e)

A LA Tt

A

o

ol M =

ﬂo
W

ERR

X

—_
o

—

0
~

;01_
o

il

mK

AL

O 7l&s

)

L
)

ol

k

927k FolA

-
i
Ho
)
oF

ol
A

~

3 Al EPC H]&o] 7}

i+

3}
=]

g7l Jido] Ha

Sig

Ho

T Ag 7le

=
=

il

= A~
5T

I &FF(ocean discharge, surface water discharge) :

vl

o

- 302 -



- A% WH(surface discharge) : =45 8557}t Yo g

* et ER URT 5 2ol HEAE g9 E3EA F
£ 34
- A&} Wi(subsurface disposal) : B4 A3} W

* ek 2L9s WAEY] g BUEPe] 2%

=

- sl el A 2l(treatment at wastewater facility) : 2+

sl WA= #Hget sl st el A A
- $24+ 22 (land application) : SA4tol] A3
*AEE SAAAE Aol THed AEel A&

* WA Aol FHF, FA B S Mg

* thermal brine concentrator(@%= #x])¢} thermal
crystallizer(d 24 s} A7t A+

- "= Ao]& XA (Bureau of Reclamation)ol4] 2000d = A=
203719 243 Z=IHERO, NF, ED/EDR)E tjido =z ZA}SH

Aol ojstdl, o] FRNEE THFE HPTFMUR 3t
A st RS St A

* A ekE WFO%), L%, BAEFA AHE2%)

3. AFAEY &

O AXEFA [NAEFA] MCr 7|8 534 298 Zd9Ee 7)< 7w

AT &
S O MCr °ly# &5 A=" & 7l< /N

- 303 -




71 M

O MCr &3 AA 7]

My
=
2

O MCr 54 #ZAs3s}

BAFZA] Tex s W vull" /44 71< A

O MCr s=a Ul Pd& 3 7le A

O F37 Alz=d 755 93 /85 2 AVl &4 4

- 304 -




Product

Mo TS SHE(TAE == a2l
ZustEganrad oL o

==d

A=
~ Mo ZE HEE H A
Blls

MEE Sa l o

—

=5
1=E 253l

>
o|N
>,
2
Ao
of?
_\7\_]‘
Ho
XN
i
G
i

ft
ol
=
M
N
)
1o
b
o|N
St
)
°
£
o

N

AA O s A A 2E HsE AA-75-29 71e NUe
B2 ARRIAA AR AL

ToRE Z3l0] e

U

i
:
Q.
)
1o
of4
>
i
Jo
Pa)
_O'I_l‘
=
re o

il
il
rlo
:?{:,"
o

O 2 FAAE F3) e A7 =
] AAES S4Hor A8 ¢ IEE AA AE Fi 9
T 7|&3e] 11Ws €% AA =

el
>
s
>,
ol
>
e
H NIO
off do

of

- 305 -




oj
e
No
‘_a

£ %3

O @7 A A= A7 A3 HiA

i

2K

5], SW, AlAlF

E
=

AT =
1,

i

- A7 A HAA

AA 144

mH
)

A2 27

ks
=3

- AlAIR

- SW 1A

g
)

AR N AT

A

3T -9 AT

o

o] dSd72k =4 4

9|

O

=3} A - RetrofitS

A

AAZ =9

o

948 F3to]

\gstel @

3} A Js

]
H

1

;01_

o

d.o

Gl

H

& 7le=A 2A

o
ey
F

o}

KT

Cl&

O 71 =23

el
o

=7F YA

H

—_—

0

=K

)

JJo

- 306 -



QHE

=y

=

27}

=

.

(AHS] A2 =23
- 715H 3Tl o

e
N

q_mo
™ 3O
w_
E
) T
N 0
N ™
T =

53
W g
Mo
A= oy
P
1o
R
BO
a- W
"
N <A
Ho N
o, Mo
;01_
F

wj

4

) 714k v} Value Chain ¥ 29 =

¢ o

( 7h4)

3 mE RRAAAg Fol wet =

: 2019. ~ 2020.
o 7]

AL
- 10,000

AFNEZIZE 2 2019 ~ 2022 (E A1)
O

O %

TNEAY

B

%
<
g

™

5

“ %E

2E 2

3]

o))
!
!
il

oA 714

% 71

Jo
_

o

¢
it

AFGAE R 7gEEE e

-
o

¥ ATFHEIA
¥ A o

ki A7

St

<)

3l oF

3

AW A

Z
)

k)
pi

FTA

Jo
.

“it 34"

(@734 &
O & #AA9] HtsdE

8. 7] E}

B!

.XU
oy

A A ek 2 FARFP)o] AAH AU &

T
T

O ATNEA A

[e13
k=]

sof o

S

4+

= X
=

- 307 -

=

1=, A
3)

°

FaAY @A 3 T FARAIS}E AFUEo] TEEA

e of

3
[¢}

)

Z_IL
=5 dTNEAEA

] AA]

o
o)
5

Bl

o

O 71 =3




- gRIA st BAst] 1) FYHAAY A Y FA A
FARAT ] TAH AA - BF R BHIAGe AT
o ¥

o 2

- Ak ATHEol B FARAE AT B3
M E Aot ETPSHAE TsE, 1 2AS
3}

O dF ZFFAd 33 MEETs 9 tiv7t 7sstES Al F3A
HZ As-Is¢} To-BeE A 8)l-71A81ske] A A

O dFMIEAG Ao MFE FAZL ATFHE D Ao AA/E8&
A% Az A
- 718 RTANA AAZ 7]EE TRMS 7|8to g AA 7ur)
S aEzre] §714 GAF wetd & 9= AA AN
¥ (A Mr)s szt "Ur% Aoz, Mrle-AHA=30 A

1

- B ed AREe s AEAAEL TASS AN
O ATARAE ATANY 32 EAAAE/DHZEAIFA) o

AQEWQADAG S olo] te DAL 5 ATABAY A
A

- AARE ARz AR E, AAHITE S8 24 GTD The

- 308 -




AFANLAYA S FHHKATEE, WE 2 49 52 FAS
BN 5 AL

T A=

- AFFIARAANA BE Ve SFHSt] w2t ATFH(ATH =

- 309 -




R
o] Autel

Y
e
X
il
o,
N
N
4N
r:-%

D ArEA A, AT 5 AT Y e sELEAETE
TAEIA B 7]|E ©wE

BIH7%= A FFE Lk
HZEE 9 AY FHEE
ey - e .
AT =3
(204) AxpE AFAA g B 2G4 5
RFP Ag5329ke] F3H4 5
AL g BXAF 7154 15
0&?7]]%14]%— :FLHJIHOJI ]'00
20%) ; .
ATNE & 534 5 2EA 5
AT A D AA) AAA
(Fd "271do] 4 ARE= 15
FodsteA B7) A48 A
AL LAY | AFFAAA ] HAA
(2574
AT Aol E Frwkeke] - A 5
ATF7|7E D A el e] HHA 5
ATAFZe] BEAY R WUt .
dT8NE E8AFY | A4 ’
A4 8 247 A
(257) ATFP A= ZIEH (4, 10
AL A, A2 s adh
J =X
ETRTEN A Jazas awa 2 w0 449 10

- 310 -



2. 0] AEBEINM Y28 wEst=

ers{of gt

3. F7HntE7|& 7Y RXlof 2LF

- 311 -




