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Abstract : Climate change has increased the need to secure a new water resource in addition to the traditional water resources
such as surface water and ground water. The seawater desalination market is growing sharply in accordance with this situation in
Korea, “seawater engineering & architecture of high efficiency reverse osmosis (SEAHERO)” program was launched in 2007 to
keep pace with world market trend. SEAHERO program was completed in 2014, contributed to turn the domestic technology in
evaporative desalination technology to RO desalination technology. Currently, it is investigated that the average specific energy
consumption of the whole RO plant is around 3.5 kWh/m’. The Busan Gi-jang plant has shown 3.7~4.0 kWh/m’, including
operational electricity for plant and maintenance building. Although not world top level, domestic RO technology is considered to
be able to compete in desalination market. Separately, many researchers in the world are developing new technologies for energy
savings. Various processes, forward osmosis (FO), membrane distillation (MD) process are expected to compete with RO in the
future market. In Korea, FO-RO hybrid process, MD and pressure retarded osmosis (PRO) process are under development through
the research program in Ministry of Land, Infrastructure and Transport (MOLIT). The desalination technology level is expected to
decrease to 2.5 kWh/nr'.
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Table 1. Desalination plant with pump and ERD central design®®®

Plant Capacity Capital cost Energy consump- Water price

(m¥d)  (Milion $) tion (kWh/m?®) $/md
Ashkelon 330,000 212 385 068
Hadera 456,000 425 35 0.67
Sorek 540,000 400 35 052
Carlsbad* 200,000 530 3,56 (design) 161

*The energy consumption of Carlsbad SWRO plant is energy con-
sumption target in planning.
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Fig. 9. Concept of Internal Staged Design.'?

CHekerd TR | M8 *55 | 20164 5¢ |

259



Product
3 Brine
HP pump ‘ I
center o
Sea | ERD center
water E
; gg Brine
| | Product

Fig. 10. New Concept of RO Train (Pump and ERD Central design).*”

21.3. 22 AMB3H =2 g2l =% ]| mole NaCl 7|Z2 & 30 LMH A% 9]
A AN AERHS AT S~ Qe BHoR 7h BYAE Uehln 9o, ofs Uvkdgl elirsule] 4%
4 FEUn i RS AUE &3 02w Algol. B SA AES Uk Aotk meby 27] A4kE
Fig. 112 =0l 78 Hojfl 7oz HAE 7]|&0 aho] EAIM oY E W2 EHAE AEHow AL 9]
o|EH o8 QRO oUAE FHAi3EH oA LFEe = Aolu, ofAZHA] AAIA ] =g B o] i
SEGHS 2YTo M ALEY Folo] ofa] RS A HA R o4 SUA GA AUE FHL olUX B
8= 71%olth. 9] Modern Wateribs eutxjofuje]l A WolA HA o]kl dhrjofe F-Z3)th Seminat 57
20114 100 m/d HAETHE 49 kWhim'e] o7 21 & $ESlo] Ralzge Aolgt 49 A7) F4s 2
82 SARoRA NI gAoR ST SR of ot 03 kWhm'd] ofiX7t AaEgo, REE e
YA AR 8.5 kWhim'o] v|s] &&Ho|irka F4514) Ao 11 kWh/m'9] oy 7} 285 ARE =&30
o ShARE o] AT ofuiA] HeFAS WeshA Fe A B4 ZET A wAAA we masierh ol
oz APHe Wt YS ACR AREY, AE BY AT A4E R AR A 2 AojEo] fES
o] 7P Holz AoE BT o] F|4FHYS HojFrh 20159 Shaffer 5772 4k
HAE )&e Belvh 9 REAET SRS AL 5 F ol tha A9shd B4S Ba4 fugoY R
A 27}A 9 AR R FEEnh 27 AAET Az oF B Tt A ElE H AT oyAE A
L o3 HTIAo| 4 FEstgon), @Al m2e] Porfera 4 GO0, AAHE-OlIE BRAAUE BE G4E 34
Atoll Al Fafo =z st dEgk d=olth E3F Toray of Hl3] oA E W= Aol A5t =45t 1)
Chemical Korea®]| A= 243 (spiral wound) Fe| & A =3} L FE8HY 3T glo] AUEFTHY IJHamurS o
of ARI51E BAo] £ olrk 5| Porifera AELS] A 8% A% U Ad sl 98I A% FAe 7
Force AP Force AP
An
-
7 o :
? - o e
o 8 = o
ol
Forward Pressure Reverse
0smosis retarded 0smosis
0smosis

A At - AP Am - AP
T (Ar > AP) (Ar < AP)

Fig. 11. The principal of FO technology (Am : osmotic pressure, AP : pressure) >

| Joumal of KSEE | Vol.38, No.5 | May, 2016



J. Korean Soc. Environ, Eng.
I 2 siele] st U= vl WA

2% Aol oleldt o X mE&AeIAe] Tde neke 4
ol Aol Qleki F4sheleh. olet 4154 Bamaga

E JAo] MAy FAHo=Z &

olek. whebA oledt A7

SERE AR B AEdrel glo] GuE 37

Hel M AHE A5 T A AANS 2E S Ak
oA e AT g & 4 gtk ohk AR B3
A HAE 3R HHERE o) 35 5 A
T A GESY LTS 9 S AN, 85 A
gol ATHY & QonE FYSS 5 AGHA TA}
e % 9k

wu
fom el 2 Strsiold B 2
W B RALTYS) FIE G4 99 2o

Ao g A A Polytetrafluoroethylene
(PTFE), Polypropylene (PP), Polyvinylidene Fluoride (PVDF)
508 WES]A Ultrafiltration (UF)2hS AE3Fo 2 3

Fdst "okal 7Pgste s dofuA] saskor Qlsto]
AR "HolA F5T Aoz g ol 54
El-Bourawi 520 949 Lol ZTyao] x|
sk, FAU4 iEﬂ @A ool HA
ol whebAd

T ”#Q E92 S BA
d 5 Qe AFAR aaolH, o] F lsl PTEE, PP,

g Ao vkt whEoel pdE o] ArEint
AR 2EE&S Azst7] fleiAl Al
LM% P&k ek P8 A7 A& H ol ghom,
& 7P Fdstel 2% Feivr 2 ﬂoi At dA

ol 7P A AL EHIL e AU A #

Bl g5 o] o] wet ey} HEE o8-St W
oo & ZAIECh Schwantes 572 Byt H9S ALE
stof wrSH AHESNES 3719 =7k vhu|E]o}, o|gg]
of, Af|olofA] &3t 73 £ H113}9 21, Koschikowski
392 0220 m'/d FFRO] wEE AL TS| 98] &
T AlLES Y-S E85te] QT AaE Haskel

Table 2. Operational results in various solar energy MD system

o) utol digt W% A At 2A1Y WAL o eat source Foed (o ProdUton  Refer
Ahe, 27k L E=3tol| 9F B EE Z7)u Eulsle] 2} rate (m°/d)  ence
e sle] AEWOo RN B HE elE o)k Soerheat w5000 2%
X u]—/\x /dEHS n]—zul— /\4‘— _9_ T AsEL ’
ek 2 H(jﬂ} g0l ° ]E t]'_j EOL] 01? o ° o].i Waste hest of diesel engine Sea water (35,000) 3.69 35)
o el 2 0] A ol o 7|EZ o] EAJo] ul=
]]_;E} ]aq = L“i :oﬁJ ] 030y 3ol =3 Solar heat Sea water (35,000) 14
HFH o] ZT g A L &FFS Fuiii &% o] &l -
arle] S il viAls FEE Fujil 5 of efsh =l Solar heat Sea water 0.13 36)
o]
RN i NaCl 1 g/L 6.5 LMH
pEuhg e Zuoel] wlslo] We 2rwel X wWHol Solar heat 35 /L sou
20 ETHs Fo] 9 uhdo] o3| e Aoy, ¥ 0085.0 46
o 32O ul ofF Fo Blura =z o 1= Photovoltaic and Solar heat 55,000 nS/cm ’ ’ 38)
- §]—,—g = UE]’IO]' &= ‘EI'JE/\O =% -4 %]]7']7]' EE]' LMH
= ©o] EAgt}. whebA, g o] AdsE Qs 7 Solar heat Underground ~ 0.11-0.28 o
% Fa% R4k AEE oo Bea Fojot oA a1 water - (-8219 LMH)
& Agrolth. @A wEuo] AHgEE o] BYal o oM 5.8 LMH
= = 06M 42LMH
A B8R H4lF HEo] 17,000 GPD(F 65 LMH)7HA] 7} Solar heat (Solar pond) ' ' 40)
whEl Ao uAE wE AP 2ste] K94 2% 798 20M 3.3 LWH
T oA 98.6 LMHC] uto] 7jur=] x|k o] who] AlA) 40M 2.9 LMH
> © F® [imm=] |0 [
Sea @ seal ': Cooling “Heat recovery ‘Seal ? .® 3:;}”
wate@ " Water -low flux wate@ B S
watel vapor - = e
| Most suitable for
@ - DCMD desalination AGMD
Wall bord Wall ‘
membrgne wate' @ -Carry vapor by gas
© & mmme] o R
@ @ b Sea] I: ::;Etp |-Carry vapor by vacuum :SHI :’ -0
water— |# water— |3| vacyum
(O] ) (Ol
| Purpose : removal of VOC,
SGMD dissolved gas VMD
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Table 3. Main output of SeaHERO program

Technology Qutput Performance World best Remarks
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Low High pressure pump 8.3 MIGD, efficiency 85% 125 MIGD (Efficiency 88.5%) -
energy Vessel design Split Partial - -
Energy recovery device (ERD)  Efficiency 95% (Prototype) Efficiency 98% different type
Large scale Train size 8 MIGD - World best
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Table 4. Desalination research programs since SeaHERO program in Korea

Research

program Target Core project
~SEC 0.5 KWh/m® (Center project) The Qevelopment of strategy & database for process enhancement of reverse osmosis des-
SeaHERO2  reduction alination plant
program - Verification with Core project 1) Development of technology for smart operation and O&M system for SWRO plant based on ICT
Gijang plant Core project 2) Marine ecological risk assessment study of seawater desalination by-products
SEG 2 5 KWh/ Center project) Performance Evaluation and Systematization of Forward Osmosis-Reverse Osmosis Hybrid Plant
FOHC e oot

program - - Development of O&M (Gore project 2) Development of Forward Osmosis-Reverse Osmosis Hybrid Process

design parameter

Core project 3) Development of the Low Cost Pre-treatment Technologies for FO-RO Hybrid Desalination System

- Brine reduction 30%
- Energy recovery from
G-MVP  brine : > 5 W/m?
program - Recycling by
products (200

(
(
(
- 1,000 m¥/d pilot plant (Core project 1) The Study on Hybrid FO-RO Advanced Technology
(
(
(

Center project) Development of business model for MD/PRO hybrid desalination technology
(Core project 1) Develoment of technology for MD based hybrid desalination and concentration reduction

(Core project 2) Develoment of technology for PRO based hybid desalination and energy recovery
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