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ABSTRACT

SWRO-PRO hybrid desalination technology is recently getting more attention especially in large desalination markets such
as USA, Middle East, Japan, Singapore, etc. because of its promising potential to recover a considerable amount of osmotic
energy from brine (a high-concentration solution of salt, 60,000 - 80,000 mg/L) and also to minimize the impact of the
discharged brine into a marine ecosystem. By the research and development of the core technologies of the SWRO-PRO
desalination system in a national desalination research project (Global MVP) supported by Ministry of Land, Infrastructure,
and Transport (MOLIT) and Korea Agency for Infrastructure Technology Advancement (KAIA), it is anticipated that around
25% of total energy consumption rate (generally 3 to 4 kWh/m?) of the SWRO desalination can be reduced by recovering
the brine’s osmotic energy utilizing wastewater treatment effluent as a PRO feed solution and an isobaric pressure exchanger
(PX, ERI) as a PRO energy converter. However, there are still several challenges needed to be overcome in order to ultimately
commercialize the novel SWRO-PRO process. They include system optimization and integration, development of efficient
PRO membrane and module, development of PRO membrane fouling control technology, development of design and operation
technology for the system scaling-up, development of diverse business models, and so on. In this paper, the current status
and progress of the pilot study of the newly developed SWRO-PRO hybrid desalination technology is discussed.
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Fig. 1. Conceptual diagram of a PRO power generation system
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Fig. 2. SWRO-PRO hybrid desalination processes: (a) PRO-
Turbine process and (b) PRO-2PX process.
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Agoz iRt L% (Spiral-wound) FEf O] 1A4]H 8
¢1%] PRO TR E(CSM-PRO-1)9] A58 2.1 LMH &
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Table 1. PRO membrane properties and structure parameters
PRO Membrane Version CSM-PRO-1 CSM-PRO-2 CSM-PRO-3 CSM-PRO-4

Type TFC TFC TFC TFC

Thickness (um) 165 145 125 113

A (L/m* hr/bar) 1.80 1.55 2.85 1.97

B (L/m%hr) 0.714 0.187 0.466 0.619

S (mm) 2.530 2.098 0.926 0.713
(spiral-wound type) ® &1} T2 el S5 AHhollow PRO i E AJ5-2 DSO| skof A= 2A <

fiber type) PRO Uro] GlwlAg Erkgdol W g Wizt DSO] S} 0w, PROAAHE £
0, pget 2710 wESH Al ol e 7b Bl sbswt ARdAsE wolA, flux, power
Z|aL Qltk kAR, 259 =2 packing density?} AF density, recoveryZ} AtH o2 =7 LYEFAT) (She et
fHoz Fodat gm2 st 2 glo] AR WA al, 2012). Fig. 5 PRO 34t 2R E(CSM-PRO-3)S

28 SHoA FHE AL Tk o], ﬂf@ﬂ T 7FA|AL DS sEo| WE 5B 7F A4S HojFal Q) §
2] 2 el PRO Mgl W mEo| tjat AL o, DS %%} 46,500 mg/L & uw Flux: 9.75 N~
ol A7} Q3 AOP%PO]I:}. LMH o]|n 70,000 mg/L ofA+= 17.3 LMHZ °F 77% o
ol HUth ERL, recovery®?t power density A g
© ZF7} 49%, 86% FEAFE| Tt
= Flux
§ 50 493
; [ Recovery
. 5. PRO Xx{2| 71& 7H
3
3 ® PRO AILIS] feURis AT, Sl A
E " it . T, Aolg4, 24018 ENE wiEs T ohYdRt
‘g 132 JAE 14_9.61- _/,\_ AW, A7 Ao o3t &7,
R -, I 271, 227 o) gE olg 2o o] WA 4 9
o | il | | o} o5 AZets ARl AA 7| o] B
CSM-PRO-1 CSM-PRO-2 CSM-PRO-3 CSM-PRO-4 2] o]u:] 1:]-] g._x%o =4 X{OT- Q:I'AL_I,E,(BWRO) Eﬂ{o:] _L}

Fig. 4. Performance test results of the 8-inch PRO membrane 2 3Fe]oINUF) 7|0 oIt H7brr 3=t
SSS?LeQOEE)SM'PRO'L CSM-PRO-2, GSM-PRO-3, (Achillie et al., 2009; Abbasi-Garravand et al., 2017). &

| &3] 2449 292 TS BWRO A4t 7t

4 Hge & AL T 7% s A4}

30 T 70

s PRS- AA WE e Ldvgel AH AHe
S Flux e AA Aol Woizith. Fig. 6 o4 & 4= 9Fo] ® AT
£ pf TReoy em o IACINE AYIE DA Skl PRO A2
pd - " o S o) A Z1ENES ¢ls) UF 9 MBR whlgl A
s | w§ B 3 A
g o L ™ UF 347 MBR §4& 7|22 uo ot
g | e e - . suspended solid(SS) 22 2] AL AALNS LS 717
5 T, SRS PRO AAHS] GUSE ALS
€ e oo mee e o A, A ] 7|42AH UF Al28og Hesls Ao &
Fig. 5. Effect of DS salt concentration on PRO membrane &24¢ Aeox H7hE ok AT UFeF MBR &4
module performance (w/ CSM-PRO-3). R 9z 07|20l g Alko] Lola] &9lE=
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s} oA HA7k(energy saving)o] 25% ©A
Al, PRO A28 AJAH|E-9] FA5]4=7]7H2 10 9]
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Fig. 8. SWRO-PRO demonstration plant located in a Busan
wastewater treatment plant (240 m’/d, PRO system
capacity).
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