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Abstract

As rapid advances in technologies continue, seawater reverse osmosis (SWRO) desalination systems are now more

energy—efficient than conventional thermal processes. Some SWRO desalination plants can achieve the specific energy

consumption (SEC) below 2 kWh/m®. Along with the development of new membranes and high—performance pumps, energy

recovery devices (ERD), which recover the hydraulic energy of brine, have been developed to enhance energy efficiency. In this

work, we reviewed general aspects of ERD technologies and their market trends. The advantages and disadvantages of various

EDR technologies were compared to explore the future directions of ERD development.
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A AAFCZ B F5o digt t-&71E2A A EF, X
skre] M Qo] sl W 7147 (brackish water) 2] &
TokE T3l F9ET LTS FrstelE Yol A
51 Qlek s wrdhe Ad 40d BRF AE2R1 7=
N &3l B3 7Y 3 93hs d32 o= 33|
231 QUH(Gleick, 2006). A AAA R 201611744 Al
22 Gl SHEES S ofako R 1709 g o]ido]
AEd ASE AAFHT gleH, oF AF WA(RO;
Reverse Osmosis)©] 1309 @& & A& A o2 7|
31 QH(Global Water Intelligence, 2010). ZHE &

2k ZHol| A= 2007 6809k mg/day‘ﬂ]/ﬂ 20094 5,000
9 m'/dayitRE 2 Zo] A5S HolFEa Qth(Lee,
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9 ofuA] o] 7~14 kWh/m’ql WH,
~6 kWh/m’©]t}H(Subramani, 2011).
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g 7n]go] oJH3] w2 Aotk SWRO (seawater
reverse osmosis desalination) ZWHEA] %] H]-&-
o] AA| &7 HF 8L 50%7HA ALHT Uk
(Penate, 2011).

SWRO 7€ elv#] AR 27
aEE HE R oA 3,
oheket Q4] 9 w=th(Subramani, 2011). = &2}
& (permeate flux) 7 ANUA] 3]5&2 &) v o 2
5 50 AlelE F8l 19709 12 kWh/msoﬂ*i 2006
2 kWh/m’olste] o« ZznH7} 7bsebl =3l
(Wiseman, 2006) ol o g BrskE Ag HAa
oA ARgEE ok 1.08 kWh/m’o]u}(Voutchkov,
2010), @A Céﬂ&ﬁﬂ 8% SWRO ZHES] gakaF
off oigk olid=] Anv]Fe] &<l SEC (specific energy
consumption) = 2~5 kWh/m®e] 71X 1 ¢l AHo|t},
 =ollxlE SWRO 37 0llA] a18ke] 5 FE 5 oy
A& 3]48li= ERDs (Energy Recovery Devices) 7]&
9 AIF 53 ERDE E83 7|E EUE 349 d57A
(retrofitting) 5= A7fgoz2H =) SWRO ZHEZ]
ol =] a8 T WS RAStA} gt

o Al o] A # A3

71578 o A A T

- RO (Reverse osmosis)
NF (Nanofiltration)
[ MSF (Multi-stage flash)
- MED (Multi-effect distillation)
[l Hybrid
[l ED! (Electrodionization)
[ ED (Electrodialysis)

Fig. 1 st 7| 8 AE S

(Global Water Intelligence, 2008)
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Fig. 3 ERDs ol X| M 7HE = (Harris, 1999)

2. SWRO ERDs 7|& &7

T2 71EE 4
=% -ﬁ‘“(Booster
.J—X’] Oﬂ

SWRO g3} 542 959 #4
3] ¢t A (High pressure pump)
pump) ‘5= AHE-SITH(Fig. 2). °o=
st & °1]L']7<] H]€-2] 40% ©]’d(Service, 2006; Souarl,
2007), & FA1 ] ng9] 75% oS AN Jo®
A S’yl‘:]'(Farooque 2008). Wk SWRO ©-3} ¥
Ao A gRE fEiAE ovA] 35E B3l oluA
Z3el o3 v &-& 3:;3@“5]”— 7401 IR ke e

kA o7 oA 34 e 18 EFel 2
Shel FEfsha] oA (hydrauhc energy)E 71A1A el
Z] (mechanical energy) = W38t & ThA] 42|84 ofju

A& Agkets WAl AR 555 et duAlE
9‘47‘0}*— WA 07 ek 4 Qlrh Ak EleA] 2y
S o] g3tEE ¢34 (centrifugal type) 0.,
—.—Xh—: o} 9] (positive displacement type) =& 5944
(isobaric type) 22 A3}t 9t}(Fig. 3).

A2 ERDs®] 7-¢- #E E¥l (Pelton turbine), E]X.
2FA (Turbocharger) ] AMEE I Qlow, g2

o H
HIEO
b= 1
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Fig. 2 SWRO 3d W4k
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YE (duct) Wl ZE (rotor) 2] 3|4, W (chamber) W5
o] IAE FElE HEs AR ddete e wd]
(pressure exchanger) 7} 4¥H8 o2 AMRE 11 Qi)

AA7HA] 24 FR 8 dlrrst ZWES] i
o] 9k %14 ERDsE AM-8FaL 31t (Greenlee, 2009). ©]
444 A9 odA] ek 3ol d#2] (impeller)
3| Fom Q18| ZIAIAR] oA 4o] whaEhy] wizo]
t}(Harris, 1999).

A2 HE 2pA 9} o] A8 §7Fo] AghA] o]l F
S5 (narrow flow) %L %7@ ZAe] Agsit
(Stover, 2004; Oklejas, 2005; Stover, 2007). B X 2}
A o] Z8-2 70-80% Heloln, AE BNl ERDS] 582
70—90%°]|t}F(Penate, 2011). €414 ERDZ %8| g1
7Fs¥t SECE 500 kWh/m'olakz <#A gt
(Woodcock, 1981).

LA ERDE= 5559k AR fF- Afolel 94
52 24 A (barrier) o] -l et sk A9
o] 3= ERRI2 FlowserveAle] DWEER (Dual Work
Exchanger Energy Recovery)”7} 21om Sl BRI
ERIAFS] PX (Pressure Exchanger) &°| It} obH 92

Table 1 ERDs &7 & £4 d|W (Penate, 2011)

AA} A A elx

fo of o i

Jz

4y 1> rlo o>

o = e

o &
&5t (brine mixing) °ll w2k
HtH(Cameron, 2008).
o}l 2> ERDelA] &4%=
gtk ERIAKS] PXO] ¢ 7% 579 F 1%
& (bearing lubrication) & £241%w

S‘JL N> o o

H|E] UIF-4Q1 714 4lo] gloma 95%
EO]E% 2.50 kWh/m®o]3}e] SECS-
E]-(MarHarg, 2002, Dundorf 2007) Table 1°ﬂ EH

K3
=
x
>4
=
o
|
N
N
<

T2 Pelton turbine Isobaric ERDs
Efol 82 5,000 m°/do| st 5000 mY/do| &
sl5e 45 - 50% 37 - 45%
HPP X2l 2 252l 100% RS2l 34 - 45%
set H=E 5 n/a ERD & 17]
EZ ZA} 0 x
7l gz B0t x o
=54 2 F7F Mx| o
o Lix| 3|5 A| X A n/a ®
offLAX| 3|4 A| metRt n/a e
w4 n/a ©
o zg 90% ol5t 0 - 7%
SEC 3 - 4 kWh/m® 2-4 KWh/m”
ofAX| M7 b|8MA %) 35-42% 55-60%

n/a : not applicable, O : Yes, x : No
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(ST =z Tt olsll &£=Alo LE1
o oraon fctiom® G LRI po gy e sy, = el st sl
W oo} it
ERD Efficiency= g((irrzzzxxzzww)’ > 100% )] Ap
" SEC= (@Y}
Yy
32 SEC
ffH—r Falel] glo] ouA] 2wl A9l 959 v, v 4. HE NY SE
T, Al et BA, ollvA] 5 A9 i
‘2 EH oA 24, 9 ZUES 9K, ZAE {9 59 A AA SWRO ZHE ] 40%7} 15 MGD o4ko. = tf
7)e18H Avionitis, 2003). o] H]&o] & &=44F 1) 4353} (Global Water Intelligence, 2010) =HA] o4
22 &k 50%E AR E SWRO ZHES] 9 888 3|5 flall 914 ERDs7F A2 Fealsith. @7t
Sda) 7] 3 2] WA (lifetime) & 417171 913 A1 A APl skl Sl oFe wehdA o] AlEAR= ER]
Lot ALE 1 9 Flowserve 5°] 912 (Table 2), ¢]& A XA AEFE
ERD #H9] 71AA Z&% ofe} ouix) 85 ags AT Tk EECA 9AE Bgle] 1eiazel A7
FOlE e i T3 FAo| gy Fof ¢1te} V) ato] 1.80 ~ 2.20 kWh/m’¢] SECE AEwl Stk
2 o] 24 SECY 7Hxe] A3E 1 9tk (Penate, (Dundorf, 2007; Penate, 2010).
2011). RO/NF &=r3}e]l Qlo}A SEC= 53 o 555 W 53] ERI] A% A AAF SR 70% o)/de] Alat ZH
#3512 2)2]2=(permeate) 1 m*S AABH= d D23t o E AP A3 7,0007] o1de] ERDs7F A 22 Aok
UAZ2 Aodrt(Zhu, 2009). o] 917k 900 MW2] oA = @7lal= 7o ukxsla
QltH(Energy Recovery INC., 2011).
e Wi @ Global Water Intelligenceo] W=4 A AlA G<FA1%
n, * @, 9] 49%= A Matthews, 2009) 3+ = 5 A9
7% Turbo booster =41 FEDCOS} PEI2] A1 A
AN BE &, @ A F¥Wm/s), W, BE 39 A FEeAE Ae & 5 dok(Fig. 4).
UEW) FEDCO:=  AF-tjoleiu]ole] Jeddah Phase 3A9
249,000 m’/d7tEe] Akl AL wAlell QItH(Global
Wimp = APX Q; (3) Water Intelligence, 2011).

o7 AP : 5% Ao 7k o™ (zpf_Pm

a) ¢ Q  FUFFmYs), Py v BE AT 4 (Pa),
P, ) g o (719, Pa)

2500000 800,00

700.00

2,000,000

1,500,000

Table 2 CHEXM QI M4l HEAL E HE

Market Share (m3/d)

1,000,000

Market Share Rate (%)

K Z=AF tHE ®EZ
ERI PX i
™ I"’—f SRRt
Flowserve Dweer ]
the Canary Islands RO kinetic R
ERD Manufacturer

KSB SalTec DT = S e

Danfoss iSave Fig. 4 25X/ ERD AIZ HSE(md)

(Global Water Intelligence, 2011)
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st el ERD A ol sl el Festa
o, SlrEseh FUES] T s FAlol ek G A

ol ERD AlzAbe] Aok 2o uhet 7piAel Aow @
A,

ool io

o
N
A
1]

d

HE 3F d5/

0

SWRO ERES] 4] W7} %2 7k Al (Canary
archipelago, 22.73 km*/plant) &] 4% 3% %%E A1
59 o] LA =Y Aol AX|Ho] HxIA 0w 9
YA 35 A|AEE A 3] )dstkar %E]'(Penate 2011).
A= ENIS 43 944 ERD (ERTs)+= %9— 3|eE
2T 4, 4, S04 W 3R B8 5 e
J3Fo 2 QA A SAZAE 2] 93 E‘:]' wo ok
o] FYUTE sl Hek olyA] AnlE Fol7] A%t 3

Ho=M HAl ERTsE AA|8h= %%E—J 45 35

45% o)o] HEE AAHE= AAo|th(Penate, 2011).
% AR 145.8 m*/he] Sharm el—Sheikh RO Z#WE

o thelel ERD A ol mhe A o Fu8

A Al 0.898 $/m’, AE BRI 0.683 $/m°, ¢+ wd
21 0572 $/m’Z ZAAE 9tk Nafey, 2010).

o} o] Ylg ZWES FA 07 7]E0] Eyl
ERDE Ps14 02 jajslel ZUES oA 515 28
< WA (retrofitting) 3H2 Om} Table 32 10,000 m*/d
.ﬁLug] ERT H]—N %EE o ]/\] o7 tﬂﬁal 73%’]

71 295 dF9ey 245 Fal AlASSItH(Penate
2011).

6. d £

AT} 4 SWRO g8} &

2} Aolix] wa&3shE 1 glek SEC 71502 2 kWh/m”
olake] ouix) 2|7k 7bsd Aol o 25k, :Lawfﬂ

A7HA] ER 7Fs3r 1l o) PR olA7kR] FA o A

3F omAJ 7]_0L = oﬂ];]]] /RH]E o1l ¢ qu]g_o] 01@

RO 7|59 HE 7=k A

5] ek ) YeLIEe] HBES0) WA RO WA
(AL 100m/d) o] §H4= 1S wmet o) goiy

SRR 45, B8 (1EF 18h/d 7)) = oF

(specific total cost)& Bl aFITE e W 2o A 24 A= v AA2A = Aol w2 Aol (&g
A2 29.2%9] &9 Aam|go] Frsigl o, T8 v TIEAEARIE, 2007).
Table 3 ERT &tAlm} oFdifAl 7} H| 1 (Penate, 2011)
o SetE=+1 | Higher RO
e, I i%“iiwL 2k ob gl = rob éa{l,‘;H %k:'_jjl;\—! ERQD_
HANERD | on ErD | ey grp | FHEE HE

Z 22K m%h) 2+5,000 10,000 10,000 2+7,200 2+5,000+2+2,693
vessels/elements = 104/728 104/728 104/728 150/1,050 104/728762/434
Z gel2Kmh) 926 926 926 1,334 1,436

e netE= 2 1 1 2 2

e sgdE= = 0 1 2 1 0

E=ZA B % |pa - o ! [

FIIHE 42 n/a o ) T ()

T2/ EM B35} n/a ™ 1 1 ()

oot M| = n/a - - - )

MEe M7 = n/a 1 ) 1 )

=54 H2 FI1 A n/a no no no yes

ol 4X| 2FZHKW) 1,363.6 1,014.2 1,029.2 1,424.08 1,933.2

SEC  (kWh/m?) 3.27 2.43 2.47 2.39 3.02

2 7t n/a 0% 0% 44.2% 53.8%

ol{x] Hzt He n/a 25.6% 24.5% 0% 0%

n/a : not applicable

< nothing T not too much T T relevant
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