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Abstract Energy-saving design of seawater reverse osmosis desalination (SWRO) system is of great significance for reducing the cost
of water production and promoting the application of seawater desalination. Hybrid membrane inter-stage design ( HID) is a novel
method for designing reverse osmosis system, whose features are arranging different types of membrane elements inside the same
pressure vessel, optimizing the overall performance through their complementation. In this study, software simulation was employed to
investigate the performance differences of membranes from four mainstream brands, namely, DuPont, LG, Toray, and Hydranautics,
in terms of water quality, energy consumption and flow distribution. It was found that Toray membranes exhibited outstanding
performance in balancing flow and energy saving efficiency. Then, the impacts of temperature and configuration ratio on the
performances were further explored for Toray membranes. The results showed that temperature was an important factor for HID.
Specifically, in the northern part of China where the seawater temperature was low and the water qualities vary less, the energy-saving
effect of HID was more prominent, with the efficiency up to 9%, and the flow balance effect significantly enhanced.
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Tab. 1 Characteristic Parameter for Typical Membrane Elements
i e bS] Jel S Pk A/ gpd it 6 2% FRUE LR R 0
DuPont Frif SW30HRLE-440 8 000(30.2) 99. 8% 92% 32 000 mg/L NaCl,5 mg/L
[ SW30XLE-440 9900(37.4) 99. 8% 91.5% 1,800 psi, 25 °C, pH {H
e SW30XHR-440 6 600(25.0) 99. 82% 93% 8, Il Ty 8%
LG Frif Al SW440GR 8250(31.2) 99. 85% 93% 32 000 mg/L NaCl,5 mg/L
=Rk et SW440R 9900(37.5) 99. 85% 93% i, 800 psi, 25 C,pH {4
ok SW440SR 6 600(25.0) 99.85% 93% 8, Iy 8%
Toray Frif R TM820M-440 7 700(29.2) 99. 8% 95% 32 000 mg/L. NaCl,5 mg/L
o i A Y TM820V-440 9900(37.5) 99. 8% 92% illl,800 psi, 25 °C,pH {6 A
ok TM820K-440 6 400(24.2) 99. 86% 96% 7, IR 8%
Hydranautics Frife SWC5-MAX 9900(37.5) 99. 8% / 32 000 mg/L NaCl,800 psi,
iR el SWC6-MAX 13 200(50. 0) 99. 8% / 25° ,pH {2} 6.5~7, [ElHk
ok SWC4-MAX 7200(27.3) 99. 8% / K 10%

T R EHE R A (FilmTee™ 5238 35 F1 40 08 G 14E 77 5 5 AR T (2022 JiR) (LG 5™ 5 T} (https://www. Igwatersolutions. com/en/
product/seawater-ro) | Toray BB FME( http : //www. thme-bj. com/products/xxzn/ylb. html) | Hydranautics s = (http ://www. hydranautics.
en/solutions/products/1/5) ;1 gpd=0. 003 785 m*/d, " /K &35 5 HEUL 74 m®/d;1 psi=6. 895 kPa,

Fb, K B A, LA S A iR s . Rl
XF Ee Ay M A ) — 3 T AT, B R g — 2k
(1) &t 35 000 me/L AFRHEIREK , HiZH 1k
2 pim,
®2 HREEAKLLR

Tab.2 Standard Seawater Composition

BT FRERHEE/ (mg- L")
58T 410
R 1310
BT 10 900
e T 390
Pl 0.05
T 13
BET <0.02
BT <0.01
fikeg 0.04~8.00
AET 19 700
FRARHR 2 740
T 1.4
WET 65
TR <0.7

BB AR 152

TEpH M R 8. 1; £ i B ff 8K (TDS) i &t #k &£ 4 35 000
mg/L,
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(2) G —KH 120 32 7 B S 54w, IRA &
Ty 2 SE R R+ 3 PR IER I +2 35
AU BARTCE W4 3 R,

®3  AEm RS BRSO
Tab.3 HID Methods for Different Brands

s it Ra iR

DuPont  2SW30XHR-440+3SW30HRLE-440+2SW30XLE-440
LG 2SW440SR+3SW440GR+2SW440R

Toray 2TM820K-440+3TM820M-440+2TM820V-440

Hydranautics 2SWC4-MAX+3SWC5-MAX+2SWC6-MAX

(3) RIS A T 1 B 3 BT AR HEAT 4L
fs 8L 40 5 A, H R 0 R DuPont SR A WAVE
vl. 82n1,LG 2Kk H Q+Projection v3. 1. 0. 9, Toray K H]
TorayDS2 v217166 , Hydranautics & H] IMSDesign .,

(4) 777K 4 500 m’/h, FISCRN 45% , R
25 C,

(5) 2% Al BRI A 3 1 9 (AR TS 35 A
5, HE R DR R P E ) I R 0 R A% BR AR
H LA —E 25, B, LG /Yl & % 5 % i
7%/ 4F (5 AFBRI53E N 70 0.7 ), 325 Hh 538 (i 5
7%/ 4% ; Toray I3 2 55 )8R L 3. 5%/4F (5 4F I 15
T O 0.84), i BRI E B 7%/4F
Hydranautics i i R 5%,/ 4F (5 475 3 A
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Fig. 1 Permeating Flux Variation for Membrane Elements

in Different Positions ( Initial)
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Fig.2 Recovery Variation for Membrane Elements

in Different Positions ( Initial)
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(81.25%) >Hydranautics ( 75. 40%) , Fij = % KK 4]
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Fig.3 Performance Comparison for Different Brands ( Initial)
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Tab.4 Comparison of Energy Saving Efficiency for
Different Brands (Initial)

e HID ﬁ‘E%%Z %Hﬁﬁk;ﬂﬁ%ﬁ/ -
(KW+h-m™) (kW+h-m™)
DuPont 4.17 4.37 4.80%
LG 4.18 4.38 4.78%
Toray 4.23 4.46 5.39%
Hydranautics 4.00 4.28 7.00%

I, A5 BB L %K &, Hydranautics > Toray >
DuPont>LG, 7E ¥ 112 & B B, Hydranautics 177 fig
ORI & 4T HA 5 L Toray YK 22, DuPont Fl LG
T BERICRAR Y .

25 LIRRFLE i, NI IR Iz E RIS DR
Toray FR It M £k fi o0 - 2% , I 18 2 R0 i Al o 5%
U T RERCR AR S, did B TIR BT
1.2 2[R (5 %)xfkt

Kl 4 7R T8 5 M, [ — g A TE
PLE R RETTIRE % i it A2 A 3 X 4 A RS
FVBHE T, Toray 1 A8 A0 Hh £RAT5 8K 3¢ M F-2%
LG 1 DuPont fit it A2 fL 2k JL-F- 5, 28 1k
R R 1 Hydranautics A L 1= A28 Ak il £ 475 58 J&
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Fig. 4 Permeating Flux Variation for Membrane Elements

in Different Positions(5 Years)

— 136 —

(BRI TP 22 33 i T BEAE o 55
LB, ST g 75 g PN i g I 77 K R
A, J vt 85 7T A 7 K I, R A O 3 A B

K5 B s 5 4RI, [l — 5 T A48 NS 1]
AL E A BT AR A AR A 3, X 3 A4S (BR
Hydranautics)ﬁﬁi‘XﬂL o, PR b B 5K 4
BB RS RE -8, m5E 2 ML,
TR K I 2] B 4 v, B S TT 1 1 [ g 48 2 S
WA/,

10% 1 =& DuPont

——1G
" —#— Toray

7%

6%

LS STREATTNES

5%

4% ' : '
1 3 5 7
JBET
5 A E BT RCRA (S 4)
Fig.5 Recovery Variation for Membrane Elements
in Different Positions (5 Years)
K6 Won TimE 5 A, 4 ARG AR |
P A WK BEFE 1 A9 22 5, Forh DuPont A 7 7K
KA BER R 1. 40 f5H5 . S51E 3 AL, B
Iz E AR BRI, w7 HLREAR A HE T, 1 Bt L5 A
PR ARAT AR, 5 R R SRR AR A 22N,
¥1>99% , Il /K g #& HE J¥ A Toray > LG > DuPont >
Hydranautics , IR PIITIERESE br 5 1] 3 AR ILL4S

120% 1 mmutkipee —e—Rithk ——REmE 480

100% o= ° o 1470
ol 4.60 B
3:% el 1450 %
= 1440 99
40% 14.30 E

20% - l 420

0 . . . 4.10

DuPont LG Toray Hydranautics
I it

6  A[FEAFETERESRARRT L (5 4F)

Fig. 6  Performance Comparison for Different Brands (5 Years)
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AH ], A6 B 2 T 45 24 LG (80.20%) > Toray
(79. 80% ) >DuPont ( 73. 47% ) >Hydranautics ( 68. 04%) ,
i Toray R0 ) S I R P = T LG JiRE 3 al
SR RA B PEREA K
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Tab.5 Comparison of Energy Saving Efficiency for
Different Brands (5 Years)

o HID ﬁﬁ%%j Eﬂﬁﬁtiﬂi{%éfﬁ/ B
(kW-h-m™) (kW-h-m™)
DuPont 4.52 4.85 7.30%
LG 4.55 4.87 7.03%
Toray 4.70 5.34 13.41%
Hydranautics 4.31 4.76 10. 44%

I, M5 RERL # K &, Toray > Hydranautics >
DuPont>LG, B & iz & 4F BRI 34 I, Toray 5 7E 17 BE
R RO A L

G BRAr T N 5 RIS BRI O R, 59

Hiz B BLUE SUVE B R AR — 3, Toray JEE7E V-1

Be /K 3t f R BE AR T TR F i
2 REFR A EEE LGRS0 5 4

LT RGIRRTA [F] i RLRSE ™ oy B 6T EE 4387, 45
#%H], Toray IR il A R IR G IR, AT L
Toray &A1), i — 25 W5 WL BE TR A5 IS 5 Eb 451 X6
JE 14588 AN IR B BB TT A A PR e S, DA Sk 3%
MR GEiER R LA WK BEAERY S, BT 3 F
IR AT E XS 2 A BRR G e E A R A
AHIA], Ao 7 Aok 2 FhBR A Be #7140
2.1 REFKEMERKERAT

BOE G — M 564 53 i 35 000 mg/L 1Y
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W 45% TR g 25 °C ; W) 1838 5 B I 2% 1
T R FHL, E ERRAE RS IN(E L 05 58— R 120
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440 15 HEUE IR i FH 9 38 2 i TM820V-440 15—
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0TM820V-440 ( /728 1) . 6TM820M-440 + 1TM820V-
440( J5 28 2) . STM820M-440 + 2TM820V-440 ( J5 =,
3). 4TM820M-440 + 3TM820V-440 ( 757 = 4).
3TM820M-440+ 4TM820V-440 ( J7 3\ 5) . 2TM820M-

440 + 5TM820V-440 ( J5 X 6 ). 1TM820M-440 +
6TM820V-440( )52 7) o AR B BE TR [l i R
FB &S B AN 7~ K 8 FiR .,
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= 9ot
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Fig.7 Recovery Variation for Membrane Elements

in Different Positions (7 HID Methods)
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Fig.8 Permeating Flux Variation for Membrane Elements
in Different Positions (7 HID Methods)

Bl 8 Firs iR A IR EC & 7 X, ARy B AR T
TREEE N SR 7 —2, XUIHR G
W, ISR ANE 3 i i A I AR A 2 BT
FMRAAE I 3 ST, PRI, DL 7 SR 2848
e I ER RN AR ARLEE | el s A 3 R BT R A

— 137 —



mw

E4
SN

€

JREREE AT IR R A
[t B KR R SR T

Vol. 43, No. 1,2024

BB EAECE B 2 - 3 2(18 1) FRiERIR 2
0 S 78 B O o S TR i R T E B A 3
487 40 3, MEEMIECE B REE— e R Lk
PR VER . X R C TR T B ST
PRRGIE B REFE— B FE I e L5 e R L (H
H [ B TG O e 2 SR R, 2 A S i T e AR
HANTTAL,

mE 9 s, Wr=X 1 21752 7, Bl TM820V -
440 BIRETTAR TR A LU AU AS BT 385 in 158 55 23 1 o
R BT R, AR R 99. 52% F %% 99. 40%,
IR 1 87. 34% F k&% 78. 38% , 7= 7K 7K o AS Wt 3%
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