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Optimization of energy efficiency through comparative analysis of
factors affecting the operation with energy recovery devices on
SWRO desalination process
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ABSTRACT

Recently, interest in the development of alternative water resources has been increasing rapidly due to environmental pollution
and depletion of water resources. In particular, seawater desalination has been attracting the most attention as alternative
water resources. As seawater desalination consumes a large amount of energy due to high operating pressure, many researches
have been conducted to improve energy efficiency such as energy recovery device (ERD). Consequently, this study aims
to compare the energy efficiency of RO process according to ERD of isobaric type which is applied in scientific control
pilot plant process of each 100 m*/day scale based on actual RO product water. As a result, it was confirmed that efficiency,
mixing rate, and permeate conductivity were different depending on the size of the apparatus even though the same principle
of the ERD was applied. It is believed that this is caused by the difference in cross-sectional area of the contacted portion
for pressure transfer inside the ERD. Therefore, further study is needed to confirm the optimum conditions what is applicable
1o the actual process considering the correlation with other factors as well as the factors obtained from the previous experiments.
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Table 1. Characteristics of the membrane used in this experiment
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Effective Permeate flow | Stabilized salt Maximum
. . Surface | Membrane
Maker Model membrane area rate rejection applied pressure charee material
(m?) (m’/day) (%) (Mpa) 8
DOW | SW30HRLE-440i 41 30.2 99.8 8.27 Negative | polyamide
DOW | SW30ULE-440i 41 45.4 99.7 8.27 Negative | polyamide
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Table 2. Qualities of seawater

Parameters Values
pH 8.0~8.1
TOC (mg/L) 1.5~2.0
TDS (mg/L) 32,000~33,000
Turbidity (NTU) 4~10
Operating temperature (°C) 26~28
A Hhohs 52 W Alefo] wAE 4= Sl
53], & A5 f8l Aoz AR RHlee] B
surface intake®4]& Sl FH4E staL glom WA
o &9 g0 wety £Es}F A Wl AL
Wl shAuE B A 7|7 Bote] LEusls g9l
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H g A8 AR Table 20] Urelith
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2 ¢ Yol ARty ojef 22 ’le Sl

uro WjEEL felolu] Mol AR 25 4 Yo
+= Fig. 2 (Guirguis, 2011)¢]] Yef ATt
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Fig. 2. ERD operation cycle.
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Table 3. Characteristics of the ERD used in this experiment

Parameters Isobarix XPR ERI PX
PX model XPR-309SS PX-30S
PX unit flow (m%day) 4.48~6.72 4.5~6.3
PX efficiency (%) 95.9 94.3
PX power saving (KW) 9.9 9.1
Volumetric mixing (%) 4 4
Maximum inlet pressure (bar) 68 80
Dimensions (cm) 26.67><11.43X11.43 76.2X76.2X27.94
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Table 4. Typical operating conditions of SWRO LP;, = Low pressure feedwater in
Parameters Value HP;, = High pressure concentrate in e
RO capacity water (m*/day) 100 _'O'_
Recovery rate (%) 50 8
Flux (Lli]/lH] 15.8 3. Znt ¥ 1nH a
RO feed pressure (bar) 50~55 . - <
RO feed TDS (mg/L) 32,000~33,000 3.1 Pilot plant &%
RO product TDS (mg/L) 150~200 3.1.1 XPR OIL{X| 2|=EX|
2.6 =g2(mixing rate) 24 Ef fl Be XiR OHLﬂ-Z] il#’%il% e ]
15 Aol g 22T et £ Aol IS
3580 SolyslHbal o] ofu R F]4AR] SLHEA Z 4= 1= HP(high pressure), DP(differential pressure),
A AT EUELES 4A% B Aole, 01 FU BUE W A FAN T2 29 AAE W
o7 SRl BE HY AehE s g TR sl RARPEY AojsrEt U
713 de] ARgEs 9 2 slubo|tt (Stover, 2007; Ao EFA o] A F EekEo] 10%E HA
Cameron, 2008). o= W9l WollA Wl 7FA 27137, 38, 39, 41 Hz)
QrA Qlge whet ol Aol AgE Formany Aol AT WASIYTE 2 AoHe thg Table 5
Mol oA B4gAE Aol Ao} meke) k= W Fig 33 2k
A7 ABAOR Bhoke WAl Wl FPE  Fie 38 XURS R AL Ag o
o7t Bl WAL Bafo] 289 ojgl 2 o AXEO WSS Ui Lot 94
BREA] WARO RN O BHe| §AUEE  AEHBE Aol e HPo| WSS gnmﬂ 38
9ol TDS7H Sebbl W, ot egre Alxel  Hz 9wl A W e UEniglon oAl Evhe
aglo] ol AAA LG SR olojA) wE & AT LERIL ol 38 He 2 1) EaEol Wol
of ER8O] Aol ule Zasih ERee ox Wl meh fse] S wolA HPgto] 1 @
sl Ao] GUEL TDSY GEHL TDSE 242F = Al ek 2o AzbEeh ofo] R Alof
Ao A BHeldt 4= glow 7|EH o7 olgo] 4] (1)  Hof wE & WIS skt 1 At E
& o] g5te] 7hekshA| AL 4=tk (Guirguis, 2011). 2HPE AojEerE 37 Hz Al 5.0%9] gh& 23
38 Hz 9} 39 Hz A] 4% u]TH3.0%, 3.6%)°. =2 %,Z::ﬁ}
Miwing Rate 7 = b 41 Hz A 92%2 FA8] S7ske A4S B9
HP,,~LP, oh 9bA W 38 Hzol 49 Eqgel A We g
P, — 1P, ([DSme/L)>X100 ) g i) et 30 Haeld b e g o
U= 2s & & e o9 22 Adts olyA
o 7| A, HP,,, = High pressure concentrate out 3=z ulo] golEkyl SEeko] WigAS ub:zy)
Table 5. Operating condition of XPR energy recovery device
Experimental conditions
Hy P DP Conductivity (uS/cm) LP in TDS | HP in TDS | HP out TDS | Mixing rate
error range : = 0.5% (mg/L) (mg/L) (mg/L) (%)
37 49.5 2.07 395 28,000 56,000 29,400 5.0
38 48.5 2.15 386 28,000 54,800 28,800 3.0
39 49.2 2.21 355 28,100 56,000 29,100 3.6
41 48.9 2.33 385 28,200 52,000 30,400 9.2
Conductivity error range : * 0.5 %

Journal of Korean Society of Water and Wastewater Vol. 32, No. 1, February 2018



A0t SaEast SO ofluiz] B4

_|E_|__I —
&

(o] 2YUR} H|a

ME S8 oHR| 28 z[&et g+t

50

49.5

49

48.5

HP, bar

48

47

36 37 38 39 40 41 42

400

390

380

370

360

Permeate conductivity, pS/cm

350

10.0

Mixing rate, %
w
o

Fig. 3. Results of the parameter(HP, DP, conductivity, mixing rate) with different booster pump Hz.
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Table 6. Operating condition of PX energy recovery devi

ce

Experimental conditions

Conductivity LP in TDS HP in TDS HP out TDS | Mixing rate
Hz HP DP o
(uS/cm) (mg/L) (mg/L) (mg/L) (%)
28 56.2 0.91 442 29,500 61,800 31,100 5.0
29 55.6 0.94 440 29,900 60,000 31,600 5.6
30 55.4 1.01 432 30,100 65,000 32,100 5.7
32 54.5 1.08 395 30,500 65,000 33,400 8.4
34 53.4 1.14 404 30,300 62,000 33,400 9.8
Conductivity error range : * 0.5 %
57 1.2
56 1.1
‘8_55 '8 1
o o
I a
54 0.9
53 0.8
26 28 30 32 34 36 26 28 30 32 34 36
Hz Hz
450 11.0
£
S 410 100
=9
£ a0 ® 90
= 3
€ = 80
3 420 =
H £ 70
o 410 =
b 2 60
8
E 400 5.0
o
o
390 4.0
26 28 30 32 34 36 26 28 30 32 34 36
Hz Hz

A WS HPGES: UM Hz7h 371845 HP7} vot
Ax A3 eIt o]e] XPRe] 9 Edgol

otglel weh g & Awrt WobA HP7E W
UYete Zlos gdsial o PXe] ahg 1=
& AW EW 28~30 Hz 7boll A 7H W gha Wol
A= BAQderlel ool ek Eeh EdE
o] 7 WA LrEfib= 28 Hz® 30 Hz o4 9] A2
2 A =7 debdel whet 7]E XPR A o)A
AR AAT o] Hot e S eyt Wot
A

Salo] FolA A3t e At B

2 43% 5 9o

uhelol] DP Qb4 3.1 AHT 2 ek Ueh
LA 2 5 9k Fig 49 Help Y adxs

B 5 28 Hz A] 442 pS/em, 29 Hz A] 440 pS/em,
30 Hz 4] 432 pS/em, 32 Hz A] 395 pS/em, 34 Hz A]
404 pSfem® 7HasITAL T FAbeHE AR 0
th 3 O 2E EA HH RAHPEEZ Aoj&g=
7} 28 Hz A] 5.0%, 29 Hz A] 5.6%, 30 Hz A| 5.7%, 32
Hz A| 8.4%, 34 Hz A| 9.8%= Hz7} Z7}ato] wal &

T E FBHE AL B S Ut
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Table 7. Comparison of parameters with Isobarix XPR and ERI PX
Parameter Isobarix XPR ERI PX Comparison .,D_
Booster pump (Hz) 41 34 XPR < PX _'O'_
Mixing rate (%) 3 5 XPR > PX =
Permeate conductivity (uS/cm) 355 395 XPR > PX %
Dimensions (cm) 26.67<11.43X11.43 76.2X76.2X27.94
Booster pump Adapt the same model
Conductivity error range : = 0.5 %
~s-Isobarix XPR  =#-ERI PX 4 |7='_:| E
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