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Application of pressure retarded osmotic technology in water treatment
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Abstract: With the goal of reducing wastewater discharge and harvesting green energy , pressure retarded osmosis(PRO)
technology is receiving widespread attention, as an application of membrane in water treatment that can effectively capture
the salinity energy in brine and satisfy carbon neutral development goals. In actual practice, PRO technology has the
advantages of high water production rate and excellent effluent water quality , but its use of salinity gradients energy was
less efficient because of its relatively immature technology. In order to effectively achieve water and energy recycling,
this review first introduced the principle of PRO technology and key indicators such as water flux and power density , then
discussed the factors affecting the performance of the technology, such as membrane type, membrane orientation,
concentration polarization and membrane fouling. The effective pretreatment and cleaning measures for PRO technology
were highlighted for different membrane fouling types. This review focused on the practical applications of PRO technology
in water treatment, such as desalination and power generation, non-conventional water treatment and other processes.
It was proposed to promote and realize the low-carbon and efficient operation of PRO technology in the field of water
treatment by optimizing the combined process design of PRO and improving the overall process efficiency , while meeting
the economic feasibility.
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Fig. 1 Schematic diagrams of osmosis-driven processes of FO,PRO and RO
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Table 1  Fouling mechanisms and cleaning measures of different pollutants on membrane
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Table 2 Comparison of PRO hybrid systems for seawater desalination and power generation

BT 2 ik B e WBOR BRI 7
Ab BRI AR AL H ) RO ‘jwﬁﬂﬁ RO MILL, BEFEIH D, 75 22 1% JB 1 A e 5
RO-PRO"™ ek g SR Ak ki A RO Hesfik ik 2
(39) LIE/&JJ(/M&J&FPE’J RO KR, AN KT AR 32 JEUR R e . WK kT _
SWRO-NF-PRO™™" el e pot ik 3k mﬁz% A mmﬁﬂ;ﬁ;mﬁ%@ RO Wi /K K

pro-ro R e %?ﬁ%iﬁgﬂ‘}%ﬁs WA ik TR 0

wggprot  MEIBOCHERUE SR AR RIS atns wkok Wk 14

PRO_MD PR K 7K@”%%§F§%?ﬁ“j‘ e 141 _— wEk 62
S5 ATl

R0 ks SOTRAERERRE RURSIERG WODMET g,

vevno ARG Fholie ST v SBAIGL SALEE g

W em s de L2 AR YR 5456 4 Ur v 471 M PRO B H 2 % 1 (5
AR MD K B E AR s MVMD R Z RN ZEH A .

32 AEEHAKALIE

VLA R, PRO AR AT FI) 9 7K R Ak 2ok 72 v i)
A KRNI T TG K A3 IR S TR O RN JEORM L B T
b B B v LA S RE DTS K v TR ISOK RN R R A AR A
ZF T MK T . Manli MENG %742 1 7 — Fh
PRO 5 1 V5 Jé ¥4 A 45 A 198 AL PRO-MBR B H] T
2T TR K kb B AE S IR A ALY SR WA 3L
25 B 04 [R) B AR A T A 0 T R B, Hop TOC N
NH, =N 25 B 544 5 15 98% , TN (1 2 R 248 97 %,
TP 5 BR R B2 T 100% . Bk 2% %1 % BT —Fhig
B -BR G PRO MBI K FHRL . LR SR
TE S B E K LA 1) ) B 38 RSk 2 AR AL 40 oM LB
SEH X K RN R B A 0. PRO R 3 Bk H
T4 B AR KT AR BB 0 1 PRO
27 J5 0 A R K TR R AR RS 7 B S T AR 0D K
WA P T ARE T, DT 4R R AT
3.3 HfttizH

PRO F AR BR T 0T LA AR AL AR5 HL/K A 2 rp
RUEL 2268, 10 AT LUA A S B iy dh 2568 F
VOLPIN 255050 51 LI e b ARk 385 88 1 7K 1 o 0% B

W/m?) B P AR, B 888 K 336 I 28 55 ] A7 1k s s SWRO W Tl /K 2 38 15 4

FFRHA, TR & L iV IE 7K A 25 6 R R
K, ST 4R PRO BT A& . ILAM, PRO $2 R iR 1]
DLFIHL A R L 25 5 ok, i JF R 1Y Salt Power RETR 3
45 7E 52 B IX Sk A A TR IR, S RE T R SR BE L B T
SRS PRO B ARTE AR M & J v 25 30 m 3 A: 1
o R, EAT TR B S8 PR Y H S .

4 HIEEREZE

PRO AR J GG, A S T UM R B PR i el
JK I vk 22 BE BT M4 IR K A PR R, B I ER TR B
1o REFEAR (BIHEA f2 /D RO B, AR v A4 A e aed A
rﬁﬁﬁf”lkﬁﬂﬁﬁﬁﬁﬁu}ao {HJE PRO 7152 Priz 47 i
HATI A SRy RV, 490, 7 0 A B AR T 9 AR A
Pah P AR R e R S 0 B AT R AR AT R 2
AT A o SEEA AL I A7 i i s e i 2
P, 4 J5 8 75 W58 AS [8] 69 PRO BC 8 A0 A0 1B B 4 g
AR Z W Bedl & T A8, DR R ik T 2R0% ok
IR M il > RE 5 5K Az 8 A, 743 R00M il R 22 B
E]‘JIzlElﬂ‘ KA PRO BORTEHE /K IR AL 75 7K 4k PR A5 7K 4b
S 1) P 34, 52 B PRO IR B 32 47 19 1 FH T 5%



ik b 5aR

Tl K Ab 3 2022-10,42(10)

[1]

—
S}
[

—
w
[}

—
~
[

—
K=}
[t}

[10]

—
—
[\S]

[

[13]

[14]

S 3k

WANG Wanjun, HAO Jiacheng,ZHU Yonggiang, et al. Research on
the correlation between ocean energy policy and other policies[ C ]/
2nd Annual International Conference on Energy, Environmental &
Sustainable Ecosystem Development(EESED 2016) , Paris, France:
Atlantis Press,2017:22-28.
TAOUSANIDIS N, GAVROS K. Investigation of pressure retarded
osmosis power production[ J]. MATEC Web of Conferences, 2017,
112:10004.
KIM D I, GONZALES R R, DORJI P, et al. Efficient recovery of ni-
trate from municipal wastewater via MCDI using anion-exchange
polymer coated electrode embedded with nitrate selective resin [1].
Desalination,2020,484:114425.
TANG C Y,YANG Zhe,GUO Hao, et al. Potable water reuse through
advanced membrane technolog [J]. Environmental Science & Tech-
nology,2018,52(18):10215-10223.
LOGAN B E, ELIMELECH M. Membrane-based processes for sus-
tainable power generation using water [J]. Nature, 2012, 488
(7411):313-319.
HELFER F,LEMCKERT C, ANISSIMOV Y G. Osmotic power with
pressure retarded osmosis: Theory, performance and trends—A
review[ J]. Journal of Membrane Science,2014,453:337-358.
MATSUYAMA K,MAKABE R,UEYAMA T, et al. Power generation
system based on pressure retarded osmosis with a commercially-
available hollow fiber PRO membrane module using seawater and
freshwater[ J ]. Desalination,2021,499:114805.
MENG Manli, LIU Shuyue, WANG Xinhua. Pressure retarded osmosis
coupled with activated sludge process for wastewater treatment:
Performance and fouling behaviors[ J]. Bioresource Technology , 2020,
307:123224.
GONZALES R R, ABDEL-WAHAB A, ADHAM S, et al. Salinity
gradient energy generation by pressure retarded osmosis: A review[ J].
Desalination,2021,500:114841.
KIM J,JEONG K,PARK M, et al. Recent advances in osmotic energy
generation via pressure-retarded osmosis (PRO) : A review [J]. En-
ergies,2015,8(10):11821-11845.
SKILHAGEN S E,DUGSTAD J E,AABERG R J. Osmotic power:
Power production based on the osmotic pressure difference be-
tween waters with varying salt gradients [ J]. Desalination, 2008,
220(1/2/3) :476-482.
ELLH . T PRO AR Y 46 22 B b i B B AR R (R AL 5 g
EACRIEM D] K RIS, 2018,
WANG Hongliu. Operating conditions optimization and energy
efficiency evaluation of the osmotic power generation process
based on the pressure retarded osmosis technology [ D]. Tianjin:
Tianjin University,2018.
TOUATI K T F. Pressure retarded osmosis as renewable energy
source[ M |. Manhattan : Academic Press,2017:1-54.
SARP S, LI Z, SATHTHASIVAM J. Pressure retarded osmosis

[17]

[22]

[25]

[26]

(PRO)
prospects[ J]. Desalination,2016,389:2—-14.
ACHILLI A,CATH T Y, CHILDRESS A E. Power generation with

: Past experiences, current developments, and future

pressure relarded osmosis: An experimental and theoretical inves-
tigation [J]. Journal of Membrane Science, 2009, 343 (1/2) :
42-52.

BER, 95 25 R R IR B B R[], fh 2 ik,
2015,27(12):1822-1832.

YU Yuan, WU Qingyun, CHEN Zhongren. Pressure retarded osmosis
membrane technology[ J]. Progress in Chemistry,2015,27(12) : 1822—
1832.

CHO Y H,KIM S D,KIM ] F, et al. Tailoring the porous structure of
hollow fiber membranes for osmotic power generation applications via
thermally assisted nonsolvent induced phase separation[ J]. Journal
of Membrane Science,2019,579:329-341.

ZEATE KA AR VE A DL IR 10038 B R RN SE (D). M
AR # R, 2020.

LI Zhihao. Study on removal of dissolved organic matter in water by
forward osmosis[ D ]. Ji’nan:Shandong Jianzhu University,2020.
WANG Lin, CHU Huaqiang, DONG Bingzhi. Effects on the purifi-
cation of tannic acid and natural dissolved organic matter by forward
osmosis membrane[ J]. Journal of Membrane Science, 2014, 455:
31-43.

SHI Yongxuan, ZHANG Mingming, ZHANG Hanmin, et al. Recent
development of pressure retarded osmosis membranes for water and
energy sustainability : A critical review| J]. Water Research, 2021,
189:116666.

YIP N Y, ELIMELECH M. Influence of natural organic matter
fouling and osmotic backwash on pressure retarded osmosis energy
production from natural salinity gradients [J]. Environmental
Science & Technology,2013,47(21):12607-12616.

ZHANG Minmin, HOU Dianxun, SHE Qianhong, et al. Gypsum
scaling in pressure retarded osmosis: Experiments, mechanisms
and implications[ J]. Water Research,2014,48:387-395.
BOGLER A, LIN Shihong, BAR-ZEEV E. Biofouling of membrane
distillation, forward osmosis and pressure retarded osmosis:
Principles, impacts and future directions[J]. Journal of Membrane
Science,2017,542:378-398.

WANG Zhiwei, MA Jinxing, TANG C Y, et al. Membrane cleaning
in membrane bioreactors: A review [J]. Journal of Membrane
Science,2014,468:276-307.

KIM D I, KIM J, HONG S. Changing membrane orientation in
pressure retarded osmosis for sustainable power generation with
low fouling[]] . Desalination,2016,389:197-206.

FATF ALK, WO, 55 RIRIBMR K B AT AT, A
%,2021(1):28-48.

WANG Peifang, BAO Tianli, HU Bin, et al. Environmental behaviors
of natural colloids in water environment[ J]. Journal of Lake Sciences ,

2021(1):28-48.



Tk /KA B 2022-10,42(10)

B EAR,F R RS EEARAE AL Py A

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37

[

KIM Y, LI Sheng, GHAFFOUR N. Evaluation of different cleaning
strategies for different types of forward osmosis membrane fouling
and scaling[]]‘ Journal of Membrane Science,2020,596:117731.
ZHAO Dieling, DAS S,CHUNG T S. Carbon quantum dots grafted
antifouling membranes for osmotic power generation via pressure-
retarded osmosis process [J]. Environmental Science & Technol-
0gy,2017,51(23):14016-14023.

ZHANG Lizhi, SHE Qianhong, WANG Rong, et al. Unique roles of
aminosilane in developing anti-fouling thin film composite (TFC)
membranes for pressure retarded osmosis(PRO) [J]. Desalination,
2016,389:119-128.

ZHANG Yu, LI Jia le, CAI Tao, et al. Sulfonated hyperbranched
polyglycerol grafted membranes with antifouling properties for sus-
tainable osmotic power generation using municipal wastewater[J].
Journal of Membrane Science,2018,563:521-530.

LIM S,PARK M J, PHUNTSHO S, et al. Dual-layered nanocomposite
membrane incorporating graphene oxide and halloysite nanotube for
high osmotic power density and fouling resistance [ J]. Journal of
Membrane Science,2018,564:382-393.

ABBASI-GARRAVAND E,MULLIGAN C N,LAFLAMME C B, et
al. Role of two different pretreatment methods in osmotic power
(salinity gradient energy) generation[ J]. Renewable Energy,2016,
96:98-119.

YANG Tianshi, WAN Chunfeng, XIONG Junying, et al. Pre-treatment
of wastewater retentate to mitigate fouling on the pressure retarded
osmosis(PRO) process[ J]. Separation and Purification Technology ,
2019,215:390-397.

HAN Gang,ZHOU Jieliang, WAN Chunfeng, et al. Investigations of
inorganic and organic fouling behaviors, antifouling and cleaning
strategies for pressure retarded osmosis (PRO) membrane using
seawater desalination brine and wastewater[J]. Water Research,
2016,103:264-275.

LI Xue, CAI Tao, AMY G L, et al. Cleaning strategies and
membrane flux recovery on anti-fouling membranes for pressure
retarded osmosis [J]. Journal of Membrane Science, 2017, 522:
116-123.

LEE C, CHAE S H, YANG E, et al. A comprehensive review of
the feasibility of pressure retarded osmosis: Recent technological
advances and industrial efforts towards commercialization [J].
Desalination,2020,491:114501.

GERSTANDT K, PEINEMANN K V, SKILHAGEN S E, et al.
Membrane processes in energy supply for an osmotic power
plant[ J]. Desalination, 2008 ,224( 1/2/3) : 64-70.

PRANTE J L, RUSKOWITZ J A, CHILDRESS A E, et al. RO-

PRO desalination: An integrated low-energy approach to seawater
desalination[ J 1. Applied Energy,2014,120:104-114.

[39] TOUATI K, USMAN H S, MULLIGAN C N, et al. Energetic and
economic feasibility of a combined membrane-based process for
sustainable water and energy systems[]]. Applied Energy, 2020,
264:114699.

[40] CHENG Zhenlei, LI Xue, CHUNG T S. The forward osmosis—pressure

[t}

retarded osmosis(FO-PRO) hybrid system: A new process to mitigate
membrane fouling for sustainable osmotic power generation [J].
Journal of Membrane Science,2018,559:63-74.

[41] ALTAEE A, HILAL N. Dual-stage forward osmosis/pressure retarded

[

osmosis process for hypersaline solutions and fracking wastewater
treatment[ J |. Desalination,2014,350:79-85.

[42] ALTAEE A, SHARIF A, ZARAGOZA G, et al. Dual stage PRO

[}

process for power generation from different feed resources [J].
Desalination,2014,352:118-127.

[43] HAN Gang,ZUO Jian, WAN Chunfeng, et al. Hybrid pressure retarded
osmosis—membrane distillation(PRO-MD) process for osmotic power
and clean water generation [J]. Environmental Science: Water
Research & Technology,2015,1(4):507-515.

[44] LEE J G,KIM Y D,SHIM S M, et al. Numerical study of a hybrid
multi-stage vacuum membrane distillation and pressure-retarded
osmosis system[J]. Desalination,2015,363:82-91.

[45] CHEN Yunfeng, LIU Chang, SETIAWAN L, et al. Enhancing pressure

retarded osmosis performance with low-pressure nanofiltration

pretreatment : Membrane fouling analysis and mitigation[J]. Journal
of Membrane Science,2017,543:114-122.

A2k AR L — Bl TR - R TR A R ) A R 9B i 1 I 1

K ZEHE ik & 4t : CN208471753U[ P, 2019-02-05.

[47] JANSON A, DARDOR D, AL MAAS M, et al. Pressure-retarded

[46

[t}

osmosis for enhanced oil recovery [ J]. Desalination, 2020, 491 :
114568.

[48] VOLPIN F, GONZALES R R, LIM S, et al. Green PRO: A novel
fertiliser-driven osmotic power generation process for fertigation[J].
Desalination,2018,447 : 158-166.

[49] MADSEN H T,BRUUN HANSEN T, NAKAO T, et al. Combined
geothermal heat and pressure retarded osmosis as a new green
power system [J]. Energy Conversion and Management, 2020,

226:113504.

[MEHF/ N BFEIR(1997— ) W EWF5E 4 . HLTE : 17866619865,
E-mail: XiaozhenLul123@163.com. i il fE % : £k, f@l
#(#% . E-mail:lynn04@126.com.

[WFEEHI] 2022-08-02(f& 2 ki)



