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New Trends of Seawater Desalination by Reverse Osmosis
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‘Shortage of fresh water may be the main global threat in the next decade.’
-World Economic Forum Report 2015

https://www.techquila.co.in/bengaluru-water-crisis-acute-water-crux-in-the-silicon-valley-of-india/
https://www.conserve-energy-future.com/causes-effects-solutions-of-water-shortage.php
s://spoonuniversity.com/news/ heres-4-reaso-n-s-v@-ye+shouId-stiII-care-about-the-flint-water-crisis



1.2 iK% EEAR seawater desalination
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Desalination is a process that produces freshwater by removing salts from seawater.
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- https://tunza.eco-generation.org/ambassadorReportView.jsp?view|D=42839
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Recent development of seawater desalination
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RO process has been developed into the most popular and rapidly progressed technique.
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1.4 [zi&1%EiL Reverse Osmosis (RO) 1HiREE

J5FE RO Mechanism/& 2 FEZE{ = Advantages X 1) v b
|

o EFEiRiH{iT, {KEeHE

Room-temperature operational, energy-saving

HREEDHEIH
o BREMREMNBHIND FRE

Removal of salt and organic molecules

BE. AR FHEHRMICRE
® ESHIBREERMNIKEIAR

ngh salt rejection and water recovery
=W R R EKE

o ENEEEWER, ZTLUMBEIM

Simple installation for automation

— Water Flow SUT VIS BB A EEMELOT L

{Z1ERYI0)RR Drawbacks [HIRES
o SEHIT ERBFSERIINSEEL

Requires high-pressure, pumps and high-pressure resistant pipelines needed

BEFEDRSD. BERTEENMIEDROEBINLE
o XHKIEIFEREERK, TXIFKILE

Requires clean/filtered feedwater, pretreatments needed
HEAKDEENELL BKOTLLENKHE
0 ZrrdiRisHR, HNREGINBEIER, TEMAEH TSR
mbrane foullng leads to short membrane I|fet|me regar washing needed

L9, BOERESBNEAZERND -0, EHNLELSINBDE




Ri&EERhAZEEZ New Trends of Development of RO
W25 % D B B3 A
FEAHS outline 7MLV

2.1 BB Eg:3447KIRE Mega-ton SWRO Projects
BALRNRKIETODS IR

2.2 ¥ZBEi3IKR4L Nuclear Seawater Desalination
RFNIZLDEKDHKIE

2.3 M-IEIB S FE S Thermal-Membrane Coupling
#}—IEDhYTIT

2.4 TN ISFRMEER Pretreatment by Inorganic Membranes
MM EEOTLLE

2.5 BALZERATIFRLIEE Non-agent Pretreatment
{LE2RFFRERDOTLNE

2.6 SOEERIEARS T Z High Recovery Technologies and Processes
=EIREOHfTETIE

2.7 BRiBFEAR Boron Removal Technology
RO REREB T

2.8 /KL FEEAYIREN Chemical Resources Extraction from Brine
KM DL RS D
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2.1 B ES:*R{L7KIAE Mega-ton SWRO Projects
BARARNKETOD IR
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The world’s largest seawater RO plant at Soreq (Israel), has the
desalination capacity of more than 600,000 m3/d.

! Kurihara et al. Current Trends and Future Developments on (Bio-) Membranes. 2019, 387-406.




BAMEKLIERS : @KU SEKEIH-BFHERRKHLZIRE
Mega-ton Water System: Japanese national research and development project on
seawater desalination and wastewater reclamation

BARARBKIETOD IR iE@KRKIEEHEKI T4 DL, BAOERBAZER
g£7O0 Ik T

Dr. Masaru Kurihara
Toray Industries, Inc.
Tokyo, Japan

ZRATEKEIATI T 65% ((EHRIIRLREA0-45%), FHmiD> T 20%HIBEHE,

The System enabled 65% of input seawater to be converted into drinking water, compared to
conventional rates of 40-45%, while resulting in a 20% reduction in energy consumption overall.

1B IKZEH65% (5 FTIE40%-45%) [TEL ., LMBIRILXF—HENN20%F D LT=,

.__ Kurihara et al. Desalination. 2013, 308, 131-137.




2.2 ¥ZEBEBIKRA Nuclear Seawater Desalination
[RFHNIZKDHiEKDHKIE

[ES17K 5 = N Pressurized Water Reactor (PWR )
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The AP1000 reactor

M.D. Carelli, et al. Proceedings of the 13th International Conference on Nuclear Engineering, May (2005).
et al. Nuclear Engineering and Design..2009236-(14-16), 1547-1557.

The IRIS reactor




Coupling between PWR and RO desalination systems
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Alonso et al. Nucl. Eng. Des. 2012, 245, 39-48.
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2.3 M-IEHES RS Thermal-Membrane Coupling
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BT RARFEENEHSHT, SCIIK-B-HMEERIr-E 5aefmeAt.

Through total site analyses, to realize the maximum profit of water-energy utilization.
EEMT, EMREICE AT EZEL T, K-EX-BOLEEELIRILE—HEICEITHINE
DEKRNILZEETET 5,

! Manesh et al. Desalination. 2013, 316, 42-52.




2.4 FoHIEFRAL IR Pretreatment by Inorganic Membranes

BEEEOTL0E

[EERE Ceramic membrane
S5V IIR

A

FTHEFMNERE B MR MEI NS, RER, PRENR, BRERESE
BRI IS YRFIIR S 3R,

Pretreatments by inorganic membranes are utilized to remove microorganisms, colloids and particles
from the seawater, to avoid the scaling and (bio)fouling during the RO desalination process.
BEEEOTLLEB TN FOMEYOIO R, BRKEMHANEMIZRESI ., HRBEIC
£ 5BIKRIKILIZE T HRORFLEEDFEEZIHT 5,

! https://www.metawater.co.jp/eng/news/2016/11/post-96.html




2.5 EALF I FUFRALIE Non-agent Pretreatment
EFERAFERADTLNHE
(K% MR, EMLE AR, ZEFS
Advantages: Environmental-friendly, biological-safety, low costs, easy to operate
APy IRIBIZOSLLD NAARICREENF L AXRHMEL . NPT ULVGEE

Pratrastment
* Particle System ﬁ
C0 Oollnidal l
Materal Baokwash

1Salids return to sea)

l » Filtrate water

T

Filtar media

Biofllm on filter metdha captures partols

and adlloidal matena

A FIRDFEFIALEE Chemical-free sand filtration
{LR2ERFEROTLINE

! Yoshiaki et al. Mitsubishi Heavy Industries Technical Review. 2016, 53, 93-98.




2.6 ShIIEEIR AR ST Z High Recovery Technologies and Proces
SEINEORKITETI=

RESZRRSIFEZRZ Low-pressure Multistage SWRO System (LMS)
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ZARGANMRE T IRSRNEE, HELETREERE, &5 7T BULER.

LMS reduces the fouling risk and improve the recovery rate by spllttmg the long vessel into

multistage by reducing the higher permeation flux of the upstream and increase the lower
permeation flux of the downstream.

JEBLRBEENRIICHERL. ERETROBBED/NTUREZRY., EKEEZSIE LI,
_-_. Kurihara et al. Current Trends and Future Developments on (Bio-) Membranes. Chapter 16, 2019.
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2.7 BRiRFEAR Boron Removal Technology
RO FRRERAN

FESWRORZEH, BEFZEZLIRAHZELSEXRLGH, FHEFTERSHpH.
In a SWRO system, second pass or multiple passes is required to reduce boron levels,
which worked effectively at high pH value 11.

SWROV AT LATHZRHEWNEZERALGEZBERTRIRZREL. pHELEHICTIBENHD
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Concentrate | TDS: 65,200 n_1E.-'1.

Process flow diagram of the seawater RO plant in Fujairah, Saudi Arabia.

; Sanz et al. Desalination. 2007, 203, 91-99.




2.7 BRIRFEAR Boron Removal Technology O ZEERER T

Boron selective ion exchange resin
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Boric acid complex with vicinal =OH groups

Aot of Heskn (o/%0 ml
The Boron removal performance of two types of
The presence of two vicinal hydroxylic resins with different particle sizes
groups allows boric acid and borates to form
a complex

As the particle size of the resin decreased, a high
percent removal of boron was obtained.

Busch et al. Proceedings of European Desaliantion Society Conference on Desalination and
Environment, Santa Margherita, It'IGVIa;LZZ—ZG, 2005.




2.8 7Kt S ERYIEEN Chemical Resources Extraction fron
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WATESFENETE, QERSENSET TR, NEFIEKFEBIRBURLAY,

FRIR, BFTEARIRAYEIRELREMIFIA,

Seawater contains plenty of chemical resources, including precious metals and minerals. To

extract these chemicals from the brine is the key towards the sustainable development of natural

resources.

BIKICIEENGIEZRADNEFN. EEBLEIRTIILEANZ L, BEHEN B KNS INoDIEFER D%

BT ACLIFBERERDOFHRAIGELZFAICET 5,

Comparison of elements in segwater and minera resesve on land
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Naidu et al. Water Research. 2017,123, 321-331.

_17_




2.8 7Kt 2= ERSEEN Chemical Resources Extraction fro
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e.g. Rb (£f1) extraction from the Brine of SWRO
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Polymer encapsulated potassium copper hexacyanoferrate (KCuFC(PAN)) sorbent exhibited a good
selectivity for Rb+ sorption. Repeated cycles of KCuFC(PAN) in MDD operation for Rb+ sorption followed
by desorption with 0.2 M NH,Cl established the regenerative and reuse capacity of KCuFC(PAN).

IWED) LENRNICRET DREHITHS. BEICNHACITREZEREBRL. VY1V ILRI A AIEEIC

Naidu et al. Water Research. 2017,123, 321-331.
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Thank you for your kind attention!
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