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ABSTRACT

The difficulty of securing freshwater sources is increasing with global climate change. On the other hand, seawater is less
affected by climate change and regarded as a stable water source. For utilizing seawater as freshwater, seawater desalination
technologies should be employed to reduce the concentration of salts. However, current desalination technologies might
accelerate climate change and create problems for the ecosystem. The desalination technologies consume higher energy
than conventional water treatment technologies, increase carbon footprint with high electricity use, and discharge high
salinity of concentrate to the ocean. Thus, it is critical to developing green desalination technologies for sustainable desalination
in the era of climate change. The energy consumption of desalination can be lowered by minimizing pump irreversibility,
reducing feed salinity, and harvesting osmotic energy. Also, the carbon footprint can be reduced by employing renewable
energy sources to the desalination system. Furthermore, the volume of concentrate discharge can be minimized by recovering
valuable minerals from high-salinity concentrate. The future green seawater desalination can be achieved by the advancement
of desalination technologies, the employment of renewable energy, and the utilization of concentrate.
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A= T 38Y oUA LTS 2A &
o ods] FHNE AA| oqA| o] oF 70%E At
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Fig. 1. Reduction of specific energy consumption with
development of energy recovery device (Kim et al.,
2019). © 2019 Elsevier Ltd. All rights reserved.
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Table 1. Specification of SWRO desalination plants equipped with PX in the Middle East (Kim et al., 2019)

Capacit Energy Plant energy
Country Plant Year (103‘) ? /ﬁ] Overall RO configuration | recovery consumption
device (kWh/m?®)
Split partial second pass
Israel Hadera 2010 350 (SPSP) PX 4
) . Shuaibah IIT 2009 150 Full two pass PX 4.8
Saudi Arabia -
Sadara 2016 149 Full/Partial two pass PX 4.4
Qatar Ras Abu Fontas A3 | 2017 164 Two pass PX 4.5
Khorfakkan 2008 23 Single pass PX
United Arab :
Emirates Layyah 2008 23 Single pass PX
Ghalilah 2015 68 Single pass PX 3
ojAto 2 Z+ZF 41,000 mg/Le} 28°Colt} (Voutchkov, 2013).
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Fig. 2. Strategies for low-energy SWRO desalination plants (modified from Park et al., 2020). © 2019 Elsevier B.V. All rights

reserved.

ol AN JIEZY F7t= Qs HA| 549 oy 7
2] AmEFo] Zrpsirhs thdo] 9t P

A LR Zol7] Mt i Golo o £
on gol g shgatol T% dws Agdor k. E °f
53], A SHEF FMolA olEoAdH == 3 s
SHADE B4k w SR SRS B s
3t 72 AuAlangE ador Y ¢ e 2

o oA Ut (Fig 2. 1 AF 71ES 4§ \
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WAL, Aate RS z0l7] f1ell two-stage RO Fig. 3. Energy consumption of SWRO desalination plants
=] 7ol AdEo] ok Zeu Ak E E depending on the number of stages (Kim et al., 2019).
L 28ko kol AL oy AHTFo| ZU)EciE o © 2019 Elsevier Ltd. All rights reserved.
ol AT (Fig. 3). A4S Tea A7 thop
A WA W, FEeE e s Ul Ag  AA R 29w v o, 2B sy e e
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Fig. 4. Feasibility of RO-PRO hybrid process (Park et al., 2020).
© 2019 Elsevier B.V. All rights reserved.
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Table. 2. Specification of pilot plants of Masdar program (The
World Bank, 2012)

Capacity
Compan; Technolo
Reverse osmosis
Abengoa ’ 1,080
8 membrane distilation
Reverse osmosis,
Suez . 100
ion exchange
Reverse osmosis
Sidem/Veolia . 300
(using solar energy)
Trevi Systems Forward osmosis 50
Mascara Renewable Reverse osmosis
. 30
Water (using solar energy)

Journal of Korean Society of Water and Wastewater Vol. 34, No. 6, December 2020

pp. 408-410

407 e



o2 22 sirEret 7is

S

ol# 9] alEadt 71w o]l "ol ol&
=53517] 918l BRI R oYz ZAE a4t
A FAlo] BS AAFSHE Agaba ZHE(15,000 m'/d)
S AAdg vk ot

o
ol

N
-

2
R
30
5

12
>,

2
L
olN

= ol
oo ol

0 o

4 4
K H
oy, 2

o
o

o
r_l
ol
-
A
z A=
rir iy

K
o
filo
o 4 12
of>
o
rir
I
oz
oldk
AN g 2 b o -

=

e
N
il
ol
%

ofx

=2

i3

o

glln

w2

et vo
2o

o

H

s
a5 ox
R N

12

o

4

oo

4 Lo
!
Bl ofr

2

oX
o
0%
>

o
LB iy
b
rl

=

¥
N
_cI)L
ki
)
rlr
@ B m

44 H
Hoim
éé
~

me > 4 2 o 4 B B

% o

2shar qlek (Fig. S).

MARSE {3t =32 7|9l SUEZ Water
Technologies & Solutionso]| 4]+= procera A& Tl s}
T oole. ae AELS w71 H o AlMT oE
of, §% 4 W AN RF 270] oel 1A
H| 523k 718 ABjE Alsgich w3, 944 &2 92
AR ZHE
za=s T
ol B Al sl gk
2 Tstt) (Procera

(m e
pi=)

= '{N'

Mt N

= 1o oy
%
i}
o2
ot
N

al

SOl
o«

=

e

o
o |m
) il

3
@
[o
N
S\l ko
pou)
o

seawater desalination systems).
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A= Aol FHojuh 20,000 m/d =S4t
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Source).
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Fig. 5. Strategies for low-carbon SWRO desalination plants.
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