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Abstract

In these days, wastewater reclamation and seawater desalination play essential role in addressing the challenge of worldwide

water scarcity. Particularly, reverse osmosis (RO) for seawater desalination process is commonly used due to less energy

consumption than conventional thermodynamic systems. However, membrane fouling and electrical energy consumption

during operation of RO system for seawater desalination haver continued to be a obstruction to its application. In this study,

therefore, wastewater secondary effluent is used for osmotic dilution of seawater. Firstly, fouling behaviour of RO by

simulating wastewater effluent in osmotic dilution process was measured and we calculated energy consumption of overall

desalination process by theoretical equations and commercial program. Our results reveal that RO membrane fouling can be

efficiently controlled by pre-treatment systems such as nano filtration (NF) or forward osmosis (FO) process. Especially FO

system for osmotic dilution process is a non-pressurized membrane system and, therefore, the operating energy consumption

of overall desalination system was the lowest. Moreover, fouling layer on FO membrane is comparatively weak and reversible

enough to be disrupted by physical cleaning. Thus, RO system with low salinity feed water through FO process is possible as a

less energy consuming desalination system with efficient membrane fouling control.

Key words : Energy consumption, Forward osmosis, Fouling, Osmotic dilution, Reverse osmosis

1. Introduction

A AAAD v & F=5

71& 7199 stEAjolg a

4 =
o
8
o
=]
o,
2
(=
=
=
o
O
2
os}
o,
=3
Q
=N
3}
2
N/
A
ol
ol
e

SRR

A (reverse osmosis, RO)

g2 andyA R Hap 7)E

fogow

A7) o 2ol
A7 9 HeAEY v

A7 T ATHPotts

Ql

)
=

et al., 1981).
% A ekl FEGAY

yRge FEHos

" To whom correspondence should be addressed.
jschoi@kict.re.kr

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

o] &3l= H T (forward osmosis, FO) 382 4
el w3 vy R] SHA S5k,
gt o9 9ol Holuts=
2012; Lee et al, 2010). s}A|gh
AEQrE s FAlo RIS ol f=
FA7F FEfoF & FREOE P th(Mceginnis and
Elimelech, 2007; Jun et al., 2015). Z4F%9] ol o
S A7 g35te AR TE &
Fegdoz olgato |59 Mg T
9 P qHUAE dFE AdUA EF

= XT T
Tgo] FEUI QltiBoo et al, 2013;

Aol

A7

K
ox,

i o
fo
—°.L'|o
o

o
oft
mt

i

T

Journal of Korean Society on Water Environment, Vol. 33, No. 4, 2017



404 UEN . 253 HEN

ol Hte £ dAFelAMe dA FEHIL A= B
I IAEGS o8&ty SteAETY HedFIEEZ

O lab scale HoH AFS A3 o]
JH5F 28Y Hes A5 F

=4
FE 3PS EAtstd V1€ 3HH HUAE M,

i=y
g
w
(¢}
=
(¢}
o
o
ol of mu o L=

2. Materials and Methods
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Fig. 2. Schematic illustration of osmotic pressure profile in
FO system. J,, is, Js is, Tpp is bulk draw osmotic
pressure, Tps iS membrane surface osmotic pressure
on the support layer at the draw side, Tpm is
membrane surface osmotic pressure on the active
layer at the draw side, tF,m is membrane surface
osmotic pressure on the active layer at the feed
side, mrp is bulk feed osmotic pressure, W is
effective osmotic pressure, ty is thickness of active
layer, and ts is thickness of support layer.

Table 1. Module parameters of HTI FO membrane

Module Parameters Value
Water Permeability (A) (um/s-bar) 0.308
Solute Permeability (B) (um/s) 0.127
Structure parameter (S) (umys) 302
Height (H) (m) 0.00114
Width (W) (m) 3.1496
Length (L) (m) 1.0

Table 2. Operating parameters for modeling of FO process

Operating parameters Value
Mass transfer coefficient (k) (um/s) 3.89
Temperature (T) (°C) 20
Draw solution concentration (Cp) (M) 0.6
Feed solution concentration (Cr) (M) 0.0086
9] 5= A 483" Torayil2] CSMPRO4 Z 213
o 4¥ate FIPPE =& o] o, ALEH BB
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Fig. 1. Schematic illustration of mass balance for water integrated FO system. Qwwse
is flow rate of wastewater secondary effluent, Qsw is flow rate of seawater,
Qpsw 1s flow rate of diluted seawater, and Qp is flow rate of permeate.
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3. Results and Discussion
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Fig. 3. Diluted seawater concentration and recovery of FO
system by FO module length.

Table 3. Components of Synthetic seawater and wastewater effluent solutions for lab-scale fouling test

Components Concentration Volume
Synthetic seawater NaCl 0.6 M 4L
Humic acid 75 mg/L
) Bonin Serum Albumin (BSA) 75 mg/L
Synthetic wastewater effluent ) 2L
Alginate 75 mg/L
CaCl, 1.5 mM
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Fig. 5. Osmotic pressure data plotted against FO module
length. All data indicates model as given in Eq.
(1). Model prediction is based on FO membrane
parameters such as A, B, S.
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