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Fig. 1. Schematic illustration of salinity gradient energy
(SGE).
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Fig. 2. Principle of reverse electrodialysis (RED) using
river water and salt water.

Fig. 2 |Z RED O#§i&4 7~ 7, RED (21 A4 258411
(BT BIEA A A (AEM) LBA A 2R IR
9B 5 A AR (CEM) ORI i FE YRR (1
W) AR IR FEXEVAR (LTI 1K) D3 D i (A2
—H—) %& 2 SOEHREN A FE T D AS > IHER
BT D, BIZIE, HEAKREFIAKRDOEE, BE 1 B4 7-012%5
AT DEALIE, WEAR )N AAR O3 BE AR AT L, i
FELEN 40 OEEH) 90 mV E725 O, RED A% 7 BB

DEN 2T, FRICAECLEEN O GG THLID, K
DN NEE RE7E N BEOND, ZORE~
DX, BRI AR DARR B VAR ~ DA A A5 MR
JEA AT LT A A g B OVl i D BE AR C DR {LIR T X
X VAF PR ERINCE ST, SN O ERIR KA

BLCIEMOOSAB~EREZ T T ZENFIHELR D,

ZAUETIZ RED 2B A3 5 2 < iE S Tish,
ITHCIX RED O H B EEA TUWVAH, RED D7
Drm I T TR~ EFR-ED 1 212 RED W



EHOEAH I B D, RED A¥ 7 DB
AEM, BRI, CEM, (KR R
RSN AL E L OBXEIICKEIKGFTT D
(Fig. 3) , 2O Tl EN K Z VO TR E AT
KESCTHY, ZOBBKIIOERIC LS H A D EveE
FND, EE, P OESKHESTUX RED WD AEM &
CEM ORfEEHR T HZETIRBITEDA 2, JFKHIZ
HENDIEYW B L DRI PHIER, TR ALEE 10
FCROIEIRAR T OB E S KT DREN AT
Do ZNEMRIT D201 IEM ORI M R 2 R
TELI=7 a7 74V (PF) N E S TS 1019 PF i
AT HZET IEM OfEIE B RN R O B2 J -
J7-, Fig. 4@ TR T A L—H— N RE LD, K
PERSHR I HE T O BRI PUAMEIE D,

ARHFFE T UL — M A7 i3 - Rt L S DA HERE
DHK 80%IEW IR Z A 4 HIREEHUIEICINZ T, IEM
FHEN VS AR L 7= 7 17 7 A LR (Fig. 4(b)) & 1E

#11_, RED 2352 T, RED WNEHEHION, AEM,

CEM DEHEHT ONRED NHEHEHUIZ B W TR KE2 %
B AT TR EE IR TR O BRI A AT 228
ZHEJEL T,

Wit 1 REDRZuZ

i

CEM: fiif A2 3 A
AEM: i 42 28

i I Ht

HOKFISE (1 m)
g 8 g

g

0 0.5 1 1.5 2
HEOERER[2]

Fig. 3. The internal resistance of a RED cell.
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Fig. 4. Flow channel of RED stack (a) for flat sheet IEMs (b)

for profiled IEMs.
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Fig. 5. Equivalent circuit diagram in RED system.
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Fig. 6 I-V and I-P curves of the RED system obtained by
power generation measurement.
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Fig. 10. RED stacks of RED performance test:
(a) for flat sheet IEMs, (b) for profiled IEMs.
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Table. 1 Properties of cation exchange membrane and anion exchange membrane used in this study.

Type Charge density Ton transport number Resistance Thickness
Cy [mol/dm?] t[-] R [Qcm?] d [um]

A-2 0.70 0.99 0.28 34

C-2 0.43 0.94 0.21 34
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Fig. 12. Voltage-current and power output- current curves
of RED stack using profiled IEMs. 50 mS/cm model
seawater and 0.3 mS/cm model river water were fed
to the stack.
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river water were supplied.
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Summary

In recent years, stacks consist of a cation exchange membrane (CEM), a high salinity feed path, an anion
exchange membrane (AEM), and low salinity feed path are used for salt concentration and desalination in
electrodialysis (ED). Reverse electrodialysis (RED) also used stack with the same structure and converts the
salinity gradient energy (SGE) between brines of two salt concentrations into electric power. One of the barriers
to obtain the high efficiency of the SGE conversion process is the high electrical resistance of the low salinity feed
path caused by a spacer net that is made from non-ionic conductive material and keep distance between the CEM
and AEM constant. This study aims to fabricate profile (PF) membranes that reduce the electrical resistance of
both the membrane and the feed path, and also reduce the fouling properties by giving novel shapes in the CEM and
AEM. PF membranes were fabricated from commercial flat sheet membranes (C-2 and A-2, ASTOM Corp. Tokyo,
Japan) and self-made flat sheet membranes as base films. RED stacks were constructed with the flat sheet and PF
membranes.

The characteristics of the stacks were evaluated to develop a high-efficiency SGE conversion system. PF
membranes were fabricated from the flat sheet membranes by a hot-pressing method. RED stacks with 40 pairs and
400 [um] membrane distance were constructed using the flat sheet and PF membranes, respectively. A model
seawater (50 mS/cm NaCl solution) and model river water (0.3, 2.0, 4.0, 5.0 mS/cm NaCl solution) as high and low
salinity solutions, respectively, were used in the RED power generation test. The current-voltage (/-V) and current-
power (I-P) curves were obtained for each concentration condition by connecting an electronic load device to the
two electrodes of the RED stack and controlling the resistance between the electrodes. From the /-P curve, the
maximum power density (PDgross), Which represents the maximum RED power output per unit membrane area, was
calculated. PDgoss 0of both the two stacks increased with increasing conductivity of the low feed solution and
reached a maximum value. In the case of the RED power generation test with PF membrane, the maximum PDgross
was obtained as 1.47 W/m? at an electrical conductivity of 2.0 mS/cm for the low feed solution.  On the other hand,
the value for the flat sheet membrane was 0.92 W/m?, indicating that the stack with PF membrane showed 1.59 times
higher value than that with flat sheet membrane. Jiyeon Choi et al. reported a PDgross of 1.39 W/m? of RED power
generation test using PF membranes they made. This means that the PF membrane stack used in this study shows

the highest power density in the world.
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