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ABSTRACT Long-duration energy storage (LDES) is an essential technology for reducing renewable energy curtailment induced by
intermittent and imbalanced renewable power supplies. Seawater-based energy storage is an emerging candidate for use in LDES
because it is both scalable andeconomical. A Blue-Battery is a flow battery that generates power by separating NaCl in seawater into
acid (HCI) and base (NaOH) and discharges by the neutralization reaction of the acid and base. In this study, the performance of a
lab-scale Blue-Battery stack was evaluated based on the applied electrical potential and the flow rates. Increasing the applied electrical
potential during charging increased the concentrations of acid and base solutions. However, by increasing the flow rate, the
concentrations of the acid and base solutions decreased because of the reduced retention time in the Blue-Battery stack. By estimating
the energy potential and efficiency of the lab-scale Blue-Battery stack, an energy efficiencyof 21.0% was achieved at a flow rate of 4.1
mL/min.
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: neutralized solution

: power, W

~ v

: internal resistance of Blue-Battery, Q

Subscript

NDC : nationally determined contribution
ESS  :energy storage system

LDES : long duration energy storage
AB-FB : acid base flow battery

CEM : cation exchange membrane

AEM : anion exchange membrane

BPM : bipolar membrane

AEL : anion exchange layer

CEL : cation exchange layer

HRT : hydraulic retention time
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Fig. 2. Conceptual diagram of charging and discharging
mechanism on Blue Battery

o, o] 20] el gl ARa-ES FYAI7]7] f18te] CEM,
AEM % BPM2 wHiste] vix|Rlit), 53], F7dabgofA
BPM-2 sllr2 e} Az oz o)Fst ofol2(of: Na')zt
Sol&(<: C1) 9] ’ﬂé}
3to] BPM 2] 2-0]& W3 (anion exchange layer, AEL)
¥} ol J7’—§‘_‘%*(cation exchange layer, CEL)o|A &
Hallsto] OH oF H'E AAlstct A=, Sl A sl
W o] oRHUE, AAolAA] Yol os) A
(HC)T H7|(NaOH) = o] 242 E|o] o[ A|7} 3}eh4] o
2 A, byl A= A7k HClat NaOH7F 7]
sletAlof| A a}sta] o & vk-g-shm gkl u o) HolE 9
/gstal, ol 2ughdof| A Sotlige) 7t A 7iskelE] oz
Held® A, A o2 M=
ol AFE AR Ak 971¢
NaClo] FARE= Y4tE7] dize] &

753 22 AUAI A 7ol

AJ(charge neutralization)<

o X

(‘
r
ﬂl

)

o= &0l %4
HHEM 7S A

32 A-xdolHX|

3. FH= U

3.1 22uHE(a] Acy

L RS P BEDR EE S LR BT
e sl ool skl Lol meke} @ B2ne)
o1 MU A, Bt T G2 WA

(Polyethylene, F7I: 200 um)E st
=24, A715ksHA A ehE WAskle) o
H fFRoA YRE w5 WAE] 91t 7F
571 2P RS PTFE(EA: 230 un)
FcH(Table 1).

o] &

gl>

r
J
Fﬂ\i

5|}

[

ol
£
k1o

s

A

o
flo

[> Ho
1=
=2

Jo —p
oL

i
S~
o
ol

Table 1. Configuration of lab—scale Blue—Battery stack

Cell configuration

(N: Cell number) (CEM ~ BPM ~ AEM)N — CEM

Number of cell pairs 2
Electrode material Pt/Ti (Mesh type)
230 um
Gasket ’
aske Fiberglass reinforced silicon
Spacer 200 um, Polyethylene

High concentration solution 0.5 M NaCl

Low concentration solution Distilled water

0.2M
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Table 2. Membrane properties 2!
AEM CEM BPM
Identifier Type 1 Type 1 Ralex BM 3.1
Reinforcement | Polyolefin Polyolefin -
Thickness dry 442
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(um) (98
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(um) (+ 3
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