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Principle and features of Redox Flow Battery System
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Redox: Reduction & Oxidation of active material
Flow: Electrolyte is stored in tanks and flowed by pumps
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B The SOC can be measured on a real time basis by

measuring electromotive force directly during operation
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The SOC management in complex
charge/discharge pattern is easy.
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Long-lived active material
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Positive electrolyte Negative electrolyte
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Composition of single cell
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B Materials and components are non-flammable
and incombustible.
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| | Electrolyte. Vanadium sulphate-water solution

AR

Non-flammable
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Positive electrolyte and negative electrolyte can be
mixed without ignition.
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m Cell Stacks, Pipes: PVC

BRI (BMNGEE: 455C)
Incombustible (ignition point: 455°C)
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Self-extinguishing in air
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The possibility of fire is extremely low.
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B The battery reaction principle is simply the change of
valence of the vanadium ions in the electrolyte o

(without deposition and dissolution); therefore the life of HREY ATV LTESH T

electrolyte is not susceptible. ’ o = .
A long charge/discharge cycle service life is realized.
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Lineup of Redox Flow Battery

dAVFF8 DRy A70-—E# Container Type of Redox Flow Battery
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B Cost reduction
By containerization, transport and installation cost is reduced.
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B Footprint reduction
By two layer structure(lst layer:Electrolyte(Positive/Negative),
2nd layer:Cell stack/Heat exchanger), footprint is reduced.
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M Lineup
By multiple tank sizes, it is possible to change capacity (kWh).

Eithig

(Cell stack,
Heat Exchanger) 9’{7(&‘1,&_\H§F§) H-_Iljj gé ﬂﬁ?
Type(hours) Output Capacity Size(LxWxH)
0 750kWh
y 250kw ~1,000kWh 6.1Imx4.9mx6m
0 1,000kWh
A 250kW ~1,500kWh 9.1mx4.9mx6m
40 1,500kWh
EREIVIAVFF  20ft 68 250kW ~2,000kWh 12.2mx4.9mx6m
(Electrolyte Tank) 30ft
40ft
IZAFLEER] Example of Layout

m 500kW X 3B¥E(1,500kWh) 91~

- .
B Example of layout for 500kW 3h(1,500kWh)system £ Sample footprint

250KWx3H e _
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e o 250KWx3H i B8 SEER

B EES
MW 3MWh 15mx17m
MW 4.5MWh 21mx17m
MW 6MWh 27mx17m
1T0MW 30MWh 85mx27m
10MW 45MWh 103mx27m
10MW 60MWh 131Tmx27m
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Installed Case of Redox Flow Battery System (Japan)

ItEEBENHEREDERFER (BHEERE ABEEEY AT LERRIASER)

Large scale flow battery demonstration for grid control with Hokkaido Electric Power Co., Inc.

W AT ICEEE DR

B Partner: Hokkaido Electric Power Co,, Inc.

W ERFE: HA15MW, E860MWh

M Scale: Output 15MW, Capacity 60MWh

B KEAE: BEERE ABETEY AT LERIRESEE

B Objective: Urgent demonstration project of a large scale
power storage system,subsidized by METI
(Ministry of Economy, Trade and Industry).

W EEHAR : FERAZ BN (/77 U—B=H{EH. S
RIRELHIE . B KRS cHEOZEBRIERIE) .
RERAZEHNHEIFIE. FIF RN REE

B Demonstration: Frequency regulation, Renewable generation mitigation

- - e i 3 ¥
- 1F: 9V 0. KV 7 REERE
E"'Ej;%ﬁﬁ . jtjﬁ h(ﬁ)mﬂ*#aﬁpﬁ Floor 1: Tahk Pum and PCs

B Location: Minami-Hayakita Substation
(Hokkaido Electric Power Co., Inc.)

W REEHAR 1 2013~2018FE (R T bE @G

B Term: FY2013 to FY2018 (After demonstration, under operation by
Hokkaido Electric Power Network, Co., Ltd.)

fmtfE: 20155128

2F: ‘tle;Z9‘J7 BT 1@%5
B Start of Operation: Dec. 2015

Floor 2: Cell stack and heat exchanger

WA IEBEENR YD — Ik

B Customer: Hokkaido Electric Power Network, Co., Ltd.

W 2 {ERE EH1 7MW, B85 1MWh

B Scale: Output 1T7MW, Capacity 5IMWh

B A & EEEEEHIEIE () DU —1B2HE, S5
RIRELHIE . - KEm B OB HERIE) .
REMZEHIHIGIE. TR REER

B Application: Frequency regulation, Renewable generation mitigation

BiFf:UEEENRYN D — O R REER
I Location: Minami-Hayakita Substation
(Hokkaido Electric Power Network, Co., Ltd.)

W E3{ETRE : 2022448

B Start of Operation: Apr. 2022
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Installed Case of Redox Flow Battery System (USA)

REHYI =7 MICHIFZDEEMDXT - BEEHAEERIEER (NEDOEX)

Flow Battery Demonstration Project for transmission and distribution Applications in California (NEDO project)

B AT REAY T4V MNDEH- S At

B Partner : Utility in California

iEHRE HA2MW. SE28MWh

l Scale. Output 2MW, Capacity 8MWh

B EIER BB IRILF—IBIICKZREFRRICAIT . RFEHRDESEKR
(BREGRE . RRBHAME. FIFEI) [CKDEFMEDMIESTHE

B Demonstration : to evaluate the management of surplus electricity and regulation of grid frequency and
voltage fluctuation. Data on performance in the transmission and distribution grid will also be collected to
improve the system'’s economic value.

BEBIEFRKEAUIAIL=7HN T YT« IO

B Location : San Diego, California, US

SKELHARS : 20156 E~2022FE
(REHE T R DEEMET)

B Term : FY2015 to FY2022 (After demonstration, under
operation by Utility in California.)

W = fEtR @ i 2017538

B Start of Operation: Mar.2017

B TRE (LAY T) LRy IRAT70O—
I'H_’:t LJZ*}J@ULR@WUJE%HI{%O

B First time as Flow battery to obtain UL1973 the safety
Standard for a large-scale stationary battery.

B KEAHYU T FIL=7 MR AR (CAISO)
DEHEHFTHSE (TRILF—/TVISU—)A
LRyIZX7O0—FithEUTHIEA (20185F12A8)

B Initiating Redox Flow Batteries into the U.S. Wholesale Power Market Participation to the California Independent
System Operator(CAISO) This demonstration is the first example of RF battery operation in the United States
wholesale power market (Dec.2018).
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B First time in thg U.S. and Japan tp . $e325) o RERCER) T|HEETESE
successfully build and operate Microgrid Transmission Transmission Grid CAISO Market
with battery storage on actual power = s
distribution network (Dec.2021). [EEEE'] @ EwmmE 2 Stge |
==} ytatyd ,»° Controlled 1
Transmission L“M TREEE . b¥CA‘SO !
wEH EEAICREL Bidtoe 1M
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Renewable Energy Utility
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Installed Case of Redox Flow Battery System (Africa:Europe)

UNIDOEOw2’O0Y 7 UNIDO Morocco Project

Wi A 5t : UNIDO,”MASEN#R
B Customer : UNIDO / MASEN

W EERRAR - HF3125kW. BFE500kWh

M Scale : Output 125kW, Capacity 500kWh

BA & I/4707UyRESL
KEAHEHDDFREE

M Application : Micro Grid Demonstration
Renewable generation smoothing

BB - EOv3 - DILY Y-k

B Location : Ouarzazate, Morocco 75hE 80 ;
. %gt Charge/Discharge EE 60 CPV'I;EJJ
M 2 {miME) © 201957H T gy SN o - |
T ! o ! _ =
W Start of Operation : Jul.2019 simue| VR BT
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Micro Grid Demonstration  (CPV) paqox Flow Battery 13:00 13:30 14:00 14:30 15:00
80 EBkHH

(CPV+LKy&270-m) CPVHT
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Smoothing CPV RFEEt: -60 Redox Elow Battery
Redox Flow Battery ~ 12:00 12:30  13:00 13:30  14:00 14:30  15:00

Wi A 5c:John Cockerill (JC) #t5
B Customer : Jonn Cockerill (JC)

M SRR - HA500kW. &&1,700kWh
M Scale: Output 500kW, Capacity 1,700kWh
BA R:/C47079UvR,
ABEERELTIDFBIL.
E—Jhvk, FIVRVARY R
B Application : Micro Grid, Smoothing,
Peak cut, Demand Response

W BBISFR  ANVFE— - A5V
M Location : Seraing, Belgium

M 52{mERE : 20185108

M Start of Operation : Oct.2018
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Installed Case of Redox Flow Battery System Japan (Japan:Taiwan)

AR08 Obayashi Corporation Project
B AT | SRR ER RO R 2L

B Customer : Obayashi Corporation Kzl JATH IR LTSS EYRBE CAR Leoend
=n . 500kWx6h fsMWh) 200kWX2(@FAZ /Town Ga;; )FgﬂlJﬁﬁ 57kwx1 M (7%1‘;5‘%;&"] .
. Eiﬁ*ﬁ*ﬁ " &jj SOOkW 4 | Waste Heat Utilization Multi Meter
ZSE 3MWh " i = Q© smene oo
= 3 :
M Scale : Output 500kW,
Capacity 3MWh
s o coptiomerorcl | | | Hece s Aot Ak
BA & aETEt. 9
IFERAER
B Application : Grid-connected Mode Ak Ak weo
Peak reduction, Excess renewable sow soaw Buing

power management

W SEISFR | RRER

M Location : Tokyo, Japan

W (R : 2015518

GBWIRE
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M Start of Operation : Jan.2015 o e e -1
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BEBHESHEMEOY T8 Taiwan Power Research Institute Project

W ST | EERSRE R

B Customer : Taiwan Power Research Institute

M ERIRARAE - 17 125kW, & 750kWh WRFARE | =3

Ml Scale : Output 125kW, Capacity 750kWh TPRI Internal Grid ﬁ
WA ®E:¥470UvR |
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Demonstration Room
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M Application : Microgrid Demonstration
W =BG a5 - alt

M Location : Taipei, Taiwan

= LRyI270—EM PNy
. EQ{E*%@ . 20 1 7E2H 1??5\2/22?7723&%‘?;/ 15P°\£W 150kW/

M Start of Operation : Feb.2017
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