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Principle and features of Redox Flow Battery System

# B confiouration

L Rw 22 (Redox) : ;EMIEDETT(reduction), B#fk(oxidation) W EEIL&EILAIVD
70— (Flow) EMBESUERRENI VI ICEBURY S TEER Single cell & Cell stack

Redox: Reduction & Oxidation of active material - Bt - Single cell
Flow: Electrolyte is stored in tanks and flowed by pumps
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The reactions are associated with only the changes
in valences of the vanadium ions.

B EBOBRE-THEHFDRBRVDHEN MK RERT
R EBOEEHIR. X BERIS DL EEKAMICH AR,

Because the valence changes do not deteriorate the electrolyte, t}bxg\yg
electrolyte can be used semi-permanently.

!l% E Features

Cell stack

R & @i Long Lifetime

u 20ﬂ5iﬁ®$§+$ﬁ >20-year design life

| EE/H%#'{Q“AJ%*“BE Unlimited charging / discharging cycle
B BEDHEDHSH TAMGEL significantly low degradation of capacity
« BRI RIS R AR follesocioe

%ﬁiﬁl;*%ﬁ Non-flammable electrolyte
EHTEUIRLY No thermal runaway
Since no hazardous materials are

ﬁm%*ﬁm@&\@gﬂ%@?ﬁm%ﬁjb\“g% used, administrative permission

at the time of installation is easy

RS IFE{EME Easy Operation/Operability

u FIFATIREIZFTEIRE (S0C) 0 — 100% Available State of Charge (S0C):0 - 100%

= ILRI VIR TOBBDTIIEN R dGe e col siacks

u ERHDUFILIA LTD | -
SOCE=IUV T Haks Accurate & real-time SoC monitoring

- BIVAI YT - Cell stack

BIEEMRR

Negative
electrolyte

AVFFELRyIRT7O—-Fith

Container Type Redox Flow Battery

B EEEEEESEHEIZ N KWhDTEL weaz7r

Battery Container

JVFHECKVEZEIZA N fETIR KR P———
‘lZ)l/Zg v g . %ﬁ;ﬁl;;&mq{g Heat Exchanger

Low Life-Cycle Cost

Low CAPEX per kWh: Lower unit cost ($/kWh) for longer duration systems
Low OPEX: No need for replacement of cell stacks or electrolyte
Significant salvage value: Reusable electrolyte of long duration systems

Cell Stack i =—

tyF —— e
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B v N UYMER | ,,
B % LB ERMCL. E-aE0sRE  wren — o am
99 IAVFFEFEICL. Ty N FUY NEER wieosives || ey

Tank Container
Footprint Reduction
Minimized installation with the two-storey model: the top is
battery container and the bottom two are electrolyte tank
containers.

B EFERYVIIAVTFDUAXZEICKY . BE (kWh) ZZEOJHE
Separation of power (MW) and energy (MWh)
Easy to build long duration energy storage (LDES)

TIvFF 947 (MEBHR) | A =

(Battery Container)

Type (hours) Output Capacity
U 4 250kW 750kWh-~1,000kWh
0 4~6 250kW 1,000kWh-~1,500kWh

250kW 1,500kWh-~2,000kWh

3~10 250kW 2,000kWh~2,500kWh

B@RRIVIIAVTF 20ft

(Electrolyte Tank)
30ft

BE (MEERE) 3106 E LU EICBHIBRARETT .

Capacity (duration) is expandable for more than 10h.

53ft
2% Sample footprint

B AEH 500kW X885/ (4,000kWh)5 17

HAH B8 HEHTE
Example of layout for 500kWx8h (4,000kWh) system Output Capacity LxW
e a0 250kWx8H 250kWx8H
xE(’fé%f Vi/P)CS) MW 4MWh 15mx17m

MW 6MWh 21Imx17m

MW 8MWh 27mx17m

10OMW | 40MWh | 85mx27m

1OMW | 60MWh | 103mx27m

10MW 8OMWh 131mx27m
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Grid-scale Project for Utility in Japan Grid-scale Project for Utility in US

BB 7 N — BT OT T h_voeiso ctic o Networ propc KEU =PI BIAERORE- B FBEERISE (NEDOSH)

Flow Battery Pilot Project for Grid Applications in California (NEDO Project)
WA dLEmEBENRY NI — Ik
Customer: Hokkaido Electric Power Network, Co., Ltd.

SRS BBy N — 5 KRR

Location: Minami-Hayakita Substation Hokkaido, Japan

SliERE HA21 7MW, 8251 MWh
Power and Energy: 177MWx3h (5IMWh)

B A & SEREERNEIHIE (57U —E2EE. &%
[ERERHIEN, B3  KBZEFREDZENHIEFIE) |
REHZEDIFIFIE. PR EXIREEEL

Application: Enhancing grid control for new 162MW wind turbines

(e.g. Frequency regulation,
Renewable generation smoothing)

WERAME: 215

Operation term: 21 years

M =% {RiE): 20226F4H

Commencement of Operation: Apr. 2022

M AT : San Diego Gas & Electric (SDG&E)#x

Customer: San Diego Gas & Electric (SDG&E)

REIGFR CRKEAVUTAIL=TMN 57410

Location: San Diego, California, US

fErE  BH2MW,. FE8MWh

Power and Energy: 2MWx4h (8MWh)

B R ERSEHERE. RREIL.YMI0TUYRE

Application: Microgrid, Peak shaving, Renewable firming

M EETHARS : 2015 E~2021FE (== T biEsss)

Term: 2015 to 2021 (Under operation after demonstration)

(i@ 2017438

Commencement of Operation: Mar. 2017
(Commercially operational since 2022)

B FERESR (BILAY v D) [JIDULLZ 2R ZHS

First Flow Battery in the US with UL certified Cell Stack (UL1973)

LBEENRY N —UMIREDHEIER (@rEsd AAEEYRT LRARIEE) B KREAHYU T )L 7 MR R AR (CAISO)D
Large Scale Flow Battery Demonstration for Grid Control with Hokkaido Electric Power Network %ﬁﬁﬂ%ﬁii’%’\*ﬂgl (201 8£E1 ZH)

First Flow Battery operational in the California Independent
System Operator (CAISO) markets since 2018

B BAYIOXRESHRTOVr707 Uy RERICHTD
(2021512A)

First Flow Battery engaged in a microgrid operation on actual
power distribution line independent of external grids in 2021

WA IUEEENR Y MU —O Wi

Customer: Hokkaido Electric Power Network, Co., Ltd

RIS ILBEREN Ry N D — O R
Location: Minami-Hayakita Substation Hokkaido, Japan

M = {ERE 51 B5MW,. &&60MWh

Power and Energy: 15MWx4h (60MWh)

B SREAIAS RBERE KRBEEEV AT LEIFAER

Obijective: Urgent demonstration project of a large scale power
storage system, subsidized by
Ministry of Economy, Trade and Industry

WA & EEAEEEIGIGE () TU— A8, & Customer: Uty Company in US
ERER I - KFS/EFEE D EBHIEHIED) | T N il | Nia = HEGPT CKEAYTFIL=7M
REMZEHNEHIE. FFRR RN HEE ey tani popandpes Location: California, USA
Application: Frequency regulation, Renewable generation smoothing N i ﬁﬂ:*ﬁ*ﬁ H:'J]500|(W WE4MWh
W E5HAR : 201 35EE~20185E (EHE TR BHE#ED) POWG” and Energy: S00kWx8h (4MWh)
Demonstration Term: 2013 to 2018 m ﬁ : Eiﬁi&%ﬁl%s %iﬂ%ﬁiﬂﬁﬁ\ 7’(7D7U“JI“%

(Under operation after demonstration)
Application: Microgrid, Peak shaving, Renewable firming

M (@@ 20155128 .
Commencement of Operation: Dec. 2015 g N ™ T L ﬁﬁﬁ@ . 2024E9ﬁ
(Commercially operational since 2019) 2F:BIVRI v T BARIRRE Commencement of Operation: Sep. 2024

Floor 2: Cell stack and heat exchanger

WA RE1—F 1 U T« 5tttk
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Project in Africa & Europe & Asia Project in Japan

UNIDO#REOwvIZ’OY'TIM UNIDO Morocco Project

M AL UNIDO, MASEN%#R
Customer: UNIDO / MASEN
REBFR:EOYI-DILTE -~
Location: OQuarzazate, Morocco

M 32{EFRE - H7125kW. 8=500kWh
Power and Energy: 125kWx4h (500kWh) S

B A &: (707 VUy RE ABARBHADTERL ©

Application: Microgrid, Renewable generation smoothing
Operation under tough environmental conditions

M 2 fmi(E - 201957

Commencement of Operation: Jul. 2019

HBIEHIER O I  Kashiwazaki City Project
W ST HBIFHV - H—B T FI—HAotttE

Customer: Kashiwazaki Ideal & Realistic Energy, Inc.

W ERE PR : FmRElET

Location: Kashiwazaki, Nigata, Japan

M E3{EFRAR : B 431,000kW, FE8,000kWh
Power and Energy: 1,000kWx8h (8,000kWh)

WA & BIXEWERICKLIIRKRZ=RE

Application: Carbon emissions reduction by effective
renewable energy utilization.

M Efmi(E - 2024F9R

Commencement of Operation: Sep. 2024

John Cockerill JC) #2’OY I John Cockerill (JC) Project

BAE—IXEEOI TIPS NIPPON P.S Project
W AL XA ARE—TI RF

Customer: NIPPON P.S CO,,LTD.

W EREGF  EHRBED

Location: Tsuruga, Fukui, Japan

M 2R H250kW, B2750kWh
Power and Energy: 250kWx3h (750kWh)

B
WA & BIXEWERICKIIRKRERE | FORRT,HPFUTUIE

AERRIERGme i
i

B A S : John Cockerill JC) #F
Customer: John Cockerill
BB NILF— A5V

Location: Seraing, Belgium

M S%{EFR4E  H/2500kW, &§£1,700kWh
Power and Energy: 500kWx3.4h (1,700kWh)

BA &: vr707VUy R KBEXAFRELENOTEEE.
E—JAy b FIVRVARY R

Application: Microgrid, Peak shaving,
Peak cut operation, Demand response

S fmtRE - 20185108

Commencement of Operation: Oct. 2018

|

Application: Carbon emissions reduction by effective
renewable energy utilization.

SfmtRE : 2023514

Commencement of Operation: Jan. 2023

82 e o5
8 oo
I

AMEIE’O0U'T I Obayashi Corporation Project
W AT - R SRR

Customer: Obayashi Corporation
RBIG  RRE
Location: Tokyo, Japan

M 22 {ERE - H500kW, B=3,000kWh
Power and Energy: 500kWx6h (3,000kWh)

WA & 8ETEL. IEERE

Application: Peak reduction, Excess renewable
power management

M i@ - 201551

Commencement of Operation: Jan. 2015

WA : BEENESRAR

Customer: Taiwan Power Research Institute

Bl a5 -alt
Location: Taipei, Taiwan
M 22 {E#RAME - B 125kW. &2750kWh
Power and Energy: 125kWx6h (750kWh)
B & v1707VUy R BIXEEWRIZEL.
FIYYVRUVARV R, BILESR

Application: Microgrid, Peak cut operation,
Energy management, Demand response

M 2 fmiiE - 20174628

Commencement of Operation: Feb. 2017




