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Principle and features of Redox Flow Battery System

[& I Principle #® Rt configuration

L Ry 2 (Redox) : ;EMEDET(reduction), Bk (oxidation) W ECIL&EILAIYVD
70— (Flow) EMBESUERRENI VI ICEBURY S TEE M Single cell & Cell stack
Redox: Reduction & Oxidation of active material - B - Single cell - BILAI YT - Cell stack

Flow: Electrolyte is stored in tanks and flowed by pumps
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B The reactions are associated with only the changes = X

in valences of the vanadium ions.

B EBOBRFE-THEHFDRBRVDHEN MK RERT
R EOEEHIR. X BERIS DL EEKAMICHIATTRE,

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

!l% E Features

R & @i Long Lifetime

u 20EEO)$§1’$$ >20-year design life

| EE/H%#'{?“A&%*“BE Unlimited charging / discharging cycle
B BEDHEDHEHSH TAMGEL significantly low degradation of capacity
« BRI RIS R AR foulesocioe

%ﬁiﬁl&’l‘iﬁﬁﬂ Non-flammable electrolyte
BBFEUIRLY No thermal runaway
Since no hazardous materials are

ﬁm%*ﬁm@&\@ﬁﬂ%@?ﬁ&%ﬂb\“ﬁ% used, administrative permission

at the time of installation is easy

ttﬁﬂgﬁbb\f%iﬁ??%ﬁmﬁjﬁg Operable under tough environmental conditions

B ITIE{EE Easy Operation/Operability

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

= RILRI VIR TOBBDTIIEN IR 1505 the collsiaiee

n IFENMDUZILI AL LTD
SoCEZS UV T HOIgE

Accurate & real-time SoC monitoring
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Container Type Redox Flow Battery

B EEESEEEBREIR N /KWhHEL | me
JVFHECKVERERIRA N ET IR NZER BATIRES

t’)bZ9 ‘y 9 N %ﬁgi&l;ﬁm*g Heat Exchanger

B 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 o2
Pump

B 7y N UYMER |

Cell Stack

- |
BHIY 7 & LB BHEGICL. E-aEonEE  wreem — i o mw
9 7AVFFEFBICL. Ty NFUY MEER Mesaive) | I ' Sacconmines

|
B Footprint Reduction

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

W ERRYVIIAVTFTFDOYAIAZEICELY . B= (kWh) ZZE0JRE
B Separation of power (MW) and energy (MWh)
B Easy to build long duration energy storage (LDES)

e 547 (WEKR) | A e

(Battery Container)

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

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

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

BRRIVIIAVTF
EE.(:Iectrolyte Tank) 20ft30ft

BE (MERE) (£1065E LICHIRTEETT .

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

53ft
2% Sample footprint

M AEf| 500kW X 8EFRE(4,000kWh)g 1~ o "

HAH B5= REEE
B Example of layout for 500kWx8h (4,000kWh) system Output Capacity LxW
250kWx8H 250kWx8H

REZEHREE (PCS)
(500kW)

MW 4MWh 15mx17m

MW 6MWh 21Imx17m

MW 8MWh 27mx17m

10MW | 40MWh | 85mx27m

1OMW | 60MWh | 103mx27m

10OMW | 80MWh | 13Imx27m
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Grid-scale Project for Utility in Japan

jtiﬁﬁ%ﬁ* ) F'J—ﬁ(ﬁ)ﬁj’l:l :J“ T 7 I\ Hokkaido Electric Power Network Project
WAL AUEEENRY D — IR

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

SRS BBy N — 5 KRR

B Location: Minami-Hayakita Substation Hokkaido, Japan

B 2 EFRRE: HA 1 7MW 525 1MWh
B Power and Energy: 177MWx3h (5IMWh)
B A R SERZENIHIEIE (/N> T7U—BHEE. &5
FERESHIE. @3- Kby FEOZENHIEHIE) .
REHAZSHIFIFIE. AR EXNREL

M Application: Enhancing grid control for new 162MW wind turbines
(e.g. Frequency regulation,
Renewable generation smoothing)

WERAME: 215

B Operation term: 21 years

M =% {mi5E): 20226F4H

B Commencement of Operation: Apr. 2022

LBEENRY FO—IWiREDHERBFEE EEEeEd ANEEY AT LESRTEE)

Large Scale Flow Battery Demonstration for Grid Control with Hokkaido Electric Power Network

WA IUEEENR Y MU —O Wi

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

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

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

B Power and Energy: 15MWx4h (60MWh)

B SREAIAS RBERE KRBEEEV AT LEIFAER

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

W EEHEHE : ERREEHIHEIREIE (57 Y —BSHliE. &
[ERENHIE. B - K5 A REOREMHEERIE) . el N LY
REMZEIIHFIE. T RTEREE e Ber T tani borap ond bes

B Application: Frequency regulation, Renewable generation smoothing N N

W EETHARS : 201 35FE~2018FE (=mHE T bEMsEh)

B Demonstration Term: 2013 to 2018
(Under operation after demonstration)

W S%{E @ : 20154128

B Commencement of Operation: Dec. 2015 iy BT
(Commercially operational since 2019) 2F:BILVRI v T B3R

Floor 2: Cell stack and heat exchanger
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Grid-scale Project for Utility in US

REHYUI =7 MICHIFZDEEMDEE - BEEHAEETRIEER (NEDOER)

Flow Battery Pilot Project for Grid Applications in California (NEDO project)

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

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

B EBSEFN ( KEAUTAIL=MN 74T

B Location: San Diego, California, US

W R {ERIR - HH2MW, ZE8MWh

B Power and Energy: 2MWx4h (8MWh)

W E5HER  BEOIgE T RIVF—I1BIIC KSHERERFRIC
[} 7. RFEMDESEL (BIREHERE. RRIEIXM.
TIFRXIR) [C XD EF % DB

B Application: Multiple uses of electricity market (CAISO) operation,
Microgrid, Peak shaving, Renewable firming

W EETHARS : 201 5FE~2021FE (=mre T bt

B Demonstration Term: 2015 to 2021
(Under operation after demonstration)

M =% fimtRE 1 2017438

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

B ZMESR (BILAIvT) FL Ry IRTO—&EtELT
*)JOJULﬁém.\uIEEHyf?o

B First Flow Battery in the US with UL certified
Cell Stack (UL1973) in 2017

B RKEAYUT A7 MBI RE AR (CAISO)D
BHHFETS (TRIVF—/FVITU—)N
LRy IRXT70-EmEUTHIEA (20185F12H)

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

B BROOBBHICIDRERMTO oo prprans
RAIOTV Y RBEERICAI  power  Ferevbietneoy }
(2021351 2%) eneration

B First Flow Battery engaged in a microgrid
operation on actual power distribution line

FET )
Electric Generation Plant

<>

. T sae — CAISO
independent of external grids in 2021 !I_liEE.] o REHCER) BHEETS
ransmission Transmission Grid CAISO Market
= x
[BoEE) < muwume oo |
Transmission L“M ‘ bY CASO 1
B TEFICRELL Bidtome 1A
ZBHRMICELS UI~J77\7D Eith CAISO Market

BEX | ;
Consumer ?‘E&Qf“ﬂ] 3 E:&g)ﬁyﬂoy\/ SEEBPT

Controlled byUtility Energy

Procurement
section

N maograe ., 1—FqUF1(EHEM)

Renewable Energy Utility
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Project in Africa & Europe & Asia

UNIDO#REOwvI2’O0Y Tk UNIDO Morocco Project

B #MAS: UNIDO,  MASEN%ER
B Customer: UNIDO / MASEN

MBS EOvd - JILYY—K

B Location: Ouarzazate, Morocco

M 32{EFRE - H7125kW. 8=500kWh
M Power and Energy: 125kWx4h (500kWh)
MR &: v(707Uy REEE KEAREHHOFERE

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

W EfEiRM@E : 20195 7H

B Commencement of Operation: Jul. 2019

John Cockerill JC) #:2’ O Tk John Cockerill (JC) Project

M A% : John Cockerill (JC) #

B Customer: John Cockerill

W EBISf ANIVE— A5

B Location: Seraing, Belgium

M 22 {EFAE - B /500kW, B=1,700kWh

B Power and Energy: 500kWx3.4h (1,700kWh)

BA & v/o707VUyR, XKBAEEHHOFEE.
E—JAhv bk, FIVRUVARVIA

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

M 5 %ME 1 20184104

B Commencement of Operation: Oct. 2018

BEENHRSHEFREOYTIM  Taiwan Power Research Institute Project

W AT B ESE SRR
B Customer: Taiwan Power Research Institute
B EESGF - 8Z -8l

B Location: Taipei, Taiwan

B S5 {EFRAR - H73125kW. 82750kWh
B Power and Energy: 125kWx6h (750kWh)
BA R 31707V y RBIRREREL.
BEHIAAMRIME. FIYVRVAKRV AR,
BiLEER
B Application: Microgrid, Peak cut operation,
Energy management, Demand response

M 2 fmiiE - 20174628

B Commencement of Operation: Feb. 2017
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Project in Japan

BARE—IZEEIOI TIPS NIPPON P.S Project

B AT xS EARE—T 2%

B Customer: NIPPON P.S CO.,LTD.
HEIGA  EBHEREM

B Location: Tsuruga, Fukui, Japan

B E2fmiRiR - H250kW. B£750kWh

B Power and Energy: 250kWx3h (750kWh)

B A & BIXEWNEAICLDIHREE “ '%BI'IHPFUGTUE

AERKERG s

B Application: Carbon emissions reduction by effective
renewable energy utilization.

M S% (%@ : 2023F1H

B Commencement of Operation: Jan. 2023

|| ]‘ NIPPON Ps co.LTp,
i

AR08 Obayashi Corporation Project

WA ST R KRR
B Customer: Obayashi Corporation

REIGPR  RRER
M Location: Tokyo, Japan
M S {ERE  HH500kW. Z£23,000kWh
B Power and Energy: 500kWx6h (3,000kWh)
B A 2 8Tl FERER

B Application: Peak reduction, Excess renewable
power management

M S (%@ - 2015518

B Commencement of Operation: Jan. 2015

RES {FRER IS EERERR
B Yokohama Works, Sumitomo Electric Industries, Ltd.

B SRR - tH/500kW., 250kW., 250kW

BE5,000kWh

M Power and Energy: 500kWx5h, 250kWx5h, 250kWx5h

(5,000kWh)

BA & E—Jhvbh TBIRIVF—IRIAVE
B Application: Peak cut operation,
Factory energy management

W EX0m#RME : 20125F6H

B Commencement of Operation: Jun. 2012
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