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Principle and Features of Redox Flow Battery System

L Ry I Z(Redox) : ;E¥EDZETT(reduction), B{k(oxidation)

70— (Flow)

Redox: Reduction & Oxidation of active material

HhDRE - K=

W EEIL&EIVAIYT

Single cell & Cell stack
- B - Single cell

EYMBESTERRENGI Y IICEHEBULRY T TER
- BIVAI YT - Cell stack

Flow: Electrolyte is stored in tanks and flowed by pumps

Tl—L PR AR WABHR

Frame Membrane Bi-polar plate

BHFHE power gria ¢ ¢ J
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Electrode

W EILRIyT
C?E?;e Cell stack

Discharge

B REE <=
,-EU*{HZ Electrode Membrane ,-E‘ymz’ I I I
T
— &0 BEBRR
FEE Charge FEE Charge Negative
Va+ 2 V5t e V3*+e_ 2 v+ electrolyte
& Discharge T8 Discharge
B ERERGEEFEEPONT I DL F 2V DHEBE(LDFH
The reactions are associated with only the changes in valences of
the vanadium ions
B EEOBHE-THEFDRV DS REH TRNEDHERIR
ERRE SN B EKARICHBIEETY 1-25 T8
The valence changes do not deteriorate the electrolyte; the
electrolyte can be used semi-permanently and reused t}b19‘y7
Cell stack
!I% E Features
( = o | s ¢¢¢ H )
[BVREME (EHTEVNKURT)] Fire Safety
BFREETR. BBRIFEHERETR D= GERE LDBERYICHZI LI A,
BRI ESF O PERMEUREDEEEITETT,
The electrolyte is non-flammable, and all other components are made from flame-retardant materials.
1\ J
( )

[R&Ed] [30FEMAHTRE] Long Life, 30-Year Operational Lifespan
TREREL . ERR-BEHEOLIEN B . TRETAIILEDSIEZ{BELEE A,
BEHEICKS T I30FERERTEETT .

Based on the principles of charge and discharge, there is no degradation of the electrolyte or electrodes, and the number of
charge-discharge cycles does not accelerate degradation. It can be operated for 30 years regardless of the operating method.

. J
4 N . N\
) 9 [T37L>YRU—] Eco-Friendly
‘ ‘ BRRIFIVI-ZADTEETT (RIEHY) BRI DB BRI UYL TILHI9%TIEET T .
L 4 (BBEZE.GXVU—J8H. RIFE EXREEY DO LERENE)
‘ ’ The electrolyte can be reused, and 99% of system materials can be recycled.
\ (Proven under the certification system of the Ministry of the Environment, Japan.) y
4 )
REBFMNBEEFEFEEMNRMCBEVE T, BILR BRIRENTETH Y  HEFOREENH LBV,
REMBSEARTES A 7Y I AR EZERRLE T,
With no need for cell or electrolyte replacement and minimal waste at decommissioning,
\ the system achieves low life cycle costs in long-duration configurations. )

LRy IR7O0-8BDSAIFrvD

Product Lineup of Redox Flow Battery

B RIFAEEEF EEFBEIR M/KWhHEWL

AVFHEICKVEXRIRA N ET I MK
BIVRAI YT ERFRIIZBRAE
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

B 7y UV MER

BtV 7%= LBIC”ERH L. E-BEDEHER

IIAVFTFERBICL. Ty N NPUY N KR

Footprint Reduction

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

IS =

Heat Exchanger

TILRAI YD
Cell Stack
RS —m
Pump

BWREE — B
eoive IYIAVFF
Tank Container

B OV FFDOYAXAEZEICK . BE (kWh) ZZE0]5E., REFEETE; (LDES) [CHiE

Capacity (kWh) can be changed by changing the size of the tank, suitable for long-duration energy storage (LDES)

A IX P EE b

TMWx4h

Output x Hours

VAT LBIE

System Type

V40-4000

TMWx6h TMWx8h

V40-6000 V40-8000

~ — =
VATLBE
Storage Capacity

4 MWhAC

6 MWhAC 8 MWhAC

AT LES

System Output

1 MWAC

EIa—ILNER

Module Images

I IFERE 30 ft

Tank Type

40 ft

EJa1i-ILBE
Module Capacity

1334 kWhAC

2000 kWhAC

EJa—-ILHAH

Module Power

334 KWAC

334 KWAC 250 kWAC

EIJa1—-ILEH 38

-
Number of Modules

38 4

MR % 1 0BFRLA EICBHRIROTEET I

Duration is expandable to more than 10 hours.
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Grid-scale Project for Utility in Japan

jhiﬁﬁ%ﬁ*\y I\'j—a(ﬁ)ﬁjﬂ :JIQ I\ Hokkaido Electric Power Network Project

LRy IZ270—FithDEAHI (RE)

Grid-scale Project for Utility in US

San Diego Gas & Electric (SDG&E)#k7 O/ san Diego Gas & Electric Project

WA dLEmEBENRYNT— Ik
Customer: Hokkaido Electric Power Network, Co., Ltd.
N EEEGA:LBEENRYNT—OWmEREER
Location: Minami-Hayakita Substation Hokkaido, Japan
M EFE HADT1 7MW, 825 1TMWh
Power and Energy: 177MWx3h (5IMWh)
B A & SEREERNFIHIE (57U —E2EE. &%
[ER I EHFEEDOZENFHIEHIE) |
TIFRTR B REER
Application: Enhancing grid control for new 162MW wind turbines

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

WERAME: 215

Operating Term: 21 years

M =% {RiRE): 20226F4H

Start of Operation: Apr. 2022

BEBESHRYN T — I BREDHEEE (Eaesd ANBEYRT LBRASTNEE)

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

B MAS:AUEEENR Y D —J Wk
Customer: Hokkaido Electric Power Network, Co., Ltd
MBS ILBEENRYN T — O KR RZEER
Location: Minami-Hayakita Substation Hokkaido, Japan
B SRS HA15MW,. §260MWh
Power and Energy: 15MWx4h (60MWh)
B EEIAS BREREE ABBEV AT LERFEE
Obijective: Urgent demonstration project of a large scale power

storage system,subsidized by the Ministry of
Economy, Trade and Industry

BA R EEHAZEHNEIEIE () (T U—B=EE. S
FIRESIE. B KIS SHEOEERIERIE) .

EEEZEIEIEE. FF RTS8 e

Application: Frequency regulation, Renewable generation smoothing

W E:iFEARS: 2013 E~2018FE (=N T bHEHED)

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

W %@ R{E: 20156128

Start of Operation: Dec. 2015

(Commercial operation since 2019) 2F:BIVARI v T B3 iESE

Floor 2: Cell stack and heat exchanger

M #ASE : San Diego Gas & Electric (SDG&E)#%

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

W EREG CKEAY I AIL=TW B4

Location: San Diego, California, US

W SRS 7/ 1500kW. Z#E24MWh

Power and Energy: 500kWx8h (4MWh)

B & BHEHFEHSE. YO0V YRE

Application: Microgrid, Electricity wholesale market

W EBERE : 202449R

Start of Operation: Sep. 2024

REAVIT A Z7MNICHIFDEZMDZET-EEHH#AZEERISERE(NEDOER)

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

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

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

W EREIGFT CKEAYUTAIL=7M Y57«

Location: San Diego, California, US

M R {ERIR | HA2MW. Z§E8MWh

Power and Energy: 2MWx4h (8MWh)

BA & EREEHER RREEDRG. Y1 o0JUvRE

Application: Microgrid, Peak shaving, Renewable firming

M EETHARS : 2015 E~2021FE (=5re T oBEsss)

Term: 2015 to 2021 (Under operation after demonstration)

W EEBRE :201743R

Start of Operation: Mar. 2017
(Commercial operation since 2022)

B FERESR (BILAY v D) [BIDULEZ 2R ZES

First Flow Battery in the US with a UL-certified Cell Stack (UL 1973)

B REHUT V=7 MIBI R AR (CAISO)D
ENEHFTHENIEA (2018512R)

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

B BARYIOEREFHTOYr707 Uy RERICHTD
(2021512H)

First Flow Battery engaged in a microgrid operation on actual
power distribution line independent of external grids in December 2021
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Projects in Europe, Australia & Asia Projects in Japan

BETXEFMHARR(TRDFR’ O TIPS Taiwan ITRI Project BEAMBEERIO0Y I M Minami Kyushu City Project
WA ST BT ERMTERFR (TRI) £ WA MBS IT V%
Customer: Industrial Technology Customer: Mitaden Co,, Ltd.

Research Institute (ITRI)

REGT : ERBREAMM

Location: Minami Kyushu, Kagoshima, Japan

= e R ey
Location: Tainan, Taiwan

M SRR  HA250k W, BE1,125kWh
B ExfiRRAR - H1771,000kW, &&3,000kWh Power and Energy: 250kWx4.5h (1,125kWh)

Power and Energy: 1,000kWx3h (3,000kWh)
W sl : 2025548
M =SiEErE - 2024118 Start of Operation: Apr. 2025
Start of Operation: Nov. 2024

HBIETH#EE O T I b Kashiwazaki City Project

=M Energy Queensland Limited (EQ)#>’OY I b Energy Queensland Project

WA IEHL - H—BITF I — AR

_ﬁ'ﬂlﬁlﬁ Energy Queensland Limited (EQ) & Customer: Kashiwazaki IR Energy Co., Ltd.
Customer: Energy Queensland Limited (EQ)

BN SRR

Location: Kashiwazaki, Niigata, Japan

W ERESFR: A—ANSU7
TA—V XSV RN TUARYH

Location: Brisbane, Queensland, Australia

- o B E%iEFRRE  B1,000kW, B=8,000kWhXx2
M SRR © H250kW. FE750kWh Power and Energy: 1,000kWx8h (8,000kWh) x 2

Power and Energy: 250kWx3h (750kWh)

M S5 {E - 2024498 M S%fimtsk{E - 20258 3H/2024498
Start of Operation: Sep. 2024 Start of Operation: Mar. 2025 / Sep. 2024

AN JLF— John Cockerill(JC)#&2’O< 7 b John Cockerill (JC) Project

BEAE—-IX#H’O0IYTIPM NIPPON P.S Project
M #ASE: John Cockerill (JC) 4%
Customer: John Cockerill(JC) B AL S RXESttBEFE—IT X
Customer: NIPPON P.S Co., Ltd.
W EBISA: ANILF— 25 e
Location: Seraing, Belgium Eiﬁi’/jpﬁ . ?E#L%Eﬂ_aﬂi

Location: Tsuruga, Fukui, Japan

B SRR tH71500kW. &E1,700kWh W EX{REHRAE 71250k W, BSE750kWh

Power and Energy: 500kWx3.4h (1,700kWh) Power and Energy: 250kWx3h (750kWh)

M & RE : 2018410H M E5{EtRE : 2023FE18
Start of Operation: Oct. 2018 Start of Operation: Jan. 2023





