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Vanadium Redox-Flow Battery (VRB)
for a Variety of Applications

SUMITOMO ELECTRIC INDUSTRIES, Ltd.
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SEl ‘ Vanadium Redox Flow Battery Development Program I

Year |85-90/91[92(93/94/95|/96|97/98|99|/00]|01
Cell  10kW
Stack
tFe-CrJ
Module GOKWE I
Scale up [ Vv ] 450kWZ I
Field 6dvar_u:e3 20KW - MW
Test Design /) o )
Sales Siﬂ
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SEI ‘ Principle of Vanadium Redox Flow Battery I

Generator o————— > Load
Charge1 | Discharge
|
AC /DC
<= (+ =) =
i | A
5+ /4 2+ \/3+
Electrolyte Electrolyte
Tank Tank
o t—_

- -
PUMp Electrode Membrane Pump

CORV = VR o+ e
O v+ e = v
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Construction of Cell Stack I

Frame Electrode lon Exchange Bipolar Plate
(PVC) (Carbon Felt) Membrane (Carbon Plastic)
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‘Why Vanadium ?I

1. Same Redox lon for Positive and Negative
2. Agueous Reaction (No phase change)

3. Large Open Circuit Voltage

4. Fast Response

5. Overload Capacity

9 SUMITOMO ELECTRIC



=

SEI Electrolytes of Vanadium Redox Battery I

Positive Electrolyte Negative Electrolyte
V5;|- \/_Z-:- Vé+ V2_+
V3t + ot 2V 4+ Vet + v4t 2V3+

Membrane
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SEI Electrolytes of Vanadium Redox Battery I

Electrolytes are recyclable
even If positive and negative electrolytes are mixed

Positive Electrolyte (a >> c, d)

aVo + bV + cv3 e dvet — (a-c-2d) VP bV

Negative Electrolyte (a, b << d)

aVo+ bV + cv3 e dvet — cv3+ (d-2a-b) V2

9 SUMITOMO ELECTRIC



e

Open Circuit Voltage of VRB

4— Possible Selection: =————®

V(- V(4-5)
0.CV
V(3-4) _
Ti(3-4) B4
2.3 Cu(1-2
|
1 0.5 0 0.5 1

Standard Potential(V)
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‘VRB Responsel

DC Voltage

DC Current

350usec

Response time of Battery is veryfied as 350sec
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Overload rate

‘VRB Overload CapacityI

SOC 10%

50%

90%

0.01

0.1

1 10 100

Discharging time (sec)

1000

10000
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‘ Characteristic Advantage of VRB I

| Y ( UPS,
1. High-rate Overload Capacity LFC
)<

Stabilization of Wind
~ _ Turbine Output

N/

2. Quick Response

3. Long Cycle Lifetime |
in Deep Charge/Discharge i Load Leveling

4. Easy Increase of Capacity j |C-:arge ?toéagte
apacity System
)

5. Normal Temperature Operation\

6. Environmentally Friendly

9 SUMITOMO ELECTRIC



=

SEI

VRB Projects in Japan I

L . Start of
Place Applications Specifications operation
Office building Load leveling 100KW x 8h | 2000/02
(Demonstration)
Semi-conductor | 1) Voltage sag protection 1) 3000kW x 1.5sec. 2001/04
factory 2) Load leveling 2) 1500kW x 1h
Stabilization of wind
Wind power station turbine output 170kW x 6h 2001/04
(Field test)
Load leveling
Golf course (Photovoltaic hybrid system) 30kW x 8h 2001/04
University Load leveling 500kW x 10h 2001/07
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SE| Application to Semi-Conductor Factory |
Specifications | (Operation : First of April 2001)

Function Purpose Output Operation

: At the Occurrence
(1) Voltage Sag Protection of 3MW x 1.5sec of Voltage Sag

Protection Important Load (5-20 times /year)

Reduction of
Electricity Charge

AC/DC Converter
System Lay()UtI Battery Cubicle / Battery Controller
\

(2)Load leveling 1.5MW x 1hour |  Everyday

.
2nd Floor i \‘ ,/
0.8 ft 39 ft
\ 4
+ Electrolyte Tank
1st Floor |17 g }‘/
\ 4 A4
< Approx. 39 ft x 98 ft > «© SUMITOMO ELECTRIC
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SE| Operation Sequence |

‘Load leveling (Normal operation);, UPS function

~) Grid system

Rectifier Inverter

Voltage sag protection
Load .

%Z Rectifier Inverter

| “Ei_ Load
Discharge| AC/DC DC/AC
@ Grid system —
Rectifier Inverter —
— VRB
— Load
AC/DC DC/AC
— VRB
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Load
(6.6kV)

Voltage Sag Protection |

Test result for voltage sag

|J.|.|..|..|...,-|L.,J.|.._u||.|.|.|....|.rl.|.||.4.||.|.|.|*J.,,J.....I.LI1L|.|..J|.|...I,_.|.|. TR FFRE r..|.|1|.|.|,|"I|.|.||..||.||.,.n||._.|],||.|_.!|.L.|h|H||.|+._|1L|_|.||f.|...!.nL|..

chadbbalcodip Sk by dip e pleavbpkmibi | -.||-|I._|.||L.|.-.|.J.||.|L._|.|.... i b i gl .iu sid el NM'HH#LH*‘—HH“‘“"T‘T* '
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‘ 1.5MW-1Hrs/3.0MW-1.5sec VRB System I

(i
' t

Battery boxes Electrolyte Tanks

___ AT

9 SUMITOMD ELECTRIC|



“dd — ; : .
SEI" | Application to Wind Power Station (NEDO Project) l

Place : Tomari Wind Hills of Hokkaido Electric Power Co.,Inc.
Wind Turbine : 275 kW NED ()ComﬁfsionlAE Or_dgr SEIJ
VRB : 170 kW-6h [

(The Institute of Applied Energy)

Control Room
of WT System VRB

Wind Turbine
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SEl VRB Equipment l

Battery Cubicle AC/DC Converter Electrolyte Tank
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Field Test for Stabilization of WT OutputI

<Operation Outline>

Target of total output (t) = Average of WT output ((t- At) - t)

VRB output (t) = Target of total output (t) - WT output (t)
(+ : Discharge, - : Charge)

Target of total _ C\)lTe roaL?te L(I)'[f
outputatt, P

Output

(ty-AD - 1)
Target of total VRB output at t,
Q output

(Charge)
A/

WT output AN

Average of
VRB output at t, Target of total  WT output
(Discharge) outputatt, " ((t-Af)-t)
(tm -Alb) [ (tn -N) t, Time
< At > < At >

At : 8 seconds - 8hours
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SE| Example of Simulation Results for
Stabilization of WT Output

Battery Capacity = 3hr

DT = 240min
M /WT output 200 §
h Total output M f’\\ q =
| \ M 4 600 %
< ! { Lf\\ 5
< 1 I -
= 400 @
S . =
S 0 ' “ [ - @
= | =
@) . 1 200 O
VF&B output | ~—~ -
(+: Dlscharqe Charge) z
-200 ‘ - ‘ ' 0 I~
00:00 02:00 04:00 06:00 08:00 -

Time
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200

Output(kW)

-200

Example of Simulation Results for
Stabilization of WT Output

Battery Capacity = 6hr

DT = 240min
/WT output 800 g
WI\ M m  Total output Wlf\\ LU =
T — L N'W 1 600 %
e | ... N
Lt ! o E
o Ll 01 1| >
MY [ ' [ @
M ~._ 200 5
I BN
TVRB output i >
(+ : Discharge, - : Charge) ‘ g
0 ©
00:00 02:00 04:00 06:00 08:00 -
Time
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Electrolyte Tan

‘ 500kW-10Hrs VRB System I

Cell Stag
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‘ 500kW-10Hrs VRB System I

Electrolyte Tanks and Pipes

Battery Boxes
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‘ 500kW-10Hrs VRB System I

(kW)

Before load-leveling by VRB
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After load-leveling by VRB

(kW)
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Time

Charging

20 22 24

Discharging
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‘VRB System for Multiple Applications I

Normal Operation Emergency Operation
® | ®
AN

Electrolyte Tanks

Electrolyte Tanks

N.L.: Normal Load U.L.: UPS Load
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