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Introduction

◼Sumitomo Electric Industries (SEI) Overview 
✓ Global electronics company specializing in power,
communication, and control systems technologies and products

◼Recent Announcements 
⚫ Press release on the new advanced VFB systems in February 2025
⚫ Goals:

✓ Achieve high energy density 

✓ Reduce overall costs

✓ Ensure long-term operation 

15% Up*

30% Off*

Up to

30 years

*Compared to 
previous models 



System Overview and Configuration
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◼300 kW/2400 kWh VFB System 
⚫ Two-tier configuration

✓ Upper tier: Battery cells 
(300 kW output)                

✓ Lower tier: Electrolyte tanks
(2400 kWh capacity)

⚫ Connection to PCS 

✓ Charging/discharging controlled 
according to load demands

Power Conversion System
(PCS)

Charge/
Discharge



Unfavorable Phenomena and 
Optimization Challenges 
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◼Unfavorable Phenomena 
⚫ Ion crossover through the membrane

➢ Leads to long-term capacity loss 
⚫ Pressure loss in battery cells and pipelines 

➢ Reduces system efficiency

◼Optimization Challenges
⚫ Ion Crossover Suppression

✓ Mixing techniques 
✓ Membrane technology

⚫ Flow Rate Control 
✓ Minimizing pump losses
✓ Maximizing SOC (State of Charge) range



Modeling Approach 
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◼Objective
✓ Develop model for 300 kW/2400 kWh VFB system

◼Focus Areas
✓ Ion crossover 
✓ Battery voltage dynamics 

◼Approach 
⚫ Mathematical modeling 

✓ Use of detailed equations and simulations 

Mathematical
modeling

PCS

VFB

Charge/discharge

DC current

Vanadium ion concentration,

Voltage,

etc.

ሶ𝑥 = 𝑓 𝑥, 𝑢
ො𝑦 = ℎ(𝑥, 𝑢)



Mathematical Model
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◼ Concentration Variations
⚫ Vanadium ion concentration in cells 

d

dt
𝑐𝑖
𝑐 =

1

𝑉𝑗
𝑐 𝑆𝑖

𝑐 −𝑁𝑖
𝑚 + 𝑐𝑖

𝑡 − 𝑐𝑖
𝑐 𝑄𝑗

𝑐

⚫ Vanadium ion concentration in tanks
d

dt
𝑐𝑖
𝑡 =

1

𝑉𝑗
𝑡 𝑐𝑖

𝑐 − 𝑐𝑖
𝑡 𝑛𝑄𝑗

𝑐

◼ Electrolyte Volume 
• Volume variation due to osmosis 

d

dt
𝑉𝑗
𝑡 = −𝑛𝑣

◼ Battery Voltage Calculation 
• Voltage equation 

𝐸𝑐 = 𝑓𝑁𝑒𝑟𝑛𝑠𝑡 𝑐𝑖
𝑐, 𝑇 + 𝜂 𝑐𝑖

𝑐, 𝑇, 𝐼 𝑒 + 𝑓𝑁𝑒𝑟𝑛𝑠𝑡 𝑐𝑖
𝑡, 𝑇 + 𝜂 𝑐𝑖

𝑡, 𝑇, 𝐼 1 − 𝑒 − 𝑅𝐼

based on several references

- +

PCS

𝑐2
𝑡 𝑐3

𝑡 𝑐5
𝑡 𝑐4

𝑡

𝑐2
𝑐

𝑐3
𝑐 𝑐5

𝑐
𝑐4
𝑐

𝑣

𝑁2

𝑄𝑛𝑒𝑔
𝑐 𝑄𝑝𝑜𝑠

𝑐

𝐼

𝑉𝑛𝑒𝑔
𝑐

𝑉𝑝𝑜𝑠
𝑐

𝑆2
𝑐 𝑆4

𝑐
𝑁3 𝑁5𝑁4

𝑆3
𝑐

𝑆5
𝑐

𝑉𝑛𝑒𝑔
𝑡

𝑉𝑝𝑜𝑠
𝑡

These mathematical models contain system-specific 
unknown parameters



Parameter Estimation
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◼Model Construction 
⚫ Platform and Tools

✓ Using MATLAB® and Simulink®

◼Parameter Estimation Method
⚫ Least-Squares Method 

✓ For estimating unknown parameters(𝑝)

min
𝑝

𝒚 − ෝ𝒚 2

⚫ Pattern Search Algorithm
✓ MATLAB Global Optimization Toolbox

Test System

(300 kW/2400 kWh)

ሶ𝑥 = 𝑓 𝑥, 𝑢
ො𝑦 = ℎ(𝑥, 𝑢)

Mathematical 

Model

Actual  Data

Model output

DC current

𝒚

ෝ𝒚



Model Outputs vs Actual Data
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◼Validation Results
✓ Our model accurately matches actual data

c) Change in total concentration of the 

negative electrode from initial

a) OCV observed by monitor cell b) Battery voltage per cell

d) Change in volume of the negative 

electrode from initial



Optimization  
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◼Using mathematical model 
✓ Consider simple optimization using obtained model

◼Examination
⚫ Vanadium Imbalance Correction 

✓ Recover battery capacity loss through 
electrolyte mixing 

⚫ Trade-off: Increased mixing leads to
self-discharge and decreased efficiency 

◼Simulation Results 
✓ Analyze efficiency vs capacity by 

varying the mixing volume

𝑉5+/𝑉4+
𝑉2+/𝑉3+

Ion Crossover

Electrolyte Mixing

Increase
mixing volume

Optimal mixing
conditions



Conclusion
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◼Summary of Key Points
✓ Developed VFB Mathematical Model
✓ Validated the model using the new advanced 

300kW/2400kWh VFB test system
✓ Demonstrated an example of design optimization 

using the model

◼Future Work
✓ Further Optimization
✓ Now on Demonstration

New VFB system 

Pre-orders start FY2025
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Thank you! 
Any Question?

taguchi-daisaku@sei.co.jp


	Slide 1
	Slide 2: Introduction
	Slide 3: System Overview and Configuration
	Slide 4: Unfavorable Phenomena and Optimization Challenges 
	Slide 5: Modeling Approach 
	Slide 6: Mathematical Model
	Slide 7:  Parameter Estimation
	Slide 8: Model Outputs vs Actual Data
	Slide 9: Optimization  
	Slide 10: Conclusion
	Slide 11: Thank you!  Any Question?  taguchi-daisaku@sei.co.jp

