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EMR-based Scaling of Batteries

Objective of MARSHALL

My work: focus on HDV battery

eco-design 
aspects

MARSHALL: develop scaling and modularizing laws for HDV batteries or FCs 

Different HDV sizes

Different Cell sizes

Different Module sizes

Different Pack sizes
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EMR-based Scaling of Batteries

- Outline -

1

2

3

Dynamical electro-thermal model of battery cell

VECTO and EMR of Battery Heavy-duty vehicle 

Conclusion and Perspective
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«Vehicle Energy Consumption  calculation TOol 
(VECTO) 

and
EMR of Battery Heavy-duty vehicle»
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EMR-based Scaling of Batteries

VECTO overview

Trucks  

Coaches  

Buses  

Gross Vehicle Weight > 3500 kg

CO2 emission 

Energy consumption 

 Simulation tool deployed by the European Commission

 Used to determine CO₂ Emissions and Energy Consumption of HDV
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EMR-based Scaling of Batteries

VECTO: A Backward Modeling Approach

Driving 
Cycle Driver Vehicle Wheels Brakes Axle

Gear
Angle 
drive

Retarder Gearbox Retarder Clutch Electric 
Machine

Auxiliaries

Storage 
Systems

 VECTO component model
(Backward approach) 

 VECTO Interface 

[VECTO manual 2025]

Type of vehicle
Mission profile

Component data
Environment
Vehicle mass

Payload

Consumption of all components
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Different options to organize Battery HDV model

EMR: Forward descriptionBackward 

[Rodríguez 2019]

Backward description based on EMR 



EMR’25, Lille, July 2025
8

EMR-based Scaling of Batteries

Comparison of 3 representations

Long-haul profile mission
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Backward  

Similar results 

EMR  

Battery Rigid Truck Axle 4x2 (N3)

Thermal model battery to be included for 
MARSHALL
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«DYNAMICAL ELECTRO-THERMAL (E-T) MODEL
OF BATTERY CELL»

[German  2020]
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EMR-based Scaling of Batteries

Methodology

Winston cell Modeling EMR Simulation

Model: 
TSWB-LYP160AHA

Nominal Capacity:
160Ah

Operation Voltage:
2.8 – 3.8 V

Operation Temperature:
- 45°C – 85°C

winston-battery.com

Model type: 
Equivalent Electrical Circuit

(grey-box)

Electrical model: 
Thevenin 1 RC

Thermal model:
Model RC

Coupling dynamical electrical 
- thermal model

Model validation:
Using a real driving cycle

and
Comparison under various 

temperature conditions.
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EMR-based Scaling of Batteries

Battery Cell Modelling

 Principle interaction of one cell

Thermal part

Electrical input:
Current profile

Thermal input:
Ambient temperature

Electrical output:
Cell voltage 

 Equivalent Electrical Circuit 

Electrical part

Thermal part
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EMR-based Scaling of Batteries

EMR of Dynamical E-T Model

iCell

Current source

Air

Heat source

Voltage coupling

OCV
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EMR-based Scaling of Batteries

Coupling electro-thermal battery model and traction model

Coupling
Electric 
Machine Gearbox

Axle 
Gear Wheels Coupling Chasis

Module Battery 
PackCell electro-thermal model Busbar Traction electro-mechanical model of HDV model

Integration of electro-thermal cell model into the HDV model

to be achieved…
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« CONCLUSION AND PERSPECTIVE»
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EMR-based Scaling of Batteries

Conclusion

 Simulation and comparison of 3 representations HDV (VECTO, EMR, EMR Backward)

 EMR facilitates the representation of interconnected multi-physics for electro-thermal model

 Integration of a dynamic electro-thermal battery model into the HDV model
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EMR-based Scaling of Batteries

Perspective

iCell

Current source

OCV

Air

Ambient

OCV Electrical part

Thermal part

Power adaptation

Power adaptation
Reference cell

Scaled-up cell

Reference cellScaled-up cell from reference cell

 Same material
 Same process 

product 

Simulation and 
comparison with reel cell

Scaling law

Difference tests

Power and
Power loss scaling Power adaptation

Update reference cell model
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« Biographies and references »
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Thanks for your attention !
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