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« CONTEXT AND OBJECTIVE »
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General Limitations of EV

Long charging time

Faster
battery ageing

Longer
charging time

Insufficient
driving range

Battery ageingLimited driving range

Low / high temperatures

Specific Limitations of EV

- Context of EV Charging in Cold Conditions -
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Charge failure Optimal 
temperature

increased 
resistance

intensified side 
reactions

-40°C 15°C 35°C 90°C

[Liu et al. 2024]

Temp.

Battery ageing + charging time 

Capacity loss

Thermal runaway

Capacity loss with 
high SOC

Best performance

- Impact of Temperature on EV Battery Charging -

Objective: Studying EV battery charging in various temperatures using Energetic Macroscopic 
Representation
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« EMR AND SYSTEM MODELING »
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- Energetic Macroscopic Representation of Nissan Leaf -
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Battery Thermal 
Resistance

Thermal 
Environment

Battery Thermal 
Capacitance

Battery 
Temperature

interface

 Battery Thermal Model

Classification

Grey box: 
Moderate physical insight  

Black box: 
Minimal/no physical insight  

White box: 
Detailed physical insight  

[Guo et al. 2022]

Lumped and 
simplified model

- Battery Electro-thermal Model -

 Battery Electrical Model
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EMR of Battery Electrical Model

1. Structural Representation
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2.   Equations
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EMR of Battery Thermal Model

1.   Structural Representation
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- Subsystem 1 -

Battery Model Validation

Input Vectors: Battery Current, Ambient Temp

Voltage Error (%) = 0.91
Voltage MAE = 4.22
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- Subsystem 2 -

Vehicle Model Validation
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Charging Model Validation
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- Subsystem 2 -

Input Vectors: Battery Voltage, Battery temperature
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« FIRST RESULTS »
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- Simulation vs Experiment -

CC

Trajectories

CV
CC and CV implemented 
using switches 

Voltage MAE = 1.61

15

Charging time is 1h 35min

SoC Error (%) = 2.21
SoC MAE = 1.17

Temp Error (%) = 0.72

Temp MAE = 0.58

Initial battery temperature = 20°C 
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Initial Battery Temperature °C

Low-range

-30 -20 -10 0 10 20 30 40 50

High-rangeIdeal-rangemid-range

Ambient temperature affects initial battery temperature but its impact on the charging beyond that is unknown.

Modeling - 8

Validation - 4

- Charging Experiments for Modelling and Validation -
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« CONCLUSION »
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EMR-based simulation of EV charging in cold conditionsConclusion

• EMR utilization for modelling and organizing Battery Aging Model

• Validation under extreme temperatures

Perspective

18

- Conclusion -

Modeling:

1. EMR enabled seamless organisation and interconnection of all subsystems.

1. Multi-physical modelling across electrical, thermal, and mechanical domains.

1. Experimental results confirm the efficiency and relevance of the EMR-based approach.
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Thanks for your attention !
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