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Context and objective
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Estimate the value of second life battery for different scenarios

Methodology : Merge technical and economical models

TESSA

TESSA: Electric Vehicle, Estimation of mobility energy for an eco-campus

We want to quantify the impact of ageing on the driving range

• EV performance depend on the batteries

• Batteries undergo performances degradation over time

C(Ah)

t (years)

We know that 

Economically : Driving range has an impact on the battery value

Less energy



EV modeling
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Studied EV
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Aerodynamism

SCx: 0.77 m²
Machine power: 

110 kW / 150 hp

Nissan Leaf 2019: Segment C EV

Driving range: 

270 km

Mass: 300 kg

Energy: 

40 kWh

Mass: 1,5 

tons

Li-ion NMC battery

High sales: ~650 k units sold since 2010

60% of the EVs have NMC batteries

Study of an common light EV



EV modeling and validation
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1,9 % error on driving range
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Validation [Fadili 2022]

 

 

 

Battery Inverter 
Electrical 

machine 
Gearbox 

Electric Drive 

Chassis and wheel 

i
bat

 

U
bat

 

T
edRef

 

T
ed

 

Ω
ed

 

T
gb

 

Ω
gb

 

F
res Vev

 

Structural representation



Ageing tests and modeling
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Methodology for ageing modeling
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The ageing tests directly provides

battery parameters

Classic way

Ex: 𝐶𝐿𝑜𝑠𝑠 = (𝐴 + 𝐵𝑆𝑜𝐶)𝑒
−𝐸𝑎

𝑇𝐾𝑏𝑡𝑧

Our way

Ageing tests
Look-up 

table

Battery 

model
EV model

Provides

Interaction

Simulation is simplified thanks to this method

Mathematical model Direct use of data

Complex simulation

[Ndiaye 2024]



Ageing modeling

Ageing tests performed for calendar 

ageing @T=60°C, SoC=100% 

Five different ageing states are defined

 

  C (%) 

-8.2% 

-4.6% 
-3.9% 

-3.3% 

1
0

0
%

 

9
1

.8
%

 

8
7

.2
%

 

8
3

.3
%

 

8
0

%
 

EoL TQL HL QL BoL 

End of Life (EoL) at 20% capacity loss

Integration of the ageing model into the battery
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Battery modeling
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Simulation performed for each ageing state until energy depletion
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  C (%) 

EoL TQL HL QL BoL 

Speed cycle

Driving range

[Ramsey 2020]

Constant Equivalent Series Resistance (ESR)

Battery electric model

Models interacts with each other
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Simulation results
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-Capacity (%) 

-Driving range (%) 

-8.2% -8.8% 

-12.8% -13.2% 

-16.7% 

-20% 
-17.3% 

-20.4% 

BoL QL HL TQL EoL 

Capacity degradation faster at the beginning of life

Driving range loss ≈  capacity degradation (2% difference)

The supplementary consumption does not cause large driving range losses



Conclusion
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➢ Ageing tests are done for the cells of the Nissan Leaf

➢ The first years of use are the most detrimental for the vehicle

➢ Results almost shows a proportionality between capacity and driving range decrease (2% difference) 

➢ Extension to other vehicles and condition (temperature, speed cycles…) 

➢ The resistance evolution with ageing will be taken into account 

➢ The results will be used in future work in the TESSA project

Perspectives

Ce travail a bénéficié d'une aide de l'Etat gérée par l'Agence Nationale de la Recherche au titre du 3eme PIA, intégré à France 2030 

portant la reference « ANR-21-IDES-0006»

WILL (Welcoming Internationals to LiLLe) programme

Bénéficie du soutien financier de la Région Hauts-de-France

Acknowledgment



Bibliography

14

[Fadili 2022] S. Fadili, R. German, and A. Bouscayrol, “HiL Testing of a High C-Rate Battery For the Nissan Leaf,” in 2022 IEEE Vehicle Power 

and Propulsion Conference (VPPC), Merced, CA, USA: IEEE, Nov. 2022, pp. 1–6. doi: 10.1109/VPPC55846.2022.10003387.

[Ndiaye 2024] A. Ndiaye, R. German, A. Bouscayrol, M. Gaetani-Liseo, P. Venet, and E. Castex, “Impact of the User Charging Practice on the 

Battery Aging in an Electric Vehicle,” IEEE Trans. Veh. Technol., vol. 73, no. 4, pp. 4578–4588, Apr. 2024, doi: 10.1109/TVT.2024.3356116

[Ramsey 2020] D. Ramsey, R. German, A. Bouscayrol, and L. Boulon, “Comparison of equivalent circuit battery models for energetic studies on 

electric vehicles,” in 2020 IEEE Vehicle Power and Propulsion Conference (VPPC), Gijon, Spain: IEEE, Nov. 2020, pp. 1–5. doi: 

10.1109/VPPC49601.2020.9330891.

[Chaud 2024] M. Chaud et al., “Study of an EV Driving Range Evolution Considering Battery Capacity Degradation,” in 2024 IEEE Vehicle Power 

and Propulsion Conference (VPPC), Washington, DC, USA: IEEE, Oct. 2024, pp. 1–6. doi: 10.1109/VPPC63154.2024.10755427.

https://doi.org/10.1109/TVT.2024.3356116
https://doi.org/10.1109/VPPC63154.2024.10755427


https://cumin.univ-lille.fr/  

Our university as

an exciting living lab

towards eco-cities

through an innovative

transdisciplinary

framework !

https://cumin.univ-lille.fr/  

      

    

    

       

 a    a rVents

   

       

   

   

        

           

Blower

         

     

   

        

    
   

  

  

  

    

   

Batt.

  

     

   

HP

          

   

       
           

       

                

HVAC 

Subsystem

      (9)

(10)

    

    

    

(15)

    

     

          

         

         

 a  

        

           

       

Int. mass

   

     

        

   
   

Ext. A.

     

         

    

     

          

     

   

Rad.

         

    

     

          

    
     

      

Conv.

         

       

Cond. Roof e     

     

          

         

    

            

         

   
     

   

           

   

             

Windows

          

 asse  er 

 a   

   

(2)

      

(3)

(3)

   

   

   

(5)

   

   

(6)

(6)

   

  s        a  
   

Ext. surfaces

coupling

     sur a es

  u     

    

    

           
           

       

    
         

        

    

     

0

5

10

15

20

25

30

35

Clio
Essence

Clio
Diesel

VE
Pologne

VE
Allemagne

VE
France

VE
Suede

VE
Europe

GES en tonnes de CO2 équivalent pour divers véhicules

Batterie Motorisation Reste du
véhicule

Production carburant
et électricité

Emissions
pendant conduite

-62%


