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Context and objective
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TESSA: Techno-Economic Study of Second life EV batteries for Affordable e-mobility campus   

Study the techno-economic interest of battery change

Objective: Study the interest of second life batteries in a multi-domain framework
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recycling
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When ? When is the best 

moment to switch to 

second life ?

How to predict 

battery aging? 
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EV battery techno-economic model development 

4

Batteries undergo performances degradation over time

Time (years)

SoH(%), R (Ω)

Stored energy ⭨

Losses ⭧

Battery aging

Degradation depends on the usage

BatteryUsage

Vehicle application

Technical model Economic model

Multi-domain 

modelling

Development of a multi-domain model

Aging

Impact on the battery value

Study of techno-economic impact of replacement time for EV batteries

Battery price



Outline
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Battery technical modeling

Techno-economic modeling

Case studied and results



Battery technical modeling
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The battery model is composed of several parts
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Electrical part 
Update electrical parameters 

(TBat, SoC) 

TBat 

Thermal part 

PHeat 

TAmb 

UBat 

iBat 

Usage 

Multi-domain modeling in interaction with the EV usage

Battery technical model

EV Usage 

patterns

Complex multi-domain simulation with many interactions: Need a unified representation

Energetic Macroscopic Representation (EMR): based on power exchange Adapted for multi-domains simulations

[Bouscayrol 2012]

Economic model

 

 

Electrical part 
Update electrical parameters 

(TBat, SoC) 

TBat 

Thermal part 

PHeat 

TAmb 

UBat 

iBat 

Usage 

Aging part 
Update aging parameters 

(SoH, ESR) 

SoCBat 

TBat 

SoH, ESRBat 

 

Battery market value



Electro-thermal modelling of batteries [German 2020]
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Organization : EMR

PHeat

TAmb

PInt

RThBat

InterfaceInside Battery Ambient Air

CThBat

TBat

PExt= TBat. qS2

Thermal part

Electrical part

Model

𝑃𝐻𝑒𝑎𝑡 = 𝐸𝑆𝑅𝐵𝑎𝑡𝑖𝐵𝑎𝑡
²

ESRBat is the electro/thermal interface
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Experiment 

Model 

UBat (V) 

Experiment 

Model 

Temperature °C 

Model validation

Renault Zoe recharge



Battery aging model
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Inputs: SoC, temperature TBat, time t, Number of cycle FEC

For the capacity [Ndiaye 2024] For the resistance

Linear approximation of ESRbat(SoH)

Experimental data from [LG Chem 2018]

Input : State of Health SoH Output: Resistance ESR

Output: Capacity C

Developed and validated for the Renault Zoe

Time (years)

SoH(%), ESR (Ω)

Stored energy ⭨

Losses ⭧

Battery aging

ESR

Aging model
TBat

t

SoC
SoH

FEC

 

 

SoH (%) 

Cycling ageing 
● 45°C, CC-CV Charge 

Linear approximation  Calendar ageing 
♦ 25°C, SoC = 90% 
♦ 45°C, SoC = 90% 
● 25°C, SoC = 60% 
● 45°C, SoC = 60% 

ESR (%) Inputs: Outputs: 



Techno-economic modeling
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Simplified economic modelling based on technical inputs
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Updated value of batteries depends of many parameters

 

 SoH (%) 

Time (years) 

 

 RUL (SoH) 

SoH (%) 

𝑀𝑃𝐵𝑎𝑡 𝑡 = 𝑀𝑃𝑁𝐵 𝑡 𝑆𝑜𝐻 𝑡 𝑅𝑈𝐿(𝑡)

Economic modelRUL

MPNB

SoH
MPBat

BCO

 

 MPNB ($/kWh) 

Time (years) 

[NREL 2024] 

EMR representation (estimator)

New Battery price

SoH ⭨ RUL = f(SoH)

State of Health SoH Remaining useful Life RUL

MPNB⭨

Market price of the battery in use

𝐵𝐶𝑂 = 𝑀𝑃𝑁𝐵 0 + ෍

1

𝑛

𝑀𝑃𝑁𝐵 𝑡 − 𝑀𝑃𝐵𝑎𝑡 𝑡 − 𝑀𝑃𝐵𝑎𝑡 𝐸𝑜𝐿

Initial battery 
price

Battery cost of 
replacement

Final battery 
resale price

Battery Cost of Ownership

The economic model takes technical parameters as an input



Energetic Macroscopic Representation of the global model
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Battery Model EV model

  

Air 

Usage 

OCVBat 

ESRBat 
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OCVBat
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SoC 

Thermal part 

Electric part 
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FEC 

estimator 
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iBat 
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ESR 

T
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t 

SoH 

BCO 

Economic model 
RUL 

MP
NB

 

SoH 

Driving Range 

External data 

Aging model 

Obtention of battery cost of ownership and driving range with the EV usage

Economic Model

Study of impact of replacements with the EV usage



Case studied and results
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Usage pattern and results
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Input: Average ambient temperature  Lille, FranceMedium usage (34.6km/day) 

 

 

-Artemis Extra Urban cycle

-1 charge every 3 days

 

 TAmb (°C) 

Time (months) 

 

 Driving Range (km) 

Time (years) 

NB (initial) 

2 repl. 

3 repl. 

1 repl. 

No repl. 

+14.9% 

 

 

∙∙3 repl. 

No repl. 

-2 repl. 

∙-1 repl. 

BCO 

Time (years) 

Battery Cost ($) 

+17.7% 

Simulation of the global model until End of Life (SoH=70%)

14.9% increase between 0 and 3 replacements 17.7% Difference between 0 and 3 replacements

Recovery of ~15% of the driving range for a moderate increase in costFrequent replacements
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No repl. 

 

 Driving Range (km) 

Time (years) 

NB (initial) 

No repl. 

1 repl 

 

 Driving Range (km) 

Time (years) 

NB (initial) 

No repl. 

1 repl 

2 repl 

 

 

No repl. 

∙-1 repl. 

Time (years) 

Battery Cost ($) 

BCO 

 

 

No repl. 

Time (years) 

Battery Cost ($) 

BCO 

 

 

No repl. 

-2 repl. 

∙-1 repl. 

Time (years) 

Battery Cost ($) 

BCO 

-- No replacements

⸱- Replacement at 6 year

- Replacements every 4 years

⸱⸱ Replacements every 3 years



Conclusion
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➢ Connection of economic and technical model 

➢ Study of the impact of battery replacements from the user perspective

➢ Replacing the battery leads to an increase in driving range at a moderate increase in cost

➢ Integrate ecological aspects and recycling of batteries

➢ Develop interactions between economic and technical models

➢ Implement second-life usage in the global study

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

16

[German 2020] R. German, S. Shili, A. Desreveaux, A. Sari, P. Venet, and A. Bouscayrol, “Dynamical Coupling of a Battery Electro-Thermal Model and the Traction

Model of an EV for Driving Range Simulation,” IEEE Trans. Veh. Technol., vol. 69, no. 1, pp. 328–337, Jan. 2020, doi: 10.1109/TVT.2019.2955856.

[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

[LG Chem 2018] LG Chem, “Product specification, rechargeable lithium ion Battery E63,” 2018. Accessed: Feb. 05, 2025. [Online]. Available: https:// xebike.com/wp-

content/uploads/2019/12/lg-e63datasheet.pdf

[Bouscayrol 2012] A. Bouscayrol, J. Hautier, and B. Lemaire‐Semail, “Graphic Formalisms for the Control of Multi‐Physical Energetic Systems: COG and EMR,” in

Systemic Design Methodologies for Electrical Energy Systems, 1st ed., X. Roboam, Ed., Wiley, 2012, pp. 89–124. doi: 10.1002/9781118569863.ch3.

[NREL 2024] NREL (National Renewable Energy Laboratory), “ATB | NREL,” “2024 Annual Technology Baseline,.” Accessed: Mar. 27, 2025. [Online]. Available:

https://atb.nrel.gov/

https://doi.org/10.1109/TVT.2024.3356116
https://atb.nrel.gov/


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/  

      

    

    

       

         Vents

   

       

   

   

        

           

Blower

         

     

   

        

    
   

  

  

  

    

   

Batt.

  

     

   

HP

          

   

       
           

       

                

HVAC 

Subsystem

      (9)

(10)

    

    

    

(15)

    

     

          

         

         

    

        

           

       

Int. mass

   

     

        

   
   

Ext. A.

     

         

    

     

          

     

   

Rad.

         

    

     

          

    
     

      

Conv.

         

       

Cond. Roof       

     

          

         

    

            

         

   
     

   

           

   

             

Windows

          

          

     

   

(2)

      

(3)

(3)

   

   

   

(5)

   

   

(6)

(6)

   

              
   

Ext. surfaces

coupling

             

        

    

    

           
           

       

    
         

        

    

     

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%



Appendix : Battery aging model
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Need a model that can be implemented into a system simulation

Inputs: SoC, temperature TBat, time t, Number of cycle FEC

𝐝𝐂𝐥𝐨𝐬𝐬𝐭→𝐭+𝐝𝐭
= 𝐝 𝐀 + 𝐁SoC 𝐞

−𝐄𝐚
𝐤𝐁𝐓𝐁𝐚𝐭𝐭𝐳 + 𝐤𝐅𝐄𝐂𝐅𝐄𝐂𝛂

SoC : Linear

A + BSoC

TBat : Arrhenius law

e
−Ea

kB𝐓𝐁𝐚𝐭

t : Exponent

tz

FEC : Exponent

kFECFECα

 

 

SoHBat (%) 

Cycling ageing 
● 45°C, CC-CV Charge 

Linear approximation  Calendar ageing 
♦ 25°C, SoC = 90% 
♦ 45°C, SoC = 90% 
● 25°C, SoC = 60% 
● 45°C, SoC = 60% 

ESRBat (%) 

For the capacity [Ndiaye 2024] For the resistance

R² = 0.96, RMSE = 4.4%

Linear approximation of ESRbat(SoH)

Experimental data from [LG Chem 2018]

Output: dCloss

Developed and validated for the Renault Zoe



Appendix : 3 Different usage patterns are considered
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Input: Average ambient temperature  Lille, France

Low usage (20km/day) Medium usage (34.6km/day) High usage (115km/day)

-Urban cycle

-1 charge every 3 days

 

 

 

 

-Extra Urban cycle

-1 charge every 3 days

-Motorway cycle

-1 charge every day

 

 TAmb (°C) 

Time (months) 

Simulation of the global model until End of Life (SoH=70%)



Results for SoH and RuL
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System simulated for each usage pattern until SoH reaches 70% (EoL)

The results of SoH and RUL will be used in the economic evaluation

 

 
--Low 

-Medium 

∙∙High  

SoH (%) 

 

 

--Low 

-Medium 

∙∙High  

RUL (%) 

SoH (%) 

𝑅𝑈𝐿 𝑡 =
𝑁𝐹𝐸𝐶 𝐸𝑜𝐿 −𝑁𝐹𝐸𝐶(𝑡)

𝑁𝐹𝐸𝐶(𝐸𝑜𝐿)

RUL evolution is extracted form the number of cycles achieved

• Large difference in lifetime depending on the usage

• High usage leads to the battery reaching EoL before the vehicle expected 

lifetime



Appendix : Extended Results for different usage patterns
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 Driving Range (km) 

DRmin0 

Time (years) 

DRmin1 

DRmin2 

DRmin3 

NB (initial) 

2 repl. 
3 repl. 

1 repl. 

No repl. 

 

 

∙∙3 repl. 

0 repl. 

-2 repl. 

∙-1 repl. 

BCO 

Time (years) 

Battery Cost ($) 

+17.7% 

 

 

Low  Medium 

Driving range increase (%) 

+12.5% 

+14.9% +14.1% 

1 2 3 1 2 3 1 2 3 
Total amount of replacement 

High 

 

 
High 

BCO ($) 

1 2 3 
Number of replacements 

0 

Medium Low 

+17% 
+17.7% 

+10.4% 
+51 % 

1 2 3 0 1 2 3 0 

Example for medium usage

Multiple usage

-Driving range restored with replacements

-One replacement is mandatory for high usage -Higher impact of usage than replacements 

-Range recovery up to 14.9%

-BCO increase up to 17.7% 

- Moderate increase (higher reselling value for frequent replacements)

- Impact of usage on BCO up to 51% 

- Moderate BCO increase with 

replacement


