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Context and Objective
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TESSA: Techno-Economic Study of Second life EV 
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Methodology: Merge battery technical and economic models together

Objective: Study the interest of second life batteries in a comprehensive framework
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Battery ageing has to be considered

Batteries undergo performances degradation over time

BatteryUsage

Vehicle 
application

Technical model Economic 
model

2025 2030 2035 2040

Time (years)

-50

0

50

100

150

200
Battery cost ($/kWh)

Time (years)

C(Ah), R (Ω)

Stored energy ⭨

Energy efficiency ⭨

Battery aging

Degradation depends on the usage, impact the price

Multi-domain 
modelling

Global model

Aging



EMR’25, Lille, July 2025
6

Techno-Economic Model of batteries

Multiples domains are in interaction

Multiple interactions to take into account

Vehicle Battery Aging Economic

User

Multi-domain system Need a unified formalism

Estimators are used in EMR
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The battery model is composed of several parts
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Electro-thermal modelling of batteries

 

 

O
C

V B
at

 (S
oC

) 

iBat RSBat 

uBat 

Organization : EMR

PHeat

TAmb

PInt

RThBat

InterfaceInside Battery Ambient Air

CThBat

TBat

PExt= TBat. qS2

Thermal part

Electrical part

Model

𝑃𝑃𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝐵𝐵𝐵𝐵𝐵𝐵²
RSBat is the electro/thermal interface

OCV
iBat

OCVBat

iBat

uBat

RSBat

qsRSBat

Air

CThBat

TBat

TBat

TAmb qs2

qs3

RThBat

EV

 

0 10 20 30 40 50 60

Time (min)

340

360

380

400

0 10 20 30 40 50 60

Time (min)

10

12

14

16

18

T-Bat-model

T-Bat-exp

  

Experiment 
Model 

UBat (V) 

Experiment 
Model 

Temperature °C 

Model validation

Renault Zoe recharge






RSBat







uBat







OCVBat (SoC)







iBat














[image: image1.emf]0 10 20 30 40 50 60


Time (min)


340


360


380


400


[image: image2.emf]0 10 20 30 40 50 60


Time (min)


10


12


14


16


18


T-Bat-model


T-Bat-exp


 

Temperature °C







Experiment







Model







UBat (V)







Experiment







Model













EMR’25, Lille, July 2025
10

Techno-Economic Model of batteries

Global technical model
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Economic modelling considering new battery price evolution

New Batteries prices are decreasing over time
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NREL (National Renewable Energy Laboratory), “ATB | NREL,” “2024 Annual Technology
Baseline,.” Accessed: Mar. 27, 2025. [Online]. Available: https://atb.nrel.gov/

Used batteries prices depends on the price of new batteries at the
same time

Used batteries are less performant than new ones due to aging

Has to be accounted for in the economic evaluation

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈(𝑡𝑡) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑡𝑡 𝑆𝑆𝑆𝑆𝑆𝑆(𝑡𝑡)𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡)

SoH: State of Health (%) RUL: Remaining Useful Life (%)
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Global techno-economic modelling

Inputs: 
Vehicle usage

Outputs: 
Battery cost
Driving range
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A realistic vehicle usage is considered
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-Two 17.3km/18min drive per day (Artemis extra urban cycle)

-Full recharge every 3 days

-Yearly ambient temperature from the Lille meteo station (France)

-Simulated until the SoH reaches 70% (End of Life)
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Vehicle usage is an input for the system

Results: SoH and RUL estimation
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Results for driving range and battery cost for different number of replacements

Simulation for 0 and 2 replacements

Used battery is sold when replaced

Vehicle lifetime set at 12 years

Outputs:
Driving Range (km)
Battery Cost of Ownership ($)

Replacing the battery during the vehicles life results in higher remaining driving range and BCO 
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Conclusion and perspectives

Conclusion

-Merging of technical and economic model using EMR

-Estimators are used to represent non-energetic domains

-Replacing the battery results in an increase in driving range and cost of ownership

Perspectives

-Taking into account recycling/emissions

-Analysing second life usage

-Integrating used batteries market inputs
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