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Batteries are essential because they store energy and
provide independence from continuous power supply.

They enable modern technology, electric transportation,
and reliable energy storage, supporting mobility,
autonomy, and the integration of renewable energy.
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Lithium-ion battery production involves coating and processing cathode and anode materials, assembling
them with a separator into cells, filling with electrolyte, and forming the cells through controlled charging
to activate electrochemical performance.
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This simplified model represents a parameter-based
Cathode simulation developed to evaluate production throughput
t PCathode scraping . . . .
wastes as a function of line efficiency.
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This figure illustrates the simulated battery line in FlexSim based on the proposed parametric model.
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Simulation outputs
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Scientific questions

* Deployment - How can Al-based surrogate models be integrated into decision-making

frameworks to guide manufacturing decisions?
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* Purpose - What computational efficiency gains are achieved by embedding surrogate models

within optimization frameworks?
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Surrogate modelling
.

A surrogate model is a fast, learned approximation of a costly or complex
model, used to enable efficient optimization, learning, or decision-making.
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Multi-objective function: Cost, CO,, Yield Loss

Decision variables vector: technologies' nominal efficiencies

F (X): [Min Cost(X), Min C0,(X), Min Loss(X)]
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Optimization model

Objective:

Finding the best combination
of machines for investment
and allocation

Subject to

Cost
= COSta good cell (T[) + COStprocessing a cell (pCell waste) + COStPTocessing Anode (pAnode waste) + COStProcessing Cathode (pCathode waste)

COZ = Coza good cell(T[) + COZAnode(pAnode waste) + COZCathode(pCathode waste) + COZproduction(pCell waste)

Loss=1—m

PN

[70, Pcett waster Panode waster Pcathode waste] = f_’ (Panode wasting» Pcathode wasting Pcell rejection)
KPIs Surrogate (Simulation represantative) X:Variables
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Table2. Exemplary production lines and associated performances

Performance (%)

Scenario
Panode wasting ~ Pcathode wasting ~ Pcell rejection
High Perf. Tech. 5 5 2
Mid Perf. Tech. 15 15 12
Low Perf. Tech. 25 25 22
Mixed Tech 25 10 15

Table 3. Adapted process related energy and CO2 emissions for
1day production in France [*-2]

Nominal process power [kW]  Emitted CO, [kg/kWh]

Process

Electricity Gas Electricity Gas
Anode 205 1035 260.8 5117
Cathode 205 1035 260.8 5117
Cell 1848 978 2350.7 4835.2
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['F. Degen, M. Schiitte, Life cycle assessment of the energy consumption and GHG emissions of state-of-the-art automotive battery cell production. J. Clean. Prod., 2022.
[211. IEA, Net zero roadmap: a global pathway to keep the 1.5° C goal in reach. International Energy Agency Report, 2023.
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The Impact of Technological
Incompatibility:

Assume the performance of
the Cathode (10%) and
Assembly (15%) lines remains
constant, while the
performance of the Anode
line degrades over time (0% -

30%).
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Conclusion
The critical advantage of the surrogate-assisted framework lies in its drastic
reduction of computation time.

Perspectives
1) Circular and sustainable production
Introducing scenarios such as Reusing, Recycling and Repairing.

2) Surrogate-assisted reinforcement learning
Surrogate models accelerate the training process by providing rapid, synthetic
rewards, allowing reinforcement learning agents to learn efficiently.
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Flexible and scalable digital-twin platform for enhanced
production efficiency and yield in battery cell production lines
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  →


  O u t p u t s =  𝒇 ^       ( I n p u t s )


  F   ( X )


  [ Min   C o s t  ( X ) , Min  C  O 2  ( X ) , Min  L o s s  ( X )


  C o s t =   C o s t  a   g o o d   c e l l ( π ) +   C o s t  p r o c e s s i n g   a   c e l l (  ρ  Cell   waste ) +   C o s t  P r o c e s s i n g   A n o d e (  ρ  Anode   waste ) +   C o s t  P r o c e s s i n g   C a t h o d e (  ρ  Cathode   waste )


  C  O 2 =     C O 2  a   g o o d   c e l l ( π ) +     C O 2  A n o d e (  ρ  Anode   waste ) +     C O 2  C a t h o d e (  ρ  Cathode   waste ) +     C O 2  P r o d u c t i o n (  ρ  Cell   waste )


  Loss = 1 − π


  [     𝜋 ,  𝜌  C e l l   w a s t e ,  𝜌  A n o d e   w a s t e ,  𝜌  C a t h o d e   w a s t e ⏟  K P I s ] =      f ^ ⏟  S u r r o g a t e   ( S i m u l a t i o n   r e p r e s a n t a t i v e )   (      P  A n o d e   w a s t i n g ,  P  C a t h o d e   w a s t i n g ,  P  C e l l   r e j e c t i o n ⏟  X :   V a r i a b l e s   )
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