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«Context »
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Context

 Easily scalable (Same ingredients)

 Modular toppings (cheese, salad, steak…)

M L XL

Single Double Triple

[FREEPIK]

https://fr.freepik.com/vecteurs-premium/trois-tailles-differentes-burgers-du-hamburger-classique-au-tres-gros-burger-illustration-vectorielle-isolee_23448156.htm
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A Burger Analogy: Scalability in HDVs

Can design knowledge from one application be transferred to others ?

Objective : Develop a generic method for scaling and modularizing laws using the EMR formalism that allow for 
up- or down-sizing reference fuel cells for on-road HDVs.

Reference 
component

Scaling laws 

Modularizing 
laws 
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What is a PEM Fuel Cell?

• Fuel cell is an electrochemical devices.

Why PEMFC in Vehicles?
• High Efficiency
• Operates at Low Temperatures
• On-road zero Emissions

𝐻𝐻2 +
1
2
𝑂𝑂2 → 𝐻𝐻2𝑂𝑂 + 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

[Guo 2013]
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PEMFC Modeling Approaches

Theoretical Empirical

High accuracy

hard-to-obtain 
parameters

Diagnostics, 
degradation, analysis

Easy to implement

Poor physical 
interpretability

Data-driven models 
without physical 

basis

Based on fundamental 
physical laws

Specific phenomena,
Design

[Labach 16]

Semi-
Empirical

Simpler setup, 
good balance of 

accuracy

Hybrid models 
combining physics and 

experimental fitting

Vehicle performance, 
Control

https://theses.hal.science/tel-04250456v1/document


EMR’25, Lille (France)

«Single fuel cell modeling »

from the PhD thesis of  Loïc Boulon 
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Domains & Assumptions

Assumptions:

 Constant and uniform temperature

 Liquid water formation

 Ideal gas behavior
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Fluidic Modeling

𝑞𝑞𝐻𝐻2𝑖𝑖𝑖𝑖
𝑃𝑃𝐻𝐻2𝑖𝑖𝑖𝑖

𝑞𝑞𝐻𝐻2𝑖𝑖𝑖𝑖

𝑃𝑃𝐻𝐻2𝑖𝑖𝑖𝑖

𝑃𝑃𝐻𝐻2𝑜𝑜𝑜𝑜𝑜𝑜

𝑃𝑃𝐻𝐻2𝑜𝑜𝑜𝑜𝑜𝑜

𝑞𝑞𝐻𝐻2𝑜𝑜𝑜𝑜𝑜𝑜

𝑞𝑞𝐻𝐻2𝑜𝑜𝑜𝑜𝑜𝑜

∆𝑃𝑃

𝑅𝑅𝑑𝑑1𝐻𝐻2 𝑅𝑅𝑑𝑑2 𝐻𝐻2

𝐶𝐶𝑑𝑑 𝐻𝐻2

The fluidic behavior of a single fuel cell is modeled using an 
electrical circuit analogy

Hydraulic
Resistance 

𝑞𝑞𝐻𝐻2𝑖𝑖𝑖𝑖

𝑞𝑞𝐻𝐻2𝑜𝑜𝑜𝑜𝑜𝑜

𝑞𝑞𝑐𝑐 𝐻𝐻2

H2 Flow consumption
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Electrochemical Modeling

𝑉𝑉𝑟𝑟 𝑇𝑇,𝑃𝑃 = 𝑉𝑉𝑟𝑟0 𝑇𝑇 + ∆𝑉𝑉𝑟𝑟 𝑇𝑇,𝑃𝑃𝑠𝑠𝑠𝑠 𝐻𝐻2 ,𝑃𝑃𝑠𝑠𝑠𝑠 𝑂𝑂2

Nernst-Based Voltage Equation :

𝑉𝑉𝑟𝑟(𝑇𝑇,𝑃𝑃)
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Electrical Modeling

𝑉𝑉𝑐𝑐′ = 𝑉𝑉𝑟𝑟 𝑃𝑃,𝑇𝑇 − ∆𝑉𝑉𝑖𝑖𝑖𝑖

𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃 𝑡𝑡 = 𝐶𝐶𝑑𝑑𝑑𝑑
𝑑𝑑𝑉𝑉𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑅𝑅𝑡𝑡

𝑉𝑉𝑐𝑐 = (𝑉𝑉𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑐𝑐′)

Capacitive effect (double-layer phenomenon)
𝑉𝑉𝑟𝑟(𝑇𝑇,𝑃𝑃)

Activation losses

Ohmic losses
Concentration 

losses
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Global EMR of a single cell

Fluidic Part Electrochemical 
Part 

Electric Part
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«Fitting Results »
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Model Fitting to Experimental Data

Missing parameters are obtained by fitting to experimental data.

Specifications :
• Active area: 100 cm²
• Nominal current: 70 A
• Maximal current: 120 A
• Operating temperature: 60 °C

Fitting with nonlinear least squares method
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Global EMR of a stack 

Fluidic Part Electrochemical 
Part 

Electric Part

𝑽𝑽𝑷𝑷𝑷𝑷𝑷𝑷 = 𝑵𝑵 𝑽𝑽𝒄𝒄
𝑰𝑰𝑷𝑷𝑷𝑷𝑷𝑷 = 𝑰𝑰𝑷𝑷𝑷𝑷𝑷𝑷

𝒒𝒒𝑯𝑯𝑯𝑯 𝒊𝒊𝒊𝒊′ =
𝟏𝟏
𝑵𝑵
𝒒𝒒𝑯𝑯𝑯𝑯 𝒊𝒊𝒊𝒊

𝑷𝑷𝑯𝑯𝑯𝑯 = 𝑷𝑷𝑯𝑯𝑯𝑯
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«Conclusion and Perspectives »
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Conclusion & Perspectives

Conclusion: 

 The current EMR of the fuel cell model is based on the PhD thesis of Prof. Loïc Boulon.

 The model captures the main physical phenomena of fuel cells.

 It will serve as a basis for the next steps of our study.

[Aroua 2023] 

Perspectives:

𝑖𝑖2′ = ?

𝑜𝑜20 = ?

𝑖𝑖10 = ?

𝑜𝑜1′ = ?
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Thanks for your attention !
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