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Context: COMASYS / University of Lille
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COMAS®S

( Continuum de I'énergie

Materials Components

Scale - Energy Management, formalism DEMONSTRATOR N°1
f*}LEEP - Modelling, optimisation Hydrogen Chain
l‘l‘ T - Electric and electromechanical conversion
System I DEMONSTRATOR N°2
- Energy Systems diagnostics Energy Micro-generation
ﬁﬁlslt"ﬂ"_i- Supervision multi-source platforms . 1

v Energy Recovery FUTURE DEMONSTRATOR
Component \?&m n - Energy Storage
=TT Semi conductor Power Components
\ FUTURE DEMONSTRATOR Research in
I _ electrolysis can
. e e UMET METHODOLOGICAL FRAMEWORK help reducing the
Material UCCES:: = == .
s LT s w—— DIGITAL TWINS, ELECTRICAL ENERGY MANAGEMENT AND cost and mpact

- Specialized material study and synthesis SUPERVISION of renewable H2
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- EMR based model- é<6>>
EMR’25, Lille, July 2025
Objective:

* Develop a modular, scalable energy simulation model with EMR.
* Validate the model using experimental tests

Future applications:

* Deduce the control using model inversion

* Use the system for simulations of different use cases and control strategies
* Improve the model to be applicable in other setups



2. Studied system
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- Green Hydrogen Platform at Polytech Lille -

EMR’25, Lille, July 2025

Platform:
* Installed at Polytech by CRIStAL
* Connected to wind and solar generators (incl. power controllers)

Hydrogen production:
* Single-cell PEM Electrolyzer stack

* Output flow stored in H2 tank B pEn\ measuremets

* Bond-Graph based model for supervision with RT link to Matlab
* Allows RT measurements of cell current, temperature, voltage and output
H2 flow

PEM Stack
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- Simplified EV - é<9>>
EMR’25, Lille, July 2025

Assumptions for analysis and EMR

* Model does not deal with control of external sub-systems such as pumps, compressors
and separators

* Model focuses on the relation of the current to the temperature and its effects in H2
production

» Single cell electrolyser operated within specifications

* Ideal power converter (no losses)

* Fluid dynamics are simplified, as they are considered quick with regards to the thermal
dynamics

* Infinite permeability for hydrogen at the membrane

* Pressure losses at the membrane are considered



3. From Electrolysis Model to EMR
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Electrolysis: The principle

11

Energy

Exergonic reaction
AG <0

reactants

products

/ Endergonic reaction \

Energy

AGr>O

products

reactants

Reaction progress

U

Reaction progress
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liquid water (H,O) is more stable and has a
lower Gibbs free energy than the separate
gases H, and O,.

Electricity increases energy and breaks water
into H, and O, (electrolysis).

Separating them requires energy
Recombining them releases energy (fuel cell).
PEM uses a membrane to support the reaction.
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Electrolyser

Total Reaction
H,0 9 H, +%0,

Anode Reaction

2H,0 5 O, + 4H* + de” = Cathode Reaction

AH*+ de = 2H,

ag ®
Water “ @ :E;-\' ' - - it - Lm
A 2 — " {3'»- - : _
Transported Water
o P& o ¥

Unused water & ——| e
Oxygen w Hydrogen

Anode Mesh Group ‘ cathod Mesh Group

Diffusion Layer Diffusion Layer ‘

Anode Catalysis Laver | cathod Catalysis Layer |

PEM
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Electrolysis breaks down water (H,0) into
hydrogen (H,) and oxygen (O;) using an
electric current.

Cathode (-): hydrogen is produced.
Anode (+): oxygen is produced.

Structure of a cell:

Two electrodes, a membrane, active layers,
bipolar plates (with channels), and current
collectors.

A Stack connects many cells in series,
helping improve current density

12
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Multi-physical sub-system modelling approac

)
e A
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Electrical
effect
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Electrochemica

Electrical

. \\TSt (
Qstac Thermal

Dissipation
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Electrical effect

16
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*The electrolyser is fed: E.S. imposes the current I ..
*This current triggers two separate effects:

a. Production of Hydrogen and Oxygen gases (electrochemical reaction).
b. Thermal dissipation

Eceti = Evep + Mi

Lo Leen E Cell voltage Vv
Electric —C;e—b > cell 9
Source < '
E Overvoltage V

E rey Nk

cell

| P Cell current A

Mk T Loy E ey Reversible voltage \Y;
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EMR

Electrochemical
effects

t Volume

t Volume

t Pressure

t Pressure

ICS

P cat,anode
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Thermo-fluidic
coupling
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\\TSt Q
Qstac Thermal

Dissipation
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Electr
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Electrochemical effect

18
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The electric current determines the quantity of matter produced in moles via Faraday's law, then converted into

volumetric flow by the ideal gas law.

The dissociation of H,O requires a free energy (AG), supplied by the current and carried by the chemical

potential of the species.

n; Molar flux

U; Chemical potential
Py Pressure

Vi Volumetric flux

R |deal gas constant
T Stack temperature
F

Faraday constant

J-K-1-mol-*
Kelvin

C/mol
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Thermal effect

19
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« The passage of current through the membrane produces energy losses in the form of heat Qg 4ck-

* For the reaction to remain possible despite these losses, one must apply a higher voltage than the
equilibrium voltage E,.,, .

« This additional voltage corresponds to:

Nonm - Ohmic overvoltage

Nact - Activation overvoltage

Equations:
Nk = Eqctk T Eohm
Qg uck Entropy flux WI/K
E R Tstack h 1(]cell)
. tK = sin
Nk Overvoltage V L Qsmck ac F 2],
: -
Jcell Current density A/m? :O4— [ . — Eonm
cell —

rlk T Rohm

Aohm Membrane surface m? r Leew _ , p

ohm GonmAohm others

Lpgm Membrane thickness m
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Thermal effect (2)
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« The cell produces heat in the form of an enthropy flux ¢, When the current is applied
 The entering heat flow from the water recirculation QL5¢"“* is also taken into account

«  Part of this heat is evacuated by the gas Q53" Q35°%¢ and lost to the environment Qs
 The heat difference is cumulated in the stack
Equations:
Q T stack = — JQ Q .Ifl%th
_ = in — You . — . [ l
S% . Conr t Qin _Qstack+Ql7:Iezc()lrcu
44— an Tstack T_Stack
TS tack > s cath pAanode
—— < l <Q_ Qout Qloss+Q + {02
Tetack Qoue loss
stack lT Qreczrcul

T Stackl TQanode lf Q _A.
_ out—Qindt
Tstack = ToeC -
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Fluid mechanics

21
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At the anode, a discrepancy between the inlet and outlet volumetric flow rates, and the conversion of water
into gas induces a localized accumulation of fluid, thus an increase in pressure.

Across the membrane, a pressure differential between the anode and cathode drives a transmembrane
volumetric flux. This flux depends on the permeability of the membrane

This inlet of hydrogen gas causes a localized accumulation of fluid, thus an increase in pressure.

1t Volume 1 Volume

t Pressure t Pressure P an p cat

membrane
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Fluid mechanics
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Pressure losses
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membrane

anode cathode

We model the system as a simple tube, with an infinitly
permeable membrane for H2, which has pressure losses

VH20 ro ’
, — Vear
Vh20 diff —»f o e—
loss Vh2 diff — Panode
: —
Voz diff €
VHZo_recircul > l

P ¢

anode
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Simulations
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Simulations
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Evolution of Temperature and Hydrogen Flow for Different Currents (30 A, 40 A, 50 A)
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Work on the H2 platform

Cell current evolution over time
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Hydrogen flow rate evolution over time
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Parameter verification (work in progress)
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5. Conclusions and next steps
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Conclusions and next steps

30

| Studied PEM electrolysis

/1" =] modelling and causality

~N

| Understood Bond Graph

= ~_|representation of PEM EZ

e i Created EMR of the model

11 Created Simulink model

First simulations
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This Project NEXT STEPS

* Use measurements in H2 platform to
refine parameters of the model

« Change testing conditions to validate
model

* Develop SMC and simulate different

operation cases

\\/

Future research

« Extend the model including electro-
osmothic effect

* Try the inclusion of cumulative elements in
the fluidic model

« Take into account the endothermic aspect
of reactions

e
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