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Modelling and control of Clean Hydrogen refuelling station with Anion Exchange 
Membrane water Electrolyzers 
 
CRISTAL (Research Center in Computer Science and Automatic Control), located in Lille, France, is 
the biggest laboratory in computer science and automatic control north of Paris https://www.cristal.univ-
lille.fr/en/?force_lang=true 
The team Perennisation of Industrial Systems of the CRISTAL Laboratory works on the modelling of 
dynamical multiphysics energy systems, their prognosis, diagnosis and control. They focus on the 
production of green hydrogen with renewables. The PhD thesis is funded by a National Agency Research 
program, in collaboration with a laboratory of the French Alternative Energies and Atomic Energy 
Commission (CEA) in Grenoble (French Alps) who works on new electrolyzer technologies. 
Whereas high temperature electrolyzers display a very good efficiency, they are unable to work with 
intermittent sources due to lengthy start time. Current low-temperature electrolyzers suffer from low 
efficiency or the use of critical materials. Anion exchange membrane water electrolysis (AEMWE) 
combine low investment and operation costs. However, their degradation mechanisms are not well 
known today and their investigation will be the topic of another PhD thesis by the CEA. 
 
The topic of this PhD thesis is to integrate AEMWE in a green hydrogen refueling station and to operate 
it in order to mitigate the degradation phenomena that will be investigated by a PhD with a chemical 
background. 
 
The PhD thesis will be divided in three parts:  
First , a modelling step will be completed, including validation of  previous AEMWE models with data. 
From this multiphysics model, one will design prognosis algorithms (estimation of remaining useful 
life). The design will be done in close collaboration with the CEA Grenoble laboratory. An attention 
will be given to aspects tied to the intermittency of the sources (cycling, erratic values, start and stop, 
etc.). The model will be coupled with mechanistic degradation models from the CEA. An algorithm will 
be designed to recalibrate the model with real-time data. 
 
Second, a representation of a stand-alone (not connected to outside refilling) hydrogen station will be 
done, and coupled with the previous model. From the full model, one will be able to design prognosis 
algorithms. 
Third, using realistic scenarios, one will design an optimization of the remaining useful life of the 
electrolyzer, depending on its control and operating modes. As these depend on the consumption profile, 
the latter will be modelled, either using statistical or machine learning methods, and the role of incentives 
to help shape the hydrogen output profile will be studied. Finally, the algorithms will be tested online, 
on a real-time device, at least on the electrolyzer side. 
 
Ideally, the PhD candidate has a background in modelling and control of dynamical processes, and at 
least a basic knowledge in engineering (fluid mechanics, thermodynamics,  chemistry). He is able to 
program in Matlab/Simulink. 
The PhD will be inserted in a team of 5 researchers. A post-doc student works in a European project on 
the degradation patterns of electrolyzers. Another PhD student will work on the management of a 
network of refueling  stations, which topic will be a companion of the present one.  The work will be 
done in close collaboration with the CEA, so some short stays at the Grenoble Lab to be familiar with 
experimental devices are scheduled. 
 
PhD will start by December 2024 or January 2025 
 
Contact: Prof. Jean-Yves Dieulot, jean-yves.dieulot@univ-lille.fr 
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