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Materials for energy storage
• Energy transition, energy storage, new materials

• Principle of energy-storage materials (ESM): two “states”, one as “storage 
configuration”, the other one as “release” configuration

• Need to efficiently predict transition mechanisms with a specific control, under 
a multitude of possible external conditions



Batteries & supercapacitors
• Batteries: Store energy chemically (Faradaic reactions). High 

energy, slow delivery.

• Supercapacitors: Store energy electrostatically (physical 
charge separation).



Supercapacitors
• Supercapacitors store energy using either ion adsorption or 

fast surface redox reactions

• They complement batteries when high-power density or 
uptake is needed



Supercapacitors
• Electric Double Layer (EDLC): Ions form a "double layer" at the 

electrode/electrolyte interface (Helmholtz layer).

• Pseudocapacitance: Fast, reversible surface redox reactions (adds energy 
density).

• Rapid Charge/Discharge: Seconds vs. hours. Cycle Life: >1,000,000 cycles 
(vs. ~1,000 for Li-ion).























Supercapacitors with realistic disordered electrodes?

• MLIP-driven design of disordered electrodes

• Fine-tuning the morphology

• Optimizing the ion-accessible surface

PhD thesis of Zacharie Waysenson (work in progress)







NATURE-CO₂ : Natural Ability of Trapping and Using REsources for CO₂ 
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DIscovery Acceleration for the 

Deployment of Emerging Materials

DIADEM, a pioneer PEPR* at the crossroads of 

Materials Science and Artificial Intelligence

Frédéric Schuster (CEA)

Mario Maglione (CNRS)

Fernando Lomello (CEA)

Lucie Bard (CNRS)

www.pepr-diadem.fr

*Programme et Equipements Prioritaires de Recherche



Les matériaux sont stratégiques pour les grandes transitions
DIADEM : DIscovery Acceleration for the Deployment of Emerging Materials
La convergence entre Science des Matériaux & Science des données

13/03/2026 26

Transitions 

écologique et énergétique 

vers un futur décarboné

Transition vers un 

numérique frugal

Innovation technologique 

pour la médecine du futur
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Accélérer le design de nouveaux matériaux

grâce aux plates-formes d’accélération et aux 

laboratoires autonomes (DIADEM Discovery Hub)

Accélérer le déploiement de procédés grâce à des 

jumeaux numériques 

(procédés émergents 1D,2D,3D,4D & conventionnels)

DIADEM …
… le recours à l’IA pour deux principales problématiques



DIADEM pioneering strategy

4D Printing

Integrated approach of 

durability

Polymers & Hybrids

Organic/Inorganic

Digital Metallurgy

Nanomaterials

Microfluidics

Processes intensification

Combinatorial solid state 

chemistry

Metal Organic

Frameworks

Ceramics & 

Ceramic Matrix Composites

Microelectronics

Architectured

Materials

High throughput

thermodynamics

Photonic components

Nuclear fuel

DIADEM main features
85 M€ / 8 years

19 platforms
33 selected projects
1 DIADEM ACADEMY
6 transverse working 

groups
1 National Infrastructure

(DIADEM 
DISCOVERY HUB) 









DIADEM Academy : programme de formation du PEPR DIADEM
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Formation initiale

(Noël Jakse et Marco Saitta)

Création de l’Ecole

Internationale DIADEM

Hackathon

Stages de Master 

Formation continue

(Fabrice Rossignol)

Formations spécialisées

(théorie & pratique)

Formation « sensibilisation à 

la découverte accélée autour 

des MAPs

Journée annuelle de 

sensibilisation à l’IA

Programme doctoral et 

post-doctoral

international

(Frédéric Schuster)

Thèses et post-doctorats 

internationaux

(Co-financements DIADEM)

https://formation.pepr-diadem.fr/

https://formation.pepr-diadem.fr/


Initial Training
1st edition of the DIADEM international school
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August 25-29, 2025, at Sorbonne Université in Paris

80 participants

Theory courses and hands-on tutorials

Visit of the Synchrotron SOLEIL



Initial Training
Future editions of the DIADEM international school
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August 31- Sept 4, 2026, in Grenoble

120 participants (open to permanent/industrials)

2027 edition within the AISSAI-IVADO « semestre thématique IA & Matériaux »

In Paris or Bordeaux Aug 30-Sept 3 2027



DIADEM pionnier pour la 
collaboration internationale
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Singapour

• Deux réunions de travail avec la NRF (04/2024, 10/2024)

• Projet ADVANCE sur la catalyse pour la production

d’H2 vert (AAP 2023) Pr. LIU Zheng, CINTRA IRL 3288

(CNRS, NTU Singapore, Thales)

• 3 thèses avec NTU (H2, recyclage, 3D printing de

métamatériaux) et 1 thèse avec NUS (batteries)

USA

• Projet REBORN sur matériaux 2D pour l’électronique

Ougazzaden Abdallah GT-CNRS IRL 2958 CNRS Metz,

GeorgiaTech Atlanta

• 1 thèse sur 4D printing avec Georgia Tech Atlanta

(robotic freeform direct ink writing)

Canada

• Réunions avec l’Institut Courtois and Polytechnique

Montréal

• Intégration de Polytechnique Montréal dans le projet

ASTERIX dédié aux couches minces

• 1 Post-Doc avec l’Institut Courtois (photovoltaïque)

Japon

• Projet MADNESS (synthèse de nanomatériaux en sels

fondus - AAP 2023) et projet GREENTEA (synthèse de

nouveaux alliages de sulfures thermoélectriques - AAP

2024) avec le LINK (NIMS Tsukuba)

• Discussion sur la coopération sur la structuration des

bases de données avec le NIMS

• 2 thèses en discussion avec le LINK



Développer les outils d’interaction avec les industriels
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Partenaires de DIADEM

Futures actions

✓ Appel à Projets « Pionniers de l’IA »

coordonné par le SGPI : contribution des

outils DIADEM à l'accélération du design de

nouveaux matériaux et à la mise en oeuvre

de nouveaux procédés (ex : base de

données nationale sur les polymères,

Valorisation insdustrielels d’Expressif

Materials...)

✓ AG DIADEM avec des tables rondes avec

PEPR et Agences de Programmes – 24 nov

à l’ENS Paris-Saclay

✓ Première édition de la journée 

« DIADEM Industrial Day » 

12 décembre 2025 / Maison de la Chimie

Scientific Advisory Board



AI for materials science in France: GDR IAMAT
• Created in 2022, to federate from « developments in AI » towards

applications in materials science, interdisciplinarity

• Broad interpretation of AI & data sciences: machine learning, data mining, 
high throughput, dimensionality reduction, clustering etc…



AI for materials science in France: GDR IAMAT
• Created in 2022, to federate from « developments in AI » towards

applications in materials science, interdisciplinarity

• Broad interpretation of AI & data sciences: machine learning, data mining, 
high throughput, dimensionality reduction, clustering etc…



AI for materials science in France: GDR IAMAT

• Upcoming activities 2026 : Workshop Big and Small Data

• Plénières 2026: 2-5 juin, ENSAM, Aix-en-Provence



PEPR Batteries



PEPR Batteries



IMAGE D’ILLUSTRATION

Coordinator Mathieu Salanne (PHENIX – Sorbonne Université/CNRS)
Co-coordinator: Alejandro Franco (LRCS – UPJV/CNRS)

BATMAN BATteries: data Mining, Artificial
intelligence and digital twins for the Next generation

January 2nd, 2023 January 1st, 2029
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Challenges & objectives

Challenges

• Stability of the lithium metal / solid electrolyte 

interfaces

• Choice of the electrolytes/electrodes for Na-

ion batteries and for high power batteries

• Optimization of the fabrication processes of 

next-generation batteries

Objectives

i. Database of liquid electrolyte properties (in 
particular additives in Na-ion batteries)

ii. Selection of solid state electrolytes forming 
mechanically and chemically stable interfaces with
lithium metal

iii. Selection of 2D materials with optimized stability
and energy density for high power batteries

iv. Codes based on physical modeling and machine 
learning for the optimization of the manufacturing
processes

Use of machine-learning / data science approaches to improve simulations accuracy and efficiency
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AI-based models for the study of battery interfaces
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Simulating the SEI formation in all-solid-state batteries

Chaney et al, ACS Appl. Mater. Interfaces 16, 24624 (2024) doi:10.1021/acsami.4c02548. ]

• Two-step growth process consisting of an initial 
electrolyte reduction followed by the gradual 
crystallization of the reaction product

• Argyrodite degradation reaction at 
the contact of the lithium anode:

Li6PS5Cl + 8Li = 5Li2S + LiCl + Li3P

• Simulation of large interfaces using machine-
learning interaction potentials
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Optimization of the fabrication processes of next-generation batteries

• Fabrication process of next-generation batteries is expected to be similar to Li-ion

• Much fewer data: can we optimize quicker the process thanks to the use of artificial intelligence
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3D-resolved electrochemical model of hard carbon electrodes
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1. Model multiple sodiation processes of HC

2. Use the model for electrode design (for 

formulation and porosity)

GOALS:HC electrochemistry Effective “blend” approach

? CONTROVERSIAL 

SODIATION MECHANISM

Cardenas-Sierra et al, J. Power Sources 655, 237878 (2025)



PEPR Hydrogène






