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1. Introduction  

We face today a crucial energy transition. The fight against climate change must be a global 

priority. It requires a drastic reduction of fossil fuels use and the development of a sustainable 

approach for energy production. Geopolitical context, and even more crucially with the current 

Covid health crisis, points out the need of a resilient approach ensuring energy security. All these 

commitments must guide political, economic, industrial and technical choices in the decades to 

come. 

France, whose electricity production is already largely decarbonized thanks to its nuclear power 

generation fleet, is firmly in line with such an energy transition approach. 

With the Low Carbon National Strategy and the Multiannual Energy Plan inked into legislation 

in April 2020, France has indeed set itself very ambitious targets, aiming to strongly reduce 

energy consumption in all sectors and largely develop renewable energies. France has indeed the 

objective of achieving carbon neutrality by 2050.  

The climate emergency is such that all decarbonized solutions must be mobilized in substitution 

of fossil energies. Thus, nuclear power and renewable energies must not be opposed but 

mobilized jointly. France thus confirms its choice to continue in the nuclear path, while aiming 

for a more balanced energy mix including an important development of renewable energy which 

will have to increase from 20% of the electricity mix today to 40% in 2030.  

Research development and disruptive innovations are essential to fulfil such objectives. 

Therefore France is engaging in an ambitious innovation road-map for energy transition. In the 

recent announce concerning France’s recovery plan, French Prime Minister announced a massive 

investment in the technologies of the future strengthening support for research. Effort should 

involve in the same objectives public stakeholders as CEA, CNRS and Universities in synergy 

with industry.  

French views and efforts for clean energy innovation are aligned with the European Energy 

Strategy. France is for example actively involved in the European Battery Alliance and in the 

hydrogen strategy for a climate-neutral Europe. 
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2. R&D activities related to clean energy technology 

CEA, the French Alternative Energies and Atomic Energy Commission,  is a public research 

agency, with about €5.0 billion budget and 20,000 employees, involved in four major fields: 

defence and security, low-carbon energy transition, digital transformation and healthcare 

innovation.  

To fulfil French energy transition objectives, the mandate of CEA the French Alternative 

Energies and Atomic Energy Commission, has been confirmed towards producing innovation 

activities in the field of low carbon energies. CEA develops an integrated approach of energy. 

Electricity generation from nuclear and renewable sources, combined with deployments of 

energy storage and conversion systems and management of energy grids, can contribute to the 

development of decarbonized electricity mixes, but also provide solutions for carbon-free 

transport. Such an integrated approach will benefit from the rise of digital technologies to ensure 

the real-time matching of supply and demand. 

The research development and innovation activities of CEA cover a large TRL scale from proof 

of concept tested in CEA laboratories and analyzed operando in Large Scale Facilities together 

with national and international academic partners, up to real size demonstrators produced on 

pilot lines) and tested upon operation with industrial partners. For carrying out this ambitious 

approach CEA establishes partnerships with both, academic laboratories and industrial partners. 

 

3. Specific research activities in renewable energies, next generation energy management 

system with batteries, hydrogen, CCUS, and related technologies 

CEA develops innovation for decentralized solar energy production and photovoltaic solutions 

for housing and standalone systems. Special attention is given to the development of very high 

yield photovoltaic cell technology and to its integration in a fully optimized photovoltaic energy 

system. 

High shares of variable renewable electricity will require new flexibility solutions to balance 

demand and supply and thus ensure the stability of the grid. Various storage technologies are 

studied, with a special attention to batteries, thermal storage and hydrogen. Convergence 

between electricity gas and heat is also investigated as well as digitalization and numerical 

interfaces. Increased management of the demand side also needs to be developed for both 

consumers and industrials. 

Storage technologies can be assessed by the quantity of energy stored, and by their discharging 

time.  Amongst the storage portfolios, CEA is heavily involved in batteries, both for transport 

and stationary applications, adapted to a few hours response, and to hydrogen better suited for 

longer-term storage. R&D on solid state battery is turned towards reaching high energy density, 

high power and high safety. Electric vehicles equipped with large batteries can contribute to 

stabilize the electric system using vehicle-to-grid technology. Concerning hydrogen, CEA is 

heavily involved in the development of the high temperature steam electrolysis technology. CEA 

is also developing and integrating PEMFC systems in vehicles. More recently, CEA  got 

involved for converting CO2 into methane or other high value chemical molecule. 

All the new technologies developed for energy transition must be addressed through life cycle 

analysis, and sustainability criteria. Major attention is dedicated to limit the use of critical 

materials, encouraged processes with low energy consumption and few materials such as additive 
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fabrication. Recycling of the products is also investigated, as well as second life potentialities. 

Finally, closing carbon cycle is also considered through studies on innovative processes to 

convert carbon dioxide into climate-neutral fuels, or chemicals. 

Main related programs/projects conducted by CEA  

 Development of very high yield photovoltaic cell technology (Europen Commission, 

National fundings, Industrials / 64M€ 2010-2022); 

 Development and scaling up of High Temperature Steam Electrolysis (10M€ 2019-

2023); 

 Development and integration of high compactness and low cost Proton Exchange 

Membrane Fuel Cells systems (PEMFC) – (15M€ 2018-2025); 

 Extension of CO2 hydrogenation reactor operation conditions and thermochemical 

conversion of organic wastes for producing high value chemical molecules ( 6M€ 2019 

– 2023); 

 Smart Grid : development of soft tools, and experimental platforms (26 M€ 2011 – 2022). 

 

4. International collaboration  

4-1 International alliance/networking development 

CEA has established numerous international relationships in the field of renewable energy 

research and development.  

Many of them are long lasting European collaborations that include joint research projects, 

international workshop organizations and researcher exchanges. These are complemented by the 

regular contribution of CEA to various IEA tasks (especially on solar energy, hydrogen and fuel 

cells).   

In addition, CEA has also has established bilateral collaborations worldwide with overseas 

research institutes for strengthening relationships with these international renowned partners and 

conducting jointly research programs beneficial for both sides.  

CEA is convinced that collaborations between G20 members in the field of clean energy 

technology, and more specifically joint research programs on energy cutting edge technologies 

will constitute a major asset for implementing energy transition worldwide.      

4-2 International joint R&D activities 

 International joint research with institutes taking part in RD20. 

Under the umbrella of European Framework programs, CEA is actively involved in 

multilateral research projects concerning renewable energy and related topics such as 

hydrogen and circular economy. In the last five years, CEA has coordinated 27 project 

and has participated to about 155 projects in collaboration with main European Research 

and Technology Organization.   
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Main ongoing European H2020 programs coordinated by CEA 

 ID-FAST - Investigations on Degradation Mechanisms and Definition of 

Protocols for PEM Fuel cells Accelerated Stress Testing (2018-2020) 

 PEGASUS - PEMFC based on Platinum Group Metal free Structured Cathodes 

(2018-2020)  

 DOLPHIN - Disruptive PEMFC Stack with Novel Materials, Processes, 

Architecture and Optimized Interfaces (2019-2022) 

 REFLEX - Reversible Solid Oxide Electrolyzer and Fuel Cell for Optimized 

Local Energy Mix (2018-2020) 

 AMPERE - Automated photovoltaic cell and Module industrial Production to 

regain and secure European Renewable Energy (2017-2020) 

 CABRISS - Implementation of a CirculAr economy Based on Recycled, reused 

and recovered Indium, Silicon and Silver (2015-2018) 

 NAIADES - Na-Ion bAttery Demonstration for Electric Storage (2015-2019) 

 

The main CEA collaborations with research institutes from G20 countries are the 

following: 

 Berkeley Lab - USA : Characterization of fuel cells anionic membranes ; 

 Fraunhofer ISE – Germany : High efficiency multi-junction solar cells analysis; 

 Los Alamos National Lab – USA: Fuel cells degradation analysis ; 

 National Institute of Advanced Industrial Science and Technology (AIST) – 

Japan : Perovskite quantum dots ; 

 National Institute of Solar Energy – India : Photovoltaic cells performance 

evaluation; 

 National Renewable Energy Laboratory – USA: Detection of roll to roll 

production defects of PEM fuel cells active layers; 

 Max Planck Institute – Germany: Valorization of CO2 emissions from energy-

intensive industries (high-temperature electrolysis and catalytic); 

 Shanghai Industrial μTechnology Research Institute (SITRI) – China : 

Photovoltaic cells performance evaluation. 

 

 International joint research with any countries. 
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In addition, CEA has established the following collaborations 

 Industrial Technology Research Institute - Taiwan : Test and characterization of 

metallic powders; 

 Production Development Corporation (CORFO) - Chile : Photovoltaic cells 

performance evaluation in the Atacama Desert; 

 Nanyang Technological University – Singapore : Perovskite solar cells; 

 Swiss Federal Institute of Technology in Lausanne (EPFL)- Switzerland: Ageing 

evaluation of Solid Oxide Fuel Cells (SOFC) and Electrolysers (SOEC). 

 

5. Future perspectives (beyond 2030) 

Future challenges in clean energy technologies, will essentially lie in their ability to massive 

deployment in a sustainable way. A specific attention should be paid on source material needed 

for renewable energy infrastructures. In that respect, eco-conception recycling methodologies 

and circular economy approaches should deserve major attention.  

In addition, to increase the flexibility of energy grids and control high quality demand-response 

services, both technological and digital developments are still required. Indeed, renewable 

energies from solar or wind sources are intermittent and need to be stored and distributed 

“smartly”. Combining electrical and gaseous grids by a “Power to X” approach, involving low 

carbon hydrogen is a solution that CEA will continue to investigate heavily. Numerical interfaces 

and digitalization of energy grids will also constitute a challenge for preparing the “smart cities” 

of tomorrow. 

For such challenges, global approaches and international contributions could concern especially 

development of common benchmark protocols, definition of standards and characterization of 

sustainable energy systems. International collaborations between RTO could be done by specific 

call for proposals (National or European) open to overseas partners and more generally by 

researchers & students exchanges. Development of shared technological platforms could be one 

way to investigate.  
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