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Foreword
THE CEA IN BRIEF…

At the time of writing this text, the pandemic that has been 
disrupting our country for more than a year now,  

was still far from over. 

From the very beginning and without jumping to any conclusions 
about how long the pandemic would last, the CEA invested heavily 
in making sure its staff and facilities were protected, while pursuing 
its research programmes assiduously and playing its part in the fight 
against the virus as you will find out below.

Throughout this entire year, the CEA has proven its ability to mobi-
lise its teams to meet the milestones of its programmes for French 
defence and security matters. At the same time, it has managed to 
reorganise its research in the energy field when it set up a new divi-
sion - called exactly that, i.e.  the Energy Division - in February based 
on an integrated approach to energy systems.

In the same spirit of meeting the State’s key national priorities, dis-
cussions were organised on two important topics: the CEA’s digi-
tal resources, which were in high demand during the thick of the 
pandemic and the post-lockdown resumption of activities, and the 
CEA’s strategy for fundamental research in the near future. This work 
should be completed by mid-2021 after which discussions will start 
on the CEA’s position with respect to health technologies, another 
field in great demand during the pandemic.

For over a year now with this pandemic, new methods of working 
have emerged and some work practices have had to adapt to the 
new conditions, such as in human resource management. This new 
framework has not dampened the scientific engagement of the CEA 
teams as reflected in their successful track record during this unusual 
period, which presented in this report.

A new Energy Division has been created to 
reflect the CEA’s integrated approach to 
energy systems. © Gettyimages

For a year with 
this pandemic, new 
methods of working 
have emerged and some 
practices have had to 
adapt."
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The CEA in the coronavirus 
pandemic

THE CEA AND ITS ECOSYSTEM

The CEA’s standing in the field of research and innovation in France, gained from its long-
established nuclear power provision in the civil and defence sectors, a strong foundation 

in fundamental research (especially biology) and a wealth of expertise in technology 
development and transfer, has secured its involvement in a variety of fields since the 
onset of the pandemic. In collaboration with all its partners (research organisations, 
universities, hospital departments, businesses and local authorities) in France and 

Europe alike, the CEA has delivered a rapid response in front-line sectors whilst ensuring 
continuity of its major programme commitments.

CEA staff have not only been involved in the manufacture and supply of PPE (masks, 
gloves, scrubs, aprons and hand sanitiser), they have also drawn on their vast expe-
rience in developing technologies for the medicine of the future, fundamental biology 
and digital transformation in the healthcare sector to launch several research projects 
into COVID-19. 

These projects focus on five key areas: medical devices to prevent or combat Covid‑19; 
vaccination strategies; infection diagnosis; the physiopathology of the disease and 
associated therapeutics; and the impact of the pandemic. They involve teams predo-
minantly from three of the CEA’s four our operational divisions: Technological Research, 
Fundamental Research and Military Applications.
All results obtained in 2020 and at the beginning of 2021 are available on the CEA’s 
website.

A brochure published in March 2021 also details some of the CEA’s significant contribu-
tions to the fight against coronavirus: download here
 
Close monitoring of facilities
This targeted R&D effort has strengthened the CEA’s capability to  protect both its staff 
and its facilities considerably. The organisation’s robust industrial and nuclear safety 
culture, combined with proven emergency preparedness, ensured its swift response 
in implementing business continuity plans to secure all sensitive facilities, such as test 
reactors, hot labs, and clean rooms. 

Lockdown and widespread enforced working from home certainly proved problematic 
on occasion, particularly in cases where research required access to laboratory equip-
ment or involved highly sensitive information that could not be taken outside secure 
premises. Some activities in affected facilities had to be reconfigured to introduce 
rotating schedules and strict data confidentiality, as well as COVID‑19 safety measures.

CEA teams mobilised in the fight 
against Covid‑19.
© Gilnature/istock/Getty Images Plus

Many CEA teams 
are involved in 
numerous research 
projects relating to 
Covid‑19."

https://www.cea.fr/Pages/actualites/sante-sciences-du-vivant/CEA-contre-epidemie-covid19.aspx
https://www.cea.fr/Pages/actualites/sante-sciences-du-vivant/CEA-contre-epidemie-covid19.aspx
https://www.cea.fr/presse/Documents/Cea_covid_resilience-dynamique-VF.pdf
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This was certainly the case for three of the CEA’s main nuclear facilities - located at 
the Marcoule, Saclay and Cadarache sites ‑ during the first lockdown, where only a few 
long-term experiments continued on a drastically reduced programme to avoid losing 
years of work. Waste recovery and reconditioning, dismantling, and new build activities 
also had to be shut down safely and securely. Only a handful of essential facilities were 
kept running, namely those required for monitoring activities and the Orano facilities ‑ 
declared to be of national importance - at the CEA’s Marcoule site. 

Transport cask maintenance and transportation activities also continued. Another exa-
mple is the CEA’s clean rooms in Grenoble; these research facilities comprise platforms 
deemed essential to the organisation’s partners in the microelectronics industry. The 
exceptional effort of all CEA staff involved to get these facilities back up and running 
by the end of May ensured normal operations were able to resume almost immediately, 
including the installation of a pilot line to develop a new silicon carbide substrate with 
high commercial potential in the power components sector. 

An unprecedented number of CEA 
employees worked from home 
wherever possible during the 
pandemic. © Gettyimages

Working practices have transformed
From an HR perspective, the pandemic has acted as an accelerator for transforming 
employment practices. The flexible and remote working measures introduced in 2019 
were applied systematically wherever possible in 2020 with exceptional mass wor-
king-from-home, (WFH) and additional support for managers to comply with social 
distancing rules.

Similarly, training provision for employees was adapted and even enhanced in 2020, 
with an e-learning platform (LMS) developed in collaboration with the French national 
institute for nuclear science and technology (INSTN) to facilitate the transition from 
face-to-face teaching to distance learning for the majority. Thanks to its digital strategy, 
launched in 2018, the INSTN was able to ensure educational continuity for all its degree 
programmes. The changeover to ‘fully digital’ meant that courses and exams alike could 
be completed online.

Automatic hand sanitiser dispenser. © Zephyr18/iStock/Getty Images Plus

https://instn.cea.fr/
https://instn.cea.fr/
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Traditional communication methods have given way to remote collaboration tools, 
now widely used at all levels of the organisation. Deployment of these tools involved 
a massive effort by the CEA’s IT teams to ensure accessibility and operation that was 
both reliable and secure. New practices have also emerged, like HR themed webinars, 
covering pandemic and non-pandemic related topics such as “Managing your team in 
a time of crisis”, “Preparing your team for a return to the workplace” and “Career paths 
in industrial or nuclear safety”.

These new spaces for expression, undoubtedly here to stay, not only make it easier for 
employee voices to be heard and for management to respond to the issues raised - in 
increasingly popular online FAQs for instance ‑ but also to fine tune any further actions. 
In a similar vein, CEA employees were invited to take part in an online survey at the end 
of June to share their experiences of the first lockdown from both a personal and a work 
perspective. The main takeaway from this survey was the confidence expressed by the 
majority of employees that the CEA had all bases covered.

Throughout 2020, HR not only managed to deliver but also strengthened its “core” 
missions, starting with maintaining employee salaries. Social dialogue - one of the 
CEA’s core commitments - progressed as in previous years. Standout moments include 
the negotiation of collective agreements at the height of the pandemic (managing 
holidays and reduced hour entitlements in April) and regular meetings of employee 
representative bodies, held on an unprecedented number of occasions (with no less 
than 15 national committee meetings taking place in 2020).

In spite of the pandemic, 843 new hires were recruited - albeit assuming their roles 
remotely ‑ which is not far short of the 2019 figure of 861. More robust measures to 
monitor employee health and safety were implemented, while the digitisation of HR 
processes, instigated a number of years ago, continued at an accelerated pace. Not 
everything went according to plan, however; career development programmes, for 
instance, had to be delayed a few months, and employee performance reviews were 
pushed back to the end of the year.

The momentum gained in 2020 in such unprecedented times has not waned in 2021. One 
of the many consequences of the pandemic has been the CEA’s pledge to fulfil three 
main goals as a responsible employer, i.e. employing more people with disabilities; 
promoting gender equality in the workplace; and recruiting 1,000 young people on work 
experience contracts within the framework of the French government’s “Un jeune, une 
solution” (one young person = one solution) youth employment scheme.

A total  
of 843 
new hires were 
recruited, assuming 
their roles remotely, 
which is not far short of 
the 2019 figure of 861.
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Thanks to its digital strategy, launched in 2018, the INSTN was able to ensure continuity 
of its degree programmes. © Gettyimages
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An eco-friendly organisation
THE CEA AND ITS ECOSYSTEM

Sustainable development - a matter of 
corporate responsibility for the CEA
For several decades now, the CEA has placed sustainable development at the very 
heart of its responsibility commitments through its R&D programmes, striving to 
reduce the environmental footprint of its activities across the board while foste-
ring economic sustainability and the well-being of all its stakeholders, above all 
its employees.

The CEA’s programmes in the field of R&D and innovation have been conducted in 
line with the UN’s sustainable development goals (SDGs). Preparations in 2020 for 
the organisation’s future 2021-2025 objectives and performance contract highlighted 
the significant contribution made by the CEA to these goals across the board.

The European Green Deal and the New European Circular Economy Action Plan are 
also now key considerations in the CEA’s Europe strategy. The circular economy is 
gaining impetus in innovation projects led by the CEA, with in-house training and 
assimilation initiatives developed and deployed since the end of 2020. Several 
FOCUS PhD subjects have been secured on this subject under the aegis of the High 
Commissioner for Atomic Energy and a cross-disciplinary programme has been 
set up spanning the Energy, Technological Research and Fundamental Research 
divisions, dedicated to manufacturing processes, recycling, and material life cycle 
analysis.
Elsewhere, teams from the Energy and Technological Research divisions have joined 
forces to investigate the potential for eco-innovation.

A study was conducted in 2020 to assess the CEA’s competences, work in progress 
and staff numbers involved with the circular economy - in addition to work already 
under way in each operational division - as a means of identifying new avenues 
for key cross-disciplinary R&D projects for the organisation to explore. The survey 
showed that some 750 full time employees are involved in matters associated with 
the circular economy, working on a large number of projects, but that still offers 
plenty of opportunity for future consolidation.

CEA teams are mobilised 
to achieve sustainable 
development goals. 
© Gilnature/istock/Getty 
Images Plus

Some 750 full time 
CEA employees are 
involved in matters 
associated with the 
circular economy."
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Various sustainable development initiatives have been implemented successfully 
throughout the past year, including the energy performance plan defined in July 2020 
based on the findings of the statutory energy audit completed in 2019. Spearheaded 
by the CEA’s Programmes and Financial Division (DFP), the purpose of this initiative 
was threefold: (i) to integrate energy performance research into all processes asso-
ciated with new builds, retrofits and the operation and maintenance of facilities and 
infrastructure; (ii) to reduce overall operational energy consumption by at least 3% 
year on year; and (iii) to define the CEA's new energy policy. An action plan is currently 
being finalised for 2021.

These actions primarily targeted heat recovery techniques, closure and demolition of 
the most energy-intensive buildings and incentives for car sharing and travelling by train 
for business trips. In the end, an overall reduction of nearly 47,000 tonnes compared 
with the previous 2016 report was recorded, far exceeding the targets set!

In December 2020, the French government announced its energy efficiency grants 
as part of the country's recovery stimulus package. The CEA is set to receive around 
40 million euros to fund 15 projects across four sites. This will allow greenhouse gas 
emissions to be reduced by a further 2,600 tonnes of CO2 equivalent per year.

Numerous eco-friendly initiatives have also been implemented by the CEA in relation, 
for instance, to banning single-use plastics, food biodiversity and non-nuclear waste 
management. The organisation’s responsible purchasing policy has also initiated impro-
vement actions in terms of sustainable development and a new set of guidelines has 
been issued on the subject.
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Eco‑friendly initiatives 
implemented by the CEA are 
helping to cut our carbon 
footprint.
© Przemyslaw Koch/Getty Images

The CEA integrates energy performance research in all processes related to new builds, 
retrofits and operation and maintenance of facilities and infrastructure. © Andrii Yalanskyi 
- Gettyimages



CEA - 2020 ANNUAL REPORT

9

SUMMARY > WWW.CEA.FR

The CEA has implemented scientific integrity measures supported by shared tools and 
resources. © Gettyimages

Scientific integrity, one of the  
CEA’s core values
Ever mindful of its responsibilities, the CEA places scientific integrity at the heart of 
its research activities as one of its core values for establishing trust between science 
and society. In 2020, the organisation finalised implementation of its scientific integrity 
measures in line with its 2018 policy commitment.

In spite of the pandemic, the CEA set up its Scientific Integrity Committee in March 2020. 
Comprising representatives from each operational division and the main functional 
divisions concerned, this committee meets three times a year. Seventeen scientific 
integrity correspondents were also nominated within the operational divisions in the 
last quarter of 2020 to foster closer relations with teams in terms of raising awareness 
and communicating best practice. They have a variety of shared tools and resources 
at their disposal - also developed in 2020 - designed to support their actions in raising 
awareness as close to the field as possible.

€40 
million
The grant allocated 
to the CEA under the 
French recovery plan 
to fund 15 projects 
across four sites.
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From research to industry
THE CEA AND ITS ECOSYSTEM

This is one of the CEA’s key missions. Since its creation, the organisation has striven to 
protect the results of its in-house research and technologies and leverage them in the 
manufacturing industry to benefit society as a whole. The CEA has been accelerating, 
intensifying and shaping this approach for the past thirty years, relying on an active 
patent registration and transfer policy by licensing to industry.

It is now the leading organisation in terms of patent registrations in France and Europe, 
with a portfolio of over 7,200 active patent families. These patents relate to energy, 
health and digital technologies (microelectronics and instrumentation) predominantly, 
covering the three major transitions - energy, digital and healthcare - currently under 
way. This approach offers partner companies an innovative and secure research 
framework.

The CEA relies on three main pillars to help foster this technology transfer and stay 
tuned to the needs expressed:

•  A culture of innovation shared by all staff
•  State-of-the-art technological research combined with more fundamental 

research, supported by platforms that are unique in France if not in Europe, 
covering the entire value chains from R&D to prototyping

•  A multi-disciplinary organisation offering a wealth of technology transfer 
expertise

In 2020, the CEA had more than 700 ongoing or new partnerships with manufacturers 
of all sizes, from start-ups and SMEs to major corporations.

The CEA is a driving force of 
industrial growth in France.  
© Gettyimages

 In 2020, the CEA 
had more than 
700 ongoing or new 
partnerships with 
manufacturers of all 
sizes, from start‑ups 
and SMEs to major 
corporations."

As a leading player in the field of innovation, the CEA leverages the 
technologies it develops in key sectors such as energy, health and digital 

transformation to support competitiveness, job creation and, more broadly, 
France's industrial sovereignty.

A culture of technological innovation is key to meeting industrial challenges. 
© Gettyimages
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Operation start-up!
Acting on the firm belief that deep tech start‑ups are not only a key link in the 
technology transfer chain but also important economic contributors to industrial 
growth, the CEA has been setting up and building start-ups around its own tech-
nologies for more than 20 years. The goal: to accelerate innovation and cultivate 
new industries. The start-ups created can raise equity investment from CEA Inves-
tissement, a wholly owned subsidiary of the CEA, advised and run by its capital 
investment partner, Supernova Invest.
The Magellan programme, launched by the CEA in June 2020, aims to increase the 
number of initiatives and double the number of spin-off start-ups created every 
year over the next five years. This scheme, which includes a technology maturation 
programme (Magellan-Lab) and an incubation programme (Magellan-Tremplin 
(Springboard)), is designed to encourage and support the CEA’s external colla-
borators and new idea contributors deploying CEA technologies in their start-up 
projects. Successful candidates benefit from support at all stages of their project, 
from entrepreneurship training to idea maturation and project incubation. After 
the first call for ideas (and despite the restrictions imposed by the pandemic), some 
twenty projects were selected in 2020 out of more than 70 proposals submitted.

The CEA’s start-ups continued to grow in 2020 with some major announcements 
and significant funding rounds, including ALEDIA (80 million euros) and MICROOLED 
(8 million euros), which is testament to their innovation capability.

KEY DATA FOR 2020
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No. 1 research 
organisation
> filing French 
patents
> filing patents in 
Europe

707 new 
patents
filed in 2020

More than 
7,200
active patent 
families

132 millions 
d’euros
of funding raised 
in 2020

70%
of 222 start-ups 
created still in 
business (90% in 
5 years)

75% of 
start-ups
in deep tech

1st Magellan 
call for ideas
in June 2020

More than 
70 ideas
assessed 

18 projects
accepted on 
the Magellan-
Lab maturation 
programme in 2020

6 start-ups
created in 2020 

4 led
by CEA employees
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Science and society
THE CEA AND ITS ECOSYSTEM

There has been a lot of talk about “bringing science and society closer together” and 
even “rebuilding public trust in science”, especially over the past year in relation to 
the pandemic. The CEA is leveraging its vast pool of digital tools, such as its online 
media library offering a range of multimedia resources (magazines, animations, videos, 
podcasts, etc.) and its broad social media presence, to focus its efforts on three priority 
action areas.

The first of these priorities is informing the public about topical scientific issues facing 
society to provide decision-makers and the public in general with the information 
needed to understand the challenges involved. Providing information about COVID‑19 
was therefore a top priority throughout 2020. The CEA set up a dedicated page on its 
website, which was updated regularly with the latest news and developments about 
the virus. So-called “issue briefs” were organised on topics of interest to present the 
flagship actions taken by the CEA in support of the French recovery plan, in the field of 
technological innovation for instance. Similarly, the new format of the CEA’s bi-monthly 
magazine Les Défis du CEA (Challenges faced by the CEA), launched in March 2020, turns 
the spotlight on the wealth of research and its implications for society, in a variety of 
articles about the laboratories, researcher profiles and interviews with experts.

Read about the 75 advances 
made by the CEA, which have 
changed our lives in this special 
publication. 
© CEA / Jeremy Perrodeau.

As a public research organisation and knowledge and technology producer, the 
CEA has long been investing in promoting information and public discussion about 

science and its associated challenges as well as exchanges with the scientific 
community. In light of the past year, the organisation intends to redouble its efforts 

to embed science in society permanently.

The “Science à la maison” programme on Facebook and Twitter offered fun science activi‑
ties to do at home three times a week in the first lockdown. © CEA

https://www.cea.fr/multimedia/
https://www.cea.fr/Pages/PAGES-SPECIALES/404.aspx?requestUrl=https://www.cea.fr/multimedia/Lists/StaticFiles/rapports/annuel/2020/www.cea.fr/multimedia/Pages/editions/defis.aspx
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The second priority is promoting scientific culture. This involves some of the CEA's 
more traditional actions aimed at the world of education, targeting secondary school 
pupils, university students and teachers. The CEA took part in a variety of virtual and 
live events throughout 2020 - the “Fête de la science” science festival in the autumn, 
the Cannes International Games Festival in February and the “Festival d’astronomie 
de Fleurance” in August to name but a few - to showcase its activities and provide its 
researchers with a platform to talk about their research. It also introduced some new 
formats, such as: the “Science à la maison” (Science at home) programme on Facebook 
and Twitter with fun activities like quizzes, mini-experiments, and mystery photos to 
do at home during the first lockdown, and the collection of physics equations which 
changed the world on YouTube explaining the history of the founders of modern 
science (E=MC², Maxwell, Schrödinger, etc.). 

Lastly, the web series ScienceLoop, launched in 2019, continued its mission to 
popularise science, incorporating topical issues, with special issues on climate change 
and viruses in June and September respectively. 

The third, but by no means least, priority area is consolidating the integration of CEA 
centres in their local environment through targeted actions, such as visits and events 
aimed at representatives from the local community (associations, MPs and councillors, 
academic and industrial partners, residents, and external collaborators). Because of 
the pandemic, the main priority in 2020 was crisis management, manifested specifically 
by expressing solidarity with patients and health workers through a variety of actions - 
distributing masks and sanitisers to hospitals and medical centres in surrounding areas; 
designing and producing safety components such as visors, temples for safety glasses 
and “hands‑free” door openers in collaboration with hospitals; designing reusable 
masks that can be worn up to 100 times - all of which demonstrate just how well science 
can serve the public.
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CEA centres distributed more than one million masks to healthcare establishments, 
research organisations, local councils and communities in the first two weeks of lockdown 
in March 2020. © Gettyimages

 The CEA’s three 
priority action areas 
are to inform the 
public about topical 
scientific issues facing 
society, promote 
scientific culture 
and consolidate the 
integration of CEA 
centres in their local 
environment."

https://www.youtube.com/playlist?list=PLLKquSi64nRbJwLOBYsssCZYPFXqEfHOM
https://www.youtube.com/playlist?list=PLLKquSi64nRbJwLOBYsssCZYPFXqEfHOM
https://www.cea.fr/multimedia/Lists/StaticFiles/jeu75ans/index.html
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Taking initiative to provide France and Europe with strong 
scientific, technical and industrial leadership, as well as 

ensuring that today and tomorrow are under better control and 
in safer hands!
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Defence and security  

The CEA is responsible for supporting France’s defence programme - i.e. 
nuclear deterrence - and national security through its  

Military Applications Division (DAM).

Since the end of nuclear testing in 1996, the CEA’s Simulation programme has been used 
to guarantee the performance of nuclear warheads. This involves simulating how such 
weapons work by modelling the physical phenomena and solving complex equations. 
This simulation must be sufficiently accurate to meet the strict performance specifi-
cations for weapons. In order to achieve this high degree of accuracy within specific 
programme deadlines, the CEA collaborated with Atos to design a new generation of 
supercomputer capable of running these complex simulations with optimum computing 
power. 

The organisation also improved its physical modelling capability at the same time with 
two large-scale purpose-built experimental facilities: the Epure radiography facility 
and the Megajoule laser facility. The Epure facility is used for high-precision characte-
risation of the state and hydrodynamic behaviour of materials under the conditions 
encountered in the pre-nuclear phase of weapon operation. The Megajoule laser is 
essential for simulating the physical phenomena encountered in the nuclear phase of 
weapon operation and for certifying the competence of the physicists responsible for 
designing the weapons. The body of results from past nuclear testing underpins the 
guarantee provided by the simulation approach.

20
The number of 
years from design 
to construction of 
the nuclear steam 
generator for the 
Suffren, France's 
first Barracuda-
class nuclear attack 
submarine.

 underpins the 
guarantee provided 
by the underpins the 
guarantee provided 
by the simulation 
approach."

Nuclear propulsion
The CEA is also responsible for desi-
gning, developing and constructing 
nuclear steam generators for French 
Navy vessels, as well as designing and 
building cores for these steam genera-
tors. Teams from the CEA support the 
French Navy with reactor maintenance 
and operation of its land-based faci-
lities, which support the in-service 
fleets. Continuity of new nuclear steam 
generator programmes for successive 
generations of vessels is key issue to 
maintaining French expertise in nuclear 
propulsion.

National security
The CEA also leverages its expertise 
in nuclear energy and in detection & 
identification technologies to assist the 
French government in the fight against 
nuclear proliferation and terrorism. 
It conducts research on behalf of the 
government in the fight against the 
threat of chemical, biological, radio-
logical, nuclear and explosive (CBRNE) 
materials, within the framework of an 
interministerial R&D programme led 
by the DAM. DAM teams also work with 
the French government on matters of 
cybersecurity.
The CEA’s expertise also supports 
France’s defence in assessing and 
managing the effects and vulnerability 
of conventional weapons.
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Extending the CEA’s mission 
— The CEA and the French defence procurement 
agency (DGA) signed an amendment to the CEA-
DGA agreement on 7 December 2020, formalising 
the extended mission of the CEA/DAM in the 
field of conventional (non‑nuclear) weapons on 
behalf of the DGA. The CEA/DAM mission relating 
to the effectiveness of conventional warheads 
was originally limited to anti-aircraft and anti-in-
frastructure weapons; it now extends to cover 
ground and naval combat missiles and munitions. 
This expertise has so far been provided by the 
DGA’s own technical centres. 

Réception du Suffren par la DGA
—  The first Barracuda‑class nuclear‑powered attack submarine, 
Suffren, was officially handed over to the DGA in a ceremony held 
on 6 November 2020 attended by the French Minister of the Armed 
Forces. The CEA/DAM was responsible for designing and building 
the Suffren’s nuclear steam generator propulsion system sup-
ported by the Nuclear Reactors Joint Technical Service (STXN) and 
the Energy Division. The CEA/DAM’s two main contractors for buil-
ding the steam generator were TechnicAtome and Naval Group. 
This ceremony marked the culmination of more than 20 years of 
exceptional teamwork. 

France is the first nuclear weapons 
state to complete its contribution to 
the CTBT International Monitoring 
System
— The IS25 infrasound station, built by the CEA/DAM and ins-
talled in Guadeloupe, was certified on 25 November 2020 by the 
Comprehensive Nuclear‑Test‑Ban Treaty Organisation (CTBTO). 
In addition to building a radionuclide analysis laboratory, this 
sixteenth and final station marked the completion of France’s 
contribution to the International Monitoring System (IMS). The 
IMS is designed to locate and quantify any nuclear test carried 
out anywhere in the world. This makes France the first nuclear 
weapons state to fulfil its commitment to the CTBT. 

 NUCLEAR PROPULSION

 CONVENTIONAL DEFENCE FIGHT AGAINST NUCLEAR PROLIFERATION

Successful test launch of M51 
strategic ballistic missile
— On 12 June 2020, the “Le Téméraire” nuclear-
powered ballistic missile submarine (SSBN) test 
fired an M51 strategic ballistic missile off the 
coast of Brittany in western France. This highly 
instrumented model missile took the CEA/DAM 
teams several years to design and build within 
the scope of the seaborne nuclear deterrent 
renewal programme. This test provided a 
wealth of experimental data, which will be used 
to acquire critical information for validating the 
design options for renewing seaborne nuclear 
weapons. 

 DETERRENCE
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Energy

The CEA provides the French public authorities and industry with the technical 
expertise and innovation needed to develop low-carbon energy systems. This 

mission is performed by all the CEA’s operational divisions, and in particular the 
Energy Division (DES).

To address the current and future challenges of the energy transition, which is 
necessary to combat climate change and ensure the sustainability of the way we live, 
the CEA has opted for an approach that incorporates not just the scientific aspects 
but also the technical, economic, societal and political aspects when structuring 
its research.

Target: to become carbon neutral by 2050. For this major transition to be success-
ful, an energy system must be built today which is not only as energy‑efficient as 
possible but also provides everyone with all the benefits they need day‑to‑day ‑ 
in terms of lighting, heating, transport, etc. - under the best possible conditions. 
This means taking all the system’s component parts into account: production of 
low-carbon energy in order to move away from fossil fuels (oil and coal), operation 
and optimisation of energy networks (storage, control and conversion), distribution 
on various scales (from national to local), limiting energy losses (energy efficiency 
and management of energy consumption) and recycling of materials.

The CEA is one of the only French research organisations that is working simul-
taneously on both types of low-carbon energy that are currently available - nuclear 
and renewable - as well as on cross-cutting topics such as network management, 
energy storage, simulation and even controlling sources and consumption.  It is 
therefore ideally positioned to develop the essential integrated approach to energy 
issues. In 2020, at the request of the French public authorities, and based on an 
internal discussion process carried out to address the major challenges involved 
in the energy transition as effectively as possible, the CEA reorganised its research 
and created the Energy Division (DES) to cover the whole field. 

This initiative addresses two major aims. The first is to help the public authori-
ties and industry (both SMEs/SMIs and large groups) to produce roadmaps for the 
various technologies which will contribute to becoming carbon neutral by 2050 
and, more generally, to assess the relevance of the various energy scenarios. The 
second is to prioritise, from the point of view of science and scientists, a shared, 
cross-cutting approach.

  Research carried 
out at the CEA on 
low-carbon energy is 
supported by strong 
upstream research, 
the development of 
predictive simulation 
tools and a broad 
range of test reactors, 
some of which are 
unique in the world. "
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Research on low-carbon energy at the CEA is organised into thirteen main 
programmes. It is supported by strong upstream research, the development of 
validated predictive simulation tools and a broad range of test reactors, some of 
which are unique in the world. This research focuses on four key areas:

KEY 1
Production of decarbonised energy
with support for current and future nuclear energy (2nd and 3rd generation reactors, 
fuel cycle, 4th generation reactors, SMRs and defence), the development of coupled 
systems (using SMRs other than for power generation, combining nuclear with 
hydrogen or with heat production applications) and photovoltaic solar. The CEA is 
also working on hydrogen production by high temperature electrolysis and thus 
actively contributing to the development of a French hydrogen sector.

KEY  2
Technical operation of the energy system
to increase its effectiveness and efficiency (grid flexibility solutions and energy 
storage methods, smart load management on networks and power conversion 
possibilities). 

KEY 3
Management of available resources
(materials and equipment) considering their entire life cycle (from the processes 
used to manufacture them through to their recycling), and studying methods for 
converting  CO2 into useful energy (circular carbon economy). 

KEY 4
Performance of the overall system
the progress of which is studied by assessing various energy scenarios using a 
combined technical and economic approach.

The results obtained in 2020 and early 2021 and those expected in the coming 
months will consolidate this global research strategy.

13
The number of major 
programmes which 
shape the CEA’s 
research on low-carbon 
energy.



Heterojunction photovoltaic cells: a 
successful transfer!
— Following the finalisation of the transfer of the HET 
technology developed at CEA-Liten to ENEL Green Power 
at the end of 2019, its teams carried out several optimi-
sation campaigns in 2020 with the company, passing the 
25% efficiency mark and achieving annual productivity of 
200 MW at its Catania factory in Sicily (Italy). This is a major 
achievement, as it places the CEA technology on the global 
premium photovoltaic technologies roadmap and heralds 
Europe’s return to the small group of photovoltaic cell pro-
ducers. These technologies will be essential for the success 
of the energy transition in countries faced with significant 
restrictions on land.

HET: Heterojunction technology (HJT) is one of the most efficient 
technologies for photovoltaics. This solution combines two different 
semi-conductor materials, for example one layer of crystalline 
silicon and one of amorphous silicon (whereas homojunction 
technology combines two areas of the same material).
CEA-Liten : One of the institutes in the CEA's Technological Research 
Division. Its role is the creation of solutions to address climate, 
energy and environmental issues.

Hydrogen production is ramping up
— High-temperature electrolysis (HTE) technology, 
developed by the CEA, made significant progress in 
2020. The work focused on two main areas: improving 
the durability of the ceramic cell through a better 
understanding of the degradation mechanisms asso-
ciated with its microstructure, and the production of 
the first new format stack. The new architecture for 
future power stacks (6 times larger than those made 
until now at the CEA) has been validated on interme-
diate stacks, which were made and tested on equip-
ment in CEA-Liten’s pilot unit in Grenoble. These deve-
lopments will be transferred to Genvia (established 
jointly with Schlumberger in March 2021) which will be 
responsible for the industrialisation of the technology.

CEA-Liten: One of the institutes in the CEA's Technological 
Research Division. Its role is the creation of solutions to 
address climate, energy and environmental issues.

Fuel cells are counting on TRUST  
— The numerical modelling and simulation of PEMFCs was developed over 15 years ago 
at CEA-Liten, on microscopic scales (electrode, porous media theory) and on a cellular 
scale. Objective: to obtain reference simulation results without compromising on the 
complex geometry of this technology or on the physical accuracy of the phenomena that 
are present. PEMFCs are highly multi‑physics and multi‑scale and a reference simulation 
for this technology requires the power of high performance computing (HPC). Hence the 
use of the Energy Division’s CFD TRUST platform, which was initially developed for nuclear 
applications, in order to make use of both its HPC capacity and its open‑source aspect. 
A crucial step was taken at the end of 2020, with the first coupled, parallel thermal simu-
lation to reproduce, on a small-scale model, the release of heat caused by the cell during 
its operation. 
This result provides the essential building blocks for more complex modelling, due in 
2021, which will incorporate all the physics of the cell’s core and the gas and thermal 
mechanisms, which are at work in its structural support (bipolar plate). 

 DECARBONISED ENERGY

 DECARBONISED ENERGY

 SIMULATION

PEMFC: Acronym for Proton 
Exchange Membrane Fuel Cell

CEA-Liten: One of the institutes 
in the CEA's Technological 
Research Division. Its role is 
the creation of solutions to 
address climate, energy and 
environmental issues.
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Focus on the batteries of the future!
Three questions for Séverine Jouanneau, Head of the Department of Electricity and Hydrogen for 
Transport (DEHT) at CEA-Liten.

What part does CEA-Liten play in supporting the battery sector?
Séverine Jouanneau : CEA-Liten is part of a European initiative to support the battery sector, with an R&D support 
role for industry across the entire value chain. We are working in particular on improving materials for electrodes, 
manufacturing processes, electrolytes and chemistries, right through to the implementation of the technologies 
developed and their assessment on prototype cells. On the materials side, we are seeking, for example, to improve 
the lamellar components of positive electrodes in order to reduce the amount of cobalt used, and thus reduce 
their environmental impact. In all cases, it is a matter of detailed characterisation of the phenomena occurring 
at the interfaces in order to optimise them, which is crucial for improving performance.

What significant results were achieved in 2020? 
S. J. : In 2020, we successfully produced and implemented the first electrodes by extrusion rather than by coating! 
This process does away with the use of solvents that are toxic and difficult to reprocess. We have succeeded in 
getting as far as making the first cells, and the performance tests suggest results that match our expectations. 
On the materials side, we have identified several potential areas of work for developing hybrid or even solid 
electrolytes. These will enable us to design much safer and much more compact cells than is currently possible 
with current liquid electrolytes. Finally, in the field of electrodes, we have improved the performance of the 
existing materials and selected those which will be used in the first 3rd generation lithium-ion batteries which 
will be produced in French factories in 2023-2024.

What are the challenges ahead? 
S. J. : Since the 3rd generation is just about ready, we are going to focus our efforts on the next generations. We 
have already identified potential electrolytes for the 4th generation: we now have to select and implement that 
or those which will enable us to reach the industrial performance levels we are looking to achieve. There are still 
a few obstacles to overcome, such as managing the interfaces in a “totally solid” battery, to maintain good ion 
and electron conduction.
One of the things we are working on for future generations is innovative technologies such as lithium-sulphur 
chemistry, which will enable us to reach a new level in terms of performance. This research, and future develop-
ments, will be guided by the environmental impacts of the life cycle and the recycling of these products. This 
will apply when the components and processes are chosen, or even at the design stage.

CEA-Liten: One of the institutes in the CEA's Technological Research Division. Its role is the creation of solutions to address 
climate, energy and environmental issues.
Enduction: Surface treatment consisting of applying a coating, which is generally liquid, to a substrate (paper, textile, plastic 
film, metal, etc.), followed by drying and, if required, cross‑linking (chemical or physical formation of one or more three‑
dimensional matrices). 
3rd generation: 3rd generation lithium‑ion batteries (and the next generations) have better performance levels than the first 
and second generations which are currently on the market, particularly in terms of energy storage.

 OPERATION OF THE ENERGY SYSTEM
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First view of the core of an 
SMR using APOLLO3®
— In 2020, the CEA carried out the first 
neutron characterisation for the core 
of NUWARD, the French SMR project, 
using the APOLLO3® code. APOLLO3® 
is a new generation computer code 
and a major update of APOLLO2 and 
CRONOS2 that were developed by the 
CEA over 40 years ago for modelling 
the physical phenomena which occur 
between the fuel and the neutron flux. 
APOLLO3® is a multi‑scale and “mul-
ti-technology” code as it is suitable for 
various types of reactor (pressurised 
water reactors, research reactors and 
fast reactors). It is used to simulate, 
even more accurately than its pre-
decessors, the self‑sustained fission 
reaction: birth of the neutrons (fis-
sion), movements of the neutrons and 
interactions with all the materials in 
the reactor, and disappearance of the 
neutrons (absorption). Its use in the 
context of the NUWARD project will 
enable innovative, complex modelling 
to be carried out which is particularly 
well-suited to new reactor concepts 
like SMRs.

SMR: Acronym for Small Modular Reactor

The NUWARD project
The aim of the NUWARD project, which is led by EDF in partnership 
with the CEA and supported by Naval Group and TechnicAtome, is 
to develop a PWR‑based small modular reactor by 2030. This will 
enable the French nuclear industry to offer power plants in the 

300 to 400 MWe range on the export market, to replace fossil fuel 
thermal power plants. In this project, the CEA is responsible for 
the reactor core neutronic design studies and validation of the 

neutron and thermal-hydraulic computing tools. It is also involved 
in thermal-hydraulic studies and testing.

VINON-LOCA is testing its first fuel rods 
— An initial test on an irradiated fuel rod has been carried out in the new 
VINON‑LOCA device at the CEA’s STAR facility at its Cadarache site. This 
test marks an important step forward, as it confirms the continuation of a 
research programme to study fuel behaviour in LOCA accident conditions, 
in particular fuel fragmentation or relocation mechanisms. 

It consisted of subjecting a segment of irradiated UO2 fuel rod to a thermal 
transient representing the first phase of a LOCA (transient of 5°C/s up to 
1000°C). After thermal qualification on a dummy rod in early 2019, this first 
test on a refabricated mini-rod was used to check that the pressurisation 
system, the heating system and the associated instrumentation (online 
monitoring of the pressure and composition of the fission gases, metrology 
and gamma spectrometry bench) were operating correctly. This decisive 
step qualifies the VINON‑LOCA facility, the design of which was started in 
early 2016 with the aim of carrying out highly instrumented LOCA tests for 
online observation of the fuel fragmentation or relocation phenomena, 
which have a major influence on meeting the safety criteria concerning the 
cladding temperature. The result obtained is in line with the predictions 
of the Alcyone rod thermomechanical code used for numerical simula-
tion of the experiment. The next step is the commissioning of improved 
instrumentation incorporating a gamma camera for online monitoring of 
fuel relocation.

LOCA: Acronym for Loss-Of-Coolant Accident

 SIMULATION

 FUEL
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Accident resistant mini-rods ready 
for irradiation 
— To give fuel cladding better resistance to acci-
dent scenarios, it can be made of ceramic mate-
rials rather metal, in particular silicon carbide 
based composites (SiCF/SiC). The target in 2020 
was to make mini ATF rods, the strength of which 
could be tested experimentally. This target was 
met with success! 
Although the Energy Division’s (DES) teams are 
experienced in the fabrication of nuclear quality 
SiCf/SiC composite tubes, introducing the concept 
of a rod that is viable in PWR operating conditions 
would involve overcoming several obstacles, 
the most difficult of which include the leaktight 
closure of the tube and protection against the 
hydrothermal recession of the SiC. This technical 
challenge has involved highly cross-disciplinary 
work, making use of the expertise of the DES 
and the Technological Research Division (DRT) to 
create composite objects (tubes and plugs), pro-
vide design support, carry out surface treatment 
and provide the brazing technology for leaktight 
closure. 

ATF: Acronym for Accident-tolerant Fuel
PWR: Acronym for Pressurised Water Reactor. PWRs are the 
most commonly used type of nuclear reactor in the world.

The JHR project passes a major new 
milestone
— Following the implementation of the measures for more 
stringent project control required by the French government 
in mid-2019, the organisation of the JHR project was restruc-
tured in 2020 and integrated in the technical platform at the 
CEA’s Cadarache worksite. The construction and installation 
of the JHR’s mechanical components continued successfully 
during the year, in full compliance with the safety rules and 
those imposed by the pandemic.
In November, one of the project’s major milestones was 
passed with the delivery of the reactor core vessel and its 
installation in the reactor cavity. This operation involved 
twenty people and took ten days. This mechanical part is one 
of the main components of the JHR’s primary system as it will 
eventually contain its core with 37 fuel assemblies for which 
it will provide constant cooling.
This mechanical component meets stringent safety requi-
rements as it is classified as nuclear pressure equipment. 
Its detailed design required six years of engineering, led by 
TechnicAtome, and factory fabrication and tests.
The successful installation of this equipment means that the 
JHR project can continue its progress with the mechanical 
integration of other components of the primary system, in 
line with the project’s new 2021-2023 roadmap. 

JHR: Acronym for the Jules Horowitz reactor. The successor of the Osi-
ris research reactor, which is now shut down at the CEA’s Saclay site, 
the JHR is designed to be an experimental tool capable of observing 
and helping to understand the behaviour of materials in extreme 
nuclear environments. It will also be used to supply nuclear medicine 
with the short-lived radioelements used by medical imaging services 
for diagnostic purposes.

 FUEL  RESEARCH REACTORS
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Digital transformation 

With cutting-edge expertise in electronics, robotics and cybersecurity 
and unique capabilities for designing, building and managing innovative 

technology platforms, the CEA is a leader in the field of digital transformation. 
Its work is carried out within the 

Fundamental Research division (DRF)  
and the Technological Research division (DRT).

We live in a time when the role of smart systems and objects is growing (for mobility, 
energy, manufacturing, communications, etc.) and data volumes are increasing (both 
from industry and the academic world) - even more so during the pandemic. The CEA 
intends to contribute to the digital transformation in a way that maintains France’s 
strategic, economic and sovereignty interests, addresses society’s concerns and meets 
the needs of science and industry.

The industrial revolution of the nineteenth century changed society profoundly. The 
digital transformation, and the resulting changes in habits, has been radically changing 
our society since the early 2000s. This transformation speeded up during the pandemic 
and the various lockdowns, when there was massive use of digital technologies, and 
this is destined to become permanent. Some aspects of this, such as the accessibility 
of networks and equipment, energy consumption and environmental impact associated 
with digital practices, and more generally system vulnerability, have become major 
issues. High-power digital technology (high performance computing, processing big 
data) has been an essential “tool” for an increasing number of the CEA’s programmes 
for many years.

In its mission to provide technological support for industrial innovation, the CEA has a 
unique range of expertise to address the various issues involved in this transforma-
tion. Underpinned by outstanding fundamental research and innovative technology 
platforms, together with a strong entrepreneurial and industrial culture, its work, 
carried out by over 3000 employees, covers the entire digital value chain: from the 
design of the most advanced components, including nanometre scale components, 
right through to the development of global digital solutions (hardware and software) 
incorporating a cybersecurity approach. To increase its ability to meet society’s requi-
rements ever more efficiently, the CEA launched a foresight exercise across its activities 
in March 2020, which involved over 200 experts from all its operational divisions. Its 
conclusions are expected in 2021.

The work of the CEA’s teams, mainly at the Technological Research Division and the 
Fundamental Research Division, concerns both R&D on digital technologies (both 
hardware and software) and more fundamental upstream research. Three main topics 
are covered: microelectronics (hardware), digital systems (software) and cybersecu-
rity to ensure the integrity and protection of both components and systems. 

  The CEA has 
a unique range of  
expertise to address 
the various issues 
involved in the digital 
transformation."
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Microelectronics
In microelectronics, a field in which the 
CEA has been involved from the outset 
via its research on the atom, work is 
being carried out on the design of inte-
grated circuits and devices (connected 
objects, imaging devices, etc.). Work in 
this field also covers the nanosciences 
and quantum engineering, focusing 
on two main areas: nano-physics with 
the aim of controlling and manipula-
ting quantum phenomena to obtain 
new functional properties, and the 
synthesis, modelling and characteri-
sation of nanomaterials, nano-objects 
and nanodevices. The expertise of the 
CEA’s teams in quantum technologies 
has led to the organisation being one 
of the joint leaders, together with the 
CNRS, Inria, and the Universities, of the 
French government’s plan focusing on 
these technologies.

Digital system
The CEA is investigating several areas 
in digital systems: artificial intelligence 
technologies; cyber‑physical systems, 
designed as computer networks with 
physical inputs and outputs (instead of 
standalone devices); tools and enginee-
ring for the design and validation of 
digital systems, for example with the 
Papyrus platform (used for “step by 
step” modelling of the information sys-
tem to be developed) and the Frama-C 
platform (programme analysis and tes-
ting); digital instrumentation for which 
the CEA is a world leader in the field of 
non-destructive testing with its CIVA 
simulation software.

With the increasing development of digital technology, cybersecurity has become a 
major issue for governments and economic stakeholders. It is a fast-growing sector 
with several competing French industrial companies. The CEA has to deal with issues 
specific to cybersecurity both as the operator of its own information systems (IS) and 
as an operator of industrial control systems (ICS). It therefore carries out both opera-
tional activities and R&D activities. This is particularly the case in the areas of energy 
generation and management, as well as overall security. In this field, this involves 
meeting its own needs and those of the French Defence Procurement Agency (DGA) and 
the French defence industry (Thalès, MBDA, Naval Group, etc.), and also developing the 
technologies (software and hardware) for the future trusted solutions required by 
industrial companies seeking to ensure their products, systems and services are secure. 
It is this expertise that led the public authorities, in February 2021, to task the CEA, 
together with the CNRS and Inria, with the leadership of the “Cybersecurity” priority 
research programme, which is part of the French economic recovery plan.

The CEA is also involved in the digital transformation through its long-established 
expertise in the area of high performance computing (HPC), in particular under the 
impetus of the “Simulation programme” led by its Military Applications Division, and 
by the exponential requirements of projects and research tools for data generation 
and processing. The CEA has one of the largest scientific computing complexes in Europe 
at its Bruyères-le-Châtel site. It provides services for defence, industry and academic 
research. The CEA also leads or is involved in a number of major digital research 
infrastructures, in particular in the field of health with France Génomique, CATI and 
N4HCloud. 

High‑power digital technology now plays a central role in a great many fields. Digital 
simulation and HPC have been massively used for many years, for example in climato-
logy to gain a better understanding of meteorological phenomena or to assess natural 
hazards; in chemistry and biology to investigate the mechanisms of living things; in 
materials physics to qualify new concepts and check their robustness; in the field of 
energy to design future facilities or make the maintenance and safety of current faci-
lities easier. The use of data is therefore crucial in the understanding and analysis of 
physical, chemical and biological phenomena. However, obtaining reliable, robust 

3,000
The number of 
employees working 
in the field of digital 
transformation within 
the CEA.



“Quantum supremacy” on a laptop 
computer?
— A researcher and his partners at the Irig have demonstrated 
that a real (and therefore imperfect) quantum computer is several 
billion times easier to simulate than a perfect quantum compu-
ter! In 2019, Google announced that its own device had achieved 
quantum supremacy, having taken just a few minutes to com-
plete a task that would take the most powerful supercomputers 
around 10,000 years. The researchers have shown that simulating 
a quantum computer on a laptop gives results similar to those 
from the Google experiment, at least for some tasks - and with an 
algorithm that is a few billion times faster than Google’s. These 
results suggest that current quantum computers only have a tiny 
fraction of the computing power that a perfect quantum compu-
ter would have. It would be pointless to increase the number of 
qubits to try to reach this level of power - it would be better to 
improve their fidelity. This is, however, an extremely difficult task 
for which there is no systematic method.

Irig: Interdisciplinary Research Institute of Grenoble (CEA/Grenoble-Alpes 
University)
Qubit: Quantum analogue of a bit, the most simple information storage 
unit

Adding noise to 
ensure totally secure 
communications
— How can you protect the confidentiality of 
communications if you cannot totally trust the 
devices used to communicate? Researchers 
at the IPhT, the University of Basel and ETH 
Zurich University have provided some answers 
to this question, which lies at the heart of 
quantum cryptography research. Although 
existing protocols use encryption methods 
based on keys produced using quantum 
principles, they cannot detect interception 
by a third party. Researchers have therefore 
deliberately added noise to the information 
on the encryption key so that, even if there is 
an undetected intrusion, a “spy” receives so 
little real information about the encryption 
key that the security of the protocol remains 
guaranteed.

> For more information

IPhT: Institute of Theoretical Physics, Saclay (CEA/
CNRS)

 QUANTUM TECHNOLOGIES
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results requires high quality big data to be available. Here too, the CEA is in a special position, as it has 
recognised expertise in the production and management of such data: observational, spatial, environmen-
tal, health and fundamental physics data, as well as results of digital simulations, etc. 

This expertise also covers the reconstruction of information on fragmented data, or even more importantly, 
by correlating and integrating heterogeneous data. This is essential for medicine: it will be possible to 
develop personalised diagnostics and treatments through the cross-analysis of numerous sources of health 
data (genomic, clinical, imaging, etc.), rendering it coherent and ready for interpretation. This approach 
relies on having multidisciplinary teams, involving R&D engineers and data scientists, and platforms focus-
sing on both industrial innovation and exploratory research (quantum solutions, ultimate electronics).

With this wealth of expertise in all the operational divisions, in 2020 the CEA, with its German partner For-
schungzentrum Jülich (FZJ), initiated the creation of a virtual Franco-German laboratory, AIDAS (AI – Data 
Analytics – Scalable Simulation), working in the field of high‑power digital technology. Its aim is to conso-
lidate the partnerships on these topics and establish itself as a major European-scale player.
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https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/quantique--ajouter-du--bruit--pour-securiser-completement-la-communication.aspx
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Preprocessing MRI images
— Researchers at CEA-Joliot have developed an algorithm for pre-processing raw images of the brain obtained using fMRI 
in primates. The aim is to help to harmonise the methods used in different laboratories, improve the procedures, make it 
easier to compare and interpret images and limit the use of animals for scientific purposes.
To assess the robustness of their module, named Pypreclin, the researchers pre‑processed the fMRI data acquired at 3 teslas 
under various conditions and compared their results with those obtained using an existing pre-processing method. They 
also used Pypreclin on fMRI images obtained in other laboratories in the PRIME-DE consortium with other image acquisition 
protocols.
Their results show that Pypreclin is a robust image pre‑processing tool that is suitable for various fMRI experimental and 
technical situations. The tool even manages to deal with the metal artefact of deep brain stimulation implants, paving the 
way for its transposition to the world of clinical imaging, for example for patients with Parkinson’s disease. 
>For more information

CEA-Joliot: CEA Frédéric Joliot Institute
fMRI: Functional magnetic resonance imaging used to study brain function
PRIME-DE: International database of non‑human primate brain imaging which is open to the entire scientific community
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SamurAI is making artificial intelligence 
accessible
— Artificial intelligence (AI) and low consumption are not neces-
sarily incompatible! The proof of this is the SamurAI system, 
developed by the CEA, in which these two previously incom-
patible concepts go hand in hand for the first time. The system 
is based on an architecture which combines high‑energy effi-
ciency AI accelerators and low consumption versatile IoT nodes. 
An idle mode mechanism saves energy, but remains “vigilant” 
and immediately activates the computing part when complex 
processing is needed. 
The versatility of SamurAI means that its computing perfor-
mance is up to four times faster, 3.5 times more energy efficient 
and uses half the power of similar IoT nodes. It has been suc-
cessfully tested on a people counting and scene classification 
scenario, and keyword recognition in natural language.

IoT: Internet of Things. Term used for all connected physical things that 
have their own digital identity and can communicate with one another.

Aledia is enjoying a great deal of 
success
— The 3D nanowire microLED technology developed 
by Aledia is destined to replace today’s liquid crystal 
and OLED display technology for all types of products, 
whether they are laptops, tablets, smartphones, aug-
mented‑reality glasses or even televisions. Protected 
by 197 patents, this technology will enable the pro-
duction of high‑definition, energy‑efficient displays 
that are 1000 times brighter than existing displays and 
provide better image quality.
This start-up, which is a CEA spin-off, has also success-
fully produced the first microLED chips on 300 mm sili-
con wafers. It will be possible to make 60 to 100 smart-
phone displays on a single 300 mm wafer, as against 
four to six on the sapphire substrate currently used 
by the LED industry.

OLED: Organic Light-Emitting Diode. Electronic component 
that emits light. It is made of several superimposed layers of 
organic (crystal or polymer) semiconductors. OLED is derived 
from LED*.
LED: Light‑Emitting Diode. Device that emits light when an 
electric current passes through it. It is in particular used in flat 
screens.

 THE INTERNET OF THINGS

 DISPLAYS

https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/quantique--ajouter-du--bruit--pour-securiser-completement-la-communication.aspx
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First “all-electron” GW calculation on a thousand atoms
— Researchers at the Irig and the Néel Institute have developed a series of 
theoretical innovations that pave the way for the simulation of very large quantum 
systems – around a thousand atoms – in a complex electrostatic environment, such 
as that of an organic photovoltaic cell or light-emitting diode.

Together with other methods introduced by the researchers, these new 
developments have been implemented in the “beDeft” massively parallel computing 
code. They are currently the subject of a major challenge on the “AMD Rome” 
extension of the Irène supercomputer at the CEA’s Very Large Computing Centre 
(TGCC) at Bruyères‑le‑Châtel, with a view to demonstrating the first “all‑electron” 
GW calculation on a system of a thousand atoms.

Irig: Interdisciplinary Research Institute of Grenoble (CEA/Grenoble‑Alpes University)
Néel Institute: Laboratory carrying out research in condensed matter physics (CNRS)
GW: Many-body perturbation theory, also called GW theory, used to calculate the electronic 
properties of organic materials

 THEORY

Traffic in the Paris metro will soon run more smoothly
— Delays and line outages on the Paris metro can now be prevented using artificial 
intelligence! Each line has several thousand devices sending all types of data to 
the control room. This data is analysed by a supervision system that controls the 
whole network. Software tools designed by CEA-List can characterise the status 
of the system and predict any changes. By identifying situations that may lead to 
breakdowns, operators can take action as early as possible. 
The initial results show that these tools detect 90% of the breakdowns recorded 
by the Paris public transport system, between two hours and just a few minutes 
before they happen. The rate of false alarms is four times lower, due to the improved 
triggering thresholds in 99% of cases.

CEA-List: One of the institutes in the Technological Research Division. It focuses on smart 
digital systems.

 TRANSPORT

Protect your 
personal data!
— As you probably know, the 
photos you post on social 
networks may cause you pro-
blems at some point in your life. 
With the support of the MAIF 
foundation, the CEA has deve-
loped Your Data Stay Yours 
(YDSYO), a mobile app to raise 
users’ awareness of the effects 
of sharing personal data. Based 
on image recognition and deep 
learning using neural networks, 
YDSYO simulates, for each 
photo posted, their potential 
impact in key situations such as 
looking for a bank loan, a house 
or a job. The app gives an impact 
score that is calculated based 
on notes made by volunteers via 
free crowdsourcing.

 SOCIAL NETWORKS



Understanding the “dark” universe and the formation of primordial galaxies
—  The Extreme-Horizon collaboration, which involves teams from the CEA’s Fundamental Research Division (Irfu) and Military 
Applications Division, has produced a completely new simulation of the evolution of cosmic structures (galaxies, stars and 
supermassive black holes), from a few moments after the Big Bang right up to the present day. It describes the intergalactic 
regions, which represent 90% of the volume of the universe, at an unprecedented resolution. This simulation was able to 
refine the cosmological parameters used to explore the large structures of the distant universe, and to describe the pro-
cesses involved in the formation of ultra-compact massive galaxies when the universe was only 2 to 3 billion years old. The 
simulation was run on the Joliot-Curie supercomputer, at the CEA’s Very Large Computing Centre (TGCC).

> For more information:

Irfu: CEA Institute of research into the fundamental laws of the universe

 HIGH-PERFORMANCE COMPUTING

CEA - 2020 ANNUAL REPORT

28

SUMMARY > WWW.CEA.FR
—

 D
IG

IT
AL

 T
RA

N
SF

O
RM

AT
IO

N 
—

 K
EY

 E
VE

NT
S 

20
20

 —
 

Simulating the behaviour of nuclei
— Theoreticians at CEA-Irfu and the CEA’s Military Appli-
cations Division have developed an artificial intelli-
gence that can predict the properties of more than 1800 
atomic nuclei using an algorithm trained on just 210 
nuclei. The accuracy achieved is comparable to that of 
the state of the art, with a computation time reduced by 
a factor of ten to a factor of a thousand. It uses a com-
pletely new approach: the algorithm does not learn one 
observable but several “intermediate” measurements 
calculated by EDF, such as the response of the nuclei to 
deformations or vibrations. In addition, as the training 
is limited to 10% of the nuclei, the neural network itself 
determines (by “active learning”) which nuclei provide 
it with most information to make its predictions. This 
approach is already being used by a Franco-Belgian 
collaboration for studying primordial nucleosynthesis, 
as well as being used to develop new, more complex EDF 
interactions. It has also become possible to use neural 
networks for nuclear dynamic calculations, including 
fission.
CEA-Irfu: CEA Institute of research into the fundamental laws of the 
universe
EDF: Energy density functionals, used to calculate the properties 
of an atom’s nuclei. They describe the interactions between neu-
trons and protons (which make up the nucleus) as a function of the 
energy density of the system.

miRViz: open-access analysis of microRNAs
— Researchers at the Irig have built miRViz, an open-access 
website using the power of networks to visually analyse data 
from microRNAs, which are small RNAs (2500 in humans) 
that do not code for any proteins but are major regulators 
of gene expression. Experimental measurements of their 
level of expression and their functional role generate large 
amounts of data that are difficult to analyse in the absence 
of any dedicated bioinformatics tools. Using miRViz, the 
researchers obtained public data on patients with adreno-
cortical carcinoma and analysed it from new perspective. 
They visually retrieved the results that were initially publi-
shed, without needing any programming expertise. They 
also demonstrated, for the first time, that the expression of  
miR‑29, a microRNA expressed in these tumours, is a favou-
rable prognostic marker for survival.
Irig: Interdisciplinary Research Institute of Grenoble (CEA/Grenoble 
Alpes University)
RNA: Ribonucleic acid, particularly used by cells as an intermediate 
medium for genes to synthesise the proteins they need.
Adrenocortical carcinoma: Cancer that develops from the cortex of 
the adrenal gland, which is located above the kidneys. The adrenal 
glands play an important role in regulating the metabolism of ions 
and salts and in producing androgens.

 NEURAL NETWORKS DATA ANALYSIS

https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/grand-challenge-extreme-horizon-comprendre-lunivers--noir--et-la-formation-de-galaxies-primordiales.aspx
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Health technologies

The CEA is currently a major player in France in the design and 
integration of innovative technologies in the field of health. This 

mission is performed by the Fundamental Research division (DRF) 
and the Technological Research division (DRT).

The CEA has been involved in biological and health research ever since its creation. 
Its aim today is to capitalise on all the expertise it has developed over the years to 
contribute to the emergence of the medicine of the future, in close association with 
clinical research partner organisations. Based on cutting-edge fundamental research, 
it devises and develops smart medical technologies to provide new generations of the-
rapies and move current medicine towards more predictive, personalised, preventive 
medicine where the patient plays an essential role in the care pathway.

The CEA’s research in the field of health originated in the study of the impact of ionising 
radiation on living beings and the use of radioactive elements as tracers to understand 
biological phenomena. Today these tracers are a valuable tool in the CEA’s fundamental 
and applied research. They also form the basis of a great deal of work carried out in 
the health technologies field, which also makes use of knowledge acquired in the wide 
variety of other fields which the CEA addresses, including biology, chemistry, physics, 
microelectronics, robotics, computing, software and cybersecurity. 

Research carried out at the CEA is helping to develop a “new” approach to medicine, 
which will incorporate the whole value chain and those associated with it (research, 
innovation and care) for people and public health in general.

In association with the leading players in the academic, hospital and industrial sectors 
and in the context of preclinical and clinical research, the CEA is developing techno-
logies, most of which can be used together, to investigate living things and devise 
innovative strategies for precision medicine (diagnostics, monitoring, prevention and 
therapy). The multiplicity of the expertise of its teams and its capacity to design and 
operate open and often unique technology platforms are embodied in the form of 
several national biology and health infrastructures (INBS) and digital infrastructures 
(France Life Imaging, France Génomique, IDMIT, NeuraTRIS, N4HCloud), which are either 
led by the CEA or in which it is a partner. This investment and its ambitious policy to 
transfer its expertise to industry make the CEA a leading player in the health field. 

All the technologies on which the medicine of the future is based require considerable 
interdisciplinarity between biologists, physicians, physicists, chemists, mathematicians 
and computer scientists. These technologies are divided into four main areas at the 
CEA: medical imaging and the development of the associated tools; primary prevention 
and diagnostic tools; therapeutic innovations and the associated technologies; and 
large-scale analysis.

2024
The year the PASREL 
project will be 
implemented 

 Research carried 
out at the CEA is 
helping to develop a 
“new” medicine for 
people and public 
health in general.”
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Medical imaging and the associated tools
The CEA’s current biomedical imaging strategy focuses 
on breakthrough innovations and its ability to be a 
technology integrator. It is in particular involved in ultra-
high field MRI and new radiopharmaceuticals, multimodal 
and multi-scale imaging, signal processing and image 
analysis, and data processing using artificial intelligence 
methods. This research combines various CEA teams 
working in the life sciences field, and also those working 
in instrumentation (superconducting magnets, gamma 
and X‑ray detection systems, transcranial ultrasound 
scanning, etc.).

Primary prevention and diagnostic tools
The CEA is actively involved in the design of medical 
devices. 
The main priorities of the research carried out on in 
vitro diagnostic medical devices are to improve patient/
sensor interfaces to ensure high quality measurements 
(biocompatibility, conformability, resorbability, etc.); to 
define the biomarkers that have translational relevance; 
to develop sensors and the associated processing 
algorithms, as well as rapid point of care diagnostic tests, 
based on antibody engineering, for example to detect 
infectious agents or to measure antibiotic resistance. 
These technologies facilitate access to care and offer 
useful solutions for minimally invasive or outpatient 
medicine, patient monitoring and prevention. They also 
have applications in the fields of sport and well‑being. 
Another area in which the CEA is involved is that of 
devices with biological components, organ-on-a-chip 
devices and organoids, which could act as “biological 
companions” with three main applications: studying 
fundamental mechanisms and physiopathological 
processes, supporting pharmacological screening (to 
find new drugs) and helping to choose personalised 
therapies. Organoids also offer the potential, in the long 
term, of partially or temporarily restoring an impaired 
physiological function while awaiting an organ transplant 
(regenerative medicine). A prototype “pancreas-on-
a-chip” is currently being developed in Grenoble, in 
association with the Grenoble‑Alpes University hospital.

Therapeutic innovations and associated 
technologies 
The CEA is seeking to develop innovative physical, 
chemical and biological therapies (gene therapy, gene 
transfer, stem cells) and is working on issues associated 
with their delivery. Radiotherapy can therefore be 
considered to be a precise technique in the treatment 
of cancer as dose delivery is controlled locally and 
adjusted to individual sensitivity. Gene and cell therapies 
have in important role in the therapeutic arsenal of the 
medicine of the future. They represent a great hope for 
personalised treatment for patients who have reached a 
therapeutic impasse.

Large-scale analysis
The CEA is actively involved in three initiatives in the field 
of digital health solutions: 

• The 2025 French genomic medicine initiative (Plan 
France Médecine Génomique 2025), which involves 
setting up twelve diagnostic sequencing platforms. 
This is supported by a centre of reference (CRefIX), and 
the creation of a national infrastructure for collecting 
genomic data across France both for the care pathway 
and the accelerated development of digital clinical 
research (CAD, Collecteur Analyseur de Données - data 
analyser collector).
•  The rollout of an R&D platform for digital technology 
in health, N4HCloud, accessible to both the academic 
and private research communities, initially based on 
data from the image acquisition and processing centre 
(CATI) and then on other “omics” data (proteomics and 
metabolomics). N4HCloud was set up at the CEA’s Very 
Large Computing Centre (TGCC) at Bruyères-le-Châtel 
and began production in autumn 2020. This platform 
is designed to be the forerunner of the CAD, whose 
research arm will also be located at the TGCC.
• The integration of this data with other data, for 
example from imaging, or more generally with 
phenotype data, which reflects the specific features 
of each individual’s diseases, will drastically reduce 
diagnostic error and improve the effectiveness of 
treatments.

Organ-on-a-chip devices: Miniaturised systems, designed using 
cells fitted with micro‑sensors to reproduce the architecture and 
operation of a human organ, such as the pancreas. 
Organoids: “Mini organs” obtained using stem cells or progenitor 
cells, grown in three dimensions in a hydrogel culture that mimics 
the extracellular matrix.
Proteomics: Study of all the proteins (proteome) of a cell, an 
organelle, a tissue, an organ or an organism, at a given moment 
and under given conditions.
Metabolomics: Study of all the primary metabolites (sugars, 
amino acids, fatty acids, etc.) present in a cell, an organ or an 
organism. This is the equivalent of genomics for DNA.
Phenotype: Set of observable characteristics of an organism 
(anatomical, physiological, molecular or behavioural).

The PASREL project
At the interface between various fields 
covered by the CEA, the PASREL (PAris 
Saclay REsearch & hospitaL) project aims 
to integrate technological innovation in 
a hospital environment. This centre for 
innovation and research will be built next 
to the future Paris‑Saclay hospital by 2024. 
Together they will constitute an example of 
a hospital of the future, operating as close 
as possible to its environment (population, 
patients, healthcare staff, research 
communities and industrial companies).



Detecting viruses using mass 
spectrometry
— It will soon be possible to detect viruses that 
are present in very small concentrations in 
the air in hospitals, offices, aircraft and other 
public places, thanks to the optomechanical 
resonator developed by teams at the Irig and 
CEA-Leti. This device is more sensitive, faster 
and more versatile than any detection devices 
available on the market. It detects, in record 
time, the presence of particles previously 
barely detectable by mass spectrometry. 
Its nano-plate is used to work out the mass 
and nature of a particle on its surface, by the 
variation of its resonance frequency. Its large 
surface not only quickly senses the particles 
present in a sample, but also detects non-
spherical particles, which are characteristic of 
certain viruses (Ebola, rabies, etc.).

Irig: Interdisciplinary Research Institute of Grenoble 
(CEA/Grenoble‑Alpes University)
CEA-Leti: One of the institutes in the Technological 
Research Division. It focuses on micro and nano-
technologies.

Physiopathology of COVID and therapies
— In February 2020, using equipment and expertise developed at IDMIT, the CEA 
initiated an in vivo study on the effects of hydroxychloroquine (HCQ) as a prophylactic 
treatment for SARS‑CoV‑2. The study demonstrated the inefficacy of HCQ. Various 
treatment strategies were tested for prevention, immediately after infection, and 
on appearance of symptoms after five days, with or without azithromycin, and at 
varying doses. This preclinical study helped to gain a better understanding of the 
physiopathological mechanisms of the SARS-CoV-2 virus and to obtain accurate 
information on the biodistribution of the HCQ molecule in the body. This preclinical 
study was carried out under the aegis of the REACTing multidisciplinary consortium. 

IDMIT: Diseases Models for Innovative Therapies

Diagnosing Covid-19
— You can now find out in just a few minutes whether or not you have 
SARS-CoV-2. The CEA’s start-up Avalun sells connected in vitro point 
of care medical diagnostic devices. Its latest “lab on a chip”, the 
LabPad® Evolution for healthcare professionals, is used for SARS‑
CoV-2 antigen tests on nasopharyngeal samples.
A negative viral antigen result takes twenty minutes, while a positive 
test result takes just a few minutes for patients with a high viral 
load. Its sensitivity is close to that of RT-PCR tests, the reference 
laboratory technique. The LabPad® Evolution automatically reads 
the results and sends the information to the secure platforms for 
consolidation of data on the pandemic.

In addition, in late March 2020, together with industrial and hospital 
partners, the CEA was involved in the production of biological 
reagents with the aim of developing two COVID‑19 rapid diagnostic 
tests: a serological test and an antigen detection test for detecting 
the virus in nasopharyngeal and/or saliva samples. This work 
was carried out in the context of a partnership with AP‑HP (Paris 
university hospital trust) and the company NG Biotech. The aim is 
to create a French supply chain for biological reagents (antibodies) 
used in tests.

RT-PCR: Reverse Transcription ‑ Polymerase Chain Reaction. Gene detection 
using molecular biology.

 VIROLOGY

 VIROLOGY

 VIROLOGY
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Point-of-care
— Miniaturised, inexpensive and giving an immediate 
result, lens free imaging devices will bring medical 
analysis right to the patient’s bedside. A demonstrator 
developed by the CEA was presented at the Consumer 
Electronics Show (CES) in Las Vegas (United States) in 
January 2020. 
The principle is simple: a near-infrared light emitted 
by an LED is diffracted by the biological object being 
analysed and produces a holographic pattern that is 
captured by a CMOS image sensor. Holographic recons-
truction algorithms then recreate the image of the 
object on a display. Artificial intelligence processing 
software can then detect, analyse and even classify 
the biological objects that are observed by tracking 
metrics of interest. These operations are automated 
and do not depend on an operator. 

LED: Light‑Emitting Diode. Device that emits light when an 
electric current passes through it. It is in particular used in flat 
screens.
CMOS: Complementary Metal Oxide Semiconductor. Technology 
for manufacturing electronic components, which, by extension 
is also the name of these components.

Analysing microbiota
— The increasingly easy study of microbial ecosystems, known as microbiota, is 
offering new prospects for applications, in fields as varied as agriculture and human 
health, or even the fight against bioterrorism, the detection of emerging pathogens, 
and the characterisation of their reservoirs.
In this context, researchers at CEA-Joliot have developed a mathematical method 
called “phylopeptidomics” to identify the organisms that make up microbiota and 
analyse them. It consists of predicting, for each living organism, the number of 
peptides common to all the organisms present in the database and considering 
that the whole signal obtained by mass spectrometry for a microbiota is in fact a 
combination of the signatures of all the organisms that make it up.

CEA-Joliot: CEA Frédéric Joliot Institute
Peptide: Set of amino acids (of which there is a very wide variety) that are linked together.

Accelerating the transition from 
preclinical to clinical research
— With their wealth of respective expertise in the fields 
of bioinformatics, genomics, artificial intelligence and 
cutting-edge imaging technologies, Life & Soft and the 
CEA have come together to develop an unprecedented 
range of services to meet the needs of personalised 
care, based on innovative cross-analysis. The aim is to 
offer analyses that combine imaging data generated 
by the cutting-edge technologies of the IDMIT depart-
ment at CEA-Jacob and genomic data produced by Life 
& Soft. Within this collaboration, Life & Soft is conti-
nuing its strategy of establishing fundamental research 
partnerships with public bodies, and CEA-Jacob is stren-
gthening its links with diagnostics and genomic research 
in the context of its preclinical and clinical research on 
human infectious diseases. Signed in 2020 for a period of 
three years, this collaboration agreement will accelerate 
the transition from preclinical research to clinical trials, 
in order to improve the patient care pathway.

IDMIT: Infectious Diseases Models for Innovative Therapies
CEA-Jacob: CEA François-Jacob Institute

 MEDICINE

 HEALTH

 COLLABORATION AGREEMENT
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Fundamental research

In support of its other missions, the CEA is also actively involved in the 
fields of biotechnology & health, physical & earth sciences, physics 

and nanoscience. These research activities are managed by the CEA’s 
Fundamental Research Division (DRF).

The CEA is committed to ensuring fundamental research of the highest level in close 
collaboration with the both the French and international scientific academia. It has 
built up a very large bank of knowledge and know-how that is driving progress in 
research and helping the CEA fulfil its missions for the greater benefit of society.

Since its inception, the CEA has been excelling in fundamental research in its core 
fields, i.e. physics, chemistry and biology. The Fundamental Research Division (DRF) 
covers most of the activities in fundamental research. Its teams are behind the 
development of a broad range of world-class tools and knowledge bases. They are 
also called to operate large research facilities at the service of the entire scientific 
community. These scientists and researchers contribute to the scientific and tech-
nical outreach of France. Their results are fed back into other CEA activities, thereby 
ensuring the preservation of skills needed to carry out such activities.

Five areas of expertise 
The CEA covers five key fields in physical and life sciences: 
• Fundamental laws of the universe and the quantum world
The CEA’s fundamental research teams are working on going beyond the Standard 
Model describing three of the four known fundamental forces in the universe. They 
are also actively in a new kind of physics around dark matter and energy and are 
engaged in quantum physics, which continues to develop in all directions, whether 
fundamental or through applications.
• New materials and states of matter 
Reflecting the “design, manufacture and understand” motto, the CEA is investigating 
systems with new properties and conducting research on complex matter and its 
imbalance, as well as turbulence phenomena. 
•  Environment and climate change 
Teams at the CEA are tasked with: i) studying the evolution of natural climate mecha-
nisms - both past and present - to better understand their behaviour, ii) observing 
the physical and chemical conditions of today from the ground and space so as to 
monitor planetary changes and their impact on earth, and iii) simulating environ-
mental and climate changes.
• Life science mechanisms
The CEA characterises living organisms on all the different space and time scales 
using a multidisciplinary approach that integrates biological parameters. This 
approach means that pathological changes associated with cancers and diseases 

 In a two-way 
dynamic which 
involves posing 
questions and then 
providing answers 
to key societal 
issues, the multi-
disciplinary research 
teams with strong 
engineering 
backgrounds at 
the DRF ensure 
continuity between 
fundamental 
discoveries and their 
transition towards 
applications."
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(infectious, immunological and neurodegenerative) can be studied from a closer 
angle, while making it possible to better measure the impact of environmental 
changes on biodiversity.

•  Brain structure and neural coding 
The CEA boasts a unique set of cutting‑edge instruments in this field, ranging from 
the most powerful MRI machine for human imaging in the world to its three-photon 
microscope, not to mention its electric and magnetic sensors, or its data storage, 
processing & analysis methods using artificial intelligence.

Research to support major societal transformations
Based on an interdisciplinary approach that combines science and technology, 
fundamental research at the CEA is called to address some key issues arising due 
to our ever-evolving societies. 

This is why the CEA decided to invest in quantum technologies at the very start of 
the digital economy by first focusing on innovative devices and then rapidly incor-
porating studies on information theory. This long-standing collaboration between 
divisions has enabled the CEA, today, to manage the ‘quantum plan’ jointly with 
the CNRS and Inria, which was presented by the French President in January 2021. 

In the energy sector, the CEA is heavily invested in developing new energy techno-
logies (testing innovative materials, etc.), as well as technologies and processes 
designed to reduce or optimise greenhouse gas emissions (circular carbon economy, 
fuel cells, biofuels, etc.). Its work also covers nuclear physics, nuclear fusion and 
climate change. 
 
The CEA is also dedicated to supporting the health sector; it develops technologies 
to revolutionise the future of medicine, with benefits in the fields of digital health, 
bio-component devices, health care pathways, and the organisation of hospitals 
of the future. 
 
Finally yet importantly, the DRF is called to work on defence issues through the R&D 
interministerial programme called NRBC‑E, as well as being involved in research on 
antibiotic resistance, and on information & communications technologies.

Research founded on cooperation 
Reflecting this question‑and‑response approach to the fundamental issues of 
society, the multi-disciplinary teams at the DRF ensure there is continuity between 
discoveries and applications thanks to their strong engineering background. The 
DRF also maintains close ties with academia (other research organisations through 
mixed-staff teams and partnerships with the main research universities) and inter-
faces with the innovation ecosystem through its exchanges with the industry.

The CEA’s fundamental research programmes do not neglect the importance of 
publishing information, training and building strong research universities. Its role 
also includes acting as an advisor to the public authorities and society in general, 
meeting the demands of the French government, providing support in resolving any 
sovereign issues, and interacting with businesses and the economy in France and 
abroad. Through remarkable progress made in areas that concern us all, such as 
climate change, the Universe, health and the human brain, the DRF is contributing 
to the CEA’s overall level of excellence while driving science forward.

3,700
The annual number 
of publications in 
scientific reviews.



Progressive commissioning of Spiral2
— Throughout 2020, the French large heavy‑ion accelerator (GANIL) 
research centre successfully continued its commissioning of the Spiral2, a 
second-generation online radioactive ion generation system. This facility 
will enhance its range of tools used to investigate the physics of nuclei, 
atoms and condensed matter, as well as astrophysics and radiobiology. In 
late November 2020, the proton beams of the new superconducting linear 
accelerator (Linac) for Spiral2 reached 10% of their maximum power with 
extremely low beam losses. The Neutrons For Sciences (NFS) facility gene-
rated its first neutrons by provoking interactions between Linac protons 
and thin targets made of lithium and beryllium. The first experiments are 
programmed to start in autumn 2021.

> For more information

Focus on the Ganil 
research centre

Commissioned in 1983 in Caen, the 
French large heavy-ion accelerator 

(GANIL) is a major research platform 
jointly run by the CNRS and the CEA 
through an economic interesting 

grouping. The facility is equipped with 
ion sources and cyclotrons used to 

accelerate ion beams, not to mention 
experimental halls with unique test 
devices that have been developed to 

meet the needs of the greater scientific 
community. The research carried 

out at the Ganil has led to some key 
breakthroughs in nuclear physics over 

the years. 

> For more information

 MAJOR RESEARCH FACILITIES

Notre-Dame de Paris fire and its impact on the level of lead pollution in 
the Paris region
— Using the isotopic signatures of lead, the Metal working group (including researchers from the LSCE) on the Notre‑Dame 
de Paris worksite was able to show that the cathedral fire released lead into the atmosphere, provoking a peak in the lead 
air pollution that exceeded the usual levels by up to 100. Prior to the fire, the lead contained in the roof cladding and spire 
of the Notre‑Dame de Paris cathedral ‑ estimated to represent about 450 tonnes ‑ was already a known source of pollution, 
mainly through rainwater erosion. The roofing and balcony seals also contribute to this lead pollution. Depending on the 
place and temperature reached on the night of the fire, the lead roof cladding either melted or evaporated in aerosol form. 
Though the fire had an immediate yet short‑term impact on the air quality near the smoke plume, there does not appear to 
be a more widespread long-term environmental impact at this stage. The clean-up process is still ongoing, particularly with 
respect to sediment deposits along the River Seine and dust accumulated in Parisian habitats.
> For more information

LSCE: Laboratory for climate and environmental sciences (CEA/CNRS/UVSQ)

 EXPERTISE
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https://www.cea.fr/drf/Pages/Actualites/Vie-de-la-DRF/2021/spiral-en--record-de-puissance-en-sortie-de-linac-et-premiers-neutrons-a-nfs-.aspx
https://www.ganil-spiral2.eu/fr/le-ganil/presentation/linstallation-ganil/
https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/incendie-de-notre-dame--quelle-contribution-a-la-pollution-au-plomb-de-lenvironnement-parisien-.aspx


The ice-core drilling site 
chosen for the Beyond 
Epica project
—  The European project called Beyond Epica, 
which includes the CEA’s LSCE laboratory, 
recently chose its site for ice-core drilling in 
Antarctica. The results will be used to trace 
climate changes back as far as 1.5 million 
years. Preliminary analysis of a 120‑metre 
core sample has confirmed the full potential 
of these studies. The previous Epica drilling site 
in Antarctica near the Concordia station has 
already allowed paleoclimatologists to rebuild 
an image of the climate over a period of about 
800,000 years. They are now looking to unders-
tand why the glacial-interglacial cycle jumped 
from 41,000 years to 100,000 years without any 
apparent cause about one million years ago 
(between 1.2 million and 900,000 years). Could 
the CO2 level be responsible? They hope the 
next deep ice-core sample will provide some 
answers as they expect to be able to trace to 
1.5 million years.
> For more information

Epica: European Project for Ice Coring in Antarctica
LSCE: Laboratory for climate and environmental 
sciences (CEA/CNRS/UVSQ)

 ENVIRONMENT AND CLIMATE CHANGEExamining nanometre-size objects 
using attosecond time-resolution
—  Scientists at the Iramis Institute and the Soleil synchrotron 
facility showed that it was possible to produce an image of a 
nanometre-size object with a time-resolution of an attose-
cond. Thanks to ‘lensless’ imaging which overcomes the limits 
of conventional optical systems, the object can be observed 
under a spatially stable light source with a short wavelength. 
The resulting diffraction patterns can then be processed by 
algorithms to reconstruct a high-resolution image. The 3D 
structure of viruses and protein complexes - resistant to crys-
tallisation ‑ could thus be observed using new‑generation X‑ray 
or extreme UV rays. This novel tool also opens the door to new 
research on solid physics for electronics of the future, such as 
petahertz optoelectronics within the scope of the European 
PETACom project.  
> For more information

Iramis: Saclay Institute of Matter and Radiation (CEA/CNRS/Ecole 
Polytechnique/Ensicaen)
Synchrotron Soleil: Built on the Saclay centre, the Soleil Synchrotron is 
a very large research facility managed within the scope of a French civil-
law partnership between the CNRS and the CEA, in collaboration with the 
Ile-de-France region, the Essone departmental council and the Centre 
Val-de-Loire region. www.synchrotron-soleil.fr/fr
Attoseconde: An attosecond is equal to 1.10-18 seconds.

 NEW MATERIALS AND STATES OF MATTER
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https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/le-site-de-forage-beyond-epica-est-choisi.aspx
https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/observer-un-objet-nanometrique-avec-une-resolution-attoseconde.aspx?utm_source=newsletter&utm_medium=email&utm_campaign=CEADRF33
https://www.synchrotron-soleil.fr/fr


Cell mechanics - a decidedly 
surprising field!
—  On a microscopic level, the cytoskeleton (the internal struc-
ture) is composed of specialist proteins that make sure the 
cellular forces are developed within the cell and transferred 
to their environment. Though it is widely accepted that these 
cell structures help develop forces on a molecular scale, the 
actual mechanism developing and distributing these forces in 
the cell via the cytoskeleton is still unknown. By using diffe-
rent investigative techniques, scientists at the Irig have been 
successful in characterising the development of these cellular 
forces. There were a few surprises along the way, such as dis-
covering that mechanical integrity inside the cell behaves like 
a single, entirely connected object even though it is composed 
of a multitude of small filaments.
> For more information

Irig: Interdisciplinary Research Institute of Grenoble (CEA/ Grenoble-
Alpes University)

‘Mini-brains’ (cerebral 
organoids) used to model 
frontal lobe dementia
— Researchers at the Jacob Institute have deve-
loped a genetic tool to model the long-term 
gene expression of proteins in human cerebral 
organoids. These mini-brains can be described as 
millimetre-sized neural assemblages grown from 
stem cells capable of differentiation, which can 
be harnessed to produce brain structures used 
to study, amongst others, cellular behaviour in 
neurodegenerative diseases such as Alzheimer’s 
or Parkinson’s. The final objective is to investigate 
a genetic form of frontal lobe dementia associated 
with a mutation of the gene encoding tau protein, 
which accumulates to form toxic inclusions cau-
sing the neurones to degenerate. This taupathy is 
considered relevant for investigation because it 
resembles that found in Alzheimer’s disease.
> For more information

Jacob Institute: François Jacob Institute of Biology at 
the CEA

 LIFE SCIENCE MECHANISMS

 BRAIN STRUCTURE AND NEURAL CODING
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https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/Mecanique-des-cellules--decidement-tres-etonnante.aspx
https://www.cea.fr/drf/Pages/Actualites/En-direct-des-labos/2020/Des-modeles-de-mini-cerveaux-pour-modeliser-la-demence-fronto-temporale.aspx
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Clean-up and dismantling

The CEA is a key player in clean-up and dismantling in France, 
both in the fields of nuclear arried out by specialist teams at the 

Energy Division (DES).

As both a nuclear operator and an R&D organisation, the CEA is required to dismantle a 
wide variety of facilities, some of which are very old. As each dismantling project is highly 
specific, the CEA has gained unique experience over the years in project ownership and 
in the methodologies and expertise required to complete such projects.

Dismantling and waste management - two activities that go hand in hand - are an 
integral part of the lifetime of any nuclear facility, as much as its design, construc-
tion and operational phases. It is very important that the nuclear industry demons-
trate its capability to manage the entire life cycle of a nuclear facility. Clean-up & 
dismantling projects have a significant economic impact: 1) in terms of employment 
due to the sheer scope and number of operations to perform; 2) thanks to the 
know-how and technologies required, which can sometimes be exploited in other 
sectors; and 3) because the number of clean‑up & dismantling projects is set to grow 
exponentially in France and overseas. Encompassing a broad range of professions, 
stakeholders, projects and fields of activity, the clean‑up & dismantling market 
boasts an extremely rich business ecosystem composed of technical start-ups, 
SMEs and large groups.

Currently with 36 nuclear facilities in the process of being dismantled, mobilising 
more than 1,200 staff and generating around 2,500 jobs, the CEA is a key player not 
only in clean-up & dismantling but also waste management. Several CEA centres 
are concerned by such projects, with Marcoule currently being one of the largest 
clean-up and dismantling sites in Europe. In line with a general clean-up & dis-
mantling strategy validated by the French safety authorities in 2019 and updated 
in 2020, the CEA is leading dismantling projects and R&D programmes in parallel to 
guarantee safer, higher-performance and cost-effective operations.

As both a nuclear operator and an R&D organisation, the CEA must dismantle a large 
variety of facilities, some of which date back to the fifties: different types of reactor 
technologies, hot laboratories, fuel cycle facilities, waste treatment plants, and 
interim storage facilities. Each dismantling project is specific, which allows the CEA 
to consolidate its expertise in all the operations involved in dismantling, whether 
project management, methodologies or skills.

Though some clean-up & dismantling projects rely on standard techniques that 
have been adapted to a nuclear environment, others often require developing 
breakthrough tools and techniques that contrast with conventional approaches. For 
the same reasons, the CEA also carries out short- and long-term R&D programmes 
with the objective to optimise costs, shorten the lengths of operations and improve 
working conditions on dismantling sites. 

 The CEA is a key 
player in clean-up 
& dismantling of 
nuclear facilities, 
and nuclear waste 
management."

1,200
The number of CEA 
employees working 
either directly 
or indirectly in 
dismantling activities.
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Clean-up and dismantling
 includes all the operations performed once a nuclear facility has been 
shut down definitively and right up to its classification downgrade. This 
entire process is carried out in collaboration with the civil and defence 
nuclear safety authorities (ASN and ASND respectively). Operations 
include the removal of equipment, clean‑up of rooms and floors, demo-
lition of engineered structures, treatment & conditioning of waste, and 
waste transfer to a disposal site. Every year, the CEA transfers about 
10,000 m3 of waste to Andra disposal facilities, 80% of which is very‑
low‑level waste (VLLW) while the remaining 20% is low‑ and 
intermediate-level waste (LILW). The most radioactive 
waste is conditioned and stored onsite at the CEA 
in suitable facilities pending the commissioning 
of a suitable repository. In parallel, research is 
investigating ways to reduce waste volumes, 
to optimise the choice of waste outlet for each 
waste type, and to define future disposal faci-
lities. Last of all, the CEA works on the design, 
manufacturing and reproduction of transport 
casts, maintaining this fleet of casks in good 
condition, and dismantling them at the end of 
their service life.

Whether it is improving working conditions in hostile environments or bet-
ter characterising waste, a host of innovations have been developed and 
tested by the CEA, often in partnership with the industry, but also with the 
support of cross-disciplinary teams from different operational divisions, 
i.e.: remotely operated robotics, virtual reality, decontamination processes, 
ultra-sensitive measurement devices, etc. Some can then be applied in other 
industrial sectors in France. 



Saclay: preparing to 
dismantling Orphée
— Shut down definitively in October 
2019 after having operated for 40 years 
on the CEA Saclay centre, the Orphée 
nuclear reactor is now being prepared 
for dismantling operations (this phase 
is called OPDEM in France). Despite the 
difficult context due to the pandemic, 
two key stages planned for 2020 were 
nonetheless completed: the dismant-
ling file was submitted to the French 
Nuclear Safety Authority (ASN) in July, 
and the two last cores were transferred 
to Osiris in November. The transfer of 
these cores marks the completion of 
an important milestone on the critical 
path to dismantling Orphée as this 
operation has significantly decreased 
the source term in the facility.

Cadarache: the first removal operation of 
unirradiated material from Phébus
— The first in a series of operations involving the transport of unir-
radiated material from Phébus ‑ an experimental reactor that has 
been shut down - to the Magneta facility took place in July 2020 onsite 
at Cadarache. This operation marked the beginning of the transport 
campaign for disused and unirradiated material currently stored in 
the dry storage room at the Phébus facility. Removing this material is 
part of the priorities identified in the reactor dismantling plan. 
Preliminary actions such as inventories, size assessments and gamma 
spectrometry characterisations were carried out beforehand. Feed-
back from similar operations in other facilities on the centre was used 
to track and check the fabrication of the internal fittings in the trans-
port casks, along with the waste loading and dispatching operations. 
About half a dozen transport operations are required to remove all 
the material stored in Phébus.

 WASTE MANAGEMENT

 WASTE MANAGEMENT

Saclay: continuing the removal of waste and fuel
— The progressive transfer of waste and fuel in the solid waste management area at the CEA Saclay centre to the appro-
priate outlets continued throughout 2020. Six transport operations were required to transfer 17 spent fuel casings to the 
STAR waste treatment and repackaging facility before their interim storage in the CASCAD facility at the CEA Cadarache 
centre. A total of 67 casings have been removed since having resumed these operations in 2017. There are 13 more to 
be removed.
Three isotopic power generators developed at the CEA in the 60s to provide an autonomous source of electricity for 
research were shipped to Charleston in accordance and collaboration with the US Department of Energy (DOE). This 
was because they contained strontium‑90 sourced from the US. These generators were placed in interim storage in the 
same facility at Saclay, before being transferred to Cherbourg and then shipped to the US for final disposal in Nevada.

 WASTE MANAGEMENT
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Completion of solidification tests
—  Most of the organic effluents resulting from 
spent fuel reprocessing R&D at the CEA Fonte-
nay-aux-Roses centre were removed in 2019. The 
remaining 58 litres out of a total of 258 litres, 
however, was not ready to be transferred due 
to its high alpha radiation level. To complete 
the waste removal milestone, a solidification 
process was tested on the remaining effluents 
in 2020 that proved successful, thus allowing the 
CEA to meet its commitments with the Nuclear 
Safety Authority.

Testing tools designed to retrieve 
radioactive waste
—  As part of the plan to recover intermediate-level bulk 
waste (known as “Vrac MI”) stored in narrow wells (16-
cm diameter) in the old trenches of a facility at the CEA 
Cadarache centre, specific tools were designed to adapt 
to the diverse range of waste types and sizes. Recovery 
tests were performed on prototype waste types in fictive 
wells, which validated the operational efficiency of these 
tools. This is a key stage in the “Vrac MI” waste recovery 
operation and dismantling of the radwaste interim sto-
rage facilities. 

 R&D

 R&D

Muography for monitoring the G2 
reactor core
— Collaboration between the Energy Division and the Fundamen-
tal Research Division (Institute of Research into the Fundamental 
Laws of the Universe) led to the creation of a 2D image of the G2 
reactor core in Marcoule. This was made possible with a special 
telescope that uses muons, which are produced when cosmic 
rays interact with atoms in the atmosphere. This image reveals 
the internal core structures and confirms the full potential of 
muography for the clean-up and dismantling of nuclear facilities 
in combination with other methods.

 R&D
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Key figures 2020
THE CEA IN BRIEF …

 See all the CEA's key figures as at 31 December 2020.
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Organisation
THE CEA IN BRIEF …

To fulfil its duties defined by the government, the CEA relies on four operational divisions 
active on 10 different sites in France, themselves supported by a number of functional 

departments. The functional departments provide all the CEA’s support services: 
funding & programmes; human resources & labour relations; communications, legal 

affairs & disputes; purchasing & partnerships; international relations; auditing, risks & 
internal control. The CEA also manages the French National Institute for Nuclear Science 

and Technology (INSTN), a higher education and vocational training organisation working in 
fields of low-carbon energy sources and health technologies.

4 operational divisions

The role of the CEA Military Applications Division is to support France’s defence and security services. 
It designs, develops and maintains the safety and reliability of its nuclear warheads for deterrence. It 
also designs and builds nuclear steam supply systems to power the French Navy’s vessels. The DAM 
assists the French nuclear safety authorities in its fight against nuclear proliferation and terrorism. 
Lastly, its expertise in defence is put to good use to assess and better manage the effects and 
weaknesses of conventional weapons.
> www-dam.cea.fr

 Missions performed by the CEA’s DAM >

Military Applications Division (DAM)

The CEA Energy Division provides the French public authorities and industry with the technical expertise 
and innovation needed to develop low-carbon power generation systems. Based on an integrated 
approach to energy systems, the DES explores all available means of low-carbon power production 
(nuclear, new energy technologies), along with issues like grid interfaces (storage, control, energy 
conversion) and resource management within a closed cycle, while taking into account technical, 
economic, societal and political aspects.

> www.cea.fr/Pages/le-cea/direction-des-energies.aspx

 Missions performed by the CEA’s DES >

Energy Division (DES)

http://www-instn.cea.fr/
http://www-instn.cea.fr/
http://www-dam.cea.fr
https://www.cea.fr/Pages/le-cea/direction-des-energies.aspx
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The CEA Fundamental Research Division is actively involved in the fields of biotechnology & health, 
physical & earth sciences, physics & nanoscience. Its core objectives are to generate knowledge and 
expertise so it can be shared with the broadest global research community. Its research also provides a 
wealth of information that can be exploited by other CEA divisions.
> www.cea.fr/drf/Pages/Accueil.aspx

 Missions performed by the CEA’s DRF >

Fundamental Research Division (DRF)

The CEA Technological Research Division covers the key societal and industrial challenges facing 
humanity today by developing and transferring innovative technologies to the industrial and business 
sectors that support digital transformation, improve public health, and respect the environment.
> www.cea-tech.fr/cea-tech

 Missions performed by the CEA’s DRT >

Technological Research Division (DRT)

1- Headquarters

Civil research centres
 2-      Paris‑Saclay 

(Fontenay-aux-Roses and 
Saclay establishments)

3- Grenoble
4- Marcoule
5- Cadarache

Military applications 
research centres
6- Île de France
7- Le Ripault
8- Valduc
9- Cesta
10- Gramat

6 missions

10 CEA sites in France
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DEFENCE HEALTH 
TECHNOLOGIES

DIGITAL  
TRANSFORMATION 

FUNDAMENTAL 
RESEARCH ENERGY

CLEAN-UP &  
DISMANTLING

https://www.cea.fr/drf/Pages/Accueil.aspx
https://www.cea-tech.fr/cea-tech
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