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IFP ENERGIES NOUVELLES

IFP Energies nouvelles (IFPEN) is a major research and training player in the fields of
energy, transport and the environment. From scientific concepts within the framework
of fundamental research, through to technological solutions in the context of applied
research, innovation is central to its activities, hinged around four strategic priorities:
climate, environment and circular economy - renewable energies - sustainable

mobility - responsible oil and gas.

As part of the public-interest mission with which it has been
tasked by the public authorities, IFPEN focuses its efforts on
bringing solutions to take up the challenges facing society and
industry in terms of energy and the climate, to support the
ecological transition. An integral part of IFPEN, IFP School, its
graduate engineering school, prepares future generations to
take up these challenges.

INNOVATION-DRIVEN RESEARCH

The am of IFPEN's R&l programs is to overcome existing scientific
and technological challenges in order to develop innovations that
can be used by industry.

Faced with a broad range of open scientific questions,
fundamental research at IFPEN is aimed at producing

a cross-functional bedrock of new knowledge, concepts and
methodologies, a platform for the development of the innovations
of tomorrow.

Projects are often conducted within a collaborative environment
with academic and industrial partners.

IFPEN'’s researchers regularly lend their scientific expertise to the
public authorities, providing insights to help them in their decision-
making process. IFPEN is an active player in numerous projects,
technological platforms and networks within the context of the
European Horizon Framework Program, and is also contributing
to the emergence of a European vision of research in the fields

of mobility, energy and the environment.

Applied research programs are structured around four strategic
priorities:

e climate, environment and circular economy: reducing the impact
of human and industrial activities on the climate and the
environment;

e renewable energies: producing energy, fuels and chemical
intermediates from renewable sources;

e sustainable mobility: developing efficient, environmentally-
friendly solutions for the transport sector;

e responsible oil and gas: meeting the demand for energy and
chemical products in a more environmentally-friendly manner.

PUBLIC/PRIVATE FUNDING

IFPEN is funded both by a state budget and by its own
resources provided by industrial partners.

VALUE CREATION

IFPEN contributes to the creation of wealth and jobs

by supporting the competitiveness of industrial players

and fostering the economic development of sectors related
to mobility, energy and eco-industry. IFPEN's model is based
on the transfer to industry of the technologies developed by its
researchers. Innovations are brought to market through close
partnerships with industrial players and through IFP Group
subsidiaries. In emerging or mature markets, IFPEN thus
creates companies or acquires shareholdings in companies
of significant potential. In addition, IFPEN supports the
development of start-ups and SMEs as part of collaboration
agreements, contributing its technical and legal expertise.

GRADUATE EDUCATION, AVECTOR FOR
COMPETITIVENESS

In the context of the energy transition, IFP School trains
talented young people to take up the technical, economic

and environmental challenges facing society, while providing
industry with the highly qualified personnel it requires.

With an international reach, IFP School provides young
graduates with Master’'s degree programs for the professions
of today and tomorrow in the fields of energy, motor vehicles
and the environment. Over 500 students from around the world
graduate from IFP School each year.
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INTERVIEW WITH
PIERRE-FRANCK CHEVET
CHAIRMAN AND CEO OF IFPEN

_I_

2021: COLLABORATION
AND DIGITALIZATION

In 2021, IFPEN’s teams rose to the dual challenges posed by
the economic and health crises - with Covid slowing the pace
for the second year running - and conducted fundamental
research and applied research to support the ecological
transition. Examples include the completion of the 3D CO,
capture pilot unit at the ArcelorMittal site in Dunkirk, the launch
of the industrialization and marketing phase of BioTfuelL®
technology for the production of biojet from non-food biomass,
the development of a hydrogen IC engine for heavy trucks, an
industrial first in the form of a high-voltage electric machine,
and the significant increase in the number of research projects
selected at national and European levels.

For IFPEN, 2021 was a year of collaboration and digitalization.
Support for SMEs and innovative startups was significantly
ramped up: as a result of digital prospection, we more than
doubled the number of contracts signed. Moreover, | am
delighted with our partnership with Bpifrance. The convergence
between our expertise and our networks will foster the transfer
of research results via the creation of startups in four key fields
of the ecological transition: sustainable mobility, the circular
economy, energy efficiency and air quality.

IFP School’s profile and reputation have continued to develop
thanks to increased digitalization. Our school was also awarded

IFPEN 2021
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Despite the difficulties, IFPEN's
teams rose to the challenge

and continued to spearhead
fundamental and applied research
to support the ecological transition.

the “Happy at School” label, testament to the
well-being of its students. And since June,

the new LAB e.NOV™ virtual laboratory has been up
and running, giving students access to immersive
training modules and paving the way for applications
of this technology across the whole of IFPEN.

2021 was also a year of openness and cooperation within

the research ecosystem. | am proud of the fact that we were
selected to co-manage three priority research programs and
facilities (PEPR) initiatives, related to the decarbonization of
industry, biobased products and biofuels, and mobility
digitalization. The roadmap for the decarbonization of industry
was drawn up in record time with the relevant national players,
illustrating the recognition of our expertise and our capacity

to work with our partners from other research institutes to serve
the general interest.

With our sights set firmly on the future, in 2021 we launched the
“Horizon 2035” collective strategic approach, the aim of which

is to reflect on IFPEN's positioning, activities and trajectory over
this time horizon. It might seem pretty bold to take time to reflect
in the current circumstances. But it is precisely because we are in
a time of crisis that | believe it is right to consider how we intend
to bounce back and adapt, as well as the means we are going

to employ to do so. Through working groups mobilizing large
numbers of employees representative of the diversity that
underpins the wealth of our organization, my aim was to consider
the direction we want to take in terms of technological choices
and to rethink our identity. Initial conclusions and actions to be
implemented were defined. This reflection process will continue
in 2022, with, among others, the setting up of an energy
stakeholder committee enabling players interested in and
concerned by the ecological transition to set out their visions.

In this activity report, you will find a representative panorama
of the remarkable collective results obtained in 2021 by teams
driven by commitment, conviction and enthusiasm.

I hope you enjoy reading this report.
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GOVERNANCE

THE EXECUTIVE COMMITTEE*®

GENERAL MANAGEMENT

Pierre-Franck Chevet
Chairman and CEO

BUSINESS UNIT DIRECTORS

Eric Heintzé
Energy Resources

Christine Travers
Education and Training

Catherine Riviére
Executive Vice-President
Research and Innovation

Jean-Pierre Burzynski
Processes

Nathalie Alazard-Toux
Industrial Development

* As of 31 December 2021.

Eric Lafargue
Executive Vice-President
Administration and
Management of
Subsidiaries

Gaétan Monnier
Transport

OTHER MEMBERS
OF THE EXECUTIVE COMMITTEE

Véronique Ruffier-Meray
Human Resources Director
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IFPEN 2021 NEWS
N BRIEF

FRANCE RELANCE RECOVERY PLAN:
IFPEN, CO-MANAGER OF THREE PEPRs

When he presented the France Relance economic recovery plan on 29 June 2021, the French Prime Minister
announced the launch of 13 acceleration strategies for innovation within the framework of the country’s fourth
Investments for the Future Program (PIA4). The objective: to identify the principal economic and technological
challenges of the future and dedicate substantial investments to them. These strategies are accompanied by PEPRs
(priority research programs and facilities initiatives), each of which is assigned a leader responsible for steering

the program.

IFPEN was chosen as joint leader of the PEPR related to the decarbonization of industry acceleration strategy

with the CNRS, the PEPR on biobased products and sustainable fuels with INRAE and the PEPR on the digitalization
and decarbonization of mobility with Gustave Eiffel University.

In addition, IFPEN was asked to contribute to the PEPR relating to the Hydrogen acceleration strategy and the PEPR
relating to the acceleration strategy concerning recyclability, recycling and reincorporation of recycled materials.

_|_

DEPLOYMENT OF HYDROGEN:
IFPEN STEPS UP ITS ACTIONS

In 2021, IFPEN’s contribution to the hydrogen value chain was reinforced. i

The Hydrogen for Europe (Hydrogen4EU) study was published in May

2021. Based on modeling carried out by the partners, IFPEN, SINTEF

and Deloitte, the project aims to map out pathways exploring the role of hydrogen in a decarbonized
European energy system. In June, IFPEN and the French Corrosion Institute created a research group
the purpose of which is to assemble industrial partners in order to gain a better understanding of the
behavior of materials in the presence of hydrogen. June also saw the organization of IFPEN’s 5 Energy
Innovation event, focusing on the conditions for deploying low-carbon hydrogen in the French energy
mix. Led by Francois Kalaydjian, IFPEN’s hydrogen coordinator, the round table brought together Hoang
Bui, coordinator of the French national hydrogen strategy at the French Investment Secretariat, Catherine
Azzopardi, Environment and Energy Director for the Auvergne-Rhéne-Alpes region, Adamo Screnci,
Hydrogen VP at TotalEnergies* and Gaétan Monnier, director of the IFPEN Transports Energie Carnot
Institute. The replay is available on the IFPEN website. The year also saw the commissioning, in October,
of a new 210 kW test bench for fuel-cell systems. Located at the Solaize site, this unique experimental
tool, the most powerful in France, will enable IFPEN to accelerate its research into the use of
hydrogen-powered fuel cells in electric vehicles, particularly for heavy road vehicles (buses and trucks)
and for the rail sector.

*Currently deputy CEO of HRS (Hydrogen-Refueling-Solutions).

IFPEN 2021



IFPEN 2021

TEcH

Mind your staff

THE SOLUTION MAKING IT
EASIER TO MOVE HEAVY
LOADS IN HOSPITAL,
LAUNCHES SUCCESSFULLY

In July 2021, IFPEN, via the IFPEN Transports Energie
Carnot Institute, announced the creation of TecHKare™, a
company that offers solutions making it easier to transport
heavy loads in hospitals. One such electric solution has
been developed to help stretcher bearers move patients,
addressing the challenges of mobility in the hospital
environment. In particular, the solution makes it possible
to reduce musculoskeletal disorders in hospital staff.
TecHKare™ thus addresses the societal challenges
concerning the improvement of working conditions, ageing
well and professional equality among hospital personnel.

NB: TecHKare™ was created by an employee via the spin-off
policy (see 2020 activity report p. 33).

_I_

PATENT APPLICATIONS:
IFPEN MAKES ITS MARK

In 2021, IFPEN was ranked 3 among French research
bodies filing patents, just behind the CEA (French Alternative
Energies and Atomic Energy Commission) and the CNRS,
with 198 patent applications filed in 2020 with the INPI
(French National Industrial Property Institute, 190 patents filed
by IFPEN and 8 by subsidiaries). It should also be recalled
that IFPEN is ranked 4™ globally for patents relating

to low-carbon technologies for the period 2000-2019,

in the international rankings of research organizations

and universities published in April 2021 by the European
Patent Office (EPO) and the International Energy Agency.

In addition, in October the EPO published “Patents for
tomorrow’s plastics™”, a study setting out global innovation
trends in the fields of recycling, circular design and alternative
sources. Globally, IFPEN sits first among public research
bodies in the rankings of institutions filing patents in the field
of chemical and biological recycling, with 168 international
patent families (IPF).

* Patents for tomorrow’s plastics — global innovation trends

in recycling, circular design and alternative sources,
European Patent Office, 2021.
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JEAN-BAPTISTE DJEBBARI
LAUNCHES A CALL FOR
PROJECTS DURING A VISIT
TO THE BIOTFUEL® SITE

On 27 July, Jean-Baptiste Djebbari, French deputy
transport minister, went to Venette (Oise, northern France)
to visit the biomass torrefaction site, one of the
demonstrators for the BioTfuel.® project. The visit took
place as Bionext and its partners had successfully
completed the test programs on the BioTfuel.®
demonstration units, navigating a crucial step in

the development of this technology designed for the
production of low-carbon biokerosene (see page 19).
During his visit, the minister announced the launch

of a call for projects aimed at accelerating the development
of a French sector for the production of sustainable
aviation fuel. Allocated a provisional budget of up

to €200M, the call for projects falls within the framework
of the Investments for the Future Program (PIA) and wil
be financed by the France Relance economic recovery
program.
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IFPEN 2021
NEWS

IN BRIEF

“WOMEN IN CCUS™:

A PROJECT MANAGER
AT IFPEN SHARES HER
EXPERIENCE AS
AWOMAN OF SCIENCE

During the “Women in CCUS” workshop
organized within the context of the
European C4U project, the coordinator

of the European 3D project and IFPEN project
manager for DINAMX Vania Santos-Moreau
shared her experience as a woman of
science with “3D Project: The power

of women!”. Her presentation gave IFPEN
the opportunity to provide an original insight
into its CCUS expertise and collective
success. The “power of women” promoted
by Vania Santos-Moreau stems from the
commitment of IFPEN’s and Axens’ women
and men engineers and technicians

to the project, as well as the importance

of role models within IFPEN: women

who have led by example and enabled

her to be daring in turn.

_|_

_|_

PIERRE-FRANCK CHEVET
BECOMES THE NEW
PRESIDENT OF ANCRE

A ANCRE

Pierre-Franck Chevet was appointed president of the French
National Alliance for Energy Research Coordination (Ancre) for

a period of two years. Appointed, as part of a two-yearly rotating
presidency, by the alliance’s coordination committee made

up of the four founding members (CEA, CNRS, CPU and IFPEN)
and the representative of associate members (BRGM),

he succeeds Mohammed Benlahsen, president of Picardie
Jules Verne University.

He will continue the work of the alliance aimed at reinforcing links
and exchange between research organizations, agencies and
supervisory authorities; working more closely together in this way
will make it easier to achieve national and European energy
transition objectives. Pierre-Franck Chevet also aims to “foster

a more cross-disciplinary and cross-functional approach with
human and social sciences, in order to develop a more in-depth
understanding of the problems at hand”, which will lead,

for example, to the increased development of multi-criteria
life-cycle analyses within the framework of the research
conducted by Ancre.

_I_

The OGST (Oil and Gas Science and Technology)
journal, created by IFPEN in 1946, has changed its scope
and is now called (from January 2022) STET (Science

and Technology for Energy Transition). This new positioning
and new name underline IFPEN’s strategy resolutely
focused on the energy transition. To accompany this
change, IFPEN has joined forces with the CEA, the other
major French research organization dedicated to energy.

S IFPEN PROJECTS FINANCED BY THE INFRASTRUCTURE COMPONENT
OF THE FRENCH NATIONAL RECOVERY AND RESILIENCE PLAN

Within the framework of the infrastructure component of the French National Recovery
Plan, IFPEN is receiving funding for several projects at its Solaize site. The global amount
of around €8 million will enable the organization to accelerate its efforts aimed at
reducing energy consumption. The projects selected concern the installation of solar
panels, the renovation of some ventilation and lighting systems and the insulation

and renovation of the ventilation system in one of the buildings. The work, some

of which has already started, will continue through to 2023.

IFPEN 2021
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‘Mobilite

AWEBSITE

TO UNDERSTAND
THE EVOLUTION

OF MOBILITY IN THE
ILE-DE-FRANCE
REGION

IFPEN and around thirty other players
active in the mobility sector in the
lle-de-France region have joined
forces to analyze the impact of
Covid-19 on the transport habits of
the Greater Paris region’s residents
using. The Mobilité fle-de-France
collective, which now wants to share
its findings with the general public,
has set up a website
(www.collectif-transformation-mobilite
-le-de-france. fr) for the purpose.
IFPEN has contributed its data from
the bicycle mobility observatory.
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CATHERINE RIVIERE
APPOINTED

TO THE SCIENTIFIC
BOARD OF THE CEA
AND THE EXECUTIVE
COMMITTEE

OF THE EERA

Catherine Riviere, Executive Vice-President
Research and Innovation, was appointed
member of the scientific committee at
the CEA for a period of 4 years, following
the proposal of the French atomic energy
high-commissioner. She was also
appointed for a period of 4 years to

the executive committee of the European
Energy Research Alliance (EERA), the
European association created to support
the development of more efficient

and less expensive low-carbon energy
technologies.

Renewable energies and new forms of mobility can
be resource intensive. In order to examine in greater
depth an issue that tends to be overlooked in energy
transition discussions, IFPEN produced “Metals in the
energy transition”, a series of articles associated with six
podcasts. On the agenda: the geopolitics of aluminum,

+
KEY FIGURES

Carnot Institutes:

the IFPEN Transports
Energie Carnot Institute
and the IFPEN
Ressources Energétiques
Carnot Institute
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in the field of NETs
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500 &

IFP School graduates

2.5

fold increase in
number of contracts
with startups

and SMEs

copper, nickel, lithium, rare earths and cobalt.

Go to www.ifpenergiesnouvelles.com

METALE IN THE ENERGY TRAMSITION




10

SOCIALAND FINANCIAL

DATA

SOCIAL DATA

To address the national objectives conceming the ecological transition, making efficient use of the company’s
resources is an objective that depends on the implementation of a dynamic human resources policy.
This policy makes the identification and anticipation of the skills required to develop high-level scientific

and technical expertise a priority.

Resolutely committed to training the transition's players, every year IFPEN welcomes new apprentices.

+ +
nearly
PhD students, post-doctoral
Total full-time equivalent researchers and placement
workforce for 2021 students (FTE)
including
R&l researchers work/study
and technicians students (FTE)
more than
of employees benefitted employees have been
from at least one training mobile since 2020
initiative in 2021
+ +

IFPEN 2021
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FINANCIAL DATA

In an unfavorable economic context in 2021 for IFPEN's subsidiaries, own resources fell, primarily

as a result of declining royalties.

At the same time, operating expenses fell, primarily due to travel restrictions related to the health crisis.
In spite of the decline in own resources between 2019 and 2021, oil and gas activities remain
self-financing via a significant reduction in spending.

BREAKDOWN OF OPERATING EXPENSES

Year end 2021

@ o
— — €262.1 MiLLion

I Personnel costs B Taxes . . erre
Operating costs [ Other Includlng €228 million
B Amortization, provisions fOl' R&l Operating expenses

BREAKDOWN OF OPERATING REVENUES

Year end 2021 €120.2 MILLION
% m E m ma Budget allocation

|

I Net budget allocation I Royalties
Public funds [ Dividends

I Services and collaborative research [} Fixed-asset € 1 4 7 7
ducti
production «7 MILLION
Own resources
WEIGHT OF NETS* IN IFPEN R&I IN 2021 °/g
68

Total NET

Renewable Energies 24

Sustainable mobility 14 o

Climate, Environment and Circular Economy 12 6 8 /O

Cross-disciplinary fundamental research 18 of budget dedicated to NETs

* New energy technologies
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GRS ENVIRONMENT
AND CIRCULAR

Given the climate challenge and

the negative impact of human activities
on the environment and resource
availability, IFPEN is reinforcing its
actions via an ambitious strategy
targeting three main objectives:

the decarbonization of industry

and CO, conversion, the recycling

of plastics and metals from catalysts
and batteries, the improvement

of air quality and soil resilience.

CHEERS project: launch of the construction

of the CLC pilot unit

At the end of 2021, the Sino-European project reached

a crucial milestone with the final decision of TotalEnergies,
Dongfang Boiler Group Co. (DBC), IFPEN and Tsinghua
University to invest in the construction of a demonstration
unit with a capacity of 3 MWth, with a potential for between
4 and 5 MWth in China. Scheduled for 2023, the test
campaign will take the technology through to aimost
commercial maturity (TRL 7).

The CHEERS project has been awarded funding from the European Union’s
Horizon 2020 research and innovation program through grant agreement
No. 764697.

IFPEN 2021

ECONOMY

CCUS: TARGETING PROCESS
DEMONSTRATION

IFPEN and IFPEN Ressources Energétiques Carnot Institute’s
research activities in the field of CO, capture, utilization

and storage (CCUS) are intensifying in an increasingly dynamic
European context. Two capture processes are in the demonstration
phase, the DMX™ process based on a demixing solvent that wil

e marketed by Axens, for which a pilot unit was delivered on the
ArcelorMittal site in Dunkirk, and the chemical loop combustion (CLC)
process, developed with TotalEnergies, with a demonstrator in China.
The demonstration of the DMX™ solutions will be launched in 2022
and the demonstration of the CLC process in 2023. 2021 saw the
launch of the PilotSTRATEGY project focused on the evaluation of
deep saline aquifer storage capacities led by the BRGM. In addition,
IFPEN supports public authorities and industry in the drawing up of
deployment strategies as well as the conduct of life cycle analyses
and impact studies.

In 2021, IFPEN was chosen alongside the CNRS to
manage the PEPR related to the decarbonization
of industry acceleration strategy (see page 6).

3D project: the pilot unit

for the DMX™ process

delivered in Dunkirk

The European 3D project,

aimed at demonstrating the

performances of the DMX™

process to capture CO, in blast furnace gases, reached

a key milestone in 2021. The pilot unit, designed by IFPEN
and Axens and built by ETCI in Lens, was installed at
ArcelorMittal’s steelworks site in Dunkirk. By 2026, 125 t
of CO,/h will be captured, i.e., 1 Mt of CO, /year. By 2030,
the European Dunkirk - North Sea cluster could capture,
transport and store more than 10 Mt of CO, / year.

The 3D project has been awarded funding from the European Union’s
Horizon 2020 research and innovation program through grant
agreement No. 838031.
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AND CIRCULAR ECONOMY

_|_

A RANGE

OF TOOLS
TO SUPPORT
AIR QUALITY

Air quality research, conducted jointly by the IFPEN Ressources
Energétiques Carnot Institute and the IFPEN Transports Energie Carnot
Institute, draws on a stimulating combination of expertise and resources

to support communities and local authorities. In 2021, two new air quality tools
became available: Real-e™ is aimed at measuring the pollutant emissions from

a moving vehicle, and the Flair suite is aimed at monitoring industrial sites,

CO, capture, transport and storage infrastructure, geothermal sites, etc.

In addition, the Gecoair™ ecomobility solution, targeting private individuals, was
reinforced by a feature that makes it possible to anticipate bad weather conditions.

At the start of 2021, the IFPEN TE
Carnot Institute and SME Capelec,
provider of automotive testing
equipment, launched an innovative
mobile and connected analyzer, Real-e™
(Real emissions). Real-e™ measures,

in real conditions and with a high degree
of accuracy, the pollutants emitted

by moving vehicles and makes

it possible to rapidly identify vehicles

that do not meet regulatory requirements.

It takes the form of a connected kit
containing an exhaust gas analyzer (CO,
CO,, NO,, PN, NH,), which samples
pollutants continuously, and an onboard
diagnostic system that collects the
vehicle's parameters. With this system,
the development of vehicles and the
monitoring of a vehicle fleet are easier,
quicker and less expensive than

is the case with existing systems.

Flair: a package of tools to support
environmental monitoring and air quality

In 2021, environmental monitoring research
conducted by the IFPEN RE Carnot Institute
culminated in the development of Flair,

a comprehensive range of sensors and
software making it possible to explore a
geographic zone in order to detect natural
or industrial pollutants, visualize them

on a map, identify their origin and plot their
future dispersal. Applications range from
the detection of gas leaks through

to the evaluation of air quality, via the study
of soil and soil respiration as well as
greenhouse gas emissions.

Interview with:
Pierre Chiquet,

head of Teréga’s
Geosciences department

The partnership with IFPEN began in 2017, focusing

on the monitoring of all our natural gas storage facilities.
With FlairCar™, it was possible to detect diffuse leaks at
ground level and in the surrounding air, and determine
their origin. Test campaigns only identified biogenic gas
production (produced by bacteria from organic matter).
In 2021, following field tests of a FlairBox™ prototype,
we initiated a collaboration aimed at measuring very low
concentrations of the olfactory substance we add to
natural gas, THT. The aim of this partnership is to meet
regulatory obligations for industrial facilities liable to
generate odors in the event of an emergency. Beyond
the regulations, these developments will also help us
improve our processes when it comes to air quality
management. , ,

IFPEN 2021
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CLIMATE, SOIL AND
THE WATER CYCLE: A
MINE OF INTERACTIONS
TO EXPLORE

Interactions between the soil,

the second largest carbon reservoir

on earth, climate and the water cycle
are increasingly better understood

as a result of the numerous studies
conducted.

Following on from the roadmap set out in
2020 (see 2020 activity report page 14),
the IFPEN RE Carnot Institute pursued three
objectives in 2021. Firstly, research focusing
on the monitoring of carbon stocks in
agricultural and forestry soils was conducted
(storing carbon in the ground could help
achieve carbon neutrality by 2050).
Secondly, studies currently ongoing are
quantifying microplastics pollution in soil.
And thirdly, research is being conducted
aimed at securing access to adequate
supplies of high-quality fresh water

via management of the resource,

the optimization of industrial water use

and its treatment and the management

of runoff water.

g rioionr

The VULCAR-FATE consortium and preservation of the biosphere
The international VULCAR-FATE (Global change impact on
vulnerable carbon reservoirs: carbon sequestration and emissions
in soils and waters From the Arctic To the Equator) project was
launched in June 2021 within the framework of the “Towards
Sustainability of Soils and Groundwater for Society” call for projects
issued by the Belmont Forum. Financed by the ANR, the National
Science Foundation and the Russian Foundation for Basic
Research, and coordinated by the IRD (French Research Institute
for Development), it is studying two ecosystems and evaluating
the impact of recent climate changes and soil usages in them.
Objective: to define evolution scenarios for periods ranging from
30-100 years ahead with a view to adapting local policies. Teams

from the IFPEN RE Carnot Institute are characterizing soil organic
matter using the Rock-Eval® thermal method and modelling
geological processes and water and sediment flows using the
DionisosFlow™ simulator.

Two projects to understand the role

of microplastics in soils

The projects selected in 2021 by the ANR
and Ademe will study the impact of the
presence of microplastics (MPs) in soils.

The e-DIP project, financed by the ANR,

will evaluate the toxicity of MPs in different
soil compartments and their impact on
biogeochemical cycles depending on whether
they are introduced directly or mixed with
organic amendments. The IFPEN RE Camot
Institute will study the direct or indirect (by
disrupting microbial activity) impact of MPs
on soil organic matter quality using
Rock-Eval® methods dedicated

to soil studies.

The Plastisol project, financed by the Ademe,
will consolidate this study by providing
indicators for the presence of plastic matter
in sails.
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AND CIRCULAR ECONOMY

CHEMICAL RECYCLING OF PLASTICS:
IFPEN DEVELOPS CUTTING-EDGE
TECHNOLOGIES

For nearly ten years now, IFPEN has been conducting research projects
in the field of the chemical recycling of plastic waste.

In addition to changes in people’s behavior (reducing waste), technological
solutions are required to enable the plastics sector to step up chemical recycling
alongside mechanical recycling.

Accordingly, IFPEN, in partnership with industrial companies from the plastics
sector in order to facilitate a faster transition to the industrial phase, is developing
cutting-edge technologies aimed at processing almost all types of plastics

as a complement to mechanical recycling, with a view to providing industry

with solutions addressing society's expectations and enabling it to comply with
public policy relating to the circular economy. IFPEN is placed 5™ in the global
rankings of patent filers in the field of chemical and biological recycling for the

period between 2010 and 2019 (European Patent Office study published in 2021).

IFPEN's aim is to be present across the various chemical recycling loops.

For example, projects currently underway relate to the conversion of plastic via
pyrolysis. In 2021, research in this field led to the development, in partnership
with Repsol and Axens, of the Rewind® Mix process that purifies plastic-based
pyrolysis oils enabling them to be directly treated in existing petrochemical plants
for recycled plastic production. In addition, demonstration of the Rewind® PET
recycling process based on depolymerization, conducted in partnership with
Jeplan and Axens, is continuing with a market launch scheduled for the end of
20283. Worthy of note too is the research conducted with a partner on plastics
recycling via the dissolution and purification of polyolefins, making it possible to
remove additives and pollutants from plastic.

Interview with:

Wilfried Weiss,

plastic pyrolyzate purification
project manager

6

"y

¢

recycling of plastics. , ,

+

CRITICAL METALS
AND RARE EARTHS,
A KEY CHALLENGE

Securing supplies of critical metals
has become a major challenge

for many industries.

Accordingly, IFPEN is working on projects
targeting the development of recycling
processes for metals obtained from used
catalysts and batteries. The objective is to
develop economically viable processes
and solutions enabling the recovery

and the recycle of metals such as cobalt,
nickel and lithium for which demand has
grown steadily in recent years.

In partnership with Eramet, IFPEN also
developed an adsorbent for the selective
and environmentally-friendly capture of
lithium in the waters of the Argentinian salt
flats. This process integrating the adsorbent
was adapted to the geothermal waters of
the Rhine basin within the framework of the
European EuGelli (European Geothermal
Lithium Brine) project.
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RENEWABLE
CO,ANDH,
CONVERSION

Alongside biofuels, electrofuels

(or e-fuels) are set to play a role in
low-carbon transport (recast REDII
Directive and the EU Refuel Aviation
project proposed by the European
Commission on 14 July 2021). IFPEN is
working on a number of options to develop
original e-fuel and e-biofuel production
technologies and take them forward

to the industrial demonstration phase.

With our partners Repsol and Axens, we have developed a process

for the purification of plastic waste pyrolysis oils. The treatment of the
impurities they contain, such as silicon, chlorine compounds, diolefins

and metals, will enable the direct and undiluted use of these oils in existing
steam cracking units. The treatment will then pave the way for the production
of chemical intermediates that will be used as a basis for the synthesis

of recycled plastics. The Rewind® Mix process was developed at Repsol’s
and IFPEN'’s facilities with in-depth testing at pilot scale on high-quality
pyrolysis oils. We’re going to continue our research to adapt this technology
to more challenging feedstock in order to go further in the chemical

IFPEN 2021



To address the demand for
renewable energies, IFPEN
develops processes to produce
second-generation bioproducts
and biofuels. IFPEN also designs
tools targeting the development
of ocean energies, particularly
floating wind turbines. Lastly,

to support the growth in non-
dispatchable energies and

the increasing electrification

of the economy, IFPEN is working
to improve energy storage and
management technologies.

IFPEN 2021

WISE WindField: more accurate wind prediction

In 2021, within the context of the partnership initiated in
2015 with Leosphere, now Vaisala France, a global leader in
the use of Lidar technology to measure wind speed, IFPEN
finalized the industrial commissioning of the WISE WindField
onboard software solution, which determines the incoming
wind from data obtained using a Lidar placed on a turbine.
Drawing on expertise in the fields of signal processing and
control systems, this solution provides highly accurate
real-time wind measurement and fluctuation control, thereby
optimizing wind turbine management and performance,
resulting in savings and an extended operating life. The
increased adaptability of wind turbines to the wind obtained
also makes it possible to optimize their design by, for
example, increasing the length of the blades, in order to
reduce investment costs and maximize energy production.
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WIND AND OCEAN ENERGIES:
A FRESH BOOST

Offshore wind is strongly encouraged by the European
Union, which, in November 2021, reaffirmed the ambition
to establish it as a major energy source, the objective being
to have installed power of 60 GW by 2030 and at least 300 GW
by 2050. Buoyed by this momentum, the IFPEN RE Carnot
Institute intensified its efforts concerning the design of floaters,
wind turbine and wind farm control and the development

of a digital twin that optimizes the production and maintenance
of awind farm. In addition, research on the control of wave
energy conversion systems continued with a study on behalf
of Carnegie Clean Energy on the control of the CETO module.
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Realistic wind fields thanks to Lidar

and predictive algorithms

Research was conducted by IFPEN, in partnership
with Equinor, aimed at improving the dimensioning
and load calculations of floating wind turbines by
generating realistic wind fields based on nacelle Lidar
measurements. This research was evaluated
experimentally with data obtained from the Hywind
Scotland wind farm. It led to the publication of a
scientific poster at the WindEurope Electric City 2021
conference, with the poster singled out for the
WindEurope Poster Award given by the EAWE
(European Academy of Wind Energy).
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IFPEN, Engie Green and Engie Digital
develop the digital twin of a land-based
wind farm

In partnership with Engie Green and Engie
Digital, teams from the IFPEN RE Carnot
Institute developed a digital twin of the “Sole
du Moulin Vieux” wind farm in the Hauts de
France region (northern France), for which

11 years of data are available. Using
algorithms combining physical modeling and
data science, the mechanical wear of wind
turbine components (blades, mast and rotor)
was estimated. These algorithms, validated by
on-site measurements, provide key
performance indicators, such as the estimated
loads on components and their lifespan,
thereby making it possible to detect failures
and underperformance. This digital twin
contributed to the development of a new tool:
Wind Avatar®.

IFPEN and TotalEnergies conduct

a study to evaluate floating wind
turbine production

IFPEN and TotalEnergies joined forces to
evaluate the impact of a floating wind
turbine’s movement on its energy production.
Two types of floaters were evaluated and
compared with a fixed turbine. Differences
were quantified and their causes analyzed.
The research was conducted using
modeling tools developed at IFPEN,
particularly Deeplines Wind™ for multi-
physical floating wind turbine simulation.
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THE DEVELOPMENT OF ENERGY
STORAGE AND MANAGEMENT SYSTEMS

The IFPEN RE Carnot Institute is working on the development

of stationary energy storage systems with high powers and capacities
using an Adiabatic Compressed Air process, and on the development

of new materials of future solid-type battery technologies. In 2021, an energy
management system prototype integrating battery operation was also

developed for the SME BEOGA to study a collective self-consumption solution.
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Ademe TranZAE project: when the energy transition comes

to business parks

The TranZAE project, awarded by ADEME in 2021 and led by the
CSTB (Scientific and Technical Center for Building), of which IFPEN
is a partner via its RE Carnot Institute alongside the CEREMA
(Center for Studies and Expertise on Risks, the Environment,
Mobility and Urban Planning) and Enedis, will propose a
methodology aimed to decarbonize and revitalize France’s

10,000 to 20,000 business parks (offices, shops, SMEs), producing
renewable energy within the framework of collective self-
consumption. A database incorporating cadastral data provided

by IGN (National Geographic Institute) and electricity data provided
by Enedis will be processed by a search engine created by IFPEN,
in order to identify and categorize zones with high photovoltaic,
stationary storage and charging station potential, integrating

the cost of the technologies as well as the price of electricity

and network services.
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UNDERGROUND RESOURCES AND
USAGE FOR THE ENERGY TRANSITION:
THE CONTRIBUTION OF DIGITAL
TECHNOLOGY

In 2