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Résumé du projet en francais (Non Confidentiel — 4000 caractéres maximum,
espaces inclus)

Dans un contexte global de transition énergétique, le développement de la géothermie profonde
dans le Fossé rhénan représente un enjeu majeur et une opportunité d’exploiter un énorme potentiel
de chaleur/électricité décarbonée et de coproduits associés (lithium, hydrogene, hélium...). Avec
ses atouts géologiques et I'expérience acquise depuis plus de 40 ans, ce fossé peut devenir un
laboratoire de recherche naturel. Il est aussi le site parfait pour les débats entre la communauté
académique, l'industrie et les décideurs politiques locaux qui travaillent étroitement a faire de la
géothermie une énergie locale, économiquement viable et socialement partagée. De récents
échecs en exploration géothermique dans ce graben, qui ont diminué I'enthousiasme économique
et 'acceptation sociale, confirment bien que davantage de travaux de recherche et d’innovation
sont nécessaires. |l est indispensable de mieux évaluer les risques, comprendre les processus liés
a I'exploitation miniére de la chaleur, caractériser et modéliser les systéemes géothermiques pour
mieux estimer, sécuriser leur potentiel, et implanter les futurs sites de production d’électricité. Ces
échecs montrent aussi que le développement de la géothermie a besoin de mieux associer la
recherche académique aux applications industrielles.

Afin de répondre aux enjeux actuels et de réaliser une avancée importante, le projet PC9 est
structuré suivant 3 workpackages principaux :

- WP1 : Caractérisation des hétérogénéités spatiales des réservoirs du Fossé Rhénan:
besoins de puits géothermiques scientifiques profonds ;

- WP2: Exploitation des ressources du Fossé Rhénan: besoin d’une imagerie des circulations
des fluides profonds ;

- WP3: Du concept d’“acceptabilité” a celui de “Recherche et Innovation Responsables” (RRI)
de la géothermie profonde : le démonstrateur de Strasbourg.

En termes de méthodologie, une stratégie innovante et ambitieuse en 2 volets est proposée dans
le workpackage transversal WPO (Gestion de projet). D’abord, une approche a faible risque
permettra d’identifier les séries de données importantes qui viendront alimenter les trois
workpackages pour répondre a leurs objectifs. En paralléle, une seconde approche plus ambitieuse,
consistera a identifier les données critiques manquantes, qui pourraient étre acquises en réalisant
de nouveaux forages scientifiques profonds sur des zones spécifiques du fossé. Un cahier des
charges pour réaliser ces forages sera ensuite élaboré et proposé a I'International Continental
Scientific Drilling Program (ICDP). Le PC9 est aussi associé a d’autres projets ciblés du PEPR
(PC2, PC3, PC4, PC6, PC7, PCB8), d’autres PEPRs (IRIMA, OneWater...) et des projets existants
impliqguant des équipes du PC9. La collaboration étroite entre les différents partenaires géo-
scientifiques et des sciences sociales de ce projet permet de lui faire bénéficier du savoir-faire
d’experts dans un large spectre de compétences.

Ce projet bénéficiera du retour de plusieurs expériences de réussite et d’échec, qui lui permettront
de recommander des bonnes pratiques. Afin d’atteindre une maturation industrielle, le PC9 doit
absolument s’attacher a fiabiliser la performance des sites d’exploitation en termes de sécurisation
de l'efficacité des forages, notamment au niveau de leur localisation, leur profondeur et des débits
de production, et du bon fonctionnement de la boucle géothermique a court-moyen-long terme. Le
risque de sismicité induite devra étre obligatoirement rendu hors de nuisance. Les lecons apprises
dans ce projet pourront étre transférées a d’autres fossés d’effondrement, qui sont bien répandus
en Europe de I'Ouest, comme en Limagne, dans le Massif Central francais.

2/22



- PEPR EXPLORATOIRES DOCUMENT PRESENTATION PROJET
FRANCE PROJET CIBLE
20~ \l 2022 PC9 - Fossé Rhénan

-l

PROGRAMME PC9 —FOSSE RHENAN

Résumé du projet en anglais (Non Confidentiel - 4000 caractéres maximum,
espaces inclus)

In a global context of energy transition, the development of deep geothermal energy in the Rhine
Graben represents a major challenge and chance to exploit a huge potential of heat/power and
associated coproducts (lithium, hydrogen, helium...). With its geological advantages and the
experience acquired during more than 40 years, this graben can become a natural research
laboratory. It is also the perfect site for debates between the academic community, industry, and
the local political decision makers, who are closely working towards making geothermal energy a
locally relevant carbon free and sustainable energy, economically viable and societally
appropriated. Recent failures in geothermal exploration in this graben, which have reduced the
economic enthusiasm and societal acceptance of this energy, definitely confirm that more research
and innovative works are necessary. It is essential to better evaluate the risks, understand the
processes linked to thermal mining, characterize and model the geothermal systems to better
estimate, secure their potential resources, and locate the sites of future geothermal power plants.
These failures also show that geothermal developments need to better link industrial applications
and academic research.

In order to carried out the present challenges to be faced to provide a significant step in the deep
geothermal energy development and associated co-products, the framework of the PC9 project will
rely on three main work packages, among which the third one is entirely dedicated to societal issues:
- WPL1: Characterization of the spatial heterogeneities of the reservoirs in the Rhine Graben:
needs of deep scientific geothermal wells;
- WP2: Exploitation of the Rhine Graben resources: needs of an imagery of the deep
circulations;
- WP3: From the “acceptability” to the “Research and Responsible Innovation” (RRI) of the
deep geothermal energy: the Strasbourg demonstrator.

In terms of methodology, we propose an innovative and ambitious two-fold strategy managed by
the transverse workpackage WPO: Project management. First, a low risk approach will be followed
by identifying existing important datasets for the three workpackages and building the new
responses on them. In parallel, a second more challenging perspective will identify the critical
datasets that are missing, but that could be archived with new deep scientific boreholes at specific
locations. It will be the core of one of the transverse actions of the project with the objective of
defining the technical specifications for drilling scientific deep wells in the Rhine Graben and
searching for other funds (International Continental Scientific Drilling Program proposal). PC9 is
also associated with other targeted PEPR projects (PC2, PC3, PC4, PC6, PC7, PC8), other PEPRs
(IRIMA, OneWater...) and other existing projects involving PC9 teams. The collaboration between
the different geoscientific and social science partners of this project make it possible to benefit from
the knowledge and know-how of humerous experts in a large and varied sphere of competence.

This project will be beneficiary from the accumulated rich feedback based on the successful and
failure experiments to propose best practice recommendations. For an industrial maturation, the
PC9 project must make more reliable the performance of geothermal sites in terms of security of
the well efficiency, especially concerning their location, depth and flowrates, and the proper
functioning of the geothermal loop in the short-medium- and long-term. It will be equally essential
to make the induced seismicity outside any nuisance. The learnings from this project will be
transferred to other rift basins that are widespread in Western Europe, like the Limagne basin, in
the French Massif Central.
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1. Context, objectives and previous achievements / Contexte,
objectifs et realisations antérieures

1.1. Context, objectives and innovative features of the
project / Contexte, objectifs et caractere innovant
du projet

The Upper Rhine Graben (URG) extends from Basel in
the south to Mainz in the north over about 300 km and
.[7|| separates France from Germany along a 30 to 40 km
+ || wide graben. The graben formed as a segmented,
slightly asymmetric graben with relatively modest
lithospheric and crustal thinning. The rift was overprinted
by Miocene to recent extrusive magmatic eruptions. The
URG was at the forefront of petroleum exploration with
‘.|| the discovery of the Pechelbronn oil field exploited from
o 1741 to 1970. Geophysical and drilling works, linked to
' hydrocarbon exploration, enabled to highlight an
abnormally high thermal gradient of 100°C/km, which
was at the origin of the European geothermal research
project of Soultz-sous-Foréts, and allowed creating the
first operational Enhanced Geothermal System site
(EGS) in the world. This project, launched in the 80’s,
gathered researchers from France (among them,
numerous teams involved in the PC9 project), Germany,
United Kingdom and Switzerland. Four decades after, it
became one of the best-documented natural
‘ laboratories to investigate deep geothermal systems in
& continental magma-poor rift systems. Thanks to these
works, several ESG sites have emerged in France
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- . (Rittershoffen for production of industrial heat) and in
Figure 1 : Deep geothermal project . .
in the Upper Rhine Graben (after Ge€rmany (Landau, Insheim for power/heat production),
Dalmais et al., 2022) or are foreseen in a next future. The highest
temperatures measured in the deep brines of this area
were close to 200°C.

However, recent failures in geothermal exploration in the URG (Basel in 2006, Landau in 2013,
Vendenheim in 2020) may have reduced the economic enthusiasm and societal acceptance of this
low-carbon energy. It is the ultimate signal that more research is necessary to evaluate the risks,
understand the processes linked to thermal mining and better locate the sites of future geothermal
power plants. The failure also shows that future geothermal exploration and production need to better
link industrial applications and academic research. It also asks for a better understanding of the
geological setting, requires direct access to the data sets and measurements of active projects to
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learn while exploring, drilling and stimulating reservoirs in particular along regional faults where geo-
resources are expected to be more favorable, but seismic risk more important. Compared to the
FORGE (Frontier Observatory for Research in Geothermal Energy) program supported by the US
Department of Energy since 2014 in order to develop, test, and accelerate breakthroughs in EGS
technologies and technigues, there is no major scientific program or project of large size dedicated
to the deep geothermal energy in France.

More recently, a new perspective has emerged with the possible co-generation of lithium together
with heat from the deep geothermal brines of the URG. Actually, the high lithium concentrations of
these deep brines (122 - 210 mg/l), which could be exploited for the batteries of electrical vehicles
in Europe, were discovered in the 80-90’s, thanks to the Soultz-sous-Foréts project and the drilling
of deep wells such as Cronenbourg, in France, in 1980, and Bruchsal, in Germany (Pauwels et al.,
1991; 1993). These data were completed and confirmed by Sanjuan et al. (2016). Previous studies
carried out in the well-known geothermal site of Salton Sea, Imperial Valley, in California, USA, had
already shown that geothermal brines could have interesting Li concentrations for mineral resources
and industrial applications (Werner, 1970; Blake, 1989). Recent works carried out within the
framework of the European EuGeLi (European Geothermal Lithium) project have allowed creating,
for the first time, a database relative to deep fluids enriched in lithium (Li concentration = 15 mg/l) in
Europe and the corresponding Atlas (Sanjuan et al., 2022). These works have also shown that the
URG is one of the most promising European area for lithium extraction from geothermal brines and
that the potential of geothermal Li resources is high. Some other geothermal areas in Germany
(North German Basin, South-West Molasse Bassin), in Italy (Cesano, in the Latium region, and
Phlegran Fields, in the Campania region) and in United Kingdom (Cornwall region) also indicated
brines with high Li concentrations (125 - 480 mg/I).

Presently, several projects of industrial Li production are envisaged in Europe (France, Germany,
UK...) and in the USA. In France, in 2021, during the EuGeLi project, the ERAMET Company has
been the first one in the world to produce some kilograms of battery-quality Li carbonate from
geothermal brines produced in the pilot site of the Rittershoffen heat plant, exploited by Electricity of
Strasbourg. The Lithium de France Company has recently positioned as producer of geothermal
lithium and heat in the URG. The Vulcan Energy Resources Company also aims at developing such
projects in Germany and in France. This new type of Li production would allow to the European
countries being more independent for the supply of this element, and drastically would reduce the
CO; balance due to its production and transport (from distant countries such as Bolivia, Argentina,
Chile, Australia, China so far).

In the global context of the energy transition, the use of the underground represents a major
challenge and chance for the Earth sciences. The importance of the URG is not only to explore and
extract geothermal energy (heating and/or electricity) and associated co-products such as lithium
and hydrogen, but also to serve as a natural laboratory to develop a better understanding of how to
produce low-carbon energy in deep fractured reservoirs. This asks how and where economically
viable, environmentally sustainable and societally appropriated power plants fuelled by geothermal
energy can be constructed. If the conventional deep geothermal energy in high permeability
environments has reached a relatively important degree of technical maturity, the EGS, which
represent a huge potential of heat exploitation in the world, need significant technological and
innovative developments to become mature technologies, economically and socially viable.
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The pending site-specific scientific issues are still numerous, such as:

How to optimize geothermal exploitation in particular to combine it with the recovery of lithium
and other elements (e.g. H2, He)?

How to evaluate the resources in particular of lithium in the URG? How to make exploration
more efficient?

What are the spatial heterogeneities of geothermal reservoirs in the URG and what are their
particular extent and characteristics?

How can we better understand the fluid flow pathways at depth in the URG?

How can earthquake triggering be predicted/avoided, especially near regional faults where
reservoirs/geo-resources are expected to be most favorable?

Is it possible to develop asismic reservoir deformation to reduce seismic risk?

How can we build a risk culture around the subsurface, especially for seismic risk? How can
we better define the different technologies? How can we communicate about these
technologies?

How to implement a co-construction approach for the development of deep geothermal
energy in the URG to ensure the ownership of geothermal projects by local populations and
administrations?

In order to answer these major questions within the framework of the previously described general
context of the development of the deep geothermal energy in the URG, the PC9 project has fixed
three main objectives, which are:

characterize the spatial heterogeneities of the reservoirs in a fractured environment as that
of the URG, especially in the interface of crystalline basement-sedimentary cover and in the
sedimentary cover (identification of new reservoirs);

obtain an imagery as accurate as possible of the deep fluid circulation from the mapping,
characterization and modelling of the reservoirs, using existing data, in order to determine
the most favorable areas to develop geothermal production and optimize the exploitation of
the corresponding resources (heat, electricity, lithium, hydrogen...) and their sustainability;
produce a new framework of the underground use and propose an approach of Responsible
Research and Innovation for the industrial development of the deep geothermal energy in the
URG in order that the local populations and administrations endorse this type of projects.

We believe that these three main scientific questions identify the present challenges to be faced to
provide a significant step in the development of the EGS deep geothermal energy sector and the
associated co-production of lithum (or possible associated raw materials like helium or native
hydrogen).

1.2. Project outline, scientific strategy / description du
projet, stratégie scientifique

The framework of the PC9 project will rely on three main work packages, each of them addressing
one of the three key scientific questions formulated in the previous section:

WP1 - Characterization of the spatial heterogeneities of the reservoirs in the Rhine Graben:
needs of deep scientific geothermal wells;

WP2 - Exploitation of the resources of the Rhine Graben: needs to understand the deep fluid
circulations;
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o WHP3 - From the “acceptability” to the “Research and Responsible Innovation” (RRI) of the
deep geothermal energy: the Strasbourg demonstrator.

In terms of methodology, we propose an innovative and ambitious twofold strategy managed by the
transverse workpackage WPO: Project management. First, a low risk approach will be followed. For
all three questions, we will identify existing important datasets and build the new responses on them.
In parallel, a second and more challenging perpective will be considered: identify the critical datasets
that are missing but that could be achived with new deep scientific boreholes at specific locations.
This second approach is definitively much more ambitious. It will be the core of one of the transverse
actions of the project with the objective of preparing an ICDP (International Continental Scientific
Drilling Program) proposal. It will require to define the technical specifications for drilling scientific
deep wells in the URG and to search for other funds since the PC9 budget will definitively not be
sufficient to cover the related costs. This second perspective will also aim at providing an
International perspective to the PC9.

The PC9 project will be beneficiary from the accumulated rich feedback based on the successful
experiments like in the Rittershoffen site (with a high flowrate for the well production and low risk of
induced seismicity), or less successful like in the Soultz-sous-Foréts site (with a relatively low
flowrate for the well production) or the failure of the Vendenheim site (on-going expertise). One
important scientific challenge will be to compare the similarities and the discrepancies between these
different geothermal sites, to understand the processes causing the discrepancies and give
recommendations to select the most performant geothermal sites at both the fluid production
increase and the risk decrease levels, in a heterogeneous and fractured environment as that of the
URG. It will aim at better defined the EGS technology, which shows presently two end-members:
1) minining existing natural fluid with the smallest pertubation of the natural conditions needing a
very fine knowledge of the natural reservoir; or 2) searching for techniques that become independant
of the natural medium and possibly massively transfort it to reach the economical needs. Ultimately
the project should result in a best control of the development of these deep geothermal systems and
a best estimation of their potential of heat and associated coproducts in the URG. This project can
be also beneficiary from the knowledge transfer of the hydrocarbon industry, which has to adapt the
energy transition.

Induced seismicity is relatively unavoidable and expected in the EGS in particular if significant
upgrade of the reservoir permeability is needed, such that reservoir stimulation is a practically
mandatory step in most of the projects in the URG. Methods of hydro-shearing stimulation are
typically used to reopen existing fractures of the rocks in order to create a better circulation of the
existing natural fluids for their transfer to the production wells. Therefore, the EGS development in
the URG requires special attention at the exploration phase of the targeted fault system (fault
network or major faults) and the well implantation. However, the related seismic risk is very much
dependent on the project strategies mentioned above: minimization of the reservoir transformation
if it is finely explored to identify domains of natural high permeability or maximization of the reservoir
transformation to be independent of the specific site conditions. In the first case, there is a high
geological risk to find the suitable conditions for the project development but a reduced seismic risk
since in-situ conditions will be precisely characterized. In the second case, the geological risk is low
since the envisaged technology is independent of the local conditions but the seismic risk can be
high owing to the little geological information and the perspective to engineered massively the
reservoir. Subsequently, the risks of induced seismicity can change from site to site. Even if these
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risks are low compared with those of the natural earthquakes, it is essential to reduce them as much
as possible in order that they may not form an economic and social barrier to the development of
this type of geothermal energy, which is a major issue. The relative reduction of these risks in
comparison with the expected benefits, absolutely needs to improve the knowledge and the
understanding of the processes that generate them and develop careful management and monitoring
methods.

The industrial projects of heat/power and Li cogeneration in the URG seem to be presently the most
interesting ones for the future. However, it is necessary to make them more reliable and to perpetuate
their industrial performance in the long-term. With its geological advantages and the experience
acquired in deep geothermal energy during more than 40 years, the URG can become can become
one of the world's leading research laboratories in the field of EGS geothermal energy. In order to
reach a phase of industrialization, it will be important to continue research projects to make more
reliable the performance of the exploitation of a geothermal site in terms of security of the well
efficiency, especially concerning their depth and flowrates, and the proper functioning of the
geothermal loop in the short-medium- and long-term. It will be equally important to make the induced
seismicity outside any nuisance. Another essential point is the development of robust, relevant and
competitive techniques of Li extraction from geothermal brines as those discharged in the URG,
which are a challenging environment. However, this issue will be not covered in the PC9 project
because it does not form part of the field of the underground and mainly concerns the industrial
producers of geothermal Li, who are present in France, and invest their own funds or are seeking
investment funds to develop these techniques of extraction. Only under these conditions can a
competitive, security, reliable and sustainable model be developed for an industrial exploitation of
heat/power and lithium.

Subsurface use has been highly discussed in the URG, due to the importance of subsurface for local
energy transition plans and to induce seismicity. The URG is the perfect site, not only from a
geological and historical point of view, but also because of these debates and of the academic
community, industry, and the local political decision makers are closely interacting and working
towards making geothermal energy a locally relevant carbon free and sustainable energy that is
economically viable and societally appropriated. The learnings from the URG will be transferred to
other rift basins that are widespread in Western Europe (e.g the Limagne basin, in the French Massif
Central (PC13)), where thermal springs indicate potential areas, but where deep exploration wells
are necessary. It will be also a reference for co-generation of heat and Lithium.

2. Project organisation and management / Organisation et pilotage
du projet

2.1. Project manager / Responsable du projet

Jean Schmittbuhl is a geophysicist at the CNRS (Senior Research Scientist - DR1) and does his
research at Strasbourg University (EOST/ITES — Ecole et Observatoire des Sciences de la
Terre/Institut Terre et Environnement de Strasbourg). In 2012, he initiated and coordinated the G-
eau-thermie Profonde laboratory of excellence supported by the Investissements d'Avenir program,
as well as the Strasbourg deep geothermal consortium involving Electricité de Strasbourg and the
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University of Strasbourg. Since 2021, he has been the director of the Interdisciplinary Thematic
Institute Geosciences for the Energy Transition at the University of Strasbourg. He was a member
of the expert committee for the industrial accident of the Vendenheim deep geothermal project. His
interdisciplinary research combines seismology, geomechanics, physics of heterogeneous media,
petrophysics, and geochemistry. He has developped innovative laboratory experiments, multiscale
numerical modeling and geological and geophysical field observations. His research activity is
focusing on geometry of fractures and faults, their frictional properties, fluid flow in fractured and
porous massifs, thermo-hydro-chemo-mechanical couplings, and wave propagation in fractured
media. His research applications include earthquake initiation processes, mechanisms of induced
seismicity, imaging of deep reservoirs from microseismicity and ambient seismic noise, and deep
geothermal projects. He is the author of more than 170 scientific articles.
(https://scholar.google.fr/citations?user=kLSt93cAAAAJI&hI=fT).

Bernard Sanjuan is senior expert in geothermal energy and water geochemistry of the Georesource
Division at BRGM. He has been member of the Scientific Committee of the G-EAU-THERMIE
LABEX of the Strasbourg University from 2015 to 2019 and since 2021, he is member of the French
“GEOT Institut Thématique Interdisciplinaire“ scientific Committee. He is member of the Editorial
Board of the Geothermal Energy Journal and rewiever in international geothermal and geochemical
journals. He mainly leads geochemical studies for geothermal exploration, reservoir characterization
and monitoring in French Oversea Islands (Guadeloupe, Martinique, Reunion, Mayotte, and New
Caledonia) and other countries like Iceland, Mexico, Dominican Republic, and Chile. Its contribution
was important to increase the production of the Bouillante high-temperature geothermal power plant,
in Guadeloupe, from 4.5 to 15 MWe, in 2005, and develop the extension of this field in the future.
Since 1998, he has also contributed to the development of the EGS (Enhanced Geothermal
Systems) in the Rhine Graben, in Alsace (especially in the Soultz-sous-Foréts site), and of lithium
coproduction, with his participation in numerous European Research projects and working groups,
and industrial benefits (especially for the Rittershoffen site). Other geochemical studies for
geothermal developments were also carried out in areas of the Massif Central, Paris Basin and East
Basin, in France. Among his main research works, the development of new chemical
geothermometers for geothermal exploration and tracer tests for geothermal reservoir management
are worthy of mention. He has contributed to more than 100 technical reports, over 50 international
publications and numerous international conferences.

2.2. Organization of the partnership / Organisation du
partenariat

The following figure sums up the general organization of the project in 4 workpackages and their
coordinators. It also details the 15 tasks with their Pls.
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PO — Project management (J. Schmittbuhl/B. Sanjuan)
Task 1: Project coordination (PC1)

- Task 2: Preparation of the scientific program for the drilling of scientific wells (ICDP)
- Task 3: Convention for the monitoring of the geothermal sites (PC2,8)
- Task 4: Database of the project and GEORG upgrading (PC4)

Wi

WP1 - Characterization of the spatial
heterogeneities of the reservoirs in the
Rhine Graben: needs of deep scientific
geothermal wells (G. Manatschal)

- Task 1: Variability of the fractured and
porous reservoirs associated with the
basement-sedimentary cover (J.
Mercadier)(PC4)

- Task 2: Identification of new reservoirs in
the sedimentary cover (M. Schuster)
(Pca)

- Task 3: Characterisation of the active
deformation of the Rhine Graben (B.
Rousset)

WP2 - Exploitation of the resources of the Rhine
Graben: needs of an imagery of the deep fluid
circulations (Ch. Dezayes)

- Task 1: Upgrade of the GEORG geological model of
the Rhine Graben: comparative resolution of
geophysical techniques (M. Darnet) (PC4)

- Task 2: Development of Artificial Intelligence
methods for quantitative characterisation and
forecasting of deep fluid circulation (R. Chassagne)
(pca)

- Task 3: Development of 3D dynamic numerical
models to highlight the control of the basement roof
morphology on the existence and location of hot fluid
upwelling (D. Bruel) (PC4)

WP3 - From the “acceptability” to the
“Research and Responsible Innovation”
(RRI) of the deep geothermal energy: the
Strasbourg demonstrator (Ph. Chavot)

- Task 1: Public images of the subsoil and deep
geothermal projects: media study and
questionnaire survey on public perception of
subsoil uses (PC4)

- Task 2: Reshaping seismic monitoring and data
sharing through participatory science (PC7)

- Task 3: Analysis of the socio-technical
negotiations of deep geothermal projects:
what conditions for a responsible research and
innovation? (PC2,3,7)

- Task 4 : Origin and distribution of the Lithium
resources (C. Lerouge) (PC3, PC4, PC6)

- Task 5: Processes of Hydrogen and Helium generation
and migration (L. Truche) (PC4)

Figure 2 : overview of the structure of the ‘PC9 - Fossé Rhénan’ project. The
coordinating workpackage WPO will insure interactions with the PEPR ‘'Sous-sol,
bien commun’ governance and promote transverse actions. Each of the three core
workpackages will address one of the identified key issues of present EGS deep
geothermal sector development. In red, the expected link with other targeted
projects (PC).

The PC9 project has been elaborated by academic (CNRS and Universities) and EPIC (BRGM,
INERIS, IFPEN) members that have a long and strong expertise in deep geothermal energy in the
URG to share their scientific knowledge and work together. It is also foreseen to interact with French
industrial partners (ES-Géothermie, Lithium de France, Arverne, Vulcan Energy France...) via the
AVENIA Competitiveness Cluster to share projects of geothermal development and work with data
from industrial sites. Within the framework of the WP3, contacts will be also engaged with the local
populations and administrations in order to ensure their full and effective participation and
involvement in the PC9 project.

Objectives of PC9 are also associated with other targeted projects of this PEPR (PC2, PC3, PC4,
PC6, PC7, PC8) and other PEPRs (IRIMA, OneWater...). Moreover, with a goal of integration and
to avoid duplicate works, these objectives will take into account the results and main conclusions
from all the existing projects relative to the development of deep geothermal energy in the URG,
such as the ITI GeoT projects, the GLITER, PrESENCE, AIS ANR projects, an IFPEN thesis on
geothermal Li, etc.

2.3. Management framework / Pilotage

Workpackage WPO is devoted to the project management and development of transverse actions.
It will be operated by the management team: Jean Schmittbuhl, Bernard Sanjuan (coordinators of
the PC9) and Gianreto Manatschal, Chrystel Dezayes and Philippe Chavot who are coordinating the
three workpackages WP1-3. For the project management, the main task will be to ensure the
implementation of the PEPR objectives at the URG scale: 1) to define the conditions for a sustainable
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use of the subsurface for deep geothermal energy production and co-generation of lithium and native
helium and hydrogen taking into account the different scenarios of economic, energy and
technological evolution and the socio-technological trajectories; 2) to set up a framework aiming to
limit conflicts and impacts, and to create the conditions for dialogues and arbitration around the
subsurface activities, and to develop and revitalise actions for the protection and enhancement of
the subsurface as a common heritage; 3) to structure a large existing community of researchers in
this endeavour across earth and environmental sciences, informatics, social, economic and legal
sciences; and 4) to create an even larger community involving citizens, decision-makers and
industrialists to enhance an informed debate around these issues among all engaged stakeholders.
Tasks 0.2-4 of WPO are dedicated to the three main deliverables of the projects that are described
in section 4. The budget of WPO includes both the financial support of tasks 0.1-4 and the financial
risk coverage of the different tasks of WP1-3 estimated at 5% of their budgets.

Each main WP is dedicated to a specific domain of the project. WPL1 is focusing on the geological
structure of the deep geothermal reservoirs: from the deep reservoirs classically related to the
transition between basement and the sedimentary basin (task 1.1), to the new reservoirs to be
indentified at shallower depth like the Grande Oolithe formation for potential heat storage (task 1.2),
including the present active deformation of the basin. WP2 is rather dedicated to understand deep
fluid circulations to determine the most favorable areas for geothermal developments and their
sustainability (tasks 2.1-2.3). Tasks 2.4 and 2.5 are addressing the potential co-generation of
minerals like lithium or native hydrogen. WP3 is mostly dedicated to societal issues. The three main
workpages WP1-3 are organized in 11 tasks. Section 3 provides an overview of the tasks and Annex
1, a detailed description of them. Each task is attached to a collaborative working group coordinated
by one PI and organized for most of them around a PhD or a Post-doc project dedicated to the task
(see Annex 1). Globaly, 6 PhDs and 7 Post-Docs will be hired within the three first years of the PC9.

01/ 0 /2022/ 09 /20?)/ 09 /202(;/ 09, 30/, 09
4

WP1 - Characterization of the spatial...
Task 1.1: Variability of the fractured and porous... I
Task 1.2: Identification of new reservoirs in the... I
Task 1.3: Characterization of the active... HEE
WP2 - Exploitation of the resources of the Rhine...
Task 2.1: Upgrade of the GEORG geological model...
Task 2.2: Development of Artificial Intelligence... I
Task 2.3: Development of 3D dynamic numerical... I
Task 2.4: Origin and distribution of the lithium... I
Task 2.5: Processes of hydrogen and helium... I
WP3 - From the “acceptability” to the “Research...
Task 3.1: Public images of the subsoil and deep... I
Task 3.2: Reshaping seismic monitoring and data... |
Task 3.3: Analysis of the socio-technical... I

Figure 3: Gantt diagram of the project tasks (details are in the Annex)
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2.4. Institutional strategy /  Stratégie  des
etablissements

BRGM Strategy: BRGM's ambition is to contribute to solutions that could be implemented at the
scale of both specific sites and territories. This ambition is based on the scientific and technical
capacities to explore, evaluate and exploit the potential of the subsoil with regard to its different
potential functions in the fields of geothermal energy and geological storage (CO2, energy carriers,
but also radioactive waste) and to evaluate the environmental impacts. More concretely, the
challenge for BRGM is to better structure and articulate its scientific and technical activities in this
field in line with the French National Low Carbon Strategy (SNBC). The different elements of strategy
are grouped into three interdependent strategic axes aimed at the different stakeholders and which
should eventually lead to the proposed 10-year vision: 1) Develop the capacity to extract heat from
the subsoil to produce decarbonated heat(/cold) and or electricity and to store heat(/cold) ;
2) Estimate and exploit the potential of the subsoil at the scale of the territories for the technical,
environmental and economic performance of energy systems ; 3) Contribute to and/or develop
geological/underground storage solutions in ecological transition schemes.

ITI GeoT (Unistra/CNRS) strategy: The Interdisciplinary Thematic Institute — Geoscience for the
energy transition (ITI GeoT) initiative provides innovative and optimized solutions for attaining a low-
carbon society by 2050. Based at the University of Strasbourg, the ITI G-eau-TE embraces the model
of the ‘Ecoles universitaires de recherche’ (EUR) - a French initiative that creates strong links
between postgraduate studies, world-class research, and industrial viability and promotes the
international visibility of the University of Strasbourg. The project fosters the professional integration
of young graduates in an emerging sector. The ITI GeoT builds on a cutting-edge transversal
research division with a wide scope, both at the EOST and its UMR (ITES), in association with the
ICUBE laboratories (Civil Engineering and Energetics team) and LISEC / CREM / SAGE (social
sciences), and the Data Center CDGP, a publicly accessible repository of deep geothermal energy
data from the Alsace region, in the commitment to open science. The ITI GeoT will rely, in part, on
the high-quality data produced by the EOST observatories (OSU: RENASS, OBSNEF, RENAG) as
well as on EOST's instrumental platforms.

European strategy: The European Geothermal Energy Council (EGEC) has outlined its vision for
the future of the geothermal industry sector in its European Technology & Innovation Platform on
Deep Geothermal (ETIP-DG) report on the Strategic Research and Innovation Agenda (SRIA). The
ETIP-DG’s agenda states that: “Geothermal energy deals with complex systems that occupy the
interface between our planet and society, underpinning an energy sector which is crucial to our
prosperity and future well-being.” The SRIA identifies strategic topics for the continued success of
the geothermal sector in Europe; Key among these is ‘Exploiting mineral production from geothermal
sources’ (Topic B.8).

EERA, the European Energy Research Alliance, specifically the Geothermal JPGE sub-program.
The EERA-JPGE network brings together the leading European academic geothermal energy
institutions and acts as a lobbying group on the European stage. The European Strategic Energy
Technology Plan (SET-Plan), consisting of representatives of the participating countries, EERA and
all the ETIP platforms, is a key stepping-stone to boost the transition towards a climate neutral energy
system through the development of low-carbon technologies in a fast and cost-competitive way. R&D
and innovation projects about renewable energies and deep geothermal energy are co-funded by
the European Union: Horizon 2020 (H2020), EIT Raw Materials, Geothermica ERA NET Cofund
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Geothermal (2017-2022) projects, NER300 projects (in favour of innovative technologies for
renewable energy development).

3. Detailed project description / Description détaillée du projet

This section presents an overview of the 11 tasks proposed for the project. The detailed descriptions
of the tasks are given in the Annex as a set of similar tables for all taks that include the main skills
of the team, the main previous achievements, the references to a selection of key publications, a
scientific and technical description of the task, a description of the planning (Gantt diagram), KPlIs,
milestons or deliverables, the expected outcomes, a budget summary and the possible co-fundings.

3.1. WP1 - Characterization of the spatial heterogeneities of the
reservoirs in the Rhine Graben: needs of deep scientific
geothermal wells

3.1.1 Task 1.1: Variability of the fractured and porous reservoirs associated
with the basement-sedimentary cover

The task aims to provide new understanding about the conditions of formation, conditions of activity,
and reservoir qualities of structurally-controlled fluid reservoirs at basin-basement interfaces that can
be exploited for geothermal energy, targeting the Rhine Graben as key site. The central objective is
the qualification of the favorable systems that can constitute natural or stimulated geothermal
reservoirs in such geological contexts, to locate them in a predictive way.

The task will be coordinated by Julien Mercadier (CNRS, GeoRessources, Nancy). It will gather
experts from GeoRessources, Nancy; GEC, Cergy; IC2PM, Poitiers; ENTPE — LTDS, Lyon; ITES
Strasbourg; BRGM.

The central objective is the definition of the favorable fault systems for EGS exploitation and co-
generation that can constitute natural or stimulated geothermal reservoirs located at the basin-
basement interface in the Rhine Graben. The key structural, mineralogical, mechanical or
hydrogeological criteria of fault systems are not fully understood and quantified, which currently limit
modeling and prediction of such favorable geothermal reservoirs at basin-basement interfaces and
their targeting by drilling. The goal is to provide quantifiable discriminating criteria that mark such
favorable fault systems and related geothermal reservoirs by using and comparing results form drill-
hole and geophysical data with comparable data from field analogues. The integrated approach
couples field observations, multi-scale structural characterizations, mineralogical, isotopic and
petrophysical quantifications, and THM modelling.

3.1.2 Task 1.2: Identification of new reservoirs in the sedimentary cover

Over the past few decades attention to georeservoirs of the Upper Rhine Graben has been focused
on deep reservoirs (i.e., contact between basement rocks and first sedimentary cover), but limited
attention was given to intermediate potential reservoirs. Here we propose to investigate the reservoir
potential of sedimentary formations which relate to the pre-rifting and the syn-rifting. The focus will
be on the « Grande Oolithe », which will be investigated through an integrated approach combining
petrophysics, sedimentology and structural geology.

The task will be coordinated by: Mathieu Schuster (CNRS, ITES, Strasbourg). Experts involved in
this task are: from Institut Terre & Environnement de Strasbourg UMR7063 (Patrick Baud, Mathieu
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Schuster); from GEOPS - Univ. Paris-Saclay (UPS) (Antonio Benedicto and Efstratios Delogkos);
from Terra Géosciences, Dijon (Laurent Gindre-Chanu); and from BRGM (Chrystel Dezayes).

The Grande Oolithe is a thick and widespread calciclastic sedimentary formation in the URG with a
great georeservoir potential that while it is located at an intermediate depth, it has received limited
attention. We propose to investigate this geological formation in order to evaluate its potential as
intermediate reservoir for both storage and geothermal geobody. The last synthesis about the
Grande Oolithe was compiled and published by the BRGM 40 years ago. Since the 80s, new sub-
surface data have been acquired in the URG, and new concepts have been developed in
sedimentology, notably in carbonate rocks and depositional models for oolitic shoals. Therefore, a
new integrated study of the Grande Oolithe should be much more than just updating the existing
synthesis and compiling the new data. Our goals are to: (1) better characterize the evolution and
geometry of this reservoir; (2) link the sedimentary facies to petrophysical parameters, (3) establish
the geometrical characteristic of faults and fractures in the reservoir scale, (4) investigate the spatial
connectivity and associated fluid flow properties, and (5) characterize sealing rocks. The discovery
of high-quality reservoir-storage rocks at intermediate depth would have a major economic and
environmental impact to produce and/or to store energy resources in the URG.

3.1.3 Task 1.3: Characterization of the active deformation of the Rhine Graben
Aseismic slow deformation of fractured reservoirs associated with high pore fluid pressure is a major
but poorly documented phenomenon because of its difficulty to measure it, particularly for deep
reservoirs in the Rhine Graben. Evidence for aseismic slip is indirect, based on the properties of the
seismic swarms. The project aims to develop a joint deformation and passive reservoir tomography
with fiber optic technology in order to characterize the transient aseismic deformation, its relation
with seismic events and the mechanical stress state at the reservoir scale. These observations will
be compared to the very localized measurements associated with deep drilling and integrated into a
hydro-mechanical model.

The task will be coordinated by: Baptiste Rousset (CNRS, ITES, Strasbourg). It will gather experts
from ITES / ITI GeoT (Baptiste Rousset, Jean Schmittbuhl, Jérébme Vergne, Dimitri Zigone, H. Jund,
M. Bes de Berc, P. Ulrich); Ineris (Jannes Kinscher) ; ISTerre (Christophe Voisin) ; BRGM (Julie
Maury) ; ENS Paris (Frédéric Boudin).

The task aims at producing new surface deformation and seismic noise monitoring data in the vicinity
of deep geothermal sites in the Rhine Graben. The boundary conditions at the surface and the
mechanical state of a target region for drilling and its evolution during the observation period will be
evaluated. This project will give integrated measurements at the scale of the reservoir with
geophysical analysis. The main objectives are to: (1) deploy high resolution deformation
measurements in the vicinity of the geothermal fields (2) derive a seismic noise correlation analysis
from coupled dense array network and Distributed Acoustic Sensing (DAS) measurements, and (3)
integrate these observations into a thermo-hydro-mechanical model that depicts the stress state of
the reservoir in the URG.
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3.2. WP2 - Exploitation of the resources of the Rhine Graben: needs
of an imagery of the deep fluid circulations

3.2.1 Task 2.1: Upgrade of the GEORG geological model of the Rhine Graben:
comparative resolution of geophysical techniques

Beyond geological knowledge, geophysical tools provide information on the geometries and
properties of the deep underground. However, these tools suffer from significant limitations in their
geological interpretations are not unique. In the context of geothermal exploration, the choice of
these methods according to a given geological situation and the target sought is still not simple.
Based on the geological model of the Rhine Graben produced in the INTERREG project GeORG,
improved and populated with petrophysical properties, we propose to asses the sensitivity and
resolution of the existing and emerging geophysical methods and hence establish their relevance for
inferring fluid pathways within the Rhine Graben.

The task will be coordinated by: Mathieu Darnet (BRGM, Orléans). Experts involved in this task are:
Mathieu Darnet, Chrystel Dezayes, Alexandre Stopin, Francois Bretaudeau, Frédéric Dubois
(BRGM).

The objective of the work is to have a geological model populated with petrophysical parameters to
simulate geophysical responses and thus determine the most relevant method(s) to implement to
image the geothermal target. So far, the geophysical tools used are mainly seismic, but there is no
real guide specifying the design and the data acquisition parameters for a fixed target. The final
objective is therefore to have a set of acquisition methods and parameters adapted to different
geothermal targets that will be made available to industry to facilitate exploration and de-risk
operations. Furthermore, a particular focus will be put on emerging geophysical technologies to
assess their relevance for geothermal exploration in such a geological setting (e.g. Electro-Magnetic,
Nuclear Magnetic Resonance).

3.2.2 Task 2.2: Development of Artificial Intelligence methods for quantitative
characterisation and forecasting of deep fluid circulation

It is now firmly grounded that digitalisation of the subsurface is an essential tool for exploration, field
management and decision-making in many domains of geosciences, such as deep geothermal
energy. The project proposes an enhanced imaging solution of the deep fluid circulation leading to
a successful exploitation and risk management. A set of Artificial Intelligence tools will be developed
to magnify the assimilation of data. In addition, uncertainty evolution will be carried out and its impact
on the understanding of the deep fluid circulation.

The task will be coordinated by: Romain Chassagne (BRGM, Orléans). Experts involved in this task
are from BRGM and LMA Poitiers Université.

The usual approach for geothermal subsurface characterization is to invest tremendous effort on a
single realization model. However, the current approach suffers of major flaws: 1) time consuming
modeling process, 2) containing biases and finally 3) not taking into account uncertainty in data and
model. As a result, the characterization of deep fluids circulation is still qualitative and slow. We
propose to address those untapped or partially explored research directions (Play fairway analysis:
Smith et al., 2021 and machine learning based: Okoroafor et al., 2022), by developing a robust
Artificial Intelligence (Al) Assisted methodology to enhance fluids circulation imaging techniques
tools. The approach will be based on an adaptation of the oil and gas data assimilation workflows
along with the now very mature Al set of tools to speed-up, quantify uncertainty and finally improve
generalization.
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3.2.3 Task 2.3: Development of 3D dynamic numerical models to highlight the
control of the basement roof morphology on the existence and location of hot
fluid upwelling

The task aims at evaluating to what extent the knowledge of thermal upwelling at the reservoir scale
has provided information on the spatial distribution of permeability heterogeneities, as the main
objective remains the identification of the most favorable targets for drilling new wells and
significantly enlarge energy production. The underlying questions are to evaluate the role of the
faulting pattern resulting from the last extension phase in the regional flows, as well as the role of
the inherited structures prior to this extension phase. Are the known thermal upflows local,
independent from each other and directly attached to a fault segment or not? The project will
concentrate on the central part of the URG, mostly in its French part.

The task will be coordinated by: Dominique Bruel (Geosciences MinesParis PSL). Experts involved
in this task are from Géosciences MinesParis PSL, BRGM and ITI GeoT (Unistra).

We proposed to: 1) use the recent open source software COMPASS that present specific capabilities
dedicated to the study of geothermal energy systems to address the numeric challenge and 2)
consider the detailed Discrete Fracture Network (DFN) model of the central part of the URG by
Armandine les Landes (2018) as a basis for starting the research work, and 3) perform a number of
sensivity analyses pointing toward the general role of the slope of the top basement surface toward
NNE, the role of a decrease of permeability with depth, the role of the offset of the main faults altering
the E-W continuity of the Triassic sandstone, the importance of S-N continuity of the fault segments,
the definition of an equivalent permeability of the damaged zones along the faults, as well as the
equivalent properties of relay zones that are impacted by many structural directions.

3.2.4 Task 2.4: Origin and distribution of the lithium resources

In early 90s (Pauwels et al., 1991; 1993), it was discovered that the deep geothermal brines from
the Rhine Graben had high Li concentrations (= 150 mg/l). Recent studies (Sanjuan et al., 2022)
have indicated that this graben is one of the most promising areas in Europe to exploit geothermal
Li for vehicle batteries. In this task, we aim at contributing to determine the origin and the distribution
of the geothermal Li resources in the Rhine Graben. We will also try to estimate water/rock ratios on
altered rocks using oxygen and lithium isotopes in order to identify the past and present-day active
fluid pathways in a fractured reservoir.

The task will be coordinated by: Catherine Lerouge (BRGM, Orléans). It will gather experts from
BRGM (C. Lerouge, Ch. Fléhoc, Ph. Lach, B. Sanjuan, R. Chassagne), University of Strasbourg
(D. Lemarchand), IFPEN (A. Lemgruber-Traby, Ch. Souque, Y. Peysson), University of Lorraine (J.
Sterpenich).

Deep geothermal energy exploitation has gained many attentions in energy field due to its large
reserve, but also as a possible producer of lithium that is present in geothermal brines in the Rhine
Graben (Sanjuan et al., 2022). However, the sources of Li, the functioning of deep geothermal
fractured reservoirs, and the fluid pathways in the reservoir at depth, remain not well constrained.
Objective 1: contribute to determine the origin and the distribution of the geothermal Li resources in
the Rhine Graben; Objective 2: measure oxygen isotopes on altered whole rocks to estimate
water/rock ratios using geochemical modelling, and as a tool for identifying major fluid pathways in
a geothermal fractured reservoir. Use isotopic tools (lithium combined with oxygen) to better
constrain the trace element mobilisation, lithium being the first element of interest due to the
increasing industrial demand for Lithium-ion batteries, but also because lithium is a good
tracer/marker of alterations.
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3.2.5 Task 2.5: Processes of hydrogen and helium generation and migration
The rift system of the Rhine Graben may be fertile from the point of view of H, and He resources.
We aim at investigating the sources and migration paths of these two commodities thanks to
complementary approaches: 1) data analysis (geology, geochemistry, geophysics) at the scale of
region, 2) soil gas analysis, geochemistry (dissolved and free gases), geophysics (magneto-telluric
and electric resistivity) near potential migration paths previously identified, 3) tracking paleo-fluid and
gas circulation through fluid inclusions analysis, 4) experimental H, generation from granite alteration
under hydrothermal conditions, and 5) modeling a putative H, and He systems in the Rhine graben.
The task will be coordinated by: Truche Laurent (UGA, Grenoble). It will gather experts from: ISTerre
(Laurent Truche, Frédéric Victor Donze, Svetlana Byrdina), EOST (Jessica Murray, Jean
Schmittbuhl), and GeoRessources (Antonin Richard, Jacques Pironon).

Hydrogen (H.) and helium (He) are two natural commaodities that display many similarities in term of
geological sources and mobility in the crust. The two dominant sources of H in the continental crust
are water reactions with common rock types containing reduced iron (Fe?*) and radiolysis of water
from the natural decay of uranium and thorium. On average, the crust has generated enough
hydrogen over the last billion years to supply the present-day global energy use of hydrocarbons for
170,000 years. Nevertheless, hydrogen must be released from the source lithologies, focused
through geological processes into locations that make it commercially viable and preserved to form
a key no-carbon chemical feedstock or energy resource. This requires consideration of the complete
‘hydrogen system’ from source rock generation rate, release, transport and trapping. Helium (He),
as part of the hydrogen system and with similar diffusive properties provides a critical analogue to
understand the temporal and physical contexts that favor gas field formation. In this proposal, we
would like to use the Rhine graben as a test site for H, and He exploration, because this geologic
region gathers the key features to make it fertile with respect to these two commaodities. Our objective
is to identify promising areas for a more advanced program (e.g. deep drilling program, ICDP)
dedicated to H, and He exploration.

3.3. WP3 - From the *“acceptability” to the “Research and
Responsible Innovation” (RRI) of the deep geothermal energy:
the Strasbourg demonstrator

3.3.1 Task 3.1: Public images of the subsoil and deep geothermal projects:
media study and questionnaire survey on public perception of subsoil uses
The purpose of this task is to analyse the dynamics that govern the construction of public
representations of subsoil uses and, in particular, of deep geothermal energy. The first aspect relates
to public discourse. It aims to identify and analyse the way in which different narratives concerning
deep geothermal energy are mobilised in the media and during controversies and consultations. The
second aspect consists in a questionnaire survey on the perception by different populations of the
uses of the subsoil. This second part will be implemented in collaboration with researchers involved
in the PC7 of the PEPR SSBC.

The task will be coordinated by: Yeny Serrano (UNISTRA, Strasbourg). Experts involved in this task
are from LISEC / SAGE / CREM / BRGM.

The main objective of this study on public discourses on subsoil exploitation is to analyse the
selections that appear in the construction and use of narratives by stakeholders and opponents of
exploitation projects. This approach differs from argumentative analysis in that it allows for a more
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detailed analysis of the readings of reality put forward in the public arena (whether they concern the
characteristics of the subsoil, the risks, the feedback, the technologies used, or the role played by
the various actors). This approach will be combined with a questionnaire survey among different
populations in order to take into account the gaps that may exist between the stakeholders'
discourses and the public's perceptions of the uses of the subsoil.

3.3.2 Task 3.2: Reshaping seismic monitoring and data sharing through
participatory science

Discussions following the seismic events of 2019-2021 highlight the need to rethink the governance
of seismic monitoring. The project presented here integrates two complementary actions: initiate
strong interactions with local authorities and civil society through the implementation of a
concertation procedure on seismic monitoring; Optimize the developments of the seismic citizen
science network initiated in 2018, through a series of measures aimed at increasing the involvement
of volunteers.

The task will be coordinated by: Anne Masseran & Philippe Chavot (UNISTRA, Strasbourg). Experts
involved in this task are from: LISEC/SAGE (UNISTRA); CREM (Lorraine Univ); ITES/ITI GeoT
(UNISTRA); IFPEN; INERIS.

This task has two main objectives. First, to design a new seismic risk governance approach taking
into account the lessons learned from the 2019-2021 seismic crisis. This new governance will be
built and implemented in an inclusive and participatory way through the involvement of local
authorities and civil society. Secondly, to facilitate and strengthen the involvement of volunteer
citizens in a participatory science scheme through the use of digital tools (which will allow volunteers
to contribute concretely to the clearing of seismic data) and dedicated communication devices.

3.3.3 Task 3.3: Analysis of the socio-technical negotiations of deep geothermal
projects: what conditions for a responsible research and innovation?

This proposal aims to take a comprehensive look at the social shaping of deep geothermal projects
in the Rhine graben (PEPR project and lithium extraction projects) and to examine the possible
implementation of responsible research and innovation. A restitution of the work and reflections
carried out within the framework of this project will be carried out by involving students from several
Master degrees.

The task will be coordinated by: Philippe Chavot (UNISTRA, Strasbourg). Experts involved in this
task are from: LISEC / Sage / CREM / team of PC7 PEPR Sous-sol.

The first objective of this task is to analyse the interactions between science, industry and society by
varying the analysis models and perspectives. The aim is to understand what is at stake for the
different categories of actors in the negotiations and controversies concerning the use of the subsoil,
and in particular deep geothermal projects, by drawing on the methods of pragmatic sociology and
ethnological observation. In addition to this analysis of socio-technical negotiations, a more critical
approach is taken through a consideration of the contemporary models aiming at a better integration
of techno-industrial projects in the territories, by analysing in particular the scope and the limits of
the notions of acceptability and responsible research and innovation. This will be done in
collaboration with researchers involved in the PEPR TASE. Finally, and in collaboration with the FP7,
a didactic restitution of the analysis of controversies and socio-technical negotiations will be set up
through the implementation of a controversy mapping exercise mobilising students from different
Masters (social sciences and engineering).
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4.  Expected outcomes of the project / Impact et retombées du projet

Expected outcomes of each task of WP1-3 are presented in the Annex. For WPO, expected
outcomes will be the results of transversal tasks 0.2-4 introduced in Fig. 2:

- Task 0.2: Preparation of a scientific program for the drilling of scientific wells (ICDP). The
task aims at contributing to an ICDP proposal during the three first year of the PC9 project taking
advantage of the preparation material obtains from WP1-3. The first results of the three work
packages, the interaction with international collaborators and the organisation of dedicated
workshops will help to define the key scientific questions that need to be addressed by deep
continental drilling and that will justify an ICDP proposal. This ambitious approach will help to create
an international dimension to the FP9-Rhine Graben project and place the "URG" in the top league
of natural laboratories for EGS research. Directly linked to the proposal of an ICDP is the
identification of critical missing data sets, which will be an output of the three work packages. In
addition, it will be necessary to define the technical specifications for drilling scientific wells in the
URG and to seek other funding that may require interaction beyond the academic community with
the local and territorial communities and industry

- Task 0.3: Concention for monitoring of the geothermal sites. An important operational
outcome will tbe the renewing of the existing convention between industrial operators, DREAL Grand
Est and EOST/BCSF-RENAS for sharing monitoring data of the geothermal sites. A two-step
procedure will be followed: a) first year: update including new partners and the results of the Gefiss
project (https://www.gefiss.eu/); b) mid-term: upgrade based on the results of the WP3 and in
collaboration with PC 2 and 8.

- Task 0.4: Database of the project and GEORG upgrading. The updating of the whole Rhine
Graben geological 3D model (GEORG model) will be based on 1/ new seismic profiles interpretation
performed in the framework of ANR Gliter project and information form WP1.2 for the sedimentary
cover part and 2/ information about fracture network form WP1.2 as stochastic network for the
basement. The updated geological model will be populated with petrophysical data (porosity,
permeability, thermal conductivity, electrical conductivity, density, magnetic susceptibility, etc.) to 1/
asses the sensitivity and resolution of the existing and emerging geophysical methods (WP2.1) and
2/ develop dynamic hydrothermal 3D model for highlighting the control of the fluid circulation
(WP2.3). These will constitute results of WP2, which will be implemented in collaboration with PC4
in a new release of the GEORG public geological model.
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