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coordinated strategy to build a durable and long-lasting
policy, finance, regulatory framework, transnational
European research and innovation cooperative to
cooperation, impact
expand geothermal energy use. The network has
progressed in key areas of policy, regulation and
decision making and has implemented its strategy via
ABSTRACT
joint activities and programs aimed at coordinated
Europe aims to be climate-neutral by 2050. This
research, innovation, and market support for the uptake
ambitious climate and energy target can only be
of geothermal energy.
realised by increasing the share of renewable energy for
heating and cooling, industrial processes, power
GEOTHERMICA has proven to be an essential
generation, and significant growth in energy storage.
instrument for translating Europe's Strategic Energy
Geothermal energy is under-utilised today but is widely
Technology Plan (SET-Plan) into actions well aligned
available, clean, and a low carbon emission energy
with the SET-Plan's Deep Geothermal Implementation
source among all energy types. It is well-positioned to
Plan to accelerate geothermal deployment.
significantly contribute to the safe and secure energy
GEOTHERMICA has also engaged in the Clean
supply of Europe's Energy Union.
Energy Transition Partnership (CETP), a Horizon
Europe Partnership on energy innovation covering all
GEOTHERMICA is a transnational cooperation action
priorities of the SET-Plan.
to accelerate geothermal energy deployment.
GEOTHERMICA promotes research projects,
innovation and collaboration to make geothermal
energy fulfil its true potential for a climate-neutral
Europe. The GEOTHERMICA network has launched
joint calls to deliver, demonstrate and validate novel
concepts for geothermal energy utilisation within the
energy system and identify commercial opportunities.
In addition, GEOTHERMICA has continued the work
of the Geothermal ERA-NET Joint Activities on
knowledge, strategy, and support actions to strengthen
Europe and the transatlantic geothermal energy sector
by building a tightly interconnected and wellcoordinated Member States and Regional network. The
resources and know-how of twenty geothermal energy
research and innovation programme owners and
managers from eighteen countries are pooled together.
GEOTHERMICA works towards a more robust
geothermal sector through information, knowledge, and
Figure 1: GEOTHERMICA Partners in 2022.
good practice exchange, e.g., geothermal energy
research and innovation policies between the national
funding bodies. GEOTHERMICA has developed a
1
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1. INTRODUCTION
Launched in 2017, GEOTHERMICA is a collaboration
network of research and innovation funding
organisations joining forces to make funds available for
research and innovation actions related to geothermal
energy. In 2018, GEOTHERMICA, with financial
support from the European Commission, launched the
first series of joint projects that have demonstrated and
validated novel concepts of geothermal energy
deployment within the energy system and identified
paths to large-scale commercial implementation.
GEOTHERMICA is built on the results of a European
Research Area Network that ran from 2012 to 2016
named the Geothermal ERA-NET. During this period,
many European (national and regional) geothermal
research program owners and managers worked
towards identifying and formulating a common
research agenda.
The following alphabetically listed countries and
regions
participate
in
GEOTHERMICA:
Belgium/Flanders, Denmark, France, Germany,
Iceland (Orkustofnun as coordinator), Ireland, Italy, the
Netherlands, Norway, Portugal, Portugal/Azores,
Romania, Slovenia, Spain, Switzerland, Turkey, and
the USA. GEOTHERMICA's weight and influence
accelerated the development of geothermal energy in
Europe and, owing to the close alignment of research
priorities and complementary skills and facilities, also
globally (Figure 1).
The European Commission encouraged the cooperation
of national and regional geothermal energy research
program owners and managers. It incentivised this
cooperation in principally two ways: the European
Commission has contributed financial resources to a
first joint call, and secondly, it encouraged to
implement additional activities and work towards a
common platform of activities that are of joint interest
to the GEOTHERMICA partners. The national and
regional funding agencies that participated in
GEOTHERMICA were initially supported by funding
from the Horizon 2020, the EU Framework Programme
for Research and Innovation Programme, under grant
agreement No 731117. This incentive by the European
Commission has radically changed the way national
and regional research program owners and managers
have identified and harnessed their synergies.
The project has been built on the experience of the
participating organisations in previous ERA-NET
programs. In addition to organising joint calls, it
develops further the additional activities of knowledge,
strategy and support (Figure 2).
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Figure 2: Overview
workstreams.
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GEOTHERMICA's

The following sections present the outcomes of joint
calls
for
transnational
innovation
projects.
Subsequently, some of GEOTHERMICA's additional
activities are presented, which forge closer links among
national research program owners and managers across
Europe and beyond.
2. JOINT CALLS
It is crucial to maintain and grow Europe's leading
position in geothermal energy and move geothermal
development commensurate with its vast, yet untapped,
potential. GEOTHERMICA's joint calls have focused
on research and demonstration projects bringing
innovative geothermal energy solutions closer to
commercial deployment and encouraging industrial
participation to leverage public sector investment.
2.1 Objectives / concepts
GEOTHERMICA Calls (2017, 2019) have focused on
three main themes, which cover all stages in the
development cycle of secure, sustainable, competitive
and affordable geothermal installations (Figure 3):
• Identification and assessment of geothermal
resources
• Geothermal resource development (drilling,
completion, materials and equipment)
• Supply and smart integration into the energy
system and operations
Cross-cutting these themes are four non-technical
thematic aspects of high importance for
GEOTHERMICA; sustainability, knowledge sharing,
public perception of a robust geothermal sector, and
obtaining
policy-relevant
outcomes
from
GEOTHERMICA's activities.
Innovations and developments in all themes are
essential to realise the aim of GEOTHERMICA, either
by reduction of risk and cost or by expansion of viable
applications of geothermal energy by developing new
concepts and new ways for integration into the energy
system. Successful projects in GEOTHERMICA are
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expected to contribute to the relevant cross-cutting
themes (Figure 3) (Berg et al., 2019).

Figure 3: GEOTHERMICA's thematic concept
features three technological and four crosscutting innovation thematic aspects.

GEOTHERMICA's calls are designed to support
projects that deliver on the stated aims in each thematic
area (Table 1).

Thematic areas
Identification and
assessment of
geothermal
resources, reserves
and reservoirs
Geothermal
resource and
reservoir
development

Aim
Innovative and improved prospecting and
exploration techniques and modelling
methods to identify and assess geothermal
resources.
New drilling and well completion
technologies, reservoir stimulation and
innovative systems to control induced
seismicity during the reservoir stimulation
phase.

Innovative concepts illustrate geothermal
Supply and smart
energy as part of the energy system;
integration into the
geothermal reservoirs for heating, cooling
energy system
and storage; innovative power cycles.

Operations

Novel approaches to improve well
injectivity, reliability and availability of
injection operations; novel equipment and
materials for lowering and optimising
operating expenses; novel smart reservoir
management technologies; and innovative
approaches to managing induced seismicity
during production.

Table 1: GEOTHERMICA calls focus mainly on
four thematic areas derived from three
technological aspects and adaptable for each
call.
GEOTHERMICA has a prevailing interest in funding
projects that pilot or demonstrate innovative concepts.
GEOTHERMICA recognises the highly non-linear
nature of innovation and thus encourages fundamentaloriented research in support of specific pilot and
demonstration activities. Projects self-declare and
justify their Technology Readiness Level (TRL) before
their work program and indicate how many levels the

technology readiness advances in case of a successful
project outcome. Projects funded by GEOTHERMICA,
pilot and demonstration projects, and technology
development projects should improve business cases
based on research and innovation and thus contribute to
commercial readiness. Targeted and funded projects
occupy the TRLs 5-9 space with sub-ordinated work
packages, possibly at lower TRLs, to account for the
non-linear dynamics of innovation and a fundamental
understanding of geothermal systems and resources.
2.2 Procedures and challenges
The GEOTHERMICA procedures were designed in
close alignment with recommendations put forward by
ERA-LEARN, an initiative of the European
Commission and consortium beneficiaries to ensure
that good practices are shared among the plethora of
ERA-NETs. A large number of call features have been
adopted from the European Commission's methods in
the context of its research framework programs, in
particular, Horizon 2020 (for the period 2014-2020).
Adherence to well-established procedures was one of
many conditions for co-funding from the European
Commission for the first GEOTHERMICA calls and
using it with new efforts. Adopting established good
practices contributed to an efficient and effective call
layout.
Each call needed approximately eight months to
formulate a robust call text before launching in 2017,
2019 and 2021. The consortium and leaders of each
work package comprised the writing team, who, with
increasing frequency towards the finalisation of the call
text, sought input from all GEOTHERMICA
participants. Once the participating funding agencies
accepted the call text, the GEOTHERMICA Board
approved it and authorised publishing the call timeline.
Then, it was publicly announced within the specific
communities and among funding agencies' promotion
channels. Partners organised the national meetings to
introduce the scope and objective and encourage
building transnational consortia.
The GEOTHERMICA network calls are based on a
two-stage process. Stage 1 asks for pre-proposals, and
stage 2 asks for full project proposals. In line with good
practices, the time for consortia to be formed and preproposals to be developed was about three months,
which exceeds the generally accepted minimum period
of 2 months. Pre-proposals must be submitted to
GEOTHERMICA's Electronic Submission System
(ESS). The Icelandic Centre for Research (RANNIS)
administered on behalf of Iceland's Ministry of
Education, Science and Culture competitive funds in
research, innovation, education and culture, and
strategic research programs. RANNIS has thus ideally
positioned to utilise existing IT infrastructures to host
GEOTHERMICA's ESS.
After each deadline for stage 1 and stage 2 of proposals,
the GEOTHERMICA Office, the administrative unit of
the consortium, collects and shares proposals with
funding network partners. Proposals are subsequently
3
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assessed by regional and national funding organisations
based on national/regional eligibility criteria. In a
hypothetical example, a pre-proposal comprising ten
partners from five countries would be checked by the
national and regional funding organisations from the
five specified countries and regions. Each funding
organisation would check the eligibility of "their"
regional or national partners. The eligibility check
varied widely from one country and region to another
because national and regional rules are highly variable.
Some national and regional funding organisations
focused only on checks to confirm formal compliance
with national and regional rules.

budget was used to finance GEOTHERMICA second
stage proposals successfully.

In contrast, others had to consider other factors adding
to declaring a project's national/regional component
eligible. Factors included the availability of funding, a
qualitative assessment of innovative ideas, an
assessment of the scope within the call's objectives, the
composition of the consortia, the potential impact of the
project, and the relevance to the respective national
program objectives. This wide range of processes and
definitions at national or regional level is an important
challenge in the joint Call process.

2.3.1 GEOTHERMICA Call 1 and Call 2
GEOTHERMICA has supported fifteen high-quality
transnational geothermal energy projects in its Call 1
and Call 2. The network funds about half, with the other
half coming from project partners. The networks' total
investment is over M€ 75,5.

Eligible full proposals are evaluated in an open
competition. An independent international expert panel
evaluated and scored proposals according to the
programme's evaluation criteria, followed by the
ranking of the proposals. Only full proposals that
passed national/regional eligibility checks were ranked.
Over 150 entities participated in transnational
collaborations, with a high percentage from France,
Iceland,
Denmark,
Netherlands,
Switzerland,
Germany, and the USA. This potentially demonstrates
a lack of engagement and available resources in the
countries with high potential but smaller budgets on the
novel concepts for geothermal.
The successful projects admitted from pre-proposals to
full-proposal in the past three calls is an average of
fifty-six per cent. Out of those, approximately sixty per
cent successfully go through the external evaluation
and are recommended for funding.
The GEOTHERMICA network is successfully
improving aspects of eligibility checks by better
coordination between national contact points and
clarity for the applicants of the risks associated with the
overall project if projects do not adhere to all national
eligibility criteria in each partner country while
acknowledging new points of view from partners. The
call processes are under evaluation, and continuous
change, especially with the addition of new partners in
the network who bring new experiences, helping to
coordinate and harmonise processes and national legal
constraints and establish new rules.
In addition to GEOTHERMICA's call procedures,
some countries needed to run additional funding
opportunity announcements on a national or regional
level to ensure alignment with national programs whose
4

2.3 Launched calls
GEOTHERMICA has already launched three calls with
its core network and each time invites new partners to
broaden the aspects and bring geothermal strategies
together. Calls for innovative projects were gathered
within the past three calls with a budget of M€90. Each
call has comprised twelve to eighteen geothermal
energy research and innovation programme
owners and managers.

An overview of the above call projects, with a short
description and funding information (Figures 4 and 5):
•
•
•
•

•
•

•
•
•
•
•

•
•
•

PERFORM– Improving Geothermal System
Performance by Scaling and Corrosion
Prevention and Injectivity Enhancement,
HEATSTORE- Demonstrating the potential
of Underground Thermal Energy Storage
across Europe,
ZoDrEx- Providing a toolbox for more
efficient geothermal projects,
CAGE- Installing geothermal wells using
crane-based casing while drilling Huisman
Composite Tubulars with MaxFlow™
connections,
COSEISMIQ- COntrol SEISmicity and
Manage Induced earthQuakes;
GEO-URBANIdentification
and
Assessment of Deep GEOthermal Heat
Resources
in
Challenging
URBAN
Environments,
GeConnect- Improved well design, reducing
the risk of casing failures from constrained
thermal expansion in geothermal wells,
GEOFOOD- Geothermal energy for food
production,
DEEP- Derisking Enhanced geothermal
Energy Projects,
DEEPEN- DErisking Exploration for
geothermal Plays in magmatic Environments,
TEST-CEM- Developing advanced cement
systems resistant to repeated thermomechanical cycling for a wide temperature
range,
SPINE - Developing tools for stress profiling
in enhanced geothermal systems,
RESULT- Enhancing REServoirs in Urban
deveLopmenT: smart wells and reservoir
development,
SEE4GEO - Seismoelectric effects for
geothermal
resource
assessment
and
monitoring,
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•

GRE-GEO- Broadening the application range
of glass fibre reinforced pipes to casings and
tubing in geothermal wells.

Detailed information and project dissemination
reports of the projects mentioned above are
available
via
the
website:
http://www.geothermica.eu/projects/

2.3.2 GEOTHERMICA and JPP Smart Energy
Systems transnational cooperative call 3
The third joint call seeks to accelerate the heating and
cooling transition by bringing together national
programmes aimed at energy system integration and
programmes aimed at progressing the various heating
and or cooling technologies, with a strong focus on
geothermal energy. This third joint call, organised by
GEOTHERMICA and JPP Smart Energy Systems
ERA-net networks, has broader heating and cooling or
both scope than the two previous calls. It is ongoing,
and funded projects will start in September 2022 and
end within the next three years.
2.4 Vision on cooperation for joint calls of
geothermal innovation
One of the issues identified by the network is a gap in
knowledge transfer and a disparity in the uptake of
geothermal energy by countries with less developed
geothermal sectors, smaller resources, and limited
research capacities. The members of the
GEOTHERMICA network are collaborating closely to
ensure efficient knowledge transfer between national
and regional program owners and managers. This
support has provided countries with less developed
geothermal sectors invaluable access to the skills and
experience of peers and colleagues.

Figure 4: List of granted projects in
GEOTHERMICA Call 1. Blue and orange marked
countries are participating as main and coapplicants.

3. ADDITIONAL ACTIVITIES
The GEOTHERMICA consortium aims to support the
accelerated implementation of geothermal energy in
Europe. The work package Knowledge, Strategy and
Support emphasises these aspirations through:
•

•

•

•

Figure 5: List of granted projects in
GEOTHERMICA Call 2. Blue and red marked
countries are participating as main and coapplicants.

Exchanging information, knowledge and good
practices related to geothermal energy
research and innovation policies between the
national and regional funding bodies.
Developing a coordinated strategy to build a
durable and long-lasting European research
and innovation cooperative to develop
geothermal energy.
Implementing the strategy via joint activities
and programs aimed at coordinated research,
innovation and market support for the uptake
of geothermal energy.
Supporting the geothermal sector by
organising dedicated activities such as
workshops, strategic events and working
groups.

As part of these activities, GEOTHERMICA has
identified national and regional barriers and
opportunities for developing geothermal energy and
national/regional RD&D needs. The main benefit of
this task is the simplified identification of common
areas of interest (clusters) and thus possible cooperation
partnerships. Countries can quickly identify other
nations with (i) similar needs and (ii) countries that
have already reached the next level in developing
geothermal energy and are attractive partners to learn
from. Based on the results, strategic recommendations
5
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on short- and medium-term priorities in research and
innovation were formulated.
In addition, GEOTHERMICA consortium members
have joined the Clean Energy Transition Partnership
(CETP) and the relevant preparations. The
GEOTHERMICA network has contributed to the draft
proposal and SRIA (Strategic Research and Innovation
Agenda) and advocated that CETP should build on
existing infrastructures.
The GEOTHERMICA network has organised activities
at an international level as presented below:
3.1 Round table meeting
The GEOTHERMICA Round Table created an
opportunity by informing and coordinating the
activities of various European and international
organisations aimed at accelerating the uptake of
geothermal energy in Europe (Ramsak, 2020). This
activity brought together crucial European stakeholders
that comprise the three pillars (EC/Member
States/industry/research) for geothermal development
in Europe. The goal was to discuss universal and
national barriers, opportunities, and needs and resulting
strategic recommendations to align the activities of the
stakeholder organisations. This meeting served as a
platform to merge the perspectives of industry,
research, and EC with the Member States in shaping the
role of geothermal energy in future energy systems
(Figure 6).

3.2 Geothermal events
Unique and well-organised workshops have an
enormous additional benefit to building European
geothermal knowledge communities. Previous events
of the GEOTHERMICA consortium, beginning with
the Geothermal ERA-Net network: OpERA Workshop
in 2015, New Concepts in 2016, and then modernised
GEOTHERMICA network and its Strategic Round
Table in 2019 on geothermal served as platforms to
discuss issues and topics within the field of geothermal
energy research, support and innovation and bring
dynamics to maximise the output of transnational joint
activities.t
In past years, due to pandemic restrictions and not
seeing possibilities for an in-person event,
GEOTHERMICA and the Orkidea cluster leaders set
up an online format for a seminar on "Geothermal food
production and processing- GEO4FOOD" to continue
the work on providing the platform for discussion on
various issues.
Sustainable food production and processing are some
of the key challenges of our time. Geothermal energy
can be an essential solution to tackle these challenges.
Therefore, the GEOthermal for FOOD initiative was
created.
The GEO4FOOD webinar had the intention to serve as
a platform to exchange perspectives of industry,
research and member states in shaping the role of food
production and processing using geothermal as a
primary energy source (Schreiber, 2022).
With this webinar, the GEOTHERMICA project has
supported communities' actions and established a
discussion platform for the benefit of geothermal
energy stakeholders (Figure 7).

Figure 7: The GEOforFOOD webinar impressionsweb screenshot.
Figure 6: Round Table results presented in a report
format, available on the project website.
6

3.3 Geothermal projects database
The Joint Project Database was formulated in 2017
(with projects back to 2014) to create a joint project
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catalogue of national funding projects related to
geothermal energy from all participating countries. The
intention was to provide the participating funding
agencies with a tool to get a detailed overview of the
funding activities in the partner countries. Besides the
effective use of funding budgets and avoiding
duplication in funding projects, the tool can support
(European) policymaking and identify experts in
specific fields to foster further collaboration projects on
a European base (Figure 8).
During the development phase, it became apparent that
the tool could also be used to inform the public about
the progress of geothermal energy development in
Europe. Therefore, a second connected system was
developed to highlight projects of the participating
countries to interested citizens. Both systems are
updated yearly and create a joint project catalogue of at
least eight years.
Given the concept planned as long-lasting cooperation
between the partners, the consortium partners will
update the database after closing the GEOTHERMICA
Horizon 2020 funding scheme (Schreiber, 2019).

build new and exciting collaboration moving wisely
with the ongoing energy transitions.
5. CONCLUSIONS
The GEOTHERMICA network has provided an
outstanding contribution to the growth of innovative
concepts of geothermal projects bringing together
major national funding agencies with a strategically
oriented aim. The participants of GEOTHERMICA
calls are active in geothermal energy research ranging
from medium to high TRLs and have active
transnational collaborations across sectors. The three
funding calls have highlighted the need for research
projects that will supply significant contributions to
realise the climate transition.
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4. FUTURE ENDEAVOUR OF GEOTHERMICA
GEOTHERMICA is driving leadership in geothermal
and the Heating & Cooling Transition. Its Member
States support and foster engagement, long term
networking and an excellent science and technological
development. There is a joint drive and dedication,
which is crucial for the success and impact of
GEOTHERMICA in upcoming years.
And last but not least, GEOTHERMICA is advancing
data, technology, policy, regulatory frameworks,
market development and other non-technical aspects of
the geothermal energy sector. Together with network
partners, the consortium wishes to bring forward and
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