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Abstract

Geothermal energy, a high-capacity factor renewable, remains underutilized in the EU, contributing
0.2% of electricity and 0.7% of heat production. Despite its potential for energy transition, EU policy
support—via the Net Zero Industry Act, Horizon Europe, and the Innovation Fund—is critical for
scaling. While deep geothermal technology is commercially viable, global R&D leadership lies with
the U.S. and China, with the EU lagging in high-value patents. The EU maintains a robust value chain
in resource development and drilling but there is a lack of systematic data on component
manufacturing capacities. Skills shortages persist, though oil and gas expertise can partially address
workforce gaps. Political calls for a dedicated EU geothermal action plan, highlights growing
recognition of its strategic role.



Foreword on the Clean Energy Technology Observatory

The European Commission set up the Clean Energy Technology Observatory (CETO) in 2022 to help
address the complexity and multi-faced character of the transition to a climate-neutral society in
Europe. The EU’s ambitious energy and climate policies create a necessity to tackle the related
challenges in a comprehensive manner, recognizing the important role for advanced technologies
and innovation in the process.

CETO is a joint initiative of the European Commission Joint Research Centre (JRC), who run the
observatory, and Directorate Generals Research and Innovation (R&I) and Energy (ENER) on the
policy side. Its overall objectives are to:

— monitor the EU research and innovation activities on clean energy technologies needed for the
delivery of the European Green Deal

— assess the competitiveness of the EU clean energy sector and its positioning in the global
energy market

— build on existing Commission studies, relevant information & knowledge in Commission services
and agencies, and the Low Carbon Energy Observatory (2015-2020)

— publish reports on the Strategic Energy Technology Plan (SET-Plan) SETIS online platform

CETO provides a repository of techno- and socio-economic data on the most relevant technologies
and their integration in the energy system. It targets the status and outlook for innovative solutions
as well as the sustainable market uptake of both mature and inventive technologies. The project
serves as primary source of data for the Commission’s annual progress reports on competitiveness
of clean energy technoloagies. It also supports the implementation of and development of EU
research and innovation policy.

The observatory produces a series of annual reports addressing the following themes:

— Clean Energy Technology Status, Value Chains and Market: covering advanced biofuels,
batteries, bioenergy, carbon capture utilisation and storage, concentrated solar power and heat,
geothermal heat and power, heat pumps, hydropower & pumped hydropower storage, novel
electricity and heat storage technologies, ocean energy, photovoltaics, renewable fuels of non-
biological origin (other), renewable hydrogen, solar fuels (direct) and wind (offshore and
onshore).

— Clean Energy Technology System Integration: building-related technologies, digital
infrastructure for smart energy system, industrial and district heat & cold management,
standalone systems, transmission and distribution technologies, smart cities and innovative
energy carriers and supply for transport.

— Foresight Analysis for Future Clean Energy Technologies using Weak Signal Analysis
— Clean Energy Outlooks: Analysis and Critical Review

— System Modelling for Clean Energy Technology Scenarios

— Overall Strategic Analysis of Clean Energy Technology Sector

More details are available on the CETO web pages



https://setis.ec.europa.eu/index_en
https://energy.ec.europa.eu/topics/research-and-technology/clean-energy-competitiveness_en
https://energy.ec.europa.eu/topics/research-and-technology/clean-energy-competitiveness_en
https://setis.ec.europa.eu/publications/clean-energy-technology-observatory-ceto_en
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Executive summary

Deep geothermal energy technology is well-established but remains the smallest of the commercial
renewables despite offering the highest capacity factor. This annual update report from the Clean
Energy Technology Observatory looks at the status of deep geothermal energy for power and for
direct heat applications in the EU.

EU objectives and challenges / policy context

In the EU geothermal currently provides a modest 0.2% of electric power and approximately 0.7%
of heat energy consumption. Nonetheless, it offers considerable potential to support the EU’s
energy transition. It is included in the Net Zero Industry Act, and the EU also supports the sector
through the Horizon Europe programme and the Innovation Fund. The SET-Plan Implementation
Group and the European Technology Innovation Platform for Geothermal Energy provide strategic
planning. Geothermal has recently gained more visibility at the political level, with calls in 2024
from the European Parliament, the European Council of the Region, the European Economic and
Social Committee and the EU Council for a geothermal action plan. The Commission is considering
this in the scope of the proposed EU heating and cooling strategy, and the public call for evidence in
autumn 2025 specifically includes the topic of geothermal.

Technology status

Deep geothermal energy technology is commercially available, both for direct heat and for power
generation. Considerable R&D efforts are underway across the global to improve the technology. P
The total number of patents continues to grow, with the US and China leaders. The EU has been
progressively less active over the last decade, and there were no EU companies in the global top 10
for high-value inventions in the period 2020-2022. For scientific publications, the EU is third after
China and the rest-of-the-world (RoW) grouping. Within the EU, the leaders are Germany, Italy and
France.

Investment and funding

Globally, investments in geothermal power generation are growing again after a slump in the period
2016-2020 and reached close to USD 2 billion in 2023. For heating, the sector has seen steady
growth over the last decade, with investments reaching USD 45 billion in 2023.

Annual expenditure on private and public RD&I has slightly decreased in real terms over the last
decade. Public RD&lI as estimated from the data reported by IEA member states was just over EUR
200 million in 2023 (2024 data is incomplete), with the EU a major contributor. Private RD&I was
EUR 300 million in 2021, with China as the main source.

Regarding private R&I investments, the only estimates available use patent data as proxy, so with a
significant time lag. At global level, a decreasing trend is evident up to 2020. For 2019 (the last
year with complete data), China and Korea were leaders, followed by the EU and then Japan. The EU
shows a similar decreasing trend. Leading countries were Germany, France and Austria and Hungary
(joint 3). Venture capital funding also contributes, particularly in North America, reaching EUR 700
m in 2024.

Value chains

The EU is considered to have a good industry base for geothermal energy exploitation in all the
major activity areas: site investigation and resource assessment, resource development, drilling and



sub-surface engineering, resource utilisation and management, operation and sustainable
management.

The NZIA implementing regulation identifies the geothermal power plants and geothermal direct
use systems as final products, alongside three associated primarily used components: heat
exchangers resistant to geothermal corrosive operating conditions, submersible pumps resistant to
geothermal corrosive operating conditions and brine re-injection pumps. There are several European
suppliers of these, but there is no systematic data on production capacities and locations.

Dependencies and Sustainability

Geothermal uses relatively few critical raw materials mostly through alloying elements used in con-
struction materials and titanium used for filters. On the other hand, geothermal is unique in offering
the possibility of extracting materials from the geothermal brine, and this is being actively pursued
in several EU locations.

Broader sustainability Issues are pollutants and GHGs that can be emitted from geothermal facili-
ties. To mitigate these, appropriate containment of both gases and effluents is necessary. Seismic
risks with enhanced geothermal systems may also raise public acceptance concerns.

Skills remain an area of concern. Exploiting deep geothermal energy requires a well-trained, special-
ised workforce, although there is scope for transfer of exploration and drilling expertise from the oil
and gas sector. Lack of relevant expertise in administration and planning authorities is also a cause
for concern.

SWOT analysis

Table 1 shows an updated assessment of strengths-weaknesses-opportunities-threats (SWOT) for
geothermal heat and power technology in the EU.



Table 1. CETO SWOT analysis for the competitiveness of deep geothermal power and heat

Strengths
— Large potential resource in the EU
— Dispatchability and >809% capacity factor

— Supports sector coupling with large-scale
underground thermal storage

— Extensive EU manufacturing base for
below- and above ground equipment

— Many district heating and cooling
networks to supply

— Established R&D sector

— Significant local employment

Weaknesses
— High CAPEX
— Licensing delays

— Seismic concerns for enhanced
geothermal systems

— High-temperature resources at moderate
depths only available in some EU
locations

— Competing demand for drilling expertise
and equipment from the oil/gas industry

Opportunities

— Enhanced geothermal systems, including
closed loop systems, with higher
efficiencies and more exploitable
locations

— Recovery of lithium and other critical
materials from geothermal brines

— Export of services and equipment
— Better resource data, technology and
expertise can increase exploitable

resources

— Expertise synergies with the oil and gas
sector

— Emergence of the EU heat market (as
opposed to a gas market)

— Underground thermal storage technology

— EC policies for accelerated licencing

Threats

— Low/subsidised fossil fuel prices

— Low public acceptance in some countries

— Competition from other clean tech
investments in the EU, in particular wind

and solar for power generation

— Shortage of expertise and skills at all
levels

— Reduced R&l funding

Source: JRC analysis 2025




1. Introduction

1.1 Scope and context

This report on deep geothermal energy is part of the annual series of reports from the Clean Energy
Technology Observatory (CETO). It builds on EU studies in this field and updates the previous CETO
report [1]. It provides an overview of the current state of geothermal technology, including
technology maturity status, development and trends, value chain analysis, and global market and
EU positioning. It is noted that this report does not cover geothermal underground thermal energy
storage (UTES) or the recovery of critical materials from geothermal brines.

Recently both IRENA [2] and IEA [3] issued reports on geothermal energy, and these provide
extensive technical information and economic analysis at international level.

Although deep geothermal energy has seen limited deployment in the EU so far, it can play an
important role towards achieving the goals of the European Green Deal and the REPowerEU
strategy, while its development is further supported by the Net Zero Industry Act. The sector has
recently gained more visibility at the political level, with calls in 2024 from the European
Parliament, the European Council of the Region, the European Economic and Social Committee and
the EU Council for a strategic action plan. The Affordable Energy Action Plan announced a Heating
and Cooling Strategy for Q1/2026, which would include a geothermal action plan. A call for
evidence for the EU heating and cooling strategy is ongoing (October - November 2025).

The report is organized into five main chapters. Chapter 2 examines the state of the art and future
developments, focusing on advancements in technology readiness, energy capacity, costs, and
research funding. Chapter 3 focuses on the value chain analysis, covering economic contributions,
sustainability, and the role of EU companies in the market. Chapter 4 provides an overview of the
EU's global position and competitiveness in the geothermal industry, analysing market status, trade
dynamics, and resource efficiency. Chapter 5 concludes the report by synthesizing key findings and
highlighting strategic opportunities and challenges.

1.1. Methodology and data sources

The report addresses a set of defined indicators common to all the CETO technologies. To assess
these, it uses the following information sources:

— Eurostat data;

— Existing studies published by the European Commission and international organisations;
— Information from EU-funded research projects;

— EU and international databases;

— Trade reports, market research reports and others;

— Stakeholder input.

Details of specific sources can be found in the corresponding sections. Annex 1 provides a summary
of the indicators together with the main data sources.



2. Technology status and development trends

2.1. Technology overview

Geothermal energy from hydrothermal systems! is a mature technology that can provide low-cost
energy supply with the highest capacity factor and lowest land area power density among
renewables. The extracted thermal energy can be used to generate electricity, directly as heat or a
combination of both. Globally, the current breakdown is 21% power generation and 79% heat

supply [3].

Enhanced geothermal systems (EGS?) do not require a hot fluid reservoir and instead inject water
into rock at significant depths (several km) where temperatures are naturally elevated. A variant of
EGS are the advanced geothermal systems (AGS), which use a closed-loop system to extract heat
from the earth without contacting the surrounding rock or groundwater. With such systems, the
range of potential locations is much higher. However, EGS technology is less mature and has higher
costs due to deep drilling requirements and need for additional stimulation measures. Recent
developments are encouraging - a recent report from the Clean Air Task force [4] highlighted
faster drilling (> 8.4 m/hr), increasing production temperatures, higher flow rates (>80 L/s), deeper
wells with long horizontal segments, and declining drilling costs.

In the EU, the closed loop approach is being investigated in the EAVOR Loop project at Geretsried in
Germany. The system is expected to generate 64 MWy, or 8.2 MW.. when completed (end 2026).
Both EIB and the EU Innovation Fund are contributing to the financing..

2.2. Technology readiness level

Deep geothermal energy technology is commercially available i.e. TRL 9. In parallel, numerous
developments are taking place to improve all aspects. The 2023 strategic research agenda [5] of
the European Technology and Innovation Platform on Geothermal (ETIP-G) provides a
comprehensive overview of research priorities and their respective TRL levels and expected progress
to 2030. The EU-funded GEOTHERM-FORA has subsequently produced reports on the technology
trends (2024) [6] and a development roadmap (2025) [71.

! Hydrothermal systems exploit natural reservoirs trapped in sedimentary rock layers above hot rock formations, usually
near plate boundaries. Favourable locations are therefore limited.

2 Enhanced geothermal systems (EGS) are engineered reservoirs that can provide geothermal power from geothermal
resources that were once considered unrecoverable due to lack of water, location, or rock type
(https.//'www.nrel.gov/geothermal/sedimentary-egs.html)
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Table 2. Current TRL for geothermal technology

Sub-Technology TRL (Technology Readiness Level)
1|2 (3|4 |5 |6 |7 (8 |9

Low TRL

Machine Learning and Al Tools in geothermal exploration
and operation
Digitization and Digital Twins

Advanced exploration tools

Subsurface working fluid other than water (e.g. C02) for
advanced geothermal systems or UTES

Coupled thermal, hydraulic, mechanical, chemical and
microbiological system models

Extraction technologies for co-production of critical raw
materials

Crystalline rocks - research for utilising the crystalline
basement

High TRL

Novel drilling technologies

Materials for Geothermal installations
Full reinjection power plants in Italy
Underground thermal energy storage
Geothermal heat pump systems

Social science and Humanities

Market Ready

Large and high temperature Heat Pumps
Large-scale geothermal HP systems
Low temperature heating systems

5t generation district heating and cooling

New casing materials - Composite Downhole Tubulars for
completion
New drilling, well designs and equipment

Larger ORC turbine

District cooling

First demonstration — close to market
Medium and high temperature UTES

Single well

Deep closed loops of multilateral well systems
Cooling for industrial purposes

Co-production of critical raw materials

Source: JRC elaboration of GEOTHERM-FORA report on major technological trends [6], 2025.
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2.3. Installed energy capacity and production/generation

2.3.1. Electricity Generation

The global installed capacity at the end of 2024 was 15.1 GW, with the addition of 0.4 GW from
2023 [8]°. The associated geothermal electricity production is estimated at 99 TWh. USA, Indonesia,
Philippines, Turkiye and New Zealand all have net capacities above 1 GW.

The EU’s net capacity at the end of 2023 was 0.9 GW; data for 2024 is not yet available from
Eurostat, but there was no significant change, apart from a new 2 MW system at Blumau, Austria.
Gross electricity production* from geothermal power plants is estimated at 6.2 TWh in 2024,
equivalent to 0.2% of the EU total. Over the last decade there has been a slight overall decrease in
production (Figure 1),

Six EU countries® are currently using geothermal energy for power generation: Italy, Portugal,
Germany France, Hungary and Austria. About 20-25% of their installed capacity is in the form of
cogeneration plants. Italy alone accounts for almost 90% of EU capacity.

Figure 1. Gross electricity production from geothermal energy from 2015 to 2024. NB Data for
2024 is calculated from the monthly net production values.
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Source: Based on Eurostat data, 2025.

3 ThinkGeoEnergy puts the global capacity at 16.9 GWe at the end of 2024, with 0.389 TWe added since 2023.

4 Net generation from geothermal is approximately 6% lower than gross production, based on analysis of data from
Terna, the Italina grid operator i.e. an amount corresponding to 6% of total generation is used for the plant
operation.

5 Croatia’s Velika Ciglena geothermal power plant is not in operation since 2022
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2.3.2. Heating and Cooling

In energy terms, geothermal heat production is more than double n that of power generation.
Globally, REN21 [8] estimates geothermal direct-use heat at 245 TWh in 2024. This is a 20%
increase on 2023, driven largely by developments in China. Geothermal heat represents a modest
contribution (2%) to the total market for low and medium temperature heat.

For the EU, Eurostat put geothermal heat production® at 4 TWh in 2023, about 0.7% of the EU total.
There was a marginal decrease from 2022 to 2023, after a period of steady growth since 2014
(Figure 2).

District heating (DH) systems represent an important and growing end-use. EGEC [9] reports that
geothermal plants for DH in the EU continued to grow in 2024. There are now 308 systems in
operation using geothermal, up 8 since 2023.

Figure 2. Total heat consumption from geothermal from 2014 to 2023.
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Source: JRC elaboration of Eurostat data (nrg_bal_peh, heat production, RA200 geothermal)

6 This refers to the Eurostat category for total heat production (nrg_bal_peh) under RA200 for geothermal). EurObserv’'RE
report a higher value (11 TWh), which includes data on geothermal heat consumption in the final energy
consumption for "Industry” and "Other sectors”
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2.4. Technology costs

For 2024 IRENA [10] reports that the global weighted average capital cost (CAPEX) for new
geothermal power plants (hydrothermal systems) was USD 4 015 /kW, but with a large variability
(5th percentile 1 217 and 95" percentile 10 501. Average CAPEX has been relatively constant over
the last decade but has potential to decrease.

The recent IEA report on geothermal [3] claims that costs for next-generation geothermal could fall
by 80% by 2035. At that point, new projects could deliver electricity for an LCOE of around USD 50
/MWh.

2.5. Public RD&I funding

Figure 3 shows the IEA data on public R&D investments by its members [11] for geothermal. The
annual total has fluctuated in the range EUR 150 to 200 million over the last decade. The EU
(member states and the Horizon framework programme) is one of the largest funders of
geothermal research.

Figure 3 Public RD&I investments (current values) in geothermal energy. NB Data for 2023 and 2024 are
provisional.
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Source: JRC based on IEA, 2025.

2.6. Private RD&I Funding

At global level, according to the IEA report [3] for geothermal power, investments rose to
approximately USD 1.8 billion in 2023 but are still below the levels seen a decade ago (> USD 2
billion). For geothermal direct heat, investments have increased over the last decade, reaching USD
45 billion in 2023.
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2.6.1. Private RD&I Investments from Patent Analysis

This analysis uses the same methodology described in previous CETO reports. The data up to 2021
are shown in Figure 4 (annual investments per country) and Figure 5 (cumulative investments). In
2021-2022 there has been some increase in investment after a decade of decline, largely due to
activity in China. Although the EU remains a leading investor, the amounts in real terms are
decreasing. There are no EU-based companies in the top 20 investors at global level.

Figure 4. Annual private RD&l investment in the geothermal sector for the period 2013 to 2021.
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Figure 5. International private RD&I cumulative investment in geothermal sector for 2013 to 2021.
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2.6.2. Venture capital and early and later-stage investments

Over the last five years venture capital funds have started to invest in geothermal to a modest
extent, particularly in north America. Figure 6 shows the country/region breakdown for 2015-2024.

The takeaways are:

e In 2024, global VC investment reached EUR 723 million, a 1.7-fold increase compared to
2022 investment level.

e This trend is essentially driven by investment in geothermal project developer Fervo Energy
(US, EUR 475 and 136 million in 2024 and 2022 respectively).

e In 2024, EU companies captured EUR 70 million (a 34 % increase compared to 2023),
confirming an upward trend seen since 2021, driven by companies such as Baseload Capital

and Lithium de France.

e Levels of investment in EU companies remain much lower than in the US (5.6 times less
over the period 2022-24).

Figure 6. Global VC/PE EU investment in the geothermal sector, by region for all deals.
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Source: JRC based on Pitchbook, 2024.

2.7. Patenting trends

The analysis followed the JRC's established methodology based on Patstat (European Patent Office)
data for the period to 2021, with provisional data for 2022. The relevant CPC code is YO2E 10/10 -

geothermal energy.

Globally, total inventions per year have grown from 150 in 2010 to over 300 in 2021, mainly due to
a very significant increase in China. For high value inventions i.e. patent families that include patent
applications to more than one patent office., the EU was leader for most of the decade 2010-2020,
but is now overtaken by the Rest-of-the-World grouping, US and China (Figure 7). Figure 8 shows
the leading organisations and number of inventions in the same period worldwide and in the EU.
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Figure 7. High value invention i.e. with patents filed in more than one patent office, for geothermal from
2009 to 2021, with provisional 2022 data.
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Figure 8 Top ten entities with high-value inventions in geothermal energy for the period 2020-2022 (top:
global; bottom: EU)
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2.8. Scientific publication trends

The JRC’s Technology Innovation Monitor system (TIM) is used to analyse the scientific articles
published over the period 2010 to 2024’. Figure 9 shows the time trend for the EU and leading
countries and regions. In 2024 China and the “rest of the world” group were top both with
involvement in 30% of all articles, while the EU contributed to 16%.

Overall, there is steady growth in publications on geothermal energy, driven by work on enhanced
systems, while annual output of articles on hydrothermal technology is rather stable.

Figure 9 Trend in scientific publications on geothermal energy for leading countries and regions
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2.9. Assessment of R&l project developments

The annual European Commission report [12] to the IEA Technical Cooperation Programme on
Geothermal provides an overview of projects with EU support from e.g. Horizon R&I Framework
programmes, Innovation fund and the LIFE programme. Key projects and findings include the
following

— PUSH-IT: Demonstrates high-temperature heat storage in geothermal reservoirs to improve
energy system integration, reduce emissions, and lower energy costs.

7 TIM search string: topic:("geothermal power'~2 OR "geothermal electricity"~3 OR "geothermal heating'~2 OR "geothermal
energy" OR "geothermal direct use") AND class:"article"
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CRM-geothermal: Enables sustainable extraction of critical raw materials (CRMs) from
geothermal fluids, reducing environmental impact and EU dependency on external supplies.

FIQUQ@S: Advances quantum gravity sensors for geophysics, improving transportability,
robustness, and cost-effectiveness for field applications.

HOCLOOP: Develops a horizontal closed-loop geothermal system with COz-based fluids,
enabling sustainable geothermal energy exploitation in new regions.

CONCRETER: Studies groundwater flow impacts on thermal regimes, creating models to protect
ecosystems and improve critical zone management.

COMPASS: Addresses technical challenges in superhot geothermal wells, enhancing well
integrity and power output while reducing environmental footprints.

DeepU: Combines laser and cryogenic gas drilling to make deep geothermal energy more
accessible

CEEGS: Develops a COz-based electrothermal energy storage system integrated with
geothermal heat extraction, advancing cross-sectoral technologies.

SMILE: Trains researchers in coupled subsurface processes (fluid flow, geomechanics,
geochemistry) to optimize low-carbon energy deployment and groundwater protection.
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3. Value chain analysis

3.1. Turnover and Gross Value Added

EurObserv’ER [13] puts EU’s geothermal energy turnover at EUR 770 million and GVA at EUR 410
million for 2023. The Prognos model [14] estimates GVA alone at EUR 770 million, but this includes
operation and sales. Both show a slightly decreasing trend over recent years (Figure 10).

Figure 10. Gross value added of the EU geothermal sector in the period 2018-2023.
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Source: JRC based on EurObserv’ER, 2024 and Prognos.

3.2. Environmental and socio-economic sustainability.

The 2024 version of this report [1] included a systematic collection of state-of-the art information
on environmental, social and security aspects, following the CETO sustainability framework.

The only update concerns GHG emissions. This is of particular significance for geothermal energy in
relation to carbon dioxide and methane present in the geothermal brine, which can potentially be
released during operation®. One consequence of this is that 2020 EU regulation on taxonomy for
sustainable activities requires a Life Cycle Assessment (LCA) of geothermal investments, while most
other renewables do not have this obligation.

The CETO 2024 report quoted a 2020 study for the Commission [15] that analysed a representative
geothermal plant clusters across Europe. For electricity production, the analysis produced global
warming potential (GWP) values in the range 7 to 819 gC02e/kWhe, with an average of 190
gC02e/kWhe. Other studies agree on the level of variability accordingly to plant type and location.

8 2018 the RED-II directive (recital point 46) noted that "depending on the geological characteristics of an area, the
production of geothermal energy may release greenhouse gases and other substances from underground fluids, and
other subsoil geological formations ... "
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The 2014 assessment by the International Panel on Climate Change (IPCC) [15] gave a median
value of 38 gCo2eqv/kWh for geothermal (min. 6, max 79 gCo.eqv/kWh). A recent global review by
Jingyi Li et al [16] notes that flash and dry-steam plants can have high GWP values. However,
Organic Rankine Cycle plants show lower GWP: for natural reservoirs 13-126 gCoeqv/kWh, and for
EGS 33 gCozeqv/kWh.

It has been pointed out by EGEC and by the SET-Plan Implementation Working Group that for
almost all EU locations and for typical plant designs, the carbon footprint will be well below the 100
gCO2eq/kWh limit set in the EU taxonomy regulation. Extreme values are typically linked to specific
locations and older plants®. Finally, it is noted that actual carbon footprint may only become
apparent when the plant is in operation.

3.3. Employment

IRENA put the global employment for geothermal (including ground-based heat pumps) at 160 000
jobs for 2023 [18], a decrease from 165 000 jobs in 2021. At this level it represents 1% of the
total jobs in renewables for that year (16.2 million).

For the EU, EurObserv’ER puts the combined direct and indirect employment for (deep) geothermal
at 6 100 in 2023, a slight drop from 6 200 in 2022 [13]. This represents 0.3% of total EU
employment in renewables (1.86 million, direct and indirect). Figure 11 shows the distribution in
the EU member states. The Prognos model estimates are higher, with 5 900 direct jobs for 2023,
down from 6 600 in 2022.

Figure 11. EU employment (direct and indirect jobs in the geothermal sector in 2023 for countries
with more than 100 full-time equivalents.
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9 Jingyi et al note the Bangnore 3 single flash GPP, Mount Amiata, Italy, with high and variable GWP values over the period
2002 to 2009 due to methane releases.
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3.4. Energy intensity and labour productivity

The energy payback time of geothermal is estimated to range from around 2 months to 3.5 years
[17]. For geothermal energy, the main source of energy consumption (beyond the electricity used
during operation) comes from well drilling, power plants and pipe construction.

Using EurObserv’'RE data, for 2022 the turnover was EUR 124 000 per job, close to the observed
average for renewables in the EU. For reference, the highest value was for wind (EUR 158 000/job)
and the lowest for biofuels (EUR 82 000/job) [8].

3.5. EU production data

The components for geothermal systems do not have unique PRODCOM codes, hence no analysis
has been made.
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4. EU market position and global competitiveness

4.1. Global markets and growth prospects

4.1.1. Current EU positioning in the global market

In terms of geothermal power generation, the EU currently has 6% of the global production. For
geothermal heat, the EU annual production is just below 2% of the global value.

ThinkGeoEnergy [19] characterises the geothermal industry as “highly fragmented, with a strong
focus on national markets and limited international competition”. It identifies Ormat Technologies
(USA) as the only company operating across markets.

While several EU companies work internationally, none are market leaders. As noted in section 2.7
on patents, no EU companies are in the top ten entities for high-value inventions in the period
2019-2021.

4.1.2. Market prospects

The IEA [3] notes the large technical potential of next-generation geothermal power technology, that
could provide 800 GW (6 000 TWh) by 2050. Its stated policies (SETPS) and announced policies
(APS) scenarios are more modest but still foresee 55 and 84 GW worldwide in the same timeframe.
Europe would account for approximately 10% in STEPS and about 6% under APS. The JRC’s Global
CETO 2°C scenario 2025'° [20] is more ambitious, with geothermal power reaching 180 GW (137
Twh) by 2050.

In the EU, the updates of National Energy and Climate Plans (NECPs) target a 33% increase in
geothermal power generation to 8 TWh by 2030. EurObserv’ER [13] expects a more modest
increase to 7 TWh by 2030. In the JRC ‘s POTEnCIA CETO 2025 Scenario*! [21], EU geothermal
power capacity increases to 1.7 GW by 2030 (14 TWh) and to 8.4 GW (70 TWh) by 2050, providing
more than 1% of total electricity generation (Figure 12). It also implies average annual
installations of almost 277 MW in the period 2027-2032.

For heat, the IEA APS foresees a doubling of global geothermal supply 2030 compared to 2023,
and a tripling by 2050, contributing however only 0.5% of demand. Under APS these values would
increase by about 50%. Geothermal for heating and cooling is not modelled in POLES-JRC or
POTENCIA and hence no projections can be made.

10 Annex 2.1 provides a summary of the Global CETO 2°C scenario 2025 and the POLES-JRC mode.
11 Annex 2.2 provides a summary of the POTEnCIA CETO 2025 scenario and the POTEnCIA model.
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Figure 12 EU cumulative installed capacity (a) and annual electricity generation (b) from
geothermal under the POTENCIA CETO Climate Neutrality Scenario in the EU, 2025 to 2050
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4.2. Trade (Import/export) and trade balance

There are no unique COMEXT codes for geothermal equipment, so no trade analysis is presented
4.3. Status of net zero technology systems and components in the EU

4.3.1. Relevant final products and primarily used components

The NZIA implementing regulation identifies the geothermal power plants and geothermal direct
use systems as final products, and for both the following primarily used components

— Heat exchangers resistant to geothermal corrosive operating conditions
— Submersible pumps resistant to geothermal corrosive operating conditions

— Brine re-injection pumps

4.3.2. EU manufacturing benchmark

The NZIA EU manufacturing benchmark compares the annual manufacturing capacity with the
annual deployment needs in 2030 and is calculated for each primarily used component..

Concerning the the production capacities for the primary used components, no detailed source of
information has been identified up to now!2 However, consultation with stakeholders and an
internet / GPT@JRC search indicates that there are a range of European suppliers, as summarised in
Table 3.

2 The European Geothermal Energy Council is preparing a report on geothermal supply chains
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In regard to the 2030 deployment capacity, the POTEnCIA CETO Climate Neutrality Scenario (see
4.1.2 above) envisages that power generation capacity will be increasing by approximately 277
MW/y in 2030. However up to now there is no conversion of this overall generation capacity value in
that of the primarily used components i.e. the volumes of heat exchangers and pumps needed. This
may require detailed design information on the systems concerned.

Table 3 Examples of European manufacturers of primarily used components for the
geothermal heat and power systems.

PUC Manufacturer Production site
county
Heat Exchangers Alfa Laval Italy, Sweden
Resistant to Geo-
thermal Corrosive | SWEP International Denmark
Operating Condi- Exergy LLC Only USA?
tions
SLB (ex Schlumberger) France?
Hydac/Funke Germany

Danfoss & Sondex Holdings | Denmark

Hamon & Cie International Belgium
SA
Germany
Kelvion Holdings GmbH
Gunter AG Germany
Submersible Grundfos Denmark
Pumps Resistant to | KSB AG Germany
Geothermal Corro- | Sulzer Switzerland
sive Operating
Conditions
SLB (ex Schlumberger) France
Halliburton Germany
Weatherford Germany
SAIPEM EU various
Baker Hughes Italy, Germany
Exergy LLC Italy
Brine Re-injection Oil Dynamics Germany
Pumps
KSB AG Germany
Sulzer Switzerland

Source: JRC elaboration of stakeholder feedback, EGEC information and GPT@JRC, October 2025
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4.3.3. EU share in global manufacturing benchmark

The NZIA EU manufacturing benchmark compares the EU’s annual manufacturing capacity with the
annual global deployment needs in 2040 and is calculated for each primarily used component. This
could not be evaluated for this report for the same reasons as mentioned in the preceding section.

4.4. Resource efficiency and dependence in relation to EU competitiveness

A recent EC study on long-term security issues for clean technology value chains [22] noted the
following:

— Some critical raw material dependencies (as mentioned above) from plant construction
materials (alloying elements for steel, aluminium, copper, titanium), although the share of these
used in this sector is dwarfed by that of other technologies and industries.

— Moderate risk of availability for equipment produced outside of Europe.

— Moderate risk that the emission of pollutants and GHGs linked to geothermal power plants may
pose a challenge to their operations due to environmental regulations and public acceptance
concerns.

— Skills also give rise to a moderate risk for deployment; the sector faces shortages of skilled
labour, also within regulatory and permitting agencies.

On the other hand, geothermal energy is unique in offering the possibility of extracting materials
from the geothermal brine. Minerals such as gold, caesium, rubidium, manganese, zinc, lithium, and
high-purity silica can be economically recovered from geothermal brines. Commercial extraction of
lithium is being developed in southern Germany, Canada, and the United Kingdom. European R&D
projects are also addressing the extraction of raw materials from geothermal brines. CRM-
geothermal (2022-2026) is updating an atlas of geothermal fluid and critical raw material content
for extraction locations in Europe and East Africa.
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https://crm-geothermal.eu/

5. Conclusions

In the EU, geothermal power generation remains at 0.2% of total generation and net capacity was
almost unchanged at 0.9 GWe in 2024. To significantly increase production in the future, enhanced
and advanced geothermal systems, capable of exploiting advances in drilling rates and horizontal
drilling, could provide a way forward. The EU supports various EGS and AGS research projects
including the EAVOR loop pilot system in Germany with Innovation Fund and EIB support.

Geothermal for heat production is a far larger sector in energy terms, but growth has slowed over
the last 5 years. On the positive side, geothermal for district heating and cooling (DHC) sector
continues to develop. By the end of 2024 the EU had 308 systems supplied by geothermal, 8 more
compared to 2023.

Investments in research and innovation, both public and private, have shown an overall decreasing
trend, both globally and in the EU. More encouragingly, venture capital investment has seen strong
growth in the period 2019-2022 with US, China and Canada leading the way.

In term of scientific output, for patents in 2021 (most recent year for which complete data are
available), the EU ranked third behind RoW and USA/China (Joint 2™). For scientific publications, the
EU is third after China and the rest-of-the-world (RoW) grouping. Within the EU, the leaders are
Germany, Italy and France.

The EU is considered to have a good industry base in all the major activity areas: site investigation
and resource assessment, resource development, drilling and sub-surface engineering, resource
utilisation and management, operation and sustainable management.

The NZIA implementing regulation identifies the geothermal power plants and geothermal direct
use systems as final products, and three associated primarily used components: heat exchangers
resistant to geothermal corrosive operating conditions, submersible pumps resistant to geothermal
corrosive operating conditions and brine re-injection pumps. There are several European suppliers of
these, but there is no systematic data on production capacities and locations.
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List of abbreviations and definitions

Abbreviations

Definitions

CAPEX
ATB
CAPEX

CCs
CHP
cop
CPC
DHC
EGEC
EGS
H2020
HP
IEA
IRENA
LCoE
NECP
OPEX
ORC
PPA
RES
RoW
SET
SME
TRL

UTES

Advanced Geothermal Systems (closed loop)
NREL Advanced Technology Baseline
Capital Expenditure

Carbon Capture and Storage

Combined Heat and Power
Coefficient of Performance

Cooperative Patent Classification

District Heating Cooling

European Geothermal Energy Council
Engineered/Enhanced Geothermal System
EU Horizon 2020 Framework Programme
Heat pump

International Energy Agency
International Renewables Energy Agency
Levelised cost of electricity

National Energy and Climate Plan
Operating Expenditure

Organic Rankine Cycle

power purchase agreement

Renewable Energy Source

Rest of world

Strategic Energy Technology
Small-Medium Enterprise

Technology Readiness Level

Underground Thermal Energy Storage
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Annex 1 Summary Table of Data Sources for the CETO Indicators

Theme Indicator Main data source
Technology Technology readiness level SET-Plan WG and JRC
maturity
status, Installed capacity & energy EurObserVv’ER, Eurostat, EGEC, IRENA
development | production
and trends Technology costs IRENA, NREL-ATB, literature
Public and private RD&I funding JRC elaboration of |EA data
Patenting trends JRC analysis of Patsat data
Scientific publication trends JRC Technology Innovation Monitoring
Assessment of R&l project RTD-JRC report to IEA
developments
Value chain Turnover and Gross Value Added EurObserv’ER
analysis
Environmental and socio-economic JRC analysis of various sources
sustainability
EU companies and roles EGEC, literature
Employment IRENA, EurObserv’ER
Energy intensity and labour Own estimates
productivity
EU industrial production No data specific to geothermal
Global Global markets and growth prospects | EurObserv’ER, IRENA, IEA,
markets and JRC-Poles, POTENCIA
EU positioning | EU trade (imports, exports) and trade | No data specific to geothermal
balance
EU manufacturing of NZIA Various sources
components
Resource efficiency and dependencies | Literature, EGEC

Source: JRC 2025
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Annex 2 JRC Energy System Models
A2.1 The POTEnCIA CETO 2025 Scenario

The POTENnCIA CETO 2025 Scenario has been generated with the Policy Oriented Tool for Energy
and Climate Change Impact Assessment (POTENCIA). Developed in-house by the European
Commission’s Joint Research Centre (JRC) to support EU policy analysis, POTENCIA is an energy
system simulation model designed to compare alternative pathways for the EU energy system. The
core modelling approach of POTENCIA (detailed in Mantzos et al., 2019) focuses on the
economically-driven operation of energy markets and corresponding supply-demand interactions,
based on a recursive dynamic partial equilibrium method.

The technology projections provided in the POTEnCIA CETO 2025 Scenario are obtained under a
climate neutrality scenario aligned with the broad GHG reduction objectives of the European Green
Deal. As such, this scenario reduces net EU GHG emissions by 55% by 2030 and 90% by 2040,
both compared to 1990, and reaches net zero EU emissions by 2050. To model the uptake of
different technologies under this decarbonisation trajectory, the scenario includes a representation
at EU level of general climate and energy policies such as emissions pricing under the Emissions
Trading System, as well as key policy instruments that have a crucial impact on the uptake of
specific technologies. For instance, the 2030 energy consumption and renewable energy shares
reflect the targets of the EU's Renewable Energy Directive (RED) and of the Energy Efficiency
Directive (EED). Similarly, the adoption of alternative powertrains and fuels in transport is
consistent with the updated CO2 emission standards in road transport and with the targets of the
ReFuelEU Aviation and FuelEU Maritime requlations.

Compared to the POTENCIA CETO 2024 Scenario (Neuwahl et al, 2024), the POTEnCIA CETO 2025
Scenario incorporates many model enhancements and scenario-specific updates, most notably:

— The usage of the more recent JRC-IDEES 2023 data (Rdzsai et al, 2025)

— Closer alignment to the National Energy and Climate Plans (NECPs) of the individual MS, which
have been published in recent months

— A more detailed description of the POTENCIA CETO 2025 Scenario will be available in the
forthcoming report (Neuwahl et al,, 2025).
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A2.2 Global CETO 2°C Scenario 2025

The Global CETO 2°C Scenario 2025 has been generated by the global energy model -JRC
(Prospective Outlook for the Long-term Energy System).

POLES-JRC covers the entire global energy system with a high level of regional detail,
encompassing 66 countries and regions, from primary supply (fossil fuels, renewables) to
transformation (power, biofuels, hydrogen, and hydrogen-derived fuels, such as e-fuels and
ammonia) and final consumption sectoral demand (industry, buildings, transport). International
markets and energy fuel prices are calculated endogenously. The model comprises a
comprehensive portfolio of technologies, with technology dynamics and interactions across sectors
modelled using endogenous technology learning.

Detailed documentation of the POLES-JRC model is provided in (Després et al., 2018). Techno-
economic assumptions used in the current version of the model are provided in (Schmitz et al,
2025). The latter report provides also a comprehensive overview of the dynamics and interaction of
various clean energy technologies until the end of the century. POLES-JRC results are published in
the annual "Global Climate and Energy Outlooks” (GECO) report, which provides detailed country
energy and GHG balances, and an online visualisation interface.

The Global CETO 2°C scenario 2025 is designed to limit global temperature increase to 2°C at the
end of the century. It is driven by a single global carbon price. The Global CETO 2°C scenario 2025
builds on the POLES-JRC model version used for GECO 2024 (European Commission, 2025) and
has been enhanced as following:

— Cost optimisation for electrolysers powered by renewables (PV, wind) has been implemented by
considering an over-sizing of renewable capacities and battery storage.

— Electrolyser investment costs have been increased reflecting recent revisions in literature.

— Updated investment costs for renewable technologies and utility battery costs according to
(IRENA, 2025) as well as updated installed capacities for power generating technologies.

— Revised global wind profiles (off-shore and on-shore).

— Updated data on new vehicles and vehicle stock by transport mode (battery and fuel cell
vehicles, ICE, hybrid) and vehicle type (passenger cars, light and heavy trucks, buses).

— Update of hydrogen infrastructure cost related to passenger and freight transport on road.
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Getting in touch with the EU

In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the
centre nearest you online (european-union.europa.eu/contact-eu/meet-us en).

On the phone or in writing
Europe Direct is a service that answers your questions about the European Union. You can contact this service:

— by freephone: 00 8006 7 8 9 10 11 (certain operators may charge for these calls),
— at the following standard number: +32 22999696,
— via the following form: european-union.europa.eu/contact-eu/write-us en.

Finding information about the EU

Online

Information about the European Union in all the official languages of the EU is available on the Europa
website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can
be obtained by contacting Europe Direct or your local documentation centre (european-
union.europa.eu/contact-eu/meet-us en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language
versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies.
These can be downloaded and reused for free, for both commercial and non-commercial purposes. The portal
also provides access to a wealth of datasets from European countries.
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Science for policy

The Joint Research Centre (JRC) provides independent,
evidence-based knowledge and science, supporting
EU policies to positively impact society

Scan the QR code to visit:

The Joint Research Centre: EU Science Hub
https://joint-research-centre.ec.europa.eu
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