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Abstract:

The EU has set ambitious decarbonisation tar-
gets for the heating sector, requiring the in-
tegration of renewable heat sources into dis-
trict heating systems. Geothermal energy has
signi Lcant potential to provide stable baseload
heat, yet remains underutilised across Europe.
This thesis investigates how the integration
of geothermal heat in European district heat-
ing systems can be supported by simplifying
the initial screening process. Through litera-
ture review, stakeholder interviews, GIS anal-
ysis and energy system modelling, the key
factors in [udncing geothermal feasibility are
identi Led and analysed. The results show that
geothermal feasibility depends not only on the
available resource, but also on system level fac-
tors such as heat demand, investment costs and
the existing energy mix. Geothermal integra-
tion is most favourable in fossil fuel heavy sys-
tems with su [cieht baseload demand, while
competing heat sources such as excess heat and
waste-to-energy can reduce geothermal utili-
sation and economic performance. Based on
these [ndings, a Geothermal Screening Tool
was developed to support the pre-screening of
geothermal projects. The tool aims to sim-
plify the initial assessment process and support
broader deployment of geothermal heat across
the EU.

The content of this report is freely available, but publication (with reference) may only be pursued in agreement with the
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Executive Summary

This thesis investigates the feasibility of geothermal heat integration into district heating systems
across the European Union. The EU has established ambitious climate and energy targets that
require substantial reductions in greenhouse gas emissions across all sectors. As the heating sector
represents the largest share of nal energy consumption in Europe, its decarbonisation is considered

a key component of the energy transition.

Future energy system studies, such as Heat Roadmap Europe, emphasise the importance of district
heating expansion, heat savings and the integration of renewable heat sources. Among these
sources, geothermal energy is recognised as a promising option due to its ability to provide stable,
weather-independent baseload heat with low operational emissions. Despite its signi cant technical
potential, geothermal energy remains underutilised across Europe. High upfront investment costs,
geological uncertainty and long project development periods continue to limit wider deployment.

In addition to these challenges, assessing geothermal feasibility is often a complex and resource-
intensive process. Successful geothermal integration depends not only on subsurface resource
availability, but also on district heating system characteristics, infrastructure requirements and
economic and other regulatory external factors. As a result, identifying promising geothermal
opportunities during the early stages of project development can be challenging for project
developers, utility companies and planners.

The following research question was therefore developed:

How can the integration of geothermal heat in EU district heating systems be supported by
simplifying the screening process through the identi cation of feasible geothermal potential?

To answer this question, the thesis combines qualitative and quantitative research methods. Lit-
erature review, expert interviews and a survey were used to identify the key parameters in uencing
geothermal feasibility within district heating systems. These parameters were subsequently anal-
ysed through energy system modelling in energyPRO, techno-economic assessment and GIS analy-
sis to evaluate geothermal integration under di erent conditions and generalise the ndings to the
wider European context.

The study is grounded in the System-oriented Technology Perspective, which evaluates geothermal
energy as part of the wider district heating and energy system rather than as an isolated technology.
In addition, Megaproject Theory is used to contextualise geothermal project development by
considering uncertainty, risk and decision making challenges associated with large infrastructure
investments.
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The results identify 35 parameters in uencing geothermal feasibility across Technical, Social,
Economic and Environmental categories. Based on the literature review, interviews and a survey,
the most in uential parameters were identi ed as geological conditions, heat demand, energy mix,
CAPEX, OPEX and transport distance. The survey further indicated that geothermal feasibility
should not be evaluated using a single indicator, but rather through a combination of Levelised
Cost of Heat (LCoH), Net Present Value (NPV), COemissions, renewable energy share and
Full Load Equivalent Hours (FLEH). This demonstrates that geothermal feasibility is not a xed
characteristic of the geothermal resource itself, but a system dependent outcome in uenced by
technical, economic and operational conditions within the district heating system. Quantitative
threshold values were subsequently established for the most in uential parameters to simplify the
early stage screening of geothermal integration within district heating systems.

The modelling results demonstrate that the surrounding district heating system plays a decisive
role in determining geothermal feasibility. Waste-to-energy and excess heat were identi ed as
strong competing baseload technologies due to their low Net Heat Production Costs. Consequently,
geothermal integration is less favourable in the Highly Renewable Energy Mix scenario, where these
technologies are already extensively deployed. In contrast, geothermal integration performs most
favourably in district heating systems with higher fossil fuel shares. In both the Average Energy Mix
and Highly Fossil Fuel Energy Mix scenarios, geothermal integration reduces operational costs, CO
emissions and the overall LCoH while maintaining high utilisation rates.

Applying the developed framework to the wider European context identi ed 178 cities with
favourable conditions for geothermal integration, corresponding to an estimated annual geothermal
heat potential of 176 TWh. Including the additional cities identi ed through the broader screening
criteria increases this potential to approximately 193 TWh per year.

Based on these ndings, a Geothermal Screening Tool was developed to support the preliminary
assessment of geothermal projects. The tool enables project developers, utility companies and
planners to identify promising geothermal opportunities before undertaking detailed feasibility
studies. By simplifying the early-stage screening process, the framework can support wider
geothermal deployment and contribute to the decarbonisation of the European heating sector.




Glossary

CAPEX: Capital Expenditures

CHP: Combined Heat and Power

DH: District Heating

DHC: District Heating and Cooling
EGEC: European Geothermal Energy Council
EU ETS: EU Emissions Trading System
FLEH: Full Load Equivalent Hours
GDH: Generation District Heating

GIS: Geographic Information Systems
HRE: Heat Roadmap Europe

IEA: International Energy Agency
LCoH: Levelised Costs of Heat

NHPC: Net Heat Production Cost

NPV: Net Present Value

OPEX: Operational Expenditures

PV: Photovoltaic

RE: Renewable Energy

RES: Renewable Energy Source

RQ: Research Question

SQ: Sub-question

SWOT: Strengths, Weaknesses, Opportunities and Threats
VAT: Value-Added Tax
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1 | Introduction

The EU has set the objective of achieving climate neutrality by 2050, requiring substantial reductions
in greenhouse gas emissions across all sectors, including heating. Future energy system studies
therefore emphasise the importance of district heating expansion, heat savings and the integration
of renewable heat sources.

Among these renewable heat sources, Heat Roadmap Europe by Mathiesen et al. [2026] identi es
geothermal energy as an important contributor to future district heating systems due to its ability to
provide renewable baseload heat. Despite this potential, geothermal energy remains underutilised
across many European countries due to high investment costs, geological uncertainty and long
project development periods.

Evaluating the parameters in uencing geothermal deployment during the early stages of project
development can be challenging, particularly when assessing whether geothermal integration is
feasible within a speci ¢ existing district heating system. While previous studies have investigated
the technical and economic performance of geothermal district heating projects, less attention has
been given to simplifying the initial screening process and identifying the key parameters that
in uence geothermal feasibility.

The aim of this thesis is therefore to identify the key parameters in uencing geothermal feasibility
within European district heating systems and translate these ndings into a practical geothermal
screening framework. Through literature review, stakeholder interviews, energy system modelling,
techno-economic assessment and GIS analysis, the thesis develops a Geothermal Screening Tool
intended to support the initial screening of geothermal projects. This thesis investigates the
following research question:

"How can the integration of geothermal heat in EU district heating systems be supported by
simplifying the screening process through the identi cation of feasible geothermal potential?"

The thesis is structured as follows: Chapter 3 presents the research question. Chapters 4 and 5
introduce the theoretical framework and methodology. Chapter 6 describes the research design,
while Chapter 7 reviews the current state of geothermal district heating in Europe. Chapters 8, 9
and 10 present the analyses, including the identi cation of geothermal feasibility parameters, the
development of feasibility thresholds and the contextualisation of the ndings to a European context
through the development of the Geothermal Screening Tool. Chapter 11 discusses the ndings and
limitations of the study.




2 | Problem Analysis

2.1 The European Energy Transition Challenge

Climate change represents one of the most signi cant global challenges of the twenty- rst century,
largely driven by anthropogenic greenhouse gas emissions resulting from the combustion of fossil
fuels. Limiting global warming therefore requires a fundamental transformation of energy systems
worldwide. The international community has committed to addressing climate change through
agreements such as the Paris Agreement, which aims to limit global temperature increase to well
below 2C above pre industrial levels while pursuing e orts to limit warming to 1.5C [UNFCCC,
2015]. Inresponse to these global commitments, the European Union has adopted ambitious climate
policies, most prominently through the European Green Deal, which sets the objective of achieving
climate neutrality by 2050. Achieving these targets requires substantial reductions in greenhouse gas
emissions across all sectors of the economy, particularly within the energy system, which remains
the largest source of emissions in the European Union [European Commission, 2019].

In addition to climate mitigation, concerns regarding energy security and energy independence
have become increasingly important drivers of the energy transition in Europe. The European
energy system has historically been characterised by a strong dependence on imported fossil
fuels, including natural gas, oil and coal [European Commission, 2022]. This reliance exposes
European countries to geopolitical risks, supply disruptions and price volatility. Recent geopolitical
developments have further highlighted the vulnerability associated with Europe's dependence on
imported fossil fuels. In particular, the disruption of natural gas supplies following Russia's invasion
of Ukraine in 2022 exposed the extent to which the European energy system relied on external
suppliers. Prior to the crisis, the European Union imported around 40% of its natural gas from
Russia, making it the largest external supplier of gas to the EU [European Commission, 2022].
The sharp reduction in Russian gas deliveries led to signi cant supply disruptions and signi cant
increases in energy prices across Europe, underscoring the risks associated with fossil fuel import
dependency. At the same time, broader geopolitical tensions a ecting global energy markets have
further reinforced concerns regarding supply security. In response, European energy policy has
increasingly emphasised the expansion of renewable and locally available energy sources as a means
of strengthening energy security while simultaneously contributing to emission reductions and
improving the resilience of national energy systems [International Energy Agency (IEA), 2025],
[European Commission, 2022].

Within the broader energy transition, the heating sector represents one of the most critical areas

2
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for decarbonisation. Heating and cooling account for approximately half of global nal energy
consumption, making it the largest energy end-use sector worldwide [International Energy Agency,
2023]. Despite its importance, the sector remains heavily dependent on fossil fuels, which still
supply around three-quarters of global heat demand. Consequently, heat production contributes
signi cantly to global energy related CO, emissions [Intergovernmental Panel on Climate Change,
2022]. A similar pattern can be observed in Europe, where heating and cooling represent roughly
50% of nal energy consumption and continue to rely predominantly on fossil energy carriers
[International Energy Agency, 2023]. Despite its importance, the heating sector remains heavily
dependent on fossil fuels and is characterised by long lived infrastructure and technologies, making
rapid transformation particularly challenging. In addition, heat supply systems are often embedded
in local infrastructure and building stock, which further complicates large scale system changes.

Consequently, identifying scalable and sustainable solutions for decarbonising heat supply has
become a key challenge of the European energy transition, leading to increased attention on system
level approaches for providing low carbon heating.

2.2 Heat Roadmap Europe

A team within the Department of Planning at Aalborg University has examined Europe's heating
potential in the report Heat Roadmap Europe [Mathiesen et al., 2026]. The report explores how
Europe can transition toward a sustainable, resilient, and competitive heating sector. The report
highlights the need to further investigate and develop district heating (DH) systems, as they
enable the e cient utilisation of waste heat and provide opportunities to integrate renewable heat
sources such as geothermal energy and solar thermal technologies. As a result, district heating is
considered a key componentin Europe's transition towards a sustainable and resilient energy system
[Mathiesen et al., 2026].

District heating systems can be designed in many di erent ways, depending on the energy mix,
temperature levels, and other characteristics. These di erent systems were developed consecutively
and is determined based on the generations, from the 1st to the 5th. The 1st-generation district
heating system (1GDH) uses steam instead of liquid water, while the 2nd generation (2GDH)
uses superheated water. Both generations operate at temperatures above’@Qvhich leads to
signi cant heat losses [Lund et al., 2018],[IEA DHC, 2024].

The 3rd-generation district heating system (3GDH) does not require superheated water and
instead operate at temperatures between 70 and 26D . In this generation, the energy mix
expands to include industrial surplus heat and large scale solar thermal, in contrast to the rst
two generations, which primarily relied on heat-only boilers and combined heat and power plants
(CHP). The 3rd generation is the most widely used system today [Lund et al., 2018],[IEA DHC, 2024].

The 4th-generation district heating system (4GDH) operates at even lower temperatures, typically
around 50 * 60YC. These lower temperatures reduce both heat losses and operating costs. The
4th generation also incorporates a more complex and diverse energy mix, with a high share of heat
pumps, geothermal energy, and seasonal thermal storage [Lund et al., 2018],[IEA DHC, 2024].
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The 5th-generation district heating (5GDH) system uses ultra-low temperatures, which reduces
heat loss and allows for a more diverse energy mix because the heat sources do not need to reach
high temperatures. However, 5th-generation district heating requires local heat boosting, meaning
that end-users must use heat pumps to achieve the required heat demand [Lund et al., 2021].

2.2.1 Energy Mix

As mentioned in the description of the di erent district heating generations, a district heating system
can include various energy mixes with di erent heat sources. Heat Roadmap Europe has produced
a projection of future heat supply technologies and the distribution between district heating and
individual heating. The projection is shown in Figure 2.1.

Figure 2.1. Projection of heat-supply technologies and the distribution between district heating and
individual heating [Mathiesen et al., 2026].

The projection shows that the share between district heating and individual heating is expected to
move toward a 50 50 distribution, indicating an overall increase in district heating across Europe. In
addition to the rising share of district heating, the projection also predicts a lower total heat supply.
This is partly due to the expected transition from 2GDH and 3GDH to 4GDH, which operate at
lower temperatures and therefore have reduced heat losses. Furthermore, future refurbishments
with improved insulation are expected to lower heat demand. The projection also indicates that
fossil fuel-based heat supply technologies will be phased out in favour of industrial excess heat and
renewable heat sources, particularly deep geothermal energy [Mathiesen et al., 2026].
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2.3 Geothermal Heat

Geothermal energy is an energy source extracted from the heat stored beneath the Earth's surface.
This makes geothermal energy both renewable and constant, as the heat within the Earth is
considered virtually limitless. In principle, geothermal heat can be accessed anywhere, giving
it an almost unlimited potential; however, the viable potential varies signi cantly depending on
parameters such as local geological conditions. For this reason, geothermal resources are classi ed
in di erent ways.

Within the scienti c community, opinions on how geothermal resources should be classi ed
di er, mainly because several classi cation approaches are possible. These approaches consider
factors such as the characteristics and requirements of the heating network, the depth of the
geothermal resource, the exergetic value of the geothermal source, and the relationship between
the resource and its intended application [Goetzl et al., 2018].

Based on the four aforementioned characteristics, Goetzl et al. proposed a classi cation for the
use of geothermal energy in heating and cooling networks, where the DH generations are divided
into ve generations (as de ned in Section 2.2). Furthermore, the source depth is divided into Deep,
Medium deep and Shallow and energy content is divided into High enthalpy, Moderate enthalpy, Low
enthalpy and Ambient temperature, as can be seen in Figure 2.2.

Figure 2.2. Proposed classi cation scheme for the use of geothermal energy in heating and cooling
networks, [Goetzl et al., 2018]

Based on the Heat Roadmap Europe, areas containing geothermal heat in the European context
can be divided into 4 categories [Mathiesen et al., 2026]:

1. Areas with temperatures higher than 60C at 1000m depth
2. Areas with temperatures higher than 99C at 2000m depth
3. Areas with geothermal hydrothermal resource

4. Areas with heat ow density greater than 90mW per nt

In the context of the geothermal classi cation in the Figure 2.2, Heat Roadmap Europe therefore
identi es geothermal heat as Deep to Medium geothermal (60C to 90/C), aligned with the rst four
generations of district heating. Shallow geothermal, as part of the 5GDH is therefore represented
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as other sources or as heat pumps in Heat Roadmap Europe, as shallow geothermal requires one
or multiple heat pumps to boost the temperature to the usable level in the DH network. Shallow
geothermal is therefore seen as a parallel to 4GDH rather than a sequential development [Lund
et al., 2021], [Mathiesen et al., 2026].

Integration of geothermal energy into future heating networks aligns well with EU climate and
energy objectives, as outlined in Section 2.1 The European Energy Transition Challenge, particularly
regarding energy security and the increased integration of renewable energy sources in a sector
coupled energy system. In 2025, the European Commission published the report Geothermal
Energy in the European Union - Status Report on Technology Development Trends, Value Chains and
Markets [Taylor et al., 2024], which examines the current state of geothermal energy in the EU. The
Commission concludes that geothermal energy accounted for only 0.2% of electricity production
and 0.7% of heat production in the EU in 2025. Based on these numbers, the report highlights
that geothermal energy remains signi cantly underutilised relative to its actual potential. This
underutilisation is often linked to several challenges, including high upfront investment costs,
limited public and political awareness, and the substantial geological risk and uncertainty associated
with geothermal exploration [Taylor et al., 2024],[Goetzl et al., 2018].
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The European Union has set ambitious climate goals that also align with the objective of increasing
energy security. The measures include reducing energy demand, increasing the share of renewable
energy (RE) in the energy system, and investing in energy infrastructure. The sector with the
highest energy demand in Europe is the heating sector, making its decarbonisation a key component
of the energy transition. Heat Roadmap Europe was developed to investigate how heat savings
and large scale district heating expansion to a 55% market share can reduce EU primary energy
use, eliminate reliance on fossil fuels and improve competitiveness. One of the renewable heat
sources highlighted in Heat Roadmap Europe is geothermal energy, which, despite its high potential,
remains underutilised across many European countries.

Key barriers include high upfrontinvestment costs, geological uncertainty, and limited public and
political awareness. In addition, geothermal deployment depends on a wide range of geological,
technical, economic and system related factors, making the initial evaluation of potential projects
complex and resource intensive. While previous studies have investigated the technical and
economic performance of geothermal district heating projects, less attention has been given to
identifying the characteristics of district heating systems that make geothermal integration attractive
and to simplifying the initial screening process for project developers.

This study therefore aims to identify the key parameters in uencing geothermal feasibility
within European district heating systems and to translate these ndings into a practical screening
framework. Particular attention is given to how factors such as the surrounding energy mix,
geothermal utilisation potential and investment requirements in uence the viability of geothermal
integration, thereby supporting the early assessment of geothermal opportunities across di erent
European contexts.

How can the integration of geothermal heat in EU's district heating systems be supported by
simplifying the screening process through the identi cation of feasible geothermal potential?

In order to answer the research question (RQ), three sub questions (SQ) are developed:

1. Which parameters a ect the feasibility of geothermal heat in district heating systems?

2. How does geothermal heat implementation into district heating systems perform in
strategically selected scenarios, based on the identi ed parameters?

3. How can the identi ed trends from the scenarios be generalised into a broader context
and compiled as a tool for geothermal project screening?
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3.1 Delimitations

In this project, several delimitations are made in order to de ne a manageable scope and to maintain
focus on the system level integration of geothermal heat within district heating systems:

~ As mentioned in the Problem Analysis 2, shallow geothermal heating is excluded from

this thesis. The study focuses on deep and medium-depth geothermal resources that are
directly applicable to DH systems. Shallow geothermal systems are typically more suitable
for individual buildings, local energy communities or 5th generation district heating concepts
requiring decentralised heat pumps. Including shallow geothermal would therefore shift the
focus away from large scale district heating integration and introduce fundamentally di erent
technical and infrastructural considerations.

Electricity production units and electricity demand are not modelled in detail within

the thesis. Instead, electricity prices are treated as an external market signal representing
the broader electricity production and demand dynamics. The study focuses primarily on
the heating sector and on how geothermal heat interacts with DH operation, rather than on
detailed power market modelling or electricity system balancing.

Detailed uid dynamics and temperature dynamics within the DH network are excluded
from the analysis. The modelling framework focuses on energy balances, operational dispatch
and techno-economic performance rather than hydraulic behaviour within the network.
Parameters such as pressure losses and detailed temperature propagation are therefore not
simulated, as the primary purpose of the project is to evaluate system-level energy and
economic interactions related to geothermal integration.

Geological reservoir behaviour and subsurface uncertainties are simpli ed within the
modelling framework. The geothermal unit is represented as a stable heat source with
prede ned performance characteristics, while factors such as long term temperature decline,
reinjection e ects and detailed drilling uncertainties are not explicitly simulated. These
aspects are acknowledged as important for real world project development but are outside
the scope of this system-level assessment.

The analysis focuses on representative and generalised European DH scenarios rather than
speci ¢ real world case studies. While this improves comparability between scenarios and
supports the development of a broader screening framework, the results cannot be directly
transferred to individual projects without further site speci c analysis.




4 | Theoretical Approach

This chapter presents the theories that form the foundation of this thesis and provides the
perspectives and conceptual understanding on which the analytical work and the results are built.
The chapter includes a brief explanation of the underlying theories of science on which the report

is based. It also clari es how the two theoretical frameworks, System-oriented technology perspective
and Megaproject Theory, are interpreted in this thesis and how they are applied in the research.

4.1 Pragmatism

This project is investigated through the lens of Pragmatism. Pragmatism aligns with this project
because it understands reality not as something that is only abstractly observed, but as something
that is known through practical engagement with it. Pragmatism is a tradition that sees knowing
the world as inseparable from acting within it, meaning that knowledge is created through inquiry,
testing, consequences, and practical use [Legg and Hookway, 2024].

Pragmatism aligns well with the scope of this project because it treats knowledge as something
developed through engagement with real-world problems, rather than as purely abstract theory. In
this project, this means that the purpose of the research is not only to describe geothermal heat in DH
theoretically, but also to generate knowledge that can support practical energy planning decisions
[Kelly and Cordeiro, 2020].

In relation to energy modelling, pragmatism supports the use of energy modelling as a way
to examine the practical consequences of di erent assumptions. The energyPRO model does not
represent reality perfectly, but it makes it possible to test how geothermal heat integration a ects
heat production, CO, emissions, Net Present Value (NPV), Levelised Costs of Heat (LCoH), RE
share, and Full Load Equivalent Hours (FLEH) across scenarios. This ts the pragmatic question of
what di erence would it make to act in one way rather than another? , which is identi ed as central
to pragmatic inquiry [Kelly and Cordeiro, 2020]. The model methodology similarly uses scenario
comparison to evaluate geothermal heat integration into various energy mixes under di erent
conditions.




4. Theoretical Approach Aalborg University

4.2 Theoretical Framework - System-oriented technology
perspective

Conventional evaluations of heat generation technologies are typically based on basic cost indicators
such as the LCoH. This approach compares technologies in isolation and assumes that the most
cost e cient option represents the most attractive choice. However, this approach is limited when
analysing the integration of a new technology into an existing DH system, where technologies do
not operate independently but interact within a shared infrastructure. This thesis is inspired by
the system oriented technology perspective developed by Hvelplund [2013]. In this perspective,
technologies are not understood as isolated cost units, but as system components with distinct
technical, organisational and economic characteristics. Technologies dier in how they are
embedded in infrastructure, how they operate within the system and how they interact with
other technologies. Consequently, their economic performance cannot be reduced to a single cost
indicator, but must be assessed in relation to their role within the overall system [Hvelplund, 2013].

In the context of geothermal energy, this distinction is particularly relevant. Geothermal heat
is not implemented as an isolated technology, but integrated into an existing district heating
system. This integration alters the operation of the entire system: it reduces the use of fuel based
generation, changes the dispatch of existing units and a ects revenue streams, particularly in
systems with CHP generation. For instance, a reduction in CHP operation may decrease electricity
revenues, even if total system costs decline. A purely cost based comparison would not capture
these system wide e ects. This leads to a shift in the analytical perspective adopted in this
thesis. Rather than comparing individual technologies based on their standalone costs, the analysis
evaluates di erences between system con gurations. The central question is therefore not whether
geothermal heat has a lower LCoH than alternative heat sources, but how its integration changes
the overall cost and revenue structure of the district heating system. This includes for example fuel
savings or impacts on electricity related revenues. The approach can therefore be understood as a
comparative, scenario-based system analysis. The quantitative model is structured as a comparison
between a reference system and a system with geothermal heat integration, where the di erence
between these scenarios represents the net economic e ect of introducing geothermal heat. Within
this framework, LCoH is still calculated, but it is interpreted as an outcome of a speci ¢ system
con guration rather than as an independent measure of competitiveness.

The sensitivity analysis further operationalises this system perspective by examining how
variations in key parameters in uence system performance. This includes both economic and
technical parameters that a ect system operation and the relative contribution of geothermal energy.
For example, changes in transport distance not only a ect upfront investment costs due to additional
infrastructure requirements, but also in uence heat demand through distribution losses. This
illustrates that the value of geothermal energy is contingent on system conditions rather than xed
cost characteristics.

At the same time, the applicability of this theoretical framework is subject to limitations. As
argued by Hvelplund [2013], market conditions are shaped by institutional and policy arrangements
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and therefore dier across contexts. Across Europe, district heating systems operate under
diverse regulatory frameworks, pricing mechanisms and support schemes, which in uence both
cost structures and revenue streams. Consequently, the results of this analysis are not directly
transferable to a speci ¢ real-world case, but should instead be interpreted as illustrating system
e ects under a de ned set of assumptions.

This also implies that the integration of geothermal energy is not solely a technical or economic
guestion, but a matter of system design. The structure of markets, the availability of infrastructure
and the interaction between technologies determine how the value of geothermal energy is re ected
in economic outcomes. A system-oriented evaluation is therefore necessary to capture these
interdependencies and to provide a more realistic assessment of geothermal's role in the transition
towards zero carbon and energy-independent district heating systems.

4.3 Megaproject Theory

As mentioned in Chapter 2 Problem Analysis, one of the main reasons, why geothermal energy is
still substantially underutilised in the EU is risk and uncertainty. To understand geothermal risk
and develop a risk management framework, Megaproject theory by Flyvbjerg et al. [2003] is used.
This section uses the approach from the two Flyvbjerg books; Megaprojects and Risk: an Anatomy
of Ambition and How Big Things Get Done.

Megaprojects and Risk: An Anatomy of Ambition analyses why large infrastructure projects
systematically su er from cost overruns, delays, and benet shortfalls, highlighting the roles
of uncertainty, optimism bias, and strategic misrepresentation. The book argues that project
evaluations are often overly optimistic and in uenced by political and economic incentives rather
than realistic risk assessment. It is suitable for this project because geothermal energy investments
in district heating share similar characteristics, such as high upfront costs, long lifetimes, and
signi cant uncertainty in performance. Applying its framework allows for a more critical and robust
evaluation of geothermal risks by incorporating uncertainty, bias, and system level impacts into the
analysis [Flyvbjerg et al., 2003].

How Big Things Get Done examines why large projects often run over budget, over time, or fail
outright, and challenges the traditional belief that success depends mainly on visionary leadership
and detailed forecasting. The book argues for a more realistic, evidence based approach to
project management, emphasising reference class forecasting, risk awareness, and institutional
accountability. How Big Things Get Done explains failure as a systemic and predictable outcome,
rather than as the result of isolated technical mistakes [Flyvbjerg and Gardner, 2023].

It can be debated whether geothermal projects should be classi ed as megaprojects in the
strict sense de ned by Flyvbjerg et al. [2003]. Megaprojects are generally characterised by
high complexity, long development timelines, multiple stakeholders and substantial nancial
commitments, often exceeding 1 billion USD in investment cost [Flyvbjerg et al., 2003]. While
geothermal projects do not always meet the scale criterion and may a ect fewer people than
typical megaprojects, they share many of the same characteristics related to uncertainty, risk
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management and long project development periods. In particular, large geothermal district heating
projects involve signi cant upfront investments, geological uncertainty and complex stakeholder
interactions. Furthermore, the geothermal systems investigated in this thesis are assumed to provide
baseload heat within large district heating systems and are therefore associated with substantial
installed capacities. Consequently, the concepts of Megaproject Theory, particularly those related
to risk assessment, project uncertainty and Reference Class Forecasting, are considered relevant for
analysing geothermal project development within the scope of this thesis.

Reference class forecasting

Application of Megaproject Theory in this thesis is done using Reference class forecasting, which is a
theoretical method developed to predict the future based on the cases that are similar. The theory

of Reference class forecasting has existed before, but Flyvbjerg has developed its practical use in
policy and planning, claiming that planners should never rely solely on conventional forecasting
techniques when making forecasts. That is because optimism bias and strategic misinterpretation
often result in inaccuracies in the delivery of a project. Optimism bias is viewing the future too
optimistically non-intentionally. On the other hand, strategic misinterpretation is often politically
motivated intentional deception. It is deliberately and strategically overestimating bene ts and
underestimating the costs in order for the project to gain approval and funding [Flyvbjerg and
Gardner, 2023], [Flyvbjerg et al., 2003].

Based on Flyvbjerg and Gardner, Reference class forecasting consists of 3 steps:

1. Identi cation of a relevant reference class of past, similar projects. The class must be broad
enough to be statistically meaningful, but narrow enough to be truly comparable with the
speci ¢ project.

2. Establishing a probability distribution for the selected reference class. This requires access to
credible, empirical data for a su cient number of projects within the reference class to make
statistically meaningful conclusions.

3. Comparing the speci c project with the reference class distribution, in order to establish the
most likely outcome for the speci c project.

The application of Reference class forecasting is used in combination with International database
of hot sedimentary aquifer geothermal projects (HSA), which provides an insight into the successful
and failed projects across the EU [Limberger et al., 2024]. The locations of the projects are shown
throughout the thesis alongside the outcome of the projects and the purpose of the project to
highlight the areas, where knowledge about the subsurface is su cient. Lastly, the recommendation
of how to apply Reference class forecasting in geothermal screening is made in Section 10.4.
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This chapter presents the methods used in the analyses. The methods included are literature review,
interviews, survey, energy system analysis, techno-economic assessment, and GIS. The purpose of
the chapter is to provide an understanding of how these methods were applied to generate the results
presented in the thesis. The chapter also includes re ections on the overall methodology to clarify
the reasoning and considerations behind each methodological choice, as well as a brief description
of how arti cial intelligence (Al) was used in the development of the thesis. The chapter is closely
linked to the Research Design Chapter 6, which illustrates the connection and interaction between
the di erent methodological approaches and shows how they collectively contribute to the ndings

of this thesis.

5.1 Literature Review

In order to de ne the crucial parameters for the implementation of geothermal heat into district
heating systems, the literature review was conducted using a systematic search approach on top
of the initial research for the Current Status of Geothermal Project Development in Europe Chapter
7. The basis for the literature review was set in Systematic Approaches to a Successful Literature
Review by Booth et al. [2016]. Furthermore, the conventional Literature Review was aided by an Al
research tool Elicit, which was used to ensure that no relevant articles for the context of the project
were excluded.

5.1.1 Systematic Literature Review

The literature review was conducted using a systematic approach based on [Booth et al., 2016]. The
ve stages of the search process according to Booth et al. [2016] are:

Initial search of the literature
Conduct search
Bibliography search

Veri cation

Documentation

akr wbdRE

These points were followed in the literature review, with the exception of excluding Step 3
Bibliography search, as it mostly led to duplicates and proved ine cient. The full overview of the
literature review is outlined in Figure 5.1. A structured search strategy employing Boolean operators
and keyword truncation was applied to identify relevant studies. The search string was designed to
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identify studies related to geothermal heat utilisation in Europe while excluding literature focused
on electricity generation and shallow geothermal applications. The exact search string was the
following:

"Geothermal AND Any eld contains Heat* AND Any eld contains Europe NOT Any eld contains
Electricity NOT Any eld contains Shallow"

The search was limited to peer-reviewed journal articles published in English between 2011 and
2026. After removing duplicate records, a two-stage screening process (abstract and full-text review)
was performed using prede ned inclusion and exclusion criteria, resulting in 21 articles that were
used. Finally, relevant studies were analysed, and key parameters in uencing geothermal heat
implementation in Europe were systematically extracted.

5.1.2 Elicit Supplementation

To supplement the primary literature search, the Al-assisted research tool Elicit was used to identify
potentially relevant studies that may not have been captured through the initial search strategy. Elicit
can be used to search, summarise and extract data from more than 125 million papers. In total, two
inputs were searched in Elicit, one being the research question in the early phase of the project:

"Under which conditions can the integration of geothermal heat in EU's future district heating system
be utilised to its feasible potential?"

and the other being the search string:

"Geothermal AND Europe AND Heat OR Challenge OR Barrier OR Assessment OR Project NOT
Shallow NOT Electricity"”

In total, 60 articles were identi ed by the tool for each search string (120 total). Of these, duplicates
already identi ed were removed. Lastly, abstracts were read and the most relevant articles that were
not identi ed in the prior literature review were added. In total, Elicit identi ed 6 new articles. The
overview of the literature review can be seen in Appendix A: Literature Review, Interviews & Survey.

5.1.3 Evaluation and Categorisation

Each of the identi ed articles was analysed, and the main parameters a ecting the feasibility

of geothermal projects were identi ed. Taking the inspiration from the Geothermal Sustainable
Assessment Protocol, the ndings of the literature review were categorised into 4 categories:
Environmental, Technical, Social and Economic [International Geothermal Association, 2023]. The
environmental category considers impacts on ecosystems, water resources, land use, and emissions.
The technical category includes all the engineering, geological and hydrogeological parameters
present in the articles. The social category considers the e ects on local communities, including
aspects like job creation, health and safety, and cultural heritage. The economic considers all
parameters evaluating the nancial viability and long-term economic bene ts of the geothermal
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project [International Geothermal Association, 2023]. The visualisation of the steps of the literature
review, aligned with Booth et al. [2016] concepts can be seen in Figure 5.1.

Figure 5.1. The overview of the steps made in the literature review, aligned with Booth et al. [2016] concepts

The overview of the literature review can be seen in Appendix A.

5.1.4 Limitations of Literature Review Method

The rst limitation of the literature review lies in the formulation of the search string itself.
By excluding shallow geothermal and electricity-related systems, potentially relevant hybrid
applications are omitted, even though they could provide valuable insights for system integration.
As aresult, the scope of the review may be somewhat narrowed, potentially limiting the diversity of
technological perspectives considered.

Another limitation is the restriction to peer-reviewed articles published in English. This decision
was primarily made to ensure e ciency, as reviewing literature in multiple languages would
signi cantly increase the time required for screening and analysis. However, this approach may
have excluded relevant studies from countries where geothermal energy is well established, such as
Germany, France, Poland, or Hungary. In addition, the exclusive focus on peer-reviewed literature
limits the inclusion of grey literature, which often contains valuable insights from real world projects
and industry practices. Although e orts were made to incorporate grey literature throughout the
report, its systematic inclusion within the review process remains limited.

An additional limitation relates to the lack of prior knowledge in uencing the investigation and
evaluation of the papers included in the literature review. As the literature review was conducted
during the early stages of the thesis, the researcher's understanding of geothermal district heating
was still developing. This may have in uenced the evaluation and prioritisation of articles during the
screening process, potentially a ecting which studies were considered most relevant. Consequently,
some relevant papers may have been discarded, while some less relevant papers may have received
too much attention. A further limitation also arises from the use of the initial research question for
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the Elicit search in the early phase of the thesis, which could have altered the investigated articles.

Despite these limitations, signi cant emphasis was placed on complementing the literature review
with qualitative insights from expert interviews. These interviews provide practical, real-world
perspectives that are often not fully captured in academic literature, particularly in relation to
project development, stakeholder considerations, and implementation challenges. By integrating
ndings from both literature and interviews, the study is able to balance theoretical knowledge with
applied experience. This combined approach strengthens the robustness of the analysis and helps to
mitigate some of the inherent limitations of the literature review. Overall, the methodology provides
a comprehensive and well-rounded understanding of geothermal heat integration in European DH
systems.

5.2 Interviews and Survey

To complement the literature review and to better understand real-world decision making in
geothermal project development, qualitative interviews and a follow-up survey were conducted.
The purpose of this approach is not only to identify relevant feasibility parameters, but also to
capture how stakeholders assess and prioritise di erent technical, economic and regulatory factors
in practice. This is considered particularly relevant in the context of geothermal district heating
projects, where feasibility is strongly in uenced by local system conditions, market structures and
policy frameworks, which cannot be fully captured through quantitative modelling alone.

5.2.1 Interviews

A total of ten interviews were conducted with experts involved in geothermal project development.
The interviewees were selected using a purposive sampling approach, which targets stakeholders
with experience and professional involvement in the eld. The sample included representatives
from academia, project development, research institutions, the European Commission and a utility
company, as listed in Table 5.1. Participants were based in di erent countries to re ect varying
regulatory, market and infrastructural conditions across Europe.
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Interviewee Compgny/_ Position Date
Organisation

Antics, Miklos EGEC President 14.04.2026

Ballu, Matthieu European Commission 5, i o cer 22.04.2026
DG Energy

Bjarn, Henrik VIA University College Professor (Associate) 18.03.2026

Hakl d r,Fiisun Tut Istanbul Bilgi 09.03.2026
University

Jakab, Marianna European Commission Policy O cer 24.04.2026
DG Energy

Karké, Roland Association of geothermal 17.04.2026
energy of Slovakia

Nissen,Nikolaj Holmer Green Therma ghclg Operating 18.03.2026

Rezania, Rusbeh deeep Tiefengeothermie  Chief Executive 20.03.2026
GmbH O cer

Royberg, Jesper Innargi Commercial Development 12.03.2026

Manager
'ujan, Martin EQUIS Ltd Geologist/Geophysicist 30.03.2026

Table 5.1. Table of Interviewees

The interviews followed a semi-structured format, allowing for a consistent set of guiding
guestions while also leaving room for open discussion and additional insights. This format is chosen
to ensure comparability between interviews while maintaining exibility to explore emerging topics
and stakeholder-speci ¢ perspectives.

The interviews were conducted online via Microsoft Teams and had a duration of 30 to 60
minutes. All interviews were recorded and transcribed using the integrated transcription tool in
Microsoft Teams. The transcripts were subsequently reviewed and corrected manually to ensure
accuracy. Three interviews were conducted in German (1) and Slovak (2). These transcripts were
translated into English using Al-based translation tools and subsequently reviewed for consistency
and correctness.

The interview material is analysed using qualitative content analysis. The transcripts were re-
viewed and manually coded in Excel to identify recurring themes, arguments and feasibility criteria
mentioned across interviews. The coding process focused particularly on factors that stakeholders
repeatedly associated with project feasibility, investment attractiveness and implementation chal-
lenges. This allowed for a structured comparison of stakeholder perspectives despite di erences in
professional background and national context, the coding can be seen in Appendix A: Literature
Review, Interviews and Survey.

5.2.2 Limitations of Interview Methodology

Several limitations of the interview approach should be acknowledged. First, the number of
interviews is limited and therefore does not provide a statistically representative overview of
stakeholder perspectives within the European geothermal energy sector. Instead, the interviews
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should be understood as an exploratory expert based approach aimed at identifying recurring themes
and relevant feasibility considerations.

Second, the purposive sampling strategy may introduce selection bias, as interviewees were
selected based on their professional involvement in geothermal energy development and may
therefore share similar perspectives regarding the role and potential of geothermal energy.

In addition, the interviews were conducted across di erent national contexts, each characterised
by distinct regulatory frameworks, market structures and levels of geothermal energy maturity.
While this diversity gave valuable insights into the in uence of system conditions on project
feasibility, it also limits the direct comparability of stakeholder perspectives.

Finally, qualitative content analysis involves a degree of subjective interpretation, particularly in
the coding, which has an in uence on categorisation of responses. To reduce this limitation, the
interview ndings were continuously compared with insights from the literature review and were
primarily used to identify overarching patterns rather than to derive quantitative conclusions.

5.2.3 Derivation and Classi cation of Feasibility Parameters

The feasibility parameters used throughout this study were derived through a combined synthesis of
the literature review and the interviews. Following the synthesis process, the identi ed parameters
were grouped into four categories: Technical, Economic, Environmental and Social parameters. The
categorisation was primarily used as a structuring tool to compare ndings across methods and to
organise the subsequent analysis.

In addition to the thematic categorisation, the parameters were further divided into input
parameters and output parameters in relation to the modelling framework. Input parameters refer
to variables that in uence the setup, assumptions and operation of the energy system model. These
include parameters such as CAPEX, transport distance, OPEX, geological conditions and energy mix
assumptions. These parameters are directly implemented within the scenario design and sensitivity
analyses.

Output parameters, in contrast, are used to evaluate the feasibility and performance of geothermal
integration under the de ned system conditions. The included parameters are LCoH, NPV,
geothermal supply and CQ emissions. The output parameters therefore represent the primary
indicators through which geothermal feasibility is assessed within the analysis.

In order to determine the most important parameters, the number of mentions for each
parameter is used as an indicator. The literature review provided a broad theoretical overview
of feasibility parameters discussed across academic and industry sources, while the interviews
contributed practice-oriented insights grounded in real world project development and decision
making processes. To balance the broader theoretical coverage of the literature review with the
practical implementation perspectives obtained through the interviews, parameters identi ed in
the interviews were assigned a weighting factor of two relative to parameters identi ed exclusively
through the literature review. The weighting does not represent a statistical weighting method,
but rather an analytical prioritisation approach intended to ensure that practical implementation
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challenges, stakeholder priorities and practitioner-based experiences are su ciently re ected
within the nal feasibility framework.

Not all identi ed feasibility parameters could be directly operationalised within the modelling
framework. Certain parameters, particularly social and regulatory aspects such as public accep-
tance, political support and permitting complexity, are instead used to contextualise and interpret
the quantitative modelling results. The quantitative analysis therefore focuses primarily on param-
eters that can be represented within the energy system and economic assessment framework, while
still incorporating broader stakeholder perspectives into the overall interpretation of feasibility.

5.2.4 Survey

To further assess the relative importance of the identi ed output parameters, a follow-up survey was
conducted. The survey was based on the output parameters that appeared most frequently across
the literature review and interview analysis after the synthesis and weighting process. In particular,
the ve most frequently identi ed output parameters after the synthesis and weighting process were
selected for further evaluation in the survey.

The purpose of the survey was not to identify new parameters, but to support the prioritisation of
the already identi ed feasibility indicators and to better understand how stakeholders evaluate their
relative importance in practice. The survey therefore served as a validation and ranking step within
the overall feasibility framework.

The survey was distributed to the interview participants as well as additional experts and
stakeholders identi ed through the literature review. Participants were asked to rank the selected
parameters according to their perceived impact on the feasibility of geothermal projects.

The survey received eight responses, of which 75% were from the private sector, while the
remaining respondents were professors or aliated with academia. As a result, the survey
ndings may place greater emphasis on economic and commercial considerations compared to
other perspectives. The results are used to support the understanding and de nition of a feasible
geothermal project and to strengthen the interpretation of the modelling results, the responses to
the survey can be seen in Appendix A: Literature, Interviews and Survey.

The combined interview and survey approach serves as a bridge between qualitative insights
and quantitative analysis. The interviews provide an understanding of how di erent stakeholders
perceive feasibility and risk in geothermal projects, while the survey translates these insights into a
structured prioritisation of the output parameters.

These ndings directly inform the modelling conducted in the analysis section, ensuring that the
selected input and output parameters re ect real world decision making processes. In this way, the
methodology links stakeholder perspectives to the evaluation of geothermal feasibility within the
modelling framework.

19



5. Methodology Aalborg University

5.3 Energy System Analysis

This section presents the introduction to energy system analysis method and the summary of the
methodological framework used to construct the energyPRO model for a representative and average
European DH system. The model is developed for the year 2025 and re ects a realistic energy system
based on available European datasets, literature, and engineering assumptions.

In this thesis, the energyPRO software is selected as the primary tool for the energy system analysis
duetoits exibility and high level of technical and economic detail. The tool enables modelling of a
wide range of energy technologies, including geothermal heat, heat pumps, CHP units, and thermal
energy storage, making it suitable for analysing renewable energy integration into district heating
systems.

A key advantage of energyPRO is its ability to model both entire energy systems and their individual
components, which is essential when analysing only a selected part of alarger network. The software
supports scenario based analysis, allowing for comparison of di erent technology con gurations
and operational strategies. In addition to technical simulation, energyPRO provides a business-
economic assessment of energy investments, enabling evaluation of cost-e ciency across scenarios.
In the case of this project, cost evaluation is also supported with calculations in Excel.

The modelling framework includes simulation of energy production, conversion, and storage
mainly across the heating sector. Calculations are performed at hourly temporal resolution, ensuring
a detailed representation of system dynamics and operational behaviour [Jstergaard et al., 2022].

The model relies on high-resolution input data, including time series for energy demand, supply
conditions, and economic parameters. These inputs can be de ned by the user or imported from
external datasets, including climate data provided by the energyPRO online database [@stergaard
et al., 2022]. This approach ensures consistency and robustness in evaluating renewable integration
pathways within the analysed DH system. The simulation settings of the model alongside the full
model documentation can be seen attached as Appendix B: energyPRO Model Methodology.

5.3.1 Analysis Strategy

Figure 5.2 outlines the analysis strategy. First, an average reference scenario is set up (as described
in Section 5.3.2). Based on this, two additional reference scenarios are created: one with a high
share of fossil fuels, Highly Fossil Fuel Energy Mix (High FF Mix), and one with a high share of
renewable energy, Highly Renewable Energy Mix (High RE Mix). These scenarios illustrate how
di erent energy mixes a ect the reference conditions. Next, a geothermal baseline is integrated into
each reference scenario, resulting in three additional baseline scenarios. The di erences between
the reference scenarios and the baseline scenarios are analysed using energyPRO outputs combined
with economic calculations in Excel. To investigate the parameters CAPEX and transport distance,
no additional scenarios were created, instead, economic calculations were conducted directly in
Excel (marked in orange in Figure 5.2). To investigate changes in OPEX, a high-OPEX and a
low-OPEX scenario were created for each baseline scenario, resulting in six additional scenarios.
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Figure 5.2. Scenario design of the 3 reference and 9 investigated scenarios

5.3.2 Reference Model Setup

The aim of the reference scenario is to represent an average European district heating system,
which is large enough, that geothermal heat can be integrated as baseload. The selection is further
elaborated in Section 5.5. All the values used to set up the Reference model in detail can be seen in
Appendix B: energyPRO Model Methodology.

Location Selection

The reference location is selected from a set of cities identi ed by Heat Roadmap Europe as having
geothermal potential above a 40 MW threshold [Mathiesen et al., 2026]. The geographic selection
process is further described in Section 5.5: Geographic Information Systems Analysis. For the
selected location, the closest available time series for ambient temperature and solar irradiance were
incorporated into the model.
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Heat Demand Modelling

Heat demand is derived via interpolation between the 2020 and 2050 projections from Heat Roadmap
Europe, resulting in an annual demand of 2670 GWh for 2025 [Mathiesen et al., 2026]. Including 13%
network losses, the total heat demand reaches 3017 GWh [Malcher and Gonzalez-Salazar, 2024].
The heat demand is modelled as temperature dependent, with the detailed assumptions provided in
Appendix B: energyPRO Model Methodology. The resulting heatdemand pro le used in the reference
model is shown in Figure 5.3.

Figure 5.3. Annual Heat Demand pro le in MW used in the model

Included Technologies and Exclusions

Included technologies comprise geothermal heat, large-scale heat pumps, waste heat, solar thermal,
electric boilers, fuel-based boilers, fuel-based CHPs, and thermal storage. Fuel based boilers include
boilers running on natural gas, coal, oil and biomass. CHPs in the model run on natural gas, oil, coal,
biomass and waste. The full technology share in the model can be seen in model documentation,
attached as Appendix B: energyPRO Model Methodology.

The technology speci ¢ restrictions, such as startup costs, minimum or maximum continuous
runtime or limitations of changing the load of the technology were excluded from the model in
order to focus on the system level interactions investigated in this thesis.

Energy Mix De nition

The energy mix is based on European District Heating and Cooling (DHC) Market Outlook: Insights
and Trends 2023. The DHC Market Outlook by Euroheat & Power [2023] provides an overview of
the current status and recent developments in the district heating and cooling sector across Europe.
It analyses market trends, technology deployment, and policy drivers shaping the sector's role in the
energy transition. [Euroheat & Power, 2023].

The biggest share of energy used for district heating, based on Euroheat & Power [2023], is bio-
energy, natural gas and coal/oil/peat. The exact energy mix that the reference scenario is aimed to
set up with can be seen in Figure 5.4.

22






	Titelblad
	Table of content
	Introduction
	Problem Analysis
	The European Energy Transition Challenge
	Heat Roadmap Europe
	Geothermal Heat

	Problem Formulation
	Delimitations

	Theoretical Approach
	Pragmatism
	Theoretical Framework - System-oriented technology perspective
	Megaproject Theory

	Methodology
	Literature Review
	Interviews and Survey
	Energy System Analysis
	Techno-economic Assessment
	Geographic Information Systems Analyses
	Use of Artificial Intelligence

	Research Design
	The Current Status of Geothermal Project Development in Europe
	Geothermal Types and Technology
	Current Utilisation of Geothermal Heat
	Successes & Failures of Existing Projects
	Stakeholders
	Regulations
	Opportunities and Barriers to Geothermal District Heating Deployment

	Identification of Geothermal Feasibility Parameters
	General Findings
	Literature Review
	Interviews
	Synthesis of Literature Review and Interviews
	Parameter Grouping
	Parameter Description
	Survey
	Definition of Feasibility
	Conclusion of Identification of Geothermal Feasibility Parameters

	Techno-economic Assessment
	Impact of Energy Mix on Geothermal Feasibility
	OPEX Sensitivity
	CAPEX Sensitivity
	Transport Distance Sensitivity
	Full Load Equivalent Hours Feasibility Threshold
	Feasibility Matrix
	Conclusion of Techno-economic Assessment

	Results Contextualisation
	Location
	Technical and Economic Considerations
	External Factors
	Risk
	Geothermal Screening Tool

	Discussion
	Discussion of Methodologies
	Discussion of the Results
	Further Studies

	Conclusion
	Bibliography
	Appendix

