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Geothermal data collection is subject to fragmented reporting in global energy reviews. This problem arises from
discussions about the future of the geothermal energy industry, its trends and how to represent it in the
renewable energy transition. The aim of this study is to outline the process of global geothermal data collection
and analyse the data reporting systems. A metamodel is proposed to run a comparative analysis between selected
entities that report data both for geothermal power and geothermal heat. A complimentary statistical analysis is
carried out on these entities. Our findings show considerable data inconsistency, a lack of standardized defini
tions and a misalignment of collection methodologies. This leads to incomplete geothermal data reporting.
Specifically, the revision of geothermal heat data collection should be prioritized.

1. Introduction
Geothermal energy is one of the key renewable energy sources that
also include solar, wind, biomass, and hydro, yet it represents the
smallest portion – around 1% - of the total renewable energy mix
(Timmons et al., 2014; REN21, 2020). Factors for such disproportionate
representation are many, including a lack of visibility, deficiencies in
marketing strategies, and technical resource challenges (Sarmiento &
Steingrimsson, 2007; Li et al., 2015). Additionally, the complex nature
of data collection leads to insufficient and highly fragmented statistics,
which impacts geothermal industry performance (Hadi et al., 2010;
ESMAP, 2015; Witter et al. 2019). As a result, knowledge about the
geothermal market is incomplete (Huttrer, 2020) and making im
provements in data collection could advance the global position of the
geothermal sector.
There is a variety of geothermal data that can be collected. It includes
technical information about the geothermal reservoir and its location field
i.e. structural, chemical, and other data relevant to the initial resource
exploration. The information about how the resource is exploited could
consist of engineering and economic data such as the purpose of the

installation, the amount of heat generated to make it economically
viable, prospective clients, as well as plans for infrastructure to support
it. Industry data are collected for statistical purposes and highlights the
qualities of geothermal energy. It includes capacity, production, and
other relevant values.1
While extensive guidelines exist about the technical geothermal data
collection in situ i.e. at the geothermal field (Jessop et al. 2005; AGRCC,
2010; Deibert et al., 2010; Avato et al. 2013; IFC, 2013; UNECE, 2017;
Blanc et al., 2020), standards for industry data reporting are not speci
fied. Even the “International Recommendations for Energy Statistics”
rarely mentions geothermal energy, rather it provides a single recom
mendation on calculation of electricity generation (UN, 2018). Unlike in
technical datasets, where information is more objective due to conven
tion and instrumentation, industry data are highly susceptible to in
consistencies depending on the methodology used. Consequently,
statistical data could vary significantly between different entities such
that data presented by the International Energy Association can signif
icantly differ from the International Geothermal Association (Ketilsson
et al., 2015).
Coherent industry data are important for the consistent growth of
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Renewable Energy Laboratory (NREL) classifies geothermal data into general, technical, and geological. This classification constitutes the base of Geothermal Data
Repositories found mostly in the USA (Weers & Anderson, 2016). Nonetheless, as much as the data repositories are getting popularized in other countries, they
mainly contain geological information rather than industry data.
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Fig. 1. Metadata model of geothermal industry data. Own elaboration.

geothermal data collection process and evaluate how coherent the re
ported data values are within the industry. For this, we first identify key
organizations that currently collect data, outline methods they use for
their data collection and analyse the range of differences in actual (re
ported) values. The study design follows a meta-analysis approach,
which allows the comparison of geothermal data from various entities
and offers a systematic review of discrete data.
This section introduces the research problem and Section 2 describes
the model for analysing geothermal data collection methods. Further
more, the same section delivers information about the subject of the
study, i.e. international data entities. Section 3 is dedicated to a detailed
analysis of each of the selected data entities and their approaches to data
collection. Section 4 includes the metadata analysis designed to check
data coherence among the organizations and provides a comparative
analysis of the reported values per country. Results, conclusions, and
recommendations are outlined in the final Section 5.

any energy sector: to process information, analyse trends, and make
predictions about the future (Redman, 2001; Judge & Berner, 2019). For
renewable energy industry data standardization is an instrument for
development (Seetharaman et al., 2016; Oakleaf et al., 2019; Ustun
et al., 2019), a tool for economic performance (Schwabe et al., 2012)
and an indicator of progress (Bluszcz & Manowska, 2020). The need for
a standardized revision of data collecting procedures is voiced by the
renewable industry itself (IRENA, 2013; IEA, 2015; SEAI, 2020). Various
discussions about the importance of coherent renewable resource data
are found in White et al. (2013) for bioenergy, Larsen et al. (2019) for
hydro energy, Labed & Lorenzo (2004) regarding photovoltaic, and
Giani et al. (2020) for wind energy. The single equivalent source of such
discourse for geothermal energy can be found in Ketilsson et al. (2015).
The topic of data standards is not sufficiently covered in geothermal
literature. Most information about statistics is dedicated to data inter
pretation (Richard, 2013; Uihlein, 2018), online data repositories
(Barbier et at., 2000; Weers et. al., 2018) and probably most frequently,
database management and software (Zapanta et. al, 1999; Bertani &
Magrini., 2000). At the same time, standardized data are particularly
important for geothermal industry since the data are twofold in nature,
specifically, power and heat data. Output in these two sectors is
measured in various energy units, unlike other renewable energies that
report only electrical output (Perujo et al. 2003).
Fragmented values and a lack of common standards lead to an un
derrepresentation of the geothermal industry in the global energy
market. High-quality data lead to favourable political support, help set
ambitious energy targets and enhance policy assistance (NREL, 2011;
Cox et al., 2018). From an economic perspective, it promotes an increase
in geothermal projects, marketability, competitiveness, and financial
support from governments. Clear data indicate a market maturity and
attract private and public investments (Evans & Crawford, 2000; EC,
2011; Młodak, 2013; Matek & Gawell, 2014). In short, coherent and
reliable industry data ensure support for and growth of the geothermal
energy sector.
The goal of this study is to provide a systematic review of the current

2. Research Framework
2.1. Metadata model development
Geothermal industry data are collected by several global entities.
Each of them was created for a specific purpose and audience. As a
result, data collection methods vary according to their goals. To be able
to compare the way these entities collect industry data and establish a
baseline for their analysis, an abstraction or metamodel reflecting the
types of data collected by organizations is required. A simplified meta
model is proposed here and is described below.
Metamodeling is a practice of using a model to describe another
model. Metamodels are usually utilized in computer sciences (Gonzalez
Perez & Henderson-Sellers, 2008), design systems (Van Gigch, 1991),
and database management (Bénaben et al., 2016). Another application
of such metamodels is the standardized representation of an ontological
concept (Pidcock & Uschold, 2003) or introduction of guidelines for
modelling (Ernst, 2002). Gal & Rubinfeld (2019) underline the practice
2
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of standardization i.e., converting data into a uniform format, by using
logical and consistent labels. These labels establish the core of a meta
data model that identifies the W’s of the data: who, what, when, where,
why, and how. Properly labelled data improve reporting consistency,
accessibility, and aggregation (Lloyd, 2010).
In this research the proposed metamodel serves both as a tool for
data description (structure and labels) and as a framework to organize
related information. It follows the energy sector analysis of e.g.
McKinsey & Co (2020), Conn et al. (2012), Rothman et al. (2008) and
Schwarz & White (2005). Assuming a structural pattern in the industry
data our model consists of several meta labels that represent types of
data collected by various entities. These labels form two datasets - one
for power and one for heat, two basic sectors of geothermal industry.
Fig. 1 presents the conceptualised metadata model. It is to be used as a
template to compare the same labels across different organizations. By
using our metadata model we are able to observe the degree of data
coherency and spot the potential discrepancies between data collection
systems. This approach also allows us to reduce the risk of bias or
misleading interpretations during the review process. An overview of
each label is provided beelow.

Table 1
Key energy entities providing geothermal industry data. Own elaboration.
Renewable Energy Data
Collection

Geothermal Energy Data Collection

International Energy Agency
(IEA)
International Renewable Energy
Agency (IRENA)
World Energy Council (WEC)

IEA Geothermal Technical Collaboration
Programme (IEA Geothermal TCP)
Global Geothermal Energy Alliance (GGA)
International Geothermal Association (IGA)
European Geothermal Energy Council (EGEC)

Although geothermal industry accepted “heating and cooling” as an
official name for this sector (Manzella & Krieger, 2022), we refer to it as
“heat” in this study because the data from geothermal heat pumps are
not included in the analysis, due to the fact that: (1) not every entity
reports heat pumps’ actual use; (2) adding such data might distort
comparisons; and (3) geothermal heat pumps represent the type of
technology and not the type of heat utilization. The most common ap
plications of geothermal heat utilization include space and district
heating and cooling, greenhouse heating, fish farming, agricultural
drying, industrial process heat, bathing and swimming etc. (Lund &
Toth, 2020). This study approaches the heat dataset as a one sector,
without distinguishing between the types of use because not every or
ganization specifies them.

• Data entity
Represents a globally recognized non-governmental international
entity that collects and reports geothermal industry data on a regular
basis.
• Data sector
Power and Heat are two recognized geothermal sectors. Data
analysis will therefore be carried out for both. We aim to find how
these sectors differ in the quality of data collection. Labels for each
sector are the same although they are reported in different energy
units.
• Categories
Include geothermal energy values. Usually, represented through
capacity and energy production values for power and heat per
country, region, or worldwide. Energy values showcase the trends
and development paths of the geothermal industry and reflect the
efficiency of installations. Each value can have its own definition and
calculation methods.
• Terminology
Refers to a scope of definitions provided by entities for each
category. They include operational and technical terms of the
resource use, which usually follow the established definitions in
the geothermal industry.
• Calculations
Represents a method of calculation of geothermal energy values.
• Sources
Outlines the origin of the industry data, its key sources. Energy
reporting entities could reference external data sources, collect in
dustry data itself, or use a combination of both. In principle, there are
only two types of energy providers - geothermal developers and
official national energy entities.
• Timeframe
Refers to a period of time for which geothermal energy values are
available as well as the data collection frequency. Reporting periods
are established with regards to a policy of each organization: most
entities practice annual reporting.
• Coverage
Refers to regions or countries for which industry data are
collected. The choice of geographical coverage is a subject of each
reporting organization’s goal.

2.2. Overview of industry data collecting entities
The organizations collecting geothermal industry data vary in size
(local, national, or global), type (intergovernmental, NGO, renewable
agency, energy authority, industry association) and purposes they serve
(renewable resources versus geothermal energy focused). In this study
we focus on the organizations whose primary function is the geothermal
data collection of actual energy values. These types of organizations are to
be considered for analysis since they build, not reproduce the data. To
reduce further data bias the secondary criteria are set: they represent
globally recognized energy entities; and they are inter- or nongovernmental organizations (IGO or NGO), meaning independent from
government policies and regulations.
Following these criteria, the desk research and expert assessment2
was performed to identify the key organizations. Seven are selected:
International Energy Agency (IEA), International Renewable Energy
Agency (IRENA), World Energy Council (WEC), IEA Geothermal Tech
nical Collaboration Programme (IEA Geothermal TCP), Global
Geothermal Energy Alliance (GGA), International Geothermal Associa
tion (IGA) and European Geothermal Energy Council (EGEC). We clas
sify them into two groups: renewable energy organizations and
geothermal energy data providers (see Table 1). Other organizations
were identified but not included in the final analysis, due to their
noncompliance to the listed criteria.3
3. Metamodel application: review of organizations
This section provides a review of data methodology for each entity
identified in Table 1 according to the elaborated model (Fig. 1). The
2
The CAWI (Computer Assisted Web Interview) method was used to inter
view 32 geothermal experts. They are selected academic and industry members
of the International Geothermal Association. Online interviews that included
identification of the most relevant organizations were conducted between
March and May 2021.
3
These other organizations that handle geothermal data are: United Nations
Statistical Division (UNSD), Organization for Economic Co-Operation and
Development (OECD), Statistical Office of the European Communities (Euro
stat), EU Joint Research Centre, Renewable Energy Policy Network for the 21st
Century (REN21) and British Petroleum.

To complete the model popular geothermal terminology requires
clarification. Based on the analysis of the reporting practices most en
tities use the term “power” as an equivalent to “electricity”, the same is
applied to terms “generation” and “production”. Geothermal heat sector
is often referred to as “direct use”, “thermal” and “heating and cooling”.
3
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systematic review of each organization starts with short description,
followed by an analysis of each metadata label. Since some of the in
dustry data are only available upon paid membership or subscription,
we have to limit our research to publicly available open access industry
data.

(IEA Geothermal TCP, 2019). Other publications, such as “Trend Re
ports” and “Geothermal Power Statistics” include a historic overview of
geothermal industry data (IEA Geothermal TCP, 2017; IEA Geothermal
TCP 2017a).
Categories, Terminology and Calculations: the IEA Geothermal
TCP defines geothermal energy as “thermal energy which is contained
within the Earth” (IEA Geothermal TCP, 2021). Geothermal energy
values are available for installed capacities and energy production for
both power and heat. Key terminology and calculation methods could be
found in the reports published by the “Data Collection and Information”
working group (IEA Geothermal TCP, 2021a).
Sources: the IEA Geothermal TCP mainly relies on key contact points
of member countries for data collection. The industry data are acquired
from an aggregate of sources: national departments of energy, geological
surveys, national energy corporations, research entities, academic in
stitutions, technology platforms etc. The annual reports also reference
external sources among which the most common are EGEC and the IGA
(IEA Geothermal TCP, 2017; IEA Geothermal TCP, 2019).
Timeframe: geothermal industry data are collected on an annual
basis and available via annual reports starting 1997. The latest version
of the “Annual Report” dates to 2019 (IEA Geothermal TCP, 2019).
Coverage: the industry data are available for individual member
countries only. In total, the data for 14 countries are available for the
year 2019 (IEA Geothermal TCP, 2019).

3.1. International Energy Agency
Data Entity: the International Energy Agency (IEA) was established
in the 1970s as the international platform for energy cooperation and its
key themes include energy efficiency, research development and tech
nology collaboration. It consists of 30 member countries, eight associ
ations and three accession countries (IEA, 2021). The IEA presents
geothermal industry data in its key publications. Among them are the
“Renewables” and “Renewable Energy Market Update” reports, which
provide the analysis and forecasts for the renewable energy market
(IEA, 2019; IEA, 2020). The reports provide total world numbers on
geothermal installed capacity and annual energy use for a given year.
Another major IEA report series “World Energy Statistics” do not sepa
rate geothermal energy from other renewable sources (IEA, 2018).
Geothermal data are included in the category “other renewables” along
with solar thermal, photovoltaic and wind. The most comprehensive
data tool available at the IEA is the “Data and Statistics” (IEA, 2021a). It
comprises comprehensive online data tables, which present an overview
of geothermal statistics per country as well as world values. The
geothermal data can be found in the datasheet called “Renewables and
Waste”.
Categories, Terminology and Calculations: IEA defines
geothermal energy as “energy available as heat emitted from within the
earth’s crust, usually in the form of hot water or steam” (IEA, 2020).
Geothermal industry data cover only energy generation values for power
and heat, but no capacity values are reported. Available definitions and
calculation methods could be found in the separate manuals and ques
tionnaires available at the IEA website (IEA 2019a; IEA, 2004).
Sources: IEA acquires geothermal statistics through various data
experts. They usually represent national energy authorities, who submit
the data to the IEA via the excel questionnaires or direct surveys. In the
cases where data are not available, estimates are presented instead. In
most cases, the data are derived from an aggregate of sources, however
the IEA Geothermal Technology Collaboration Programme (see 3.2) is
not used as a source.
Timeframe: geothermal energy values in the “Data and Statistics”
are available on a yearly basis starting 1990 (IEA, 2021a).
Coverage: geothermal data are collected for individual member
countries and worldwide statistics are also available. In total, the data
for 41 countries are available for the year 2019 (IEA, 2021a).

3.3. International Renewable Energy Agency
Data Entity: the International Renewable Energy Agency (IRENA)
was founded in 2009 as an intergovernmental organisation that supports
countries in their transition to a sustainable energy future, and serves as
a database of knowledge on renewable energy (IRENA, 2021). It
currently consists of 164 countries, all of which are members of the
United Nations. Every year IRENA produces multiple publications and
some of them are particularly dedicated to geothermal energy. Among
them are for example, “Geothermal Development in Eastern Africa,
2020” and “Accelerating Geothermal Heat Adoption in the agri-food
sector: key lessons and recommendations, 2019” (IRENA, 2020;
IRENA, 2019). However, geothermal statistics are not represented
extensively in these publications. Industry data are available as online
datasets and interactive diagrams. This online dataset is aggregated into
publication series “Renewables Energy Statistics” and “Renewable Ca
pacity Statistics’’ reports (IRENA 2021a; IRENA 2020a).
Categories, Terminology and Calculations: IRENA defines
geothermal energy as “heat derived within the sub-surface of the earth”
(IRENA, 2021). Geothermal energy values are available for power ca
pacity and electricity produced. For heat however, only energy gener
ation is presented. No terminology or explanation on calculation
methods are found. The review process reveals that IRENA data cate
gories are coherent with those provided by the IEA, hence it is safe to
assume that terminology and calculations are similar.
Sources: “Renewable Energy Statistics’’ report provides a clear
explanation of its data sources (IRENA 2020a). The entity differentiates
between two types of sources: official and unofficial. Official sources are
IRENA questionnaires received from a particular country, or official
reports obtained from national statistical offices, government de
partments, regulators, and power companies. The unofficial sources
include data from industry associations and news articles. The industry
data might also represent an estimate, which comes from an aggregate of
several types of sources mentioned above.
Timeframe: “Renewable Capacity Statistics” and “Renewable En
ergy Statistics” report series first appeared in 2015 and 2016 corre
spondingly, and since then, they have been published annually. The
electricity data in both reports date back to 2010, but the data for
geothermal heat is available only for 2017-2018 (IRENA 2021a; IRENA
2020a).
Coverage: the industry data for individual member countries as well

3.2. IEA Geothermal Technology Collaboration Programme
Data Entity: within the IEA structure there are affiliated groups that
entail partnerships with industry and business across different sectors.
These partners provide input and promote the IEA’s work. One of the
partnerships forms the IEA Geothermal Technology Collaboration Pro
gramme (IEA Geothermal TCP). Although aligned with the IEA work and
operating under its auspices, IEA Geothermal TCP is independent in its
activities and its membership. Its main goal is to “provide a framework
for international co-operation on geothermal energy research and
development” (IEA Geothermal TCP, 2021). It shares best practices,
provides data and technology analysis. As of 2021, it consists of 15
members among which are 14 participant member countries and orga
nizations and the European Commission - the executive branch of the
European Union. The members focus their activities within various
working groups, one of which is dedicated to data collection and in
formation. Every year organization publishes an “Annual Report”,
which describes the progress and outputs of its working groups, key
activities of its member countries and geothermal industry statistics
4
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as geothermal worldwide statistics are available. The data for a total of
34 countries are available for the year 2019 (IRENA 2020a).

“World Energy Resources” are available for the years 2001, 2004, 2009,
2010, 2013 and 2016. The earliest data available for geothermal
installed capacities dates to the 1950s (WEC, 2016).
Coverage: the industry data for individual member countries as well
as geothermal worldwide statistics are presented in the reports. The data
for a total of 82 countries are available for the year 2016.

3.4. Global Geothermal Alliance
Data Entity: IRENA coordinates and facilitates a special platform for
geothermal electricity and heat generation called Global Geothermal
Alliance (GGA). It was established in 2015 as a platform for cooperation
and dialogue between various stakeholders: industry, policy makers etc.
GGA’s key action areas include resource assessment, support of enabling
geothermal frameworks and promotion of geothermal energy.
Currently, the Alliance consists of 46 members and 42 partners (GGA,
2021). GGA produces publications on geothermal energy research
together with the IRENA, Energy Sector Management Assistance Pro
gram (ESMAP) and Inter-American Development Bank (IDB).
Geothermal statistics are not represented extensively in these publica
tions. Industry data are available online via a country profile - a web
page dedicated to each member country (GGA, 2021a).
Categories, Terminology and Calculations: GGA does not provide
any terminology on its website. Since GGA is the special platform of the
IRENA, it is assumed that all definitions and calculation methods be
tween these two organizations are identical. Geothermal industry data
cover only installed capacities for power and heat and does not include
energy generation values.
Sources: the main source of data for the Global Geothermal Alliance
is IRENA. However, the Alliance also references other sources, for
example ThinkGeoEnergy in the section dedicated to geothermal power
and IGA World Geothermal Congress “Country Updates” in the
geothermal heat section (GGA, 2021a).
Timeframe: GGA website showcases IRENA dashboards and dia
grams that present geothermal power data from 2010 onwards. As for
the heat data, it covers only the year of 2020 (GGA, 2021a).
Coverage: the industry data are available for individual member
countries only. The data for a total of 20 countries are available for the
year 2019 (GGA, 2021a).

3.6. European Geothermal Energy Council
Data Entity: the European Geothermal Energy Council (EGEC) was
established in 1998 and currently consists of 120 members from 28
European countries, including energy providers, national associations,
research centres, geological surveys, and public authorities (EGEC,
2021). EGEC’s main goal is to represent the geothermal industry across
European countries and to promote geothermal industry development in
Europe through research, policy, and communication. EGEC publishes
an extensive number of documents dedicated to geothermal energy
research like annual reports, brochures, opinion pieces etc. One of the
key publications on industry statistics produced by EGEC is the
“Geothermal Market Report” which presents the industry updates, pol
icy recommendations and industry data on an annual basis (EGEC,
2019). The full report is available to the EGEC members only. Paid ac
cess is available to non-member audiences.
Categories, Terminology and Calculations: EGEC defines
geothermal energy as “the energy stored in the form of heat beneath the
surface of solid Earth” (EGEC, 2019). This is an official definition of the
geothermal energy in the European Union as per Directive 2009/28/EC
(EU, 2009). Geothermal energy values are available for installed ca
pacities and energy production for both power and heat. However, the
terminology covers only power and heat production.
Sources: EGEC industry data are an aggregate of various sources.
Statistics are obtained from the national geothermal associations,
geological surveys, academic units, national energy authorities and
directly from the geothermal energy producing companies. Occasion
ally, the data are also supplemented by information from the national
data coordinators. EGEC particularly outlines where each type of data
originates. For example, power data are collected annually from the
national data coordinators, while the analysis of power demand and
forecast is based on Eurostat sources (EGEC, 2019)
Timeframe: EGEC’s key industry data publication “Geothermal
Market Report” was first launched in 2011. Since then the report has
been published on an annual basis.
Coverage: the industry data for individual countries as well as
geothermal regional statistics are available. The data for a total of 33
countries are available for the year 2019.

3.5. World Energy Council
Data Entity: the World Energy Council (WEC) was established in
1923 as an independent organization to promote a sustainable use of all
energy resources. It gathers around 100 members of governments,
business, and expert organizations accounting for 3000 members in
total. WEC publishes a series of reports on energy market analysis.
Among them are “World Energy Issues Monitor” that projects
geothermal energy capacity additions and “Survey of Energy Resources”
that provides a comprehensive narrative for the geothermal energy
sector (WEC, 2020; WEC, 2010). The geothermal industry data are
presented in the “World Energy Resources” report (Parker, 1975).
Chapter 9 of each issue is dedicated to geothermal energy analysis and
industry statistics.
Categories, Terminology and Calculations: WEC defines
geothermal energy as “the use of heat energy or thermal properties
within the earth" (WEC, 2016). Geothermal energy values are available
for installed capacities and energy production for both power and heat.
However, the terminology is only available for power categories.
Sources: the geothermal industry data presented by WEC are ob
tained from an aggregate of sources. It is a compilation of geothermal
statistics from its own members as well as external data entities. This
information is gathered through the regular surveys (WEC, 2010).
Clerici & Alimonti (2015) state that WEC reports the energy data in an
unbiased way because of the engagement of over 100 expert groups.
However, no further specification is provided, and the WEC expert
sources are not disclosed. In addition, WEC references IRENA, REN21,
IGA World Geothermal Congress “Country Updates” and British Petro
leum in its reports (WEC, 2016).
Timeframe: geothermal industry data presented in the report series

3.7. International Geothermal Association
Data Entity: the International Geothermal Association (IGA) was
established in 1988 as the global geothermal non-governmental orga
nization with the aim to support the geothermal sector and deliver the
future of clean energy (IGA, 2021). The members are the national
geothermal associations, institutions, research centres, industry com
panies and individual members. One of the key industry data sources of
the IGA is the World Geothermal Congress (WGC) “Country Update”
reports available online via the geothermal paper database (IGA,
2021a). The reports are submitted online to the IGA World Geothermal
Congress. These reports include geothermal statistics, describe the
state-of-the-art research in a particular country, and outline recent de
velopments in the geothermal sector.
Categories, Terminology and Calculations: the IGA defines
geothermal energy as “the natural heat of the Earth” (IGA, 2021).
Geothermal energy values are available for installed capacities and en
ergy production for both power and heat. Terminology is available for
heat categories only. Available definitions and calculation methods can
be found in the WGC “Country Update” reports (IGA, 2021a).
5
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Table 2
Overview of Metamodel Categories for Geothermal Power and Heating and Cooling. Own elaboration.
Data
entity

IEA

IEA Geothermal
TCP

IRENA

term

n.a

Installed
capacity, MWe

definition

n.a

Nameplate
energy output of
a power plant

term

Gross electricity generation,
GWh

definition

The sum of the electrical
energy production by all the
generating sets concerned
measured at the output
terminals of the main
generators

Gross power
production,
GWh
Equals
generation, or
energy produced

Electricity
production,
GWh
n.a

term

n.a

Installed
capacity, MWth

n.a

definition

n.a

Nameplate
energy output of
a heating plant

n.a

term

Gross heat production, TJ

definition

The total heat produced by the
installation includes the heat
used by the installation’s
auxiliaries. Only heat sold to
the third parties is included
here

Gross heat
production,
GWh/yr
Equals heat used

Gross heat
production,
TJ
n.a

GGA

Geothermal power
Installed
Installed
capacity, MW
capacity,
MW
n.a
n.a

n.a
n.a

WEC

EGEC

IGA

Electricity
generating
capacity, MW
The amount of power
that can be generated
at a given moment by
a power plant
Total electricity
generation, GWh

Installed plant capacity,
MWe

Installed capacity, MW

n.a

n.a

Gross electricity
production, GWh

Gross energy
production, GWh/yr

Actual generation of
energy by a power
plant

The sum of the electrical
energy production by all the
generating sets concerned
measured at the output
terminals of the main
generators

n.a

Installed capacity, MWth

Installed capacity,
MWth

n.a

The difference in
temperature of inlet and
outlet multiplied with the
maximum flow rate,
converted into MWth
Annual energy use, TJ/
yr

Geothermal heat
Installed
Direct use installed
capacity,
capacity, MWt
MWt
n.a
n.a

n.a

Direct use energy
utilization, GWh

Gross district heat
production, GWth

n.a

n.a

The total heat produced by
the installation includes the
heat used by the installation’s
auxiliaries

Sources: the WGC country updates are written by a single author or
a group of authors. Usually, the sources of data are not revealed, how
ever it is safe to assume that the data come from an aggregate of sources
such as national or local governmental authorities, research institutions,
geothermal developers, and non-governmental entities. A big role plays
an established network of personal contacts.
Timeframe: the World Geothermal Congress “Country Updates”
have been collected since 1995. The WGC is organized every five years,
thus the industry data are available for every five-year period. Since the
WGC 2020 the frequency has been changed to every three years.
Coverage: the industry data for individual countries as well as
geothermal worldwide statistics are available. The data for a total of 91
countries are available for the year 2020 (Huttrer, 2020; Lund & Toth,
2020).

The difference in
temperature of inlet and
outlet multiplied with the
average flow rate,
converted into TJ

Application of the metamodel (Fig. 1) results in the comparative
analysis of categories and their definitions provided by entities. Table 2
summarises the findings. It distinguishes the two geothermal sectors:
power and heat. The table presents reported categories with referenced
definitions (in italics). Geothermal power and heat categories are re
ported in varying degrees by each of the examined entities. Four out of
seven organizations: IEA Geothermal TCP, WEC, EGEC and IGA provide
complete datasets in terms of reporting installed capacities and energy
generation values for both power and heat. However, only the IEA
Geothermal TCP provides a complete set of definitions for all categories.
The calculation methods of reported heat values are disclosed only by
the IGA. The energy units in which categories are reported coincide
among entities for geothermal power: the installed capacities are re
ported in MW and energy produced in GWh. Geothermal heat produc
tion units are reported either in TJ or GWh. The names of categories are
subject to own interpretation among the reporting entities: geothermal
electricity production is interchangeably called generation (IEA, WEC)
and geothermal heat production addresses direct use energy utilization
(WEC) or annual energy use (IGA). Additionally, the category of heat
production is inconsistent in its terminology. Definitions explain it as
heat sold (IEA), or gross district heat (EGEC), or total gross heat used
(IEA Geothermal TCP). Therefore, these categories, their definitions and
calculation methods vary considerably across organizations and are not
unified.
All entities collect the data individually (except the GGA that du
plicates IRENA values) and acquire it through their members (except
IGA that relies on authors of WGC country updates). Member countries
or organizations directly submit the data to the entity. Most entities
(IEA, IRENA, EGEC) collect the industry data using their own developed
questionnaire. This is a standard tool for data collection for many or
ganizations, however, its context varies across entities. In some cases,

4. Comparative analysis
4.1. Metadata analysis
As per Section 3 findings, the World Energy Council is the oldest data
collecting entity whereas the Global Geothermal Alliance is the youn
gest. However, the continuous data - from the 1990s onwards - is re
ported by the International Energy Agency and the International
Geothermal Association. Yet, the latter comprises the most compre
hensive dataset covering 91 countries. Therefore, the largest dataset of
global geothermal industry data is produced by the IGA.
The definition of geothermal resources is often referred to as a first
step in building consistent geothermal data collection framework (e.g.
Bloomquist, 2010). However, the definitions differ in scope and cover
different aspects of geothermal energy: heat emission, storage, thermal
properties etc.
6
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Fig. 2. Power capacity (in MWe) for 2015 and 2019 as a ratio between the baseline and selected organizations. Own elaboration.

such questionnaires must comply with existing legal frameworks. For
example, the EU countries submit the data based on the Regulation (EC)
No 1099/2008 (EU, 2008).
Timeframe and frequency of data submissions also differ. While
some entities (IEA, IEA Geothermal TCP, and EGEC) collect the data
annually, others align the data collection to flagship industry events (e.
g. IGA and the World Geothermal Congress), yet others use undefined
periodicity (e.g. GGA, WEC). Consistency of submissions varies as well;
some organizations omit values for certain countries or years, while
others report values for countries outside of their proclaimed scope of
activity e.g. EGEC in its “Geothermal Market Report” mentions
Indonesia, Kenya, Mexico, New Zealand, and other non-European
countries (EGEC, 2019). All this impacts the integrity of geothermal
industry data.

countries total for which industry data are available. Countries reporting
only geothermal heat pump use (Norway and Sweden) are excluded
from our analysis. The analysis considers two time periods - 2015 and
2019. The most overlapping industry data are available in these two
years. In cases where energy values are not available or inconclusive,
2014 and 2018 energy values are taken as a substitute (revised by trend
estimations). To show the differences between entities and allow for the
visual comparison, a baseline organization is determined. The
geothermal energy values reported by the International Geothermal
Association are used as a baseline for comparisons. As mentioned pre
viously, the IGA collects the data for the largest number of countries, 91
in total. We derive relative data values by following the given calculus:
xij =

aij
,
bij

where

4.2. Energy values analysis

x - relative value of geothermal energy (electricity or heat)
i - country reported
j - year of reporting
a - entity data value from country i in year j
b - IGA data value from country i in year j, b=1

To understand whether discrepancies in data collection methodology
lead to significant data differences we compare the reported energy
values between the entities. The following sources of industry data of
each entity were taken for comparison: IEA - “Data and statistics” online
data tool; IEA Geothermal TCP - annual “Country Reports”, in case
where data is missing IEA Geothermal “Annual Reports”; IRENA - pub
lication “Renewable Energy Statistics”; GGA - website country profiles;
WEC - publication “World Energy Resources”; EGEC - publication
“Geothermal Market Report”; IGA - World Geothermal Congress
“Country Updates”, in case where data is missing WGC “Geothermal
Power Generation in the World 2015-2020 Update Report” (Huttrer,
2020) and WGC “Direct Utilization of Geothermal Energy 2020 World
wide Review” (Lund & Toth, 2020). These sources list the most available
geothermal industry data per country.
For unbiased comparison we take the categories that overlap be
tween most organizations. These are the installed capacity and energy
produced for both power and heat. Next, to reduce interpretation bias
only the country for which data are available in more than three entities
are considered for the analysis. These constitute 47 countries among 91

Figure 2, 3, 4.1, 4.2, 5.1 and 5.2 present the industry data for 45
countries in total for both geothermal power and heat. Two scales
represent the data for two time periods: 2015 and 2019. The scales show
a relative value between the baseline value (IGA reference value) and
values reported per entity. The vertical axis scales the ratios obtained
from calculating the relative values. Hence, the value of e.g. 1.20 rep
resents 20% of overreporting, or +20% and 0.80 represents 20% of
underreporting, or -20% compared to the baseline i.e. to the IGA re
ported value. Cases of countries with more than half of the differences in
reference to the baseline (either above or below) are defined as outliers
and are marked grey. The countries are grouped into four geographic
regions: Europe, the Americas, Asia and Oceania, Africa. Some organi
zations do not have values for certain countries or years hence they are
7
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Fig. 3. Power generation (in GWh) for 2015 and 2019 as a ratio between the baseline and selected organizations. Own elaboration.

not represented on the diagram.
Fig. 2 shows geothermal power capacity (MWe) values for 26
countries for 2015 and 2019. Five entities report on installed power
capacity. IRENA and GGA values are identical to one another for both
years. Most reported values deviate around +/-20% from the baseline
value. More entities overreport data in 2015 than in 2019, where the
trend is reversed. In addition, 2019 values are more aligned to the

baseline in general. There are only two outliers: Turkey values are
overreported by 157% (by IRENA, WEC and EGEC) and Papua New
Guinea values by 509% of the baseline (by IRENA and GGA).
Fig. 3 shows geothermal power generation (GWh) values for 26
countries for 2015 and 2019. Five entities report on generated power,
although they differ from those that report on power capacity presented
in Figure 2. IEA and IRENA values are the closest to baseline. Most

Fig. 4.1. Heat capacity (in MWt) for 2015 and 2019 as a ratio between the baseline and selected organizations in Europe. Own elaboration.
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Fig. 4.2. Heat capacity (in MWt) for 2015 and 2019 as a ratio between the baseline and selected organizations in the rest of the world. Own elaboration.

reported values are within +/-20% deviation from the baseline, how
ever there are eight outliers. These outliers occur evenly across regions
but vary from year to year. Power generation outliers with the lowest
and highest variance are reported by IRENA: Croatia reports -97% and
Papua New Guinea +412% of the baseline.
Figs. 4.1 and 4.2 reflect geothermal heat capacity (MWt) values for
44 countries for 2015 and 2019. Fig. 4.1 shows data for European
countries and Fig. 4.2 for the rest of the world. In total, four entities
report on installed thermal capacity. The reported values in European
countries presented in Fig. 4.1 differ between entities except for WEC,
whose heat capacity values for 2015 are aligned with the baseline. In
addition, most of the GGA values for 2019 coincide with the reference
value. The highest number of outliers are reported by EGEC (Slovakia,
-86% and France, +445%). Higher numbers of outliers are observed in
year 2019 than in 2015. Most outliers in 2015 are below the baseline,
while 2019 values are distributed evenly below and above the baseline.
Unlike in Europe, the heat capacity data for other countries presented in
Fig. 4.2 are mostly identical to the referred values. WEC numbers in year
2015 and GGA numbers in 2019 coincide with the baseline. The IEA
Geothermal TCP heat capacity data in most cases are also equivalent to
the baseline apart from Australia, which is the single outlier for both
years.
Figs. 5.1 and 5.2 show geothermal heat generation (TJ) values for 44
countries for 2015 and 2019. Fig. 5.1 shows the data for European
countries and Fig. 5.2 for the rest of the world. In total, six entities report
on geothermal heat generated. For the most part, the energy generation
values for Europe presented in Fig. 5.1 do not coincide with the baseline
values. However, WEC data is equal to the baseline values in year 2015,

and GGA in 2019. There are 14 outliers in 2015 underreported by the
IEA and EGEC and eleven in 2019 underreported by IEA and IRENA. The
outlier with the lowest value is reported by IRENA (Russia, -98%) and
the highest value is reported by IEA Geothermal TCP (France, +267%).
Unlike in Europe, heat generation values for the non-European countries
presented in Fig. 5.2 are identical to the baseline, e.g. WEC, 2015 and
GGA, 2019. Again, the single outlier in 2015 (Australia) is reported by
the IEA Geothermal TCP.
Analysis of all figures point to a few major observations. There are
more data available on geothermal heat than power. It is explained by
the fact that the use of geothermal heat is broader geographically than
the use of geothermal power. Geothermal heat generation is reported by
each of the examined entities. However, the heat values (both capacity
and generation) as reported by different organizations deviate consid
erably from the IGA reference value, but also between each other. The
most outliers for heat capacity and generation are found in the European
countries (19 in total), and are mainly reported by the IEA and EGEC.
However, the heat values for non-European countries are mostly aligned
with the baseline and each other. Contrary to geothermal heat dataset,
power statistics are more consistent across the reporting entities with
fewer outliers in both capacity and energy generation. Power outliers
are also spread more evenly across regions.
The analysis of the power dataset (both capacity and generation)
indicates that IEA and WEC overreport their values in more than half of
the cases, while IRENA, GGA and EGEC tend to underreport. In the heat
dataset (both capacity and generation) only IEA Geothermal TCP over
reports the values (47%) but both IEA and IRENA underreport in almost
all the examined cases (96-100%). Nonetheless, most heat values of GGA
9
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Fig. 5.1. Heat generation (in TJ) for 2015 and 2019 as a ratio between the baseline and selected organizations in Europe. Own elaboration.

and WEC coincide with the reference values (97-98%). EGEC is found to
underreport values for both power and heat datasets in about half of the
cases. The complete overview of data ratios with the IGA values as a
baseline is presented in the Mendeley dataset and is available for
reference (Kurek & Krieger, 2022).
A complementary statistical analysis is carried out to check the
structure of the geothermal data offered by the selected entities. Due to
statistical requirements and proper validity of the results, only the en
tities that have a minimum of 10 data values for both years (2015 and
2019) were considered for this analysis. These entities are the IGA, IEA,
IRENA, and EGEC. Again, the IGA values are used as a baseline refer
ence. The software SPSS ver. 27 was used to run the correlations ex
amination. Tables 3 and 4 below present a compilation of the
correlations test results for power and heat data independently. The data
meet the statistical requirements for the Pearson type correlations since
it is measured on a continuous scale, variables in each observed year are
paired and there is an independence of cases.
The power data in two categories are tested, generation in GWh and
capacity in MW. The IGA, IRENA, IEA and EGEC reported these
geothermal data categories in 2015 and 2019 for a required number of
countries. Results of Table 3 present strong associations between the
data. The score of the Pearson coefficients indicates that there is almost
no difference between the data from the selected entities. It means the
data has a similar structure since all power data correlations are
significant.
In the heat dataset, there are only three entities (IGA, IEA, EGEC)
that report values in the same years, same categories and for a required
number of countries to enable the statistical analysis. As presented in
Table 4, the significance of tests is observed meaning there is an asso
ciation between the data of heat production and heat capacity. Yet, the
results show differences in the heat data examination. Whereas data
between IEA and IGA arehighly correlated, both in production and ca
pacity terms, a comparison of EGEC and IGA data shows lower coeffi
cient values. This indicates discrepancies in the heat data between the
two entities.
We observe significant results of all the statistical tests. A significant

correlation for power data imply that the values are similar among the
reporting organizations. Moreover, we observe that power data is
somewhat aligned between the reporting entities. A larger dataset of
geothermal heat is more fragmented and here, significant but lower
correlations among entities are observed. This indicates a more
complicated and more fragmented nature of geothermal heat statistics.
5. Results and discussion
Comparative and statistical analyses point to certain inconsistencies
in the data collection systems. Minor discrepancies in the global power
dataset could be explained by the availability of power statistics related
to financial statements of power plant developers and utility owners.
Moreover, most electricity markets are regulated in one form or another,
and hence require public accountability. In stark contrast are the in
consistencies in the global heat dataset. The reasons for these in
consistencies can be categorised as follows:
• Conceptual
It is observed that although the examined organizations use com
parable heat categories (e.g. installed capacity and energy used), their
terminology and calculation methods vary considerably. This is partly
due to a non-existent standardized definition of geothermal heat.
Standardised conceptual terminology and calculations will result in
better representation of the installed capacity and the utilisation of
geothermal heat globally. This will advance the ability to report and
track the development of heat projects.
• Methodological
Another discrepancy is connected to methods of data collection
employed by these entities. Each has an own-developed data collection
system, which corresponds to the established goals and objectives of that
organization. Here, the differences across all entities pertain to the
countries covered and sources used.
10
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Fig. 5.2. Heat generation (in TJ) for 2015 and 2019 as a ratio between the baseline and selected organizations in the rest of the world. Own elaboration.

Table 3
Results of correlations for geothermal power data (capacity and generation) for
selected geothermal data entities. Own elaboration.

Table 4
Results of correlations for geothermal heat data (capacity and generation) for
selected geothermal data entities. Own elaboration.

Power generation (GWh)
IGA

Heat Generation (TJ)
IRENA

EGEC

IEA

.980**
.000
43

.999**
.000
12

.981**
.000
40

Pearson Correlation

.982**

.989**

na

Sig. (2-tailed)
N

.000
47

.000
20

na
na

Pearson Correlation
Sig. (2-tailed)
N

EGEC

Pearson Correlation
Sig. (2-tailed)
N
Heat Capacity (MWt)

.972**
.000
37

.613*
.026
13

IGA

Pearson Correlation

.879**

.783**

Sig. (2-tailed)
N

.000
24

.000
44

IGA

Power capacity (MW)
IGA

IEA

i-**. Correlation is significant at the 0.01 level (2-tailed).
ii - N is the countries sample size.

i-**. Correlation is significant at the 0.01 level (2-tailed).
ii - N is the countries sample size

• Temporal

standardization of global heat data requires priority. First, a key source
of discrepancies should be tackled. Our analysis shows that it lies in
considerable data inconsistencies between EGEC and IGA for heat ca
pacity and IEA, IRENA and IGA for heat generation. The differences
pertain only to the European geothermal sector. Thus, coordinated ac
tivities aimed at aligning heat values for European countries among
these organisations are recommended.
Next, the classification of heat utilisation calls for attention.
Currently, no universal agreement exists on types of geothermal heat
use, which is reflected in its unspecified reporting i.e. geothermal heat is

The reporting timeframe represents another source of discrepancy.
Values are post-dated (e.g.: IGA values for year 2020 represent values for
2019 or even 2018), or estimations and total averages are used instead
of actual reported data (as in IRENA, IEA, WEC). This is a consequence of
a methodological discrepancy, and we assume that these differences are
caused by different reporting sources.
Following the results obtained, the attempts to standardize methods
to collect and report geothermal industry data must be addressed in the
wider geothermal community. As proven by the data observations,
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represented as a united sector. However, the statistics for various uses e.
g.: district heating vs. greenhouse heating could result in certain private
and public financial benefits. Also, a dedicated category for geothermal
heat pumps as a technology instead of its current classification as a type
of use is needed. Additionally, the cooling aspect of geothermal energy
should be addressed with conceptual and methodologic standards. The
first step for an improved heat dataset and classification was recently
proposed by the International Geothermal Association (Manzella &
Krieger, 2022).
As the demand for renewable heating and cooling continues to grow,
the development of coherent and consistent methods of data collection
and reporting will allow for systematic monitoring and measurement of
the geothermal growth curve. Coherent data can boost the bankability of
heat projects and allow to execute due diligence, as is required by the
financial sector. Such data are also relevant for policy makers and global
geothermal market development. This study is expected to serve as a
first step to pave the way towards global geothermal data revision and
standardization.
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