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more than half of the total cost of Enhanced Geothermal Systems (EGS).

Resource assessment

The Geoelec project has created a European map showing an overview of the location of geothermal
resources which can be developed in 2020, 2030 and 2050. The map is based on a unified reporting
protocol and resource classification for geothermal resource assessment.

Drilling Costs

% Drilling Costs
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•

•

National governments have been using a wide range of public policy mechanisms to support the
development of geothermal electricity. These can be categorised as either investment support (capital
grants, tax exemptions or deductions on the purchase of goods) and operating support (price subsidies,
renewable energy obligations with green certificates, tender schemes and tax reductions on the production
of electricity). The most used support instrument for geothermal electricity in EU-Member states is the
feed-in-system, which differs in the actual tariff provided, the number of years the tariff is paid and
whether the scheme pertains to net / gross production.

For now, the fairly small number of geothermal electricity operations in the EU does not provide a sufficient
statistical basis to assess the probability of successful of the drilling. As a consequence, geothermal
developers struggle to find insurance public or private schemes under affordable terms and conditions for
the resource risk.

According to the National Renewable Energy Action Plans of the EU Member States, the capacity will grow
from 0.9 gigawatts (GWe) installed in 2013 to 1.4 GWe in 2020. The production of geothermal electricity in
2020 is forecasted to be 11 TWh.
In Europe, the total production will increase from 11.4 TWh to 16.7 TWh, with this major increase linked to
the rapid growth of the Turkish and Icelandic markets.
The economic potential for geothermal power is much higher in 2020:
x 21.2 TWh for the EU-28
x 70.8 TWh for the total potential in Europe

Risk Insurance

Potential 2020 in Europe

Support schemes are crucial tools of public policy for geothermal to compensate for market failures
and to allow the technology to progress along its learning curve;
Innovative financing mechanisms should be adapted to the specificities of geothermal technologies
and according to the level of maturity of markets and technologies;
A European Geothermal Risk Insurance Fund (EGRIF) is seen as an appealing public support
measure for overcoming the geological risk;
Whilst designing a support scheme, policy-makers should take a holistic approach which goes
beyond the levelised cost of energy and includes system costs and all externalities. As an
alternative, there is the chance to offer a bonus to geothermal for the benefits it provides to the
overall electricity system: flexibility and base-load;

•

Geothermal electricity has experienced significant growth for some years, and the total installed capacity
2013 in Europe now amounts to around 1.71 GWe, producing some 11,38 terawatt-hours (TWh) of electric
power every year.

Resource Assessment
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•

The geological potential (heat in place) is translated to an economical potential, using a Levelised Cost of
Energy (LCoE) value of less than 150 €/MWh for the 2030 scenario and less than 100 €/MWh for the 2050
scenario:
x The production of geothermal electricity in the EU in 2013 is 6 TWh
x The NREAPs forecast a production in the EU-28 of ca. 11 TWh in 2020
x The total European geothermal electricity potential in 2030 is 174 TWh
x The economic potential grows to more than 4000 TWh in 2050

Market Development
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The resource assessment of the geothermal potential for electricity generation is the product of the
integration of existing data provided by the EU-28 countries and a newly defined methodology building on
Canadian, Australian, and American methodology.

Financial Incentives

Factsheets on
Geothermal Electricity

Drilling represents from 30% to 50% of the cost of a hydrothermal geothermal electricity project and

Cumulative
Investment

Finance and Economics
Employment and Training
Regulation and Public acceptance

x

Geothermal electricity production is 
witnessing a resurgence in popularity in Europe.
There are ϲϮ geothermal power plants in operation, with ϰϴof these located in EU Member
States, mainly in Italy where there are ϯϱƉůĂŶƚƐ.
ϴϲpower plants are currently under development (a geothermal project typically needs 5-7
years to become operational) and ϵϴ are being
explored.

EƵŵďĞƌŽĨŐĞŽƚŚĞƌŵĂůƉŽǁĞƌƉůĂŶƚƐŝŶƵƌŽƉĞ
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Cut off Value in MWh

In 2012 the total installed capacity in Europe
amounted to ϭ͘ϳϭ'tĞ, producing some ϭϭ͘ϯϴ
ƚĞƌĂǁĂƚƚͲŚŽƵƌƐ(TWh) of electric power every
year.

/ŶƐƚĂůůĞĚ ĐĂƉĂĐŝƚǇ ŽĨŐĞŽƚŚĞƌŵĂůĞůĞĐƚƌŝĐŝƚǇ
;DtĞͿ

In 2013, there were 2500-3000 jobs directly related to geothermal electricity in the EU-28. Geothermal
energy jobs can be broken down into different types, from engineers, drillers and workers in equipment
factories to project managers. Geothermal power also generates indirect jobs, for example with suppliers
of raw materials and induced jobs. The estimated total number of geothermal power jobs in 2013 is
10.000 jobs.
Based on the projects under development and
under investigation as well as new installed
capacity, job creation is expected by 2020 in Italy,
Hungary, Greece, Portugal, France, Germany,
Spain, UK, Iceland, Turkey, Belgium, Slovakia and
Switzerland. By 2030, more than 100 000 people
should be employed in the sector.
Over the last few years little new installed capacity
has caused a concentration of jobs mainly in
O&M, traditionally requiring only a few workers.
The development of a significant number of new
projects will trigger a real boom in labourintensive activities such as exploration, drilling,
construction and manufacturing.
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The economic potential
for geothermal power in
2050 is:
x 2570 TWh for
the EU-28
x Ca. 4000 TWh
for the total
potential
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Europe

Europe

Thanks to technological development (Binary and Enhanced Geothermal Systems), Geothermal
electricity is being developed beyond traditional geothermal countries, such as Iceland and Italy.

EĂƚŝŽŶĂůDĂƌŬĞƚƐ

x

With the plants under development,
the installed capacity will increase to around ϯ'tĞ
in 2016. The projects under investigation
could bring an additional capacity of 1 GWe, for a
total of nearly 4 GWe by 2019.

Potential 2050 in Europe

/ŶƐƚĂůůĞĚĂƉĂĐŝƚǇ

x

Job opportunities are provided for people with different types and levels of skills. Scientists and engineers
are needed to explore new geothermal fields, and skilled technicians are required for construction and
operation of the new geothermal power plants.

:ŽďĂƚĞŐŽƌŝĞƐ

WŽǁĞƌWůĂŶƚƐ

x

The economic potential
for geothermal power in
2030 is:
x 34 TWh for the
EU-28
x 174 TWh for the
total potential in
Europe
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Some of the main areas in which the geothermal power industry which can have an impact regarding
economic activity and job creation are:
•
•
•
•
•
•
•

Suppliers of mechanical equipment and raw material;
Consultants and contractors searching for geothermal resources;
Drilling and well service firms;
Environmental services managing permits and sample testing;
Geothermal developers, regarding project development, construction, security etc.;
Power plant operators and maintenance staff;
Scientists for ongoing research and development.

Cut off Value in MWh
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ĂƉĂĐŝƚǇ&ĂĐƚŽƌ

Geothermal power can theoretically be developed anywhere in Europe. The main benefits of geothermal
power plants are provision of baseload and flexible renewable energy, diversification of the energy mix,
and protection against volatile and rising electricity prices. Using geothermal resources can provide
economic development opportunities for countries in the form of taxes, royalties, technology export and
jobs. The advancement of geothermal energy will require massive capital investment that cannot solely
rely on public funds - private sector involvement is needed.

It is estimated that 85% of the geothermal value chain in
Europe is European. In the future, this is unlikely to change
as most of the geothermal-related jobs cannot be exported.

Employment in the geothermal power industry is expected to increase, while skill gaps and labour
shortages may occur.

dƌĂŝŶŝŶŐΘĚƵĐĂƚŝŽŶ

3 types of geothermal power plants operate in Europe: Conventional (flash and dry steam), Binary
and EGS. Currently, there are more conventional plants in operation, but with the on-going
development of the other technologies, as well as the geographical flexibility of EGS plants, there
will be an increase in both of these types in the future, e.g. from only 3 EGS plants today to
possibly 49 by the end of the decade.

Project Finance

Financing a geothermal project includes two crucial elements in the initial phase of the project
development: a high capital investment and an insurance scheme to cover the geological risks, to be taken
by equity.
A geothermal power project can be divided into different phases:

x

EKt

As geothermal technologies are site specific (the geology is
different all over Europe and knowledge of the local
conditions is essential) and capital-intensive, the needs
regarding exploration, resource development, construction
and O&M are covered by the local workforce.
Manufacturing jobs may be created internationally,
depending on where the industries manufacturing the
particular equipment are located.

>ŽĐĂůũŽďƐ

Geothermal can provide renewable base load and flexible electricity. As the resource is not
dependent on climate conditions, geothermal power plants usually operate more than 70% of
the time (up to 95% for newer plants). The exceptional case of Austria is due the 3 combined
heat and power plants designed especially for the district heating systems.

Advantages

x

Enhancement of the educational and training process
is the factor that can have the largest effect on the
long-term needs regarding certain job specialities and
skills. Ensuring the existence of necessary skills in the
sector requires action at all levels of education and
training, meaning technical and scientific education,
training and continuous learning. In order to achieve
the proper education reforms, cooperation between
all organisations involved is required.
Cooperation between education and training institutes and companies is necessary to create a network
allowing for a faster and more efficient satisfaction of the needs generated in the labour market, while
students are provided with the appropriate skills and knowledge.

ŽŶǀĞŶƚŝŽŶĂůсϴϱй

ŽŶǀĞŶƚŝŽŶĂůсϳϯй
ŝŶĂƌǇсϮϬй
'^сϳй

ŽŶǀĞŶƚŝŽŶĂůсϱϱй
ŝŶĂƌǇсϮϳй
'^сϭϴй

The total costs of a geothermal project are
dominated by capital costs at the beginning of
the project. From experience, project planning
can take up to approximately 10% of the overall
capital costs.
Drilling costs represent 50% to 75% of the total
costs.
EGS (Enhanced Geothermal System) engineering
and the coverage of the risk with insurance are
two other important expenses.
The annual operating costs are very low.

ŵƉůŽǇŵĞŶƚĂĐƚŝŽŶƉůĂŶ

'^сϯй

/Ed,^,KZdͲdZD

Costs of an EGS project

dǇƉĞƐŽĨWŽǁĞƌWůĂŶƚƐ

ŝŶĂƌǇсϭϮй

The potential of the geothermal power industry can be achieved only through the attraction, retention
and renewal of the workforce. Companies and organisations need to adopt a range of measures which
will allow them to have access to the highly skilled workforce they need.
x
x

x

x
x
x

Establish the framework for ensuring geothermal power development with simplification of the
regulations and proper financial incentives
Create Networks for Geothermal Energy Education and Training involving industrial platforms,
universities and research centres with competences in geothermal energy-related disciplines –
geosciences, material sciences, mechanical engineering, computational sciences, economic and
legal sciences.
Develop courses on geothermal with existing university
courses in fields such as engineering, bio-sciences, earth
sciences, business administration and finance and
launch of new courses combining Geoscience and
Mechanical Engineering
Absorb workforce of declining industries
Promote mobility of workers in Europe
Launch international cooperation especially on EGS

Regulatory Barriers
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x

Many European Countries are still in the process of
setting up unique geothermal licensing authorities.

x

There are still regulatory barriers which can cause
delays and increase cost within geothermal Electricity
projects.

Grid Access

Standardisation and Schemes

Licensing Procedures

An advised licensing process was developed within GEOELEC:

x

A Geothermal Reporting Code provides standardised terms and classification scheme in addition
to rules and template regarding presentation of project status and facts for public reporting.
A regulated, supervised and international Geothermal Reporting Code is believed to be of best use
for the Geothermal Community to attract international investors.
In 2013 there are two existing codes, in Australia (AGEA) and Canada (CanGEA).
GEOELEC does not recommend investing in a specific European Geothermal Reporting Code,
rather uphold a wait and see strategy and continue international discussion.
An Expert Group on Resource Classification set up by the UN Economic Commission for Europe has
begun to look at modifying the UNFC-2009 scheme to include all renewable energy, including
geothermal energy. This would create an international, regulated scheme and standardisation.
To create international consensus active participation of the European industry in international
discussion is suggested, supporting the UN EC Expert Group.

x
x
x
x
x

x
x
x
x
x

No technical barrier to the integration of geothermal power;
Need to fully implement the RES directive;
Transparency to grid access conditions;
Long term stability of grid connection fees;
Geothermal is dispatchable and will play a role in
stabilising the grid.

Grid development process (Binda, et al .,2012)

x

Environmental Issues

x
x
x
x
x

Public Acceptance

x

Small footprint that leaves little
permanent scarring;
Normal construction site disturbance
and waste;
Buildings, cooling towers and pipelines
create minimal visual impact;
Reinjection of geothermal fluid into the
aquifer of origin does not contaminate
groundwater;
Hydraulic stimulation uses 99% water,
harmless chemicals and no proppants,
following environmental rules;
Induced micro-seismicity can occur due
to re-injection but is monitored and can be controlled.
Social acceptance is an
important factor in site
selection due to
R environmental issues;
R missing involvement
issues;
R financial issues
rants);
(in case of e.g. municipal grants);
R NIMBY (Not In My Back Yard)
acceptance issues;
R local energy production.

ORC. Berlin, El Salvador

Kalina Cycle. Husavik, Iceland

Larderello, Italy

x

Best practice advise from GEOELEC:

Lessons learned come
from all over the world.
For public acceptance it is
usually best to choose
colour,
layout
and
architectural style that
enable the power plant
to
blend
into
its
surroundings. Tradition
can also play a part as in
Larderello where the
cooling tower structures
are considered regional
trademarks.

Hellisheiði, Iceland

ORC. Bruchsal, Germany

Project Coordinator:
EGEC European Geothermal Energy Council
Renewable Energy House 63-67,
rue d’Arlon - B-1040 Brussels
Tel : +32 2 400 10 24
com@egec.org
www.egec.org
Project partners: BRGM (FR), CRES (EL),
CNR-IGG (IT), APPA (ES), GGSC (DE),
Mannvit (IS), GFZ (DE), TNO (NL)

The Objective of the GEOELEC project is:

To Convince decision makers of the potential of geothermal electricity in
Europe, creating awareness and improving the perception of geothermal
among policy makers.
7R 6WLPXODWH EDQNV DQG LQYHVWRUV LQ ¿QDQFLQJ JHRWKHUPDO SRZHU DQG
installations.

To attract key potential investors, such as oil and gas companies, and electrical
utilities to invest in geothermal power.

GEOELEC will result in an action plan towards more geothermal electricity
generation in Europe, with the objective of doubling the installed geothermal
power capacity in Europe by 2020. GEOELEC will also establish concrete
DFWLRQV WR UHDFK WKHVH REMHFWLYHV FRQGLWLRQV IRU ¿QDQFLDO IHDVLELOLW\ D
regulatory framework, and public acceptance.
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