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Executive Summary 

The deep geothermal industry is structured around several key technologies that focus 

either on the production of heating and cooling or on that of electricity or for cogeneration of 

heat and electricity (CHP, Combined Heat and Power). As a heavily capital-intensive 

investment, the value chain of the geothermal sector is overwhelmingly concentrated 

around the project development phases. Altogether the geothermal industry may be 

subdivided in several subsectors, which correspond broadly to a given aspect of 

geothermal projects: subsurface industry from exploration to well completion, including 

reservoir management; surface industry for the construction of surface equipment; legal 

and financial industry. The deep geothermal industry is diverse and globally the geothermal 

market differs greatly from one area to another. Historical so-called “high temperature” 

markets tend to be structured differently that other with more recent development more 

focused around heating and cooling projects.  

Altogether, the drilling of the geothermal wells represents the biggest component of 

geothermal project development. However, despite the importance of the subsurface 

industry in enabling the extraction of the geothermal resource, the surface industry is also a 

major component of the geothermal energy value chain. 

Regarding the subsurface industry, beyond the crucial step that is exploration, drilling 

represents between 30% and 50% of the cost of geothermal electricity and heat projects 

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

Drilling market conditions are different all over Europe as a result of different national 

regulatory frameworks which creates a barrier to the creation of a European geothermal 

drilling market. In some countries, the number of drilling companies is not high enough to 

allow full competition and therefore competitive prices. 

Despite the importance of the subsurface industry in enabling the extraction of the 

geothermal resource, the surface industry is also a major component of the geothermal 

energy value chain. Indeed, as we will see below, the development of binary turbine 

technologies is crucial in enabling the geographical spread and the scale up of geothermal 

power production in Europe. 

As a secure, flexible and renewable energy source, geothermal energy is poised to benefit 

from the global drive towards a more sustainable, reliable and resilient energy system to 

cope with global fossil energy market uncertainty, increasing penetration of variable 

electricity generation and impacts of climate change. The deep geothermal industry still 

faces some market barriers, from non-technical barriers such as improper regulatory 

framework or difficulty of financing, as well as technical barriers, to which technological 

innovation is a solution.  
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Report on competitiveness of the deep 

geothermal industry 

1. Presentation of the industrial structure of the deep 
geothermal sector 

The deep geothermal industry is structured around several key technologies that focus either on the 

production of heating and cooling or on that of electricity or for cogeneration of heat and electricity 

(CHP, Combined Heat and Power). The type of energy production that will occur in a given 

installations is primarily determined by the quality of the geothermal resource, as characterized by 

fluid flow rate and temperature (typically electricity projects require temperatures higher than 100-

120°C, while deep geothermal heat projects can be developed even with temperatures as low as 30-

35°C). Different technology solutions enable to maximise the use of a given geothermal resource. It 

ranges from flash turbines to binary turbines for electricity generation, or the direct exploitation of an 

artesian flow compared to using pumps to increase the flow available or adding a heat pump to 

increase degrees of a low temperature geothermal system. 

As a heavily capital-intensive investment, the value chain of the geothermal sector is overwhelmingly 

concentrated around the project development phases. Altogether, the drilling of the geothermal wells 

represents the biggest component of geothermal project development, as well as mobilising most 

components and actors of the geothermal value and supply chains. 

 Figure 1. Deep geothermal industry supply chain 

 

Altogether the geothermal industry may be subdivided in several subsectors, which 

correspond broadly to a given aspect of geothermal projects: subsurface industry from 

exploration to well completion, including reservoir management; surface industry for the 

construction of surface equipment; legal and financial industry. 

 

a) Subsurface industry 
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i. Exploration 

Exploration is a crucial component of geothermal project development, and therefore the 

actors providing exploration services and equipment are a key part of the geothermal value 

chain. A geothermal plant for power or heat production involves many disciplines and tools 

for underground exploration. While some service companies have been active in the 

geothermal sector for 40 years, very few manufacturers operate solely or primarily in the 

geothermal sector. The vast majority of the service companies and equipment 

manufacturers for the underground system (exploration, drilling and production) come from 

the oil and gas (O&G) or mining sectors. The geothermal sector is a niche market for the 

innovative equipment developed for O&G such as 3D exploration tools. 

Figure 2 : Exploration techniques for deep geothermal (Source: IGA-IFC) 

 

After a preliminary survey to review available information, the exploration program and the 

collection of new scientific data initially focuses on simpler, less expensive methods, 

becoming progressively more complex and costly as early results warrant more detailed 

efforts, so that the risks associated with the project reduce. Several kinds of equipment and 

tools are required during geophysical surveying. These include: 

• Magnetometers 

• Gravimeters 

• Seismometers and data loggers 

• Tools for thermal methods 

• Transient electromagnetic equipment (TEM) 

• Magnetotelluric equipment (MT) 

• Audio magnetotelluric equipment (AMT)  

• DC method equipment 
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Key components and services for exploration: 

2D and 3D geological models: Two dimensional geological cross-sections have been the 

most common type of geological model in the geothermal sector for decades, but over the 

past10 years 3D modelling has become the exploration standard. The models include 

information such as topography, rock type, and lithological contacts, as well as structural 

information such as the dipping of beds and faults. Geophysical surveys are used to 

extrapolate surface information to the subsurface, and to provide further insight on the fluid 

circulation and temperature distribution. Geophysical equipment is manufactured by many 

different medium size companies which are typically somewhat specialised in a small 

number of products. Vibrators for seismic exploration, for example, are manufactured by 

Sercel in France, ION and IVI in the USA, and by some companies in Russia and active 

O&G exploration countries. Sercel was created in 1956 under the name SMEG as an 

offshoot of the electronics department of Compagnie Générale de Géophysique. Sercel 

took on its current name in 1962. Seismic acquisition instruments, whether 2D or 3D, are 

produced by large subsurface service companies operating worldwide: Schlumberger, 

Baker Hughes (a GE company), Halliburton, Fugro, DMT. Other geophysical instruments 

are produced by SME specialized in the different sectors (e.g. Phoenix, Metronix, Zonge for 

magnetotelluric, IRIS for geoelectrical tomography). 

 

Software: There are a variety of software tools available for visually integrating multiple 

geoscience datasets, such as for the purpose of co-interpretation in 3D. Some of the most 

sophisticated software tools have been around for decades and were originally developed 

for the oil and gas industry (e.g. GOCAD, Petrel, Earth Vision). The GeoModeller software 

developed from the original 3D structural geological modelling to incorporate geophysical 

data inversions. Only one 3D software package has been specifically customised for use in 

the geothermal energy sector (Leapfrog Geothermal). In most cases, increasing software 

sophistication results in a higher software price tag. However, some 3D software tools are 

free (Sketch Up Make, Blender, Paraview, Geoscience Analyst). 

 

Exploration services: Site investigation for geothermal projects is processed by many 

different consultancy companies, few of which operate worldwide. National or regional 

geological surveys often provide support for this kind of survey.  

Initial activities typically include the design, management and execution of geological, 

geochemical and geophysical surveys. Detailed exploration then includes shallow 

temperature gradient drilling, integrated data analyses and construction of detailed 

geothermal models, selection of drilling sites, and deep exploratory drilling.  

Leading subsurface service companies are Schlumberger, Baker Hughes (a GE company), 

Halliburton, Fugro, DMT, CGG, and PBG Geophysical Exploration Ltd. 
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ii. Drilling 

Drilling represents between 30% and 50% of the cost of geothermal electricity and heat 

projects and more than half of the total cost of Enhanced/Engineered Geothermal Systems 

(EGS). Although geothermal drilling often uses the same technology as the oil and gas 

industry, geothermal drilling displays several distinctive attributes. The established deep 

drilling technique is rotary drilling; the tri-cone rotary bit. Yet a wide variety of techniques 

exist, and improving the rapidity, safety and precision of drilling is among the key RD&I 

priorities of the sector to reduce the cost of geothermal project developments. 

The deep geothermal industry is closely linked to the oil and gas industry when it comes to 

the cost of drilling, as highlighted by the figure below. Indeed, although some equipment 

differ from one industry to the other (for instance drill bits, or borehole pipes which must be 

larger to accommodate a greater flow for geothermal brine – as hydrocarbons have a far 

greater value and energy content per cubic meter than hot water or even steam), most 

equipment are very similar. The drilling rig is a notable example of an equipment that may 

traditionally be used for a geothermal project or an oil and gas project nearly 

indiscriminately. 

 

Figure 3. Geothermal drilling index 

 

This graph aims at highlighting the correlation between drilling cost and oil price (Source: 

EGEC Market Report 2015). 
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The close interdependency between drilling cost and oil price is notably due to the 

dominance of hydrocarbon production in the drilling market, and the more limited market 

share of the deep geothermal sector. For instance, in 2018, Baker Hughes identifies that 

over 2160 rigs are used globally, 84 of which in Europe (a number that has been steadily 

declining since 2014). 70% of those rigs being exploited for oil and gas drilling. For deep 

geothermal energy, between one and three rigs had been used in France, Germany, 

Hungary, Iceland, Italy and Netherlands, and more than thirty rigs have been used for 

geothermal in Turkey. 

 

Drilling market conditions are different all over Europe as a result of different national 

regulatory frameworks which creates a barrier to the creation of a European geothermal 

drilling market. In some countries, the number of drilling companies is not high enough to 

allow full competition and therefore competitive prices. 

Another important parameter influencing the market is rig availability. Although the total 

number of rigs in Europe is enough for the geothermal operations currently developed, it 

can be the case that the rig required for a drilling is not available when needed by the 

project developers. The contractual relationship between geothermal developers and 

drilling companies is a key factor of the project and cost management. 

 

An innovative market approach has been recently developed in France. A specific drilling 

management contract has been developed by the French operator Fonroche Geothermie 

through a joint venture with Herrenknecht Vertical and Anger’s & Soene, in order to build 

and operate an innovative a heavy land rig adapted to urban environmental constraints and 

deep targets (down to 6000m True Vertical Depth: TVD). This long-term commitment brings 

price stability and availability for the ongoing development of deep geothermal in France. 

Other examples include the shift of traditional equipment manufacturers such as Huisman 

towards an integration of the geothermal value chain (from manufacturing of equipment to 

drilling, construction and operation), with the setting up of Huisman Geo, which provides 

more “turn key” solutions, which are more attractive to consumers eager to use geothermal 

energy, but not to acquire themselves the skills necessary to development. Cities looking to 

develop district heating are a likely beneficiary of such type of services, which aim to 

standardise processes and reduce costs. 

Table 1. Snapshot of the subsurface equipment manufacturers and service providers in Europe (Source: 
GEOELEC). 

Type Name Geographical Coverage 



 9 | D(4.6) REPORT ON COMPETITIVENESS 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Aker Solutions Worlwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Amec Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Bentec Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

BHGE Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Cape Industrial Services Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Drillmec Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Drillstar Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Fangmann Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Fugro Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Halliburton Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Huisman Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Herrenknecht Europe 
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Equipment 

Manufacturer/provider; Drilling 

Service Company 

Marathon Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Noble Drilling Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Odjfell Drilling Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Schlumberger Worldwide 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Weatherford Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Welltec Europe 

Equipment 

Manufacturer/provider; Drilling 

Service Company 

Scientific Drilling Worldwide 

Driller/Rig Owner Anger Europe 

Driller/Rig Owner Apache Worldwide 

Driller/Rig Owner Boldon Drilling Europe 

Driller/Rig Owner BAUER Europe 

Driller/Rig Owner Celler Brunnenbau Worldwide 

Driller/Rig Owner COFOR Europe 

Driller/Rig Owner CROSCO Europe 

Driller/Rig Owner DAFORA Europe 

Driller/Rig Owner Dalrup Europe 

Driller/Rig Owner Enel GP Europe 

Driller/Rig Owner Herrenknecht Europe 

Driller/Rig Owner Iceland Drilling Europe 

Driller/Rig Owner ITAG Europe 

Driller/Rig Owner KCA Deutag Europe 

Driller/Rig Owner Maersk Worldwide 



 11 | D(4.6) REPORT ON COMPETITIVENESS 

Driller/Rig Owner Marriott Group Worldwide 

Driller/Rig Owner NOV Worldwide 

Driller/Rig Owner SAIPEM Europe 

Driller/Rig Owner SMP Worldwide 

Driller/Rig Owner Transmark EDS Europe 

 

 

b) Surface industry 

 

Despite the importance of the subsurface industry in enabling the extraction of the 

geothermal resource, the surface industry is also a major component of the geothermal 

energy value chain. Indeed, as we will see below, the development of binary turbine 

technologies is crucial in enabling the geographical spread and the scale up of geothermal 

power production in Europe. 

The geothermal surface industry for electricity production is often closely linked to 

conventional power plants manufacturing.  

Different geothermal energy technologies have different requirements in terms of 

equipment required to develop the geothermal resource, or to produce energy from the 

plant. The figure below for instance highlights the different equipment requirements for a 

geothermal power plants according to the typology of the plant, detailing notably the 

different components for geothermal power plants surface equipment. 

Figure 4. Major Equipment Use per power plant category  
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(Source: EGEC Market Report 2016) 

 

Key components of the surface systems of geothermal installations include: 

 

Heat exchangers: The main technologies used in the geothermal sector include shell and 

tube, gasket plate heat exchanger, welded plate heat exchanger and shell and plate. This 

type of equipment is also used in other sectors for different applications. Europe has always 

been a strong market for heat exchangers features most of the global leaders in heat 

exchanger manufacturing. Alfa Laval AB (Sweden), Danfoss & Sondex Holdings A/S 

(Denmark), Kelvion Holdings Gmbh (Germany), SPX Corporation (US), Xylem Inc. (US), 

Gunter AG & Co. KG (Germany), Hamon & Cie International SA (Belgium), Modine 

Manufacturing Company (US) and SWEP International AB (Denmark) are the other most 

active players in the heat exchanger market. Very specialised SMEs in Europe are another 

important type of actor, able to answer project specific challenges regarding corrosion and 

scaling – highly relevant to geothermal projects. A high degree of competition in this market 

is key in bringing costs down. 

Heat exchangers are a technology that is crucial to the development of geothermal heating 

and cooling projects. Indeed, in most geothermal heating and cooling projects the 
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geothermal brine is not directly circulated to provide the heat to consumers. Instead, the 

heat exchanger allows a transfer of the heat from the geothermal brine to a district heating 

network, where it can be delivered to consumers. This for instance allows to contain the 

geothermal fluid within the installation, for a better monitoring of the impact on equipment 

(scaling, corrosion in particular).  

 

Steam and Brine Supply: 

- Downhole pump (ESP): Downhole pumps are used in geothermal wells to increase the 

flow of brine and increase or maintain the capacity of the geothermal heat or power/CHP 

plant. Typical ESP have a lifetime of around 4-5 years, with costs comprised between EUR 

180,000 and EUR 300,000, not including operational costs up to EUR 100,000 (excluding 

electricity to run the pump). Schlumberger, Baker Hughes, GE Oil & Gas, ITT/ Goulds, 

Canadian ESP, Flowserve, Halliburton, Weatherford International, Borets Company and 

LLC have been identified as the top players in the global ESP market and for supply to the 

geothermal sector. Many of these companies are also global manufacturers of the valves, 

monitoring and control systems associated with the lifting mechanisms. Such equipment is 

particularly important for geothermal heating and cooling projects which are usually not 

based on geothermal steam resources, and where artesian flow alone often does not 

suffice to justify the economics of the project. 

 

- Steam gathering: The wellhead valves used in the geothermal energy process are 

standard for any turbine-generated system. For geothermal projects, however, valves must 

offer more corrosion and pressure resistance than for other applications. The cost of steam 

piping typically depends on the distance from the wells to the plant, the flowing pressure 

and the chemistry of the fluids. The majority of geothermal projects use carbon steel 

pipelines. For highly corrosive brine, alloy systems such as various duplex stainless, high 

nickel alloys or lined pipes can be two to over five times the cost of carbon steel. 

 

Non-Condensable Gas treatment systems: For high temperature geothermal power plants, 

the treatment of non-condensable gas is an important element to minimise the 

environmental impact of the geothermal projects, and improve its acceptability by local 

communities. The three types of Gas Extraction System (GES) commonly used in 

geothermal power plants are: steam-jet ejectors, compressors, and vacuum pumps. ENEL 

Green power also has a patent for the AMIS system for improving the environmental 

performance of its plants by removing the H2S and mercury from the stream of NCGs. 

 

Cooling systems: Geothermal plants employ water-cooled systems – typically using cooling 

towers or air cooling. The investment cost of wet cooling towers is much lower than the cost 
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of air-cooled condensers. Dow Chemical Company, GE power, Babcock & Wilcox, SPX, 

Ecolab/Nalco and Environmental Treatment Concepts Ltd are the most active players in the 

cooling tower market for the geothermal sector in Europe. Binary turbine manufacturers 

typically provide an air-cooling solution for their systems. 

 

Plant construction: The construction of geothermal power plants is carried out by three 

categories of actors: the project developers such as electrical utilities (ENEL GP, EnBW, 

ES, etc.), turbine manufacturers with an EPC department (Turboden MHI, Ormat, Atlas 

Copco, GE/Alstom, etc.), or EPC contractors (Technip, Clemessy Eiffage, etc.). 

 

Inhibiter producers and other O&M services: Geothermal projects tend to have relatively 

low O&M costs compared to other energy technologies, notably due to the absence of fuel 

costs and the constant availability of the resource. This does not however prevent O&M to 

be a major component of the geothermal value chain, in particular as maintenance of the 

installation needs to be carried out successfully in order to avoid major equipment failure 

that may incur significant costs to the project. To compensate for the scaling and corrosion 

resulting of the interaction between brine and equipment, several solutions are available. 

Today the most prevalent solution deployed is at the O&M phase and consists in injecting 

inhibitors in the wells. Major manufacturers on inhibitors include Nalco Water, Suez 

Environment, CHIMEC, Roemex. This sector is very competitive, with many companies 

providing such service to different industry from geothermal to oil & gas. More and more 

however, manufacturers of equipment are looking at solutions to mitigate this O&M impact, 

notably by developing productions that do not react with the brine, from coatings to 

epoxy/fiberglass tubing.  

 

c) Legal and financial service industry 

 

Deep geothermal project development supposes projects with long lead time and with 

capital intensive cost structures. Moreover, geothermal projects require an extensive legal 

framework to be in place in order to clarify the use of the geothermal resource and the 

underground, and to ensure the project complies with environmental regulations. This 

means that legal and financial industry actors are an important element of the deep 

geothermal value chain. 

Legal services are crucial to ensure the rights and duties of the geothermal project are 

clearly established in adequation with the regulator. This includes right to extract heat from 

the ground (through in some markets these rights may be water extraction rights), and the 

conditions for doing so. Moreover, the legal industry should clearly identify the 
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environmental regulations the geothermal project should comply with, and ensure the 

project development is aligned with them. 

The financial industry meanwhile plays a different role in the geothermal value chain, that of 

enabling investments. Much like the legal service industry however, actors of the financial 

industry in the deep geothermal sector usually operate to some degree in partnership with 

public actors, at least in the European deep geothermal sector. The financial industry 

enables the development of the geothermal project by providing the required capital to the 

project development. However, this industry may also propose solutions to project 

developers to minimise the cost of capital for project. To that end, the role of the financial 

industry in the geothermal sector usually is to minimise the financial uncertainty linked with 

the project development. In particular this includes: 

• Reducing the geological risk: different financial schemes (public or private) exist to 
mitigate financially the impact of geological risk and reduce the cost of geothermal 
project development; 

• Reducing the uncertainty on the revenue flow of the geothermal plant: public Feet in 
tariffs have proven effective in enabling rapid geothermal uptake in some markets, 
notably Turkey. Other forms of public support have yielded similar results in other 
markets, notably in the form of investment aid (reducing the overall need for private 
financing). However, as the geothermal sector progresses towards market maturity, 
more solutions need to be developed to reduce revenue uncertainty for geothermal 
projects. 

 

Example: Corporate Sourcing of Geothermal Energy: 

Financing geothermal energy projects usually requires tailored approaches in terms of 

financial instruments as the geothermal sector is far from being uniform in terms of maturity 

and technology readiness across geographical, technology lines and uses. Geothermal 

energy projects tend to be defined by their capital intensity and its risk associated as an 

underground energy source. Three business models to supply geothermal heat and power 

to companies have already been implemented in Europe: 

1. Corporate Power Purchase Agreement: Corporate PPA can be with physical or virtual 
supply via a heat or electricity network. In the geothermal sector, it can be used for 
company or for a pool of entities buying the geothermal energy. 

2. Public Private Partnership and Joint Ventures: Some innovative projects have 
received public funds, and the geothermal heat projects have been developed 
through a PPP. Joint ventures between the geothermal project developer and power 
and heat industrial consumer have also been established all over Europe. 

3. Project development with self-consumption: Some companies in Europe have 
decided to develop their own geothermal project, and have internalize the 
competences 

 

2. Global market developments 

As a secure, flexible and renewable energy source, geothermal energy is poised to benefit 

from the global drive towards a more sustainable, reliable and resilient energy system to 
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cope with global fossil energy market uncertainty, increasing penetration of variable 

electricity generation and impacts of climate change. 

 

a) Installed capacity 

 

i. Europe 

Geothermal energy in Europe is widely used, although far below the potential of this energy 

source in most cases. Altogether, Europe has long been a challenging area for wide 

development of geothermal energy, in particular for power generation, as it has only scarce 

high temperature resources. It however features suitable conditions for widespread 

deployment of geothermal for heating and cooling. Besides, technology innovations in the 

geothermal sectors have unlocked a large potential for further scaling geothermal electricity 

in Europe. 

The European deep geothermal market can be distinguished between uses for electricity 

and uses for heating and cooling (although in several cases, cogeneration plants supply 

both electricity and heat). The production of electricity from geothermal is increasing fast in 

Europe and it is spreading even further in new markets. In 2018, the total installed capacity 

in Europe stood at 3,091 MWe, corresponding to 127 geothermal power plants in operation 

and 17.1 TWh of geothermal electricity production. In the European Union, the installed 

geothermal electricity capacity in 2018 was 1,024 MWe with 56 geothermal power plants in 

operation, corresponding to 6.4 TWh of geothermal power produced. The European 

geothermal electricity market remains heavily concentrated in three key markets: Turkey, 

Italy and Iceland, which correspond to 1,314 MWe, 916 MWe and 753 MWe of installed 

geothermal power plants respectively. For several years Turkey has been the driving force 

behind geothermal electricity in Europe, starting with 115 MWe in 2011 and growing to 

1,314 MWe in 2018 – with 300 MWe being installed annually over the past three years. 

Figure 5. Geothermal electricity installed capacity by country (MWe),  
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The graph highlights 2018 addition (Source: EGEC Market Report 2018). 

 

Emerging and new markets are also looking to further develop geothermal resources in 

areas such as France, Germany, Switzerland, and Greece. It is worth noting that three of 

the global top ten geothermal electricity countries are in Europe, with Turkey rapidly 

climbing the ranks as shown by its entry into the so-called GW club1 in 2017. At the same 

time, the European Union, thanks in large part to Italy, would come in 5th place globally if 

considered as a unified market. While it remains more fragmented, the European 

geothermal sector therefore continues to be a leading force globally. 

Many different European countries exploit geothermal energy for heating and cooling. Uses 

vary according to markets and the resource in question. Geothermal heat is often used for 

district heating and cooling, but uses for the agri-food industry are also relatively 

widespread (notably in greenhouses). The total use of deep geothermal heating and 

cooling represents at least 11.4 TWh. 

Iceland is by far the largest market for deep geothermal heating and cooling use, with a 

total installed capacity of 2,172 MWth in 2018. It is followed by Turkey, with 872 MWth. In 

the European Union, France has the largest installed capacity with 544 MWth spread over 

61 projects – largely located in the Paris area. This is followed by Germany with 343 MWth 

and Hungary with 253 MWth.  

Figure 6. Installed geothermal district heating capacity per country  

                                                
1 Nickname of countries that have a total installed geothermal electricity capacity in excess of 1,000 
MW. 
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(Source: EGEC Market Report 2018) 

The Netherlands, which has built up a geothermal heating and cooling industry over the 

past decade, ranks fourth amongst European Union Member States in terms of use of 

geothermal for heating and cooling (208 MWth). The wide distribution of individual deep 

geothermal heating and cooling systems across Europe shows the large geographic 

availability of the resource. 

 

ii. Globally 

The global geothermal industry is dominated by so-called “high temperature” markets, 

which benefits from geological conditions that enable access to large geothermal resources 

for electricity production. Most of the leading geothermal market globally are indeed located 

on highly active geological areas such as the Pacific Ring of Fire, the African Rift or the 

Atlantic ridge. 

The top ten geothermal countries for installed electricity capacity, listed in the figure below 

include three European countries. 4 countries are part of the so-called GW club, which 

distinguishes markets with over 1 GW of installed geothermal electricity capacity: the US 

(3.6 GW), the Philippines (1.9 GW), Indonesia (1.8 GW) and Turkey (1.3 GW). Several 

other countries have installed capacity above 900 MW. 
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Due to a global focus on electricity production, geothermal developments worldwide tend to 

be primarily structured around more conventional technologies, such as dry steam or flash 

geothermal power plants. However, enabled by innovation carried by the European 

industry, in particular EGS and binary turbines, new technologies are spreading globally 

and enabling a greater development of geothermal in many markets. 

 

Figure 7. Map top 10 countries with largest Geothermal electricity capacity  

 

(Source: EGEC Market Report 2018) 

 

Globally, geothermal energy represents an important opportunity for many countries looking 

to develop their electricity production to guarantee access to energy to their population, 

enable economic development and reduce their reliance on hydrocarbon imports. Well 

developed geothermal projects also contribute to economic and social development in 

enabling businesses to use heat cogenerated by the plant. There, the European industry is 

a leading provider of solution, in particular for instance for agri-food businesses (from 

greenhouses to food drying…). 

  

b) Market dynamics 

 

The geothermal sector is closely interlinked with the oil and gas industry, which creates an 

external competition force to the geothermal industry. Deep geothermal projects face 
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competition not only from geothermal developers, but also from oil & gas projects for 

services and equipment. Drilling rigs are a notable example of this dynamic. 

Major providers for pumps, valves, and control systems include Schlumberger, Baker & 

Hughes, GE, ITT/Goulds, Halliburton, Weatherford International, Flowserve (all US), 

Canadian ESP (Canada), Borets (Russia) (Angelino et al., 2017). Heat exchangers are 

supplied mainly by Alfa Laval (Sweden), Danfoss (Denmark), Kelvion Holdings (Germany), 

SPX Corporation (US), Xylem (US), Hamon & Cie, Modine Manufacturing Company (US), 

SWEP International (Denmark). 

Table 2. Number of companies per main geothermal activity (worldwide) 

Type of companies Number of companies 

Project developers 288 

Utility & Project developers 63 

Utility 63 

Exploration/drilling 56 

Research institute/Universities 28 

Holding & corporations 26 

Builders/engineering contractors 23 

Engineering technical services 19 

Geothermal energy systems 14 

Industry associations 13 

Investor 9 

Technical consultancy 8 

Land owner 7 

Heat pumps 7 

Engineering services & exploration/drilling 7 

Other 435 

 

Data were identified by Bloomberg New Energy Finance (reported by JRC 2017). 

 

c) Geothermal energy and raw materials 

Resource efficiency is an increasingly important issue for industries worldwide. This drive 

towards a less wasteful use of raw materials, increasing recyclability in the value chain 

comes from two main priorities: first, in an increasingly competitive global market, resource 

efficiency and reducing supply vulnerability is an important channel to reduce the risk in the 

manufacturing supply chain (e.g. not depending on a limited geographical area to reduce 

the risk of a supply disruption caused by political or climate risks). The use of raw materials 



 21 | D(4.6) REPORT ON COMPETITIVENESS 

that can be reliably sourced on the market, from a very competitive field of suppliers, 

reduces both the costs and the risk of disruption in supply. Second, the European 

regulatory framework is increasingly promoting resource efficiency to compensate the 

environmental impact of industrial activities, and to reduce the vulnerability of European 

industries to geopolitical disruptions in raw materials (as by enlarge, the EU is a net 

importer of most raw materials for industrial uses). 

The deep geothermal sector is to some extend a direct beneficiary of this drive to reduce 

supply vulnerability and mitigate environmental impact, as these priorities – relating to 

energy supply as well - drive RD&I support to developing the European geothermal 

industry. However, geothermal energy aksi appears to contribute to reducing the 

vulnerability of the EU’s industry to supply disruptions, owing to a limited reliance on so-

called “critical raw materials”. 

The term “critical raw material” refers to the raw materials with a high supply-risk and a high 

economic importance to which reliable and unhindered access is a concern for European 

industry and value chains. The European Union provides lists of these critical raw materials 

aiming at: 

• identifying investment needs which can help alleviate Europe's reliance on imports of 
raw materials; 

• guiding support to innovation on raw materials supply under the EU's Horizon 2020 
research and innovation programme; 

• drawing attention to the importance of critical raw materials for the transition to a low-
carbon, resource-efficient and more circular economy. 

 

Below is a list of key raw materials for the deep geothermal industry, in comparison of the 

European Union list of critical raw materials. The table underlines the relative independence 

of the deep geothermal sector value chain to these materials, as most of the key materials 

for deep geothermal is listed as non-critical by the EU. 

Table 3. Key materials for the geothermal sector  

Material Supply vulnerability status 

Iron Non-critical 

Carbon (coking coal) Check (63% import dependency) 

Chromium Mixed status2 

Nickel Non-critical 

Molybdenum Non-critical 

Titanium Non-critical 

Aluminium Non-critical 

Epoxy/Plastics Non-critical 

                                                
2 Identified as non-critical in the 2018 European Commission list, it is nonetheless considered as 
potentially critical by some studies (e.g. Franhaufer 2014) 
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(Source: US DOE Geovision, European Commission list of critical raw matrials). 

 

Deep geothermal projects indeed rely primarily in terms of volume for raw materials on 

steel and concrete. The only key material of the geothermal value chain identified as 

“critical” by the EU is coking coal, which is used in the steel industry to transform iron into 

steel. This resource is considered critical notably because of its high economic importance 

overall, a limited concentration of suppliers, and especially a large dependency on 

exporters that do not contribute to the EITI3. However, the 2017 list also considers this 

material as critical on a cautionary basis. 

The specificities of the operating environmental of deep geothermal installations introduces 

some specific requirement for materials in terms of strength and corrosion resistance that 

may expose the deep geothermal sector to some degree of vulnerability. For instance, 

chromium, as key component of stainless steel is by some measures considered a critical 

raw material (although not in the EU 2018 list). For concrete, although there seem to not be 

major vulnerability of supply thus far, emerging tension in the availability of sand may be a 

source of vulnerability in the long term4. 

Meanwhile, geothermal energy and also be an opportunity for increasing the security of 

supply of critical raw materials in the European Union. Rapidly emerging from amidst the 

debates surrounding the supply chain for Information and Communication Technologies, as 

well as for some renewable energy technologies and batteries, the issue of securing the 

supply of certain strategic raw materials is becoming increasingly acute for Europe, as 

illustrated by the European Commission’s 2017 launch of the European Battery Alliance 

and the Clean Energy Industrial Forum. Geothermal energy is now coming up with 

solutions to this challenge in the form of several research projects around the topic of brine 

mining, i.e. extracting minerals from the geothermal brine. In particular, prospects for lithium 

extraction are especially promising in terms of the amount of resources extracted.  

The Soultz-sous-Forêts geothermal power plant, which was already a trailblazer in fostering 

EGS technology, is the site of a project aiming to demonstrate new technologies for the 

extraction of lithium from geothermal brines. This project, EuGeLi (European Geothermal 

Lithium brines) gathers Eramet, Vito, BRGM, IFPen, VUB, ES Géothermie, BASF, Chimie 

ParisTech, and EIfER.  

The prospects raised by combined heat and power and raw material extraction may lead 

the European geothermal industry to be major supplier of rare material in the medium term. 

The H2020 funded CHPM2030 projects for instance “aims to develop a novel and 

                                                
3 Extractive Industries Transparency Initiative, an initiative launched in 2002 to promote revenue 
transparency and accountability in the extractive industries sector. It notably has a focus on good 
governance of the extractive industries supply chain for citizens of resource rich countries and 
ensuring security of trade. 
4 https://science.sciencemag.org/content/357/6355/970 

https://science.sciencemag.org/content/357/6355/970
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potentially disruptive technology solution that can help satisfy the European needs for 

energy and strategic metals in a single interlinked process”.  

Brine mining represents an opportunity for the geothermal sector to develop new income 

channels, and therefore further secure investments. Following the demonstration of the 

technology, a sound regulatory and policy framework will be a key requirement for allowing 

investments in geothermal brine mining. Indeed, in many cases, permitting and 

authorisations do not allow minerals to be extracted from the same concessions as those 

subject to geothermal energy extraction. A sound framework would allow for synergies, 

exploiting the valuable renewable geothermal energy for electricity and heat production as 

well as the strategic minerals contained in the brine to foster the digital and energy 

transitions. 

 

3. Case studies: 

a) European market: fragmented with leading global 
actors 

 

i. Operators and developers 

The European deep geothermal market is subdivided in as many national markets as there 

are countries. Historical markets in particular are especially linked to a national industry for 

project development and manufacturing of components. In recent decades however, the 

European geothermal industry gradually progressed towards a more unified market with 

competition at the European level, and not only within national boundaries. 

The European market for geothermal electricity is indeed dominated by historical industrial 

structures, as well as the legacy of the energy sector organisation. In that regard, the 

dominant role of Enel in the European Market is particularly representative of historical 

legacy. Indeed, Enel is currently the operator of all the operating geothermal power plants 

in Italy. Meanwhile, a more recent geothermal market such as Turkey is characterized by a 

higher degree of competition in the market, with 5 different Turkish company operating at 

least 2 geothermal power plants as of 2018. Moreover, operators of geothermal plants tend 

to be primarily from the country where they operate – with the notable exception of Ormat, 

an Israeli company operating two projects in Guadeloupe, France. 

 

Figure 8. Key operators in Europe, geothermal electricity  
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(Soure: EGEC Market Report 2018) 

 

Current market trends also underline a diversification of the operators in the European 

market, with many companies looking to enter geothermal power production at scale, with 

many companies without existing projects looking to develop upward of 4 geothermal 

electricity projects over the next decade in Europe, including in emerging or new markets 

for geothermal power such as France, Croatia or Greece. The case of Italy is also 

interesting, with a market previously characterized by historical legacy of monopoly 

becoming more competitive with 3 different developers having upwards of 5 projects 

planned as of 2018 and several other companies having additional planned projects. 

 

Figure 9. Key developers in Europe, geothermal electricity  

 

(Source: EGEC Market Report 2018) 
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An important part of the deep geothermal sector in Europe, geothermal projects for heating 

and cooling, notably for district heating or agri-food uses, are for a large part undertaken by 

public authorities or in partnership with public authorities. An analysis of the operators and 

developers of deep geothermal heating and cooling projects show that municipality are 

crucial actors. Local energy companies are also a particularly important type of actors, 

operating nearly 30% of all projects in Europe. The characteristics of the business model of 

deep geothermal heating and cooling projects contribute to explaining this weight of the 

public sector in developments. Geothermal heating and cooling projects require the 

availability of a guaranteed demand for the energy they supply, which municipalities or local 

energy companies operating a district heating network can provide. Moreover, the capacity 

of public authorities to adopt a longer-term perspective than many private businesses is 

more favourable for such long-term projects – both in terms of lead time and payback 

times. However, the private sector remains an important part of geothermal heating and 

cooling developments, representing 42% of projects operating in Europe as of 2018. The 

use of geothermal energy for heating and cooling the agri-food sector is to that end 

particularly the result of smaller private operators. Meanwhile, large private companies 

usually operate projects aimed at district heating and cooling. In that regard, although they 

develop and operate geothermal projects, they are often acting on behalf of a public 

authorities such as a municipality that provides the guarantees required for the project to be 

viable. This state of play is particularly widespread in France, the largest user of deep 

geothermal heating and cooling within the European Union, where “délégations de service 

public” is a dominant model for deep geothermal projects. 

 

Figure 10. Type of operators of geothermal district heating systems  

 

(Source: EGEC Market Report 2018) 
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ii. Manufacturers of geothermal equipment: example of turbine 

manufacturers 

 

Beyond operators and developers, the European geothermal industry is notably structured 

around manufacturer of geothermal equipment. For instance, the table below underlines the 

number of turbine manufacturers active in Europe. 

The USA, Italy and Japan are the most represented among the different turbine 

manufacturer, although not necessarily in terms of number of units installed in Europe. 

Italian manufacturers build for a large part on the legacy of the geothermal sector in Italy, 

although all the installations of more recent actors such as Exergy and Turboden, 

companies with a focus on binary turbines, are undertaken outside Italy. Ormat is notable 

for the number of units that have been installed, in particular in the Turkish market. 

An immediately notably feature of the European turbine market is the diversity of actors, 

showing that it is an open and competitive market, with robust European manufacturers. It 

also is an attractive market with for instance the entrance of a Chinese manufacturer in the 

European market in 2017. Turbine manufacturers for geothermal power plans are also 

usually manufacturers of equipment for other technologies (conventional thermal for steam 

turbines, waste recovery, biomass for binary turbines). It is worth noting that geothermal 

represents 71% of installed binary turbine capacity globally (NREL, 2017).  

Table 4. Turbine manufacturers in Europe for geothermal power plants  

Manufacturer Country Number of projects in 

Europe 

Turboden Italy 7 

Toshiba Japan 3 

Siemens Germany 1 

Rotoflow USA 1 

Pratt and Whitney USA 1 

Ormat Israël 29 

Mitsubishi Japan 5 

Kaishan China 1 

Fuji Japan 4 

Exergy Italy 12 

Electra Therm USA 1 

British Thompson Houston UK 1 

Atlas Copco Sweden 3 

Ansaldo Tosi Italy 18 

Alstom/GE France/USA 9 

(Source: EGEC Market Report 2018) 
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b) Major historic market: United States 

The USA is by far the largest market for geothermal power production in the world. The 

geothermal sector is primarily focused on developing high temperature geothermal power 

projects, in particular in the Western part of the country, along geologically active areas. In 

total, the USA can count on a net geothermal electricity capacity of 2.5 GW, representing a 

total of 17.5 TWh of electricity generated as of 2014 (US DOE), primarily in California and 

Nevada where it represents 6% and 8% of electricity generation respectively. Gross 

installed capacity for California for instance represents 2.8 GW, 650 MW for Nevada. In 

total, there are at least 1.2 GW currently under development in the United States. 

Figure 11. U.S. historical annual geothermal electricity generation (in GWhe) and installed net summer capacity 
(in MWe)  

 

(Source: US DOE, Geovision) 

 

For deep geothermal use in heating and cooling, the United States has a total of 21 

installed systems, representing an installed capacity of about 100 MWth. 

The US has a strong national geothermal industry, in particular for geothermal power plant 

developments, notably building on its extensive domestic oil & gas industry. The whole 
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geothermal value chain for geothermal power plants is therefore available in the US, and 

the country’s industry is also very active in export markets. Examples of leaders of the 

American industry prominent in geothermal electricity projects include notably Ormat, a 

developer of binary geothermal plants, which has for instance been particularly successful 

in the Turkish Market; Calpine, which operates 13 geothermal power plants; or  GE, a major 

energy conglomerate developing steam turbines (GE and Alstom), and involved in 

geothermal project development (Baker Huges General Electric). The American industry 

may also be a major actor in the deep geothermal sector, with for instance Chevron which 

developed many geothermal projects. Much like the European industry, the American 

industry is fairly fragmented, although with some degree of consolidation being observable 

over the past decade. The presence of large investors, most notably Google, has 

contributed to the uptake of some new actors in the deep geothermal sector in the US. 

The American geothermal industry is, much like the European one, closely linked to 

authorisation and planning by the Federal and State Authorities. However, it is primarily 

concentrated in the West of the country, in particular in California and Nevada. The 

relatively high share of geothermal power production in the major electricity market that is 

California allows American power plants to seek Corporate sourcing agreement with majors 

companies such as Apple looking to guarantee their reliable supply of renewable electricity. 

 

c) Key market: Turkey 

In Europe in 2018, The plants inaugurated in 2018 were predominantly located in Turkey, 

which has been the main driver behind additions to geothermal electricity capacity in recent 

years. The 12 plants inaugurated that year further consolidate Turkey’s position as part of 

the so-called GW club, bringing total installed capacity up to 1,314 MWe. 

The emergence of Turkey as a key geothermal energy market globally is both recent and 

extremely rapid. Indeed, for several years Turkey has been the driving force behind 

geothermal electricity in Europe, starting with 115 MWe in 2011 and growing to 1,314 MWe 

in 2018 – with 300 MWe being installed annually over the past three years. Turkey more 

than doubled installed capacity between 2015 and 2018. The pace of development is a 

good indicator of geothermal power production’s ability to scale up rapidly, provided that the 

technology and the financial and regulatory framework are right. A testament to this rapid 

deployment is the fact that the 2015 EGEC Market Report only predicted a total capacity of 

900 MWe for geothermal in Turkey in 2019. However, the current reform of Turkish 

financial support schemes for geothermal power production is creating insecurity with 

regard to investments; growth could be slowed down in coming years. 

The Turkish geothermal sector is primarily focused on the production of electricity. Although 

there are 872 MWth of deep geothermal for heating and cooling in the country, putting it in 
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the second place among European countries behind Iceland, most of the recent 

installations happened in the electricity sector. Most deep geothermal heating and cooling 

installations in Turkey have been developed before 2005, and none has been 

commissioned since 2014. 

The geological conditions of Turkey make is a particularly suitable area for the development 

of deep geothermal, notably for power production. However, the Turkish geology brings 

with it some major challenges in terms of non-condensable gases and corrosion. This is 

particularly underlined by the relatively low average capacity factor for geothermal power 

plants in Turkey (below 50%). The prevalence of binary turbines in the Turkish market 

highlights how this technology contributing to enabling development by allowing to prevent 

such issues, notably linked with NCGs. 

The Turkish market is characterised by a competitive geothermal industry with several 

different major actors, and many emerging ones, which notes relatively low barriers to 

entry. The equipment market in Turkey is also very competitive, as highlighted by the 

presence of 8 different turbine manufacturers, among which 4 European companies 

(Exergy, Atlas Copco, Turboden, Ansaldo Tosi). 

Five of the Top 10 largest geothermal operators in Europe are Turkish, and so are 4 of the 

10 largest developers of projects planned or under development. It should however be 

noted that half of the largest developers in Europe are Turkish, further showcasing the 

competitiveness of the Turkish geothermal sector. Moreover, a recent trend from Turkish 

developers is an emerging – if still marginal – interest for the development of projects 

beyond the boundaries of the national market. For instance the Turkish group MB has been 

a key investor in the first geothermal plant commissioned in Croatia. 

 

d) Emerging market: Islands? 

Due to location, small economies of scale, and limited or absent interconnection to the 

mainland or to other islands, many islands are still heavily dependent upon costly imported 

fossil fuels for transport, to generate electricity or to meet their heating and cooling needs. 

As small-scale economies that often heavily rely on tourism, European islands need to 

count on an energy system ensuring a sustainable and resilient economic growth and the 

development of skills for jobs in local communities. The reduced size of the energy system 

compared to continental ones may also highlight the need for flexibility in power generation, 

to cope with swings in demand or in supply from intermittent electricity supply. Moreover, 

Island energy systems disproportionately rely on oil (fuel or diesel) for electricity generation, 

a particularly costly and polluting electricity source. 

Geothermal energy has a large potential in islands, especially in volcanic ones where deep 

geothermal can provide flexible electricity at a competitive cost – despite some 
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infrastructure challenges to project development. Some island economies are already 

relying on geothermal energy, most notably the Azores Archipelago which has set quite the 

successful example in demonstrating what can be achieved with geothermal energy. With a 

power production from geothermal that presently meets 42% of the electrical consumption 

of São Miguel Island, and over 22% of the total demand of the archipelago, the Azores 

have shown that geothermal energy can provide a local, stable, and clean energy source 

that can help EU islands achieve the energy transition. The Pico Alto power plant utilises a 

binary system from Exergy that provides a sustainable and reliable source of electricity to 

more than 56,000 inhabitants, meeting up to 10% of the island electricity needs. The 

utilization of geothermal as a baseload renewable energy source, available 24/7, has 

brought the island a stable electricity supply and economic savings thanks to a reduced 

reliance on imported fossil fuels. 

Prospects for development of deep geothermal energy projects in Islands: 

The Spanish Canary Islands, where fossil fuels imports increased in 2016, have enormous 

geothermal potential, but its vast majority still lies unutilized. 

Meanwhile, imported oil in the Caribbean has gone up to an estimated 722 thousand 

barrels per year. Yet, despite the total geothermal potential for electricity being estimated 

up to 3500MWe, Guadeloupe is the only island that uses geothermal energy for electricity, 

with a 15.7 MWe geothermal power plant. Developments are however ongoing in the 

regions, notably in Dominica, Saint Vincent & Grenadines, or St Kitts. Development is 

particularly supported by multilateral financial institutions such as the World Bank, the EU, 

the Caribbean Development Bank, or the Green Climate Fund.  

In the Mediterranean region meanwhile, the Aegean Islands in Greece, where 80% of the 

electricity demand is covered by oil, show potential both for high and low temperature, but 

only a small share of this potential is currently exploited, mainly for greenhouse heating and 

balneological uses. 

 

4. Innovation as a structuring force for the deep 
geothermal industry 

 

a) The impact of innovative technologies on market 
development 

In the past decade, two technologies have underscored the impact that given innovative 

geothermal energy technology can have in terms of enabling market deployment. Most 

striking is the impact of binary turbines, which is responsible for a large part of the rapid 

expansion of geothermal power production in Turkey. EGS projects are another major 
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innovation, which has proven key in enabling a geographical expansion of the use of 

geothermal for power production beyond traditional production areas.  

 

i. Ritterschoffen case: EGS for industrial heat production 

Different geothermal technologies can provide heat at low and medium temperature levels. 

Deep geothermal technology can cover heat demand for industrial processes, as 

demonstrated by the ECOGI project in Alsace (France). A revolutionary geothermal heat 

plant in Ritterschoffen, France was inaugurated in 2016 by Électricité de Strasbourg, 

Roquette, and Caisse des Dépôts. This EGS plant uses geothermal fluid at 165°C 

extracted at depths of 2,500m to deliver heat for industrial processes to a factory 15km 

away. With a capacity of 24MWth, reduces the CO2 emissions from the factory by 39,000 

tonnes. As a world first and a model for energy transition, the plant is an important step 

towards the wider development of Enhanced Geothermal Systems, which allow deep 

geothermal to be exploited in new areas. Together with the groundbreaking EGS power 

project in nearby Soultz-sous-Forêts, it demonstrates that deep geothermal energy is a 

reliable technology that can meet different energy needs in the market. 

The financing scheme of the Ritterschoffen plant is another feature of the project that is 

both innovative, and represents a potential model for the scale up of such projects in the 

market: ECOGI is a joint venture between “Electricité de Strasbourg” Group, “Roquette 

Frères” industrial partner, and the “Caisse des Dépôts et Consignation” institute. The 

project was supported by public funds: “ADEME” with the “Fond Chaleur”, “Conseil 

Régional d'Alsace” and “SAF Environnement”, as guarantor. ECOGI- Geothermal heat 

plant for a bio-refinery in Rittershoffen France delivers heat for a 24 MWth capacity to the 

“Roquette Frères” bio-refinery in Alsace, covering around 25% of the process heat needed 

on this industrial site. 

Enhanced geothermal systems (EGS), also known as engineered geothermal systems, are 

a breakthrough technology which first began in Europe. Three electricity plants (Inshein and 

Landau in Germany, Soultz-sous-Forêts in France) and one heat plant (Rittershofen in 

France) are now in operation, with a further ten plants under development: the NER300 

projects in Hungary (Battonya) and France (Grand Est-Eckbolsheim). In addition, there are 

ideas for projects, especially in France, Germany, UK, and Switzerland. Regarding the 

manufacturers, the turbines market continues to be dominated by European manufacturers. 
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ii. Binary turbines 

The Turkish market is a showcase of geothermal electricity development allowed to 

accelerate by a technological innovation reaching the market, in the form of binary turbines. 

However, binary turbines’ contribution to the potential developments of the geothermal 

electricity sector go far beyond allowing a quicker development of high temperature areas 

and a lower environmental impact. Indeed, binary turbines, because they can produce 

electricity with much lower temperature needs than flash or dry steam turbines (and do not 

require steam), allow geothermal power production in areas where it was previously not 

possible. Among the regions that started producing geothermal electricity that to binary 

turbines are mainland France with the Soultz-Sous-Forêts EGS project, Germany, Hungary 

or more recently Croatia. 

As a result of the commissioning of the 17.5 MWe Velika Ciglena geothermal power plant 

and a turbine manufactured by Turboden (Italy), Croatia is becoming the tenth European 

country to generate electricity from geothermal energy.  

Geothermal development is not new to Croatia, which has several geothermal district 

heating systems as a consequence of oil exploration in the second half of the 20th century. 

In the past decade, renewed interest has led to the commissioning of new geothermal 

heating and cooling systems for greenhouse installations.  

Meanwhile, in order to satisfy energy independence objectives and achieve its climate and 

energy goals, Croatia has been looking to geothermal as a resource that might also be 

exploited for electricity production. Indeed, in addition to the newly commissioned Velika 

Ciglena plant, there is one project currently under development and four more are under 

investigation.  

The latest country to become a Member State of the European Union, Croatia can also 

count on EU funding programmes to contribute to ongoing projects, notably through the 

NER300. Private investor activity is also crucial for the development of the country’s 
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geothermal energy capacity; the Velika Ciglena plant is a joint venture between the Turkish 

MB holding and the Croatian GEOen. 

 

 

b) Short term key RD&I trends impacting the 
structure of the geothermal industry 

 

1. Prediction and assessment of geothermal resources 

A better understanding of complex and deep geological processes will enhance the 

predictability of underground conditions; deep exploration technologies will have high-

resolution imaging capacity and data modelling will be fully integrated; geothermal 

resources beyond those already in development will be characterised in greater detail in 

order to optimise their use and increase energy production. The overall objective of R&I in 

exploration is to reduce the costs of exploration technologies and increase the probability of 

successfully characterising geothermal resources prior to drilling and during geothermal 

development. 

 

2. Resource access and development 

The extraction of heat from underground will be maximised thanks to improved well 

designs, new drilling technologies, new sensors and monitoring techniques, and safe and 

sustainable flow enhancement. In addition, reduced drilling costs will be possible as a result 

of new or high-performance drilling techniques. Another basic challenge is drilling deeper 

and/or reaching very high-temperature resources. There will be safe, rapid and automated 

technologies providing access below the ground. 

The lifetime of boreholes and system components will be prolonged by using materials and 

pumps that are tailored for deep geothermal wells, as well as real-time monitoring and an 

in-depth understanding of reservoir and thermal loop processes. Geothermal energy 

storage will be efficient, fully integrated into energy systems, and responsive to demand. 
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R&I goals such as these, which will also be tied to environmental requirements, can serve 

as a reference for the majority of European geothermal reservoirs, which often occur in 

densely populated areas and are characterised by low-to-medium temperature conditions. 

 

3. Heat and electricity generation and system integration 

When it comes to energy conversion processes, geothermal plant surface systems and the 

integration of geothermal heating, cooling and electricity supply into the energy system, the 

challenge is maximising generation at the lowest lifetime cost. The net efficiency, 

performance and cost-effectiveness of production systems are to be optimised, extending 

the temperature range of different geothermal energy applications. The conversion of heat 

to electricity and cooling will only be constrained by physical laws and production will be 

sustainable and fully responsive to demand. Hybrid, multi-source and multipurpose high-

efficiency systems embedding geothermal technology will become the European standard. 

 

Cross-cutting challenges: 

4. The shift from R&I to deployment (environmental, regulatory, market, policy, social, 

human deployment) 

The aim is to develop regulatory, financial, political and social solutions that can be 

implemented in order to overcome barriers obstructing the deployment of innovation in the 

sector, the broad deployment of geothermal energy solutions, and increased uptake all over 

Europe. This must be done in parallel to the technological research described above if 

geothermal energy is to become one of the main contributors to European climate and 

energy targets. This includes supporting the establishment of a legislative framework that 

will sustain geothermal deployment, penetration and profitability while guaranteeing that 

resources are properly managed. This framework should also provide low environmental 

impact technologies, define economic evaluation criteria (including technical and economic 

risk assessment), and foster partnerships between companies and consumers by 

strengthening mutual trust as a result of ethics and security. 

 

5. Knowledge sharing (data harmonisation and coordinated organisation of data and 

information, shared research infrastructures) 

Establishing an open-access policy to geothermal information (including standard exchange 

formats) will ensure open and easy access to data and information. This should be 

achieved through the progressive harmonisation of national data in order to facilitate data 

discovery and data mining. It is also vital that demonstrations of capacity building, industrial 

technology transfer, and scientific and academic partnerships based around joint expertise 

take place throughout Europe, with the shared goal of developing high quality, competitive 

and sustainable geothermal energy projects. 
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Information, communication and analytical capabilities will receive large-scale support. The 

amount and types of underground data available will be expanded, globally organised and 

made easily accessible. Terms of reference for reporting and computing geothermal 

potential, production and capacity will be harmonised; data sharing will improve scalability 

and the extrapolation of information, improving the ability to forecast techno-economic 

parameters and influencing energy planning. 

 

Solving these challenges will grant the geothermal sector enormous capability with regard 

to the key societal challenges of our energy future, and will significantly improve our ability 

to maintain the safety, security, wealth, and prosperity of Europe. The overall Mission of the 

Research, and Innovation Agenda is to elevate the Deep Geothermal sector so that it might 

contribute to the Clean Cities and Communities of the Future, where a combination of 

renewable energy sources (including geothermal) provide for local electricity, transport, and 

heating/cooling supply for both tertiary and industrial buildings, with underground thermal 

storage facilities and electric vehicles integrated into the system. 
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ANNEX I – Market Readiness level of different 

deep geothermal technologies 

 

The Technology Readiness Level is a widely used measure at the European level to 

evaluate the progress of a technology towards maturity. However, this measure is at the 

same widely acknowledge to only provide a partial information on the state of a technology. 

Indeed, the scale of TRL is overwhelmingly focused on the technical dimension of a 

technological innovation, from the observation of basic principles to the operation of the 

technology at scale. However, with its focus on the supply capacity of the industry, the TRL 

somewhat overlooks the other dimension of Market Readiness of a technology: the interest 

it represents for consumers – or more generally the demand side – i.e. whether it can be 

financed, built and meet the needs of consumers5. 

For energy technologies such as geothermal energy, the demand part of the market is 

usually the result of complex interactions between the regulatory framework and the needs 

of communities using the energy. In as regulated a market as the energy market, 

competition forces and technology characteristics are indeed altered by the impact of the 

regulatory environment, from system legacy of historical subsidies that provided fossil fuel 

technologies with their market dominance, to the current drive to reverse this trend based 

on environmental and security of supply concerns, towards renewable energy sources. 

The table below will present the TRL and MRL of different geothermal technologies, based 

on the scale developed by Kobos & al6: 

 

MRL1: Access to market base: 

A technology must have access to market first and foremost to be able to scale up. This 

means that the market conditions should be right for the technology to enter the market. 

This may typically refer to setting up a relevant regulatory framework, or the adequation of 

the technology’s characteristics with the investment capacity of the market. 

 

MRL2: Security of financial capital 

The demonstration of technologies aims at attracting financing to future projects. For the 

access to market, a given energy technology should be able to secure financing. In early 

stage of market readiness, especially in the energy sector, this may usually require the 

                                                
5 Kobos & al. 2014. 
6 ibid 
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existence of support schemes for the deployment of this technology, or measure that 

contribute to mitigating the technology risk for early adopters. 

 

MRL3: Manufacturing capacity 

In order to scale up in the market, a technology should be able to rely on a manufacturing 

capacity that allows a rapid expansion of sales and deployment due to increasing demand. 

This may for instance be revealed by the existence of a large array of manufacturers, and 

rapid cost decreases.  

 

MRL4: Market competitiveness & Profitability 

The market competitiveness of a technology, which determines its market share, is notably 

determined by whether it can be priced more competitively than alternatives and the 

benefits its specific characteristics provide (for instance for geothermal energy the capacity 

to deliver flexible and dispatchable electricity and heating and cooling). Kobos & al. note 

that “Shorter-term profit may not be the leading initial goal of a firm looking to establish their 

technology’s place in the early market when first introduced to a highly competitive market 

with close substitutes. Profit will come at a point when sufficient market share has been 

gained to then pass through the cost reductions seen in learning-by-doing, economy of 

scale effects and other cost-reduction measures working in concert with potential pricing 

schemes to maximize profits in the more stable, mature market.” This readiness level 

threshold marks the point where the technology while not entirely market mature reaches 

profitability. 

 

MRL5: Consumer utility 

Adoption of the technology based on its purely market, regulatory and technological 

characteristics by the consumers, highlight awareness about the technology and maturity of 

the supply and value chain in being able to provide a competitively prices and reliable 

solution. 

 

Geothermal technology Market Readiness 

level 

Comment 

Deep geothermal for heating 
and cooling 

MRL4-5 Technologically mature, with a significant 
market uptake once the regulatory and 
financial conditions are established, and 
barriers to adoption are removed 
(identification of resource, risk mitigation 
scheme…) 

Europe: Over 300 systems, on 
average 12 commissioned 
annually 
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Deep geothermal for heating 
and cooling – EGS 

MRL 2 Provided a sound framework is 
established to allow a secure financing of 
the project, EGS projects can be 
undertaken as shown by the Ritterschofen 
project for instance. However, the 
technology is not yet entirely mature, 
especially in terms of scalability, where 
there is not necessarily sufficient 
production capacity for a rapid scale up of 
the technology. 

Europe: There are 3 EGS 
projects operational in Europe as 
of 2018, only one of which is a 
purely heat project. Upward of 5 
EGS projects are currently 
planned in Europe for deep 
geothermal for heating and 
cooling. 

Geothermal electricity – Flash 
turbines 
 

MRL 5 Conventional high temperature 
geothermal flash systems have reached 
market maturity. It is a proven technology, 
which has well understood benefits and 
characteristics by consumers. It also 
reached significant market shares, as well 
as profitability, is most markets where it 
has been developed. This technology 
however continue to innovate, notably with 
the introduction of improved NCG systems 
to cope with environmental concerns. 

Europe: There is 60 flash turbines 
installed in Europe, in a total of 
127 plants. The market is 
however quite saturated, and this 
technology faces competition 
from binary turbines in many 
markets. 

Geothermal electricity – Binary 
turbines 

MRL 4 Binary turbines are now the most 
competitive solution for geothermal 
electricity in Europe. They have reached 
near market maturity over the past 
decade, with the binary turbine industry 
having proven its capacity to scale up 
manufacturing, and widespread adoption 
by project developers. 

There are around 74 binary 
turbine systems in Europe, over 
127 geothermal power plants. 
Most projects commissioned in 
recent years have been equipped 
with binary turbine technologies. 

Geothermal electricity – EGS MRL 2 Provided a sound framework is 
established to allow a secure financing of 
the project, EGS projects can be 
undertaken and deliver geothermal 
electricity generation in many places. The 
lack of existing projects, despite an 
interest in developing this technology 
testifies to the complexity of the industry to 
deliver on project development and 
scaling up the delivery of systems. 

Europe: There are 3 EGS 
projects operational in Europe as 
of 2018, two of which generate 
electricity. There are upward of 
30 EGS projects for electricity 
that are currently planned or 
under development. 

 



 39 | D(4.6) REPORT ON COMPETITIVENESS 

References 

Sertaç Akar, Chad Augustine, Parthiv Kurup, and Margaret Mann, Global Value Chain and 

Manufacturing Analysis on Geothermal Power Plant Turbines, NREL, September 2018. 

Frank Bennett, Michel Drescher, Market & Technology Readiness: Getting from project to 

product, CloudWatch, 2015. 

EGEC Market Report 2015 

EGEC Market Report 2016 

EGEC Market Report 2017 

EGEC Market Report 2018 

European Commission, 2017 list of Critical Raw Materials for the EU, 2017. 

Fraunhofer ISI, Study on Critical Raw Materials at EU level, 2013. 

IGA-IFC, Best practice guide for geothermal exploration, 2014 

Peter Kobos, Leonard Malczynski, La Tonya Walker and David Borns, Timing Is 

Everything: Quantifying Regulatory and Market Readiness Levels for 1 Technology 

Transition Policy Analysis, Technological Forecasting and Social Change 

Volume 137, December 2018, Pages 211-225, 2014 

Renewable Heating and Cooling Platform, Final report on the on the analysis of the heating 

and cooling industry, 2019. 

US DOE, Geovision: Harnessing the Heat beneath our feet, May 2019. 

CHPM2030 Project 

 

 

 



 40 | D(4.6) REPORT ON COMPETITIVENESS 

Caption
 

 

 

 
 
 

The sole responsibility of this publication lies with the author. The European Union is not 

responsible for any use that may be made of the information contained therein. This project has 

received funding from the European Union's Horizon 2020 research and innovation programme 

under grant agreement No [773392 — DG ETIP] 


