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Basic definitions 

Geothermal energy is one of the promising areas of modern renewable energy technology. It allows us to provide 

consumers with important energy products - electricity and thermal energy in the form of steam or hot water. 

Despite the fact that the share of geothermal energy in global total electricity production is still low (Fig. 1), it is 

nevertheless crucial in certain regional markets and, as of 2018, the total installed capacity of geothermal power 

plants exceeded 14 GW [1]. 

Fig. 1. Total renewable energy capacity 2017 (%) 

Based on Data from IRENA (2018), Renewable Energy Statistics 2018, 

The International Renewable Energy Agency, Abu Dhabi 

The use of thermal energy has become much more widespread. According to [2], the total Global Geothermal 

Installed Capacity is more than 83 GW . 

Geothermal energy is a kind of thermal energy that was principally formed inside the planet Earth during its 

formation, and as a result of the nuclear decay of radioactive materials. The internal structure of the Earth consists of 

the Inner core, the Outer core, the Mantle and the Earth crust. Current research estimates that, due to the high 

internal pressure, the temperature at the border between the core and the mantle is around 6000°C. On the Earth's 

surface the temperature fluctuates between 90°C to + 60°C. Thus, between the inner core of the Earth and its surface 

there is a huge temperature gradient, amounting to about 2.5°C per 100 m on average. [2,3,4]. Additionally, the 

internal structure of the Earth is extremely uneven in its properties. There are certain areas of increased pressure with 

Fig. 2-3. Hot springs in Iceland  
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numerous fractures and cracks that allow hot magma to approach the surface, and even to burst out in the form of 

volcanic eruptions. Another manifestation of volcanic activity is the periodic emissions of hot water and steam in the 

form of geysers. 

An important role in these processes is played by the collision of the lithospheric plates of the earth's crust, due to 

uneven internal heat transfer and the formation of areas of the earth's surface that are most vulnerable to various 

seismic phenomena, including earthquakes. 

As the cooling of the earth's core is an extremely gradual process (and perhaps does not occur at all [5]), geothermal 

energy provides an almost inexhaustible source of thermal energy for the foreseeable future. The efficient utilization 

of this energy for electricity generation or heating forms a separate technology of modern renewable energy - 

geothermal energy. 

A simplified diagram of the methods of utilizing geothermal energy and its main associated terms is given in Figure 

4 . 

Fig. 4. The main components of geothermal energy 
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There are several special characteristics that distinguish geothermal resources. From an economic point of view 

shared geothermal resources (borrowing terms from the oil and gas industry[6]), can be considered as either Reserves 

or as Conditional Resources [7]. 

Reserves are defined as proven resources available for commercial use during a specific period of time and are 

divided into proven, probable or possible. Conditional resources, for which there is currently no confirmed data to 

assess their potential commercialization, can be divided into contingent and prospective resources. In addition, there 

are obviously hard-to-recover and unidentified resources. 

Another important characteristic of geothermal resources is the enthalpy of the coolant as a measure of energy that 

can be converted to heat with specific external parameters. Since enthalpy is largely proportional to temperature [8], 

the enthalpy level of the system is determined by temperature intervals, although researchers are not unanimous on 

how to categorize this. For example, [9] proposes the following gradation of geothermal resources: high temperature 

> 180°C, intermediate temperature between 101°C to 180°C and low temperature from 30°C to 100°C. In [10], low 

enthalpy resources are limited to 90°C, medium enthalpy resources are limited to a range of 90°C - 150°C, and high-

temperature resources have a temperature of more than 150°C. 

In addition, there are several characteristics of the geothermal system as an ordered internal structure of the 

individual components of geothermal resources. From the point of view of many researchers, a list of which can be 

found in [9, 10], geothermal systems can primarily be classified according to the form of heat conduction used. 

Convection dominated geothermal systems are active or dynamic. Geopressurized systems or Conduction dominated 

geothermal systems are passive or static, as in these systems the low permeability of the rock and the difficult 

circulation of the fluid interfere with convection heat exchange. 

Geothermal systems can also be divided into two large groups depending on the predominance of liquid: Liquid 

dominated or Vapour dominated. Here, the following terms are often used - superheated steam, dry steam, wet 

steam, etc., which are determined by the equilibrium state of the liquid and steam at a specific pressure and 

temperature. 

When drilling geothermal wells (and in their subsequent operation) the depth, density, permeability, etc. is of primary 

importance. Also crucial are the properties of the extracted water - gas content, salt content (total dissolved solids), 

acidity (PH) and other properties of the underground reservoir. A list of the main methods for geothermal system 

analysis, as well as methods for drilling and extracting geothermal products is presented in Figure 4. 

There are two main ways in which geothermal resources are utilized: for the generation of electricity and in the use 

of geothermal heat. Geothermal power generation stations are divided into several types (Fig. 4) depending on the 

type of geothermal resource. 

Where dry steam is present direct dry steam plants are used, in the case of wet steam - flash binary plants, and if the 

geothermal resource is characterized by low enthalpy, binary type power plants are used).  

Geothermal Resources 

When considering the exploitation of geothermal resources, researchers will most often focus on the total thermal 

potential at technically accessible depths, assess the potential for electricity generation, as well as the potential for 

direct utilization of thermal energy. 

In many cases, assessments of current technically and economically available potential is accompanied by forecasts 

up to 2050, based on projected developments in geothermal technology, developments which would significantly 

expand the available range of applications of geothermal resources. In addition, while for low-temperature intervals 

(less than 100°C) there is a significant correlation between the geothermal potential and the area of the territory 

under consideration, for available high-temperature geothermal resources (over 250°C) are concentrated mainly in 

areas of high volcanic activity along the Pacific Ring of Fire (about 72%) [11]. 

The distribution of geothermal resources is primarily determined by the geothermal gradient at different depths of 

the earth. The average geothermal gradient according to [8] is 2.5°C - 3°C for every one hundred meters. However, in 

zones featuring natural anomalies the gradient can be many times greater than the average value, up to 90°C per 

kilometer [11]. Clearly, despite the development of experimental research methods, assessments of geothermal 

resources are based to varying degrees on individual theoretical models, and do not have universal consensus among 

researchers. 
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An early work on this topic, the Electric Power Research Institute [12] in 1978, estimated geothermal resources on the 

world’s landmass at a depth of three kilometers, as well as similar estimates for individual countries. The total 

geothermal resource base for four temperature ranges (less than 100°C, 100°C – 150°C, 150°C – 250°C, and more 

than 250°C) were estimated at 1.2 x 1013 GWh (th), and specifically for temperatures above 250°C this estimate was 

1.4 x 1011. The total electrical and thermal potentials are defined as 5.1 x 109 and 8.2 x 1011 GWh, respectively. 

According to the authors, Australia, Brazil, Canada, China, the USA and the countries of the former USSR possess the 

largest total geothermal potential (calculated in joules). There is a direct correlation between the area of the 

countries and the total geothermal potential. However, the most extreme temperature range - more than 250°C 

(joules) can be registered in Canada –7.1 * Е21, China - 8.4 * Е21, Indonesia - 6.7 * Е21, Mexico - 4.2 * Е21, USA - 8.4 * 

Е21 and other countries (Chile, Turkey, Russia, Peru, Kenya). Among the countries with the highest estimated 

electricity potential are China, USA, Indonesia, Peru and Mexico. 

According to [13] the Global geothermal technical potential is estimated at 118 EJ/yr (to 3 km depth), and is even 

larger for depths up to 10 km m - 1,109 EJ/yr. Keeping in mind, that one exajoule (EJ) is equal to one quintillion 

(1018) joules. The geothermal technical potential for direct thermal use is estimated to range from 10 to 312 EJ/yr. 

According to the authors' calculations, the global geothermal technical potential is comparable with the total global 

supply of primary energy in 2008. 

The fundamental study shown in [14] is a review of the geothermal resources of a number of countries around the 

world, as well as 18 regions divided according to their Global Energy Assessment (GEA) classification. For example, 

for the United States, the theoretical potential is 4.738 * E6 EJ. The technical potential heat for direct utilization is 7.0 

EJ/yr and for heat to produce electricity - 75 EJ/yr. 

The economic potential for the same applications is significantly lower — 1.215 EJ/yr and 34.9 EJ/yr, respectively.  At 

the same time, a multiple increase in the volume of utilization of geothermal energy on a global scale by 2050 is 

predicted to be up to 1 167 TWh/yr compared to 67 TWh/yr in 2010. 

An assessment of the existing and prospective economic geothermal potential in the countries of the European Union 

was made in [7]. The calculations were made for different levels of LCOE - Levelized Cost of Energy - 200 EUR/MWh 

in 2020, 150 EUR/MWh in 2030 and 100 EUR/MWh in 2050. The change in geothermal potential ranged from 

144TWh in 2020 to 174TWh in 2030 and, finally, for large-scale enterprises, more than 4,000TWh in 2050. In addition 

to the traditionally well-known countries at the forefront of geothermal industry (Turkey, Iceland, Italy), France, 

Germany, and Spain have the potential to lead geothermal production by 2050. This paper also contains maps of 

geothermal resources of the EU and individual countries. 

A detailed list of countries of the world with data on their geothermal resources can be found in [15]. Indonesia 

(29,000 MWe), Japan (23,000 MWe), Pakistan (12,000 MWe), Mexico (10,500 MWe), Kenya (10,000 MWe) are among 

the countries with extensive geothermal resources for electricity production (all the data is provided with links to 

different authors). In [16], the top five for this indicator are defined as follows: USA - 30,000 MWe, Indonesia - 27,790 

MWe, Japan - 23,470 MWe, the Philippines and Mexico - 6,000 MWe each. 

Additional information on geothermal resources of regions and countries of the world, including detailed maps of 

geothermal resources, can be found in [17–40]. 

Mainstream technologies 

Most geothermal technologies, excluding the individual application of direct use heat pumps, involve drilling wells to 

provide access to steam or hot water. Currently, much attention is being paid to improving the drilling of geothermal 

wells. This is due not only to the high cost of this process — from 30% to 50% of the total cost of the geothermal 

project [18, 41], but also due to the fact that improvements can significantly expand the boundaries of the technical 

and economic potentials of geothermal resources . 

Despite the fact that in long-term technical practice, drilling relies primarily on hydrocarbon production technologies, 

geothermal drilling has its own technical and, most importantly, economic features. When drilling geothermal wells, 

it is water that is extracted in one form or another, as opposed to oil or gas (the predominant financial drivers of 

modern energy technology). Hence, a significant constraint in geothermal energy when utilizing the developments in 

drilling for oil or gas is that the resulting product cannot yet have the same price and surplus value.  

Nevertheless, many different experimental technologies and equipment are used to increase the economic efficiency 
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Fig. 5-6. Drilling rigs for drilling geothermal wells in Italy and Iceland  

Obviously, the use of these and similar technologies will grow as more practical experience is gained in larger-scale 

operations in drilling for oil or gas, and it is unlikely that it will only be the prerogative of geothermal energy itself. 

Another equally important method for increasing the efficiency of geothermal wells is to better utilize geothermal 

resources by increasing the permeability of rocks. High hopes are placed on so-called enhanced geothermal systems 

(EGS) [7, 9, 19, 43, 44], which create or expand the potential of existing geothermal resources located in low-

permeable rock. An additional impetus to the development of this technology was provided by the unique success in 

the production of shale oil and gas in the United States using directional drilling and hydraulic fracturing, the success 

of which led the US to rapidly become one of the world's leading producers of these hydrocarbons. The technique 

involves drilling a large number of vertical and horizontal wells in a concentrated area containing hydrocarbons 

enclosed in low permeable rock, injecting special chemically active fluids into these wells with and hydraulic 

fracturing from the using pulsed water hammer. These fluids also contains solid particles — proppants, that prevents 

the collapse of the newly formed fractures. 

As a result of this process the permeability of the rock increases dramatically, which allows for the extraction of oil 

and gas using traditional methods. In geothermal practice this process is often referred to as hydro-shearing. 

Certainly, the large-scale application of such technology in “hot dry rock” [45] rich in geothermal resources but 

outside areas of high volcanic activity, could be a real breakthrough in geothermal energy. In [19] it is noted that 

several countries are carrying out experimental studies in this area. The greatest successes have been achieved in 

France (1.5 MW, pilot site at Soultz-sous-Forêts, France) and Australia (25 MW, Australia’s Cooper Basin). 

However, the straightforward transfer of the achievements of the “shale revolution” to the geothermal sector is not 

without complication. It should not be forgotten that hydraulic fracturing technologies have only been implemented 

on a large scale in the United States and specifically for shale rocks that are ideally suited for this technology, given 

their inherent properties (primarily the layering of the structure and relatively low durability, which contributes to 

cracking). To date, similar technologies on an industrial, but limited scale have only been implemented in Canada, 

China and Argentina. Attempts to extract oil distributed in more durable rocks (tight oil) - a characteristic of 

geothermal resources - are still experimental. Another issue that needs to be addressed is related to the use of 

aggressive chemicals in hydraulic fracturing, the disposal of which is expensive and can significantly lower the 

overall economic performance of such projects . 

In addition to drilling and its related operations, another important aspect of geothermal energy, is the effective utilization of 

the extracted geothermal resources. Geothermal power plants have the most complex technical hierarchy for power 

generation. It is principally determined by the characteristics of the extracted steam: enthalpy and the balance between 

steam and water. Various types of geothermal stations are described in detail in [10, 18, 19, 40, 44, 46, 47, 48]. 

of drilling. In [18], in particular, jetting, high-performance drill bits, thermal drilling (spallation, molten ion 

penetration, plasma bit), direct stream, millimeter waves, high-voltage electrical impulses are mentioned. 
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Fig. 7-8. Left - drill bits for well drilling. Right - laying of geothermal pipelines  

Direct dry steam technologies are used at a steam temperature of at least 150°C and with a water content of at most 

0.005% (superheated steam). A general view of this type of installation is shown in Fig. 9.  

Fig. 9. Dry steam power  
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Today, approximately 22% of all geothermal power plants in the world operate on dry steam - mainly in the USA, 

Italy and Iceland. Steam coming from a production well is fed directly to the steam turbine blades causing them to 

rotate together with the generator rotor, located on its shaft in the stator winding where ultimately electricity is 

generated through the transformer to the grid. The spent fluid is cooled in a cooling tower and returned to an 

underground reservoir via an injection well. This option is economical, technically proven and effective. However, dry 

and clean steam is not a commonly available resource.  

Fig. 10-11. Larderello, Tuscany, Italy - the historical area where geothermal energy originated. Geothermal power plants here have been 

working on dry steam for over 100 years. The total capacity of 34 stations in Larderello is more than 700 MW 

Flash geothermal plant technology is used when the water content in the produced steam or other mineral impurities 

exceeds those of dry steam. Its operating temperature is usually at least 180°C [18] - Fig. 12.  

Fig. 12. Flash and Double Flash Cycle  
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The main distinctive element of this technology, when compared to dry steam is the presence of wellhead separators 

and high and low-pressure flash crystallizers.  

Fig. 13-14. The main elements of the geothermal station. On the left - separators for separating water and steam - (wellhead separators). 

On the right is a steam turbine and a generator. Iceland – Hellisheidi Geothermal Power Station  

These elements are required due to the need to separate liquids and other impurities from the steam-water mixture, 

while also extracting steam from the superheated liquid. This is accomplished through the use of various inertial 

separation methods, as well as by reducing the pressure at the inlet to the flash crystallizer, with the result that part 

of the superheated liquid evaporates and turns into steam.  

Fig. 15-16. Iceland, Single Flash geothermal power plants. Left - Nesjavellir Geothermal Power Station, 120 MW; Right - Hellisheidi 

Geothermal Power Station, 303 MW (low pressure steam)  

This technology is presented in more detail in [49-52]. 

Flash technology is the most globally prevalent technology and accounts for about two thirds of the number of 

existing geothermal stations [18, 40]. Depending on the number of flash cycles they can be categorized as Single 

flash, Double flash or Three power flash.  
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Fig. 17-18. Tuscany, Italy. On the left is the Bagnore 3 station, with a capacity of 20 MW. On the right is the construction of one of the 

most modern Bagnore 4 stations, with a capacity of 40 MW, managed by Enel Green Power. Geothermal resource – water dominated 

When dealing with low-temperature resources (or resources that have aggressive impurities in it), binary cycle 

geothermal stations are used, Fig. 19.  

Fig. 19. Binary Cycle geothermal power plant  

An indispensable element of this scheme is a heat exchanger in which heat is exchanged between the first and 

second cycle fluids, and in the latter case, in addition to water, various organic liquids with a low boiling point can be 

used, which allows for the disposal of liquids with low enthalpy up to 74°C. The most promising is a mixture of 

ammonia and water (Organic Rankine Cycle (ORC) or Kalina plants) [18]. 

The conversion of heat to work takes place through the thermodynamic Rankine cycle [48, 53]. 

A huge advantage of binary installations is they offer the possibility of a gradual modular increase in the capacity of a 

geothermal station, since high capital costs are a significant disadvantage, fig. 20-21.  
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1. Heat exchanger tank 

2. Steam turbine 

3. Electric generator 

4. Condenser tank 

5. Tank outlet 

6. Repressure pump 

Fig. 20-21. Organic modular configuration and Organic binary power plants by Raser's binary geothermal concept  

1. Injection well 

2. Production well 

3. Binariy cycle system 

module 

4. Step up transformer/ 

alternator 

5. Cooling tower 

6. Transformer 

7. Electricity grid 

Binary type geothermal stations with an organic cycle are the fastest growing sector of geothermal energy. For 

example, in the EXERGY portfolio there is more than 370 MW (including those under construction) installed capacity 

of this type around the world, and Turboden (a division of Mitsubishi Heavy Industries) has more than 500 MW. The 

undisputed leader in this area is US company Ormat.  

Fig. 22-23. Binary type geothermal stations developed by Ormat. Left: New Zealand, Ngatamariki Binary Plant, 95 MW; Right - USA, Cove 

Fort Binary Plant, 27 MW. Photos: Google Maps  

In addition to the above geothermal configuration options, it is necessary to mention back pressure turbines, which 

have the lowest capital costs but also low efficiency. They are found in combined cycle and hybrid installations [44, 

47, 54, 55].  
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For example, ENEL in the United States implemented a project (The Stillwater project) of a hybrid station that 

includes a geothermal plant, solar PV and a CSP plant [56]. This combination provides round-the-clock operation of 

the hybrid station, which is difficult to achieve for single standing solar stations. 

The direct use of heat from low-temperature geothermal resources is a promising area in the development of 

geothermal technologies. Technically, the implementation of such technologies does not present any insurmountable 

Fig. 24-25. Iceland. On the left is the capital Reykjavik, some streets of the city are heated by means of geothermal heat. To the right is 

the Blue Lagoon resort (The Blue Lagoon is a geothermal spa), supplied with warm water from the nearby Svartsengi Power Station 

geothermal station.  

problems, especially since many countries already have a feasible experience using this technology. Direct use of 

geothermal heat has reached the highest level of development in Iceland. 

Fig. 26-27. Left: a heat pump plant in Lund, Sweden, 5.6 MW, which provides 20% of the annual heat consumption in the city.  

Right: Iceland, a pipeline for a district heating network.  

According to [57], in 2017, there were 288 geothermal district heating plants in Europe with a total geothermal heat 

production of 11.7 GWh / year. 

Another option for using the geothermal heat of the earth is via Geothermal Heat Pumps. This technology is based on 

the fact that even at relatively shallow depths (2-3 meters underground), the temperature may differ significantly 

from the surface, especially in cold winters or hot summers. The geothermal heat pump system circulates fluid 

between the room or building that needs to be heated or cooled and the underground part of the system, thereby 
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Fig. 28. Geothermal Heat Pump 

maintaining the necessary heat balance with lower costs than those for other types of energy. A general view of the 

Geothermal Heat Pump is shown in Fig. 28. 

Advantages and disadvantages 

Applied technologies of geothermal energy, as with any technology, have their own advantages and disadvantages. 

Some of them are applicable only to geothermal energy; others are more or less inherent in any energy technology 

and can be ranked by comparison. 

The first question that geothermal operators face is what costs will be required to maintain the working pressure in 

the underground aquifer to ensure its “renewability”. The principal technical solution to this issue is quite simple: in 

addition to the extractive well, any geothermal system also includes an injection well, through which water is 

returned to the underground reservoir to maintain the geothermal resource in working condition. However, it should 

be noted that part of the recycled water is lost irretrievably during individual technological operations, particularly 

during cooling. The situation becomes much more complicated if the extracted resource contains an unacceptable 

amount of toxic impurities and aggressive gases, which either leads to early corrosion of the equipment and 

environmental pollution, or requires expensive waste disposal and additional expenditure operations. It is important 

to remember that in most cases geothermal stations (except heat pump technologies) are physically tied to the 

location of the geothermal resource and the infrastructure of these areas is not always conducive to solving these 

problems, and their potential remoteness may make it difficult to deliver the finished product to consumers. 

Another problem associated with geothermal energy - and other technologies that use drilling operations - is the 

induction of seismicity [18]. There is a lack of clarity surrounding this issue, however it is difficult to ignore, especially 

in connection with the development of EGS. Negative public reaction in Switzerland to the growth of seismic activity 

after drilling geothermal wells is one example of this. With the accumulation of statistical data and special studies, 

the ability to evaluate seismic activity will be added to practical quantitative techniques available to geothermal 

operators. 

While acknowledging these potential negatives, it is necessary to note a number of serious advantages of geothermal 

energy, especially when compared with other renewable energy technologies. These advantages are primarily the 

uninterrupted generation of energy and the high capacity-factor. In [60], referring to Bloomberg New Energy Finance, 

it is stated that in 2010 the average global power factor of geothermal power plants was 73%, which is comparable 

with that of traditional fossil-fuel based facilities.  In specific locations, notably in Iceland, Indonesia and Mexico, 

these values exceed the world average. Currently, these figures are not achievable for the leaders of renewable 

energy - wind energy and photovoltaics. 

More detailed information about this technology can be obtained in [58 and 59]. 

In Europe, this technology has received the greatest development in Sweden and Germany. According to [57], the 

Geothermal heat pump stock in Sweden exceeds 500,000 units, and in Germany 350,000 units. In [59] it is reported 

that 50,000 geothermal heat pumps per year are being installed in the USA. 
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The most expensive technology involved in the utilization of geothermal energy is the production of electricity, and 

capital costs are the most significant component in the overall economic costs of operating a geothermal power 

plant. In turn, in [9], it is noted that approximately half of the capital expenditures are spent on maintenance of the 

station's geothermal resource supply system. In [61], cost and performance estimates were calculated for geothermal 

power generation technologies. Total costs are estimated at $5940 / kW for stations with a conventional station 

supply system and $9910 / kW for EGS. In the first case the costs for the creation of wells and the power supply 

system are calculated as 26% and 8% of the total costs, respectively and in the second as 39% and 13%, respectively. 

This example clearly demonstrates the problems of the development of geothermal technologies; the capital costs 

even for stations with a conventional supply system are comparable with those for nuclear power plants 6100 / kW 

±30% and significantly exceed the costs for the construction of a coal station - 2890 / kW ±35% [61]. Source [44] 

provides data on the total installed cost of a geothermal station in Indonesia with a capacity of 110 MW. The cost of 

the supply system in this case was: Exploration wells - 4%; Production wells - 15%; Injection wells - 4%; Test wells - 

1%; Steam field development - 14%; Infrastructure - 7%. The cost of building the power plant itself (Power plant) is 

estimated at 42% of the total expenditure. Сapex significantly depend on the enthalpy of the geothermal resource, its 

depth and the permeability of a reservoir. In [18] it is calculated that Capex can vary significantly from about 8000 

EUR\KWe to 24 000 EUR\KWe depending on the resource temperature (from 150°c to 180°c), its depth (3 - 5.5 km),  

pumping speed and the permeability of the rock (from 50 to 150 kg / sec.). An additional burden for investors is the 

one-time capital expenditure during the construction of most types of geothermal stations. Binary stations are an 

exception due to the fact that capacity expansion can occur gradually with the introduction of new units, which 

significantly reduces the investment load. 

Forecasts of changes in capital and operating costs are given in [44]. For binary type stations, CAPEX is projected to 

decrease (2020 - 2050) from 6343 - 7743 EUR/KWe to 4572 -5620 EUR/KWe, and for flash installations from 2500 - 

5370 EUR/KWe to 2500 - 4010 EUR/KWe. This source also provides data on the levelized cost of energy (LCOE), 

which strongly depends on the type of station, its power (output) and location. The main data density lies in the 

range of 0.05 - 0.1 USD/KWh, occasionally rising to 0.15 USD/KWh . 

Geothermal energy statistics 

Extensive statistics on geothermal energy can be found on the websites of various international and national organizations 

and companies, for example, IRENA, IEA, EIA, WEC, BP, etc. The generalized data on the direct utilization of geothermal 

energy, as well as on the production of electricity for the leading countries of the world, are shown in Fig. 29. 

Fig.29. Indicators of the use of geothermal resources in the world 

Geothermal_energy_in_the_world_2018_feb2019.pdf [788 kB] 

http://newrabcom.advailo.com/fileadmin/default/templates/images/Technologies/Renewable_energy/Geothermal_energy/Geothermal_maps/1902JA_-_Geothermal_energy_generation-map_feb2019_ver4_pdf-version-front.pdf
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The world leaders in the use of direct geothermal heat are China, the United States and Sweden. The United States, 

Indonesia and the Philippines, as of the end of 2017, lead in terms of installed capacity of geothermal power plants, 

as well as in electricity generation [9, 62]. 

There was no substantial growth in capacity for the production of electricity from geothermal resources and, 

accordingly, the production of electricity from this source globally over the past 10 years (Fig. 30) and was 

significantly less than 10% per year. 

Fig.30. Installed capacity and 

power generation from geothermal 

resources over the past 10 years in 

the world 

Source: Based on Data from IRENA 

(2018), Renewable Energy 

Statistics 2018, The International 

Renewable Energy Agency,  

Abu Dhabi 

Fig.31. Top 10 countries of the world in terms of the share of geothermal energy in the total electricity generation in 

the country in 2016 (for countries with an annual electricity production of at least 10 TWh). In 2016, geothermal 

power plants generated approximately 0.35% of global electricity generation 

Source: Based on Data from IRENA (2018), Renewable Energy Statistics 2018, The International Renewable Energy 

Agency, Abu Dhabi, U.S. Energy Information Administration (Feb 2019) 

However, according to calculations [1] in 2018, the total installed capacity reached 14,369 MW, which is 11.27% more 

than in the previous year. At the same time, the list of top 10 countries remained unchanged in comparison with the 

previous year. Electricity generation (for 2017) was estimated at 84.8TWh [42]. The diagram of the top ten countries 

in the world in terms of the share of geothermal energy as a proportion of the national volume of electricity 

production (Fig. 31), shows that for Iceland, New Zealand and the Philippines this technology is particularly 

significant, and the share of geothermal energy in electricity production in these countries ranges from 14% to 27%.  

In [42] an increase in the total installed capacity of geothermal stations to a little over 17 GW by 2023 is predicted.  
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Geothermal power plants 

At present, several hundred geothermal stations of various types and capacities generating electricity are operated in 

the world. The vast majority of them are located in areas of high seismic activity near the boundaries of the tectonic 

plates (Fig. 32).  

Fig. 32. Top 7 geothermal stations by major types 

Top-7_geothermal_stations_by_type_in_the_world_2018_feb2019.pdf [1.2 MB]  

According to [40], Flash technology represents 63% of the total installed capacity, Single Flash accounts for 41%, and 

Double Flash for 21%. Another 22% of enterprises use Dry Steam technology, and 12% Binary. The largest number of 

Single Flash installations are concentrated in the Philippines, Indonesia, Iceland, Kenya, and Mexico. Double Flash 

type installations are most widespread in the USA, New Zealand, Turkey and the Philippines. Triple flash technologies 

have only been implemented in the USA and New Zealand, but notably the average power of such plants exceeds 90 

MW per unit, which is considerably higher than the other types of installations. Dry Steam power plants can be found 

in only four countries - the USA, Iceland, Italy and in Japan. The undisputed leader in the number of binary power 

plants is the United States.  

Major companies 

The activity of many companies is connected with geothermal energy, from operators of geothermal stations, turbine and 

other equipment manufacturers, to project developers, and service organizations. The largest international operators are the 

North American companies Calpine, Chevron, ORMAT; and an Italian company, Enel Green Power. The volume of capacity 

provided by each of these companies exceeds 1000 MW. National operators include the Philippine energy company Energy 

Development Corporation, the Mexican Comisión Federal de Electricidad, the Icelandic Orkuveita Reykjavikur and Hitaveita 

Sudurnesja, New Zealand's Contact Energy, Tuaropaki Power Co. and Ngati Tuwharetoa Geothermal Assets, Indonesia's Star 

Energy Ltd, Japan's Kyushu Electric Power, the Kenyan KenGen. A more thorough list of companies can be found at 

www.aenert.com in the “List of Companies” section. 

The largest suppliers of turbines for geothermal stations (with deliveries of more than 1000 units each) are the Japanese 

companies Mitsubishi heavy industries and Toshiba, Fuji, the Italian Ansaldo / Tosi and the American ORMAT [40]. 

The last of these companies, ORMAT, predominantly specializes in equipment for binary installations, with the others 

constituting the main suppliers of turbines for Flash and Dry Steam stations. Other suppliers include Alstom (France), 

General Electrics (US), Associated Electrical Industries (New Zealand), Kaluga Turbine Works (Russia), EXERGY (Italy), 

and Thompson Houston (UK). According to [15], ORMAT occupies 26% of the geothermal equipment supply market, 

Mitsubishi - 18%, Fuji - 13%, Toshiba and Ansaldo / Tosi - 10% each. 

http://newrabcom.advailo.com/fileadmin/default/templates/images/Technologies/Renewable_energy/Geothermal_energy/Geothermal_maps/1902JA_-_Geothermal_stations_in_the-world_by_type_2018-pdf-version-front.pdf


 18 

Overview of geothermal energy technologies 

Fig. 33. The dynamic of the stock price of geothermal energy companies. Data in 2009 given as zero point 

Source: Yahoo 

Source [18] provides a brief overview of the main European suppliers of heat pumps including the Dutch company 

BDR Thermea, the Danish Danfoss, the Swedish Nibe, German Bosch Thermothechnik, Vaillant, Viesmann and 

StiebelEltro.  

Figure 33 presents a graph of changes in the value of shares of public companies in the geothermal energy area in 

recent years; these changes are compared to the Nasdaq Composite Index. 

Research and innovations 

Years of research and development in geothermal engineering has dramatically increased the efficiency of 

geothermal facilities. However, full-scale exploration of the enormous potential of geothermal energy requires both 

additional in-depth studies of the geology of the earth's crust, and further advanced engineering solutions in the 

areas of resource exploration, drilling, and managing the processes of exploiting geothermal fields and utilizing 

energy. The main areas of research are in (the) enhanced geothermal system (EGS) (including directional drilling and 

hydraulic fracturing technologies) as well as ensuring the full utilization of geothermal energy through improving the 

organic rankine cycle (ORC) or in projects like the Kalina plant. There are a large number of research organizations 

engaged in these developments, a significant number of which can be found on the website www.aenert.com in the 

section “Research Organizations”. 

A comparative assessment of engineering priorities among the latest proposed technical solutions can be carried out, 

focusing on patent applications registered at WIPO, Fig. 34-35. 
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Fig. 34-35. Number of patent applications registered within WIPO according to keywords of geothermal energy and distribution of 

registered patent applications within WIPO in recent years on topics related to geothermal energy 

Sources: WIPO, search words used "geothermal power"; "geothermal energy"; "geothermal electricity"; "geothermal heating";  

update 12.02.2019 

The volume of patent applications registered within WIPO after the peak values in 2009-2014 decreased noticeably 

for a few years, but in 2018 underwent the substantial growth. The largest number of applications contained the key 

words “geothermal energy”. Other titles of the patent documents included "system, geothermal, method, energy, heat, 

power, using” among others.  
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Fig. 36 - 37. Left - The proportion of countries in the world in terms of the activity of their residents among the top 20 applicants.  

To the right -   The most frequently mentioned classes of the IPC. ( % of total) 

Sources: www.aenert.com  

Among the top 20 applicants, the United States - 79% and Germany - 11%, accounted for the largest number of 

patent applications. 

The most frequently mentioned class of the international patent classification was F24J 3/08 - methods using 

geothermal heat, as well as F03G4 / 00 devices using geothermal energy, F03G7 / 04 - using pressure differences or 

thermal differences and F25B30 / 06 - characterized by the source of low potential heat. However, most of these 

classes have a generalized character, allowing only for technological processes inherent in geothermal energy to be 

distinguished from the total mass of technical applications. Among the less common but more detailed classes the 

following should be mentioned: the use of various organic liquids and their vapors, including F01K25 / 10 (the vapors 

being cold, e.g. ammonia, carbon dioxide, ether). C09K8 / 035 - organic additives, F01K25 / 06 - using mixtures of 

different fluids; the use of combined technologies and energy storage options. 

The list of the top 10 applicants of patent documents mentioned above is given in Table 1. 

Applicant Country 
No. of 

applications 

Share of 

applications 

Halliburton Energy Services, Inc. USA 20 2.09% 

Ormat Technologies Inc. USA 17 1.78% 

Altarock Energy, Inc. USA 15 1.57% 

Rehau AG + Co Germany 13 1.36% 

Baker Hughes Incorporated USA 11 1.15% 

Chevron U.S.A. Inc. USA 10 1.04% 

Earth to Air Systems, LLC USA 10 1.04% 

McAlister Technologies, LLC USA 10 1.04% 

ExxonMobil Upstream Research Company USA 9 0.94% 

Nalco Company USA 8 0.84% 

Table. 1. Top 10 applicants in the collection of WIPO patent applications in the field of geothermal energy technologies, 2008-2017. (A 

total of 957 documents submitted by 1,768 applicants were processed) 
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It should be noted that most of the companies represented here are multi-disciplined and are more well-known in the oil and 

gas sector; companies such as Halliburton Energy Services, Inc., Baker Hughes Incorporated, Chevron U.S.A. Inc., Exxonmobil 

Upstream Research Company. Each of these companies are actively developing directional drilling and hydraulic fracturing 

technologies, as the main components of the enhanced geothermal system (EGS) development.  

Fig. 38 - 39. To the left - The share of scientific articles published by residents of the top 10 countries among the 458 selected 

publications on the topic of Directional Drilling between 2008 and 2017 in leading scientific journals. To the right - The share of scientific 

articles published by residents of the top 10 countries among the 2015 selected publications on the topic of Hydraulic Fracturing between 

2008 and 2017 in leading scientific journals.( % of total) 

Sources: www.aenert.com  

The United States and China show the greatest level of research in the field of directional drilling and hydraulic 

fracturing, and their dominance in the sector is evident. 

Fig. 40-41. To the left - The share of patents of the top 10 companies among the total number of identified patents in the patent offices 

of the world (5113) on the subject of Directional Drilling for 2008-2017. To the right - The share of patents of the top 10 companies 

among the total number of identified patents in the world (8295) on the subject of Hydraulic Fracturing for 2008-2017. ( % of total) 

Sources: www.aenert.com  
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In the past two decades, a rapid breakthrough has been made in the field of patenting these technologies. Here the 

United States are the undisputed leaders.  

The main patent holders in both the field of directional drilling and hydraulic fracturing are American companies or their 

foreign entities. Halliburton Energy Services, Inc. holds the largest share in both cases; about 35 and 21%, respectively. The 

share of the only Chinese company, PetroChina Company Limited, was a little over 1%.  

Trend of development 

Country Installed Capacity Share  

Turkey  1034 30% 

Indonesia  898 26% 

New Zeland  378 10.2% 

United States  259 7.5% 

Iceland  135 3.9% 

Italia 96 2.8% 

Nicaragua 67 1.9% 

Rest of World  593 17.3% 

According to [62], over the past 10 years (2008-2017), 3460 MW of geothermal power have been installed globally to 

produce electricity. The greatest contribution to this process was made by Turkey, Indonesia and New Zealand - Table 

2.  

Table 2. Leading countries in terms of installed capacity growth between 2008 and 2017 

Source: Renewable Energy Statistics 2018 / The International Renewable Energy Agency, Abu Dhabi 

Plant type/Indicator Dry Steam Single Flash  Binary  Triple Flash Double Flash 

Change in installed 

capacity, %  
-3.32 -2.03 +10.24 +0.45 -2.91 

Change in average 

capacity per unit, % 
+4.9 +5.15 +4 +72.4 +5.64 

Table 3. Changes in types of installed geothermal energy facilities for 2007–2015 

Source: DiPippo, R., Ph.D. “Geothermal Power Plants: Principles, Applications, Case Studies and Environmental Impact”, Second Edition 

2007/ Elsevier, Amsterdam. Geothermal Power Generation in the World 2010-2014 Update Report/ Ruggero Bertani, Enel Green Power,  

via Andrea Pisano, 120, 56122 Pisa (Italy)/2015/  

Comparative data on the types of installed capacities are given in Table 3.  

It can be seen from the table that the largest increase is observed in installations of the binary type, whose share 

increased by more than 10%. At the same time, there is a tendency for the growth of specific power per unit in all 

types of installation. Leading countries in the installation of binary capacities for 2007–2015, MW: USA - 615.8, New 

Zealand - 243.5, Philippines - 203.27, Turkey - 190.6, Guatemala - 52. Short-term forecasts of the development of 

geothermal energy and, in particular, the growth of installed capacities can be found in [9, 44, 63, 64, 65]. 

The long-term forecast - up to 2050 - is presented in [14]. This source assumes that by 2050 the total installed 

capacity of geothermal installations will reach 140 GW, of which about 70 GW will be provided by enhanced 

geothermal systems. The largest amount of electricity generated by geothermal installations will be implemented in 

the USA - 508 TWh/year, in Pacific Asia (Pacific Asia) - 166 TWh/year, and also in South America and Western Europe 

- 125 TWh/year. According to the author, substantial growth may occur in China - up to 42 TWh/year and in the 

countries of the former USSR - up to 67 TWh/year. 
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