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The article presents an idea of the project that defines the development of a geothermal 
power plant methodology based on a single isolated well. It is planned to develop a techni-
cal and economic rationale and geological and geophysical aspects of the development 
of geothermal energy and to obtain data on deposits of geothermal water in the deep.

Extraction of heat from hot rocks at the pits is to be carried out using a special energy 
carrier, construction of the operating column, and circulation mode.

To create a model in the project, a well is needed with a depth of 4,702 m, temperature 
at the bottom of 130 °С, an unperforated casing string with a diameter of 245 mm to a 
depth of 4,500 m, and no formation fluids.

The transfer and transformation of the energy carrier by the working body into electric 
and hydrogen energy is maintained by ORC (Organic Rankine Cycle).

The development of the methodology includes two stages:
The first stage of the project involves legal preparation at the local and state levels for 

the use of the land plot and technical means of the drilled well and obtaining licenses and 
permits for the implementation of the project. It is planned to develop a technical and 
economic feasibility study for the construction of a geothermal electric station that will 
generate electricity and hydrogen energy for consumers.

The second stage of the project involves the technical preparation of the well for its 
use as part of a geothermal power station. Remediation of the well to a depth of 4,500 m is 
foreseen, as well as the implementation of industrial geophysical studies of the technical 
condition of the unperforated casing string; conducting preliminary geothermal studies 
on the stability and thermal productivity of hot rocks.

The authors intend to use results in the oil-and-gas industry, which has deep wells 
that have completed their purpose for hydrocarbon extraction, as well as in the nuclear, 
metallurgical, chemical, and many other fields.

Key words: digital ecological and technological model, consumer support, heat, elec-
tric energy.

Introduction. The current state of the 
prob lem of studying the geothermal state 
model of the Earth. Let us consider the known 
ener gy balance of radiative exogenous and 
endogenous heat fluxes on the Earth’s sur-
face. The energy balance raises a number of 
questions [Karpenko et al., 2021].

The first, why is the endogenous heat flux 
(398.2 W/m2) is higher than the exogenous 
one (340.4 W/m2) according to publications 
[Buzan, Huber, 2020]?

The second is why we consider the known 
average heat flow associated with the con-
ductive transfer of heat with a density of  
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place [Sliwa, Rosen, 2015; Sliwa et al., 2021].
In the geothermal model of the «cold» 

Earth [Karpenko et al., 2021], the authors 
consider the temperature distribution in its 
depths. The process of cooling the Earth with 
radioactive sources of internal heat with a to-
tal power not exceeding half of 4.42∙1013 W is 
considered as a conductive heat flow. In the 
model, the temperature in the center of the 
Earth is held constant during its evolution, 
about 6370 K.

The geophysical model of the «hot» Earth 
[Ahmed et al., 2022] tries to explain the 
conductive heat flow of the Earth by phase 
transformations of matter on the surface of 
the core. In the model, the initial tempera-
ture in the centre of the Earth is at the level 
of 30.000 K.

The well-known [Herndon, 2007] geo-
physical model of the «hot» Earth explains 
the conductive heat flow of the Earth by a 
georeactor located in the centre of the core. 
The temperature in the centre of the Earth is 
considered to be millions of degrees.

A similar opinion is expressed by [Luque 
et al., 2019; Starodub et al., 2020, 2022].

The well-known [Dai et al., 2019] concept 
of a source in the bowels of the Earth and pla-
nets is proven by geological and astrophysical 
facts. Vivid examples of the influence of the 
location of the Solar System in the Galaxy on 
the processes of thermal and geological ac ti- 
 vi ty of the Earth during its evolution are given.

The well-known geothermal model of the 
Earth with a conductive endogenous heat 
flow, considered in [Heymann, 2014], pro-
vides an estimate of the average thickness of 
the crust (45 km) during the Earth’s existence.

Alongside the investigation of the terri-
tory’s safety in the supply of pure thermic 
energy sphere is supported by the Lviv State 
University of Life Safety in cooperation with 
the Institute of Geophysics of National Aca-
demy of Sciences of Ukraine [Yemelyanenko 
et al., 2018; Popovych, Voloshchyshyn, 2019; 
Ivanusa et al., 2019]. Thus, the project is de-
veloped in close cooperation with the fore-
mentioned scientists.

Methods. Methodology with the consid-
ered innovations allows exploiting the geo-

0.087 W/m2 in the vertical direction accor-
ding to the Fourier law between the horizontal 
surfaces of rocks? This makes the total pow-
er of the heat flow from the Earth’s surface 
4.42∙1013 W [Pollak et al., 1993] (latest data: 
4.7∙1013 W [Davies, Davies, 2010; Beall et al., 
2021]), which is well thought out. The main 
heat flow of heating-cooling of the Earth, if 
the average temperature on the Earth’s sur-
face has a value of 14.2 °С, and the stable tem-
perature under the Earth’s surface at a depth 
of 50 m has an average value of 10 °С [Guo 
et al., 2020; Lischenko, Kudrashov, 2021; He 
et al., 2021].

The third is where the stable power of the 
Earth’s heat flow comes from, to heat the at-
mosphere according to the Stefan-Boltzmann 
law with medium and long infrared waves 
(IR waves) from a depth of 50 m, where the 
average temperature is about 10 °С, which 
corresponds to the density of the heat flow 
364.46 W/m2 and the total heat flow from the 
Earth’s surface is 1.859∙1017 W (for the avera ge 
radius of the Earth [ Zimmermann et al., 2000; 
Balázs et al., 2023])?

The fourth is why on the surface of the 
atmosphere, where the temperature is mi-
nus 18 °C, the power of cooling the Earth 
with IR waves is 1.23∙1017 W (239.9 W/m2) if 
the absorption of solar thermal energy of IR 
waves by the Earth’s surface is at the level of 
163.3 W/m2 [Vogel et al., 2019]?

Fifth, why is the IR wavelength of cool-
ing an order of magnitude longer than the IR 
wavelength of heating the Earth’s surface by 
the Sun’s rays?

Sixth — can the power of the decay of 
radioactive elements be the main source of 
heating the Earth, if it is twice smaller than 
even the conductive heat flux of 4.42∙1013 W 
[Lay et al., 2008]? In other words, the power 
density (398.2 W/m2) of radiant heat flow from 
the Earth’s surface is 4500 times greater than 
the power density (0.087 W/m2) of its conduc-
tive heating cooling, and at a depth of 50 m 
(364.46 W/m2) — 4200 times.

Studies obtained parameters of the Earth’s 
heat flows [Davies, Davies, 2010] and an 
exam ple of the seasonally stable temperature 
of the Earth at a depth of 30 m in the local 
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thermal resource of hot rocks of a deep well, 
isolated from formation fluids, with maximum 
efficiency, for the generation of thermal ener-
gy with subsequent conversion into electrical 
energy by the ORC system (Organic Rankine 
cycle) module with efficiency greater than 
25 %, and further prospective transformation 
into hydrogen.

The project of a geothermal power station 
based on an isolated single well belongs to 
the civil security energy industry which al-
lows the construction of autonomous, stable, 
ecologically and ergonomically safe power 
stations that generate heat, electricity and hy-
drogen energy for consumers using geother-
mal energy, namely heat of rocks compressed 
by gravity, opened at depth by a single well 
isolated from reservoir fluids. The project 
based on the proposed methodology can be 
used in the oil and gas industry which has 
deep wells no longer usable for hydrocarbon 
production, as well as in the nuclear, metallur-
gical, chemical, food, engineering industries 
in terms of efficient ORC, in the transport in-
dustry, in agriculture and animal husbandry 
in terms of use of autonomous heat, electri-
city, hydrogen energy.

The project has modern scientific and 
technical solutions of construction, regimes, 

materials for extraction, transportation, con-
version of the enthalpy of hot rocks on the 
earth’s surface into electric and hydrogen en-
ergy using ORC modules with an efficiency of 
more than 25 % which would make the tech- % which would make the tech-% which would make the tech-
nology commercially, socially, and energeti-
cally successful.

Extraction of heat from hot rocks in bore-
holes is performed with maximum efficiency 
by a special energy carrier, construction of 
the operating column, and circulation mode.

Transportation of thermal energy by a 
spe cial energy carrier from the hole to the 
mouth is performed with minimal losses and 
maximum productivity of the circulation of 
the energy carrier in the well.

The transfer and transformation of the ener-
gy carrier by the working body into electric 
and hydrogen energy using the ORC module 
is performed with an efficiency of over 25 % 
in electric thermoenergy power plant.

In addition to scientific, educational, in-
dustrial, economic functions useful for the 
universities mentioned in the project, the 
station is scaled to the entire socio-economic 
infrastructure of the country.

To create a model in the project, a well was 
selected, drilled by a state-owned enterprise, 
with a temperature at the hole of 136 °C, with 

The model presented with the electric generated capacity of 6 to 8 MW heating the building presented.
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an unperforated casing string with a diameter 
of 148 mm to a depth of 3600 m, without re-
servoir fluids (see Figure).

On the figure scheme water pumped from 
the adjacent water reservoir (pond, river) 
moves into the deep well heated on the way 
down through the casing, then pumped up 
to the surface by motors fed by electricity 
obtained from ORC module nourishing the 
local settlement with heat and electricity. 
Cooled water is returned to the well again, 
the required amount is added from the water 
tank. Water fluid including necessary chemi-
cal ingredients heated moves upward with-
out giving off the heat due to the low thermal 
permeability of the inner operating column.

The project provides for the first stage: le-
gal preparation at the local and state levels 
for the use of the land plot and the owner-
ship of the drilled well, a license for the use 
of subsoil without mining, permits for the use 
of surface and groundwater, certain types of 
construction and earthworks, contracts for 
the implementation of integration works for 
the unpromising exploratory well for oil and 
gas into the socio-economic infrastructure 
of the settlements adjacent to the well, on 
the basis of which it is planned to develop 
a feasibility study for the construction of an 
electric geothermal plant that will generate 
electric and hydrogen energy for consumers. 
The term of the first stage is one year.

The second stage of the project involves 
the technical preparation of the well for its 
use as part of a geothermal power station. It 
would include remediation of the well to a 
depth of 4.500 m and the implementation of 
industrial geophysical studies of the technical 
condition of the unperforated casing string; 
conducting preliminary geothermal studies 
on the stability and thermal productivity of 
hot rocks. The technical and economic justi-
fication is being clarified. A working technical 
project for the construction of the station is 
being developed.

Further work involves the construction of 
technological facilities; manufacturing, trans-
portation, installation, start-up, and adjust-
ment of the well and ground equipment of 
the station.

Research methodology. The geothermal 
power plant project based on an isolated sin-
gle well belongs to the energy industry which 
builds autonomous, stable, ecologically and 
ergonomically safe power plants that gener-
ate heat, electricity and hydrogen energy for 
consumers using geothermal energy, namely, 
the heat of gravitationally compressed moun-
tain rocks opened at depth by a single well 
isolated from reservoir fluids.

The project can be used in the oil and gas 
industry which has deep wells that have com-
pleted their purpose for hydrocarbon extrac-
tion, as well as in the nuclear, metallurgical, 
chemical, food, engineering industries in 
terms of effective ORC, in the agriculture and 
animal husbandry in terms of use of autono-
mous heat, electricity, and hydrogen energy.

The project presupposes modern scientific 
and technical solutions of structures elabo-
rated in the project, regimes, materials for 
extraction, transportation, transformation of 
energy of hot rocks on the surface into elec-
tric and hydrogen energy using ORC modu-
les with an efficiency of more than 25 %, 
which makes this technology commercially, 
socially, and energetically successful. Extrac-
tion of energy from hot rocks in boreholes is 
carried out with maximum efficiency using a 
special energy carrier and construction of the 
production column with a circulation mode.

Transportation of thermal energy by a 
special energy carrier from the hole to the 
mouth is performed with minimal losses and 
maximum productivity of the circulation of 
the energy carrier in the well.

Results. On the basis of the research, it 
is proposed to develop a technology for the 
development of geothermal energy. Approba-
tion of the model is carried out on the pages of 
international scientific publications, and ex-
perimental studies of heat generation carried 
out on real deep wells. Studies have shown 
that the cost of 1 gcal of geothermal energy 
is 2—3 times less than the cost of 1 gcal when 
burning gas for the same costs of drilling wells 
up to 4.000 m deep.

Expected results of the project include:
а) description of scientific or technical 

products (if any) that will be created as a re-
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sult of the project (indicating its expected 
qualitative and quantitative (technical) cha-
racteristics); 

b) justification of the advantages of the ex- justification of the advantages of the ex-justification of the advantages of the ex-
pected scientific or scientific-technical prod-
ucts (if any) in comparison with the existing 
analogues;

c) substantiation of the practical value of 
the planned project results for the economy 
and society (for projects involving applied 
research and scientific and technical deve-
lopments).

The scientific result of this project is the 
development for society of the thermody-
namic potential characteristic of the thermo-
dynamic system of selecting the main inde-
pendent variables of entropy and pressure of 
the gravitational field of the geological envi-
ronment (enthalpy) on its own territory. It is 
sufficient for the stable simple and extended 
reproduction of the social resource, quality 
and life expectancy through the production 
and consumption of natural energy without 
heating and polluting into the Earth’s atmo-
sphere.

Discussion and conclusions. The obtained 
scientific and technical results of the project 
are aimed at the development of:

– chemical industry to create new materi-chemical industry to create new materi-
als;

– machine-building technologies for the 
creation of new well equipment;

– mechanical engineering for the creation 
of new ground equipment;

– drilling equipment;
– technologies for remote sensing of the 

Earth’s thermal field;
– legislation regarding the district location 

of the construction of geothermal stations and 
the use of geothermal waters;

– extraction of rare earth metals from un-extraction of rare earth metals from un-
derground brines;

– mining industry for extraction of rare 
earth metal;

– the metallurgical industry for the produc-the metallurgical industry for the produc-
tion of thermoelectric elements for the EGS-
ISW technology (energy geothermal station 
on the basis of an isolated single well);

– investment processes in the energy sec-investment processes in the energy sec-
tor of Ukraine;

– educational and scientific, research and 
design programs;

– description of ways and means of further 
use of project implementation results in pub-
lic practice.

The scientific and technical product of 
this project is the developed scientific tech-
nology of efficient use of geothermal energy 
from deep rocks by a single well isolated from 
formation fluids, the average calorific value 
of which reaches 10 mW of thermal energy, 
which is equivalent to the productivity of a 
gas well of 26.6 thousand m3/day. In the con-
clusion, the society of Ukraine will obtain 
knowledge about the two compared technolo-
gies for generating 1 gcal of thermal energy 
from the Earth’s depths in different ways.

The well-known technology of providing 
socio-economic processes in Ukraine with 
thermal energy — the development of the fi-— the development of the fi- the development of the fi-
nal natural gas deposits of the Earth’s subsoil 
consists of many consecutive stages, namely: 
the search is carried out with a probability of 
35 % (every third well is successful) of a gas 
field, design, drilling, extraction, prepara-
tion, transportation, burning and receipt by 
the consumer of 1 gcal of thermal energy. The 
average productivity of a well with an average 
flow rate of 26.6 thousand m3/day in Ukraine 
is 13—15 years, which is accompanied by an-—15 years, which is accompanied by an-15 years, which is accompanied by an-
nual costs for intensification of production 
and repair of the well. The new technology 
of providing social and economic processes 
in Ukraine with thermal energy — the deve-
lopment of inexhaustible ready-made ther-
mal energy of the Earth’s bowels consists of: 
remote sensing of the Earth’s thermal field 
in an arbitrary given place, design, drilling, 
extraction, conversion into thermal, electric, 
hydrogen energy for consumption with a term 
generation for 50 years without intensification 
and capital repairs of wells.

The value of the planned results of tech-
nology implementation is as follows:

– unlimited in quantity for the develop-unlimited in quantity for the develop-
ment of infrastructure on the territory of 
Ukraine;

– ecologically clean;
– stable and inexhaustible;
– safe to use;
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– autonomous;
– available to every consumer of Ukraine;
– generates heat, electricity, hydrogen, 
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Розроблення методології енергетичної,  
екологічної та продовольчої безпеки України  

на основі власних геотермальних ресурсів

Ю.П. Стародуб, В.М.Карпенко, А.П. Гаврись, Д.А. Беген, 2023

Львівський державний університет безпеки життєдіяльності, Львів, Україна

У статті розглянуто ідею проєкту, що визначає розробку методології геотермаль-
ної електростанції на основі однієї ізольованої свердловини. Планується розроби-
ти техніко-економічне обґрунтування, геолого-геофізичні аспекти розвитку гео-
термальної енергетики, отримати дані про поклади геотермальних вод на глибині. 
Відбір тепла від гарячих порід на вибоях передбачається здійснювати за допомогою 
спеціального енергоносія, конструкції робочої колони та режиму циркуляції. Для 
створення моделі — в проєкті свердловина завглибшки 4702 м, з температурою на 
забої 130 °С, з неперфорованою обсадною колоною діаметром 245 мм на глибину 
4500 м, без пластових флюїдів. Передача і перетворення енергоносія робочим тілом 
в електричну і водневу енергію підтримується ORC (органічний цикл Ренкіна).

Діяльність з розробки методики включає два етапи. Перший передбачає правову 
підготовку на місцевому та державному рівнях щодо використання земельної ді-
лянки й технічних засобів пробуреної свердловини, отримання ліцензій та дозволів 
на реалізацію проєкту. Планується розробка техніко-економічного обґрунтування 
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будівництва геотермальної електростанції, яка вироблятиме електроенергію та вод-
неву енергію для споживачів.

На другому етапі проєкту свердловина має бути технічно підготовлена до ви-
користання її у складі геотермальної електростанції. Передбачено рекультивацію 
свердловини завглибшки 4500 м, виконання промислово-геофізичних досліджень 
технічного стану неперфорованої обсадної колони; а також попередніх геотермічних 
досліджень на стійкість і теплопродуктивність гарячих порід.

Автори мають намір отримані результати використовувати в нафтогазовій про-
мисловості, де є глибокі свердловини, що відпрацювали своє призначення для ви-
добутку вуглеводнів, а також в атомній, металургійній, хімічній та багатьох інших 
галузях.

Ключові слова: цифрова еколого-технологічна модель, забезпечення споживачів, 
тепло, електроенергія.


