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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 °C, 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
problem of studying the geothermal state
model of the Earth. Let us consider the known
energy 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/m?) is higher than the exogenous
one (340.4 W/m?) 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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0.087 W/m? 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
4.42:10" W [Pollak et al., 1993] (latest data:
4,710 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 avalue of 14.2°C, and the stable tem-
perature under the Earth's surface at a depth
of 50 m has an average value of 10 °C [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 °C, which
corresponds to the density of the heat flow
364.46 W/m? and the total heat flow from the
Earth's surface is 1.859-10'" W (for the average
radius of the Earth [ Zimmermann et al., 2000;
Balazs 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 1.23-10'" W (239.9 W/m?) if
the absorption of solar thermal energy of IR
waves by the Earth's surface is at the level of
163.3 W/m? [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 4.42:10"° W
[Lay et al., 2008]? In other words, the power
density (398.2 W/m?) of radiant heat flow from
the Earth's surface is 4500 times greater than
the power density (0.087 W/m?) of its conduc-
tive heating cooling, and at a depth of 50 m
(364.46 W/m?) — 4200 times.

Studies obtained parameters of the Earth's
heat flows [Davies, Davies, 2010] and an
example of the seasonally stable temperature
of the Earth at a depth of 30 m in the local
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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 4.42:10"> 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 acti-
vity 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-
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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-
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
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.

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 amodel in the project, a well was
selected, drilled by a state-owned enterprise,
with a temperature at the hole of 136 °C, with
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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. Aworking 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.
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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:

a) 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-
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-
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-
derground brines;

— mining industry for extraction of rare
earth metal;

—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-
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 m*/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-
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 ms/day in Ukraine
is 13—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-
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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Po3po0OAeHHSI METOAOAOTII eHepPreTu4Hoi,
€KOAOTiYHOI Ta IIPOAOBOABYOI Oe31eKu YKpaiHu
Ha OCHOBi BAAQCHUX reoTepMaAbHUX PeCypcCiB

FO.I1. Crapoay0, B.M.Kapnenko, A.Il. 'aBpucs, A.A. bereH, 2023
ABBIBCHKUH AeP’KaBHUM yHIBepCUTET Oe3leKM JKUTTEAIIABHOCTI, /ABBIB, YKpalHa

VY cTaTTi PO3TASIHYTO iA€I0 TPOEKTY, 1110 BU3HAYA€E PO3POOKY METOAOAOTII reoTepManb-
HOI eAeKTPOCTaHIIil Ha OCHOBI OAHI€T i30AbOBAHOI CBEPAAOBUHU. [TAaHYETBCS PO3POOH-
TH TeXHIKO-eKOHOMiUHe OOI'DYHTYBAaHHS, I'€OAOTO-Teo(di3NuHi acleKTu PO3BUTKY Teo-
TepPMaAbHOI eHepreTUKH, OTPUMATU AaHi IIPO TOKAAAU reOTEePMAaAbHUX BOA Ha TAMOMHI.
BipOip Temaa Bip rapssumx mopia Ha BUOOSX mepepdavaeThCs 3A1CHIOBATH 3@ AOTIOMOTOIO
cHeniaAbHOTO €HepProHOoCis, KOHCTPYKILT poOOYOi KOAOHU Ta PEKUMY IUPKYAALil. AAs
CTBOPEHHS MOAEAl — B IPOEKTI CBEPAAOBUHA 3aBrANOIIKY 4702 M, 3 TeMIIepaTypolo Ha
3a601 130 °C, 3 HentepdOPOBaHOIO 0OCAAHOIO KOAOHOIO AlaMeTpoM 245 MM Ha TAMOUHY
4500 M, 6e3 racToBUX (PAIOIAIB. [Tepepaua i mepeTBOpeHHSI eHeproHOCis pOOOUNM TIAOM
B €eAeKTPUYHY i BOAHEBY eHeprito nmiaTpumyeTbest ORC (opraHiuHui MUkA PeHKiHa).

AISIABHICTB 3 PO3POOKM METOAMKU BKAIOYAE ABa eTalu. [Tepiuil nepepbadae NpaBoBY
IMATOTOBKY Ha MICIIEBOMY Ta A€P’KaBHOMY PIBHAX IJOAO BUKOPUCTAHHS 3€MEABHOI Al-
ASTHKM ¥ TeXHIYHUX 3aCc00iB MPOOYypPEeHOI CBEPAAOBUHY, OTPUMAaHHS AilleH3ii Ta AO3BOAIB
Ha peaaizariito npoekTy. [TraHyeTbCs po3poOKa TeXHIKO-eKOHOMIUHOTO OOI'PYHTYBaHHS
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OyAIBHUIITBA T€OTEPMAaABHOI eA€KTPOCTAHITi, TKa BUPOOASITIME EAEeKTPOEHEPTiio Ta BOA-
HEBY €HEepIiI0 AAS CIIOJKUBAYIB.

Ha apyromy eTarmi IpO€EKTy CBEPAAOBMHA Ma€ OyTH TEXHIYHO IMIATOTOBAEHA AO BU-
KOPUCTAHHY 1 Y CKAQAL reoTepManAbHOI eAeKTpocTaHIlil. [TepepbadeHO peKyAbTHBAIliIO
CBEPAANOBUHM 3aBrAUOIIKU 4500 M, BUKOHaHHSI TPOMMCAOBO-T€Oi3NUHUX AOCAIAJKEHD
TEXHIYHOI'O CTaHy Hellep(hOpOBaHOI 0OCAAHOI KOAOHH; @ TAKOK IIOIIEPEAHIX FeOTepPMIuHUX
AOCAIASKEHB Ha CTIMKICTB i TEIIAOIIPOAYKTUBHICTh rapsg4uX MOPIA.

ABTOpPM MalOTh HaMip OTPUMaHi pe3yAbTaTh BUKOPHUCTOBYBATH B HA(PTOTra30Bil 1mpo-
MMCAOBOCTI, A€ € TAMOOKI CBEPAAOBUHY, IIIO BiAIIPANIIOBAAM CBOE IIPU3HAYEHHS AN BU-
MAOOYTKY BYT'A€BOAHIB, @ TAKOXXK B @TOMHIM, MeTaAyPrifiHil, XiMiuHINA Ta OaraTboXx iHIINX
rany3sx.

KAa104oBi caroBa: 1111(hpoBa EKOAOTO-TEXHOAOTIYHA MOAEAD, 3a0e3eUeHHs CIIOKMBaYiB,
TEIIAO, EAeKTPOEHEePTid.
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