ISSN:
3030-3680

JAVYHUIHE HHTEJIVIEKTYAJIBHBIE HCC/IAE/IOBAHHA

GEOTHERMAL ENERGY

ANDIJAN STATE TECHNICAL INSTITUTE
ORIPOVA DILNOZA KARIMJON KIZI,
YUSUPOV ABDURASHID KHAMIDILLAEVICH

Abstract

This article analyzes the physical and mechanical nature of geothermal
energy, its sources, and the technologies used to harness it. Geothermal energy
exists in the form of heat stored in the deep layers of the Earth’s crust and is released
through natural steam, hot water, or heated rocks. This energy source is
characterized by its renewable nature and environmental safety. The paper
examines the various applications of geothermal energy, including electricity
generation, heating systems, and greenhouse agriculture. In addition, the global
development of geothermal energy, advanced technologies, and the experiences of
leading countries such as Iceland, Italy, the United States, and the Philippines are
discussed.
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Introduction

Geothermal energy is a power sector based on the utilization of the Earth’s
internal heat — either for electricity generation through geothermal power plants
or for direct heating and hot water supply. Today, geothermal energy is regarded
as one of the most efficient and sustainable energy types due to its clean, reliable,
and renewable characteristics. It uses the heat stored beneath the Earth's surface for

electricity generation and for heating and cooling homes and businesses [1-2].
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Geothermal resources have been used in North America for over 10,000
years; Native American tribes historically utilized hot springs for heating, cooking,
and bathing. Currently, the United States is the world’s leading producer of
geothermal electricity, although it still accounts for only a small share of the
nation’s total energy consumption. Since geothermal energy is most abundant near
tectonic plate boundaries, most geothermal power plants in the U.S. are located in
the western states. California has the highest geothermal power capacity, operating
over 40 geothermal power plants [3-6].

Countries like Iceland, the Philippines, and El Salvador are also global
leaders in geothermal energy, with over 25% of their total energy consumption

supplied by geothermal sources.

Dry steam power plants utilize natural underground sources of steam. The
steam rises to the surface through production wells, transferring its energy to a
turbine, then condenses and is either reinjected into the ground or released into the
atmosphere. Dry steam plants are the oldest and simplest type of geothermal power
generation and are considered highly efficient. The first dry steam power plant was
established in Larderello, Italy, in 1911, and it continues to supply electricity to

more than one million people. Another significant example is The Geysers
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geothermal field located north of San Francisco, which has been generating
electricity since the 1960s and currently provides around one-fifth of California’s
renewable [7-12].

Flash steam plants pump hot water under high pressure from deep within the
Earth, where temperatures exceed 180°C. When the hot water reaches the surface,
it is directed into a “flash tank” maintained at a lower pressure. The rapid pressure
drop causes a portion of the water to instantly vaporize or "flash" into steam, which
drives turbines. The remaining liquid can be passed through a secondary flash
chamber to extract additional steam. Flash steam power plants are currently the
most common type of geothermal energy system in use. For example, Iceland, a
volcanic island nation, uses flash steam geothermal power plants to meet nearly all
of its electricity needs. The largest flash steam plant in the world is located in the
Philippines, along the Pacific Ring of Fire [13-15].

Binary cycle plants use a different approach to generating power. They
operate at lower temperatures, typically between 107°C and 225°C, and use heat
exchangers to transfer thermal energy from geothermal water to a secondary fluid
with a lower boiling point. This secondary fluid vaporizes and drives the turbine.
Because moderate-temperature geothermal water is more widely available, binary
cycle plants are expected to become the most common type of geothermal power
plant in the future [16-17].

The installation cost of geothermal heat pumps ranges between $3,500 and
$7,500 for the base unit. High-end systems with additional features such as
domestic hot water heating can cost significantly more. Drilling and installation
expenses can raise the total cost to $12,000-$15,000 or more. However, some
countries offer incentives, rebates, or tax credits to offset these costs. Over time,
these systems offer high return on investment due to their energy efficiency.
Homeowners who install geothermal heating and cooling systems can expect to

save between 30% and 70% annually on energy bills [18-19].
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Geothermal energy is based on the Earth's internal heat sources. Unlike solar
or wind energy, it is a constantly available form of energy that does not depend on
weather conditions. It allows for continuous and stable energy production.

Geothermal power plants emit little to no harmful gases into the atmosphere,
making them an effective solution in combating climate change and reducing
greenhouse gas emissions.

Although initial construction costs for geothermal power plants can be high,
operational and maintenance costs are relatively low in the long term. This makes
geothermal energy economically viable over time.

Geothermal energy can be used in various sectors, including:

* Electricity generation

* Residential and district heating

» Greenhouse agriculture

* Industrial processes requiring heat

Unlike wind or solar power plants, geothermal facilities require less surface
area, making them suitable for urban outskirts or mountainous regions where space
is limited.

Geothermal energy depends on domestic resources, reducing reliance on
imported fuels and enhancing national energy independence.

Can only be used in certain areas: To effectively extract geothermal energy,
geologically active areas are needed - volcanic zones, areas with tectonic activity.
This is not possible in all countries. High initial investment: Identifying geothermal
deposits, drilling and building stations requires a large investment. The drilling
itself also carries a risk of failure. Negative impact on subsurface layers: In some
cases, geothermal drilling can cause ground movements or minor seismic activity.
Resource depletion over time: If a heat source is used more than its capacity, it can
temporarily cool down or lose power. This requires long-term planning.

Conclusion
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Geothermal energy is recognized as one of the most promising and
environmentally safe directions in modern energy development. The ability to
generate electricity or heat by utilizing the Earth's internal thermal resources
positions geothermal energy as a leading source among renewable energy types.
Since this energy does not release harmful emissions into the atmosphere, it
significantly reduces the carbon footprint and plays an important role in mitigating
global warming. Countries such as Iceland, the United States, the Philippines, and
Italy are actively utilizing this resource, which demonstrates the economic
efficiency and technological reliability of geothermal systems.

In Uzbekistan, geothermal resources—particularly underground hot water
sources—are present in regions such as the Fergana Valley, Surkhandarya, and
Kashkadarya. These resources hold great potential for application in greenhouse
farming, heating systems, healthcare facilities, and industrial needs. However,
geothermal energy also presents certain challenges, such as high initial investment
costs, geographical limitations, and environmental risks related to the chemical
composition of underground waters. Nonetheless, modern technologies are
effectively reducing these limitations.

In summary, geothermal energy represents an alternative energy source of
economic, environmental, and strategic importance. A phased implementation of
geothermal technologies in Uzbekistan could enhance the country’s energy
security, increase the share of renewable energy use, and contribute to the fight
against climate change. The development of this sector requires scientifically
grounded, sustainable collaboration between public and private sectors.

REFERENCES
1.  Yusupov Abdurashid Khamidillaevich. (2025). THE PHYSICAL
ESSENCE OF THE VOLT-AMPERE CHARACTERISTICS OF SOLAR
CELLS. World Scientific Research Journal, 38(1), 387-391. Retrieved from
https://inlibrary.uz/index.php/wsrj/article/view/93407

https://scientific-jl.com/luch/ 169 Yacmo-48 Tom-2_ uronv-2025



https://scientific-jl.com/luch/
https://inlibrary.uz/index.php/wsrj/article/view/93407

ISSN:
3030-3680

JAVYHUIHE HHTEJIVIEKTYAJIBHBIE HCC/IAE/IOBAHHA

2. Yusupov Abdurashid Khamidillaevich, & Oripova Dilnoza Karimjon kizi.
(2025). TYPES OF PHOTOVOLTAIC CELLS AND THEIR
EFFICIENCY. World Scientific Research Journal, 38(1), 392-397. Retrieved
from https://inlibrary.uz/index.php/wsrj/article/view/93406

3. Yusupov Abdurashid Khamidillaevich, & Yuldasheva Saodatkhon
Sultonbek kizi. (2024). APPLICATION OF PHOTOVOLTAIC EFFECTS TO
ENERGY SAVING MATERIALS. Jlyywue UHMEIeKM) AIbHbLe

uccneoosanus, 21(2), 62—-68. Retrieved from https://web-

journal.ru/journal/article/view/5316

4. Yusupov Abdurashid Khamidullayevich, & Khakimov Ulugbek ogli.
(2024). DEVICES COLLECTING SUNLIGHTS. Jhyywue unumennekmyanvhoie
uccneoosanus, 21(1), 193-199. Retrieved from https://web-

journal.ru/journal/article/view/5297

5. Yusupov Abdurashid Khamidillaevich, & Artikov Dilshodbek Xushbakjon
ogli. (2024). APPEARANCE OF PHOTOVOLTAIC EFFECT IN
POLYCRYSTAL SILICON BASED RECEIVER. Jlyuwue unmennexmyanvuole
uccneoosanus, 21(1), 179-186. Retrieved from https://web-

journal.ru/journal/article/view/5295

6.  Yusupov Abdurashid Khamidullayevich, & Rozmamatov Oybek
Dilshodbek ogli. (2024). OBTAINING ELECTRICAL ENERGY USING
DEVICES COLLECTING  SUNLIGHTS. Jlyuwue — unmennexmyanvhbie
uccneoosarnus, 21(1), 187-192. Retrieved from https://web-

journal.ru/journal/article/view/5296

7. Yusupov Abdurashid Khamidullayevich, & Artikov Dilshodbek
Khushbagjon ogli. (2024). PHOTOVOLTAIC EFFECTS AND THEIR
EFFECTIVE USE. Jlyuwue unmennekmyanvusie ucciredoganus, 14(2), 21-27.

Retrieved from https://web-journal.ru/journal/article/view/2884

https://scientific-jl.com/luch/ Yacmv-48 Tom-2_ uronv-2025

=
~
o


https://scientific-jl.com/luch/
https://inlibrary.uz/index.php/wsrj/article/view/93406
https://web-journal.ru/journal/article/view/5316
https://web-journal.ru/journal/article/view/5316
https://web-journal.ru/journal/article/view/5297
https://web-journal.ru/journal/article/view/5297
https://web-journal.ru/journal/article/view/5295
https://web-journal.ru/journal/article/view/5295
https://web-journal.ru/journal/article/view/5296
https://web-journal.ru/journal/article/view/5296
https://web-journal.ru/journal/article/view/2884

ISSN:
3030-3680

JAVYHUIHE HHTEJIVIEKTYAJIBHBIE HCC/IAE/IOBAHHA

8. Yusupov Abdurashid Xamidullayevich, & Qodiraliyev Nursaid Botirali
o'g'li. (2024). QUYOSH SPEKTRI VA FOTOELEKTRIK MATERIALINING
YUTILISH SPEKTRI O‘RTASIDAGI NOMUVOFIQLIKNING TA’SIRINI
KAMAYTIRISH. Jhuywue unmennexmyanvuvie ucciedoganus, 14(2), 64-71.
Retrieved from https://web-journal.ru/journal/article/view/2891

9. Yusupov Abdurashid Xamidullayevich, & Yuldasheva Saodatkhan
Sultanbek kizi. (2024). PPLICATION OF PHOTOVOLTAIC EFFECTS TO
ENERGY-SAVING MATERIALS COMPONENTS OF THE STRUCTURE
AND SOLAR CELLS. Jlyuiue uHTeIeKTyalbHble uccienoBanus, 14(2), 105—

109. Retrieved from http://web-journal.ru/index.php/journal/article/view/2897
10. Kodirov, D., Makhmudov, V., Normuminov, J., Shukuraliev, A.,
Begmatova, N., & Abdurashid, Y. (2024). Determination of the optimal angle for

high efficiency of solar panels in Uzbekistan. In E3S Web of Conferences (Vol.
563, p. 01008). EDP Sciences.

11. Khamidillaevich, Y. A., & Abdumalik, T. (2024). HIGH TEMPERATURE
SOLAR CONCENTRATORS. Jlyunme WHTEUIEKTYyaJIbHBIE HCCIEIOBaHUS,
21(1), 200-206.

12.  KOcynoB AOnypammn Xamuguwuiaesnd, & XampaamoBa Hapruzoi
Xamunymnaera. (2024). SJIEKTPOMATHUT MHAYKIWA MAB3YCUHU
MHTEP®AOJI METOJUUIAP BMJIAH VKUTHIIL. PEDAGOGS, 48(1), 43-50.
Retrieved from https://pedagogs.uz/index.php/ped/article/view/575

13.  THE EFFICIENCY OF SOLAR PANELS DEPENDS ON CLIMATIC
CONDITIONS. (2025). Jlyuwue unmennexmyanvuole ucciedosanus, 46(5), 41-
46. https://scientific-jl.com/luch/article/view/20066

14. OBTAINING ELECTRICITY FROM SOLAR PANELS AND
INCREASING THEIR EFFICIENCY. (2025)./lyuwue unmeniexmyanbhbie
uccnedosanust, 46(5), 36-40. https://scientific-jl.com/luch/article/view/20065

https://scientific-jl.com/luch/ 171 Yacmo-48 Tom-2_ uronv-2025



https://scientific-jl.com/luch/
https://web-journal.ru/journal/article/view/2891
http://web-journal.ru/index.php/journal/article/view/2897
https://pedagogs.uz/index.php/ped/article/view/575
https://scientific-jl.com/luch/article/view/20066
https://scientific-jl.com/luch/article/view/20065

ISSN:
3030-3680

JAVYHUIHE HHTEJIVIEKTYAJIBHBIE HCC/IAE/IOBAHHA

15. QUYOSH KONSENTRATORLARI. (2025). Jlyuwue unmennekmyanvhsie
uccneoosanus, 46(3), 211-218. https://scientific-jl.com/luch/article/view/19713
16. BASIC PARAMETERS OF THERMOELECTRIC MATERIALS.

(2025). Jlyuwue UHMELIeKMY ATIbHbLe uccneoosanusi, 46(3), 81-
92. https://scientific-jl.com/luch/article/view/19431

17.  MOLECULAR BEAM EPITAXY. (2025). JIyuwue unmennekmyanvhvie
uccneoosanusi, 46(3), 70-80. https://scientific-jl.com/luch/article/view/19430

18. FIELDS OF APPLICATION OF PHOTOVOLTAIC CELLS BASED ON
ORGANIC MATERIALS. (2025). Jlyuwue UHMELIEKMY ANIbHbLE
uccnedosanus, 36(1), 81-87. https://scientific-jl.org/luch/article/view/8351

19. Oripova Dilnoza Karimjon kizi, & Yusupov Abdurashid Khamidillaevich.
(2024). PHENOMENON OF PHOTO EFFECT IN
SEMICONDUCTORS. JOURNAL OF NEW CENTURY INNOVATIONS, 67(4),
132-137. https://scientific-jl.org/new/article/view/7623

https://scientific-jl.com/luch/ 172 Yacmo-48 Tom-2_ uronv-2025



https://scientific-jl.com/luch/
https://scientific-jl.com/luch/article/view/19713
https://scientific-jl.com/luch/article/view/19431
https://scientific-jl.com/luch/article/view/19430
https://scientific-jl.org/luch/article/view/8351
https://scientific-jl.org/new/article/view/7623

