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Saidov Mash’al Samadovich
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Abstract. This scientific article provides a comprehensive analysis of the state of electricity production by wind power
plants. Within the framework of the study, the dynamics of wind energy development at the global and Uzbek levels, the
volume of installed capacity, indicators of electricity generation, and factors of economic efficiency were examined for the
period 2020—2024. The technical characteristics of wind turbines, the capacity factor, the cost of electricity (LCOE), and
issues related to grid integration were also analyzed. The results of the analysis show that wind energy has demonstrated
a stable growth trend in recent years, while its environmental sustainability and economic competitiveness continue to
increase. The article proposes scientific and practical recommendations for the effective integration of wind energy into
the national energy system.

Key words: wind power plant, wind energy, renewable energy sources, electricity generation, capacity factor, LCOE,
energy efficiency, energy security, grid integration, hybrid energy systems.

Annotatsiya. Mazkur ilmiy maqolada shamol elektr stansiyalari tomonidan elektr energiyasini ishlab chigarish holati
kompleks tahlil qilingan. Tadgigot doirasida 2020-2024-yillar davomida jahon va O‘zbekiston miqyosida shamol
energetikasining rivojlanish dinamikasi, o‘rnatilgan quvvatlar hajmi, elekir energiyasi ishlab chigarish ko‘rsatkichlari
hamda iqtisodiy samaradorlik omillari o‘rganildi. Shuningdek, shamol turbinalarining texnik xususiyatlari, quvvatdan
foydalanish koeffitsienti, elekir energiyasi tannarxi (LCOE) va tarmoqgqga integratsiya masalalari tahlil etildi. Tahlil natijalari
shamol energetikasi so‘nggi yillarda bargaror o'sish tendensiyasiga ega ekanini, uning ekologik tozaligi va igtisodiy
ragobatbardoshligi ortib borayotganini ko‘rsatdi. Magolada shamol energetikasini milliy energetika tizimiga samarali
integratsiya gilish bo‘yicha ilmiy va amaliy takliflar ishlab chigilgan.

Kalit so'zlar: shamol elektr stansiyasi, shamol energetikasi, gayta tiklanuvchi energiya manbalari, elektr energiyasi ishlab
chigarish, quvvatdan foydalanish koeffitsienti, LCOE, energiya samaradorligi, energetik xavfsizlik, tarmoqqga integratsiya,
gibrid energetik tizimlar.

AHHOTaLVsA. B JaHHON Hay4HOW cTaTbe NpeacTaBrneH KOMMIEKCHbIA aHanM3 COCTOSIHUSA NPOM3BOACTBA SNEKTPOIHEPrUU
BETPOBbLIMM 3MEKTPOCTaHUMAMU. B pamkax uccnegoBaHWs W3yYeHbl AMHAMMKA PasBUTUSI BETPOSHEPrETUKM Ha
MWPOBOM M Y36EKCKOM YPOBHSX, OBGbEM YCTAHOBIIEHHOW MOLLHOCTU, MOKa3aTENU MPOU3BOACTBA IMEKTPOSHEPTN U
(bakTopbl 3KOHOMUYECKOM 3ddhpekTuBHOCTU 3a nepuog 2020-2024 rogoB. Takke MpoaHanM3vMpoBaHbl TEXHUYECKUE
XapaKTEPUCTUKN BETPOBbIX TYPOUH, KOSMULMEHT UCMONb30BAHNA MOLLHOCTU, CTOMMOCTL anekTpoaHeprum (LCOE) n
BOMPOCHI MHTErpaLun B SHeproceTb. Pe3ynbTaTthl aHanu3a nokasanu, YTo BETPOSHEpreTuka B mocriegHue rogbl MMeeT
YCTOMYMBYIO TEHAEHUMIO POCTA, NMPU STOM MOBbLILLAIOTCS €€ 3KOMOMMYHOCTb Y SKOHOMMUYECKas KOHKYPEHTOCMNOCOBHOCTb.
B cratbe paspaboTaHbl HayYHble U MpaKTUYecKue MpeasioKeHUst no 3PGEKTUBHON MHTErpaLmumM BETPOSHEPFETUKA B
HaLMOHanbHY SHEPrETUYECKYIO CUCTEMY.

KnioyeBble croBa: BeTpoBas aMNeKTpoCTaHLMs, BETPOIHePreTrka, BO30OHOBNAEMbIE NCTOYHMKM SHEPrMU, MPOU3BOLCTBO
AMNEeKTPOIHEPINM, KOIPMDULMEHT wncnonb3oBaHns mowHoctn, LCOE, sHeproadhdekTnBHOCTb, dHepreTnyeckas
6e30MacHOCTb, MHTErpauus B CeTb, TMOpUAHbIE 3HEPreTUYeCcKNe CUCTEMBI.

INTRODUCTION

At the global level, economic growth, industrialization processes, and the improvement of living standards
are leading to a continuous increase in the demand for electricity. In the 21st century, electricity has become
not only a means of production but also a strategic resource that determines the competitiveness of countries.
The rapid development of areas such as the digital economy, artificial intelligence technologies, data centers,
and electric transport is creating additional demands on energy systems. Therefore, ensuring the reliability,
continuity, and environmental sustainability of energy supply has been recognized as one of the priority
directions of state policy.
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For many years, electricity generation in the global energy system has mainly been based on traditional
fuel resources. However, the limited nature of hydrocarbon resources, fluctuations in energy prices due to
geopolitical factors, and the increasing volume of greenhouse gas emissions into the atmosphere are creating
global environmental problems. In particular, climate change processes, air pollution, and issues related to
environmental security are encouraging the international community to widely utilize renewable energy sources.
Analytical reports published by the International Energy Agency (IEA) and the International Renewable Energy
Agency (IRENA) indicate that the share of renewable energy sources is steadily increasing each year.

Among renewable energy sources, wind energy occupies a special place. Wind is a naturally renewable
and almost unlimited source of energy, and its resources are widely distributed geographically. In recent years,
improvements in wind turbine technology, increased generator efficiency, the introduction of digital control
systems, and reductions in production costs have contributed to the rapid development of this sector. According
to the Global Wind Energy Council (GWEC), the installed wind power capacity worldwide is increasing
significantly each year and in some countries constitutes a substantial share of total electricity generation.

At the current stage, profound transformation processes are being observed in the global energy system.
The steady growth of global electricity demand, expansion of industrial production, rapid urbanization, and the
widespread adoption of digital technologies are placing high demands on energy infrastructure. In particular,
electric vehicles, data centers, artificial intelligence systems, and automated production processes are
increasing the need for additional energy capacity. Under these conditions, ensuring the stability, continuity,
and environmental safety of energy supply has become strategically important.

Traditional thermal power plants mainly rely on fuel resources such as natural gas, oil, and coal. However,
the limited nature of these resources and the large volumes of carbon dioxide and other harmful emissions
released during their extraction and combustion negatively affect the global ecological balance. As a result,
climate change processes intensify and the level of air pollution increases. According to analyses by the
International Energy Agency, the energy sector is one of the main sources of global greenhouse gas emissions.
Therefore, accelerating decarbonization processes in the energy sector has become one of the key strategic
objectives.

Renewable energy sources, particularly wind energy, are considered an effective solution to these
problems. Wind energy is naturally renewable, its resources are virtually unlimited, and the process of electricity
generation does not produce harmful emissions into the atmosphere. According to the International Renewable
Energy Agency, investments directed toward renewable energy sources are increasing annually, with wind
energy emerging as one of the leading sectors. This indicates that the industry has high potential not only
environmentally but also economically.

The relevance of wind power plants is also closely related to another important factor—energy security.
For countries dependent on fuel imports, fluctuations in prices in external markets and geopolitical factors
may significantly affect energy stability. Wind energy, however, enables the use of local energy resources and
reduces dependence on external energy sources. This is particularly important for developing economies.

From an economic perspective, wind energy has also entered a stage of significant development. Over the
past decade, wind turbine technology has improved substantially: the unit capacity of turbines has increased,
reliability indicators have improved, and operating costs have decreased. As a result, the cost of electricity
generated by wind power plants has reached a level capable of competing with traditional energy sources.
Reports by the Global Wind Energy Council indicate a steady increase in installed wind power capacity
worldwide, confirming the high investment attractiveness of this sector.

The relevance of this issue is also increasing in the context of Uzbekistan. The domestic demand for
electricity in the country is growing every year, while the expansion of industrial production and population
growth require the creation of new energy capacities. At the same time, diversifying the energy generation
system, increasing the share of renewable energy sources, and ensuring environmental sustainability are
among the priority directions of state policy. The high potential of wind resources in certain regions creates
favorable conditions for the construction of wind power plants.

Furthermore, the development of wind energy contributes positively to scientific research activities, the
introduction of innovative technologies, and the training of local specialists. The use of digitalization, monitoring
systems, and intelligent management methods in the energy sector can further improve the efficiency of wind
power plants.

LITERATURE REVIEW

The issue of electricity generation by wind power plants has been studied by foreign and local scholars
in various directions. Scientific research mainly covers the following areas: assessment of wind resources,
aerodynamics and design of turbines, energy efficiency, integration into power grids, economic analysis, and
environmental impact assessment.
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One of the fundamental studies in wind energy is the work “Wind Energy Handbook” authored by T. Burton,
D. Sharpe, N. Jenkins, and E. Bossanyi. This source comprehensively explains the aerodynamic theory of wind
turbines, mechanical and electrical systems, and issues related to grid connection. The authors theoretically
and practically demonstrate that the power output of a wind turbine is proportional to the cube of wind speed
[1]. At the same time, the book mainly focuses on technical aspects, while the application of economic models
suitable for developing countries could be further explored.

The book “Wind Energy Explained: Theory, Design and Application” by J. F. Manwell, J. G. McGowan, and
A. L. Rogers thoroughly discusses the theoretical foundations of wind energy, design principles, and practical
applications. The authors scientifically justify the effectiveness of using the Weibull distribution function in
assessing wind resources. In addition, they emphasize that along with technical parameters, economic indicators
should also be considered when selecting turbines [2]. Although the research provides deep technical insights,
institutional aspects of integrating wind energy into national power systems remain a promising direction for
future research.

Reports by the International Energy Agency (IEA) analyze the role of wind energy in the global energy
balance and its development dynamics. According to IEA data, wind energy is one of the fastest-growing
sectors among renewable energy sources [3]. These reports are mainly based on statistical data and play an
important role in identifying global development trends.

Analytical reports prepared by the International Renewable Energy Agency (IRENA) indicate that the
cost of wind electricity—measured by the Levelized Cost of Electricity (LCOE)—has significantly decreased in
recent years. This confirms the growing economic competitiveness of wind energy [4]. In this context, deeper
research on additional factors related to modernization of energy infrastructure and grid development remains
a promising scientific direction.

Reports of the Global Wind Energy Council (GWEC) provide a detailed analysis of global wind capacity
growth trends. They highlight the development indicators of wind energy in China, the United States, and
European countries [5]. These sources are considered important information bases for evaluating the general
development trends of the sector.

Uzbek researchers have also conducted a number of scientific studies on assessing wind resources and
their efficient utilization. In particular, Q. Sh. G‘ofurov and co-authors studied the distribution of wind speeds and
the energy potential in different regions of the republic. According to the results of the research, wind speeds
in certain areas are sufficient for industrial-scale electricity generation [6]. These studies are mainly based on
meteorological data, and enriching them with investment analysis could become an important direction for
future research.

In addition, T. R. Rajabov and co-authors examined the prospects of renewable energy sources within
Uzbekistan’s energy system. The research considers the possibility of applying wind and solar energy as hybrid
systems. The authors emphasize that the use of renewable energy sources can reduce environmental pressure
[7]. At the same time, further development of technical and economic calculations and improvement of practical
implementation mechanisms are viewed as promising research directions.

In general, foreign studies comprehensively cover the technological and economic aspects of wind energy,
while local research mainly focuses on assessing resource potential. At the same time, further development is
required in areas such as integration of wind power plants into national power grids, combination with energy
storage systems, and comprehensive evaluation of investment efficiency.

Scientific research on wind energy has become more in-depth over the past decades and has acquired
an interdisciplinary character. While early studies mainly focused on aerodynamics and mechanics, current
research increasingly addresses system analysis, energy market models, grid stability, and energy storage
technologies.

In the book “Renewable Energy in Power Systems”, L. L. Freris and D. Infield provide a comprehensive
analysis of the interaction between wind energy and electrical power systems. The authors note that the
variability of wind generation can affect grid frequency and voltage stability. They also scientifically justify the
importance of reserve capacities and intelligent control algorithms in solving integration problems [8].

S. Heier, in his research “Grid Integration of Wind Energy Conversion Systems,” analyzes technical
issues that arise when connecting wind power plants to electrical networks. The author particularly focuses on
problems of reactive power compensation and frequency stability [9].

The work “Renewable Energy: Power for a Sustainable Future,” edited by G. Boyle, extensively discusses
the role of wind energy in sustainable development. The authors analyze the role of wind energy in reducing
carbon emissions based on statistical data [10].

The LCOE methodology developed by the International Renewable Energy Agency is widely used to
assess the economic efficiency of wind energy. This approach considers capital expenditures, operating costs,
and the service life of the technology.
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In Uzbekistan, scientific research on wind energy is mainly focused on assessing resource potential and
integrating renewable energy sources into the national energy system.

Research conducted by Professor A. A. Abdurakhmonov analyzes the energy potential of wind resources
in the Republic of Karakalpakstan and Navoi region. Based on long-term meteorological observations, the
average wind speed and power density were calculated in these studies [11].

In addition, B. B. Turaev and co-authors studied the possibilities of implementing wind—solar hybrid energy
systems. According to their research results, the use of hybrid systems can improve the stability of energy
supply [12].

The analysis shows that foreign research extensively studies wind energy from both technical and economic
perspectives, with particular attention paid to grid stability and integration issues. In contrast, local research
mainly focuses on assessing resource potential.

Therefore, comprehensive analysis of wind power plant operations from technical, economic, and systemic
perspectives, adaptation of international experience to national conditions, and development of innovative
approaches represent important scientific directions in modern energy research.

RESEARCH METHODOLOGY

In the course of the research, a number of scientific research methods were used to study and analyze
the state of electricity generation by wind power plants. In particular, methods such as comparative analysis
and synthesis, induction and deduction, expert evaluation, scientific abstraction, statistical grouping, as well as
correlation and regression analysis were widely applied.

Using these methodological approaches, the development dynamics of wind energy, electricity generation
indicators, and the economic efficiency factors of the sector were systematically analyzed. In addition, based
on statistical data, the relationships between the production indicators of wind power plants were identified, and
their development trends were scientifically substantiated.

ANALYSIS AND RESULTS

One of the key advantages of wind power plants is that they do not consume fuel during electricity
generation and do not emit harmful gases into the atmosphere. This significantly contributes to reducing the
carbon footprint and promoting the widespread implementation of the principles of a green economy. At the
same time, wind energy strengthens energy security, reduces dependence on imported fuel, and enables
efficient utilization of local energy resources.

In the context of Uzbekistan, modernization of the energy sector and the development of renewable
energy sources have been identified as priority tasks. In certain regions of the country, wind speed and climatic
conditions are considered favorable for industrial-scale electricity generation. Increasing the share of renewable
energy sources in the national energy balance can ensure environmental sustainability, improve the quality of
electricity supply, and achieve long-term economic efficiency.

From this perspective, conducting a scientific analysis of electricity generation by wind power plants
and comprehensively studying their technical capabilities, production indicators, economic efficiency, and
development prospects is of significant scientific and practical importance (Table 1).

Table 1. Installed global wind power capacity (2020-2024, GW)

YOT 39KOHOMHUKA ECONOMY

Source: Our World in Data / IRENA Statistics (cumulative).

As can be seen from the table, the installed capacity of wind power plants worldwide demonstrated a stable
growth trend during 2020-2024. In particular, in 2024, 117 GW of new capacity was commissioned, which is
one of the highest figures in recent years. This result represents a significant increase compared to 2020 and
confirms that the importance of wind energy in the global energy system is steadily growing. In addition, the
share of wind energy in global electricity generation and its role in meeting electricity demand are presented in
Table 2.
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Year Total Global Capacity (GW) Newly Installed Capacity (GW)

2020 743 93 [—
2021 830 87

2022 913 83

2023 1000 87

2024 1136 117
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Table 2. Share of Global Wind Energy and Its Role in Global Electricity Demand (2023-2024)

Year Share of Wind Energy in Global Electricity Generation (%)
2023 7.8
2024 10

Source: Our World in Data / IRENA Statistics (cumulative).

According to the data presented in the table, the share of wind energy in the global energy system has
been increasing significantly in recent years. In particular, wind energy accounted for approximately 7.8% of
global electricity generation in 2023, while in 2024 this figure reached 10%. This growth indicates that wind
energy is gaining an increasingly important strategic position in the global energy system not only in terms of
installed capacity but also in terms of its contribution to total electricity generation.

The annual growth dynamics of wind electricity generation worldwide are presented in Table 3.

Table 3. Global Wind Electricity Generation (2020-2024)

IJKOHOMMUKA ECONOMY

Year Electricity Generation (TWh) Annual Growth (%)
2020 1590 -

2021 1810 +13.8

2022 2100 +16.0

2023 2300 +9.5

2024 2500 +8.7

Source: International Energy Agency (Electricity Market Report, 2024) and IRENA Statistics (2024).

According to the data presented in the table, wind electricity generation increased by approximately 1.6
times during 2020—2024. In particular, the high growth rates observed in 2021-2022 can be explained by the
recovery of economic activity in the post-pandemic period and the commissioning of new energy capacities.

In 2023-2024, the growth rate continued at a relatively stable level, ensuring a steady increase in the
overall production volume. This situation indicates that the role of wind energy in the global energy system is
becoming increasingly stronger.

The development of wind turbine technology, particularly the increase in their unit capacity, contributes
significantly to improving the efficiency of the sector. The annual dynamics of this indicator are presented in
Table 4.

Table 4. Average Unit Capacity of Wind Turbines (2020-2024)

r . Year Average Turbine Capacity (MW)
- 2020 2.8
O 2021 3.0
> 2022 3.2
— 2023 3.5
ﬁ 2024 3.8

3
4

IQTISO

Source: Global Wind Energy Council (Global Wind Report, 2023—2024).

According to the data presented in the table, the unit capacity of wind turbines has been steadily increasing
each year. The use of higher-capacity turbines makes it possible to generate more electricity within the same
land area. This contributes to improving the investment efficiency of energy projects and optimizing operational
costs.

At the same time, the transportation and installation of high-capacity turbines require complex technological
processes. However, modern logistics and engineering solutions enable the efficient organization of these
processes. These trends are important for the future development of renewable energy sources.

The share of renewable energy sources in Uzbekistan’s electricity generation system and its annual
dynamics are presented in Table 5.
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Table 5. Share of Renewable Energy Sources in Electricity Generation in Uzbekistan (2020-2024)

Year Total Electricity Generation (TWh) Share of Renewable Energy (%)
2020 66 10
2021 71 11
2022 74 12
2023 78 14
2024 81 16

Source: Reports of the Ministry of Energy of the Republic of Uzbekistan.

According to the data presented in the table, the share of renewable energy sources demonstrated a
steady growth trend during 2020-2024. This growth is mainly associated with the development of solar and
wind energy. In particular, the increase of this share to 16% in 2024 indicates the consistent implementation of
the “green energy” policy in the country.

At the same time, the share of wind energy in the overall energy system still has significant potential for
further development. Expanding this sector is important for diversifying the energy system, increasing energy
sources, and ensuring environmental sustainability.

The annual dynamics of the levelized cost of electricity (LCOE) in wind energy are presented in Table 6.

Table 6. Average Cost of Wind Energy (LCOE) (2020-2024, USD/kWh)

Year LCOE (USD/kWh) Change (%)

2020 0.056 -

2021 0.052 -7

2022 0.049 -5.7

2023 0.047 -4

2024 0.045 -4.2
Source: IRENA Renewable Power Generation Costs Reports (2021-2024).

According to the data presented in the table, the cost of wind energy shows a steady decreasing trend over
the years. By 2024, the cost of electricity generation decreased by approximately 20% compared to 2020. This
indicates that wind energy is becoming one of the economically competitive energy sources. At the same time,
some studies suggest that additional costs related to energy infrastructure development and energy storage
systems should also be analyzed separately.

According to the results of the conducted research, the analysis for the period 2020-2024 leads to the
following conclusions:

» global wind electricity generation demonstrates a stable growth trend;

* improvements in wind turbine technology are increasing energy production efficiency;

» the decline in electricity generation costs is enhancing the investment attractiveness of the sector;

» the share of renewable energy sources in Uzbekistan is steadily increasing, and there are broad
opportunities for the development of wind energy.

These findings confirm that the development of wind power plants has strategic, economic, and
environmental importance.

CONCLUSION AND RECOMMENDATIONS

Within the framework of this study, the state of electricity generation by wind power plants was analyzed for
the period 2020-2024, and based on the obtained results, several important scientific and practical conclusions
were formulated.

First, it was identified that wind energy is one of the sectors demonstrating stable and rapid growth at
the global level. The increase in installed capacity, growth in electricity generation indicators, and continuous
technological improvements are transforming wind energy into an important component of the global energy
system. This process is closely linked to the strengthening of decarbonization policies, the widespread
implementation of green economy principles, and the improvement of the investment environment.

Second, from a technical perspective, the capacity and efficiency of wind turbines have significantly
increased. Modern turbines with larger rotor diameters and higher capacity allow for the generation of greater
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amounts of electricity under the same wind conditions. This contributes to improving the economic efficiency of
energy projects. In addition, the introduction of digital monitoring systems and automated control technologies
helps optimize operational costs.

Third, economic analyses indicate that the cost of wind electricity generation has been decreasing
annually. This trend makes wind energy increasingly competitive with traditional fossil-fuel-based power plants.
At the same time, when evaluating energy projects, it is important to consider not only generation costs but
also additional costs related to electric grid infrastructure development, energy storage systems, and reserve
capacities.

Fourth, one of the key characteristics of wind energy is its natural variability. The fluctuation of wind speed
can affect the stability of electricity generation. Therefore, the implementation of energy storage technologies
(such as battery systems, pumped hydro storage stations, and others) as well as hybrid energy systems
becomes particularly important. Such approaches contribute to ensuring the stability and reliability of power
grids.

In the context of Uzbekistan, the prospects for the development of wind energy are considered highly
promising. The increasing demand for electricity, the need to modernize the national energy system, and
the implementation of state programs aimed at expanding renewable energy sources further enhance the
importance of this sector. The presence of wind resources in certain regions of the country creates favorable
conditions for the construction of wind power plants. However, during the implementation of such projects,
it is important to conduct scientifically based resource assessments, technical and economic analyses, and
comprehensive evaluation of investment risks.

Furthermore, the development of wind energy can contribute to achieving the following strategic outcomes:

» strengthening energy security;

» reducing dependence on imported fuel resources;

» decreasing carbon emissions;

» creating new jobs and promoting the development of local industry;

» introducing innovative technologies and increasing scientific potential.

For future research, it is advisable to deepen studies in the following directions:

» development of high-precision wind resource forecasting models;

» evaluation of the efficiency of integration with energy storage technologies and hybrid systems;

» improvement of methods for ensuring power grid stability under conditions of increasing wind energy
share in the national energy system;

« comprehensive assessment of the socio-economic impacts of wind energy projects.

In general, it can be concluded that wind power plants represent an important element of a sustainable
development strategy. Their technical, economic, and environmental advantages should be considered a priority
direction in shaping national energy policy. Through scientifically grounded approaches, modern technologies,
and effective management mechanisms, wind energy can make a significant contribution to the sustainable
development of the national economy.
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magola, reklama, hikoya va boshqa ijodiy materiallar yuborishingiz mumkin.
Materiallar va reklamalar pullik asosda chop etiladi.

El.Pochta: sq143235@gmail.com
Bot: @iqtisodiyot_77
Tel.: 93 718 40 07

Jurnalga istalgan payt quyidagi rekvizitlar orgali obuna bo‘lishingiz mumkin. Obuna bo‘lgach,
@iqtisodiyot_77 telegram sahifamizga to‘lov hagidagi ma’lumotni skrinshot yoki foto shaklida
jo‘natishingizni so‘raymiz. Shu asosda har oygi jurnal yangi sonini manzilingizga jo‘natamiz.

Yashil” igtisodiyot va taraqqiyot” jurnali 03.11.2022-yildan
O‘zbekiston Respublikasi Prezidenti Adminstratsiyasi huzuridagi
Axborot va ommaviy kommunikatsiyalar agentligi tomonidan
Ne566955 reyestr ragami tartibi bo‘yicha ro‘yxatdan o‘tkazilgan.
Litsenziya ragami: Ne046523. PNFL: 30407832680027

Manzilimiz: Toshkent shahar, Mirzo Ulug‘bek tumani
Kumushkon ko‘chasi, 26-uy.
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