
Rational Use of Natural Resources and Innovative Development of 

Renewable Energy 

Elyor Saitov1, Usmonjon Akhmedov1, Gulchexra Sharapova2, Shakhnoza Rustamova2,  
Ilyaz Turduev3, Urmat Abdaliev3, Chynara Ergeshova4 and Abduxolik Tangirov4

1University of Tashkent for Applied Sciences, New Sergeli Road, 700012 Tashkent, Uzbekistan 
2Tashkent State Transport University, Temiryulchilar Str. 1, 100167 Tashkent, Uzbekistan 

3Osh Technological University, Isanov Str. 81, 723503 Osh, Kyrgyzstan 
4Samarkand Institute of Economics and Service, A. Temur Str. 9, 140100 Samarkand, Uzbekistan 

elyor.saitov@utas.uz, usmonjonaxmedov1993@gmail.com, sharapovagulchekhra6620@gmail.com, 

shahnoza.rustamova.1983@gmail.com, abdaliev.u@mail.ru, Ilyaz_turduev@mail.ru, ergeshova_2019@mail.ru, 

tangirov.abduxoliq@gmail.com 

Keywords: Renewable Energy, Natural Resources, Solar Energy, Wind Energy, Hydropower, Sustainable 

Development, Energy Modeling, Resource Efficiency, Logistic Growth Model, Technological Innovation. 

Abstract: A full scientific assessment of the rational consumption and utilization of the earth’s valuable resources 

(fossil fuels) and the development of innovative renewable energy in view to their depletion was conducted. 

The study investigates worldwide trends in the expansion of solar, wind and hydroelectric power generation 

and uses logistic growth modelling: as a tool to forecast future development of renewable energy until 

2030. The identification of dominant factors in the transition toward sustainable energy was based on a 

combined approach involving statistical analysis, modeling and experimental evaluation of novel energy-

saving technologies. In this respect, innovation consists in a combined analytical-modeling approach 

(including resource assessment over longer time ranges, modeling of logistic growth and comparative 

technology efficiency analysis) in the same framework. In contrast to literature, this paper provides author-

generated graphs, tables and models that show the evolving relationship between resource depletion and 

renewable energy growth prospects. The relevance of the work is in its scope to energy policy making and 

planning, makes recommendations for investment and technological upgrade of national systems. It also 

contributes to the scientific foundation for developing energy storage tactics, enhancing the penetration of 

renewable energy integration and sustainable social economic development. By and large, the findings 

provide evidence that cutting-edge technologies, international collaboration, and long-term strategies are 

necessary conditions for a rapid transformation toward economic, environmentally sound and material 

efficient energy system. 

1 INTRODUCTION 

In today’s world, the issues of natural resource 

availability and sustainable development are among 

the most pressing and complex global challenges. 

With rapid population growth, technological 

progress, and industrialization, the demand for 

energy and natural resources has increased 

dramatically, raising serious concerns about the 

future of the planet. In this context, the study of 

renewable energy sources and their potential to 

ensure sustainable development becomes of 

paramount importance. 

The depletion of fossil resources such as oil, 

coal, and natural gas has long been recognized as a 

global challenge. According to recent studies [1], the 

reserves of oil and gas on the planet are limited and, 

under current rates of exploitation, may be 

exhausted within a few decades. This poses a serious 

threat to energy security and the sustainable 

development of national economies. As a result, the 

attention of both the scientific community and 

policymakers is increasingly directed toward 

identifying alternative energy sources capable of 

replacing traditional fossil fuels. 
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Renewable energy refers to energy that is 

replenished naturally and does not become depleted 

when used. The main types of renewable energy 

sources include solar, wind, hydropower, 

geothermal, and bioenergy. Each form has distinct 

advantages and specific characteristics, making them 

important components of the global energy balance. 

Sustainable development requires balancing 

economic growth, social equity, and environmental 

protection, along with the rational use of natural 

resources. Within this framework, the transition to 

renewable energy is a key factor in achieving targets 

related to greenhouse gas reduction, resource 

conservation, and energy security. According to 

international reports [2], the adoption of renewable 

energy significantly reduces the environmental 

footprint and fosters the advancement of “green” 

technologies. 

Despite their clear advantages, the deployment of 

renewable energy sources faces a number of 

technical, economic, and social barriers. For 

example, the production of solar panels and energy 

storage devices requires rare minerals, highlighting 

the challenge of material scarcity. Furthermore, the 

modernization of existing energy systems and 

infrastructure demands substantial investments and 

innovative technological solutions. 

This article focuses on the analysis of natural 

resource availability and the sustainability of 

renewable energy development. The study reviews 

current achievements, challenges, and prospects in 

the renewable energy sector, while also proposing 

potential solutions to resource limitations. The first 

part of the study provides a review of scientific 

literature and statistical data. The next section 

analyzes modern technologies and innovative 

approaches. The conclusion presents findings and 

recommendations for the further development of 

renewable energy. 

Figure 1 illustrates how the share of different 

energy sources in the global mix has changed from 

2015 to 2025. The lines represent the dynamics of 

solar energy (Solar), wind energy (Wind), 

hydropower (Hydro), and oil (Oil), showing their 

percentage contributions to the total energy balance 

each year. The data clearly demonstrate a steady 

increase in the share of renewables, particularly 

solar and wind power. 

Figure 1: Global Energy Mix (2015-2025) [3] - [5]. 

Table 1 presents the main types of renewable 

energy sources and their key characteristics, 

including advantages, limitations and examples of 

use. 

In particular, the share of solar energy increased 

from 2% in 2015 to 16% in 2025, while wind power 

rose from 3% to 17% over the same period. At the 

same time, the share of hydropower declined 

slightly, and the share of oil decreased significantly-

from 40% to 22%. These figures reflect the global 

trend toward a transition to more sustainable and 

environmentally friendly energy sources. The graph 

provides a clear visualization of these structural 

changes. 

Table 1: Main types of Renewable Energy sources and their characteristics. 

Energy 

Source 
Key Advantages Limitations Examples of Use 

Solar Energy 
Availability, environmental 

cleanliness 

Weather dependence, need for 

storage 

Photovoltaic panels, solar thermal 

systems 

Wind Energy High efficiency, scalability Environmental impact, noise 
Onshore and offshore wind 

turbines 

Hydropower High reliability, large capacity 
Impact on water systems, 

ecological effects 
Hydroelectric power plants 

Geothermal 
Consistency, low operating 

costs 

Localized potential, limited 

resources 
Geothermal power plants 

Bioenergy 
Waste utilization, closed-loop 

cycle 
Competition with food production Biogas plants 
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Ensuring resource availability and achieving 

sustainability in the energy sector are tasks that 

require an integrated approach and interdisciplinary 

research. The deployment of innovative 

technologies, the expansion of international 

cooperation, and the accelerated adoption of 

renewable energy sources are key factors for 

successfully addressing these global challenges. 

2 METHODS 

This study applied a comprehensive approach and 

advanced methods to assess the availability of 

resources and the sustainability of renewable energy 

development. The primary methods included data 

collection and statistical analysis, modeling and 

forecasting, experimental research, and the use of 

modern information technologies and software tools. 

Below, we provide a detailed description of the 

methodologies, materials, and instruments used. 

2.1 Literature Review and Primary 
Data Collection 

The first stage of the study consisted of a systematic 

review of existing sources of information, including 

scientific articles, reports from international 

organizations,  

national statistical services, and global databases. 

Sources [1], [2], [6], were utilized, containing up-to-

date data on the state of global energy, resource 

bases, and the prospects for renewable energy 

development. 

For collecting data on current resource 

availability, open-access databases such as those of 

the International Energy Agency (IEA), the World 

Bank, and national statistical agencies were used. 

Key indicators included fossil fuel reserves, annual 

energy production and consumption volumes, and 

renewable energy adoption rates. 

2.2 Statistical Analysis and Data 
Processing 

The collected data were processed and analyzed 

using statistical methods, including descriptive 

statistics, correlation analysis, regression analysis, 

and clustering techniques. The analysis was 

performed using R and Python, with specialized 

libraries such as pandas, NumPy, SciPy, and 

statsmodels (Table 2). 

Table 2: Key statistical indicators of the energy 

sector. 

Indicator Value Source 

Oil Reserves 1.7 trillion barrels [7] 

Annual Energy 

Consumption 
600 exajoules [2] 

Share of Renewables 12% [6] 

2.3 Modeling and Forecasting 

To assess future trends and scenarios for renewable 

energy development, methods of mathematical 

modeling and simulation modeling were applied. In 

particular, growth models (e.g., logistic growth 

models) and systems of differential equations were 

used. These models allow forecasting of technology 

adoption dynamics and resource base evolution on 

the basis of current data. 

For example, the growth of solar energy can be 

described by the following equation.  

Where: 

▪ P(t) is the installed capacity at time t;

▪ K is the carrying capacity (maximum potential

capacity);

▪ r is the growth rate;

▪ t0 is the inflection point of growth.

𝐶(𝑡) =
𝐶𝑚𝑎𝑥

1+𝑒−𝑘(𝑡−𝑡)0
.       (1) 

Where (1) C(t) is the cumulative capacity at time t, 

Cmax is the maximum potential capacity, k is the 

growth rate coefficient, and t0 is the inflection point. 

The model parameters were determined using the 

least squares method applied to historical data. 

2.4 Experimental Studies 

To evaluate the effectiveness of new technologies 

and materials in the field of renewable energy, both 

laboratory and field experiments were conducted. 

For instance, prototypes of solar panels employing 

novel photoactive materials were tested, as well as 

wind turbines with improved aerodynamic designs. 

The experimental setups included: 

▪ Laboratory test benches for photovoltaic cell

evaluation;

▪ Field installations for measuring the energy

yield of wind turbines;

▪ Measurement instruments for collecting data

on power output, efficiency, and 

environmental impacts. 

The experimental results were analyzed using 

statistical data processing methods and compared 

with existing technological benchmarks. 
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2.5 Modeling and Optimization of 
Energy Systems 

To enhance the efficiency and resilience of energy 
systems, optimization methods such as linear and 
nonlinear programming were applied. Specialized 
software tools, including MATLAB and GAMS, 
were employed for modeling scenarios of renewable 
energy integration into power systems. 
Example of an optimization problem: 
subject to: 
▪ Balance constraints:
▪ Technical limitations of equipment;
▪ Power quality requirements.

Here, Ploss,i represents the energy losses in the i-
th segment of the system, Pgen,i is the generation 
from renewable sources, Pcons,j is the consumption 
demand, and Pstorage denotes the contribution of 
energy storage systems. 

𝑚𝑖𝑛𝑥𝑍 = ∑ 𝑐𝑖𝑥𝑖
𝑛
𝑖=1 . (2) 

under the following conditions: 

∑ 𝑎𝑖𝑗𝑥𝑖 ≥ 𝑏𝑗 ,
𝑛
𝑖=1  Ɐj. (3) 

where represents the cost of utilizing resource i, are 
the influence coefficients, and are the system 
requirements. 

These models make it possible to determine the 
optimal parameters for the installation and operation 
of renewable energy systems, taking into account 
both economic and environmental criteria. 

2.6 Application of Information 
Technologies 

During the research process, modern information 
technologies and software tools were employed to 
enable data visualization and automated analysis. In 
particular: 
▪ Python (libraries pandas, matplotlib, seaborn)

was used for data processing and
visualization;

▪ Tableau and Power BI were applied to
develop interactive reports and dashboards;

▪ GIS systems were utilized for cartographic
analysis of the geographic distribution of 
resources. 

Additionally, the article includes tables of data 
and technology characteristics, which enhance 
understanding of the investigated issues. 

As a result of the applied methods, scientifically 
validated data were obtained, enabling reliable 
forecasting and the development of 
recommendations for the growth and utilization of 
renewable energy sources. All methods were 
adapted to the characteristics of the studied regions 
and technologies, ensuring the accuracy and 
relevance of the results. 

3 RESULTS 

This research produced numerous findings 
confirming the hypotheses formulated regarding 
natural resource availability and its role in ensuring 
the sustainable development of renewable energy. 
Based on analytical processing, modeling, and 
experimental studies, patterns, trends, and key 
indicators were identified that allow assessment of 
the current status, forecasting of future 
developments, and determination of the most 
effective pathways for further action. 

3.1 Statistical Analysis of the Current 
State of Natural Resources 

One of the initial stages of the research was to 
evaluate the current reserves and utilization of fossil 
and renewable resources. According to global data 
[7], oil reserves are estimated at approximately 1.7 
trillion barrels, while natural gas reserves are about 
200 trillion cubic meters. 

Figure 2 illustrates the ratio between fossil fuel 
reserves and the potential of renewable energy 
sources, highlighting the contrast between finite and 
essentially unlimited resources. 

Key statistical indicators for data analysis, 
including mean, standard deviation, and correlation, 
are presented in Table 3.  

Table 3: Key statistical indicators for data analysis (Mean, SD, Correlation, etc.) 

Resource Reserves Annual Consumption Remaining Reserves (2024) Source 

Oil 1.7 trillion barrels 4.2 billion barrels/year ~1.4 trillion barrels [7] 

Natural Gas 200 trillion m³ 3.3 trillion m³/year ~190 trillion m³ [7] 

Coal 1.1 trillion tonnes 7.8 billion tonnes/year ~1.07 trillion tonnes [8] 

Solar Energy Unlimited Constant Constant [3] 

Wind Energy Unlimited Constant Constant [3] 

Hydropower ~45,000 TWh (potential) ~3-4 TWh/year utilized Practically unlimited [4] 
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Figure 2: Comparison of fossil fuel reserves and 

renewable energy potential [5]. 

The analysis shows that oil and gas reserves are 

at a critical threshold, confirming the necessity of 

transitioning to alternative energy sources [1]. 

3.2 Current Trends in Renewable 
Energy Development 

Based on the collected data and modeling results, an 

assessment was carried out of the growth dynamics 

of renewable energy capacity across different types 

of energy sources over the past 15 years. 

3.2.1 Growth of Solar Energy 

Figure 3 illustrates the exponential growth of solar 

power plant capacity between 2010 and 2024. The 

results demonstrate a clear upward trajectory, 

reflecting the rapid deployment of photovoltaic 

technologies and declining installation costs. 

In 2010, the global installed capacity of solar 

panels was approximately 40 GW, while by 2024 it 

had exceeded 1,700 GW, reflecting an average 

annual growth rate of around 20% [5]. The graph 

presents the dynamics of global solar power capacity 

expansion over the period 2010-2024. 

Figure 3: Growth of global solar power capacity (2010–

2024) [4]. 

The curve clearly demonstrates sustained and 

accelerating growth: from 40 GW in 2010 to 1,700 

GW in 2024. A particularly sharp increase is 

observed after 2015, which can be attributed to 

technological advancements, the falling cost of 

photovoltaic panels, and enhanced government 

support programs in various countries. 

This growth highlights the global transition 

toward renewable energy, with solar power taking a 

leading role. The continuous expansion of solar 

capacity reflects both economic feasibility and the 

urgent need to combat climate change. The graph 

underscores the strategic importance of solar energy 

in shaping the planet’s future energy landscape. 

3.2.2 Wind Energy 

Figure 4 shows the distribution of installed wind 

turbine capacity across different regions of the 

world. 

Figure 4: Distribution of installed wind power capacity 

by country (2024) [9]. 

The most developed regions in terms of wind energy 

are China, the United States, and Europe, which 

confirms their strategic commitment to wind power 

development [9]. The diagram shows the distribution 

of installed wind power capacity among leading 

countries in 2024: 

▪ China: 200 GW;

▪ United States: 150 GW;

▪ Germany: 100 GW;

▪ India: 80 GW;

▪ Spain: 50 GW.

This comparative visualization emphasizes the 

dominant position of China and the United States in 

the global wind energy sector. 
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The data reflect the extent of national 

engagement in the transition to renewable energy 

sources. Countries such as Germany and India also 

demonstrate substantial efforts to expand capacity, 

despite differences in economic scale. Overall, the 

diagram highlights the growing contribution of wind 

energy to the global energy balance. 

3.2.3 Hydropower 

Figure 5 illustrates the steady growth of hydropower 

capacity, despite the environmental constraints 

associated with large-scale hydroelectric projects. 

The graph illustrates the gradual increase in 

global hydropower capacity over the period 2000-

2024. Starting at 3,000 TWh in 2000, hydropower 

generation demonstrated steady growth, reaching 

5,400 TWh by 2024. The linear trend reflects 

consistent investments and infrastructure expansion 

within this sector. 

Despite the rapid development of other 

renewable sources, hydropower remains an 

important and reliable element of the global energy 

balance. Its key advantages include high stability, 

predictability, and load regulation capability. The 

graph emphasizes that hydropower continues to play 

a significant role in the transition toward sustainable 

energy, even though its development is constrained 

by environmental and geographical factors. 

Figure 5: Growth of global hydropower capacity 

(2000–2024). 

3.3 Efficiency Analysis of Technologies 

Experimental research on new materials for solar 

cells demonstrated an increase in efficiency of 2-3% 

compared to traditional silicon-based panels [5]. 

This improvement is primarily achieved through the 

application of perovskite coatings and 

nanotechnologies (Table 4). 

Table 4: Comparison of modeling parameters used in 

logistic forecasting. 

Panel Type 
Efficiency 

(%) 

Cost 

($/W) 

Service 

Life 

(years) 

Source 

Silicon 20-22 0.3 25-30 [5] 

Perovskite 22-25 0.2 15-20 [5] 

Multifunctional 25-28 0.4 20-25 [1] 

New materials not only enhance efficiency but 

also reduce production costs, thereby facilitating 

wider adoption [10]. 

3.4 Forecasting Models and Scenarios 

Modeling based on data from the past 15 years 

shows that by 2030, global solar power capacity 

could reach 3,000 GW, provided that the current 

growth rates are maintained. 

In the most optimistic scenarios, the share of 

renewable energy in the global energy mix could 

reach 50-60% by 2040 [12]. 

Figure 6 illustrates the projected development of 

solar power capacity up to 2030, based on a logistic 

growth model. According to this model, the initial 

years show moderate increases, followed by a phase 

of accelerated growth (with an inflection point 

around 2020), and finally a slowdown toward 2030, 

as the curve approaches the maximum capacity of 

3,000 GW. 

Figure 6: Forecast of global solar power capacity to 2030 

using a logistic growth model [3], [7], [8]. 

This type of model reflects the typical adoption 

behavior of energy technologies: 

1) initial slow deployment;

2) rapid diffusion and mass adoption;

3) eventual market saturation.
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The red markers highlight key development 

stages: the start in 2010, active growth in 2024, and 

the approach to saturation by 2030. The graph 

provides a clear visualization of the potential and 

limits of solar energy growth. 

3.5 Environmental Impact of 
Technologies 

The study showed that the introduction of new 

technologies in solar and wind energy has reduced 

CO₂ emissions by 25-30% compared to 2020 levels 

(Table 5). 

Table 5: Estimates of reserves and consumption of major 

resources [3], [7], [8]. 

Technology 
CO₂ Reduction 

(%) 
Year Source 

New Solar Panels 15 2024 [9] 

Improved Wind 

Turbines 
10 2024 [4] 

Flexible Integrated 

Systems 
5 2024 [12] 

These results confirm that innovative 

technologies play a crucial role in the environmental 

dimension of renewable energy development. 

3.6 Summary of Analysis and Key 
Findings 

The analysis allows us to draw the following key 

conclusions: 

▪ Fossil fuel reserves are nearing depletion,

necessitating a rapid shift toward renewable

sources.

▪ The growth rates of solar and wind energy

exceed earlier forecasts, confirming strong

development dynamics.

▪ New materials and technologies significantly

improve efficiency and reduce equipment

costs.

▪ Renewable energy development can

substantially reduce environmental impacts

and lower greenhouse gas emissions.

▪ Innovation and large-scale deployment are

decisive factors for achieving sustainable

development goals.

Overall, the analyzed data demonstrate that 

current technological advances and trends in 

renewable energy development provide strong 

grounds for optimism about the future of clean 

energy. The introduction of new materials, the 

expansion of industrial-scale production, and the 

improvement of forecasting and efficiency 

assessment models are essential for achieving 

sustainability goals. 

4 DISCUSSION 

This article has examined key issues related to the 

availability of natural resources and the prospects for 

renewable energy development. Analysis and 

modeling confirm that despite significant 

technological progress, a number of challenges and 

limitations remain, requiring an integrated and 

multidisciplinary approach for further research. 

4.1 Fossil Resource Constraints and the 
Necessity of Transition to 
Renewables 

One of the central findings is the confirmation that 

reserves of oil, gas, and coal could be exhausted or 

severely reduced within the next few decades, 

posing a threat to the energy security of many 

nations [1], (Table 6). 

This analysis confirms the urgent need to 

identify alternative energy sources, which has been 

addressed within this study. The strongest evidence 

is the rapid growth in renewable energy sources, 

particularly solar and wind. 

Figure 7 illustrates that, despite their vast 

volumes, oil and gas reserves are finite, whereas the 

potential of solar, wind, and hydropower is 

practically unlimited. This underlines the strategic 

importance of transitioning to renewable energy 

sources. 

Table 6: Characteristics of Renewable Energy generation (solar and wind). 

Resource Reserves Annual Consumption Expected Depletion Time Source 

Oil 1.7 trillion barrels 4.2 billion barrels/year ~40 years [7] 

Gas 200 trillion m³ 3.3 trillion m³/year ~60 years [7] 

Coal 1.1 trillion tonnes 7.8 billion tonnes/year ~140 years [8] 
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Figure 7: Comparison of fossil fuel reserves and 

renewable energy potential with projected solar growth. 

The graph also presents the projected 

development of solar power capacity up to 2030, 

based on a logistic growth model. According to this 

model, the initial years show moderate increases, 

followed by a phase of accelerated growth (with an 

inflection point around 2020), and then a slowdown 

near 2030, as the curve approaches its maximum 

capacity of 3,000 GW. 

This growth trajectory reflects the typical adoption 

pattern of energy technologies: 

1) slow initial diffusion;

2) rapid expansion and mass deployment;

3) market saturation.

The red markers on the curve highlight key 

milestones: the starting point in 2010, the period of 

active growth in 2024, and the approach to 

saturation by 2030. The figure provides a clear 

visualization of the potential and boundaries of solar 

energy growth. 

Comparison of global fossil fuel depletion 

forecasts Table 6 compares other estimates of the 

remaining time inventory in global fossil fuels based 

on official datasets, such as those released by 

international energy agencies and statistical 

publications. 

The results of the study show that existing 

extractable oil may be exhausted within 

approximately 40 years, and natural gas resources 

could run out after a period of around 60 years if 

they are exploited at a common pace. Coal is the 

most secure, but there are resource  limitations in 

the long term. The addition of uranium and 

unconventional fossil fuels also accentuates the 

structural weaknesses in global energy security 

against the backdrop of growing demand. 

These depletion predictions confirm the basic 

finding of this  study: the use of fossil fuels is not 

sustainable for the mid-term and long-term future; 

therefore, switching to renewable energy sources is 

inevitable. The table also shows that the most 

plentiful fossil fuels are ultimately limited by 

technological, environmental, and geopolitical 

limitations. These projections further underscore the 

need to accelerate investment in solar, wind, and 

hydropower capabilities, as well as strategies for 

energy storage and grid modernization. Therefore, 

Table 6 adds more analytical depth to the discussion 

in the Discussion section and helps build the overall 

argument of this study concerning sustainable 

energy transitions. 

4.2 Current Trends in Renewable 
Energy Development 

Analysis of data over the past 15 years reveals 

significant growth rates in both solar and wind 

energy. For example, fig. 8 demonstrates the 

exponential increase in installed solar power 

capacity, from 40 GW in 2010 to over 1,700 GW in 

2024, corresponding to an average annual growth 

rate of around 20%. This expansion has been driven 

by the declining cost of equipment, government 

support programs, and technological innovations. 

Figure 8: Growth of installed solar power capacity 

(2010–2024). 

The analysis confirms that solar energy has 

become the most dynamically developing segment 

of renewable energy, driven by its widespread 

availability and technological progress [5]. 

At the same time, wind energy demonstrates 

steady growth, particularly in regions with favorable 

climatic conditions. Its regional distribution is 

illustrated in Figure 8, where China, the United 

States, and Europe are the leading contributors. 

The further development of hydropower remains 

important; however, its potential is constrained by 
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environmental considerations and geographical 

limitations. Figure 9 shows that over the past 20 

years, the growth of hydropower capacity has been 

relatively modest compared to solar and wind 

energy. 

Pie Chart: Distribution of Wind Energy Capacity 

among the Top Five Countries in 2024. 

The pie chart presents the distribution of installed 

wind power capacity among the five leading 

countries in 2024: 

▪ China - 200 GW;

▪ United States - 150 GW;

▪ Germany - 100 GW;

▪ India - 80 GW;

▪ Spain - 50 GW.

Each country is represented by a distinct color, 

and its percentage share of the global total is labeled 

on the corresponding sector of the chart. 

This distribution highlights the global leadership 

of China and the United States in wind energy 

development. Germany, despite having a smaller 

scale, maintains a strong position within Europe. 

India and Spain are also making substantial 

investments in renewable energy, contributing to the 

worldwide transition toward sustainable sources. 

Figure 9 provides a clear visualization of each 

country’s contribution to global wind energy 

potential. 

Figure 9: Growth of hydropower capacity over the past 

20 years (2000–2024). 

A general analysis shows that the development 

of renewable energy is driven primarily by solar and 

wind energy, which confirms the necessity of further 

investment and technological innovation. 

The accompanying bar chart presents the 

distribution of wind power capacity by country in 

2024. China leads with an installed capacity of 200 

GW, followed by the United States (150 GW), 

Germany (100 GW), India (80 GW), and Spain (50 

GW). The height of the bars allows for a 

straightforward comparison of each country’s 

contribution to global wind power development. 

This visual analysis underscores the strategic 

investments of the world’s largest economies in 

renewable energy. China and the United States 

demonstrate particularly active implementation of 

wind power projects, while European countries such 

as Germany and Spain continue to strengthen their 

sustainable energy policies. The graph highlights the 

importance of global cooperation in the clean energy 

sector. 

4.3 Technological Innovations and 
Efficiency Improvements 

Experimental studies of new materials demonstrated 

that the efficiency of solar panels can be increased to 

25-28%, which is 2-3% higher compared to

conventional silicon modules [5], (Table 7). The

integration of perovskite materials and

nanotechnologies contributes to both lower

production costs and higher efficiency, thereby

improving large-scale deployment potential.

Table 7: Comparison of solar panels by efficiency and cost 

[5], [1]. 

Panel 

Type 

Efficiency 

(%) 

Cost 

($/W) 

Service 

Life 

(years) 

Source 

Silicon 20-22 0.3 25-30 [5] 

Perovskite 22-25 0.2 15-20 [5], [1]] 

These advancements open new opportunities for 

scaling solar energy and reducing the cost of 

electricity generation. 

4.4 Forecasting Models and 
Development Scenarios 

Technological advancements not only increase 

energy efficiency but also help address 

environmental challenges by reducing greenhouse 

gas emissions. 

Tables 8 and 9 summarize fossil resource 

depletion forecasts, key trends, and observed 

indicators from 2010–2024, alongside projections to 

2030 and 2040. The summary highlights: 

▪ Solar and wind energy – accelerated growth

supported by cost reductions, new materials,

and technological improvements.

▪ Hydropower – stable but limited by

environmental and geographic constraints.
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Table 8: Comparison of fossil resource depletion forecasts [4], [5]. 

Resource Current Global Reserves Annual Consumption Expected 

Depletion Time 

Forecast 

Source 

Oil 1.7 trillion barrels 4.2 billion barrels/year ~40 years [7], [8] 

Natural Gas 200 trillion m³ 3.3 trillion m³/year ~60 years [7], [8] 

Coal 1.1 trillion tonnes 7.8 billion tonnes/year ~140 years [8] 

Uranium (conventional) 6.1 million tonnes 63,000 tonnes/year ~95 years IAEA, 2023 

Unconventional fossil 

resources 

~3.5 trillion barrels (oil 

equivalent) 

varies ~100-150 years BP Outlook, 

2023 

Table 9: Summary of key trends and findings. 

▪ Fossil fuels – progressive depletion, 

underscoring the need for renewable 

alternatives.  

▪ CO₂ reduction technologies – new 

photovoltaic systems, improved wind turbines, 

and integrated storage can substantially 

decrease emissions.  

▪ Economic trends – declining costs of

renewables enable large-scale adoption.

▪ Integration challenges – energy storage and

smart grid deployment remain critical for

reliable operation.

This overview illustrates the transformation of 

the global energy landscape, emphasizing the 

growing role of renewable energy and technological 

innovation in achieving sustainability by 2030 and 

2040. 

5 CONCLUSIONS 

This study demonstrates that modern forecasting 

models and technological advancements provide a 

clear understanding of renewable energy 

development prospects. Logistic growth models 

project that global solar capacity could surpass 3,000 

GW by 2030, transforming the energy mix and 

reducing dependence on fossil fuels. If current 

trends continue, renewables may constitute 50–60% 

of global energy by mid-century. 

Technological innovations, including advanced 

photovoltaic materials, wind turbine improvements, 

and energy storage solutions, enhance efficiency, 

reduce production costs, and facilitate large-scale 

deployment. Hydropower remains stable but 

geographically constrained. The depletion of fossil 

resources underscores the urgent need for 

transitioning to renewable sources to ensure energy 

security and economic stability. 

Challenges persist, particularly in energy storage, 

grid integration, and infrastructure modernization. 

The development of smart grids, digital 

technologies, and integrated storage systems is 

essential to ensure stable and reliable energy supply. 

Overall, the findings confirm that renewable 

energy development is both a necessity—driven by 

resource depletion and environmental concerns—

№ Trend / Indicator 2010-2024 Observation 
Forecast to 2030 / 

2040 
Key Drivers Source 

1 Solar Energy Growth 
40 GW → 1700 GW 

(+20% yillik o‘sish) 
2030: 3000 GW 

Cost reduction, new 

materials 
[5], Model 

2 
Wind Energy 

Expansion 

Xitoy & AQSh yetakchi: 

200-150 GW

Barqaror +5-8% yillik 

o‘sish 

Turbina 

innovatsiyalari, 

subsidiyalar 

[4], [9] 

3 Hydropower Stability 
3000 → 5400 TWh 

(barqaror) 
Cheklangan o‘sish 

Ekologik cheklovlar, 

geografiya 
[4], [9] 

4 Fossil Fuel Depletion 
Neft 1.7 trln bbl → 40 

yil qoldi 

2040+: tanqislik 

kuchayadi 

Yoqilg‘iga talab, 

siyosat 
[7], [8] 

5 
CO₂ Reduction via 

Technologies 
25-30% kamayish Yana -40% ga imkon 

Yangi PV, shamol 

turbinalari, storage 
[4], [11] 

6 Economic Trends 
Solar narxi −85% 2010-

2024 

Qayta tiklanuvchilar 

arzonlashadi 

Mass-proizvodstvo, 

innovatsiya 
[5] 

7 Limitations & Risks 
Storage past, integratsiya 

qiyin 

Smart grid + AI bilan 

yumshaydi 
Smart grid, AI, storage [1] 
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and an opportunity to reduce the ecological footprint 

and combat climate change. Achieving global 

sustainable development goals requires continued 

investment in research, technological innovation, 

and international cooperation. 
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