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Application of Renewable Energy Sources in the Mining
Industry: Assessment of Ecological and Economic Potential

Zeynal Abasov

Abstract. This article comprehensively assesses the ecological and economic potential of applying
renewable energy sources in the mining industry. The primary objective of the study is to determine
the feasibility of reducing dependence on conventional energy sources and integrating alternative
energy solutions into industrial processes. The article analyzes the application prospects of solar,
wind, hydro, and other renewable energy sources in the mining sector, examining their impact on
production processes and their contributions to energy efficiency. Furthermore, the issues of
reducing carbon dioxide emissions, environmental protection, and ensuring ecological sustainability
as outcomes of implementing these technologies are elaborated upon in detail. Within the framework
of the study, the experiences of various countries are comparatively analyzed, and the economic
effectiveness of contemporary energy models applied in the mining industry is evaluated. The
advantages of alternative energy sources are identified in terms of capital investment, operational
costs, and long-term economic benefits. The findings indicate that the application of renewable
energy sources in the mining industry represents an approach that is not only ecologically sound but
also economically viable. This, in turn, holds considerable significance for ensuring energy security
and achieving the sustainable development of the industry in the future.
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Dag-moadon sonayesinda barpa olunan enerji manbolorinin
tatbiqi: Ekoloji vo iqtisadi potensialin qiymatlondirilmasi

Zeynal Abasov

Xiilasa. Bu magaloda madan sonayesinda barpa olunan enerji manbalorinin tatbiginin ekoloji va
iqtisadi potensiali kompleks sakilds qiymoatlondirilmisdir. Tadgiqatin asas magsadi ananavi enerji
manbalarindon asililigin  azaldilmasi va alternativ enerji hallorinin sonaye proseslorina
inteqrasiyasinin samaraliliyini miiayyaon etmakdan ibaratdir. Maqalada giinag, kiilok, hidro va digar
barpa olunan enerji manbalarinin madan sektorunda tatbiq imkanlart tahlil edilmis, onlarin istehsal
proseslorina tasiri va enerji somoaraliliyina verdiyi tohfalor arasdirilmigdir. Eyni zamanda, bu
texnologiyalarin tatbiqi naticasinda karbon qazi emissiyalarimin azaldilmasi, atraf miihitin qorunmasi
va ekoloji dayanighgin tomin olunmasi masalalori genis sakilda nazordon kegirilmisdir. Todgiqat
car¢ivasinda miixtalif olkalorin tacriibalori miiqayisali sakilda tahlil edilmis, madan sanayesinda tatbiq
olunan miiasir enerji modellarinin igtisadi effektivliyi giymatlondirilmisdir.

246


https://doi.org/10.36719/2663-4619/130/246-262
https://orcid.org/0009-0008-8620-7542
https://orcid.org/0009-0008-8620-7542

Zeynal Abasov

Kapital qoyulusu, amaliyyat xarclori va uzunmiiddatli iqtisadi faydalar baxuimindan alternativ enerji
manbalarinin iistinliiklori miiayyan edilmisdir. Naticalor gostorir ki, barpa olunan enerji
manbalarinin madon sanayesinda tatbiqi yalniz ekoloji baximdan deyil, ham do iqtisadi cohatdon
samarali yanasma kimi ¢ixis edir. Bu isa galocokdo enerji tohliikasizliyinin tomin olunmasi va
sanayenin dayaniqli inkisafi ii¢tin miihiim ahamiyyat kasb edir.
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Introduction

The development dynamics of the global economic system in the modern era are accompanied by a
continuous increase in demand for energy resources. Concurrently, global challenges such as climate
change, rising carbon emissions, and environmental degradation have necessitated a reassessment of
operational models across industrial sectors. In this context, conventional approaches to energy
production and consumption are gradually undergoing transformation, being replaced by more
sustainable and ecologically responsible models. This transformation process is particularly
pronounced in sectors characterized by high energy intensity.

The mining industry, while serving as one of the fundamental pillars of the global economy, plays a
significant role in ensuring industrial production and facilitating the energy transition. This sector
forms the essential raw material base required for the development of both the conventional energy
sector and next-generation technologies. At the same time, the mining industry is characterized by
high energy consumption and carbon emissions, rendering it one of the critical sectors in terms of
environmental impact. In this regard, the optimization of energy use and the application of alternative
energy sources in the mining sector constitute not merely an economic necessity, but an ecological
imperative as well (Abdullayev, 2020).

Conventionally, energy supply in the mining industry has been primarily ensured through fossil fuels.
This leads to increased carbon emissions, air and soil pollution, as well as the disruption of
ecosystems. Furthermore, the fact that the majority of mining sites are located in remote regions with
underdeveloped infrastructure further complicates energy supply and generates additional logistical
costs. Under these conditions, the application of renewable energy sources is regarded as a promising
solution both for enhancing the stability of energy supply and for optimizing operational costs.

In recent years, the rapid advancement of renewable energy technologies, particularly solar and wind
energy, has expanded their applicability across industrial sectors. The declining cost of technologies
and the increasing accessibility of energy production have notably stimulated investment interest in
this field. Moreover, advancements in energy storage technologies are creating conditions for
overcoming the instability problems posed by intermittent energy sources. These factors render the
application of renewable energy sources in the mining industry increasingly feasible and
economically justified.

International experience demonstrates that the application of renewable energy sources in the mining
industry is not limited solely to reducing environmental impacts. This approach simultaneously
enables the reduction of long-term energy costs, the enhancement of energy security, and the
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minimization of dependence on energy price volatility. Furthermore, such approaches positively
influence the improvement of companies' ESG (Environmental, Social, and Governance) indicators
and the enhancement of their investment attractiveness. This, in turn, creates additional advantages
for companies operating in global capital markets (Aghaei & Alizadeh, 2013).

Nevertheless, the application of renewable energy sources in the mining industry cannot be regarded
as a universally straightforward and unproblematic process. A number of technical, economic, and
institutional constraints exist in this domain. High initial capital investment costs, the intermittent
nature of energy production, technological compatibility challenges, and the inadequate development
of the regulatory framework constitute the principal difficulties of this process. For this reason, the
application of renewable energy sources must be evaluated with due consideration of the specific
characteristics of each individual mining project.

Although the application of renewable energy sources across various industrial sectors has been
extensively investigated in the existing scholarly literature, the comprehensive assessment of the
ecological and economic potential of such applications in the mining industry — that is, on the basis
of an integrated approach — has not been presented in a sufficiently systematic manner. The majority
of studies focus either on technological aspects or on individual economic indicators, which limits a
holistic analysis of the subject. At the same time, the investigation of regional specificities and the
applicability for developing countries also remains at a limited level.

In this regard, the present study aims to comprehensively assess the ecological and economic potential
of applying renewable energy sources in the mining industry, to conduct a comparative analysis of
international experience, and to identify application prospects for Azerbaijan on the basis of the
findings obtained. This approach ensures that the subject is investigated in a direction that allows for
more systematic and practically significant conclusions to be drawn.

The Purpose of the Study

The primary objective of this study is to assess the ecological and economic potential of applying
renewable energy sources in the mining industry. Within the framework of the research, the
integration of alternative energy sources into industrial processes, their efficiency, and their long-
term impacts have been examined (BPS, 2022).

In accordance with the purpose of the study, the following objectives have been identified:

1. To analyze the characteristics and challenges of conventional energy sources used in the mining
industry;

2. To examine the application prospects of renewable energy sources (solar, wind, etc.);

3. To assess the ecological impact of these sources;

4. To analyze the economic efficiency of alternative energy technologies;

5. To identify application prospects by examining international experience.

In recent years, scholarly interest in the application of renewable energy sources for the purpose of
optimizing energy consumption and reducing environmental impacts in the mining industry has
increased considerably. Internationally adopted strategies aimed at combating climate change and
reducing carbon emissions have stimulated the formation of new approaches in this field.

The mining industry has conventionally been regarded as one of the most energy-intensive sectors
and remains predominantly dependent on fossil fuels. This gives rise to both high operational costs
and adverse environmental impacts. A number of studies indicate that energy costs in the mining
industry may constitute 15-40% of total operational expenditures. For this reason, the application of
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alternative energy sources holds strategic significance from both an economic and an ecological
standpoint (Aliyev, 2020).
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According to reports by the International Energy Agency (IEA), solar and wind energy have been the
most rapidly developing energy sources over the past decade. The application of these energy sources
has become particularly widespread at mining sites located in remote areas with inadequate energy
infrastructure. This approach not only reduces dependence on diesel generators but also enables the
optimization of energy costs.

Figure 1
Visual map of scholarly research directions in renewable
energy and the mining industry

The application of solar energy in the mining industry has been extensively investigated in the
scholarly literature. Studies indicate that, despite high initial capital investment, solar energy is
distinguished by low operational costs over the long-term perspective and is considered economically
viable. Wind energy, in turn, serves as an effective alternative particularly in regions situated in open
areas with high wind potential (Dincer, 2000).

Some researchers evaluate the application of hybrid energy systems as a more optimal solution. In
these systems, the combined use of solar, wind, and diesel generators ensures the continuity of energy
supply and mitigates energy-related risks. Concurrently, advancements in energy storage
technologies further enhance the effectiveness of such systems.

On the other hand, several authors also note the challenges that exist in the application of renewable
energy sources. These include high initial investment costs, technological uncertainties, limited
capacities of energy storage systems, and infrastructure deficiencies in certain regions.
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From a theoretical standpoint, the principal approach in this field is associated with the concept of
sustainable development. This concept envisages the balancing of economic development with
ecological and social factors. The application of renewable energy sources in the mining industry
serves to ensure this balance and to enhance the long-term sustainability of the sector. The structure
and principal directions of scholarly research conducted in the field of renewable energy and the
mining industry are of a complex nature. In contemporary approaches, the thematic classification and
interrelations of studies carried out in this field are of particular significance (McKinsey, 2022).

In this regard, a visual analysis of the scholarly literature on the subject enables a more precise
identification of research directions.

As can be observed from Figure 1, research conducted in the field of renewable energy and the mining
industry is grouped along several principal directions. Among these directions, renewable energy
sources, energy efficiency, reduction of carbon emissions, and economic analysis emerge as the
primary subjects.

The central positioning of concepts such as "renewable energy", "mining", and "sustainable
development" in the visual map indicates that these fields constitute the principal direction in
scholarly research. At the same time, the close interrelation of concepts such as "carbon emissions",
"environmental impact", and "energy efficiency" confirms that ecological challenges represent one
of the core components of research conducted in this domain.

Furthermore, the presentation of concepts such as "solar energy", "wind power", and "energy
management" as distinct clusters demonstrates that renewable energy technologies occupy a
particular place in scholarly research. This, in turn, reaffirms the relevance of applying renewable
energy sources in the mining industry (Sliyev, 2019).

Overall, the visual analysis presented indicates that scholarly research conducted on the subject is of
a multidisciplinary nature and is shaped on the basis of the interrelation of energy, economic, and
ecological aspects.

Methodology

In this study, a comprehensive methodological approach has been employed for the purpose of
assessing the ecological and economic potential of applying renewable energy sources in the mining
industry. The research is primarily grounded in analytical and comparative analysis methods.

Within the framework of the study, existing scholarly literature, reports of international organizations,
and statistical data were systematically analyzed at the initial stage. Through this approach, prevailing
theoretical and practical perspectives pertaining to the application of renewable energy sources in the
mining industry were synthesized.

Concurrently, the experiences of various countries were examined on a comparative basis. To this
end, energy models applied in Canada, Australia, and other countries were analyzed and their
effectiveness was evaluated.

Economic analysis methods were also employed in the study. Within this framework, capital
investment, operational costs, and long-term economic benefits associated with the application of
alternative energy sources were taken into consideration. The optimization of energy costs and
investment efficiency served as the principal evaluation criteria.

In the assessment of ecological aspects, the reduction of carbon emissions, the minimization of
environmental impact, and the principles of sustainable development were adopted as the
foundational basis (Energy Institute, 2024).
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The methodological foundation of the study is constituted by a systemic approach. Within the
framework of this approach, energy use in the mining industry was assessed in a comprehensive
manner — across technical, economic, and ecological dimensions. The systemic approach enabled
the consideration of the interplay between various factors and facilitated the attainment of more
objective conclusions.

Both qualitative and quantitative analysis methods were employed throughout the research process.
Within the framework of qualitative analysis, existing scholarly approaches, theoretical models, and
international experience were examined. Quantitative analysis, in turn, was conducted on the basis of
a comparison of indicators such as energy costs, emission metrics, and investment efficiency.

Furthermore, the scenario analysis method was employed. Through this approach, possible
development scenarios across various energy models — namely conventional and renewable energy-
based systems — were examined, and their potential outcomes were evaluated. Scenario analysis
facilitated a more substantiated decision-making process under conditions of uncertainty.

A comparative advantages analysis was also conducted in the study. Within this framework, the
economic and ecological differences between conventional and renewable energy sources were
systematically compared. In particular, energy consumption, operational costs, and carbon emissions
were adopted as the principal criteria for comparison.

One of the significant elements of the methodology is risk assessment. Within this framework,
technical, financial, and institutional risks that may arise during the application of alternative energy
sources were examined. The identification of risks created conditions for a more realistic evaluation
of future application prospects.

Finally, for the purpose of ensuring the reliability of the study's findings, a comparative verification
of data obtained from various sources was conducted. This approach enhanced the objectivity and
scholarly rigor of the conclusions (European Commission, 2022).

In this study, comparative analysis, literature review, and statistical data analysis methods were
employed for the purpose of evaluating the effectiveness of applying renewable energy sources in the
mining industry. Within the framework of the research, data were systematized and synthesized on
the basis of reports from international organizations, scholarly articles, and national sources.

The mining industry is regarded as one of the most energy-intensive industrial sectors, and the
predominant share of energy consumed in this field has conventionally been based on diesel fuel and
other fossil energy sources. Diesel generators are extensively utilized as the primary energy source
particularly at mining sites located in remote regions with underdeveloped energy infrastructure. This,
in turn, creates additional logistical challenges.

Dependence on fossil fuels gives rise to serious challenges not only from an economic standpoint but
also from an ecological perspective. Diesel-based energy systems not only cause high levels of carbon
emissions but also result in the release of other harmful gases into the atmosphere. This exerts an
adverse effect on the acceleration of climate change and the degradation of the environment. These
impacts are observed with particular clarity in open-pit mines and large-scale extraction processes.
Scholarly research conducted in recent years and reports by international organizations indicate that
the application of renewable energy sources in the mining industry can play a significant role in
addressing these challenges. Alternative sources such as solar and wind energy create opportunities
not only for the reduction of emissions but also for the optimization of energy costs. In particular, the
rapid advancement of solar energy technologies and the decline in their costs have rendered their
application in this field more favorable.
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Analyses conducted indicate that although the initial investment costs of solar and wind energy are
high, operational costs are considerably lower over the long-term perspective. Particularly at remote
mining sites, where the transportation of diesel fuel generates additional expenditure, renewable
energy becomes more cost-effective. This leads to both an increase in economic efficiency and a
considerable reduction in carbon emissions. Based on various studies, the application of renewable
energy technologies results in a 20-40% reduction in energy costs at mining enterprises.
Concurrently, a 30—-60% reduction in carbon emissions is observed, which constitutes a significant
indicator from the standpoint of ecological sustainability (OECD, 2021).

The particularly rapid advancement of solar energy in recent years is explained by its increasing
technological accessibility and greater economic viability. Although wind energy also plays an
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important role, it lags behind solar energy in terms of growth rate. Hydropower, while representing a
more stable source, demonstrates comparatively limited dynamics in terms of new capacity additions.

The figure below presents the growth dynamics of renewable energy capacity in recent years, as well
as the structure of newly added energy capacities for the year 2025.

As can be observed from the figure, a sustained increase in renewable energy capacity has been
recorded in recent years, with the predominant share of this growth attributable to solar energy. The
dominance of solar energy among the newly added energy capacities in 2025 is associated with its
technological advancement and economic accessibility.

Figure 2
Growth of renewable energy capacity and the structure of newly added capacities in 2025

This dynamic is also of considerable significance for the mining industry. The rapid development of
solar energy and its broad application prospects render it an optimal energy source particularly for
remote mining sites. At the same time, wind energy serves as an additional energy source in certain
regions, enabling the diversification of energy supply (REN21, 2023).
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Contemporary research indicates that the Levelized Cost of Energy (LCOE) indicators for renewable
energy sources have decreased considerably in recent years and have, in many instances, become
more competitive in comparison with conventional energy sources.
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The figure below presents a comparison of LCOE indicators across various energy sources.

As can be observed from the figure, LCOE indicators for renewable energy sources are, in many
instances, at a lower level in comparison with conventional energy sources. In particular, onshore
wind energy and utility-scale solar energy are distinguished by the lowest energy production costs.

The fact that solar energy falls within the range of 30—40 $/MWh in certain cases indicates that it has
become one of the most economically favorable energy sources. Wind energy similarly enables

energy production at comparably low costs (Gielen, Boshell, Saygin, Bazilian, Wagner, & Gorini,
2019).

This difference is of particular significance for the mining industry. For mining enterprises that have
conventionally relied on diesel and gas-based energy systems, a transition to renewable energy
sources may result in a reduction of operational costs over the long-term perspective.

Figure 3
Comparison of the levelized cost of energy (LCOE) across various energy sources

At the same time, as can be observed from the figure, the primary costs associated with renewable
energy sources are related to initial capital investment; however, operational costs are comparatively
low. This indicates that these technologies are more efficient for long-term mining projects.

In conclusion, the high fuel costs associated with conventional energy sources increase dependence
on price volatility, thereby elevating economic risks. Renewable energy sources, in this regard,
present a more stable and predictable energy model.

Overall, the LCOE comparison presented demonstrates that the application of renewable energy
sources in the mining industry constitutes a direction that is justified and prospective not only from
an ecological but also from an economic standpoint.

The mining industry is regarded as one of the most environmentally sensitive and intensive industrial
sectors. The energy sources utilized in this field, particularly fossil fuels, give rise to high levels of
carbon emissions and other ecological challenges. In this regard, the application of renewable energy
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sources serves as a significant instrument for reducing the environmental impacts of the mining
industry (Hiiseynov, 2021).

Diesel and coal-based technologies employed in conventional energy systems represent one of the
primary sources of carbon dioxide emissions. The utilization of these energy sources results in the
release of large volumes of carbon dioxide (CO:), nitrogen oxides (NOx), and other harmful
substances into the atmosphere. This not only accelerates climate change but also leads to the
deterioration of air quality and adverse effects on human health.

The application of renewable energy sources creates opportunities for mitigating these adverse
impacts. Alternative energy sources such as solar and wind energy are characterized by near-zero
emissions during the operational phase. This attribute renders them among the most ecologically
suitable energy sources for the mining industry.

International research indicates that, as a result of implementing renewable energy systems at mining
sites, a reduction of carbon emissions in the range of 30-70% is achievable. This enables a
considerable reduction in the adverse impact of the mining industry on the global carbon balance.

At the same time, the application of renewable energy sources also creates conditions for the
improvement of environmental management systems in the mining industry. This enables companies
to operate in accordance with international ecological standards and to improve their ESG
(Environmental, Social, and Governance) indicators. The improvement of ESG indicators, in turn,
plays a significant role in attracting international investment flows (Owusu & Asumadu-Sarkodie,
2016).

Another significant point is the reduction of ecological risks arising during the processes of energy
production and consumption. Leakages and accidents that may occur during the transportation and
storage of diesel fuel can give rise to serious ecological challenges. The application of renewable
energy sources eliminates these risks, thereby forming a safer and more sustainable energy system.

It should be noted, however, that renewable energy sources are not entirely without impact. The
production and disposal of solar panels, for instance, may be accompanied by certain ecological
effects. Nevertheless, when the overall life cycle is taken into consideration, these impacts are at a
considerably lower level in comparison with conventional energy sources.

Overall, the analyses conducted indicate that the application of renewable energy sources in the
mining industry presents significant ecological advantages. This approach serves not only the
reduction of carbon emissions but also the protection of the environment, the enhancement of
ecosystem sustainability, and the ensuring of the long-term ecological safety of the industry.

Energy supply in the mining industry constitutes one of the principal components of operational costs.
Particularly at mining enterprises located in remote areas with limited infrastructure, energy costs
may account for a significant portion of total production expenditures. In this regard, the assessment
of the economic efficiency of energy sources is of considerable importance for the sustainable
development of the mining industry (International Energy Agency, 2023).

Discussion

Conventionally, energy supply in the mining industry is primarily ensured through diesel generators.
However, the high price of diesel fuel, transportation costs, and price volatility render this energy
model economically unstable. In particular, the delivery of fuel to remote areas generates additional
logistical costs and increases the overall cost of energy.
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In recent years, the advancement of renewable energy technologies and the decline in their costs have
created new economic opportunities in this field. Although alternative sources such as solar and wind
energy require initial capital investment, their operational costs are comparatively low. This
characteristic leads to a reduction in overall energy costs over the long-term perspective.

One of the most widely employed indicators for assessing the economic efficiency of energy sources
is the levelized cost of energy.

As can be observed in Figure 4, renewable energy sources — particularly onshore wind and solar
energy — possess lower LCOE indicators in comparison with other energy technologies. This
demonstrates that they are more competitive from an economic standpoint (Quliyev, 2022).

The relatively low-cost energy production of solar photovoltaic systems and onshore wind energy
constitutes one of the primary reasons for their widespread adoption in recent years. In contrast, costs
in nuclear energy and gas-based energy technologies remain at a higher level, rendering them less
favorable from an economic perspective.

At the same time, the figure indicates that while the primary costs associated with renewable energy
technologies are related to initial investment, operational costs are low. This characteristic is of
particular significance for long-term mining projects.

The application of renewable energy sources creates opportunities not only for the reduction of energy
costs but also for ensuring long-term economic stability. The implementation of such energy projects
requires substantial capital expenditure (CAPEX) at the initial stage. However, these costs are
compensated over time through lower operational expenditures (OPEX). Over the long-term
perspective, this model is considered more efficient, and the return on investment period reaches a
satisfactory level.

Another significant economic advantage is the reduction of dependence on energy price volatility.
Price fluctuations occurring in fossil fuel markets increase economic risks in the mining industry.
Renewable energy sources, in this regard, present a more stable energy model and facilitate long-term
planning (International Renewable Energy Agency, 2022).

At the same time, the application of renewable energy technologies creates additional economic
opportunities for mining companies. For instance, in certain cases, surplus generated energy may be
transmitted to other consumers, thereby serving as an additional source of revenue. Furthermore, the
reduction of carbon emissions gives rise to opportunities for participation in carbon credit markets,
which provides additional economic benefits.

Nevertheless, certain economic challenges also exist. The high level of initial investment costs and,
in certain cases, the requirement for additional infrastructure to implement the technologies are
regarded as among the principal obstacles in this field. However, the advancement of technology and
the expansion of financial instruments are creating conditions for the gradual resolution of these
challenges.
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Overall, the analyses conducted indicate that the application of renewable energy sources in the
mining industry constitutes an economically justified and efficient approach. This approach serves
not only the reduction of costs but also the ensuring of economic stability, the mitigation of risks, and
the formation of long-term sustainable development (Saidur, Rahim, Islam, & Solangi, 2011).

Figure 4
Levelized cost of energy (LCOE) across various energy technologies

The application of renewable energy sources in the mining industry, while offering significant
advantages, is also accompanied by a number of risks and challenges. One of the principal challenges
is the high initial investment costs, which particularly complicate the realization of projects at remote
mining sites (U.S. Energy Information Administration, 2023).

Furthermore, the intermittency of solar and wind energy poses a risk to the continuity of energy
supply. The integration of existing infrastructure with these systems is technically complex and
requires additional resources and qualified personnel. The limited capacity of energy storage
technologies also constitutes one of the factors that complicates implementation.

Technological and financial risks are also of considerable significance. Uncertainties regarding the
long-term effectiveness of equipment, volatility in energy markets, and limited access to financial
resources affect the efficiency of projects. The inadequacy of the legal and institutional framework,
as well as personnel shortages, further complicate this process.

Overall, the effective management of these risks and proper planning are regarded as the fundamental
prerequisites for the successful implementation of renewable energy projects.

As presented in Figure 5, the risks associated with the application of renewable energy sources in the
mining industry have been systematized across various categories. Each of these risks exerts a
different level of influence on the realization of projects. Their comprehensive assessment is therefore
imperative (International Renewable Energy Agency, 2023).
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Financial risks are primarily associated with high initial investment costs and market volatility.
Technical risks, in turn, are related to the intermittency of energy production and the integration of
existing infrastructure. At the same time, institutional and legal challenges constitute one of the
significant factors capable of delaying the execution of projects.
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Figure 5
Classification of principal risks in renewable energy projects

In this regard, the application of a comprehensive approach to risk management — encompassing
technological advancement, state support, and effective planning — is of considerable importance.

Azerbaijan, while possessing abundant natural resources, has conventionally maintained an economic
model based on oil and gas extraction in the energy sector. However, in recent years, global energy
transition processes and escalating challenges associated with climate change have necessitated the
diversification of the country's energy policy. In this context, the development of renewable energy
sources and their application across various industrial sectors, including the mining industry, is of
considerable significance.

The geographical and climatic characteristics of Azerbaijan create favorable conditions for the
development of renewable energy sources. Solar energy potential is particularly high. The elevated
solar radiation across the majority of the country's regions renders the application of solar energy
economically attractive. At the same time, wind energy potential along the Caspian Sea coastline and
on the Absheron Peninsula is also sufficiently high. This creates broad opportunities for the
application of alternative energy sources in the mining industry (Jowitt, et al., 2020).

The application of renewable energy sources in the mining industry is particularly relevant for sites
with underdeveloped energy infrastructure or those located off-grid. Since certain mineral deposits in
Azerbaijan are situated in mountainous and remote regions, conventional energy supply in these areas
presents challenges from both technical and economic perspectives. In this regard, alternative sources
such as solar and wind energy can serve as effective means for resolving these challenges.

State policy also plays a significant role in this direction. A number of strategic programs and state
documents have been adopted in Azerbaijan for the purpose of developing the renewable energy
sector. Within the framework of these documents, increasing the share of alternative sources in energy
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production, enhancing energy efficiency, and reducing carbon emissions have been identified as the
principal priorities. Incentive mechanisms implemented by the state and international cooperation
projects accelerate the development of this sector.

At the same time, reforms being carried out in Azerbaijan in the direction of modernization and
digitalization of the industrial sector create favorable conditions for the renewal of energy systems in
the mining industry as well. This renders the application of renewable energy technologies more
realistic and feasible. The concept of "green energy zones" in particular creates new opportunities in
this direction (Kaldellis, 2010).

Furthermore, Azerbaijan's participation in international energy projects and its role in the global
energy market provides additional impetus for the development of renewable energy sources. The
commitments undertaken by the country within the framework of the Paris Climate Agreement
require the reduction of carbon emissions and the enhancement of ecological sustainability. This, in
turn, necessitates the application of alternative energy sources in the mining industry as well.

Nevertheless, certain challenges also exist. The limited nature of technological capabilities, the
incomplete provision of access to financial resources, and in certain cases the insufficient
development of infrastructure affect the pace of development in this field. At the same time, shortages
of qualified personnel and limited experience in the implementation of new technologies also create
certain obstacles.

Notwithstanding these challenges, given the existing potential and state support, it is clearly evident
that broad prospects exist for the application of renewable energy sources in the mining industry in
Azerbaijan. Projects to be implemented in this direction can make a significant contribution not only
to the enhancement of energy efficiency but also to the resolution of ecological challenges and the
ensuring of economic sustainability (Karimov, 2023).

The development of renewable energy sources in Azerbaijan is also one of the priority directions of
state policy. In particular, the implementation of solar and wind energy projects is planned within the
framework ofthe "green energy zone" concept in the Karabakh and East Zangezur economic districts.

These initiatives create opportunities for the diversification of the country's energy balance, the
reduction of carbon emissions, and the more sustainable operation of industrial sectors, including the
mining sector. The future expansion of these projects may accelerate the application of renewable
energy technologies in the mining industry.

Overall, the application of renewable energy sources in the mining industry holds strategic
significance for Azerbaijan, and the development of this field plays an important role in terms of
strengthening the country's energy security, achieving economic diversification, and ensuring
ecological sustainability (KPMG, 2021).
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The geographical distribution of renewable energy potential in Azerbaijan is illustrated in Figures 6
and 7.
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Figure 7

Geographical map of solar photovoltaic energy sources in Azerbaijan

As can be observed from the figures, different regions of Azerbaijan possess varying potential in
terms of renewable energy sources. Solar energy potential is particularly sufficient across extensive
territories of the country, which demonstrates its broad application prospects.

Wind energy potential, in turn, is predominantly concentrated along the Absheron Peninsula and the
Caspian Sea coastline. As these regions are characterized by high wind speeds, they are regarded as
more favorable from the standpoint of energy production.
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These geographical advantages create broad opportunities for the application of alternative energy
sources in the mining industry. Particularly for mining sites located in remote areas with
underdeveloped energy infrastructure, the utilization of this potential can serve as an economically
and ecologically effective solution.

The findings of the conducted research indicate that the application of renewable energy sources in
the mining industry is not merely a technical and economic matter, but rather a complex process that
encompasses strategic, institutional, and ecological aspects simultaneously. In this regard, the
analysis of the findings obtained in a broader context and their comparison with existing approaches
is of considerable importance (Lazard, 2023).

Global experience demonstrates that in developed countries, the application of renewable energy
sources in the mining industry is implemented at a more rapid pace.

This is primarily explained by the high level of technological advancement in those countries, the
breadth of access to financial resources, and the more stable and incentivizing normative-legal
framework. In developing countries, however, this process proceeds at a comparatively slower pace,
which is associated with financial constraints, deficiencies in technical knowledge, and institutional
challenges.

In this context, Azerbaijan's position merits particular attention. Azerbaijan holds a strong position in
the conventional energy sector as a country endowed with abundant hydrocarbon reserves, while
simultaneously possessing favorable geographical conditions in terms of renewable energy potential.
This creates a unique situation for the country and facilitates the gradual and balanced implementation
of the energy transition.

At the same time, the analysis conducted indicates that the application of renewable energy sources
in the mining industry is not limited solely to the optimization of energy costs. This approach also
plays a significant role in terms of improving the ecological indicators of enterprises, reducing carbon
emissions, and aligning with international ecological standards. This, in turn, enhances the investment
attractiveness of companies and strengthens their competitiveness in global markets.

On the other hand, certain risks and constraints also exist in this field. In particular, the intermittency
of energy production, the high level of initial investment costs, and the insufficient development of
technical infrastructure serve as the principal obstacles to this process. It should be noted, however,
that the rapid advancement of technology and the widespread application of energy storage systems
are creating conditions for the gradual resolution of these challenges (Mammadov, 2021).

Furthermore, institutional and governance aspects are also of particular significance. For the
successful implementation of renewable energy projects, it is essential that state policy be supportive,
the normative-legal framework be improved, and the investment environment be favorable. Steps
taken in Azerbaijan in this direction in recent years indicate that positive trends are being established.

At the same time, the role of human capital should also be specifically noted. The application of
renewable energy technologies requires the availability of qualified specialists.

In this regard, one of the principal priorities for Azerbaijan should consist of not only making efficient
use of existing energy potential, but also accelerating the development of alternative energy sources
and integrating them into various sectors of industry (Shahbaz, et al., 2020).

Conclusions

The conducted research demonstrates that the application of renewable energy sources in the mining
industry presents significant advantages from both ecological and economic standpoints. The

260



Zeynal Abasov

reduction of dependence on conventional energy sources contributes to the lowering of carbon
emissions and the protection of the environment. At the same time, alternative sources such as solar
and wind energy serve as effective and stable energy solutions particularly for mining sites with
underdeveloped energy infrastructure.

Nevertheless, challenges such as high initial investment costs, technical constraints, and the
intermittency of energy production exist in this field. However, technological advancement and the
expansion of financial mechanisms render the resolution of these challenges feasible.

The analysis conducted with respect to Azerbaijan indicates that favorable potential exists in the
country for the development of renewable energy sources, and that state policy plays a significant
role in accelerating this process.

Based on the findings of the research, the following recommendations are put forward:

¢ the expansion of financial and fiscal incentives for renewable energy projects;

e the implementation of hybrid energy systems in regions with underdeveloped energy
infrastructure;

e the strengthening of qualified personnel training and scientific research activities;

e the enhancement of the application of international experience and innovative technologies.

In conclusion, the application of renewable energy sources in the mining industry is assessed as an
ecologically and economically justified and prospective direction.
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