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Abstract Oz

This article examines the importance and application
possibilities of sustainable energy solutions in mobile
network infrastructures. Reducing dependency on
traditional energy sources provides environmental
sustainability in the mobile communication sector while
also providing long-term cost savings. The article
discusses the integration of renewable energy sources,
technologies that increase energy efficiency, and
technological innovations in this field. In addition,
economic and environmental benefits, challenges, and
strategies to overcome these challenges are discussed.
Finally, future research areas and application opportunities
are evaluated, emphasizing the importance of sustainable
solutions in energy management of mobile network
infrastructures.

Keywords: Sustainable energy, mobile network
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Bu makale, mobil ag altyapilarinda siirdiiriilebilir enerji
¢Ozlimlerinin  Onemini ve uygulama olanaklarimi
incelemektedir.  Geleneksel  enerji  kaynaklarina
bagimliligin  azaltilmasi, mobil iletisim sektdriinde
gevresel siirdiiriilebilirlik saglarken aym zamanda uzun
vadeli maliyet tasarrufu sunmaktadir. Makalede,
yenilenebilir enerji kaynaklarinin entegrasyonu, enerji
verimliligini artiran teknolojiler ve bu alandaki teknolojik
yenilikler ele alinmaktadir. Ayrica, ekonomik ve gevresel
faydalar, karsilagilan zorluklar ve bu zorluklarin
iistesinden gelme stratejileri tartisilmaktadir. Son olarak,
gelecekteki arastirma alanlari ve uygulama firsatlar
degerlendirilerek, mobil ag altyapilarmin  enerji
yonetiminde stirdiiriilebilir ¢oziimlerin 6nemi
vurgulanmaktadir.

Anahtar Kelimeler: Siirdiiriilebilir enerji, mobil ag
altyapisi, yenilenebilir enerji, enerji verimliligi, ¢cevresel
stirdiiriilebilirlik, ekonomik faydalar.
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1. INTRODUCTION

Mobile communication has become one of the basic communication tools of today's
society. Mobile networks have accelerated information sharing between individuals and
businesses and increased interaction on a global scale. However, this rapid development
has also led to a significant increase in the energy demands of mobile network
infrastructures. Mobile communication infrastructures worldwide consume a
significant amount of energy, which causes serious concerns in terms of environmental
impacts.

Mobile networks based on traditional energy sources not only increase energy costs,
but also contribute to greenhouse gas emissions. Therefore, sustainable management of
mobile network infrastructures is of great importance not only from an economic
perspective but also from an environmental perspective. Sustainable energy solutions
have the potential to reduce the environmental impacts of mobile networks by including
the integration of renewable energy sources, increasing energy efficiency and
technological innovations (Zhang et al., 2021).

This study aims to examine the current status, advantages and feasibility of sustainable
energy solutions in mobile network infrastructures. It will also shed light on the
challenges encountered and solution proposals for these challenges, and evaluate future
research areas and application opportunities.

The organization of this article is as follows: In the second section, sustainable energy
solutions are detailed, in the third section, technological developments and innovations
are examined. In the fourth section, economic and environmental benefits are
discussed, and in the fifth section, encountered challenges and solution proposals are
discussed. In the sixth section, future research and application areas are listed, and in
the seventh section, the obtained results are summarized and a general evaluation of the
article is made.

2. SUSTAINABLE ENERGY SOLUTIONS

Sustainable energy solutions are of great importance to reduce the environmental
impacts of mobile network infrastructures and optimize energy consumption. These
solutions include areas such as the integration of renewable energy sources, energy
efficiency enhancing technologies, and energy management systems.

2.1. Integration of Renewable Energy Sources

Renewable energy sources offer significant opportunities in meeting the energy needs
of mobile networks. For example, the widespread use of solar energy systems stands
out as an effective method for meeting the energy needs of mobile base stations.
According to various studies, a solar panel can produce approximately 250 kWh of
energy if it receives an average of 5-6 hours of sunlight per day. This can meet 30%-
50% of the annual energy needs of many base stations (Shielden Channel, 2024) (Uz
& Paksoy, 2018) (Louhi, 2008)
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Wind energy is another important alternative source for mobile networks. Studies show
that a wind turbine can produce more than approximately 500 kWh of energy per year
under suitable wind conditions. Especially in rural areas, a large part of the energy
needs of the mobile network infrastructure can be met by using mini wind turbines on
buildings (Celik et al., 2020).

2.2. Energy Efficiency Increasing Technologies

Various technologies need to be implemented to increase the energy efficiency of
mobile networks. Energy efficiency enhancing systems and components can provide
significant cost savings and environmental benefits. For example, it is estimated that
energy savings of up to 30% can be achieved by upgrading existing base stations
(GSMA, 2024).

LED lighting systems can consume 80% less energy than most traditional lighting
systems. Replacing lighting needs in base stations with LED systems can provide
significant energy savings (Turkish Electrical Engineers Association, n.d.).

At the same time, energy saving potential is increased by using energy management
systems. Smart grid technologies reduce unnecessary energy expenditures by strictly
monitoring consumption data and optimize the amount of energy actually needed. For
example, in applications with smart energy management systems, a 10-20% reduction
in energy consumption can be achieved (Dalia & Rasa, 2024).

2.3. Energy Management Systems

Energy management systems are critical for monitoring and managing the energy flow
of mobile networks more effectively. These systems balance energy demand and
production using data analytics and provide sustainable energy management. For
example, Al-based energy management systems can analyze past data to make energy
consumption estimates and thus enable more efficient use of energy resources.

As a result, sustainable energy solutions in mobile network infrastructures can be
achieved with the integration of renewable energy sources, technical innovations that
increase energy efficiency, and powerful energy management systems. These solutions
reduce the environmental impact of the mobile communications sector and offer cost
advantages to businesses. In the following sections, the integration of these solutions
with technological developments and innovations will be examined in more detail.

3. TECHNOLOGICAL DEVELOPMENTS AND INNOVATION
The integration of mobile network infrastructures into sustainable energy solutions has
gained significant momentum thanks to technological developments and innovative

applications. In this section, we will examine the impacts of existing mobile
communication technologies on energy efficiency and emerging innovations.
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3.1. 5G and Energy Efficiency

5G technology increases the performance of mobile networks by offering higher speeds
(up to approximately 10 Gbps) and lower latencies (below 1 ms). However, the impacts
of 5G on energy consumption should be considered carefully. Studies show that the
energy demand of 5G can increase by 20-30% compared to 4G. However, with 5G’s
small cell structure and more efficient spectrum usage, total energy efficiency can be
increased by up to 30%. In particular, the beamforming technology offered by 5G
optimizes energy consumption, ensuring that each cell serves only the necessary
devices (Rapone et al., 2015), (Khafagy, 2019) (Lorincz et al., 2019) (Israr et al., 2021).

3.2. High-Efficiency Equipment and Infrastructures

New generation base stations have been developed to increase energy efficiency. For
example, while current traditional base stations consume an average of 15 kWh
(kilowatt-hours) of energy per day, new generation base stations provide energy savings
equivalent to 40% (approximately 6 kWh) of this consumption. These small cell
systems provide extended coverage with lower power consumption.

In addition, energy-saving cooling systems can provide 30-50% energy savings with
new generation cooling systems integrated into data centers and base stations. Instead
of traditional cooling systems, the use of liquid cooling or chilled air significantly
reduces energy needs (Shielden Channel, 2024) (Uz & Paksoy, 2018) (GSMA, 2024)
(Louhi, 2008) (Kwasinski & Kwasinski, 2015) (GSMA, 2020).

3.3. IoT and Smart Grid Integration

Internet of Things (IoT) applications play a critical role in improving the energy
efficiency of mobile networks. IoT sensors monitor and analyze the energy
consumption of base stations in real time. Studies show that IoT-based energy
management systems can reduce energy consumption by 10-15%. Smart grids optimize
energy demand using this data, while significant reductions in energy costs are also
achieved (Israr et al., 2021) (Nataraju et al., 2023).

3.4. Innovative Battery Technologies

Energy storage systems are of critical importance for sustainable energy solutions. In
particular, advanced battery technologies play an important role in ensuring power
continuity in mobile networks. The 90% energy density of lithium-ion batteries makes
them ideal for mobile applications. With developing technology, new generation solid-
state batteries offer higher energy density (approximately 20-30% more) and shorter
charging times, making energy management of mobile networks even more efficient
(Park et al., 2021) (Redway Power, 2024), (Wikipedia, n.d.).

3.5. Artificial Intelligence and Data Analytics
Artificial intelligence applications are used to optimize energy consumption and

improve energy management with data analytics. Artificial intelligence-based systems
can analyze historical data to determine energy consumption patterns and make
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recommendations to minimize waste. Studies have shown that such systems provide
15-20% savings in energy costs (Dalia & Rasa, 2024).

As a result, technological developments and innovations in mobile network
infrastructures offer solutions to reduce energy consumption and ensure the integration
of sustainable energy solutions. In the following sections, the economic and
environmental advantages of these solutions will be discussed.

4. ECONOMICAL AND ENVIRONMENT

Adopting sustainable energy solutions in mobile network infrastructures brings not
only environmental benefits but also economic advantages. This section will discuss
the positive contributions of sustainable energy applications on both cost optimization
and environmental impacts.

4.1. Cost Savings

Implementing sustainable energy solutions provides significant cost savings in the long
term. With the integration of renewable energy sources, mobile networks can
significantly reduce energy costs. For example, with the installation of solar energy
systems, energy costs for base stations can be reduced by up to 40% (Aslanbas et al.,
2019).

In addition, the use of energy efficiency-enhancing technologies reduces operating
costs. Considering that modern base stations consume 30-50% less energy than older
systems, it is understood that energy savings offer both short-term and long-term cost
advantages (GSMA, 2024).

4.2. Reducing Environmental Impacts

Sustainable energy solutions play a critical role in reducing the carbon footprint of the
mobile communications sector. Mobile networks account for approximately 4% of total
energy consumption worldwide. However, the adoption of renewable energy sources
directly contributes to the reduction of greenhouse gas emissions. For example, the use
of solar energy means that a 1 MW solar system can prevent the emission of an average
of 1,500 tons of CO: per year (GSMA, 2020).

When mobile networks increase their energy efficiency, the environmental impacts are
also significantly reduced. The use of advanced energy management systems and smart
grids can reduce energy consumption by 15-20%. This minimizes the energy
consumption of mobile networks and therefore their environmental impact (Trehan,
2012).

4.3. Energy Security and Sustainability
Another benefit of sustainable energy solutions is increased energy security. The
integration of renewable energy sources reduces energy dependency by diversifying

the energy supply. To be clear, reducing the dependency on fossil fuels provides greater
resilience to fluctuations in energy prices. Renewable energy has the potential to
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increase the energy security of mobile networks, especially when local resources are
used (Nawaz & Zafar, 2013).

4.4. Impacts on Public Health

Adopting sustainable energy solutions not only provides economic and environmental
benefits, but also contributes positively to public health. Renewable energy, which
replaces fossil fuels, reduces air pollution and thus has material beneficial effects on
public health. It is estimated that 4.2 million premature deaths can be prevented
annually by preventing air pollution. This situation is extremely important in terms of

the social responsibility of the mobile communications sector (Health and Environment
Alliance, 2022)

As a result, sustainable energy solutions contribute to the achievement of sustainability
goals by providing both economic savings and environmental benefits in mobile
network infrastructures. The following sections will focus on the challenges
encountered with these solutions and their proposed solutions.

5. CHALLENGES ENCOUNTERED AND SOLUTION SUGGESTIONS

There are various challenges when implementing sustainable energy solutions in
mobile network infrastructures. This section will discuss the details of these challenges
and proposed solution strategies.

5.1. High Initial Costs

One of the biggest obstacles to implementing sustainable energy solutions is the high
initial costs. The installation of renewable energy systems (solar panels, wind turbines,
etc.) requires a significant investment in the initial phase. For example, the installation
costs of solar energy systems can range from $1,000 to $2,000 per kW depending on
the system size. This can be a financial barrier, especially for small service providers
(CW Enerji, 2024).

Solution Proposals: Government incentives and subsidies play an important role in the
expansion of renewable energy systems. In addition, emphasizing long-term cost
savings can encourage service providers to switch to sustainable solutions. Energy
cooperatives and joint ventures can also provide a solution to share the initial costs
(Alsharif et al., 2021).

5.2. Technological Compatibility

Sustainable energy solutions may not be compatible with existing mobile
infrastructures. The integration of new technologies may not work seamlessly with old
systems, which may result in additional costs. In particular, the energy requirements of
new generation technologies such as 5G create challenges for the modernization of
existing systems (Zhao et al., 2023).

Solution Proposals: Mobile network infrastructures need to be re-evaluated and
technological improvements need to be implemented in a planned manner. Innovative

470



A. M. Kaya, S. Okul, O. C. Turna, Z. Giirkas Aydin Sustainable Energy Solutions for Mobile Network Infrastructure

test projects and pilot applications can be useful to evaluate the effects of new
technologies.

5.3. Energy Storage Problems

The intermittent nature of renewable energy sources requires energy storage solutions.
However, current battery technologies may not be as effective as desired due to high
costs and limited energy density. For example, while lithium-ion batteries today have
an energy density of approximately 150-250 Wh/kg, this value can increase to around
500 Wh/kg in more advanced solid-state batteries (Park et al., 2021).

Solution Proposals: Investing in research and development activities allows the
development of more efficient and low-cost energy storage systems. In addition,
demand-based energy management systems can help optimize energy demand.

5.4. Policy and Regulatory Uncertainties

Another factor that makes it difficult to adopt sustainable energy solutions is policy and
regulatory uncertainties. Energy policies may change depending on market conditions
and technological developments, which may affect service providers’ decisions.

Solution Proposals: Governments need to develop stable and transparent policies for
sustainable energy investments. Long-term energy strategies will help service providers
better plan their investments. In addition, development and improvement of energy
infrastructures should be targeted through public-private partnerships (Ansari & Han,
2014).

The challenges encountered constitute obstacles to the effective implementation of
sustainable energy solutions. However, these challenges can be overcome with
appropriate strategies and innovative solutions. Future research and application areas
will be discussed in the following sections.

6. FUTURE RESEARCH AND APPLICATION AREAS

In order for mobile network infrastructures to achieve their sustainability goals, it is
critical to explore various research and application areas in the future. This section will
detail these areas and highlight potential development opportunities.

6.1. Smart Energy Management Systems

In the future, the development of smart energy management systems will support the
sustainability goals of mobile networks. These systems use artificial intelligence and
machine learning to optimize energy consumption and increase integration with
renewable resources. For example, the development of systems that predict energy
demand based on historical data with dynamic energy management can reduce energy
waste by up to 20% (Dalia & Rasa, 2024).
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6.2. Microgrid Systems

Microgrid systems will allow for increased local energy production and ensure energy
independence of mobile networks. The use of local solar or wind energy sources will
meet the energy needs of base stations and data centers, reducing energy costs (Zhu,
2023).

6.3. Zero Energy Buildings

As part of sustainable mobile network infrastructure, the development of zero energy
buildings is gaining importance. These buildings are optimized in terms of energy
efficiency and renewable energy production. Zero energy buildings can generate their
own energy for mobile base stations and data centers, thus reducing the environmental
impact of the network and enabling them to achieve zero carbon emissions. Future
research should include construction processes and cost analyses for such buildings
(GSMA, 2020).

6.4. Diversity in Energy Production

Increasing the diversity in the energy supply of mobile networks will be an important
strategy for ensuring energy security. By integrating different energy sources such as
solar, wind, and biomass, mobile networks can minimize environmental impacts by
reducing fossil fuel dependency. For example, in projects with hybrid energy systems,
energy costs can be reduced by 40%, while environmental benefits can be significantly
increased (GSMA, 2024).

6.5. Innovation and Education Programs

It is necessary to raise awareness and develop expertise in society for the adoption of
sustainable energy solutions. Innovation and education programs will enable
knowledge sharing on energy efficiency for both mobile network administrators and
users. Future education programs need to focus on sustainable energy technologies and
applications (5G Americas, 2023).

6.6. Policy and Regulations

Strengthening policies and laws is a critical factor in supporting sustainable energy
applications. Governments need to develop sound and long-term policies to promote
renewable energy sources. Such regulations can encourage mobile network service
providers to adopt sustainable solutions. For example, tax breaks and subsidies can
increase renewable energy investments (Wand et al., 2023).

Future research and application areas have the potential to increase the effectiveness of
sustainable energy solutions in mobile network infrastructures. Innovations in this area
will contribute to reducing environmental impacts, achieving economic savings, and
increasing energy security. The next section discusses the general conclusions and
recommendations of this paper.
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6. CONCLUSION

This article has comprehensively examined the importance, current status,
technological developments, economic and environmental benefits, challenges and
future research areas of sustainable energy solutions in mobile network infrastructures.
The mobile communications sector is faced with rapidly increasing energy demands
and environmental impacts. Therefore, the adoption of sustainable energy solutions is
of critical importance for both the future of the sector and energy management
worldwide.

Sustainable energy solutions are made possible by the integration of renewable energy
sources, technologies that increase energy efficiency and the use of smart energy
management systems. These solutions have the potential to reduce the energy costs of
mobile networks by 30-50%. At the same time, they significantly reduce the carbon
footprint of mobile networks by reducing environmental impacts.

However, challenges such as high initial costs, lack of technological compatibility and
energy storage problems stand in the way of effective implementation of sustainable
energy solutions. Research and development activities, policy support and innovative
approaches are essential to overcome these obstacles.

Future research and application areas offer various opportunities for mobile network
infrastructures to become more sustainable. Smart energy management systems,
microgrids, innovative energy storage systems and sustainable building designs are
strategies that should be considered in this area. In addition, public-private partnerships
and increasing public awareness are critical for the dissemination of sustainable energy
solutions.

As a result, the adoption of sustainable energy solutions in mobile network
infrastructures will provide economic gains as well as environmental advantages and
shape the future of the mobile communication sector. It is hoped that this study will be
a guide for policy makers, researchers and industry professionals in the process of
adopting sustainable energy solutions.
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