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Energy has an important role in the telecommunications sector. Therefore, it would be advantageous 

for telecommunication enterprises to produce their own energy. One of the best ways for these 

companies to produce their energy is renewable energy. However, there are some risks for them to 

make renewable energy investments. It is vital to manage these risks without incurring high costs. 

Accordingly, the purpose of this study is to conduct a priority analysis of the critical risks of renewable 

energy investment in the telecommunications sector. In this context, five different risks are analysed 

with the SF TOP DEMATEL method. As a result of the analysis, the provision of uninterrupted energy is 

found as the most critical risk with the weight of 0.2093. Other important risks are defined as cost and 

updateability. To meet the energy needs of the telecommunications sector by making renewable 

energy investment, it would be appropriate to take action to ensure an uninterrupted energy supply. 

For this purpose, hybrid energy models and energy storage technologies are reasonable solutions.

Keywords: clean energy, renewable energy, risk evaluation, telecommunications sector, TOP-DEMATEL.
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1. INTRODUCTION 
Renewable energy investments are key to the social and economic development of countries. 
Through energy investments, countries will be able to produce their own energy. In other words, 
renewable energy investments strongly contribute to the development of energy independence of 
countries. In addition to the mentioned point, renewable energy investments are also very 
important for reducing the carbon emission problem. Carbon emissions are considered to be one 
of the main causes of global warming as they cause many serious problems such as air pollution 
(Yan et al., 2022). Therefore, one of the most important issues in combating carbon emissions is 
that the source of electricity generation should not be fossil fuels. Instead, obtaining electricity 
through renewable energy sources can significantly reduce the amount of carbon emitted into the 
atmosphere. On the other hand, renewable energy projects significantly reduce the current 
account deficit problem of countries. Countries that can produce their own energy will not have to 
import their electricity needs from other countries. Since the amount of imports decreases, this is a 
positive situation for countries (Ali et al., 2022). 

Renewable energy policies are important for many sectors. One of the sectors that needs the most 
attention in this process is the telecommunications sector. The main reason for this is that the 
telecommunications sector uses a very wide internet network across the country. Therefore, there 
is a significant energy need in the telecommunications sector. Currently, energy is supplied from 
fossil fuels. For this reason, the telecommunications sector is also known to contribute to the 
carbon emission problem (Napolitano, 2023). Therefore, it is important to realize the energy 
transition process for the telecommunications sector. In this context, it would be appropriate to 
take necessary actions to increase the use of renewable energy in this sector. The risks of 
renewable energy investments in the telecommunications sector should also be reduced. 

It can be said that renewable energy investments in the telecommunications sector involve many 
risks. One of the most important risks is energy interruption. Renewable energy sources can be 
affected by different climatic conditions. In this context, while more energy can be produced than 
necessary in some parts of the day, in other cases, the amount of energy supplied cannot meet the 
need. In cases where the need cannot be met, a power outage may occur. On the other hand, 
considering that the telecommunications sector serves the citizens of the whole country, energy 
interruption is an unacceptable situation (Cui et al., 2023). In addition, exchange rate risk is 
another factor to be considered for renewable energy investments in the telecommunications 
sector. A rising exchange rate increases the cost of raw materials in renewable energy projects. If 
the increased costs cannot be managed effectively, it will put the sustainability of the projects at 
risk (Ibrahim et al., 2022). Finally, technological risks also affect the performance of renewable 
energy projects in the telecommunications industry. Hence, failure to utilize current technology or 
disruptions in existing technology can significantly reduce the effectiveness of these projects. 

In order to increase the effectiveness of renewable energy investments to be made in the 
telecommunications sector, the mentioned risks should be managed correctly. In this framework, 
it is important to take the necessary measures and minimize the negative impacts that may arise 
due to these risks. On the other hand, the most important disadvantage of this process is that the 
measures to be taken to manage risks increase costs. In other words, the measures taken to 
properly manage the risks of these investments in the telecommunications sector also cause the 
costs of these enterprises to increase. Therefore, instead of focusing on all problems in the risk 
management process, it would be a more accurate and more efficient strategy to identify the most 
important ones and take measures accordingly. Therefore, there is a need for a priority analysis to 
determine the most important risks. 

The contributions of this study to the literature are given below. (i) It will help to identify possible 
risks for the use of renewable energy in the telecommunications sector. By ranking these risks 
according to their importance, it will enable the implementation of prioritized strategies. (ii) 
Global fuzzy numbers are used in the analysis. In this way, it can be stated that the results are 
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more appropriate. (iii) The multi-criteria decision-making method used in the research also shows 
the superiority of the model.  

The next section contains the literature review. The methodology is given in the third section. The 
fourth section presents the results of the analysis. Finally, the discussion and conclusion section is 
defined. 

2. LITERATURE REVIEW 

The telecommunications sector provides services such as internet, communication, and data 
transmission (Al-Dujaili et al., 2023). Accordingly, uninterrupted energy supply is crucial for 
telecommunication services (Skopljiak et al., 2023). In the telecommunications sector, communication 
breakdowns and data loss may occur if uninterrupted energy is not provided. In addition, it may 
cause service disruptions and security risks (Selim et al., 2023). The energy needs in the telecommu-
nications sector can be met with renewable resources. However, one of the most significant risks of 
renewable energy sources is fluctuations in energy production (Kojima et al., 2023). Hybrid energy 
models such as solar and wind can be used to avoid this risk (Gao et al., 2023). Ali et al. (2023) 
investigated the feasibility of solar home systems to develop the industry in Pakistan. The study 
results indicate that the state should provide uninterrupted energy services to its citizens. Khan and 
Maieed (2023) examine the relationship between energy poverty and the importance of financial 
sector development in developing countries. The importance of uninterrupted energy supply for this 
development is emphasized. Daneshvar et al. (2023) and Acar et al. (2023) mention the importance 
of uninterrupted energy supply. 

Environmental factors are very important for the success of the telecommunications sector 
(Sheveleva and Avdeeva, 2023). To meet customer expectations, it is necessary to be sensitive to 
the environment (Onngam and Charoensukmongkol, 2023). Meeting customer expectations is also 
important in an increasingly competitive environment (Kathuria and Rana, 2023). An important 
way to consider environmental factors is the use of clean energy. By using clean energy, the carbon 
footprint can be reduced (Zhao et al., 2023). In this way, both the environment and customer 
expectations are met. However, there are some risks in terms of environmental factors when 
investing in renewable energy. One of these risks is the damage to the ecosystem if the hydroelec-
tric power generation process is not well managed (Yin et al., 2023). Pata et al. (2023) examined 
the relationship between renewable energy types, ecological quality improvement, and economic 
growth. It is stated that environmental factors should be taken into account in investments in 
renewable energy. Zhironkin et al. (2023) analyze the specific characteristics and development 
factors of renewable energy. The study emphasizes the importance of the environmental factor in 
the transition to renewable energy. Zhang et al. (2023) and Dorahaki et al. (2023) draw attention 
to environmental risks in the use of clean energy. 

Efficiency is an important factor for the sustainability of telecommunication businesses (Abbott 
and Cohen, 2023). Many strategies can be mentioned to ensure efficiency. These strategies include 
employee training, ensuring customer satisfaction, and environmental awareness. In addition to 
these, the use of renewable energy is an important way to ensure efficiency for telecommunication 
businesses (Siddik et al., 2023). Because energy is one of the most important elements for ensuring 
the sustainability of the telecommunications sector. Therefore, it will provide a competitive 
advantage for enterprises with such energy use to produce their energy (Almutairi et al., 2023). 
Yan et al. (2023) examined the role of energy efficiency, renewable energy, and financial 
development in environmental improvement. The results of the study in developing countries 
show that the use of renewable energy is important for efficiency. Shah et al. (2023) investigates 
the role of energy consumption and carbon emissions in achieving energy efficiency. The study, 
which was conducted using data from G20 countries, states that one of the best ways to achieve 
efficiency is to use renewable energy. Zhang et al. (2023) and Awosusi et al. (2023) argue that the 
use of clean energy is a good way to achieve efficiency. 
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Another critical factor affecting telecommunications businesses is cost (Skoufis et al., 2023). There 
are many cost elements for these businesses. However, one of the biggest cost elements is energy. 
Accordingly, telecommunication businesses need to achieve cost savings. One of the best options 
to achieve cost savings is to meet energy needs with renewable energy sources (Rehman et al., 
2023). It is also important for businesses to generate their energy to avoid being affected by 
fluctuations in energy prices. However, meeting energy needs with renewable resources also has 
some risks. First of all, the initial investment cost of renewable energy investments is quite high. In 
addition, seasonal fluctuations in production may occur. Osman et al. (2023) examined the costs 
and environmental impact of renewable energy under changing climatic conditions. It is stated 
that cost is an important factor for renewable energy sources. Lu et al. (2023) and Alawad et al. 
(2023) state that the cost should be well calculated for the use of clean energy. Ye et al. (2023) and 
Alsagr (2023) underline that cost should be considered in renewable energy investments. 

The results of the literature review are as follows. Energy is used intensively in the telecommuni-
cations sector. Ensuring the sustainability of the sector is important for economic development. 
Accordingly, telecommunication enterprises need to meet their energy needs. Therefore, renewable 
energy is a good alternative for meeting energy needs. However, studies on the issues affecting this 
process are quite limited in the literature. It would be appropriate to conduct a prioritization study 
for this situation, which is missing in the literature. In this direction, it is aimed to develop a 
strategy for the barriers to the use of renewable energy in the telecommunications sector 

3. METHODOLOGY 

The DEMATEL method is a method used for weighting the criteria. The main feature of this 
method is that it takes into account causality between criteria. If the decision matrix is 
symmetrical, a problem occurs in the weighting step of the classical DEMATEL methods. 
Therefore, the DEMATEL method is being developed in the literature. The TOP-DEMATEL method 
is one of them. The use of this developed method with spherical fuzzy numbers has recently been 
introduced to the literature. The steps of this method are as follows. 

Firstly, Criterion evaluations are received from experts. Experts consist of people who work in the 
relevant field and have at least 10 years of experience. Additionally, the experts selected are 
academics who have published in important journals. Then, translated to spherical fuzzy numbers 
in Table 1. Where μ, η and υ are membership value, non-membership value and hesitancy value, 
respectively. 

Table 1. Linguistic Variable 

Scale μ 𝜼 𝝊 

4 ,85 ,15 ,45 

3 ,6 ,2 ,35 

2 ,35 ,25 ,25 

1 0 ,3 ,15 

0 0 0 0 

A matrix is created from experts’ opinions. The matrix is given with Equation (1). 

𝐷𝑖 = [

(0,0,0) ⋯ (𝜇1𝑛
𝑖 , 𝜂1𝑛

𝑖 , 𝜈1𝑛
𝑖 )

⋮ ⋱ ⋮
(𝜇𝑛1

𝑖 , 𝜂𝑛1
𝑖 , 𝜈𝑛1

𝑖 ) ⋯ (0,0,0)
]   (1) 

The decision matrix (D) is created by taking the average of the expert opinions with Equation 
(2). The decision matrix is given with Equation (3). The weights in Equation (2) are taken as 1/k. 

𝑆𝐹𝑊𝐴𝑀𝑊(�̃�1, �̃�2, … �̃�𝑘) = {[1 − ∏ (1 − 𝜇𝐷𝑖

2 )
1

𝑘𝑘
𝑖=1 ]

1

2
, ∏ 𝜂𝐷𝑖

1

𝑘𝑘
𝑖=1 , [∏ (1 − 𝜇𝐷𝑖

2 )
1

𝑘𝑘
𝑖=1 − ∏ (1 − 𝜇𝐷𝑖

2 − 𝜈𝐷𝑖

2 )
1

𝑘𝑘
𝑖=1 ]

1

2

}    (2) 



 

Journal of Sustainable Development Issues | Vol 1 • Issue 1 • 2023 

17 

Where k is the number of experts. 

𝐷 = [
0 ⋯ (𝜇1𝑛

𝑑 , 𝜂1𝑛
𝑑 , 𝜈1𝑛

𝑑 )
⋮ ⋱ ⋮

(𝜇𝑛1
𝑑 , 𝜂𝑛1

𝑑 , 𝜈𝑛1
𝑑 ) ⋯ 0

]    (3) 

After, three separate submatrices are created for each component in spherical fuzzy numbers. 
Then, each submatrix is normalized by the help of Equations (4) and (5). 

𝑋 = 𝑠𝐷      (4) 

𝑠 = min [
1

max𝑖 ∑ |𝑑𝑖𝑗|𝑛
𝑗=1

,
1

max𝑗 ∑ |𝑑𝑖𝑗|𝑛
𝑖=1

]      (5) 

Normalized submatrices are given with Equation (6). 

𝑋𝜇 = [
0 ⋯ 𝜇1𝑛

⋮ ⋱ ⋮
𝜇𝑛1 ⋯ 0

] 𝑋𝜂 = [
0 ⋯ 𝜂1𝑛

⋮ ⋱ ⋮
𝜂𝑛1 ⋯ 0

]  𝑋𝜈 = [
0 ⋯ 𝜈1𝑛

⋮ ⋱ ⋮
𝜈𝑛1 ⋯ 0

]       (6) 

With the help of Equation (7), the total relationship matrices (T) are calculated over each 
submatrix. Then, the calculated submatrices are applied by Euclidean normalization. 

𝑇 = 𝑋 ∗ (1 − 𝑋)−1   (7) 

The calculated sub-total relationship matrices are combined and the spherical fuzzy total rela-
tionship matrix (�̃�) is obtained. 

�̃� = [
(𝜇11

𝑇 , 𝜂11
𝑇 , 𝜈11

𝑇 ) ⋯ (𝜇1𝑛
𝑇 , 𝜂1𝑛

𝑇 , 𝜈1𝑛
𝑇 )

⋮ ⋱ ⋮
(𝜇𝑛1

𝑇 , 𝜂𝑛1
𝑇 , 𝜈𝑛1

𝑇 ) ⋯ (𝜇𝑛𝑛
𝑇 , 𝜂𝑛𝑛

𝑇 , 𝜈𝑛𝑛
𝑇 )

]    (8) 

The score function is calculated by Equation (9), the spherical fuzzy total relationship matrix. 
This score is used for the defuzziefied method. 

𝑆𝑐𝑜𝑟𝑒 =  𝜇2 − 𝜂2 − 𝜈2    (9) 

Final, weights (W) are obtained by Equation (10)-(16). 

𝐶∗
𝑗 = √∑ (𝑡𝑖 − max𝑗 𝑡𝑖)

2𝑛
𝑖=1  𝑗 = 1,2, . . 𝑛     (10) 

𝐶−
𝑗 = √∑ (𝑡𝑖 − min𝑗 𝑡𝑖)

2𝑛
𝑖=1  𝑗 = 1,2, . . 𝑛   (11) 

𝑅∗
𝑖 = √∑ (𝑡𝑗 − max𝑖 𝑡𝑗)

2𝑛
𝑗=1  𝑖 = 1,2, . . 𝑛    (12) 

𝑅−
𝑖 = √∑ (𝑡𝑗 − max𝑖 𝑡𝑗)

2𝑛
𝑗=1  𝑖 = 1,2, . . 𝑛    (13) 

𝑆𝑖
∗ = 𝐶𝑖

∗ + 𝑅𝑖
∗    (14) 

𝑆𝑖
− = 𝐶𝑖

− + 𝑅𝑖
−   (15) 

𝑊𝑖 =
𝑆𝑖

−

𝑆𝑖
−+𝑆𝑖

∗   (16) 
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4. EMPIRICAL RESULTS AND DISCUSSION 

The results of the analysis are included in this section. First, opinions are obtained from three 
different experts. Expert opinions are given in Table 2. 

 
Table 2. Expert opinions 

Expert 1 

 
Cost Uninterrupted Productivity Environmental Factors Updateability 

Cost 0 2 3 1 3 

Uninterrupted 2 0 3 2 3 

Productivity 3 3 0 2 4 

Environmental Factors 1 2 4 0 3 

Updateability 4 4 3 4 0 

Expert 2 

 
Cost Uninterrupted Productivity Environmental Factors Updateability 

Cost 0 3 1 1 3 

Uninterrupted 4 0 3 4 4 

Productivity 3 3 0 2 2 

Environmental Factors 2 3 1 0 2 

Updateability 3 4 3 4 0 

Expert 3 

 
Cost Uninterrupted Productivity Environmental Factors Updateability 

Cost 0 1 1 2 2 

Uninterrupted 4 0 3 3 4 

Productivity 3 3 0 3 4 

Environmental Factors 4 4 4 0 3 

Updateability 1 3 1 3 0 

Decision matrix is created by Equation (2). The matrix is given in Table 3. 

Table 3. Decision matrix 

  Cost Uninterrupted Productivity 
Environmental  

Factors Updateability 

Cost 0,00 0,00 0,00 0,42 0,25 0,25 0,37 0,26 0,35 0,21 0,28 0,15 0,54 0,22 0,35 

Uninterrupted 0,77 0,18 0,27 0,00 0,00 0,00 0,60 0,20 0,35 0,68 0,20 0,27 0,80 0,17 0,37 

Productivity 0,60 0,20 0,35 0,60 0,20 0,35 0,00 0,00 0,00 0,46 0,23 0,25 0,77 0,18 0,50 
Environmental  

Factors 0,61 0,22 0,16 0,68 0,20 0,27 0,76 0,19 0,51 0,00 0,00 0,00 0,54 0,22 0,35 

Updateability 0,66 0,21 0,51 0,80 0,17 0,48 0,51 0,23 0,35 0,80 0,17 0,48 0,00 0,00 0,00 

 

Then, three sub-matrices are obtained from decision matrix. So, three sub-matrices are normal-
ized with help of Equation (4) and (5). Normalized sub-matrices are shown in Table 4. 
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Table 4. Normalized sub-matrices 

𝑿𝝁 Cost Uninterrupted Productivity 
Environmental 

Factors 
Updateability 

Cost 0,0000 0,1470 0,1307 0,0726 0,1889 

Uninterrupted 0,2706 0,0000 0,2109 0,2388 0,2797 

Productivity 0,2109 0,2109 0,0000 0,1611 0,2706 

Environmental Factors 0,2154 0,2388 0,2664 0,0000 0,1889 

Updateability 0,2326 0,2797 0,1783 0,2797 0,0000 

𝑿𝜼 Cost Uninterrupted Productivity 
Environmental 

Factors 
Updateability 

Cost 0,0000 0,2450 0,2604 0,2805 0,2141 

Uninterrupted 0,1767 0,0000 0,1987 0,1945 0,1640 

Productivity 0,1987 0,1987 0,0000 0,2306 0,1767 

Environmental Factors 0,2226 0,1945 0,1878 0,0000 0,2141 

Updateability 0,2067 0,1640 0,2275 0,1640 0,0000 

𝑿𝝂 Cost Uninterrupted Productivity 
Environmental 

Factors 
Updateability 

Cost 0,0000 0,1286 0,1783 0,0765 0,1794 

Uninterrupted 0,1367 0,0000 0,0000 0,1368 0,1871 

Productivity 0,1783 0,1783 0,2600 0,1281 0,2553 

Environmental Factors 0,0839 0,1368 0,1805 0,0000 0,1794 

Updateability 0,2623 0,2451 0,0000 0,2451 0,0000 

 

Total relationship matrix (T) is created by Equation (7) and (9). Then, weights of criteria are 
calculated with Equation (10)-(16). S*, S- and W values are shown in Table 5. 

Table 5. S*, S- and W values 

Criteria S* S- W 

Cost 0,7871 4,9546 0,2087 

Uninterrupted 0,7671 4,9369 0,2093 

Productivity 0,8821 3,3361 0,1913 

Environmental Factors 0,6864 2,6954 0,1927 

Updateability 0,8558 3,8651 0,1980 

According to Table 5, uninterrupted is most important criteria. Because weight of these criteria 
is 0.2093. The second important criterion is cost with 0.2087. 

5. CONCLUSION 

The study aims to determine the priority analysis of possible risks for the use of renewable 
energy in the telecommunications sector. For this purpose, the SF TOP-DEMATEL method is 
used. With this analysis method, 5 different criteria affecting the use of renewable energy in the 
telecommunications sector are taken into consideration. The criterion that affects the process in 
question is found to be the provision of uninterrupted energy with a value of 0.2093. Cost and 
environmental factors are other important criteria affecting the use of renewable energy in the 
telecommunications sector. 

Providing uninterrupted energy is very important for the telecommunications sector. Ensuring 
the sustainability of the telecommunications sector is directly related to uninterrupted energy 
supply. In addition, data losses and customer dissatisfaction are likely to occur in the absence of 
uninterrupted power supply. Amole et al. (2021) investigate the use of renewable energy for 
sustainable telecommunication systems in Nigeria. It is stated that the design should be done 
correctly to provide the energy needed with renewable resources. Napolitano (2023) analyses 
the role of artificial intelligence and advanced telecommunications in the transition to smart 
cities. The importance of clean energy sources is emphasized to achieve the goal. Silva et al. 
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(2020) examine the battery energy management process of a telecommunication company. It 
emphasizes how important backup batteries are for telecommunication companies. This, the 
importance of renewable energy for service continuity is also mentioned. 

Balmer et al. (2020) investigate the applications of artificial intelligence in the telecommunications 
sector. It also mentions the importance of renewable energy for the telecommunications sector. 
Khalid et al. (2023) discuss the need for telecommunications in the delivery of public services. 
Utilities should consider telecommunication infrastructures when trying to achieve clean energy 
targets. Chen (2022) debates whether the digital economy in China promotes clean energy 
development. It is stated that there is an important relationship between clean energy and the 
telecommunications sector. Crentsil et al. (2019) assesses energy poverty and influencing 
factors in Ghana. It is emphasized that as the level of energy deprivation increases, the use of 
telecommunications decreases. Yang et al. (2023) describe the impact of clean energy structure 
on CO2 and air pollutant emission reduction. It is indicated that the use of clean energy directly 
affects the telecommunications sector. 

The main contribution of this study to the literature is to conduct a priority analysis to ensure 
that the energy used in the telecommunications sector can be provided by renewable resources. 
This provides an opportunity to implement effective strategies to meet the needs with clean 
energy. In addition, the effectiveness of the results is higher since the analysis is performed with 
global fuzzy numbers. However, the limitation of the study is that it was conducted with limited 
experts and is specific only to the telecommunications sector. Studies can be conducted for 
different sectors. 

 

 

 

Author Contributions: Conceptualization, S.E. and Y.G.; methodology, S.E.; software, S.E.; 
validation, Y.G.; formal analysis, S.E.; investigation, Y.G.; resources, A.M.; data curation, S.E.; 
writing—original draft preparation, Y.G.; writing—review and editing, Y.G., S.E., and A.M.; 
visualization, S.E.; supervision, A.M..; project administration, Y.G.. All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research received no external funding.  

Conflicts of Interest: The authors declare no conflict of interest. 

 

 

REFERENCES 

Abbott, M., & Cohen, B. (2023). Telecommunications: Extending the Network. In Monopoly Control: Government 
Ownership and Control of Network Utility Industries in Australia from 1788 to 1988 (pp. 273-286). Singapore: 
Springer Nature Singapore. 

Acar, C., Erturk, E., & Firtina-Ertis, I. (2023). Performance analysis of a stand-alone integrated solar hydrogen energy 
system for zero energy buildings. international journal of hydrogen energy, 48(5), 1664-1684. 

Alawad, S. M., Mansour, R. B., Al-Sulaiman, F. A., & Rehman, S. (2023). Renewable energy systems for water 
desalination applications: A comprehensive review. Energy Conversion and Management, 286, 117035. 

Ali, U., Guo, Q., Kartal, M. T., Nurgazina, Z., Khan, Z. A., & Sharif, A. (2022). The impact of renewable and non-renewable 
energy consumption on carbon emission intensity in China: Fresh evidence from novel dynamic ARDL 
simulations. Journal of Environmental Management, 320, 115782. 

Ali, S., Yan, Q., Dilanchiev, A., Irfan, M., & Fahad, S. (2023). Modeling the economic viability and performance of solar 
home systems: a roadmap towards clean energy for environmental sustainability. Environmental Science and 
Pollution Research, 30(11), 30612-30631. 



 

Journal of Sustainable Development Issues | Vol 1 • Issue 1 • 2023 

21 

Almutairi, K., Hosseini Dehshiri, S. J., Hosseini Dehshiri, S. S., Hoa, A. X., Arockia Dhanraj, J., Mostafaeipour, A., ... & 
Techato, K. (2023). Blockchain Technology application challenges in renewable energy supply chain 
management. Environmental Science and Pollution Research, 30(28), 72041-72058. 

Al-Dujaili, M. J., & Al-dulaimi, M. A. (2023). Fifth-generation telecommunications technologies: Features, architecture, 
challenges and solutions. Wireless Personal Communications, 128(1), 447-469. 

Amole, A. O., Akinyele, D. O., Olabode, O. E., Idogun, O., Adeyeye, A. O., & Olarotimi, B. S. (2021). Comparative Analysis 
of Techno-Environmental Design of Wind and Solar Energy for Sustainable Telecommunications Systems in 
Different Regions of Nigeria. International Journal of Renewable Energy Research (IJRER), 11(4), 1776-1792. 

Alsagr, N. (2023). Financial efficiency and its impact on renewable energy investment: Empirical evidence from 
advanced and emerging economies. Journal of Cleaner Production, 401, 136738. 

Awosusi, A. A., Ozdeser, H., Seraj, M., & Abbas, S. (2023). Can green resource productivity, renewable energy, and 
economic globalization drive the pursuit of carbon neutrality in the top energy transition economies?. 
International Journal of Sustainable Development & World Ecology, 1-15. 

Balmer, R. E., Levin, S. L., & Schmidt, S. (2020). Artificial Intelligence Applications in Telecommunications and other 
network industries. Telecommunications Policy, 44(6), 101977. 

Chen, P. (2022). Is the digital economy driving clean energy development?-New evidence from 276 cities in China. 
Journal of Cleaner Production, 372, 133783. 

Crentsil, A. O., Asuman, D., & Fenny, A. P. (2019). Assessing the determinants and drivers of multidimensional energy 
poverty in Ghana. Energy Policy, 133, 110884. 

Cui, L., Yue, S., Nghiem, X. H., & Duan, M. (2023). Exploring the risk and economic vulnerability of global energy supply 
chain interruption in the context of Russo-Ukrainian war. Resources Policy, 81, 103373. 

Daneshvar, M., Mohammadi-Ivatloo, B., & Zare, K. (2023). An innovative transactive energy architecture for 
community microgrids in modern multi-carrier energy networks: a Chicago case study. Scientific Reports, 
13(1), 1529. 

Dorahaki, S., Rashidinejad, M., Ardestani, S. F. F., Abdollahi, A., & Salehizadeh, M. R. (2023). An integrated model for 
citizen energy communities and renewable energy communities based on clean energy package: A two-stage 
risk-based approach. Energy, 277, 127727. 

Gao, M., Han, Z., Zhang, C., Li, P., & Wu, D. (2023). Optimal configuration for regional integrated energy systems with 
multi-element hybrid energy storage. Energy, 277, 127672. 

Ibrahim, K. H., Handoyo, R. D., Wasiaturrahma, W., & Sarmidi, T. (2022). Services trade and infrastructure 
development: Evidence from African countries. Cogent Economics & Finance, 10(1), 2143147. 

Kathuria, S., & Rana, S. (2023). Linking Customer E-Service Quality with Artificial Intelligence-Based Business 
Environment. In Artificial Intelligence in Customer Service: The Next Frontier for Personalized Engagement 
(pp. 259-279). Cham: Springer International Publishing. 

Khalid, S., Hotovec, S., & Clancy, J. (2023). Utilities' Need for Advanced Telecommunications. Climate and Energy, 
39(6), 1-10. 

Khan, M., & Majeed, M. T. (2023). Financial sector development and energy poverty: empirical evidence from 
developing countries. Environmental Science and Pollution Research, 30(16), 46107-46119. 

Kojima, H., Nagasawa, K., Todoroki, N., Ito, Y., Matsui, T., & Nakajima, R. (2023). Influence of renewable energy power 
fluctuations on water electrolysis for green hydrogen production. international journal of hydrogen energy, 
48(12), 4572-4593. 

Lu, X., Li, H., Zhou, K., & Yang, S. (2023). Optimal load dispatch of energy hub considering uncertainties of renewable 
energy and demand response. Energy, 262, 125564. 

Napolitano, E. V. (2023, August). Intelligent technologies for urban progress: exploring the role of ai and advanced 
telecommunications in smart city evolution. In European Conference on Advances in Databases and 
Information Systems (pp. 676-683). Cham: Springer Nature Switzerland. 

Onngam, W., & Charoensukmongkol, P. (2023). Effect of social media agility on performance of small and medium 
enterprises: moderating roles of firm size and environmental dynamism. Journal of Entrepreneurship in 
Emerging Economies. 

Osman, A. I., Chen, L., Yang, M., Msigwa, G., Farghali, M., Fawzy, S., ... & Yap, P. S. (2023). Cost, environmental impact, 
and resilience of renewable energy under a changing climate: a review. Environmental Chemistry Letters, 
21(2), 741-764. 



Eti ET ALL: The Making Risk Evaluation for The Renewable Energy Investments in                                                              

The Telecommunications Sector with SF TOP-DEMATEL Methodology 

22 

Pata, U. K., Wang, Q., Kartal, M. T., & Sharif, A. (2023). The role of disaggregated renewable energy consumption on 
income and load capacity factor: A novel inclusive sustainable growth approach. Geoscience Frontiers, 101693. 

Rehman, S., Alhems, L. M., Alam, M. M., Wang, L., & Toor, Z. (2023). A review of energy extraction from wind and ocean: 
Technologies, merits, efficiencies, and cost. Ocean Engineering, 267, 113192. 

Selim, M. Y., & Kamal, A. E. (2023, July). Robust X-haul Failure Mitigation for 6G Networks: Adding More Self-Healing 
Antennas to Small Cells. In 2023 International Telecommunications Conference (ITC-Egypt) (pp. 457-462). 
IEEE. 

Shah, W. U. H., Hao, G., Yan, H., Zhu, N., Yasmeen, R., & Dincă, G. (2023). Role of renewable, non-renewable energy 
consumption and carbon emission in energy efficiency and productivity change: Evidence from G20 
economies. Geoscience Frontiers, 101631. 

Sheveleva, A. V., & Avdeeva, E. A. (2023). Foreign and Russian Experience in the Application of Climate Resilient 
Digital Technologies in the Oil and Gas Industry. In Smart Green Innovations in Industry 4.0 for Climate Change 
Risk Management (pp. 287-297). Cham: Springer International Publishing. 

Siddik, A. B., Khan, S., Khan, U., Yong, L., & Murshed, M. (2023). The role of renewable energy finance in achieving low-
carbon growth: contextual evidence from leading renewable energy-investing countries. Energy, 270, 126864. 

Silva, I. F., Bouhtou, M., Chardy, M., Bentz, C., & Kedad-Sidhoum, S. (2020, August). Battery energy management of a 
telecommunications company to participate in the curtailment market and reduce the total energy cost. In 
2020 IEEE 8th International Conference on Smart Energy Grid Engineering (SEGE) (pp. 121-127). IEEE. 

Skopljiak, R., Alihodžić, A., Dedović, M. M., Dautbasić, N., & Mujezinović, A. (2023, June). Experimental Investigation of 
Telecommunications Equipment Supply Power Quality. In 2023 XXIX International Conference on Information, 
Communication and Automation Technologies (ICAT) (pp. 1-6). IEEE. 

Skoufis, A., Chatzithanasis, G., Dede, G., Filiopoulou, E., Kamalakis, T., & Michalakelis, C. (2023). Technoeconomic 
assessment of an FTTH network investment in the Greek telecommunications market. Telecommunication 
Systems, 82(2), 211-227. 

Yan, C., Murshed, M., Ozturk, I., Siddik, A. B., Ghardallou, W., & Khudoykulov, K. (2023). Decarbonization blueprints for 
developing countries: The role of energy productivity, renewable energy, and financial development in 
environmental improvement. Resources Policy, 83, 103674. 

Yang, L., & Hong, S. (2023). Impact of the clean energy structure of building operation on the co-benefits of CO2 and 
air pollutant emission reductions in Chinese provinces. Journal of Cleaner Production, 413, 137400. 

Ye, B., Gao, Y., & Yuan, G. X. (2023). Renewable energy investment study for electric power enterprise based on a time 
period with expected supply. Enterprise Information Systems, 17(1), 1923064. 

Yin, J., Xia, J., Liu, Z., Ji, S., Cai, W., Wang, Q., ... & Xu, K. (2023). Impact assessment of cascade freshwater reservoir using 
the ecological security assessment (ESA) model across a four-year timescale. Ecological Indicators, 154, 
110907. 

Zhang, J., Qin, C., Lu, W., Zhang, Y., & Guo, H. (2023). Collaborative energy–water–carbon management based on energy 
substitution and multiple compound responses. Journal of Cleaner Production, 413, 137533. 

Zhang, X., Shi, X., Khan, Y., Hassan, T., & Marie, M. (2023). Carbon Neutrality Challenge: Analyse the Role of Energy 
Productivity, Renewable Energy, and Collaboration in Climate Mitigation Technology in OECD Economies. 
Sustainability, 15(4), 3447. 

Zhao, X., Meng, X., Dang, B., Zhang, T., Shi, W., Hou, N., ... & Li, C. (2023). Succession dynamics of microbial communities 
responding to the exogenous microalgae ZM-5 and analysis of the environmental sustainability of a 
constructed wetland system. Bioresource Technology, 371, 128642. 

Zhironkin, S., Abu-Abed, F., & Dotsenko, E. (2023). The Development of Renewable Energy in Mineral Resource 
Clusters—The Case of the Siberian Federal District. Energies, 16(9), 3843.. 

 
 
 


	Page 2

