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Abstract: There has been an increasing tendency for the generation of energy from diverse renewable 

resources because of the application of contemporary pollution mitigation and justification 

regulations. Precisely a consequence, choosing the best renewable energy source might be considered 

a challenging issue given the complexity of the future conditions in any society. Environmental, 

economic, social, and technical aspects are merely some of the factors that are taken into consideration 

while evaluating renewable energy sources (RnESs). The suitable RES selection problem, which relies 

on ambiguous and imprecise data, is also influenced by a variety of circumstances. Hence, this study 

constructs multi-stages intelligent decision-making model (MsIDMM) based on multi-criteria 

decision making (MCDM) with support with neutrosophic theory especially, interval valued 

neutrosophic sets to rank the sources of renewable energy. Ultimately, combinative distance-based 

assessment (CODAS) method under interval-valued neutrosophic sets is used to rank the sources of 

renewable energy. 

Keywords: Renewable Energy; CODAS; MCDM; Interval Valued Neutrosophic Set; Sustainability. 

 

 

1. Introduction 

Given the ongoing rise in energy demand and the potential depletion of fossil fuels, academics 

and energy producers alike should focus more on the sustainability of renewable energy sources 

(RnESs) [1]. Arguably based on [2] the most serious issues the world is currently facing are the 

enormous and rapid growth of the population reaching 9 Billion by 2050, innovation, growth, and 

cultural advancement, which is related to the enormous demand and excessive consumption patterns 

of energy, water, and food resources compared to the generation of energy and the limited natural 

land, water, materials, and fuels resources. Therefore, changes in energy usage have a substantial 

impact on economic activity and the determination of income [3]. Hence sustainable Energy (SusE) is 

crucial for a nation's economic and social development as well as for improving people's quality of 

life [4]. 

In order to ensure that everyone has access to cheap, dependable, sustainable, and contemporary 

energy, one of the global goals of the 2030 Agenda for Sustainable Development (SusD) is to promote 

SE [4]. The goals of SusD are threatened by conventional energy-generating techniques such as those 

that rely on fossil fuels. According to [5] utilizing fossil fuels not only harms the environment and 

produces harmful pollutants, not only damage the environment and emit hazardous gases, but also 

their energy sources are not sustainable. From the researchers' point of view in [6], the problem raised 

in [5] can be controlled by offering substitute and cleaner sources, and the nation's level of living may 

raise. The solution of [6] is represented in  RnESs which play an essential role in guaranteeing 

the cleanest possible energy that is sustainable. In a similar vein, [7] emphasized that to fulfill the 
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energy demand, combat climate change, and fulfill the need for clean and sustainable development, 

the continued growth of RnESs has become a crucial strategy. 

Making the best choice for a renewable energy source would benefit sustainability in other 

aspects as social, and environmental in addition to the economic one. Contrariwise [8], the wrong 

choice of RnES might have negative effects on aspects of sustainability as the environment and the 

economy as exhibited in Figure 1. 

 
Figure 1. Consequences of adopting an undesirable renewable energy source. 

Wherefore, selecting optimal or suitable RnES is a critical process. In order to reduce environmental 

pollution, usage of traditional resources, and improve economic growth, [6] affirmed that   the 

selection process need to be strategically chosen.  

For the purpose of planning for sustainable energy, [9] indicated that there are a number of 

aspects including environmental, social, economic, technological, and institutional considerations, 

should be utilized as benchmarks. Consequently [10] contributed multi-criteria decision-making 

(MCDM) methods in choosing an optimal RnES candidate. Nevertheless, there is a further 

perspective on the application of these methods. For instance, [6] MCDM methods are insufficient for 

handling the ambiguous information that frequently arises during energy planning procedures. So, 

scholars as Zadeh [11] resorted to using Fuzzy Sets (FSs). Its adaptability and efficiency in resolving 

circumstances where the information at hand is ambiguous or insufficient are remarkable. Ditto the 

generalization of (FSs) is Intuitionistic fuzzy sets (IFSs) which take into consideration measurements 

of truth and non-truth otherwise FSs which concerns truth. 

Nonetheless, herein the study is followed suit Smarandache [12] through volunteering 

neutrosophic theory. This is a result of having a significant aptitude for developing approaches using 

vague and erratic information. The neutrosophic theory is distinguished by three separate 

membership functions that represent the roles of truth, indeterminacy, and falsity. 

Interval valued neutrosophic theory is inspired by neutrosophic theory. Therefore, in this study 

SVNS combined with MCDM methods, especially CODAS method for handling the multi-criteria 

RnESs to choose optimal one. 

This study is organized into a set of sections; each one plays a certain role. Whereas the motives 

on where the study was based are illustrated in Section 2. Through prior studies we aggregated 

essential sources of renewable energy in Section 3. These sources need to be analyzed and evaluated, 

hence we constructed hybrid model for evaluating these sources in Section 4. After that we are 
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applying this model to verify it through evaluating 6 sources based on 22 criteria. Finally, we exhibit 

synopsis for the study.  

2. Motivations of the Study 

This section represents motivations for conducting this study. These motivations are illustrated 

through set of aspects as following: 

• Societal  Aspect:  According to [13], utilization of  fossil fuels or improper RnESs leads to 

environment problems; i.e. global warming is caused by greenhouse gas (GHG) emissions such 

as carbon dioxide, methane oxide, and nitrous oxide in the atmosphere. Which in turn affects 

human life and threatens health. 

• Technical/Practical Aspect: Selecting suitable and optimal RnES is vital to lessen the hazards 

associated with selecting renewable energy incorrectly, which jeopardizes sustainability. 

Therefore, it is important to utilize flexible and efficient techniques which can analyze various 

alternatives of RnESs based on a set of criteria. Herein, the study uses MCDM methods to rank 

the sources of renewable energy with support of neutrosophic theory especially Interval valued 

neutrosophic to strength CODAS of MCDM to generate robust hybrid intelligent model. 

• Experimental  Aspect: We are applying constructed hybrid intelligent framework for ranking six 

renewable energy sources as alternatives based on 22 criteria. Herein, the utilized alternatives 

(An) are solar energy, wind energy, hydro energy, biomass energy, geothermal energy, and wave 

energy. 

3. Essential Principles of Renewable Energy Sources 

This section exhibits the different RnESs based on prior studies which related to our interested 

scope. For instance, [14]-[15] exhibited set of RnESs where aggregated in Figure 2. 

 
Figure 2. Various sources of renewable energy. 
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4. Multi-stages Intelligent Decision-Making Model (MsIDMM) 

In our constructed model, we use two elements to determine which options are preferable. Both 

the Euclidean and Taxicab distances of options to the cost-ideal are used as indicators of 

attractiveness, the greater the distance means the more desirable the option. The CODAS method is 

integrated with the neutrosophic method to deal with vague data. We evaluate the criteria and 

alternatives according to [16]- [21]. 

In this study, the first stage included determining 22 criteria which contribute to selection 

process for RnESs. After that the second stage is evaluating the determined criteria by formed expert 

panel. Third stage represented in analyzing process for expert’s evaluations through MsIDMM based 

on neutrosophic theory combined with MCDM methods. The result of MsIDMM is ranking and 

selecting optimal RnES. Figure 3 summarizes the stages of model. 

Step 4.1 Determine The Criteria of Renewable Energy 

In the first stage, the process aim is established, and the relevant criteria for assessing the options are 

selected. 

Step 4.2 Formulate the Matrix Between Criteria and Resources of Renewable Energy. 

The matrix is built by the criteria 𝑖 = 1,2,3 … . 𝑚; 𝑗 = 1,2,3 … 𝑛, and the element of matrix is 𝑘𝑖𝑗. 

Step 4.3 Normalize the Decision Matrix. 

𝑟𝑖𝑗 =  {

𝑘𝑖𝑗 

max
𝑖

𝑘𝑖𝑗

min
𝑖

𝑘𝑖𝑗

𝑘𝑖𝑗

                                                                        (1) 

Step 4.4 Determine the Weighted Normalized Matrix. 

𝑞𝑖𝑗 = 𝑒𝑗𝑟𝑖𝑗                                                                            (2) 

Where 𝑒𝑗 refers to the weights of criteria.  

Step 4.5 Compute the Point of Cost Ideal Solution.  

𝑐𝑞𝑗 =  min
𝑖

𝑞𝑖𝑗                                                                         (3) 

Step 4.6 Compute the Taxicab and Euclidean Distances. 

𝐴𝑖 =  ∑ |𝑞𝑖𝑗 − 𝑐𝑞𝑗|𝑚
𝑗=1                                                                   (4) 

𝐷𝑖 =  √∑ (𝑞𝑖𝑗 − 𝑐𝑞𝑗)
2𝑚

𝑗=1                                                                (5) 

Step 4.7 Compute the Matrix of Comparative Assessment.  

𝐴𝑠𝑠𝑖𝑦 = (𝐷𝑖 − 𝐷𝑦 ) + (𝛼(𝐷𝑖 − 𝐷𝑦) × (𝐴𝑖 − 𝐴𝑦))                                            (6) 

Where 𝑦 = 1,2,3, … 𝑛, and 𝛼 refers to the function of threshold. 

𝛼(𝑘) = {
1, 𝑖𝑓 |𝑘| ≥ 𝛽

0, 𝑖𝑓 |𝑘| < 𝛽
                                                                  (7) 

Where 𝛽 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 0.01 𝑎𝑛𝑑 0.05 refers to the expert’s threshold. 

Step 4.8 Compute the Evaluation Score. 

𝑈𝑖 =  ∑ 𝐴𝑠𝑠𝑖𝑦
𝑛
𝑦=1                                                    (8) 

Step 4.9 Rank the Sources of Renewable Energy 

The renewable energy resources are ranked according to the Maximum value of 𝑈𝑖 
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Figure 3. Various stages of Multi-stages Intelligent Decision-Making Model. 
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5. Validation of Renewable Energy Resources based on MsIDMM 

Herein, the study validates the constructed MsIDMM for assessing determined RnESs. It 

computes the weights of criteria for determined RnESs highlighted by earlier studies as [14] ,[5]. 

Whereas there are 22 criteria. There are six renewable energy sources like solar, wind, hydro, biomass, 

geothermal, and wave energy. Figure 4 reveals the utilized criteria and alternatives. 

 
Figure 4. Selection alternatives of renewable energy sources based on criteria. 

 

Decision makers (DMs) and experts evaluate the renewable energy criteria and sources to create 

decision matrix between criteria and alternatives by using interval valued neutrosophic numbers. 

Then the decision matrix is normalized as shown in Table 1 by using Eq. (1). After that the weights 

of renewable energy criteria are computed. Then the weights of the criteria are multiplied by the 

normalization matrix using Eq. (3). 

Then the point of cost for the ideal solution is computed using Eq. (3). Then the taxicab is 

computed as shown in Table 2 and Euclidean distances using Eqs. (4-5) as shown in Table 3. After 

that the matrix of comparative assessment is computed using Eqs. (6-7). Then the evaluation score is 

computed using Eq. (8) as shown in Figure 5. The second renewable energy source is the best and the 

third renewable energy source is the worst. 
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Table 1. The normalization matrix between renewable energy criteria and sources. 
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Table 2. The taxicab distance from cost ideal solution. 
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Table 3. The Euclidean distance from cost ideal solution. 
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Figure 5. Evaluation score of each renewable energy sources. 

6. Conclusions 

There is no doubt that the quick advancement of energy is enticing owing to the growth in 

population and production firms, as well as the rise in air pollution and greenhouse gas emissions, 

which has resulted in significant advancements in renewable energies and the technologies that are 

related to them. 

The overall objectives of this study are fulfilling two aims. Firstly, MCDM methods (i.e., CODAS) 

have been strengthened by neutrosophic theory as supporter in uncertainty situations and 

incomplete data. Secondly, hybrid techniques of CODAS based Interval value neutrosohic have been 

employed for analyzing RnESs alternatives based on a set of determined criteria from earlier studies. 

For achieving such objective, we constructed MsIDMM.  

DMs are formed and volunteered for rating determined 6 alternatives of RnESs which being in 

wind energy, solar energy, hydro energy, biomass energy, geothermal energy, and wave energy. 

While 22 criteria are determined based on conducted survey for prior studies. These criteria have 

been rated by DMs. Consequently, MsIDMM analyzes DMS’ rating of 6 alternatives and 22 criteria in 

order to produce the optimum solution that overcomes all environmental and local challenges in real-

time application. Finally, the optimal and suitable RnES is obtained by constructed MsIDMM to 

sustain sustainability and its aspects. According to evaluation score for 6 RnESs in Figure 5, solar 

energy (A1) is the most appropriate and sustainable one with score value 0.88 followed by biomass 

energy (A4) with score value 0.509. Otherwise, hydro energy is the worst and least sustainable 

renewable energy resource with a score value -0.946.  

  

Data availability 

The datasets generated during and/or analyzed during the current study are not publicly available 

due to the privacy-preserving nature of the data but are available from the corresponding author 

upon reasonable request. 

Conflict of interest 

The authors declare that there is no conflict of interest in the research.  

Ethical approval 

This article does not contain any studies with human participants or animals performed by any of the 

authors. 

0.88427822

-0.502495611

-0.946872462

0.509573127

-0.14394949
-0.240619052

-1.5

-1

-0.5

0

0.5

1

RNA1 RNA2 RNA3 RNA4 RNA5 RNA6

Assessment Score



Neutrosophic Systems with Applications, Vol. 9, 2023                                                  23 

An International Journal on Informatics, Decision Science, Intelligent Systems Applications 

 

Mona Mohamed and Nissreen El-Saber, Toward Energy Transformation: Intelligent Decision-Making Model Based on 

Uncertainty Neutrosophic Theory 

References 

1. Y. Torul Yürek, M. Bulut, B. Özyörük, and E. Özcan, “Evaluation of the hybrid renewable energy sources 

using sustainability index under uncertainty,” Sustain. Energy, Grids Networks, vol. 28, p. 100527, 2021, 

doi: 10.1016/j.segan.2021.100527. 

2. C. Ghenai, M. Albawab, and M. Bettayeb, “Sustainability indicators for renewable energy systems using 

multi-criteria decision-making model and extended SWARA/ARAS hybrid method,” Renew. Energy, vol. 

146, pp. 580–597, 2020, doi: 10.1016/j.renene.2019.06.157. 

3. C. J. Cleveland, R. Costanza, C. A. S. Hall, and R. Kaufmann, “Energy and the US economy: a biophysical 

perspective,” Science (80-. )., vol. 225, no. 4665, pp. 890–897, 1984. 

4. N. Rahim, L. Abdullah, and B. Yusoff, “A border approximation area approach considering bipolar 

neutrosophic linguistic variable for sustainable energy selection,” Sustain., vol. 12, no. 10, 2020, doi: 

10.3390/SU12103971. 

5. M. Abdel-Basset, A. Gamal, R. K. Chakrabortty, and M. J. Ryan, “Evaluation approach for sustainable 

renewable energy systems under uncertain environment: A case study,” Renew. Energy, vol. 168, pp. 1073–

1095, 2021, doi: 10.1016/j.renene.2020.12.124. 

6. P. Rani, J. Ali, R. Krishankumar, A. R. Mishra, F. Cavallaro, and K. S. Ravichandran, “An integrated single-

valued neutrosophic combined compromise solution methodology for renewable energy resource selection 

problem,” Energies, vol. 14, no. 15, 2021, doi: 10.3390/en14154594. 

7. T. Chen, Y. Wang, J. Wang, L. Li, and P.-F. Cheng, “Multistage decision framework for the selection of 

renewable energy sources based on prospect theory and PROMETHEE,” Int. J. Fuzzy Syst., vol. 22, pp. 

1535–1551, 2020. 

8. Ü. Şengül, M. Eren, S. E. Shiraz, V. Gezder, and A. B. Şengül, “Fuzzy TOPSIS method for ranking renewable 

energy supply systems in Turkey,” Renew. energy, vol. 75, pp. 617–625, 2015. 

9. S. K. Saraswat and A. K. Digalwar, “Evaluation of energy alternatives for sustainable development of 

energy sector in India: An integrated Shannon’s entropy fuzzy multi-criteria decision approach,” Renew. 

Energy, vol. 171, pp. 58–74, 2021. 

10. Y. Wu, C. Xu, and T. Zhang, “Evaluation of renewable power sources using a fuzzy MCDM based on 

cumulative prospect theory: A case in China,” Energy, vol. 147, pp. 1227–1239, 2018. 

11. L. A. Zadeh, “Fuzzy sets,” Inf. Control, vol. 8, no. 3, pp. 338–353, 1965. 

12. F. Smarandache, “A unifying field in Logics: Neutrosophic Logic.,” in Philosophy, American Research 

Press, 1999, pp. 1–141. 

13. T. F. Stocker et al., “Climate Change 2013: The physical science basis. contribution of working group I to 

the fifth assessment report of IPCC the intergovernmental panel on climate change,” 2014. 

14. Neha and J. Rambeer, “Renewable Energy Sources: A Review,” J. Phys. Conf. Ser., vol. 1979, no. 1, 2021, 

doi: 10.1088/1742-6596/1979/1/012023. 

15. W. O. Sarkodie, E. A. Ofosu, and B. C. Ampimah, “Decision optimization techniques for evaluating 

renewable energy resources for power generation in Ghana: MCDM approach,” Energy Reports, vol. 8, pp. 

13504–13513, 2022. 

16. I. Sahmutoglu, A. Taskin, and E. Ayyildiz, “Assembly area risk assessment methodology for post-flood 

evacuation by integrated neutrosophic AHP-CODAS,” Nat. Hazards, vol. 116, no. 1, pp. 1071–1103, 2023. 

17. Q. Wang, “Research on teaching quality evaluation of college english based on the CODAS method under 

interval-valued intuitionistic fuzzy information,” J. Intell. Fuzzy Syst., vol. 41, no. 1, pp. 1499–1508, 2021. 

 

 

Received: Apr 30, 2023.     Accepted: Aug 31, 2023 

 

 
© 2023 by the authors. Submitted for possible open access publication under the terms and conditions 

of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


