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Abstract 

Considering renewable energy sources in assessments of sustainable electricity production is essential for accelerating 

the shift to a greener and more sustainable energy system. The evaluation takes into account a wide range of factors, 

such as the renewable energy source, carbon footprint, energy efficiency, environmental impact, grid integration, 

policy support, cost, social and economic implications, technological progress, and certification for transparency. 

Sustainable power deployment may be hastened via careful consideration of these aspects by policymakers, energy 

planners, and other stakeholders. This paper shows the hybrid multi-criteria decision-making method with the single-

valued neutrosophic set. The single valued neutrosophic set was used to overcome the vague information. The single 

valued neutrosophic set hybrid with the Characteristic Object METhod (COMET) method. The COMET method is an 

MCDM method. It is used to rank the alternatives. This paper used ten criteria and ten alternatives. The application is 

conducted to show the results of the proposed method. 
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1. Introduction  

The assessment of sustainable electricity production is of critical importance as the globe struggles to solve the 

pressing need to address climate change and move towards sustainable energy systems. Power plants that use 

renewable energy sources to generate electricity are the focus of this analysis. Decarbonizing the power sector and 

decreasing dependency on fossil fuels may be accomplished in part via the use of renewable energy sources including 

solar, wind, hydropower, geothermal, and biomass. Sustainable electricity production from renewable energy sources 

may be evaluated for its sustainability, efficacy, and contributions to a greener future by taking all relevant factors 

into account[1], [2]. 

Many aspects go into an analysis of sustainable power production when renewable energy sources are taken into 

account. Carbon footprint, energy efficiency, environmental effect, grid integration, legislative support, cost, social 

and economic ramifications, technology advances, and certification are a few of the many factors to consider when 

deciding on a renewable energy source. Policymakers, energy planners, and stakeholders may accelerate the adoption 

of sustainable power production by examining these factors and making educated judgments, setting objectives, and 

developing strategies[3], [4]. 

The assessment of sustainable electricity production offers a framework for measuring the performance and potential 

of renewable energy sources in this age of fast technical breakthroughs and growing awareness of the need for 
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sustainable development. It aids in determining where the energy sector now stands and where it may be strengthened 

for a more sustainable and environmentally friendly future. Energy security, local economic growth, and reduced 

greenhouse gas emissions are only a few of the benefits of increasing the use of renewable energy sources in power 

generation[5], [6]. This paper assesses the green sustainable electricity by the several factors in renewable energy by 

the MCDM tools such as COMET method[7], [8]. 

Zadeh initially established the concept of fuzzy sets (FSs) in 1965; since then, they have been used in a wide variety 

of contexts to deal with the ambiguity that arises when only certain elements of a set may be considered to be members 

of that set. Unlike probability, which uses a discrete interval between 0 and 1 to describe uncertainty, a fuzzy set (FS) 

uses a continuous range between 0 and 1 to indicate membership and non-membership. Researchers have now 

developed several generalizations to better effectively deal with imprecise, ambiguous, and incomplete data. One such 

extension that has proven beneficial in dealing with fuzziness and uncertainty is Atanassov's intuitionistic fuzzy sets 

(IFSs). To ensure that the total of the membership degree and the non-membership degree falls inside the unit interval 

[0,1], both are defined between 0 and 1 in IFSs. A person's level of uncertainty may be calculated by subtracting the 

total of their membership and non-membership values from 1. There are several examples in the literature of how FSs 

and IFSs have been put to use[9], [10]. 

While IFSs have shown effectiveness in dealing with ambiguity, they cannot address the indeterminacy and 

inconsistency of information that is typical of belief systems and real-world situations. Samarandache saw this, and 

he created the concept of neutrosophic sets (NSs) as a means to portray uncertain, fragmented, and contradictory data. 

In a logical structure, NSs generalize both finite sets and infinite fusion sets. Independent membership in the truth, 

falsehood, and indeterminacy are what define a neutrosophic set (NS). These truth, falsehood, and indeterminacy 

membership functions may also be members of a subset of a real standard or non-standard unit interval. It is not 

necessary for the unit interval [0,1] to have the total of these truth, falsehood, and indeterminacy memberships[11], 

[12]. Since the NS generalization theory is philosophical in nature, it is challenging to apply it to real-world 

engineering and scientific challenges. Therefore, Wang et al. proposed the concept of single-valued NSs (SVNSs), a 

subclass of NSs in which the values of truth membership, falsity membership, and indeterminacy membership all fall 

within the unit range [0,1], and the total of these three memberships should be between 0 and 1. Its theoretical beauty 

and practical efficacy mean that it may be used to better illustrate imprecise, partial, and inconsistent data and to solve 

actual scientific and technical challenges. After that, many researchers were interested in SVNSs and developed 

several approaches to deal with real-world issues arising from different disciplines and their own peculiar needs and 

specifications[13], [14]. 

This study will examine the value of renewable energy sources in the context of a more extensive assessment of 

sustainable power production. Sustainable and efficient evaluation of power-generating techniques that make use of 

renewable energy sources is the focus of this article. To successfully create policies, investments, and efforts that 

encourage the shift to a sustainable, low-carbon, and resilient electrical system, it is essential to grasp the many 

dimensions of this assessment. By doing this analysis, we can lay the groundwork for a cleaner, more prosperous 

future for current and future generations[15], [16]. 

2. Green Sustainable Electricity  

Setting goals and creating plans for making the switch to a greener and more sustainable energy system is greatly 

aided by the assessment of sustainable power production. Some ways in which the assessment may aid in this 

procedure are as follows. 

Assessing the Potential of Renewable Energy Sources Identifying the availability and potential of renewable energy 

sources is an important part of evaluating sustainable power supply. It is possible to determine which renewable energy 

technologies are most suited for a certain location by analyzing data like sun irradiation, wind speeds and directions, 

hydrological information, and biomass reserves. The greatest possible capacity and contribution of renewable energy 

in the electrical mix may be determined using this data, allowing for more reasonable objectives to be established[17], 

[18]. 

In order to evaluate sustainable power production, it is necessary to evaluate the environmental implications and 

carbon emissions of various renewable energy systems. Emissions reduction goals may be established by assessing 

the emissions reduction potential of each technology and comparing it to the already existing carbon emissions from 

fossil fuel-based energy production. Strategies for prioritizing the deployment of certain renewable energy sources 

that give the greatest advantages in terms of emissions reduction may be developed with the use of this data[19], [20]. 
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In order to define goals and create plans, it is necessary to assess the competitiveness and affordability of sustainable 

power production. Various renewable energy technologies' leveled cost of electricity (LCOE) is compared to that of 

more traditional energy sources. It is possible to make green power more affordable by setting goals based on an 

analysis of renewable energy's cost competitiveness. To make renewable energy more financially feasible, strategies 

may be devised to reduce costs through technological improvement, economies of scale, and encouraging legislation. 

Tracking technical progress and new developments in the renewable energy industry is a crucial part of any assessment 

of the viability of this kind of power production. Goals may be established to promote the adoption of more 

sophisticated and efficient renewable energy technologies by evaluating the progress made in areas like efficiency, 

storage capacity, and grid integration. Then, plans may be made to fund R&D, encourage innovation, and push for the 

widespread adoption of promising new technology[21], [22]. 

Policy and Regulatory Frameworks: Assessing the efficacy of current policies and regulatory frameworks is aided by 

evaluating sustainable power production. Feed-in tariffs, tax incentives, renewable energy objectives, and grid 

integration regulations are all examples of encouraging measures that may be studied for their effects in order to 

establish goals for their improvement and expansion. An enabling environment for renewable energy adoption may 

be achieved via the implementation of strategies to establish new policies, eliminate impediments, and improve 

regulatory frameworks. 

Including Stakeholder Input: Governments, utilities, industry actors, and communities are all important participants 

in any analysis of sustainable power production. Goals that take into account the interests of all parties involved may 

be more effectively achieved. The public's knowledge, engagement, and inclusion in the energy transition process 

may all be improved with the right strategies[23], [24]. 

Evaluating sustainable energy production offers a framework against which to measure the attainment of goals and 

the success of tactics in meeting objectives. In order to resolve obstacles, make the most of possibilities, and guarantee 

the intended results, it is important to evaluate the progress of renewable energy deployment on a regular basis. As 

the energy transition advances, this iterative method will allow for ongoing improvement and adaptability[25], [26]. 

Overall, learning more about renewable energy potential, environmental impacts, cost competitiveness, technological 

advancements, policy frameworks, stakeholder engagement, and progress monitoring through assessing sustainable 

electricity generation is useful for setting goals and creating strategies. Policymakers and energy planners may use the 

results of this analysis to make well-informed choices, coordinate their efforts, and speed up the shift to a low-carbon, 

reliable electrical system[27], [28]. 

3. Methodology  

Multi-criteria assessment problems vary in structure depending on the nature and number of criteria used to assess 

them, as well as the number of options under consideration. This section provides the steps of the COMET method[7], 

[29]. Although the COMET technique is straightforward, it is helpful to have some familiarity with single valued 

neutrosophic sets theory in order to fully grasp how it works[30], [31]. Figure 1 shows the steps of the proposed 

method. 
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Figure 1: The Steps of the single valued neutrosophic COMET method. 

The COMET approach is formally given in the following phases. 

1. Select the set of criteria 

2. Build the assessment matrix 

3. The characteristic objects (CO) is generated  

𝑂 = (𝐺𝐸𝐿𝐶1 × 𝐺𝐸𝐿𝐶2 ×  𝐺𝐸𝐿𝐶3 ×  … … 𝐺𝐸𝐿𝐶𝑟)                                                                                     (1) 

𝑂1 = (𝐺𝐸𝐿𝐶11 × 𝐺𝐸𝐿𝐶21 ×  𝐺𝐸𝐿𝐶31 ×  … … 𝐺𝐸𝐿𝐶𝑟1)                                                                                     (2) 

𝑂2 = (𝐺𝐸𝐿𝐶11 × 𝐺𝐸𝐿𝐶21 ×  𝐺𝐸𝐿𝐶31 ×  … … 𝐺𝐸𝐿𝐶𝑟2)                                                                                     (3) 

𝑡 = ∏ 𝐺𝐸𝐿𝐶𝑖
𝑟
𝑖=1                                                                                                                                     (4) 

4. Order the CO 

𝐽𝑀 = [

𝛼11 ⋯ 𝛼1𝑡

⋮ ⋱ ⋮
𝛼𝑡1 ⋯ 𝛼𝑡𝑡

]                                                                                                                                (5) 
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𝛼𝑖𝑗 = {

0.0  𝑓𝑒𝑥𝑝(𝑂𝑖) <  𝑓𝑒𝑥𝑝(𝑂𝑗) 

0.5  𝑓𝑒𝑥𝑝(𝑂𝑖) =  𝑓𝑒𝑥𝑝(𝑂𝑗)

1.0  𝑓𝑒𝑥𝑝(𝑂𝑖) >  𝑓𝑒𝑥𝑝(𝑂𝑗)

                                                                                                         (6) 

 

𝛼𝑖𝑗 = 0.5                                                                                                                                                      (7) 

𝛼𝑗𝑖 = 1 − 𝛼𝑖𝑗                                                                                                                                                      (8) 

𝑝 = (𝑡
2
) =

𝑡(𝑡−1)

2
                                                                                                                                  (9) 

We can compute the vertical vector of summed judgments as 

𝑆𝑖 =  ∑ 𝛼𝑖𝑗
𝑡
𝑗=1                                                                                                                                           (10) 

 

4. Application 

This section shows the application of the single valued COMET method on the assessment green electricity. We 

collected ten criteria and presented as: 

Green power may be evaluated on its viability, environmental impact, and overall efficacy using a number of different 

metrics. Key factors for assessing the quality of green power are as follows: 

Primary consideration is given to the kind of energy utilized to produce the electricity itself. Clean power comes from 

renewable resources including the sun, the wind, the water, the earth, and biomass. The evaluation needs to confirm 

that the energy source is long-lasting, plentiful, and infinite. 

The carbon impact of green power has to be assessed. In order to do this, we must examine the emissions produced 

throughout the whole energy production process, from initial resource extraction to final decommissioning. Greener 

power is one which produces the fewest amount of carbon emissions. 

It is essential to evaluate the energy efficiency of renewable power plants before they are put into operation. Renewable 

energy conversion efficiency is measured against that of more traditional power plants. A more sustainable and 

efficient method of producing power is indicated by a higher energy efficiency. 

It is important to think about how green power production affects the environment as a whole. Ecosystems, 

biodiversity, water resources, land use, and air quality are just a few of the areas that need to be considered. It's crucial 

to account for environmental considerations including habitat loss, water use, and land conversion while planning any 

development. 

Integration into the electrical grid and dependability in fulfilling power demands are two factors that should be 

considered while evaluating green electricity. It is crucial to examine the accessibility of dependable backup systems 

and energy storage options, as well as the grid infrastructure's capability of handling intermittent renewable energy 

sources. 

The legislative framework and incentives that encourage the creation and spread of green power should be taken into 

account throughout the assessment. Whether or whether the government is serious about encouraging green power 

may be gauged by looking at laws, feed-in tariffs, tax incentives, renewable energy objectives, and other supporting 

measures. 

The extensive use of green power requires careful consideration of its cost. Green power's cost competitiveness may 

be evaluated by comparing its leveled cost of electricity (LCOE) to that of more traditional energy sources. Its long-

term cost-effectiveness may also be gleaned by examining the likelihood of future cost reductions. 

Assessing the repercussions of producing green power on society and the economy is crucial. Opportunities for 

economic growth, community involvement, and new employment are all factors to consider when planning renewable 

energy projects. Consideration of local community support and advantages is important for a full assessment.\ 
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Assessment of technical development and innovation in green power production provides information about the field's 

future possibilities and improvement avenues. Research and development initiatives, new technologies, and emerging 

trends may all be evaluated to provide insight into the state of the sector and the potential for future growth. 

Consideration of existing transparency and certification processes is important when assessing green power. 

Guarantees of origin (GOs) and renewable energy certificates (RECs) are two examples of reputable certification 

systems that may be used to verify that power has come from renewable sources. 

A thorough assessment of green electricity's viability, environmental impact, cost-effectiveness, and overall efficacy 

as a renewable energy source may be attained by using these criteria. A future with low-carbon, clean energy is 

possible only with the help of such assessments, which are essential for guiding policy choices and supporting 

sustainable energy transitions. 

1. We select ten criteria related to the green electricity. 

2. We build the assessment matrix by the criteria and alternatives. We collected ten alternatives in this study. 

3. we generated the characteristic objects (CO) by using Eqs. (1-4)  

4. Then we rank the CO by using Eqs. (5-10) as shown in Table 1. The rank of alternatives shows in Figure 2. The 

alternative 3 is the best. 

 

Table 1: The rank of CO. 

 𝐺𝐸𝐿𝐶1 𝐺𝐸𝐿𝐶2 𝐺𝐸𝐿𝐶3 𝐺𝐸𝐿𝐶4 𝐺𝐸𝐿𝐶5 𝐺𝐸𝐿𝐶6 𝐺𝐸𝐿𝐶7 𝐺𝐸𝐿𝐶8 𝐺𝐸𝐿𝐶9 𝐺𝐸𝐿𝐶10 

𝐺𝐸𝐿𝐴1 0.5 1 1 1 0 0 1 0.5 1 0.5 

𝐺𝐸𝐿𝐴2 0.5 1 1 1 1 1 1 0.5 1 0 

𝐺𝐸𝐿𝐴3 0.5 1 0 0.5 1 0 0 0.5 1 1 

𝐺𝐸𝐿𝐴4 0.5 1 1 1 1 0 0.5 0.5 1 1 

𝐺𝐸𝐿𝐴5 0.5 1 1 0.5 1 0 0.5 0.5 1 1 

𝐺𝐸𝐿𝐴6 0.5 1 0 0.5 1 0 1 0.5 1 1 

𝐺𝐸𝐿𝐴7 0.5 1 0 0.5 1 0 1 0.5 1 1 

𝐺𝐸𝐿𝐴8 0.5 1 1 0.5 1 0 1 0.5 1 0.5 

𝐺𝐸𝐿𝐴9 0.5 1 0.5 0.5 0.5 0 1 0.5 1 1 

𝐺𝐸𝐿𝐴10 1 1 1 1 1 1 1 1 1 1 

 𝐺𝐸𝐿𝐶1 𝐺𝐸𝐿𝐶2 𝐺𝐸𝐿𝐶3 𝐺𝐸𝐿𝐶4 𝐺𝐸𝐿𝐶5 𝐺𝐸𝐿𝐶6 𝐺𝐸𝐿𝐶7 𝐺𝐸𝐿𝐶8 𝐺𝐸𝐿𝐶9 𝐺𝐸𝐿𝐶10 

𝐺𝐸𝐿𝐴1 1 0.5 0.5 0.5 1 1 0.5 1 0.5 1 

𝐺𝐸𝐿𝐴2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

𝐺𝐸𝐿𝐴3 1 1 1 1 1 1 1 1 1 0.5 

𝐺𝐸𝐿𝐴4 1 1 0.5 0.5 1 0.5 0.5 0.5 1 1 

𝐺𝐸𝐿𝐴5 1 1 0.5 1 1 0.5 0.5 0.5 1 1 

𝐺𝐸𝐿𝐴6 1 1 1 0.5 1 0.5 0.5 0.5 1 1 

𝐺𝐸𝐿𝐴7 0.5 1 0.5 0.5 1 0.5 1 0.5 1 1 

𝐺𝐸𝐿𝐴8 0.5 1 0.5 0.5 1 0.5 1 0.5 1 1 

𝐺𝐸𝐿𝐴9 0.5 1 1 0.5 1 0.5 1 0.5 0.5 1 

𝐺𝐸𝐿𝐴10 0.5 1 0.5 0.5 1 0.5 1 0.5 0.5 1 

 𝐺𝐸𝐿𝐶1 𝐺𝐸𝐿𝐶2 𝐺𝐸𝐿𝐶3 𝐺𝐸𝐿𝐶4 𝐺𝐸𝐿𝐶5 𝐺𝐸𝐿𝐶6 𝐺𝐸𝐿𝐶7 𝐺𝐸𝐿𝐶8 𝐺𝐸𝐿𝐶9 𝐺𝐸𝐿𝐶10 

𝐺𝐸𝐿𝐴1 1 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5 1 

𝐺𝐸𝐿𝐴2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 

𝐺𝐸𝐿𝐴3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

𝐺𝐸𝐿𝐴4 0.5 1 0.5 0.5 0.5 0.5 0.5 0.5 1 1 

𝐺𝐸𝐿𝐴5 0.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 

𝐺𝐸𝐿𝐴6 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 

𝐺𝐸𝐿𝐴7 0.5 1 0.5 0.5 0.5 0.5 1 0.5 0.5 1 
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𝐺𝐸𝐿𝐴8 0.5 1 0.5 0.5 0.5 0.5 1 0.5 0.5 1 

𝐺𝐸𝐿𝐴9 0.5 1 0.5 0.5 0.5 0.5 1 0.5 0.5 1 

𝐺𝐸𝐿𝐴10 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5 0.5 1 

 𝐺𝐸𝐿𝐶1 𝐺𝐸𝐿𝐶2 𝐺𝐸𝐿𝐶3 𝐺𝐸𝐿𝐶4 𝐺𝐸𝐿𝐶5 𝐺𝐸𝐿𝐶6 𝐺𝐸𝐿𝐶7 𝐺𝐸𝐿𝐶8 𝐺𝐸𝐿𝐶9 𝐺𝐸𝐿𝐶10 

𝐺𝐸𝐿𝐴1 1 0.5 1 1 0.5 1 1 1 0.5 0.5 

𝐺𝐸𝐿𝐴2 0.5 0.5 1 1 0.5 0.5 1 1 0.5 0.5 

𝐺𝐸𝐿𝐴3 1 0.5 1 1 1 1 1 1 0.5 0.5 

𝐺𝐸𝐿𝐴4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

𝐺𝐸𝐿𝐴5 0.5 1 1 1 1 0.5 0.5 0.5 0.5 1 

𝐺𝐸𝐿𝐴6 1 1 1 1 1 0.5 0.5 0.5 0.5 1 

𝐺𝐸𝐿𝐴7 0.5 0.5 0.5 1 1 0.5 1 0.5 0.5 1 

𝐺𝐸𝐿𝐴8 0.5 1 0.5 1 1 0.5 1 0.5 0.5 1 

𝐺𝐸𝐿𝐴9 0.5 0.5 1 0.5 1 0.5 1 0.5 0.5 0.5 

𝐺𝐸𝐿𝐴10 0.5 0.5 1 0.5 0.5 0.5 1 0.5 0.5 1 

 

 

 

Figure 2: The ordered of alternatives by the COMET method. 

 

5. Conclusion 

Achieving a sustainable, low-carbon, and resilient energy future relies on the assessment of sustainable power 

production taking into account renewable energy sources. This analysis gives a thorough comprehension of the 

feasibility and efficacy of renewable energy sources in electricity production by examining a wide range of variables, 

including renewable energy potential, environmental implications, cost, legislative support, and technology 

improvements. It facilitates the transition towards a greener energy system by providing policymakers and energy 

planners with the information they need to establish goals and formulate policies that place a premium on the use of 

renewable energy sources, quicken the pace at which emissions are reduced, and so on. 

This analysis reveals that renewable energy sources have several advantages, such as a lower carbon footprint, greater 

energy independence, and new business prospects. The analysis shows how vital it is to harmonize policy and 
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regulatory frameworks to facilitate the adoption of renewable energy sources. Facilitating inclusion and guaranteeing 

the efficacy of plans, the assessment process also includes stakeholder participation and monitoring progress. This 

paper proposed the single valued neutrosophic COMET method to assess the green sustainable electricity. This paper 

used the ten criteria and ten alternatives. The alternative 3 is the best by the rank of the COMET method. 
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