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Abstract. Nowadays, to achieve sustainable development and avoid devastating impacts on the environment,
India is making rapid and broad changes to green energy technology. In order to provide long-term energy
security with lower emissions, renewable energy sources are essential. It is well known that renewable energy
technologies, or RETs, have the capacity to significantly meet the demand for electricity while lowering pollution
levels. The nation has set up an ecologically friendly energy route in recent years. In this paper, we apply
multi-criteria decision making (MCDM) models to determine the best renewable energy technology for India.
We use the MULTIMOORA model to identify the best technology under the pythagorean neutrosophic fuzzy
set (PNFS) and the FUCOM to obtain the criteria weights. In this study, we investigate sources of renewable

energy using the newly developed idea of the PNFS and recommend the best renewable energy source for India.

Keywords: Neutrosophic fuzzy set, Pythagorean neutrosophic fuzzy set, MULTIMOORA, Renewable energy
technology, MCDM.

1. Introduction

Renewable energy (RE) is defined as energy generated by natural sources that is restocked
at a faster rate than it is ingested. Sunlight and wind are two examples of such frequently
restoring sources. Alternative forms of energy abound and are readily accessible to us. On the
other hand, fossil fuels (FFs), coal, oil, and gas are resources that are non-renewable which
require a large number of years to grow into existence. When FFs are burned to generate
energy, they emit harmful greenhouse gases like COs. RE produces far fewer pollutants than
burning fossil fuels. The transition away from FFs, which presently contribute the largest
share of emissions, as well as towards renewable energy is critical for focusing on the issue of

global warming. RE sources are now less expensive in numerous nations and create nearly as
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many employment opportunities as FFs [1]. Today, we primarily use fossil fuels to heat and
power our homes, as well as to fuel our automobiles. It is most appropriate to provide for the
demands for energy with natural gas, oil, and coal, but these FFs have a finite supply and
ecological footprint. We are using them much faster than they are being created. They will
eventually deplete. In addition, the US will retire a sizable chunk of its nuclear capacity by
2020 due to safety and waste disposal concerns. It is anticipated that during the next 20 years,
the country’s energy needs will rise by 33%. That gap can be filled in part by renewable energy.
Both decreasing greenhouse gas emissions in the US and greatly enhancing energy security are
possible with RE. As the main contributors to C'O2 emissions in the US, the consumption of
fossil fuels and energy imports can be mitigated by using renewable energy [2].

India’s energy needs are rising in tandem with the country’s plans for economic expansion.
The development of a country depends critically on a consistent supply of energy in ever-
increasing amounts. India ranks fourth in the world after China (26.83%), the United States
(14.36%), and the European Union (9.66%) [5], with its contribution to global carbon emissions
coming from the World Resource Institute Report 2017 [3}|4]. According to the World Energy
Council (WEC), the global electrical consumption peak is expected to occur in 2030. In
addition to importing pricey fossil fuels, India is one of the world’s biggest users of coal
[6]. A study by the Centre for Monitoring the Indian Economy [7] states that the nation
imported 171 million metric tons (MMTs) of coal in 20132014, 215 MMTSs in 20142015, 207
MMTs in 20152016, 195 MMTs in 20162017, and 213 MMTs in 20172018. Consequently, the
development of new energy sources for the production of electricity is imperative.

Renewable energy has progressed significantly. Energy is now more productive, accessible,
and effective. The majority of families are able to make investments in renewable energy.
Consequently, substantial numbers of individuals are unaware of the advantages of energy.
RE is now being considered for many residential and commercial properties, such as solar,
wind, and geothermal have an advantageous effect on welfare, the financial system, society,
and the entire globe. While some people are still suspicious of renewable energy, it is becoming
more widely accepted due to its numerous benefits. In this paper, we use MCDM methods to
establish the finest alternate energy source for India. The Multi-Objective Optimization on
the basis of Ratio Analysis plus full multiplicative form (MULTIMOORA) model is examined
to figure out the most sophisticated technology within the PNFS.

2. Literature Review

In recent times, the fusion of MCDM frameworks with fuzzy logic has surged in popularity

for assessing situations marked by inherent conflicts, owing to their effectiveness in handling
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the uncertainties and imprecisions commonly encountered in decision-making contexts. To ad-
dress the increasing level of uncertainties associated with physical problems, various concepts
from fuzzy logic have been incorporated. Smarandache [§] introduced the neutrosophic set
(NSS) and neutrosophic probability concepts in 1998, alongside a logical framework compris-
ing trueness, neutrality, and falseness. This framework also incorporates the term reflection,
enabling its application across diverse study areas. In a fuzzy set, trueness is denoted by H,
neutrality by K, and falseness by F, each distinct with 0 < H + K + F' < 3. Unlike the degree
of belongingness and non-belongingness in intuitionistic fuzzy sets, the indeterminacy factor
in NFS is independent of the H and F values. A neutrosophic fuzzy number (NFN) can depict
unpredictability, falsity, and uncertainty in real-life issues. Recently, Yager [9+H11] introduced
a pythagorean fuzzy set (PFS) as an alternative evaluation tool for acquiring more relevant
data in inaccurate and uncertain scenarios, defined by a combination of membership and non-
membership levels fulfill the condition that the square of their sum is less than 1. Zhang
and Xu [12] introduced the notion of PFN and an extensive mathematical approach for PFS.
Combining these two frameworks offers a comprehensive approach to handling uncertainties
in decision-making processes.

Assigning weights to criteria is crucial for evaluating alternatives in decision-making, as it
involves considering various factors. These weights can be derived through either an objective
or a subjective process. The Full Consistency Method (FUCOM) represents a subjective
approach wherein the relative importance of each attribute is estimated through pairwise
comparisons [13]. This method involves systematically evaluating the attributes against each
other to discern their relative significance, thereby aiding in the establishment of weighted
criteria for the decision-making process. Further fuzzy based extension of the method was
presented by Pamucar et al. [14] and is been used in solving the green supplier evaluation
problem. As a result, several extension of the method has been suggested by various researchers
for handling the fuzziness that arose with the criteria weight estimation in sustainable fuel
vehicle selection [15], sustainable supplier selection [16], modelling of sustainable mobility
plans [17], healthcare waste treatment method selection [18] and so on.

Multi-Objective Optimization on the basis of a Ratio Analysis plus the full MULTIplicative
form (MULTIMOORA) is a MCDM model developed as an extension of the Multi-objective
optimization by ratio analysis (MOORA). This model is an integrated approach which offers
ranking of alternatives based on dominance theory [19]. Balezentis et al. [20] extended the
traditional model to the fuzzy numbers and used for evaluating the decision making problems.
Stanujkic et al. [21] proposed the neutrosophic extension of the method. Further several

extensions of the method using the Pythagorean [22], fermatean [23], intuitionistic linguistic
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TABLE 1. MADM methods used various researchers

Authors MCDM methodology Country Suggested Option
Van Thanh et al. (2022) |41) Spherical fuzzy AHP-TOPSIS Vietnam Solar energy
Goswami et al. (2022) |42] MEREC-PIV India | Hydroelectric power plant
Saraswat et al. (2021) |43] Fuzzy AHP-VIKOR,WSM, PROMETHEE-II India Solar energy
Wang et al. (2021) [44] Grey AHP-WASPAS Vietnam Solar energy
Sarkodie et al. (2022) |45| CRITIC-MOORA, TOPSIS, COPRAS Ghana Hydropower
Alkan et al. (2020) [46) Triangular fuzzy entropy-COPRAS, MULTIMOORA | Turkey Wind energy

fuzzy numbers |24], picture [25] and spherical fuzzy numbers [26] has been suggested by various
researchers for solving diverse decision making problems.

Many researchers are looking into renewable energy technologies and their benefits in various
countries. Hussian et al. [27] proposed that wind and solar energy production, as well as
economic development, have an impact on environmental quality. Using the fuzzy MCDM
model, Jahangiri et al. [28] investigated the best location for capturing wind and solar energy.
Aljaghoub et al. [29] proposed MCDM-based solar PV cleaning techniques. Saraswat et al. [30]
studied the spatial suitability of solar and wind farm locations in India from economical,
technological, and infrastructure-environmental perspectives. Goswami et al. [31] proposed
a suitable RE power plant for India based on six key factors using an integrated MCDM
model. Li et al. [32] created an innovative structure for evaluating the highest-priority areas
of energy from renewable sources growth and implementation in China from the viewpoint
of environmental sustainability, consequently improving renewable energy management. Kaur
et al. [33] presented an MCDM-based method for selecting the best solar panel for rural
electrification. Khalifa et al. [34] examined the inverse capacitated transportation problem in
neutrosophic environment. Priyadharshini and Irudayam [35] analyzed the obesity problems
in school children using plithogenic single valued fuzzy sets. Mohamed et al. |36] proposed
the transition supply chain 4.0 to supply chain 5.0. Jdid and Smarandache [37] examined an
efficient optimal solution model for transport models under neutrosophic environment. Khalifa
et al. [38] proposed the neutrosophic complex programming using lexicographic order. Alizadeh
et al. [39] investigated the role of RE facilities, regulations, and organizational frameworks in
facilitating their growth. Kumar and Samuel [40] considered an optimum selection of best RE
source with the help of VIKOR method.

Further MCDM methods have been used for evaluating the RE sources suitable for sus-
tainable energy generation. Table [I] presents the MADM methods used and the suggested
option.

The reviewed studies primarily aimed to pinpoint the most cost-effective options for Renew-
able Energy Technologies (RET) in different countries, leveraging the continually advancing

Multiple Criteria Decision Making (MCDM) methods that play a pivotal role in the realm of
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sustainable energy management. Given the diversity of solutions proposed by various method-
ologies, it becomes imperative to conduct a nation-specific, in-depth analysis to address the
problem effectively. The potential synergy of combining the Full Consistency Method (FU-
COM) with MULTIMOORA in the context of RET selection remains untapped. Similarly, the
capability of Pythagorean Neutrosophic Fuzzy Sets (PNFS) to encapsulate not just the dimen-
sions of truth and falsehood but also of neutrality offers a robust model for tackling complex
decision-making scenarios, yet its integration with the FUCOM-MULTIMOORA approach
warrants further exploration. This combination could significantly broaden its applicability
across different fields and bolster decision-making efficacy. Consequently, this research endeav-
ors to forge a comprehensive framework for selecting the most apt alternative energy sources for
India, considering social, economic, and technical criteria. This objective is pursued through
the employment of the FUCOM-MULTIMOORA method combined with a Pythagorean neu-

trosophic fuzzy set, aiming to unearth the optimal solution.

3. Preliminaries
Definition 3.1. [8] Let T be a non-empty set. A NFS L on T is given below:
L={<a,Hr(a),Kr(a),Fr(a) > |a €T} (1)

where Hp(a), Kr(a), Fr(a) € [0,1], for all @ € T, Hr(a) is trueness level, K1 (a) is neutral
level and Fp(a) is falseness level. Here, the degree of trueness and falseness are dependent

components and neutral level is an independent component.
Definition 3.2. [9,/10] The PFS O is a set over U:
0 ={<a,90(a),wo(a) > |a € T} (2)

Where ¢o(a) : T — [0,1] and wr(a) : U — [0, 1] describe the membership and non-membership
degree respectively, a € O on T,

0 < ((¢)o(a)® + (w)o(a))* <1 (3)

Suppose ((¢)o(a))? + ((w)o(u))® < 1 then there is a degree of indeterminacy is defined by
Mo(u) 1 /1—((¢)o(a))? + ((w)o(a))? and which belongs to 1.

Definition 3.3. [9,|11] A PNFS @ with H and F are dependent components on 7' is in the

form of

Q ={<a,¢g(a),dg(a),wg(a) > |a € T} (4)

Where ¢¢(a),dg(a), wg(a) are belongs to [0,1] and 0 < (¢g(a))? + (5g(a))? + (wg(a))? < 2,

¢g(a) is trueness level, 6g(a) is neutral level and wg(a) is falseness level.
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Definition 3.4. [8-10] The score function of the PNFS with dependent components N and

F' are described as:

Sela) = (H+(1=N)+(1-F)) (5)

4. Mathematical Methods

The developed framework consist of evaluating the criteria weights using the FUCOM
method and the ranking of the options are provided using the PNFS based MULTIMOORA

method. The algorithm of the developed methods are provided in the following sections.

4.1. Proposed method

The proposed method employs three techniques: the ratio system (RS), the reference point
(RP), and the full multiplicative form (FMF). The algorithm of the proposed model is given
below: [47]

4.2. The RS technique

The importance of overall i*" alternative is:

JjeEP

5=y mi (8)
JEN

Where z;" and z; represents the addition of normalized performance values (NPV) of the
significance. These are obtain based on the positive and negative criteria. Here, P and N
denotes the positive and negative criteria respectively; ¢ = 1,2,3,....,m and j = 1,2,3,...,n.
The NPVs are obtained as:

L

=

T (hig)?

Where h;; is the performance value of the ith alternative to the j* criteria. Based on their

(9)

z; values, the compared options are ranked descendingly, with the option with the highest z;

value being the best ranked.
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4.3. The RP technique

The reference point based optimization:
Y; = min;(max;W; x d(ej — r45)) (10)

The overall performance of the RP technique is denoted by Y;, and the distance between
the RP and the NDM, multiplied by the criteria weights, is denoted by d(e; — ri;). The gth

coordinate of the RP is represented by e; as follows:
ej = max;rij;j € P (11)
ej = min;rij;j € N (12)

The alternatives under comparison are arranged in order of importance according to their Y;

values; the option with the lowest Y; value is considered the best.

4.4. The FMF technique

The following formula can be used to determine the alternative’s overall utility:
B, = — (13)

Where P; represents the combination of the positive criteria’s weighted evaluations of per-
formance and N; represents the combination of the negative criteria’s weighted evaluations
of performance. The best outcome is indicated by the largest value of B;, and the compared

options are arranged in descending order.

5. FUCOM method

Pairwise comparison serves as the foundation for FUCOM, which authenticates outcomes
by deviating from maximum consistency (DMC). In comparison to AHP, it minimizes the
number of paired criteria comparisons and provides an opportunity to check the results by
identifying the transitivity of pairwise criteria comparisons and defining the DMC [48].

The steps of FUCOM is given below: [49]

Step 1: Form the ranking set using the given evaluation attribute (51, Ss, ..., S, ) The following

are the criteria that are ranked by intended importance as follows:
Sj(l) > Sj(g) > > Sj(b), (14)

where b represents the criteria order.

Step 2: Comparing every neighboring attribute pair results in the computation of comparative
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priority are ¥ _1),b =1,2,...,n. Here, ¥ (1) represent the criterion value S;(b — 1) relative
b b

to criterion S;(b— 1) is expressed by (b — 1),b. Then, the comparative preferences is

U={0,,Uy,..,¥p 1} (15)
2 3 b

Step 3: Compute the final weight values(w;, ws,,w;), it should satisfies two conditions:
e The ratio of weight is equal to the comparative priority ¥ —1) (from step 2). (i.e),
b

Wp—1

=V 16
i (16)

e The weight should satisfy the transitivity condition, i.e., W (-2 @ ¥V (y_1y = V(o .
b—1 f !
The another condition is

Weo-2) _
wy,

U2 @ W1 (17)

b—1 b

—~
Z

The construction of a nonlinear constrained programming model is as follows:

min 0,
W(p_ Wp—
S.t‘(bl)—\ll(bl) <40, ® 2)—\11@72)@\1’@ <V,
Wy b Wy b—1 3
n (18)
> w;=1,9j
j=1
wy > O,Vj

The ideal weight values for the assessment are given by solving the model, which is

(wl,wg, ...,wn).

6. Application

An energy source is an indispensable aspect of a country’s socioeconomic progress. The
explosive growth in the economies of nations that are developing in the past few years has
resulted in a rapid rise in energy consumption, which is expected to continue. Research and
development of suitable ecological and financial methods will necessitate a projection of future
electricity usage. Analogously, an estimate of future electricity usage guides future renewable
energy investment decisions. The population size as well as the expansion of a country have an
important effect on energy demand. India is the country with the highest annual population
growth worldwide, with some of its states having populations as large as several other countries.
India’s energy consumption is expected to rise at the fastest rate among major nations by
2040. The majority of this demand will come from coal, with renewable energy following
closely behind. RES will surpass gas and then oil as the second most important source of
domestic power generation by 2020. The demand for renewable energy in India will grow

exponentially [5,6].
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TABLE 2. PNFS linguistic scale

Linguistic term trueness values | neutral values | falseness values
Extremely high (EH) 0.85 0.10 0.15
moderately high (MH) 0.65 0.30 0.35
Moderate (M) 0.55 0.40 0.45
moderately low (ML) 0.35 0.60 0.65
Extremely low (EL) 0.15 0.80 0.85
Criterion So S3 Sy S
v 1 24 3.5 4

Developing nations tend to concentrate on modern techniques to generate energy from
natural sources, which aids in the search for green energy while managing the energy demand
problem. In this paper, we propose the MULIMOORA for determining the best renewable
energy technology for India using a PNFS. We selected four types of energy sources based on

economic, environmental, social, and technological considerations.

7. Numerical Example

In this part, we use the MULTIMOORA technique to discuss the RET problem under
the pythagorean neutrosophic fuzzy set. Based on the chosen criteria, the experts assessed
this issue in this case. The renewable energy sources include solar energy (R;), geothermal
energy (Rg), wind energy (R3), and biomass energy (Ry). Experts analyze the RES, utilizing
the suggested way to tackle this issue. A decision matrix derived from the linguistic scale is

displayed in table

7.1. FUCOM weight finding method

Step 1: The factors are ranked by experts in decreasing order of significance: Sy > S3 >
Sy > 51
Step 2: Experts compare the rating criteria in pairs, starting with step 1. The scale [1,
5] serves as its foundation (Table 2). All attributes are listed in order of priority below.
Next, we calculate the comparative priorities based on the priorities of attribute as follows:
Uy =5 =245 Uy = 55 = 1.458; ¥a = 55 = 1.142;
tep 3: Calculate final weights
Az = 2.4; )\% = 1.458; )\% = 1.142;

)\% = 3.499; )\% = 1.665

Using Eq. (18), we can calculate the weight for coefficient of decision maker, Min 6, Subject

0

w

to
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TABLE 3. Decision matrix

S1 So S3 Sa
Ry 1.8 1.6 1.8 1.8
Ry 2.1 1.4 1.8 1.4
R3 1.8 1.8 1.4 1.2
Ry 1.8 1.9 1.1 1.4

TABLE 4. Normalize decision matrix

Si S Ss Sy
R 0.4788 0.4745 0.5794 0.6138
Ry 0.5586 0.4151 0.5794 0.4774
R3 0.4788 0.5338 0.4506 0.4092
Ry 0.4788 0.5634 0.3541 0.4774

TABLE 5. The final ranking results for RS

Alternatives Ranking values Rank
Ry 1.1889 1
Ry 0.9133 4
R; 0.9148 3
Ry 0.9161 2

132 — 2.4] < 0;]35 — 1.458| < 6; ]34 — 1.142| < 0;
3 4 1
22— 3.499] < 6;]32 — 1.1665| < 0;
4 1
> iy wj =1 for every j
After this model is solved, the weight coefficient’s ideal values are (0.1281536, 0.5121079,
0.2133819, and 0.1463566), and the DFC of the outcome is § = 0.0004116877.

7.2. MULTIMOORA method
The RS technique

The RS method was used to determine the ranking outcomes as well as the order of the
RE technology. After applying Egs. (7) and (8) to generate the decision matrix displayed in
Table |3| using the PNFSs scoring function, we compute the NDM, which is displayed in Table
Table [5 presents the final ranking result of the RS technique using Eq. (6).

D. Sasirekha, P. Senthilkumar, A Comprehensive Decision Algorithm for the Analysis of
Renewable Energy Source Selection Problem using Pythagorean Neutrosophic Fuzzy Sets



Neutrosophic Sets and Systems, Vol. 67, 2024 @

TABLE 6. Weighted distance between RP and NDM

S1 So S3 Sy
Ry 0 0.0455 0 0
Ry -0.0102 0.0759 0 0.0199
R3 0 0.0151 0.0274 0.0299
Ry 0 0 0.0480 0.0199

TABLE 7. The final ranking results for RP approach

Alternatives Ranking values Rank
Ry 0.0455 2
Ry 0.0759 4
R3 0.0299 1
Ry 0.0480 3

TABLE 8. Weighted NDM

S1 So Ss Sy
Ry 0.0613 0.2429 0.1236 0.0898
Ry 0.0715 0.2125 0.1236 0.0698
R3 0.0613 0.2733 0.0961 0.0598
Ry 0.0613 0.2885 0.0755 0.0698

The RP technique

Table [0] presents the weighted distance between the RP and the NDM, which was calculated
by executing the RP process and utilizing Equation (10). Table [7| presents the final ranking
results. The reference point is derived using Equations (11) and (12), which are (0.1281536,
0.5121079, 0.2133819, and 0.1463566).

The FMF technique

Table [J presents the ranking results and order of the RE technology based on the FMF
technique, using Eq. (13). To begin with, we acquired the weighted NDM, which is provided
in Table Dominance theory is used to produce the final ranking results, which are shown
in Table

From this Table R;1— Solar energy is the best RE technology is the most suitable
renewable energy sources for India which balancing the energy demand and create a new

green energy, such as electricity.
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TABLE 9. The final ranking results for FMF

Alternatives Ranking values Rank
Ry 0.0438 1
Ry 0.0251 3
R3 0.0256 2
Ry 0.0245 4

TABLE 10. The final ranking results of MULTIMOORA

Alternatives RA RP FMF Final rank
Ry 1 2 1 1
Ry 4 4 3 4
R3 3 1 2 2
Ry 2 3 4 3

TABLE 11. Comparison analysis results

Alternatives TOPSIS Rank VIKOR Rank Proposed method
R, 0.5882 3 0.2200 3 1
Ry 0.3828 4 1 4 4
R3 0.5996 1 0.0737 1 2
Ry 0.5975 2 0.0959 2 3

8. Comparative and sensitivity analysis

This section compares this recommended method’s effectiveness with other approaches, such
as TOPSIS and VIKOR, for PNFN cases. Sensitivity analysis was specifically developed for
the purpose of this study.

8.1. Comparative analysis

The efficiency and performance of the suggested model are illustrated in this part by a
comparative analysis with other MCDM techniques found in the literature. The VIKOR
model and the TOPSIS model are two methods that are currently in use, and they were used
to assess the suggested methodology. These MCDM approaches make use of the suggested
criterion weights. The ranking order comparison findings are displayed in Table Results
from the suggested ranking deviate further from the current TOPSIS and VIKOR approaches.
Consequently, when compared to other MCDM models, the suggested method yields more
trustworthy findings.
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TABLE 12. Weights in sensitivity analysis

RE Case 1 Case 2 Case 3

Ry 0.1281536 0.5121079 0.2133819
Ry 0.5121079 0.1281536 0.1463566
R3 0.2133819 0.1463566 0.1281536
Ry 0.1463566 0.2133819 0.5121079

TABLE 13. Weights in sensitivity analysis

Alternatives Case 1 Rank Case 2 Rank Case 3 Rank
Ry 0.3198 1 0.00273 1 0.01576
Ro 0.0018 3 0.00157 3 0.0092 2
R3 0.1622 2 0.00159 2 0.00920 3
Ry -0.3289 4 0.00155 4 0.00891 4

8.2. Sensitivity analysis

This approach compares the outcomes of three situations in its sensitivity analysis. Such
weight values for the properties are displayed in Table The study’s result is Case 1, and the
additional results found by applying various attribute weights are Cases 2 and 3. Modifying
the attribute weights has an impact on the ranking order, as demonstrated by the sensitivity

analysis. The findings of the sensitivity analysis are displayed in Table

9. Conclusion

This work provided the MULTIMOORA and FUCOM algorithms in a Pythagorean neu-
trosophic fuzzy environment. PNFNs are used to represent each alternative’s characteristics.
The safest and most advantageous RE source in the current environment has been determined
to be solar energy technology, which is derived from the suggested strategy for RES problem
solving. The findings from this study have the potential to significantly assist policymakers and
stakeholders in pinpointing the most suitable Renewable Energy Technology (RET) for India’s
power sector. By identifying the optimal RET, it enables the formulation of strategic plans
aimed at fostering sustainable development within the country. The framework developed
through this research distinguishes itself by leveraging expert opinions to ascertain the best
RET option, enhancing the decision-making process. Additionally, by broadening the range of
criteria considered and adopting objective methods for assigning weights to these criteria, the
precision and reliability of the results have been substantially improved. This approach not
only enriches the robustness of the decision-making process but also ensures that the selected

RET solutions are aligned with Indias unique energy needs and sustainability goals, thereby
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contributing to a more sustainable and efficient energy future for the country. This process
helps produce green energy, which will assist in addressing future problems related to energy

demand.

References

1. https://www.un.org/en/climatechange/what-is-renewable-energy.

2. K. Tromly, Renewable energy: An overview. 2001.

3. Canadian environmental sustainability indicators, Global greenhouse gas emissions.
Available at http://www.ec.gc.ca/indicateurs-indicators/54C061B5-44F7-4A93-A3EC-
5F8B253A7235/Global GHGEmissions_EN.pdf. Accessed 27 June.2017.

4. D. Pappas, Energy and Industrial Growth in India: The Next Emissions Superpower? Energy procedia 105
(2017) 3656-3662.

5. J. Kumar and M.A. Majid, Renewable energy for sustainable development in India: current status, future
prospects, challenges, employment, and investment opportunities, Energy, Sustainability and Society 10
(2020) 1-36.

6. World Energy Scenarios Composing energy futures to 2050, World energy Council. (2013)
https://www.worldenergy.org/wp-content/uploads/2013/09/World-Energy-Scenarios_Composing-energy-
futures-to-2050_Full-report. pdf .Accessed 01 Jan 2017.

7. M. Blondeel, T. Van de Graaf, Toward a global coal mining moratorium? A comparative analysis of coal
mining policies in the USA, China, India and Australia. Climatic Change 150(1-2) (2018) 89-101

8. F. Smarandache Neutrosophy/neutrosophic probability, set and logic. American Research Press, Rehoboth
(1998).

9. R. R. Yager, Pythagorean fuzzy subsets. In Proceedings of the Joint IFSAWorld Congress and NAFIPS
Annual Meeting, Edmonton, AB, Canada, June 2428 (2013) 25761.

10. R. R. Yager and A. M. Abbasov, Pythagorean membership grades, complex numbers, and decision making.
International Journal of Intelligent Systems 28(5) (2013) 436-452.

11. R. R. Yager, Pythagorean membership grades in multi-criteria decision making. IEEE Transactions on
Fuzzy Systems 22(4) (2013) 958-965.

12. X. Zhang and Z. Xu, Extension of TOPSIS to multiple criteria decision making with Pythagorean fuzzy
sets. International Journal of Intelligent Systems, 29(12) (2014) 1061-1078.

13. Pamuar, D., Stevi, ., and Sremac, S. (2018). A new model for determining weight coefficients of criteria in
medm models: Full consistency method (fucom). Symmetry, 10(9), 393.

14. Pamucar, D., and Ecer, F. (2020). Prioritizing the weights of the evaluation criteria under fuzziness: The
fuzzy full consistency methodFUCOM-F. Facta Universitatis, Series: Mechanical Engineering, 18(3), 419-
437.

15. Pamucar, D., Ecer, F., and Deveci, M. (2021). Assessment of alternative fuel vehicles for sustainable
road transportation of United States using integrated fuzzy FUCOM and neutrosophic fuzzy MARCOS
methodology. Science of the Total Environment, 788, 147763.

16. Durmi, E., Stevi, ., Chatterjee, P., Vasiljevi, M., and Tomaevi, M. (2020). Sustainable supplier selection
using combined FUCOMRough SAW model. Reports in mechanical engineering, 1(1), 34-43.

17. Demir, G., Damjanovi, M., Matovi, B., and Vujadinovi, R. (2022). Toward sustainable urban mobility by
using fuzzy-FUCOM and fuzzy-CoCoSo methods: the case of the SUMP podgorica. Sustainability, 14(9),
4972.

D. Sasirekha, P. Senthilkumar, A Comprehensive Decision Algorithm for the Analysis of
Renewable Energy Source Selection Problem using Pythagorean Neutrosophic Fuzzy Sets



Neutrosophic Sets and Systems, Vol. 67, 2024 @

18. Saha, A., Mishra, A. R., Rani, P., Hezam, I. M., and Cavallaro, F. (2022). A g-rung orthopair fuzzy
FUCOM double normalization-based multi-aggregation method for healthcare waste treatment method
selection. Sustainability, 14(7), 4171.

19. Hafezalkotob, A., Hafezalkotob, A., Liao, H., and Herrera, F. (2019). An overview of MULTIMOORA for
multi-criteria decision-making: Theory, developments, applications, and challenges. Information Fusion,
51, 145-177.

20. Baleentis, T., and Baleentis, A. (2013). A Survey on Development and Applications of the Multi-criteria
Decision Making Method MULTIMOORA. Journal of Multi-Criteria Decision Analysis, 21(3-4), 209222.

21. Stanujkic, D., Zavadskas, E. K., Smarandache, F., Brauers, W. K., and Karabasevic, D. (2017). A neutro-
sophic extension of the MULTIMOORA method. Informatica, 28(1), 181-192.

22. Huang, Chao, Mingwei Lin, and Zeshui Xu. ”Pythagorean fuzzy MULTIMOORA method based on dis-
tance measure and score function: its application in multicriteria decision making process.” Knowledge and
Information Systems 62 (2020): 4373-4406.

23. Rani, P., and Mishra, A. R. (2021). Fermatean fuzzy Einstein aggregation operators-based MULTIMOORA
method for electric vehicle charging station selection. Expert Systems with Applications, 182, 115267.

24. Liu, P., Gao, H., and Fujita, H. (2021). The new extension of the MULTIMOORA method for sustainable
supplier selection with intuitionistic linguistic rough numbers. Applied Soft Computing, 99, 106893.

25. Tian, C., Peng, J. J., Zhang, Z. Q., Wang, J. Q., and Goh, M. (2022). An extended picture fuzzy MULTI-
MOORA method based on SchweizerSklar aggregation operators. Soft Computing, 1-20.

26. Kutlu Gndodu, F. (2020). A spherical fuzzy extension of MULTIMOORA method. Journal of Intelligent €
Fuzzy Systems, 38(1), 963-978.

27. B. Hussain, S. A. A Naqvi, S. Anwar, and M. Usman, Effect of wind and solar energy production, and
economic development on the environmental quality: Is this the solution to climate change? Gondwana
Research, 119 (2023) 27-44.

28. M. Jahangiri, A. A. Shamsabadi, A. Mostafaeipour, M. Rezaei, Y. Yousefi, and L. M. Pomares Using
fuzzy MCDM technique to find the best location in Qatar for exploiting wind and solar energy to generate
hydrogen and electricity International Journal of Hydrogen Energy 45(27) (2020) 13862-13875.

29. H. Aljaghoub, F. Abumadi, M. N. AlMallahi, K. Obaideen and A. H. Alami, Solar PV cleaning techniques
contribute to Sustainable Development Goals (SDGs) using Multi-criteria decision-making (MCDM): As-
sessment and review. International Journal of Thermofluids 16 (2022) 100233.

30. S. K. Saraswat, A. K. Digalwar, S. S. Yadav and G. Kumar, MCDM and GIS based modelling technique
for assessment of solar and wind farm locations in India. Renewable Energy 169 (2021) 865-884.

31. S. S. Goswami, S. K. Mohanty and D. K. Behera, Selection of a green renewable energy source in India
with the help of MEREC integrated PIV MCDM tool. Materials today: proceedings 52 (2022) 1153-1160.

32. T. Li, A. Li and X. Guo, The sustainable development-oriented development and utilization of renewable
energy industry - a comprehensive analysis of MCDM methods. Energy, 212 (2020) 118694.

33. H. Kaur, S. Gupta and A. Dhingra, Selection of solar panel using entropy TOPSIS technique. Materials
Today: Proceedings (2023).

34. Khalifa, H. A. E. W., Kumar, P., and Mirjalili, S. (2021). A KKM approach for inverse capacitated trans-
portation problem in neutrosophic environment. Sdhan, 46(3), 166.

35. Priyadharshini, S. P., and Irudayam, F. N. (2023). An analysis of obesity in school children during the
pandemic COVID-19 using plithogenic single valued fuzzy sets. Neutrosophic Systems with Applications, 9,
24-28.

36. Mohamed, M., Karam M. Sallam, and Ali Wagdy Mohamed. (2023). Transition Supply Chain 4.0 to Supply
Chain 5.0: Innovations of Industry 5.0 Technologies Toward Smart Supply Chain Partners. Neutrosophic
Systems With Applications, 10, 111.

D. Sasirekha, P. Senthilkumar, A Comprehensive Decision Algorithm for the Analysis of
Renewable Energy Source Selection Problem using Pythagorean Neutrosophic Fuzzy Sets



Neutrosophic Sets and Systems, Vol. 67, 2024 @

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Jdid, M., and Smarandache, F. (2023). An Efficient Optimal Solution Method for Neutrosophic Transport
Models: Analysis, Improvements, and Examples. Infinite Study.

Khalifa, H. A. E. W., Kumar, P., and Smarandache, F. (2020). On optimizing neutrosophic complex
programming using lexicographic order. Infinite Study.

R. Alizadeh, L. Soltanisehat, P. D. Lund and H. Zamanisabzi, Improving renewable energy policy planning
and decision-making through a hybrid MCDM method. Energy Policy 137 (2020) 111174.

Kumar, M., and Samuel, C. (2017). Selection of best renewable energy source by using VIKOR method.
Technology and Economics of Smart Grids and Sustainable Energy, 2, 1-10.

Van Thanh, N. (2022). Sustainable energy source selection for industrial complex in Vietnam: A Fuzzy
MCDM Approach. IEEE Access, 10, 50692-50701.

Goswami, S. S., Mohanty, S. K., and Behera, D. K. (2022). Selection of a green renewable energy source in
India with the help of MEREC integrated PIV MCDM tool. Materials today: proceedings, 52, 1153-1160.

Saraswat, S. K., and Digalwar, A. K. (2021). Evaluation of energy sources based on sustainability factors
using integrated fuzzy MCDM approach. International Journal of Energy Sector Management, 15(1), 246-
266.

Wang, C. N., Kao, J. C., Wang, Y. H., Nguyen, V. T., Nguyen, V. T., and Husain, S. T. (2021). A multi-
criteria decision-making model for the selection of suitable renewable energy sources. Mathematics, 9(12),
1318.

Sarkodie, W. O., Ofosu, E. A., and Ampimah, B. C. (2022). Decision optimization techniques for evaluating
renewable energy resources for power generation in Ghana: MCDM approach. Energy Reports, 8, 13504-
13513.

Alkan, ., and Albayrak, . K. (2020). Ranking of renewable energy sources for regions in Turkey by fuzzy
entropy based fuzzy COPRAS and fuzzy MULTIMOORA. Renewable Energy, 162, 712-726.

W. K. Brauers, A. Baleentis, T. Baleentis, MULTIMOORA for the EU Member States updated with fuzzy
number theory. Technological and Economic Development of Economy 17(2) (2011) 259-290.

H. Fazlollahtabar, A. Smailbai and Z. Stevi, FUCOM method in group decision-making: Selection of forklift
in a warehouse. Decision Making: Applications in Management and Engineering 2(1) (2019) 49-65.

Q. Cao, M. O. Esangbedo, S. Bai and C. O. Esangbedo, Grey SWARA-FUCOM weighting method for
contractor selection MCDM problem: A case study of floating solar panel energy system installation.
Energies 12(13) (2019) 2481.

Received: Feb 10, 2024. Accepted: April 29, 2024

D. Sasirekha, P. Senthilkumar, A Comprehensive Decision Algorithm for the Analysis of
Renewable Energy Source Selection Problem using Pythagorean Neutrosophic Fuzzy Sets



	1. Introduction
	2. Literature Review
	3. Preliminaries
	4. Mathematical Methods
	4.1. Proposed method
	4.2. The RS technique
	4.3. The RP technique
	4.4. The FMF technique

	5. FUCOM method
	6. Application
	7. Numerical Example
	7.1. FUCOM weight finding method
	7.2. MULTIMOORA method
	The RS technique
	The RP technique
	The FMF technique

	8. Comparative and sensitivity analysis
	8.1. Comparative analysis
	8.2. Sensitivity analysis

	9. Conclusion
	References

