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Abstract 

In a power plant, the fuel choice directly impacts the efficiency, cost, and ecological impact of generating electricity. 

For power plants to produce electricity effectively and affordably to fulfill the needs of consumers in homes, 

companies, and communities, they need a fuel supply that is constant, dependable, and inexpensive. In this study, we 

used the concept of multi-criteria decision-making (MCDM) to deal with the various criteria of fuel alternatives. We 

used the EDAS method as an MCDM methodology to rank the fuel alternatives and select the best one. The EDAS 

method is employed with the interval-valued neutrosophic sets (IVNSs) to deal with the uncertainty information in 

the evaluation process. We compute the weights of the criteria of thermodynamic parameters. We used ten 

thermodynamic parameters such as temperature, mass, energy, etc. Then, the principal results show that temperature 

is the best criterion, and the work interaction is the worst criterion in all criteria. The EDAS method ranked twenty 

alternatives. The results show that alternative 20 are the best and alternative 14 is the worst of all alternatives. We 

employed the sensitivity analysis to show the rank of alternatives under ten cases. The results show the 20 alternative 

is the best in all cases. The results are stable.     

Keywords: Interval Valued Neutrosophic Sets; MCDM, EDAS Method; Thermal Power Station; Fuel Power; Energy. 

 

1. Background  

Choosing the right fuel for a power plant is crucial since it affects the facility's output, expenses, and ecological 

footprint. To successfully produce electricity and fulfill the energy needs of companies, organizations, and 

communities, power plants need a constant, dependable, and cost-effective fuel supply. The choice of fuel relies on a 

multiplicity of criteria, including availability, cost, energy content, environmental concerns, and technical 

compatibility with the power plant's equipment and infrastructure[1], [2]. 

Power plant operators and energy planners must make decisions on which fuel will be most efficient, cost-effective, 

and environmentally friendly in this setting. When making a decision, it's important to weigh the long-term and short-

term consequences of the available fuel alternatives. The ideal fuel choice for a power plant is determined by a number 

of factors, including the fuel's availability, price volatility, energy efficiency, emissions profile, and regulatory 

compliance[3], [4]. 
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Furthermore, there are other factors than cost to consider while choosing a fuel. Greenhouse gas emissions, air quality, 

and our total carbon footprint are just a few of the environmental issues that have come to the forefront in recent years. 

In order to lessen their negative effects on the environment and aid global efforts to combat climate change, power 

plants are coming under growing pressure to switch to cleaner and more sustainable fuel sources[5], [6]. 

Coal, natural gas, oil, nuclear, biomass, and renewable energy sources including solar, wind, hydro, and geothermal 

must all be considered by power plant operators in this intricate decision-making process[7]–[9]. In terms of 

accessibility, cost, energy density, emissions, and operational factors, each fuel source has its own pros and 

disadvantages[10], [11]. 

A power plant's fuel choice should strike a good balance between cost, environmental impact, and plant operations. It 

requires an in-depth familiarity with the energy industry, new technologies, and relevant regulations. Power plants 

may help make the energy industry more resilient, efficient, and ecologically responsible by making well-informed 

choices and adopting sustainable fuel sources[12], [13]. 

Thermodynamic perspectives might be used in the analysis of this study. The thermodynamics regulate the herbal 

phenomena and are also valid for synthetic systems[14], [15]. 

The literature survey reveals that researchers in various domains have utilized qualitative and quantitative frameworks 

for decision-making[16], [17]. 

Decision analysis and management science have tremendously aided in fuel selection. When compared to other 

decision-making techniques, multi-criteria decision-making (MCDM) approaches provide superior models for aiding 

in the solution of complex, interconnected choice issues. Multiple criterion approaches, which evaluate and rank 

options based on a number of factors, serve as a direct defining characteristic. It details a quantitative technique that 

may help DMs be more strategic in their decision-making by systematically weighing relevant factors[18], [19]. 

Using a fuzzy set (FS) technique is the cornerstone notion for addressing doubts during choice-making. There have 

been several uses for the traditional fuzzy decision-making models. Numerological intervals, intuitionistic models, 

the rough set (RS), and the FS are often used in this context[20]–[24]. The most current technique in this area, generally 

known as neutrosophic set (NS) notions, developed and championed by Kandasamy and Smarandache, is employed 

in the present work. With the use of numerical examples, Kandasamy and Smarandache explained the mathematical 

and philosophical underpinnings of neutrosophic algebraic buildings, neutrosophic spaces, and neutrosophic 

matrices[25], [26].  

Mondal and Pramanik created a model of collaborative decision-making in the context of higher education faculty 

hiring from a neutrosophic perspective. ahin and Liu explored several fundamental aspects and characteristics of 

single-valued neutrosophic hesitant fuzzy sets (SVNHFS) and outlined their correlation and correlation 

coefficient[27], [28]. Using neutrosophic fuzzy notions, Vafadarnikjoo et al. investigated key motivating 

characteristics of a refurbished bike based on the views of customers and experts[29], [30]. 

NSs factor in the uncertainty and inconsistency of individual aspects when they work to find solutions to real-time 

challenges. In contrast with FSs and intuitionistic FSs (IFSs), NSs indicate incompleteness and inconsistency of an 

element to set, making it more suited for handling complicated issues[31]–[33]. 

The main contributions of this study are: 

We analyze the thermodynamics parameters by the average method to show the weights of these parameters.  

We conducted a sensitivity analysis to show the stability of the results and the rank of alternatives under different 

cases. 

We employed the interval-valued neutrosophic sets with the EDAS method to overcome the uncertainty information. 

The MCDM methodology to rank the alternatives by employing the EDAS method.  

There are ten criteria and 20 alternatives are used in this paper.  
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2. Interval Valued Neutrosophic Sets 

In this section, we introduce some operations on the interval-valued neutrosophic numbers (IVNNs) as:  

The IVNNs can be defined as: 

𝑥 = [𝑇𝑥
𝐿 , 𝑇𝑥

𝑈], [𝐼𝑥
𝐿 , 𝐼𝑥

𝑈], [𝐹𝑥
𝐿 , 𝐹𝑥

𝑈]  

Where T refers to the truth values, I refers to the indeterminacy values and F refers to the falsity values.  

There are some operations on IVNNs as: 

𝜌𝑥 =

{
 
 

 
 [1 − (1 − 𝑇𝑥

𝐿(𝐴))
𝜌
, 1 − (1 − 𝑇𝑥

𝑈(𝐴))
𝜌
 ],

[((𝐼𝑥
𝐿(𝐴))

𝜌
, ((𝐼𝑥

𝑈(𝐴))
𝜌
))] ,

[((𝐹𝑥
𝐿(𝐴))

𝜌
, ((𝐹𝑥

𝑈(𝐴))
𝜌
))]

}
 
 

 
 

                                                                                      (1) 

𝑥𝜌 = {

[(𝑇𝑥
𝐿(𝐴))

𝜌
],

[1 − (1 − 𝐼𝑥
𝐿(𝐴))

𝜌
, 1 − (1 − 𝐼𝑥

𝑈(𝐴))
𝜌
 ],

[1 − (1 − 𝐹𝑥
𝐿(𝐴))

𝜌
, 1 − (1 − 𝐹𝑥

𝑈(𝐴))
𝜌
 ]

}                                                                                  (2) 

We let two IVNNs as 𝑥 = [𝑇𝑥
𝐿(𝐴), 𝑇𝑥

𝑈(𝐴)], [𝐼𝑥
𝐿(𝐴), 𝐼𝑥

𝑈(𝐴)], [𝐹𝑥
𝐿(𝐴), 𝐹𝑥

𝑈(𝐴)] and 𝑦 = [𝑇𝑦
𝐿(𝐴), 𝑇𝑦

𝑈(𝐴)],

[𝐼𝑦
𝐿(𝐴), 𝐼𝑦

𝑈(𝐴)], [𝐹𝑦
𝐿(𝐴), 𝐹𝑦

𝑈(𝐴)] 

𝑥 + 𝑦 = {

[𝑇𝑥
𝐿(𝐴) + 𝑇𝑦

𝐿(𝐴) − 𝑇𝑥
𝐿(𝐴) ∙ 𝑇𝑦

𝐿(𝐴), 𝑇𝑥
𝑈(𝐴) + 𝑇𝑦

𝑈(𝐴) − 𝑇𝑥
𝑈(𝐴) ∙ 𝑇𝑦

𝑈(𝐴)],

[𝑇𝑥
𝐿(𝐴) ∙ 𝐼𝑦

𝐿(𝑥), 𝐼𝑥
𝐿(𝐴) ∙ 𝐼𝑦

𝑈(𝐴)],

[𝐹𝑥
𝐿(𝐴) ∙ 𝐹𝑦

𝐿(𝑥), 𝐹𝑥
𝐿(𝐴) ∙ 𝐹𝑦

𝑈(𝐴)]

}                       (3) 

𝑥 − 𝑦 =

{
 

 
[𝑇𝑥

𝐿(𝐴) − 𝑇𝑦
𝐿(𝐴), 𝑇𝑥

𝑈(𝐴) − 𝑇𝑦
𝑈(𝐴)],

[max (𝐼𝑥
𝐿(𝑥) ∙ 𝐼𝑦

𝐿(𝑥)) ,max (𝐼𝑥
𝑈(𝐴) ∙ 𝐼𝑦

𝑈(𝐴))] ,

[𝐹𝑥
𝐿(𝐴) − 𝐹𝑦

𝐿(𝐴), 𝐹𝑥
𝑈(𝐴) − 𝐹𝑦

𝑈(𝐴)] }
 

 
                                                                    (4) 

𝑥 ∙ 𝑦 = {

[𝑇𝑥
𝐿(𝐴) ∙ 𝑇𝑦

𝐿(𝐴), 𝑇𝑥
𝑈(𝐴) ∙ 𝑇𝑦

𝑈(𝐴)],

[𝑇𝑥
𝐿(𝐴) + 𝐼𝑦

𝐿(𝐴) − 𝑇𝑥
𝐿(𝐴) ∙ 𝐼𝑦

𝐿(𝐴), 𝐼𝑥
𝑈(𝐴) + 𝐼𝑦

𝑈(𝐴) − 𝐼𝑥
𝑈(𝐴) ∙ 𝐼𝑦

𝑈(𝐴) ],

[𝐹𝑥
𝐿(𝐴) + 𝐹𝑦

𝐿(𝐴) − 𝐹𝑥
𝐿(𝐴) ∙ 𝐹𝑦

𝐿(𝐴), 𝐹𝑥
𝑈(𝐴) + 𝐹𝑦

𝑈(𝐴) − 𝐹𝑥
𝑈(𝐴) ∙ 𝐹𝑦

𝑈(𝐴)]

}                          (5) 

3. EDAS Method 

In this section, we introduce the EDAS method as an MCD method and show the steps of the EDAS method under 

the interval-valued neutrosophic sets.  

The EDAS method, created by Ghorabaee et al. (2015), is intended to be faster and less labor-intensive than other 

methods of assessing alternatives in terms of their distance from a mean solution. The EDAS method, backed by 

experimental data, was put to use in the building industry to pinpoint the best fuel for a power plant. By contrasting 

EDAS with other methodologies, we were able to prove its worth as an MCDM strategy. Using both beneficial and 

detrimental distances to evaluate helpful and harmful criteria, the approach ranks alternatives based on how far they 

deviate from the mean answer for each factor. The steps of the EDAS method as shown in Figure 1 and are organized 

as follows:  
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Figure 10: The Steps of the interval-valued neutrosophic EDAS method. 

 

3.1 The criteria and alternatives are collected 

We let the experts and decision-makers collect the criteria based on their expertise in the energy and power station 

fuel. These criteria are gathered from previous related work of power fuel in power stations. 

3.2 Build the decision matrix 

After the experts and decision-makers collected the criteria and alternatives, they used the linguistic terms of interval-

valued neutrosophic sets to evaluate the criteria and alternatives to build the decision matrix. Then we replace the 

linguistic terms with related interval-valued neutrosophic numbers. Then we apply the score function to obtain the 

crisp values in the decision matrix. 

3.3 Normalize the decision matrix 

The decision matrix between criteria and alternatives by the crisp values are normalized to build the normalized 

decision matrix. 

𝑁𝑖𝑗 =
𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝐴

𝑖=1

                                                                                                                                              (6) 

Where 𝑥𝑖𝑗  refers to the value in the decision matrix and 𝑖 = 1,2, …𝑚(𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠)𝑎𝑛𝑑 𝑗 = 1,2, …𝑛(𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎) 

3.4 Compute the average solution 

𝐴𝑉𝑗 =
∑ 𝑥𝑖𝑗
𝑐
𝑖=1

𝑛
                                                                                                                                                  (7) 

3.5 Compute the positive and negative values of the average solution from a distance 

If j is positive  

𝑃𝐷𝐴𝑖𝑗 =
max(0,(𝑥𝑖𝑗−𝐴𝑉𝑗))

𝐴𝑉𝑗
                                                                                                                               (8) 

 𝑁𝐷𝐴𝑖𝑗 =
max(0,(𝐴𝑉𝑗−𝑥𝑖𝑗))

𝐴𝑉𝑗
                                                                                                                               (9) 

If j is negative  
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𝑃𝐷𝐴𝑖𝑗 =
max(0,(𝐴𝑉𝑗−𝑥𝑖𝑗))

𝐴𝑉𝑗
                                                                                                                               (10) 

 𝑁𝐷𝐴𝑖𝑗 =
max(0,(𝑥𝑖𝑗−𝐴𝑉𝑗))

𝐴𝑉𝑗
                                                                                                                               (11) 

3.6 Compute the values of 𝑆𝑃𝑖  𝑎𝑛𝑑 𝑆𝑁𝑖 

𝑆𝑃𝑖 = ∑ 𝑊𝑗𝑃𝐷𝐴𝑖𝑗
𝐴
𝑗=1                                                                                                                                    (12) 

𝑆𝑁𝑖 = ∑ 𝑊𝑗𝑁𝐷𝐴𝑖𝑗
𝐴
𝑗=1                                                                                                                                    (13) 

3.7 Compute the values of 𝑁𝑆𝑃𝑖𝑎𝑛𝑑 𝑁𝑆𝑁𝑖 

𝑁𝑆𝑃𝑖 =
𝑆𝑃𝑖

max(𝑆𝑃𝑖)
                                                                                                                                         (14) 

𝑁𝑆𝑁𝑖 = 1 −
𝑆𝑁𝑖

max(𝑆𝑁𝑖)
                                                                                                                                         (15) 

3.8 Compute the 𝐴𝑆𝑖 

𝐴𝑆𝑖 = 𝛼 (𝑁𝑆𝑃𝑖 + 𝑁𝑆𝑁𝑖)                                                                                                                              (16) 

4. Discussion  

In this section, we offer the results of the interval-valued neutrosophic EDAS method. We show the weights of criteria 

and rank and select the best power station based on a set of criteria and alternatives.  

4.1 We collect the criteria and alternatives from previous studies to rank the power stations and evaluate the weights 

of power weights. We collected the ten criteria and twenty alternatives. We collect the criteria of this paper by the 

thermodynamic parameters. Thermodynamic parameters are a variable state the thermodynamic behavior. The 

thermodynamic parameters offer some benefits to the systems such as work interaction, heat transfer, and energy. The 

ten thermodynamic parameters used in this paper are organized as follows: 

4.1.1 Gibbs free energy: This parameter refers to the combined enthalpy and entropy to compute the amount of energy 

in the system.  

4.1.2 Heat: This parameter refers to the transfer of energy between a system.  

4.1.3 Energy: This parameter is the capacity to do work in the system. 

4.1.4 Mass or Volume: This parameter refers to the amount of space occupied by the system. 

4.1.5 Temperature: This parameter measures the mean of kinetic energy of practices in systems.  

4.1.6 Entropy: This parameter refers to the disorder of a system. 

4.1.7 Pressure: This parameter refers to the force exerted per unit area by gas. 

4.1.8 Internal Energy: This parameter refers to the sum of the microscopic energy of particles within the system.  

4.1.9 Enthalpy: This parameter refers to the total heat content of a system at constant pressure.  

4.1.10 Work: This parameter refers to the transfer energy of outcomes in a change in state in the system.  

 

4.2 Build the decision matrix 

We used the ten criteria and twenty alternatives to build the decision matrix between the criteria and alternatives. We 

used the interval-valued neutrosophic numbers to build the decision matrix.  
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4.3 We used Eq. (6) to build the normalized decision matrix between criteria and alternatives.  

4.4 Eq. (7) is used to compute the average solution from the normalized decision matrix.  

4.5 Eqs. (8 and 9) are used to compute the values of positive and negative average solutions from the distance as 

shown in Tables 1 and 2.  

Table 1: The positive average solutions from the distance. 

 TPC1 TPC2 TPC3 TPC4 TPC5 TPC6 TPC7 TPC8 TPC9 TPC10 

TPA

1 

0.61641

6 

0.34707

4 

0.98647

7 

0.30158

6 

0 0 0 0 0 0.52558

3 

TPA

2 

0 0.61380

8 

0.94913

1 

0 0 0.52662

2 

0 0.53761

3 

0.55862

9 

0.53821 

TPA

3 

0.14506

3 

0 0.97221

5 

0 0 0 0 0 0.59358

7 

0.33437

4 

TPA

4 

0.40024

4 

0.13925 0.96661

6 

0.00442

9 

0 0 0 0 0.55914

5 

0.05062

5 

TPA

5 

0 0 0.98753

4 

0 0.04520

7 

0.52662

2 

0.53164

8 

0 0.59358

7 

0.05657

8 

TPA

6 

0.14506

3 

0.13925 0.98646

1 

0.55331

8 

0 0 0.49136

2 

0 0 0.73843

9 

TPA

7 

0.14506

3 

0.34707

4 

0.94913

1 

0.51489

6 

0.57161

4 

0 0 0 0.09418

1 

0 

TPA

8 

0 0 0.97221

5 

0 0.53476

6 

0 0 0 0.78818

3 

0 

TPA

9 

0.14506

3 

0.13925 0.96661

6 

0.00442

9 

0 0.52662

2 

0 0 0.10106

9 

0.53821 

TPA

10 

0.40024

4 

0 0.98753

4 

0 0.57161

4 

0.48590

4 

0.53164

8 

0 0 0.34700

1 

TPA

11 

0 0.13777

7 

0.98646

1 

0.55331

8 

0.53476

6 

0.25984

6 

0.49136

2 

0.53761

3 

0 0 

TPA

12 

0 0 0.96661

6 

0.51489

6 

0.34289

9 

0 0 0.49784 0 0.05116

7 

TPA

13 

0.14506

3 

0.13925 0.98050

8 

0 0 0 0 0 0.09418

1 

0.23696

5 

TPA

14 

0 0 0.94913

1 

0.00442

9 

0.04520

7 

0 0.53164

8 

0 0 0.05657

8 

TPA

15 

0 0 0.97221

5 

0 0 0.52662

2 

0.49136

2 

0 0.28533

3 

0 

TPA

16 

0.32547

7 

0.13925 0.96661

6 

0.55331

8 

0.57161

4 

0.48590

4 

0 0.53761

3 

0 0 

TPA

17 

0.14506

3 

0 0.98753

4 

0.51489

6 

0.53476

6 

0 0 0.49784 0 0 

TPA

18 

0 0.13925 0.98646

1 

0.55161

4 

0.33019

3 

0.52662

2 

0 0.27703

1 

0 0.05116

7 

TPA

19 

0.14506

3 

0 0.97221

5 

0 0 0.48590

4 

0.26770

5 

0 0 0 

TPA

20 

0 0.13925 0 0.00442

9 

0 0 0 0.48471

3 

0 0 

 

Table 2. The negative average solutions from the distance. 

 TPC1 TPC2 TPC3 TPC4 TPC5 TPC6 TPC7 TPC8 TPC9 TPC10 
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TPA

1 

0 0 0 0 0.55417 0.39405

7 

0.25423 0.45965

4 

0.66698

2 

0 

TPA

2 

0.02722

5 

0 0 0.19619

9 

0.74258

7 

0 0.91111

2 

0 0 0 

TPA

3 

0 0.04566

4 

0 0.82269 0.14720

3 

0.05507 0.04386

8 

0.03057

4 

0 0 

TPA

4 

0 0 0 0 0.74803

3 

0.34190

5 

0.25423 0.23825

7 

0 0 

TPA

5 

0.02885 0.04566

4 

0 0.19619

9 

0 0 0 0.03057

4 

0 0 

TPA

6 

0 0 0 0 0.14720

3 

0.93162

1 

0 0.23825

7 

0.65665 0 

TPA

7 

0 0 0 0 0 0.05507 0.91111
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4.6 Then compute the values of 𝑆𝑃𝑖  𝑎𝑛𝑑 𝑆𝑁𝑖 by using Eqs. (12) and 13. Before that we compute the weights of criteria 

by the average method as shown in Figure 2. We show the temperature criterion is the best and the work criterion is 

the worst.  
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Figure 2: The ten weights of thermodynamic parameters.  

4.7 Then compute the values of 𝑁𝑆𝑃𝑖𝑎𝑛𝑑 𝑁𝑆𝑁𝑖 by using Eqs. (14 and 15). 

4.8 Then compute the 𝐴𝑆𝑖 by using Eq. (16) as shown in Figure 3. Alternative 20 is the best fuel and alternative 14 is 

the worst. 

 

Figure 3: The value of 𝐴𝑆𝑖 for 20 alternatives.  
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4.9 Sensitivity analysis  

We change the value of 𝛼 between 0 and 1 then rank the alternatives to show the stability of the outcome of the 

proposed method. The 𝛼 we put with 0.5 weight then rank the alternative. The results show that alternative 20 is the 

best and alternative 14 is the worst.  

Then we put the 𝛼 with values between 0 and 1. The rank of alternative are shown in Figure 4. We show that all cases 

are identical Alternative 20 is the highest score alternative 14 is the worst and all ranks are the same as 𝛼 = 0.5. This 

indicates the results are stable and the proposed model is effective in performance under an uncertain environment 

due to finding the interval-valued neutrosophic sets.  

 

 

Figure 4: The rank of alternatives under value of 𝛼 between 0 and 1. 

 

5. Conclusions 

A power plant's efficiency, cost, and environmental performance are all directly impacted by the fuel it uses to generate 

electricity. It is difficult for power plant operators and energy planners to find a fuel source that meets all their needs 

while being cost-effective, environmentally friendly, and efficient. 

Fuel availability, price volatility, energy content, emissions profile, and technology compatibility are only a few 

elements that must be considered and analyzed thoroughly before a final choice can be made. The emphasis on 

decreasing greenhouse gas emissions and coping with climate change means that the selected fuel must be 

economically and environmentally sustainable. 
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Additionally, long-term sustainability should be taken into account while choosing fuel. There is a rising need to 

diversify energy sources and embrace renewable and clean energy options as limited fossil fuel supplies become more 

scarce. Solar, wind, hydro, and geothermal energy are all examples of renewable energy that power plants should 

consider adding to their fuel mix. 

In this study, we employed the EDAS with the interval-valued neutrosophic sets to deal with the uncertainty 

information, and the EDAS method was used to rank the alternatives. We let the experts and decision-makers evaluate 

the criteria and alternatives. We used the interval-valued neutrosophic numbers to assess the criteria and alternatives. 

The weights are determined for the ten criteria to show the relationships between criteria. The 20 alternatives are 

ranked using the EDAS method under ten cases to illustrate the stability of the results. Then, the principal results show 

that alternative 20 is the best and alternative 14 is the worst. 
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