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Abstract: 

Choosing the best biomass crop option for producing biofuel requires a decision-making model because of the many 

factors involved, the subjective nature of human judgement, and the inherent unpredictability. The neutrosophic type 

2 is a valuable tool for handling the ambiguous, inconsistent, and uncertain data often appearing in real-world decision-

making situations. Therefore, this study aims to provide a new framework for weighted aggregated sum product 

assessment (WASPAS) that can be used to solve multi-criteria decision-making (MCDM) issues using neutrosophic 

type 2 data. The criteria weights are computed. The results show the economic factor has the highest importance in 

all requirements. This study used nine criteria and twenty alternatives. The WASPAS method was used to rank the 

other options. The sensitivity analysis is performed under different cases to show the stability of the results. The results 

show the rank is stable under different cases in this study. 
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1. Introduction  

Looking into the best global energy source to support ongoing economic and environmental development is crucial. 

Given that the supply of energy is growing, and that fossil fuel-based energy is becoming scarcer and less ecologically 

friendly, there will eventually be a need for a specific sustainable energy source. Since ethanol can replace energy 

derived from fossil fuels, it is widely used in many countries[1]–[3]. As a result of the depletion of fossil fuel resources, 

biomass-based energy has emerged as one of the most promising sustainable energy solutions in recent times[4]–[7]. 

The evaluation of the most sustainable resource for producing ethanol has gained importance among specialists due 

to the heterogeneity of biomass resources in various countries[8]–[10]. 

The biomass crop type may change depending on the technical capabilities and geographic circumstances. Choosing 

the proper biomass crop substitute is so crucial to the generation of ethanol. As such, using suitable procedures to 

identify the optimal biomass crop substitute is very important[11]–[13]. Sustainability is a significant problem in 

bioenergy production, encompassing the three interconnected and interdependent domains of economics, 

environment, and society[14]–[16]. The best crop substitute impacts the environment and the general population in 

addition to the economic viability of ethanol production. As a result, the present research focuses on the sustainable 

alternative selection of biomass crops[17]–[19]. 
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The biomass crop alternative selection process is a challenging and uncertain multi-criteria decision-making (MCDM) 

issue since it involves many competing criteria. The traditional MCDM techniques have been used extensively in this 

context. A few research spoke about how human cognition's complexity may lead to uncertain information in the 

biomass crop evaluation process. The fuzzy set (FS) theory was developed in the literature to deal with these 

uncertainties while evaluating biomass crop substitutes. According to FS theory, an element's non-belongingness 

degree is equal to the complement of its belongingness degree, which is not accurate in practice. The researchers have 

presented numerous generalizations of FS theory to address this weakness. Atanassov developed the intuitionistic 

fuzzy set (IFS), which considers both the degrees of non-belongingness and belongingness as a generalized form of 

FS. IFSs have recently achieved remarkable success across various disciplines due to their capacity to manage 

uncertainty[20]–[22]. 

It is clear from the study that the FS and IFS theories need to be equipped to handle vague and contradictory data. An 

expert may, for instance, express their opinion about a given statement in the following way: 0.6 represents the 

"possibility that the statement is true," 0.8 represents the "possibility that the statement is false," and 0.3 represents 

the "possibility that he or she is not sure." This scenario thus falls outside of the purview of FS and IFS. It has been 

discovered that the theory of the neutrosophic set (NS) is a more helpful instrument for handling this kind of 

circumstance. Smarandache claims NS theory is an expanded form of FS, IFS, and interval-valued IFS[23]. 

"Sustainability" encompasses several social, environmental, and economic aspects. The sustainable growth of ports is 

also characterized by several competing factors and dimensions that must be considered while choosing the best crop. 

The ability of multiple criteria decision-making (MCDM) to handle both qualitative and quantitative information 

makes it a widely used approach. Researchers have gradually used MCDM techniques to rate the port sustainability 

performance over the last ten years[24]. 

Varying degrees of ambiguity, lack of knowledge, and uncertainty may exist. The T2NFN is chosen because it can 

manage uncertainties and ambiguity in a more trustworthy and realistic framework than single-values neutrosophic 

sets (NS) and interval-valued NS. It can understand every facet of a language assessment, including the degree of 

falsehood, indeterminacy, and truth. The extended Delphi approach under T2NFNs is used in the first stage to choose 

the influential criteria. This technique leverages the benefits of the NS to express uncertainties like ambiguity, 

vagueness, and inconsistency[25]–[27]. 

The contribution of this study: 

This study employed the neutrosophic set under the decision-making problem for crop selection. 

The neutrosophic type-2 set is used to overcome the uncertainty and vague information in the selection process. 

The neutrosophic type-2 set was used with the WASPAS method to rank the alternatives. 

The crop selection is used under sustainability criteria. 

The criteria weights of sustainability and crop factors are computed. 

2.  Mathematical Equations of Neutrosophic Sets 

The essential ideas about T2NFNs are covered in this section. Because of their capacity to reflect a variety of features, 

including as truth, indeterminacy, and falsehood degree intrinsic to them, neutrophilic sets are frequently used and 

acknowledged in the literature to depict uncertainties such as ambiguity and inconsistency[28], [29]. 

Definition 1 

The type-2 neutrosophic set can be defined as: 

𝑁2𝑁 = (𝑎, 𝑇𝑁2𝑁(𝑎), 𝐼𝑁2𝑁(𝑎), 𝐹𝑁2𝑁(𝑎)|𝑎 ∈ 𝐴) 

{

𝑇𝑁2𝑁(𝑎): 𝐴 → 𝐹[0,1],

𝐼𝑁2𝑁(𝑎): 𝐴 → 𝐹[0,1],

𝐹𝑁2𝑁(𝑎): 𝐴 → 𝐹[0,1]
} 
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The triangular neutrosophic number based on single valued neutrosophic set defined as: 

{
 
 

 
 𝑇𝑁2𝑁(𝑎) = (𝑇𝑁2𝑁(𝑇)(𝑎), 𝑇𝑁2𝑁(𝐼)(𝑎), 𝑇𝑁2𝑁(𝐹)(𝑎)) ,

𝐼𝑁2𝑁(𝑎) = (𝐼𝑁2𝑁(𝑇)(𝑎), 𝐼𝑁2𝑁(𝐼)(𝑎), 𝐼𝑁2𝑁(𝐹)(𝑎)) ,

𝐹𝑁2𝑁(𝑎) = (𝐹𝑁2𝑁(𝑇)(𝑎), 𝐹𝑁2𝑁(𝐼)(𝑎), 𝐹𝑁2𝑁(𝐹)(𝑎))}
 
 

 
 

 

0 ≤ 𝑇𝑁2𝑁(𝑎)
3 + 𝐼𝑁2𝑁(𝑎)

3 + 𝐹𝑁2𝑁(𝑎)
3 ≤ 3 

 

Definition 2 

𝑁2𝑁1⨁𝑁2𝑁2 =

{
 
 
 
 
 

 
 
 
 
 (𝑇𝑁2𝑁(𝑇1)(𝑎) + 𝑇𝑁2𝑁(𝑇2)(𝑎) − 𝑇𝑁2𝑁(𝑇1)(𝑎) ⋅ 𝑇𝑁2𝑁(𝑇2)(𝑎)) ,

𝑇𝑁2𝑁(𝐼1)(𝑎) + 𝑇𝑁2𝑁(𝐼2)(𝑎) − 𝑇𝑁2𝑁(𝐼1)(𝑎) ⋅ 𝑇𝑁2𝑁(𝐼2)(𝑎),

𝑇𝑁2𝑁(𝐹1)(𝑎) + 𝑇𝑁2𝑁(𝐹2)(𝑎) − 𝑇𝑁2𝑁(𝐹1)(𝑎) ⋅ 𝑇𝑁2𝑁(𝐹2)(𝑎),

𝐼𝑁2𝑁(𝑇1)(𝑎) ⋅ 𝐼𝑁2𝑁(𝑇2)(𝑎),

𝐼𝑁2𝑁(𝐼1)(𝑎)𝐼𝑁2𝑁(𝐼2)(𝑎),

𝐼𝑁2𝑁(𝐹1)(𝑎)𝐼𝑁2𝑁(𝐹2)(𝑎)

𝐹𝑁2𝑁(𝑇1)(𝑎) ⋅ 𝐹𝑁2𝑁(𝑇2)(𝑎),

𝐹𝑁2𝑁(𝐼1)(𝑎)𝐹𝑁2𝑁(𝐼2)(𝑎),

𝐹𝑁2𝑁(𝐹1)(𝑎)𝐹𝑁2𝑁(𝐹2)(𝑎) }
 
 
 
 
 

 
 
 
 
 

 

 

𝑁2𝑁1⨂𝑁2𝑁2 =

{
 
 
 
 
 

 
 
 
 
 

𝑇𝑁2𝑁(𝑇1)(𝑎) ⋅ 𝑇𝑁2𝑁(𝑇2)(𝑎),

𝑇𝑁2𝑁(𝐼1)(𝑎) ⋅ 𝑇𝑁2𝑁(𝐼2)(𝑎),

𝑇𝑁2𝑁(𝐹1)(𝑎) ⋅ 𝑇𝑁2𝑁(𝐹2)(𝑎),

𝐼𝑁2𝑁(𝑇1)(𝑎) + 𝐼𝑁2𝑁(𝑇2)(𝑎) − 𝐼𝑁2𝑁(𝑇1)(𝑎)𝐼𝑁2𝑁(𝑇2)(𝑎),

𝐼𝑁2𝑁(𝐼1)(𝑎) + 𝐼𝑁2𝑁(𝐼2)(𝑎) − 𝐼𝑁2𝑁(𝐼1)(𝑎) ⋅ 𝐼𝑁2𝑁(𝐼2)(𝑎),

𝐼𝑁2𝑁(𝐹1)(𝑎) + 𝐼𝑁2𝑁(𝐹2)(𝑎) − 𝐼𝑁2𝑁(𝐹1)(𝑎) ⋅ 𝐼𝑁2𝑁(𝐹2)(𝑎),

𝐹𝑁2𝑁(𝑇1)(𝑎) + 𝐹𝑁2𝑁(𝑇2)(𝑎) − 𝐹𝑁2𝑁(𝑇1)(𝑎) ⋅ 𝐹𝑁2𝑁(𝑇2)(𝑎),

𝐹𝑁2𝑁(𝐼1)(𝑎) + 𝐹𝑁2𝑁(𝐼2)(𝑎) − 𝐹𝑁2𝑁(𝐼1)(𝑎) ⋅ 𝐹𝑁2𝑁(𝐼2)(𝑎),

𝐹𝑁2𝑁(𝐹1)(𝑎) + 𝐹𝑁2𝑁(𝐹2)(𝑎) − 𝐹𝑁2𝑁(𝐹1)(𝑎) ⋅ 𝐹𝑁2𝑁(𝐹2)(𝑎)}
 
 
 
 
 

 
 
 
 
 

 

 

⋎ 𝑁2𝑁1 =

{
 
 
 
 

 
 
 
 

(

 
 
 
(1 − (1 − 𝑇𝑁2𝑁(𝑇1)(𝑎))

⋎

) ,

(1 − (1 − 𝑇𝑁2𝑁(𝐼1)(𝑎))
⋎

) ,

(1 − (1 − 𝑇𝑁2𝑁(𝑇𝐹)(𝑎))
⋎

))

 
 
 
,

(𝐼𝑁2𝑁(𝑇1)(𝑎)
⋎, 𝐼𝑁2𝑁(𝐼1)(𝑎)

⋎, 𝐼𝑁2𝑁(𝐹1)(𝑎)
⋎),

(𝐹𝑁2𝑁(𝑇1)(𝑎)
⋎, 𝐹𝑁2𝑁(𝐼1)(𝑎)

⋎, 𝐹𝑁2𝑁(𝐹1)(𝑎)
⋎)}
 
 
 
 

 
 
 
 

 

 

https://doi.org/10.54216/IJAACI.060105


 
International Journal of Advances in Applied Computational Intelligence (IJAACI)    Vol. 06, No. 01, PP. 50-61 2024 

53 
DOI: https://doi.org/10.54216/IJAACI.060105   
Received: November 6, 2023 Revised: January 28, 2023 Accepted: June 17, 2024    

 

𝑁2𝑁1
⋎ =

{
 
 
 
 
 
 

 
 
 
 
 
 
(𝑇𝑁2𝑁(𝑇1)(𝑎)

⋎, 𝑇𝑁2𝑁(𝐼1)(𝑎)
⋎, 𝑇𝑁2𝑁(𝐹1)(𝑎)

⋎),

(

 
 
 
(1 − (1 − 𝐼𝑁2𝑁(𝑇1)(𝑎))

⋎

) ,

(1 − (1 − 𝐼𝑁2𝑁(𝐼1)(𝑎))
⋎

) ,

(1 − (1 − 𝐼𝑁2𝑁(𝑇𝐹)(𝑎))
⋎

))

 
 
 
,

(

 
 
 
(1 − (1 − 𝐹𝑁2𝑁(𝑇1)(𝑎))

⋎

) ,

(1 − (1 − 𝐹𝑁2𝑁(𝐼1)(𝑎))
⋎

) ,

(1 − (1 − 𝐹𝑁2𝑁(𝑇𝐹)(𝑎))
⋎

))

 
 
 

}
 
 
 
 
 
 

 
 
 
 
 
 

 

 

3. MCDM Methodology  

This section introduces the steps of the SWARA method under neutrosophic set[30], [31]. Figure 1 shows the steps 

of the suggested approach. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The steps of the SWARA method. 

 

3.1 Build the decision matrix. 

𝑋 =  (

𝑥11 ⋯ 𝑥1𝑛
⋮ ⋱ ⋮
𝑥𝑚1 ⋯ 𝑥𝑚𝑛

) 

Where 𝑖 = 1,2, …𝑚; 𝑗 = 1,2, …𝑛 

3.2 Normalize the decision matrix 

𝑡𝑖𝑗
∗ =

𝑥𝑖𝑗

max
𝑖
𝑥𝑖𝑗

 

𝑡𝑖𝑗
∗ =

min
𝑖
𝑥𝑖𝑗

𝑥𝑖𝑗
 

Build the 
decision 
matrix

Normalize the 
decision matrix

Compute the 
additive 
relative 

importance

Compute the 
multiplicative 

relative 
importance

Compute the 
joint 

generalized 
criterion

Rank the 
alternatives
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3.3 Compute the additive relative importance 

𝐴𝑖
(1) =∑𝑡𝑖𝑗

∗ ⋅ 𝑤𝑗

𝑛

𝑗=1

 

3.4 Compute the multiplicative relative importance 

𝐴𝑖
(2) =∏(𝑡𝑖𝑗

∗ )
𝑤𝑗

𝑛

𝑗=1

 

3.5 Compute the joint generalized criterion 

𝐴𝑖 =
1

2
(𝐴𝑖

(1) + 𝐴𝑖
(2)) =

1

2
(∑𝑡𝑖𝑗

∗ ⋅ 𝑤𝑗

𝑛

𝑗=1

+∏(𝑡𝑖𝑗
∗ )

𝑤𝑗

𝑛

𝑗=1

) 

𝐴𝑖 =⋏∑𝑡𝑖𝑗
∗ ⋅ 𝑤𝑗

𝑛

𝑗=1

+ (1 −⋏)∏(𝑡𝑖𝑗
∗ )

𝑤𝑗

𝑛

𝑗=1

 

4. Results and Discussion  

This section introduces the results of the neutrosophic SWARA method. This study used the neutrosophic scale to 

evaluate the criteria and alternatives by the decision makers and experts. There are nine criteria as shown in Figure 2 

are used in this study and twenty alternatives. We show the results of steps of the SWARA method.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The sustainable crop selection criteria. 
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4.1 Build the decision matrix between nine criteria and twenty alternatives. The experts are evaluated the criteria and 

alternatives. Then we compute the criteria weights by the mean method as shown in Figure 3. The results show the 

economic factor has the highest importance. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The criteria weights 

 4.2 Normalize the decision matrix for positive and cost criterion. The all criteria are positive except the economic 

factor is cost criterion. Table 1 shows the normalization decision matrix.  

Table 1: The normalization decision matrix. 

 CSRT1 CSRT2 CSRT3 CSRT4 CSRT5 CSRT6 CSRT7 CSRT8 CSRT9 

CSRA1 0.37653

1 

0.25937

2 

0.53877

6 

0.26583

6 

0.66203

9 

0.46632

1 

0.66217

6 0.53401 

0.00059

7 

CSRA2 0.53704

1 

0.53292

8 

0.64489

8 0.54621 

0.99772

1 

0.54507

8 

0.56165

8 

0.64213

2 

0.00053

3 

CSRA3 

1 

0.53292

8 

0.42346

9 

0.54309

4 

0.72316

6 

0.77927

5 

0.64248

7 

0.64213

2 

0.00097

7 

CSRA4 0.53673

5 

0.86727

5 

0.53673

5 

0.54309

4 

0.54496

5 

0.54507

8 

0.64766

8 

0.70862

9 

0.00053

3 

CSRA5 0.98265

3 

0.66666

7 

0.98469

4 

0.65680

2 

0.65478

7 

0.54259

1 

0.54300

5 0.53401 

0.00064

4 

CSRA6 0.61020

4 

0.64741

6 

0.53673

5 0.54621 

0.99979

3 

0.54507

8 

0.99792

7 

0.32994

9 

0.00053

7 

CSRA7 0.95408

2 

0.53596

8 

0.64795

9 

0.65680

2 0.26523 1 

0.54507

8 

0.12487

3 

0.00097

4 

CSRA8 0.53673

5 

0.37467

1 

0.53673

5 

0.47372

8 

0.67550

8 

0.46839

4 

0.41243

5 0.53401 

0.00055

5 

CSRA9 0.98163

3 0.98075 

0.67142

9 0.54621 

0.99979

3 

0.72331

6 

0.54538

9 

0.97969

5 

0.00086

8 

CSRA1

0 

0.53673

5 

0.53596

8 

0.53367

3 1 

0.54496

5 

0.65803

1 

0.26528

5 

0.90964

5 

0.00097

6 

CSRA1

1 

0.98775

5 

0.97568

4 

0.46530

6 

0.60228

5 

0.65478

7 

0.26839

4 

0.99689

1 0.53401 

0.00053

7 

0

0.05

0.1

0.15
CSRT1

CSRT2

CSRT3

CSRT4

CSRT5CSRT6

CSRT7

CSRT8

CSRT9
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CSRA1

2 

0.53673

5 1 

0.67234

7 

0.99896

2 

0.88686

3 1 

0.54538

9 

0.46294

4 1 

CSRA1

3 

0.98469

4 

0.53596

8 

0.53367

3 0.54621 

0.99720

3 

0.47274

6 0.66114 

0.90964

5 

0.00097

4 

CSRA1

4 

0.53673

5 

0.99290

8 1 

0.65628

2 

0.67550

8 

0.67595

9 

0.54507

8 0.53401 

0.00059

7 

CSRA1

5 

0.53673

5 

0.64336

4 

0.53673

5 0.54621 

0.65789

5 

0.67564

8 1 

0.56446

7 

0.00064

1 

CSRA1

6 

0.98265

3 

0.87031

4 

0.53673

5 

0.38317

8 

0.99979

3 

0.41036

3 

0.60725

4 0.64467 

0.00099

9 

CSRA1

7 0.69898 0.97771 

0.24081

6 

0.59086

2 

0.54496

5 

0.54507

8 

0.90673

6 

0.86903

6 

0.00042

1 

CSRA1

8 

0.46428

6 

0.53292

8 

0.53673

5 

0.54714

4 

0.54589

7 

0.26558

5 

0.54507

8 

0.57177

7 

0.00023

3 

CSRA1

9 0.60102 

0.64741

6 

0.46530

6 0.54621 

0.71384

2 

0.54507

8 1 1 0.00037 

CSRA2

0 

0.71224

5 

0.53292

8 

0.98163

3 

0.88888

9 1 

0.67357

5 

0.54507

8 

0.70862

9 

0.00053

3 

 

4.3 Compute the additive relative importance as shown in Table 2. 

Table 2: The relative importance 

 CSRT1 CSRT2 CSRT3 CSRT4 CSRT5 CSR6 CSRT7 CSRT8 CSRT9 

CSRA1 0.04286

5 

0.02660

9 

0.05366

5 

0.02303

8 

0.08869

7 0.04983 

0.07615

9 

0.06301

3 

7.37E-

05 

CSRA2 0.06113

8 

0.05467

4 

0.06423

5 

0.04733

6 

0.13367

1 

0.05824

6 

0.06459

8 

0.07577

1 

6.59E-

05 

CSRA3 0.11384

2 

0.05467

4 0.04218 

0.04706

6 

0.09688

7 

0.08327

2 

0.07389

4 

0.07577

1 

0.00012

1 

CSRA4 0.06110

3 

0.08897

5 

0.05346

2 

0.04706

6 

0.07301

2 

0.05824

6 0.07449 

0.08361

8 

6.59E-

05 

CSRA5 0.11186

7 

0.06839

5 

0.09808

1 0.05692 

0.08772

6 0.05798 

0.06245

3 

0.06301

3 

7.95E-

05 

CSRA6 0.06946

7 0.06642 

0.05346

2 

0.04733

6 

0.13394

8 

0.05824

6 

0.11477

4 

0.03893

4 

6.62E-

05 

CSRA7 0.10861

4 

0.05498

6 0.06454 0.05692 

0.03553

5 

0.10685

9 

0.06269

1 

0.01473

5 0.00012 

CSRA8 0.06110

3 

0.03843

8 

0.05346

2 

0.04105

4 

0.09050

2 

0.05005

2 

0.04743

5 

0.06301

3 

6.85E-

05 

CSRA9 0.11175

1 

0.10061

7 

0.06687

8 

0.04733

6 

0.13394

8 

0.07729

3 

0.06272

7 

0.11560

4 

0.00010

7 

CSRA1

0 

0.06110

3 

0.05498

6 

0.05315

7 

0.08666

3 

0.07301

2 

0.07031

6 

0.03051

1 

0.10733

8 0.00012 

CSRA1

1 

0.11244

8 

0.10009

7 

0.04634

7 

0.05219

6 

0.08772

6 0.02868 

0.11465

5 

0.06301

3 

6.62E-

05 

CSRA1

2 

0.06110

3 

0.10259

2 

0.06696

9 

0.08657

3 

0.11881

9 

0.10685

9 

0.06272

7 

0.05462

7 

0.12345

2 

CSRA1

3 

0.11209

9 

0.05498

6 

0.05315

7 

0.04733

6 

0.13360

1 

0.05051

7 0.07604 

0.10733

8 0.00012 

CSRA1

4 

0.06110

3 

0.10186

4 

0.09960

5 

0.05687

5 

0.09050

2 

0.07223

2 

0.06269

1 

0.06301

3 

7.37E-

05 
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CSRA1

5 

0.06110

3 

0.06600

4 

0.05346

2 

0.04733

6 

0.08814

2 

0.07219

9 

0.11501

3 

0.06660

7 

7.91E-

05 

CSRA1

6 

0.11186

7 

0.08928

7 

0.05346

2 

0.03320

7 

0.13394

8 

0.04385

1 

0.06984

2 

0.07607

1 

0.00012

3 

CSRA1

7 

0.07957

3 

0.10030

5 

0.02398

7 

0.05120

6 

0.07301

2 

0.05824

6 

0.10428

6 

0.10254

6 5.2E-05 

CSRA1

8 

0.05285

5 

0.05467

4 

0.05346

2 

0.04741

7 

0.07313

7 0.02838 

0.06269

1 

0.06746

9 

2.88E-

05 

CSRA1

9 

0.06842

1 0.06642 

0.04634

7 

0.04733

6 

0.09563

8 

0.05824

6 

0.11501

3 0.118 

4.57E-

05 

CSRA2

0 

0.08108

3 

0.05467

4 

0.09777

6 

0.07703

3 

0.13397

6 

0.07197

7 

0.06269

1 

0.08361

8 

6.59E-

05 

 

4.4 Compute the multiplicative relative importance as shown in Table 3. 

Table 3: The multiplicative relative importance 

 CSRT1 CSRT2 CSRT3 CSRT4 CSRT5 CSRT6 CSRT7 CSRT8 CSRT9 

CSRA1 0.89476

4 

0.87070

9 

0.94025

8 

0.89152

9 

0.94624

3 

0.92171

4 

0.95369

5 

0.92864

8 

0.39996

5 

CSRA2 0.93167

3 

0.93747

2 

0.95724

8 0.94894 

0.99969

4 

0.93721

3 

0.93580

7 

0.94907

3 

0.39441

8 

CSRA3 

1 

0.93747

2 

0.91797

2 0.94847 

0.95750

5 

0.97370

2 0.95039 

0.94907

3 

0.42499

1 

CSRA4 0.93161

3 

0.98549

7 

0.93990

2 0.94847 

0.92189

1 

0.93721

3 

0.95126

9 

0.96017

3 

0.39441

8 

CSRA5 

0.99801 

0.95925

6 

0.99846

5 

0.96422

5 

0.94484

8 

0.93675

5 

0.93217

8 

0.92864

8 

0.40369

5 

CSRA6 0.94531

8 

0.95637

7 

0.93990

2 0.94894 

0.99997

2 

0.93721

3 

0.99976

1 

0.87735

8 

0.39469

5 

CSRA7 0.99466

3 

0.93801

9 

0.95769

9 

0.96422

5 

0.83710

4 1 

0.93258

7 

0.78231

9 

0.42482

8 

CSRA8 0.93161

3 

0.90419

1 

0.93990

2 

0.93730

4 0.9488 

0.92215

1 

0.90315

2 

0.92864

8 

0.39632

9 

CSRA9 0.99789

2 

0.99800

8 

0.96109

9 0.94894 

0.99997

2 0.96598 

0.93264

8 

0.99758

2 

0.41885

6 

CSRA1

0 

0.93161

3 

0.93801

9 

0.93936

7 1 

0.92189

1 

0.95626

5 

0.85845

9 

0.98888

8 

0.42493

7 

CSRA1

1 

0.99859

8 

0.99747

8 

0.92662

7 

0.95701

1 

0.94484

8 

0.86887

9 

0.99964

2 

0.92864

8 

0.39469

5 

CSRA1

2 

0.93161

3 1 0.96123 0.99991 

0.98404

3 1 

0.93264

8 0.91313 1 

CSRA1

3 

0.99824

6 

0.93801

9 

0.93936

7 0.94894 

0.99962

5 

0.92306

3 

0.95352

4 

0.98888

8 

0.42482

8 

CSRA1

4 

0.93161

3 0.99927 1 

0.96415

9 0.9488 

0.95901

5 

0.93258

7 

0.92864

8 

0.39996

5 

CSRA1

5 

0.93161

3 

0.95576

1 

0.93990

2 0.94894 

0.94544

7 

0.95896

8 1 

0.93474

6 

0.40345

9 

CSRA1

6 0.99801 

0.98585

1 

0.93990

2 0.92023 

0.99997

2 

0.90920

9 

0.94424

5 

0.94951

5 

0.42617

8 

CSRA1

7 

0.96004

9 0.99769 

0.86778

6 

0.95542

5 

0.92189

1 

0.93721

3 

0.98880

3 

0.98357

3 

0.38304

4 
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CSRA1

8 0.91636 

0.93747

2 

0.93990

2 

0.94908

1 

0.92210

2 

0.86790

3 

0.93258

7 

0.93616

6 

0.35612

8 

CSRA1

9 

0.94368

8 

0.95637

7 

0.92662

7 0.94894 

0.95584

2 

0.93721

3 1 1 

0.37702

1 

CSRA2

0 

0.96210

6 

0.93747

2 

0.99815

5 

0.98984

5 1 

0.95865

3 

0.93258

7 

0.96017

3 

0.39441

8 

 

4.5 Compute the joint generalized criterion as shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

Figure 3. The values of joint generalized criterion. 

 

5. Sensitivity Analysis  

In this section, the sensitivity analysis is performed to show the stability of the results. This study changes in value of 

⋏ between 0 and 1. The values of joint generalized criterion are shown in Figure 4. The rank of alternatives under 

different cases shown in Figure 5. The results show the rank is stable under different cases.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The values of joint generalized criterion under different cases. 
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Figure 5. The rank of alternatives under different cases. 

 

6. Conclusion  

This work's primary goal is to develop a hybrid technique for classifying and assessing sustainable biomass crops in 

environments that are unpredictable, imprecise, unpredictable, and inconsistent. A thorough analysis of recent research 

has been done in order to determine the important criteria for evaluating biomass crops. This study proposed a 

neutrosophic type 2 under MCDM methodology. The MCDM method used to deal with various criteria in this study. 

The WASPAS method is a MCDM method used to rank the alternatives. The WASPAS method used under 

neutrosophic type 2. This study used the nine criteria and 20 alternatives. The criteria weights of this study show the 

economic factors has the highest rank. The results of alternatives show the alternative one is the worst and alternative 

12 is the best. The sensitivity analysis is conducted to show the stability of the result. The results show the ranks are 

stable.  
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