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Abstract: Healthcare waste (HCW) management is a complex issue 
influenced by many factors, including technological, economic, 
environmental, and social factors. It is possible to regard the evaluation of 
the best treatment technique for HCW management as a challenging case of 
MCDM (multi-criteria decision-making), where various alternatives and 
evaluation criteria must be considered. The presentation and handling of the 
shaky data are crucial to choosing the HCW treatment technology. In order 
to address the issue of MCDM issues with Fermatean fuzzy (FF) data, we first 
build a consensus-based WASPAS approach in this study. In the suggested 
integrated methodology, the rank of the alternatives is determined using the 
WASPAS method in an FF environment, and the attribute weights are 
estimated using the entropy measure technique. In the preceding, an HCW 
treatment technology assessment issue is considered to make the proposed 
structure's applicability more transparent. In this study, four HCW treatment 
methods—chemical disinfection, microwave disinfection, cremation, and 
autoclaving—are considered options. According to the study's findings, 
autoclaving is the most effective HCW treatment method. Additionally, we 
demonstrate a sensitivity assessment using several criteria weight sets to test 
the stability of our intriguing proposed approach. We also call attention to a 
contrast between our suggested approach to decision-making and the 
practices now in use. 

Keywords: Fermatean fuzzy numbers, consensus reaching, WASPAS, 
healthcare waste treatment technology selection. 
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1. Introduction  

     Healthcare procedures are designed to save and extend human lives, but the 
clinical waste they generate contains many bacteria that could naturally contaminate 
water, soil, and air, spread disease, and jeopardize people's health (Chen et al., 2018; 
Gusca et al., 2017; Liu et al., 2015). According to the World Health Organization 
(WHO), "medical waste" includes all garbage created by hospitals, laboratories, and 
medical research facilities—some of which are among the most toxic and potentially 
dangerous waste categories that emerge in communities (Aung et al., 2019; 
Baghapour et al., 2018). Several industrialized and developing countries have passed 
particular legislation to segregate hazardous and non-hazardous rubbish efficiently. 
Unlike non-hazardous wastes, which may readily be handled alongside municipal 
solid waste, hazardous medical waste must be disposed of with special care. 
Inefficient waste management can cause environmental deterioration and several 
life-threatening illnesses in humans. Therefore, it is essential to comprehend how to 
choose safe and effective therapies and properly dispose of medical waste if you care 
about the welfare of people and the general public health (Badi et al., 2019; Voudrias, 
2016).    
      The process of managing medical waste includes the removal of waste from 
medical and healthcare facilities, the selection of modes of transportation and routes 
to the treatment facilities, the technology of treatment, and the location of disposal. 
Choosing the right technology to treat medical waste has attracted much attention in 
research because of its substantial effect on the economy, ecology, and society 
(Hinduja & Pandey, 2018). When choosing the finest medical waste treatment 
technology, DEs must consider various qualitative and quantitative factors or 
features. However, no treatment method performs better than the alternatives 
across the board. In light of this, evaluating medical waste treatment technology is a 
difficult MCDM problem that can be assessed using a range of qualitative and 
quantitative metrics. Choosing a reliable technique for comparing different medical 
waste treatment systems is critical in light of the many conflicting factors. 
         The concept of Fermatean fuzzy sets (FFSs) was established by Senapati & Yager 
(2020) as an extension of the fuzzy set (FS) (Zadeh, 1965) and Pythagorean fuzzy set 
(PFS) (Yager, 2014). The addition of "cube of membership degree" and "cube of non-
membership degree" is ≤ 1 for any element of a FFS. Consequently, FFSs act as a 
significant tool in tackling uncertain data. Recently, works on the FF AOs have been 
rapidly progressing. To integrate the information with FFSs, the FF weighted 
algebraic and geometric AOs (Senapati & Yager, 2019), FF Dombi weighted algebraic 
and geometric AOs (Aydemir & Gunduz, 2020), FF Hamacher weighted algebraic and 
geometric AOs (Hadi et al., 2021), and FF Einstein weighted algebraic and geometric 
AOs (Rani & Mishra, 2020, 2021) have been used up until this point. On the other 
hand, the FF decision support models have been utilized in green construction 
supplier assessment (Keshavarz-Ghorabaee et al., 2020), electric vehicle charging 
station selection (Rani & Mishra, 2021), healthcare waste disposal location selection 
(Mishra & Rani, 2021), occupational risk assessment (Gul et al., 2021), examination 
of sophisticated programming languages in air transportation (Ucal Sari et al., 2022), 
taxation of public transit investments (Simic et al., 2021), the blockchain technology 
selection in the logistics industry (Görçün et al., 2023a), evaluation of the 
pharmaceutical distribution and warehousing companies (Aytekin et al., 2022) and 
renewable energy source selection (Mishra et al., 2022), warehouse site selection 
(Saha et al., 2023) and food waste treatment technology assessment (Rani et al., 
2022), and others (Mishra et al., 2022). 
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A. Research motivation 

     The selection and prioritization of appropriate medical waste treatment 
technology is a critical and uncertain MCDM problem encountered by hospitals and 
medical facilities due to inaccurate knowledge, ambiguous human mind, time 
constraints, and lack of information, as evidenced by the fact that Fermatean fuzzy 
(FF) sets have a greater capacity to manage uncertainty and imprecision that 
happened in various real-life MCDM challenges than IFSs and PFSs. This inspiration 
led to the current study's concentration on evaluating HCW treatment technologies 
in a FF sets setting. The available FF decision support models are FF-TOPSIS 
(Senapati & Yager, 2020), FF-MULTIMOORA (Rani & Mishra, 2021); FF- VIKOR (Gül, 
2021), FF-COPRAS (Saraji et al., 2021), and FF-MARCOS (Ucal Sari & Sargin, 2022). In 
group decision-making, a consensus determination procedure is essential for experts 
to enhance a consensus level (Liu & Huang, 2020). Unfortunately, none of the 
previous FF decision support models can deal with the "consensus-reaching process" 
for experts.  

B. Our Contribution 

     With the help of Fermatean fuzzy information, we have expanded the traditional 
WASPAS method to choose the best suitable medical waste treatment technology 
alternative. A consensus-based FF-WASPAS method is the main topic of this study. 
The novel contributions are:  
• A brand-new consensus-based FF-WASPAS approach is created to assess MCDM 
issues.  
• The entropy technique is used to assess the weights of the criteria.  
• To demonstrate the viability and applicability of the consensus-based FF-WASPAS 
technique, a real-world case study of the choice of medical waste treatment 
technology is explored in the context of the FF system.  
• In order to verify the conclusions reached by the suggested framework, a 
sensitivity investigation is presented.  
• In order to prove the superiority of the developed approach, comparative research 
is presented.  

C. Arrangement of the paper 

Following is a summary of the remaining paper. We provide a brief review of the 
literature in Section 2. We introduce a few essential concepts related to FF sets in 
Section 3. In this section, we design a consensus-based FF-WASPAS strategy where 
FFNs represent the criteria values. To clarify the created method, we use a case study 
of the technology selection for HCW treatment in Section 4. Sensitivity investigation 
of the weights of criteria and Comparative analysis are covered in Section 5. We draw 
some conclusions from the entire study and summarise the prospects for the future 
in section 6.  
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2. Literature review 

2.1. Works on healthcare waste management 

   The literature has, however, published many studies on the techniques used to 
manage medical waste. For instance, Brent et al. (2007) used the LCA and AHP to 
assess the healthcare waste management framework. In order to select hospitals and 
evaluate their contributions to overall solid waste pollution, Karamouz et al. (2007) 
employed AHP. Alagöz & Kocasoy (2008; 2007) considered Istanbul's medical waste 
management mechanism the most effective in their study of medical waste in 
Metropolitan cities. Birpinar et al. (2009) also investigated the production, collection, 
storage, recycling, transportation, and safe disposal of medical waste. The AHP model 
was used by Karagiannidis et al. (2010) to compare various methods for disposing of 
medical waste. 

Additionally, Ho (2011) and Dursun et al. (2011b, 2011a) chose the best method for 
handling and discarding medical waste using a fuzzy-based framework Özkan (2013) 
examined the situation of waste management in Turkey's healthcare sector at the 
time and chose the optimum treatment method from a variety of available options. 
Qian et al. (2016) proposed an original decision-making process to evaluate various 
medical waste treatment systems. Voudrias (2016) compared the effectiveness of 
five infectious medical waste treatment systems based on several characteristics 
using the AHP model. Aung et al. (2019) offered an evaluation method to rank 
Myanmar's medical waste management system. Yazdani et al. (2020) recently 
evaluated the locations for disposing of medical waste using an integrated best-worst 
model and interval rough estimates. The optimal strategy for disposing of medical 
waste was evaluated using an expanded EDAS methodology with intuitionistic fuzzy 
sets by (Mishra, Rani, et al., 2019). An evaluation method was developed by Ghram & 
Frikha (2020) to evaluate healthcare waste technologies under the ARAS-H fuzzy 
condition. The MCDM method developed by Pamučar et al. (2021) was based on the 
BWM-MABAC approach with a D-number. 

Additionally, this method was applied to assess HCW management. Torkayesh et al. 
(2021) developed the stratified best-worst multi-criteria decision-making method to 
choose a sustainable waste disposal solution. An information fusion FMEA method 
was developed by Ouyang et al. (2021) to assess healthcare risk management. 
Interval probability and 2-tuple linguistic values were used in this strategy. In order 
to assess the choice of treatment technology in the field of medical waste, Liu et al. 
(2021) used a Pythagorean fuzzy approach with a compromise solution method. 
Salimian & Mousavi (2022) worked on selecting healthcare waste treatment 
technologies using the Intuitionistic fuzzy sets-based MCDM method. Görçün et al. 
(2023) evaluated logistics service providers for medical waste disposal treatment in 
the healthcare industry with the help of a novel integrated approach involving the 
extended form of the Delphi - SWARA - COPRAS approaches based on Interval Valued 
Fermatean fuzzy sets. Kundu et al. (2021) assessed medical device selection in 
private hospitals using fuzzy MCGDM methods consisting of the fuzzy PSI and 
MARCOS combination. 

2.2. WASPAS method 

       Zavadskas et al. (2012) combined the WSM and WPM to create a unique utility 
degree-based MCDM method called WASPAS. This methodology was designed to deal 
with a variety of realistic decision-making concerns. The benefits of WASPAS are as 
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follows: (a) it employs a straightforward method of calculation, (b) it can select the 
most preferred alternative by making use of AOs, (c) being a mixture of WSM and 
WPM, it has more accuracy, and (d) it allows us to estimate with the maximum 
amount of accuracy conceivable. Since the inception of the WASPAS method, 
numerous works have been done. Deveci et al. (2018) developed interval type-two 
sets based model with WASPAS and TOPSIS tools. Stanujkić & Karabašević (2018) 
proposed the Intuitionistic fuzzy (IF) WASPAS technique to survey the websites. 
Mishra & Rani (2018) assessed reservoir flood control management using the 
interval-valued IF-WASPAS technique with information measures. Pamučar et al. 
(2021) identified safety advisors for hazardous material transportation using the 
linguistic neutrosophic WASPAS tool. Mishra, Singh, et al. (2019) assessed the mobile 
phone service providers using IF- WASPAS tool. Mishra, Rani, et al. (2019) developed 
a hesitant fuzzy-WASPAS method for green supplier selections. Kahraman et al. 
(2019) introduced the Pythagorean fuzzy WASPAS model to select the most 
reasonable administrators. Keshavarz-Ghorabaee et al. (2019) worked on assessing 
sustainable developed strategies using Type-2 fuzzy-based WASPAS technique. Bid & 
Siddique (2019) assessed human hazards resultant combination of WASPAS and 
TOPSIS techniques. Kutlu Gundogdu & Kahraman (2019) investigated the robot 
selection problem for the industry using the WASPAS approach with spherical fuzzy 
data. Krishankumar et al. (2019) worked on selecting construction project risk 
technique statistical variance and WASPAS technique under dual hesitant fuzzy 
linguistic term sets. (Schitea et al., 2019) selected the best hydrogen mobility roll-up 
site utilizing integrated WASPAS, COPRAS, and EDAS under intuitionistic fuzzy sets. 
Dorfeshan & Mousavi (2020) assessed critical paths of aircraft maintenance planning 
using a coordinated MABAC and WASPAS under the interval type-two setting. 
Sharma & Pradhan (2020) examined the machinability criteria for SUS-304L steel 
using the WASPAS model for fuzzy sets to address the doctor recruitment issue. 
Mohagheghi & Mousavi (2020) resolved a sustainable project portfolio problem 
using the WASPAS model with interval-valued Pythagorean fuzzy sets. Davoudabadi 
et al. (2020) addressed a supplier evaluation issue using a combined approach under 
an interval-valued IF setting. Rani & Mishra (2020) used the WASPAS approach with 
q-rung orthopair fuzzy data to assess desirable alternative-fuel technology. Badalpur 
& Nurbakhsh (2021) investigated the negative impacts of risks on the project using 
the WASPAS tool. Rudnik et al. (2021) worked on selecting improvement projects 
with the ordered fuzzy WASPAS method. Simić et al. (2021) solved the issue of 
selection of last-mile delivery mode using the Picture fuzzy WASPAS method. The 
selection of eco-friendly vendors was made by Liu et al. (2022) under a Bipolar 
complex fuzzy environment with the CRITIC-WASPAS tool. 

3. Methodology 

3.1. Basic concepts 

Definition 1 (Senapati & Yager, 2020): An FFS 𝜁 on 𝛤 is described by 𝜁 =
{⟨𝑦𝑖 , 𝜇(𝑦𝑖), 𝜈(𝑦𝑖)⟩|𝑦𝑖 ∈ 𝛤}, where 𝜇,  𝜈: 𝛤 → [0,  1] are the membership and non-
membership degrees of 𝑦𝑖 ∈ 𝛤 to 𝜁, , respectively, satisfying 0 ≤ (𝜇(𝑦𝑖))3 +

(𝜈(𝑦𝑖))3 ≤ 1.  Also, we use𝜋𝜁(𝑦𝑖) = √1 − (𝜇𝜁(𝑦𝑖))3 − (𝜈𝜁(𝑦𝑖))33 . An FFS 𝜁  transforms 

to a FF number (FFN) if 𝛤 contains only one element, and we write 𝜁 =< 𝜇, 𝜈 >,  for 
𝜇,  𝜈 ∈ [0,  1]  and 0 ≤ 𝜇3 + 𝜈3 ≤ 1.  
 Definition 2 (Mishra & Rani, 2021): Consider an FFN 𝜁 =< 𝜇,  𝜈 >. Then: 
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𝕊𝜁 =
1

2
(1 + 𝜇3 − 𝜈3), 

𝔸𝜁 = 𝜇3 + 𝜈3,
                                                             

(1) 

are known as the accuracy and score values of 𝜁,
 
where 𝔸𝜁 ∈ [0,  1]and 𝕊𝜁 ∈ [0,  1].   

For the FFNs 𝜁1 =< 𝜇1,  𝜈1 > and 𝜁2 =< 𝜇2,  𝜈2 >, a ranking rule is: 

(i) 𝜁1 ≻ 𝜁2  |
 𝕊𝜁1

> 𝕊𝜁2
,

 𝕊𝜁1
= 𝕊𝜁2

,  𝔸𝜁1
> 𝔸𝜁2

 

(ii) 𝜁1 = 𝜁2 | 𝕊𝜁1
= 𝕊𝜁2

,  𝔸𝜁1
= 𝔸𝜁2

. 

Definition 3 (Mishra & Rani, 2021): For the FFNs 𝜁1 =< 𝜇1,  𝜈1 >  and 𝜁2 =<
𝜇2,  𝜈2 > , the basic operations are: 
(i) 𝜁1

𝑐 =< 𝜈1,  𝜇1 >, 

(ii) 𝜁1 ⊕ 𝜁2 = ⟨ √𝜇1
3 + 𝜇2

3 − 𝜇1
3𝜇2

33
, 𝜈1𝜈2⟩, 

(iii) 𝜁1 ⊗ 𝜁2 = ⟨𝜇1𝜇2, √𝜈1
3 + 𝜈2

3 − 𝜈1
3𝜈2

33
⟩, 

(iv) 𝜆𝜁1 = ⟨ √1 − (1 − 𝜇1
3)𝜆3

,  𝜈1
𝜆⟩ (𝜆 > 0), 

(v) 𝜁1
𝜆 = ⟨𝜇1

𝜆,   √1 − (1 − 𝜈1
3)𝜆3

⟩ (𝜆 > 0). 

Definition 4 (Mishra & Rani, 2021): Let 𝜁1 =< 𝜇1,  𝜈1 > and 𝜁2 =< 𝜇2,  𝜈2 > be two 
FFNs. Then the distance between these FFNs is defined as: 

𝐷𝑖𝑠𝑡(𝜁1,  𝜁2) = √0.5 × ((𝜇1
3 − 𝜇2

3)2 + (𝜈1
3 − 𝜈2

3)2 + (𝜋1
3 − 𝜋2

3)2).
                  

(2) 
 
Definition 5 (Mishra & Rani, 2021): Assume𝜁𝑗 = (𝜇𝑗 , 𝜈𝑗), 𝑗 = 1,2, . . . , 𝑛 be FFNs. Then 

FFWA and FFWG operators are given respectively by  

𝐹𝐹𝑊𝐴(𝜁1 , 𝜁2, . . . , 𝜁𝑛) = ⊕

𝑗=1
𝑛

𝑤𝑗𝜁𝑗 = ⟨ √1 − ∏ (1 − 𝜇𝑗
3)𝑤𝑗𝑛

𝑗=1
3

, ∏ 𝜈𝑗
𝑤𝑗𝑛

𝑗=1 ⟩,              (3)                    

𝐹𝐹𝑊𝐺(𝜁1, 𝜁2, . . . , 𝜁𝑛) = ⊗

𝑗=1
𝑛

𝑤𝑗𝜁𝑗 = ⟨∏ 𝜇𝑗
𝑤𝑗𝑛

𝑗=1 , √1 − ∏ (1 − 𝜈𝑗
3)𝑤𝑗𝑛

𝑗=1
3

⟩,               (4)                 

where 𝑤𝑗  is the weight of 𝜁𝑗 , 𝑗 = 1(1)𝑛, with 
1

1,
n

jj
w

=
= 𝑤𝑗 ∈ [0,1]. 

3.2. A consensus-based FF-WASPAS methodology  

Assume that m is the number of alternatives 𝐴𝑖  (𝑖 = 1,  2, . . . ,  𝑚) and n is the 
number of criteria 𝐶𝑗  (𝑗 = 1,  2,  . . . ,  𝑛) connected with a group decision-making 

issue in which each alternative is evaluated by the decision-makers 𝐸𝑟  (𝑟 =
1,  2,  . . . ,  𝑙) under the FF environment. Consider that the initial findings examined 

by the decision-makers are depicted as the FF decision matrices 𝑀𝑟 = [𝜁𝑟
(𝑖𝑗)

]
𝑚×𝑛

=

[< 𝜇𝑟
(𝑖𝑗)

, 𝜈𝑟
(𝑖𝑗)

>]
𝑚×𝑛

. 

Step 1: Obtain the aggregated FF decision matrix using the FFWA (or FFWG) 
operator. 

The aggregated FF decision matrix is [𝜁(𝑖𝑗)]
𝑚×𝑛

= [< 𝜇(𝑖𝑗),  𝜈(𝑖𝑗) >]
𝑚×𝑛

, where: 

𝜁(𝑖𝑗) = 𝐹𝐹𝑊𝐴(𝜁1
(𝑖𝑗)

,  𝜁2
(𝑖𝑗)

,   . . . ,  𝜁𝑙
(𝑖𝑗)

) = ⊕

𝑟=1
𝑙

(𝜛𝑟𝜁𝑟
(𝑖𝑗)

)(𝑖 = 1,  2,  . . . ,  𝑚;  𝑗 =

1,  2,  . . . ,  𝑛),
        

(5) 
where 𝜛𝑟  is the weight of the decision-maker 𝐸𝑟  (𝑟 = 1,  2, . . . ,  𝑙). 

Step 2: Find the consensus degree of each decision-maker. 
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Utilizing the fact that the correlation measure is capable of describing the 

similarity degree between various opinions, we define the correlation measure 𝛯𝑗
(𝑟)

 

of the decision-maker 𝐸𝑟  under the criterion 𝐶𝑗  in this way: 

𝛯𝑗
(𝑟)

=

∑ [(
𝐷𝑖𝑠𝑡𝑖𝑗

(𝑟)

𝐷𝑖𝑠𝑡𝑗

(𝑟) −
1
𝑚

∑
𝐷𝑖𝑠𝑡𝑖𝑗

(𝑟)

𝐷𝑖𝑠𝑡𝑗

(𝑟)
𝑚
𝑖=1 ) × (

𝐷𝑖𝑠𝑡𝑖𝑗

𝐷𝑖𝑠𝑡𝑗
−

1
𝑚

∑
𝐷𝑖𝑠𝑡𝑖𝑗

𝐷𝑖𝑠𝑡𝑗

𝑚
𝑖=1 )]𝑚

𝑖=1

√∑ (
𝐷𝑖𝑠𝑡𝑖𝑗

(𝑟)

𝐷𝑖𝑠𝑡𝑗

(𝑟) −
1
𝑚

∑
𝐷𝑖𝑠𝑡𝑖𝑗

(𝑟)

𝐷𝑖𝑠𝑡𝑗

(𝑟)
𝑚
𝑖=1 )

2

𝑚
𝑖=1 × √∑ (

𝐷𝑖𝑠𝑡𝑖𝑗

𝐷𝑖𝑠𝑡𝑗
−

1
𝑚

∑
𝐷𝑖𝑠𝑡𝑖𝑗

𝐷𝑖𝑠𝑡𝑗

𝑚
𝑖=1 )

2
𝑚
𝑖=1

 

(𝑗 = 1,  2, . . . ,  𝑛;  𝑟 = 1,  2,  . . . ,  𝑙),              (6) 
             where  

𝜁𝑟
(𝑖𝑗)(+)

= ⟨𝑚𝑎𝑥
𝑖

𝜇𝑟
(𝑖𝑗)

,  𝑚𝑖𝑛
𝑖

𝜈𝑟
(𝑖𝑗)

⟩, 𝜁𝑟
(𝑖𝑗)(−)

= ⟨𝑚𝑖𝑛
𝑖

𝜇𝑟
(𝑖𝑗)

,  𝑚𝑎𝑥
𝑖

𝜈𝑟
(𝑖𝑗)

⟩, 

𝜁(𝑖𝑗)(+) = ⟨𝑚𝑎𝑥
𝑖

𝜇(𝑖𝑗),  𝑚𝑖𝑛
𝑖

𝜈(𝑖𝑗)⟩, 𝜁(𝑖𝑗)(−) = ⟨𝑚𝑖𝑛
𝑖

𝜇(𝑖𝑗),  𝑚𝑎𝑥
𝑖

𝜈(𝑖𝑗)⟩, 

𝐷𝑖𝑠𝑡𝑖𝑗
(𝑟)

= 𝐷𝑖𝑠𝑡(𝜁𝑟
(𝑖𝑗)

,  𝜁𝑟
(𝑖𝑗)(+)

), 𝐷𝑖𝑠𝑡𝑗
(𝑟)

= 𝐷𝑖𝑠𝑡(𝜁𝑟
(𝑖𝑗)(+)

, 𝜁𝑟
(𝑖𝑗)(−)

), 

𝐷𝑖𝑠𝑡𝑖𝑗 = 𝐷𝑖𝑠𝑡(𝜁(𝑖𝑗)(+),  𝜁(𝑖𝑗)), and 𝐷𝑖𝑠𝑡𝑗 = 𝐷𝑖𝑠𝑡(𝜁(𝑖𝑗)(+),  𝜁(𝑖𝑗)(−)). 

Next, the consensus degree 𝜌(𝑟) of the decision-maker 𝐸𝑟  can be defined as: 

𝜌(𝑟) =
1

𝑛
∑ 𝛯𝑗

(𝑟)
(𝑟 = 1,  2,  . . . ,  𝑙)𝑛

𝑗=1 .                                                  (7) 

It can be verified that −1 ≤ 𝜌(𝑟) ≤ 1. The greater value 𝜌(𝑟) means the stronger 
consensus degree of the decision-maker 𝐸𝑟  in the group. If 𝜌 denotes the minimum 
consensus degree, then 𝜌(𝑟) ≥ 𝜌 needs to be attained. When 𝜌(𝑟) < 𝜌, the FF decision 
matrices from Step 1 should be modified until 𝜌(𝑟) ≥ 𝜌 is obtained for all decision-
makers. 
Step 3:  Normalize the aggregated FF decision matrix.  

Suppose that the normalized aggregated FF decision matrix is [𝜁(𝑖𝑗)]
𝑚×𝑛

=

[< �̃�(𝑖𝑗), 𝜈(𝑖𝑗) >]
𝑚×𝑛

, where: 

𝜁(𝑖𝑗) = {
< 𝜇(𝑖𝑗),  𝜈(𝑖𝑗) > ,if𝐶𝑗is beneficial criteria

< 𝜈(𝑖𝑗),  𝜇(𝑖𝑗) > ,if𝐶𝑗is non-beneficial criteria
(𝑖 = 1,  2,  . . . ,  𝑚;  𝑗 =

1,  2,  . . . ,  𝑛).       (8) 
Step 4:  Estimation of the criteria weights.  

The notion of entropy has been widely employed in the theory of uncertainty as 
it measures the degree of informational uncertainty. Motivated by this, we use the 
entropy measure to determine weights of the criteria. 
Step 4.1:  Obtain the normalized score matrix. 

The normalized score matrix [𝕊(𝜁(𝑖𝑗))]
𝑚×𝑛

 is derived using the following 

equation: 

𝕊(𝜁(𝑖𝑗)) =
1+(�̃�(𝑖𝑗))3−(�̃�(𝑖𝑗))3

2
(𝑖 = 1,  2, . . . ,  𝑚;  𝑗 = 1,  2,  . . . ,  𝑛).                           (9) 

Step 4.2:  The entropy value j corresponding to the criterion Cj is clarified by: 

𝛥𝑗 = −
1

𝑙𝑛(𝑚)
∑ 𝕊(𝜁(𝑖𝑗)) × 𝑙𝑛( 𝕊(𝜁(𝑖𝑗)))𝑚

𝑖=1 (𝑗 = 1,  2, . . . ,  𝑛).                          (10) 

Step 4.3:  The objective weight of the criteria is ascertained as: 

𝑤𝑗 =
|1−𝛥𝑗|

∑ |1−𝛥𝑘|𝑛
𝑘=1

(𝑗 = 1,  2, . . . ,  𝑛).                                                 (11) 

where 𝑤𝑗 ∈ [0,  1]∀𝑗,
 
and ∑ 𝑤𝑗

𝑛
𝑗=1 = 1.  

Step 5: Estimate the FF "relative significance degree" (RSD) for every option. 
Step 5.1:  The FF-RSD of 𝐴𝑖  using WSM is calculated as: 
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𝑅𝑆𝐷(𝐴𝑖) = ⊕

𝑗=1
𝑛

(𝑤𝑗𝜁(𝑖𝑗))                                                  (12) 

      The FF-RSD of 𝐴𝑖  using WPM is calculated as: 

𝑅𝑆𝐷(𝐴𝑞) = ⊗

𝑗=1
𝑛

(𝜁(𝑖𝑗))𝑤𝑗                                                (13) 

Step 5.2: The overall FF significance degree of 𝐴𝑖  
is calculated by: 

𝜂𝑖 = (𝑝𝑅𝑆𝐷(𝐴𝑖)) ⊕̃ ((1 − 𝑝)𝑅𝑆𝐷(𝐴𝑖))(𝑖 = 1,2, . . . , 𝑚)           (14) 

or 

𝜂𝑖 = (𝑅𝑆𝐷(𝐴𝑖))
𝑝

⊗̃ (𝑅𝑆𝐷(𝐴𝑞))
(1−𝑝)

(𝑖 = 1,2, . . . , 𝑚)                           (15) 

    Here, 𝑝 ∈ [0,1]. For𝑝 = 1, and 𝑝 = 0, WASPAS reduces to WSM and WPM 
respectively. 
Step 5.3: Compute the scores of the FFNs𝜂𝑖(𝑖 = 1,2, . . . , 𝑚). 
Step 5.4: Generate the ranking order of alternatives and chose the best option. 
Figure 1 describes the proposed methodology. 
 

 
Figure 1. Flow chart of the proposed methodology 
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4. Case study and it's solution   

     Improper hospital waste disposal can pose serious dangers to the environment 
and public health (ASSOCHAM, 2022). There are several accessible and developing 
methods to deal with regulated medical waste (RMW) and reduce it to a less 
hazardous state in these places, each with specific advantages and responsibilities. 
Four medical waste treatment technology alternatives are chosen over the 15 
criteria after initial screening. These are "chemical disinfection" (A1), "autoclaving" 
(A2), "microwave disinfection" (A3), and "incineration" (A4). The criteria are: "cost 
acceptance" (C1) (Karagiannidis et al., 2010; Lu et al., 2016; Özkan, 2013; Tudor et al., 
2009; Voudrias, 2016), "technology acceptance" (C2) (Lu et al., 2016; Özkan, 2013; 
Voudrias, 2016), "need for skilled operators" (C3) (Dursun et al., 2011b; Voudrias, 
2016), "automation" (C4) (Dursun et al., 2011b; Voudrias, 2016), "treatment 
effectiveness (C5) (Dursun et al., 2011a; Lu et al., 2016), "microbial inactivation" (C6) 
(Dursun et al., 2011a; Voudrias, 2016), "volume reduction" (C7) (Dursun et al., 
2011b; Özkan, 2013; Voudrias, 2016), "environmental impact of solid residues" (C8) 
(Dursun et al., 2011b; Voudrias, 2016), "environmental impact of liquid residues" 
(C9) (Voudrias, 2016; Zhao et al., 2009), "disposal cost" (C10) (Voudrias, 2016; Zhao et 
al., 2009), "operation and maintenance costs (C11) (Karagiannidis et al., 2010; Lu et 
al., 2016; Özkan, 2013; Tudor et al., 2009; Voudrias, 2016), "capital cost" (C12) 
(Karagiannidis et al., 2010; Lu et al., 2016; Özkan, 2013; Tudor et al., 2009; Voudrias, 
2016), "water consumption" (C13) (Dursun et al., 2011b; Voudrias, 2016; Zhao et al., 
2009), "energy consumption" (C14) (Voudrias, 2016; Zhao et al., 2009), and 
"greenhouse gas emissions" (C15) (Voudrias, 2016; Zhao et al., 2009). A team of three 
decision-making specialists was constituted to select the best option among these 
five medical waste treatment methods. One of them specializes in HCW management, 
while the other two are industrial and environmental engineers, respectively. LVs 
and their accompanying FFNs were defined by experts in Table 1. In this step, four 
DMEs are used to evaluate each choice in light of the criteria considered. The FF 
linguistic decision matrix is therefore shown in Table 1.  

"Table 1. Linguistic ratings  

LVs FFNs 

Very very unimportant  (VVU) (0.20,0.95)" 

Very unimportant (VU) (0.30,0.90) 

Slightly unimportant (SU) (0.40,0.85) 

Unimportant (U) (0.50,0.80) 

Fair (F) (0.60,0.70) 

Important (I) (0.75,0.60) 

Slightly important (SI) (0.80,0.50) 

Very important (VI) (0.85,0.40) 

Very very important (VVI) (0.90,0.30) 

Absolutely important (AI) (0.95,0.20) 

 

      To obtain a reasonable result, we implement the proposed consensus-based FF 
decision support model to prioritize the considered options under those predefined 
conflicting evaluation criteria. Assume that DEs' weights are respectively 0.2693, 
 0.2965,  0.1982, and  0.2360. Then, the aggregated FF decision matrix (Table 2) is 
obtained by using the FFWA operator. Assume that the minimum consensus degree 
is 𝜌 = 0.35. The consensus degree of each expert is calculated based on Eqs. (6) and 
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(7) as: 𝜌(1) = 0.617, 𝜌(2) = 0.488, 𝜌(3) = 0.195, and 𝜌(4) = 0.586. Since 𝜌(3) < 0.35, 
the initial assessments for 3rd expert should be modified. In the revised assessment 
matrix, for the 3rd expert, the new entries are: (7,2): AI, (9,2): AI, (9,3): U, (13, 3): 
VVU, (9, 4): F. We represent the revised aggregated matrix in Table 3. The consensus 
degrees are recalculated with the help of Eqs. (6) and (7) as: 𝜌(1) = 0.624, 𝜌(2) =
0.488, 0.363and 𝜌(4) = 0.574. Since 𝜌(𝑟) > 0.35 (𝑟 = 1,  2,  3,4), desired consensus 
reaching process has been done. 

Table 2. Aggregated matrix 

Crit. A1 A2 A3 A4 

C1 <.7771, .5472> <.5553, .7489> <.7584, .5642> <.6336, .6931> 

C2 <.6236, .7007> <.6266, .7118> <.7867, 0.5278> <.7785, .5445> 

C3 <.7111, .6177> <.778, .5313> <.6773, 0.6693> <.792, .4977> 

C4 <.7033, .6256> <.7517, .5707> <.6934, 0.64> <.7067, .6304> 

C5 <.6526, .6702> <.6143, .7121> <.5162, 0.7793> <.7176, .6108> 

C6 <.7435, .5897> <.5836, .7455> <.7449, 0.589> <.7493, .5792> 

C7 <.6916, .6456> <.7755, .5537> <.6916, 0.6456> <.7268, .6109> 

C8 <.6877, .6483> <.7195, .601> <.7321, 0.6121> <.7273, .5972> 

C9 <.6997, .6282> <.7933, .5133> <.6014, .729> <.7179, .6075> 

C10 <.7584, .5642> <.7153, .6041> <.5038, .7895> <.6998, .6394> 

C11 <.6982, .6403> <.7014, .6262> <.6696, .6754> <.7973, .5096> 

C12 <.7017, .6342> <.6422, .6788> <.7175, .6064> <.661, .6867> 

C13 <.7075, .6203> <.7659, .5546> <.7033, .6256> <.6898, .6566> 

C14 <.6014, .729> <.5836, .7538> <.7794, .5253> <.6777, .6658> 

C15 <.6671, .679> <.6048, .7343> <.6777, .6658> <.7027, .6262> 

Table 3. Revised aggregated matrix" 

Crit. A1 A2 A3 A4 

C1 <.7771, .5472> <.5553, .7489> <.7584, .5642> <.6336, .6931> 

C2 <.6236, .7007> <.6266, .7118> <.7867, .5278> <.7785, .5445> 

C3 <.7111, .6177> <.778, .5313> <.6773, .6693> <.792, .4977> 

C4 <.7033, .6256> <.7517, .5707> <.6934, .64> <.7067, .6304> 

C5 <.6526, .6702> <.6143, .7121> <.5162, .7793> <.7176, .6108> 

C6 <.7435, .5897> <.5836, .7455> <.7449, .589> <.7493, .5792> 

C7 <.6916, .6456> <.8252, .4826> <.6916, .6456> <.7268, .6109> 

C8 <.6877, .6483> <.7195, .601> <.7321, .6121> <.7273, .5972> 

C9 <.6997, .6282> <.863, .4004> <.5319, .729> <.6916, .6264> 

C10 <.7584, .5642> <.7153, .6041> <.5038, .7895> <.6998, .6394> 

C11 <.6982, .6403> <.7014, .6262> <.6696, .6754> <.7973, .5096> 

C12 <.7017, .6342> <.6422, .6788> <.7175, .6064> <.661, .6867> 

C13 <.7075, .6203> <.7659, .5546> <.6295, .7105> <.6898, .6566> 

C14 <.6014, .729> <.5836, .7538> <.7794, .5253> <.6777, .6658> 

C15 <.6671, .679> <.6048, .7343> <.6777, .6658> <.7027, .6262> 
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       Next," we calculate the score matrix (extended form) (Table 4). Since C10-C15 all 
are cost-type criteria is present, normalization is done. Then, the entropy values are 
determined by using Eq. (10). Finally, the weights of the criteria are calculated based 
on Eq. (11) as: w1=0.073, w2=0.0968, w3=0.1487, w4=0.0792, w5=0.0095, w6=0.0882, 
w7=0.1313, w8=0.0826, w9=0.1365, w10=0.0295, w11=0.0311, w12=0.012, w13=0.0179, 
w14=0.0466, and w15=0.0171. The FF-RSD of all alternatives using WSM and WPM are 
calculated using Eqs. (12) and (13) respectively and are presented in Tables 4 and 5. 
The overall FF significance degree of alternatives are calculated by Eq. (14) (taking 
p=0.5) and are given as: 

𝜂1=<0.8691, 0.4156>, 𝜂2=<0.8874, 0.38365>, 𝜂3=<0.8614, 0.4237>,  
𝜂4=<0.8816, 0.3914>. 

The scores of these FFNs are respectively 0.7924, 0.8213, 0.7815, 0.8126  according 
to which 𝐴2 ≻ 𝐴4 ≻ 𝐴1 ≻ 𝐴3 

("" means "superior to") as preference order with 𝐴2as 
the most suitable option. 

Table 4. FF-RSD of alternatives using WSM 

Crit. A1 A2 A3 A4 

C1 <.3562, .9569> <.2388, .9791> <.3448, .9591> <.2768, .9736> 

C2 <.2982, .9662> <.2998, .9676> <.3969, .94> <.3912, .9429> 

C3 <.4002, .9309> <.4487, .9102> <.3776, .942> <.4596, .9014> 

C4 <.3217, .9635> <.3499, .9566> <.3161, .9653> <.3236, .9641> 

C5 <.1456, .9962> <.1358, .9968> <.112, .9976> <.1635, .9953> 

C6 <.3573, .9545> <.2685, .9744> <.3582, .9544> <.361, .953> 

C7 <.3718, .9442> <.4683, .9088> <.3718, .9442> <.395, .9373> 

C8 <.3174, .9648> <.3354, .9588> <.3429, .9603> <.34, .9583> 

C9 <.3818, .9385> <.508, .8826> <.2803, .9578> <.3765, .9381> 

C10 <.1799, .9919> <.1942, .9902> <.2705, .98> <.2072, .9895> 

C11 <.2113, .9889> <.2059, .989> <.225, .9876> <.164, .993> 

C12 <.1523, .9958> <.1651, .9947> <.1447, .996> <.1674, .995> 

C13 <.1694, .9938> <.1494, .9952> <.1992, .9918> <.181, .9934> 

C14 <.2827, .9766> <.2952, .9752> <.1938, .9885> <.2529, .982> 

C15 <.1856, .9931> <.2047, .9915> <.1813, .9934> <.1687, .994> 

 
Table 5. FF-RSD of alternatives using WPM 

Crit. A1 A2 A3 A4 
C1 <.9818, .235> <.958, .3391> <.98, .243> <.9672, .3077> 
C2 <.9553, .3419> <.9558, .3486> <.9771, .2481> <.9761, .2566> 
C3 <.9505, .3396> <.9633, .2879> <.9437, .3723> <.9659, .2686> 
C4 <.9725, .2801> <.9777, .2528> <.9714, .2876> <.9729, .2826> 
C5 <.996, .1503> <.9954, .1619> <.9937, .1825> <.9969, .1349> 
C6 <.9742, .2716> <.9536, .3586> <.9744, .2713> <.9749, .2663> 
C7 <.9527, .3429> <.9751, .2495> <.9527, .3429> <.959, .3221> 
C8 <.9696, .296> <.9732, .2715> <.9746, .2771> <.974, .2695> 
C9 <.9524, .3366> <.9801, .2081> <.9174, .4015> <.9509, .3355> 

C10 <.9833, .256> <.9852, .2373> <.993, .1591> <.9869, .2308> 
C11 <.9862, .2343> <.9855, .2356> <.9879, .2227> <.9792, .2792> 
C12 <.9945, .1719> <.9954, .1545> <.994, .1768> <.9955, .1599> 
C13 <.9915, .1982> <.9895, .2197> <.9939, .1723> <.9925, .192> 
C14 <.9854, .2248> <.9869, .2174> <.9704, .3089> <.9812, .2583> 
C15 <.9934, .1817> <.9947, .1621> <.9931, .1851> <.992, .1935> 
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5. Discussions 

5.1. Sensitivity analysis of the parameter  

    This part aims to analyze the sensitivity of the introduced consensus-based FF 
WASPAS model to changes in values of the trade-off parameter' p'. Different values of 
the parameter p, ranging from 0 to 0.95, are employed. The scores of the overall 
significance degrees of the alternatives are shown in Figure 2. From Figure 2, it folles 
that scores of alternatives are increasing with the increasing values of the parameter 
'p'. Since in each scenario, ranking order remains unchanged, the parameter' p' is not 
sensitive. 
 

 
Figure 2. The sensitivity analysis to changes in parameter p. 

5.2. Comparative Analysis 

This part aims to provide a comparative analysis of the developed consensus-
based FF decision support model with the existing FF MCDM methods, namely FF-
WASPAS (Keshavarz-Ghorabaee et al., 2020), FF-TOPSIS (Senapati & Yager, 2020), 
and FF-CoCoSo (Mishra et al., 2022). These methods are applied to solve the 
addressed selection issue of HWTTs. According to the comparison results that are 
presented in Figure 2, the ranking order obtained by FF-WASPAS (Keshavarz-
Ghorabaee et al., 2020), TOPSIS (Senapati & Yager, 2020), and FF-CoCoSo (Mishra et 
al., 2022) are respectively, 𝐴4 ≻ 𝐴2 ≻ 𝐴1 ≻ 𝐴3, 𝐴2 ≻ 𝐴4 ≻ 𝐴3 ≻ 𝐴1, and 𝐴2 ≻ 𝐴4 ≻
𝐴3 ≻ 𝐴1. However, our method generates an order 𝐴2 ≻ 𝐴4 ≻ 𝐴1 ≻ 𝐴3 

different from 
those methods due to including the "consensus reaching concept" in our method.  

Some advantages of the consensus-based FF-WASPAS tool are: 

1. The consensus-reaching process for decision-makers is integrated into the 
introduced model, while the available FF methods (Keshavarz-Ghorabaee et al., 
2020; Mishra et al., 2022; Senapati & Yager, 2020) are unable to rectify the 
consensus level of experts. As a result, our model lessens decision-making 
process biases, making the process more significant and logical.  

2. In the current method, we employ WASPAS, which has the following advantages: 
(i)It enables us to estimate things with the highest degree of precision, (ii) It is 
more accurate than WPM and WSM, (iii) Finally, it can select the optimal choice 
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using AOs when other methods only allow them to choose the option that is 
closest to the perfect answer.  

3. The proposed methodology framework is useful for assessing and prioritizing 
HCW treatment technologies under real-life scenarios when quantitative input 
information is lacking. 

6. Conclusions 

     The significance of medical waste management in an integrated solid waste 
management regime varies depending on the advanced country. When choosing an 
efficient method for treating medical waste, decision-makers need to consider 
several aspects, including economic, environmental, technological, and social factors. 
The MCDM technique is one of the most significant entry points for decision-makers. 
In order to analyze and rank the medical waste treatment technology possibilities, 
we have established an integrated methodology in this study. When developing this 
decision-making approach, we represented the criteria values regarding FFNs. In the 
suggested methodology, the final ranks of the alternatives are determined using the 
WASPAS method, and criteria weights are determined using the entropy measure. 
Here, a numerical example on the subject of choosing an HCW treatment technique is 
taken into consideration, and the findings are contrasted with those from several 
similar approaches, allowing for a more thorough comprehension of the method we 
previously illustrated. We can clearly state that the proposed approach can be 
employed in HCW treatment technology challenges under the regime of the FF 
environment, thanks to the comparison study component. The impact of changing 
the suggested approach's parameters on the decision results is also investigated in 
this study. Although we have used FFSs, in the future other sets (Mahmood et al., 
2019, 2023; 2022) can also be utilized in our decision-making model. 
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Appendix: List of abbreviations 
Abbreviation Full form 

FF Fermatean fuzzy 
FFS Fermatean fuzzy set 
FFN Fermatean fuzzy number 
DE Decision expert 
AO Aggregation operator 

FFWA Fermatean fuzzy  weighted averaging 
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Abbreviation Full form 
FFWG Fermatean fuzzy weighted geometric 
HCW Health care waste 

HCWTT Health care waste treatment technology 
CoCoSo Combined compromise solution 

WSM Weighted sum model 
WPM Weighted product model 
RSD Relative significance degree 

TOPSIS Technique for order preference by similarity to ideal solution 
WASPAS Weighted sum product assessment 
COPRAS Complex proportional assessment 
VIKOR VIekriterijumsko KOmpromisno Rangiranje 

MULTIMOORA Multi-objective optimization on the basis of ratio analysis plus full 
multiplicative form 

MARCOS Measurement of alternatives and ranking according to compromise 
solution 

EDAS Evaluation based on distance from average solution 
CRITIC CRiteria Importance Through Intercriteria Correlation 
TODIM TOmada de Decisao Interativa Multicriterio 
MCDM Multi-criteria decision-making 

References 

Alagöz, A. Z., & Kocasoy, G. (2008). Determination of the best appropriate 
management methods for the healthcare wastes in İstanbul. Waste Management, 
28(7), 1227-1235. https://doi.org/10.1016/j.wasman.2007.05.018 

Alagöz, B. A. Z., & Kocasoy, G. (2007). Treatment and disposal alternatives for 
healthcare waste in developing countries - A case study in Istanbul, Turkey. Waste 
Management and Research, 25(1), 83-89. 
https://doi.org/10.1177/0734242X07069497 

ASSOCHAM. (2022). Knowledge Architect of India. https://www.assocham.org/ 

Aung, T. S., Luan, S., & Xu, Q. (2019). Application of multi-criteria-decision approach 
for the analysis of medical waste management systems in Myanmar. Journal of 
Cleaner Production, 222, 733-745. https://doi.org/10.1016/j.jclepro.2019.03.049 

Aydemir, S. B., & Yilmaz Gunduz, S. (2020). Fermatean fuzzy TOPSIS method with 
Dombi aggregation operators and its application in multi-criteria decision making. 
Journal of Intelligent and Fuzzy Systems, 39(1), 851-869. 
https://doi.org/10.3233/JIFS-191763 

Aytekin, A., Görçün, Ö. F., Ecer, F., Pamucar, D., & Karamaşa, Ç. (2022). Evaluation of 
the pharmaceutical distribution and warehousing companies through an integrated 
Fermatean fuzzy entropy-WASPAS approach. Kybernetes. 
https://doi.org/10.1108/K-04-2022-0508 

Badalpur, M., & Nurbakhsh, E. (2021). An application of WASPAS method in risk 
qualitative analysis: a case study of a road construction project in Iran. International 
Journal of Construction Management, 21(9), 910-918. 
https://doi.org/10.1080/15623599.2019.1595354 

Badi, I., Shetwan, A., & Hemeda, A. (2019). A grey-based assessment model to 
evaluate healthcare waste treatment alternatives in Libya. Operational Research in 



Rao & Sujatha/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 600-619” 

614 

Engineering Sciences: Theory and Applications, 2(3), 92–106. 
https://doi.org/10.31181/oresta1903092b 

Baghapour, M. A., Shooshtarian, M. R., Javaheri, M. R., Dehghanifard, S., Sefidkar, R., & 
Nobandegani, A. F. (2018). A computer-based approach for data analyzing in 
hospital's healthcare waste management sector by developing an index using 
consensus-based fuzzy multi-criteria group decision-making models. International 
Journal of Medical Informatics, 118, 5-15. 
https://doi.org/10.1016/j.ijmedinf.2018.07.001 

Bid, S., & Siddique, G. (2019). Human risk assessment of Panchet Dam in India using 
TOPSIS and WASPAS Multi-Criteria Decision-Making (MCDM) methods. Heliyon, 5(6), 
e01956. https://doi.org/10.1016/j.heliyon.2019.e01956 

Birpinar, M. E., Bilgili, M. S., & Erdoǧan, T. (2009). Medical waste management in 
Turkey: A case study of Istanbul. Waste Management, 29(1), 445-448. 
https://doi.org/10.1016/j.wasman.2008.03.015 

Brent, A. C., Rogers, D. E. C., Ramabitsa-Siimane, T. S. M., & Rohwer, M. B. (2007). 
Application of the analytical hierarchy process to establish health care waste 
management systems that minimize infection risks in developing countries. 
European Journal of Operational Research, 181(1), 403-424. 
https://doi.org/10.1016/j.ejor.2006.06.015 

Chen, H., Li, Q., Kaufman, J. S., Wang, J., Copes, R., Su, Y., & Benmarhnia, T. (2018). 
Effect of air quality alerts on human health: a regression discontinuity analysis in 
Toronto, Canada. The Lancet Planetary Health, 2(1), 23-45. 
https://doi.org/10.1016/S2542-5196(17)30185-7 

Davoudabadi, R., Mousavi, S. M., & Mohagheghi, V. (2020). A new last aggregation 
method of multi-attributes group decision making based on concepts of TODIM, 
WASPAS and TOPSIS under interval-valued intuitionistic fuzzy uncertainty. 
Knowledge and Information Systems, 62(4), 1371–1391. 
https://doi.org/10.1007/s10115-019-01390-x 

Deveci, M., Canıtez, F., & Gökaşar, I. (2018). WASPAS and TOPSIS based interval type-
2 fuzzy MCDM method for a selection of a car sharing station. Sustainable Cities and 
Society, 41, 777-791. https://doi.org/10.1016/j.scs.2018.05.034 

Dorfeshan, Y., & Mousavi, S. M. (2020). A novel interval type-2 fuzzy decision model 
based on two new versions of relative preference relation-based MABAC and 
WASPAS methods (with an application in aircraft maintenance planning). Neural 
Computing and Applications, 32(8), 3367–3385. https://doi.org/10.1007/s00521-
019-04184-y 

Dursun, M., Karsak, E. E., & Karadayi, M. A. (2011a). A fuzzy multi-criteria group 
decision making framework for evaluating healthcare waste disposal alternatives. 
Expert Systems with Applications, 38(9), 11453-11462. 
https://doi.org/10.1016/j.eswa.2011.03.019 

Dursun, M., Karsak, E. E., & Karadayi, M. A. (2011b). Assessment of healthcare waste 
treatment alternatives using fuzzy multi-criteria decision making approaches. 
Resources, Conservation and Recycling, 57, 98-107. 
https://doi.org/10.1016/j.resconrec.2011.09.012 

Ghram, M., & Frikha, H. M. (2020). Assessing healthcare waste treatment 
technologies in Tunisia within fuzzy ARAS-H. 2020 13th International Colloquium of 



A consensus based Fermatean fuzzy WASPAS methodology for selection of healthcare waste… 

615 

Logistics and Supply Chain Management, LOGISTIQUA 2020. 
https://doi.org/10.1109/LOGISTIQUA49782.2020.9353873 

Görçün, Ö. F., Aytekin, A., Selçuk Korucuk, & Tirkolaee, E. B. (2023a). Evaluating and 
selecting sustainable logistics service providers for medical waste disposal 
treatment in the healthcare industry. Journal of Cleaner Production, 408, 137194. 
https://doi.org/10.1016/j.jclepro.2023.137194 

Görçün, Ö. F., Pamucar, D., & Biswas, S. (2023). The blockchain technology selection 
in the logistics industry using a novel MCDM framework based on Fermatean fuzzy 
sets and Dombi aggregation. Information Sciences, 635, 345–374. 
https://doi.org/10.1016/j.ins.2023.03.113 

Gul, M., Lo, H.-W., & Yucesan, M. (2021). Fermatean fuzzy TOPSIS-based approach for 
occupational risk assessment in manufacturing. Complex & Intelligent Systems, 7(5), 
2635–2653. https://doi.org/10.1007/s40747-021-00417-7 

Gül, S. (2021). Fermatean fuzzy set extensions of SAW, ARAS, and VIKOR with 
applications in COVID-19 testing laboratory selection problem. Expert Systems, 
38(8), e12769. https://doi.org/10.1111/exsy.12769 

Gusca, J., Kuznecova, I., & Kalnins, S. N. (2017). Algorithm for Life Cycle Inventory of 
Medical Waste Treatment Technologies Emphasizing the Role of Treatment 
Efficiency. Energy Procedia, 113, 423-427. 
https://doi.org/10.1016/j.egypro.2017.04.028 

Hadi, A., Khan, W., & Khan, A. (2021). A novel approach to MADM problems using 
Fermatean fuzzy Hamacher aggregation operators. International Journal of 
Intelligent Systems, 36(7), 3464-3499. https://doi.org/10.1002/int.22423 

Hinduja, A., & Pandey, M. (2018). Assessment of healthcare waste treatment 
alternatives using an integrated decision support framework. International Journal 
of Computational Intelligence Systems, 12(1), 98-107. 
https://doi.org/10.2991/ijcis.2018.125905685 

Ho, C. C. (2011). Optimal evaluation of infectious medical waste disposal companies 
using the fuzzy analytic hierarchy process. Waste Management, 31(7), 1553-1559. 
https://doi.org/10.1016/j.wasman.2011.02.020 

Kahraman, C., Cevik Onar, S., Oztaysi, B., & Ilbahar, E. (2019). Selection among GSM 
operators using Pythagorean fuzzy waspas method. Journal of Multiple-Valued Logic 
and Soft Computing, 33(4–5). 

Karagiannidis, A., Papageorgiou, A., Perkoulidis, G., Sanida, G., & Samaras, P. (2010). 
A multi-criteria assessment of scenarios on thermal processing of infectious hospital 
wastes: A case study for Central Macedonia. Waste Management, 30(2), 251-262. 
https://doi.org/10.1016/j.wasman.2009.08.015 

Karamouz, M., Zahraie, B., Kerachian, R., Jaafarzadeh, N., & Mahjouri, N. (2007). 
Developing a master plan for hospital solid waste management: A case study. Waste 
Management, 27(5), 626-638. https://doi.org/10.1016/j.wasman.2006.03.018 

Keshavarz-Ghorabaee, M., Amiri, M., Hashemi-Tabatabaei, M., Zavadskas, E. K., & 
Kaklauskas, A. (2020). A new decision-making approach based on fermatean fuzzy 
sets and waspas for green construction supplier evaluation. Mathematics, 8(12), 1-
23. https://doi.org/10.3390/math8122202 

Keshavarz-Ghorabaee, M., Govindan, K., Amiri, M., Zavadskas, E. K., & Antuchevičienė, 
J. (2019). An integrated type-2 fuzzy decision model based on waspas and seca for 



Rao & Sujatha/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 600-619” 

616 

evaluation of sustainable manufacturing strategies. Journal of Environmental 
Engineering and Landscape Management, 27(4), 187-200. 
https://doi.org/10.3846/jeelm.2019.11367 

Krishankumar, R., Subrajaa, L. S., Ravichandran, K. S., Kar, S., & Saeid, A. B. (2019). A 
Framework for Multi-Attribute Group Decision-Making Using Double Hierarchy 
Hesitant Fuzzy Linguistic Term Set. International Journal of Fuzzy Systems, 21(4), 
1130–1143. https://doi.org/10.1007/s40815-019-00618-w 

Kundu, P., Görçün, Ö. F., & Küçükönder, H. (2021). Medical device selection in private 
hospitals by integrated fuzzy MCGDM methods: A case study in choosing MRI 
(Magnetic Resonance Imaging) system. Journal of the Operational Research Society, 
73(9), 2059-2079. https://doi.org/10.1080/01605682.2021.1960910 

Kutlu Gundogdu, F., & Kahraman, C. (2019). Extension of WASPAS with spherical 
fuzzy sets. Informatica (Netherlands), 30(2), 269–292. 
https://doi.org/10.15388/Informatica.2019.206 

Liu, D., & Huang, A. (2020). Consensus reaching process for fuzzy behavioral TOPSIS 
method with probabilistic linguistic q-rung orthopair fuzzy set based on correlation 
measure. International Journal of Intelligent Systems, 35(3), 494-528. 
https://doi.org/10.1002/int.22215 

Liu, P., Rani, P., & Mishra, A. R. (2021). A novel Pythagorean fuzzy combined 
compromise solution framework for the assessment of medical waste treatment 
technology. Journal of Cleaner Production, 292, 126047. 
https://doi.org/10.1016/j.jclepro.2021.126047 

Liu, P., Saha, A., Mishra, A. R., Rani, P., Dutta, D., & Baidya, J. (2022). A BCF–CRITIC–
WASPAS method for green supplier selection with cross-entropy and Archimedean 
aggregation operators. Journal of Ambient Intelligence and Humanized Computing. 
https://doi.org/10.1007/s12652-022-03745-9 

Liu, Y. B., Liu, L., Li, Y. F., & Chen, Y. L. (2015). Relationship between health literacy, 
health-related behaviors and health status: A survey of elderly Chinese. International 
Journal of Environmental Research and Public Health, 12(8), 9714-9725. 
https://doi.org/10.3390/ijerph120809714 

Lu, C., You, J. X., Liu, H. C., & Li, P. (2016). Health-carewaste treatment technology 
selection using the interval 2-Tuple induced TOPSIS method. International Journal of 
Environmental Research and Public Health, 13(6), 562. 
https://doi.org/10.3390/ijerph13060562 

Mahmood, T., Ullah, K., Khan, Q., & Jan, N. (2019). An approach toward decision-
making and medical diagnosis problems using the concept of spherical fuzzy sets. 
Neural Computing and Applications, 31(11), 7041-7053. 
https://doi.org/10.1007/s00521-018-3521-2 

Mahmood, T., & ur Rehman, U. (2022). A novel approach towards bipolar complex 
fuzzy sets and their applications in generalized similarity measures. International 
Journal of Intelligent Systems, 37(1), 535-567. https://doi.org/10.1002/int.22639 

Mahmood, T., ur Rehman, U., & Ali, Z. (2023). Analysis and application of Aczel-Alsina 
aggregation operators based on bipolar complex fuzzy information in multiple 
attribute decision making. Information Sciences, 619, 817-833. 
https://doi.org/10.1016/j.ins.2022.11.067 



A consensus based Fermatean fuzzy WASPAS methodology for selection of healthcare waste… 

617 

Mishra, A. R., & Rani, P. (2018). Interval-Valued Intuitionistic Fuzzy WASPAS 
Method: Application in Reservoir Flood Control Management Policy. Group Decision 
and Negotiation, 27(6), 1047-1078. https://doi.org/10.1007/s10726-018-9593-7 

Mishra, A. R., & Rani, P. (2021). Multi-criteria healthcare waste disposal location 
selection based on Fermatean fuzzy WASPAS method. Complex & Intelligent Systems, 
7(5), 2469-2484. https://doi.org/10.1007/s40747-021-00407-9 

Mishra, A. R., Rani, P., & Pandey, K. (2022). Fermatean fuzzy CRITIC-EDAS approach 
for the selection of sustainable third-party reverse logistics providers using 
improved generalized score function. Journal of Ambient Intelligence and Humanized 
Computing, 13(1), 1-17. https://doi.org/10.1007/s12652-021-02902-w 

Mishra, A. R., Rani, P., Pardasani, K. R., & Mardani, A. (2019). A novel hesitant fuzzy 
WASPAS method for assessment of green supplier problem based on exponential 
information measures. Journal of Cleaner Production, 238, 117901. 
https://doi.org/10.1016/j.jclepro.2019.117901 

Mishra, A. R., Singh, R. K., & Motwani, D. (2019). Multi-criteria assessment of cellular 
mobile telephone service providers using intuitionistic fuzzy WASPAS method with 
similarity measures. Granular Computing, 4(3), 511–529. 
https://doi.org/10.1007/s41066-018-0114-5 

Mohagheghi, V., & Mousavi, S. M. (2020). D-WASPAS: Addressing Social Cognition in 
Uncertain Decision-Making with an Application to a Sustainable Project Portfolio 
Problem. Cognitive Computation, 12(3), 619-641. https://doi.org/10.1007/s12559-
019-09679-3 

Ouyang, L., Zhu, Y., Zheng, W., & Yan, L. (2021). An information fusion FMEA method 
to assess the risk of healthcare waste. Journal of Management Science and 
Engineering, 6(1), 111-124. https://doi.org/10.1016/j.jmse.2021.01.001 

Özkan, A. (2013). Evaluation of healthcare waste treatment/disposal alternatives by 
using multi-criteria decision-making techniques. Waste Management and Research, 
31(2), 141-149. https://doi.org/10.1177/0734242X12471578 

Pamučar, D., Puška, A., Stević, Ž., & Ćirović, G. (2021). A new intelligent MCDM model 
for HCW management: The integrated BWM–MABAC model based on D numbers. 
Expert Systems with Applications, 175, 114862. 
https://doi.org/10.1016/j.eswa.2021.114862 

Qian, W., Wang, Z. J., & Li, K. W. (2016). Medical waste disposal method selection 
based on a hierarchical decision model with intuitionistic fuzzy relations. 
International Journal of Environmental Research and Public Health, 13(9), 896. 
https://doi.org/10.3390/ijerph13090896 

Rani, P., & Mishra, A. R. (2020). Multi-criteria weighted aggregated sum product 
assessment framework for fuel technology selection using q-rung orthopair fuzzy 
sets. Sustainable Production and Consumption, 24, 90-104. 
https://doi.org/10.1016/j.spc.2020.06.015 

Rani, P., & Mishra, A. R. (2021). Fermatean fuzzy Einstein aggregation operators-
based MULTIMOORA method for electric vehicle charging station selection. Expert 
Systems with Applications, 182, 115267. 
https://doi.org/10.1016/j.eswa.2021.115267 

Rani, P., Mishra, A. R., Saha, A., Hezam, I. M., & Pamucar, D. (2022). Fermatean fuzzy 
Heronian mean operators and MEREC‐based additive ratio assessment method: An 



Rao & Sujatha/Decis. Mak. Appl. Manag. Eng. 6(2) (2023) 600-619” 

618 

application to food waste treatment technology selection. International Journal of 
Intelligent Systems, 37(3), 2612–2647. 

Rudnik, K., Bocewicz, G., Kucińska-Landwójtowicz, A., & Czabak-Górska, I. D. (2021). 
Ordered fuzzy WASPAS method for selection of improvement projects. Expert 
Systems with Applications, 169, 114471. 
https://doi.org/10.1016/j.eswa.2020.114471 

Saha, A., Pamucar, D., Gorcun, O. F., & Raj Mishra, A. (2023). Warehouse site selection 
for the automotive industry using a fermatean fuzzy-based decision-making 
approach. Expert Systems with Applications, 211, 118497. 
https://doi.org/10.1016/j.eswa.2022.118497 

Salimian, S., & Mousavi, S. M. (2022). The selection of healthcare waste treatment 
technologies by a multi-criteria group decision-making method with intuitionistic 
fuzzy sets. Journal of Industrial and Systems Engineering, 14(1), 205-220. 

Saraji, M. K., Streimikiene, D., & Kyriakopoulos, G. L. (2021). Fermatean fuzzy 
critic‐copras method for evaluating the challenges to industry 4.0 adoption for a 
sustainable digital transformation. Sustainability (Switzerland), 13(17), 1-23. 
https://doi.org/10.3390/su13179577 

Schitea, D., Deveci, M., Iordache, M., Bilgili, K., Akyurt, İ. Z., & Iordache, I. (2019). 
Hydrogen mobility roll-up site selection using intuitionistic fuzzy sets based 
WASPAS, COPRAS and EDAS. International Journal of Hydrogen Energy, 44(16), 
8585–8600. https://doi.org/10.1016/J.IJHYDENE.2019.02.011 

Senapati, T., & Yager, R. R. (2019). Fermatean fuzzy weighted averaging/geometric 
operators and its application in multi-criteria decision-making methods. Engineering 
Applications of Artificial Intelligence, 85, 112-121. 
https://doi.org/10.1016/j.engappai.2019.05.012 

Senapati, T., & Yager, R. R. (2020). Fermatean fuzzy sets. Journal of Ambient 
Intelligence and Humanized Computing, 11(2), 663–674. 
https://doi.org/10.1007/s12652-019-01377-0 

Sharma, R., & Pradhan, S. (2020). Investigation of machinability criteria during 
micro-abrasive finishing of SUS-304L steel using fuzzy combined with WASPAS 
approach. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 
42(3), 112. https://doi.org/10.1007/s40430-020-2198-5 

Simic, V., Gokasar, I., Deveci, M., & Isik, M. (2021). Fermatean Fuzzy Group Decision-
Making Based CODAS Approach for Taxation of Public Transit Investments. IEEE 
Transactions on Engineering Management. 
https://doi.org/10.1109/TEM.2021.3109038 

Simić, V., Lazarević, D., & Dobrodolac, M. (2021). Picture fuzzy WASPAS method for 
selecting last-mile delivery mode: a case study of Belgrade. European Transport 
Research Review, 13(1), 13–43. 

Stanujkić, D., & Karabašević, D. (2018). An extension of the WASPAS method for 
decision-making problems with intuitionistic fuzzy numbers: A case of website 
evaluation. Operational Research in Engineering Sciences: Theory and Applications, 
1(1), 29–39. https://doi.org/10.31181/oresta19012010129s 

Torkayesh, A. E., Malmir, B., & Rajabi Asadabadi, M. (2021). Sustainable waste 
disposal technology selection: The stratified best-worst multi-criteria decision-



A consensus based Fermatean fuzzy WASPAS methodology for selection of healthcare waste… 

619 

making method. Waste Management, 122, 100-112. 
https://doi.org/10.1016/j.wasman.2020.12.040 

Tudor, T. L., Townend, W. K., Cheeseman, C. R., & Edgar, J. E. (2009). An overview of 
arisings and large-scale treatment technologies for healthcare waste in the United 
Kingdom. In Waste Management and Research (Vol. 27, Issue 4). 
https://doi.org/10.1177/0734242X09336244 

Ucal Sari, I., Kuchta, D., & Sergi, D. (2021). Analysis of intelligent software 
implementations in air cargo using fermatean fuzzy CODAS method. In Intelligent 
and Fuzzy Techniques in Aviation 4.0: Theory and Applications (pp. 147-173). Cham: 
Springer International Publishing. https://doi.org/10.1007/978-3-030-75067-1_7 

Ucal Sari, I., & Sargin, S. N. (2022). Prioritization of R&D Projects Using Fermatean 
Fuzzy MARCOS Method. In Intelligent and Fuzzy Techniques for Emerging Conditions 
and Digital Transformation: Proceedings of the INFUS 2021 Conference, held August 
24-26, 2021. Volume 2 (pp. 569-577). Springer International Publishing.. 
https://doi.org/10.1007/978-3-030-85577-2_67 

Voudrias, E. A. (2016). Technology selection for infectious medical waste treatment 
using the analytic hierarchy process. Journal of the Air and Waste Management 
Association, 66(7), 663-672. https://doi.org/10.1080/10962247.2016.1162226 

Yager, R. R. (2014). Pythagorean membership grades in multi-criteria decision 
making. IEEE Transactions on Fuzzy Systems, 22(4), 958-965. 
https://doi.org/10.1109/TFUZZ.2013.2278989 

Yazdani, M., Tavana, M., Pamučar, D., & Chatterjee, P. (2020). A rough based multi-
criteria evaluation method for healthcare waste disposal location decisions. 
Computers and Industrial Engineering, 143, 106394. 
https://doi.org/10.1016/j.cie.2020.106394 

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 338–353. 

Zavadskas, E. K., Turskis, Z., Antucheviciene, J., & Zakarevicius, A. (2012). 
Optimization of weighted aggregated sum product assessment. Elektronika Ir 
Elektrotechnika, 122(6), 3–6. 

Zhao, W., Van Der Voet, E., Huppes, G., & Zhang, Y. (2009). Comparative life cycle 
assessments of incineration and non-incineration treatments for medical waste. 
International Journal of Life Cycle Assessment, 14(2), 114-121. 
https://doi.org/10.1007/s11367-008-0049-1  

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

the terms and conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 


