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Abstract

:

The plastics business has grown rapidly in recent years, with annual growth rates ranging from 16% to 18% each year (second only to the telecommunications and textile industries). The plastic industry is regarded as a dynamic industry in the Vietnamese economy due to its rapid development rate. Its high growth stems from a big market with significant expansion potential, since Vietnam’s plastic sector is still in its early stages in comparison to the rest of the globe and plastic goods are pushed and utilized in many aspects of life. In order to ensure sustainable development and comply with the provisions of the Law on Environment Protection, plastic manufactures and importers must ensure to fulfill two responsibilities: (1) proper product and packaging recycling—applicable to products and packaging with recyclable value; and (2) the collection and treatment of waste—applicable to products and packaging containing hazardous substances, difficult to recycle, causing difficulties for waste collection and treatment. Therefore, raw materials supplier selection in the plastic industry is a complex decision, and decision makers must consider many qualitative factors, quantitative factors and environmental attributes during the decision making. As a result, the goal of this study is to present an integrated multicriteria decision making model (MCDM) strategy for sustainable supplier selection in the plastics sector under fuzzy environment circumstances. This paper makes a contribution by proposing a hybrid fuzzy analytic hierarchy process (AHP) and technique for order of preference by similarity to ideal solution (TOPSIS) approach model for raw material supplier selection in the plastics sector. This research also provided a useful guideline for supplier selection in other industries.
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1. Introduction


Plastic is used to manufacture a wide range of things, providing an important contribution to human existence as well as the growth of many other eco-nomic sectors and fields such as power, electronics, telecommunications, transportation, fisheries, agriculture, etc. Plastic items are being applied and becoming alternatives for conventional seemingly irreplaceable materials such as wood, metal, silicate, and so on as science and technology advance. As a result, the plastic sector is becoming increasingly significant in countries’ lives and output [1]. Despite its rapid growth in recent years, Vietnam’s plastic industry is still primarily known as an economic and technical business in plastic processing, with little involvement in raw material procurement. Currently, the plastic industry requires an average of 3.5 million tons of input materials such as polyethylene (PE), polypropylene (PP), polystyrene (PS), and so on, not to mention hundreds of different auxiliary chemicals; however, domestic capacity can only meet about 900,000 tons of raw materials, chemicals, and additives for the needs of Vietnam’s plastic industry. As a result, the amount and value of plastic materials imported have steadily grown over the years [1]. Sample of plastic raw materials is shown in Figure 1.



Currently, Vietnam has signed and implemented 11 free trade agreements (FTAs), in which several plastic resin products have been reduced to a 0–10% special preferential tax. This is an opportunity for domestic enterprises to take advantage of special preferential commitments in free trade agreements (FTAs) to reduce input production costs and increase competitiveness with regional partners. However, imported plastic materials must meet the provisions of the Law on Environmental Protection. Therefore, raw materials supplier selection in plastic industry is a multicriteria decision making, decision makers must consider many qualitative factors, quantitative factors, and environmental attributes during the decision-making process. The flowchart of the MCDM process is shown in Figure 2.



MCDM approaches such as the aggregated indices randomization method (AIRM), base-criteria method (BCM), best worst method (BWM), etc. can be used to help decision-making processes. The decision-maker must frequently take both qualitative and quantitative elements into account. In these situations, the MCDM technique is combined with fuzzy theory to develop a fuzzy MCDM strategy to support the decision-making processes. Although several MCDM models have been put forth to support supplier selection procedures in other industries, very few hybrid MCDM models have been created to address the supplier selection problem in the plastics industry, particularly in a fuzzy decision-making environment. In this research, the author proposed a fuzzy MCDM model for the plastics industry’s supplier selection. The fuzzy analytic hierarchical process (AHP) was used to determine the weights for each criterion in order to rank numerous suppliers. These weights were then entered into the technique for order of preference by similarity to ideal solution (TOPSIS) technique. The FAHP-TOPSIS model can aid in making the best decisions since it analyzes issues using a variety of criteria and enables decision-makers to examine the relationships between these criteria. It also accounts for the subjectivity, ambiguity, and diversity of the decision-makers. Therefore, the model in this study can assist businesses in the plastics industry in selecting the best supplier selection choices. The proposed model can be improved and used to support other sectors in various nations as a resource in solving MCDM challenges, even if the study is solely applicable to the plastics industry in Vietnam.



The remaining sections of this work are organized as follows. Section 2 discusses significant literature on the use of MCDM models in a variety of scientific domains. Section 3 explained the fundamental theory of two MCDM models. Section 4 applies the suggested methodology to a case study of a real-world plastics raw materials supplier evaluation to demonstrate its practicality. Section 5 presents the conclusions of our research.




2. Literature Review


Complex decision-making difficulties are frequent in many industries and economic sectors, and these challenges often entail several quantitative and qualitative criteria. The MCDM model has been used in a variety of domains in recent years, including facility placement selection difficulties [2,3], rating renewable energy sources [4,5], and the information technology business [6,7]. Among these, MCDM models are frequently applied in supplier evaluation and selection problems.



Zeljko Stevi et al. [8] used the measurement of alternatives and ranking according to compromise solution (MARCOS) for long-term supplier selection in the healthcare industry. In this work, the authors applied MCDM model for ranking of eight alternatives in healthcare industries regarding 21 criteria. Morteza Yazdani et al. [9] presented an MCDM model for green supplier selection that included quality function deployment (QFD), complex proportional assessment (COPRAS), and the decision-making trial and evaluation laboratory (DEMATEL). Goran Petrovi et al. [10] proposed a three-stage MCDM model, which included the fuzzy stepwise weight assessment ratio analysis model (fuzzy SWARA), the fuzzy technique for order preference by similarity to ideal solution (Fuzzy TOPSIS), and the fuzzy additive ratio assessment model (Fuzzy ARAS), for evaluating and selecting suppliers in the case of THK linear motion guide component procurement.



Based on the TOPSIS model, Yong Deng et al. [11] presented a novel MCDM model (containing fuzzy sets theory (FST) and Dempster–Shafer theory of evidence (DST)) for supplier selection challenges. Semih nüt et al. [12] created an MCDM methodology for supplier selection in a telecommunications firm based on the analytic network process (ANP) and the technique for order performance by similarity to ideal solution (TOPSIS). A real-world case study including six primary assessment criteria that the firm has developed to pick the best suited supplier is presented in this paper. Liu et al. [13] created a new MCDM model for sustainable supplier selection by merging best-worst method (BWM) and alternative queuing method (AQM) inside uncertain situations. As a result of our work, firms may support sustainable supply chain management.



Anupam Haldar et al. [14] presented a hybrid MCDM model for robust substitute selection. The TOPSIS and AHP methodologies were used by the authors in this study for general selection criteria. Ulutaş Alptekin et al. [15] created a new MCDM model that combines the benefits of three well-known and prominent multiple-criteria decision-making methods: multi-objective optimization based on simple ratio analysis (MOOSRA), multi-objective optimization based on ratio analysis (MOORA), and multi-objective optimization based on ratio analysis plus the full multiplicative form (MULTIMOORA) for supplier selection.



Wang Chen et al. [16] provided a comprehensive fuzzy multicriteria decision making (MCDM) strategy for green supplier selection and assessment in the luminance enhancement film (LEF) market that included the FAHP and TOPSIS models. Bojan Matic et al. [17] developed a fuzzy MCDM model for assessing and choosing suppliers in a construction company’s sustainable supply chain. The author determined the weight of all criteria using the complete consistency method (FUCOM) model, while rating some of the possible suppliers is done using a novel rough complex proportional assessment (COPRAS) approach. In the work of Mei-Yun Quan and colleagues [18], a hybrid MCDM strategy for large group green supplier selection with uncertain linguistic information was introduced. The purpose of this study is to offer a hybrid MCDM strategy for green supplier selection in a large group environment. Morteza Yazdani et al. [19] creative integrated a MCDM model of supplier selection problem. In this work, the author used a three MCDM model including stepwise weight assessment ratio analysis (SWARA) model, quality function deployment (QFD), and weighted aggregated sum product assessment (WASPAS) model. For supplier selection, Mazaher Ghorbani et al. [20] suggested a three-phase MCDM strategy based on the Kano model and fuzzy MCDM. The weights of all criteria are initially computed using a fuzzy Kano questionnaire and the FAHP model. In the second step, fuzzy TOPSIS ranks many possible providers.



Armin C. et al. [21] proposed a hybrid MCDM- mixed integer linear programming (MILP) approach for sustainable supplier selection. In decision making processes, the author considered two types of quantity discounts along with disruption risks. To find the sustainable supplier and optimal order allocation, they also applied the best worst method (BWM) model and revised multi-choice goal programming. Melih Yucesan et al. [22] proposed a MCDM model including best-worst method (BWM) and the interval type-2 fuzzy technique for order preference by similarity to ideal solution (IT2F TOPSIS) for green supplier selection in a plastic injection molding facility in Turkey.



According to this evaluation of the research, studies applying the MCDM approach to various fields of science and engineering have been increasing in number over the past few years. One of the fields where the MCDM model has been employed is in supplier selection problems. Especially in the plastics industry, decision makers have to evaluate both qualitative, quantitative factors and sustainable factors. Although some studies have reviewed applications of MCDM approaches in sustainable supplier selection in the plastics industry, very few works have focused on this problem in a fuzzy environment. This is a reason why in this work MCDM model including AHP with fuzzy logic, and TOPSIS is proposed for sustainable supplier selection in plastics industry.




3. Methodology


In this work, the authors proposed a MCDM model including fuzzy AHP and TOPSIS approach to select the sustainable supplier in plastics industry. There are three steps involved in this process, as shown in Figure 3:



Step 1: Selecting evaluate criteria. In this step, the criteria for selecting the optimal supplier will be defined. All criteria have built through expert interviews and the results from others’ research.



Step 2: Applying the FAHP model. The FAHP model is the most effective tool for addressing complex problems of decision making with a connection to various qualitative criteria. The weight of criteria will be defined in this step.



Step 3: Utilizing the TOPSIS approach. The TOPSIS model is employed to rank some potential suppliers. The optimal alternative has the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS). The best sustainable supplier will be presented in this stage.



3.1. Process of Fuzzy Analytic Hierarchy


Zadeh (1965) [23] created fuzzy set theory. There are numerous types of fuzzy numbers available nowadays; triangular fuzzy numbers are used in this study due to their efficiency and convenience of usage [24,25,26,27,28]. Figure 4 depicts how it is defined.


   μ   ( x )  =  {         x    − n    h    − n   ,     n ≤ x ≤ h          z    − x    z    − h   ,     h ≤ x ≤ z       0 ,     otherwise        



(1)







If k = h = z,   A ˜   becomes a real number [29]. According to Buckley, the FAHP technique should be used.



Step 1: The decision-maker weighs the criteria and alternatives.



Step 2: Make a pairwise comparison matrix



Fuzzy numbers are used to generate a pairwise comparison matrix. The matrix is expressed as follows:


     A k   ˜  =  [         a  11  k   ˜         a  12  k   ˜     ⋯             a  21  k   ˜       ⋯               a  22  k   ˜       ⋯           ⋯     ⋯             a  n 1  k   ˜         a  n 2  k   ˜     ⋯                   a  1 n  k   ˜           a  2 n  k   ˜           ⋯         a  n n  k   ˜           ]   



(2)







If there are several decision makers, the preferences of each expert (     a  n n  k   ˜   ) are averaged and (    a ˜   i j    ) is calculated as in Equation (3):


    a ˜   i j   =     ∑   k = 1  K     a  n n  k   ˜   K   



(3)







Step 3: The pairwise contribution matrix, as shown in Equation (4), will be updated based on the average preferences.


   A ˜  =  [         a  11    ˜     ⋯       a  1 n    ˜       ⋮   ⋱   ⋮         a  n 1    ˜     ⋯       a  n n    ˜       ]   



(4)







Step 4: Equation (5) is used to get the geometric mean of the fuzzified comparison results for each criteria,      g i   ˜    values are triangular values.


     g i   ˜  =    (    ∏   j = 1  n    a ˜   i j    )    1 / n   ,   i = 1 ,   2 ,   … ,   n  



(5)







Step 5: Equation (5) [30] may be used to get the fuzzified weights for each criteria by merging the three minor stages:



Step 5a: Determine the vector summation of each      g i   ˜   .



Step 5b: Determine the inverse power of the summation vector. Sort into ascending order after replacing the fuzzified triangular.



Step 5c: Compute the fuzzified weight by multiplying each vector by its inverse vector.


    w ˜  i  =   g ˜  i  ⊗    (     g 1   ˜  ⊕    g 2   ˜  ⊕ … ⊕    g n   ˜   )    − 1   =  (  l  w i  , m  w i  , u  w i   )   



(6)







Step 6: Because     w ˜  i    are still fuzzified triangular numbers, the defuzzification procedure must employ the Centre of Area approach [31], as illustrated in Equation (7).


   Y i  =   l  w i  + m  w i  + u  w i   3   



(7)







Step 7: Even if    Y i    is a normal integer, it must be normalized using Equation (8):


   Z i  =    Y i      ∑   i = 1  n   Y i     



(8)








3.2. The Order of Preference by Similarity to Ideal Solution Model Technique


TOPSIS was created in 1981 [32] by Ching-Lai Hwang and Yoon, with additional advancements by Yoon [33], Hwang et al. [34]. The TOPSIS procedure is as follows:



Step 1: Make an assessment matrix with m choices and n criteria. With the intersection of each alternative and criteria provided as    x  i j    , we get the matrix      (   x  i j    )    m x n    .



Step 2: After that, the matrix      (   x  i j    )    m x n     is normalized to create the matrix:


  R =    (   r  i j    )    m x n     utilizing   the   normalizing   technique  










   r  i j   =    x  i j         ∑   k = 1  m   x  k j  2      ,   i = 1 , 2 ,   … ,   m ;   j = 1 , 2 ,   … ,   n  











Step 3: Make the following weighted normalized choice matrix:


   t  i j   =  r  i j   .  w j  ,    i    = 1 , 2 , … , m ;    j    = 1 , 2 ,   … , n  








where    w j  =    W j      ∑   k = 1  n   W k    ,   j = 1, 2,..., n so that     ∑   i = 1  n   w j  = 1 ,   and    W j      is the initial weight provided to the indicator    v j   , j = 1, 2,..., n.



Step 4: Determine the worst option (   A w   ) and the greatest option (   A b   ):


   A w  =  {  〈 max (  t  i j   | i = 1 , 2 , … , m | j ∈  J −  〉 , 〈 min (  t  i j   | i = 1 , 2 , … , m | j ∈  J +  〉  }  =  {   t  w j   | j = 1 , 2 ,   … , n  }   










   A b  =  {  〈 min (  t  i j   | i = 1 , 2 , … , m | j ∈  J −  〉 , 〈 max (  t  i j   | i = 1 , 2 , … , m | j ∈  J +   〉 }  =  {   t  w j   | j = 1 , 2 , … , n  }   











Step 5: Determine the    L 2   -distance between the desired alternative  i  and the worst-case scenario    A w   :


   d  i w   =     ∑   j = 1  n     (   t  i j   −  t  w j    )   2  ,     i = 1 , 2 , … , m  











In addition to the distance between the desired alternative  i  and the worst case    A b   :


   d b  =     ∑   j = 1  n     (   t  i j   −  t  b j    )   2  ,     i = 1 , 2 , … , m  











Step 6: Determine the degree of resemblance to the worst-case scenario:


   s  i w   =    d  i b      (   d  i w   +  d  i b    )      i = 1 , 2 , … , m  











Step 7: Sort the options according to    s  i w     (  i = 1 , 2 , … , m )  





4. Case Study


The plastics sector has grown at a 9 percent annual pace over the previous 50 years. Even during the economic downturn, the plastics industry rose by 3%. Following the crisis, this industry increased by 10% to 20% in Southeast Asian countries, China, and India. This shows that the potential of this industry is currently very large in Asia. Currently, the leading plastic production area belongs to Asia, with a share of 37% of total global plastic production. Despite strong growth, plastic raw materials to be unable to keep up with world demand. Currently, the world economy is in a period of prosperous development, leading to a huge demand for plastic packaging and components. This may lead to an increase in the price of plastic raw materials and plastic products in the near future.



Plastics cause environmental impact, particularly near the end of their life cycle, when they emit greenhouse gases and air pollutants when burnt or pollute water and soil in the form of microplastics. Therefore, the raw materials supplier selection in the plastic industry is a complex decision. Thus, the goal of this study is to present an integrated MCDM strategy that includes the FAHP and TOSIS models for sustainable supplier selection in the plastics sector while taking into account various environmental performance requirements. The author considers 15 criteria in decision making processes, and a list of criteria is shown in Table 1.



The authors employed the fuzzy analytic hierarchy process to generate the weights for each criterion (AHP). Table 2 shows the weights of the 15 criteria.



The topic of supplier selection is one of the most essential business activities connected to sustainable development since it has a substantial impact on product quality and quantity, as well as sustainability difficulties. The corporation must exercise caution when making judgments regarding plastics raw materials supplier selection since numerous aspects must be evaluated at the same time. The FAHP model defines the weight of criteria, and the TOPSIS model is then used to rank five possible providers. Normalized matrix and Normalized weighted matrix are shown in Table 3 and Table 4.



The authors suggested a fuzzy multicriteria decision making model, incorporating a fuzzy AHP and TOPSIS model, in this study to construct a decision support system in the selection of plastics raw material suppliers. In the initial step, a fuzzy AHP was used to establish the weight of all criteria, and the TOPSIS model was then utilized in the last stage to rank all probable plastics raw materials suppliers. The top three plastics raw material providers, as shown in Table 5 and Figure 5, were SUP-01, SUP-02, and SUP-04, with scores of 0.5966, 0.5160, and 0.5103, respectively. As a result, supplier 01 (SUP-01) is the best choice.



A sensitivity analysis is performed to examine the outcome of the proposed model. In this case, the sensitivity analysis procedure will follow a method proposed by Ali Nezhad and Amini [35]. Each criterion’s weight is removed, respectively, then the individual weight of each criteria as well as the final ranking of the alternative is re-calculated. Criteria weights in all cases is shown in Table 6.



From Table 7 and Figure 6, the performance of Alternative 1 (SUP-01) is consistently the best. This suggests that, while there are some changes in the ranking of other alternatives, Alternative 1 performs well across all cases and the result of the proposed approach is robust.




5. Conclusions


Given that the global plastics sector has reached saturation, the growth rate of Vietnam’s plastics industry would likewise drop between 2019 and 2023. The Vietnamese plastics sector is significantly reliant on imported raw materials. However, the industry’s capacity for producing plastic materials will be significantly increased, and it is projected that by 2021, it will be able to supply 40% of local demand. The use of environmentally friendly plastic goods will be an unavoidable trend in the global plastics industry and the Vietnamese plastics industry in the future.



The authors of this paper developed an integrated MCDM strategy for sustainable supplier selection in the plastics sector. To rank multiple suppliers, the weights for each criterion were calculated using the fuzzy analytic hierarchy process (AHP) and then fed into the technique for order of preference by similarity to ideal solution (TOPSIS). The FAHP can be applied for ranking alternatives, but the number of suppliers selected is practically limited due to the number of pairwise comparisons that need to be made, and a disadvantage of the FAHP approach is that the input data, expressed in linguistic terms, depend on the experience of decision makers (and thus involves subjectivity). This is the reason why we proposed the TOPSIS model for ranking alternatives in the final stage. Also, TOPSIS is presented to reaffirm it as a systematic method and solve the disadvantages of the FAHP model as mentioned above. According to the results supplier 01 (SUP-01) is the best supplier. This study provides a significant contribution to the literature by proposing a fuzzy MCDM for plastics raw material suppliers. This study also gave a valuable guideline for selecting suppliers in other industries. The most significant contributions and successes in this study can be described as follows:




	➢

	
The proposed MCDM model is the first sustainable supplier evaluation and selection model in the plastics industry in Vietnam using expert interviews and literature reviews.




	➢

	
Second, this is the first study to provide a case study on evaluating sustainable suppliers for plastics industry in Vietnam under fuzzy environment conditions that utilizes a combination of fuzzy AHP and TOPSIS models.




	➢

	
The results of this study can be a valuable guide in assessing and selecting optimal suppliers, not only for the plastics industry but also for decision makers in other industries.









The methodology utilized in this study, while effective for prioritizing many alternatives and considerations, is not without significant drawbacks. The application of the AHP approach represents one such restriction. Even though a consistency check was carried out in the current study, the pairwise comparison matrix’s inconsistency should not be disregarded. This contradiction might actually show up in other issues. This disadvantage can be solved by the best-worst method (BWM), which eases the burden on decision-makers by necessitating fewer pairwise comparisons. To eliminate the interrelationships between components, the analytic network process (ANP) method may also be a preferable choice. Therefore, it is suggested that future investigations use these techniques.
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Figure 1. Plastics raw materials. 
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Figure 2. Flowchart of MCDM process. 
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Figure 3. Research graph. 






Figure 3. Research graph.



[image: Processes 10 01576 g003]







[image: Processes 10 01576 g004 550] 





Figure 4. Fuzzy triangular number. 
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Figure 5. Ranking list of 05 potential plastics raw materials supplier. 
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Figure 6. Ranking results in all cases. 
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Table 1. Criteria list.






Table 1. Criteria list.





	No.
	Criteria
	Symbol





	1
	Quantity delivered on an entire order
	PLAS01



	2
	Transportation costs
	PLAS02



	3
	Return products time
	PLAS03



	4
	Delivery time
	PLAS04



	5
	Use of environment friendly materials
	PLAS05



	6
	Payment term allowed
	PLAS06



	7
	Training supplier employees on environmental issues
	PLAS07



	8
	Product quality
	PLAS08



	9
	Total customer response time
	PLAS09



	10
	Fulfill the full orders
	PLAS10



	11
	Green packaging
	PLAS11



	12
	Material cost
	PLAS12



	13
	Use of environment friendly technology
	PLAS13



	14
	Partnership with green organizations
	PLAS14



	15
	Supplier environmental evaluation and feedback
	PLAS15
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Table 2. Weight of criteria.






Table 2. Weight of criteria.





	
Each Row’s Fuzzy Sum

	
Extent of Fuzzy Synthetic

	
Degree of Possibility (Mi)

	
Weight of Criteria






	
11.4112

	
15.3889

	
20.4927

	
0.0323

	
0.0583

	
0.1061

	
0.4971

	
0.0508




	
9.9012

	
13.0324

	
18.2651

	
0.0280

	
0.0494

	
0.0946

	
0.4158

	
0.0425




	
10.9246

	
15.7138

	
21.9650

	
0.0309

	
0.0596

	
0.1137

	
0.5301

	
0.0541




	
13.0098

	
17.8005

	
24.6038

	
0.0368

	
0.0675

	
0.1274

	
0.6055

	
0.0618




	
18.6275

	
23.5934

	
28.7645

	
0.0527

	
0.0894

	
0.1489

	
0.9411

	
0.0961




	
11.5779

	
15.9822

	
21.4774

	
0.0327

	
0.0606

	
0.1112

	
0.5251

	
0.0536




	
11.8782

	
16.1222

	
21.7540

	
0.0336

	
0.0611

	
0.1126

	
0.5324

	
0.0544




	
14.9360

	
21.3015

	
28.8515

	
0.0422

	
0.0807

	
0.1494

	
0.8674

	
0.0886




	
16.7744

	
23.6886

	
31.9566

	
0.0474

	
0.0898

	
0.1655

	
0.9523

	
0.0972




	
12.7537

	
17.5802

	
23.6169

	
0.0361

	
0.0666

	
0.1223

	
0.7053

	
0.0720




	
10.0675

	
13.6392

	
18.4706

	
0.0285

	
0.0517

	
0.0956

	
0.4912

	
0.0502




	
18.9023

	
25.1703

	
31.8045

	
0.0534

	
0.0954

	
0.1647

	
0.6785

	
0.1021




	
10.8080

	
15.5384

	
21.6822

	
0.0306

	
0.0589

	
0.1123

	
0.6171

	
0.0630




	
10.1136

	
14.4470

	
20.5733

	
0.0286

	
0.0548

	
0.1065

	
0.5664

	
0.0578




	
11.4345

	
14.8076

	
19.4568

	
0.0323

	
0.0561

	
0.1007

	
0.5464

	
0.0558
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Table 3. Normalized matrix.






Table 3. Normalized matrix.





	
Criteria

	
Alternatives




	
SUP-01

	
SUP-02

	
SUP-03

	
SUP-04

	
SUP-05






	
PLAS01

	
0.5498

	
0.4276

	
0.3054

	
0.4887

	
0.4276




	
PLAS02

	
0.6167

	
0.3426

	
0.4796

	
0.2056

	
0.4796




	
PLAS03

	
0.4463

	
0.2550

	
0.5738

	
0.5101

	
0.3825




	
PLAS04

	
0.5369

	
0.2013

	
0.5369

	
0.1342

	
0.6040




	
PLAS05

	
0.5249

	
0.4082

	
0.4666

	
0.3499

	
0.4666




	
PLAS06

	
0.4454

	
0.5090

	
0.4454

	
0.3818

	
0.4454




	
PLAS07

	
0.5388

	
0.4789

	
0.4191

	
0.4191

	
0.3592




	
PLAS08

	
0.4824

	
0.4221

	
0.4824

	
0.4221

	
0.4221




	
PLAS09

	
0.5388

	
0.4191

	
0.4191

	
0.4789

	
0.3592




	
PLAS10

	
0.2491

	
0.6644

	
0.1661

	
0.6644

	
0.1661




	
PLAS11

	
0.4436

	
0.5070

	
0.3802

	
0.5070

	
0.3802




	
PLAS12

	
0.5230

	
0.4576

	
0.3922

	
0.4576

	
0.3922




	
PLAS13

	
0.4961

	
0.4341

	
0.4341

	
0.4341

	
0.4341




	
PLAS14

	
0.4824

	
0.4221

	
0.4221

	
0.4824

	
0.4221




	
PLAS15

	
0.4325

	
0.4942

	
0.3707

	
0.4325

	
0.4942
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Table 4. Normalized weighted matrix.






Table 4. Normalized weighted matrix.





	
Criteria

	
Alternatives




	
SUP-01

	
SUP-02

	
SUP-03

	
SUP-04

	
SUP-05






	
PLAS01

	
0.0279

	
0.0217

	
0.0155

	
0.0248

	
0.0217




	
PLAS02

	
0.0262

	
0.0145

	
0.0204

	
0.0087

	
0.0204




	
PLAS03

	
0.0242

	
0.0138

	
0.0311

	
0.0276

	
0.0207




	
PLAS04

	
0.0332

	
0.0124

	
0.0332

	
0.0083

	
0.0373




	
PLAS05

	
0.0504

	
0.0392

	
0.0448

	
0.0336

	
0.0448




	
PLAS06

	
0.0239

	
0.0273

	
0.0239

	
0.0205

	
0.0239




	
PLAS07

	
0.0293

	
0.0260

	
0.0228

	
0.0228

	
0.0195




	
PLAS08

	
0.0427

	
0.0374

	
0.0427

	
0.0374

	
0.0374




	
PLAS09

	
0.0524

	
0.0408

	
0.0408

	
0.0466

	
0.0349




	
PLAS10

	
0.0179

	
0.0478

	
0.0120

	
0.0478

	
0.0120




	
PLAS11

	
0.0223

	
0.0254

	
0.0191

	
0.0254

	
0.0191




	
PLAS12

	
0.0534

	
0.0467

	
0.0401

	
0.0467

	
0.0401




	
PLAS13

	
0.0313

	
0.0274

	
0.0274

	
0.0274

	
0.0274




	
PLAS14

	
0.0279

	
0.0244

	
0.0244

	
0.0279

	
0.0244




	
PLAS15

	
0.0241

	
0.0276

	
0.0207

	
0.0241

	
0.0276
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Table 5. Ci value from TOPSIS.






Table 5. Ci value from TOPSIS.





	Alternatives
	Si+
	Si−
	Ci





	SUP-01
	0.0315
	0.0466
	0.5966



	SUP-02
	0.0383
	0.0408
	0.5160



	SUP-03
	0.0448
	0.0355
	0.4424



	SUP-04
	0.0409
	0.0427
	0.5103



	SUP-05
	0.0467
	0.0354
	0.4306
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Table 6. Criteria weights in all cases.






Table 6. Criteria weights in all cases.





	Criteria
	Original
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8
	Case 9
	Case 10
	Case 11
	Case 12
	Case 13
	Case 14
	Case 15





	PLAS01
	0.051
	0.000
	0.053
	0.054
	0.054
	0.056
	0.054
	0.054
	0.056
	0.056
	0.055
	0.053
	0.057
	0.054
	0.054
	0.054



	PLAS02
	0.042
	0.045
	0.000
	0.045
	0.045
	0.047
	0.045
	0.045
	0.047
	0.047
	0.046
	0.045
	0.047
	0.045
	0.045
	0.045



	PLAS03
	0.054
	0.057
	0.057
	0.000
	0.058
	0.060
	0.057
	0.057
	0.059
	0.060
	0.058
	0.057
	0.060
	0.058
	0.057
	0.057



	PLAS04
	0.062
	0.065
	0.065
	0.065
	0.000
	0.068
	0.065
	0.065
	0.068
	0.068
	0.067
	0.065
	0.069
	0.066
	0.066
	0.065



	PLAS05
	0.096
	0.101
	0.100
	0.102
	0.102
	0.000
	0.102
	0.102
	0.105
	0.106
	0.104
	0.101
	0.107
	0.103
	0.102
	0.102



	PLAS06
	0.054
	0.056
	0.056
	0.057
	0.057
	0.059
	0.000
	0.057
	0.059
	0.059
	0.058
	0.056
	0.060
	0.057
	0.057
	0.057



	PLAS07
	0.054
	0.057
	0.057
	0.057
	0.058
	0.060
	0.057
	0.000
	0.060
	0.060
	0.059
	0.057
	0.061
	0.058
	0.058
	0.058



	PLAS08
	0.089
	0.093
	0.093
	0.094
	0.094
	0.098
	0.094
	0.094
	0.000
	0.098
	0.095
	0.093
	0.099
	0.095
	0.094
	0.094



	PLAS09
	0.097
	0.102
	0.102
	0.103
	0.104
	0.108
	0.103
	0.103
	0.107
	0.000
	0.105
	0.102
	0.108
	0.104
	0.103
	0.103



	PLAS10
	0.072
	0.076
	0.075
	0.076
	0.077
	0.080
	0.076
	0.076
	0.079
	0.080
	0.000
	0.076
	0.080
	0.077
	0.076
	0.076



	PLAS11
	0.050
	0.053
	0.052
	0.053
	0.053
	0.055
	0.053
	0.053
	0.055
	0.056
	0.054
	0.000
	0.056
	0.054
	0.053
	0.053



	PLAS12
	0.102
	0.108
	0.107
	0.108
	0.109
	0.113
	0.108
	0.108
	0.112
	0.113
	0.110
	0.108
	0.000
	0.109
	0.108
	0.108



	PLAS13
	0.063
	0.066
	0.066
	0.067
	0.067
	0.070
	0.067
	0.067
	0.069
	0.070
	0.068
	0.066
	0.070
	0.000
	0.067
	0.067



	PLAS14
	0.058
	0.061
	0.060
	0.061
	0.062
	0.064
	0.061
	0.061
	0.063
	0.064
	0.062
	0.061
	0.064
	0.062
	0.000
	0.061



	PLAS15
	0.056
	0.059
	0.058
	0.059
	0.059
	0.062
	0.059
	0.059
	0.061
	0.062
	0.060
	0.059
	0.062
	0.060
	0.059
	0.000
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Table 7. Performance results in all cases.
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	Alternative
	Original
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8
	Case 9
	Case 10
	Case 11
	Case 12
	Case 13
	Case 14
	Case 15





	SUP-01
	0.597
	0.588
	0.578
	0.596
	0.597
	0.580
	0.597
	0.591
	0.595
	0.578
	0.823
	0.597
	0.586
	0.596
	0.596
	0.597



	SUP-02
	0.516
	0.516
	0.526
	0.544
	0.583
	0.525
	0.512
	0.514
	0.518
	0.526
	0.336
	0.513
	0.516
	0.517
	0.517
	0.512



	SUP-03
	0.442
	0.452
	0.431
	0.410
	0.362
	0.431
	0.442
	0.444
	0.440
	0.448
	0.570
	0.445
	0.454
	0.443
	0.443
	0.445



	SUP-04
	0.510
	0.505
	0.535
	0.497
	0.558
	0.533
	0.514
	0.513
	0.512
	0.503
	0.360
	0.508
	0.511
	0.511
	0.509
	0.510



	SUP-04
	0.431
	0.429
	0.419
	0.432
	0.301
	0.419
	0.430
	0.436
	0.432
	0.449
	0.541
	0.433
	0.441
	0.431
	0.431
	0.426
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