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Abstract

:

Many research studies have applied the multi-criteria decision making (MCDM) approach to various fields of science and engineering, and this trend has been increasing for many years. One of the fields that the MCDM model has been employed is for location selection, yet very few studies consider this problem under fuzzy environmental conditions. In this research, the authors propose an MCDM approach, including fuzzy analysis network process (FANP), and the technique for order of preference by similarity to ideal solution (TOPSIS), for solid waste to energy plant location selection in Vietnam. In the first stage of this research, the ANP approach with fuzzy logic is applied to determine the weight of criteria. In the FANP model, the value of the criteria is provided by the experts so that the disadvantages of this model are that the input data, expressed in linguistic terms, depends on the experience of experts, and thus involves subjectivity. This is a reason why TOPSIS model was proposed for ranking alternatives in the final stage. Analysis shows that Hau Giang (Decision Making Unit 8 (DMU 8)) is the best location for building solid waste to energy plant, because it has the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS). The contribution of this research is a proposed hybrid FANP and TOPSIS approach for solid waste to energy plant location selection in Vietnam under fuzzy environmental conditions. This paper is also part of an evolution of a new hybrid model that is flexible and practical for decision makers. In addition, the research also provides a special, useful guideline in solid waste to energy plant location selection in many countries, as well as provides a guideline for location selection in other industries. Thus, this research makes significant contributions on both academic and practical fronts.
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1. Introduction


Presently, the main energy resources in Vietnam are hydropower and thermal power. Vietnam’s fossil fuel resources have been exhausted due to overexploitation. Moreover, the plan to develop atomic energy has been halted. Vietnam has been importing materials and primary energy for electricity production, and the development of renewable energy will aid Vietnam to diversify and establish self-reliant power supply and environmental protection. Therefore, the government of Vietnam encourages the development of renewable energy, intelligent grid technology, and new energy technologies, as well as studies on how to exploit renewable energy sources. According to Vietnam’s Ministry of Natural Resources and Environment, the total domestic solid waste is approximately 12.8 million tons/year. In Vietnam, solid waste is mainly handled by landfilling and burning, which increases the cost of waste treatments and affects the environment. However, environmental pollution caused by waste incineration may raise concerns over the resident population coming down with the Not-In-My-Backyard (NIMBY) syndrome [1]. Therefore, the construction of solid waste to energy plant is needed in Vietnam.



The Resource Conservation and Recovery Act (RCRA) states that “solid waste” refers to any garbage or refuse, sludge from a wastewater treatment plant, water supply treatment plant, or air pollution control facility and other discarded material, resulting from industrial, commercial, mining, and agricultural operations, and from community activities. Nearly everything we do leaves behind some kind of waste. It is important to note that the definition of solid waste is not limited to waste that is physically solid. Many solid wastes are liquid, semi-solid, or contain gaseous material [2]. Hence, solid waste is one of the main causes of environmental pollution in developing countries [3,4,5]. There are many technologies for gaseous emission treatment [6,7].



A solid waste to energy plant is a waste management facility that combusts wastes to produce electricity. This type of power plant is sometimes referred to as a trash-to-energy, municipal waste incineration, energy recovery, or resource recovery plant [8]. The advantages of solid waste to energy is the use of closed process, energy production, reduction of greenhouse gases, and saving of land, and it being, essentially, a renewable energy [9].



Solid waste to energy technology is widely used in developing countries. The typical range of net electrical energy that can be produced is approximately 500–600 kWh per ton of waste incinerated.



Many research studies have applied the multi-criteria decision making (MCDM) approaches to various fields of science and engineering, a trend that has been increasing for many years. One of the fields that the MCDM model has been employed is in the location selection problem. Mahmoud A. Hassaan [10] proposed a geographic information systems (GIS) approach for siting a municipal solid waste incineration power plant in Egypt. Tavares et al. [11] used the analytical hierarchy process (AHP) and GIS for siting of an incineration plant for municipal solid waste. H. Y. Yap and J. D. Nixon [12] proposed a multi-criteria analysis of alternatives for energy recovery from municipal solid waste in India and the United Kingdom. Amy H. I. Lee et al. [13] presented a hybrid FAHP – Assurance Region (AR) – Data Envelopment Analysis (DEA) to assess the efficiencies of PV solar plant site candidates. Chia-Nan Wang et al. [14] proposed a hybrid model including DEA–FAHP–TOPSIS for solar power plant location selection in Vietnam. P. Aragonés-Beltrán et al. [15] used ANP for selection of photovoltaic (PV) solar power plant investment projects.



Ali et al. [16] proposed a hybrid GIS and MCDM approach to define the best place for wind farm location. Suh and Brownson [17] proposed GIS and AHP approaches to select PV solar plant sites. Noorollahi et al. [18] combined GIS and fuzzy AHP for land analyses in solar farm site. Audrius Čereška et al. [19] used MCDM for analyzing of steel wire rope diagnostic data.



A generic process of MCDM is shown in Figure 1.



Decision makers should follow a four-stage procedure when making location selection. These steps are as follows and as shown in Figure 2 [20,21].



Step 1: Identify location attributes. In this stage, all attributes that affect the organization will be considered.



Step 2: Identify alternatives. Once decision makers know what attributes affect the organization, they can define alternatives that satisfy the selected attributes.



Step 3: Evaluate alternatives. After a set of alternatives are built, all potential alternatives will be evaluated and ranked by quantitative or qualitative methods.



Step 4: Make a decision. The best alternative will be defined base on the highest-ranking score in the final step.



Gan et al. [22] used integrated Triangular Fuzzy Numbers (TFN)-AHP-DEA approaches for renewable energy projects analyzed economic feasibility. Liu et al. [23] proposed a hybrid MCDM model by combining data envelopment analysis (DEA) and the Malmquist model for evaluating the total factor energy efficiency. Asad Asadzadel et al. [24] proposed TOPSIS model for assessing site selection of new towns. Maria Rashidi et al. [25] presented the developed decision support system for asset management of steel bridges within acceptable limits of safety, functionality, and sustainability by using AHP model.



This research proposes a MCDM model including FANP and TOPSIS for solid waste to energy plant location selection in Vietnam under uncertain environmental conditions. In the first stage of this research, FANP is applied to determine the weight of criteria. The steps for implementing the FANP model are as follows:



Step 1: Building FANP model.



Step 2: Set up pair comparison matrix.



Step 3: Calculate maximum individual value.



Step 4: Check consistency. Calculate the vector of the matrix.



Step 5: Form the super matrix.



In the FANP, AHP, or FAHP model, the value of the criteria is provided by the experts, so the disadvantage of the model is that the input data, expressed in linguistic terms, depends on the experience of experts, and thus involves subjectivity. This is a reason why the TOPSIS model is proposed for ranking alternatives in the final stage. The TOPSIS model was employed to rank potential sites. Optimal options have the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS). The advantage of this method is its simplicity and ability to yield an indisputable preference order [26,27]. There are six steps in TOPSIS process, as follows:



Step 1: Determining the normalized decision matrix.



Step 2: Calculating the weight normalized value.



Step 3: Calculating the PIS (   D +   ) and PIS (   D −   ).



Step 4: Determining a distance of the PIS    (   Q x +   )  .  



Step 5: Determining the relationship proximal.



Step 6: Determining the best option with the maximum value of    C a   .



The remainder of the article provides background materials to assist in developing the MCDM model. Then, a hybrid FANP–TOPSIS approach is presented to select the best location for building of a solid waste to energy plant from among eight potential locations in Vietnam. The results, discussion, and the contributions are presented at the end of the paper.




2. Material and Methodology


2.1. Research Development


In this research, we present a hybrid fuzzy ANP and TOPSIS approaches to select the best site for building a solid waste to energy plant in Vietnam. There are three steps in this study, as shown in Figure 3:



Step 1: Identify criteria. In this stage, the criteria for selecting the best location for building solid waste to energy plant will be defined by expert’s interviews and literature review from others’ research. All of the attributes are shown in Figure 3.



Step 2: Implement fuzzy analysis network process model (FANP). The FANP model is the most effective tool for defining the weight of the criteria. The weight of criteria will be calculated based on economic factors, technical requirements factors, environment factors, and social factors. The weight of all criteria will be used in TOPSIS model.



Step 3: Apply the technique for order of preference by similarity to the ideal solution (TOPSIS) model. The TOPSIS approach is used to rank potential locations. The optimal alternatives will have the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS).




2.2. Methodology


2.2.1. Fuzzy Analytic Network Process (FANP)


(1) Analytic Network Process (ANP)



The ANP model was developed to overcome the limitations of AHP, taking into account the hierarchy and interactions between the selection criteria. Moreover, the dynamics and complexity of the majority of decision making environments make ANP an effective tool in addressing such situations. According to Sarkis, ANP is a powerful decision making technique for analyzing key issues related to green supply chain management and environmental business operations, but both AHP and ANP require a resolution. Strategic planning ANP is a combination of two parts [28,29]:




	-

	
Primary and secondary criteria that control the interactions.




	-

	
The grid effect of elements and clusters.









The goal of the ANP is to use qualitative methods to rank qualitative decisions and to select one or more alternatives that meet the criteria.



(2) Fuzzy Analytic Network Process



Zadeh (1965) [30] introduced the theory to deal with uncertainty due to imprecision and vagueness. There are many forms of fuzzy numbers, such as trapezoidal fuzzy numbers, triangular fuzzy numbers, etc. However triangular fuzzy numbers are often used by efficiency and ease of use. In this study, vendor evaluations were made based on triangular fuzzy numbers, so this fuzzy number was studied [31,32,33,34,35]. The fuzzy triangular numbers are shown in Figure 4.




   μ    ( x )  =  {        x   − L   M   − L   ,     L ≤ x ≤ M         U   − x   U   − M   ,     M ≤ x ≤ U       0 ,     o t h e r w i s e         



(1)





If L = M = U, the fuzzy number A becomes real number. Thus, real numbers are special cases of fuzzy numbers [36].



Fuzzy set theory is a perfect means for modeling uncertainty (or imprecision) arising from mental phenomena, which are neither random nor stochastic. This attitude towards the uncertainty of human behavior led to the study of a relatively new decision analysis field: fuzzy analytical network process [37].



The procedure for implementing the FANP method is as follows:



Step 1: Building FANP model.



Construction of the FANP model structure. Set the hierarchy and define the relationship between the criteria as well as the supplier.



Step 2: Set up pair comparison matrix.



A pairwise comparison of fuzzy numbers is used to perform a pairwise comparison between criteria. The pair comparison matrix is presented 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)




where



     A k   ˜      is called a pairwise comparative matrix of fuzzy elements,



     a  n n   k      ˜    is the triangular fuzzy mean value when comparing the pair of priorities between the elements.



Converting fuzzy numbers to real numbers, triangular fuzzy trigonometric methods are presented as follows [38]:


    t  α , β   (   α ¯   i j   ) = [ β  f α  (  L  i j   ) + ( 1 − β )  f α  (  U  i j   ) ] ;    0 ≤ β ≤ 1 , 0 ≤ α ≤ 1   



(3)




where


   f α  (  L  i j   ) = (  M  i j   −  L  i j   ) α +  L  i j    



(4)






   f α  (  U  i j   ) =  U  i j   − (  U  i j   −  M  i j   ) α .  



(5)







When matching the diagonal matrix, we have


    t  α , β   (   α ¯   i j   ) =  1   t  α , β    (    α ¯   i j    )       0  ≤ β ≤ 1 , 0 ≤ α ≤ 1 ,   i > j  .   



(6)







After comparing the fuzzy pairwise comparison matrix, we obtain a matrix that compares the real numbers. This comparison is made between pairs of indicators and is combined into a matrix of n lines and n columns (n: is the number of indicators). Element shows the importance of the indicator i versus the column criteria.


  A =    (   m  i j    )    n × n   =  [         1       m  12          m  21      1           …     m  1 n        …     m  2 n                ⋮   ⋮       m  n 1        m  n 2              ⋮   ⋮     …   1         ]   



(7)







To evaluate the priority in the FANP model, we use the scale presented in the Table 1 as follows.



After the fuzzy decomposition, in the form of the real comparison matrix. The scale that was suggested by Saaty for AHP and ANP can be used. These scales are shown in Table 2 [40].



Step 3: Calculate maximum individual value.



To calculate the maximum specific value for the indicator. In particular, the most widely used is lambda max (max) by Saaty’s proposition [40]:


  |  A −  λ  max   . I  | = 0 ,  



(8)




where




	
   λ  max    : the maximum value of the matrix.



	
A: Comparative matrix of pairs of elements.



	
I: unit matrix of the same level with matrix A.








Step 4: Check consistency. Calculate the vector of the matrix.



After calculating maximum individual value, Saaty [40] can use the consistency ratio (CR). This ratio compares the degree of consistency with the (random) objectivity of the data:


  C R =   C I   R I   ,  



(9)




where




	
CI: consistency index,



	
RI: random index.








If CR   ≤ 0.1   is satisfactory, otherwise if CR   ≥   0.1 then we must conduct a reevaluation of the pair comparison matrix.


  C I =    λ  max   − n   n − 1   ,  



(10)




where




	
   λ  max     is the maximum value of the matrix,



	
n is the number of indicators.








For each n-level comparison matrix, Saaty [40] tested the creation of random matrices and calculated the RI (random index) corresponding to the number of indicators as shown in the Table 3.



Step 5: Form the super matrix



After completing the above steps, a super matrix is formed in Table 4 as follows:



where




	-

	
U12 is a matrix formed from the matrix’s own vector when comparing the choices for each criterion.




	-

	
U21 is a matrix formed from its own vector when comparing the criteria for each choice.




	-

	
U22 is a matrix formed from its own vector when comparing the interaction effect between the criteria.




	-

	
U23 is a matrix formed from the matrix’s own vector when comparing the criteria with each other.










2.2.2. TOPSIS Model


TOPSIS model was proposed Hwang and Yoon [41]. The main concept of TOPSIS is that the best options should have the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS) [42]. There are m alternatives and n criteria, and the result of TOPSIS model shows the score of each option [43]. There are six steps of TOPSIS process, as below:



Step 1: Determining the normalized decision matrix, raw values (aij) are transferred to normalized values (nij) by


   k  x y   =    b  x y         ∑  x e   b  x y  2      ,   x = 1 , … , e ; y = 1 , … , k .  



(11)







Step 2: Calculating the weight normalized value (vij), by


   f  x y   =  P  x y    h  x y   ,   x = 1 , … . , e ; y = 1 , … , k .  



(12)




where Pj is the weight of the    x  t k     criterion and     ∑   y = 1  k   p p  = 1  .



Step 3: Calculating the PIS (   D +   ) and PIS (   D −   ), where    l x +    indicate the maximum values of    f  x y     and    f x −    indicates the minimum value    f  x y    :


   D +  =  {   f 1 +  , … ,  f h +   }  =  {   (    max  y   f  x y   | x ∈ A  )  ,  (    min  y   f  x y   | x ∈ A  )   }  ,  



(13)






   D −  =  {   f 1 −  , … ,  f n −   }  =  {   (    min  y   f  x y   | x ∈ A  )  ,  (    max  y   f  x y   | y ∈ B  )   }  ,  



(14)







Step 4: Determining a distance of the PIS    (   Q x +   )    separately by


   Q x +  =    {    ∑   y = 1  k     (   f  x y   −  f y +   )   2   }     1 2    ,   x = 1 ,   … ,   e  



(15)







Similarly, the separation from the NIS    (   Q i −   )    is given as


   Q x −  =    {    ∑   y = 1  k     (   f  x y   −  f y −   )   2   }     1 2    ,   x = 1 ,   … ,   e .  



(16)







Step 5: Determining the relationship proximal to the problem-solving model:


   C x  =    Q x −     Q x +  +  Q x −    ,   x = 1 , … , e .  



(17)







Step 6: Determining the best option with the maximum value of    C a   .






3. Case Study


The impact of the industrialization and modernization has resulted in ever-increasing solid waste. Vietnam is among five countries in the world with the most solid waste discarded into the ocean. Solid waste in Vietnam includes garbage, construction debris, commercial refuse, hospital waste, etc. A summary of solid waste in Vietnam is shown in Figure 5.



In this research, the authors analyzed eight potential locations for a solid waste to energy plant in Vietnam. The information about eight potential locations is shown in Table 5.



The geographical location of eight of potential locations (DMU) are shown in Figure 6.



Based on the results of Expert’s interviews and literature review, the hierarchical structures of the FANP was contracture, as shown in Figure 7.



A fuzzy comparison matrix for all criteria from FANP model is shown in Table 6.



We used the triangular fuzzy number to convert the fuzzy numbers to real numbers. During the defuzzification, the authors obtain the coefficients α = 0.5 and β = 0.5.


   g  0.5 , 0.5    (     a  E C F , E N F    ¯   )  = [ ( 0.5 × 2.5 ) + ( 1 − 0.5 ) × 3.5 ] = 3  










f0.5(LEFC,ENF) = (3 − 2) × 0.5 + 2 = 2.5










f0.5(UEFC,ENF) = 4 − (4 − 3) × 0.5 = 3.5










   g  0.5 , 0.5    (     a  E N F , E F C    ¯   )  = 1 / 3  











The remaining calculations are similar to the above calculation, as well as the fuzzy number priority point. The real number priority when comparing the main criteria pairs is presented in Table 7.



To calculate the maximum individual value as follows:


AM1 = (1 × 3 × 2 × 4)1/4 = 2.21










AM2 = (1/3 × 1 × 1/3 × 1)1/4 = 0.58










AM3 = (1/2 × 3 × 1 × 5)1/4 = 1.64










AM4 = (1/4 × 1 × 1/5 × 1)1/4 = 0.47










  ∑ AM = AM 1 + AM 2 + AM 3 + AM 4 + AM 5 = 4.9  










   ω 1  =   2.21   4.9   = 0.45  










   ω 2  =   0.58   4.9   = 0.12  










   ω 3  =   1.64   4.9   = 0.33  










   ω 4  =   0.47   4.9   = 0.1  










   [     1   3   2   4      1 / 3    1   1 / 3   1      1 / 2    3   1   5      1 / 4    1    1 / 5    1     ]  ×  [      0.45       0.12       0.33       0.1      ]  =  [      1.87       0.48       1.42       0.4      ]   










   [      1.87       0.48       1.42       0.4      ]  /  [      0.45       0.12       0.33       0.1      ]  =  [      4.16      4      4.30      4     ]   











With the number of criteria is 4, we get n = 4, λmax and CI are calculated as follows:


   λ  max   =   4.16 + 4 + 4.30 + 4  4  = 4.12  










  C I =    λ  max   − n   n − 1   =   4.12 − 4   4 − 1   = 0.04  











For CR, with n = 4 we get RI = 0.9.


  C R =   C I   R I   =   0.04   0.9   = 0.044  











We have CR = 0.09598 ≤ 0.1, so the pairwise comparison data is consistent and need not to be re-evaluated. The results of the pair comparison between the main criteria are presented in Table 8.



All the remaining calculation are shown in Appendix A.



The weight of all subcriteria calculated in FANP model are shown in Table 9.



TOPSIS model is then applied for ranking all the potential locations. The normalized weight matrix (TOPSIS) are shown in Table 10.




4. Results and Discussion


Solid waste to energy plant location selection has been identified as an important problem which could affect to the economic and social characteristics of a society. It can be seen that location selection is complicated, in that decision makers must have broad perspectives concerning qualitative and quantitative factors.



As an empirical study, the authors collect data from 8 potential locations in Vietnam. A hierarchical structure to select the best place was built with four main criteria (including 13 subcriteria). Completion of a questionnaire for analyzing in FANP model were done by expert opinion and literature reviews from other research. The ANP model was combined with fuzzy logic to define a priority of each potential location. Then, the TOPSIS model is used for ranking location.



In Figure 8, Hau Giang (DMU 8) has the shortest geometric distance from the PIS and the longest geometric distance from the NIS.



The results of TOPSIS model are shown in Figure 9; based on the final performance score Cx, the final locations ranking list are DMU 8, DMU 4, DMU 7, DMU 6, DMU 1, DMU 5, DMU 3, and DMU 2. The results show that DMU 8 (Hau Giang) is the best location for building a solid waste to energy plant in Vietnam.




5. Conclusions


Renewable energy plant location selection requires involvement of different decision makers who must evaluate both qualitative and quantitative factors. The fact that economic factors, technical requirements factors, environment factors, and social factors for solid waste to energy plant location selection are considered makes the process more complex. Many studies have applied the MCDM approach to various fields of science and engineering, and this trend has been increasing for many years. One of the fields that the MCDM model has been employed is for location selection, yet very few studies consider this problem under fuzzy environmental conditions. Besides, there is no research that applies the MCDM model for solid waste to energy plant location selection in Vietnam. This is a reason why we proposed a hybrid fuzzy analysis network process (FANP) and the technique for order of preference by similarity to ideal solution (TOPSIS) for solid waste to energy plant location selection in Vietnam.



In the first stage of this research, FANP is applied to determine the weight of criteria. In the FANP model, the value of the criteria is given by the experts, so the disadvantage is that the input data, expressed in linguistic terms, depends on the experience of experts, and is thus subjective. This is a reason why the TOPSIS model was proposed for ranking alternatives in the final stage. The best place for building solid waste to energy plant was concluded to be Hau Giang (DMU 8), because it has the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric distance from the negative ideal solution (NIS).



The contribution of this research is a proposed hybrid FANP and TOPSIS for renewable energy plant location selection in Vietnam under fuzzy environment conditions. Building solid waste to energy plant brings many economic and environmental benefits. Building solid waste to energy plant also creates a new source of renewable energy. This paper also part of the evolution of a new approach that is flexible and practicable to the decision maker. This research provides a useful guideline for solid waste to energy plant location selection in many countries, as well as a guideline for location selection in other industries. Thus, this research has great contributions on academic and practical fronts.



In future research, this hybrid model can be employed to many different countries. In addition, different methods, such as data envelopment analysis (DEA) or the preference ranking organization method for enrichment of evaluations (PROMETHEE), etc., could also be combined for evaluating and selecting locations.
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Table A1. Comparison matrix for ECF.






Table A1. Comparison matrix for ECF.





	
Criteria

	
ENF

	
SOF

	
TRF

	
Weight






	
ENF

	
(1,1,1)

	
(3,4,5)

	
(2,3,4)

	
0.625013




	
SOF

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/3,1/2,1)

	
0.1365




	
TRF

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1,1,1)

	
0.238487




	
Total

	
1




	
CR = 0.01759
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Table A2. Comparison matrix for ENF.






Table A2. Comparison matrix for ENF.





	
Criteria

	
ECF

	
SOF

	
TRF

	
Weight






	
ECF

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
0.527836




	
SOF

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.139648




	
TRF

	
(1/3,1/2,1)

	
(2,3,4)

	
(1,1,1)

	
0.332516




	
Total

	
1




	
CR = 0.05156
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Table A3. Comparison matrix for SOF.






Table A3. Comparison matrix for SOF.





	
Criteria

	
ECF

	
ENF

	
TRF

	
Weight






	
ECF

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
0.58417




	
ENF

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1,1,1)

	
0.184002




	
TRF

	
(1/3,1/2,1)

	
(1,1,1)

	
(1,1,1)

	
0.231828




	
Total

	
1




	
CR = 0.05156
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Table A4. Comparison matrix for TRF.






Table A4. Comparison matrix for TRF.





	
Criteria

	
ECF

	
ENF

	
SOF

	
Weight






	
ECF

	
(1,1,1)

	
(2,3,4)

	
(4,5,6)

	
0.636986




	
ENF

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(2,3,4)

	
0.258285




	
SOF

	
(1/6,1/5,1/4)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
0.104729




	
Total

	
1




	
CR = 0.03703
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Table A5. Comparison matrix for EFC based on subcriteria.






Table A5. Comparison matrix for EFC based on subcriteria.





	
Subcriteria

	
COC

	
OPM

	
POD

	
Weight






	
COC

	
(1,1,1)

	
(2,3,4)

	
(2,3,4)

	
0.593634




	
OPM

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,2,3)

	
0.249311




	
POD

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.157056




	
Total

	
1




	
CR = 0.05156
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Table A6. Comparison matrix for ENF based on sub-criteria.






Table A6. Comparison matrix for ENF based on sub-criteria.





	
Subcriteria

	
EQR

	
IEE

	
TEM

	
Weight






	
EQR

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
0.549946




	
IEE

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,1,1)

	
0.209843




	
TEM

	
(1/3,1/2,1)

	
(1,1,1)

	
(1,1,1)

	
0.240211




	
Total

	
1




	
CR = 0.01759
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Table A7. Comparison matrix for SOF based on subcriteria.






Table A7. Comparison matrix for SOF based on subcriteria.





	
Subcriteria

	
EOP

	
PUS

	
REP

	
Weight






	
EOP

	
(1,1,1)

	
(1/3,1/2,1)

	
(2,3,4)

	
0.319618




	
PUS

	
(1,2,3)

	
(1,1,1)

	
(3,4,5)

	
0.558425




	
REP

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
0.121957




	
Total

	
1




	
CR = 0.01759
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Table A8. Comparison matrix for TRF based on subcriteria.






Table A8. Comparison matrix for TRF based on subcriteria.





	
Subcriteria

	
DCU

	
DEN

	
DLT

	
SWQ

	
Weight






	
DCU

	
(1,1,1)

	
(2,3,4)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
0.280225




	
DEN

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.090176




	
DLT

	
(2,3,4)

	
(3,4,5)

	
(1,1,1)

	
(1,2,3)

	
0.471381




	
SWQ

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.158218




	
Total

	
1




	
CR = 0.08237
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Table A9. Comparison matrix for COC.






Table A9. Comparison matrix for COC.





	
Subcriteria

	
OPM

	
POD

	
Weight






	
OPM

	
(1,1,1)

	
(3,4,5)

	
0.8




	
POD

	
(1/5,1/4,1/3)

	
(1,1,1)

	
0.2




	
Total

	
1




	
CR = 0
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Table A10. Comparison matrix for DCU.






Table A10. Comparison matrix for DCU.





	
Subcriteria

	
DEN

	
DLT

	
SWQ

	
Weight






	
DEN

	
(1,1,1)

	
(1,2,3)

	
(1/3,1/2,1)

	
0.296961294




	
DLT

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.163424044




	
SWQ

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
0.539614662




	
Total

	
1




	
CR = 0.00885
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Table A11. Comparison matrix for DEN.






Table A11. Comparison matrix for DEN.





	
Subcriteria

	
DCU

	
DLT

	
SWQ

	
Weight






	
DCU

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
0.558424506




	
DLT

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.121957144




	
SWQ

	
(1/3,1/2,1)

	
(2,3,4)

	
(1,1,1)

	
0.319618349




	
Total

	
1




	
CR = 0.01759
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Table 12. Comparison matrix for DLT.






Table 12. Comparison matrix for DLT.





	
Subcriteria

	
DCU

	
DEN

	
SWQ

	
Weight






	
DCU

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
0.249310377




	
DEN

	
(2,3,4)

	
(1,1,1)

	
(2,3,4)

	
0.593633926




	
SWQ

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
0.157055696




	
Total

	
1




	
CR = 0.05156
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Table A13. Comparison matrix for SWQ.






Table A13. Comparison matrix for SWQ.





	
Subcriteria

	
DCU

	
DEN

	
DLT

	
Weight






	
DCU

	
(1,1,1)

	
(4,5,6)

	
(3,4,5)

	
0.673810543




	
DEN

	
(1/6,1/5,1/4)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.100653892




	
DLT

	
(1/5,1/4,1/3)

	
(2,3,4)

	
(1,1,1)

	
0.225535565




	
Total

	
1




	
CR = 0.08247
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Table A14. Comparison matrix for EOP.






Table A14. Comparison matrix for EOP.





	
Subcriteria

	
PUS

	
REP

	
Weight






	
PUS

	
(1,1,1)

	
(1/6,1/5,1/4)

	
0.166667




	
REP

	
(4,5,6)

	
(1,1,1)

	
0.833333




	
Total

	
1




	
CR = 0
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Table A15. Comparison matrix for EQR.






Table A15. Comparison matrix for EQR.





	
Subcriteria

	
IEE

	
TEM

	
Weight






	
IEE

	
(1,1,1)

	
(4,5,6)

	
0.833333




	
TEM

	
(1/6,1/5,1/4)

	
(1,1,1)

	
0.166667




	
Total

	
1




	
CR = 0
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Table A16. Comparison matrix for IEE.






Table A16. Comparison matrix for IEE.





	
Subcriteria

	
EQR

	
TEM

	
Weight






	
EQR

	
(1,1,1)

	
(5,6,7)

	
0.857142857




	
TEM

	
(1/7,1/6,1/5)

	
(1,1,1)

	
0.142857143




	
Total

	
1




	
CR = 0
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Table A17. Comparison matrix for OPM.






Table A17. Comparison matrix for OPM.





	
Alternatives

	
COC

	
POD

	
Weight






	
COC

	
(1,1,1)

	
(1/6,1/5,1/4)

	
0.166666667




	
POD

	
(4,5,6)

	
(1,1,1)

	
0.833333333




	
Total

	
1




	
CR = 0
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Table A18. Comparison matrix for POD.






Table A18. Comparison matrix for POD.





	
Subcriteria

	
COC

	
OPM

	
Weight






	
COC

	
(1,1,1)

	
(3,4,5)

	
0.8




	
OPM

	
(1/5,1/4,1/3)

	
(1,1,1)

	
0.2




	
Total

	
1




	
CR = 0
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Table A19. Comparison matrix for PUS.






Table A19. Comparison matrix for PUS.





	
Subcriteria

	
EOP

	
REP

	
Weight






	
EOP

	
(1,1,1)

	
(2,3,4)

	
0.75




	
REP

	
(1/4,1/3,1/2)

	
(1,1,1)

	
0.25




	
Total

	
1




	
CR = 0
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Table A20. Comparison matrix for REP.






Table A20. Comparison matrix for REP.





	
Subcriteria

	
EOP

	
PUS

	
Weight






	
EOP

	
(1,1,1)

	
(1/3,1/2,1)

	
0.333333333




	
PUS

	
(1,2,3)

	
(1,1,1)

	
0.666666667




	
Total

	
1




	
CR = 0
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Table A21. Comparison matrix for TEM.






Table A21. Comparison matrix for TEM.





	
Subcriteria

	
EQR

	
IEE

	
Weight






	
EQR

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.249999813




	
IEE

	
(2,3,4)

	
(1,1,1)

	
0.750000187




	
Total

	
1




	
CR = 0
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Table A22. Comparison matrix for COC based on alternatives.






Table A22. Comparison matrix for COC based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1,1,1)

	
(2,3,4)

	
(1/4,1/3,1/2)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(3,4,5)

	
0.1752




	
DMU 1

	
(1,1,1)

	
(1,1,1)

	
(2,3,4)

	
(1/3,1/2,1)

	
(3,4,5)

	
(2,3,4)

	
(5,6,7)

	
(4,5,6)

	
0.2164




	
DMU 2

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(2,3,4)

	
0.0506




	
DMU 3

	
(2,3,4)

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(4,5,6)

	
0.2617




	
DMU 4

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(2,3,4)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
(3,4,5)

	
0.1067




	
DMU 5

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(3,4,5)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,2,3)

	
(1,2,3)

	
0.0914




	
DMU 6

	
(1/4,1/3,1/2)

	
(1/7,1/6,1/5)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(1,1,1)

	
(4,5,6)

	
0.0674




	
DMU 7

	
(1/5,1/4,1/3)

	
(1/6,1/5,1/4)

	
1/3

	
(1/6,1/5,1/4)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/6,1/5,1/4)

	
(1,1,1)

	
0.0305




	
Total

	
1




	
CR = 0.09491
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Table A23. Comparison matrix for DCU based on alternatives.






Table A23. Comparison matrix for DCU based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(5,6,7)

	
(4,5,6)

	
(2,3,4)

	
(1,2,3)

	
(3,4,5)

	
0.2947




	
DMU 1

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(4,5,6)

	
(2,3,4)

	
(1,1,1)

	
(2,3,4)

	
0.1825




	
DMU 2

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(1,2,3)

	
(1/5,1/4,1/3)

	
(1,2,3)

	
0.1006




	
DMU 3

	
(1/7,1/6,1/5)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.0386




	
DMU 4

	
(1/6,1/5,1/4)

	
(1/6,1/5,1/4)

	
(1/3,1/2,1)

	
(2,3,4)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
0.0494




	
DMU 5

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
0.0650




	
DMU 6

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(3,4,5)

	
(3,4,5)

	
(2,3,4)

	
(3,4,5)

	
(1,1,1)

	
(1,2,3)

	
0.1864




	
DMU 7

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1,2,3)

	
(1,2,3)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.0828




	
Total

	
1




	
CR = 0.08515
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Table A24. Comparison matrix for DEN based on alternatives.






Table A24. Comparison matrix for DEN based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(3,4,5)

	
(2,3,4)

	
(1,2,3)

	
(4,5,6)

	
(3,4,5)

	
(2,3,4)

	
(1,2,3)

	
0.2948




	
DMU 1

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(3,4,5)

	
(5,6,7)

	
(4,5,6)

	
(2,3,4)

	
(2,3,4)

	
(1,2,3)

	
0.2200




	
DMU 2

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(3,4,5)

	
(2,3,4)

	
(1,2,3)

	
(2,3,4)

	
(1/3,1/2,1)

	
0.1141




	
DMU 3

	
(1/3,1/2,1)

	
(1/7,1/6,1/5)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
0.0446




	
DMU 4

	
(1/6,1/5,1/4)

	
(1/6,1/5,1/4)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
0.0392




	
DMU 5

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.0687




	
DMU 6

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
(2,3,4)

	
(1,1,1)

	
(1,1,1)

	
(1/3,1/2,1)

	
0.0771




	
DMU 7

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(1,2,3)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(1,2,3)

	
(1,1,1)

	
0.1415




	
Total

	
1




	
CR = 0.08044
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Table A25. Comparison matrix for DLT based on alternatives.






Table A25. Comparison matrix for DLT based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
0.0398




	
DMU 1

	
(2,3,4)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
0.0538




	
DMU 2

	
(3,4,5)

	
(1,2,3)

	
(1,1,1)

	
(1/6,1/5,1/4)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.0686




	
DMU 3

	
(2,3,4)

	
(2,3,4)

	
(4,5,6)

	
(1,1,1)

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(3,4,5)

	
0.2903




	
DMU 4

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,2,3)

	
(1,1,1)

	
(2,3,4)

	
0.1620




	
DMU 5

	
(1,2,3)

	
(1,2,3)

	
(2,3,4)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
0.0806




	
DMU 6

	
(3,4,5)

	
(2,3,4)

	
(3,4,5)

	
(1/3,1/2,1)

	
(1,1,1)

	
(3,4,5)

	
(1,1,1)

	
(1,2,3)

	
0.1862




	
DMU 7

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.1188




	
Total

	
1




	
CR = 0.08709
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Table A26. Comparison matrix for EOP based on alternatives.






Table A26. Comparison matrix for EOP based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1,2,3)

	
(2,3,4)

	
(3,4,5)

	
0.1527




	
DMU 1

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,2,3)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/6,1/5,1/4)

	
(2,3,4)

	
(1,2,3)

	
0.0755




	
DMU 2

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1/3,1/2,1)

	
(1,2,3)

	
(2,3,4)

	
0.0660




	
DMU 3

	
(2,3,4)

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(2,3,4)

	
(3,4,5)

	
0.1610




	
DMU 4

	
(1,2,3)

	
(3,4,5)

	
(4,5,6)

	
(3,4,5)

	
(1,1,1)

	
(1,2,3)

	
(2,3,4)

	
(4,5,6)

	
0.2891




	
DMU 5

	
(1/3,1/2,1)

	
(4,5,6)

	
(1,2,3)

	
(1,2,3)

	
(1/3,1/2,1)

	
(1,1,1)

	
(2,3,4)

	
(3,4,5)

	
0.1722




	
DMU 6

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,2,3)

	
0.0495




	
DMU 7

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/6,1/5,1/4)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.0340




	
Total

	
1




	
CR = 0.07805
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Table A27. Comparison matrix for EQR based on alternatives.






Table A27. Comparison matrix for EQR based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1,2,3)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
(1,2,3)

	
0.1888




	
DMU 1

	
(1/3,1/2,1)

	
(1,1,1)

	
(3,4,5)

	
(2,3,4)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(2,3,4)

	
0.1247




	
DMU 2

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.0362




	
DMU 3

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1,1,1)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.0683




	
DMU 4

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
0.0785




	
DMU 5

	
(2,3,4)

	
(2,3,4)

	
(3,4,5)

	
(2,3,4)

	
(2,3,4)

	
(1,1,1)

	
(1,2,3)

	
(4,5,6)

	
0.2793




	
DMU 6

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(3,4,5)

	
(3,4,5)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1,2,3)

	
0.1591




	
DMU 7

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.0652




	
Total

	
1




	
CR = 0.07845
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Table A28. Comparison matrix for IEE based on alternatives.






Table A28. Comparison matrix for IEE based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1,2,3)

	
(1,2,3)

	
(2,3,4)

	
(1/5,1/4,1/3)

	
(1,2,3)

	
(3,4,5)

	
(1,1,1)

	
0.1577




	
DMU 1

	
(1/3,1/2,1)

	
(1,1,1)

	
(2,3,4)

	
(3,4,5)

	
(1/3,1/2,1)

	
(3,4,5)

	
(2,3,4)

	
(2,3,4)

	
0.1843




	
DMU 2

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
0.0437




	
DMU 3

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1,2,3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
0.0685




	
DMU 4

	
(3,4,5)

	
(1,2,3)

	
(3,4,5)

	
(2,3,4)

	
(1,1,1)

	
(4,5,6)

	
(3,4,5)

	
(2,3,4)

	
0.2955




	
DMU 5

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1,1,1)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
0.0592




	
DMU 6

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1,2,3)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/3,1/2,1)

	
0.0630




	
DMU 7

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(3,4,5)

	
(2,3,4)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
(1,2,3)

	
(1,1,1)

	
0.1280




	
Total

	
1




	
CR = 0.0839
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Table A29. Comparison matrix for OPM based on alternatives.






Table A29. Comparison matrix for OPM based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1,2,3)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(2,3,4)

	
(1,1,1)

	
(1,2,3)

	
0.2218




	
DMU 1

	
(1/3,1/2,1)

	
(1,1,1)

	
(3,4,5)

	
(2,3,4)

	
(1,2,3)

	
(4,5,6)

	
(2,3,4)

	
(1,2,3)

	
0.2114




	
DMU 2

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
0.0350




	
DMU 3

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(2,3,4)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(3,4,5)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
0.0805




	
DMU 4

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(3,4,5)

	
(2,3,4)

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
(1,2,3)

	
0.1545




	
DMU 5

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1,2,3)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
0.0507




	
DMU 6

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(3,4,5)

	
(1,2,3)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1,1,1)

	
(1/3,1/2,1)

	
0.1017




	
DMU 7

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(2,3,4)

	
(3,4,5)

	
(1/3,1/2,1)

	
(3,4,5)

	
(1,2,3)

	
(1,1,1)

	
0.1445




	
Total

	
1




	
CR = 0.08162
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Table A30. Comparison matrix for POD based on alternatives.






Table A30. Comparison matrix for POD based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(1,2,3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
0.1646




	
DMU 1

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1/5,1/4,1/3)

	
0.0368




	
DMU 2

	
(1/5,1/4,1/3)

	
(1,2,3)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1/5,1/4,1/3)

	
0.0410




	
DMU 3

	
(1/3,1/2,1)

	
(3,4,5)

	
(1,2,3)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.0729




	
DMU 4

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(3,4,5)

	
(1,2,3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
0.0985




	
DMU 5

	
(1/3,1/2,1)

	
(2,3,4)

	
(2,3,4)

	
(2,3,4)

	
(2,3,4)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
0.1344




	
DMU 6

	
(1,1,1)

	
(4,5,6)

	
(4,5,6)

	
(3,4,5)

	
(1,1,1)

	
(1,2,3)

	
(1,1,1)

	
(2,3,4)

	
0.2366




	
DMU 7

	
(2,3,4)

	
(3,4,5)

	
(3,4,5)

	
(1,2,3)

	
(3,4,5)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
0.2154




	
Total

	
1




	
CR = 0.08708
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Table A31. Comparison matrix for PUS based on alternatives.






Table A31. Comparison matrix for PUS based on alternatives.





	
Alternatives

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1,2,3)

	
(1/3,1/2,1)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1,1,1)

	
0.0980




	
DMU 1

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(3,4,5)

	
(1/5,1/4,1/3)

	
0.0726




	
DMU 2

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
0.2451




	
DMU 3

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/6,1/5,1/4)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
0.0381




	
DMU 4

	
(1,2,3)

	
(3,4,5)

	
(1/3,1/2,1)

	
(4,5,6)

	
(1,1,1)

	
(1,2,3)

	
(2,3,4)

	
(3,4,5)

	
0.2202




	
DMU 5

	
(2,3,4)

	
(2,3,4)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1,2,3)

	
(2,3,4)

	
0.1564




	
DMU 6

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(2,3,4)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1,1,1)

	
(1/3,1/2,1)

	
0.0572




	
DMU 7

	
(1,1,1)

	
(3,4,5)

	
(1/3,1/2,1)

	
(3,4,5)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1,1,1)

	
0.1124




	
Total

	
1




	
CR = 0.08884
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Table A32. Comparison matrix for REP based on alternatives.






Table A32. Comparison matrix for REP based on alternatives.





	
Alternatives

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(2,3,4)

	
(2,3,4)

	
(1,1,1)

	
(2,3,4)

	
0.2425




	
DMU 1

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(4,5,6)

	
(1,2,3)

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(5,6,7)

	
0.2306




	
DMU 2

	
(1/5,1/4,1/3)

	
(1/6,1/5,1/4)

	
(1,1,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
0.0361




	
DMU 3

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(3,4,5)

	
(1,1,1)

	
(2,3,4)

	
(3,4,5)

	
(1,2,3)

	
(1,1,1)

	
0.1478




	
DMU 4

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
0.0500




	
DMU 5

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(2,3,4)

	
(1/5,1/4,1/3)

	
(2,3,4)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
0.0670




	
DMU 6

	
(1,1,1)

	
(1/3,1/2,1)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(1,2,3)

	
0.1316




	
DMU 7

	
(1/4,1/3,1/2)

	
(1/7,1/6,1/5)

	
(1,2,3)

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(1/3,1/2,1)

	
(1,1,1)

	
0.0944




	
Total

	
1




	
CR = 0.08413
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Table A33. Comparison matrix for SWQ based on alternatives.






Table A33. Comparison matrix for SWQ based on alternatives.





	

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
0.0404




	
DMU 1

	
(1,2,3)

	
(1,1,1)

	
(1/7,1/6,1/5)

	
(1/5,1/4,1/3)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
0.0446




	
DMU 2

	
(3,4,5)

	
(5,6,7)

	
(1,1,1)

	
(1,1,1)

	
(1,2,3)

	
(3,4,5)

	
(2,3,4)

	
(4,5,6)

	
0.2613




	
DMU 3

	
(2,3,4)

	
(3,4,5)

	
(1,1,1)

	
(1,1,1)

	
(1,2,3)

	
(1,2,3)

	
(3,4,5)

	
(2,3,4)

	
0.2183




	
DMU 4

	
(2,3,4)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
(3,4,5)

	
0.1639




	
DMU 5

	
(3,4,5)

	
(1,2,3)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1,2,3)

	
(3,4,5)

	
0.1167




	
DMU 6

	
(1,2,3)

	
(3,4,5)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/3,1/2,1)

	
(1,1,1)

	
(3,4,5)

	
0.0990




	
DMU 7

	
(2,3,4)

	
(1,2,3)

	
(1/6,1/5,1/4)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
0.0557




	
Total

	
1




	
CR = 0.07371
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Table A34. Comparison matrix for TEM based on alternatives.






Table A34. Comparison matrix for TEM based on alternatives.





	
Alternatives

	
DMU 8

	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
Weight






	
DMU 8

	
(1,1,1)

	
(1,2,3)

	
(3,4,5)

	
(2,3,4)

	
(4,5,6)

	
(1/4,1/3,1/2)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
0.1594




	
DMU 1

	
(1/3,1/2,1)

	
(1,1,1)

	
(3,4,5)

	
(1,2,3)

	
(3,4,5)

	
(1/3,1/2,1)

	
(1,1,1)

	
(2,3,4)

	
0.1488




	
DMU 2

	
(1/5,1/4,1/3)

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(1/5,1/4,1/3)

	
(1/6,1/5,1/4)

	
(1/3,1/2,1)

	
0.0346




	
DMU 3

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
(2,3,4)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1/5,1/4,1/3)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
0.0565




	
DMU 4

	
(1/6,1/5,1/4)

	
(1/5,1/4,1/3)

	
(1,2,3)

	
(2,3,4)

	
(1,1,1)

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1/3,1/2,1)

	
0.0684




	
DMU 5

	
(2,3,4)

	
(1,2,3)

	
(3,4,5)

	
(3,4,5)

	
(1,2,3)

	
(1,1,1)

	
(1,2,3)

	
(2,3,4)

	
0.2449




	
DMU 6

	
(2,3,4)

	
(1,1,1)

	
(4,5,6)

	
(1,2,3)

	
(2,3,4)

	
(1/3,1/2,1)

	
(1,1,1)

	
(4,5,6)

	
0.2078




	
DMU 7

	
(1/3,1/2,1)

	
(1/4,1/3,1/2)

	
(1,2,3)

	
(2,3,4)

	
(1,2,3)

	
(1/4,1/3,1/2)

	
(1/6,1/5,1/4)

	
(1,1,1)

	
0.0796




	
Total

	
1




	
CR = 0.0905
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Figure 1. A generic process of multi-criteria decision making (MCDM). 
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Figure 2. General methodology of location selection problem. 
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Figure 3. Research methodologies. 
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Figure 4. Fuzzy triangular number. 
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Figure 5. Solid waste in Vietnam. 
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Figure 6. The geographical location of DMU. (Source: UN Development Programme.) 
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Figure 7. The hierarchical structures of the fuzzy analysis network process (FANP). 
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Figure 8. Geometric distance from positive ideal solution (PIS) and negative ideal solution (NIS). 
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Figure 9. Final performance in technique for order of preference by similarity to ideal solution (TOPSIS) model. 
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Table 1. Fuzzy conversion scale [39].
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	Intensity of Fuzzy Scale
	Linguistic Variables for Relative Weights of Criteria





	    1 ˜  =  (  1 , 1 , 1  )    
	Equally important



	    3 ˜  =  (  2 , 3 , 4  )    
	Moderately important



	    5 ˜  =  (  4 , 5 , 6  )    
	Strongly important



	    7 ˜  =  (  7 , 8 , 9  )    
	Very strongly important



	    9 ˜  =  (  9 , 9 , 9  )    
	Extremely strongly important



	    2 ˜  ,  4 ˜    , 6  ˜  ,  8 ˜    
	Intermediate values between two adjacent judgments;

   2 ˜  =  (  1 , 2 , 3  )   ;

   4 ˜  =  (  3 , 4 , 5  )   ;

   6 ˜  =  (  5 , 6 , 7  )   ;

   8 ˜  =  (  7 , 8 , 9  )   ;
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Table 2. Priority rating scale.






Table 2. Priority rating scale.





	Priority Level
	Number





	Equally preferred
	1



	Moderately preferred
	3



	Strongly preferred
	5



	Very strongly preferred
	7



	Extremely preferred
	9



	Intermediate judgment values
	2, 4, 6, 8
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Table 3. Randomized index values corresponding to indicators.
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	N
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10





	R
	0
	0
	0.52
	0.90
	1.12
	1.24
	1.32
	1.41
	1.45
	1.49
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Table 4. Super matrix.
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	0
	U12
	0





	U21
	U22
	U23



	0
	0
	0
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Table 5. Potential locations for building a solid waste to energy plant.
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	No
	Potential Location
	Decision Making Unit (DMU)





	1
	Long An
	DMU 1



	2
	Tien Giang
	DMU 2



	3
	Can Tho
	DMU 3



	4
	Ben Tre
	DMU 4



	5
	An Giang
	DMU 5



	6
	Vinh Long
	DMU 6



	7
	Dong Thap
	DMU 7



	8
	Hau Giang
	DMU 8
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Table 6. Fuzzy comparison matrices for criteria.
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	Criteria
	EFC
	ENF
	SOF
	TRF





	ECF
	(1,1,1)
	(2,3,4)
	(1,2,3)
	(3,4,5)



	ENF
	(1/4,1/3,1/2)
	(1,1,1)
	(1/4,1/3,1/2)
	(1,1,1)



	SOF
	(1/3,1/2,1)
	(2,3,4)
	(1,1,1)
	(4,5,6)



	TRF
	(1/5,1/4,1/3)
	(1,1,1)
	(1/6,1/5,1/4)
	(1,1,1)
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Table 7. Real number priority.
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	Criteria
	ECF
	ENF
	SOF
	TRF





	ECF
	1
	3
	2
	4



	ENF
	1/3
	1
	1/3
	1



	SOF
	1/2
	3
	1
	5



	TRF
	1/4
	1
	1/5
	1
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Table 8. Fuzzy comparison matrices for criteria.
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Criteria

	
ECF

	
ENF

	
SOF

	
TRF

	
Weight






	
ECF

	
(1,1,1)

	
(2,3,4)

	
(1,2,3)

	
(3,4,5)

	
0.45




	
ENF

	
(1/4,1/3,1/2)

	
(1,1,1)

	
(1/4,1/3,1/2)

	
(1,1,1)

	
0.12




	
SOF

	
(1/3,1/2,1)

	
(2,3,4)

	
(1,1,1)

	
(4,5,6)

	
0.33




	
TRF

	
(1/5,1/4,1/3)

	
(1,1,1)

	
(1/6,1/5,1/4)

	
(1,1,1)

	
0.1




	
Total

	
1




	
CR = 0.044
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Table 9. The weight of 13 subcriteria.
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	No
	Subcriteria
	Weight





	1
	COC
	0.09995



	2
	DCU
	0.07521



	3
	DEN
	0.0473



	4
	DLT
	0.03181



	5
	EOP
	0.03948



	6
	EQR
	0.15249



	7
	IEE
	0.16369



	8
	OPM
	0.10082



	9
	POD
	0.10397



	10
	PUS
	0.03423



	11
	REP
	0.04143



	12
	SWQ
	0.06067



	13
	TEM
	0.04896
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Table 10. Normalized weight matrix (TOPSIS).
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Subcriteria

	
DMUs




	
DMU 1

	
DMU 2

	
DMU 3

	
DMU 4

	
DMU 5

	
DMU 6

	
DMU 7

	
DMU 8






	
COC

	
0.0260

	
0.0390

	
0.0520

	
0.0260

	
0.0390

	
0.0260

	
0.0390

	
0.0260




	
OPM

	
0.0472

	
0.0236

	
0.0236

	
0.0472

	
0.0472

	
0.0354

	
0.0236

	
0.0236




	
POD

	
0.0466

	
0.0362

	
0.0310

	
0.0414

	
0.0259

	
0.0414

	
0.0310

	
0.0362




	
DLT

	
0.0106

	
0.0106

	
0.0106

	
0.0106

	
0.0141

	
0.0071

	
0.0106

	
0.0141




	
DCU

	
0.0272

	
0.0272

	
0.0272

	
0.0272

	
0.0272

	
0.0362

	
0.0181

	
0.0181




	
SWQ

	
0.0182

	
0.0243

	
0.0213

	
0.0243

	
0.0243

	
0.0182

	
0.0213

	
0.0182




	
DEN

	
0.0168

	
0.0168

	
0.0112

	
0.0225

	
0.0112

	
0.0225

	
0.0112

	
0.0168




	
IEE

	
0.0452

	
0.0226

	
0.0339

	
0.0565

	
0.0565

	
0.0565

	
0.0565

	
0.1017




	
EQR

	
0.0490

	
0.0490

	
0.0490

	
0.0588

	
0.0294

	
0.0392

	
0.0490

	
0.0882




	
TEM

	
0.0183

	
0.0138

	
0.0183

	
0.0160

	
0.0206

	
0.0160

	
0.0160

	
0.0183




	
REP

	
0.0174

	
0.0116

	
0.0135

	
0.0155

	
0.0155

	
0.0135

	
0.0174

	
0.0116




	
EOP

	
0.0168

	
0.0168

	
0.0131

	
0.0150

	
0.0112

	
0.0131

	
0.0131

	
0.0112




	
PUS

	
0.0124

	
0.0124

	
0.0108

	
0.0093

	
0.0139

	
0.0139

	
0.0124

	
0.0108
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