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Abstract

:

Background: Coal production and marketing enterprises can significantly reduce transportation costs and improve their competitiveness by choosing appropriate road transportation companies. Methods: Based on this, a trapezoidal fuzzy SWARA-COPRAS method is proposed to select coal transportation companies. The trapezoidal fuzzy SWARA method is used to determine the index weight of coal transportation companies. The ranking of coal transportation companies is determined using the trapezoidal fuzzy COPRAS method. Results: Taking a coal production and marketing enterprise in Hubei, China as an example, the application of the trapezoidal fuzzy SWARA-COPRAS method is illustrated, and the coal transportation companies are sorted and analyzed for sensitivity. Conclusions: Compared with the results of other methods, the effectiveness and practicability of the trapezoidal fuzzy SWARA-COPRAS method are verified.
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1. Introduction


The notice of China’s “13th Five-Year Plan for Energy Conservation and Emission Reduction” required the proportion of coal in total energy consumption to be reduced to less than 58% by 2020, and at the same time, vigorously promoted the “return to the railway.” The China Railway Corporation required the national railway coal transport volume to reach 2.81 billion tons by 2020, accounting for 75% of the national coal output. This has led to a reduction in coal consumption in society and a huge change in the transportation capacity structure of the coal transportation industry. Many road transportation companies are bound to be eliminated, and the competition between coal production and marketing companies will become more intense.



The “Fourteenth Five-Year Plan for Energy Conservation and Emission Reduction” has not yet been issued. The National Development and Reform Commission is studying and formulating a comprehensive plan for energy conservation and emission reduction during the Fourteenth Five-Year Plan to further refine the implementation of energy-saving goals and tasks. In the “Carbon Peaking Action Plan by 2030” issued by the State Council of China, it is mentioned that the growth of coal consumption should be strictly and rationally controlled during the 14th Five-Year Plan period, which will gradually decrease during the 15th Five-Year Plan period. During the “14th Five-Year Plan” period, significant progress has been made in the adjustment and optimization of the industrial structure and energy structure; the energy utilization efficiency of key industries has been greatly improved; the growth of coal consumption has been strictly controlled; the construction of new power systems has been accelerated, and the R&D, promotion and application of green and low-carbon technologies have made new progress; Green production and lifestyle have been widely promoted; and the policy system conducive to the development of green and low-carbon recycling has been further improved. By 2025, the proportion of non-fossil energy consumption will reach about 20%, energy consumption per unit of GDP will drop by 13.5% from 2020, and carbon dioxide emissions per unit of GDP will drop by 18% from 2020, laying a solid foundation for achieving carbon peaks. During the “15th Five-Year Plan” period, significant progress has been made in the adjustment of industrial structure, a clean, low-carbon, safe and efficient energy system has been initially established, a low-carbon development model in key areas has taken shape, and the energy utilization efficiency of key energy-consuming industries has reached the international advanced level. Non-fossil energy and the proportion of consumption has further increased, coal consumption has gradually decreased, key breakthroughs have been made in green and low-carbon technologies, green lifestyles have become the conscious choice of the public, and the green and low-carbon circular development policy systems are sound. By 2030, the proportion of non-fossil energy consumption will reach about 25%, and the carbon dioxide emissions per unit of GDP will be reduced by more than 65% compared with 2005, and the goal of peaking carbon before 2030 will be successfully achieved. As a basic energy source, coal has always occupied a dominant position in my country’s energy production and consumption structure. My country is the country with the largest coal producer in the world, accounting for 49% of the world’s share. The main methods of coal transportation include railway transportation, water transportation, and road transportation. The transportation ratio of the three is about 6:3:1. Railway transportation and waterway transportation have the characteristics of large volume and low cost and are the main methods of coal transportation. Road transportation has the characteristics of maneuverability and point-to-point transportation and is an important supplement to coal transportation. Affected by various factors, road vehicles carry a large number of coal gathering and short-distance transportation tasks, and play an indispensable role in regional coal transportation. Coal production and marketing enterprises change the previous extensive business model, and reduce costs as much as possible, which is the fastest choice. This involves how coal production and marketing companies choose road transportation companies to improve service levels and reduce transportation costs.



Many scholars have researched the evaluation and selection of road transport companies according to the dynamic characteristics of suppliers; Ware [1] et al. evaluated this by establishing a mixed-integer nonlinear programming model. Burak E [2] and others used the Fuzzy-AHP method to evaluate suppliers for the fuzzy attributes of some evaluation indicators. Alejo Reyes Avelina [3] studied the decision-making problems of supplier selection and order quantity allocation and proposed particle swarm optimization (PSO) and the differential evolution algorithm (DE). Krichanchai [4] studied the relevant indicators of selecting suppliers for enterprises to manage inventory. The results show that high-quality suppliers can bring greater benefits to enterprises. HIrmayanti [5] proposed the Analytic Hierarchy Process (AHP) to deal with the actual situation where it is difficult to make decisions in the selection of raw material suppliers. Aiming at supplier selection under uncertain demand, Sadrian [6] and Pan [7] studied supplier selection under a single objective linear programming model. The literature [8,9,10] proposes that criteria such as product design and improving product sustainability should be taken into account when constructing the evaluation index system. The literature [11,12,13] proposes that when facing the problem of supplier selection, the flexibility criterion of flexibility for order changes and uncertain requirements should be adopted.



The research on traditional multi-criteria decision-making problems mainly focuses on the condition that the attribute value and weight value are accurate. In 1981, Hwang and Yoon22 published the book “Multiple Attribute Decision Making: Methods and Applications”, which was the first time a book used TOPSIS (Technique for order performance by similarity to ideal solution) method to solve this kind of multi-criteria decision-making problem with certain information. In 1982, Zelenyy made the same interpretation of the method in his book “Multiple Criteria Decision Making”. However, these scholars mainly applied the method to multi-criteria decision problems with certain attribute values. The main multi-criteria decision-making methods are as follows:



(1) Weighted weighting method [14]:



The weighted weighting method is the most commonly used, especially in a single index multi-criteria decision-making problem; the decision value of each plan is equal to the sum of all the attribute values and attribute weights. The greater the decision value of the plan is, the more optimal the plan is.



(2) Analytical Hierarchy Process (AHP) [15]: In 1980, Saaty proposed the concept of the Analytic Hierarchy Process. Its basic idea is to decompose a complex problem into a target layer, a criterion layer, and an indicator layer. Layer indicators establish pairwise comparison judgment matrices, obtain the weight value of each plan by solving these matrices, and then select the optimal plan or sort them in a certain order. The main advantage of the Analytic Hierarchy Process is that it calculates the degree of consistency between the indicators in the process of solving. If the indicators do not meet the consistency requirements, they must be adjusted accordingly, which makes the decision makers choose the evaluation index more accurately. In recent years, the analytic hierarchy process has also been widely used in various disciplines.



(3) TOPSIS method [16,17,18]: Since Huang and Yoon proposed this method in 1981, it has been widely used. The basic idea is that the selected positive ideal scheme has the best attribute value, and the negative ideal scheme has applications. The basic idea is that the selected positive ideal solution has the best attribute value, while the negative ideal solution has the smallest difference, and the distance difference from the negative ideal solution is the largest. In the specific solution, we assume that all the schemes have the characteristics of a convex increase or decrease so that it is easier to find the positive and negative ideal scheme values.



(4) ELECTRE (Elimination and choice translating reality) method [19]: In 1996, Roy introduced this method from the financial field to management decision making. Its basic idea is to focus on analyzing the superiority relationship between the options. Therefore, this method is mainly used to study the status relationship and coordination relationship between programs. Thus far, many scholars have expanded this method from different directions. However, because the solution system of the ELECTRE method is not perfect, it is sometimes difficult to find the optimal solution during the solution process.



There may be a certain degree of conflict between them to sort all the evaluation schemes. This method is more practical for multi-criteria decision-making problems with a limited number of options and a certain conflict between the evaluation attributes.



(5) PROMETHEE (Preference ranking organization method for enrichment evaluation) method [20]: In 1986, Brans et al. proposed a PROMETHEE method that is relatively simple in principle and application. The basic principle of this method is also based on advantages. The sorting algorithm between the relational schemes, in the process of solving, establishes a pairwise comparison matrix between the indicators and sorts all the judgment schemes through a series of indicators (these indicators may have certain conflicts). This method is more practical for multi-criteria decision-making problems with a limited number of options and a certain conflict between the evaluation attributes.



(6) Grey Relation Analysis (GRA) [21,22,23]: In 1990, Deng proposed the Grey System Theory, which is used to study decision-making problems with uncertain information. The grey relational analysis method can be used to evaluate the correlation between the schemes.



In practical economic management decision-making problems, a fuzzy set theory exists and is widely used. In 1965, Professor L.A. Zadeh proposed fuzzy set theory, which can deal with uncertainty. Decision makers’ judgments are expressed by trapezoidal fuzzy numbers. Based on this, this paper discusses the selection of coal transportation companies from the perspective of trapezoidal fuzzy sets and proposes a trapezoidal fuzzy multi-criteria decision-making method based on the SWARA-COPRAS method of trapezoidal fuzzy sets. Based on expert expertise, experience, judgment, and relevant knowledge is used to determine the weight of experts, and the trapezoidal fuzzy SWARA method is used to determine the index weights of coal transportation companies. The trapezoidal fuzzy COPRAS method is used to determine the rank of coal transportation formulas. In the decision-making process, the conflicting factors in the indicators are considered, which increases the rationality of the decision making. This method considers the following two aspects: one is to comprehensively consider various uncertainties; second, the utility index and cost index of alternative coal transportation companies are comprehensively evaluated. Finally, through comparison and sensitivity analysis, the effectiveness and stability of the method are proven.



The structure of this paper is as follows. Section 2 introduces the trapezoidal fuzzy multi-criteria decision-making approach. Section 3 introduces the structural framework for selecting coal transportation companies. Section 4 takes the transportation company selected by a coal production and marketing company in Hubei, China as an example. Section 5 makes a sensitive analysis of the results. Section 6 concludes the paper.




2. Trapezoidal Fuzzy SWARA-COPRAS Approach


This section introduces a trapezoidal SWARA-COPRAS approach, which is used in the selection of coal transportation companies. This method combines trapezoidal fuzzy sets with the SWARA approach and COPRAS approach. The trapezoidal SWARA method is used to obtain the relative weight of the coal transportation evaluation index by soliciting the opinions of coal transportation experts, and the trapezoidal COPRAS approach is used to evaluate the coal transportation company. The establishment of a coal transportation expert team is a prerequisite for establishing the problem structure, determining the weights of evaluation indicators, and establishing a decision matrix. Therefore, the first action is to form a coal transportation expert team with coal-related expertise. The coal transportation expert team obtains relevant data of the coal transportation company through field research. In the next stage, the SWARA method is used to determine the evaluation index weight of the coal transportation company based on the survey data of the coal transportation expert team. In the end, the trapezoidal COPRAS approach is used to evaluate coal transportation companies and obtain a ranking of pros and cons. This section introduces the concepts and properties of fuzzy set theory and trapezoidal fuzzy numbers. Then, the trapezoidal SWARA approach and the trapezoidal COPRAS approach are proposed.



2.1. Fuzzy Set Theory


Definition 1

([24]).  X is a non-empty set. Given a mapping   μ A  : X →  [  0 , 1  ]   ,  x ↦  μ A   ( x )   , a fuzzy subset of X is determined.   μ A   is called the membership function of A or the membership degree of x to   μ A   ( x )   .





In the application of fuzzy mathematics, the membership function of the fuzzy set must be established first, and the membership function can be expressed by trapezoidal distribution. The expression of the membership function is as follows:


   φ x  =  {    0 ,   x < a       (  x − a  )  /   (  b − a  )  ,     a ≤ < b     1 ,   b ≤ x < c      (  d − x  )  /  (  d − c  )  ,   c ≤ x < d     0 ,   x ≥ d      











The is shown in the following Figure 1.



The fuzzy number of the trapezoidal distribution is represented by   D =  [  a , b , c , d  ]   (  a ≤ b ≤ c ≤ d  )   . In this paper, the graded mean integration representation is selected for defuzzification [10]. If the trapezoidal fuzzy number is   D =  [  a , b , c , d  ]   , the defuzzification value   P  ( D )    can be calculated according to Equation (1):


    P  ( D )    =    ∫ 0 1   h  [    a + d +  (  b − a − d + c  )   2   ]  d h /       ∫ 0 1   h d h         =    (  a + 2 b + 2 c + d  )   / 6     



(1)




where  h  represents the degree of membership at any level, and its value range is   h ∈ ( 0 ,   1 ]  .



Definition 2.

Let the trapezoidal fuzzy number    D 1  =  [   x 1  ,  x 2  ,  x 3  ,  x 4   ]   ,   D 2  =  [   y 1  ,  y 2  ,  y 3  ,  y 4   ]   ,   x i  ≥ 0 ,        y j  ≥ 0 ,     i , j ∈  {  1 , 2 , 3 , 4  }   . The algorithms are as follows:





Fuzzy addition:


   D 1  +  D 2  =  [   x 1  +  y 1  ,    x 2  +  y 2  ,    x 3  +  y 3  ,    x 4  +  y 4   ]   



(2)







Fuzzy multiplication:


   D 1  ×  D 2  =  [   x 1   y 1  ,    x 2   y 2  ,    x 3   y 3  ,    x 4   y 4   ]   



(3)







Fuzzy subtraction:


   D 1  −  D 2  =  [   x 1  -  y 4  ,  x 2  -  y 3  ,  x 3  -  y 2  ,  x 4  -  y 1   ]   



(4)







Fuzzy division:


     D 1   /   D 2    =  [     x 1   /   y 4    ,      x 2   /   y 3    ,      x 3   /   y 2    ,      x 4   /   y 1     ]   



(5)







Let   α ∈ R  , when     α ≥ 0  ,


  α ×  D 1  =  [  α  x 1  , α  x 2  , α  x 3  , α  x 4   ]   



(6)








2.2. Trapezoidal Fuzzy SWARA Approach


The SWARA method is a new multi-criteria decision-making method for determining standard weight [25,26,27,28], which was first proposed by kersuliene. The combination of trapezoidal fuzzy set theory and the SWARA method is the trapezoidal fuzzy SWARA approach. The steps of determining the standard weight by the trapezoidal fuzzy SWARA approach are completely consistent with the SWARA approach. The specific steps are as follows:



Step 1: Sort the evaluation indicators. According to the corresponding trapezoidal fuzzy number, each decision maker gives the relative importance of each index. Then, the trapezoidal fuzzy number of each index is obtained by using the weight sum Equation (2) of the decision maker, and the defuzzification value of each index is obtained by using Equation (1). According to the defuzzification value of each index, sort from large to small.



Step 2: Determine the relative importance-related parameters of two adjacent indicators    s j   (  j ≥ 2  )   . From the second index to the last index, the association parameter is determined according to certain rules    s j   (  j ≥ 2  )   . In this paper, the difference between the ambiguity resolution values of two adjacent indexes is taken as the correlation parameter.



Step 3: According to Equation (7), the comparison coefficient    k j    is calculated.


   k j  =  {    1 ,   j = 1      s j  + 1 ,   j > 1      



(7)







Step 4: According to Equation (8), the relative weight    q j    is calculated.


   q j  =  {    1 ,   j = 1 ,        q  j − 1      k j    ,   j > 1 .      



(8)







Step 5: According to Equation (9), the final weight    λ j    is calculated.


   λ j  =    q j      ∑  k = 1  n    q k       



(9)








2.3. Trapezoidal Fuzzy COPRAS Approach


The COPRAS method is a multi-criteria decision-making method proposed by Zavadskas [29] to evaluate and rank alternatives. In this method, the evaluation indexes and their corresponding weights are weighed, and the alternatives are ranked and evaluated according to the relative importance and utility of each evaluation index, to obtain the best scheme [30,31,32,33,34,35]. The combination of the trapezoidal fuzzy set and COPRAS method is the trapezoidal fuzzy COPRAS method. The specific steps are as follows:



Step 1: Establish trapezoidal fuzzy decision matrix  R  according to Equation (10)


  R =  [     r  11                  r  12                 ⋯            r  1 n        r  21                  r  22                 ⋯            r  2 n       ⋯                     ⋯                   ⋯      r  m 1                r  m 2               ⋯            r  m n      ]   



(10)







   r  i j   =  ω 1  *  z  i j    ( 1 )    +  ω 2  *  z  i j    ( 2 )    + ⋯ +  ω p  *  z  i j    ( p )     , where    z  i j    ( k )    =  (   a  i j    ( k )    ,  b  i j    ( k )    ,  c  i j    ( k )    ,  d  i j    ( k )     )   ,   z  i j    ( k )     (  k = 1 , 2 , ⋯ , p  )   . When the alternative  i  corresponds to the index  j , the trapezoidal fuzzy number evaluated by the  k  expert,  m  represents the number of alternatives and  n  is the number of evaluation indexes.    ω k   (  k = 1 , 2 , ⋯ , p  )    is the weight of  k  expert. Additionally,    ω 1  +  ω 2  + ⋯ +  ω p  = 1  .



Step 2: According to Equation (11), obtain the weighted trapezoidal fuzzy decision matrix  Y :


  Y =  [     y  11                  y  12             ⋯                y  1 n        y  21                  y  22             ⋯                y  2 n       ⋯               ⋯                       ⋯      y  m 1                y  m 2           ⋯                y  m n      ]   



(11)




where    y  i 1   =  λ 1   r  i 1    , …,    y  i n   =  λ n   r n   ,   i ∈  {  1 , 2 , ⋯ , m  }   ,   λ =    (   λ 1  ,    λ 2  ,   ⋯ ,    λ n   )   T    is calculated using the fuzzy SWARA method.



Step 3: Calculate the sum of the benefit index and the cost index according to Equations (12) and (13). The number of indicators is  n . Let    Τ 1  =  {  1 , 2 , ⋯ , e  }    represents a collection of benefit indicators,    Τ 2  =  {  e + 1 , e + 2 , ⋯ , n  }    represents a collection of cost indicators; therefore,


   β   + i    =   ∑  j = 1  e    y +     i j     ,   i ∈  {  1 , 2 , ⋯ , m  }   



(12)






   β   - i    =   ∑  j = e + 1  n    y -     i j     ,   i ∈  {  1 ,   2 , ⋯ , m  }   



(13)




where    y +     i j     indicates the benefit index, and    y -     i j     indicates the cost index.



Step 4: According to Equation (14), calculate the relative importance value    Q i   (  i = 1 ,           2 ,       ⋯ ,       m  )    of each alternative:


   Q i  = P  (   β  + i    )  +    S  min   ∗   ∑  i = 1  m   P  (   β  − i    )       S ∗   (   β  − i    )    ∑  i = 1  m    (     S  min     P  (   β  − i    )     )       



(14)




where   S   m i n  i     (   β  − i    )    m i n    ,   P  (   β  + i    )    is the trapezoidal defuzzification value of    β  + i    , and   P  (   β  − i    )    is the trapezoidal defuzzification value of    β  − i    .



Step 5: According to Equation (15), calculate the utility degree value    N i    of each alternative; the calculation Equation is as follows:


   N i  =    Q i     Q  max     × 100 % ,     i = 1 ,   2 , ⋯ , m  



(15)




where    Q  max   =   M ax  i   Q i   , the alternatives are ranked in descending order according to the value of    N i   , and a higher the value of    N i    is better.





3. Method Framework


In the process of selecting a coal transportation company, due to the vagueness and imprecision of the data, the decision making based on certainty is imperfect. Therefore, to overcome this problem, the trapezoidal fuzzy SWARA-COPRAS method is used to select coal transportation companies. The reasons for using SWARA and COPRAS are as follows:




	(1)

	
Implement and understand.




	(2)

	
Low transaction costs.




	(3)

	
Decision makers have more opportunities to set criteria priorities.









Stage 1: Determine decision makers and corresponding weights and select coal transportation companies and evaluation indicators.



The set of alternative coal transportation companies is   A =  {   A 1  ,  A 2  , ⋯ ,  A m   }   . The set of evaluation indexes is   C =  {   C 1  ,  C 2  , ⋯ ,  C n   }   , and the corresponding weight vector is   λ =    (   λ 1  ,  λ 2  , ⋯ ,  λ n   )   T   . The set of experts invited to evaluate the alternative coal transportation company is   E =  {   E 1  ,  E 2  , ⋯ ,  E p   }   . The relative importance of  p  experts is expressed according to the corresponding trapezoidal fuzzy number    D k  =  (   a k  ,  b k  ,  c k  ,  d k   )   .



Stage 2: Use the trapezoidal fuzzy SWARA method to determine the weight of the evaluation index.



In many MCDM problems, an important issue is to determine the weight of evaluation indicators. Coal production companies will select three experienced decision makers, all with more than 10 years of experience. The three decision makers will evaluate and calculate the standard weights of the method based on their expertise and experience. In the trapezoidal fuzzy COPRAS method, the index weights are further used to rank the alternative coal transportation companies.



Stage 3: Using the trapezoidal fuzzy COPRAS method, determine the rank of the alternative coal transportation companies and select the best coal transportation company.



The trapezoidal fuzzy COPRAS method is a new multi-criteria comprehensive evaluation method, which is used to determine the advantages and disadvantages of alternative coal transportation companies. This method overcomes the impact of conflicting evaluation indicators and increases the accuracy of the evaluation.




4. Case Analysis


The case analysis of this paper is a coal production company located in Hubei province of China, which cooperates with 10 coal transportation companies. The coal company has two production mines with an annual approved total production capacity of 1.2 million tons, and an annual approved total production capacity of 820,000 tons of coal mines and resource integration under construction. The coal company adheres to the development concept of “coal-based, transformation, and upgrading”, strives to enhance the advantages of the main coal business, actively develops new coal chemical materials, and promotes the transformation and upgrading of the company’s business development from black to green, low-end to high-end, and strives to build a master A modern enterprise group with strong business operations, high development quality, and good economic benefits.



The coal production companies selected three coal transportation experienced decision makers, all with more than 10 years of experience. After the pre-evaluation of the three decision makers, there are still five coal transportation companies as candidates. Through the investigation of coal transportation companies, four indicators have been determined, the set indicators are   C =  {   C 1  ,  C 2  ,  C 3  ,  C 4   }   . C1 indicates the qualification of the coal transportation company, C2 indicates the quality of the coal transportation company, C3 indicates the service level of the coal transportation company, and C4 indicates the cost of the coal transportation company. Among them, C1, C2, and C3 are benefit indicators. The larger the indicator value is, the better; C4 is the cost indicator, and the smaller the indicator value is, the better. A management questionnaire on the types of benefits and costs is established and sent to this independently three experienced decision makers, in order not to be disturbed by other experts when scoring, to ensure the scientific and independent management of the questionnaire. According to their own experience, judgment, and relevant professional knowledge, each decision maker makes opinions on the selection of coal transportation companies. The management questionnaire is designed based on the language variables in Table 1 and Table 2.



The first stage: Determine the set of decision makers and the corresponding weights and select the set of coal transportation companies and the set of evaluation indicators.



The set of alternative coal transportation companies is   A =  {   A 1  ,  A 2  ,  A 3  ,  A 4  ,  A 5   }   . The evaluation index set is   C =  {   C 1  ,  C 2  ,  C 3  ,  C 4   }    and the decision-maker set is   E =  {   E 1  ,  E 2  ,  E 3   }   . Each expert is objectively determined according to their expertise, work experience, judgment, and other relevant knowledge, and the results are shown in Table 3. The weight of the three decision makers can be obtained according to Table 3.


  ω =    (   ω 1  ,  ω 2  ,  ω 3   )   T  =  (  0.3684 ,   0.2961 ,   0.3355  )   



(16)







The second stage: Determine the weight of the evaluation index.



The three decision makers expressed their preference for indicators according to the trapezoidal fuzzy number in Table 2. According to the weight of the decision makers, the aggregation trapezoidal fuzzy number was obtained using Equation (16). Calculate the defuzzification value according to Equation (1), and the results are shown in Table 4. According to Table 4, the defuzzification value   P  (   C j   )    is sorted from large to small. Let    s j  = P  (   s  j − 1    )  − P  (   s j   )   , and then obtain Table 5 according to Equations (7)–(9). According to Table 5, the weight of the evaluation index can be obtained as follows:


  λ =  (   λ 1  ,  λ 2  ,  λ 3  ,  λ 4   )  =  (  0.2174 ,   0.2657 ,   0.2352 ,   0.2817  )   



(17)







The third stage: Determine the priority of coal transportation companies.



The three decision makers obtained Table 6 according to Table 2. According to Table 6 and Equation (10), the trapezoidal fuzzy decision matrix was obtained, and the results are shown in Table 7. According to Table 7 and Equation (11), the weighted trapezoidal fuzzy decision matrix was obtained, and the result sees Table 8. According to Equations (12)–(15),   P  (   β  + i    )   ,   P  (   β  − i    )   ,    Q i  ,   and    N i   ( % )    can be obtained, and the results are shown in Table 9. According to Table 9, the relative importance value and effect degree value of the coal transportation company have been obtained. The importance of the coal transportation company is ranked as    A 3  >  A 1  >  A 4  >  A 2  >  A 5   ; therefore, A3 is the best coal transportation company.



Other MCDM methods (CoCoSo, TOPSIS, MOORA, and MABAC) are applied to the decision matrix (as shown in Table 8), and the results of these methods are compared with those of the proposed method. Table 10 shows this comparison. The ranking result of the MOORA method is    A 3  >  A 4  >  A 1  >  A 2  >  A 5   , while that of other methods is    A 3  >  A 1  >  A 4  >  A 2  >  A 5   , which shows the effectiveness of the method.




5. Sensitivity Analysis


To verify the effectiveness and stability of the method, this section conducts a sensitivity analysis. The weight of each indicator is exchanged with the weight of another indicator, and the weights of other indicators remain unchanged to test stability. Let the weights of indicators C1 and C2 be replaced by S1:C(1,2), and other indicators remain unchanged. There are six scenarios in total, namely S1: C(1,2), S2: C(1,3), S3: C(1,4), S4: C(2,3), S5: C(2,4), S6: C(3,4). In every scenario, the relative importance value    Q i    and utility value    Ν i    of each coal transportation company is calculated. The relative importance values of the six scenarios    Q i    are shown in Table 11 and Figure 2, and the utility degree values    N i    are shown in Table 12 and Figure 3. In the six scenarios, the coal transportation company A1 ranks first in all the scenarios, and the rankings are    A 3  >  A 1  >  A 4  >  A 2  >  A 5   , which are consistent with the results calculated in this paper. As a result, it can be concluded that the trapezoidal fuzzy set is a reliable choice for the selection of coal transportation companies. These tools have good operability and reference value in actual work.



According to Table 11 and Table 12, as well as Figure 2 and Figure 3, the following conclusions can be drawn: it can be concluded that the trapezoidal fuzzy set is a reliable choice for the selection of coal transportation companies. These tools have good operability and reference value in actual work.




6. Discussions and Conclusions


Coal resources are an important part of China’s energy structure. The status quo of my country’s “rich coal, less gas and poor oil” determines the indispensable position of coal companies in the energy industry. With the promulgation of my country’s total control of coal policy, the former scene of prosperous coal enterprises has been difficult to reproduce, which poses new challenges to the survival of coal enterprises. Controlling coal is not about controlling development. On the contrary, controlling coal is a high-quality, sustainable long-term development strategy. Under the new economic development situation, coal enterprises should resolve outdated production capacity and take the initiative to carry out low-carbon transformation in combination with the macroeconomic situation, policies, and their characteristics on time. This is also the only way for coal enterprises to maintain sustainable development. Coal companies need to maintain sustainable development capabilities and respond to rapid changes. One of the key factors is to choose the right transportation company and maintain close contact with it. This can significantly improve the service level of coal companies and reduce transportation costs.



Since there is usually no definite data to focus on when evaluating and selecting coal transportation companies, there are many uncertainties and fuzziness in the qualification, quality, service level, and cost of coal transportation companies. In addition, the selected evaluation indexes are often interrelated, and the idea of simple weighting cannot be used to synthesize different expert evaluation decision matrices. Therefore, this paper proposes the multi-criteria decision-making method of the trapezoidal fuzzy SWARA-COPRAS method, which can more accurately solve this kind of decision-making problem. The main content of this study is to obtain empirical data through questionnaires, understand five coal transportation companies, and investigate their qualifications, quality, service level, and cost. Then, according to the actual data investigated by coal transportation experts, coal transportation experts are selected to make group decision evaluation on these coal transportation companies and obtain the decision matrix, then use the model established in this paper to solve the problem, and finally achieve the objective evaluation results.



Aiming at the conflict of multi-finger standards and the increase in uncertain information regarding coal transportation companies, a multi-criteria decision-making method based on the trapezoidal fuzzy SWARA-COPRAS method is proposed. Trapezoidal fuzzy numbers are used to represent uncertainty and fuzziness, which improves the scientific and feasibility of decision making. In the actual selection process of coal transportation companies, for most of the index problems that need to be handled, it is difficult for us to obtain accurate and complete information. Generally, we can only obtain some fuzzy or even contradictory information to solve this kind of multi-criteria decision-making problem with fuzzy information. In this paper, trapezoidal fuzzy numbers are used to transform expert evaluation language values, and the trapezoidal fuzzy SWARA-COPRAS method is established by using the constraint properties of trapezoidal fuzzy numbers. To be closer to the actual decision-making situation, the weight of experts is objectively determined according to their expertise, experience, judgment, and relevant knowledge. The weight of each index is determined using the fuzzy SWARA method. The trapezoidal fuzzy COPRAS method determines the ranking of transportation companies. The trapezoidal fuzzy COPRAS method fully considers the trade-off between cost index and benefits index, which is very scientific and practical.



The results show that when a coal production enterprise in Hubei, China selects five coal transportation companies, the advantages and disadvantages are A3 > A1 > A4 > A2 > A5. The cost index value of coal transportation company A3 is 0.1371, which is higher than that of coal transportation companies A1, A2, and A4, but its benefit index is the highest and ranks first in the comprehensive ranking. The cost index value of the A4 coal transportation company is 0.0882, the lowest, but its benefit index value is not the best, ranking third and comprehensively ranking third. It shows that cost is not the only factor in the selection process and highlights the advantages and characteristics of the trapezoidal fuzzy SWARA-COPRAS method. At the same time, the sensitivity analysis of the calculation results is carried out, and the results are compared with those of other methods to verify the effectiveness and practicability of the method.



In future research, the following aspects can be studied. One is to consider the extension of the trapezoidal fuzzy set and use a triangular intuitionistic fuzzy set, a trapezoidal intuitionistic fuzzy set, and an interval intuitionistic fuzzy set to represent uncertainty and fuzziness, which is more in line with the objective reality. Second, other methods can be used to calculate the evaluation index weight of coal transportation companies. When calculating the weight of the evaluation index, it is highly dependent on subjective data. It can be considered to add the objective weight method of the evaluation index, and comprehensively weigh the subjective weight and objective weight method to obtain the comprehensive weight of the evaluation index. Third, coal production enterprises need to regularly evaluate coal transportation companies. The ranking of coal transportation companies is a dynamic process, not always unchanged. Therefore, coal production enterprises need to regularly organize experts to evaluate coal transportation companies to improve their competitiveness.
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Figure 1. Trapezoidal distribution image. 
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Figure 2. Sensitivity analysis of rankings by    Q i   . 
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Figure 3. Sensitivity analysis of rankings by    N i   . 
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Table 1. Linguistic terms for rating the importance of criteria and the decision makers.
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	Linguistic Terms
	Trapezoidal Fuzzy Number





	Extremely important (EI)
	(0.8, 0.9,1.0, 1.0)



	Very important (VI)
	(0.7, 0.8, 0.9, 1.0)



	Important (I)
	(0.6, 0.7, 0.8, 0.9)



	Middle(M)
	(0.4, 0.5, 0.6, 0.7)



	Unimportant (U)
	(0.2, 0.3, 0.4, 0.5)



	Very unimportant (VU)
	(0.1, 0.2, 0.3, 0.4)



	Extremely unimportant (EU)
	(0.0, 0.1, 0.2, 0.3)
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Table 2. Linguistic terms for rating the alternatives.
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	Linguistic Terms
	Trapezoidal Fuzzy Number





	Extremely Good (EG)/Extremely High (EH)
	(0.8, 0.9, 1.0, 1.0)



	Very Very Good (VVG)/Very Very High (VVH)
	(0.7, 0.8, 0.9, 1.0)



	Very good (VG)/Very High (VH)
	(0.6, 0.7, 0.8, 0.9)



	Good (G)/High (H)
	(0.5, 0.6, 0.7, 0.8)



	Medium Good (MG)/Medium-High (MH)
	(0.4, 0.5, 0.6, 0.7)



	Fair (F)/Medium (M)
	(0.3, 0.4, 0.5, 0.6)



	Medium Bad (MB)/Medium Low (ML)
	(0.2, 0.3, 0.4, 0.5)



	Bad (B)/Low (L)
	(0.1, 0.2, 0.3, 0.4)



	Very Bad (VB)/Very Low (VL)
	(0.0, 0.1, 0.2, 0.3)



	Very Very Bad (VVB)/Very Very Low (VVL)
	(0.0, 0.0, 0.1, 0.2)
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Table 3. The importance and weight of decision makers.
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	No.
	Working Years
	Education Level
	Weights





	Expert 1
	11
	PhD
	0.3684



	Expert 2
	20
	MSc
	0.2961



	Expert 3
	25
	MSc
	0.3355
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Table 4. The importance of evaluation indicators.
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	Index
	E1
	E2
	E3
	Aggregated Fuzzy number
	    Crisp   Values   P  (   C j   )     





	C1
	M
	S
	M
	(0.4592, 0.5592, 0.6592, 0.7592)
	0.6092



	C2
	VS
	S
	VS
	(0.6704, 0.7704, 0.8704, 0.9704)
	0.8204



	C3
	S
	M
	S
	(0.5408, 0.6408, 0.7408, 0.8408)
	0.6908



	C4
	ES
	VS
	VS
	(0.7368, 0.8368, 0.9368, 1.0000)
	0.8807
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Table 5. Weight values obtained using the SWARA method.
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	Index
	
	     s j     
	     k j     
	     q j     
	     w j     





	C4
	0.8807
	-
	1
	1
	0.2817



	C2
	0.8204
	0.0603
	1.0603
	0.9431
	0.2657



	C3
	0.6908
	0.1296
	1.1296
	0.8349
	0.2352



	C1
	0.6092
	0.0816
	1.0816
	0.7719
	0.2174
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Table 6. Linguistic assessments of company provided by the three experts.
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Company

	
A1

	
A2

	
A3

	
A4

	
A5






	
Experts

	
E1

	
E2

	
E3

	
E1

	
E2

	
E3

	
E1

	
E2

	
E3

	
E1

	
E2

	
E3

	
E1

	
E2

	
E3




	
C1

	
G

	
VG

	
G

	
MG

	
G

	
MG

	
VG

	
VVG

	
VG

	
MG

	
G

	
G

	
F

	
MG

	
MG




	
C2

	
MG

	
G

	
MG

	
F

	
MG

	
G

	
VG

	
G

	
VG

	
MG

	
F

	
MG

	
MG

	
MG

	
F




	
C3

	
VG

	
G

	
VG

	
G

	
G

	
MG

	
VG

	
VG

	
G

	
VG

	
G

	
G

	
VG

	
G

	
MG




	
C4

	
L

	
ML

	
M

	
ML

	
M

	
ML

	
MH

	
M

	
M

	
L

	
ML

	
ML

	
M

	
MH

	
MH
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Table 7. Aggregate decision matrix for selecting coal transportation companies.
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	A1
	A2
	A3
	A4
	A5





	C1
	(0.5296, 0.6296, 0.7296, 0.8296)
	(0.4296, 0.5296, 0.6296, 0.7296)
	(0.6296, 0.7296, 0.8296, 0.9296)
	(0.4632, 0.5632, 0.6632, 0.7632)
	(0.3632, 0.4632, 0.5632, 0.6632)



	C2
	(0.4296, 0.5296, 0.6296, 0.7296)
	(0.3967, 0.4967, 0.5967, 0.6967)
	(0.5704, 0.6704, 0.7704, 0.8704)
	(0.3704, 0.4704, 0.5704, 0.6704)
	(0.3665, 0.4665, 0.5664, 0.6664)



	C3
	(0.5704, 0.6704, 0.7704, 0.8704)
	(0.4665, 0.5664, 0.6664, 0.7665)
	(0.5664, 0.6664, 0.7665, 0.8664)
	(0.5704, 0.6704, 0.7704, 0.8704)
	(0.5033, 0.6033, 0.7033, 0.8033)



	C4
	(0.1967, 0.2967, 0.3967, 0.4967)
	(0.2296, 0.3296,

0.4296, 0.5296)
	(0.3368,0.4368, 0.5368, 0.6368)
	(0.1632, 0.2632, 0.3632, 0.4632)
	(0.3632, 0.4632, 0.5632, 0.6632)
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Table 8. Weighted aggregate decision matrix for selecting coal transportation companies.
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	A1
	A2
	A3
	A4
	A5





	C1
	(0.1151, 0.1369, 0.1586, 0.1804)
	(0.0934, 0.1151, 0.1369, 0.1586)
	(0.1369, 0.1586, 0.1804 0.2021)
	(0.1007, 0.224, 0.1442, 0.1659)
	(0.0790, 0.1007, 0.1224, 0.1442)



	C2
	(0.1141, 0.1407, 0.1673, 0.1939)
	(0.1054, 0.1320, 0.1585, 0.1851)
	(0.1516, 0.1781, 0.2047, 0.2313)
	(0.0984, 0.1250, 0.1516, 0.1781)
	(0.0974, 0.1239, 0.1505, 0.1771)



	C3
	(0.1342, 0.1577, 0.1812, 0.2047)
	(0.1097, 0.1332, 0.1567, 0.1803)
	(0.1332, 0.1567, 0.1803, 0.2038)
	(0.1342, 0.1577, 0.1812, 0.2047)
	(0.1184, 0.1419, 0.1654 0.1889)



	C4
	(0.0554, 0.0836, 0.1118, 0.1399)
	(0.0647, 0.0929,

0.1210, 0.1492)
	(0.0949,0.1231, 0.1512, 0.1494)
	(0.0460, 0.0741, 0.1023, 0.1305)
	(0.1023, 0.1305, 0.1586, 0.1868)
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Table 9. Final results and ranking orders.
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	Company
	     β  + i      
	    P  (   β  + i    )     
	     β  - i      
	    P  (   β  - i    )     
	     Q i     
	     Ν i   ( % )     
	Rank





	A1
	(0.3634, 0.4353, 0.5071, 0.5789)
	0.4712
	(0.0554, 0.0836, 0.1118, 0.1399)
	0.0977
	0.6015
	96.67
	2



	A2
	(0.3085, 0.3803, 0.4522, 0.5240)
	0.4163
	(0.0647, 0.0929, 0.1210, 0.1492)
	0.1069
	0.5353
	86.03
	4



	A3
	(0.4217, 0.4935, 0.5653, 0.6371)
	0.5294
	(0.0949,0.1231, 0.1512, 0.1494)
	0.1371
	0.6222
	100.00
	1



	A4
	(0.3333, 0.4051, 0.4769, 0.5487)
	0.4410
	(0.0460, 0.0741, 0.1023, 0.1305)
	0.0882
	0.5853
	94.07
	3



	A5
	(0.3095, 0.3814, 0.4532, 0.5250)
	0.4173
	(0.1023, 0.1305, 0.1586, 0.1868)
	0.1446
	0.5053
	81.22
	5
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Table 10. Comparison of results calculated using different methods.
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	Proposed Method
	TOPSIS
	CoCoSo
	MOORA
	MABAC





	A1
	2
	2
	2
	3
	2



	A2
	4
	4
	4
	4
	4



	A3
	1
	1
	1
	1
	1



	A4
	3
	3
	3
	2
	3



	A5
	5
	5
	5
	5
	5
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Table 11. Sensitivity rankings of    Q i   .
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	Scenarios
	
	A1
	A2
	A3
	A4
	A5
	Sort





	S1
	C(1,2)
	0.6063
	0.5369
	0.6251
	0.5898
	0.5052
	A3 > A1 > A4 > A2 > A5



	S2
	C(1,3)
	0.6008
	0.5346
	0.6233
	0.5834
	0.5017
	A3 > A1 > A4 > A2 > A5



	S3
	C(1,4)
	0.6155
	0.5454
	0.6512
	0.5918
	0.5182
	A3 > A1 > A4 > A2 > A5



	S4
	C(2,3)
	0.6058
	0.5374
	0.6221
	0.5914
	0.5114
	A3 > A1 > A4 > A2 > A5



	S5
	C(2,4)
	0.6034
	0.5373
	0.6285
	0.5854
	0.5086
	A3 > A1 > A4 > A2 > A5



	S6
	C(3,4)
	0.6135
	0.5443
	0.6402
	0.5950
	0.5241
	A3 > A1 > A4 > A2 > A5
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Table 12. Sensitivity rankings of    N i   ( % )   .
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	Scenarios
	
	A1
	A2
	A3
	A4
	A5
	Sort





	S1
	C(1,2)
	97.00
	85.89
	100
	94.35
	80.82
	A3 > A1 > A4 > A2 > A5



	S2
	C(1,3)
	96.38
	85.77
	100
	93.59
	80.49
	A3 > A1 > A4 > A2 > A5



	S3
	C(1,4)
	94.52
	83.76
	100
	90.88
	79.59
	A3 > A1 > A4 > A2 > A5



	S4
	C(2,3)
	97.38
	86.39
	100
	95.06
	82.21
	A3 > A1 > A4 > A2 > A5



	S5
	C(2,4)
	96.01
	85.49
	100
	93.15
	80.92
	A3 > A1 > A4 > A2 > A5



	S6
	C(3,4)
	95.83
	85.02
	100
	92.93
	81.87
	A3 > A1 > A4 > A2 > A5
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