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Abstract

:

This study focuses on carbon capture and distribution technology, which is a new approach to the solution of this problem. In order to use this technology more effectively, six significant criteria are defined by considering the essentials of the international Loss Control Institute and the supported literature. Moreover, the analytic network process (ANP) is applied for measuring the relative importance of each factor. The findings demonstrate that organizational factor has the greatest importance, whereas market factor is the weakest element. In addition, the education of the personnel is the most important criterion for low-cost industrial carbon dioxide capture and separation technologies. In this context, it is seen that companies need competent personnel in order to reduce the costs of these products. There are two types of strategies that companies can develop to achieve this goal. Firstly, it would be appropriate for companies to provide their staff with the necessary training on carbon capture and storage technologies. The second most important strategy is for the new personnel to be employed in the company. When choosing new employees, it is necessary to measure whether they have sufficient knowledge about this technology. These strategies will contribute to lower costs when developing products for carbon capture and storage technology.
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1. Introduction


One of the methods used to reduce the emission of carbon dioxide in the industry is capturing it before it enters the atmosphere [1]. When a fossil fuel burns, carbon combines with oxygen to form carbon dioxide gas [2]. In this process, it is possible to capture and store the carbon dioxide gas that is released. Thus, the problem of the emission of carbon dioxide gas can be minimized [3,4]. What is important here is that this process is costly. A significant technological investment is required for the separation of said gas. This situation increases the cost of generating energy. Therefore, companies may be reluctant to implement this technology [5,6].



It is vital that these technologies be implemented at a low cost. In this context, all the issues that create cost in this process should be examined in detail. For example, the development of the technological infrastructure of the company is important to decrease cost. In addition, the competence of the personnel who will use this technology should be ensured. Within this framework, competent personnel may be employed, or existing personnel may be provided with the necessary training [7].



In this study, we will examine how to reduce costs in the process of carbon dioxide capture and storage technology. For this purpose, first of all, the criteria necessary to reduce these costs will be determined. In this process, cost reduction methods specified by the International Loss Control Institute will be considered. On the other hand, the ANP method can be very helpful to define which criteria are more important. In this way, it will be possible to implement this technology, which is necessary to reduce the emission of carbon dioxide at a lower cost.



The most important difference in this study from the others is that the significance of a set of criteria is analyzed. The fact that this method has been used very little in the aforementioned subject increases the authenticity of the study. On the other hand, by using the ANP method, interdependency between the criteria can be taken into consideration. Another important contribution of this study is that it presents different alternatives to implement carbon capture and separation technologies more effectively. Moreover, more significant items are also identified. These results pave the way for companies to adopt this technology. Hence, this situation provides a positive contribution to the problem of the decrease in carbon emissions.




2. Literature Review


One of the most important issues in the literature regarding cost management is the technological competence of the company. Diefenbach et al. [8] stated that effective cost management has a significant effect on the performance of the organization. They argued that the most necessary issue in this process was to invest in the technology of the company. Ruiz-Rosa et al. [9] and Wouters et al. [10] addressed this issue for different sectors and stated that technologically sufficient companies could perform more efficient cost management. Sun [11] and Mo [12] also emphasize the importance of technological infrastructure in low cost management.



Another important issue in cost management is environmental factors. Henri et al. [13] and Papagiannis et al. [14] stated that it is not possible for a company to perform effective cost management when the environmental costs are high. Durán et al. [15] conducted a similar study within the framework of fuzzy logic. As a result, they argued that companies could not manage their costs very successfully in the event of uncertainty in the market. Ashraf and Uddin [16] examined underdeveloped countries in their studies and concluded that the taxes imposed by the state are the most effective issue in the cost management of companies.



Moreover, benchmarking is also accepted as an important factor in effective cost management. Xue et al. [17] conducted a study on effective cost management in the construction sector. In this process, it is stated that a company should compare its values with its competitors. Smith [18] also found that, as a result of a comparison with competitors, it is possible for a company to see possible errors in the cost management process. Botín and Vergara [19] emphasized that companies should compare themselves with the sector average. Schindler et al. [20] and Smith [21] made a study on different sectors such as construction and health and expressed the importance of the same issue.



Risk management is another important issue to reduce costs. Pheng [22] and Amir et al. [23] stated how the cost management of large projects can be performed. In these studies, where different sectors were analyzed, they stated that companies should bear more costs if they do not manage their risks effectively. Miguel et al. [24] emphasized that the most important element of effective cost management is the accurate definition of the risks of companies. On the other hand, Zhu et al. [25] performed a similar analysis using the Monte Carlo simulation technique. They found that companies can manage their costs more successfully when risks can be accurately identified and managed.



In the process of effective cost management, the quality of staff is another highlight. Zhou et al. [26] conducted a review on cost management in small- and medium-sized enterprises. It is stated that companies with competent personnel are more successful in cost management. Liu et al. [27] emphasized similar issues in their review. Similarly, Liu and Wen [28] also focused on effective cost management. In this study, it is stated that the most important element of effective cost management is the competence of the personnel. Therefore, it was concluded that the necessary training should be given to the personnel for this framework.



The International Loss Control Institute (ILCI) also focused on ways to minimize the costs. They considered many different factors at the same time and generated many different standards regarding cost minimization. In this context, first of all, one of the most important cost items is stated as human cost. In other words, if the personnel working in a company do not have the necessary competence, this will create a high amount of cost to the company in the long term. This is because these people work inefficiently, adversely affecting the performance of the company. Therefore, it has been determined by this institution, as a standard, to have effective personnel to reduce costs. In this context, the company offers two different opportunities. The company either provides good training to its existing employees or makes sure that the new personnel have these qualifications.



Another standard created by the ILCI to reduce costs is a company’s technological infrastructure. This standard is described under the name of technical feasibility and is of vital importance for the company. Especially in recent years, technology is advancing rapidly. This situation affects the productivity of companies in particular. It is stated that companies that can adapt to this developing technology can be more successful in reducing their costs. The need for market recognition is another issue emphasized by the ILCI for this purpose. The agency stated that the damage to the brand of a company is one of the biggest risks for a company. In this context, it is underlined that companies need to know their markets well in order to reduce their costs. In this context, it will be appropriate to determine the current situation of the company by making comparisons with important competitors in the market. In this case, the early detection of potential problems will help in taking timely action. In addition, it is possible to avoid unnecessary costs in the products produced by effectively determining customer expectations. The cost reduction criteria resulting from the analysis of similar studies in the literature are in line with the standards established by the ILCI [29,30].



Carbon capture technologies were also discussed in the literature by many different researchers. The main purpose of these technologies is to capture, store and maintain the released carbon dioxide [31]. Thus, it is possible to greatly reduce greenhouse gas emission and to slow down climate changes. A significant portion of the studies focused on the effects of these technologies on reducing carbon emissions [32,33]. In these studies, it has been mentioned that environmental pollution will be significantly reduced thanks to carbon capture and storage technologies. Another point emphasized in these studies is that this situation will have an impact on the social and economic development of a country [34]. In an environment without air pollution, people will be less sick. In this way, labor force participation in the country will be higher. This will contribute to the development of industry. On the other hand, it may also be possible to reduce healthcare costs in a country where disease rates are falling [35].



Some of the researchers who consider carbon capture technologies have focused on the costs of this technology. Thanks to this technology, the resulting carbon gas will be captured without being released into the atmosphere by an application. This captured carbon gas is then stored appropriately [36]. Oil and gas wells, coal deposits and oceans are alternatives that can be used for storage [37]. As can be seen, the implementation of this technology is very costly. Therefore, it is obvious that companies will not want to use this application unless the costs of carbon capture technology are reduced [38]. In such research, it has been argued that, in general, it should be focused on cost-cutting applications in carbon capture technology. In this context, it has been argued that low-cost applications should be learned quickly by following current technologies [39,40].



The results of the literature review indicate that cost management is handled from many different perspectives. These studies have often sought to determine which issues are important to minimize the costs. In these studies, case studies were generally considered as the methodology. In some studies, econometric methods such as regression and Monte Carlo analysis were preferred. A new study in which cost management will be addressed in a different way would be very useful. In our study, cost management in carbon dioxide capture technologies is discussed. For this purpose, the ANP method was used. Therefore, the aim of the study is to satisfy this need.




3. Methodology of the Analytic Network Process


The method of the analytic network process (ANP) is a widely known pairwise comparison technique among the multi-criteria decision-making models [41]. This technique has several advantages by using the comparisons of factors and sub-factors with the possible interdependencies. The method could be summarized in the following steps as in [42].



The first step of the ANP is to determine the linguistic scales and values for the pair-wise comparison [43]. There are several linguistic scales for defining the weights, entitled “equally”, “moderately”, “essentially”, “very strongly” and “extremely important” as the numbers of importance from 1 to 9, respectively.



The second step is to define the comparison matrix. Pair-wise comparisons among the factors are illustrated with the scales and constructed in Equation (1).


  A =  [       a  11        a  21        a  13         ⋯     a  1 n          a  21        a  22        a  23         ⋯     a  2 n          a  31        a  32        a  33         ⋯     a  3 n        ⋮   ⋮   ⋮   ⋱      ⋮       a  n 1        a  n 2        a  n 3         ⋯     a  n n        ]   



(1)






   a  i j   =  1   a  j i     ,    a  i i   = 1 ,    a  i j   > 0    



(2)







In this equation,    a  i j     is the pair-wise comparison evaluation among the related factors and   i , j = 1 , 2 , … n  . Additionally, n represents the number of criteria.



The third step is to calculate the eigenvector of each comparison. The value is provided by Equation (3).


  A w =  λ  m a x   w  



(3)




where w is the priority vector and    λ  m a x     is the major eigenvalue of matrix A.



The fourth step is to compute the consistency index (CI). The index is obtained with Equation (4).


  C I =    λ  m a x   − n   n − 1      



(4)







The fifth step is to test the consistency. The consistency ratio (CR) is used with Equation (5) [44].


  C R =   C I   R I      



(5)







The sixth step is to select the value of the random index (RI) [45]. The values are defined according to the number of criteria. In this study, the values of 0.58 and 1.24 are defined for the pair-wise comparison matrices with three and six criteria, respectively. If the consistency ratio is less than 0.1, it is assumed that the evaluations of the pair-wise comparison matrix are appropriate. In other cases, the evaluations are revised until the consistency ratio is limited in the value of 0.1. The seventh step is to construct the supermatrix. Unweighted values are converted to the weighted and limit matrix properly by Equation (6) [46]. Limiting powers are applied to the super matrix until the weights of the criteria are stable [47,48].


       C 1     ⋯     C k      ⋯      C n           C 1       e  11      e  12      ⋯  e  1 m 1     ⋯    e  n 1      e  n 2     ⋯  e  n m n                  e  11              W =      ⋮         e  12            ⋮            C k       e  1 m 1         ⋮           ⋮          e  n 1              e  n 2              C n      ⋮        e  n m n              [       w  11        w  21        w  13         ⋯     w  1 n          w  21        w  22        w  23         ⋯     w  2 n          w  31        w  32        w  33         ⋯     w  3 n        ⋮   ⋮   ⋮   ⋱      ⋮       w  n 1        w  n 2        w  n 3         ⋯     w  n n        ]        



(6)








4. Results


This analysis includes the factors that affect the cost of carbon capture technologies. Factors and sub-factors are generated by the essentials of the International Loss Control Institute and the supported literature. The method of the analytic network process is applied for measuring the relative importance of each factor and sub-factors under the assumption of the interdependencies among them. The factors and sub-factors are given in Table 1.



As can be seen from Table 1, three different factors and six different sub-factors related to cost reduction were determined in carbon capture technologies. These issues contribute to the reduction of costs. Carbon emission is a very significant problem which affects countries negatively in both social and economic manners. Hence, this problem should be eliminated. Carbon capture technology is a way to avoid this problem, but some factors should be taken into consideration to have effective carbon capture technology. Education is one of the most important criteria in this process [26]. Carbon capture technologies are very complex and require specific information. Therefore, it will be possible to reduce the costs during the implementation of this technology through the training of personnel [27]. In other words, with the help of necessary education, it can be much easier to implement this technology. On the other hand, ensuring the effectiveness of the personnel in the working environment will help to reduce costs in this process [28]. The main reason for this is that the costs are minimized in an environment where personnel work effectively. Thus, companies should give priority to improving the qualifications of the personnel. In this regard, necessary education should be defined and they should be provided for the personnel.



Technological factors also help to reduce costs in the implementation of carbon capture technologies. Technological advances enable a product to be produced more easily. This is more important for carbon capture technologies [8]. Because of this situation, companies should make necessary investments to improve their engineering knowledge. Otherwise, it will be very difficult to be successful in the implementation of carbon capture technologies. As mentioned earlier, the implementation of these technologies is quite complex and difficult. A strong technological infrastructure of a company plays an important role in this process, which requires significant engineering skills [11]. In this context, companies with a strong technological infrastructure are expected to realize the process of applying carbon capture technologies at a lower cost.



In addition to the aforementioned issues, market conditions are another factor that stands out in this process. If a company wants to reduce its cost, it must first know its market very well. The prerequisite for getting to know the market closely is to follow the competitors [18]. In this context, it is important for companies to compare themselves with their most important competitors. In this way, companies will be able to see where they are compared to their competitors. This will contribute to the early detection of a possible problem. This is especially important for complex technologies such as carbon capture [19]. When companies compare themselves periodically with their competitors, they will also be able to master the technological developments in the market. On the other side, socio-demographic competencies are also very important in this regard. The main reason for this is that the public’s environmental awareness has an effect on this technology. Companies may have to take measures to reduce carbon emissions if the public is sensitive to the environment in a particular country. Carbon capture and storage technology will also play a very important role in meeting the expectations of people who are sensitive to the environment. In the following process, the pair-wise comparison matrices are constructed. In this framework, the evaluations of three decision makers are taken into account. These people have more than 15 years of experience in this area. Table 2 represents the results for the pair-wise comparison of factors with respect to sub-factors.



In this table, PCV represents pair-wise comparison values. Additionally, normalized values are given as NV. On the other side, the results for the pair-wise comparison of sub-factors with respect to each factor are demonstrated in the Appendix A (Table A1, Table A2 and Table A3). At the final step, the limit matrix is generated, as seen in Table 3.



The final results show that the organizational factor (factor 1) has the highest importance, with 40.5%, while the market factor (factor 3) is the weakest element with 26.2%. However, training (sub-factor 1), personnel efficiency (sub-factor 2), engineering improvements (sub-factor 3), technological infrastructure (sub-factor 4), benchmarking (sub-factor 5) and socio-demographic competencies (sub-factor 6) are listed consecutively, and it is seen that the sub-factor of training is the most important factor, relatively, and the socio-demographic sub-factor has the last seat according to the weighting results.



These results indicate that education has the most importance (0.326). Similarly, personnel competence is another important factor in effective cost management (0.232). Based on these issues, it was concluded that the criteria of organizational factors (factor 1) are the most important. While the criteria regarding the technological dimension (factor 2) are in the middle rankings, the criteria for the market (factor 3) have the lowest importance weight.



When the analysis results are taken into consideration, the quality of the personnel should be given priority in order to reduce costs in carbon dioxide capture technologies. In this context, since the carbon dioxide capture process involves complex steps, it would be appropriate to provide extensive training to existing personnel. In this way, the risk of personnel error can be minimized. Another application to achieve this goal is to employ personnel who know this technology. In this way, it will be possible to reduce training costs. In summary, it is important either to increase the level of training of existing personnel or to employ experienced personnel. Otherwise, the costs required for companies will be increased.



This result is parallel to many studies in the literature. For example, Zhou et al. [26] sought answers to the question of how to reduce costs in small- and medium-sized enterprises. In this context, they considered many different criteria. As a result, they stated that the training to be provided to the personnel will contribute to the reduction of costs in the long term. Moreover, Liu et al. [27] also focused on cost management by conducting a survey analysis with many different companies. According to the results of the analysis, it was determined that cost management can be more effective if the training given to the personnel are correct and in place. This situation was also discussed in some studies related to carbon capture technologies, such as [31,32].




5. Conclusions


In this study, it was investigated how effective cost management will be in carbon dioxide capture technologies. First, six different criteria were identified that could affect these costs. In this process, the relevant criteria were selected considering the factors determined by the International Loss Control Institute. An analysis was performed using the ANP method in order to determine which of these criteria had more importance. According to the results of the analysis, organizational factors are the most important. However, technical factors are second. On the other hand, market factors were found to be least important.



On the other side, with respect to the criteria, it is concluded that training is the most significant factor that affects the effectiveness of the carbon capture technologies. Similarly, it is also identified that personnel efficiency also plays an important role within this framework. In addition to this situation, it is also determined that engineering improvements and technological infrastructure are also essential for this condition. Nevertheless, it is also seen that benchmarking and socio-demographic competencies have lower weights in comparison with the others.



The most important contribution of this study from the others is that the significance of the set of criteria is analyzed. Another important contribution of this study is related to the methodology. In this context, by using the ANP method, the interdependency between the criteria can be taken into consideration. On the other side, there are also some criticisms for the ANP methodology. The main reason is that the inner dependency between the variables are defined subjectively. This situation increases the uncertainty in the analysis. Another important contribution of this study is that it presents different alternatives to implement carbon capture and separation technologies more effectively. Furthermore, more significant items are also identified as a result of the analysis. These results may lead companies to adopt this technology more easily. Owing to this issue, it can be said that this situation has a positive contribution to the problem of the decrease of carbon emissions.



The main limitation of this study is that it focuses only on carbon dioxide retention technologies for reducing carbon dioxide emissions. In future studies, different methods can be analyzed according to their importance in order to reduce the mentioned problem. For example, new technological improvements to reduce the cost of carbon capture and separation technologies can be evaluated. On the other hand, the methodologies used, especially in recent years, can be used in new studies. In this way, it will be possible to avoid the problem of carbon dioxide emissions, which has negative effects on both the economy and environment. On the other side, in this study, the weights of the dimensions and criteria are only calculated. The exact effect can be calculated with regression analysis. In future studies, this analysis can be performed.
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Table A1. The results for the pair-wise comparison of sub-factors with respect to factor 1.






Table A1. The results for the pair-wise comparison of sub-factors with respect to factor 1.





	
Sub-Factors

	
Pairwise Comparison Values

	
Normalized Values

	
E.V

	
CI

	
CR




	
S.F1

	
S.F2

	
S.F3

	
S.F4

	
S.F5

	
S.F6

	
S.F1

	
S.F2

	
S.F3

	
S.F4

	
S.F5

	
S.F6






	
Training (sub-factor1)

	
1.00

	
3.00

	
2.00

	
3.00

	
3.00

	
3.00

	
0.35

	
0.54

	
0.32

	
0.29

	
0.17

	
0.30

	
0.329

	
0.075

	
0.060




	
Personnel efficiency (sub-factor 2)

	
0.33

	
1.00

	
2.00

	
3.00

	
5.00

	
2.00

	
0.12

	
0.18

	
0.32

	
0.29

	
0.28

	
0.20

	
0.232




	
Engineering improvements (sub-factor 3)

	
0.50

	
0.50

	
1.00

	
2.00

	
5.00

	
2.00

	
0.18

	
0.09

	
0.16

	
0.19

	
0.28

	
0.20

	
0.183




	
Technological infrastructure (sub-factor 4)

	
0.33

	
0.33

	
0.50

	
1.00

	
3.00

	
1.00

	
0.12

	
0.06

	
0.08

	
0.10

	
0.17

	
0.10

	
0.104




	
Benchmarking (sub-factor 5)

	
0.33

	
0.20

	
0.20

	
0.33

	
1.00

	
1.00

	
0.12

	
0.04

	
0.03

	
0.03

	
0.06

	
0.10

	
0.062




	
Socio-demographic competencies (sub-factor 6)

	
0.33

	
0.50

	
0.50

	
1.00

	
1.00

	
1.00

	
0.12

	
0.09

	
0.08

	
0.10

	
0.06

	
0.10

	
0.090
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Table A2. The results for the pair-wise comparison of sub-factors with respect to factor 2.






Table A2. The results for the pair-wise comparison of sub-factors with respect to factor 2.





	
Sub-Factors

	
Pairwise Comparison Values

	
Normalized Values

	
E.V

	
CI

	
CR




	
S.F1

	
S.F2

	
S.F3

	
S.F4

	
S.F5

	
S.F6

	
S.F1

	
S.F2

	
S.F3

	
S.F4

	
S.F5

	
S.F6






	
Training (sub-factor 1)

	
1.00

	
3.00

	
3.00

	
5.00

	
7.00

	
9.00

	
0.47

	
0.58

	
0.40

	
0.30

	
0.38

	
0.32

	
0.409

	
0.113

	
0.091




	
Personnel efficiency (sub-factor 2)

	
0.33

	
1.00

	
3.00

	
3.00

	
3.00

	
7.00

	
0.16

	
0.19

	
0.40

	
0.18

	
0.16

	
0.25

	
0.224




	
Engineering improvements (sub-factor 3)

	
0.33

	
0.33

	
1.00

	
7.00

	
5.00

	
5.00

	
0.16

	
0.06

	
0.13

	
0.42

	
0.27

	
0.18

	
0.204




	
Technological infrastructure (sub-factor 4)

	
0.20

	
0.33

	
0.14

	
1.00

	
2.00

	
3.00

	
0.09

	
0.06

	
0.02

	
0.06

	
0.11

	
0.11

	
0.076




	
Benchmarking (sub-factor 5)

	
0.14

	
0.33

	
0.20

	
0.50

	
1.00

	
3.00

	
0.07

	
0.06

	
0.03

	
0.03

	
0.05

	
0.11

	
0.058




	
Socio-demographic competencies (sub-factor 6)

	
0.11

	
0.14

	
0.20

	
0.33

	
0.33

	
1.00

	
0.05

	
0.03

	
0.03

	
0.02

	
0.02

	
0.04

	
0.030











[image: Table] 





Table A3. The results for the pair-wise comparison of sub-factors with respect to factor 3.






Table A3. The results for the pair-wise comparison of sub-factors with respect to factor 3.





	
Sub-Factors

	
Pairwise Comparison Values

	
Normalized Values

	
E.V

	
CI

	
CR




	
S.F1

	
S.F2

	
S.F3

	
S.F4

	
S.F5

	
S.F6

	
S.F1

	
S.F2

	
S.F3

	
S.F4

	
S.F5

	
S.F6






	
Training (sub-factor 1)

	
1.00

	
2.00

	
1.00

	
1.00

	
2.00

	
2.00

	
0.22

	
0.40

	
0.19

	
0.15

	
0.18

	
0.17

	
0.217

	
0.080

	
0.065




	
Personnel efficiency (sub-factor 2)

	
0.50

	
1.00

	
1.00

	
3.00

	
3.00

	
3.00

	
0.11

	
0.20

	
0.19

	
0.44

	
0.27

	
0.25

	
0.243




	
Engineering improvements (sub-factor 3)

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
3.00

	
0.22

	
0.20

	
0.19

	
0.15

	
0.09

	
0.25

	
0.183




	
Technological infrastructure (sub-factor 4)

	
1.00

	
0.33

	
1.00

	
1.00

	
3.00

	
2.00

	
0.22

	
0.07

	
0.19

	
0.15

	
0.27

	
0.17

	
0.177




	
Benchmarking (sub-factor 5)

	
0.50

	
0.33

	
1.00

	
0.33

	
1.00

	
1.00

	
0.11

	
0.07

	
0.19

	
0.05

	
0.09

	
0.08

	
0.098




	
Socio-demographic competencies (sub-factor 6)

	
0.50

	
0.33

	
0.33

	
0.50

	
1.00

	
1.00

	
0.11

	
0.07

	
0.06

	
0.07

	
0.09

	
0.08

	
0.081
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Table 1. Factors of sustainable low-cost industrial CO2 capture and separation technologies.
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Factors

	
Sub-Factors

	
Supported Literature






	
Organizational (factor 1)

	
Training (sub-factor 1)

	
Zhou et al. [26]; Liu et al. [27]




	
Personnel efficiency (sub-factor 2)

	
Liu and Wen [28]; Zhou et al. [26]




	
Technical (factor 2)

	
Engineering improvements (sub-factor 3)

	
Diefenbach et al. [8]; Ruiz-Rosa et al. [9]




	
Technological infrastructure (sub-factor 4)

	
Wouters et al. [10]; Sun [11]; Mo [12]




	
Market (factor 3)

	
Benchmarking (sub-factor 5)

	
Xue et al. [17]; Smith [18]; Botín and Vergara [19]




	
Socio-demographic competencies (sub-factor 6)

	
Henri et al. [13]; Papagiannis et al. [14]; Durán et al. [15]
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Table 2. The results for the pair-wise comparison of factors with respect to sub-factors.
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For Sub-factor 1

	
Factors

	
PCV

	
NV

	
E.V

	
CI

	
CR




	
F1

	
F2

	
F3

	
F1

	
F2

	
F3




	
Organizational (factor 1)

	
1.00

	
3.00

	
3.00

	
0.60

	
0.67

	
0.50

	
0.589

	
0.027

	
0.046




	
Technical (factor 2)

	
0.33

	
1.00

	
2.00

	
0.20

	
0.22

	
0.33

	
0.252




	
Market (factor 3)

	
0.33

	
0.50

	
1.00

	
0.20

	
0.11

	
0.17

	
0.159




	
For Sub-factor 2

	
Factors

	
PCV

	
NV

	
E.V

	
CI

	
CR




	
F1

	
F2

	
F3

	
F1

	
F2

	
F3




	
Organizational (factor 1)

	
1.00

	
2.00

	
5.00

	
0.59

	
0.60

	
0.56

	
0.581

	
0.002

	
0.003




	
Technical (factor 2)

	
0.50

	
1.00

	
3.00

	
0.29

	
0.30

	
0.33

	
0.309




	
Market (factor 3)

	
0.20

	
0.33

	
1.00

	
0.12

	
0.10

	
0.11

	
0.110




	
For Sub-factor 3

	
Factors

	
PCV

	
NV

	
E.V

	
CI

	
CR




	
F1

	
F2

	
F3

	
F1

	
F2

	
F3




	
Organizational (factor 1)

	
1.00

	
0.33

	
0.14

	
0.09

	
0.08

	
0.10

	
0.088

	
0.004

	
0.006




	
Technical (factor 2)

	
3.00

	
1.00

	
0.33

	
0.27

	
0.23

	
0.23

	
0.243




	
Market (factor 3)

	
7.00

	
3.00

	
1.00

	
0.64

	
0.69

	
0.68

	
0.669




	
For Sub-factor 4

	
Factors

	
PCV

	
NV

	
E.V

	
CI

	
CR




	
F1

	
F2

	
F3

	
F1

	
F2

	
F3




	
Organizational (factor 1)

	
1.00

	
0.14

	
0.33

	
0.09

	
0.11

	
0.05

	
0.083

	
0.033

	
0.057




	
Technical (factor 2)

	
7.00

	
1.00

	
5.00

	
0.64

	
0.74

	
0.79

	
0.724




	
Market (factor 3)

	
3.00

	
0.20

	
1.00

	
0.27

	
0.15

	
0.16

	
0.193




	
For Sub-factor 5

	
Factors

	
PCV

	
NV

	
E.V

	
CI

	
CR




	
F1

	
F2

	
F3

	
F1

	
F2

	
F3




	
Organizational (factor 1)

	
1.00

	
5.00

	
3.00

	
0.65

	
0.56

	
0.69

	
0.633

	
0.019

	
0.033




	
Technical (factor 2)

	
0.20

	
1.00

	
0.33

	
0.13

	
0.11

	
0.08

	
0.106




	
Market (factor 3)

	
0.33

	
3.00

	
1.00

	
0.22

	
0.33

	
0.23

	
0.260




	
For Sub-factor 6

	
Factors

	
PCV

	
NV

	
E.V

	
CI

	
CR




	
F1

	
F2

	
F3

	
F1

	
F2

	
F3




	
Organizational (factor 1)

	
1.00

	
0.20

	
0.33

	
0.11

	
0.13

	
0.08

	
0.106

	
0.019

	
0.033




	
Technical (factor 2)

	
5.00

	
1.00

	
3.00

	
0.56

	
0.65

	
0.69

	
0.633




	
Market (factor 3)

	
3.00

	
0.33

	
1.00

	
0.33

	
0.22

	
0.23

	
0.260
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Table 3. Limit matrix.
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	Sub-Factor 1
	Sub-Factor 2
	Sub-Factor 3
	Sub-Factor 4
	Sub-Factor 5
	Sub-Factor 6
	Factor 1
	Factor 2
	Factor 3





	Sub-factor 1
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.326
	0.326
	0.326



	Sub-factor 2
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.232
	0.232
	0.232



	Sub-factor 3
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.190
	0.190
	0.190



	Sub-factor 4
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.114
	0.114
	0.114



	Sub-factor 5
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.070
	0.070
	0.070



	Sub-factor 6
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.068
	0.068
	0.068



	Factor 1
	0.405
	0.405
	0.405
	0.405
	0.405
	0.405
	0.000
	0.000
	0.000



	Factor 2
	0.333
	0.333
	0.333
	0.333
	0.333
	0.333
	0.000
	0.000
	0.000



	Factor 3
	0.262
	0.262
	0.262
	0.262
	0.262
	0.262
	0.000
	0.000
	0.000
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