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Abstract:



A complete framework for assessing a green project management has not been clearly identified in prior literature. The purpose of this paper is to develop a set of dimensions and criteria for evaluating a green project management. An integrated approach combining the decision making trial and evaluation laboratory (DEMATEL) and the analytical network process (ANP) is used to determine the interrelationship structure and priority of each dimension and each criterion in a green project management. Six dimensions and twenty-four criteria of a green project management are identified based on related research in the fields of environmental sustainability and supply chain management. The empirical results show the interrelationship structure and priority of each dimension and each criterion in a green project management. The findings of this study provide important implications for both managerial managers and academic researchers.
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1. Introduction


Environmental sustainability has become increasingly a key focus attention to both society and business firms as regulatory requirements tighten and customer demands change [1]. Consumers have changed their views and interests in the products they buy. Environmental friendly products and services are primarily placed in the first order of consumers’ preferences [2]. Investors and shareholders are likely to invest more resources in socially responsible firms [3]. Government agency and community also favor companies that integrate environmental sustainability into their business operations [4]. As a result, many companies have embraced environmental issue into their long-term strategy [1]. This environmentally oriented strategy is of ultimate importance for sustainable corporate success, which helps firms obtain legitimacy, competitiveness, and economic performance [5].



Going green requires firms’ long-term commitment to pollution prevention, green product development, and clean technology [6,7]. Recently, the attention of corporate environmental strategy has been shifting from pollution prevention and clean technology to green product innovation [1]. This shift, due to sustainable products, can help firms develop new markets, improve corporate image, increase efficiency of resource allocation, and enhance competitive advantages [8]. In literature, investigations on environmental sustainable strategy often give more focus on green product design [9], clean production processes [10], organization environmental management system [11], and green supply chain management [12]. However, these research attentions have largely ignored the importance of green project management in the firms’ environmental strategies [13].



The success of environmental strategies depends largely on the success of green project management because it integrates all aspects of organization into a series of activities to obtain sustainable objectives [14]. For example, pollution prevention project involves in structural changes in the production process, which aims at reducing pollution at the source of the product [15]. This type of project deals with the production technology and the supply chain to ensure pollution reduction. It involves multiple departments such as engineering, marketing, production, and other stakeholders in the project [13]. By contrast, green management system project refers to infrastructure changes in the organization, which aims at reducing pollution at the root through procedural changes or different ways of conducting the operations [15]. These two types of environmental projects require the integration of both organizational and technological interactions between different steps to complete a green project [16]. Furthermore, the benefits of green project management reflect on the improvement of productivity, competitiveness, and innovative products and services [17]. However, the success of green project management often relies on project complexity, which is determined by a number of elements [17]. This set of elements and their interrelation are important in evaluating the performance of a green project management [16]. Unfortunately, none of the previous studies have clearly identified a complete set of elements for evaluating green project management [6,7,8,9,10,11,12,13,14,15,16,17]. This scant research attention provides very little references for project management researchers and business practitioners [13].



This research aims at enrich the environmental sustainability literature by developing criteria for assessing green project management. The contributions of this study are as follows. First, this study integrates environmental research and green supply chain management literature to propose a complete set of dimensions and criteria for evaluating green project management. A combination of the decision making trial and evaluation laboratory (DEMATEL) and the analytical network process (ANP) methods is used to determine the importance of each criterion and the interrelation among these criteria. Based on this framework, project managers can understand the priority and relationship among elements of a green project. Consequently, they can enhance efficiency and effectiveness and reduce risk in their decision making process. Second, this study provides direction for project managers to plan a complete framework of a green project management, which is used for dealing with cross functional units and/or cross organizations in a project. Project managers and partners can enhance their coordination and integration in order to complete their green projects. Third, the framework of green project management in this study can be viewed as an effective technique that helps firms introduce green practices and improve their environmental performance.



In the next section, the literature review is discussed in order to identify the dimensions and criteria for a green project management. Then, the research methodology is presented. Finally, the empirical analysis is carried out and the main findings are discussed.




2. Literature Review


2.1. Green Project Management


Over the past decades, environmental change has led to many challenges to business firms [1]. A wide range of factors such as institutional forces, stakeholder pressures, and organizational resources and cultural factors have driven firms to be more environmentally oriented [3]. Several studies have discussed green manufacturing, which emphasizes on practices and resources deployed by firms to address environmental challenges [18,19,20,21]. For example, Rehman et al. [18] investigated the impact of green manufacturing practices on organizational performance. Salem and Deif [19] adopted Geometric Mean Method (GMM) and Data Envelopment Analysis (DEA) to assess the greenness level of cross industries and intra-industries layer. Wong et al. [20] examined the role of green operations and the effect of environmental management capability of suppliers on firm performance. Jonrinaldi and Zhang [21] proposed a model to integrate production, inventory and transportation decision in a whole green manufacturing supply chain.



Green manufacturing mainly deals with clean technology, pollution prevention and reduction, and green management systems [22,23]. These aspects of green manufacturing often refer to activities in production process, product design, quality management, and green supply chain [24,25,26]. Besides, green project management is another important aspect of green manufacturing in coping with environmental issues [13]. Green project involves in a bundle of different green practices. The production of green products and services of large scales is typically undertaken on a green project basis [27]. For example, green purchasing and material management projects are engaged in green supply chain [26] or pollution prevention and reduction project is embraced in the total quality management [28]. The definition of green project management ranges from simple green purchasing and procurement to integration of clean production process, total quality environmental management, and green supply chain [26]. Thus, green project management is a broad concept that deals with every aspect of environmental strategies to lowering environmental impact and increasing ecological efficiency [13,29].




2.2. Green Project Management Evaluation


Sarkis [28] suggested green practices should be assessed in five major components, which include total quality environmental management, green design, green supply chain, life cycle analysis, and ISO 14000 environmental management systems. Kolk and Pinkse [30] identified environmental measures in a number of dimensions, including process improvement, product development, new product and market combination, internal transfer of emission reductions, acquisition of emission credits and supply chain. Humphreys, Wong and Chan [31] categorized environmental criteria into two groups: quantitative environmental criteria and qualitative environmental criteria. Albino et al. [1] also indicated that environmental evaluation should focus on both process and organizational levels. The process orientation emphasizes clean production while the organizational orientation highlights environmental management system. Chan et al. [3] proposed two types of environmental orientation, internal and external. Internal environmental orientation refers to firms’ internal commitment to environmental protection. External environmental orientation concerns the environmental requirements of external stakeholders. Thoumy and Vachon [13] suggested that environmental projects should be evaluated in terms of project complexity, which can be viewed as the degree of interactions between structural changes in technology and infrastructure changes in organizational management systems. Among all these above studies, however, most of them only focused on environmental view point as a whole and did not consider green project management as an integration basis. In a comprehensive view of environmental strategy, assessing green project management is important because green project management contributes to the success of a firm’s environmental strategy and financial return [13,32]. Therefore, based on the above studies and prior research in the environmental sustainability literature [3,23,26,33,34], green project management is evaluated by three constructs in this study: process, organization, and environment. Process construct involves internal and external aspects of production process and clean technology [13]. Organization construct emphasizes environmental management systems, which deals with internal firm (e.g., policy, structure, management, and performance) and external firm (e.g., stakeholders and suppliers) [1,35]. Environment construct focuses on managerial commitment and recognition of the interrelation between firms and environment [3,23]. The details of dimensions and criteria for evaluating green project management are presented in Table 1.



Table 1. Dimensions and criteria for green project management evaluation.







	
Process Construct




	
Internal process




	

	
Recycle of excessive inventory materials



(e.g., recycle and reinvestment of input materials, components, and equipment, etc.).



	
Expired products and waste materials management



(e.g., recycle and reinvestment of expired products, components, and materials, etc.).



	
Green process management



(e.g., life cycle analysis, pollution prevention and reduction, design for the environment, etc.).



	
Uncertainty of technology



(e.g., control and prevent the uncertainty of technology, etc.).



	
New technology adoption



(e.g., new green technology adoption, new green equipment, etc.).









	
External process




	

	
Selection of environmentally oriented partners



(e.g., partners are selected for environmental product design, ISO14001 certificate, etc.).



	
Green supply management



(e.g., green quality of suppliers, green technology capability of suppliers, etc.).



	
Customer cooperation



(e.g., cooperation with customer for eco-design, green packaging, using less production transportation, etc.).









	
Organization Construct




	
Internal organization




	

	
Cooperation between green project team



(e.g., vertical and horizontal coordination between members of green project team, etc.).



	
Size of green project team



(e.g., number of members, etc.).



	
Organizational structure and policy



(e.g., environmental policy, green oriented organizational structure development, etc.).



	
Management commitment



(e.g., support of top managers, etc.).



	
Corporate performance



(e.g., after tax returns on investment, sales growth, earning growth, market share change, etc.).









	
External organization




	

	
Stakeholder management



(e.g., number of shareholders, power and influence, conflict between stakeholders, etc.).



	
Size of suppliers



(e.g., number of suppliers, sizes of suppliers, etc.).



	
Green competitiveness of suppliers



(e.g., suppliers can enhance the quality of supply chain management, increase corporate social responsibility in the supply chain, upgrade environmental management systems of the supply chain, etc.).









	
Environment Construct




	
Internal environment




	

	
Environmental investment



(e.g., green manufacturing investment, pollution prevention technology investment, etc.).



	
Location of the firms



(e.g., convenience of the firms’ location, ease of resource acquisition, etc.).



	
Size of community



(e.g., population of the community, area of the community, etc.).



	
Implementation of environmental management systems



(e.g., ISO14001 certificate, etc.).









	
External environment




	

	
Market competitive intensity



(e.g., market growth rate change, degree of responsiveness to market change, etc.).



	
Regulatory pressure from government



(e.g., environmental policies, corporate social responsibility regulations, etc..).



	
Climate change



	
Uncertainty risk



(e.g., risks from changes in consumers’ preferences, competitors, etc.).













Sources: [1,3,13,23,26,28,30,31,32,33,34].










3. Method


3.1. Data Collection


The data of this study were collected though two phases. In the first phase, ten experts in the project management of green energy industry were invited to confirm the constructs, dimensions and criteria for evaluating a green project management (the average tenure of these experts in their fields is 7 years). After combining the suggestions of all these experts, the final framework for green project management was confirmed with 6 dimensions and 24 criteria (as presented in Table 1). In the second phase, a questionnaire was designed based on the DEMATEL and ANP methods (discussed in the following section). An example of the questionnaires can be seen in Appendix A and Appendix B, respectively. Then, the questionnaires were delivered to 10 project managers from the green energy industry. After removing three incomplete questionnaires, a final sample of 7 complete questionnaires was used for the analysis.




3.2. Integrated Approach of DEMATEL and ANP


According to prior literature on DEMATEL (decision making trial and evaluation laboratory) and ANP (analytical network process) methods [36,37,38,39,40]. An integrated approach of DEMATEL and ANP is used in this study. ANP is a good traditional approach which helps decision makers deal with both dependence of criteria within a cluster and among different clusters. However, these criteria are often interdependent and are difficult to acquire individual weights [41]. Therefore, we use DEMATEL method to construct a causal network structure among all dimensions and criteria of green project management, and then we adopt ANP approach to prioritize the ranking of weighting in all criteria based on this causal network structure. An integrated approach of DEMATEL and ANP is described as follows.



The DEMATEL method: the DEMATEL method is used to visualize and present the interrelations between criteria through the use of matrices and digraphs. The method can be summarized in the following steps:



Step 1: Find the initial average matrix. In this step, each respondent is asked to assess the degree of direct impact each dimension/criteria i exerts on each dimension/criteria j. These pairwise comparisons between any two dimensions/criteria are denoted by aij, and are evaluated by a scale of 0, 1, 2, 3, and 4, representing “no influence (0)” to “very high influence (4)”, respectively. Each respondent would generate a n [image: there is no content]n non-negative answer matrix, and then an average matrix A is obtained through the mean of the same dimensions/criteria in the various n [image: there is no content]n non-negative matrices of the respondents. The average matrix A is called the initial average matrix as presented in the following equation:


[image: there is no content]



(1)







Step 2: Calculate the normalized initial influence matrix. The normalized initial influence matrix D can be obtained by normalizing the average matrix A in the following way:


[image: there is no content]



(2)




where


[image: there is no content]



(3)







Step 3: Compute the total influence matrix. A continuous decrease of the indirect effects of problems along the powers of D, e.g., D2, D3, …, Dg and [image: there is no content], where [image: there is no content], 0 ≤ dij ≤ 1 and [image: there is no content] or [image: there is no content] only one row or one column sum is equal to 1. The total influence matrix T is an n [image: there is no content]n matrix and is defined as follow:


T=D+D2+…+Dg=D(I+D+D2+…+Dg−1)(I−D)(I−D)−1=D(I−Dg)(I−D)−1=D(I−D)−1,



(4)




Let r and c represent the two vectors that denote the sum of rows and sum of columns of the matrix T:


[image: there is no content]



(5)






[image: there is no content]



(6)




where ri represents the sum of ith row in matrix T and shows the total effects (both direct and indirect effects) of the dimension/criterion i to the other dimension/criterion j. In a similar way, cj denotes the sum of the jth column in matrix T and indicates the total effects (both direct and indirect effects) that the dimension/criterion j has received from the other dimension/criterion i. when i = j, the sum (i + j) gives an index of the strength of influences given and received by dimension/criterion i. In other words, the sum (i + j) indicates the importance of the dimension/criterion i in the problem. In addition, the difference (i − j) shows the net effect that the dimension/criterion i contribute to the problem. If the difference (i − j) is positive, then the dimension/criterion i affects other dimension/criteria, and if (i − j) is negative, then the dimension/criterion i is affected by other dimension/criteria.



Step 4: Set a threshold value and obtain the network relationship map. In order to filter some negligible effects in matrix T and reduce the complexity of information when creating the network relationship map, setting a threshold value, α, is necessary. By setting this threshold value, only dimensions/criteria whose influence values are higher than the threshold value can be selected and presented in the network relationship map. Thus, a new total influence matrix Tm is obtained (as shown in Equation (7)) and the network relationship map is generated.




[image: there is no content]



(7)





The ANP method: The ANP method is an extension of the analytic hierarchy process (AHP) method. The AHP only deals with inner dependence within a dimension/criterion. However, the ANP allows more complex interrelationships among dimensions/criteria in a framework. The ANP method can be described in the following steps:



Step 5: Find the unweighted supermatrix. The unweighted supermatrix is obtained from pairwise comparison matrices of criteria in the whole framework. This is done through pairwise comparisons by asking “how much importance does a criterion have as compared to another criterion with respect to respondent’s preference?”, the assessing score is determined by using a scale ranging from 1 to 9 to represent equal importance to extreme importance. The general form of unweighted supermatrix can be described as follows:


[image: there is no content]



(8)




where Gn represents the nth dimension, enm denotes the m criterion in the nth dimension, and Wij is the principle eigenvector of the influence of the criteria compared in the jth dimension to the ith dimension. If the jth dimension has no influence on the ith dimension, then Wij = [0].



Step 6: Compute the weighted supermatrix. The weighted supermatrix is computed by multiplying the normalized total-influence matix Tp and the unweighted supermatrix (Step 5). The normalized total-influence matrix Tp is derived from the total influence matrix Tm in the DEMATEL method (Step 4). The normalize total-influence matrix Tp is represented as follows:


[image: there is no content]



(9)




where the normalized scores of the total-influence matrix Tp are [image: there is no content].



Then, the weighted supermatrix Ws is calculated as follows:


[image: there is no content]



(10)







Step 7: Calculating the limiting weighted supermatrix. The weighted supermatrix is raised to a sufficiently large power k until the supermatrix has converged and be stable to obtain the global priority vectors (or weights).




[image: there is no content]



(11)





Furthermore, if the limiting weighted supermatrix is not the only one, it would be computed by adding the N supermatrices and diving by N (e.g., there are N supermatrices) to obtain the final limiting weighted supermatrix.





4. Empirical Results


4.1. Results of the DEMATEL Model


4.1.1. Interrelationships among Dimensions of a Green Project Management


Table 2 shows the total influence matrix of the six dimensions of a green project management. According to this table, the sum (ri + ci) and the difference (ri − ci) are calculated to determine the strength of influences given and received by the dimensions as well as the net effects of these dimensions (Table 3). As shown in Table 3, the sum of the external process (ri + ci = 3.326) is the highest value while the sum of the external environment (ri + ci = 2.655) is the lowest value, indicating the interdependent effects of external process is the greatest and the interdependent effects of external environment is the smallest in a green project management. By contrast, the difference of external process (ri − ci = −0.094) and the difference of internal process (ri − ci = −0.156) are below zero, representing both internal process and external process are affected by other dimensions of a green project management. Furthermore, the difference scores (ri − ci) of internal organization (ri − ci = 0.045), external organization (ri − ci = 0.104), internal environment (ri − ci = 0.046), and external environment (ri − ci = 0.061) are all positive, suggesting these four dimensions are the net causers in a green project management.



Table 2. Total influence matrix T of the six dimensions.







	
Dimensions

	
1

	
2

	
3

	
4

	
5

	
6






	
1. Internal process

	
0.258

	
0.277

	
0.253

	
0.245

	
0.235

	
0.209




	
2. External process

	
0.286

	
0.295

	
0.281

	
0.274

	
0.256

	
0.224




	
3. Internal organization

	
0.288

	
0.310

	
0.288

	
0.283

	
0.264

	
0.230




	
4. External organization

	
0.288

	
0.313

	
0.291

	
0.270

	
0.269

	
0.231




	
5. Internal environment

	
0.269

	
0.285

	
0.265

	
0.256

	
0.243

	
0.217




	
6. External environment

	
0.243

	
0.230

	
0.239

	
0.231

	
0.228

	
0.187










Table 3. Sum of influences given and received on each dimension.







	
Dimension

	
ri + ci

	
ri − ci






	
1. Internal process

	
3.110

	
−0.156




	
2. External process

	
3.326

	
−0.094




	
3. Internal organization

	
3.279

	
0.045




	
4. External organization

	
3.222

	
0.104




	
5. Internal environment

	
3.029

	
0.041




	
6. External environment

	
2.655

	
0.061










In addition, to visualize the interrelationships among dimensions of a green project management in a digraph, the threshold value (α value) for judgment of dimension correlation is set equal to 0.259 which is the average of the total influence matrix. With threshold value of 0.259, only dimensions whose influence values are higher than the threshold value can be selected and presented in the network relationship map (Figure 1). As shown in the Figure 1, internal process and external process are the two dimensions that receive the influences of other dimensions. Internal organization is influenced by external process, external organization, and internal environment. External organization is affected by internal organization and external process. Internal environment is influenced by internal organization and external organization. However, the influence values of external environment are less than the threshold value, and this dimension is not selected and presented in the network relationship map (Figure 1).


Figure 1. Network relationship map of influences among six dimensions.



[image: Sustainability 09 00740 g001]







4.1.2. Interrelationships among Criteria of Dimensions in a Green Project Management


Table 4 presents the details of total influences given and received on each criterion of each dimension in a green project management. As shown in Table 4, in the internal process dimension, green process management (ri + ci = 2.848) has the highest influence/cause effects on other criteria. Uncertainty of technology (ri + ci = 2.232) has the lowest influence/cause effects on other criteria. In addition, only two of five criteria of the internal process dimension are the net causers, namely, uncertainty of technology (ri − ci = 0.066) and new technology adoption (ri − ci = 0.086), other three criteria are net receivers (recycle of excessive inventory materials: ri − ci = −0.075; expired products and waste materials management: ri − ci = −0.071; green process management: ri − ci = −0.006). The interrelationship structure of criteria in the internal process dimension is also presented in the network relationship map as shown in Figure 2.


Figure 2. Network relationship map of influences among criteria of internal process.



[image: Sustainability 09 00740 g002]






Table 4. Sum of influences given and received on each criterion.







	
Dimensions

	
Criteria

	
ri + ci

	
ri − ci






	
Internal process

	
Recycle of excessive inventory materials

	
2.727

	
−0.075




	
Expired products and waste materials management

	
2.641

	
−0.071




	
Green process management

	
2.848

	
−0.006




	
Uncertainty of technology

	
2.232

	
0.066




	
New technology adoption

	
2.476

	
0.086




	
External process

	
Selection of environmentally oriented partners

	
1.731

	
−0.011




	
Green supply management

	
1.797

	
0.009




	
Customer cooperation

	
1.780

	
0.002




	
Internal organization

	
Cooperation between green project team

	
2.935

	
−0.117




	
Size of green project team

	
2.772

	
−0.164




	
Organizational structure and policy

	
3.125

	
−0.047




	
Management commitment

	
2.626

	
0.148




	
Corporate performance

	
2.952

	
0.180




	
External organization

	
Stakeholder management

	
1.566

	
0.016




	
Size of suppliers

	
1.577

	
0.029




	
Green competitiveness of suppliers

	
1.723

	
−0.045




	
Internal environment

	
Environmental investment

	
2.213

	
0.019




	
Location of the firms

	
1.779

	
0.001




	
Size of community

	
1.691

	
0.015




	
Implementation of environmental management systems

	
2.103

	
−0.035




	
External environment

	
Market competitive intensity

	
1.990

	
−0.062




	
Regulatory pressure from government

	
1.543

	
−0.057




	
Climate change

	
0.942

	
0.044




	
Uncertainty risk

	
1.497

	
0.075










In the external process dimension (as shown in Table 4), selection of environmentally oriented partners (ri + ci = 1.731) has the lowest influence/cause effects on other criteria, but it is the net receiver (ri − ci = −0.011). Green supply management (ri + ci = 1.797) has the highest influence/cause effect on other criteria. Both green supply management (ri − ci = 0.009) and customer cooperation (ri − ci = 0.002) are the net causers. The interrelationship structure of criteria in the external process dimension is also presented in the network relationship map as shown in Figure 3.


Figure 3. Network relationship map of influences among criteria of external process.



[image: Sustainability 09 00740 g003]






In the internal organization dimension (as shown in Table 4), organizational structure and policy (ri + ci = 3.125) has the highest influence/cause effects on other criteria. Management commitment (ri + ci = 2.626) has the lowest influence/cause effects on other criteria. Furthermore, cooperation between green project team (ri − ci = −0.117), size of green project team (ri − ci = −0.164), and organizational structure and policy (ri − ci = −0.047) are the net receivers. Management commitment (ri − ci = 0.148) and corporate performance (ri − ci = 0.180) are the net causers. The interrelationship structure of criteria in the internal organization dimension is also presented in the network relationship map as shown in Figure 4.


Figure 4. Network relationship map of influences among criteria of internal organization.



[image: Sustainability 09 00740 g004]






In the external organization dimension (as shown in Table 4), green competitiveness of suppliers (ri + ci = 1.723) has the highest influence/cause effects on other criteria, but it is the net receiver (ri − ci = −0.045). Stakeholder management (ri + ci = 1.566) has the lowest influence/cause effects on other criteria. Both stakeholder management (ri − ci = 0.016) and size of suppliers (ri − ci = 0.029) are the net causers. The interrelationship structure of criteria in the external organization dimension is also presented in the network relationship map as shown in Figure 5.


Figure 5. Network relationship map of influences among criteria of external organization.



[image: Sustainability 09 00740 g005]






In the internal environment dimension (as shown in Table 4), environmental investment (ri + ci = 2.213) has the highest influence/cause effects on other criteria. Size of community (ri + ci = 1.691) has the lowest influence/cause effects on other criteria. Besides, only implementation of environmental management systems (ri − ci = −0.035) is the net receiver. The three other criteria are the net causers (environmental investment: ri − ci = 0.019; location of the firms: ri − ci = 0.001; size of community: ri − ci = 0.015). The interrelationship structure of criteria in the internal environment dimension is also presented in the network relationship map as shown in Figure 6.


Figure 6. Network relationship map of influences among criteria of internal environment.



[image: Sustainability 09 00740 g006]






In the external environment dimension (as shown in Table 4), market competitive intensity (ri + ci = 1.990) has the highest influence/cause effects on other criteria. Climate change (ri + ci = 0.942) has the lowest influence/cause effects on other criteria. In addition, market competitive intensity (ri − ci = −0.062) and regulatory pressure from government (ri − ci = −0.057) are the net receivers. Climate change (ri − ci = −0.062) and Uncertainty risk (ri − ci = −0.062) are the net causers. The interrelationship structure of criteria in the external environment dimension is also presented in the network relationship map as shown in Figure 7.


Figure 7. Network relationship map of influences among criteria of external environment.



[image: Sustainability 09 00740 g007]








4.2. Results of the ANP Model


4.2.1. Comparisons of Six Dimensions in a Green Project Management


Table 5 shows the results of the ANP model, which presents the weights and ranks of the six dimensions in a green project management. In the calculation process of ANP, this study adopts the aggregation approach to count the response from the seven experts. In this aggregation process, we use the geometric mean value of their opinions in the calculation of ANP software. As shown in Table 5, external process has the highest weight (0.184) and ranks number 1, implying external process is the most important dimension in a green project management. Internal process ranks number 2 (weight = 0.175). External organization ranks number 3 (weight = 0.171). Internal organization ranks number 4 (weight = 0.166). In addition, internal environment ranks number 5 (weight = 0.159) and external environment ranks number 6 (weight = 0.141), implying that internal and external environments are the two least important dimensions in a green project management.



Table 5. Weights and ranks of six dimensions in a green project management.







	
Dimension

	
Weight

	
Rank






	
External Process

	
0.187

	
1




	
Internal Process

	
0.175

	
2




	
External organization

	
0.171

	
3




	
Internal organization

	
0.166

	
4




	
Internal environment

	
0.159

	
5




	
External environment

	
0.141

	
6











4.2.2. Comparisons of Criteria in a Green Project Management


Table 6 presents the results of the ANP model for criteria in a green project management. As indicated in Table 6, the top five most important criteria are green supply management (weight = 0.082, rank number 1), customer cooperation (weight = 0.081, rank number 2), selection of environmentally oriented partners (weight = 0.080, rank number 3), green competitiveness of suppliers (weight = 0.057, rank number 4), and stakeholder management (weight = 0.049, rank number 5). By contrast, the top five least important criteria are climate change (weight = 0.019, rank number 24), uncertainty of technology (weight = 0.027, rank number 23), management commitment (weight = 0.028, rank number 22), uncertainty risk (weight = 0.049, rank number 21), and new technology adoption (weight = 0.049, rank number 20).



Table 6. Weights and ranks of criteria in a green project management.







	
Dimensions

	
Criteria

	
Weight

	
Rank






	
Internal process

	
Recycle of excessive inventory materials

	
0.035

	
11




	
Expired products and waste materials management

	
0.034

	
14




	
Green process management

	
0.036

	
10




	
Uncertainty of technology

	
0.027

	
23




	
New technology adoption

	
0.030

	
20




	
External process

	
Selection of environmentally oriented partners

	
0.080

	
3




	
Green supply management

	
0.082

	
1




	
Customer cooperation

	
0.081

	
2




	
Internal organization

	
Cooperation between green project team

	
0.034

	
15




	
Size of green project team

	
0.033

	
16




	
Organizational structure and policy

	
0.035

	
12




	
Management commitment

	
0.028

	
22




	
Corporate performance

	
0.031

	
18




	
External organization

	
Stakeholder management

	
0.049

	
5




	
Size of suppliers

	
0.049

	
6




	
Green competitiveness of suppliers

	
0.057

	
4




	
Internal environment

	
Environmental investment

	
0.042

	
8




	
Location of the firms

	
0.033

	
17




	
Size of community

	
0.031

	
19




	
Implementation of environmental management systems

	
0.042

	
9




	
External environment

	
Market competitive intensity

	
0.045

	
7




	
Regulatory pressure from government

	
0.035

	
13




	
Climate change

	
0.019

	
24




	
Uncertainty risk

	
0.030

	
21













5. Discussion and Conclusions


5.1. Discussion


The combination of the DEMATEL and ANP methods provides many interesting findings in this study. In terms of the six dimensions of a green project management, internal process and external process are the two most important dimensions that need to be improved in a green project management. However, improvement of these two dimensions may only lead to a better short-term performance, because they are influenced by other dimensions in a green project management. By contrast, internal organization, external organization, internal environment, and external environment are less important in a green project management. However, these dimensions are the net causers that influence internal process and external process. Thus, improvement in these net causers may lead to improvement in internal and external process, which will generate a better long-term performance for a green project management.



In terms of criteria of each dimension in a green project management, the top five most important criteria are green supply management, customer cooperation, selection of environmentally oriented partners, green competitiveness of suppliers, and stakeholder management. All of these criteria relate to suppliers, customers, and stakeholders. This result indicates that improvement in suppliers, customers and stakeholders need to be placed in the top priority of a green project management, and these improvements may also lead to the success of a green project management. However, the top five least important criteria are climate change, uncertainty of technology, management commitment, uncertainty risk, and new technology adoption. Most of these criteria relate to macro environment factors of a business firm’s external boundary. Thus, firms can only analyze and predict these factors in order to improve performance of a green project management.




5.2. Conclusions


In this paper, we developed the dimensions and criteria for evaluating a green project management. An integrated approach combining the DEMATEL and ANP methods was used to determine the interrelationships and priorities of each dimension and each criterion in a green project management. The analysis for this framework of a green project management showed several interesting results. Thus, the present study provides important implications for both managerial managers and theoretical researchers.



The managerial implications are clear. Managers are able to determine what dimensions and criteria need more attention and which dimensions and criteria may be given less priority. In a green project management, external process has the greatest interdependent effects (ri + ci = 3.326). Internal process and external process are the two dimensions that receive the influences of other dimensions. Furthermore, findings of this study also suggest that external process (weight = 0.187, rank number 1) and internal process (weight = 0.175, rank number 2) are the two most important dimensions of a green project management. Therefore, managers should focus on internal process and external process to enhance their short-term performance. However, they can also focus on a long-term strategy that improves internal and external organization as well as internal environment and external environment.



Regarding to criteria of a green project management, green supply management (ri + ci = 1.797, weight = 0.082, rank number 1), customer cooperation (ri + ci = 1.780, weight = 0.081, rank number 2), selection of environmentally oriented partners (ri + ci = 1.731, weight = 0.080, rank number 3), green competitiveness of suppliers (ri + ci = 1.723, weight = 0.057, rank number 4), and stakeholder management (ri + ci = 1.566, weight = 0.049, rank number 5) are the most important criteria of a green project management. Thus, mangers should give more efforts to improve these criteria.



Furthermore, based on the framework of this study, managers can understand how to evaluate a green project management with a complete set of dimensions and criteria. In addition, managers can also use the technique of combining the DEMATEL and ANP methods to help plan the direction of their green project management by determining how particular dimensions and criteria affect each other in their specific project.



Researchers can also find this framework of green project management valuable for their studies in the field of environmental sustainability. With clear dimensions and criteria of a green project management, researchers can apply this framework to a single in-depth case study or comparisons between difference green projects. In addition, researchers can also integrate this framework to the green supply chain management. The interrelationships and priorities of each dimension and criteria may be used to identify the various structures of several green projects in supply chain management.



Even with managerial and theoretical insights provided by this study, there are still many limitations. One major limitation is the evaluation efforts of respondents to complete the questionnaires. Each respondent of this study had to complete two questionnaires, namely, DEMATEL based-questionnaire and ANP-based questionnaire. Each set of questionnaire consisted of 24 × 24 pairwise comparisons. The number of dimensions and sub-criteria decision making process seems to be very time-consuming. This limitation may lead to some reliability problems. Future research may give more efforts on designing and collecting the questionnaires, such as collecting data in different phases, each phase with only DEMATEL based-questionnaire or ANP-based questionnaire. In addition, the dimensions and criteria of green project management are evaluated by experts and managers in the green energy industry. This limitation may affect the generalization of the framework of green project management in this study. Future research can apply the framework of this study to different industry. The application can confirm and broaden the validity of this framework of green project management to other industries.
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Appendix A. Example of DEMATEL Questionnaire


Please evaluate the causal influence of each dimension in green project management from score 1 to 7. The score 7 means the highest degree of influence that the column factor affect the row factor, and the score 1 means the lowest degree of influence that the column factor affect the row factor.














	
	Internal Process
	External Process
	Internal Organization
	External Organization
	Internal Environment
	External Environment



	Internal process
	0
	
	
	
	
	



	External process
	
	0
	
	
	
	



	Internal organization
	
	
	0
	
	
	



	External organization
	
	
	
	0
	
	



	Internal environment
	
	
	
	
	0
	



	External environment
	
	
	
	
	
	0







Appendix B. Example of ANP Questionnaire


Please pairwise compare the importance for green project management between each two dimensions from score 1 to 9. The score 9 means the dimension is strongly more important than another compared dimension, and the score 1 means both these two dimensions are equally important in green project management.










	
	9: 8: 7: 6: 5: 4: 3: 2: 1: 2: 3: 4: 5: 6: 7: 8: 9
	



	Internal process
	
	External process



	Internal process
	
	Internal organization



	Internal process
	
	External organization



	Internal process
	
	Internal environment



	Internal process
	
	External environment



	External process
	
	Internal organization



	External process
	
	External organization



	External process
	
	Internal environment



	External process
	
	External environment



	Internal organization
	
	External organization



	Internal organization
	
	Internal environment



	Internal organization
	
	External environment



	External organization
	
	Internal environment



	External organization
	
	External environment



	Internal environment
	
	External environment
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