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Abstract: This study presents a model for evaluating the carbon and energy management 

performance of suppliers by using multiple-criteria decision-making (MCDM). By conducting 

a literature review and gathering expert opinions, 10 criteria on carbon and energy 

performance were identified to evaluate low carbon suppliers using the Fuzzy Delphi 

Method (FDM). Subsequently, the decision-making trial and evaluation laboratory 

(DEMATEL) method was used to determine the importance of evaluation criteria in 

selecting suppliers and the causal relationships between them. The DEMATEL-based 

analytic network process (DANP) and VlseKriterijumska Optimizacija I Kompromisno 

Resenje (VIKOR) were adopted to evaluate the weights and performances of suppliers and 

to obtain a solution under each evaluation criterion. An illustrative example of a hotel 

company was presented to demonstrate how to select a low carbon supplier according to 

carbon and energy management. The proposed hybrid model can help firms become 

effective in facilitating low carbon supply chains in hotels. 
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1. Introduction 

With the increased consciousness on the issue of climate change, the implementation of energy 

conservation and carbon reduction in the hotel industry has become significant to address global 

warming [1–5]. The hotel industry, a major sub-sector of the tourism industry, consumes a significant 

amount of energy, which equates to the amounts of indirect greenhouse gas (GHG) emissions 

associated with the energy consumption of the hotel sector [6,7]. The Taiwan Green Productivity 

Foundation [8] reports that the top 50 most intensive energy users in Taiwan’s hospitality industry, 

mostly tourist hotels, produced 363,810 tons of carbon emissions in 2008. To achieve the target of 

low-carbon operations, hotel companies have adopted either ISO 50001 (energy management systems) 

or ISO 14064 (greenhouse gas systems) to increase energy efficiency and mitigate carbon emission. 

These companies include the Marriott Washington DC Hotel, Regal Airport Hotel in Hong Kong,  

NH Hotels, Miramar Garden Hotels, and Evergreen Hotels in Taiwan. 

The World Business Council for Sustainable Development and the World Resources Institute 

indicate that at least 80% of carbon emissions are produced in the total supply chain [9]. This finding is 

consistent with that of Sundarakani et al. [10], who emphasized that carbon emission across stages in a 

supply chain constitutes a significant threat that warrants careful attention in the design phase of the 

supply chain. In controlling the carbon footprint across a supply chain, Wittneben and Kiyar [11] 

underlined that GHG emissions from suppliers need to be considered to adequately assess the 

contributions of businesses to climate change. The 2010 supply chain report of the Carbon Disclosure 

Project states that more than half of its surveyed members expressed that in the future, they will cease 

doing business with suppliers that do not manage their carbon emissions [12]. This finding implies that 

carbon footprint can affect the optimal choice on sourcing decisions [13,14], operations decisions in 

inventory management [15], and product development [16]. 

Low-carbon supplier management is clearly a critical activity in purchasing management to achieve 

low-carbon operations within the hotel industry. Bonilla-Priego et al. [17] pointed out that tour 

operators are required to measure and manage the carbon performance of their suppliers. Teng et al. [5] 

stated that selecting a supplier that adopts energy conservation and carbon reduction, working with 

local farmers or vendors to reduce food miles, and purchasing local or seasonal food and 

products/materials can facilitate low-carbon hotel operations. Accor launched Accor Procurement 

Charter 21 and integrated sustainable development criteria into all phases of its supplier relations, from 

specifications in its calls for bids to specific clauses integrated into supplier certification contracts.  

At the end of 2012, more than 2000 certified suppliers—60% of the total—signed Accor Procurement 

Charter 21. Accor Hotels requires their suppliers to evaluate the environmental impact that their sites, 

products, and services exert on the environment and to set objectives on the quantitative reduction of 

GHG emissions [18]. Reflecting these trends, companies in the hotel industry must therefore require 

their suppliers to oversee their GHG emissions and energy management for a long-term collaborative 

partnership in the low-carbon supply chain. 

Recently, supplier selection and evaluation of carbon management has become important in making 

low carbon purchasing decisions [5,19–24]. Nevertheless, to the best of our knowledge, supplier 

selection that specifically considers carbon or energy management competence in the hotel industry is 

rarely found in previous literature. A few studies have attempted to incorporate carbon management 
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into the process of supplier selection in specific manufacturer industries [20,25,26]. By incorporating 

the carbon performance into the supplier selection process, Hsu et al. [20] proposed a framework that 

develops a carbon management model with 13 criteria used to manage suppliers in the Taiwanese 

electronics industry. Their study used the Decision-making Trial and Evaluation Laboratory 

(DEMATEL) approaches to recognize the influential criteria of carbon management and improve the 

overall carbon performance of suppliers. Later, Shaw et al. [24] included the criterion of carbon 

emission in supplier selection to develop a low carbon supply chain in the Indian garment 

manufacturing. The fuzzy analytic hierarchy process was applied before analyzing the weights of criteria, 

and the fuzzy multi-objective liner programming was used for supplier selection. This formulation 

integrates carbon emission into the objective function and takes the carbon emission cap (Ccap) of 

sourcing as a constraint while selecting a supplier. Similarly, in terms of optimizing green suppliers, 

Peng [26] integrated the criterion of energy consumption into green supplier selection in a large 

manufacturing enterprise. The analytical hierarchy process (AHP) and grey relational analysis were 

used to evaluate green suppliers. To construct a green and low carbon supplier evaluation model,  

Lee et al. [25] used the fuzzy analytic network process to evaluate various aspects of suppliers. Goal 

programming was then applied to allocate the most appropriate amount of orders to each of the selected 

supplier. Choi [27] proposed a two-stage optimal supplier selection scheme in which phase one filters the 

inferior suppliers and phase two helps to select the best supplier among the set of non-inferior 

suppliers by multi-stage stochastic dynamic programming. The impacts brought by different formats of 

carbon emission tax are explored. 

Supplier selection and evaluation is a multi-criteria decision-making (MCDM) problem [28,29] that 

provides an effective framework for comparing suppliers. In the current study, a hybrid MCDM model 

is proposed to identify the evaluation criteria of carbon performance using the Fuzzy Delphi Method 

(FDM). By considering the interrelationship between criteria, the decision-making trial and evaluation 

laboratory (DEMATEL) method is used to recognize cause-effect relationships and to construct the 

cognition map of the evaluation criteria. The DEMATEL based on an analytic network process (ANP), 

also called the DANP method, is used to calculate the influence weights of the criteria. Finally, the 

VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) with DANP weights is used for the 

evaluation of the carbon performance of suppliers and to determine performance scores and gaps.  

An illustrative example of a hotel firm in Taiwan is used to demonstrate the proposed framework for 

appropriate supplier selection in terms of carbon management. 

The remainder of this paper is organized as follows. Section 2 reviews the literature on supplier 

selection based on carbon performance. Sections 3 briefly describes the FDM method, the DEMATEL 

method, the DANP influential weights, and the VIKOR technique, which are used to build a hybrid 

MCDM model for selecting a low-carbon supplier. An empirical case of a hotel company is used to 

demonstrate the proposed model in Section 4. We present and discuss the results of proposed 

framework in Section 5. The conclusion and suggestion for future research are presented in Section 6. 
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2. Carbon Management Criteria in Supplier Selection 

Several useful criteria associated with carbon management and their categories are pointed out in 

the literature. Information about them was utilized to construct a framework for competency in carbon 

management aware supplier selection in hotel supply chain. Twelve criteria were finally included. 

2.1. Energy Efficiency of Products 

In implementing energy management systems of ISO 50001-certified, organizations will require 

their suppliers to provide energy efficiency information on their products or equipment [30]. Green 

hotel associations and some government websites provide information on the energy efficiency of 

products, such as printing paper, toilet/tissue paper, computers, refrigerators, air conditioners, and 

employee uniforms [5]. With the availability of energy efficiency information on products, hotel 

operators can purchase highly efficient products and facilities instead of those with high-energy 

consumption to achieve low carbon operation. 

2.2. Eco-labeling of Products 

Hotel operators that adopt green purchasing can reduce energy consumption and simultaneously 

reduce operating costs [31]. For example, the Energy Star program has significantly reduced economic 

costs and CO2 emissions associated with electricity consumption [32]. The products of suppliers are 

qualified by eco-labels, such as the energy-saving label, green mark, and water-saving label, hotel 

operators can implement green purchasing to reduce energy consumption. 

2.3. Carbon Accounting and Inventory 

Carbon accounting and inventory is an essential step in developing strategies for controlling GHG 

emissions and evaluating its progress in the operations of a company, in products, and in supply chain, 

as companies need to know their current situation [33]. Cogan et al. [34] found that more than 60% of 

the evaluated companies conducted a GHG emissions inventory. 

2.4. Energy Reduction of Food Processing 

In the food industry, high levels of energy consumption are necessary for key operations, such as 

food preservation, sanitation, processing, and storage [35]. For example, the U.S. food industry 

consumes 7% of the total electricity used by the manufacturing sector. Therefore, about 15% of the 

total energy requirements of the food industry are from electricity [36]. To show an example of 

fictitious slaughter and meat processing, Fritzson and Berntsson [37] performed different energy 

efficiency measures, such as increasing the heat exchanger networks and heat pumps, to achieve the 

target reduction of 5% and 35% of the total CO2 emissions. Considering the low carbon supply of food 

available in the hotel industry, suppliers from food processing suppliers must embrace different 

measures to save energy and reduce carbon emissions. 
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2.5. Carbon Governance 

Over 90% of Carbon Disclosure Project (CDP) members have tasked either a board committee or 

another executive body with the overall responsibility of climate change management to ensure that 

the strategy is effectively implemented [12]. Companies that integrate climate change into their board 

and executive structures, as well as their public reporting mechanisms, are far more likely to maintain 

long-term commitments and the comprehensive approaches necessary to effectively address climate 

change risks and opportunities across their entire business structure [34]. 

2.6. Carbon Policy 

The CDP [10] reveals that its members have integrated carbon policies into their procurement 

departments and that majority of these companies (90%) have a carbon emission reduction plan in 

place. Accordingly, companies can facilitate carbon management practices by establishing a carbon 

policy as a manifestation of its position on carbon emissions disclosure, carbon reduction targets, and 

carbon emissions certification, among others. Moreover, by implementing the energy management 

systems standard ISO 50001, companies will be able to implement an energy policy [38]. 

2.7. Carbon Reduction Targets 

In terms of the mitigation of climate change, Weinhofer and Hoffmann [39] argue that GHG 

reduction targets reflect a long-term need to decrease emissions. Setting targets to reduce GHG 

emissions has become the norm in corporate climate change strategies, which include quantitative 

emission reduction targets for their Scopes 1 and 2, and occasionally even Scope 3, GHG emissions [34].  

A company must set its carbon reduction target at a sufficiently high level to enable authentic and 

measurable progress in addressing climate change. 

2.8. Carbon and Energy Management Systems 

To mitigate carbon emissions, firms attempt to acquire different certified standards associated with 

carbon and energy management systems. Recently, most companies have applied various standards on 

carbon management, such as ISO 14064-Parts I and II and PAS 2050, to conduct inventories and 

account for GHG emissions. Energy management is the combination of energy efficiency activities 

and techniques, and the management of related processes that result in lower energy costs and CO2 

emissions [40]. Ates and Durakbasa [38] point out that the energy management system ISO 50001 is 

expected to compel industrial organizations to examine the systems and processes required to increase 

their energy performance, energy efficiency, and intensity. 

2.9. Transport Efficiency 

The energy efficiency and carbon emissions of transportation should be considered to facilitate the 

creation of a low carbon supply chain within the hotel industry, as transportation is required for the 

mass delivery of food, consistent with Teng et al. [5]. Their study argues that food and beverage operators 

should be aware of their carbon footprint and reduce it, as well as improve the energy efficiency of 
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road freight transport. For example, the energy requirement contribution of transporting foodstuffs for 

breakfast is significant [2]. 

2.10. Collaboration of Suppliers 

Working with suppliers to green supply chain in hotel sector, International Tourism Partnership [41] 

argued that hotel operators should encourage local businesses to cut down on transport energy by 

sourcing locally. Climate change is not a single issue that can be addressed by only one company or 

even one sector. Companies need to collaborate with their supplier to climate change of adaptation and 

mitigation. According to Scott and Becken [42], Carla Aguirre from VisitSweden reported on their 

experience to encourage and motivate potential suppliers, and show leadership on sustainability and 

climate change issues. 

2.11. Carbon Reduction and Energy Conservation Measures 

To mitigate carbon emissions, most companies no longer concentrate solely on influencing policy 

debates. Instead, they have begun to pursue various firm-specific practical actions against climate 

change within the framework of a corporate climate strategy [43]. Companies can take internal and 

external measures on their carbon dioxide emissions [33,44,45]. Internal measures are usually defined 

as activities within the business operations of the company, whereas external measures represent 

emission compensation measures [39]. 

2.12. Food Mile Management 

Food miles are usually explicitly linked to carbon accounting and climate change [46]. 

Internationally, the demand of the tourism sector for food and its associated food miles have a 

significant impact on GHG emissions and thus have implications for climate change [47]. Through the 

tracking of food miles and associated sources, Pratt [48] concludes that ecotourism operations, such as 

those within the hotel industry, have identified and improved their sustainability and ecological 

footprint by minimizing GHGs. 

3. Building a Hybrid MCDM Model of Low Carbon Supplier Selection 

The methodology of constructing an evaluation framework for selecting a low carbon supplier in 

the hotel industry for this study has three phases. The first phase emphasizes the identification of 

criteria to evaluate the carbon management competence of suppliers. In this study, five managers from 

hotel firms and three university professors were invited to screen and fit the criteria using FDM 

techniques. In the second phase, after identifying the consistency of criteria, the DANP method  

was used to examine the interrelationship between and the influential weights among the criteria. 

Finally, VIKOR was used to rank the suppliers of an illustrative hotel company in terms of carbon 

management competence. 
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3.1. Recognizing the Evaluation Criteria by FDM Method 

The Delphi Method has been widely used and recognized for making predictions and for  

decision-making since its introduction in 1963 by Dalkey and Helmer at the RAND Corporation [49]. 

The Delphi Method was conceived as a group technique that aims to obtain the most reliable 

consensus of a group of experts using a series of intensive questionnaires with controlled opinion 

feedback [50]. Despite its recognition as a valuable tool, it has some drawbacks. The tool is time 

consuming, and converging results through repetitive surveys is costly [51–53]. Further, the problems 

of ambiguity and uncertainty remain in the responses of experts [51,53,54]. To solve these defects, 

Murray et al. [55], combined the concepts of the traditional Delphi Method and the fuzzy set to 

alleviate the ambiguity of the Delphi Method. Kaufmann and Gupta [56] proposed a more complete 

FDM procedure, in which the fuzzy set theory is used by asking participants to give a three-point 

estimate (i.e., pessimistic, moderate, and optimistic values). Triangular fuzzy numbers (TFNs) were 

then formed, and their means were computed. This study applied paired TFNs to locate three points in 

the extent of importance (i.e., minimum, medium, and maximum values) on a scale of 0 to 10 points. 

Wei and Chang [57] adopted the same concept to calculate and represent these “group average” values. 
The paired TFNs were categorized into two, namely, the conservative TFN ( LC , MC , UC ) and the 

optimistic TFN ( LO , MO , UO ). The intersection of the fuzzy opinions of experts implies the convergence 

of consensus, as shown in Figure 1. Finally, the geometric means of conservative, moderate, and 

optimistic values ( iC , ia , iO ) were computed to acquire the consensus values ( iG ) of each item.  

In view of the advantages of FDM in evoking expert-group opinion, various studies [57–59] have 

embraced FDM in the creation of performance indicators or evaluation criteria. Some essential FDM 

steps are as follows [57,60]: 

Figure 1. TFNs formed in the FDM. 

 

Step 1. The questionnaires are distributed. An appropriate panel group of experts is organized to 

express the experts’ most conservative (minimum) and optimistic (maximum) values for each item on 

a scale of 0 to 10. 

Step 2. The most conservative (minimum) and optimistic (maximum) values from each expert for 

each item are gathered, and the geometric mean of the expert group’s opinions is computed. A group 
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average is calculated for the pessimistic (optimistic) index of sub-criterion i, and the abnormal value, 

which is outside the two standard deviations, is eliminated. The rest of the values, namely, the minimum  

( i
LC ), geometric mean ( i

MC ), and the maximum ( i
UC ) of the remaining conservative values; and the 

minimum ( i
LO ), geometric mean ( i

MO ), and maximum ( i
UO ) of the remaining optimistic values,  

are calculated. 
Step 3. The two TFNs as the most conservative TFN ) , ,( i

U
i
M

i
L CCC  and the most optimistic TFN 

) , ,( i
U

i
M

i
L OOO  are determined based on “group average” values. 

Step 4. The expert opinions are examined to determine if they are consistent. The consensus 
significance value ( iG ) for each item is calculated. 

(1) If the paired TFNs do not overlap (i.e., i
L

i
U OC  ), then a consensus for item i  exists. The 

consensus significance value is calculated as follows: 

(1)

(2) If the paired TFNs overlap (i.e., ) and the gray zone interval value  i
L

i
U

i OCZ   is less 

than the interval value of  and  , then the consensus significance value of 

each item is calculated as follows: 
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If the paired TFNs overlap (i.e., CU
i OL

i ) and the gray zone interval value  is more 

than the interval value of Ci  and Oi  , then the expert opinions have discrepancies. 

Steps 1 to 4 should be repeated until each item converges and Gi  is calculated. 

3.2. Building a Network Relation Map Using DEMATEL 

DEMATEL is a comprehensive tool for building and analyzing a structural model that involves 

causal relationships between complex factors [61]. Developed by the Science and Human Affairs 

Program of the Battelle Memorial Institute of Geneva from 1972 and 1976, DEMATEL has been used 

to research and solve a group of complicated and intertwined problems. DEMATEL was developed 

with the belief that pioneering scientific research methods and their appropriate use could improve the 

understanding of a specific problematic cluster of intertwined problems, thus contributing to the 

identification of workable solutions using a hierarchical structure. The methodology, according to the 

concrete characteristics of objective affairs, can confirm the interdependence among variables/attributes 

and restrict the relationship reflecting their characteristics using an essential system and a development 

trend [62,63]. The product of the DEMATEL process is a visual representation (i.e., an individual map 

of the mind) that the respondent uses to organize his/her own actions. The DEMATEL method is 

increasingly being used to determine the interrelationships between factors through a cause-effect 

relationship diagram, particularly to determine the critical factors of reverse supply chains [64],  

SaaS adoption [65], airline safety management systems [66], and performance evaluation in hotel 

industry [67]. Therefore, DEMATEL modeling fits the problem examined in the present study best and 
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offers the advantage of providing a systematic approach to determine the relationships of low carbon 

supplier management in hotel industry. 

The following steps show the DEMATEL process: 

Step 1. The average matrix is calculated. 

Suppose we have H experts in this study and n factors to consider. Each respondent is asked to 

indicate the degree to which he/she believes a factor, i, affects factor j. Pairwise comparisons between 

any two factors are denoted by xk
ij and are given an integer score of 0 to 4, representing “No influence (0)”, 

“Low influence (1)”, “Medium influence (2)”, “High influence (3)” and “Very high influence (4)” [68]. 

Figure 2 shows an example of an influence map. Each letter represents a factor in the system.  

An arrow from c to d shows the effect that c has on d; the strength of its effect is 4 (very high 

influence). DEMATEL can convert the structural relations between the factors of a system into an 

intelligible map of the system. The scores provided by each respondent provide an n n  non-negative 
answer matrix kX = [ k

ijx ], with 1, 2,...,k H . Therefore, 1X , 2X ,…, HX  are the answer matrices for 

each of the H experts, with each element of [ ]k k
ij n nx X being an integer denoted by k

ijx . The diagonal 

elements of each answer matrix [ ]k k
ij n nx X  are all set to 0. The n n  average matrix A for all expert 

opinions can then be computed by averaging the scores of the H experts as follows: 




H

k

k
ijij x

H
a

1

1
 (3)

The average matrix [ ]ij n na A  is also called the original average matrix. A shows the initial direct 

effects a factor has on and receives from other factors. The causal effect between each pair of factors in 

a system can be outlined by drawing an influence map, as shown in Figure 2. 

Figure 2. Example of an influence map. 
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Step 2. Calculate the direct influence matrix. 

The normalized initial direct-relation matrix D is obtained by normalizing the average matrix A in 

the following method: 

Let S min max
1in

aij

j1

n

 , max
1 jn

aij

i1

n










 (4)

Thus, 

s

Α

D  (5)

As the sum of each row j of matrix A represents the direct effects of factor on others,  

represents the one with the highest direct influence. Likewise, as the sum of each column i of matrix A 

represents the direct effects received by factor i, max
1 jn

aij

i1

n

  represents the one most influenced by 

other factors. The positive scalar s is equal to the larger of the two extreme sums. Matrix D is obtained 
by dividing each element of A by the scalar. Note that each element  of matrix D is between 0 and 1. 

Step 3. Compute the total relation matrix. 

Indirect effects between factors are measured by powers of D . Continuous decrease in the indirect 

effects of factors, including the powers of matrix D, namely,  guarantees convergent 

solutions to the matrix inversion similar to an absorbing Markov chain matrix. Note that
lim [0]m

n n
m


D  and 2 3 1lim( ... ) ( )m

m




      I D D D D I D , where 0 is the n × n null matrix and  

I is the n × n identity matrix. The total relation matrix T is an n × n matrix and is defined as follows: 

T = [tij] := 1

1

)( 




 DDD I
i

i  i, j = 1, 2,…, n (6)

As lim [0]k
n n

k


D  where [ ]ij n nd D , 0 1ijd  , and  0 , 1ij iji j
d d   . At least one column 

sum ijj
d or one row sum iji

d  equals 1. 

We also define r and c as n × 1 vectors representing the sum of the rows and the sum of the 

columns of the total relation matrix T as follows: 

where superscript   denotes transposition. 

r  [r
i
]

n1
= t

ij
j1

n












n1

 (7)

1[ ]j nc c = t
ij

i1

n














1n

 
(8)

Let ri be the sum of the i-th row in matrix T. Therefore, ri shows the total effects, both direct and 

indirect, of the i-th factor on other factors. Let cj denote the sum of the j-th column in matrix T.  
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j
ij

ni
a

1
1
max

ijd
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The value cj shows the total effects, both direct and indirect, received by factor j from other factors. 
Therefore, the sum ( r

i
 c

i
) gives an index (i.e., the position) representing the total effects both given 

and received by the i-th factor. In other words, ( r
i
 c

i
) shows the degree of importance that the i-th 

factor plays in the system (i.e., total sum of effects given and received). Moreover, the difference  
( r

i
 c

i
, also called the relation) shows the net effect; the i-th factor contributes to the system. When  

( ) is positive, the i-th factor is a net causer; when ( ) is negative, the i-th factor is a net 

receiver [69,70]. 

Step 4. Set the Threshold Value and Obtain the Cognition Map. 

To obtain the cognition map from the factors, a threshold value p should be established to extricate 

negligible effects from the total influence of matrix T [71]. Only some criteria, whose effect in matrix 

T is greater than the threshold value, should be chosen and shown in a network relationship map 

(NRM) for influence [70]. 

3.3. Combining DEMATEL and ANP to Calculate the Evaluation Weights by NRM 

ANP is the general form of AHP, which is used in MCDM to address restrictions on hierarchical 

structures [72]. However, the survey questionnaire of ANP is too difficult for interviewees to 

accomplish [67,73]. Moreover, the traditional ANP assumption, that is, each cluster is of equal weight 

in obtaining a weighted supermatrix, is not reasonable [74–76]. To improve this shortcoming, we used 

a novel combination of DEMATEL and ANP technique called DANP to determine the influential 

weights of the criteria based on the NRM of DEMATEL. Recently, DANP has been widely applied in 

different areas of tourism policy [77], best vendor selection [75], performance evaluation for hot spring 

hotels [67], and web sites of national parks [78]. The DANP process has the following steps: 

Step 1. Establishing an unweighted super matrix. 

The total-influenced matrix is obtained from DEMATEL. Each column is summed up for 

normalization. The total-influenced matrix T
c
 t

ij
 nxn

 is obtained by the criteria, and T
D
 t

ij
D



mxm

 is 

obtained by the dimensions (clusters) from T
c . Next, the supermatrix T

c  is normalized for the ANP 

weights of the dimensions (clusters) using the influence matrix T
D . 

 

(9)

r
i
 c

i
r
i
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i
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After normalizing the total-influence matrix T

c
 through the dimensions (clusters), a new matrix c

T  

is obtained, as shown in Equation (8). 

 

(10)

The normalization 11
c
T  is explained and that of the other ann

cT  is the same as above. 

d
ci
11  t

ij
11

j1

m1

 , i 1,2,...,m
1 (11)

 (12)

Let the total-influence matrix match and fall into the interdependence clusters. The result is the 
unweighted supermatrix, which is based on the transposition of the normalized influence matrix c

T  by 

the dimensions (clusters), that is, W = (T
c
 )' . 

 

(13)

If the matrix W 11 is blank or 0 as shown as Equation (14), then the matrix between the clusters or 

the criteria is independent and has no interdependent. The other nnW  value are as above. 
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Step 2. Obtaining the weighted supermatrix 

Each column is added for normalization. 
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(16)

Let the normalized total-influence matrix T
D
  complete the unweighted supermatrix to obtain the 

weighted supermatrix. 

W  T
D
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t
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11 W 11  t

D
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Step 3. Limiting the weighted supermatrix. 

The weighted supermatrix is limited by raising it to a sufficiently large power k until the 

supermatrix converges and becomes a long-term stable supermatrix to obtain the global priority 

vectors (called the DANP weights), such as lim
h

(W  )h . 
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3.4. Ranking the Alternatives Using the VIKOR Method 

The compromise ranking method (known as VIKOR) was introduced as an applicable technique to 

implement in MCDM [79]. It is based on the concept of the positive- and negative-ideal solution to 

evaluate the standard of different projects competing with the MCDM model [80]. The positive-ideal 

solution represents the alternative with the highest value, whereas the negative-ideal represents that 

with the lowest value. Similar to some MCDM methods, such as TOPSIS, VIKOR relies on an 

aggregating function that represents closeness to the ideal. In contrast to TOPSIS, however, VIKOR 

introduces a ranking index based on the particular measure of closeness to the ideal solution; this 

method uses linear normalization to eliminate units of criterion functions [80]. VIKOR ranks and 

selects from a set of alternatives, determines compromise solutions for a problem with conflicting 

criteria, and assists decision makers in generating the final decision [81]. Various studies regarded 

VIKOR as a suitable technique to evaluate each alternative for each criterion function [80,82]. The 

compromise ranking algorithm VIKOR has the following steps [81–83]: 

Step 1. Determine the best and the worst values. 

The best value is 
*
jf
 
and the worst is 


jf . These two values can be computed by Equations (18) 

and (19), respectively. 

             ........... ,2 ,1 ,max * miff ij
i

j   (18)

            ........... ,2 ,1 ,min miff ij
i

j   (19)

where, 
*
jf
 
is the positive-ideal solution and 


jf

 
is the negative-ideal solution for the jth criterion. 

Step 2. Calculate the distance. 

In this step, the distance from each alternative to the positive ideal solution is computed. 

Si   wj

j1

n

  f j
*  fij   / f j

*  f j
            (20)

Qi   max
i

 wj  f j
*  fij   / f j

*  f j
   j1, 2,.........n         (21)

where wj  represents the weights of the criteria from DANP, Si  indicates the mean of group utility and 

represents the distance of the ith alternative achievement to the positive ideal solution; and Qi

represents the maximal regret of each alternative. 

Step 3. Calculate the values Ri  by the relation [80]. 
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where * min  i
i

S S , * min  i
i

S S , max  i
i

S S  , * min  i
i

Q Q , max  i
i

Q Q  .
 
 

Equation (22) can be rewritten as   iii QvvSR  1 , when 0* S  and 0* Q  (i.e., all criteria 

achieve the ideal level) and 1S  and 1Q  (i.e., the worst situation). In the equation, v is 
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introduced as the weight for the strategy of maximum group utility, and 1-v is the weight of the 

individual regret. In Equation (22), when v = 1, it indicates the decision-making process that can use 

the strategy of maximum group utility. Conversely, when v = 0, it indicates the decision-making 

process that can use the strategy of minimum individual regret. In general, v = 0.5 will be used if the 

decision process involves both maximum group utility and individual regret [82,83]. The compromise 

solution is determined by VIKOR, and it can be accepted by the decision makers based on a maximum 

group utility of the majority and a minimum of the individual regret of the opponent.
 

4. A Hotel Company as an Example 

In this section, an example demonstrates the proposed model for supplier selection in terms of 

carbon management competence. The M hotel, an ordinary tourist hotel with rooms priced 

accordingly, had its grand opening in 2006. It provides exceptional, high-quality facilities and services 

at reasonable prices to satisfy the demand for accommodations, food and beverages, and leisure 

services of local and foreign tourists. The M hotel also advocates three environmental visions, that is, 

“Environment, Energy Conservation, Carbon Reduction”, including sustainable development 

processes. To facilitate low carbon hotel operations, the M hotel launched various measures of energy 

conservation and carbon reduction, such as food mile management, electricity monitor systems, and 

energy efficiency improvement. In 2011, M hotel also acquired the certification of Energy 

Management Systems-ISO 50001 to mitigate carbon emission and to manage energy effectively. 

However, in achieving low carbon operations, M hotel encountered critical challenges in determining 

appropriate suppliers for long-term collaborative partnership in the low carbon supply chain. At least 

80% of carbon emissions are produced in the total supply chain. The ISO 50001 requires suppliers to 

provide energy-efficient products. Thus, the M hotel used the proposed framework to select low carbon 

suppliers. In this study, five suppliers (S1, S2, S3, S4, and S5) of the hotel company in the case study 

were demonstrated to assess the carbon performance of the 10 criteria identified. Three managers in 

the case company conducting the assessment were responsible in the fields of supplier management, 

procurement management, and energy management. Managers used a five-point scale (i.e., 0 bad,  

1 low, 2 moderate, 3 good, and 4 excellent performance) to evaluate the suppliers. After that, the 

authors evaluated these merchants using the hybrid MCDM model that combines DANP with VIKOR. 

4.1. Identifying the Consistency of the Evaluation Criteria 

Considering the situation of carbon management of suppliers in the Taiwanese hotel industry, a 

draft of the evaluation framework should be confirmed first by experts. Eight experts were invited in 

the FDM process to express their opinions on identifying the consistency of evaluation criteria for the 

selection of low carbon suppliers. Considering the practice experience in the field of carbon 

management in the hotel industry, the study identified five managers from hotel firms, who were 

responsible for the implementation of green procurement and energy management, and three university 

professors whose research were related to carbon and energy management in the hotel industry. 

The 12 initial criteria were used as the basis for questionnaire development. The FDM technique 

was used to screen and fit the factors. First, the expert group average was calculated for the 

conservative and optimistic values of each measure i. Anything outside the two standard deviations 
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was eliminated. Subsequently, the minimum ( CL
i ), geometric mean (CM

i ), and maximum ( CU
i ) of the 

conservative values, as well as the minimum (OL
i ), geometric mean ( OM

i ), and maximum ( OU
i ) of the 

optimistic values, were calculated (Table 1). The values of M i  and Z i  were also calculated to 

determine the consistency of expert opinions. The differences were convergent, and the consensus 
value of Gi  was calculated to screen the indicators [60,59]. The threshold value was set to 6.0.  

The agreed proportion of experts was more than 80%. Based on this principle, the two criteria, namely, 

“carbon governance” and “carbon management systems”, were excluded, as shown in Table 1. These 

criteria were used as the basis for selecting the 10 criteria for low carbon supplier selection in the hotel 

industry, as shown in Figure 3. 

Table 1. Results of calculation of factors with FDM. 

Criteria 

Pessimistic 

value 

Optimistic 

value 

Geometric 

mean  

Consensus 

value 

       

Energy efficiency of products 3 9 7 10 5.49 7.81 0.32 7.38 > 6.0 

Eco-labeling of products  5 9 7 10 6.50 8.52 0.02 7.76 > 6.0 

Carbon accounting and inventory  3 7 5 10 5.10 7.61 0.51 6.16 > 6.0 

Energy reduction of food processing 3 9 7 10 6.36 8.91 0.55 7.84 > 6.0 

Carbon governance 1 7 3 10 4.07 6.55 −1.52 5.19 < 6.0 

Carbon policy  5 9 7 10 6.10 8.41 0.30 7.65 > 6.0 

Carbon reduction targets 3 7 5 10 5.21 7.63 0.42 6.19 > 6.0 

Carbon and energy management systems 3 5 5 9 4.32 6.92 2.59 5.62 < 6.0 

Transport efficiency 3 9 7 10 6.43 8.79 0.36 7.82 > 6.0 

Collaboration of suppliers 3 9 7 10 5.17 7.91 0.74 7.39 > 6.0 

Measures of carbon reduction and  

energy conservation 
5 9 9 10 6.93 9.49 2.56 8.21 > 6.0 

Food mile management 3 9 7 10 5.84 8.50 0.66 7.64 > 6.0 

Figure 3. The framework of low carbon supplier selection. 

 

ii ZM 
i
LC i
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4.2. Determining the Relationships between Criteria by DEMATEL 

The DEMATEL method was used to examine interdependent and influence relationships between 

10 criteria using the results of FDM. The eight experts were asked to complete the questionnaires using 

a five-point scale (i.e., 0 for no influence, 1 for low, 2 for moderate, 3 for high, and 4 for very high) to 

indicate the influence of each criterion on another one in their respective organization. The average 

initial influence 10 × 10 matrix A (Table 2) was obtained by pairwise comparison in terms of 

influences and directions. The normalized initial direct-relation matrix D was calculated using 

Equations (3) to (5) (Table 3). The total influence matrix T (Table 4) was derived by Equation (6). The 

NRM of the influential relationship was constructed by vectors r and c (Table 5) using Equations (7) 

and (8), as shown in Figure 4. 

Table 2. The initial influence matrix. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

C1 0.000 3.600 2.400 0.200 2.400 2.800 2.600 2.000 2.800 2.000 
C2 3.600 0.000 3.200 1.800 3.200 3.400 3.000 2.600 3.000 2.000 
C3 3.000 2.400 0.000 1.400 3.600 3.800 3.000 3.000 3.200 2.600 
C4 1.400 2.200 1.000 0.000 1.600 1.800 1.200 1.800 1.800 2.000 
C5 3.000 2.600 3.000 1.200 0.000 3.200 3.400 3.400 3.800 2.800 
C6 3.200 2.600 3.000 0.400 3.600 0.000 3.400 3.600 3.400 2.800 
C7 1.600 2.600 2.800 0.800 3.000 3.000 0.000 2.800 3.000 2.000 
C8 2.600 2.800 3.000 1.000 2.800 3.200 2.200 0.000 2.600 2.200 
C9 3.000 2.800 3.600 1.200 3.400 3.400 2.800 3.200 0.000 2.800 
C10 1.800 2.200 2.600 2.200 2.800 2.800 2.200 3.200 2.800 0.000 

Table 3. The normalized direct-influence matrix. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

C1 0.000 0.131 0.088 0.007 0.088 0.102 0.095 0.073 0.102 0.073 
C2 0.131 0.000 0.117 0.066 0.117 0.124 0.109 0.095 0.109 0.073 
C3 0.109 0.088 0.000 0.051 0.131 0.139 0.109 0.109 0.117 0.095 
C4 0.051 0.080 0.036 0.000 0.058 0.066 0.044 0.066 0.066 0.073 
C5 0.109 0.095 0.109 0.044 0.000 0.117 0.124 0.124 0.139 0.102 
C6 0.117 0.095 0.109 0.015 0.131 0.000 0.124 0.131 0.124 0.102 
C7 0.058 0.095 0.102 0.029 0.109 0.109 0.000 0.102 0.109 0.073 
C8 0.095 0.102 0.109 0.036 0.102 0.117 0.080 0.000 0.095 0.080 
C9 0.109 0.102 0.131 0.044 0.124 0.124 0.102 0.117 0.000 0.102 
C10 0.066 0.080 0.095 0.080 0.102 0.102 0.080 0.117 0.102 0.000 

Table 4. The total influence matrix. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

C1 0.541 0.656 0.655 0.246 0.686 0.715 0.642 0.653 0.695 0.554 
C2 0.758 0.641 0.785 0.340 0.822 0.849 0.758 0.781 0.814 0.646 
C3 0.748 0.729 0.690 0.331 0.844 0.871 0.767 0.804 0.830 0.673 
C4 0.426 0.451 0.437 0.167 0.477 0.496 0.429 0.471 0.482 0.408 
C5 0.756 0.744 0.798 0.330 0.737 0.864 0.787 0.824 0.856 0.686 
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Table 4. Cont. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

C6 0.759 0.741 0.795 0.302 0.850 0.756 0.784 0.827 0.841 0.683 
C7 0.612 0.640 0.684 0.272 0.722 0.740 0.571 0.696 0.719 0.570 
C8 0.658 0.662 0.705 0.285 0.732 0.763 0.661 0.619 0.723 0.589 
C9 0.754 0.747 0.813 0.329 0.845 0.867 0.767 0.816 0.731 0.684 
C10 0.625 0.637 0.685 0.322 0.724 0.742 0.652 0.717 0.721 0.509 

Threshold value: 0.756, the values were marked when higher than the threshold value. 

Table 5. The sum of influences giving and received. 

Criteria ri ci ri + ci ri − ci 

C1 6.041 6.638 12.680 −0.597 
C2 7.194 6.648 13.842 0.546 
C3 7.287 7.045 14.332 0.242 
C4 4.244 2.924 7.168 1.320 
C5 7.382 7.440 14.822 −0.059 
C6 7.339 7.663 15.002 −0.323 
C7 6.225 6.818 13.043 −0.593 
C8 6.396 7.206 13.603 −0.810 
 C9 7.353 7.411 14.764 −0.058 
C10 6.334 6.002 12.337 0.3320 

Figure 4. The causal diagram. 
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4.3. Finding the Influential Weight of Criteria by DANP 

This study used the DANP to obtain the weights of the 10 criteria based on the influence network of 

the total influence matrix T of DEMATEL. DANP was used to calculate an unweighted supermatrix 

(Table 6) and weighted supermatrix (Table 7). The limiting power of the weighted supermatrix to 

confirm the supermatrix was converged and became a long-term stable supermatrix, obtaining the 

weights of all criteria (Table 8). Each row represents the weights of each criterion. 

Table 6. Unweighted supermatrix based on DANP. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
C1 0.5409 0.6556 0.6548 0.2457 0.6857 0.7152 0.6422 0.6530 0.6946 0.5538
C2 0.7580 0.6410 0.7847 0.3400 0.8224 0.8495 0.7576 0.7809 0.8137 0.6464
C3 0.7480 0.7294 0.6898 0.3315 0.8443 0.8712 0.7666 0.8036 0.8296 0.6729
C4 0.4262 0.4511 0.4366 0.1668 0.4773 0.4959 0.4293 0.4706 0.4817 0.4084
C5 0.7560 0.7440 0.7981 0.3295 0.7374 0.8636 0.7865 0.8244 0.8561 0.6862
C6 0.7593 0.7407 0.7954 0.3025 0.8504 0.7556 0.7841 0.8270 0.8414 0.6830
C7 0.6122 0.6402 0.6836 0.2723 0.7218 0.7397 0.5713 0.6959 0.7186 0.5695
C8 0.6580 0.6622 0.7047 0.2848 0.7321 0.7627 0.6612 0.6186 0.7231 0.5889
C9 0.7544 0.7472 0.8129 0.3287 0.8453 0.8668 0.7666 0.8158 0.7315 0.6841
C10 0.6252 0.6371 0.6845 0.3219 0.7238 0.7424 0.6524 0.7167 0.7209 0.5093

Table 7. Weighted supermatrix based on DANP. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

C1 0.0895 0.1054 0.1027 0.1004 0.1024 0.1035 0.0983 0.1029 0.1026 0.0987
C2 0.1085 0.0891 0.1001 0.1063 0.1008 0.1009 0.1028 0.1035 0.1016 0.1006
C3 0.1084 0.1091 0.0947 0.1029 0.1081 0.1084 0.1098 0.1102 0.1105 0.1081
C4 0.0407 0.0473 0.0455 0.0393 0.0446 0.0412 0.0437 0.0445 0.0447 0.0508
C5 0.1135 0.1143 0.1159 0.1125 0.0999 0.1159 0.1160 0.1145 0.1150 0.1143
C6 0.1184 0.1181 0.1196 0.1169 0.1170 0.1030 0.1188 0.1192 0.1179 0.1172
C7 0.1063 0.1053 0.1052 0.1012 0.1066 0.1068 0.0918 0.1034 0.1043 0.1030
C8 0.1081 0.1085 0.1103 0.1109 0.1117 0.1127 0.1118 0.0967 0.1109 0.1131
C9 0.1150 0.1131 0.1138 0.1135 0.1160 0.1146 0.1154 0.1130 0.0995 0.1138
C10 0.0917 0.0898 0.0923 0.0962 0.0930 0.0931 0.0915 0.0921 0.0930 0.0804

Table 8. Influential weights of stable matrix of DANP. 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
C1 0.1008 0.1008 0.1008 0.1008 0.1008 0.1008 0.1008 0.1008 0.1008 0.1008
C2 0.1012 0.1012 0.1012 0.1012 0.1012 0.1012 0.1012 0.1012 0.1012 0.1012
C3 0.1073 0.1073 0.1073 0.1073 0.1073 0.1073 0.1073 0.1073 0.1073 0.1073
C4 0.0444 0.0444 0.0444 0.0444 0.0444 0.0444 0.0444 0.0444 0.0444 0.0444
C5 0.1131 0.1131 0.1131 0.1131 0.1131 0.1131 0.1131 0.1131 0.1131 0.1131
C6 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164 0.1164
C7 0.1036 0.1036 0.1036 0.1036 0.1036 0.1036 0.1036 0.1036 0.1036 0.1036
C8 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094 0.1094
C9 0.1127 0.1127 0.1127 0.1127 0.1127 0.1127 0.1127 0.1127 0.1127 0.1127
C10 0.0912 0.0912 0.0912 0.0912 0.0912 0.0912 0.0912 0.0912 0.0912 0.0912
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After the weights of the criteria were determined by DANP, the VIKOR method was used to 

evaluate the carbon performance of supplier selection (Table 9). In this study, five suppliers (S1, S2, 

S3, S4, and S5) of the hotel company in the case study were shown to assess carbon performance 

according to the 10 criteria identified. Three managers in the case company conducting the assessment 

were responsible for the fields of supplier management, procurement management, and energy 

management. Managers used a five-point scale (i.e., 0 = bad, 1 = low, 2 = moderate, 3 = good, and  

4 = excellent performance) to evaluate the suppliers. Then, the authors evaluated these merchants by 

using the hybrid MCDM model, which combines DANP with VIKOR. The average performance 

scores of each merchant through the VIKOR method were used to obtain the performance and the ideal 

level gaps among the suppliers, as shown in Table 9. Given the ease of use of the proposed model in 

the case company, in this research, v value of VIKOR was set to 0.5 based on both maximum group 
utility and individual regret in the expert opinions. As  represents the gap between the alternative 

and the ideal solution, S3 contains the smallest gap in terms of the value of VIKOR, followed by S1, S2, 

S5, and S4. The sum of these values for each alternative is provided in Table 9, which shows that S3 is 

the best supplier. 

Table 9. VIKOR results. 

Supplier Si Qi Ri Ranking 

S1 0.536 0.087 0.312 2 
S2 0.635 0.113 0.374 3 
S3 0.474 0.085 0.279 1 
S4 0.785 0.116 0.450 5 
S5 0.641 0.116 0.379 4 

5. Results and Discussion 

We present the following results of our proposed MCDM model that can facilitate low carbon 

supplier selection in the hotel industry. First, the FDM method was used to identify the consistency of 

the selection criteria for low carbon suppliers through expert opinions. The threshold value was set to 

6.0; the agreed proportion of experts was more than 80%. With this principle, the two criteria, namely, 

“carbon governance” and “carbon management systems” were excluded, as shown in Table 1. These 

criteria were used as the basis for selecting the 10 criteria for the selection of low carbon suppliers in 

the hotel industry, as shown in Figure 3. 

Second, the NRM of the criteria was recognized by DEMATEL. The influential relationship within 

the 10 criteria was revealed. Considering the significance of carbon management in supplier selection, 

as presented in Table 5, the importance is identified as C6 > C5 > C9 > C3 > C2 > C8 > C7 > C1 > C10 > 

C4 according to the degree of importance (ri + ci). Contrary to the importance of criteria, energy 

reduction of food processing (C4), eco-labeling of products (C2), food mile management (C10), and 

carbon accounting and inventory (C3) are net causers in accordance with the value of difference (ri − ci). As 

indicated in the causal relationships in Figure 4 and Table 5, C2 affects criteria C1, C3, C5, C6, C7, C8, 

and C9; C3 affects criteria C5, C6, C7, C8, and C9. Although C4 and C10 are net causers, they have no 

influence on other criteria in terms of the threshold value, which is less than 0.756. All relationships 

that met or exceeded the threshold were rendered in boldface, as shown in Table 4, matrix T.  

Ri
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By following this principle, Figure 4 depicts the influence map of the 10 mutually interdependent 

criteria. One-way relationships are represented by dashed lines, while two-way relationships are 

represented by solid lines. By understanding these influential relationships, managers can focus on the 

two criteria of eco-labeling of products (C2) and carbon accounting and inventory (C3) to determine 

how green suppliers are exposed to carbon risk. By following the causal relationship of DEMATEL, 

managers can clearly understand the criterion to improve the management of low carbon suppliers. 

Third, the influential weights of criteria were determined by DANP. In terms of the relative weights 

of criteria for evaluating carbon performance of suppliers, “carbon reduction targets (C6)” (0.1164), 

“carbon policy (C5)” (0.1131), and “measures of carbon reduction and energy conservation (C9)” 

(0.1127) are the top three significant evaluation criteria. To improve the low carbon supply chain, 

setting the targets of carbon emission reduction is important so suppliers can monitor authentic and 

measurable progress in addressing climate change. To achieve the targets of carbon reduction, 

suppliers should launch various climate strategies that include quantitative emission reduction targets 

for their scopes 1 and 2, and occasionally even scope 3, GHG emissions [34]. Subsequent results show 

that “measures of carbon reduction (C9)” is the third important criterion. The criterion of carbon policy 

(C5) is the second most important. While the supplier launches the carbon policy, the company can 

facilitate carbon management practices by establishing a carbon policy to show its position on carbon 

emission disclosure, reduction targets, and emission certification, among others [12]. Considering the 

significant weights of the criteria, managers should select the best and appropriate suppliers through 

the VIKOR method of the proposed MCDM model. Finally, S3 is selected as best carbon performance 

of five suppliers. 

6. Conclusions and Future Research 

To promote low carbon operations in the hotel industry, the selection of suppliers in the field of 

carbon and energy management is important in achieving the target of the low carbon supply chain. 

We presented a supply chain-based conceptual framework and an operational model to incorporate 

carbon management into supplier selection in the hotel industry. By identifying the related criteria of 

carbon management activities for the proposed framework, which is a hybrid MCDM model, an 

integration of FDM, DANP, and VIKOR methods was applied in the empirical analysis on a hotel 

company for selecting low carbon suppliers. 

The proposed framework brings several contributes to the evaluation and selection of low carbon 

suppliers in the hotel industry. First, a new hybrid MCDM model for evaluating suppliers, with 

emphasis on carbon and energy management, was developed using the FDM method. Such framework 

with 10 criteria is rare in the previous literature. Second, the DEMATEL method was applied in 

selecting suppliers in terms of carbon management. DEMATEL proved to be an appropriate method to 

delineate the structure of a completely interdependent supplier selection problem model and to obtain 

the problem’s solution. Third, DANP was used to acquire considerable weights of the 10 criteria.  

The three important criteria, namely, carbon reduction targets, carbon policy, and measures of carbon 

reduction, were derived. Finally, an empirical study was conducted to demonstrate the application of 

hybrid MCDM model that combines DANP with VIKOR. The hybrid model also considers both 

maximum group utility and individual regret to measure the gaps between alternative and ideal 
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solutions, which can enhance the assessment of carbon and energy management of suppliers when 

quantitative information is lacking. Based on the example, this model has potential advantage in 

selecting appropriate suppliers for carbon and energy management. A company in the hotel industry 

intending to facilitate a low carbon supply chain can adopt the presented model or align the suppliers’ 

carbon management to its needs. 

After the findings are discussed with three managers of the case company, carbon and energy 

management for supplier selection, regarded as an emerging parameter to facilitate low-carbon hotels, 

is also discussed. Initially, a low-carbon supplier scorecard can be adopted, and this can further integrate 

supplier evaluation in terms of the 10 criteria within the proposed framework. By incorporating the carbon 

issue into procurement policies, suppliers will be required to perform a preliminary self-assessment 

throughout the carbon management questionnaire. The case company can then obtain information on 

the carbon management capability of its suppliers, and this information would in turn help the 

suppliers identify and prioritize specific carbon risks. Meanwhile, firms can pay attention to the three 

criteria on carbon reduction targets (C6), carbon policy (C5), and measures of carbon reduction and 

energy conservation (C9) to identify how their low-carbon supply chain suppliers are exposed to 

carbon risk. Finally, firms can launch collaborative training and capability building programs within 

their suppliers to mitigate carbon risk. 

Although the results obtained from this research are satisfactory, there still a room for improvement. 

The outcome of the carbon performance model with the MCDM method conducted in this study was 

exclusively determined by eight experts. Increasing the number of participating experts from the hotel 

industry can give a more generalized model of suppliers’ carbon management, thus paving the way for 

the mastery of carbon risk. The proposed framework and criteria on low-carbon supplier selection are 

applicable to the Taiwanese hotel industry; they can also serve as bases for further research on 

developing carbon management criteria in hotels in different regions or countries. In response to the 

preference of decision makers in assigning precise numerical values, fuzzy DANP and fuzzy VIKOR 

can be used in future studies. 
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