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Abstract
Global warming and climate change have raised the awareness and concern about the issue of energy
consumption and CO2 emissions of business. Although energy conservation and carbon reduction has been widely
recognized as an effective solution to cope with climate change, but the aspect of CO2 emission reduction still has
not been incorporated in the mainstream business. Accordingly, the current study aims to develop and compute
the weight of indicators of energy conservation and carbon reduction from business perspectives. This research
acquires relatively more important criteria in business through the Delphi Method and reviewing literature,
resulting in six major dimensions and eighteen criteria. The questionnaire was provided for each of the
businesses that concern energy conservation and carbon reduction. Finally, this study combines AHP with
DEMATEL to analyze the priority and causal relationships of the carbon reduction. The results generated by
AHP show that three major criteria including reducing energy consumption, improving energy efficiency, and
promoting energy conservation education should be placed in highest priorities, while the results provided by
DEMATEL show that energy management systems of improving energy efficiency and increased use of renewable
energy to reduce energy consumption are the two most worthy criteria to be emphasized and improved for carbon
reduction by observing the causal relationships. Following the constructed indicators, the business firms have a
clearer and easier template to contribute to the environment and society.
Keywords: Carbon reduction, Green supply chain management, MCDM, Energy conservation, AHP, DEMATEL

Introduction
Nowadays, global warming has generated many kinds of natural disasters worldwide and Intergovernmental Panel
on Climate Change found that these disasters are very likely caused by the increases in global carbon dioxide
concentration (IPCC, 2007) [15].
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In 1997, after the United Nations officially released the Kyoto Protocol to disclose how to “stabilize atmospheric
greenhouse gas (GHG) levels to an appropriate level to prevent dramatic climate change and its subsequent harm
to humans,” lively discussions on the severity of the earth’s climate changes ensued (UNFCCC, 1997) [27].
Moreover, in 2009, 55 countries reacted an agreement for reducing carbon emissions during the World Climate
Summit in Copenhagen. The European Union also adopted the Waste Electrical and Electronic Equipment
(WEEE) and Restriction of Hazardous Substances (RoHS) regulations to clearly prohibit the use of six hazardous
substances in products sold in Europe, and to require compliance with product recycling laws (EU, 2014) [5].
The Kyoto Protocol led to an awareness of energy conservation and carbon reduction, and governmental and
entrepreneurial understanding that economic development should be conducted in a cooperative relationship with
the environment rather than victimize it (Aggeri, 1999)[1]. Since environmental management became common
issues for governments, enterprises and stakeholders, people have shown growing interest in cooperative
approaches(New et al., 2002) )[14]. Greenhouse gas emission studies, such as strategies for environmental
management (Tseng, 2013; Lin et al, 2011.) [26] [12], carbon footprint calculation of inter-company green supply
chain (Sundarakani, et al., 2010) [24], and internal inventory management for optimal carbon footprint (Hua et al.,
2011) [9] also drew increasing attention.
Review of carbon footprint research showed that most studies focused on supply chain partnership, assessment or
calculation of industrial carbon emission reduction (Sundarakani et al., 2010; Hua et al., 2011) [24] [9], but few
studies pinpointed the mutual impact of reducing greenhouse gas emissions among different operations. Through
the combination of multi-criteria analytical tools in AHP and DEMATEL, this study not only established an
energy conservation and carbon reduction weighted index for enterprises, but also further clarified the causal
relationships among various energy conservation and carbon reduction indicators. Such understanding enables
enterprises to prioritize deplayment of resources into the best areas of creating significant impact, thereby
enhancing the efficacy of their carbon footprint management.

2. Literature Review
To ensure competitiveness and fulfill mission of sustainable management, enterprises are moving toward energy
conservation and carbon reduction, and restructuring their procedures and green innovations to become green
businesses. Since the Framework Convention on Climate Change in 1992 and the Kyoto Protocol in 1997, nations
around the world have a consensus on the reduction of green awareness of both consumers and enterprises.
Consumers and enterprises have also increased over the past 2 decades. Consumers are beginning to opt for green
products, while enterprises realize the close relationship between businesses and surrounding environment, and
aim to create a shared value with stakeholders rather than merely pursue profits (Porter & Kramer, 2011;
Chaabane et al., 2010) [17] [3]. Governments and enterprises have adopted numerous strategies in their
greenhouse gas emission programs, such as increasing the use of renewable energy resources, reducing energy
losses, improving fuel quality, and using greenhouse gas emission prevention technologies, while others have
introduced low carbon technology industries and industry transformation (Wen and Tan, 2011) [28]. Together,
governments and enterprises are cooperating to improve overall energy policies and industry energy supply chain
(Zhang et al., 1994) [29]. Enterprises have developed green innovations to achieve energy conservation and
carbon reduction, and from strategies to operations, the designing of green products and redesigning of green
production processes have become the core strategies and competitive advantage for fulfilling the mission of
sustainable management (Eiadat et al., 2008; Zhou et al., 2012; Lv et al., 2010; Pigosso et al, 2010; Scipioni et al.,
2010) [4] [31] [13] [16] [22].
Governmental and entrepreneurial motives for promoting green innovations can be divided into external and
internal factors. External factors mainly include legal regulations and stakeholder expectations, such as using
green innovations to reduce waste, pollution tax and fine reduction in order to increase cost effectiveness
(Requate and Unold, 2003; Requate, 2005; Lixin, Laya, Kannan, Roohollah and Ali, 2015) [20] [19][35].
However, enterprises are primarily motivated by internal attitude of green innovation to invest resources into
becoming green businesses, and through resource management and environmental protection, both business and
environmental performance can be simultaneously accomplished (Rehfeld et al., 2007; Renning et al., 2006)
[18][21]. Entrepreneurial decision to conserve energy and reduce carbon is a multi-objectives decision-making
managerial process. Managers must evaluate all production and management activities to prioritize their impact
and contributions to energy conservation and carbon reduction (Lee, et al., 2009; Tseng, et al., 2013; Zhou, et al.,
2011)[11][26][30].
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In the past, multi-objectives decision-making tools such as AHP, Fuzzy AHP and ANP were frequently used by
enterprises to examine energy conservation and carbon reduction. However, these methods assume mutual
independence among the indicators (AHP, Fuzzy AHP) or only correlations (ANP), and ignored the possibility
that causality might exist among the indicators.
Decision Making Trial and Evaluation Laboratory (DEMATEL) was developed originated from the Battelle
Memorial Institute research center in Geneva. It is a widely-used technique which enables increasing application
by scholars in different fields to help enterprises make decisions or resolve problems in complex or uncertain
situations. For example, Büyüközkan and Çifçi (2012) [2] used Fuzzy ANP in establishing green logistics (5
indicators), green business operation activities (5 indicators) and business performance (4 indicators) dimensions
and the mutual impact among these indicators, as well as their weightings on green supplier selection. Since the
DEMATEL does not require data from a large sample and is capable of distinguishing the mutual impact and
causality among indicators (Lee et al., 2009) [11]., it has the advantage of determining causal factors for
improving performance. Hence many researchers view it as the optimal tool for many multi-criteria decisionmaking problems (Tzeng et al., 2007; Lin et al., 2011)[25][12].

3. Method
3.1 Research Method
Since AHP results only indicate the weight ranking of each criterion, this research combines AHP with
DEMATEL to simultaneously determine the relational strength among the criteria and the weight of each
criterion. The relational analysis values are plotted into a cause-effect diagram to determine the dominance of
impact among the different criteria.
By using matrix and related mathematical theory of operations, DEMATEL determines causal relationships and
degree of impact among all the elements. The causal relationships and degree of impact of these elements within a
complex system are then represented by a matrix structure and causal diagram. Hori and Shimizu (1999)[8]
asserted that DEMATEL can transform the causal relationships among criteria into a well-defined structural
model, and is an appropriate method for managing internal mutual dependency among a series of criteria.
In this study, the indicators were selected based on literature reviews, and in-depth interviews were conducted
with greenhouse gas reduction field experts and green industry scholars and experts. For data analysis, the
analytic hierarchy process (AHP) was first applied to determine the relative importance among indicators,
followed by the Decision Making Trial and Evaluation Laboratory (DEMATEL) to determine the degree to which
each indicator could impact greenhouse gas reduction.
3.2Calcultaion Steps of DEMATEL Method
In this study, the DEMATEL procedure proposed by Fontela and Gabus (1976) [6] andTzeng et al. (2007) [25] is
used:
Step One: Define criteria and identify relationships
Based on literature review and expert opinions, 6 dimensions and 18 sub-criteria appropriate to entrepreneurial
carbon reduction were selected, and a questionnaire was constructed accordingly. Evaluation scale adopted in this
study was developed by Fontela and Gabusin 1976 [6]. As Table 1 shows, it includes 4 different scales, 0,1,2, and
3 represent no influence, mild influence, average influence, and significant influence, respectively.
Table 1: Evaluation scale and its influence level for DEMATEL
Evaluation Scale
Influence Level
no influence
0
mild influence
1
average influence
2
significant influence
3
[+] means positive influence；[-] means negative influence resource: Frontela and Gabus(1976)
Step Two: Create a direct relationship matrix
For n number of criteria, the relationship and degree of impact of the criteria are determined using pairwise
comparison to produce a n × n direct relationship matrix, expressed as X=
(i=1,2,3,…,n;j=1,2,3,…,n), where
the diagonal elements are set to 0, and
represent the degree to which Criteria impacts Criteria .
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Step Three: Create a Normalized, Direct-influence matrix
Standardize the matrix of direct relationship obtained above. Multiply all the elements in the entire Matrix X
(Code A) by S, as expressed in the following equation:
D= A × S
1
S=
max ∑
where D represents normalized, direct-influence matrix.
Step Four: Calculate determinants of the Total Influence-relation matrix (T)
lim
→

=0

As lim →
= 0 , the total influence-relation matrix T can be obtained from the following formula, T = D( −
) , I is a unit matrix.
Step Five: The row-column operation of the total influence matrix.
Sum of the individual columns and rows of the total influence-relation matrix (T) is to determine the total and D
values of each row, and the total and R values of each column. The D-value represents the degree of direct or
indirect impact of a criterion on other criteria, while the R-value represents the degree to which a criterion is
impacted by other criteria. Then calculate the degree of relation (D+R) and degree of causality (D-R), where
(D+R) represents the strength of relation and (D-R) represents the degree of influence or being influenced
(strength of causality).
Step Six: Draw a causal diagram
Plot out the D+R and D-R values of each criterion, with D+R on the horizontal axis and D-R on the vertical axis.
Then plot the causal diagram using the threshold value of each criterion (threshold value is the arithmetic mean of
the sum total of the n x n criteria within the total relationship matrix (T)).

4. Results
4.1Results of AHP Analysis
Framework of developing the indicators of carbon reduction for business and AHP weighting rank (Figure 1,
Table 2) of the 6 major dimensions and 18 criteria surveyed from the literature and revised by experts showed that
efficient energy use is the most important factor considered by industrial experts. In terms of criteria, the experts
believed that update of improve efficiency and energy consumption of production facilities is the most important
criterion for achieving energy conservation and carbon reduction.
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Figure 1: Framework of developing the indicators of carbon reduction for business
Table 2: Relative and Absolute Weights of Influencing Factors
Level 1
Improve Energy
Efficiency(A)

Strengthen Research
and Development(B)

Energy Conservation
Promotion(C)
Green Supply
Chain(D)
Reduce Energy
Consumption(E)
Place Emphasis on
Environmental
Protection(F)
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Indicator
Increase productivity per unit of energy
Improve efficiency and energy consumption of
production facilities
Establish energy resource management system
Develop and promote resource conservation
technology
Develop and promote the use of new and renewable
energy
Increase international energy information exchanges
Universalize energy education among staff
Participate in energy conservation and carbon
reduction activities
Green production
Management system
Green packaging
Green procurement
Increase use of renewable energy
Adopt low energy consumption facilities
Use high efficient fuels and safer equipment
Purchase pollution control equipment
Cooperate with international trend and develop
countermeasures
Emphasize and designate a senior position in the
company for environmental safety

Relative
Weight
0.139

Absolute
Weight
0.0278

Dimension
Rank

0.192

0.3840

2

0.669

Criteria
Rank
3

Rank
12

2

1

0.1338

1

3

0.484

0.0527

1

6

0.133

0.0144

3

17

0.383
0.738

0.0417
0.1306

2
1

9
4

0.262

0.0463

2

8

0.217
0.194
0.227
0.363
0.178
0.822
0.299
0.089

0.0186
0.0166
0.0195
0.0312
0.0514
0.2375
0.0415
0.0123

3
4
2
1
2
1
2
4

15
16
14
11
7
2
10
18

0.142

0.0197

3

13

0.470

0.0653

1

5

5

3

6

1

4
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4.2 DEMATEL Result
After having the relative weightings of each greenhouse gas reduction indicator using AHP, DEMATEL is
applied using Microsoft Excel to determine causality and relational strength among the 6 dimensions, namely
“Improve Energy Efficiency(A)”, “Strengthen Research and Development(B)”, “Energy Conservation
Promotion(C)”, “Green Supply Chain(D)”, “Reduce Energy Consumption(E)” and “Place Emphasis on
Environmental Protection (F)”, and their indicators (Table 3, Fig. 2).
Table 3 Combination of AHP and DEMATEL of Six Dimensions and Eighteen Indicators
Level 1

Improve
Energy
Efficiency

Strengthen
Research and
Development

Energy
Conservation
Promotion

Green Supply
Chain

Reduce
Energy
Consumption

Place
Emphasis on
Environmental
Protection

Indicator
Increase productivity
per unit of energy
Improve efficiency
and energy
consumption of
production facilities
Establish energy
resource
management system
Develop and
promote resource
conservation
technology
Develop and
promote the use of
new and renewable
energy
Increase international
energy information
exchanges
Universalize energy
education among
staff
Participate in energy
conservation and
carbon reduction
activities
Green production
Management system
Green packaging
Green procurement
Increase use of
renewable energy
Adopt low energy
consumption
facilities
Use high efficient
fuels and safer
equipment
Purchase pollution
control equipment
Cooperate with
international trend
and develop
countermeasures
Emphasize and
designate a senior
position in the
company for
environmental safety

Dimension
rank

2

5

Indicator
rank

rank

3

12

2

1

1

Indicator
D+R

Correlation
rank

Indicator
D-R

78.831

2

-0.003

79.503

1

-0.748

3

73.513

3

0.75

1

6

23.509

2

-0.213

3

17

24.146

1

0.452

2

9

22.000

3

-0.239

1

4

0.222

1

0

3

6

12.440

11.615

10.695

Correlation
rank

2

4

6

Dimension
D-R

0.533

-0.273

-0.053

2

8

0.222

1

0

3
4
2
1

15
16
14
11

76.506
64.311
77.574
75.689

2
4
1
3

-0.968
3.262
0.189
-2.09

2

7

68.813

1

1

1

2

68.813

2

-1

2

10

14.350

2

0.96

4

18

13.776

3

0.202

3

13

12.125

4

-0.777

1

5

14.414

1

-0.385

1

4

Dimension
D+R

10.841

13.328

11.879

5

1

3

0.41

0.232

-0.848
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0.8
A

0.6
D

0.4

E

D-R

0.2

-0.2

B

C

0
0

2

4

6

8

10

12

14

-0.4
-0.6

F

-0.8
-1
Figure 2: The digraph of causal relations among these six dimensions
First, Table 3 and Fig. 2 show the complex causal relationship among the 6 dimensions. Among 6 dimensions, the
dimensions “Improve Energy Efficiency(A)”, “Reduce Energy Consumption(E)” and “Place Emphasis on
Environmental Protection(F)” are more highly related (D+R value) to entrepreneurial energy conservation and
carbon reduction. A negative D-R (causality) indicates that an enterprise is subjected to the influence of such a
dimension, and hence has less room to improve that dimension. On the other hand, a positive D-R value indicates
that the enterprise exerts influence on that dimension, and hence has greater discretion in improving that
dimension. Of the 6 dimensions, “Improve Energy Efficiency (A)”, “Green Supply Chain (D)” and “Reduce
Energy Consumption (E)” are causal dimensions. By making adjustments to Reduce Energy Consumption (E) and
Improve Energy Efficiency (A) dimensions to increase reduction in energy consumption and energy efficiency per
se, other dimensions can also be enhanced.
Second, the directionality in the causality diagram obtained from relational and causality analysis revealed
important managerial significance.Figure2 shows that for "Improve Energy Efficiency (A)", the direction of
influence mainly points toward other dimensions while only two influences point toward this dimension,
indicating that "Improve Energy Efficiency (A)" unilaterally impacts other dimensions while remaining
impervious to the impact of other dimensions. Therefore, intervening with this dimension will yield the greatest
improvement. For example, improving the Improve Energy Efficiency dimension of an enterprise will directly
impact its Energy Conservation Promotion and Place Emphasis on Environmental Protection dimensions while
the resulting changes in these two dimensions will not impact the Improve Energy Efficiency dimension. The
integrated results of AHP and DEMATEL (Table 2) suggest that enterprises prioritize “Improve Energy
Efficiency (A)”, followed by “Reduce Energy Consumption (E)” and “Place Emphasis on Environmental
Protection (F)”, respectively. The MCDM model enables managers to identify the greatest level of relationship or
impact, and use that as a starting point for energy conservation and carbon reduction to increase incentive for
developing green products and services

5. Conclusions
This study used questionnaires to determine how enterprises weigh energy conservation and carbon reduction
items and their connections. We selected AHP and DEMATEL methodology to analyze the collected data. Using
dimension or indicator weightings as a standard for improvement, enterprises can achieve the most direct effect
within a short period of time. However, from a systemic perspective, the efficacy of a system is derived from the
interaction among subsystems. In particular, when causal relationships exist among the subsystems, maximum
impact on the overall goal cannot be achieved by merely intervening in a single affected subsystem.
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Combined analysis of the 6 dimensions showed that except for "Green Supply Chain" (D), "Improve Energy
Efficiency" (A) affected all the other dimensions of energy conservation and carbon reduction while "Reduce
Energy Consumption" (E) affected all other dimensions. These two dimensions are dimensions of causality
(relational value (D+R) is positive. Based on the analyzed results of degree of relationship, degree of causality
and directionality, enterprises are recommended to first modify their "Reduce Energy Consumption" and
"Improve Energy Efficiency" dimensions. In addition to having high relational value and being causal in nature,
these 2 dimensions ranked highest in 6 dimensions and are therefore not only capable of enhancing energy
consumption reduction and energy efficiency per se, but also facilitate improvement in other dimensions. For
governments and enterprises, reducing energy consumption is one of the most important factors for sustainable
urban development and sustainable production, thereby rendering increasing energy efficiency a relative second.
This study integrated the MCDM's, AHP and DEMATEL to weigh different dimensions and indicators of green
innovations to help enterprises construct a quantitative assessment model for green innovations. Entrepreneurial
production, human resources, strategies and development are interdependent. This study adopted AHP to
construct major dimensions and indicators, and used DEMATEL to determine the associated mutual impact and
degree of influence. As a result, enterprises can better deploy their resources to improve energy conservation and
carbon reduction in a more productive ways. Analysis showed that first, reducing energy consumption and
increasing energy efficiency will have the greatest impact on operating costs, and is therefore a priority factor in
the development of green innovations. Second, valuing environmental safety can help enterprises comply with
regulations and enhance company image and stakeholder relationship, and is therefore also a priority
development.
AHP and DEMATEL have different assessment criteria for decision-making. AHP assumes mutual independence
among the dimensions or indicators, and therefore uses different weights to evaluate the impact of individual
dimension and criterion on the overall goal. On the other hand, DEMATEL is based on the premise of mutual
influence among the dimensions or criteria, and prioritizes resource investment according to factors with the
broadest range of influence. The relationship between environmental protection and the operational efficiency of
enterprises have transformed from a trade-off relationship to a collaborative relationship. Under prevailing
association of sustainable environmental development and energy, reducing energy consumption has become
increasingly important than ever before. Improving the level and content of green innovations, enterprises can
maintain their competitiveness and achieve their mission of sustainability.
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