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Abstract

In recent years, there has been an increasing focus on incorporating green busi-
ness techniques into entrepreneurship activities, a concern shared by firms and 
researchers alike. Although developed nations have faced regulatory pressures to 
adopt environmentally friendly methods, this problem has received less attention 
in developing economies such as India. In light of the time sensitivity, it is crucial 
to identify the catalysts of green business adaptation into their entrepreneurial 
activity, specifically focusing on the essential variables among them.
  The objective of this study is to identify and establish a cause-and-effect rela-
tionship between the elements that support green entrepreneurship, using the 
gray DEMATEL (Decision Making Trial and Evaluation Laboratory) technique. 
The distinctiveness of this research is its simultaneous emphasis on identifying 
factors that facilitate and establishing cause-and-effect links, which has not been 
investigated in previous studies. The creation of green manufacturing capabilities, 
obtaining funding for green innovation, getting loans from financial institutions 
easily, and following environmental regulations are the most important components 
of a comprehensive list of 10 factors that support green business.
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  Moreover, the study enhances its contribution by providing managerial and 
practical implications, with the purpose of supporting managers of the case orga-
nization in implementing green innovation techniques. This comprehensive meth-
od seeks to connect the divide between identifying factors that enable something 
and cultivating a more profound comprehension of how these factors are inter-
connected, in order to facilitate the implementation of sustainable entrepreneur-
ship practices.
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Introduction

The relationship between economic growth and the environment is highlighted in 
the concept of green economic growth, which seeks to harmonize the economy 
with its ecological underpinnings. An imperative task is to analyze several 
approaches to economic expansion that encompass diverse facets of socioeco-
nomic advancement (Lawson, 2006). Both academic research and real-world 
evaluations focus on how to include eco-friendly activities in national develop-
ment plans and policy actions. Both developed and developing countries are 
actively involved in these efforts. Things like institutional capacity, government 
directives, national development goals, and other resources that are available 
affect how policymakers make decisions. (Megwai et al., 2016).

The efficacy of green performance sustainability relies on the consistent capac-
ity to implement and the congruence of environmental policies, as highlighted by 
study (Islam et al., 2012). Green entrepreneurs and their initiatives are essential 
for maintaining the sustainability of the green economy. Nevertheless, challenges 
such as volatile laws and bureaucratic hurdles in the corporate environment pose 
difficulties that impede the effective functioning and growth of these eco-friendly 
initiatives (Melay et al., 2017).

The integration of environmental sustainability into entrepreneurship is crucial 
for promoting the development of enterprises committed to advancing social pro-
gress. Green enterprises have a greater likelihood of long-term sustainability and 
tend to earn larger sales compared to businesses that do not follow environmentally 
conscious entrepreneurship principles (Charney & Libecap, 2003; Kirkwood & 
Walton, 2010; Oosterbeek et al., 2010; Rauch & Hulsink, 2015). Hence, proficiency 
in green entrepreneurship additionally facilitates the integration of technology in the 
creation of goods and services, promoting technology-based organizations and 
items (Rauch & Hulsink, 2015). The growing focus on the mindset of green entre-
preneurship has prompted debates on the convergence of green knowledge and 
entrepreneurial conduct, specifically in the context of poor nations (Rauch & 
Hulsink, 2015).
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Participating in environmentally-friendly business practices offers organiza-
tions the chance to adjust to shifts in the industry and strengthen their long-term 
competitive edge, placing themselves advantageously in the market. As a result, a 
growing number of organizations are adopting environmentally friendly strate-
gies. Nevertheless, the execution of environmentally-friendly business practices 
necessitates the effective handling of numerous internal and external risk factors 
or obstacles, whether they are expected or unexpected (Su et al., 2014). Researchers 
have investigated the factors that contribute to the expansion of environmentally-
friendly businesses, condensing successful case studies for enterprises to consult 
(Yi, 2014). Hwang et al. (2017) propose that the optimal strategy for fostering 
environmentally conscious enterprises is through government co-funding and 
incentives for training and technologies. The success of green business is deter-
mined by various factors, such as the endorsement from senior executives, the 
education and development of staff, cooperation among the supply chain, and the 
ever-changing nature of the environment (Chan et al., 2016; Dai et al., 2014, 2015; 
Sarkis et al., 2010).

Concurrently, studies on business failure strive to propose strategies that can 
avert substantial financial setbacks for companies (Wang & Wu, 2017). The study 
acknowledges the adage, “failure is the mother of success,” and emphasizes the 
valuable insights that may be derived from failure. Business failure, a common 
problem in the field of business and management, has been repeatedly noticed 
(Kherrazi & Ahsina, 2016). Emotional issues that result in business failure can be 
effectively dealt with by employing emotion-focused coping strategies, encourag-
ing self-reflection, and eventually enhancing business circumstances (Byrne & 
Shepherd, 2015). Hence, comprehending the fundamental determinants of busi-
ness success is vital for achieving future business prosperity.

To summarize, the current body of literature thoroughly explores the elements 
that contribute to the success of green businesses, while studies on business failures 
generally overlook the environmental side. This study seeks to fill this void by iden-
tifying the pivotal variables that contribute to the success of green businesses. This 
study enhances the theoretical understanding of green business by developing a 
framework that aims to influence success in this field. It complements existing 
studies that mainly focus on identifying success factors and provides a more com-
prehensive basis for the practical implementation of green business principles.

Through the examination of previous research, researchers can focus on the 
extraction, analysis, and evaluation of crucial variables. Büyüközkan and Güleryüz 
(2016) defined a total of 21 criteria categorized into five dimensions: technological, 
economic, political, social, and environmental. Jeng (2015) examined the signifi-
cance of environmental uncertainty, asset specificity, and trust as indicators in a 
causal model of supply chain collaboration. Moreover, a firm undergoes a life cycle, 
progressing through stages of development and challenges (Al-Hadi et al., 2019).

Subsequently, the quantitative study was conducted using expert assessment  
to reveal the importance of each affecting element. The assessment procedure 
utilized the DEMATEL method, a well-established strategy frequently deployed 
in various researches for its straightforwardness. Nevertheless, the primary limita-
tion of DEMATEL is its dependence on expert assessment, which may lead to 
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possible inconsistencies. In order to tackle this issue, this study addresses it by 
integrating gray set theory (Xia et al., 2015). Gray set theory is applicable in cir-
cumstances characterized by partial clarity of knowledge, with the remaining 
portion being vague and uncertain. The system has the ability to account for 
missing information, hence improving the accuracy of the evaluation (Su et al., 
2016). Hence, to thoroughly analyze the correlation between elements with 
enhanced precision and applicability, the integration of gray set theory and 
DEMATEL is employed. This integration allows for the incorporation of uncer-
tainty, imprecise information, and ambiguity into the assessment process.

In this context, the present study has following research questions:

	 What are the key drivers influencing the adoption of green entrepreneur-
ship in North East India?

	 How does the gray-DEMATEL method help uncover cause-and-effect 
relationships between green business factors?

The study makes three significant contributions: First, it investigates the factors 
that influence green business, providing a thorough analysis of the subject. 
Second, it develops a framework, which enhances the construction of a theoretical 
framework. Finally, it combines gray set theory with DEMATEL to assess compo-
nents, hence enhancing the precision and applicability of evaluation outcomes. 
The subsequent sections of this article are structured in the following manner: the 
second section provides a thorough analysis of the current literature on green busi-
ness, including its key components and the use of gray DEMATEL to uncover 
possible factors that could contribute to the success of green enterprises. The third 
section offers an elaborate account of the research approach, which involves the 
application of gray DEMATEL (GDEMATEL) and analytical procedures. The 
fourth section entails the processing and analysis of the data, however, the fifth 
section scrutinizes the ramifications of this research. The sixth section concludes 
the investigation and specifies the limitations of this study.

Review of the Existing Literature

Review of the Literature on Green Business and the  
Elements that Influence it

Although environmental studies have experienced significant growth, the area of 
green entrepreneurship is still in its nascent phase. Pacheco et al. (2010) empha-
size the presence of unsolved conceptual matters where Business Economics, 
Entrepreneurship, Finance, and Accounting meet. O’Neill and Gibbs (2016) 
propose that entrepreneurs frequently struggle with delineating the precise range 
of activities that meet the criteria for green entrepreneurship. In order to resolve 
this lack of clarity, researchers have endeavored to establish a precise definition  
or description of green entrepreneurship. Green Project (2012) defines it as a delib-
erate effort to tackle environmental and social concerns through entrepreneurial 
endeavors, notwithstanding the potential dangers, with the aim of achieving  
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a favorable outcome for both the environment and financial stability. A green 
entrepreneur is further defined as an individual who takes the initiative to estab-
lish and oversee a business that is focused on being environmentally friendly in 
both its operations and the products it offers.

In their study, Costantini and Mazzanti (2012) suggest that green entrepreneur-
ship can be defined by considering the technological aspects of production or the 
operations of a corporation. Dale (2018) characterizes it as a narrative-driven pro-
cedure in which an entrepreneur secures backing from stakeholders to pursue their 
aspirations. According to the literature, there is no commonly acknowledged defi-
nition of green entrepreneurship due to its early stage of development (Demirel  
et al., 2019).

Green business seeks to implement products, processes, services, and business 
models that are distinguished by their low carbon emissions, resource efficiency, or 
remanufacturing. Green businesses, when compared to their nearest competitors, 
operate and perform in a significantly more sustainable manner (Kanchan et al., 
2015). In the current era of entrepreneurship, the advancement and updating of organ-
izations require the use of environmentally friendly business strategies (Mioara & 
Mihai, 2014). Ilinitch and Schaltegger (1995) suggest integrating an environmental 
aspect into the strategic planning process of enterprises involved in environmentally 
conscious business. Kirchhoff (2000) supports the implementation of ecologically 
friendly materials, reduction of waste and pollution in the production process, and 
improvement of the biodegradability of the final product for enterprises engaged in 
green business. Lin et al. (2011a) employ a hybrid methodology to investigate the 
innovation capabilities of environmentally conscious businesses.

In the highly competitive contemporary business landscape, a multitude of 
variables can contribute to the demise of a corporation. Managerial cognition is 
recognized as a significant component contributing to failure, as stated by Cox 
and Vos (2005). Additional variables such as variable expenses, customer delays, 
lack of expertise in contracts, narrow profit margins caused by competition 
(Mahamid, 2012), and the choice of suppliers (Bohner & Minner, 2017), can also 
contribute to the collapse of a corporation. Environmentally-friendly firms can 
achieve sustainable development by implementing and improving effective green 
process management. This has been proved in industries such as real estate, agri-
business, and related areas. Business operations can improve their environmental 
sustainability by applying business process reengineering with a strategic focus on 
ecological perspectives (Cui, 2017; Lan, 2011; Peng & Zhang, 2014). Chen and 
Wu (2015) examine how organizations’ perception of green business affects their 
adoption of green business strategies and overall business success.

Although numerous studies have examined the influence of specific factors, 
such as green human resources, on green business, only a few have taken into 
account the interrelationships between multiple components or the links between 
factors that contribute to the success or influence of green businesses. Hence, this 
study aims to identify the determinants of green business factors, facilitating a 
thorough investigation. The DEMATEL methodology is utilized to quantify the 
importance of each feature, while gray set theory is implemented to effectively 
address the problem of semantic uncertainty.
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Literature on Application of Gray-DEMATEL

The DEMATEL method is an effective approach for examining the relationships 
between important elements in terms of their characteristics and strength. The 
direct impact matrix is used to identify the logical links between items and deter-
mine the influence and relevance of each aspect on others. Bai and Sarkis (2013) 
effectively demonstrated complex causal links between essential success elements 
using DEMATEL. Meanwhile, Xia et al. (2015) examined internal obstacles 
encountered by automotive parts remanufacturers and assessed causal barriers 
using a model framework. DEMATEL may also identify causal linkages and inter-
acting influences among criteria, as demonstrated in studies conducted by 
Baykasoğlu and Gölcük (2017), Sharma et al. (2017), and Tsai et al. (2016).

Nevertheless, the DEMATEL method is constrained by the imprecise nature of 
human assessments and the challenge of accurately quantifying numerical values 
(Govindan et al., 2016a). The system fails to consider a hierarchical organization 
and uses an analytical method that lacks complete information. Gray set theory 
addresses the limitations of uncertain systems with unknown knowledge by aug-
menting partial information (Su et al., 2016). Vafadarnikjoo et al. (2015) utilized 
GDEMATEL to identify significant project risk categories, but Ren et al. (2017) 
performed a more accurate assessment of the impact of sludge on the long-term 
viability of energy systems.

While GDEMATEL has been utilized in various research studies, such as 
exploring key attributes of supply chain risks and uncertainties and analyzing the 
implementation of sustainable consumption and production (Luthra et al., 2017; 
Wu et al., 2017), there is a scarcity of research on the application of GDEMATEL 
to investigate failure factors of green business. The focus of our study is to examine 
the ambiguity surrounding expert viewpoints on crucial determinants of green 
company failure. Hence, the use of gray set theory and gray-DEMATEL is deemed 
pragmatic and appropriate for this inquiry. Thus, our research aims to fill this 
research gap by providing enhanced theoretical support and practical guidance.

Methodology

This study employs a two-part methodology, with the first part being the use of 
Dalkey and Helmer’s (1963) Delphi method to identify enablers. The Delphi approach 
entails systematically defining all relevant parts of the study and then collecting 
expert opinions through iterative rounds of deliberation until a consensus is reached 
on the key factors. Through a comprehensive literature analysis, we identified an 
initial set of 13 factors for our study. Following that, these facilitators engaged in 
several rounds of deliberations with experts, resulting in a definitive consensus on 10 
facilitators for subsequent examination utilizing the gray DEMATEL technique.

The Battelle Memorial Institute in Geneva developed the DEMATEL meth-
odology, a thorough method for formulating and analyzing the interdependen-
cies among various elements. This is accomplished by using relationship 
matrices and digraphs to establish causal linkages (Gabus & Fontela, 1973). 
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DEMATEL is a beneficial method for examining cause-and-effect connections 
in intricate structural models. This sets it apart from other multi-criteria decision- 
making techniques such as Analytical Hierarchical Process (AHP) and TOPSIS 
(Technique for Order of Preference by Similarity to Ideal Solution), which do 
not explicitly establish cause-and-effect relationships (Kim, 2006; Tseng, 2009; 
Wu et al., 2010).

Although DEMATEL is proficient in examining causal connections, its draw-
back is in addressing ambiguity and expert conflicts arising from inadequate 
information. In order to tackle these difficulties, the research utilizes gray system 
theory, which is particularly advantageous in dealing with ambiguous and partial 
information, particularly in instances involving discrete data. Gray system theory 
is a useful approach for dealing with uncertainties and limited data in situations 
with small sample sizes. It helps to solve the problems that arise from making 
incorrect decisions (Liu & Qiao, 2014). The combination of gray and DEMATEL 
methodologies has been successfully applied in various fields, including service 
quality expectation, exploration of core competencies, green supplier develop-
ment, business process management, FMEA assessment, modeling enablers of 
supply chain risk mitigation, analysis of barriers for automotive parts remanufac-
ture, and analysis of barriers for environmentally friendly products (Bai & Sarkis, 
2013; Chang et al., 2013; Fu et al., 2012; Lin et al., 2011a; Rajesh & Ravi, 2015; 
Shao et al., 2016; Tseng, 2009; Xia et al., 2015).

The present investigation utilizes a blend of the gray system and DEMATEL 
methodologies to clarify the connections among factors that facilitate green inno-
vation. The following outline outlines the methodological steps for the gray 
DEMATEL approach:

Step 1: Initial relationship matrix creation for every expert

Let “n” be the number of enablers of green innovation and “k” represent the 
number of respondents selected for the research. Each participant is given the task 
of rating, on a scale of 0 to 5, the relative influence of facilitator Bi over facilitator 
Bj. From “no influence” to “very high influence,” the scale values indicate the 
various impact levels among the “n” facilitators that have been found. The 
linguistic assessments and the gray numbers that correspond with them are shown 
in Table 2. Following that, a set of “k” initial relation matrices were produced 
utilizing the participants’ impact evaluations.

Table 1.  Evaluation of Linguistic Abilities and the Corresponding Grading System.

Linguisitc Terms Gray Numbers Values

No influence (NI) [0,0] 1
Very low influence (VL) [0,0.25] 2
Low influence (LI) [0.25,0.5] 3
High influence [HI] [0.5,0.75] 4
Very high influence [VHI] [0.75,1] 5

Source: Salem et al. (2020).   
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Step 2: Deriving the matching grayscale matrix for each initial connection 
matrix

Using the values acquired in Step 1 and Table 2. The process of creating higher 
and lower value ranges yields the gray matrices, as shown in Table 2 (Ju-Long, 
1982; Julong, 1989; Rajesh & Ravi 2015).
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Where Gij
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between factors.

Step 3: Obtaining the average of gray relation matrices

The average gray relational matrix, represented as ÄGij, is computed by combining 
the “k” gray relation matrices acquired.
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Step 4: Compute crisp matrices using average gray matrices

By employing a three-step technique, akin to the modified-CFCS method, one can 
obtain clear matrices, as evidenced in prior research conducted by Rajesh and 
Ravi (2015), Rajesh et al. (2015), and Xia et al. (2015).

1.	 Lower and Upper Normalized values.
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3.	 Compute final crisp values

	                 Xij Min
Max* ( _ (� � � �min G G X xij ij ij� � (8)

             And 

				    X = Xij
*

�

Step 5: Creating a standardized direct-relationship matrix

The normalized direct-relation matrix “N” is obtained by using Equations (9) and 
(10). The elements in this matrix are constrained between the range of 0 and 1.

			   L

j

n

�

� �
� �

1

1
1

max
i n

Xij
*

� (9)

				    N = L * X� (10)

Where the variable N represents the normalized direct-relation matrix, L represents 
the normalization factor, and X represents the initial crisp relationship matrix.

Step 6: Calculate the total relation matrix “S” by applying Equation (11)

			           S = N ( I – N) --1� (11)

Equation (11) can be expressed as S equals N multiplied by the inverse of (I minus 
N), where I denotes an identity matrix.

Step 7: Acquire informative parameters

The symbol R represents the sum of rows, while the symbol C represents the sum 
of columns. Equations (12) and (13), when applied, yield the following 
representation of the calculation:	

			       R
i
� �

�� Sij ij

n

1

� (12)

			       Cj � �
�� Sij ji

n

1
� (13)

Where 
Ri represents the sum of row elements in the total relation matrix S for row i, it 

gives us the total effect that factor i has on all other factors.
Cj represents the sum of column elements in the total relation matrix S for  

column j, In other words, it gives us the total effect that other factors have on factor j.

Step 8: Establish a casual diagram and diagraphs

A causal diagram is created by utilizing the values derived from Equations (12) 
and (13).
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Data Collection and Analysis

This study constructs the characteristics of green entrepreneurship based on 
existing literature. Subsequently, 10 criteria are chosen to examine the influential 
details of green entrepreneurship, which will be detailed below.

Many organizational activities are included in environmental management prac-
tices, such as the design of products, manufacturing equipment, raw material inputs, 
production information, material packaging, organizational technology, and waste 
management procedures (Shrivastava & Hart, 1995). By putting effective planning 
into practice and getting top management support for environmental management and 
improvement, organizations can accomplish major innovations (Lee et al., 2014).

Environmental commitment encompasses an organization’s environmental man-
agement policies and the level of awareness among employees on the advantages of 
various environmental initiatives and their significance (Simpson et al., 2007). The 
degree to which a corporation addresses the requests from stakeholders for environ-
mentally friendly products is mostly determined by its level of dedication to envi-
ronmental concerns (Aragon-Correa & Sharma, 2003; Henriques & Sadorsky, 
1999). Green operational practices refer to operations that pertain to both products 
and processes, aiming to minimize their environmental impact (Gilley et al., 2000). 
With respect to activities associated with products, this involves the development 
and promotion of environmentally sustainable items that encourage reusability, 
recycling, and easy disposal. On the other hand, process-related practices place 
emphasis on the design and implementation of industrial procedures that produce 
minimal environmental impact, with the ultimate goal of attaining almost no waste 
production (De Ron, 1998). This can be achieved by implementing cleaner technol-
ogy and implementing effective waste management and disposal systems (De Ron, 
1998; Klassen & Whybark, 1999). Moreover, communication strategies are designed 
to improve a company’s reputation and standing both in society and among stake-
holders by promoting the firm’s environmental accomplishments and methods 
(Aragón-Correa, 1998; Florida & Davison, 2001).

The term “green manufacturing capability” describes the set of organizational, 
financial, human, technological, and physical resources that are applied in a manu-
facturing plant to enhance its environmental performance. These resources are coor-
dinated by organizational procedures (Grant, 1991; Nelson & Winter, 2009). An 
organization can become more green by using methods that aim to cut down on 
waste and pollution, make products that are better for the environment, and include 
environmental management systems like ISO in the production process (Maruthi & 
Rashmi, 2015; Nikbakhsh, 2009; Sarkis, 2001; Somsuk & Laosirihongthong, 2016; 
Zhu et al., 2008).

Financial institutions exhibit a strong commitment to environmental preserva-
tion and a willingness to finance initiatives that benefit the environment. 
Businesses can benefit from this trend by securing affordable loans at favorable 
interest rates to facilitate the development of new sustainable and eco-friendly 
goods (Azapagic, 2004; Govindan et al., 2016b; Jenkins & Yakovleva, 2006; 
Mathiyazhagan et al., 2013; Wilson & Nayee, 2002).

Integrating environmentally friendly practices into the supply chain enables 
firms to attain improved cost advantages and operational efficiencies. Green  
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products have greater perceived value among customers, especially in larger organi-
zations, which allows smaller enterprises to demand higher pricing for their prod-
ucts (Lee, 2008). Organizations have the potential to attain financial benefits through 
the adoption of innovative strategies for product development, which can result in 
price reductions (Berkel, 2007; Govindan et al., 2016b). The implementation of 
green innovation strategies enables organizations to broaden their presence in inter-
national markets, thereby facilitating the procurement of new companies (Chiou  
et al., 2011; Govindan et al., 2016b; Mathiyazhagan & Haq, 2013).

Green manufacturing capability refers to the combination of physical, financial, 
human, technological, and organizational resources within a manufacturing plant. 
These resources are integrated through organizational routines to improve the firm’s 
environmental performance (Grant, 1991; Nelson & Winter, 2009). Green manufac-
turing capabilities are established through the implementation of strategies that 
place an emphasis on the prevention of environmental damage, waste reduction, and 
pollution control. This includes integrating environmental management systems 
such as ISO into the manufacturing process and designing products that adhere to 
environmentally favorable standards (Maruthi & Rashmi, 2015; Nikbakhsh, 2009; 
Sarkis, 2001; Somsuk & Laosirihongthong, 2016; Zhu et al., 2008).

Designing for green products entails the deliberate process of creating a product 
that minimizes its environmental footprint during its complete lifespan. This 
entails reducing the use of materials and energy, removing harmful by-products, 
and promoting the reuse and recycling of resources without incurring additional 
costs for the product (Eltayeb et al., 2011; Hassan et al., 2016; Mudgal et al., 2009; 
Sarkis, 2003; Somsuk & Laosirihongthong, 2016).

Gaining insight into the market need for environmentally friendly products 
enables firms to develop a strategic plan for creating innovative green solutions. 
Consumers are becoming more conscious of ecologically sustainable items and 
are displaying a higher level of selectivity in their preference for eco-friendly 
goods (Chen, 2008; Zhou et al., 2009). Smaller firms that rely on larger entities for 
their business are obligated by these larger organizations to use environmentally 
friendly practices in their manufacturing processes, which in turn promotes the 
development of sustainable technologies (Chiou et al., 2011; Hsu & Hu, 2009).

Result and Analysis

Mere identification of the factors listed in Table 3 is insufficient to achieve the 
goal of this study. According to the research conducted by Ouyang et al. (2016), 
Pajer et al. (2017), and Xia et al. (2015), which primarily focused on expert selec-
tion, we have asked three experts to assess the direct impact of each component on 
others. The panel comprised a university scholar, a government representative, 
and a manager from a sustainable food company. These highly experienced pro-
fessionals, each with more than 12 years of expertise in the field, are equally 
important in providing insights for a comprehensive analysis of the elements.  
As a result, each expert is assigned an equal weight of 0.25. A sensitivity analysis 
on this variable will be conducted in the future.

To construct a matrix comprising 10 criteria related to linguistic characteristics, 
a 10×10 gray direct-relation matrix is computed. By adhering to the guidelines 
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Table 3.  Proposed Factors Influencing Green Entrepreneurship.

Sl.
No. Factor Code Factor of Supporting Literature

  1 Environmental 
management 
practices

V1 Bergmiller & McCright (2009); Shrivastava & Hart 
(1995); Theyel (2000); Zhu & Sarkis (2006, 2007); 
Hajmohammad et al. (2013); Weng et al. (2015);  
Lee et al. (2014)

  2 Environmental 
commitment of
the firm

V2 Aragon-Correa & Sharma (2003); Simpson et al. 
(2007); Henriques & Sadorsky (1999)

  3 Green 
operating and 
communication 
methods

V3 Aragón-Correa (1998); De Ron (1998); Florida & 
Davison (2001); Klassen & Whybark (1999); Gilley  
et al. (2000)

  4 Green purchasing V4 Somsuk & Laosirihongthong (2016); Zhu & Sarkis 
(2006); Ninlawan et al. (2010); Eltayeb et al. (2011); 
Chan et al. (2012); Govindan et al. (2016b); Hassan  
et al. (2016); Lee et al. (2014)

  5 Developing green
manufacturing 
capabilities

V5 Grant (1991); Zhu et al. (2008); Nikbakhsh (2009); 
Somsuk and Laosirihongthong (2016); Maruthi & 
Rashmi (2015); Sarkis (2001); Nelson & Winter (2009)

  6 Designing to 
produce green
and sustainable 
products

V6 Eltayeb et al. (2011); Hassan et al. (2016); Lee et al. 
(2014);  Mudgal et al. (2009); Sarkis (2003); Somsuk & 
Laosirihongthong (2016)

  7 Resources for 
green
innovation

V7 Driessen et al. (2013); Horbach et al. (2012); Huang & 
Wu (2010); Keskin et al. (2013); Ölundh Sandström & 
Tingström (2008); Rennings & Rammer (2009)

  8 Market demand V8 Chen (2008); Chiou et al. (2011); Horbach et al. 
(2012); Hsu & Hu (2009); Kammerer (2009); Lin et al. 
(2014); Zhou et al. (2009) 

  9 Cost reduction 
and new business 
opportunities

V9 Berkel (2007); Chiou et al. (2011); Govindan et al. 
(2016b); Lee (2008); Mathiyazhagan & Haq (2013); 
Mathiyazhagan et al. (2013)

10 Ease of getting 
loans from
financial 
institutions

V10 Azapagic (2004); Govindan et al. (2016b); Hilson 
& Nayee (2002); Jenkins & Yakovleva (2006); 
Mathiyazhagan et al. (2013)

outlined in the third section, we are able to generate a normalized direct-relation 
matrix X (see Table 2). 

In addition, we also produce the comprehensive relationship matrix M (see 
Table 4). Subsequently, the dataset (R+D, R−D) is calculated, and a Cartesian 
coordinate system is built utilizing the processes delineated in the preceding sec-
tions. Let θ denote the sum of the mean and the standard deviation for the original 
value. In this case, θ is equal to 0.2565 plus 0.0589, which gives a value of 0.3154.

The study uncovers the cause variables, effect factors, and connections among 
components that contribute to the success of green businesses by referring to 
Table 5. Elaborate elucidations are presented subsequently.
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Causal/Effect Factors

The study also ranks the causal facilitators according to the values of (Ri - Cj) for 
all i = j. In order to determine which enablers in the causative group require control 
and which can be addressed first, it is helpful to characterize and prioritize them. 
This is because the less mobile enablers in the causal group are the ones that can 
have the most impact on the effect group enablers (Lin et al., 2011b; Wu & Lee, 
2007). The ranking of causal facilitators is as follows: The following values are in 
the order of importance: V7, V9, V3, V8, V10, V2, V5, V6, V4 and V1. Based on 
this classification, the categories include resources for green innovation (V7), 
Cost reduction and new business prospects (V9), and Green operating and com-
munication methods (V3). The table displays the Market Demand (V8), the Ease 
of obtaining loans from financial institutions (V10), and the environmental com-
mitment of the firm (V2). Enabling factors such as the development of green 
manufacturing capabilities (V5), the design of goods that are green and sustaina-
ble (V6), green purchasing (V4), and the implementation of environmental man-
agement practices (V1) all work together harmoniously.

Correlation Between Factors

A large number of criteria, either acting as cause group criteria or as effect group 
criteria, are often involved in complicated choice situations. Because several 
aspects are interdependent, enhancing just one of them will not lead to a better 
system as a whole. Consequently, enhancing variables in cause groups requires 
identifying this reliance relationship (Govindan et al., 2016b). This will improve 
effect group criteria and the system as a whole. In light of this, this study used a 
mix of gray and DEMATEL methodologies to identify the factors that influence 
the success of green business and the relationships between them. To exclude 
effects that were not statistically significant, a cutoff value of 0.262 was used. 
There are major ramifications for the examined company’s managers from com-
bining gray and DEMATEL techniques.

The precedence of the enablers is determined by the values of (Ri + Cj): The 
following order of importance: V5, V6, V1, V4, V7, V3, V2, V10, V9, and V8. 
This ranking indicates that the most influential factor for the success of green 
business is developing green manufacturing capabilities (V5). The ability to 
manufacture in a way that reduces waste and pollution is one example of green 
manufacturing capabilities, which can greatly improve an organization’s envi-
ronmental performance. According to Nikbakhsh (2009), Maruthi and Rashmi 
(2015), and Somsuk and Laosirihongthong (2016), most organizations currently 
use traditional manufacturing technologies. However, in order to transition to 
green manufacturing technologies, they will need to implement innovative tech-
niques for cost control. This will encourage innovation within their organiza-
tions. The Market Demand (V8) is the primary causal factor. In contrast 
“Environmental commitment of the firm” (V2) is the least correlated with other 
factors (Cui et al., 2019).
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Sensitivity Analysis

Sensitivity analysis is a method employed to evaluate the reliability and resilience 
of a methodology. Sensitivity analysis can be conducted using several approaches. 
One specific strategy involves adjusting the weight assigned to a certain expert to 
evaluate its impact on the overall system (Emovon et al., 2016; Rajesh & Ravi, 
2015). Given that the selected experts meet the criterion of possessing a minimum 
of 12 years of expertise, an equal weight can be initially allocated to each expert. 
Afterwards, the weights can be modified for each case based on the subsequent 
rules. In this procedure, one expert is allocated a greater weight, while the other 
experts are awarded equal weights, and the outcomes are calculated accordingly. 
Assigning higher weights to each of the four experts individually results in the 
creation of four different scenarios. Table 6 provides a comprehensive presenta-
tion of the specifics of the four situations (Cui et al., 2019).

A distinct total relationship matrix is created for each scenario, from which dif-
ferent values for (Ri + Cj) and (Ri – Cj) are obtained. Table 6 presents the ranking 
of enablers based on their (Ri – Cj) values across different scenarios.

The sensitivity analysis results demonstrate that there is no partiality in the 
findings derived from the three separate situations. The table unequivocally illus-
trates that, in each of the three scenarios, the C7 and C5 consistently hold the top 
two positions. This trend is applicable not only to affect group entrepreneurs but 
also to entrepreneur that are rated last.

Discussions 

The worldwide community has increasingly recognized the importance of envi-
ronmental sustainability, leading both producers and consumers to actively search 
for methods to reduce the negative effects of industrialization and growing product 
demand on the environment. Nevertheless, the need for organizational changes 
arises due to challenges such as increasing pricing and decreasing product life 
cycles. Considering this, the study first identified the key drivers influencing the 
adoption of green entrepreneurship in North East India... The most prominent 
among these were the establishment of green manufacturing capabilities and the 
availability of resources of green entrepreneurship, as indicated by the gray- 
Decision Making Trial and Evaluation Laboratory (DEMATEL) method.

The DEMATEL methodology is particularly advantageous since it categorizes 
aspects into causal and effectual groupings, offering a systematic approach to  
elucidating the interconnections among green business elements. This study  

Table 6.  Weights Were Assigned to Different Analysts During the Sensitivity Analysis.

Expert-1 Expert-2 Expert-3

Situation-1 0.40 0.20 0.20
Situation-2 0.20 0.40 0.20
Situation-3 0.20 0.20 0.40

Source: Cui et al. (2019).   
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demonstrated that the DEMATEL method identified resources for green innova-
tion, green manufacturing capabilities, and the accessibility of loans from finan-
cial institutions as significant causal factors influencing the success of green 
entrepreneurship. This study indicates that entrepreneurs ought to prioritize the 
acquisition of critical resources, including innovative technologies and a profi-
cient personnel, to develop sustainable manufacturing capabilities. Access to these 
resources allows companies to reduce environmental impact while promoting 
innovation.

The gray DEMATEL method elucidates the cause-and-effect links among 
green business aspects by synthesizing expert evaluations and mitigating uncer-
tainty through the application of gray set theory. This hybrid approach enhances 
the accuracy of factor ranking and enables entrepreneurs to pick those with the 
most significant causal influence on green innovation.

The research identified 10 pivotal characteristics affecting green entrepreneurship, 
ranked according to the DEMATEL methodology. This ranking aids entrepreneurs in 
comprehending the interconnections among many aspects, facilitating better strategic 
decision-making in the adoption of sustainable practices. Environmental management 
techniques, green purchasing, and internal organizational collaboration are recognized 
as significant influencing elements. By addressing these issues, entrepreneurs can 
enhance the causal determinants of green entrepreneurship.

The study has several implications for entrepreneurs and practical applications.

	 This study is the first to uncover the characteristics that contribute to green 
entrepreneurship and establish causal links between these aspects. This 
causal link allows entrepreneurs to prioritize aspects for green innovation, 
determining which factors require greater attention and which can be 
assigned lower importance.

	 The study findings indicate that the primary determinant of green entrepre-
neurship is the establishment of green manufacturing skills, in addition to the 
availability of resources for green innovation. Entrepreneurs in the northeast 
should prioritize the initial development of resources for green innovation, 
such as acquiring essential equipment, advanced technology, and skilled 
workforce. Access to these resources enables firms to cultivate sustainable 
manufacturing capabilities, thereby mitigating the ecological impact.

	 Both of these components, which are of great importance, belong to the category 
of causal factors, as identified by the DEMATEL analysis. In order to effectively 
execute green innovation, entrepreneurs must enhance other elements that 
directly influence these highest-rated criteria. Attention should be given to 
factors such as environmental commitment, loan accessibility, environmental 
rules, internal organizational cooperation, and human resource skills.

	 DEMATEL analysis offers a comprehensive understanding of the cause-
and-effect relationship between many aspects, enabling entrepreneurs to 
effectively pursue a program for implementing green innovation.

	 Sensitivity analysis guarantees the robustness of outcomes and aids enter-
prises in confirming the absence of any partiality among specialists. The 
consistent findings can be utilized to create forthcoming strategies for the 
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company, enabling entrepreneurs to concentrate on the significant varia-
bles emphasized in the study and devise policies for their enhancement, so 
contributing to the overarching objective of fostering green entrepreneur-
ship within the organization.

The gray DEMATEL method has proven to be an effective tool for identifying the 
drivers of green entrepreneurship in North East India. It allows for a clearer under-
standing of the relationships between different green business factors, helping 
entrepreneurs prioritize the most impactful aspects for driving innovation and 
sustainability

Conclusion and Implications of the Research

Environmental sustainability has gained significant recognition worldwide. 
Producers and consumers are discovering methods to mitigate the environmental 
impact of industrialization and increasing product demand. However, escalating 
prices and diminishing product life cycles represent challenges that can only be 
mitigated through organizational innovations. Accordingly, this study initially 
identified the determinants of green entrepreneurship and subsequently employed 
the gray DEMATEL methodology to analyze the interrelationships among these 
determinants, differentiating between causal and effect factors.

The elements of green entrepreneurship are typically interrelated; the DEMATEL 
methodology assists entrepreneurs in categorizing these elements into causal and 
effectual groups, identifying which elements influence others. By concentrating on 
those elements with the greatest causal impact, entrepreneurs can effectively imple-
ment green entrepreneurship initiatives within their organizations.

This study identifies 10 characteristics of green entrepreneurship and employs 
the DEMATEL technique to rank these factors and ascertain their interdependen-
cies, yielding several managerial and practical consequences.

This study identifies the variables of green entrepreneurship and establishes the 
causal relationships among them. The causal link enables entrepreneurs to deter-
mine which drivers of green innovation warrant greater attention and which can 
be deprioritized.

Experts emphasized that entrepreneurs should prioritize the development  
of resources for green entrepreneurship within their organizations, encompass- 
ing essential equipment, technology, and skilled personnel. With the requisite 
resources, firms can cultivate green entrepreneurial capabilities, thereby diminishing 
their environmental impact. To effectively execute green entrepreneurship, entre-
preneurs must initially focus on the driving factors of three preeminent  
elements. DEMATEL analysis enables entrepreneurs to understand the causal 
relationships among many components, hence facilitating the precise implemen-
tation of green entrepreneurship within their organizations.

Additional sensitivity analysis assists entrepreneurs in confirming the absence of 
bias among experts and the stability of the results obtained. These results can  
subsequently inform the development of the company’s future strategy, enabling 
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entrepreneurs to concentrate on the critical factors identified in the study and to devise 
policies and frameworks aimed at enhancing these factors, thereby facilitating the over-
arching objective of implementing green entrepreneurship within the organization.

Moreover, the findings of this study possess considerable societal ramifica-
tions. Through the promotion of green entrepreneurship, enterprises can aid in 
mitigating environmental deterioration and advancing sustainable economic 
development. The advancement of green manufacturing capabilities not only  
minimizes waste but also generates employment prospects in environmentally 
aware industries. The results indicate that the incorporation of eco-friendly busi-
ness practices will yield enduring social and environmental advantages, consistent 
with national sustainability objectives.

Limitations and Scope of Future Work

The current research has several constraints. Primarily, it concentrates solely on 
entrepreneurs hailing from the North East region, thereby limiting the applicabil-
ity of its conclusions to entrepreneurs in different geographical areas. To evaluate 
the suitability and accuracy of the study in various situations, it is essential to 
conduct a comparison analysis across different states or regions. This analysis 
might involve either using the same criteria or different ones.

Furthermore, the analysis relies solely on the viewpoints of a mere three spe-
cialists in this particular instance. A larger and more diverse sample of experts 
could be included in future research to increase the statistical reliability of the 
study. This would enhance the development of a more holistic comprehension of 
the determinants impacting green entrepreneurship.

In addition, it would be advantageous for the study to investigate other Multi-
Criteria Decision Making (MCDM) techniques, such as Interpretive Structural 
Modeling (ISM). An examination of the ISM and DEMATEL results in comparison 
could provide valuable insights on the coherence and precision of the findings.

Additionally, in future studies utilizing the gray DEMATEL approach, it may 
be beneficial to utilize the methodology suggested by Bai and Sarkis (2013). This 
process entails the conversion of gray numbers into real numbers following the 
computation of the prominence relationship. The purpose of this improvement is 
to mitigate the risk of information loss during the conversion process, hence 
improving the precision and dependability of the outcomes achieved using gray 
DEMATEL.
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