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Abstract: Recently, small and medium enterprises (SMEs) are increasingly focusing on the implementation
of green innovation, mainly due to customers’ increasing environmental consciousness. However, SMEs
have not yet achieved any significant accomplishment. The lack of success in implementing green
practices is due to various barriers. So, it is crucial to analyze and address these barriers prior to
introducing green initiatives. This study prioritizes barriers and solutions to adopt green practices in
the context of SMEs in Saudi Arabia. The study develops an integrated decision framework based on
symmetry principles to identify main-barriers, sub-barriers, and strategies to overcome these barriers.
Six main barriers, 24 sub-barriers, and 10 strategic solutions were identified through literature
survey. Then, fuzzy analytical hierarchy process (FAHP) was employed to evaluate main-barriers and
sub-barriers. Later, fuzzy technique for order of preference by similarity to ideal solution (FTOPSIS)
methodology was used to rank strategies. Results of FAHP revealed that the political barrier category
holds higher importance than other barriers. Results of FTOPSIS showed that the strategic solution
‘developing research practices to carryout green innovation in SMEs’ is more important in addressing
green innovation barriers in SMEs.

Keywords: green innovation; sustainability; small and medium enterprises (SMEs); barriers; strategic
solutions; multi-criteria decision analysis

1. Introduction

Nowadays, customers have become more cognizant of environmental protection than ever [1].
Also, governments are introducing stringent environmental policies to limit pollution caused by
industries, including small and medium enterprises (SMEs) [2]. These industries, irrespective of their
small or medium sizes, are essential for economic growth and also responsible for environmental
degradation. However, due to the small size of SMEs, their contributions to environmental degradation
go unnoticed at both national and regional levels. Studies have claimed that SMEs account for nearly
70% of total industrial environmental pollution and waste. Subsequently, the increased awareness of
customers and pressure from stakeholders and the governments have increased SMEs’ responsibility
to minimize environmental impacts caused by their economic activities [3].

Several international level conventions urge SMEs to reduce environmental pollution to protect
environmental resources and mitigate climate change challenges. Most of the countries pledged at the
Paris 2015 Accord that they shall strictly adhere to the Accord’s objective of minimizing greenhouse
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gas emissions to protect the environment [4]. As we earlier mentioned, SMEs are one of the largest
contributors to greenhouse gas emission; however, due to limited resources, SMEs are unable to come
up with the expected level of participation. Therefore, policymakers and governments are focusing on
the formulation of a new set of policies and the introduction of innovative ideas to help SMEs reduce
their emission levels [5].

One of the best strategies that researchers and policymakers recommend for SMEs to reduce
environmental pollution while being competitive is ‘green innovation.’ Green or environmental
innovation involves the introduction of new and innovative products, production processes or methods,
and materials that limit the utilization of natural resources and curb the release of environmental
pollution and waste in the environment [6,7]. Green innovation can be a sustainable solution for
addressing the surmounting environmental challenges of SMEs. Implementation of green practices can
enable SMEs to gain a competitive edge and sustain in the long run [8]. However, the implementation
of green innovation strategies involves various hurdles and barriers for SMEs, and it is vital for SMEs
to properly analyze and address these barriers in order to successfully implement green ideas. Keeping
this in view, we designed the objectives of our study as (i) to identify green innovation barriers for
SMEs; (ii) to prioritize and rank identified barriers; (iii) to find strategies for these barriers; and (iv) to
prioritize and rank the strategies.

To achieve the objectives of our study, we symmetrically combined two multi-criteria
decision-making techniques with fuzzy set theory. The analysis is divided into three phases. In the
initial phase, we identified various barriers to the implementation of green practices for SMEs through
an exhaustive literature survey. Later, we classified these barriers into the major barrier categories.
Finally, we obtained strategies for these barriers from the experts’ feedback and literature survey. In the
second phase, we applied fuzzy analytical hierarchy process (FAHP) to obtain weights of major barriers
to know the extent to which they impede green innovation. Later, we used a similar process of FAHP
to compute the priority weights of sub-barriers. Lastly, we obtained global weights of sub-barriers by
multiplying their priority weights to their respective major barrier category weights. In the final phase,
we used global weights of sub-barriers to rank the strategies for SMEs using fuzzy technique for order
of preference by similarity ideal solution (FTOPSIS). The uniqueness of this study is that it studies the
understudied SME sector of Saudi Arabia. This study is the first one that identifies and ranks barriers to
environmental innovation in Saudi Arabia and also provides strategies to address these barriers. Also,
the topic of green innovation, despite having great importance, is still less explored and researched.
Moreover, barriers and strategies to green innovation in SMEs evolve and differ depending on the
background of a country or a region, so it is important to carry out research specific to a country or a
region. However, the framework developed in this study can help carry further research on this topic.

The rest of the study proceeds as follows: Section 2 conducts a literature survey and identifies
barriers and strategies to green innovation in the context of Saudi Arabia. Section 3 explains the
importance of methods and the aim of using them in this study. Section 4 presents results and
discussion, while Section 5 concludes the study.

2. Related Studies

Green innovation reduces environmental hazards, air pollution, and other negative environmental
implications of product use. The term green innovation is broadly categorized into the green process,
green product innovation, and green managerial or system innovation [9,10]. Researchers have
provided several definitions of green innovation over the past years. We use the terms green innovation
and environmental innovation interchangeably in this study. Kemp (2010) [11] put forward the
definition of environmental innovation as the “product, an adaptation of a product, process of
production, management or service or a novel business model that reduces pollution, environmental
hazards, and other adverse impacts of resource utilization compared to relevant business methods
and processes.” Likewise, Beise and Rennings (2015) [12] and De Marchi (2012) [13] described green
innovation as an advanced product, process, or service that is environment-friendly and minimizes
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environmental risks. Ghisetti et al. (2017) [6] defined green innovation as “a significantly new or
improved product, service, process, marketing solution, or organizational change that decreases natural
resource use and reduces harmful substances release throughout product life-cycle.”

However, the implementation of environmental innovation is often faced with several barriers.
SMEs particularly lag behind when it comes to adopting green practices. Extensive studies have
revealed a variety of barriers to green practices for SMEs. We have summarized in Table 1, a few of the
recent studies conducted to identify barriers to green practices and environmental innovation.

Table 1. Relevant studies on green innovation practices in small and medium enterprises (SMEs).

Year Region Findings Method Reference

2018 India

The study identified barriers and suggested solutions to
overcome these barriers. The study identified seven
major barriers, 26 as sub-barriers, and 20 solutions to
address these barriers.

BWM and fuzzy
TOPSIS [14]

2018 India

This study analyzed the role of green supply chain
management barriers in Indian clothing SMEs.
Thirty-six barriers to green supply chain practices were
identified. Among these 36 barriers, 10 barriers were
classified as critical. Barriers having a maximum impact
were found to lack regulatory support, complex green
process, and system design.

Literature and
questionnaire survey [15]

2018 India

The study identified green manufacturing barriers for
SMEs and large enterprises. Financial incentives, green
standard compliance, marketing, management support
and commitment, and other associated barriers to green
manufacturing were identified.

Interpretive structural
modelling [16]

2018 India

The study framework to evaluate barriers to the
implementation of sustainable supply chain
management in textile micro, small, and medium
enterprises. The study also provides suggestions to
overcome these barriers to achieve a sustainable textile
supply chain.

Interpretive structural
modeling [17]

2017 General

The research was conducted to identify the determinants
of green innovation for the last two decades. The study
found 23 determinants and classified these determinants
into seven categories. A systematic model that showed
the relationship between determinants and alternatives
to address green innovation barriers for manufacturing
SMEs was also discussed.

Literature review [18]

2017 European Union

The study assessed the impact of financial barriers on
the implementation of green practices with respect to
manufacturing SMEs. The authors revealed that
financial barriers are a major impediment to the
adoption of environmental innovation. They also found
that SMEs substantially neglect the role of financial
barriers, although these barriers are crucial and more
relevant in the economic cycle. They also proposed some
policies to cope with financial barriers to the
implementation of green innovation.

Equation modeling [6]

2015 France

The study identified barriers to the environment
innovation in SMEs. The study took a sample of 435
SMEs to assess the extent of SMEs’ perception of these
barriers. Knowledge barriers, market-related barriers,
and financial barriers were classified as the most
important ones. The authors found that SMEs that are
conducting green innovation face these barriers to a
greater extent than SMEs who are not engaged in
green practices.

Regression analysis [19]

2015 Malaysia

The study reported findings on the barriers impeding
SMEs in the implementation of green manufacturing
practices. The authors used the Delphi survey technique
to obtain consensus from experts on the identification
and verification of barriers. The study offers insights to
SMEs who plan to transform conventional practices to
green ones.

Delphi survey [20]
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2.1. Barriers and Sub-barriers to Green Innovation in Small and Medium Enterprises (SMEs)

After studying recent and most relevant studies, we obtained experts’ feedback to finalize barriers
in the context of Saudi Arabia since no study has ever been conducted to identify barriers to green
innovation for SMEs in Saudi Arabia. Twenty-four barriers were finalized in the context of Saudi Arabia.
These barriers were categorized into six main barriers comprising economic barriers (EB), market
barriers (MB), political barriers (PB), information barriers (IB), technical barriers (TB), and managerial
barriers (MAB). Table 2 lists the selected barriers and sub-barriers.

Table 2. List of main barriers and sub-barriers to green innovation in SMEs.

Main Barrier Sub-Barriers Code Reference

Economic barriers (EB)

Unavailability of bank loans (EB1) [21,22]
Less payoff (EB2) [23,24]
Lack of subsidies and financial incentives (EB3) [21,25,26]
High green system certificates costs (EB4) [27]
High disposing of hazardous wastes costs (EB5) [22,23]

Market barriers (MB)
Unable to access market (MB1) [14]
Lack of customer responsiveness (MB2) [28–30]
Lack of trust on green benefits (MB3) [3,22,23]

Political barriers (PB)

Complex green policies (PB1) [31–33]
Lack of government policies to upgrade green technology (PB2) [34]
Lack of implementation of environmental policies (PB3) [31–33]
Lack of training and consultancy programs (BP4) [28,35,36]

Information barriers (IB)

Lack of awareness regarding green products (IB1) [9,29,37]
Lack of knowledge regarding green innovation (IB2) [22,33,37]
Lack of technological information (IB3) [19,35,38]
Lack of ability of employees to seek green innovation
opportunities (IB4) [23,33,39]

Technical barriers (TB)

Technological and market uncertainty (TB1) [40,41]
Lack of research and development (R&D) capacity (TB2) [30,42,43]
Complex designing process (TB3) [43–45]
Lack of technologies (TB4) [46]

Managerial barriers (MAB)

Lack of human resources (MAB1) [47,48]
Lack of commitment (MAB2) [22,35,49]
Unwillingness to switch to green practices (MAB3) [31,47,50]
Lack of reward systems (MAB4) [31,38]

2.2. Strategies to Overcome Barriers to Green Innovation in SMEs

After identifying the important barriers and sub-barriers, this study has determined 10 significant
strategies to overcome the barriers in implementing green practices for SMEs. The literature review
suggests various strategies for SMEs to overcome these barriers and adopt green innovations. These
strategies were also finalized after conducting an exhaustive literature survey. This study, therefore,
finalized 10 strategies to overcome these barriers for the implementation of green innovation practices
in SMEs (see Table 3).

Table 3. List of strategies to overcome barriers to green innovation in SMEs.

Strategy Code Reference

Developing research practices to carryout green innovation in SMEs S1 [51,52]

Organizing awareness and training programs in the public institutes to increase awareness of green innovation in SMEs S2 [2,53]

Developing environmental management systems for monitoring the systems in SMEs S3 [31,32,54,55]

Setting up of green logistics facilities for SMEs S4 [32,54,56]

Designing effective green policies by the government to reduce environmental degradation S5 [57,58]

Increase R&D practices to design green products S6 [23,52,57]

Training entrepreneurs regarding green processes and green purchasing for SMEs S7 [2,59]

Training human resources for green innovation activities S8 [60–62]

The government should provide subsidies and incentives to SMEs for producing green products S9 [2,60]

Involving all the stakeholders in environmental management initiatives and purchasing S10 [32,54,55]



Symmetry 2020, 12, 116 5 of 23

Taking into account the above provides a literature review, this research study develops a
systematic and effective methodology based on FAHP and FTOPSIS approaches for evaluating and
prioritizing the barriers and strategies to overcome these barriers to green innovation in SMEs in the
context of Saudi Arabia.

3. Research Framework

The proposed symmetric research framework (FAHP and FTOPSIS) is applied in the context of
Saudi Arabia. The study is based on 10 SMEs located in different regions. Names of selected SMEs
are not revealed here due to anonymity. Figure 1 presents the proposed methodology of the study.
The main theme of the research is to determine barriers that impede the implementation of green
innovation practices in selected SMEs and then provide strategies to overcome these barriers and
implement sustainable green practices. We consulted 12 experts (managers) to assign weights to barriers
and strategies. It is very important to engage qualified and professional experts while implementing
any multi-criteria decision method such as fuzzy AHP and fuzzy TOPSIS, since the relevancy and
understanding of experts in assigning weights could be conflicting and uncertain. In order to obtain
pertinent results and avoid any disagreement among experts, we consulted 12 experienced managers
in the study. Therefore, the 12 managers were engaged as respondents in both fuzzy AHP and fuzzy
TOPSIS to maintain the consistency and validity of the obtained results.

Symmetry 2019, 11, x FOR PEER REVIEW 6 of 24 

 

experienced managers in the study. Therefore, the 12 managers were engaged as respondents in both 
fuzzy AHP and fuzzy TOPSIS to maintain the consistency and validity of the obtained results. 

The main barriers and sub-barriers to green innovation in SMEs have been determined using the 
FAHP method, and then these obtained barriers were incorporated to FTOPSIS to overcome the 
barriers for sustainable implementation of green innovations in SMEs. 

Analyzing and Overcoming the Barriers to Green 
Innovation in SMEs of Saudi-Arabia 

Literature review

Phase-1
Identification of 

main-barriers and 
Sub-barriers

Selecting and finalizing the barriers and 
sub-barriers

Calculating the weights using Fuzzy AHP

Approve weightsNo

Yes

Evaluating the strategies (alternative) 
using Fuzzy TOPSIS

Prioritizing the strategies to overcome 
barriers 

Phase-2
Fuzzy AHP method

Phase-3
Fuzzy TOPSIS 

method

 

Figure 1. The research framework of the study. 

3.1. Fuzzy Analytic Hierarchy Process (FAHP) Method 

Analytic hierarchy process (AHP) is a widely used technique to solve complex and multifaceted 
decision-making problems [63,64]. However, AHP is criticized in the literature due to its unbalanced 
judgment-scale, and lack of ability to incorporate vagueness and uncertainty in decision-making 
[65,66]. To address these shortcomings of AHP, studies integrate fuzzy with AHP to form FAHP [67]. 
FAHP in this study is applied in the following steps: 

Let a matrix be 𝐻 = ( ℎ௜௝ ) ௡×௠ . Let a fuzzy number be 𝐹௜௝  = (𝑎௜௝,  𝑏௜௝,  𝑐௜௝);  
Step 1: Construct paired comparison matrices using fuzzy numbers.  
Step 2: Use Equations (1)–(4) to obtain values of fuzzy synthetic extent value (𝑆𝐸𝑉௜):  

Figure 1. The research framework of the study.



Symmetry 2020, 12, 116 6 of 23

The main barriers and sub-barriers to green innovation in SMEs have been determined using
the FAHP method, and then these obtained barriers were incorporated to FTOPSIS to overcome the
barriers for sustainable implementation of green innovations in SMEs.

3.1. Fuzzy Analytic Hierarchy Process (FAHP) Method

Analytic hierarchy process (AHP) is a widely used technique to solve complex and multifaceted
decision-making problems [63,64]. However, AHP is criticized in the literature due to its unbalanced
judgment-scale, and lack of ability to incorporate vagueness and uncertainty in decision-making [65,66].
To address these shortcomings of AHP, studies integrate fuzzy with AHP to form FAHP [67]. FAHP in
this study is applied in the following steps:

Let a matrix be H =
(

hi j
)

n×m
. Let a fuzzy number be Fi j =

(
ai j, bi j, ci j

)
;

Step 1: Construct paired comparison matrices using fuzzy numbers.
Step 2: Use Equations (1)–(4) to obtain values of fuzzy synthetic extent value (SEVi):

SEVi =
m∑

j=1

Fi j ⊗
[ n∑

i=1

m∑
j=1

Fi j
]−1

(1)

s.t
∑m

j=1 Fi j =
(∑m

j=1ai j,
∑m

j=1bi j,
∑m

j=1ci j
)
for i = 1, 2, 3, 4, 5, . . . , n (2)

n∑
i=1

m∑
j=1

Fi j =


n∑

i=1

m∑
j=1

ai j,

n∑
i=1

m∑
j=1

bi j,

n∑
i=1

m∑
j=1

ci j

 (3)


n∑

i=1

m∑
j=1

Fi j


−1

=

 1∑n

i=1

∑m
j=1 ci j

,
1∑n

i=1

∑m
j=1 bi j

,
1∑n

i=1

∑m
j=1 ai j

 (4)

Step 3: Use Equation (5) to obtain a degree of possibility SEV j =
(
a j, b j, c j

)
≥ SEVi = (ai, bi, ci):

V
(
SEV j ≥ SEVi

)
=

(
SEVi ∩ SEV j

)
= cs j (d)

=


1, if b j ≥ bi
0, if ai ≥ c j

ai−c j

(b j−c j)−(bi−ai)
, otherwise

(5)

where (d) is the intersection between cs j and csi ;
(
SEVi ≥ SEV j

)
and

(
SEV j ≥ SEVi

)
values are compared

with SEVi and SEV j.
Step 4: Obtain minimum possibility degree d(i) of

(
SEV j ≥ SEVi

)
: where i j = 1, 2, 3, 4, 5, . . . , k.

(SEV ≥ SEV1, SEV2, . . . , SEVk),
for i = 1, 2, 3, 4, 5, . . . , k

= [(SEV ≥ SEV1) and (SEV ≥ SEV2) and . . . (SEV ≥ SEVk)] = min (SEV ≥ SEVi)

for i = 1, 2, 3, 4, 5, . . . , k

(6)

Let:
d′ (Bi) = min (SEV j ≥ SEVi), for i = 1, 2, 3, 4, 5, . . . , k

then the weight vector is:

W′ = (d′(H1), d′(H2), d′(H3), . . . , d′(Hn))
T (7)
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where H1 (i = 1, 2, 3, 4, 5, . . . , n) represents n elements:
Step 5: Vector is normalized as follows:

W = (d(H1), d(H2), d′(H3), . . . , d(Hn))
T (8)

where W is a non-fuzzy weight.

3.2. Fuzzy Technique for Order of Preference by Similarity Ideal Solution (FTOPSIS) Method

TOPSIS method was developed by Hwang and Yoon in 1981 [68]. TOPSIS method develops the
relationship or a common idea based on the positive and negative ideal solution. However, in this
study, a fuzzy-based TOPSIS method has been employed to obtain more reliable results by minimizing
the uncertainty of the decision problem. The fuzzy set theory helps in providing the incomplete
information and immeasurable problem under fuzzy environment [69,70]. This method is preferable in
evaluating and ranking the alternatives using linguistic variables. Therefore, triangular fuzzy numbers
(TFNs) has been used to analyze the alternatives with respect to each of their criteria. Linguistic
variables can help in reducing the uncertain problem by converting it into quantitative terms [71].
There are various ways to represent linguistic variables using TFNs; Table 4 shows the linguistic
variables scale of the present study.

Table 4. Linguistic variables scale [72].

No Linguistic Variables TFNs

1 Very Weak (VW) (1,2,3)
2 Weak (W) (2,3,4)
3 Medium Weak (MW) (3,4,5)
4 Medium (M) (4,5,6)
5 Good (G) (5,6,7)
6 Medium Good (MG) (6,7,8)
7 Very Good (VG) (7,8,9)

Linguistic variables based on TFNs are shown in the following steps:
Step I. Let Ã = (a1, a2, a3), B̃ = (b1, b2, b3) are the two fuzzy numbers; thus their mathematical

relation is as follows:

Ã + B̃ = (a1, a2, a3) + (b1, b2, b3) = (a1 + b1, a2 + b2, a3 + b3) (9)

Ã× B̃ = (a1, a2, a3) × (b1, b2, b3) = (a1b1, a2b2, a3b3) (10)

Step II. Let Ãi = (ai1, ai2, ai3) be a TFNs for i ∈ I. Afterward, the normalized fuzzy number of each
Ãi is shown as:

R̃ = [ri j]m×n (11)

where i = 1, 2, 3, . . . , m and j = 1, 2, 3, . . . , n.
For a positive ideal solution (i.e., benefit criteria), the fuzzy normalization process is presented as:

ri j =
(a1i j

a∗3 j
,

a2i j

a∗3 j
,

a3i j

a∗3 j

)
(12)

where a∗3 j = maxa3i j is a benefit type criteria.
For negative ideal solution (i.e., cost criteria), the fuzzy normalization process is shown as:

ri j =
( a−1 j

a3i j
,

a−1 j

a2i j
,

a−1 j

a1i j

)
(13)
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a−1 j = min a1i j is cost type criteria.
Step III. Construct the fuzzy weighted normalized decision matrix.

Ṽ = [vi j]m×n (14)

i = 1, 2, 3, . . . , m and j = 1, 2, 3, . . . , n.
Here, vi j = ri j ×w j.
Step IV. Determine the distance between fuzzy ideal (d+i ) and fuzzy negative (d−i ) the ideal solution.

d∗i =
(
v∗1, v∗2, v∗3, . . . , v∗n

)
(15)

where V∗j = (1, 1, 1) j = 1, 2, 3, . . . , n

d−i =
(
v−1 , v−2 , v−3 , . . . , v−n

)
(16)

where V−j = (0, 0, 0) j = 1, 2, 3, . . . , n.

Here, the distance between Ã = (a1, a2, a3), B̃ = (a1, a2, a3) is presented as:

d
(
Ã, B̃

)
=

√
1
3
[(a1 − b1)

2 + (a2 − b2)
2 + (a3 − b3)2] (17)

Step V. Construct the closeness coefficient (CCi) of each alternative:

CCi =
d−i

d∗i + d−i
(18)

where i = 1, 2, 3, . . . , m; d∗i is a distance from fuzzy positive ideal solution; and d−i is the distance from
the fuzzy negative ideal solution.

Step VI. Rank and select optimal alternatives.
After utilizing FTOPSIS method steps, it would provide the ranking of alternatives with respect

to ideal and negative ideal solution.

4. Results and Discussion

In the study, a hybrid decision framework (i.e., FAHP and FTOPSIS) has been used to assess and
overcome the barriers to green innovation services in SMEs. The FAHP method has been employed
to assess six main barriers and 24 sub-barriers. The comprehensive analysis of main-barriers and
sub-barriers to green innovation in SMEs is provided in Appendix A. Then, the FTOPSIS method
has been used to overcome the barriers by proposing 10 strategies to green innovation in SMEs. This
is the first kind of study for Saudi Arabia to implement green innovation practices in SMEs. Thus,
the present analysis lays a foundation for stakeholders, policymakers, and governments to determine
the decision framework for overcoming the barriers as well as for sustainable implementation of green
innovation practices in SMEs of Saudi Arabia.

4.1. The Main Barriers Results of FAHP

The FAHP method has identified main barriers results. A total of six main barriers were finalized
for green innovation practices through experts’ opinion and analysis. Figure 2 presents the weights
and ranking of main barriers. The results reveal that political barriers (PB) with a weight of 0.191 is the
most influential barrier that impedes the implementation of green innovation in SMEs. The remaining
main barriers are ordered as follows: Managerial barriers (MAB) with a weight of 0.181, technical
barriers (TB) with a weight of 0.180, information barriers (IB) with a weight of 0.174, economic barriers
(EB) with a weight of 0.150, and market barriers (MB) with a weight of 0.123. The analysis is originally
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made in the context of Saudi Arabia; as such, every country has different economic, market, political,
technical, and social conditions [73].
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analysis lays a foundation for stakeholders, policymakers, and governments to determine the 
decision framework for overcoming the barriers as well as for sustainable implementation of green 
innovation practices in SMEs of Saudi Arabia.  

4.1. The Main Barriers Results of FAHP 

The FAHP method has identified main barriers results. A total of six main barriers were finalized 
for green innovation practices through experts’ opinion and analysis. Figure 2 presents the weights 
and ranking of main barriers. The results reveal that political barriers (PB) with a weight of 0.191 is 
the most influential barrier that impedes the implementation of green innovation in SMEs. The 
remaining main barriers are ordered as follows: Managerial barriers (MAB) with a weight of 0.181, 
technical barriers (TB) with a weight of 0.180, information barriers (IB) with a weight of 0.174, 
economic barriers (EB) with a weight of 0.150, and market barriers (MB) with a weight of 0.123. The 
analysis is originally made in the context of Saudi Arabia; as such, every country has different 
economic, market, political, technical, and social conditions [73]. 
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4.2. The Sub-Barriers Results of FAHP

Figure 3 presents the weights and ranking of the sub-barriers with respect to economic barriers
(EB). The high green system costs (EB4) with a weight of 0.217, the lack of subsidies and financial
incentives (EB3) with a weight of 0.211, and high disposing of hazardous wastes costs (EB5) with a
weight of 0.208 have been prioritized as the most influential sub-barriers. Whereas, less payoff (EB2)
with a weight of 0.192, and unavailability of bank loans (EB1) with a weight of 0.171 are the least
significant sub-barriers towards the implementation of green innovations in SMEs of Saudi Arabia.
However, all the analyzed sub-barriers are very critical for the successful implementation of green
innovations in SMEs.
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According to [6], financial support is very important for green innovations; however, green
innovation systems are not developed due to improper financial systems. The high prices for
purchasing green innovations is also a key barrier or concern for SMEs because the financial budget to
handle green activities is very small, and limited financial support schemes act as a critical barrier to
green innovation [19]. Thus, the government and policymakers should enhance the financial benefits
and reduce the green system costs to SMEs for the development of green innovations.

Figure 4 shows the sub-barriers ranking with respect to market barriers (MB). Therefore, from the
MB perspective, the lack of customers’ responsiveness (MB2) with a weight of 0.398, and the lack of
awareness and knowledge (MB3) with a weight of 0.390 have been ranked as important sub-barriers.
While inability to access market (MB1) with a weight of 0.212 has been prioritized as the least important
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sub-barrier towards the successful implementation of green innovations in SMEs. It is important to
open doors of the market to access green resources, to produce green products, and to enhance the
customers’ responsiveness, knowledge, and awareness about green products. The demand for the
product entirely depends upon the customers’ willingness and choice about the product; green product
customers are often unwilling to pay additional money for the product, which impedes innovation
efforts due to lack of customer demand [30]. Unfortunately, the customers are unaware of the benefits
of green innovation to the environment, which leads to the low demand for green products [29,37].
Therefore, it is important for governments and policymakers to analyze the market barriers to green
innovations in SMEs.
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Figure 5 depicts the sub-barriers ranking with respect to political barriers (PB). The results
reveal that the implementation of environmental policies (PB3) with a weight of 0.276, and the lack
of government policies to upgrade green technology (PB2) with a weight of 0.257 have emerged
as significant sub-barriers that impede the green innovation practices in SMEs in Saudi Arabia.
The complex green policies (PB1) with a weight of 0.253 have been considered a third important
sub-barrier, while the lack of training and consultancy programs (PB4) is the least important sub-barrier.
It is determined that the government should ease the making of green policies and regulations,
making effective environmental policies to take advantage, and initiate training programs for SMEs
to incorporate green innovation practices in the country [19]. It is important to have confidence
over the government for sustainable deployment of green innovation practices in SMEs; therefore,
the government and policymakers are responsible to design and formulate policies for sustainable
green innovations.
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Figure 6 shows the sub-barriers ranking with respect to information barriers (IB). The results
indicate that lack of technological information (IB3) is a key sub-barrier with a weight of 0.258, following
lack of ability (IB4), lack of knowledge (IB2), and lack of awareness (IB1), respectively. The lack of
technical information refers to the unavailability of green technologies to transform the SMEs into green
innovation practices. While lack of knowledge refers to the green practices and legislations among
entrepreneurs and employees, they also have a lack of ability to determine environmental prospects.
Further, they have no information or lack of awareness to recycle wastage material and reverse logistics
facilities. Thus, the government should enhance information and knowledge programs regarding
green practices.
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Figure 7 presents the sub-barriers ranking with respect to technical barriers (TB). From the TB
perspective, the lack of research and development (R&D) capacity (TB2) with a weight of 0.272 was
identified to be greatest sub-barrier to the development of green innovation in SMEs. Whereas, complex
designing process (TB3) was identified as a moderate significant sub-barrier towards the development
of green innovation practices in SMEs. Technological and market uncertainty (TB1), and the lack of
technologies (TB4) have been recognized as the least important sub-barriers that impede the use of
green practices in SMEs.
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The results have a similarity with the past study conduct by Maria et al. [30], in which authors
identified a lack of technological expertise as an important barrier to green innovation, because less
technical expertise leads to the negative impact over green innovation practices of the enterprise.
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The sufficient R&D capacities, financial resources, and green innovation provides a benefit to the
enterprise or organization and helps them to initiate green innovation products. For any SMEs,
the environmental resources are important for long run sustainability. Technical barriers involve the
lack of technologies or complex demand patterns for green innovations; therefore, it is important to
systematically manage the technologies for green products, which are often considered an important
barrier to green innovations [19]. Saudi Arabia is a developing economy with limited technological
resources; therefore, the government requires gigantic efforts to involve green innovation practices in
SMEs by improving technological services.

Figure 8 shows the sub-barriers ranking with respect to managerial barriers (MAB). Within the
managerial barriers (MAB), unwillingness to switch to green practices (MAB3) with a weight of 0.286
was determined as the most dominant sub-barrier to green innovation in SMEs. The rest of the barriers
have been ranked as follows: Lack of commitment (MAB2), lack of reward systems (MAB4), and lack
of human resources (MAB1), respectively. SMEs are facing many socio-economic and environmental
challenges; therefore, it is a reluctance to switch to green practices, and lack of commitment from SME
entrepreneurs to implement green innovation practices, as well as lack of human resources for green
innovation that are the key barriers in the development of green innovations in SMEs [2]. All these
sub-barriers should be reduced or overcome for the sustainable development of SMEs.
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4.3. The Overall Sub-Barriers Results

In this sub-section, the 24 sub-barriers weights were evaluated, regardless of their grouping.
Table 5 presents the final ranking of these overall sub-barriers. The results indicate that implementation
of environmental policies (PB3) with a weight of 0.0527 is ranked as the most influential sub-barrier,
followed by lack of commitment (MAB2) with a weight of 0.0518, and unwillingness to switch to
green practices (MAB3) with a weight of 0.0507, as second and third most significant sub-barriers,
respectively. The lack of commitment to the green innovation, and lack of technology to design efficient
green products impede a switch over to the green innovation system [43]. The remaining sub-barriers
have been ranked as follows: PB2 < TB2 < MB2 < PB1 < MB3 < TB3 < IB3 < TB1 < IB4 < IB2 < IB1
< MAB4 < BP4 < TB4 < MAB1 < EB4 < EB3 < EB5 < EB2 < MB1 < EB1. It is evident that all these
considered sub-barriers can impede the development of green innovation in SMEs of Saudi Arabia.
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Table 5. Weights and ranking of overall sub-barriers.

Main Barrier Main Barrier
Weight Sub-Barrier Code Priority Weights of

Sub-Barrier
Global Weight of

Sub-Barrier Rank

Economic
barriers (EB) 0.15

Unavailability of bank loans (EB1) 0.171 0.0257 24

Less payoff (EB2) 0.192 0.0288 22

Lack of subsidies and
financial incentives (EB3) 0.211 0.0317 20

High green system costs (EB4) 0.217 0.0326 19

High disposing of hazardous
wastes costs (EB5) 0.208 0.0312 21

Market barriers
(MB) 0.123

Unable to access market (MB1) 0.212 0.0261 23

Lack of customer responsiveness (MB2) 0.398 0.0490 6

Lack of trust (MB3) 0.39 0.0480 8

Political barriers
(PB) 0.191

Complex green policies (PB1) 0.253 0.0483 7

Lack of government policies to upgrade
green technology (PB2) 0.257 0.0491 4

Implementation of
environmental policies (PB3) 0.276 0.0527 1

Lack of training and
consultancy programs (BP4) 0.214 0.0409 16

Information
barriers (IB) 0.174

Lack of awareness (IB1) 0.245 0.0426 14

Lack of knowledge (IB2) 0.247 0.0430 13

Lack of technological information (IB3) 0.258 0.0449 10

Lack of ability (IB4) 0.25 0.0435 12

Technical
barriers

0.18

Technological and market uncertainty (TB1) 0.248 0.0446 11

Lack of R&D capacity (TB2) 0.272 0.0490 5

Complex designing process (TB3) 0.261 0.0470 9

Lack of technologies (TB4) 0.218 0.0392 17

Managerial
barriers (MAB) 0.181

Lack of human resources (MAB1) 0.2 0.0362 18

Lack of commitment (MAB2) 0.286 0.0518 2

Unwillingness to switch to
green practices (MAB3) 0.28 0.0507 3

Lack of reward systems (MAB4) 0.234 0.0424 15

4.4. FTOPSIS Results

Various important strategies have been proposed in the study to overcome the main barriers to
the development of green innovation practices in SMEs of Saudi Arabia. In this context, the FTOPSIS
method has been used to identify and rank green innovation strategies. The analysis of this method
has established a fuzzy evaluation matrix using TFNs scale. Appendix B provides the overall analysis
of FTOPSIS method. Table 6 presents the final prioritizing order of strategies to overcome the barriers
to green innovation in SMEs.

Table 6. Ranking of strategies to overcome barriers to green innovation in SMEs of Saudi Arabia.

Code Strategy (d+a ) (d−a ) CCi Rank

S1 Developing research practices to carry out green innovation in SMEs 0.000 0.846 1.000 1

S2 Organizing awareness and training programs in the public institutes to increase
awareness of green innovation in SMEs 0.692 0.154 0.182 9

S3 Developing environmental management systems for monitoring the systems in SMEs 0.244 0.603 0.712 3

S4 Setting up of green logistics facilities for SMEs 0.397 0.449 0.530 5

S5 Designing effective green policies by government to reduce environmental degradation 0.295 0.551 0.652 4

S6 Increase research and development (R&D) practices to design green products 0.051 0.795 0.939 2

S7 Training entrepreneurs regarding green processes and green purchasing for SMEs 0.603 0.244 0.288 8

S8 Training human resources for green innovation activities 0.846 0.000 0.000 10

S9 The government should provide subsidies and incentives to SMEs for producing
green products 0.449 0.397 0.470 6

S10 Involving all the stakeholders in environmental management initiatives and purchasing 0.551 0.295 0.349 7
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The main results indicate that “developing research practices to carry out green innovation in
SMEs (S1)” is ranked as the highest green innovation strategy for the development of SMEs. While
“increasing research and development (R&D) practices to design green products (S6),” and “developing
environmental management systems for monitoring the systems in SMEs (S3)” are the second and
third important green innovation strategies to overcome the barriers in the SMEs. The remaining
ranking of the strategies (i.e., alternatives) are as follows: S5 > S4 > S9 > S10 > S7 > S2 > S8.

The government needs to develop a clear and systematic decision framework to implement green
innovation practices in SMEs of Saudi Arabia. This framework can be determined through policies
like technological support, subsidized loans, and environmental tax benefits, etc. It is also important
for the government to increase R&D capacity for designing green products for SMEs, as it would
help in shifting SMEs to green practices. Moreover, SMEs have resource constraints, and a beginner
can face difficulty in developing new technologies and so implementing standard processes can help
SMEs to turn green [67]. The study aimed to assess and overcome the barriers to green innovation in
SMEs of Saudi Arabia. This study helps governments, policymakers, and stakeholders to evaluate the
important barriers that impede the development of green innovation in SMEs. Therefore, this research
will be very useful in planning and developing green innovation system in SMEs.

5. Conclusions

Implementation of green innovation practices, the production of green products, and recycling
of waste material or activities in SMEs are still at an initial stage in Saudi Arabia. The SMEs of the
country are lagging behind due to their limited capacity-based size. Nowadays, many countries are
shifting and implementing their SMEs to green innovation practices, and this can be a solution to their
problem by overcoming the barriers. Therefore, this is the very first attempt to evaluate the barriers
and strategies to overcome these barriers of green innovation in SMEs in the context of Saudi Arabia.
In the study, a comprehensive decision framework has been used to understand these barriers for
green practices in the context of SMEs.

To address the research gap, the present study has proposed a symmetric decision support
framework (i.e., FAHP and FTOPSIS) to identify and evaluate main barriers and strategies to overcome
these barriers to adopting green innovation practices in SMEs. The framework was proposed with the
help of existing literature and 12 professional experts of Saudi Arabian SMEs. In the study, a total of six
main barriers and 24 sub-barriers were identified, along with 10 strategies to overcome these identified
barriers to green innovation in SMEs of Saudi Arabia. The main barriers and sub-barriers were
evaluated and ranked through FAHP method. The results indicate that political barriers (PB) are the
most vital barriers followed by managerial barriers (MAB) and technical barriers (TB). Then, FTOPSIS
methodology was employed to prioritize strategies to overcome the main barriers and sub-barriers to
green innovation in SMEs. Developing research practices to carry out green innovation in SMEs (S1)
is placed first among strategies, followed by increasing research and development (R&D) practices
to design green products (S6), and developing environmental management systems for monitoring
the systems in SMEs (S3). Analyzing these strategies can greatly help policymakers and managers to
implement green innovation practices in SMEs.

This study has been carried out in a comprehensive way; however, it has several limitations
which need to be analyzed in the future research study. This study particularly was undertaken in the
context of five SMEs of Saudi Arabia. Therefore, it is important to compare the results of this study
with similar SMEs of other countries. Further, every country has its own and different barriers in
the implementation of green innovation practices in SMEs. This research has FAHP and FTOPSIS
methodology for prioritizing barriers and strategies to overcome the barriers. But, other MCDM
methods such as ANP, VIKOR, ELECTRE, and WASPAS can also be used to compare the results for any
changes. Moreover, a large number of SMEs can be explored and taken as a case study to statistically
validate the findings. Finally, this study has attempted to analyze barriers and strategies to green
innovation in SMEs; therefore, further research can shed much more light on this topic.
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Appendix A

Table A1. Fuzzy paired comparison matrix of main barriers.

EB MB PB IB TB MAB

EB 1, 1, 1 0.983, 1.399, 1.846 0.649, 0.872, 1.188 0.566, 0.733, 1.036 0.566, 0.765, 1.109 0.606, 0.799, 1.109

MB 0.542, 0.715, 1.017 1, 1, 1 0.606, 0.835, 1.188 0.519, 0.684, 0.992 0.566, 0.733, 1.036 0.566, 0.765, 1.109

PB 0.842, 1.147, 1.541 0.842, 1.198, 1.65 1, 1, 1 0.966, 1.364, 1.825 0.842, 1.147, 1.591 0.827, 1.176, 1.592

IB 0.966, 1.364, 1.767 1.008, 1.461, 1.927 0.548, 0.733, 1.036 1, 1, 1 0.728, 0.971, 1.316 0.649, 0.872, 1.188

TB 0.902, 1.306, 1.767 0.966, 1.364, 1.767 0.629, 0.872, 1.188 0.842, 1.147, 1.541 1, 1, 1 0.649, 0.91, 1.272

MAB 0.902, 1.251, 1.65 0.902, 1.306, 1.767 0.628, 0.851, 1.21 0.842, 1.147, 1.541 0.786, 1.099, 1.541 1, 1, 1

Table A2. Fuzzy paired comparison matrix of economic sub-barriers.

EB1 EB2 EB3 EB4 EB5

EB1 1, 1, 1 0.983, 1.399, 1.846 0.649, 0.872, 1.188 0.566, 0.733, 1.036 0.566, 0.765, 1.109

EB2 0.542, 0.715, 1.017 1, 1, 1 0.606, 0.835, 1.188 0.519, 0.684, 0.992 0.566, 0.733, 1.036

EB3 0.842, 1.147, 1.541 0.842, 1.198, 1.65 1, 1, 1 0.966, 1.364, 1.825 0.842, 1.147, 1.591

EB4 0.966, 1.364, 1.767 1.008, 1.461, 1.927 0.548, 0.733, 1.036 1, 1, 1 0.728, 0.971, 1.316

EB5 0.902, 1.306, 1.767 0.966, 1.364, 1.767 0.629, 0.872, 1.188 0.842, 1.147, 1.541 1, 1, 1

Table A3. Fuzzy paired comparison matrix of market sub-barriers.

MB1 MB2 MB3

MB1 1, 1, 1 0.475, 0.633, 0.855 0.593, 0.801, 1.09
MB2 1.17, 1.579, 2.105 1, 1, 1 0.695, 0.868, 1.087
MB3 0.918, 1.249, 1.686 0.92, 1.151, 1.439 1, 1, 1

Table A4. Fuzzy paired comparison matrix of political sub-barriers.

PB1 PB2 PB3 PB4

PB1 1, 1, 1 0.866, 1.194, 1.626 0.578, 0.774, 1.099 0.813, 1.104, 1.492
PB2 0.615, 0.837, 1.155 1, 1, 1 0.872, 1.17, 1.543 0.83, 1.137, 1.511
PB3 0.91, 1.292, 1.731 0.648, 0.855, 1.146 1, 1, 1 0.929, 1.265, 1.681
PB4 0.67, 0.906, 1.229 0.662, 0.88, 1.204 0.595, 0.79, 1.077 1, 1, 1

Table A5. Fuzzy paired comparison matrix of information sub-barriers.

IB1 IB2 IB3 IB4

IB1 1, 1, 1 0.963, 1.397, 1.967 0.508, 0.716, 1.038 0.638, 0.88, 1.249
IB2 0.508, 0.716, 1.038 1, 1, 1 0.872, 1.17, 1.543 0.824, 1.137, 1.523
IB3 0.963, 1.397, 1.967 0.648, 0.855, 1.146 1, 1, 1 0.725, 0.952, 1.275
IB4 0.801, 1.137, 1.567 0.657, 0.88, 1.213 0.784, 1.051, 1.379 1, 1, 1



Symmetry 2020, 12, 116 16 of 23

Table A6. Fuzzy paired comparison matrix of technical sub-barriers.

TB1 TB2 TB3 TB4

TB1 1, 1, 1 0.805, 1.137, 1.56 0.569, 0.74, 1.006 0.842, 1.127, 1.508
TB2 0.641, 0.88, 1.243 1, 1, 1 0.877, 1.17, 1.535 0.834, 1.137, 1.504
TB3 0.994, 1.351, 1.758 0.651, 0.855, 1.141 1, 1, 1 0.87, 1.137, 1.442
TB4 0.663, 0.887, 1.188 0.665, 0.88, 1.198 0.694, 0.88, 1.149 1, 1, 1

Table A7. Fuzzy paired comparison matrix of managerial sub-barriers.

MAB 1 MAB 2 MAB 3 MAB 4

MAB1 1, 1, 1 0.805, 1.137, 1.56 0.569, 0.74, 1.006 0.842, 1.127, 1.508
MAB 2 0.641, 0.88, 1.243 1, 1, 1 0.877, 1.17, 1.535 0.834, 1.137, 1.504
MAB 3 0.994, 1.351, 1.758 0.651, 0.855, 1.141 1, 1, 1 0.87, 1.137, 1.442
MAB 4 0.663, 0.887, 1.188 0.665, 0.88, 1.198 0.694, 0.88, 1.149 1, 1, 1
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Appendix B

Table A8. Fuzzy decision matrix of criteria.

(EB1) (EB2) (EB3) (EB4) (EB5) (MB1) (MB2) (MB3) (PB1) (PB2) (PB3) (PB4) (IB1) (IB2) (IB3) (IB4) (TB1) (TB2) (TB3) (TB4) (MAB1) (MAB2) (MAB3) (MAB4)

S1
5.4,
6.4,
7.4

5.7,
6.7,
7.7

4.5,
5.5,
6.5

6, 7,
8

5.2,
6.2,
7.2

4.7,
5.7,
6.7

5.6,
6.6,
7.6

5, 6,
7

4.5,
5.5,
6.5

5.3,
6.3,
7.3

4, 5,
6

4.1,
5.1,
6.1

4.8,
5.8,
6.8

5.9,
6.9,
7.9

5.1,
6.1,
7.1

4.9,
5.9,
6.9

5.5,
6.5,
7.5

5.2,
6.2,
7.2

4.4,
5.4,
6.4

5.2,
6.2,
7.2

5.1, 6.1,
7.1

4.3, 5.3,
6.3

3.8, 4.8,
5.8

4.6, 5.6,
6.6

S2 4, 5,
6

3.9,
4.9,
5.9

2, 3,
4

3.3,
4.3,
5.3

2.1,
3.1,
4.1

2.3,
3.3,
4.3

3.9,
4.9,
5.9

2.9,
3.9,
4.9

3.4,
4.4,
5.4

3.1,
4.1,
5.1

2.6,
3.6,
4.6

3.1,
4.1,
5.1

3.2,
4.2,
5.2

3.7,
4.7,
5.7

2.8,
3.8,
4.8

3.3,
4.3,
5.3

3.1,
4.1,
5.1

3.3,
4.3,
5.3

3.1,
4.1,
5.1

2.8,
3.8,
4.8

2.8, 3.8,
4.8

2.3, 3.3,
4.3 2, 3, 4 2.9, 3.9,

4.9

S3
4.9,
5.9,
6.9

5.1,
6.1,
7.1

3.2,
4.2,
5.2

5.6,
6.6,
7.6

3.6,
4.6,
5.6

3.8,
4.8,
5.8

4.8,
5.8,
6.8

4.4,
5.4,
6.4

4.1,
5.1,
6.1

4.1,
5.1,
6.1

3.1,
4.1,
5.1

3.5,
4.5,
5.5

4, 5,
6

5.6,
6.6,
7.6

3.8,
4.8,
5.8

4.2,
5.2,
6.2

4.6,
5.6,
6.6

4.6,
5.6,
6.6

3.9,
4.9,
5.9

4.1,
5.1,
6.1

3.7, 4.7,
5.7

3.4, 4.4,
5.4

2.5, 3.5,
4.5

3.9, 4.9,
5.9

S4
4.6,
5.6,
6.6

4.9,
5.9,
6.9

2.9,
3.9,
4.9

5, 6,
7

3.4,
4.4,
5.4

3.6,
4.6,
5.6

4.6,
5.6,
6.6

4.2,
5.2,
6.2

3.6,
4.6,
5.6

3.5,
4.5,
5.5

3.1,
4.1,
5.1

2.8,
3.8,
4.8

3.9,
4.9,
5.9

5, 6,
7

3.2,
4.2,
5.2

4.3,
5.3,
6.3

4.3,
5.3,
6.3

4.4,
5.4,
6.4

3.5,
4.5,
5.5

3.6,
4.6,
5.6

3.6, 4.6,
5.6

3.1, 4.1,
5.1

2.1, 3.1,
4.1

3.6, 4.6,
5.6

S5
4.8,
5.8,
6.8

5.1,
6.1,
7.1

3.5,
4.5,
5.5

5.2,
6.2,
7.2

4.2,
5.2,
6.2

3.9,
4.9,
5.9

4.6,
5.6,
6.6

4.5,
5.5,
6.5

3.9,
4.9,
5.9

3.9,
4.9,
5.9

3.4,
4.4,
5.4

3.6,
4.6,
5.6

3.8,
4.8,
5.8

5.6,
6.6,
7.6

4.1,
5.1,
6.1

4.3,
5.3,
6.3

5, 6,
7

4.73,
5.73,
6.73

4, 5,
6

4, 5,
6

4.6, 5.6,
6.6

3.9, 4.9,
5.9

2.9, 3.9,
4.9

3.8, 4.8,
5.8

S6
5.3,
6.3,
7.3

5.5,
6.5,
7.5

4.3,
5.3,
6.3

5.8,
6.8,
7.8

4.9,
5.9,
6.9

4.4,
5.4,
6.4

5.1,
6.1,
7.1

4.5,
5.5,
6.5

4.2,
5.2,
6.2

4.9,
5.9,
6.9

3.8,
4.8,
5.8

3.9,
4.9,
5.9

4.4,
5.4,
6.4

5.8,
6.8,
7.8

4.2,
5.2,
6.2

4.7,
5.7,
6.7

5.3,
6.3,
7.3

5, 6,
7

4.2,
5.2,
6.2

4.6,
5.6,
6.6

4.8, 5.8,
6.8

4.1, 5.1,
6.1

3.4, 4.4,
5.4

4.4, 5.4,
6.4

S7
4.2,
5.2,
6.2

4.1,
5.1,
6.1

2.2,
3.2,
4.2

3.7,
4.7,
5.7

2.3,
3.3,
4.3

2.6,
3.6,
4.6

3.8,
4.8,
5.8

3.3,
4.3,
5.3

3.5,
4.5,
5.5

2.4,
3.4,
4.4

2.9,
3.9,
4.9

2.6,
3.6,
4.6

3.4,
4.4,
5.4

4.4,
5.4,
6.4

3.4,
4.4,
5.4

3.3,
4.3,
5.3

3.3,
4.3,
5.3

3.9,
4.9,
5.9

2.8,
3.8,
4.8

3, 4,
5

3.1, 4.1,
5.1

2.4, 3.4,
4.4

2.4, 3.4,
4.4

3.3, 4.3,
5.3

S8
3.7,
4.7,
5.7

3.6,
4.6,
5.6

1.9,
2.9,
3.9

3.2,
4.2,
5.2

2, 3,
4

2.5,
3.5,
4.5

3.8,
4.8,
5.8

3.2,
4.2,
5.2

3.1,
4.1,
5.1

2.6,
3.6,
4.6

2.9,
3.9,
4.9

2.7,
3.7,
4.7

3.1,
4.1,
5.1

4.5,
5.6,
6.7

2.5,
3.5,
4.5

3.2,
4.2,
5.2

3, 4,
5

3.2,
4.2,
5.2

3, 4,
5

2.7,
3.7,
4.7

3.1, 4.1,
5.1

2.3, 3.3,
4.3 2, 3, 4 2.7, 3.7,

4.7

S9
4.5,
5.5,
6.5

4.7,
5.7,
6.7

2.4,
3.4,
4.4

4.5,
5.5,
6.5

3.1,
4.1,
5.1

2.7,
3.7,
4.7

4.1,
5.1,
6.1

3.8,
4.8,
5.8

3.5,
4.5,
5.5

3.2,
4.2,
5.2

3.1,
4.1,
5.1

2.9,
3.9,
4.9

3.4,
4.4,
5.4

5.3,
6.3,
7.3

3.7,
4.7,
5.7

3.9,
4.9,
5.9

3.9,
4.9,
5.9

4.5,
5.5,
6.5

3.7,
4.7,
5.7

3.6,
4.6,
5.6

3.5, 4.5,
5.5

2.8, 3.8,
4.8

2.5, 3.5,
4.5

3.3, 4.3,
5.3

S10
4.3,
5.3,
6.3

4.4,
5.4,
6.4

2.1,
3.1,
4.1

4.2,
5.2,
6.2

2.9,
3.9,
4.9

2.4,
3.4,
4.4

4.1,
5.1,
6.1

3.5,
4.5,
5.5

3.6,
4.6,
5.6

2.8,
3.8,
4.8

2.8,
3.8,
4.8

3, 4,
5

3.5,
4.5,
5.5

4.8,
5.8,
6.8

2.8,
3.8,
4.8

3.7,
4.7,
5.7

3.5,
4.5,
5.5

4.3,
5.3,
6.3

3.5,
4.5,
5.5

3.1,
4.1,
5.1

3.3, 4.3,
5.3

2.4, 3.4,
4.4

2.1, 3.1,
4.1

3.3, 4.3,
5.3
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Table A9. Fuzzy normalized decision matrix of criteria.

(EB1) (EB2) (EB3) (EB4) (EB5) (MB1) (MB2) (MB3) (PB1) (PB2) (PB3) (PB4) (IB1) (IB2) (IB3) (IB4) (TB1) (TB2) (TB3) (TB4) (MAB1) (MAB2) (MAB3) (MAB4)

S1
0.73,
0.86,

1

0.74,
0.87,

1

0.69,
0.85,

1

0.75,
0.88,

1

0.72,
0.86,

1

0.7,
0.85,

1

0.74,
0.87,

1

0.71,
0.86,

1

0.69,
0.85,

1

0.73,
0.86,

1

0.67,
0.83,

1

0.67,
0.84,

1

0.71,
0.85,

1

0.75,
0.87,

1

0.72,
0.86,

1

0.71,
0.86,

1

0.73,
0.87,

1

0.72,
0.86,

1

0.69,
0.84,

1

0.72,
0.86,

1

0.72,
0.86, 1

0.68,
0.84, 1

0.66,
0.83, 1

0.7,
0.85, 1

S2
0.54,
0.68,
0.81

0.51,
0.64,
0.77

0.31,
0.46,
0.62

0.41,
0.54,
0.66

0.29,
0.43,
0.57

0.34,
0.49,
0.64

0.51,
0.64,
0.78

0.41,
0.56,
0.7

0.52,
0.68,
0.83

0.42,
0.56,
0.7

0.43,
0.6,
0.77

0.51,
0.67,
0.84

0.47,
0.62,
0.76

0.47,
0.59,
0.72

0.39,
0.54,
0.68

0.48,
0.62,
0.77

0.41,
0.55,
0.68

0.46,
0.6,
0.74

0.48,
0.64,
0.8

0.39,
0.53,
0.67

0.39,
0.54,
0.68

0.37,
0.52,
0.68

0.34,
0.52,
0.69

0.44,
0.59,
0.74

S3
0.66,
0.8,
0.93

0.66,
0.79,
0.92

0.49,
0.65,
0.8

0.7,
0.83,
0.95

0.5,
0.64,
0.78

0.57,
0.72,
0.87

0.63,
0.76,
0.89

0.63,
0.77,
0.91

0.63,
0.78,
0.94

0.56,
0.7,
0.84

0.52,
0.68,
0.85

0.57,
0.74,
0.9

0.59,
0.74,
0.88

0.71,
0.84,
0.96

0.54,
0.68,
0.82

0.61,
0.75,
0.9

0.61,
0.75,
0.88

0.64,
0.78,
0.92

0.61,
0.77,
0.92

0.57,
0.71,
0.85

0.52,
0.66,
0.8

0.54,
0.7,
0.86

0.43,
0.6,
0.78

0.59,
0.74,
0.89

S4
0.62,
0.76,
0.89

0.64,
0.77,
0.9

0.45,
0.6,
0.75

0.63,
0.75,
0.88

0.47,
0.61,
0.75

0.54,
0.69,
0.84

0.61,
0.74,
0.87

0.6,
0.74,
0.89

0.55,
0.71,
0.86

0.48,
0.62,
0.75

0.52,
0.68,
0.85

0.46,
0.62,
0.79

0.57,
0.72,
0.87

0.63,
0.76,
0.89

0.45,
0.59,
0.73

0.62,
0.77,
0.91

0.57,
0.71,
0.84

0.61,
0.75,
0.89

0.55,
0.7,
0.86

0.5,
0.64,
0.78

0.51,
0.65,
0.79

0.49,
0.65,
0.81

0.36,
0.53,
0.71

0.55,
0.7,
0.85

S5
0.65,
0.78,
0.92

0.66,
0.79,
0.92

0.54,
0.69,
0.85

0.65,
0.78,
0.9

0.58,
0.72,
0.86

0.58,
0.73,
0.88

0.61,
0.74,
0.87

0.64,
0.79,
0.93

0.6,
0.75,
0.91

0.53,
0.67,
0.81

0.57,
0.73,
0.9

0.59,
0.75,
0.92

0.56,
0.71,
0.85

0.71,
0.84,
0.96

0.58,
0.72,
0.86

0.62,
0.77,
0.91

0.67,
0.8,
0.93

0.66,
0.8,
0.93

0.63,
0.78,
0.94

0.56,
0.69,
0.83

0.65,
0.79,
0.93

0.62,
0.78,
0.94

0.5,
0.67,
0.84

0.58,
0.73,
0.88

S6
0.72,
0.85,
0.99

0.71,
0.84,
0.97

0.66,
0.82,
0.97

0.73,
0.85,
0.98

0.68,
0.82,
0.96

0.66,
0.81,
0.96

0.67,
0.8,
0.93

0.64,
0.79,
0.93

0.65,
0.8,
0.95

0.67,
0.81,
0.95

0.63,
0.8,
0.97

0.64,
0.8,
0.97

0.65,
0.79,
0.94

0.73,
0.86,
0.99

0.59,
0.73,
0.87

0.68,
0.83,
0.97

0.71,
0.84,
0.97

0.69,
0.83,
0.97

0.66,
0.81,
0.97

0.64,
0.78,
0.92

0.68,
0.82,
0.96

0.65,
0.81,
0.97

0.59,
0.76,
0.93

0.67,
0.82,
0.97

S7
0.57,
0.7,
0.84

0.53,
0.66,
0.79

0.34,
0.49,
0.65

0.46,
0.59,
0.71

0.32,
0.46,
0.6

0.39,
0.54,
0.69

0.5,
0.63,
0.76

0.47,
0.61,
0.76

0.54,
0.69,
0.85

0.33,
0.47,
0.6

0.48,
0.65,
0.82

0.43,
0.59,
0.75

0.5,
0.65,
0.79

0.56,
0.68,
0.81

0.48,
0.62,
0.76

0.48,
0.62,
0.77

0.44,
0.57,
0.71

0.54,
0.68,
0.82

0.44,
0.59,
0.75

0.42,
0.56,
0.69

0.44,
0.58,
0.72

0.38,
0.54,
0.7

0.41,
0.59,
0.76

0.5,
0.65,
0.8

S8
0.5,

0.64,
0.77

0.47,
0.6,
0.73

0.29,
0.45,
0.6

0.4,
0.53,
0.65

0.28,
0.42,
0.56

0.37,
0.52,
0.67

0.5,
0.63,
0.76

0.46,
0.6,
0.74

0.48,
0.63,
0.78

0.36,
0.49,
0.63

0.48,
0.65,
0.82

0.44,
0.61,
0.77

0.46,
0.6,
0.75

0.57,
0.71,
0.85

0.35,
0.49,
0.63

0.46,
0.61,
0.75

0.4,
0.53,
0.67

0.44,
0.58,
0.72

0.47,
0.63,
0.78

0.38,
0.51,
0.65

0.44,
0.58,
0.72

0.37,
0.52,
0.68

0.34,
0.52,
0.69

0.41,
0.56,
0.71

S9
0.61,
0.74,
0.88

0.61,
0.74,
0.87

0.37,
0.52,
0.68

0.56,
0.69,
0.81

0.43,
0.57,
0.71

0.4,
0.55,
0.7

0.54,
0.67,
0.8

0.54,
0.69,
0.83

0.54,
0.69,
0.85

0.44,
0.58,
0.71

0.52,
0.68,
0.85

0.48,
0.64,
0.8

0.5,
0.65,
0.79

0.67,
0.8,
0.92

0.52,
0.66,
0.8

0.57,
0.71,
0.86

0.52,
0.65,
0.79

0.63,
0.76,
0.9

0.58,
0.73,
0.89

0.5,
0.64,
0.78

0.49,
0.63,
0.77

0.44,
0.6,
0.76

0.43,
0.6,
0.78

0.5,
0.65,
0.8

S10
0.58,
0.72,
0.85

0.57,
0.7,
0.83

0.32,
0.48,
0.63

0.53,
0.65,
0.78

0.4,
0.54,
0.68

0.36,
0.51,
0.66

0.54,
0.67,
0.8

0.5,
0.64,
0.79

0.55,
0.71,
0.86

0.38,
0.52,
0.66

0.47,
0.63,
0.8

0.49,
0.66,
0.82

0.51,
0.66,
0.81

0.61,
0.73,
0.86

0.39,
0.54,
0.68

0.54,
0.68,
0.83

0.47,
0.6,
0.73

0.6,
0.74,
0.88

0.55,
0.7,
0.86

0.43,
0.57,
0.71

0.46,
0.61,
0.75

0.38,
0.54,
0.7

0.36,
0.53,
0.71

0.5,
0.65,
0.8
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Table A10. Fuzzy weighted matrix of criteria.

(EB1) (EB2) (EB3) (EB4) (EB5) (MB1) (MB2) (MB3) (PB1) (PB2) (PB3) (PB4) (IB1) (IB2) (IB3) (IB4) (TB1) (TB2) (TB3) (TB4) (MAB1) (MAB2) (MAB3) (MAB4)

S1
0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.04,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.04,
0.05

0.04,
0.04,
0.05

0.04,
0.04,
0.05

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.04,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.04,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.04,
0.04

S2
0.01,
0.02,
0.02

0.01,
0.02,
0.02

0.01,
0.01,
0.02

0.01,
0.02,
0.02

0.01,
0.01,
0.02

0.01,
0.01,
0.02

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.02,
0.03

0.01,
0.02,
0.02

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.03

S3
0.02,
0.02,
0.02

0.02,
0.02,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.02

0.01,
0.02,
0.02

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.05

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.02,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.02,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.03,
0.04,
0.04

0.02,
0.03,
0.04

0.03,
0.03,
0.04

S4
0.02,
0.02,
0.02

0.02,
0.02,
0.03

0.01,
0.02,
0.02

0.02,
0.02,
0.03

0.01,
0.02,
0.02

0.01,
0.02,
0.02

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.02,
0.03,
0.04

0.03,
0.04,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.04

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.03,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.04

S5
0.02,
0.02,
0.02

0.02,
0.02,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.02,
0.02,
0.02

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.05

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.05

0.03,
0.04,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.03,
0.04,
0.05

0.03,
0.03,
0.04

0.02,
0.03,
0.04

S6
0.02,
0.02,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.02

0.03,
0.04,
0.05

0.03,
0.04,
0.04

0.03,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.04

0.03,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.03,
0.04,
0.05

0.03,
0.04,
0.05

0.03,
0.03,
0.04

S7
0.01,
0.02,
0.02

0.02,
0.02,
0.02

0.01,
0.02,
0.02

0.02,
0.02,
0.02

0.01,
0.01,
0.02

0.01,
0.01,
0.02

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.03,
0.03,
0.04

0.02,
0.02,
0.03

0.03,
0.03,
0.04

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.03,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.02,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.03

S8
0.01,
0.02,
0.02

0.01,
0.02,
0.02

0.01,
0.01,
0.02

0.01,
0.02,
0.02

0.01,
0.01,
0.02

0.01,
0.01,
0.02

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.02,
0.03

0.03,
0.03,
0.04

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.03,
0.04

0.02,
0.02,
0.03

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.01,
0.02,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.02,
0.03

S9
0.02,
0.02,
0.02

0.02,
0.02,
0.03

0.01,
0.02,
0.02

0.02,
0.02,
0.03

0.01,
0.02,
0.02

0.01,
0.01,
0.02

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.03,
0.03,
0.04

0.02,
0.03,
0.04

0.03,
0.04,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.03,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.03

S10
0.01,
0.02,
0.02

0.02,
0.02,
0.02

0.01,
0.02,
0.02

0.02,
0.02,
0.03

0.01,
0.02,
0.02

0.01,
0.01,
0.02

0.03,
0.03,
0.04

0.02,
0.03,
0.04

0.03,
0.03,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.03

0.02,
0.03,
0.03

0.03,
0.03,
0.04

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.03

0.03,
0.04,
0.04

0.03,
0.03,
0.04

0.02,
0.02,
0.03

0.02,
0.02,
0.03

0.02,
0.03,
0.04

0.02,
0.03,
0.04

0.02,
0.03,
0.03
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