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Abstract

Over recent years, there was a substantial rise globally in the importance of the envi-
ronmental agenda for SMEs. The customer becomes now conscious of their consumer
choices’ environmental consequences. This research has also identified obstacles to intro-
ducing green business activities in small- and medium-sized enterprises and increase sus-
tainable development. The green innovation barriers refer to green products, processes,
and management; therefore, it is important to minimize restrictions on clean technology
implementation in small- and medium-sized enterprises. This study uses an integrated
decision process to define primary barriers, sub-obstacles, and approaches to addressing
those obstacles to Saudi Arabia’s green innovation practices. Through extensive literature
review and twelve experts’ opinions, six key barriers, twenty-five sub-barriers, and plans
to reduce obstacles were identified. Using the fuzzy analytical hierarchy process (FAHP),
key barriers and sub-barriers are assessed. The methodology used to rank strategies is the
Fuzzy Technique for Order of Preference by Similarity to Ideal Solution (FTOPSIS). Five
Saudi Arabia SMEs are involved in the study of the proposed integrated decision model.
The FAHP reports that the key obstacles to introducing green practices in SMEs are “polit-
ical obstacles” The FTOPSIS, therefore suggesting that “developing research methods to
deliver green innovation in small- and medium-sized enterprises” is the best approach to
addressing barriers in green innovation adoption in SMEs.

Keywords SMEs - Barriers - Green innovation - Sustainable development - FAHP -
FTOPSIS - Saudi Arabia

1 Introduction

Consumers and customers are currently very much aware of environmental protection.
Strict environmental policies to mitigate emissions are often implemented by states, which
are enhanced by businesses, such as small- and medium-sized enterprises (SMEs) (Mohsin
2020b; Mohsin et al. 2018, 2021). Whatever their size (small and medium), these industries
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play a fundamental role in economic development. Besides, some are responsible for the
degradation of the community. However, the SMESs’ contributions to environmental degra-
dation are ignored at the regional and national levels due to their scale (Sun et al. 2020b, c,
d). Literature has shown that SMEs account for around 70% of the industry’s overall waste
and environmental emissions. After that, the awareness was increased due to the pressure
imposed by the various stakeholders, and the government also extended the responsibility
to the SMEs to limit the environmental impact (Wasif Rasheed and Anser 2017; Xu et al.
2020b; Ahmad et al. 2020).

A few international-level agreements also call on SMEs to reduce the pollution caused
by the industries to protect the environmental assets and minimize climate change chal-
lenges (Baloch et al. 2020, 2021). In 2015, several countries at the Paris agreement agreed
to strictly follow the agreement’s targets of reducing carbon emissions (Igbal et al. 2021;
Zhang et al. 2021) to secure the atmosphere (Ikram et al. 2019a; Sun et al. 2019; Ikram
et al. 2019b). As previously reported, SMEs could be the biggest contributor to greenhouse
gas emissions; because of the minimum resources, the SMEs cannot participate at the
expected level. Accordingly, institutions are concentrating on detailing a new arrangement
of strategies and acquaintance of creative thoughts with assisting SMEs to lessen their level
of emission (Mohsin et al. 2019, 2020a, 2021). The policymakers and researchers suggest
the best strategies for SMEs to decrease pollution from the ’Innovation for Green’ envi-
ronment. Environment and green procurement mean the introduction and innovative pro-
duction objects, processes, or methods, resources that also regulate the use of productive
resources and monitor waste and pollution generated on Earth (Yang et al. 2021; He et al.
2020; Mohsin et al. 2020b). Green innovation can be the solution to sustain or address
to overcome SMEs’ environmental issues. Implementing good environmental friendliness
will boost SMEs’” competitive advantage and benefit the long run (6). Though there are
so many problems and hurdles to implementing green innovation for SMEs, SMEs must
tackle to evaluate these various obstacles adequately to effectively execute sustainable
innovations (Sun et al. 2020a). In this regard, researchers design the goals of our report,
i.e., (i) recognizing green innovation obstacles in small- and medium-sized enterprises; (ii)
prioritizing or ranking defined barriers; (iii) seeking solutions to those obstacles; and (iv)
prioritizing and ranking solution (Alemzero et al. 2020a; Sun et al. 2020b; Alemzeroet al.
2020b).

To accomplish the aims of this report, researchers have divided this research study into
three phases. In the first phase, authors notify different blockades through a very compre-
hensive literature survey to execute the green practices for the welfare of SMEs. After that,
the authors classify the blockades into other significant categories. Researchers finally got
the solution of these blockades from the expert’s feedback through a comprehensive lit-
erature study. In this second level, researchers follow the practical approach by applying
the fuzzy analytical hierarchy process (FAHP) to consider the main burdens of blockades
to the extent green innovation can be impeded. Later on, they have used the identical pro-
cess of (FAHP) to calculate the importance weights of the sub-blockades. They multiply
the necessary weights with their specific significant blockade category weights to get the
global sub-blockades weights. In the third and last phase, researchers have used the sub-
blockade global consequences by using fuzzy technology to get the solution for the SMEs
to prefer the same ideal solution (FTOPSIS) (Agyekum et al. 2021).

Singh et al.’s 2020 research framework addressed the role of green absorptive potential
in moderating the relationship between organizational factors and green innovation; their
conclusions lack multi-dimensional and comprehensive organizational factors. The scope
and width of judgment on green technologies are referred to as green strategic orientation
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at the strategic level. As a result, political factors such as bank loan unavailability, financial
barriers, and senior management cognition and green strategic direction have been ignored
to investigate the moderating effect of green innovation capacity on organizational factors
and green innovation in SMEs. The above is a synopsis of recent literature on green inno-
vation. However, there is a geographic variation of green technology innovation supply
and demand, and spillover consequences cannot be underestimated. Consequently, from the
viewpoint of AHP and fuzzy-TOPSIS results, this analysis will have an in-depth interpreta-
tion of the impacts of green technology advancement on Saudi Arabia’s green innovation.

This study is unique because the SMEs’ sector of the Saudi Arab is understudied so
(i) this study will fill this gap, and this is the first study which identifies and ranks several
challenges in the implementation of the environmental innovation of SMEs in Saudi Arab,
(ii) this study also gives solutions, which can strategically address many different barriers.
Green innovation has huge importance, but despite that, it is not that much researched and
explored. Furthermore, the solution and barriers of the SMEs sector’s green innovation
greatly depend on the related background and history of the specific region or country. It is
therefore essential that work is carried out to a specific region or nation. (iii) This research
study’s framework can be very important and helpful for the policymakers and researchers;
they can further extend their research on this topic. (iv) Finally, we have looked at six key
barriers, twenty-five sub-barriers, and plan to reduce obstacles by using the FAHP process;
consequently, it is certain how suppliers can change their green innovation plans in reac-
tion to consumer or partnership characteristics. We have developed a policy framework
based on findings.

The study is further divided into the following divisions: Section 2 discusses the litera-
ture review and discusses implementing obstacles to environmentally sustainable innova-
tion in the Saudi Arab context. Section 3 describes the aim and important methods which
are used in this study. Section 4 discusses the results of the study, and Sect. 5 presents the
conclusion of this research study.

2 Literature review

In reality, green innovation will reduce specific environmental threats, such as CO, emis-
sions or other climate change impacts and product use. Environmental design is generally
defined as environmental system innovation, sustainable processes, and eco-design practice
(Anser et al. 2020a, g, h, j, k). There are many definitions of green innovation provided
by many researchers in the past years. In this study, researchers have used environmental
innovation and green innovation; these two terms are interchangeable (Anser et al. 2020g
h; Khalid et al. 2020) and forwarded the description of ecosystem innovation. Similarly,
Anser et al. 2020a, b, c, d, e, f, g, h, i, ], k, in this study, define the term sustainable innova-
tions as a highly developed item. The service of the procedure is very approachable toward
the environment and can reduce environmental risks. Asif et al. 2020; Sarker et al. 2020;
Iram et al. 2020; Tehreem et al. 2020 describe green innovation. Though, in many cases,
the application of eco-friendly innovation is frequently confronted with many hurdles.
Specifically, the SMEs have lingered behind with regard to embracing the green practices
(Yousaf et al. 2020; Tehreem et al. 2020; Wasif Rasheed and Anser 2017; Xu et al. 2020b).
Broad investigations uncovered many boundaries of SMEs to practice green innovation.
The authors summarized a few current studies in Table 1, which identify different barriers
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and hurdles to environmental innovation and green practices (Liu et al. 2020; Lin et al.
2020b; Jun et al. 2020).

By considering the relevant and current studies, researchers got feedback from the
experts to finalize different barriers/hurdles concerning Saudi Arabs, since no research
study has been led to conclude the barriers/ hurdles for the SMEs within the Saudi Arab
toward clean new technology. Concerning Saudi Arabia, twenty-four barriers/hurdles
were confirmed. They are further subdivided into six categories, i.e., market barrier (MB),
economic barrier (EB), technical barrier (TB), information barrier (IB), political barrier
(PB), and managerial barrier (MAB). In Table 2, there are a list of respective categories of
selected sub-barriers. Similarly, in Table 3 of this study, ten strategic solutions were final-
ized to these barriers; after conducting a thorough survey of literature, these solutions were
finalized.

3 Research framework

The proposed research framework is a hybrid style (Fuzzy AHP & Fuzzy TOPSIS) that
was applied in the Saudi Arabia. The proposed methodology of this research study is pre-
sented in Fig. 1. To find out the barriers that can delay the implementation of green innova-
tion practices for SEMs is the main theme of this research study that can provide the solu-
tion to get rid of sustainable green business obstacles to action in SMEs. For examining the
results, five experienced and professional (managers) experts were contacted to evaluate
and identify the essential and main barriers of green innovation in the SME sector. Web-
mail service was used to contact the experts, and the questionnaire survey instrument was
distributed to get feedback.

The major barriers and sub-barriers were analyzed by using the fuzzy AHP method of
sustainable innovation in SMEs. After that, the obstacles, which found in the fuzzy method,
were incorporated into the fuzzy TOPSIS method to get the green innovation barriers.

Figure 1 explains the pictorial process of the method that has been used in the study. It
can be seen from Fig. 1 that the first step is the identification of main criteria and sub-cri-
teria and then calculates the weight of each criterion through FAHP, and finally, the third
step the practical application of the fuzzy TOPSIS method is to generate the results.

3.1 Fuzzy AHP method

The analytical hierarchy method (AHP) is a commonly used methodology to address
complex decisions, though, in the literature, the AHP is very much criticized because of
its unbalanced judgment scale and the absence of the ability to integrate uncertainty and
vagueness in the complex decision (Zhou 2019a, b; de Lima Silva and de Almeida Filho
2020; Zhou et al. 2018; Xu et al. 2020a). Addressing such AHP deficiencies, different
researchers incorporate fuzzy with AHP to frame FAHP. FAHP effectively deals with any
uncertainty involving in the decision making and therefore has been used in a variety of
fields, including the energy sector ((Lei et al. 2020; Xu et al. 2019a, b, the health sector
(Singh and Prasher 2019), supply chain (Patil and Kant 2014), risk evaluation (Fattahi and
Khalilzadeh 2018), corporate social responsibility (Moktadir et al. 2018), and others (Cala-
brese et al. 2019; Wu et al. 2019). This research analysis contains the following paths:

Let a matrix beH = (hij)nXm' Let a fuzzy number beF = (aij, bij, cp)s
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Fig. 1 The research framework of the study

1. Using fuzzy numbers, formulate paired matrices.
2. Use Egs. (1, 2, 3, and 4) to obtain the results of fuzzy synthetic degree value (SEV,):

m n m -1
SEV, = Y F; @Y. Y F,l (1)
=

i=1 j=1
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st Y Fy= ( ag. Y by Y c )forl =1.2,34.5,....n(2) 2)

ZZFij=(l 2. % by, Zcii) 3

n m -1
1 1 1
Fi‘ m m (4)
|j=l /=Zl j] (Zl IZJ 1 Gij Z Z =1 l] Zl— Z] 1 l]>

3. Use Eq. (5) to obtain a degree of possibility SEV; = (a;, b;,¢;) = SEV; = (a;, b;, ¢;):
V(SEV; 2 SEV;) =(SEV; n SEV;) = ¢, (d)
Lif b; > b, 5
_ 0,if a, > ¢ )
a—¢;
(b=¢)~(bi=a)’

otherwise

where (d) is the intersection between ¢, and ¢, ;(SEV; = SEV;) and (SEV; > SEV))

values are compared with SEV; and SEV ;.
4. Obtain minimum possibility degree d(i) of (SEVj > SEV,): whereij = 1,2,3.4,5,... k.

(SEV > SEV|,SEV,, ... ,SEV,),
fori =1,2,3,4,5,....k

= [(SEV > SEV|) and (SEV > SEV,) and ... (SEV > SEV,)| = min(SEV > SEV,) ©
fori =1,2,3,4,5,... .k
Let
d'(B;) = min (SEV; > SEV ), fori =12,3,4,5,... .k
then the weight vector is
W' = (d'(H,),d (H,),d (Hy),....d (H,))" @)
where H, (i = 1,2,3,4,5, ..., n) represents n elements:
5. Vector is normalized as follows:
W = (d(H,),d(H,),d (H;), ... ,d(H,))" ®)

where W is a non-fuzzy weight.

3.2 FTOPSIS method

Hwang and Yoon developed the TOPSIS method in 1981 (90). TOPSIS method developed
the common idea or relationship, which can be positive or negative to get a suitable way
out. In this research, the fuzzy-based TOPSIS method is adopted to minimize the problem
of uncertainty in decisions and can get reliable and more consistent results. The set theory
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of fuzzy can help to get the immeasurable and incomplete information in the fuzzy envi-
ronment (91). To rank and evaluate the alternatives of the linguistic variables, this method
is more preferable. So, to analyze each criterion’s alternatives, the triangular fuzzy num-
bers (TFNs) were used in this study. Uncertain problems can be reduced with the help of
linguistic variables in terms of a quantitative approach. The linguistic terms can be inter-
preted with TEN in so many aspects; Table 4 indicates the linguistic influences in the cur-
rent research study (Table 5).

The following measures display TFN-based linguistic variables:

Step I: Let A= (al,az,a3), B= (bl,bz,b3) are the two fuzzy numbers, so the math
relationship is as follows:

A+B= (al,az,a3) + (bl,bz,b3) = (al +b1,a2 +b2,a3 +b3) (9)

AxB= (al,az,a3) X (bl,bz,b3) = (albl,azbz,a3b3) (10)

Step II: Let A; = (a;,a,,a;) be a TFN for i € I. Afterward, the normalized fuzzy
number of each A; is shown as:

R = [rij]mxn (11)

wherei =1,2,3,...,mand j =1,2,3,...,n
The fuzzy standardization approach is viewed as a constructive optimal solution, i.e.,
benefits criteria:

(all'j azl'j a3l:]- )
rij = IR R (12)
Cl3j Cl3j a3j

where a;. = maxas; is a benefit-type criterion?
The fuzzy normalization approach is presented as the negative optimal solution (i.e.,

costs’ criteria):

a;. a;. a..
o7y T
ry=(—,—,—)

, (13)
Ay Aoy Ay
a; = mina,; is cost-type criteria.
Step III: Construct the fuzzy-weighted normalized decision matrix.
V= [Vij]an (14)

i=123,...,mand j=1,2,3,...,n

Here, vy =T Xw;

Step IV: Determine the distance between fuzzy ideal (d") and fuzzy negative (d; The)
ideal solution.

df = (],v5,v5, .., v (15)
where V]* =(1,1,1)j=123,...,n

d; = ],v5,v5, .., v)) (16)
where Vj‘ =(0,0,00j=12,3,...,n
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Here, the distance between A = (a,,a,,a3), B = (a;, a,,a;) is presented as:

d(A,B) = \/%[(al —b)? + (ay — by)* + (a3 — b3)*] (7)

Step V: Develope the closeness constant (CCi) of each alternate:

d-
CC =
T rd (18)

Step VI: Rate and select the right equivalents. It will include the rating of equivalents
about an optimal and unfavorable best way by using the FTOPSIS process steps.

4 Results and discussion

The research used a hybrid analysis system for evaluating obstacles to sustainable practices
services in SMEs, i.e., fuzzy AHP and fuzzy TOPSIS. Also, this study has proposed vari-
ous strategies for overcoming the barriers to the sustainable design of SME environmen-
tally friendly business activities. Saudi Arabia is doing a very kind of study introducing
green business activities in SMEs. Therefore, the research offers stakeholder groups, deci-
sion makers, and authorities a framework for evaluating the integrated decision-making
process to solve challenges in Saudi Arabia and effectively implementing environmentally
friendly innovation in SMEs. Saudi Arabia has proven and recordable oil reserves of 266.4
billion barrels, accounting for about 22% of global funds. The world produces over 7.5
billion standard cubic feet of natural gas every day and has over 8588 billion m3 reserves.
With natural resource supply worth US$75.5 trillion, US$45.5 trillion, and US$34.4 tril-
lion, respectively, Russia is in the first place, the USA is in second place, and the Saudi
economy is in third place. The GDP of the Kingdom of Saudi Arabia is about US$795.58
billion, and it is mainly fueled by oil and natural gas production. Saudi Arabia is position-
ing itself as a technology infrastructure superpower center, with sales reaching US$36 bil-
lion in 2017 and projected to top US$40 billion in the coming years. Government actions
in numerous fields, such as electricity, telecom, and finance, have led to this technical
development. The country’s vision 2030, which aims to expand the number of multina-
tional businesses, prioritizes the e-government program. The telecom industry in the region
expanded by 55%, and the information technology field now accounts for more than 515 of
the overall Middle East economy. The country is working hard to grow the ICT industry to
international standards to excel in technology infrastructure in the Middle East by 2030.

4.1 The primary obstacles of fuzzy AHP results

Fuzzy AHP program has identified the main barrier outcomes. Six significant obstacles
to green product innovation have been identified by expert assessment and research. The
weights and main-barrier rankings are shown in Fig. 2. The results reveal that the most
significant barrier that prevents green innovation from being implemented in SMEs is
political barriers (PB) (0.191). The remaining major barriers are numbered as follows:
0.000—weight management barriers (MABs), 0.0000—weight technical barriers (TBs),
0.0000—weight barriers to knowledge (IBs), 0.0000—weight economic barriers (EBs),
and 0.0000—weight business barriers (MBs).
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Political barrier

.191

Managerial barriers

0.181

Technical barrier

0.180

Information barrier

Economic barriers 0.150

Market barriers 123

174

Weight

Fig. 2 Ranking of key obstacles with the objective

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

The findings are similar to the past study by Abdel-Basset et al. 2019. The less techno-
logical know-how results in negative effects on the organization’s green innovation activi-
ties. The business or organization profit from ample R&D, financial capital, and sustain-
able development and introduce green products of innovation. Environmental resources are
important for any SME to sustain themselves in the long term. Economic obstacles include
scarcity of technology or a dynamic market for green technologies (Pinget et al. 2015).

EB4 0.217
EB3 .211
EBS .208
EB2 1192
EBI1 0.171

0.00 0.65 0.I10 0.I15 0.I20

Priority weight

Fig. 3 Weights and sub-barrier rankings for economic barriers (EBs)
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Fig.4 Weights and sub-barrier

rating for market (MB) barriers
MB2 0.398
MB3 0.390
MBI1 0.212

0.00 0.05 0.10 0.15 020 025 030 035 040 045
Prioirty weights

Fig.f? Weights. and sub—b‘afrier

rbe;r;lr(il:ri E;%az;hng the political PB3 b.276
PB2 0.257
PB1 0.253
PB4 0.214

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Priority weight

4.2 The sub-barrier results of Fuzzy AHP

Figure 3 displays the list of weights and sub-barriers concerning economic barriers
(EBs). Priority was given to the lack of subsidies and financial benefits (EB3), bank
loan unavailability (EB1), and less payoff (EB1), as the most prominent sub-barriers.
While high green system costs (EB4) and high waste disposal costs (EBS) are the least
important sub-barriers to green innovation, the results show that the lack of subsidies
and financial rewards (EB3) is a key sub-barrier.

Figure 4 shows sub-barrier scores like business barriers (MB). The market incapacity
(MB1) of 0.0000 weights and the inadequacy of knowledge and understanding (MB3) of
0.00000 weights were therefore classified as major sub-barriers from the MB point of view.
Open market doors are required to access green capital to generate green products and
increase consumer sensitivity, knowledge and awareness of the green products (Li et al.
2021). So this is important to give.

Figure 5 shows the classification of sub-barriers around political barriers (PBs).
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1B3 .258
1B4 0.250
1B2 0.247
IB1 .245
T T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Priority weight

Fig.6 Weights and classification of sub-barriers about information barriers (IBs)

The findings show that an absence of govt update policy (PB2), 0.390 in weight, is a
major obstacle to green innovation for Saudi Arabia’s small- and medium-sized enter-
prises. The second significant sub-barrier while environmental policy (PB3) enforcement
and lack of training and advisory programs (PB4) are the least important sub-barriers. The
government is expected to make green innovation.

Figure 6 demonstrates the classification of sub-barriers as regards knowledge barriers
(IB). Results show that the scarcity of technical data (IB3) is a crucial 0.0000 weight sub-
strate, accompanied by negative attitude (IB1), inadequate information (IB2), and inability
(IB4) accordingly. The shortage of technical expertise means that green innovations can-
not turn small- and medium-sized companies into sustainable innovation activities. At the
same time, there is no knowledge of sustainable rules and policies among employers and
contractors. Consequently, it cannot determine the environmental points of view.

Fig.7 Weights and ranking

of sub-barriers concerning the

technical barriers (TBs) TB2 272
TB3 .261
TB1 .248
TB4 0.218

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Priority weight
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MAB3 0.286
MAB2 .280
MAB4 0.234

MABI1 0.200

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Priority weight

Fig. 8 Weights and ranking of sub-barriers concerning the managerial barriers (MAB)

Figure 7 presents the sub-barrier classification relating to technical barriers (TB).
From the TB perspective, the 0.00000—weight lack of R&D capability (TB2)—has been
described as the biggest sub-barrier to green growth in SME innovation. Whereas technical
and market uncertainty (TB1) is defined as a small- and medium-sized enterprises, Saudi
Arabia is a developing nation with limited technical capital, and hence, the government
needs huge efforts to include green light.

Figure 8 displays rankings of sub-barriers including barriers to management (MAB).
Among SMEs, resistance to sustainable methods (MAB3) weighing 0.0000 is already
described as a much more prevalent green technology barrier within the managerial bar-
rier (MAB). The remaining problems were rated as shown in a scarcity of involvement
(MAB?2), insufficient resources (MAB1), and absence of incentive systems (MAB4).

4.3 The cumulative performance of the subcarriers

The weights of twenty-five subcarriers were measured in this subsection, irrespective of
their groping. The final ranking of these general sub-barriers is shown in Fig. 3. The find-
ings showed that the environment policy (PB3) of 0.0527 weights was the main effective
sub-barrier, accompanied by dedication (MAB2) of 0.0518 weight and green procurement
(MAB3) of 0.0507 weight. The following sub-barriers were identified: Considered sub-
barriers in Saudi Arabia’s SMEs are impeding green innovation growth. Turn to Appendix
B for a detailed analysis of key obstacles to green practices in small- and medium-sized
enterprises.

4.4 Fuzzy TOPSIS results
This study proposed various strategies to solve green innovation’s major obstacles in Saudi

Arabia’s small- and medium-sized enterprises. The Soft TOPSIS approach has been used
to define green engineering approaches and rank them in this sense. This process study
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created a fluid assessment matrix with the TFN level. The total overview of the fuzzy TOP-
SIS system is given in Appendix-A. The main results show that research development prac-
tices for green practices in small and medium enterprises (S1) are considered the top green
innovation approach for small- and medium-sized enterprises growth. Thus, green product
design (S6) R&D activities and the successful development of sustainable new policies to
mitigate environmental destruction (S5) are also the second and third major sustainable
practice techniques designed to address barriers in small- and medium-sized enterprises.

Table 6 presents the prioritizing order of strategies to overcome the barriers to green
innovation in SMEs.

Each of the strategies to overcome barriers in green innovation practices is discussed
below:

4.4.1. Creation of scientific activities to implement renewable technologies in SMEs
(S1): first ranked

The S1 was given priority as the first ranked strategy to overcome the main barriers
to green innovation development in Saudi Arabia’s SMEs.

4.4.2. Transform research and development (R&D) standards for green product pro-
duction (S6): second ranked

The S6 has emerged as the second most effective approach for addressing obstacles
to renewable innovation in SMEs.

4.4.3. Government’s design of effective green policies to reduce environmental deg-
radation (S5): third ranked

The S5 rated third-most effective technique in addressing SMEs’ obstacles to green
innovation.

4.4.4. Develop Environmental Management Systems for SME monitoring (S3):
fourth ranked

The S3 has emerged as the fourth significant strategy for overcoming the barriers to
green innovation and SME growth.

4.4.5. Establishment of an eco-logistics center for SMEs (S4): fifth ranked

The PS4 has been ranked as a fifth vital strategy for SMEs to overcome green innova-
tion barriers.

4.4.6. The state will provide SMEs with subsidies and opportunities to manufacture
green goods (S9): sixth ranked

The S9 is ranked as the sixth crucial strategy for implementing green innovation
practices in Saudi Arabia’s SMEs.

4.4.7. Involving all the players in resource protection and procurement programs
(S10): seventh ranked

The S10 strategy for overcoming the barriers in green innovation practices was
ranked seventh.

4.4.8. Education businessmen in sustainability practices and renewable procurement
for SMEs (S7): eighth ranked 4.4.8. Education businessmen in sustainability practices
and renewable procurement for SMEs (S7): eighth ranked

The S7 has been rated eighth in importance for green innovation creation in Saudi
Arabia’s SMEs.

As a second-least effective approach to address the obstacles to renewable engineer-
ing, the S2 was prioritized

4.4.10. Human resources preparation for ecological sustainability programs (S8): tenth
ranked

The S8 was ranked as the least important strategy for overcoming obstacles in develop-
ing green innovation practices.
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Table 4 Responsive linguistics

scale (Han and Trimi 2018) No Responsive linguistics T
1 Too low (TL) (1,2,3)
2 Low (L) (234
3 Moderate low (ML) (3.4.,5)
4 Moderate (M) (4,5,6)
5 Standard (S) (5,6,7)
6 Moderate standard (MS) (6,7,8)
7 Better (B) (7,8,9)

4.5 Discussion

As the world’s biggest oil producer with a GDP of $684 billion and 16% of global petro-
leum reserves, Saudi Arabia plays a vital position in OPEC’s economic policies. According
to Forbes magazine, petroleum goods account for 87% of expenditure income, 42% of total
GDP, and 90% of total exports. According to the IMF, Saudi Arabia will have a budget
deficit of 7.8% in 2019 due to lower oil prices, although non-oil exports will rise at a pace
of 2.6 percent. These facts are intriguing and shocking, but they do point to a vulnerability
in the economy’s dependency on oil exports. The key justification for preferring Saudi Ara-
bia is to investigate its reaction to the 2014 oil price crisis; would the Saudi Government
restructure its economic dynamics? We attempt to recommend substantial steps to monitor
the economic degradation mechanism in light of the emerging financial problems that the
Saudi Government is facing. However, the current study adds to the established literature
in a variety of ways: first, according to our research, this paper is the first to look at the
effect of non-petroleum exports on Saudi Arabia’s economy, utilizing the principles and
ideas of the export drove development hypothesis. One possible reason derives from the
reality that Saudi Arabia’s economy is almost exclusively based on oil, which induces envi-
ronmental destruction and impedes overall economic growth.

Green technology advancement tends to affect total factor efficiency, according to these
reports, and can be clarified in three ways. To start, companies participate in green technol-
ogy advancement practices that are inspired by the core principle of benefit maximization
Singh et al. (2020) showed that green technology engineering would create a rewarding
impact and raise business income in Italian manufacturing in the face of environmental
regulation. The green technology innovation may boost global business competitiveness,
utilizing EU members as an illustration, while green technology advancement improved
industrial total factor efficiency by enhancing factory cleanliness and technical processes.
Second, social regulators and governments create sustainable development strategies that
help develop green technology innovation. Green technology innovation, according to
Huang and Li (2017), is a major driver of green economic growth, with environmental pro-
tection policies stimulating green technology innovation as a particular impact direction.
By monitoring and corporating green innovation practices, alleviating knowledge asym-
metry, and reducing corporate green funding stresses, Xie et al. (2019) believed that media
environmental security supervision could improve the impacts of green technology inno-
vation. Finally, externalities hinder the success of green technology advancement. Green
technology advancement, according to El-Kassar and Singh (2019), has two externalities.
In the one side, corporations have incurred the risks of green engineering in return for the
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related gains. On the other hand, pollution charges were not included in manufacturing and
operation costs, and businesses were not granted motivation to innovate.

Environmental problems are posed by both end-users and business clients when the
planet confronts significant environmental challenges such as climate change, air contam-
ination, and ozone depletion. As a consequence, suppliers’ green engineering initiatives
have improved. According to previous studies, this sort of effort helps boost product and
firm efficiency. We discovered that suppliers’ green improvement activities typically result
in beneficial partnership results by evaluating organizational customers’ data. Customers
would be more pleased with the partnership and have a greater confidence in the relation-
ship’s profitability as they understand their suppliers’ contribution to green innovation
activities. Green creativity on the part of vendors does not necessarily result in meaningful
consumer reviews or assessments.

As a consequence, we attempted to recognize consumer and partnership contingencies
impacting supplier green innovation’s positive effects. The results of a supplier’s green
innovation were considered to be affected by at least four variables. First, if consumers
engage in the supplier’s invention phase, it contributes to better relational results. Second,
since consumers and suppliers hold the same philosophy and principles and participate in
improved knowledge sharing, partnerships marked by near-informal links (high relational
embeddedness) are more likely to benefit from supplier green innovation activities. Fourth,
consumers who are fearful of taking chances may not be involved in green technologies.
This is because the efficiency, compatibility, and financial returns of new green goods are
always unpredictable.

5 Conclusion and policy implications

In Saudi Arabia, the introduction of green engineering processes, operations or recycling
of waste materials, and renewable manufacturing items are only in the beginning process.
Because of the inadequate scale, the Saudi Arabic SMEs are lagging. A variety of coun-
tries are currently changing their SMEs and introducing green engineering activities that
will allow them to overcome the barrier. As far as our best knowledge is concerned, this is
the first study to evaluate the hurdles/barriers and overwhelm with best green innovation
strategies in Saudi Arabia’s SMEs from these barriers. So, the comprehensive decision for
developing the framework for green innovation practices has been used for SMEs to under-
stand the extent of these barriers.

To address the analysis void, the hybrid decisions were suggested to help the context of
current analysis study researchers, i.e., AHP with fuzzy technique and TOPSIS with fuzzy
techniques. This can identify and assess the key obstacles to green innovation adoption and
recommend various approaches to overcome these obstacles. The researchers suggested
this research study’s structure for Saudi Arabia’s SMEs with help from the previous litera-
ture review and five experts who were very qualified and experienced. Main six barriers
were present in this study, and twenty-four sub-barriers were recognized; alongside this,
ten tactics were established to overcome the introduction of green innovation in Saudi Ara-
bia’s SMEs from these barriers.

The main barriers and sub-barriers have been analyzed and placed using the AHP tech-
nique. The results show that the most imperative obstructions are political barriers (PBs).
The soft TOPSIS approach was then used to prioritize certain approaches that can address
such obstacles. To achieve green innovation, some research approaches in small- and
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medium-sized companies (small- and medium-sized enterprises) were created (small busi-
nesses, size 1), and some very successful strategies were laid out, amongst others, to opti-
mize research and development practices to produce green goods (six). By analyzing those
strategies, it will be of great help to managers and policymakers.

This is a comprehensive analysis, and there are also certain drawbacks to this research
that can be studied in the future. This study was conducted in Saudi Arabia in green inno-
vation SMEs. This research would also help to equate the results of Saudi Arabian small-
and medium-sized companies with those in other countries. Also, in every nation, the exe-
cution of green innovation activities in SMEs has its own and varied barriers. This study
utilized the TOPSIS-fuzzy AHP and fuzzy strategies; however, MCDM methods such as
the VIKOR, ANP, the WASPS, and ELECTRE can be used to compare the findings, to
recognize improvements, and to reduce the effect of major obstacles and subsidies in the
implementation of green innovation practices. A large number of SMEs are being studied
and explored to validate the updated findings. Ultimately, this research study is used only
to examine green innovation approaches and obstacles in the small- and medium-sized
enterprises market, so more work on this subject can be carried out in a broader context.

5.1 Policy implications

Some policy consequences are suggested to accelerate green innovation and environmen-
tally sustainable economic development. Second, to produce more spatial impact, more
focus should be given to geographic direct and spillover effects. Advanced technology, for-
eign direct investment, environmental regulation instruments, skills, and other services are
widely disseminated due to the accumulation and diffusion impact, resulting in a spatially
high-quality growth trend assisted by "multi-poles."

Second, it is more crucial and urgent to accelerate the transition and implementation of
technological advancement production. Rapidly increasing creativity would not substan-
tially contribute to green innovation development in the eastern and central regions. This
likely is because they cannot be adequately adapted to commercial practices. It is important
to experience a change in these fields. Consequently, the government could adopt policies
that enable companies to grow green technology creativity while simultaneously eliminat-
ing structural obstacles. On the one side, promoting technology research and development
within companies is significant. On the other side, high-tech industries must be brought
into China to have the resources to advance technologically. In the western zone, manufac-
turing technology is relatively obsolete. The central government must establish policies that
enable businesses in the region of the west to collaborate with Saudi Arabia businesses.

Chief managers, industry experts, and politicians will all profit from the results of our
analysis. Our research platform seeks to provide recommendations to major industrial
organizations on the effect of sustainability policy and green innovation on environmental
efficiency execution. General managers and politicians are increasingly focusing on envi-
ronmental efficiency; in the meantime, they will use the study context of environmental
performance in developing markets to mitigate waste, noise, air pollutants, preserve water,
conserve electricity, and non-renewable capital, all of which contribute to better environ-
mental results. Consequently, general managers of major industrial firms cannot neglect
CSR when assessing environmental efficiency, as many reports have demonstrated that
CSR increases operational performance dramatically.
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The research suggests three useful implications based on the extensive analytical analy-
sis. To continue, policymakers and economists should concentrate on Saudi Government’s
economic dependency on oil and petroleum products, which may be minimized. Promoting
the non-oil export sector, on the other side, may assist in the achievement of the sustain-
able development goals (SDGs) and be advantageous to the world. Second, it is more than
important for Saudi Arabia to introduce tourism improvements and new policies that will
encourage religious and cultural tourists’ arrival. As a consequence, the Saudi Government
will be willing to concentrate further on economic and institutional reforms.

Last but not least, the Saudi Government could support clean energies and advanced
technology investments. Renewable infrastructure projects will help to minimize depend-
ency on fossil fuels while still preserving the atmosphere. Furthermore, ambitious policies
on the overall energy balance will assist in industrial and institutional change, eventually
resulting in long-term economic development.

References

Abdel-Basset, M., Saleh, M., Gamal, A., & Smarandache, F. (2019). An approach of TOPSIS technique for
developing supplier selection with group decision making under type-2 neutrosophic number. Applied
Soft Computing Journal. https://doi.org/10.1016/j.as0c.2019.01.035

Agyekum, E. B., Amjad, F., Mohsin, M., & Ansah, M. N. S. (2021). A bird’s eye view of Ghana’s renewable
energy sector environment: A multi-criteria decision-making approach. Utilities Policy, 70. https://
doi.org/10.1016/j.jup.2021.101219.

Ahmad, M., Li, H., Anser, M. K., Rehman, A., Fareed, Z., Yan, Q., & Jabeen, G. (2020). Are the intensity
of energy use, land agglomeration, CO2 emissions, and economic progress dynamically interlinked
across development levels? Energy and Environment. https://doi.org/10.1177/0958305X20949471

Alemzero, D. A., Igbal, N., Igbal, S., Mohsin, M., Chukwuma, N. J., & Shah, B. A. (2020). Assessing
the perceived impact of exploration and production of hydrocarbons on households perspective of
environmental regulation in Ghana. Environmental Science and Pollution Research. https://doi.org/
10.1007/s11356-020-10880-3

Alemzero, D. A., Sun, H., Mohsin, M., Igbal, N., Nadeem, M., & Vo, X. V. (2020). Assessing energy secu-
rity in Africa based on multi-dimensional approach of principal composite analysis. Environmental
Science and Pollution Research. https://doi.org/10.1007/s11356-020-10554-0

AlKhidir, T., & Zailani, S. (2009). Going green in supply chain towards environmental Sustainability.
Global Journal of Environmental Research, 3(3), 246-251.

Anser, M. K., Alharthi, M., Aziz, B., & Wasim, S. (2020). Impact of urbanization, economic growth, and
population size on residential carbon emissions in the SAARC countries. Clean Technologies and
Environmental Policy. https://doi.org/10.1007/s10098-020-01833-y

Anser, M. K., Hanif, I., Alharthi, M., & Chaudhry, I. S. (2020). Impact of fossil fuels, renewable energy
consumption and industrial growth on carbon emissions in Latin American and Caribbean econo-
mies. Atmosfera. https://doi.org/https://doi.org/10.20937/ATM.52732

Anser, M. K., Khan, M. A., Awan, U., Batool, R., Zaman, K., Imran, M., et al. (2020). The role of techno-
logical innovation in a dynamic model of the environmental supply chain curve: Evidence from a
panel of 102 countries. Processes. https://doi.org/10.3390/pr8091033

Anser, M. K., Khan, M. A., Nassani, A. A., Aldakhil, A. M., Voo, X. H., & Zaman, K. (2020). Relation-
ship of environment with technological innovation, carbon pricing, renewable energy, and global food
production. Economics of Innovation and New Technology. https://doi.org/10.1080/10438599.2020.
1792607

Anser, M. K., Yousaf, Z., Hishan, S. S., Nassani, A. A., Sheikh, A. Z., Vo, X. V,, et al. (2020). Dynamic
linkages between transportation, waste management, and carbon pricing: Evidence from the Arab
World. Journal of Cleaner Production. https://doi.org/10.1016/j.jclepro.2020.122151

Anser, M. K., Yousaf, Z., Majid, A., & Yasir, M. (2020). Does corporate social responsibility commitment
and participation predict environmental and social performance? Corporate Social Responsibility and
Environmental Management. https://doi.org/10.1002/csr.1977

@ Springer


https://doi.org/10.1016/j.asoc.2019.01.035
https://doi.org/10.1016/j.jup.2021.101219
https://doi.org/10.1016/j.jup.2021.101219
https://doi.org/10.1177/0958305X20949471
https://doi.org/10.1007/s11356-020-10880-3
https://doi.org/10.1007/s11356-020-10880-3
https://doi.org/10.1007/s11356-020-10554-0
https://doi.org/10.1007/s10098-020-01833-y
https://doi.org/10.20937/ATM.52732
https://doi.org/10.3390/pr8091033
https://doi.org/10.1080/10438599.2020.1792607
https://doi.org/10.1080/10438599.2020.1792607
https://doi.org/10.1016/j.jclepro.2020.122151
https://doi.org/10.1002/csr.1977

Assessing the prioritization of barriers toward green... 1921

Anser, M. K., Yousaf, Z., Nassani, A. A., Abro, M. M. Q., & Zaman, K. (2020). International tourism,
social distribution, and environmental Kuznets curve: Evidence from a panel of G-7 countries. Envi-
ronmental Science and Pollution Research. https://doi.org/10.1007/s11356-019-07196-2

Anser, M. K., Yousaf, Z., Nassani, A. A., Abro, M. M. Q., & Zaman, K. (2020). The role of carbon pricing
in the relationship between air freight and environmental resource depletion: A case study of Saudi
Arabia. Clean Technologies and Environmental Policy. https://doi.org/10.1007/s10098-020-01844-9

Anser, M. K., Yousaf, Z., Nassani, A. A., Abro, M. M. Q., Zaman, K., & Kabbani, A. (2020). Evaluating
ecological footprints through inbound tourism, population density, and global trade. Polish Journal of
Environmental Studies. https://doi.org/https://doi.org/10.15244/pjoes/122445

Anser, M. K., Yousaf, Z., Usman, B., Nassani, A. A., Qazi Abro, M. M., & Zaman, K. (2020). Management
of water, energy, and food resources: Go for green policies. Journal of Cleaner Production. https://
doi.org/10.1016/j.jclepro.2019.119662

Anser, M. K., Yousaf, Z., Zaman, K., Nassani, A. A., Alotaibi, S. M., Jambari, H., et al. (2020). Determina-
tion of resource curse hypothesis in mediation of financial development and clean energy sources:
Go-for-green resource policies. Resources Policy. https://doi.org/10.1016/j.resourpol.2020.101640

Arundel, A. V, & Kemp, R. (2009). Measuring eco-innovation.

Ashford, N. A. (1993). Understanding technological responses of industrial firms to environmental prob-
lems: Implications for government policy (chapter).

Asif, M., Khan, K. B., Anser, M. K., Nassani, A. A., Abro, M. M. Q., & Zaman, K. (2020). Dynamic inter-
action between financial development and natural resources: Evaluating the ‘resource curse’ hypoth-
esis. Resources Policy. https://doi.org/10.1016/j.resourpol.2019.101566

Awasthi, A., Chauhan, S. S., & Goyal, S. K. (2010). A fuzzy multicriteria approach for evaluating environ-
mental performance of suppliers. International Journal of Production Economics, 126(2), 370-378.

Baloch, Z. A., Tan, Q., Igbal, N., Mohsin, M., Abbas, Q., Igbal, W., et al. (2020). Trilemma assessment of
energy intensity efficiency and environmental index: Evidence from BRICS countries. Environmental
Science and Pollution Research, 27(27), 34337-34347. https://doi.org/10.1007/s11356-020-09578-3.

Baloch, Z. A., Tan, Q., Khan, M. Z., Alfakhri, Y., & Raza, H. (2021). Assessing energy efficiency in the
Asia-Pacific region and the mediating role of environmental pollution: Evidence from a super-effi-
ciency model with a weighting preference scheme. Environmental Science and Pollution Research.
https://doi.org/10.1007/s11356-021-13663-6.

Beamon, B. M. (1999). Designing the green supply chain. Logistics Information Management, 12(4),
332-342.

Bliesner, A., Liedtke, C., & Rohn, H. (2014). Resource efficiency and culture—Workplace training for small
and medium-sized enterprises. Science of the Total Environment, 481, 645—-648.

Blok, V., Long, T. B., Gaziulusoy, A. L., Ciliz, N., Lozano, R., Huisingh, D., et al. (2015). From best prac-
tices to bridges for a more sustainable future: advances and challenges in the transition to global sus-
tainable production and consumption: Introduction to the ERSCP stream of the Special volume. Jour-
nal of Cleaner Production, 108, 19-30.

Brammer, S., Hoejmose, S., & Marchant, K. (2012). Environmental management in SME s in the UK: Prac-
tices, pressures and perceived benefits. Business Strategy and the Environment, 21(7), 423-434.
Calabrese, A., Costa, R., Levialdi, N., & Menichini, T. (2019). Integrating sustainability into strategic deci-
sion-making: A fuzzy AHP method for the selection of relevant sustainability issues. Technological

Forecasting and Social Change, 139, 155-168.

Cecere, G., Corrocher, N., & Mancusi, M. L. (2018). Financial constraints and public funding of eco-inno-
vation: Empirical evidence from European SMEs. Small Business Economics, 1-18.

Chen, Y.-S., Lai, S.-B., & Wen, C.-T. (2006). The influence of green innovation performance on corporate
advantage in Taiwan. Journal of Business Ethics, 67(4), 331-339.

Collins, E., Lawrence, S., Pavlovich, K., & Ryan, C. (2007). Business networks and the uptake of sustain-
ability practices: the case of New Zealand. Journal of Cleaner Production, 15(8-9), 729-740.

Corral, C. M. (2003). Sustainable production and consumption systems—cooperation for change: assessing
and simulating the willingness of the firm to adopt/develop cleaner technologies. The case of the In-
Bond industry in northern Mexico. Journal of Cleaner Production, 11(4), 411-426.

Dangelico, R. M. (2016). Green product innovation: Where we are and where we are going. Business Strat-
egy and the Environment, 25(8), 560-576.

de Jesus Pacheco, D. A., Carla, S., Jung, C. F,, Ribeiro, J. L. D., Navas, H. V. G., & Cruz-Machado, V. A.
(2017). Eco-innovation determinants in manufacturing SMEs: Systematic review and research direc-
tions. Journal of Cleaner Production, 142, 2277-2287.

de Lima Silva, D. F., & de Almeida Filho, A. T. (2020). Sorting with TOPSIS through boundary and char-
acteristic profiles. Computers and Industrial Engineering. https://doi.org/10.1016/j.cie.2020.106328

@ Springer


https://doi.org/10.1007/s11356-019-07196-2
https://doi.org/10.1007/s10098-020-01844-9
https://doi.org/10.15244/pjoes/122445
https://doi.org/10.1016/j.jclepro.2019.119662
https://doi.org/10.1016/j.jclepro.2019.119662
https://doi.org/10.1016/j.resourpol.2020.101640
https://doi.org/10.1016/j.resourpol.2019.101566
https://doi.org/10.1007/s11356-020-09578-3
https://doi.org/10.1007/s11356-021-13663-6
https://doi.org/10.1016/j.cie.2020.106328

1922 F. Chien et al.

De Medeiros, J. F., Ribeiro, J. L. D., & Cortimiglia, M. N. (2014). Success factors for environmentally sus-
tainable product innovation: a systematic literature review. Journal of Cleaner Production, 65, 76—86.

Del Rio, P., Carrillo-Hermosilla, J., & Konnold, T. (2010). Policy strategies to promote eco-innovation: An
integrated framework. Journal of Industrial Ecology, 14(4), 541-557.

Dhull, S., & Narwal, M. (2016). Drivers and barriers in green supply chain management adaptation: A state-
of-art review. Uncertain Supply Chain Management, 4(1), 61-76.

El-Kassar, A. N., & Singh, S. K. (2019). Green innovation and organizational performance: The influence of
big data and the moderating role of management commitment and HR practices. Technological Fore-
casting and Social Change. https://doi.org/10.1016/j.techfore.2017.12.016

Eltayeb, T. K., Zailani, S., & Ramayah, T. (2011). Green supply chain initiatives among certified companies
in Malaysia and environmental Sustainability: Investigating the outcomes. Resources, Conservation
and Recycling, 55(5), 495-506.

Fattahi, R., & Khalilzadeh, M. (2018). Risk evaluation using a novel hybrid method based on FMEA,
extended MULTIMOORA, and AHP methods under fuzzy environment. Safety Science, 102,
290-300.

Ghazilla, R. A. R., Sakundarini, N., Abdul-Rashid, S. H., Ayub, N. S., Olugu, E. U., & Musa, S. N. (2015).
Drivers and barriers analysis for green manufacturing practices in Malaysian SMEs: A preliminary
findings. Procedia Cirp, 26, 658—663.

Ghisetti, C., Mancinelli, S., Mazzanti, M., & Zoli, M. (2017). Financial barriers and environmental innova-
tions: Evidence from EU manufacturing firms. Climate Policy, 17(supl), S131-S147.

Govindan, K., Muduli, K., Devika, K., & Barve, A. (2016). Investigation of the influential strength of fac-
tors on adoption of green supply chain management practices: An Indian mining scenario. Resources,
Conservation and Recycling, 107, 185-194.

Govindan, K., Kaliyan, M., Kannan, D., & Haq, A. N. (2014). Barriers analysis for green supply chain man-
agement implementation in Indian industries using analytic hierarchy process. International Journal
of Production Economics, 147, 555-568.

Gupta, H., & Barua, M. K. (2017). Supplier selection among SMEs on the basis of their green innovation
ability using BWM and fuzzy TOPSIS. Journal of Cleaner Production, 152, 242-258.

Gupta, H., & Barua, M. K. (2018). A framework to overcome barriers to green innovation in SMEs using
BWM and Fuzzy TOPSIS. Science of the Total Environment, 633, 122—139.

Gupta, H., & Barua, M. K. (2018). A grey DEMATEL-based approach for modeling enablers of green
innovation in manufacturing organizations. Environmental Science and Pollution Research, 25(10),
9556-9578.

Han, H., & Trimi, S. (2018). A fuzzy TOPSIS method for performance evaluation of reverse logistics in
social commerce platforms. Expert Systems with Applications, 103, 133-145. https://doi.org/10.
1016/j.eswa.2018.03.003

Hanim Mohamad Zailani, S., Eltayeb, T. K., Hsu, C.-C., & Choon Tan, K. (2012). The impact of exter-
nal institutional drivers and internal strategy on environmental performance. International Journal of
Operations and Production Management, 32(6), 721-745.

He, W., Abbas, Q., Alharthi, M., Mohsin, M., Hanif, I., & Vinh Vo, X. (2020). Integration of renewable
hydrogen in light-duty vehicle: Nexus between energy security and low carbon emission resources.
International Journal of Hydrogen Energy. https://doi.org/10.1016/j.ijhydene.2020.06.177

Hillary, R. (2004). Environmental management systems and the smaller enterprise. Journal of Cleaner Pro-
duction, 12(6), 561-569.

Horbach, J., Rammer, C., & Rennings, K. (2012). Determinants of eco-innovations by type of environmen-
tal impact—The role of regulatory push/pull, technology push and market pull. Ecological Econom-
ics, 78, 112-122.

Huang, J. W., & Li, Y. H. (2017). Green innovation and performance: The view of organizational capability
and social reciprocity. Journal of Business Ethics. https://doi.org/10.1007/s10551-015-2903-y

Ikram, M., Mahmoudi, A., Shah, S. Z. A., & Mohsin, M. (2019). Forecasting number of ISO 14001 certifi-
cations of selected countries: application of even GM (1,1), DGM, and NDGM models. Environmen-
tal Science and Pollution Research. https://doi.org/10.1007/s11356-019-04534-2

Ikram, M., Sroufe, R., Mohsin, M., Solangi, Y. A., Shah, S. Z. A., & Shahzad, F. (2019). Does CSR influ-
ence firm performance? A longitudinal study of SME sectors of Pakistan. Journal of Global Respon-
sibility, 11(1), 27-53. https://doi.org/10.1108/jgr-12-2018-0088

Igbal, W., Tang, Y. M., Chau, K. Y., Irfan, M., & Mohsin, M. (2021). Nexus between air pollution and
NCOV-2019 in China: Application of negative binomial regression analysis. Process Safety and Envi-
ronmental Protection, 150, 557-565. https://doi.org/10.1016/j.psep.2021.04.039.

@ Springer


https://doi.org/10.1016/j.techfore.2017.12.016
https://doi.org/10.1016/j.eswa.2018.03.003
https://doi.org/10.1016/j.eswa.2018.03.003
https://doi.org/10.1016/j.ijhydene.2020.06.177
https://doi.org/10.1007/s10551-015-2903-y
https://doi.org/10.1007/s11356-019-04534-2
https://doi.org/10.1108/jgr-12-2018-0088
https://doi.org/10.1016/j.psep.2021.04.039

Assessing the prioritization of barriers toward green... 1923

Iram, R., Anser, M. K., Awan, R. U., Ali, A., Abbas, Q., & Chaudhry, I. S. (2020). Prioritization of renewa-
ble solar energy to prevent energy insecurity: an integrated role. Singapore Economic Review. https://
doi.org/10.1142/S021759082043002X

Jabbour, C. J. C., Jugend, D., de Sousa Jabbour, A. B. L., Gunasekaran, A., & Latan, H. (2015). Green
product development and performance of Brazilian firms: Measuring the role of human and technical
aspects. Journal of Cleaner Production, 87, 442-451.

Jinzhou, W. (2011). Discussion on the relationship between green technological innovation and system inno-
vation. Energy Procedia, 5, 2352-2357.

Johnstone, N., & Hascic, I. (2008). Preliminary indicators of eco-innovation in selected Environmental
Areas. internal working document, OECD, Paris.

Jones, P., Hillier, D., & Comfort, D. (2011). Shopping for tomorrow: Promoting sustainable consumption
within food stores. British Food Journal, 113(7), 935-948.

Jun, W., Waheed, J., Hussain, H., Jamil, I., BorbaSova, D., & Anser, M. K. (2020). Working women and
per capita household consumption expenditures; An untouched reality. Zbornik Radova Ekonomskog
Fakultet au Rijeci. https://doi.org/https://doi.org/10.18045/zbefri.2020.1.35

Kannan, D., de Sousa Jabbour, A. B. L., & Jabbour, C. J. C. (2014). Selecting green suppliers based on
GSCM practices: Using fuzzy TOPSIS applied to a Brazilian electronics company. European Journal
of Operational Research, 233(2), 432—447.

Khalid Anser, M., Hina, T., Hameed, S., Hamid Nasir, M., Ahmad, I., Naseer, U. R., & M. A. . (2020).
Modeling adaptation strategies against climate change impacts in integrated rice-wheat agricultural
production system of Pakistan. International Journal of Environmental Research and Public Health.
https://doi.org/10.3390/ijerph17072522

Kiss, B., Manchén, C. G., & Neij, L. (2013). The role of policy instruments in supporting the development
of mineral wool insulation in Germany, Sweden and the United Kingdom. Journal of Cleaner Pro-
duction, 48, 187-199.

Lai, S. B., Wen, C. T., & Chen, Y. S. (2003). The exploration of the relationship between the environmental
pressure and the corporate competitive advantage. In Proceedings of the CSMOT Academic Confer-
ence, National Chiao Tung University, Hsin-Chu, Taiwan (Vol. 22).

Lee, V.-H., Ooi, K.-B., Chong, A.Y.-L., & Seow, C. (2014). Creating technological innovation via green
supply chain management: An empirical analysis. Expert Systems with Applications, 41(16),
6983-6994.

Lei, F., Wei, G., Gao, H., Wu, J., & Wei, C. (2020). TOPSIS method for developing supplier selection
with probabilistic linguistic information. International Journal of Fuzzy Systems. https://doi.org/
10.1007/s40815-019-00797-6

Li, W., Chien, F., Hsu, C.-C., Zhang, Y., Nawaz, M. A., Igbal, S., et al. (2021). Nexus between energy pov-
erty and energy efficiency: Estimating the long-run dynamics. Resources Policy. https://doi.org/10.
1016/j.resourpol.2021.102063.

Lin, C.-Y., & Ho, Y.-H. (2008). An empirical study on logistics service providers’ intention to adopt
green innovations. Journal of Technology Management & Innovation, 3(1), 17-26.

Lin, K., Peng, M. Y. P., Anser, M. K., Yousaf, Z., & Sharif, A. (2020). Bright harmony of environmental
management initiatives for achieving corporate social responsibility authenticity and legitimacy:
Glimpse of hotel and tourism industry. Corporate Social Responsibility and Environmental Man-
agement. https://doi.org/10.1002/csr.2076

Liu, X., Peng, M. Y. P., Anser, M. K., Chong, W. L., & Lin, B. (2020). Key teacher attitudes for sustaina-
ble development of student employability by social cognitive career theory: The mediating roles of
self-efficacy and problem-based learning. Frontiers in Psychology. https://doi.org/10.3389/fpsyg.
2020.01945

Longoni, A., Golini, R., & Cagliano, R. (2014). The role of new forms of work organization in develop-
ing sustainability strategies in operations. International Journal of Production Economics, 147,
147-160.

Madrid-Guijarro, A., Garcia, D., & Van Auken, H. (2009). Barriers to innovation among Spanish manu-
facturing SMEs. Journal of Small Business Management, 47(4), 465-488.

Majumdar, A., & Sinha, S. (2018). Modeling the barriers of green supply chain management in small
and medium enterprises: A case of Indian clothing industry. Management of Environmental Qual-
ity: an International Journal, 29(6), 1110-1122.

Mangla, S. K., Govindan, K., & Luthra, S. (2017). Prioritizing the barriers to achieve sustainable con-
sumption and production trends in supply chains using fuzzy Analytical Hierarchy Process. Jour-
nal of Cleaner Production, 151, 509-525.

@ Springer


https://doi.org/10.1142/S021759082043002X
https://doi.org/10.1142/S021759082043002X
https://doi.org/10.18045/zbefri.2020.1.35
https://doi.org/10.3390/ijerph17072522
https://doi.org/10.1007/s40815-019-00797-6
https://doi.org/10.1007/s40815-019-00797-6
https://doi.org/10.1016/j.resourpol.2021.102063
https://doi.org/10.1016/j.resourpol.2021.102063
https://doi.org/10.1002/csr.2076
https://doi.org/10.3389/fpsyg.2020.01945
https://doi.org/10.3389/fpsyg.2020.01945

1924 F. Chien et al.

Mathiyazhagan, K., Govindan, K., & Noorul Haq, A. (2014). Pressure analysis for green supply chain
management implementation in Indian industries using analytic hierarchy process. International
Journal of Production Research, 52(1), 188-202.

Mathiyazhagan, K., Govindan, K., NoorulHaq, A., & Geng, Y. (2013). An ISM approach for the barrier
analysis in implementing green supply chain management. Journal of Cleaner Production, 47,
283-297.

Matus, K. J. M., Xiao, X., & Zimmerman, J. B. (2012). Green chemistry and green engineering in China:
Drivers, policies and barriers to innovation. Journal of Cleaner Production, 32, 193-203.

Min, H., & Galle, W. P. (2001). Green purchasing practices of US firms. International Journal of Opera-
tions and Production Management, 21(9), 1222—1238.

Mohsin, M., Zhou, P., Igbal, N., & Shah, S. A. A. (2018). Assessing oil supply security of South Asia.
Energy, 155, 438—447. https://doi.org/10.1016/J. ENERGY.2018.04.116

Mohsin, M., Hanif, I., Taghizadeh-Hesary, F., Abbas, Q., & Igbal, W. (2021). Nexus between energy
efficiency and electricity reforms: A DEA-Based way forward for clean power development.
Energy Policy. https://doi.org/10.1016/j.enpol.2020.112052

Mohsin, M., Nurunnabi, M., Zhang, J., Sun, H., Igbal, N., Iram, R., & Abbas, Q. (2020). The evalua-
tion of efficiency and value addition of IFRS endorsement towards earnings timeliness disclosure.
International Journal of Finance and Economics. https://doi.org/10.1002/ijte.1878

Mohsin, M., Rasheed, A. K., Sun, H., Zhang, J., Iram, R., Igbal, N., & Abbas, Q. (2019). Developing
low carbon economies: An aggregated composite index based on carbon emissions. Sustainable
Energy Technologies and Assessments. https://doi.org/10.1016/j.seta.2019.08.003

Mohsin, M., Taghizadeh-Hesary, F., Panthamit, N., Anwar, S., Abbas, Q., & Vo, X. V. (2020). Devel-
oping low carbon finance index: Evidence from developed and developing economies. Finance
Research Letters. https://doi.org/10.1016/.fr1.2020.101520

Moktadir, A., Rahman, T., Jabbour, C. J. C., Ali, S. M., & Kabir, G. (2018). Prioritization of drivers of
corporate social responsibility in the footwear industry in an emerging economy: A fuzzy AHP
approach. Journal of Cleaner Production, 201, 369-381.

Mudgal, R. K., Shankar, R., Talib, P., & Raj, T. (2010). Modelling the barriers of green supply chain
practices: An Indian perspective. International Journal of Logistics Systems and Management,
7(1), 81-107.

Panigrahi, S. S., & Rao, N. S. (2018). A stakeholders’ perspective on barriers to adopt sustainable prac-
tices in MSME supply chain: Issues and challenges in the textile sector. Research Journal of Tex-
tile and Apparel, 22(1), 59-76.

Patil, S. K., & Kant, R. (2014). A fuzzy AHP-TOPSIS framework for ranking the solutions of Knowledge
Management adoption in supply chain to overcome its barriers. Expert Systems with Applications,
41(2), 679-693.

Perron, G. M. (2005). Barriers to environmental performance improvements in Canadian SMEs. Canada:
Dalhousie University.

Pinget, A., Bocquet, R., & Mothe, C. (2015). Barriers to environmental innovation in SMEs: Empirical evi-
dence from french firms. Management (france), 18(2), 132—155.

Rao, P., & Holt, D. (2005). Do green supply chains lead to competitiveness and economic performance?
International Journal of Operations and Production Management, 25(9), 898-916.

Ravi, V., & Shankar, R. (2005). Analysis of interactions among the barriers of reverse logistics. Technologi-
cal Forecasting and Social Change, 72(8), 1011-1029.

Revell, A., & Rutherfoord, R. (2003). UK environmental policy and the small firm: Broadening the focus.
Business Strategy and the Environment, 12(1), 26-35.

Runhaar, H., Tigchelaar, C., & Vermeulen, W. J. V. (2008). Environmental leaders: Making a difference. A
typology of environmental leaders and recommendations for a differentiated policy approach. Busi-
ness Strategy and the Environment, 17(3), 160-178.

Russel, T. (2017). Greener purchasing: Opportunities and innovations. Routledge.

Sarker, S. A., Wang, S., Mehedi Adnan, K. M., Anser, M. K., Ayoub, Z., Ho, T. H., et al. (2020). Economic
viability and socio-environmental impacts of solar home systems for off-grid rural electrification in
Bangladesh. Energies. https://doi.org/10.3390/en13030679

Seth, D., Rehman, M. A. A., & Shrivastava, R. L. (2018). Green manufacturing drivers and their rela-
tionships for small and medium (SME) and large industries. Journal of Cleaner Production, 198,
1381-1405.

Shen, L. Y., & Tam, V. W. Y. (2002). Implementation of environmental management in the Hong Kong con-
struction industry. International Journal of Project Management, 20(7), 535-543.

@ Springer


https://doi.org/10.1016/J.ENERGY.2018.04.116
https://doi.org/10.1016/j.enpol.2020.112052
https://doi.org/10.1002/ijfe.1878
https://doi.org/10.1016/j.seta.2019.08.003
https://doi.org/10.1016/j.frl.2020.101520
https://doi.org/10.3390/en13030679

Assessing the prioritization of barriers toward green... 1925

Silva, M. J., Leitao, J., & Raposo, M. (2008). Barriers to innovation faced by manufacturing firms in Portu-
gal: How to overcome it for fostering business excellence? International Journal of Business Excel-
lence, 1(1-2), 92-105.

Simpson, M., Taylor, N., & Barker, K. (2004). Environmental responsibility in SMEs: does it deliver com-
petitive advantage? Business Strategy and the Environment, 13(3), 156-171.

Singh, A., & Prasher, A. (2019). Measuring healthcare service quality from patients’ perspective: Using
Fuzzy AHP application. Total Quality Management and Business Excellence, 30(3—4), 284-300.

Singh, S. K., Giudice, M. D., Chierici, R., & Graziano, D. (2020). Green innovation and environmental
performance: The role of green transformational leadership and green human resource management.
Technological Forecasting and Social Change. https://doi.org/10.1016/j.techfore.2019.119762

Solazzo, R., Donati, M., Tomasi, L., & Arfini, F. (2016). How effective is greening policy in reducing GHG
emissions from agriculture? Evidence from Italy. Science of the Total Environment, 573, 1115-1124.

Somsuk, N., & Laosirihongthong, T. (2017). Prioritization of applicable drivers for green supply chain
management implementation toward Sustainability in Thailand. International Journal of Sustainable
Development and World Ecology, 24(2), 175-191.

Sun, H. P., Tariq, G., Haris, M., & Mohsin, M. (2019). Evaluating the environmental effects of economic
openness: Evidence from SAARC countries. Environmental Science and Pollution Research. https://
doi.org/10.1007/s11356-019-05750-6

Sun, H., Awan, R. U., Nawaz, M. A., Mohsin, M., Rasheed, A. K., & Igbal, N. (2020). Assessing the socio-
economic viability of solar commercialization and electrification in south Asian countries. Environ-
ment, Development and Sustainability. https://doi.org/10.1007/s10668-020-01038-9

Sun, H., Pofoura, A. K., Adjei Mensah, I, Li, L., & Mohsin, M. (2020). The role of environmental entrepre-
neurship for sustainable development: Evidence from 35 countries in Sub-Saharan Africa. Science of
the Total Environment. https://doi.org/10.1016/j.scitotenv.2020.140132

Sun, L., Cao, X., Alharthi, M., Zhang, J., Taghizadeh-Hesary, F., & Mohsin, M. (2020). Carbon emission
transfer strategies in supply chain with lag time of emission reduction technologies and low-carbon
preference of consumers. Journal of Cleaner Production. https://doi.org/10.1016/j.jclepro.2020.
121664

Sun, L., Qin, L., Taghizadeh-Hesary, F., Zhang, J., Mohsin, M., & Chaudhry, I. S. (2020). Analyzing carbon
emission transfer network structure among provinces in China: New evidence from social network
analysis. Environmental Science and Pollution Research. https://doi.org/10.1007/s11356-020-08911-0

Tehreem, H. S., Anser, M. K., Nassani, A. A., Abro, M. M. Q., & Zaman, K. (2020). Impact of average
temperature, energy demand, sectoral value added, and population growth on water resource quality
and mortality rate: it is time to stop waiting around. Environmental Science and Pollution Research.
https://doi.org/10.1007/s11356-020-09822-w

Theyel, G. (2000). Management practices for environmental innovation and performance. International
Journal of Operations and Production Management, 20(2), 249-266.

Urban, B., & Naidoo, R. (2012). Business sustainability: Empirical evidence on operational skills in SMEs
in South Africa. Journal of Small Business and Enterprise Development, 19(1), 146—163.

Walker, H., Di Sisto, L., & McBain, D. (2008). Drivers and barriers to environmental supply chain man-
agement practices: Lessons from the public and private sectors. Journal of Purchasing and Supply
Management, 14(1), 69-85.

Wasif Rasheed, H. M., & Anser, M. K. (2017). Effect on Brand Loyalty in Mobile Phone Purchasing (A
Case Study In Bahawalpur, Pakistan). Journal of Public Administration and Governance. https://doi.
org/https://doi.org/10.5296/jpag.v7il.11042

Woolman, T., & Veshagh, A. (2006). Designing support for manufacturing SMEs approaching ecodesign
and cleaner production—learning from UK survey results. In /3th CIRP conference on life cycle
engineering, Leuven.

Wu, Y., Li, L., Song, Z., & Lin, X. (2019). Risk assessment on offshore photovoltaic power generation
projects in China based on a Fuzzy analysis framework. Journal of Cleaner Production, 215, 46-62.

Xie, X., Huo, J., & Zou, H. (2019). Green process innovation, green product innovation, and corporate
financial performance: A content analysis method. Journal of Business Research. https://doi.org/10.
1016/j.jbusres.2019.01.010

Xu, D, Ren, J., Dong, L., & Yang, Y. (2020). Portfolio selection of renewable energy-powered desalination
systems with sustainability perspective: A novel MADM-based framework under data uncertainties.
Journal of Cleaner Production. https://doi.org/10.1016/j.jclepro.2020.124114

Xu, L., Shah, S. A. A., Zameer, H., & Solangi, Y. A. (2019). Evaluating renewable energy sources for
implementing the hydrogen economy in Pakistan: a two-stage fuzzy MCDM approach. Environmen-
tal Science and Pollution Research. https://doi.org/10.1007/s11356-019-06431-0

@ Springer


https://doi.org/10.1016/j.techfore.2019.119762
https://doi.org/10.1007/s11356-019-05750-6
https://doi.org/10.1007/s11356-019-05750-6
https://doi.org/10.1007/s10668-020-01038-9
https://doi.org/10.1016/j.scitotenv.2020.140132
https://doi.org/10.1016/j.jclepro.2020.121664
https://doi.org/10.1016/j.jclepro.2020.121664
https://doi.org/10.1007/s11356-020-08911-0
https://doi.org/10.1007/s11356-020-09822-w
https://doi.org/10.5296/jpag.v7i1.11042
https://doi.org/10.1016/j.jbusres.2019.01.010
https://doi.org/10.1016/j.jbusres.2019.01.010
https://doi.org/10.1016/j.jclepro.2020.124114
https://doi.org/10.1007/s11356-019-06431-0

1926 F. Chien et al.

Xu, L., Wang, Y., Shah, S. A. A., Zameer, H., Solangi, Y. A., Walasai, G. D., & Siyal, Z. A. (2019). Eco-
nomic viability and environmental efficiency analysis of hydrogen production processes for the decar-
bonization of energy systems. Processes, 7(8), 494.

Xu, Y., Chen, Z., Peng, M. Y. P, & Anser, M. K. (2020). Enhancing consumer online purchase intention
through gamification in China: Perspective of cognitive evaluation theory. Frontiers in Psychology.
https://doi.org/10.3389/fpsyg.2020.581200

Yang, Z., Abbas, Q., Hanif, I., Alharthi, M., Taghizadeh-Hesary, F., Aziz, B., & Mohsin, M. (2021). Short-
and long-run influence of energy utilization and economic growth on carbon discharge in emerging
SREB economies. Renewable Energy. https://doi.org/10.1016/j.renene.2020.10.141

Yousaf, S., Anser, M. K., Tariq, M., Sahibzada Jawad, S. U. R., Naushad, S., & Yousaf, Z. (2020).
Does technology orientation predict firm performance through firm innovativeness? World Jour-
nal of Entrepreneurship, Management and Sustainable Development. https://doi.org/10.1108/
WIEMSD-11-2019-0091

Zhang, D., Mohsin, M., Rasheed, A. K., Chang, Y., & Taghizadeh-Hesary, F. (2021). Public spending and
green economic growth in BRI region: Mediating role of green finance. Energy Policy. https://doi.
org/10.1016/j.enpol.2021.112256.

Zhou, F., Lim, M. K., He, Y., & Pratap, S. (2019). What attracts vehicle consumers’ buying: A Saaty scale-
based VIKOR (SSC-VIKOR) approach from after-sales textual perspective? Industrial Management
and Data Systems. https://doi.org/10.1108/IMDS-01-2019-0034

Zhou, F., Wang, X., Goh, M., Zhou, L., & He, Y. (2019). Supplier portfolio of key outsourcing parts selec-
tion using a two-stage decision making framework for Chinese domestic auto-maker. Computers and
Industrial Engineering. https://doi.org/10.1016/j.cie.2018.12.014

Zhou, F., Wang, X., Lim, M. K., He, Y., & Li, L. (2018). Sustainable recycling partner selection using
fuzzy DEMATEL-AEW-FVIKOR: A case study in small-and-medium enterprises (SMEs). Journal
of Cleaner Production. https://doi.org/10.1016/j.jclepro.2018.05.247

Zhu, Q., Sarkis, J., & Lai, K. (2012). Green supply chain management innovation diffusion and its relation-
ship to organizational improvement: An ecological modernization perspective. Journal of Engineer-
ing and Technology Management, 29(1), 168—185.

Zhu, Y., Wittmann, X., & Peng, M. W. (2012). Institution-based barriers to innovation in SMEs in China.
Asia Pacific Journal of Management, 29(4), 1131-1142.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Fengsheng Chien'? . Hafiz Waqas Kamran® - Muhammad Atif Nawaz* -
Nguyen Ngoc Thach® - Pham Dinh Long® - Zulfiqar Ali Baloch’”

Fengsheng Chien
jianfengsheng @fzfu.edu.cn

Hafiz Waqas Kamran
hafiz.waqas @iqra.edu.pk

Muhammad Atif Nawaz
atif.nawaz.baloch@gmail.com

Nguyen Ngoc Thach
thachnn@buh.edu.vn

Zulfigar Ali Baloch
balochzulfigarali @nuaa.edu.cn

School of Finance and Accounting, Fuzhou University of International Studies and Trade, Fuzhou,
China

Faculty of Business, City University of Macau, Macau, China

Department of Business Administration, Iqra University, Karachi, Pakistan

@ Springer


https://doi.org/10.3389/fpsyg.2020.581200
https://doi.org/10.1016/j.renene.2020.10.141
https://doi.org/10.1108/WJEMSD-11-2019-0091
https://doi.org/10.1108/WJEMSD-11-2019-0091
https://doi.org/10.1016/j.enpol.2021.112256
https://doi.org/10.1016/j.enpol.2021.112256
https://doi.org/10.1108/IMDS-01-2019-0034
https://doi.org/10.1016/j.cie.2018.12.014
https://doi.org/10.1016/j.jclepro.2018.05.247

Assessing the prioritization of barriers toward green... 1927

Department of Economics, The Islamia University of Bahawalpur, Bahawalpur, Pakistan

Institute for Research Science and Banking Technology, Banking University HCMC,
Ho Chi Minh City, Vietnam

®  Ho Chi Minh City Open University, Ho Chi Minh City, Vietnam

College of Economics and Management, Nanjing University of Aeronautics and Astronautics, 29
Jiangsu Avenue, Nanjing 211106, China

@ Springer



	Assessing the prioritization of barriers toward green innovation: small and medium enterprises Nexus
	Abstract
	1 Introduction
	2 Literature review
	3 Research framework
	3.1 Fuzzy AHP method
	3.2 FTOPSIS method

	4 Results and discussion
	4.1 The primary obstacles of fuzzy AHP results
	4.2 The sub-barrier results of Fuzzy AHP
	4.3 The cumulative performance of the subcarriers
	4.4 Fuzzy TOPSIS results
	4.5 Discussion

	5 Conclusion and policy implications
	5.1 Policy implications

	References




