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Abstract

Businesses have become more sensitive to the environment as the problems arising due to climate change cause great
dangers and the society's awareness of this issue. With this awareness, companies have turned to green innovation
activities and started to gain competitive advantage. Waste recycling, less material use, eco-design, green product,
pollution prevention are among the environmental activities of green innovation.

In this study, it is aimed to rank the green innovation criteria according to their importance. Renewable energy use, waste
recycling, energy saving, pollution prevention, green product design, green marketing process, green supply chain,
reduced carbon footprint, less material use criteria were used in the study. The ranking of the green innovation criteria
was made using the Pythagorean Fuzzy AHP (Analytical Hierarchy Process) method. As a result of the study, it was seen
that the "Reduced carbon footprint"” criterion is the most important criterion. It was concluded that the criterion of "green
product design” ranked second and the criterion of "use of renewable energy"” ranked third. As a result of the study, it is
clearly seen that the criteria in the first three are among the most important current issues discussed and addressed in the

world.
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1. Introduction

Today, the increase in population, the development
of technology and the increase in market share have
also led to an increase in the global competition
between businesses. Businesses both try to keep up
with these changes and try to struggle with global
competition [1]. In this context, one of the most
important strategic tools and resources used by
businesses in the fight against global competition is
innovation [2]. In the Oslo Manual, innovation is
defined as “the implementation of a new or
significantly improved product or process, a new
marketing method, or a new organizational method”
[3]. There are many reasons why innovation has
become an important tool lately. Innovation is a very
important factor in providing competitive advantage,
increasing the welfare level, contributing to the
development of the economic structure of the society
and increasing employment, and increasing the
capacity and performance of enterprises [4, 5]. With
environmental disasters, changes in the climate,
greenhouse gas emissions, deterioration of ecological
balance, increase in pollution, global warming and
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depletion of natural resources in the world,
businesses have become more sensitive to the
environment [6-8]. Businesses have started to
develop strategies by adopting environmentally
oriented approaches in the activities they will
implement [9]. At the same time, creating a good
impression by developing environmental plans and
thus providing a competitive advantage, benefiting
from the incentives given by the government in this
area, and reducing the costs of the recycling vehicles
to be used encourage businesses to a new concept
called green innovation [10]. Therefore, it has
become very important for all organizations to make
their innovations as green innovations. While making
these innovations, they need to know very well the
important criteria/features that should be included in
their innovations.

Therefore, in this study, it is aimed to rank the green
innovation criteria according to their importance
weights. Using renewable energies, waste recycling,
energy-saving, pollution prevention, green product
design, green marketing process, green supply chain,
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reduced carbon footprint, less material use criteria
were used and the ranking process was carried out
with the Pythagorean fuzzy AHP method.

The rest of the study consists of the following parts:
In the second part, the concept of green innovation is
examined and studies in the literature on green
innovation are included. In the third part, the
material-method is explained, in the fourth part the
findings obtained from the study are given, and in the
fifth part, the results of the study are mentioned.

2. Green Innovation

Green innovation is a type of innovation that
develops smart solutions for a sustainable
environment, ensures the conscious use of limited
and important resources, and reduces all kinds of
negative effects on the environment [11]. Green
innovation 1s defined as ‘“hardware, software or
corporate environmental management related to
green products or processes, including pollution
prevention, energy conservation, waste recycling,
green product design [12]. Green innovation is the
activities applied to minimize the negative impact on
the environment in all processes from the production
of a product to waste [13]. Reuse of recyclable
materials, waste recycling, products that do not harm
the environment, green management, renewable
energy, reduction of greenhouse gas emissions are
among the environmental applications of green
innovation. Considering the environmental protection
at all stages of production is also among the green
innovation practices. The goal of green innovation is
the implementation of thoughts and behaviours
towards reducing and protecting environmental
pollution [14, 15]. The aim of the activities for the
protection of the environment is not to ensure
economic growth, but to consider business and
environmental policies as a whole [16]. The reason
for the implementation of green innovation is to
ensure that all production processes in enterprises
cause less damage to the environment, reduce
pollution and carbon emissions [17]. Green
innovation contributes both to the goals and
strategies of companies and to the sustainable goals
of the country. Green innovation is a major factor in
preventing environmental damage, reducing costs,
and increasing customer satisfaction thanks to the
green concept [1]. Green innovation activities reduce
costs, increase efficiency, and increase the benefits of
innovative activities and technological opportunities
when applied as opposed to increasing operating
costs [18-20]. It is among the goals of green
innovation to design and produce products that are
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easy to recycle, that are produced by requiring less
raw materials and that do not harm the environment
when used [21]. In order for the changes to be
considered as green innovation, the following
conditions must be met [1]: using production
processes that do not harm the environment, efficient
and effective use of resources, using more recycling
materials, production of environmentally friendly
products, reducing greenhouse gas emissions.

According to the results of the Community
innovation survey, there are 9 types of green
innovations in total and they are divided into 2
categories. Three types of innovation express the
benefits related to the use of goods or services after
sales. These; recycling used product, reducing energy
use and reducing pollution (soil, air, water or noise).
The remaining 6 types of innovation are related to
the environmental benefits arising from the
production of goods and services: reducing the use of
materials polluting the environment, using less
materials, reducing carbon footprint, using less
energy, recycling, reducing pollution [22].

When the literature is examined, it is seen that there
are not enough studies in the field of green
innovation. Isik and Barlak [16] surveyed the
managers of 76 hotels with 3, 4 and 5 stars operating
in Istanbul and investigated the managers' thoughts
and expectations about green innovation, green
innovation activities applied in the business and
environmental awareness. As a result of the study, it
was seen that green innovation was not fully adopted.
Seman etal.,, [23] determined the relationship
between green innovation and environmental
performance of green supply chain management. The
study was conducted for 123 companies with 1SO
14001 certificate. The study revealed that green
supply chain management has a positive and
significant relationship between green innovation and
environmental performance, and that green
innovation has a positive effect on environmental
performance, and that green innovation acts as a
bridge between green supply chain management and
environmental performance. Singh et.al., [24] tried to
determine the relationship between green human
resource management, green innovation, green
transformational leadership and environmental
performance by applying a survey to a total of 309
small and medium-sized enterprises operating in the
manufacturing sector. As a result of the study, they
determined that there is a significant relationship
between each other. Seyhan [25], brought together
the concept of green innovation in the Web of
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Science database and studies involving managerial
practices, and applied the bibliometric analysis
method, determined the missing aspects and made
predictions about the future. Kirbagh and Avunduk
[6] examined the green innovation activities of a
bank with the case study method. In the study, it was
concluded that the bank took successful steps in the
field of green innovation by effectively implementing
green marketing, green product and green process
innovations. Irfan etal., [7] tested the impact of
green finance on green innovation using China's
regional data from 2010 to 2019. First, the concepts
of green finance and green innovation were analyzed.
Then, DID (difference-in-differences) and PVAR
(panel vector autoregressive) models were used to
determine the effect of green finance on green
innovation. Research results show that green finance
will have significant effects on green innovation by
contributing to the development of R&D
investments, economic growth and industrial
structure. Le at.al., [26] examined the relationship
between sustainable corporate performance and
corporate social responsibility of SMEs where green
innovation and green supply chain management are
applied. The least squares structural equation model
(PLS-SEM) was used in the study. According to the
modelling result, it was determined that there is a
positive relationship between corporate social
responsibility and sustainable corporate performance
thanks to green innovation and green supply chain
management. There are studies in which literature
studies on green innovation are conducted [27-31].

3. Material Method

In the study, it is aimed to rank the green innovation
criteria that institutions / organizations consider in
their product, process, service, marketing and
organizational innovations according to their
importance weights. In this way, it is aimed to
determine the green innovation criteria that should be
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included in the innovation studies to be carried out
and to benefit institutions and organizations.

In the first stage of the study, the required green
innovation criteria in product, service, process,
marketing and organizational innovations were
determined in line with the literature research and the
opinions of two experts in innovation management
and are given in Table 1.

The Pythagorean fuzzy AHP method was used to
prioritize the criteria given in Table 1, and this
method is briefly explained below.

3.1. Pythagorean Fuzzy AHP

Analytical Hierarchy Method (AHP), one of the
multi-criteria  decision-making  methods,  was
developed by Thomas L. Saaty [32]. AHP is a
method that evaluates the criteria according to more
than one alternative and ranks them according to
their importance in the decision problem. With this
method, it is aimed for decision makers to make
decisions that will provide maximum benefit by
considering the importance of criteria [33]. In this
method, a hierarchical structure is created between
the 'main aim, criteria and alternatives' of the
problem [34]. By using hierarchical structure in this
way, complex problems become much more
understandable [35]. In the AHP method decision
makers can include their objective and subjective
views in the decision process. In other words,
knowledge, experience and thoughts are modelled by
combining them logically [34]. When the AHP
method is considered in general terms, it covers a
process used in absolute and relative measurements,
where precise measurements adhere to various
standards and are associated with memory. It also
aims to measure the subjective distances between
criteria [36].

Table 1. Green innovation criteria determined within the scope of the study

Criteria No  Criteria

C1 Using Renewable Energies
C2 Waste Recycling

C3 Energy-Saving

C4 Pollution Prevention

C5 Green Product Design

C6 Green Marketing Process
c7 Green Supply Chain

C8 Reduced Carbon Footprint
C9 Less Material Use
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Table 2. Linguistic variables and pythagorean fuzzy numbers
Interval Pythagorean Fuzzy Numbers

The lower The upper  The lower value  The upper value
Linquisti . value of the  value of the of the non- of the non-
inguistic Variables . . . .
membership  membership membership membership
degree degree degree degree
(uL) (nU) (vL) (wU)
Certainly Low Importance (CLI) 0 0 0.9 1
Very Low Importance (VLI) 0.1 0.2 0.8 0.9
Low Importance (LI) 0.2 0.35 0.65 0.8
Below Average Importance (BAI) 0.35 0.45 0.55 0.65
Average Importance (Al) 0.45 0.55 0.45 0.55
Above Average Importance (AAI) 0.55 0.65 0.35 0.45
High Importance (HI) 0.65 0.8 0.2 0.35
Very High Importance (VHI) 0.8 0.9 0.1 0.2
Certainly High Importance (CHI) 0.9 1 0 0
Exactly Equal (EE) 0.1965 0.1965 0.1965 0.1965

However, there are deficiencies in the full reflection
of human thoughts in the AHP method. Fuzzy AHP
has emerged by combining AHP with fuzzy logic to
eliminate this deficiency. Instead of the net values
used in the traditional AHP method, in the fuzzy
AHP method, the comparison ratios are determined
using a set of values. Then, the Pythagorean fuzzy
sets were integrated into the AHP method to reduce
or eliminate the uncertainty [37]. In this
methodology, instead of assigning a precise number
for evaluation, decision makers use linguistic terms
and related Pythagorean fuzzy numbers that provide
more area for their opinions [38]. Pythagorean fuzzy
sets are an extension of heuristic fuzzy sets. These
sets, and in some cases heuristic fuzzy sets, cannot
handle uncertainty. This achievement makes
Pythagorean fuzzy sets more powerful and flexible
for solving problems involving uncertainty [39, 40].
Fuzzy sets can be expressed as membership function,
non-membership function and uncertainty degree.
However, in a situation where membership and non-
membership degrees are greater than 1, heuristic
fuzzy sets cannot handle the uncertainty. In
Pythagorean fuzzy sets, the sum of the membership
and non-membership degrees can be greater than 1,
but not the sum of their squares. This means that for
every point (X, y) that is the heuristic member grade
as well as the Pythagorean member grade, the
heuristic membership grades are all points below the
line x + y < 1, while the Pythagorean membership
grades are all points x* + y* < 1. Therefore, the set of
Pythagorean membership notes is larger than the
intuitive set of membership notes. Thus, Pythagorean
fuzzy sets give decision makers more freedom to
express their views on the uncertainty and

uncertainty of the problem [41]. Because of these
features, the Pythagorean fuzzy AHP method was
used in this study.

In Pythagorean fuzzy numbers, the scale shown in
Table 2 is used for decision makers to evaluate
alternatives or criteria [42].

The steps of the Pythagorean Fuzzy AHP
method are as follows [42].

Step 1: According to the scale given in Table 3,
the decision makers compare the criteria or
alternatives in pairs and accordingly create the
pairwise comparison matrix.

Step 2: Calculation of the difference matrix
between the lower and upper points of the
membership and non-membership functions with
the help of equations (1) and (2)

dik, = Ui, — Vi,

1)

dik, = .uizku - vizkl

2

Step 3: Calculation of the multiplicative matrix
using equations (3) and (4)
Sik,= V10004
3)
Sik, = V1000%u 4)
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Step 4: Calculation the degrees of uncertainty for
each criterion with the help of equation (5)
T =1 _(.uizku - .uizkl)_( vizku - Uizkl )

(5)
Step 5: Determining the non-normalized weights
using both the degrees of uncertainty and the
multiplication matrix with the help of equation

(6).
Sik,TSi u

tie = (*52) T
(6)

Step 6: Calculation of weights of importance

(wy)

= Zitatic

WS T
(7)

4. Findings

According to the steps described above, the
prioritization of green innovation criteria was
carried out.

Step 1: The criteria given in Table 1 were
evaluated according to the scale given in Table 2
by two innovation management experts and 1
industrial engineer in line with the consensus,
and the pairwise comparison matrix given in
Table 3 was obtained.
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Step 2: The difference matrix between the lower and
upper points of the membership and non-membership
functions is calculated with the help of equations (2)
and (3) and given in Table 4-5.

Step 3: Multiplicative matrix was calculated using
equation (3) and (4) and given in Table 6-7.

Step 4: In Table 8, the degrees of uncertainty are
given for each criterion calculated with the help of
equation (5).

Step 5: Unnormalized importance weights are
calculated with the help of equation (6) and given in
Table 9.

Step 6: The importance weights of each criterion
were calculated using equation (7) and given in Table
10.

When Table 10 is examined, it is seen that the
"Reduced Carbon Footprint" criterion is the most
important criterion among the green innovation
criteria with an importance weight value of 0.283.
“Green Product Design” is the second and “Pollution
Prevention” is the third important criterion. “Using
Renewable Energies” was determined as the last
criterion.

Table 3. Pairwise comparison matrix of green innovation criteria

Criteria  C1 C2 C3 C4 C5 C6 c7 c8 €9
C1 EE Al AAl LI LI Al BAI VLI BAI
C2 Al EE AAl Al LI HI  AAl VLI BAlI
C3 BAI BAI EE Al BAI AAlI Al HI  AAl
C4 HI Al Al EE AAlI HI HI  BAI Al
C5 HI HI  AAl BAI EE HI  AAl BAI HI
C6 Al LI BAI LI LI EE Al  VHI BAI
c7 AAl BAI Al LI BAI Al EE VLI BAI
C8 VHI VHI LI AAl AAlI VLI VHI EE HI
C9 AAl _AAlI  BAI Al LI AAl AAlI LI EE

Table 4. The difference matrix between lower points of membership and non-membership functions

Criteria.  C1 C2 C3 C4 C5 C6 Cr €8 (9
C1 0 01 01 -06 -06 -01 -03 -08 -03
C2 -0,1 0 01 -01 06 03 01 -08 -03
C3 -03 -03 0 -01 -03 01 -01 03 01
C4 03 -01 -01 0 o1 03 03 -03 -01
C5 03 03 01 -03 0 03 01 -03 03
C6 -01 06 -03 -06 -06 0 -01 06 -03
Cc7 61 03 -01 -06 -03 -01 0 -08 -0,3
C8 o6 06 -06 01 01 -08 06 0 0,3
C9 6, 01 03 01 -06 01 01 -06 0
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Table 5. The difference matrix between upper points of membership and non-membership functions

Volume 11 (2), December 2022, pp 2185-2193

Criteria. €1 C2 C3 C4 C5 C6 C7 €8 (9
C1 0 01 03 -03 -03 01 -01 -06 -01
c2 0,1 0 03 01 -03 06 03 -06 -01
C3 -0,1 -01 0 01 01 03 01 06 03
C4 06 01 01 0 03 06 06 -01 01
C5 06 06 03 -01 0 06 03 -01 06
C6 o1 -03 -01 -03 -03 0 01 08 -01
c7 03 -01 o1 -03 -01 01 0 -06 -0,1
C8 o8 08 -03 03 03 -06 08 0 0,6
Cc9 03 03 -012 01 03 03 03 -03 0

Table 6. The multiplicative matrix of the lower points

Criteriaz. €1 C2 C3 C4 C5 C6 C7 €8 @9
C1 1,00 o071 141 013 013 0,71 035 006 0,35
Cc2 0,71 100 141 o071 013 282 141 0,06 0,35
C3 03 035 100 o071 035 141 0,71 282 141
C4 282 071 071 100 141 282 282 035 0,71
C5 282 282 141 035 100 282 141 035 282
C6 0,71 013 035 013 0,13 1,00 0,71 7,94 0,35
c7 141 035 071 0,13 035 0,71 1,00 0,06 0,35
C8 794 794 013 141 141 0,06 7,94 100 282
C9 141 141 035 0,71 0,13 141 141 0,13 1,00

Table 7. The multiplicative matrix of upper points

Criteria._ C1 C2 C3 C4 C5 C6 C7 €8 (@9
C1 100 141 282 035 035 141 0,71 0,13 0,71
Cc2 141 100 282 141 035 794 282 013 0,71
C3 0,71 0,71 100 141 0,71 282 141 794 282
C4 794 141 141 100 282 794 794 0,71 141
C5 794 794 282 071 100 794 282 0,71 794
C6 141 03 071 035 0,35 1,00 141 1585 0,71
C7 282 0,71 141 035 0,71 141 100 0,13 0,71
C8 15,85 1585 0,35 2,82 282 0,13 1585 1,00 7,94
Cc9 282 282 071 141 035 282 282 0,35 1,00

Table 8. Uncertainty degrees of the criteria

Criteria.  C1 C2 C3 C4 C5 C6 C7 €C8 (9
C1 1,00 080 080 0,70 0,70 0,80 0,80 0,80 0,80
c2 0,80 100 o080 o080 0,70 0,70 0,80 0,80 0,80
C3 0,80 0,80 1,00 o080 0,80 080 080 0,70 0,80
C4 0,70 0,80 0,80 1,00 0,80 0,70 0,70 0,80 0,80
C5 0,70 0,70 o080 0,80 1,00 0,70 0,80 0,80 0,70
C6 0,80 0,70 o080 0,70 0,70 100 0,80 0,80 0,80
c7 0,80 0,80 0,80 0,70 080 0,80 1,00 0,80 0,80
C8 0,80 080 o,70 o080 080 080 080 100 0,70
Cc9 080 080 o080 080 0,70 080 0,80 0,70 1,00

Table 9. Unnormalized weights

Criteria.  C1 C2 C3 C4 C5 C6 C7 €8 (9
C1 1,00 085 169 0,17 0,17 085 043 0,08 043
c2 0,85 1,00 169 085 0,17 3,77 169 0,08 0,43
C3 0,43 043 100 08 043 169 085 3,77 1,69
o7} 3,77 085 08 1,00 1,69 3,77 3,77 043 0,85
C5 3,77 377 169 043 1,00 3,77 169 043 3,77
C6 0,85 0,17 043 017 0,17 1,00 085 952 0,43
c7 1,69 043 085 0,17 043 085 1,00 0,08 043
C8 952 952 017 169 169 008 952 100 3,77
Cc9 169 169 043 085 017 169 1,69 0,17 1,00
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Table 10. Importance weight and ranking of criteria

Unnormalized importance Normalized

Criteria : . - Ranking
weights importance weights
Using Renewable Energies 5,65 0,043 9
Waste Recycling 10,52 0,081 6
Energy-Saving 11,12 0,085 5
Pollution Prevention 16,96 0,130 3
Green Product Design 20,30 0,156 2
Green Marketing Process 13,57 0,104 4
Green Supply Chain 5,91 0,045 8
Reduced Carbon Footprint 36,95 0,283 1
Less Material Use 9,38 0,072 7

5. Conclusion and Evaluation

As the effects of global warming on our lives
increase, the concept of natural and environmentally
friendly products, which has a very limited area of
influence in the industrial society, has started to
spread rapidly towards large consumer masses.
Accordingly, companies started to be more sensitive
to the environment in their production and started to
focus on issues such as carbon emissions and
sustainability. In the researches, it is said that after 10
years, companies that invest in low carbon
consumption or build their production on low carbon
consumption will gain more than their competitors.
In fact, it is stated that technologies that take into
account the environment will make much more
changes in our lives in the next 20 years than
information technologies have made. Therefore,
while companies are innovating, products, services,
processes, marketing, etc.,, which are more
environmentally friendly. innovations are required.
When it comes to environmentally friendly
innovation, we come across the concept of green
innovation. While doing green innovation, some
criteria  or features should be taken into
consideration. However, the issue of which features
or criteria should be in the innovation to be made is
also very important.
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