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Abstract: The purpose of this article is to investigate whether the wide scope of supply chain col-
laboration including both customers and suppliers (Upstream–downstream External Collaboration)
determines the greening of innovation more significantly than the scope limited only to suppliers
(Upstream External Collaboration) or customers (Downstream External Collaboration). This goal
was achieved as part of extensive research on the impact of relational capital on the innovativeness
of high-tech companies in Poland. The results of the research were analysed using fuzzy conver-
sion scales and descriptive statistics based on triangular fuzzy numbers. The application of the
achievements of the fuzzy sets theory made it possible to test the hypotheses presented in the article
with the use of fuzzy analysis of variance (fuzzy ANOVA). The findings confirm that the subjective
scope of collaboration in the supply chain is important for greening innovation. Companies that
cooperate with both suppliers and customers (Upstream–downstream External Collaboration) de-
clared a greater tendency to green their innovations than those that cooperate with only one group
of partners. The research findings contribute to the literature on the role of collaboration in the
ecological responsibility and environmental performance of supply chain partners. The conclusions
may have practical implications for the design and implementation of strategies in sustainable supply
chain management. The study provides important lessons for SC managers facing the challenge of
sustainable management during and after the COVID-19 outbreak.

Keywords: eco-innovation; green innovation; supply chain collaboration; sustainable supply chain
management; sustainable development; high-tech; fuzzy measurement; fuzzy conversion scales

1. Introduction

In the era of intensified competitive struggle and the individualisation of customer
needs or increased customer expectations, building a competitive advantage on one’s own
is basically impossible. Cooperation is essential, including cooperation in the supply chain.
Supply chain entities create cross-organisational linkages because they have something
to gain. They voluntarily agree to integrate human, information, financial, or technical
resources in order to create a better business model [1]. Supply chain collaboration (SCC)
is increasingly important to the success of modern organisations [2]. By engaging in co-
operation in the supply chain, companies can increase the capacity of the supply chain,
which in turn contributes to improving the efficiency of the company itself and ultimately
guarantee a competitive advantage [3]. In particular, SCC makes it possible to achieve the
complementary effect of supply chain competencies on building innovation capability [4].
Cooperation between supply chain links within the creation of innovation plays a central
role as a source of value and competitive advantage. Innovation co-creation can foster
innovation development through the joint efforts of the focal company and its supply chain
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partners, simultaneously bringing about a collaborative advantage and improving the
economic, environmental, and social performance of all engaged parties, finally enhancing
the sustainable competitiveness of engaged parties [2,5–7]. Organisations strive for excel-
lence to balance the achievement of economic goals and the protection of the environment
through both collaboration and innovation in SC [8]. Taking into account the fact that
environmental supply chain collaboration covers various practices [9], this study is focused
on eco-innovations. It addresses the call for more research on the link between collabora-
tion and eco-innovations [10]. As Yang and Lin (2020) [11] highlighted, interrelationships
between the development of green innovations and SCC are still under-explored; these two
research fields are “hot streams of research in recent years”. In this article, we address the
research gap concerning the impact of the subjective scope of collaboration in the supply
chain on the greening of innovation.

The purpose of our considerations is to determine whether the wide scope of collabo-
ration including both customers and suppliers (Upstream–downstream External Collab-
oration) determines the greening of innovation more significantly than the scope lim-
ited only to suppliers (Upstream External Collaboration) or customers (Downstream
External Collaboration).

This paper is structured as follows. Section 2 provides a theoretical background
regarding the essence and types of supply chain collaboration, making an attempt to
emphasise its importance to the development of green innovations. Subsequently, Section 3
presents materials and methods. Next, Section 4 is focused on the research results in order
to investigate which scope of subjective SCC has the greatest impact on the degree of
greening of innovation. The idea is also to understand the role of SCC in the greening of
innovation. In Section 5 the authors discuss the findings and their implications. Finally,
Section 6 highlights the main conclusions and future research directions.

2. Theoretical Background
2.1. The Essence and Types of Cooperation in the Supply Chain

Collaboration is an essential component of the supply chain management (SCM)
paradigm and is embedded in every definition of this concept. How we understand
collaboration depends on the interpretation of the terms: supply chain and supply chain
management. The concept of the supply chain can be understood in three ways [12]:

- In terms of structural approach (as cooperating entities, such as mining, production,
trade, and service companies, as well as their suppliers and customers between whom
the flow of goods, information, and financial resources takes place;

- In terms of process approach (as a combination of processes between companies in
the supply chain);

- In the subject-matter approach (as a bidirectional flow of goods and information from
the place of extraction of raw materials to the final consumer).

In this article, the authors analyse the supply chain using a structural approach.
Among the approaches to the supply chain, the most readable and widespread is the

one that indicates the relationship between entities on the economic path of the product. A
simple picture of the supply chain understood in this way is presented in Figure 1. The
supply chain itself is a natural form of exchange of goods, information, and cash; managing
it consciously and purposefully is the source of many benefits.

The authors’ research interest concerns the entire supply chain (including second or
third-tier suppliers and customers). Unfortunately, the supply chain leaders most often
indicate first-tier suppliers and customers as the area of direct cooperation. This situation
also applies to the research carried out by the authors.
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The intensive development of the SCM concept on theoretical and practical grounds 
has led to many approaches and interpretations. Mentzer et al. classified the definitions 
of SCM into three categories: a set of management processes, a management philosophy, 
and the implementation of a management philosophy [13]. When defining SCM as a man-
agement philosophy, it is assumed that the supply chain is an extended enterprise. This 
affects how it is managed [14]. In the discussed approach, it is assumed that each company 
in the supply chain influences the final efficiency of the supply chain [15]. The implemen-
tation of the philosophy of the extended enterprise means taking specific actions, espe-
cially such as [13] (p. 8): 
- Cooperation; 
- The same strategic goal; 
- Focusing on serving the final customer; 
- Process integration; 
- Sharing risks and rewards; 
- Sharing information (information symmetry); 
- Building and maintaining partnership relations.  

The activities indicated in the process of supply chain management are also the prin-
ciples that should accompany collaboration in the supply chain.  

Supply Chain Cooperation (SCC) means companies undertake similar or comple-
mentary activities that are coordinated to obtain better mutual results [16]. Collaboration 
is not initiated just for a single transaction occurs at both strategic and operational man-
agement levels [15]. As Witkowski (2018) [12] (p. 4) pointed out, at the same time, each of 
the links in the supply chain has a certain autonomy in building its position, striving to 
achieve the set goal and sharing the benefits resulting from the synergistic aspects of co-
operation. 

Many definitions of supply chain collaboration highlight its various aspects and ben-
efits. According to Mentzer et al. (2001) [13], supply chain collaboration is how companies 
involved in the supply chain react together to achieve common goals. The effectiveness of 
cooperation determines the sharing of knowledge, information, profits and risk. The key 
importance of sharing information, risk and benefits in collaboration in the supply chain 

Figure 1. Supply chain visualisation.

The intensive development of the SCM concept on theoretical and practical grounds
has led to many approaches and interpretations. Mentzer et al. classified the definitions
of SCM into three categories: a set of management processes, a management philosophy,
and the implementation of a management philosophy [13]. When defining SCM as a
management philosophy, it is assumed that the supply chain is an extended enterprise.
This affects how it is managed [14]. In the discussed approach, it is assumed that each
company in the supply chain influences the final efficiency of the supply chain [15]. The
implementation of the philosophy of the extended enterprise means taking specific actions,
especially such as [13] (p. 8):

- Cooperation;
- The same strategic goal;
- Focusing on serving the final customer;
- Process integration;
- Sharing risks and rewards;
- Sharing information (information symmetry);
- Building and maintaining partnership relations.

The activities indicated in the process of supply chain management are also the
principles that should accompany collaboration in the supply chain.

Supply Chain Cooperation (SCC) means companies undertake similar or complemen-
tary activities that are coordinated to obtain better mutual results [16]. Collaboration is not
initiated just for a single transaction occurs at both strategic and operational management
levels [15]. As Witkowski (2018) [12] (p. 4) pointed out, at the same time, each of the links
in the supply chain has a certain autonomy in building its position, striving to achieve the
set goal and sharing the benefits resulting from the synergistic aspects of cooperation.

Many definitions of supply chain collaboration highlight its various aspects and
benefits. According to Mentzer et al. (2001) [13], supply chain collaboration is how
companies involved in the supply chain react together to achieve common goals. The
effectiveness of cooperation determines the sharing of knowledge, information, profits and
risk. The key importance of sharing information, risk and benefits in collaboration in the
supply chain is also emphasised by Goffin et al. (2006) [17], Hogarth-Scott (1999) [18] or
Barratt and Oliveira (2001) [19]. Simatupang and Sridharan (2008) [20] described common
goals as the key determinants of cooperation in the supply chain. The authors define
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“supply chain collaboration” as the joint work of two or more companies within the supply
chain to meet the needs of end customers. The primary goals of the collaboration are the
optimisation of profit for all chain partners and the creation of a competitive advantage.
As important features defining collaboration in the supply chain, Carter et al. (2000) [21]
indicated commitment and trust. These features change the quality, cost, and time efficiency
of the relationship between partners. Horvath (2001) [22] recognised the advantages of
collaboration and points to them as the driving force behind supply chain development.

In conclusion, it can be indicated that successful cooperation requires many actions,
often contrary to the popular transactional approach (transaction-based contacts). To
increase the effectiveness of collaboration in the supply chain and thus increase the benefits
resulting from it, the following will be contributed: the free exchange of data, information,
knowledge, and plans [23,24]; the implementation of a common goal and/or strategy [25];
joint decision making [20]; fair sharing of risk and benefits [26]; or building relationships
based on trust and commitment, among others [27].

There are a variety of forms of supply chain collaboration, which, among others,
Barratt (2004) [28] divided into two categories (see Figure 2):

• Vertical (external collaboration with suppliers and customers);
• Horizontal (collaboration with competitors, internally and with non-competitors, e.g.,

sharing manufacturing capacity) [29].
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In a later part of the article, due to the adopted goal, external vertical cooperation is
discussed (collaboration with suppliers and customers).

External vertical cooperation, due to its scope, can be further divided into coopera-
tion at the top of the supply chain, i.e., with suppliers (Upstream External Collaboration);
cooperation focusing on the lower part of the supply chain, i.e., with customers (Down-
stream External Collaboration); and simultaneous cooperation in the lower and upper
supply chain, i.e., with both suppliers and customers (Upstream-downstream External
Collaboration). See Figure 3.

The relationship between the above forms of collaboration (related to the scope of
cooperation) and their effects are discussed later in this paper.
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2.2. Supply Chain Collaboration for Eco-Innovations

Many authors use the following terms interchangeably: eco-innovation, ecological
innovation, environmental innovation, and green innovation [30–33]. Eco-innovations can
be analysed considering the following [34]:

• Targets described as the focus areas of eco-innovation;
• Mechanisms perceived as the ways in which changes are made to the targets;
• Impacts referring to the effects of eco-innovations on the environment.

They cover a wide range of eco-innovation targets, including products, services,
processes, ideas, solutions, and technologies, as well as business, management and mar-
keting methods, organisational structures, or institutional arrangements [35–41]. The
ways in which eco-innovations are developed can be systemised as follows: modification,
redesign, alternatives, and creation [34]. The common goal of their development is to
achieve diverse environmental effects (e.g., reduction of environmental risk, water, air
pollution, CO2 emissions, or energy use) compared to previous solutions or available
relevant alternatives. Eco-innovations provide value to the company and customers by sig-
nificantly decreasing harmful environmental impacts [35] and simultaneously improving
economic performance [36]. It is imperative to consider the value provided throughout the
eco-innovation lifecycle, including benefits for the natural environment, in particular by
minimising the consumption of natural resources per unit of manufactured product and
hazardous substances during the manufacturing of the product, as well as both during
and after its usage [38,39]. Green innovations result in significant progress towards the
goal of sustainable development by reducing the impacts of production modes on the
environment, enhancing resilience to environment pressures, or achieving a more efficient
and responsible use of natural resources [40]. For example, energy eco-innovations lead
to improvements in energy efficiency [42] and stimulate the sustainable development of
enterprises [43].

Taking into account the plethora of types of eco-innovation, the collaborative develop-
ment of product eco-innovations (also called green product innovations) is the subject of
further analysis. This type of eco-innovation refers to products that have less environmental
impact, consume less energy and fewer resources, have lower emissions and thus a smaller
footprint, and incorporate more environmentally friendly materials than previous product
generations [44]. Green product innovations deal with climate change more effectively [45].
Previous research studies have proven that both suppliers and customers contribute signifi-
cantly to the development of product eco-innovations bringing benefits and adding value
through new technologies, innovative materials, or knowledge of markets, products, and
services [46–48]. However, there are no studies presenting the comparison of the impact of
Upstream External Collaboration with suppliers, Downstream External Collaboration with
customers, and Upstream–downstream External Collaboration with both suppliers and
customers on the development of eco-innovation.
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3. Materials and Methods

Empirical research in the field of management sciences is frequently based on the re-
sults of measuring the opinions and attitudes of enterprise managers. In such cases, ordinal
measurement scales are most often used as measurement tools, among which the popular
Likert scale is included. The Likert scale is known for its psychometric properties; however,
researchers are not always aware that the application of this scale determines the spectrum
of statistical methods which can be used at the stage of analysing the findings. It should
be emphasized that the Likert scale adopts equal distances between categories, which is
rarely met due to the subjective nature of the respondents’ opinions. The respondents’
subjectivism in their perception of the categories of ordinal scales, including the Likert scale,
rather leads to the assumption that the categories of scale are perceived differently. This, in
turn, may result in errors in the estimates of basic descriptive statistics, including, among
others, the arithmetic mean, which requires measurement on an interval or ratio scale.
Therefore, the application of fuzzy conversion scales is becoming increasingly popular in
empirical research. Taking a highly simplified approach, the use of these scales consists of
converting measurement results on ordinal scales to the form of fuzzy numbers, most often
being triangular fuzzy numbers. Following such conversion, various categories of ordinal
measurement scales are represented by triangular fuzzy numbers.

The measurement of respondents’ opinions applying fuzzy conversion scales which
use triangular fuzzy numbers has also settled in the research addressing the area of supply
chain management (see e.g., [49–57]). Among these scales, the most common ones are five-
point scales [50–57]. Seven- and ten-point scales are used less frequently (see, e.g., [49,52]).
These scales differ in categories (linguistic values); however, their conversion is very
similar. Most of the categories on such scales are replaced by the symmetric triangular
fuzzy numbers of equal spans. The extreme categories, replaced by asymmetric triangular
fuzzy numbers, are the exception. These numbers differ from the other in terms of their
span. The parameters of the triangular fuzzy numbers on the fuzzy conversion scales are
determined based on different values. A popular approach is to determine the parameters
of triangular fuzzy numbers based on values in the range [0, 1]. There are also studies
which use values from the following ranges [1, 9] [56], [1, 10] [52], or [0, 100] [50]. In other
areas where fuzzy conversion scales are applied, the parameter values of triangular fuzzy
numbers in the range of [1, 5] are often used [58]. The source literature does not provide
any recommendations regarding the parameter values of triangular fuzzy numbers used
in fuzzy conversion scales. The scales with symmetric and equal-span fuzzy numbers
assigned to the Likert scale categories dominate in the existing research.

Definition 1 [59]. If X is a collection of objects denoted generically by x, then a fuzzy set Ã
in X is a set of ordered pairs:

Ã =
{(

x, µÃ(x)
)∣∣x ∈ X

}
(1)

where µÃ is the membership function that maps X to the membership space M, and µÃ(x)
is the grade of membership (also degree of compatibility or degree of truth) of x in Ã.

Definition 2 [60]. A fuzzy number is a fuzzy subset in the universe of discourse X that is
both convex and normal.

Definition 3 [60]. A triangular fuzzy number A′ can be defined by a triplet (a, b, c). The
membership function µA′(x) is defined as:

µA′(x) =


0, x < a
x−a
b−a , a ≤ x ≤ b
x−c
b−c , b ≤ x ≤ c
0, x > c

(2)
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The graphic form of a triangular fuzzy number is shown in Figure 4.
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Definition 4 . [58] The scale of fuzzy numbers is the class F∗C(R) of the nonempty, compact,
convex, and normalized fuzzy sets of R, that is, the space of the mappings Ũ : R→ [0, 1]
such that, for each α ∈ [0, 1], the α-level Ũα is a nonempty compact interval, where
Ũα =

{
x ∈ R : Ũ(x) ≥ α

}
for α > 0 and Ũα = cl

{
x ∈ R : Ũ(x) > 0

}
.

A fuzzy conversion scale of verbal values/responses is often either explicitly or
implicitly based on the Likert k-point scale, and it consists of converting each of the k points
into a fuzzy number. A conversion scale means a finite subset of F∗C(R) [58]. An example of
a fuzzy conversion scale with five categories is shown in Figure 5.
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Figure 5. An example of a fuzzy conversion scale.

As can be noticed, the categories are represented by triangular fuzzy numbers. There-
fore, the “high” category is represented by a triangular fuzzy number whose left domain
range, middle value, and right domain range take the values a = 0.2, b = 0.4, and c = 0.6,
respectively.

If the researcher’s goal is to examine the differences between the mean values of a
feature, then the analysis of variance can be applied. If the feature was measured using
fuzzy conversion scales and triangular fuzzy numbers, then the fuzzy analysis of variance
is used. The analysis of variance for triangular fuzzy numbers was proposed in [61,62].

The following two hypotheses were examined in the fuzzy analysis of variance:

H0 : µ̃1 = µ̃2 = . . . , = µ̃r,

H1 : not all µ̃′is (i = 1, 2, . . . , r) are equal,

where µ̃i is the average value of the characteristic expressed in the form of triangular fuzzy
number for the i-th group.

The article uses fuzzy conversion scales and fuzzy analysis of variance to assess the
differences in managers’ opinions regarding the impact of greening innovation on the scope
of cooperation in the supply chain. The research process discussed in the article carried out
using fuzzy conversion scales and the analysis of variance are shown in Figure 6.
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4. Results

In order to achieve the research goal set out in the article, a questionnaire study
was carried out under which the managers were asked to respond to five statements (s)
regarding the creation of innovations, taking into account their impact on the environment:

s1: Innovations in our company are developed taking into account their impact on the
environment;

s2: One of the reasons for implementing innovations is their positive influence on
reducing the negative impact of our company on the environment;

s3: Innovations are not implemented if their potential negative impact on the environ-
ment is predicted with great certainty;

s4: Ecological approach to the development of innovations is an important criterion
for the selection and rating of our partners;

s5: The indicators for the implementation of innovations include indicators related
to the environmental impact (e.g., the level of waste consumption, the level of carbon
footprint, the level of water footprint, and others).

Collecting managers’ opinions regarding the above statements was one of the goals
of a more extensive study addressing “The impact of relational capital on the innovation
of enterprises from high-tech sectors”. The survey was conducted on a target sample
of 120 high-tech enterprise managers operating in Poland between 15 September 2021
and 22 September 2021. The representatives of enterprises which implemented innova-
tion projects within the framework of grants and/or cooperation with national agencies
supporting the development of entrepreneurship and innovation in Poland, including, in
particular, the Polish Agency for Enterprise Development PARP, were invited to participate
in the study. The survey was carried out using the mixed-mode technique. The interviews
based on a questionnaire were conducted using the CATI technique (indicated as the main
technique) and the CAWI technique (when the respondent indicated this technique as
more convenient for him/her). The Likert scale was used in measuring opinions using the
following statements: “I strongly disagree”, “I disagree”, “I neither disagree nor agree”, “I
agree”, and “I strongly agree”.
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The measurement results were transformed into fuzzy conversion scales. One of
the most frequently used approaches in the source literature was applied, in which the
parameters of triangular fuzzy numbers are determined based on the values in the range of
[1, 5] [58]. The parameters of the triangular fuzzy numbers are listed in Table 1.

Table 1. Parameters of the triangular fuzzy numbers for the fuzzy conversion scale.

Categories
Triangular Fuzzy Numbers

a b c

I strongly disagree 1 1 2
I disagree 1 2 3

I neither disagree nor agree 2 3 4
I agree 3 4 5

I strongly agree 4 5 5

The average ratings of five statements in the form of triangular fuzzy numbers divided
into three groups are presented in Tables 2–4.

Table 2. Average ratings of the statements presented by the enterprise representatives in the form of
triangular fuzzy numbers (a group of customers vs. a group of suppliers).

Statements
Customers Suppliers

a b c a b c

s1 3.204 4.184 4.612 3.357 4.357 4.714
s2 3.020 3.980 4.531 3.107 4.036 4.536
s3 2.980 3.938 4.500 3.148 4.111 4.593
s4 2.500 3.438 4.208 2.741 3.704 4.444
s5 2.830 3.766 4.362 3.074 4.037 4.519

Table 3. Average ratings of the statements presented by the enterprise representatives in the form of
triangular fuzzy numbers (a group of customers vs. a group of customers and suppliers jointly).

Statements
Customers Customers + Suppliers

a b c a b c

s1 3.204 4.184 4.612 3.550 4.550 4.800
s2 3.020 3.980 4.531 3.138 4.069 4.552
s3 2.980 3.938 4.500 3.316 4.316 4.737
s4 2.500 3.438 4.208 2.700 3.700 4.500
s5 2.830 3.766 4.362 3.263 4.263 4.684

Table 4. Average ratings of the statements presented by the enterprise representatives in the form of
triangular fuzzy numbers (a group of suppliers vs. a group of customers and suppliers jointly).

Statements
Suppliers Customers + Suppliers

a b c a b c

s1 3.357 4.357 4.714 3.550 4.550 4.800
s2 3.107 4.036 4.536 3.138 4.069 4.552
s3 3.148 4.111 4.593 3.316 4.316 4.737
s4 2.741 3.704 4.444 2.700 3.700 4.500
s5 3.074 4.037 4.519 3.263 4.263 4.684

The comparison of the average ratings in the form of triangular fuzzy numbers is
not possible without their defuzzification. For this purpose, two popular methods of
defuzzification triangular fuzzy numbers were used: median and centre of gravity (CoG).
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The mean ratings after defuzzification for the individual compared groups are listed in
Tables 5–7.

Table 5. Average ratings of the statements presented by the enterprise representatives after defuzzifi-
cation the triangular fuzzy numbers (a group of customers vs. a group of suppliers).

Statements
Customers Suppliers

CoG Median CoG Median

s1 4.000 4.046 4.143 4.196
s2 3.844 3.878 3.893 3.929
s3 3.806 3.839 3.951 3.991
s4 3.382 3.396 3.630 3.648
s5 3.653 3.681 3.877 3.917

Table 6. Average ratings of the statements presented by the enterprise representatives after defuzzifi-
cation the triangular fuzzy numbers (a group of customers vs. a group of customers and suppliers
jointly).

Statements
Customers Customers + Suppliers

CoG Median CoG Median

s1 4.000 4.046 4.300 4.363
s2 3.844 3.878 3.920 3.957
s3 3.806 3.839 4.123 4.171
s4 3.382 3.396 3.633 3.650
s5 3.653 3.681 4.070 4.118

Table 7. Average ratings of the statements presented by the enterprise representatives after defuzzifi-
cation the triangular fuzzy numbers (a group of suppliers vs. a group of customers and suppliers
jointly).

Statements
Suppliers Customers + Suppliers

CoG Median CoG Median

s1 4.143 4.196 4.300 4.363
s2 3.893 3.929 3.920 3.957
s3 3.951 3.991 4.123 4.171
s4 3.630 3.648 3.633 3.650
s5 3.877 3.917 4.070 4.118

Descriptive statistics for the defuzzified measurement results broken down into three
groups are presented in Tables 8–10.

Table 8. Descriptive statistics for a group of customers.

Statements
Mean

Std. Deviation Coefficient of
Variation (%)Statistic Std. Error

s1 4.000 0.133 0.930 23.250
s2 3.844 0.140 0.977 25.416
s3 3.806 0.148 1.029 27.036
s4 3.382 0.151 1.041 30.781
s5 3.653 0.160 1.094 29.948
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Table 9. Descriptive statistics for a group of suppliers.

Statements
Mean

Std. Deviation Coefficient of
Variation (%)Statistic Std. Error

s1 4.143 0.152 0.803 19.382
s2 3.893 0.196 1.039 26.689
s3 3.951 0.190 0.986 24.956
s4 3.630 0.187 0.971 26.749
s5 3.877 0.203 1.055 27.212

Table 10. Descriptive statistics for a group of customers and suppliers jointly.

Statements
Mean

Std. Deviation Coefficient of
Variation (%)Statistic Std. Error

s1 4.300 0.153 0.683 15.884
s2 3.920 0.205 0.917 23.393
s3 4.123 0.184 0.803 19.476
s4 3.633 0.186 0.830 22.846
s5 4.070 0.199 0.892 21.916

To determine whether the observed differences in the opinions of managers are sta-
tistically significant, the fuzzy ANOVA was used. For each of the statements, the null
hypothesis that the average opinions of managers are not significantly different in the
analysed groups was verified. The level of significance was set at 0.05. The results of the
hypothesis verification for each statement are presented in Table 11.

Table 11. Fuzzy ANOVA results.

Groups Statements
~
F-Statistic p-Value Test Results

customers vs.
suppliers

s1 0.527 0.470 Accept H0
s2 0.024 0.877 Accept H0
s3 0.391 0.534 Accept H0
s4 0.857 0.358 Accept H0
s5 0.859 0.357 Accept H0

customers vs.
customers and

suppliers jointly

s1 1.918 0.171 Accept H0
s2 0.520 0.474 Accept H0
s3 1.629 0.206 Accept H0
s4 0.671 0.415 Accept H0
s5 2.422 0.125 Accept H0

suppliers vs.
customers and

suppliers jointly

s1 0.553 0.461 Accept H0
s2 0.144 0.706 Accept H0
s3 0.430 0.515 Accept H0
s4 −0.020 1.000 Accept H0
s5 0.450 0.506 Accept H0

The null hypothesis was not rejected in any of the cases. This means that despite the
existence of differences in the opinions of managers, we cannot consider them statistically
significant.

Although the fuzzy analysis of variance indicates that group response differences are
not statistically significant, it is worth looking at the results when considering subtle but
nonetheless present differences. Thus, the comparative analysis showed differences in the
statements of the three studied groups against the greening of innovation. In all statements,
the lowest level of responses were obtained by the group “Customers”, where the surveyed
entities cooperate in the supply chain in terms of innovation only with customers, the group
“Suppliers” (collaboration only with suppliers) obtained a higher level of response, and
the highest level of responses was received by the group, which combined collaboration in



Energies 2022, 15, 1750 12 of 20

terms of innovation with both suppliers and customers (see Figure 7). In our study, this
means that the subjective scope of collaboration affects the scale of innovation greening.
This impact is even more visible by observing the differences between the individual
positions of groups with a single co-operator and those cooperating simultaneously with
both co-operators (see Figure 8).
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Considering the results in the context of the presented positions, it can be noticed that
the largest ones occur in the case of theorem 5 (s5): The indicators for the implementation
of innovations include indicators related to the environmental impact (e.g., the level of
waste consumption, the level of carbon footprint, the level of water footprint and others).
This may mean that taking more advanced actions in the greening of innovation such as
monitoring and evaluation systems requires a greater scope of cooperation, reaching the
bottom and the top of the supply chain.

The slightest difference in the reactions of the studied groups concerns theorem 2 (s2):
One of the reasons for implementing innovations is their positive influence on reducing the
negative impact of our company on the environment. This position is related to the “green”
image of companies, which may lead to universal declarations in this regard. Implementing
such a position does not require a wide range of collaboration.

Based on the research results, the level of innovation greening in relation to the scope
of subjective collaboration in the supply chain can be light, standard, and strong (see
Figure 9).
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5. Discussion

Authors worldwide have analysed and discussed many benefits resulting from col-
laboration in the supply chain. Min et al. (2005) [63] reviewed the literature in this area
and identified the following as the most important benefits: increased supply chain ca-
pabilities (better demand planning, inventory visibility, new knowledge) and improved
supply chain efficiency and effectiveness. Singha et al. (2018) [64] distinguished the de-
tailed benefits of cooperation in the supply chain. These are reduced supply chain costs,
increased revenues, improved product availability and responsiveness, improved quality,
increased sharing of information, accurate forecasting, enhanced competitiveness, and
reduced lost sales. Another significant beneficial effect of collaboration in the supply chain
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is an increase in innovation [65], including eco-innovation [66]. Considering SCC in gener-
ating eco-innovations, researchers underlined the predominance of the open innovation
paradigm based on interactions with customers, suppliers, and other stakeholders [43]. An
in-depth empirical study developed by Acebo et al. (2021) [67] confirmed that collaboration
with external partners increases companies’ likelihood of eco-innovation. Triguero et al.
(2018) [68] argued that collaboration leads to the development of the fastest and easiest ways
to develop eco-innovations. Based on a systematic literature review, Araújo and Franco
(2021) [69] confirmed that an appropriate choice of partners is the key factor in developing
interorganisational collaboration towards eco-innovation. Our analysis confirmed the
significance of SCC for eco-innovation development and revealed that its subjective scope
affects the degree of the greening of innovations. Furthermore, we enrich the literature
through the comparison of the impact of Upstream External Collaboration with suppliers,
Downstream External Collaboration with customers, and Upstream–downstream External
Collaboration with both suppliers and customers on the development of eco-innovation.

Next, it is worth considering the results of our research in the context of strategic
management and building a sustainable competitive advantage of enterprises and supply
chains. Our research study contributes to the ongoing debate on the question of how enter-
prises can incorporate environmental aspects into strategic management [70]. A corporate
environmental strategy usually aims to increase the efficiency of the use of natural resources,
while minimising its impact on the natural environment [71]. Its implementation covers
different business areas across the organisation (business units and functions) and across
the supply chain (structures, processes, relations). The results of our research revealed
that SCC can be one of the pillars influencing the greening of innovations. Collaboration
with supply chain partners in the scope of eco-innovations can be part of a proactive and
interactive environmental strategy [72,73], and its importance depends on the maturity of
the ecological strategy [74]. We would like to underline the fact that environmental SCC
has gained strategic importance [75] and has become critical in the face of a significant
increase in the probability and severity of external environmental risks and environmental
crises [76] in today’s volatile, uncertain, complex, and ambiguous (VUCA) global business
landscape [77]. The results of the study conducted during the COVID-19 pandemic show
that SCC is one of the crucial factors in the implementation of corporate environmental
strategies in business nowadays.

In light of the literature review, SCC is very important to the development of green
issues for supply chain sustainability. Deng et al. (2018) [78] pointed out that green SC col-
laborative innovations are becoming increasingly important in organisations for improving
SC performance and dealing with the emerging challenge of protecting the environment.
An et al. (2014) [79] argued that collaborative innovation is valuable in order for organi-
sations to achieve a competitive advantage in environmental sustainability. Furthermore,
Yenipazarli (2017) [80] took into consideration the positive impact of cooperation on the
effectiveness of eco-innovation processes in the supply chain, examining and compar-
ing situations when the entity does not cooperate with co-operators and when it invites
suppliers to cooperate using two types of agreements, i.e., a cost-sharing agreement or a
revenue-sharing agreement [80]. Another very interesting topic related to our research is
SC cooperation on innovations while greening them. Gerstlberger et al. (2014) [81] paid
special attention to innovations in the field of increasing energy efficiency. In the quoted
article, the authors stated that reconciling product innovation and energy efficiency is a
complex and intertwined process—focusing on one can have indirect detrimental effects
on the other. Therefore, they postulated that in the practice of innovation management,
the specificity and interactions of various types of innovations and their environmental
implications should be considered more carefully. In the opinion of the authors, it is also
necessary to formulate new, more sustainable management practices combining energy
efficiency and product innovations. Increasing energy efficiency is treated as a signifi-
cant and positive impact of the company on the environment, and one of the factors that
improves the results of this action is collaboration with suppliers and customers in the
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supply chain. The scope of SCC refers to the planning and development of activities and
projects requiring the involvement of an organisation, whether with its suppliers or with
its customers, to jointly develop environmental solutions [82]. Our study revealed that
companies that cooperate with both suppliers and customers (Upstream–downstream
External Collaboration), declared a greater tendency to green their innovations than those
that cooperate with only one group of partners.

We also identified that an earlier stage of cooperation in the supply chain (with suppli-
ers) results in a higher degree of greening of innovation than cooperation at a later stage in
the supply chain (with customers). Although innovations can be co-created in cooperation
up and down the supply chain, the results of empirical studies developed by other authors
show that suppliers are the most important group among supply chain links cooperating
with manufacturers in the development of innovation. The literature specifies that between
40% and 60% of the possibilities of creating innovations in SC come from suppliers [83].
It was found that 83% of the companies surveyed globally by the Centre for Advanced
Procurement Strategy have so far developed or plan to develop innovation development
programs in cooperation with suppliers [84]. Experts from the Chartered Institute of Pro-
curement and Supply also emphasise that building supplier partnerships is an important
element of SC strategy as a potential source of innovation [85]. It is particularly strongly
emphasised that the network of suppliers with the potential for innovation development is
a valuable, scarce, and unimitated resource not replaceable by substitutes [86]. According
to [87], the key expectation of production companies towards suppliers is focused on
reducing the risk of noncompliance and limiting the negative environmental impact on
processes and products. It has been proven that supplier collaboration in green and ethical
supply management leads to higher focal company innovation performance [88]. The
ability to manage the capital of relationships with suppliers determines its effective use for
the diffusion of innovations.

In the course of our considerations, we indicated that collaboration on greening
innovation in the upstream and downstream supply chain varies, mainly due to differences
in bargaining power or the type of product and information flow (pull or push). Hence,
undertaking cooperation may be associated with different conditions, generate different
costs, and bring different results. The importance of collaboration in the upstream and
downstream parts of the supply chain is discussed, among other authors, by Hofman
et al. (2020) [66], emphasising that the effects of cooperation with suppliers and customers
differ depending on the reasons for its initiation, which include community, market, and
regulatory pressure. Moreover, the identified difference in the development of green
innovations, depending on who the examined entity cooperates with, may originate in
enterprise resource theory and be related to bargaining power. Resource dependence
means that the company is embedded in a relationship network. Resource dependence
theory views firms as embedded in a web of exchange relationships within an uncertain
environment and dependent on other entities for survival [89]. Belonging to the supply
chain, including long-term cooperation agreements, reduces the risk of losing access to
resources but does not eliminate the differences in the bargaining power of the chain
links [90]. The simplest manifestation of bargaining power is the pressure to reduce prices.
This, however, only benefits one side. A much fairer manifestation of the use of bargaining
power, being beneficial to both parties, is the fact that the stronger partner initiates activities
related to reducing costs or increasing innovation [91]. Suppliers are most often subject to
this power in the supply chain. Despite the fact that they have unique resources (e.g., raw
materials, knowledge, infrastructure), their client’s decisions influence how effectively they
will use them. In addition, as proven by Crook and Combs (2007) [91], the involvement
of suppliers in customer-initiated projects may increase the costs of switching suppliers,
thereby strengthening their bargaining power and obtaining benefits from cooperation in
the supply chain. The recipients in the supply chain usually have a high level of bargaining
power and do not succumb to the influence of co-operators so easily, even if this influence
would be beneficial to them. Such dependence may explain why the companies surveyed
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more often develop eco-innovative projects with suppliers. In addition, in many supply
chains, especially high-tech ones, the suppliers are business partners, and the recipients may
also be individual customers. This, too, could have determined the results of the research.

The results of our research can be used in the scientific discussion and practice of enter-
prises in the supply chain on research and development, including the onboarding process
of co-operators, especially suppliers. Onboarding is mainly associated with employees,
but it can also be applied in the area of supplier development [92] or building customer
relationships [93]. Onboarding, or organisational socialisation, is a process that helps
newcomers become integrated members of their organisation. Onboarding refers to the
process that helps new employees learn the knowledge, skills, and behaviours they need to
succeed in their new organisations [94]. Companies looking to green their innovations can
learn about their environmental statements during the recruitment phase and/or develop
them in collaboration through onboarding.

6. Conclusions and Future Research

The green revolution covers all areas of business activity, and the process of designing
and implementing innovations is no different. Green innovations (eco-innovations) support
sustainable development as an important manifestation of green issues for sustainability
and the active participation of business in environmental protection and energy economics.
As with any innovative activity, the success of green innovations is determined by a number
of factors. In this paper, we analysed the relationship between the subjective scope of supply
chain collaboration and the greening of innovations. The major takeovers of the analysis
are summarised as follows.

First of all, supply chain collaboration is gaining strategic importance in terms of
greening innovation as an integral part of the environmental and innovation strategies of
contemporary high-tech enterprises. High-tech companies participating in research take
environmental impact into account in their innovation development. Moreover, one of the
reasons for implementing innovations is their positive influence on reducing the negative
impact on the environment. An important conclusion which shows the importance of
ecology in the innovative activities of high-tech companies is the respondents’ declaration
that they would be willing to withdraw a given innovation if it had a negative impact on
the environment. This conclusion is reinforced by the further result, according to which it
seems that the indicators for the implementation of innovations include those related to
environmental impact (e.g., the level of waste consumption, the level of carbon footprint,
the level of water footprint, and others).

Secondly, the results of our research confirm that the subjective scope of cooperation
affects the scale of greening innovation. We have contributed to the existing literature by
indicating the difference in the degree of greening innovation depending on the subjective
scope of SCC. Companies that cooperate with both suppliers and customers (Upstream–
downstream External Collaboration) declared a greater tendency to green their innovations
than those that cooperate with only one group of partners—suppliers or customers (Up-
stream External Collaboration and Downstream External Collaboration).

Another important conclusion is that an ecological approach to the development of
innovations is an important criterion for the selection and rating of business partners. The
development of eco-innovations can be an important purpose of collaboration in relations
up and down the supply chain. As a result, the inclusion of eco-innovation co-creation
in supply chain strategy is desirable. It is especially important to achieve synergy effects
in both supplier and customers relationships management. We believe that the greening
of innovations can be increased by extending cooperation to other supply chain partners.
This means that SCC stimulates the development of green innovations and should be
included in the strategic goals of sustainable supply chain management in the near future.
Furthermore, relationships management has become a key competence of supply chain
managers aiming to explore green innovations for supply chain sustainability.
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Finally, the definitions that can be drawn from the set of results given so far are
important. The research results outlined the need for the definition of greening of innovation
through the prism of reducing negative impact and taking the indicators into account in this
regard (e.g., waste intensity, water and carbon footprint, energy usage and efficiency) across
the entire innovation lifecycle. Additionally, the research findings provide a contribution to
the definition of the coupled type of green innovation from the supply chain perspective, which
involves two (or more) supply chain partners that purposively manage their collaboration
for the joint development of green (eco) innovation. As a result, the incorporation of green
issues for supply chain sustainability is more effective and efficient.

Our study gives rise to several avenues for future research on the impact of the scope
of subjective cooperation on the development of eco-innovations. Future research direc-
tions should include the measurement of relational capital in the supply chain and its
impact on making innovation processes and innovations greener. It will be important to
develop multi-perspective research by extending the approach to multilateral supply chain
relationships. Future research should also address the limitations of our study by broaden-
ing the analysis to include other industries so as to better understand the chances for the
collaborative greening of innovations in sectors with different technological opportunities.
It is worth considering the extension of the research scope on collaboration with other
stakeholders, including competitors. The development of collaborative innovation with
competitors could be an interesting research study, taking into account many legislations.
The methodological aspects of using fuzzy measurement in the studies on supply chain
management also require further research. The literature does not offer, among others,
indications regarding the choice of the fuzzy conversion scale form. Therefore, an attractive
direction for future research may be the application of an approach based on fuzzy scales
(e.g., a fuzzy rating scale), in which the respondent decides, without any restraints, about
the form of the fuzzy number which “best” describes his/her answer. Comparing the
measurement results using fuzzy scales and fuzzy conversion scales may allow researchers
to work out the form of a fuzzy conversion scale which corresponds even more strongly to
the preferences of respondents.
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logistics information technologies. J. Enterp. Inf. Manag. 2007, 20, 143–168. [CrossRef]
51. Zouggari, A.; Benyoucef, L. Simulation based fuzzy TOPSIS approach for group multi-criteria supplier selection problem.

Eng. Appl. Artif. Intell. 2012, 25, 507–519. [CrossRef]
52. Rohmah, D.; Dania, W.; Dewi, I. Risk Measurement of Supply Chain Organic Rice Product Using Fuzzy Failure Mode Effect

Analysis in MUTOS Seloliman Trawas Mojokerto. Agric. Agric. Sci. Procedia 2015, 3, 108–113. [CrossRef]
53. Kabra, G.; Ramesh, A. Analyzing drivers and barriers of coordination in humanitarian supply chain management under fuzzy

environment. Benchmarking Int. J. 2015, 22, 559–587. [CrossRef]
54. Sinrat, S.; Atthirawong, W. Integrated Factor Analysis and Fuzzy Analytic Network Process (FANP) Model for Supplier Selection

Based on Supply Chain Risk Factors. Res. J. Bus. Manag. 2015, 9, 106–123. [CrossRef]
55. Orji, I.J.; Wei, S. An innovative integration of fuzzy-logic and systems dynamics in sustainable supplier selection: A case on

manufacturing industry. Comput. Ind. Eng. 2015, 88, 1–12. [CrossRef]
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