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Abstract: After performing a systematic review of the literature, it was noticeable that the discussion
regarding Green Supply Chain Management (GSCM) along with Knowledge and Technology Transfer
(KTT) and Innovation is scarce. To address this issue, the objective of this paper is to analyze
the relationship between GSCM, KTT, and Innovation. To achieve this purpose, we developed a
conceptual framework based on the literature review, which raised some hypotheses. In order to
verify the hypotheses and validate the framework, we designed a multicriteria model called the
KTT-GSCM Multicriteria Model, composed of two stages. The first stage describes factors that are
relevant to GSCM, KTT, and Innovation, ascertaining which ones have influence over the others
and which ones are influenced by the others, through the Decision-Making Trial and Evaluation
Laboratory (DEMATEL) method. The second stage of the model analyzes the level of each perspective
in each company and in the supply chain as a whole, thus verifying the hypotheses. This model
was applied in 13 firms of a supply chain that has a rotomolding firm as a focal company. Through
the development and application of the model, it was possible to verify the hypotheses raised and
conclude that the perspectives of GSCM, KTT, and Innovation are, in fact, influenced by one another
and that both Innovation and KTT promote greater development in GSCM.

Keywords: green supply chain management; knowledge and technology transfer; innovation;
multicriteria model; DEMATEL; conceptual framework

1. Introduction

A strategic way of addressing the global context of new production trends is based on the
adoption of the best managerial practices regarding supply chains (SCs), addressing sustainability
issues [1]. Green supply chains (GSCs) are formed so that all of the involved parts achieve a sustainable
competitive advantage [2].

GSCM can be defined as ‘the sum of green purchasing [3], green manufacturing, green materials
management, green distribution and marketing, green reverse logistics [4], green product design [5],
and green collaboration with customers [6–8]. The ‘green’ in GSCM indicates the effect that the SC
has on the environment [6]. According to Srivastava [5], the scope of GSCM ranges from the reactive
monitoring of general environmental management programs to more proactive practices implemented
through various Rs (Reduce, Re-use, Rework, Refurbish, Reclaim, Recycle, Remanufacture, Reverse
logistics, etc.). Sarkis et al. [4] defines GSCM as the integration of environmental concerns into
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inter-organizational practices. GSCM aims to adopt a life cycle method (i.e., product design, material
selection, manufacturing, and sales and recovery) to maximize overall environmental profit [9],
which helps the organization to achieve its ecological growth and development [10]. According to
Lam et al. [11], GSCM exposes “the applications of the most important sustainable development issues
demonstrates how green technologies and practices can be implemented and, in line with this, the
motivation of saving money and increasing efficiency”.

There are many concepts of GSCM, which are not new. However, there is no clear and perfect
policy for GSCM implementation in organizations [12]. To improve the performance of GSCM
implementation, a set of reasonable and viable measures need to be proposed and prioritized in a
systematic way [13].

Many advanced practices of environmental management require the integration of different actors
in the SC system. Integration usually requires the construction of information sharing and knowledge
transfer networks between manufacturers, suppliers, and customers. Interactive information networks
with mutual trust between the organizations reflect the strength of Knowledge and Technology Transfer
(KTT). KTT processes with customers and other stakeholders allow firms to achieve sustainable
business goals [14], sustainable environmental goals [15,16], and sustainable social goals [17]. With
high levels of information sharing, the firms in a SC are able to plan long-term partnerships to improve
their performances [18].

Seuring and Müller [19] considered that both product- and process-related innovations might be
observable. Based on a new strategic positioning, companies can introduce innovations applied to
products and processes, creating opportunities to access new markets, to improve their image, and to
obtain competitive advantages [20–22].

A firm’s capability to innovate technologically is highly dependent on the development speed of a
new product or on the adoption of recent technological innovation on its processes. Innovative features
are crucial for its survival and sustainability. Muduli et al. [23] empirically confirmed that a firm’s
technological innovation can improve the performance of GSCM practices. Successful innovations
require research and development, knowledge capital, improved materials, and other resources.
In other words, KTT is fundamental for innovation to occur. The basic concept of the KTT process is
the movement of technology or knowledge from one place to another [24,25].

In the literature, several studies confirm the relationship between GSCM and
Innovation [19,23,26–33]. Other studies have investigated the relationship between GSCM and
KTT [5,18,34–36], and many other studies can be categorized under the label of KTT and
Innovation [37–47]. However, after performing the systematic literature review, it was noticeable that
no research has explored the relationship between these three approaches together (i.e., green supply
chain, KTT and Innovation) and the influence on one another (Section 3.1-Table 1).

GSCM, KTT and Innovation have been extensively investigated, but mainly treated as separate
research streams, which has resulted in these subject fields being separately and independently
researched from each other. This suggests the existence of a gap in our current understanding of the
relationship between these three perspectives. Joining all these subjects together in a way that it could
make sense is the originality of this research, and a contribution to the literature In addition, the lack
of a clear relationship between these perspectives is an obstacle for companies seeking to justify the
implementation of GSCs.

Therefore, considering the context presented, the objective of this paper is to analyze the
relationship between GSCM, KTT, and Innovation. In order to achieve this purpose, we developed a
conceptual framework based on a systematic review of the literature, which raised three hypotheses.
In order to verify the hypotheses and validate the framework, we designed a model composed of two
stages, called the KTT-GSCM Multicriteria Model. The first stage describes factors that are relevant to
GSCM, KTT and Innovation, describing the relation of influence that the factors have on one another,
through the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method. The second stage
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of the model analyzes the level of each perspective for each company and the level of each perspective
in the chain as a whole, thus verifying the hypotheses.

The model was applied in a SC that has a rotomolding firm as a focal company. The chain features
13 supplier companies (four business-to-business [B2B] companies, and nine business-to-consumer
[B2C] companies).

This study presents significant theoretical and practical contributions:

1. First, a systematic review of the literature that generated a conceptual framework to study the
relationship between different elements of interest for the academia and companies as well,
namely, GSCM, KTT and Innovation.

2. Second, the KTT-GSCM Multicriteria Model, which analyzes the directions of influence between
GSCM, KTT and Innovation.

3. Third, the confirmation proposed in the literature that GSCM, KTT and Innovation have a direct
relationship. Nevertheless, such a relationship has not been assessed in the scholarly literature
and this is important in clarifying the role of the three perspectives regarding their effect on GSCs.

4. Finally, the companies that are studied will benefit from this instrument, since it allows a broader
view of the factors that influence others, as well as how their green management, KTT and
Innovation stands before their suppliers, customers and competitors.

This paper is organized as follows. This section contextualizes the theme of the research, presents
the problem and objectives, and the structure of the paper. Section 2 describes the conceptual framework
that was designed by the literature review, and the hypotheses generated from it. Section 3 describes the
methodology used in this study (Systematic Literature Review and the development of the KTT-GSCM
Multicriteria Model). Section 4 presents the case used to apply the proposed model. Section 5 presents
the complete application of the model. The results are presented and discussed in Section 6. Finally,
a conclusion of this study is provided in Section 7.

2. Conceptual Framework and Hypotheses

To address the gap identified in the literature, this paper proposes a conceptual framework for the
development of GSCM through Knowledge and Technology Transfer (Figures 1 and 2). This conceptual
framework establishes the interconnection between GSCM, Innovation and KTT, and presents a SC
with green aspects. In order to optimize efficiency, aspects of KTT are interlinked.

The framework contains a complete process of analysis based on the SCOR model [48]. The
Supply Chain Operational Reference (SCOR) model, developed by the Supply Chain Council (SCC),
provides a structure to characterize the practices and processes of SC management that result in
best-in-class performances. The model was designed to help firms acquire knowledge regarding the
internal and external processes of their fields [49]. The SCOR model, in version 11.0, is based on six
central processes of management: plan, source, make, deliver, return and enable.

Based on the SCOR model, the conceptual framework presents these six central management
processes, along with some KTT mechanisms: R&D, support from universities/research centers,
consulting services, the acquisition of products from third parties, and the purchase of ready
technologies. The green factors were also added to the SCOR model. It means that, for each of
the six SCOR model processes, the green focus is inserted.

The GreenSCOR extension of the model was first introduced in its fifth version. Cheng et al. [50]
and Schoeman and Sanchez [51] note that GreenSCOR is a modification that integrates environmental
considerations through processes, metrics and best practices into SCM processes, while taking into
account the impacts of operations on each stage of the product life cycle [52].
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GSCM not only incorporates environmental philosophy into the business, but also ensures
the sustainable growth of industries [53,54]. The evaluation of sustainability involves environment
and ethical or social problems [55]. The triple bottom line (TBL) perspective of sustainability
differentiates social, environmental and economic performance dimensions. According to this
perspective, sustainability can be achieved at the intersection of these three dimensions. Therefore,
organizations should strive to perform well on the three dimensions of the TBL [56].

The GSCM determinants (Green Marketing; Green Design; Green Purchasing; Green
Manufacturing; Green Distribution; Green Reverse Logistics; Green Management System) are supposed
to develop a relation of interdependency in a way to develop an analytical network structure with the
system [57]. Therefore, they were added to the SCOR model (Figure 1).

The development of green planning is required to operate the SC, i.e., environmental training, ISO
orientations, sustainable action planning, sustainable product planning and commitment of employees
to environmental protection programs [58]. Green Marketing and Green Design are included in the
planning of the GSCM (Plan). Green marketing refers to the use of ‘green’ in an environmental context
during marketing and promoting products and services [59]. A great number of organizations believe
that green design plays a major role in the cost reduction of the process because it is more efficient than
traditional design procedures to reduce the environmental burden [60].

Sustainable Purchases/Green Purchasing (Source) refer to the acquisition of goods and services that
have lower impact on the environment than other products or services that meet similar requisites [61].
The selection of partners in the supply chain should also be based on ecological guidelines [58].

The manufacturer, after acquiring products from third parties through sustainable purchases,
must, in turn, focus on two aspects: clean production and the production of sustainable products
(Make). In order to achieve this purpose, there must be innovation in the organization, in the process,
in the production, and in every actor of the SC. Then, Green manufacturing should emphasize reducing
parts, rationalizing materials and reusing components, which help in making products that are more
efficient to build [62].

After the production stage, the firm needs to deliver its product to the client. This next stage of
the GSC involves Green logistics/Green Distribution (Deliver).

In order to ensure the efficacy of a GSC, clients must also participate and be aware of their role
in continuing the green actions or strategies (Return). After the final consumption of the product by
customers, there is the return of what remained: damaged or non-conforming products, packages,
bottles, or other residues. At this stage, waste management, which may be defined as Reducing,
Reusing, and Recycling Products, and Reverse Logistics [58], comes into action. Cost savings and
enhanced competitiveness can be achieved by properly managing wastes in green marketing similarly
to reverse logistics and waste exchange [63].

In order to enable the whole process to develop with greater efficiency, you need Planning and
an efficient Management of the entire GSC (Enable). The green management system controls the
corporation’s activity, and it is mostly concerned with the efforts of the administration, its measures
and the involvement of the organization in the environmental management [64]. Thus, GSCM involves
not only cooperating with suppliers, but also with recipients, other stakeholders and managers so as
to shape the relations between these systems [65,66]. Buyer–supplier relationships help to develop
and enhance coordination and collaboration between GSCM associates [57]. In addition, GSCM is
also understood as responsible by the management of material, information and capital flows, by the
means of cooperation between companies throughout the supply chain [4].

KTT is present in every stage of the SC, occurring between its actors and also within a single
organization, aiming to develop new techniques and opportunities for the effective management of
environmental impacts. Throughout the SC, there is a bidirectional information flow in which all
information, knowledge, material and capital is shared with the other stages in the process.

In order to increase the efficiency of the supply chain, members of the chain should manage
the logistics and storing of these flows jointly. Alternatively, they hand these functions over to other
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members. The effective flow of products within the SC can be well achieved concerning the adaptation
of the production, logistics, and marketing of the products, as well as other related activities [58].

According to Kot [58], the flow of information is equally essential for business success, and it
includes information concerning the order and status of the products delivered. For that purpose,
information technology (IT) tools are used to create effective communication amongst the members
of the supply chain. The flow of resources includes financial aspects (payments, credit rules, or the
instrument of ownership) and non-financial aspects (people and equipment), and both improve the
effectiveness of the supply chain [58].

The impacts of KTT on SC performance depend on the types and methods of knowledge sharing.
If new information is able to access each nodule of the SC, its efficiency and efficacy can be enhanced,
accelerating information flow [35].

Adopting GSCM requires Innovation (Figure 2). Green and Sustainable innovation can be defined
as new or modified processes, techniques, practices, systems and products to reduce social and
environmental harm [67,68]. Recycling, waste management, green efficiency, and green design are
essentially concerned with reducing the environmental and social impact of organizational products.
These aspects should also be considered in organizational sustainability innovations [69]. Greater
innovations occur with the support of R&D and KTT [23,70]. This process is presented in five parts,
based on the frameworks of So et al. [61], ATTC [71] and Klewitz and Hansen [72].

The first part is Knowledge, which encompasses the acquisition of the knowledge required to
comprehend GSCM, its practices, and the environmental and economic aspects. Support from
universities, R&D, patents, and knowledge sharing are TT mechanisms also presented in this stage.

The second part is the Decision, and the decision on whether the innovation will be adopted or
rejected is made. For an innovation to occur, some barriers need to be broken. One of them, often
regarded as the largest, is the resistance of change.

The third part, Development, involves operational and organizational matters that may arise when
putting the new idea into practice.

Dissemination, the fourth part, raises awareness about an innovation in order to facilitate its adoption
and implementation. Dissemination strategies include raising awareness, building knowledge, and
distributing materials [71]. In this stage, KTT mechanisms of training and consulting services are
strongly present.

Finally, the fifth part corresponds to the Implementation. It is a complex and dynamic process that
involves incorporating a practical innovation to the routine.

Knowledge derived from innovation is required in GSCM. According to Carvalho and Barbieri [73],
and Gmelin and Seuring [74], sustainable innovation is the introduction of products, production
processes, management practices, business methods, marketing, new or significantly improved, that
bring economic, social, and environmental outcomes. Thus, there are five types of innovation:

• Process innovation is related to the production of goods and services, and often has the goal
of improving eco-efficiency. It is even more distinctive in end-of-pipe solutions and cleaner
production technologies. It may alter the way to utilize resources, manage product outputs
through closed-loop production schemes or industrial symbiosis, and it improves the global
eco-efficiency of business operations [72];

• Organizational innovation involves the reorganization of routines and structures within the firm
and new management styles. It also includes management systems that are more formalized, such
as environmental management systems [72];

• Product innovation consists of enhancing or developing completely new products and services.
For instance, eco-design may enhance products through ecologically correct materials, high
durability, and low energy consumption, whereas the development of sustainable technologies
(for instance, renewable energy technologies) corresponds to entirely new products [72];
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• Marketing innovation aims to connect with customers and consumers on new and different levels
and may include new types of promotional efforts. Thus, a marketing innovation serves to drive
demand by creating awareness, brand recognition, and product uniqueness [75];

• Business model innovation is an outcome that changes the industry. Three main types of business
model innovation, which can be used alone or in combination, are industry model innovation,
revenue model innovation, and enterprise model innovation [76].

These three types of innovation are required to achieve an effective GSC.
KTT is present throughout the entire innovation process of establishing GSCM. It is a

multidimensional process that intentionally promotes the use of innovation. Starting from the
first stage, knowledge, it continues through the other stages until the implementation. This process
requires several interested parties and resources, involving activities related to the translation and
adoption of innovations. Therefore, technology transfer must be designed to accelerate the diffusion of
an innovation [71].

Based on the literature and on this conceptual framework, some hypotheses were found and
presented in the sequence.

2.1. Hypotheses of GSCM, KTT and Innovation

2.1.1. Relationship between GSCM and KTT

Zhu and Sarkis [77] revealed that firms were able to improve their environmental and economical
performances through information exchange and knowledge transfer in external GSCM practices.
Luthra et al. [78] stated that KTT to vendors/suppliers is necessary to achieve the objective of
environmentally friendly practices.

Within the social complexity, many advanced environmental management practices, such as
environmental design and reverse logistics management, all require the integration of different
stakeholders from the supply chain system [2]. The management of these integrations normally
requires constructing networks concerning information and knowledge sharing among manufacturers,
suppliers and customers. The interactive information networks based on mutual trust among the
organizations reflect the strength of knowledge transfer, and its potential benefits would reduce the
risks of information asymmetry among SC partners. With high levels of information sharing, SC
partners build long-term and joint-planning partnership to improve their performances [18].

According to Ravi and Shankar [79], Information Technology (IT) resources have been observed
as a very important factor to introduce and implement GSCM in any organization. The information
communication and knowledge exchange based on environmentally friendly requirements among
manufacturers is a critical success factor of GSCM [35].

Wu et al. [35] studied the implementation of green supply chain in firms of the IT industry in
Taiwan. The objective was to explore constructs of knowledge transfer and the relationships between
knowledge transfer and green management performance. The result showed that firms should pursue
the effect of short-term costs and benefits of knowledge transfer in order to enhance green management
performance. In addition, the authors state that firms in the SCM share information with their partners
in order to decrease the incidence of supply chain risks.

Some studies show that two main barriers to GSCM implementation are lack of understanding
among the involved actors [80,81], and lack of adequate training [82,83]. Both barriers are factors related
to KTT. Agi and Nishant [84] state that the implementation of GSCM practices is affected by employee
training and education. Training and education are the prime requirements for achieving the successful
implementation of GSCM in any organization [79,85,86]. Training programs for both employees
and suppliers help disseminate information and knowledge about the company’s sustainability
determination [87].

Thus, managing knowledge is deemed to be critical to achieve a sustainable competitive edge
in SC. Knowledge management (KM) transforms information, data and intellectual assets to firms’
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perdurable value through recognizing useful knowledge for running and managing operations.
Hence, KM is a decisive attribute in GSCM and increasingly considered as an important source of
sustainable competitive advantage [88]. Rao [63] concluded that the knowledge extension level had a
positive significant relationship with environmental performance of firms from the greening practices
of suppliers.

According to Holland [89], in order to improve interorganizational coordination and product
quality, manufacturing firms often demand that their supply chain partners, such as subcontractors
or suppliers, implement common processes, which generally requires sharing process knowledge.
Therefore, interorganizational knowledge sharing within a supply chain has become a common practice
since it enhances the competitive advantage of the supply chain as a whole.

Green manufacturing firms and their supply chain partners are enthusiastic about developing
environmentally friendly activities in order to maintain and promote their competitiveness. Due
to the on-going development of green technologies and regulations, sharing green experience and
up-to-date knowledge between manufacturing firms and their supply chain partners has become
imperative [34]. Interorganizational knowledge sharing in GSCM involves activities of transferring or
disseminating green knowledge from green manufacturing firms to their partners seeking to develop
new capabilities for effective actions. In order to achieve the benefits of interorganizational knowledge
sharing, it is essential that all parties involved engage in cooperative relationships [90]. Through
effective knowledge sharing, the strategic intent of interorganizational collaborations for a sustainable
competitive advantage can be achieved by combining the relevant organizational resources and
capabilities of all parties [91].

Srivastava [5] strongly recommended that further research is required on the inter- or
intra-organizational activities of best practices, advanced technology transfer or improvement and
environmental performance measurement.

Following the previous considerations, the following hypotheses were proposed:

Hypothesis 1a. Knowledge Transfer (KT) has positive effects on GSCM performance.

Hypothesis 1b. Technology Transfer (TT) has positive effects on GSCM performance.

2.1.2. Relationship between GSCM and Innovation

Several scholars have analyzed the link between GSCM, green technologies and innovation, and
their influence on competitiveness and performance improvement. Consequently, innovations and,
particularly, green innovations, seem to point to a more productive and conscious management that
aims also to balance the costs needed to make an organization environmentally friendly. This result
can be achieved due to an innovative approach to business and resources management, which is often
based on specific techniques and technologies, which purpose is to social and ecological conditions [26].

Scholars have also pointed out that sustainability is one of the main areas in which organizational
and technological innovations take place, contributing to: lower costs, reducing the used inputs;
generating additional revenues due to better products; and, new business creation [26]. Thus, firms can
develop innovative strategies for addressing and improving sustainability within their manufacturing
processes and supply chains [19,92,93].

Pioneer companies in green innovations profit first from the advantage [78,94]. Early initiatives
allow them to develop new markets, gaining competitive advantages and commanding higher prices
for green products [29]. When firms seamlessly integrate suppliers and customers, they strengthen
their green innovation capabilities [31,95–97]. Moreover, GSCM can be seen as an environmentally
sustainable technological innovation [27] that is applied to products design and manufacturing
processes [98,99].
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Innovation complying with environmental regulations can improve product consistency and
quality, reducing product costs and improving resource productivity [28,29]. Thus, it implies that
green innovation is certainly needed in the implementation of GSCM practices in order to achieve
company’s environmental objectives andincreasing the company’s value. There is strategic linkage
between GSCM and green innovation in considering the importance of the life cycle of products [96].

Sustainable and green innovation antecedents and characteristics have been studied over the years
with a number of findings. According to Horbach [100] and Boons et al. [101], achieving sustainable
development requires the implementation of sustainable innovations. Sustainable innovation can
be defined as introducing novel, or modifications in, production processes, techniques, systems,
organizations and products to reduce environmental damage. Neutzling et al. [102] assume that
an effective development of innovation in sustainable SCM strategies relies on the integration of
inter-organizational relationships. These are explained by three major factors: (1) resource investments,
built on the relational view [90,103]; (2) collaboration [104,105]; and (3) governance mechanisms [106].
These innovations should also provide similar or greater value with improved economic, social and
organizational performance [100].

Adams et al. [107] introduced a sustainability-oriented innovation construct that aims to promote
changes in processes and products based on clear objectives of creating social and environmental
values, while simultaneously generating economic returns. To develop these sustainability-oriented
innovations, relevant changes are required in business models. Innovative development also requires
new behaviors and relationships with stakeholders along supply chains. The engagement of internal
and external stakeholders is important for promoting sustainable innovation in organizations [108].

Sustainable Supply Chains are also associated with certain risks, which need to be addressed
through strategies of risk mitigation or through sustainable innovations [109]. When applying
sustainable innovations, organizations can benefit in a number of ways (improving its outcomes)
which might include cost reduction, thus increasing profits, and improving the organization’s social
image [110].

According to the diffusion of innovation (DoI) theory, the diffusion of GSCM as an innovation can
be viewed as a process of initiation (knowledge), persuasion, planning, adoption, and confirmation [27].

In summary, the literature review indicates that greening the SC has a positive influence on
green innovation. In addition, green innovation has a positive impact on competitive advantage [30].
Consequently, the following hypothesis is formulated:

Hypothesis 2. Innovation has a positive effect on GSCM performance.

2.1.3. Relationship between GSCM, KTT and Innovation

Sustainability in a supply chain requires new ways of thinking, and the most usual mechanism for
implementing novelties and improvements is developing new knowledge and applying it throughout
innovations [111].

Innovations are creative ideas generated from individuals or staff, and occur with support from
R&D and through KTT [23]. Drivers for sustainable innovation include strong business networks,
seeking to build competitive advantage, R&D organisational support, cost savings, subsidies and tax
cuts, compliance with regulations and customer demand [112].

According to Rogers [39], KTT has been characterized as the adoption of innovation, and the
application of technology, techniques or knowledge that has been developed in another organization.
It is the application of a technology to a new use or user [113].

Besides, the success of any knowledge transfer may also be affected by the introduction of new
and improved ways of doing things at work; that is, by innovation [37,38].

Dubickis and Gaile-Sarkane [40] studied the relationships between innovation and technology
transfer and presented a different kind of perspectives: (a) technology transfer includes innovation;
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(b) innovation includes technology transfer; and, (c) innovation and technology transfer overlap.
The results confirm the discovered relationships.

The effectiveness of technology transfer depends on the degree of transferred technological
knowledge and the recipient company’s absorptive capacity in receiving and using the new
technology [114]. Technological knowledge transferred can include know-what, know-how, know-why
and know-who [115]. The technological knowledge can flow from transferors to transferees through
various conventional and unconventional mechanisms, including trade in equipment, foreign direct
investment (FDI), joint ventures, licensing agreements, R&D cooperation, turnkey contracts, outward
FDI, as well as international conferences, papers, and labor mobility [116].

Grant [117] claims KTT is a key route for organizations to share and create knowledge, which can
foster competitive advantage. The ability to seek and maintain KTT capability facilitates a higher level
of innovation [118]. KTT facilitates innovation through problem definition, alternative generation and
evaluation, and the ultimate choice of transferred knowledge [119]. R&D programs and investment
subsidies are the first methods introduced to improve performance and stimulate the diffusion of green
technology [120].

Broadly speaking, knowledge management and learning have also played important roles in
sustainability innovation. Tariq et al. [121] revealed various attributes of sustainable innovation
including market factors, stakeholder pressure, technological factors, collaboration and networking,
and organizational, social, cultural and ethical factors. All these attributes, as proposed in the
extant literature on green innovation, result in economic and financial, market and environmental
performance outcomes.

In summary, communication, information sharing, trust and knowledge transfer formed through
a strong relationship [122]. Ireland and Webb [123] provide a basis for the development of innovative
solutions to environmental challenges [124], thus, improving the environmental performance of the
suppliers. Based on the literature findings, we propose the third and last hypothesis:

Hypothesis 3. KTT has a positive influence in the process of Innovation in GSCM.

For better comprehension, Figure 3 presents a scheme of the hypotheses generated.
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In the next section, we outline the research design and methodology adopted to construct this
conceptual framework and to confirm or refute the hypotheses formulated.

3. Methodology

3.1. Systematic Literature Review

The systematic literature review used the methodology Methodi Ordinatio, proposed by
Pagani et al. [125,126] and adopted in other works [127–129]. The purpose of this methodology
is to select articles according to their scientific relevance, taking into account the main factors to be
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considered in a scientific paper: the impact factor of the journal on which the document was published,
the number of citations, and the year of publication. The phases of Methodi Ordinatio are:

Phase 1—Establishing the intention of research: ‘The relationship between KTT, Innovation and
GSCM’.

Phase 2—Preliminary exploratory search with keywords in databases revealed that the databases
with a larger amount of works linked to the themes researched were Science Direct, Scopus and Web
of Knowledge.

Phase 3—Definition of keyword combinations, as well as bibliographic databases, are presented
in Table 1. The temporal delimitation established was from 1990 to 2019, when the concept of GSCM
emerged in the literature.

Phase 4—Final search in the databases and gross results are described in Table 1.

Table 1. Protocol for search and collection of papers.

Keywords and Combinations A B C
Gross Total

Science Direct Scopus Web of
Knowledge

1 “GSC” OR “Green Supply Chain” AND
“Innovation” OR “Green Innovation” 19 73 105 197

2 “Technology Transfer” OR “Knowledge Transfer”
AND “Green Innovation” 3 5 5 13

3 “GSC” OR “Green Supply Chain” AND
“Technology Transfer” OR “Knowledge Transfer” 0 2 6 8

4
“GSC” OR “Green Supply Chain” AND
“Innovation” OR “Green Innovation” AND
“Technology Transfer” OR “Knowledge Transfer”

0 0 0 0

5 “GSC” OR “Green Supply Chain” AND
“framework” OR “model”

38
(TITLE)

71
(TITLE)

39
(TITLE) 148

6 “Green Innovation” AND “framework” OR
“model” 50 125 100 275

7 “Technology Transfer” OR “Knowledge Transfer”
AND “model” OR “framework”

40
(TITLE)

161
(TITLE)

86
(TITLE) 287

8
“GSC” OR “Green Supply Chain” AND
“Innovation” OR “Green Innovation” AND
“model” OR “framework”

13 41 59 113

9
“Technology Transfer” OR “Knowledge Transfer”
AND “Green Innovation” AND “model” OR
“framework”

0 2 0 2

10
“GSC” OR “Green Supply Chain” AND
“Technology Transfer” OR “Knowledge Transfer”
AND “model” OR “framework”

0 2 0 2

11

“GSC” OR “Green Supply Chain” AND
“Innovation” OR “Green Innovation” AND
“Technology Transfer” OR “Knowledge Transfer”
AND “model” OR “framework”

0 0 0 0

Phase 5—Filtering procedures: were used to eliminate duplicated papers; papers not related to
the theme; conference papers and books and/or book chapters. Conference papers and books or book
chapters were added in another search, as complementary material.

Phase 6—Identifying impact factor, year and number of citations: the metrics of the papers (impact
factor) were obtained from the Thomson’s Reuters/Clarivate Analytics website. Since Journal Citation
Reports (JCR) is the most common metric used, the papers will have the preference to use it. If the
paper does not use JCR, the next metric will be to search on the Scopus website, following this order of
preference: CiteScore, SJR (SCimago), or SNIP.

The number of citations was obtained from Google Scholar. This information—metrics and
number of citations—along with the year of publication, is necessary to calculate the InOrdinatio.

Phase 7—Ranking the papers using the InOrdinatio: in order to rank the papers according to
their scientific relevance, the index of ordination—the InOrdinatio Equation (1)—is applied, using an
electronic spreadsheet.
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InOrdinatio = (IF/1000) + α × [10 − (ResearchYear − PublishYear)] + (Ci) (1)

The elements of the equation are: IF (impact factor); α (alfa value, ranging from 1 to 10, to be defined
by the researcher according to the importance of the newness of the theme; for this study, the value of
α was defined to be 10, since the theme is the object of the study in very recent papers); ResearchYear
(year in which the research was developed); PublishYear (year in which the paper was published); and
Ci (number of times the paper has been cited).

Phase 8—Finding the full papers: papers were collected and stored using the reference
manager Mendeley.

Phase 9—Reading and systematizing analysis of the papers: bibliometric mapping and content
analysis were used to evaluate the papers.

3.2. The KTT-GSCM Multicriteria Model

The systematic literature review made possible the description of the conceptual framework
of the GSCM based on KTT, where three perspectives that theoretically influence one another have
been identified: GSCM, KTT and Innovation. From these perspectives, 13 key factors have been
identified that characterize each one of them. These key factors were listed and selected according
to the following criteria: (1) papers that presented a higher InOrdinatio; (2) papers that presented a
framework or model; (3) frameworks and models were studied and the most used factors among them
were analyzed. From this compilation, our conceptual framework was elaborated.

Table 2 summarizes the perspective presented in the framework, factors and their descriptions,
and their respective references.

Table 2. Perspectives and factors presented in the framework.

PERSPECTIVES FACTORS DESCRIPTION AUTHORS

GSCM

Based on: SCOR Model with green factors [48,50–52,130]

Green Plan
Development of green plans to operate the SC, i.e., environmental
training, ISO orientations, sustainable action planning, sustainable
product planning.

Based on: [48,50,51,130]

Green Source Requesting and reception of materials and services/Green Purchasing.

Green Make
Activities related to the transformation of materials or the creation of
content for services, focusing on Clean Production and Sustainable
Products.

Green Deliver Activities related to the creation, maintenance and fulfillment of
customer requests/Green Logistics.

Green Return
Activities related to the reverse flow of products, such as waste
management (Reducing, Reusing and Recycling Products), and Reverse
Logistics.

Green Enable Processes related to the support of the GSC.

KTT

Based on: Types of KTT [131]

Vertical KTT
The transfer of technological knowledge and innovation, from basic
to advanced research, from the R&D phase to the commercialization
of the product. [131,132]

Horizontal KTT
The transfer of technological knowledge or innovation among
projects, organizations, industries and nations. It is considered as the
transfer carried out from one geographical location to another.

Innovation

Based on: Steps of Innovation [61,71,72]

Knowledge Related to the awareness of the existence and understanding of
sustainability.

[61,71]

Decision The decision of whether the innovation will be adopted or rejected is
made.

Development Involves operational and organizational matters that may arise when
putting the new idea to practice.

Dissemination Includes raising awareness, building knowledge, and distributing
materials.

Implementation Occurs when the decision maker recognizes the benefits of
sustainability and integrates it as an ongoing practice.



Sustainability 2019, 11, 3485 13 of 33

This framework raised the hypotheses that the perspectives GSCM, KTT, and Innovation influence
one another. In order to achieve the objective of this paper, we developed a multicriteria model
containing two stages, as shown in Figure 4. This model is called the KTT-GSCM Multicriteria Model.Sustainability 2019, 11, x FOR PEER REVIEW 13 of 34 
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The first stage describes the factors that are relevant to GSCM, KTT, and Innovation, ascertaining
which ones have influence over the others and which ones are influenced through the DEMATEL
method. In addition, this stage assigns weights to those factors according to their general impact in
relation to the others. (Section 3.2.2)

The DEMATEL multicriteria method was used in this model since it is the main Multicriteria
Decision Analysis (MDCA) model capable of testing the influence among factors. DEMATEL is an
extended method for building and analyzing a structural model for analyzing the influence relation
among complex criteria [133]. According to the criteria developed by Lee et al. [134], the original
DEMATEL model is feasible in this case and can be applied because each column-sum of the matrix is
less than one in the normalized initial direct-relation matrix.

The second stage of the model analyzes the level of each perspective in each company and in the
chain as a whole, thus verifying the hypotheses. It enables the study to compare the firms in a SC.
(Section 3.2.3).

3.2.1. The DEMATEL Method

According to Wu and Lee [135], the Decision-Making Trial and Evaluation Laboratory (DEMATEL),
developed by Gabus and Fontela [136], can be summarized as follows:

Step 1. Generates the cross-relation matrix A, expressing the level of influence that the element i in
the matrix row exerts over the element j in the matrix column, in which ai j is the influence that the
element i have on the element j. To ascertain the level of influence, a scale of comparison between
the levels of influence must be established using integer values from 0 to 4, in which 0 means no
influence, 1 means low influence, 2 means medium influence, 3 means high influence, and 4 means
very high influence.

Step 2. Generates the direct-relation matrix D, calibrating the previous matrix according to
Equation (2) and Equation (3).

D = A× s (2)
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where

s = max

 max
1≤i≤n

n∑
j=1

ai j, max
i≤ j≤n

n∑
i=1

ai j


−1

(3)

Step 3. Generates the total-relation matrix T according to Equation (4), where I is the identity
matrix and (I − D)−1 is an inverse matrix.

T = D(I −D)−1 (4)

Step 4. Calculates the sum of each ri row of matrix T (Equation (5)) and the sum of each column ci
of matrix T (Equation (6)).

ri =
n∑

j=1

ti j (5)

ci =
n∑

i=1

ti j (6)

The row sum of each ri element represents the total impact of each element on the set of elements
examined, whereas the column sum of each ci element represents the total impact received by
each element.

In addition, the sum ri + ci for each element represents its total involvement in the set, and the
difference ri − ci, represents the net effect of each element in the set.

The DEMATEL approach classifies the components into two groups: 1) the group ‘effect’, in which
the elements present a negative r − c; and 2) the group ‘cause’, in which the elements present a positive
r − c. The elements in the group ‘cause’ (group 2), containing the factors of influence, exert more
influence than they receive from the others. The elements in the group ‘effect’ (group 1), suffer more
influence than they exert over the others in the set.

3.2.2. First Stage of the KTT-GSCM Multicriteria Model

Based on the influence between the factors of GSCM, KTT, and Innovation (See Table 2—Section 3.2),
the following mathematical formula can be described:

MODEL = f (PG, SG, MG, DG, RG, EG, TTh, TTv, K, Dec, Dev, Di, I);
PG = f (SG, MG, DG, RG, EG, TTh, TTv, K, Dec, Dev, Di, I);
SG = f (PG, MG, DG, RG, EG, TTh, TTv, K, Dec, Dev, Di, I);
MG = f (PG, SG, DG, RG, EG, TTh, TTv, K, Dec, Dev, Di, I);
DG = f (PG, SG, MG, RG, EG, TTh, TTv, K, Dec, Dev, Di, I);
RG = f (PG, SG, MG, DG, EG, TTh, TTv, K, Dec, Dev, Di, I);
EG = f (PG, SG, MG, DG, RG, TTh, TTv, K, Dec, Dev, Di, I);
TTh = f (PG, SG, MG, DG, RG, EG, TTv, K, Dec, Dev, Di, I);
TTv = f (PG, SG, MG, DG, RG, EG, TTh, K, Dec, Dev, Di, I);
K= f (PG, SG, MG, DG, RG, EG, TTh, TTv, Dec, Dev, Di, I);
Dec = f (PG, SG, MG, DG, RG, EG, TTh, TTv, K, Dev, Di, I);
Dev = f (PG, SG, MG, DG, RG, EG, TTh, TTv, K, Dec, Di, I);
Di = f (PG, SG, MG, DG, RG, EG, TTh, TTv, K, Dec, Dev, I);
I = f (PG, SG, MG, DG, RG, EG, TTh, TTv, K, Dec, Dev, Di).

where
PG = Green Plan; SG = Green Source; MG = Green Make; DG = Green Deliver; RG = Green Return;

EG = Green Enable; TTh = Horizontal KTT; TTv = Vertical KTT; K = Knowledge; Dec = Decision;
Dev = Development; Di = Dissemination; I = Implementation.
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This means that the proposed model is a function of all of the factors and that each factor is
a function of the others: they are all interconnected and all depend on or hold influence over the
others. To better visualize it, we developed the following model (Figure 5). Its application consists
of SC experts indicating the level of influence between each factor, and then the DEMATEL method
is applied.
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The DEMATEL method made it possible to analyze which of these factors are responsible for
influencing other factors, and which ones are influenced. For each factor, a weight was assigned
corresponding to its total impact on the set of factors examined.

3.2.3. Second Stage of the KTT-GSCM Multicriteria Model

In the second stage of the model, we elaborated a questionnaire (Table A1), in which the manager
responsible for each firm in the SC answered the questions based on the factors belonging to the
perspectives of GSCM, KTT, and Innovation.

The theoretical constructs used in this questionnaire, such as GSCM, KTT and Innovation, were
adopted from previous research. The research instrument was pre-tested with four experts on this
subject. Their feedback was used to improve the format and clarity of the survey. There is a number of
questions about each factor, in a total of 22 questions for each perspective (GSCM, KTT, Innovation).
All items are of perceptual measure using a 5-point Likert scale: 0 (does not occur); 1 (very rarely); 2
(occurs at small scale); 3 (occur somewhat frequently); and 4 (occurs very often/always).

After applying the questionnaires and collecting the answers, it was possible to conclude the
mathematical development of the model proposed in this research. For each factor, a weight was
assigned by the DEMATEL method, depending on its total impact on the set of factors (ri). Initially, we
extracted the final value of each factor individually through Equation (7).

V( f ) =

 n∑
j=1

Q

×w (7)

where
V( f ) = final value of each factor;
Q = answer to each question in each factor;
w = weight assigned to the factor (ri normalized).
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It is worth mentioning that applying Equation (7) results only in the value of each factor at a
single firm in the network. Therefore, the procedure must be repeated for every firm in the chain, for
all of the factors, and for the 3 perspectives. Finally, the sum of all factors results in the level of each
perspective at each firm, through the utilization of Equation (8).

L(P) =
n∑

j=1

V( f ) (8)

where
L(P) = Level of each perspective;
V( f ) = Final value of each factor.
With the results from Equation (8), it is possible to analyze what the level of each perspective

(GSCM, KTT, and Innovation) is at each of the firms and, thus, compare them in all of the firms of the
SC to finally verify the hypotheses previously raised.

3.2.4. Validity and Reliability of the Instrument of Measurement

Before collecting data, this study established the internal validity of the research content through
an extensive literature review, discussions with professionals and academic experts in the field, and
a pre-test of the research. Each experimental group followed the same methodology to be able to
correctly isolate the effect.

The data were collected through a survey sent to a SC whose focal company is a rotomolding
firm (Description of that case study in Section 4). This chain features 13 supplier companies (four B2B
companies, and nine B2C companies). Each company was first contacted by telephone to request their
participation in the survey. For companies that volunteered to answer, appropriate respondents were
requested. The questionnaire was sent by e-mail to the respondents. All the companies contacted
accepted to participate in this survey, thus obtaining a 100% response rate from this SC.

To validate the relationship between the factors and perspectives found in the theory, and used
in this research instrument, a Correlation Matrix (Table 3) was performed. The discriminant validity
was assessed by examining whether the mean variance extracted for items exceeded the mean shared
variance (square of off-diagonal correlations) between two constructs [137]. All constructs met this
criterion, indicating sufficient discriminant validity.

Table 3. Cronbach’s alpha and correlation matrix.

C
ro

nb
ac

h’
s

al
ph

a

PG SG MG DG RG EG TTh TTv K Dec Dev Di I

PG 0.955 1.000
SG 0.753 1.000
MG 0.836 0.687 1.000
DG 0.924 0.646 0.639 1.000
RG 0.927 0.800 0.844 0.821 1.000
EG 0.792 0.630 0.584 0.712 0.657 1.000

TTh 0.981 0.948 0.781 0.880 0.869 0.927 0.773 1.000
TTv 0.982 0.766 0.832 0.910 0.919 0.774 0.970 1.000

K 0.939 0.897 0.923 0.864 0.774 0.907 0.765 0.927 0.897 1.000
Dec 0.813 0.612 0.642 0.808 0.717 0.841 0.825 0.800 0.768 1.000
Dev 0.938 0.819 0.916 0.823 0.904 0.735 0.958 0.943 0.926 0.784 1.000
Di 0.876 0.613 0.811 0.746 0.838 0.736 0.849 0.874 0.819 0.793 0.799 1.000
I 0.908 0.850 0.769 0.798 0.889 0.846 0.894 0.885 0.945 0.857 0.857 0.861 1.000
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To test the reliability of the instrument, the Cronbach’s alpha, shown in Table 3, was calculated.
The Cronbach’s alpha must exceed the generally accepted limit of 0.7 for all constructs. Therefore, the
instrument showed sufficient reliability.

4. Case Analysis

In order to apply and test this model, the SC of a rotomolding firm that manufactures plastic
products for agricultural equipment and vehicle assemblers was selected. Figure 6 displays this SC:
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better sustainability practices and new innovations. Its principle raw material is plastic polymers.
The supplier’s firms (B, C, D) receive polymers in their raw state and process them according to
the market demands. At the manufacturer firm (A), our focal company in the SC, the polymer
takes the shape of the product that will be attached to the final product at the equipment assembler
firm. These products include tanks, ducts, protections, ceilings and others, all made out of plastic.
Subsequently, the agricultural equipment and vehicle assemblers are sent to the clients (E, F, G, H, I, J,
K, L, M) in the SC and, then, finally sent to final clients.

For the first stage of the model, all the firms in the SC (13 firms) responded to the first questionnaire.
The manager of each firm pointed out the level of influence of the factors in their SC.

For the second stage of the model, the expert managers from each of the 13 firms in the SC filled
out the questionnaire containing questions about the factors and perspectives.

5. Applying and Testing the KTT-GSCM Multicriteria Model

5.1. First Stage

In order to apply the proposed model to the aforementioned SC, the following steps were followed:
Step 1. Firstly, an expert manager from each firm of the SC (13 firms) filled out a questionnaire

identifying the level of influence of all of the factors in the chain, on a scale from 0 to 4: 0 (no influence);
1 (low influence); 2 (medium influence); 3 (high influence); 4 (very high influence). Subsequently, an
average of 13 responses obtained for each combination of factors was calculated. Then, the following
matrix (Table 4) was generated, thus initiating the DEMATEL method.
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Table 4. Level of influence of the perspectives’ factors.

Perspectives GSCM KTT Innovation

Factors PG SG MG DG RG EG TTh TTv K Dec Dev Di I

GSCM

PG 0.00 3.95 3.83 3.83 3.75 3.75 3.62 3.15 2.15 3.15 2.92 3.85 3.69
SG 3.08 0.00 3.92 2.08 2.99 1.32 3.62 3.08 1.52 3.08 3.83 2.15 2.08
MG 2.92 3.92 0.00 3.90 3.53 3.58 3.69 3.35 3.08 3.08 3.85 3.85 3.69
DG 3.00 3.85 3.92 0.00 2.10 2.08 2.69 2.15 2.92 2.00 2.00 2.77 2.99
RG 2.29 1.99 3.69 2.08 0.00 2.10 2.94 2.31 3.15 3.77 2.01 2.15 2.08
EG 3.92 3.84 3.92 3.92 3.75 0.00 2.15 2.08 2.16 3.01 3.01 2.08 3.67

KTT
TTh 3.69 3.08 3.69 3.87 3.83 2.91 0.00 3.15 3.15 3.08 3.08 3.92 3.85
TTv 3.38 2.08 3.85 2.92 2.89 3.85 1.12 0.00 3.88 3.38 3.62 3.77 3.46

Innovation

K 3.77 2.23 2.38 2.08 2.19 3.77 3.31 3.92 0.00 3.92 3.85 3.92 3.85
Dec 3.77 1.92 2.92 1.92 1.98 3.92 2.53 1.92 1.87 0.00 3.92 3.77 3.62
Dev 3.85 2.35 3.77 2.08 2.24 2.92 2.85 2.92 2.01 1.08 0.00 3.85 3.85
Di 3.90 2.85 3.85 2.05 2.38 2.92 2.33 2.77 2.67 2.01 2.23 0.00 3.85
I 3.77 3.09 3.69 3.92 2.38 2.92 3.77 3.62 3.69 2.15 2.00 2.08 0.00

Step 2. From this initial matrix, we generated the direct-relation matrix D (Equations (2) and (3)).
Step 3. After matrix D, we generated the total-relation matrix T according to Equation (4). Thus, it

was possible to calculate the sum of each ri row in matrix T, which represents the total impact of each
element over the set, and the sum of each ci column in matrix T, which represents the total impact
suffered by each element in the set examined.

We also calculated the sum ri + ci for each factor, representing the total involvement of each
element in the set, and the difference ri − ci, representing their net effect.

Table 5 displays the results found in the first stage of the DEMATEL method: the sum of each ri
row, each ci column, ri + ci, and ri − ci.

Table 5. Results found by the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method.

Perspectives Factors ri ci ri + ci ri − ci

GSCM

PG 6.053 6.024 12.078 0.029
SG 4.867 5.239 10.106 −0.371
MG 6.153 6.330 12.484 −0.177
DG 4.839 5.174 10.014 −0.335
EG 4.573 5.056 9.630 −0.483
RG 5.486 5.318 10.804 0.167

KTT
TTh 6.019 5.150 11.169 0.869
TTv 5.603 5.104 10.707 0.499

Innovation

K 5.764 4.790 10.555 0.974
Dec 5.055 4.957 10.013 0.098
Dev 5.043 5.327 10.370 −0.284
Di 5.048 5.593 10.641 −0.545
I 5.508 5.949 11.457 −0.442

5.2. Second Stage

In the previous stage, we obtained the weights (w) for each factor in the study to, then, initiate
the second stage of the model. These weights were obtained from the normalized sum of each ri row,
which represents the general impact of each factor.

With the weights for each factor, the managers of the 13 firms in the SC answered the questionnaire
(Appendix A). For each question, they selected a score from 0 to 4, corresponding to 0 (does not occur);
1 (occurs very rarely); 2 (occurs on small scale); 3 (occurs somewhat frequently); and 4 (occurs very
often/always).

After collecting the questionnaire responses, it was possible to conclude the mathematical
development of the model proposed in this research. From Equation (7), we extracted the final value of
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each factor individually. Then, with the sum of every factor, we obtained the level of each perspective,
of each firm, through Equation (8). This procedure was carried out for the 13 firms analyzed.

Thus, Table 6 presents the values found for each factor, of each firm, in addition to the total value
of each perspective at each of the 13 firms.

Table 6. Values found for each factor and perspective, of each firm.

Perspectives Factors w Source Manuf. Client

B C D A E F G H I J K L M

GSCM

PG 0.086 0.519 0.692 0.519 0.865 1.037 0.951 1.124 0.951 0.865 0.865 1.037 1.037 1.210

SG 0.07 0.070 0.209 0.070 0.278 0.348 0.278 0.487 0.348 0.348 0.556 0.487 0.348 0.348

MG 0.088 1.143 0.703 0.967 1.582 2.021 1.934 2.109 1.846 1.582 1.582 1.846 1.670 1.758

DG 0.069 0.346 0.484 0.207 0.484 0.622 0.484 0.622 0.553 0.553 0.484 0.622 0.622 0.829

RG 0.065 0.196 0.261 0.261 0.392 0.588 0.523 0.523 0.523 0.457 0.523 0.653 0.523 0.653

EG 0.078 0.157 0.392 0.235 0.313 0.470 0.313 0.627 0.392 0.235 0.313 0.470 0.392 0.470

TOTAL 2.429 2.740 2.259 3.914 5.087 4.482 5.491 4.612 4.039 4.323 5.115 4.591 5.269

KTT
TTh 0.086 2.493 2.837 2.063 3.353 4.385 3.697 4.213 4.127 3.353 3.525 4.299 3.869 4.213

TTv 0.08 0.560 0.560 0.560 1.521 1.841 1.521 1.841 1.681 1.360 1.360 1.841 1.761 2.001

TOTAL 3.053 3.397 2.624 4.874 6.225 5.217 6.053 5.807 4.713 4.885 6.139 5.629 6.213

Innovation

K 0.082 1.235 1.400 1.070 1.811 2.305 1.976 2.552 1.976 1.811 2.305 2.470 1.976 2.223

Dec 0.072 0.361 0.433 0.289 0.361 0.505 0.433 0.578 0.433 0.433 0.361 0.578 0.505 0.505

Dev 0.072 0.864 1.008 0.792 1.513 2.089 1.657 2.233 1.945 1.801 1.657 1.945 1.873 1.945

Di 0.072 0.216 0.216 0.216 0.433 0.216 0.216 0.216 0.144 0.144 0.144 0.288 0.216 0.216

I 0.079 0.157 0.315 0.157 0.315 0.236 0.236 0.315 0.157 0.157 0.315 0.315 0.236 0.236

TOTAL 2.834 3.372 2.525 4.432 5.352 4.518 5.894 4.656 4.347 4.782 5.596 4.807 5.126

6. Result Analysis and Discussion

6.1. First Stage—the Influence and Impact of Each Factor

The first stage of the KTT-GSCM Multicriteria Model identified the results related to the influence
of each factor as well as their weights.

Following the DEMATEL approach, we classified the elements into two groups: influenced factors,
presenting a negative r − c, and influencing factors, presenting a positive r − c. The influencing factors
exert more influence than they suffer within the set, whereas the influenced factors suffer more impact
than they have over the other elements.

Figure 7 displays a graph representing the situation found in the model. The factors above the
x-axis (ri + ci) are the ones responsible for influencing the others, while the factors below the same axis
are the ones being influenced. This graph also illustrates that the higher the ri + ci value (more to the
right), the more the total involvement of each factor in the set.
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Figure 7. Influencing and influenced factors (ri − ci) and the total involvement of each factor in the set
(ri + ci).

The factor with the greatest total involvement in the set is Make Green (MG), even though it suffers
influence from others. This factor depends on the others in many aspects; however, it is the ‘lung’ of
our system, a crucial factor for the entire chain and, as such, it presents the greatest total involvement.
In order to facilitate the understanding, Table 7 displays the influencing and influenced factors.

Table 7. Influencing and influenced factors.

Influencing Factors Influenced Factors

Knowledge (K) Green Make (MG)
Horizontal Technology Transfer (TTh) Development (Dev)
Vertical Technology Transfer (TTv) Green Deliver (DG)
Green Enable (EG) Source Green (SG)
Decision (Dec) Implementation (I)
Green Plan (PG) Return Green (RG)

Dissemination (Di)
Implementation (I)

In Figures 8 and 9, it is possible to perceive the main pairs of correlation; that is, the directions
of influence present in this set. Figure 8 presents in isolation, in each of the three perspectives, the
directions of influence among its factors. Figure 9 shows the directions of influence between the factors
of the three perspectives. The continuous lines correspond to the highest levels of influence presented,
through the DEMATEL total-relation matrix T (above 0.50). The dashed lines also correspond to high
levels of influence but are smaller than those of thick lines (between 0.46 and 0.50). The thinner dotted
lines correspond to small levels of influence (smaller than 0.45). It is possible to visualize the factors
that influence and are influenced.
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Still in the first stage, we obtained the weights of each factor in order to proceed with the model.
They were ascertained through their general impact on the set of factors (ri). Figure 10 presents a graph
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It is noticeable that the factors that impact the most are Green Make and Green Plan, referring to
the GSCM perspective; Horizontal Technology Transfer, referring to KTT perspective; and Knowledge
regarding Innovation perspective. According to the model, these factors are those that have a greater
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impact on the others, that is, decisions are often based on them. In this constructed model (KTT-GSCM
Multicriteria Model), its values represent the weight of each factor.

6.2. Second Stage—the Level of Each Perspective

The second stage of the KTT-GSCM Multicriteria Model analyzed the level of each perspective
(GSCM, TT, and Innovation) at each of the firms, which enabled us to compare the perspectives and
the firms of the SC in order to, in turn, verify the hypotheses raised by the research.

Figure 11 illustrates the results of the three perspectives (GSCM, KTT, and Innovation) at each of
the 13 firms examined: (a) Source—firms B, C, D, (b) Manufacturer—firm A, and (c) Client—firms E, F,
G, H, I, J, K, L, M.
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G, H, I, J, K, L and M.

Figure 12 also shows the results obtained from the three perspectives, for each company in the
SC, with a different presentation, so that it is possible to compare all the companies of the SC. It is
clearly noticeable that the greater the results in GSCM, the greater the results in KTT and in Innovation.
A trend line for each of the perspectives is presented.

All the firms behave similarly, presenting their best results in KTT, followed by Innovation
and GSCM.

When comparing the 13 firms, it is noticeable that all the Client firms (E, F, G, H, I, J, K, L, M) in
the SC have the best performance in the three perspectives. They display a noticeable difference in
relation to the Source firms (B, C, D), presenting as the most highly developed firms.

It is worth taking into account that the Client firms are larger than Source firms and Manufacturer
firm, functioning at a more complex level of technology. In the example applied, we observe that the
closer to the end of the SC and the larger the firm, the better it performs in the criteria KTT, Innovation,
and GSCM.
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Figure 12. Results of the three perspectives in the 13 firms.

The construction of this model allowed us to verify the hypotheses raised by the
conceptual framework:

H1a. Knowledge Transfer has a positive effect on GSCM performance;

H1b. Technology Transfer has a positive effect on GSCM performance:

It is possible to observe that firms with better developed Knowledge and Technology Transfer
perform better in their GSC (Figures 11 and 12). The results of Figures 11 and 12 are aligned with the
results of the directions of influence of the factors, shown in Figure 9. The results point out that the factors
of KTT influence the factors of GSCM. Analyzing the two results obtained, and comparing with what
the authors studied in the literature review [2,34,45,63,77–79,84–91], it is noticeable that Knowledge
Transfer and Technology Transfer have a positive effect on GSCM performance. Moreover, Srivastava [5]
recommended that further research is required on KTT or improvement and environmental performance
measurement in GSCM. Thus, both hypotheses were confirmed.

H2. Innovation has a positive effect on GSCM performance:

Similar to H1a and H1b, we can see in Figures 11 and 12 that more innovative firms have higher
chances of achieving higher levels of effectiveness on GSCM. In Figure 9 and Table 7, it is noticeable that
Innovation is a dependent perspective, since most of its factors are influenced by the others. However,
this perspective is directly influenced mainly by KTT. Analyzing Innovation in relation to GSCM, we
can see that besides the fact that some factors of GSCM influence other factors of Innovation, certain
factors of Innovation greatly influence factors of GSCM. The influence of the factor Knowledge on other
GSCM factors is aligned with the DoI theory, where the authors say that, the diffusion of GSCM as
an innovation can be viewed as a process of initiation (knowledge), persuasion, planning, adoption,
and confirmation [27]. The extant literature show that Pioneer companies in green innovations profit
first from the advantage [78,94]. Similarly, firms can develop innovative strategies for addressing
and improving sustainability within their manufacturing processes and supply chains [19,92,93].
The authors show that applying innovation on GSCM can also benefit organizations in a number of
ways (outcomes), which might include reducing costs, improving profits and the social image of the
organization [30,109,110]. Analyzing the results obtained in the model, we can confirm in consonance
with the literature review that Innovation has a positive effect on GSCM performance. This hypothesis
was also confirmed.

H3. KTT has a positive influence in the process of Innovation in GSCM:
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Analyzing Figures 11 and 12, we can infer that the more KTT is performed by the company, the
more Innovation and, consequently, better performance the company will have on the GSCM. This
theory can also be confirmed by Figure 9, which shows the factors of innovation that are influenced
by KTT factors. Likewise, the factors of GSCM are influenced by the factors of Innovation and KTT.
The review on the extant literature proves what was obtained as a result in this model. According to
the authors [37,38], the success of any knowledge transfer may also be affected by the introduction of
new and improved ways of performing tasks at work, which is commonly referred to as ‘innovation’.
Innovations occur with the support of research and development and also with KTT [23]. KTT
facilitates innovation through problem definition, alternative generation and evaluation, and the
ultimate choice of transferred knowledge [119]. R&D programs and investment subsidies are the first
methods introduced to improve performance and stimulate the diffusion of green technology [120].
In summary, communication, information sharing, trust and knowledge transfer, developed and
consolidated through a well-structured network [122], will foster innovation. Ireland and Webb [123]
provide a basis for the development of innovative solutions to environmental challenges [124] and,
thus, improve the environmental performance of the supplier.

This model, corroborated by the literature review, proves that the innovation of a firm can
improve its performance in GSCM practices. Successful innovations require research and development,
knowledge, and materials, among other factors. Innovation requires KTT. That is to say that the more
KTT in the firm, the more it innovates, and the better it performs in GSCM. These arguments answer
the third hypothesis: KTT has a positive influence in the process of Innovation in GSCM.

This research, built through an exhaustive literature analysis, and reinforced by the field research
and a DEMATEL application, made clear that both Innovation and KTT propel better development in
GSCM, which is to say that the process of Innovation in GSCM depends on KTT.

7. Conclusions

The literature review revealed that the discussion on GSCM along with KTT and Innovation
is inexistent, as are the frameworks and/or models related to the theme. To address this gap, we
created a conceptual framework in which KTT and Innovation help to better develop a GSC. From
this conceptual framework, three hypotheses arose and, to test them, we developed and proposed the
KTT-GSCM Multicriteria Model, which was applied to the SC formed by 13 firms, with a rotomolding
firm as the focus of the research. All the companies of the SC participated in the study.

The conceptual framework identified the existence of a mutual influence between the three
perspectives analyzed: GSCM, KTT, and Innovation. For that reason, the DEMATEL method was
selected to develop the first stage of the KTT-GSCM Multicriteria Model. This stage analyzed factors
of the perspectives and ascertained which ones have influence over the others. The factor with the
highest total involvement in the set was Make Green (MG), from the GSCM perspective. Despite its
highest total involvement, this factor suffers influence; that is to say, it depends on other factors.

This first stage allowed us to conclude that the three perspectives influence one another and their
factors: there are indeed interconnections between these factors and perspectives. This stage of the
model is important to know which factors most influence others. An awareness of this result enables
the company studied to know which factors need a priority investment. This stage also assigned
weights to the factors in order to proceed with the model.

Subsequently, the second stage analyzed the level of each perspective on each of the firms in the
SC in order to verify the three hypotheses previously raised. We observed that the 13 firms behaved
similarly, performing better in KTT, then in Innovation and GSCM. This implies that KTT makes
innovation feasible more often in a company. Therefore, innovating causes the company to present
better green indices in its SC. In this second stage of the model, the companies studied can analyze and
compare their performance with regards to their suppliers, customers and competitors. Thus, it is
possible to perceive in which perspectives a higher investment is needed in order to obtain greater
competitiveness in the market.
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Thus, all the hypotheses were confirmed with the conclusion that both Innovation and KTT propel
better development in GSCM. That is to say that the process of Innovation in GSCM depends on KTT.

The developed model presented significant contributions. To the academic area, it fills a gap in the
literature by exploring the interconnections between GSCM, Innovation and KTT. The literature review
on the three themes helps other researchers to understand the effect that KTT and Innovation have
on the performance of GSCMs. Through the investigations, it was possible to establish a synergetic
relationship between GSCM, Innovation and KTT, through the conceptual framework. By quantifying
and explaining the given relationships by the multicriteria model, we could analyze the influence
between the perspectives, determining original conclusions for theoretical studies.

These theoretical implications and contributions are relevant to the theory of the aforementioned
fields as Innovation, KTT and GSCM. These subjects have been extensively investigated but mainly
treated as independent research subjects. Combining these subjects as part of the same research stream
is a challenge and is original to this research.

Similarly, the practical implications and contribution of this study are equally relevant within
the industrial context, especially for supply chain and operations managers who aim to gain a better
understanding of the relationship and effect of contemporary operational practices on the green
performance of their supply chains. In particular, the lack of a clear understanding and knowledge of
the relationship between KTT and the innovation process on the performance of GSCs may create an
obstacle for these managers, and their organizations to justify the implementation of GSCs.

The companies that are studied benefit from this instrument too, since it allows a broader view of
the factors that influence the others, as well as how their green management, KTT and Innovation
stands before their suppliers, customers and competitors.

Limitations and Future Research

This model was applied to a SC of the plastic sector, analyzing 13 firms. For future studies, the
proposal is to expand the sample and perform more tests so that it can be an evolution of the proposed
model. Future actions might include: (1) The application of the model to larger and more complex
SCs; (2) The application of the model to SCs in different sectors, comparing the results found in each
sector in order to ascertain the difference between each industrial sector; as well as to (3) To apply
and perform a comparison in SCs of small and large companies; (4) Analyze the level of each TBL
dimension; and (5) To apply the model in a significant number of SCs in different countries in order to
compare developed and developing countries.

Limitations of the mathematical MCDM method exist. In the decision-making process, one or
more equally suitable methods may exist; these require thorough understanding and appropriate use.

In addition, this model employed the DEMATEL method to analyze the influence of the
perspectives and their factors. We suggest employing the fuzzy DEMATEL method; due to its
qualitative data, the model may be easier to comprehend for the interviewers and interviewees,
possibly resulting in different findings.
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Appendix A

Table A1. Questionnaire applied.

Perspective Factors Questions Authors

GSCM

Plan

Is there any GSCM/sustainability training? [79,84–87]

Is the company following the ISO orientations, conducted environmental
audits on a regular basis? [1]

Is there support from the superior managers of the company? [5]

Is there green production planning and scheduling? [5]

Source
The supplier meeting environmental metric criteria (with an EMS or ISO
14001)? [30]

Is there any concern about green purchasing? [30,58,61]

Make

Is there use ‘end of pipeline’ initiatives to lower the environmental
impact of production? [5]

Is there development of environmental-friendlier products? [62]

Is the waste minimized and recoverable when possible? [58,63]

Is there material recycled/reused? [5,58,62]

Are the pollution sources minimized? (Reduce the amount of toxicity of
all emissions and wastes) [5]

Is there any recyclable package? [58]

Is there low consumption of water and energy? [1]

Deliver
Is there an environmental concern regarding freight transport? [5]

Is there a concern about Transportation Cost? [57]

The vehicle fuel is derived from alternative fuels? [57]

Return

Is there reuse of products? [5,58]

Is there any kind of product recycling? [5,58]

Is there remanufacturing? [5,58]

Is there adequate disposal for all products/wastes? [5,58]

Enable
There is an established green management system/green project
management? [1,64]

There is provided with technical, managerial and financial assistance to
address environmental issues? [64]

KTT

Horizontal TT

Is there a R&D sector within the company? [112,116,120]

Are there any consultancies in the company? [138]

Is there information share between the entire chain? [4,35,58]

Is there knowledge transfer between the different sectors of the company? [58]

Is knowledge shared with suppliers? [57]

Is knowledge shared among everyone in the company? [58]

Is the knowledge shared with customers? [57,58]

Does the company feature innovations often? [73,109,110]

Does the company care about innovation? [30,71,73,109,110]

Are there information systems, such as an integration between man and
machine, of quality? [4,35,58]

Are there employee training in companies? [79,84–87]

Is there organizational culture and work teams? [64]

Is there support provided from suppliers? [57]

Is there knowledge share between countries? [24]

Is there mutual trust between the organizations in the chain? [34]

Vertical TT

Is there a support from universities in the company? [138]

Are there sustainable products purchased from third parties? [58]

Is there Internship program? [139]

Is there exchange of personnel, researchers or professionals? [140]

Is there Technological Management Programs? [64]

Is there government support? [19]

Is there stakeholder support? [19,108]
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Table A1. Cont.

Perspective Factors Questions Authors

Innovation

Knowledge

Is there knowledge enough for GSCM understanding? [27]

Is there an incentive for employees to generate new ideas? [141]

Is there a joint knowledge creation? (Refers to the supply chain partners
jointly develop a deeper understanding of the market and corresponding
responses to the competitive environment)

[142]

Is there a knowledge storage? (Refers to creating a shared space, in which
employees can observe and learn the actions of their workmates and
what they can contribute to)

[143]

Is there a R&D sector inside the company? [23,70,112,116,120]

Does the company have patents? [144]

You are technologically competitive? [33]

Does the company feature innovations often? [73,109,110]

Decision
Is the company capable for change? [27]

Does the company give the aim to innovate? [73,109,110]

Development

Are the generated ideas usually put into practice? [72]

Is there innovation in process? [72]

Is there organizational innovation? [72]

Is there product innovation? [72]

The speed of new product development is fast enough/competitive? [33]

The process, techniques and technology change rapidly in our company? [33]

Is there green innovation in the company? [26,78,94–97]

Are the innovations frequent? [72]

Dissemination
Are there trainings when there is an innovation in the company? [97]

When there is an innovation in the company, is there an awareness of its
importance throughout the organization? [32]

Implementation Does continuous improvement exist in the company? [32]

When innovations are generated in the company, is it possible to
recognize their benefits? [32]
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