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Abstract: In an era where environmental and social pressures on companies are increasing, sus-
tainable supply chain management is essential for the efficient operation and survivability of the
organizations (members of the chain). Digital transformation and the adoption of new technologies
could support the development of sustainable strategies, as they support supply chain processes,
decrease operational costs, enable control and monitoring of operations and support green practices.
The purpose of this paper is to explore the relationship between sustainable supply chain manage-
ment and digital transformation through the adoption of specific technologies (Blockchain technology,
big data analytics, internet of things). It aims at theory building and the development of a conceptual
framework, enabling the explanation of under which circumstances the above combination could
lead to the development of sustainable performances. It also aims to examine how companies can
increase their competitive advantage and/or increase their business performance, contributing both
to academics and practitioners. After conducting a literature review analysis, a significant gap was
detected. There are a few studies providing theoretical approaches to examining all three pillars of
sustainability, while at the same time analyzing the impact of big data analytics, internet of things and
blockchain technology on the development of sustainable supply chains. Aiming to address this gap,
this paper primarily conducts a literature review, identifies definitions and theories used to explain
the different pillars of flexibility, and examines the effect of different technologies. It then develops a
theoretical conceptual framework, which could enable both academics and practitioners to examine
the impact of the adoption of different technologies on sustainable supply chain management. The
findings of this research reveal that digital transformation plays an important role to companies, as
the combination of different technologies may lead to the development of significant capabilities,
increasing sustainable performances and enabling the development of sustainable strategies, which
can improve companies’ position in the market.

Keywords: sustainable development; supply chain management; information systems; blockchain
technology; digital transformation; IoT; dig data analytics; sustainable performance; sustainable strategy

1. Introduction

Nowadays, there is an increase in the development of new technologies, which affect
the digital transformation (DT) of companies, changing and improving their operations.
According to Verhoef et al. [1], the new, digital companies have surpassed many traditional
companies. Despite the fact that the impact of DT on companies is so visible and could
contribute to their performance, academics have paid little attention to these developments
and technologies, and only recently have they started to address the topics of digitization,
digitalization, and digital transformation [2].

DT has the ability and power to transform traditional supply chains into highly
efficient digital and smart supply chains by connecting all operations and processes, such
as product development, procurement, manufacturing, logistics, suppliers, customers, and
services [3].
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Internet of things (IoT) and big data analytics (BDA) are the two most prevailing
technologies of contemporary DT and play a significant role in the process of the decision-
making of a company. The IoT technology is one of the most innovative of information and
communication technologies, which is changing the traditional industrial form and human
production and lifestyle [4]. The development of this technology, in combination with the
globalization of supply chain management, has increased the amount of data produced
and has reinforced dependence on a globally interconnected supply chain ecosystem.

Furthermore, due to the large increase in the generated data, big data are strategically
very important and have become one of the most valuable assets for a company [5]. The
huge amount of data has led many companies to develop and create analytical means
(BDA), so as to transform the data into useful information, which will be able to improve
the decision-making process and positively influence the performance of the supply chain
management [6].

Moreover, during the last decade there was a rise of a new technology which has
gained the attention of companies and academics, that of blockchain technology (BT). BT
was primarily used in the cryptocurrency Bitcoin and in the financial industry, but there is
now significant research into its use in supply chain management. Due to its transparency
and data sharing capabilities, it could play an important role in the digitalization of the
supply chains.

Apart from the rise of new technologies, sustainability has gained the attention of
many companies during the last years. This is happening because the United Nations
and the European Union pay more attention not only to the environmental issues but
also to the well-being of the society. So, companies must focus on their supply chains
and develop socially and economically sustainable supply chains as well as green supply
chains, while also taking into consideration every stakeholder inside and outside their
task environment. Therefore, every supply chain member would benefit if the adoption
of information technologies could be combined with sustainable development within the
digital supply chains [7].

This research, which is based on a literature review, revealed that there is an important
research gap in the amount of previous literature examining the relationship between sus-
tainable supply chain management (SSCM) and DT. The authors’ findings agree with Birkel
and Muller’s [8] argument, which supports the assertion that there is a limited amount
of research examining the impact of the above combination on each sustainability pillar
separately, especially in the social pillar, which is the most underrated one. Moreover, there
are a limited number of studies which analyse the three sustainability performances accord-
ing to the triple bottom line (TBL). So, there is a need for the development of a conceptual
framework which could unify and analyze all the three dimensions of sustainability.

Therefore, in order to elaborate and complete this research, the following key questions
were raised:

e How can an organization evaluate the economic, environmental, and social perfor-
mance of its supply chain?

e How, and to what extent, is DT able to contribute to sustainable supply chain manage-
ment objectives?

e  How could this combination increase the performance of each pillar and lead to the
development of specific strategies to increase business performance?

So, the purpose of this research is threefold and covers the following specific objectives.
Firstly, based on a literature review, this research tries to address the above concepts by
examining the relationship between DT (related to technologies, such as BT, IoT, and BDA)
and SSCM, focusing on the performance of each pillar. Secondly, the research develops
a conceptual framework, based on specific theories, including natural-resource based
view (N-RBV), stakeholder theory, transaction cost theory, and legitimacy theory. This
framework addresses the existing research gap and helps both practitioners and academics
to investigate how new technologies (of the fourth industrial revolution) support SSCM.
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Finally, this research shows how this combination could support specific strategies and
lead to the improvement of business performance.
Therefore, the contributions and novelty of the present study are as follows:

1.  The analysis of the literature and the clarification of the impact of DT (BT, BDA, and
IoT) on SSCM.

2. The use of theories contributing to the understanding and analysis of all thee pillars
of sustainability.

3. The development of a conceptual framework, based on the initial work of [9], showing
that the combination of IT resources (embodying the three technologies of DT) with
supply chain resources can lead to business capabilities and sustainability perfor-
mances, affecting the development of sustainability strategies.

Therefore, this study bridges the gaps identified in the literature regarding the imple-
mentation of new technologies in SSCM. It provides an insight regarding the effects of BT,
IoT, and BDA upon SSCM and reveals the issues that every company should deal with. It
then proposes a conceptual framework, which uses relevant theories (as mentioned above)
and gives academics and practitioners the capability to fully understand the potentials of
DT inside the SSCM, both for companies and managers. Hence, the study can establish a
starting point for the use and analysis of the above technologies, while its findings can be
considered a base for future research [10].

The rest of the paper is organized as follows: Section 2 presents all the relative literature
reviews. Section 3 describes the theories that are used in the development of the conceptual
framework, which is presented and described in Section 4. The results are presented in
Section 5, while the conclusions and limitations are developed in the Section 6.

2. Literature Review

This research analyzes the impact of DT on SSCM. It also tries to explain how this
combination could lead companies to increase their business performance. In order to better
understand, examine, and clarify these specific concepts, the authors conducted a literature
review [11], studied relevant theories, and built a conceptual framework. The analysis of
the literature review was conducted in different phases, as mentioned below [12]:

e  Phase 1: Planning the review.
e  Phase 2: Conducting the review.

Moreover, in order to address the objectives of the study, the authors followed the
steps described below:

STEP 1: Search for articles by keywords.

STEP 2: Narrow the article selection by reading the abstracts.

STEP 3: Clarify the meanings and the relationships between them.

STEP 4: Identify the gaps in the literature.

STEP 5: Identify and study relevant theoretical approaches.

STEP 6: Discuss the framework and results developed in this study, based on
previous literature.

The goal of the literature review is to cover a wide range of information and data,
so as to reassure the objectivity and validity of this specific research [13]. One of the
most important steps in this procedure was to locate the relevant studies [14]. Guided
by the research questions, as mentioned in the previous section, the authors conducted
a comprehensive review of scientific papers in the field of SSCM and DT. For scientific
papers published in academic journals, the search was based mainly on the ScienceDirect
and ResearchGate databases.

The use of keywords allowed the authors to identify the most relevant papers dealing
with SSCM and DT. Besides the main keywords related to the research topic, additional
keywords were used, including business performance, capabilities, Blockchain technology,
internet of things, big data analytics, strategies, competitive advantage, resource-based
view, stakeholder theory, legitimacy theory, and transaction cost theory. After finding the
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papers, authors used the titles in order to eliminate the duplicated papers and compile the
final database of papers that they were going to use.

According to Kilibarda et al. [13], the above action has the ability to identify a large
number of scientific papers, so that authors are in a position to extract a relevant sample for
further study. Moreover, the aim of this action is to find papers which are relevant and can
help authors to answer to their research questions. Therefore, through the analysis of all
selected papers, some main conclusions were derived.

As far as the reviewing process is concerned, the authors read the abstracts and
conclusions of each paper in order to find the relevance to their research. Based on analysis
and elimination, 237 papers were identified for extra study. Finally, the authors limited their
choice to 168 journal papers, 1 diploma thesis and 4 books. In the next step, the authors
read the papers and conducted their analysis, taking into consideration the contribution
to the scientific area, the alignment with the research questions and the significance and
impact factor of the journals. The number of papers that were used from the most dominant
journals are presented in Figure 1.
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Figure 1. Papers from the dominant journals (Q1).

In this research, the literature review allowed us not only to examine and understand
the main topics and theories associated with the phenomenon under study, but also to
develop a conceptual framework [9].

2.1. Sustainable Development and Companies

In 1987, the Brundtland Commission developed the definition of sustainable develop-
ment, i.e., “the ability to make development sustainable, to ensure that it meets the needs
of the present without compromising the ability of future generations to meet their own
needs” [15] (pp. 45-65), which is the most common and frequently used definition in the
international literature. A few years later, during 2002, the World Summit on Sustainable
Development expanded the above definition and introduced the definition of the three
pillars (social, environmental, and economic) [16]. Therefore, sustainable development is a
concept associated with the aim to provide society with a better quality of life by enforcing
processes from all the pillars [17].

As mentioned above, the three dimensions of sustainability are the social, the envi-
ronmental, and the economic. According to Dempsey et al. [18] (p. 290), the social pillar
is a multi-dimensional concept and answers the question “what are the social goals of
sustainable development?”. Because of its nature, the social pillar is very complex and
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difficult to be applied. As a result, there is not yet a commonly accepted definition. The
social pillar is very different from the other pillars because it is ambiguous and intangible
and that is the reason why it is very difficult for it to be quantified into something more
understandable [19].

As far as the environmental pillar is concerned, this pillar is the most well-known
pillar of sustainable development, because it is concerned green policies and the protection
of the environment. According to Agyeman et al. [20] (p. 78), “a truly sustainable society
is one where the wider questions of social needs and welfare, and economic opportunity
are integrally related to environmental limits imposed by supporting ecosystems”. The
protection of nature is related and connected to the conservation of any environment and
area that is inhabited by human and any other form of life, which proves that this pillar is
related to the others [21].

Last but not least, there is the economic dimension of sustainability. There are two
aspects of this pillar, the one that is related to the financial performance and the other,
which is related to the interests of any external stakeholder [22]. Moreover, the economic
pillar is strongly connected with the legal regulation of any task environment of the
organization [21].

Aside from the three pillars, the United Nations, in 2015, in collaboration with many
companies, developed the Sustainable Development Goals (SDGs), which are widely
known as Agenda 2030 [23]. According to Kolk et al. [24], SDGs are going to be the most
important frame of the global development agenda until 2030.

During the last decade, and due to the new regulations, environmental issues play an
important role in decision making policies and have gained attention from academics and
companies [25]. Due to the economic meltdown in 2008, companies and society paid more
attention to the economic pillar of sustainability, as governments often have to deal with
financial crises and ensure that jobs are not lost. In contrast, the social pillar of sustainable
development deals with the well-being of society and is concerned with non-economic
issues [26].

These two pillars (environment and social) have very distinct and separate traditions
and are only beginning to relate to one other [27]. During previous years, companies had the
impression that corporate social responsibility related only to financial aspects. However,
this issue has changed, and companies provide the stakeholders with non-financial reports
in an attempt to increase the awareness in society of how firms manage issues in their
operations [28].

The research which was conducted by Van Zanten and Van Tulder [29], revealed that
most of the companies (which helped in the creation of SDGs) responded immediately
to these new challenges. Moreover, the 2016 United Nations Global Compact-Accenture
Strategy CEO Study [30] showed that most companies and CEOs had developed new
strategies, which target sustainable development.

According to the above strategies, companies and organizations try more and more
to solve the problems that are related to poverty, energy, climate change, etc. However,
in the international literature, there is a lack of research which tries to examine the main
actions and strategies of individual companies and how they approach the sustainable
development [29].

In addition, firms and organizations must embody policies and develop strategies
which are related to society in order to improve their image, increase their business per-
formance, and/or gain competitive advantage [31], aside from environmental policies
and economic controls. In order to achieve this, companies have to embody theories
which are associated with the corporate environmental and social pillar of sustainable
development [32].

A business concept that addresses this need is the triple bottom line (TBL), which
shows that, in addition to their financial performance, firms should focus on measuring their
social and environmental impact. The TBL is not an easy concept for most organizations,
because it states that a company’s responsibilities are more than its economic goals for its
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shareholders and the production of products and services for its clients [33]. The TBL uses
measurements of environmental and social performances, aside from the economic ones.
Social performance refers to the company’s impact on society and stakeholders’ groups.
Environmental performance refers to the number of natural resources that a company
uses. So, the TBL states that corporations and organizations should not only consider their
financial bottom line but also their environmental and social bottom line [34]. According
to the TBL [35], companies which manage to contribute to sustainability are those which
achieve economic, social, and environmental goals simultaneously [36]. Therefore, the
TBL has been acknowledged as a win-win-win strategy, which benefits people, planet,
and profits [37]. However, according to John Elkington [38], there are not many business
decision-makers and managers in the world who pay attention to all the dimensions of
the TBL.

Therefore, companies have to realize that they belong to a bigger task and natural
environment if they want to achieve better financial profits. So, companies must develop
environmental and social policies in order to achieve better economical results [39]. Ac-
cording to Gilbert et al. [40], there is a continuing pressure on companies to think about
their social and environmental actions.

For instance, no company wants to gain the reputation of being socially irresponsi-
ble. Therefore, it is very important for companies to have CSR policies or policies about
sustainable development because it will help them to increase their market share in the
task environment [41]. CSR is a very general and complex concept, as each company has
different social, environmental, and ethical impacts on society [41].

According to Carroll [42], CSR is a mix of four basic responsibilities, and these are:
economic, ethical, legal, and voluntary. In order to better report and manage their CSR
actions, companies develop a new set of standards, which are called GRI (The Global Re-
porting Initiative) [43]. These standards are voluntary for each company [44], but nowadays
there is an increasing pressure from the different groups of stakeholders to implement
them [45].

2.2. Definition of Sustainable Supply Chain Management

According to Bhuniya et al. [46], a supply chain is a system of organizations, people,
activities, information, and resources, which are involved in delivering a product or a
service from the supplier to the final client. Supply chain management, as a term, was
defined by Mentzer et al. [47] (p. 18) as, “the systemic, strategic coordination of the
traditional business functions and the tactics across these business functions within a
particular company and across businesses within the supply chain, for the purposes of
improving the long-term performance of the individual companies and the supply chain
as a whole” and by Lambert et al. [48] (p. 2) as, “the integration of key business processes
from end-user through original suppliers, that provides products, services, and information
that add value for customers and other stakeholders”. Moreover, Mubarik et al. [49] have
argued that supply chain management is able to increase the performance of a company.

As far as the sustainable supply chain management (SSCM) is concerned, the two most
prevailing definitions are the following: Seuring and Miiller [50] (p. 1700) define SSCM
as “the management of material, information, and capital flows as well as cooperation
among companies along the supply chain while taking goals from all three dimensions of
sustainable development”, while Carter and Roger [51] (p. 368) define it as “the strategic,
trans-parent integration and achievement of an organization’s social, environmental, and
eco-nomic goals in the systemic coordination of key interorganizational business processes
for improving the long-term economic performance of the individual company and its
supply chains”.

So, SSCM is an extension of the traditional supply chain management, which combines
environmental and social issues [9]. Growing environmental concerns (due to the increased
sensitivity of organizations and the UN regulations) and social issues, such as human rights,
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have forced many firms and organizations to think beyond their economic-related goals
and include a wider range of objectives in their supply chain decisions [52].

SSCM is characterized by the explicit integration of environmental and social objec-
tives that extend the economic dimension to integrate environmental and social considera-
tions [53]. As it is very difficult and complex to measure all three pillars of sustainability
through the same theory, in this research, different theories are used, such as the stake-
holder and legitimacy theory, transaction cost theory and N-RBV. All these theories have a
common base, which is the analysis of the resources inside the company’s environment.

2.2.1. Environmental Pillar of Sustainable Supply Chain Management

As mentioned above, SSCM, as a definition, must achieve an approved level of sus-
tainability, which means that it has to focus on each pillar separately [54]. Many companies
have been planning since 2013 to transform their supply chains to green supply chains, due
to strict regulations from UN and EU and public awareness [55].

The research which was conducted by Curkovic and Sroufe [56] found that the aim
of sustainable supply chains is to move away from the negative impact of goods towards
the environment. Research on the environmental pillar of SSCM (green supply chain
management) has to, as a goal, adopt environmental policies into supply chain operations,
such as product design, supplier selection, operations, and transportation, as well as the
end-of-life management of used products [57].

So, Srivastava [57] (pp. 54, 55) defined SSCM, as far as the environmental pillar is con-
cerned, as “integrating environmental thinking into supply chain management, including
product design, material sourcing and selection, manufacturing processes, delivery of the
final product to the consumers as well as end-of-life management of the product after its
useful life”.

If companies do not take environmental sustain-ability into consideration on their
own, the main groups of stakeholders will be forced to implement eco-friendly policies and
practices themselves [58]. So, companies must implement green policies in order to protect
their image and relationships with their stakeholders and customers [59].

2.2.2. Economic Pillar of Sustainable Supply Chain Management

Another pillar of sustainable development is the economic one. According to the
economic pillar, SSCM tries to make the supply chain less costly and more efficient while
ensuring no harm to the natural environment and social groups [60].

However, it should be noted that when a firm tries to implement environmental and
social policies within supply chains, the costs and the expenses may increase, especially
in the short-term [61], which may negatively affect the decision-making process [62]. So,
decision makers must gain a clear image of the cost-benefit analysis of environmental and
social issues in both short-term and long-term decisions.

Therefore, economic sustainability tries to achieve financial objectives while protecting
the environment and society [63].

2.2.3. Social Pillar of Sustainable Supply Chain Management

It is an undeniable fact that economic and environmental sustainability have received
the greatest amount of attention in the literature and in practice from academics and com-
panies, while social sustainability has received the less attention [64]. This is unfortunate
because all three pillars of sustainable development need to be investigated in order to
create a truly sustainable organization or company [50].

According to Jorgensen and Knudsen [65] (p. 450), social SSCM is defined as “the
means by which companies manage their social responsibilities across dislocated produc-
tion processes spanning organizational and geographical boundaries”. Social supply chain
sustainability (S5CS), as a concept of social issues, includes the below:

e  equity
e safety
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labor rights
philanthropy
product responsibility

These are all aspects that affect the safety and welfare of the people within the supply
chains [64].

Social issues in supply chains are complex. Thus, in order to better understand and
analyze them, the company needs to understand who it must be socially responsible for
and what issues it must address [64]. Stakeholder theory explains how managers have
fiduciary duties to the corporation, shareholders, and stakeholders [66]. The company has
to be socially responsive to all stakeholders in order to achieve sustainable advantage [67].
Academics support the idea that being socially sustainable means integrating ethical
principles and policies into supply chain practices [68].

According to the stakeholder and legitimacy theories, transparency is an essential
factor for companies to develop social and environmental sustainability [69]. Transparency
could also be considered a valuable resource for the company.

Hall and Matos [70] support the idea that that the social pillar of sustainable devel-
opment is the key element in SSCM, due to the fact that companies have to involve and
cooperate with many groups of stakeholders with different goals and demands in order to
achieve a truly sustainable supply chain.

2.3. Digital Transformation in Supply Chains

Information systems (IS) play an important role in supply chain management because
it has been proven that it is impossible to achieve an effective and efficient supply chain
without the support of information technology (IT), since it is the backbone of sup-ply
chains [71]. Similarly, according to Wang et al. [72], IS are one of the most significant factors
in achieving environmental sustainability.

According to Nadkarni and Priigl [73] (p. 236), DT is defined “as organizational
change triggered by digital technologies”. Accurate information is very important and if it
is instantly and simultaneously available to partners along the entire supply chain, then it
could trigger valuable data-driven decisions [74]. So, the creation of trust, a common vision
among the supply chain, and the improvement of existing information technologies could
be used as a base to increase suppliers’ and business partners” willingness to exchange
process data [75]. Digital technologies are able to make this assumption a reality.

Due to the above assumption, DT is still gaining attention from practitioners and
academics, while there are countries which are developing their own initiatives to establish
IT infrastructures [76]. However, the interaction between DT and TBL is also influenced
by society. Society and all stakeholder groups are expecting a change in the value creation
process, from pure economic benefits toward the holistic approach of sustainability [77].
The economy should change in order to equally meet economic, environmental, and
social standards, so as to ensure sustainable development, summarized in the approach
of the TBL [78]. So, according to Hah et al. [79], all three dimensions of the TBL must be
harmonized and are essential for effective technology adoption.

In this article, the authors describe how three technologies of the fourth industrial
revolution (BT, IoT, and BDA) will influence supply chain management. These technologies
were selected because they can contribute to the sustainability of the supply chains.

According to Birkel and Muller [8], who conducted a systematic literature review,
there are a few studies concerning these new technologies, which are part of the Industry
4.0 and the DT of supply chains and can contribute to SSCM. The majority of the relevant
studies are paying more attention to the economic dimension and the financial results of
companies. However, in the coming years, there will be an increased interest in how these
technologies would contribute to the environmental and social dimensions of sustainability.
Hence, there is still a gap in the international literature, related to the lack of a holistic
approach involving all the dimensions.
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2.3.1. Blockchain Technology and Supply Chains

During the previous decades, ERP systems were one of the most integral parts within
the supply chain processes. However, most companies and organizations had problems
with the visibility of demand, orders, and supply [80]. In addition, they did not have
the entire picture of their supply chain, as they could not be aware of the location of
their products at any time outside their organization’s network [80]. The research of Koh
et al. [81], which was conducted in 2011, noticed the need for making information available
to supply chain trading partners at any time. Therefore, ERP systems appear insufficient,
because their purpose is primarily to improve the internal organization operations, and
secondly to connect the other stakeholders to the company [80].

The main problem deriving from the above situation is that supply chains are highly
dependent on systems such as ERP that store all information in one central place/server [82].
The structure of this centralized system makes it easy to be attacked, corrupted, and
hacked [83]. An additional problem is the lack of trust among partners [82].

So, there are many issues within supply chains, such as central data storage, inefficient
transactions, and fraud, which have led to a need for better information sharing among
business partners. The answer to these issues is to improve supply chain data exchange,
security, durability, and process integrity [84]. Moreover, transparency is turning out to be
an increasingly urgent requirement [84].

A solution to this problem seems to be blockchain technology (BT). According to
Crosby et al. [85] (p. 8), BT is “a distributed database of records or shared public/private
ledgers of all digital events that have been executed and shared among blockchain partici-
pating agents”. BT is quite different from the other information systems because its design
includes four key characteristics: non-localization (decentralization), security, auditability,
and smart execution [84].

BT could support supply chain processes and transportation of products. Any infor-
mation could be attached to the product in order to link the physical product to its virtual
identity inside the blockchain [86]. By making this connection, blockchain can help supply
chains to detect unethical suppliers and counterfeit products, because information can only
be recorded by authorized partners [84].

Moreover, the adoption of BT can help a company and its supply chain increase its
economic performance. Blockchains can lead to supply chain disintermediation, resulting
in smaller chains with reduced transaction costs and fewer delays [87]. Furthermore, BT
could make information stable and immutable, so that information cannot be modified
without the permission of the authorized actors, preventing the corruption in that way.
Aside from the above, blockchain could decrease the environmental problems of the supply
chains by decreasing and controlling the recall and rework [84].

Therefore, BT could have a positive impact on supply chain management. It can be
used to track products from the first steps of the chain to the final customer and prevent
waste, fraud, and any other unethical practice by making supply chains more transparent. It
can also provide consumers with better information about the way a product is constructed
and delivered so they will be able to make more environmentally friendly choices.

2.3.2. Internet of Thing and Supply Chains

There are many definitions of the internet of things (IoT) in the international literature.
According to Atzori et al. [88], this occurs because IoT is composed of two words and
meanings: “Internet” and “Things”. The first definitions of IoT that appeared were more
oriented to the second word [88] and concerned mainly with RFID technology, which is
connected to a network to transmit specific information [89].

The term and concept of the IoT covers various aspects and fields which are related
to the extension of the internet and the web into the physical devices. According to
Miorandi et al. [90], the IoT tries to create a future where digital and physical entities can
be linked to create new possibilities for the companies. So, the IoT is a new information
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technology, which is in the early stages of its development. It has not formed a complete
technology framework and has not yet obtained a unified architecture that is a standard [91].

The IoT enables information sharing through the internet among all partners within
a supply chain by using sensor-based technology. Tu, Lim, and Yang [92] proposed that
IoT should be used inside the supply chain transportation systems. The proposed system
would be in a position to track goods along the supply chain. Moreover, the IoT could
help stakeholders to become part of the decision-making process by having real time
information [93]. The IoT could also contribute to food supply chains by providing a live
monitoring system and allowing the sharing of information with stakeholders [94].

According to the above, a primary issue for traceability inside supply chains is the need
for efficient data sharing among all the stakeholders [95]. So, the IoT could help dealing
with this issue by providing real time data among all the partners. If companies have all the
necessary data, then they will be able to provide and carry out an efficient environmental
impact analysis [96], which could positively affect the environmental performance of the
products [97].

Furthermore, 10T is able to interconnect the machines, components, devices, and users
within an enterprise. It has the potential to connect multiple companies and organizations,
forming many digital supply-chain lines in that way [98]. Therefore, the 10T is a technology
which provides stakeholders with information to manage their resources efficiently and
remotely.

Although the IoT implications are still in an initial stage inside the supply chains,
companies should invest in this technology in order to gain benefits in the near future [99].
According to Manavalan and Jayakrishna [99], companies and organizations have gradually
started to implement and use digital technologies which could lead them to gain competi-
tive advantage and set the basis for future sustainable supply chain practices and strategies.
The literature review indicates that the impact of Industry 4.0 and of IoT technology on
sustainable supply chain management has still not been thoroughly examined and this is
considered a gap [99].

2.3.3. Big Data in Supply Chains

Supply chains have to be aligned with the preferences of the customers so as to
pro-vide better sustainable goods and logistical services [100]. At the same time, the
digitalization of processes and operations in production, transportation, and warehousing
accelerates the DT of the supply chain [101]. Due to the continuous adoption of various
digital information technologies [102] (IoT, sensors, cloud computing, social media, mobile
devices, etc.), nowadays, there is a huge amount of information and data, which are
available for companies and organizations. The collection, extraction, and storage of large
datasets are related to big data [103].

Big data are extremely important to companies and to society [104]. According to
Tseng et al. [104], big data must be analyzed in order to provide companies with trends in
marketing, to enable the monitoring of economic results, and assess the environmental and
social impact of goods and services. Big data are used mostly in the area of marketing, due
to the ability to reveal trends, and in the financial sector, due to the capability to generate of
economic results [105]. Therefore, big data are able to support supply chains by providing
better strategic and operational decision-making [106].

Big data have the power to provide firms with the ability to reduce the costs of taking
unnecessary risks where the predictions are based on imprecise qualitative thinking [104].
So, the force of big data is more like prophetic analytics, which uses statistical knowledge
to forecast future events and improve supply chain network function [104]. Regarding the
above, BDA will be truly beneficial not only to the operations of supply chain management
but also to the supply chain relationships [106].

Sustainability issues inside the supply chain management are vital for organizations
and companies to takle. So, managers and executives must design a model or framework
in order to measure the performance for the evaluation of the sustainability of supply
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chains. As big data could measure environmental indicators, such as CO, emission and
air pollutants, it could be used for the better understanding of environmental impacts on
SSCM [107].

It is true that without innovation, it is not easy for any company to achieve a competi-
tive advantage or to increase its performance, and the success of supply chain management
relies on digital innovation [108]. Therefore, sustainable supply chain performance is
dependent on innovation [109]. According to Wamba et al. [110], the resource-based view
(RBV) was used in order to develop a model for how firms could leverage BDA. So, big
data may be considered a resource of a company, which is able to create value [111].

Therefore, big data could be proven beneficial to supply chains because it may improve
companies’ performance, environmental impact, and economic results [104]. BDA can also
be beneficial, even if the level of adoption is low [112]. This low adoption level may be due
to the lack of understanding and skills, inability to find and process suitable data, and low
acceptance by partners [113].

2.4. Research Gaps

According to the analysis of the literature review, some research gaps have been
revealed, which this study aims to address by proposing theoretical approaches for the
three pillars of sustainability and developing a conceptual framework. The identified
limitations of the literature are the following:

Firstly, although SSCM is oriented to the three pillars of sustainable development, not
all of them are developed and framed properly in the literature. According to Mani et al. [64],
the social dimension of SSCM is the one with the least attention, but without its involvement,
companies will not be able to truly achieve sustainability. Similarly, Birkel and Muller [8]
stated that TBL and the use of information technologies inside the supply chains are ori-
ented mainly toward financial results and not toward the environmental and social pillars.
So, according to this literature review, limited studies examine the above combination in all
dimensions and combine the economic, social, and environmental performances.

As far as new technologies are concerned, BT, as mentioned in the previous section,
could assist supply chains as a decision-making tool, by helping managers to develop
their social pillar by being aligned with their partners, and by reducing fraud. Moreover,
it could contribute to the environmental pillar by managing and reducing the waste of
specific industries, such as the tourism industry. Although it is understandable that BT
could contribute to the sustainability practices of the supply chains, there are not many
studies in the literature examining its impact [84].

The same applies to the use of the IoT in supply chains. The implications of the IoT
are still in their initial stages inside the industry of supply chains [99]. This means that
there are few studies in the literature which indicate that the IoT could contribute to the
development of SSCM and to the increase in the SC performances [99].

Taking into consideration the papers reviewed, none of them has developed a holistic,
conceptual framework which covers the gap of TBL and DT or has studied these new
technologies and their contribution to supply chains. To demonstrate this, the authors
developed the below table (Table 1), which presents the main conclusions and technologies
studied, as well as the pillars of SSCM examined in each paper. Similar tables are often used
in papers (e.g., [114]) to demonstrate the results of the literature review. This table contains
papers which analyze the three technologies inside the SSCM. However, most of these
papers focus on one or two technologies and do not analyze all pillars of sustainability.



Sustainability 2022, 14, 4862

12 of 30
Table 1. Contributions of previous work.
Paper Paper Contribution/Conclusions Tech Environmental Social Economic
“For supply chains to become sustainable, culture
among the partnering firms plays a significant
role, along with financial constraints and
competition. Traditional supply chains are hit by
Nayak, G,; self-optimizing behavior by various entities,
Dhaigude, A. S. resulting in poor performance. Lack of BT vV
2019 transparency and traceability are the key
parameters that need to be addressed. This could
be done by adopting Blockchain Technology,
thereby creating an environment of trust and
harmony.”, [82] p. 17
“ ... the vision of Industry 4.0 in SSC is that the
entire business should be connected digitally;
reduce the carbon footprint and help the
stakeholders to take dynamic decisions on real
Manavalan E.; time. IoT enables interconnecting the machines,
Jayakrishna K. components, devices and users within an IoT v Vv
2019 enterprise. Further, it is not only to connect with
one manufacturing site, by leveraging cloud and
internet it should be possible connecting multiple
sites forming many digital supply chain lines ... ”
[99] p. 945
“Blockchains as distributed, immutable,
transparent, and trustworthy databases, shared by
a community, can also influence sustainable
supply chain networks.”, p. 2122
“Economically, adopting blockchain technology
can benefit a firm and its supply chain from
Saberi, S.; different business dimensions affecting their
Kouhizadeh, economic performance.”, p. 2122
M,; Sarkis, J.; “Blockchain technology has the potential to BT v vV v/
Shen, L. contribute to social supply chain sustainability.
2019 Making information stable and immutable is one
way of building supply chain social
sustainability.”, p. 2122
“Blockchain technology also aids in environmental
supply chain sustainability. It can do so from
many different perspective applications.”, [84] p.
2123
Rofimann, B “Taking these circumstances and developments
Canz(;lmeél;lo, ﬁ'; into consideration, it is apparent that BDA will not
\gr} Hzitnfgrint’ only affect SCM operations but will also have an BDA vV
M ’ impact on SC relationships and social structures
2018 within SC functions.”, [106] p. 137
. “Big Data can be used to address environmental
Baéileza?{e}l‘ls, T crises such as CO2 emission and air pollutants. We
Saﬁrall L can have better understanding of environmental BDA vV Vv
vati, T. . .
2018 impacts on SSCM. Big Data can be used to
evaluate social crises...”, [107] p. 288
“These findings suggest that firms might use BDA
and BD in their operations to developing a
Bfg('js--;xvlyoﬁql competitive edge, Ix?vhile also enhancirlfg t%eir
Dhar,nija: P o supply chain innovativeness ... ”, p. 7 BDA N
Kayikdi, Y. ur results suggest a connection betV\_feen the
2020 employee development and human capital of the

organization and the sustainable supply chain
outcomes.”, [109] p.7
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Paper Paper Contribution/Conclusions Tech Environmental Social Economic
“ ... big data are a basic attribute to improve
Vgier%’]ML%ﬁ SSCM performance, drive the environmental
A / impact criteria, and control the firm’s economic
M.K; VI\)long, W benefits operational risk and social development BDA 4 4 4
201'9 activities related to firm performance.”,
[104] p. 770
“ ... BDA techniques, such as data mining, can
Liu, J.; Chen improve supply and demand visibility in the
M- Tiu H. supply chain and enable collaboration within the BDA v
2020 supply chain network ... firms can improve
collaborative performance to attain sustainable
development goals ... ” [115] p. 81
... RFID, IIoT and Blockchain technologies can be
Zelbst, P.].; combined to enhance SCT. RFID is an established
Green, K. W,; technology that supports the implementation of RFID
Sower, V. E.; IIoT and Blockchain technologies. Our results BDA. IoT vV
Bond, P. L. show that the three technologies are ’
2019 complementary in that they combine to improve
end-to-end transparency.”, [116] p. 454
Jeble, S.; Dubey, “ ... BDPA as an organizational capability may
R.; Childe, S.T,; help organization’s initiative to improve
Papadopoulos, environmental, social and ECOP of the
T.; Eoubgud, D.; organization. The data analyses suggest that BDA v v v
Prakash, A. BDPA and EP, SP and ECOP are positively
2018 related.”, [117] pp. 527-528
“This accurate and secure data about vendors’
environmental performance help companies to
) improve their vendor selection processes based on
Ilf/?l_lgziie?' green performance values. Using blockchain not BT y y
"h018 only facilitates the vendor selection processes, but
provides information regarding the whole supply
chain across multiple tiers and sub-suppliers ... 7,
[118] pp. 6
Schmidt, C. G.; “ ... blockchain might significantly reduce
Wagner, S. M. transaction and governance costs of supply chain BT v
2019 transactions.”, [119] p. 11
“The big data-driven supply chain can
fundamentally tap market demand and enable
enterprises to timely adjust their market strategies.
At the same time, the original information barrier
is broken, so that the operating cost of the supply
Zhane. X.: Y chain is reduced, and the long-term stable
Y- Z}gu’m N, development of the enterprise is guaranteed.”, BDA . Y,
7 zozog’ : [120] p. 428
“Sustainable supply chain management within the
context of big data has important research value
and significance. The reform of enterprise supply
chain management is closely related to innovation
and economic development and environmental
protection.”, [120] p. 442
Hazen, B. T,;
Skipper, J. B.; “ ... BDPA resources and outputs can be
Ezell,].D,; leveraged to increase sustainability in the supply BDA vV v v/
Boone, C. A. chain.”, [98] p. 593

2016
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Table 1. Cont.
Paper Paper Contribution/Conclusions Tech Environmental Social Economic
“The application of the Internet of Things
Wu, Z.; Wang, technology improves the supervision mechanism
S.; Yang, H.; of the logistics industry, makes the logistics IoT J
Zhao, X. supervision mechanism real time, and saves the
2021 human resources of the logistics department of the
logistics industry.”, [91] p. 2
Tagarakis, A.C.;  “Various sensor technologies, incorporated to IoT
I?aetrelgiss, ]b' systems, support technologies involved in each
Tsotsolas. N.: stage of the food supply chain, hence, providing a IoT v
Bochtis, D. more effective way for the purpose of recording
2021 and exchanging useful information.”, [94] p. 3
“By reviewing 45 recent application papers of the
Rezaei M.: SCOR model, they distinguished that while the
Shifa;ie M. A SCOR model is suitable for SC financial
Karimi. B. performance evaluation, it is also a practical IoT vV
2017 decision support tool for environmental
assessment and competing decision alternatives
along the chain.”, [93] p. 690
“ ... traceability and transparency as the key
benefits of applying blockchain technology. They
also indicate a heightened interest in
blockchain-based information systems for
Paliwal, V; sustainable supply chain management ... ”,
Shalini C.; [121] p. 1
Suneel S. “Blockchains that use a pg)of of stake system are BT % v v
2020 less energy-intensive than those using evidence of
the work system.”, p. 19
“Blockchain is gaining momentum in supply chain
finance by supporting transactions around the
globe ... 7, [121] p. 22
“BDA can help identify areas to improve in order
to reduce operational costs, predict demand with
Mageto, | accuracy, shape
2%21 o future demand with changing conditions and BDA Vv Vv vV
create supply chain resilience by minimizing
disruptions and promoting all three dimensions of
SSCM.”, [122] p. 20
Mastos, T.D.;
Nizamis, A.;
Xiafeladm,lT.; “The use of IoT technologies that provide remote
N ~61<10ti€10al; 0(5:5'_ monitoring have a positive impact on the entire
Gkortzis, D.; supply chain sustainability, since the resources are IoT vV vV v
Papadopoulos, managed more efficiently and effectively.”,
[123] p. 11

A.; Ioannidis,
D.; Tzovaras, D.
2020

“Blockchain can also: (1) facilitate paperwork
processing in global container shipping; (2)
identify counterfeit products in pharmacy supply

Esmaeilian, B,; chains; (3) facilitate origin tracking in the food
supply chain for solving foodborne outbreak BT IoT Y v

Sarkis, J.; Lewis,
K. Behdad,S.  challenges, and (4) facilitate checking the status of
2020 sensor-equipped shipments in IoT enabled supply
chains. These actions can all contribute to
environmental and social sustainability.”,
[124] p. 9
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Table 1. Cont.
Paper

Paper Contribution/Conclusions Tech

Environmental

Social

“The combined use of these technologies allows to

trade avoiding fraud or opportunistic behavior.”,

[125] p. 15

Varriale, V,; ... the paper documentation is replaced by the
Cammarano, A.; digitization of information which allows a IoT,
Michelino, F; reduction in the waste of paper for bureaucratic BT,
Caputo, M. procedures.”, [125] p. 15 RFID

2021 “Blockchain allows reduced delivery times, faster
monitoring of goods and can reduce potential
losses due to human error and the use of
unnecessary bureaucratic activities.”, [125] p. 17

“ ... this paper investigated the most important

Economic

Yang, K.; Duan, challenges that individual firms and entire SSCs

T Feng, . might face while applying IoT. This study can
Mishra g’A R provide a deep insight regarding the effects of IoT
2021

IoT
upon SSCM and the issues every firm need to
contemplate when it has to apply IoT solutions.”,
[10] p. 23

“loT-enabled SCM had improved the retail firms’
financial performance by fostering growth,

reducing costs, and representing a positive return
on investment. Environmental sustainability

impact is evidenced primarily due to paperless

De Vass, T.;

operations, reduced carbon footprints, reduced
. energy consumption, waste minimisation, and
Shee, H.; Miah, 24 p ¢ ’

s] recycling. Further, the social performance was IoT
2021 realised by improved safety and job satisfaction,

creating communities, and new job opportunities,

which may transform into longstanding value.
Moreover, IoT applications free up retailers’ time
that is allocated more on productive and
innovative tasks, and planning activities.”,
[126] p. 620

“The research develops an IoT-based multi-tier

sustainable food security model for integrating
Yadav, S.; sustainable and global AFSC ... may help in the
Luthra, S.; Garg, reduction of GHG emission from IoT
D. lower-tier /upstream and food wastage for
2021 attaining environmental- and socioeconomic-
based global sustainability within AFSC.”,
[114] p. 16648

“The paper offers a forum for community

decision-making to promote fuzzy-based decision
making for IoT (FBDM-IoT) and consistently
monitor results. Risk, cost, validation time,
reliability and accuracy based analyzes have been IoT
performed. The proposed FBDM system
minimized risks and costs over traditional CM
because of cooperation and efficient
decision-making.”, [127] p. 131

Badugu, S.
2020
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Paper

Paper Contribution/Conclusions

Tech Environmental Social Economic

Nozari, H.;
Fal-lah, M.;
Szmelter-Jarosz,
A.

2021

“Organizations gain competitive advantage by
improving the environmental role of IoT and by
adhering to environmental laws and standards,
enhancing customer knowledge and reducing
negative environmental impacts on their products
and services. Since the supply chain is one of the
most important organizational units and covers a
large range of organizational processes from
supply and supplier relationships and then to
manufacturing processes and ultimately to sales,
distribution and customer relationships, so
considering environmental parameters in the
supply chain can play an important role in the
sustainability and greening of human life
environment ... ”, [128] p. 26

IoT Vv

Canas, H.;
Mula, J.;
Campuzano-

Bolarin, F.
2020

“Therefore, it is relevant to the research of the
sustainable supply chain 4.0, i.e., to adopt
management practices for manufacturing supply
chains that contemplate sustainability and address
the digital transformation toward 14.0.”, [129] p. 17

Choi, TM.; Luo,
S.
2019

”As blockchain’s implementation requires both a
fixed cost and a variable operations cost, we have
found the necessary and sufficient condition
under which blockchain is helpful to improve
social welfare. However, there are cases in which
blockchain can improve social welfare but lead to
a drop of supply chain profit. This creates a
dilemma. In order to achieve “win win”, we have
demonstrated and shown mathematically that the
government can provide a sponsor to the fashion
retailer for the implementation of blockchain. In
addition, the government can consider
implementing the environment taxation waiving
scheme.”, [130] p. 149

BT J

Mani, V,;
Delgado, C,;
Hazen, B.T;

Patel, P.
Yousefi, S.;
Tosarkani, B.M.
2017

“

. it can assist supply chain domain’s
practitioners in adopting big data knowledge so
they will be able to not only predict and mitigate

the issues but also build sustainable supply
chains.”, [131] p. 17

BDA v J

Yousefi, S.;
Tosarkani, B.M.
2022

“Blockchain technology can support responsible
sourcing and ensure compliance with
environmental standards by boosting traceability
and transparency in sustainable supply
chains.”, [132] p. 1

BT v v

Erol, I.; Ar, IM.;
Peker, 1.
2022

“Blockchain has the potential to revolutionize
supply chain towards economic, social and
environmental sustainability.”, [133] p. 2

BT v v N
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Tech Environmental Social

Economic

Cetindamar, D.;
Shdifat, B.;
Erfani, E.
2022

“BDAC is expected to have a positive impact on
improving social performance by increasing
health & safety, employment benefits, labor rights,
diversity, training & education, community
involvement, and human rights implementation &
integration.”, [134] p. 28
“BDACs are expected to have a positive impact on
improving environmental performance by
increasing both pollution control and resource
utilization that will result in less waste and less
pollution.”, [134] p. 28
“BDACSs are expected to have a positive impact on
improving economic performance by decreasing
delivery time in the supply chain, reducing the
costs, increasing the quality of outputs, and
augmenting profit.”, [134] p. 29

BDA v v

The paper’s
approach

Firstly, DT can contribute to the environmental
pillar of sustainability, since it can provide the
ability to control and monitor the emissions and
can contribute to the recall and rework. Secondly,
DT can contribute to the social pillar of SCM, since
it. supports the accuracy of data and provides the
groups of stakeholders with real time information,
ensuring transparency and traceability inside the
supply chain. Thirdly, DT can also affect the
economic pillar of sustainability by supporting the
efficiency of operations, leading to cost cutting
and providing a better image of the financial flows
inside the supply chain and between
trading partners.

BDA, BT,
ToT v Vv

This paper aims to address this gap by examining these technologies under the three

pillars of sustainability inside the supply chains. It also aims to propose theoretical ap-
proaches and develop a conceptual framework which will combine DT with the TBL of
SSCM, leading to sustainable performances and strategies.

3. Theories Examining the Impact of Information Systems on Supply Chain Management

In order to better understand the impact of the implementation of DT on supply chain
management regarding the three pillars of sustainable development, specific theories can
be considered and used. The theories chosen for this research are presented below.

3.1. Natural Resource Based View (N-RBV)

According to Joshi and Li [39], research evidence shows that corporate environmental
responsibility could improve the operations and processes inside a company and increase
its performance. However, if this is correct, it should be examined why all companies do
not follow and implement similar strategies and policies.

The resource-based view (RBV) provides a way (a managerial framework) of viewing
firms. It recognizes the company’s resources as important factors to increase the com-
pany’s performance [135] and lead to the desirable competitive advantage [136]. It also
allows researchers to analyze and interpret the companies’ resources to understand how
organizations may achieve a sustainable competitive advantage.

It can thus confirm the fact that not every organization is able to implement and
benefit from a sustainable strategy. Mostly firms with unique resources and management
capabilities are able to realize the financial and strategic benefits of sustainable development
practices [39], especially if these resources and capabilities cannot be easily imitated.
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The extension of RBV to N-RBV is widely used to explain why companies adopt
green supply chain management (GSCM) policies. The N-RBV argues that competitive
advantages can be generated by the capabilities of companies in a supply chain [137]. These
capabilities can be developed beyond the framework of organizations, combining resources
that exist with different members of the supply chain [138]. The resources that result from
these combinations would be ambiguous and socially complex and, therefore, difficult for
competitors to imitate. Therefore, the N-RBV argues that GSCM can create a competitive
advantage. This can be achieved through environmental cooperation, which can lead to
the development of routine knowledge exchange and the development of the ability to
integrate external resources [139].

So, according to the N-RBV, the sustainable practices which have been developed,
could lead to the development of environmental capabilities, which could increase the
financial performance [39]. Moreover, the N-RBV resources (such as pollution prevention,
product stewardship, clean technologies) must be taken into consideration in order to better
understand the full potential of this view [140].

Therefore, through the capabilities arising from the cooperation of all partners of a
green supply chain, GSCM helps resources to create value for the company and its partners
by improving the business operations and processes. GSCM may also lead to competitive
advantage by creating resources which are rare and difficult to imitate as they emerge from
the cooperation and the know-how of all partners.

3.2. Stakeholder and Legitimacy Theory

For many years, companies had the impression that environmental and social issues, as
non-financial and difficult to measure issues, were not so important. They also believed that
corporate social responsibility was mainly concerned with financial performance. However,
the situation has changed because stakeholders have realized that these issues are very
important and affect sustainable development [28]. The different groups of stakeholders
and organizations demand that companies be more sensitive to social and environmental
problems [141].

Therefore, as mentioned before, companies have to embody theories which are related
to corporate environment issues and to the social pillar of sustainable development in order
to explain how and why companies are motivated for social sustainability. The most known
and used theories are the stakeholder and legitimacy theories.

According to the stakeholder theory, all groups of stakeholders, and not only the
companies’ shareholders, should gain more from the existence of companies. According
to Freeman and Reed [142], stakeholders are social groups without whose support an
organization or company would cease to exist. According to this theory, every stakeholder
has the right to have access to any information that is related to environmental and social
issues [143]. According to the recent literature, many companies do not clearly examine the
social and environmental disclosure in a complete way [141].

Aside from the above theory, the legitimacy theory could equally be used for the
analysis of the social dimension of sustainability. According to this theory, the managers of
a company must ensure that their company operates in such way that there is alignment
with the society, in order to gain the title of legitimate. Moreover, companies are part of
a broader system and do not have the sole right to resources [144]. So, companies must
prove and earn the right to use them, in a legitimate way [145].

If a company or an organization is not legitimate, then they may have significant
difficulties and problems in their operations and the different groups of stakeholders may
decrease the demand for their goods or services. So, legitimacy is a valuable resource
for a company and each company and organization should build on it, in order to create
competitive advantages or increase its business performance [144]. Therefore, legitimacy
plays an important role in how companies should handle their operations.

According to a survey, conducted by Gray and Milne [146], the application of the
legitimacy theory remains voluntary for managers. This fact may create concerns and
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second thoughts in society about the validity of a company’s results regarding social and
environmental impact.

3.3. Transaction Cost Theory

Transaction cost theory is an economic theory which tries to explain how partners
inside a supply chain govern their economic transactions with one another. It provides
an insight into the economic risks that partners face as they incorporate environmental
performance into their relationships [147].

Therefore, transaction cost theory is well-known and used in supply chain manage-
ment in order to explain various phenomena, such as economies of integration [148],
governance effectiveness, and supplier performance [149]. This specific theory is widely
applicable in the economic field of supply chain management because it is able to make
important and accurate predictions on the effect of uncertainty [150]. According to Carr
and Pearson [151], transaction costs include all costs which are necessary to a business
co-operation/relationship or transaction, including the exchange of goods, services, in-
formation, and cash. So, inside supply chains there is the need to collect and process
information data, negotiate contracts, monitor and enforce agreements, and manage and
maintain relationships which generate the transaction costs [152].

Transaction cost theory defines governance structures so as to minimize costs under
specific exogenous conditions [119]. Governance is concerned with the coordination of the
flow of goods and services throughout the value creation process [153].

4. Conceptual Framework Development

During the last few years, companies have increased their efforts to become more
sustainable in order to improve operations handling, innovation management, and strategic
development. They also aimed at increasing their competitive advantage and improve
their position inside their task environment [154]. They have, additionally, had the chance
to obtain larger benefits from the application of new technologies inside their supply chain
management. To examine and analyze the benefits from the adoption of sustainability, this
study uses the N-RBYV, stakeholder theory, legitimacy theory and transaction cost theory as
a theoretical background. Table 2 shows how the above theories are connected with the
specific technologies that are under examination in this paper.

Table 2. Theories and Technologies.

N-RBV v v v
| Economic Transaction Cost v v
Legitimacy v
_ Stakeholder v v

As this paper focuses on all three pillars of SSCM, the developed conceptual framework
shows the types of resources and capabilities that can lead to improved economic results,
and environmental and social impacts.

According to the conceptual framework (Figure 2) presented below, companies de-
velop and use their own SSCM and IT resources in order to make their processes more
effective and efficient. The combination of the above resources can create sustainable
capabilities and, in many cases, sustainable value. Companies take advantage of these
new capabilities and values in order to increase their performance. Finally, companies are
able to develop new sustainable strategies in order to further exploit their resources and
strengthen their position in the market.
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Figure 2. The impact of IT and sustainable resources.
The main concepts of this framework are further explained in the following sections.

4.1. Resources and Capabilities

According to the literature review, IT and supply chain management resources must
be both internal and external. This means that companies must not only be early adopters,
but also be totally aligned with their partners in all domains, so as to have the desired
outcome. For example, there will be no gain for a company if it is the only one adopting
the BT. So, the implementation of DT across the whole supply chain demands common
technological standards and clear implementation strategies from all partners [8]. Business
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alignment is imperative for all partners to enjoy the benefits of digitalization. According to
the N-RBV, IT and SCM resources could play an important role in the increase of business
performance or the attainment of a competitive advantage. Therefore, the internal resources
must be enhanced, following the technological advances of industry 4.0.

According to Chan et al. [155], SSCM uses all the available resources inside the supply
chain with environmental awareness. Therefore, it is an undeniable fact that DT should be
applied to supply chains and be combined with the SCM resources so that companies can
develop sustainability capabilities, which could lead to competitive advantages [156]. The
study, which was conducted by Sezhiyan et al. [157], revealed that supply chain capabilities
and information capabilities are able to affect a firm’s performance, directly and indirectly.

According to Dao et al. [156], the combination of IT and SCM resources can provide
companies with unique capabilities. These capabilities could help companies increase their
efficiency and profitability, as well as to obtain competitive advantages inside their task
environments [156]. These capabilities, such as know-how, are not easily gained because
no company can buy them, but they can be developed over time.

Furthermore, according to Hart [137], business capabilities that belong inside a supply
chain based on the N-RBV can create competitive advantages. These capabilities can be
developed beyond the limits of companies by combining the resources, which are available
to different partners of the supply chain [138].

4.2. Business Performance

DT in supply chain management affects firms’ performances in several ways. First,
DT may increase financial performance by leading to better economic results. Moreover,
it could have a positive environmental impact by controlling emissions and the whole
product line and transportation. Last but not least, it could have a social impact by allowing
information sharing with all stakeholders.

4.2.1. Economic Performance

Financial data and flows belong to one of the main pillars of sustainability and sus-
tainable supply chain management [47]. However, academics, during the previous decade,
started to develop analytical models in order to discover how to plan, manage, and control
financial flows inside supply chains [158]. According to the analysis of the literature, DT
can help supply chain management, regarding the third pillar of sustainability. For example,
BDA have the potential to analyze all the necessary information and create financial trends.
In that way, BDA could help a company’s marketing sector make predictions. Moreover, BT
could cut the supply chain into smaller chains and, in combination with BDA, could pro-
vide a company with knowledge of all costs deriving from the supply chain management,
so that executives are able to reduce them. Moreover, by using the transaction cost theory
they can obtain a better overview of product, information, and financial flows that need
to be managed, as this theory analyzes all costs and information among partners. In that
way, executives would be able to provide better economic results and help their company
to achieve its financial goals.

4.2.2. Environmental Performance

DT provides supply chain management with many IT resources which are able to
make it greener. For example, BT has the ability, through rework and recall, to decrease
resource consumption and reduce greenhouse gas emissions; for example, blockchains
could be used to reassure stakeholders that green products are actually environmentally
friendly [159]. Moreover, BDA and the IoT provide all the necessary information about
CO; emissions, so that a company and its partners would be able to monitor environmental
pollution and make a positive impact on the environmental pillar [160].

Therefore, according to the N-RBV, DT inside supply chain management may be con-
sidered valuable resources which could lead the supply chain to improve its performance
and its position towards its opponents inside the task environment [161].
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Moreover, the environmental pillar is positively related to financial flows because
customers are more willing to buy products that are green from companies which respect
the environment and society. Furthermore, there are partners who decide to collaborate
only with green companies.

4.2.3. Social Performance

According to the literature review, new information technologies, such as BT, are
able to provide the whole supply chain with traceability, which helps the social pillar
of sustainability by enabling better assurance of human rights. Legitimacy theory states
that any company or organization must convince all its stakeholders that it is legitimate.
Therefore, legitimacy may be considered a significant resource of a company inside the
supply chain, which could help companies to build on this in order to survive and create a
competitive advantage [144]. Moreover, DT (specifically the technology of the IoT) has the
ability to provide information to all the stakeholders of a supply chain and society in real
time, so there is transparency inside the supply chain, which enforces the social dimension
of the chain. So, new technologies have the power to develop this resource inside the chain
and create social sustainability.

Social impact derives from the collaboration of the above resources. In order to better
understand and measure social impact, companies must measure social performance,
which can be measured with the use of the social return on investment (SROI) model. This
specific model uses the standards of GRI (as mentioned in a previous chapter) and tries to
convert social impact into monetary units, which is derived from the policies of corporate
social responsibility [162]. The aim of this specific model is to turn the social dimension of
the supply chain into a more understandable and manageable part of the company.

According to Maier et al. [162], there is a positive correlation among the social and
the economic pillars, which means that when social performance is increased, it also helps
economic performance to increase by pushing clients and partners to choose a specific
company [162]. In this way, small and medium companies could gain a competitive
advantage against bigger ones, but also develop their own strategies in order to achieve
their aims and strengthen their position in the market.

4.3. Sustainable Supply Chain Management Strategies

The first goal of SCM is to increase the value of products and services that are pro-
vided to customers and partners within the supply chain, to improve their quality, and to
reduce the inventory carrying costs [163]. In addition, in combination with the SDGs and
the three pillars of sustainability, another primary goal of SCM is to become aligned with
sustainable policies and to protect the environment and society. The value which is created
by a company’s SSCM efforts clearly supports the organizational strategy.

According to Sezhiyan et al. [157], supply chain management strategies have become
a contemporary component of a firm'’s strategy. The success of a company depends on its
SCM practices and policies and its related strategy [164], including sustainable practices.

Nowadays, the demands of clients for higher quality in services and goods, and
for sustainable and green policies, have led many companies to control and reduce their
operational costs and to create beneficial partnership strategies with suppliers, distributors,
retailers, and other firms inside their task environments, with the main purpose to increase
their performances.

Therefore, reputation is a key strategic concern for modern companies [16] and envi-
ronmental, social, and economic performances have become important tasks for companies.
Poor sustainable practices and policies may harm their reputation and create a negative
impact on their goals [165], so companies must develop specific SSCM strategies in order
to survive, gain market share, and create a competitive advantage.

According to Gupta et al. [166], there are specific sustainable strategies that should be
adopted so that sustainable supply chains deal with their problems and barriers. These
strategies are oriented in all dimensions of sustainability and should be applied together,
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because each strategy covers a different pillar. First of all, the “Sustainable information
technology development strategy”, which aims to develop information technology capa-
bilities, can contribute to sustainable development through innovation. The “Networking
strategy” aims to build collaborative skills within the company and among all stakeholders.
The “Economic and incentives-based strategy” includes investments in technologies related
to sustainability and aims to provide financial incentives to employees for the proposals
and implementation of innovative ideas. The “Marketing and promotion strategy” aims
to develop marketing and promote the benefits of sustainable products to customers, so
that the demand for products and services increases. The “Research and Development
strategy” aims to develop research units within the company, so as to improve products
and processes. Last but not least, the “Sustainable proficiencies and skill development
strategy” aims to create a favorable environment for employees in order to develop green
and sustainable skills.

So, according to the above framework, due to the new and strict regulations of the EU
and UN, but also due to the awareness of society and the environmental crisis, companies
have to develop new strategies which should be oriented to the three pillars of sustainability.
Due to this orientation, companies have to develop their own IT and SCM resources, which,
with the right use and alignment with the trading partners and customers, could lead to
specific business capabilities. These capabilities, which derive from the combination of
resources [167] using specific theories, could play an important role in the improvement
of economic results, decrease the environmental impact of the chain, and increase the
social impact. By improving all the above, there can be a significant improvement in the
performance of each pillar, which would lead a company to reposition its main strategies
and develop new ones by using these new technologies [120] that are able to create and
increase the performance in each pillar of sustainability.

5. Discussion

Dao et al. [155] argued that IS are an important and necessary support tools for every
sustainable supply chain, since IS can bring benefits to a company, its partners, and clients.
Moreover, according to the analysis conducted in the previous section, DT can enable
companies to develop IT in order to support specific sustainable strategies within their
supply chain.

According to Sharma et al. [168], the implementation of new technologies can sup-port
the development of SSCM initiatives, which can maximize the economic results, re-duce
environmental impact, and contribute to social impact. Firstly, DT can contribute to the
environmental pillar of sustainability, since it can provide the ability to control and monitor
emissions and can contribute to recall and rework. Secondly, DT can contribute to the social
pillar of SCM, since it supports the accuracy of data and provides groups of stakeholders
with real-time information, ensuring transparency and traceability within the supply chain.
Thirdly, DT can also affect the economic pillar of sustainability by supporting the efficiency
of operations, leading to cost cutting and providing a better image of the financial flows
within the supply chain and between trading partners.

As Table 1 shows, the results of this research are partly aligned with the research of
other authors. First of all, Manavalan and Jayakrishna [99] stated that the new technologies
of Industry 4.0 will contribute to SSCM, especially in the environmental and social pillar, by
using the IoT technology. In addition, the research, which was conducted by Bag et al. [109],
revealed that the BDA could increase the social impact in the internal environment of the
company. Furthermore, the adoption of BT is capable of decreasing all transaction costs and
improving financial results [119]. Although the authors agree with these specific points,
these three technologies should have been combined because they will all play an important
role in the near future, being an integral part of the DT of supply chains. Therefore, they all
need to be examined in order to reveal the scope of their contribution in SSCM.

So, the results from the analysis of the literature review and the development of the
conceptual framework revealed that the use of these technologies (BT, BDA, and IoT), in
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collaboration with sustainable development practices in supply chains, can improve the eco-
nomic results of a company, create a better social impact for the stakeholders, and improve
environmental footprints. All these will lead to better business performance. Therefore,
sustainable supply chains in Industry 4.0 should focus on DT to support sustainability
practices [129].

However, it is important to note that the implementation of IT is not sufficient to lead
a company to a competitive advantage, as new technologies are available for all compa-
nies [9]. Only in combination with sustainable practices, could digital transformation play
an important role in increasing business performance and developing sustainable strategies.
According to the N-RBV and the theories of stakeholder, legitimacy, and transaction-cost,
the right combination and relationships between IT and SCM resources can lead to sustain-
ability capabilities, which can allow a significant increase in the social, environmental, and
financial performances of a company and its supply chain. These capabilities can support
the development of sustainable strategies, which can potentially allow companies to gain
competitive advantages and improve their position inside their task environment.

6. Conclusions and Limitations

This literature review revealed that there is a limited amount of academic research
and case studies in the field of SSCM that explores all three dimensions of sustainability. In
addition, according to Birkel and Muller [108], there is a limited number of studies which
examine the relationship of all the three pillars with the DT of supply chains. Most studies
focus on the financial impact, which constitutes a high concern of companies. In contrast,
the combination of the social pillar of sustainable supply chains with IT is something
relatively new and difficult to understand and analyze ([50,169]). Moreover, the impact
of this combination (the three pillars and digital transformation) on the performance of a
company or its supply chain is still unclear. This paper argues that there is a need for more
academic research, both at a theoretical level and of real case studies, in order to examine
and analyze practices related to the three pillars of SSCM and to sustainability strategies
that may lead to competitive advantages.

The purpose of this study was three-fold. The first objective was to clarify the impact of
DT (including BT, BDA, and IoT) on sustainable supply chain management, regarding the
pillars of sustainable development. A second important objective was to understand and
explain how the combination and use of these new technologies can support sustainable
supply chain management. Finally, the most important one, was the contribution to the
literature through the development of a theoretical conceptual framework, which can
explain under which circumstances the above combination could increase the performance
in each sustainability pillar separately and could support specific sustainable strategies to
improve the business performance of companies.

The development of this conceptual framework, based on relevant theories, provides
the main theoretical and practical contribution of the paper. It provides both academics
and practitioners with a tool to examine and analyze the impact of sustainability practices
and strategies on supply chain performance. It can be used as a base for the analysis of the
impact of DT on the sustainability capabilities of specific case studies. It can be also used by
practitioners, within specific business contexts, to better understand how the combination
of new technologies and sustainable practices could contribute to the improvement of the
social, economic, and environmental performance of their company. Hence, it will support
them in the development of their own sustainable strategies in order to play an important
role inside their task environment.

The main and most important limitation of this study is that it was developed only
theoretically. Therefore, it is necessary to further examine the results of the study through
empirical work. The authors intend to apply the proposed framework to logistics companies
with similar characteristics in order to develop more in-depth conclusions.

In conclusion, future work should investigate the impact of DT inside SSCM in prac-
tice, so as to provide a deeper understanding of the subject under study. The mentioned
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theories, with their focus on different areas and pillars of sustainability, suggest that mixed
methods of research would be highly beneficial, and possibly necessary, in order to exam-
ine the relationship between DT and SSCM in varied business contexts. This work could
combine a survey of research data with qualitative data from semi-structured interviews
from selected companies. The results could enable academics to draw specific conclu-
sions and practitioners/managers to realize the business capabilities and performance of
their company.

To sum up, DT will be a competitive necessity for supply chains in the near future.
Thus, further research of its impact on all sustainable performances would be valuable
in order to guide both practitioners and academics toward the anticipated changes of the
business environment.
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