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Abstract: Currently, Industry 4.0 (I4.0) represents a worldwide movement to improve the productiv-
ity and efficiency of operations and supply chain management (OSCM), which requires rethinking
and changing the mindset of the way in which products are manufactured and services are used.
Although the concept of I4.0 was not popularised in the ratification of the 2030 Agenda, I4.0 is a water-
shed in the implementation of the Sustainable Development Goals (SDGs). It can serve as a platform
for the alignment of the SDGs with the ongoing digital transformation. However, the challenges to
the integration of I4.0 and sustainability in OSCM, and the benefits of this integration, in line with the
SDGs, remain unclear. Moreover, there is a lack of a standard structure that establishes links between
these challenges and benefits to strategically guide organisations on the journey towards a sustainable
OSCM 4.0 (S-OSCM4.0) aligned with the SDGs. Thus, the purpose of this paper is to propose an
S-OSCM4.0 framework for organisations to attain sustainability and I4.0 in OSCM, in line with the
2030 Agenda. Based on a systematic literature review, 48 articles that complied with the selection cri-
teria were analysed using content analysis. The research findings were synthesised into taxonomies of
challenges and benefits, and these categories were linked into a step-by-step framework, following an
inductive approach. The proposed framework represents a novel artefact that integrates taxonomies
in order to holistically achieve sustainable digitalisation for people, prosperity and planet benefits,
and sheds light on the potential contributions of S-OSCM4.0 to the SDGs.

Keywords: sustainable digitalisation; sustainable development goals; people; planet and prosperity;
operations and supply chain management (OSCM); taxonomy development

1. Introduction

Industry 4.0 (I4.0) emerged recently, and is already considered a theoretical struc-
tural revolution for operations and supply chain management (OSCM) with significant
improvements in productivity and efficiency in manufacturing systems [1,2]. I4.0 is a so-
ciotechnical concept [3,4] that can support industry and overall society in the achievement
of sustainable development (SD) [5]. I4.0 is important in the history of society’s evolution
in terms of technologies, being called the fourth industrial revolution, a technological
milestone that promotes changes in theory and practice related to industry’s evolution [6].
This is in line with the demand for manufacturing organisations to produce economically,
environmentally and socially sustainable goods [6,7], resulting in the implementation of
different sustainability concepts and practices in OSCM [8]. Therefore, sustainability is a
crucial component for OSCM [9].
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I4.0 and sustainability have been associated, aiding OSCM scholars and practitioners in
developing a more sustainable culture [10]. Although the concept of I4.0 was not so popular
in the ratification of the 2030 Agenda for SD, I4.0 remains a landmark in the implementation
of the sustainable development goals (SDGs) through information and communication
technologies (ICTs) [11]. Thus, as stated in [3], I4.0 can offer a great chance to align the
SDGs with the digital transformation which is underway in industrial development, which
also carries the potential to become a threat if sustainability goals are not taken into account
during the implementation of I4.0. Within this context, organisations should implement
digital technologies and reinforce the focus on sustainability with regard to improving their
performance and meeting their goals [12,13].

Although much has been carried out within this topic, there is a need for additional
studies that embrace I4.0 in OSCM [1,2] and I4.0 with regard to sustainability [14]. More-
over, there is a need in the literature to understand the interrelation between I4.0 and
sustainable OSCM (S-OSCM) [15], and how I4.0 can aid in achieving S-OSCM [16]. While it
is essential to understand the underlying dynamics of the implementation of I4.0, which
requires new mindsets to deal with the challenges of digital transformation; there are still
few studies focusing on the challenges of the implementation of I4.0 in companies [17]. The
problem statement concerns the inexistence of works that integrate I4.0 practices and SDGs
to improve sustainability in OSCM [18,19]. Therefore, there is a research gap in the litera-
ture of works that integrate I4.0, SDGs and OSCM practices with a framework aimed at
the I4.0 implementation technologies favouring sustainability [20,21]. In a complementary
way, considering the challenges of I4.0 (e.g., data quality and credibility, unemployment,
complexity problems, less human control and more significant adverse environmental
impacts), rigorous research is needed to address the implications of sustainability in intelli-
gent industrial value chain systems based on I4.0 [10]. It is becoming necessary to identify
the crucial factors that obstruct the successful alignment of S-OSCM and I4.0, which have
been reported by many studies in the form of barriers, failure factors and challenges [8,22].
In this vein, there is a need to identify the challenges in order to align sustainability and
digital issues towards S-OSCM4.0.

Most studies on the I4.0 digital transformation have focused on the technical aspect
of architecture design for integration to implement I4.0. Consequently, the sustainability
aspects have not been researched comprehensively, and possible potentials have not been
identified [3]. Unlike sustainable initiatives, in general, I4.0 technologies do not consider
the social and environmental dimensions of sustainability, and ignore the sustainable value
of products or the ecological risk of digital transformation processes [23]. Furthermore,
while the potential benefits of integrating digital technologies and SCM have been widely
reported by academics and practitioners [9,24], less is known regarding the current state-of-
the-art literature on S-OSCM 4.0′s benefits. In this sense, there is a need to investigate the
benefits of S-OSCM 4.0′s implementation, which is made even more intense from the triple
bottom line (TBL) perspective [25].

Within this context, there is a need to address sustainability in OSCM within I4.0 [12],
aiding different organisations to implement S-OSCM successfully beyond traditional and
sustainability supply chain practices [8]. Few frameworks in the literature related to the
adoption of sustainability in OSCM focus on the link between challenges and solution
measures based on I4.0 [8,16,22,26,27]. For instance, [8] developed a framework that links
sustainable supply chain management (SSCM) challenges with their solution measures.
However, none of the frameworks available in the literature manage to establish links
between the challenges to the integration of I4.0 and sustainability in OSCM in order to
generate and obtain the S-OSCM4.0 benefits associated with the 2030 Agenda.

Few studies link the taxonomies of benefits and challenges [25]. It is highly critical to
explore the association between the taxonomies [28]. Still, the literature available to sustain-
able I4.0 adoption focuses on proposing a taxonomy without linking the concepts to provide
a holistic perspective, which is necessary to the SDGs. For example, Ref. [10] provided
taxonomies of challenges for effective I4.0 initiatives for supply chain sustainability.
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The gaps in the existing literature led to the development of the following research
questions (RQs), which will direct this paper:

RQ1: What is the current state of the challenges for S-OSCM4.0?
RQ2: Considering the SDGs, what are the benefits of integrating I4.0 with sustainability

in OSCM?
RQ3: How can the interplay between S-OSCM4.0 challenges and benefits leverage the

achievement of the SDGs?
Within this context, the purpose of this paper is to develop a new S-OSCM4.0 taxonomy-

based framework to help organisations to introduce sustainability and I4.0 into OSCM
in line with 2030 Agenda by aligning the challenges for I4.0–sustainability integration in
OSCM and sustainable I4.0′s benefits, with regard to the 2030 Agenda (#17 SDGs). Finally,
it also attempts to establish the causal relationships between the S-OSCM4.0 and the SDGs,
providing testable propositions about these relationships. Thus, this research meets the
lack of studies combining multiple taxonomies (e.g., challenges and benefits) towards
S-OSCM4.0 in line with Agenda 2030. This framework is seen as a platform for achieving
the SDGs, and should help organisations balance the need for operational excellence in their
production and service systems while remaining committed to environmental concerns
and social justice.

Therefore, this research offers different contributions. First, the fragmented literature
in I4.0 and S-OSCM is analysed, synthesised, and integrated through a novel and rigorous
systematic literature review (SLR). Furthermore, it offers a holistic and integrated vision of
sustainability that explores the sustainable OSCM from the perspective of UN SDGs, and
through an inclusive and sustainable digital transformation of the industry, expanding the
accumulated knowledge on sustainable I4.0 with a particular focus on digitally activated
S-OSCM, aiming to fill the gaps in the literature highlighted previously [28,29]. Moreover,
it is one of the few embryonic studies in the OSCM domain that proposes taxonomies of
challenges for integrating I4.0 and sustainability, and the benefits of the interplay between
I4.0 and sustainability in OSCM. An iterative taxonomy development approach was used
as a proposal to classify and organise the relevant body of knowledge [28] belonging to
S-OSCM4.0. This new area requires greater clarity and a theoretical understanding of
challenges and benefits, and the relationship of these categories.

The present study possesses strong theoretical and practical implications regarding
the domain of OSCM, particularly sustainable operations, supply chains and Industry 4.0
streams of research [7]. The findings of the SLR in the form of the proposed taxonomy-based
framework is one of the initial efforts to contribute to the theory of S-OSCM4.0 and the
relationships between the challenges and benefits. It proposes that the implementation of
S-OSCM 4.0 leads to the unlocking of the SD benefits in line with the SDGs. Hence, this
study makes a significant theoretical contribution to the literature in the form of a detailed
SLR on S-OSCM4.0 that generates two deliverables: taxonomies and the framework [30].
This taxonomy can be used to improve the specification of interventions in the S-OSCM4.0
field, thus improving replication, implementation, and evidence syntheses. We propose an
S-OSCM4.0 framework based on the findings of the literature, with challenges and benefits
as the critical components of this framework.

The framework will act as a ready reckoner for the practitioners (and policymakers) in
the field of OSCM while developing the guidelines for the implementation of sustainable
digitalisation. Thus, the framework will guide practitioners towards the implementa-
tion of S-OSCM4.0, and they will acknowledge the challenges of the integration of I4.0
and sustainability that need to be overcame in order to obtain SD benefits in OSCM. The
proposed framework sheds light on the potential of sustainable I4.0 in terms of the maxi-
mization of company contributions to the SDGs, aligning their course in order to ensure
that sustainability is an outcome of the core business strategy.

In order to achieve its goal, this paper is structured into five sections. After this intro-
duction, Section 2 describes the adopted research methodology. Section 3 presents the study
results, including the study descriptors, and categorises and analyses two taxonomies (i.e.,
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challenges and benefits) revealed in the literature. Section 4 offers the discussions, present-
ing the proposed S-OSCM4.0 framework, outlining the interplay between the taxonomies
and their elements, and highlighting seven research propositions to align S-OSCM4.0 prior-
ities with the 2030 Agenda. Section 5 closes the paper with the concluding remarks and
potential avenues for future research.

2. Materials and Methods

This research adopts an SLR [31], a rigorous methodological process that results in
the selection of the most relevant articles, thus reducing the possibility of losing important
information [32]. According to [33], the preparation and maintenance of a systematic review
involves seven steps: (i) the formulation of the problem, (ii) the location and selection of
the studies, (iii) the assessment of the quality of the studies, (iv) the collection of the data,
(v) the analysis and presentation of the results, (vi) the interpretation of the results, and
(vii) the improvement and updating of the revisions. However, according to research in
the field of operations management (OM) [34–36], SLR consists of five consecutive phases:
(1) question formulation, (2) study location, (3) study evaluation and selection, (4) analysis
and synthesis, and (5) the reporting and usage of the results. Furthermore, according
to [37,38], SLR has several advantages compared to other review methods; among them,
the adoption of a replicable and transparent method that minimizes errors and biases, and
improves the quality and validation of the process. It is noteworthy that [37] included a
new stage of validation and coding that advocates the division of the review among authors
to assess possible differences and ensure inter-rater reliability. For [34], the review will
only be classified as systematic if it adheres to the following principles: (1) it is conducted
using a systematic system or method, (2) it presents a transparent and explicit method,
(3) it is replicable and updateable, (4) it summarizes and synthesizes the evidence relating
to the review question. Therefore, considering these facts arising from the literature, it is
noteworthy that the SLR is the most adequate method to identify, through a high-quality
process, I4.0, SDGs and OSCM practices which favour sustainability.

This review was conducted according to the systematic review process presented
by [39], for OM, through the following four stages [40]: (1) the formulation of the research
questions, (2) the selection and evaluation of the studies, (3) the analysis of the content of the
selected articles, and (4) the description of the results. In the first stage, we formulated the
research problem together with the RQs and the aims of this review, which are delineated
in Section 1.

The second stage comprised the literature search by selecting electronic databases
(EDs) and identifying keywords, which is critical to a comprehensive and unbiased review.
According to [39], at least two databases should be searched. The EDs used were Scopus
and Web of Science (WoS) due to their complementarity [41]; we applied an extensive set
of terms combined with the Boolean expressions “AND” and “OR”. Table 1 presents the
search keywords with the number of documents associated with the database. The research
was conducted by combining the search terms in the titles, abstracts or keywords, and was
limited to papers published in peer-reviewed journals in English up to September 2020,
when they were available (including as in press), in both engineering and business fields,
regarding the subject of the search.
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Table 1. Search strings used in Scopus and WoS.

ED Search ID Search String Results

Scopus
1 ((“Industry 4.0” OR “Smart manufacturing”) AND (“SDGs”

OR “sustainable development goals”)) 25

2 ((“Industry 4.0” OR “Smart manufacturing”) AND (“sustainab
* ” OR “green”) AND (“supply chain” OR “SCM”)) 125

WoS
1 ((“Industry 4.0” OR “Smart manufacturing”) AND (“SDGs”

OR “sustainable development goals”)) 12

2 ((“Industry 4.0” OR “Smart manufacturing”) AND
(“sustainab*” OR “green”) OR (““supply chain” OR “SCM”)) 91

* it represents variations upon the radical “sustainab” such as sustainability, sustainable etc.

By analysing the number of duplicate articles, 105 articles were found in both databases.
A trained team was created, and was involved in all of the major stages of the process,
as multiple reviewers should ensure transparency [39]. Firstly, the abstracts were read,
and 36 articles were excluded because they did not address the scope of the integration of
I4.0 and sustainability in OSCM, as well as the combination of digital transformation and
sustainable development in manufacturing and supply chains, or the interplay between I4.0
and SDGs from the perspective of organisations or industries. In this study, the integration
of I4.0 and S-OSCM was represented by the adoption of digital technologies and modern
sustainability practices to leverage sustainable Industry 4.0 [15], which means an inclusive
digital transformation through the alignment of the organisations’ priorities with the
2030 Agenda. In addition, digital transformation is the path towards the digitalisation of
processes and operations within organisations [2]. In the I4.0 era, sustainable development
encompasses the operationalisation of TBL sustainability [42], embracing trade-offs between
environmental, social, and economic dimensions in OSCM, using sustainable technological
solutions built on the I4.0 sociotechnical system. In this vein, the interplay between I4.0 and
SDGs is an attempt to identify the synergetic points between these perspectives in order to
understand how the I4.0 technologies can add value to the integrated TBL dimensions and
obtain the SDGs, as well as the way in which this agenda contributes to the reshaping of
OSCM, through a sustainable digitalisation.

The third stage studied the analysis, and consisted of the evaluation of the content of
the 69 selected articles, where 24 were excluded because they did not present any challenge
or benefit of the I4.0–sustainability integration in the OSCM domain, resulting in 45 articles.
The procedure was complemented with the use of the forward and backward snowball
technique, as recommended in [39]. This allowed for the capture of three more documents
which were pertinent to this research. Finally, the sample of articles considered adequate
for this research comprised 48 documents. Figure 1 describes the process of including and
excluding articles during the four stages given in [40], according to the PRISMA protocol
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [43].
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After identifying the relevant articles, the data gathering considered a concept matrix,
using a Microsoft Excel worksheet, in which the articles were coded according to their
bibliographic characteristics, and this matrix was used for the data analysis, synthesis,
and interpretation. Thus, at the fourth stage, the results were analysed using a content
analysis [43] guided by [44,45], in which each document from the selected literature was
evaluated systematically and critically [46] by the authors. Then, they were synthesised into
taxonomies and a conceptual framework [30] following an iterative taxonomy development
approach, as presented in Figure 2.
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In order to structure taxonomies and their relationship (within the framework), the
three steps of [28] were followed. First, the elements were heuristically aggregated into
an iterative process with repeated refinements to increase their internal homogeneity and
generality, in order to classify the categories and components of the challenges and benefits.
In this step, the research team (five authors of this paper) was divided into two groups and
one moderator (research supervisor), each one with two researchers, following a systematic
method with a conceptual-to-empirical approach in which, from the content analysis, the
categories and components were synthesised into groups A and B. Then, the data were
compared and checked to seek validated elements.

Then, the authors aimed to understand the effects of the specific packages which
constitute the various categories, and to identify exclusive sets and subsets of challenges
and benefits. The taxonomies were built at two levels, with the classification into packages
being the first, or more inclusive, level of generality in S-OSCM4.0, and the second level
consisting of the specific components and subcomponents of each of these dimensions
(categories). In this step, an alpha taxonomy was first developed, which was presented to
the research team and suffered some adjustments after two rounds of discussions before
they reached a consensus. Then, a beta taxonomy was developed, and after one last round
of discussion with the group, for the reviewing of the ending conditions and validation,
the taxonomies were built [47]. The taxonomies followed the three criteria of [48], which
are: (i) to be consistent with reality (e.g., to be accurate to OSCM organisational settings);
(ii) to demonstrate the interaction (interdependence) between the attributes selected with
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the OSCM domain; and (iii) to demonstrate comprehensiveness (e.g., to be useful for
multiple organisations).

Finally, in the third step, the two levels were combined to form a multidimensional tax-
onomy of S-OSCM4.0. The components of the two proposed dimensions were incorporated
into a single framework to assist in the operationalization of sustainable development in
operations and supply chains along the lines of the 2030 Agenda. This last step also consid-
ered one round of discussion to refine and propose a taxonomy-based framework following
an inductive approach [45,49], which also included an iterative process of building, testing,
revising, and constantly comparing categories and data, and involved the research team of
this paper. The reporting of these results is covered in Sections 3 and 4, and the appendixes.

3. Results

This section presents the study descriptors and the taxonomies of the challenges
and benefits.

3.1. Study Descriptors

This section presents a panoramic perspective on the topic through descriptive analysis.
Appendix A provides a summary of the articles reviewed. The SLR process yielded
48 articles that met the eligibility criteria for the analysis. The convergence of sustainability
and I4.0 in the OSCM domain is a topic that has evolved in recent years, and the papers’
distribution (Figure 3a,b) indicates that higher numbers of articles were published over
the last four years, and the peak was reached in 2020, with 21 articles. The interest in
researching the sustainability aspects of I4.0 in OSCM is increasing in popularity, which is
an evolutionary trend which is compatible with a new research field [15].

Figure 3a shows the distribution of the studies based on the research categories
(theoretical, empirical, or mixed) for each year of publication. There is a predominance of
theoretical studies, but from 2019 onwards, there was an increase in mixed research. As a
still under-explored, emerging research field, the studies are still going through theoretical
approaches (e.g., literature reviews) as the knowledge of the concepts of the S-OSCM4.0
still needs to be consolidated well. Figure 3b presents the chronological distribution of
the publications considering the research approach (qualitative, quantitative, or mixed).
According to Figure 3b, the most used approach in the analysed articles is the qualitative
approach, followed by mixed and quantitative papers. Notably, only 4.17% of the sample
adopted a quantitative approach alone, and from 2020 onwards there was an increase of
studies combining qualitative and quantitative (mixed) approaches. This can also indicate
the recentness of the subject; as it acquires maturity, new methodological approaches will
start to be used (e.g., multiple-criteria decision-making methods) and combined.

In terms of I4.0 technologies for S-OSCM, considering the technologies pointed out
in [2], Figure 4 shows that over half of the articles (52.08%) involved multiple technologies,
in which base technologies were predominant (Internet of things, cloud computing and big-
data analytics) [50], followed by the general category (39.29%), which means that the paper
does not go into detail about one or several technologies, and that it has a more simple
approach to the subject. It should also be noted that among the I4.0 technologies, big-data
analytics (BDA) are the technology with the most studies; within the multiple technologies
category, this technology has also been widely discussed in the context of sustainability,
which reveals a growing interest in BDA for sustainable business management [9].
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Figure 5 presents the number of the publications by the country of affiliation of the
analysed sample’s authors. The principal geographical location of the studies was the
United Kingdom (11 publications), followed by India (10), the United States (8), China (7),
Brazil (7), and France (6). It is possible to note that the subject has been studied both by
researchers from developing and developing countries, representing a positive initiative,
considering that a sustainable digital transformation is a global need that requires the
participation and awareness of all regions.

3.2. Challenges

The challenges were grouped into ‘technology’, ‘economic’, ‘society’, ‘knowledge and
support’, and ‘environment’, and they are discussed next. The names of the categories are
based on [51]. Appendix A offers the list of papers dealing with each challenge. Figure 6
shows the results of the taxonomy developed for the challenges.
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3.2.1. Technology

Cybersecurity concerns are one of the most cited challenges to implementing a sustain-
able I4.0. There is an increase in critical digital data about individuals that decision-makers
can misuse, or which can be targeted by cyber-attacks [14]. Concerns about the inadequate
application of IT security standards [16], the lack of trust when integrating IT systems
between supply chain partners [5], and the reliability of machine-to-machine (M2M) deci-
sions may arise [52]. According to [26], data breaches and cyber-attacks through malicious
software need to be controlled in order to improve the trustworthiness and acceptability of
the digital systems. As stated in [53], security is as a challenge and a technological barrier
to blockchain technology that impedes its application for business purposes.
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Given the complexity the supply chain [54], and considering that every action has to
be integrated into both the business model and logistics across the entire supply chain [55],
many authors present interoperability needs as challenges to I4.0 and sustainability. The
authors of [5] highlight the low reliability of connectivity between machines and the lack
of integration of IT systems between supply chain partners. The authors of [10] discuss
the lack of global standards and data-sharing protocols, as well as the lack of integration
of technology platforms. The authors of [8] go in the same direction, highlighting the lack
of effective communication with suppliers and the nonexistence of a practical framework
for SSCM adoption. The authors of [56] list as challenges the lack of a dynamic network
infrastructure to link physical and virtual objects, and the centralised management of the
heterogeneous lifecycle data. Finally, other authors present other technical issues related to
interoperability, such as internet connection and storage requirements [9,24].

Given its high dependency on data, I4.0 has to overcome the challenge of data man-
agement and storage in order to be sustainable [57,58]. Many problems still need to be
addressed. The authors of [10] listed as challenges the poor quality of the existing data,
the lack of integration of technology platforms, problems related to coordination and col-
laboration, and the lack of global standards and data-sharing protocols. Other authors,
such as [58,59], stated that data storage challenges blockchain’s future applications. Finally,
the lack of knowledge about data management between stakeholders [57] and the inef-
fective management of data acquired during historical product design and development
processes [56] are also cited.

3.2.2. Economic

The high costs of improvement involved in I4.0 and sustainability are the most signifi-
cant economic challenge presented in the literature. The investment needed and the capital
expenditures underlying I4.0 technologies are quite intense, especially for manufacturing
companies located in the context of emerging economies [18,60]. To worsenWorseing the
situation, there is a lack of funding for technological upgrades [16] and products for which
the demand level does not justify the high fixed costs of the I4.0 assembly line [61], and a
lack of interest in investing money in sustainability given its long and uncertain amorti-
sation [62]. Ultimately, the challenge is to align an understanding of the requirements of
competitiveness with those that represent long-term sustainability [63].

Another challenge for companies is their capacity constraints and organisational
competence constraints [64]. The ineffective linkage of sustainability with the existing
process structure, ineffective supplier selection strategies, and an ineffective performance
measurement system may hinder the integration of I4.0 and sustainability [27]. Ref. [62]
presents many risks related to this theme, such as deciding what to invest and when,
the changing business models that may lead to the loss of core competencies, customer
demands/acceptance; a lack of understanding about data-driven business models, and
new competitors.

3.2.3. Society

Employability is a challenge associated with society. A smart factory can hinder the
opportunity for a labour-intensive workforce, leading to social problems in local com-
munities [52]. Many social risks are involved, such as job losses, shifts of competencies,
automation, and the reduction of process steps [62]. Indeed, managing human resources to
fit into the I4.0 setup is a considerable challenge for top management [65]. In this sense, the
physical and psychological wellbeing of the workers, ageing, and diversity need to be con-
sidered [63]. Resistance to change and the adoption of innovation may also be a challenge
for society. I4.0 requires policy, infrastructure, societal and environmental changes [54].
These changes may face a lack of management commitment and support [53]; the resistance
of culture change [27], including employee and mid-level management resistance [54]; and
cultural differences with the supply chain partners [53]. Ref. [64] called these behavioural
barriers that demand the managers’ strong involvement [8,22].
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Inequalities of opportunities and digitalisation risks were also pointed out as a chal-
lenge for society. Given the high investments required to implement I4.0 [57], megacorpo-
rations in more developed countries can benefit from the pioneer advantage, increasing
wealth disparities in the global consumer market [66]. In this sense, digitalisation may
increase global inequalities [67]. Ref. [67] also highlights that the ability to develop coun-
tries to catch up not only includes building adequate technological infrastructure but
also increasing local knowledge and capabilities through education and training. Access
to technological interfaces and knowledge which enable and empower countries and lo-
cal communities to integrate with and ultimately contribute to the development of the
technology and their community is also necessary.

3.2.4. Knowledge and Support

The lack of support from the regulatory authority and an absence of strong IT leg-
islation are also challenges for sustainable I4.0 application. The absence of IT security
standards and policies may affect both the customer and suppliers in the supply chain
network [16]. Furthermore, regulatory and procedural barriers hinder the adoption of
SSCM [18]. In addition to legal aspects concerning working time regulations and data
protection, [62] also presents political risks such as insufficient infrastructure (Broadband
internet; Mobile network) to I4.0. The authors of [59] concluded that the current standards
and rules are a limitation for the application of blockchain; therefore, governments may
need to formulate policies to either encourage or demand that producers use blockchain
systems to improve their environmental sustainability.

The lack of commitment from top management is another challenge for I4.0 and
sustainability application/integration. The authors of [10] identified this problem as one
of the top six challenges to I4.0 initiatives for a sustainable supply chain in the Indian
context. There is a lack of management approval for a significant investment in newer
technologies [16], which might be linked to the lack of understanding of the importance of
Industry 4.0 at the top management levels [68]. Ref. [57] also mentioned the lack of middle-
and lower-level managers’ support and involvement in the promotion of ‘greener’ products.

The lack of technical expertise regarding I4.0 technologies is another excellent chal-
lenge presented in the literature. There is a need for staff training and education [69],
given that society lacks qualified and skilled labour to adapt to I4.0 technologies and sus-
tainability [57]. Ref. [62] cites, as barriers, internal resistance and corporate culture from
older employees, which [68] called hesitation to convert to new systems; new requirements
for training, mental stress, permanent availability, and missing social interaction with
interdisciplinary thinking is needed.

3.2.5. Environment

One significant challenge associated with the environment concerns alternative re-
sources and energy needs. The rate of the exploitation of natural resources should not
exceed the rate of regeneration [6,70]; however, Industry 4.0 has focused mainly on produc-
tion and the achievement of the highest profits [69]. The increase in production rates linked
to I4.0 led to higher resource and energy consumption, high pollution concerns [66], defor-
estation, health-related diseases, and ground and water service contamination. Industry 4.0
still involves a high consumption of resources, raw materials, information, and energy,
which is environmentally unsustainable [69]. Ref. [58] stated that energy consumption
is a significant limitation for blockchain, which aligns with [71], who affirmed that the
energy consumption and material quantity of big-data analytics (BDA) negatively impact
environmental sustainability.

One of the biggest challenges linked to customised products (a benefit of I4.0) is
that the more individualised products become, the harder it is for another company or
person to reuse those products [61]. Thus, the design constraints to reuse and recover
products are critical challenges. As presented in [18], high-speed innovation can make
reuse impossible. Furthermore, there is low management support in the usage of I4.0
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technologies for “design for reuse” philosophy [57]. Therefore, waste might increase, and
recycling might become more complex [62]. In addition, the effective management of
the knowledge acquired during historical product design and development processes is
challenging [56]. This situation is aggravated by the absence of reverse logistics facilities
and internal bureaucracy in the creation of a circular logic in the supply chain [27]. Finally,
there are some technical limitations. For instance, [18] stated that 3D printing might not
provide the surface characteristics specified in the component design or the even material
properties, which may demand other processes to be performed.

3.3. Benefits

The benefits are aligned with the 2030 Agenda, which is considered to be a plan of
action for people, the planet and prosperity. Appendix B offers the list of papers dealing
with each benefit, and the linkage of each one to the SDGs and specific targets. Figure 7
shows the result of the taxonomy developed for the benefits.
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3.3.1. Planet

The adoption of I4.0, with smart production systems, can reduce the energy consump-
tion of companies [72]. Using real-time data from production systems and supply chain
partners will mean less and more intelligent energy consumption [73]. As an example,
unused electricity from wind power plants can be intelligently distributed at night and
used industrially [14]. Additionally, a company’s energy consumption can also be reduced
through the use of process simulations [62,74], by sharing renewable energy surplus with
other plants [75], and by improving throughput times and capacity utilisation [14].

Similarly, to energy reduction, I4.0 adoption can lead to the lower consumption of
resources. Virtualisation and the use of intelligent devices in a smart production system
enables the reduction of the production of waste [54,66] and overproduction [14,75]. Dy-
namically configurable production processes improve the material efficiency of production,
which diminishes the number of materials used [14]. I4.0 can also increase the share of
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reused, remanufactured and recycled materials [54]. As some examples, blockchain fa-
cilitates recycling behaviour by incentivizing individuals to participate in deposit-based
recycling programs [58]. Additive manufacturing (AM) makes possible the use of waste to
generate new value-added products [18].

I4.0 initiatives also have the potential to unlock supply chain sustainability by devel-
oping green products [10] through a more sustainable design. Digital technologies can
provide efficient solutions for green product design, production and service processes [23].
These new processes can favour easy disassembly for recycling [71]. Furthermore, it is
possible to design products with extended life spans by applying the 5Rs strategy (reduce,
repair, re-use, recycle, and remanufacture) [73].

3.3.2. Prosperity

The advent of Industry 4.0 favours the introduction and the widespread application of
new business model innovations, such as Crowd-Sourced Innovation (CSI), Manufacturing
as a Service (MaaS), and PaaS [66]. In this sense, process efficiency and data exchange
between robots increases innovation [76]. Furthermore, employee development improves
the level of knowledge and increases the capability and support of employees to develop
green projects [54,63], which shortens innovations [77,78]. I4.0 implantation can reduce
set-up times, shorten lead times, and reduce labor and material costs, increasing production
flexibility [63,78]. Data analytics, machine learning, and artificial intelligence enable the
digitalisation and interconnection of industrial processes intended by Industry 4.0 [17]. IoT
and AI-based production increase the efficiency and flexibility of production [66]. Cloud
manufacturing enables small, flexible-scale production systems with local production
networks to be integrated on-demand [64]. AM allows for the production of multiple
parts simultaneously in the same build, making it possible to produce an entire product
locally [79].

I4.0 can also be a driver for the shortening of time-to-market cycles [77]. For in-
stance, [79] states that 3D printing companies in the wooden furniture industry are free
to explore their imagination, which means that they spend a shorter time on market prod-
ucts with more complex shapes. In addition, BDA can assist in decisions regarding the
perception and prediction of market demands, sourcing, supply chain network design,
product design and development, which provides a faster response to the market and faster
decision-making [9,56].

Ref. [61] found that I4.0 leads to increased production efficiency and higher-quality
products. This statement is confirmed by many authors, such as [62,79]. The latest presents
3D printing as an enabler for this new reality. According to [69], robotic-assisted production,
big-data-driven quality control, and quality assurance teams to analyse proactively will al-
low all of the business processes that might involve inefficiencies to be eliminated. Digitally
enabled infrastructure and multiple data sources can create a differentiated competitive
advantage by producing customised products and increasing their perceived values [23].

Finally, cost decreasing/profit improvements are the most cited benefits of adopting
digital technologies. Ref. [56] estimated that the combination of BDA and lean management
could be worth billions of dollars in improved profits for large manufacturers. Digital-
ising manufacturing and smarter machines may offer numerous advantages related to
cost reduction, such as increasing manufacturing productivity and improving resource
efficiency [23,63,66], decreasing inventory and logistics costs [62], reducing operators or
manpower, and saving energy [80]. Moreover, BDA allows manufacturers to prepare spare
parts for the suitable machine at the right time with the right quantity, optimising the
fuel-use efficiency and the real-time route of spare part transportation for suppliers [56].

3.3.3. People

For many authors, I4.0 can improve companies’ working conditions and environment,
and thus job quality. Digitalisation and the emergence of labour-saving technologies (e.g.,
intelligent robots, autonomous vehicles, and cloud solutions) will eliminate a great part of
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lower-skilled jobs while creating many job opportunities in various areas, such as automa-
tion engineering, control system design, machine learning, and software engineering [66].
In many cases, there will be a reduction of monotonous work [17], and employees will be
able to work from their homes, ensuring flexibility and reducing pollution [69]. Finally,
process automation can lead to safer conditions in the work environment [26,78,81].

According to [13], IoT technologies are better accepted when users have been trained
and the workforce has been informed about the expected benefits of the solution. In this
sense, it is expected that I4.0 will improve workforce capability through the more practical
education of workers [14,78] and a greater number of training courses [80]. As stated
in [54], employee development increases knowledge and improves workers’ capability and
support in green product projects.

The competitive advantage obtained by adopting I.4.0 leads to increased social sustain-
ability by defending the employment levels, producing new job employment opportunities,
and paying more taxes on the value delivered [61]. To [80], I.4.0 can improve social con-
ditions, creating employment opportunities for disabled and elderly employees [75]. In
addition, open-source-based applications of 3D printing could contribute to sustainable
development in rural areas with low economic profiles, as it overcomes the spatial gap to
the market of spare parts, consumer products or tools [79].

4. Discussion

This section provides the S-OSCM4.0 framework based on the discussion of tax-
onomies of challenges and benefits, and offers seven research proposals for future studies on
S-OSCM4.0, leading to the discussion of the link between S-OSCM4.0 and the 2030 Agenda.

4.1. S-OSCM4.0 Framework towards the 2030 Agenda

The S-OSCM 4.0 framework aims to strongly assist practitioners in improving the
SSCM adoption rate [18] while also digitalising their operations. It can be used as a
guideline to sustainable digitization in OSCM, and can align the organisational activities
towards 2030 Agenda. This taxonomy-based framework has a holistic and interdisciplinary
view, and suggests that the challenges should be overcome in order to obtain the SD benefits
of this integration in line with the SDGs. Figure 8 presents the S-OSCM4.0 framework.

In order to guide an organisation on the journey to S-OSCM4.0, managers should face
the challenges of sustainability–I4.0 integration and work on them to obtain SD benefits. As
indicated in the study of [82], two main challenges must be overcome: the lack of commit-
ment from top management and the lack of technical expertise, as, according to the authors,
top management support is encouraged in order to integrate sustainable development
practices into organizations, which it is contingent on the knowledge acquired and applied
in OSCM; due to the 2030 Agenda, this pressure to integrate and adopt innovative and
cleaner technologies is even greater in emerging countries. In this sense, in order to opera-
tionalize the proposed framework, three steps are necessary. The first step (1) consists of
the identification of some of the 13 challenges in the five categories (technology, economic,
environment, society, and knowledge and support), and facing them with the correct I4.0
adoption to overcome potential restrictions to the integration of I4.0 and sustainability in
OSCM. Then, the second step (2) concerns the leverage of I4.0 initiatives (e.g., technologies)
to achieve planet (energy, resource, and design), prosperity (flexibility, time-to-market
cycles, quality, and cost/profit), and people (job quality, workforce capability, and social
conditions) benefits, whilst also increasing the positive impact on the SDGs. This means
reaping the benefits of S-OSCM4.0 from the correct balance of the 3Ps (people, planet, and
prosperity) of the 2030 Agenda. As a result of this step, organisations can draw more
value from their OSCM. Finally, the third step (3) concerns the alignment of S-OSCM4.0
priorities with SDGs. It represents the alignment of the organisation’s objectives and goals
(within its OSCM) under the new perspective of the S-OSCM4.0—the integration of the
I4.0 platform (technologies and tools) and sustainability philosophies/practices to meet a
Sustainable development agenda. This step also points to the need to link organisational
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goals/interests with the 2030 Agenda, focusing on seven of the seventeen SDGs (the pro-
posed implications of which are presented in Section 4.2) that could potentially present a
higher level of synergy, and could be achieved according to the moment (symbolised by
the clock in Figure 8) and priorities of the corporate agenda. Thus, the correct interplay
between managerial and global agendas is expected to favour a sustainable and inclusive
digitization in operations and supply chains.

Hence, this framework can strategically support organisations in aligning their priori-
ties with the SDGs [83], and in managing their contribution regarding the ten benefits of
S-OSCM4.0. It potentially contributes to the driving forces of SDGs, which according to [84]
are: public health, environmental concerns, resource value, climate change and inclusivity.
As an example of the implementation of this three-step framework, organisations that
wish to obtain (prioritise) a reduction in energy consumption [72] (a benefit to the planet)
must adequately manage natural resources in order that they are not exceeded [6,70], and
should obtain a flexible infrastructure that enables more energy efficiency [64]. Additionally,
suppose an organisation wants to focus on improving workforce capability [14] (a benefit
to people). In that case, it must overcome knowledge and support challenges, such as the
lack of technical expertise [57], and organisations should make use of I4.0 technologies
such as wearable technologies [26] that facilitate safety training.

4.2. Implications for the 2030 Agenda

The present study also highlights seven research propositions (RPs) on the topic
of S-OSCM4.0 as ready-made hypotheses for testing through empirical research. The
propositions of this work are:

• RP1: Organisations with S-OSCM4.0 can positively contribute to reliable and modern
energy services, and can facilitate access to clean energy research and technology,
including renewable energy, energy efficiency, and more-advanced and cleaner fossil-
fuel technology (SDG#7).

• RP2: Organisations with S-OSCM4.0 can positively contribute to sustainable economic
growth by supporting productive activities and decent job creation (SDG#8).

• RP3: Organisations with S-OSCM4.0 can positively contribute to the promotion of
inclusive and sustainable industrialisation by fostering innovation through increased
resource-use efficiency and the greater adoption of clean and environmentally sound
technologies and industrial processes (SDG#9).

• RP4: Organisations with S-OSCM4.0 can positively contribute to the reduction of
inequality by empowering and promoting the socioeconomic inclusion of all and
ensuring equal opportunities (SDG#10).

• RP5: Organisations with S-OSCM4.0 can positively contribute to more inclusive, safe,
resilient and sustainable cities through accessible, sustainable and smart transport
systems (SDG#11).

• RP6: Organisations with S-OSCM4.0 can positively contribute to the strengthening
of the technological capacity to move towards more sustainable consumption and
production patterns by reducing waste generation through prevention, reduction,
recycling and reuse (SDG#12).

• RP7: Organisations with S-OSCM4.0 can positively contribute to the promotion of
multi-stakeholder partnerships that mobilise and share knowledge, expertise, technol-
ogy and financial resources, in order to support the achievement of SD (SDG#17).

By providing these seven research propositions for future studies on S-OSCM4.0 (from
RP1 to RP7), this work aims to pave the way towards a better understanding of the ways
in which organisations can overcome the challenges of I4.0–Sustainability integration in
OSCM and unlock SD benefits headed toward the 2030 Agenda.
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5. Conclusions

The emerging topic of I4.0, with its social end technical elements, has been associated
with sustainable development within the OSCM of organisations, serving as a critical
component of S-OSCM4.0. Within this context, this research addresses the need to improve
the understanding of the integration of I4.0 and S-OSCM, offering a novel framework
for the implementation of S-OSCM4.0 by aligning taxonomies of challenges and benefits
headed toward the 2030 Agenda.

It is expected that the taxonomies proposed in this study not only clarify and bring
consensus on the naming of the challenges and benefits of S-OSCM4.0 but also, more
importantly, provide a framework as a valuable guide for the research and development of
best practice management, public policy and new research [28]. This article is innovative
in proposing a framework that combines novel concepts from the I4.0 and S-OSCM with
the Sustainable Development Goals, thus providing new directions for future research. It
represents a thorough and crucial essential advance in this emerging field (S-OSCM4.0).

The results of SLR with interactive taxonomy development offer theoretical and
managerial contributions to S-OSCM4.0 [85]. From a theoretical point of view, this SLR
generated two products: the taxonomies and a framework [30]. It is one of the initial efforts
to contribute to the theory of S-OSCM4.0 and the relationships between the challenges
and benefits of this new area. The proposed taxonomies can improve the specification of
interventions in S-OSCM4.0, thus helping the replication, implementation and synthesis of
evidence, and the proposed framework can facilitate the implementation of S-OSCM4.0,
leading to the unlocking of the benefits of SD in line with the SDGs.

From a managerial point of view, the proposed framework can support OSCM pro-
fessionals (as well as policy makers) to develop guidelines for the implementation of
sustainable digitalisation. It addresses the lack of a standard structure that establishes links
between the existing challenges and expected benefits to strategically guide organisations
on the journey towards a S-OSCM4.0 aligned with the SDGs. Moreover, it contemplates
sustainable digitalisation achievement leading to people, prosperity and planet benefits,
offering practitioners a holistic view. Thus, the framework can guide practitioners towards
the implementation of S-OSCM4.0 within their operations, aiding managers to face the
challenges in achieving the benefits of SD in OSCM. Furthermore, it can be argued that test-
ing the proposed framework can be a starting point for the implementation of S-OSCM4.0.
The proposed framework sheds light on the potential of sustainable I4.0 in terms of the
maximization of the company’s contributions to the SDGs, aligning its course to ensure
that sustainability is an outcome of the core business strategy.

This study can be developed further in order to overcome some of its limitations.
First, the selection of Scopus and WoS databases may be one of the limitations of this
article, as there may be articles outside these databases that may be relevant to the scope
of the study, and the results of this research are limited to a select number of publications.
Besides additional databases focused on the academic literature, one additional sugges-
tion is the inclusion of databases that cover especially grey literature covering material
from practitioners, e.g., following the guidelines proposed in [86]. There was a temporal
limitation because the data were collected on a date, and if there are new authors or new
articles, these will not be part of the selected portfolio of articles. An update of this research
is also recommended, as suggested in different systematic literature reviews’ guidelines
(e.g., [39]). The author’s perception which developed this research is limited, including the
decision on the alignment with the topic and even the observations. Furthermore, as the
focus was on articles from academic journals in English, articles from other languages were
excluded. Finally, due to the identification of publications based on keywords, it is possible
that publications that match the focus of the research were not found because they do not
contain the necessary keywords in their titles or abstracts. Therefore, additional research
could explore different keywords complementing the findings of this paper.

Second, it could be argued that testing the proposed framework may be a starting
point for the implementation of S-OSCM4.0. The proposed framework can be presented
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to key stakeholders for refinement [85,87,88], and should be validated by further studies,
e.g., covering empirical approaches such as focus groups, interviews with experts in I4.0,
and sustainability. We also suggest that applying the framework to different cultures,
nations, and continents should further highlight the cultural aspects and implementation
challenges that must be considered when adopting the ideas in this work. Exploring
different contexts empirically through a panel of experts, case studies, or surveys can help
in the generalization of the findings of this research.

Third, we also suggest conducting in-depth case studies in order to understand the
‘soft side’ of integrating I4.0 and sustainability in OSCM by qualitatively exploring benefits
and challenges to S-OSCM4.0, or the extent to which the organisations can achieve these
SD benefits. For example, innovative practices such as “green-circular premium” [89]
can be studied in-depth in order to understand how the consumers not only increase
the willingness to pay for products that implement green or circular transition but also
accept the high price of renewable resources and the reused/recycled/recovered/bio-based
materials which are used. This understanding should prove valuable to better promote
and encourage the adoption of the various results from quantitative studies [73] resulting
from the step-by-step framework.

Fourth, as a work based on theoretical suggestions, we strongly recommend that
these RPs be developed further, by conducting qualitative research or by converting the
propositions into hypotheses that will be tested through quantitative methods. Empirical
quantitative studies may be conducted to analyse the S-OSCM4.0 constructs’ relationships,
using structural equation modelling [54] or by computing the intensity and prioritisation
of the variables using multi-criteria decision-making approaches [8,22]. We also encourage
further researchers to investigate the trade-off between the challenges and benefits to the
achievement of S-OSCM4.0.

Finally, future research studies may also investigate the maturity of S-OSCM4.0 in the
different industrial setups. It is expected that the proposed framework be adapted based
on the OSCM4.0 model by [2] to have, as a differential, the possibility of comparing the
OSCM sustainability of organizations from different industries.
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Appendix A

Table A1. Summary of the articles reviewed.

Source Title

[77] Sustainable business models and structures for industry 4.0

[90] Big data and predictive analytics for supply chain sustainability: A theory-driven
research agenda

[64] Energy management in manufacturing: Toward eco-factories of the future—A focus
group study

[55] Logistics 4.0 and emerging sustainable business models

[79] Additive manufacturing in the wood-furniture sector: Sustainability of the
technology, benefits and limitations of adoption

[16] Industry 4.0 and supply chain sustainability: framework and future research
directions

[6] Industry 4.0 and Sustainability Implications: A Scenario-Based Analysis of the
Impacts and Challenges

[8] Sustainable Industry 4.0 framework: A systematic literature review identifying the
current trends and future perspectives

[10] Evaluating challenges to Industry 4.0 initiatives for supply chain sustainability in
emerging economies

[17] What Drives the Implementation of Industry 4.0? The Role of Opportunities and
Challenges in the Context of Sustainability

[14] Industry 4.0 as enabler for a sustainable development: A qualitative assessment of
its ecological and social potential

[73] Industry 4.0 and the circular economy: a proposed research agenda and original
roadmap for sustainable operations

[52] Pharma Industry 4.0: Literature review and research opportunities in sustainable
pharmaceutical supply chains

[5] When titans meet—Can industry 4.0 revolutionise the environmentally-sustainable
manufacturing wave? The role of critical success factors

[61] Exploring organizational sustainability of Industry 4.0 under the triple bottom line:
The case of a manufacturing company

[91] Transformative sustainable business models in the light of the digital imperative-a
global business economics perspective

[92] Smart manufacturing

[93] Can big data and predictive analytics improve social and environmental
sustainability?

[12] A review of Internet of Things (IoT) embedded sustainable supply chain for
industry 4.0 requirements

[56]
A comprehensive review of big data analytics throughout product lifecycle to

support sustainable smart manufacturing: A framework, challenges and future
research directions

[71] Linking big data analytics and operational sustainability practices for sustainable
business management

[94] Big data for agri-food 4.0: Application to sustainability management for by-products
supply chain

[18] Exploring Industry 4.0 technologies to enable circular economy practices in a
manufacturing context: A business model proposal
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Table A1. Cont.

Source Title

[80] Evaluation of the Relation between Lean Manufacturing, Industry 4.0, and
Sustainability

[62] Development of a Risk Framework for Industry 4.0 in the Context of Sustainability
for Established Manufacturers

[54] Big data analytics as an operational excellence approach to enhance sustainable
supply chain performance

[58] Blockchain for the future of sustainable supply chain management in Industry 4.0

[9] Digitally-enabled sustainable supply chains in the 21st century: A review and a
research agenda

[75] Sustainable manufacturing in Industry 4.0: an emerging research agenda

[69] Impact of Industry 4.0 on Environmental Sustainability

[78] Industry 4.0 technologies assessment: A sustainability perspective

[23] The impact of digital technologies on economic and environmental performance in
the context of industry 4.0: A moderated mediation model

[57] Synchronized Barriers for Circular Supply Chains In Industry 3.5/Industry 4.0
Transition for Sustainable Resource Management

[8] A framework to overcome sustainable supply chain challenges through solution
measures of industry 4.0 and circular economy: An automotive case

[76] Measuring the implications of sustainable manufacturing in the context of industry
4.0

[74] Industry 4.0 as an enabler of sustainability diffusion in supply chain: an analysis of
influential strength of drivers in an emerging economy

[95] Industry 4.0 and circular economy: Operational excellence for sustainable reverse
supply chain performance

[13] Industry 4.0 sustainable supply chains: An application of an IoT enabled scrap metal
management solution

[27] A framework to achieve sustainability in manufacturing organisations of developing
economies using industry 4.0 technologies’ enablers

[96] The sustainable development goals (SDGs) as a basis for innovation skills for
engineers in the industry 4.0 context

[59] Blockchain-empowered sustainable manufacturing and product lifecycle
management in industry 4.0: A survey

[68] Modeling the Industry 4.0 Adoption for Sustainable Production in Micro, Small and
Medium Enterprises

[97] Relationships between industry 4.0, sustainable manufacturing and circular
economy: proposal of a research framework

[66] Industry 4.0, digitization, and opportunities for sustainability

[63] A framework for operative and social sustainability functionalities in
Human-Centric Cyber-Physical Production Systems

[67] Opportunities for Socially Responsible Industry 4.s

[53] Blockchain technology and the sustainable supply chain: Theoretically exploring
adoption barriers

[65] Industry 4.0 adoption and 10R advance manufacturing capabilities for sustainable
development
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Appendix B

Table A2. Benefits of S-OSCM4.0 and their potential alignment with Agenda 2030.

Taxonomy ID Benefit Source SDG

Planet 1 Energy [5,14,26,56,59,62,66,74,75,77,78,80]

SDG#7: ensure universal access to affordable, reliable and
modern energy services (7.1); and facilitate access to clean

energy research and technology, including renewable
energy, energy efficiency and advanced and cleaner

fossil-fuel technology, and promote investment in energy
infrastructure and clean energy technology (7.2).

2 Resource [5,6,9,12–14,17,26,52,56,58,60–62,66,68–71,74–76,78–80]

SDG#9: upgrade infrastructure and retrofit industries to
make them sustainable, with increased resource-use

efficiency and greater adoption of clean and
environmentally sound technologies and industrial

processes (9.4)
SDG#12: achieve efficient use of natural resources (12.2);

Taxonomy 3 Design [5,10,56,66,71,79]

SDG#12: achieve the environmentally sound
management of chemicals and all wastes throughout their

life cycle, in accordance with agreed international
frameworks, and significantly reduce their release to air,
water and soil in to sminimise their adverse impacts on
human health and the environment (12.4); substantially
reduce waste generation through prevention, reduction,

recycling and reuse (12.5).

Prosperity

4 Flexibility [6,17,52,55,62–64,66,75,78,79]

SDG#8: achieve higher levels of economic productivity
through diversification, technological upgrading and
innovation, including through a focus on high value

added and labor-intensive sectors (8.2);

5
Time-to-
market
cycles

[9,17,56,63,66,76,77,79]
SDG#9: Enhance scientific research, encouraging

innovation and substantially increasing the number of
research and development workers (9.5);

6 Quality [17,56,61–63,66,69,73,79]

SDG#8: support productive activities, creativity and
innovation (8.5),

SDG#9: develop quality, reliable, sustainable and resilient
infrastructure (9.1)

Prosperity
People

7 Costs/Profit [6,9,13,16,17,26,54,56,60–63,66,68,69,71,74,76–80]

SDG#8: improve progressively, resource efficiency in
consumption and production (8.4); SDG#9: increase the
access of small-scale industrial and other enterprises, in
particular in developing countries, to financial services,

and their integration into value chains and markets (9.3);
SDG#11: provide access to affordable, accessible and
sustainable transport systems for all, improving road

safety (11.2); SDG#12: achieve the sustainable
management and efficient use of natural resources (12.2);

SDG#17: promote the development, transfer,
dissemination and diffusion of environmentally sound

technologies to developing countries on favorable
terms (17.7);

8 Job quality [13,14,17,26,54,62,63,66,69,75,78,80]

SDG#8: support decent job creation (8.3); achieve full and
productive employment and decent work for all women
and men, including for young people and persons with
disabilities, and equal pay for work of equal value (8.5);

9 Workforce
capability [13,14,54,63,65,68,71,74,75,78,80]

SDG#8: substantially reduce the proportion of youth not
in employment, education, or training (8.6);

SDG#9: Upgrade the technological capabilities of
industrial sectors in all countries, in particular developing

countries (9.5);
SDG#12: support developing countries to strengthen

their scientific and technological capacity to move
towards more sustainable patterns of consumption and

production (12.a);

10 Society
conditions [9,10,14,60,61,66,71,75,78–80]

SDG#10: empower and promote the social and economic
inclusion of all, irrespective of age, sex, disability, race,
ethnicity, origin, religion or economic or other status

(10.2), ensure equal opportunity and reduce inequalities
of outcome, including (10.3).
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