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The business and research community are called upon to take concrete actions to achieve the Sustainable
Development Goals (SDGs). We state that Industry 4.0 technologies are the innovative capability that should be
supported to move supply chains from their linear model, known for its high energy and resource consumption,
to a circular model where technology replaces intermediaries and drives operations towards sustainability and
efficiency. The study reflects the impact of integrating Industry 4.0 technologies on each of the processes in the
Supply Chain Operations Reference Model (SCOR) to construct the supply chain 4.0 and links the resulting
capabilities of this transformation to the potential achievements of the Sustainable Development Goals (SDGs).

This paper draws on recent studies and secondary data sources to provide a framework that could help academics
and practitioners reduce tensions related to the maturity level of Industry 4.0 technologies and foster concrete
implementations to achieve sustainability goals.

1. Introduction

The digital transformation of supply chains continues while attract-
ing huge interest from academicians, practitioners, and institutions to
discover its potential benefits on sustainability performance.

The approaching 2030 deadline for achieving the 17 Sustainable
Development Goals (SDGs) (Table 1 near the end of the paragraph) and
the increase in sustainability issues have emphasized the importance of
rethinking the development of supply chain processes and business
models and investing in sustainable technologies to achieve the sus-
tainability goals.

Industry 4.0 is the fourth industrial revolution that was first intro-
duced by German officials in 2011 (Madsen, 2019), to encompass
advanced technologies like the Internet of Things (IoT), Blockchain
(BC), artificial intelligence (AI), machine learning (ML), cloud
computing (CC), 3D printing, and cyber-physical system (CPS) (Cor-
tes-Murcia et al., 2022; Ferrantino and Koten, 2019).

Following this, supply chain 4.0 has begun to gain momentum as the
new design network powered using Industry 4.0 advanced technologies.
It extends the functionality of a digital supply chain to the fusion of the
physical and virtual worlds through the adoption of smart objects and
advanced Industry 4.0 technologies (Khan et al., 2023).

* Corresponding author.

Supply Chain 4.0 is a novel paradigm that involves new industry
models, where human beings, machines, processes, products, and
technologies are interconnected and communicate with each other in
real-time. This integration enables increased process efficiency, which in
turn leads to improved economic, environmental, and social sustain-
ability (Canas et al., 2020).

While the concept of Supply Chain 4.0 was not widely recognized
during the adoption of the 2030 sustainable development goals (SDGs),
the growing number of urgent sustainability requirements set by the
United Nations (UN) has led to increasing interest regarding this new
paradigm, which opens up a great field of research.

Existing research tends to focus on discovering Industry 4.0 tech-
nology applications in specific industries (Tsolakis et al., 2023), iden-
tifying new sustainability practices (Chauhan et al., 2023), or exploring
SDG synergies (Pradhan et al., 2017). The gap remains in identifying the
resulting SDGs from the supply chain 4.0 paradigm (Karmaker et al.,
2023), where Industry 4.0 technologies play a significant role in
elevating supply chain processes. Furthermore, tensions are still raised
regarding the maturity level of Industry 4.0 technologies in terms of
their interoperability and integration within intra- and
inter-organizational contexts (Kamble et al., 2020a; Nascimento et al.,
2019).

Thus, there is a pressing need for research that provides decision-

E-mail addresses: Saoussane.srhir@kedgebs.com (S. Srhir), Anicia.jaegler@kedgebs.com (A. Jaegler), Jairo.montoya@unisabana.edu.co (J.R. Montoya-Torres).

https://doi.org/10.1016/j.jclepro.2023.138111

Received 12 December 2022; Received in revised form 10 March 2023; Accepted 14 July 2023

Available online 20 July 2023
0959-6526,/© 2023 Elsevier Ltd. All rights reserved.



S. Srhir et al.

List of abbreviations

Al Artificial intelligence

AM Additive manufacturing

BC Blockchain

CC Cloud computing

CPS Cyber-physical system

GHG Greenhouse gas

14.0 Industry 4.0

1AV Intelligent autonomous vehicles
IoT Internet of Things

ML Machine learning

RFID Radio Frequency Identification

SC 4.0  Supply chain 4.0
SC Supply chain
SCOR Supply chain operations reference
SDGs Sustainable development goals
SSC4.0  Sustainable supply chain 4.0
UN United Nations

Table 1

The UN sustainable development goals (UN, 2015)

SDG 1 — No poverty

SDG 2 — Zero Hunger

SDG 3 - Good health and well-being

SDG 4 — Quality education

SDG 5 — Gender equality

SDG 6 — Clean water and sanitation

SDG 7 — Affordable and clean energy

SDG 8 — Decent work and economic growth
SDG 9 - Industry, innovation, and infrastructure
SDG 10 - Reduced inequalities

SDG 11 - Sustainable cities and communities
SDG 12 - Responsible consumption and production
SDG 13 - Climate action

SDG 14 - Life below water

SDG 15 - Life on land

SDG 16 - Peace, justice, and strong institutions
SDG 17 — Partnerships for the goals

making and application frameworks to understand how sustainable
performance can be achieved through the integration of Industry 4.0
technologies into supply chain processes, specifically focused on the
SDGs (Dwivedi et al., 2023). This gap in the literature presents an op-
portunity for academics and practitioners to develop practical solutions
to achieve sustainability and contribute to the SDGs through the adop-
tion of Industry 4.0 technologies in supply chain processes.

It is important that research focuses on finding new ways to reframe
supply chain processes to fit the sustainability agenda. Therefore, our
first contribution is to develop a new conceptual framework that rep-
resents how Industry 4.0 technologies can dynamically leverage new
capabilities to SCOR-based supply chain processes to improve sustain-
ability initiatives and achieve the goals of the United Nation’s agenda.

Second, the proposed framework can be applied to different in-
dustries to offer insights to companies and institutions on how optimi-
zation of supply chain processes would result in contributions to the
sustainability goals.

Finally, the study joins the discussion of supply chain 4.0 in relation
to sustainability goals and reflects on how transitioning to a supply
chain 4.0 would enable new management practices to best utilize re-
sources, reduce costs, and generate sustainability values.

This paper relies on reviews of the scientific literature on the sus-
tainable supply chain 4.0 and other secondary data sources. It is
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structured as follows: Section 2 introduces the positioning of the paper
in the literature by offering insights from previous literature to justify
the study’s contribution and reflect on the methodology. Section 3 dis-
cusses the transformation to a sustainable supply chain 4.0, followed by
Section 4 which describes the supply chain 4.0 capabilities in the SCOR
model. Section 5 discusses the benefits of sustainable supply chain 4.0
capabilities to achieve sustainability goals. The proposed framework is
described in Section 6. Finally, Section 7 summarizes the main results
and highlights limitations and implications.

2. Background and positioning

In recent years, there has been a surge of interest in exploring the
potential of Industry 4.0 technologies for achieving supply chain
sustainability.

The internet of things (IoT), artificial intelligence (AI), 3D printing
and Blockchain are among the advanced technologies that have been
identified as having significant potential to enable the development of
smart, resilient, and sustainable digital industrial processes (Karmaker
et al., 2023).

By promoting sustainable production practices, exploring innovative
waste reduction techniques, improving connectivity, and bringing
greater visibility and transparency to supply chains, these advanced
technologies can play a critical role in achieving corporate supply chain
sustainability goals (Fatimah et al., 2020; Karmaker et al., 2023).
Mature companies are breaking new ground in this context to pursue
change towards sustainability (De Villiers et al., 2021). Bag et al. (2021)
state that Industry 4.0 enablement contributes to decreasing total in-
dustrial waste and total industrial wastewater discharge.

Authors discuss this topic from different angles. Some studies focus
on identifying the potentials of Industry 4.0 technologies for supply
chain management and triple bottom line sustainability (Bag et al.,
2021), and reflect on the direct influence of these technologies on sus-
tainable supply chain transformation (Schilling and Seuring, 2023),
while others consider the trade-off between their costs and returned
values (Birkel and Miiller, 2021).

Sustainability is a critical consideration throughout the product life
cycle, from ideation in the planning process to delivery to end-users and
eventual return (Schilling and Seuring, 2023). Digital strategies are
being implemented to transform operations and strategies by leveraging
digital technologies to drive green innovation activities across research
and development, manufacturing, warehousing, transportation, and
recycling (Xu et al., 2023).

To support this, researchers have proposed frameworks for Sustain-
able Supply Chain Management (SSCM) in the Industry 4.0 era. For
example, Toth-Peter et al. (2023) proposed a conceptual framework to
shift from traditional business to circular models using Industry 4.0 to
achieve sustainability goals. Yang et al. (2021) presented a framework to
help firms understand the purpose and potential impact of technology
adoption in supply chain processes and how transformation could affect
the supply chain to achieve sustainability benefits.

Other literature fragments explored the impact of technology on the
SDGs (Fig. 1 near the end of the paragraph) (Agrawal et al., 2022b;
Tsolakis et al., 2021). For instance, Chandan et al. (2023) investigated
the potential of Blockchain technology to reduce environmental impact
in the food supply chain to achieve the SDGs. Additionally, Del Rio
Castro et al. (2021) provided a general overview and guidance on the
SDGs and their nexus with digitalization.

Despite the considerable knowledge in the literature, the implica-
tions of supply chain 4.0 transformation for sustainable development
goals are still understudied. This field remains open to research and
investigation, and the achievement of concrete results towards sustain-
ability goals may be hindered by a restricted focus on supply chain
processes, which are subject to technological disruptions (Srhir et al.,
2023).

Technology selection must be aligned with business needs and



S. Srhir et al.

(Toth-Peter et al., 2023)
(Yang et al., 2021)

14.0 technologies &
the SDGs

Industry 4.0 impact on
sustainability
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(Caiado et al., 2022)
(Karmaker et al., 2023)
(Lu et al., 2022)
(Schilling & Seuring, 2023)
(Strandhagen et al., 2022)

Implementation of
14.0 technologies

the SDGs.

Framework: results of integrating Industry 4.0 technology into SCOR model processes on

Fig. 1. Research gap.

objectives and must be tailored to the business environment (Zangia-
comi et al., 2020). Furthermore, only a few industrial implementations
have been identified regarding the implementation of these technologies
and some projects are still in pilot phase (Strandhagen et al., 2022). In
this regard, frameworks are needed to guide the implementation of these
digital tools and make their relevance to sustainability more evident (Lu
et al., 2022; Strandhagen et al., 2022).

To respond to this, our study aims to build a conceptual framework
that acts in three main axes: (i) The transformation from sustainable
supply chain to sustainable supply chain 4.0, (ii) the capabilities that
emerge from the transformation in the SCOR model processes, and (iii)
the link between the benefits of technology integration to the achieve-
ment of sustainability goals.

The present study relies on a comprehensive literature review,
encompassing recent publications and research studies related to the
subject matter. Additionally, the study also analyzed secondary data
sources, including companies’ reports and press reports, to gather in-
sights into the practical applications and benefits of Industry 4.0 tech-
nologies for the SDGs. By utilizing both primary and secondary sources,
the study aims to provide a holistic framework that can help inform
policymakers, business leaders, and other stakeholders on the potential
of Industry 4.0 technologies to foster sustainable development.

3. Sustainable supply chain 4.0

This section addresses the first objective of the study, which is to
provide insights into the transformation of supply chains. It is structured
into three parts. It discusses sustainable supply chains in today’s fast-
moving business environment. It explores the key components and pil-
lars of supply chain 4.0, which drives the transformation of modern
supply chains, and concludes with a state-of-art of sustainable supply
chain 4.0.

3.1. Sustainable supply chain (SSC)

Sustainable supply chain management (SSCM) has emerged as an
essential aspect of the supply chain, with the goal of integrating sus-
tainability concerns, practices, and goals into core supply chain pro-
cesses such as planning, sourcing, making, delivery, storage, and return
(Srhir et al., 2023). Sustainability became the success factor of busi-
nesses, as social economic and environmental dimensions are essential
to meet the strategic goals of all stakeholders in the value chain (Yavuz
et al., 2023).

Sustainable supply chains are based on maintaining performance on
three levels. Economic sustainability, such as reducing inaccuracies,
costs, waste, and delays, while improving quality compliance and pro-
cess management (Sislian and Jaegler, 2022).

The social dimension is represented in some literatures by indicators
such as job opportunities, extended producer responsibility (Mor-
eno-Camacho et al., 2022), equality, quality of work, health, well-being,
and social capital (Fatimah et al., 2020).

The rise in environmental concerns made research very active
regarding this pillar. Multiple initiatives have been undertaken to
reduce these concerns. Xu et al. (2023) introduced eco-innovation as a
new concept to pursue environmental solutions such as reducing the use
of harmful raw materials, reducing pollution and carbon emissions. It
relies on the ability of companies to reshape product design, processes,
and structures for environmental sustainability.

In addition, Toth-Peter et al. (2023), outlined the importance of
practices and technologies that improves reverse logistics, which closes
the loop of supply chain, reduces waste in the environment while
improving resource efficiency (Agrawal et al., 2022b).

Companies are adopting sustainable practices to achieve sustain-
ability, maintaining collaboration among stakeholders, and sharing in-
formation to optimize operational performance and reduce costs. In
addition, regulatory pressure from governments to comply with envi-
ronmental and social standards has also increased (Sharma et al., 2023).

The literature addresses sustainability in relation to the sustainable



S. Srhir et al.

development goals (SDGs); these goals have been addressed by various
sustainability-oriented supply chain strategies and practices (Agrawal
et al., 2022a). According to Tsolakis et al. (2021), the UN agenda pro-
vides a chance for industries to revamp their businesses. The sustainable
development goals reinforce sustainability in supply chains (Chandan
et al., 2023), which means that alterations to the upstream and down-
stream processes of the supply chain are necessary to achieve these
goals. Additionally, synchronizing sustainability efforts throughout the
entire value chain is crucial (Modgil et al., 2020).

3.2. Supply chain 4.0 (SC4.0)

The term “Industry 4.0" is gaining momentum in the academic world.
It refers to a bundle of smart technologies whose integration leads to
supply chain 4.0 transformation. The cluster of these technologies dif-
fers from one author to another. Among them, the most known are
Internet of Things (I0T); Additive Manufacturing (AM); Artificial Intel-
ligence (AI); Big Data Analytics (BA); Physical Objects (PO); Intelligent
Autonomous Vehicles (IAV) and Blockchain (BC) (Srhir et al., 2023).
Additionally, Shao et al. (2021) identify Cloud computing (CC) and
Machine Learning (ML). These cutting-edge technologies work autono-
mously or in conjunction to drive supply chains towards process excel-
lence and the attainment of sustainability goals (Caiado et al., 2022;
Kopyto et al., 2020). They capture the massive data flowing from one
physical system to another, enabling process integration and efficient,
accurate decision making (Lu et al., 2022; Shao et al., 2021).

Supply chains 4.0 are powered by these technologies to make a
global impact. They hold significant capabilities to improve productivity
(Tortorella et al., 2019), economic sustainability (Azevedo et al., 2021),
and quality and efficiency in global business (Ramanathan et al., 2017).
Moreover, as supply chain 4.0 integrates stakeholders and supports
collaboration, it influences strategic business alliances within industries
(Benzidia et al., 2021), as well as income allocation across countries
(Ferrantino and Koten, 2019). For instance, they offer great potential for
information visibility and secure storage of data (Di Vaio and Varriale,
2020; Kouhizadeh et al., 2020), which allow for the calculation of
metrics with implications for government operations, for example, the
SCOPE 3 emissions metric for tax enforcement.

In fact, in supply chain 4.0, process management is smart (Moeuf
et al., 2018), including automated warehousing and staging, and smart
manufacturing which provide increased accuracy, visibility and audit-
ing of data, reducing production process downtime, wastage, errors and
worker safety risks (Dantas et al., 2021).

3.3. Sustainable supply chain 4.0 (S5C4.0)

Sustainable supply chain 4.0 requires appropriate technology inte-
gration and sustainability initiatives by involving targeted stakeholders
(Silvestre and Tirca, 2019). This new context has required technology
contributions to help redefine business models and to reduce organiza-
tional boundaries (Weking et al., 2020), to effectively manage upstream
and downstream challenges to maintain added value in the chain and
address the sustainability challenge (Thakur and Mangla, 2019).
Following that, at the company level, the connection between business
partners, and the flow of data and the interconnection of physical objects
and technologies makes processes smarter and more efficient (Dantas
et al., 2021).

The application of Industry 4.0 technologies has revolutionized
supply chain management by subjecting each process to one or more
technologies that can improve sustainable efficiency. For instance, 3D
printing, which is mostly used in the manufacturing process, has the
potential to develop both new and retreated products. The tire industry
is a good example of this (Shahpasand et al., 2023), as multiple giant tire
manufacturers are relying on this technology to be using sustainable
materials by 2050, thereby reducing the negative impact on the envi-
ronment. Economically, implementing 3D printing increases the net

Journal of Cleaner Production 418 (2023) 138111

profit of the supply chain and optimizes material flows (Chan et al.,
2018).

Moreover, sustainable supply chains have been subject to extensive
research that explores the potential of technologies such as the Internet
of Things and Blockchain (Schilling and Seuring, 2023; Srhir et al.,
2023). According to Khan et al. (2023), these technologies have the
potential to create intelligent, robust, and sustainable systems by facil-
itating the flow of information and providing traceability (Kamble et al.,
2020b). This integration not only fosters long-term partnerships with
supply chain partners but also enhances process efficiency (Fatorachian
and Kazemi, 2021; Yang et al., 2021).

4. Supply chain 4.0 capabilities in SCOR model processes

The SCOR model specifies six processes (plan-source- make-deliver-
return-enable) that a supply chain must perform in order to deliver value
to customers (SCC, 2017). This model was conceived by the Supply
Chain Council in collaboration with leading manufacturing companies
to uncover managerial practices to drive supply chain towards excel-
lence and performance. It sets strategic parameters and objectives to
maintain reliability, flexibility, agility, and cost effectiveness of opera-
tions (Dissanayake and Cross, 2018).

In its latest version, SCOR 12.0 considers some of the Industry 4.0
technologies such as, Internet of Things and Additive Manufacturing as
emerging practices (SCC, 2017). Furthermore, the literature mentions
that Industry 4.0 technologies transform supply chains by enabling new
capabilities that disrupt their processes (Khanfar et al., 2021; Yang et al.,
2021).

4.1. Planning process

The first step in supply chain management is the planning process in
which companies aim to analyze demand and supply, to align them with
sourcing, production, and distribution (Chehbi-Gamoura et al., 2020).
Industry 4.0 integration offers the transparency of shared data, which
facilitates planning by integrating all stakeholders into the supply chain
planning process (Srhir et al., 2023).

The result of this integration is to accelerate cross-functional decision
making, increase information visibility (Chandan et al., 2023), and
optimize real-time collaboration with business partners (Khanfar et al.,
2021), resulting in efficient use of resources and improved financial
performance (Kazancoglu et al., 2022).

For instance, Industry 4.0 technologies enable the placement of
customers at the center of the supply chain, to design the right products
and plan efficiently to satisfy their demand (Yang et al., 2021). In
addition, this integration allows the optimization of processes and the
enforcement of demand forecasting (Shafique et al., 2019). According to
Kumar et al. (2021), big data analytics enable lean planning, and sup-
port a sustainable network that is based on cost savings, waste and
carbon emission reduction, governance, and social welfare (Awan et al.,
2021).

4.2. Sourcing process

In the procurement process, managers aim to select the right sup-
pliers for their business and value missions (Chehbi-Gamoura et al.,
2020). Industry 4.0 integration makes this process smarter, boosts sus-
tainability capabilities (Garcia-Muina et al., 2019), and strengthens
tier-supplier relationships (Chand et al., 2020). The traditional sourcing
management is time-consuming and engenders a lot of costs (Yang et al.,
2021).

Smart procurement is characterized by faster and efficient trans-
actions thanks to real-time information sharing and transparency of data
along the chain (Kazancoglu et al., 2022). This enablement could largely
prevent time overruns due to miscommunication and strengthen
sourcing activities, such as ordering, resource management, and
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forecasting (Kamble et al., 2020b; Tsolakis et al., 2021).

Sourcing seeks to strengthen the traceability of raw materials and
maintain the registration of data on suppliers’ certifications and product
quality (Fatimah et al., 2020). For example, technology enables instant
data recording and prevents fraudulent information from being vali-
dated (Liu et al., 2023), which facilitates the supplier selection process
(Ghadimi et al., 2019), optimizes sourcing decisions, and strengthens
responsible sourcing (Khan et al., 2023).

Industry 4.0 technologies such as data analytics and artificial intel-
ligence enable win-win relationships with suppliers, resulting in better
forecasting (Lin et al., 2020; Sharma and Joshi, 2020), efficient in-
ventory and logistics organization, leading to economic benefits and
better resource management (Kiel et al., 2017). However, this paradigm
requires a high degree of data sharing capability, as well as transparency
and security of data as it flows through supply chain partners (Liu et al.,
2023).

4.3. Making process

Many companies have begun to explore the benefits of Industry 4.0
technologies on manufacturing processes. The integration of these
technologies enhances production through automation optimized by
data generated from other processes, making production lean and effi-
cient in terms of costs and resources (Javaid et al., 2022; Miiller et al.,
2018).

Industry 4.0 integration results in synchronized operations, quality
products, safe production, and employee safety (Liu et al., 2023). Ac-
cording to Holland et al. (2017), the bundle of additive manufacturing
and Blockchain leads to better process auditing and improves product
design characteristics by adhering to sustainability norms. Robotics and
machine-to-machine connectivity led to sustainability benefits in terms
of waste and emission reduction, resource mitigation (Yavuz et al.,
2023), augmented workforce, and rapid identification of defective sys-
tems and machines (Dornelles et al., 2022), allowing for efficient order
fulfillment and reduced impacts of downtimes both in terms of cost
reduction and time management (Toth-Peter et al., 2023). Moreover,
Industry 4.0 technologies, such as connected sensors, and IoT, enable
manufacturers to satisfy their customers and generate more capital
(Ghadimi et al., 2019; Miiller et al., 2018).

4.4. Deliver process

The number of wrong orders, idle times, and damaged goods can be
reduced by data transparency throughout the supply chain (Qiu et al.,
2015). Supply chain 4.0 is characterized by efficient planning and syn-
chronized operations through real-time data flow, which reduces lo-
gistics costs and waste in logistics processes (Ferrantino and Koten,
2019).

The use of technologies such as artificial intelligence and Internet of
Things enables efficient routing, to find cost-effective emission thresh-
olds based on customers within a route, vehicle efficiency, distance to
customers, and density of the point of delivery area. On the other hand,
autonomous vehicles have been widely investigated to improve the ef-
ficiency of the delivery process in terms of sustainability (Figliozzi,
2020).

Many studies consider autonomous vehicles to be a potential solution
for reducing fuel consumption and emissions (Bechtsis et al., 2018;
Figliozzi, 2020). They have the capability to autonomously interoperate
with the external environment with a goal of promoting rational eco-
nomic costs and societal advantages such as enhanced human safety and
accessibility (Srhir et al., 2023). For instance, Slowik and Sharpe (2018)
focus on the long-haul transportation and heavy freight vehicles and find
that the benefits of autonomous trucking could be significant in terms of
fuel consumption and emissions, resulting in relevant sustainability
performance outcomes. This technology can also reduce the consistency
of the driver shortage problem (Wang et al., 2022).
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Supply chain 4.0 has customers integrated into process operations
working together with the entire network (Nabila et al., 2022). This
alignment enables transportation optimization (Govindan et al., 2018;
Nguyen et al., 2018), cost reduction through consolidation and last-mile
management (Yang et al., 2021), and ensures good return on capital
(Caiado et al., 2022).

4.5. Return process

Industry 4.0 supports the flow and activities associated with reverse
logistics and closed-loop chain management (Toth-Peter et al., 2023).
This process entails designing and monitoring operations to ensure value
creation throughout a product’s lifecycle (Dev et al., 2020). Lacking a
focus on reverse logistics management drives companies to lose capital
and value against the competition.

Some studies have focused on this process and suggest the integra-
tion of Industry 4.0 technologies as a solution to maintain and improve it
(Dwivedi et al., 2023; Toth-Peter et al., 2023). For instance, Internet of
Things, Big Data analytics, and RFID tags enhance the reverse logistics
operations as they enable product tracking, data collection and infor-
mation processing (Garrido-Hidalgo et al., 2019; Kamble et al., 2020b).

Garrido-Hidalgo et al. (2019) follow on this and argue that the
integration of Industry 4.0 supports the closed-loop supply chain and the
reverse logistics. The use of Information and Communication Technol-
ogies (ICT) mitigates energy and resource consumption, facilitates
remanufacturing, and allows product recovery (Dev et al., 2020).

As part of the Industry 4.0 paradigm, the data collected throughout
the return processes can benefit product handling and warehouse
management (Kamble et al., 2020a). The paradigm supports the man-
agement of return for maintenance repair & operations (MRO) and
recovered products (Korchagin et al., 2022).

Zhong et al. (2015) construct a RFID-based framework to reflect the
importance of real-time data in the manufacturing shop floor and
warehouse logistics. Managing reverse logistics has an important role in
ensuring the sustainability of operations. It leverages market values
while reducing environmental issues. Efficiently tracking high return
areas with Industry 4.0 technologies quickly mitigates returns, thereby
reducing their impact on the environment (Dwivedi et al., 2023).

4.6. Enable process

Enable processes drive supply chains toward reliability and effi-
ciency. It includes supply chain management operations related to
business rules, facility performance, data management, supplier re-
lationships and risk management to drive continuous improvement
(SCC, 2017).

Industry 4.0 technologies support this process by providing the data
and tools required to synchronize all processes and support their
execution and governance (Manupati et al., 2020). The literature still
lacks research on the impact of Industry 4.0 technologies on this specific
process. Nevertheless, supply chain 4.0 has balancers that align and
bring transparency and visibility to transactions among different oper-
ations such as finance, product and portfolio management, product
design, customer satisfaction, etc. (Awan et al., 2021; Ferrantino and
Koten, 2019; Mak and Max Shen, 2021), which allows for alignment and
makes their management more effective, hence more likely to achieve
sustainability goals (Fernandez-Portillo et al., 2019; Kiron and Unruh,
2018).

5. Sustainable supply chain 4.0 capabilities in the achievement
of sustainability goals: conceptual framework

The previous sections provide a comprehensive overview of the
transformation to a supply chain 4.0, this section answers the objective
of the study and constructs a framework that designs the achievement of
sustainability goals through the construct of supply chain 4.0 powered
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by the integration of Industry 4.0 technologies into SCOR model
processes.

This study responds to the demand in the literature. Ghadimi et al.
(2019) state that the literature needs actions to support organizations to
embrace sustainable supply chain management based on industry 4.0
technologies. In addition, in today’s industry, innovations in strategies
and technologies are rapidly evolving (Caiado et al., 2022), compelling
companies to test new frameworks to develop new solutions for the
sustainability challenge, especially to achieve the 17 Sustainable
Development Goals. Therefore, the study provides a new framework
(Fig. 2 near the end of the paragraph) that recommends integrating
sustainability into the core of business operations, redesigning pro-
cesses, and ensuring alignment and collaboration with stakeholders to
make faster progress toward the SDGs. It addresses three main axes that
support the achievement of the goals, (1) the integration of Industry 4.0
technologies, (2) the impact of this integration on the SCOR model
process in terms of sustainability benefits, (3) the scope of the UN
Agenda 2030.

The United Nations 2030 Agenda (UN, 2015) provides a framework
designed for communities to manage and lead sustainability practices. It
is based on 17 Sustainable Development Goals (SDGs), with subgoals in
which the social, economic, and ecological pillars are considered as
complementary and interdependent parts. Despite this, some thinking
continues to segregate the goals under the three pillars (Dantas et al.,
2021).

The literature has seen an increase in commitment to studying the
achievement of these goals after many institutions declared a state of
emergency (UN, 2015). However, it still lacks practical implications and
innovative frameworks that incorporate emerging technologies to
leverage new opportunities (Franca et al., 2020).

To achieve the SDGs, companies must change the way they do
business. Innovative technologies are the emerging solution with
promising attributes to achieve production and consumption savings
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(Garcia-Muina et al., 2019; Pham et al., 2019). However, their inte-
gration must be accompanied by organizational and systematic changes
to reach all processes in the supply chain (Xu et al., 2023).

As mentioned earlier, Industry 4.0 technologies hold the power to
capture and record data throughout the supply chain processes. The
huge data generated can help measure the impact of business operations
on a particular SDG (Modgil et al., 2020).

It provides visibility to regulate working hours, ensure good working
conditions, and communicate the implementation of sustainability ini-
tiatives (Govindan et al., 2016). This may contribute to SDG (6) water
conservation, (12) energy consumption, and (8) decent work and eco-
nomic development.

The visibility enabled strengthens performance measurement and
provides an incentive for companies to further reduce costs (Unerman
et al.,, 2018), to focus investments on achieving more sustainability
goals. Becker et al. (2020) state that Industry 4.0 technologies provide
high visibility of data and transactions that support process management
and sustain a driving force for accurate measurement, reporting, and
quantification of GHG inventory. The latter goes further and includes
SCOPE 3 emissions (Johnsson et al., 2020), life cycle assessment, and
quality assessment (Chen et al., 2021), resulting in the achievement of
various SDGs such as (3) Good health and well-being, (12) Responsible
consumption and production, (13) Climate action, (14) Life under water,
and (15) Life on land. Fu et al. (2018) uncover how the bundle of IoT
mitigates carbon emissions in the clothing production lifecycle, which
results in sustainability goals.

In the context of Industry 4.0, the implementation of sustainable
supply chain practices can improve organizational performance by
minimizing waste, enhancing operational efficiency, and boosting
profitability of businesses (Khan et al., 2023).

The Commission on Business and Sustainable Development suggests
rethinking business strategy entirely in the direction of the SDGs. This
perspective must be supported by collaboration with peers to make

ACHIEVED CAPABILITIES

Industry 4.0
technologies

Industry
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technology
integration
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Fig. 2. Framework of Industry 4.0 integration to drive SCOR processes towards the 17 SDGs.
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faster progress towards achieving the SDGs (WBCSD, 2020). In line with
this, Industry 4.0 technologies drive traceability, decentralization,
interconnection of processes and increased trust between stakeholders
which drive supply chains towards innovation to build resilience and
promote an inclusive and sustainable infrastructure (SDG9) (Cruz San-
chez et al., 2020; Hidayatno et al., 2019).

Certain industries are covered repeatedly in the literature to study
the effect of Industry 4.0 on achieving the SDGs (De Villiers et al., 2021;
Johnsson et al., 2020; Tsolakis et al., 2021). In the construction industry,
Karlsson et al. (2020) show that the application of technologies enables
sustainable practices that reduce emissions from road construction,
including SCOPE (1-2-3) emissions. They include the application of
biomass energy for transportation; the electrification of transports and
industrial processes; and the deployment of Carbon Capture and Storage
technology (CCS). These capabilities embody innovation in the industry
(SDG 9), besides hybridization and electrification of operations posi-
tively impact air pollution, thereby fostering sustainable cities and
communities (SDG 11) (Johnsson et al., 2020). In the agricultural and
food industry, the literature refers mainly to traceability (Behnke and
Janssen, 2020; Chen et al., 2021). For instance, in the fishing sector,
Blockchain technology and IoT report unregulated fishing activities
which preserves the marine ecosystem (SDG 14) (Whiting, 2020), track
illegal and labour rights abuses (SDG 8) (Lindley and Techera, 2017),
and provide safe products to customers (SDG 12-3) (Nong, 2019).

Traceability in supply chains ensures ethical consumption, and
control of production in terms of the use of synthetic fertilizers, which
contributes to SDG (15) (De Villiers et al., 2021). Therefore, traceability
becomes an important attribute for companies that engage with the
SDGs. In the luxury industry, Blockchain technology is being explored as
the main driver of raw material and finished product traceability (Choi,
2019). In addition, it offers the ability to create digital certificates that
serve as anti-counterfeiting evidence (VeChain, 2019). These capabil-
ities can be considered in response to SDG (12) (De Villiers et al., 2021).

Significant investments are being made in developing countries to
achieve the desired SDGs. Automated payment systems with crypto
currencies are useful in this sense and help eliminate the need for in-
termediaries, increasing the security and speed of financial transactions
(Kamble et al., 2020b). This capability can also encourage the devel-
opment of relationships with local suppliers, without the need for NGOs
(Saurabh and Dey, 2021). Therefore, technology innovations can
address social, economic, and environmental issues upstream and
downstream (Paliwal et al., 2020).

6. Conclusion

With 2030 fast approaching, it is important for the business com-
munity to understand the potential of Industry 4.0 technologies to drive
innovation towards the 17 Sustainable Development Goals (SDGs). For
research, the UN’s emergency call means stimulating extensive,
engaged, and transdisciplinary studies to suggest practical frameworks
for meeting the agenda’s goals. However, the challenge revolves around
the ability of companies to adopt these technologies in terms of invest-
ment and ability to change their organizational structures and processes.

The studies focus on Industry 4.0 technologies and consider their
capabilities as drivers of sustainability goals. Moreover, it reflects on the
important foundations for developing sustainability capabilities that
strengthen the functioning of supply chain processes. Subsequently, it
set out to link supply chain 4.0 capabilities to the SCOR model processes
to achieve sustainability goals.

The study builds on literature to develop a conceptual framework
(Fig. 2 in part 5), we draw from themes in the literature to extract the
sustainability capabilities and link them with SCOR model processes.
The knowledge from previous studies show that emerging technologies
offer a high level of data interoperability even at the trivial process level,
which can help reduce deficiencies resulting from mixed data sources
and supply chain capabilities, and restructure operations in processes.
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The proposed paradigm can be tested in different units and contexts
as it covers all processes and a different set of technologies. Its objective
is to uncover challenges, opportunities, and threats to align business,
society, and environment thanks to the adoption of Industry 4.0 tech-
nologies. The results can uncover the contribution of Industry 4.0
technologies to achieving the 17 SDGs.

6.1. Implication for research

Recent research has emphasized the importance of integrating In-
dustry 4.0 technology into supply chains to achieve the 17 SDGs (Bonilla
etal., 2018; Caiado et al., 2022). These are two areas of great concern to
business, government, and the natural environment. The literature has
suggested that Industry 4.0 is likely willing to drive sustainable devel-
opment goals but still raise questions of its drivers and application.

First, responding to the call for more developed research in this
context (Agrawal et al., 2022a), we present a conceptual framework.
This framework aims to contribute to the literature by providing a
detailed and practical picture of Industry 4.0 technology capabilities,
their impact on SCOR model processes, and the achievement of sus-
tainability goals. This conceptual framework advances the research and
proposes that the positive impact of Industry 4.0 technologies on sus-
tainability goals is induced by proper technology integration at the inter-
and intra-organizational level, and by a concrete shift in supply chain
processes towards technology-induced sustainability capabilities. Sec-
ond, to our knowledge, no study had empirically validated the impact of
integrating Industry 4.0 technologies on supply chain processes on
achieving the goals of the UN agenda. Third, the developed framework is
intended to be refined and empirically tested, creating new research
opportunities.

6.2. Implications for managerial practices

The study provides a framework for decision makers to view the
importance of Industry 4.0 technology integration on Sustainable
Development Goals (SDGs).

This framework can be valuable for sustainability-focused business
leaders who aim to uncover the potential of Industry 4.0 technologies. It
could help them in their strategies, to integrate the right technology for
each process in the supply chain to unlock sustainability initiatives that
could lead them to achieve their sustainability goals. The major chal-
lenge for companies lies in the first part of the framework, which con-
cerns technology integration. How companies engage with technology
and the strategic decision to choose the right technology for each pro-
cess are critical to uncovering sustainability capabilities and linking
them to sustainability goals. The study offers a clear picture to view the
iteration.

The application of the framework in different companies and in-
dustries can advance the general knowledge on the importance of In-
dustry 4.0 technologies in addressing the sustainability challenge. In
addition, the proposed framework serves as a support for policy makers
responsible for developing policies and guidelines. It can provide them
with a perspective on the importance of directing investments towards
smarter development and sustainability-driven business processes.

6.3. Limitations

Our study should be considered in view of some limitations that can
be further elaborated.

On one hand, the literature offers studies on the Sustainable Devel-
opment Goals (SDGs) focused on specific industries or products. This
makes it difficult to select articles that establish the link to supply chain
processes in a very general approach.

Despite this, the proposed framework intended to be as general as
possible to be implemented in any industrial sector. In this line, indeed,
the paper proposes a conceptual framework that connects two different
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axes regarding Industry 4.0 capabilities on supply chain processes and
their link to the Sustainable Development Goals (SDGs).

Since this framework is based on the analysis of literature, real-life
applications can be useful to test it on particular industries or supply
chains through empirical approaches. Finally, as studies in this context
are rapidly evolving, new publications, applications, and evaluation of
the state of the SDG need to be constantly analyzed for possible inclusion
and adaptation of the proposed framework.
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