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ABSTRACT

This study addresses the emerging concept of Industry 5.0, which aims to tackle societal
concerns associated with the ongoing digital industrial transformation. However, there is still
a lack of consensus on the definition and scope of Industry 5.0, as well as limited understanding
of its technological components, design principles, and intended values. To bridge these
knowledge gaps, the study conducts a content-centric review of relevant literature and
synthesizes evidence to develop an architectural design for Industry 5.0. The findings reveal
that Industry 5.0 represents the future of industrial transformation, offering potential solutions
to socio-economic and environmental issues that were inadequately addressed or exacerbated
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by Industry 4.0. The study provides managers, industrialists, and policymakers with a compre-
hensive overview of Industry 5.0, including its technological constituents, design principles,
and smart components, emphasizing the importance of stakeholder involvement and integra-
tion for effective governance of digital industrial transformation within this framework.

1. Introduction

While the literature provides controversial reports on
the Industry 4.0 progression across various industries
and regions [1,2], there are some debates on the pre-
valence of the fifth industrial revolution [3]. This con-
flicting pattern primarily manifests in the European
Commission proposing the Industry 5.0 agenda in
early 2021 while acknowledging that Industry 4.0 is
far from its maturity [4]. The majority of current
debates across high-level scientific, industrial, and pol-
icy-making institutions center around how the Industry
5.0 concept should be understood against Industry 4.0
[5]. Addressing these debates requires
a comprehensive understanding of the Industry 4.0
concept, technologies, and principles. Thanks to the
countless academic contributions to this discipline, the
knowledge of Industry 4.0 and its capabilities has sig-
nificantly advanced [6]. Industry 4.0 was first concep-
tualized as implementing the underlying technologies
within the factory’s four walls [7,8].

Nevertheless, this phenomenon is nowadays
regarded as a paradigm shift in value creation and
delivery involving the digitalization of all value part-
ners [9]. In reality, the ripple effect of Industry 4.0 has
reached far beyond the manufacturing industry [10],
giving birth to unconventional concepts such as

Agriculture 4.0 [11]. Previous studies have developed
and presented numerous frameworks, architectural
designs, and models to explain better the functional-
ities of Industry 4.0 and the underlying technologies.
Contrary to Industry 4.0, the Industry 5.0 phenomenon
is significantly understudied [4,12]. The technological
constituents, components, and functionality of
Industry 5.0 are ill-defined, and scholars lack
a consensus in differentiating this phenomenon from
its predecessor [13]. While preceding industrial revolu-
tions took decades to unfold, Industry 5.0 seems to
coexist with Industry 4.0 as a parallel phenomenon,
causing much confusion and skepticism regarding
the trajectory of the ongoing industrial revolution
[14]. Industry 5.0 advocates offer two diverse perspec-
tives while explaining the driving force behind this
phenomenon. The first perspective assumes that the
unprecedented growth of disruptive technologies
such as 6 G, Artificial Intelligence (Al), and cognitive
computing is revolutionizing the future of the work-
place, seamlessly integrating humans with machines
and the technological world around them [15,16].
The second perspective holds a holistic techno-
cultural view of Industry 5.0 drivers and argues that
this phenomenon directly addresses two significant
drawbacks of Industry 4.0: technology and profit
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centricity [17,18]. The latter perspective has been
recently propagated by the European Commission’s
agenda for Industry 5.0, arguing that this phenomenon
must prioritize an eco-friendlier, human-centric, and
resilient industry [4]. The controversies associated
with Industry 5.0 are expected, given that this phe-
nomenon is embryonic, and academia has yet to
explore it in detail [19,20]. Accordingly, this study
aims to address the following objectives:

e To explore the enabling technologies of Industry
5.0.

e To explain the techno-functional principles and
components of Industry 5.0.

¢ To identify the Industry 5.0 strategic values.

The present study addresses this knowledge gap by
developing an architectural design for Industry 5.0,
which involves exploring and describing this phenomen-
on’s technological constituents, techno-functional princi-
ples, components, and the scope of impact (intended
values) that collectively contribute to the new human-
centric, sustainable, and resilient manufacturing econ-
omy. To this purpose, the study conducts a content-
centric review of Industry 5.0 academic literature and
draws on evidence mapping to identify how Industry
5.0 and its constituents can fulfill the said objectives.

2. Literature review

This study follows the guides provided by Watson and
Webster [21], for a content-centric literature review to
identify the components, functions, and scope of
Industry 5.0. Figure 1 describes the steps undertaken for
this purpose. The systematic review process started with
step A1, which included identifying the relevant docu-
ments within Scopus and Web of Science databases using
the keywords shown in Figure 1 (step A1). The study
included “society 5.0” within the search string since the
concepts of Industry 5.0 and Society 5.0 appear to share
many grounds [22]. The initial search within the two
databases collectively identified 568 unique documents.

Step A2 involved defining the three exclusion cri-
teria. In step A3, the 568 documents identified in step
A1 were subjected to the exclusion criteria, leading to
a shortlist of 52 papers. Next, the backward review of
eligible documents was conducted (step B1), which
involved the backward assessment of the 52 eligible
documents identified in the previous step to identify
other related documents requiring further considera-
tion. Step B1 led to identifying 64 documents. In step
B2, the 64 newly identified documents were subjected
to the exclusion criteria, leading to 13 additional eligi-
ble documents. As a result, the extended pool of eligi-
ble documents included 65 documents (52 + 13). Step
C1 involved the forward review and identifying addi-
tional related documents citing the 65 eligible

documents using Google Scholar and Web of Science,
which identified 33 additional documents. Through
step C2, the 33 newly identified documents were sub-
jected to the exclusion criteria, and, as a result, 7 addi-
tional eligible documents were shortlisted. By the end
of step C2, the final pool of eligible documents con-
sisted of 72 (52 + 13 + 7) documents.

In step D, the two content assessors performed the
evidence synthesis and independently scrutinized the
content of each eligible document qualitatively. The
content assessment team strictly followed the neces-
sary steps to ensure the validity and reliability of the
content analysis. These steps, for example, involved
designing and following a comprehensive review pro-
tocol and the underlying coding scheme, text denois-
ing procedure, data management, and collaborative
disagreement tracking. As Industry 5.0 is in its embryo-
nic stage, including gray literature like the European
Commission Industry 5.0 directives [23] helps better
dissect the ongoing trends in technological advance-
ments that sometimes the academia lag behind. The
advantages of benefiting from the gray literature, such
as reducing publication bias or enriching the overall
findings, have been widely acknowledged [24].
Therefore, the content-centric review of Industry 5.0
literature was complemented by the selective review
of Industry 5.0 gray literature, primarily identified
across the forward and backward review steps.

3. Methodology and content synthesis

Industry 5.0 appears to be unfolding, making it hard to
define within the scholarly literature. Industry 5.0
builds on the idea of Industry 4.0 to represent
a socially pulled and technologically pushed digital
transformation phenomenon. Therefore, the study
drew on the Industry 4.0 literature (e.g [1; 25]., to
contextually define Industry 5.0 based on its under-
lying technologies, design principles, and components
to address the vagueness surrounding this concept.
The Industry 4.0 literature proposes that the digital
manufacturing ecosystem under Industry 4.0 consists
of several components, such as smart factories, smart
suppliers, and intelligent customers [1,26]. Industry 4.0
transformation also entails manufacturers integrating
a large spectrum of mature standard technologies and
emerging disruptive technological innovations [27].
Similarly, the study proposes that integrating var-
ious standard and emerging technologies across the
entire value network is at the heart of the Industry 5.0
transformation agenda. Alternatively, scholars argue
that manufacturing digitalization under Industry 4.0
also involves developing necessary design principles
that allow components such as smart factories to lever-
age technological constituents effectively [26,28].
Consistently, the content analysis also identifies the
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Step A1l: The initial identification
Objective: 1dentifying relevant documents within Scopus and Web of Science databases
Search string: ( TITLE-ABS-KEY ( "Industry 5.0") OR TITLE-ABS-KEY ( "fifth Industrial revolution" )
OR TITLE-ABS-KEY ( "5IR") OR TITLE-ABS-KEY ( "5th Industrial revolution" ) OR TITLE-ABS-KEY (
"society five" ) OR TITLE-ABS-KEY ( "Society 5.0"))
Documents identified in stage A1l: (n=568)
< 5

Step A2: Defining exclusion criteria
EXC1) The document does not have its main body of text written in English.
EXC2) The document uses keywords such as Industry 5.0 merely as a cited expression.
EXC3) The document does not discuss the definition, scope, components, or functionality of Industry 5.0

whatsoever.

Step A3: Screening
Documents removed due to EXC1 (n=18), EXC2 (n=202), and EXC3 (n=296)
Total number of documents excluded in step A3 (n=516)
Total number of eligible documents identified in step A3 (n=52)

The initial pool of eligible documents (n=52)

Step B1: Backward review
Going backward by reviewing the documents cited by the 52 documents identified in step A3 to
determine prior related documents that require consideration.

Documents identified in step B1 (n=64)
=

Step B2: Screening
Article removed due to EXC1 (n=2), EXC2 (n=14), and EXC3 (n=35)
Total number of documents excluded in step B2 (n=51)
Total number of eligible documents identified in step B2 (n=13)
The extended pool of eligible documents (n=52+13=65)

Step C1: Fo?vfard review
Going forward using Web of Science and Google Scholar to identify unchecked related documents citing
the eligible documents identified across steps A3 and B2.
Documents identified in step C1 (n=33)

Step C2: Screening
Article removed due to EXC1 (n=1), EXC2 (n=9), and EXC3 (n=16)
Total number of documents excluded in step C2 (n=26)
Total number of eligible documents identified in step C2 (n=7)

The final pool of eligible documents (n=52+13+7=72)

Step D: Content Analysis
Content analysis of eligible documents and identification of Industry 5.0 components, functions, and
scope

Figure 1. The process of conducting the content-centric review of Industry 5.0 literature.

design principles that are critical to Industry 5.0 and its
values.

Overall, the synthesis of Industry 5.0 literature in
the present study involves analyzing the enabling
technologies, techno-functional principles, compo-
nents, and the scope of impact (value) of this
phenomenon. Having these synthesis objectives
defined, the study implemented a comprehensive
evidence-mapping protocol to identify and charac-
terize the available evidence within eligible docu-
ments. The research team strictly followed six
widely accepted content grouping steps [29] to
satisfy the synthesis objectives while ensuring the
reliability and validity of the insights extracted. The
evidence and insight grouping first involved iden-
tifying the key themes that emerged from the

Industry 5.0 literature. In the second step, a code
was assigned to each instance of a theme under
technologies, principles, components, and values
of Industry 5.0. In step 3, the assessors grouped
the codes into broader themes to better summar-
ize the data and identify the critical findings. In
step 4, the assessors extracted the sub-themes in
each category (e.g. technologies) to better under-
stand the data. In step 5, the assessors individually
reviewed the codes and groups to ensure they
accurately represented the data. Further, under
this step, the assessors collaboratively reviewed
the groupings and tracked disagreements to
ensure they captured all key findings. Finally, step
six involved summarizing the key themes, groups,
and sub-themes and fulfilling the synthesis
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objectives by identifying various constituents of
Industry 5.0.

3.1. Enabling technologies of Industry 5.0

Enabling technologies of Industry 5.0 consist of digital,
information, and operations technologies that collec-
tively derive the ongoing and upcoming digital trans-
formation under Industry 5.0. Enabling technologies
can be subcategorized into facilitating technology and
emerging technology clusters.

Facilitating technologies such as big data analytics,
cloud computing, or enterprise systems are the most
fundamental building blocks of Industry 5.0. Most of
these technologies were introduced under the third
industrial revolution and widely commercialized
under the Industry 4.0 paradigm, becoming an indis-
pensable part of most industrial ecosystems [30]. The
facilitating technologies characterize differently in
complexity, interconnectedness, and how they impact
business processes and products. The extant literature
has thoroughly investigated the definition, properties,
and business implications of facilitating technologies
(e.g [1].

The emerging technologies of Industry 5.0 are the
most innovative and disruptive technological innova-
tions that build on the facilitating technologies to
create more productive yet eco-friendly and human-
centric methods of value creation [6]. Industry 5.0
draws on these technologies to offer an environmental
and human-centric approach to digitalization and pro-
mote societal and ecological values [3]. The evidence
synthesis identified nine emerging technologies that
support the concept and core objectives of Industry
5.0. The following section describes each of the emer-
ging technologies of Industry 5.0 concisely.

Cognitive Cyber-Physical Systems (C-CCP) is an
upgrade over the cyber-physical-social system. Besides
acknowledging the role of humans in Cyber-Physical
Systems (CPS), communication-wise in particular, it ben-
efits from a certain degree of machine consciousness
[31]. Instead of sense-plan-act, C-CCP operates on the
sense-analyze-compute-act cycle. Under this cycle,
C-CCP can be characterized by the four properties of
self-knowledge, self-monitoring, self-awareness, and
self-informing, which allow it to respond under all cir-
cumstances proactively [32]. C-CPS also recognizes the
role of human cognition in the CPS, offering a smoother
and safer man-machine interaction across operations
[33]. C-CCP is expected to be more effective in pattern
detection across ongoing operations, self-recognition,
failure correction, and informed decision-making [34].
Sensors, actuators, robotic units, control systems, wire-
less communications technologies (5G and 6 G), and
the human-machine interface are among the major
components of C-CCP [35].

Cognitive Artificial Intelligence (CAl), also known
as artificial cognitive intelligence, is the byproduct of
integrating Al and artificial consciousness [36]. The
existing Al systems, including symbol processing-
based and deep learning-based Al variants, have still
not reached the pinnacle of their potential. This limita-
tion particularly restricts the implication of Al for
C-CCP, where the trustworthiness and reliability of
autonomous physical systems are essential. Experts
believe that attempting to create qualia out of the
vastness of exploratory sensory information in parallel
with natural language processing, data mining, and
pattern recognition would allow CAl to understand
the outside world better and think, re-learn, and act
like a human. In turn, this could allow for self-healing Al
to emerge that automatically would adopt component
changes in the application [37]. CAl would be an indis-
pensable technological constituent of Industry 5.0 as it
helps stakeholders make better decisions, reduces
information overload, decreases errors, improves
health and safety, and generates more sustainable
products and services [38].

Human interaction and recognition technologies
(HIRT) play a significant role in enabling the human-
centricity feature of Industry 5.0. The last-gen HIRT had
many difficulties identifying the human'’s behavior spa-
tial complexity, emotions, and action characteristics
[39]. The emerging HIRT under Industry 5.0 agenda
aims to optimally interconnect and integrate humans
with machines so that the resulting human-machine
interaction offers safer, streamlined, and more pleasant
physical and cognitive tasks. Vision-guided robotics,
short-wave infrared technology, sensor fusion, sensor
data triangulation, embedded vision systems, adapta-
ble human intention and trajectory prediction, and
multi-lingual speech and gesture recognition are
examples of vital emerging HIRT that can play
a significant role in Industry 5.0 [40]. No sensing and
cognition technology has the necessary emotional
intelligence to seamlessly judge the ever-changing
working condition and arrive at the best replication
of what humans would genuinely do in a given situa-
tion. Indeed, HIRT may only deliver its functions while
interacting with other technological constituents of
Industry 5.0, such as CAl, C-CCP, cloud data, and edge
computing [13].

Extended reality (XR) is an umbrella term for var-
ious immersive technologies, including traditional and
emerging augmented, virtual, and mixed-reality tech-
nologies [41]. XR technologies, especially mixed reality,
are an essential technological constituent of the fifth
industrial revolution, as they offer numerous benefits
to Industry 5.0 stakeholders [42]. Improved customer
experience, advanced industrial and academic train-
ing, real-time immersive fault diagnostic of industrial
operations, and improved safety and efficiency of
industrial processes are a few examples of XR



implications for Industry 5.0 [43]. The XR market is
expected to grow within the next decade rapidly.
However, the industrial application of modern immer-
sive and XR technologies under the Industry 5.0
agenda might be hindered by particular technical chal-
lenges such as data processing limitations, motion
tracking, and connectivity issues. Experts believe
advancements in big data, edge computing, 6 G, and
Al will alleviate these technical challenges as Industry
5.0 advances [44].

Industrial Smart Wearable (ISW) is essential to
Industry 5.0 since the human worker will play an ever-
more essential role in value creation under this para-
digm [13]. The proliferation of more intelligent and
advanced industrial wearables would allow workers
to perform their tasks safer, faster, and more produc-
tively [3]. There is a diverse and growing range of
emerging ISW available to businesses, which offer var-
ious functionalities in line with Industry 5.0 objectives.
Bio-inspired protective gears and exoskeletons can
improve industrial workers’ capabilities, strength, pro-
ductivity, and stability. Head-worn ISWs can enhance
human operators’ navigation and information-sharing
capabilities, whereas clothing ISWs can use conductive
or optical sensors to monitor and track the vitals of the
workforce [45]. Experts even pursue embedded track-
ing ISW that monitors workers’ mental and physical
strain and stress. Within the Industry 5.0 context, ISW
operates under C-CCP and relies on CAl and Industrial
Internet of Things (lloT) to communicate and interact
with other facilitating and emerging technologies such
as 3D printers, adaptive-collaborative bots, and auton-
omous vehicles [46].

Intelligent or Adaptive Robots are the next genera-
tion of industrial robotics that allow a higher level of
human-centric automation in the Industry 5.0 business
environment. Traditional robots are characterized as
fast and productive, yet they need to be isolated by
physical barriers for safety purposes. Collaborative
robots, on the other hand, have been designed to
work in collaboration with the human operator safely
and without a physical barrier, but at the expense of
lower speed and nominal load [47]. Intelligent (adap-
tive) robots can be regarded as an evolution of tradi-
tional and collaborative robots, highly productive
robots capable of adapting to complicated environ-
ments and novel situations while accomplishing
a more extensive set of complex tasks [48]. Precision
component assembling, transportation of parts,
advanced assembly, and soft-material surface proces-
sing are among the many application scenarios of
adaptive robots under Industry 5.0 [49]. The preva-
lence of adaptive robots is expected to grow under
Industry 5.0 as computer vision, machine cognition,
edge computing, and Al technologies increasingly pro-
gress [50,51].
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Intelligent Energy Management System (IEMS)
offers important implications for energy efficiency
and sustainability [1]. Although Industrial productivity
as the primary techno-economic objective of Industry
5.0 favors energy efficiency, the digitalization of indus-
trial operations, smart products, connected customers,
and the overall overconsumption and shorter product
lifecycle intrinsic to the ongoing industrial revolution
lead to the rebound in energy demand [52]. IEMS
promotes energy efficiency through real-time monitor-
ing and control of energy systems, enhancing the
technical and commercial efficiency of energy produc-
tion, assessing energy quality, and improving the relia-
bility of energy systems [53]. IEMS and the
complementing technologies such as cloud demand
response systems, smart storage, intelligent charging
technologies, microgrids, and blockchain-based peer-
to-peer electricity trade help bridge the gap in devel-
oping renewable energy resources and integrating
them into industrial and commercial operations
[54,55].

Dynamic Simulation and Digital Twin (DSDT) tech-
nologies pair physical and virtual worlds, allowing
proactive data analysis and monitoring of complex
systems. DSDT technologies recreate digital represen-
tations of existing or impending physical systems such
as products, processes, or an entire production line,
which allows for tackling design inefficiencies, pro-
blems, performance concerns, and even future
improvement planning, proactively and economically
[56]. Mass personalization is indispensable to Industry
5.0, and DSDT allows for predicting and optimizing the
effectiveness and performance of customizable pro-
ducts and reducing the complexity of the underlying
manufacturing processes [57]. More importantly, DSDT
is crucial to the sustainability objectives of Industry 5.0,
as it allows businesses to simulate and predict the
digital socio-environmental footprint of their products
and services from design, prototyping, and develop-
ment through end-user consumption and end-of-life-
recovery [58]. DSDT technologies are data-driven and
build on Al, the Internet of Everything (IoE), big data,
and adaptive analytics to integrate historical and real-
time data to construct the underlying complex virtual
models [6].

Smart Product Lifecycle Management (SPLM) sys-
tems provide a more robust integration of processes
across the value network, offering an all-inclusive pro-
duct life coverage [59]. SPLM facilitates process inte-
gration and networking by creating digital models of
product, service, manufacturing, and supply chain pro-
cesses. SPLM also plays a critical role in materializing
the smart product concept under Industry 5.0. Smart
products are equipped with sensors, communication
interfaces, processors, and embedded software to pro-
vide manufacturers and customers with added value.
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SPLM can integrate with smart product embedded
software, corporate backend systems, cloud service,
and Internet of Services (loS) to offer complete control
of early-to-end stage product data [60]. Overall, smart
and integrative SPLM critically contributes to the pro-
ductivity, servitization, and product circularity objec-
tives of Industry 5.0 by offering authoritative control
over product and process data and improving manu-
facturing productivity, operational agility, environmen-
tal compliance, product quality, and end-of-life
recovery [12].

3.2. Techno-functional principles of Industry 5.0

Techno-functional principles of Industry 5.0 (also
known as design principles) concern the “how to
achieve digital transformation” part of this phenom-
enon. Industry 5.0 design principles are the necessary
conditions that allow Industry 5.0 components (e.g.
adaptive smart factory and smart suppliers) to effec-
tively leverage the enabling technologies and further
contribute to the sustainable development objectives
of Industry 5.0. The content-centric review of the lit-
erature identified eight techno-functional design prin-
ciples for Industry 5.0, some of which root in the
Industry 4.0 paradigm. These functions are briefly
described in the following.

Decentralization entails having a more agile,
flexible, and autonomous approach to production
via decentralized intelligence to address the com-
plexity of the integrated processes [14]. Under this
principle, smart components of the Industry 5.0
ecosystem should operate autonomously and
make independent yet informed decisions when
necessary [61]. Decentralization relies on data trans-
parency and the interconnectedness of objects and
people across value chains. Thus, loE, cloud data,
and C-CPS are crucial to decentralization as they
streamline the monitoring and control of the physi-
cal world based on which decentralized decisions
are made [62].

Vertical Integration entails networking and inte-
grating all processes and business units across an
industrial organization, which involves integrating
information, digital, and operations technologies,
including equipment, machinery, legacy networks,
smart material, and even human components [63].
The scope of vertical integration is not limited to the
factory floor. It involves interdepartmental activity and
process integration across different organizational and
functional layers of an organization, from procurement
to logistics, product development, manufacturing, and
marketing and sale. Process efficiency, improved com-
munications, and manufacturing productivity are the
significant benefits of vertical integration [42].

Horizontal Integration involves integrating the
internal operations of all value chain members,

including suppliers, manufacturing chains, distribution
channels, and customers [1]. For manufacturers with
distributed production facilities or value networks with
multiple manufacturing chains, horizontal integration
further involves integrating all production facilities and
seamless production data exchange across the manu-
facturing network [14]. Horizontal integration is con-
siderably challenging due to cyber-security, data
ownership, and trust concerns. Horizontal integration
is closely tied to technological advancement in
machine learning, blockchain, IoE, and cloud and
edge computing technologies and significantly relies
on developing new cooperation and business models
across value network partners [64]. Horizontal integra-
tion offers many benefits, such as improved automa-
tion, lower production costs, product customization,
and process visibility and flexibility [6,12].

The interoperability principle of Industry 5.0 con-
cerns the ability of industrial systems and their micro
components, such as tools, machines, humans, and
processes, to meaningfully and reliably communicate
with each other across lines of business and through-
out the value network. Achieving interoperability is
challenging since various operations and information
technologies use proprietary communication proto-
cols [16,65]. Within the Industry 5.0 paradigm, remov-
ing information silos within smart factories and across
the value chain relies on the interoperability function
to allow all business subcomponents to exchange and
interpret each other’s data [40]. Recent advancements
in industrial automation solutions, such as smart
Ethernet switches and multiprotocol 1/0 systems that
support multiple IT/OP protocols, including SNMP,
RESTful, Modbus, and EtherNet/IP, offer exciting
opportunities for achieving interoperability under the
Industry 5.0 agenda [66].

Modularity refers to the extent to which a complex
value chain, including smart production facilities,
upstream suppliers, and downstream distributors, can
be decomposed into separate activity sub-systems,
also known as modules [67]. Product customization,
servitization, and more equitable distribution of value
are among the fundamental objectives of Industry 5.0,
and the modularity principle plays a crucial role in
materializing these objectives [68]. Modularity pro-
vides businesses the necessary physical and manage-
rial flexibility to re-configure their value chain modules
innovatively and creatively and develop new business
models and profit tools supporting Industry 5.0.
Business model innovation, process flexibility, dynamic
material flow systems, product adaptation, and circu-
larity are among the properties of a modular value
chain under Industry 5.0 [69].

Real-time Capability ensures that all smart objects
and modules of an industrial ecosystem can commu-
nicate in real-time when necessary. Real-time capabil-
ity is central to informed decision-making and self-



organizing production consistent with the Industry 5.0
vision [70]. The real-time collection and analysis of
production data at the smart factory level offer essen-
tial advantages such as more proactive approaches to
operations and maintenance, production flexibility,
improved energy consumption monitoring, responsive
risk management, and failure prevention [14].
However, the value proposition of real-time capability
is more salient at the value chain level since real-time
insight into the value chain partners via Industry 5.0
technologies (e.g. SPLM) offers invaluable advantages
such as value network visibility, supply chain agility,
dynamic collaborative planning, emission monitoring,
and customer satisfaction [5].

Technical Assistance entails the gradual transition
of manual labor to decision-makers or problem-solvers
by supplying them with visualized information in real-
time and automating exhausting and unergonomic
tasks [6]. Technical assistance entails the smartification
of the human workforce, meaning new technologies
such as ISWs are implemented to tailor industry work-
ers’ competencies to the requirements of rapidly evol-
ving industrial systems while maintaining the
workforce's rights to autonomy and privacy [13].
Technical assistance does not entail the replacement
of the human workforce with autonomous machines.
Instead, it promotes workforce-machine symbiosis and
gives birth to emerging human-centric concepts such
as the social or augmented operator [71].

Thevirtualization principle involves creating a digital
replica of the business and industrial operations by
merging sensor data collected from the physical equip-
ment, assets, and processes across the value network
[37]. Virtualization allows engineers and system analysts
to structure, redesign, and optimize Industry 5.0 mod-
ules and components in complete isolation, thus, alle-
viating the risk of physical system design inefficiency
and failure [23]. The digital replica of industrial opera-
tions further allows experts and managers to seamlessly
oversee the complexity of business operations and
monitor the efficiency and performance of machinery,
equipment, processes, logistics infrastructure, and pro-
duction facilities without disrupting their physical
instances [6]. The virtualization principle is crucial to
the productivity, profitability, and sustainability of busi-
ness activities under the Industry 5.0 paradigm.

3.3. Industry 5.0 components

Industry 5.0 represents a paradigm shift involving the
digital transformation of value-creating and delivery
processes at the micro and macroscopic analysis levels
[14]. Therefore, adaptive factories, logistics, suppliers,
products, customers, and stakeholders are the major
smart components that collectively constitute the
hyper-connected socio-ecological value-creating eco-
system under Industry 5.0 [72,73].
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Adaptive Smart Factory (ASF) concept refers to
transitioning from a more traditional semi-automatic
and rigid production system to a highly automated,
flexible, digitalized, and resilient production system
[74]. This concept centers around data-driven manu-
facturing, which entails system-wide and real-time
data collection, integration, and analysis across all pro-
duction and business functions [75]. The ASF is char-
acterized by agile production processes, product
customization capability, energy awareness, productiv-
ity, higher product and process innovation capacity,
and production reliability [76] [77]. Compared to
Industry 4.0, the smart factory under Industry 5.0 is
associated with more disruptive technological innova-
tions such as C-CPS, lloT, IEMS, and CAI [78]. The SAF of
Industry 5.0 takes a more human-centric approach to
manufacturing and leverages technology to adapt the
production processes to the benefit of the human
workforce [42,79]. More importantly, the smart factory
of Industry 5.0 is adaptive because it can adjust its
elements (e.g. production systems or production sche-
duling) to meet structural shifts in consumer behavior
or market dynamics [6,77].

Smart Products can communicate, store, and self-
process data and have the necessary integrability to
interact with and within the industrial ecosystem.
Besides communicating their operational status in real-
time, smart products can describe their entire usage
and lifecycle history [80]. Under Industry 5.0, smart
products are characterized by a wide range of techno-
logical properties, from being sensor-equipped and Al-
driven to being built from smart or engineered living
materials that offer significant self-regulation and
environmental responsiveness functions [81]. By com-
municating the processing and assembly information
at the production stage, usage behavior at the con-
sumption stage, and end-of-life recovery information,
smart products offer immense productivity, sustain-
able product innovation, and business model innova-
tion opportunities under the Industry 5.0 agenda.

Smart Customers are at the heart of Industry 5.0,
allowing businesses to offer data-driven services [82].
Although smart products can communicate valuable
lifecycle data to the manufacturer, their implications
for customer engagement and lifecycle management
are somewhat limited [3]. Smart customers increas-
ingly integrate with loP and personal digital devices
to interactively communicate with their digital selves
and create a collective intelligence network at a global
scale. Smart customers can digitally integrate and
interact with other smart components of Industry 5.0,
communicate their current and future preferences to
the product and service provider, and contribute to
realizing customer-driven and circular manufacturing
under Industry 5.0 [4].

Smart Supply Chain transforms traditional, rigid,
and linear supply chains into agile, modular, scalable,
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and highly interconnected digital supply networks
[83]. Smart supply chains use Industry 5.0 technologies
such as edge computing, CAl, C-CPS, and lloT to estab-
lish dynamic digital threads between various supply
nodes involving equipment, processes, delivery chan-
nels, planning platforms, and even customers. It acts
on real-time data collection from sensors, connected
resources, and distributed systems and uses cognitive
computing and advanced data analytics to drive
actionable insights [69]. Proactive risk mitigation, cost-
effectiveness, asset efficiency, flexibility, and resilience
to disturbances (e.g. global crises such as the COVID-19
pandemic) are among the advantages of smart supply
chains [84] [83].

Smart Logistics component 5.0 involves adding the
necessary autonomy and intelligence to logistics to
meet the agility, interconnectedness, productivity,
and efficiency requirements of the data-driven and
real-time economy [85]. This process involves digitaliz-
ing various traditional components of logistics, includ-
ing supply chain logistics (e.g. local and global
operations structure), inbound logistics, outbound
logistics (e.g. order-based delivery management),
intralogistics (e.g. manual part feeding to production
stations), and logistics routing. The smartification of
logistics operations relies on the combination of
advanced technologies such as lloT, blockchain, and
edge computing [86]. Predictive delivery management
systems, autonomous transportation systems, smart
warehousing, intelligent shelves, and smart containers
are among the major components of smart logistics
under Industry 5.0 [87].

The integrative and disruptive force of Industry
5.0 deeply concerns stakeholders all along the entire
lifecycle of products and services [4,73]. Industry 5.0
and the underlying digital transformation are
expected to impact consumer behavior, innovation
lifecycle, employment market, distribution of wealth,
workers’ rights, and degradation of natural resources
globally [88,89]. The smart stakeholder component
describes the ability of all Industry 5.0 stakeholders,
such as individual manufacturers, suppliers, distribu-
tors, technology providers, consultancy firms, univer-
sities, and governmental agencies, to interconnect
and communicate seamlessly and align with the
overall goal of digitalization for sustainable develop-
ment. Recent technological advancements such as 5
G and upcoming 6 G networks, blockchain, IoE, satel-
lite broadband, and cloud services play an essential
role in developing the smart stakeholder component
of Industry 5.0 [90].

3.4. Industry 5.0 strategic value

Overall, the content-centric analysis of eligible documents
reveals many controversies regarding the expected out-
comes of Industry 5.0. For example, Ozdemir and Hekim

[91], proposed that Industry 5.0 should address the asym-
metrical innovation property of Industry 4.0 and further
involve resilience to avoid the possible collapse of digital
hyper-connectivity. Nahavandi [40] argued that Industry
4.0 and the underlying digitalization systemically disre-
gard the human costs of automation. These scholars
proposed that Industry 5.0 should develop smarter and
more advanced technologies to facilitate human-centric
automation. More advanced sensing and cognition tech-
nologies, Al, virtual training, and dynamic modeling and
simulation are the necessary technological advancements
to facilitate human-automation integration under the
Industry 5.0 scenario [40,88]. For example, Javaid and
Haleem [57] argue that besides human-centricity, globa-
lization of manufacturing systems and product persona-
lization are the central features of Industry 5.0. Javaid et al.
[70] proposed that Industry 5.0 technologies can address
the COVID-19 challenges by facilitating personalized ther-
apy and treatment processes. Despite these controver-
sies, the European Commission’s most recent policy brief
on Industry 5.0 99,100 Empowered scholars to develop
a unified perspective on this agenda'’s drivers and core
objectives. Indeed, recent studies such as the work of
Goloviankoet al. [62], Ghobakhloo et al. [92], Huang et al.
[73], and Leng et al. [93] collectively acknowledge that the
driving force behind Industry 5.0 involves integrating
inclusive sustainability objectives into the ongoing digital
industrial transformation [94].

Figure 2 offers the evidence map for the expected
strategic value of Industry 5.0, as the eligible documents
propose. This figure draws on the content-centric review
results and provides the visual classification of Industry
5.0 expected values based on the analysis and impact
levels. The size of each circle in this figure represents the
strength of evidence on each value within the literature.
Figure 2 categorizes the expected values of Industry 5.0
at three analysis levels (microscopic, mesoscopic, and
macroscopic) and within the triple bottom line context
(at the economic, environmental, and social sustainability
contexts). Results in Figure 2 show that Industry 5.0 is
expected to offer a variety of economic values at various
analysis levels. For example, manufacturing resilience and
business model innovation are among the most
expected economic sustainability values that Industry
5.0 delivers at the firm (microscopic) level [93,95].
Supply chain resilience and industrial productivity growth
are expected meso-economic outcomes of Industry 5.0
[64,92]. This phenomenon is also believed to offer impli-
cations for macro-regional economic development
(Renda et al., 2022).

Scholars also believe that Industry 5.0 would lead to
several environmental sustainability values. At the firm
level, material flow and energy efficiency are among the
most acknowledged values of Industry 5.0 [6]b). This
framework is also believed to significantly boost sustain-
ability values, such as sectorial waste management at the
mesoscopic level [38,96]. Boosting the circular economy



and introducing more environmental-friendly products
within the global market are among the expected envir-
onmental values of Industry 5.0 at the macroscopic level
[68,78].

The evidence synthesis of Industry 5.0 literature
reveals that this phenomenon does not merely build
on technological development for the sole purpose of
industrial productivity and profitability [89]. Industry 5.0
is believed to offer various social sustainability values,
such as a safer work environment at the firm (micro-
scopic) level [73,97] or employment growth at the regio-
nal/global (macroscopic) level [4,98]. Overall, Industry
5.0 promises important implications for sustainable
development under the modern manufacturing econ-
omy via equitably controlling and managing the eco-
nomic, environmental, and social bottom line[99].

4, Results and discussion

The study draws on the results of the content-centric
literature review and develops the architectural design
of Industry 5.0, as shown in Figure 3. This architectural
design aims to provide a holistic but detailed overview
of the Industry 5.0 concept and its underlying technol-
ogies, design principles, components, and strategic
values. The developed architectural design proposes
that Industry 5.0 is not replacing the Industry 4.0 para-
digm chronologically. Instead, it should be regarded as
the logical continuation of the existing digital industrial
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transformation, which can systematically address
Industry 4.0 shortcomings in empowering societal and
ecological values. Although Industry 5.0 is centered
around socio-environmental values, it builds on many
features of Industry 4.0, including the idea of merging
the physical and virtual worlds through innovative tech-
nologies, integrating humans and machines, pushing
technological development, and contributing to
a more competitive industry. Industry 5.0 covers many
technologies, principles, and components associated
with Industry 4.0 while shifting from a technological
perspective to a human-centered one [96].

Figure 3 illustrates the logical interactions between
Industry 5.0 technologies, principles, components, and
values discussed in the previous sections. The architec-
tural design builds on technological determinism and
proposes that Industry 5.0 is a socio-technological
phenomenon, meaning technological advancement
under Industry 5.0 will inevitably determine the socio-
cultural values and economic structures of the new
manufacturing economy. Thus, the enabling technolo-
gies constitute the primary building block of the
Industry 5.0 archetype in Figure 3. Industry 5.0 builds
on widely commercialized facilitating and disruptive
emerging technologies to develop essential techno-
functional design principles. Industry 5.0 adapts many
of its design principles from Industry 4.0 but takes
them to the next level. For example, Industry 5.0
extends the concept of modularity to the supply
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Figure 2. The evidence map of Industry 5.0 expected values.
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Figure 3. The architectural design of Industry 5.0.

network level, where modular system design offers
supply chain agility and resilience toward disruptions.
Industry 5.0 entails transitioning from shareholder
value to stakeholder value, which requires integrating
its various smart components such as supply partners,
logistics, customers, and stakeholders interested in the
outcomes of Industry 5.0 digitalized business ecosys-
tem. The stakeholder-level integration of Industry 5.0
allows regulatory bodies such as government agen-
cies, labor unions, or international associations to leg-
ally regulate the digitalization aspects of Industry 5.0 to
mitigate the negative implication of digital industrial
transformation and ensure the fair distribution of
underlying benefits.

The enabling technologies and techno-functional
principles of Industry 5.0 allow its components to inte-
grate into a hyperconnected antifragile value network
that draws on the complementarity among unique fea-
tures of each smart component to deliver the strategic
values of Industry 5.0. This value network is antifragile
because Industry 5.0 allows the stakeholder to build the
necessary collaboration, adaptability, innovation, and
responsiveness competencies to turn ongoing and forth-
coming disruptions into value gain while alleviating any
traces of human injustice. Industry 5.0 strategic values
maintain a healthy balance in promoting the triple bot-
tom line. Industry 5.0 is adequately productivity-driven,
focusing on increasing the efficiency and productivity of
industrial operations and value-creation activities while
valuing resilience and equitable economic development.
Industry 5.0 draws on circularity, sustainable innovation,
and renewables to prevent ever-worsening environmen-
tal degradation. This phenomenon shares many grounds

with the Society 5.0 concept in prioritizing human-
centricity at the firm and societal levels — Industry 5.0
values social development and equal opportunities for
rights to jobs, income, and autonomy.

Industry 5.0 and the emerging new manufacturing
economy recognize the potential of digital industrial
transformation to achieve sustainable development
goals and address the socio-environmental concerns of
Industry 4.0. The architectural design in Figure 3
explains that economic, environmental, and social sus-
tainability values are equitably valued under Industry
5.0. Regarding the economic sustainability bottom line,
Industry 5.0 aims to improve the productivity and scal-
ability of individual and networked businesses so that
value chain members can maintain profitability and
efficiency while growing production and sales. Industry
5.0 also aims to increase the capacity of the regional
economies to resist unforeseen crises and recover more
rapidly to reach the desired growth level. In addition, it
strives to introduce the healthy distribution of added
value and corporate equality to the industry.

Results imply that the environmental bottom line of
Industry 5.0 involves preserving Earth’s biosphere and
natural resources by breaking the linear take-make-
waste economic model, promoting a circular economy,
introducing sustainable innovation into products and
processes, and facilitating the integration of renewable
resources. Industry 5.0 takes a more holistic approach
toward environmental sustainability. Besides addres-
sing waste reduction, emission reduction, resource
efficiency, and renewables integration at the manufac-
turing and distribution levels, Industry 5.0 also
addresses the ever-increasing global sustainability



challenges such as shortening product life cycles, pro-
duct recyclability, and rebound effects.

Scholars widely believe that human and social centri-
city is the primary differentiating feature of Industry 5.0.
The social bottom line of this phenomenon involves many
goals and functions. At the industrial level, Industry 5.0
promotes human-centricity via re/up-skilling of the work-
force, tailoring technological development based on
human needs, and improving the safety and ergonomics
of the industrial working environment. At the socio-
political level, it involves promoting social protection to
enhance social welfare via minimizing labor market dis-
ruptions and preventing polarization of the labor force.
More importantly, and drawing on the adverse socio-
economic effects of the COVID-19 pandemic, the socio-
centricity of Industry 5.0 involves enhancing social resi-
lience using technology and data sources to prevent or
manage the impact of human-caused and natural crises.
The social resilience goal of Industry 5.0 also involves
digitalizing the healthcare systems under Healthcare 5.0
agenda and strengthening public health.

Industry 5.0 relies on the synergies among its tech-
nological constituents and design principles to deliver
the intended sustainability values. We believe the
underlying technologies and design principles are
complementary, synergistically contributing to inclu-
sive sustainability. For example, C-CPS, adaptive
robots, and ISWs are designed to work together, lever-
aging the power of vertical integration and real-time
communication to establish a more efficient and effec-
tive working environment focused on human workers’
needs. While adaptive robots draw on CAl to optimize
interaction and integration with the human workforce
and improve physical and psychological well-being,
ISWs and C-CPS can provide the operators with real-
time data on their physical performance, empowering
them to enhance well-being on the job while maximiz-
ing productivity and efficiency.

Overall, the review of Industry 5.0 literature and the
resulting archetype presented in Figure 3 reveals nota-
ble similarities and differences between Industry 5.0
and its predecessor. Both concepts share similar hall-
mark features in being technology-driven, improving
industrial productivity, and promoting a data econ-
omy. However, Industry 5.0 differs from Industry 4.0
in terms of the following three unique features:

(1) The socio-environmental values and priorities
pull Industry 5.0, whereas Industry 4.0 has pre-
dominantly been a technology push and pro-
ductivity-driven phenomenon. Industry 5.0 also
concerns macro socio-environmental priorities
such as responsible consumption and produc-
tion, promoting renewables, inclusive growth,
and social protection;

(2) Human-centric technological innovations are key
to Industry 5.0. For example, adaptive robots can
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better adapt to human worker behavior and offer
a safer and more reliable working environment
while accomplishing more complex tasks.
Emerging human interaction and recognition
technologies under Industry 5.0 can optimize
human-machine integration and interaction,
thus, providing the human workforce with more
pleasant and safer cognitive and physical tasks.
Industry 5.0 emphasizes generating value for all
stakeholders instead of maximizing shareholder
value. More importantly, Industry 5.0 recognizes
the importance of the fair and more equitable
distribution of value across regional and global
industrial value networks.

—
w
~

5. Contributions

The study showed that contrary to Industry 4.0, Industry
5.0 appears to be pulled by socio-environmental values
and needs. Industry 5.0 is the logical continuation of
Industry 4.0 that draws on commercially mature digital
and operations technologies and emerging disruptive
technologies such as CAl and adaptive robots to promote
human-centricity, resilience, and sustainable develop-
ment. Industry 5.0 is expected to address the pressing
sustainable development concerns by introducing circu-
larity into industrial operations, enhancing synergy
between autonomous machines and humans, and regu-
lating the pace and quality of digital industrial
transformation.

The findings reveal that Industry 4.0 and Industry 5.0
share similarities but have notable differences. For exam-
ple, both frameworks emphasize horizontal integration,
which involves integrating different parts of the produc-
tion process across the manufacturing supply chains to
improve productivity and reduce costs. Nonetheless, hor-
izontal integration under Industry 5.0 goes beyond just
integrating various parts of the manufacturing value net-
work. It integrates all stakeholders, including technology
providers, labor unions, and government regulators, to
create a seamless and collaborative network to govern
technological advancement. Another significant differ-
ence between the two frameworks concerns the techno-
logical focus. Although Industry 4.0 was pushed by
emerging technologies such as the internet of things
and cloud computing, these technologies are now com-
monplace and considered standard in Industry 5.0.
Instead, Industry 5.0 is associated with the emergence of
cognitive technologies that support human-machine
symbioses, such as artificial general intelligence, cognitive
cyber-physical systems, and adaptive robots. These tech-
nologies enable greater collaboration between humans
and machines, and they have the potential to revolutio-
nize the way we work and live. Overall, the findings imply
that the critical difference between Industry 4.0 and
Industry 5.0 lies in the scope and nature of integration
and the technological properties that drive innovation
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and economic values in each framework. While Industry
4.0 is merely focused on economic performance, Industry
5.0 seeks to balance triple bottom-line considerations by
harnessing technology-driven productivity to enhance
societal values.

Results showed that Industry 5.0 is a novel concept
that is continually evolving, and the literature does not
provide a detailed and widely accepted definition.
Following the conceptualization of Industry 5.0 offered
by the European Commission and drawing on the exist-
ing literature, the present study developed and intro-
duced the Industry 5.0 archetype to better explain the
mechanism through which this phenomenon may con-
tribute to sustainability under the new manufacturing
economy. Manufacturers should be aware that Industry
5.0 builds on technological advancements to deliver its
intended values. Thus, manufacturers should constantly
increase their technological competencies to adopt emer-
ging disruptive technologies and integrate them into
their business operations. Industry 5.0 does not contradict
manufacturing-economic productivity. Instead, it strives
to balance economic productivity gains and socio-
environmental development.

Industry 4.0 has already shown promising contri-
butions to sustainability at the corporate level. Thus,
policymakers need to note that developing a resilient,
innovation-driven, and prosperous society and econ-
omy appears to be the focus of Industry 5.0 suppor-
tive policies for regulating the digital industrial
transformation. It is imperative to note that Industry
5.0 is not the sequential continuation of Industry 4.0.
Instead, it extends the Industry 4.0 paradigm, an evo-
lutionary step that places environmentalism, human
centricity, and resilience among major industrial
transformation principles. Industry 5.0 delivers this
role by promoting the integration of cognitive tech-
nologies and involving the stakeholders in the tech-
nology governance process.

The archetype developed in this study recognizes the
potential of digital industrial transformation to achieve
sustainable development goals and address the socio-
environmental concerns of Industry 4.0. Scholars believe
that Industry 5.0 values are vital for the future industry
to remain relevant and constructive in the new eco-
nomic reality. Although Industry 5.0 has emerged from
societal changes, needs, and realities, it cannot be self-
propelled. Indeed, Industry 5.0 advancement relies on
stakeholders, particularly policy-making bodies, to col-
laborate closely and facilitate the transition toward this
phenomenon. Policymakers need to note that promot-
ing industrial awareness, facilitating technological
advancement, open innovation and research, develop-
ing technology-innovation roadmaps, and supportive
multilateral policies (addressing taxation, education,
labor, employment, trade, income, industrial relation-
ships, and energy) are among the much-needed
enablers of Industry 5.0 transformation.

6. Conclusions

While many businesses struggle to digitalize and develop
the necessary interconnectedness to improve productiv-
ity under the Industry 4.0 paradigm, the next phase of
digital industrial transformation, known as Industry 5.0, is
already being pulled. Leading policy-making and aca-
demic institutions, such as the European Union, argue
that technological advancement is unstoppable, yet
social and ecological needs must be integrated into the
ongoing techno-industrial revolution. The present study
took a systemic approach and integrated different per-
spectives to develop the architectural design of Industry
5.0 and address the vagueness surrounding its technolo-
gies, design principles, components, and values.

The results reveal that Industry 4.0 has been pri-
marily driven and pushed by technological advance-
ments and the ever-increasing need to boost
industrial productivity. Our observations show that
Industry 4.0 has been an overall successful experience
in the sense that it has delivered the intended pro-
ductivity-based values. Nonetheless, Industry 4.0 does
not systematically value social and environmental
sustainability, despite inadvertently boosting some
micro-societal values, such as resource efficiency or
workplace safety. The literature acknowledges that
Industry 4.0 has adversely affected various social and
human-centric values, mainly because social actors
have failed to manage and govern the pace of tech-
nology integration actively. Examples of such adverse
effects include undermining the autonomy and dig-
nity of the workforce, causing income inequality on
a firm and regional scale, intensifying the skill gap
crisis, and causing significant job displacement. The
socially disruptive digital transformation under
Industry 4.0 has been severely felt globally, particu-
larly within Europe and most Western economies,
explaining why the social actors radically promote
the Industry 5.0 framework.

6.1. Future research directions

Although Industry 5.0 is closer than expected, this
phenomenon is in its infancy, and the mechanisms
through which the enabling technologies can pro-
mote human and socio-centricity are empirically ill-
defined. In reality, emerging technologies such as
CAl can be a double-edged sword when touching
upon the concept of human centricity. For instance,
if regulated improperly, self-conscious Al can
replace human-occupied professions that are extra-
ordinarily difficult to automate. Thus, a question
remains who will push human centricity under
Industry 5.0? If governments intend to push for
human-centric technological advancements, what
legislative framework should be created, and what
support programs should be developed? More



importantly, how can human-centricity and sustain-
ability be pushed uniformly worldwide to avoid
cross-regional competitiveness imbalances?
Addressing these questions opens an exciting and
vital avenue for future research. In this vein, it is
logical to believe that inclusive technology govern-
ance can be a critical success factor for implement-
ing the Industry 5.0 framework. Consistently, future
research is invited to outline how Industry 5.0
actors can govern technological advancement and
ensure that the development and deployment of
emerging technologies under this framework
would prioritize including diverse stakeholders and
their perspectives, particularly those historically
marginalized or underrepresented under the digital
industrial transformation.

The archetype developed holds a supply network
perspective in defining the scope of Industry 5.0
impacts. However, the archetype mainly exemplified
the implications of Industry 5.0 transformation for
manufacturing value networks, emphasizing the cen-
tral role of adaptive smart factories. Like Industry 4.0,
the ripple effects of Industry 5.0 will reach beyond the
manufacturing industry, impacting other business sec-
tors such as healthcare, transportation, construction,
and energy. Future research is encouraged to expand
the proposed archetype to the industry-specific road-
maps of Industry 5.0 transformation, identifying
enabling technologies, principles, values, and compo-
nents unique to each industry. Accordingly, research-
ers and practitioners are invited to develop industry-
specific Industry 5.0 transformation roadmaps that
outline the essential steps, technologies, and strategies
required for each business sector to achieve sustain-
able transformation goals. This could include conduct-
ing case studies and analyzing best practices to
identify each industry’s unique challenges and
opportunities.
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Nomenclature

Al Artificial Intelligence

ASF Adaptive Smart Factory

CAl Cognitive Artificial Intelligence

C-CCP  Cognitive Cyber-Physical Systems

CPS Cyber-Physical Systems

DSDT  Dynamic Simulation and Digital Twin

HIRT Human interaction and recognition technologies
IEMS Intelligent Energy Management System

lloT Industrial Internet of Things

loS Internet of Services

ISW Industrial Smart Wearable

IT/OP  Information Technology/Operational Technology
SNMP  Simple Network Management Protocol

SPLM  Smart Product Lifecycle Management

XR Extended reality
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