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Abstract: The fourth industrial revolution comes with a lot of promises for the future of effective and efficient
manufacturing. However, in the light of the rapid change of the technology, smart manufacturing is undergoing trans-
formation driven by two distinct paradigms: Industry 4.0 advocates for the shift to-wards digitization and automation,
while the emerging Industry 5.0 prioritizes human-centric approaches. Currently, there is a need to consider sustainable
development and the crucial role of humans in the assumptions of industry’s future development. Concerns about the
implementation of digital technologies became the basis for building the assumptions of Industry 5.0. This article will
present a comparative qualitative compassion between Industry 4.0 and Industry 5.0 in order to precisely characterize
both concepts.
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CIIOJYBAIBE HA PA3JIMYHOCTUTE: KBAJIMTATUBHA CIIOPEJABEHA AHAJIN3A
HA UHAYCTPUJATA 4.0 U UHAYCTPUJATA 5.0

AmcTpax 1 YeTBpTaTa MHIYCTPHCKA PEBONYIHMja Joara CO MHOTY BETyBamba 3a MAHMHATA Ha €EKTUBHO U
edukacHo npouspojcTBo. Cenak, BO COINIACHOCT cO Op3ara MPOMEHa Ha TEXHOJOTHjaTa, ITaMETHOTO MPOU3BOJCTBO
IpeTpIryBa TpanchopManyja BoAeHa o1 JBe pa3nuyHu napaaurMu: Muaycrpuja 4.0, koja ce 3ayara 3a IpeHacOuyBambe
KOH JWIHMTajM3aldja ¥ aBToMaru3anuja, u Munycrpuja 5.0, koja MM JaBa NPHOPUTET HA YOBEYKUOT (aKTop M
oIp>xIBOCTa. Bo MOMEHTOB 1ocTou notpebda Jia ce pasriefaar OApXIMBHOT Pa3Boj U KIIy4YHATa yJora Ha JIyreTo BO
MPETIOCTaBKATE 3a HMIHUOT Pa3Boj Ha wHAycTpujata. OBOj TpyHd NpHKaKyBa KBAIUTATHBHA cIiopenda moMmery

Wunycrpuja 4.0 u Uamyctpuja 5.0 co men npenn3Ho Aa ce KapaKTepU3upaaT JBaTa KOHIIENTa.

Koayunn 36opoBu: Uunycrpuja 4.0; Unaycrpuja 5.0; qururanusanuja; cropenda

1. INTRODUCTION

The industrial revolution began in the early
1800s, transitioning agrarian societies to industrial-
ization, driven by coal, water, and steam power.
This period originated in Britain and spread glob-
ally, leading to the second industrial revolution in
the late 1800s, characterized by mechanization and
significant technological advancements. However,
poor working conditions prompted the formation of
labor unions and regulations. In the 1950s, the third
industrial revolution began with the introduction of
transistors and microprocessors, enabling auto-

mated production and improved working condi-
tions. This era also brought challenges such as over-
crowding and environmental issues. The ongoing
fourth industrial revolution, known as Industry 4.0
(14.0), emerged in 2011, focusing on digital trans-
formation through technologies like 10T and CPS
for automation and real-time optimization [1].

As the manufacturers struggle with imple-
menting 14.0, discussions about the next industrial
revolution, Industry 5.0 (15.0), have already begun
among industrialists and scholars. While 14.0 fo-
cuses on seamless data flow and optimization
through digital machine connectivity, 15.0 is envi-
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sioned to reintroduce human collaboration and em-
phasize sustainable manufacturing alongside prod-
uct personalization [2]. Amidst the continued adop-
tion of 14.0 across diverse sectors and the raising
popularity of 15.0 (especially in the scientific cir-
cles), this study aims to perform comparative anal-
ysis between the two terms. The study doesn’t aim
to select a better concept because essentially 15.0 is
an upgrade of 14.0, but rather characterize and de-
fine them. The following chapters include short lit-
erature review on both topics, in order to define
what are the pillars and the theoretical foundations
of both concepts. The final chapter includes a qual-
itative comparison using the Qualitative Compara-
tive Analysis (QCA) method for more concise and
structured comparison of the concepts according to
selected criteria.

Industry 4.0 Industry 5.0

2. METHODOLOGY

The methodology for this paper involves an
extensive literature review on the concepts of Indus-
try 4.0 and Industry 5.0. The reviewed literature
spans approximately the past three years, from 2020
to 2024, reflecting the rapid technological advance-
ments in this period. The analysis is conducted us-
ing the Qualitative Comparative Analysis (QCA)
method. QCA is a research method employed in so-
cial sciences to systematically compare multiple
cases to study complex phenomena. It integrates
qualitative and quantitative techniques to identify
patterns and causal relationships within small to me-
dium-sized datasets. The method comprises the fol-
lowing steps shown in Figure 1.

Case

selection Criteria

selection Calibration

Interpretation

Fig. 1. Research methodology

3. DEFINITIONS

The term 14.0 refers to the fourth industrial
revolution, which represents a technological along-
side an economic, sociological, and strategic revo-
lution [3]. The advanced technologies of 14.0, ena-
ble the collection, storage, analysis, and exchange
of massive data between the human and machine in
a fast an efficient way [4]. 14.0 enables the design of
smart products and services with features such as
more insight into customer requirements, better
connectivity with customers, and real-time monitor-
ing for better performance [5].

14.0 is the current vision shaping the future of
many industries by creating business models
through cyber-physical systems (CPS) [6]. Nowa-
days, when thinking of 14.0 technologies, we mostly
think of the enabling technologies of this paradigm.
These technologies are also referred to as pillars of
14.0. In literature, pillars, and technologies of 14.0
usually mean the same.

One of the questions that emerged during the
literature review for this paper is the dilemma of
what is the definitive list of the digital technologies
that should be considered as enablers of 14.0. The

answer is that there is no such definitive list consid-
ering that it was discovered that many authors pro-
pose adding or subtracting pillars from the list de-
pending on the use or simply on the time when the
list was created considering the fast development of
the new digital technologies. A short literature re-
view was performed to define the list of 14.0 pillars
by reviewing relevant sources on this topic [1, 7 —
10]. It is fair to conclude that most of the authors
(although sometimes with different names, for ex-
ample “autonomous robots” sometimes is referred
just as “robots”, or “collaborative robots” etc.) in-
clude the list of pillars shown in Figure 2.

ADDITIVE N NTERNET OF
MANUFACTUYRING INGS

ya \
AUGMENTED }\YBER SECURITY
REALITY \
SYSTEM ARTIFICIAL
INTEGRATION( Ind US"Y 4.0 )NTELUGENCE
/
AUTONOMQUS }(,G TN
ROBOTS

N /
smumnokvﬁﬁ CLouD

Fig. 2. Industry 4.0 pillars
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While many authors and companies still strug-
gle to implement most of the 14.0 pillars, and overall
digital transformation [11], others are already re-
searching the new emerging paradigm — 15.0 [12].
European commission defines 15.0 as a concept that
complements the existing "Industry 4.0" approach
by specifically putting research and innovation at
the service of the transition to a sustainable, human-
centric and resilient European industry. This ap-
proach provides a vison of industry that aims be-
yond efficiency and productivity as the sole goals
and reinforces the role and the contribution of in-
dustry to society. It places the wellbeing of the
worker at the center of the production process and
uses new technologies to provide prosperity beyond
jobs and growth while respecting the production
limits of the planet [13].

While much more uniform, here once again,
authors argue regarding the pillars of 15.0 [14 -17].
The most common model that shows the pillars of
15.0 is shown in Figure 3.

Even though many authors are pushing this
15.0 paradigm, where most of them agree that 15.0
is an extension of 14.0 where the human factor is
playing a key role, the popularity of the terms is sig-
nificantly different. Simple trend analysis based on
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web searches per quartal (Q) in the specific year is
shown in Figure 4. In the context of science, the
analysis has shown that 14.0 has 92% more searches
than 15.0 on daily basis.

The trend analysis is showing results from Jan-
uary 2021 to March 2024, and it can be concluded
that, although 14.0 popularity is declining, it is still
significantly bigger than the slowly increasing pop-
ularity of the 15.0 concept.

Human-
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Resilien stainable

Fig. 3. Industry 5.0 pillars
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Fig. 4. Trend analysis: Industry 4.0 vs. Industry 5.0 (web searches)

4. QUALITATIVE COMPARATIVE ANALYSIS

For a more structured discussion, we will em-
ploy simplified Qualitative Comparative Analysis
(QCA) method, as previously stated in the Method-
ology section of this paper.

4.1. Case selection

This specific case has been introduced in the
preceding sections. The comparison will be con-
ducted on two primary topics: Industry 4.0 and In-
dustry 5.0.

Maw. undic. nayu. ciuc. 41 (1), 61-66 (2023)

4.2. Criteria identification and qualitative review

Many authors already attempted to identify the
commonalities and contrasts between the selected
topics. When defining Industry 4.0 and Industry 5.0,
and generally a technology disruption, in the litera-
ture there are several common factors that can
describe these disruptions. According to different
sources, authors have selected the most common
criteria that will be utilized for the comparative
analysis of the cases. The criteria are as following:

— Automation [18].
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— Cultural readiness [11, 19].

— Customization & personalization [20].
— Data utilization & analytics [21].

— Economic impact [22, 23].

— Flexibility & adaptability [24].

— Human-centricity [25].

— Social impact [25, 28].

— Sustainability & environment [28].

— Technology integration [24].

Qualitative review on each criterion was per-
formed in order to find out more about the cases re-
lation to each of these criteria. The results of the lit-
erature review that was conducted for both topics,

— High-tech products [26, 27].

with the key points is summarized in Table 1.

Tablel
Cases research
Criteria Industry 4.0 Industry 5.0
Focus Smart mass production and digitalization. Sus_tglnablllty, human-centricity, and
resilience
Automation Connecting the machines in an integrated Automation enhanced human work.

system.

Cultural readiness

Weak.

Weaker than Industry 4.0.

Customization

Mass customization.

Hyper customization.

Data utilization &
analytics

Efforts on data collection and utilization.
Automated decision-making uses
algorithms and analytics to optimize
processes, while humans handle high-level
decisions and strategic planning.

Same efforts towards data collection and
utilization. Introduction of Al in decision
making on the shopfloor, while humans
again handle high-level decisions and
strategic planning.

Economic impact

Investment in digital equipment.

Investment in strategy and goverment.

Flexibility &
adaptability

Adaptive manufacturing processes through
real-time data and connectivity, enabling
systems to adjust to changing conditions
based on automated feedback.

Extends the concept of adaptability by
emphasizing the flexibility of human
workers.

Human-centricity

Digitalization/automation of as much
manual processes as possible. Human has
main role in strategic planning, innovation,
and making complex decisions.

Human role centers on collaboration with
advanced technologies to enhance
creativity, innovation, and personalized
solution. Manufacturers make efforts to
incorporate human as much as possible.

High-tech products

Not in the focus.

Customer experience is the most
important.

Social impact

Indirectly affects but it is not in the focus.

Significant emphasis on social
implications, aiming to improve societal
well-being.

Sustainability &
environment

Indirectly affects but it is not in the focus.

Core principle.

Technology
integration

The goal is to create a highly connected
and data-driven manufacturing
environment for improved efficiency and
decision-making. Central roles are taken by
10T, CPS, and data analytics.

Continues to leverage advanced
technologies but with a greater emphasis
on using technology to augment human
capabilities. Human and machine
collaboration, and Al are in the focus.

4.3. Calibration

To facilitate the comparison, in accordance
with the method, values are assigned to each condi-
tion for Industry 4.0 and Industry 5.0, based on the
literature and the authors’ expertise. For simplicity,

binary values will be used, where 1 indicates the
presence and 0 indicates the absence of the condi-
tion. The result of the analysis is shown in Table 2.
The cells where one case excels against the other
one are marked with yellow.
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Table?2

Scoring of the cases against the criteria

Condition Industry 4.0  Industry 5.0

Automation 1 1
Cultural readiness
Customization

Data utilization & analytics
Economic impact
Flexibility & adaptability
Human-centricity
High-tech products

Social impact

Sustainability & environment

P O O ©O © KB KL K, O
N = e = T S = S S Y o)

Technology integration

4.4, Interpretation

For clarification, this analysis does not deter-
mine the superiority of one concept over the other,
as the list of comparison criteria is not exhaustive
and could encompass additional aspects where each
concept may excel. This comparison aims to eluci-
date the primary characteristics and provide a de-
tailed description of the concepts based on the avail-
able data.

Industry 4.0 is predominately characterized
by constant strive to automate the existing pro-
cesses, while utilizing as much technology as possi-
ble. According to the research, Industry 4.0 excels
only according to the criteria regarding the cultural
readiness. And even though research shows that
usually companies score poorly in the readiness sur-
veys [29], they seem to be much more ready for 14.0
concepts that are around for a decade now, rather
than the new concepts related to 15.0 [19].

Industry 5.0 is predominantly characterized
by customization, human-centricity, high-tech
products and high social and environmental impact
leading to more expressed support for the need of
sustainability. Considering the fact that 15.0 excels
in all categories (except one) as 14.0, it is safe to as-
sume that this concept is containing all the previ-
ously mentioned positive aspects of 14.0 and it is a
human-centred and environmentally cautious addi-
tion to what 14.0 essentially wants to achieve.

Industry 5.0 demonstrates better performance
across multiple criteria, notably customization, hu-
man-centric design, high-technology products, so-

Maw. undic. nayu. ciuc. 41 (1), 61-66 (2023)

cial impact, and sustainability and environmental
considerations. Conversely, Industry 4.0 shows a
marked proficiency in the dimension of cultural
readiness, which is expected considering the time
that Industry 4.0 concept has been around. Both In-
dustry 4.0 and Industry 5.0 share similar attributes
regarding their emphasis on data utilization and an-
alytics, economic impact, technology integration
and flexibility.

5. CONCLUSIONS

Industry 4.0 (14.0) represents a significant evo-
lution in industrial practices, blending advanced
technologies with economic, sociological, and stra-
tegic transformations. By leveraging the capabilities
of cyber-physical systems, 14.0 facilitates the seam-
less integration of humans and machines, enabling
efficient data exchange, real-time monitoring, and
the creation of smart products and services tailored
to customer needs. However, defining a definitive
list of 14.0 enabling technologies remains challeng-
ing due to the continuous and rapid development of
new digital innovations. While the industry strug-
gles with the full implementation of 14.0, the emerg-
ing Industry 5.0 paradigm is gaining attention. 15.0
aims to transcend the goals of efficiency and
productivity by focusing on sustainability, human-
centric processes, and social responsibility. Despite
the growing interest in 15.0, 14.0 continues to domi-
nate in popularity and implementation readiness, re-
flecting its decade-long presence and the industry’s
familiarity with its principles.

This paper presented Qualitative Comparative
Analysis (QCA) of Industry 4.0 and Industry 5.0
based on several selected criteria that were identi-
fied in the literature as the most usual factors to
compare these technological shifts. Industry 5.0 ex-
celled according to most of these criteria including
customization, human centricity, high-tech prod-
ucts, social impact and sustainability & environ-
ment. On the other hand, Industry 4.0 excelled in the
cultural readiness dimension. It is noticeable that In-
dustry 4.0 and Industry 5.0 have similar character-
istics when it comes to the focus in data utilization
& analytics, economic impact, flexibility, etc.
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