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Enablers and barriers
to Industry 5.0
implementation for
building enterprise
resilience to crises

Czynniki sprzyjajace i bariery
dla wdrozenia Przemystu 5.0
w celu zwiekszenia odpornosci

przedsiebiorstw na kryzysy

Abstract: The aim of this article is to identify factors that facilitate
and hinder the implementation of the Industry 5.0 concept in the
context of building enterprise resilience to crises. The rationale for
undertaking this topic stems from the growing frequency of eco-
nomic, technological, and environmental disruptions, which expose
the limitations of existing industrial systems and highlight the need
to transition toward human-centric, more sustainable and resilient
business models. The scope of the analysis covers scientific literature
published between 2015 and 2025 on digital transformation, Indus-
try 5.0, and business resilience. The subject of the study includes
technological, social, economic, ecological, and political-legal fac-
tors influencing the implementation of Industry 5.0. It is assumed
that the adoption of 5.0 technologies is shaped by both enablers and
barriers, and that their simultaneous interaction affects enterprises’
ability to adapt the Industry 5.0 concept in the context of building
resilience to crises. The findings indicate that the key enablers of
Industry 5.0 implementation in this context include the develop-
ment of advanced technologies, rising societal expectations for sus-
tainable and personalized production, and increasing regulatory
and environmental pressures. At the same time, significant barri-
ers include high implementation costs, technological immaturity,
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Introduction

infrastructural constraints, and ethical and competency-related
challenges. The authors present the implications of their research
findings for the activities of enterprises and institutions, as well as
for the development of education and research. The study is based
on a structured narrative literature review aimed at synthesizing the
main categories of enablers and barriers discussed in the literature.

Streszczenie: Celem artykutu jest identyfikacja czynnikéw sprzyjaja-
cych i hamujacych wdrazanie koncepcji Przemystu 5.0 w kontekscie
budowania odpornosci przedsigbiorstw na kryzysy. Uzasadnieniem
podjgcia tematu jest rosnaca czestotliwosé zaklécen gospodarczych,
technologicznych i srodowiskowych, ktére ujawniajg ograniczenia
dotychczasowych systeméw przemystowych oraz potrzebe przejscia
do zorientowanych na czlowieka, bardziej zréwnowazonych i odpor-
nych modeli biznesowych. Zakres rozwazan obejmuje analizg lite-
ratury naukowej z lat 2015-2025 dotyczaca transformacji cyfrowej,
Przemystu 5.0 i odpornosci przedsigbiorstw. Przedmiotem badan
sa czynniki technologiczne, spoteczne, ekonomiczne, ekologiczne
oraz polityczno-prawne wplywajace na implementacje Przemystu 5.0.
Przyjgto, ze wdrazanie technologii 5.0 jest determinowane zaréwno
przez czynniki wspierajace, jak i bariery, a ich réwnoczesne oddzia-
tywanie wptywa na zdolno$¢ przedsigbiorstw do adaptacji koncep-
qji Przemystu 5.0 w kontekscie budowania odpornosci na kryzysy.
Wyniki analizy Zrédet literatury wskazuja, ze kluczowymi czynni-
kami sprzyjajacymi wdrozeniu Przemystu 5.0 w badanym kontek-
$cie sa: rozwdj zaawansowanych technologii, rosnace oczekiwania
spoleczne wobec zréwnowazonej i spersonalizowanej produkgji oraz
presja regulacyjna i srodowiskowa. Jednocze$nie istotnymi barie-
rami sa: wysokie koszty wdrozen, niedojrzatos¢ technologii, ogra-
niczenia infrastrukturalne oraz kwestie etyczne i kompetencyjne.
Autorzy prezentuja implikacje wnioskéw ze swoich badan dla dzia-
talnosci przedsigbiorstw i instytucji, a takze dla rozwoju edukadji
i dziatalnosci badawczej. Badanie ma charakter narracyjnego prze-
gladu literatury ukierunkowanego na synteze¢ gléwnych kategorii
czynnikéw sprzyjajacych oraz barier wskazywanych w dotychcza-
sowych publikacjach.

Industry 5.0 is a concept of transformation in which technology ceases to be an

end in itself and becomes a tool for building more human-centric, sustainable and resil-

ient economies and business models. On the one hand, existing achievements — nota-
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bly in the domain of technology — enable further development and facilitate change;
on the other hand, the role of identified problems requiring urgent solutions becomes
increasingly pronounced. Against this background, one of the most significant drivers
of change is therefore the lack of stability and resilience of existing industrial systems.
Industry 4.0 has encountered numerous challenges that threaten systemic stability
[Khan et al., 2023], rendering these systems insufficiently resilient to crises. Frequently
criticized is its excessive focus on “performance”, with insufficient attention paid to the
impact on human beings. Today, the need to focus on socioeconomic systems is becom-
ing increasingly apparent, and resilience requires the coexistence of humans and tech-
nology. To harness the opportunities arising from the development of Industry 5.0, it
is essential to recognize the necessary conditions, actively shape them, and responsibly
build an ecosystem that supports future socio-economic development.

Although Industry 5.0 has attracted growing scholarly attention, existing studies
often focus on its enabling technologies, applications, and conceptual characteristics
[Maddikunta et al., 2022; Khan et al., 2023; Ghobakhloo et al., 2024]. Resilience is
also discussed as one of the key dimensions of Industry 5.0, alongside sustainability
and human-centricity [Ivanov, 2022]. However, the reviewed literature suggests that
enablers and barriers of Industry 5.0 implementation are less often integrated specifi-
cally from the perspective of enterprise crisis resilience. This article addresses this gap
by synthesizing these factors within a single analytical framework.

The aim of this article is to identify factors that facilitate and hinder the imple-
mentation of the Industry 5.0 concept in the context of building enterprise resilience
to crises. The study is based on a structured analysis of scientific literature. The scope
of the analysis covers scientific literature published between 2015 and 2025 on digi-
tal transformation, Industry 5.0 and crisis resilience. The literature was selected from
scientific publications addressing Industry 5.0, digital transformation, enterprise resil-
ience, sustainability and human-centricity. The analysis focused on identifying recurring
factors that either facilitate or hinder Industry 5.0 implementation and on grouping
them into technological, social, economic, environmental and political-legal categories.

This study builds on our previous research on technology and enterprise crisis resil-
ience in the context of Industry 5.0 [Bentkowska et al., 2026]. While the earlier study
focused on the role of technologies and the readiness of Polish enterprises for digital
transformation, the present article broadens the perspective by identifying and synthe-
sizing the technological, social, economic, environmental, and political-legal enablers
and barriers to Industry 5.0 implementation.

The study addresses the following research question: What factors facilitate and
hinder the implementation of Industry 5.0 for building enterprise resilience to crises?

The next part of the article presents the factors supporting the implementation of
Industry 5.0 and their classification into technological, social, economic, environmental,
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and political-legal categories. Subsequently, in the discussion of barriers hindering the
transformation of business models in Industry 5.0, a similar classification of factors
was adopted, grouping them into corresponding categories. The article concludes with
a summary containing key findings and recommendations for strengthening the con-
ditions that facilitate the implementation of Industry 5.0 in efforts to build enterprise
crisis resilience, as well as directions for further research on the transformation of busi-
ness models in this area.

Enablers of Industry 5.0 Implementation for Building Enterprise
Resilience to Crises

The lack of stability and resilience in existing systems has intensified the imperative
to reassess prevailing industrial paradigms. Consequently, the need to develop tech-
nologies that can enhance resilience has emerged as a central priority in the transition
toward Industry 5.0. Technologies particularly relevant to resilience include predictive
maintenance, which enables early fault detection and the planning of maintenance
activities, thereby enhancing the resilience of production systems to disruptions and
crises [Khan et al., 2023]. Cyber-Physical Cognitive Systems support improved human
decision-making and foster trust between humans and machines [Khan et al., 2023],
while edge computing enhances cybersecurity and reduces latency [Maddikunta et al.,
2022]. Big data analytics facilitates more effective decision-making processes and ena-
bles real-time forecasting [Maddikunta et al., 2022]. The Internet of Everything con-
tributes to cost reduction, increases resource productivity, and supports efficient supply
chain management [Maddikunta et al., 2022]. Digital twins enable cost optimization,
prediction of potential failures, and their prevention [Maddikunta et al., 2022]. Artifi-
cial intelligence increases operational efficiency, improves quality control, and enables
rapid decision-making. In turn, blockchain technologies enhance resilience by improv-
ing transparency and traceability within supply chain management [Ivanov, 2022]. At
the same time, existing achievements motivate further change: the digital technologies
employed in Industry 5.0 are also present in Industry 4.0, yet in Industry 5.0, they
deliver additional value when viewed through the lens of resilience, sustainability, and
a human-centered approach [Ivanov, 2022]. Advanced solutions applied in industry
reinforce stability in crises, enable earlier problem detection, improve decision-making,
and facilitate better resource utilization and cost control. At the same time, they enhance
operational safety and transparency, thereby enabling faster responses to disruptions.

Beyond technological drivers, change is driven by social transformations. An
analysis of factors conducive to change reveals a discernible shift in social norms and
attitudes (informal institutions) — opinions have been voiced that the ongoing indus-
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trial revolution will bring about fundamental changes in our approach to industry and
production [Maddikunta et al., 2022]. The so-called “human-technology interaction”
influences various human factors (perceptual requirements, cognitive requirements,
physical requirements, psychosocial environment) that determine the performance
of the individual and the system as a whole [Grosse et al., 2023]. By focusing on
human-centricity — placing the human being at the center of attention and integrat-
ing humans into production processes — it is anticipated that technology acceptance
will increase, the risk of social exclusion will decline, and societal resilience will be
enhanced [Adel, 2022].

In line with these changes, societal expectations are also evolving across a range of
domains. For instance, in both production and consumption, greater accountability
is becoming desirable: stakeholders (including consumers) have expectations regard-
ing the sustainability of corporate activities [Chih-Hung et al., 2024]. Concurrently,
the need for product and service personalization is growing — enterprises are supplying
tailor-made offerings, drawing on Al analytics and intelligent manufacturing systems
to achieve high efficiency and minimize environmental impact [Tanjung et al., 2025].
The ability to create products tailored to individual customer needs enhances competi-
tiveness and adaptability in market crises [Adel, 2022]. Aligning offerings with custom-
er needs through precise market positioning enables the development of personalized,
secure solutions, thereby strengthening customer loyalty and enhancing the firm’s flex-
ibility in supply chain management [Chih-Hung et al., 2024].

A growing need for changes in human resource management is evident, with a focus
on fostering a positive work environment and meeting employees’ developmental needs
[Chih-Hung et al., 2024]. Appropriate training for employees to implement changes
in practice and raise their awareness is imperative — research indicates that adequate
training programs can reduce resistance and improve acceptance of changes, such as
digitalization [Castillo et al., 2025]. An important role is played here by an appro-
priate organizational culture grounded in trust, fairness, and innovation, which sup-
ports the development of employees capacity to understand their market position and
fosters innovation; this can facilitate sustainable corporate development and increase
organizational flexibility [Chih-Hung et al., 2024]. In this context, effective leadership
is a critical factor in building resilience, as it not only accelerates the adoption of new
technologies but also supports cultural transformation by integrating sustainability and
resilience into organizational strategies [Castillo et al., 2025].

At the same time, however, traditional economic factors that drive continuous
corporate adaptation — such as competitive market pressures and the need to respond
to changes in the business environment — must not be overlooked [Chih-Hung et al.,
2024]. The motivation for change must be sought in the growing scale of potential
threats and crises of various kinds occurring in the surrounding environment. Recent
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years have underscored the paramount importance of resilience to sudden threats,
including COVID-19, natural disasters, cybersecurity risks, and disruptive digital
innovations [Yosumaz, Uzun, 2024]. The COVID-19 pandemic itself has led to great-
er emphasis on long-term “resilience” rather than merely short-term “disaster recovery
strategies” [Maddikunta et al., 2022]. The need to deploy new technologies — such as
Al — to modernize traditional manufacturing processes has become more pronounced,
as these technologies offer enormous potential to build an inclusive digital future by
ensuring supply chain resilience and sustainability [Ahmed et al., 2023]. The COV-
ID-19 pandemic temporarily halted the development of smart technologies but, in the
long term, became a catalyst for industrial transformation, confirming that crises have
historically accelerated technological progress [Suciu et al., 2023]. Meanwhile, crises
of diverse character are intensifying in the broader environment — climatic, financial,
demographic aging, armed conflicts, trade wars, protectionism, and others. Industry
5.0 technologies assist in designing businesses that are resilient, flexible, and capable of
operating under diverse conditions [Szara, 2025].

From an economic perspective, these developments translate into additional driv-
ers of Industry 5.0 implementation. New opportunities are emerging to reduce corpo-
rate operating costs — for example, through the aforementioned predictive maintenance
technology, which uses sensor data to predict equipment lifespan, thereby reducing costs
and improving productivity [Khan et al., 2023]. Effective cost management within the
supply chain strengthens the firm’s market position, increases flexibility and competitive-
ness, prevents capital shortfalls, and builds trust and risk awareness at all stages of the
chain [Chih-Hung et al., 2024]. In addition, a further favorable factor is the potential
for increased productivity and safety, for instance, through the use of robots that can
work alongside humans to perform repetitive or hazardous tasks [Khan et al., 2023].

An important group of factors conducive to Industry 5.0 implementation concerns
the need to address climate challenges that threaten organizational stability. The need
to reduce resource consumption, address climate problems, and increase energy effi-
ciency — challenges that Industry 4.0 had already grappled with — is becoming particu-
larly pronounced [Khan et al., 2023]. A significant relationship exists between resilience
and environmental sustainability efforts. If both individual firms and society at large
focus on the environmental processes of individual actors, the resilience of business and
society to environmental threats will increase [Yosumaz, Uzun, 2024]. The develop-
ment of green technologies enables wide-ranging changes within enterprises and imple-
menting solutions that reduce resource consumption and waste generation contributes
to resilience to climate and regulatory crises [Adel, 2022]. Energy savings and emissions
reduction support sustainable development, while environmentally responsible prac-
tices in packaging, transport, and marketing reinforce production-market alignment
and increase corporate flexibility [Chih-Hung et al., 2024].
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These developments are also reflected in the political and legal environment. At
the EU level, policies supporting industrial change are being developed [EC, 2021].
Industry 4.0 does not provide the framework necessary to achieve Europe’s 2030 targets
[Khan et al., 2023]. In accordance with the European Commission’s approach to sus-
tainable development goals within Industry 5.0, its primary objective is to promote
the economic, environmental, and social dimensions of sustainable development at
the micro, meso, and macro levels [Ghobakhloo et al., 2024]. New European strat-
egies support the development of a human-centric industry [Mourtzis et al., 2022].
They emphasize adaptation to climate change (e.g., the European Green Deal) and
contribute to developing programs that support digitalization and innovation — the
“Europe Fit for the Digital Age” initiative positions digitalization as a priority for
Europe and offers enormous innovative potential. The European Research Area (ERA)
is intended to connect and stimulate research and innovation across Europe. At the
same time, the new European Industrial Strategy and Skills Agenda aims to address
the skills shortage [EC, 2021]. Regulations drive the integration of environmen-
tal goals and policies into corporate development strategies [Tanjung et al., 2025],
thereby enhancing resilience.

In this regard, compliance with regulations can support resilience in numerous indi-
rect ways. It offers many potential benefits, such as enabling stable inter-firm coopera-
tion, increasing attractiveness to partners, and supporting international expansion. This
is evident, for example, in the case of environmental regulations: compliance facilitates
commercial cooperation between enterprises and access to foreign markets. Firms fail-
ing to meet requirements may encounter export barriers, which weaken their resilience
and capacity to adapt to market changes [Yosumaz, Uzun, 2024].

Overall, the factors conducive to Industry 5.0 implementation described in this study
may be classified into social, technological, economic, environmental, and political-legal
categories. Table 1 presents such a classification. It should be emphasized, however, that
some factors exert complex, multidimensional effects and may be analyzed jointly — for
instance, as socioeconomic or techno-economic factors. These categories were adopted
as an analytical framework because they reflect the main dimensions in which Indus-
try 5.0 implementation is discussed in the reviewed literature.

Summing up, the reviewed literature points in particular to technological develop-
ment, sustainability-related expectations and regulatory support as relevant enablers of
Industry 5.0 implementation in the context of enterprise resilience to crises [EC, 2021;
Ivanov, 2022; Maddikunta et al., 2022; Khan et al., 2023; Chih-Hung et al., 2024;
Ghobakhloo et al., 2024; Tanjung et al., 2025].

Following the above discussion and the classification presented in Table 1, it is pos-
sible to distinguish between internal and external factors conducive to implementing
Industry 5.0 in the context of building crisis resilience. This distinction is significant,
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as it highlights which elements an enterprise may shape independently and which arise
from its external environment. Internal factors primarily concern the management of
technology, organizational culture, and operational strategies that a firm can develop
autonomously to build resilience. External factors, by contrast, emanate from the mar-
ket, legal, and social environment — they require adaptation, yet can also stimulate
internal change and innovation.

Table 1. Enablers of Industry 5.0 Implementation for Building Enterprise Resilience
to Crises

Type Factor Description

Technological | Lack of stability and resilience of existing systems

Critical assessment of Industry 4.0 and recognition of threats to systemic stability
Development of new technologies enabling enhanced resilience

Social Shifts in social norms and attitudes (informal institutions)

Growing need for human-centricity as a means of achieving greater stability
Development of socially responsible consumption and production

Growing demand for product and service personalization

Changes in organizational culture — need to prepare employees for new challenges and
ensure effective leadership.

Economic Necessity to address potential threats and crises of various kinds in the business
environment (e.g., climate, financial, demographic aging, armed conflicts, trade wars,
protectionism)

Necessity to adapt to changes in the business environment
Competitive market pressure

Changes in approach and adaptations triggered by the COVID-19 pandemic and the
associated crisis

Potential for cost reduction

Potential for increased productivity and safety

Resilience benefits derived from product and service customization
Environmental | Necessity to address climate challenges that threaten systemic stability
Development of green technologies

Energy savings and emissions reduction

Political-Legal i EU policies supporting industrial change

New regulatory requirements

Benefits of compliance with new regulatory requirements, e.g., facilitated cooperation with
other firms

Source: own elaboration.
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Barriers to Industry 5.0 Implementation for Building Enterprise
Resilience to Cirises

Similarly to the enabling factors, the barriers to the implementation of Industry 5.0
technologies can be categorized into social, technological, economic, environmental, and
political-legal groups. A structured overview of these barriers is presented in Table 2.

Table 2. Barriers to Industry 5.0 Implementation for Building Enterprise Resilience
to Crises

Type Factor Description

Technological | Early stage of technological development

Level of technological advancement

High complexity of systems integration

Interdisciplinary nature of Industry 5.0 solutions; multi-dimensionality of aspects involved
Social Insufficient digital competencies among employees

Employee resistance to change; difficulties in engaging and aligning human resource
activities

Ethical and psychological aspects

Organizational culture

Economic High costs of technology projects

Difficult-to-estimate return on investment (ROI)

High risk associated with technology projects

Environmental : Energy consumption

CO, emissions

Impact on biodiversity loss and environmental pollution

Use of natural resources and circular economy challenges in high-tech value chains
Political-legal | Challenges related to data security

Lack of coherent strategies, policies, and regulations at the international level

Regulatory changes and the need for continuous adaptation

Source: own elaboration.

The current, early stage of Industry 5.0 technological development is identified
as one of the factors impeding large-scale deployment of Industry 5.0 across the econ-
omy. Industry 5.0 technologies are still in the installation phase, which makes it dif-
ficult to fully understand the consequences, limitations, and future challenges of their
applications [Khan et al., 2023].

Moreover, the barriers to Industry 5.0 implementation vary with the level of tech-
nological development in individual economies and societies. In many developing
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countries, progress in implementing innovative Industry 5.0 technologies is constrained
by limited technological advancement, including inadequate digital infrastructure, out-
dated facilities, and a lack of trained workers [Tanjung, 2025]. In contrast, in developed
countries, challenges arise from the complexity and the necessity of integrating exist-
ing and new technological solutions, which impedes smooth and effective implementa-
tion. It is noted that integrating advanced technologies (Al, IoT, cobots) increases the
risk of errors and the likelihood of failure [Khan et al., 2023]. The execution of pro-
jects employing Industry 5.0 technologies is inherently multidimensional and requires
an interdisciplinary approach, which constitutes a significant barrier to Industry 5.0
development. The multidisciplinary nature of Industry 5.0 technologies requires inte-
grating achievements from engineering, humanities, environmental sciences, and infor-
mation technology. Addressing such multi-dimensional challenges demands a local
and flexible strategy, one that takes cultural sensitivity and regional constraints into
account on the one hand, while also leveraging global technological advances on the
other [Tanjung, 2025].

Beyond technological barriers, social factors also play a critical role. From a social
perspective, the key challenges are related to human capital. Insufficient workforce prep-
aration hampers the adoption of new technologies [Adel, 2022], and this barrier may
give rise to social tensions, particularly during periods of crisis. The social and economic
impact of Industry 5.0 development — particularly that of artificial intelligence — will
be significant over the long term; it is therefore important to prepare economic actors
and engage society in the digital transformation. This requires certain characteristics,
skills, and core competencies. Attention must also be drawn to a range of new chal-
lenges associated with human-robot collaboration, including legal and regulatory issues,
psychological challenges, ethical concerns, difficulties regarding capacity and openness
to collaborating with robots, and unfair competition between humans and robots. As
scholars argue, for the transition to Industry 5.0 to be sustainable, resilient, and inclu-
sive — and thereby generate long-term positive effects — it is necessary to equip human
resources with a set of new professional and transversal competences, including: skills
in operating, monitoring, and controlling technological devices; analytical and innovative
thinking; lifelong learning; development of technological and programming solutions;
creativity, originality, and initiative-taking; emotional intelligence; leadership; and the
ability to solve complex problems [Suciu et al., 2023]. The implementation of Indus-
try 5.0 technologies is closely tied to change management, and employees may resist
these changes, creating difficulties in engaging and aligning human resource activities
with digital transformation. Employee resistance manifests, for example, in the context
of accepting cobots [Khan et al., 2023]. Organizational culture may provide a basis for
opportunistic employee behavior in implementing technology and transforming the
enterprise’s business model within Industry 5.0. Deeply embedded norms cause enter-
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prises to hesitate to transition to more human-centered and sustainable models [Castillo
etal., 2025]. Taking into account reluctance to change, fears of job loss, and potential
conflicts between corporate technological development objectives and employees’ val-
ues, organizational culture may delay or undermine the sustainability of Industry 5.0
projects [Tanjung, 2025].

Economic barriers constitute another important dimension of the problem. A fun-
damental factor impeding the implementation of Industry 5.0 technologies is the cost
of technology projects, encompassing various cost drivers: the acquisition of hard-
ware and software, infrastructural and systemic adjustments, employee training, and
the maintenance and further development of technological solutions. Awareness of
the need to calculate the total costs of technology projects and the accuracy of those
calculations is crucial to determining the financial viability of an investment project.
Financial viability remains a key obstacle to implementing Industry 5.0, particularly
for organizations with limited resources. Many organizations perceive sustainability
and digital transformation as costly investments rather than strategic undertakings.
Traditional return on investment (ROI) models often fail to capture the long-term
financial and operational benefits of digitalization and sustainability initiatives, there-
by limiting their strategic appeal [Castillo et al., 2025]. Budget constraints in financ-
ing this type of project affect the majority of enterprises in crisis conditions [Khan
et al., 2023] and — when considered by enterprise size — are particularly pronounced
for SMEs [Tanjung, 2025]. These barriers may be particularly significant for SMEs,
which usually have more limited financial, technological and human resources than
large enterprises. Technology projects are inherently innovative and characterized by
high implementation risk, which, for risk-averse managers, is a significant impediment
to digital transformation [Tanjung, 2025].

Environmental barriers also represent a growing area of concern. In this arti-
cle, they are understood mainly as risks and external costs associated with the large-
scale deployment of digital and high-tech solutions. This group encompasses aspects
such as total energy consumption and total CO, emissions over the technology life-
cycle; the share of high-tech sectors in natural resource consumption; the impact of
high-tech value chains on air pollution, biodiversity loss, and ecosystem stability; and
waste management efficiency in circular-economy high-tech supply chains. There is
a pressing need to develop measures to make the digital economy system sustaina-
ble and crisis-resilient [Ferreboeuf et al., 2021]. Although modern technologies offer
enormous potential to support sustainable development, their implementation must
be carefully managed to minimize associated adverse environmental impacts [Khajeh
Naeeni, Nouhi, 2023].

Finally, political and legal barriers further complicate the implementation pro-
cess. From a political and legal perspective, modern technologies give rise to numerous
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challenges, such as data piracy, hacking, and data security breaches (cybercrime) [Khan
et al., 2023], which will continue to act as barriers to technological development and
must, in particular, be overcome in the pursuit of using Industry 4.0 and 5.0 technolo-
gies to build the resilience of economies and enterprises to crises. Industry 5.0 technolo-
gies involve the collection and analysis of large datasets, and enterprises may be reluctant
to implement them due to concerns about protecting intellectual property rights and
the legal challenges of liability for unauthorized data use. At the international level,
significant barriers to implementation progress include the lack of coherent strategies,
policies, and regulations, which increases the complexity of preparatory initiatives and
projects, as enterprises must negotiate and satisfy diverse certification procedures or
compliance criteria [Tanjung, 2025]. Monitoring evolving regulations and continually
ensuring compliance with applicable standards can be demanding and may impede the
application of Industry 5.0 technological solutions [Laddha, Agrawal, 2024].

The reviewed literature identifies implementation costs, technological immaturi-
ty, integration complexity and competence gaps as important barriers to Industry 5.0
adoption [Khan et al., 2023; Suciu et al., 2023; Laddha, Agrawal, 2024; Castillo et al.,
2025; Tanjung et al., 2025].

Conclusion

Industry 5.0 builds upon the foundations of Industry 4.0, but places stronger
emphasis on human-centricity, sustainability and crisis resilience. The article addresses
the identification of factors that facilitate and hinder the implementation of the Indus-
try 5.0 concept in the context of building enterprise resilience to crises.

The factors conducive to Industry 5.0 implementation from the perspective of crisis
resilience are closely intertwined with the challenges encountered in the development
of Industry 4.0. These factors can be classified into five main categories: technological,
social, economic, ecological, and political-legal. Technologies such as Al, digital twins,
and blockchain enable earlier detection of disruptions and enhance operational trans-
parency, while parallel social shifts — including rising expectations for sustainable pro-
duction and the growing demand for personalization — drive innovation. Economic,
climate-related, and regulatory challenges, in turn, necessitate adaptation but simulta-
neously act as catalysts for the development of green technologies and more efficient
enterprise management. Together, these factors create a framework within which organ-
izations can build long-term resilience and flexibility, preparing themselves to address
potential threats in their environment.

The literature review also made it possible to identify factors that hinder the imple-
mentation of Industry 5.0 technologies, which include social, technological, economic,
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ecological, and political-legal dimensions. Key barriers involve the high costs and risks
associated with innovative technological projects, regulatory issues, divergent policies
and standards, and the need to ensure data security. Moreover, Industry 5.0 technol-
ogies are advanced solutions that require integration with existing infrastructure and
systems used within enterprises and supply chains. It should be noted that knowledge
and experience related to the implementation of such projects have not yet been ful-
ly accumulated, and many modern technologies remain at an early stage of their life
cycle. The development of Industry 5.0 is also subject to evaluation in terms of ecologi-
cal factors (e.g., high energy consumption) and social considerations (e.g., ethical and
psychological aspects). Importantly, digital transformation requires the development
of new employee attitudes and competencies, as well as changes in organizational cul-
ture, to enable the effective use of 5.0 technologies in building crisis resilience while
maintaining a human-centric and sustainable orientation.

The presented results and conclusions have significant implications for the activities
of enterprises and institutions, as well as for the development of education and research.

Implications for enterprises

Whether a company can strengthen the drivers in its business environment and
leverage them to implement Industry 5.0 solutions — as well as gradually eliminate
barriers to their adoption — will depend on sound business strategies, the ability to
anticipate future developments, and effective operational actions. This will enable
firms to build sustainable competitive potential for the future. Businesses should adapt
to changes in the global environment more quickly than they do today, and a key
strategy for achieving this will be expansion into competitive international markets.
Such expansion can increase operational scale and reduce the unit costs of imple-
menting Industry 5.0 technologies. Funding for these initiatives is available through
various support programs for innovative enterprises, sourced from both domestic
mechanisms and EU funds, which companies should leverage more extensively than
they currently do.

An extremely challenging task facing companies in the context of implementing
Industry 5.0 solutions is the gradual removal of implementation barriers. This requires
a long-term strategy rooted in local innovation ecosystems, supported by the acquisi-
tion of external financing and the development of specialized teams. Another essential
component involves initiatives aimed at identifying market best practices and estab-
lishing potential network partnerships to strengthen organizational capabilities during
the early stages of technological development.
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Implications for institutions

The findings have important implications for institutions at both the macro and
meso levels in shaping the conditions for Industry 5.0 implementation and crisis resil-
ience. At the macro level, policymakers should ensure regulatory coherence in areas
such as data governance, Al, and cybersecurity, as fragmentation increases compliance
costs and weakens systemic resilience. Given the long-term and uncertain returns of
Industry 5.0 investments, there is also a need for adapted policy instruments, including
targeted funding, public guarantees, and support mechanisms that account for broader
societal benefits. Moreover, Industry 5.0 should be integrated into national resilience
strategies, as recent crises — including the COVID-19 pandemic and climate-related
disruptions — have shown that resilience is a system-level challenge. Coherence between
industrial, skills, and environmental policies is therefore essential to avoiding fragment-
ed responses to systemic risks.

At the meso level, intermediary institutions — such as sectoral organizations, clus-
ters, technology platforms, and industry associations — play a key role in reducing
coordination failures between public policy and firm-level implementation. Their role
is particularly important given the complexity, interdisciplinarity, and high risk of
Industry 5.0 projects. These institutions can support sector-specific standards, shared
pilot projects, knowledge diffusion, and competence-building initiatives, thereby low-
ering implementation barriers for individual firms. By facilitating cooperation among
enterprises, research organizations, and public authorities, meso-level institutions can
strengthen sectoral resilience and support the human-centric and sustainable orienta-
tion of Industry 5.0.

Implications for education system

At the macro level, it is essential to enhance coherence between educational, indus-
trial, digital, and environmental policies, as these jointly shape the demand for future
competencies. The education system should therefore prioritize the development of
advanced digital skills alongside transversal skills (e.g., analytical thinking, problem-
solving, and lifelong learning), while also promoting interdisciplinary education that
integrates technical, social, and humanistic domains.

At the meso level, educational institutions — including universities, research organi-
zations, and training centers — should play a key role in aligning education with labor
market needs through strengthened university — industry collaboration, the develop-
ment of dual education systems, and engagement in joint R&D and pilot projects.
They should also contribute to the development of competence standards and foster
responsible approaches to technology use by incorporating issues such as Al ethics, data
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governance, and cybersecurity into educational programs, thereby supporting increased
societal trust and acceptance of emerging technologies.

At the micro level, organizations should foster a learning-oriented culture and
invest in systematic upskilling and reskilling initiatives to support employees in adapt-
ing to environments characterized by human — machine interaction and the increas-
ing use of cyber-physical systems and Al-based solutions. Developing adaptability and
readiness to work with advanced technologies becomes a critical factor in building both
individual and organizational resilience.

Implications for research

The study demonstrates that researching Industry 5.0 requires holistic analytical
frameworks capable of integrating technological, social, economic, ecological, politi-
cal, and legal dimensions. It highlights the need for interdisciplinary research, as the
complexity of Industry 5.0 cannot be captured within a single scientific field. Another
determinant supporting interdisciplinary inquiry is the large number and diverse nature
of the identified factors. The diversity of identified factors calls for the creation of inte-
grated assessment tools to evaluate Industry 5.0 readiness at multiple levels. The iden-
tification of advanced technologies as key enablers suggests a research agenda focused
on human-centric technology design and its organizational implications. High imple-
mentation costs and technological immaturity point to gaps in understanding scalable
adoption pathways and economic feasibility models. Ethical and competency-related bar-
riers emphasize the need for research on workforce transformation, including new edu-
cational frameworks and skill development. The study also underscores the importance
of analyzing regulatory and environmental pressures that shape Industry 5.0 adoption.

The findings determine the call for studying innovation ecosystems that support
collaboration among enterprises, institutions, research organizations, and other stake-
holders. Social innovations and eco-innovations gain greater importance, given the
sustainability orientation of Industry 5.0. The successful implementation of Indus-
try 5.0 requires a broad spectrum of different types of innovations — product, process,
marketing and organizational innovations. Special attention should be given to open
innovation processes. Overall, the study indicates that advancing Industry 5.0 requires
a multi-disciplinary research agenda that bridges technology, management, and sus-
tainability fields.

The study is subject to limitations typical of literature-based research. The find-
ings are derived from published studies and have not been validated through empirical
research in enterprises. Future studies may verify the identified framework using sur-
veys, case studies of Industry 5.0 implementation, sectoral comparisons or analyses of
SME readiness for Industry 5.0 solutions.
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