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Abstract: Industry 4.0 has established itself as an era of digital transformation, automation, and intelligent technologies that integrate
machine systems, data, and processes into a unified architecture. Its core strength is rooted in efficiency, speed, and systematic optimization.
However, the pursuit of maximum productivity often displaces anthropometric factors — ethical values, sustainable development, and the
social dimensions of technological progress. This is precisely where the philosophy of Industry 5.0 is positioned, building upon the previous
paradigm by placing humans at the center of transformational processes. If Industry 4.0 represents the era of machine dominance, then
Industry 5.0 introduces the era of symbiosis between human and technological capabilities. The change goes beyond theoretical frameworks
and generates measurable results. When people are perceived as partners rather than victims of technological progress, innovations become
bolder, products more personalized, and business models more sustainable. Industry 5.0 does not reject digitalization but humanizes it by
integrating values such as sustainable development, social responsibility, and balance between technological innovation and human
creativity.
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The conceptual foundation of Industry 5.0 derives from the
theoretical basis of Industry 4.0, seeking to enrich digital

Industry 4.0, also known as the Fourth Industrial Revolution in transformation through more meaningful and optimal interaction
the chronology of the world's industrial development, brings  between the human factor and machine systems within their
“intelligent” technologies such as artificial intelligence, cloud  integrated digital environment. The partnership between people and
connectivity, and real-time data analysis to the world of industry intelligent technologies synthesizes the precision and speed of
and manufacturing. Each of the first three industrial revolutions was ~ industrial automation with the creative potential, innovative
driven by a revolutionary new technology: the power of the steam  capabilities, and analytical thinking competencies of the workforce.
engine, the efficiency of the assembly line, and the processing speed
of the computer. At the core of Industry 4.0 is the pursuit of
efficiency, productivity, and cyber-physical systems. (Fig. 1):[1]

1. Introduction

Contemporary organizations face unprecedented levels of
competitive tension and continuously rising customer expectations
regarding speed and service individualization. Industry 5.0
technological solutions facilitate optimization of both dimensions
by supporting human creative resources and mechanized efficiency.
This necessitates the development of a circular economic model
with emphasis on human-centric industry.

Industry 5.0 does not represent another industrial revolution,
but rather serves to expand Industry 4.0 technologies by enhancing
collaboration between people and robots. With Industry 5.0, the
nine pillars of Industry 4.0 are extended by the aspiration to place
human creativity and well-being at the center of industry — to unite
the speed and efficiency of machine technologies with the
inventiveness and talent of people. The following conceptual
Computerand  Cyber Physical frameworks define Industry 5.0:
automation Systems

Mechanization,  Mass production,
water power, steam  assembly line,
power electricity

Human-centric Industry positions human needs and interests as a
fundamental element of production processes. Instead of focusing
on the question "How to increase workforce efficiency?", the
emphasis shifts to "How can technology enrich professional

Fig. 1 The Four Industrial Revolutions to Date [1
g [1] fulfillment?". While robotic systems demonstrate unwavering

The Fourth Industrial Revolution - Industry 4.0, which  precision and are optimal for standardized operations, when
fundamentally changes the way goods and services are produced deviations occur or innovative solutions are needed, human
and business processes are managed. Unlike previous industrial intelligence remains an irreplaceable resource.

revolutions, which were based on mechanization, electrification,

and automation, Industry 4.0 is driven by intelligent technologies. It ~ Sustainable Industry supports organizations in minimizing their

consists of nine technological “pillars™:[2] epvironmental impacf[ through imple_menting processes based on
circular economy principles. The circular economy has already

e  Additive Manufacturing transcended the status of a conceptual trend and is becoming a

e Augmented Reality necessity.  Additional sustainability transformations include

e  Autonomous Robots reduction of energy consumption, greenhouse gas emissions, and

«  Big Data and Analytics waste production, as well as prevention of depletion and

L radation of natural r rces.
«  Cloud Connectivity degradation of natural resources

e  Cybersecurity Industrial Production in Sustainable Industry is characterized by
e Horizontal and Vertical System Integration a high degree of resilience. It possesses adequate preparedness
e Internet of Things (IoT) against destablllz_lng f_ac_tors _and the ability to maintain critical
. . infrastructure during crisis periods. The pandemic situation revealed

®  Simulation the vulnerabilities of industrial systems and emphasized the
importance of adaptability. Currently, organizations prioritize
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building resilient systems that do not destabilize at the first
challenge.

2. Challenges and Opportunities for Contemporary
Management

Traditional management models that have served successfully for
decades are proving insufficient in the new digital reality. Leaders
face the necessity of managing not only people and machines, but
also complex digital ecosystems, autonomous systems, and
enormous real-time data flows.

The speed of change has increased drastically. Decisions that
previously took weeks must now be made in hours or minutes.
Markets change rapidly, customer expectations evolve, and
competition comes not only from traditional players but also from
technology startups that disrupt established business models.

System complexity is growing. Contemporary organizations must
integrate multiple technologies - Internet of Things (lIoT), artificial
intelligence, cloud technologies, robotics, and blockchain, creating
interconnected networks of daunting complexity.

The three main challenges of digital
organizational culture, costs, and security:[3]

transformation are

1. The organization must have the right culture to enable the
change process and allow for innovation.

2. The costs associated with investing in technologies,
training, and other resources.
3. There exists the challenge of security in protecting data
and systems from potential cyber threats.
Despite the challenges, Industry 4.0 offers unprecedented

opportunities for optimization, innovation, and value creation.
Organizations that successfully adapt their management approaches
can achieve:

e Radical efficiency enhancement
automation and predictive analytics

e  Product and service personalization to a degree impossible
in the past

o New business models based on data, platforms, and digital
services

e Sustainable development through resource optimization
and waste reduction

through intelligent

Several fundamental problems remain unresolved:

e How to transform management to utilize the full potential
of Industry 4.0 without losing the human dimension of
business?

e How to balance between technological possibilities and
organizational realities?

e How to prepare people and processes for a future that is
changing at unprecedented speed?

Solving these problems defines the framework of contemporary
management in Industry 4.0, which must be simultaneously
technologically literate, humanistically oriented, and strategically
thinking. The answers to these questions will determine which
organizations will thrive in the digital future and which will remain
in the past:[4]

The key characteristics of management in Industry 4.0 that must be
taken into account when solving these problems are:

e Digitalization of management processes is establishing
itself as a fundamental component. Management
personnel are no longer limited to intuitive and empirical
approaches but gain access to current data through
integrated systems, which enables more substantiated and
operational decision-making. The
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conventionalhierarchical management  structure s
transforming toward a more dynamic and adaptive
organizational form.

e Data management and analytics are acquiring strategic
significance. Contemporary management systems are
based on technologies for processing data arrays, artificial
intelligence, and machine learning for forecasting
development trends, optimizing operational processes,
and preventively averting system disruptions. Merely
possessing data is insufficient their competent
interpretation is also necessary. Management specialists
must master competencies for analyzing graphical
representations, recognizing patterns, and formulating
predictions based on algorithmic solutions.

e Human-machine interaction  requires  innovative
management strategies. Managers face the challenge of
coordinating not only human resources but also
automated systems, robotic platforms, and algorithmic
processes. The necessity arises for balancing between
algorithmic recommendations and human expertise, as
well as ensuring their effective integration. This generates
a need for developing competencies for synchronization
between human capital and digital technologies.

3.  Fundamental in

. Changes
Philosophy

Management

Conventional vertical organizational architectures are undergoing
metamorphosis toward horizontal, network configurations. In the
context of Industry 4.0, information flows are characterized by
multidirectionality, —and  decision-making  processes  are
decentralized across different organizational levels. Management
personnel are evolving from the position of supervisors toward the
function of facilitators and coordinators of operational processes.

Autonomous work collectives are acquiring expanded rights for
operational decision-making based on current data and real-time
information. This necessitates the development of innovative
competencies from leadership positions for coordinating distributed
authority and responsibility.

Intuition and professional experience, despite their significance, are
no longer sufficient for effective management. Contemporary
managers must possess abilities for interpreting complex analytical
data, identifying trends and patterns, and transforming information
into strategic initiatives.

Analytical processes and prognostic methods enable the anticipation
of potential problems before their occurrence. Business intelligence
systems provide detailed visibility across the entire spectrum of
activities — from production operations to customer behavior.

Integration between physical processes and digital technologies
generates new management opportunities. Sensor devices in
production lines provide real-time data that is processed through
machine learning algorithms. The results are applied for
automatically correcting parameters or alerting operators.

Digital twins of production processes allow simulation of
alternative scenarios without risk to actual production. Managers
can test modifications, optimize parameters, and plan maintenance
with exceptional precision.

Al systems assume routine analytical functions, freeing
management personnel to concentrate on strategic thinking and
creative problem-solving. Algorithmic solutions can analyze
significant volumes of data in seconds and propose optimal
strategies.

Chatbots and virtual assistants optimize organizational
communication and ensure operational access to information.
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Robotic Process Automation (RPA) systems assume repetitive
administrative tasks.

Cloud solutions guarantee flexibility and scalability of IT
infrastructure. Management specialists gain access to data and
systems regardless of location and time. This facilitates the
formation of distributed teams and adaptive work models.

Mobile applications enable coordination of production processes on
the move. Real-time notifications ensure immediate response when
difficulties arise:[5]

4. Practical Approaches for Addressing Challenges
in Industry 4.0

Continuous learning and reskilling are crucial for successfully
addressing the challenges in Industry 4.0. This requires creating
internal training programs for digital skills, partnerships with
universities and technology institutes, investing in online learning
platforms that allow employees to learn at their convenience,
developing clear career paths that integrate new technological
competencies.

Building multidisciplinary teams helps facilitate more effective
adaptation. Combining the knowledge and skills of engineers, IT
specialists, operations managers, and production workers in
common projects leads to achieving high results. This facilitates
knowledge transfer and creates a more holistic understanding of
processes, but also requires more effective management:[6]

Active communication and transparency are key to overcoming
resistance to innovative solutions and changes. It is necessary for
managers to learn to explain to employees why change is necessary,
how it will affect their work, and what the benefits are for them
personally, and to include them in the planning and decision-
making process.

Ensuring reliable IT infrastructure as the foundation of effective
management also presents a number of challenges. It is necessary to
invest in stable network connectivity, cloud solutions, and
cybersecurity. Without a solid foundation, even the best digital
initiatives will fail.

5. The Human Factor in Digital Transformation

Digital transformation is not expressed only in new software,
robots, cloud systems, and artificial intelligence. No technology can
be useful without the human who creates, manages, and uses it. At
the heart of every transformation stands precisely the human factor.
Successful digital transformation requires not only modern
machines but also a culture of openness, readiness to learn, and
courage. In this sense, digitalization is not so much a technological
as a social process — a process of changing thinking. Human
creativity, adaptability, and morality are what give meaning to
digital progress:[7]

The following are necessary:

o New competencies for managers
Contemporary managers face a paradox: they must master
technologies without losing the human dimension of
leadership. This requires developing hybrid competencies
that combine technological literacy with emotional
intelligence. Unlike traditional models, where a manager
could rely primarily on experience and intuition, today a
deep understanding of the possibilities of artificial
intelligence, machine learning, and digital ecosystems is
necessary.

o  Workforce transformation
Represents a particularly delicate process. Automation
inevitably eliminates some positions, but simultaneously
creates new ones requiring higher qualifications.
Managing this transition necessitates a strategic approach
to human resource development, including large-scale
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retraining programs and creating new career trajectories.
Success depends not so much on technological
capabilities as on the ability to motivate people to accept
change as an opportunity rather than a threat.

e  Culture of innovation and experimental practices
Successful organizations in the context of Industry 4.0
develop an institutional environment that stimulates
experimentation, accelerated learning, and organizational
adaptability. Deviations are interpreted as learning
opportunities rather than failures. Creating internal
corporate startup structures and innovation laboratories
activates employees' creative potential.  Strategic
partnerships with technology organizations and academic
institutions bring external knowledge and alternative
perspectives.

Digitalization also manifests in specific operational aspects of
management:

e  Supply chain coordination
Digital transformation of supply chains ensures total
transparency from raw materials to end consumers.
Blockchain technologies guarantee traceability and
security of transactional processes. 10T sensors track the
location and condition of goods in real time. Al
algorithms optimize delivery routes, minimize inventory
resources, and forecast demand with exceptional
precision. This generates significant cost reduction and
service improvement. This technological complexity
necessitates the development of new managerial
competencies for synchronizing physical and digital
processes.

e Quality control and regulatory compliance
Digital technologies radically transform quality control.
Computer vision and machine learning identify defects
with higher accuracy than human perception. Data from
every production cycle is archived and analyzed to
determine the causes of deviations. Automated
compliance systems monitor adherence to regulatory
requirements and automatically generate necessary
documentation. This reduces the risk of sanctions and
improves organizational reputation. Paradoxically, the
more we automate control functions, the more essential
becomes the role of specialists for interpreting results and
formulating strategic decisions based on generated data.

e Resource management
Intelligent energy management systems optimize
consumption according to production needs and market
prices. Predictive maintenance reduces repair costs and
increases equipment operational time. Digitalization
enables precise tracking of all resource usage - time,
materials, energy. This creates opportunities for
continuous improvement of efficiency and sustainability.

The strategic dimensions of digital transformation manifest in:

e Innovative business architectures
At the strategic level, Industry 4.0 is not limited to
improving existing processes - it opens possibilities for
fundamentally new business models. The transition to
concepts such as "Product as a Service" illustrates how
technologies transform the nature of value propositions.
Data generated by products becomes alternative revenue
sources. Digital platforms integrate manufacturers,
suppliers, and customers into unified ecosystems:[8]

e Sustainability and corporate responsibility
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Sustainability and social responsibility acquire a new
dimension in the digital environment. Technologies
enable not merely more precise measurement of
environmental impact but also active management of this
process through real-time optimization. Transparency in
supply chains guarantees ethical production and social
responsibility. Organizations use data to demonstrate their
contribution to sustainable development.

Management in Industry 4.0 requires integration of
technological capabilities, the human factor, and strategic thinking
into a unified management philosophy that balances efficiency with
sustainability and innovation with human values.

6. Model for Enhancing Management Efficiency
through Integration of Industry 5.0 Philosophy into
Industry 4.0

Based on an in-depth literature review and analysis of data
accumulated from practical observations and professional
experience, this publication presents the results of the conceptual
development and practical testing of a model for enhancing
management efficiency through integration of Industry 5.0
philosophy into Industry 4.0. The model integrates technological
infrastructure and the human factor into a common management
structure. The conceptual framework of this model is shown in Fig.
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Fig. 2 Model for Enhancing Management Efficiency through
Integration of Industry 5.0 Philosophy into Industry 4.0.

The model can be practically implemented in 13 steps, distributed
across 5 phases:

Phase 1: Preparatory Diagnostics and Assessment Processes (3-
6 months)

Step 1: Current state analysis. Conducting an in-depth audit of
existing systems, operational processes, and organizational
competencies. Identifying "digital deficits" in the structure - which
processes demonstrate lowest efficiency, where the most significant
losses of time or resources are recorded. Preparing a detailed map of
the entire IT architecture and its integration connections.

Step 2: Establishing a management team for transformation
processes. Forming a multidisciplinary team with representation
from IT, production operations, human resources, finance sector,
and operational management. Appointing a Chief Digital Officer
(CDO) or delegating these functions to an existing top manager
with technological competencies.

Step 3: Mapping professional competencies. Conducting a detailed
assessment of the digital capabilities of each employee. Applying
competency matrices to determine the need for retraining,
identifying potential internal instructors and positions requiring new
appointments.

Phase 2: Building Fundamental Foundations (6-12 months)

Step 4: Modernization of IT infrastructure base. Prioritizing the
most critical components: stabilized network architecture, cloud
infrastructure, and cybersecurity. Implementing a unified Data
Management Platform that will function as the backbone of future
digital solutions.

Step 5: Standardization of operational processes. Before automation
initiatives - optimizing and standardizing all processes. Applying
methodologies such as "Lean" or "Six Sigma" to eliminate
unnecessary operations. Documenting processes in digital formats.

Step 6: Establishing centers of professional competence. Creating
specialized teams for key technologies - 10T, data analytics,
automation. These centers should function as internal consulting
structures for various organizational units.

Phase 3: Pilot Testing and Validation (3-9 months)

Step 7: Selection and launch of pilot initiatives. Choosing 2-3
processes with high improvement potential and minimal risks.
Examples: automated maintenance planning, digital quality
indicator tracking, or intelligent energy management. Defining clear
KPI indicators for success evaluation.

Step 8: Development of digital twins. Constructing digital models
of critical production processes. This will allow simulation of
changes before their actual implementation and parameter
optimization.

Phase 4: Scaling and System Integration (12-24 months)

Step 9: Implementation of integrated management systems.
Deploying next-generation ERP systems that integrate production
operations with planning, logistics, and financial processes.
Ensuring AP compatibility between all systems for seamless data
exchange.

Step 10: Development of analytical capabilities. Implementing
business intelligence platforms and predictive analytics. Training
management personnel in data interpretation and data-based
decision-making. Creating automated reports and alarm systems.

Step 11: Process operation autonomy. Gradually implementing
autonomous decision-making systems in routine operations -
automatic material ordering when minimum inventory levels are
reached, automatic shift planning according to demand.

Phase 5: Optimization and Innovation Practices (continuous
process)

Step 12: Formation of innovative organizational culture.
Establishing internal idea competitions and budgets for
experimental projects. Motivating employees to propose

improvements and experiment with new technologies.

Step 13: Development of partner ecosystem. Building strategic
connections with technology partners, startup organizations, and
research institutions. Creating open APIs for clients and suppliers to
form a digital ecosystem around organizational activities:[9]

During system testing at Testel Engineering Ltd. in Varna, some
critical success factors for model implementation were also
identified:
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e Continuous monitoring and adaptation — developing a
system for systematic progress tracking at each stage.
Applying  "Agile" methodologies for operational
adaptation when difficulties arise.

e Organizational change management - at every level,
investing significant resources in communication
strategies, training programs, and motivational initiatives
for teams. Transforming thinking patterns often represents
a greater challenge than technical implementation.

e Balance between automation and human intervention
— avoiding the pursuit of immediate total automation.
Creating hybrid architectures where technologies support
human decision-making.

This phased approach enables organic development of digital
capabilities, minimizing risks and maximizing potential for
successful transformation:[10]

7. Conclusion

Management in the context of Industry 4.0 represents not merely
technological evolution, but a comprehensive metamorphosis of
principles for organizing, coordinating, and optimizing business
processes. This transformation necessitates from leadership
positions a fundamental rethinking of management approaches.
Based on the results from testing the proposed model for improving
management efficiency through integration of Industry 5.0
philosophy into the architecture of Industry 4.0, the following
generalizations and conclusions can be formulated:

Digital transformation in management transcends technological
renewal. It requires rethinking the fundamental principles of
leadership in the industrial environment. Practical experience from
integrating Industry 5.0 philosophy into the technological
framework of Industry 4.0 reveals several essential patterns.

Key findings from practical implementation:

Synergy is decisive. Organizations that perceive digitalization as
exclusively a technical project rarely achieve expected results.
Success is based on simultaneous development of technological
infrastructure, human competencies, and organizational culture.
These components cannot develop independently - they are
interdependent.

Gradual approach ensures stability. Although radical changes
appear attractive, they contain significant risks. The phased
approach allows organizations to accumulate expertise, learn from
deviations, and adjust their strategy without compromising core
activities.

The human factor maintains its centrality. Paradoxically, in the
era of automation, the anthropogenic element acquires even greater
significance. Investment in developing digital competencies and
personnel adaptability proves decisive for the success of the overall
transformation.

Data transforms management practices. The ability to transform
information into strategic actions is establishing itself as a
fundamental management competency. Intuitive decision-making
gradually gives way to the analytical approach.

Long-term effects of integration processes

Talent seeks meaningful content in work. Contemporary
personnel are not satisfied merely with the function of machine
operators. They seek challenges, opportunities for creative
contribution, and professional development. Industry 5.0 principles
form a work environment that synthesizes technological efficiency
with human fulfillment, which positively affects employee
satisfaction and loyalty.

Sustainability becomes a competitive advantage. Environmental
responsibility is no longer a matter of corporate image but a
strategic imperative. Investors, employees, and clients increasingly
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evaluate organizations according to their sustainable practices.
Integration of Industry 5.0 principles allows achievement of
economic results while maintaining ecological balance.

Furthermore, the ability for rapid adaptation to crisis situations -
from pandemic phenomena to climate disruptions - becomes a
critical management competency. Industry 5.0 technologies provide
the toolkit for building resilient organizations through enhanced risk
analysis and increased operational flexibility.
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