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Abstract: The successful evolution of a production system through the integration of
lean manufacturing and digital technology initiatives, along with their subsequent
rollout within an enterprise, demands that managers develop new competencies in
project management, particularly those involving information technologies. This
paper presents a conceptual framework for applying contemporary project
management techniques grounded in the principles of lean and digital production.
This framework includes key aspects of digital technology implementation,
illustrated through a case study of a civilian product manufacturer in the chemical
industry. Adopting this new approach to organizing the production system
necessitates a fundamental shift in the project management mindset and overall
enterprise management philosophy first and foremost among leadership, followed by
all shop-floor personnel. The study details a specific lean manufacturing project: the
implementation of a 5S system enhanced by digital technologies in shop-floor
environments, carried out with the active participation of site foremen. The
significant results achieved through this integration of digital tools into the 5S
methodology, as measured within the actual production process, empower shop-floor
managers to make more informed decisions at their level when executing
management directives.
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1. Introduction

The development of scientific theories in the socio-economic sphere and the
dynamism of economic relations in the era of the digital economy have led to the
need for high-quality research into the theory and practice of project management in
the context of digitalization. In today’s competitive business landscape, project
quality is of utmost importance as organizations strive to meet the ever-evolving
needs of their clients [1]. Quality is achieved thanks to people, their attitudes, and
their commitment [2]. The tools and technical skills are necessary. However, studies
show that soft skills are more important for the project’s success [3]. The starting

PAGE NO: 594



LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 3 2026

point for digitalization development work is to understand the overall current
digitalization status of the organization and thus, create an overall picture of its
strengths and weaknesses and possible improvement actions for the future [4]. Thus,
digitalization can mean enhancing existing processes, finding new opportunities
within existing business domains, or finding new opportunities outside existing
business domains [5]. The term project management approach is the “highest level of
abstraction used when describing how a project will be designed” [6], whereas a
project management methodology is more granular and provides specific guidance
about how to manage a project [7], [8], [9].

The ubiquity and evolutionary pace of the development of digital technologies has
led to relentless changes in customer preferences and market structures, and these
changes, in turn, raise new requirements for organizations. Today, an increasing
number of organizations are improving the customer experience through the use of
digital technologies, and they are expanding their processes for creating a value
proposition through analysis obtained from data on current product use. Following
the relentless movement of the next great technological era, businesses must navigate
economic and geopolitical uncertainty. The natural tendency of many organizations is
to step back. The tipping point is whether businesses should place digital in their core
business logic, rather than simply as a proponent of business processes, may have
passed. The process of digital transformation covers absolutely all enterprises,
regardless of their industry affiliation, since digitalization is both a vital need and a
factor of competitiveness. Lean management is successfully used to improve the
efficiency of production system processes. With the development and implementation
of Industry 4.0, there is an increase in digitalization activities aimed at improving
business results and productivity. The main organizations are focused on
implementing Industry 4.0 initiatives in processes to improve efficiency and
productivity. At the same time, there are currently some pockets of Industry 4.0
application in enterprises, without coordination. It is wunclear whether this
implementation is consistent with existing continuous improvement methods such as
lean management, which are known to have advantages in achieving business goals.
Therefore, this study is important for further exploring the synergies and practical
implementation of both Industry 4.0 and lean management in order to increase
enterprise efficiency, as well as to avoid multidirectional actions in the
implementation of lean management and Industry 4.0 initiatives for this process. The
main purpose of this study is to study the current efficiency of the enterprise and offer
solutions that increase productivity using an integrative approach covering industry
4.0 and lean management. These recommendations are based on the integration
models of lean management and industry 4.0, as well as on the practical application
of theoretical constructs in both management approaches. In this way, research seeks
to contribute by proving a plan that an organization can follow to investigate the
effectiveness of the production system, identify areas of improvement, propose
solutions, provide an implementation plan, and provide a tracking mechanism.
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The manuscript includes key sections. The main section is an introduction reflecting
the relevance of scientific research and the formulation of the problem. The next part
of the manuscript is devoted to the disclosure of theoretical and methodological
principles of research and the identification of scientific gaps in the field under study.
The terminological base is disclosed, the concepts of lean manufacturing are
considered, a critical review of the literature from the point of view of lean
manufacturing, Industry 4.0 and the introduction of digital technologies into lean
manufacturing is presented. The third part of the manuscript describes the main
approaches that we have presented in the process of studying specific examples. The
practical section is devoted to the results obtained as a result of the introduction of a
cycle of improvement of a production system based on the principles of lean digital
production. The cases in the field of digital production application are analyzed with
an emphasis on the integration of industry 4.0. This part of the manuscript provides a
practical example of the application of the proposed model, taking into account the
specifics of the enterprise. The cycle of implementation of the methodological
approach proposed in the study is described and recommendations are given. In the
conclusion of the part of the manuscript, the results of the study are summarized and
the main conclusions are drawn.

2. Literature Review
2. 1. The concept of Lean management

The concept of Lean management (LM) was a response to the emergence of strong
competition with severe resource restrictions [10]. LM is a generic term that was
coined by Massachusetts Institute of Technology’s (MIT) research program titled the
,International Motor Vehicle Programme® (IMVP) which was launched in 1979 and
delivered groundbreaking results 11 years later when James P. Womack et al.
published their findings in “The Machine that Changed the World” [11]. The founder
of the concept of LEAN is Taiichi Ono, who created the production system of Toyota
Corporation since the 1950s.[12]. Their research focused on the performance gap
between Japanese automotive industries and Western ones. The basis of their data
was an analysis of 52 assembly plants in 14 countries. The five-year, five-million-
dollar program found that Japanese plants were significantly more productive,
because of their production and management style, which the authors called “Lean”.
Most notably, still today, the car manufacturer Toyota was at the center of attention,
as they have, arguably, contributed the most to what we know today as Lean.
Initially, Lean only referred to the manufacturing part, but later the term Lean also
included the management style. Today, there is a multitude of Lean derivatives, such
as lean enterprise, Lean Leadership, Lean Logistics, Lean Production, Lean
Organization, Lean Thinking, Lean Service, Lean Planning [13].

Thus, the works Dennis P. Hobbs, J. Womack, Liker J.K. Morgan J, Taiichi Ono,
Rother M., Tanaka T, consider various aspects of the introduction of the concept of
LEAN in enterprises [10], [11],[12]. Womack, Jones, and Roos coined the term “lean
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production” in their 1990 book “The Machine that Changed the World”’[11]. to
describe the manufacturing paradigm established by the Toyota Production System.

There is also criticism around “The Machine that Changed the World”. Womack et
al. claimed that the cultural and societal context was not the decisive factor for the
superior performance of Japanese manufacturers: Thus we devote our attention in the
pages ahead to a careful explanation of the logic and techniques of Lean production
[13]. This is thought-provoking, as the researchers already knew about Taiichi
Ohno’s book, who is said to be the co-inventor of the Toyota Production System
(which stands for LEAN more than any other system), where he stresses that
everything depends on the will and wanting of the employees [13, pp. 91-92). On the
other hand, it is understandable that it is a lot easier to research on and describe the
hard facts, than it is to grasp the complex human aspect. Mike Rother boiled it down
to the essence. This is because an organization’s collection of practices and principles
at any point in time is an outcome that springs from its members’ routines of thinking
and behavior. Any organization’s competitiveness, ability to adapt, and culture arise
from the routines and habits by which the people in the organization conduct
themselves every day. It is an issue of human behavior [14, p. 16].

LEAN is therefore called lean, which allows you to do more and more, and spend less
and less - less human effort, less equipment, less time and less production space -
while at the same time approaching to provide the consumer with exactly what he
wants [15, p. 33].

It is believed that LEAN ideas came to Russia in 2004, together with foreign
companies that opened their factories and branches in the country, or organized joint
production with Russian enterprises on the basis of industrial cooperation. And each
company brought to our practice those approaches to the implementation of LEAN,
which are accepted in her country (Toyota, Nissan, Ford, etc.). Studying the
experience of foreign colleagues, Russian enterprises began to create their production
systems on the basis of common approaches to LEAN, introducing positive aspects
from the systems of rationalization and invention, scientific organization of labor, etc.

According to J. Womack, "Lean production is a breakthrough approach to
management and quality management, ensuring long-term competitiveness without a
substantial investment based on the principle of universal reduction of possible
losses, involving each employee in the process of business optimization " [13, p. 32].

According to D. Hobbs, "Lean production is a technique aimed at constantly reducing
operating costs. Its task is to develop and implement a production line capable of
producing different types of products in exactly the time that is really necessary for
this [16, p. 33].

Each view reflects an important aspect of the concept under analysis and has every
right to exist. In this case, in our opinion, this definition requires further reflection
and addition. Taking into account the existing views of scientists, the author proposes
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to clarify as a supplement what is meant by the concept of LEAN. The concept of
LEAN refers to a strategy based on the principles of a systematic approach to
determining simple solutions for identifying and eliminating hidden losses
(production of goods/services), which allows by optimizing processes to improve the
decisive performance of the enterprise: cost, quality, service and time, giving the
consumer new competitive advantages, creating added value for customers and
meeting their needs. The idea is to constantly strive to eliminate any type of loss, with
the involvement of each employee in the procedure [17].

In general, the concept of LEAN can be considered as a special mechanism for
modernizing technological processes at the enterprise, which makes it possible to
reduce costs at the enterprise due to the introduction of these principles without
attracting additional resources related to the purchase of advanced technologies,
modern equipment, etc. [18], [19], [20].

The strengths of this LEAN concept are due to three factors:

1.This is a proven structure that provides forms and techniques that allow you to
quickly get results (the method assumes the presence of losses and "attacks" losses
without studying them, which is almost always extremely effective).

2.The approach works well at the level of ordinary employees, where there are a
small number of small and minor losses (invisible to most managers).

3.Quickly gives actual results.

We propose to consider the features of the development Toyota Production System.
Toyota, like many others, have recognized the limitations of too much emphasis on
tools. They now use a Lean Enterprise house that differs from the ‘tools’ house.

The enterprise house is a wider view and emphasizes philosophy and approach. The
‘whats’, not the ‘hows’. The Toyota Production System may be a house of tools, but
the Toyota Enterprise system is far more broad [10], [21].

For example, of the article consider a lean enterprise [22]. The foundation is the
ongoing challenge of continually adapting to the needs of customers, employees, and
environment. There is kaizen or continuous change for the better. There 1s teamwork
and emphasis on working together. And there is Gemba - the approach of hands-on,
going to see oneself rather than management by remote control. The pillars are now
continuous improvement and respect for people. These two go back to the origins of
Toyota in the 1930s to 1950s with Sakichi and Kachiro Toyoda. Perhaps they go back
to a main source of their inspiration, Samuel Smiles’ Self Help [11]. These two
support the Toyota Way — that hard to capture set of principles that Jeffrey Liker as
attempted to summarise. And finally, the roof — thinking people — the real root of
sustained performance. The concept of enterprise is important. ‘Enterprise’ means
that Lean is not limited to ‘manufacturing’ or ‘operations’. A Lean mindset is
necessary for all functions — accounting, IT, HR, marketing, sales, purchasing,
distribution, and of course design and development. And not just waste, but value.
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Appropriately some have begun to say that TPS stands for Thinking People System,
rather than Toyota Production System [10, 21].

The implementation of the Lean concept can be used in two ways: the first case, a set
of one-time organizational and technical measures assumes that it is used in the
reengineering of business processes in accordance with the methodology of M.
Hammer [23]. In the second case, the creation of lean production actually means the
development of known elements of the constant improvement of the kaizen system,
which belongs to M. Imai, an ideologist of one of the most effective models for
implementing the concept of lean production [24].

Kaizen in business is a constant improvement, from the workplace to senior
management [15]. The main goal of kaizen is lossless production. It is known that
companies using the LEAN concept apply the principle of creating cross-functional
commands (command formation). For successful. A lot of attention, interest,
planning and communication is required on the part of the top managers of the team
in the enterprise. Every organizational project, according to D. Tepping, T. Shuker,
should begin with the "cathball" procedure - throwing the ball [25, p. 26-27].

We propose to consider the basic principles of LEAN [26]:
1. Principle - Bottom-Up Control

2. Principle - Inventory Reduction

3. Principle - Continuity of transformations

The LEAN implementation project is not complete, the period of stability of any
process is We summarize the main provisions of the LEAN concept, its role in
ensuring the efficiency of engineering enterprises, noted in our study:

LEAN concept uses a project approach to solving specific tasks by means of initiative
working groups and specialized departments.

The LEAN concept is focused on a process approach to managing enterprise
improvement.

1.0rder to expand the work on continuous improvement of production processes,
control bodies are created that implement and monitor the decisions made.

2.To ensure the unity of approaches to the implementation of LEAN tools in practice,
the company develops a set of provisions and regulatory documents regulating the
activities of various departments.

Thus, the effectiveness of the LEAN concept in plants and factories is partly due to
the fact that many of the tools of this method greatly contribute to ensuring
concentration, structure and discipline. When properly applied, it also develops a
strong sense of ownership among ordinary workers.

Based on this, LEAN is a single set of extremely efficiently selected tools that can be
applied to the production process. In addition, despite the fact that the basic
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philosophy of LEAN (elimination of losses, cells, pulling instead of ejecting) refers
to any work, its standard tools, applied without significant modification not to
production, but to office procedures, are much less effective. With this in mind, in
order to obtain a synergistic effect and maximum results, the concept of LEAN
should be introduced using the concept of fast-reacting and active production.

Next, consider the following concept that meets the modern requirements for
ensuring the competitiveness of enterprises - this is the concept of Industry 4.0.

Implementation concepts should be well aligned with an integrated approach to
production system management when implementing Industry 4.0 lean production
management.

2.2. Development concepts “’Industry 4.0”

Industry 4.0 is currently one of the leading terms in the world of business and
organizations. The concept was presented at the Hanover Fair in 2011 and quickly
attracted great attention not only in Germany, but also on the world stage. The
Industry 4.0 concept is associated with the fourth industrial revolution in
manufacturing, where technological trends such as digitalization, robots and artificial
intelligence transform production processes [27]. A more accurate definition of
Industry 4.0 is that it is "a new approach to manufacturing process management,
providing real-time flow synchronization and allowing for unitary and individual
production of products." The growth of Industry 4.0 is facilitated by government
subsidies and attention, and Industry 4.0 has quickly become a large and profitable
industry in its own right. Technology providers (such as SAP), consulting firms (such
as McKinsey, Boston Consulting Group), and conference organizers, compete for
market share associated with Industry 4.0 by offering and providing support and
assistance services. The latest methods, such as artificial intelligence and
robotization, the Internet of Things (IoT) and ZD printing, virtual and augmented
reality, are quickly becoming an integral part of our daily existence [16]. One of the
main technologies of Industry 4.0, which is used to predict production processes, is
the Internet of Things (IoT). With 10T, different personal devices and sensors can be
connected to the network and transmit data on the state of production equipment,
production lines and other production parameters.

In 2023, the global IoT market in industry totaled more than $118.37 billion and will
reach $1.11 trillion by 2028. In Russia, by 2030, it is expected that the volume of this
market will grow to 147.25 billion rubles. The Internet of Things is a complex of
connected and connected to the Internet a variety of devices that exchange
information. Similarly, the Industrial Internet of Things is designed to combine
equipment, employees and cloud data [28]. With thousands of sensors installed in the
enterprise and software, it is possible to automatically monitor production and control
it: monitor the quality of products by choosing optimal modes, or monitor the
condition of equipment to predict its wear and tear and replace parts in a timely
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manner, extending its life and preventing downtime due to accidents. Based on data
analysis, you can increase the load pointwise, thus increasing performance.
Previously, statistical data collected manually or not collected at all were used for
analysis. This made it more difficult to access accurate information to assess the
current and forecast future state of production. All of this can now be seen in real
time using the Internet of Things. Today, such promising development vectors as
smart city and home systems, predictive diagnostics systems in industrial segments,
robotics, medicine, scientific developments in the artificial intelligence industry stand
out on the IoT market in Russia [29].

IoT is also actively used in the IT segment responsible for the software part of the
hardware objects that are connected to the Internet. Some [oT technologies allow you
to simulate reality and test various scenarios in digital and using a digital twin. The
digital twin of an industrial enterprise is a copy of it in a virtual environment. The
function of the digital twin is to reproduce processes and operations in the enterprise
with high accuracy, which allows you to solve a wide range of business problems. In
the philistine worldview, sometimes there is an erroneous idea of a digital twin as a
3D model, which is used to visualize the production infrastructure without any
additional meaning and functionality. But that's not right. The digital twin is, first of
all, immersion in the logic of the processes taking place in the company, their
digitization and, most importantly, the analytics of the data obtained using artificial
intelligence. This is a promising technology of the future, and not a single large
industrial enterprise in Russia in 10 years can be imagined without it [30]. The digital
twin in an industrial enterprise provides accurate forecasting of production volumes,
helps to determine the optimal amount of equipment for organizing the production
process and the necessary reserves of production resources. The technology evaluates
the peak and optimal performance of each unit in the production chain to predict the
volume of contracting and helps to control the wear of equipment under various
loads. Digital twins are also effective in the operation of industrial construction
facilities. In addition, such solutions are used to assess the effect of the introduction
of digital technologies and the commissioning of technological, engineering and
bench equipment. Depending on the specifics of the work of a particular enterprise
and its development strategy, the functionality and interface of the twin can be
changed to solve specific problems. A distinctive feature of the digital twin is that
this asset can work for the company forever [28]. Against the background of the
spread of smart devices and the development of data transmission networks, the
interest of major players in the software market in SCADA systems (Supervisory
Control and Data Acquisition, dispatch control and data collection) is growing.
Already, with the help of such solutions, it is possible to aggregate information from
sensors and sensors for monitoring and controlling equipment into a single data lake
and generate reports with visualized data for decision makers.

The manufacture of more complex devices requires the modernization of the -
production facilities of companies. The more complex the production, the more
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complex the sensors and the more valuable information they provide. Against the
background of the active growth of data flows, the negative role of the human factor
increases and the risks of making wrong decisions increase due to the fact that a
person cannot process all the information collected. The specified requirements are
applicable both to commercial firms and non-profit organizations. Any organization
should quickly and adequately respond to changes in the situation in society and the
market, make appropriate changes in their activities [31].

3.Research design
3.1. Optimizing the implementation of digital technologies in the context of Industry
4.0

Therefore, to leverage the potential of digital technologies into existing Lean-based
production systems (LPSs) [29], [30], [31],[32], manufacturing companies need to
redefine and reconfigure organizational strategy, structures, infrastructure, resources,
and culture [33],[34],[ 35].

More specifically, two research questions are posed:

RQI. What problems and organizational features arise when integrating digital
technologies into a lean manufacturing system?

RQ2. How do managers develop appropriate lean manufacturing projects and cope
with the integration of digital technologies in the enterprise?

Optimizing the adoption of Industry 4.0 technologies is the process of developing and
applying methods and strategies to maximize the opportunities provided by new
technologies related to digitalization and automation of Lean management. The goal
of optimization is to improve the efficiency, quality and competitiveness of
companies by using advanced technologies and improving production processes.
Optimizing the implementation of Industry 4.0 technologies can include analyzing
and optimizing production processes, using artificial intelligence algorithms,
implementation of production management systems, management of customer
relations.

Therefore, Smart Enterprise or Smart Factory integrates some elements (Figure 1)
that, sometimes, are developing for itself and, sometimes, they are competitive.
Actually, they can be all connected and there is no Industry 4.0 without setting up
basics of Lean management (process identification and process measuring [32].

Industry 4.0
Customer Order Process (COP)

Product Development Process (PDP)
<:> * Production
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Fig. 1. Optimization approaches and their underlying technical processes (Huber,
2016)

Sanders, Subramanian, Redlich, and Wulfsberg (2017) believed interaction between
14.0 and lean causes synergies and helps them to adopt precisely) [33].

The current investigation found 5 papers that confirm this issue. Mayr et al. (2018)
explored whether lean management and 14.0 can support each other or not [34].

The relationship between 14.0 and lean manufacturing is vital for the quality and
reliability of products. Additionally, there is a high level of synergies between them.
Dombrowski, Richter, concluded high dependencies between cloud computing,
avoidance of waste, zero defect, and big data [35].

Comparing the characteristics of Lean management (LM) and Industry 4.0 (14.0), it is
possible to realize the resemblance of them [36] The five principles of LM cited by
Womack et al. (1990) added with the “People” principle suggested by Hines et al.
(2004) seem to be close related with the core competences of 14.0 cited by Bitkom
[37].

3.2. Integration of digital technologies using lean manufacturing

One of the most important tasks of today's domestic science in the field of Lean
management organization is to find scientifically based solutions for the effective
functioning and improvement of production processes of enterprises. This includes
the extensive use of digital technologies and the development of practical planning
methods at all levels of the organization of production processes.

The combination of Lean Production and Industry 4.0 is still being researched and is
called Lean 4.0 [34, 38, 39]. Rittberger & Schneider used the Human-Technology-
Organization-Model (HTO) to compare and combine Lean Production with Industry
4.0 and to identify possible potentials. They show that the Lean Production approach
focuses on the organization and the humans, such as employees or customers, and
their interaction [34],[40], [41].

Studies the authors show the main advantages of an Industry 4.0. First of all, the
digital platform contributes to creating new jobs and attracting investment. This
improves productivity and product quality and reduces risk and improves resource
management [28],[29], [30].

The Industry 4.0 trend is often used to denote the fourth industrial revolution, which
involves the introduction of cyberphysical systems into production that can negotiate
and cooperate. In general, digitalization in the industrial sector in Russia and Europe
has fallen on the rails, and is even gaining momentum. Today, our share of
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digitalization is slightly more than 22% of the total world economy. This is quite
good, and Russia is ahead here: from the point of view of digitalization, 7% of
companies are leaders, 19% are innovators, and only 1% of us are lagging behind,
although in Europe and in the world there are 9%. About 40% of industrial
enterprises plan to digitalize in the next five years. This suggests that there is a good
trend in Russia, and it will develop [42].

The implementation concepts need to be well aligned with methodological approach
to managing the production system when implementing the concept of lean.

The combination of Lean Production and Industry 4.0 is still being researched and is
called Lean 4.0 [34],[38], [39].

Moreover, it is a holistic and long-term-oriented methodical approach that requires a
change of employees' attitudes and awareness to reach a continuous value stream by
avoiding waste [43],[44].

Supplementary, Industry 4.0 is technology-focused and requires a high degree of
process orientation with clearly defined processes [45],[46].

It covers the interface of technology with both humans and the organization [47].

Any manufacturer wants to receive maximum results from production. For this,
enterprises from different industries invest in the means of management and
optimization of technological processes. In the context of digital transformation of
enterprises, the need for equipment reliability unites. Perhaps this is the obvious key
object of digitalization. No matter what product the enterprise produces, equipment
malfunction always leads to losses, downtime [39].

At the same time, if an enterprise uses digital technologies to predict and prevent
equipment malfunction, such an opportunity would be a big plus for the enterprise.
Concerning the first perspective, many scientific papers state that Lean Production is
the basis for Industry 4.0[48], [49], as Industry 4.0 technologies are assumed to build
on the holistic approach of the Lean Production System [50].

The survey of Tortorella & Fettermann confirms that Industry 4.0 is introduced more
likely if Lean Production is already implemented [41]

An essential requirement of Industry 4.0 is a certain degree of process orientation
with defined processes, customers, suppliers, tasks, and times [35]. Supporting this,
Lean Production Systems generate standardized, transparent, and waste-free
processes [51], [52].

The challenges enterprise specialists face in project design and implementation are
more complex and time-dynamic than ever before. This section is divided according
to the two stages defined above in section. On the one hand, in the first section, the
pilot project and the tasks set will be described, and the implementation of the 5C
tool will answer the first question mentioned above (RQ1). On the other hand, the
second section will describe the project, and the main results of the implementation
of 5C, obtained as a result of the integration of digital technologies, which allows
answering the second question presented above (RQ?2).
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4.Results
4. 1Implementation of lean and digital manufacturing project

Let's consider a well-known process at the enterprise. At the beginning of the process,
data is collected from sensors. Then their complex processing by algorithms by
software is carried out, taking into account processes and production. Further, to
ensure the correct operation of the entire circuit, actuators are immediately activated.
It is known that the enterprise has other technological processes that do not fit into
the framework of such a closed cycle. The amount of process data can be limited and
information collection can be carried out manually, and the analysis is practically not
carried out. An example of such processes is monitoring the reliability of the
equipment. Monitoring the security of processes, employees, and energy
management. Using digital tools in this case, we understand that it is necessary to
close the circle, or automate all these areas (Figure 2).
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Fig. 2. The scheme of the cycle of improving the efficiency of the production system
with the integration of Industry 4.0 lean enterprise management

From this diagram, we see that, firstly, we need data - digital, reproducible, actual
data in real time to make the right decision. The source of this data can be new means
of measurement, or completely new technologies for collecting data. For example,
using sensors, sensors. Then, data is transferred to any computer, any application, or
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any employee anywhere in the world through a common available Internet. This data
is then analyzed using digital technology. For example, digital twins, analysts with
machine learning elements, or with the involvement of employees, experts. Thanks to
cloud storage, we have almost unlimited opportunities for analyzing, storing and
processing data using analytical tools. All this work is aimed at one act aimed at the
implementation of digital transformation projects. Thanks to the use of digital tools,
the performer can be located many kilometers from the point where the data was
obtained, or analyzed.
Secondly, we change the meaning of the work of production processes and behavior
taking into account the data and recommendations from analytical tools. These
technologies enable you to design, create, and capture results from new business
models. Traditionally, it is employees of production enterprises who are engaged in
optimizing technological processes. They independently collect data and process it
using software, or involve their own engineers to solve the problem. But recently,
within ten years, many geographically remote objects have appeared, such as: test
centers, landfills, mines, oil and gas production platforms, etc. As a result, the idea of
a control center for integrated, so-called digital production appeared. It became clear
that you can collect experts in one center, where all the data would be transmitted.
Instead of sending an expert to the enterprise. However, this still happens within the
information system of one company, and is supported by resources only by its
employees. Thanks to the digital transformation and the idea of the industrial Internet
of Things, the company receives a new approach to the provision of services.
From an economic perspective, Huber expects a more efficient implementation of
Industry 4.0 technologies when Lean Production is already present [32]. The other
central perspective is that technological advancements of Industry 4.0 might complete
or even enhance Lean Production activities and positively affect its efficiency [35],
[53], [54].
Bauernhansl and Kieviet highlight the potentials of Industry 4.0 for Lean Production
Systems facing complexity and flexibility simultaneously by applying appropriate
technologies [55], [56], [57], [58]-
In this case, the company can attract remotely, use digital outsourcing, i.e. digital
services of experts of a third-party organization, which means that it is not necessary
to involve its own employees for analysis and data processing. This is a very effective
business model that solves the problem of organizing and performing work.
In order to use the domestic potential of digitalization in full force, it is necessary to
follow the recommendations [28],[29],[30].
1. Avoid excessive haste - it carries significant risks. You can't instantly translate all
production into digital.
2. Forcing digitalization with a low level of information security is dangerous.
3. Gradual reforms are needed, and you need to start with less.
4. The digitalization of production and the economy is nothing more than very big
costs. Therefore, it is necessary to stimulate investment, create a regulatory -
framework and, most importantly, take care of digital literacy, the development of
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digital competencies of workers.

Let's draw the line of the above, the introduction of digital technologies has certain
advantages, but excessive haste and forcing digitalization carries serious risks. It is
preferable to gradually carry out activities.

Therefore, this scientific contribution provides a systematic approach to identify the
implications of Lean production and Industry 4.0 methods on target dimensions that
are significantly important for the development of production system enterprises.

4.2. Implementation of the lean manufacturing method using the 5S, visualization
system the integration of digital technologies

The procedure at workplaces shall comply with the standard of the 5S system. The
standard for compliance with the shop 5S system. In the first step (Sort), it was
necessary to determine what employees need in the production process, and what
needs to be disposed of or used in other departments of the plant. Sorting, according
to workshop workers, turned out to be a rather laborious and difficult process. This
process was due to the fact that, according to the instructions for implementing the 5S
system, during this first step, employees must identify unused materials, materials,
equipment, equipment and other items that have accumulated in the workshop over
the many years of the plant. It turned out that some of these items are significantly
outdated and are not used in the workflow.

These items were not dismantled or marked, and none of the workshop workers knew
exactly what it was necessary for and what of it would be used in the process of
work. According to reports, of the first step, a total of 24 unused items that were not
involved in the production process. This completely expensive "dead cargo" pulled
back valuable production resources - useful areas that can be used to store really
necessary tools and equipment for the placement and installation of truly demanded
equipment. In addition, all this "superfluous" and "unnecessary" is a distraction that
dissipates the attention of workers. The factor stealing one of the most expensive
resources is time. Currently, at workplaces, all the necessary tool is arranged in an
orderly manner in drawers and on special racks, which makes the process of finding
it as convenient and fast as possible.

The assortment of the production plant included the production of packaging used for
the chemical industry, used for large-size transport together with the transported
goods. The subject of the analysis was the production process consisting of six
operations performed on separate, individual production stations Table 1.
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Table 1. Description of the operation

No. operation Description of the operation

10 Retrieving components and
assembling the base of the
structure X

20

Preparing the components and
making the frame of the
structure.

30 Making screw connections of

components.
4V Preliminary preparation for the

operation.

50 Preparation of the transported
product for
packaging.

60 Packing the finished product in
accordance

with the production order and
securing the

product.

The production process of containers for transporting products and their loading
began with the collection of elements necessary for its implementation from the
warehouse of input materials. Then, operations 10 + 40 are performed in turn,
according to table 1. At the same time, the second process related to the preparation
of a batch of operation 50, is carried out. The finished packaging made in accordance
with the production order, matching in terms of dimensions and dedicated transported
goods from operation 50, went to the inter-operational buffer. Then, in operation 60,
the operation of proper packaging of the product in the manufactured container is
carried out. The implementation of standardization consisted in creating instructions
describing individual production operations and systematizing the sequence of
activities carried out at the stage of preparation of the manufacturing process. Since
the implementation of the 5S and standardization tools, regular control of the
correctness of the implemented procedures has been carried out, confirming the
proper implementation of the aforementioned tools Table 2.
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Table 2. Improvements introduced as part of 5S and Standardization
No. operation Description of the operation
10

Limiting the number of
structural elements

used during operations at the
production station to only those
used during the production

order.

20 Preparation of construction
instructions for a specific
(implemented at the moment)
production order.

30 The use of a shadow table and
the limitation of tools at the
production station.

40 Changing the structure of the
station allowing for easier
execution of operations and
marking
the place of transfer of the
finished product

50 Preparation of work
instructions defining unified
standards for product
preparation for
transport to the interoperational
buffer.

6U Implementation of structural
changes to the
station facilitating the

implementation of operations.
Standardized work activities -
workplace instructions.

Operation time measurements were carried out each day using the working day
photography method. Personnel performing production operations was characterized
by frequent rotation between production positions.

Another important principle of the 5S system is the use of visualization and
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associated notation. It also allows you to save time, quickly receive the necessary
information, act strictly according to the instructions. For example, workshop in
recent years has been staffed with a large number of new equipment. Now each piece
of such equipment contains information about the persons responsible and working
on it. In addition, the cost of the equipment is indicated. It would seem, why? What
does this have to do with lean manufacturing? But it turns out to have. We have
already said that lean production is designed to protect resources. And the machine,
all the more expensive, isn't it a resource? In this case, we are talking about
increasing the employee's responsibility, about preventing them from frivolity or
negligence of equipment failure. This measure is also aimed in the most direct way at
involving personnel in the overall process of reducing costs and losses, increasing
production efficiency

The introduction of new methods for organizing the production system requires a
restructuring of the way of thinking and approach to business, firstall, managers, and
then through the involvement of all shop workers. Sorting activities were carried out
not only in the common places of storage of the unit equipment, but also at each
workplace. So, after the sorting was implemented, a rack was installed on mechanical
section No. 1, systematization was carried out with the designation of large-sized
equipment in the workshop. The implementation of the 5S system at workplaces is
carried out on an ongoing basis by site foremen. Every day, before the start of the
work shift, when issuing a shift-day task, they carry out operational control with the
site operators, set tasks, and check the schedule of measures. The new approach in
production assumes that the operator knows exactly the goals and tasks of his site,
and the master is able to monitor the fulfillment of the tasks, determine deviations
and take corrective actions in real time.

As a result of the implementation of the Lean project, it became possible to receive
real-time data on the availability and location of any unit of tools and technological
equipment. Generate a forecast of the tool demand with an accuracy of 5%. Maintain
tool safety stock at work centers, warehouses, and tool storerooms - 10% of tool
demand. Reduce losses for preparation and final time for tool search within a month
due to timely and complete provision with both tooling and tools [43].

5. Discussion

To conclude, it is important to point out that this work presents two distinct
contributions: to the scientific community (theoretical) and the industrial world in
practice (practical). The famous LEAN principles include the 5S system, Kanban,
Kaizen, TPN, JIT, SMED, VSM, Poka-yoke, U-shaped cells, and visualization
[10],[11]. Previous studies have demonstrated the advantages of incorporating digital
technologies into existing LP-management models, and further studies have
perspective when investigating the implementation of 14.0 [12], [15], [16], [17]. The
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solution to this is to ensure the existence of regular communication meetings at all
levels of the organization, for those who lead the transformation, as well as for those
who deal with the program on a day-to-day basis. This method of regular
communication and team engagement also reflects a different way of working for
many organizations. Nevertheless, cooperation is one of the desired outcomes of any
digital transformation framework [41]. The stated conceptual and methodological
provisions have not yet been reflected in the management literature and have been
explicitly systematized, contain elements of scientific novelty and include a certain
scientific increment as an expanded management toolkit. The developed author's
concept based on integration cooperation allows us to systematize the theoretical and
methodological principles of enterprise management, as well as improve
organizational changes aimed at developing management decisions. The results are
consistent with data from other manufacturing processes cited in scientific
publications [14], [15], [19], or [20]. A detailed analysis of the results obtained and a
comparison of the results from other production plants may allow us to identify the
reasons for better adaptation of LM tools and their impact on the production process.
Due to the great popularity of LM tools, such as 5S and Standardization, the results
obtained by measurement methods on the actual production process may encourage
decision-makers in other production plants to implement solutions by the LM
philosophy.

6. Conclusion

In conclusion, it is important to note that our research has allowed us to identify
existing gaps in science and answer the questions posed, which is scientifically
sound, since it includes two key aspects. The first aspect is related to the expansion of
theory and a new integrated approach in this field for the scientific community. The
second aspect of the study contributes to existing practice, as it suggests using new
management approaches and ways to achieve goals when implementing industry 4.0
lean management in an enterprise to solve problems. Summing up the results of the
study, we can talk about the implementation of the conducted scientific experiment,
which allowed, with the help of argumentation and practical solutions, to consider the
approach to managing the production system in the context of an integrated approach.
The study examines a practical example of an enterprise's transition to digitalization.
From an economic perspective, Huber expects a more efficient implementation of
Industry 4.0 technologies when Lean Production is already present [32]. The other
central perspective is that technological advancements of Industry 4.0 might complete
or even enhance Lean Production activities and positively affect its efficiency [35],
[53], [54], [59],[60].

Bauernhansl and Kieviet highlight the potentials of Industry 4.0 for Lean Production
Systems facing complexity and flexibility simultaneously by applying appropriate
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technologies [55], [56], [57], [58].

In this case, the company can attract remotely, use digital outsourcing, i.e. digital
services of experts of a third-party organization, which means that it is not necessary
to involve its own employees for analysis and data processing. This is a very effective
business model that solves the problem of organizing and performing work.

In order to use the domestic potential of digitalization in full force, it is necessary to
follow the recommendations [28], [29], [30].

The result of the study is an assessment of the possibility and expediency of applying
the considered cycle of improving the production system using the concept of lean
manufacturing, digital technologies for the enterprise.

The conclusion of this study is that the implementation of the cycle of continuous
improvement of the system should be carried out in stages using digital technologies
with the involvement of personnel, which is necessary and possible in the digital
space and a lean enterprise. The advantages of this approach lie in the evolution,
when the development of process control methods does not replace the existing
control system and is not some kind of parallel initiative, but complements the
control system with practical methods of process control. In addition, the integration
of Industry 4.0 using Internet of Things, digital twin and other technologies is much
better perceived by business leaders and greatly simplifies their involvement in the
development of process management methods. This approach allows us to support
developments in the field of describing procedures that well reflect the
multidimensional requirements imposed on industrial enterprises, are the fruit of the
work of more than one generation of people and represent significant intellectual
value. Thus, an integrated approach to management in the context of lean, digital
production in an enterprise and modern tools is a reliable way to transfer an
enterprise to digital management methods and can be used in enterprises.
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