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Abstract: The paper discusses the problem associated with the use of modern information
technologies that take into account extended reality and the lean management culture to achieve
sustainable development by enterprises, which is part of the field of management science. The subject
is important and current due to the strong social need for the implementation of the concept of
sustainable development. The aim of the article is to learn about and evaluate augmented reality
and lean culture in the area of sustainable development management of enterprises. The concept of
sustainable development is an approach that arouses great interest among management theoreticians,
but many practitioners still do not know how to effectively realize it in changing conditions. Therefore,
the paper proposes the application and the use of augmented reality and lean culture assumptions
in the area of sustainable development management of enterprises. In the research, the authors
emphasize that the sustainable approach to enterprise management should take into account the
assessment of augmented reality (AR) and instruments of lean culture in the area of management
since better understanding of the coexistence of benefits, compromises, opportunities and threats
related to modern technologies allows for more efficient implementation of sustainable development
management in enterprises. The paper has been divided into four parts. The first part presents the
concept of sustainable development in the light of the literature research. The second part shows
the essence of augmented reality as a modern information technology. The third part of the paper
is devoted to the presentation of the concept of lean management in enterprises. The fourth part
of the paper is the case study, in which the DHL enterprise report is related to, where the applied
and utilized augmented reality and lean culture in shaping sustainable development are presented.
The methods used to achieve the goal are: Literature studies, descriptive analysis and case study.
The whole discussion is closed with the summary, which shows that the scope of application of
augmented reality and lean culture in the area of sustainable development management of enterprises
is unlimited.
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1. Introduction

The considerations regarding the concept of sustainable development are relatively new and are
subject to continuous evolution. Despite the growing interest, among theoreticians and practitioners in
the management of the concept of sustainable development [1], the actions taken in the application of
its principles are not adequate to the possibilities that enterprises have in the world [2] as well as in
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Poland [3]. In the literature on sustainable development, there is still a cognitive gap about the impact
of modern information technologies that take into account augmented reality, on the one hand, and the
lean culture assumption on the achievement of sustainable development by enterprises, on the other.
Moreover, there is no research into the desired reinforcement of instruments of augmented reality
which, by means of the construct, include the potential for shaping and strengthening the reality in a
desirable manner so as to mitigate the negative consequences of unsustainable activities of enterprises.

Therefore, the study poses the research question: Does the application and use of augmented
reality and assumptions of lean culture shape the sustainable development of enterprises? As a
consequence of the question posed, the aim of the study has been to learn and evaluate augmented
reality and lean culture in the area of sustainable development management of enterprises, which is
part of the field of management science. In order to accomplish the objective of the paper, literature
studies have been conducted; a descriptive analysis in terms of the application of augmented reality
was performed and a case study was analyzed to corroborate findings.

2. The Concept of Sustainable Development—The Literature Review

2.1. The Essence of Sustainable Development

The concept of sustainable development has been popularized by the World Commission
on Environment and Development. The Report of the World Commission on Environment and
Development: Our Common Future [4], defines what sustainable development should be. The report
emphasizes the search for sustainable development paths [5–7] that will enable finding multilateral
solutions combining economic, environmental and social benefits. In this approach, the task of
sustainable development is to meet the current needs of society without diminishing development
opportunities for future generations [8,9]. Therefore, augmented reality and lean culture support
sustainable development since it improves production processes, reducing the number of work
accidents, pollution and the use of natural resources through continuous improvement and a better
use of resources.

Over the years, the term ‘sustainable development’ has evolved. In the subject literature,
the attention has been paid to the need of the analysis of the following systems: Economic, social and
ecological, as well as simultaneous implementation of economic, social and ecological goals [10,11].
This means that the concept of sustainable development translates into material effects in order to
maintain the long-term existence of people on earth [12–14] while balancing environmental needs with
the need for development [15–17].

The concept of sustainable development aims to create a general structure that will enable
the development of solutions in this field, combining environmental, social and economic needs.
However, the pace of implementation of solutions for the concept of sustainable development in
enterprises is slow. Moreover, it points to the need to develop more specific guidelines, enabling
enterprises to effectively implement activities in a sustainable manner [18]. Therefore, in this study,
the attention will be paid to environmental and social issues in the light of strategic management
of enterprises. By focusing on the business approach while generating beneficial economic results,
enterprises can simultaneously achieve environmental and social goals. This kind of strategy comprises
both management orientation in sustainable development and the achievement of economic goals.

2.2. The Economic Perspective of Sustainable Development

The economic perspective of sustainable development consists in emphasizing value added,
created by environmental and social activities and undertaken by enterprises. The evaluation of the
level of value added, generated by environmental and social activities of enterprises, is the focus of
interests of many researchers in the field of management [19–22]. The problem of the reconciliation of
economic goals and environmental and social objectives in enterprises may have a complementary,
competitive or irrelevant nature [20]. The complementary nature consists in the implementation of
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one type of goal, which makes the achievement of other goals impossible. The competitive nature
occurs when the implementation of one type of objective prevents or limits the achievement of other
goals. In the case when mutual influences between achieving different types of objectives cannot be
observed, their nature, in the decision-making process, is irrelevant [20].

Understanding the concept of sustainable development from the economic perspective as well
as social and environmental ones or its usability should be analyzed for the company’s purposes.
The implementation of environmental and social goals is justified by enterprises for two basic reasons.
While the first reason may be connected with legislative factors, market pressure or other stakeholders,
including owners, the second one emerges from the voluntary pursuit of sustainable development.
This means that the need to integrate economic, environmental and social goals may be the result of
specific normative conditions or ethical and economic rationality [22]. It should be noted, however,
that normative conditions are most often introduced by the law. Nonetheless, ethical and economic
rationality is implemented in enterprises on the basis of internal regulations, regardless of whether the
actions taken for sustainable development are the result of internal coercion or combined with meeting
competition and customer expectations [23].

While considering the economic perspective of sustainable development, it should be noted
that the above-mentioned notion can affect the productivity and efficiency of enterprises. What is
more, the implementation of environmental and social activities could also support the development
of sustainable products and services and reduce the risks associated with negative impacts on the
environment and society [22]. When undertaking environmental and social activities, in accordance
with the concept of sustainable development, it should be noted that this improves the company’s
credibility, too. Benefits, resulting from the implementation of the concept of sustainable development,
are reflected both in the improvement of economic results and an increase in competitiveness.
The improvement of economic results may lead to the reduction of costs as well as sales growth.
On the other hand, the rise in competitiveness may be the result of the enhanced customer satisfaction,
an increase in innovation capacity or in the market share [21]. Thus, the insight into sustainable
development may prove to be an important element of the business model, which allows to create
value by looking for the best company results.

Yet, it should also be acknowledged that, in addition to the advantages, there are also the
drawbacks of the economic perspective of the sustainable development implementation. The adoption
of the economic perspective of sustainable development, focused on efficiency and generated by
environmental and social activities, may lead to a situation in which, indeed, the efficiency of the
operating activity of the company will improve in the short term. However, in the long run, it might
cause a decline in the company’s competitiveness in the market sector [24]. It is worth noticing that
the economic perspective of sustainable development is also associated with the implementation of
modern information technologies by enterprises, which may result in both positive and negative effects.
The positive effect of the implementation of modern information technologies in the area of sustainable
development can be a change in the media landscape, which will translate into the efficiency of sales
of certain products. Moreover, the implementation of modern information technologies in the area of
sustainable development will generate the positive consequence in the social perspective since they
positively affect the quality of social relations [25]. However, there are also negative effects related to
the risk of violating privacy and copyright [26].

Summing up, it is important that the benefits of the implementation of the economic perspective
of sustainable development are perceived by managers in a broad sense, showing not only a positive
impact on reducing costs or increasing revenues but also taking into account social and environmental
expectations. Therefore, it is not hard to understand that the implementation of the assumptions of the
concept of sustainable development is integrated with the company’s organizational culture along
with its strategy.
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2.3. The Significance of the Integration of Sustainable Development with the Enterprise Strategic
Management System

The management system of sustainable enterprise development should be such a set of procedures
which ensures the integration of sustainable development goals and transforms resources, at all levels
of management, as shown in Figure 1. Setting sustainability goals results in establishing feedback
which, in turn, is the effect of adaptation of the company’s fair business and social values [27].
Organizational culture is the foundation for business management, particularly in the context of
sustainable development [28]. It exerts a strong influence on taking actions towards the implementation
of the assumptions of the sustainable development notion. An increase in sustainable development
awareness in enterprises favors the use of more ambitious goals and strategies in this concept
assumption implementation.
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Various groups of stakeholders, who can support or hinder the implementation of the adopted
assumptions, play an important role in the implementation of assumptions of the concept of sustainable
development [30]. Therefore, the concept should be legal and valuable so as not to generate resistance
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from stakeholders. A credible policy of sustainable development management in enterprises allows
for expanding business and increasing competitiveness, which results in better economic outcomes.
In addition, a credible sustainability management policy is reflected in the social acceptance of the
company’s operations [22]. Substantially, authenticating the notion of sustainable development in
enterprise management requires the integration of strategic interactions with the corporate chain,
having an influence on sustainable development, which therefore improves the environmental and
social performance of enterprises (Figure 2). This means that the company is ready to engage in
establishing new products, structures and technologies that are the potential source of innovation [31].
In this regard, the implementation of the assumptions of the concept of sustainable development
becomes a generator of innovation.
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Enterprises interested in creating innovative products made using "green technologies" allow
for generating value added. Thus, the integration of sustainability combined with the product
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manufacturing process enables us to enhance customer satisfaction with a sustainable product, which
translates well into economic results.

Summing up the review of the definition of sustainable development, it should be emphasized,
that it is an ambiguous and multifaceted term. The concept of sustainable development, on the
one hand, draws attention to the needs of future generations. On the other, it emphasizes the
social dimension and technological development to improve living conditions. Thus, the concept of
sustainable development is global and should be taken into account, not only by enterprises, but also
by all types of organizations, regardless of the type of business.

3. The Research Methodology

In order to achieve the goal set in the study, the research process has been carried out using
the method of literature analysis, descriptive analysis and the case study [32,33]. The literature
analysis method is the first stage of scientific cognition. The essence of that method is to demonstrate
purposefulness, originality and the new approach to the research goal chosen and undertaken.
By means of this method, the authors want to present the current scientific achievements and point to
the observed research gap. The method of the literature analysis also allows for familiarizing with the
essence of the above-mentioned phenomenon. Therefore, the scientific cognition using the literature
analysis method is compliant with defining the whole of the characteristics whose elimination would
be equal to the destruction of the research object [34]. Moreover, the method of literature analysis
enables indicating how the problem originates from the current state of knowledge on the subject.
It points to differences, similarities, relationships, dependencies, essential features in the well-known
scientific theories. In management science, it presents discrepancies in the existing hypotheses, research
assumptions, ideas of action, beliefs and views.

The second method used in the study is the descriptive analysis method, based on the description
of research activities used in the scientific research. It has a cognitive nature and adopts a descriptive
function as the basic prerequisite for the characterization of the methods used. The use of this method
allows for explaining which sequences of actions, norms and research rigor are the premise for the
formulation of conclusions [34]. The descriptive analysis method consists of developing research
instruments in the creation of hypotheses and their verification. It allows for searching for significant
dependencies and relationships and their analysis.

The analytical research in management science aims to detect the structure and mechanisms of
action. Therefore, the descriptive analysis has been used in the study to solve the research problem.
The use of the descriptive analysis method to achieve the research objective allows for formulating
synthetic conclusions. The conclusions are drawn on the basis of ‘thought’ operations, such as
comparing, abstracting and generalizing. This approach allows the detection of new significant
properties and dependencies. The above determines that the descriptive analysis method is a specific
part of the research process.

However, it should be emphasized that the lack of empirical verification is the limitation of
methods used to analyze and criticize literature and descriptive analysis. However, in the case of the
research goal, which is to learn and assess augmented reality and lean culture in the area of sustainable
development management of enterprises, it should be that this is the beginning. Therefore, its
empirical verification requires time, which relates to the application of modern solutions by enterprises.
As well as incurring costs for the implementation of empirical research on a large research sample.
Therefore, at the subsequent stage of the research procedure, the case study method has been used to
present an accurate and in-depth image of the phenomena and the relations studied [35]. It should
be noted that the case study is the method with the probabilistic capability of scientific cognition [36]
resulting from the intuitiveness and subjectivity of judgements, low representativeness of results, high
time-consuming nature and costly research. However, the main advantage of carrying out the research
process, using the case study, is to strive to develop the concept of the studied phenomenon as well as
the in-depth interpretation.
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4. Augmented Reality—The Use of the Modern Information Technology

Modern managers, in order to take right decisions and to implement actions, use digital
information available in the environment and in different IT (Information Technology) sources,
which can also be applied for the implementation of the concept of sustainable development [37].
The development of modern technologies facilitates the access to digital sources of information.
This means that the access to digital information is possible due to the so-called augmented reality
(AR) [38,39], which is “a set of technologies which apply digital data and images onto the physical
world” [40]. At the same time, the application of digital images and data onto real objects enables easier
acquisition of information and its use in practice of the implementation of the concept of sustainable
development in order to speedily reduce the negative effects of economic activities on the environment.

According to Carmigniami and Furht, AR is expanding the physical reality by adding to it an
additional layer of information generated by the computer [41] R. T. Azuma defines augmented reality
as a system which combines the real world with virtual reality, which is interactive in real time and
enables the freedom of movement in three dimensions [42]. The term of virtual reality (VR) also
requires explanation. W.S. Bainbridge defines virtual reality as the environment created with electronic
devices which is to reflect the physical space in a complex manner so as to enable customers to establish
interactions with other people and virtual objects [43].

In spite of the fact that augmented reality [44] is only developing, some enterprises, such as
General Electric, Amazon or Facebook successfully make use of its tools in the implementation of the
concept of sustainable development, which on the one hand increase customer confidence, and on the
other hand, shorten the employees’ working time, which translates into an increase in company profits.
An example of the application of the AR technology is the game Pokemon Go, or car navigations
whose maps are displayed digitally on the windshield showing the right way so that the digital image
is applied directly on the real image (see Figure 3). The AR HUD (Head-Up Display) display, with
its capabilities, supports a traditional GPS (Global Positioning System) whose operation forced the
driver to take their eyes off the road and look at the map of the display of the GPS device and then
translate the received information into the real image. An example of the VR technology is smart
glasses, i.e. display units placed on the head in which their user can see an VR image and may
communicate with it (see Figure 4). The combination of AR and VR technology is referred to as mixed
reality (MR). It is a combination of real and virtual world, which aims to create new environments and
visualizations [44]. All three characterized technologies (AR, VR, MR) form extended reality (XR), that
is, for real and virtual connected environments that take into account human achine interactions, which
are generated by computer technologies and devices for carrying [44]. Augmented reality presents
data and information in three-dimensional images as opposed to the previously used two-dimensional
way of presenting data, augmenting sustainable development outlets.

A good example of the application of augmented reality is referring to the traditional use of paper,
two-dimensional assembly instructions concerning the assembly of different structures or diagrams
illustrating the assembly. Standard instructions require their prior reading, completing the necessary
components and alternate reading the instruction, analyzing the data read and processing them into
the operation instruction.

On the other hand, augmented reality allows the use of interactive three-dimensional holograms
presenting the way of performing individual assembly processes. The example referred to presents
the advantage of AR consisting in the replacement of two-dimensional instructions and hints with
three-dimensional holograms. According to the information in the field of literature on AR, time
saving resulting from the application of the AR tools when implementing production tasks has been
reduced on average by twenty-five per cent [40].
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One of many advantages of the devices equipped with AR is the possibility to send the image
created by the device to any other place. This allows some interactions of the receivers of the image
and reduction in the need for the physical movement of the device users so that they can analyze the
obtained image and, on its basis, make right decisions. Another benefit of AR is visualization which
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consists in the fact that the devices equipped with AR can show the properties or systems, instructions
and simulations which allow for practicing safely dangerous maneuvers or tasks. When emphasizing
the advantages of AR, it must be quoted that “this technology will considerably change the methods
of training and developing skills, allowing people to perform complicated work without long-term
and expensive conventional learning which for many is unavailable” [40].

The use of augmented reality [45] in production companies allows “the registration of information
from automated and control systems, secondary sensors and asset management systems and
presentation of important monitoring and diagnosed data on each machine or each process in the
factory” [40]. Augmented reality [44,46] is designed primarily for smartphones and tablets. Devices
equipped with AR can be controlled via voice, gesture or a touch screen and apply digital information
on the physical world. AR solutions can be downloaded in the form of a digital application on a
smartphone or a tablet due to which the user points the device at the object, then looks at it and
the software identifies the object using the technology of recognizing the image and analyzing the
stream of video data [47]. Subsequently, the device downloads the information to the object from
the cloud [40]. This means that when observing the object with the device equipped with AR it is
possible to access information characterizing the specific object. However, it should be noted that
the implementation of AR will not work for all technologies. This reduces opportunities to use the
potential of AR in enterprises that do not invest in a modern machine park.

Summing up, it should be noted that augmented reality is a modern information technology
which provides additional information and data where they are needed, which affects sustainable
development of enterprises. Augmented reality [48] changes the way of transmitting information.
It allows for seeing more and combining the physical world with the virtual one, for example, the use
of AR improves production processes in the area of maintenance, whose task is to ensure the efficiency
of the technological sequence, which reduces the number of work accidents, reduces the amount of
pollution and the use of natural resources. The use of the potential, which extended reality possesses
in connection with the implementation of lean management culture, may be applied in shaping
sustainable development of enterprises.

5. The Concept of Lean Management in Enterprises

The concept of lean management consists of continuous improvement in business management
in order to reduce all possible operating costs, eliminate waste and increase the performance of
the company, therefore it should also be implemented in the field of sustainable development of
enterprises. The activities concerning lean management and at the same time “aiming at optimization
in the field of the conducted activity may be implemented through the elimination of unnecessary
actions and continuous improvement in operations required in the specific manufacturing cycle, which
is the subject of interest of the lean management concept” [49]. Therefore, modern managers must
“create new features, behavior, attitudes, which will constitute an adequate response to the globally
transforming reality”, also in the area of sustainable development [50,51].

Lean management is the culture of business management based on the Japanese approach
developed in the Toyota company. In the 1940s, when the Toyota company experienced a financial crisis,
a range of breakthrough production innovations were implemented which allowed the elimination of
areas that were subject to losses and improvement in the core operations of the company [52,53].

The lean approach to management implemented by the Toyota company was popularized in 1990
when the authors James P. Womack, Daniel T. Jones and Daniel Roos published the book The Machine
that Changed the World, in which they described the way of the operation of the lean enterprise [54].

Lean management [55] is an approach to enterprise management in a ‘lean’ way. This means that
by organizing a sustainable production process, planning of material resources and maintenance of
stocks of work in progress, finished products, materials and goods is approached in a cost-effective
manner. Lean management of the enterprise [56] consists of the implementation, in the operation of
the enterprise, a range of activities in order to optimize costs in response to the need of the enterprise
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to adjust to new market management conditions [57,58]. At the same time, the lean approach to
management refers to “the production of products or services in line with customer expectations at
minimum cost and optimum use of resources by eliminating waste in the whole area of business
activity” [59].

The main instruments of the concept of lean management are: Kaizen, kanban, target costing,
5S, JIT, TQC, six sigma and many others [60,61]. Enterprises implement the listed tools in the area of
sustainable development on their own or using specialized companies dealing with the implementation
of the concept of lean management in enterprises. Regardless of the way of the implementation of lean
culture [62], the way of communication with employees is very important since the approach of the
staff to the new way of business management determines the success of its implementation [63,64].

When summing up the characteristics of the concept of lean management, it should be
acknowledged that the concept of lean management and sustainable development are connected:

• “Lean management is a specific strategy of the operation of the company, whose most important
principle is to eliminate any losses;

• The most significant in lean management is the operation compliant with expectations and
requirements of customers and also the demand reported by them;

• The quality should be incorporated into the process;
• Processes should be maximally simplified to become the least sensitive to disturbances coming

from the environment;
• The conditions for continuous improvement must be provided for products, processes and

employees” [65,66].

The implementation of lean management and modern information technologies enabling
lean management in enterprises becomes the necessity in enterprises that want to maintain their
market position and, at the same time, implement the assumptions of the concept of sustainable
development [67]. Technological progress currently provides modern tools that allow the development
and maintenance of lean culture in enterprises. The use of lean culture informs about the decisions
made in the enterprise in the implementation of the concept of sustainable development.

6. The Implementation of Modern Information Technologies in the Field of Lean Management in
Enterprises in Terms of Sustainable Development—The Example of DHL

The use of AR technology in the field of storage and transport are areas of sustainable development,
due to the fact that there is a need to optimize reloading processes, which affects the quality of deliveries
to customers [68]. However, it generates negative effects in the form of the need to reduce noise, which
is burdensome for the local community, as verified by the German company DHL as an area of
sustainable development. [69]. The case study was developed on the basis of the data published by
the DHL company. Enterprises, in search of increasingly new ways to reduce costs of conducting
their activity reach for different tools of the lean management concept [70–72] since they increase the
efficiency of implementation of the assumptions of sustainable development in enterprises. According
to the DHL company, warehouse operations amount to about 20% of all logistics costs whereas total
packaging costs range from 55–65% of the total costs of warehouse operations. This leads to the
conclusion that packaging is the area in which costs and impact can and should be reduced, resulting
in positive social, environmental and economic effects. It increases customer satisfaction, reduces
environmental repercussions and, used in devices supporting warehouse management activities, also
contributes to increase the performance of warehouse workers while shortening their working time.
All the time, some new solutions using AR are being developed. Modern AR devices are used in the
warehouse management implemented and thus support the organization in maintaining lean culture
and sustainable development in everyday operations.

The devices equipped with AR software for order picking analyze the scope of the order fulfilled,
provide an opportunity to recognize objects at real time, enable reading barcodes and part numbers,
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allow indoor navigation and more efficient picking products for shipping. In this way, the employee
does not waste their time thinking where various products are located but the device indicates the
shortest and most effective way to go to pick products for shipping, which positively affects the
reduction in emissions into the atmosphere during the operation of warehouse equipment. The device
verifies if the picked items are compliant with the order fulfilled and if their number is correct.
The application of devices equipped with AR allows the reduction in the number of errors, facilitates
the work of warehouse workers and positively influences an increase in efficiency and effectiveness
in the social and economic perspective of sustainable development. Moreover, such devices can be
equipped with hands-free kits, which allows for performing freely physical work associated with the
preparation of orders for shipping. The situation at DHL is the evidence of the evolution of the concept
and practice of sustainable development and its implementation is reflected in both economic, social
and environmental effects of the company.

7. Results and Discussion

An important advantage of using AR devices in warehouse management is short training
time for new employees as the warehouse service since the devices manage and lead the staff to
designated places. AR devices may be compatible with other IT systems in the enterprise and enable
the optimization of the distribution of products in the warehouse. When referring to the current
arrangement of the warehouse space, AR devices may also prove to be suitable in the processes of
the warehouse reorganization in order to optimize the distribution of warehouse products. When
analyzing the orders fulfilled, one may, for example, recognize which items are packed along with
other products and place them nearby. It positively affects the implementation of not only the economic
perspective of sustainable development but also the social and environmental one, because it reduces
costs, time of handling operations, number of complaints and the pollutants and wastes generated.

In the field of transport optimization, AR devices can verify the whole load of the freight in
terms of completeness, e.g., the whole loaded vehicle, with combined scanners and three-dimensional
sensors, they can scan products in order to detect possible failure or defects, enable the identification
of the classification of commodity codes by means of which they improve the processes of forwarding
deliveries from the recipient to the supplier. The devices equipped with AR also support drivers
supplying the prepared deliveries, in the form of current data on the situation on the route to the
delivery destination displayed within the field of the driver’s vision, current route optimization or
information concerning the transported load, such as the condition of the content, weight, size or
ambient temperature. Improvements offered by AR devices in the field of optimization of costs
generated in warehouse management are inscribed in the area of the economic perspective of
sustainable development.

Another skill of AR devices is related to the acceleration of the process of loading and unloading
and allows for the most optimum packaging of the prepared order directly in a truck or to another
type of a means of transport [73–75]. The device analyzes the prepared products in terms of size and
volume, however, it shows how and in what order to pack products so as to evenly distribute the load
of the whole delivery in a vehicle.

Summing up, it should be pinpointed that the operations of the DHL company on the international
arena associated with searching for, testing and implementing augmented reality in the field of
optimization of warehouse management give high hopes for many enterprises from this industry. Due
to the development of the tools equipped with AR and the existing stage of design of these devices,
in spite of many listed advantages, except for the undoubtedly high price, it is difficult to indicate the
drawbacks of this solution. Searching for new ways to maintain the culture of lean management and
sustainable development in the enterprise allows the achievement of competitive advantage. Therefore,
enterprises are willing to reach for modern IT technologies and attempt to use them to implement the
concept of sustainable development in their organizations.
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8. Conclusions

The clear implication of the presented theoretical assumptions is that the dimension of the
sustainable development can be significant for the efficiency of business management, which is in line
with the results of the previous studies [21]. This is due to the fact that AR improves efficiency, which
increases the satisfaction of customers due to the better quality of products offered, the number of
complaints is reduced, and thus the amount of waste is reduced, and the employee’s work is more
effective. This means that the lack of strategic orientation, in managing sustainable development of
the company, may be the reason for the lack of progress in the field of sustainable development [22].
The main contribution of the article is the deeper understanding of the co-existence of benefits,
compromises, opportunities and risks related to the implementation of sustainable development
management in enterprises. In particular, the advantages and disadvantages of the economic
perspective of sustainable development have been explained, which contribute to better understanding
the environmental, social and economic values that make up this framework. Thus, the study fills the
gap in the discussion of the relationship between the economic, social and environmental perspectives
in the concept of sustainable development. The study supports the current view that the balanced
approach to business management translates into economic effects, allows for gaining an advantage
over competitors by satisfying the needs of customers oriented to sustainable development. In the
opinion of the authors, the study comprehensively presents dependencies and relationships between
various perspectives of the concept of sustainable development. It should be emphasized that the study
provides managers with the overview of instruments important for the integration and implementation
of the concept of sustainable development, not only in the implementation of the adopted strategy but
also in operational activities.

When referring to the title of the paper, it should be concluded that along with the development
of modern technologies in the world, taking into account augmented reality and lean culture, the scope
of its application, in the field of implementation of the concept of sustainable development, becomes
unlimited. With the help of AR devices, enterprises can expand cooperation with the local community
contributing to the fulfillment of their needs, for example in the field of monitoring and security. AR
devices can be used to detect wastage in manufacturing processes, which can have a positive effect on
reducing pollution, thus reducing costs. The world technological progress and the development of
digitization currently provide modern solutions that can be implemented in the field of sustainable
development of enterprises, which is a part of the field of management science. Augmented reality
changes printed and two-dimensional communication into digital communication, which becomes a
new research area in management science. Furthermore, the research into the synthesis of the concept
of sustainable development, AR and lean culture in management science is at the initial stage of
exploration. The objective of the paper has been accomplished. There have been recognized and
assessed augmented reality and lean culture in the field of sustainable development management
of enterprises. Moreover, there has been indicated positive impact, not only on cost optimization in
enterprises but also on an increase in quality and work efficiency. The discussed examples of the
application of augmented reality in enterprises illustrate what measurable benefits may be provided
due to the application of the devices equipped with AR for the organization. The conducted research
has certain limitations. Due to the fact that extended reality is an innovative solution in the area of
management science, it is extremely difficult to carry out comparative research in this area. Moreover, in
the paper, attention has been drawn to the risk generated by AR in the area of sustainable development.
This risk occurs both in terms of the issue of confidentiality of information about the company and
privacy policy or data loss. Nevertheless, the recommendation for enterprises is to increase the scope
of implementation of the augmented reality solutions to other areas of the enterprise’s activity (e.g.
accounting), which may contribute to an increase in the efficiency of assumptions of the concept of
sustainable development in the case of permanently changing environment.

Despite the existing restrictions, it should be clearly emphasized that augmented reality enables
new improvements, particularly in the area of training, where visualization techniques in a different
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scenery allow for shortening the time of acquisition of the presented knowledge. The considerations
clearly show that at the stage of design, augmented reality is used in the form of three-dimensional
holograms in different configurations, which fully reflect physical elements. In the process of assembly,
the devices equipped with AR facilitate work, leading the user throughout the whole process of
assembly, step by step. The devices equipped with AR can be controlled via voice or gesture, which
positively influences the optimization of the process of the performed work. Some of the considerations
have been presented in general terms, which, on the one hand, allows for highlighting the complexity
of the issues being addressed and, on the other, inspires for further research into the potential for
shaping and strengthening reality in order to reduce the negative effects of the industrial business
activity as a result of the implementation of AR.
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