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Trends and applications of artificial intelligence methods in industry
Ivan Kuric*, Martin Bohušík, Vladimír Stenchlák, Michal Bartoš, Daria Fedorová, Milan Sága Jr.
University of Žilina, Faculty of Mechanical Engineering,
Department of Automation and Production Systems, Slovakia
ivan.kuric@fstroj.uniza.sk
Abstract: This article describes the actual trends and applications in industry where artificial intelligence models are deployed. This paper
provides a more detailed description of the principles and methods of deploying models in the field of quality evaluation in industry and also
in the areas of predictive maintenance and data analytics in the manufacturing process. Computer vision is increasingly coming to the fore
due to its wide range of applications - object detection, categorisation of objects, reading QR codes and others. The area of predictive
maintenance is important in terms of reducing downtime and saving costs for machine components. Models designed for data analytics, in
turn, help to optimize the parameters of the production process so that the desired parameter is maximized or its optimal value is achieved.
Keywords: ARTIFICIAL INTELLIGENCE, COMPUTER VISION, PREDICTIVE MAINTENANCE
process so that the desired parameter is maximized or its optimal
value is achieved.

1. Introduction
This article describes the actual trends and applications in
industry where artificial intelligence models are deployed. In this
paper, we mainly focus on artificial neural network models, namely
convolutional artificial neural network models, nonlinear
autoregressive artificial neural network models, and feedforward
artificial neural network models.

2. Computer vision
Almost all industrially produced goods are more or less
intensively visually inspected (inspected by sight). This task is
carried out by qualified personnel who have been trained in visual
inspection. Nowadays there is a great deal of automation in
production, and it is camera systems that reliably replace human
operators in the inspection of products. [3]

Implementing computer vision models in the areas of product
quality evaluation leads to savings in personnel costs, increased
productivity and better management of the organisation of the
production process. Computer vision is increasingly coming to the
fore due to its wide range of applications. Due to the increasing
scarcity of skilled workers, adherence to predetermined product
quality, speed and repeatability, artificial intelligence (computer
vision) is increasingly being used for product quality control in
various industries. It is because of these benefits that we have
described in this paper the issues associated with deploying these
methods and algorithms to solve sub-problems associated with a
specific manufacturing process. In this research, we worked with
MATLAB and Python programming languages, which offer
different libraries focused on Machine Learning and thus have a
diverse range of desired AI models. Camera systems process and
evaluate the captured image (within computer vision) - this includes
reading text, QR/barcodes, recognizing objects (Fig 1a),
determining the position of products, checking the filling of bottles
with liquid, etc. This paper summarizes some specific applications
of computer vision and training a convolutional neural network
using a concrete example. To achieve the best possible computer
vision results, it is necessary to create suitable conditions for the
camera system to capture the object - use appropriate lighting,
prevent larger debris from getting caught on the lens, etc. It is also
possible to find leading manufacturers of industrial cameras who
provide their own software for some of the applications of computer
vision, e.g. distance measurement and orientation of the sensed
object.

The tasks of visual inspection are: recognizing familiar
objects/patterns, distinguishing surface condition/texture, optical
properties (e.g. color), material identification, defect detection, etc.
Significant disadvantages of visual inspection include:
monotony, tediousness, tiring work, image evaluation is subjective,
lack of good reproducibility, visual inspection is often very slow
compared to machine vision, and it is also expensive.
Table 1: Comparison of human visual system and technical visual inspection
system [3]
Human visual system
(eyes and brain)

Sensors

Image
processing
and analysis

Special
abilities:

- low optical resolution
- intensity values and
dimensions cannot be
captured
- limited to visible light
- spectral perception
with three channels
- huge number of
parallel, highly
interconnected and slow
neurons
- programmed by
learning from examples
- experience and basic
knowledge
- adaptability and ability
to learn
- tremendous cognitive
abilities
- intuition

Technical visual inspection
system (camera + computer)
- high optical resolution
- ability to capture intensity
and dimension values
- possibility to use
illumination outside the
visible part of the spectrum
- possibility to use
multichannel spectral
resolution
- one or more powerful
processors
- algorithm must usually be
explicitly designed

- precise calculations
- high processing speed
- lossless storage of large
amounts of data

Computer vision applications
Fig. 1 a) Detection of protective equipment on the worker [1] b) Predictive
maintenance [2]

Computer vision as the automatic analysis of images and video
by computers, has a wide range of applications - use in the
engineering industry, food industry, medical industry, etc. Specific
applications of machine vision are e.g. checking the position of
parts in automotive production, checking the use of correct parts or
fasteners, categorizing objects, checking printed circuit boards,
checking defects on products, finding fingerprints on apples,
detecting chocolates on a conveyor and placing them in a box via a
delta robot, automatically reading license plates on vehicles, the

This paper provides a more detailed description of the principles
and methods of deploying models in the field of quality evaluation
in industry and also in the areas of predictive maintenance
(Fig 1b)and data analytics in the manufacturing process. The area of
predictive maintenance is important in terms of reducing downtime
and saving costs for machine components. Models designed for data
analytics, in turn, help to optimize the parameters of the production
119
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ability to record multiple players on the ice (during hockey) and
then give a penalty to that team, airport security checks, inserting
virtual objects into movies, helping drivers by warning them
(vibrating the steering wheel) when they are swerving out of their
lane, creating 3D models from old photographs, classifying species
of plants, etc.

imaged site can be easily detected (by the different colour of the
individual objects - yellow/red).

Popular computer vision applications:
a)
b)
c)
d)
e)
f)
g)

Object classification
Object identification
Object verification
Object detection
Object landmark detection
Object segmentation
Object recognition

Fig. 4 Drones could apply thermal imaging to identify sick livestock in
feedlots [7]

Checking the date of manufacture and reading barcodes
Mobile robots

When bottles/jars are filled with food, the date of
manufacture/consumption (Fig. 2a) and the barcode (Fig. 2b), as
shown in Fig. 32b, shall be indicated on the packaging of the
bottles/jars. These labels and codes are printed by automated
production, which can cause the data on the product packaging to be
misprinted or not printed at all. In order for the consumer to have
all the necessary information on the product as a result, some kind
of control must already be included in automated production. The
inspection can be either visual (a human operator would inspect
individual product packages), which would greatly reduce the
number of packages produced, or camera inspection, which in this
case is the most appropriate in terms of efficiency and reliability.

Humanoid robots, in their design and functions, are similar in
appearance to ordinary humans. They should also behave like
humans and have similar means of communication to humans. The
pace of robotics development is rapid, and individual countries
often encourage this development because of its potential to bring
economic benefits to the country. For example, the workforce in
Japan is declining significantly, seriously threatening Japan's
economy, and it is robots that are seen as the current solution. In
addition to using robots to produce goods, the aim is to use robots
as cleaners, sales assistants, museum guides, carers for the young
and old, presenters of TV programmes, and they could also work as
teachers. (Newton a Newton, 2019). Hanson Robotics has created
one of the most human-like humanoid robots in existence today.
This humanoid robot is named "Sofia" (shown in Fig. 5a).

Fig. 2 a) Checking the date of manufacture [4] b) Reading the barcode [5]

Gravure cylinder inspection
Gravure printing consists of the continuous movement of the
printed material, which presses the pressure roller against the
gravure roller (Fig. 3) on which the gravure ink is applied. This type
of printing, which makes it possible to achieve high quality printing
of full-colour illustrations, is the reason why it is mainly used for
printing full-colour high-cost products, e.g. magazines and
catalogues.
Fig. 5 a) Sofia - humanoid robot [8] b) Spot - the agile mobile robot [9]

Computer vision was used for detecting the defects on the
printing cylinder, where the accuracy of the automated
classification is 98.4%.

Sofia is the world's first robot citizen, and the first Robot
Innovation Ambassador for the United Nations Development
Programme. Sofia currently speaks at hundreds of conferences (as
well as on various TV shows). Its artificial intelligence combines
work from the fields of neural networks, expert systems, machine
perception, natural language processing, motor control, and
cognitive architecture. Sofia is able to recognise human faces, see
emotional expressions and also recognise different hand gestures. It
can also estimate the feelings of the people with whom it
communicates (directly during the conversation) and tries to find a
way to achieve certain goals of communication with the
communicating people. It has its own emotions that roughly
simulate human evolutionary psychology. [8]

Fig. 3 Gravure roller [6]

Searching for animals with thermal cameras
Thermal imaging is the most effective method for finding
problems or potential problems in a variety of applications in many
fields. For this purpose, thermal imaging cameras are used, which
are currently of great use in - search for wanted persons (police
helicopters are often equipped with thermal imaging cameras),
firefighting (thermal imaging cameras allow you to quickly find out
where the fire is located), maritime navigation, road safety, military
and defense applications, etc. Fig. 4 shows an image produced by a
thermal imaging camera, from which the presence of animals at the

Spot is a mobile robot that can handle terrain with great agility,
allowing to automate regular inspection chores and data collection
in a safe, accurate, and timely manner. The spot has an implemented
thermal camera, through which it senses the image in its
surroundings. The sensed image is processed by computer vision
models. [9]
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Object detection on the shoes

3. Descriptive, predictive, and prescriptive analytics

Object detection has received a lot of research attention in
recent years because of its tight association with video analysis and
picture interpretation. Handcrafted features and shallow trainable
structures are the foundations of traditional object identification
systems. By generating sophisticated ensembles that incorporate
various low-level picture features with high-level information from
object detectors and scene classifiers, their performance can quickly
plateau. With the rapid advancement of deep learning, more
powerful tools that can learn semantic, high-level, deeper features
are being offered to address the issues that older systems have. [10]

Data analysis is a very important process in the terms of
Industry 4.0. Availability of collected data allows the experts to
have a better understanding and deeper look at the technological
processes and the inner dependencies of multiple parameters.

Fig. 6 shows the training of the convolutional neural network
where we wanted to detect different parts of the shoe - shoe uppers
("Zvrsok"), quilting shoes ("Presivanie") and the sole of the shoe
("Podrazka").

Predictive analytics is an area of forecasting the trends of
certain parameters. The main goal of this sphere is to get a better
knowledge of what will happen in the future. This knowledge can
be very helpful in the area of predictive maintenance and costsaving in shortening the downtimes of industrial machines.
Predictive analytics has an invaluable role in informing the
decisions of the maintenance department of the company [14].

Descriptive analytics is a preliminary stage of signal processing.
This kind of analytics gives a better understanding of what has
happened in the past. Descriptive analytics is using data aggregation
and data mining [11]. This can be very helpful in the areas of signal
detection [12] and cluster analysis [13].

Prescriptive analytics is mainly dedicated to finding the best
course of action for a given situation and it should be able to
suggest decision options for how to take advantage of a future
opportunity. This kind of analytics improves the accuracy of all
predictions and provides better decision options [14].

4. Evaluation of quality based on the technological
processes parameters

Fig. 6 Training of the convolutional neural network

If we assume that the error or fault can occur during the
production processes of the individual parts of the shoes (for
example the shoe sole), it is possible to create a model in which the
quantities that may have the greatest impact on the defect could
enter the input of the model and thus the model can learn the
individual dependencies of the technological processes. Such a
model can work alone or together with a model that evaluates the
resulting quality of the shoes based on the images. To increase the
accuracy of the model it is possible to include in the model input
not only the data captured by the camera but also the aggregated
technological quantities from specific operations.

Training was terminated at 5502 iterations, where the current
avg loss reached 0.0569. The trained model was applied to a
particular photo where we obtained good results - the neural
network model detected all three objects on the shoe (Fig. 7).

As shown in the fig. below, these can be variables such as
speed, viscosity, temperature, pressure, or other variables. Each of
these mentioned parameters should have some influence on the final
quality of the product, so the AI model will be able to abstract the
hidden dependencies during the process of training.

Fig. 8 Technological parameters which may affect the quality of the shoes.
[source: findsourcing.com, edited]

5. Aggregation of the incoming data from the
technological processes
The goal of the aggregation is to reduce time-series data and
prepare the historical data for working with the models of artificial
neural networks. Data can be aggregated in several ways. From the
time series data of a given quantity (for example the speed), it is
possible to calculate the standard deviation, minimum, maximum,
or other statistical metrics [15]. The principle of aggregation is
given and explained in the figure below.

Fig. 7 Object detection on the shoe

The resampling periods in this case are belonging to the times
when the individual shoes were produced. There needs to be an ID
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parameter for each individual shoe that will be used as a parameter
on which the aggregation will be done.

7. References
1.
2.
3.

4.
Fig. 9 Aggregation principle of time series data.
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with the aggregated data at the input and at the output of the model
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to erroneous or defect-less shoes. If the error probability will be
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estimate the defects that occurred based on the aggregated
technological variables. The mathematical formulation of such a
problem would look like in the equation given below:
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In addition to predicting whether the shoe will be in the wrong
or flawless group, we can also predict the development of
individual quantities. We use recurrent Nonlinear Autoregressive
Neural networks (NAR) or Nonlinear Autoregressive Neural
Networks with Exogenous Input (NARX) [16] for such prediction.
Results of such time-series prediction by using a MATLAB model
is given in the figure below.

Fig. 11 Time-series prediction by using the NAR neural networks.
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Methods and approaches for creation of digital twins of cyber-physical systems
Tsvetelina Ivanova, Yordan Belev, Idilia Batchkova
Dept. of Industrial Automation, University of Chemical Technology and Metallurgy
Bul. Kl. Ohridski 8, Sofia, Bulgaria
t.ivanova@uctm.edu, idilia@uctm.edu
Abstract: The idea of creating and using digital twins has been strongly influenced by the process of integrating artificial intelligence
methods with big data analytics of data from Internet of Things (IoT) devices. The concept of "Digital Twin" has become increasingly
influential and culminating in the field of CPS. The main objective of the study is to define the basic requirements to the digital twins for
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2. Digital Twins – basic definitions and
characteristics

1. Introduction
Transforming industrial production by merging digital
technologies and the Internet with conventional industry is crucial
to increase its competitiveness. This transformation is possible
only on the basis of the development and validation of the theory
of cyber-physical systems (CPS). Cyber-physical systems (CPS)
are the integration of computational and physical processes. They
use embedded computers and networks for the purpose of
monitoring and feedback control of physical processes [1].
Through cyber-physical systems, the physical world connects with
the virtual world to form the Internet of Things, Data, and
Services. Some of the most promising applications of CPSs are
cyber-physical production systems. The advanced CPSs are
characterized by high dimensionality and complexity, including a
variety of decision-making capabilities and control logic. The
degree of communication of these systems with physical processes
is also increasing, based on algorithms with increased efficiency
and robustness. The amount of program code based on logic
significantly exceeds traditional control algorithms.

2.1. On the definitions of digital twin
In recent years, the concept of "Digital Twin", which first
appeared in aerospace technology and was proposed by NASA in
2010, has become increasingly influential and culminating in the
field of CPS [2]. For the time being, there is no established
definition of the term "Digital Twin", as there is a great variety
among them, both in terms of functionality and areas of
application. In [3] an analysis of the literature references on the
topic of "Digital Twin" is done and their application in various
fields discussed. A total of 29 definitions of the term "Digital
Twin" are presented, cited in 75 literature references, most of
which are scientific publications after 2016. It is noteworthy that
the vast majority of definitions are applicable to the digital twins
used in manufacturing. The analysis of the definitions shows that
the concept "digital twin" is represented by the keywords "Virtual,
mirror, replica" in 11 definitions, as "Integrated system" - in 5
definitions, as "Simulation, test, prediction" - in 4 definitions and
such as "Clone, counterpart", "Ties, links" and "Description,
construct, information" - in 3 definitions.

In recent years, the concept of "Digital Twin" (DT) has
become increasingly important and culminating in the field of
CPS. The digital twin is a digital copy of the physical part of the
CPS in real time and represents a bridge between the digital and
physical worlds. The idea of creating and using digital twins has
been strongly influenced by the process of integrating artificial
intelligence methods with big data analytics of data from Internet
of Things (IoT) devices.

A similar study was conducted by Semeraro et al. in their
systematic literature review of DT paradigm in [4]. They analyze
the concept of Digital twins and define 5 clusters based on 30
different definitions. The key expression on which the definitions
in cluster C1 are based is "life cycle phases", emphasizing the
connections between the physical and virtual parts in all phases of
the product life cycle. To this cluster belongs the first definition of
the term "digital twin", published in 2004 by Grieves [5].
Definitions in cluster C2 define the DT as “the cyber part of
Cyber-physical system”, but unlike CPS, which focuses on the 3C
capabilities (computing, communication and control) DT is
focused on virtual models. At the heart of DT are models and data
while at the heart of the CPS are sensors and actuators. The
definitions in cluster C3 use the terms data, information and
knowledge, while those in Cluster C4 reflect aspects of modeling
the physical part and especially behavioral models. Cluster C5
brings together definitions that view DT as a "virtual system".

The main goal of the research, presented in this paper, is to
develop an approach and methods for creating digital twins of
cyber-physical production systems. The project includes several
main tasks related to some of the biggest challenges facing cyberphysical systems and their digital twins, such as: (1) defining the
requirements for digital twins of cyber-physical systems; (2)
analysis of the existing approaches and methods for the
development of digital twins, as well as of the proposed software
tools.
The paper is structured in 4 parts. After the introduction, in
part two, a short analysis of the currently used definitions of the
concept “digital twin” is presented and basic characteristics of
digital twins are discussed. In order to achieve highly efficient,
reconfigurable and resilient CPPS, in Part 3 the basic requirements
to their digital twins are summarized and the basic tasks for their
fulfillment defined. Part 4 presents an analysis of the currently
used approaches, methods and tools for creation of digital twins
for CPPS. The analysis should serve to create a methodology for
creating digital twins of cyber-physical production systems for
process industry.

In order to clarify the concept of "digital twin", it is extremely
important to draw a parallel with the concepts of "digital model"
and "digital shadow". The digital model is a digital representation
of a specific physical object, and there is no automatic data
exchange between them. A change in the state of a physical object
does not cause a change in the state of the digital object. The
digital model can use manually entered data for the physical
object, as shown in Fig.1. Manual data flows are illustrated in
Figure 1 with dotted lines. Dense lines show automatic data flows.
In the digital shadow, there is a one-way automatic data exchange
from the physical to the digital object. In this case, the change in
the state of the physical object causes changes in the digital one as
well. Finally, with the digital duplicate, there is a two-way
automatic data exchange, and any change in the state of the
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physical object causes a change in the state of the digital and vice
versa.

Fig.2: Basic components of DT

Fig.1: Digital model, Digital shadow and Digital twin

3. Requirements to the digital twins of CPPS

The digital twin involves the creation of digital simulation
models of physical and technical objects that are dynamic,
updated and changed according to the life cycle of the physical
object [6]. Such dynamically updated models are able to
constantly receive new information about the measurements from
sensors of the physical part of the CPS, from sensors of the control
devices and from the environment. The digital twin differs from
traditional CAD / CAM models and is not just a simulation model,
but a living, intelligent and constantly evolving model that follows
the life cycle of physical part and covers various functionalities
such as monitoring, control, optimization of processes, prediction
of states and simulation of new configurations in connection with
the maintenance and production of new products. The DT
processes are possible through its continuous interaction,
communication and synchronization with the physical twin.
Higher hierarchical systems summarize new and past data and
change model parameters [7]. The dynamically updated CPS
model is essentially its digital twin.

The main objective of the study is to summarize, analyze and
apply approaches, methods and tools used in the development of
digital twins of cyber-physical production systems that meet the
following basic requirements [8]:
• Able to adapt to heterogeneous environments;
• They are able to work in the conditions of distributed
networks: i.e. they must collect, transmit and store in a reliable
way all the information provided by intelligent sensors and
actuators through the use of the Internet of Things;
• Use modular open architecture;
• Include human-machine interfaces to provide access to
specific information, to provide information analysis and to
integrate easily accessible and reliable services to inform decision
makers in real time;
• Be error tolerant: provided by encapsulating forecasting
models in the control loop and checking the correctness of
automation systems.
Achieving the above defined requirements to the developed
digital twins is connected with solving the following main tasks:
• Creating and deploying a set of simulation models that have
a specific purpose and range of validity. For this purpose, it is
proposed to use the approach of model-driven development.
• Providing data and information on the various stakeholders.
• Achieving
interconnectedness
through
semantic
technologies.
• Automatic transformation of models between the different
phases of the life cycle and creation of preconditions for
verification of digital twins.
• Ensuring a connection between the real and digital worlds
by ensuring synchronization between measured data and virtual
presentation.
• The digital twin can be an element of the product itself and
delivered with it, or it can be a stand-alone service that forms its
own business models.
• Closing the feedback loop, not only in relation to the real
system, but also to the earlier stages of the life cycle, can
significantly improve the quality of development.

2.2. Basic components of digital twins
The five-dimension digital twin model is illustrated in fig.2
and includes the following components: Physical entities (PE),
Virtual entities (VE), DT data, DT services and Connections in
DT. PE may be seen as the foundation of the DT and consists of
devices and/or equipment and/or products. VE are counterparts of
the PE and their different models such as geometric, physical, rule
and behavioural adequately reflect the PE. The digital twin
handles a wide variety of data with different backgrounds,
different time scales and degrees of importance. DT data are the
main driver of the digital twin. Services are an important
component that significantly expands the functionality of digital
twins, offering services related to modeling, simulation,
optimization, monitoring, diagnostics, planning, forecasting and
more. Finally, the digital twin is characterized by six connections,
namely: (1) PE – service connection, (2) PE - Data connection, (3)
PE – Model connection, (4) Model – Data connection, (5) Model –
Service connection and (6) Service – Data connection. Through
these connections the communication between the other four
components is realized.

The next section of the report presents an analysis of the
existing approaches, methods and tools used to create digital twins
for cyber-physical systems.

The Fourth Industrial Revolution uses device connectivity to
make the concept of digital twins a reality for manufacturing
processes. The digital twin creates a testing environment for
products and control systems that impacts real-time data, which is
critical to production accuracy, efficiency and security.
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transmission, storage, processing, merging and visualization. Data
is obtained in different ways - from software applications, from
hardware and from the network. When working with data,
different technologies and methods are used. This can be
classified into groups, corresponding to the life cycle phases. Data
storage is inextricably linked to databases, which are finding it
increasingly difficult to cope with large volumes of data, their
heterogeneity and unstructured character. Big data methods,
NoSQL and NewSQL databases, as well as cloud storage are
increasingly used. The data processing is related to the selection
and extraction of useful information. For this purpose a wide
variety of methods are available, such as: the rich palette of
statistical methods, methods of machine learning, different types
of neural networks, analytical processing systems and more. Data
fusion can be performed by digital twin at different levels (raw
data, feature level or decision level) by working with data from
different sources and using various methods of artificial
intelligence, Kalman filters, fuzzy sets, vector support machine,
etc. The last phase of the data management life cycle is the
visualization of the data, the purpose of which is to present in
summary or detailed form specific information. There is a wide
variety of visualization forms, such as different types of charts,
histograms, charts, boards, and more. The principles of
visualization are also different, such as based on geometry, pixels,
icons based on layers, images and more.

4. Overview of techniques and platforms for
creating digital twins
4.1. Methods and Techniques for sensing and measurements of
physical part
To create high-precision digital twins, physical world
information obtained through measurements and sensors is
needed. It is necessary to use advanced principles and tools to
measure a large number and variety of parameters that must be
collected in real time. Various algorithms for primary data
processing, for indirect estimation of non-measurable parameters,
for data reconciliation, structural analysis, etc. can be referred to
the used methods.
4.2. Methods and Techniques for improvement of physical part
As discussed in section 2.1 of the paper, the digital twins can
improve the performance of PE. The main means for this are the
advanced control systems, which are also very diverse in terms of
principles of operation, structure, type of energy used by drive and
power systems, and more. In addition, various services for
planning, scheduling, optimization, etc. can be used, which
contribute significantly to the improvement of PE.
4.3. Methods and Techniques for digital twin modeling
The modeling and simulation of cyber-physical systems and
their components (embedded, mechatronic, etc.) is considered an
important stage in the design, development and operation of CPS
and their components. One of the most successful approaches used
for CPS design is model-based design [9] and model-driven
development [10], where models play a significant role in the
design process.

4.5. Methods and Techniques for DT services
Services in the field of creating digital cyber-physical twins
integrates knowledge and engineering principles from the fields of
computer science, control theory, electrical engineering,
electronics, mechanics, artificial intelligence and a number of
engineering disciplines in order to enrich cyber-physical science
with appropriate methods and techniques as special attention is
paid to their application as services in 3 areas of cyber-physical
production systems: (1) As a means of solving various tasks for
monitoring, maintenance and increasing the reliability of
equipment; (2) As a means of analyzing the behavior and
commissioning of equipment and devices, and (3) As a tool for
decision making through engineering and statistical analysis.

Models and data are the core of the digital twin. However,
creating virtual models as well as combining and analyzing data
are complex tasks, which require in-depth knowledge in many
areas. The following formalisms and tools are used to model and
analyze various aspects of the DT:
• Equation-based models in tools such as MapleSim [11] and
Modelica [12], suitable for modeling the physical part of the
system,
• Function block models in tools such as Simulink [13],
suitable for the design of control and simulation systems;
• Finite-state machines and labeled transition systems in tool
such as LTSA [14] are best suited for modeling decision logic and
communication protocols;
• Hybrid dynamic models in tools such as SpaceX [15] are
useful for analyzing abstract unified continuous dynamics
behavior and discrete switching modes;
• Network simulation models in a tool such as OMNeT ++
[16], useful for analyzing the properties of communication
networks, such as packet loss and communication delay;
• Software models in tools such as SPIN [17], useful for
analyzing whether the logic of the solution is implemented
correctly.
• Various approaches and tools based on the UML profile for
systems engineering SysML [18] and UML profile for real time
embedded systems MARTE [19].
• Method for defining the requirements to the digital twin of
cyber-physical systems using the “Requirements diagrams” of the
UML profile for system engineering SysML
• Methods and models for formal verification and validation
of digital twins for cyber-physical production systems - in the
field of verification, research is focused mainly on model
checking, based on timed logic and different types of automata:
timed, hybrid, as well as their combined use. As tool for
verification, the use of UPPAAL [20] for verification of the digital
twin gives reliable results.

Different conventional simulation tools are available, such as
those using the finite element method, the Monte Carlo method
and various CAD / CAE systems, such as Dessault Systemes [21],
Matlab / Simulink, Verosim [22] and others. However, the
emphasis is on software tools that cover the entire development
lifecycle, meet the requirements of Industry 4.0 and are based on
semantic meta-models, such as AutomationML [23] and the
MAYA project. Among the most popular and used tools are
Predix [24], IoTIFY [25], BoschIoT Suite [26], Seebo [27],
ThingWorx Operator Advisor [28], etc., which must be analyzed
in order to select a suitable tool for the development of digital
twin of batch reactor.
4.6. Methods and Techniques for connections in DT
The suggested methods for the six connections in the digital
twin are shown in Fig.3.
The development and implementation of digital twins is still
in its infancy, so the first tools for their development are owned by
large companies such as GE and others. The following wellknown digital twin platforms and tools are of the greatest
importance for the production area:
• „Predix“ of General Electric [24];
• „Mind Sphere“ of Siemens [29] – it adopts Industry 4.0's
concept of connecting machines and physical infrastructure via the
cloud
• „Thing Worx“ of PTC [28, 30] – is focused on collecting
data from IIoT/IoT devices and presenting a user interface that
facilitates data analysis,
• „Watson IoT platform“ of IBM [31] – it is available as a
universal tool for data from IoT devices that can be used to control

4.4. Methods and Techniques for DT data management
The digital twin is driven by data, it is its core. All phases of
the data life cycle are included, such as: data collection,
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systems in real time through data, collected from millions of IoT
devices.
All the above mentioned platforms are paid. Also of interest
are some open platforms, such as the Ditto project in Eclipse [32]
and Imodel.js, developed by Bentley Systems [33] that is a
platform for creating, accessing and building digital twins.
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Conclusions
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The study presented in this paper includes an analysis of the
requirements for digital twins of cyber-physical production
systems, an overview of the approaches and methods for creating
digital twins of cyber-physical systems, as well as a comparison of
different approaches. The next step is the development of
approach and methods for creating digital twins of cyber-physical
systems, as well as for their formal verification and validation. An
important stage in research project is the creation of a digital twin
of a specific cyber-physical system, implemented as a pilot
demonstrator.
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Abstract: Current paper presents development of system intended to classify human facial and body emotions. It is based on two deep
learning neural networks (DNN): - first one used for facial emotion recognition (FER) and second one for body gesture emotion recognition
(BER). Combination of the results obtained by the two modalities (facial expression data and body gestures language data) provides more
accurate results instead of these obtained using only one modality. After brief analysis of the available pre-trained DNN and datasets for
facial and body emotions recognition, based on previous authors’ developments, the selection of two DNN models has been done. They are
used in the development and verification of present system.
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covering the cheeks; self-touch/two hands covering the mouth; head
shake; body shift/backing.

1. Introduction
The emotions are one of the main non-verbal ways used by people
to present their attitude to other people, subjects, products, services,
computers, robots virtual reality, etc. Main modalities of emotions
are human voice, facial expressions, body gestures and postures.
Other physical sources (modalities) of emotions are body
temperature, blood pressure and heart rate, brain activities, etc. For
facial and body gestures emotion recognition, systems based on
deep learning convolutional neural networks (DNN) are used. It is
proved [1] that unimodal systems have less accuracy of recognized
emotions than bimodal or multimodal systems. In this study, we
present a bimodal system based on facial emotion recognition and
body gestures recognition, based on our papers [2,3]
1.1 Facial Emotions
People show specific emotions and their nuances using various
facial expressions involving the eyes, eyelids, eyebrows, lips, nose,
chin, etc. The basic emotions are happy, surprise, sadness, anger
and fear, disgust, as well as neutral. Ekman and Friesen [4, 5]
proposed in 1978 and 2002 a system for coding facial emotions.
They named it Facial Action Coding System (FACS). The system
classifies the facial expressions on the base of elementary
components called Action Units (AUs). Each AU has a number
(from AU1 to AU35) related to one or group of the facial muscles.
For instance, the emotion Anger given on Fig. 1 is presented with
(AU4) brow lowerer, (AU5) Upper lid raiser, (AU7) lid tightener
and (AU23) lip tightener.

Fig. 2 Body emotion Surprise

1.3. Analysis of emotions
Through the analysis of facial and body emotions, the behavior
of people can be predicted and recommendations or suggestions for
the use of services and products can be generated. The analysis of
the emotions can be used in human-machine and machine-human
interfaces, as well in medicine, police, market of different products
or services, etc. For example, in medicine to detect depressive states
which increased during the Covid pandemic or to detect different
illnesses; In police practice whether a suspect is lying or not; In
autonomous cars to propose appropriate routes, avoiding heavy
traffic in case the driver is nervous; In market products - what is the
consumer's attitude to a product; In computer game industry - to
adapt the level of music in some scenes in order to create more
adequate virtual reality; In universities to personalize the lecture
material on the base of students’ emotion during their online
training.

2. Recognition of facial and body emotions
2.1. Facial emotions recognition
Facial emotions recognition (FER) is a part of the process of
facial image recognition. Convolutional neural networks known as
Deep neural networks (DNN) are applied for FER. Initially, these
networks trained with large number of photos of human faces
(datasets) in order to recognize (classify) faces. For example some
datasets include several thousand pictures of the faces of different
persons, other datasets include several millions pictures. Pictures in
the datasets are labeled with information about the presented
face/person. Usually, one dataset contains training, testing and
validation subsets of pictures. After training phase, the DNN are
checked with testing subset of images in order to estimate their
accuracy to recognize cer. Next, the trained DNN can be applied for
verification/prediction of emotions of not labeled pictures. In order
to recognize facial emotions DNN additionally are trained with
specific FER datasets as FER-2013, CK+ RaFD, KAD, MUG, etc.,
commented in [2]. The whole FER process or pipeline includes

Fig. 1 Emotion Anger combines AU4, 5, 7 and AU23

1.2 Body Emotions
After the facial emotions, the body gestures, also known as
body language, are one of the strongest non-verbal sources of
emotions. The body language is related to the position of the head,
positions of the arms, hands and fingers, and positions of the legs,
as well as the position of the torso. For example, the body gestures
corresponding to the emotion surprise [6] given on Fig. 2. are
related to one of following combinations: right/left or both hands
moving toward the head; moving the right/left hand up; two hands
touching the head, face or mouth; both hands over the head;
right/left hand touching the face/mouth; self-touch/two hands
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following steps: face detection and cropping, preprocessing of
cropped image, deep feature learning and deep classification [7-10],
explained in details in [2].

background. Only few of them used to train the DNNs in our
system are presented below.
Dataset FER-2013 contains 35887 BW images with 7 labeled
emotions. Images with size 48x48 are split in 3 subsets for training,
testing and validation.
Extended Cohn-Kanade dataset (CK+) includes 327 video
sequences with BW 640x490 pixels images of 118 people with 7
labeled emotions based of FACS.
The EMOTIC dataset [16] contains 23571 labeled images of
people with different emotions in diverse environments in various
places. Emotions classified in 26 categories according to the 3D
VAD model.
The Bimodal Face and Body Gesture Database (FABO)
database [16] contains around 1900 gesture video sequences split in
10 emotion categories All emotions are labeled according FACS
and VAD.

Fig. 3 Typical architecture of CNN for FER

Usually, every DNN for FER “Fig. 3.” contains groups of
convolution, activation and pooling layers (CONV, RELU and
POOL) used for feature learning and at the end of network there is
one or more fully connected layers (FC) intended to seven basic
emotions classification.
2.2. Body gestures emotion recognition
The process of body gestures emotion recognition (BER) is
similar to facial emotion recognition and uses similar DNNs. First
step of the process is person or human detection in the picture and
extraction of potential region of interest (ROI). Second step is body
pose detection. There are two main types’ models of pose detection:
- parts based models and kinematic models. In parts based models
the body presents itself as flexible configuration of different parts
(Fig. 4 left) part. In this case, each part of the body can be detected
and examined independently of the others [11]. In kinematic
models, the human body is represented by defining a collection of
interconnected joints that it simulates a simplified human skeleton.
Next step is body features extraction. For this purpose, the DNN
trained with EMOTIC, FADO, ImageNet or other datasets and after
that used for classifications. The body gestures emotion recognition
DNNs contain similar convolutional groups as DNN for FER. At
the end of BER DNN the fully connected layer is responsible for the
body emotion classification. Some of the body gestures emotion
recognition systems are using two DNN models: - one for body
emotion classification and second for image scene or image
background classification. The output of first DNN provides 26
discrete emotions and the output the second DNN is related to 3
continuous emotion dimensions VAD model (Valence, Arousal and
Dominance) [15] proposed by Russel in 2003. The valence
categorizes emotions as positive or negative. The arousal
categorizes them as neutral, passive and active and the dominance
as neutral, low dominance, and high dominance. On “Fig. 4 – right
part” the known emotions are presented in 3D VAD model.

Fig. 4. Part based model

3. Selection of DNN for FER and BER
The selection of DNN models for facial emotion recognition has
been done in paper [2] presented on ICAI 2020 conference. In this
paper after the detailed analysis of pre-trained deep learning
networks for FER two models described below are selected.
Analyzed DNNs included models as VGG16, VGG19, VGG-Face,
Google FaceNet, OpenFace, Facebook DeepFace DeepID and some
authors’ developments. The selection of second DNN model for
body gestures recognition was discussed in the paper [3] and is
presented on ICAI 2021 conference. It is described below, as well.
The analyzed in second paper models [15-17] were based on
ResNet18, ResNet50 and similar to them DNN architectures which
differ from each other by different numbers of the convolutional
groups, different type of POOL layers based on max or average
pooling.
First pre-trained DNN model for FER that we selected is
architecturally based on VGG. It has 5 groups of convolutional
layers with batch normalization layers between internal
convolutional layers. Each group ends with max-pooling and
dropout layer. The number of convolutional layers in first group is
2, in second group is 3 and in the last three groups is 4. Input layer
provides BW images with size 48x48 pixels and last two layers are
fully connected and their output is 7 basic emotions. The number of
weights of this model is more than 13 million. Second model was
DeepFace framework [7] based on ensemble of 5 pre-trained
models (VGG-Face, Facenet, OpenFace, DeepFace, DeepIdI From
the source code of this model we succeed to extract the pre-trained
CNN model and features intended only for FER. The architecture of
this model has 3 convolutional groups with 5 convolutional layers.
First group is simple only one convolutional layer followed by maxpooling layer. Next two groups have 2 convolutional layers
followed by one average-pooling layers. Input layer provides BW
images with size 48x48 pixels. Output layers are 4 fully connected
layers with 2 dropout layers in between. Last output layer returns as
result 7 emotions. This model is simpler than first one and the
number of its weight parameters is 1.485000. Both models are
trained and verified using the FER-2013 dataset. The accuracy of
first model is almost 70% and for the second model is 57% An
additional verification of the considered models was made with CK
+ dataset. The accuracy of both models is 56%. We selected first
model to be used in our bimodal system because it has great
accuracy then the second.
Selected pre-trained DNN model for body gesture emotion
recognition is based on adapted version of ResNet18 [17],
predecessor of ResNet 50. It contains one input layer providing
112x112 pixel RGB images, 21 convolutional groups composed of
2D CONV layer with Batch normalization and ReLU layers. Last
layer is Adaptive Average Pooling. Only the first convolutional
group includes at the end additional Max pooling layer. The output
of the FC layer are 26 emotions and 3 continuous VAD dimensions.
The model weight parameters are 11363757. It trained with
EMOTIC dataset and produces similar accuracy results as the other
model discussed above (trained with the same EMOTIC dataset).

and 3D VAD model

The usage of second model improves the accuracy of emotions
prediction because many authors and scientists state that there is
strong correlation between facial and body emotions and
surrounding scene. Body emotions recognized by the BER DNN
vary from well-known basic 6 and 7 (with neutral) emotions to up
to 26 (affection, anger,
annoyance, anticipation, aversion,
confidence,
disapproval,
disconnection,
disquietment,
doubt/confusion, embarrassment, engagement, esteem, excitemen,
fatigue, fear, happiness, pain, peace, pleasure, sadness, sensitivity,
suffering, surprise, sympathy, yearning).
2.3. FER and BER Datasets
There are many FER and BER datasets with various number of
facial emotion and body gestures images or sequences of images
taken in different positions, with different size and scene
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Combining DNN for body emotion recognition with our DNN
model for facial emotion recognition, we construct current hybrid
system for emotions recognition (Fig. 5). The results from both
models are compared in a decision module and when they are
similar or equal with more confidence we can state they are truth.
Our FER model provides as result 7 emotions, but selected BER
model produces 26 emotion, as well VAD values. The decision
module searches for similar emotion for example to happy (from 7
FER emotions) correspond happiness, pleasure and peace or to
disgust correspond annoyance, disapproval, etc.

There is coincidence between BER and FER results and end
result is again the emotion Happiness.

Ager, Annoyance, Disquietment, Doubt/Confusion, Fatigue, Fear,
Pain, Sadness, Suffering, Surprise
VAD: 4.4233/ 4.6540/ 5.4249
Fig. 9. BER results (11 emotions and VAD values)

Fig. 5. Architecture of the current system

4. Verification of the system
The verification of models is done with our dataset with more
than 1000 photos (Fig. 5.), during scientific forums at the university
(UCTM) in the last two years with the participation of students and
PhD students. Initially, the dataset included collection of 500 photos
only of their faces. Now we extended it with 500 photos of the
entire body.

Fig.10. FER results (5 emotions) for the same picture

There is coincidence between BER and FER results and the end
result is the emotion Surprise.

Fig. 6 Examples of face and body pictures from our dataset

Anger, Annoyance, Aversion, Disapproval, Disconnection, Fatigue,
Fear, Pain, Sadness, Suffering S
VAD: 3.7680/ 4.7523/ 4.3812

Next figures (Fig. 7. to 14.) show the results in recognizing
different emotions provided by the system during of the tests. The
figures are grouped in two for each of the emotions. The left part of
the first figure is the full-length photo of the particular person. On
the right are the recognized parts of his body, and below the figure
are the recognized emotions (different number for each person), as
well as the VAD values. The second figure shows the results of the
recognition of facial emotions, with the face given on the right and
the recognized emotions in percentages on the left.

Fig. 11. BER results (10 emotions and VAD values)

Fig. 12. FER results (1 emotion) for the same picture

In this picture, there is again a match of the recognized facial
and body emotions and the end result is the emotion Fear.

Confidence, Happiness, Pleasure, Sadness
VAD: 5.4376/ 4.9538/ 5.6304
Fig. 7. BER results (4 emotions and VAD values)

Anger, Annoyance, Aversion, Disapproval, Disconnection, Pain
Sadness, Suffering, Surprise
VAD: 5.6271/ 4.549/ 6.3979
Fig. 12. BER results (9 emotions and VAD values)
Fig. 8. FER result (Happy) for the same picture
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Fig. 13. FER results (Happy) for the same picture
In this case there is no correspondence between the result
produced of both models. This can be seen from the position of
arms in the other figures (Fig. 7 and Fig. 9). In this case we accept
the result of FER classificationj (Happy) as a final.

5. Conclusions
In this study, a brief introduction of human emotions has been done,
and especially how the recognized facial and body emotions can be
used in different areas. The processes of automated facial and body
emotion recognition based on deep learning DNN models for FER
and BER are presented. The study is oriented towards the selection
of suitable pre-trained DNN models, which can be used to build
current bimodal system. Combining the FER and BER DNN
models, we have created a hybrid bimodal system that can be used
for a variety of purposes, one of which is to improve students'
personalized learning based on recognizing their positive, neutral,
or negative facial and body emotions. Therefore, our future work
will be focused on revealing neutral and negative emotions in order
to adapt the teaching material and increase the performance of
students, as well to assist teachers in the presentation of teaching
material by changing the pace of teaching.
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Abstract: The digital twin (DT) based on CMM as support Industry 4.0, are based on integration of digital product metrology information
through metrological identification, application artificial intelligence techniques and generation of global/local inspection plan for
coordinate measuring machine (CMM). DT based on CMM has an extremely expressed requirement for digitalization, control, and
monitoring of the measurement processes inside Industry 4.0 concept. This paper presents an approach of development DT as one direction
information flow based on four levels: (i) mathematical model of the measuring sensor path; (ii) tolerances and geometry of the parts by
applying an ontological knowledge base; (iii) the application of AI techniques such as Ants Colony Optimization (ACO) and Genetic
Algorithm (GA) to optimize the measurement path, part number of part setup and configuration of the measuring probes; (iv) simulation of
measurement path. After simulation of the measurement path and visual checks of collisions, the path sequences are generated in the control
data list for appropriate CMM. The experiment was successfully carried out on the example of prismatic part.
Keywords: DIGITAL TWIN, CMM, INDUSTRY 4.0, INSPECTION PLANNING

1. Introduction
Author [1] is one of the first introduced Digital Twin (DT) in
2003, in a course presentation for product lifecycle management
(PLM). Also, author [1] incorporated three elements into the model:
(i) the physical products of the real world, (ii) their virtual twin and
(iii) interfaces that connect the data and information flows from
both worlds. The paper [1] deﬁne DT as “a set of virtual
information constructs that fully describes a potential or actual
physical manufactured product from the micro level to the macro
geometrical level”. At its optimum, any information that could be
obtained from inspecting a physical manufactured product can be
obtained from its DT. DT are of two types: Digital Twin Prototype
(DTP) and Digital Twin Instance (DTI)” [2]. As a result, physical
prototypes can be avoided, and functionality and behavior can be
simulated using a model before proceeding into real manufacturing.
The first usage of DT was a year later, by NASA, in
Technology Roadmaps [3]. They used it to mirror conditions in
space and perform test for flight preparation of their rockets. Since
then DT has advanced technologically and expanded its scope of
utilization. There is an exponential increase in DT utilization over
the last 10 years. Also, increase in potential of DT is expected.



Industries in which exceptional testing is required and
such testing is difficult or impossible to perform in
laboratories (such as aerospace): The DT can simulate
tests that cannot be performed in the lab.



Industries that require real-time monitoring and
prevention plans for dealing with 'emergent behavior'
(e.g., health care, supply chain): Keeping an eye on the
physical asset's real-time status and being alerted via
predictions for an impending problem can be both
efficient and effective. This is especially useful for
organizations that need to make quick decisions to avoid
large losses.



Industries with multiple parameters that can be optimized
cooperatively (such as manufacturing and supply chain):
Maintaining and monitoring all sub-components can be a
challenging task for very large organizations. Real-time
monitoring of all sub-components and collaborative
holistic analytics on such large models can be
advantageous.

Despite the fact that it is dependent on multiple technologies,
which necessitate the use of experts and resources, DT can result in
significant cost savings for a one-time investment. DT can shorten
design cycles, save money, resources, and time on prototyping, and
predict potential hazards in time to mitigate them. This cost
reduction could be used as a metric of DT performance for profitoriented businesses [9].

Digital Twins are getting attention because they integrate
artificial intelligence (AI), Internet of things (IoT), and machine
learning (ML) to bring data, algorithms, and context together, which
makes DT a key part of the Industry 4.0 agenda.
Having various definitions has postponed reaching an
agreement on a single representative definition of DT. For some
members of the community (Schroeder et al. [4], Abramovici et al.
[5]) DT is considered as the final product, whereas for others
(Rosen et al. [6], Gabor et al. [7]) it is the whole product lifecycle.

There are some major areas in which DT has room for
improvement:
1.

Aspects of Technology: Modular-based DT, Modeling
Consistency and Accuracy Enhance DT simulation which
allows better monitoring and transparency during
processes, VR integration into DT Integration of
Cloud/Edge computing and an efficient mapping system
between physical and virtual data which reduces
uncertainties

2.

Aspect of PLM: DT expands into other domains, in other
words PLM allows a broader application of DT:

Storage of all data in digital format made the implementation of
DT conceivable. With arising simulation capabilities, it became
possible to perform practical tests in virtual climate. An idea of
carrying out a functional DT was embraced by companies like IBM
and Siemens.
One of the essential reasons advanced DT technology is quickly
being embraced is there are numerous utilization cases across the
industrial enterprise: engineering, manufacturing and operations,
maintenance and service [8].
Some industries where DT can be highly useful are:


Industries where developing physical prototypes is costly,
time-consuming and resource-intensive (for example
manufacturing)- instead of spending time and money
building multiple prototypes to test a product, a digital
twin is a much more efficient and convenient solution.

3.
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Emerging markets (e.g. Construction)



Incorporation of smart connected devices into DT



Product dependability, security,
throughout the product's lifecycle.

and

privacy

Business Aspect: Incorporation of Big Data analytics into
DT will provide more insights, resulting in better
decision-making support
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A modular approach enables the creation of flexible DT,
resulting in new application modes while shortening development
time [10].
Because of its enormous capacities to realize Industry 4.0,
Digital Twin (DT) is attracting ever-increasing attention with the
rapid evolution of cyber-physical systems. Businesses in a variety
of industries are taking advantage of its capacity to simulate realtime working conditions, forecast and make intelligent decisions,
allowing for a quick delivery of a solution to fulfill unique
stakeholder demands.
To optimize production performance and maximize profit,
digital cooperation is now emphasized with decision-aiding support.
The maturity of DT technology reveals its ability to hold a strong
position in Industrial 4.0 and manufacturing facility automation, and
DT security and privacy concerns are expected to be a key
discussion point for future DT [10].
Presented approach for development of DT in this paper refers
to already machined PW (Part Work-piece), that is the chain of
measurement data retrieved ends with data on measured value
generated by software CMM DEA-IOTA-2203 after statistical data
processing. The chain of retrieved machine data, the primary goal of
this paper, ends by generating DMIS (Dimensional Measurement
Interface Standard) code for DEA-IOTA-2203.

Fig. 1 Modeling in PTC Creo software - display of the "Pattern" command
in the "Model Taboo" palette

The novelty of the research is application into today's trend of
industry 4.0 of its production and production metrology. Also, the
novelty of the work is that in an efficient and dynamic way it
integrates the entire production into one compact whole and thus
solves the problem of production costs.

In order to automate the retrieval of feature parameters from e.g.
IGES or STL files, this method use the algorithms presented in [11].
By combining CAD software (their output files) and metrological
modeling based on geometric features, a hybrid model is obtained
that offers the possibility of arbitrary input of measuring point
locations. This fact primarily affects to the measurement
uncertainty.

The main contribution of this paper is off-line DT based on
DMIS file. The measurement system based on CMM DEA-IOTA2203 was used as a physical twin, and a virtual machine, generated
after modeling and configuring in PTC Creo software of both the
machine itself and the prismatic parts and fixture clamps, was
employed as a digital twin.

3. Optimization and Simulation
3.1 Measuring path optimization

Presented approach leaves the possibility of using Web
interface and server, because it affords DT simulation and is
accessible to participating clients on a cloud platform. On this way,
DT allows the activities to be implemented wherever there is an
end-client.

After the distribution of measuring points by geometric features
and the generation of the initial measuring path, its optimization
follows. It is based on the Ants Colony (AC) technique presented in
[13] and methodology presented in [11].

2. Metrological Modeling

It consists of defining the starting point from which the colony
starts and the potential points that the colony visits. In doing so, the
weighting factors determine which point has priority in the next
iteration of the visit. When touring the points, the colony generates
pheromones along the path.

Metrological modeling generally includes modeling based on
metrological features. Metrological features are in fact standard
types of tolerances or tolerances defined by the ISO 1101 standard.
Depending on the type of tolerance, metrological features may
consist of one or more geometric features. In order to
metrologically modeling geometric features, they are generally
described by a set of parameters [11] whose numerical values
uniquely determine each geometric feature.

The optimal trajectory is defined by the maximum number of
laid pheromones. Compared to the manually programmed path on
the CMM and the path generated in the PTC Creo software, this
optimized path offers savings from 12% to 23%.
In order to complete the DT, it is necessary to conduct an
analysis of the setup of PWs and the configuration of measuring
probes for each setup. The analysis and then the optimization was
carried out in [14]. After the analysis, the optimization of PW setup
and configuration of measuring sensors was performed. As a result,
it has the optimal number of PW setups and the optimal
configuration of the measuring sensors for each setup.

Metrological modeling can also be based on CAD software. For
example, PTC Creo software offers a CMM module that can
recognize geometric features as metrological and thus perform the
distribution of measuring points and form a point-to-point
measuring path. This requires prior CAD modeling of the PW and
import into the mentioned software module (Figure 1). This method
of modeling does not offer the user the ability to enter the new
different method of distribution of measuring points.

3.2 Measuring path simulation

The application of EO as an object-oriented programming
paradigm gives good results. One example of EO implementation in
Protégé software is presented in [12]. The main advantage of this AI
technique is the classification of knowledge according to the rules
of decomposition. The starting point is the standard ISO 1101 and
the standard forms of tolerance defined by it, and the end is
individual, i.e. special forms of tolerance (for example. parallelism
between two defined planes, cylinder etc.).

After optimizing the measurement path from the point of view
of visually check the collision and generating an execution file for
further post-processing, it is necessary to simulate the measurement
path. Depending on the way the path is generated, the simulation is
performed in MatLab or PTC Creo and PC-DMIS software. The
reason for this division lies in the fact that CAD software that
integrates CMM inspection does not allow arbitrary input
(distribution model) of measuring points.
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Simulation in the MatLab environment involves preparation in
the form of algorithms or procedures as well as writing code that
defines the point-to-point measurement path (Figure 2). The output
is three matrices Xmo, Ymo and Zmo, which represent the coordinates
of the measuring path points along the X, Y and Z axes,
respectively. As can be seen, the path is defined for the three axis of
CMM. The model can easily include a simulation of more than
three axes.

the position and orientation of the PW coordinate system in relation
to the CMM coordinate system.

Fig. 4 The defining the measuring path of the cylinder with the written
DMIS code

Fig. 2 The distributed measuring points and simulation frames in MatLab
software for cylinder inspection

PC-DMIS software enables simulation and real time
measurement, i.e. communication with CMM. Also, the software
performs statistical data processing based on the acquisition of
measuring points and thus generates measurement results. Part of
the DMIS code, as well as a graphical representation of the
measurement results is given in Figure 5.

The simulation in PTC Creo environment is based on the
already created CAD model measuring system consisting of PW,
fixture clamps and CMM. The software offers the option of using
its CMM so that the CAD model CMM does not have to be created
except in cases of visualization of the existing one. The modeling
and simulation procedure is as follows:








Modeling of the 3D PW;
Import of the modeled 3D PW into the CMM module
(Manufacturing module);
Setting up the CMM process, includes three processes:
 Defining СММ workcell;
 Defining probes or measuring heads;
 Defining fixtures.
Setting operations: defined the initial coordinate system of
CMM;
Defining steps of the operations or more specific
operations;
Creating DMIS (.ncl) code and post processing.

Fig.5 Measurement protocol: a ‒ original code of the program PC-DMIS; b
‒ generated * ncl code Creo Parametric.

In addition to the distributed measuring points by features, in
order to create a collision-free path, it is necessary to define node
points. In the PTC Creo software as node points use so-called APN
points. These points represent collision free points when moving
from one feature to another.

4. Digital Inspection Twin Based on CMM
As it is known DT consists of physical twin and its digital
replica virtual twin. In this paper, the DEA-IOTA 2203 machine
was used as a physical twin, while the machine model created in
PTC Creo and PC-DMIS software was used as a virtual twin. The
created DT is shown in Figure 6. Figure 6a) shows the virtual twin
in PTC Creo software, while the real process is shown in Figure
6b). It is noted that the developed DT has a one-way flow of
information from the virtual to the physical CMM model. As a
result, it is impossible to update the data in the opposite direction,
i.e. from physical to virtual twin. Given that inspection planning is a
one-way process (unrepeatable once completed) this is considered
acceptable, and therefore a two-way flow of information within the
two basic components of DT is not necessary.
In order to realize DT, it is necessary to harmonize the outputinput. The PC-DMIS software allows the import of a .ncl (DMIS)
file, previously generated and tested in the PTC Creo software using
the standard import → DMIS command block. Previously, a .ncl
(DMIS) file was generated in PTC Creo to verify the inspection
plan procedure on the virtual CMM. The machine in the functional
sense completely coincides with the real measuring machine DEAIOTA 2203, and on which the plan of inspection of the PW was
performed.

Fig. 3 The selection of "APN" points as the start and end points of the
measuring probe

As can be seen from the described simulation procedure, the
creation of DMIS (Figure 4) code is the last operation aimed at
preparing data for input into the CMM control unit. Probe Path is a
command used to display the path of the measuring sensor and
generate DMIS code. This code contains information on the
movement along the CMM axes, the coordinates of the measuring
path points and other necessary information. Specifically, this code
was generated for CMM DEA-IOTA 2203. For real measurement
on this machine, it was necessary to correct the code and adjust it to
the conditions of PW alignment on the CMM table, i.e. determining
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thus solves the problem of production costs with maximum
efficiency.
Besides the to-date developed off-line DT, future research will
also include DT development with bi-directional data flow between
physical and virtual CMMs. One of the future development
directions will be extension of this concept to CMMs of various
manufacturers (software). Also, on the basis of proposed
methodology, the directions of future research would embrace
extension to non-prismatic machine parts and development of
digital thread for measurements on a CMM.
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a)

b)
Fig. 6 DIT based on CMM: a) PTC Creo measuring path simulation view;
b) Display of the assembly of models and clamping accessories on the real
CMM DEA-IOTA 2203 [15].

5. Conclusion
The paper presents an approach to the development of DT,
whose role is increasingly important today within digital measuring
systems. From the aspect of production metrology, the role of the
DT is to monitor the measurement process, to improve the quality
of processing, accuracy of dimensions and roughness of processed
surfaces, and thus to reduce production costs in an efficient and
dynamic way.
Research in this paper generates knowledge for the functioning
of the process of inspection of measuring parts in modern flexible
technological systems and environments, where the need for quality
control is extremely important for the production and production
metrology as a special scientific discipline.
The result of this paper is a new approach of the conceptual
development of the digital inspection twin, based on CMMs towards off-line DT based on CMM by virtue of the .ncl (DMIS)
file. The measurement system based on CMM DEA-IOTA-2203
was used as a physical twin, and a virtual machine, generated after
modeling and configuring in PTC Creo software of both the
machine itself and the prismatic parts and fixture clamps, was
employed as a digital twin. The paper also includes the verification
of measurements on a virtual measuring machine and a physical
measuring machine with a defined information exchange protocol.
The novelty of the research is application into today's trend of
industry 4.0 of its production and production metrology. Also, the
novelty of the work is that in an efficient, dynamic and automatic
way it integrates the entire production into one compact whole and
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Abstract: Big Data is becoming one of the most important technology trends. It presents a potential that is radically changing the way
organizations use their information to be closer to customers by organizing in a way that benefits from the customer experience and
transforms their business models.
Although Big Data is an ever-climbing trend in terms of industry, its meaning is still hidden by many conceptual ambiguities. The term is
used to describe a wide range of concepts: from technological ability to storage, aggregation, data processing and finally their generation.
In this paper the focus is at Big Data, because they are the technology of the future and in one way or another, they are aff ecting every field
of industry. Furthermore, companies are increasingly trusting the possibility of using data as a valuable business asset to benefit and bring a
competitive advantage compared to other companies. In the paper is presented also a SWOT Analysis that is conducted about Big Data
information showing the strengths, weaknesses, opportunities, and risks that they carry. Also are presented the challenges of Big Data
Technologies for the future. At the end of the paper, there are conclusions and recommendations about the topic.
KEYWORDS: TECHNOLOGY, DATA MANAGEMENT, BIG DATA, INNOVATION, BUSINESS MODEL
They include data from every source which must be analyzed to
find answers that enable:
cost reductions, time reductions, new product development and
optimized offerings.
When Big Dates are combined with powerful analytics, businessrelated tasks such as:
• Identify the root causes of failures, issues, and defects in near real
time.
• Generating coupons at the point of sale based on the customer's
buying habits.
• Recalculation of risk portfolios in minutes.
• Detect fraudulent behavior before it affects the organization.

1. Introduction
Nowadays, digital technologies are transforming the social and
economic aspects of public and private institutions. It would be
simpler to think that any innovation in data management is a new
beginning and detached from the past. However, most of the new
phases or flow of data management is built on their predecessors.
Data management should include advances in technology in
hardware, storage, networking, and computer models such as
virtualization and cloud-computing. All these technological factors
are transforming the way we manage and utilize data and for this
reason Big Data is the latest trend emerging due to these
technological factors. Big Dates are important because they enable
organizations to collect, store, manage, and control data, to gain the
right knowledge. They serve to control this data at the right speed
and at the right time. The purpose of this paper is the analysis of
high-capacity data otherwise known as Big Data and further their
classification by also analyzing real cases. Great importance is also
given to the areas that this data affects in business or industry and
the challenges for the future. The paper gives information about the
Big Data concept and their management, and a case study for the
e-Albania government portal and the potential for using Big Data.
Also, the importance of Information Data Management in Big Data,
where the impact of this data in businesses or industry is also
studied. E-Albania portal generates large volumes of data and the
collection of various data such as time spent on the site, frequency
of visits, number of transactions performed per visit, location of
users and so on is very important.
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2. The Importance of Information Data Management
in Big Data
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The Big Data Architecture is designed to cope with processes
such as: obtaining, processing, and analyzing data that are too large
or complex for traditional database systems. The threshold at which
organizations can enter the Big Data field depends closely on the
capabilities of users and the tools they own. For some this limit may
be hundreds of Gigabytes while for other hundreds of Terabytes. To
better understand Big Data we need to understand the features they
carry otherwise known as Big Data Vs. In the period of the creation
of Big Data three were the most popular features that personified
these types of data. The potential that data carries must be
understanded, along with the most challenging features, before
embarking on a particular Big Dates strategy. For an optimal
strategy it is best to pay attention to each feature of Big Data, as
each of them affects in one way or another in business. Attention
should always be paid to the value that the business receives from
the use of data. [1]

Fig. 1. 10 Big Data Features
The figure presents the most important areas where Big Data
Analysis is needed.
Data Science

Business
Big Data
Analytics
Labour market
poshtme.

Industry

Fig. 2. The most important areas where Big Data Analysis is
needed

The importance of Big Data does not depend on how much data we
have, but what we do with that data.
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clean with certain identifying information. Allowing someone's
name or other personally identifiable information to a group Data
sent outside the company can not only endanger the client, either
from identity theft or fraudulent scheme, but it can also have an
impact on the company that releases the information.
-Big Data is presented as intellectual property.
Third parties may have rights to the databases, software or
algorithms used to analyze the datasets. The business must ensure
that they have adequate licenses not to infringe on the intellectual
property rights of another party.

3. SWOT Analysis of Big Data Technology and
Challenges expected in the future
3.1. Strength
-- Big Data is the technology of the future.
Organizations are incorporating Big Dates into their processes and
are reaping the benefits of this decision. Numerous market and data
analysts are of the opinion that the use of Big Data and their
analysis (Big Data Analytics) would double the chances for the
business to be more profitable in any kind of market that exercises
its activity.
- Big Data manage the feedback that customers have about the
company [2]
Another strength that Big Data has is the ability to manage the large
amount of data that comes as a result of the appreciation that
consumers have about the company (customer feedback). This flow
of data has come as a result of social networks (social media) as
their customers are more free to express their opinion.
- Big Data can also be presented as a form of Marketing for
companies
Social networks have a direct impact on the marketing of
companies. In the case of Facebook and Instagram, data is
generated about the behavior of users depending on the likes they
have or the people or sites they follow and then ads are suggested
depending on the results obtained. This is a mutual benefit between
companies that create ads and sites in internet or social networks.

4. E-Government and the potential for using Big
Data, Case Study: e-albania portal
With the latest development of information technology,
governments are increasingly relying on computer information
systems for monitoring and decision making. Information and
Communication Technologies (ICT) play an important role in
achieving a strategic goal for a more efficient government. EGovernment refers to the use of modern technology resources, such
as the Internet, mobile, etc., to improve the electronic services
provided to citizens and businesses. The main benefit of eGovernment technology systems is seen in the construction of a
society where information is easily accessible through the public
online services provided. [4]
E-Government is an instrument of a pro-information society built in
the form of governing principles, strategies, systems and tools that
enable the use of ICT in the interaction between key elements of
society - government, citizens and businesses - to strengthen
democracy. and support development.

3.2. Weaknesses
- Big Data technology requires high additional costs
Big Data Analysis is becoming more and more popular and a
standard part even necessary for modern business processes. For
this reason, for small and medium enterprises there will need to be
more training and knowledge transfer, so that they be able to
analyze the data they collect to gain a better insight into what their
customers want and need.
-Technology that is closely related to data quality and analytics
capability. [7]
Another weakness of Big Data is the risk that the conclusions and
information collected from the data will be of poor quality. With the
vast amounts of data available in this type of analysis, data analysts
can mistakenly create false connections between data sets of the
opportunities they represent. So, understanding the available data
and the quality of the data being analyzed can be a major weakness,
especially if analysts do not have much experience in the field from
which the data set was collected.

4.1. Government portal e-albania.al
E-Albania is developed as a multifunctional portal and is considered
as a stop where citizens and businesses are provided with electronic
public services. Services are provided 24 hours, 7 days a week. The
portal started as an investment of the European Union in 2009. In
the early stage, it was very simple including 6 electronic services
and 4 systems connected to the government interaction platform.
The portal connects to the Government Interoperability Platform,
which is the basic architecture that combines hardware, software
and services that enable interaction between all connected systems
of government institutions.
Interoperability platform: enables the exchange of data between
systems in state institutions. The aim is to increase the number of
institutions that are part of the interoperability platform, to improve
the current services for the exchange of data between institutions
and to develop new services for the exchange of data between
institutions. The uninterrupted flow of information through the
interoperability platform reduces the time required for the transfer
of information between state institutions which facilitates the flow
of electronic information which is necessary to provide the
necessary public services to citizens and businesses.
• The e-albania portal already lists more than 600 services that
government institutions currently provide to citizens and businesses.
Some of these services are transactions and are offered through
various online systems.
• Now, in 2022, there are 240 institutions connected with egovernment portal. This is not just a number, but a clear indicator
that reflects the usefulness of this portal how Albanian institutions
provide online services to citizens and their businesses.
E-Albania is offering hundreds of electronic services to citizens and
businesses as well. Many of these services like certificates and
health cards have made their lives easier by saving users time and
money. Many public institutions that are responsible for providing
these online services interact and exchange real-time data with each
other using the interoperability framework. During 2018, over 50
million transactions were conducted through the official interaction
platform. The existence of this platform is the reason why today in
Albania over 30 different documents can be downloaded directly
from the portal equipped with a digital stamp. The impact of this

3.3. Opportunities
-Big Data Analytics is a very good career opportunity
The possibilities from the point of view of a professional
specialized in data management with high capacity (Big Data) are
numerous. Big Data Analytics is not limited to a single language or
a framework. It combines advanced statistical skills with
programming skills, and there are many potential languages that can
be specialized. Furthermore, a data analyst career will require the
use of Excel to clean, organize, manipulate, and visualize data.
Excel is one of the essential tools for data management, so some
knowledge gives priority to performing an analytical data job.
With the provision of data, finance, sales, marketing and Business
Intelligence (BI) as the most popular areas of work for Data
Analysis specialists, the opportunity to use skills in multiple
industries increases. Students and young people who have a
penchant for computers and are excellent communicators looking to
make above average revenue, should see a Big Data Analytics as a
very good career opportunity.

3.4. Threats
- Big Data technology can cause many concerns about the privacy
of social network users or company clients.
As data collection becomes more and more common, there is a risk
that some of this data may be misused. For example, in the field of
healthcare, if a third party was analyzing data, the data should be
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development has been tangible and significant in reducing paper
use.
The e-Albania portal provides analytical data on a regular basis for
each month, which better serve the transparency of the work done
for the portal, the enrichment of the menu, its maintenance and
functionality; various institutions that are represented in e-albania
with their services, but also different media and NGOs for different
work, study, etc. needs.

3) Conclusion drawn after the realization of the SWOT Analysis in
relation to Big Data Technology
a) Big Data combines modern advances in information technology
to collect, store and analyze volumes of data in a very fast time.
However, as long as the amount of data available and the
technology allow for unenforceable applications, care must be taken
to ensure that the analysis is well done with appropriate safeguards
to safeguard the client's privacy.

Table 1. The most used services of the e-albania portal (Source:
AKSHI)
Visit to the portal
New registered users
User in mobile application
Total number of uses of electronic services
Services

4) Recommendations for the use of Big Data Technology in Albania
With the rapid growth of data that Albanian institutions manage to
produce and collect, the time has come to record and implement
various projects in Big Data. These projects can be adapted to the
conditions of our country and are not claimed to be the size of
completed projects in technologically developed countries. Also,
the way of managing these projects and the final result they will
give may not be on the same level with technologically developed
countries, but this does not mean taking the first steps around this
direction.
Some recommendations for initiating Big Data Projects in Albania:
- Creating a database or register where all information assets are
located
- Improving the cyber research infrastructure that enables
innovation in Big Data
- Implementation of various pilot projects in the field of Big Data
- Realization of all these stages focusing on privacy, security, and
ethics
- Close reciprocal relationship between the public-private sector and
academic institutions for education and training of young
professionals or those who want to develop their career around Big
Data Technologies.

4.2. E-albania platform and the need for advanced
analytical methods
This information constitutes a national asset and should be managed
and analyzed in a way that can be used not only to ensure
government transparency, but also to increase national economic
benefits. Access to the e-albania platform generates large volumes
of data and the collection of various data such as time spent on the
site, frequency of visits, number of transactions performed per visit,
location of the user and so on. analyzing this information and
simultaneously analyzing the web, policymakers can develop
metrics to monitor the effectiveness of the e-albania platform. There
are a total of 74 state databases, of which 45 are registered as state
databases, while others are in the process. Despite the fact that
many government institutions in our country have digitized their
systems, in many cases, these systems have been developed without
a communication strategy between them, with the sole purpose of
meeting the internal information needs. Current technological
transformations and the need for fast, accurate, transparent and upto-date information for citizens and businesses, require these
systems to interact with each other sharing large volumes of data.
Not all pieces of data in e-Government can be processed using
traditional analytical methods due to their characteristics, large
volume, processing speed and diversity.
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5. Conclusions
1) Why is the study of Big Data technology important in
theoretical terms.
a) One must understand the potential that data carries, along with
the most challenging features, before embarking on a particular Big
Dates strategy.
b) For an optimal strategy it is best to pay attention to each feature
of Big Data, as each of them affects in one way or another in the
business.
c) Attention should always be paid to the value that the business
derives from the use of data.
2) Conclusions drawn from the case studied: Government portal ealbania
a) Using Big Data, governments can significantly improve decisionmaking, based on the information available and the analytical
techniques used to gain real-time knowledge from fast information
processing.
b) Albania lacks adequate infrastructure for Big Data generation
and management. Policymakers in Albania should consider Big
Data as a step towards moving towards development.
c) Although the e-albania government portal has not yet reached the
level where high-capacity Big Data are managed, we can say that
the first steps are being taken towards this Data Technology as it is
e-albania manages high levels of data being closer to the users the
citizens of Albania.
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technology requires less energy overall due to the low buy-to-fly
ratio, the ratio of primary material to waste, and therefore also emits
fewer emissions [10]. Energy demand for the manufacturing
process could be described by primary and secondary energy.
Primary energy is defined as the energy required to convert the
material from powder to solid metal and is also called “printing
energy” [11]. This also includes process-relevant energies such as
the consumption of the gas pump. Secondary energies are those
which support the process before or after, e.g. for removal of the
powder. As a decisive parameter for the comparison, the specific
energy consumption (SEC) can be used. It is the quotient of the
energy required per kilogram of material solidified (kWh/kg). When
it comes to the analysis of the SEC, available studies are bound to
multiple parameters such as material specifications, machines and
required quality. In addition, the authors study different process
chains and, in some cases, also consider the pre- and postprocessing involved in the additive process. For example, Faludi et
al. studied the life cycle assessment of the L-PBF process including
the whole process chain. For manufacturing, the authors concluded,
that electric energy is the key parameter for the environmental
impact [12].

1. Introduction
Industry 4.0 is shaping the manufacturing environment. Since
its introduction in 2015, the buzzword is used to describe the
paradigm of digitization, connection and interaction of machines,
products and factories [1]. Authors distinguish between several
aspects of Industry 4.0 when it comes to the influence of the
production such as technology, organization and social aspects [2].
The main focus of the research was on the technical aspects
including the development of so-called cyber-physical systems.
These systems are the connection between the digital and physical
world with one of the key systems of additive manufacturing (AM)
[3]. Geometries are designed, simulated and optimized digitally and
the technology allows the user to directly produce the object in a
layer-wise process. The present research, therefore, focuses on
metal AM with the main process of Laser Powder Bed-Fusion
(LPB-F). Introduced as Direct Metal Laser Sintering (DMLS) in
1994, the process evolved over the last three decades towards
increasing material availability, higher quality aspects as well as
process developments. Metal powder is applied to the build
platform in a build chamber. Typical coating thicknesses vary
between 30 µm - 50 µm [4]. A laser unit then melts the
corresponding areas locally. After solidification, the deformed
material embodies the end geometry. This process is repeated until
the component is completed in height. Production usually takes
place in an inert gas atmosphere and is similar to the welding
process. Due to its strong improvements, L-PBF is rolling from
niche technology of rapid prototyping towards serial production [5].
Nevertheless, technology introduction in the production industry is
highly challenging. Besides adjustments in supply chains and
process design for factories, also the economical side is increasingly
important for implementing and using the technology [6]. With
existing subtractive and conventional manufacturing methods,
highly developed, optimized and efficient processes are available.
The comparison on the technical and economical side is one of the
main aspects when it comes to decision making [7]. Initial cost
models pave the way to an economic decision. Within the current
technology, AM seems to be more expensive than conventional
manufacturing, especially for high batch sizes [8]. However, there
are major differences in the literature, also due to the main cost
drivers. These include energy requirements and the calculation of
building time, both directly related to the manufacturing machine
itself.

Nevertheless, the authors argued that a lot of research was done
but with a focus on the polyamide side and other processes [11].
Analysing literature, primary data collection on energy consumption
in the L-PBF process also shows different main consumers during
the construction process. Ma et al. illustrated that the auxiliary
system consumes the most energy during manufacturing, followed
by the cooling system and the laser [13]. In controversy, Liu et al.
argued, that the laser is the most energy-intensive unit, accounting
for more than 68% of the whole consumption [14]. In their research,
Gao et al. showed that the system loss and the secondary energy of
the manufacturing machine are the main energy drivers [15]. This
different understanding might be stated because of the complexity
of energy consumption and the many dependencies. Data collection
in this area of research is highly individual and influenced by many
parameters.
Building time calculations are of crucial importance in
production [16]. For example, supply chains, production planning
and scheduling depend on a correct prediction of the production
time. While conventional methods such as turning, milling and
drilling have relatively short production times, building times of
several days can be state of the art for AM. Accordingly, errors in
the time calculation are to be understood differently. Absolute
errors of a few percent mean a massive relative delay of several
hours in AM. Authors have recognized the importance of the topic
and developed different approaches to solving the construction time
calculation [17]. In principle, models of all powder bed-based
processes, for metal or polyamide, can be applied and transferred to

Energy consumption plays a decisive role in new technology
implementation. The trend towards more environmentally conscious
processes, energy savings and emission reductions are necessary to
achieve climate targets. Different authors have already studied the
environmental benefits of L-PBF and identified advantages [6, 9].
Despite the higher input in the manufacturing process, the
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expected, that classified models get increasingly precise with the
help of AI. This process of the specification should even go further.

each other. Various other models for printing processes such as
Fused Deposition Modelling (FDM), Layer Object Manufacturing
(LOM) or Direct Deposit Manufacturing (DDM) can not be
transferred. Due to the crucial role in AM, authors are trying to
directly drive build time optimization in addition to developing a
build time model [18]. Common optimizations increasingly include
the packing of a building platform within the build chamber [19].
The time for coating or preheating and cooling afterwards is thus
distributed over several components, while the fixed times per
component do not change. In addition, algorithms have been
developed to improve component orientation in the build chamber
[20]. Ultimately, this again increases packing, but with a different
approach. Minimizing the building height reduces the number of
layers and thus reduces the building time.

The following sections are structured as followed. In chapter
two, the methodology is introduced to approach the goals of the
research. The results are discussed separately in chapters three and
four. At the end of the present paper, the results are discussed and a
conclusion of the current state is drawn.

2. Methodology
The methodology for the present research consists of a
systematic literature review as shown in Figure 1. As a holistic
database, Google Scholar connects the largest and best-known
databases, including Elsevier and EbscoHost.

However, in total, three different approaches can be
distinguished in the time calculation. These are the parametric, the
analytical and the analogical approach and were first classified by
Zhang et al. [21]. The parametric approach requires only a few
parameters to calculate a result [22]. Mainly object parameters like
building volume, height, and surface roughness could be considered
to estimate the build time [18]. However, the calculations are
inaccurate compared to the other approaches and are no longer
common due to the complexity of AM [17]. The analytical
approach on the other hand requires a great deal of machine data,
process data and construction data. These are then calculated in
mathematical models and result in a building time. An example of
this is software such as Prusa Slicer, which uses more than 200
parameters to predict the construction time [23]. The analytical
approach is the most accurate but due to its complexity hard to
implement and adapt for companies in the early production stage,
for example, to calculate pricing for external part production.
However, there is an influencing connection between the analytical
and parametric approaches. Research and Industry as the applicator
are looking for a simple, math-based model in the middle of both
approaches in terms of numbers of variables and exact building time
calculation [17]. The analogical approach must be viewed in a
differentiated manner from the outset. While the first approaches
are based on mathematical models, the analogical approach is based
on the empirical collection and use of data [17]. For this purpose,
experiments are designed, components are created and data is
collected based on real building processes. Thus, the model is not
only validated at the end but is based on these empirical data [22].
Within the analogical approach, the usage of machine learning and
artificial intelligence leads to new improvements in time estimation.
Authors are gaining knowledge and first results show, that artificial
neural networks are able to estimate building times precisely by
only including features like size and volume of the part [24]

Fig. 1 Methodology of the present systematic literature search
As synonyms are required to address all relevant literature, the
additive process is defined by the keywords additive manufacturing,
3d printing and L-PBF. Additionally, SLM as the main provider of
L-PBF machines is added. Connected to those keywords addressing
the additive process, the energy consumption and building time are
addressed. Out of these keywords, the search matrix and its results
provide a deep and holistic insight into the topics. As illustrated in
Figure 1, the identified literature was scanned, analysed and results
are formed.

3. Energy Consumption in L-PBF
As introduced in Chapter two, the systematic literature review
identifies the main contributions to the topic. Those are divided into
two stages. The first stage consists of secondary data interpretation.
The authors use existing and published primary data related to the
energy consumption of LPB-F and analyse these data from their
perspective [12, 25–27]. Additionally, authors develop models for
energy consumption forecasts and use those available primary data
to validate. Majeed et al. collected and analyzed existing data in a
small literature search. Metal and plastic processes were examined
and presented. The specific energy consumption for LPB-F was
found to be between 251 MJ/cm3 and 463 MJ/cm3 [11]. The study
focused on the whole process chain which includes the wire erosion
process to separate the object from the building platform. Also, Lui
et al showed power consumption in relation to the building time.
Based on a primary data collection of Kellens et al [28] and Faludi
et al [12] they showed the ratio of different energy consumers using
a Concept Laser M3 Linear machine. The laser unit including the
cooling system had the highest energy demand with an average load
of 2,2 kW [14]. Overall, SEC was between 85,3 and 157,2 MJ/kg.
In a major comparison of energy requirements in AM, Gutowski et
al published an interdisciplinary analysis. In their study, the authors
compare a wide variety of additive processes such as Fused
Deposition Modelling (FDM), Directed Metal Deposition (DMD),
Selective Laser Sintering (SLS) and also LPB-F. Additionally,

If energy consumption is considered concerning the building
time calculation, critical dependencies can be identified. On the one
hand, the energy input of the laser is decisive for the construction
rate and thus for the overall build time. On the other hand, the
energy input can be reduced, which may have a negative effect on
the mechanical properties, residual stresses and the surface of the
component. This trade-off can be applied, for example, to
components where surface finish is not important.
The main goal of the present research is the systematic literature
review of available publications. As shown before, the calculation
of energy consumption and building time are crucial for the
implementation of AM. Current research mostly focuses on
polyamide materials with processes of FDM, Selective Laser
Sintering (SLS) and comparable. To close this research gap in terms
of available data for the LPB-F process, the first step towards a
research agenda is a methodical literature research, to gain an up-todate understanding of the current research status of energy
consumption in L-PBF. Therefore, it is expected to identify
decreasing energy consumption of the machines because of the
technological developments and the increasing resource efficiency
over time. For the building time calculators, a systematic review
and classification of available time estimators are targeted. It is
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conventional technologies such as injection moulding and CNC
Machining were compared [27]. Energy requirements vary between
1.200 MJ/kg (process rate of 0,04 kg/hr) in a single bed building
down to 110 MJ/kg (process rate of 0,056 kg/hr) in a full bed
building [27]. A single bed is defined as producing one object per
building job, a full bed is the maximum of objects per building job.

Fig. 2 Influence of Laser Power, Scan Speed and Overlap Rate
on SEC, adapted from [32]
In the following, the data of Table 1 are analysed and
illustrated. Figure 3 shows the relation of the SEC and the
publication date of the study. It is clearly shown, that there is a
trend towards increasing SEC in relation to the publication of data.

The second stage focuses on primary data collection. For this
purpose, specific building geometries were developed by the
authors, placed on the building platform and the energy
consumption was measured empirically. Often, this primary data
collection is coupled with the development of a simulation tool to
predict the energy demand. To group the data, several
differentiations have been made. To gain a better understanding of
the measured specific energies, the publication date and
respectively the machine type is important. As mentioned earlier,
huge technological leaps forward have been made to increase the
efficiency of AM machines. Moreover, single builds and full builds
need a controversial analysis because of the distribution of the
energy values. Whereas gas flow and cooling of the laser unit is
required unrelated to the number of parts in the building chamber,
researchers have started to consider the energy distribution in their
experiments. Also, the material of the produced object is important
because of the different energies required to melt the material. In
Table 1, all considered literature is shown. It can be seen, that steel
and aluminium are the materials of focus. Many authors have done
their experiments with single bed as well as with full bed
constellations.

S
EC
[k
Wh
/kg]

Fig. 3 Development of Specific Energy Consumption (SEC) in
relation to the publication date of the primary data study

As argued by Gutowski et al, a proper way to compare existing
energy consumption data is the comparison of specific energy and
building rate. This was chosen to illustrate the results in Figure 4.
Despite available data sets, some authors use their measurements
for other aspects of energy demand on AM and do not provide all
data to calculate the building rate.

Table 1: Overview of the literature for primary energy consumption
Authors

Machine

Material

SEC
Build Rate
Config
(kWh/kg) (kg/hr)

[29]
[13]
[30]
[25]
[12]
[12]
[31]
[32]
[32]
[26]
[26]
[26]
[26]
[26]
[26]
[28]
[28]
[33]

EOSINT M270
BLT S200
EOS M 290
SLM250
Renishaw AM250
Renishaw AM250
SLM 280 HL
SLM 280 HL
M3 Linear
M3 Linear
SLM 250
SLM 250
EOSINT M270
EOSINT M270
Concept Laser
Concept Laser
M3 Linear

Steel
Steel
Steel
Steel
Alum.
Alum.
Steel
Alum.
Alum.
Steel
Steel
Steel
Steel
Steel
Steel
Alum.
Alum.
Steel

70,6
112,7
27,2
31,0
166,7
101,1
93,1
142,2
102,6
163,3
117,5
29,4
23,1
94,2
66,9
85,9
148,1
26,9

0,0386
0,0035
0,0763
0,0075
0,0125
0.0164
0.1023

Bui
ld
Rat
e
[kg/
hr]

full bed
single bed
single bed
full bed
single bed
full bed
single bed
full bed
full bed
single bed
full bed
single bed
full bed
single bed
full bed
full bed
full bed
single bed

4 kW

6 kW

2 kW

Fig. 4 Correlation of Build Rate and Specific Energy
Consumption (SEC)

data

It can be seen, that both building rate and SEC vary a lot from a
minimum SEC of 27,2 kWh/kg (build rate of 0,0763 kg/hr) to a
maximum of 166,1 kWh/kg (build rate of 0,0075 kg/hr). The
building rate is decreasing when SEC is rising. This typical
correlation is in line with Gutowski et al. findings [27]. The limiting
factor is the maximum laser power. Once the scan speed is
increased, the building rate is rising and the SEC is falling to a
minimum.

Main contributions and data are provided by Baumers and
colleagues [12, 25, 26, 29]. Also, Ma et al., as well as Ochs et al.,
did some data collection on relatively new machines (BLT S200
and EOS M 290) [13, 30]. Peng et al. focused on the relation
between energy consumption and mechanical parameters such as
tensile and flexural strength as well as density [34]. It was shown,
that there is a direct positive influence on the energy input and the
mechanical properties.

Despite the energy savings, mechanical properties are changing
as stated by Peng et al. [32]. It must be considered that energy
optimization also influences the component quality in terms of
mechanical properties and can change the surface of the parts.
Based on the data, the literature also suggests improvements. One
main factor for energy optimization during the building time is to
use the maximum capacity of the building chamber. Thus this is not
a direct influence, power consumption for heating up and cooling
down the building chamber is distinguished to all parts in the
chamber [14].

In a second study, Peng et al. analysed the relation between
laser power, scan speed and overlap rate in terms of SEC input. As
shown in Figure 2. The specific energy increases with an increased
overlap rate and decreased scan speed [32].
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5. Discussion

4. Building Time Estimation Models for L-PBF
Analysing literature including building time estimators showed
a clear focus of the researcher which is on developing models for
polyamides. Only a few stand-alone publications handle LPB-F
respectively SLS processes such as [16, 17, 22] (Figure 5).

Primary data collected within the literature review was done
with the database of Google Scholar. This assumed that the
gathered data was reviewed on a scientific level. This boundary
leads to a low level of data amount. By the use of other literature
such as data available on the internet besides scientific background,
a wider perspective could be drawn. On the other side, the quality of
data and methodology could decrease.
For energy consumption, metal production is very powerintensive manufacturing compared to other materials and machines
such as FDM and SLS. Over the years, the minimum SEC was
increasing due to higher requirements on mechanical properties,
surface quality and secondary energy efforts such as heating the
building platform and cooling. This was also shown by Gutowski et
al in their review and also accounts for polyamide AM [27]. Going
one step further, high differences in primary energy data lead also to
high differences for cost calculation. Given the estimated electricity
price in Germany for 2022 of roughly 40 ct./kWh, this leads to a
range of about 10 € to 60 € power costs for one kilogram metal
objects. Nevertheless, energy is a small amount of overall costs, this
has to be taken into account as well.

Fig. 5 Types of Publications Including Building Time
Estimators

Most estimators are introduced in combination with cost
accounting models. As a key part of the machine costs, authors
mostly developed simple ways to roughly calculate the building
time [35]. Also, complex models within their cost calculation are
introduced [36]. Building upon those stand-alone publications and
the integrated estimators in cost models, the next level of
complexity are algorithms implemented in programmes for STL
files preparation and build processors for AM machines. Those
programs calculate the building time based on data sets provided by
their company as well as on experiences of the user and completed
jobs. Mostly machine data such as hatch distance, layer thickness,
scan power, scan velocity and coating time are used. This method is
close to machine learning approaches when empirical data are used
for improvements. One of the biggest providers of those programs
is Magics Materialise. Nevertheless, there are rarely scientific
publications including Software for improving building time
calculations. As shown in Figure 5, the most complex type of
building time estimators are machine learning and artificial
intelligence (AI) approaches. There is an increasing number of
authors suggesting and developing those algorithms. Even though
this approach could be classified as an analogical approach, there is
a huge potential to increase the accuracy of estimation by using
very few parameters (Figure 6).

Also, building rates and quality standards of LPB-F processes
have risen over the decades [32]. More laser power, preheating and
cooling is required to fulfil the properties which also lead to a
higher SEC demand. However, the SEC is limited by the number of
lasers and the maximum laser power.
Nevertheless, primary data was mostly generated using older
AM machines with older hardware. Since the developments of
software and hardware in the technology sector are rapid, the
authors suggest new experimental data collection using the newest
machine generations. As the relatively new machine EOS M 290
(release year 2016) indicated by Ochs et al, the result showed a
decrease of SEC to about 27 kWh/kg [30].
For the calculation of the building time, authors have introduced
different models with different scopes. Most models can be found
within a cost accounting approach using analogical methods. As
production planning and calculation is important, the inclusion of
the models is a logical way to present the building time models. As
classified by Oh et al, the accuracy of the models depends on their
methods [17]. Whereas currently, the most precise method is the
analytical way, the authors assume that artificial intelligence has a
great influence on precision and input parameter reduction at the
same time. This was confirmed with results using the method [17,
24]. Additionally, AI approaches are easy to apply and variable for
the user. However, the requirement here should be an appealing
graphical user interface that enables the end-user to perform a quick
and simple calculation.

6. Conclusion
Energy consumption and building time calculation are key
elements for AM implementation in productions. Nevertheless, it is
not possible to exactly calculate both energy and time demand as
forecast. This is shown by the present research. Further priorities
can therefore be placed on the development of simulation models
based on Artificial Intelligence. Whereas for building time
estimation this trend can be observed increasingly, structures and
algorithms, as well as proper data sets, have to be developed for
energy demand.

Fig. 6 Classification and Potential of Different Building Time
Estimator Approaches for LPB-F processes, aligned to [17]
The relation between non-machine-parameters (geometry,
volume of the part, box volume) and building time is very attractive
for fast calculation. As stated by Oh et al., parametric estimators are
the most inaccurate method even though there are just a few
parameters necessary. Analytical approaches on the one hand
require a high number of input parameters, on the other hand, the
accuracy is among the most precise [23].
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Benefits of Industry 4.0 in manufacturing textile sector: Case study: implementation of RFId
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Abstract: The importance of industry 4.0 is increasing continuously in the apparel sector. The evolution in manufacturing with
implementation of the new modes of production nowadays is widely known. The benefits that come from each new development in the digital
information technology has to be fasten embraced. The main advantage is the improvements of the supply chain efficiency. The innovation
based on the industry 4.0 allow companies to optimize their actual production systems and enhance more efficient processes. Smart
manufacturing can help the apparel industry more specifically by making the concept of affordable mass customization in reality.
This paper helps us understand how industry 4.0 affects manufacturers in the apparel industry. We are going to illustrate this through a case
study in a garment factory. There are several ways of advanced digital technologies that can assure high efficiency in the production. The
actual production process is batch flow and the company is implementing a new tool which is RFId (Radio-frequency identification or
radiofrequency identification) technology. Connected an RFId Tag to a part of the product to be tracked, each piece can be monitored in
real time, having all the location and traceability information and machine data in real time piece by piece. Items and products can be
monitored as they move through the factory allowing for quick and automatic identification without errors. This allow to maximize the use of
production resources and correctly optimize stocks of raw materials.
Keywords: PRODUCTIVITY, BATCH FLOW, DIGITAL TECHNOLOGY
• Increases productivity
Batch flow is one of the essential and successful production
processes. Based on this process, a manufacturer can produce
multiple products simultaneously.

1. Introduction
These last decades many studies have been made in Operational
management and international business about international location
choices. There are many researches focused on the motivations of
the offshoring phenomena. According to Dunning categories the
main drivers of the offshoring are:
a)
Efficiency-seeking motivations. The company goes to
produce in a different country to take advantages of costs. Access to
low cost production.
b) Resource-seeking motivations. When a firm wants to have
access in resources not available in their country. Access to
resource and knowledge
c)
Market-seeking motivations. The company goes to
penetrate in new markets. Exploitation of market opportunities.
Different researchers have analysed other motivations of the
offshore firms. They are focused on considering the developing
countries as a geography motivation of the offshoring. This is the
case of Albania chosen as a destination of the offshore production.
Subsequently, this might have some risks and challenges like
exchange rate variations, governmental pressures, quality issues,
and offshoring costs [1]. Also the implementation of industry 4.0,
the effects of covid and changes in cost advantages in some foreign
markets have influenced the decisions of offshoring. Some firms
choose near countries to them due to transportation cost and deliver
time.
Considering this context the research questions of the study are:

Batch processing implies the processing of bulk material in
groups. In this process, subsequent batches should wait until the
current batch moves to the next work place. The most important
advantage of batch production is the lower initial setup cost. It’s
considered easier and cheaper to implement a batch processing
equipment. Batch processing also allows you to set up each process
uniquely. The batch processing goes much slower, this is the reason
that the overall cost of processing goes up. Starting up and using
batch equipment can also increase energy consumption and increase
the quality discrepancy between batches. This can lead to lost
production and compromised quality if the batch process isn’t
monitored closely.
Advantages of Batch flow process are several such as: the
reduction of initial set up costs, implementation of equipment
relating the batch processing system in an easy and cheap way, set
up each process separately, it increases flexibility to produce
different types of products. The batch process is suitable for
garment and seasonal products manufacturing industries. By
adopting this process a garment factory can manufacture different
color, different sized clothes.
Batch flow has also Disadvantages. It is not a suitable process
for all types of industries. Its processing cost is high. Equipment
used in the batch process requires more space. Additional laborers
are required to move the products from one place to another. With
the flexibility of the batch process, the textile industry can
immediately attain the demands of the client.

a)
Which are the difference in efficiency term between three
methods of production processes Continuous flow, batch flow and
RFId technology?
b)
How can digital information technology affect the work
flow improvement?

2.

The revolution of Industry 4.0 in the production processes has
proven to be very advantageous in the technology and the
improvements made to supply chain efficiency, Industry 4.0 allows
companies to optimize their existing systems and grow to create
more efficient processes. Some of the many benefits of Industry 4.0
include:

Literature review

The production process is one of the success factors of the
business. The continuous flow process involves moving one work
unit at a time between each step of the process — with no breaks in
time, sequence, substance, or extent. Continuous flow saves time,
energy, and costs and when implemented correctly, it can:
• Reduce waste
• Save money by reducing inventory and transportation costs
• Increase productivity by completing more units in less time
• Improve quality by making it easier to spot and correct errors
• Cut down on overhead via increased stability and reduced lead
times
• Adapt to customer needs more effectively compared to batch
process

1. Scalability
2. Security
3. Control and Visibility
4. Customization
5. Customer Satisfaction
Among various retrofit technologies, Radio frequency identification
(RFID) [2] has been one of the most promising technological
innovations of the last decades in the industrial and manufacturing
fields. This technology represents one of the main pillars of IOT. It
has been widely implemented all over the world and its impact on
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our daily life is very diverse and massive. Despite the numerous
benefits claimed, several barriers, like costs, lack of understanding,
technical and privacy issues, have limited its penetration within the
Small and Medium Enterprises (SMEs) [3, 4]. In particular, for
SMEs, there are still many enabling factors that can contribute to its
diffusion and application. Those diverse applications include
logistical tracking, monitoring and maintenance of products,
product safety and information, payment process [5].

o 37 large baskets and 5 small baskets were brought to the line
(for small product parts and labels), and a report was created
for the delivery of the baskets by the head of line.

Radio frequency identification, known also as RFID, refers to a
technology to automatically identify and track tags attached to
objects. A RFID system is generally constituted by a tag (or label)
and a reader. RFID tags or labels are embedded with a transmitter
and a receiver. The RFID component on the tags have two parts: a
microchip that stores and processes information, and an antenna to
receive and transmit a signal. RFID is similar to barcoding in that
data from a tag or label are captured by a device that stores the data
in a database. RFID, however, has several advantages over systems
that use barcode asset tracking software. The most notable is that
RFID tag data can be read outside the line-of-sight, whereas
barcodes must be aligned with an optical scanner. There are three
types of RFID tags: active, semi-passive and passive RFID. Active
and semi-passive RFID tags use internal batteries to power their
circuits. An active tag also uses its battery to broadcast radio waves
to a reader, whereas a semi-passive tag relies on the reader to
supply its power for broadcasting. Because these tags contain more
hardware than passive RFID tags, they are more expensive [6].

o Communication was maintained with the preparatory
departments for the problems encountered such as: lack of
leaks from the cutter, which caused delays in production and
increase of operations, insufficient supply of the line with work
from the sublimation ward, which caused blockage and
irregular work flow;

3.

o Work flow was organized in baskets with a certain number of
pieces;
o A special inbound work register was created, as well as an
interconnected work register.

o It was ensured that the work brought to the line from the above
mentioned departments, to be coordinated, as from the noncoordination problems arose such as: non-compliance of the
measures with the parts received from the serigraphy and
transfers. This made impossible to finish the entire product
causing blockage as well.
The start of the application of the method with baskets in line no. 1
was made on May 19, where the first batch of work was released on
May 21.

Methodology

In this section, the case of study of an industrial company is
presented. The main information about the production processes
and the related technological diagrams are summarized. The case
study regards the prospective of an implementation of RFid
technology in a garment factory.
In the framework of continuous improvement and increase of
efficiency in production lines, the department of industrial
engineers applied the alternative method of batchflow. The next
step is to integrate an RFID solution into the manufacturing system.
It is hoped that the RFID solution will allow the factory to view the
process in greater detail in terms of job and equipment location in
real time. The real time manufacturing system will provide a
transparent view of the process to Pre-prep, production and
operation control. This electronic view will allow each department
to have up to date process information with no need to ask the other
department, thus greatly reducing the requirement for personnel
interaction. Personnel interaction is a major fluctuating unknown,
which can be very wasteful. The real time view will also build a
history database of the information gathered, as well as having the
ability to hold any additional notes the operators may want to add
[7].
To test and analyze the functionality of this method, was initially
selected Line No.1. This line was selected because it is composed
by workers with considerable experience in sewing, and have
produced products of a high difficulty. Several factors, which have
direct impact on the method, have to be analyzed before applying
batch flow method like sewing operations tab, machine layout,
Supply of line with warehouse accessories, line supply from
previous phase, and coordination of previous departments.

Fig. 1: Productivity May 2021, June 2021. Line results before and after
applying the batch flow method

As we can see in the graphic presentation, during these days there
has been a decrease in the productivity of the line as we lost a lot of
time arranging each worker, so that the basket passed to the next
employee only after finishing all the basket and arranging the line
so that you do not have work blockages. The line with moving
machineries and workers was arranged.

4.1 The results of the batch flow implementation
The steps followed for the application :
o The head of line and all the other persons related to the
production were informed about the application and operation
of the new method;

Problems were encountered with the preparatory wards stamptransfer, where the problem was the lack of coordination of work in
these two wards which were then followed in line.

o The layout and the sewing operation tab were assessed ;
o The Stickers were created and printed in quantities according
to the order
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belts or being moved around by staff on trucks or forklifts. As the
tags move around the factory floor or the warehouse they pass by
readers and the tags can be then tracked using intelligent software
and database application. In modern manufacturing facilities, there
are work flow process systems that can be improved to reduce the
overall work load and increase the total work throughput. This
project initially assessed a manufacturing plants work flow
processes and evaluated them against industry best practices [8].
RFID was identified as a technology which could help stream line
the flow of work on the factory floor. RFID is becoming a
technology that more and more label purchasers are requesting to
fulfil their own manufacturing processes. Having this technology
already in companies’ portfolio allows them to be proactive in
selling the technology in the market place and not be driven to it by
customers who could go elsewhere in this competitive market
space.

4.2 Benefits and Difficulties from the implementation
of batch flow method
1. Difficulty in perception of the method. This difficulty has been
encountered both by the employees and by other persons, who at the
beginning thought that it would be without result and obstacle for
the line. Some employees have really had this difficulty from
encountering this way of functioning for the first time, but some of
them also from the desire not to accept it as a method and to make it
not work. In the beginning, the method was not followed properly,
and there were cases when they returned to the previous operation.
2. Loss of adhesives (stickers) by employees
3. Mark the quantities on the printed adhesives with a pen
4. Lack of bins for applying the method
5. Lack of accessories (badge, cartons) for the bin identification
number
Benefits

6. References

Accurate identification of inconveniences from the beginning
More regular lines also aesthetically
Improvement of productivity
Quantities produced and declared correctly by employees
Reduction of repayment in production lines
An easy control and management of lines
Valuation based on real quantities for employees
Accuracy in products that have different color.
Tracking progress line and identifying quantity location for each
hour
Reduction of inefficiency in production lines.
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Conclusions

Continuous Flow vs. Batch Processing. Overall, the biggest
difference between continuous flow and batch processing in
manufacturing is how many products go through the process
together. In batch processing, because entire batches are processed
at once, it’s harder to have good quality control. Often, defects are
not caught until the entire batch has been completed. Continuous
flow processing makes finding defects and fixing them easier.
Because one product is completed at a time, checking the first
product and then adjusting the process if needed allows for defects
to be easily prevented. Both processes have their advantages and
disadvantages. However, because of the decreased cost, increased
quality, and increased productivity, continuous flow is usually the
better choice in most applications.
To summarize, batch flow is a system that works best for
manufacturing and assembly line processes. It utilizes the concept
of ―batch size‖ to make an entire group of units move through
production at once to minimize costs by reducing inventory levels
(which require more space) and avoiding setup times between steps.
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Continuous flow systems are also popular because they provide
better customer service, allowing faster response times during peak
periods, reduce labor requirements on each step of the process, and
keep up with changes in demand or product design without
disrupting operations.
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It is often said in the automation industry that to control, you
must first measure. Radio frequency identification (RFID) is a noncontact, long distance, water proof, high temperature resistant, data
storage, automatic identification system. These attributes make
RFID the ideal solution for tracking and measuring the flow of
physical items throughout a plant. The RFID system comprises of
an integrated collection of components, the tag, the reader, the
reader antenna, a controller, a sensor, actuator and annunciator
(optional), host and software system and communication
infrastructure [7].
RFID systems are becoming more and more embedded in the
supply chain. Tracking goods in the work place has been identified
as one area where production can be improved. RFID technology
can be used in different manufacturing scenarios such as being
attached to items that are moving through the factory on conveyer
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Abstract: Rapid progress in the field of industrialization and informatization methods has led to huge progress in the development of nextgeneration production technologies. The Internet of Things (IoT) is a pervasive technology, and now it is used in all areas of everyday life,
from healthcare to technological production. The new industrial revolution began with connected technologies supported by the Internet of
Things. However, the security of the Internet of Things is still an open question since in case of unauthorized access, data from sensors can
be changed, for example, by a user with authorized access rights, which can lead to unforeseen consequences.
Keywords: IOT, BLOCKCHAIN, DECENTRALIZATION, INFORMATION SECURITY

1. Introduction
At the moment, centralized servers are used to collect data from
IoT devices, which are an additional attack vector and should also
be protected, because if the server is unavailable, data from the
devices will not enter the database or in case of unfair hosting on
which the servers are deployed. Some of the protection methods
may be quite effective, but they do not give much guarantee. At the
moment, there is a trend towards decentralization, which is
gradually coming to replace the client-server architecture, which is
much more widespread at the moment. Unlike the client-server
architecture, the decentralized blockchain architecture has several
security advantages [1-2]:


trust is based on a mathematical model and is supported by
cryptographic methods



natural immunity to single point of failure (SPOF)



immunity to replay attack

Fig. 1 Example of blockchain principles.

In the basic architecture of the blockchain, each transaction
needs to be verified which cannot be altered. The blockchain is a
Peer-to-Peer network of connected devices, when a transaction is
added, it is transmitted to all nodes available in the network. After
all nodes received transaction a validation of transaction is started,
usually blockchain network uses SHA-256 algorithm for hash
generation. After successful validation the block is going to the
ledger chain and added existing blockchain, this process illustrated
at Fig 2 a-c.

However, there are several problems related to the performance and
scalability of classical blockchain models, such as Bitcoin,
Ethereum etc. The alternatives proposed by other researchers [3] do
not consider such features of the field of medicine as:


connection with other data, since it is necessary to know to
which patient data relate to



more efficient data storage mechanisms

2. Preconditions and means for resolving the
problem
Fig. 2a Transaction request in blockchain network

The main goal of this work is to create a more efficient
blockchain model that can close the above problems. To consider
any options, it is necessary to find out how the blockchain works.
When each transaction occurs, it is recorded as a “block” of data,
these transactions show the movement of an asset, which can be
tangible (product) or intangible (intellectual). The data block can
record information of your choice: who, what, when, where how
much and even the condition — for example, the temperature of
food delivery. Each block is connected to the blocks before and
after it, these blocks form a chain of data as the asset moves from
place to place or changes hands. The blocks confirm the exact time
and sequence of transactions, and the blocks are securely linked to
each other to prevent any block from being modified or a block
inserted between two existing blocks. Each additional block
reinforces the verification of the previous block and, consequently,
the entire blockchain. This makes blockchain forgery obvious,
providing the key strength of immutability. This eliminates the
possibility of an attacker interfering and creates a transaction
registry that you and other network participants can trust. An
example of a blockchain scheme is illustrated in Fig. 1 [4].

Fig. 2b Transmission of transaction in blockchain network
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Fig. 3 Proposed blockchain model

The network permissioned and almost private, that is, for each
new device, its registration in the network is required. IoT devices
will be in the “external” layer from which requests will be
submitted to the cloud, the server is selected depending on its
availability, thus decentralization can still be ensured and protection
from SPOF is provided. the only drawback of this approach is the
fact that you may have to do additional configurations that may not
be supported by some devices. The channels are the points where
IoT devices will transfer data, also they are representing
connections between hospitals which can be located on a different
cloud.

Fig. 2c Validation of transaction

There also several types of blockchain:
 public
 private
 permissioned
In public blockchain anyone can join and contribute to the
network. Anyone can read, write, and audit the ongoing activities
on the public blockchain network, which helps a public blockchain
maintain its self-governed nature. But there is also a downside of
that approach because this type of blockchain becomes more and
more power consuming the more participants join it.

Blockchain managers are used to generate and compress data to
blockchain, they also act as sources for smart contracts, since it
stores a replicated copy of the blockchain network.
The validation of the network blocks is handled by the
“council”, it contains N devices performing validation, thereby
providing SPOF protection in case one of the nodes is unavailable
for validation by the “council”. The “Council” has mutual access
with “blockchain managers” this is shown in Fig 4.

Private blockchain allows only verified participants by
authentication or verified invitation. It also allows execute
the consensus protocol that decides the mining rights and rewards
and maintenance of the shared ledger.
Permissioned blockchain is a combination of public and private
blockchain with customization options.

3. Solution of the examined problem
An important factor is the data for which interaction is planned,
at the moment data are considered as: blood pressure. cholesterol
level, glucose level. AST, ALT. The data in the blockchain will be
generated based on the device identifier and the data read by the
sensor.
In the case of applying a conventional model to IoT devices,
several problems arise:
Fig. 4 Council scheme.

 IoT devices don't have as much storage space for the
entire blockchain

Based on the diagram in Fig 3 and Fig 4, the following
interaction is planned:

 the computing power of the devices does not allow for
more complex computing processes

 The IoT device sends a request to add to one of the
channels

In this regard, it is proposed to transfer the entire formation of
the blockchain to decentralized servers according to the model
described below in Fig 3. This will solve the problem that it is
necessary to perform calculations, as well as store data on an IoT
device.

 One of the blockchain managers forms a request and
sends it for validation to the "council"
 After validation, the blockchain is updated for everyone
 If another medical professional needs to apply for some
data from sensors, for example for research, he can do
it using smart contracts
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4. Results and discussion

6. References

The result of this work was an alternative model for
decentralized and more secure storage of medical data. The model
covers the entire cycle of data circulation, from sending from IoT
devices and ending with the secure receipt of data by a third party
using smart contracts.
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However, there are points that require additional consideration.
For example, how many blockchain managers and members of the
"council" are needed for the best performance and how to calculate
amount of them? What configuration should these devices have?

5. Conclusion
This work suggests an alternative blockchain model that has the
potential to be more efficient than other models. The proposed
model was reviewed, its main modules were described. The source
code
and
data
can
be
viewed
here:
https://github.com/DemonEach/med-blockchain-iot.
The study was supported by a grant from the Russian
Foundation for Basic Research and the Tyumen Region within the
framework of the scientific project No. 20-47-720005 and the
RFBR grant 22/2020.
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Abstract: Fintech is increasingly important and potentially the most rapid change in financial services sector, changing the way financial
services firms operate and transforming debt and equity markets, payments, credit assessment, regulatory compliance, personal finance and
many other facets of financial services. The aim of the article is to analyze the impact of Fintech on the financial services market in Poland
in the 21st century, with particular emphasis on the banking and insurance sector. The author intends to answer the question whether
modern solutions proposed by IT companies in the field of payment processing, data collection and processing in Big Data technology and
financial consulting constitute competition, or are complementary to financial services offered by banks and insurance companies, and to
identify opportunities and threats for the further development of Fintech in Poland.
Keywords:FINTECH, FIANCIAL MARKET IN POLAND, DETERMINANTS, OPPORTUNITIES, THREATS.
7. Online customer identification: To identify people remotely
through electronic means
8. Big data: Entities that generate added value with the collection
and management of data, and intelligent analysis of data (including
Artificial Intelligence) and generation of services using this data
9. Financial infrastructure: Improving existing technology for
financial service provision
10. Advice and financial management: Investment advisory
services, management services or trading platforms
11. Personal financial management: Comparison websites for
financial products, and personal finance optimization services
12. Neobanks and challenger banks: Online, fully-digital
(branchless) banks using alternate traditional models, e.g. using
smartphone apps for account management, or using social networks
to establish relationships with clients.
The Fintech sector develops worldwide, but the pace and the
direction of this development are different in each country.
According to the ―Global FinTech Report‖ of PWC (2019), almost
half of all firms in both financial services and technology, media
and communications (TMT) have fully incorporated FinTech-based
products and services into their strategic operating models [3].
According to the ―Pulse of Fintech H2’21 report [4], global fintech
investments in 2021 recorded US $ 210 bn (with 5,684 deals).
It should be noted that in addition to the opportunities related to the
development of the Fintech market, there are also new threats,
especially related to operational risk (cybercrime, IT system
failures, imperfections related to the increasing use of Artificial
intelligence (AI) in the area of financial services). A separate, new
type of risk are hacker attacks used in military technology (eg
Russia's war in Ukraine), but also a serious threat to civil
infrastructure, and for the financial services sector and its
customers.
In the first part of the article, a review of the literature on
development of Fintechs will be presented, as well as the
classification of the main segments of the Fintech market in Poland
and the main types of operational risk relevant to this market. The
second part will present the overview of the Polish Fintech market.
In the third part results of research on the opportunities and threats
of this market in Poland will be presented and discussed. In final
part conclusions will be formulated.
In the research, which results are presented in this paper, the
methods of analysis and synthesis, description and explanation as
well as the method of critical analysis of the literature were used.

1. Introduction
Financial Technology (abbreviation: Fintech or FinTech) refers to
use of software and digital platforms to deliver automated and
improved financial services to consumers (individuals, companies
and institutions). Fintech denotes companies or representatives of
companies that combine financial services with modern, innovative
technologies. As a rule, new participants in the market offer
Internet-based and application-oriented products. This new, digital
tools are sources of product and process innovations in financial
sector, and often challenge and disrupt established business models
(for example in banking industry, insurance, mutual investment
funds and asset management companies) by creating new and more
efficient means of service delivery (multi-channel, digital and
mobile access), as well as new, more tailored products.
While innovation in finance is not a new concept, the focus on
technological innovations has increased significantly. Fintech
solutions that make use of Big Data analytics, artificial
intelligence and blockchain technologies are currently
introduced at an unprecedented rate. Fintech is increasingly
important and potentially the most rapid change in financial
services sector, revolutionising the way financial services firms
operate and transforming debt and equity markets, payments, credit
assessment, regulatory compliance, personal finance and many
other facets of financial services.
Fintech is transforming and impacting the financial services
industry in many ways – in terms of operations, customer
experience, regulations [1]. New ways of communication of the
customer with their bank, insurer or other financial institution,
additional functions in mobile banking and surprisingly simple
payment methods (eg. payments by phone or watch) - these are just
some chosen areas of everyday contact between technology
customers and products from the Fintech sector [2]. Fintechs have
entered a new stage of their evolution: from competitor to trusted
partner of traditional financial institutions. Through partnerships
with traditional financial institutions, Fintechs can scale their
technology and access growth capital, and financial institutions can
improve product offerings, increase efficiency, and lower costs.
These are all goals with special relevance to low-income customers,
who look for products that are more convenient, less expensive, and
higher quality.
Fintech companies can be categorized into the following 12 types,
based on the services offered:
1. Debt financing: Lending services without the need for collateral
and borrower evaluation
2. Transactional services/currency trading: Similar to that of banks
but at a lower cost
3. Payment methods: Electronic means of payment
4. Crowdfunding /crowd lending: Raising funds for the purpose of
investment
5. Cryptocurrencies and blockchain: Cryptocurrencies as a digital
means of exchange as well as the technology they are based on
(blockchain)
6. Insurtech: Companies that apply technology to the insurance
sector

2. Literature review
Fintech issues are of increasing interest to researchers not only in
technical sciences, but also in management sciences, economics and
even the humanities. There is nothing surprising in this, as the next
civilization breakthrough related to the introduction of Industry 4.0
also covers the financial services sector, which has a huge impact
on the socio-economic development, as well as on the lifestyle of
consumers around the world. The investigation of drivers and
barriers of Fintech development requires an interdisciplinary
approach. In this short literature review, only selected publications
149

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

in the field of management sciences and economics will be
considered.
The researchers representing management sciences are interested in
the Fintech business models [5-7]. The analysis of the 629 FinTech
business model papers in the Web of Science database indicates that
currently the most hot-topic in FinTech research are mobile
payment, microfinance, peer-to-peer lending platform, and
crowdfunding. The research shows that the traditional and newfinance co-exist and cooperate one with another, instead of
competing [8-9].
The greatest advantages of the products offered by Fintech sector
indicated in the literature [8-9] are:
 reduction of transaction costs (in comparison with traditional
banking, insurance or asset management operations),
 enabling real-time settelments (eg. on-line money transfers or
payments);
 the possibility of investing in different categoriesof financial
and real assets (commodities, Real Estate, raw materials etc.)
via special on-line trading platforms and instruments, available
also for individual customers, not only for corporate clients.
Another subject of research is risk management framework for
Fintechs. It is important for financial market supervisors (state
institutions) to use such a framework to monitor innovative
products proposed by Fintechs, and to use advanced supervisory
technology (SupTech). Also Fintechs need clear regulations and
support to improve their competitiveness. Many authors analyzing
Fintech market came to conclusion that there is a need to transform
compliance and supervision to develop uniform, market-driven risk
management tools, which could help to mitigate the barriers
between Finches and supervisors. Especially operational risk
management is important for the current and future development of
Fintech sector. Risk management models and tools are needed,
which are relevant for the main three technologies used by Fintechs
[10]:
1) Big data analytics, with its application to peer-to-peer lending,
with main risks arising from credit risk, and systemic risk;
2) Artificial intelligence (AI), with its application to financial
robo-advice, with main risks arising from market risk and
compliance risk;
3) Blockchain, with main application to crypto-assets, with main
risks arising from fraud detection, money laundering risk, IT
operational risk and cyber risks.
Fintechs which use Artificial Intelligence I are exposed to new
types of AI (see table 1).

Supervision Financial Authority (Komisja Nadzoru Finansowego,
abbreviation: KNF) has not enough legal and IT tools to effectively
control this market [15]. The working group of KNF has identified
changes in legal environment of Polish Fintech sector (see table 2).
Table 2. Examples of required changes in legal environment of
FinTech identified by the KNF working group
Required action
Require
regulation

Process Risk
- Risk of
algorithms
(bias)
- Risk of
algorithms:
feedback
- Risk of
algorithms:
abuse

new instruments for start-up funding
compulsory
publication
interpretations for the KNF

of

rules

creating a mechanism to review the KNF
interpretation
legal and business
transborder payment

advice

for

new

services providers
national framework for crypto assets
including taxation;
Regulation
change

possibility to dematerialize shares
companies
clarification of rules for
instruments digitalization

in

financial

possibility to tokenize documents such as
cheques,
bills of exchange, waybills or bills of
lading
allowing for digital document form to
substitute written form
decreasing length of getting a license for
payment services process;
excluding small payment institutions from
obligation
Interpretation/
practice change

of data processing in computing cloud
precise interpretation of
―innovativeness‖ by the KNF

the

term

provide possibility for new securities
creation

Table 1. New operational risks triggered by AI
People Risk
- Risk of loss
authority
- Risk of loss
control
- Risk of losing
job (substitutes
by AI)
- Risk of losing
skills
Source: [11]

Expected outcome

robo-advice – clarification whether there is
a need for regulated

IT System Risk
- Erroneous
conclusions
and/or
false positives (IT
system)
- Risk of cyberattack

outsourcing requirements for the algorithm
provider
Source: [12]

Overview of the Fintech sector in Poland
Poland is the biggest Fintech market in Central and Eastern Europe,
with an estimated value of €856 million (the whole estimated value
of innovative financial solution in East and Central Europe
respectively: €2.2 billion [15]. The number of Fintech companies
has been increasing systematically, also during COVID 19
pandemic (see Fig. 1).

Electronic, automated payments can be used for different purposes also for money laundering or even terrorist financing. Anti-money
laundering (AML) and terrorist financing (TF) in financial
institutions are regulated by the Fourth Anti-Money Laundering
Directive of European Union (AMLD4). This directive has been
implemented in Poland also for Fintech sector. It integrates the
AML/CTF (counter terrorist financing) system with the
international money laundering (ML) and terrorist financing
standards adopted by the Financial Action Task Force (FATF).
Poland is a member of the FATF.
Nevetheless, many issues related to dynamic development of
Fintech sector in Poland have not been regulated, and Polish

Fig 1. Number of Polish Fintech companies operating in Poland
from 2018 to 2021
Source: [13]
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The Map of Polish Fintech sector included 273 Fintechs and fintech projects on 2021. Additionally, 39 companies were included in
the foreign section, which covers foreign entities providing their
modern financial services to Polish clients. In total the Map of
Polish Fintech 2021 includes 312 companies [14-15]. The most
represented sector on the Map of Polish Fintech 2021 are Digital
Payments. 66 Fintechs provide various payment services, with
expected total value of US $ 50.40 bn in 2022. In Digital Payment
segment, the number of users is expected to amount to 21.35 mln.
users by 2026 [16].
The second on the list is the „software providers‖ sector. Twenty
Fintechs provide corporate financial management services and 17 personal finance services. The same number of Fintechs, other than
lending companies, provide various services in the area of loans and
credits. Insurtech deserves special attention. In 2020 the Map
included eight entities classified as Insurtechs. In 2021 there are
twice as many, i.e. 16. It is a significant growths.
Most of services provided by Fintech companies are offered to other
companies (B2B) or to banks. Only half of Fintech ventures
dedicate their services/products to individual customers.
The main fields of activity of Polish Fintechs can be also classified
in different way (see table 3)
Table 3. Polish Fintechs: fields of activity
Payment
Mobile payments
Online payments
Mobile transfers
Other form of payments
Analytics
Big data
Data (business) analytics
Big data analysis
Machine learning
Artificial
intelligence
automated advice
Chatbots
Banking infrastructure

Distributed
technology

ledger

Deposit and lending

Investment
management

InsureTech
Accountech

Fig. 2. Participation on the map of Polish Fintech market
Source: Cashless.pl
The Global Financial Centres Index (GFCI) ranks capital of Poland
as the 12th most competitive major Financial Centre in CEE, and
45th in the world. Just 9 years ago (2013) the term ―Fintech‖ was
not widely known in Poland. But local financial institutions (such as
MBank or Multibank) were one of the most innovative in Europe. It
hasn’t changed since then.
The development of Fintech sector in Poland takes place in
conditions specific to local market. It should be noted that there are
some differences between needs and capabilities of Polish
consumers of financial services in relation to residents of other
economically developed countries. Compared to high-income
counties, Polish adults less often save money and less often keep
their savings at a financial institution, although a positive saving
trend can be observed over time. Similarly, borrowing money is less
popular in Poland than in other high-income countries, for example
Euro Area countries (see table 4).
Table 3. Chosen financial inclusion indicators in Poland

used

for
Indicator

Euro
Area
Personal Savings (as % of GDP)* 1.23
13.34
Households Debt to income**
55.9
96.79
*Data from December 2021 ** Data from December 2020
Source: [17]

User interface
Processing enhancement
Infrastructure technology
Software companies in the financial
sector
Cryptocurrency
Crowdlending
Invoice trading
Crowd investing
Crowd lending
Invoice trading
Roboadvisor
Social trading
Hybrid models
Advice supported Digital investing
Software technology in insurance
Software companies in the financial
sector

Poland

Fintechs are developing and expanding in co-operation with
traditional financial institutions. The banks are good examples of
ventures that are driving innovation. They constantly invest in
improvements and novelties in various areas, such as modern sales
channels (including online channels), remote client service
technologies, digitalization of traditional branches or new payment
methods.
One of the sources of dynamic development of Fintech sector in
Poland is strict co-operation with traditional banking sector. for
example, in 2017 five Polish banks took part in fintech Alior
Bankprojects (see table 5).
Table 5. Six Polish banks conducted an assessment of Fintech
projects

Source: [16]
The biggest center of Fintechs is Warsaw, home to nearly 45% of
startups in the country, and also a hub of financial technology in the
region. Other important Fintech centers are Poznań, Wrocław, so
called Tri-city (Gdańsk-Gdynie-Sopot, on Baltic See), and other,
smaller destinations (see fig. 2).
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Bank
Alior Bank

Fintech project
HugeThing.vc

ING Bank
Śląski

Akcelerator
ING

Scope of activity
investors
and
finally
commercialization of projects
with the greatest potential.
Alior Bank is the partner of
the current fourth edition of
the accelerator, which is
looking for solutions related
to blockchains, biometrics,
and artificial intelligence.
ING accelerator was created
to develop innovative ideas
and transform them into
products
and
services
attractive to customers. This
is a place where teams work
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mBank

mAkcelerator

PKO BP

Let’s Fintech

Pekao SA

Social StartUp

Millenium

317 G
Coworking

like startups, with the support
of ING Group experts and
external experts (eg service
designer, growth hacker).
Employees who work in the
accelerator are posted there
for 100% of the time.
The mAccelerator is a venture
capital fund that manages
assets worth over EUR 50
million. It specializes in
investments in the rapidly
growing business in the early
stages
of
development
operating in different sectors
of the economy. It focuses on
unique
technological
solutions that have the
potential to revolutionize
entire areas of the economy
Technology Enterprise Forum
with the support of PKO
Bank Polski serves to select
and
support
the
most
interesting technological startups.
Social StartUp is a program in
which the most promising and
innovative social enterprises
selected in the competition
receive
advice
and
development grants. It is
implemented by the Ashoka
Foundation and UniCredit
Foundation, in cooperation
with Bank Pekao SA
Launched in cooperation with
the Warsaw School of
Economics, the Coworking
Center is a space for students
who have their own start-ups
or plan to open them. This is
the first center of this type at
the Warsaw School of
Economics and the only place
adapted for this at the
university.

Fig.3. The use of mobile devices for financial operations (survey)
Appendix: the question has been asked to mobile device users
Source: [18] Finance Barometer ING, 2017
In recent years Fintech development mainly centered on cooperation with the banking industry. But other financial institutions,
especially insurance companies, also introduced many new products
in IT systems, to improve customer service and internal operations.
One of such examples are special apps (prepared in co-operation
with Insurtechs) which facilitate the entire insurance process.
Mobile functionalities are also used in private health insurance, to
facilitate making doctors’ appointments. This kind of service is
shared through the mobile app of PZU (the state-owned leading
insurer in Poland).
The most important fintech entities that have their headquarters in
Poland are: PayU, Blue Media), Currency One, Finanteq,
VoicePIN, ZenCard. Examples of foreign fintech entities are
Revolut30 and N26. But the most popular became Blik mobile
payment system offered by about a dozen banks in Poland. Online
payments are its most popular functionality (75% of all Blik
operations). In 2018 users made 100 million online transactions
with Blik, with total value of 12 billion zloty (2.8 billion euro).
already in 2019 Polish payment system Blik surpassed cards
(MasterCard, VISA) online payment [16]. While transactions
carried out via BLIK, DotPay, Przelewy 24, PayPal and other
leading payment systems are relatively safe, well documented, and
there have been no high-profile cybercrimes related to them in
Poland, There are much more frequent and serious attempts to
pishing and cybercrimes related to unauthorized access via internet
to bank accounts and bank cards.

Results and Discussion
Analysis of statistical data, reports of commercial companies
analyzing Fintech market in Poland and literature review allow to
identify the most important opportunities and threats to the
development of Fintech sector in Poland (see table 6).

Source: own elaboration
One the of greatest assets of the Polish Fintech sector is a human
capital and highly skilled IT professionals. The great potential has
been already identified by leading technology providers. In 2015
Google opened its Campus Warsaw which was the 5th in the world
and 1st in the CEE region. Another incubator was opened by
Microsoft in 2017.
Examples of Fintech solutions are secure mobile applications29 for
banks and online services (loans) or online factoring, in which the
entire procedure and assessment of the customer’s credit (payment)
ability is carried out electronically and remotely, and entities
offering these services use, among other things, databases of
economic information offices, social networking sites such as
Facebook, LinkedIn or Instagram.
What is interesting, mobile device users run banking operations
even more frequently used than average in Europe (see fig. 3).
Source: Report on the work of the Financial Innovation Working
Group (FinTech), KNF (The Polish Financial Supervision
Authority) 2017.

Table 5. Opportunities and threats to the development of Fintech
Sector in Poland
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Opportunities

Threats and risk factors

Mutual co-operation with banks

Legislation favors banks

Available
technology:
increasing number of mobile
phone users and secure Internet
services

smartphone below EU average

Trust in banking system above
the average in EU

The overconfidence exposes
users of Fintech services
provides
for
banks
to
cybercrimes

Big home demand. Openness of
Polish citizens to financial
innovations.

Problems with finding new
customers.

Positive trends in education

Week co-operation
science and industry

between
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Innovation Hubs in Polish cities

References

Regulations not sufficient for
Fintechs, still high level of
bureaucracy, especially relevant
for start-ups

Increasing number of IT,
finance and economic students

Poland has not effective
strategy of keeping and
attracting talents

Increased demand on Fintech
services

Problems
with
star-up
financing,
especially
with
venture capital
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The outbreak of the COVID-19 pandemic in March 2020
undoubtedly provided many opportunities for the development
of the Fintech sector. For example, it took only two weeks to
increase the amount of contact-less payments without a PIN
from 50 to 100 PLN - after the two-years discussion. The
results of the last surveys show that Fintechs in Poland,
especially start-ups, face many challenges, such as:
• the luck of clear regulations;
• the availability to find skilled staff/experienced managers;
• finding customers,
• data cost,
• brain drain of most talented IT experts to other countries
(mostly West Europe, USA).
But Fintechs have also many advantages in relation to traditional
financial institutions, which became even more transparent in times
of COVID pandemic, such as:
 increased demand on cashless payment,
 increased demand on on-line financial services,
 more flexibility of Fintechs,
 innovative potential and human capital of IT workers.
When it comes future prospects for development of Fintech sector
in Poland, many issues remain open. For example, in which
direction further regulation of this market should go in order to
avoid overregulation and bureaucratization. Another important
subject for discussion (in science and public policy) is creation and
development of economical and institutional conditions for
acceleration of knowledge transfer from scientific institutions
(universities, research institutes) to Fintech sector and better
commercialization of new, innovative research projects and
achievements.

Conclusions
The Polish Fintech market develops systematically and
dynamically, in spite of risk identified in this articles (including
luck of regulations and crisis conditions connected with COVID 19
pandemic and new, not fully estimated threats caused by Russian
war in Ukraine, the neighbor country of Poland). Most of the
companies operating in Fintech sector are start-ups, for which
access to capital and favorable tax conditions are important, not
only at the stage of their creation, but also for their further
development. So far, the activity in the field of digital payments
shows greatest dynamics. But also other areas of Fintech activity
(specified in table 3) have great development potential. This applies
especially to Fintechs co-operating strictly with banks and
insuranace companies (Insurtechs).
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Abstract: In recent years, 3D printing has gradually appeared in people’s field of vision. The addition of wood in thermoplastics
improve their some mechanical properties such as tensile and bending modulus without affecting its biodegradability. The
decrease in the cost of filaments may enlarge the utilization of biodegradable filaments after the disposal in near future. Smallscale elements used in furniture production, such as connector fittings or fasteners for shelves, may give functional and structural
properties without significant investment. 3D-printed connections are suitable when the the production complex shaped
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KEYWORDS: 3D-PRINTING, FILAMENT, FURNITURE, CONNECTOR, WOOD, POLYLACTIC ACID
1. Introduction

The generation of 3D object is achieved using additive
processes, where the object is created by laying down successive
layers of material until the entire object is printed [2]. This is the
opposite of subtractive manufacturing where the final design is cut
from a larger block of material with for instance a milling machine.
As a result, 3D printing allows producing complex shapes faster
than ever before and with less material than traditional methods.
3D printing technique is used to make rapid prototypes.
"Experience rapid prototyping" enables design team members,
users and clients to gain first-hand appreciation of existing or
future conditions through active engagement with prototypes [3].
Recently, wood flour has gained popularity in the production
of biocomposite filament for 3D printers. Among the reinforcing
agents, wood flour have significant advantages such as low cost,
highly available and renewable, with low density and high
specific properties as well as biodegradable and less abrasive to
processing equipments. Thermoplastics possesses outstanding
properties such as low density, good surface hardness, very good
abrasion resistance, and excellent water resistance. However, the
main drawback of some polymers such as polypropylene and
polyethylene is low modulus as compared to the wood. The aim
for the addition of lignocellulosic fillers to thermoplastics is to
reduce the cost per unit volume and to improve stiffness.
Furthermore, wood flour has a significant cost advantage than
petroleum-based or bio-based polymers and thermoset polymers.
That is why, the price of filaments is decreased as the wood flour
is added into the polymer matrix [4]. The decrease in the cost of
filaments may enlarge the utilization of biodegradable filaments
after the disposal in near future. In addition, the consumers prefer
the environmentally friendly materials for their 3D materials.

Additive manufacturing (AM), otherwise known as 3D
printing is a method of making three-dimensional objects from a
computer aid design (CAD) software. A variety of additive
manufacturing techniques exist today, including stereolithography
(SLA), selective laser sintering (SLS), digital light projection
(DLP), and fused deposition modeling (FDM). As the most
extensively used technique, FDM offers an efficient technique due
to its simplicity, reliability, affordability, and material availability.
The well-known FDM materials are thermoplastics like
acrylonitrile-butadiene-styrene (ABS), polylactic acid (PLA), and
polypropylene
(PP).
The
production
process
of
wood/thermoplastic filaments is presented in Figure 1.

Figure X. The production process of wood/thermoplastic filament.

2. Recent applications of 3D printed filaments in furniture
industry

The schematic view of 3D printing is displayed in Figure 2.

The 3D printed furniture can become a revolution in the
furniture manufacturing and wood products. Although the
obstacles that may face the technology but it can be easily solved
by more researches. If you like a design and would like to
customize it for specific area in home, you can simple specify
your needs and the furniture piece can be printed based on these
specifications. PLA and wood/PLA filaments are widely used in
furniture manufacturing. These filaments can be particularly used
in 3D printed connectors of chairs and tables (Fig. 3).

Figure 2. The schematic view of 3D printing [1].
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products and in prototyping, which dramatically reduces the time
to market [8].
Bioplastics such as polylactic acid (PLA) and polybutyrate
adipate terephthalate (PBAT) have been attractive for the
filaments used in the 3D printers. PLA is a totally biodegradable
thermoplastic matrix produced from corn starch. PLA is hard
polymer and it melting point is lower than 200 °C, which is
thermal degradation point of wood. Recently, the PLA filament
has been one of the most used polymers in the 3D printers due to
its great advantages such as, renewable, biodegradable and
sustainable, good mechanical properties, problem-free disposal,
abundant, easy-supply. PLA has not health risk on the human as
compared to petroleum based polymers such as ABS, PVC at in
an indoor space with little air flow.
Three-dimensional-printed connections are convenient when
quick disassembly is required, to reduce the product’s weight, or
for greater variability of objects or colours. The products then
function like a construction kit that can be easily and quickly
assembled and disassembled or transformed into another variant.
Verifying the mechanical properties of products made with 3Dprinting technology is very important to ensure that functionality
can be fulfilled [4].
Chansoda et al. [9] used commercial wood powder and wood
powder obtained from the residue of furniture industry. They
reported that PLA can be filled with 20 wt% both types of wood
powder for making filament used in furniture production. The
filament used to produce the 3D printed piece for the experiments
is PLA reinforced with chopped flax fibres. The 3D printed biocomposite material exhibits very low scatter both in the
longitudinal and the transverse directions. A 3D printed biocomposite removable connection system for bamboo space
structures is introduced in this paper. The system consists of a
removable clipping connection for raw bamboo structures,
adapted to the European market. This clip-based connection
system could be used for a large variety of applications, such as
temporary structures, e.g., furniture, shadow devices, trusses,
scaffoldings shown in Figure 5 [10].

Figure 3. 3D printed table assembled without human interaction
[5].
3D printing of lignocellulosic flour filled PLA gives furniture
and architectural models a wood-like appearance. Moreover,
furniture made from wood/PLA filament has excellent scratch
and wear resistance, hence, useful household items can be easily
printed with this filament [6]. The ‘double extrusion process’ was
also repored as an effective filament processing technique to
improve the quality of wood/PLA filaments, leading to a
substantial reduction in porosity and a much-improved
homogeneity [6].

Figure X. Corner joint produced at 3D printer [6].

Figure 4. 3D printed case [7].
Replacing wood joints by 3D printed connectors would be
an advantage, considering the fact that during the process of
assembling furniture, the execution technology of the joints is
difficult, time-consuming, and labor-intensive. Advanced
technology of AM applied in furniture manufacturing helps the
designers to create new concepts of product design, with no
limits of shape, number of joints, color, or size [8]. Due to 3D
printing furniture companies are free to explore their imagination,
which bring in a shorter time on the market products with
complex shapes and high quality. The AM can be said that until
now 3D printing was mainly used for prototyping, while recently
it has gained much attention, as the process has proven to be
compatible with industrial manufacturing beyond prototyping.
AM enables some opportunities for the furniture manufacturers
to create product innovation, beating competitors on time, as a
result of time spent in defining technical specifications of

Figure 5. Clip-based connection system used for a large variety
of applications [10].
4. Conclusions
The application in the wood-furniture industry would lead to
the direct realization of final end-user products completely
customized according to customer needs. For example a chair
manufacturer could make chairs of every size and shape at the
request of the individual customer, as craftsmen did in the past.
AM provides opportunity for organizations to create product
innovation, beating competitors on time, as a result of time spent
in defining technical specifications of products. Especially, the
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3D printed fasteners can be alternative to complex shaped solid
wood or metal parts which is diffucul to proceed with CNC
machine. The combination of 3D printing with biomaterials
provides the opportunity to realize a truly sustainable and circular
economy.
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step towards transforming the way nature is viewed and valued.
António Guterres, the Secretary-General of the United Nations,
affirms that “No longer will we allow mindless environmental
destruction to be considered as economic progress” [6]. SEEA
unifies standard concepts, definitions, classifications, accounting
rules and tables for generating statistics and accounts that are
internationally comparable [7].

1. Introduction
It is considered that artificial intelligence (AI) adoption will
considerably amplify in the next decade moving from its laboratory
stage towards a mass deployment. A recent survey of ACCA among
accountancy and finance professionals reveals that an exponential
growth of AI deployment from12% to 86% is expected over the
decade of the 2020s [1]. Therefore, deriving sustainable long-term
value from AI mass implementation requires organisations to follow
an ethical and responsible path.

All those initiatives are shaping the landscape and the main
concern when considering the environmental impact of AI adoption
is the energy consumption for running algorithms. According to
Amodei et al. [8], the computing power used in the training of the
largest AI models has been increasing exponentially. It doubles
every 3.4 months and outstrips the 2-year doubling period, imposed
by the Moore’s law. There are two issues that should be addressed:
the massive increase of the data volume, on the one hand and the
significant component of unstructured data, on the other. New terms
as zettabytes, equal to 1021 bytes and yottabytes, equal to 1000
zettabytes, have been introduced as a response to the data explosion.
Unstructured data comprises pdfs, video and audio files, emails,
social media information, etc. and could provide rich and valuable
insights [9]. Marr [10] states that unstructured data is growing at 5565 percent annually. By the deployment of specifically developed,
AI based analytical tools, the inherent meaning, biases, and
sentiment could be revealed [11], [12].

It is considered that accounting professionals will play a
significant role in managing this process due to their commitment to
ethics and ethical behaviour when performing the assigned tasks
within the accounting and finance function. They might play an
important part in setting tone at the top on AI adoption, exercise
professional judgement and challenge greenwashing. Further,
accountants could take the lead in complying with regulation and
ethics policies, data management, including its quality and
confidentiality, as data feeds AI, building understanding of how AI
is used in the industry. Moreover, accountants could actively
participate in cross-functional teams and efficiently communicate
issues related to AI ethics and sustainability [2].
In the light of the challenges from the mass adoption of AI, this
paper aims at outlining the perspectives and opportunities towards
the accountancy profession in the ethical and sustainable AI
implementation in organisations.

With the augmented use of AI across sectors, the electricity
consumption, needed for the initial set up of the system and for
training the algorithms, amplifies. Furthermore, data centers need
additional energy for cooling or other support processes Therefore,
AI deployment has carbon footprint as the production of the energy
consumed results in emission of greenhouse gases [13]. An attempt
for overcoming this issue is IBM’s initiative for responsible
computing. According to Marc Peters, CTO for Energy,
Environment & Utilities EMEA at IBM, a holistic approach is
needed (fig. 1) [14]. For instance, the responsible code element
requires efficiency of algorithms. The idea behind the clean code
concept, also supported by ACCA [15], is to optimize code’s
quality without high resource consumption.

2. AI impact on environment, society, and
governance
AI adoption will impact our lives in all three dimensions –
environmental, social and governance (ESG). Therefore,
considering ethical implications for accountancy profession implies
analyses in the ESG context.
Environment is one of the drivers of change that shape the
sustainable organisation of the future along with economy, society,
technology, and workforce [3]. There are few global initiatives in
response to the environmental crises that reshape thinking and
rearrange priorities. The roadmap for governments and wider
stakeholders is the Sustainable Development Goals (SDGs),
adopted by the United Nations in 2015. All 17 SDGs are integrated
and call for action to “end poverty, protect the planet, and ensure
that by 2030 all people enjoy peace and prosperity” [4]. In addition,
the Ten Principles of the United Nations Global Compact serve as a
guideline for organisations to implement SDG agenda as well as to
demonstrate their environmental responsibilities and the
development and diffusion of environmentally friendly technologies
[5]. In March 2021, the 52nd United Nations Statistical
Commission adopted the System of Environmental-Economic
Accounting (SEEA) – a new statistical framework that integrates
economic and environmental data. It is considered a historical

When analyzing the environmental impact of applying AI, we
should also consider how organisations manage and report their
footprint on the environment. Unfortunately, misrepresentation and
exaggeration of company’s sustainability performance becomes a
common unfair practice [16]. The reason for this greenwashing may
be the lack of one single global reporting framework of nonfinancial and ESG reporting [3].
But we should consider AI not only as part of the problem but
also as part of the solution. Natural language processing (NLP)
might contribute to achieve double materiality – a “guiding
principle” in the GRI Standards [17] that was initially proposed by
the European Commission in its 2019 Guidelines on Non-Financial
Reporting: Supplement on Reporting Climate-related Information
[18]. The double materiality concept enhances company’s corporate
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reporting by requiring disclosures on the environmental and social
impact of its activities. In particular, NLP might be used either for
comparing company’s reported green credentials with the data in
the public domain (facts vs. what is said|) and for analysing the
industry using a variety of information sources to monitor the
consumption patterns of the natural resources.

the use of AI tools for detecting human emotions or personality
characteristics. Metz described one complicated use case with an
insurance company that implemented AI-powered tool when taking
decisions on its insurance claims [19]. The tool was used for
identifying unexplained factors picked up from customers’ video
recordings. Though this “dystopian” use of AI was subsequently
denied by the company, it raises question on the AI incorrect
interference with a negative impact on the consumer’s rights. The
consumer trust is another aspect that calls for attention and
accountants’ ethics would play an important role for AI successful
implementation by the company.

Responsible
Data Center

Responsible
Impact

Governance is probably the most complex area in the ESG
discussion, encompassing a variety of aspects, including some
ethical and philosophical considerations. The question of whether a
robot with a human-like traits would be considered as a piece of
property or as an individual, when AI based technologies reveal
their full potential, makes the issue even more complicated. The AI
impact on human values is also a big concern as algorithms are
affected by ideas, cultures, and values. For instance, the
“individualism vs. collectivism” dilemma that shapes some culture
characteristics of the society, might influence the development of
algorithms by the perception of what is right or wrong. The
regulatory landscape is another important aspect of the AI and
governance discussion. The need of relevant rules and requirements
to regulate the use of AI should be considered at least at national
level. The summary of the current state of AI regulations is
provided in table 1.

Responsible
Infrastructure
Be a
Responsible
Computer
Provider

Responsible
Systems

Responsible
Code

Responsible
Data Usage

Table 1 AI governance around the world
Australia
An AI Action Plan is released in 2021. It sets out a
vision for Australia to be a global leader in
developing and adopting trusted, secure, and
responsible AI.

Fig. 1 Responsible computing

Source: [1] p. 13, [14].
Society is the second dimension in the ESG context that is
strongly impacted by the AI deployment. We will discuss it by
using the approach, applied in the joint survey of ACCA and the
Chartered Accountants Australia and New Zealand (CAANZ) [1].
Firstly, the rights of the individuals should be considered. Secondly,
the effect on the rights of the employees. An important aspect is
also how AI affects the consumer’s rights.
The empirical results of the same survey show that 43% of the
respondents expect a positive impact of AI on their rights as
individuals. Further, 64% of them think that the overall impact of
AI on their standard of living will be positive compared to only
11% who define it as negative. But according to the same data
source, only 32% of the respondents expect a positive impact on the
level of inequality within society compared to 28% who think the
effect will be negative. Despite the prevailing number of the AI
advocates, we, as a society, should be aware about AI implications
on inequality. Rising it within and among countries may cause
health damages with a long-lasting or even irreversible effect for
many. Some of the survey respondents view AI as a tool that might
decrease corruption and increase government revenue, for instance
by detecting tax evaders [1]. The right of employees might also be
affected by AI deployment. The latter provides both challenges and
opportunities. Humans losing their jobs against the machines seems
to be only part of the story in the light of the new emerging roles
and functions within organization boundaries. Moreover,
employees’ productivity is expected to increase and the boring
activities – to decrease because of the AI impact on jobs and duties.
But the future of employment is more complex as the winning
strategy implies employees to be opened to the change and to
develop new skills and competences to fit the new requirements of
the labour market. The psychological aspect of the “AI taking over”
matter should also be considered as humans need transparent and
straightforward communication about AI disruptive impact on jobs.
From the consumer’s perspective, there are contradictory views
when considering AI mass application that vary case by case. For
example, the AI deployment in e-commerce could increase
consumer choice but might be also intrusive if revealing some
private aspects of the individual. One could also assess as negative

Brazil

The National artificial intelligence strategy aims at
stimulating AI research and innovations with an
emphasis on the ethical use of AI technologies.

China

Local AI regulation on AI promotion in Shenzhen.

New
Zealand

Looser, principle-based approach is applied to avoid
the compliance burden and not to impede
innovations.

Singapore

Model AI Governance Framework introduced in
2019 and currently updated.

UK

No AI-specific legislation though AI application is
in the government’s lens and an overarching legal
framework will be developed in the future.

US

National AI Initiative Act became law in January
2021 at federal level. It aims at boosting AI research
and application for nation’s prosperity and security.

European
Union

A risk-based, market-based approach is advocated.
A legal framework that ensures the safe use of AI
and at the same time facilitating innovation and
investment in AI technologies is proposed.

Source: [1] p. 26, [20], [21], [22], [23], [24].
Based on the summary, provided on table 1, we can conclude
that there are two applied approaches that shape the national
regulatory landscape when referring to AI deployment – a principlebased and a rule-based. We should also note that the regulatory
environment is very dynamic as many countries try to encourage AI
applications and stimulate their economies but at the same time
safeguarding human rights and the safe AI use. In addition, the
international coordination is crucial [20] and probably global
standards that deal with AI implications are part of the solution. A
very significant aspect of the AI regulation is to achieve a balance
between innovations and regulations. Regulation should not hinder
AI deployment, but it is important to consider the financial and non-
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The ethical considerations for accountancy profession in regard
of the governance dimension in the ESG agenda are numerous and
more complicated compared to those already discussed. They are
summarised in table 2.

financial aspect of technology application, the level of the required
human oversight, the level of automation, etc. Transparency,
especially for those whose data power the algorithms, is another
important aspect of AI regulation. A good practice of how to cope
with this issue is the public register introduced in the cities of
Amsterdam and Helsinki. It keeps an updated record of what AI has
been applied and how, thus helping the public to understand most of
the AI implications, including the government policy. Mechanisms
for receiving feedback to assess public attitude towards AI
deployment might also contribute for the more transparent AI use.

Table 2 Ethical implications for accountants of AI deployment
in the governance segment of the ESG agenda


Professional judgement is required when dealing with
specific AI situations. It can not be replaced by a
compliance-based checklist.
 Professional standards to ensure compliance with AI
evolving regulations should be developed and applied.
 Professional competence and due care obligation exists for
responsible AI deployment and top-down leadership
approach should be applied within the organisation.
 Professional compliance with the AI ethics policy of the
organisation is required.
 Objectivity is needed in the assessment of AI application
costs and values in the long term.
 Professional competence and due care obligation exists for
enabling oversight and delivery mechanisms.
 Professional competence and due care are needed to ensure
sufficient AI knowledge to engage with and interrogate AI
vendor offer in the context of the business need.
 Professional competence and due care are essential in
applying control and monitoring mechanisms
 Confidentiality and professional standards are needed for
the efficient data management (data minimisation, data
confidentiality and data quality) in compliant manner.
 Professional competence and due care are essential for
understanding what the AI system is doing. Integrity in not
outsourcing accountability to the algorithm.
 Professional competence and due care obligation exists for
setting up mechanisms for protection and redress in case of
AI system failure.
 Professional competence related obligation exists for
continuous learning and development.
Source: [1] p. 10, pp. 24-37.

The ethical considerations of AI deployment also imply a
proper tone at the top highlighting the significant role of the
management in prioritizing ethics together with company’s profits.
According to an analysis of several profound data sources, a
responsible AI system should agree with at least the following eight
guiding principles in terms of the ethics policy: fairness,
accountability, sustainability related to the long-term impact on
people and planet, transparency on the AI use and the AI-based
decision making, human oversight over AI-based technologies
deployment, ethical use of data, safety and robustness regarding
functioning of the AI systems, and compliancy with the applicable
standards and law [1], [18], [20], [21], [22], [23], [25].
The ethical and sustainable AI adoption requires the
management to consider where AI might add value for the
organisation. A focal point for the AI deployment decision should
be the long-term results rather than just following the industry
trend. AI adoption needs a strategic approach and would vary by
business case. All the risks, benefits, and costs for the company,
associated with the AI implementation, should be considered.
Accountants and other professionals in the finance function are
expected to play a significant role in performing the cost-benefit
analyses as well as in assessing the long-term value for the business.

3.
Ethical
implications
for
accounting
professionals of AI deployment in the ESG context
The ethical implications for accountants of AI adoption will be
reviewed separately for each of the ESG segments based on the
empirical results of the ACCA & CAANZ study [1]. When
considering the environment dimension, two basic assumptions
should guide their role in the ethical and responsible AI
deployment. First, accounting experts may apply their professional
competence and due care when engaging vendors to assess the
impact on environment. Second, they might contribute for more
objectivity in presenting company’s green credential and thus
overcoming the negative effects of the greenwashing. Moreover,
they might contribute to the ESG reporting requirements
compliance and the needed upskill to follow and comply with the
new regulations in the area. Lutamyo B. Mtawali, Sustainable
Finance Lead at IBM, highlights that accountancy and other finance
professionals have a critical role in AI adoption from the financial
reporting perspective. They are responsible for the complete,
accurate and valid financial reporting pertaining to ESG
considerations. Furthermore, they must ensure compliance with the
relevant regulatory frameworks and standards on ESG,
sustainability and/or climate [1], p. 17.

Based on the summary of ethics implication for accountants,
provided in table 2, we might conclude that accountants are
challenged by the implementation of AI-based technologies and
have to develop the needed professional knowledge and
competences for AI ethical adoption.

4. Conclusion
AI-based technologies impact organisations and challenge
business leaders in many aspects. Ethics considerations are now on
focus as the technology evolves and the management should handle
a variety of ethics related situations for the first time. As the
accountancy profession is deeply grounded on the fundamental
ethics principles [27], it can rely on this when embracing the
challenges of AI ethical and responsible adoption. Accountants
might play a significant role in the transition to greener economies,
sustainable environments, and equitable societies. The profession
continues to change and overcoming the ethics implications of AI
deployment requires accountants to continuously enhance and level
up their skill set.

When considering the social implications for ethical AI
adoption, there is a public interest obligation for accountants to
under-represented and vulnerable groups. Avoidance of
“participation washing” [26], for instance, may require accountancy
professionals to inform and collaborate with outside parties. In
addition, when considering the rights of employees, integrity is
essential in communicating the AI impact in straightforward way.
Confidentiality of customer data as well as integrity when
communicating the AI use in a transparent manner are also ethical
implications of AI adoption.
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Abstract: In this study, the effect of using different ratios of rock wool on the mechanical and physical properties of OSB (Oriented
strandboard) boards, according to the place of use and properties of OSB. For this purpose, 18 mm x1220 mm x2440 mm (control, A1, A2,
A3) at a density of 600 kg/m³ using rock wool in three different (10-20-30%) ratios, in proportion to the weight of the middle layer of the
chipboard obtained from 100% maritime pine (Pinus maritima) wood. OSB/2 test boards were produced. OSB/2 test boards obtained as a
result of using different proportions of rock wool were tested according to the relevant standards. According to the test results, when the
mechanical and physical properties (tensile strength in the vertical direction, bending resistance, modulus of elasticity, swelling properties
and free formaldehyde values) are compared with the control board, it has been determined that 10-20% rock wool can be used in the
production of OSB/2 boards to be used as insulation board. Accordingly, rock wool reinforced composite OSB boards can be preferred as
insulation boards in the wood panel industry.
KEYWORDS: ORIENTED STRANDBOARD, ROCK WOOL, MECHANICAL AND PHYSICAL PROPERTIES.

to moisture during construction or in service. OSB can replace
plyvvood in most applications. OSB is an important structural
panel in the world of industrial wood produets in terms of
growth and performance. OSB was actually evolved from the
waferboard, manufactured from square wafers.
Four grades of OSB are defined in EN 300 in terms of their
mechanical performance and relative resistance to moisture.
These are:
OSB/1 – General purpose boards and boards for interior fitments
(including furniture) for use in dry conditions.
OSB/2 – Load-bearing boards for use in dry conditions.
OSB/3 – Load-bearing boards for use in humid conditions
OSB/4 – Heavy-duty load-bearing boards for use in humid
conditions.

1. Introduction
The oriented strand board (OSB) market size was estimated
at over 31 million cubic meters in 2021, and the market is
projected to register a CAGR (The compound annual growth
rate of more than 4% during the forecast period (2022-2027) [1].
Roughly 95% of OSB produced in North America goes to the
construction industry. In Europe, about 50% of OSB is
consumed for residential buildings [2]. OSB is widely used as a
structural wood panel for floors (including subfloors and
underlays), walls and ceilings. It is used for interior fittings,
furniture, shuttering and packaging and also in the manufacture
of I-joists, where it forms the web or support between two
flanges of solid wood. The world capacity for OSB rose from
less than 2 million m3 (1996) to approximately 44 million m3 in
2017 (Wood Based Panels International 2019). According to EN
300 (2006), four quality types of OSB are manufactured. OSB/3
represents the majority of European OSB production,
accounting for approximately 85%, followed by OSB/2 with
10%, and OSB/4 with 5% [3]. The properties of these OSB
types are different and should meet the standard requirements.
There are many parameters that affect the panel properties, such
as raw material species, strands dimensions and quality, panel
structure, resin type and receipt, pressure schedule, etc. The
OSB properties are directly related to the natural strength
properties of the wood raw material used, which is not
homogeneous. OSB production in different regions is presented
in Figure 1 [3].

OSB production compared to plywood, particleboard, and
MDF in UNECE region is presented in Figure 2 [4].

Figure 2. OSB production compared to plywood, particleboard,
and MDF in UNECE region [4].

Mineral wool is the most common thermal insulation
material used in light weight composites, and it is often
placed between steel studs. Mineral wool is commonly
utilised on the structure’s external walls and slab elements,
but it is also employed within inner partitions and floors. It
offers additional fire resistance to LSF elements since it is
an incombustible material [5].
Figure 1. OSB production in different regions [3].

In this study, it was aimed to understand physical and
mechanical properties of OSBs, which were used as a multipurpose carrier material in the wood panel industry, especially in
the construction industry, were used in the production of OSB in
different proportions, by using rock wool in different proportions.

OSB is a widely used in building industry as sheathing and
subflooring applications. OSB is intended for dry use
applications and can swell substantially if the panels are exposed
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2. Materials and methods
2.1. Materials
Maritime pine (Pinus maritima) wood was used as raw
material in the production of test plates. The strands of 0.6-0.7
mm thickness, 10-30 mm width and 100-120 mm length were
obtained from round woods by mechanically chipping. The
obtained chips were dried in dryer tubes with a humidity of 3%
between 3-3.5 minutes. For the mat forming process, the
chipboard was prepared in the 50x50 mm prepared laying
vessel/trough. As an adhesive, 60% of 1.28 kg/m³ urea
formaldehyde (UF) E2 glue was used, 9% of the total dry fiber
weight. As a hardener, 1.1 kg/m³ (NH4)2SO4 ammonium sulfate
of 20% was used in the glue at the rates of core layer: 3%,
surface layer: 1%. In the hot pressing process, the mats were hot
pressed at 185-190 °C and 2.5 N/mm² pressure for 5 minutes with
a final thickness of 18 mm. The test methods are givne in Table
1.
Table 1. Test methods used in the experiments.
Tests
Specimen
Standard
The
size (mm)
no
requirement
Internal bond
50x50
TS EN
≥ 0,30 N/mm²
strength
319
Bending
50x410
TS EN
≥ 10 N/mm²
strength
310
Bending
50x410
TS EN
≥ 1400 N/mm²
modulus
310
Thickness
50x50
TS EN
20%
swelling
317
Free
2,5x2,5
TS EN
≤ 8,0 - ≤ 12
formaldehyde
120

Figure 3. Hot pressing of OSB mat.
3. Results and discussion
The average density of the test specimens produced with 18
mm thickness using maritime pine (Pinus maritima) wood was
determined as 0.590 g/cm3. The mean and standard deviation
values of the mechanical and physical properties of the test
boards obtained by using different proportions of rock wool in
the middle layer in OSB/2 production are shown in Table 2.

The resulting OSB specimens with rockwool are presented
in Figure 4.

Figure 4. OSB strands
Bending strength and bending modulus of the OSB
specimens decreased with increasing rockwool content. The
bending strength of the OSB specimens with 10 wt% rockwool
content was found to be the same with the control OSB while
the OSBs with 20% and 30% rockwool. As compared to the
control OSB, The internal bond strength decreased with
increasing content of the rockwool. This result showed that the
bond performance between the wood strands and rockwool was
negatively affected by the rockwool content. The thickness
swelling of the OSB specimes decreased when the rockwool
content increased to 20 wt%, while further increment in the
rockwool content increased the thickness swelling.
Formaldehyde emission of the specimens considerably increased
with increasing content of the rockwool (Table 2).

2.2. Methods
Physical and mechanical properties of the OSB panels were
determined according to European Norms (EN). One day
thickness swelling (TS) test were performed on the ten specimens
with dimensions of 50 mm x 50 mm according to the EN 317
standard (1993). The bending strength (MOR) and bending
modulus (MOE) of the 10 OSB specimens with dimensions of 50
mm x 410 mm, (the average of 5 // and 5 ┴ to the OSB surface)
were tested according to the EN 310 standard (1993). The
internal bond (IB) strength was determined on the ten specimens
with dimensions of 50 mm x 50 mm according to the EN 319
(1993). The Free-formaldehyde emission of the specimens was
determined according to the EN 120 standard.
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Table 2. Physical and mechanical properties of the OSB specimens
Test method

Control OSB

Bending strength (N/mm²)

12.93 (± 0.52)

Core layer with
10% rockwool
12.97 (± 1.53)

Bending modulus (N/mm²)

2403 (± 224.05)

2193 (±152)

1997 (± 197)

1755 (± 178)

Internal bond strength (N/mm²)

0.35 (± 0.02)

0.32 (± 0.06)

0.28 (± 0.04)

0.22 (± 0.01)

Thickness swell (%) 24 h
Free formaldehyde emission
(mg/100 g specimen)

15.12 (± 2.09)
13.25

13.92 (± 1.08)
12.18

14.48 (± 1.73)
9.04

21.41 (± 1.23)
9.59

4. Conclusions
The results of the present study showed that the thickness
swelling and free-formaldehyde emission of the OSB specimens
decreased with increasing rockwool content. The bending
modulus of the specimens considerably decreased with
increasing rockwool content while the 10 wt% addition of the
rockwool content did not decrease the bending strength. Based
on the test results, it was concluded that 10 wt% of rockwool
can be used in the production of OSB without decreasing
physical and mechanical properties.
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Core layer with
20% rockwool
11.46 (± 0.64)

Core layer with
30% rockwool
10.78 (± 1,20)
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Abstract: Fourth industrial revolution also known as Industry 4.0, is a concept that significantly influences the entire operation of businesses
and management. It necessitates changes in individual managerial functions, not excluding decision-making. In management theory,
managerial decision making is defined in terms of content through descriptive and normative theories. The aim of the presented article is to
examine the normative and descriptive understanding of decision - making in the context of adaptation of individual approaches to changes
in the business environment - especially adaptation to technological progress related to the fourth industrial revolution. An overrated aspect
of decision-making in this era is its rational side due to the rapid development of computer technology and the availability of rich software
support. On the other hand, there is a tendency to bring to the decision-making process the involvement of all involved, collective judgment,
the ability to learn from the development of the situation or openness to feedback. The understanding of the decision-making process thus
moves from its traditional concept to a new understanding, which includes the above-mentioned factors. Development leads to their
integration in the form of a direction that does not yet have a name but means a synergy of rational decision-making and critical thinking
and reasoning in the context of descriptive theories. The overall optimal result of the decision-making process is influenced by objective
criteria through a rational-normative model, environmental characteristics and subjective influences, personality, and cognitive complexity
of the manager.
Keywords: FOURTH INDUSTRIAL REVOLUTION, INNOVATION, MANAGEMET, DECISION-MAKING

1. Introduction

2. The Fourth Industrial Revolution

The dynamic development of the 21st century has brought
another revolution in the form of digital transformation of the
business world. We are talking about the fourth industrial
revolution, commonly referred to as Industry 4.0 [1 - 3]. The term
can be understood as a completely new revolutionary stage, which
aims at the full integration of operational systems and information
and communication technologies (ICT) - especially as the Internet
of Things (IoT), creating so-called cyber-physical systems (CPS) [4,
5]. Thus, according to previous claims, Industry 4.0 is a unified
system of information technology, people, machines, and tools that
ensures the smooth flow of goods, services, and data in a controlled
manner through the value chain, activities with a high level of
autonomy and a high level of ability to transfer relevant information
for decision-making [6,7]. Other studies add that the concept of
Industry 4.0 describes the increasing digitization of the entire value
chain and the resulting interconnection of people, objects, and
systems through the exchange of data in real time [8,9].
For this reason, implementing Industry 4.0 is an important
strategic decision, and before making such an important decision,
executives must assess the readiness of the companies to implement
Industry 4.0 [10,11]. It is considered a high-tech strategy [12],
where continued dynamic developments in various areas are raising
expectations for the performance of those systems in terms of
reliability and responsiveness to support decision-making [13,14].
It is the management decisions made by executives in an
Industry 4.0 environment that have an important impact in the areas
of implementation of modern technologies, control and analysis of
necessary data, data security, risk management, compliance with
established regulations, etc. [15].
The aim of this presented article is to identify, at a theoretical
level, changes in managerial decision-making in the context of the
impact of the fourth industrial revolution, through the available
scientific literature. Given the need for constant additions and
changes resulting from the development of society and the
necessary changes in the environment, but also in the thinking and
behavior of business management, such as the current crisis, but in
its background emphasizing the impact of computerization,
knowledge, mutual trust between partners, development and
involvement of people and with regard to the emphasis on the need
for qualitative methods due to the uniqueness of the tasks and
variability of the environment, it is our intention and main goal to
examine, critically evaluate and provide our own views on rationallogical (normative) and descriptive decision-making in the current
understanding of managerial decision in the conditions of the
Industry 4.0.

The modern phenomenon was originally introduced in
Germany, then adopted by other countries [16,17]. Countries have
set up programmes to support the development and deployment of
Industry 4.0 elements. In Germany, where the whole revolution
started, "High-Tech Strategy 2020" has been introduced, in the
United States we are talking about the "Advanced Manufacturing
Partnership", in China "Made in China 2025", and in France the
program "La Nouvelle France Industrielle" [18 - 22].
Industry 4.0 is oriented towards new technological trends in the
manufacturing industry. Technological phenomena such as
automation, robotics, nano- and biotechnology, advanced materials,
the Internet of Things, artificial intelligence, 3D printing, big data,
etc. are creating strong impulses for structural change in many
industries and sectors and are driving significant changes in society.
The fourth industrial revolution marks the transition from a phase of
simple digitization to innovation based on combinations of material,
digital and biological technologies [23].
According to World Economic Forum founder Klaus Schwab,
Industry 4.0 is creating a world in which virtual and physical
systems of production interact flexibly on a global scale [24]. Based
on the above, we can say, that the main aim of Industry 4.0 is the
production of cyber-physical systems (CPS), which is based on the
integration of heterogeneous data and knowledge [16,17].
The opportunities and benefits expected can be far-reaching in
the form of highly flexible mass production, real-time coordination,
optimization of value chains, reduction of complexity costs or the
emergence of entirely new services and business models, or
acceleration of decision-making [23].
On the basis of mentioned facts, we can conclude that
technological progress and the related innovations play a
challenging role in companies. The impact of Industry 4.0 transform
into an increase of competitiveness of companies. It is the fourth
industrial revolution that is transforming into significant changes in
many areas that go beyond the industrial sector. Industry 4.0 is
blurring the boundaries among human capital and technologies.

3. Managerial decision-making
Decision-making is one of the so-called ongoing managerial
functions and we meet with this function in the implementation of
each sequential managerial function (planning, organizing, leading
people, control, etc.). It is one of the most important activities
performed by business managers and is therefore often considered
as core of the management. Due to its position in management,
decision-making is focused on a very wide range of issues. We
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emphasize that the issue of decision-making is in the center of
attention of various scientific disciplines (economics, psychology,
exactly oriented disciplines such as operations research, game
theory, decision analysis and others), each of which seeks to
provide a contribution to improving the quality and efficiency of
decision-making. In the available domestic and foreign literature,
we meet with a wide range of opinions, concepts, focused on
individual areas of decision-making. The basis for defining the main
groups are the constantly emerging and differing views on the issue,
using of the degree of rationality and intuition in decision-making.
This creates the rational and psychological (descriptive) framework
of managerial decision-making.
From a historical point of view, rationality in decision-making,
its basics and beginnings are generally known. Mainly, it was Von
Neumann-Morgenstern‘s model of the theory of expected
usefulness and its axioms (complexity, transitivity, continuity,
monotonicity, substitution), which provided a very elegant and
convincing framework for explaining economic choices. The
American mathematician and statistician Leonard Savage identified
normative theory with the problem is clear and unambiguous. The
goal is clearly defined and achievable. All variants and
consequences are known. The preferences are clear. Preferences do
not change. There are no restrictions. The final selection maximizes
the profit. Rational decision leads to 10 acceptances of the principle
of rationality and thus held a strict view of the essence of
normativity in decision-making. Other famous persons of scientific
life, such as Friedman and Markowitz, monitored and tried to
clarify some ambiguities in the function of usefulness, which
reigned in decision-making for a very long time. The aim of the
monograph is to look at rationality in the current period of Industry
4.0 and to examine the views of theorists on its place in the
decision-making process.
In addition to normative principles, decision theory is also
based on a description of decision-making. In fact, the decisionmaking process is seldom unambiguous and straightforward, most
managers face many limitations, loops are formed in the decisionmaking process, and access to information is also problematic [25].
Descriptive theories seek to clarify how decisions in real life are
actually made. It is a description, analysis and evaluation of
decisions that have already been made, a description of their course,
people‘s behavior in decision-making and the likewise. Decisions
are not only governed by the rules of mathematical logic, but
various abbreviations and heuristic solutions are applied, which
then manifest themselves in deviations from rational thinking. The
representative of this group of theories is the so-called prospect
theory. We agree that psychological aspects play an important role
in the decision-making process. Although the first theories and
models of decision-making were provided by mathematics,
statistics, and economics, they gradually „psychologized“ and a
behavioral economy emerged. In the decisions-making process,
decision-makers are very often influenced by various prejudices,
states, or tricks of the mind, and even if they try to be rational in
any way, they fall into their trap. They also think that they have so
much experience and accumulated judgment that they can make
intuitive decisions without any problems. Surveys also show that
almost a third of managers rely more on „feel good“ than on
rational problem-solving. Neuroscience has also become a new
element and area of interest, penetrating decision-making, and
posing a challenge for researchers. Its influence is considerable, and
it introduces the depiction of brain processes in decision-making
into the study of decision-making. Thus, a new scientific discipline
- neuroeconomics - is developing. All these aspects create the
psychological framework of decision-making. Opinions of the
authors on their application, resp. the degree of application or
involvement in solving decision-making problems varies. It is
therefore not at all strange that modern management has to deal
with this issue.

4. Results
The area of decision-making, given the wide-ranging software
support already in use, will be one of the areas most affected by the
fourth industrial revolution. Various simulations can be used, virtual
presentations, which, according to [26] to facilitate the decision on
which processes would make the most of the investment in Industry
4.0 technologies. On the one hand, such virtual analyzes can
represent significant cost savings without disrupting ongoing
production processes. On the other hand, it represents a huge
investment and consideration of costs and benefits. A thorough
assessment of the overall effect of investments in industry 4.0 is one
of the main obstacles to implementation in management practice
[27,28]. It is important for the company to be able to define the
requirements for a software solution. The second step should be the
ability to modify the software according to the needs of the
company. Last but not least, to find out whether the program is able
to plan effectively also with regard to the product life cycle and
possible changes by suppliers. It is questionable whether and to
what extent companies in Slovakia are ready for this change.
Business areas are also an area of interest not only within the
decision-making function, but also in management. Industry 4.0
research has already highlighted the need to rethink existing
business models due to the ubiquity of digital and new information
technologies, increasing virtual communication and open
communities [29]. The core of the business innovation model is the
innovation process and the ability to identify a good idea, including
the ability to transform such an idea into a business model that
brings added value and generates revenue [30]. Competition for
new business models should be designed to allow the use of data to
improve industrial applications that benefit end-users. Companies
have a high degree of responsibility, including the protection of
confidential data. Breakdowns of data protection data and the use of
private information for inappropriate and harmful purposes can 64
be destructive to business rumors. Industry 4.0 tools will be able to
produce huge amounts of data that will improve decision-making,
lead to early detection and prediction of problems. However, the
whole process will be difficult to analyze the data. It is questionable
how companies in Slovakia will be able and willing to invest in
equipment that will be able to both integrate data and interpret it, of
course. Currently, observations from the practice of companies
applying Industry 4.0 indicate that the biggest obstacles are
ignorance, when top management expects the implementation of
advanced methods of management, diagnostics, prediction, but
middle management, which should implement these changes,
cannot realize visions with their knowledge, respectively to correct
them and ultimately to correct their superiors in what the company
really needs. Much of the attention in the scientific literature on
decision-making in the context of Industry 4.0 is devoted to the
manufacturing process, where the use of Industry 4.0

technologies such as the Internet of Things, augmented
reality, extensive data analysis, machine learning and
artificial intelligence can actually increase the autonomy of
manufacturing systems, including operators and production
facilities by supporting problem solving and other decisionmaking processes. The number of decision models that are
used to find optimal solutions is increasing. Marr [31] states
that decision-making processes will be able to be
decentralized, which is related to the ability of cyber systems
to make simple decisions and be autonomous. However, the
literature lacks the described models that would analyze or
evaluate the impact of Industry 4.0 technologies on decisionmaking processes. Rosin et al. [32] recognize the potential
benefits of Industry 4.0 technologies for operational
decision-making and propose a general model covering
several types of autonomy that can be accepted by
management, depending on the decision-making steps they
want to strengthen in the use of technology. Based on the
Mintzberg model, they proposed an ideal decision-making
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decision support must consider descriptive aspects in the form of
characteristics, behaviors, and attitudes of those who will use the
analysis, systems, outputs and results. Industry 4.0 means emerging
computational techniques appropriate for ‚big data‘, but also brings
the need to discuss big data at the academic, legal, business or
political level, focused not only on analytics and types of
technologies in decision support, but also on prejudices, preferences
and the ability of managers to think and judge [35, 36] . Some
critics even predict that analytical and decision support tools will
lead to the destruction of clear thinking, rational discourse, and
moral behavior [35, 37, 38] Ekbia et al. [35] draws attention not
only to analytics as an accompanying phenomenon of the current
industrial revolution, but also to how we understand the numbers
and how we subsequently interpret the results. More possible
discussion and thinking is a possible solution to over-reliance on
data. Discussion is recommended as a step or phase of a dialogue,
multiperspective and discursive decision-making process. The
decision-making process should not be based solely on personal
opinion but should be supported by evidence. Decision-making
requires impartial facts, expert analysis, and thoughtful commentary
/ discussion. Therefore, the challenge of future decision-making
processes is to support decision-making through the use of brain
function as a predictive organ capable of using mood, context, and
social stimuli for active inference [39], rather than trying to
deactivate these abilities. Decision-making scientists, management
scientists, and information systems developers have not yet
completed the task of predictably and effectively building computer
support systems for the steps of logical thinking, classical
argumentation, or group decision-making. Now, with the advanced
analytical tools, virtually endless data repositories, and the fastdistributed computing technology at our disposal, we can consider
scientific advances that are likely to demonstrate a wide range of
things we still do not understand in the field of human cognition.
Cognitive calculations are in their infancy [34] . In the scientific
literature, in connection with approaches to people in the context of
Industry 4.0 and work in teams or groups, several 68 concepts
appear, related to the strategic use of technology and digital assets
of the company to achieve the set goals. In recent years, researchers
started to talk about concept of knowledge-oriented leadership [40],
which is a combination of transformational and transactional
leadership style. The essence of this type of leadership is the
emphasis on learning and innovation, complemented by innovative
role modelling, dissemination of knowledge, support for decisionmaking, delegation, consultation, and mentoring. Digital leader or
Digital leadership helps organizations create workflows and
business processes that enable the rapid deployment of new
technologies, products, and services. However, being a leader in the
digital age means not only technological implementation, but also
digital understanding and building a digital culture. However,
Oberer-Erkollar [41] states that, despite the clear naming of a leader
in the Industry 4.0 era, there is a lack of comprehensive research
and naming the competencies of leaders able to meet the challenges
of the fourth industrial revolution. The virtual leader and leadership
of virtual teams is gaining attention in connection with the change
in the work environment and the rapid pace of progress in
information and communication technologies. The requirements for
this type of leadership move to the level of subsequent decisionmaking in a virtual environment, as well as the ability to manage a
network of interconnected companies, design virtual operations,
create and maintain virtual relationships with internal and external
members or components, and ability to demonstrate it. Leading
virtual teams is one of the main challenges, as it is very difficult for
a team leader to directly manage the activities of each member due
to their different geographical location. As a result, the leader must
use different skills, delegate, and then motivate in another way.
There is a high dependence on the skills of team members, on the
identification of goals by team members, which is again very
difficult to achieve in a virtual environment. A virtual leader cannot
physically observe members and should be creative in order to
practically follow members‘ expectations. The virtual leader must

process (Figure 1). It is adapted to the decision-making
process, which requires the identification of a problem in a
broader sense (problem or opportunity) in production.

Fig.1 Decision-making process in an operational context.
Source: Rosin et al. 2016

This process involves three phases similar to Mintzberg:
validating a problem or opportunity, validating a solution, and
validating an implementation with the individual steps shown in the
figure. This model of the decision-making process can then be used
to define different types of autonomy and the use of Industry 4.0
technologies. Such technologies can help a workplace that include
operators and / or machines to improve one or more steps in the
decision-making process. Lin et al. [33] is based on Simon’s fourphase decision-making model, including phases, in the conception
of the decision-making model in the Industry 4.0 era intelligence,
design, selection and implementation. The first phase is used to
simplify and create knowledgeable assumptions about the realworld problem so that decision-makers can understand situations
and correctly define potential problems or opportunities. The design
phase includes selecting the appropriate model for decision analysis
to find potential decision alternatives for the most likely scenario.
The selection phase focuses on the application of algorithms to
model-to-model solutions and finding solutions from decisionmaking alternatives. The implementation phase verifies the
performance of the obtained solutions. The model is shown in
Figure 2.

Fig.2 Decision-making model for Collaborative Manufacturing (adapted
from Lin et al. 2012)

The fourth industrial revolution also brings a revolution to
decision-making processes. The context of this revolution speaks of
improving the rational side of decision-making through EBDM as a
concept of normative theories. Of course, evidence-based decisionmaking as part of a rational approach to decision-making seems
desirable. New analytical tools that Industry 4.0 offers for
investigating „big data“ promise to provide additional unbiased
records. On the other hand, technological progress in improving the
decision-making process is reopening issues related to facts,
prejudices, and beliefs. For many years, decision support systems
and technologies have aimed to improve the efficiency of human
decision-making processes, strengthen rational thinking, and
prevent prejudice, error, and bias. However, Industry 4.0 also makes
significant progress in neuroscience, where cognitive research has
highlighted issues of implicit cognition, psychological and
naturalistic processes, and the impact of social cues as elements of
human thought [34]. Decision support is therefore not just in
rational models, but in complex cognitive and analytical decision
support systems. Analysts or scientists who support research in
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have an intuition and sense of understanding that „electronic
silence“ means consent and acceptance rather than inattention [42].

approaches to decision-making lead to a re-understanding of their
importance and also to a change in their understanding. There is a
tendency to bring to the decision-making process the involvement
of all involved, collective judgment, the ability to learn from the
development of the situation or openness to feedback. The
understanding of the decision-making process thus moves from its
traditional concept to a new understanding, which includes the
above-mentioned factors.
The problem of normative and descriptive theories in decisionmaking is addressed by many scientists, who highlight the positives
of one or the other side of decision-making methods. In any
situation, whether it is ordinary decision-making or decisionmaking in crisis conditions and at the same time in times of
technological progress, it is not possible to overestimate only one
aspect of decision-making. Development leads to their integration
in the form of a direction that does not yet have a name but means a
synergy of rational decision-making and critical thinking and
reasoning in the context of descriptive theories. The overall optimal
result of the decision-making process is influenced by objective
criteria through a rational-normative model, environmental
characteristics and subjective influences, personality, and cognitive
complexity of the manager. In the decision-making process,
rationality is mostly limited and is limited by the amount of
information obtained. Therefore, this process is characterized not
only by analysis, but also by constant evaluation, intuition, and
political behavior.

5. Discussion
The Industry 4.0 is revolutionizing managerial decision-making
processes through a high degree of automation and digitization of
workflows. This will have a significant impact on competition not
only for the companies, but for a part of countries‘ competition,
which must make significant changes in preparation for business
transformation. These changes also create new challenges for
company management and for the adaptation of new tools and
techniques applied in the implementation of individual management
functions. Research in the field of the fourth industrial revolution
neglects the deep managerial challenges that are the basis of its
implementation. The most important issues we have defined in the
decision-making function for the era of the fourth industrial
revolution are: – decentralization of decision-making, related to the
ability of cyber systems to make simple decisions and be
autonomous, – building on evidence, not information and data, –
greater need for critical thinking and reasoning, discussion, ability
to interpret, – focusing on decision-making support not only in
rational models, but in complex cognitive and analytical decision
support systems – progress in neuroscience, decision-making
support through the use of the brain as a predictive organ capable of
using mood, context and social stimuli for active inference. The
fourth industrial revolution supports decision-making with its tools.
The creators of this support should try to strengthen the intended
rationality of the target user while avoiding the introduction of
„irrationality“ in the analysis and decision-making processes.
Effective technologies must consider the complex social nature of
decision-making as well as the multifaceted nature of evidence.
Their knowledge and response create a space for learning about
other contexts and impacts, especially in the social field. The
authors agree that the fourth industrial revolution will have an
impact on all areas of our lives, disrupting existing socio-economic
structures. In general, forms of service provision will change,
including new forms of education and professions - probably up to
half of today‘s professions will disappear in 15 years and
completely new ones will be born that we do not yet know exactly.
Lifestyles will change, and so will ways of managing public affairs
in general. Technological innovation, which is growing
exponentially, will also lead to social innovation. It is therefore a
great challenge for managers and scientists to examine what
strategy to set when implementing concept 4.0, not only within the
boundaries of their own company, but including the entire corporate
ecosystem.
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Financial project for construction of a plant for the production of granules, panels and
plates of foam glass and small and large composite elements
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Abstract: A financial project has been prepared for the construction of a plant equipped with a technological line for the production of foam
glass products. It is planned to build a warehouse for raw materials, a sector for preparation of materials, various production workshops for
the manufacturing of foamed granules and pieces, a continuous tape or block of foam glass, various composite materials (thermal insulation
and color decorative panels, various small and large composite elements, etc.), repair section and two warehouses for finished products.
Approximate calculations have been made for the necessary raw materials, technical equipment, electricity, personnel and other costs for the
realization and operation of the plant.
Keywords: FOAM GLASS, FINANCIAL PROJECT, EQUIPMENT FOR THE PRODUCTION OF FOAM GLASS, COMPOSITE MATERIAL
proved by its technical indicators, and the imposition of the market
depends on the needs, company policy, advertising, economic
opportunities of consumers and more.

1. Introduction
The modern intensive development of materials science,
accompanied with the conduct of multidisciplinary fundamental [15] and applied research [6-12], allows the elaboration of innovative
functional products with diverse uses in various fields [6-10].
A number of author teams study the amorphous structure [15,13,14], properties and possibilities for application of various
vitreous materials [6-8,15]. Specific environmental and
technological interest is the successful recycling of existing
quantities of waste silicate glass (of various origins) and the
production of cost-effective products such as foam glass and others.
Foam glass materials are non-combustible, durable,
characterized by appropriate thermal insulation and mechanical
properties, chemical resistance, high thermal stability [6-8] and
retain their functional qualities under the influence of various
weather conditions [8] and cyclical climate change [6,8,16,17].
According to its complex operational indicators foam glass products
are significantly superior to some thermal insulation products for
construction [8], which have gained wide popularity in recent
decades.
The presented development for the construction of a factory
equipped with a technological line for the production of foam
silicate materials is based on the research experience gained in the
implementation of several research projects, the elaborated current
inventions [18,19] and the numerous additional laboratory tests
performed [6-8].
This publication discusses some economic indicators needed to
prepare a realistic business plan for the construction of a plant
(Fig.1) for the production of various foam glass products: sound and
heat insulation boards (for walls, ceilings, floors, equipment, etc.),
colored decorative panels for cladding buildings, bulk granules of
FG, small and large structural elements (with П– and semi-Oshape), applicable in construction, shipbuilding, industry, energy,
etc. The fabrication of various composite materials with
reinforcement is envisaged, providing higher mechanical stability
and allowing partial bearing function of the final products. The total
investment value for the construction of the plant of 2 million euros
has been determined, on the basis of which calculations have been
made for the prepared business plan.

Methodology for selection of clients - through quotas
In construction
Bulgaria ranks last in Europe in the production of thermal
insulation materials for construction. In our country, there is a
recent practice, as in other countries, to insulate residential,
industrial and social buildings, in order to reduce heat loss and save
energy.
The significance of the problem for the thermal protection of
external, enclosing structures and the building as a whole requires
special design of the thermal insulation, which is a separate part in
the design of the building.
The effort is aimed at determining the possible volume of orders
from construction companies. The average volume of housing
construction taken from the statistical directory for the last three
years is 38,000 new dwellings per year, 26,000 for cities and 12,000
for villages. Given the stagnation of the economy, we hope that this
volume will be maintained and gradually increase in the period of
reaching the maximum production of the new plant. These are an
average of 400 residential buildings with 40 - 80 homes built on
1000 sq.m built-up area of 5 to 8 residential floors and 100 sq.m per
dwelling. For the thermal insulation of 1 such building an average
of 3000 sq.m of insulation boards with a thickness of 50 mm are
needed for the external walls, first and last slab. When insulating
elevator cages, shafts, corridors, ceilings, etc. unheated premises the
volume of consumption increases to 4500 sq.m, which is equal to
225 cubic meters. If this material is also used for sound insulation
of each floor slab, the required volume is 400 cubic meters of
thermal insulation for a residential building in the city. In the
villages, an average of 25 cubic meters of thermal insulation is
needed for a single-family house with 100 sq.m of built-up living
area. The total required consumption for housing construction is
estimated at about 210,000 cubic meters of thermal insulation per
year.
It is assumed that half of this volume will not be realized due to
conservatism and economic reasons. We distribute the other half
among the existing manufacturers of insulation and construction
materials (Table 1) - expanded polystyrene (EPS), extruded
polystyrene (XPS), wood fiber insulation boards, mineral wool,
gypsum fiber boards, aerated concrete blocks of the company
"Ytong", foam concrete, expanded clay concrete, perlite concrete,
perlite slabs, loose perlite, insulating screeds (perlite, vermiculite,
expanded clay) etc. Although the performance characteristics of
foam glass are superior to most of the listed insulation materials in
the present study we determine equal quotas for various alternative
of FG products 7.5% of 210,000 approximately 16,000 cubic
meters of FG per year.

2. Some financial parameters
2.1. Determining the needs of the product for a period of 1015 years - marketing analysis
After consultations with specialists, independent research was
made, approaching reality. The investigation plan includes the
following parts:
The aim of the research
The aim of the marketing research is to prove the need for the
product “foam glass” (FG) and the opportunity to establish itself on
the market, both in Bulgaria and abroad. The need for the product is
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Fig.1. Scheme of the production workshops in a plant for the manufacture of foam glass.
For public construction such as hospitals, clinics, kindergartens,
etc. public buildings (also from the statistical directory) the volume
of construction is approximately 30,000 sq.m built-up area, equal to
approximately 30 residential buildings, as described above, ie.
12000 sq.m of insulation material or 1000 cubic meters of annual
consumption of FG for public construction.
The volume of industrial construction is also insignificant
compared to that for housing construction. It is accepted as 20% of
it, ie 1500 cubic meters. Total for construction 18500 cubic meters.

consumption of FG in the energy sector is estimated at 2000 cubic
meters.
Table 2 shows the volumes of annual consumption (in the
minimum version) in the various branches of industry.
Table. 2. Areas of application.
No
Areas of application
1
1.1
1.2
1.3
2.
3.
4.

In shipbuilding
A classic option for the use of foam glass as an insulating
material is the sphere of shipbuilding. In the experimental industrial production of FG in 1971, almost the entire amount of
foam glass produced was used at the equipment of vessels. Due to
the closure of our shipyards is planned. annual consumption of
approximately 1,000 cubic meters.

1

Competitive materials

16,000
1,000
1,500
1,000
2,000
5,000
26,500

The total required volume is 26,500 cubic meters FG
A suitable product for export abroad is the so-called "sandwich"
type panels made of wooden or composite exterior panels and an
insulating layer of FG, applicable in the construction of thermal
insulation systems of small family houses. When participating in
exhibitions, an increased interest was registered (by many
construction companies) in this type of panels.
A capacity of 8,000 cubic meters is envisaged for the first stage
and a doubling of production for the second stage to 16,000 cubic
meters per year. It is insufficient to meet the full needs of the FG.
After the implementation of the project, appropriate management
decisions can be made to change the volume of production, but at
the beginning of the activity it is advisable to work in a market with
greater opportunities for implementation. It is assumed that in the
next 10-15 years the FG plant will operate at full capacity.

In energy
In the energy sector, foam glass products with a specific shape
are used, mainly halves of pipes for insulating pipelines of different
diameters.
Table 1. Competitive materials.
No

Construction
Residential construction
Public construction
Industrial construction
Shipbuilding
Energy
Export abroad
Total

Volume,
cubic meters

Market
shares, %
50

Brick masonry (without thermal
insulation)
2
Aerated concrete, foam concrete,
15
perlite concrete, expanded clay
concrete,
3
Effective thermal insulation materials
3.1. Perlite slabs
7.5
3.2
Insulating screeds (perlite, vermiculite,
5
expanded clay, etc.)
3.3
Expanded polystyrene (EPS),
7.5
extruded polystyrene (XPS)
3.4
Mineral wool
2.5
3.5
Wood fiber insulation boards
2.5
3.6
Foam glass
7.5
3.7
Others
2.5
At the same time the plates from FG are used for rectangular
ducts of pipelines, for lining of chambers and rooms with specific
functions, insulation of facilities and others. The annual

Production program
The initial production program was determined through the
marketing analysis, as a basis for calculating the productivity of the
technological line.
The production program envisages planning the capacity of the
technological line with the necessary reserve for scrap (in small
volume), taking into account the necessary scheduled repairs of
facilities and all other prerequisites for regular, complete and
trouble-free operation of the plant for production of FG. Table 3
presents the production program for a 10-year research period,
comparable to the real life of the technological line and the real
cycle of production development. In the first year it is planned to
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design the plant and carry out a number of preparatory activities.
The construction of the building and installation of the necessary
equipment is carried out for a period of half a year.
Table 3. Production program.
Years
1*
2
3
4
5
6
7
8
9
10

polyethylene foil (according to the customer's requirements), tied
with a strap and stored. The height of the finished pallet is 2 meters.
For other types of products, it is also possible to apply the presented
packaging procedure.
2.3. Electricity consumption by consolidated indicators
The electricity consumed (table 7) is divided into two groups:
electricity used for preparatory and final operations and basic
electricity for heating, foaming and stabilization of the resulting
foam glass. The first group is carried out by the various equipment
described in the title list of the technological line, and the second
group is carried out by the heaters of the two furnaces numbers 18
and 21 of the title list. With a productivity of 8,000 cubic meters per
year for the first stage and 330 working days per year, the daily
productivity is 24 cubic meters of boards and granules, and with
16,000 cubic meters for the second stage, respectively 48 cubic
meters. In the table. 6 shows the power consumed by all consumers
on the production line, with the same numbering from the title list.
Some facilities do not have electricity consumption. The price of
the ENERGY consumed is 0.15 EUR / kWh for a three-tariff
electricity meter (average value of 0.22: 0.14 and 0.09 BGN per
kWh for 2020). If necessary, it is possible to use gas as a heat
carrier.

Production
8,000
16,000
16,000
16,000
16,000
16,000
16,000
16,000
16,000
16,000

2.2. Analysis of the consumption of raw materials and
auxiliary materials - waste glass, foamers (foaming agents),
modifiers, colorants, etc. Material and heat balance of production.
Main raw material - waste silicate glass
The required amount of basic raw material (with 20% stock) for
the production of PS with a specific weight of 130 to 180 kg/cubic
meter has been determined. The mode of operation of the main
equipment of the technological line - the vertical shaft furnace 5 pcs
and the rotary kilns 2 pcs is continuous. Annual production
estimates have been made for a period of 330 working days. An
additional 35 days are provided for scheduled repairs. The daily,
monthly and annual consumption of raw material with 20% reserve
at a minimum density of 130 kg / m3 and a maximum of 180 kg /
m3 was determined (Table 4). Calculations as cost norms are made
for the maximum density.

Тable 6. Total power used.
Power
1. Total installed power of
machines for preparatory - final
processing
2. Total installed power for
heating and foaming
3. Total daily power used
without heating the material for
preparatory - final processing
4. Total annual power used
without heating the material for
preparatory - final processing
5. Total power used for
preparatory - final processing for
1 m3
6. Total daily power used to heat
and foam the material for 12
hours (with on and off to
maintain the temperature) - max
6a. Total daily power used to
heat and foam the material for 8
hours (with on and off to
maintain the temperature- min
7. Total annual power used to
heat and foam the material - max
7a. Total annual power used to
heat and foam the material -min
8. Total power used for heating
and foaming the material for 1
m3
9. Total power used for
preparatory and final processing
and for heating and foaming of
the material for 1 m3
10. Total annual power used for
preparatory and final processing
and for heating and foaming the
material - max
10a. Total annual power used for
preparatory and final processing
and for heating and foaming the
material - min
11. Total value for 1 cubic meter
in Euro - max
11a. Total value for 1 cubic
meter in Euro - min

Тable 4. Consumption of raw materials
Productivity
Consumption of raw materials - glass shards in kg
cubic meters
Daily
8,000
8,000
16,000
16,000

min
max
min
max

4,920
5,250
9,840
10,500

Monthly for 27.5
working days.
135,300
144,375
288,750
288,750

Annual for 330
working days
1,623,600
1,732,500
3,247,200
3,465,000

Consumption of foamers (foaming agents), colorants and
modifiers
Soot up to 3% (pure, imported) is used as a foaming agent in the
production of FG, coloring the obtained product in black. At the
same time in the role of foamer it is possible to use glycerin
(coloring the obtained material in black), calcium carbonate
(coloring the obtained material in white) and others. At preparing
the compositions sodium silicate 3%, various colorants (if necessary
2, 4 and 6%), suitable modifiers (TiO2, etc.) etc. are introduced. In
the implementation of the present project it is envisaged the
application as foaming agents mainly of glycerin in the production
of black foam glass (for the preparation of thermal insulation
products) and of CaCO3 together with pigments for the
manufacturing of colored foam glass for the obtaining of decorative
panels for cladding of buildings.
Тable 5. An expert assessment for a price of 1 cubic meter for
materials.
3.0648 EUR/M3
MIN
3
8,000 m /year
7.9248 EUR/M3
MAX
16,000 m3/year

MIN

3.0648 EUR/M3

MAX

7.9248 EUR/M3

Production packaging

За 8 000 m3/year

За 16 000 m3/year

243 kW

310 kW

470 kW

940 kW

641 kWh/ day

1,119 kWh/ day

211,530 kWh/year

369,270 kWh/year

26.4 kWh/m3

23.4 kWh/m3

5,640 kWh/day

11,280 kWh/day

3,760 kWh/day

7,520 kWh/day

1,861,200
kWh/year
1,240,800
kWh/year
232.65

3,722,400 kWh/year

26.4 + 232.65 =
262 kWh/m3

23.4 + 232.65 = 259
.kWh/m3

2,096,000
kWh/year

4,144,000 kWh/year

1,452,330
kWh/year

2,850,870 kWh/year

39.3

38.85

27.23

26.73

2,481,600 kWh/year
232.65

The annual consumption is calculated for a period of 330
working days, with some facilities operating in one, some in 2
shifts, and furnaces in a continuous cycle of work (3 shifts).
Consumption of other types of energy (for heat, cooling, water,
steam, fuel, etc.) is not except for household needs - 1 EUR/m3.

The packaging of the produced FG plates is carried out on
pallets with dimensions 800x1200x150 mm. The stacking of the FG
plates on the pallets is done by the palletizing machine at the end of
the technological line, if necessary they are wrapped in
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Тable 7. Total power consumption.
№

Installation

Numb
er

Installed power
kW

1.
2.
3.

Supply hopper
Conveyor
Shower for washing glass waste

1
1
1

4.

Crusher - vibrating

2

5.
6.
7.

Conveyor
Electromagnetic separator
Non-glass waste hopper

1
1
3

8.

Waste glass mill

2

9.
10.
11.

Sieve vibrating flat closed
Cart for additions with scales
Homogenizer

1
1
1

12.

Granulator

2

13.
14.
15.

Hopper for feeding raw granules
Trolley with trays for drying ready-made raw granules
Dryer for raw granules

1
6
1

16.

Scraper conveyor for raw granules

2

17.

Conveyor belt for carrying

1

18.

Rotary furnace for foaming raw granules

2

18a

For heating the material - for 24 hours works 8 (12) hours

2

19.
20.

Hopper for feeding foamed granules
Packaging machine for foamed granules in bags of 25 kg.

21.

Vertical shaft installation (without automation)

4
1
5
10

21a

For heating the material - for 24 hours works 8 (12) hours

22.

Container feeding installation with the batch

10

23.

Rolgang main

1

24.

Rolgang under the furnaces

5

25.

Aspiration system around each vertical furnace

1

26.
27.
28.
29.
30.
31.

Cut section with machines
Aspiration system around each machine in the cutting area
Internal transport
Packing machine for plates FG
Crane
Quality assessment laboratory

1
1
-

32.

Repair workshop

1

33.
34.
35.
36.
37.
38.
39.

Living quarters
Control and computer regulations system
Substation - facilities
Telephone connections - system - Director's office
Freight elevator
Stillages for drying and hardening
Composite mixture homogenizer

1
1
1
1
2
3

40.

Stretch table for products

4

41.

Matrices for products

8

1
1

1х2.2=2.2
1х2.8=2.8
2х2.8=5.6
1х2.2=2.2
1х10 =10
1х3.6=3.6
2х3.6=7.2
1х4=4
1х2.2=2.2
1х2.2=2.2
2х2.2=4.4
1х6=6
1х2.2=2.2
1х2.2=2.2
1х1.1=1.1
1х10=10
2х10=20
1х120=120
2х120=240
1х10=10
5х2.5=12.5
10х2.5=25
5х70=350
10х70=700
1х6=6
1х6=6
5х2.2=11
10х2.2=22
5х1.1=5.5
10х1.1=11
4х3=12
1х10=10
1х10=10
1х8 = 8
1х3=3
40
80
1.5
1
1х5=5
1х2.2=2.2
3х1.5=4.5
1х3.5=3.5
-

Productivity 8,000 m3

Productivity 16,000 m3

Time
work
h

Power
consumption
kW

Time
work
h

3

6.6

6

13.2

5

14

3
3

6.6
30

5
6
6

28
13.2
60

12

43.2

5

20

12
10

86.4
40

6
6

13.2
13.2

12

26.4

12

26.4

16
6
6
6

96
13.2
13.2
6.6

8

160

8 (12)

1,920 (2,880)

4

40

1

25

8 (12)

5,600 (8,400)

16

96

0.68

7.48

24
3.68
4

264
22.12
40

for

8
3
3
3
8

48
6.6
6.6
3.3
80

8 (12)

960 (1,440)

2
1

20
12.5

8 (12)

2,800 (4,200)

for

Power
consumption
kW

16

96

0.34

3.74

24

132

1.84
2

11.06
20

2
4
0.5
1

20
32
1.5
40

4
4
0.5

40
32
1.5

1

80

24

36

24

36

24
1

24
5

24
2

24
10

6

13.2

12

26.4

3

24

6

48

A total of 21 service personnel are needed for one industrial unit
operating with 5 shaft furnaces and 1 rotary furnaces for granules
for the first stage of commissioning of the plant. An additional 14
people are needed for the second stage of capacity implementation
as follows:
Тwo equipment maintenance technicians - 1 mechanic and 1
electrician, secondary special education, men, working in 1 shift, 2
people.
Тwo technicians for work of 5 shaft furnaces and 1 rotary furnace
for granules, technicians, secondary special education "Silicate
technology", men, working in 3 shifts, 6 people.
Тwo the workers for preparatory and final processing of the
materials, 1 employee (secondary special education "Silicate
technology") and 1 forklift driver (secondary special education),
men or women, work in 2 shifts, 4 people.
Оne technician controller, technicians, secondary special education
"Silicate technology", man or woman, works 2 shifts 2 people.
A total of 35 staff are needed for the plant at full capacity.

2.4. Labor costs and other expenses
Industrial-production staff and salary fund. Distribution of
industrial-production staff by categories of shifts and
productions.
List of required number of employees:
Оne superior of shift, automation and control engineer, higher
education, male or female, works 3 shifts, 3 people.
Тwo equipment maintenance technicians - 1 mechanic and 1
electrician, secondary special education, men, working in 1 shift, 2
people.
Тwo technicians for work of all furnaces and equipment,
technicians of silicate materials, secondary special education, men,
work in 3 shifts, 6 people.
Тhree workers (for preparatory and final processing of the
materials) and 1 forklift driver , work in 2 shifts, 8 people,
Оne technician controller, secondary special education "Silicate
technology" , man or woman, works 2 shifts, 2 people.
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The following analysis of the main costs was performed:
-the costs of raw materials and other materials are constant;
-energy costs are also constant, unless the price of electricity
increases above 0.15 EUR / kWh, which depends on government
policy;
-labor costs are variable, on the one hand until the optimal
composition of jobs is established, on the other hand, in order to
have a lasting interest on the part of the staff, a progressive increase
in wages is envisaged (for example by 5% per year, separately from
inflation), which can be guaranteed from the profit, after repayment
of loans used or in parallel with them;
-other costs, including transport of raw materials, maintenance and
repair, which we define as 10% (of the costs incurred so far) and
additional costs for wastage are variable in the direction of
reduction, which is the responsibility of the plant management;
- depreciation deductions allocated to a separate fund are constantly
decreasing for each subsequent one-year period. The full cost
includes the average value for the first stage and the average value
for the second stage of the production. The decision to use these
funds is the responsibility of management;
- additional costs, including funds for advertising of manufactured
products and funds for remuneration of administrative and
managerial staff. These funds are necessary for the successful
organization of production and realization of the final production.
The main criteria in determining them is on the one hand that the
funds provided do not significantly burden the cost of production,
and on the other hand to contribute to the professional work and
motivation of management. Of the 10% set aside, 2.5% is set
allocated for advertising and the remaining 7.5% for the
remuneration of the governing body (with a 5% increase in wages
per year, apart from inflation).
For the 10-year planning period, the total amount of advertising
is EUR 375,600, and the distribution by year is not evenly in order
to promote the finished product at the beginning of its production.
Administrative staff is kept to a minimum. Funds are provided
for the payment of the authors of the patent, fees for consultants in
the planning and construction of the plant, other fees and
maintaining minimum reserve.
The projected 12% minimum planned profitability (in a separate
fund) determines the size of the minimum planned profit relative to
the cost of production, and hence the average profitability relative
to production funds, which is 10.6% for the first stage and 38.8%
for the second stage from the work of the plant. This will help
determine the exact value of the minimum selling price of the
product.

Annual salary fund and accruals for social security and
retraining and unemployment fund (calculation base)
The calculations of staff costs is provided the inclusion of
additional remuneration for classes, night allowances and others,
such as 40% of the normal inherent costs of materials for this type
of industry and 20% harmful, including 35% for social security and
7% retraining and unemployment fund. A total of 21 service
(Industrial-production) personnel are needed for the first stage of
the commissioning facilities of the plant, with a total value of
monthly salaries (from EUR 184,080 per year) or 23.01 EUR/cubic
meter.
In the second stage from commissioning of the facilities for the
engaged additional 14 employees, the same remuneration is
provided as for the already working staff.
A total of 35 employees (industrial-production staff) are needed
for the plant at full capacity, with a total annual salary of 306,800
EUR and a corresponding 19.18 EUR/cubic meter.
On this value for 1 cubic meter are included 35% for social
security and 7% retraining and unemployment fund or a total of
42%. Then are included a total of 23.01 EUR /cubic meter for
salaries in the first stage and 19.18 EUR/cubic meter for the second
stage.
Depreciation deductions
Depreciation deductions are different for different capital
investments:
For land and infrastructure - no deductions are provided
For a building - with 20 years term of deductions
The formulas by which we determine the depreciation and the
residual value are:
A=P/T, where P is the value of the depreciable capital, and T is
the depreciation time.
For 1 cubic meter we receive respectively for the first stage
2.8125 EUR / cubic meter and for the second stage 1.40625 EUR /
cubic meter.
For the technological line - we use a formula with nonlinear
dependence of residual value calculation.
Р res.=Р(1-к)Т and А=Р-Рres.
к = 0,2 and Т=5 years for this type of industry
For 1 cubic meter we add up the total depreciation for the ten
years for the first and second stage, respectively, ie we receive 7.81
EUR / cubic meter for depreciation deductions for the first stage
and for the second stage 6.23 EUR / cubic meter, which is average
value for annual depreciation deductions. Real values are variables
that will be reflected in the corresponding annual real costs.
For the second stage of operation of the technological line
depreciation deductions are separated after the third year from the
beginning of operation of the plant for FG.
2.5. Determining the full cost of produce and of the
production and sales price
The values obtained are presented in Table 8. The thus formed
factory price in two variants with minimum and maximum costs for
the two stages of production shows the limits of the real factory
price, which will probably be with average values within the
obtained interval, ie. for the first stage for the manufacture of black
foam glass 121.38 and for the production of colored foam glass
187,69 EUR / cubic meter, and for the second stage respectively
113.64 and 179.50 EUR / cubic meter.
Full cost of production, production cost by cost elements
and analysis of basic costs

Factors influencing full cost, production price and selling
price
The factors influencing the full cost, production price and
selling price of manufactured products are of two types - external
and internal. The external ones are the normative documents,
referring to the making of legally justified managerial decisions,
and the internal ones leading to accumulation of maximum profit
and optimally effective result from the production of this type of
production in the created macroeconomic external environment, ie.
the maximum possible selling price in order to realize the maximum
profit and at the same time the sale of the entire produced quantity
of production. A sale price of 130 EUR / cubic meter without VAT
and 150 EUR / cubic meter with VAT is offered. Based on the
presented values, a Business Plan has been prepared.
Capital investments and production funds
The capital investment is worth EUR 1.44 million for both
stages.
Structure of capital investments and main production funds
Capital investments are divided into the following costs:
For land – 55,000 EUR
It is planned to purchase land with dimensions of 90x60 m =
5,400 sq.m, on which to build an industrial unit - a building with
dimensions of 80 x 30 m = 2,400 sq.m.

The table with the estimated cost shows that the elements for
the formation of the full cost are from item 1 to item 6, respectively
raw materials, energy costs, labor costs, other costs, depreciation
deductions, additional costs, some of which are given as exact
values, while others are defined as a percentage of the costs
incurred so far, taken from the statistics for the respective type of
production. The production price also includes the minimum
planned profitability - 12% of the costs incurred for the full cost of
production.
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Tab. 8 Full cost of produce and of the production and sales price.
No

Сума в EUR/m3 foam glass at density 150 kg/m3
Productivity
8,000 m3/year
16,000 m3/year
min
max
min
max

Type of costs

1.
1.1

Raw materials and other materials
Main - waste glass

1.2
1.2.1a
1.2.1b

Auxiliary
Foaming agent - soot (for comparison) - black foam glass
Foaming agent - glycerin - black foam glass
(technological additive - sodium silicate)
Foaming agent - calcium carbonate - white foam glass
Foaming agent - calcium carbonate and additional introduction of
colorants - colored foam glass
Other auxiliary
Amount for point 1
Average value

1.2.1c
1.2.1d
1.2.2

2.

4.
4.1
4.2
4.3
4.4

5.
5.1
5.2

6.

7.

7.56

2,7

7,56

0.0648
0.3
10.6

0.0648
0.3
14.6

0,0648
0,3
10,6

0,0648
0,3
14,6

9.5
84.75

14.1
89.1

9,5
84,75

14,1
89,1

3.0648
7.9248
5.49 / 10,6/ 11.8 / 88.8
27.23

Energy costs for electricity 0,15 EUR/ kWh
Average value
Amount for point 1 up to point 2

3.
3.1
3.2
3.3

2.7

39.30

3,0648
7,9248
5.49 / 14,6/ 11.8 / 89.8
26,73

33.26

Labor expenses
Salary
Accruals of 35% for social security
Accruals of 7 % for unemployment and retraining
Amount for point 3
Average value
Other expenses
Transport of raw materials
Amount from point 1 up to point 4.1

40.53

61.46

40,03

16.21
5.67
1.13
23.01

16.21
5.67
1.13
23.01

19,18

9.95

Maintenance and repair 10 % from the amount for point 1 up to point 4.1

Amount from point 1 up to point 4.2
Losses from wastage 3 % from the amount for point 1 up to point 4.2
Packaging costs - pallets
Amount for point 4
Average value
Depreciation deductions A (calculated according to a special formula)
For buildings
For technological line
Amount for point 5
Average value
Production cost price
Amount for point 1 up to point 5.2
Additional costs - 10 % from the amount for point 1 up to point 5
(advertising, salaries for administration and management)
Average value
Full cost price – amount from point 1 up to point 6
Profitability - 12 % from the amount for point 1 up to point 6
Average value
Factory price – amount from point 1 up to point 7
Average factory price for different types of FG at point 0.15
EUR/kWh

0
63.54
6.35
69.89
2.10
4.6
13.05

3.00
87.47
8.75
96.32
2.89
5.6
20.34

0
59,21
5,92
65,13
1,95
4,6
12,47

2.81
7.81
9.62
88.46
106.76
11.44

1,41
6,23
7,64
7.64
44,07
58,21
7,93

125.87
12.59

87,25
8,72

10.03
94.83
9.48

60,91

19,18
7.535

16.69
2.81
7.81
9.62
9.62
48.56
62.7
8.62

38,85
32.79

11.04
104.31
138.46
Black FG - soot - 104.38
Black FG – glycerin (additive - sodium silicate)
121.38
White FG - CaCO3 - 110.69
Colored FG - CaCO3 and
colorants - 187.69

95,97

3,00
84,09
8,41
92,50
2,78
5,6
19,79
16.13
1,41
6,23
7,64
76,55
94,85
10,85
9.39
119,37
11,94
10.33
131,31
95.89

113.64
102.50
179.50

Note: Calculations are shown for the accepted foamer glycerin and sodium silicate. The other values are given for comparison.
Working capital
Working capital is the sum of the value of the working funds
and the circulation funds
The working funds are made up of the following components:
- raw materials and other materials expenses;
- energy costs;
- labor expenses;
- other costs - transport, maintenance and repair, wastage,
packaging, etc.;

For infrastructure EUR 80,000
For construction or building – 450,000 EUR
Building of the industrial unit with dimensions 80x30 m = 2,400
sq.m built-up area
For technological line - machines and equipment:
- first stage – 700,000 EUR.
- second stage – 155,000 EUR.
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- additional costs - advertising, administration costs;
The working funds also includes work in progress and stock of
raw materials and other materials in the amount of 15% for 1 year.
The circulation funds are formed by the following components:
-unrealized finished products - as quantity and value we accept
finished products less than a unit of transport volume (eg 3/4 of the
volume of a truck - TIR);
-costs for finished goods on road (full volume of the truck TIR) –
6,570 EUR.
Total value of working capital - is the sum of the above
components increased by 20% for unforeseen additional costs
The minimum and maximum value of working capital shows
the limits within which they can move. After analysis we accept
540,000 EUR.
Available main funds that will be used under the project
There are no main funds available at the time of project
creation. After the realization of the project management form,
opportunities will be sought to raise the planned funds.
Production funds
The production funds needed for the implementation of the
project are the value of the technological line, respectively 700,000
EUR for the first stage of implementation and 155,000 EUR for the
second stage, ie. a total of 855,000 EUR.
One-time costs
The one-off costs are for the purchase of land, construction of a
building and infrastructure with a total value of 585,000 EUR.
The total value of the plant for the production of foam glass
products is 2 million euros, increasing over time with changes of the
inflation index and other external factors.
These data are included in the developed business plan.
NOTE: In the whole project the value of 1 EUR is equal to 2
BGN, limited by the Currency Board in the Republic of Bulgaria.
The calculations are made until June 2021, and inflation is reflected
proportionally in the changing economic situation.

3. Conclusions
Some financial parameters applicable in the preparation of a
detailed Business plan for construction and operation of a plant for
the production of various foam silicate products are presented:
plates for sound and thermal insulation, colored decorative panels
for building cladding, bulk foam granules, small and large structural
composites elements (with different forms) with potential
application in construction, industry, energy, shipbuilding, etc.
The preliminary calculations for the necessary funds for raw
materials, other material, land, appropriate technical equipment,
electricity, labor, advertising and other costs for the project are
considered. Based on the presented data, the estimated total
investment value (for the construction of the plant) in the amount of
2 million EUR has been determined.
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Abstract: Nowadays there are millions of people who use the internet and each of them is a potential customer for a company that offers
online sales. Due to the rapid development of technology, companies that are interested in selling their products through the use of the
internet will have to constantly seek for a competitive advantage in this fierce competition. E-commerce is emerging as a new way to help
businesses increase competitiveness and thus contribute to the country's economic success. The COVID-19 situation made people live
differently, buy differently and think differently. During the period of total quarantine of individuals but also of shops, online trading was
seen as a necessity by companies. The internet is a good way to get new requests from consumers. This is why it is important for online
retailers. During the COVID-19 period, companies needed to manage change, finding new ways to be close to customers through online
sales, but also designing new ways of working. The purpose of this article is to identify the management of changes by Albanian companies
in the use of technology as well as e-commerce during and after the COVID -19 period.
Keywords: CHANGE MANAGEMENT, TECHNOLOGY, ONLINE COMMERCE, COVID-19

companies.
The Albanian economy is already one of the most affected in
the region by the effect of the Covid-19 virus. The escalation of the
economic downturn in the latest reporting from the Monetary Fund
is even closer to reality as the data are not just estimates, but
projections based on the signs that the economy has shown during
the 6th and 9th months of 2020. According to the Institute of
Statistics ( INSTAT) [5], in the second quarter of 2020, gross
domestic product fell by 10.23% compared to the same period last
year (2020a). The most affected sectors were services (trade,
transport and hospitality) with a decrease of 26.35% compared to
the same period last year; financial and insurance activities
(21.68%); arts, recreation entertainment (19.56%); scientific,
professional and technical activities (19.45%); extractive and
processing industries (13.14%); and construction (10.93%).

1. Introduction
COVID-19 transformed the way of living and also changed the
way of doing business. Nowadays there are millions of people
online and each of them is a potential customer for a company that
offers online sales. Due to the uncertain time of pandemic and the
rapid development of technology, companies that are interested in
selling their products through the use of the internet will have to
constantly seek for a competitive advantage in this fierce
competition. As the number of potential customers is high, the need
arises to pay more attention to understanding what the customer
wants and needs and to manage the change of operating online in
business structure. The importance of analyzing and identifying the
factors that influence consumption when the consumer decides to
shop online is vital. The internet is a good way to get new requests
from consumers. This is why it is important for online retailers. It is
also important to study why it is important for many businesses to
create a website and how willing companies are to apply ecommerce. This change is influenced by a huge number of factors
in order to adapt e-commerce. Over the years various researchers
such as Merhets, Cragg and Mills (2001) [1]; Beatty, Shim and
Jones (2001) [2]; Grandon and Pearson (2004) [3]; Molla and
Licker (2005) [4] have conducted studies to determine the factors
that influence the adaptation of e-commerce. As companies
increasingly turn to e-commerce the need arises to determine what
the benefits of its application are and how we can measure the
benefits it brings. Analyzing consumer behavior is not a new
phenomenon. Well-known marketing expert Philip Kotler has
published several works on the topic of theories on consumer
behavior. These theories have been used for many years, not only to
understand consumers, but also to create a marketing strategy that
will attract consumption efficiently. For this reason, understanding
and identifying the customer is closely related to the direction and
marketing strategies of the company. Also the adaptation of
working processes requires change management for a business to
succeed.

But what can we analyze and what lessons should be learned
about this economic situation?
In the first place, criticism must begin with oneself by analyzing
weaknesses in economic and institutional governance, which
manifested themselves in their strongest form in this test that
suddenly created the pandemic. Weaknesses in this regard do not
have the power to affect the amortization of shocks in order to
improve the economy on a sustainable basis as well as living
standards. E-commerce, also known as e-Business, is simply the
sale and purchase of products or services through electronic media,
such as the Internet. It also means the transfer of data electronically.
Specifically, the transfer of money between two parties. The most
common is selling products, but there are also auction websites,
business-to-business ecommerce sites, services, music portals,
websites
Benefits of E-commerce business:
- The benefits of a direct channel with the e-commerce customer
- How to better understand your direct business profile with the
customer

These theories can also be applied to identify consumers online
and create certain consumer segments. However, some distinctions
still need to be made when considering traditional consumer
behavior and its online behavior.
Companies need to know how to build relationships with their
customers. When analyzing the online shopping process, there are
several factors that consumers consider. These factors need to be
identified and considered by online retailers in order to meet
consumer demands and compete in the online marketplace.
The purpose of this paper is to provide detailed information on
change management and the impact of Covid-19 on Albanian

- Best direct practices for customers to provide optimal
customer experience
- A list where you can have control that helps you start building
your ecommerce business.
E-commerce businesses can meet some or all of the
requirements:
- Online shopping for direct retail sales to consumers through
websites and mobile apps, and chat trading through live chats,
chatbots and voice assistants.
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- Offering or participating in online markets, which process
third-party sales from business to consumer or consumer sales with
the consumer - Buying and selling business-to-business;
- Collection and use of demographic data through online
contacts and social media
- Electronic exchange of data from business to business
(Business-to-business)
- consulting, financial management, etc.
Almost all supermarket chains have similarly operated to sell
online these days. E-commerce came to the aid of many Albanian
businesses such as: Big market, Spar, Conad, Megatek, Credins
bank etc. The use of this program made possible the continuation of
sales of essential products and avoiding almost 100% contact with
the virus and avoiding its serious consequences.

2. Literature Review
E-commerce is emerging as a new way to help businesses
increase competitiveness and thus contribute to the country's
economic success. Based on a questionnaire developed by DM
Consulting Services most Albanian companies do not have
sufficient knowledge about e-commerce, and that their investment
in e-commerce can produce more benefits for their businesses and
increase their competitiveness in the local market. but also the
global one. Spaces and opportunities for e-commerce are growing
due to the steadily improving access to technical and
communication infrastructure. In the developed global economy, ecommerce and e-business have become increasingly necessary for
business strategy and at the same time a catalyst for economic
development. The integration of information and communication
technology in the business enables the reduction of costs products,
improving productivity, as well as fostering greater participation
and mass activation of consumers. E-commerce is not just about
using new technologies. E-commerce can also help by improving
business relationships and managing and running processes more
efficiently. This includes creating more effective external
interactions with customers, associates and suppliers, but it can also
improve the internal efficiency of the business as well as the
emergence of new products and services.

Source: Laudon and Traver (2009) [6]
•

During this period, it was the business that exerted its influence.
The key players focused on how to strengthen their position in the
market and survive against new brands. Business development was
financed according to traditional methods. Brokers were
empowered and e-commerce was dominated by giant retailers,
while more successful businesses began to use mixed online and
offline strategies, combining the strengthening of traditional and
online sales.

According to Laudon and Traver (2009) [6], the evolution of ecommerce is classified into three main periods:

•

1. Innovation (1995-2000),
2. Consolidation (2001 –2006)

Third Stage Re-dimensioning 2006 - the future

E-commerce entered its third phase in 2006 and continues to
spread to this day. At this stage the audience, customers and
community put pressure on businesses. Moreover many large online
firms such as Myspace, YouTube, Facebook, Twitter, Instagram are
entering the market and taking advantage of the initial stages of
other firms, forcing them to leave, while the advantage of the first
user is used in emerging markets.

3. Resizing (2006- future).
•

Second Stage Consolidation –2001 -2006

First stage Innovation –1995 –2000

The first years of e-commerce are characterized by a rapid
development of innovation, starting from 1995 with the powerful
use of the web to product advertising. By this time many online
companies had invested billions of dollars of their capital. Their
collaborators as computer scientists and information technologists
believed that achieving the success of using e-commerce was the
reward for their tireless work to develop information technology for
decades, from the invention of the simple computer to the network
of internet.

Also the wide range of e-commerce application continues to
grow, especially in sectors such as travel, commerce, retail, and
home appliances, financial services, while online sites continue to
boost profit by perfecting their business model and average internet
capacity. In Albania, e-commerce is in the early stages of its
development. The number of operators providing these services is
still reduced. Low formalization in card payments and relatively
high transaction costs in relation to the small values gained from
sales, are some of the problems. In order to manage the creation of
online shop know as ecommerce we also need to manage the
structure change in workers daily operations. Greiner (1998) [7]
identified six common phases of successful change:
Phase 1. Pressure. The process begins as a result of pressures
on senior management. Pressures can come from outside, from
environmental factors such as low sales, or from within events such
as departmental disputes.
Phase 2. Intervention and reorientation. Managers generally try

Economists believed that e-commerce brought a perspective to
a perfect market where costs, prices, and quality of information are
evenly distributed, and suppliers compete with each other, and
where buyers have limited access to market information.
Commercial businesses saw in it an opportunity to earn more than
the rate of return they had planned, as they had access to millions of
customers around the world.
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to ignore the changes or see them as temporary. In this case,
external specialists can be hired who are more objective in
evaluating the changes.
Phase 3. Diagnosis and recognition. This phase is characterized
by the commitment of all managers and members of the
organization in discussing and analyzing the problem that has
arisen.
Phase 4. Discovery and Engagement. Once the problems that
have arisen are identified and diagnosed, the focus is on finding
solutions and alternatives to action.
Phase 5. Experimentation. Once possible solutions to the
problem have been identified, experimentation should be performed
in order to test their effectiveness.
Phase 6. Acceptance of changes. Once verified that the change
will be successful, it should be introduced to all parts of the
organization, so that all employees, especially those with direct
links, are familiar with it.

research method is defined as a multi-disciplinary field that helps us
understand experiments, statistics, etc. (Janesick, (1998) [8];
Corbertta, (2003) [9]). According to Aliaga and Gunderson (2006)
[10] the quantitative research method is the explanation of the
phenomenon through the collection of numerical data which are
then analyzed based on mathematical or statistical methods.
Quantitative research offers the possibility of obtaining information
about research questions which helps us to reach accurate
conclusions (Bryman and Bell (2011) [11]).
The main instrument in the collection of survey data is the
questionnaire, the purpose of which was to collect information on
the extent to which e-commerce is applied in Albania and to assess
the benefits that the application of e-commerce brings to companies.
This case study aims to highlight the consequences that the
global Covid-19 pandemic brought to Albanian businesses and the
change management of operating online. This case study was
created on the web through google forms where 190 companies and
medium-sized businesses participated. The contact to obtain this
information was achieved through its dissemination through
individual contacts, through social networks and close friends
working in different companies and businesses.

Although change is universal and inevitable, it is seldom
accepted immediately by business organizations. Resistance to
change is a common occurrence. The four main reasons for
resistance to change are listed:
1. Self-interest.
2. Lack of knowledge and trust.
3. Different evaluations.
4. Low tolerance for change.
Of course, the choice of tactics depends on the concrete
situation of each business organization.

5. Data Analysis
The study findings (figure 1) showed that mostly of the
enterprises asked operate in electronics and electrical equipment
sector (10%); retail/sales (16%); food and beverage (10%).

1. Education and communication. The initiators of change often
possess information that is not available to all members of the
organization. Education and communication presuppose that the
members of the organization know the objectives and are trained in
order to recognize the problems that have arisen and the need for
change.

Figure 1. Sector operation

2. Participation. Perhaps the most effective way to reduce
resistance to change is to engage opponents in the planning and
implementation process.
3. Facilitation and support. This tactic is especially appropriate
when resistance has its source in fear. Supportive methods such as
employee counseling, therapeutic programs to change relationships
within the organization, etc. can be developed to overcome
resistance.
4. Negotiation. This tactic implies the creation of a preliminary
agreement between the initiators of change and potential opponents
for change.
Source: Author’s findings from the study

5. Manipulation and co-optation. This tactic aims to persuade
individuals or groups opposed to change, without their knowledge.
So manipulation means gaining support for change by touching the
personal interests of a certain group of individuals. Co-optation
means the involvement in the decision-making structures of
influential people in the organization.

Figure 2 shows the number of employees, data collected using
the questionnaire. From the graphic, we understand that around 54
% of enterprises have 11 to 100 employees, while around 38% have
less than 10 employees.
Figure 2. Number of workers

6. Obligation. The use of coercion is presumed when there is a
total dispute, and when the participating parties involved in the
process are operating from relative fixed positions.

4. Methodology
This chapter describes the methodology used to meet the
purpose and objectives of this paper including issues such as:
research methods, research instrument, validity and reliability of the
questionnaire, research ethics issues.
Quantitative research methods were used to conduct this study.
The data of this paper were collected through a questionnaire. The
method of data collection through the questionnaire is not the only
way of data collection. The literature shows that there are a variety
of research methodologies and instruments that help in obtaining
data related to the research questions of the study. Quantitative

Source: Author’s findings from the study
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Figure 3 shows the situation of enterprises work force. A lot of
them were forced to dismiss workers during COVID-19 as all the
country was in total lockdown. 62% of them were familiar with this
phenomenon.

Figure 6. The gap for operating online

Figure 3. Dismissing workers during Covid-19

Source: Author’s findings from the study
In figure 7 we understand that e-commerce operation offered
the possibility to increase sales and operate in larger markets for
most of them. Also, the brand identity was one of the main
objectives achieved by enterprises.

Source: Author’s findings from the study

Figure 7 . Marketing objectives achieved through e-commerce

46% of the enterprises which asked for the questionnaire were
able to operate online. The type of the product/service was able to
be delivered online; this means that they find a new acquisition
channel during COVID-19 which is e-commerce service. They have
to deal with the other part of the operations since the possibility to
offer the product was able.
Figure 4. Operating online

Source: Author’s findings from the study

5. Conclusions
Some of the companies and businesses were up to date with the
online service and product shipping they offered, but all those
businesses that offered their product physically faced financial
difficulties. The pandemic itself brought a new manner of living to
all people that was not easy to learn. The digital economy boomed
during the COVID-19 crisis. The adoption of this change was
managed by most of the enterprises operating in Albania. Despite
the lack of difficulties, e-commerce as an operating channel has
created a new acquisition channel that continues even nowadays.
Companies need to know how to build relationships with their
customers. When analyzing the online shopping process, there are
several factors that consumers consider. These factors need to be
identified and considered by online retailers in order to meet
consumer demands and compete in the online marketplace. Using ecommerce the enterprises have achieved most of their marketing
goals such as:

Source: Author’s findings from the study
In figure 5, mostly of the enterprises (69%) had never consider
the online operation as a possibility. We came to the conclusion that
most of them considered this change management forced from
COVID-19.
Figure 5. Operating online before Covid-19

Source: Author’s findings from the study
Managing change requires a lot of engagement and knowledge.
If we add the unusual conditions of the pandemic there were a lot of
insecurities to moving from physical operation to online operation.
This change faced three important gaps such as the lack of
knowledge (38%) to manage an online business, the lack of
infrastructure (41%), and there was a change resistance from the
workers with the value of 21%.
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Abstract: Albania has significant renewable energy resource potential from hydro, wind and solar energy. It is a special case regarding
electricity generation because most of (99%) is provided using large and medium hydro power plants. So, energy generation in Albania is
free from greenhouse gas emissions. But since hydrological conditions change from year to year, the country has been forced to support the
import of electricity from countries in the region and mainly from Kosovo. The use of wind energy in Albania would not only reduce
dependence on imports but also would affect the decarbonization of the energy sector in the region, which is supported by fossil resources.
This study estimates the amount of CO 2 that could be reduced if a renewable energy source, such as wind energy, would replace energy
generation from the use of fossil fuels sources. In case when the energy is generated from coal thermal power plants in Kosovo, emitting an
average of 1,205 tCO2/MWh, results in reduction of 36,632.5 tCO2 for generating 30.6 GWh electricity yearly and in case when electricity
generation is from Vlora gas power plant, emitting an average of 0.341 tCO2/MWh results in reduction of 10,379.3 tCO2 for the same
amount of electricity generated in first case.
Keywords: WIND ENERGY, ENVIROMENTAL IMPACT, CO2 EMISSIONS, DECARBONIZATION, RETSCREEN EXPERT, ALBANIA.
total EU emissions in 2015 [3]. On the other hand, many studies
predict that energy consumption will increase significantly during
the first half of the 21st century [4, 5]. EIA predicts nearly 50%
increase in world energy use by 2050, (see Fig. 1) [5].

1. Introduction
Recent climatic phenomena occurred in many countries around
the world are confidently indicating the climate change on earth,
which have resulted in extraordinary events in many cases. The
main cause of these global warming changes is caused by the
“greenhouse” phenomenon, which is increasingly threatening the
country where we live.

Under the conditions of the continued increase in energy
demand, limited reserves of fossil resources, as well as increasing
impacts on the economy and health because of climate change,
technologies are required to generate energy with as few
greenhouse gas emissions as possible, as well as energy efficiency
policies. Energy policies promoting the penetration of low-carbon
energy technologies are essential to achieve sustainable
development in an economy that is less dependent on carbon
emitting activities [6]. So, it is understandable why in the agenda
and the main priority of policies for every country in the world are
the issues of energy in general, renewable energies, management
and efficiency usage particularly. According to EIA, although
petroleum and other liquid fuels remain the world’s largest energy
source in 2050, renewable energy sources, which include solar and
wind, will grow to nearly the same level [5].

The consequences of those emissions are felt globally;
mitigation thus involves managing the global commons and requires
a measure of international coordination among nations [1].
From these extreme phenomena, such as rising temperatures,
biblical fires, floods, ice melt, unstable weather with an increased
number of hurricanes and typhoons with destructive high power,
suffer not only poor states but also developed states. Humaninduced climate change is already affecting many weather and
climate extremes in every region across the globe. Evidence of
observed changes in extremes such as heatwaves, heavy
precipitation, droughts and tropical cyclones, and, in particular,
their attribution to human influence, has strengthened since the
1950s [2].

The share of renewables in global electricity generation grows
from just over 25% in 2019 to more than 50% in 2030 in
Sustainable Development Scenario, according to International
Energy Agency (see Fig. 2). While the share of coal falls from 37%
in 2019 to 15% in 2030 [7]. A transformation of the global energy
system aligned with the 1.50C climate goal under the Paris
Agreement can reduce global emissions and can be harnessed for
greater energy security and independence [8].

For returning regions to normal condition after disasters,
colossal monetary funds must be spent which is reflected in
budgetary spending and as a result affect the impoverishment of the
population.

Fig. 1 Global primary energy consumption by energy source (2010-2050)
(Source: U.S Energy Information Administration, International Energy
Outlook 2021)

Global warming has resulted from the increase in uncontrolled
human activity, which has greatly increased gas emissions in the
atmosphere. The world’s largest CO2 emission contributors are
energy production plants, the industry sector and the transport
sector. Human activities in energy production contribute 78% of

Fig.2 Electricity generation sector transformation in advanced
economies(left) and developing economies(right). (Source: IEA. World
Energy Outlook 2020)
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The global average carbon intensity of electricity generation in
2020 fell to 440 grammes of CO2 per kilowatt-hour (g CO2/kWh),
the lowest on record, driven by a fall in the share of generation
coming from coal and a rise in the share from renewables [9].

Albania has significant renewable energy resource potential
from hydro, wind, and solar energy. It is a special case regarding
electricity generation because most of (99%) is provided using large
and medium hydro power plants making it very vulnerable to
unfavorable hydrological condition and climate change impacts. So,
energy generation in Albania is free from greenhouse gas emissions.
But since hydrological conditions change from year to year, the
country has been forced to support the import of electricity from
countries in the region. As seen in Figure 5, except for 2010,2016
and 2018, Albania is a net importer of electricity of annually up to
30%, as electricity from hydropower is not sufficient to meet its
current and future needs [17].

Wind energy does not pollute the air like fossil fuel technologies.
The generation of electricity by wind turbines does not produce
greenhouse gas emissions that cause acid rain or smog. Wind
energy has a key role to play in combating climate change by
reducing CO2 emissions from power generation [10]. Scenarios
from international agencies indicate that this virtually carbon-free
source could supply 10-31% of electricity worldwide by 2050 [11].
But if all the costs and life cycle stages will be considered, wind
energy production is not entirely greenhouse gas emission-free [12].
A small amount of CO2 emissions is released by wind energy
during its construction and maintenance phases. However, this
amount of CO2 is much less than other fossil fuel-based power
plants. This amount of CO 2 produced can be absorbed by the tree by
the process of photosynthesis [13].
The data in Figure 3 show that the life cycle greenhouse gas
(GHG) emissions from technologies powered by renewable
resources are generally less than from those powered by fossil fuelbased resources [14].

Fig. 5 Electricity balance in Albania, 2007-2018 [18].

In 2020 according to data from National Agency of Natural
Resources in Albania, 5,280,767 MWh (99.39%) of electricity was
produced by hydropower plants and 32,265 MWh by photovoltaic
implants. The rest of the energy to meet consumer needs was
provided by transactions with Greece, Kosovo, and Montenegro.
The interconnection balance for this year was 2,275,604 MWh.
Only 1,400,020 MWh of electricity was purchased from Kosovo
during 2020. Kosovo produces 94% of electricity from coal - based
power plants.
Progress in power interconnection with neighboring countries
and in setting up an integrated regional energy market will
strengthen the security of supply, as well as open opportunities for
green energy development and trading. Albania could significantly
improve its energy security and reduce energy system vulnerability
to climate impacts by developing its vast solar and wind resources.
It recently started to switch from exclusive and controversial
hydropower generation to PV and wind renewable energy sources
[17]. Climate change is already having an adverse effect on
hydropower production, which is likely to continue in the future. By
2050, annual average electricity output from Albania’s large HPPs
could decrease by about 15% and from small HPPs by around 20%
compared to 2010 levels [19].
This study estimates the amount of CO 2 that could be reduced if
a renewable energy source, such as wind energy in Albania, would
replace energy generation from the use of fossil fuels sources. As a
case study, Mamaj wind farm, a project of 10.8 MW installed power
in Tepelena country, Albania, was taken.

Fig. 3 Comparison of as-published life cycle GHG emission estimates for
electricity generation and electricity storage technologies. (Source:NREL)

A Life Cycle Assessment (LCA) considers not only the direct
emissions from wind farm construction, operation, and dismantling,
but also the environmental burdens and resources requirement
associated with the entire lifetime of all relevant upstream and
downstream processes within the energy chain [10]. Figure 4 shows
the ﬂowchart of the wind turbine lifecycle phases [15].

2. Methodology and Results
The Wind farm project in Mamaj, Tepelena results in a park with 6
Vestas V100/1800 turbines, with installed power 10.8 MW (see Fig.
6).

Fig. 4 Wind turbine life cycle phases[5].

According to several scientific researchers, wind energy
produces around 11-14 grams of carbon dioxide per kilowatt-hour
of electricity generated compared with about 980 g CO2/kWh for
coal and 465g CO2/kWh for natural gas power plants [16]. This
shows that electricity generated by wind energy contributes to the
decarbonization of the energy sector.

Fig. 6 Mamaj wind farm design layout project with 10.8 MW installed
power.
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Calculated by the WAsP software, the proposed wind farm will
generate a Total Net AEP of 34.003GWh (Table 1).

Coal is the most important energy source of Kosovo, from
which about 97% of electricity is produced in Kosovo. According to
quality the coal of Kosovo is part of the coals of lignite or brown
coal that contains: moisture (38-48)%, ash (9.84-21.32)%, hydrogen
(2.01 -2.25)%, sulfur (0.68 -1.51)% of which only (0.07 -0.49)% is
combustible sulfur as well as carbon about 38% [24]. Figure 7
shows types of coal and composition according to their quality [25].

Table 1: The 10.8 MW installed power wind farm’s annual production data.
Total gross AEP [GWh]
34.341
Total net AEP [GWh]
34.003
Proportional wake losses [%]
0.98

In one of my previous research studies [20] that analyzed wind
characteristics and wind potential of the site, was found that annual
Weibull shape parameter was k=1.290 and Weibull scale parameter
A=5.575 m/s.
According to a study from Curvers and van der Werff [21], on
the accuracy of cup anemometers, a relative error of ±3.5% in wind
speed measurements translate to a 20% error in Annual Energy
Production (AEP) at sites with an average wind speed of 5m/s. This
could be the case in our study since the cone-shaped anemometer
cups used during the measuring campaign were missing their
calibration date. As a result, the wind farm 10.8 MW would
generate a total net AEP of 30.6 GWh. Based on this fact, the
capacity factor of the proposed wind farm fell in 32% from 36%.
The calculations of GHG emissions reduced by the electricity
production of this wind farm (proposed case), were performed
through the RETScreen Expert software. As a base case, electricity
production from Kosovo’s thermal power plants was taken.
The RETScreen International Clean Energy Project Analysis
Software is the leading tool specifically aimed at facilitating prefeasibility and feasibility analysis of clean energy technologies. The
core of the tool consists of a standardized and integrated project
analysis software which can be used worldwide to evaluate the
energy production, life-cycle costs and greenhouse gas emission
reductions for various types of proposed energy efficient and
renewable energy technologies. The RETScreen Greenhouse Gas
(GHG) Emission Reduction Analysis Model, helps the user estimate
the greenhouse gas emission reduction (mitigation) potential of a
proposed clean energy project [22].

Fig. 7 Proximate analysis of coal and other solid fuels. The heat of
combustion [GJ/ton] is given at the foot of each column.

Based on the equation (3), each kilogram of carbon in the coal
releases 44/12 = 3.67 kg of CO2.
(3)
For every coal-fired thermal power plant, depending on the
carbon content in dried and ash-free coal, the heat of combustion
[GJ/t], as well as the power p lant’s efficiency, the amount of carbon
for each MWh of electricity produced is determined.

The annual GHG emission reduction is estimated in the GHG
Emission Reduction Analysis worksheet. The reduction
is calculated as follows in equation (1):

Both of the thermal power plants "Kosova A" and "Kosova B"
constitute a capacity of 1288 MW installed power. Based on the
electricity values produced for 2019, “Kosova A” and “Kosova B”
released 1,304 tCO2/MWh and 1,107 tCO2/MWh respectively [24].
The average value of 1,205 tCO2/MWh was accepted per
RETScreen Expert calculations.

(1)
where ebase is the base GHG emission factor, eprop is the
proposed case GHG emission factor, Eprop is the proposed case
annual electricity produced, lprop is the fraction of electricity lost in
transmission and distribution (T&D) for the proposed case, and ecr
the GHG emission reduction credit transaction fee. Note that for
both the base case and proposed case system, the transmission and
distribution losses are deemed to be nil for on-site generation, e.g.,
for off-grid and water-pumping PV applications [22].

The calculation of the proposed case electricity system GHG
emission factor, eprop, is similar to that of the base case GHG
emission factor, with the exception that for off-grid systems the
fraction of electricity lost in transmission and distribution is set to
zero.
In the Figure 8 the results of the simulation of the Wind farm as
proposed case compared to coal power plant as base case is given.

In 2020, Albania continued to reduce electricity distribution
losses in the power grid in 20% compared with 23.3% in 2019 [17].
The losses in the electricity transmission network are 2.2% and the
objective target by 2030 is to reduce it in 1.7% [23].
Equation (1) requires the calculation of the GHG emission
factors, defined as the mass of greenhouse gas emitted per unit of
energy produced. For a single fuel type or source, formula given by
equation (2) is used to calculate the base case electricity system
GHG emission factor, ebase:
(2)

Fig. 8 Results of the simulation of coal power plant and proposed wind
energy system by RETScreen Expert software.

where eCO2 , eCH4 , and
are respectively the CO2, CH4 and N2O
emission factors for the fuel/source considered, GWPCO2 ,GWPCH4 ,
and GWPN2O are the global warming potentials for CO2, CH4, and
N2O, h is the fuel conversion efficiency, and l is the fraction of
electricity lost in transmission and distribution.

The RETScreen Greenhouse Gas (GHG) Emission Reduction
Analysis Model calculated the gross annual GHG emission
reduction if our proposed wind farm would be implemented. It
calculated the GHG emission profile for the baseline system, and
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for the proposed case system (wind farm project), as 47,085.4 tCO2
and 10,453 tCO2 respectively. The GHG emission reduction
potential is obtained by combining the difference of the GHG
factors with other information calculated by RETScreen, such as the
annual energy delivered. The net annual GHG emission reduction
results 36,632.5 tCO2 or 85,191.8 barrels of crude oil not consumed
as it is shown in Figure 9.

country and of course it will play a crusial role in the mitigation
process [26].

4. Conclusion
The present study reports the decarbonization of Energy sector
in Albania and countries from which Albania imports electricity,
due to construction of a 10.8 MW wind power plant in Mamaj,
Albania, generating 30.6 GWh electricity yearly.
In this study two cases are included: one case when electricity is
imported from Kosovo to Albania, where electricity is generated
from coal thermal power plants, emitting an average of 1,205
tCO2/MWh and the other case referred to Vlora gas power plant,
which when it will start generating electricity is going to emit an
average of 0.341 tCO2/MWh.
With the construction of Mamaj wind power plant, since there is
a difference between technologies in emissions of CO2/MWh, a
RETScreen simulation is performed for calculating the
decarbonization amount. In the first case, where electricity
generation is from coal power plants, 47,085.4 tCO2 are emitted
during the generation of 30.6 GWh electricity, while for the same
amount of electricity generated from the wind power plant, since
the T&D losses are respectively 2.2% and 20%, 10,453 tCO2 will be
emitted. The net GHG emission reduction results 36,632.5 tCO2 or
85,191.8 barrels of crude oil not consumed.

Fig. 9 GHG analyses of the proposed wind farm and benefits compared with
a coal power plant as base case.

If as a base case we would refer to a natural gas power plant as
expected to work the Vlora thermal power plant in Albania, and
accepting GHG emission factor 0.341 tCO2/MWh (offered by
RETScreen for natural gas power plants in Germany), then the net
yearly GHG emission reduction results in 10,379.3 tCO2 or
24,137.9 barrels of crude oil not consumed as it is shown in Figure
10.

For the second case is used the same methodology and the net
GHG emission reduction results in 10,379.3 tCO2 or 24,137.9
barrels of crude oil not consumed.
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Abstract: Sediment microbial fuel cells (SMFCs) are special microbial fuel cells in which the anode is placed in the anaerobic sediment
and the cathode is immersed in the surface layer of water. Natural electroactive bacteria decompose organic compounds in sediment,
producing electrons and protons. The electrons reach the cathode through an external electrical circuit, while the protons pa ss through the
soil layer, which acts as a kind of membrane. Oxygen is in many cases the preferred electron acceptor due to its presence in the cathode
region and its high potential. Heavy metal ions and other compounds can also be reduced on the cathode, which will increase t he energy
generated. Based on the above characteristics, SMFCs would be suitable for application as biosensors and would be suitable for monitoring
recurrent water pollution with heavy metals. In the present study, the possibility of application of SMFCs as biosensors for recurrent water
pollution with copper has been studied. A high correlation was found between the concentration of copper ions and the voltage generated by
SMFC, as the coefficient of determination reached 0.9921.
Keywords: SEDIMENT MICROBIAL FEUL CELLS, BIOSENSORS, MONITORING, HEAVY METALS

The main advantages of sediment microbial fuel cells are low
cost, simple construction and long-term output power. In this way,
the system is applicable as a biosensor for long-term in situ
operation. [5] There are a number of data on the application of
SMFC-based biosensors for real-time monitoring of environmental
parameters such as temperature and dissolved oxygen. [7]

1. Introduction
Heavy metal pollution can be both natural and anthropogenic.
Heavy metals from anthropogenic activity are more mobile and
bioavailable than natural ones and pose a greater risk to human
health and the environment. The level of heavy metal pollution has
increased significantly with rapid industrialization. Heavy metals
released from various industrial activities are distributed in the
environment, mainly through running surface waters. [11]

The purpose of this study is to investigate the possibilities for
application of sedimentary microbial fuel cells, such as biosensors
for monitoring recurrent water pollution with copper.

Industrial wastewater usually contains heavy metals such as
chromium, copper, lead and others, which in high concentrations
can cause health problems and pollution of natural ecosystems.
There are various chemical, physical and biological technologies for
treating such waters that effectively remove heavy metals.
However, after treatment, the water must be examined to see if it
meets the discharge standards. If emissions of heavy metals exceed
permissible concentrations, this can lead to serious environmental
problems and damage to the environment. It is crucial that the
concentrations of heavy metals in wastewater are strictly controlled
in real time before they are released into the environment. [6] Most
control methods include periodic monitoring, which implies a
limitation in monitoring, as the samples reflect the current water
quality. No contamination may be detected at the time of sampling
or it may be minimal, but may have a significant impact on aquatic
ecosystems over a long period of time. This disadvantage is much
more serious in running surface water, where conditions can change
at any time. [9] This problem is solved with the use of appropriate
biosensors, through which water quality can be monitored and
environmental pollutants can be detected on site and in real time.
[1] Traditional methods of analysis have high selectivity and
sensitivity, but are also expensive, have complex sampling and
sample preparation, and cannot provide real-time and on-site data.
[4] In recent years, a number of biosensors have been developed,
which integrated devices are combining biological materials and
transducers, for quantitative and semi-quantitative monitoring of
various analytes, such as heavy metals, BOD and others. [12]

2. Materials and Methods
In order to establish the possibilities of operation of sediment
microbial fuel cells, as a biosensor for monitoring water pollution
with copper, one cell was constructed. The sediment microbial fuel
cell is a plastic container with a volume of 1000 cm3. At the bottom
of the vessel is a stainless steel electrode with an area of 25 cm2.
The electrode is covered with a layer of gravel 2 cm thick. The
particle size is from 5 to 10 mm. and above the vessel is filled with
substrate (soil) with a volume of 800 cm3. The cell was then filled
with water and a second 25 cm2 stainless steel electrode was placed
in the surface layer of the water. On Figure 1 is shown a scheme of
the laboratory model of the SMFC-biosensor 1.

To overcome the shortcoming, it is possible to use sensors
based on sediment microbial fuel cells to monitor heavy metal
contaminants occurring in wetlands. [2] The main advantages of the
sensor include the reduction of heavy metals on the cathode leading
to an increase in voltage. [8] Sediment adsorbs much of the heavy
metal, protecting electroactive microorganisms from being inhibited
by heavy metal ions, so the sensor can operate normally after shock
contamination. Тhe sensor uses natural electroactive bacteria living
in the sediment, generating base voltage, therefore the inoculation
process can be avoided. Based on the above advantages, the sensor
would be suitable for monitoring recurrent heavy metal
contamination in water. [3]

Fig. 1 Design of Sediment microbial fuel cell Biosensor 1
1 – Inflow, 2 – Peristaltic pump, 3 – Sediment microbial fuel cell, 4 – Digital
multimeter, 5 – Outflow, A – Anode C – Cathode

After filling with substrate and maintaining a constant water
level in the cell, the open circuit voltage was monitored for two
weeks. After stabilization of the electrochemical parameters,
polarization curves of the sedimentary microbial fuel cell were
measured and compared.
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After analysis of the polarization curves, a suitable resistance is
connected to the sediment microbial fuel cell and synthetic copper
solutions are successively fed to it. The solutions contain 25, 50,
100 and 200 mg/l of copper added via CuSO 4.5H2O, respectively.
After the addition of each solution, the change in voltage was
recorded, after which a standard curve was plotted.
In order to more accurately measure the change in voltage at
different copper concentrations, four sedimentary microbial fuel
cells were connected in series (Figure 2) in the next experiment.

Fig. 3 Open circuit voltage of SMFC-Biosensor 1

Figure 3 shows that after several days of cell stabilization, after
the fourth day the voltage reaches close to its maximum and by the
eleventh day it is in the range of 142 - 156 mV. On the eleventh
day, the polarization curves of the sediment microbial fuel cell were
measured. Data from the study are presented in Figures 4 and 5.

Fig. 2 Design of Sediment microbial fuel cell Biosensor 2
The sediment microbial fuel cell is a plastic container with a
volume of 1000 cm3. At the bottom of the vessel is a stainless steel
electrode with an area of 25 cm2. The electrode is covered with a
layer of gravel 2 cm thick. The particle size is from 5 to 10 mm. and
above the vessel is filled with substrate (soil) with a volume of 800
cm3. The cell was then filled with water and a second 25 cm2
stainless steel electrode was placed in the surface layer of the water.

Fig. 4 Voltage dynamics (data from polarization curve) of Biosensor 1

After filling with substrate and maintaining a constant level of
water in the cells, they were connected in series and the voltage in
the open circuit was monitored for two weeks. After stabilization of
the electrochemical parameters, the polarization curves of the
sequentially connected sedimentary microbial fuel cells were
removed and compared.
After analysis of the polarization curves, a suitable resistance
was applied to the sediment microbial fuel cells and a synthetic
solution of copper of different concentrations was applied to each of
them. The solutions contained 25, 50, 100 and 200 mg/l of copper
added via CuSO4.5H2O. After the addition of each solution, the
change in voltage was recorded, after which a standard curve was
plotted.

Fig. 5 Power dynamics (data from polarization curve) Biosensor 1

The graphs show that Biosensor 1 reached a maximum power of
2.79 mW with an applied resistance of 3 KΩ. At this resistance, the
cell has a voltage of 93.3 mV and a current of 2.8 µA.

The electrical parameters of PSMFC was measured using
portable digital multimeter UNI-T UT33C. A precise potentiometer
with maximum value of 13,5 kΩ used for measuring of external
resistance.

According to the measurement of the polarization curve, a
resistance of 3 KΩ is connected to the biosensor and within a few
hours the voltage stabilizes at 100 mV.

3. Results and Discussion

After stabilizing the voltage, we moved on to the next part of
the experiment. Synthetic copper solutions with increasing
concentration - 25, 50, 100, 200 mg / l were successively fed to
Biosensor 1. When feeding the individual solutions, the change in
voltage after its stabilization was taken into account. Based on the
change in voltage at different copper concentrations, a standard
curve is plotted. The graph is shown in Figure 6.

After filling with substrate and maintaining a constant water
level in the sediment microbial fuel cell (Biosensor 1), the open
circuit voltage was monitored for two weeks (Figure 3).
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the change in voltage at different copper concentrations, a standard
curve is plotted. The graph is presented in Figure 10.

Fig. 6 Biosensor 1 standard curve

The graph shows a high coefficient of determination R2 =
0.962. However, the calculations according to the obtained formula
would give a significant error in the voltage range from 200 to 400
mV.

Fig. 8 Voltage dynamics (data from polarization curve) of Biosensor 2

In order to better correlate between copper concentration and
voltage, as well as more accurate measurement of voltage change, a
biosensor was constructed of four sedimentary microbial fuel cells
connected in series. In this way, factors such as residual
concentrations of copper in the cell, dilution of incoming solutions
will be eliminated, and it will help to more accurately read the
change in voltage.
After filling with substrate and maintaining a constant level of
water in the cells (Biosensor 2), the open circuit voltage was
monitored for two weeks (Figure 7).

Fig. 9 Power dynamics (data from polarization curve) Biosensor 2

Fig. 7 Open circuit voltage of SMFC-Biosensor 2

Figure 7 shows that after a few days of stabilization of
individual cells, after the fourth day the voltage reaches its
maximum and by the eleventh day is in the range of 1500 - 1600
mV. On day 11, polarization curves of sequentially bound
sedimentary microbial fuel cells were measured.

Fig. 10 Biosensor 1 standard curve

The graph shows a high coefficient of determination close to
one - R2 = 0.9921, with slight deviations of the graph from the
standard curve in the studied interval. This proves the possibilities
for the use of sediment microbial cells as biosensors for monitoring
recurrent water pollution with copper.

After stabilization of the electrochemical parameters, the
polarization curve of Biosensor 2 was measured. Data from the
study are presented in Figures 8 and 9.
The graphs show that Biosensor 2 reached a maximum power of
69.58 mW with an applied resistance of 2 KΩ. At this resistance,
the cell has a voltage of 749 mV and a current of 92.9 µA.

4. Conclusion
In order to determine the possibilities for application of
sediment microbial fuel cells as biosensors for monitoring of
recurrent water pollution with copper, two variants of SMFCbiosensors were constructed. The influence of four concentrations
of copper (25 mg / l, 50 mg / l, 100 mg / l, 200 mg / l) on the change
of the electrochemical parameters of the cells was studied. The
addition of copper in the cathode region increases the
electrochemical parameters of the cell, because in addition to
dissolved oxygen, copper cations are also used as the ultimate

According to the measurement of the polarization curve, a
resistance of 2 KΩ is connected to the biosensor and within a few
hours the voltage stabilizes at 390 mV.
After stabilizing the voltage, we proceeded to the next part of
the experiment. After stabilizing the voltage, proceed to the next
part of the experiment. A synthetic solution of copper with different
concentrations - 25, 50, 100, 200 mg / l - was fed to each cell of
Biosensor 2 once. The voltage change after its stabilization was
measured during the supply of the individual solutions. Based on
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acceptor of electrons. When using one SMGK, a correlation was
found between the increase of the copper concentration in the
cathode region and the change in the electrochemical parameters of
the cell, reaching a coefficient of determination of R 2 = 0.962. In
order to better detect the change in voltage, four sediment microbial
fuel cells are connected in series electric circuit. In this case the
coefficient of determination reaches R 2 = 0.992. Research has
shown that sediment microbial fuel cells can be used as biosensors
for recurrent copper contamination, but further research is needed
on their design, inertia in changing electrochemical parameters and
detection range.

microbial fuel cell treating aquaculture water, Aquac. Eng.
61, 17-26.
12. Schneider, G., Kovács, T., Rákhely, G., Czeller, M., 2016.
Biosensoric potential of microbial fuel cells. Appl.
Microbiol. Biotechnol. 100, 7001–7009

Acknowledgements
This research was supported by the Karoll Knowledge
Foundation, Grant Entrepreneurs in Science

5. References
1.

Alipanahi, R., Rahimnejad, M., 2018. Effect of different
ecosystems on generated power in sediment microbial fuel
cell. Int. J. Energy Res. 42, 4891–4897

2.

Chunliu Wang, Helong Jiang, 2019, Real-time monitoring
of sediment bulking through a multi-anode sediment
microbial fuel cell as reliable biosensor, Science of the
Total Environment 697 (2019) 134009

3.

Deng, H., Jiang, Y.B., Zhou, Y.W., Shen, K., Zhong,W.H.,
2015. Using electrical signals of microbial fuel cells to
detect copper stress on soil microorganisms. Eur. J. Soil
Sci. 66, 369–377

4.

Di Lorenzo, M., Curtis, T.P., Heada, I.M., Scott, K., 2009.
A single-chamber microbial fuel cell as a biosensor for
wastewaters. Water Res. 43, 3145–3154

5.

Grattieri, M., Hasan, K., Minteer, S.D., 2017.
Bioelectrochemical systems as a multipurpose biosensing
tool: present perspective and future outlook.
ChemElectroChem 4, 834–842

6.

Kim M., Sik Hyun M., Gadd G.M., Joo Kim H., A novel
biomonitoring system using microbial fuel cells. J.
Environ. Monit. 2017, 9, 1323–1328

7.

Na Song, He-Long Jiang, 2018, Effects of initial sediment
properties on start-up times for sediment microbial fuel
cells, International Journal of Hydrogen Energy 43 (2018)
10082-10093

8.

Na Song, Zaisheng Yan, Huacheng Xu, Zongbao Yao,
Changhui Wang, MoChen, Zhiwei Zhao, Zhaoliang Peng,
Chunliu Wang, He-Long Jiang, 2019, Development of a
sediment microbial fuel cell-based biosensor for
simultaneous online monitoring of dissolved oxygen
concentrations along various depths in lake water, Science
of the Total Environment 673 (2019) 272–280

9.

Qing Zhao, Min Ji, Ruying Li, Zhiyong Jason Ren, 2017,
Long-term performance of sediment microbial fuel cells
with multiple anodes, Bioresource Technology 237, 178185

10. Rasool Alipanahi, Mostafa Rahimnenjad, Ghasem
Najafpour, 2019, Improvement of sediment microbial fuel
cell performances by design and application of power
management systems, International journal of hydrogen
energy, 125-131
11. Sajana T., Ghangrekar M., Mitra A., 2014, Effect of
operating parameters on the performance of sediment

189

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

Mapping floods risk for the implementation of an efficient management of natural disasters
in Romania and Republic of Moldova
Lecturer Dr. Nicuță Precul A.M.1,*, Assoc. Prof. Nistor-Lopatenco L.2, Lecturer PANTAZ A.3
Technical University “Gheorghe Asachi” of Iasi, Iasi, Romania1
Technical University of Moldova, Chisinau, Republic of Moldova2,3
alinanicuta@yahoo.com, nistor.livia@gmail.com, pantaz.alexandru@gmail.com
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Other territories in the meadow are occupied with buildings,
gardens, green spaces, technical installations and other engineering
measures: including the damming of the Prut riverbed against
floods. On the Delia River, the high and partially low meadow is
partially occupied by the waters of the Delia artificial lake. At the
mouth of the Delia river in the Prut River, an extensive part of the
high and low meadows (in the region of the Ungheni street
autodrome) with elevations up to 37.50 m, such geomorphological
peculiarities prevail that coincide with the Prut segment. .

1. Introduction
Reducing the gap between Romania and the Republic of Moldova
in the field of action planning in case of emergencies as well as in
the strategic approach to natural disasters can be obtained by
creating a cross-border hazard management network at the eastern
border of the European Union.
The two border countries have different approaches, national
policies and action plans on natural hazards management even
though they face similar types of natural phenomena. While
Romania, as EU member, is committed to submit to its regulations
in all the domains, Republic of Moldova, as a Non-EU country, has
its own laws and approaches. Still, the lack of information and
financial assistance increases the gap between these two countries
and, in the face of a natural hazard, shows high vulnerability and
risk.

The presence of the elements of the river network (streams, old
riverbeds, surface of the meadow terraces) are currently modified
by intense constructions. [2]
As a result of the flooding of Delia river valley from the
accumulation basin, the rest of the meadow is observed as a narrow
strip, especially on the right side of the meadow valley. The strip
with elevations 40.8 - 41.9 m between the ponds and the second
terrace step is muddy, complicated by the railway embankment. [3]

Going from a Micro to a Macro approach of the situation, the
present paper presents the analysis performed on a test zone called
Ungheni, representing a City in Republic of Moldova. The studies
in the Test Zone considered as Micro-Level Approach, were
obtained along an international Cross-Border Program and can be
further extended to other Cities, along a Macro – Level Approach.
Ungheni area, was chosen for evaluation in the paper, based on its
high level of hazard risk vulnerability. This particular zone is
subjected to multiple hazards, like flooding, soil sliding, earthquake
etc., so it would be of great interest to observe the management of
these hazards. Considering the wide diversity of potential natural
hazards, the present paper focused mainly on the flooding hazard,
since it is of greatest significance for the area under consideration.

2.1 Road system
The city of Ungheni is crossed by two roads of national importance
R1 (Chisinau - Ungheni - Sculeni - Romania) and R42 (Ungheni Măcăreşti - Bărboieni), through which it establishes transport
connections with all the cities, communes and villages of the
republic, as well as the neighboring countries Ukraine and
Romania. The city stretches for a distance of 9 km along the border
with Romania. The average width of the city is about 3 km. Fig. 1
presents the national and local roads from Republic of Moldova.

2. Ungheni Test Zone
Ungheni is an important city with the status of municipality
positioned in the central-western part of the Republic of Moldova. It
is the residence of the homonymous district. It is located on the
eastern bank of the Prut, near the village in Romania, with which it
formed in the past the same locality.
The territory of the town of Ungheni coincides with the left slope of
the Prut river valley and is fragmented by the network of valleys
and ravines of the Delia river valley. On the Prut River, both valleys
are located in the western and north-western part of the city,
occupying limited territories. The width of the riverbed - 30-40 m,
meanders sharply and in some places the deviation from the
meadow above the terrace is high and low meadow. The maximum
elevation of the meadow is 36.8 - 38.3 m.
The surface of the meadow is partially swamped, sloping towards
the riverbed, fragmented by the old riverbed, occupied by ponds and
muddy lakes. The largest old riverbed of the water basins occupies
an area of 14 ha - between the river and the buildings in Bereşti
area. The presence of water basins influences the flooding processes
of the Prut meadow territory. [1]

Fig. 1 Road map of the Republic of Moldova.
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Ungheni local roads network is composed of 171 streets with a total
length of 132.4 km and an area of approx. 0.87 km2. The linear
density of the streets in relation to the capitalized territory is 7.9 km
/ km.
The scheme of the city's road and street network was formed based
on the natural relief and the existing constructions, which in itself
represent a rectangular system, especially in the central part of the
city, divided into neighborhoods measuring 200 x 150 m-200 m.
City structure of street network is chaotic.
Taking into account the increase in transportation levels in recent
years, changes in the structure of public transport, the number of
business trips, and especially those related to the commercial
activity of the population, the existing road network with the
capacity and minimum technical parameters do not meet the
contemporary requirements.
Fig. 3 Ungheni district road network.

The situation is also aggravated by the lack of alternative
possibilities for transport links, which contributes to the formation
in the city center of the intercity transport flow in transit, which is
about 50%.

2.2 Analysis of the technical conditions of major
importance buildings in Ungheni
Structural analysis of constructions (with their expertise), to reduce
material damage and loss of life, must be carried out on buildings of
major importance or for buildings with an increased risk of natural
hazards.

The city center also serves as a transshipment hub in the urban
public transport network, being one of the main points of arrival and
departure of passengers.
Based on the above, it can be seen that the highways in the city
center, which are provided for establishing connections with the
sectors on the outskirts of the city, do not correspond to its
functions and require reconstruction to bring the technical
parameters in line with current regulations.

Main building categories are:

As a result, the National, Roman and Decebal streets are the main
streets of the city, here are concentrated many objects with a large
number of visits that generate large flows of transport and
passengers.
In order to solve this problem, first of all it is necessary to precisely
differentiate the streets according to their functional destination
with the nomination of the main highways that need reconstruction.



Administrative buildings: local public administration buildings
of Ungheni district (the activity and decision-making in
exceptional situations should not be stopped);



Buildings where employees are located, which intervene
promptly during natural disasters: Civil Protection and
Exceptional Situations Service and Ungheni Police;



Educational institutions. In Ungheni municipality there are:

The main streets of the city fulfill the function of highways of urban
importance, have rigid road pavement and are in a relatively
satisfactory technical condition.
The disadvantage is the unevenness of the width of the roadway and
the red lines that are narrowed by the existing constructions. The
connection between the city center and the other sectors is
established through the streets, many of which are in an
unsatisfactory technical condition, or do not even have road signs.
As a result, all road traffic goes to the city center. Fig. 2 below
details on the types of roads, by category, in Republic of Moldova.



6 kindergartens;



6 school institutions;



4 secondary education institutions, colleges, etc;



2 extracurricular activities institutions;



Health care buildings (in case of possible natural hazard, with
possible victims, they should be treated safely: IMSP Ungheni
District Hospital, Consultative diagnostic center, etc.);



Housing stock, which is in a precarious condition.

Analysis of the technical condition of buildings of strategic
importance, provides information and allows: preparation of a list of
defects for buildings; formulating recommendations for the
prevention of certain risks, regarding measures for the consolidation
and / or repair of buildings or the rehabilitation of defective sections
of engineering networks. Figure 4 presents few images with the
current situation of public buildings.

Fig. 2 Types of roads in test area – UNGHENI, Republic of Moldova.

Fig.3 details on Ungheni district roads network, presenting the
number of km for each type of category.
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Fig. 4 Ungheni City Hall (including the command post). The technical
condition of the building

3. Methodological approach
Fig. 5 Geodetic measurements.

The analysis was performed based on several cartographic materials
namely:


General urban plan, year 2014;



Orthophotoplan, 2007-2011, 2016-2020;



Cadastral plans, year 2014;



Hydraulic model 2014;



Land use.



Topographic surveys

Based on a hydraulic modeling from 2014, the model results are
provided in GIS format. The Flooded areas are calculated using a
grid/network of triangular elements (cells) (TIN) as observed in Fig.
6. [7]

The research consisted of:


Updating / improving the hydraulic model



Geometric updating of the terrain - identification of key points
in areas with high risk of floods, performing accurate terrestrial
measurements (GNSS / GPS receivers) exactly near these areas
/ points. [7]



Monitoring the future hydrological status of the study area, by
taking into account climate change. This includes a set of
analyzes of gaseous emissions (GHG), air pollutants in
common with land use, etc., which can identify a potential
impact of climate change on precipitation and temperature, and
thus on hydrological behavior. [8]

Fig. 6 The General Urban Plan of Ungheni overlapped with the hazard
maps (fragment)

Stages of detailed hydraulic modeling implies [10]:

The anthropic factor - the evidence of new constructions, including
hydrotechnical ones. [9]

1.

Data collection (bathymetry, land topography - Creation,
updating of BD);

Required components:




2.
Hardware equipment (Leica RTK GNSS receiver, Adaptive
on-the-fly satellite selection, Continuous search for RTK
solutions, 99.95% confidence.)

Quantified data flow within the river basin (Analysis of
precipitation flow - leaks);

3.

Calibration and validation (as appropriate);

Info Works ICM software - two components:

4.

Interviews with people to determine the level of knowledge
about rivers, dams and their state of flood protection, essential
aspects for planning system improvements.



hydrological models that provide flood hydrographs on
rivers and



hydraulic models that simulate the spread of floods along
rivers and calculate the risk of flooding in flood zones.

In the end the procedures must be applied.
As observed in fig. 5, the Target Zone geodetic measurements are
being exposed, based on computer software modeling.

Fig. 7 View vectorized data based on Orthophoto
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4. Results and discussions on Ungheni Target Zone
The analysis process started with the identification of key points
from areas with high risk of flooding (office, land). The expected
result of reshaping would be:


Obtaining flood hazard maps;



Flood risk assessment (ERI) according to established (updated)
criteria;



Identification of new risk reduction measures (structural, nonstructural)

Mass dissemination of information about the maps must be
created and provided details about the possibilities of using
them.
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The model should provide information/data on flood extent, depth
and flow rate. The elements exposed to the danger of floods in the
study area of Ungheni, Moldova are described in table 1 below.
Table 1: Constructive elements exposed to floods risk in Ungheni.
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For the scenario with areas with a risk of 1% (average probability),
the territory of Ungheni is exposed. In these areas, the risk of floods
can affect 687 buildings (82712.8 m2), plots with various categories
of use outside the town (265.5 ha) and 5 sections of road with a
length of 4.52 km.
Ungheni, Moldova, is exposed for the scenario with 10% risk areas
(high probability). In this area, the risk of floods can affect two
buildings with an area of 80482.20 m2, plots with various categories
of use outside the town (264.4 ha) and 5 sections of road with a
length of 4.51 km, as observed in Fig. 8. [11]
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Fig. 8 Flood hazard map

5. Conclusions




Flood hazard and risk maps should be included in urban
planning;
Communication and cooperation with the public are needed to
deal with possible future flood events;
The legal basis for risk and flood maps needs to be addressed
in the near future;
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employees to "remember" the entire history of negotiations and
agreements with customers and suppliers.

1. Introduction
The development of a Customer Relationship Management
system (CRM system) within each organization aims to manage,
automate and integrate sales, marketing and support functions. In
this way, long-term and mutually beneficial relationships with
customers are created by understanding their individual needs. The
CRM system can be a stand-alone system or an integrated module
of a larger business information system of the organization. The
implementation of an integrated management system is a complex
process that can last from several months to years depending on the
size of the organization and the complexity of the included business
processes [1]. Integrating the information system into an existing
organizational structure is a complex task that depends on the
flexibility of the system and the ability to easily set up, as well as
the ability, desire, setting and training of employees to accept and
use modern information technology applications. The effective
implementation and use of information systems in management
goes through the selection of appropriate technological solutions,
good organization of their integration into the existing structure and
training of staff (employees and more managers) who will serve and
use it in their work.

• The organization of electronic exchange of information
minimizes the problem of "lack of information" between
departments and employees of the company. Electronic business
processes have a real contribution to the company's activities, and
do not remain only on paper.
• Analysis and forecasting tools allow company management to
make decisions quickly and efficiently. Marketing receives tools for
solving tasks in the field of planning, budgeting, conducting
advertising campaigns and analyzing their effectiveness. The
company receives tools for quality management, storage and use of
accumulated knowledge.
The CRM system may include an operational part, ensuring the
execution of transactions and operational reporting, unified
database, analysis subsystem, distributed sales support system.
The development of a CRM system can be the first step in
building an integrated management system by integrating it with
other functional modules: supply chain management (SCM - Supply
Chain Management), finance (Financials) and financial
management of supply chains (FSCM - Financials Supply Chain
Management).

According to PricewaterhouseCoopers, customer relationship
management CRM is a strategy for building long-term and mutually
beneficial relationships with customers by understanding their
individual needs [2]. The CRM model of interaction assumes that
the customer is the center of the business philosophy, and the main
directions and goals are the activities to support effective marketing,
sales and customer service. Maintaining these business goals
includes collecting, storing and analyzing information about
consumers, suppliers, partners, competition, as well as internal
processes in the company.

According to the statistical platform for business analysis
Statistica [3], the global customer relationship management
software (CRM) market is expected to grow to $ 43.5 billion in
2024. This is a forecasted increase of almost $ 1 billion from 2019
at a compound annual growth rate (CAGR) of 0.4%. Salesforce is
the world's leading provider of customer relationship management
(CRM) applications with a market share of 19.5% in 2020. The
company is the market leader with a large margin, followed by SAP
and Oracle with about five percent market shares [3].

CRM systems represent a whole class of software. The CRM
system is an information system designed to automate the business
processes in the company, ensuring the interaction of all its
divisions with customers. This system is on the one hand designed
to satisfy and retain customers, and on the other hand provides
serves to optimize the company's activities.

Manufacturers of CRM systems are beginning to offer
integration of their products with external applications, which adds
the element of social media in CRM. These innovations help
businesses to reach the customers through social media. CRM
manufacturers see social media as a cheap way to improve customer
support. This allows customers, for example on Facebook or
Twitter, to state their problems and to get help. As the amount of
data on the Internet grows, so does the need to analyze that data, so
CRM vendors are offering better and better tools for analyzing data.
The supply of mobile CRM applications is growing, which is
gradually making CRM systems look and behave like mobile
applications. Wireless technology will increasingly allow real-time
decision making. CRM manufacturers are increasingly offering
solutions through the SaaS model (Software as a service), based on
Cloud technology.

The main goal of the implementation of the CRM system is to
create a tool for attracting new customers and developing
relationships with the existing customers. Customer relationship
management, especially in financial enterprises, is of strategic
importance for their success. Online banking, Internet insurance,
personal care for health and insurance fund clients are difficult,
even unthinkable, without an integrated CRM system [2].
• CRM system allows to structure and gather in a single
database information about customers, partners and suppliers, even
competitors. Archiving the history of relationships allows the

Agriculture is a sector in Bulgaria that contributes significantly
the GDP. In the past 20 years steady trends for increasing the arable
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land, while the number of agricultural holdings decreases. The
enlargement of the size of the agricultural holdings is strongly
associated with the need for implementation of the advances of
information and communication technologies and artificial
intelligence to meet the requirements of the current industrial
revolution or German Initiative Industry 4.0.

in agriculture is conducted every 10 years on the recommendation
of the Food and Agriculture Organization of the United Nations
(FAO). The rules for its conduct are established by Regulation (EU)
2018/1091 of the European Parliament and of the Council and the
Law on the Census of Agricultural Holdings in the Republic of
Bulgaria in 2020. The observed tendencies determine the necessity
for implementation of integrated information systems as an essential
tool for digitalization in the agricultural sector.

An in-depth study of the level of digitalization of Bulgarian
agriculture and rural areas is presented in [4]. There the great
variation in the degree of digitalization in the different sub-sectors
of agriculture, holdings/farms of different legal types and sizes, and
in different regions of the country is visualized. The majority of
farmers are not familiar with the nature of digital agriculture, with
only 14% using modern digital technologies. The main obstacles
and risks in the introduction of digital technologies are the
qualifications of employees, the amount of investment, unclear
economic benefits, data security, lack of standardization.

The functional requirements for the CRM system are defined,
according to the most essential needs of the agricultural producers
(Fig. 1). The aim of the integrated CRM system is connected with
management, automation and integration of information about the
activities connected with customers, land owners, contracts, lands,
production, rents, payments, processing costs, products, sales,
marketing and support functions.
The defined functions can make the integration of the CRM
system with other systems like Supply Chain Management (SCM)
system, Financials, Professional Service Automation (PSA), and in
this way developing a larger business information system of the
organization.

The present paper presents the development of an integrated
Customer Relationship Management (CRM) system for agricultural
applications. The developed CRM system implements the following
functions: customer data management, management of contracts for
clients, management of agricultural land, management of processing
costs, production revenue management. For the development of the
presented integrated CRM system, the needs of the agricultural
producers and the work with their clients have been studied in
detail. Thus, the requirements for “precision farming” will be
fulfilled.[7]

2. CRM development and integration
According the census of agricultural holdings that was
conducted in 2020 in Bulgaria by the Ministry of Agriculture, Food
and Forestry, its regional and municipal structures [5] and the
comparison with data from 2003, there is a steady downward trend
of the number of the agricultural holdings in time, while the total
area of arable agricultural land increases due the increase of the
arable land of the holdings above 10 hectares. This statistical survey

Fig. 1 Functional requirements for the CRM system

3. Database system design
The ER diagram (Entity-relationship diagram) of the developed
system is presented in Fig. 2.

Fig. 2 ER diagram
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The “Administration” category, which is visible only for
administrator users, contains the following pages: “Land category”,
“Region”, “Land type”, “Product type”, “Payment method”, “Rent
type”, “Period”, “User registration”. All these web pages allow
changes to the main administrative data.

The relational database consists of 16 tables:
1.

1.
2.

3.
4.
5.
6.

7.
8.
9.
10.
11.
12.
13.
14.
15.

“Beneficiary” table – contains information about heirs in
case the owner is deceased, keeps a link to a copy of the
document verifying the right of ownership and percentage
of the land;
Table “categoryland” – contains information about
different land categories like field, meadow, etc.;
Table “contract” – contains information about contracts
like type of period, the unique identifier for the land,
owners, beneficiaries, start and end date of the contract;
Table “land” – contains information about all available
lands, their allowable and unallowable area, etc.;
Table “landtype” – contains information about land types the type of soils;
Table “owner” – contains information about landowners;
Table “payment” – contains information about confirmed
payments and a link to a document confirming the
payment;
Table “payment method” – contains information about
payment methods – cash or bank transfer;
Table “period” – contains information about different types
of contracts’ periods;
“Processingcost” table – contains information about
processing costs for each land;
Table “productionland” – contains information about
produce, profit, selling price, etc;
Table “producttype” – contains information about different
the types of crops;
Table “pwdreset” – additional table which eases the
process of resetting users’ passwords;
Table “region” – contains a list with all available regions
in Bulgaria;
“Typerent” table – contains information about the different
types of rent, like money, produce or combined;
Table “users” – contains information about system users.

The “Data Input” category contains the pages: “Adding a
client”, “Adding a contract”. These web pages allow the user to add
information about new clients and new contracts.
The “Edit” category contains the pages: “Client”, “Heirs”,
“Agricultural land”, “Contracts”. These web pages allow the user to
edit existing information about clients (landowners), heirs and the
agricultural land.
The category “Revenues / Expenses” contains the pages:
“Expenses / Revenues for land”, “Paid Rent”. These pages show
information about made expenses for corps and produce, including
profit and performed payments to the landowners.
The “Reports" category contains the pages: “Processing costs”,
“Revenues from production”, “Paid rent”.
The home page also shows the main user reports “Expenses”,
“Revenue”, “Profit” for the current year, number of active
“Owners”, number of active “Heirs”, number of registered entities
for “Land”, number of active "Contracts".
Below the logo of the home page there is an "Exit" button that
deletes the session and logs out the user, and a "Change Password"
button that forward the user to the password change form.

5. Conclusions
The present paper presents the development of an integrated
Customer Relationship Management (CRM) system for agricultural
applications. The developed CRM system implements the following
functions: customer data management, management of contracts for
clients, management of agricultural land, management of processing
costs, production revenue management. For the development of the
presented integrated CRM system, the needs of the agricultural
producers and the work with their clients have been studied in
detail.

4. Design and development of an online CRM
system interface
PHP, HTML, CSS, BOOTSTRAP and AJAX provided by
jQuery Foundation are used to implement the CRM management
functions during the development of the CRM system’s interface.
The developed system eases the process of land management. It
helps tenants of agricultural lands to manage their contracts with
landowners and their heirs, to effortlessly control performed
payments, to track the produce, invested funds, actual profit, etc.
The developed system contains more than 20 web forms which
allow filling importing and editing all required information for
management of a specific land.
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Fig. 3 Home page

The home page of the interface is presented in Fig. 3. There are
defined several categories: "Administration" (visible only if the user
is an administrator), "Edit", "Data Input", "Revenue / Expenses",
"Reports". They give possibility to reach all other pages of the
developed interface.
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Abstract: The essence of the concept “human capital”, as well as the nature of relationship between its components in their interaction with
the most important constituent parts of human consciousness is discussed. The main provisions of the Marxist Theory about the role of an
individual in the reproduction process and its presentation as a “generic being” – “to procreate oneself, society”!? The reasons of
intensification of social contradictions in modern societies, which describe the relationships between individual self-consciousness, common
self-consciousness and existing socio-economic relations as the main purpose of the research.
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АКТУАЛЬНОЕ НАПРАВЛЕНИЕ ИССЛЕДОВАНИЯ ЧЕЛОВЕЧЕСКОГО
ПОТЕНЦИАЛА
К.э.н. Григорьев В.
ЧОУ ВО Университет Технологий Управления и Экономики Санкт-Петербург Россия

Аннотация: Рассматривается содержание понятия «человеческий капитал», характер взаимосвязи наполняющих его элементов в
их взаимодействии с важнейшими составляющими человеческого самосознания. Основные положения марксистской теории о роли
личности в воспроизводственном процессе в качестве « родового существа» - «для продолжения жизни «рода», общества»!?
Обострение социальных противоречий современного общества как отражение соотношения самосознания личности,
общественного самосознания и существующих общественно-экономических отношений..
Ключевые слова: желания, разум, воля, интеллектуальный капитал и потенциал, самосознание, общественно -экономические
отношения..
1. «Введение»
В реалиях первой четверти третьего тысячелетия в условиях
постоянно меняющихся: геополитических характеристик,
экологического состояния планеты и экономического развития
человеческий потенциал и его важнейший элемент
человеческий «капитал», как совокупность духовнонравственных, интеллектуальных и психофизиологических
способностей личности, как врожденных так и приобретенных
в процессе жизнедеятельности, все увереннее признается
ключевым
фактором
общественного
и
личного
воспроизводства.
Особый интерес исследователей, специалистов и всех
заинтересовавшихся
вопросом
социальной
природы
человеческого потенциала, структурно-функциональной его
составляющей, а также характером и особенностями
взаимодействия с
важнейшими
составляющими
человеческого сознания: желаниями,
разумом, волей
становится поворотным моментом в изучении феномена Человека. Ведь именно человеческий потенциал, как фактор
социально-экономического развития общества, существующих
общественных производственных отношений обеспечивает и
направляет использование имеющихся природных ресурсов
для достижения поставленных целей: разработки и внедрения
рациональных моделей производства и потребления (ООН), но
прежде совершенствования самосознания личности,
общества,
сложившихся
общественно-экономических
отношений - постепенного продвижения к экономической
свободе («царству свободы» - К. Маркса)[1.К. Маркс. Капитал,
т.3, кн.111, ч.2 М., «Политиздат»,1978, 892с.] согласующейся с
фундаментальной целью бытия.
2. «Результаты и дискуссия»
Соотношение и характер взаимодействия внутренних
элементов самосознания личности формирует и придает ему
неповторимый, характерный только для него индивидуальный
смысл, колорит, звучание и определяет место и роль личности
в
совокупности
существующих
общественных
производственных
отношений.
При
этом
характер
взаимодействия внутренних элементов самосознания личности:

желаний, разума, воли в конечном счете становится
определяющим фактором ее самосознания - совокупности
сложившихся общественно-экономических отношений как
единой системы общественного и личного воспроизводства.
Причем
в
процессе
изучения
взаимосвязи
и
взаимообусловленности названных элементов самосознания,
овеваемых флюидами духовно-нравственного состояния
личности
мы
впервые
будем
иметь
возможность
визуализировать и систематизировать эти структурные
элементы самосознания, характеризующие актуальное «я»
личности, а также возможность выявить и проанализировать
тенденции и закономерности формирования и изменения
самосознания субъектов воспроизводственных отношений, что
и является предметом и главной задачей исследования.
С появлением на земле человека, точнее сообщества
человекоподобных
существ
впоследствии
наделенных
сознанием и предопределивших возникновение человеческого
общества, началось развитие человеческой мысли украшенной
разноцветьем взглядов, гипотез, идей и теорий происхождения
человека, его предназначения в объективной реальности.
Повышенный интерес читающей аудитории и наибольшее
признание во второй половине Х1Х и первой четверти ХХ века
приобрел диалектический материализм Маркса, когда человек
рассматривается как представитель вида, общественное и
общинное существо способное к самореализации только в
качестве родового существа - и как «совокупность всех
общественных
отношений»,
или
«производственных
отношений», складывающихся непосредственно в процессе
производства и по поводу производства. Маркс считал, что
«все сущее есть материя и только материя» - «породившая
человека и общество», что в процессе развития материи
происходят диалектические скачки, которые и пробуждают к
жизни качественно отличные - более высокоорганизованные
реальности и, в том числе, человека и все в человеке «в
последней инстанции» обусловлено действием материальноэкономических общественных факторов!? [2. Маркс и Ф.
Энгельс. Соч., т.42. С. 41-174]
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вместе с нею и ответственность за собственные судьбы на
период
эволюционно-инволюционного
восхождения
к
вершинам фундаментальной цели бытия [7. Теогенезис. М.
«Дельфис». 2003.]
В этой связи представляется весьма актуальным и
целесообразным сегодня исследовать процесс общественного
воспроизводства с точки зрения взаимодействия и
взаимообусловленности самосознания человека, общества и
существующих общественно-экономических отношений и
проверить ряд
предположений о роли человеческого
самосознания в формировании и развитии, совершенствовании
отношений
постиндустриального
капиталистического
общества:
а)
методологический
посыл рабочей
программы
исследования позволяет нам сформулировать первое
предположение подлежащее проверке в ходе предстоящего
исследования: о доминирующем воздействии камических
элементов человека, таких как амбиции, гнев, жажда власти,
зависть, алчность и т.п., «порождение самости и материи», на
важнейшие составляющие его самосознания: желания, волю,
разум;
б) в противостоянии двух полюсов самосознания человека Высшего «Я»: устремленности к Божественному Духу, Воли и
Божественной Любви и низшего «я»: - происходит, как мы
предполагаем, формирование актуального «я» человека
реализуемого в повседневной реальности сложившихся
общественных производственных отношений;
в) третье предположение, вытекающее из положений
Маркса о том, что
производственные отношения
овеществляются и приобретают самостоятельность по
отношению к агентам производства, рассматриваемым как
«продукт этих определенных общественных производственных
отношений». [8. К. Маркс. Капитал. т.3, кн.111, ч.2. М.
«Политиздат», 1978. С. 958] Напротив, мы предполагаем что
человек не только и не столько «продукт определенных
общественных производственных отношений», сколько их
создатель и творец, продуктом самосознания которого и
становится
система
существующих
общественных
производственных отношений.
За последние полтора - два столетия в результате
стремительного
совершенствования
интеллектуальных
способностей человека произошли три научно-технические
революции, а в начале четвертой - информационноиндустриальной - человек приступил к планомерному
углубленному
изучению
космического
пространства,
стремительному освоению и использованию в реальной жизни
цифрового
инструментария.
Достижения
в
области
искусственного интеллекта и внедрение на производстве и в
быту робото-техники обеспечат в ближайшие пять - пятнадцать
лет стремительный взлет качества жизни человека, общества.
Исчезнут многие, пока еще имеющие место, традиционные,
физически затратные виды труда, грязные, вредные и тяжелые
условия труда и появятся новые профессии - проводники
достижений «ИНДУСТРИИ - 4.0 и «цифровизации»,
предполагающие появление операторов - иначе, пожалуй, и не
назовешь - способных использовать современную технику и
заменить грузчиков и разнорабочих. Произойдет значительное
увеличение и возвышение потребностей людей, станет больше
и свободного времени. Ведь именно облегчение и
высвобождение живого труда, его экономия и есть главный
смысл
грядущих
научно-технических
революций
непрерывный,
все
ускоряющийся
процесс
развития

Однако, если нет и не может быть каких-либо возражений
относительно имеющих место в природе диалектических
скачков ( перехода количества в качество) - появления
(рождения) более высокоорганизованных реальностей, то в
отношении человека, на наш взгляд, нельзя упускать из вида,
что действие
общественно-экономических факторов как
таковых не является чем-то самостоятельным, произвольным и
неуправляемым, как об этом писал Маркс, так как оно
опосредовано сознанием человека. Конечно же факторы эти не
сами по себе развиваются и оказывают воздействие на
человека, а разум человека, его интеллект и что важнее духовно-нравственный потенциал человека, личности, «в
последней инстанции» и обусловливает восприятие и анализ
данных «общественно-экономических факторов» разумом
человека - формирование им собственных целей и
поведенческих предпочтений. [3]
В теории Маркса нет ответа: «Каким образом возникают,
откуда они берутся эти «материально-экономические
общественные факторы»?! То есть - обозначенная Марксом
«доказанная необходимость современного порядка», которая,
по его мнению, «есть достаточное условие, необходимая
общественно-экономическая основа другого порядка, к
которому непременно должен быть сделан переход от первого,
все равно думают ли об этом или не думают, сознают ли это
или не сознают», да еще и вся «совокупность социальноэкономических
общественных
отношений»
их
определяющих»!? [4. К. Маркс. «Капитал»., т.1, кн..1,
«Политиздат». 1978. С.20-21] То есть, социальноэкономические общественные отношения, которые каким то
загадочным и совершенно необъяснимым образом, опережают
появление на земле самого человека - «родового» (по Марксу)
существа, предназначенного исключительно лишь для
продолжения жизни «рода», общества?!
Человеку, личности как таковой, обладающей сознанием:
духовным устремлением, разумом, волей и уникальным веером
желаний, в марксистской теории отведена второстепенная
роль,
определяемая
доминирующими
экономическими
отношениями и отстаивается материально-экономическая и
технико-технологическая
предопределенность
сознания
человека,
лишенного
собственно
человеческой
его
составляющей - духовно-нравственного устремления, волевого
начала и божественной любви.[5] Будучи ограничен лишь
удовлетворением потребностей своего «низшего «я» или
«низшего «эго», человек, довольствуется удовлетворением
лишь своих животных желаний и земных страстей (камических
элементов), «порождения самости и материи»[6.
Е.П.
Блаватская. Тайная Доктрина, синтез науки, религии и
философии. Т. 111. 1993. С.426] - лишается, унаследованной
ЧЕЛОВЕКОМ его БОЖЕСТВЕННОЙ составляющей, своего
«ВСШЕГО -Я» .
Появление на земле первобытного человекоподобного,
взаимодействующего с первозданной природой и наделѐнного,
в определенный период своего эволюционно-циклового
развития, искоркой Божественного Разума - сознанием - стало
началом человеческого общества, его эволюционноисторического развития, обусловленного взаимодействием
общественных производительных сил и производственных
отношений, на просторах и времени общественноэкономических формаций. То есть - именно с этих пор, с этого
мгновения общество, человек приняли, в очередной раз, от
наделивших их сознанием Божественных Сущностей ВЫСШИХ КОСМИЧЕСКИХ РАЗУМОВ - обязанность, а
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воспроизводства.
Тогда
как
унаследованная
постиндустриальным
капиталистическим
обществом
господствующая (пока еще) максимизирующая парадигма
«царства необходимости» давно уже не в состоянии
поддерживать рациональное расходование ресурсов, в
результате изобилия произведенных, но не востребованных по
разным причинам товаров, выполненных работ (гражданского
и военного назначения), как и неоправданно завышенное
удовлетворение
потребностей
отдельного
человека,
коллектива, общества, приводящее, в конечном счете, к их
деградации не только духовно-нравственной, но и
физиологической.[11. С. 805 - 808]
В то же время, например, рождение и неуклонное
распространение социально ответственного инвестирования,
важнейшей
составляющей
системы
экологического,
социального и корпоративного управление ESG (Environmental,
Social,
and
Corporate
Governance),
непосредственно
обусловлено
расширением
самосознания
личности,
общественного
самосознания
и
является
наглядной
демонстрацией запущенной нашим самосознанием неуклонно
развивающейся
тенденции
во
взаимодействии
эволюционирующего
самосознания
и
существующих
общественных производственных отношений при ведущей и
определяющей его роли.
3. «Заключение»
Отсутствие знаний о человеке, его двойственной духовноматериальной природе и происхождении, фундаментальной
целеустремленности его эволюционного развития привело к
парадоксальной ситуации, но вполне прогнозируемой и совсем
не такой уж неизбежной, как может показаться на первый
взгляд: дикости бесконечных войн, заканчивавшихся - рано
или поздно - крахом агрессора и империи. Великий, транс
космический закон равновесия, воздаяния, справедливости,
КАРМЫ
всегда взыскивал и взыщет непременно, и
обязательно в самый неожиданный и неподходящий момент со
всех и каждого в отдельности за содеянное зло - без промаха и
промедления.
Современное общество пред гуманизма ответственно и
платит, таким образом, за свою «близорукость», нежелание, а в
общем - за свою некомпетентность в области антропогенеза,
за однобокую интеллектуализацию сознания человека исключительно
технико-технологическую ориентацию
образование, которое «привело» в конце концов к тому, что
сознание отдельных людей, общественное сознание в своѐм
собственно человеческом «развитии» в конце концов «достигло
таки высот» несравнимых даже с уровнем сознания человека,
«первобытного коммунизма» К. Маркса, где члены общины
обладали равными возможностями в отношении имеющихся
ресурсов и благ. Тогда как в условиях разворачивающейся 4-ой
ИНДУСТРИАЛЬНОЙ
революции,
стремительной
цифровизации, роботизации и интеллектуализации экономики
1% населения МИРА владеет 99% благ и ресурсов, против 99%
населения владеющих лишь 1% благ и ресурсов.
Как известно - безвыходных положений не бывает и
спасительным кругом знаний мы еще можем воспользоваться,
еще есть время…, есть надежда сделать спасительный шаг в
общество ГУМАНИЗМА, где образование, искусство,
культура,
а
главное
ДУХОВНО-НРАВСТВЕННОЕ
ВОСПИТАНИЕ и образование наконец востребуют свое
законное
БОЖЕСТВЕННОЕ
наследство
и
свое
ДОМИНИРУЮЩЕЕ положение во всех сферах и на всех
уровнях истинно человеческого общества ГУМАНИЗМА.

производительных
сил
общества
и
его
главной
производительной силы - ЧЕЛОВЕКА.
Все чаще среди ученых и специалистов раздаются
возбужденные восклицания о приближающемся золотом веке
человечества, где все, или почти все, будут делать роботы.
Людям останется лишь контролировать и направлять процесс
производства материальных благ. Жизнь в «умных» домах и
городах сделает ее комфортнее и люди станут счастливее и
счастливых людей будет все больше и больше!
Что ж, возможно так и будет происходить, вот только
возникают сомнения в связи с тем, что схожие ожидания уже
имели место в нашей не такой уж далекой истории. [9. К.
Маркс. Капитал. Т.3, кн.111, ч.2. М.:Политиздат,1978, с. 5091052] В конце Х1Х - начале ХХ века К. Маркс утверждал, что
социально-экономическая система рационализируется и
революционным путем обратится в общество без частной
собственности и без классов, «люди станут невинны,
справедливы, свободны, уравновешены и счастливы» [10. Karl
Marx, Madrid 1960; Wetter-Leonhard, La ideologha povitica,
Barcelona 1964.C.40; K. Marx. Manuscripts’. Economha y
Filosofha. Madrid; G.R. de Yurre. El marxismo.2 vols. Madrid.
1976; I. Calvez. El pensamiento de.
Увы - этого в нашей стране после революционных
преобразований так и не произошло. Осмелюсь предположить,
что не сделают нас счастливее достижения современной НТР и
«цифровизация» - создание более комфортных условий жизни.
Ведь как известно, «не хлебом единым жив человек», и нет
нужды даже приводить примеры личных трагедий царей,
королей, князей и прочих супер обеспеченных личностей в
исторической ретроспективе, «купавшихся» в роскоши и
комфорте в свое время, будучи, в то же время, в собственном
самосознании - глубоко несчастными людьми. Да ведь и наши
современники (господа олигархи и «обремененные» властью
чиновники любых рангов) не являются исключением.
К нашему великому удивлению мы отмечаем, что с
проникновением в нашу жизнь всех этих достижений научноиндустриального прогресса и создания более комфортных
условий жизни, развития здравоохранения, образования и
многого другого, мы не становимся лучше, честнее, добрее и
сострадательнее к людям, животным, бережливее к природе.
Сохраняется, увеличивается и молодеет безработица, никуда не
исчезла преступность, цинизм в отношении прав человека и
угнетение женщин. Почему мы, при всех своих
интеллектуальных и культурных достижениях, так и не
научились должным образом противостоять злу и насилию и
вообще - откуда же берется зло? В конце то концов: когда и
каким образом мы сможем избавиться от него? Ответ на эти
вопросы, между тем, достаточно прост: тогда и только тогда,
кода избавимся от него в себе, когда прекратим желать кому
бы то ни было зла, посылая подобные мыслеформы в
пространство, а заменим их пожеланиями добра, уважения,
сострадания, помощи и поддержки нуждающимся.
Обусловленность нашего самосознания главным образом и в
решающей степени удовлетворением непрерывно растущих и
в то же время возвышающихся потребностей человека, его
низшего «я» - его животных желаний и земных страстей,
противостоит нашему истинно человеческому ВЫСШЕМУ
«Я». Да еще и предопределяет бесконечное, бесперспективное
и безответственное растрачивание имеющихся ограниченных
ресурсов, без какого-либо даже намека на малейшее
продвижение к экономической свободе («царству» свободы)
согласующейся с фундаментальной целью общественного
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Abstract: The article develops a simulation model, structural and functional schemes of an intellectualized information -analytical system for
monitoring air pollution (for high concentrations of carbon dioxide and sulfur, as well as dust particles with a dispersion of 2-5 microns)
within the industrial area of the city. A feature of such a system is the ability to determine, dynamically monitor in real t ime the spatial map
of the distribution of the concentration of the above harmful impurities and its forecasting, which would quickly determine areas of the city
where the concentration of such impurities exceeds the allowable norm. The main advantage of the developed information -analytical system
is the ability to conduct intelligent monitoring of air quality, which will allow for highly accurate and objective forecasting of changes in
distribution and redistribution in space over time of harmful impurities. Tests of the developed information -analytical system allowed to
investigate its work under different conditions and modes of measuring experiment, as well as to virtually determine the rational parameters
of such a monitoring system. A satisfactory discrepancy of the results obtained with the help of experimental measurements wa s found in 713% in comparison with the data obtained by simulation, which confirms the correctness and adequacy of the compiled model.
Keywords: INFORMATION AND ANALYTICAL SYSTEM, INTELLECTUALIZATION, POLLUTION MONITORING, ATMOSPHERIC AIR,
HARMFUL IMPURITIES
exceeding the norms. At the same time, the increase in the number
of road transport and the uncleanness of the heads of some
enterprises (conducting periodic unauthorized emissions of
pollutants into the air) does not allow to carry out high-quality and
prompt monitoring of atmospheric emissions in traditional ways,
which reduces the results of combating atmospheric air pollution to
naught.
The issues of air pollution control are dealt with by a number
of leading domestic and foreign scientists, such as:
L.Y.Anishchenko, O.G.Vlasenko, D.V.Zerkalov, K.N.Tkachuk,
N.P.Cheremisinoff, D.Vallero and others [5-8]. However, despite
the scientific achievements of these scientists, the issue of
operational and more effective monitoring of harmful and
dangerous impurities in the atmospheric air arising from
urbanization and industrialization of modern society remains
relevant.
Therefore, there is currently an urgent need to ensure effective
monitoring of emissions of pollutants into the atmosphere by
stationary and dynamic sources of emissions, as well as building an
interactive map of the distribution of major pollutants in industrial
and recreational areas of the city.
The goal of research: to increase the efficiency of monitoring
of atmospheric air pollution in the part of dust particles, carbon
dioxide and impurities in the air of sulfur compounds by developing
and introducing a modern information and analytical system that
allows dynamically and in real time to conduct high-precision and
adequate measurements of the state of atmospheric air pollution.

1. Introduction
The basis of the new concept of the World, on which the
Strategy for Sustainable Development of Ukraine is based [1] is a
practical and political model of such development of all countries of
the world that meets the needs of the current generation without
harm and without reducing opportunities for meeting their own
needs for future generations. At the same time, the real efficiency of
this model is possible by harmoniously combining economic and
social components of development with adherence to the proper
level of environmental safety, which is oriented, in addition to
ensuring the environmental friendliness of water and land resources,
also to control and regulate the quality of air in zones of active
living and human life.
The analysis of the current situation in bringing domestic
environmental practices for the protection of atmospheric air in
accordance with the standards of the European Union shows that the
complexity of the problems and the absence of the developed
mechanisms of control, monitoring and regulation of the ecological
state of atmospheric air, which would ensure its predicted quality
and compliance with environmental standards, creates obstacles to
the prospect of harmonization of environmental legislation, and
establishes inconsistency with the requirements of the European
Environmental Law [2, 3].
At the same time, deterioration of air quality leads not only to
deterioration of the state of health of the population, increasing and
exacerbating the number of respiratory and oncological diseases, as
well as causing a greenhouse effect, but also reduces the efficiency,
reliability, and the service life of man-made hardware and
construction structures by settling and accumulating solid particles
on the surfaces of such structures and their destruction due to
chemical erosion from the action of aggressive environments,
created by organic and inorganic compounds and gases that are part
of this air.
As you know [4] the largest pollutants of atmospheric air in
the industrial areas of the city are solid particles (diameter up to 10
micrometers), carbon oxide and sulfur compounds, the main sources
of which are: road transport, industrial enterprises, thermal power
plants, etc.
Control of emissions reduction in developed countries is
carried out by installing a stationary system of mobile emission
monitoring, which allows to track exceeding the concentration of
pollutants and implement a number of preventive and restrictive
measures to prevent such excess: reduction of loads on industrial
facilities,
introduction
of
new
cleaning
technologies
(desulfurization, decarbonization), unloading of highways and
attracting alternative routes, transition to environmental energy
saving technologies, and in extreme cases - imposing fines for

2. Features of construction and working
principle of the developed information and analytical
system for monitoring air pollution
To monitor air pollution (for increased concentration of
carbon dioxide and sulfur, as well as dust particles with a dispersion
of 2-5 μm) within the industrial area of the city, an intellectualized
information and analytical system was developed and implemented,
the features of which are the ability to determine, dynamic real-time
tracking of the spatial map of the distribution of the concentration
of the above harmful impurities and its forecasting, which allows
you to quickly determine the zones of the city in which the
concentration of such impurities exceeds the permissible norm.
The structural scheme of the developed monitoring system,
consisting of a measuring system, a server of data accumulation and
data processing devices and the display of information on the side
of users (personal computer or smartphone) is presented in Figure 1.
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Fig. 1. Structural scheme of air pollution monitoring system: N - infrared СО2 sensor, R - module for battery charging, C - control and communication
module, G - satellite positioning module, A - rechargeable battery type 18650, D - voltage increase module, S - analog-digital converter module,
T - temperature and humidity sensor, M – signals level matching module, M1-M5 - gas analyzers.

The measuring part of the monitoring system consists of nine
completed modules:
- battery charging module (R), which ensures continuous operation
of the system regardless of its external power supply;
- the control and communication module (C) is a microcontroller
ESP32 with low power consumption and an integrated Wi-Fi
controller, is used as the core of the entire measuring system,
accepts information from sensors, provides communication with
the outside world via the Internet;
- satellite positioning module (G) provides communication with
GPS satellites, GLONAS, Galileo. Using the information obtained
from satellites, the current location of the measuring system in the
city and the exact time is calculated;
- the voltage increase module (D) increases the voltage from the
18650 battery to the 5 V level and stabilizes it;
- the analog-digital converter (S) module is a STM32F103C8P6
microcontroller that has a 12-bit analog-digital converter that is
used to remove information from analog sensors. Receives data
from the temperature sensor, performs signal correction with gas
analyzers, using the obtained temperature and humidity data, and
transmits the corrected signal to the control module (C);
- the module of signal levels matching for ADC (M) is necessary for
measurement by analog sensors due to the difference in voltage of
ADCs and sensors themselves - coordinates the signal from 5 V to
the level of 3.3 V;
- infrared sensor СО2 (N) MH-Z19B measures the concentration of
carbon dioxide in the air;
- temperature and humidity sensor (T) D18B20 measures the values
of temperature and humidity, to correct the readings of gas
analyzers, the indications of which depend on external climatic
conditions;
- gas analyzers (M1-M5) of the MQ series measure the content of
combustible gas (H2), liquefied petroleum gas (LPG), methane
(CH4), hydrogen, propane, alcohol, natural gas, ammonia and
sulfide in the air.
Fig.2 presents a functional scheme of the developed
monitoring system.
In general, the features of the air pollution monitoring system
are as follows.
Data obtained during the operation of the device from gas
analyzers (MQ2, MQ3, MQ7, MQ8, MQ135), which are analog
sensors, require analog-digital conversion in the process of
processing and displaying the measured data. Therefore, a

STM32F103C8P6 microcontroller is used as an ADC. At the same
time, because of the voltage difference between the gas analyzer
and ADC, there is a need to harmonize the voltage level, for which
the appropriate module (ICS) is used, operating on the principle of a
resistor voltage divider.
To correct the measured data, gas analyzers need to make an
amendment to the temperature and humidity of the external
environment, in accordance with the documentation for gas
analyzers of the MQ series [9]. To do this, use a DS18B20 sensor
connected through the bus 1-Wire to the STM32F103C8P6
microcontroller, which performs the necessary calculations,
accumulation and processing of input data and transmits the
adjusted data to the central controller ESP32.
The measuring system is powered by an 18650 battery, which
is charged from an external power supply 5 V through a battery
charge module on a ТС4056А chip. The output voltage of the
battery within the 3,7...4,2 V, which is not enough for the full
operation of the circuit, so with the help of the voltage increase
module, on the МТ3608 chip, the voltage is increased to the 5 V
level with its further stabilization.
The principle of the developed intelligent monitoring system
is as follows.
Data on the concentration of СО 2 in the environment come
from an infrared sensor that connects to the microcontroller ESP32
using a I2C bus. Next, the control and communication module
collects information obtained from the position sensor (ublox neo
m8n), infrared СО2 sensor, gas analyzers and transmits, using WiFi, to the server.
The data is logged into the database. At the same time, the
map of the area in which the monitoring is carried out is divided
into sectors, each of which corresponds to certain coordinates.
According to the measured coordinates by the positioning module,
the measured and processed information about the quality of the
surrounding air (the concentration of harmful substances in the air
and/or its deviation from the maximum permissible values of these
substances) is entered into the database cell corresponding to a
particular sector. After that, specially developed software
containing elements of intellectualization of processing of received
data in terms of their processing, forecasting and selection of the
necessary set of recommendations. Software training of intelligent
monitoring system is based on the algorithm of multisyte iteration
method on a set of expert data obtained by reference devices for
determining
air
pollution.

202

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

Fig. 2. Functional scheme of air pollution monitoring system: BM - battery module; ED - external data; EPS - external power supply;
MoSM - module of signal matching; VIM - voltage increase module; MQ - gas analyzers; FB - feedback; U - voltage.
Fig. 3. Example of real-time visualization of atmospheric air pollution
monitoring results using InfluxDB tools

Based on measured data and processing of their values, the
monitoring system provides recommendations for environmental
safety in this area and predicts changes in the concentrations of
harmful air impurities in time. Also, such a monitoring system may
be useful for preventing dryness and natural and man-made fires.
The processed data is displayed on the information page of a
specially written site that can be opened on a smartphone or
computer.
The main advantage of the developed information and
analytical system is the possibility of intelligent monitoring of
atmospheric air, which will allow to conduct a high-precision and
objective forecasting of changes in distribution and redistribution in
space over time of harmful impurities. At the same time, the device
itself is developed (or a set of such devices that can be connected to
one network)has a distributed architecture in which the measuring
part of the system can be placed separately from the information
and analytical unit of the system, placed on mobile technical means
(for example, municipal road transport carrying out its movement
on a certain route and schedule) avoiding bias in measured data, and
the presence of a positioning sensor in the system, improves the
accuracy of the location of monitoring and the efficiency of
measuring and processing of air pollution indicators.
To save and visualize the measured results, the open sorce
database of the InfluxDB time series [10] is used. Using the map
visualization, the measured real-time values are displayed on the
geographic map, as demonstrated in Fig. 3.

On the basis of the InfluxDB toolkit, the above monitoring
system for atmospheric air pollution level works and is described.
Thus, the geographical map of the city displays the measurement
points. When selecting one of the points, information about the
date, time of measurement, the measured data and recommendations
for the quality of atmospheric air in the specified area is displayed.
Along with the map, you can observe the measurement schedule on
average throughout the measurement zone, as well as warnings
against exceeding the limit concentration of harmful substances, the
nature of the change of which allows you to determine the source of
the release of harmful substances (emergency emissions of the
enterprise, fire, overload of transport highways by road, etc.), as
well as predict the increase of environmental hazards in certain
areas of the city.

3. Discussion of the results of the monitoring
system
As a result of testing of the developed intellectual information
and analytical system of monitoring of atmospheric air pollution in
part of dust particles, carbon dioxide and impurities of sulfur
compounds in the air, which were carried out under different
conditions (ambient temperature - from + 5 to + 20 °С; relative
humidity - 30-80%; wind speed - up to 10 m/s at gusts - up to 25
m/s) and modes of the measuring experiment (data refresh rate - 4045 min-1; the step between the measurement points - 25-50 m)
rational parameters of the operation of such a monitoring system
were established, namely: the speed of data updating - up to
11.25 Mbit/s, the range of detection of harmful substances: solid
dust particles - from PM1 to PM10 - up to 50 ppm; nСО 2
concentrations - up to 1800 ppm; concentration of sulfur
compounds - up to 6 ppm.
To ensure the adequacy of the measurements, the obtained
data was compared with the results obtained by an alternative
method of measuring atmospheric air pollution. As such, the
method of optical chromatography [11] has been chosen, which has
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high reliability and efficiency of the measurements carried out, and
also allows for high-precision measurements of the concentration of
harmful substances (including dust particles, carbon dioxide and
sulfur compounds).
According to the results of comparison of the data obtained by
experimental measurements using the developed information and
analytical system with the data obtained through the measurement
by an alternative method of optical chromatography on the 7890B
device from Agilent Technologies [12], it is found that the
discrepancy between these data does not exceed 7-13%, which
confirms the correctness and adequacy of the developed device.
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4. Conclusion
The paper presents the results of the development and
implementation of an intelligent information and analytical system
for monitoring of atmospheric air pollution in the part of dust
particles, carbon dioxide and impurities in the air of sulfur
compounds, which allows dynamically and in real time to conduct
high-precision, operational and adequate measurements of the state
of atmospheric air pollution.
Conducted under different conditions and modes of the
measuring experiment, the test of the developed information and
analytical system allowed to establish rational parameters of the
operation of such a monitoring system (thus, the speed of data
updating - up to 11.25 Mbit/s, the range of detection of harmful
substances: solid dust particles - from PM1 to PM10 - up to 50
ppm; nСО2 concentrations - up to 1800 ppm; concentration of sulfur
compounds - up to 6 ppm).
The discrepancy in 7-13% of the results obtained using
experimental measurements compared to the data obtained through
the measurement by an alternative method of optical
chromatography (7890B device from Agilent Technologies), which
confirms the correctness and adequacy of the developed device.

5. Literature
1. Our Work on the Sustainable Development Goals in Ukraine.
United Nations. Ukraine. URL: https://ukraine.un.org/en/sdgs (date
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Energy audit analysis in private residential apartment in Tirana city
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Abstract: Recently, Albania as a developing country is focusing on the energy efficiency in residential and industry sector. Residential sector
has very high contribution energy consumption in Albania due to many construction buildings without energy efficiency standards
implementation. Most of the contribute city is Tirana where energy consumption in residential sector is very high in comparison to the other
cities in Albania. Our research work will be focused on analysis of the energy audit on a private residence apartment which is located in the
area of Tirana. The purpose of this paper is based on the relevant standards and norms to give appropriate recommendations for the
implementation of energy efficiency which would increase the energy performance of this building.
Keywords: ENERGY AUDIT, EFFICIENCY, CONSUMPTION, ELECTRICITY, RESIDENTIAL.
Fig. 1 Residential apartment view, located in Tirana

1. Introduction

In the Table 1 and 2 is shown apartment data accompanied with
usage profile and the main electrical/electronic usage devices.

Nowadays, Albania as a developing country is focusing on the
energy efficiency in residential and industry sector. Energy
efficiency is one of the biggest challenges that energy sector is
actually facing in Albania [1-6]. Continuous developments and
ever-increasing demand for energy on the one hand, both in public
and private buildings, in industry and in many other fields, and on
the other hand, the constant increase in energy prices is pushing
every day the different sectors that to invest in increasing energy
efficiency by reducing the cost of energy they pay each month,
reducing energy consumption and consequently reducing
greenhouse gases. Currently, the residential sector with a share of
30% represents the second largest sector after transport sector
which correspond to 43% [1, 7].

Table 1. Apartment data and usage profile
Apartment Data
Year

2010
120 m2

Area

Usage Profile
(DIN 18599)

Based on it, this paper will briefly analyze a private residence
apartment which is located in the area of Tirana. Albanian
legislation, normative and European directives have been taken into
account for analysis of energy audit in residential buildings [8-11].
iSBEM software has been used for conducting energy audit to
provide the energy performance certificate when ranking the
building according to the energy performance.

Used time
Ventilation used time
Operation time (heat/cool)
Ventilation daily time usage
Usage time of the system (heat/cool)

From Until
0.00 - 24.00
0.00 - 24.00
6.00 - 23.00
24 h/day
17 h/day

Table 2. Apartment data and usage profile
Power

Usage

Oven

4 kW

Everyday, 1 Hour, 1 Year

Fridge

1.1 kW

All the day, 1 Year

LCD TV

0.3 kW

4 hours a day, 1 Year

Air condition

2.8 kW

2 Hours a day, 1 Year

Electrical/Electronic
Devices

The purpose of this paper is to give appropriate
recommendations for the implementation of energy efficiency
which would increase the energy performance of this building. The
results during the analysing of this paper will be given in
accordance to the Albanian legislation as well as with the European
Norms for the energy performance of the buildings.

2. Materials and Methods
Residential apartment that is taken in consideration in this
research work is located in the area of Tirana city. The apartment is
located on the sixth floor of a seven-stores building. The living area
of the apartment is 120 m2 and consists of two bedrooms, living
room, kitchen / dining room, two bathrooms and two loggia
balconies. Fig. 1 depict the residential apartment view that we need
to make energy audit.

Washing Machine

2 kW

2 hours in 2 days, 1 Year

Ironing

2 kW

30 min a day, 1 Year

Boiler shower 80 litre

2.5 kW

2 hours a day, 1 Year

LED lamps

200 W

5 hours a day, 1 Year

Based on the above data we will analyze an energy audit of the
residential apartment during the last three years. Our methodology
will be focused on the energy consumption during the last three
years by taking into account also the electricity bills and heating of
the sanitary water.

3. Energy Audit Analysis
The briefly analysis of the energy audit has been started on
electricity consumption for the last three years by referring to the
meter reading and electricity invoices, see Fig. 2
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Table 5. Electricity consumption in ALL from sanitary water

Energy Consumption from Invoices
2019 - 2021

Months
2019/kWh
31%

2021/kWh
36%

2020/kWh
33%

2019/kWh

2020/kWh

2021/kWh

Fig. 2 Energy consumption from electricity invoices, 2019-2021

Consump.

Consump.

Consump.

Av. Consump.

2019

2020

2021

2019 – 2021

(ALL)

(ALL)

(ALL)

(ALL)

January

950

1045

950

982

February

760

807.5

855

808

March

760

855

855

823

April

665

760

760

728

May

665

760

665

697

June

475

570

475

507

July

475

475

475

475

Energy audit continue by taking into account the electricity
consumption in kWh and Albanian “Lek” (ALL) that was used only
for heating / cooling of the area of the apartment as can be seen in
the Table 3 and Table 4.

August

475

475

475

475

September

475

570

570

538

October

665

760

665

697

Table 3. Electricity consumption in ALL from heating/cooling area

November

855

855

760

823

Consump.

Consump.

Consump.

Av. Consump.

December

950

855

855

887

2019

2020

2021

2019 – 2021

Total

8170

8787.5

8360

8439

(ALL)

(ALL)

(ALL)

(ALL)

January

2945

3325

3420

3230

February

2755

2992.5

2745.5

2831

March

1890.5

1805

2033

1909.5

Months

April

1862

1824

1871.5

1852.5

September

1786

1662.5

1586.5

1678.3

October

1843

1748

1634

1741.7

November

1881

2194.5

1881

1985.5

December

2850

2375

2565

2596.7

Total

17812.5

17926.5

17736.5

17825.2

Table 6. Electricity consumption in kWh from sanitary water
Consump.

Months

January

Consump.

Consump.

Consump.

Av. Consump.

2019

2020

2021

2019 – 2021

(kWh)

(kWh)

(kWh)

(kWh)

310

35

360

235

Consump.

Av. Consump.

2019

2020

2021

2019 – 2021

(kWh)

(kWh)

(kWh)

(kWh)

January

100

110

100

103

February

80

85

90

85

March

80

90

90

87

April

70

80

80

77

May

70

80

70

73

June

50

60

50

53

July

50

50

50

50

August

50

50

50

50

September

50

60

60

57

October

70

80

70

73

November

90

90

80

87

December

100

90

90

93

Total

860

925

880

888

Months

Table 4. Electricity consumption in kWh from heating/cooling area

Consump.

February

290

315

214

273

March

199

190

197

195

April

196

192

192

193

September

188

175

167

177

October

194

184

172

183

In the Table 7 is shown all the combinations of the electricity
consumption in kWh for heating/cooling area, sanitary water and
mixing during the years 2019-2021.

November

198

231

198

209

Table 7. Electricity consumption in kWh from sanitary water

December

300

250

270

273

Total

1800

1572

1700

1690

No.

Another key point will be focused on the analysis of the
electricity consumption in kWh and Albanian “Lek” which is used
only for sanitary water as can be seen in Table 5 and 6.

Energy Cons.

2019

2020

2021

Categories

(kWh)

(kWh)

(kWh)

1

Heat/Cool

1800

1572

1700

2

Sanitary Water

860

925

880

3

Mixing (LED,
Oven, etc.)

75

50

70

To make the comparison between the energy needed for heating
in the current state and after the recommended measures for thermal
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insulation of the building, the energy needed by the building to be
air conditioned in the current conditions in which it is located,
taking into account the energy requirements for heating/cooling.
Calculations for the energy demand for heating take into
account:


Energy losses due to heat transfer of structures (calculation
of coefficients for window, wall, doors etc. are given in the
standards).
 Degree days of the area where the apartment is located
 Indoor and outdoor design temperatures
 Air infiltrations in the building
Fig. 3 depict energy losses of the residential apartment in
current situation. Total energy losses due to heat transfer and air
infiltration were 19668 W or 19.7 kW (including air infiltrations
0.35 V/h).

Fig. 4 Heat Demand Classification

Based on the Albanian law [9] for the approval norms, rules and
conditions of design and construction, production and storage of
heat in buildings we calculate the Gvt volume loss coefficient.

4. Conclusion
In this research work we have briefly described an extensive
literature regarding the calculation methods for the recommendation
and implementation of energy efficiency measures in individual
buildings. Based on the Albanian legislation, the following were
calculated:
a. Heat transfer coefficients of the building structure
b. Calculation of the heat loss coefficient with Gvt transmission
where the building under study was in accordance with Albanian
legislation.
c. The energy classification of the building according to
European Norms (Class D).
Our results of the heat loss in buildings have shown this
building had a higher energy consumption than what was
recommended by the European norms. Based on it we will show
some recommendations for improving the energy consumption of
the apartment which are as follows:
 Thermal insulation of outdoor walls
 Thermal insulation of the terrace
 Thermal insulation of the roof
 Thermal insulation of the floor
 Installation of solar panels

(1)
where Gvt is volume loss coefficient, Qo is heat transfer losses,
V is apartment volume, tb is indoor temperature and tj is outdoor
temperature. Volume loss coefficient correspond to 0.7 which is in
accordance to the Albanian normative.
Energy Loses
Door
0%

Thermoizolation
8%

Infiltration
10%
Basement
9%

Window
18%

Roof
8%
Tarrace
5%

Outdoor wall
42%
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Fig. 3 Energy losses of the residential apartment

Energy requirements are based as if the building is heated in
current conditions and it is with this energy performance. Energy
required has been calculated as follow:

(2)
Where Eyear is annual energy required for heating/cooling, Q0 is
total heat losses (transmission + infiltration), Grd is grade per day,
h/day is number of hours of the building that will be heated and t
is the temperature differences. Table 8 depict the final energy
needs of the building for heating/cooling at the current state.
Table 8. Energy needs for heating/cooling
Comfort in the current state

Heating/Cooling 17 h/day

Annual Energy Needs

24423.7 (kWh/year)

Annual Specific Consumption

85 (kWh/year)

Based on the European norms type 2002/91/EC [12] in relation
to the energy performance of the buildings we have defined that
energy audit correspond to the D category as can be seen at Fig. 4.
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Social media behaviours of Gen Z women in the context of social Customer Relationship
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Abstract: Building relationships with Generation Z on social media is becoming a challenge for present-day enterprises. Generation Z has a
huge purchasing power, and will be the largest customer base by 2030. The aim of the paper is to identify social media behavi ours of Gen Z
females in the context of social CRM. The study of social media behaviours of Generation Z is part of wider research conducted by the
authors among students in Poland and Great Britain in 2020/2021. The study used survey as the method and CATI as the surveyin g
technique. For data analysis, measures of descriptive statistics were used. In both the countries, women most often used Facebook, YouTub e
and Instagram. Out of the benefits of using social media accounts, the following ones were rated highest by female Gen Zers in Poland: swift
communication, opportunity to find and follow friends, sharing information with friends and opportunity to acquire information about
products/services of a given company, whereas in the case of females in Great Britain, the following benefits w ere rated highest: swift
communication, following the Internet trends and sharing information with friends. The majority of the surveyed women in Grea t Britain and
in Poland often or almost always search for social media accounts of a specific company before using its service / purchasing its product.
Polish women would preferably communicate with a company via Messenger, chat with a consultant and fan page, whereas British women
would do so via e-mail, Messenger and chat with a consultant. The results of the research conducted in Poland and Great Britain in
2020/2021 did not show clearly whether female Gen Zers could be described as loyal customers. The respondents in Great Britai n defended
a company's reputation on social media more often than the respondents in Poland.
Keywords: CUSTOMER RELATIONSHIP MANAGEMENT, SOCIAL CUSTOMER RELATIONSHIP MANAGEMENT, ENTERPRISE,
SOCIAL MEDIA, WOMEN, GENERATION Z, MARKETING STRATEGY
Such information will enable enterprises to respond to customer
expectations, which is the first step towards building long-term
relations with them.

1. Introduction
Gen Zers, who have a huge purchasing power, are a very
important partner of the market game for modern enterprises, as
they account for around 40% of consumers in the United States,
Europe and BRICS countries, and around 10% of consumers in the
remaining countries. Enterprises that do not want to lose their
market shares must learn about Gen Zers and make them part of
their business strategy by building long-lasting relations with them
[1].

The aim of the paper is to identify the behaviours of female Gen
Zers on social media in the context of CRM. For that purpose, the
authors examined what portals the surveyed females used most
frequently, how they assessed the benefits of having a social media
account, whether they searched for information about a
product/service on social media before purchasing it, and whether
they considered themselves loyal customers.

Gen Zers differ significantly from the representatives of other
generations, i.e. Baby boomers, Generation X and Millennials (Gen
Y), as they have different characteristics and expectations.
Generational differences are often presented in the literature and the
media in an unsubstantiated way [2]. As a result, without clear
information about generations, managers do not understand
generational differences and, consequently, do not manage them
properly [3]. Identification of the characteristics of a given
generation is highly significant in building enterprise-customer
relationships. At the time of competition at the click of a mouse, the
ability to build relations with customers is perceived as a very
important source of the competitive advantage of enterprises [4, 5,
6, 7].

2. Literature review
There is no clear definition of CRM in the research literature,
which is due to the fact that this concept can be looked at from
different perspectives – CRM can be treated as a process, strategy,
philosophy, capacity (potential) of an organisation or technology
[20]. Solima presented the concept of CRM captured from different
perspectives: (1) as a process, (2) as a strategy, (3) as a philosophy,
(4) as an ability, (5) as a technology [21]. Often, the concept of
CRM is defined in terms of a few perspectives simultaneously.
According to Bose CRM is “an integration of technologies and
business processes used to satisfy the needs of a customer during
any given interaction. More specifically, CRM invo lves acquisition,
analysis and use of knowledge about customers to sell more goods
or services and to do it more efficiently” [22, p. 89]. According to
Parvatiyar and Sheth CRM “is a comprehensive strategy and
process of acquiring, retaining, and partnering with selective
customers to create superior value for the company and the
customer. It involves the integration of marketing, sales, customer
service, and the supply-chain functions of the organization to
achieve greater efficiencies and effectiveness in delivering customer
value” [23, p. 5]. The essence of CRM was aptly defined by
Greenberg “CRM is a philosophy and a business strategy supported
by a system and a technology designed to improve human
interactions in a business environment” [24, p. 30].

An important factor in building enterprise-customer
relationships is the customer‟s gender, which determines
communication. The existing research shows an impact of gender
on various marketing analyses, e.g. research into persuasion [8],
research into segmentation [9], information processing [10], gender
role stereotypes [11], advertisement effectiveness [12] and
purchasing decisions [13, 14]. Each generation has distinct
characteristics, and it should be divided into subgroups of clearly
distinct female and male types [13].
The dynamic development of the Internet and social media
facilitates entrepreneurs' communication with potential and existing
customers, which – if effectively designed and executed – may
contribute to the maintenance of long-lasting relations with
customers and, ultimately, the strengthening of the enterprise's
competitive position on the market. Hence, entrepreneurs
increasingly
use the concept of Customer Relationship
Management (CRM), which is a critical success factor impacting
the business results of enterprises [15, 16, 17, 18, 19]. A condition
for an effective use of CRM is sound knowledge about customers,
based on which a manager will know where to find them on social
media and what benefits and ways of communication they expect.

It helps to understand the behaviours of customers through an
intense communication with them [25]. CRM helps firm to predict
the future behavior of customers and to scope the implementing of
policies from a future perspective and also helps firms to streamline
the existing setup of the organizations by guiding some fundamental
changes that are required for competitive advantages [26]. The
authors of the study take the position that CRM does not exclude
any of the above-listed perspectives, but it combines them. CRM is
a strategy, a philosophy and a process of acquiring, analysing and
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using customer knowledge to boost sales, and at the same time an
organisation‟s capacity to implement this strategy, philosophy, and
process in a conducive organisational culture and using appropriate
technologies. The main aim of CRM is to build and maintain longlasting relations with customers based on trust and loyalty, which
lead to product and service sale that remains at a high level or/and
shows an increasing trend, which results in the achievement of
competitive advantage and increase in the organisation's market
value. CRM stands for the ability of an organization to [25, p. 16]:
„1. find customers; 2. get to know them; 3. keep in communication
with them; 4. ensure that they get what they want from the
organization – not just in the product but in every aspect of the
organization‟s dealings with them; 5. check that they receive what
they were promised – subject, of course, to it being profitable; 6.
ensure that the customer is retained – even if the customer is
unprofitable today, the goal is long-term profitability”.

show different approaches and preferences when using various
information systems [44]. Research concentrated
around
identifying gender differences in overall effectiveness of marketing
strategies revealed distinctly different convictions, attitudes and
behavioural intentions [12]. Males and females differ in how they
perform various activities on the Internet connected with
communicating with others, watching photos and films, following
people or events, posting or sharing information, playing online
games, and reading and sharing with others promotional
information [45]. For instance, males and females become loyal in
their behaviours for different reasons [46].
Like in the case of other psychological phenomena, gender and
age are among variables impacting purchasing decisions, which
allow for identification of individual differences. Females are more
susceptible to the impact of the environment; they search for more
information and dedicate to it more time in the decision making
process [47]. An enterprise seeking to build relations with
customers on social media needs to know not only where to search
for customers, but also what benefits are expected by social media
account users and what forms of enterprise-customer
communication are most desirable. Therefore, we formally pose the
following research questions:

The development of social media contributed to the evolution
of the concept of CRM and emergence of the concept of social
CRM. According to Thompson, social CRM is combination of
social media and the concept of CRM [27]. Greenberg stresses that
social CRM is an extension of CRM, not its substitute, and defines
social CRM as an extended CRM – “Social CRM is a philosophy &
a business strategy, supported by a technology platform, business
rules, workflow, processes & social characteristics, designed to
engage the customer in a collaborative conversation in order to
provide mutually beneficial value in a trusted & transparent
business environment. It's the company's programmatic response to
the customer's control of the conversation" [28].

RQ1. What social networking sites do female Gen Zers use most
often?
RQ2. What benefits do female Gen Zers expect when using social
media portals?
RQ3. What way of enterprise-customer communication would be
the most suitable according to female Gen Zers?
RQ4. Do female Gen Zers assess themselves as loyal customers?
RQ5. Do female Gen Zers defend an enterprise's reputation on
social media?

The basic difference between CRM and social CRM is that
CRM assumes one-way communication between the customer and
the enterprise, which is usually initiated by the enterprise. This type
of communication is insufficient to build relations, as it
marginalises the significance of customer expectations. The concept
of social CRM, in contrast, offers two-way communication.

3. Research methodology
The research into the attitudes of Gen Zers towards brands on
social media is part of broader research conducted by the authors
among students in Poland and Great Britain in the fourth quarter of
2020 and the first quarter of 2021. In both the cases, which included
qualitative and quantitative aspects, the method of indirect
measurement in the form of survey research, the technique of a
survey, and the research tool of a survey questionnaire were used.
The catalogue of the variables used in the research was proposed
based on critical analysis of the literature [48, 49]. There is no
agreement in the literature regarding the year of birth of
representatives of Generation Z. The most often cited date is the
year 1995, which the authors of the paper adopted as the cut-off
year in their study.

Social media is the environment where entrepreneurs should
look for Generation Z customers in order to establish contact and
build relations with them. Scholars stress that when studying a
generation, one should take into account its heterogeneity, which
necessitates examination of specific segments in each generation
[29, 30, 31]. The object of the study presented in this paper is the
behaviour of females – students – on social media. Knowledge
about where female Gen Z customers can be most often found on
social media, what benefits they expect in their relations with
enterprises and what ways of communication would be best-suited
to them will allow entrepreneurs to propose a personalised, and thus
effective communication, which is the basis of social CRM.
In keeping with the views of Kavounis [32], Francis and Hoefel
[33], Bassiouni and Hackley [34], Kamenidou et al. [35], Priporas et
al. [36], Hampton and Keys [37], the authors assumed for the
purpose of the research that the term Generation Z means a
generation of people born in the years 1995-2009 (2010 is the first
year of birth of Generation Alpha [38]).

The authors also assumed that the independent variable is the
tested group of respondents, not the entire population of generation
Z. The difficulty in unequivocally indicating the age range of
generation Z makes it problematic to treat this variable as an
independent variable. The authors found that using Gen Z as a
heuristic is useful because generational profiling now exists as
description in popular media and popular culture.

Based on the existing research results, one can characterise Gen
Zers as: responsible, loyal, cautious, compassionate, open,
determined [39], realistic, creative, hyper-connected, open to
sharing with other people via mobile devices and social media their
good and bad experiences resulting from the customer-company
relationship, and preferring contact via technology to face-to-face
interaction [40]. Generation Z is the most diverse generation of all
[41], which makes it open to ethnic diversity [42].

Before commencing the main research, the authors conducted a
pilot study in 2018, which allowed them to identify and eliminate
errors in the survey questionnaire before proceeding to the main
research. A total of 157 students participated in the research
conducted in Poland, and responses of 151 students (126 females
and 25 males) were qualified for the analysis. A total of 150
students participated in the research conducted in Great Britain, and
responses of 150 people (80 females and 70 males) were qualified
for further research. The research was conducted using the CAWI
technique. In Poland, an online survey questionnaire was made
available on the Webankieta.pl platform, while data collection in
Great Britain was commissioned to an external institution
specialising in conducting surveys. The sampling for both studies
was non-probabilistic. Using non-probabilistic selection, the authors
also applied statistical inference, treating it only as an opportunity

Gender, a key variable in segmentation and marketing research,
determines differences in the behaviours of males and females
during online shopping, communication and relationship
management on the Internet. In particular, it is believed that females
are relation-oriented, while males are agendic; females show
preferences for maintaining family ties, connecting with friends and
engaging in social activities, while males are more focused on taskoriented activities [43]. Research shows that females and males
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to identify relationships in the studied groups, which descriptive
statistics does not allow. It is also important to stress the high
degree of feminisation of the group of the Polish students qualified
for the research, which impacted the gender structure of the
respondents.

The next stage of the research was finding out which benefits of
the use of social media accounts by female Gen Zers were
significant in both the analysed countries. The respondents were
presented with a catalogue of benefits (along with the possibility of
indicating benefits other than those mentioned in the question) and
asked to rate each of them on a scale of 1 to 5, where 1 signified the
least significant benefit, and 5 – the most significant one (Tables 1
and 2).

Based on the research results, the authors calculated the number
and frequency of the respondents' responses to the individual
questions on the survey. The authors are aware that the applied
sampling technique does not allow the researcher to estimate the
error appearing when generalizing the regularities observed in the
sample to the entire population. All the analyses were conducted
using software Statistica v.13.

Table 1: Assessment of the benefits of the use of social media accounts by
female respondents in Poland in 2020/2021.
Evaluation of the benefits
(responses in %)
Benefits of using social networking sites
1
2
3
4
5
0.79
0.79
3.18
33.33
61.91
possibility of finding and following friends

The authors are aware that survey research has limitations such
as providing merely superficial understanding of the phenomena
being studied or inaccurate answers given by respondents. Criticism
of the presented research results may be that the research was
conducted on a small group of participants. Small samples may be
methodologically questionable (e.g., generalisation is difficult), but
they can be useful in inference if proper statistical tests are used
[50].

4. Results

FEMALES
Facebook
You Tube
Vimeo
Pinterest

0%

0%

12%

12%

60%
56%

100%
16%

0%
0%

0%

4%

17%

100%

82%
65%

93%

98%

All the surveyed Gen Zers in Poland and Great Britain reported
using social networking portals. Figures 1 and 2 present responses
(in %) to multiple choice questions about which social networking
portals were used by the respondents (by gender) in 2020/2021.

80%
67%

3%
3%

24%
6%

9%

0%
1%
Twitter
Forsquare

finding new friends

3.97 15.08 17.46 35.71 27.78

possibility of self-promotion, being seen

9.52 11.90 18.25 40.49 19.84

0
0

3.18 8.73 24.6 63.49
3.97 7.94 50.79 37.30

0.79 13.49 11.11 46.83 27.78

3.97 20.64 41.27 24.60 9.52

0.79 7.14 19.84 38.10 34.13
0

3.96 15.08 43.65 37.31

Table 2: Assessment of the benefits of the use of social media accounts by
female respondents in Great Britain in 2020/2021.
Evaluation of the benefits
(responses in %)
Benefits of using social networking sites
1
2
3
4
5
possibility of finding and following friends 6.25 12.50 27.50 33.75 20.00
fast communication
3.75 7.50 11.25 32.50 45.00
most important information at one place
2.50 13.75 35.00 32.50 16.25
following trends on the Internet (e.g. 6.25 13.75 23.75 40.00 16.25
interesting video, music)
sharing information with friends
2.50 10.00 21.25 41.25 25.00
possibility of acquiring information about 2.50 15.00 35.00 27.50 20.00
products/services of a particular company
possibility of expressing one's opinions 7.50 20.00 26.25 26.25 20.00
about products/services of a particular
company
possibility of creating and implementing 8.75 30.00 25.00 18.75 17.50
changes in products/services and the
functioning of a company
access to numerous web services using one 10.00 13.75 25.00 33.75 17.50
account on a social networking site
opportunity to have access to additional 5.00 15.00 36.25 30.00 13.75
materials (in the case of artists' official
profiles, TV channels)
finding new friends
18.75 12.50 27.50 26.25 15.00
possibility of self-promotion, being seen
15.00 18.75 28.75 20.00 17.50

45%

59%

61%

80%
91%

82%
74%

84%
88%

Fig. 1. Use of social networking portals by respondents (by gender) in
Poland in 2020/2021.

FEMALES
Facebook
You Tube
Vimeo
Pinterest

0
1.59 1.59 19.04 77.78
0
6.36 15.87 50.79 26.98
2.38 5.56 15.08 44.44 32.54

Out of the benefits of using social media accounts, the
following ones were rated highest by the female respondents in
Poland: swift communication, opportunity to find and follow
friends, sharing information with friends and opportunity to acquire
information about products/services of a given company.
Opportunity to create and make changes to products/services and
the functioning of the company was indicated as the least important
benefit.

MALES
Instagram
Snapchat
Inne

Twitter
Forsquare

fast communication
most important information at one place
following trends on the Internet (e.g.
interesting video, music)
sharing information with friends
possibility of acquiring information about
products/services of a particular company
possibility of expressing one's opinions
about products/services of a particular
company
possibility of creating and implementing
changes in products/services and the
functioning of a company
access to numerous web services using one
account on a social networking site
opportunity to have access to additional
materials (in the case of artists' official
profiles, TV channels)

MALES
Instagram
Snapchat
Other

Fig. 2. Use of social networking portals by respondents (by gender) in Great
Britain in 2020/2021.

The collected data showed the most popular social networking
portals in the examined groups of female respondents in 2020/2021.
In both the countries, the surveyed females most often indicated
Facebook, YouTube and Instagram, but the popularity of these three
portals differed between the analysed countries. Huge differences
between the female respondents in Poland and those in Great
Britain were also observed in the use of Twitter (55 percentage
points) and Pinterest (28 percentage points). The women in Poland
did not specify any portal in the category "other", whereas those in
Great Britain indicated TikTok (1 woman).
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In the case of the study carried out in Great Britain, the
following benefits of using social media accounts were rated
highest by the respondents: swift communication, following the
Internet trends and sharing information with friends. Like in the
case of the respondents in Poland, opportunity to create and make
changes to products/services and the functioning of the company
was indicated as the least important benefit.

The next stage of the research was asking the respondents
(through a question based on an ordinal scale) whether they
searched for the social media accounts of a specific company before
using its service or purchasing its product. Figure 4 presents the
collected data (as quantities) in Poland and Great Britain in
2020/2021.

In order to compare the responses assessing the benefits of
using social media accounts by the surveyed females in Poland and
Great Britain, median was used. By calculating the median value for
each of the benefits (Figure 3), the middle value was found, i.e. one
that splits the number of observations in half (with the same number
of observations above and below it) in each study group.

B12

6

B1

B2

4

B11

being able to connect with people in different timezones,
keeping in contact with friends from other places,
learn something new,
creativity.

B3

2
B10

B4

0

B9

B5
B8

Poland

Fig. 4. The quantities of the responses (in %) to the question about
searching for social media accounts of a specific company before
purchasing its product/service as provided by female respondents in Poland
and Great Britain in 2020/2021.

B6

B7

Great Britain

When comparing the percentages of the responses provided to
the individual categories (Figure 4), there is a significant similarity
in the responses concerning searching for social media accounts of a
specific company before using its services/purchasing its product
between the respondents in both the analysed countries. The
majority of the surveyed women (70% in Great Britain and 64.28%
in Poland) reported that they often or almost always searched for
social media accounts of a specific company before using its
service/purchasing its product.

B1 – possibility of finding and following friends; B2 – fast communication;
B3 – most important information at one place; B4 – following trends on the
Internet (e.g. interesting video, music); B5 – sharing information with
friends; B6 – possibility of acquiring information about products/services of
a particular company; B7 – possibility of expressing one's opinions about
products/services of a particular company; B8 – possibility of creating and
implementing changes in products/services and the functioning of a
company; B9 – access to numerous web services using one account on a
social networking site; B10 – opportunity to have access to additional
materials (in the case of artists' official profiles, TV channels); B11 – finding
new friends; B12 – possibility of self-promotion, being seen

The respondents were also asked to indicate the form of social
media communication with an enterprise that was most suitable for
them. Polish females would preferably communicate with a
company via Messenger, chat with a consultant and fan page,
whereas British females would do so via e-mail, Messenger and
chat with a consultant. The forms of communication that Polish
females would prefer the least were: SMS, open discussion on the
forum, e-mail and live transmission. For British females, the least
desirable forms of social media communication with an enterprise
were: SMS, open discussion on the forum, live transmission and fan
page.

Fig. 3. Medians of the scores of the benefits of using social media accounts
as given by female respondents in Poland and Great Britain in 2020/2021.

Based on the comparison of the medians (Figure 3), it was
concluded that the presented benefits were rated higher by the
female respondents in Poland compared to those in Great Britain. In
the case of the benefits designated as B4, B8 and B9, i.e. following
the Internet trends, opportunity to create and make changes to
products/services and the functioning of the company, and access to
multiple Web services via one social media account, the medians of
the scores were identical among the respondents in both the
countries.

The next stage of the research was gathering the opinions of the
respondents in Poland and Great Britain regarding their loyalty
towards a given company (brand). Table 3 presents the quantities of
responses (in %) by the respondent's gender.

Other benefits of using a social media account as indicated by
female respondents in Poland were as follows:
 possibility of shopping and fast sale of products; forming an
opinion about a given product or company,
 finding a job,
 discovering new interests, possibility of personal development,
having a specific style,
 gaining popularity, self-promotion,
 following the life of others, observing what is happening in the
world,
 time for relaxation and enhancement of mood,
 learning about various events,
 connecting people into groups, possibility of discussing any
subjects with other people, more openness to new friendships,
 encouraging others to help, e.g. to adopt a pet.
The respondents in Great Britain, in turn, indicated the
following benefits:
 up to date source to look at what‟s going on the world and to
see other peoples opinions,

Table 3: Respondents' self-assessment as loyal customers (by gender) –
findings of the research conducted in Poland and Great Britain in
2020/2021.
Gender (responses in %)
Select the statement that best
Males
Females
describes you
GB
PL
GB
PL
I am a loyal customer, i.e. I
41.43
52.00
45.00
40.48
become attached to a company.
I often experiment, I don't
58.57
48.00
55.00
59.52
become attached to a company.
In total
100.00
100.00 100.00 100.00

The research conducted in Poland and Great Britain in 2020/2021
does not indicate clearly whether Gen Zers can be described as
loyal customers. Over half of the surveyed females in Poland (60%)
and Great Britain (55%) described themselves as customers who
often experiment and do not attach themselves to a given company.
Similar proportions of the responses were obtained among the
surveyed males in both the countries.
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Table 4 presents the quantities of responses (in %) by gender of
a Gen Z respondent regarding the willingness to defend a company's
reputation on social media.

The results of the research, although it was not conducted on a
representative sample, can deepen the knowledge about social
media behaviour of the representatives of Generation Z. The
differing responses provided by Polish and British females indicate
that when building relations with customers from different
countries, enterprises should take different actions depending on the
country. The first step in the process of social CRM is finding
customers on social media. In the case of both the countries, an
entrepreneur will most often find females on Facebook, You Tube
and Instagram. Both the Polish and British women value swift
communication most. However, when using social media accounts,
the former also appreciate the possibility of finding and following
friends, sharing information with them and the possibility of
acquiring information about the products/services of a given
company. British women, in turn, mainly use social media accounts
to follow the Internet trends and share information with friends. An
important piece of information for entrepreneurs is that the majority
of the surveyed females in Great Britain and Poland often or almost
always search for social media accounts of a given company before
using its services/purchasing its product. When an entrepreneur
knows where to search for female customers and that such
customers also look for him/her on social media, in the next step
he/she should seek to learn more about social media behaviours of
his/her female customers. This knowledge will allow him/her to
propose a tailored, and hence successful campaign. Polish women
would preferably communicate with a company via Messenger, chat
with a consultant and fan page, whereas British women would do so
via e-mail, Messenger and chat with a consultant. The results do not
show clearly whether Gen Z females can be described as loyal
customers, but it should be noted that the respondents in Great
Britain defend a company's reputation on social media more often
than Gen Z respondents in Poland.

Table 4: Respondents' willingness to defend a company's reputation on
social media by gender – results of the research in Poland and Great Britain
in 2020/2021.
Gender (responses in %)
Willingness to defend
Males
Females
a company's reputation
on social media
GB
PL
GB
PL
no, I don't defend a company in
a discussion, because it doesn't have to 14.29 16.00 18.75 23.02
respond to every attack
no, I don't defend a company in
a discussion, because lapses in an offer 1.43 28.00 6.25 8.73
and customer service should be publicised
no, I don't defend a company in
a discussion, because a company has
15.71 12.00 15.00 31.75
a person responsible for communication at
a fanpage
yes, I defend a company in a discussion, if
the accusations are unfounded and absurd 25.71 28.00 30.00 20.63
(do not match the reality)
yes, I defend a company in a discussion,
when the author of a critical statement
hides himself/herself behind a fake name 7.15
4.00 8.75 5.55
(it is clear that his/her personal data is
untrue)
yes, I defend a company in a discussion,
when a negative opinion is presented over
17.14 12.00 11.25 7.94
and over again and becomes annoying for
other
yes, I unconditionally defend a company
18.57
0
10.00 2.38
(I like) in a discussion
In Total
100.00 100.00 100.00 100.00

Analysis of the collected data enables a discussion on designing
marketing strategies targeted at Gen Z females in the context of
online communication. Knowledge about where Gen Z females can
be most often found on social media, what benefits they expect in
their relations with enterprises and what ways of communication
would be best-suited to them will allow entrepreneurs to propose a
personalised, and thus effective, communication, which is the basis
of social CRM.

The results of the research carried out in 2020/2021 (Table 4)
indicate that the female respondents in Great Britain (60%)
defended a company's reputation on social media more often than
Gen Z female respondents in Poland (36.5%). The surveyed females
in Poland usually explained their lack of defence of a company's
reputation on social media by stating that a company employed a
person responsible for fan page communication (32%) and that a
company did not need to respond to every attack via social media
(23%). When comparing the responses of females and males in both
the analysed countries, it is clear that the surveyed Gen Z males are
more willing to defend a company's reputation. The willingness to
defend a company's reputation on social media was confirmed by
44% of the surveyed males in Poland and 68.5% of the surveyed
males in Great Britain.

6. References
[1] Barclays 2018, Gen Z: Step aside millennials. https://www.investment
bank.barclays.com/our-insights/ generation-z.html (accessed on 02.11.2021).
[2] D.P. Costanza, J.M. Badger, R.L. Fraser, J.B. Severt, P.A. Gade,
Generational differences in work-related attitudes: A meta-analysis. Journal
of Business Psychology, 27 (2012), pp. 375–394. DOI:10.1007/s10869-0129259-4
[3] M.J. Urick, E.C. Hollensbe, S.S. Masterson, S.T. Lyons, Understanding
and managing intergenerational conflict: An examination of influences and
strategies. Work, Aging and Retirement, 3, 2 (2017), pp. 166–185.
DOI:10.1093/workar/waw009.
[4] H.H. Chang, K.H. Wong, P.W. Fang, The effects of customer
relationship management relational information processes on customerbased performance. Decision Support Systems, 66 (2014), pp. 146-159.
[5] I. Santouridis, A. Veraki, Customer relationship management and
customer satisfaction: The mediating role of relationship quality. Total
Quality Management and Business Excellence, 28(9-10) (2017), pp.11221133.
[6] R. Thakur, L. Workman, Customer portfolio management (CPM) for
improved customer relationship management (CRM): Are your customers
platinum, gold, silver, or bronze? Journal of Business Research, 69(10)
(2016), pp. 4095-4102.
[7] I. Dalla Pozza, O. Goetz, J.M. Sahut, Implementation effects in the
relationship between CRM and its performance. Journal of Business
Research, 89(C) (2018), pp. 391-403.
[8] A.H. Eagly, L.L. Carli, Sex of researchers and sex-typed
communications as determinants of sex differences in influenceability: A
meta-analysis of social influence studies. Psychological Bulletin, 90(1)
(1981), pp. 1–20. DOI:10.1037/0033- 2909.90.1.1
[9] J. Meyers-Levy, B. Sternthal, Gender differences in the use of message
cues and judgments. Journal of Marketing Research, 28(1) (1991), pp. 8496. DOI:10.2307/ 3172728

5. Conclusion
From the commercial point of view, a company‟s success in the
Internet environment depends to a large extent on whether it knows
the size, characteristics and requirements of the Internet user
market, and in the case of Generation Z – social media users in
particular. Hence, a better insight into Internet users and their
behaviours in the online environment is of key importance to
companies that want to successfully build competitive advantage.
Understanding the impact of gender on online communication
and management of enterprise-customer relationships on social
media is vital, both theoretically and in practical terms. The findings
of the present research may help scholars to explain the
inconsistencies pointed out in previous studies, and offer
practitioners a better understanding of the preferences of Generation
Z females in the context of online communication. Research into
gender differences in the use of social media, ways of
communication, information sharing or developing loyalty towards
a company as a result of online marketing communication activities
should enrich the theoretical understanding of the specificity of the
behaviours of social media users, and empirically highlight and
point out the differences in behaviour that enterprises may use to
design future marketing strategies.

213

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

[10] J. Meyers-Levy, D. Maheswaran, Exploring differences in males‟ and
females‟ processing strategies. Journal of Consumer Research, 18(1) (1991),
pp. 63-70. DOI:10.1086/209241
[11] M.L. Klassen, C.R. Jasper, A.M. Schwartz, Men and women: Images of
their relationships in magazine advertisements. Journal of Advertising
Research, 33(2) (1993), pp. 30–40.
[12] L.D. Wolin, P. Korgaonkar, Web advertising: gender differences in
beliefs, attitudes and behavior. Internet Research, 13, 5 (2003), pp. 375-385.
DOI:10.1108/ 10662240310501658
[13] H. Kraft, J.M. Weber, A look at gender differences and marketing
implications. International Journal of Business and Social Science, 3(21),
(2012), pp. 247–253.
[14] E.M. González, J.-H. Meyer, M. Paz Toldos, What women want? How
contextual product displays influence women‟s online shopping behavior.
Journal of Business Research, 123 (2021), pp. 625-641.
DOI:10.1016/j.jbusres.2020.10.002
[15] B.J. Al-Qaysi, H.A. Hussein, The Impact of Knowledge Processes and
Customer Relationship Management (CRM) on Services Quality along
Supply Chain. International Journal of Supply Chain Management, 8(1)
(2019), pp. 416-421.
[16] J.N. Sheth, R.S. Sisodia, Marketing productivity: issues and analysis.
Journal of Business Research, 55(5) (2002), pp. 349-362.
[17] L.Y.M. Sin, A.C.B. Tse, F.H.K. Yim, CRM: conceptualization and
scale development. Journal of Business Research, 39(11/12) (2005), pp.
1264-1290.
[18] J. Huang, W. Xiong, The effect of win-back investment on lost
consumers‟ intention of reinitiating relationship. Frontiers of Business
Research in China, 4 (2010), pp. 485-497.
[19] H. Ernst, W.D. Hoyer, M. Krafft, K. Krieger, Customer relationship
management and company performance: the mediating role of new product
performance. Journal of the Academy of Marketing Science, 39(2) (2011),
pp. 290-306.
[20] A.R. Zablah, D.N. Bellenger, W.J. Johnston, An evaluation of divergent
perspectives on customer relationship management: Towards a common
understanding of an emerging phenomenon. Industrial Marketing
Management, 33(6) (2004), pp. 475-489.
[21] H.S. Solima, Customer Relationship Management and Its Relationship
to the Marketing Performance. International Journal of Business and Social
Science, 2,10 (2011), pp. 167-182.
[22] R. Bose, Customer Relationship Management: Key component for IT
Success. Industrial Management and Data Systems, 102(2) (2002), pp. 8997.
[23] A. Parvatiyar, J. N. Sheth, Customer Relationship Management:
Emerging Practice, Process, and Discipline. Journal of Economic and Social
Research, 3(2) (2001), pp. 1-34.
[24] P. Greenberg, CRM at the speed of light. Berkeley: McGraw-Hill 2001.
[25] R.S. Swift, Accelerating customer relationships using CRM and
relationship technologies (Prentice Hall, 2000).
[26] J. Ranjan, V. Bhatnagar, Principles for successful aCRM in
organizations. Direct Marketing: An International Journal, 2, 4 (2009), pp.
239-247. DOI:10.1108/17505930810931035.
[27] B. Thompson, Social CRM: Strategy, Technology or Passing Fad?
Customer Think 2009, http://customerthink.com/social_crm_strategy
_technology_or_passing_fad/ (accessed on 02.11.2021).
[28] P. Greenberg, Gartner's Social CRM(ish) Magic Quadrant: So...
https://www.zdnet.com/article/gartners-social-crmish-magic-quadrant-so/
(accessed on 02.11.2021).
[29] C. Guillot-Soulez, S. Soulez, On the heterogeneity of Generation Y job
preferences. Employee Relations, 36(4) (2014), pp. 319–332.
[30] E.S.W. Ng, J.M. Johnson, Millennials: Who are they, how are they
different, and why should we care? [In:] R.J. Burke, C. Cooper, A.-S.
Antoniou (Eds.). The multi-generational and aging workforce (pp. 121–137)
(Cheltenham, U.K: Edward Elgar Publishing Limited 2015).
[31] E.S.W. Ng, E. Parry, Multigenerational research in human resource
management. [In:] M.R. Buckley, J.R.B. Halbesleben, A.R. Wheeler (Eds.).
Research in personnel and human resources management (pp. 1–41),
(Bibgley, U.K.: Emerald Group Publishing Limited 2016).
[32] Y. Kavounis, The Millennial effect. Brand Strategy, 226 (2008), p. 4951.
[33] T. Francis, F. Hoefel, „True Gen‟: Generation Z and its implications for
companies. The influence of Gen Z – the first generation of true digital
natives – is expanding. McKinsey & Company, https://www.mckinsey.com/
industries/consumer-packaged-goods/our-insights/true-gen-generation-z-and
-its-implications-for-companies (accessed on 18.11.2021).
[34] D.H. Bassiouni, C. Hackley,„Generation Z‟ children's adaptation to
digital consumer culture: A critical literature review. Journal of Customer
Behaviour, 13(2) (2014), pp. 113–133. DOI:10.1362/147539214X1
4024779483591.
[35] I.C. Kamenidou, S.A. Mamalis, S., Pavlidis, E.-Z.G. Bara, Segmenting
the Generation Z cohort university students based on sustainable food

consumption behavior: A preliminary study. Sustainability, 11(3), 837
(2019), pp. 1-22. DOI:10.3390/su11030837.
[36] C-V. Priporas, N. Stylos, A.K. Fotiadis, Generation Z consumers'
expectations of interactions in smart retailing: A future agenda. Computers
in
Human
Behavior,
77
(2017),
pp.
374-381.
DOI:
10.1016/j.chb.2017.01.058.
[37] D. Hampton, Y. Keys, Generation Z students: Will they change our
nursing classrooms? Journal of Nursing Education and Practice, 7(4) (2017),
pp. 111–115. DOI:10.5430/jnep.v7n4p111.
[38] M. McCrindle, The ABC of XYZ: Understanding the global generations
(McCrindle Research Pty Ltd.: Sydney, Australia, 2014).
[39] C. Seemiller, M. Grace, Generation Z: Educating and engaging the next
generation of students. About Campus, 22(3) (2017), pp. 21–26.
DOI:10.1002/abc.21293.
[40] S. Sladek, A. Grabinger, Gen Z. The first generation of the 21st
Century has arrived! XYZ University, https://www.xyzuniversity. com/wpcontent/uploads/2018/08/GenZ _Final-dl1.pdf (accessed on 09.05.2021).
[41] A. Loehr, Generation Z and the U.S. workforce: 5 things you should
know. http://www.huffingtonpost.com/anne-loehr/gen-z-and-the-usworkforc
_ b_ 8234358.html (accessed on 09.05.2021).
[42] Magid Generational Strategies. The first generation of the twenty first
century: An introduction to the Pluralist generation. 2014,
http://magid.com/sites/default/files/pdf/MagidPluralistGenerationWhitepape
r.pdf (accessed on 09.05.2021).
[43] T.K.H. Chan, C.M.K Cheung, N. Shi, M.K.O. Lee, Gender differences
in satisfaction with Facebook users. Industrial Management & Data
Systems, 115, 1 (2015), pp. 182-206. DOI:10.1108/IMDS-08-2014-0234.
[44] V. Venkatesh, M. Morris, Why don‟t men ever stop to ask for
directions? Gender, social influence, and their role in technology acceptance
and usage behavior, MIS Quarterly, 24, 1 (2000), pp. 115-139.
[45] C. Luna-Nevarez, I. Torres, Consumer Attitudes Toward Social
Network Advertising. Journal of Current Issues & Research in Advertising,
36 (1) (2015), pp. 1-19.
[46] A. Perju-Mitran, A. E. Budacia, Gender Differences in Modeling the
Influence of Online Marketing Communication on Behavioral Intentions.
Procedia Economics and Finance, 27 (2015), pp. 567-573,
DOI:10.1016/S2212-5671(15)01034-5.
[47] F. Furaji, M. Łatuszyńska, A. Wawrzyniak, B. Wąsikowska, Study on
the influence of advertising attractiveness on the purchase decisions of
women and men. Journal of International Studies, 6, 2 (2013), pp. 20-32.
DOI: 10.14254/2071-8330.2013/6-2/2.
[48] J. Gummerus, V. Liljander, E. Weman, M. Pihlström, Customer
engagement in a Facebook brand community. Management Research
Review, 35(9) (2012), pp. 857-877. DOI:10.1108/01409171211256578
[49] B. Gregor, T. Kubiak, Ocena działań prowadzonych przez firmy w
mediach społecznościowych w świetle wyników badań ich użytkowników.
Marketing Instytucji Naukowych i Badawczych, 4(14) (2014), pp. 3-27.
[50] N. Nachar, The Mann-Whitney U: A test for assessing whether two
independent samples come from the same distribution. Tutorials in
Quantitative Methods for Psychology, 4(1) (2008), pp. 13-20. DOI:
10.20982/tqmp.04.1.p013

214

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

Solar Energy an Instrument for Reducing High Electricity Prices in Industry Sector in
Albania
Elena Bebi,1, Serxhi Qosja2, Majlinda Alcani1, Artan Leskoviku3
Department of Energy, Faculty of Mechanical Engineering.
Polytechnic University of Tirana, Albania1
Department of Manufacturing and Civil Engineering,
Norwegian University of Science and Technology in Gjøvik, NO-2802 Gjøvik, Norway2
Renewable Energy Directorate, National Agency of Natural Resources, Albania3
ebebi@fim.edu.al, serxhiq@stud.ntnu.no
Abstract: The research focus addresses to installation of PV modules in industry sector in Albania. Due to energy crises, the prices are
going higher and with the new regulations that are defined by Albanian government, businesses that are connected to 20kV, 10kV, 6kV
transmission lines must secure the energy supply by their selves in open market, since a part of price was covered by government, now
companies are facing higher prices. The new price is expected to increase more than 70%, up to 0.16 €/kWh from 0.092 €/kWh. Also,
companies that will be in the open market will face price volatilities, hence with the installation of PV modules, reduction of electricity price
is possible, since the LCOE (levelized cost of electricity) for the PV in Albania, including 20% VAT tax, is calculated around 0.035 €/kWh.
To calculate the effect in electricity price a simulation using RETScreen Expert is performed. The simulations are made for a company
connected to a 20kV electricity transmission line where an on-grid PV system 217.28 kW power installed is integrated on the roof. The PV
modules covers 52.4% of the company electricity demand, by generating 286055 kWh electricity yearly from which 68% of electricity
generated from PV is consumed by the company and 32% is exported to grid because company works 8 h/day and there is not an electricity
storage system installed. With the price increment from 0.092 €/kWh to 0.16 €/kWh, the total earnings from PV installed system will be
increased by an average 65.3% and if the electricity price in the open market is doubled the total earnings will be increased by an average
85.3%.
Keywords: SOLAR ENERGY, ENERGY SECURITY, ELECTRICITY PRICE, INDUSTRY SECTOR, RETSCREEN EXPERT, ALBANIA.

electricity. The Figure 1 illustrates that the annually imports varies
up to 30% [7, 8].

1. Introduction
The war in Ukraine has increased more the world's attention
among others and for energy security and sustainable energy
system. In his book “The Routledge Handbook of Energy Security”,
Professor Benjamin K. Sovacool, has illustrated a series of energy
security challenges at three different scales including things like
geopolitical struggles over resources, transboundary environmental
pollution, and climate change. He has found 45 different definitions
of energy security [1].
According to European Commission, energy security means:
“Uninterrupted physical availability of energy products on the
market at an affordable price for all consumers”. Energy is the life
blood of the society. The well-being of the people, industry and
economy depends on safe, secure, sustainable and affordable energy
[2]. EU energy security challenges have changed dramatically in the
past 15 years. Ongoing crises through Russia and Ukraine, which
culminated in February 2014 with the annexation of Crimea and
currently with the new invading military aggression against
Ukraine, have undermined historical partnership on energy between
Russia and EU [3, 4]. Also, deep transformations in the structure of
global energy supply and demand, triggered by technological
advances and geopolitical and economic dynamics influence
European countries in their energy security strategy [3]. But
historically, conflicts and crises have been accompanied by higher
energy prices, which result in an increase in the cost of living.

Fig.1 Electricity exchange dynamics of Albania 2013-2019 [8].

Electricity exchange refers to the difference between imported
and exported electricity, also including transits and necessary
exchanges of electricity with other countries in the region.
So, for establishing energy security, energy sector sustainability
and an ensured energy supply at cost-competitive prices, increasing
the share of renewable energy in the Albanian national energy mix
and diversifying the country’s electricity sector is wanted [9].
Albania has a considerable potential of Renewable Energy Sources
(RES). Albanian government has considered the promotion of
renewable energy use as an important tool of energy policies for the
increase of the security for energy supply, economic development,
energy sector sustainability and environment protection [10].
Albania, with a favorable geographical position in the
Mediterranean Sea basin, has very favorable climate conditions for
the exploitation of solar energy. High intensity of solar radiation,
duration of this radiation, temperature and air humidity,
Mediterranean climate, with a mild winter and wet and hot and dry
summers, determine greater energy potential than the average
energy potential for solar energy use.

Under these conditions, energy security is back on the policy
agenda of most countries, especially those with high energy import
dependence. One of the main policies that improves a state's
security in electricity supply is the diversification of energy sources
using renewable energies. As this diversification increases, energy
security improves [5, 6].
Reforms of the energy sector have advanced and in Albania the
first steps towards diversification of the energy mix are taken. Since
2018, Albania has successfully promoted investments into solar
power to begin diversifying its energy mix, so far dominated by
hydropower, which is dependent on rainfall. So, Albania could
significally improve its energy security and reduce energy system
vulnerability to climate impacts by developing its vast solar and
wind resources [7]. Generally, Albania is a net importer of

In Albania, average solar radiation reaches from 1185 kWh/m2
per year up to 1700 kWh/m2 per year. On clear weather, every
square meter of the horizontal surface may absorb around 2200
kWh per year (see in Figure 2). The estimates made by the
Hydrometeorological Institute show that the most favored regions
for natural energy potential are the western regions. The number of
sunny hours throughout the territory is about 2400 hours, while in
the western part it is over 2500 hours and in the Myzeqea Field
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reaches over 2700 hours a year [11]. So, Albania has some of
Europe’s highest number of sunshine hours per year, presenting
significant potential for development of solar PV for power
generatin [9].

According to National Agency of Natural Resources of Albania,
following the auctions, large-scale PV projects with 50MW,
100MW and 140MW installed power are still in planning or
construction phase.
The research focus in this study addresses to installation of PV
modules in industry sector in Albania. Interest in PV module
installations for self-consumption, especially in the industry sector
but not only, is growing. In a previews study [13], it is shown that
the use of PVWP technology for irrigation in Albanian agriculture
sector, is considered an innovative and sustainable solution with the
aim to provide a lot of economic benefits to the farmers including
the reduction of specific energy use and also help to mitigation of
GHG emissions.
Under the current conditions of the energy crisis that the world
is going through, electricity prices are going higher both for family
consumers and businesses. With the new regulations that are
defined by Albanian government, businesses that are connected to
20kV, 10kV, 6kV transmissions lines must secure the energy supply
by their selves in open market. Since a part of price was covered by
government in the past, now companies are facing higher prices.
The new price is expected to increase more than 70%, up to 0.16
€/kWh from 0.092 €/kWh but the expectation for the future is that
they can grow up to 3 times in open market conditions.

Fig.2 Albania’s annual average Global Horizontal Irradiance [kWh/m2].
(Source: Global Solar Atlas [9])

The opening of the electricity market offers promising
opportunities on the increase of the use of alternative technologies,
especially for solar power, not only for businesses but also each
family in Albania. The distributed photovoltaic energy resources
have the advantage of avoiding network problems as they are
produced directly in the place where their consumption is needed.
Another advantage in Albanian conditions is the fact that out of the
total number of consumers one third is located in the capital and the
rest in the largest urban and rural areas of the western lowland or in
other areas with high solar radiation [14]. But besides this, the
dramatic decline in solar photovoltaic (PV) costs in the last decade,
driven significantly by technological innovations, has also helped to
enhance product’s performance by making LCOE's values for
electricity produced by rooftop photovoltaic investments, as well as
other economic benifits such as the payback time, to satisfy
customer needs. So, companies that will be in the open market will
face price volatilities, hence with the installation of PV modules,
reduction of electricity price is possible.

With the implementation of law Nr. 7/2017 “On promoting
usage of energy from renewable sources”, promoting schemes were
immediately applied for photovoltaic (PV) plants (up to 2MW
installed power) and wind farms (up to 3MW installed power). In
July 27th 2017 Energy Regulatory Authority (ERE) approved Feedin-Premium tariffs of 100€/MWh for PV plants (up to 2MW
installed power) and 76€/MWh for wind farms (up to 3MW
installed power). On June 12th 2018, the Council of Ministers of
Albania passed a decision for PV projects over 2MW. The law
introduces the granting of support to renewable energy producers
through an open, non-discriminatory, transparent and competitive
process for the projects that offer optimal conditions in terms of
energy cost, level of technology and building plan. It also
incorporates a net metering scheme for photovoltaic (PV) panels on
rooftops with a capacity of up to 500 kW [12]. According to the
law, the self-producer status predicts the exchange of electricity
with the distribution network and the balance of annual energy
production by the PV plant, less than the annual needs of a SME or
a family consumer.

Between 2010 and 2020, total installed system costs in the
commercial rooftop markets decreased between 69% and 88% and
the solar modul prices fell by up to 93%, as the cumulative installed
capacity of solar PV grew from 40GW to 750GW. Whereas, the
LCOE for commercial PV up to 500 kW declined between 50% and
79%. In 2020, the lowest average LCOEs for commercial PV up to
500 kW were in India and China, at USD 0.055/kWh and USD
0.060/kWh, respectively (see in Figure 3) [15].

This legal support has influenced the progress Albania has made
in recent last year’s towards the diversification of electricity
production by PV power plants. According to the energy balance of
2020, from 21MW of installed PV power plants (Table 1) was
produced 32,265MWh electricity which constituted only 0.61% of
the net energy produced in Albania or 0.43% of the total electricity
consumption for this year.
Table 1: Grid connected large-scale PV plants. Source: NANR
PV power plant

MW

Connection

UKKO
Seman-2
Topojë
Topojë 2
Topojë
(Sheq Marinas)
Topojë
(Sheq Marinas)2
Seman1solar
ES 2019
Smart Watt
Tren Bilisht
Plug Lushnje
Total

1
2
2
2

35kV
35kV
35kV

2

35kV

2

35kV

2
2
2
2
2
21

35kV
36kV
37kV
35kV
10kV

Annual
Production in
2020 in MWh
4,119
4,095
4,088
4,100
4,124
4,079
244
243
3,228
3,946
32,265

Fig.3 The levelized cost of electricity (LCOE) trends for commercial rooftop
photovoltaic PV up to 500kW between 2010 and 2020. Source: IRENA [15].
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By all expectations, the current crisis will not be transient, with
estimates predicting high prices for at least two years. This situation
has especially encouraged businesses in the free market to find
alternative forms, to reduce the burden of high energy bills.

Through this case study we seek to support the idea that the use
of rooftop photovoltaic PV plants for self-consumption is one of the
ways that businesses in the free market in Albania, can reduce their
high energy bills. The main incentive mechanism is economic
benefit (net benefits). Solar photovoltaics (PV) is already the
cheapest form of electricity generation in many countries and
market segments [17]. The cost of the electricity generated by a PV
system is determined by the capital cost (CAPEX), the discount
rate, the variable costs (OPEX), the level of solar irradiation and the
efficiency of the solar cells. Of these parameters, the capital cost,
the cost of finance and the efficiency are the most critical and
improvements in these parameters provide the largest opportunity
for cost reductions [ 18]. The capital expenditure of a PV system
consists of PV modules, inverters, controls and other components of
BOS (Balance of System) including mounting structures, cabling,
transformers, infrastructure, planning, documentation and
everything else except for the PV modules. Each time the global
cumulatively produced volume of modules has doubled, the average
price of PV module has been reduced by 23 to 24%. During the past
decade, when more than 95% of all historic cumulative PV capacity
has been installed, the price has decreased significantly faster, due
to a combination of accelerated economies of scale, massive
industrialization, and most probably a change in the equipment cost
due to new equipment manufactures from Asia, using highly
automated production lines [17, 18].

Until now, there are about 7 businesses in Albania, mainly in
Tirana, Durrës and Korça that have installed PV modules for selfconsumption.

2. Materials
The case study we have considered is that of a rooftop
photovoltaic investment of 217.18 kWp installed power, at a
packaging factory in Durrës (41019’38.4’’N, 19028’26.0’’E) as it
shown in Figure 3.

IRENA has projected a 59% cost reduction for electricity
generated by solar PV by 2025.
Fig.4 The location of the proposed rooftop photovoltaic plant.

Monocrystalline (Mono c-Si) PV modules were used for this
project. Typical conversion (solar energy to electrical energy)
efficiencies for common crystalline silicon modules are in the 11 to
15% range. Commercial production of c-Si modules began in 1963
when Sharp Corporation of Japan started producing commercial PV
modules and installed a 242 Watt PV module on a lighthouse, the
world’s largest commercial PV installation at the time. Crystalline
silicon technologies represent 84% of market in the United States.
In 2020 the vast majority of global PV module shipments (96%)
used crystalline silicon technology [19].

The roof surface of the object covered by photovoltaic (PV)
plant is 1520.96 m2.
The data provided both from Albanian Meteorogical Institute
and Nasa [16] show that Durrës region where is the PV plant, has a
high solar potential (see Figure 5).

There are a number of closely related, commonly used methods
for evaluating economic performance of an energy project. These
include levelized cost of energy (LCOE) method, net present value
(NPV) method, benefit/cost (or savings-to-investment) ratio (SIR)
method, internal rate of return (IRR) method, and discounted
payback (DPB) method.
The LCOE considers all the costs associated with an investment
alternative and take into account the time value of money for the
analysis period. It is generally used to compare two alternative
energy supply technologies or systems. But in the case of
application of rooftop photovoltaic PV plant for self-consumption,
it is natural that investor who is both the sole consumer of the
energy produced by the plant, to be interested in the part covered by
the electricity produced by the plant which is closely related to the
time of repayment of the investment (equity payback). For
economic calculations for this case study the RETScreen program
was used. The technical parameters and the specific consumptions
are provided from the monthly bills of factory’s owner.

Fig.5 Daily solar radiation (kWh/m2/d) at the location of photovoltaic plant.

As it shown the highest values are observed during the summer
season of the year, while the lowest values are observed in the
winter months. The highest solar radiation value 7.7 kWh/m2/d is
reached in July, while the lowest value 1.42 kWh/m2/d hits in
December. In Table 2 are shown the site-specific solar energy data
for the site of proposed PV plant in Durrës region.
Table2: The specific solar energy data for Durrës region.
Specific photovoltaic power
PVOUT
1554.9
output
specific
Direct normal irradiation
DNI
1708.3
Global horizontal irradiation
GHI
1630.6
Diffuse horizontal irradiation
DIF
614.9
Global tilted irradiation at
1901.4
GTI opta
optimum angle
Optimum tilt of PV modules
OPTA
34/180
Air temperature
TEMP
17.6
Terrain elevation
ELE
-5

The RETScreen International Photovoltaic Project Model can be
used world-wide to easily evaluate the energy production, life-cycle
costs and greenhouse gas emissions reduction for three basic PV
applications: on-grid; off-grid; and water pumping. For on-grid
applications the model can be used to evaluate both central-grid and
isolate-grid PV systems. The on-grid model is the simplest system
model (see in Figure 6). In particular no load is specified and no
array size is suggested. Instead, the latter is suggested by the user.
The suggested inverter is simply equal to the nominal array power.
The energy available to the grid is what is produced by the array
(EA), reduced by inverter losses (equation 1):

kWh/kWp
kWh/m2
kWh/m2
kWh/m2
kWh/m2
0
0

C
m

hinv
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where hinv is the inverter efficiency. Depending on the grid
configuration not all this energy may be absorbed by the grid. The
energy actually delivered is given by equation 2:
habs

(2)

where habs is the PV energy absorption rate [20].

Fig.8 Visualization of the electricity consumed by facility, exported to grid
form the PV, and electricity generated from PV which is consumed by the
company, respectively gray, red and blue colors in the chart.

Which means in the first year the company will spend 32,286 €
for the energy from the grid and 6,808 € for the energy supplied
from the PV plant, with an overall cost of 39,094 €. While, if the
energy supply will be only from grid, the company will pay
50,181€. So, the company will save 11,087 € in a year. Meantime
revenues from electricity exported to grid generated by PV are
9,153€ (91.537 MWh x 100 €/MWh). In total company saves
20,240 € from electricity exported to the grid and to the company.
That’s only for the first year, while after 25 years, regarding
efficiency 85.5% from the first year, the company will save
16,271€. In this case the equity payback calculated in RETScreen
will be in 7.62 years (see in Figure 9).

Fig.6 Flowchart for PV On-Grid Model.

3. Results
The designed photovoltaic plant is placed on the facility roof
and the installed power is 217.28 kW. There are used 448 PV
modules, manufactured by SUNPOWER, model SPR P3
480/485/480 UPP. The rate power of single model is 485W. It’s a
fixed solar tracking mode, with a sloped angel of 12.5 degrees, the
same as the roof, and azimuth angel approximately 45 degrees,
defined by facility orientation. The overall efficiency after 25 years
of the PV models installed will be 85.5 % regarding the 1st year.
With a capacity factor 15% calculated from RETScreen, the
electricity exported to grid is calculated 286 MWh in a year. While,
the electricity export revenue is calculated 28,600 €/year, with a
specific price of 100 €/MWh. Furthermore, the O&M costs
regarding practical projects and applications in Albania is calculated
8 €/kW-year, with a total cost of 1,738 €/year. The equity payback
calculated in RETScreen results in 5.6 years, in the case where all
the electricity is exported to grid as shown in Figure 7.

Fig.9 The equity payback in the case where the electricity consumption is
35.7% from PV and 64.3% from the grid with electricity price 0.092€/kWh.

In the other case where the price of electricity from the grid is
0.166 €/kWh, which is the price that companies connected to 20kV
transmission line will face in the open market, for the same ratio of
energy supply from the grid and PV, the company will save 33,468
€ in total in first year, while after 25 years will save 26,905 € in a
year. In this case the equity payback calculated in RETScreen will
be in 4.56 years (see in Figure 10).

Fig.7 The equity payback in the case where all the electricity is exported to
grid.

The PV plant generated electricity is equal to 52.4% of the
company demand. But, only 68% or 194.5 MWh of the electricity
generated from PV is consumed by the company, while 32% or
91.537 MWh is exported to grid because company works 8 h/day
and there is not an electricity storage system installed. The
calculated LCOE in Albanian referred to real projects is 0.035
€/kWh, including 20% VAT tax. The total consumption of
electricity in the company is 545.4 MWh a year, from which 35.7%
or 194.5 MWh is generated from PV with cost 0.035 €/kWh and
64.3% or 350.9 MWh is supplied from the grid with cost 0.09
€/kWh.

Fig.10 The equity payback in the case where the electricity consumption is
35.7% from PV and 64.3% from the grid with electricity price 0.166€/kWh.
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There is taken also the scenario where the electricity price is
doubled from 0.09 €/kWh to 0.18 €/kWh, for the same initial data
as the other cases, in the 1st year will be saved 37,358 €, while after
25 years will be saved 30,032 €. Regarding RETScreen, the equity
payback period will be in 4.1 years (see in Figure 11).
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Fig.11 The equity payback in the case where the electricity consumption is
35.7% from PV and 64.3% from the grid with electricity price 0.18€/kWh.

4. Conclusions
The present study shows the financial effect of the integration
of PV plant with electricity company grid in Albania. The PV
installed power is 217.28 kW, which generates 286 MWh yearly,
with an LCOE including 20% VAT tax in Albania equal to 0.035
€/kWh. While the electricity consumption of the company is 545.4
MWh yearly, from which 35.7% is generated from PV and 64.3% is
supplied from the grid. The electricity grid price is 0.092 €/kWh.
According to new decisions made by the Albanian government the
price of electricity will increased to 0.166 €/kWh for businesses that
are connected to 20kV, 10kV, 6kV transmission lines. In this study
are taken four different cases. In the first case all the electricity
generated from PV is exported to grid, with an electricity price of
0.1 €/kWh, payback period will be 5.6 years with cumulative cash
flow (CCF) equal to 478,949€. In the second case electricity
consumption is (35.7%) from PV and (64.3%) from grid with prices
respectively 0.035 €/kWh and 0.092 €/kWh, the payback period is
calculated 7.62 years with a CCF equal to 297,608€. The third case
has the same ratio of electricity consumption from PV and grid, but
changes the price of electricity supplied from the grid, which is
0.166 €/kWh and will be the new electricity price as mentioned
above. In this case the payback period is calculated 4.56 years and
CCF equal to 584,380 €. Also, in the fourth case the ratio of
electricity supplied from the grid and PV is the same, but the price
changes to 0.18 €/kWh, which is a supposed price in case the price
of electricity doubles. In this case the payback period is calculated
4.1 years and CCF is 668,725€, (Table 3).
Table 3: Electricity prices and payback year for all the cases
Cases
Case 1: All electricity
generated from PV is
exported to grid
Case 2: Electricity
consumption (35.7%) from
PV and (64.3%) from grid
Case 3: Electricity
consumption (37.5%) from
PV and (64.3%) from grid
Case 4: Electricity
consumption (37.5%) from
PV and (64.3%) from grid

Electricity price
[€/kWh]

Payback year

0.1

5.6

0.035 (35.7%)
0.092 (64.3%)

7.62

0.035 (35.7%)
0.166 (64.3%)

4.56

0.035 (35.7%)
0.18 (64.3%)

4.1
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Economic Comparison of the Two Proposed Wind Farms in Mamaj, Albania
Elena Bebi1*, Serxhi Qosja2, Majlinda Alcani1
Department of Energy, Faculty of Mechanical Engineering.
Polytechnic University of Tirana, Albania1
Department of Manufacturing and Civil Engineering,
Norwegian University of Science and Technology in Gjøvik, NO-2802 Gjøvik, Norway2
ebebi@fim.edu.al, serxhiq@stud.ntnu.no

Abstract: The study addresses to an economic comparison of two proposed wind farms in the same area in Mamaj, Albania, respectively
10.8 MW and 12.6 MW. The 12.6 MW wind farm proposed is predicted to produce 34 GWh energy, with a capacity factor of 30.8%, while
the 10.8 MW wind farm is predicted to produce 30.4 GWh, with a capacity factor of 32%. For the 12.6 MW wind farm since there is a higher
installed power, is expected to produce more energy, but referring that they will be built in same area, the wake losses will indicate in
overall efficiency of the wind farm. The wake losses calculated for the 10.8 MW wind farm are 0.98%, meantime for the 12.6 MW wind farm
wake losses is calculated 2.58%, means that the overall efficiency of the 10.8 MW wind farms is higher. For the economic evaluation
RETScreen Expert software is used. With a discount rate of 7%, the benefit-cost ratio is 2.9 and simple payback period 7.6 years for 10.8MW
wind farm, and for the 12.6 MW the benefit-cost ratio is calculated 2.6, with a simple payback year of 8 years.
Keywords: WIND ENERGY, WAsP, BENEFIT-COST RATIO, DISCOUNT RATE, NET PRESENT VALUE, SIMPLE PAYBACK PERIOD,
RETSCREEN EXPERT.
sufficient for Europe to reach its 2030 energy and climate goals [8,
11].

1. Introduction
Power generation from renewables is the only major source of
energy that has continued to grow, and this resilience sets the tone
for the next decade and beyond [1]. Renewables are becoming more
and more competitive in energy landscape [2]. The current crisis in
Ukraine clearly showed how weak and vulnerable is the economy of
countries with an energy system deeply intertwined with fossil
fuels.
There is a need for strong national strategies to phase out fossil
fuels and in parallel increase the production of renewable energy
and use that energy much more efficiently than we do today [3].
Some 80% of the global population lives in coutries that are net
energy importers. With the abundance of renewable potential yet to
be harnessed, this percentage can be dramatically reduced [4].
Often, renewable energy is thought of as a novel technology,
although its origins date back thousands of years [5, 6]. Today, with
a rapid technological development that focuses not only on
economic efficiency but also on mitigating environmental
repercussions, wind energy as well as solar power as being used in
increasingly cost-efficient ways, making renewables a crucial power
source.

Fig. 1 The annual wind energy installation needs to scale up by four times in
this decade to stay-on track for a net zero/1.50C pathway. Source: GWEC
[7]

The Albanian government has set national energy targets in
order to further integrate the country into the European energy
infrastructure. Renewable energies are projected to be 42% of the
total energy consumption by 2030. Consistent with the Paris
Agreement, in 2015 the Albanian government commits to reducing
GHG emissions by 11.5% by 2030, compared with the baseline
scenario of the year 2016. [12]. Although Albania’s energy mix
already features one of the highest shares of renewables in the
region due to the extensive installed hydropower capacity,
diversifying the electricity mix including solar and wind power, can
contribute to a secure, stable, affordable national energy supply.
Furthermore, this would contribute to the reduction of imports in
the energy sector. The hydric sources are mostly concentrated in the
northern region of the country, while the highest number of
consumers are based in the western part and around 35% of theirs
are in the eastern part of the country. Therefore, a shift towards nonhydro-based renewable generation close to demand centers would
be advantageous in continued power sector development and in
decreasing of electricity losses [12, 13]. Since the introduction of
the solar and wind FiT support, Albania has made progress towards
the diversification of electricity production but only for solar power.

Wind and sunshine don’t cost anything, and nations that
embrace renewables as the backbone of their energy system will be
protected from the price swings of volatile fossil fuels [7].
According to Director-General of International Renewable
Energy Agency, the global shift to renewables is underway. 2021
was a strong year for the energy transition – the world added almost
257 Gigawatts (GW) of renewables contributing to an
unprecedented 81% of global power additions [8]. 2020 marked a
record year for new global installations of wing energy with 93
GW. 2021 was also a big year for wind installations with a total of
94 GW of wind installed around the world. This demonstrates the
incredible resilience and an upward trajectory of the global wind
industry. However, within this decade, wind installations need to
increase almost 4 times compared to 2021 in order to meet the goal
of the Paris Agreement to limit the increase of global average
temperature to 1.50C above pre-industrial levels (see Figure 1) [7, 9,
10].

According to the energy balance of 2021, no kWh of electricity
has been produced through wind power yet [14]. The applications
for the construction of the wind plants up to 3 MW according
NANR are still being evaluated for their wind potential. Each
successful bidder of projects with a minimum capacity of 30 MW
and a maximum capacity of 75 MW, through a tender process
according to the law, will sign a 15-year Power Purchase

Europe installed 17.4 GW of new wind energy capacity in 2021.
This was 18% more than 2020. Onshore wind made 81% of the new
wind installations with 14 GW. Europe now has 236 GW of wind
capacity generating 437 TWh of electricity in 2021, covering 15%
of the Europe’s electricity demand [11]. Although 2021 is a record
year for new wind installations, the rate of growth is still not
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Agreement for the sale of 100% of the electricity generated through
the Contract for Difference support mechanism [15]. On June 12th
2018, the Council of Ministers of Albania passed a decision on
wind farm projects over 3MW, specifying that support will be given
through an open, non-discriminatory, transparent and competitive
process for the projects that offer optimal conditions in terms of
energy cost, level of technology and building plan. The competitive
process will result in a feed-in tariff which will remain unchanged
for a period of time of up to 15 years. This tariff will not be higher
than 76 €/MWh which is the amount that ERE has approved for this
technology.
The success of wind power projects relies on finding the
specific area with wind potential, the choice of the most effective
turbine, and the site-planning of the turbines as to have the least
wake losses. The aim is to generate the most electrical energy with
the least wake losses to ensure a higher capacity factor for the
proposed wind farm.
Wind farm projects require from the beginning a large
investment of capital. The capital cost of wind energy project is
dominated by the cost of the wind turbines including there the cost
of the tower and installation. Often it is known as CAPEX (Capital
Expenditures) and this can be between 64% and as much as 84% of
the total installed cost for onshore wind projects [16]. Thus, a wind
farm is capital-intensive compared to conventional fossil fuel fired
technologies such as a natural gas power plant, where as much as
40-70% of costs are related to fuel and O&M [17]. Investors’
decision to build a wind farm relies on a detailed economic analysis.
This study is considering two wind farm projects, 10.8 MW and
12.6 MW respectively, proposed in the same area in Mamaj,
Albania. WAsP software is used to do the technical evaluation. This
study shows the importance of the economic analysis in selecting
the best project. RETScreen Expert is used to do the economic
evaluation.

Fig. 3 The map of potential areas for wind energy according of Global Wind
Atlas 1.0. Mamaj, the proposed wind farm project’s site as one of the
estimated. Source:[13]

The meteorological data such as air temperature, atmospheric
pressure, wind direction and wind speed were acquired through
anemometers installed in two separate towers with a height of 60m
each and in a distance about 800m from each other at the exact
location for 456 days. In a previous study, wind resource
assessment of the site based on the map of wind potential
distribution (resource grid) generated by WAsP program, showed
that the mean wind speed was found to be 5.64 m/s on the hill and
the annual mean wind power density of 304 W/m2, in 50m height
above ground level defining this site to correspond to the wind
power class 3 [18, 19]. This wind power class is appreciated for
building a wind farm.

2. Materials

Wind farm prediction with WAsP software demonstrated that
maximum Annual Energy Production with minimum wake losses
was achieved in case of Vestas V100/1800 wind turbines with
arrangement of 6 and 7 wind turbines respectively as in Figure 4
and Figure 5.

The two proposed wind farms in our study are respectively 10.8
MW and 12.6 MW in the same area in Mamaj, north of Tepelenë,
Albania. Both the map of potential areas for wind energy in
Albania, from Balcan Wind Atlas (50m above ground level) and the
map of Albania’s annual average wind speeds at 100m hub-height
from Global Wind Atlas 1.0, identify the area proposed as one of
the estimated sites for wind potential (see in Figure 2, 3).

Fig. 4 Mamaj Wind Farm Layout Design of 10.8 MW.
Total net AEP [GWh]
30.4
Proportional wake losses [%] 0.98
Capacity factor
32%
Efficiency
99.02%
Fig. 2 The map of potential areas for wind energy with good wind
conditions, that respect natural reserves. The area of the proposed wind
projects is an estimated site.
Source: Balkan Wind Atlas, KFW
sander@sander-partner.com

221

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

The simple payback SP is the number of years it takes for the
cash flow (excluding debt payments) to equal the total investment
(which is equal to the sum of the debt and equity) (equation 2):

(2)
where: IG is the value of incentives and grants; Cener is the
annual energy savings or income; Ccapa is the annual capacity
savings or income; CRE is the annual renewable energy (RE)
production credit income; CGHG is the GHG reduction income;
CO&M is the yearly operation and maintenance costs incurred by the
clean energy project and Cfuel is the annual cost of fuel or electricity.
The year-to-positive cash flow (also known as Equity payback)
NPCF is the first year that the cumulative cash flows for the project
are positive. It is calculated by solving the equation (3) for NPCF:

(3)
Fig. 5 Mamaj Wind Farm Layout Design of 12.6 MW.
Total net AEP [GWh]
34
Proportional wake losses [%] 2.58
Capacity factor
30.8%
Efficiency
97.42%

where

is the after-tax cash flow in year n.

The equity payback represents the length of time that it takes for
the owner of a facility to recoup its own initial investment (equity)
out of the project cash flows generated. The equity payback is a
better time indicator of the project merits than the simple payback.

RETScreen Expert is used to do the economic evaluation. In
both cases the debt ratio is considered 70%, debt term 15 years,
with a 3-year debt interest rate. Discount rate is considered 7% and
the inflation rate 2.5%. The electricity generated by the wind farms
is assumed to be delivered with a sell price of 76 €/MWh.

3. Results
For the Mamaj area two wind farms are proposed, respectively
10.8 MW and 12.6 MW. To do technical evaluation WAsP software
is used. The 10.8MW wind farms consists in the installation of 6
Vestas V100-1.8MW wind turbines, with a power capacity of 1.8
MW for each wind turbine. The projected wind farm is calculated to
export 30.4GWh electricity yearly, with a capacity factor equal to
32% and with an overall efficiency of the farm that is predicted to
be approximately 99%, because of wake losses which are equal to
0.98% of the overall efficiency of the wind farm. While, the 12.6
MW wind farm consists in 7 Vestas wind turbine, with the same
power capacity installed for each wind turbine, 1.8MW. Wind farm
is calculated to export 34 GWh electricity yearly, with a wind farm
capacity factor of 30.8% because of the wake losses calculated
approximately 2.58% hence, the overall efficiency of the windfarm
will be approximately 97.42%.

In two previous research studies [20, 21] is provided a
sensitivity economic analysis for helping the decision-makers to
understand the importance of the impact of financial feasibility
indicators in relation to key technical parameters in wind farm
projects. In this study an “Relative analysis” to define the best of
the proposed wind farms in terms of costs and benefits is used.
The benefit-cost ratio, (B-C), is an expression of the relative
profitability of the project (equation 1). It is calculated as a ratio of
the present value of annual revenues (income and/or savings) fewer
annual costs to the project equity:

(1)
where: C is the total initial cost of the project, NPV is Net
Present Value (the value of all future cash flows, discounted at the
discount rate, in today’s currency), and fd is the debt ratio. The
higher the ratio, means the more the euro savings realized per euro
of investment.

To do the economic evaluation RETScreen Expert will be used.
The initial infilled parameters values for both 10,8MW and
12,6MW wind farms are in Table 1. In both cases the debt ratio is
considered 70%, debt term 15 years, with a 3-year debt interest rate,
since is a high initial project cost. Discount rate is considered 7%,
as the normal interval varies from 5% to 11%.

The net annual returns include the revenue from selling the
electricity produced from the wind farm during its active operation
period. They are dependent on the wind farm capacity factor, as
well as the price of electricity is being sold at, which in turn are
dependent on the climate of the proposed area of the project, the
type of wind turbines and layout design of wind farm, as well as on
O&M’s annual costs.

Table 1. Infill parameters values for the both 10.8MW and
12.6MW wind farms.
Components
Value
Unit
Inflation rate
2.5
%
Discount rate
7
%
Project life
25
yr
Debt ratio
70
%
Debt interest rate
3
%
Debt term
15
yr

We estimated the predicted revenue during a project lifetime of
25 years. However, due to multiple factors, one euro earned or spent
tomorrow in not worth the same as one euro today. This concept
leads to a technique of economic appraisal known as discounted
cash flow (DCF) analysis.
Therefore, to bring back to the present the future net incomes
stream that flow every year from the project, we have to know, the
discount rate r. The level of the discount rate depends on the risk of
the investment [22].

For the wind farm 10.8 MW, the equity payback is calculated
4.2 years and simple payback 7.6 years, with a cumulative cash
flow of 22.44 M€, and a net yearly cash flow-first year equal to
0.972 M€ (see in Figure 6).
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3. Conclusions
This study consists in the economic evaluation of two wind
farms respectively 10.8MW and 12.6MW, which will be placed in
the same area. The difference between two wind farms is the
number of wind turbines. For the 10.8MW wind farm will be used 6
Vestas wind turbines, with a power capacity of 1.8 MW of each
turbine, while for the 12.6 MW wind farm will be used 7 same wind
turbines. Since the turbines will be placed in the same are the wake
losses from the array of the wind turbines, for the 12.6MW wind
farm the losses will be higher than the 10.8 MW wind farm,
respectively 2.58% and 0.98% of the overall efficiency of the wind
farms, which indirectly indicates in the yearly electricity generation
from the wind farm. Net electricity exported to grid including wake
losses will be 34 GWh for the 12.6 MW wind farm and 30.4GWh
for the 10.8 MW.

Fig. 6. Payback period and cumulative cash flow for the 10.8MW wind farm
in years

From the RETScreen simulation is seen that for the 10.8MW
the NVP (Net Present Value – the difference between the inflows
and outflows cash of project) is equal to 7.461 M€, with a benefit
cost ratio of 2.9. The LCOE for this project is calculated 0.055
€/kWh, Table 2.

For the economic evaluation RETScreen software is used. As it
seen from the comparison of the results from the two wind farms,
with a discount rate 7%, the benefit-cost ratio is 2.9 for the 10.8
MW wind farm and 2.6 for the 12.6 MW (Table 4).
Table 4. Results for 10.8MW and 12.6MW wind farm.

Table 2. Results for 10.8MW wind farm.
Components
Value
Unit
Simple payback
7.6
yr
NVP
7,461,796
€
Benefit-cost ratio
2.9
Energy production
€/kWh
0.055
cost

Cases

Benefit-cost
ratio

Energy
production
Cost [€/kWh]

7.6

2.9

0.055

8

2.6

0.057

Wind farm
10.8MW
Wind farm
12.6MW

Also, the simple payback period is lower for the 10.8MW farm,
equal to 7.6 years, with 0.4 years less than the other wind farm.
Hence, the energy cost is lower respectively 0.055 €/kWh and 0.057
€/kWh, (Table 2, 3). As seen from the comparison of the results, the
wind farm 10.8 MW is more cost effective, than the 12.6 MW wind
farm, due to higher wake losses, which decreases the overall
efficiency of the wind farm to 97.42%.

Regarding the 12.6 MW wind farm, with an initial cost of 15.38
M€, the cumulative cash flow will be 23.52 M€, with a simple
payback period of 8 years and equity payback equal to 4.7 years, as
it is shown in Figure 7.

25
Comulative cash flow (M€)

Simple
Payback [yr]

20
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Abstract: In the context of large-scale and diverse forms of international assistance for the post-war reconstruction of Ukraine, it is
necessary to identify and offer foreign partners a format to support tourism in our country, especially inbound one. A possible proposal is to
develop an international program to encourage foreign tourists to come to Ukraine on special tours, which will be partially funded by donor
countries. Combining domestic tourist flows with foreign flows of this type is possible through tourist events, especially festivals. In this
format, the festival will have significant synergetic potential, as it will be a point of unification of tourist flows in time and space. The
experience of international kite festivals as a special form of event tourism is researched. It allowed to summarize certain features of
festivals as tourist events. Certain aspects and features proved the complexity of such phenomena as a tourist event, festival event, the
complexity of their preparation and conduct, active interaction with socio-economic processes in the territory.
Keywords: TOURISM, SYNERGY, REGION, INDUSTRY 4.0, EVENT TOURISM, FESTIVAL, INTERNATIONAL KITE FESTIVAL,
SUSTAINABLE TOURISM, POST-WAR RECONSTRUCTION
time after it, i.e. to push the industry to develop immediately after
security conditions are sufficient.

1. Introduction
In the conditions of a full-scale war on the territory of Ukraine,
the domestic tourism industry is also suffering catastrophic losses.
Related industries have refocused on humanitarian issues.
Collective means of accommodation are used to resettle refugees;
catering establishments are being closed in areas of hostilities or
working in an intensified mode – in places where refugees arrive.
The environment and specific recreational resources in general
suffer irreparable losses, as well as unique historical and cultural
resources do. In such conditions, the potential of the entire industry
is rapidly declining, which leads to uncollected benefits in the
future. At the same time, the President of Ukraine has clearly
announced a course for the reconstruction of Ukraine, on the plan of
which the government has begun to work during the war already.
The tourism industry remains promising for post-war, peaceful
Ukraine. The role of tourism as an effective form of cross-cultural
interaction is undeniable and is especially important for a country in
need of reconstruction and, in particular, investments.
The era of Industry 4.0 itself is characterized by the accelerated
transformation of organizational and economic forms of
management, the rapid restructuring of business processes in
various industries. Due to the significant impact of globalization
processes on it, the tourism industry is becoming a shining example
of transformations and convergences at various levels. In prewar
Ukraine, the development of tourism was determined by the general
context of regionalization as a component of European integration.
In these conditions, it is important to find tools to develop new
tourist destinations after the war and bring to market new tourism
products at the regional and community levels.
Event tourism is one of the most promising and mobile subsectors of world tourism. Although this type of tourism has suffered
significantly during the pandemic and remains vulnerable due to
obvious limitations, its feature is the ability to quickly transform,
organizational and economic flexibility. This feature can also be
used in post-war time. Foreign studies of economic and
organizational principles of event tourism indicate its motivational
role, importance in the formation of destinations and general
importance in the process of consolidation of public space in
territorial communities and regions [1].
Generally saying, tourism as a phenomenon is one of the most
multifaceted objects of research for scientists in various fields. At
the same time, the peculiarities of event tourism as a catalyst for the
processes of inbound tourism and domestic tourism, in particular, in
the territorial communities of our country, are studied insufficiently.
Particular attention should also be paid to this phenomenon in
connection with future risks associated with the violation of the
territorial integrity of Ukraine, the actual war on its territory, as well
as the current pandemic, which generally negatively affects the
intensity of tourist flows in the world. Nevertheless, planning of
future tourism development during the war should help not to lose

2. Results
As we have previously studied [2], the economy of sustainable
tourism should actively attract synergistic opportunities of the
business environment, which contributes to the formation of new
tourism products at the level of communities, regions and the
country as a whole. From the standpoint of synergetics, such
processes become especially significant when the system is going
through a period of chaos. Obviously, the economy of tourism in
Ukraine as a system during the pandemic had been in a phase of
chaos already (perhaps, in chaordic phase), but it became even more
chaotic after the war. After the war, this will give it the opportunity
to rebuild its own organizational and economic structure. For
tourism businesses, this means reengineering management
processes. For the hotel and restaurant complex, this is a period of
crisis that will help remove weak economic elements from the
market. Directly for tourists, this is an opportunity to more
consciously select tourist destinations for future visits.
From the standpoint of the tourism economics, we propose to
consider the potential for recovery of the industry on the demand
side and on the supply side. This will allow us to begin a clearer
delineation of the role of tourism in the structure of the postwar
economy.
An important factor in the rapid recovery of the tourism
industry on the supply side (the activities of tour operators and
agencies, excursion bureaus, hotels and restaurants sector, etc.) is
the tax regulation by the state. This side lies beyond current
research.
On the demand side, it is important to understand the changes in
Ukraine's tourist attractiveness before and after the war. Wellknown Ukrainian tourism scientist O. Lyubitseva notes that "… for
tourist consumption is decisive in the realization of the purpose of
travel and it determines the value of the tourist" [3]. From such
positions, in the framework of "field research" in the period from
March to April 2022 we conducted a series of rapid surveys and indepth interviews with foreign nationals to determine attitudes
towards Ukraine as a whole and identify changes in this attitude
through the assessment of tourist attractiveness for the postwar
future. The study was conducted remotely in March–April by
audiovisual and textual communication and in person among the
participants of the International Kite Festival Artevento–2022 in
Cervia, Italy (from 22 to 27 April 2022). The analysis of the
received data testifies to formation of such tendencies in relation to
Ukraine after the beginning of war:
– admiration for the Ukrainian people, who are desperately
defending the Motherland;
– sympathy for the death and suffering of people, the
destruction of property;
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– the desire in the future to visit such an amazing country,
where such an amazing people lives.
Thus, the tourist attractiveness of post-war Ukraine has
increased significantly. In our opinion, it is important not to lose
such a competitive advantage, albeit at a terrible price. In the
context of large-scale and diverse forms of international assistance
for the reconstruction of Ukraine, it is necessary to identify and
offer foreign partners a format to support tourism in our country,
especially inbound. A possible proposal is to develop an
international program to encourage foreign tourists to come to
Ukraine on special tours, which will be partially funded by donor
countries. Thematic areas need to be developed as part of the
peacekeeping tours. The corresponding demand of tourists will be
segmented in each direction. For example, business tourism:
thematic tours for entrepreneurs to invest in the development of
Industry 4.0 in Ukraine with visits to specific sites, territories,
communities and regions in general. This can become a promising
synergetic interaction between Industry 4.0 and Tourism 4.0.
Combining domestic tourist flows with foreign flows of this type is
possible through tourist events, including festivals. In this format,
the festival will have significant synergy potential, as it will be a
point of unification of tourist flows in time and space.
Festivals are a special and most common form of event tourism
organization [1]. Ukrainian realities show that the term "festival"
(«фестиваль») is used quite widely. In prewar Ukraine, any
organizers could call their event a festival, regardless of the number
of participants, topics and more. Having analyzed the Ukrainian
practices of festival tourism from the standpoint of tourism, we
propose to divide our festivals into two types: tourist and nontourist. In other words, a certain event, called a festival, may or may
not be a tourist event [4]. In the latter case, most of them are
festivals, the target audience of which is the local residents of the
territorial community in which they are held. For example, the
annual festival "Ukrainian watermelon – a sweet miracle" in
Holoprystan city community of Kherson region. It is designed
primarily to meet the cultural needs of the inhabitants of this
community, so it should be attributed to cultural events, but not
tourism. At the same time, such festivals can have tourist potential
and in the process of development become tourist events [5].
Our study concerns the second type of festivals, which are a
tourist event and can contribute to the development of tourism
activities in local communities. In our opinion, they can also be
divided into two types:
1. The festival, the main target audience of which is local
residents, and tourists (guests of the local community) is an
additional target audience.
2. Festival, the main target audience of which is tourists.
Here we consider it important to note that the term "tourist" is
used in the meaning given in the current Law of Ukraine "On
Tourism".
The first type includes festivals held in / near large cities. For
example, the annual Atlas Weekend music festival in Kyiv. The
economic model of such festivals takes into account the possibility
of obtaining sufficient income from attending the event by locals,
and the success of attracting tourists will determine the amount of
additional income. On the other hand, such festivals are organized
by experienced teams that can change the geographical location of
the event if necessary. Therefore, the development of this type of
festival is not suitable for most local communities, especially rural
ones.
The second type includes festivals that are held in small
communities, in rural areas, at remote sites of nature reserves [6].
For example, the Tryhutty International Kite Festival 2017, founded
by the team of the Ukrainian Kites Association, was held in a
number of communities and territories: Kherson, Askania-Nova
Biosphere Reserve, Oleshkv Sands National Nature Park, Mykolaiv,
Olshanske community of Mykolaiv region (the main event of the
festival), the coast of the Dnieper-Bug estuary in Kherson region. In
the following years, this festival became an annual event and took
root in the Olshanske community. A feature of this type of festival
is the significant number of tourists (relative to locals) who visit the

community for the sake of the festival and during its holding. For
example, a festival event in the village of Trykhaty (Olshanske
community) in 2017 gathered about 5–6 thousand visitors, and the
village’s own population is about 1 thousand people.
It is important to refer to the first or second types – and possibly
a separate type – of festivals that are held in the resort areas during
the holiday season (summer for Ukraine). For example, the annual
children's festival "Black Sea Games" in Skadovsk city community
of Kherson region. On the one hand, the number of vacationers
(tourists) in the season significantly exceeds the number of local
residents of the resort (as in the well-known village of Zalizny Port
in Kherson region) or these figures are comparable (as in
Skadovsk). The purpose of vacationers is to come to the resort
(recreational tourism), and visiting the festival is a form of
entertainment or an additional incentive to choose the dates of the
holiday for the period of the festival. From these positions, such
festivals can be attributed to the first type. On the other hand, such
festivals can be visited by tourists just for the sake of the festival,
and a few nights of accommodation at the resort are a must to
participate in the event. Therefore, it is possible to single out such
festivals as the third type, which has both the features of the first
and the second types.
Thus, one of the forms of regional tourist activity, in particular,
in territorial communities is the organization of the festival. Our
categorization of festivals allows us to state that for the majority of
territorial communities of Ukraine the most promising and generally
possible is the organization of tourist festivals of the second type.
For the development of not only domestic but also inbound tourism,
the festival should be given international status, ie the participation
of foreigners. A special thematic type of international festivals are
kite festivals (Fig. 1).

Fig. 1 Artevento International Kite Festival 2022, Cervia, Italy

International kite festivals are a multifaceted global
phenomenon based on the predominantly Asian kite culture [7]. At
the same time, such festivals differ in the dominant focus – sports,
art, entertainment, national and patriotic, and so on. Table 1 lists the
most famous and significant international kite festivals with
characteristics that correspond to the time before the COVID-19
pandemic.
To better "visualize" the topic and reveal the features of the
studied type of tourist events, take as an example the famous
international kite festival held on the island of Fanø in Denmark. It
is literally not called an international festival, but an international
meeting of kite flyers (specialists in kites) in Fanø. Every year in
June, Fanø gathers about 5,000 professionals and kite enthusiasts
from around the world [8]. Many participants design and
manufacture their own kites, often in the form of people, cartoon
characters, animals, etc. The competition itself is not held. In
general, the island is quiet. Only when preparing for the festival do
the islanders come together to prepare for the upcoming festival.
Fanø's nature and culture contribute to active and useful family
leisure is important. At the festival, against the background of the
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more. That is, on the other hand, the budget of the festival is a
certain investment that can pay off due to the arrival of spectators.
And this is an opportunity to interact with different types of
Industry 4.0.
Considering our example, the budget of the International Kite
Festival includes:
– costs of inviting and accommodating foreign participants;
– costs for arranging the location of the festival (preparation of
the field for kite flyings, stage, sound, light, decoration, etc.);
– costs of promotion (advertising and work with the media,
development of logos, symbols, presentations, etc.);
– other related costs.
Such costs are necessary to create a basis for additional interest
of tourists, and they can partly be spent for Industry 4.0 products
and services. That forms additional interaction possible, with strong
synergetic potential.
In the case of the international kite festival, the interes is a
spectacle of foreign kites, the uniqueness of such an event for
Ukraine. Thus, indirectly, the festival as a phenomenon and object
of interest transfers its value to the cost of related services provided
during the festival: food and beverages, souvenirs, additional
entertainment, etc. [9]. The transfer of value, from an economic
point of view, provides a basis for the formation of economic
interest, which in turn stimulates the inflow of capital. Such capital
can also be partly distributed within Industry 4.0 products. For
example, the organizers of the festival, whose actions are primarily
aimed at ensuring the thematic component of the festival, provide
certain rights or simply create opportunities to sell certain goods
and services at the festival location, which is a kind of outsourcing.
At the same time, the community on the territory of which the
festival is held must ensure its own socio-economic interest, set
appropriate conditions for the organizers of the festival. This proves
the sustainability of the event.
The researched experience of international kite festivals as a
special form of event tourism allows summarizing certain features
of festivals as tourist events (Table 2). Certain aspects and features
prove the complexity of such phenomena as a tourist event, festival
event, sustainable event, and the complexity of their preparation and
conduct, active interaction with socio-economic processes in the
territory.

main entertainment show of kites (kites), there are many types of
additional attractions, such as: musical performances, mud baths,
golf and more.
Table 1: Greatest international kite festivals *Note: IKF stands for
international kite festival
Name of the
festival

Country

Season

Duration,
days

Gujarat IKF

India

January

10

Weifang IKF

China

April

3

Berck IKF

France

April

8

Fano IKF

Denmark

June

12

Artevento IKF

Italy

April – May

10

Dieppe IKF

France

September

7

Satun IKF

Thailand

February

2

El Dia - Muertos

Guatemala

November

2

Pasir Gudang
IKF

Malaysia

February –
March

6

Cape Town Kite
Festival

South Africa

October

2

Consider international kite festivals as a special form of
organizing event tourism in local communities based on the
Ukrainian experience – on the example of the above-mentioned
Tryhutty IKF. In May 2017, in the south of Ukraine, for the first
time in its history, the International Kite Festival Tryhutty
International Kite Ferstival 2017 was organized. As noted, the main
event of the festival took place in the village Trykhaty of Olshanske
community in Mykolaiv region. An international model typical for
such festivals was chosen to organize the event. Among other
things, it involves inviting foreign kite flyers from around the
world. Inviting such participants from as many countries and
continents in general (so-called diversity) is considered a measure
of solidity and authority for such a festival.
9 foreign kite flyers from Europe and Asia were invited to the
festival: Germany, France, Italy, Poland, Turkey, Vietnam, and the
United Arab Emirates. Ukraine was represented by professionals
from the Ukrainian Kite Association, which was the main organizer
of the event. Numerous events were held as part of the festival, and
foreign guests visited many culturally important locations.
Communication between foreigners and locals was not formalized.
The importance of such a festival for the local community is
unconditional. Tourism is not just an organized journey, but also the
expansion of worldview, the establishment of a sense of human
presence in a diverse and complex world; in the context of
globalization, its function of forming the ability to understand other
cultures and acquire a communicative culture is important. Thus,
the very fact of the presence of foreign participants at the festival at
least politically confirms the positive globalization and integration
processes in Ukraine. Foreign guests, who are members of narrow
international professional communities, gain an idea of our country
and spread their vision of our country around the world. Ideas of
peace, tolerance, friendship, European integration intentions – all
this was realized in the framework of the studied international
festival.
The organization of a comprehensive tourism product for a
small number of professionals (transfer, hotels, food, excursion
program) is a necessary condition for the demand for tourism
products within the festival. The very fact of the presence of
prominent foreigners at the festival becomes the basis for the
presence of many times more spectators who consume the same
services – they need to get there, eat, spend the night, have fun and

Table 2: Features of the festival as a tourist event
Aspect

Features

Economic

Equipment is mostly rented. That is, there
is no investment in fixed assets of
enterprises in favor of financing working
capital

2

Legal

In the legislation of Ukraine there is no
definition of the terms "event tourism",
"festival". The authors’ practical
experience shows that it is impossible to
protect the (copy)rights for the festival

3

Social

Residents of the territorial community are
involved, their well-being increases

Geographical and
environmental

"Strength" of geographical reference –
whether it is possible to change the
territorial community for a particular
festival without losing audience. The
festival is held on the territory of the
community, on the objects of the nature
reserve fund, etc. This requires an
analysis of the impact of the event on the
environment and the ability of a single
area to withstand the environmental
impact of the festival

1

4

Festivals should become a part of regional tourism strategies as
main tourist events of a region. The tourism industry of prewar
Ukraine was a field for the development of two types of strategies
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by the governing elements. The tourism business develops its own
organizational strategies, which include business plans, company
development plans, corporate strategies and more. This type of
strategy, although it involves the achievement of certain financial
and economic indicators, is still focused on structural development:
the company's territorial representation, promising tourism
products, consumer markets and more. Authorities and governments
are more focused on achieving socio-economic change at the
regional and community levels. Therefore, their strategies have a
clear economic direction and operate with economic categories,
such as: employment, tax revenues, infrastructure, and so on. Thus,
the development of economic strategies in the tourism industry is
the prerogative of government institutions – public authorities and
local governments, relevant institutions.
The main tourist events of the region are proposed to be events
that are recurring, form the region or communities in it as a tourist
destination(s), attract the largest number of tourists compared to
other events and have the most significant impact on the regional
economy. An essential feature is the recognition of such events as
the main organizational and economic strategy for sustainable
development of tourism in the region, which reproduces the balance
of interests of the state, business, regions and communities in the
future. The question of what needs promotion and branding in the
organization of the main tourist event of the region – the event
itself, the destination, the region as a whole [10] remains open for
further scientific discussions.
We proposed an approach to the corporatization of regional
tourism, which involves the creation of a regional tourism
corporation as a subject of pooling the resources of territorial
communities – members of such a corporation [2]. However, such a
corporation needs further modeling as a business entity in Ukrainian
realities. The Regional Tourism Corporation should conduct its
business activities for the development of regional tourism (Fig. 2).
Thus, there is a wide participation in the regional economic system,
which in Ukraine is characterized by an imbalance of responsibility
of state authorities and territorial communities. An important
theoretical position on which the methodology is based is the
understanding that the tourist and recreational resources of a
particular area do not belong and cannot belong entirely to either
the territorial community or the state.

tourist event is a system whose propensity for bifurcations is
obvious. In this case, the bifurcations to which the leading element
of such a system leads – the organizers of the event – may be aimed
at diversification or specialization of such an event. Leading
modern researchers point to the advantage of specializing in
tourism-related events, according to their direct foreign participants,
who are also tourists. If this is a first-time event, i.e. the product is
just being launched on the market, there is a special need for an
initial understanding of its system construction. In other words, the
systemic issue of "diversify or specialize" must be addressed at the
beginning of the creation of an event tourism product as the basis of
a future sustainable tourist destination.

3. Conclusion
Thus, the role of tourism in the postwar reconstruction of
Ukraine may become significant. The state, regions and
stakeholders of the industry need to develop a plan for the post-war
development of inbound and domestic tourism, including event
tourism, in order to realize the potential that naturally arose from
the current fascination with Ukraine and its people. Further research
is possible in the direction of concretizing scientifically sound
methods of restoring the tourism industry after the war.
The organization of an international festival is a very important,
effective mechanism for intensifying tourism activities in local
communities. This festival highlights important political and
economic aspects of tourism. The presence of foreign guests at the
festival, the dissemination of their experience, professional
achievements should be considered at least an important political
and economic event, as the participation of central and local
authorities, business circles, and public in such an event is
inevitable.
Thus, the development of event tourism through festival
tourism, in particular, the organization of international kite festivals,
should take into account the studied types of festivals to choose the
most appropriate form for a particular territorial community.
Festivals as a special type of tourist event are a powerful tool for the
formation of tourist destinations in the region and communities and
should be considered as a form of event tourism with appropriate
resources.
Synergetic interaction between regional tourism and Industry
4.0 should be considered in modeling and can be managed by
regional tourism corporation, with different festivals as main
attractors within regions.
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Fig. 2 Development mechanism of the Regional Tourism Corporation

Analysis of foreign, in particular, European experience proves
that scientific and practical tools for sustainable development of
regional tourism are synergies, feedback, practicality and a strong
information and statistical base, formed by methods of quantitative
and qualitative analysis. The current state of functioning of the
regions in Ukraine and, in particular, the management of the
tourism industry in them fully meets the parameters of European
practices. In particular, the formation of sustainable tourist
destinations can fundamentally begin with the organization of
sustainable tourist events. From the standpoint of synergetics, any
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consumption opportunities. Uncertainties include fiscal policy,
infrastructure investments, and high public debt ratios.

1. Introduction
We live in a world of major and rapid changes. These changes
appear in each aspect of life. We‘ve entered the Age of Acceleration
— a time when change is happening faster and faster. As the
workplace continues to move more rapidly, so does the market
value of skills [1]. Half of the world's work force will have to be
retrained by 2025. This is one of the conclusions of the Future of
Jobs Report of World Economic Forum [2]. The reason is the
double effect that the pandemic has caused - the health and financial
crisis, as well as the accelerated digitalization on the workplace [3].
In highly dynamic and competitive labor markets, investing in
people‘s skills and competences is key. However, which skills and
for which jobs? This question is central to national, European and
international debate. However, how to foretell future skill needs,
especially if the impact of the fourth industrial revolution is not yet
clear. ‗The goal of forecasting is not to predict the future; but to tell
you what you need to know to take meaningful action in the
present‘ [4]. The purpose of this paper is to attempt to outline the
shift in the skill set that will be in demand in next years.

C.

Increasing inequality - rise in income and wealth inequality,
middle class squeeze. Disparities in education, healthcare,
social services, consumption.

D.

Political uncertainty - Indices of geopolitical uncertainty have
remained high. Mirrored by political and policy uncertainty
capacity of institutions and policymakers to act credibly and
consistently. Uncertainty negatively affects economic activity
in government-influenced sectors, such as defense, finance,
construction, engineering, and healthcare.

E.

Technological change - perennial fears about impact of
automation on employment. Estimates of future automation
influence range, from 47% employment at risk to only 9% (in
US). Conversely, technology amplifies human performance in
some occupations and gives rise to entirely new occupations
and sectors.

F.

Globalization - global labor markets increasingly integrated.
Benefits (e.g., advanced manufacturing, knowledge intensive
services) and costs (e.g., employment and wage impacts, trade
deficits, legacy manufacturing). Post-financial crisis
headwinds (e.g., sluggish world trade growth, rising
protectionism).

G.

Demographic change - pressures to control age-related
entitlements vs. investments in education, R&D, infrastructure.
Ripple effects through healthcare, finance, housing, education,
recreation. Rising Millennial generation, with divergent
consumption and work behaviors.

2. Trends and challenges
The workforce trends are changes influenced by the prevailing
circumstances that occur over time.
Macro perspective
According to Official Journal of the European Union nowadays,
competence requirements have changed due to the following: more
jobs are subject to automation; technologies playing a bigger role in
all areas of work and life; and entrepreneurial, social and civic
competences becoming more relevant in order to ensure resilience
and ability to adapt to change [5].

Organizational perspective

According to Smit (et al.), influential trends and challenges are:
the differential speeds to automation adoption across Europe‘s
regional labor markets; the growing divergence between the most
dynamic cities and shrinking regions across the continent; a decline
in labor supply that could create a shortage of workers, particularly
in growing sectors and regions; and major shifts in the types of
skills and specific occupations that will thrive or be put at risk. To
put it briefly, the main trends and challenges are: Pandemia,
automation, migration, and shrinking labor supply. Because of these
trends, geography of employment is shifting. [6].
Bakhshi et al. provide a comprehensive perspective of trends.
Through a detailed analysis of 1,095 local labor markets across
Europe, including 285 metropolitan areas, (Bakhshi et al.) it
examines profound trends that have been playing out on the
continent in recent years and will continue to do so in the future [7].
According to them the automation and technology development are
not the only influencers. They determine the following key trends:
A.

B.

Environmental sustainability - climate change consensus and
structural changes resulting from emerging 'green economy
sector' and 'green jobs';
Urbanization - more than half of world population lives in
cities - 70 % by 2050. Cities attract high-value, knowledge
intensive industries, offer more varied employment and
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1.

Fairness and equity will be the defining issues for
organizations. Who has access to flexible work? In today‘s
labor market, companies are paying 20% compensation
premiums to hire new employees. Is it fair to pay new
employees so much more than established employees? In
2022, executives will need to address how they are managing
fairness and equity across the increasingly varied employee
experience. In fact, this will be the number one priority for HR
executives.

2.

Pandemic rules– vaccine mandate or testing?

3.

To compete in the war for knowledge worker talent, some
companies will shorten the workweek rather than increase pay.
Employers are offering significant compensation increases to
attract and retain talent in today‘s market. When we also
consider inflation, real wages have declined. Moreover, if
inflation continues to rise, employers will find the
compensation they offer will be worth less and less in terms of
purchasing power for employees.

4.

Employee turnover will continue to increase, as hybrid and
remote work become the norm for knowledge workers.
Employees expect flexibility within their job. Employers that
do not offer flexibility will see increased turnover.

5.

Managerial tasks will be automated away, creating space for
managers to build relationships that are more human with their
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few years, we have seen an explosion of new topics, science fields,
technological advancements and it is short-lived.

employees. The manager-employee relationship has become
more important than ever; for hybrid and remote employees,
their managers are the primary connection through which they
experience their employer.
6.

The tools that we use to work remotely will become the tools
that help measure and improve performance. When work
becomes more geographically dispersed, managers have less
insight into what work their employees are doing.

7.

The complexity of managing a hybrid workforce will drive
some employers to require a return to the office.

8.

Wellness will become the newest metric that companies use to
understand their employees. Executives have experimented
with different metrics, such as employee satisfaction or
engagement, to understand their employees. Organizations will
add in new measures that assess their mental, physical, and
financial health.

9.

Sitting is the new smoking. The shift to working remotely has
affected employees in various ways. More became increasingly
sedentary (40%) and gained weight, likely due to the lost
physical movement associated with commuting and walking
around from meeting to meeting in the workplace.

When it comes to skills, we need to look much more at our
personal attributes, build strong foundations and look for skills that
can be universally applied. Talin [10] divides it into 2 different
areas. The basis and foundations, which need to be there, do
something in the future, and the job-specific skills and
competencies to approach complex problems, and personal qualities
to improve over time to adapt. (Fig. 1)

10. Underestimation of hybrid mode of working. Employees who
work remotely or on a hybrid schedule perform at equal levels
compared to employees who work in the office. However,
managers believe that people who work from the office are
higher performing and more likely to be promoted than people
who work from home. Woman are willing to work home
office, thus a gender issue could pop up. [8].

Fig. 1 23 skills of the future – What are the most important skills and
competencies of the 21th century? – Source [10].

A research published by M. Dondi et al. [11] identified a set of
56 foundational skills that are wide applicable and showed that
higher proficiency in them is already associated with a higher
likelihood of employment, higher incomes, and job satisfaction. The
researchers used academic research and McKinsey‘s experience in
adult training to define foundational skills (Fig 2). The skill
composed of four broad skill categories—cognitive, digital,
interpersonal, and self-leadership—then identified 13 separate skill
groups belonging to those categories.

3. Future skill set
According to Official Journal of the European Union, people
need the right set of skills and competences to sustain current
standards of living, support high rates of employment and foster
social cohesion in the light of tomorrow‘s society and world of
work. Supporting people across Europe in gaining the skills and
competences needed for personal fulfilment, health, employability
and social inclusion helps to strengthen Europe‘s resilience in a
time of rapid and profound change. [5] Memorization of facts and
procedures is key, but not enough for progress and success. Skills,
such as problem solving, critical thinking, ability to cooperate,
creativity, computational thinking, and self-regulation are more
essential than ever before in our quickly changing society. They are
the tools to make what has been learned work in real time, in order
to generate new ideas, new theories, new products, and new
knowledge. [5] To put it simple, those who are on the path of
continuously upgrading themselves and the willingness to learn will
win employability.
Along with upgrading oneself with new skills, there are other
aspects, which are also equally important, which is developing a
critical and analytical mindset. M. Sabharwal, put it in an
ambiguous fashion. ―The notion of lifetime employment has now
shifted to a taxi-cab relationship where skills are a premium,‖
Sabharwal was of the view that though the future is unknowable,
today there is a massive opportunity to learn and along with that,
inculcating soft skills becomes the critical differentiator. [9] Even
thought a lot has been said about technology advancement and
technical expertise soft skills remain into spot. Skills like superior
communication or ability to work in teams, which makes the critical
difference. Ability to learn become essential. Having a growth
mindset and a curious mind will ensure one‘s path towards
learnability. In era of increasing automation, superior skills in sales
and customer support could become a critical differentiator for
employees in the near future. The willingness to learn new things
will always emerge as the key differentiator in the hyper
competitive world shaped by new technologies [9].

Fig. 2 56 Foundation skills – Source [11]
The above-mentioned skills are not necessary connected to
education.

It is popular that lifelong learning is key for a successful career
and to stay atop the ever-changing world. Nevertheless, in the last
230

INDUSTRY 4.0 2022, SUMMER SESSION, vol 2

shifting geography of employment published by McKinsey &
Global Institute (6/2020)
7. H. Bakhshi, J. Downing, M. Osborne, and P. Schneider The
Future of Skills: Employment in 2030. London: Pearson and Nesta
(2017)

4. Skills life span
―Lifespan of skills has dramatically shortened and learnability is
the only way forward.‖ [9] Javier spoke about the shrinking lifespan
of a skill shifting from 26 years to 5 years. Meaning, for skills we
learn today, five years will be the length of relevancy. [12]

8. B. Kropp, E. R. McRae, 11 Trends that Will Shape Work in 2022
and Beyond, Published 13 January 2022, Harvard Business Review
9. R. Premji, Lifespan of skills shortened, learnability the only way
forward, Express News Service (18.12.2017)

Stephane Kasriel, CEO of Upwork and member of the World
Economic Forum council, puts the half-life of a learned skill at
about 5 years—meaning 5 years from now, the current skill set of
your workforce will be worth about half as much as it is today [13].

10. B. Talin, 23 skills of the future – Important skills for the jobs of
21th
century,
Published:
5
October
2021,
https://morethandigital.info/en/23-skills-of-the-future-importantskills-for-the-jobs-of-21th-century/ (last retrieved 29.05.2022)

Ten years from now, perhaps a quarter of existing knowledge
will still be valuable. Many of today‘s jobs fit a 21st-century model,
while training and skills are stuck in the 20th century. [1]

11. M. Dondi, J. Klier, F. Painer, J. Schubert, To future-proof
citizens‘ ability to work, they will require new skills—but which
ones? A survey of 18,000 people in 15 countries suggests those that
governments may wish to prioritize, Published: 25 June 2021,
https://www.mckinsey.com/industries/public-and-social-sector/ourinsights/defining-the-skills-citizens-will-need-in-the-future-worldof-work (last retrieved 29.05.2022)

Depiction of longevity of a skill, divides skill durability into
three categories:
1. Perishable skills : Half-life < 2.5 years – Specific technology
skills that are updated frequently; organization-specific
policies and tools and specialized processes all can be
classified as perishable skills.
2. Semi-durable skills : 2.5 years <Half-life < 7.5 years – These
tend to be those frameworks with base sets of knowledge from
which field-specific technologies, processes and tools arise.
3. Durable skills : Half-life > 7.5 years – They constitute a base
layer of mindsets and dispositions. They include skills like
design thinking, project management practices, effective
communication, leadership which are more foundational in
nature.
As organizations and individuals get ready for a reset and start
to think through a skills refresh, it‘s important to consider just how
transferable a given set of skills really are.

12. K. Cooper, The Shrinking Lifespan of a Skill, Published: 18
November
2019,
https://www.linkedin.com/pulse/shrinkinglifespan-skill-kim-cooper/ (last retrieved 29.05.2022)
13. S. Verma, HR Tech, 10 Future of the Workforce Trends for
2022,
Published:
23
February
2022,
https://www.techfunnel.com/hr-tech/workforce-trends-in-2022/,
(last retrieved 10.06.2022)

5. Conclusion
Trends and challenges that affect the formation of skills for the
public and employers are identified. Trends at the social and
organizational level are considered.
Two sets of skills are depicted - basic and enriched. The
enriched skill set consists of 56 skills that are not related to
schooling and also cover attitudes. The extended set is suitable for
common use.
The issue of the shortening of life skills is addressed. According
to this criteria, they are divided into three categories.
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Many of the largest occupational categories in Europe today
have the highest potential for displacement. About 21 million
workers, most of whom lack tertiary education, may need to change
occupations by 2030 [2]. Countries such as Bulgaria and Romania,
with their predominance of individual farmers, are likely to lag
behind in automation [3].

1. Introduction
The current high level of interest in the future of work reflects
recent perceptions and future expectations of radical change in
work. Structural change in the economy is primarily driven by
intersectoral productivity differentials and the structure of demand,
and continually influences the distribution of employment
throughout the economy. It has been argued that, due to innovations
in the application of information and communication technology,
the pace of productivity-enhancing technological change has
increased and is expected to accelerate further in the forthcoming
decades. [1] The purpose of this paper is to attempt to outline job
disparities.

2. A longer-term
employment (to 2030)

perspective

on

At the same time, we see a continuing rise in demand for
workers in technology, science, and engineering fields as well as
business and legal professionals. Human workers will also
increasingly concentrate in roles that require personal interaction,
caregiving, teaching and training, and managing others - activities
for which machines are not good substitutes.
Regarding AI and its influence on lab our market, the current
evidence and forecasts on the impact of AI on jobs present a mixed
picture of job losses and gains. The impact of AI on the future of
jobs foresees the displacement of tasks by AI-based technologies,
rather than the replacement of jobs. Despite the limits of forecasts in
anticipating largescale disruptions, AI is expected to
disproportionately displace low-skill and low-wage jobs. ЕU
Member States with existing high levels of technology adoption
may experience minimal or positive net employment effects,
depending on the role that sectors affected by AI play in the labor
market. Member States with low levels of technology adoption and
a high proportion of jobs with well-defined task routines are
expected to experience negative net employment effects. [3]
However, AI is envisioned as an opportunity. The extent to which
AI can create decent jobs is as yet underexplored and is likely to
depend on the institutional and societal factors, which are prevalent
in individual EU Member States. Job displacement effects due to AI
may contribute to a rise in platform work, adding multiple risks to
job quality. EU Member States with low levels of labor market
segregation and strong collective bargaining frameworks will more
likely benefit from AI in terms of decent jobs. The way AI will be
incorporated into the legal frameworks regulating labor markets will
play a large part in determining the ultimate impact of AI on decent
jobs.

European

Covid 19 Pandemic
The COVID-19 crisis has strongly affected Europe‟s labor
markets, and it may take years for employment to return to its precrisis levels. The COVID-19 crisis ended years of strong
employment growth marked by greater mobility. The crisis put up
to 59 million European jobs, or 26 percent of the total, at risk in the
short term, through reductions in hours or pay, and permanent
layoffs. This marks a sharp reversal in employment rates, which
prior to the crisis had risen in 85 percent of the regions. [2].
There are evidence that local labor markets have been on
diverging trajectories in employment outcomes. 48 energetic cities,
home to only 20 percent of the continent‟s population, have
generated more than one-third of the EU‟s job and population
growth since 2007. These cities - including Amsterdam,
Copenhagen, London, Madrid, Munich, and Paris - have become
Europe‟s leading hubs of innovation and talent. Despite their high
costs of living, they have been magnets that attract people from
other regions that are experiencing low or no job growth. The rapid
move to working from home during the crisis may affect this
urbanization pattern.

Another question is inevitable, i.e. to what extent does AI (a)
offer opportunities to improve working conditions and (b) pose
risks associated with the use of AI in a working environment? AI
has the potential to bring both risks and opportunities to working
conditions. On the one hand, it can reduce the risk of dangerous or
unhealthy working conditions, encourage the development of
specialist or soft skills, and improve accessibility to certain jobs.
However, the application of automated technologies to the job
market brings physical and psychosocial risks. The use of AI
software to monitor and manage employees may reduce bias in
decision-making and identify skills needs, but also reinforce
existing biases, increase psychological risks and result in
unprecedented amounts of personal data being held by employers.
Future policy-making and technological development will be
important in determining the extent of the realisation of the
potential benefits and risks of AI [3].

How automation and artificial intellect (AI) may reshape the
mix of occupations, the skills required to work?
Second key element that will affect Europe‟s labor markets in
the future, as automation is increasingly adopted in the workplace:
shrinking labor supply. The working-age population has decreased
by 1.4 percent across the EU since 2011. Some regions feel this
more deeply because of aging and emigration, and these trends are
accelerating. In addition, though there is some variation across the
continent, the average European workweek has shortened by more
than an hour since 2000. [2] New jobs are likely to be distributed
unequally across occupations and geographies, potentially
exacerbating existing strains in the social contract linking
individuals and institutions. Workers will need to add new skills
and find their way to these opportunities.
Work activities equivalent to about 53 million jobs could
potentially be displaced by automation. There is some overlap
between these jobs at risk from automation and those at risk in the
short term from the impact of the COVID-19 crisis.

A challenge posed by AI usage are legislative issues. A range of
EU legislation addressing health and safety, data protection and
workers‟ rights plays a role in regulating the impact of AI on
working conditions. Recent EU strategies and white papers
examining AI are considered an important step towards a cohesive
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policy. Although Member States are increasingly developing
national AI policies, these usually tend to focus more on the
economic benefits that automation and software could bring to the
country. Few have policies in place that explicitly address how AI
can be used to improve working conditions,or consider how to
mitigate risks brought by AI to working conditions [3].

Organization leaders have depicted four worlds of work in 2030.
[5]. They called them: the Red world, the Blue world, the Green
world, and the Yellow one.
Red world
The Red World is a incubator for innovation with organisations
and individuals racing to give consumers what they want. Digital
platforms and technology enable those with winning ideas and
allow for specialist and niche profit-markers to flourish. Businesses
innovate to create personalisation and find new ways to serve these
niches. But in a world where ideas rule and innovation outpaces
regulation, the risks are high. Today's winning business could be
tomorrow's court case. However, there's a lack of loyalty from the
company towards the employees. Workers with skills in demand
will prosper; those with outdated skills will be abandoned. (Fig.1)

How might Europe‟s geography of job growth evolve by 2030?
Automation could intensify regional concentration in the years
to come. The 48 dynamic cities that outperformed in the past decade
could capture more than 50 percent of Europe‟s potential job
growth in the next. Meanwhile, stable economies should continue to
add jobs at a modest pace, just as they did in the past decade.
Within the shrinking regions category, the outcomes could range
from small increases to negative growth. Around 40 percent of
Europe‟s population lives in regions that could have fewer jobs in
2030 than they do today in absolute terms. However, even places
facing job losses will need to boost employment to compensate as
aging and outmigration shrink the working-age population [2].
What are the priorities for employers?
Employers will need to make adept decisions about strategy,
skills, and social responsibility. Companies may need to respond as
consumer purchasing power shifts. To address the need for new
types of skills, they may need to change recruiting processes,
establish learning programs, and redesign organizational structures.
Their choices have to reflect the skills, occupational mix, and
geographic footprint of their workforces today. A retail chain with a
distributed customer-facing workforce, for example, faces different
questions than a geographically concentrated tech firm. Employers
will also need to consider how their workforce decisions affect the
communities in which they operate [2].
What are the priorities for local communities?
Each community has its own current and future priorities to
overcome labor market mismatches. However, four broad
imperatives stand out: creating viable training and career pathways
to address skills shortages, improving access to jobs in dynamic
growth hubs, revitalizing and supporting shrinking labor markets,
and increasing labor participation rates.

Fig. 1 The road to the Red World, Source: [5].
Blue world

3. Main drivers

In the blue world, capitalism reigns supreme, it's where bigger
is better. Organisations see their size and influence as the best way
to protect their profit margins against intense competition from their
peers and aggressive new market entrants. Corporations grow to
such a scale, and exert such influence, that some become more
powerful and larger than national economies. It's a world where
individual preferences take precedent over social responsibility.
However, there is a risk of huge employment disparity. [5] There
will be a gap between the rich and the poor. Either people will have
a high paying job or no job at all. (Fig. 2)

It has generally been assumed that new technology replaces
low-skilled labor, but is a complement to high-skilled labor, so that
it would lead to an upgrading of the skills structure. [4].
Another main driver of recent and projected structural change is
globalization. Recent decades have seen significant changes in the
global distribution of labor, and global competition and market
opportunities are likely to continue to impact upon the structure of
employment in Europe. In this context, relative wages and
productivity are the key determinant of which jobs will remain and
grow in Europe and which will be lost to foreign competition. As
manufacturing still dominates global trade, it is the main sector
impacted by globalization.

The Green world
This is a world where corporate responsibility isn't just a niceto-have but it's a business imperative. It's characterised by a strong
social conscience, a sense of environmental responsibility, a focus
on diversity, human rights and a recognition that business has an
impact that goes well beyond the financial. Workers and consumers
demand that organisations do right by their employees and the
wider world. Trust is the basic currency underpinning business and
employment. Companie s have to place their societal purpose at the
heart of their commercial strategy. It is possible to rehearse the idea
of job for life. [5]. (Fig. 3)

When examining the reasons for the resilience of jobs at the
bottom end of the wage distribution. Many of these jobs, not least
those providing personal services in both the private (e.g. hotels and
restaurants) and the public sector (various caring services), are not
significantly vulnerable to trade, as the provision and the use of
these services is geographically fixed to a single location. This
requirement of face-to-face interaction of the provider and the user
is also o one reason why these jobs are less routine and, so far, less
susceptible to technological change.

The Yellow world

4. Possible scenarios

This is a world where workers and companies seek out greater
meaning and relevance in what they do. Social-first and community
businesses find the greatest success and prosper. Crowdfunded
capital flows towards ethical and blameless brands. It's a world

Humanity, experience a fundamental transformation in the way
of work. Thus, there are made attempts to outline different visionary
scenarios for the future of workplace. PwC‟s Global People and
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where workers and consumers search for meaning and relevance
from organisations, ones with a social heart. Artisans, makers and
„new Worker Guilds‟ thrive. [5]. It's a world where humanness is
highly valued. (Fig. 4)

Fig. 4 The road to the Yellow World, Source: [5].

Fig. 2 The road to the Blue World, Source: [5].
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May be these scenarios could take place simultaneously.
Alternatively, may be they will be developed with connection to
cross-cultural differences appealing to them. We will see what the
future will bring.

5. Conclusion
There are grounds for optimism and pessimism in this paper.
Some argue [6] far from being doomed by technology and other
trends, that many occupations have bright or open-ended
employment prospects. There are a negative thought as well, which
is inevitable with such an ambiguity. In both cases, it requires
individuals, educators, businesses and policymakers to respond
appropriately. History is a reminder that investments in skills must
be at the center of any long-term strategy for adjusting to structural
change.
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Abstract
Industry 4.0 is the current trend of smart manufacturing that includes cyber-physical systems (CPS), the Internet of things (IoT) and cloud
computing. Within Industry 4.0, these cyber-physical systems monitor processes, store the information and make decentralized decisions.
Industry 4.0 has a potential to be a real industrial revolution since it affects areas as: services, business, reliability, productivity, IT security,
machine safety, product lifecycles, and the whole value chain.
Blockchain is a distributed database that maintains a growing list of ordered records, called blocks. Each block contains some data, a
timestamp and a link to a previous block which makes the blockchain database resistant to modification by design. Once recorded, the data in
a block cannot be altered retroactively. The blocks may contain “transactions” describing transfer of values like in the Bitcoin. They may
also present state machine transitions, like in the Ethereum blockchain. All blockchain technologies must have a consensus agreement
algorithm, in order to provide trust. This consensus agreement allows the implementation, storage and automatic execution of computer
programs called “smart contracts”. The interactions in the “smart factories” of the future require an increasing degree of trust and privacy
protection, proof of existence, proof of origination and a consistent track record. Hence, trusting the timestamps and the integrity of the
sensor data can be a crucial requirement. To that end, the concept of the blockchain comes as a promising and natural solution, allowing
devices to be assigned a true and trusted identity using cryptographic signature capabilities, therefore allowing a direct interaction with
“smart contracts” that may autonomously trigger functional, financial and administrative operations. Blockchain also helps registering all the
communications among machines, sensors and persons, hence improving the customized records to track the whole production, supply and
maintenance chain.
In this work we apply all the advantages of the blockchain (distributed nature, security, transparency and auditability) to improve the
integrity and efficiency of the CPS and IoT used in the Industry 4.0 smart factory of the future, and explore the concept and new paradigms
of the Internet of Entities (IoE). We will focus on the interactions among autonomous machines, as well as to the full lifecycle in the supply
chain from the production to the delivery to the final customer. This helps improving the quality assurance and traceability of the
manufactured parts, including the verification of used elements and parts by the machine itself. It also facilitates maintenance and selfmaintenance of the machines including all interventions, actions, modifications, and verifications. Finally, it will be easier to approve and
control the origin of all parts in order to establish a label that guarantees high-quality.
One way to guarantee the authenticity and the quality of a certain Industry 4.0 product is by the use of Non-Fungible Tokens (NFT). A nonfungible token (NFT) is a record of digital data stored on the blockchain distributed database. The ownership of an NFT is recorded in the
blockchain, and cannot be modified. Hence, the NFT can be traded by the owner. The most popular use of NFTs is related to digital content,
such photos, videos, and audio, typically for sport events. For NFTs are uniquely identifiable, they cannot be replaced or exchanged, hence
the name non-fungible. On the other hand, cryptocurrencies and fiat currencies are fungible because their value stays the same even if not
exactly the same item is owned. The ownership of an NFT as defined by the blockchain has no inherent legal meaning, and does not
necessarily grant copyright, intellectual property rights, or other legal rights over its associated digital file. An NFT does not restrict the
sharing or copying of its associated digital file, and does not prevent the creation of NFTs that reference identical files. By the blockchain it
can simply be shown that it is not original. NFTs have been used as speculative investments, and they have drawn increasing criticism for the
energy cost and carbon footprint associated with validating blockchain transactions.
NFTs can be associated with a particular digital or physical asset including but not limited to, digital art, music, video, and a license to use
the asset for a specified purpose. An NFT and, if applicable, its associated license to use, copy, or display the underlying asset, can be traded
and sold on digital markets. In this work we propose the use of NFT as a guarantee for quality by allowing transparency and traceability of
the products or parts produced by Industry 4.0. For that purpose, we use the specialized standard for NFTs called ERC 721 (Ethereum
Request for Comments 721). We generate the NFTs and store them on a local Ethereum node. To achieve a simplified supply chain, a smart
contract as well as a command line interface were created. The smart contract successfully connects to the Ethereum blockchain and the
interface allows the user to create parts which are then used to create a final product which is minted as an NFT on the blockchain. We may
subsequently create an application ready for deployment in production. We explain the used technologies, the associated costs as well as the
advantages and disadvantages of using blockchain NFTs in a smart factory environment. The research aims to determine how this technology
can help in the traceability of parts and products as well as in the battle against counterfeits. Our findings show that currently it makes sense
to use NFTs only for exclusive and expensive products. The prediction for the future is that once adopted, this principle of trust and
transparency can be used also for many mass market products as well. It will clearly increase both the quality of the product, as well as the
satisfaction of the end user.
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